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1.0 INTRODUCTION

1.1 BACKGROUND

The Oregon Department of Transportation (ODOT) maintains 8,078 miles (13,005 km) of
roadway and adjoining shoulders. Many of these areas include ditches, wetlands, erosion control
and riparian zones. The methods used to control roadside vegetation include:

» Herbicides (contact, translocate and residual types),
*  Mowing,

» Shoulder blading,

» Cultural re-vegetation and seeding,

» Hand labor, and

* Biological (insects, pathogens).

Of these, herbicides are the most cost-effective method. However, environmental rules,
regulations and public concerns have prompted many agencies to seek alternate methods to
herbicides.

In addition, there are also rules to control noxious weeds and promote natural vegetation. The
proliferation of these rules has prompted many agencies to adopt an Integrated Vegetation
Management (I\VM) program. The IVM program is intended to coordinate decision-making
action processes using the most appropriate vegetation control methods and strategy in an
environmentally sound manner. This includes seeking cost-effective alternatives for vegetation
control. The governing rules include the following:

» Federal Water Pollution Control Act — 1948

» Federal Clean Water Act — 1977 (33 U.S.C. 1251)

» Federal Insecticide, Fungicide and Rodenticide Act — 1972 (7 U.S.C. 136)

» Federal Endangered Species Act of 1973 (P.L. 93-205, 16 U.S.C. 1531 et seq.)

» Federal Noxious Weed Act — 1974 (7 U.S.C. 2801)

» Federal Wildflower statutes (23 U.S.C. 319)

» National Pollutant Discharge Elimination System (33 U.S.C. 1342)

» Presidential Memorandum on Environmentally and Economically Beneficial Landscaping —
1994 (Federal Register, VVol. 60, No. 154, August 10, 1995)

* Oregon Wildflower Protection Statutes — 1963, 1987 (ORS 564.020)

e Oregon Pesticide Control Act — 1973, 1995 (ORS 634.005)

* Oregon Weed Control Statutes — 1985, 1999 (ORS 570.500)

» Oregon Threatened or Endangered Wildlife Species Statutes — 1987, 1995 (ORS 496.171)

» Oregon Threatened or Endangered Plants Statutes - 1987 (ORS 564.100)

» Oregon Integrated Pest Management Laws- 1991 (ORS 634.650)



* Oregon Plan, Coastal Salmon Restoration Initiative — 1995 (ORS 541.405 & 1995 c¢.544 s.2)
» Oregon Pesticide Use and Reporting, Temporary Provisions — 1999 (ORS 634, ¢.1059 s.4)

» Oregon Plan for Salmon and Watershed (SB924 1997, HB3700 1997, Executive 99-01)

» Federal Executive Order on Noxious Weeds — 1999 (EO 13112)

Roadside vegetation is treated for a variety of purposes and may vary by highway class, traffic
volumes, geographic settings, budget constraints and other factors. ODOT’s general policy states
that proper sight distance, control of noxious weeds and invasive species should be of primary
consideration, and vegetation must be controlled to prevent interference with the proper
operation and maintenance of the highway. In general, roadside vegetation maintenance is
performed to:

» Preserve the structural integrity of the roadway pavement,

* Provide for surface drainage and subsurface drainage,

» Prevent pavement breakup caused by plants,

* Prevent the establishment and spread of noxious weeds and nuisance vegetation,

* Prevent wildfires,

» Provide clear emergency shoulder pull-outs for motorists,

* Maintain driver visibility of roadways, traffic control devices, guardrails and approaches,
» Reduce deterioration of roadside hardware, and

» Maintain aesthetics of landscape areas.

1.2 OBJECTIVES

The objective of this study was to determine if infrared technology could be a biologically,
economically and environmentally viable component of an Integrated Vegetation Management
(IVM) strategy for roadside vegetation management.

1.3 TASKS

The research study included 7 tasks. The tasks are discussed in the sections shown below:

e Literature REVIEW.........cccvvvviiiiivienens Section 2.0
o Site Selection........coccvveieiiieec e Section 3.0
» Develop Specifications...................... Appendix F
e Treatment Methods .............ccoevveeenns Section 4.0
* Field Evaluation Methods ................. Section 5.0
* Analysisof Data........ccccceververiennnnne Section 7.0
e Recommendations..........cceeeeveeenen. Section 9.0



2.0 LITERATURE REVIEW

2.1 LITERATURE REVIEW METHODS

A literature review was undertaken in 1996 to identify possible sources of information related to
the objective of this study. The review was conducted using both specific and broad subject
areas:

Specific Topic:  Use of Infrared Burners for Control/Management of Roadside
Vegetation/Weeds

Broad Topic: Use of Heat or Burning or Thermal Action for Vegetation/Weed
Control/Management

The literature search employed several electronic search tools including the following:

* The Internet: The Alta Vista Search Engine

» Library Holdings Worldwide: WorldCat Database

o Other Databases: ArticleFirst; BasicBIOSIS; GEOBASE and the Expanded Academic Index
of Journals and Magazines.

In addition, information and resources were also provided by IPM ASSOCIATES, INC., who
has interests in infrared equipment.

2.2 SUMMARY OF FINDINGS

The search included foreign library material and Internet sites. Any English-language material
would have been identified in the search; however, no search attempt was made using foreign
languages. The literature review identified little information on the topic in the United States.
Most of the relevant information was from Europe, particularly the Netherlands, Germany and
France. Letters of inquiry were sent to essential European contacts but no responses were
received.

The first company to manufacture infrared, vegetation management equipment was HOAF, a
Dutch firm. They offer a line of equipment from small hand-pushed models to medium and
large units that can be attached to tractors. The small- and medium-sized units are generally
used in urban areas for weed control requirements associated with ornamental horticulture. The
larger units are designed for agricultural purposes (debris removal and disease control in
greenhouses, desiccation of potato plants prior to harvest and weed control in orchards). HOAF
also produces a device for cleaning pavement cracks prior to sealing and a unit for controlling
weeds growing in the pavement seams of curbs and gutters. Custom-built units have been used
for a few years on the German and French railways.



In the United States, HOAF’s hand models have been tested in a few small scale field trials (e.g.,
weed control in low-bush blueberries; weed control on gravel paths and running tracks; weed
control in interlocking pavers; and total vegetation control in dense sod). While results were
promising, evaluators indicated additional studies were needed to produce definitive information.
In addition, tests suggested that more effective equipment could be developed, particularly with
respect to the design of the tools and their intended application setting(s).

No documented evaluations in the United States or elsewhere were found to involve roadside
vegetation management.

HOAF’s primary business is industrial applications of infrared equipment and does business
principally in Europe; it has no operations or sales in North America.

Sunburst, Inc., a company in Eugene, Oregon, provided the infrared unit used for this project.
Sunburst is developing a line of infrared equipment for sale in North America.



3.0 SITESELECTION

3.1 SITE SELECTION AND CHARACTERISTICS

Three physiographic sites were used in this study. The sites were located in rural areas of
western Oregon between the Coast and Cascade mountain ranges. They were along two-lane
asphalt highways with gravel shoulders. Figure 3.1 shows the general locations of the three test
sites. The study began with infrared treatments at Site 1 in November 1996. Sites 2 and 3 were
added in February 1998 to test different climates and vegetation. Site 2 was the most typical of
Western Oregon climate. Table 3.1 gives a summary description of the test sites.
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Figure 3.1: Test site locations



Table 3.1: Summary of Test Sites

Site number Site 1 Site 2 Site 3
County Josephine Lane Lane
Location West of Provolt South of Creswell Blachly
Highway Jacksonville | Water Gap Goshen-Divide Mapleton-Junction City

Hwy, #272 Rd, #258 Hwy, #226 Hwy, #229
Route Ore 238 na Ore 99 Ore 36
Milepost 7.0-12.0 0.0-1.0 7.65-10.68 28.19 - 32.0
Jurisdiction ODOT County ODOT ODOT
Traffic volume | 5300 ADT @ MP 7.21 3100 ADT 1000 ADT

1600 ADT @ MP 11.88

Road alignment | Mixture of curves and % mile | Mostly straight Mixture of curves and ¥ mile

(0.8km) straight sections

(0.4km) straight sections

Shoulder Gravel, 4-8 feet wide (1.22- Gravel, 4-6 feet wide (1.22- | Gravel, 4-6 feet wide (1.22-
2.44m). Adjacent to ditch. 1.83m). Adjacent to ditch 1.83m). Adjacent to fill
slopes, cuts or ditches.
Adjacent Small residential farmlands. East side: railroad mainline | Open farmlands at East and
property parallel to road. West ends, hilly forested
West side: rural residences | terrain in middle.
and businesses
Historical Treated annually with Treated annually with Treated annually with
vegetation herbicides. In 10/98 a herbicide. herbicides up to 1995. Site
treatments shoulder blading operation received heavy flooding in
disturbed most of the test spring 1996. From 1996-
plots leaving very little 1997 herbicides were limited
vegetation. to spot spray use on noxious
weeds. Site mowed down to
2-3” (50-75mm) in 3/98 in
preparation of study.
Condition of Under control when study Under control when study Dense growth of vegetation
Vegetation treatments began in 11/96. treatments began in 2/98 with spreading noxious

Appendix B lists the types of
vegetation found.

weeds when study treatments
began in 3/98

Annual rainfall

About 25” (630 mm)

About 46” (1170mm)

60-90” (1520-2290mm)

Min/Max
Temperature

39-68°F (4-20 °C)
(average annual, min-max)

40-64°F (4-18 °C)
(average annual, min-max)

41-62°F (5-17 °C)
(average annual, min-max)

For this study, sites with sufficient shoulder width were chosen to aid in the vegetation
treatments and field evaluations. Sites were also selected with a consideration for the safety of
operations by minimizing curves and short sight distances. Figures 3.2, 3.3, and 3.4 show the
specific locations of Sites 1, 2 and 3, respectively.
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3.2 PLOT DEMARCATION

Each site included plots for infrared treatments, herbicide treatments and an untreated control.
Table 3.2 lists all the test plots evaluated in this study.

Site 1 — This site consisted of 32 plots, each ¥-mile in length (0.4km). Twelve plots were for
infrared treatments, twelve were for herbicide treatments, and eight were for control. Each plot
had twelve sub-plots as described in Section 5.1. The sub-plots were located at 100-foot (30m)
intervals along the shoulder, with the first sub-plot starting 100 feet (30m) from the first milepost
marker and ending 120 feet (37m) from the last milepost marker.

The plots were selected on a random basis from within a 10-mile (16km) roadway section. From
this area, four one-mile (1.61km) sections were chosen at random. They were at Milepost (MP)
7-8, 8-9 and 11-12 on the Jacksonville highway and MP 0-1 on Water Gap Road. Each one-mile
section was subdivided into the eight plots described above, consisting of three infrared plots,
three herbicide plots and two control plots, all selected on a random basis.

Sites 2 and 3 were selected for the differences in climate and vegetation. The plots were not
selected on a random basis; instead plot boundaries were set at recognized roadway features such
as bridges or intersections. The plots ranged in length from 0.12 to 0.40 mile (0.19-0.64km) and
were placed for efficient use of flagger and treatment operations.



Site 2 — This site had a mixture of grasses, broadleaf species and noxious weeds (field bindweed
and knapweed). The site contained nine plots: four infrared, two herbicide, two control and one
mow plot.

Site 3 — This site also had a mixture of grass, broadleaf and noxious weeds (horsetail, buckhorn
plaintain, meadow knapweed and scotch broom). In addition it was considered “clean” of
herbicide residue following a flood and three years without herbicide treatments. It also had
heavy vegetation. The site contained eleven plots: five infrared, three herbicide, two control and
one mow plot. Plot 3(B) had the thickest vegetation and was thus selected to receive eight
infrared treatments a year.

See Appendix C for plot maps of the three sites.

Table 3.2: Research Test Plots

Site  |Sub-plot| No. of | Treatment Begin | End Left/ Plot

(plot) [spacing [ Sub- Type * Highway Mile | Mile | Right | Length
(feet) | plots Point | Point *x (miles)
Site 1 (Provolt)

1 (1C) 100 12 Herb Jacksonville (Hwy 272) 7.00 7.25 Lt 0.25
1 (1H) 100 12 1-8/6 Jacksonville (Hwy 272) 7.00 7.25 Rt 0.25
1 (1B) 100 12 1-4 Jacksonville (Hwy 272) 7.25 7.50 Lt 0.25
1 (1G) 100 12 Control Jacksonville (Hwy 272) 7.25 7.50 Rt 0.25
1 (1A) 100 12 Herb Jacksonville (Hwy 272) 7.50 7.75 Lt 0.25
1 (1F) 100 12 Herb Jacksonville (Hwy 272) 7.50 7.75 Rt 0.25
1 (1D) 100 12 Cntrl Jacksonville (Hwy 272) 7.75 8.00 Lt 0.25
1 (1E) 100 12 1-6 Jacksonville (Hwy 272) 7.75 8.00 Rt 0.25
1 (2H) 100 12 1-8/4 Jacksonville (Hwy 272) 8.00 8.25 Lt 0.25
1 (2A) 100 12 Herb Jacksonville (Hwy 272) 8.00 8.25 Rt 0.25
1 (2F) 100 12 Herb Jacksonville (Hwy 272) 8.25 8.50 Lt 0.25
1 (2B) 100 12 1-6 Jacksonville (Hwy 272) 8.25 8.50 Rt 0.25
1 (2G) 100 12 Cntrl Jacksonville (Hwy 272) 8.50 8.75 Lt 0.25
1 (20) 100 12 Herb Jacksonville (Hwy 272) 8.50 8.75 Rt 0.25
1 (2E) 100 12 1-4 Jacksonville (Hwy 272) 8.75 9.00 Lt 0.25
1 (2D) 100 12 Cntrl Jacksonville (Hwy 272) 8.75 9.00 Rt 0.25
1 (3B) 100 12 1-8/4 Jacksonville (Hwy 272) 11.00 | 11.25 Lt 0.25
1 (3E) 100 12 1-4 Jacksonville (Hwy 272) 11.00 | 11.25 Rt 0.25
1 (3A) 100 12 Herb Jacksonville (Hwy 272) 11.25 | 11.50 Lt 0.25
1 (3F) 100 12 Herb Jacksonville (Hwy 272) 11.25 | 11.50 Rt 0.25
1 (3C) 100 12 Herb Jacksonville (Hwy 272) 11.50 | 11.75 Lt 0.25
1 (3H) 100 12 1-6 Jacksonville (Hwy 272) 1150 | 11.75 Rt 0.25
1 (3D) 100 12 Cntrl Jacksonville (Hwy 272) 11.75 | 12.00 Lt 0.25
1 (3G) 100 12 Cntrl Jacksonville (Hwy 272) 11.75 | 12.00 Rt 0.25
1 (5D) 100 12 Cntrl Water Gap Rd (Hwy 258) 0.00 0.25 Lt 0.25
1 (5G) 100 12 Cntrl Water Gap Rd (Hwy 258) 0.00 0.25 Rt 0.25
1 (5A) 100 12 Herb Water Gap Rd (Hwy 258) 0.25 0.50 Lt 0.25
1 (5H) 100 12 -4 Water Gap Rd (Hwy 258) 0.25 0.50 Rt 0.25
1 (5C) 100 12 Herb Water Gap Rd (Hwy 258) 0.50 0.75 Lt 0.25
1 (5E) 100 12 1-6 Water Gap Rd (Hwy 258) 0.50 0.75 Rt 0.25
1 (5B) 100 12 1-8/6 Water Gap Rd (Hwy 258) 0.75 1.00 Lt 0.25
1 (5F) 100 12 Herb Water Gap Rd (Hwy 258) 0.75 1.00 Rt 0.25




Table 3.3 (continued): Research Test Plots

Site  |Sub-plot| No. of | Treatment Begin | End Left/ Plot
(plot) [spacing [ Sub- Type * Highway Mile | Mile | Right | Length
(feet) | plots Point | Point *x (miles)
Site 2 (Creswell)
2 (A) 100 34 Herb Goshen-Divide (Hwy 226) 7.50 | 798 |[Lt&Rt| 0.33
2 (B) 100 40 Mow Goshen-Divide (Hwy 226) 7.98 836 |Lt&Rt| 0.38
2 (C) 100 36 Cntrl Goshen-Divide (Hwy 226) 8.36 871 |Lt&Rt| 0.35
2 (D) 100 42 I-4 Goshen-Divide (Hwy 226) 8.80 920 |Lt&Rt| 0.40
2 (E) 100 42 1-6 Goshen-Divide (Hwy 226) 9.20 9.60 |Lt&Rt| 0.40
2 (F) 100 34 Herb Goshen-Divide (Hwy 226) 9.69 | 10.03 |[Lt&Rt| 0.34
2 (G) 50 34 Cntrl Goshen-Divide (Hwy 226) 10.03 | 10.20 |Lt&Rt| 0.17
2 (H) 50 25 I-4 Goshen-Divide (Hwy 226) 10.20 | 10.44 Rt 0.24
2 () 50 25 1-6 Goshen-Divide (Hwy 226) 10.44 | 10.68 Rt 0.24
Site 3 (Blachly)

3(A) 100 22 Herb Mapleton-Jct City (Hwy 229) | 28.19 | 28.41 |Lt&Rt| 0.22
3 (B) 100 26 1-8 Mapleton-Jct City (Hwy 229) | 28.41 | 28.66 |Lt& Rt| 0.25
3(C) 100 34 1-6 Mapleton-Jct City (Hwy 229) | 28.66 | 29.00 |[Lt& Rt| 0.34
3 (D) 100 26 Cntrl Mapleton-Jct City (Hwy 229) | 29.11 | 29.36 |Lt & Rt| 0.25
3 (E) 50 26 I-4 Mapleton-Jct City (Hwy 229) | 29.38 | 29.51 [Lt&Rt| 0.13
3(F) 70 24 Herb Mapleton-Jct City (Hwy 229) | 29.51 | 29.67 [Lt & Rt| 0.16
3 (G) 100 26 Mow Mapleton-Jct City (Hwy 229) | 30.75 | 31.00 [Lt & Rt| 0.25
3 (H) 100 40 Cntrl Mapleton-Jct City (Hwy 229) | 31.00 | 31.38 [Lt & Rt| 0.38
3(I) 50 24 1-6 Mapleton-Jct City (Hwy 229) | 31.38 | 31.50 [Lt & Rt| 0.12
3(J) 100 26 I-4 Mapleton-Jct City (Hwy 229) | 31.50 | 31.75 |[Lt& Rt| 0.25
3 (K) 100 26 Herb Mapleton-Jct City (Hwy 229) | 31.75 | 32.00 [Lt & Rt| 0.25

* 1-4 = Infrared plots, 4 treatments per year
1-6 = Infrared plots, 6 treatments per year
1-8 = Infrared plots, 8 treatments per year
1-8/4 = Infrared plots, 8 treatments made in 1997, 4 treatments made in 1998 and 1999 (see Section 4.1.4)
1-8/6 = Infrared plots, 8 treatments made in 1997, 6 treatments made in 1998 and 1999 (see Section 4.1.4)
Herb = Herbicide plots
Cntrl = Control plot
Mow = Mowing plot

** Left and right designations are in relation to the direction of travel from low to high milepoints.

Table 3.3 shows the total number of sub-plots used in this study.

Table 3.4: Number of Plots and Sub-plots

Treatment | Number of | Number of

Type Plots Sub-plots
1-4, 1-8/4 10 191
1-6, 1-8/6 10 197
1-8 1 26
Herb 17 284
Cntrl 12 232
Mow 2 66
Total 52 996
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4.0 TREATMENT METHODS

4.1 INFRARED SECTIONS

4.1.1 Infrared Equipment

Infrared treatments were applied to the gravel shoulder of the road using a roadside infrared
vegetation control unit (Figures 4.1). The prototype unit was manufactured by Sunburst, Inc.
located in Eugene, Oregon. It applies an intense heat of about 1500° F (800° C), generated from a
liquid propane fuel.

The radiating unit is a steel deck measuring 4 ft wide x 6 ft long (1.22 m x 1.83 m). The width of
the treated area is the same as the deck width. The bottom of the deck travels 2 - 4 in. (50-100
mm) above the ground. The distance allows infrared heat to radiate down to the target vegetation
with no equipment-to-vegetation contact. A hydraulic boom is used to maintain the proper deck
elevation and is combined with a hydraulic pivot at the deck to match the slope of the road
shoulder. The boom also provides some flexibility in moving the deck around obstacles such as
sight posts, mailboxes and guardrail.

Figure 4.1: Infrared vegetation control unit
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Treatments were applied at speeds of 1 - 3 mph (1.5 - 5 km/h) with an average speed of
approximately 2 mph (3 km/h). Travel speed was influenced by plant type, maturity, density,
moisture conditions, temperature, wind speed, wind direction and physical conditions along the
road shoulder (e.g., presence of debris covering target weeds, slope changes, presence of rocks,
limbs, sign posts, mailboxes or other impediments). Permanently moving the obstacles outside
the treatment area would make the operation more efficient.

Fire control equipment accompanied the operation to extinguish ignited vegetation or debris.
This consisted of a support truck with water tank, hose and spray nozzle (Figure 4.2). A laborer
on foot with a shovel occasionally assisted in the fire suppression as needed.

Figure 4.2: Tractor with infrared unit, followed by support truck

A micro-irrigation system was available for the equipment but was not used on this project. The
system applies water both fore and aft of the deck. Pre-wetting the vegetation is intended to
increase the treatment effectiveness, whereas the post-treatment helps to reduce fire risk.

The infrared equipment and support truck operated from the travel lane for lack of adequate
shoulder width. Flaggers were used because of the traffic volumes and/or limited sight distance.
The fire control support truck doubled as a shadow vehicle to protect the workers and infrared
equipment.
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4.1.2 Theory of Infrared Radiation on Vegetation

According to Sunburst, Inc. the infrared radiation and intense heat coagulates the plant proteins
and/or creates steam within plant cells, causing them to burst. The exposure either kills the plant
outright (predominantly seedling vegetation and young plants) or severely damages their tops
(established plants in particular). Extensive top damage disrupts the capacity for normal
vegetative growth and forces injured plants to utilize root reserves to develop new stems and
leaves. Depletion of these reserves and subsequent plant death is achieved by timely follow-up
treatments. The number and timing of re-treatments is dependent on the plant type, maturity and
density, as well as environmental conditions (e.g., soil type, moisture, temperature).

The extent to which treatments may have contributed to vegetation control objectives by
damaging weed seeds on the soil surface was not distinctly measured.

4.1.3 General Observations

The constant speed of the infrared equipment prevented the ground surface from reaching
excessive temperatures. Temperature readings were taken using a handheld infrared instrument.
Temperatures immediately after treatment varied depending on initial ground temperature,
moisture conditions and material comprising the road shoulder (e.g., gravel, soil and vegetation).
For example, on a cool spring morning, the initial ground temperatures were typically 50°F
(10°C) with or without vegetation. On dense moist vegetation, the temperature reached 150°F
(66°C) immediately after treatment, then dropped to 120°F (49°C) after 5 seconds and 99°F
(37°C) after 10 seconds. The temperature returned to normal after about a minute. By
