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ABSTRACT

VEGETATION MANAGEMENT ALONG TRANSMISSION RIGHTS-OF-WAY IN
THE UNITED STATES AND CANADA

By

Joseph Anthony Sulak

A survey investigating vegetation control methods along transmission rights-of-
way was sent to 220 Utility Arborist Association companies. The survey contained
questions regarding right-of-way characteristics, control methods used, total dollars spent
on vegetation management, and prioritics of the vegetation management program. The
ROW area reported represented over 48% of all the investor owned ROW over 39Kv in
service, throughout the United States. Over 75% of the respondents reportcd using
herbicides on their rights-of-way. However, acres treated mechanically out-numbered
those treated chemically by a margin of 2.7:1. Garlon 3A and Garlon 4 topped all
herbicides with a combined 220,574 projected gallons of the projected 549,869 gallons of
herbicide applied to transmission rights-of-way in 1995. It appears that extremely low
levels of active ingredient are being applied per acre. Basal, High Volume Foliar and
Low Volume Foliar with a Backpack or Handgun applications accounted for

approximately 75% of the acres of transmission ROW treated with herbicides.



Copyright by
JOSEPH ANTHONY SULAK
2000



This thesis is dedicated to the memory of my Grandfather
Joseph Sgroi
Thanks for the inspiration and drive!

v



Ultma

I



ACKNOWLEDGEMENTS

Ultimate Thanks go to:
The Michigan Forestry and Park Association
The International Society of Arboriculture/ Hyland Johns Grant Committee
The Utility Arborist Association
Dr. J. James Kielbaso for all his assistance and guidance in completing this work.
My Family and friends for their support
Juli Kerr for putting up with me
John Primus of the Dupont Corporation

Additional Thanks to:
Dr. Harvey Holt
Lynn Grayson
Kevin Eckertt
Hershall Hale
Rick Johnstone



LISTOF 1
LISTOF ¥
INTRODU

CHAPTE R
METHOD:
Se
Sa
R:
Ce
B.
Pr
St
M.
St

CHapPTr R

RESU1g
R:’:
R:.

Ve



TABLE OF CONTENTS

LISTOF TABLES ...ttt e et
LISTOF FIGURES ... ottt e e et e et e et et e et e e eenenee
INTRODUCGTION ...ttt e et e e e et ettt et e e e e e aeaa e
CHAPTER 1
METHODS AND MATERIALS ...
Sampling Method ....... ... e
Sampling DESigN. ... ..ottt e
Right-0f-way CharacteristiCSs. .........ouuuiniiiiien ittt eteeeeeeaeeneas
Control Methods. ....... ..o e
BUAEEL. .. ..ottt e
PrIOTIES. . ..ottt et
Substation/Generating StatIONS. ........c.c.ouiuiteinenenieeeenaereeeaeteenraeeneenenane
Mailing Procedure. ..............ooviiiiiii e
Statistical ANalysis....... ..ot e
CHAPTER 2
RESULTS
Respondent CharaCteristiCs. ............ouininiieii i ee e
Right-0of-way CharacteristiCs. ..........oovuuivinintiiiiii e eeeaaaaen
Vegetation Management PractiCes...............coeuiuiiinieiiiiiiiiiiieeie e
Herbicide Management...............c.ouiuveiiiiiiiiiie e
Section 1 - Herbicides Utilized..................ccoooiiiiiiiiiiiinnnn.,
Singly Applied........cooiiiii
Herbicide Mixtures..........cc.covviiiiiiiiiiiiiinieenne,
Section 2 - Application Methods.............c.cocoiiiiiiiiiiiiiinn,
Singly Applied. ...
Basal.......coooiiiiiii
Cut SUrface. .......o.vveveveieriiiiieeiciee e
Low Volume Foliar with a Backpack
and/or Handgun ...................o.
High Volume Foliar...........................oooen
Low Volume Foliar Broadcast.........................
Aerial ...,
Herbicide MixXtures............c.coooviiiiiiiiiiiiieeeeeen
Basal.......ooooiiiiiii
Cut SUIface. .....cvevieiiiiiieniiier e eeeenene
Low Volume Foliar with a Backpack
and/or Handgun ...........c.cocooiiiiiiiiiiiiniiiininen,
High Volume Foliar...........................coe
Low Volume Foliar Broadcast..........................
Aerial.....oviii
Section 3 — Active Ingredient per Acre..................c.coiii
Singly Applied. ... ...oovviiiiiiiiii

vi



vii

Herbicide MiXtures. ............coieieiiiiiiiiiiiiiiie
Comparison of Calculated Active Ingredient Per Acre
with the Maximum Recommended Rates of Application............................
Mechanical Management..................cooiiiiiiiiiiiiiiiiii e
Vegetation Management Budget............ccoeviiiininiiiiiiinie e
Climatic Comparisons between Different Geographical Divisions of the United States
Substation / Generating Stations. ...........ccieveiniriiierineieeteereneeraneaeaeaeeaeaennananens
Singly Applied Herbicides................ooiiiiiiii
Herbicide MIXtUIes. ............oouiiiiiiiiiii e
Vegetation Management Program Priorities. ...........c.coeveiiiiiiiniiiiniiinnieeae
CHAPTER 3
DISCUSSION. ...ttt e et e e et et e et e e et e e et e et eneneees
Projection t0 UNIVEISE. ........cuiuinitiiiitien ittt ettt et e e
Analysis Of RESUIS. ..o
Vegetation Management Practices..............c.coeoiiiiniiiiiniiiiiiinnen,
Herbicides Utilized.............cccooiiiiniii
Methods of Application..............c.iuiiiiiiiiiiiii i
Influence of Mechanical Methods.................cocoiiiiiiiii i,
Active Ingredient per Acre Comparisons. .............ocuvueeiininieeneneninennnn.
Climatic Comparisons between the
Geographic Divisions of the United States......................coceiiiiininn,
Substation / Generating Stations................c.oieuieniiiiieiiiiiiiiieeeienes
CHAPTER 4
CONCIUSIONS ....oeititiitt e e e e e e e e e e e enas
Research Recommendations. ...............oooiiiiiiiiiiiiii e
LITERATURE CITED.........ouiiiiiiitiiiiiiaiei e et e e ee e enen
APPENDIX ... e



LIST OF TABLES

Table 1 - Regional Breakdown Of The Population Sample.........................

Table 2 - Total Reported Transmission Line Right-Of-Way Acreage,
Land-Type Characteristics, And Percentages For Each Region

Of The Population Sample..............coooviiiiiiiiiiiiii

Table 3 - Regional Breakdown Of Companies That Use Herbicides On

Transmission Line Rights-Of-Way...........cccoooviiiiiiiiiii

Table 4 - Sample Population Companies That Have Areas Of Transmission

ROW Where Mechanical Vegetation Control Is Used Exclusively...............

Table § - Most Increased Method Used To Control Vegetation

Along Transmission Row From 1990-1995............c.ooiiiiiiiiiiiiiiiane.,

Table 6 - Most Common Herbicides Used By Respondents Along

Transmission Rights-Of-Way: 1995.........coviiiiiiiiiiiii e

Table 7 - List Of ‘Other’ Herbicides from Table 6 ..............cooiiinnnnn....

Table 8 - Most Common Mixtures Reported Along Transmission

Rights-Of-Way: 1995, .. .ot e

Table 9 — List of ‘Other’ Mixtures from Table 8...........ccovvviiviiiiiiinnnnn..

Table 10a - Herbicides Applied Using Basal Techniques For

All Respondents: 1995...... ..ot e

Table 10b - Regional Breakdown (Acres) Of Basal Applied Herbicides.........

Table 11a - Single Herbicides Applied Using A Cut Surface Method

For All Respondents: 1995....... ..o

Table 11b - Regional Breakdown (Acres) Of Herbicides Applied Using A

Cut SUrface Method. .......ouvviiit ettt e eaeeenns

viii

20

21

23

24

25

26

28

29

30



Table [
Backp.:

Table |
B&C!Kp.:\

Table 1

Table 12
High Vo

Table 14
Broadcas

Table 14
Alow \

Table 15
Using A;

Table 5
An Aen;

Tabje 1 ¢

Table ) ‘
Basy) Al

Tab\e 1
xfﬁ'[hod

Tab\e 1
Cut 5,

Tab‘e ‘
Technic

Table 1
A‘ LO\\

Tap)e .
Techy,



ix
Table 12a - Herbicides Applied Using A Low Volume Foliar With A

Backpack Or Hand Sprayer Method: 1995...........c.cooiiiiiiiiiiii, 31

Table 12b - Regional Breakdown (Acres) Of Herbicides Applied Using A
Backpack Or Hand sprayer Low Volume Foliar Method............................. 32

Table 13a - Herbicides Applied Using A High Volume Foliar Method: 1995.... 33

Table 13b - Regional Breakdown (Acres) Of Herbicides Applied Using A

High Volume Foliar Method...............c.ooiiiiiiii e, 34
Table 14a - Herbicides Applied Using A Low Volume Foliar

Broadcast Method: 1995...... ... e 35
Table 14b - Regional Breakdown (Acres) Of Herbicides Applied Using

A Low Volume Foliar Broadcast Method...............ccoceviiiiiiiiiiiii 36
Table 15a - Herbicides Applied Along Transmission Line Rights-Of-Way

Using An Aerial Method............o.ooiiiiiiiiiiiii e 37
Table 15b - Regional Breakdown (Acres) Of Herbicides Applied Using

An Aerial Method.........c.ouiiiiiiii e 37
Table 16a - Herbicide Mixtures Applied Using A Basal Technique: 1995....... 39

Table 16b - Regional Breakdown (Acres) Of Herbicide Mixtures As
Basal APPLIiCAtIONS. .........uiiniiiiiiiiiiii e e e 39

Table 17a - Herbicide Mixtures Applied Using A Cut Surface
Method: 1995......eonii 40

Table 17b - Regional Breakdown (Acres) Of Herbicide Mixtures As
Cut Surface AppliCations. .........c.ouiuiiiiiriiiriiiieriri e e 41

Table 18a - Herbicide Mixtures Applied Using A Low Volume Foliar
Technique With A Backpack Or Hand Sprayer: 1995...........cccovieviiininnn. 42

Table 18b - Regional Breakdown (Acres) Of Herbicide Mixtures As
A Low Volume Foliar With A Backpack Or Hand Sprayer Applications........ 43

Table 19a - Herbicide Mixtures Applied Using A High Volume Foliar
Technique: 1995 . ... oo e e 44

Table 19b - Regional Breakdown (Acres) Of Herbicide Mixtures As
High Volume Foliar Applications. ............c..coueveviveiieiinennninieenieeenenen. 45



Table 20 - Herbicide Mixtures Applied Using A Low Volume Foliar
Broadcast Method, All In The Southern U.S.: 1995............l, 46

Table 21 - Herbicide Mixture Applied Using An Aerial Method,
All In The North Central U.S. : 1995.....cnniniiiiiii 47

Table 22 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using A Basal Method: 1995......................oo 49

Table 23 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using A Cut Surface Method: 1995..................... 50

Table 24 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using A Low Volume Foliar Technique
With A Backpack Or Hand Sprayer: 1995...........ccoiiiiiiiiiiiiiiii .. 51

Table 25 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using A High Volume Foliar Method: 1995.......... 52

Table 26 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using A Low Volume Foliar Broadcast Method: 1995 53

Table 27 - Average Active Ingredient Per Acre (Gal / Acre) For
Singly Applied Herbicides Using An Aerial Method: 1995......................... 53

Table 28 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using A Basal Method,
In The Northeast United States: 1995.........ccoviiiiiiiiiiiiii, 54

Table 29 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using A Cut Surface Method,
In The North Central United States: 1995............ccooiiiiiiiiiiiii 54

Table 30 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using A Low Volume Foliar Method
With A Backpack Or Hand sprayer: 1995...........c.ccoiviiiiiiiiiiiiin, 55

Table 31 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using A High Volume Foliar Method: 1995......... 56

Table 32 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using A Low Volume Foliar Broadcast Method,
In The Southern United States: 1995.........cooiiiiiiiiiiic 57



Table 3
Herbic:
In The

Table ?
(Gal A

Table 3¢
Actne -

Table 30
Mowing

Table 36

Table 37;
The Perce

Table 3y

Table 38 .
The Relay,

Table 39 .

Vegetanor

Table 49
Vegmmr

Table 41

Table 43
Controp y-

Table 43 .
“bStation



X1

Table 33 - Average Active Ingredient Per Acre (Gal / Acre) For
Herbicide Mixtures Applied Using An Aerial Method,
In The North Central United States: 1995..........ccoiriiiiiiiiiiiiiiie 57

Table 34 - Recommended Maximum Limits Of Active Ingredient Per Acre
(Gal / Acre) For The Most Commonly Used ROW Herbicides...................... 59

Table 35 - Ratio Comparisons Of Actual To Recommended
Active Ingredient Per Acre For All Respondents.................cooeiiiiiiiiinn.n. 60

Table 36a - Regional Breakdown Of ROW Acres Treated With
Mowing And Hand Equipment: 1995.........cooiiiiiiiiiiiiiiiii e 61

Table 36b - Regional Breakdown Of Total Acres Treated Mechanically; 1995 62

Table 37a - Regional Breakdown Of Side Trim Methods Used And
The Percentage Of Respondents That Do Not Use Each Method.................. 63

Table 37b - Regional Breakdown Of Total Row Miles Side Trimmed: 1995 64

Table 38 - Individual Mechanical Methods Reported As ‘Other’ And
The Relative Miles Or Acres Treated..............ccooeiiiiiiiiiiiiiiiiiininniaen. 65

Table 39 - Ranking Of Reasons Given As To Why Mechanical Methods Of
Vegetation Control Were Used Rather Than Herbicide Methods................... 66

Table 40 - Regional Breakdown Of The Average Budget Allotted For
Vegetation Control From 1990-1995...........ciiiiiiiiiiiiiicree e 67

Table 41 - Precipitation Categories For The Geographic Divisions Of The
United States Based On Annual Rainfall....................cooooiiiiiiini e, 72

Table 42 - Divisional Breakdown Of Dollars Spent Per Acre To
Control Vegetation On Transmission Rights-Of-Way..........................oc... 73

Table 43 - Company Responsibility For Vegetation Control At
Substation/Generating Stations, By Region...............coooviiiiiiiiininniienene. 76

Table 44 - Herbicide Use At Substation / Generating Stations For Companies
With Vegetation Control Responsibilities, By Region.................ccooiiiii. 77

Table 45 - Most Common Herbicides Used At Substation / Generating Stations 78

Table 46 - Regional Breakdown (Acres) Of Herbicides Applied To
Substation / Generating Stations. ..............coeueuviieieniniieniiniieae 79



it BB

Table

Stbstar!

Table 4
At Subs

Table 4¢
Based (

Table &
Region (

Table 5]
Of Inves:

Table &2
In Table

Table 3
Rankeq B,




xii

Table 47 - Herbicide Mixtures Reported Applied At
Substation/Generating Stations: 1995...........ccoviiiiiiiiiiiiii 80

Table 48 - Regional Breakdown (Acres) Of Herbicide Mixtures Used
At Substation / Generating Stations..............oceivieiiiiiiiiiiiiiii 81

Table 49 - Regional Vegetation Management Program Priorities For 1995,
Based On A Scale Of 1-8.... ..o e 82

Table 50 - Mile Conversions Of Total Sample Acres Reported For Each
Region Of The United States...........c.oooiuiiiiniiiiiiiiie e e eieeeaeas 84

Table 51 - Estimated Land-Type Characteristics Of The 338,587 Miles
Of Investor Owned Utility Transmission Line With Voltage Greater Than 22KV 85

Table 52 - Investor Owned ROW Land-Types Converted To Acres From Miles
InTable S1. ... 86

Table 53 - Herbicide Application Methods, And Their Selectivity,
Ranked By Total Acres Treated............cccvuiiiininiiininiiiniinieiiieieeenaaens 93



Figure
Herbic:.

Figure
Along T

Figure 3 I
for Gar!

Figures 4
Delinea
Divisions




LIST OF FIGURES
Figure 1 - Comparison of Application Methods for Singly Applied
Herbicides Along Transmission ROW:1995...........c.cciiviiiiiiiiiiiiiiniiienne

Figure 2 - Comparison of application Methods for Mixtures
Along Transmission ROW:1995...... ...t

Figure 3 - Sample Calculation of Maximum recommended Application Rate
for Garlon 3A usinga LVFWBH Method................ccooiiiiiiiiiiiiiin

Figures 4a & 4b - Normal Annual Precipitation and Temperature

Delineations of the United States, with Thesis Geographic
Divisions SUPErPOSed.............euiuiriiitiiiiii i

Xiii



compan
prevent

the dev e

methads
control,
Inan a
forestry
with th,
for Eie
Way
manag
manag
of Ser
grow

€ener;

task, r



CHAPTER I: INTRODUCTION

In order to deliver electricity to their customers on a reliable basis, utility
companies must control the vegetation growing within their rights-of-way (ROW) to
prevent power outages. A significant sector of the arboriculture industry is dedicated to
the development and implementation of more efficient, longer lasting and less expensive
methods to control this vegetation. Despite efforts devoted to creating these methods of
control, little is known about the cﬁrrent practices being employed by the utility industry.
In an attempt to inform the public about vegetation control issues, a team of utility
forestry representatives, the Vegetation Management Task Force (VMTF), in partnership
with the Edison Electrical institute, developed the Environmental Stewardship Strategy
for Electric Utility Rights-of-Way in August 1995. The “Strategy” was developed as a
way to explain the purposes and practices of a modern right-of-way vegetation
management program. The strategy states, “the long-term goal of a vegetation ¥
management program is to provide for public and worker safety and to provide reliability
of service by converting right-of-way plant communities from predominantly tall
growing plant species to communities dominated by low growth plant species.” In
general, there are two methods of vegetation control presently used to accomplish this
task, namely mechanical control and herbicidal control.

Mechanical control refers to any management practice involving the use of either
mechanical mowing or mechanical cutting. Mowing shears saplings at ground level and
also shreds the stems. Cutting targets saplings and large trees, but the material is usually

stacked or processed into wood chips (Luken 1991). Mowing or cutting of target
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vegetation perpetuates the growth of incompatible, tall-growing species because of the
biological response of sprouting (VMTF 1995). As a result of carbohydrate stores located
in already established root systems, multiple sprouts can grow from the severed stumps or
from the roots (Johnstone 1990).

Mechanical methods are unfortunately, not completely viable techniques for
inhibiting deciduous forest regeneration. The resulting stands of nearly impenetrable
vegetation severely limit accessibility, and require frequent cutting of new vegetation to
maintain safe distances between trees and power-lines (Luken 1991). In addition, the use
of large equipment during mechanical control introduces soil heterogeneity into the
corridors. This heterogeneity, created by the presence of stumps, detritus, and exposed
mineral soil, provides adequate germination sites for a variety of undesirable tree species
(Luken 1991).

Herbicidal control methods are the primary emphasis of the Stewardship Strategy.
This is a result of their emergence as a valuable tool in the utility forester’s arsenal.
Unlike mechanical methods, herbicides attack both the above ground and below ground
systems of the target vegetation. An economic advantage occurs since resprouting does
not occur as frequently on an herbicide treated ROW as it does on one that is
mechanically controlled. This results in lower maintenance costs in the future because
management cycles are extended (Dow Elanco 1996). In addition to the economic
benefits associated with herbicide control, a number of studies have portrayed some
environmental benefits as well.

In Pennsylvania, it was shown that herbicides can be used to promote the

establishment of cover-types resistant to tree seedling invasion (Bramble et.al. 1992). In
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these same right-of-way corridors, population studies on bird and small mammal
populations were conducted comparing mechanically and herbicidally controlled areas.
An unexpected result of the former study was the retention of a large and diverse bird
population in the herbicide treated areas. The shrub cover type, developed via selective
control provided cover for the birds (Bramble 1994 a). Small mammal populations were
also more abundant and diverse when a combination of cover types were produced using
herbicide applications (Bramble 1994 b). In both cases, the retention of vegetative cover
via selective herbicide treatments, versus the total destruction of habitat via mechanical
methods is what allowed wildlife populations to remain. In Canada, herbicide treatments
applied to power line rights-of-way produced a plant community that contained more
plant species than adjacent non-treated areas (Geier et.al. 1992). A Massachusetts study
comparing the impacts of both control methods on wetland sites, showed that mechanical
treatments resulted in relatively higher physical impacts to the surrounding environment
than did selective herbicides. Also, chemical analysis of the soil and surface water
identified petroleum residuals from mechanical equipment, whereas no herbicide
residuals were found in the wetland surrounding the herbicide treated right-of-way
(Nickerson 1992).

Not all aspects of herbicide application are positive. The public perception of
herbicide use is not favorable. Past discoveries of detrimental side effects to non-target
species, including humans, caused by chemicals has created a feeling of ‘chemophobia’ in
the population (Worman 1991). This negative perception has resulted in increased
interest in the utility industry’s vegetation management practices, especially on the part of

State and Federal Government agencies. In some jurisdictions, regulations have even
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been implemented to completely ban herbicide application. In addition to environmental
protection, there is growing concern regarding worker safety when applying these
chemicals. Current EPA regulations search to remedy these concerns by requiring
herbicides be tested for their toxicity, carcinogenicity and epidemiology before they are
registered for use in the United States. These test results help determine whether
chemicals are classified as either general or restricted use herbicides. Each registered
herbicide must contain a label detailing these results. The Occupational Safety and
Health Administration (OSHA) then uses these classifications to set regulations that
determine the amount of training each worker must have to use the chemical and what
protective measures must be followed when applying the chemical (Worman 1991) (Lu
1991).

This thesis is one of a two-part, descriptive study of vegetation control on electric
utility rights-of-way, specifically for transmission lines with an emphasis on the types and
amounts of herbicides being applied. The second part will address the methods used
under distribution lines.

Its intent is three fold. Primarily, it will provide an initial identification of
vegetation management practices currently used by utility companies along transmission
rights-of-way. Regional comparison of these methods is valuable data from which
continued stewardship can be directed.

The second intent is related to public concerns of potential secondary toxicity
risks associated with herbicide use. To address the concerns of herbicide risk, the
Stewardship Strategy focuses on, “minimizing the amount of active ingredient of a

particular product (or products) per acre rather than reducing the total volume of products
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used (VMTF 1995).” Calculating the active ingredient per acre applied for each reported
herbicide will assess the current risks to the environment and the public. These
calculations will provide the base line data needed to determine whether or not a further
reduction in active ingredient per acre is necessary. In addition, these rates will be
compared to the EPA approved, manufacturer recommended maximum rates in order to
measure the compliance factor of herbicide application.

The final intent of this thesis is an investigation into possible differences of
vegetation control intensity between companies in different regions of the United States.
It is suspected that this intensity differs with the geographic area in which the control
takes place. The focus is to compare the reported dollars spent per acre for all vegetation
control, based on regional precipitation and temperature differences. Dollars per acre are
not the only measure of intensity. However, in the current atmosphere of deregulation,
comparisons of dollars spent per acre could be important and useful information for
utility companies as competition increases. Specifically, two hypotheses were created

that will be considered by these comparisons.

Ho:  Precipitation differences have no influence on dollars spent per
acre (vegetation management intensity)

H1:  There is an influence
Ho: Temperature differences have no influence on dollars spent per
acre (vegetation management intensity)

H1:  There is an influence
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CHAPTER II: METHODS AND MATERIALS

SAMPLING METHOD

A survey was developed that would solicit the information needed to conduct the
study (Appendix A). Respondents were to give information on various characteristics of
the transmission line rights-of-way for which their companies were responsible. The
survey contains five categories of questions; they are: right-of-way characteristics,
control methods used, total dollars spent on vegetation management, priorities of the
vegetation management program, and substation/generating station vegetation
management data. The primary concern in development of the survey was ease of
completion. Therefore, all questions had to be direct and readily comprehendible. This
objective proved to be challenging because of the difficulty in separating mechanical and
herbicide control for both transmission and distribution utility rights-of-way. Following
the 5-month creation period, the survey was sent for review to various members of the
vegetation management task force as a pilot study. A total of four pilot studies were
done; from which, various suggestions, regarding both content and ease in completion

were incorporated to create the final version.
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SAMPLING DESIGN

The study was accomplished via a census of all the companies represented by the
Utility Arborist Association. A total of 220 UAA companies consisting primarily of
investor owned utilities were identified. These companies represented 49 states and 4
provinces of Canada. Owing to competitive advantage concerns in the industry, it was
concluded that all data acquired would be reported only as group data. Thus, all
recipients were organized into one of five regions depending upon their location, and then
subdivided into divisions for organization purposes. Except for Canada, these categories

correspond to the U.S. Census designations, as follows:

Region 0 -  Represents all Canadian respondents
Region I - The Northeast United States:

Division 1-  Maine, Vermont, New Hampshire, Massachusetts, Connecticut,
Rhode Island
Division 2- New York, New Jersey & Pennsylvania.

Region 2 - The North Central United States:

Division 3-  Michigan, Ohio, Wisconsin, Illinois, Indiana,
Division 4- Missouri, North Dakota, South Dakota, Nebraska, Kansas,
Minnesota and Iowa

Region 3 - The Southern United States:

Division 4-  Delaware, Virginia, West Virginia, Maryland, North Carolina,
South Carolina, Georgia, Florida,

Division 5-  Kentucky, Tennessee, Mississippi. Alabama,

Division 6-  Arkansas, Louisiana, Oklahoma & Texas.
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Region 4 -  All returns in the Western United States:
Division 7-  Montana, Wyoming, Utah, Idaho, Nevada, Colorado, New Mexico,

Arizona,
Division 8-  Washington, Oregon, California, Alaska & Hawaii.

RIGHT-OF-WAY CHARACTERISTICS

The first category, right-of-way characteristics, dealt with descriptions of the
transmission line rights-of-way (ROW) that the company owned. The first question
asked for the total acres or miles of ROW for which the companies were responsible.
The survey was designed to solicit width of the ROW or, alternatively. the percentage of
the ROW corresponding to that width if the first answer was given in miles. This
information allowed conversion of miles of ROW into acres for later calculations. The
next question dealt with the land type corresponding to the ROW and its percentage of the
total ROW. Four options were given: percent of the ROW requiring vegetation control;
percent of the ROW used as agricultural/grazing land; percent of the ROW open with no
management required (lakes. roads, yards. parking lots etc.); and percent ‘other’, with the

respondent specifying type.
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CONTROL METHODS

With the percentage of ROW requiring vegetation control established in the first
category of questions, the second category of questions relate to the methods used to
control that vegetation. This category is divided into two parts, herbicide control methods
and mechanical control methods. Information on herbicide use was queried with the
question; “do you use herbicides to control vegetation on transmission line rights-of-
way?” Leading from a ‘yes’ answer is the Transmission Line Herbicide Report Form
(Appendix A. 3). This report form requested four types of information, name of herbicide
used, total acres or miles to which the herbicide was applied, the amount of herbicide
applied. and the method used to apply the herbicide. Methods used were selected from
six choices, all of which are accepted practices in the vegetation control industry. The six
methods were: basal treatment, cut surface treatment, high volume foliar application with
a hand gun, low volume foliar application with a backpack or hand sprayer, aerial
spraying (including herbicide side trim), and low volume foliar broadcast (fixed boom,
radiarc, etc.). An additional category of ‘other’ was added with the respondent specifying
any other application methods not listed as a choice.

Each of the six methods can be separated into one of three management strategies:
Individual Plant Treatment, Low Volume Foliar treatment and Broadcast Foliar treatment.

All individual plant treatments (IPT) apply herbicides to target vegetation
following an initial brush clearing. This clearing is done either mechanically or

chemically. IPT is divided into three types, Basal Bark, Cut Surface, and Soil Applied.
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With a Basal Bark treatment, herbicides are applied to the lower portion of the
target plants. Generally, the herbicide penetrates the bark and is translocated to the rest of
the living plant.

Cut Surface applications are basal techniques that administer herbicide to the
cambium of freshly or recently cut trees. This method is the most flexible because
application is possible any time of the year except during periods of heavy sap flow. The
herbicide translocates to the established root system and disrupts water and stored
nutrient flow, thereby reducing the potential for stump sprouting of the undesirable tree.

With Soil Applied methods of application, herbicide is administered in granular or
liquid form at the base of the target plant and then transported to the roots via the soil
moisture. Desired results of this method require chemicals with a moderate to high soil
motility. High soil motility of chemicals increases the chances for non-target vegetation
to be affected by the application. It became apparent in the pilot studies of the survey that
the soil applied method was the primary one used to control vegetation at
substation/generating stations where bare ground situations are preferred. Thus, it was
not included as a ROW method on the report form (APP A3).

Similar to the IPT strategy of herbicide application, Low Volume Foliar methods
should be used to maintain a site after it has been cleared. The term low volume refers to
the amount of water that the herbicide is diluted with, not the amount of herbicide used.
The best sites for this method are those with low stem density (1500-2000 stems/acre)
and a low average stem height (ideally 4-7ft). The most popular of these techniques

employs the use of a backpack or hand sprayer to apply the herbicide. Low volume foliar
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techniques allow the applicator to be more selective, resulting in substantially fewer off-
target effects.

A second type of low volume foliar method is a broadcast method incorporating
the use of a hydraulic pump to deliver the herbicide instead of a backpack. The use of
long and sometimes flexible booms allows for the selectivity needed to keep low volume
techniques economically feasible. This method allows applicators to use existing high-
powered equipment.

The third strategy of herbicidal vegetation control is Broadcast application. Two
methods fall within this category, High Volume Foliar and Aerial application. These
treatments are best suited for reclamation work on rights-of-way with stem density greater
than 2,500 stems/acre. High volume foliar application is a ground-based method using
high-powered hydraulic pumps to deliver herbicides in a sweeping, non-selective manner;
meaning, all plant life is treated regardless of species or growth form.

Aerial methods incorporate the use of a helicopter or, sometimes, fixed wing
aircraft. Guidance systems are used to navigate the vehicles in order to minimize off-site
damage. Aerial application methods can only be used in stable, non-inversion
atmospheric conditions, with little to no wind to minimize drift of the herbicide. Both
broadcast methods generally require areas where sensitive borders do not exist, so as to
prevent non-target damage.

If herbicides were ‘not’ used, the respondent was directed to the next question,
and asked if there were areas of the right-of-way where mechanical methods were used
exclusively. Again, leading from a ‘yes’ answer was a report form named the

Transmission Line Mechanical Brush Control Report Form (App A-4). This form
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queried a list of five mechanical vegetation control methods commonly used by utilities.
with a corresponding unit of area or distance. The first two methods, mowing (i.e. Hydro
Axe) and hand equipment (clearing) are used to clear all or some part of the ROW; thus
they had a corresponding area unit designated in acres. The next three methods listed are
variations of side trimming: side trim with use of a helicopter, side trim with use of a
bucket truck and side trim using manual tools. Since side trimming is a linear procedure,
all the methods listed had a corresponding distance unit designated in miles. Four
additional ‘other’ entries were possible with the respondent specifying the other type of
mechanical maintenance.

The third and fourth questions included in the Control Methods category are small
but important. The third question allowed the respondents to add additional control
methods that didn’t fall within the herbicide or mechanical control categories. If such
methods did exist, the respondents were asked to identify and explain the method. The
last question in this category asked, “of all the above control methods used, which one

has increased the most over the last five years (1990-1995)?”

BUDGET

The third category of questions was concerned with the budget allotted for the
vegetation control program. Respondents were asked for the average expenditures for
vegetation control under transmission lines over the last five years. The question
contained three parts: total dollars spent, percent spent on herbicide control, and percent

spent on mechanical control.
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PRIORITIES

The fourth category of questions was concerned with the priorities of vegetation
management programs along transmission line rights-of-way. This question listed eight
priority headings that were ranked from 1-8 in the vegetation management program
(1 being most important and 8 being least important). The priorities are: Aesthetics,
Biodiversity, Customer Satisfaction. Lengthen Vegetation Control Cycle, Minimize
Herbicide Usage, Reduce Liabilities, Safety and Reliability of Service, and Wildlife

Habitat.

SUBSTATION / GENERATING STATIONS

The last category of questions deals with substation / generating station vegetation
control methods. This category was included to obtain a complete picture of herbicide
use by utilities, rather than strictly herbicides used beneath transmission or distribution
rights-of-way. Two questions were asked. The first being whether or not the company
was responsible for vegetation control at their substations/generating stations. A response
of ‘yes’ led to the second question; “Do you use herbicides to control vegetation at
substations/generating stations?” Following a ‘yes’ answer to the second question was a
small table asking for the following input: name of the herbicide(s) used, rate (gal/acre,
Ib./acre, oz/acre) at which the herbicide was applied, and the total acres to which the

herbicide was applied.
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MAILING PROCEDURE

A total of five mailings were sent to the Utility Arborist Association companies.
Each mailing contained a copy of the survey, a letter explaining the background and
importance of the study, and a business reply envelope for returning the survey . A letter
encouraging completion and prompt return of the survey from Mr. James Downey, the
current president of the UAA was also included

Upon receiving the completed survey, the respondent’s name was removed from
the mailing list. The survey was identified and categorized as to the appropriate region,

and data from the survey was entered into a computer data file.

STATISTICAL ANALYSIS

Statistical procedures and data manipulations were performed with the Anderson
Bell statistical program AbStat® using a Gateway 2000 version G6-180 computer. All
data were coded and entered as variables established in the program.

The analyses in this thesis are of a descriptive nature. Procedures used include
cross tabulation of the several variables and the five regions, with a primary emphasis on
herbicide methods, as identified in the Stewardship Strategy. An additional long-term
goal of the Stewardship Strategy is to quantify the active ingredient of herbicide per acre

of ROW. Therefore, calculations of active ingredient per acre (gal/acre) were performed






dependent on the information given by the respondents. Incomplete information was

regarded as missing and calculations were performed accordingly.



CHAPTER IIl: RESULTS

Respondent Characteristics:

A total of 81 utility companies, 37% of those solicited, representing 2,600,487
acres of transmission right-of-way, responded to the survey (Table 1). Four companies
responsible for 777,414 acres of transmission ROW represent Canada. Twelve
companies responsible for 211,876 acres of transmission ROW represent the Northeast
United States. Twenty-two companies responsible for 627,518 acres of transmission
ROW represent the North Central United States. Twenty-nine companies responsible for
824,101 acres of transmission ROW represent the Southern United States. Lastly.
fourteen companies responsible for 159,578 acres of transmission ROW represent the

Western United States (Table 2).

Table 1: Regional Breakdown of Population Sample

. . o

Recipients of Number Returned Yo Retur-ned Per
Survey Region

CANADA 9 4 44

NORTHEAST 39 12 31

NORTH CENTRAL 59 22 37

SOUTH 70 29 40

WEST 43 14 30

Totals 220 81
% Returned Overall i 37
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ROW Characteristics

Sixty-nine percent (1,790,682 acres) of the total transmission ROW acres
represented requires vegetation control. Twenty-two percent (528,793 acres) of the
ROW acres are used for Agricultural/grazing purposes. Seven percent (165,450 acres)
are Open land (parking lots, yards, roads, lakes) that require no management and 3%
(73,167 acres) represents ‘other’ land use, such as submarine and subsurface cables,
conductors designed with greater than 100" clearance. and a combination of agricultural
and open land not requiring management (Table 2).

There are an additional 63.456 acres that were reported without the land-type
designations. These acres represent approximately 4% of the total acres reported. Since
their contribution to the study, in terms of land-type designation is minimal, the

additional acres were left out of Table 2.



Table 2. Total Reported Transmission Line Right-of-Way Acreage, Land Type Characteristics,
and Percentages for Each Region of the Population Sample
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Vegetation Management Practices:

Seventy-five percent of the responding companies stated that they used herbicides
on those transmission ROW acres that required vegetation control. Furthermore, the
majority of respondents in all of the regions except the Western United States, reported

using herbicides on their ROW (Table 3).

Table 2: Regional Breakdown of Companies that use Herbicides on Transmission Line Rights-of-way

|
Use % Of Do Not Use % Of Total Number
REGION Herbicide | Respondents | Herbicides | Respondents | Of Respondents
CANADA 3 75 1 25 4
NORTH EAST 10 81.8 2 18.2 12
NORTH
CENTRAL 16 70 6 30 22
SOUTH 25 88 3 12 28
WEST 5 39 8 62 13
Totals 59 ; 20 79
% of All P
Respondents | 75 ! 25 100




Tab

\eo




20

However, of those same companies, the vast majority (89%) stated there were
areas of their transmission ROW where mechanical control methods were used

exclusively to control vegetation (Table 4).

Table 4. Sample Population Companies that have Areas of Transmission ROW Where Mechanical

Vegetation Control is used Exclusively

Exclusive Mech. l Non-Exclusive Mech.
| i

. #of % of # of % of |Total Number
REGION | Responses | Region |Responses' Region of

' P 9 P 9 Respondents
CANADA 4 100 0 0 4
NORTH EAST 11 l 90.9 1 9 12
NORTH CENTRAL 19 | 85 3 15 22
SOUTH 25 . 88 3 12 28
WEST 12 ; 92 1 8 13

A O T
TOTALS 71 ! ; 8 ! 79

% ofAanl N L

Respondents | -8 1 1 | 100
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Respondents were also asked whether herbicide or mechanical control had
increased the most from the period from 1990 — 1995. Six percent of the respondents
chose not to answer. Of those that did respond, 35% stated there was no change: 33%
stated herbicides had increased and 26% stated mechanical methods had increased

(Table 5).

Table 5. Most Increased Method used to Control Vegetation along Transmission ROW

From 1990-1995

REGION No Response | Herbicide Mechanical Same
 CANADA 0 1 2 1
NORTH EAST 0 2 4 6
NORTH CENTRAL 1 6 5 10
SOUTH 0 17 2 9
WEST 4 2 6 1
Totals 1 5 ‘ 28 | 19 |27
e - e -
% of All f ‘ ! '
Respondents | 6 33 26 I 35
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HERBICIDES

To best reflect the current trends in herbicide vegetation control used by utilities.
all herbicide information has been divided into two groups. These groups are singly
applied herbicides (referred to as Herbicides in tables) and herbicide mixtures (referred to
as Mixtures in tables). Singly applied herbicides are those that are used by themselves to
control vegetation. It should be noted that herbicide mixtures marketed under a single
name are considered singly applied herbicides, and all necessary calculations were made
to all ingredients. An example is Tordon 101M, which contains both Picloram and 2,4-D.
Herbicide mixtures represent two or more chemicals mixed together and then applied to
control vegetation. Mixtures are encouraged by most manufacturers to increase the
potential of effective brush control. The number of herbicides available for use allows
for a seemingly limitless number of combinations. Both groups of herbicide are reported
in three different formats: 1) Herbicides Used, 2) Methods of Application, and 3)

Calculated Active Ingredient of Herbicide per Acre.
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Section 1: Herbicides Used

Singly Applied Herbicides

Since some returned surveys contained incomplete information regarding amounts

of herbicide applied, projected total gallons of each herbicide were calculated for the top

11 herbicides and then ranked by gallons applied (Table 6).

Table 6. Most Common Herbicides Used by Respondents along Transmission Rights-of-way: 1995

# with .
Herbicide ll:‘er;z:tee:‘lcy '{;:tl;‘;ns g:[l)l::tid g:fl.ons 'l;‘;:i?c(t;ﬁlons
Garlon 3A 10 130,304 8 16,288 162,880
Garlon 4 19 39.475 13 3,037 57,694
Accord 14 36,383 12 3.032 42.447
Arsenal 10 19,143 10 1,914 19,143
Krenite S 9 7.829 8 979 8.807
Tordon 101M 3 6,774 3 2,258 6,774
Escort 7 3,658 7 523 3.658
Pathway 3 3.518 3 1,173 3,518
Spike 6 2,635 4 659 3,953
Tordon K 4 194 4 49 194
Pathfinder 3 53 2 27 80
Others 10 31,483 31,483
Totals 89 281,449 340,631
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Garlon 3A was the most applied herbicide with 162,880 projected total gallons.
Garlon 4 was second with 57,694 projected gallons, while Accord with 42,447 projected
gallons and Arsenal with 19,143 projected gallons were third and fourth, respectively.
An alphabetical listing of all singly applied herbicides reported as ‘other’ in Table 6, and
their frequency are listed in Table 7. The ‘other’ category represents 7 herbicides
mentioned only once or twice in the survey. These herbicides are most commonly used
in agricultural situations where only broad leaf weed control is desired. Complete

information on all reported chemicals is supplied in Appendix 3.

Table 7. List of ‘Other’ Herbicides from Table 6

FREQUENCY

HERBICIDE REPORTED

24-D
Access

Banvel
Diuron 80 DF
Round up

Simazine
Weedar 64
Tordon 101 R

—
(=)

TOTAL
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The Herbicide 2.4-D (2,4-dichlorophenoxy acetic acid) was reported as a singly
applied herbicide by two different companies. This listing is separate from other singly
applied chemicals that are sold as a mixture containing 2.4-D, such as, Pathway and

Tordon 101 M.

Herbicide Mixtures

Herbicide mixtures were not as frequently reported as those singly applied.

totaling only 28. The mixture of Accord/Arsenal was the most common among the

respondents. with 32,349 total projected mixed gallons applied (Table 8).

Table 8. Most Common Mixtures Reported along Transmission Rights-of-way: 1995

Frequenc Total # with Av Projected
Herbicide Reqo rte dy Gallons Gallons Gallf;ls Total
P Reported Gallons

Accord / Arsenal 9 24,950 7 3,594 32.349
Garlon 4 / Banvel 2 8,500 1 8,500 17,000
Tordon K /
Garlon 3A 3 11,118 2 5,559 16,677
Garlon 4 / Access 2 5,080 2 2,540 5,080
Others 12 6,246 6.246
Totals 28 55,894 77,352
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As with the singly applied herbicides, those mixtures categorized as ‘other’ are

listed in Table 9. In each case the respondents reported the mixtures only once.

Table 9. List of ’other’ Mixtures from Table 8

FREQUENCY

HERBICIDE REPORTED

Accord / Arsenal / Escort 1
Accord / Escort 1
Garlon 3A / Escort 1
Garlon 3a/ Tordon 101M 1
Garlon 3A / Tordon K / Arsenal 1
Garlon 4 / Arsenal 1
1
1
1
1
1
1

Garlon 4 / Weedone

Garlon 4 / Weedone / Escort
Krenite S/ Arsenal

Krenite S / Tordon K
Pathway / Vanquish

Tordon 101 M/ Vanquish

TOTAL 12
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Section 2: Application Methods

The second means of herbicide analysis relates herbicides used with the methods
of application. For singly applied herbicides, High Volume Foliar application was the
most common, representing 33% (30,654 acres) of the total acreage to which herbicide
was applied. Cut surface was second, representing 22% and a Low Volume Foliar
method using a backpack or hand sprayer was third, representing 21% of the total acres
(Figure 1). The acronyms LVFwBH, HVF, and LVFB are short for Low Volume Foliar
Application using a Backpack or Hand Sprayer, High Volume Foliar Application, and

Low Volume Foliar Broadcast Application, respectively.

Figure 1. Comparison of application Methods for Singly Applied Herbicides
Along Transmission ROW: 1995

Cut Surface
22%

LVFwBH
21%
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Two tables represent each of the 6 application methods. The first table labeled
with an 'a', presents an alphabetical listing of all the herbicides applied using each
method, a proportional analysis of each herbicide used, and the percent of each herbicide
in relation to its total use across ALL methods. The second table, labeled with a "b", is
the regional breakdown (measured in acres) of each herbicide applied using the same

treatment method.

Basal Application

Only four herbicides were applied by basal application. Garlon 4 was the most
frequently reported, and represented the largest area treated, with 12,240 acres (Table
10a). There were no reported basal applied herbicides in either Canada, or the Western
region of the United States. The majority of Garlon 4 was applied in the North Central

US (Table 10b).

Table 10a. Herbicides Applied Using Basal Techniques for all respondents

| | 1
Method ,Herbicidei Motho iﬂsfb?:izgt;::e Acres 2 s
]
Basal | Accord 625 435 | 660 | 49
| Arsenal | 6.25 588 495 36 |
~ lGaron3Al 125 | 1667 | 180 | 13
[ Garon4 | 75 | 387 12240 | 902 |
| L
Total | 100 ' 13576 | 100




Table 10b. Regional Breakdown (acres) of Basal Applied Herbicides*
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Northeast North Central South Totals
Accord 0 0 660 660
Arsenal 0 0 495 495
Garlon 3A 0 40 141 181
Garlon 4 245 8676 3319 12240
Totals 245 8716 4615 13576
% of Total 2 64 34 100

* Canada and West reported no basal applications

Cut Surface Application

Seven brands of herbicides were applied by a cut surface method. Garlon 4 was
again the most frequently reported, and was applied to 28.9% (5887 acres) of all the
transmission ROW acres treated with this <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>