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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 
(electropolisheti ~"PUII~IIULI) on aluminurn cubstsate. R 1  ack 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 soil 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 ar~d,  where deemed of note, w e . r e  
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 11, which 

contains all data, results, and conclusions. This was deemed necessary 

because of the large amount of data in Volume 11, which is of more interest 

to persons conducting research in related areas than to the casual reader. 

The effort described herein was performed by the McDonnell Douglas Astronautics 

Company for The Sandia National Laboratories, Albuquerque, New Mexico, in 

accordance with Contract 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 Depart- 

ment of Energy (DOE) undertook the design '(Phase I), construction (Phase 11) , 
and operation (Phase 111) of a series of field experiments to investigate the 

application of solar thermal energy'systems.to the industrial process heat (IPH) 

market. Experience gained from the operational phase 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 National Laboratories is managing the program, and 

the McDonnell Douglas Astronautics Company is doing the actual testing. This 

final report has been prepared to disseminate test results and to describe 

problem areas encountered at the field experiment sites. 

Technical Approach 

~t 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 11) 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 tha.t 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 S~ecimen Materials 

Initially, three reflector materials were selected for exposure testing. 

Two of these, electropolished sheet aluminum such as Alzak 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 substrates to enhance the dimensional stability of the specimen 

surface. The third group consisted of glass reilectors, 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 places. 

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 S~ecimen 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 

bere clipped to the bar. The glass covers were mounted in the box lid over 

the absorbers. This heater box was attached to the exposure test rack so 

that the full complement of receiver specimens at each site (four 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-a----- - 
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 mounied 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 the 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. .- . 



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 plater 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 lid. The box structure did not 

form a dust-tight seal, thus it was representative 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 450550°F for the absorber specimens. Maximum current capability of 

the heater circuit automatically limited the maximum temperature of the absorber 

specimens to approximately 520'1;'. Retrieval of the receiver specimetls was 

scheduled to occur at the end of the 2nd, 6th, 9th, and 11th months following 

original exposure. 

. - Test Sites 

The initial series of exposure test sites was determined by the Phase 11 

awards of the Intermediate-Temperature Steam IPH Solar RFP. These five sites 

were : 

1. Dow Chemical Company 
D a l k o r i ,  Geur&i 

2. Lone Star Brewing Company 
San Antonio, Texas 

3. SUULILYLLI U L I ~ U L ~  RcfJ.ving Cnmpnny 
Lovington, New Mexico 

4. Stauffer Chemical Company 
Hender'son , Nevada 

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



F'iura 1. Exposure Rack. Used in enri~onmental degradation stucy of mirror surlaces. A - Receiver specimen 
test unit. Reflector exposure planes: X --4!j0 upward lilt; Y - honizarts , faceup; Z - horizontal, fadown. 



Figure 2 Receive1 Specimen Heater. Unit showing placement of receiver specimen (A) and glar panels (B) 
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A second series of experiment sites was used approximately 6 months 

later. These sites represented the four Phase I projects selected in response 
2 

to'the Intermediate-Temperature, 50 000-ft , cost-shared solar.therma1 system 
Program Opportunity Notice (PON). These four sites were: 

d 

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 materials 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 protocol for these cleaning materials, 

and the specific cleaning and evaluation procedures are described in the 

following paragraphs. 

The specimen cleaning procedures specified in the materials test program 

were selected from the result's 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 s Ludy 

evaluated the effectiveness o1 cleaning tcchniques that r.n~~ld 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 any 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 spraying spectroscopic-grade methanol onto the specimen 

surface and gently wiping the surface with non-abrasive, 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 lX, 32X, and 200X. 

When the specimens were returned to the laboratory after their pre- 

scribed exposure time and were re-evaluated for specular and hemispherical 

reflectance, they were cleaned by spraying a detergent solution of 6.3% 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 th'e specimen 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 

9 



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;' 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 soil from the specimen surface in t,he laboratory 

so that the surface and sub-surface defects, e.g., abrasion and corrosion, 

could be examined us'ing optical microscopic techniques. The procedure for 

using the M c G ~ a n  C-128 datcrgcnt WAS J.Jt.u~lca1 ro  that described o r  using 

the Lime-Brite detergent. (Appendix A contains toxicity data for McGean 

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 

Gxcep~lun of the final wash with the McGean detergent. .  T h p . f i n a 1  waoh was 

not used because corrosion and abrasion of the cover plates were not con- 

sidered tu be applireble or ~ignificant degiadatlon mechanisms. 

Keceiver Specimens -- The receiver'materials were not cleaned at any 
time during the course of this program. 

Optical Property Evaluation 

Roflcctor Epec iu~eus  -- Changes In the optical properties of the reflector 
mutcrinlj, f s l l o w i ~ ~ g  Ilelcl exposure, were monitored by evaluating the specular 

and hemispherical reflectance. The measurements were made (1) before 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. 



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 = 0) was used to measure hemispherical reflectance. All hemispherical 

reflectance values reported are solar averaged, and the specular reflectance 

values are measured us5ng a broadband tungsten 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 reflectance versus the duration of 

environmental exposure in months. The fraction was calculated from the 

average of the surface readings on the specimen before and 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 (-) 

represent measurements for samples in the as-received or soiled condition, 

and the dashed lines (----) represent measurements for the cleaned samples. 

'I'he reflecror marerial type arid Lhr l u c a l i u u  ul: tlie exposure test are 

designated on each plot. The hemispherica1,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 

r.nrnpnterized 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 



EXPOSURE DURATION <MONTHS> 

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 subj~cted 

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 di,ffraction techniques. 

Keceiver Specimens -- Absorber degradation was evaluated from changes in 
the solar absorptance and emittance characteristics. The solar absorgtnncc 

was measured with a Gier Dunkle MS-251 solar reflectometer (filter = O),and 

emittance measurements were made with a Gier Dunkle DB-100 infrared reflecto- 

meter. Both solar absorptance and emittance measurements were made at three 

iocations 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 



combination of alignment,marks scribed on the back-side of the specimens 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 

exclusi.vely 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. The 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 det.er- 

mined by changes in the transmittance, both specular (Cary 14 spectrophoto- 

meter) and hemispherical (measured by Dr. R. Pettit of Sandia National 

Laboratories, Albuquerque, New Mexico, using a Beckman 5270 spectrophotometer 

with an integrating sphere). 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 measurement 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 

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



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

the data for all the sites. 

Stauffer Chemical Company -- Stauffer Chemical Company, which manufactures 
primarily chlorine and sodium hydroxide, is I.oc.ated 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 industr.ies were several 

small companies that contributed 1ittl.e t o  t h e  overall environment in that 

area, e.g., a water heater company and the Kerr-McGee T i t a n i ~ i m  

Company. The immediate surrounding a.pea would best be described as semi- 

rural, the only topographical area of note being Lake Mead, approximately 

20 miles to the east. 
.I 

The U.S.D.A. soil map categorized the soil in the Henderson area as Red 

Desert, an alkaline soil, which has a carbonate 1.aye.r that is generally 

within 1 ft of the surface soil and a thin organic layer. The vegetation 

is arid, creosote bush shrubland. ' The following meteorological data were 
obtained from the weather station at the Las Vegas, Nevada, airport: 

8 Annual average wind speed 9.0 mph 

Months of highest wind speed Marchj 11.9 mph 
April, 12.0 mph 

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

• Maximum and u~irlimum daily 91°F in July to 
mean tcmpcrntures 4 1 h ~  in January 

8 Annual average relative humidity 44% at 7 am 
32% at 7 pm 

. Prccipiration 3.03 inches annually 
Maximum - 2.18 inches, January 
Minimum - 0.03 inch, Novrluber 

Over the ].?-month exposure period, both soil retention ~ L I J  corrosion 

caused losses in the optical properties of the reflective specimens. The 

extent of the degradation varied as a function of the material type. 



Table 1 (Page 1 of 2) 

Environmental Test Site Descriptions 

Site 

Stauf f er 
Chemical 
Co . 

southern 
Union 
Refining 
Co . 
Lone Star 
Br'ewing 

d 
Co . 

VI 
Ore-Ida 
Foods, 
Inc . 

- - - - 
Dow 
Chemical 

' Co. 

Industrial Meteorological 
Location Process Conditions Soil Type 

Henderson, Chemical Arid 
Mevaca plant 

(Chlorine/ 
NaOH) 

Red Desert 
-alkaline 

Lovington, Oil Semi-arid Red Prairie 
IJew Mexico refinery -alkaline 

S an Brewery 
Antonio, 
Texas 

Ontario, Food 
Oregon Manufaz- 

turer 
(f roze-n 
foods) 

Dalton, Chemical 
Geor,zia plant 

(latex 
polymer) 

Temperate Rendz ina 
-neutral 

Arid with Gray Desert 
icelsnow in -alkaline 
winter 

Warm Red or 
temperate to yellow 
tropical humid Podzol 

-acid 

U.S. Steel Haverhill, Chemical Temperate with Sol Brun 
Chemical Ohio plant rain, ice, Acide 
Corp. (acids, snow -acid 

polymers) 

Hilo Pepeekeo, Food Panu- Tropical with Not Knoyn 
Coast Hawaii facturer heavy rainfall 
Processing (sugar) 
Co . 

Impacting Site 
Parameters Adjacent Industries 

6 Cooling towers.Kerr-McGee 
Chlorine/ Titanium Refining Co. 
caustic Small industries (e.g., 
environment water heater company) 

8 1 Cooling Tower Refineries; relatively 
e Moisture unpopulated area 
Cycling 

a High Wind Speeds 

8 2 Cooling towers Junkyard for scrap 
8 Roof mount--tar metallcars. Heavily 
roof industrialized area. 

Roof mount over Pasturelcrop land. 
vent for potato Relatively unpopulated 
frying vats. area 

Solar structure Vegetation; relatively 
located on hill- unpopulated area 
side away from 
plant processes. 
Clean plant. 

Cooling towers Heavy industry--steel 
8 Mixing pond refining . 
Plant processes 

Located near Not Known 
ocean 



Table 1 (Page L of 2) 

Environnenxal Test Site Descripticns 

Industrial Meteor2logi-a1 Impacting Site 
Site Location Process Coxditions Soil Type Farameters 

Bates Ft. Wo'rtt, Cardboard Warm to Rend z ina Construction on 
Container Texas b ~ x  nanu- m~derate -neutral site causing 
Corp. fscturer blowing, soil 

Caterpillar San . Manufac- Cool to warm Brunizem . e ~ o c f  ,mount on 
Tractor Leandr3, t.~rer of temperate or prairie paint -sealed 
Co. . California h.?avp -neutral roof 

mac hlnery Roof venting 
of degreasing 
solvexts and 
machiling oil 

Adjacent Industries 

School ;' lumberyard 

Kaiser Polymer Plant 
Truck farm 
In flight' path to 
Oakland Airport 
Semi-truck high 
pressure washing 
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, 
4' B1 - 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 100% 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 

'L specimen surfaces (Lime-Brite method) showed the presence of particulate 

deposits, which were removed when the specimens were cleaned using the 
d McGean method (Appendix C, C1 - C12). 

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 p ~ e l ~ d ,  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 nr not continued exposure would further degrade the P 

paint backings and allow penetration of the corrosive material into the silver 

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



Figure 5 Glass Specimen with Epoxy Backing. Spdmen 206 was exposed 6 months, X-plane at Stauffer 
Chemical Co. Arrows indicate saver corrosion a k n ~  sample edges. Specimen 88 is a control specimen maintained in 
a desiccated latoratery environment. Specimen 206 has been cieaned. 



The FEK-244 aluminized acrylic reflector specimens showed soil accumula- 

tion profiles similar to those of the glass mirrors, as indicated by their 
I 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 15% 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-C12) 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 

L (Figure 6A). It is, however, difficult to say conclusively that this i s  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 73. 

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 

? specimeu exposed 7 months in the horizontal, facedown (Z) plane, whose surface 

is uniformly pitted by  corrosion.^ After 5 months, the losses in specular 

t reflectance leveled off, apparently because the soil accumulation passivated 

the surface and protected the material from further corrosion. 



10 pm 

A. FEK-244 specimen (ID 318) e x p o d  8 months at Stauffer Chemical Co. 

B. EDAX analysis of surface soil showing, respectively, Na, A1 Si, Pb, CI, K, Sn 

Figure 6. Soil Embedment. Apparent in acrylic layer of FEK-244 specimen. 



A. FEK-244 specimen (ID 3181 expored 8 months at Stauffer Chemiml Co. 

8. EDAX analysis of discrete particle shown in A. Partwie is primarily lead and tin. 

Figure 7. Lead-Tin Contaminant Photomicrograph of reflector specimen from Stauffer Chemical Co. 



Figure 8. Atzak Corrosion. Specimen 638 IIAkak) exposed 3 months, X-plane, at StawfFer Chemical Ca 
Spacimen 88 is a control maintained in a desicoated laboratory envbponment. Specimen 63% has been ckaned. 



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 Dl-D3, Appendix D. There is considerable cycling in these measure- 

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

variation in results is seen for the cleaned specimen. 

Ore-Ida Foods, Inc. -- Ore-Ida Foods, Inc., located in Ontario, Oregon, 
manufactures frozen food items; e.g., potatoes and The area around 

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

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

vats. The climate in the Ontario area is classified as arid, with an annual 

precipitation of less than 10 inches. The primary vegetation is sagebrush 

shrubs. 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: 

e Annual average wind speed 9.0 mph 

e Month of highest wind speed March, 10.4 mph 

Months of lowest wind speed August, 8.3 mph 
September, 8.3 mph 

e Maximum and minimum daily 
mean temperatures 

76.8OF in July to 
14.5OF in January 

Annual average relativehumidity 52% a t 7  am 
44% ,at 7 pm 

Precipitation 10.42 inches annually 
Maximum - 1.75 inches, January 
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 (Flg- 

ures B 4 - B 6 ,  Aypellc1.i.x R ) .  Rpecular reflectance 1033~3 of 20% due to soil 



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 reflectance 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 metallic 

components of the reflector specimens or attack on the paint backings was 

observed (Tables C13-C24, Appendix C). Heavy oil deposits on the reflector 

surface.probably cooking oi..l effluent from the roof vents, appeared . to be 

rssp~rlsible for the heavy soil ac,c~imul.a.tiaa, 

It was observed only d 1 1 r i . n ~  the summer months that a white wax.y ~naterial,~ 

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 materi.al, However, the decision wao 

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 hc a probaem, p:1rrlcular ly  

as there are buildings located between the alternate 1ocati.on and the building 

where the frying is done. 

Figures D4-D6, Appendix D, show the hemisp11erical.reflectance measure- 

ments for the reflector specimen. ,Td.ttle variation in rezults is observed 

for the cleaned specimens. 

Dow Lhemical 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 .fmpact the solar optical 



materials is a boiler house, 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-color,ed 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.  he parent material may be . scores . of feet 

deep, while the organic layer, leached layer, and the layer of deposition 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 

e Maximum and minimum daily 76°F in August to . 

33°F in January mean temperatures 

e Annual average relative humidity 8.3% at 7 am 
57% at 7 pm 

Precipitation 70.88 inches annually 
Maximum - 10.09 inches, July . 

Minimum - 2.10 inches, October 

The second-surlace glass spccimcnc exposed o r  thi.8 site lost 30 to 35% 

of their specular reflectance due to soil,accurnulation during exposures of 

up to 12 months. Cleaning restored these specimens to within 9.2 to'95% of 

. the original specular reflectance values (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 ('l'ables C-25 - C36, Appendix- C). A microscopic examination of the 

reflector surfaces showed that routine cleaning with the Lime-Br.ite detergent 

removed most of the soil that had accumulated for 6 months. Some particulate 



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 o f  t h e  residual coil. rcmai.nii~g UII  L11e ~urfbcc after the 

standard cleaning procedure (TaLiles C25 - C-36, A p p ~ n d i ~  C). 

The Alzak specimens did not respond as well to t h i s  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 40% less than the original measurements 

(Figure B9, 'Appendix B.1. There was a small amount of surface pitting, and , 
the loss in specular reflectance was due primarily to soil accumulation. 

Figures  D7 - U9, Appendix 'L), show the hemispherical refl.ecta.nce measure- 

ments. Little variation in results 5s observed for the cleaned specj,me.ns, 

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

manufacturer, has the typical. clean plant environment usually associated with 

food manufacture'rs. The plant, located in San Antonio, Texas, is s i t u a t e d  in 

an industrialized area and is adjacent to a junk yard contaj.nj.np, rusting 

automobiles and metal. Tlie environmental test hardware was mounted on the 

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

The primary ~re~etation in thi9 regioa is ualc hickory to iesL,  and rhe 

soil, as categorized by the U.S.D.A.. soil map, is Rendzina, a neutral pH 

soil. The Kendzina soil'is a dark-gray or black, organic-rich surface soil c 

over a soft, white, calcareous material derived frnm chalk,  oft limestone, 

or marl. This soil is typically associated with "swellable clay". The 



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 

e Month of lowest wind speed August, 5.1 mph 

~aximum and. minimum ' daily 85OF in July -to 
mean temperature- 44OF in January 

a Annual average relative humidity 83% at 7 am , 

47% at 7 pm 

Precipitation 36.64 inches annually 
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 soil accumulated over a 13-month period (Figures B10 - B12, Appendix B) 
Upon cleaning, the spec-ular 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 Alzak 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 

mo,re 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. 



Microscopic surface examination showed particulate deposits on the front 

surface of all material types, but the Alzak specimens appeared to have the 

highest 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 and the glass specimens 

appeared to survive the environment 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 Dl0 - DlZ, Appendix D. Little variation in results is 

observed for the cleaned specimens. 

Southern Union Refining company -- Southern Union Refining Company, 
located in the southeast corner of.'~ew Mexico near Lovington, is an independent 

oil 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 brown 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 
3 vegetation being short grass. 

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

weather station; 

e Annual.average wind speed 9.6 mph 

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

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

Maximum and minimum daily 
mean eemperarures 

79°F in July to 
37°F in January 

o Annual average relativehumidity 34% at 7 am 
26% at 7 pm 



14.83 inches annually 
Maximum - 3.59 inches, June 
Minimum - 0. 
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Figures B13 - B15, Appendix B, show the severe loss in specular reflect- 
* :: ance for all reflector materials exposed at this site. The reflectance losses 
;I = L were greater than 90% 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 
I 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 (CaC03) 

can serve as an effective cement for clays.4 It turns out CaC03 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. 

I V  p111 

B. 10M)X magnification of soil encrustation over entirety of water droplet. 

Figure 9. Soiling Patterns. Two Alzak specimens exposed 1 month at Southern Union Refining Co. 

30 



Figure 10, Speoimm 47tl FEK-241a;W-Plana 9-n 88 is a oontrol rpechen maintghrd In a desiccated 
laboratory environment. Swimen 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 8 

clay type (e.g., illite, kaolinite, montmorillonite). 
t 

In MDAC1s first cleaning study for ~andia,' 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 thcse cycles is very large 

because of the coollng tower. 

It is probable that a similar process was occurring on thc Lovington 

mtclrrors, 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 perlnds 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 u1 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 af clay are non-awelling. AfLer a number of 

wet-dry cycles, the clay particles (typically 2 to 5 pm and planar in 

shape) could develop a contact area with the reflect~r, 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 &:;;&A 
forces (up to 100 000 psi) in theory.6 Second, water soluble chemical cements %q' .. - 
could, over time, seep under the lightly bonded dirt particles and form a 4 

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 



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 

unlikelythatthe problem can be completely eliminated 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 94% 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 exposure period, the spec3mens 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 95% 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 suspecred tliaL 

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 Dl3 - D21, Appendix D. There is considerable cycling in the measure- 



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 13 sub-tropical. 

The following typical rneteornln~ical data were obtairlecl Irum the Bilo, 

HI, weather station: 

Annual average wind speed 11.8 mph 

Months of highest wfnd speed July, 13.6 mph 
August, 13.6 rnph 

Months of lowest wind speed & &Y.! ' "-i 
::.,.:;I:' , 

January, 10.8 mph 
February, 10.8 mph 

Maximum and minimum daily 77OF in Septemh~r to 
wan remperatures 7Q°F in .Tanilary 

Annual average relative humidity 71% a L  7 am 
57% at 7 pm 

Precipitation 158.8 inches annually 
Maximum - 45.5 inches, February 
Minimum - 3.6 inches, September 

All reflector specimens at this s i t e  had unusually heavy soil accumula- 
r .  

tion on the surfaces, which caused a loss of specular reflectance of >90% . - 
n -  following 10 months of exposure for apscimens in the horizontal, faccup (T) , 

- ,  > -.* 
.2,- and a loss of approximately 60% for apacimcns 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 spec.imens had approximately 10% 

greater 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. 



Cleaning the reflector specimens, using the Lime-Brite cleaning method, 

returned all glass reflectors to within 88% of their original reflectance and 
w 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-backing1' 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 rhe Ohio River in tiaverhill, Ohio, manuiactures polymers, acids, and other 

related chemicals. There are a number of adjacent industries along the river, 

but the areas away from the river are Earn and pasture lands. Some of the 

industries in the area of this site are steel refining plants and other 



FWre 11. "Thrciugh the Ba~khg' brms1on.- Specimen 84 [glass, DuPomt lmron &king) expored 4 months, 
X-plane, at Hilo Coast Procerdlql. Amnnr i M i  carrosion. Spedmen 93 is a comD Jpsei~len maintained in 
a desiccated laboobtory emirament Speeia en 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 
63% at 7 pm 

Maximum and minimum daily 
mean temperatures 

74OF in August to 
27OF, in February 

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 ~verlay 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 82% of the original for the glass specimens and 

to over 85% of the original for FEK-244. Alzak specimens could only be 

restored, upon cleaning, to 20 to 40% 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 expdsure). An 



Figure 12. Glass Specimen with Epoxy Backing. Exposed 8 m~nths, Y-Plane, at U.S. Sted Chemical (a. 

Specimen 93 is a control maintained in a desiccated laboratory environment. Specimen 193 has b n  c 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 

e separation occurred. The paint backing was intact, i.e., had not flaked away. 

There was also a progressive accumulation of surface particulate formation 
I 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 reports 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 Alzalc 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 
J 

the "cracks" were more dense. The potential seriousness of acrylic damage 

prompted an in-depth analysis of the surface phenomena, with contributing 
r 

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. 





Figure 14. Specimen FEK-244 (ID 488). Expcwed 12 months, 
2-Plane, U.S. Steel Chemical Co. (A) Locdized doudy areas; 
(B) Fibers encrusted with siliceous materials (Photo wurte*/ 
Dr. R. B. Pettit, SN LA. 112 tec, f5.61 

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.materia1. 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. 



Figures D25-D27, I 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. I 

The Caterpillar plant is situated in a heavily industrialized drea, 

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 of exhaust fumes from small Bir~YBft could contribute to the 

air quality in this location. 

The following meteorolo~ical 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 

10.5 mph 

June, 13.9 mph 

January, 7.1 mph 

64OF in July to 
4 8 ' ~  in January 

Annual average relative humidity 70% at 7:00 am 
62% at 7:00 pm 

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



The s o i l  i n  t h e  San Leandro a r e a  i s  c l a s s i f i e d  a s  Brunizem o r  P r a i r i e  

S o i l  w i t h  a n e u t r a l  pH. It i s  dark brown, mi ld ly  a c i d i c  s u r f a c e  s o i l ,  which 

ove r l aps  a wel l -oxidized Subsoi l .  There is  no accumulation of l ime carbonate  

i n  t h i s  s o i l  type.  The gene ra l  c l i m a t e  i s  coo l  t o  warm, humid, wi th  an  

annual  p r e c i p i t a t i o n  of 25 t o  30 i n .  The primary vege t a t i on  i s  southwest . 

broadleaf  f o r e s t ,  a l though t h e  a r e a . i s  i n  t h e  t r a n s i t i o n  zone f o r  t h e  redwood 

f o r e s t .  3 

A s  a n t i c i p a t e d  from t h e  paramet r ic  s tudy  of t h e  test s i t e  and t h e  sur -  

rounding i n d u s t r i e s ,  t h e  r a t e  of s o i l  accumulation on t h e  r e5 , l ec to r  specimens 

was high.  Ref lec tance  l o s s e s  of 20 - t o  75% due t o  s o i l  accumulation were 

r epo r t ed  fo l lowing  12  months o f ' e x p o s u r e  (F igures  B28 - B30, Appendix B). 

Cleaning wi th  t h e  Lime-Brite.  de t e rgen t  r e s t o r e d  t h e  r e f l e c t a n c e  v a l u e s  of a l l  

m a t e r i a l  t ypes ,  except  Alzak, t o  92 t o  95% of t h e i r  o r i g i n a l  v a l u e s .  A micro- 

s cop ic  s u r f a c e  exar~l iaat ion 'showed a smal l  bu i ldup  of r e s l d ~ i a l  s o i l ,  which was 

n o t  removed by c l ean ing  w i t h  t h e  McGean C-120 d e t e r g e n t  (Tables  C84 - C96, 

Appendix C) . 

The m e t a l l i c  e lements  of a l l  c o l l e c t o r  specimens exh ib i t ed  evidence of 

co r ros ion  t o  vary ing  degrees .  The cleaned Alzak specimens had r e f l e c t a n c e  

va lues  t h a t  were 20 t o  50% less than t h e  o r i g i n a l  measurements. This  l o s s  

was caused by l a r g e  p i t s  a c r o s s  t h e  e n t i r e  s u r f a c e  of t h e  m i r r o r  sample. A 

whi te  c r y s t a l l i n e  m a t e r i a l  was observed on t h e  Alzak mi r ro r  s u r f a c e s  which, 

upon removal, was found t o  cover l a r g e  p i t s .  The i d e n t i t y  of t h e  c r y s t a l l i n e  

m a t e r i a l  i s  no t  known. Minor co r ros ion  of t h e  aluminum on t h e  FEK-244 spec i -  

mens was observed where damage t o  t h e  a c r y l i c  f i l m  had occur red .  The damage 

t o  t h e  a c r y l l c  appeared t o  be from mechanical r a t h e r  than from chemical sources .  

Corrosion of t h e  s i l v e r  on t h e  g l a s s  r e f l e c t o r s  appeared p r i m a r i l y  a long  t h e  

edges,  a l though some co r ros ion  a t t a c k  was seen  i n  t h e  c e n t e r  a r e a s  of t h e  

specimens. 

i 

'The hemispherical  r e f l e c t a n c e  rneasuremel~r r e s u l t s  a r e  ohown i n  

F igures  D-28 - D30, Appendix D.  

Ba tes  Container  Corporat ion -- Bates  Container  Corp., l o c a t e d  i n  F t .  Worth, 

Texas, manufactures cor ruga ted  cardboard boxes by steam pres 's ing s h e e t s  of 

paper i n t e r l a c e d L w i t h  adhes ive .  S i t e  documentation revea led  no known p l a n t  



processes  t h a t  could a f f e c t  t h e  environmental exposure of t h e  r e f l e c t o r  and 

r e c e i v e r  m a t e r i a l s .  Adjacent t o  t h e  s i t e  was a r a i l  l i n e  s t i l l  c u r r e n t l y  i n  

u se  by, p r i m a r i l y ,  f r e i g h t  t r a i n s .  The r a i l  l i n e  was approximately 150 f t  

from t h e  t e s t  hardware. Although t h e  proposed pa rabo l i c  t rough system f o r  

t h i s  s i t e  was planned t o  be  a roof-mounted s t r u c t u r e ,  t h e  t e s t  hardware was 

l o c a t e d  on t h e  ground, a s  t h e  a r e a  where t h e  t roughs were t o  be loca t ed  was 

under c o n s t r u c t i o n  and no s u i t a b l e  roof l o c a t i o n  could. be found on o t h e r  s i t e  

s t r u c t u r e s .  Subsequent ly,  t h e  system was changed t o  l o c a t e  t h e  collectors on 

t h e  ground because of p o t e n t i a l  f i r e  hazards.  The on-going cons t ruc t ion  during 

t h e  d u r a t i o n  of t h e  exposure t e s t  c r e a t e d  temporar i ly  h igh  l e v e l s  of a i rbo rne  

1)itj .t  i ~ - 1 1 1  H ~ P .  ' 

The fo l lowing  m e ~ e o r o l o g i c a l  d a t a  f o r  t h e  a r e a  were obtained from t h e  

r e g i o n a l  a i r p o r t  a t  Da l l a s  - Ft .  Worth, Texas: 

• Annual average wind speed ,  : 11.1 mph 

8 Month of h ighes t  wind speed March, 13.3 mph 

8 Month of lowest  wind speed 

8 Maximum and minimum d a i l y  
mean tempera tures  

August, 9 .3  mph 

85OF i n  . Ju ly  t o  
35OF i n  January 

8 Annual average r e l a t  i.ve humidity 83% a t  7 a m  
57X a t  7 pm 

r P r e c i p i t a t i o n  38.0 inches  annual ly  
Maximum - 8.29 inches ,  March 
Minimum - 0.17 inch ,  November 

MesquLte and d e s e r t  g ra s s l ands  a r e  t h e  primary forms n f  v ~ g ~ t a t i n n  t n  the 

FK. Woffh a r e a ,  where t h e  c l i m a t e  i s  v a r i a b l e ,  from warm (85OF) si.lmmers t o  

moderate (35°F) w i n t e r s .  The s o i l  type  i s  Rendzina, a n e u t r a l  pH s o i l ,  which 

i s  a gray o r  b l ack ,  organic- r ich  s u r f a c e  s o i l  over a s o f t ,  wh i t e  ca l ca reous  

m a t e r i a l  der ived  from cha lk ,  sof t .  I.i.mestone, o r  marl. T h i . ~  s o i l  i .3  t y p i c a l l y  

a s s o c i a t e d  wi th  "swellable"  c l a y s .  
3 

The g l a s s  and FEK-244 specimens responded s i m i l a r l y  t o  exposure condi- 

t i o n s  a t  t h i s  s i t e ,  w i th  specu la r  r e f l e c t a n c e  l o s s e s  f o r  specimens i n  t h e  X and 

Y o r i e n t a t i o n s  be ing  2 40% of t h e  o r i g i n a l  r e f l e c t a n r e  va lues .  Cleaning these  



, specimens, u s ing  t h e  Lime-Brite procedure,  r e s t o r e d  t h e  r e f l e c t a n c e  va lues  t o  

> 95% of t h e  o r i g i n a l  va lues .  - 

.' 
The k l zak  specimens showed somewhat g r e a t e r  s u s c e p t i b i l i t y  t o  t h e  accumula- 

t i o n  of s u r f a c e  s o i l .  Specular  r e f l e c t a n c e  va lues  were r e s t o r e d  t o  %55~% of t h e  

o r i g i n a l  va lues .  Cleaning t h e  Alzak specimens (Lime-Brite procedure)  r e s t o r e d  

t h e  va lues  t o  2 50% of o r i g i n a l  v a l u e s  i n  t h e  worst  c a se ,  i . e . ,  Month 5,  

Z o r i e n t a t i o n ,  and t o  an average of 70% of  o r i g i n a l  va lues  f o r  a l l  o r i e n t a t i o n s .  

Tables  C97 - C109, Appendix C ,  which con ta in  t h e  s u r f a c e  a n a l y s i s  d a t a ,  

show an i n c r e a s e  i n  r e s i d u a l  s o i l  bu i ldup  f o r  a l l  specimens t h a t  was n o t  e f f e c -  
... 

t i v e l y  removed, even wi th  t h e  more s t r i n g e n t  McGean C-120 d e t e r g e n t .  However, 

t h i s  so i l ' bu i ld .up  d i d  no t  s i g n i f i c a n t l y  a f f e c t  t h e  s p e c u l a r  r e f l e c t a n c e  meas- 

urements du r ing  t h e  1 year  of exposure t e s t i n g ,  except  f o r  t h e '  Alzak specimens. 

co r ros ion  of t h e  FEK-244 and g l a s s  r e f l e c t o r  specimens was no t  observed.  

Only ve ry  minor cor ros ion .was  observed on t h e  Alzak r e f l e c t o r  specimens. 

The hemispher ica l  r e f l e c t a n c e  measurements a r e  conta ined  i n  

F igures  D31 - D33, Apper~dix D. 

Experimental Resu l t s  f o r  Receiver M a t e r i a l s  

The b l ack  chrome r e c e i v e r  m a t e r i a l s ,  which were suppl ied  by D r .  R.B. P e t t i t  

of SNLA, were eva lua ted  f o r  changes i n  s o l a r  absorp tance  (a ) and emi t tance  (E)  
S 

fo l lowing  t h e  p re sc r ibed  exposure c o n d i t i o n s  and d u r a t i o n  a t  t h e  IPH s i t e s .  

The g l a s s  cover p l a t e  specimens were eva lua ted  f o r  changes i n  specu la r  and hemi- 

s p h e r i c a l  t r ansmi t t ance .  A ' d e s c r i p t i o n  'of specimen p r e p a t a t i o n  f o r  illr black  

chrome and g l a s s  cover p l a t e  m a t e r i a l s  i s  given i n  Appendix A .  Heated r e c e i v e r  

and g l a s s  t e s t  u n i t s  were n o t  exposed a t  Southern Union Ref in ing  Co., because 

of f i r e  hazard,  nor  a t  Hi lo  Coast Process ing  Co., because of i t s  e a r l y  with- 

drawal from cons ide ra t i on  a s  an IPH demonstrat ion s i te .  

Black Chrolne Receiver Specimens -- The black. c.hrome r e c e i v e r  m a t e r i a l s  

were subjec ted  t o  t h r e e  types  of exposure cond i t i ons  t h a t  could cause degrada- 

t i o n :  (1)  thermal  c y c l i n g  (s l . l~ .cessive exposure of 450?5O0F f o r  12  hours  f o l -  

lowed by 12 hours  of no thermal  exposure) ,  (2) photochemical degrada t ion  caused 



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 a and E before the thermal cycling test and, again, follow- s 
ing 2, 6, and 9 months of thermal exposure. 

\ 

Figure 15 shows the plot of as versus exposure duration for the four speci- 

mens from the control experiment. The range of a for the specimens before 
S 

thermal cycling was 0.978 to 0.985. 'Following 2 months of thermal exposure, l 
a for three specimens increased by 0'.011 absorptance units. After 6 months 

S I 

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

a by an average 0.010 absorptance units. The average a of the four specimens 
S S 

following 9 months of thermal cycling was 0.982, as compared to the average.of 

the original a values of 0.982. 
s 

The average total variation of a of the control specimens, over the 
S 

course of ' 9 months of test, was 0.979 2 0.013. The Gier ~unkle solar reflec- 

tometer has an instrumental accuracy rating of 20.015 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 (ZQ = 0.151 + 0.009, where ; is the average initial emittance 
0 

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

cycling, as follows: 

Exposure - .  Duration 

2 months 
7 months 
9 months 

Average (E - E ~ )  
. - . - . T 

where E is the emittance measured at time, T, and E is the original emittance T 0 

measurement for the specimen. The quantity, E - E is calculated for each T 0 ' 



FIGURE 15. PLOT OF ABSORPTANCE VS EXPOSURE DCRATlON FOR BLACK CHROME CONTROL 

FIGURE 16. PLOT OF EMITTANCE VE EXPOSURE OURATION FOR BLACK CHROME CONTROL 
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i n d i v i d u a l  specimen, and t h e  four  r e s u l t s  f o r  t h e  c o n t r o l  specimens were 

averaged t o  o b t a i n  Average ( E  - co) .  T 

The in s t rumen ta l  accuracy r a t i n g  f o r  t h e  ~ i e r  Dunkle i n f r a r e d  r e f l ec tome te r  

is  k0.02 r e f l e c t a n c e  u n i t s .  The maximum v a r i a t i o n  i n  s ' f o r  any specimen meas- 

ured was l e s s  t han  t h i s  20.02 accuracy r a t i n g ,  i n d i c a t i n g  t h a t  thermal cyc l ing  

caused no measurable change i n  t h e  emis s iv i ty  of t h e  b lack  chrome specimens. 

The only  observed degrada t ion  of t h e  c o n t r o l  specimens was the , fo rma t ion  

of gray  s p o t s  ( a p p r o x i m ~ t e l y  0 .1  mm diameter)  on t h e  black chrome su r f ace .  

Th i s  phenomenon was observed only a f t e r  9,months of thermal cyc l ing .  

F igures  17 and 1 8  show t h e  p l o t s  of An versl ls  exposure d u r a t i o n  f o r  
0 

specimens exposed a t  t h e  IPH s i t e s .  Aa i s  c a l r . ~ . l ~ a t e d  a s  t h e  ci of t h e  exposed 
S S 

sample minus a of t h e  same specimen b e f o r e  deployment. + ~ a i  r e p r e s e n t s  a 
S 

dec rease  i n  t h e  s o l a r  absorp tance  of t h e  specimens. The l i n e s  N--- a r e  t h e  

A a  v a l u e s  of t h e  c o n t r o l  specimens, a s  .previously de'scribed. 
S 

A t  t h r e e  s i t e s  ( S t a u f f e r  chemical Co. , Lone S t a r  Brewing Co., Ore-Ida 

Foods, I n c . )  b lack  chrome specimens had measurable decreases  i n  a w i th in  
\ s , 

t h e  i n s t rumen ta l  e r r o r  of 20.015 absorp tance  u n i t s ,  a f t e r  9 months of exposure. 

S t a u f f e r  Chemical Co. had t h e  worst-case specimens, w i th  a Aas of 0.071 2 0.015 

,absorp tance  u n i t s  a f t e r  6 months and a Aa of 0.071 + 0.015 absorp tance  u n i t s  
S 

a f t e r  9 months of exposure. Specimens exposed a t  Lone S t a r  Brewing Co., had 

an  avcragc Aa of 0.030 -1. 0.015 a b s o r p t a ~ ~ c r  uuiLs uver G LU 9 munttis. Speci- 
S 

mens from Ore-Ida Foods, I n c . ,  d id  not  show a measurable decrease  i n  a u n t i l  
S 

t h e  n i n t h  month of exposure,  w i th  a ha of 0.029 + 0.015 absorp tance  u n i t s .  
3 

Figures  151 and 20 show t h e  p l o t s  of As ve r sus  exposure d u r a t i o n  f o r  t h e  

exposed specimens. A s  i s  c a l c u l a t e d  a s  t h e  emi t tance  of t h e  exposed specimen 

minus t h e  emi t tance  of t h e  same specimen be fo re  exposure. +AE r e p r e s e n t s  an  

i n c r e a s e  i n  t he  e m i s s i v i t y  of t h e  specimen. Thc l i n e s  des igna ted  N--- a r e  t h e  

As v a l u e s  of t h e  c o n t r o l  specimens, a s  prev ious ly  descr ibed .  

Average A E  measurements f o r  t h e  c o n t r o l  specimens.were 0.0 f 0.02 r e f l e c -  

t a n c e  u n i t s  over t h e  9-month exposure per iod .  Three s i t e s  (Dow Chemical Co., 

C a t e r p i l l a r  T rac to r  Co., U.S. S t e e l  Chemical Co.) had specimens wi th  A s  va lues  

f o r  t h e  exposed samples which were equal  t o  those  of t h e  c o n t r o l  specimens, 



FIGURE 1 7 .  PLOT OF ABSORPTANCE I N I T I A L  - ABSORPTANCE EXPOSED 
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FIGURE 19. PLOT OF EMITTANCE EXPOSED - EMITTANCE I N I T I A L  
VS EXPOSURE DURATION FOR BLACK CHROME ABSORBER 
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FIGURE 20. PLOT OF EMITTANCE EXPOSED - EMITTANCE I N I T I A L  
VS EXPOSURE DURATION FOR E)LhCK CHROME ABSORBER 

0.200 , - - . . - i -  . .. .- 

0.250 . 

0.220 

Z! E 0. la0 
z " 

. 

.. T- BATES CONTAINER mRP. 

C- - CATERPILLAR TRACTOR 

.. u-- u S. sr~a CHEMICAL WRP. 

! N- ' CONTROL 

a. 130.. 

I 

! 
- -  

x 

-- 
-0.020 , : - :  C -  

B B B B B B  B B 
6 i A d d 4  vi m = ! : ; : : , .  r? 

EXPOSURE OURATION (MONTHS) 



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 f 0.02 reflectance units at 6 and 9 months of exposure 

Bates Container Corp. specimens had AE values 0.05 f 0.02 reflectance units at 

6 months and 0.08 f 0.02 reflec'tance units at 9 months. A constant A E  of 

0.06 + 0.02 reflectance units was reported 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 f 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, for,eign 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 a and E measurements. 
s .  

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 conducted 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. Rec.ause of programmatic time constraints, 

hemispherical transmittance (T ) measurements were not made on the control H 
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 iriception of thc test, 

(2) following the prescr:il,ed exposurc duration far t.he uncleaned specimen, 



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 soiling which occurred was from normal 

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

mean of £bur 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 
Tc, initial 

The solid lfnes. 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. 
C 

The glass 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 examhation of the specimens showed dust accumulated. 

on the surface. Cleaning the specimens restored the Ts to the originai 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 

frafismittance (specular and hemispherical) versus exposure duration for the 

glass cover plate specimens at the IPH sites. Four sites (now Chemical Co., 

Lone Star Brewing, U.S. Steel Chemical Co., Bates Container Corp.) showed 

virtually identical T measurements for both the soiled and cleaned specimens 
H 

for the exposure duration and showed total losses in T < 5% of the original 
H - 

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,restoi-ecl 

to 75 to 95% of the original Ts. 



FIGURE 21 . PLOT OF TRANSMITTANCE VS EXPOSURE DURATION 
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F I CURE 23.  PLOT OF TRANSMITTANCE' vs EXPOSURE OURAT ION 
FOR GLASS COVER PLATES 
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FIGURE 2 4 .  PLOT OF TRANSMITTANCE VS EXPOSURE DURATION 
FOR GLASS COVER PLATES 
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FICURE 25. PLOT OF TRANSMITTANCE VS EXPOSURE DURATION 
FOR CLASS COVER PLATES 
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FIGURE 26 . PLOT OF TRANSMITTANCE VS EXPOSURE DURATION 
FOR CLASS COVER PLATES 
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FIGURE 2 7 .  PLOT OF TRANSMITTANCE VS EXPOSURE DURATION 
FOR CLASS 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 THY 

but cleaning the specimens restored the T to approximately 1% of original. H 
Soil acrumulation 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 90% 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 TH and Ts, reported for.the soiled specimens. Cleaning restored Ts 

to within 10% and T to within 1% of the original values. T values for H H 
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 ~eflector 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 tu soiling, and (2) were the three materials equally 

responsive to clea-ning? 

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 llleasurements arc ~hown for 31 1, 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 (Figure 30) specimens show that the two materials have very similar 

susceptibilities for surface soil accumulation, with 70% of the sample popula- 

tion density losing 40% or less specular reflectance after 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 betwecn 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 96X of the original specular reflectance values than could the 

FEK-244 specimens. As these reflectance nleasurementc for t h e  clrdned specl- 

mens represent reflectance losses caused both by corrosion and soiling, it is 

believed that the 8% figure should be higher, since the FEIC-244 specimens did 

not corrode as significantly as did Lhe silver~rl-g'lass spccimcns. Tlle lllvsc 

significant losses in specular reflectance were for the Alzak specimens. These 

measurements, again, reflect both corrosion and residual soil rctention. 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 specjmens revealed that the Alzak specimens also had higher levels 

of residual soil retention than did the other two materials. 

Figures 35 thro~.~gh 52 show the reflecti,)~~ material population that was 

exposed 1, 6', and 12 months as a function of percent specular reflectance loso 

for both the soiled and cleaned specimens, These plots show t h a t  increaocd 

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 expos~rre duration, vie: glass r~r I lac roro  

11avi~lg tlie greater ability to be cleaned over FEK-244, followed then by Alza'k. 

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

Degradation Mechanisms of 'ReflectoOr.-Spl!ecimens 

In situ envi.ronmenta1 exposure tests comprise a complex matrix of 

parameters, e.g., meteorological, industrial plant process and resultant 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 



FIGURE 2 9 .  PLOT OF FRACTION OF TOTAL I N  EACH COMPUSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 
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FIGURE 30. PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 
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F I G U R E  31 . PLOT OF FRACTION O F  TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR R E F L E C T I V I T Y  
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FIGURE 33 . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 
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F I G U R E  35 . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
V S  PERCENTAGE LOSS I N  SPECULAR R E F L E C T I V I T Y  
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FIGURE 36 PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR R E F L E C T I V I T Y  
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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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- F I G U R E  41 . PLOT O F  FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR R E F L E C T I V I T Y  
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RESULTS OF S I X  MONTH SAMPLES 

TOTAL 23 

FRACTION O F  O R I G I N A L  SPECULAR REFLECTANCE LOST (PERCENT) 

rRACTIOt4  OF O R I G I N A L  SPECI?I.AR REFLECTANCE LOST <PERCENT) 

F I G U R E  1 2  . PLOT OF FRACTION O F  TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR R E F L E C T I V I T Y  
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RESULTS OF S I X  MONTH SAMPLES 
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FIGURE 43 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FEK-244 -  SOIL^ 

RESULTS OF S I X  LtOKM SAMPLES 

TOTAL 25 

FIGURE 14 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECMAR REFLECTIVITY 

FEW-I44 - CLEANED 

RESULTS OF S I X  MONTH S H E S  

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST <PERCENT) 
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FIGURE 49 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FEK-244 - SOILED 

RESULTS OF TWELVE MONTH SAMPLES 

TOTAL I 0  

FRACTION OF SPECULAR REFLECTANCE LOST (PERCENT) 

FIGURE 50 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FEK-244 - CLEANED 

RESULTS OF TWELVE MONTH SAMPLES 

TOTAL 18 



FIGURE 51 . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

ALZAK - SOILED 

RESULTS OF TWELVE MONTH SAWLES 

TOTAL 10 

FRACTION OF SPECULAR REFLECTANCE LOST (PERCENT) 

FIGURE S Z  . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

ALZAK - CLEANEll 

RESULTS OF TWELVE MONTH SAMPLES 

TOTAL 10 

FRACTION OF SPECULAR REFLECTANCE LOST (PERCENT) 



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 

b' independently because the environment at each location was unique. 

v 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) corrosion 

of the metallic elements of the samples, and (2) a tenacious layer of surface 

soil, which .could not be removed by routine cleaning procedures using both the 

Lime-Brite and the more chemically aggressive McGean C-120 detergent. A third 

degradation mechanism, which was observed but which had considerably less impact 

on the optical properties of the reflector specimens, was abrasion of the 

softer.materia1 surfaces. 

Corrosion Degradation Mechanism -- Corrosion occurs on the reflective 

metallic portion 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 obta,ined from any 

conventional 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. Chemically oxidizing species are naturally 

present 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 enhanced by either increasing Lllr cbncentration'of thc active 

species or by adding other oxidizing 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 (0  ) ,  .have strong 3 
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 ref lector specimen material 

types, but not at all site.s. FEK-244 aluminized acrylic was the most corrosion- 

resistant ref lector materi.al in this study. Corrosion of the underlying 



Table 2 

Composition of Precipitation of Aerosols, Southwestern Desert Area 
d 

Constituent Concentrat ion References 

1. Precipitation 
(PH = 6 )  

C1- 0.2-0.3 rng 1" 

2. Ae~usuls 
(Death 
Valley) 13 

(mos~fy  as H2CU3 
and HCU3-) 

C 1 0.42 pg rn-3 Air 



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 
.#? 

',, 7: 
. , -Ab  

the surface was heavily soiled and the soil could not be removed by a razor k-&2;i blade or knife because of the soft acrylic overlayer. This technique was 
I:? 
! ' 8  
7 . 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. In 

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 coxrcsion 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). In some cases, a crystalline material was seen on the Alzak 



pm 

Figure 53. Circular Corrosion Pattern (17X magnificatian). Speoimen 84. (glass, Dupont lmron backing), X-Plane, 
exposed 4 months at Hilo Coast Processing. Specimen 84 has been cleaned. 

sur face  and, when t h i s  was removed by a razor  blade, a corrosion p i t  was 

observed below t h e  contaminant (Figure 13) .  

It i s  of i n t e r e s t  t h a t  when t h e  r e s i d u a l l y  re ta ined s o i l ,  which remains 

a f t a  t h e  r e t l e c t o r  i s  cleaned, reaches a high l e v e l ,  the  corrosion of t h e  

Alzak r e f l e c t o r  i s  inh ib i t ed ,  a s  t h e  cor ros ive  material can no longer reach 

t h e  surface. This i s  not ,  hnwcvcr, suggested us a v i a b l e  corrusion i n h i b i t i o n  

technique f o r  s o l a r  r e f l e c t i v e  mater ia ls .  

The Alzak r e f l e c t o r  is a front-surface mirror ,  and corrosion occurred on 

ba th  t h e  f r o n t  r e f l e c t i v e  surface  and t h e  rear backup mater ia l .  With t h e  g l a s s  

r e f l e c t o r s ,  which a r e  second-surface mirrors ,  corros ive  a t t a c k  occurred through 

t h e  edge s e a l s  and t h e  backing mater ia ls .  No apparent degradation of t h e  g l a s s  

f r o n t  su r face  was observed. The FEK-344 spec&meas urc a l s o  secand-su~iact! 

r e f l e c t o r s ,  and corros ion only occurred when t h e  top-surface a c r y l i c  f i l m  w a s  

damaged. No edge a t t a c k  w a s  observed, but  the aluminum backup mate r i a l  was 

degraded. 

Soiling -- S o i l  deposi t ion  on s o l a r  r e f l e c t o r  

su r faces  is a se r ious  problem because of t h e  r e l a t e d  l o s s  i n  o p t i c a l  e f f i c i ency ,  



A. Control Alzak reflector specimen maintained in a desiccated laboratory 6. Photomtcrograpn ot 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 (32x1. 



caused by losses in reflectivity, and t.he 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 7 

are defined as a typical solar use environment without the impact of industrial 

processes. l4 l5 l6 l7 l8 This study adds the industrial environment to the v 

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 f ~ r  the cleaned reflector materials of 5 tn 15%. 

As observed in previous studies for the benign envirnnm~ntn, solar rcafloc- 

tive surfaces may become heavily soiled when exposed 30 days or mare to 

"real" environments (Figure 5 5 ) .  Thy extent of the soiling is quite depdndent 

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. l5 l7 1n same eases, small specular- 

ity losses of 2 to 5% after cleaning were reported for reflectors exposed for 
2 

up to 1 year. 

The soil attached to the reflector surfaces was divided into two cate- 

gorleu: (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 easlly remnved by conventional cltnning sechniques, 

but the residual soil represents a potential problem f n r  which no clear solution 

has been determined. 

One IsppuLl~htsls uf the mcehanism lor atladuent 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 
iq.3 I 

,T-' :,>-- -1 

ponds, liquid sources. The soil is transported ao airborne particulaLr Lo the 

reflector surface and is entrapped in the liquid matrix. As the liquid eva- 

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



Figure 55. Second-Surface Silvered Glass. FEK-244 and Alzak Specimen "as received" 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 -i 

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- 
m: -: 
d-& "''r' - ,-fl+ , 

tions is formed, as the aqueous cleaning solution cannot penetrate the soil LL 

layer to dissolve the cement layer.' 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 of: 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 568. V 

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 (5 10-pm diameter). These are known 

to adhere more strongly than larger particles. l9 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- 

morlllonite (33 to /O%). Montmorillonite is the only clay of the three listed 

above that has the capability to swell significantly. 2 0 

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, 



A. 4000X magnification of residual soil layer of a cleaned specimen exposed 6 months at Southern 
Union Refining Co. 

B. 1 WX magnification of residual rail layat of a cleaned specimen expo& 12 months at Stsuffer 
Chemical Co. 

Figure 58. Residual Soil Buildup. Examples on Alzak specimen. 



Table 3 

. Effect of Soil Type on Specular Reflectance Losses 

Average Percent Loss in 
Specular Reflectance of 
Cleaned FEK-244 (12-Month v 

Site Soil Type Soil pH Exposure, X-orientation) 

Southern Union Red Prairie Alkaline 100% - near cooling tower 
Refining Co. (pH '7) %12% - 1000 ft. S. cooling 

tower 

Stauffer Chemical CO.' Red Desert Alkaline >IS% 

. 2 3  Ore-Ida Foods Gray Desert Alkaline 15 % 

Caterpillar Tractor Brunizem Neutral 
(pH ~ 7 )  

Lone Star Brewing Rendzina Neutral 
Co . (pH ~ 7 )  

Bates Container Co. Rendzina Neutral 
(pH e7) 

Dow Chemical Co. Red or Yellow Acid 
Podzol (pH <7) 

U.S. Steel 1 3  

Chemical Co. 

iPo Coast 5 x oeeasing CO. 

Sol Brun Acid 
Acide (pH <7) 

i 
Not known Not; knoyn 2-21)"b 

'cooling topers were located on the site. 

'~dditional soil entrapment by outgassing of tar roofs. Ceferplllar Tractor 
Co. was also a roof mount but roofing material was sealed with white paint. 

3~nique 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. 



Chemically, the clay minerals are best described as hydrous aluminum 

silicates, with the general formula HxAl Si 0 m(H20). Many clays will 
Y = r  

contain other metals in addition to the aluminum (Al), particularly magnesium 

(Mg) and iron (Fe). Actual compositions are never simple but show variations 
-a ' 3 in the silicone (Si):Al ratio, a variable quantity of water, and usually con- 

* '4 
siderable amounts of magnesium, iron, 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 ~ 1 + ~ ,  0-*, and OH-'; the negative 

ions form octahedra around ~ 1 + ~ .  This pattern is called the "gibbsite" or the 

octahedral sheet. The second layer is made up of ~ i + ~ ,  o-~, and OH-' ions, 

with each ~ i + ~  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 
1 

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. 
I 

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. 

Yany of the intermediate-temperature IPH sites have cooling towers asso- 

ciated with their process. 

LA 
!, f3fl The impact of wet cooling towers was obvious at the Southern U ~ ~ l u a  

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 



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 
9%;': - ,-  

to 0. It is believed that the soiling phenomena at the Southern Union Refining J- .. ,. -. 

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. 

I n  some s iLus,  an additional mechanism u f  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- 
. . 

. r., I I nate the reflector surfaces with sticky organic materials. These organics 
. - 

&-5*? 8 .  "' . T also entrapped soil particles. It is theorized that contaminant entrapment 
rL. - ' - c. 

8 7.- 
. I :  

,' J-'!r of soil particles played a substantial role at many sites* but it c n i ~ l d  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 6 

was observed on the softer surfaces, i.e., Alzak, and particularly, FEK-244. 

The abrasion phenomenon was documented by phntngraphing an enlargcmcnt of 

20 randomly selected specimens of each material type, hefnre  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 expas~d specimaa ( i , e . ,  caat to weat or coal 

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 



A. Controi FEK-244 aluminizeh acrylic mm&e mailrrtaid C a desioogtsd laboratory environment 

B. FEK-244 aluminized acrylic specimen exposed 1 month, 
r w  pin 

at Stauffer Chemical Co. 

Figure 57. Abrasion Degradation. FEK-244 aluminited acrylic specimen. 



A. Control FEK-244 allrminized acrylic sMmen maintrritwd in a hiasatod lobonrtory environ~rtent 

a." FEK-244 aluminized acrylic speciman exposed 8 moms, X-plane, at Stauffer Chemical 
' - 1 1 1  1 

Figure 58. Abrasion and Subsequent Corrosion. Underlying aluminum layer of FEK-244 aluminized acrylic 
specimen. 



t h e  a c r y l i c  f i l m  has  been damaged, and t h e  subsequent co r ros ion  of t h e  

under ly ing  aluminum f i lm .  I f ,  over  a  long per iod  of t ime ,  t h e  a c r y l i c  l a y e r  

i s  s u f f i c i e n t l y  damaged by ab ra s ion ,  co r ros ion '  may then become a problem f o r  

t h i s  m a t e r i a l .  

Summary and Conclusions 

Resu l t s  ob ta ined  from t h e  i n  s i t u  exposure o f  s o l a r  o p t i c a l  m a t e r i a l s  i n  

" rea l"  i n d u s t r i a l  environments show t h a t  some s e r i o u s  problems have been encoun- 

t e r e d .  , For many s i tes ,  t h e  p r o j e c t i o n s  f o r  30-year l i f e  expec tanc ies  f o r  t h e  

r e f l e c t o r  and r e c e i v e r  mater ia l ' s  eva lua ted  i n  t h i s  program cannot c u r r e n t l y  be 

suppor ted ,  a s  a  number of degrada t ion  mechanisms were observed f o r  which easy- 

f i x  s o l u t i o n s  d i d  n o t  appear t o  be a v a i l a b l e .  However, a s  t h i s  test  ma t r ix  

used .accumulated exposure r e s u l t s ,  t h e  long-term imp l i ca t i ons  of t h e  degrada- 

t i o n  mechanisms a r e  d i f f i c u l t  t o  p r e d i c t .  

Two primary deg rada t ion  mechanisms f o r  s o l a r  c o l l e c t o r  m a t e r i a l s  were 
. . 

observed: (1) a  r e s i d u a l  l a y e r  of s o i l  adher ing  t o . t h e  cleaned m i r r o r  s u r f a c e s ,  
, which accounted f o r  5  t o  15% l o s s  i n  specu la r  r e f l e c t a n c e  a t  a l l  s i t e s ,  and 

a  90% l o s s  a t  one s i t e ,  a f t e r  12  months of exposure; an& (2) c o r r o s i o n  of 

m e t a l l i c  components of t h e  r e f l e c t o r  specimen a t  fou r  of t h e  n i n e  i n d u s t r i a l  

s i t e s .  A l e s s  s e r i o u s  degradation.mechanism, ab ra s ion  of Alzak and FEK-244 

specimen s u r f a c e s ,  d i d  n o t  appear t o  cause  a s  l a r g e  a  l o s s  i n  specu la r  

r e f l e c t a n c e .  

The impact of t h e  s o i l  r e t e n t i o n  problem on e x i s t i n g  and 'proposed  f u l l -  

s c a l e  s o l a r  s t r u c t u r e s  could be cons ide rab l e .  A l l  t e s t  s i t e s  have shown ev i -  

dence, i n  vary ing  degrees  of s e v e r i t y , '  t h a t  t h i s  problem could sho r t en  t h e  

usef1.11 l i f e  of t h e  r e f l e c t o r  i n  f i e l d  use  u n l e s s  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n s  

a r e  taken.  It i s  theo r i zed  t h a t  a  combination of low l e v e l s  of m o i s t i r e ' a n d  

. p a r t i c u l a r  s o i l  t y p e s ,  ( s p e c i f i c  types  of c l a y ) ,  when subjec ted  t o  thermal  

cyc l ing  (F igure  59) w i l l  c r e a t e  i d e a l  c o n d i t i o n s  f o r  t h e  formation of t h e  . t enac ious  l a y e r  of s o i l  t h a t  i s  no t  removable by non-contact c l ean ing  methods. 

Although an ex t ens ive  sys t ema t i c  e v a l u a t i o n  of c l ean ing  methods was beyond t h e  
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Figure 59. Soiling Mechanism 



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 methods, 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 (36.5% by volume HC1, which consumed all but the glass portion of 

the mirror, and the use of a surgical knife.to scrape the soil off), showed 

there was no apparent chemical attack by the soil layer on the glass. These 

methods could not be u'sed with the FEK-244 and Alzak 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 

t ime . 

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- 

cions In alkaline desert environments. 

The Lone Star Brewing and U.S. Steel Chem'ical 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. 



Because of the variety of problems 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 materi.al, an.d the earn o f  rep1.nci.n.g thr f iliu pe~~lud.lenlly 

when the collector efficiency decreases to a non-useful level. The FEK-244 

film has three weaknesses, the long-term i.mpacts of which have .not been q u a n , t i -  

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 cleaning by  solar field contact methods without sustaining abrasion 

damage to the surface. 

Other conclusions that can be drawn from tliis study are: 

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

Thc relative rdllkllig For ease of cleaning oi the reflector specimens 
is: silvcrcd glass FKTC-364 '/ Alxalr,. 

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 thermai 
cycling, but they are susceptible to specific .environmental pollutant 
attack. This attack degraded the optical properties of the 
receiver material. 



e 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 dptical 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 goi~g to play a role in accelerating the 
soiling problem by suppl.ying an additional moisture source and, if 
so, must .the reflector materials be dried following each cleaning 
procedure? 

e 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 installaiions, before construction, should be diagnostically 

evaluated for compatibility with solar optical materials. Parameters that 

sliould be evaluated include meteorological data, soil chemistry, plant 

processes and structures and their impact on resultant air quality, and the 

effect of nearby industries whose processes 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 phase of 

the solar system and careful consideration is given to the location of the 

system with respe.ct to many of Che identified impacting parameters. 



The nine industrial sites used for this study program were selected 

primarily because of the firms' interest in solar energy for industrial 

processes., The problems encountered at the 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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~~pendix A 

GLOSSARY OF MATERIALS 

1. Alzak Specimens 

The Alzak reflector ,Lpecimens 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 alunlinum, 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 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- 

t 
inch-thick PPG Co. low-iron float glass with silver, copper, and alkyd 

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

into three equal lots, and an additional protective backing was used on each 

113 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 ~ostik-  inch 463-12-8 
primer and Bostik-Finch epoxy topcoat, glo'ss, 443-3. 

C. Macol 4302 adhesive-backed vinyl, available from Morgan Adhesive 

Company. 



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, 

1.e. the film was cut to size, dipped into a soaplwater 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 blaclc 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 substrites that 

were coated with 0.001in. 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 apprnxi-mate bath aompo-,, 

7 ' sitinn w a s ;  

Cr03=: 333 g/l 
Addition Agent: 26-27 vol % 

Iron: 8.7 g/l . 

~r+3: 8.5 g/l 

All black chrome plating was carried out at 188 rn~/crn~ (175 ~ / f t ~ )  fnr 5 , s  

6 minutes. 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 aL'Lrr ~ l l e  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, tile solar absorptance, as, decreased less than 0.007 

absorptancc units. 



Table 1A: Optical Properties of Electrodeposited Black.Chrome 
Coatings Before and After Thermal Aging 

As-Deposited 

5. Glass Cover Plate 

After 24 hr. 
at .350°C 

These specimens were prepared from P,PG Company low-iron float glass. 



Appendix A 

' 
8520 EAST CEE BEE DRIVE DOWEY. CALIFORNIA 90241 . TELEPHONE (213) 773-3922 8 861-121 1 

Cupaats Heedquartas: McGenn Chemicnl Company. I K  . 1250 Terminal Twer - Cleveland. Ohlo 441 13 ' Telephone 1216) 621-6425 . Telox 88-0005 

CEE-BEE C-120 

GENERAL DESCRIPTION 

C l e a r ,  l i q u i d  c o n c e n t r a t e  f o r  c l e a n i n g  d e s e r t  s o i l  from s o l a r  
e n e r g y -  m i r r o r s .  

ADVANTAGES 

1. High ly  e f f e c t i v e  on acaumula ted  ' d e a e r t  s o i l  a t  low concen- 
t r a t i o n ~ .  

2. R e q u i r e s  no a g i t a t i o n .  
3. D r a i n s  r a p i d l y  f rom s u r f a c e  r equ i r ing .min imum r i n s e  wate r .  
4. Made w i t h  b i o d e g r a d a b l e  s u r f a c t a n t s .  . 

INTENDED USE 

OPERATION: Thorough ly .we t  m i r r o r  s u r f a c e  by non-atomizing s p r a y '  
a p p l i c a t i o n  o f  a 4 t o  8 o ~ n c e / ~ a l .  w a t e r  e o l u t i o n  o f  
CEE-BEE C-120. Allow s u r f a c e  t o  d r a i n  f o r  30 t o  90 
seaonde .  Sp ray  r i n s e  w i t h  d i s t i l l e d  o r  d e i o n i z e d  
w a t e r .  Do n o t  a l l o w  s u r f a c e  t o  d r y  before r i n s i n g .  
I t  may be d e s i r a b l e  t o  uaa C s s - B e e  C-121 Rinao   id 
i n  t h e  r i n s e  wate r .  

PROPERTIES 

Clear e t r a w  Colored l i q u i d  w i t h  a c i d i c  odor .  No f l a s h  p o i n t .  
C o n t a i n s  o o r r o s i v e  a c i d s .  
~ l l  e u r f a c t a n t s  o o n t a i n e d  i n  p r o d u c t  a r e  b i o d e g r a d a b l e .  

A v a l d  a l l  s k i n  o r  e y e  c o n t a o t .  [lee fa00 s h i e l d ,  a p r o n ,  gloves 
and  b o o t s .    void s p l a s h i n g  nea rby  p e r s o n n e l  d u r i n g  s p r a y  r i n e e .  
I n  c a s e  o f  a c o i d e n t a l  c o n t a c t ,  f l u s h  w i t h  l a r g e  volumee o f  water 
immed ia t e ly  a n d  s e e k  med ica l  a t t e n t i o n .  I n j u r y  may n o t  be i m m i -  
d l a t e l y  u p p a r e n t .  DO NOT TAKE INTERNALLY. Avoid b r e a t h i n g  
v a p o r s  from t h e  c o n o e n t r a t e .  

Store a t  30°F t o  l lO°F.  Pour c a r e f u l l y  I n t o  w a t e r  t o  a v o i d  
s p l a s h i n g .  

Csq i n  p l a s t i c  o r  s t a i n ? e s s  s t e e l  equipment.  

THE McGEAN GROUP OF COMPANIES INCLUDES McGan Cnemnca. ~ c ~ e a n ' h i ~ ~ v m s ! ~ ~ c G c c l n  Cce Bee and McGean Afmal~lr 111 Calada 
Hepresented In Europe by lmase (London. Parts. Matan. Barcelo~! Rams In Cieveiam OMOH. L~von~a. MI Tucker, GA. Dcwney CA 



Appendix B 

Specular  .Ref lec tance  Measurements 

f o r  So la r  R e f l e c t o r s  

P l o t  Legend 

X - 4 5 O ,  upward t ilt  

Y - Horizonta l ,  f aceup 

Z - Horizonta l ,  facedown 

Line type  - Soi led  r e f l e c t o r s  

Line type  ---- Cleaned r e f l e c t o r s  



FIGURE 0 1  . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION CMONTHS) 

FIGURE 02 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION OIONTHS) 



FIGURE 8 3  . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE WRATION 

EXPOSURE DURATION CMONTHS) 

FIGURE B4 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE OURATION <MONTHS> 



FIGURE 85 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

FIGURE 86 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MONTHS) 



FIGURE 67 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

OOV O W I C A L  P. 
M L T W  GA 

SECOND S A Q : G L A S S .  ALL RAeKINCB 

EXPOSURE DURATION <MONTHS> 

FIGURE 68 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MOMTHE> 



FIGURE B9 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 
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M W  CHEMICAL :O. 
DALTON. CA 

ALZAK 

- - - ---- -. - 

EXPOSURE DURATION <MONTHS> 

FIGURE B10 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
. SPECIMENS VS EXPOSURE DURATION 
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EXPOSURE DURATION CMONTHS) 



FIGURE 811 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION O ( O m  

FIGURE B12. PLOT OF OPTICAL PROPERTIES OF C O ~ L E ~ O R  
SPECIMENS VS EXPOSURE DURATION 



FIGURE 8 1 3 .  PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

FICURE 614 . p l O T  Of OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE MlRATION OIDNTHS) 



EXPOSURE DURATION CMONTHS) 

FIGURE 816. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

KXPOSURE DURATION <MONTHS) 



FIGURE017 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMQJS VS EXPOSURE DURATION 

EXPOSURE DURATION CMONTHS) 

FIGURE 018 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION CMONTHS) 



FIGURE 819. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS MPDSURE DURATION 

FIGURE 820. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS'MPDSURE DURATION 

EXPOSURE DURATION Oo 



FIGURE 821 . PWT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 

FIGURE 822. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION.CMONTHS) 



FIGURE 6 2 3 .  PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MONTHS> 

FIGURE 8 2 4 .  PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE OURATION (MONTHS) 



FIGURE 825. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MONTHS> 

FIGURE 826. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION WONTUS) 



FIGURE 827. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 
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FIGURE 828 .  PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MW4TI.IS> 



FIGURE 829. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATIW 

EXPOSURE OURATION <MONTHS> 

FIGURE 830. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION W T H Q  



FIGURE 831 . PLOT OF 'OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 

EXPOSURE OURAT ION <MONTHS) 

FIGURE 832. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 

EXPOSURE DURATION MONTHS) 



FIGURE 8 3 3 .  PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION <MONTHS) 



Appendix C 

Sur face  Descr ip t ion  of Mirror Specimens 

ID 'NO. I d e n t i f i c a t i o n  Code of Each Mirror Sample 
. . 

Or ien ta t ion  (0) Or i en ta t ion  of, mi r ro r  specimens on environmental 
exposure r ack  

.Compositi.on (C) 

Condit ion of g l a s s  
mi r ro r  backing 

X 45' f i x e d  ang le  f ac ing  s o u t l ~  

Y Hor izonta l  f ac ing  sun 

Z Hor izonta l  f ac ing  e a r t h  

Ma te r i a l  composition of mi r ro r  specimen 

A Second-surface g l a s s  wi th  DuPoint IMRON 
Polyurethane backing 

B Second-surface g l a s s  wi th  MACOL 4302 
Adhesive-backed vl11yl backing 

C Second-surface g l a s s  wi th  a  two-layer 
epoxy system composed of Bostik-Finch 463- 
12-8 primer and Bostik-Finch epoxy topcoat  
backing 

D FEK-244 aluminized a c r y l i c  on aluminum 
back-up 

E ALAZK on aluminum back-up 

F 3M FEK-244' aluminized a c r y l i c  on aluminum 
back-up 

Appearance of t h e  backing and second-surface s i l v e r  
on g l a s s  mi r ro r  specimens fol lowing environmental 
exposure 
See s u r f a c e  d e s c r i p t i o n  key f o r  explana t ion  of 
phrases  used 

Surface  d e s c r i p t i  nn Appearance of t h e  s u r f a c e  of mi r ro r  specimens be fo re  
be fo re  CB120 c leaning  c leaning  procedure 

See s u r f a c e  d e s c r i p t i o n  key f o r  explana t ion  of 
phrases  used 

Surface  d e s c r i p t i o n  Appearance of t h e  s u r f a c e  of mi r ro r  specimens follow- 
a f t e r  CB120 c l ean ing  ing  c leaning  procedure 

.See s u r f a c e  d e s c r i p t i o n  key f o r  explanation- of 
. , 

' phrases  used 



SURFACE DESCRIFTIOM KEY 

BACKING : . . 

. BLISTERED BACKING SHOWS RAISED RUBBLED \REAS, NO CORROSION OF 
'- SILVER SURFACE OBSERVED 

. . 
BLI3TE RED, EDGE r ~ ~ b ~ ~ ~ ~ ~ D  .\ BACKING .SHOWS RAISED BUBBLED .\REAS, SILVER SURFACE IS CORRODED 

ONLY AT EDGE OF MIRROR 

BLISTERED, CENTER CORRODED 

CHIPPED, SILVER (IDRRODED 

NO ,Cf1AVGE 

PEELED, SILVER CWEODED 

EDGE CORRODED 

CENTER CORRODED 

BACKING SHOWS RAISED 3UBBLED AREAS,SILVEF SURFACE IS CORRODED 
UNDERNEATH BLISTERED .\REAS 

BACKING BREAKING OFF I N  SMALL PIECES FROF' EDGES OF MIRROR, 
NO CORROSION.OF SILVER SURFACE OBSERVED 

BACKING BREAKING OFF I N  SMALL PIECES FROM MIRROR EDGE, SILVER 
SURFACE CORRODED WHERE BACKING AEMOVED 

BACKIHG ON A DEPLOYED MIRROR IS UNCHANGED WHEN COMPARED TO AN 
UNDEPLOYED MIRROR OF Y E , S A M E  CGMPOSITIOM; SILVER SURFACE - 
IS NOT CORRODED 

BACKIUG LIFTED AWAY FROM THE ECGES OF MIRROR, SILVER SURFACE - 
CORRODED WHERE BACKING LIFTED UP 

BACKIHG UNCHANGED BUT SILVER SURFACE IS DZTERIORATING 
ALONG A S T R I P  ON EDGE OF MIRRCR 

RACKING UNCHANGED BUT SILVER SURFACE IS DETERIORATING 
I N  A CIRCULAR PATTERN ACROSS ENTIRE SURFBCE OF MIRROR 



SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING: 

ABRASION SCRATCHES ON MIRROR SURFACE 

ABRASI0M;PARTICULATE DEPOSITS SCRATCHES AND WHITE SOLID DEPOSITS I N  A RANDOM PATTERN 
ON MIRROR SURFACE 

ABR.Y3ION;PARTICULATE DEPOSITS, SCRATCHES AND WHITE SOLID DEPOSITED ALONG PERIMETER OF . 
PUDDLE-SHAPED AN AMOEBA-LIKE SHAPE 

BRO'dN CRYSTALLINE DEPOSITS, 
CIRCULAR PATTERN 

CLEAN 

CLOUDY; EXTENSIVE 
PARTICULATE DEPOSITS 

CLCUDY, OVERLAPPED I:IRCULAR 
PARTICULATE DEPOSITS 

CRYSTALLIFJE DEPOSITS 

CRYSTALLINE DEPOSITS, 
CIECULAR PATTERN 

PAF.TI CULATE DEPOSITS 

PAETICULATE DEPOSITS, 
CIECULAR PATTERN 

PAETICULATE DEPOSITS, 
PUDDLE-SHAPED 

PITS COFJTAINING 
CRYSTALLINE DEPOSITS 

P I T S  CONTAINING 
PARTICULATE DEPOSITS 

SU3FACE AND P I T S  HAVE 
PA3TICULATE DEPOSITS 

COLORLESS CRYSTALLINE SOLID ENTRAPPING A BROWN SUBSTANCE 
UNDERNEATH I T  I N  A PATTERN OF DROPLET SHAPES 

ABSENCE OF P I T S  AND PARTICULATE DEPOSITS 

SURFACE OF MIRROR NOT VISIBLE THROUGH A LAYER OF WHITE SOLID 
DEPOSITED I N  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 IM A RANDOM PATTERN 

COLORLESS CRYSTALLINE SOLID DEPOSITED ON MIRROR SURFACE 
I I N  A PATTERN OF DROPLET SHAPES 

WHITE SOLID ON MIRROR SURFACE I N  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 I N  AND AROUND PERIMETER OF 
OF P I T S  I N  MIRROR SURFACE 

WHITE SOLID DEPOSITED I N  AND AROUND PERIMETER OF P I T S  
I N  MIRROR SURFACE 

WHITE SOLID ON SURFACE I N  A RANDOM PATTERN; WHITE SOLID 
DEPOSITED I N  AND AROUND PENMETER OF P I T S  I N  MIRROR SURFACE 



SURFACE DESCRITIOW'  AFTER CB120 CLEANHNG: 

ABRASION SCRATCHES ON'MIRROR SURFACE 

, 
CLEhN ABSENCE OF P I T S  AND PXRTICULATE DEPOSITS 

CLECN; CLOUDY A: -MIRROR SURFACE FREE OF P I T S  AbC PARTICCILATE DEPOSITS 
DEPIlSIT S I T E S  BUT MIRROR REFLECTIVITY NOT RESTORED IN A3EAS WHERE DEPOSITS 

WERE EEMOVED 

CLE.?N; SURFACE CLOLDY 'MIREOF SURFACE FREE OF P I T S  AKD PARTICULATE DEPOSITS BUT 
' MIREOF: REFLECTIVITY NCT RESTOFED 

D E W 1 3  DECREASED 

EXTENSIVE P I P I b r G  

NO CHAKE 

P I T S  AE'D CRf.CKS, 
CIRCULC R PATI'ERN 

SOME E-UT NOT ALL DEPOSITS ON MIRROR SURF'CE REMOVED 
BY CLEANING 

MANY LARGE P I T S  

CB 12C HAT, NO EFFECT ON APPEARKVCE OF MIRROR SURFACE 

P I T S  CClNTA1I;ING DEPOSITS W I E  SOLID DEPOSITED IN. AND A3OUND PERIMETER OF P I T S  I N  MIRROR 
SURFACE 

P1TS;CLOUDY AT DEPOSIT S I T E S  M I R D R  SURFACE P I P E D  3UT FREE OF PARTICULATE DEPOSITS; MIRROR 
REFLECTIVITY NOT RESTO3ED I N  A3EAS WHERE DEPOSITS WERE REMOVED 



I D  CONDITION OF GLASS 
I10 0 C MIRROR BACKING 

1 X A NO CHANGE 

6 Y A NO CHANGE 

9 Z A NO CHANGE 

300 X D 

TABLE C 1  

SURFACE DESCRIPTIONS O F  MIRROR SPECIMENS 

STAUFFER CHEMICAL CO. , HENDERSON, NV 

ONE MONTH EEIVIRONMENTAL EXPOSllRE 

SAMPLE RETRIEVAL DATE, 0 1  OCT 1 9 7 9  

SURFACE DESCRIPTIOr.1 BEFORE MCGEAN C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

ABRILYION 

P I T S  CONTAINING CRYSTALLINE DEPOSITS 

ABRASION 

SURFACE DESCRIPTIOIJ AFTER 
-CB120  CLEAEIINC 

CLEAN 

CLEAN 

CLEAN 

NO CHANGE 

NO CHANGE 

DEPOSITS DECREASED 

NO CHANGE 



I D  CONDITION OF GL-US 
MO 0 C WIRROR BACKDllG 

1 1 4  Z C BLISTERED 

TABLE C2 

SUFiF.4CE DESCRIFTI3NS OF MIRROR SPECIMEN5 

STAFFER- CHEMICAL CO., HENDERSON, NV 

3 0  MONTH ENVI3ONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 3 1  NOV 1 9 7 3  

SURFACE 3ESCRTPTION BEFORE MCGEAN C R 1 2 0  CLEARING 

P.4RTICUIXYE DZPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PILTTERN 

CLEAN 

ARRAS1ON;FARTICULATE DEPOSITS 

ABRflSIOrJ; FARTICl.rLATE DEPOSITS,  PCDDLE-St!APED 

SURFACE F.ND P I T S  HAVE PARTICULATE DEPOSITS 

CLEAN , 

SURFACE CESCRIPTION AFTER 
CB120  CLEANING 

CLEAN 

CLEAN 

CLEAN 

ARRASI0M;DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

PITS,CLOUDY AT DEPOSIT S I T E S  . 

CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

5 Y A CHIPPED,SILVER CORRODED 

205 X B PEELED,SILVER CORRODED 

213 Z B PEELED,SILVER CORRODED 

TABLE C3 

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

THREE MONTH ENVIRONMEt.ITAL EXPOSURE ' 

SAMF-E . RETRIEVAL DATE, 05 DEC 1979 

SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING 

PARTICllLATE DEPOSITS 

PART~CULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

CLOUDY,EXTENSIVE PARTICULATE 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 DESCRI?TI@NS OF MIRROR SPECIMEMS 

'STAUFFER CHEMIaZAL CO. , HENDERSDN , NV 

FOUE MONTH! EW7IRONMEfITAL EXPOSURE 

SAMFLE RETRIEVAL DATE, 05 JAN 1980 

ID EONCITION 07 GLASS 
NO 0 C MIRROR BACKrNG SURFACE DESCB(IPT1ON BEFORE MCGEAN CB120 CLEDMNl2 

. 2 X A PEELED,SILVER CORRODED PARTICULATE DEPOSITS 

10 Z A PEELED,SILVER CORRODEI? CLEAN . 

209 Y B ?EELED,SILVER CORROOED PARTICULATE DEFOSITS 

303 x I) PARTICULATE DEFQSITS 

P.RRASIOli;PAR'LICULATE DEPOSITS 

PITS COhTAINIFlG CRYSTALLINE DEP3SITS 

PITS CCNTAINMG CRYSTALLINE DEPXITS 

SMALL .FITS 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

.PITS CONTAINING DEPOSITS 

SMALL PITS 



TABLE C5 . . 
. . 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

STAllFFER CHEMICAL CO., HENDERSON, MV 

FIVE MONTH ENVIRONMENTAL EXPOSURE . . 

SAMPLE RETRIEVAL DATE, 05 FEB 1980 

ID CONDITION OF GLASS SURFACE DESCRIPTION AFTER 
NO 0 C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEAFIING CB120 CLEANING 

107 X A BLISTERED,CORRODED 

115 Z C SILVER CORRODED 

212 Y B PEELED,SILVER CORRODED 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

CLEAN 

SURFACE AND PITS HAVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PITS CONTAINING PARTICIILATE DEPOSITS 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

SMALL PITS 

DEPOSITS DECREASED 

CLEAN 

PITS CONTAINING DEPOSITS 

.PITS CONTAINING DEPOSITS 



ID C3NDITION OF CLASS 
NO 0 C MIRROR BACI(1LG 

113 Y C NO CHANGE . 

206 X B PZELED,SILVEA CORRODED 

214 Z B PEELED,SILVER CORRODED 

305. X D 

SURFFCE DESCRIPTIOKS OF MIRROR SPECIMENS 

STAUFFER CHEMICAL CO., HENDERSON, NV 

SIX MONTH EM'IIECNMENTAL EXPOSURE 

SAMPLE RETRIEVAL TIATE:. 05 MAR 1980 

SURFACE DESCRIPTION BEFORE MCGEJN CR120 CLEANING 

PARTICULATE DEPCGITS 

PARTICULLTE CEPCCITS 

PARTICULLTE DEPCSITS 

PARTICUL!.TE DEPCSITS, CIRCULAR PATTERN 

SURFACE JND PITS HAVE PARTICULATE DEPOSITS 

CLOUDY, EXTE:.JSIVE PARTICULATE DEP3SITS 

EXTENSILE PITTING 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

PITS,CLOUDY AT DEPOSIT SITES 



TABLE C 7  

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

STAUFFER CHEMICAL CO., HENDERSON, fJV 

SAMPLE RETRIEVAL DATE, 07 APR 1980 

ID CONDITIDN OF GLASS 
NO 0 C MIRROR U3ACKlNG SlJRFACE DESCRIPTION . BEFORE MCGEAN CB120 CLEANING 

3 X A PEELED,.SILVER CORRODED PARTICULATE DEPOSITS 

8 Y A PEELED,SILVER CORRODED PARTICULATE DEPOSITS,CIRCULAR PATTERN 

11 Z A PEELED,SILVER CORRODED CLEAN 

306.X D CLEAN 

ABRASI0N;PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

606 X E PITS AND SURFACE HAVE PARTICULATE DEPOSITS 

622 Y E CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

630 Z E PITS CONTAINING CRYSTALLINE DEPOSITS 

SURFACE OESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

CLEAN 

DEPOSITS DECREASED 

P1TS;CLOUDY AT DEPOSIT SITES 

DEPOSITS DECREASED 



TP.BL5 C8 

SYRFASE DESCRIPTIONS C F  YIRROR SPECIMENS 

STALIF'ER CHEM1CP.L CO. , HENDERSON, NV 

EICFT MONTH ENVIRONMWTqL EXPOSURE 

SAMFLE RETRIEVAL DATE, 02 MAY la80 

I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKIliG ' SURFACE D E S C R P T I O N  BEFORE KGEAN C B 1 2 0  CLEANING 

1 1 1  Y C CEIPPED,SILVER CDRRODZD PARTICULATE DEPOSITS 

1 1 6  Z C C E I P P E D , S I L V W  CORRODED PARTICULaTE DE ?OSITS 

PARTICULRTE DE?OSITS,CIRCULAR PATTERN 

PARTICUL.4TE D E W S I T S  

SURFACE AND PITS HAVE PARTICULATE DEPOSIT: 

P I T S  CONTAINING CRYSTALLINE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

P I T S  COMTAIFIING DEPOSITS 

EXTENSIVE PITTING 



TABLE C9 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

ID COtiDITION OF GLASS 
h 0 C MIRROR BACKING - 

207 x B PEELED,SILVER CORRODED 
210 Y B PEELED,SILVER CORRODED 

' 216 Z B PEELED,.SILVE.R CORRODED 

309 >: D 

319-YD. 
d 

W 

335 z D 

,608 X E 

613 Y E 

635 Z E 

STAUFFER CHEMICAL CO., HENDERSON, NV 

NINE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 05 JUN 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTIC'ULATE DEPOSITS 

CLOUDY,EXTEFISIVE PARTICULATE DEPOSITS 

ABRASION;PARTICULATE,DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

SURFACE AND PITS HAVE PARTICIJLATE DEPOSITS 

SURFACE AND PITS HAVE PARTICULATE DEPOSITS 

PITS CONTAINING CRYSTALLINE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAb1;CLOUDY AT DEPOSIT SITES 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

EXTENSIVE PITTING 



I D  CONDITION OF SL!.SS 
NO 0 C MIRROR BACKIN; 

4 X A CHIPPED,CORRCl~Ef 

, 7 Y A CHIPPED, CORRCOEC 

..,. I* 1 1 7  Z C NO CHANGE 

TABLE C10 

SURFACE DESCRIPZ1ON.S OF MIRROR SPECIMENS 

STAIJFFER CHEPICAL C3. , HENDERSON, NV 

TEN MONTH ENYIFWMENTAL EXPOSURE 

S N P L E  RETRIEVAL UTE,  C5 J U L  1 9 8 0  

SURFACE DESZRIPTION BEFORE MCGEAN C B 1 2 0  CLEANCNG 
. . 

PARTICULATE DEPOSITS 

PARTICULATZ DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE SHAPED 

PARTICULfiTE DEPOSITS . 

SURFACE .4ND P I T S  HAVE PARTICULATE E P O S I T S  

SURFACE AND P I T S  HAVE PARTICULATE E P O S I T S  

P I T S  CONTAINING CRYSTALLINE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120  CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

CLEAN;CLOUDY AT DEPOSIT S I T E S  

CLEAN;CLOUDY AT DEPOSIT S I T E S  

NO CHANGE 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

STAUFFER CHEMICAL CO., HENDERSON, NV 

ELEVEN MONTH ENVIRONMENTAJ, EXPOSURE 

SAMPLE RETRIEVAL DATE, 01 AUG 1980 

ID CONDITION OF GLASS 
'NO 0 C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

ABRASI0N;PARTICULATE DEPOSITS 

SURFACE AND PITS HAVE PARTICIJLATE 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 



I D  CONDITION O F  SLE.SS 
NO 0 C MIRROR B A C K I K  

TA3LE C12 

SURFACE DESCRIPTIONS O F  ;MIRROR SPECIMENS 

STAUFFER CHEMICAL CO., FENDERSOW, MV 

, F E L V E  MOllTH ENVIRONMENTAL EXPOSURE 

SPMPLE RETRIEVAL DATE, C1  S E P  1 9 8 0  

SURFACE DESCRIPTION BEFORE MCGEMI C B 1 2 0  L E A N I N G  

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLOUDY,OVERLAPPE3 CIRCULAR PARTICULATE DEPOSITS 

CLOUDY,WERLAPPED CIRCULAR PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

SURFACE .9WD P I T S  HAVE PARTICULATE D E P O S I Y .  

SURFACE .!MD P E T S  HAVE PARTICULATE DEPOSITS 

. P I T S  CONTAINING PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C R 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

NO CHANGE 

NO CHANGE 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE 



ID CONDITION 07 GLASS 
NO 0 C MIRROR BACKING' 

244 Y B NO CHANGE 

TABLE C13  

SURFRCE DESCRIPTIONS OF MIRROR SPECIMENS 

ORE-IDA FOODS, INC., ONTARIO, OR 

ONE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 DEC 1P79 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

CLEAN 

CLEAN 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120 CLEAlrlIbJG 

CLEAN 

CLEAN 

ABRASION 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 



I D  CONDITION OF CLP-SS 
NO 0 C MIRROR B A C K I K  

1 4 5  Y C NO CHANCE 

1 4 6  Z C NO CHANGE 

1 5 0  X C NO CHANCE 

4 0 9  Y D 

SURFACE DESCRIPTICNS OF 'MIRROR SPECIMENS 

OPE-IDA FOOCS, I l i C . ,  ONTARIO, OR - 

TXO MONTH ENI'I fUlNMENIAL EXPOSURE 

SEMPLE RETRIEVAL U T E ,  Ci' JAN 1 9 8 0  

SURFACE D B C R I P T I O N  BEFORE YCGEMI C B 1 2 0  ZIEANTW 
' ? 

PP.RTICULKE DEPCSITS 

CLEAN 

PARTICULATE DEPOGITS 

PARTICULATE DEP&ITS 

. P I T S  CONTA%NIE#; PARTICULATE DEPOSITS 

P A R T I C U M 2  DEPOSITS 
I 

P I T S  CONTBINING ?ARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120  CLEANING 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

P I T S  AND CRACKS, CIRCULAR PATTERN 

DEPOSITS DECREASED 

SMALL P I T S  

CLEAN 

SMALL P I T S  



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING ' 

40 Y A NO CHANCE 

245 Z B NO 'CHANGE 

249 x B NO CHANGE 
410 Y D 

4122 Z D 

434 X D 

710 Y E 

722 Z E 

743 X E 

TABLE C15 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

ORE-1D.q FOODS, INC., ONTARIO, OR 

THREE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 19 FEB 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANINC- 

PARTICULATE DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS . . 

PARTICULATE DEPOSITS 

ABRASION 

ARRASI0N;PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLEAN 

PITS CONTAINING CRYSTALLINE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

ABRASI0N;DEPOSITS DECREASED 

CLEAN 

CLEAN 

SMALL PITS 



ID CONDITION OF GLBS 
NO 0 C MIRROR BACKING. 

42 -Z A NO CHANGE 

46 X A NO CHANGE 

243 Y B NO CHANGE 

TClBLE C16 

SL'RFACE DESCRXPTIONS EF IMIRROR SPECIMENS 

O3E-IDA FOODS, INC., CNTARIO, OR 

FQlF MONTH ENUWIINMENTAL EXPOSURE 

SAVFLE RETRIEVAL D?ITE, 07 MAR 1980 

SURFACE D<SCRI?TION BEFORE MCGEAU CR120 CLEAVING 

CLEAN 

PARTICULAT DEPOSITS 

PARTICULBYE DEPOSITS 

PARTI~ULATE DEPOSITS 

ABRASION 

ABRASION ; FAiRTICUL4TE DEPOSITS 

PITS CONTAINING CRYSTALLINE DEPOSITS 

' CLEAN 

PITS CONTAINING CRYSTALLINE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CJ3120 CLEANING , 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

ABRASION 

SMALL PITS 

CLEAN 

DEPOSITS DECREASED . 



ID CONDITI~ OF GLASS 
NO 0 C MIRROR PACKING 

1Q4 Y C NO CHANGE 

147 Z C NO CHANCE 

151 X C NO CHANGE 

TABLE C17 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

ORE-IDA FOODS, INC., ONTARIO, OR 

FIVE MONTH EI.IVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 APR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS c 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

NO CHANGE 

CLEAN 

CLEAN 

CLEAN,CLOUDY AT DEPOSIT SITES 

DEPOSITS. DECREASED 

CLEAN,CLOUDY AT DEPOSIT SITES 

DEPOSITS DECREASED 



ID CONDITION OF ;LASS 
NO 0 C MIRROR BACKIM13 

39' Y A NCI CHANGE 

'48 X A NO CHANGE 

148 Z C NO CHANGE 

417 Y D 

T.1BLE C18 

SURF!-CE DESCRIPTIObS OF MIRROR SPECIMENS 

ORE-IDA FOODS, IMC., ONTARIO, 03 

SIX MONTH ENVIWNMENTAL EXPOSURE 

SflMPLE RETRIEVAL DATE, C7 MAY 1980 

SURFACE CE31:RIPTION BEFORE MCGEAV CB120 CLFANING 

PARTICULATE DEPOSITS 

PARTICULATE DE?OSITS 

CLEAN 

PARTICULAX DEPOSITS,CIRCULAR PATTERN 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION ; PARl'ICUL ATE DEPOSITS 

ABRASION 

ABRASION 

PARTICULATE DEDSITS 

SURFfiCE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

ABRASION 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

110 CHANGE 

DEPOSITS DECREASED 



TABLE C19 

SURFAC.E DESCRIPTIONS OF MIRROR SPECIMENS 

.ORE-IDA FOODS, INC., ONTARIO, OR 

SEVEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 JUN 1980 

ID CONDITION OF GLASS SURFACE DESCRIPTION AFTER 
NO O C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING CB120 CLEANING 

44 Z A NO CHANCE 

153 X C BLISTERED 

242 Y B NO CHAKGE 

416 Y D 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

ABRASION NO CHANGE 

PARTICULATE DEPOSITS,CIRCULAR PATTERN i NO CHANGE 

PARTICULATE DEPOSITS 

ABRASION 

PARTICULATE DEPOSITS 
. . 

DEPOSITS DECREASED 

NO CHANGE 

DEPOSITS DECREASED 



TABLE C20 

I D  CONDITION OF GLf.SS 
NO 0 C MIRROR B A C K I K  

143 Y C NO CHANGE 

1 5 2  X C NCI CHANGE 

2 4 8  Z B NC CHANGE 

4 1 2  Y D 

SURFACE DESCRIPTIONS.OF MIRROR SPECIMENS 

EIGHT MONTH 3NVIRONKENTAL EXPOSURE . 

SAMPLE RETRIE-iAL DATE, Crl JUL 1 9 8 0  

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING CB120  CLEANING 

PARTICUlATE D E P B I T S  

PARTICULATE DEPO3ITS 

PARTICULaTE DEPOSITS 

ABRASTON; PARTICULATE DEPOSITS 

ABRASI3N;PARTICUCATE DEPOSITS 

ABRASIl3N 

PARTICIJLATE DEPOZ-ITS 

PARTICULME DEFOSITS 

PARTICULJTE D E W S I T S  

DEPOSITS DECREASED 

DEPOSITS. OECREASED 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDITION OF GLASS 
NO 0 C MIRROF: BACKING 

38 Y, A CHIPPED, CORRODED 

251 X B NO CHANGE 

414 Y D 

425 Z D 

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 CR12O CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION; DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION; DEPOSITS DECREASED 

NO CHANGE 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDITION OF GL.ISS 
NO 0 C MIRROR BACKIHG' 

43 Z A NO CHANGE 

241 Y B ND CHAKGE 

250 X B NB CHAhCE 

TABLE C22 . 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

O3E-IDA FWDS, INC., 13NTARI0, OR 

TEN MONTH ENVIRONM ZNPAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 SEP 1980 

SURFACE DESCR:CPYION BEFORE MCGEAN CB120 CLEAnING 

PARTICULATE DEPOSITS 
I 

PARTICU-ATE DEPOSITS 

PARTICULATE DEPOSITS- 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 
I 

PARTICULATE DEPQSITS,PUDDLE-SHAFED 

PARTICULATE DEPOSITS,CIRCULAR PRTTERN 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDIT113N OF GLASS 
KO 0 C MIRROR BACKING 

37 Y. A NO CHANGE 

1119 Y D 

427. Z D 

441 X D 

716 Y E 

'727 Z E 

742 X E 

TABLE C23 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 
ORE-IPA 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 ; PARTIC~ATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS, PUDDLE-SHAPED 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

SURFACE DESCRIPTION AFTER' 
CB120 CLEANING 

DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

ABRASION ;DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKIFT, 

TABLE C24 

SURFAlCE DESCRIPTIO!JS O F  7IRROR SPECIMENS 

ORE-I3A FCODS, INC., ONTqRIO, OR 

TWELVE MONTH ENVIRONMENT-IL EXPOSURE 
SA"lFLE RETRIEVAL MTE, 07 NOV 1 9 8 0  

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING C B 1 2 0  CLEANING 

4 7  X A BLISTERED, CEllTE3 CORROSION CLOUDY, ETENSIVT:  PARTICULATE DEPOSITS CLEAN 

1 4 2  Y c CENTER CORROSION PARTICUL.I\TE DEPOSITS, PUDDLE-SHAP~D(WHITE A N D  GREASY) DEPOSITS DECREASED 

2 4 6  Z B NO CHANGE 
. a 

4 1 8  Y D 

PARTICUL.ITE DEPOSITS,  PUDDLE-SHAPED DEPOSITS DECREASED 

PARTICULATE DEPOSITS,  PUDDLE-SHAPED(WH1TE ANDGREASY) DEPOSITS DECREASED 

PARTICULATE DEPOSITS, PUDDLE-SHAPED DEPOSITS DECREASED 

PARTICULATE D E P O I I T S ,  PUDDLE-StIAF'ED(WH1TE AND GREASY) DEPOSITS DECREASED 

PARTICULATE DEPOSITS,  CIRCULP-R PATTERN NO CHANGE 



ID CONDITION OF GLASS 
NO 0 C MIRROR 3ACKING 

57 X A NO CHANCE 

61 Y A NO CHANCE 

444 Y D 

TABLE C25 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

DOW CHEMICAL CO., DALTON, GA 

ONE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 DEC 1919 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION 

ABRASION 

CLEAN 

CLEAN 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

NO CHANGE 

'CLEAN 

CLEAN 

CLEAN 



I D  CCNDITION OF GLASS 
NO 0 C MIRROR E A C K I K  

1 5 4  Y C BLISTERED 

158 Z C NO CHANGE 

1 6 2  X C NO CHANGE 

4 4 5  Y D 

SABLE C26 

SIJRFAaZE DESCRIPTIONS C F  !4IEROR SPECINENS 

DOGJ CHEMICAL CO., 3ALT3M', C-A 

TW3 MONTH ENVI ROMMMT.lL EXPOSURE 

S M K E  RETRIEVAL DATE, 06 JAN 1 9 8 0  

SURFACE 3ESCRI?TZON BEFORE MCGEArJ CB120 CLEAFIING 

PARTICULATE DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS 

ABRASI0N;PPlRTICULATE DEPOSITS 

ABRASION 

PARTICULATE DEFOSITS, PUDDLE-WAPED 

CLEAN 

PARTICULATE DEP3SBTS,PUDDLE-S4APED 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN ' 

CLEAN 

ARRASI0N;DEPOSITS DECREASED 

NO CHANGE 

CLEAN 

CLEAN 

DEPOSITS DECREASED 



13 CONDITION OF GLASS 
Kt3 0 C MIRROR BACKING 

253 Y B NO CHAKGE 

257 2 B NO CHANGE 

261 X B NO CHAMGE 

TABLE C27. 

SURFACE DESCRIPTIONS OF MIRROR SFECIMENS 

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,CIRGULAR PATTERN 

PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS,PUDDLE-SHAPED 

ABRASION 

ABRASI0N;PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS, PUDDLE-SHAPED 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

FITS; CLOUDY AT DEPOSIT SITES 

NO CHANGE 

CLEAN; CLOUDY AT DEPOSIT SITES 



ID CClNDITION OF GLASS 
NO 0 C MIRROR BACKING 

50 Y A CHIPPED 

54 Z A NO CHANGE 

58 X A CHIPPED 

447 Y D 

TABLE C28 

SURFACE DESCRIf"II0IIS CF MIRROR SPECIMENS 

DOW :CIIEMICAL CO. , 3ALT3N:, GA 
FUJF MONTH ENVIROWENTITAL EXPOSURE 

SAYRE RETRIEVAL DATE, 06 MAR 1980 

SURFACE DESCRI?TION EEFORE MCGEAM CR120 CLEANING 

PARTICUL.~TE DE?OSITS 

CLEAN 

PARTICULATE DEPOSITS 

ABRASION 

ABRASION 

ABRASI0N;PARTICULATE DEPOSITS,PUCDLE SAFED 

PARTICULATE DEF'OS.ITS,PUDDLE SHAPED 

CLEAN 

PARTICULP.TE: DEWSITS , 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 



r!Q CONDITION OF GLASS 
fJO 0 C MIRROR BACKING 

155 Y C NO CHANGE 

159 Z C NO CHANGE 

163 X C CHIPPED 

TABLE C29 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

DOW CllEMICAL CO. , DALTON, GA 
FIVE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 APR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CR120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

PARTICULATE DEPOSITS 

ABRASION 

ABRASION 

.PARTICULATE 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 



ID CONDITION OF CLASS 
NO . 0 C MIRROR EACKINS- 

254 Y B NO CHANGE 

258 Z B NO CHANGE 

TABLE C30 

SURFACE DESCRIPTIOMS OF MIRROR SPECIIIENS 

DCW CHEMICAL CO., DALTON, GA 

SIX MONTH ENVIROMMEUTAL EXPOSURE 

SAMPLE RETRIEVAL D!.TE, 06 MAY 1980 

SURFACE DESCRIPTION BEFORE MCGEAF CB120 CLEANING 

PARTICULATE DEPOSITS, PUDDLE-SHAPED. 

CLEAN 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION 

PARTICULATE DEFOSITS,PUDDLE-SHAPED 

CLEAN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANIMG 

CLEAN 

CLEAN 

ABRASION 

NO CHANGE 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN 



TABLE C31 

SURFACE DESCRIPTIONS OF MIRROR SPECIMEPIS 

DOW CHEMICAL CO., DALTON, GA 

SEVEN MONTH ENVIRONMENTAI. EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 JUN 1980 

IE CONDITION OF GLASS SURFACE DESCRIPTION AFTER 
NS 0 C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING CB120 CLEANING 

51 Y A CHIPPED 

59 X A NO CHANGE 

62 Z A NO CHANGE 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

CLEAN 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

CLEAN 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

CLEAN 

CLEAN 

CLEAN 

ARRASI0N;DEPOSITS DECREASED 

ABRASION 

ABRASI0N;DEPOSITS DECREASED 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN 

CLEAN ;CLOUDY AT DEPOSIT SITES 



ID COPJDITION OF GLASS 
NO 0 C MI3ROR BACKING 

156 Y C NO CHANGE 

160 Z C NO CHANGE 

164 X C NO CHANGE 

SURF.\CE DESCRIPTIOKS OF MIRROR SPECIMENS 

DGW CEEMICAL CO., DALTON, GA 

EICH7MONTH ENVIBCNMENTFL EXPOSURE 

EANPLE RETRIEVAL DATE, OE JUL 1980 

SURFACE DESCRIPTIOFI BEFORE MCGEAN CB120 CUAP~IDIG 

PARTICULATE DEPOFITS,PUDDLE SHAPED 

CLEAN I 

i 

PARTICULE-TE DEPOFJTS, PUDDLE SHAPEE 

PARTICULLTE: DEPOSITS,PUDDLE SHAPEC 
I 

ABRAS1ON;FARTICULATE DEPOSITS 

ABRASI0N;FARTICUlATE DEPOSITS,PUDOLE SHAPZD 

PARTICULNIE DEFOSTTS,PUDDLE SHAPED 

PARTICULATE DEPOSITS i 

SURFACE. DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASION 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN 



ID CONDITION OF GLASS 
NC, O C MIRROR BACKING 

255 Y B NO CHANGE 

259 Z B NO CHAN1;E 

263 X B NO CHANZE 

152 Y D 

464 Z D 

476 X D 

752 Y E 

764 Z E 

TABLE C33 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

DOW CHEMICAL CO., DALTON, GA 

NINE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 AUG 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

. PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS, PUDDLE-SHAPED 

ABRASION 

ABRASI0N;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 

ARRASI0N;CLOUDY AT DEPOSIT SITES 

CLEAN; CLOUDY AT DEPOSIT SITES 

CLEAN I 

CLEAN,CLOUDY AT DEPOSIT SITES 



I D  CCNDITION OF GLASS 
NO 0 C MIRROR B A C K I G  

52 Y A NO CHANGE 

56 .Z A NO CHAMGE 

60 X A NO CHANGE 

TABLE C34 

SU,RF.ACE DESCRIPTI3NS OF 'IIRROR SPECIMENS 

WW'CHEMICAL CO., DALTON, GA 

TEV' MONTH EElVIRONMENT.lL EXPOSURE 

SANFLE RETRIEVAL ]ATE, 0% SEF 1 9 8 0  

SURFACE 3ESCRIPTION BEFORE MCGEAD C B 1 2 0  CLEANJNG 

PARTICULAX DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

ABRASI0N;PARTICULATE DEPOSITS,PUEDLE-SHAFED 

ABRASION 

ABRASION; FARTI CUL4TE DEPOSITS,  PUDOLE-SHAIT) 

PART1CULP.E DEPOSTS,PUDDLE-SHAPED 

PART1 CULATiE DEFOS'ITS 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER . 
CB120 CLEWING 

CLEAN 

CLEAN 

CLEAN 

ABRASI0N;CLOUDY AT DEPOSIT S I T E S  

NO CHANGE 

ABRASION 

CLEAN,CLOUDY AT DEPOSIT S I T E S  

CLEAN 

DEPOSITS DECREASED 



ID CONDITION OF GLASS 
NO .O C MIRROR BACKING 

157 Y C CHIPPED,CO3RODED 

161 Z C NO CHANGE 

165 X C NO CHANGE 

. 454 Y D 

TABLE C35 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS' 

DOW CHEMICAL CO., DALTON, GA 

ELEVEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 OCT 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING * 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION ; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PEDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASION 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDITION OF GLASS 
NO 0 C M!IRROR BACKIICG 

256 Y B N93 CHANGE 

260 Z B N3 CHANGE 

264 X B N3 CHANGE 

455 Y D 

TABLE C36 

SURTLCE DESCRIPTICIMS OF MIRROR SPECIMENS 

[:OW' CHEMICAL CO. , DALrOM , GA 
WE-G'E MONTH EN'IIRONMENTAL EXPOSURE 

SAM'LE RETRIEVAL DATE. (36 NOV 1980 

SURFACE DESCRIPTION BEFORE MCGE!.N CB120 CLEAKING 

PARTICULATE DLPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS . 

ABRASI0N;FARTIClLATE DE?OSITS,PUDDLE-SHARED 

ABRASIOO 

ABRASI0II;PARTICLLATE DEPOSITS 

PARTICULATE DEPCGITS , PUDDLE-SHAFED 
SURFACE AND PITS HAVE PARTICULATE DEPOSIT3 

PARTICULATE DEPCGITS,PUDDLE-SHAFED 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

ARRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID . CONDITION OF GLASS 
El0 O C MIRROR BACKING 

25 X A NO CHANGE 

29 Y A NO CHANGE 

138 2 C NO CHANGE 

TABLE C37 

SURFKE 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 CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PITS CONTAINING PARTICULATE DEPOSITS 

PITS CONTAINING PARTICULATE DEPOSITS 

CLEAN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED' 

CLEAN 



ID C JIDITION OF GLASS 
NO 0 C MIRROR BACKIKG 

33 Z A NO CHANGE 

130 X C BLISTERED 
\ 

134 Y C NO CHANGE 

TMLE C38 

SURFL.CE DESCRIPTIONS OF MIRROR SPECIMENS 

LONE STAR BREWING CO., SAN ANTONIO, TX 

THREE MONTH EN'JIFOMMENTAL EXPOSURE 

EAMPLE RETRIEVAL DATE, 1 DEC 1979 

SURFACE DESCRIPTION BEFORE HCGEAN CB120 CLEANING 

CLEAN ' 

PART1CULC.E DEPESITS 

PARTICULDTE DEPCSITS 

ABRASI06;:PARTICULATE DEPOSITS 

ABRASI0N;PBRTIClLATE DEPOSITS 

AE,RASION 

PARTICUWZ DEPOSITS,CIRCULAR PATTERN 

PARTICULAIE DEPOSITS,CIRCULAR PATTERN 

CLEP.N 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

PITS CONTAINING DEPOSITS 

PITS CONTAIIJINCI DEPOSITS 

CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

237 Z R NO CHANGE 

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 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICllLATE DEPOSITS - 

ABRASION 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTIOlI AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASION 

NO CHANGE 

PITS COMTAIFIING DEPOSITS 

PITS CONTAINING DEPOSITS 

CLEAH 



TABLE C40 

I D  CONDITION O F  GLASS 
NO 0 C MIRROR BACKIKG 

26 X A NO CHANGE 

30 Y A NC CHANGE 

34 Z A NO CHANGE 

375 X D 

S-.RFA:E DESCRIPT1,ONS ClF NIRROR SPECIMENS 

LSNE STAR BREWILG ;GI)., SBN ANTONIO, TX 

F I V E  MONTH EN\iIR~3NMENT.9L EXPOSURE 

SAMPLE RETRIEVAL DATE, 15 F E B  1 9 8 0  

SURFACE iDESCRIPTlON BEFORE MCGEAN C B 1 2 0  CLEANING 

ABRASION;P!,FTICULATE DEPOSITS 

P I T S  CONTAINING PARTICULATE DEPOSITS 

CLEAN 

P I T S  CONTXINTNC FARTICULATE DEPOSITS 

P I T S  CONTP.lNINC: PARTICULATE DEPOFJTS 

SURFACE LKD P I T S  HAVE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C R 1 2 0  CLEANING 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

ABRASI0N;DZPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

NO CHANGE 

DEPOSITS DECREASED 

SMALL P I T S  



TABLE C41 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

1 D CONDITION OF GLASS 
Ul3 0 C MIRROR BACKING 

131 X C NO CHANGE 

135 Y C BLISTEEED 

139 Z C BLISTERED 

LONE STAR BREWING CO., SAN ANTONIO, TX 

SIX MONTH ENVIRONMENTAL EXPOSURE 

'SAMPLE RETRIEVAL DATE, 11 MAR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CR120 CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION 

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 



I D  CONDITION O F  G L M S  
NO 0 C MIRROR BACKINS 

1 4 1  Z C NC CHANGE 

230 X 'B NC CHANGE 

234 Y B NO CHANGE 

TABLE C42 

SURFA1:E DESCRIPTIOVS CF VIRROR SPECIMENS 

LONE STAR BREWING CO., S 9 N  ANTONIO, TX 

SEVEN MONTH ENVIRONMENTPlL EXPOSURE 

SAUPLE RETRIEVAL DATE, 05 APE 1 9 8 0  

SURFACE D C S C R I T I O N  EEFORE MCGEAW C B 1 2 0  CLEANING 

CLEAN 

PARTICULATE DE?OSITS 

PARTICULATE DEPOSITS 

PARTICULArE DEPOSITS 

P A R T I C U L K E  DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEF'OZITS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

P I T S  CONTAINING DEPOSITS 

P I T S  CONTAINING DEPOSITS 

CLEAN 



ED CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

36 Z A NO CHANGE 

1 3 6  Y C NO CHANGE 

TABLE' C43 

SURFAZE DESCRIPTIONS OF MIRROR SPECIMENS 

LONE STAR BREWING CO., SAN ANTONIO, TX 

EIGHT MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 MAY 1 9 8 0  

SURFACE DESCRIPTIOFI AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING C B 1 2 0  CLEANING 

CLEAN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLEAN 

CLEAN 

CEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

CLEAN;CLOUDY AT DEPOSIT S I T E S  



I D  CONDITION O F  GLASS 
NO 0 C MIRROR B A C K I E  

3 1  Y A CHIPPED 

2 3 1  X B NO CHANGE 

239 Z B NO CHANGE 

378 X D 

3 9 1  Y D '  

4 0 6  Z D 

679 X E 

TABLE C44 

SURFACE DESCRIPYIONS O F  MIRROR SPECIMENS 

LONE STAR BREWIHG CO.! SAN ANTONIO, TX 

NZNE MONTH ENVIRONMENTAL EXPOSURE 

SC.MPLE RETRIEVAL DATE, 23 JUN 1 9 8 0  

SURFACE DESCRI PTION BEFORE MCGEMI C R 1 2 0  C LEAFUNG 

PP-RTICULATE DE P C S I T S  

PARTICULATE DEPCSITS 

PARTICULATE D F P a S I T S  

AERASION;PARTICUATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPCSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C R 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN;CLOUDY AT DEPOSIT  S I T E S  



TABLE C45 

ID CONDITION OF GLASS 
ND 0 C MIRROR BACKING 

140 Z C NO CHANGE 

232 X B NO CHAKGE 

235 Y B NO CHAKGE 

380 X D 

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 MCCEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASI0N;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 



I D  CONDITION O F  GL.\SS 
NO 0 C MIRROR BACKING 

35 Z A No CHANGE 

1 3 3  X C NO CHANGE 

1 3 7  Y C NO CHANGE 

TABLE C46 

SURF!.CE DESCRIPTIONS OF MIRROR SPECIMENS 

LONE STAR BREWING CO., SAN ANTONIO, TX 

ELE'EN MONTH EWIRONE.1ENYAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 1 1  AUG 1 9 8 0  . 

SURFACE DESCRIPTION BEFORE MCGEAW CB120 CLEAHING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTIIZULATE DEPOSITS 

ABRASION ; PARTII~ULATE DEPOSITS 

ABRASIrnJ; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

ABRASIOFI ; PARTI,2ULATE DEPOSITS, PUDDLE-SHAPED 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

ABRASION 

ABRASION 



TABLE C47 

I3 CONDITION OF GLASS 
NC 0 C MIRROR BACKING 

27 X A NO CHANGE 

32 Y A NO CHANGE 

238 Z B NO CHANGE 

381 X D 

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 

ABRASI0N;PARTICULATE DEPOSITS 

ARRASI0N;PARTICULATE DEPOSITS 

ARRASI0N;PARTICULATE DEPOSITS 

CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

CLOUD'f,EXTENSIVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED. 

NO CHANGE 

CLEAN 

AERASI0N;DEPOSITS DECREASED 

ARRASI0N;DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDITION OF GLlSS 
NO 0 C MIRROR BACKIFE 

28 X A NO CHANGE 

236 Y B NO CHANCE 

382 X D 

394 Y D 

T@.BLE. C48 

SURFACE DESCRIPTIQNS OF MIRROR SPECIMENS 

LONE STAR BREWING CO. ! SAN ANTONIO, TX 

THIRTEEN MONTH EMVIRONMENTAL EXPOSUFE 

SFMPLE RETRIEVAL DATE, 11 OCT 1980 

SURFACE EESCRIF"II0N BEFORE PCGEAN CR120 :LEAKING 

PARTICULPYTE DEPOSITS 

PARTICULATE DEPOSITS 

AE,RASION ;PARTICULATE DEPOSITS 

ABRASI0N;PARTrCULATE DEPOSIT3 

ABRASIONI;PARTI:U.;ATE DEFOSIT3,PUDDLE-SHAPED 

CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

CLOUDY, EXTEMS1;IE PARTICWLATE DEPOSITS 

PARTICUL.4TE DE30SITS,PUUDLE-SHAPED 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

ABRASION 

DEPOSITS CECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

13 X A BLISTERED 

17 Y A CHIPPED 

21 Z A NO CHANGE 

TABLE ~ 4 9  

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 

ABRASI0N;PARTICULATE DEPOSITS,CIRCULAR PATTERN 

ABRASI0N;PARTICULATE DEPOSITS,CIRCULAR PATTERN 

ABRASION 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

ABRASION 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

AI3RASION 

NO CHANGE 

DEPOSITS DECREASED 

. NO CHANGE 



ID CONDITION OF (ZASS 
NO 0 C MIRROR BACKING 

118 X C NO CHANGE 

122 Y C NO CHANGE 

TABLE C50 

SURFACE DESCRI?TlOhS OF MIRR04 SPECIMENS 

NUTHERN UNION REFINING C3. , LOVINGTON, NM 
'TWO MONTH DTVIhCNMMTP-', EXPOSURE 

SAMPLE RETRIEVAL DATE, 1C NOV 1979 

SURFACE DESCRIFTIQN BEFORE MCGEAM CB120 CLEAN1 'G 

PARTIC W-T.E: DEFOSTS 

PART1 CLILATE DEPDSITS 

PARTICULATE DEP3SITS,CIRCULAR PATTERN 

PARTICCrLATE DEPXITS, CIRCULAR PATERN 

PARTICLLATE DEPllS.ITS, CIRCULAR PATTERN 

PARTICELAT2 DE PISIITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

CLEAN ,CLOIJDY AT DEPOSIT SI'I'ES 

CLEAN,CLOUDY AT DEPOSIT SITES 

CLEAN;CLOUDY AT DEPOSIT SITES 



ID CONDITION OF GLASS 
KO C) C MIRROR BACKING 

126 Z C NO CHANGE 

217 X E NO CHANGE 

221 Y 6 NO CHANGE ' 

' 338 X D 

TABLE C51 

SURFP.CE DESCRIPTIONS OF MIRROR SPECIMENS 

SOUTEERN UNION REFINING CO., LOVINGTOM, 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 CIRqULAR PARTICULATE DEPOSITS 

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

CLOUDY, OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

ARRASI0N;PARTICULATE DEPOSITS 

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

CLOUDY, OVERLAPPED CIRCIJLAR PARTICULATE DEPOSITS 

ABRASION 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

CLEAN,CLOUDY AT DEPOSIT SITES 

'BRASION 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

TABLE C52 

SIRFACE DESCRIPTIONS EF MIRROR SPECIMENS ! 

SCUTHERN [.INION FEFINIFG CO. , LOVINGTON, NM 

FCUR MONTH EN\;IRONMEMT.I\L EXPOSURE 

S.2MFLZ RETRIEVAL DATE, 10 JAN 1980 

SURFACE DESCRIPTION AFTER 
SURFACE EESCRIPTION BEFORE MCGEAN CR120 CLEfiNBNC CB120 CLEANING 

14 X A NO CHANGE CLOUDY,CVERLAF.PFD CIRCULAR PARTIXILATE DTPOSIB CLEAF! 

18 Y A CHIPPED,SILVE3 CORROMD CLOUDY,WERLAFPED CIRCULAR PARTICULATE DZPOSITS ' CLEAN 

225 Z B NO CHANGE PARTICULATE DEPrnITS, CIRCULAR PATTERN DEPOSITS DECREASED 
L 

339 x D . CLOUDY,CIERLAPPED CIRCULAR PARTII~ULATE DEPOSITS DEPOSITS DECREASED 

CLOUDY,CVERLAF?ED CIRCULAR PARTI12ULATE DEPOSITS DEPOSITS DECREASED ' 

PARTICULATE DEPOSITS, CIRCULiR PATTERN CLEAN 

CLOUDY,OVERLAPPED CIRCULAR PfiRTICULATE DEPOSITS CLEAN,SURFACE CLOUDY 

656 Y E CLOUDY,OVERLAPPE.l CIRCULAR PARTICULATE DEPOSITS CLEAN,SURFACE CLOUDY 

662 Z E PARTICUUTE DEPOSITS, CIRCUL-4R PATTERN CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR RACKING 

119 X C CHIPPED,SILVER CORRODED 

123 Y C BLISTERED 

340 X D 

TABLE C53 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

SOUTHERN UNION REFINING CO., LOVINGTON, NM 

FIVE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 10 FEB 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CR120 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 

ABRASI0N;PARTICULATE DEPOSITS,CIRCULAR PATTERN 

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CR120 CLEANIEIG 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION 

NO CHANGE 

PITS CONTAINING DEPOSITS 

SMALL PITS 



PMLE C54 

SUR'?f.CE DESCRIPTIONS O F  MIRROR SPECIMEEIS 

SOUTFERN UNION REFINING CO., LOVINGTON, PIM 

S I X .  MONTH ENIIIEONMENTAL EXPOSURE 

SAM?L.E RETRIEVAL DATE.. 10 MAR 1 9 8 0  

I D  C3NDITION OF GLASS 
NO 0 C MIRROR BACKIiiG SURFACE DESCRIPTION BEFORE NCGERN C B 1 2 0  CLEANING 

1 2 7  Z C BLISTERED 

364 Z D 

664 Z E 

PARTICULATE DEP(PSITS,CIRCULXR PATTERN 

ABRRSIOM ; FARTICLrLATE DEPOSITS 

PARTICULATE E E P C C I T S ,  C1RCULP.R PATTERN 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

DEPOSITS DECREASED 

CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

15 X A NO CHANGE 

19 Y A NO CHANGE 

226 Z B NO CHANGE 

342 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. , LOVIWGTON , FJM 

SEVEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 10 APR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

CLOUDY,EXTENSIVE PARTICllLATE 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 

ABRASI0N;PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120 C1.EANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASION - 



I D  CUdDITIClN O F  GLASS 
NO 0 C MIRROR RACKING 

90 X A NO CHANGE 

92 Y A NO CHANGE 

TA3LE C56 

SURFACE DESCRIPTIa3MS OF MIRROR SPECIMENS 

SOIJTHERN UNION RFFINIIIG CO., LOVINGTON, In4 

ONE '4ONTH ENVIRO.VMENTAL EXPOSURE AT fiACK 1 

SAMPLE RETRIEVAL DATE, 07 S E P  1 9 5 0  

SURFACE DESCRIPTION BEFORE MCGEAb! C B 1 2 0  CLEANEPIG 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION 

ABRASION 

CLEAN 

ABRASION 

SURFACE DESCRIPTION AFTER 
C R 1 2 0  CLEANING 

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

CLEAN 

NO CHANGE 



1 D CONDITION OF GLASS 
D3 0 C MIRROR BACKING 

I76 Y C CENTER CORROSION 

178 X C NO CHANGE 

TABLE C57 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

SOUTHERN UNION REFINING CO., LOVINGTON, NM 

TWO M3NTH ENVIRONMENTAL EXPOSURE AT RACK 1 

SAMPLE RETRIEVAL DATE, 07 OCT 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

ABRASION 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

ABRASION 

CLEAN 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

NO CHANGE 

ABRASION 

ABRASION; DEPOSITS DECREASED 

M.3 CHANCE 

CLEAN 

CLEAN . 



TABLE C58 

SURFACE DESCRIPTIONS OF VIRROR SPECIMENS 

SOUTHERN UNION REFBAING ZO., LOVINGT3N, :W 

THREE MONTH ENVIROHMEN'IIL EXPOSURE AT RACK 1 

SAMPLE RETRIEVAL D A X ,  07 NOV 1 9 8 0  

I D  CONDITION OF CLASS 
NO 0 C MIRROR BACKING SURFACE DESCRIPTCOM BEFORE M12GEAU CB120 CLEANING 

562 X D ABRASION; PRRTICIJLATE DEPOSITS 

859 X E 

864 Y E 

1 1 2 3  X B NO CHANGE 

i222 Y c NO CHANGE 
h) 

P A R T I C U L n E  DEPOSITS, CIRCULAR PATTERN 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

PARTICULITE DEPOSITS 

PARTICUL.\TE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

ABRASION 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 



TABLE C59 

SURFAlZE DESCRIPTIONS O F  MIRROR SPECIMENS 

I D  CONDITION O F  GLASS 
M3 0 C MIRROR BACKING 

SOUTH-ZRN UNION REFINING CO. , LOVINGTON, NM 

FOUR YONTH ENVIRONMENTAL EXPOSURE AT RACK 1 

SAMPLE RETRIEVAL DATE, 07 DEC 1 9 8 0  

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN C R 1 2 0  CLEANING C B 1 2 0  CLEANING 

89 Y A NO CHANGE PARTICIJLATE DEPOSITS . DEPOSITS DECREASED 

9 1  X A PARTICULATE DEPOSITS DEPOSITS DECREASED 

ABRASION 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

NO CHANGE 

ABRASION 

DEPOSITS DECREASED 



ID Ca3NDITION OF GLASS 
NO 0 C MIRROR BACKIkG 

168 Y C NO CHANGE 

177 X C NO CHANGE 

564 X D 

'$69 Y D 

? 
o )  861 X E 

P 

866 Y E 

T B L E  C60 

SURFPlCE DESCRIPTIOF!S OF MIRROR SPECIMENS 

XIUTFERN UNION REFINIfJG CO. , LOVINGTON, MM 
FIVE MONTH ENVIR0PMEM:AL EXPOSlJ3E AT RACK 1 

SAMPLE RETRIEVAL PATE: C17 JAV 1981 

SURFACE DESCRIPTION BEFORE MCGEP-N CB120 QEAkIffi 

PARTICULATE @EPCGITS,CIRCULAR PATTERN . 

PARTICULATE DEPCCITS , CIRCULAR PATTERN 
ABRASI0H;FARTICCLATE DEPOSITS,CIRCULAR PAI'TEW 

ABRASI0N;FARTICCLATE DEPOSITS,CIRCULAR PATTEW 

CLEAN 

PARTICULATE DEPCSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

/ 

DEPOSITS DECREASED 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

CLEAN 

CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

13 X A NO CHANCE 

TABLE C61 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

SOUTHFRN UNION REFINING CO., LOVINGTON, NM 

RE-DE'LOYED MONTH ONE SAMPLES, TWO MONTH TOTAL EXPOSURE 

SAMPLZ RETRIEVAL DATE, 29 MAY 1980 

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN CR120 CLEANING CB120 CLEANING 

PARTICULATE DEPOSITS,CIRCULAR PATTERN CLEAN 

17 Y A CHIPPEE PARTICULATE DEPOSITS,CIRCULAR PATTERN DEPOSITS DECREASED 

PARTICULATE DEPOSITS,CIRCULAR PATTERN CLEAN 

ABRASI0N;PARTICULATE DEPOSITS,CIRCULAR PATTERN ABRASION 

c 
Q) 659 Y E PARTICULATE DEPOSITS,CIRCULAR PATTERN NO CHANGE 
Ul 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

13 X A NO CHANGE 

17 Y A NO CHANGE 

TABLE C62 

SUEFACE DESCRIPTIONS OF PIRROR SPECIMENS 

SO'CTHERN UNION REFINING CO., LOVINGTON, NM 

RE-DEPLOYED MONTH ONE :.APPLES AT RACK 2 - 

SANPLE: RETRIEVAL I:lATE, 07 SEP 1980 

SURFACE DESCRIFTION BEFORE MCGEAN CB120 CLZANING 

PARTICULP-TE DEPOXTS,CIRCULAR PATTERN 

PARTICULRTE DEKXITS, CIRCULAR PAT~ERN 

ABRASI0N;FARTICULATE DEPOSITS,CIRCULAR PAI'TERN 

ABRASI0N;FARTICULATE DEPOSITS,CIRCULAR PATTERN 

ABRASI0N;FARTICUUTE DEPOSITS,CIRZULAR PATTERN 

PARTICULATE' DEWSITS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

ABRASION; DEPOSITS DECREASED 



ID CONDITION OF GLASS 
N3 0 C MIRROR BACKING 

75 Y A NO CHANGE 

79 Z A NO CHANGE 

83 X A NO CHANGE 

TABLE C63 

SURFASE 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 DEPOSI.TS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION 

ABRASI0N;PARTICULATE DEPOSITS 

CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

CLEAN 

CLEAM 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN . 

CLEAN 

NC) CHANGE 

ABRASION 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN 

CLEAN 

CLEAN 



ID CGNDITION OF GLASS 
NO . 0 C MIRROR BACKING 

182 X C BLISTERED 

186 Z C NO CHANGE 

190 Y C BLISTERED,COR?ODED 

TABLE C64 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

H1.X COAST PROCESSItJG 20. , PEPEEKEO, HI 
TW13 MONTH ENV1ROllnVIE:JTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 05 JUL 1980 

SURFACE 3ESCRI'TION BEFORE MCGEAR CB120 CLEANING 

PARTICULATE DEPOSITS 

CLEAN 

PARTICULATE DEPOSITS 

ABRASION ; PP.RTICUL.ATE DEPOSITS 

ABRASION 

ABRASI0N;PARTICULATE DEPOSITS,WlITE STRIF 3N SIDE 

CLEAN 

PARTICULATE DEFOSITS,PUDDLE SHAPED 

PARTICULRTE DEFOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

NO CHANGE 

AERASI0N;DEPOSITS DECREASED 

CLEAN 

CLEAN;CLOUDY AT DEPOSIT SITES 

CLEAN 



TABLE C65 

SURFAlZE DESCRIPTIONS OF MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEFXO, H I  

THREE MONTH ENVIRONMENTAL EXPOSURE . 
SAMPLE RETRIEVAL DATE, 1 7  AUG 1980 

I D  CONDITION OF GLASS SURFACE DESCRIPTION AFTER 
0 C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANIPIG CB120 CLEANING 

281 X B BLISTEEED, CORRODED . PARTICULATE DEPOSITS CLEAN 

2 8 4  Z B PEELED, CORRODED PARTICULATE DEPOSITS - CLEAN 

289 Y B PEELED, CORRODED PARTICULATE DEPOSITS CLEAN 

503 Y D ABRASION NO CHANGE 

ABRASION; PARTICULATE DEPOSITS ABRASION 

ABRASION; PARTICULATE DEPOSITS ABRASION 

ABRASION NO CHANGE 

ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED ABRASION; CLOUDY AT DEPOSIT SITES 

PARTICULATE DEPOSITS, CIRCULAR PATTERN CLEAN 



I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

TABLE C66 

SCRF.1CE DESCRIPTIOPS OF MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEKEO, H I  
- 

FCUR MONTH ENVIRCNMEHTi-L EXPOSURE 

SANPLE RETRIEVAL DATE, 1 7  S E P  1 9 8 0  

SURFACE DESCRIFTION BEFORE MCGEAN CR120 CefAElMG ' 

PAPTICUL!.!.'IE: DEFOEITS 

CLEAN 

P A R T I C U L r n  D E r n S I T S  

ABRASION;PA.?TICULPITE DEPClSITS- 

ABRASION 

ABRASION; PXRTIC JLATE DEPOSITS 

PARTICULATE DEPIISITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,PUDDLE SHAPED 

PARTICULATE EEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

ABRASION 

NO CHANGE 

ABRASI0N;DEPOSITS DECREASED 

CLEAN . 

CLEAN, CLOIJDY AT DEPOSIT S I T E S  

DEPOSITS DECREASED 



SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEKEO, H I  

FIVE' MONTH. ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE,' 30 OCT 1 9 8 0  

I D  CONDITION OF GLASS 
NO 0 C MIRROF BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

1 8 1  X C BLISTE,RED PARTICULATE DEPOSITS 

1 8 5  Z C BLISTERED, CENTER CORROSION CLEAN. 

1 8 9  Y C BLISTERED, CENTER CORROSION PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

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 



SUR'RCE DESCRIPTIONS O F  MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEKEO, H I  

S I X  MONTH EN'IIEQJMENTAL EXPOSURE 

SAM?LE RETRIEVAL DATE:, -7 NOV 1 9 8 0  

I D  CONDITION O F  GLASS 
NO 0 C MIRROR FACKI:%G SURFACE D E X R I P T I O N  BEFORE NCGEEN ~ ~ 1 2 0  ,CLEAKING 

282 X B CZNTER CORROZION PARTICULATE D E P C 6 I T S  

285 Z B C3NTER CORROSION CLEAN 

290 Y B CZNTER AND E X E  CORRDSIOn P A R T I C U M T E  D E K a I T S  \ 

506 Y D ABRRSIOII; PAR7ICULATE DEPOSITS 

533 Z I) CLEAN 

832 Z E PARTICULXTE DEPC1SITS, CIRCULAR FATTERN 

844 Y E CLOUDY, EXIEFISILE PARTICULATE DEPOSITS - 

8 7 1  X E PARTICULXTE DEPCSITS 

SURFACE DESCRIPTION. AFTER 
C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASION 

CLEAN 

CLEAN 

NO CHANGE 

DEPOSITS DECREASED 



I ID CONDITION 07 GLASS 
NO C! C MIRROR RACKING 

77 Y A BLISTERED, CENTER CORROSION 

81 Z A EDGE C3RROSION 

85 X A BLISTERED, CENTER CORROSION 

507 Y D 

9 534 Z D 
w 

552 X D 

TABLE .~69 

SURFF.CE DESCRIPTIONS OF MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEKEO, HI 

SEVEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 22 DEC 1980 

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 

AERASION; DEPOSTIS DECREASED 

DEPOSITS DECREASED 

PARTICULATE DEPOSITS 

ABRASION ; DEPOSITS DECREASED 



TABLE C70 

I D  CONDITION O F  (GLASS 
NO 0 C MIRROR BACKIKC 

SURFACE DESCRIPTIONS O F  !YIRROR SPECIYENS 

H I L O  COAST PROCESSING CO., PEPEEKEO, H I  

EIGHT MONTH ENVIRONMENT4L EXPOSURE 

SAUlPLE RETRIEVAL DATE, 1 7  JAN 1 9 8 1  

SURFACE DESCRIPT[ON EEFORE MCCEAU C B 1 2 0  CLEAFlIjVG 

1 8 0  X C Nc CHANCE CLOUDY,EXTENSIVE PARTICULATE DEPOSITS 

1 8 4  Z C BLISTERED PARTICULATE DEPOSITS 

1 8 8  Y C BLISTERED,CENTER CORFDDED PA RTICULI\TE DEPOSITS 

508 Y D ABRASI0N;PARTICULATE DEPOSITS 

ABRASION; PAI~TICULATE DEPOSITS 

PARTICUL.1TE DEPOSITS,CIRCULAR PATTERN 
- 

CLOUDY,E:flENSI'E PARTICULATE DEPOSITS 

875 X E CLOUDY,EflENSI.VE PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

CLEAN,CLOUDY.AT DEPOSIT  S I T E S  

DEPOSITS DECREASED 



TABLE C71 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

HILO COAST PROCESSING CO., PEPEEKEO, HI 

TEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 18 MAR 1981 

ID CONDITION OF CLASS 
NO 0 C MIRROR MCKINC SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

293 X B CENTER CORROSION PARTICULATE DEPOSITS,CIRCULAR PATTERN 

287 Z B EDGE AND CENTER CORROSION PARTICULATE DEPOSITS 

509 Y D ABRASION,PARTICULATE DEPOSITS,CIRCULAR PATTERN 

,536 Z D 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 

AERASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 



TASLE C72 

ID CCNDITION CF GLASS 
NO 0 C MIRROR RACKIN'2 

63 Y A NO CHANGE 

67 Z A NO CHANGE 

71 X A NO CHANGE 

489 X D 

SURFACE DESCRIPTI3dS OF YIRROR SPECIMENS 

U. S. STEEL CHEMI3.L CORD., HAVERHILL, OH 

ONE MONTH ENVI RONMETITAL EXPOSORE 

SAMPLE RETRIEVAL. XTE, 02 MAR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULA" DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOZITS,CIRCULAR PATTERN 

PARTICULf.TE DEPOSITS 

PARTICULdlE DEPOSITS 

PARTICULNIE DEFOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS CIRCULAR PATTERN 

PARTICULAE DEPOSITS 

PARTICULATZ DEPOSITS,CIRCULAR PATYERN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN . 
DEPOSIT DECREASED 

CLEAN 

CLEAN 

CLEAN 



TABLE C73 

ID CONDITION OF GLASS 
NO 0 C MIRROR BACKIMG 

191 Y C BLISTERED 

195 Z C NO CHANGE 

799 X C NO CHANGE 

SURFACZ DESCRIPTIONS OF MIRROR SPECIMENS 

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

TWO MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 18 MAR 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

CLEAN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKINC 

267 Y B NO CHANGE 

271 Z B NO CHANGE 

TAjLE  C74 

SURFACE DESCRIPTIOKS OF MIRROR SPECIMENS 

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

THF EE MONTH ENVl f(a:qEKTAL EXPOSURE 

SAPPCE RETRIFJlAL DATZ, 18 APR 1980 

SURFACE ES3RIPTI3N BEFORE MCXAN CB120 CLEANING 

PARTICULATE DEP3SiTTS 

PARTICULATE DEPOSITS 

PARTICULATE DEW>SITS,CIRCULAR PATTERN 

ABRASION 

PARTICULATE EPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEARING , 

DEPOSITS DECREASED . 

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

CLEAN 

PITS AND CRACKS,CIRCULAR PATTERN 



TABLE C75 

ID CONDITION OF GLASS 
h 0 C MIRROR 3ACKING 

64 Y A NO CHANGE 

68 Z A NO CHANGE 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS. 

FOUR MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 19 MAY 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE 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 DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED , 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

NO CHANGE . 

SMALL PITS 



ID CONDITION OF 1;LASS 
NO 0 C MIRROR BACKIKG 

196 Z C BLISTERED,COFRODED 

200 X C NO CHANGE 

481 Z D 

TABLE C76 

S-RFACE DESCRIPTIONS CF MIRROR SPECIMENS 

U. S. STEEL CHEVICAL CORP., HAVERHILL, Od 

FINE MONTH ENVlRe3NMENTAL EXPOSURE 

SWPLE RETRIEVAL DUTE, 19 JUN 1980 

SURF.I\CE DESCRIPTION BEFORE MCGEAd CB120 CLEANING 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEP03ITS 

PARTICIJLATE DEPOSITS, CIRCULAR PATTERN 

ABRASION 

PARTICUL~TE DE?OSITS, CIRCULAR PATERN 

ABRASION;?ARTICULATE DEPOSITS,CIBICULAR PATTERN 

PARTICULITE DE ?OSITS, CIRCULAR PATERW 

PARTICUL.JTE DE?OSITS,CIRCULAR PATTERN 

PITS AND CBACKS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CR120 CLEANIb!C 

CLEAW 

CLEAN 

CLEAN 

NO CHANGE 

CLEAN 

ABRASION 

DEPOSITS DECREASED 

CLEAN 

NO CHANGE 



ID CONDITF3N OF GLASS 
KO O C MIRROR BACKING 

272 Z B NO CHAKE 

,376 X B NO CHANCE 

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 

ABRASI0N;PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PAITERN 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED . 

DEPOSITS DECREASED 

CLEAN,CLOUDY AT DEPOSIT SITES 

CLEAN,CLOUDY AT DEPOSIT SITES 

PITS AND CRACKS,CIRCULAR PATTERN - 



TABL: C78 

SURFICE DESCRIPTIONZ OF MIRZOR SPECIMENS 

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

SEW.4 MONTH EMVIRONMENTkL EXPOSURE 

ID' COYDITION OF CLASS 
NO 0 C MI3ROR BACKING SURFACE DESCRIPTION BEFORE MC.GEAN CB120 CLEArXNG 

65 Y A BLISTERED, CORRODED PARTICULATE DEPOSITS, CIRCULAR PATTERN 

69 Z A NO CHAYGE PARTICULP.TE DEPOSITS, CIRCULAR PATTERN 

73 X A BLISTERED, CORROEED PAETICULP.'IE J E P O S I T S ,  CIRCULAR PAlTERN 

4 8 3 . 2  D PARTICULATE 3EPOSITS,  PUDDLESHAPED 

PARTICULATE DE-FOSIITS, CIRCULAR PATTERN 

PARTICULATE DEPOSITS, CIRCULAR PAPTERN 

PARTICULATE DEPOSITS, CIRCULAR PATTERN 

PARTICULATE 'DEPOSITS, CIRCULA? PATTERN 

PARTICULATZ DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING , 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

CLEAN; CLOUDY AT DEPOSIT S I T E S  

DEPOSITS DECREASED 

P I T S  AND CRACKS, CIRCULAR PATTERN 



ID CONDITICN OF GLASS 
NO 0 C MIRROR EACKIKG 

133 Y C BLISTERED,COERODED 

197 Z C. BLISTERED 

,201 X C BLISTERED,CORRODED 

484 Z D 

496 X D 

5.17 Y D 

784 X E 

796 Y' E 

817 Z E 

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 DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,PUDDLE-SHAPED 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOS1TS;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 

ABRASI0M;DEPOSITS DECREASED 

ABRASION 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE' 



TABLE C80 

SURF.\CE DESCRIPTIONS OF MIRROR SPECIMENS 

U. S. STEEL CHEMIC!.L CORP., HAVERHILL, OF 

NINE MONTH ENVTEC~NMEFIT!L EXPOSURE 

SANPLE RETRIEVAL DATE, 1E OCT 1980 

ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLZAMING 

269 Y B PEELED AND BLISTERED, 

269 EDGE AND CENTER CORRO.T.ION 

273 Z B SILVER CORRODE) 

277 X B NO CHANGE 

, 485 Z D 
P 

497 X D - 
516 Y D 

785 X E 

797 Y E 

818 Z E 

PARTICUL!.TE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 
h 

PARTICULATE DEPOSITS', PUDDLE-SHAPE3 

PARTICULATE DEPOSCTS,CIRCULAR PATTERN 

PARTICULATZ DEPC)SCTS,CIRCULAR PATTERN 

PARTICULATZ DEPOSITS,CIRCULAR PATERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

SURFACE A:VD PITS EAVE PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



TABLE C81 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

ID CONDITION OF CLASS 
NO 0 C MIRROR 3ACKING 

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

TEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 1 9  NOV 1 9 8 0  

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING 

66 Y A BLISTERED, PEELED CORROSION PARTICULATE DEPOSITS,  CIRCULAR PATTERN 

70 Z A BLISTERED, E N T E R  CORROSION PARTICULATE DEPOSITS 

4 8 6  Z D PARTICULATE DEPOSITS 

5 1 5  Y D FEK DEJBONDED FROM AL SHEET CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

'? 
03 786 X E CLOUDY, OVERLAPPED CIRCULAR DEPOSITS 
ul 

798 y E CLOUDY, OVERLAPPED CIRCULAR DEPOSITS 

$ 1 9  Z E- P I T S  AND CRACKS, CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE 



ID CCNDITION GF ;LASS 
NO 0 C MIRROR l3ACKIW3 . 

198 Z C NO CHANGE 

202 X C BLISTERED 

TCBLE C82 

SURFACE DESCRIPTIONS O= :4IRROR SPECIXENS 

U.. S. STEEL CHEMTCAL C3R>., HAVERHILL, OH 

EL'ZVEH MONTH ENVIRONME'qTIL EXPOSURE 

Sf.MPLE RETRIEVAL DATE, 18 DEC 1980 ' 8  

SURFACE DESCRIPTION BEFORE MCGEAN CR120 CLEANING 

b 

PARTICULATE DEPOSITS 

PARTICULATE DEBOSITS,CIRCULAR PATTERN 
1 

ABRASI0N;PARTICULATE DEPOSITS,CIECULAR PATTERM 
I 
L 

CLOUElY,OVEfiLAPPEP CERCULAR PARTICULATE DEPOSI'E 
I 

PARTICULATE DEFOSITS,CIRCULAF PATTERN 
I 

CLOUDY,OG'E~APFEC CIRCULAR PARTICULATE DEPOSIT3 

SURFACE DESC~IPTION AFTER 
CR120 CLEANING 

CLEAN 

DEPOSITS DECREASED 

ABRAS1ON;DEPOSITS DECRZASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 
. 



. TABLE C83 , 

SURFACE DESCFIPTIONS OF MIRROR SPECIMENS 

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

TWELVE MONTH. ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 18 JAN 1981 

ID CONDITION OF GLASS 
NO O C MIRROR BACKING ., 

\ 
270 Y B PEELED,CENTER CORROSION 

274 Z B CENTER CORROSION 

278 X B NO CHANGE 

500 X* D 

0 513 Y D 5 
788 X E 

809 Y E 

821 Z E 

SURFACE DESCRIPTION BEFORE MCGEAN CB120, CLEANING 

CLOUDY, OVERLAPPED CI.RCULAR PARTICULATE DEPOSITS. 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

CLOUDY, OVERLAPPED CIRCULAR. PARTICULATE DEPOSITS 

CI,OUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS 

ABRASI0N;PITS AND CRACKS,CIRCULAR PATTERN 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

NO CHANGE 



TABLE C-84 

I D  CCATDITION OF GUSS 
NO 0 C MIRROR BACKIMG 

S i r n A C E  DESCRIPTIONS ,3F MIRROR SPECIMENS 

WIIERP1LL.W TRACMR CO. . SAN LEANDRO, CA 

ONE MONTH EN-lIRONYFSI?AL EXPOSURE 

S W L E  RETRIEVAL DATE, 87 JUN 1980 

SURFACE DESCRIFTION AFTER 
SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEAhING CR12CI CLEANING 

NO S A M P L E S  S U B M I T T E D  



I D  C O I T I O N  OF GLASS 
NO 0 C MIRROR BACKING 

l B 0 0  Y A NO CHANGE 

1 , 3 0 4  Z A NO CHANGE 
(0 

1308 X A NO CHAh'GE 

TABLE C-85 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

CATERXLLAR TRACTOR CO., SAN LEANDRO, CA 

TWO MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 06 JUL 198u 

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 8  CLEANING 

P I T S  CONTAINING PARTICULATE DEPOSITS 

P I T S  CONTAINING CRYSTALLINE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLEAN , 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS. 

SURFACE DESCRIPTION AFTER 
CB12n CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECRFASED 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 



. . 

TABLE C-86 

SURFACE DESCRIPTI3NS OF MIRROR SPECIMENS 

I D  C~NDI~ION OF SLA3S 
NO 0 C MIRROR BACKIN; 

1 1 1 4  X B NO CHANGE 

1 1 2 2  Y B PEELED, CORROED 

1 2 2 1  Y C CHIPPED, CORROOEI! 

CATERPILLAR TRACT3R CO. , SAN LEANDRO, CA 

THREE MOXlW ENVIRONMEWBL EXPOSURE 1 

SAMPLE RETRIEWAL M T E ,  07 AU; 198CI 

SURFACE DESCRIPTION AFTER 
SURFACE DESCRILTION BEFORE MCGEAN C B 1 2 0  CLEANING CB12B CLEANING 

1 

PARTICULATE DEPOSITS DEPOSITS DECREASED 

P I T S  CONTAINING CRYSTALLINE DEPOSITS 

P I T S  CONTAINING PARTICULATE DEPOSITS 

'DEPOSITS DECREASED 

DEPOSITS DECREASED 

P I T S  CONTAMING PARTICULATE D E W S I T S  P I T S  AND CRACKS, CIRCULAR PATI'ERN 

P I T S  CONTADJINC PARTICULATE DEPOSITS DEPOSITS DECREASED 

P~RTIC LUTE DEPOSITS CLEAN 

PARTICULA'E DErOS ITS CLEAN 

PARTICULP..?E DE FOE ITS ' CLEAN 

ABRASION; WRTICULATE DEPOSITS 

ABRASION ; P.WTICULATE DEPOSITS 

A B m s  ION 

ABRASION 

ARRAS ION 

ABRASION ; ?ARTI.3ULATE DEPOS ITS 

ABRASION; DEPOSITS DECREASED 

ABRASION 

NO CHANGE 

ABRASION 

NO CHANGE 

ABRASION 



ID CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

CATERPILLAR TRACmR CO., SAN LEANDRO, CA 

FCUR MOlTI'H ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 SEP  19841 

SURFACE DESCRIPTION BEFORE MCGEAN CB121 CLEANING 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

P I T S  CONTAINING PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION ; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

SrnFACE DESCRIPTION A F T D  
a 3 1 2 8  CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



TABLE C-88 

I D  CONDITION OF 1;LPGS 
NO 0 C MIRROR BACKING 

1 7 2  X C NO CHANGE 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

0.TERPILLAR TRACKR CCl., SAN LEANDRO, CA 

F r n  M r n  ENGTR3NMWPTPIL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 OCT 1 9 8 0  

SURFACE CESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

P I T S  CCNl'AINING ?AFlTICULATE DEPOSITS 

PARTICUL1TE DE ?OSITS , FUDDLE-SHAPED 

PARTICULATE D E X S I T S  

ABRFS1ON;PkRTICULATE DEWISTS 

ABRASION : PXRTICUliATE DEFOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS EECREASED 

P I T S  CONTAINING DEPOSITS 

DEPOSITS DECREASED 

ABRAS 1ON;DEWSITS DECREASED 

DEPOSITS DECREASED 



TABLE C-89 

I D  CONDITFN OF GLASS 
NO 0 C MIRROR BACKING 

887 Y E 

311 X E 

1L13 X B SILVER CORRClDED 

1 1 2 1  Y B PEELEDiCORRODED 

1 3 2 4  Y D 

1348 X D 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

CATERPILLAR 'IRACTOR CO., SAN LEANDRO, CA 

S I X  ' MOJTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, m NOV 1980 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

ABRASI0N;DEPOSITS DECREASED 



TABLE C-90 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

CP'IERPILLAR TRACTOR CO. , SAN LEANDRO, CA 

SE'IEN MONTH ENVIRONVENTAL EXPOSURE 

SMPLE RETRIEVAL DATE, O? DEC 1 9 8 0  

I D  COIJDITION OF GLASS 
NO 0 C MIRROR W K I N G  SURFACE DESCRIFTION BEFORE MCGEAN CB12B C IEANING 

98 X A E E E  AN@ Cm,R CORROSION PARTICULATE DEPQSITS 

888 Y E SURFACE MKl PITS CONTAIN PARTICULATE DEPCSTTS 

9 1 2  X E P I T S  COWTAENMS PARTICULATE DEPOSITS 

1 0 0 2  Y A EffiE CORROSION PARTICUy,TE E E Q E  ITS 

2 
P 1 3 4 9  X D ABRASION ; PARTICCLATE DE POS ITS 

1 4 1 2  Y F PARTICW.'PE DEPOS ITS 

1 4 1 4  X F PARTI~ULP~TE DEPOS ITS, PUDDLESHAPED 

SURFACE DESCRIPTION AFTER 
CBlZB CLEANING 

DEPOSITS DECRFSED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSIT3 DECREASED 

ABRASION; DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



TABLE C-91 

13' C W I T P O N  OF GLASS 
NO 0 C MIRROR .BACKING 

1219 Y C NO CHANGE 

U26  Y D 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

CATERPILLAR TRACTOR CO., SAN LEANDRO, CA 

EIGHT MONTH !ZN?/IRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE , i77 JAN 1981 

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 a  C L E A N I N  

PARTICULATE DEPOSITS 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

P I T S  CONTAINING PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRAsION;PmICULA?T. DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
0 3 1 2 0  CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

Al3RASION;DEPOSITS DECREASED 

Al3RASION;DEPOSITS DECREASED 



SWFACE DESCRIPTIONS OF MIRROR SPECIMFNS 

CATERPILLAR TRACKIR CO. , SAN LEXCRO, CA 

NINE MOKTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 07 FEB 1981 I 

I D  CClNDITION OF GLASS 
NO 0 C MIRROR BACKIE  

SURFACE DESCRIPTION AFTER 
SURFACE XSCRIPTION BEFORE MCGEAM CB120 CLEAiilNG CB12FI CLEANING 

P I T S  AND SURFACE HAVE PARTICUIATE D E P O S I E  

PITS AND CRACKS, CIRCULAR PATTERN 

DEPOSITS DECREASED 

NO CHANGE 

931 X E P I T S  CONTAINING PARTICULATE DEPOSITS DEPOSITS DECREASED 

1 1 0 1  X B PEELED,EEE ODRRODED PARTICULATE DEPOSITS 2 
1 1 1 6 Z B P B E L E D I E D G E C 3 R R 0 D E D  PARTICULATE DEPOSITS 

DEPOSITS DECREASED 

CLEAN 

1 1 2 0  Y B PFELED,ECGE CTPRRODED PARTlCUIATE DEPOSITS DEPOSITS DZCREASED 

1 3 2 7  Y D ABRAS1ON;PARTICULATE DEPOSITS At3RASION;DEPOSITS DECREASED 

AARASION: PPrnICUtATE rnPOSITS  

PARTICULATE DEPOSITS 

ABRASI0N;DEPOSITS DECREASED 

DEPOSITS DECREASED 



TABLE C-93 

I D  CONDITION OF GtASS 
T90 0 C MIRROR BACKING 

SURFAI3E DESCRIPTIONS OF MIRROR SPECIMENS 

CATERPILLAR TRACTOR CO., SAN LEANDRO, CA 

TEN MONTH ENVIRCNMENTAL EXPOSURE 

WPL3 RETRIEVAL DATE, 87 MAR 1981 

SURFACE DESCRIPTION BEFORE MCGELN CB12B CLEANING 

97 X A BLISTERED, EDGE CORRODED PARTICULATE DEPOSITS 

369 X E SURFACE & P I T S  HAVE PARTICULATE DEPOSITS 

891 Y E SURFACE & P I T S  HAVE PARTICULATE DEPOSITS 

0 903 Z E P I T S  CONTAINING CRYSTALLINE DEPOSITS 
,b 
-A 

1083 Y A BLISTEl?ED,EDGE CORRODED PARTICULATE DEPOSITS 

1007 Z A CHIPPED,EDGE CORROSION PARTICULATE DEPOSITS 

1328 Y D ABRASION, PARTICULATE DEPOSITS 

U 4 0  Z D ABRASION, PARTICULATE DEPOSITS 

US2 X D ABRASION, PARTICULATE DEPOSITS 

SURFACE IlESCRIPTION AFTER 
CR120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

ABRASION, PARTICULATE DEPOSITS 

ABRASION 

ABRASION ,DEPOSITS DECREASED 



I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKIN; 

169 X C BUISTERED,EDGE CORROSION 

801 X E 

TABLE C-94 

SURFACE DESCRIPTIONS OF M I ~ O R  SPECIMENS 

CATERPILLAR TRACTOP, CO. , SAN LEANDRO, CA 

EUW M O J ~  E N V I R ~ E N T A L  E X P O S ~ E  

SAMPLE RETRIEVAL HIF.TE, 0? APR 1951 

1 2 1 4  Z C EDGE CORROSIOTJ 
2 
OD 1 2 1 8  Y C EDGE CORROSIOlJ 

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

PARTICULATE DEPOSITS 

CLOUDY, EXTDJSINE PAIYTICULATE DEKlSITS 

P I T S  CONTAmINC CRYSTALLINE DEPOSITS 

PARTICULATE =SITS 

I?ARTICULATE DEWS I T S  

ABRASION, PARTICULATE DEPOSITS, C I X I R A R  PATTERN 

ABRASION, PARTICULATE DE POS ITS 

PARTICmTE DEPOSITS 

SURFACE DESCRIFTION AFTER 
a 1 2 0  CLEANING 

DEPOSITS DECREASED 

P I T S  CONTAINING DEPOSITS 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

DEPOSITS DECRFXED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 



I D  CONDITICN OF GLASS 
NO 0 C MIRROR BACKING 

1 1 0 0  X B NO CHANGE 
0 
0 
a 1118 Z B PEELED,EDGE CORROSION 

1119 Y B PEELED,EDGE CORROSION 

TABLE :-95 

SURFACE DESCRIPTIONS -OF MIRROR SPECIMENS 

CATERPILLAR TRACTOR CO. , SAN LEANDRO, CA 

TWELVE MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, m MAY 1981 

SURFACE DESCRIPPION .BEFORE MCGEAN C B 1 2 0  CLEANING 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

SURFACE AND P I T S  HAVE PARTICULATE DEPOSITS 

PITS CONTAINING PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOGITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE DEPOSITS 

ABRASION 

ABRASION; PARTICULATE DEPOSITS 

EXTENSIVE PITTING 

SMALL P I T S  

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

AI3RASION;DEPOSITS DECREASED 

ABRASION 

ABRASION ; DEPOS ITS DECREASED 

NO CHANGE 

ABRASI0N;DEPOSITS DECREASED 



ED CCNDITION OF C L A S  
NO 0 C MI3ROR BACKING 

1 2 0 4  Z C NO CHANGE 

1307 X D ' 

1355 Y D , 

1367 Z D 

1 4 0 2 '  X F 

SLWAC'E DESCRIF'I'IONS OF MIRROR SPECIMENS 

BP:TS. CCNTAMER CORP., FCBT WORTd, TX 

OKE MONTH ENKRONMEUTAL EXPOSURE 

SWIPLE RETRIEVAL DATE, 0 9  JUN 1988 

SURFACE DESCRIR'I 3N BEFORE MCGEM CB1291 CLEANING 

PARTICULATE W.PQS ['IS 

CLEAN 

PARTICULAm DEPOE ITS 

CLEAN 

CLEAN 

PARTICW.TE DE FOSITS 

ABRASION 

SURFACE DESCRIF'I'ION LFTER 
(33120 CLEANING 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

cum 

NO CHANGE 

DEPOSITS DECREASED 



TABLE C-97 

I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

9 4 7  Z E 

C, 1017 Z A NO CHANGE 

SURFACE DESCRIPTIONSOF MIRROR S P E C N E N S  

BATES CCAlTAINER CORP., FORT WORTH, TX 

TWO ' MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, fl9 J U L  198f l  

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING 

ABRASION 

CLEAN 

CLEAN 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

ABRASION 

PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

NO CHANGE 

CLEAN 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

NO CHANGE 

DEPOSITS DECREASED 

PARTICULATE D E r n I T S  DEPOSITS DECREASED 



TABLE C-98 

I D  C O I T I O N  OF GLASS 
NO 0 C MIRROR BACKIN; 

9 1102 Y B PEELED 
4 

0 
IQ i l 0 6  z B NO CHANGE 

SURFACE DESCRIPTI3NS CF MIRROR SPECIMENS 

WE-S CONTAINER 23RP., P I R T  WORTH, TX 

TEEIEE MONTH ENVIXONMErPTAL EXPOSURE 

SAMPLE RETRIEVAL XTE, C19 ALlG 1WC1 

SURFACE 3 E S C R I T I O N  BEFORE MCGEAFI CBlZ(I  CLEANING 

CLEAN 

ABRASION 

CLEAN 

CLEAN 

C L F m  

PARTICULATE DEEQSITS 

ABRASION 

ABRASION 

ABRASION ; PARTICCTATE DEPOSITS 

ABRASION ; PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
0 3 1 2 0  CLEANING 

CLEAN 

NO CHANGE 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

NO CHANGE 

NO CHANGE 

ABRASION 

ABRASION; DEPOSITS DECREASED 



TABLE C-99 

ID  CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

? 
4 

1011 X A NO CHAWGE 
0 
u 1 m 2  x A NO CHANGE 

1 0 1 6  Z A NO CHANGE 

1 0 2 0  Y A NO CHANGE 

1310 X D 

1358 Y D 

1370 Z D 

SURFPCE DESCRIPTIONS OF MIRROR SPECIMENS 

BATE: CaJTAINER CORP., FORT WORTH, TX 

FCUR MC~NTH &RONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 0 9  SEP i 9 ~ 0  

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEANING 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,FUWLE-SHAPED 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION ;PARTICULATE D E W S  ITS 

Al3RASION;PARTICULATE DEPOSITS 

ABRASION ; PARTICULATE DEPOSITS 

SURFACE DESCRIPl'ION AFTER 
CB12fl CLEANING 

CLEAN 

CLEAN 

&POSITS DECREASED 

CLEAN 

CLEAN 

CLEAN 

CLEAN 

ABRASION ; DE POSITS DECREASED 

ABRASION 

ABRASION 



I D  CONDITION OF GLF.SS 
NO 0 C MIRROR BACKIE  

9 2 3  X E 

938 Y E 

950 Z E 

1 2 0 1  Y C CHIPPED 

1 2 0 5  Z C NO CHANGE 

12P19 X C NO CHANGE 

1311 X D 

1359 Y D 

1371 Z D 

SURFACE DESCRIWIONS OF MIRROR SPECIMENS 

BATES CONTAINER CORP. , FORT WORTH , TX 

FTVe MONTH Ehn'IRONMENT?iL EXPOSURE 

SPMPLE RETRIEVAL I314TE, CB OCT 1980 

SURFACE DESCRIPTION BEFORE F E E A N  CB128 CLFANING 

CLOUDY, CM3LAPPED CIRCULAR PARTI2ULATE DEWSITS 

PARTICULATE D E r n I T S  

CLOUDY , EXENSIVE PARTICULATE D E P X I T S  

PARTICULAE DEPOSITS 

CLEAN 

PARTICULAE DEPO3ITS 

AERASION ; PARTICU-ATE DEPOSITS 

ABRASION ; PXFYTICU-ATE DEPOSITS 

ABRASION 

SURFACE DESCRIPI'ION AFTER 
CB120CLEANING , 

DEPOSITS DECREASED 

DEPOSITS DECREASED . 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

ABRASI0N;DEPSOITS DECREASED 

ABwION;DEPOSITS DECREASED 

NO CHANGE 



TABLE C-101 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

ZD CONDITION 'OF GLASS 
$10 0 C MIRROR BACKING 

BATES C W A I N E R  CORP., E'URT WORTH, TX 

S I X  MCAlTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEW4L DATE, 0 9  NOV 1 9 8 0  

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION 

ABRASION 

ABRASION; PARTICULATE DEPOSITS 

ABRAS1ON;PARTICIIIATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
a 1 2 8  CLEANING 

ABRASION 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

NO CHANGE 

DEPOSITS DECREASED 

ABRASION 



I D  CONDITION OF GLASS 
NO 0 C MIRROR BACKING 

1015 Z A NO CHANGE 
? -. 
o 1011 X A NO CHANGE 
Q, 

1019 Y A NO CHANGE 

SLWACE DESCRIPTIONS OF YIRROR SPECIMENS 

M T E S  COhPTANER CORP., E3RT WORTH, TX 

SEVEN M W H  EN\IIROMUIEN?I9L EXPOSURE . 

SAMPLE R E T R L E V ~ L  DATE, eR DEC 1980 

SURFACE E S C R I P T I O N  BEFORE MCGEAV C B 1 2 0  CLEANCNG 

PARTICULATE D E F E I T S ,  CIRCIJLAR ~ ' I T E R N  

PARTICULATE D E r n I T S ,  PUDDLE-SHAPED . 
CLOUDY; EXTENSIW PARTICULATE DEPOSITS 

PARTICULATE D E M I T S  

PARTICULATE D E r n I T S  . 

PARTICULATE D E r n I T S  

ABRASION ; PARTICULATE DEPOSITS, Z I R C U M R  PATI'3lN 

ARRASIOE ; PARTICULATE DEPOSITS 

ABRASION ; PNYTIaJLATE DEPOSITS 

ABRASIOK ;. PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

DEPOSITS DECREASED 

CLEAN 

CLEAN 

DEPOSITS DECREASED 

ABRASION 

ABRASION; DEPOSITS DECREASED 

ABRASION; DEPOSITS DECREASED 

ABRASION; DEPOSITS DECREASED 



I3 CONDITION OF GLASS 
N 6  0 C MIRROR BACKING 

9 1 4  Z E 

9 2 6  X E 

9 4 1  Y E 

1 2 0 2  P C NO CHANGE 
? 
4 

5 1206 Z C NO CHANGE 

1 2 1 0  X C CENTER CORROSION 

1 3 0 2  Z D 

TABLE C-103 

SURFACE DESCRIPTIONS OF MIRROR SPECIM'ENS 

BATES CQJTAINER CORP., FORT WORTH, TX 

EIGHT MCNTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 09 JAN 1981 

SURFACE DESCRIPTION BEFORE MCGEAN CB12B CLEANMG 

PARTICULATE  POSITS 

PARTICULATE DEPOSITS,CIRCULAR PAlTERN 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

PARTICUTATE DEPOSITS 

PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEFQSITS 

SURFACE DESCRIPTION AFTER 
CB120 CLEANING 

P I T S  AND CRACKS,CIRCULAR PATl'ERN 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

CLEAN 

DEPOSITS DECREASED 

ABRASION 

ABRASI0N;DEWSITS DECREASED 

ABRASION ; PARTICULATE DEFQSITS ABRASI0N;DEPOSITS DECREASED 

CLEAN CLEAN 



I 

SLRFACE DESCRIPTIONS OF YIPROR SPECIMENS. 

W T E S  C W A I N E R  CORP., FORT WORTH, TX 

NINE M O h !  EMiIR3NMEMlL EXPOSURE 

W P L E  RETRIEVAL. DATE, P13 FEB 1981 

I D  CONDITION OF G I A S  
NO 0 C MIRROR BACKING 

915 Z E 

9 2 7  X E 

9 4 2  Y E 

C, 
A 

l l Q 4  Y B 
0 
03 1 1 0 8  Z B NO CHANGE 

1 1 1 2  X B PEELED 

1303 Z D 

1315 X D . 

1363 Y D 

SURFACE DESCRIPTION BEFORE MCGEAN C B 1 2 0  CLEAN CNG 

PARTICULATE DEPO:3ITS 

PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

P A R T I C W T E  DEPOSITS 

PARTICUL9TE DEPOSITS 

PARTICULITE DEPOSITS 

ABRASION, PARTICULATE DEPOSITS 

ABRASION, PARTICULATE DEPOSITS 

ABRASION,PARTICULA'IT D E W S I T S  

SURFACE DESCRIPTION AFTER 
CB12FI CLEANING 

DEPOSITS DECREASED 

' DEPOSITS OECREASED 

\ C L F M ,  CL@UDY AT DEFQSIT S I T E S  

CLEAN 

CLEAN 

CLEAN 

ABRASION 

NO CHANGE 

ABRASION, DEPOSITS DECREASED 



TABLE C-105 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

17, CONDITION OF GLASS 
N 3  0 C MIRROR BACKING 

BATES CONTAINER CORP., FORT WORTH, TX 

TEN MONTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRIEVAL DATE, 09 MAR 1981 

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIPTION. BEFORE MCGEAN CB12CI CLEANING a 3 1 2 0  CLEANING 

P I T S  AND CRACKS,CIRCULAR PATTERN SMALL P I T S  

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS DEPOSITS DECREASED 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS * DEPOSITS DECREASED 

PARTICULATE DEPOSITS DEPOSITS DECREASED 

PARTICULATE DEPOSITS CLEAN 

PARTICULATE DEPOSITS 

ABRASION, PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS,CIRCULAR PATTERN 

ABRASION, PARTICULATE DEPOSITS 

DEPOSITS DECREASED 

ABRASION 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 



TABLE C-106 

SURFF.CE DESCRIPTIONS OF MIRROR SPECIMENS 

I D  CCNDITION OF G L A S  
NO 0 C MIPROR BACKINC 

C, 1 2 0 3  Y C CEWTER CORROSDON 
d 

0 12917 Z C NO CHANGE 

1 2 1 1  X C NO CHANGE 

1305 Z D . 

1317 X D 

1365 Y D 

BATES C W A I N E R  COR?., F lXT WORTH, TX 

!WPm RETRIEVAL M'IT, 09 APR 1981 

SURFACE DESCRIPTION AFTER 
SURFACE DESCRIFTII~N BEFORE MCGEAN CB120 CLEANmG a 1 2 0  CLEANING 

P W I C  W DEP3S ITS  DEPOSITS DECRFXED 

CLOUDY, EXI'EXI'SIV? PARTICULATE DEPOSITS DEPOSITS DECREASED 

CLOUDY , EXTEMSIVZ PARTICULATE DEPOSITS CLEAN;CLOUDY AT DEPOSIT S ITES  

PARTICULATE DEFOSITS CLEAN 

PARTICULATE D E ~ I T S  CLEAN 

PARTICULAW DEFQSITS CLEAN 

ABRASION ; PW.TICmTE DEPOSITS ABRASION 

ABRASION; PAF!TICuylTE DEPOSITS ABRASI0N;DEPOSITS DECREASED 

ABRASION; PAPT1CQLM"I' DEPOSITS ABRAS1ON;DEPOSTIS DECREASED 



TABLE C-107 

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS 

BATES CCRPTAINER CORP., FORT WORTH, TX 

?WELIE MCNTH ENVIRONMENTAL EXPOSURE 

SAMPLE RETRI!ZWIL DATE, 0 9  MAY 1951 

I D  CONDITIDN OF GLASS 
NO 0 C MIRROR BACKING SURFACE DESCRIPTION BEFOF~E MCGEAN C B 1 2 8  CLEANING 

9 
A 

1105 Y B NO CHAM;E 
A 
A 1 2 1 3  X C NO CHANGE 

PARTICULATE DEPOSITS 

CLOUDY , EXTENSIVE PARTICULATE DEPOSITS 

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS 

ABRASION; PARTICULATE DEPOSITS 

PARTICULATE DEPOSITS 

1 3 0 6  Z D ABRASION 

AI3RASION;PARTICULATE DEPOSITS 

CrnUDY , E r n N S I V E  PARTICULATE DEPOSITS 

ABRASI0N;PARTICULATE O E W S I T S  

ABRASION 

1 3 0 8  X F ABRASION; PARTICULATE DEPOSITS 

SURFACE DESCRIPTION AFTER 
C B 1 2 0  CLEANING 

CLEAN 

DEPOSITS DECREASED 

CLEAN;CLOUbY AT DEPOSIT S I T E S  

CLEAN 

DEPOSITS DECREASED 

NO CHANGE 

ABRASI0N;DEPOSITS DECREASED 

ABRASI0N;DEPOSITS DECREASED 

ABRASION;DEPOSITS DECREASED 

NO CHANGE 

ABRASI0N;DEPOSITS DECREASED 



Appendix D 

Hemispherical Ref lec tance  Measurements 

f o r  s o l a r '  Ref l e c t o r s  

P l o t  Legend 

X - 4 5 O ,  upward tilt 

Y - Horizonta l ,  f  aceup 

Z - Horizonta l ,  facedown 

Line type  - Soi led  r e f l e c t o r s  

Line. type  ---- Cleaned r e f l e c t o r s  



FIGURE Dl . PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE WRATION 

EXPOSURE WRATION 

'\ . 
FIGURE 02 . P U l f  OF OPTICAL PROPERTIES OF COLLECTOR 

SPECIMENS VS EXPOSURE M A P X i i N  

\ 
EXPOSWE W R A T  ION CblONTHS) 



. FIGURE 03 . PLOT OF OPTICAL .WERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OLIRATION 

1.2 

EXPOSURE DURATION ms) . 

FI& 04 . P U T  OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 



FIGURE 05 . P ~ T  OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

PCPOSURE DURATION Bo 

FIGURE 06 . PLOT W I C A L  PFtWERTlCS 06 COLWCToIp 
SPECIMENS VS MPOBURE DURATION 

EXPOSLIRE OURAT ION O(ONTHS) 



FIGURE 'D7 . PLOT OF OPTICAL PROPERTIES OF COUECTOR 
SPECIMENS VS EXPOSURE OURATION 

MP08URE DUbAT ION (MONTHS) 

FIGURE D8 . P M  OF OFTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 
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FIGURE D11. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE OURATION 

FICURE 012. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS MPOSURE DURATION 
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FIGURE D15 . P M  OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION O(OKMS> 

FIGURE D16. PUlf OF OPTICAL PROPERTIES OF COLLECTOR 
SPECIMENS VS EXPOSURE DURATION 



F
R
A
C
T
I
O
N
 O

F 
O
R
I
G
I
N
A
L
 ~

IS
P

W
D

II
C

A
L

 R
E

FL
E

C
TA

N
C

E
 

wr
*.
 81

 

ju
t 

8
1
 

JL
L 

81
 

AU
G 

81
 

F
R
A
C
T
I
O
N
 w

 O
R
1o

:N
A
L 

W
D

II
S

P
)(

E
R

IW
 R

E
FL

E
C

TA
N

C
E

 

1 





FIGURE 021. PM OF OPTICAL PROPERTIES Of COLLECTOR 
SPECIWUSS VS EXPWLBZE WRATION 

MPDSLlRE DURATION C)loSIIWS) 

FIGURE D22. PLOT OF OPTICAL PROPERTIES OF CO&LECTOR 
UPPCIQIQ40 VO CWOSURE OURATION 

1.2 

EXPOSURE DLJRATION <MONTHS) 



FIGURE 023, PLOT OF OPTICAL PROPERTIES OF COLLECTOR 

EXPOSLIRE DURATION <MONTHS> 

FIGURE 024. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 

I B S l I B I B I B I B 8 B  B  0 6 B  

n I B o 5 1 Y I e 3 5 : n  
EXPOSURE DURATION W3NTHS) 



JA
N 
00
 

m
w
 

W
A
R
8
8
 

A
P
R
W
 

W
AY

 
w
 

"
W
 

N
W
 

A
U
;
w
 

S
E

P
B

B
 

O
C
T
W
 

m
v
w
 

D
D
C
W
 

JA
N 

81
 

I
 

FR
AC
TI
ON
 f

f
 
OR
IG
IN
AL
 W
II
IS
PH
ER
IC
AL
 R

E
F
L
E

C
T
A

N
C

E
 



F~CURE D27. PW.OF OPTICAL PRoPER~XES OF 
SPECIMENS VS EXPOSURE DURATION 

EXPOSURE DURATION CuONlHS) 



FIGURE D29. PLOT OF OPTICAL PROPERTIES OF COLLECTOR 

EXPOSURE DURATION CMONTHS) 

EXPOSURE WRATION CMONTHS) 
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Appendix E 

~ a r  P l o t s  of S p e c u l a r  

R e f l e c t a n c e  Losses  'Versus . 
Exposure Dura t ion  



The bar p l o t s  show t h e  r e l a t i v e  r e f l e c t o r  specimen d i s t r i b u t i o n  a s  

a func t ion  of t h e  decrease i n  specular  r e f l ec tance  measurements. The popula- 

. t i o n  of t h e  r e f l e c t o r  specimen is  calcula ted  a s  a  f r a c t i o n  of t h e  t o t a l  

number of specimen and t h e  X-axis is t h e  percent  l o s s  i n  specular  r e f l ec tance  

ca lcu la ted  by sub t rac t ing  t h e  f r a c t i o n  of o r i g i n a l  specular  r e f l ec tance  from 

one and mult iplying t h e  value  obtained by 100. 



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

CLASS - SOILED 
RESULTS OF ONE L(ONTH SAMPLES 

TOTAL 38 

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST (PERCENT) 

FIGURE E2 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITkON 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

CLASS - neANeD 

RESULTS OF WE MONTH !SAMPLES 

TOTAL 38 

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST (PERCENT) 



FIGURE E3 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FEK-244 - SOll l l )  

RESULTS OF ONE b!JNlH SAMPLES 

TOTAL n 

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST (PERCENT) 

FIGURE E4 . PLOT OF FRACT~ION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LO35 IN SPkCULAR REFLECTIVITY 
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FIGURE E9 . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

m-2u - S01m 

RESLlLTS OF TllO MONTH SAMPLES 

rnN 34. 

FRACTION OF ORIGINAL 'WECULAR REFLECTANCE LOST (PERCENT) 

FIWREElO . PLOT OF FRACTION OF TOTAL I N  EACH COMPOSITION 
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

FRAIXION OF ORIGINAL !iiPEMAR REFLECTANCE LOST (PERCENT) 
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FIQlRE €21. PUlT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCPlTACE LOSS IN SPEQlLAR REFLECTIVITY 

FRACTION OF aRIGINAL SPEQlLAR RCNCTANCE Losr BERCEKD - 

FIGURE E22 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FRACTION OF ORIGINAL SECULAR REFLECTANCE LOST BERCPCn 
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FICURE E 2 7 .  PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

1 
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n. . . n n an, n 

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST BERCPCD 

FIGURE E28 . PLOT OF FRACTION OF TOTAL IN EACH COWPOSITION 
VE PERCENTAGE LOSS IN EPECULAR REFLECTIVITY 
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F I ~ E  E29.  PLOT OF FRACTION OF TOTAL I N  EACH P O S I T I O N  
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

RESULTS OF FIVE & WQLE8 

mTAL 27 

c. 

8.1 
m 

8. 8 + n n n n  n n n  - 

FRACTION 0F.ORIGINAL SPECULAR REFLECTANCE LOST CPERCENn 

FIGURE E 3 0 .  PLOT OF FRACTION OF TOTAL I N  EACH W P O S I T I W  
VS PERCENTAGE LOSS I N  SPECULAR REFLECTIVITY 

m - Q E A N P D  

RMiUTS OF FIVE MONTH SAMPLES 

mtM. 27 

FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST CPERCENn 



FIGURE E31 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSIf ION 
VS PERCENTAGE LOSS IN SPECUUR REFLECTIVITY 

MSS - SOILED 

R€5lLT5 OF SIX MONTH 

FRACTION OF ORIGINAL SPECUUR REFLECTANCE LOST <PERCPCD 

P I W E  E32 PLOT- OF !WCT?ON OP TOTAL !N EACH CqMPOSl??ON 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 
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' FIGURE E41.  PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTACE LOSS IN 8PECLILAR REFLECTIVITY 

FRACTION OF ORIGINAL SPEQAAR REFLECTANCE LOST BERCOKD 
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FIGURE E42  . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTACE LOSS IN SPECULMI RVLECfIVIfY 
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FIGURE E 6 7 .  PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
, VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

GLASS - SOILm 

RESULTS OF M L V E  MONTH SAMPLES , 
TOTAL 20 ' 

FRACTION OF SPECULAR REFLECTANCE LOST (PERCENT) 

FIGURE E68. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

CLASS - C L M E O  

RESULTS O F  TWELVE MONTH SAMPLES 

TOTAL 20 

m * z * m * m * m * m * m w m * m  
r( y ; r : y + n m m m r  

m ~n w I n I n m a b b a a o m  

FRACTION OF SPECULAR REFLECTANCE LOST (PERCENT) 



FIGURE E69.  PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FM-244 - SOILED 

RESULTS OF N R V E  MONTH SAMPLES 

TOTAL 18 

FRACTION OF SPECULAR REFLECTANCE LOST <PERCENT) 

FIGURE €70. PLOT OF FRACTION OF,TOTAL IN EACH COMPOSITION 
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY 

FEK-244 - a m m  
RESULTS OF NELM WNTH SAMPLES 

TOTAL 10 

FRACTION O f  SPECULAR REFLECTANCE LOST PERCENT) 
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