DESERT VARNISH (PERMEON ) EVALUATION

Final Report

SPR 306.211

by

Eric W. Brooks, E.LT
and
Kevin J. Haas, P.E.

Oregon Department of Transportation
Research Group

for

Oregon Department of Transportation
Research Group
200 Hawthorne Ave. SE, Suite B-240
Salem OR 97301-5192

and
Federal Highway Administration

400 Seventh Street SW
Washington DC 20590

August 2001







Technical Report Documentation Page

1. Report No. 2. Government Accession No.

OR-EF-02-03

3. Recipient’s Catalog No.

4. Title and Subtitle

Desert Varnish (Permeonm) Evaluation

Final Report

5. Report Date

August 2001

6. Performing Organization Code

7. Author(s)

Eric W. Brooks, EIT. and Kevin J. Haas, P.E.

3. Performing Organization Report No.

0. Performing Organization Name and Address

Oregon Department of Transportation
Research Group

200 Hawthorne Ave. SE, Suite B-240
Salem, Oregon 97301-5192

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

SPR 306.211

12. Sponsoring Agency Name and Address

Federal Highway Administration
400 Seventh Street SW
Washington, DC 20590

Oregon Dept. of Transportation
Research Group and
200 Hawthorne Ave. SE, Suite B-240
Salem, Oregon 97301-5192

13. Type of Report and Period Covered

Final Report

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

environment in this area of high tourist traffic.

report documents the application and inspections of the results.

In 1998, ODOT mitigated a rock fall hazard on the Historic Columbia River Highway. Loose rock was
removed from the overhanging cliff while the sandstone near the base of the cliff was covered with
shotcrete to prevent erosion. The shotcrete was then coated with desert varnish to hide the new-looking
concrete face. The desert varnish was intended to help blend the project into the surrounding

The project was completed in the summer of 1999. The desert varnish was applied without any
problems. It continues to darken with age so that the shotcrete blends in well with the natural cliff. This

17. Key Words

desert varnish, mitigation, shotcrete, PERMEON™

18. Distribution Statement

Available from the ODOT Research Group

19, Security Classification (of this report) 20. Security Classification (of this page)

Unclassified Unclassified

21. No. of Pages

29 + appendices

22. Price

Technical Report Form DOT F 1700.7 (8-72) Reproduction of completed page authorized

&$Printed on recycled paper




(daf v6-L-1)

JUSLAIMSEAA JO WIRISAS [EUOHEWIDIU] o1} JOF [OQUIAS o) SI IS 4

.

00l o8 09 or 0T oz- or-
_r__::":m e ::__j_ ameraduway
A o 02 o 0 or ° - Do oImeradwa) snisis) 6/(zs-1)S JIquaIye,| do
* (3¢%) TUNLVIAJINAL
Jo plelich iR 7€+ 081 aInjeradws) snis[a)) Do SN sweigedaw 1060 (91 0007) suoy poys 1
(98Xs) INIVAAINAL 3y Sures3oyry ¥SH'0 spunod ql
L (91 0007) suoy woys Z01°1 sweideow SN 3 A €8T sa0uno Z0
ql spunod S0TC swregoyny 3y SSVIA
Z0 S20UNo $£0°0 suresd 3 "W UL UMOUS 9 [[eYS T 0001 Uey) 1018213 sswnjoA 4 LON
SSVIA J paqno siojour $9.°0 spres o1qno PA
P4 spre£ o1qno 80€'1 pagno s1ojowr Ju it paqno sisew 8200 1997 o1gn0 s
i 199 919N SIESE Pagno sIsjow Ju 1 SION| $8L°€ suo[red 1e3
[e3 suojfes ¥9T°0 SIagy ! T SIoITIfI LS'6T Saouno pjy wy
oy S3JUNno pnyy vEG0 SIoypIru T dINNTOA
ANNTOA M parenbs siejowony 65T Sa1w arenbs Ju
Ju so[rwr orenbs 98¢0 parenbs s1ajewolry iis | 'Y $9IB103Y [0 soloe oe
oe SaI0B Ly SaIe)0oy 'Y i parenbs s1ojow 9¢8°0 spre£ arenbs PA
i 199J axenbs +9L°01 parenbs s1ojowx M A parenbs siojowr £€60°0 1997 arenbs i
0 satour arenbs 910070 parenbs siajow[u Juur JUu parenbs SIojouII[ITIx TSH9 sayout arenbs Ml
Vaav Yadgv
o0 Sa[TW 129°0 SI0JaWOIIY uny ury SIajowopny| 191 so[rux w
p£ spIek 60°'1 SIojowW w w S1o1owW ¥16°0 Sprek pA
e 109 7€ S1933W w w SI9)owW S0€0 199 E13
up soyour 6£0°0 SIojoMWI[[IW wr e SIojewIIut $'6T soyoul ur
HLONAT HLONAT
[oquIAg purg oL, Ag A1dnmy MOUT NOX USYA loquig || [oqukg purg of, Ag Aidnpy MOU N0 X UM [0quIAg

SLINQ IS WOYA SNOISYIANOD ALVINIXOUddV

SLINA IS OL SNOISYIANOD ALVINIXOUddV

11



ACKNOWLEDGEMENTS

The authors would like to thank the following Oregon Department of Transportation (ODOT)
personnel for their contributions: Mark Beeson, Jim Hamburg, and Jeanette Kloos. Also, the
authors would like to thank Jurgen Hess of the Columbia River Gorge National Scenic Area for
his comments and Jill Livingston of Livingston, Inc. for the valuable information she provided at
the job site.

DISCLAIMER

This document is disseminated under the sponsorship of the Oregon Department of
Transportation and the United States Department of Transportation in the interest of information
exchange. The State of Oregon and the United States Government assume 1no liability of its
contents or use thereof.

The contents of this report reflect the views of the author(s) who are solely responsible for the
facts and accuracy of the data presented herein. The contents do not necessarily reflect the
official policies of the Oregon Department of Transportation or the United States Department of
Transportation.

The State of Oregon and the United States Government do not endorse products or
manufacturers. Trademarks or manufacturers” names appear herein only because they are
considered essential to the object of this document.

This report does not constitute a standard, specification, or regulation.

iii






DESERT VARNISH (PERMEON") EVALUATION

TABLE OF CONTENTS

1.0 INTRODUCTION ccouiiimmmsmmsssssssssssssssssssssssassssssssasssssssssssasssssmsssmasssssssssmasmms st .1
1.1 STUDY OBJECTIVE AND METHODOLOGY .veveeriiimninieriisisssssssssssss s 1
2.0 PROJECT DESCRIPTION coveeuuiiunisissrisesusssssassmmssssssssssssessisssssssessssasss s 3
2.1 PROJECT LOCATION AND ENVIRONMENT ..o 3
3.0 CONSTRUCTION cootrmmnrmrassesssssssssssssssssssssesiasssssmsssssssssssmssssssissssssssssssmassssms st sttt S
31 APPLICATION ...ooeormcverinmmsesssrssescss s 5
39 MATERIAL DESCRIPTION L...coiiiiiisis s e 6
3.3 POSSIBLE PROBLEMS ...covmiiiriirinisssiris s e 6
PRIRE A2\ B 074 § (0) T SRR SRR S 9
4.1 POST CONSTRUCTION INSPECTION ..iriiiiiissmssrsrsnssssmssssrsssss i 9
4.2 ELEVEN MONTH INSPECTION ..ottt s 13
43 TWENTY-ONE MONTH INSPECTION cooiiiniiiiirrsssmmrmmsserss s s 14
5.0 CONCLUSIONS AND RECOMMENDATIONS .coivusisirisissmssssasssssasassansnensasusasasssacses 19
6.0 REFERENCES. ..ovveouuurimmmsssssessssssimssissssstssssssssasssssssssssss st ssssa st 21
APPENDICES

APPENDIX A: Cross Section of Project Area
APPENDIX B: Material Safety Data Sheet for PERMEON"

LIST OF FIGURES/PHOTOS

Figure 2. 1: POJECE VICHILY MAD crevsvrcrrsrssrsssssssssrsos oo 3
Figure 3.1: Spraying equipment to ApPLy ESEIT VAT oooooivrveecrssssssrssss s 5
Figure 3.2: Dark streaks on shoterete caused by irrigation water from ADOVE oovveeeereressssessessessissessessesstsassnasssssnssssanens 6
Figure 4.1: Shotcrete before application of desert varnish - West of Sandy River Bridge ... 9
Figure 4.2: Shotcrete 2 weeks after application of desert varnish - West of Sandy River Bridge ....c.cocovneernisnsreeene 10
Figure 4.3: Shotcrete before application of desert varnish - East of Sandy River Bridge. ..o 10
Figure 4.4: Shotcrete 2 weeks after application of desert varnish - East of Sandy River Bridge .....cocoevvevieimnsenenn: 11
Figure 4.5: Shotcrete one month after application of desert varnish - West of Sandy River Bridge .....cococvevvvcuicenes 11
Figure 4.6: Shotcrete one month after application of desert varnish - East of Sandy River Bridge.....c.ccoovvecsinnriens 12
Figure 4.7: Shotcrete 6 months after application of desert varnish - West of Sandy River Bridge .....ccocnvenenniienees 12
Figure 4.8: Shotcrete 6 months after application of desert varnish - East of Sandy River Bridge ... 13
Figure 4.9: Shotcrete 11 months after application of desert varnish - West of Sandy River Bridge ......ccocovveeesenenes 13
Figure 4.10: Shotcrete 11 months after application of desert varnish - East of Sandy River Bridge ......c.cvereeivninens 14
Figure 4.11: Shotcrete 21 months after application of desert varnish - West of Sandy River Bridge .......ccoueevinees 15
Figure 4.12: Shotcrete 21 months after application of desert varnish - East of Sandy River Bridge .....cccocovenuerees 15

\Y



Figure 4.13: Close-up view of shotcrete before application of desert varnish - West of Sandy River Bridge.........

Figure 4.14: Close-up view of shotcrete 2 weeks after application of desert varnish - West of Sandy River

BIAGE ..ottt eseeeses e oo oo eeeseeeeee oo eoeeeo oo

Figure 4.15: Close-up view of shotcrete one month after application of desert varnish - West of Sandy River

BIHAZE .ottt st e et e oo oo e oo

Figure 4.16: Close-up view of shotcrete 6 months after application of desert varnish - West of Sandy River

BIIAZE....ooooo st eee oo oo oo

Figure 4.17: Close-up view of shotcrete 11 months after application of desert varnish - West of Sandy River

BIIAZE ...t sss e ee oo eeeeeeoeee oo

Figure 4.18: Close-up view of shotcrete 21 months after application of desert varnish - West of Sandy River

vi

w16

w17

w17

.18




1.0 INTRODUCTION

“Desert varnish” is the name given to the brown to black coating that forms on stable rock
surfaces in certain arid regions of the world. Natural desert varnish can be found in the Sahara
Desert, the outback of Australia and the cold dry desert of Antarctica. It also appears in arid
high-altitude mountains in Germany as well as on mountains in Colorado and Montana. No one
has observed the natural formation of desert varnish, as it is an extremely slow geological
process that may take up to 200,000 years to form.

In order to restore the natural appearance of rocky cliffs after construction, an artificial form of
desert varnish was synthesized. Initially, the laboratory-created desert varnish was applied to
projects in mountainous areas in Arizona, to comply with visual impact laws. The desert varnish
was used because reseeding and other reclamation efforts were not feasible.

Concrete support structures can also be colored with desert varnish to blend in with the
surroundings. The varnish has been used successfully on retaining walls, dams, irrigation
ditches, and cliffs stabilized with shotcrete.

In 1995, the Oregon Department of Transportation (ODOT) used the artificial desert varnish on a
slope stabilization project on US 101 near Port Orford. The slope was shaped and reinforced
with rock bolts and the bottom portion was covered with shotcrete. Because this scenic area
attracts tourists from all over the world, desert varnish was applied to the shotcrete to make it
more aesthetically appealing. After 5 years the varnish is still working well. It has given the
gray shotcrete a marbled-brown appearance similar to other coastline cliffs in the area (Hofmann
1995, Brooks 1998).

A rock fall mitigation project on the Crown Point Highway was completed in 1998. After the
loose rocks were removed manually, the base of the cliff was covered with shotcrete. Because
the project is in the Columbia River Gorge National Scenic Area and is visited by many tourists,
the shotcrete was colored with desert varnish to make it blend with the surroundings.

This report covers the application of desert varnish to the Crown Point Highway project and its
appearance after two years of service.

1.1 STUDY OBJECTIVE AND METHODOLOGY

The objective of this project was to evaluate the effectiveness of an artificial desert varnish,
PERMEON ", in producing a weathered, natural appearance when applied to shotcrete. This
report documents the usefulness of desert varnish in achieving the visual quality objective of
visual subordinance. The term “visually subordinate” is defined in the Columbia River Gorge
National Scenic Area Management Plan as follows:



“A description of the relative visibility of a structure where that structure does not
noticeably contrast with the surrounding landscape, as viewed from a specified
vantage point (generally a key viewing area, for the Management Plan). As
opposed to structures that are fully screened, structures that are visually
subordinate may be partially visible. They are not visually dominant in relation to
their surroundings.” (Columbia River Gorge Commission 1991)

Photos were taken by the principal investigator at two weeks, one month, six months, eleven
months and twenty-one months after application of the desert varnish. Landscape architects from

ODOT and the US Forest Service were asked to review and evaluate the photos after eleven and
twenty-one months.




2.0 PROJECT DESCRIPTION

2.1 PROJECT LOCATION AND ENVIRONMENT

The desert varnish was applied to the shotcrete used on the base of the cliff near Dabney State
Park. This park is located east of Portland, Oregon along the Sandy River on the Crown Point
Highway at milepost 4.1 (see Figure 2.1). The roadway has been designated as a National
Scenic Route and is used by many tourists.
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Figure 2.1: Project vicinity map

A cross section of the cliff is included in Appendix A. Located in the north Willamette Valley,
the annual rainfall is about 114 cm (45 in). The winters are mild with only a few freeze-thaw
cycles. The mean January temperature is 4 °C (39 °F), while the mean July temperature is 21 °C

(69 °F).
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3.0 CONSTRUCTION

Application of the desert varnish was delayed for several months due to wet weather. (Desert
varnish must be applied to a dry surface.) On July 14, 1999, final preparations were made, as
there was no rain forecast for the next 24 hours, with only a 20% chance of light showers late on
the night of July 15. The contractor prepared the surface by pressure washing the shotcrete,
which had been applied the prior year and had some natural buildup of dirt and minerals.

3.1 APPLICATION

The morning of July 15, the desert varnish application went smoothly, with about 76 linear
meters (250 ft) completed by 10:00 a.m. The weather was sunny and warm. Traffic was routed
one-way in the eastbound lane. The base of the newly cut rock slope was then about 7.6 m (25
ft) from the passing cars. Because of the low height to be sprayed and low wind conditions, the
chance of overspray hitting passing cars was not a problem. Traffic was light and the delay due
to the one-way travel was very short.

The PERMEON ggesext varnish) had been mixed with water in a 1:5 solution, 75.7 liters (20
gal) of PERMEON " to 378.5 liters (100 gal) of water. The mix was carried in the back of a
pickup truck in a 946-liter (250-gal) tank. A compressor was used to pressurize the spray to
about 14 kg/cm® (200 psi). (see Figure 3.1) The sub-contractor, Livingston, Inc., used a 61 m
(200 ft) hose and an agricultural type handheld nozzle to spray the shotcrete-coated cliff.

Figure 3.1: Spraying equipment to apply desert varnish

Jill Livingston, who was doing the desert varnish application, was an experienced operator. She
said that the desert varnish color can range from almost black to a light tan, depending on the



concentration of PERMEON" and the number of coats to be made. The solution was sprayed on
until saturation, when it started to run off the shotcrete. At this saturated value, the desert
varnish was intended to match the light brown of the rocks above.

The application went very well, with no complaints about overspray. Application was completed
with materials on hand and no breakdowns occurred.

3.2 MATERIAL DESCRIPTION

When first applied, the PERMEON  mixture does not have a tint, and the shotcrete returns to its
original light gray color as it dries. The coloration process is activated by exposure to ultraviolet
light from sunshine. The formulation for this project was selected by spraying test bricks and
leaving them for the required exposure time. Because some of the cliff above the shotcrete was
darker, additional coats could be required, but because it takes at least a week for the
PERMEON " color to develop, another trip would be required to achieve a darker coloration.

The material safety data sheet for the PERMEON " indicates that it contains salts of manganese
and iron with trace elements chlorine, copper, zinc and phosphoric oxides. (See Appendix B).
At the concentrations used, Jill Livingston said the mixture would not kill roadside vegetation or
affect fish in nearby streams with running water. She cautioned, however, that still water such as
small fishponds should be covered when PERMEON " is applied nearby.

3.3 POSSIBLE PROBLEMS

Two possible problems were noted: water running over the cliff in a few areas from a local land
owner’s irrigation effort on the hill above the site (see Figure 3.2), and mineral stains from an
unknown source appearing on some of the rocks just above the shotcrete. It was decided that
these two areas should be closely monitored.

Figure 3.2: Dark streaks on shotcrete caused by irrigation water from above



Also noted were some cracks in the shotcrete running vertically up the cliff. Some of these
cracks extended from weep-hole to weep-hole. These were considered to be potential break
points for the shotcrete. Near the top of the desert varnish, there were areas of overhang which
could also be breaking points.







4.0 EVALUATIONS

Jeanette Kloos, ODOT’s Historic Columbia River Highway Coordinator, monitored the project
as principal investigator. Photographs and inspections were taken at two weeks, one month, six
months, eleven months, and a final inspection was conducted after twenty-one months.
Photographs were compared and evaluated for the aesthetic value of the desert varnish
application. A construction report was written soon after the initial inspection was completed.

4.1 POST CONSTRUCTION INSPECTION

After two weeks, half of the shotcrete with the desert varnish was starting to blend well with the
surrounding cliff. The section west of the Sandy River Bridge was well matched, as shown in a
comparison of Figures 4.1 and 4.2. East of the bridge, the section was still lighter than the cliff,
as shown in Figures 4.3 and 4.4. This section was closely monitored, with the expectation that 1t
would darken with age. After six months, the lighter patches were no longer noticeable. Figures

4.5 through 4.8 show the sections West and East of the Sandy River Bridge at one- and six-
month intervals respectively.

Figure 4.1: Shotcrete before application of desert varnish - West of Sandy River Bridge



Figure 4.3: Shotcrete before application of desert varnish - East of Sandy River Bridge
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Figure 4.5: Shotcrete one month after application of desert varnish - West of Sandy River Bridge
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Figure 4.6: Shotcrete one month after application of desert varnish - East of Sandy River Bridge

Figure 4.7: Shotcrete 6 months after application of desert varnish - West of Sandy River Bridge
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Figure 4.8: Shotcrete 6 months after application of desert varnish - East of Sandy River Bridge

4.2 ELEVEN MONTH INSPECTION

Approximately eleven months after application — on June 14, 2000 — the dark brown shade of the
desert varnish remained on most of the shotcrete. Figures 4.9 and 4.10 show that the coloring is
consistent with the surrounding slopes, as the desert varnish begins to develop a naturally

weathered appearance.

Figure 4.9: Shotcrete 11 months after application of desert varnish - West of Sandy River Bridge
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Figure 4.10: Shotcrete 11 months after application of desert varnish - East of Sandy River Bridge

43 TWENTY-ONE MONTH INSPECTION

A final inspection of the desert varnish at Dabney State Park was made on April 24, 2001.
Figures 4.11 and 4.12 show that the shotcrete applied with desert varnish completely blends into
the natural view. Jurgen Hess, Landscape Architect and Environmental Planning Staff Officer
with the Columbia River Gorge National Scenic Area commented that the desert varnish had a
positive mitigating effect on the shotcrete at Dabney State Park. Mr. Hess went on to state that
he noticed a significant decrease in contrast between the shotcrete and surrounding slopes over
the twenty-one months the project area was monitored and that the project meets the visual
subordinate requirements of the Columbia River Gorge Scenic Area Management Plan. Figures
4.13 through 4.18 provide additional evidence of how the desert varnish naturally weathered and
blended into the natural surroundings over time.
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Figure 4.12: Shotcrete 21 months after application of desert varnish - East of Sandy River Bridge
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Figure 4.13: Close-up view of shotcrete before application of desert varnish - West of
Sandy River Bridge

Figure 4.14: Close-up view of shotcrete 2 weeks after application of desert varnish -
West of Sandy River Bridge
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Figure 4.15: Close-up view of shotcrete one month after application of desert varnish -
West of Sandy River Bridge

Figure 4.16: Close-up view of shotcrete 6 months after application of desert varnish -
West of Sandy River Bridge

17



Figure 4.17: Close-up view of shotcrete 11 months after application of desert varnish -
West of Sandy River Bridge

Figure 4.18: Close-up view of shotcrete 21 months after application of desert varnish -
West of Sandy River Bridge
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations were made from this study:

1. The application of desert varnish successfully changed the grayish-white color of shotcrete to
a light-brown color that mitigated the visual impacts of construction in this scenic area. In
addition, the treatment met the requirements of the Columbia River Gorge Scenic Area
Management Plan to achieve a visual quality objective known as visual subordinance.

2. It is recommended that application of the desert varnish be performed by a company with
extensive experience in using the product. Knowledge and skill in the correct application rate is
critical to achieving a color which blends well with the surrounding environment.

3. It should be noted that desert varnish does not provide a lasting coloring effect. Because of
the continuous change in the desert varnish coloration, it is recommended that sections applied
with this treatment be periodically monitored for changes in coloration as the natural weathering
Process occurs.
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APPENDIX A: CROSS SECTION OF PROJECT AREA
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APPENDIX B: MATERIAL SAFETY DATA SHEET
FOR PERMEON"™
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INSOLUBLE MATTER.

MANUFACTURER S NAMES ADVANCED CONCRETE TECHHOLOGIES
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FEAFRAERREXR PRECAUDIONARY LABELTNG # A kAR A XSk R E k&R ARk kkk &

CERCLA RATINGS (SCALE 0-3)
BEEATTH 2 FIRE ¢  REACTIVITY ©

NFPA RATINGS  (SCALE 0~4) ,
BEALTH 2  FLAMMABILITY 0  REACTIVITY O

BARER SAF-T DATA (SCALE ©¢-4)
REALTH 1 FLAMMABILITY O REACTIVITY 0 CONTACT O

PRECAUTTONARY LARBEL STATEMENTS
AVOID CONTACT WITH EYES, USE WITH ADEQUATE VENTILATION
WASH A¥TER HANDLING. S&FETY GLASSES RECOMMENDED.
SECTION II *daddkdrditr HAZARDOUS COMPONENTS RkAhkAkehd kit ddhk kA Ak
NOT APPLICABLE - STABLE
SECTTION TTT #hakRkkksk DHVSTCAL DATA S 2 kX AKF Ak AARKAR AR hkRAFRERAKAN
WATER SOLUTION = CLEAR PO BROWN COLOR
SECTION IV dkkinttirid FIRE AND EXPLOSION RAZARD DATA Swdkkkdibithd
ROT APPLICABLE
PAGE 1 of 2
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MATERTAE SAFBETY DATA SHEET
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VENTIEATICGN: USE WITH ADEQUATE VENTILATION.
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3.0 CONSTRUCTION

Application of the desert varnish was delayed for several months due to wet weather. (Desert
varnish must be applied to a dry surface.) On July 14, 1999, final preparations were made, as
there was no rain forecast for the next 24 hours, with only a 20% chance of light showers late on
the night of July 15. The contractor prepared the surface by pressure washing the shotcrete,
which had been applied the prior year and had some natural buildup of dirt and minerals.

3.1 APPLICATION

The morning of July 15, the desert varnish application went smoothly, with about 76 linear
meters (250 ft) completed by 10:00 a.m. The weather was sunny and warm. Traffic was routed
one-way in the eastbound lane. The base of the newly cut rock slope was then about 7.6 m (25
ft) from the passing cars. Because of the low height to be sprayed and low wind conditions, the
chance of overspray hitting passing cars was not a problem. Traffic was light and the delay due
to the one-way travel was very short.

The PERMEON"" (desert varnish) had been mixed with water in a 1:5 solution, 75.7 liters (20
gal) of PERMEON " to 378.5 liters (100 gal) of water. The mix was carried in the back of a
pickup truck in a 946-liter (250-gal) tank. A compressor was used to pressurize the spray to
about 14 kg/cm® (200 psi). (see Figure 3.1) The sub-contractor, Livingston, Inc., used a 61 m

(200 ft) hose and an agricultural type handheld nozzle to spray the shotcrete-coated cliff.

Figure 3.1: Spraying equipment to apply desert varnish

Jill Livingston, who was doing the desert varnish application, was an experienced operator. She
said that the desert varnish color can range from almost black to a light tan, depending on the



concentration of PERMEON"" and the number of coats to be made. The solution was sprayed on
until saturation, when it started to run off the shotcrete. At this saturated value, the desert
varnish was intended to match the light brown of the rocks above.

The application went very well, with no complaints about overspray. Application was completed
with materials on hand and no breakdowns occurred.

3.2 MATERIAL DESCRIPTION

When first applied, the PERMEON ' mixture does not have a tint, and the shotcrete returns to its
original light gray color as it dries. The coloration process is activated by exposure to ultraviolet
light from sunshine. The formulation for this project was selected by spraying test bricks and
leaving them for the required exposure time. Because some of the cliff above the shotcrete was
darker, additional coats could be required, but because it takes at least a week for the
PERMEON " color to develop, another trip would be required to achieve a darker coloration.

The material safety data sheet for the PERMEON"" indicates that it contains salts of manganese
and iron with trace elements chlorine, copper, zinc and phosphoric oxides. (See Appendix B).
At the concentrations used, Jill Livingston said the mixture would not kill roadside vegetation or
affect fish in nearby streams with running water. She cautioned, however, that still water such as
small fishponds should be covered when PERMEON"" is applied nearby.

3.3 POSSIBLE PROBLEMS

Two possible problems were noted: water running over the cliff in a few areas from a local land
owner’s irrigation effort on the hill above the site (see Figure 3.2), and mineral stains from an
unknown source appearing on some of the rocks just above the shotcrete. It was decided that
these two areas should be closely monitored.

Figure 3.2: Dark streaks on shotcrete caused by irrigation water from above



Also noted were some cracks in the shotcrete running vertically up the cliff. Some of these
cracks extended from weep-hole to weep-hole. These were considered to be potential break
points for the shotcrete. Near the top of the desert varnish, there were areas of overhang which
could also be breaking points.
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