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Introduction
and Scope of

Project

The research project associated with
plant and animal penetrations of
earthfilled dams was proposed through
the Interagancy Committee on Dam
Safety (ICODS) Subcommittee on
Dam Safety Research. The project
was subsequently submitted through
ICODS for funding by the Federal
Emergency Management Agency
(FEMA). The project was funded by
FEMA with a contract administered
through the Association of State Dam
Safety Officials.

The Steering Committee for the Plant
and Animal Penetrations of Earthfilled
Dams Project was comprised of
representatives from ASDSO,
academia, private practice, state
agencies, and federal agencies.

The scope of work or purpose of the
research project as set forth in the
agreement between FEMA and
ASDSO was to identify dam safety
state-of-practice issues and research
needs relative to plant and animal
penetrations of earthfilled dams. The
purpose of this project was to be
accomplished through the
achievement of five objectives, which
include the following tasks:

1. Conduct literature searches and
surveys to determine state-of-practice
issues and research needs.

2. Organize and conduct an
invited-participant state-of-practice
and research needs workshop.

3. Publish a proceedings of the
presentations made at the workshop.

4. Publish a project report to be
submitted through ICODS to FEMA.

The workshop on Plant and Animal
Penetrations of Earthfilled Dams was
conducted November 30-December 2,
1999 at the University of Tennessee
Conference Center in Knoxville,
Tennessee. The workshop was a
successful undertaking that opened
communications between the dam
safety and wildlife communities.
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Pre-Workshop Data
Collection

The data collection process was
identified early on as the key to
successfully completing the project.
Some of the questions asked in the
initial stages included:

1. What is known about the impacts of
plants and animals on dams?

2. What kinds of policies or procedures
are being followed by regulatory
agencies (state or federal) for dealing
with plants and animals on dams?

3. How can the gaps in knowledge or
technology that prevent dam owners or
regulators from developing effective
methods to control plant and animal
damage to dams be identified and
addressed?

In order to collect as much information
as possible on this topic, several
literature reviews and surveys were
completed. ASDSO Information
Specialist Sarah Mayfield conducted a
search for sources of information on
plant or animal impacts on dams. The
resulting bibliography included
references from the following sources:
the American Society of Civil
Engineers (internet database), the
Association of State Dam Safety
Officials (newsletter articles and
conference proceedings), the Canadian
Dam Safety Association (conference
proceedings), and several state and
federal agencies (technical notes/fact
sheets/guidelines).

In addition, Dr. Bruce Tschantz of the
University of Tennessee and Dave
Woodward of North Carolina State
University undertook independent
searches of university databases and
other sources of information on plant
and animal impacts on dams. Dr.
Tschantz compiled a significant
number of references from some of the
same sources listed above, as well as
from the National Technical Advisory
Service (NTIS) and the National
Performance of Dams Program
(NPDP). His bibliography includes
references on the general physiology
and character of woody plants,
documented case histories of problems
attributed to woody plants on dams, as
well as current research activities
involving the effects of woody plants
on dam safety.

Mr. Woodward consulted Water
Resources Abstracts and the Agricola
Database, as well as the sources used by
Dr. Tschantz. His bibliography
includes references on the habits of
burrowing animals; case studies of
animal-caused damage to
embankments and spillways; agency
practices for preventing, controlling
and repairing such damage; and related
research activities.

In addition to the bibliographic
searches, a large number of dam safety
specialists were given the opportunity
to contribute to the “body of
knowledge”. Surveys were developed
to extract information from different
groups, asking them to describe their
experiences with plants and animals on
dams. Primarily, the committee wanted
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to know the following:

» What types of policies or operating
procedures are being utilized by
regulators facing problems with the
management of plants or animals
on dams, and, if no policy or
procedure exists, then what
recommendations are regulators
making to dam owners concerning
such problems?

o What legal, financial,
environmental or other constraints
apply to the resolution of impacts
made by plants and animals on
dams.

In addition, the survey respondents
were asked to supply the following:

» Documented evidence where plant
or animal impacts have negatively
impacted the operation of a dam, or
contributed to its failure, and

* References to research projects or
discussions already completed or
underway regarding the effects of
plants or animals on dams.

Surveys were distributed to all state
dam safety regulatory staffs, all federal
agencies with dam safety responsibility
(through their ICODS representatives),
and to several dam owners and
consultants (through the ASDSO
Affiliate Advisory Committee).
Responses were received from 48
states, 11 federal agencies, and four
representatives of the private sector.
The detailed survey response data was
compiled and can be viewed in sections
One and Two of the attached workshop
proceedings.

Key results of the surveys include the
following:

* All state dam safety officials
consider trees and plant growth on
dams to be a safety problem.
Further, both state and federal
officials generally agree that trees
in particular have no place on
dams.

« The problem most commonly noted
by state officials is that trees, woody
vegetation, briars, and vines on
dams interfere with effective safety
inspections.

« Twenty four of the 48 responding
states do have either a formal policy
or operating procedure for
addressing tree and woody plant
growth issues. Of the remaining 24
states that do not have a formal
policy or procedure, the range of
recommended procedures to dam
owners varies widely.

* The greatest constraint to having
unwanted trees and plants removed
and repairing a structure infested
with roots is the limited financial
capacity of the dam owner. The
second most listed constraint was
environmental regulations, such as
limitations on the use of herbicides,
or the prohibition of burning
vegetation.

o Twenty-nine states have
documented evidence where
vegetation on dams has either
caused dam failure or negatively
affected their safe operation.

« The most severe problem impacting
the integrity of dams caused by
animals is the burrowing into
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embankments by muskrats, beavers,
and woodchucks. The next most
significant problem is clogging, or
the obstruction of hydraulic
structures and spillways.

The seepage and piping caused by
such burrowing or tunneling
activities by animals have resulted
in documented dam failures.

For animals the most successful
abatement method, cited by at least
40 states and nine federal agencies,
is trapping (including live trapping
and relocation of the animals).
Additional procedures cited include
habitat alteration, exclusion (such
as fencing and filters), hunting, and
toxicants.

Controlling vegetation and animal
populations on or near dams can be
an expensive and time-consuming
activity, but the cost of control
methods pales in comparison to the
potential cost of repairing neglected
dams that have been damaged by
plant and animal penetrations.

Literature Review

The literature review yielded several
references on federal and state
practices, policies, and procedures for
dealing with trees and vegetation, but
few research reports.

The literature search yielded
documentation of numerous cases of
animals causing damage to
embankments and spillways, and
various procedures for dealing with the
problem, but little in the way of
research.

Workshop Results

Another component of the project, the
Specialty Workshop on Plant and
Animal Penetrations on Dams, fulfilled
an objective of the original project
scope of work, and was designed to
complete the data collection process.
The steering committee’s goal was to
bring together a group of experts with
experience in all aspects of the issue for
more in-depth, face-to-face
discussions. The participants included
state and federal regulators, dam
owners, academics, and private
industry representatives. All had either
had direct experience dealing with the
impacts of plants and animals on dams,
had researched the issues, or were
developing potential solutions to the
known problems. In addition to the
broad range of expertise, the
participants also represented all regions
of the U.S., ensuring that all types of
animals, vegetation, climates, and
structures were included in the study.

The workshop was held November 30
to December 2, 1999 in Knoxville,
Tennessee. The twenty-two invited
participants each made a 30-60 minute
presentation summarizing their
experiences or research relating to
plant or animal impacts on dams.

Key findings from the workshop
include the following:

* All types of dams (large, small,
earthen, and concrete), and their
appurtenant structures are
vulnerable to safety problems
caused by plants and animals.
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o While all dam safety regulatory
agencies are aware of the problems
associated with plant and animal
penetrations on dams, some can
take a stronger enforcement stand
on prevention and elimination,
while others are more limited by
financial, environmental, or legal
constraints.

Tools, technology and methods are
available to help regulators and
owners identify, prevent and
mitigate problems with plants and
animals on dams. Information on
the most effective tools should be
compiled and distributed to those

responsible for the safety of the
dams.

The impacts of vegetation on dams
and the efffectiveness of treatments
to inhibit the growth of plant roots
on dams are the two areas where
further research is most needed.
Not enough scientific information is
available to determine what the
acceptable level (amount, size) of
vegetation on dams should be; and
more facts are needed about how
the currently recommended damage
mitigation and repair methods
work.
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In the years since this issue was first
studied, dam safety regulators (and
some dam owners) have become more
educated about the safety problems
caused by animals and vegetation on
dams. Not only is there more
knowledge, but also more agreement
about the need to prevent and repair
damage caused by plants and animals
on dams. Specifically, dam safety
officials and experts agree that
vegetation and animals need to be
managed and controlled on both
existing and new dams for these
important reasons:

(1) Woody plants and dense vegetation
(and in some cases, animals) hinder
effective dam inspections; and

(2) Tree roots and animal burrowing
can cause serious structural instability
or hydraulic problems with dams,
which could lead to dam failure.

However, the “state of practice” is
somewhat fragmented and inconsistent
among the responsible parties. On the
regulatory side, a significant range of
differences exists among state and
federal agencies with respect to treating
the plant and animal problems. Some
state agencies have no official policy on
the issue and treat each case
individually, while other states, and
almost all federal agencies have a “zero
tolerance” rule, especially with respect
to large trees on dams. Most state
policies on vegetation fall somewhere
in the middle, allowing certain levels of
vegetation (i.e. shrubs or small trees
only), or requiring the cutting of live
trees but allowing tree stumps to

remain, etc. Policies on the treatment
of animal impacts are mostly
inconsistent.

Regarding vegetation/animal
management and control, several
factors seem to contribute to the
fragmentation of the current state of
practice. One is that the diversity of
problems, and the types of plants and
animals that cause them, seems to
widen by the day. Climate and
geography determine what types of
trees will grow and what types of
animals will invade dams in different
parts of the country. For example,
while beavers and muskrats seem to
cause problems everywhere, animals
such as crayfish, armadillos, and
gopher tortoises would only be a
concern in very specific areas.

Additionally, geological factors such as
soil types and conditions, and
groundwater levels will result in
different growth patterns of tree roots.

Finally many dam owners and state
regulators are unaware of what
resources are available to help with
these problems. Better communication
between organizations would for
instance, allow owners to take
advantage of USDA programs to help
deter or remove animals that cause
property damage, or to follow research
on herbicides being conducted by the
US Bureau of Reclamation. State
regulators would also benefit by
learning what damage prevention and
repair methods have been tried
successfully by other state programs.
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Summary of Research Needs:

It was concluded that through studying
case histories and conducting field
studies, vital information on the
impacts of trees and other vegetation on
dams could be collected. This
information is needed to help
regulators determine what (if any)
vegetation should be allowed on or near
dams.

The second area of research relates to
the treatment of roots. Workshop
participants learned about
chemical/herbicide treatments that are
being used by the USBR to deaden
roots, as well as some barrier
substances that can be used to prevent
root growth into unacceptable areas.
Studies of these and other possible
methods of root control are needed to
determine what works and what
doesn’t.

Summary of Development Needs:

Several areas for future development
were identified by the group. The first
is characterized by education. Tools
are needed for educating dam owners
and engineers on how to spot problems
caused by plant and animal
penetrations, how to prevent these
problems from occurring, and how to
mitigate (or repair) existing problems.

Specific ideas include the development
of a booklet for dam owners with
information on why plants and animals
should be kept off dams, how to remove
and manage animals and plant growth,
and a list of resources for aiding owners
with these types of problems. Both a
manual and a training seminar have
been proposed which would provide
dam owners and engineers with design
guidelines for preventing plant and
animal problems on dams, and
maintenance guidelines for removing
or mitigating existing problems.

It was also determined that a booklet is
also needed to train regulators and staff,
especially dam inspectors, how to
identify animal and vegetation
problems that threaten the safety of a
dam.

The experts propose that tools and
methods for repairing animal burrows
on dams be analyzed for their
effectiveness in different situations,
and that new tools and methods be
developed where needed.

Finally, the experts determined that
collaboration with other groups (such
as federal wildlife agencies) that have
research programs in place should be a
part of this development process.
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Woody Vegetation

Few citations to woody-plant-related
research were identified by any of the
three groups surveyed. The reference
most often cited was the University of
Tennessee Tree Growth Report
(Tschantz, 1988). The Corps of
Engineers referred to the technical
report series, Repair-
Evaluation-Maintenance-Rehabilitati
on (REMR) on research conducted at
the Waterways Experiment Station.

The literature review yielded several
references on federal and state
practices, policies, and procedures for
dealing with trees and vegetation, but
few research reports.

Workshop presentations on current
research in this area included
Biobarrier: A Long-Term Root Control
System, by William Hawkins; Control
Methods for Woody Vegetation, by
David Sisneros; and Engineered to
Fail? Tree Root Management on
Dams, by Dr. Kim Coder.

Animal Impacts

Those surveyed referred to numerous
instances where animals affected the
safe operation of dams and/or caused
dam failure. Few knew of any research
in this area. The following
documents/studies were among those
mentioned:

 Hegdal, Paul L. and Harbour, A.J.,
Prevention and Control of Animal
Damage to Hydraulic Structures,
U.S. Bureau of Reclamation and
U.S. Department of Agriculture,
1991.

» Hygnstrom, Scott; Timm, R M. and
Larson, Gary E. (eds), Prevention
and Control of Wildlife Damage,
Nebraska Cooperative Extension
Service, University of Nebraska
and U.S. Dept of Agriculture, 1994.

o Tschantz, Bruce A. and Weaver,
Jess D., Tree Growth on Earthen
Dams: A Survey of State Policy
and Practice, 1988.

« unspecified research by the USACE
Waterways Experiment Station

o Oklahoma Bulletin No. OK210-0-3,
Evaluation of Beaver Control Trials
(1989)

» Haggard, David W. and Dominick,
Max D., Evaluation of Beaver
Guards on Restricted Flow Risers
of SCS-Assisted Floodwater
Retarding Structures in Oklahoma,
USDA/SCS, 1989.

The literature search yielded
documentation of numerous cases of
animals causing damage to
embankments and spillways, and
various procedures for dealing with the
problem, but little in the way of
research.

Reports on current research in the field
were presented at the workshop by
Matthew Barner (The Use of
Ground-Penetrating Radar, Electrical
Resistivity, and Streaming Potential to
Assess Damage by Burrowing
Animals to Three Selected Portions of
Earthen Levees Near Dayton, Ohio)
and Jim Miller (Wildlife Damage to
Earthen Dams, Dikes, Levees, and
Related Structures).



Results

Item 2. Workshop Issues
Development and
Prioritization

In the interest of collecting as many
ideas as possible, but yet, preparing a
workable list of possible topics, a
special process was developed and used
in the workshop. This process was a
variation of the Strategic Planning
Process known as MetaPlan developed
by the IBM Corporation (see Appendix
3 for an explanation of the process).

Question to Resolve

The question developed for attendees to
address:

What are needed developments to feel
comfortable when dealing with woody
vegetation and animals associated with
dams?

The question is intended to be specific
to the desired outcome, but somewhat
vague so as to not influence input into
predetermined categories.

Prioritizing the Categories

Individuals are asked to define their
own priority (importance) for the
categories using a multi-vote. All
votes are counted for each category.
This voting creates a typical Pareto
distribution of the categories.

Participants were also asked to rank
difficulty. This is an estimate as to how
difficult items in a any particular
category may be. Difficult may mean
expensive, technically challenging,
complex, or any context, which the
participant chooses for any given
category. In this case each participant
gives EACH category a score of 0 to
10, with 0 being easy and 10 being
very difficult. Scores are then
averaged. Final results for importance
and difficulty are shown in the table
below.

Category

A DESIGN GUIDELINES
1. Determine design prevention measures

Table 1 - Categories, Items and Scores

2. A buffer zone minimum of 30 ft for deep rooted vegetation
3. Develop an engineering guide to establish barrier system

Difficulty (Avg)
(from 1-10)

Importance #
(From 1-25)

7 4.25

4. Allowable proximity of desert trees to dams
5. Different animals in different parts of U.S.
6. Do not limit discussion to “woody™ vegetation

B P&A MANAGEMENT OR CONTROL 14 5.33
1. Determine mitigated measures

2. Kudzu, how to get rid of it

3. Develop animal damage control techniques for aquatic vs. land animals

4. Recommended repair methods for deep animal burrows

5. Habitat alteration

6. Other dam upgrades with tree removal

7. Tree stump removal methodology
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Category Importance #

C RESEARCH & DEVELOPMENT 25
1. What are the interactions between plant/tree development
and the phreatic surface?

2. Rate of root decay

3. Burrow data

4. Tree root data

5. Research of root development pre & post treatment of control
methods

6. How do different tree species roots develop on dam slopes

7. Establish more definitive guidelines/technology on tree root
penetration

8. Develop barrier methods for targeted animals

9. Research vegetation that might act as animal repellent

10. Research to determine methods to keep animals out of
earthfilled dams

11. Best method for removing animals from dams

12. Brush root growth limits (understanding of)

13. Impacts of plants & animals on weak zones such as cracks
14. Growth limits

15. Acceptable size of root left in a dam

D INFORMATION RESOURCES 19
1. A concise. well illustrated bulletin or handbook for field use
by inspectors, that is weatherproof and practical.

2. Whatto look forre P& A.....

3. Determine extent of general problem

4. ASDSO session on P & A penetration issues

Expand reference sources/network for up to date information,
e.g. herbicides, wildlife damage, soil renovation techniques, etc.
5. Determine species of concem across U.S.

6. State inservice training involving other disciplines, and
expertise from a variety of sources, e.g. state DNR, CES,
others

7. Explain current technology for non-scientists regarding
control methods for trees/animals

8. Provide technical training relative to plant/animal dam
Penetrations

9. Establish tech transfer mechanisms (e.g. the web)

10. Need to look at levee experience

11. Establish database structure

12. What lessons can be learned about trees/animals on dams
from Europe & Asia?

13. Dam failure case histories

14. Send NPDP your slides for posterity

15. State of riser and drain dam design

E OPERATION & MAINTENANCE 6
1. More frequent inspection schedule for animal burrowing

2. Recommendation for frequency of mowing dam embankments

3. Recommendation for frequency (minimum) of inspections
(periodic) by owner or owner’s representive

Difficulty (Avg)

6.66

45
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Category Importance #

F. FUNDING 2
1. Money for funding remediation/repair

G. VALUE ENGINEERING 1

1. Develop cost models for P & A mitigation

2. Evaluate cost impact of P & A on dams

3. Value engineering methods for deep burrow repair (what is least
expensive & beneficial repair method)

H. INDUSTRY PRODUCTS 1
1. More input from industry products

2. Pesticides, p&a

3. Materials that are non-penetrable by animals

4. Chemical limits

I. INTERORGANIZATIONAL COOPERATION 1
1. Cooperative efforts between private/state groups to assist in
dam repairs

2. A trust relationship between owners and dam safety officials
3. Develop cooperative relationship between USDA state
extension & ASDSO

J END USER AWARENESS 22

1. Owner belief in proactive rodent and woody vegetation control
2. We need to develop effective awareness/education tools for
owners about the problems and management of plants/animals

on trees

3. Develop owner maintenance manual

4. Develop dam owner guidelines for plant (tree) damage control
5. Develop dam owner guidelines for animal damage control
assistance

6. Develop an owner guide for dealing with P & A

7. Develop cases/proof tools - why p&a are bad

8. Develop guidelines for removal of woody vegetation from dams,
for owners

9. Owner responsibility

10. Mention that problems associated with animals and trees are
recurring, not onetime problems

11. Develop method for educating dam owners of the need to keep
woody vegetation off dams

12. Develop method for educating dam owners of the need to keep
burrowing animals out of dams

13. Develop information pamphlet for chemical removal of woody
vegetation on dams for dam owners

K. POLICY & REGS 7
1. Uniform policy across states

2. Policy for removal of animals

3. Policy for repairing areas where animals have been removed
4. Policy for repairing areas where trees have been removed

5. Existing dams policy: Remove all trees and bushes

Difficulty (Avg)

5.72
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Category

6. New dams policy: No trees or bushes!

Ever! Period.

7. Establish a criteria for size & method of removal
of vegetation on dams

8. Use of IPM/BMP

9. Regulatory guidance: EPA, FW, DS

10. Determine where important in dam safety and
maintenance

L. INVESTIGATIVE TECHNIQUES

1. An accurate method of mapping burrow systems
2. Better ways to detect leakage from plants/animal
penetrations

3. Means to animal location/presence

4. Investigate barrier methods

M. PUBLIC RELATIONS

1. PR stuff to give public

2. Language understood by all

3. Being responsible to animal rights
4. Acceptable public animal control
5. Guidelines for dealing with “anti™’s

N. LEGAL ISSUES
1. Animal/plant caused failure liability

2. Publicize danger of plant/animal penetrations relative

to dam safety

3. Liability

4. Owner liability regarding A&P damage leading
to dam failure

Importance #

10

Difficulty (Avg)




= More)

Less/25

Importance (0

Using both types of data, a “decision quad” of the data was produced. The quad is
formed by four quadrants in the data, each of which is given a descriptive name.

Quad : Easy and important : Low Hanging Fruit
Hard and important: Strategic Items
Easy but less important: Do later .

Hard and less important: Consider

2 4 6 8

Difficulty (0 = Easy/10 = Hard)

10
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Based on the issues developed and subsequently prioritized, workshop participants
were askedto submit siggested research and development projects. Below is a
sample of the form used by the participants to record their project ideas. Following
the sample are copies of the completed forms as submitted by the workshop
participants. The ideas therein constitute the research and development
“deliverables” resulting from the workshop.

Survey on Research Pertaining to
Animal and Vegetative Impacts on Earthen Dams

1. Title/Description of Research Item:

2. Description

A. Why is this a priority research item?

B. What is the expected outcome?

3. Project Tasks and Needs
A. What tasks are to be done?

B. How is the problem to be solved?

4. Project Lead and Contact
A. Who is working in this area?

B. Who might be able to lead the project?

C. Who are good candidates to complete the work?
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1. Title/Description of Research Item:
Root Longevity Pre/Post Development Following Various Control Methods
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Based on presentations it seems that very little is known on what happens to roots on
trees/brush on dams that have had some type of control conducted on them. Do roots
of treated plants pose a problem to dams if not removed, covered with soil? The
research item would give information regarding decay rates, (void development,
soil types, PH) of roots following treatment.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Specific dams and sites could be located containing various types of dediduous,
evergreen and shrubs/trees. Current controls could be applied to this vegetation and
then monitored over a period of years. The observation period would need to be over
aprolonged period of time based on soil types, rainfall and geographic location. Itis
possible that chemical agents other than herbicides could be added to the treated
trees/brush to accelerate the decaying process. Labeled trees and brush could then
be periodically unearthed to determine rates of decay. This work could potentially
be conducted away from dam sites in small case studies which would mimic actual
sites.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

I don’t know of anyone working in this area. Dr. Marks would probably be able to
lead this project.
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1. Title/Description of Research Item:
Plant and Animal Problems with Dams Booklet
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Very important to educate dam owners about problems with penetrations and why
we need to prevent and mitigate them. A bookletI can give to John Q. Dam-owner
which clearly defines the problem, liabilities and corrective measures.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Current state-of-practice must be defined. Broad, general policies need to be
developed, i.e. trees on dams are unacceptable. Research areas must be defined. A
booklet or web-based document should be developed and made available.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

ASDSO, in conjunction with the BuRec and NRCS and private sector experts. A
cross-agency workgroup.



1. Title/Description of Research Item:

Results

Research and Development — Allowable Proximity of Trees to Dams

Item 3. Topics

Developed for Future

Research and o o .

Development Projects A. Why is this a priority research item?
B. What is the expected outcome?

2. Description

Dam failures have been attributed to tree impacts at dams.
3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Evaluate actual impacts of trees (various species) adjacent to both water storage
dams and flood control (dry) dams. Research needs to include field investigations,
compilation of case histories, and recommendations developed from research.
4. Project Lead and Contact

A. Who is working in this area?

B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

Recommend large organization such as ASDSO or federal agency research this in
cooperation with all having interest in dam safety.

10
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1. Title/Description of Research Item:
Development of Procedures for Repair of Animal Burrows in Dams
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Dam failures have been attributed to animal burrows.
3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Evaluate different impacts by animals known to burrow on dams. Repair procedures
to be developed for specific animal impacts, i.e., beaver dams, ground squirrel
burrows. Procedures may require dam owner to determine site-specific impacts
before selecting repair method.
4. Project Lead and Contact

A. Who is working in this area?

B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

Large organization involved with dam safety such as ASDSO.
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Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:

Manual for Minimizing Negative Impacts of Vegetation and Animals on Earth
Embankment Dams

2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Write manual which 1) provides design guidelines for preventing or minimizing the
occurrence of vegetative and animal problems, and 2) provides maintenance
guidelines for removing and mitigating the impacts of existing problems due to
vegetation and animals.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Determine extent of problem (plants and animals)

Determine current methods for dealing with problems

Write manual and publish

Provide training

SN

. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

12



Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:

ASDSO Regional Training Seminars “Plant and Animal Penetrations of
Earthen Dams” '

2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

This topic categorized as a strategic activity that with some difficulty can be
accomplished with or by use of the workshop manual to be developed from
workshop. Engineer and owner awareness will be the desired outcome.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Proposals will be developed to present both regional and specialty training seminars
to be sponsored through ASDSO.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?
C. Who are good candidates to complete the work?
Dr. B. Dan Marks, S & ME, Inc.
Dr. Bruce Tschantz, UTK
David K. Woodward, NCSU

Charles Clevenger, MS

Dr. Nale Nolte, USDA-APHIS
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Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:
Develop Two Types of Owner Brochures for States:

1. Why keep trees and brush off dams?

2. How to remove and manage trees and brush on dams.
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

The dam owner needs information, and the state dam safety field people need
reinforcement about why trees and brush have no place on dams. Also guidance on
removing, managing and preventing such growth in order to help inspectors and to
prevent potential failures.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

+ Review and compile existing literature,, state survey data, failure cases, state
and federal procedures/policies to give rationale, basis.

« Develop a tri-fold, slick, colored brochure for states to give to owners. Allow
space on manual for a given state to stamp their contact names, telephone
numbers, address, etc. for obtaining additional information.

4. Project Lead and Contact

A. Who is working in this area?
B. Who might be able to lead the project?
C. Who are good candidates to complete the work?

B. Tschantz, University of Tennessee, (trees/plants); with a couple of state officials
and consultants assisting. (C. Clevenger, D. Marks)

D. Woodward, NCSU (Also suggest a parallel set of brochures on animals.)

14



Results

[tem 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:

Research Practice Manual on Use of Chemicals, Bio-barriers in Dam
Applications

2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

This product technique, which seems to be well-established for gen landscaping
applications, has apparent promise for controlling trees/brush on earthen dams and
at various other appurtenant structures associated with all types of dams. Such
controls could eliminate potential tree & brush problems on dams.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

 Review current literature on all available barrier products, techniques and
applications in all types of protection situations.

» Document successful existing dam application prototypes (re: Bill Hawkins
note re: a Montana dam use of Bio-barrier)

« Determine dam feasibility, assess application potential, recommend any further
testing (field/laboratory)

» Develop a state-of-art report on current technology, constraints (cost,
environmental, etc.), matrix of products/applications.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?
C. Who are good candidates to complete the work?

Seek matching funds from Bio-barrier (Nashville) and other similar industry reps.

B. Tschantz, Univ of Tennessee, P.l., perhaps in cooperation with people from
NRCS and US FS.

Also with Tom Renckly with Maricopa County FCD
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Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:

Effects Trees and Other Woody Vegetation Have on Earthen Dams, or “Trees
Are No Friends to Dams”

2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

To educate dam owners, engineers and government officials on the damaging effects
tree roots and woody vegetation have on dams, especially earthen dams.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Specialized study on actual dams showing what effects tree roots have, how far into
the dam do they penetrate, what effects the phreatic line has on roots. Do the study
on an actual dam. Find some dam owners with these problems and get them to leta
study be made on the inside of the dam.
4. Project Lead and Contact

A. Who is working in this area?

B. Who might be able to lead the project?

C. Who are good candidates to complete the work?
Dr. Bruce Tschantz, UT Knoxville
Dr. Dan Marks, S & ME

Also, a parallel on animals with Dave Woodward, NCSU, and Dr. Dan Marks, S &
ME

16



1. Title/Description of Research Item:

Results

Collaborate with Ongoing Animal Damage Issues, Research and Operations

Item 3. Topics

Developed for Future

Research and o o .

Development Projects A. Why is this a priority research item?
B. What is the expected outcome?

2. Description

e Similarity of problems in other areas
 Reducing redundancy in addressing questions

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Identify who is working on these problems. Ensure researchers are aware of
concerns/needs of dam specialists.

4. Project Lead and Contact

A. Who is working in this area?

B. Who might be able to lead the project?

C. Who are good candidates to complete the work?
National Wildlife Center, Dick Curnow, Director (970/266-6000)
Wildlife Services — Regional offices

Raleigh, NC — Eastern Region: Gary Larson

Denver, CO — Western Region: Mike Worthen
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Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:
Handbook (weather-proof) for Dam Inspectors and Staff
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Concise, basic technical information with illustrations which can be used to identify
vegetative and animal problems or threats to dam safety and maintenance.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Involve engineering expertise, soils, vegetative, wildlife, and safety in developing
current research knowledge and translating this into an extension type of handbook
for use by dam inspectors and staff. Fact Sheet with more specific details can then be
developed for use to address problems identified.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?
C. Who are good candidates to complete the work?

ASDSO/Dam and wildlife services, state land grant university researchers.

We recommend that a state cooperative extension service specialist be contracted
with to do this work.

Contact: James E. Miller, National Program Leader, Fish and Wildlife,

USDA-CSREES/NRE, Rm 829 Aerospace Center, AG Box 2210, Washington, DC,
20250-2210
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Results

Item 3. Topics
Developed for Future
Research and
Development Projects

1. Title/Description of Research Item:
Guidelines/Awareness Document for Dam Owners
2. Description

A. Why is this a priority research item?
B. What is the expected outcome?

Concise, practical information written in non-technical language which would help
landowners identify plant and animal threats or hazards and a list of state or federal
agencies to contact for more information about specific problems.

3. Project Tasks and Needs

A. What tasks are to be done?
B. How is the problem to be solved?

Assembling known information and developing appropriate review to produce final
document for dissemination and use by dam owners/community leaders and the
public.

4. Project Lead and Contact
A. Who is working in this area?
B. Who might be able to lead the project?

C. Who are good candidates to complete the work?

ASDSO/Dam and wildlife services, state land grant university researchers, state
cooperative extension services

Contact: James E. Miller, National Program Leader, Fish and Wildlife,

USDA-CSREES/NRE, Rm 829 Aerospace Center, AG Box 2210, Washington, DC,
20250-2210

19



R QSQEQS The.: following is a cpmpendium of papers presented at the Spécialty Workshop on
] S Animal and Vegetative Impacts on Earthen Dams. Papers are in the order of

Item 4. Specialty presentation.

Workshop Proceedings

Overview of Issues and Policies Involving Woody Plant

Proceedings Table of Penetrations of Earthfilled Dams ........ 22
Contents Bruce A. Tschantz, P.E., Professor of Civil and

Environmental Engineering, University of Tennessee,

Knoxville, TN

A Survey of ASDSO/ICODS Representatives on Animal

Damage to Earthfilled Dams and Appurtenances 89
David K. Woodward, Research Assistant, Fisheries

and Wildlife Sciences, Department of Zoology, North Carolina

State University, Raleigh, NC; and Sarah M. Mayfield,

Information Specialist, Association of State Dam Safety Officials,

Lexington, KY

National Performance of Dam Program: Program Overview 107
Martin W. McCann, Jr., National Performance of Dams Program,
Stanford University, Stanford, CA

Wildlife Damage to Earthen Dams, Dikes, Levees and Related Structures 124
James E. Miller, National Program Leader, Fish & Wildlife,
USDA-CSREES/NRE, Washington, DC

Wildlife Services Activities to Prevent Animal Penetration to

Earthen Dams 125
Dale L. Nolte, USDA, Animal and Plant Health Inspection Services,

Wildlife Services, National Wildlife Research Center, Olympia, WA,

and Richard D. Owens, USDA Animal and Plant Health Inspection

Service, Wildlife Services, Raleigh, NC

Engineered to Fail? Tree Root Management on Dams 146
Dr. Kim D. Coder, Professor of Forest Resources, University of Georgia, Athens, GA

Trees in Embankment Dams 147
James K. Leumas, P.E., State Dam Safety Engineer, NC Dept. Of
Environment and Natural Resources, Raleigh, NC

Mississippi Earthen Dams and the Beaver: Beavers and

Earthen Dams Don 't Mix 148
Charles E. Clevenger, P.E./P.L.S., Chief, Division of Dam Safety,

MS Dept of Environmental Quality, Jackson, MS

20



Animal Penetrations Into Earthen Embankments

Boris E. Slogar, P.E., Repair Program Manager, Dam Safety
Engineering Program, Columbus, OH

Animal Burrows and Vegetation on USDA Forest Service Dams

Douglas E. McClelland, USDA Forest Service, Missoula, MT

Tree Removal East of the Mississippi
Francis E. Fiegle, II, P.E., Georgia Safe Dams Program, Atlanta, GA

Bureau of Reclamation Guidelines for Removal of
Trees and Other Vegetative Growth From
Earth Dams, Dikes, and Conveyance Features

(Submitted by) Bill Bouley, P.E., US Bureau of
Reclamation, Technical Services Center, Denver, CO

Control Methods for Woody Vegetation

David Sisneros, US Bureau of Reclamation, Technical Services Center, Denver, CO

Technical Note Series No. 705: Operation and Maintenance
Alternatives for Removing Trees From Dams, USDA Natural
Resources Conservation Service

(Submitted by) B. Dan Marks, Ph.D., PE., S & ME, Inc., Arden, NC

Plant and Animal Management Practices on Flood Control
District of Maricopa County Dams

Tom Renckly and Gary Drake, Flood Control District of Maricopa County, Phoenix, AZ

Remedial Repair of Earthfilled Dams Related to
Plant and Animal Penetrations

B. Dan Marks, Ph.D., P.E,, S & ME, Inc., Arden, NC

BioBarrier®: A Long Term Root Control System

William M. Hawkins, Reemay, Inc., Old Hickory, TN

The Use of Ground-Penetrating Radar, Electrical

Resistivity, and Streaming Potential to Assess

Damage by Burrowing Animals to Three Selected

Portions of Earthen Levees Near Dayton, Ohio. (A PROPOSAL)

Matthew Barner, Graduate Student, Wright State University, and Intern
Hydrogeologist, The Miami Conservancy District, Dayton, OH

21

189

207

221

233

235

239

249

. 259

276

320



Overview of Issues and Policies Involving Woody Plant Penetrations of Earthfilled Dams
9 - 10 am Tuesday, November 30, 1999

Bruce A. Tschantz, P.E.
Professor of Civil and Environmental Engineering
University of Tennessee, Knoxville 37996

Most dam safety engineers, including state and federal officials, consultants, and other
experts involved with dam safety, agree that when trees and woody plants are allowed to
grow on earthen dams, they can cause several problems relating to interference with
safety inspections, safe operation, or even dam failure. However, engineers and dam
safety experts are not in agreement about the best way to handle tree growth problems
such as preventing or controlling growth, removing, and repairing safety-related damages
caused by trees. This presentation will summarize the recent ASDSO state and federal
(ICODS representatives) survey results from dam safety officials about their problems,
practices and policies involving woody plant and tree growth on dams. State and federal
agency attitudes will be summarized for the following tree and woody plant topics and
issues:

= Types of dam safety problems caused by trees and other woody plants

=  Policies and operating procedures or programs for addressing and removal of trees
and woody growth from dams

= Recommendations by states and federal agencies where no formal policies or
procedures exist for dealing with trees and woody plants on dams

= Legal, financial, environmental constraints to controlling unwanted vegetation

= Documented evidence of failures, accidents, incidences and operational problems
linked to vegetative growth

= Current and past research efforts to understand and deal with effects of vegetation on
dam safety

= Example remediation procedures, costs, contract specifications and photographs
resulting from tree-caused repairs.

ASDSO Surve

In June 1999, ASDSO mailed out survey questionnaires relating to the above issues to all
state dam safety representatives and ICODS agency representatives. The questionnaire
contained two parts: Part I contained 7 questions relating to tree and woody plant-caused
dam safety issues and Part II contained 5 questions relating to animal impacts on dam
safety. Questions 1, 2, 5, and 6 on trees and woody plants were the same questions sent
out by the author to the states in 1988 for comparison. This paper and presentation only
addresses the tree and woody plant part issues.

The states and ICODS representatives were asked to respond, with comments, to the
following 12 Parts I and II survey questions:
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Part I: Trees and Woody Plants on Dams

1. Do you consider vegetative growth on earthen dams to be a problem for your
organization? Comments:

2. Does your agency have a specific policy or operating procedures addressing the
removal of trees/vegetation from earthen dams? Please provide a copy of your policy,
and/or describe your operating procedures.

3. If your organization has no set policy or procedures, what do you recommend?

4. What legal, financial, environmental, or other constraints apply when your
organization attempts to deal with problems caused by unwanted vegetation?

5. Do you have any documented evidence where vegetation has negatively affected the
safe operation or have been linked to the failure of earth dams?

Comment and give examples, if available.

6. Are you aware of current or past research or documented discussions regarding the
effects of unwanted vegetation on dam safety? Please list or attach known references.

7. If tree removal from earth dams is authorized by your organization, would you please
provide available data for examples of procedures, costs, contract specifications, and
photographs of rehabilitated dams?

Part II: Animal Impacts on Dams

8. What types of animals cause problems on earthen dams for your organization? Please
describe the problems.

9. How do you deal with each species?

10. What legal, financial, environmental, or other constraints or issues arise when your
organization attempts to deal with problems caused by animals on dams?

11. Do you have any documented evidence where animals have affected the safe
operation or have been linked to the failure of earth dams? Comment and give examples
if available.

12. Are you aware of current or past research or public discussions regarding the effects
of burrowing animals on dam safety? Please list or attach known references.
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Survey Results

Survey replies were received by October 8, 1999 from all states except Alabama and
Delaware and from all ICODS representatives. Alabama indicated that there was no one
available in that state for answering the questions and Delaware offered no survey
response. Table 1 summarizes the state responses to woody plant questions 1, 2, 5 and 6
with comparativel 988 state survey results shown. Table 2 summarizes responses to the
remaining 3 woody plant questions, 3, 4 and 5. Detailed state responses and comments
are available as a separate appendix.

State survey responses indicated that trees and woody plants are considered a problem in
48 of the 48 responding states. Of the 48 responding states, 24 noted that they have
formal policies and/or operating procedures for addressing tree and woody plant growth
issues and 24 states indicated that they didn't have formal policies or procedures.
However, 16 of the states that don't have formal policies or procedures either evaluate
each dam on a case-by-case basis, require owners to remove vegetation for inspection, or
use other means for dealing with plant problems.

Other than a few references to the 1988 Tschantz and Weaver Tree Growth report (1988),
only 1 or 2 other citations for tree or woody plant-related research were identified by the
states.

The states had considerable response and comment regarding the question 4 reference to
constraints to effective management of trees and woody plants on dams. Thirteen states
cited financial limitations by owners, 10 referred to environmental and permitting
requirements, 6 indicated legal issues, 5 esthetics, 2 endangered species, and 4 states
cited other constraints.

Only 3 states (Massachusetts, Missouri, and Virginia) provided any cost information for
removing trees or rehabilitating vegetated dams. Most states either indicated that they
didn't have the data or that the owner or his consultant would have that information.
Virginia reported that, while costs can be nominal, extensive tree growth situations where
grubbing is required, $10,000 to $20,000 is common and that at one dam, the tree-
clearing cost was about $40,000. Missouri reported that such costs can range from $1000
to $10,000 depending on how badly the dam is overgrown with trees.

Twenty-nine states indicated documented evidence where vegetation on dams has either
caused dam failure or has negatively affected their safe operation. Sixteen states had no
documented evidence and 5 states had no response. Several states provided photos and
information on tree-caused failures or dam safety problems. Colorado furnished a
PowerPoint photo presentation of an Air Force Academy dam failure in May 1999.

Table 3 summarizes 11 responses received from the Bureau of Reclamation, Corps of
Engineers (3 divisions), Department of Energy (2 organizations), Mine Safety and
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Consider Woody Policies Documented Aware
Vegetation a Concerning Woody Vegetation of
State Problem? Woody Vegetation? Failures? Reasearch?
1988 1988 1988 1988
Alabama Yes | NR ~NoC TNRTTT Yes C NR 7T No NR
Alaska YesC | YesC ~ YesC | No No No No No
Arizona YesC | YesC ~ No NoC No NoC Yes C NoC
Arkansas Yes C Yes € Yes C YesC No No No Yes C
California YesC | Yes = YesC No€ " " YesC No No No
Colorado Yes C Yes YesC | "No | YesC | YesC Yes C Yes C
Connecticut YesC | YesC YesC | YesC | Yes T Yes € Yes C Yes C
Delaware YesC | NR No NR . No NXR T No NR
Florida No Yes C No No No Yes C No NoC
Georgia YesC | YesC ~ YesC Yes C Yes C Yes € No No
Hawaii No C Yes C No C Yes C No NoC No No C
Idaho YesC | YesC = YesC Yes€C" " YesC Yes Yes No
Tinois YesC | YesC ~ YesC No | " YesC Yes C Yes C No
Indiana Yes C Yes C Yes C NoC = YesC No C No No
Towa Yes Yes C NoC | YesC | No No No No
Kansas Yes C Yes C Yes C NoC | YesC Yes C Yes C No
Kentucky YesC | Yes —~  YesC Yes C Yes C No No Yes C
Louisiana YesC | YesC = YesC Yes No No No No
Maine YesC | Yes ~  NoC No No C No No No
Maryland YesC | Yes ~~ YesC | YesC  YesC | No Yes C Yes C
Massachusetts Yes C YesC YesC Yes€ ' YesC Yes C Yes C NoC
Michigan Yes C YesC " YesC No Yes C Yes C Yes C Yes C
Minnesota Yes Yes No No No No Yes C No
Mississippi Yes C YesC No C NoC No Yes C No Yes C
Missouri YesC | Yes Yes C No Yes C YesC |~ No No
Montana Yes Yes C NoC NoC No No No No
Nebraska YesC | YesC Yes C No . NoC Yes C No No
Nevada YesC | Yes ~ YesC | YesC =~ YesC Yes C No No
New Hampshire | YesC | YesC Yes C YesC  ~ No No Yes C No
New Jersey YesC | Yes Yes C Nes C No No No No
New Mexico YesC | Yes  YesC | YesC = YesC Yes C No No
New York YesC | YesC Yes C YesC  YesC No € Yes C No
North Carolina Yes C Yes C Yes C Yes No Yes C Yes C No C
North Dakota Yes C Yes C No C No No Yes C Yes C No
Ohio Yes Yes C Yes C Yes C Yes C Yes C Yes C No
Oklahoma YesC | Yes = No Yes C Yes Yes C Yes C No
Oregon Yes C Yes C Yes C NoC No Yes No No
Pennsylvania Yes C Yes C Yes C No C Yes C Yes C Yes C
Rhode Island Yes C No C NoC No No No No
South Carolina Yes " YesC VYesC Yes C NoC No No
South Dakota Yes C Yes C NoC Yes C YesC  ~ NoC YesC
Tennessee Yes Yes C YesC ' No Yes C No No
Texas Yes C Yes C No C No C Yes C Yes C “No
Utah Yes C YesC | YesC ~ NoC Yes C No No
Vermont Yes No C ‘No " YesC Yes C No No
Virginia YesC | YesC Yes C NoC No C Yes C Yes C Yes C
Washington YesC | YesC ' YesC | YesC No C Yes € No No
West Virginia Yes Yes Yes | YesC Yes C YesC  ~ YesC No
Wisconsin Yes C Yes € Yes C YesC " Yes | YesC | YesC No
Wyoming YesC | YesC | "NoC | No " NoC | YesC | NoC Yes C

C - Comment furnished; NR - No response to questions

Table 1. 1988 & 1999 State Survey Responses for Woody Growths on Dams as of 10/08/99
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C- Comment furnished; NR - No response to questions
*No 1988 data available for comparison

Table 2. 1999 State Survey Responses for Woody Growths on Dams as of 10/08/99
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Recommendations, Constraints Data
Policy/Procedures? To Available
Policy? On Costs?
State
1988* 1988* 1988*
Alabama ; T NR T NR
Alaska No Yo
Arizona Ves &7 “No € \
Arkansas No "7\0 -
California NoC NG
Colorado “Yes C | o 0l
Connecticut "Ves T "No ¢ i
Delaware NR § NE
Florida NoC —~ Ko €
Georgia No “No €
Hawaii Vs & H No C
Idaho Yes € No
. Illinois No € “No
Indiana “Yes ¢ No 5
Towa 7 \0 R \WQ -
Kansas No ¢ “No
Kentucky Yes € “No
Louisiana YesC No
Maine No € <o i
Maryland No e N
Massachusetts ?\ o C Ves©
Michigan No € o
Minnesota No € o
Mississippi Ves € o
Missouri No € Yes C
Montana No € No C
Nebraska %‘gé;ffw ~~~~~~ No ¢
Nevada No T "N '
New Hampshire Veos € No
New Jersey No € Yo
New Mexico No € <
New York No €
North Carolina Vs C
North Dakota "Yes C "No €
Ohio WNQ : }\;Q ’ T
Oklahoma Yes & Vel ’
Oregon " Yes ¢ 7 VesC
Pennsylvania "No Yes‘C i
Rhode Island "Yes C No G
South Carolina *Yes € No €
Tennessee Ne T e
Texas No ] MNOE‘ \
Utah \‘0 o No G
Vermont No Ko
Virginia Yes ¢ 771 NoC
Washington No Yes € .
West Virginia No NoCG U
Wisconsin “Yes ¢ o * ~~~~~
Wyoming Vee &1 ReE
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Health Administration, National Park Service, Nuclear Regulatory Commission, TVA,
and U. S. Department of Agriculture (NRCS). Detailed ICODS agency responses and
comments are available as a separate appendix.

Generally speaking, the federal ICODS agency representatives that responded to the
survey consider woody plants and trees to be a problem for dams. Most agencies have
written procedures for dealing with trees and woody plants and those who don't (i.e.,
DOE and National Park Service) either use other federal agency procedures or make
recommendations to licensees (i.e., NRC). Several states and agencies referred to
Technical Notes 705 published by the USDA/SCS (1981) for their procedures.

Only the USDA/NRCS referred to documented cases where dam failure has been
determined to be caused solely by trees, but noted that trees have masked other more
serious seepage problems, which went undetected.

The Federal agencies had very little to offer in the way of references to current or past
research regarding the effects of tree and plant growth on dam safety. The Corps referred
to recent work at the Waterways Experiment Station. Reference was made to the Repair-
Evaluation-Maintenance-Rehabilitation (REMR) Technical Report series for applicable
research. The USDA/NRCS referred to the 1950's research work done at the ARS
Hydraulics Laboratory in Stillwater, Oklahoma, on Flow in Vegetative Channels, which
could have application to some emergency spillways.

A recent study, sponsored by ASDSO/FEMA, was completed in September 1999, by
students at the University of Tennessee for the Steering Committee on Plant and Animal
Penetration of Earthen Dams, to research the available literature body on woody plant
effects on dam safety. Several types of sources and searches were inventoried, including
ASDSO conference and workshop proceedings, ASCE technical journals and articles,
USCOLD, direct email and telephone contacts of selected federal and state agency
officials, universities, research laboratories and other data bases accessible through the
National Technical Advisory Service (NTIS) and National Performance of Dams
Program (NPDP). Copies of this bibliographic study, Bibliography on the Effects of
Woody Vegetation on Dams, will be presented to workshop participants.

While only a few references were found on recent or current research of tree and plant
effects on dam safety, several references about federal and state practices, policies and
procedures for dealing with trees and vegetation were cited. Because some additional
state and federal survey information has been received since this study was completed,
the bibliographic summary will be updated in early 2000. The ASDSO workshop
participants will be asked to help in this updating by reviewing this bibliography and
providing additional information for each of these topical areas:

* woody plant physiology,

» documented examples of woody plant-caused dam failures, operation and
maintenance problems,

= case histories related to tree-caused dam failures,

= current and past federal, international and other research activities,
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= federal, state, international, and other organizational policies and practices for
preventing and remediating woody plant problems, and

= federal, state or private cost documentation for removing or controlling trees and
woody plants.

A companion PowerPoint summary presentation entitled, Current Policies Toward
Woody Plant and Tree Penetrations on Dams, will be made available to all workshop
participants.

Soil Conservation Service (SCS), U. S. Department of Agriculture, Technical Note 705 -
Operations and Maintenance Alternatives for Removing Trees from Dams, South
Technical Center, Fort Worth, April 1, 1981, 8 pp.

Tschantz, B. A. and Weaver, J. D., Tree Growth on Earthen Dams: A Survey of State

Policy and Practice, University of Tennessee, Civil Engineering Report, November 1988,
36 pp. + Appdc. A & B.
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CURRENT POLICIES TOWARD
WOODY PLANT AND TREE
PENETRATIONS ON DAMS

ADSO/FEMA WORKSHOP
ON
PLANT AND ANIMAL PENETRATIONS
OF EARTHFILL DAMS

KNOXVILLE, TENNESSEE

NOVEMBER 30 - DECEMBER 2, 1999

~ e

-

Workshop Poster Tree

<
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CITED PROBLEMS CAUSED BY TREES AND OTHER

WOODY PLANTS ON DAMS

Overturning or uprooting cause large voids and reduce freeboard;
reduce x-section for maintaining stability

Decaying roots of dead trees cause seepage paths and piping problems

Interferes with effective dam surveillance, inspection and maintenance
for seepage, cracking, sinkholes, slumping, settlement, deflection, and
other signs stress

Discourages desirable vegetative cover and causes embankment erosion
Obstructs emergency spillway capacity

Falling trees may cause damage to spillways and outlet facilities

Clogs embankment underdrain systems

Cracks, uplifts or displaces concrete structures and other facilities
Induces local scouring during overtopping

Provides cover for burrowing animals

Loosens compacted soil

May tend to wedge open joints and cracks in foundation rock along
abutment groins and toe of embankment and increase leakage potential
3

.

.

CITED BENEFITS OF TREES ON DAMS

Embankment stabilization

Esthetic and environmental qualities
Livestock cover

Reduced toe seepage

O Indicator of slope instability
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TYPES OF WOODY PLANTS OF CONCERN

Trees: Shallow (<3 ft.) - or deep-rooted (>3 ft.)
Bushes and shrubs

Vines - Kudzu and other

Cacti, desert broom, sagebrush and other desert plants

1999 SURVEY QUESTIONS

Do you consider vegetative growth on earthen dams to be a
problem for your organization?

Does your agency have a specific policy or operating
procedures addressing tree growth or removal of
trees/vegetation from earthen dams?

If your organization has no set policy or procedures, what do
you recommend?

What legal, financial, environmental, or other constraints
apply when your organization attempts to deal with problems
caused by unwanted vegetation?

Do you have any documented evidence where vegetation has
negatively affected the safe-operation or have been linked
to the failure of earthen dams? Comment and give
examples, if available.

33




1999 SURVEY QUESTIONS (CONT.)

Are you aware of current or past research or documented
discussions regarding the effects of unwanted vegetation on
dam safety? Please list or attach known references.

If tree removal from earth dams is authorized by your
organization, would you please provide available examples of
procedures, costs, contract specifications, and photographs
of rehabilitated dams?

1999 SURVEY RESPONDENTS

50 STATES

ICODS REPRESENTATIVES (USBuRec, COE/MV,
COE/SW2, DOE/ORNL, DOE/Savannah River Site, MSHA,
NPS, NRC, TVA & USDA/NRCS) '

OTHERS
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STATE SURVEY FINDINGS

Oy, LK
~ )
™ STy

i({\\! v\‘\f W\;\J

d%ﬂx ) Q’OD

Q#1: Do you consider vegetative growth on earthen dams to be a problem in your state?

Oves (48)
I No response  (2)

STATE SURVEY FINDINGS

Q#2 Does your state have a specific policy or operating procedure for tree growth and removal from earthen dams?
O ves @4
o (24)
[ONo response  (2)
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SCHOOLS OF THOUGHT ON DEALING WITH
TREES AND VEGETATION ON DAMS

EXISTING DAMS:

- Distinguish between "small” trees and “large” trees
 Remove all trees, stumps, & roots from dam embankment
* Cut trees to ground level, but leave stumps and roots

* Cut trees, remove stumps, but leave roots

* Case-by-case basis

+ Breach or remove dam

+ Do nothing

NEW DAMS:

+ Establish effective ground cover and hope for the best in
continual maintenance

+ Use vegetative barriers such as bio-barriers or
silvicides/herbicides/chemical treatment

States Policy or Operating Procedure for Growth
Indicating | & Removal of Trees & Vegetation from
a Formal |Earthen Dams

Policy

ID, MA, Trees have no place on dams or near toe and

NH, NV, abutment; general statement

NJ, NM

OH Remove all trees and stumps, but roots may be left
LA, NC Remove all trees, stumps and roots

AR, CT, GA, | Remove all trees, leave the root systems of "small"
HI, MD, trees; remove the root system of "large” trees
OK, SC, TN,

UT, WI,

wv

Leave all "large" trees; remove all "small" trees
KY,NY,PA, | Treat on case-by-case basis (see all above); usually
WA under direction of a qualified P. E.

Total = 24

States Indicating Having A Specific Policy Or Operation
Procedures Addressing Tree Growth and Removal of
Trees From Earthen Dams
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STATE SURVEY FINDINGS

Q#3: If your organization has no set policy or procedures,

what do you recommend?

States Recommended Procedures for Dealing With
Growth & Removal of Trees & Vegetation
from Earthen Dams

CA,IL, MN, | No specific written policy, but educate owner and

MS, MT, RT | make suggestions to remove; may recommend that a
qualified engineer be retained

AZ, ME, TX | Evaluate on case-by-case basis; "dam must be
adequately maintained"

AK, CO, KS, | No written policy, but require owners to remove

IN, MI, certain sizes or all trees & vegetation that hinder

MO, NE, inspection; may require qualified engineer be

ND, OR, retained; may depend on dam hazard category

SD, VT, VA,

wy

IA No policy

FL Other

Total = 24

Recommendations by States Having No Specific Policy Or
Operating Procedures For Tree Growth and Removal of

Trees From Earthen Dams

1 [5]
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STATE SURVEY FINDINGS

Q#4: What legal, financial, environmental, or other
constraints apply when your organization attempts to deal
with problems caused by unwanted vegetation?

15

TREE REMOVAL POLICY CONSTRAINTS

Financial limitations by owners (13 states)
Environmental/Permits (10 states)

Legal issues (6 states)

Esthetics (5 states)

Threatened/endangered species issues (2 states)
Media (1 state)

Other (1 state)

Sentimental[>]
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STATE SURVEY FINDINGS

BYes (29)
CNo (16)
O No response  (5)

CATEGORICAL EXAMPLES OF CASES WHERE
TREE GROWTH HAS AFFECTED SAFE OPERATION
OR HAS BEEN LINKED TO DAM FAILURE

CONTRIBUTED TO DAM FAILURE

HINDERED INSPECTIONS

CAUSED INTERNAL EROSION & PIPING PROBLEMS
CLOGGED DRAINS

PREVENTED PROTECTIVE VEGETATIVE COVER

CAUSED VARIOUS TYPES OF DAMAGE FROM
UPROOTING

CAUSED SPILLWAY OR HYDRAULIC PROBLEMS
CONTRIBUTED TO ANIMAL-CAUSED PROBLEMS
O CONTRIBUTED TO OTHER DAM SAFETY PROBLEMS

OO0 O O O O

O O
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STATE SURVEY FINDINGS

Q#6: Are you aware of current or past research on effects of vegetation on dam safety?

yes @an
W Notaware  (35)
[ONo response  (4)

LISTED RESEARCH OR DISCUSSIONS ABOUT
EFFECTS OF VEGETATION ON DAM SAFETY

8 states: Tschantz' & Weaver's November 1988 study,
“Tree Growth on Earthen Dams: A Survey of
State Policy and Practice”

1 state: Bold & Batcheler's 1997 ASDSO Conference
paper, “Vegetation Control on Earthen
Embankment Dams”

1 state: Texas' Website: Limited discussion vegetation
& animal control in Texas' Guidelines for
Operation & Maintenance of Dams
http://www.tnrcc.state tx.us/water/quantity/flood/dam.htmi

1 state: BIsCs (NCRS) Engin. Series No. 705, April 1981
manual: "Operation & Maintenance Alternatives
for Removing Trees from Dams” 20
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STATE SURVEY FINDINGS

Q#7: If tree removal from earth dams is authorized by your
organization, please attach available data or examples of
procedures, costs, contract specifications, and photographs
of rehabilitated dams.

TREE AND PLANT REMOVAL COST FACTORS

Density and distribution of woody plant
Type and species

Extent and type of root system

Size

Site access

Location of vegetation (i. e., crest, u/s, or d/s faces, groins, near
outlet or drain facilities, rip-rap areas, structural walls or slabs)

Normal lake level and potential fluctuations
Type and slope of embankment or dam
Disposal methods allowed
Permit for environmental compliance requirements
Extent and type of removal methods
- Tree cutting

- Stump & root removal (grubbing, excavation, grinding or
chemical treatment)

- Backfill, compaction & filter requirements

Required engineering services
2
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Organization | Do You | Do You Have | Do You Have | What Legal, | Any Aware of Any Available
Consider | Policy and R ded | Fi ial D d Current or Data on
Woody Proced Proced E Evid Of | Past Procedures,
Plantsa | on Dealing No Policy? al Or Other | Woody Plants | Research Costs, Contract
Problem? | with Woody Constraints | Causing Safety | Related To Specs, or

Vegetation? Apply To Problems or Plants on Inform. On
[B] Issue? Failure? Dams? Rahab. Dams?
Comment NoC YesC No C
Comment Yes C Yes C No C
Comment No Yes C No C
- Comment No C No No C
Comment No YesC Yes C
<24 Comment No No C No C
No Comment No Yes C No
SR Comment Yes C Yes C Yes C
o YesC - , Comment No No No
< Comment No NoC No
| Comment No C Yes C Yes C
— R _ -

Table 3. 1999 ICODS Representatives Survey Responses for Woody Growths on Dams as of 10/08/99

23

USDA COMMENTS ON WOODY GROWTH ON
DAMS

“Yes, trees are a problem. Removing trees from earthen
dams is a continual challenge, especially in a state like
Oklahoma that has over 2000 flood control dams. There are
3 basic challenges:

1. Educating landowners and watershed sponsors that trees
on dams can result in potential serious problems in the

future.

2. Obtaining funding for removing trees.

3. Practicing effective techniques for cost-effective
methods for removing trees.”

-Larry Caldwell, NRCS 24 EI]
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EXAMPLE FEDERAL AGENCY POLICIES &
PROCEDURES FOR WOODY PLANTS ON DAMS

USBR - Has several related publications:

Irrigation Operation and Maintenance - Herbicides (Bull. 52, Apr-
Jun 1965)
Water Operation and Maintenance - Weed Disposal (Bull. 97, Sep.
1976)
Water Operation and Maintenance - Criteria for Removal of Trees,
(Bull. 143), Mar. 1988)
Water Operation and Maintenance - Guidelines for Removal of
Trees and Other Vegetative Growth from Earth Dams...... (Bull. 150,
Dec. 1989)
Standing Operating Procedures Guide for Dams, Reservoirs, and
Power Facilities - Maintenance & Inspection (Aug. 1996)
Field Examination Guidelines - Appdx. B, Removal of Trees and
Other Vegetative Growth from Earth Dams, Dikes ..., 1991

-Bill Bouley, USBR 55

FEDERAL POLICIES & PROCEDURES (CONT.)

USCOE:

¢ Repair-Evaluation-Maintenance-Rehabilitation (REMR)
Technical Reports: T.Notes EI-M-1.4 (Levee Vegetation
Mgt.; EI-M-1.3 (Vegetation and Struct. Integr. on Levees);
EI-M-1.5 (Effects of Vegetation on the Structural Integrity
of Sandy Levees)

¢ Policy Statement Regarding Tree Growth on Hydraulic
Structures, Omaha District, May 1980

e Tech Manual EM 1110-2-301 (Policy)

-Tony Young, COE/MV

NPs:

e NPS Directives (NPS-40 & 87-4), TADS self-paced training
modules, and other references to USBR manuals, incl.
Operation and Maintenance Guidelines for Small Dams - incl.
Trees & Vegetation, Animal burrows (Memo dated Aug 10,

1983) -Charles Karpowicz, NPS
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FEDERAL POLICIES & PROCEDURES (CONT.)

TVA:
TVA's guideline is that the slopes and 50 ft. below the
slopes should be cut frequently enough to limit grass height
to 6-10 inches and eliminate growth of trees, bushes, vines,
etc. Inareas where this is not possible TVA manages those
sites on a case-by-case basis.

-James Varner/James Coulson, TVA
USDA/NRCS:

e Technical Note - Operations and Maintenance Alternatives
for Removing Trees from Dams (SCS/USDA Engineering
Note 705), April 1, 1981

e Technical Notes - Control of Trees and Brush on Dams
(ENGIN.-OK-8), Stillwater, Okla., April 5, 1988

-Larry Caldwell, NCRS

- [

LISTED RESEARCH OR DISCUSSIONS ABOUT
EFFECTS OF VEGETATION ON DAM SAFETY

Review of Corps of Engineers Design for Rehabilitation of
the Perimeter Dikes Around Cross Lake, Minn., James
Duncan, Report to St. Paul Distr., July 14, 1999
Waterways Experiment Station research (contact Milton
Myers or Buck Taylor)

TP-61: -Flow in Vegetative Channels, ARS Hydraulics
Laboratory, Stillwater, OK (1950's)
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QUESTIONS?

The perfect, maintenance-
free vegetation solution. . . .
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Saving Elizabeth O'Grady’'s Tree.......

You may recall that from our limited telephone discussion on June 28, 1993 that we reached the
following qualified conclusion. If all conditions concerning the tree and its location were as I
described them to you, you felt that since the State of New Hampshire has in place a program of

annual dam inspections for which Ms. O'Grady pays a fifty ($50.00) dollar annual inspection fee,
it"Was Togical 10 ask i€ State 10 consider e acstelic value of e Wee and allow 1t 10 Temmatt i
place, but to continue to monitor the dam with annual inspections for any problems which may
be caused by allowing the tree to remain in place.

I would like to represent at the hearing on June 21st, that you have reviewed the enclosed letters
and photographs, and although you have not visually inspected the dam in person, you feel that
the tree should be allowed to remain given annual inspections by the State. If it is possible that in
your professional capacity you could place this recommendation in writing to Ms. O'Grady, with
any stated qualifications concerning the lack of an onsite visit etc., we would appreciate it, and
be willing to pay you the appropriate fee for your time. Quite simply, we feel that the single pine
tree is not a risk to the integrity of the structure of the dam, and we'd like to try and save it from
arbitrary destruction.

5[]

TOCCOA FALLS FAILURE
NOVEMBER 1977
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SERIOUS PROBLEMS

[
W

SIGN OF SLOW SLUMPING
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APPENDICES

State and ICODS Survey Results: Animal and Vegetative Impacts on Dams
(October 8, 1999)

Compiled by
Sarah Mayfield, ASDSO, Lexington, Ky.
and
Bruce Tschantz, University of Tennessee, Knoxville, Tn.

For

ASDSO/FEMA Workshop on Plant and Animal Penetrations of Earthfilled Dams
November 30 - December 2, 1999

UT Conference Center

University of Tennessee
Knoxville, Tennessee

A. ASDSO Survey Questions for States and ICODS
B. Detailed State Survey Question Responses and Comments

C. Detailed ICODS Survey Question Responses and Comments
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A. ASDSO State and ICODS Dam Safety Survey Questions: Animal and Vegetative
Impacts on Dams

Part I: Trees and Woody Plants on Dams

1. Do you consider vegetative growth on earthen dams to be a problem for your
organization? Comments:

2. Does your agency have a specific policy or operating procedures addressing the
removal of trees/vegetation from earthen dams? Please provide a copy of your policy,
and/or describe your operating procedures.

3. If your organization has no set policy or procedures, what do you recommend?

4. What legal, financial, environmental, or other constraints apply when your
organization attempts to deal with problems caused by unwanted vegetation?

5. Do you have any documented evidence where vegetation has negatively affected the
safe operation or have been linked to the failure of earth dams?

Comment and give examples, if available.

6. Are you aware of current or past research or documented discussions regarding the
effects of unwanted vegetation on dam safety? Please list or attach known references.

7. If tree removal from earth dams is authorized by your organization, would you please
provide available data for examples of procedures, costs, contract specifications, and
photographs of rehabilitated dams?

Part II: Animal Impacts on Dams

8. What types of animals cause problems on earthen dams for your organization? Please
describe the problems.

9. How do you deal with each species?

10. What legal, financial, environmental, or other constraints or issues arise when your
organization attempts to deal with problems caused by animals on dams?

11. Do you have any documented evidence where animals have affected the safe
operation or have been linked to the failure of earth dams? Comment and give examples
if available.

12. Are you aware of current or past research or public discussions regarding the effects
of burrowing animals on dam safety? Please list or attach known references.
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B. ASDSO State Representatives Survey Responses and Comments
Animal and Vegetative Impacts on Dams
(Received as of 10/8/99)

Part I: Vegetation on Dams

1. Do you consider vegetative growth on earthen dams to be a problem for your
organization?

Y AK, AZ, AR, CA, CO, CT, FL, GA, HI, ID, IL, IN, 1A, KS, KY, LA, ME, MD, MA, Mi, MN, MS,
MO, MT, NE, NV, NH, NJ, NM, NY, NC, ND, OH, OK, OR, PA, RI, SC, SD, TN, TX, UT,
VT, VA, WA, WV, WI, WY

N PR
NR | AL, DE

Y-Yes; N - No; NR - No response
Comments:

AL: According to the listed ASDSO contact, Leslie Durham, Alabama does not have a Safe
Dams program of any kind, and is not sure why she is even listed as a contact. This person has
no comment on the question.

AK: Due to long days during the growing season, vegetation grows up rapidly and inhibits visual
inspections. However, | do not have any records of specific performance incidents that are
known to be caused by vegetation.

AZ: Arizona considers deep rooted vegetation to be a problem for dams under jurisdiction.
AR: After inspections we send report to owner to remove from dam.

CT: The CT DEP Dam Safety program does consider woody vegetation growing on earthen dam
embankments to be problematic.

FL: Trees must be cut unless mature, and mature trees must be topped. Grassing is required.
Vegetation must not block inspection.

GA: Vegetative growth on earthen dams is a problem for our program. During the annual
inspections performed each year, we will find some dams that have inappropriate vegetation.
This would include trees, brush, kudzu, and other growth on the dam. Georgia Acts and Rules
address appropriate vegetation on dams. The biggest problem is when a dam is reclassified from
Category Il to Category | it is likely that the dam will have trees, brush, weeds, etc.

HI: Yes, vegetation overgrowth on earthen dams in Hawaii is a huge problem. Many of the
plantations have reduced their maintenance staff due to a downturn in the economy resulting in
vegetative overgrowth on their dams.

ID: Can be if not controlied. IDWR requires removal of large woody growth. Encourage seeding
with grasses or grains to control surface erosion.

IL: We believe that trees and other deep-rooted vegetation cause long term problems for earthen
dams. Brush and weeds on dams makes them difficult to inspect and provides cover for animal
burrows. A well-maintained and mowed grass cover provides excellent erosion control and
inspection capability.

IN: Woody growth is a problem.
IA: Tree, brush or excessive weed growth on embankments or sparsely vegetated embankment

are a concern for the dams that this agency owns as well as the dams that we regulate. Decaying
tree roots can create voids through an embankment, trees blown over or simply falling over can
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weaken embankments or reduce the crest width. Excessive tree, brush or weed growth can
hamper thorough inspection and hide problems. Sparsely vegetated embankments can allow
surface erosion.

KS: The growth of woody vegetation prevents the thorough inspection of the dam and can pose
a risk to the earthen embankment. It can also pose a risk to the inspector. On the other side of
the coin a dam can have little or no cover. This is an unacceptable condition also, as severe
erosion damage tends to occur.

LA: Louisiana has a significant number of our earthen embankments with trees growing on them.
Louisiana’s climate and fertile soil fosters rapid growth of grass, brush, and trees.

MA: Trees and other woody vegetation are serious problems. The vegetation makes inspecting
difficult and most dams in Mass have trees growing on them. The conservation commissions in
the State do not like it when we order tree removal from dams. They consider the trees as part of
scenic vistas and they believe the trees stabilize the dams. The estimated cost of tree removal is
50 to 100 million dollars.

MI: Yes, a nearly universal problem. It is sometimes tough to convince a dam owner that the
beautiful trees he/she planted 30 years ago are a threat to his dam embankment.

MS: Trees, woody vegetation, vines, briars, etc. keep grass from growing, thereby contributing to
erosion. Tree roots have been known to contribute to dam failures also. When a tree on a dam
blows over the rootball leaves a large hole.

MT: The usual vegetative growth is trees and brush.

NH: Yes. The presence of trees and brush is the most common deficiency cited in response to
dam safety inspections.

NY: I'm answering from the point of view of a state regulatory agency.

NC: The State of North Carolina requires low-growing grasses, such as Fescues, Bermuda, or
Centipede grass types. High-growing vegetation such as trees, bushes, brush, sericea
lespedeza, weeping lovegrass, and crown vetch are not permitted.

ND: Trees are the major vegetative growth problem.

OH: Large trees, dense brush, and crown vetch are big problems for dams that we periodically
inspect.

OR: The problem is two-fold, with separate consequences:

e Low shrubs, dense undergrowth — makes viewing ground surface and getting access to
embankment slopes for inspection very difficult. Impact on earthen dam from these type root
systems may be slight to none; however, burrowing animals often use the under story for
habitat and protection from natural predators. (See Part Il.)

e Large trees or invasive phreatophytes — the root systems can cause significant damage to
embankments by providing seepage pathways or can resuit in a sudden breach of the dam if
the tree is blown over during a storm.

PA: ltis one of the primary maintenance headaches for dam owners. From time to time the
removal of tree growth on dams can be controversial. However, on new dams it's much easier to
deal with.

RI: Please note that all responses are based on my experience during the last six months.

SD: Many owners do not want to remove trees.
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TN: We do not consider appropriate vegetation such as Bermuda grass or tall fescue to be a
problem. Inappropriate vegetation such as honeysuckle, brush and briars, and trees are not
allowed to remain on the dam.

UT: Problems:

1. Habitat for burrowing animals

2. Dies and leaves piping channels

3. Makes inspection difficult

4. Can blow over and root wad breach crest

VT: Roots damage embankment. Provides cover for burrowing animals, makes inspection
difficult and may conceal defects.

VA: This can be either too much or too little. Too much usually involves undesirable plants,
shrubs, or trees. A significant number of dams have an
on-going problem with one or the other. Trees and other excessive vegetative growth is probably
the single biggest problem we have with dams. In most cases, it is simply a matter of the owner
not recognizing the importance of their control until, over the years, the trees grow to such a size
that they have become unmanageable.

Some dams lack sufficient vegetation. The lack of a dense, low growing grass cover has
resulted in sheet, rill, and gully erosion on several dams.

WA: Four negative impacts of uncontrolled vegetative growth:

1. Hampers visual inspection of dam embankment for seepage, slides, etc.
2. Tree roots can intercept seepage line within dam.

3. Blowdown of large trees can leave large void in dam, lead to slope failure.
4. Supports burrowing animal habitat.

WI: Many of the dams we inspect have excessive growth of woody vegetation.

WY: Most lay people think trees are good to have on dams. Dams also commonly have heavy
brush which owners generally do not feel the need to control, which makes inspections difficult.

2. Does your agency have a specific policy or operating procedures addressing tree
growth and removal of trees/vegetation from earthen dams?

Y AR, CT, GA, HI, ID, KY, LA, MD, MA, NV, NH, NJ, NM, NY, NC, OH, OK, PA, PR, SC, TN,
UT, WA, WV, WI

N AK, AZ, CA, CO, FL, IL, IN, IA, KS, ME, MI, MN, MS, MO, MT, NE, ND, OR, RI, SD, TX,
VT, VA, WY

NR | AL, DE

Y-Yes; N - No; NR - No response
AZ: Arizona does not have a specific written policy.
AR: See attached rules and regs., Subtitle Vill — 706.3 and 706.4.
CA: No. We provide dam owners with the attached suggestions on vegetation control.
CT: General “tree-on-dam” policy:
a) By regulation, no woody vegetation is allowed on dams or within 25’ of an embankment toe.
b) Trees greater than 6” must have stumps (and roots) removed. (See enclosed specifications.)
GA: The Safe Dams Act has a section that references vegetation. It states that dams shall be
protected from surface erosion by appropriate vegetation on some other type of surface.
Examples of appropriate vegetation such as fescue and Bermuda are given. The Act also states
that inappropriate vegetation such as trees should be removed after consultation with the Safe
Dams Program. Hedges and small shrubs may be allowed if they do not interfere with the
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maintenance and operation of the dam. This same information is also contained in the Rules for
Dam Safety.

The following rule of thumb is applied with respect to the removal of trees. If the trunk is less than
8 inches in diameter then the tree can be cut and the stump left. Otherwise, the entire stump
must be cleared and grubbed.

HI: See attached sheet on Criteria for the Removal of Trees, Vegetative Growth and Rodent
Burrows from Earth Dams

ID: One of the routine maintenance items that’s required to be performed, periodically.
IN: We have practices, but not a written policy or guidelines.
IA: There is no written policy on tree/vegetation removal from dams.

KS: The only specific requirement is the permit condition that states the dam will be maintained
in 2 manner satisfactory to the Chief Engineer. Trees on dams is not satisfactory maintenance.

KY: We evaluate every site where vegetation is a problem on a case-by-case basis. Where
practicable we have trees and other brushy vegetation removed. In some few cases, this would
have required the removal of many, large trees, which we were afraid would have caused serious
problems in itself.

LA: All trees, brush, shrubs, and other woody growth must be removed from earthen dams (See
attached specifications.)

MD: See Aftachment A.

MA: Standard language in all of our reports calls for removal of all trees and woody vegetation in
the vicinity of the dam and spiliway.

MIi: We have no specific policy or written procedures. Tree removal is considered a maintenance
item, for which a permit is not required. If the impoundment is drawn down significantly in order
to remove the trees, then a permit would be required. We have a fact sheet on removal of trees
and brush on our homepage.

MS: Nothing written. Office policy is to cut level with the ground anything 6” or less. Everything
else must have the stump and roots removed. We do not require 6 or less to remove stump and
roots.

MO: We have no formal written policy.
MN: No specific policy or procedures

MT: Nothing in writing, removal of trees especially before they are larger than 2 inches in
diameter is a lot less work than when they are larger. Larger trees require the roots to be
grubbed out. Small brush or willows are allowed in certain areas to provide wildlife habitat if it
does not obstruct viewing structures or operations of the dam.

NV: Nothing specific other than the guidelines | had sent you earlier where we outline what to
look for when expecting dams and of course vegetation growth is a part of the inspection. | would
estimate that 80% of our dam inspections find that the dam needs to be cleared of vegetation.

NH: State statute indicates that it is the duty of every dam owner to maintain his/her structure

such that it does not become a “dam in disrepair” (essentially, this is a structure that is incapable
of performing the tasks of withholding or releasing impounded waters safely).
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NJ: All woody vegetation must be removed from embankment dams. The department has no
specific procedures for this removal. The department requires that a New Jersey licensed
professional engineer develop the specific tree removal plan for each case. The department does
use published guidelines (i.e. Bulletin No. 143, Bureau of Reclamation, SCS Technical Note 705)
as a reference.

NM: Our agency views trees and other "woody type" vegetation (i.e. thick, heavy brush) to be
detrimental to the safe operation of a dam. Native grass and very small brushy vegetation is
usually acceptable because it generally protects from erosion. However, all vegetation must be
monitored carefully to assure that rodent infestation does not also become a problem.

NY: Trees and brush are not permitted on earth dams. See Section 9.4 of “Guidelines for Design
of Dams” (Guidelines).

NC: Please see attached.

OH: We have a fact sheet addressing trees and brush on dams. The fact shee* can be found on
our web site at the following address: www.dnr.state.oh.us/odnr/water/
Click on Publications, Fact Sheets, 28 Dam Safety: Trees and Brush

OK: We recommend all trees to be removed by flush cutting. If there are a large number of old
trees, we recommend a filter blanket be installed and additional fill to stabilize the filter.

OR: No, Oregon Dam Safety does not have a specific written policy.

PA: See attached fact sheet. Evéry new permit we issue contains a special condition prohibiting
woody growth and requiring mowable groundcover.

PR: Yes. Our policy is that trees on the embankment should be cut at about six feet high, without
killing them to avoid roots enlargement.

RI: Rl does not have a policy for tree removal.

SC: Our policy is to have the vegetation cut so that an adequate inspection can be made. For
old (pre-law) dams that were overgrown with trees at the time the inspection program started, we
have allowed healthy trees more than 6” in diameter at ground level to remain on the dam as long
as the tree is upright. Trees less than 6” in diameter must be cut, with trees of hardwood variety
having their stumps treated to prevent regrowth. If the owner elects to remove trees larger than
67, he must pull stumps and fill holes.

SD: No specific policy, we generally recommend remove all trees and root systems of those 4
inches diameter or larger.

TN: All trees larger than 4 inches in diameter shall be cut and the stumps grubbed out. Smaller
trees may either be cut at ground level or be removed from the dam.

TX: No written regulation or operating procedure. Texas has a general rule, §299.2(c), which
states: *Dams and associated facilities must be adequately maintained throughout their lives, ...
If abandoned at any time, a dam must be removed or breached in a manner to eliminate any
hazard to life and property downstream.*

UT: Yes - See attachment.

VA: Not a specific policy. We do have a FACT SHEET (No. 3, copy attached) which we use as a
guide when working with owners and engineers.

WA: Yes. Operating procedures. Evaluate on a case-by-case basis. If vegetation hampers
inspection, has roots that could intercept the phreatic surface, is large enough to topple, and/or
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supports burrowing animal habit, it must be removed. If vegetation is sparse, and doesn't meet
any of the above problems, then it can remain in some cases.

WV: 17.2.a. Removal of Trees and Tree Roots - All trees shall be removed from the
embankment and abutment areas, unless otherwise approved by the director based upon site-
specific conditions. Small trees with a base diameter of four (4) inches or less may be removed
without removing the root system unless specific problems with the root system are evident.
Larger trees may require special care in removal. The director may require the removal of root
systems of large trees if the potential for seepage along the root system exists. If removal of root
systems requires extensive excavation of the embankment, the removal shall be considered a
major repair requiring a complete application for a certificate of approval.

WI: We have a standard paragraph that we put in all reports where woody vegetation is an
identified problem that reads as follows..."Tree removal is important for a number of reasons.
Tree root systems have been know to penetrate concrete and masonry structures, causing
damage. Trees can topple over in a severe storm taking with them a portion of the earthen
embankment. Trees grow old, die and topple over and/or leave their root system in the
embankment to rot and provide a path for seepage. Tree roots have also proven to be attractive
to burrowing animals for use as homes. All of these things lead to the same end, a risk of failure.
By eliminating the trees from the embankment you reduce the risk of failure caused by tree
growth. In most cases, we require removal of the tree and root systems down to one inch in
diameter.

WY: Nothing in current regs or law. See #3.
3. If your organization has no set policy or procedures, what do you recommend?
AK: Regular clearing of brush to facilitate inspections

AZ: Arizona usually evaluates each dam and hazard potential on an individual basis. However,
we typically recommend that owners remove deep rooted vegetation. We especially recommend
this if the diameter of the trunk is larger than 1 to 2 inches, and the dam is High Hazard. We also
require removal of vegetation as needed to allow visual inspection of the embankment. Trees
smaller than 2 inches in diameter are typically accepted by cutting the trunk at the ground
surface. Larger trees and vegetation usually require removal of the root ball and filling the hole
with compacted fill materials.

On several low hazard dams, large trees have been in place for years and have not been
removed and repaired; typically, we do not see that a significant safety benefit would be gained

by removal and repair. Usually, the tree removal would affect a major portion of the
embankment.

AR: See above.

CA: We have guidelines for the control of vegetation on dams. The owner is directed on a case
by case basis to abate particular vegetation. The reason for the abatement is explained and the
desired goal explained. The means and methods are left to the owner.

CO: We order the dam owner to remove trees and brush from the dam slopes, crest, and toe to
prevent deep-rooted systems from weakening the embankment and to facilitate visual inspection
of the dam.

CT: See #2 above.

FL: See comments above.

HI: See attached sheet on Criteria for the Removal of Trees, Vegetative Growth, and Rodent
Burrows from Earth Dams.

57



IL: See attachment.

e Trees — remove the tree and as much of the root system as possible; place compacted clay
soil in the excavated area; cover with top soil, and seed the area with grass.

e Brush & Weeds — mow, burn, or scrape as appropriate; fill eroded areas; seed the area with
grass

IN: We recommend grass vegetation that is mowed several times a year. Any woody vegetation
should be removed.

IA: The department recommends that dam embankments be kept clear of trees and brush and
that a vigorous stand of suitable grasses be maintained on the dam. If trees or brush do become
established on an embankment, we recommend that they be removed and that an appropriate
vegetative cover be re-established. We also recommend that the larger roots be grubbed out.

KS: The promotion of the growth of grasses (native mixes tend to be more maintenance free)
and the removal of all trees from the dam.

KY: Trees of less than about 4 inches in caliper should be removed and the embankment
repaired. Large trees should be left in place, but watched carefully. If any indication of problems
arise, the removal of such trees should be treated as a major structural activity. The lake level
should be reduced before removal begins. Trees of intermediate size would need to be
evaluated to see if they should be handled as one of these extremes or at some point in between.

ME: Take each case on its merits. Generally remove all shrubs and trees including root
structures.

MA: | am taking every opportunity to educate dam owners and environmental regulators to the
point that trees do not belong on dams.

MI: We typically recommend removal of trees and brush. We also recommend stump removal,
with precautions depending on the condition of the earth embankment, seepage conditions, etc.
Staff use professional judgement on some earth embankments, with the possibility of trees being
allowed on the embankment, where the embankment is massive, or on certain low hazard dams.

MN: We recommend removal of trees and brush and weeks from dams.
MS: Same as #2.

MO: We require dam owners to remove all trees from the dam and any other type of vegetation
that hinders the visual inspection of the dam (i.e., briars, thick brush). We generally promote the
development of a good grass cover on the dam. In removing trees, we ask for them to be cut off
as close to the top of the ground as possible. We prefer this to pushing the trees over and pulling
up the roots. .

MT: See above.

NE:
a. Cutting of trees and treating stumps to prevent regrowth.
b.  Periodic mowing when needed to control weedy growth that is inhibiting the growth
of grasses.
c.  Controlled burning (where permitted) to control residue accumulation when it
interferes with proper inspection.

NV: Depending on the size of the growth. For small rabbit brush, greasewood etc. we want it
removed completely. For small willows (up to a few inches in diameter) and similar vegetation,
we also want it removed from the embankment. Large trees, i.e. cottonwoods etc., if it is possible
to completely remove the tree and trunk and backfill root system with structural fill, then we would
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like to have the tree removed. Otherwise, we would like to have the tree limbs trimmed back so
that high winds can't blow it over, thus causing a possible breach of the dam.

NH: Generally, all trees and brush on or within 10 to 25 feet (depending upon the structure
affected) of alt structures are required to be removed.

NJ: See 1 & 2.

NY: We recommend tree and brush removal, and establishment and maintenance of a low
vegetative cover. There are a few reference documents we use.

NC: See item #2-

ND: Brush and trees along embankments should be completely removed, including their root
systems, since decaying tree roots may become passageways for water through the
embankment.

OK: See #2.

OR: We recommend that a good cover of grass or similar carpet-type vegetation be cultivated on
embankment slopes, and work to dissuade owners from allowing any vegetation to grow to
heights greater than one foot (127).

RI: We recommend removal of all vegetation. However, if larger trees are
present on the embankment, we recommend that the owner retain a qualified engineer to
determine which trees can be removed without damaging the embankment.

SC: See #2.

TX: All brush and trees with a trunk diameter of approximately 4 inches or less should be cut
from the entire dam. Care should be taken to avoid damage to the structure. The larger trees
should be properly trimmed to allow the penetration of sunlight to the dam, and help encourage
the establishment of a good, protective grass cover. The larger trees and associated root
systems should only be removed from the embankment under the supervision of a licensed
engineer experienced in dam design, construction and maintenance. However, all trees and
brush should be removed from the spillways to allow the unobstructed passage of floodwaters.

VT: Cut brush less than 4 DBH. Cut trees over 4” DBH with qualified supervision and remove
roots. Mow at least annually.

VA: See ltem 2.
WiI: See above.

WY: We tell owners of High and Significant hazard dams to remove trees and brush (bluff). Low
hazard dams, we recommend that owner remove them.

4. What legal, financial, environmental, or other constraints apply when your organization
attempts to deal with problems caused by unwanted vegetation?

AK: No comment

AZ: Arizona finds that we must always deal with dam owners who have limited financial
capabilities. We also encounter problems with environmental permits being required for larger
projects. On smaller maintenance issues there are concerns about Threatened and Endangered
Species. Each situation is unique. We do believe that most of these problems are minimized by
active, annual maintenance by the dam owners and believe that we should be diligent in following
up on this.
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AR: None - rules control.

CA: See the answer to #3. The owner often cites as reasons for delays in abatement, the
constraints presented by legal, financial, environmental, and other processes. It remains the
owner’s responsibility to perform the abatement.

CO: We try to be reasonable when issuing orders, but the safety of the dam and the downstream
lives and property is paramount. If the legal, financial, environmental, or other constraints are
significant, the dam owner has the choice of abandoning the dam to preserve the trees.

CT: Constraints are “dam” specific. Generally, dam owners just plain do not want to cut trees,
particularly if they have planted ornamental trees/shrubs on their dam.

FL: Removalis .the dam owner’s responsibility.
GA: None

HI: The Department conducts an inspection of the dam accompanied by the irrigation manager.
During the inspection, if vegetative overgrowth and large trees are observed on the top and
embankments of the dam, the irrigation manager is advised:

Proper maintenance of dams and appurtenant structures requires the periodic removal of all
undesirable vegetation within the defined areas. If not removed, the effect of this growth may be
detrimental to the safe operation of the features and can aiso lead to structural failure.

The Criteria for the Removal of Trees, Vegetative Cover and Rodent Burrows from Earth Dams is
given to the irrigation manager. A reasonable time is given for him to remove the vegetation
overgrowth and trees. If they are not removed, a notice of deficiency is sent to him and the State
Attorney General will begin legal proceedings. A majority of the dam owners comply before the
notice of deficiency is issued.

ID: Impose reservoir (operating level) restrictions until removal work performed.
IL: Primarily it is only a reluctance to do the necessary work.

IN: Financial constraints apply; many people say they cannot afford the expense of removing
large woody vegetation and the repair to the structure that may be needed in order to get roots
out of the structure. Additionally, there are environmentally-inclined individuals who seem to think
that the more woody vegetation on a structure, the better things are.

IA: None known

KS: The main restriction tends to be financial. Most owners understand the need
for satisfactory vegetation and often see the problems related to too much
or too little growth, but time and money restrict their response.

KY: If this means “what constraints would be acceptable reasons for a dam owner not to remove
trees from dams”, there are no such constraints. We would, of course, work with an owner to
minimize the financial burden, as long as this in no way prolonged a threat to the public. Owners
also would have the right to contest our directives to perform such maintenance through both
administrative and judicial appeals

LA: If deficiencies are found in a dam during inspection, including unwanted vegetation, the
Assistant Secretary, Public Works & Intermodal Transportation is empowered to request the
owner of the dam to perform the remedial work (LA R.S. 38:24). The right of the state to take
over a dam in the event of an emergency is stated in LA R.S. 38:26B.
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ME: Untested as yet. Legally nothing in Maine law specifically states that dam owners should
remove vegetation.

MD: None | am aware of.

MA: . We have little legal power to force removal. We usually end up doing battle with the owner
and environmentalists. Not enough money around, some of this work could cost $3,000 to $6,000

MI: We are not sure that there are any legal constraints. Financial constraints are, of course, of
concern to the dam owners. Environmental constraints may limit the application of certain
herbicides that may be considered for application, especially near watercourses. Also, one
effective control method in many instances, that is definitely not encouraged here, is quick
burning of the vegetation. Done properly, it does very little damage to root structures, but it can
be risky under windy conditions that often occur in Michigan, and there is considerable concern
regarding air quality consequences.

MN: Opposition viewpoints:
o Expensive to remove
o The trees provide aesthetic benefit.

MS: Primarily financial, on the part of the dam owner.

MO: When dams have not been maintained for several years, the vegetation can quickly get out
of control. This can result in a lot of hard work for the owners to regain control. Hiring someone
to do this work can be quite expensive for the owners.

MT: None so far. Usually getting the dam owner motivated to accomplish the needed annual
maintenance is the main problem.

NE:
a. Cost (financial) is a big factor, especially on privately owned dams.
b. Environmental (burning prohibited) is sometimes a factor.
c. Some owners of private dams intentionally plant trees to provide shade and
improve the looks of the dam. These owners can be reluctant to remove the trees.

NV: In ridding a dam of vegetation, typically, the dam owner will burn it off; however, sometimes
the owner wants to use a herbicide, which is fine, and we would normally steer the owner to the
Dept. of Agriculture or perhaps our sister agency, Environmental Protection to get names of
appropriate herbicides.

NH: DES issues documents (administrative orders, letters of deficiency and notices of
inspection) to dam owners related to addressing these types of deficiencies at dams. In some
cases, it is necessary to enlist legal assistance to perform enforcement functions.

NJ: No constraints apply. The State of New Jersey considers the safety of the dam structure to
be of primary importance.

NM: In some cases there has been some environmental concem in regards to using herbicides
to control vegetation.

NY: Many parties find trees aesthetically pleasing and object to their removal. Owners would
rather not spend the money on removal and on proper maintenance. Vegetation removal and
maintenance can be at odds with wetland protection.

NC: The North Carolina Dam Safety Program has broad statutory and regulatory authority to
require the removal of trees from dams. Costs are to be incurred by the owner.
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ND: The usual constraint is that the brush and trees are of such a mature age. Trees that are of
the greatest maturity have a more extensive root system. Therefore, greater effort (excavation) is
required for the removal. The greater effort creates a greater financial constraint. In some cases,
the financial constraint is the only existing constraint.

OK: If there is a problem with tree removal, we require the owner to provide a statement from a
registered professional engineer that the trees will not cause a problem on the dam. !!

OR: In the situation of a recalcitrant owner, a Proposed Order (legal process) can be initiated by
Dam Safety to correct the situation if determined to be an immediate threat to the integrity of the
structure. However, this approach is rather lengthy and can be expensive when staff time,
materials, and attorney fees (hearings officer) are included in the costs of preparation for a
contested case hearing. Also, a variable amount of “bad press” is generated any time Big Brother
issues an order against a poor, downtrodden citizen or insolvent municipality.

PA: Sometimes the removal of unwanted vegetation can be a financial problem above and
beyond normal maintenance costs. The environmental impact of removing large stands of trees
sometimes makes it more difficult to get dam owners to remove the trees.

PR: None.

RI: Legally, Rl is not allowed to require tree removal; we can only make recommendations.
Environmentally, there is an exemption in the governing regulations (Wetlands Regulations)
which allows removal of vegetation for dam safety maintenance

SC: Oftentimes, the owner will not voluntarily cut or remove the vegetation, and the only course
of action is to start legal action against him. But legal help is limited and must be saved for the
most extreme cases. This means that only a few owners can be forced to do something.

SD: We have a small dam where the embankment is 2 “state owned” and V2 “private owned”.
The state started to remove trees and vegetation, but the private owner did not allow any tree
removal on his half.

TN: We deal with problems caused by unwanted vegetation based on the law and we do not
have any constraints.

TX: Environmental issues arise when dams are located in parks or environmentally sensitive
areas, especially when endangered/threatened species habitat is involved * which also then
brings in legal constraints. Private dam owners provide financial constraints for not removing
undesirable vegetation.

UT: The biggest problem is complaints from neighbors about aesthetics.
VT: Too many dams, not enoﬁgh money.

VA: Dam safety concerns on vegetation often conflict with other perceived benefits of the
vegetation. Examples — aesthetics, low or no maintenance.

WA:

> Legal - Our statutes allow us to require changes in maintenance as needed to protect lives
and property.

» Financial - This can be a problem, but ultimately the owner just bear the costs of
maintenance.

> Environmental - This too can pose a major hurdle, but ultimately in Washington, public safety
takes precedence over environmental concerns. We usually work with the owner and the
environmental agency to resolve any concerns with vegetation.
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WV: Financial capability of the owner is often an issue. Some owners use livestock to control
vegetation which can create an associated problem with overgrazing and related damage to the
embankment cover.

WY: (See enclosed newspaper articles.) Since there is nothing in current regs or laws, we have
to wait until we have an emergency situation before we can force action.

5. Do you have any documented evidence where vegetation has negatively affected the
safe operation or have been linked to the failure of earth dams? Comment and give
examples, if available.

Y CO, CT, FL, GA, ID, IL, KS, MA, MI, MS, NE, NV, NM, NC, ND, OH, OK, OR, PA, SD, TN,
TX, UT, VT, VA, WA, WV, WI, WY

N AK, AZ, AR, CA, Hi, IN, IA, LA, ME, MN, MT, NH, NJ, NY, PR, RI, SC
NR | AL, DE, KY, MD, MO

! Y-Yes; N - No; NR - No response
AZ: Arizona does not have any specific documentation.
CO: See the Powerpoint presentation attachment.

CT: | cannot readily document where vegetation (trees) has directly lead to a dam failure.
However, we have observed a number of dams where tree roots have displaced masonry dam
components. We have also many times visited dams which were nearly completely obscured by
tree and brush growth, which made inspection impossibie.

FL: Since safe operation includes the ability to inspect, yes. Failures tend to wash away the
evidence. Nearly every inspection we or the operator performs discovers nuisance vegetation.

GA: We have a couple of cases where trees were blown over in severe storms/tornadoes. As
the tree fell it took a portion of the dam with it. No failures have occurred that we are aware of at
this time.

HI: | do not have any documented evidence where vegetation has negatively affected the safe
operation of the dam.

IL:

e Johnston City Lake Dam — NPDP Incident No. 8101
e Sudduth Lake Dam — NPDP Incident No. 8201

¢ Rice Lake Dam — NPDP Incident No. 9201

IN: | don’t have documented evidence, but one dam failure comes to mind where | suspect that
the failure was caused by unvegetated footpaths that were worn into the embankment.

KS: A small dam was reported to have failed in a tornado when a large tree was
uprooted. Some inspections have found erosion linked to the lack of
vegetation, but no failures documented.

MA: | have personal knowledge of one failure and several piping situations around root systems

M!: We have several documented dams where trees have damaged dam appurtenances, such
as spillways or other structures. Examples would be where trees destroy spiliway walls or
wingwalls, or where they have toppled and contributed to the reduction of embankment cross
section. We also have documented a case where a mature tree growing at the water’s edge on a
dam embankment was causing a serious threat to the dam. The tree was leaning at an extreme
angle. Its root mass was uplifting the earth around it. Had it toppled over, the uprooted area
would have reduced normal freeboard to zero. This incident was included in Dr. Tschantz’
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presentation on vegetation at the Albuquerque ASDSO annual conference.
MS: We have pictures of problems caused by trees.

MO: We have found dams where leakage has developed through decayed root systems of trees.
Unfortunately, that has been several years ago and | do not recall the name of the dams where
this was a problem.

NE: About 20 years ago, linden trees were planted on the crest of a privately-owned dam to
improve the looks of the dam. Linden trees were selected by the owner because they are
supposed to be “shallow-rooted”. The roots of a few of these trees were recently investigated.
The tap roots extended a long ways downstream, through the dam’s internal sand drain system.

NV: It wasn't long after | had ordered the removal of greasewood and rabbit brush off an earthen
dam that it developed a piping problem and the structure had a clear-sky failure. The owner
asked me if | thought the removal of the vegetation contributed to the failure. | told him no, that
the structure was built around the turn of the century with little or no compaction and little or no
quality control and had seepage problems for years.

I can't think of any negative aspect to the removal of vegetation unless it is grass cover.
Grass cover can provide good slope stability — especially to steep sloped faces.

NM: Indirectly yes. Heavy vegetation on a dam provided habitat for burrowing rodents on a
normally dry flood control dam. A significant flood event in the watershed caused water to be
impounded behind the dam. Water found its way into holes dug by the rodents and the dam
failed by piping.

NY: Maybe, but would require extensive file search.

NC: There is documented evidence that trees have contributed to failures of dams in North
Carolina from seepage along roots as well as from being blown over during heavy winds.

ND: The only example is vegetation that has negatively affected the safe operation of the dam.
Some dams do have trees very close to outlet structures. The trees may be the cause of
structural movement or seepage, as examples of the negative effects.

OH: Miller's Farm Pond Dam - Overtopping flow toppled a tree on the dam, which accelerated
the development of the breach.

OK: We had some pictures of old dams that have failed and tree roots are in the failure

area. That documentation is hard to find with the files in the shape they are in since the bombing.
We are in the process of getting them in order.

OR: Please allow time until the end of July for requested documentation.

PA: We have documented evidence where vegetation has negatively affected the ability to
properly inspect dams. We have no recollection of specific instances where failure to remove
vegetation was linked to dam failure

SC: | have no documented evidence, but common sense tells me vegetation has contributed to
dam failures.

SD: Have seen several large toppled trees with exposed root balls reducing cross-section of
embankment, and a breached dam (probably piping) with the breach section full of tree roots.

TN: Enclosed are pictures that document these facts.

TX: We have seen instances where excessive tree growth in spiliways has prevented sufficient
conveyance of floodwaters by restricting the flow path and collecting debris. Large trees growing
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adjacent to headwall/conduit outfalls have caused structural damage to the headwall or conduit.

Trees in the direct path of conduit outfalls also restrict discharges. There have been instances
where large trees have been uprooted by high winds and/or turbulent floodwaters; the uprooted
trees, which also take out a chunk of the dam, have contributed to failure of the earthen
embankment.

UT: A lot of dams have this problem.
VT: Many uninspectable.

VA:
Chandler’s Mill Pond Dam (VA19311) -See attached write-up.
Small unnamed dam in Henrico County -no data available
Small unnamed dam in Henry County  -no data available
Marshall Creek Dam (VA19309) -Dam overtopped and failed in '97 or '98.
i No other data available
(All four of the above were attributed to trees on embankments.)

WA: | am personally aware of dams where a blow-down of a large tree on an embankment has
reduced the thickness of the dam to a point where safety was compromised. | am also aware of

one dam where blackberry vines and brush completely obscured a major slope failure on the

downstream slope. Finally, | am aware of cases where tree roots have penetrated the low level

outlet pipe, compromising its safety.

WV: Tree roots at the Lake Washington Dam in Wood County may have contributed to a

concrete chute undermining failure. Roots apparently circumvented the concrete core wall at one

abutment and allowed seepage flow to undermine the spiliway in that area.

WI: We had a case where a dam with good grass cover overtopped for a period of hours. The
turf stood up well except where the water flowed around trees. At these locations the flow
concentrated and accelerated the embankment erosion. Unfortunately, at this time | cannot
located these photos of others where tree roots were found in the failed portion of an
embankment.

WY: See photo enclosed.

6. Are you aware of current or past research or documented discussions regarding the
effects of unwanted vegetation on dam safety? Please list or attach known references.

Y AR, CO, CT, KY, MD, MI, MS, PA, SD, VA, WY

N AK, AZ, CA, FL, GA, HI, IL, IN, IA, KS, LA, ME, MA, MN, MO, MT, NE, NV, NH, NJ, NM,
NY, NC, ND, OH, OK, OR, PR, RI, SC, TN, TX, UT, VT, WI, WV

NR | AL, DE, ID, WA

Y-Yes; N - No; NR - No response
AZ: Arizona does not know of any specific references.
AR: Heard by word of other regulators.
CO: Only what's in the FEMA dam safety manual.
CT: The only document | know of is “Tree Growth on Earthen Dams: A Survey of State Policy
and Practice”, by Bruce A. Tschantz and Jess D. Weaver, dated 11/98, published by the Civil

Engineering Dept. of the University of Tennessee.

FL: Only standard practice
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HI: 1 am not aware of current or past research on the effects of unwanted vegetation on dam
safety.

KY: I have seen some, and we may even have copies, but | don’t know what they are.
MD: Dr. Tschantz paper only.

MA: No | am not, but | have some interesting correspondence | would be willing to share.
MI: None other than Dr. Tschantz’s previous work.

MS: Dr. Bruce Tschantz’s “Tree Growth on Earthen Dams: A Survey of State Policy and
Practice”.

NC: “Tree Growth on Earthen Dams: A Survey of State Policy and Practice”, Nov. 1988, Bruce A.
Tschantz & Jess D. Weaver

OH: Not aware of any

OR: Not specifically. However, we are very interested in such references, as they would be
invaluable as testimony in our contested case hearing(s).

PA: We have a documented discussion regarding the effects of unwanted vegetation in a 1997
ASDSO annual conference technical paper (“Vegetation Control on Earthen Embankment Dams”,
Thomas Bold and Norman Batcheler)

SD: Bruce Tschantz - “Tree Growth on Embankment Dams”

TX: Only bits and pieces. Our manual entitled Guidelines for Operation and Maintenance of
Dams in Texas contains a limited discussion on vegetation and animal control. The manual is
available on our website * http://www.tnrcc.state.tx.us/water/quantity/flood/dam.html

VA:

Tree Growth on Earthen Dams: A Survey of State Policy and Practice, University of Tennessee
Tschantz & Weaver, November 1988.

Operation & Maintenance Alternatives for Removing Trees from Dams, Soil Conservation Service
(now NRCS), South Technical Service Center, Engineering Series No. 705, April 1, 1981.

WY: Only Bruce’s last report

7. If tree removal from earth dams is authorized by your organization, would you please
provide available data for examples of procedures, costs, contract specifications, and
photographs of rehabilitated dams?

AK: Not specifically authorized

AZ: Arizona does not have specific written information. One of the dams which we required
removal and replacement of deep rooted species was handled verbally and by field inspection.
The original species were removed and the holes were backfilled with compacted fill materials.
AR: See Subtitie VIIl. No costs available.

CA: Abatement of trees from embankments is initiated at the sapling size. While delays caused
by factors in #4 may result in tree sizes of several inches of diameter by the time abatement
occurs, the removal is considered maintenance and applications are not required.

CO Not applicable (we don’t authorize removal...that's the owner’s job).
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CT. Upon entreaty, yes, but not today.

FL: Since we require the operator to bear responsibility, we don’t have these specifics. Photos
may be available, but not readily.

GA: The only information we have is on the policy regarding the removal (i.e. over 8 inches must
be cleared and grubbed). If needed, | could probably give you a before and after set of pictures
for a couple of dams.

HI: Tree removals are done by the dam owners under advisement by the Department. | do not
have any data on the costs for removal of trees.

IN: No such information available.
IA: None available

KS: None available.

LA: Addressed in question no. 2.
ME: No data available.

MD: See Attachment B.

MA: We are trying to develop this data . | can say that tree removal, including removal of root
mass and recompacting could run from $1,000. to $6,000.

MI: Procedures may include mechanical removal and stump grinding, cutting, or application of
herbicides. Again, we do not regulate the removal, as it is considered a maintenance item.

MS: No available data for transmitting.

MO: The usual procedure is to cut the trees down with a chainsaw as close to the top of the dam
as possible and remove it from the dam. The costs are directly related to how badly the dam is
overgrown and can range from $1000 to as high as $10,000 in some instances.

MN: None available

MT: None, usually included in the routine maintenance required. As said earlier, clipping small
trees is much cheaper than cutting and grubbing roots of large trees.

NE: Tree removal is an option but do not have any data or examples.

NH: Depending upon the size and location of the trees to be removed, DES sometimes requires
that the root system be excavated. In general, however, we recommend that trees be cut just
below the ground surface, covered with an adequate depth of loam and seeded.

NJ: See attached.

NM: No data available.

NY: Same as #5 above.

NC: Not avzilable at this time.

ND: Data is not available.

OK: Will find pictures and send.
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OR: Cannot allocate sufficient time for assembly of request until the end of July 1999.

PA: Our dam safety program generally requires removal of the most significant portion of root
systems and backfilling with an inverted filter. We have no specific examples, references
regarding costs, or readily available photographs.

PR: Is not authorized.
RI: None other than as noted above.
TX: Not available. Consultants perform the work.

UT: Not available - We require that the root wad be removed and the area backfilled and
compacted for large trees.

VA: We (the State) do not have specific authorization to remove trees. We have required it,
however, as a condition for full certification for several dams, e.g. VA00380, VA13714, VA09519,
VA08713. Costs typically are very nominal but if tree growth is extensive and especially if
grubbing is required, $10,000 to $20,000 is common. One dam (VA13714) reportedly required
about $40,000 in clearing costs.

WV: Not available

WI: We do not have standard specification for tree removal. | will look for an example of a
rehabilitated embankment.

WA: The procedure for tree removal is site specific. Typically, trees are cut off to the ground
surface. If the tree is greater than 6 inches diameter, the roots and stump are removed and
replaced with compacted earth. Smaller tree stumps may be left in place, depending on the
thickness of the embankment section.

Part ll: Animal Impacts on Dams
8. What types of animals cause problems on earthen dams for your organization?
AK: No specific incidents known.

AZ: Arizona has problems with ants, gophers, squirrels, badgers and martins. These insects and
animals dig burrows, both in undisturbed sections of earth embankments and along areas in
embankments loosened by transverse and longitudinal cracks. These voids lead to potential
failures due to piping through voids in embankments.

AR: Burrowing animals. Possibility of piping. When we see, advise owner to get rid of animal,
recompact soil in burrow and sod.

CA: Burrowing mammals — increased seepage
Burrowing mammals - piping
Burrowing mammals — loosening of compacted fill
Burrowing mammals — food source for predatory mammals which enlarge burrows
Cattle — reworking of rain soaked embankment
Cattle — initiation of erosion paths
We provide dam owners with the attached suggestions on Muskrat Control.

CO: Burrowing animals such as groundhogs, gophers, beavers, and muskrats create the biggest

problems by causing damage and seepage paths within the dam. Damage from livestock is also
significant, because of accelerated erosion of the slopes and loss of cross section or freeboard.
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CT: Connecticut has been “blessed” with an (over) abundance of beavers, which has caused
many problems with plugged and back watered spillway structures, conduits, etc. In addition,
muskrats and woodchucks have periodically caused problems by burrowing into earthen dams.

FL: Gopher tertoises. They dig long (35 ft. and more) tunnels into embankments 18” in diameter.

GA: Beavers, muskrats, and other burrowing animals. The beavers tend to block spillways and
burrow into the embankment material. Most common problem we see is where burrows have
been created at the waterline. These will eventually slough or slide causing minor problems with
the slope.

Beavers can also back water up from downstream onto the downstream slope. This
adversely impacts drain outlets, slope maintenance, etc. It should also be noted that overgrown
upstream slopes provide excellent cover for beavers and muskrats. Rip-rapped slopes seem to
have less problems with burrowing animals.

HI: The Department will operate and maintain a flood control levee. | did a recent inspection of
the levee and discovered rat burrows on the downstream embankment of the levee. If the
burrows go through the embankment, this would allow water to seep through the burrows and
cause possible settiement and instability of the structure.

ID: Muskrats, gophers, badgers, woodchucks
IL: Groundhog, ground squirrel, crawdad, muskrat, fox, (snakes, mice — minimal problems)

IN: Groundhogs burrowing into the structure, beavers blocking spillway inlets with debris, cattle
grazing the embankment.

IA: Muskrats and gophers will burrow into dam embankments. Beavers will plug spillway inlets. It
has also been reported to me that snapping turtles will burrow into embankment.

KS:

e Cattle by trails which can reduce freeboard, create erosion channels and damage
appurtenant structures.
Beavers by obstructing spillways, burrowing into dams, creating paths on dam.
Muskrats by burrowing action.
Crawfish have been suspected in some piping incidents as they were found in the cavities,
but we are uncertain if the crawfish were the agents to forming the cavities

KY: We see mostly groundhogs and muskrats. The problems they cause are the extensive
system of burrows they dig in the embankment.

LA: Nutria and armadillos frequently dig for food in a small number of our earthen dams.

ME: Beavers and humans block spillways. Coons, woodchucks and porcupines bore into earth
walls. Otters and muskrats undermine walls.

MD: Beavers - clog spillway; groundhog - burrowing into dam

MA: Beavers and muskrats mostly. Flooding of downstream toes of dams, raising impoundment
levels beyond which the dams were designed for.

MI:

o Beavers—plugging spillways, burrowing into embankments, creating paths over the
embankment, damming tailwater to increase water level on downstream toe/slope of
embankment.

Muskrats and woodchucks—burrowing into embankments.
Livestock—contributing to erosion of embankments.
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¢ Insects—Mosquitoes, black flies, wood ticks and deer ticks all inhabit Michigan in excessive
numbers. These are annoying nuisances to dam inspectors. Deer ticks carry the threat of
Lyme disease.

» Man—vandals seem to have a preoccupation with unauthorized placement or removal of
stoplogs, unauthorized manipulation of gates, placement of debris in spillways, riding ORV’s
up and down slopes.

MN: Muskrats and groundhogs dig holes that cause seepage.
MS: Beaver primarily. Tunnels and dens in the dam erode out, causing failures or near failures.

MO: Muskrats, beavers, groundhogs. Muskrats and groundhogs like to burrow into the dam.
Beavers tend to block flow through the spillway structures.

MT: Gophers and muskrats are the main problem. Holes on the top and downstream face are
usually caused by gophers. Holes at the water line are usually caused by muskrats, especially if
cattails and brush are allowed to build up.

NE:
Beavers — Build dams around risers and in outlet channels. Also can build dens inside dam
embankments.

Muskrats — Create burrows and dens inside dam embankments.
Badgers — Burrows.

Prairie dogs — Create “towns” consisting of interconnected burrows and tunnels in embankments
and in auxiliary (emergency) spiliways.

NV:

» Beavers - by building dams in our spillway channels

Muskrats, prairie dogs and other rodents - by digging holes in the embankment and causing

seepage paths through the dam

e Cows - by trampling up and down the faces of the dam thereby reducing the effective width of
the dam and lessening the phreatic surface distance and corresponding seepage paths.

NH: Ground hogs - burrows.  Beavers - pathways, erosion, clogging of outlets/spiliways and
felling trees onto structures. Farm animals (cows, pigs) - pathways, erosion.

NJ: All burrowing animals, specifically groundhogs and muskrats. These creatures shorten
potential seepage paths which could result in a piping failure on a typical embankment dam.

NM: Usually gophers.

NY: Hydraulic obstruction — beaver. Burrowing — woodchuck, muskrat. Foot trails — livestock,
beaver, muskrat, etc.

NC:

1. Beavers: Clog riser pipes and open-channel emergency spillways

2. Muskrats: Burrow dens in dams with an extensive network of burrow holes in upstream slope
and crest of dam. (Caused dam failure — Boyd Lake Dam, Richmond County, NC)

3. Groundhogs: Same as muskrats except burrow holes are on downstream slope and crest of
dam.

4. Snakes: Be careful of them during inspections. Copperhead, rattlesnakes, water moccasins
and coral snakes are in NC.

5. Ticks (insects): Lyme disease & Rocky Mountain spotted fever. Staff members have
contracted both these diseases in NC during dam inspections.
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ND: Gophers and beavers. Gophers burrow into the embankment. Beavers build dams that
cause backwater at outlets, especially for low-level outlets.

OH: Groundheg and muskrat burrows weaken embankments and can serve as pathways for
seepage. Beavers may plug the spillway and raise the pool level.

OK: Beavers, badgers, and gophers. all burrow into the embankment. We recommend traps or
poison bait where acceptable.

OR:

Western Oregon: -

o Nutria, muskrat, beaver and two-legged, red-necked, half-witted vandals

Eastern Oregon:

o Prairie dogs, ground squirrels, badgers, coyote and two-legged, red-necked, half-witted
vandals : ’

PA: Beavers, muskrats, groundhogs. Problems described on attached fact sheet.

PR: Cows and horses, which are illegally allowed to graze at a couple of embankment dams. Is
not a big problem but they help increase erosion of the embankment.

RI: None to my knowledge. Most of the embankments have been so overgrown with vegetation,
a complete visual inspection could not be performed.

SC: Muskrats — create tunnels near the water line
Beavers — plug risers and build dams in emergency spillways

SD: Beaver/Muskrats — Dens and burrows on embankment; Livestock (cattle, sheep, horses) —
Overgrazing of grass cover and erosion damage (cattle trails)

TN: Muskrats and beavers, and to a lesser extent groundhogs. Animal holes. Beavers also
build beaver dams that block spillway inlets.

TX: Beavers and nutria are the most destructive animals for earthen dams. Beavers and nutria
construct tunnels and dens within earthen embankments, leading to seepage paths and large
voids within the dam. The tunnels and dens can be extensive and greatly weaken the dam. As
time passes, the roof of the tunnels or dens tends to collapse (often the crest of the dam). We
have incidents where dams have failed as the result of higher lake levels allowing water to flow
through the tunnels or dens and cause internal erosion and subsequent breaching of the dam.

Gophers and related rodents construct burrows all over dams. Alligators, badgers, and muskrats
also perform burrowing activities. These tunnels are usually not too extensive, but repairs must
be performed to preserve the integrity of the structure.

Wild hogs and armadillos cause extensive surface disturbance by rooting, scratching and digging
on dams. Cattle have been observed to cause very extensive damage to earthen dams by eating
down the protective grasses and causing erosion with their extensive trails network.

Alligators and snakes may hinder inspections of certain areas on a dam. Occasional angry cattle,
horses and dogs also cause access problems for inspectors.

Fire ants have become a big problem for inspectors in a large portion of the state by having to
watch every step taken to ensure your foot or hand is not placed on or near a mound. Fire ants
are attracted to electrical components, and their congregation in these areas has attributed to
component malfunction. We have also observed a few instances where small embankment
failure was attributed to the extensive network of ant tunnels and soil movement * when the lake
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reaches higher levels, the water pressure and soil saturation contributed to structural failure of the
earthen dam.

UT:

Beavers — block spillways

Pot Guts (gophers)

Muskrats

Badgers

Squirrels

Cattle, sheep, horses — leave trails on dam slopes

DO A WN =

VT: .
1. Beavers in spillways
2. Muskrats build extensive burrows in embankments.

VA:

e Beavers — block spillways and back water up into outlet pipes.

* Groundhog, muskrat — burrowing, creating voids & water channels that may lead to piping or
embankment sloughing.

¢ Grazing animals — over-grazing reduces vegetation to a level where it cannot provide stability
to surface soils. Sheet, rill and gully erosion results.

e Voles or moles were reported as causing a problem at one dam by “softening” part of the
crest of the dam.

WA: Beavers, mountain beavers, muskrat, moles. Beavers can plug spillways with debris. Other
animals burrow in the dam just above the normal high water line. When the pool is elevated
during a flood, water can flow into the burrows and initiate a piping failure. Also, burrows can
intercept the phreatic surface within embankment and shorten seepage path.

WV: Groundhog burrows on embankments, muskrat holes on the upstream face, beavers
blocking spillways, mice burrowing into internal drain outlet pipes..

WI: Muskrats, woodchucks and beavers. The first two burrow, causing seepage problems.
Beavers block outlets with the potential for overtopping the dam.

WY: Gophers, prairie dogs, ground squirrels, badgers and muskrats.
9. How do you deal with each species?

AZ: Arizona allows each dam owner to deal with his particular problem on an individual basis.
We believe that animals are typically removed by poison bait. In some areas of the state where
there may be concern about T & E species, we have been told the State Game and Fish
Department will provide assistance in identification of animals and trapping and relocation of T &
E species. .

AR: All the same with us.
CA: The owner is directed on a case by case basis to abate animal damage. The reason for the

abatement is explained and the desired goal explained. The means and methods are left to the
owner.

CO: We order the owner to remove the animals. The owner generally contacts the Division of
Wildlife or a licensed pest control agency to either trap or exterminate burrowing animails.
Livestock control is most effectively accomplished by fencing.

CT: a) Inthe case of beavers we kill them, trap them, and/or ask them to leave and move to an
abutting state (they seem to favor Massachusetts, by the way).
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b) i) Seriously, we actually do trap and eradicate beavers, but we also have been
incorporating anti-beaver fencing at several state-owned dams.
ii) Muskrats and woodchucks are normally trapped or killed.

FL: Require relocation.

GA: We advise the owner of the dam to remove the burrowing animals from the dam area. How
they do that is up to them. Trapping seems to be ineffective and has several disadvantages.
Beavers are currently considered a nuisance animal in Georgia and can be killed without a
permit. However, local laws pertaining to the use of guns may prevent the killing of the beavers.
Some of our owners have found this out the hard way.

HI: We will install rat traps to trap the animals and humanely destroy them. If we are not able to
trap them, then we will use rat poison to exterminate them.

ID: Recommend dam owner eradicate, as necessary. Removing growth also eliminates their
cover, reveals where burrows are located.

IL:

Groundhog & muskrat — See attachment.

Fox — Similar to groundhog for appropriate actions.

Crawdad - Provide toe drainage to minimize their preferred environment — in some cases lime
stabilization of the downstream face of the embankment has been necessary.

Ground squirrel, snake, mice — Keep the.embankment maintained.

IN: We recommend hunting or trapping in compliance with state regulations.

IA: Trapping, relocating, shooting, and poisoning animals have been used by a variety of dam
owners in lowa. The method of control would be up to the individual dam owner, as long as it's
legal.

KS: The owner must deal with each. On most you remove the animal, its habitat and food
source, and it leaves.

KY: We require the dam owner to fill in the burrows and to prevent the animals from returning.
Some owners trap the animals, others eradicate them by other means.

LA: Louisiana uses traps to remove the animals.
ME: We don't deal with them. Owners have variously shot and poisoned them.
MD: Require owner to hire trapper, etc.

MA: We usually get a permit from Fisheries and Wildlife for removal of the species and a permit
from the conservation commission for removal of the beaver dams and lodges

MI:

o Beavers—either trap or otherwise remove; hunt them; declare war on them and fight the
battle daily.

e Muskrats and woodchucks—some owners have placed wire/steel fencing on the
embankment face to deter burrowing; hunt, trap or otherwise remove them; follow them
around and repair any burrows.

Livestock—fence or otherwise prohibit them from traffic on the slopes.
Insects—use insect repellent and avoid areas if possible.
Man—Large boulders or other secure fencing; security devices on stoplogs slots or gates.
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MN: We don't try to remove the animals, they are too hard to eradicate. We repair the holes.
MS: We get the dam owner to trap and remove the beaver.

MO: We require the owners to remove them from the lake and dam. This involves live trapping
techniques or obtaining a permit from the Fish and Game Program to trap or shoot the animals.

MT: Poison

NE: Dam owners are responsible for removing the animals. Trapping is the most common
method and sometimes poisons are used, if allowed.

NV: We simply tell the owner to monitor the rodent holes and eradicate the animals if necessary.

NH: Ground hogs - eradicate animal and fill/lcompact burrows.

Beavers - trap and relocate or eradicate animal, and repair erosion damage with new soil,
install trash racks and clear away debris.
Farm animals- relocate to alternate pasture/land areas

NJ: The burrows are filled. Animals are at times trapped and relocated.

NM: Usually poison bait.

NY: Recommend removal of beaver work, repair of burrows and trails. Recommend trapping out
or shooting of rodents, fencing out livestock. Some experiments with “beaver tubes”, etc., to
thwart beaver activity.

NC: We encourage owners to get rid of beavers, muskrats, and groundhogs in legal ways be
trapping (or killing with appropriate permit).

ND: Gopher holes are refilled or covered. Beaver dams are removed. In both cases, the hope is
the disruption will drive the animals away.

OH: Groundhogs can be controlled by using fumigants or by shooting. Muskrats can be
discouraged from burrowing by a riprap and filter layer, wire fencing laid flat against the slope,
and eliminating aquatic vegetation along the shoreline. Muskrats and beavers can be trapped

OK: By the recommendation of the US Fish and Wildlife Service Animal Damage Control
Section.

OR: Trapping (both live and lethal), poison bait, hunting, or alternative control such as
preventative armoring with riprap, gravel, etc.

PA: We defer the problem of elimination or removal to the owner, who consults with the state
game commission for the recommended course of action. (See fact sheet.)

PR: The owner of the dam contacts the animal’s owner and removes the animals and provides a
fence to the embankment to avoid the entrance of these animals.

RI: N/A
SC: By trapping and removal from the area. (Not always successful.)
SD: Recommend fencing for livestock and some dams the beaver/muskrats have been removed.

TN: Fill the holes with clay. The upstream slope can be protected with riprap. These animals
can be eliminated by smoke bombing and trapping.
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TX: We recommend that the burrowing animals and soil disturbing animals be removed from the
dam and vicinity, either by trapping and relocation or other means. Fire ants may be eradicated
temporarily with chemical treatments. Any destruction caused by animals should be appropriately
repaired, based on the extent of damage.

uUT:
1. Beavers — trap and relocate

2. Pot Guts — poison with treated grains

3. Muskrats — attempt to poison/drain habitat
4. Badgers — trap or shoot

5. Saquirrels - poison

6. Stock —fence dam

VT.

1. . Beaverproofing pipes, stone beds around outlets.
2. Stone facing embankments above waterline.

VA: Casé by case.

WA: Typically, the responsibility for controlling the animals is up to the owner. We have them
work with our state Fish and Wildlife Department to either trap or kill the animals.

WV: Trap, relocate animals. Fill in burrows with compacted material or remove obstructions
placed by beavers.

WI: Repair the damage. Owners can get permits to trap or shoot nuisance beaver.

WY: Usually poison (except for muskrats which they will try to trap), but prairie dogs may soon
be protected species.

10. What legal, financial, environmental, or other constraints or issues arise when your
organization attempts to deal with problems caused by animals on dams?

AZ: Arizona has only had to deal with those issues discussed in the comments to question #9
above.

AR: None

CA: The owner often cites as reasons for delays in abatement, the constraints presented by
legal, financial, environmental, and other processes. It remains the owner’s responsibility to
perform the abatement.

CO: The dam owners must deal with environmental issues pertaining to trapping or exterminating
animals, with the assistance or guidance of the local wildlife agencies. The issue of livestock
control has a mostly financial impact on dam owners, who generally hate to see all that grass
unavailable for their animals. The owner must choose how he wants the dam used, for water
storage (or flood control) or for pasture. He generally can’t have both.

CT: Animal eradication is also problematic, due to regulatory constraints in terms of trapping and
hunting. (i.e., time of year, proximity to residences, method of trapping, types of traps, etc).
Occasionally, “special” out-of-season trapping permission is granted by the DEP wildlife division
in severe situations of beaver infestation.

FL: We require relocation and repair.

GA: See comments above.
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HI: There are no problems since everyone detests rats because they are a health hazard to the
residents the flood control levee is protecting.

ID: Objections: Bureau of Land Management — loss of wildlife habitat
IL: Primarily it is only the reluctance to do the necessary work.
IN: We really haven’t run into any.

IA: Trapping, shooting or otherwise destroying the animals would need be done in accordance
with current laws and regulations.

KS: None at this time.

KY: Nothing major. The biggest problem is the persistence of the varmints.
LA: None

ME: We merely tell the owner to get rid of them.

MD: None I'm aware of.

MA: Since they changed the trapping laws to "HAVE A HEART TRAPS ONLY" the beaver and
muskrat populations have grown exponentially out of control. Very controversial at this time.

MI: Financial constraints are of concern to dam owners. Environmental constraints may include
special nuisance permits for trapping or removal of beaver and muskrats.

MN: No legal constraints. Cost is a problem.
MS: Financial, for the dam owner.

MO: Permits have to be obtained from the Department of Conservation Fish and Game Program
to legally remove animals out of season.

MT: None so far, getting the owner motivated to do the work is a
problem sometimes.

NE:

a. ltis difficult to find trappers if the value of the animal pelts is low.

b. Special trapping permits are required if the animals are not “in-season”.

c. Before prairie dogs can be removed, studies of black-footed ferret populations in the area
have to be conducted.

NV: | haven't run into any problems other than actually trying to get rid of the rodents.

NH: See #4.

NJ: The State of New Jersey, Department of Environmental Protection does not deal directly with
this problem. It is the responsibility of the individual dam owner to ensure that all local, state, and
federal laws are obeyed when removing burrowing pests.

NM: As a regulatory agency, it is our responsibility to advise the owner to have the animals
removed. It is up to the owner to deal with any legal, financial or environmental issues that may
arise.

NY: Widespread beaver population leaves no transfer locations for “trap & transfer”.
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NC: Potentially, organizations such as “People for the Ethical Treatment of Animals” (PETA)
could raise concerns for removal.

ND: The main constraint is that most dams are isolated from human habitation and are not
frequently monitored by caretakers. Of course, financial constraints always exist.

OK: None so far.

OR: Many of the same previously described in No. 4, above, except that with animals the
perceived brutality by Big Brother against our helpless furry friends is more pronounced, and the
reaction much more severe than with vegetation.

PA: None

PR: None

RI: N/A

SC: Our problem is often in getting the owner to take the necessary action. If he won’t do so
voluntarily, we have no option but to initiate legal action against him. As with the problem with
vegetation, legal help is limited, and must be rationed for the most extreme cases.

SD: Many dams are for livestock water and owner does not see the problem.

TN: Trapping is supposed to be done per the regulations of the Tennessee Wildlife Resources
Agency

TX: Fur-bearing animals, such as beaver and nutria, are regulated by the state Parks and
Wildlife Department, and permits must be obtained for relocation. Everyone hates fire ants.

UT: None that are significant except getting owners convinced they are a problem
VT: Financial mostly for cost of stone.

VA: Some landowners have allowed their cattle to overgraze.

WA: Fish and Wildlife Department has regulations on killing or trapping animals.

WV: Trap, relocate animals. Fill in burrows with compacted material or remove obstructions
placed by beavers.

WY: Biggest problem now is just recurrence but endangered species act could be a future
problem

11. Do you have any docurﬁented evidence where animals have affected the safe
operation or have been linked to the failure of earth dams? Comment and give examples, if
available.

Y | CA,CT, FL, GA, ID, IL, IA, KY, MA, MI, MS, MO, NE, NH, NC, OH, OK, OR, PA, SD, TN, TX,
UT, VA, WY

N | AZ AR, CO, HI, IN, KS, LA, ME, MN, MT, NJ, NY, ND, PR, RI, VT, WV, WI

AZ: Arizona does not have specific documentation.

CA: The following uncontrolled releases of water have been caused by burrowing mammals:
Mud Lake Dam, No. 129-5 1932
Rye Grass Swale Dam, No0.150 1932
Kelley & Greiner Dam, No.133 1939
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Kelley & Greiner Dam, No.133 1947
Horse Lake Dam. No. 245 1952
Pete’s Valley Dam, No. 1256 1959
Gerber Dam, No. 261 1969
Foote #3 Dam, No. 428-2 1975
Nine Springs Dam, No. 1245 1980
Mud Lake Dam, No. 129-5 1982
Mud Lake Dam, No. 129-5 1993
Rye Grass Swale Dam, No.150 1995
Nine Springs Dam, No. 1245 1996

CT: Yes, we do have one such documented problem where an earthen embankment was riddled
with woodchuck burrows and subsequently significant soil movement occurred. (Further details
are available when time permits me to dig out related materials and also to file an “incident report”
with M. McCann.)

FL: We have discovered many (hundreds) of gopher tortoise burrows. We don’t know of any
failures caused by them.

GA: We have one example where beavers failed a dam. Casey Lake Dam was listed as a
Category Il (low hazard) dam when we got an emergency response call on the dam. After further
review, it was reclassified to Category | (high hazard). The dens built by the beavers went well
into the dam and were a direct cause of the dam to fail. | did not respond to this situation so | do
not have the full details readily available. If you need additional clarification, please let me know.
Lake Lonnie Dam in Henry County failed in 1990 where animals had burrowed into the upstream
slope in several locations. When the lake level rose as a result of a prolonged rain storm, the
water blew out the downstream slope. One 5 year old girl was nearly killed in this failure.

HI: I do not have any documented evidence that animals have affected the safe operation of a
dam.

ID: Frazier Dam failed, in part due to animal burrows (their activity).

IL: See references for vegetative problems.

IA: We believe that an earthen dam in eastern lowa failed in 1986 because of rodent burrows.
The dam failed during a storm when the elevated head on the embankment created flow directly
through burrow ridden embankment or the burrows allowed embankment saturation to the point
where it became unstable.

KY: We had pretty strong circumstantial evidence on one dam that developed major piping in an
area of the dam that we had detected animal burrows, which we directed the owner to fill. We
know that they were filled at least surficially, but suspect that the owner did little more than that.

MD: Beavers routinely place branches, logs, etc. in spillways. Coupled with lack of maintenance
by owner causes reduced spillway capacity.

MA: Overtopping and flooding of Roadways yes!!

MI: We probably have dozens of photos documenting spillway restrictions caused by beaver
debris. We have one documented failure, the US-10 flooding in Midland County.

MN: Not available

MS: We have had several dams to fail or nearly fail because of beaver activity.
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MO: We have several tailings dams that have chronic problems with beavers building dams in
spillway channels and thereby significantly reducing the spillway capacity. We have an earth
dam that overtopped due to beavers totally blocking the open channel spillway for the dam.

NE:

a. Beavers and muskrats built large dens inside a dam embankment. The upstream half of the
dam had to be excavated and rebuilt.

b. On several dams, beavers have completely dammed up and blocked off riser inlets.

NV: Nothing documented. But there does seem to be a trend between dams that are in poor
condition with excessive seepage that have heavy vegetation and rodent action. It seems that
the more vegetation there is on a dam, the greater the habitat area for rodents and corresponding
rodent holes.

NH: On more than one occasion, dams have been overtopped in areas where beavers have
lowered crest elevations with transverse pathways.

NM: See No. 5 above.

NY: Same as #5 above.

NC:

1. Beavers clogging spillways caused overtopping failures.

2. Muskrats (and possibly groundhogs) caused failure of Boyd Lake Dam, Richmond County.

OH: Crawford Fitting Company Pond Dam - A muskrat hole penetrated the embankment and
allowed lake water to seep through the dam.

Pischieri Pond Dam - Dam was breached because of piping created by animal burrows.

Crown City Mining Pond No. 024 Dam - Dam failed by overtopping due to plugging of the spillway
by beavers.

OK: Several small farm ponds have been lost due to gophers or beavers.

OR: Please allow time until the end of July 1999 for requested documentation.

PA: Documented evidence is limited to occasions where beavers have blocked spillways and
outlets and have adversely affected the safe operation of dams. However, we don’t readily recall
specific incidents that have led to failure.

RI: No documented evidence of which | am aware.

SC: No documented evidence

SD: Have seen several large slides (both upstream and downstream slopes) due to animal
burrows.

TN: Almost certainly caused failure of Mary’s Creek #8 Dam in Shelby County. Pipe developed
between muskrat holes on the upstream slope and groundhog hole on the downstream slope.

TX: Yes, see response to #8 above.
Harris Back Lake Dam, TX 4877, failed from internal erosion through beaver dens.
Willow Lake Dam, TX 3541, failed partly from fire ant tunnels.

UT: Wales Reservoir failed in 1983 due to piping through badger holes.
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VA: No known failures. We have generally been able to address the problem before it got to that
point on regulated dams.

The owner of one dam (VA11306) had to lower the pool when the embankment became
overgrazed to the point that it was considered to be compromising the safety of the dam.

WV: None dc;cumented that affected operation or caused a failure.
WI: Nothing comes to mind at this time

WY: We had one case where a significant hazard dam was found to have a large badger hole
and shortly thereafter the dam almost failed (piping) at the same place the hole had been noted

12. Are you awai'e of current or past research or public discussions regarding the effects
of burrowing animals on dam safety? Please list or attach known references.

Y | AR, CO, GA, KY, Mi, MS, OK, TX, VA

N | AZ,CA, CT, FL, H,, ID, IL, IN, IA, KS, LA, ME, MD, MA, MN, MO, MT, NE, NV, NH, NJ, NM,
NY, NC, OH, OR, PA, PR, RI, SC, TN, UT, VT, WA, WI, WY

AZ: Arizona is not aware of specific references.
AR: Yes, from other regulators.

CO: Only what's in the FEMA dam safety manual.
CT: No, I am not — but there must be tons of them.

FL: No, but the danger is obvious. If a burrow were to reach a wet zone, failure would be nearly
certain.

GA: 1984 SE Regional Dam Safety Conference in Mississippi

HI: 1 am not aware of current or past research regarding the effects of burrowing animals on dam
safety.

KY: Same as #6.

MI: No known references other than informal discussions at ASDSO workshops and
conferences, and at dam safety workshops sponsored by us.

MN: Not aware of any
MS: The SCS has done some research in this area.
OK: | remember some discussions or presentations at past ASDSO meetings.

OR: No. However, we are very interested in such references, complete with success rates for
the many approaches for rodent control that may exist.

TX: We have produced a 2-page information sheet entitied *Animal Burrows and Lodges* for
dam owner benefit. The document is located on our website --

http://www .tnrcc.state.tx.us/water/quantity/flood/dam.htmi

VA: We have a FACT SHEET (No. 4 attached).

WV: None beyond Dr. Tschantz's and ASDSO publications.
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C. ICODS Agency Representatives Survey Responses and Comments
Animal and Vegetative Impacts on Dams
(Received as of 9/2//99)

ICODS Representatives: BOR, (Bill Bouley), COE/MV (Tony Young), COE/SW (Willis Walker),
COE/SW2 (Tommy Schmidt), DOE/Oak Ridge National Lab (David Buhaly), DOE/Savannah
River Site (Perry Dukes), MSHA (Kelvin Wu), NPS (Charles Karpowicz), NRC (Daniel Rom),
TVA (James Varner/James Coulson), USDA/NRCS (Larry Caldwell)

Part I: Vegetation on Dams

1. Do you consider vegetative (woody) growth on earthen dams to be a problem for dams
under your organization’s jurisdiction?

Y | BOR, COE/MV, COE/SW, COE/SW2, DOE/ORNL, DOE/SRS, MSHA, NPS, NRC, TVA,
USDA

N

Comments:

COE/MV: It would be if uncontrolled. We do not aliow woody vegetation to grow on our dams. |t
is a greater problem on some levees constructed by the Federal Government and turned over to
local interests to maintain. Woody vegetation is not always controlled as it should be on some of
these levees.

COE/SW2: If it is allowed to become excessive the embankment them becomes impossible to
inspect adequately for signs of distress, cracking, movement, and/or seepage.

DOE/ORNL: Following guidance per "engineering guidelines for the

evaluation of hydroprojects Federal Energy Regulatory Commission Office Of Hydropower
Licensing April 1991", ORNL removes saplings/trees and controls vegetation on its impoundment
on an annual basis to ensure their structural integrity.

TVA: Vegetation with root systems could result in piping problems, grass and other vegetation
can hinder visual inspections.

USDA: Yes! Removing trees from earthen embankments is a continual challenge, especially in a

state like Oklahoma that has over 2000 flood control dams. There are three basic challenges:

e Educating landowners and watershed sponsors that trees on earthen embankments can
result in potential serious problems in the future.

e Obtaining funding for removal of trees.

¢ Practicing effective techniques for cost-effective methods of removal of trees.

See page 2 of the enclosed Oklahoma MRCS Tech Note No. 8 (Control Trees and Brush on

Dams) for a discussion of potential problems caused by trees growing on dams.

2. Does your agency have a specific policy or operating procedures
addressing tree growth and removal of trees/vegetation from earthen dams?

Y | BOR, COE/MV, COE/SW, NPS, TVA, USDA

N | DOE/ORNL, DOE/SRS, MSHA, NRC

BOR: Yes, we have guidelines regarding clearance zones. Initially, they were more stringent,
but toned down by 1989 to establish a 25 foot clearance zone from concrete structures, and the
groins and toe of embankment dams. The depth of removal for root systems is not specific to
size of the roots. Allowances are made for shallow rooted cacti on steep slopes.
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COE/MV: See EM 1110-2-301 for Corps policy.

COE/SW: The Corps policy is no trees. | don’t know of a manual that describes how to remove
trees.

COE/SW2: We do not have a written policy.

DOE/ORNL: Not applicable.

DOE/SRS: There is no specific written policy. Operating procedures limit
vegetation to a maximum height of 18 inches. in the early 90's,
large vegetation/trees were removed from all site dams. Since
that time mowing has been sufficient.

MSHA: No written policy. Practice is to request that trees be removed if hamper inspection or if
there is concern that roots could provide seepage paths.

NPS: Attachments to be faxed.

NRC: No - case by case basis.

TVA: YES, as a guideline the slopes and 50' below the slopes should be cut frequently enough
to limit grass height to 6-10 inches and eliminate growth of trees, bushes, vines, etc. In areas
where this is not possible we manage those sites on a case by case basis.

USDA: Oklahoma NRCS policy on removal of trees and brush on dams is contained in
Oklahoma Engineering Tech Note No. 8 (Control of Trees and Brush on Dams) dated April 5,
1998. (copy enclosed). Due to the ever changing availability of chemicals, the specific chemicals
for site specific projects must be reviewed with current chemical label directions.

3. If your organization has no set policy or procedures, what do you recommend?
COE/MVD: N/A

COE/SW2: We recommend that the grass on the dams be mowed several times a year to
prevent excessive growth and to prevent the spread and growth of trees.

DOE/ORNL: As noted in answer 1 above, ORNL follows guidance from the Federal Energy
Regulatory Commission (FERC) and uses maintenance forces to annually remove excess
vegetation from its impoundments.
DOE/SRS: Mowing two to four times per year. Hand work (weedeater) is

required around instrumentation and in wet areas where mowers

would rut the surface.

MSHA: (Legal) | guess we have to be prepared to defend our position that the trees present a
safety problem.

NPS: National Park Service has same standards as Bureau of Reclamation.
NRC: Specific recommendations are made to licensees following routine inspections.
USDA: Not applicable (see 2 above).

4. What legal, financial, environmental, or other constraints apply when your
organization attempts to deal with problems caused by unwanted vegetation?
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BOR: All work has to be in compliance with the national Environmental Policy Act and the
Endangered Species Act prior to initiating work activities.

COE/MV: Limited funding and environmental concerns are common obstacles to vegetation
removal.

COE/SW:: Certain non-federal levees with woody vegetation do not qualify under public laws
that allow federal reconstruction if they fail due to a flood. Consequently to remain qualified,
many of the levee boards have vegetation removed improperly by merely cutting trees, which
actually causes a higher risk of failure. Trees once established have to be removed properly and
levee boards often can’t afford that cost. A comprehensive policy that focuses on levees, levee
maintenance, and support of levee districts should be considered.

COE/SW2: No specific constraints have been encountered recently because we have worked
this problem for many years and have long standing procedures in place.

DOE/ORNL: ORNL spends approximately $15,000 annually removing excess vegetation and
controlling burrowing arimals on its impoundments. ORNL is compliant with all applicable federal,
state, and local regulations implementing the maintenance actions.

DOE/SRS: None. We own and operate the Federal dams on Federal iand. Any significant
removal in connection with construction would be addressed in construction environmental
documentation.

NPS: Because of various factors, individual park managers typically decide on how they'll
manage their own dams or monitor non-NPS dams affecting the National Park System. There
hasn't been an executive level correspondence from the Washington Office for some time
instructing the field on their requirements including outstanding deficient dams, NPS or non-NPS.
Normally higher priority facilities than dams take available funding. Also, perceived higher priority
programs like environmental compliance, historic preservation, disruption of visitor services, etc.
may override the safe operation and maintenance of impoundment structures.

NRC: Potential license violation if vegetation remains untreated.
TVA: Spraying of vegetation with chemicals requires close environmental considerations.

USDA: Local watershed project sponsors are responsible for operation and maintenance of the
dams throughout the project life. Obtaining funding for maintenance is a continual challenge.
Oklahoma Conservation Commission provides guidance and some financial support for project
sponsors (primarily conservation districts) each year. They also provide limited staff (for
specialized watershed technicians) and equipment (siphons and pumps to lower water levels in
reservoirs with plugged principal spillways), remote video camera for inspecting interior of
principal spillways, and a mower that can cut brush and other vegetation on steep embankment
slopes.

5. Do you have any documented evidence where vegetation has negatively
affected the safe operation or have been linked to the failure of earth
dams? Comment and give examples, if available.

Y | COE/MV, NPS

N | BOR, COE/SW, COE/SW2, DOE/ORNL, DOE/SRS, MSHA, NRC, TVA, USDA

BOR: None to date. At Hyrum Dam, burrowing animals were found to be protected from
predators by large trees and brush growing on the dam in 1987. Vegetation removal has
commenced before the onset of problems.

COE/MV: Two non-Federal earth dams located in the St. Louis District and two non-Corps levees
located in the Vicksburg District failed due to woody vegetation. In both non-Federal dam cases,
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roots and root channels were found in the side walls of the breach, and pre-failure photos show
extensive trees and vegetation on the embankments.

COE/SW2: Since we do not have excessive vegetative growth on our dams, we have had no
documented problems.

DOE/ORNL: Not applicable.
DOE/SRS: No specific documentation.

NPS: Several minor size, LOW Hazard potential dams at NPS Delaware Water Gap National
Recreation Area, NJ/PA. Many other instances but don't have time to lookup.

USDA: We have no documented cases where failure of an embankment has been determined to
be caused solely by trees on embankments. However, trees have masked more serious seepage
problems that would have been less expensive to repair had the problem been identified earlier.
Trees on dams inevitably result in higher maintenance cost of the dam after significant
emergency spillway flows, or other appurtenance repairs.

6. Are you aware of current or past research or documented discussions
regarding the effects of unwanted vegetation on dam safety? Please
list or attach known references.

Y | BOR, COE/MV, COE/SW, DOE/ORNL, MSHA, NPS, USDA

N | COE/SW2, DOE/SRS, NRC, TVA

BOR: Trees - Structure and Function, by Martin H. Zimmermann and Claud L. Brown
summarized the form and extent of tree roots. See attached.

COE/MV: Waterways Experiment Station has recently done research. Suggest contacting Milton
Myers or Buck Taylor for information. Also, go on line to http://www.dep.state.pa.us then to
subjects/dam safety and flood protection/fact sheets for information on vegetation and burrowing
animals.

COE/SW: Yes. Aresearch paper on the damage to levees from root systems used to be
available from the Waterways Experiment Station.

DOE/ORNL: Yes. (FERC guidance noted in answer 1 above)

DOE/SRS: No specific documentation.

MSHA: Stan & Tara did some digging on this issue for Unimin site.

NPS: | have copy of Corps paper.

TVA: None that we have documented. We had failure, resulting from piping along a low level
sluice tunnel, of a small low hazard dam where roots from trees growing in the toe were identified
but not thought to have contributed to the failure.

USDA: The only related research | am aware of that could be related to dam safety is the
research that has been conducted at the ARS Hydraulics Laboratory, Stillwater, OK. This is a
location where TP-61, Flow in Vegetative Channels, was done in the 1950’s. There is still one of
the original natural channels that has been allowed to grow into trees and brush naturally that, |
understand, has had infrequent tests to evaluate the flow through these natural channels. This
could possibly be correlated with restriction of flow in emergency spillways.

7. If tree removal from earth dams is authorized by your organization, would
you please provide available data for examples of procedures, costs, contract

84




specifications, and photographs of rehabilitated dams?
BOR: This is generally performed as routine maintenance on our dams by the operating entities.

COE/MV: A project may soon be underway in St. Paul District at Pine River Dam. Contact David
Rydeen for additional information.

COE/SW: The practice within SWD is to prevent the establishing of trees on earth dams by
removal of all saplings.

COE/SW2: We generally remove trees growing on our dams before they get too big. We
therefor do not have a detailed procedure for removing them. Whenever trees are removed, the
root are excavated and the resulting hole backfilled with compacted soil.

DOE/ORNL: The cost is approximately $15,000 annually. There are no

procedures or specifications. Pictures are shown in a report that will be sent to you entitled
"Formal Inspection Report, White Oak Dam State Highway 95 Oak Ridge, Tennessee LMER
Agreement 74b-99414v Release X-04, September

25, 1998".

DOE/SRS: May be able to provide before and after pictures.

MSHA: Don't have this info.

NPS: This agency has done tree removal with the assistance of Bureau of Reclamation, but it
would take several weeks to work up information.

NRC: N/A

TVA: NONE

USDA: |suggest this information be obtained from Oklahoma Conservation Commission, contact
Dan Sebert, telephone (405) 521-4818. Note he has been provided with a copy of this survey
and will probably be submitting a separate reply.

Part ll: Animal Impacts on Dams

8. What types of animals cause problems on earthen dams for your organization?

BOR: Since we are a water resource agency, we published the Prevention and Control of Animal
Damage to Hydraulic Structures in April 1991 with the Department of Agriculture Animal and
Plant Health Inspection Service.

COE/MV: Gophers, beavers, muskrats, and groundhogs mostly on levees. Also, see the online
reference in paragraph 6 above.

COE/SW: Any animal that burrows.
COE/SW2: Armadillos and beavers.
DOE/ORNL: Ground hogs, muskrats

DOE/SRS:

¢ Ants nesting on embankments is a continuing but minor problem.

e Feral hogs root on the embankments and surrounding areas, damaging grass cover.
e Beavers attempt to block spillways, especially on the smaller dams.

MSHA: Have seen only limited evidence of rodent holes.
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NPS: Muskrats - damage/burrow holes upstream face of dam
Groundhogs - damage/burrow holes on downstream face
Beaveré - obstruct waterways
"California squirrels" - numerous burrow holes in dams

NRC: Rodents - burrow problems

TVA: Not a large problem. However when found they are removed. Groundhogs are typically the
only animals that cause problems.

USDA: Beavers are by far the largest problem associated with maintenance of earthen
embankments across Oklahoma. The beavers cause major problems by plugging principal
spillway inlets, submerging principal spillway outlets, and burrowing into the embankment.

9. How do you deal with each species?

BOR: The publication in question 8 describes strategies to eradicate various burrowing rodents
and other mammals. Reptile burrowing, such as alligators, is not addressed.

COE/MV: Extermination or relocation.
COE/SW: Keep vegetation mowed regularly to eliminate ground cover for animals.
COE/SW2: | do not know how we control armadilios but the beavers are trapped and removed.

DOE/ORNL: Tennessee wildlife resource agency officials capture the animals and relocate them
to safe areas. engineering controls like rip-rap over the embankments reduce the occurrence of
burrows.

DOE/SRS:

e Ants are controlled by routine application of insecticides.

e There is a site-wide hog removal program which includes areas near dams.

o During periods of their highest beaver activity, more regular inspection and removal are
required.

MSHA: Case-by-case; no policy or practice

NPS: Typically trapping & relocating away from dam.

NRC: Eradication as proposed by licensee and approved by NRC.
TVA: Remove them.

USDA: The Oklahoma conservation Commission has a cooperative agreement with the
Oklahoma Animal Damage Control who send state trappers to remove beaver upon request.
There have also been attempts at trying different “beaver guard” designs for flood control dams.
See the enclosed report on evaluation of various beaver control trials dated December 15, 1989.
Also enclosed in information on beaver control methods and damage prevention developed by
Fish and Wildlife Service and article on “Electrical Devices to Help Contain Beavers” for
information.

10. What legal, financial, environmental, or other constraints or issues

arise when your organization attempts to deal with problems caused by
animals on dams?
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BOR: Same legal constraints as described with vegetation removal.

COE/MV: Has not been a significant problem. Could become a problem depending on location
and means of control.

COE/SW: None

COE/SW2: None that | know of.

DOE/ORNL: Refer to answer to question number 4 above.

DOE/SRS: None special.

MSHA: No experience

NPS: See item four above.

NRC: Potential license violation for failure to treat problem.

TVA: Not aware of any.

USDA: Again, Dan Sebert, Oklahoma conservation Commission, should be contacted for first-
hand experience. To my knowledge, primary constraints involve a source of funding for areas
with continual problems and access to adjacent landowners (outside the original easement area)
where beaver’s work has an adverse impact on the dams.

11. Do you have any documented evidence where animals have affected the safe operation

or have been linked to the failure of earth dams? Comment and give examples, if
available.

Y | BOR, NPS, USDA

N | COE/MV, COE/SW, COE/SW2, DOE/ORNL, DOE/SRS, MSHA, NRC, TVA

BOR: We are aware of past failures where animals may have been a contributing cause, but not
on Reclamation dams.

COE/MV: Has not been a significant problem. Could become a problem depending on location
and means of control.

NPS: See item five above.

USDA: Plugging of principal spillways by beavers have filled the detention pools of several flood
control dams. Then when large storms occur, emergency spiliways flow more frequently and for
longer duration than they were designed causing significant damage and costly repairs. To my
knowledge, we do not have a site-specific example where beavers have directly resulted in failure
of a dam, but they certainly have increased maintenance costs significantly.

12. Are you aware of current or past research or public discussions regarding
the effects of burrowing animals on dam safety? No. Please list or attach known
references.

Y | COE/MV, DOE/ORNL, USDA

N | COE/SW, COE/SW2, DOE/SRS, MSHA, NPS, NRC, TVA

BOR: | am not aware of research or public discussions regarding these effects.

87




COE/MV: See the online reference in paragraph 6 above.
DOE/ORNL: Refer to answer to question number 6 above.

NPS: Nothing that ASDSO doesn't already have on record from their
proceedings -

USDA: None, other than the documents mentioned in Number 9 above.
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Abstract: As preparation for the ASDSO/FEMA sponsored "Workshop On Plant and Animal
Penetrations of Earthfilled Dams”held November 30 - December 2, 1999, a survey questionnaire
was sent to ASDSO and ICODS representatives in June 1999 to determine, from a national per-
spective, the current problems and policies relating to plant and animal impacts on earthen
dams. The results of the plant survey were reported elsewhere in the proceedings of the work-
shop (Tschantz 1999). This paper summarizes a series of questions relating to the kinds of ani-
mals and the types of impacts effected on earthen dams and other water control structures in
addition to reviewing current state and federal issues and policies to dam owners/caretakers in
dealing with problems caused by animals. The survey revealed that some of the most severe
problems, such as seepage and piping (leading to documented dam failures) was caused by
muskrats, beavers, and woodchucks (including marmots) burrowing into embankments. For
example, problems with beavers were cited by 32 of the 48 state ASDSO representatives in addi-
tion to several ICODS member organizations. The majority of states with beaver problems (78%)
specifically mentioned that the “clogging” and “obstruction of hydraulic structures” (restricted
flow risers) and spillways often resulted in overtopping of embankment crests with subsequent
dam failures. Other animal species causing significant problems included livestock, nutria, badg-
ers, gophers, ground squirrels, prairie dogs, armadillos, and humans (vandals). The most suc-
cessful abatement method cited, by at least 40 states and 9 ICODS agencies, was "trapping”
(including live-trapping and relocation). Additional procedures attempted included: habitat alter-
ation, exclusion (fencing, rip-rap, filters, concrete walls, etc.); shooting (including hunting); and
toxicants (including fumigants, repellents and poison). Information on a companion study to pro-
duce a bibliography on the impacts of animals on earthfilled dams and appurtenances is updated.

' Presentation and Proceedings: ASDSO/FEMA Specialty Workshop on “Plant and Animal Penetrations of Earthfilled
Dams"”, November 30-December 2, 1999, Univ. of Tennessee Conf. Center, Knoxville, TN.
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Introduction

The types of impacts that animals (including humans) inflict on earthfilled dams, levees,
restricted flow risers, principal and emergency spillways, and other types of floodwater
retarding structures are almost as varied as the species that cause the effects. With con-
tinuing constriction, fragmentation and, most importantly, direct loss of animal habitats
by the encroachment of human activities throughout the United States, many wildlife
species attempt to adapt by using earthen dams and embankments as foraging and den
sites. The efficient and effective functioning of these water retaining structures is often
reduced and can be totally compromised by these animals and their effects to the point
of endangering human life and economics downstream if not addressed by appropriate
abatement and remedial procedures.

The primary purpose of this paper is to summarize the results of a survey questionnaire
distributed in June 1999 by the Association of State Dam Safety Officials (ASDSO) to
member representatives in each state, the Affiliate Member Advisory Committee of
ASDSO, and to federal agency representatives of the Interagency Committee on Dam
Safety (ICODS). Additionally, a review of current management policies and issues con-
cerning animal penetrations and abatement procedures is discussed.

Methods

The questionnaire consisted of two parts; the first part contained 7 questions related
to the impact and policy issues of trees and other vegetative growth occurring on
earthen dams was initially developed in 1988 and re-issued currently for comparative
purposes (Tschantz & Weaver 1988, Tschantz 1999). The second part of the question-
naire was comprised of 5 new questions relating to animals burrowing into, foraging
on or otherwise impacting the safe operation and maintenance of earthen dams and
associated appurtenances such as spillways and flow risers. Information was gathered
to determine:

(1) Question #8 - the types (species) of animals and their impacts on earthen dam
operation and safety;

(2) Question #9 - existing policies and abatement procedures to deal with these
problems;

(3) Question #10 - legal, financial and/or environmental constraints to controlling
the animals and their impacts;

(4) Question #11 - identification of site-specific, animal-caused, earthen dam
failures; and finally,

(5) Question #12 - any knowledge of past or current research activities and docu-
mented references.
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Each state ASDSO representative, affiliate advisory member, and ICODS delegate was
sent a questionnaire. A single reminder request was sent to non-respondents. Results
were tabulated as of November 20, 1999 and a PowerPoint presentation was made to
attendees at the Knoxville workshop.

Results and Discussion

With the exception of Alabama and Delaware, survey replies were received from 48
states and Puerto Rico ASDSO representatives in addition to 4 ASDSO Affiliate Advisory
and 11 ICODS representatives. Many of the answers to Questions 9, 10,11, and 12
(above) were in comment form. A verbatim copy of the survey results may be obtained
from ASDSO upon request. For purposes of summarizing and reporting the survey
results, some answers have been consolidated and/or abbreviated to fit table columns as
needed. Portions of some comments have been reproduced to illustrate a particular
viewpoint and to facilitate discussion.

State ASDSO Representative Survey Response

Individual species accounts have been developed based on the information supplied by
each state ASDSO response to question #'s 8-12 on the survey form augmented with
information obtained from a variety of sources including private, state and federal
agency publications related to animal impacts on earthen dams. Table 1 summarizes the
state responses by animal type with 7 of the more commonly reported species, including
a livestock (“Is") group comprised of cows, horses, sheep, pigs, goats, etc., arrayed in
descending order of occurrence with “other species; damage comments” noted in the
adjacent column. Table 2 details the state responses on the methods that dam
owners/managers have utilized to attempt abatement procedures for problem animals
and impacts.

Muskrats: The muskrat ("mu” - Table 1) was listed as the most common species of prob-
lem animal impacting the integrity of water retention structures by 34 of 48 (70%) state
ASDSO representatives. The principal effect this species has on earthen dams is the
extensive tunneling in the construction of dens. Detection of this species is sometimes
difficult because entrances to the tunnels are often located just below the water surface
along overgrown shorelines. It is known that as water levels rise during periods of high
water, muskrats extend their tunnels upward into the interior of the dam to maintain the
nest chamber above the waterline. The muskrat is a prolific species with females having
up to 6 litters of 6 young each per year (Hegdal and Harbour, 1991; Miller 1994). This
mammal probably occurs in most states (and watersheds) throughout the country.
Abatement procedures reported by ASDSO representatives included: trapping, shooting,
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poison, installation of stone rip-rap, metal fencing laid on upstream slopes, and habitat
alteration through reduction of cattail plantings and overgrown bank vegetation.

Beaver: Thirty-two of 48 (67%) state ASDSO representatives reported problems with
beavers ("be"” - Table 1). Twenty-five respondents mentioned specifically that beavers
"blocked principal and emergency spillways” resulting in overtopping during heavy
rains in addition to burrowing into earthen embankments or flooding downstream toe
areas with tailwater dams. Several state representatives (i.e. CT, GA, MS, NC, NH, NY,
PA, and SC) reported beaver activities had “clogged” and “blocked hydraulic structures”
commonly referred to as riser outlets.

Blocked riser orifices were reported to be especially problematic at low level units and
on those situated in close proximity to the upstream face of the dam. At these sites
beavers piled mud and other debris underwater against the face of the structure until
inlet openings and trash racks finally were covered. Studies conducted since the
mid-1970's in AL, MS, OK, and TX by USDA-NRCS (previously SCS) in attempts to
develop a “beaver-proof” riser guard have had mixed results (L. Caldwell, OK
USDA/NRCS, pers. commun.). Two designs have showed promise: the first incorporated
the use of elbow shaped corrugated metal pipes (CMP) extending into deep water off of
the inlet tower while the second design used aluminum grates to completely enclose
and isolate trash racks from access by beavers (Reynolds 1976, Anonymous 1984,
Haggard and Dominick 1989)

Currently, two economical methods have been used to aid in keeping beavers from block-
ing riser towers (J. Pelley, OK Cons. Comm., pers. commun.). The first method involves
affixing 10 cm X 10 cm (4" X 4") pieces of hog pen panel with bolts or wire to the standard
trash rack frame protecting inlet openings. A backup method to ensure water flow through
the structure has been to replace the standard manhole cover on top of the riser tower with
a "beehive"” grate. This cast iron dome permits drainage during high water events even if
beavers block the lower orifice(s). The sloping surface of the cone-shaped dome apparently
prohibits beaver placed debris from completely obstructing the slotted openings.

It has been found that the deeper the water in which the riser initially is constructed, the
greater the protection from the impact of beaver activity over extended periods
(Anonymous 1984). Because of their large size (up to 54 kg), beavers construct large diame-
ter (0.5+ m) tunnels and often excavate large underground chambers within earthen
embankments for den sites. The potential for internal erosion, seepage, and piping leading
to subsequent failure of the structure is always of concern.
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Abatement procedures for beaver and their “construction activities” listed by state
ASDSO representatives included removal of the animals (both lethal and non-lethal
methods) and an array of cultural and habitat alteration techniques (Table 2). A number
of states continue to discourage beaver occupancy at a particular site by repeatedly
removing beaver debris from riser inlets and spillway structures. This time-consuming
and expensive method rarely cause beaver to leave for any length of time. Similarly,
experimentation by several states and agencies with various “beaver-proof” drain pipes
and exclusionary fencing, while often having short-term success, usually re-quires pro-
hibitive installation and/or maintenance costs over large areas and long term periods. All
these methods allow the problem animals to remain in the area to continue embank-
ment degradation from tunneling activities that could, in turn, lead to failure of the struc-
ture through seepage and piping events.

The one method for abatement of recurring beaver problems that has been proven effi-
cient and effective through the years has been to intensively trap and remove the prob-
lem animals either by kill or live-trap methods (Hill 1976, Woodward 1983, Huffstatler
1990). A trapping effort lasting up to two weeks the first year to remove the majority of
beavers present, including breeding adults, followed by “clean-up” of any remaining
animals the second year is the recommended procedure (Hill 1976). Huffstatler (1990)
stated “beaver costs (and efforts) associated with a systematic trapping program are
insignificant compared to repairing or replacing beaver damaged flood water retaining
structures.”

Woodchucks or Groundhogs (including marmots): Woodchucks and marmots ("wo" -

Table 1) were listed by 24 of 48 (50%) states as causing burrowing problems on down-
stream and levee embankment slopes. Marmots (known as “rock chucks” in western
states) prefer rip-rap sites. The main concern with these animals and the other burrow-
ing species mentioned below, is that tunnels dug into the upstream slope (e.g. by
muskrat, nutria and beaver) will contact burrows dug by woodchucks (groundhogs) on
the downstream slope of the embankment. If this occurs, a geophysical phenomenon
called "piping” can result with complete loss of water through the eroded earthen struc-
ture. Extensive tunneling and den construction can also result in the formation of seep-
age pathways, internal erosion, collapse of surface soils, and wash out of dam crests
during high water events. Abatement procedures for woodchucks listed by ASDSO per-
sonnel included trapping, shooting, toxicants, and fumigants.

Livestock (cows, horses, sheep, pigs, goats, etc.): The column marked "Is” denotes a

livestock group of animals including cows, horses, sheep, pigs, and goats which were
identified as problems in 12 of 48 (25%) states (Table 1). In Puerto Rico, the livestock
group was the only animal type reported causing problems on earthen dam slopes. The
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livestock group was reported from mostly western states to forage and root on grassy
slopes reducing protective vegetation and resulting in: trampling, sloughing and erosion
of embankment slopes; creation of erosion-prone foot trails; loss of effective width of
the dam crest (freeboard), and reduction in the phreatic surface distance. Respondents
from several western states installed fencing to restrict problem livestock access to dam
slopes. The overgrazing of erosion prone slopes was also discouraged.

Gophers: Pocket gophers ("go” - Table 1) were listed by 11 of 48 (23%) state respon-
dents from the western United States as causing problems on embankment and levee
slopes. This group of burrowing rodents belongs to the family Geomyidae and ranges in
size from 36 cm (14 inches) in length and up to 500 g (20 ounces) in weight. Gophers dig
extensive tunnels foraging on both surface forbs and underground root structures of
herbaceous plants. Not only does the tunnel system weaken the integrity of dam em-
bankments but gophers are preyed upon by larger predators, such as coyotes and badg-
ers, that attempt to dig them out of their tunnel system, thereby enlarging surface holes
and contributing to additional erosion, seepage, and piping problems. Abatement meth-
ods include a range of legal toxicants that are placed underground, fumigants, and trap-
ping (Hegdal and Harbour 1991).

Badgers: Eight of 48 (17%) western state ASDSO representatives reported that badgers
("ba” - Table 1) were a problem around dams. Spécifically, badgers were said to dig
some den burrows but, more importantly, badgers excavate smaller mammals such as
gophers, ground squirrels, prairie dogs, and other small rodents for food. Although
shooting and trapping can be used for control in some instances, best abatement meth-
ods include control of the prey species on which this predator feeds.

Ground Squirrels: Ground squirrels ("gs” - Table 1) were reported by 6 of 48 (13%)
states and were the seventh most numerous “type” of problem animal around dams
and levees. This is a widely dispersed group of rodents comprised of 17 species found in
over 27 states. Although varying in size, some of these species can reach 50 cm (20 inch-
es) in length and up to 10009 (2.5 Ibs.) (Hegdal and Harbour 1991). The extensive tunnels
constructed by this, for the most part, colonial group of rodents, have been determined
to cause increased seepage and potential piping problems in both dam and levee (canal)
slopes, especially after high water events from heavy rains. As with gophers, dense pop-
ulations of ground squirrels attract predators, such as the aforementioned badger,
which, in turn, open up tunnel entrances in attempting to dig out the ground squirrel.
Abatement methods include toxicants, fumigants, trapping, and shooting.

"Other"” Species:
Inspection Problems: The following brief accounts represent miscellaneous animal
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species or groups of animals listed by either state ASDSO or ICODS representatives on
the survey returns. The term “other” should not be construed as representing a species
of lesser importance to the safety and protection of human life and property or to the
proper functioning and maintenance of water control structures. For example, if the veg-
etation on embankment slopes has not been maintained in a short grass cover and is
overgrown with impenetrable trees, brush, and weeds, inspection personnel may not be
able to perform as complete an inspection as necessary to ensure the integrity of the
structure because of worries about snakes (especially venomous species), insects (mos-
quitoes, flies, and fire ants) or even the presence of ticks, which may carry Rocky
Mountain Spotted Fever and Lyme’s disease. In fact, this example was mentioned by the
states of IL, MI, NC, and TX and ICODS DOE/SRS in listing problems with these animal
groups, in particular. The Rl representative stated that the types of animals causing prob-
lems to dams in that state were "None to my knowledge. Most of the embankments
have been so overgrown with vegetation, a complete visual inspection could not be per-
formed.”

Prairie Dogs: Prairie dogs were reported to be problems on dams (embankments and
emergency spillway slopes) in NE, NV, OR, and WY (Table 1). These colonial rodents can
weigh up to 1.7 kg (4 Ibs.). Of the 4 species found in several western states, the
black-tailed prairie dog is the most widespread occurring in the Great Plains region from
MT to TX. The ASDSO representative from WY commented that control efforts may have
to be curtailed as the future existence of the federally endangered black footed ferret is
closely tied to that of the prairie dog on which it feeds. In addition to gophers and
ground squirrels, prairie dogs also form a part of many other predators’ food chains,
including the badger.

Armadillos: The armadillo was listed only by the states of LA and TX and ICODS -
COE-SW2 (see Table 3) as being a problem. However, as this species continues to
expand its current range from TX to FL and north to SC, KS, and MO, additional impacts
on water retaining embankments may become more common in the future. This species
can weigh up to 8 kg (17 Ibs.) and prefers to dig dens, averaging 20 cm (8 in) in width
and up to 5 m (15 ft) in length, in sand or loam soils (Hegdal and Harbour 1991). It also
digs small surface holes in its nightly search for food, which consists primarily of inver-
tebrates. Local control of this animal involves habitat alteration and exclusion, trapping,
and shooting.

Nutria: The nutria is another example of an animal that, historically, has been known to
damage crops and infrastructure in many coastal states but, as in the previous species,
was listed only by LA and TX as being a problem on dams and levees. In fact, the TX
comment was “beaver and nutria are the most destructive animals for earthen
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dams...we have incidents where dams have failed as the result of higher lake levels
allowing water to flow through the tunnels or dens and cause internal erosion and sub-
sequent breaching of the dam.” Currently found in at least 20 states, the nutria can reach
9 kg (20 Ibs.) in weight. Nutria are very prolific producing 2 litters a year with up to 9
young per litter. Each female becomes capable of'breeding at 6 months of age (Willner
1982). Trapping for the fur market can help in some situations by maintaining popula-
tions below levels that cause extensive damage to dam and canal banks (Kinler, et al.
1987). However, additional abatement procedures including vegetation control on em-
bankments, use of toxicants, and shooting may have to be employed to control over-
abundant local populations of problem animals (Hegdal and Harbour 1991).

Rats, Mice, Voles and Moles: This group of small burrowing mammals was listed by sev-
eral states, including HI, IL, VA, WA, and WV, as causing problems on earthen dams and
other types of embankments. None of these species was directly implicated in dam fail-
ures. These small mammals, however, are attracted to brushy, overgrown and unman-
aged vegetation growing on slopes for use as food sources (seeds and succulents), nest
sites and cover from predators. In fact, 12 of 48 state ASDSO representatives completing
Part 1 of the questionnaire dealing with the impacts of plant penetration and reported by
Tschantz (1999) in the “"Workshop Proceedings”, specifically mentioned that “excess
vegetative growth”: (1) hampered visual inspections, (2) provided cover for animal bur-
rows, and (3) provided protection (to prey) from natural predators. Several state repre-
sentatives indicated that these small mammals had “softened up” dam crests leading to
increased erosion, others believed dense populations of these prey species tended to
attract larger mammalian predators, such as badgers, coyotes, and foxes. Regular and
thorough maintenance of embankment slopes should aid in prevention or remedial
abatement of such problems.

Humans: The survey returns from ME, MI, and OR mentioned problems with human
vandals impacting the integrity and safety of earthen dams and related water control
structures. The respondent from M| summarized the types of problems encountered stat-
ing “...vandals seem to have a pre-occupation with unauthorized placement or removal
of stoplogs, unauthorized manipulation of gates, placement of debris in spillways, and
riding ORV'’s up and down slopes.”

Reptiles: The only problem animal species the FL survey return documented was the
existence of: “"Gopher tortoises. They dig long (35 ft and more, 18 inches in diameter)
tunnels into embankments.” Stated abatement procedure for this federally listed, endan-
gered reptile was stated as: “"re-location.” The ASDSO representative from IA related
that snapping turtles had been reported "burrowing into embankments.” In this particu-
lar instance, personal experience of the senior author has often noted that this species of
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turtle is commonly found in bank depressions and excavations made by other animals,
such as beavers, rather than the turtles’ initially having made the holes. The TX state
survey return listed the alligator as a problem species by its underwater burrowing into
embankments to construct dens and as a “hindrance” during dam inspections.

Crayfish: The crayfish ("crawdad"”) was listed as a problem animal by the IL state
ASDSO representative. Abatement procedures included: “provide toe drainage to mini-
mize their preferred environment - in some cases lime stabilization of the downstream
face of the embankment has been necessary.” The survey return from KS stated: "craw-
fish have been suspected in some piping incidents as they were found in the cavities,
but we are uncertain if the crawfish were the agents to forming the cavities.”

Summary of Abatement Procedures

Although abatement techniques have been outlined for many of the species accounts
discussed previously and comprise the data set used in Table 2, the following responses
by individual state ASDSO representatives were selected to represent “interesting” or
“common sense” answers to Question # 9: "How do you deal with each species.”

CA - "The owner is directed on a case by case basis to abate animal damage. The rea-
son for the abatement is explained and the desired goal explained. The means and
methods are left to the owner.”

IA - “Trapping, relocating, shooting, and poisoning animals have been used by a variety
of dam owners in IA. The method of control would be up to the individual dam owner,
as long as it's legal.”

MN - “We don't try to remove the animals, they are too hard to eradicate. We repair
the holes.”

PA - “We defer the problem of elimination or removal to the owner, who consults with
the state game commission for the recommended course of action.”

TX - "We recommend that the burrowing animals and soil disturbing animals be
removed from the dam and vicinity, either by trapping and relocation or other means.
Fire ants may be eradicated temporarily with chemical treatments. Any destruction
caused by animals should be appropriately repaired, based on the extent of damage.”
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Summary of ASDSO and ICODS Responses to Question # 10

Question # 10, asked: “What legal, financial, or environmental constraints or issues arise
when your organization attempts to deal with problems caused by animals on dams.”
Responses from 46 state ASDSO representatives resulted in 13 (28%) that stated “none.”
Most of the state and ICODS (Table 3) responses indicated that “animal control must be
done in accordance with current laws and regulations.” Of the remaining comments, the
following, listed in alphabetical order by state, have been reproduced verbatim to illus-
trate different viewpoints:

CA - "The owner often cites as reasons for delays in abatement, the constraints present-
ed by legal, financial, environmental, and other processes. It remains the owner’s
responsibility to perform the abatement.”

CO - "The dam owners must deal with environmental issues pertaining to trapping or
exterminating animals, with the assistance or guidance of the local wildlife agencies.
The issue of livestock control has a mostly financial impact on dam owners, who gener-
ally hate to see all that grass unavailable for their animals. The owner must choose how
he wants the dam used, for water storage (or flood control) or for pasture. He generally
can't have both.”

CT - "Animal eradication is also problematic, due to regulatory constraints in terms of
trapping and hunting (i.e. time of year, proximity to residences, method of trapping,
types of traps, etc.). Occasionally, ‘special’ out-of-season trapping permission is granted
by the DEP wildlife division in severe situations of beaver infestation.”

IL - "Primarily it is only the reluctance to do the necessary work."”

KY - “"Nothing major. The biggest problem is the persistence of the varmints.”

MA - “Since they changed the trapping laws to 'HAV-A-HART" only, the beaver and muskrat
populations have grown exponentially out of control. Very controversial at this time.”

MT - “None so far, getting the owner motivated to do the work is a problem sometimes.”

NC - "Potentially, organizations such as 'People for the Ethical Treatment of Animals’
(PETA) could raise concerns for removal.”

ND - "The main constraint is that most dams are isolated from human habitation and
are not frequently monitored by caretakers...”
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NE - "It is difficult to find trappers if the value of the animal pelts is low.”

NJ & NM - "It is the responsibility of the individual dam owner to ensure that all local,
state, and federal laws are obeyed when removing burrowing pests.”

NY - “"Widespread beaver populations leaves no transfer locations for ‘trap and transfer’.”

SC - "Our problem is often in getting the owner to take the necessary action. If he won't
do so voluntarily, we have no option but to initiate legal action against him. As with the
problem with vegetation, legal help is limited, and must be rationed for the most
extreme cases.”

WY - “Biggest problem now is just recurrence but the Endangered Species Act could be
a future problem.”

In addition to the states of IL, MT, and SC quoted above, 3 additional states cited trou-
bles in convincing dam owners they “have a problem” or in motivating them to per-
form needed animal control and remedial repairs. A total of 6 states mentioned that
special re-location, nuisance and/or "out-of-season” trapping permits from appropri-
ate authorities were needed for animal control. Lastly, a total of 7 states reported that
dam owners cited “financial constraints” as a reason for delaying necessary work.
From the number and diversity of comments received on this question, it is apparent
that there exists a need for increased communication, with an emphasis on education,
between agencies assigned to monitor both the safety of dams and the owners and/or
managers of the structures.

Summary of ASDSO and ICODS Responses to Question # 11

Answers to Question # 11, "Do you have any documented evidence where animals
have affected the safe operation or have been linked to the failure of earth dams?”
were received from 25 (60%) of the 42 states that responded in some way to this ques-
tion. A total of 16 states provided evidence of 1 or more dam failures. None of the 11
ICODS agencies reported any dam failures from animal activity on their lands (Table
3). The following alphabetical listing of states has been compiled, together with the
reason for the dam’s failure:

CA - Records indicated that “uncontrolled releases” of water occurred from 1932 - 1996

from 7 different earth dams with multiple animal problems at Mud Lake (3), Rye Grass
Swale Dam (2), Kelley & Greiner Dam (2), and Nine Springs Dam (2).
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CT - A failure was documented “where an earthen embankment was riddled with wood-
chuck burrows and subsequently significant soil movement occurred.”

GA - Casey Lake Dam was lost due to "...beaver dens that went well into the dam and
were a direct cause of the dam to fail.”

IA - An earthen dam failed in “eastern IA in 1986 because of rodent burrows.”

ID - Frazier Dam failed, "...in part due to animal burrows (their activity).”

KY - "We had pretty strong circumstantial evidence on one dam that developed major
piping in an area of the dam that we had detected animal burrows, which we directed
the owner to fill. We know they were filled surficially, but suspect that the owner did lit-
tle more than that.”

Ml - “...we have one documented failure, the US-10 flooding in Midland County” (by beaver).
MO - "We have several tailings dams that have chronic problems with beavers building
dams in spillway channels and thereby significantly reducing the spillway capacity. We
have an earth dam that overtopped due to beavers totally blocking the open channel
spillway for the dam.”

MS - "We have had several dams to fail or nearly' fail because of beaver activity.”

NC - "Beavers clogging spillways caused overtopping failures...”

OH - (1) Crawford Fitting Company Pond Dam from muskrat, (2) Pischieri Pond Dam
from piping caused by animal burrows, and (3) Crown City Mining Pond No. 024 Dam by
overtopping due to plugging of the spillway by beavers.

OK - "...several small farm ponds have been lost due to gophers or beavers.”

TN - “"Almost certainly caused failure of Mary’s Creek #8 Dam in Shelby County. Pipe
developed between muskrat holes on the upstream slope and groundhog hole on the

downstream slope.”

TX - (1) Harris Back Lake Dam, TX 4877, failed from internal erosion through beaver
dens, (2) Willow Lake Dam, TX 3541, failed partly from fire ant tunnels.

UT - “"Wales Reservoir failed in 1983 due to piping through badger holes.”

100



WY - "We had one case where a significant hazard dam was found to have a large badg-
er hole and shortly thereafter the dam almost failed (piping) at the same place the hole
had been noted.”

The remaining 25 state ASDSO representatives listed many instances of safety problems
due primarily from beaver, muskrat, and woodchuck activity on dam embankments or in
associated risers and spillway structures.

Summary of ASDSO and ICODS Responses to Question # 12

Question # 12 asked "Are you aware of current or past research or public discussions
regarding the effects of burrowing animals on dam safety? Please list or attach known
references.” Only 9 of 45 (20%) state ASDSO and 3 ICODS (Table 3) representatives
answered Question # 12 in the affirmative. Of the 9 states answering “yes"”, only TX and
VA provided references. TX referenced a 2 page information sheet entitled “Animal
Burrows and Lodges” that was produced by the Texas Natural Resource Conservation
Commission and was available over the internet. The state of VA attached a 2 page
“"Dam Safety Fact Sheet No. 4 - Rodent Control on Earthfilled Dams” which briefly
described groundhog, muskrat, and beaver abatement procedures. The ICODS COE/MV
representative referenced the fact sheet, "Burrowing Animals and Dams”, produced by
the PA Department of Environmental Protection and obtainable over the internet. The
DOE/ORNL ICODS representative follows guidance per “engineering guidelines for the
evaluation of hydroprojects FERC (Federal Energy Regulatory Commission) Office of
Hydropower Licensing April 1991". The third federal ICODS agency that responded,
USDA/NRCS, referenced two reports: (1) a 1989 status report on the testing of various
riser beaver guards which previously has been discussed in the beaver section; and (2) a
brief article on “Electrical Devices to Help Contain Beavers” written by B. DeVille of the
Samuel Roberts Noble Foundation, Ardmore, OK.

Update on Bibliography of Animal Impacts on Earthen Dams

Efforts are continuing on a companion study to search and assemble the available litera-
ture relating to animal impacts on earthfilled dams and appurtenances. Many state
departments of environmental protection have brief “fact sheets” on animal impacts and
abatement procedures. These references are located in the ASDSO library along with
ASDSO sponsored workshops and annual meeting proceedings, in addition to other ref-
erences that have been accessed to provide an initial database for a "working bibliogra-
phy” on this topic. However, additional sources are now being researched including the
National Technical Advisory Service (NTIS) and the National Performance of Dams
Program (NPDP). Other databases will also be accessed through the university library
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and the Internet. The final product will be produced and distributed in the near future
with the guidance of ASDSO.
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State mu'l be [wo| Is | go| ba] gs |"Other Species”; Comments re: damage, etc.
Alabama |No Response
Alaska il "no specific incidents known"
Arizona X X X |"ants", marten
Arkansas | "burrowing animals"
California X X publication provided on muskrat control
Colorado X X X X X
Connecticut X X X ]
Delaware No Response
Florida "gopher tortoise burrows 18 in. dia. X 35 ft. long"
Georgia X | X | waterline burrows cause slope sloughing & sliding
Hawaii | : 1"rat burrows in flood control levees"
Idaho X X X X
Illinois X X x |crayfish, fox, snakes, mice
Indiana X X X
lowa X X X "embankment burrowing by snapping turtles"
Kansas X X X crayfish(? - see text)
Kentucky X X
Louisiana armadillo, nutria
Maine X X § X | human vandals; raccoon, porcupine, otter
Maryland X X
Massachusetts x| X "beaver flooding of downstream toes..."
Michigan X X X X human vandals; insp. problems w/ insects and ticks
Minnesota X X
Mississippi X
Missouri X X X
Montana X X
Nebraska X X X prairie dogs create "towns" on slopes & aux. spillway
Nevada X X X prairie dogs, "other rodents"
New Hampshire X X X "beavers fell trees onto structures"
New Jersey X X "burrowing mammais"
New Mexico : X "usually gophers"
New York X X X X
North Carolina X X X insp. problems with snakes and ticks
North Dakota X X% | beaver dams cause backwater at low outlets
Ohio X X X - "burrows weaken embankments"
QOklahoma X x | x
Qregon X X X X |human vandals; coyote, nutria, prairie dogs
Pennsylvania X X X "see attached fact sheet" (text discussion)
Rhode Isiand "none [no problems] to my knowledge"
South Carolina X X
South Dakota X X X livestock overgrazing = erosion
Tennessee X X X |
Texas X X X X X x |alligator, armadillo, fire ant, wild hog, nutria, snake
Utah X X X X X X |livestock leave trails on dam slopes
Vermont % X overgrazing leads to "sheet, rill and gully” loss
Virginia X X X X mole
Washington x | X mole, mountain beavers
West Virginia X X X "mice burrowing into internal drain outlet pipes"
Wisconsin X | X X
Wyoming X X X X | prairie dogs

Table 1. Species of animals causing problems in earthen dam structures identified by state
ASDSO representatives in a 1999 survey ( "mu= muskrat; be = beaver; wo = woodchuck,
including marmots; Is = livestock; go = gophers, ba = badgers, gs = ground squirrels).
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State

"How do you deal with each species"

Alabama No Response To Questionnaire

Alaska no_answer

Arizona landowner handles problem, poison baits, live trap & re-locate T& E species
Arkansas "all the same with us"

California case by case abatement; means & methods left to landowner

Colorado fence out livestock, hire licensed PCO or DNR to remove problem animals
Connecticut trap, anti-beaver fencing

Delaware No Response To Questionnaire

Florida live trap & re-locate

Georgia case by case abatement; means & methods left to landowner

Hawaii poison baits, trap

Idaho case by case abatement; means & methods left to landowner

Illinois trap, maintain embankments, provide toe drainage for crayfish abatement
Indiana trap, shooting (including hunting)

lowa case by case abatement; means & methods left to landowner, poison bait, trap
Kansas case by case abatement; means & methods left to landowner

Kentucky trap, fill burrows

Louisiana trap

Maine poison baits, shooting (including hunting)

Maryland trap

Massachusetts hire licensed PCO to remove problem animals

Michigan shooting (including hunting), trap, fill burrows, fence out livestock & humans
Minnesota fill _burrows

Mississippi trap

Missouri trap, live trap & re-locate

Montana poison baits

Nebraska case by case abatement; means & methods left to landowner, poison bait, trap
Nevada case by case abatement; means & methods left to landowner

New Hampshire filllcompact burrows, eradicate woodchucks & beavers or re-locate, trash racks
New Jersey fill burrows, live trap & re-locate

New Mexico poison baits

New York fence out livestock, trap and shoot rodents, some use of 'beaver tubes'

North Carolina

trap

North Dakota

fill gopher burrows, remove beaver dams

Ohio fumigants, shooting (including hunting), trap, rip-rap for muskrats
Oklahoma control of problem animals by 'USF&WS Animal Damage Control Section'
Oregon poison baits, trap, live trap & re-locate, hunting, habitat alteration
Pennsylvania case by case abatement; means & methods left to landowner

Rhode Island N/A

South Carolina trap

South Dakota

fence out livestock, removal of beaver dams

Tennessee trap, smoke bombs, fill burrows

Texas trap, live-trap & re-locate, chemicals for fire ants

Utah poison bait, trap, live trap & re-locate, fence livestock, drain habitat (muskrats)
Vermont beaver proofing pipes, stone rip-rap on embankments and outlets

Virginia case by case abatement; means & methods left to landowner

Washington case by case abatement; means & methods left to landowner

West Virginia fill burrows, clean up after beavers, live trap & re-locate

Wisconsin repair damage, trap or shoot nuisance beaver

Wyoming poison baits. trap muskrats, concern over future prairie dog protection (?)

Table 2. 1999 state ASDSO representative survey recommendations for abatement of animal
impacts on earthen dam structures and other appurtenances.
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National Performance of Dams Program
Martin W. McCann, Jr.!
Abstract

After years in development, the National Performance of Dams Program (NPDP) was kicked
off at the 1994 Association of State Dam Safety Officials (ASDSO) conference in Boston. The
NPDP is designed to put dam engineering and dam safety in a position where the lessons learned
from the in-service performance of dams, as it relates to their design and operation, can be more
efficiently chronicled and translated into improved design and safety standards and public policy.

Introduction

Engineers have long been in the business of learning from the in-service performance of
structures and systems they design. Prior to the development and use of engineering analysis and
design tools, builders relied on trial-and-error experiences to construct safe structures.
Unfortunately, some lessons are learned only as a result of system failures. Although the
capability of engineering tools to predict structure behavior prior to construction has steadily
improved, engineers continue to rely heavily on direct observation of in-service performance to
verify design and analysis methods.

The construction and operation of dams is a classic example in civil engineering where trial,
success, and error have played a major role in the development of dam engineering. While dams
have been constructed and operated to serve water resource needs for at least S000 years (Jansen,
1980), there remains today as much as ever, a focus on improving dam engineering, operation, and
safety through the verification of methods of engineering analysis, testing of new design and
construction methods, and the improvement of codes and standards.

From time to time, dam engineers have compiled data on dam failures and
incidents (Engineering News, 1902; Babb and Mermel, 1968; Middlebrooks, 1975;
USCOLD, 1975, 1988) in an effort to learn from past experience. However, at no
time has an attempt been made to establish a national capability to systematically
collect and archive information on the performance of dams. The purpose of the
NPDP is to do exactly this.

As the information age advances, it is important that engineers, owners and
regulators be in a position to assess the condition of dams and to predict future

'Center on the Performance of Dams, Department of Civil Engineering, Stanford University,
Stanford, California 94305
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trends. The National Inventory of Dams (NID) has established a standard for
federal, state and private sector cooperation in developing an up-to-date, useful and
readily available source of information on the number and location of dams in the
U.S. In this same spirit, the NPDP creates an information track that requires these
same partners to report, archive and disseminate data on the performance of dams.

The foundation for the NPDP partnership was laid by the Center on the

Performance of Dams at Stanford University (Center), ASDSO and the Federal
Emergency Management Agency (FEMA). Unique features of the program include:

¢ a goal to achieve 100 percent reporting of dam incidents,
¢ real-time notification of dam incident occurrences,
¢ aspecial library devoted to the performance of dams, and

4 utilization of the Internet to facilitate information exchange and
access to NPDP resources.

Resources developed by the NPDP will benefit the engineer, policy maker, and the
public by:

4 maintaining an archive that provides resources to learn from the in-
service performance of dams;

¢ gathering data to aid in the identification of pre-cursory signs of
distress at dams,

4 making information available that measures the value and need for
dam safety programs, and

¢ providing a realistic perspective of the risks associated with dams
and their opérations.

The NPDP is a proactive effort of the dam safety profession to build an information
network that will elevate dam safety to a level commensurate with other disciplines
involving the health and safety of the public (e.g., medical, law enforcement,
transportation, air travel) where information resources make it possible to measure
the value of effective engineering standards and public policy.

NPDP Organization

The NPDP is a broad-based, cooperative program involving all segments of the
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dam safety community. The NPDP infrastructure consists of the:

4 Executive Committee Executive Committee
Chairman - Director, Center on the

¢ Center on the Performance of Dams |Performance of Dams, Stanford University
) . ) Association of State Dam Safety Officials
Executive Committee - The program is @)

managed by an Executive Committee whose
members represent all segments of the dam  [Canadian Dam Safety Association and
safety community in the U.S. and Canada (se¢ C2nadian Committee on Large Dams (1)
1.:he adJacerp: table). It’s primary responsibility Federal Emergency Management Agency
is to establish the goals and scope of the (1)
program and to oversee its implementation.

U.S. Interagency Committee on Dam Safety

Center on the Performance of Dams -The @
secretariat and archive for the NPDP is
located at the Center on the Performance of
Dams (Center) at Stanford University. Engineering Firms (2)
Stanford University is located in Palo Alto,
California, approximately 30 miles south of |U-S- Committee on Large Dams (1)
San Francisco. The Center is an inter-
disciplinary group sponsored by the School of]
Engineering and created as a result of an
ongoing project supported by the Federal
Emergency Management Agency (FEMA). The author is the Director of the Center
and Chairman of the NPDP Executive Committee.

Private Dam Owners (2)

'The number in parenthesis indicates the
number of seats on the committee.

Reporting Dam Incidents

An important part in setting up the NPDP concerned the establishment of a
standard for reporting dam incidents. To meet this need, the Guidelines for
Reporting the Performance of Dams (NPDP, 1994 were developed by a working
group of engineers from ASDSO and Stanford. The Guidelines address such issues
as the events that are considered reportable dam incidents, how should an incident
be documented and where is the information sent.

What is a Dam Incident? - One of the major issues addressed in the Guidelines
is the definition of a dam incident. A dam incident is an event of engineering
interest that provides insight to the structural and operational integrity of dams. This
definition includes obvious events involving dam failure and uncontrolled release of
the reservoir. However, limiting dam incidents to failures is far to narrow of a
characterization which only focuses on extreme instances of unsatisfactory
performance. Experience suggests the investigation of failures alone does not
always provide the needed benefits and insights that are often hoped for because the
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failure often destroys critical evidence (Carper, 1987). Consequently, the results of
failure investigations are not always conclusive. Leonards (1982) suggests there are
valuable lessons that can be learned by observing the in-service performance of a
facility and the wide range of load/performance (response) scenarios that it
experiences.

Defining dam incidents as events of engineering interest accommodates a broad
range of events. It includes events involving:

¢ the performance of a dam (satisfactory or unsatisfactory, anticipated
or unanticipated) during periods of extreme loading such as produced
by a nearby seismic event or a large inflow flood,

¢ misoperation resulting in uncontrolled release from a reservoir,
¢ implementation of an emergency action plan,

4 signs of distress that are indicative of a potential loss of
structural/operational integrity of a dam or its appurtenant structures,

¢ extreme deterioration of concrete, steel or timber structures that
jeopardizes their structural integrity and safety, and

¢ dam safety modifications that are required to satisfy regulatory
requirements and repairs to remedy damage caused by a dam
incident.

As indicated above, the definition of dam incidents includes events that involve not
only unsatisfactory performance. For example, if a dam experiences earthquake
ground motion that is equal to or greater than its seismic design basis, this event
provides quantitative insight to the “true” structural integrity of the dam and its
appurtenant structures. Systematic documentation and evaluation of events of this
type, as well as those that involve failures or other levels of unsatisfactory
performance, provides an experience database with which quantitative assessments
can be performed and valuable insights derived. The Guidelines provide specific
guidance to determine if a dam incident has occurred. In most cases it is relatively
easy for the engineer to determine if an event is a dam incident.

Reporting Process

Another purpose of the Guidelines was to define a straightforward process for
reporting dam incidents. The process, illustrated in Figure 1, consists of four steps.
They are:
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1. Determine if a dam incident has occurred.
2. Prepare a Dam Incident Notification (DIN)
3. Prepare a Dam Incident Documentation Report (DIDR)

4. Prepare a Dam Incident Follow-up Report (DIFR)

Figure 1 Steps involved in reporting dam incidents.

In the first step the engineer determines if a dam incident has occurred. The
Guidelines identify the events that are considered dam incidents. If an incident has
occurred, a Dam Incident Notification is completed. The DIN is a simple, one-page
form that is used to identify the dam, the type of incident and any preliminary
information that may be available on damage that occurred. The DIN can be
completed and mailed to the Center or on the NPDP web page. Next, the DIDR is
used to document what happened during the incident, the damage to the dam or
appurtenant structures, downstream damage and the as-built design characteristics
of the dam. The DIFR documents activities following an incident such as the results
of investigations into the cause of an incident, repairs, design changes, etc.

Center On the Performance of Dams

When a Dam Incident Report is prepared, it is sent to the Center at Stanford.
The Center serves as the archive and database for the NPDP. The Center's role is to
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store and manage information on the performance of dams and to make it available
to dam safety professionals.

The Center consists of a library, a research and library staff, and a database
information system. In addition to its activities as a technical resource for dam
engineers and others, the Center will also be involved in dam safety and dam-
engineering research. The library and research staff will process dam incident
reports as they are received, conduct studies to identify trends in the performance of
dams, and evaluate the factors involved in dam incidents. The library staff will
respond to requests for information and identification of available references. A
database information system will provide easy search capability of the library
holdings and basic information on dam incidents.

NPDP Resources

The foundation of the NPDP resources is the special library at the Center on the
Performance of Dams. The library maintains a collection of NPDP Dam Incident
Reports, as well as records of historic dam incidents pre-dating the program. The
library currently holds nearly 6000 documents including newspaper and magazine
articles, videotapes, slides and photographs, dam inspection reports and engineering
studies of notable dam failures. In addition to the NPDP library, the program
resources include:

4 NPDP Directory of Dams
4 Incident Database
4 Reference Database

NPDP Directory of Dams - the inventory is a database of existing or retired dams in
the U.S. and Canada for whom incidents have been reported.

Incident Database - this is the master database of dam incidents on file at the NPDP
archive. It provides basic summary information about an incident, including a brief
narrative.

Reference Database - this database lists all documents on file in the NPDP library.
Documents can be identified through a keyword search, dam name or ID number, or
document type (i.e., videotape).

NPDP Resource Access

An important role of the Center is to make information on the performance of
dams available to dam engineering and dam safety professionals. This
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dissemination will be carried out in two formats. In the future, the dam engineering
professional will be able to actively access the Center's archive on the Internet. As a
library, documents will be available for reproduction or loan. As the resources of
the Center expand, online computer access will make it possible to conduct
searches, report dam incidents and make information requests. At this time
engineers can access the NPDP resources by:

1. Mail, telephone, or fax request
2. E-mail to the NPDP (npdp@ce.stanford.edu)
3. Personal visit and access to the archive at Stanford

For the professional who merely wants to stay abreast of the status of dams in the
U.S., the Center will distribute two publications to the dam engineering community.
They are a newsletter and an annual report. The newsletter will provide an update
on the Center's activities, reports of significant events, study reports and other topics
related to the performance of dams. The annual report will provide a statistical
summary of the yearly and cumulative number and type of dam incidents that were
reported to the Center. As information is accumulated, evaluations of trends in the
number and type of incidents will be performed. The purpose of these publications
is to make information readily available to the dam safety professional on the
performance of dams.

1996 Report

Calender 1996 was the second full year of operation for the NPDP. Since the
kickoff in September 1994 a total of approximately 1600 Dam Incident
Notifications have been submitted to the program. Figure 2 shows the cumulative
submittal of notifications. Many of the incidents that have been reported are
historical events. In 1996 a total of 300 notifications were submitted which
identified 368 incidents, many of which occurred in 1996 (i.e., we are seeing more
real time reporting). Figure 3 shows the monthly submittal of notifications.

A breakdown of the dam incidents reported to the NPDP in 1996 is provided in
Table 1 (note not all of these events occurred in 1996). The table identifies the
number of dam failures (events involving uncontrolled release of the reservoir), the
number of notifications reported as a result of periodic dam inspections, and a
breakdown of incidents by type.
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Figure 2 Cumulative contribution of Dam Incident Notifications since 1994.

Figure 3 Monthly submittal of Dam Incident Notifications in 1996.

On a Par With Comparable Programs

An important part of the NPDP is to establish an information resource for
engineers. This resource will be a valuable tool to address specific technical
problems and to summarize the state of dams in the U.S. The biggest impact may be
felt in the public policy arena where dam safety programs compete with other health
and safety issues for limited resources. The NPDP will provide public-policy

Table 1
Summary of Dam Incident Notifications Submitted in 1996
Category Number/Percent
Dam Failures 38
120
100
L 80
(]
£ 60
=]
Z 40
20
0 - ] ! | i § | ' B
| February | April ¢ June | August | Oct ' Dec
January March May July Sept Nov
Month
Periodic Inspections 27
Incidents by type:
McCann
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Flood 35.3%

Seepage/Piping 14.4
Deterioration 7.9
Operations 1.6
Dam Safety Modifications 6.0
Inadequate Spillway 6.5
Reservoir Incidents 1.4
Other 26.9

makers with information on the performance of dams that is comparable to data that
is made available by professionals in other public-health and safety fields. For
example, it is clear that information on such issues as public health (e.g., the rise in
tuberculosis cases or the increase in the number of HIV-positive individuals),
domestic and industrial safety, and crime helps to focus the attention of public
officials. As a whole, the public and elected representatives have become
accustomed to having statistical information that characterizes the critical issues of
our time. While numbers alone do not tell the whole story, they are often the
fundamental, hard information that is needed to clearly define an issue. With the
creation of the NPDP, dam engineers will be able to facilitate the policy making
process with information that characterizes the safety of dams, trends in
performance related to aging and deterioration, and public safety.

Concluding Remarks

By its nature the NPDP is a dynamic undertaking. The constant inflow of Dam
Incident Reports and the lessons learned from this data will provide an ever
changing view of the state of the nation's dams. As the average age of dams
increases, the ability to monitor such key barometers as:

» the occurrence of dam incidents,

» costs of modifications and repairs to dam owners,

» fraction of dam inspections that uncover unsatisfactory conditions,
and

» the impact of dam incidents on the public (e.g., personal injury,
property damage)
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will become a vital part of dam safety practice.
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ASDSO/FEMA Workshop on
Plant & Animal Penetrations of Earthfilled Dams

National Performance of Dams Program
Program Overview

Presented by
Martin W. McCann, Jr.
National Performance of Dams Program

University of Tennessee
Knoxville, TN

November 30, 1999
http://npdp.stanford.edu N ' . P

Agenda

What is the NPDP?

Background

NPDP Information Model

NPDP Digital Library Development

http://npdp.stanford.edu N ' . P
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What is the NPDP?

» National effort to retrieve, archive and
disseminate information on the performance
of dams.

 ‘Public Library’ Model - there when you
need it.

* A place where, with little effort or $$ you
can gather information to address technical,
policy and public safety or risk issues.

http://mpdp.stanford.edu N ' . P

Background

NPDP - started as part of an effort to
support dam engineering and safety

Building on the tradition of learning from
past performance (USCOLD/ICOLD)

Formalizing the retrieval and archiving of
dam performance data

Utilizing the Internet to maximize access to
data and information on dams

http://npdp.stanford.edu N P . P
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Program Operations

« Started & headquartered at Stanford
University

* Program Director and staff

* NPDP Executive Committee - all segments
f the dam ) s sepresEicC s

Program Activities

1. Program Administration

2. NPDP Operations

- Dam Incident Processing
- Data entry/archive manag
- User support

3. Database Development

4. Data Analysis/Research

http://pdp.stanford.edu
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NPDP Information Model

Feds, States,
Dam Owners

Data Repgrts

NPDP

http://mpdp.stanford.edu N P . P

NPDP Data Reports

 Purpose - establish standard data evaluations
that provides a consistent level of information
on dams and dam performance

» Content

— State of dams in the U.S.

— Dam performance/condition evaluation system
* Distribution by e-mail, web publication

http://npdp.stanford.edu N P. ’
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Digital Library Development

» Develop a web-based digital 11brary

» Four primary elements
— Dams Directory
— Performance/Incident Database
— Bibliographic database
— Digital Archive

http://npdp.stanford.edu

NPDP Information System

User/Web-Browser

NPDP Web Site/Interface
l ,»»w Dams Directoryw., l
—Performance:..IIIIII-IIIIII ..IIIl.l.ll.ll:Blbllographlc ]
Database Database
| Dam ID/Incident ID | Dam ID/Incident ID |
http://npdp.stanford.edu N P . '
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NPDP Database Elements

e Dams Directory - Inventory of all dams,
past, present (NID) & future
— systems and components
— history (i.e., spillway modifications, etc.)
« Dam Performance - Master incident table
— basic data (date, type, consequence, summary)

— failure modes & effects concepts to document
dam/component performance

http://npdp.stanford.edu N P .P
NPDP Database Elements
(cont.)

» Bibliographic - bibliographic database of
NPDP documents
— searchable by author, keyword, etc

— linked to other databases by D D a:nd »
Incident ID R s

NPDP Case Files =2
http://npdp.stanford.edu
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Wildlife Damage to Earthen Dams, Dikes, Levees, and Related Structures

James E. Miller
1999 National Program Leader, Fish and Wildlife
USDA-CSREES/NRE
Room 829 Aerospace Center Mail Stop 2210
Washington, D.C. 20250-2210

ABSTRACT:

The damage caused by burrowing animals to earthen dams, dikes, levees, and related structures
can threaten both the reliability and integrity of the structure. There are a number of mammal
species throughout the United States which, because of the damage they cause to such structures,
must be either prevented from becoming established or, once established, controlled and damage-
monitored to allow for appropriate repair to the structure to prevent further damage or breaching
of the structure. Many of these mammal species and their establishment in water control or
management structures are partially dependent on appropriate vegetation for use as food and/or
cover, or as den construction and water control structure breaching materials. Therefore, earthen
dams, dikes, levees, and related structures must be monitored regularly to allow for appropriate
control or removal of vegetation and burrowing animals, and repaired as needed to protect the
integrity of the structure. Failure to monitor and control both inappropriate vegetative cover and
burrowing animals on such structures will ultimately result in either breach of such structures
which threaten the safety of people, cause significant damage to people's property, and pose
significant liability potential; or significant costs associated with repair and maintaining the
integrity of the structure.

The principal focus of this presentation was to: help attendees at this workshop to improve their
capability to identify burrowing mammal "signs" in and adjacent to earthen water control
structures; recognize the types of vegetation which provide food and cover for such mammals;
recognize the tools, sources of assistance, and educational information available which can be
utilized to either prevent or control these mammals; encourage the use of appropriate existing
educational and technical assistance; contribute to the development of useful educational
materials which can be used by dam safety officials and their staffs and by landowners
responsible for management of these structures (to be of assistance to them in monitoring for
evidence of burrowing mammal damage); and how to employ available prevention and control
methods to avoid future burrowing mammal damage to these structures. Slides of the major
wildlife species causing damage to such structures, examples of damage they cause, and visual
"signs" to look for are utilized in the presentation to assist participants.

Presented at ASDSO/FEMA Workshop, November 30, 1999, University of Tennessee
Conference Center, Knoxville, TN.

124



WILDLIFE SERVICES ACTIVITIES TO PREVENT ANIMAL
PENETRATION TO EARTHEN DAMS

Dale L. Nolte, United States Department of Agricultural, Animal and Plant
Health Inspection Service, Wildlife Services, National Wildlife Research
Center, 9730-B Lathrop Industrial Drive, Olympia, Washington 98512; telephone
360-956-3793; facsimile 360-534-9755; e-mail Dale.L.Nolte@USDA.GOV

Richard D. Owens, United States Department of Agricultural, Animal and Plant
Health Inspection Service, Wildlife Services, Venture II, Centennial Campus,

920 Main Campus Drive, Raleigh, North Carolina; telephone 615-736-2007;
facsimile 615-736-2087; e-mail Rick.D.Owens@USDA.GOV

Abstract: Wildlife Services provides federal leadership to manage a diverse
array of problems incurred through the activities of a variety of animal
species. Examples of the diversity of work performed by Wildlife Services to
protect earthen dams are presented. The processes of reducing wildlife damage
is described; including identifying the problem (examples of damage to earthen
structures by selected species), possible approaches to alleviate problems
(brief overview of methods), developing a strategy, implementing a program and
monitoring. Means to contact Wildlife Services regional and.state offices,

and the National Wildlife Research Center are provided.

INTRODUCTION

wildlife Servicgs provides federal leadership to manage a diverse array
'of problems incurred through the activities of a variety of animal species.
Activities include numerous projects to reduce negative impacts of animals to
earthen dam embankments across the United States. Often assistance consists
of providing guidance regarding possible measures that will discourage animals

from encroaching onto or penetrating into earthen structures. Wildlife
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Services, working with concerned persons or agencies, also develops
cooperative programs to prpvide more direct assistance to reduce problems.
This paper presents examples of the diversity of work performed by Wildlife
Services to protect earthen structures and the processes necessary to
implement appropriate measures to reduce damage inflicted by animals.
Burrowing to create nests or beneath-ground runways is the most common
type of damage to dams. Herbivorous animals also penetrate dams to forage on
plant materials, and carnivores dig up dams to reach prey species.
Penetrations by these animals directly impact the integrity of the dams and
subsequently these activities lead to increased erosion problems. Animals
also damage vegetation on dams or along waterways which ultimately leads to
the indirect negative impact of erosion. Gnawing or pecking by animals also
damages wooden supports or materials in glectrical monitoring devices, such as

wires, caulking and installation.

EXAMPLES OF WILDLIFE SERVICES’ COLLABORATING ACTIVITIES

Wildlife Services has responded to problems posed by dam penetration
through burrowing or obstruction of overflow causing dam failures. These
problems, if not addressed, eventually cause erosion with the potential for an
eventual dam collapse and loss of water. Generally, specialists are requested
to remove a few burrowing animals from a small dam to stop an ongoing probiem.
Cost to repair dams after animal removal can range from several hundred
dollars to several thousand, depending on how much time elapses before the
problem is noticed or a response is taken. Wildlife Services also has
collaborated with other agencies on large projects to protect more extensive

dams or levees used to hold municipal water sources or serve as flood control
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structures.

Wildlife Services reports similar efforts to assist on small cooperative
projects across several states. Nebraska reports working to solve problems
induced by beaver and muskrat. Beaver and nutria are the most frequent
culprits in Louisiana, though muskrats also can cause burrowing problems.
Specialisté also have responded to reduce burrowing damage inflicted by
beaver, nutria and muskrat in Mississippi. A Mississippi specialist reported
an incident in which a dam was riddled with beaver burrows to the extent it
became a hazard for the property owner’s dairy cattle to cross the levee.
Oregon specialists have responded to similar problems. Beaver damage is the
most common but they also have responded to problems induced by nutria,
muskrat and marmot. California reports requests to address problems
associated with ground squirrels as well as problems with beaver, muskrat and
nutria. The most significant burrowing problems in Tennessee are inflicted by
muskrats and voles, with woodchuck and skunks also causing substantial damage.

Wildlife Services personnel also have participated in larger-scale
multi-year collaborative efforts with municipalities or other government
agencies. Wildlife Services assisted the Massachusetts Metropolitan District
Commission after their engineers located seepage at the base of a Quabbin
Reservoir dike (Boston water supply). Extensive burrowing by meadow voles was
determined to have caused the seepage.

At the request of the New York Power Authority in Lewiston, New York
Wildlife Services conducted a control program from 1995 through 1997 to reduce
potential structural damage caused by woodchucks on an eight kilometer earthen
impoundment structure. Wildlife Services also provided wildlife damage

management services to the United States Corps of Engineers for the protection
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of earthen levees near Lewiston, Idaho. The levees along the confluence of
the Snake and Clearwater Rivers served not only as flood control structures,
but as a green-belt parkway for the local community. The Corps determined
that marmot burrows had penetrated far enough into the structure to pose a
potential threat. However, the public appreciated the presence of wildlife
along the green-belt and enjoyed the antics of the Yellow-bellied marmots. A
program was initiated to lower but not eliminate marmot populations in an
effort to reduce the extensive burrowing while maintaining wildlife for public
view.

Wildlife Services also has undertaken collaborative efforts to address
damage to earthen structures by wildlife other than burrowing rodents.
Connecticut Wildlife Services assisted in planning a Canada goose control
program to protect the Groton Connecticut water supply reservoir. Prior to
this program grazing geese had destroyed the cover vegetation causing erosion
on the earthen dams; repairs costs approximately $280,000. Tennessee has
responded to complaints of damage inflicted to water monitoring devices. Rats
and muskrats have gnawed ﬁhrough wiring and black vultures have damaged
control equipment and removed caulking. Oregon specialists report complaints
of badgers digging into earthen structures, presumably to retrieve prey, which
reduces structural integrity and leads to erosion. Specialists also reported
an isolated instance where a black bear was repeatedly digging into and

damaging an earthen dam.
REDUCING WILDLIFE DAMAGE

Several steps need to be considered to implement a successful program to

reduce wildlife impacts on earthen structures. First, determine whether a
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problem exists or whether there is likely to be a problem. Second, if there
is a problem, evaluate possible approaches and select feasible options.
Third, develop a strategy to incorporate the selected options into a program.
The fourth step is to implement the program, and the fifth is to monitor the
consequences of the program.

Identiszthe Problem

The first step is to assess the cause and magnitude of a problem. The
presence of wildlife does not necessarily equate to negative impacts, though
awareness can enable early detection of damage and permit a quick response
before damage becomes excessive. Visual sightings of wildlife can be rather
rare, thus species generally need to be identified through activity
indicators. Generally, extensive burrowing activities are obvious and the
burrow itself is a good indicator of the animal inflicting the damage. Less
extensive burrowing, however, may be less obvious and require close and
regular monitoring to be detected. Species that inflict non-burrowing damage
need to be identified by otﬁer traits, but unless the damage is extensive it
is unlikely to be considered a problem; and if the damage is extensive, the
indicators are probably obvious.

Traits associated with animals recognized for inflicting damage to
earthen dams or levees are reviewed below as summarized from selected sources
(Heg&al and Harbour, 1991; Hygnstrom et al., 1994).

Armadillo (Dasypus novemcinctus). Characteristic signs of armadillo
activity are shallow holes (2.5 to 7.6-cm deep; 7.6 to 12.5-cm wide) created
as they root and dig for food. Several rather large burrows (17 to 20-cm
diameter; 4 to 5-m length) may be dug to provide shelter, which are large

enough to damage small dams and canal banks. Armadillos can also make burrows
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in riprap areas similar to those created by rockchucks.

Badgers (Taxidea taxus). Most badger damage occurs while they dig for
rodents. Therefore, evidence for badger presence is invariably accompanied by
signs of high rodent activity. Typical holes dug in pursuit of prey are
generally shallow and approximately 30-cm in diameter. Often their digging
can greatly enlarge holes of burrowing rodents, which may cause washouts or
weaken canal banks and small earthen dams. Female badgers dig longer burrows
(1.5 to 9-m) with an enlarged chamber below the surface (60 to 90-cm) in which
to give birth. Dens usually have a single, often elliptical entrance,
typically marked by a mound of soil in front. Badger activity around
hydraulic structures, though sporadic, can be severe.

Beaver (Castor canademsis). Identifying beaver is generally not
difficult. 1Indicators include their dams; plugged culverts, bridges, or drain
pipes resulting in flooding; conical shaped stumps with large wood chips at
the base; girdled trees; or lodges and burrows in ponds, reservoir levees and
dams. In large watersheds, it can be difficult to locate bank dens. However,
the limbs, cuttings, and debris around such areas as well as dams along
tributaries usually helpsvto identify their location. Damage can be a direct
result of burrowing in dams or along levees. Beaver dams across spillways can
result in flooding, failure of the spillway, or failure of the entire
structure. Beaver activity in and around canals, culverts drain pipes, flood
channels, and bridges can render the structures inoperable. The removal of
sticks, logs, debris, and accumulated mud can be extremely difficult. Even
limited beaver activity can disrupt normal stream flow, and clog drainage or

emergency flood channels.

Canada goose (Branta spp.). Canada geese are often visible along
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waterways and the aesthetics of small numbers are deemed desirable by the
public. Animal numbers, however, can rapidly increase if the birds are left
undisturbed. Waterfowl damage to earthen structures is generally limited to
destroying vegetation which may lead to erosion problems. Other animals,
particular livestock, also may over-graze or trample vegetation on dams or
levees. Prime indicators of geese are direct sightings, and large flocks will
deposit considerable feces in areas they frequent.

Covotes (Canis latrans). Coyote damage to earthen structures is similar
to that incurred by badgers. Dens dug along canal banks can be a potential
threat to the integrity of the canal, as they can be quite large and deep (1
to 15-m) with several openings. Most coyote digging in pursuit of rodents is
not as deep or persistent as that of badgers.

Ground squirrels (Spermophilus spp.). Ground squirrels keep their
burréws open. Burrows of solitary species tend to be scattered and
inconspicuous. Burrows of colonial ground squirrels resemble those of prairie
dogs, including the presence of mounds. Burrow design varies with the
species, soil type, habitat, and climate. Depth may range as deep as 3-m.
Diameter varies with body size of the species and may range from 5 to 25-cm.
When colonial ground squirrels are present, they are usually visible above
ground during their active periods. Some species can reach population
densities as high as 250 individuals per hectare.

Ground squirrel activity can seriously damage canals and can be a threat
to the integrity of small dams. Their burrows weaken ditch banks, cause water
loss by seepage and piping through the bank, and can result in complete loss
or washout of the canal bank. The potential for damage is higher when storms

or other surges cause changes in water levels in the canal. In addition, the
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presence of ground squirrels increases the likelihood of badger activity.
Ground squirrels also can alter vegetation composition along canal banks, and
their mounds provide seed-beds for invading annual weeds.

Muskrat (Ondatra zibethicus). Damage caused by muskrats is>primari1y
due to their burrowing activity. Burrowing activity, however, may not be
evident until serious damage has occurred. Burrowing may be detected by
walking along the bank’s edge when the water is clear and looking for trails
from just beneath the water surface to as deep as 3-m. If no burrow entrances
are evident, muskrat activity may be evident by droppings along the bank or on
logs or other structures which a muskrat can easily climb. Mpskrat burrows
can be exposed by reducing the water level approximately 1-m.

Norway rats (Rattus norvegicus).. Rats can damage the banks of

irrigation canals and levees. More commonly, damage associated with rats and
other commensal rodents is caused by their gnawing on wiring or pipeé.

Nutria (Myocastor coypus). Burrowing is the most commonly reported
damage caused by nutria. Burrows range from a simple, short tunnel with one
entrance to complex systems with several tunnels and entrances at different
levels. Though not common, tunnels as long as 46-m have been reported. The
diameter of chambers within the burrow system range in size from 30-cm to 1-m.
Nutria tunnel systems have permeated levees so extensively that water flowed
unobstructed from one -side to the other, necessitating complete reconstruction
of the éarthen structure.

Nutria and their burrows can often be sighted during visual inspections
of sites. Crawl outs, slides, trails and exposed entrances to burrows often

have distinctive tracks indicating nutria. The hind foot, 13-cm long, has
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four webbed toes and a free outer toe. A drag mark left by the tail is often
evident between the footprints. Droppings also may be found floating in the
water, along trails, or at feeding sites. Nutria fecal matter is dark green
to almost black in color, cylindrical, and approximately 5-cm lohg and 1.3-cm
in diameter. Additionally, each dropping usually has deep parallel grooves
along its entire length.

Pocket gopher (Geomys spp., Pappogeomys spp., Thomomys spp.). Pocket
gopher tunnels in ditch banks and earthen dams can weaken these structures,
causing water loss by seepage and piping through a bank or the complete loss
or washout of a canal bank. A single burrow system may contain 180-m of
tunnels. Though solitary animals, pocket gopher densities can be high.
Densities of 40 to 50 animals per hectare are common for Thomomys, but
densities can reach as high as 150 animals per hectare. Geomys populations
are generally much less dense (20/hectare). Pocket gopher activity can be
distinguished from that of other burrowing mammals by distinctive mounds (fan-
or kidney-shaped) mounas and plugged burrow entrances. The rate of mound
building is variable, but may reach as high as 70 mounds per month. Mound
building by a single pocket gopher has been estimated to bring as much as 2
metric tons of soil to the surface annually.

Prairie dogs (Cynomys spp). Prairie dogs can cause severe damage to
ditch banks and small ‘earthen dams. They probably do not threaten the
integrity of large dams, but may interfere with foot drains or other
structures in larger earthen dams. Prairie dog towns have multiple entrances
that lead to tunnels 1 to 2-m deep and about 5-m in length. Prairie dogs

construct crater- and dome-shaped mounds up to 60-cm high and 3-m in diameter.
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Prairie dogs are active above ground during the day and sightings are common.

Voles (Microtus spp.). Vole activity is readily identified by the

animals’ extensive surface runway systems and numerous burrow openings. Voles
are only a problem to hydraulic structures when populations are very high, and

" then only small berms and small canal banks are probably threatened.

Woodchucks, marmots, rockchucks, groundhogs (Marmota spé.z. Marmot
activity is relatively easy to identify as they can often be seen sunning
themselves during the day. The yellow-bellied marmot or rockchuck (Marmota
flaviventris) is the primary concern around hydraulic structures because they
readily occupy riprap and their populations can be high along canals with
steep banks in areas with sharp turns and fast-moving currents..

Preventive Measures

The most appropriate approach to reduce animal damage needs to reflect
the overall objectives of the manager, as well as the conditions of the
specific problem. All techniques are not feasible or appropriate for all
situations. No action may be the appropriate action if the problem is
relatively minor. A few preliminary considerations will increase the success
of a program. Check on the legal ramifications for any action selected, and
ascertain that the action will not be potentially hazardous to non-target
species, in particular to endangered or threatened species. An effective
approach will require-familiarity with the behavioral traits and biology of
the target species. Assess how the environmental conditions of the site will
effect the selected method and the consequences of the action to the
environment. Determine whether the selected methods will achieve an

acceptable degree of protection, and whether the situation warrants the
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anticipated expense. Public attitudes also need to be considered when
selecting an approach.

Reducing damage to earthen structures requires that either animals are
encouraged to avoid the structures or for the animals to be physically removed
from the area. Physical deterrents, repellents, frightening dévices and
habitat modification are éossible techniques to discourage animals from a
targeted area. Non-lethal removal usually involves live-trapping the animal
and transporting it to an altermative location. Lethal removal or population
reduction can be accomplished through kill-traps, toxicants or through
shooting. A brief overview of these techniques as they may pertain to
protecting hydraulic structures is summarized from Hegdal and Harbour (1991),
and Nolte and Otto (1996).

Physical Deterrents. Physical deterrents impede animal access to
specific resources. Deterrents vary from minor efforts to extensive
construction projects. The most feasible approach depends on several
economic, physical and biological factors. Fencing often has limited use for
protecting hydraulic structures, because of the expense and impracticality of
installation. The species and behavioral characteristics of the animal(s)
inflicting the damage will dictate the necessary physical traits of a
deterrent. Concrete-lined canals provide excellent protection from some
rodents (e.g., ground squirrels, pocket gopher) but are expensivé and they are
not completely immune. Barriers, such as concrete walls or impervious soil
walls incorporated in a canal bank, have demonstrated some efficacy. Barriers
installed around culverts and drain pipes can impede beaver access and slow
plugging of these devices. Fencing can be effective to imbede armadillos from

entering critical areas near hydraulic structures. However, the tops of
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fences need to be slanted outward (40 degree angle) and the bottoms buried,
because armadillos can climb and they often burrow deep.

Repellents. At present, there are no feasible registered repellents to
inhibit wildlife from burrowing into earthen structures. A few products may
serve to inhibit waterfowl from extensively damaging vegetation plaﬁted on
dams and levees.

Frightening Devices. Visual displays or noises that serve to alarm or
appear threatening can be installed to frighten wildlife from resources.
Animals are generally wary of any unfamiliar sound or sight, but they become
less wary with time unless the noise or vision is paired with a negative
reinforcer. Familiarity of wildlife to frightening devices can be minimized
by installing or operating the devices only during periods when resources are
most susceptible to damage. Devices, however, need to be used immediately
after thé onset of damage. Established movements and behaviors are much more
difficult to disrupt than are newly forming behavioral patterns.

Efficacy of products can usually be increased by alternating techniques
or use patterns. Sporadic displays or devices that are activated by an
animal's presence are more effective than permanent or routine displays.
Visual displays combined with noisemakers are generally more effective than
either technique implemented alone. For example, sirens and strobe lights
activated at irregular intervals are more effective than either a constant
visual display or loud noises generated at fixed intervals. Supplementing
these techniques with occasional lethal measures (e.g., shooting) further
enhances their continued efficacy. Properly trained dogs confined within the
boundaries of the protected resources are very effective at frightening

wildlife.
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Habitat Modification. Animals are attracted to areas because of the
availability of food sources or cover types; altering these characteristics
can reduce their presence. Herbicides applied to remove edible vegetation or
create bare ground will reduce pocket gopher activity. Eliminating dense
grass cover and weeds also discourages voles and other small rodents, while
prairie dogs prefer to avoid areas with tall vegetation. Nutria will not
frequent areas where their food source and cover have been removed. Likewise,
muskrats avoid areas where aquatic vegetation and other edible plants have
been eliminated. Controlling rodents on which badgers and coyotes prey will
prevent digging in pursuit of prey by these species. This is especially
importaﬁt on small earthen dams and canals. Proper vegetation management
along canals, including removal of brush, mowing, and planting low grasses,
will discourage coyotes from selecting canal banks for den sites. Armadillo
activity also can be reduced by removing cover and by using insecticides to
reduce the populations of invertebrates that constitute their food supply.

Trapping. Trapping can be an effective means to remove animals. The
objectives of a trapping program will dictate the type and size of traps that
should be utilized. 1In developing a trapping program several factors need to
be considered, including the behavioral and biological characteristics of the
target animal, ease of access to the trap site, experience and skill of the
trapper, non-target animals in the vicinity, cost effectiveness, state and
federal laws and regulations, as well as other specific site considerations.
Trap and release programs can be effective when specific individuals need to
be removed. Herver, appropriate release sites need to be identified prior to
capture. Euthanasia procedures énd equipment also need to be ready before a

program is implemented.
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State and Federal laws and regulations govern the treatment of wildlife.
Prior to .implementing a trapping program, check with the proper authorities to
ensure that your program is legal. Generally, a state's Department of
Wildlife is an appropriate place to contact for information and guidance on
trapping regulations.

Toxicants. Toxicants can be an effective means of quickly reducing high
populations of some problem animals, or of maintaining acceptable densities.
Generally, they are most applicable where existing or potential damage
problems are related to population density. However, they ﬁay also be
appropriate for treating areas with limited access or where other approaches
have proven ineffective.

Toxicants are generally classified within one of three categories
depending on their mode of action. Acute toxicants are ingested and are most
often lethal soon after a single encounter. Chronic toxicants are also
ingested, but are not immediately lethal. Fumigants are lethal gases which
are injected into the burrows of targeted species. The most applicable
approach will be directed by the overall objectives and any restrictions
regulating toxicants that apply to a specific situation.

Toxicants pose a potential hazard to the operator and other humans, as
well as to non-target species. Therefore, extreme caution needs to be
exercised in handling, storing, and applying toxicants, and in disposing of
waste materials. The applicator assumes responsibility to ensure that all
iegal and safety concerns are met prior to using a toxicant. For use of some
products, applicators must pass examinations and be certified by their state
pesticide regulatory authority. Federal and state registrations certify that

it is legal to use the product according to the conditions and restrictions

138



stipulated on the approved label. Registration does not necessarily guarantee
the availability or the efficacy of a product.

Shooting. Shooting to control populations of small rodents (e.g.,
pocket gopher, voles) is impractical. Shooting to reduce populations of
larger rodents (e.g., beaver, muskrats, nutria, prairie dogs, woodchucks) is
generally not cost effective and primarily used as a follow-up method after
other control efforts have already reduced populations. Some control,
however, may be achieved by encouraging sport hunters to target specified
problem areas. Shooting can be an effective means to remove individual
problem badgers. Shooting is generally considered an impractical or cost
prohibitive means to protect hydraulic structures from damage by coyotes or
armadillos. Sine states regulate many of these species as game or furbearers,
special licenses are generally required for shooting or trapping.

Strateqy

Project personnel need to develop a strategy to implement selected
approaches to reduce wildlife impacts. This strategy may incorporate several
methods at once, or utilize one method to stop the damage and another to limit
future problems. Inquire among experts within the field if you need additional
information or are unsure of specific requirements. Acquire training,
licenses, or expertise in handling equipment or chemicals. Identify and
obtain any required equipﬁent, personnel, resources, and safety equipment
necessary for the program.

Implementation

Though it may require time and effort, implementing the program should

be straightforward, provided the prior steps were thoroughly covered.

However, unanticipated problems or concerns may require modified or
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alternative strategies. 1In that case, repeat the decision process
incorporating the new information.
Monitoring

Continued monitoring of the program is a particularly important
activity. Determine whether the desired goals are being achieved and whether
there are any unexpected negative consequences. Continue to evaluate the
program until the resource 1is no longer vulnerable, or conditions warrant

terminating the program.

CONTACTING WILDLIFE SERVICES

Wildlife Services provides technical and operational assistance to
reduce conflicts between people  and wildlife. Assistance is managed within
most states through the eastern and western regional offices, or through the
individual state offices (Appendix 1). Research to develop practical methods
to resolve problems caused by the interaction of wild animals and society is
conducted at the National Wildlife Research Center. The Center is located in
Fort Collins, Colorado and can be contacted at 970-266-6000. Information
pertaining to the Wildlife Services and the National Wildlife Research Center

also can be obtained from their web sites, http://www.aphis.usda.gev/ws/info.

html and http://www.aphis.usda.gov/ws/nwrc/about.htm, respectively.

Assistance or ipformation regarding wildlife damage issues also can be
obtained through other sources, such as extengibn agencies, United States Fish
and Wildlife Service, State wildlife and fish management agencies, local
animal control agencies and private pest control operators. Public telephone

directories list local government offices and private pest control operators.
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Appendix 1. Directory for Wildlife Services offices.

Washington Office: William H. Clay, Acting Deputy Administer; Room 1624 South Agriculture
Building, Washington D.C. 2050; Telephone (202) 720-2054; Facsimile (202)
690-0053

Eastern Region: Gary E. Larson, Regional Director; Venture II, Centennial Campus, 920 Main
Campus Drive, Suite 200, Raleigh, North Carolina 27606; Telephone (919)
716-5632; Facsimile (919) 716-5659

Western Region: Michael Worthen, Regional Director; 12345 West Alameda Parkway, Suite 204,
Lakewood, Colorado 80228; Telephone (303) 969-6565; Facsimile (303) 969-
6578

National Wildlife Research Center: Richard D. Curnow, Director; 4101 LaPorte Avenue, Fort
Collins, Colorado 80521; Telephone (970) 266-6000; Facsimile (970) 266-6032

Alabama: Frank ﬁoyd, State Director; Room 118, Extension Hall, Auburn University,
Alabama 36849; Telephone (334) 844-5670; Facsimile (334) 844-5321

Alaska: J. Gary Oldenburg, State Director; 720 O’Leary Street, Northwest Olympia,
Washington 98502; Telephone (360) 753-9884; Facsimile (360f 753-9466

Arizona: Steve Fairaizl, ‘State Director; 2224 West Desert Cove Avenue, Suite 209,
Phoenix, Arizona 85029; Telephone (602) 870-2081; Facsimile (602) 870-2951

Arkansas: Thurman W. Booth, State Director; 55 Post Office Building, 600 W. Capitol
Avenue, Little Rock, Arkansas 72201; Telephone (501) 324-5382; Facsimile
(501) 324-7135

California: Gary Simmons, State Director; P.O. Box 255348, Sacramento, California
95865; Telephone (916) 979-2675; Facsimile (916) 979-2680

Colorado: Craig C. Coolahan, State Director; 12345 West Alameda Pafkway, Suite 210,
Lakewood, Colorado 80228; Telephone (303) 969-5775; Facsimile (303) 969-
5798

Connecticut: Laura Henze, State Director; 463 West Street, Amherst, Massachusetts 01002;
Telephone (413) 253-2403; Facsimile (413) 253-7577

Delaware: Les Terry, State Director; 2530 Riva Road, Suite 312, Annapolis, Maryland
2i401; Telephone (410) 269-0057; Facsimile (410) 269-0258

District of Columbia: Les Terry, State Director; 2530 Riva Road, Suite 312, Annapolis, Maryland

21401; Telephone (410) 269-0057; Facsimile (410) 269-0258
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Florida:

Georgia:

Hawaii:

Idaho:

Illinois:

Indiana:

Iowa:

Kansas:

Kentucky:

Louisiana:

Maine:

Maryland:

Massachusetts:

Michigan:

Bernice Constantine, State Director; 2820 East University Avenue,
Gainesville, Florida 32641;lTelephone (352) 377-5556; Facsimile (352) 377-
5559

Douglas Hall, State Director; School of Forest Resources, University of
Georgia, Athens, Georgia 30602; Telephone (706) 546-2020; Facsimile (706)
546-2004

J. Gary Oldenburg, State Director; 720 O’Leary Street, Northwest Olympia,
Washington 98502; Telephone (360) 753-9884; Facsimile (360) 753-9466

Mark Collinge, State Director; 9134 West Blackeagle Drive, Boise, Idaho
83709; Telephone (208) 378-5077; Facsimile (208) 378-5349

Kirk Gustad, State Director; 2869 Via Verde Drive, Springfield, Illinois
62703; Telephone (217) 241-6700; Facsimile (217) 241-6702

Judy Loven, State Director; Purdue University, 1158 Entomology Hall, Room
B-14, West Lafayette, Indiana 47907; Telephone (76S) 494-6229; Facsimile
(765) 494-947S

Ed Hartin, State Director; 2407 Industrial Drive, Columbia, Missouri 65202;
Telephone (573) 446-1862; Facsimile (573) 446-1942

Jim Luchsinger, State Director; 5940 South 58" Street, P.0O. Box 81866,
Lincoln Nebraska 68501; Telephone (402) 434-2340; Facsimile (402) 434-2330
Kenneth Garner, State Director; 441 Donelson Pike, Suite 340, Nashville,
Tennessee 37214; Telephone (615) 736-5506; Facsimile (615) 736-2768

Dwight LeBlanc, State Director; P.O. Box 589, Port Allen, Louisiana 70767;
Telephone (225) 389-0229; Facsimile (225) 389-0228

Edwin Butler, State Director; Capital West Business Center, 81 Leighton
Road, Suite 12, Augusta, Maine 04330; Telephone (207) 622-8263; Facsimile
(207) 622-5760

Les ferry, State Director; 2530 Riva Road, Suite 312, Annapolis, Maryland
21401; Telephone (410) 269-0057; Facsimile (410) 269-0258

Laura Henze, State Director; 463 West Street, Amherst, Massachusetts 01002;
Telephone (413) 253-2403; Facsimiie (413) 253-7577

Peter Butchko, State Director; 2803 Jolly Road, Suite 160, Okemos, Michigan

48864; Telephone (517) 336-1928; Facsimile (517) 336-1934
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Minnesota:

Mississippi:

Missouri:

Montana:

Nebraska: °

Nevada:

New Hampshire:

New Jersey:

New Mexico:

New York:

North Carolina:

North Dakota:

Ohio:

Oklahoma:

Oregon:

Pacific Islands:

Ed Hartin, State Director; 2407 Industrial Drive, Columbia, Missouri 65202;
Telephone (573) 446-1862; Facsimile (573) 446-1942

Kris Godwin, State Director; P.O. Drawer FW, Mississippi State, Mississippi
39762; Telephone (601) 325-3014; Facsimile (601) 325-3690

Ed Hartin, State Director; 2407 Industrial Drive, Columbia, Missouri 65202;
Telephone (573) 446-1862; Facsimile (573) 446-1942

Larry L. Handegard, State Director; P.O. Box 1938, Billings, Montana 59103;
Telephone (406) 657-6464; Facsimile (406) 657-6110

Jim Luchsinger, State Director; 5940 South 58 Street<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>