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Abstract

Floating debris on reservoirs can cause a variety of potential hazards to dam and

lake safety. Debris-related hazards can adversely impact navigation, recreation, flood

control, and safe operation of lakes and dams. Owners and agencies involved with dam

safety often neglect the concerns associated with floating debris because the dam safety

community generally does not view floating debris as an 'imminent danger.'

This thesis emphasizes that floating debris represents a national concern to dam

safety. It demonstrates the inconsistencies in federal and state administration of dam safety

including a lack of inspection and dam maintenance regulation. The attitudes of state and

federal agencies toward Ham safety further reinforce the negative effects and ramifications

of current policy and practice relating to floating debris. This thesis also includes responses

to a survey of federal and state dam safety representatives and analyses collected

information, addressing federal and state requirements for maintenance and disposal of

reservoir debris. It illustrates possible damage- and failure-scenarios, and presents historical

dam incidents, which validate the hazards associated with debris. Finally, this thesis

recommends strategies for addressing debris-related problems.
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CHAPTER 1

Introduction

1. Introduction

To increase energy output at Great Falls Dam, one of the 54 Tennessee Valley

Authority (TVA) dams, facility operators kept the head elevation just below the top of the

gate. This increased elevation, coupled with slow operator response times, resulted in

overtopping of the spillway during significant rainfall events. Consequently, floating

debris, primarily large logs such as those shown at TVA's Wheeler and the Army Corps of

Engineers' (ASCOE) Cheatham dam sites in Figure 1, lodged in the gate mechanisms

inhibiting proper fimction. Inoperative gates posed a serious risk to the safe operation of

the dam (TVA, 1995a and TVA, 1997a). A similar problem occurred in Wisconsin at

Fairwater Dam, a facility owned by the Village of Fairwater. The gates at this dam were

not operated in a timely marmer and debris clogged the gates, rendering them inoperative

and causing damage to the dam's embankment and roadway. The repair cost was

approximately $400,000 (NPDP, 1998). These and other incidents of this type are

indicative of a larger problem and suggest the need for further investigation of the causes

and effects of floating debris as it relates to dam safety.

1.1. Scope and Objectives

In light of these and other incident, the main objective of this thesis is to

demonstrate that floating debris is a national problem for dam safety. To accomplish this

objective, the scope of this thesis addresses the issue of floating debris, US dam and lake
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(a) Wheeler Dam - Illustrates the potential size of debris at dam sites (Jones et al., 1997)

(b) Cheatham Dam - Illustrates size of logs removed at Cheatham (Sadler, 1999a)

Figure 1. Size of Debris Removed from TVA and ASCOE Dam Sites



incidents caused by floating debris, and both federal and related state policies and attitudes

that affect Ham and lake safety. Additionally, this objective is accomplished by illustrating

that legislation, hydraulic scenarios, past dam events, operation and maintenance of dams,

and the attitudes of state and federal agencies toward floating debris all contribute to dam

and lake safety problems. Other objectives and scopes of this thesis are as follows:

(1) to demonstrate the effects of floating debris on dam and lake operation, maintenance,

use, and safety by:

(a) showing a variety of potential "debris-related damage and failure scenarios" to

dams, hereafter called damage- and failure-scenarios

(b) presenting collected data on past debris-related incidents.

(c) showing the various maintenance practices for the collection and elimination of

debris.

(2) to illustrate that federal and state attitudes toward floating debris and the complex

organizational framework of dam safety adversely affect dam and lake safety by:

(a) highlighting the inconsistencies in the dam safety communities' priorities, policies,

and practices.

(b) showing the various dam safety agencies phlegmatic view toward floating debris.

This is accomplished by:

(i) showing their responses to a survey questionnaire.

(ii)examining the scarcity of US literature that emphasizes the floating debris

hazards on dam safety.

(3) to recommend strategies for addressing debris-related problems by:

3



(a) suggesting future research.

(b) proposing the hazards of floating debris be emphasized in dam safety publications

and conferences.

(c) suggesting increases in federal resources to encourage federal, state, and owner

responsibility.

1.2. General Description of Floating Debris and Its Hazards

For the purposes of this thesis, floating debris refers to lake or reservoir material,

such as logs, branches, trash, ice, snow, plant life, and various other materials that

accumulate at or above dams. It may also include docks loosened from their moorings,

loose barges, log, branch, and organic debris (due to beaver activity, ice and snowstorms

and fires), and the waste from forest clear-cutting operations. Floating debris normally

does not include sediment matter or debris slides. The concerns associated with floating

debris are:

>  Lodging in spillway and other outlet works gate mechanisms

>  Damaging gates, spillway supports, and trashracks

>  Damaging rip-rap protection

>  Blocking spillways

>  Blocking intakes

Some of these incidents can change the flow of water over or through the dam by reducing

the capacity of the spillway and outlet works, potentially reducing the dam's factors of



safety. Engineers design dams to operate under certain flow conditions and, therefore,

reducing spillway capacity can compromise the integrity of the dam.



CHAPTER 2

Floating Debris Concerns

2. Floating Debris Concerns

Concerns associated with floating debris include the blocking of critical dam

facilities, such as spillways and outlet works; the damaging of gates, locks, and penstock

openings; the clogging of auxiliary apparatuses, such as fishscreens and trashracks; and

the lodging of debris material in gate mechanisms. The following sections demonstrate

the various potential hazards of floating debris on the safe operation and use of dams and

lakes. These sections also present historical debris-related incidents that further validate

the concem over these potential hazards. In addition, these sections show the various

maintenance practices for the collection and elimination of debris.

Classifications for dams by construction material consist of masonry, earthfill,

rockfill, steel, timber, and inflatable (Morris, 1963). Although US dams include a wide

variety of construction types, this thesis discusses dam scenarios based on two of the most

common types of dams found in the US, a concrete gravity dam and an earthfill dam.

There are several other means for classifying dams and these are discussed more

thoroughly in Chapter 3.

2.1. Potential Damage- and Failure-Scenarios

Dam designers incorporate outlet works, principal and emergency spillways, gates

and locks, and auxiliary apparatuses which, when not operating properly, pose potential

concerns to the dams and/or downstream communities.



The two methods used to release waters from behind a dam are outlet works and

spillways. Outlet works regulate the flow of water from the reservoir to the downstream

side of the dam and are located below the minimum reservoir operating level. This

location is necessary to maintain the required head in order to facilitate the release of water

for a needed flow rate. Outlet works operate as free flow or under pressure. Spillways

release excess flood flow that cannot be safely stored behind the dam. Principle spillways

are designed to release a specific flood event while emergency spillways "are provided

primarily to avoid an overtopping of the main dam embankment because of an emergency

condition" (USBR, 1987). In order for a spillway to operate safely, a spillway must have

sufficient capacity. Typical layouts of outlet works and spillways are shown in Figure 2

(State of Illinois, 1980).

Floating debris can interfere with the normal release of reservoir waters or

floodwaters. If debris becomes stuck in a spillway, the hydraulic capacity of the spillway

is diminished and the water elevation increases, thereby increasing the chance of

overtopping during flood events that are less than the designed spillway capacity. Other

ways debris can interfere with the capacity of a spillway are by damaging gates, bending

spillway supports, and lodging in gate mechanisms, rendering the gates inoperative.

Interference by floating debris to the discharge facilities (spillways, power intakes, low-

level outlets, etc.) can affect their ability to pass large flood events (Brown and Nielsen,

1992). This reduction in flood capacity endangers the safety of the dam. Since different

failure modes exist for concrete-gravity and earthfill dams, debris-related hazards affect
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each type of dam differently. The discussion that follows analyzes the potential failure

modes for these types of dams when debris hinders the hydraulic capacity of the spillway.

A dam might overtop due to the debris-related decrease in spillway capacity, but

this is sometimes acceptable for a concrete dam. There are, however, other detrimental

effects caused by the increased water elevation. Higher reservoir levels mean larger

horizontal and uplift loads (Zipparro and Hasen, 1993). This increases the overturning

moment and makes the dam more susceptible to overturning. Additionally, the increased

horizontal force increases the shearing stress, which decreases the sliding stability of the

dam. Finally, the increased horizontal and uplift loads decrease the compressive stress at

the face of the dam, which increases the vulnerability to cracking or overstressing.

While overtopping is not a great concern for concrete dams, 81% of US dams

(NPDP, 1999) are earthfill, which if overtopped can significantly damage the dam. When

an earthfill dam is overtopped, erosion of the dam's embankment will occur due to the

sheer stress of water on the soil (Henderson, 1995). Another detrimental effect of

increased water elevation is an increase in the seepage force that acts on the pervious soil

foundation. When the seepage force exceeds the resistive force of the soil, piping occurs.

Piping is "the progressive removal of soil particles fi-om a mass by percolating water

leading to the development of channels" (USER, 1987). Additionally, this increase in

water elevation increases the shearing force that acts along the dam slope. If this shearing

force exceeds the shearing resistance then sliding occurs along a shear surface, leading to

stability failure. Finally, when the pressure acting on the soil is high enough, the resultant

body force on the soil becomes zero (i.e. critical hydraulic gradient) and the "soil will have



no strength. The soil is then said to be in a quick condition" (Craig, 1992). The water will

move the soil particles when the critical hydraulic gradient is exceeded, which could lead

to dam failure.

In addition to the potential failure hazards to dams, there are other debris-related

concerns, such as repairs to damaged dam facilities, mechanisms, and auxiliary apparatus,

as well as the loss of energy output on hydropower dams. Designers normally incorporate

various debris-control devices, such as log booms and auxiliary apparatuses into the dam

design. The design basis for each dam's floating debris control system is dependent on the

land surrounding the reservoir, land use in the area, reservoir use, and the type and hazard

category of the dam. The characteristics of the land surrounding the reservoir can

influence the amoxmt of potential debris entering the reservoir. For instance, a dam in a

large, dense vegetative region might employ the use of log booms to dissipate the potential

energy fi-om large floating logs that impact and cause damage to the dam. However, in

sparsely vegetated regions where this type of large debris material is not present, there is

no need for this degree of protection.

For instance, other types of debris-control devices, like trashracks and fishscreens,

affect the flow of water and cause energy losses. The energy losses come from "the

amount of head loss due to the resistance of the rack" (Chow, 1959). This resistance

increases as trash accumulates. If 50% of the rack area clogs, the velocity of water

through the racks doubles (USBR, 1987). Increases in velocity through penstocks can

have negative effects such as "erosion, corrosion, cavitation, and impingement" (Ahlgren

et al., 1997). Hydropower dams incorporate trashracks and fishscreens, in part, to protect

10



the turbines. Figure 3 shows a typical layout of a hydroelectric dam with a trashrack over

the intake. Usually dam operators are concerned with the loss of hydrogenation efficiency

that results fi-om the clogging of trashracks. This loss in efficiency costs the operational

agency money through loss of potential energy output capacity. Additionally, debris can

also damage a trashrack enough to necessitate its replacement. A failed trashrack at

TVA's Wilson Dam cost $250,000 to replace. This involved removal of the trash rack,

logs, and debris, installation of the new rack, removal of additional debris, and the

disposal of waste steel and debris. "The loss of energy and capacity fi-om the unit was

estimated at an additional $400,000" (Jones et al., 1997).

Hydroelectric Dam

R«aervQir

Long Olatance
Power Lines

Intake

n
Generator

LILU ,
inrn -
mi

ij"

TUrblne
River

Reference: (TVA, 1999)

Figure 3. Typical Hydroelectric Dam Layout
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2.2. Incidents Caused by Floating Debris

Existing records of debris-related incidents confirm the profound and tangible

threat the previously described damage- and failure-scenarios represent to dams and

downstream communities. Similarly, evidence fi-om other past incidents verifies that

floating debris interferes with the safe usage of lakes and reservoirs. This section presents

data on debris-related incidents in order to demonstrate the concems of floating debris on

safe dam and lake operation.

2.2.1. Dam Incidents

Information on US dam incidents is archived at the Stanford University's Center

for the Performance of Dams. Engineers fi-om Stanford and ASDSO developed the

Guidelines for Reporting the Performance of Dams, which establishes the definition of an

incident and standards for reporting dam incidents. In general, "a dam incident is an event

of engineering interest that provides insight to the structural and operational integrity of

dams" (McCann, 1997). Additionally, Dr. McCann includes the following to define

events of engineering interest (McCann, 1997):

♦ "the performance of a dam (satisfactory or unsatisfactory, anticipated or
unanticipated) dtiiing 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,
♦ signs of distress that are indicative of a potentid 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."

12



The National Perfoimance of Dams Program (NPDP) has compiled a list of 76

dam incidents within the US involving debris dating from 1916 to 1998 (NPDP, 1998).

Of the reported incidents, 10 incidents were removed from this study because floating

debris was not clearly a factor in the incident or was not of the same type as defined in this

thesis (i.e., ash sediment, volcanic debris, landslides, and debris flow).

The data provided by NPDP is significantly low by at least 58% and possibly 94%.

These percentages are deduced from additional information gathered from the survey

responses. Chapter 3 and Appendix A presents and discusses this survey in more detail.

The percentages also include information from Lessons from Dam Incidents USA (ASCE,

1975). Information from the NPDP (66 incidents). Lessons from Dam Incidents USA (1

incident), and the survey responses (62 incidents) did not provide enough data to prove or

disprove that an overlap exists between 24 of the incidents. There was one (1) definite

overlap between the information. If it is assumed that all 24 possible overlaps are

accurately interpreted, there are 38 additional incidents reported in the Lessons from Dam

Incidents USA and the survey results than NPDP reported. This represents an increase of

58% to the original NPDP reported incidents, which would result in 104 total incidents. If

the 24 incidents are separate and individual, the increase is 94%. The total number of

incidents in this situation is 128 incidents. The possibility exist that this number is still a

low estimate because many agencies responded by telephone from their memory of past

dam events and did little research to find if there were other incidents. Additionally, it is

apparent from the survey results that many state dam agencies did not report incidents

13



listed in the NPDP database. Appendix B gives the complete incident table provided by

NPDP.

The first relationship developed fi-om these data relates dam incidents involving

floating debris and the hazard category ranking of the corresponding dam. This analysis

demonstrates that almost one-half of the relevant dam incidents are in the high hazard

category, as shown in Figure 4; 67% are in the high or significant categories. The second

relationship shown is between floating debris and the dam type; Figure 5 shows the

breakdown between dam types as a percent. In order to clarify the abbreviations in Figure

5, Table 1 is presented and is taken fi-om the National Inventory of Dams (FEMA, 1995-

1996). Fifty of the sixty-six debris-related incidents involved a type of earthen dam. This

represents a total percentage over 75% (68.2%+1.5%+1.5%+4.5%).

Not Known

9% _

HighLow

24% AT/,

Significant
20%

Figure 4. Dam Incidents by Hazard Category
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REOT 1.5%

RECN 1.5%-

VA 1.5% CNPG

1.5%

RE

68.2%

ER NOT KNOWN

6.1%0%

on .5%

G9.1%

PGCN 1.5%

V_PGRE 4.5%

Figure 5. Debris-Incidents by Dam Type

Table 1. Codes Indicating the Type of Dam

RE = Earth ER = Rockfill PG = Gravity

CB = Buttress VA = Arch MV = Multi-Arch

CN = Concrete MS = Masonry ST = Stone

TC = Timber Crib OT = Other
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Another statistic from the NPDP data is forty-five of the sixty-six incidents, or

68.2%, cited debris as blocking, clogging, lodging, plugging or obstructing dam facilities,

mechanisms or apparatuses. Furthermore, forty of the incidents cited some type of impact

to outlet works or spillways in the description of the incident. These incidents confirm

that debris may normally affect discharge facilities in a way similar to the damage- and

failure-scenarios presented earlier in the paper. This analysis shows that overtopping is of

great concem since over 75% of the historical dam incidents involved a type of earthen

which are prone to fail if overtopped. Of the sixty-six incidents used in this study,

14 (21%) caused a failure to occur. Additionally, the dangers to downstream communities

are important since 67% of the incidents involve a hi^ or significant hazard category.

These incidents prove that the previously described potential damage- and failure-

scenarios are a real and tangible threat to the safety of dams.

2.2.2. Lakes and Reservoirs Recreational and Navigational Hazards and Incidents

The purpose of many dams is to impound water to form lakes for recreation and

navigation. According to the National Inventory of Dams, recreation and navigation

serves as the primary purpose for 36.0% of dams (FEMA, 1995-1996). These lakes

provide several benefits including boating, fishing, and swimming. Floating debris can

affect the safety of these activities if floating debris inundates recreational lakes and

waterways. Immdation could be the result of large rainfall events that wash debris into the

reservoir. Another source of debris formation could come from trees not being clear-cut

before the impounded water formed the lakes. These hazards can produce deadly results.

16



like an incident at Neely Henry Lake, in Alabama, when trees were not clear-cut causing

the fatality of one skier who "struck a stump" in 1988 (Bryant, 1997).

Furthermore, boaters might experience problems while navigating through debris-

infested waters. Debris-related obstacles can easily damage boats. The number and

severity of these types of accidents are hard to quantify because "many accidents [are]

never reported" (USDOT, 1997). In addition to the cost of property damage in boating

accidents, the graver consequence is not monetary, but the potential for fatalities. Of the

over 800 recreational boating-related deaths in 1997,13 are directly attributed to collisions

with floating objects other than boats or vessels (Schmidt, 1998). See Appendix C for a

complete list of type of boating accidents. The USDOT ranked recreational boating as the

fifth largest category in transportation fatalities in 1995, while other waterbome vessels

accoimted for less than 0.1% of the total transportation fatalities (USDOT, 1998). Open

motorboats and personal watercraft accounted for over 80% of injuries and almost 60% of

fatalities for recreational boating accidents in 1995 (US Coast Guard, 1998). According to

the US Coast Guard's Recreational Boating Accident Statistics (Schmidt, 1998), the

number of accidents caused by collisions with floating objects is rising, as reflected in

Figure 6. This figure was developed from the US Coast Guard's Recreational Boating

Accident Statistics (Schmidt, 1998). Additionally in 1997, 135 boating accidents resulted

from a boat striking a submerged object and resulted in six deaths (Schmidt, 1998).

2.3. Maintenance Practices

The previously discussed damage- and failure-scenarios and incidents emphasize

the importance of integrating these concems into the regular maintenance of dams and

17



U.
S.

 C
o
a
s
t
 G
u
a
r
d
 -
 R
ec

re
at

io
na

l 
Bo

at
in

g 
Ac
ci
de
nt
 S
ta

ti
st

ic
s

Co
ll

is
io

ns
 w
it

h 
Fl
oa
ti
ng
 O
bj
ec
ts

0
0

N
 2
0
2

b
 
2
0
0

1
9
8

1
9
6

c
 
1
9
4

e
 
1
9
2

1
9
0

1
8
8

1
9
9
5

1
9
9
6

1
9
9
7

Y
e
a
r

De
ve
lo
pe
d 
fr
o
m
 t
he

 U
S
 C
oa

st
 G
ua

rd
's

 R
ec
re
at
io
na
l 
Bo

at
in

g 
Ac

ci
de

nt
 St

at
is

ti
cs

 (S
ch

mi
dt

, 
19

98

Fi
gu
re
 6
. 
Bo

at
in

g 
Ac
ci
de
nt
s 
Ca

us
ed

 b
y 
Fl

oa
ti

ng
 D
eb

ri
s



reservoirs. Insufficient dam maintenance threatens downstream communities and

involves financial repercussions for the dam owner. Therefore, dam owners must pay

careful attention to debris maintenance, both its collection and elimination, in order to

minimize debris-related hazards. This section shows the various maintenance practices

involved in the collection and elimination of debris.

2.3.1. Collection of Debris

There are various practices for the collection of debris. A dam owner can collect

debris within reservoirs, at banks along reservoirs, or at dam sites. At different dam

locations, operators can employ different methods of collection. For instance, using boats

to tow or push debris towards the banks of lakes or reservoirs can clear waterways and

facilitate the removal of debris. Another example is when a flood event occurs debris

might accumulate on the upstream side of a lock, 30 to 40 yards deep, which will hinder

the ability of a vessel to enter the lock. In this situation, lock operators use work boats to

push the debris toward the spillway (Hood, 1999). Operators can use cranes and

clamshells to lift debris out of reservoirs on its bank, from barges, or from the dam itself.

An example of this is seen in Figure 7 (Jacks, 1999). In addition, weed harvestCTS can

remove aquatic plant life as shown in Figure 8. Some larger dam operators, such as TV A,

also employ volunteer community groups to gather trash and debris on their lands. This

sort of cooperation benefits both the community and TVA: the community receives a

safer, more aesthetically pleasing recreational environment, while TVA gets the real

benefit of free labor, which reduces maintenance cost. TVA used another practice through

the early 1970's called "strand trash," in which reservoirs were raised and then lowered
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Figure 7. Shows Debris Removal using Barges, Cranes, and Clamshells
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Figures. Weed Harvester

within a week. The intent of this practice was to strand the debris along the banks

allowing easier collection. Since this procedure created a better habitat for mosquito

breeding and the debris ended up back in the reservoir if not collected and removed, TVA

eventually abandoned this practice (Jacks, 1999). TVA now allows trash and woody

debris to build up at the face of a dam. A crane removes the larger debris and operators

flush the remaining debris through the spillway gates (Jacks, 1999). The fi-equency of

collection might also vaiy according to dam sites. For example, at selected TVA dam

sites, litter collection is scheduled periodically (once or twice per year), while at other

locations collection would occur on an as needed basis (Jordan, 1999). For the last ten

years, TVA has used drawdovras in October in cooperation with the Tennessee River

Rescue to facilitate cleanup. Additionally, for the Chickamauga and Nickajack Lakes
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operators submit a request in October to lower lake levels by one foot to facilitate cleanup.

Finally, TVA uses a wood chipper mounted on a barge to chip wood and then workers

blow it back on the shoreline to decompose or workers haul it to a disposal site. This

helps prevent large trees from being washed back into the reservoir (Clark, 1999).

At dam sites, the means for collection include various types of mechanical

equipment, such as trashracks and logbooms. Trashracks prevent debris from entering

sensitive sections of dam facilities, such as penstocks, gates, intakes, drains, and spillways.

Booms represent another type of collection tool "designed to retain floating debris before

it reaches the trashracks or screens," and they "may also be used in the active collection of

debris from lakes and reservoirs" (USER, 1992). Figure 9 shows an example of a boom

used to protect debris from entering aeration pumps at TVA's Douglas Dam after the

flood of 1974 (Jacks, 1999). For lock operations an "air-bubbler" can blow air at the pivot

point of the gate to generate a current that pushes the debris away from the gates (Hood,

1999). To properly eliminate debris, the dam owners must maintain and clean collection

equipment. Trashrakes facilitate this equipment cleaning by scraping the debris from

trashracks.

There are many costs associated with the collection of debris. Any equipment will

require substantial capital cost. For example, the USACOE's experimental "trash gate"

located on the Cumberland River in Kentucky cost $3.25 million. The gate is designed to

prevent garbage and fallen trees from going over Cumberland Falls and reaching Lake

Cumberland (Swope, 1999). Figure 10 is a computer generation of what the trashgate will

look like when completed. Even after an initial outlay of capital, future maintenance,
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(a) Douglas Dam - Shows debris accumulation and location of aeration pumps (Jacks, 1999)
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Figure 9. Debris Surroimding Booms used to Protect Aeration Pumps

23



S"'.

%

"*1

tfdi

m
Reference: (Sadler, 1999a)

Figure 10. USACOE's Computer Simulated Trashgate on the Cumberland River

upkeep, and repairs on equipment will require further expenses. For example, Bay County

Utility Service pays divers $960 four times a year to clean and remove debris at the two

pumping stations intakes on Deer Point Lake in Florida (Olson, 1999). Additional

expense is manual labor cost associated with gathering and sorting the debris. There is an

inherent danger when workers have to clear debris from spillways during high flood

events. This situation may exacerbate Workers' Compensation, used to cover labor-

related injuries.

2.3.2. Elimination of Debris

Ideally, floating debris should be eliminated before it ever reaches the dam.

However, dam owners should weigh environmental effects of floating debris

eradication,such as clear-cutting the reservoir and using herbicides, against their possible
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negative environmental repercussions. Organizations that maintain the lands and waters

around dams can use herbicides to reduce aquatic plant life, such as hydrilla and Eurasian

watermilfoil, which might collect on dam structures in dangerous quantities. See Figure

11 for examples of quantities and depth potentials of aquatic plants on reservoirs. While

herbicides reduce some of the debris that could be potentially harmful to a dam, these

applications often release unwanted chemicals into the water supply. Fluctuating the

water levels of a reservoir also reduces the aquatic plant life in and around the reservoir

(Bates and Smith, 1994). Dam operators draw down reservoir water levels in winter;

killing unwanted aquatic plants by exposing them to cold weather. Both small agencies,

such as the Florida's Bay County Utility Service, and larger agencies, such as TVA,

employ this method of reducing aquatic plant life (Olson, 1999 and Bates, 1994). Other

departments or organizations besides a local dam safety office are sometimes responsible

for maintaining some aspects of the lands and waters above the dams. For instance,

Florida's Bureau of Invasive Plant Management is responsible for administrating that

state's aquatic plant control program, which uses herbicides to control plants. Another

method to reduce the amount of debris accumulation is clear-cutting the reservoir and

removing the debris before filling the reservoir with water. Unfortunately, 'clear-cutting'

can radically decrease the number of habitats available to fish and wildlife.

An additional procedure to eliminate debris fi'om entering reservoirs involves state

legislation prohibiting littering and dumping into and around lakes and reservoirs. Often

these laws are either too difficult to enforce or not enforced at all, because "enforcement of

litter and illegal dumping laws is not considered a high priority among local law
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Figure 11. Aquatic Plants at Gunterville Reservoir
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enforcement agencies" (NCEDR, 1999). In general, "[tjhere has been a collective failure

by government, industry, and the public to develop and accomplish effective litter control"

(NCEDR, 1999). Finally, many agencies also allow the flushing of debris through

spillways as a means to eliminate floating debris from the reservoirs, which does not

dispose of the excess, but merely transfer the problem elsewhere.

In the past, the most convenient and often used method of destroying debris after

collection was burning. However, current air pollution and public fire hazard concerns

have sparked legislation to require bum permits. Not all forms of debris can be burned.

Items such as tires, appliances, barrels, boat dock renmants and other non-organic trash

must be disposed of in a landfill. More volatile and hazardous debris must first go through

costly tests to determine whether it is hazardous waste, which cannot be disposed of in a

conventional landfill. Landfill disposal costs for TVA is between $28 and $30 per ton

(Jacks, 1999). One incident from NPDP's data showed that the cost associated with debris

removal at one dam site was $80,000, with an additional $20,000 in repair costs (FEMA,

1986). TVA's 1990 memo on strategies for reducing debris and trash states: "The

estimated armual cost of 3.8 million dollars is realistic, with the majority going for

disposal fees at landfill" (TVA, 1990).

2.4. Summary

Floating debris presents a variety of potential hazards to the safe operation and use

of dams and lakes. Interference by floating debris to the normal operation of dams has the

potential to endanger the integrity of a dam by increasing the forces acting on the dam.

This can reduce the factors of safety and increase the chance of overtopping. These
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scenarios can damage and destroy Harris^ dam mechanisms, property, and human life.

Additionally, floating debris poses a threat to lake safety with regard to navigation and

recreation of boaters, swimmers, and skiers. By analyzing potential damage- and failure-

scenarios and observing past dam and lake incidents, the dam safety community can

recognize and address the associated dangers to normal dam operation and defend against

the hazards. Among the variables to consider in the maintenance decisions are the

equipment available and the capital cost of the equipment, local permitting and disposal

laws, cost of disposal, and the effects on the environment and downstream communities.
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CHAPTERS

Organizational Framework and Agency Viewpoints Affecting

Floating Debris

3; Framework and Viewpoints

The potential for an occurrence of any of the previously discussed floating debris

hazards is reduced when the agencies that are responsible for dam safety establish and

implement appropriate policies and practices. This section illustrates that dam safety

agency's disregard of floating debris and the complex organizational fi-amework of federal

and state dam safety oversight adversely affects dam and lake safety. Additionally, this

section summarizes survey results compiled fi*om various federal and state agencies in an

effort to substantiate inconsistent organization and lack of regulation of floating debris.

3.1. Inconsistencies in Dam Safety Management

Dam safety in the United States is a complicated and fî agmented political and

institutional system that has developed for protection and management of water resources

(FEMA, 1998a). Agencies involved in dam safety have different legislation, priorities,

and views of dam safety. The starting point for these differences is foimd within the

deflnition of a dam. The federal government defines a dam in the National Dam Safety

Program Act of 1996. The purpose of this Act "is to reduce the risks to life and property

from dam failure in the United States through the establishment and maintenance of an

effective national dam safety program to bring together the expertise and resources of the

29



Federal and non-Federal communities in achieving national dam safety hazard reduction''

(US Public Law, 1996). The Act defines a dam as follows;

"(A) means any artificial barrier that has the ability to impound water,
wastewater, or any liquid-home material, for the purpose of storage or
control of water, that-

(i) is 25 feet or more in height firom-
(I)the natural bed of the stream channel or watercourse measured

at the downstre^ toe of the barrier; or;
(ii)if the barrier is not across a stream channel or watercourse, fi-om

the lowest elevation of the outside limit of the barrier;
(n) has an impounding capacity for maximum storage elevation

of 50 acre-feet or more; but
(B) does not include-

(i) a levee; or
(ii)a barrier described in subparagraph (a) that-

(I) is 6 feet or less in height regardless of storage capacity; or
(U) has a storage capacity at the maximum water storage

elevation that is 15 acre-feet or less regardless of hei^t;
unless the barrier, because of the location of the barrier or
another physical characteristic of the barrier, is likely to pose
a significant threat to human life or property if the barrier fails
(as determined by the director)."

The criteria that define a dam vary firom state to state, and although "the majority of states

use portions of the Corps (federal) dam definition," these state definitions can deviate

fi-om federally defined parameters (FEMA, 1998a). 'While the definition of a dam may

deviate fi-om state to state, the Association of State Dam Safety Officials (ASDSO) Model

State Dam Safetv Program, published by the Federal Emergency Management Agency

(FEMA), bases its definition on the federal definition. State agencies can use this

document to establish their legislation and regulations, permitting, inspection,

enforcement, emergency response, program staffing and funding, education and training,

and public relations plan.
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Another method of dam classification involves hazard categories based on the

potential for property damage and loss of life to downstream communities. Generally, the

hazard categories are classified as high, significant, and low. The use and interpretation of

these categories can vary between state and federal agencies. For instance, Connecticut

uses five categories rather than three to classify the hazard potential of its dams. Of the

75,187 dams on the National Inventory of Dams (NID), which include both federal and

state dams, 23,927 structures (32.7%) are in the high or significant categories (FEMA,

1995-1996).

3.I.I. Federal Role in Dam Safety

US dam safety has evolved through changing cultural, social, and economic

conditions. For example. Congress created TVA largely for economic reasons during the

Great Depression, making TVA the single largest power producer in the nation (TVA,

1998a). By the late 1960's, TVA's primary responsibilities had expanded beyond

navigation, flood control, and the production of electric power to encompass

improvements in recreation and water quality (Schaffer, 1990).

After several major US dam failures during the 1970's, the federal government

began to place more emphasis on the safety of existing dams. For example, in 1979

President Carter made the director of FEMA responsible for coordinating dam safety

activities. FEMA's mission is:

"to reduce loss of life and property and [to] protect our nation's critical
infrastructure from all types of hazards through a comprehensive, risk-
based, emergency management program of mitigation, preparedness,
response and recovery" (FEMA, 1998a).
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This placed FEMA in the complex role of acting as the coordinating agency in both

federal- and state-level dam safety communities. Figure 12 shows a basic organization for

the federal agencies involved in dam safety and the agencies that are members of ICODS.

The limited nature of FEMA's authority complicates the agency's role because it

"has no regulatory responsibilities relating to dams" (FEMA, 1986). While FEMA fulfills

the role of coordinator in a broad spectrum of activities regarding dam safety, the indirect

responsibility of FEMA and various state and federal agencies hinders the effectiveness of

FEMA's capacity in ensuring dam safety. Beyond FEMA's federal coordination

responsibilities, FEMA assists state agencies in establishing their programs through the

Model State Dam Safetv Program. FEMA also administers the National Dam Safety

Program funds, which provides "seed money to states to assist them with improving then-

dam safety programs" (ASDSO, 1998a). Additionally, FEMA has the obligation of

coordinating the report on the Review of State Non-Federal Dam Safetv Proprams.

3.1.2. State and Regional Role in Dam Safetv

Of the almost two million dams in the US (Ungate, 1997), which include Natural

Resources Conservation Service (NRCS) ponds, over 75,000 are covered by the National

Inventory of Dams (FEMA, 1995-1996). The National Inventory of Dams is "a joint

venture involving 67 States, Territories, and Federal agencies under the leadership of

FEMA" (FEMA, 1995-1996). Of the 75,187 dams ninety-five percent (95%) are state

regulated (FEMA, 1995-1996). This is significant because it indicates that most dam

safety programs for dams in the US may involve a wide variety of state legislative

policies, various budgeting, and differing priorities, precluding central and consistent
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management of the various facilities. Additionally ASDSO provides a list of dams that

includes total state regulated dams which includes over 95,000 dams (ASDSO, 1999).

This number is greater than the total US dams found on the National Inventory because of

the varying state laws on which dams are included under their jurisdiction. FEMA reports

that "the degree to which states focus manpower and resources toward dam safety varies

greatly from state-to-state" (FEMA, 1998b). Figure 13 illustrates this point by comparing

the number of high or significant hazard dams under the responsibility of one technical

professional in each state (FEMA, 1998b). Dam owner's priorities may result in dam

High- & Significat- Hazard Dams
per Technical Professional

0 Manpower = None
□  1-49
□  50-99
H  100-300
□ No Response

Developed from (FEMA, 1998b)
Figure 13. Varying Technical Manpower by State
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safety problems when they focus manpower and resources on their primary objective and

neglect dam safety concerns. Many agencies, both federal and state, provide insufficient

funding and manpower to ensure dam safety (DeSena, 1998a and FEMA, 1992). The dam

safety community has had to establish higher priority items besides debris maintenance

because of a lack of resources allocated for dam safety. "The lack of resources is

evidenced by small budgets, low numbers of staff, support for continued staff training, and

owner education and public relations program" (FEMA, 1998b). Figure 14 shows the

wide variety in state budgets allocated to dam safety.

State Dam Safety Budget
(in Thousands $)

0  0
□  1-199
□  200-399
0  400-599
□  600-1599
g  6440
□ No Response

Developed from (FEMA, 1998b)
Figure 14. Dam Safety Budget by State
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Regional agencies have been able to implement more effective and inclusive

debris management strategies within a larger, watershed-management agenda. For

instance, TVA's watershed-management programs have dealt with floating debris issues

as an inherent aspect of their guidelines of general resource management. TVA has more

resources to effectively analyze and deal with debris hazards. For example, in 1999 TVA

budgeted $600,000 for cleaning up dump sites along TVA reservoir shorelines, as well as

funding of other shoreline problems, such as bank erosion (Jordan, 1999). Another

hydroelectric company, B.C. Hydro, which consist of 60 dams at 43 locations, spends

between $660,000 and $1,320,000 per year to clear debris and protect its hydroelectric

facilities (Brown and Nielsen, 1992). However, the same efficiency, resources, and care

have not been broadly available or properly handled at a national level. As stated by

Martin McCann, director of Stanford University's National Performance of Dams

Program, "the number one issue is how to make sure dams are maintained, given the great

disparity in wealth of dam owners ~ for example, a farmer who is relatively poor versus a

large electric utility" (DeSena, 1998a). Even so, larger dam controlling agencies, even at

the federal level, often overlook the potential hazards caused by floating debris to dams

and in reservoirs.

3.1.3. Dam Oversight Roles and Responsibilities

Current policy places accountability for the safety, operation, and maintenance of

each individual dam on the owner, regardless of who regulates or operates the dam.

Nonetheless, federal and state governments have recognized their responsibilities to

protect citizens. Federal and state governments often have different agencies with
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different responsibilities, which can include agencies to oversee the regulations, finance,

planning, design, construction, and maintenance phases of a project. Table 2 itemizes the

federal agencies type of involvement with dams. A single agency is not always

responsible for what flows into and through the reservoir. Within large dam operating

agencies such as TV A, US Bureau of Reclamation (USBR), and USACOE, departments

other than the dam safety office are responsible for reservoir management (for instance the

Land Management office at TVA). Moreover, the dam safety objectives of a specific

controlling agency are frequently secondary to its primary mission and objective (Adler,

1995). For most federal agencies, "dam safety is peripheral to the main thrust of their

activities" (FEMA, 1992). For example, the Mine Safety and Health Administration

(MSHA), while deficient in implementing some of the Federal Guidelines for Dam Safety,

selects "other high priority items to place on its Regulatory Agenda" (FEMA, 1992).

3.1.4 Coordination of Federal and State Dam Safety Policies

In order to combat some of the problems associated with dam safety, the dam

safety community and the government have begun sharing information between various

dam safety organizations. Section 7 of the National Dam Safety Program Act reflects this

shift in operating procedures. It states that the duties of the Interagency Committee on

Dam Safety (ICODS) are:

"[To] encourage the establishment and maintenance of effective Federal
and State programs, policies, and guidelines intended to enhance dam
safety for the protection of human life and property through coordination
and information exchange among Federal agencies and State dam safety
agencies; and coordination and information exchange among Federal
agencies concerning implementation of the Federal Guidelines for Dam
Safety."
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Table 2. Relationship of Federal Agencies to Dams

AGENCY OWNER REGULATOR OTHER

US Dept. of Agriculture (USDA):

Agricultural Research Service (ARS)

Farmers Home Administration (FmHA)

Forest Service (FS) </

Rural Electrification Administration (REA) •/

Natural Resources Conservation Service (NRCS)

Department of Defense (DOD):

USACOE

US Army

US Navy

US Air Force

US Dept. of Interior (DOI)

Bureau of Indian Af^irs

Bureau of Land Management

Bureau of Mines

Bureau of Reclamation

Fish and Wildlife Services </

Geological Services

National Park Service

OflBce of Surface Mining

US Dept. of Labor (DOL)

Mine Safety and Health Admin. (MSHA)

Dept. of State

International Boimdary and Water Comm. (IBWC)

FEMA

Federal Energy Regulatory Commission (FERC)

Nuclear Regulatory Commission (NRC)

TVA

Note: * Other = Could include: designed, constmcted, financed, researcled, etc.

Developed from: (FEMA, 1986; USAGE, 1999; FEMA. 1992)
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In addition to ICODS, the Association of State Dam Safety Officials (ASDSO) is

active in improving the communication among state dam safety agencies and with federal

agencies. Their purpose is "the improvement of dam safety through research, education

and communication" (ASDSO, 1998b). Within this cooperative environment, agencies

share knowledge and information that helps to improve dam and reservoir safety efforts.

Although communication efforts between agencies have improved the refining of dam and

reservoir safety, most industry intercommunication focuses on the engineering and

structural integrity, flood capacity capability, and management practices relating to the

operation of dams, often overlooking the issue of floating debris above dams.

3.2. Federal and State Agency's View of Floating Debris

As previously discussed, the development of dam safety management in the US

has created multiple agencies and organizations involved in dam safety. However, the

complicated framework of the dam safety community creates inconsistency in agency's

priorities, practices, and policies. Although dam safety issues are garnering more

attention, no established safety standards exist for debris maintenance. The deficiency of

consistent debris management policies within the US allows agencies to form their own

conclusions about the importance or lack of importance of debris management. Rules

governing floating debris vary from dam to dam, owner to owner, state to state, and

agency to agency.

Each agency that is responsible for dam safety decides how important the issue of

floating debris is to their agenda. They base their viewpoints on many sources including

preconceived ideas, the amount of money available in their dam safety budget, examples
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set by larger dam safety agencies, available technical data, and their exposure to the

hazards of floating debris on dam safety. If floating debris is not considered an important

issue then it further adds to the problems associated with dam and lake safety. Agencies

that do not view floating debris as an actual and significant issue neglect then-

responsibilities to dam safety. A review of national and international literature as well as

the results of a survey conducted by the University of Tennessee, Department of Civil and

Environmental Engineering, are presented below as additional evidence that floating

debris is not adequately considered a dam safety concem in the US.

3.2.1 Literature Review

Most dam safety officials and researchers publishing in current literature have not

treated floating debris as a major concem because they focus their attention on what they

consider more 'imminent dangers'; floating debris management is viewed as merely a

routine of the operation and maintenance of dams. The scarcity of literature addressing

floating debris as a safety problem further reflects the dam safety community's lack of

concem for with the problem.

Most literature that specifically addresses floating debris as it relates to dam safety

are authored and reviewed intemationally, rather than domestically, demonstrating that the

international community has a higher regard for floating debris as dam isafety issue. An

article from British Columbia addressed the dangers of floating debris on dam operations

by presenting Canadian case histories (Brown and Nielson, 1992). One case was the

Alouette Dam where a large tree lodged in the concrete panel overflow weir. A concrete

panel shifted or was damaged due to this obstraction. This resulted in leakage and then

40



severe erosion along with scouring of the underlying foundation. This ultimately led to

the collapse of the spillway. The article ftirther examined sources for debris. It also

confirmed the dangers from debris to public safety during recreational use of the reservoir.

It further discussed what B.C. Hydro had learned from these past incidents and steps it was

taking to manage dam safety and environmental aspects of debris, such as guidelines to

estimate the quantities of debris entering a reservoir and guidelines for preparation of

reservoir debris management plans.

Another article summarized a project carried out in 1990-1991 by the Norwegian

Hydrotechnical Laboratory (Godtland and Tesaker, 1994). In this study, models were used

to determine conditions under which drifting trees and tangled trash may cause clogging of

free overflow spillway and to determine the anchor forces required to hold back tangles of

trash from reaching the dam crest. The study found that spillway capacity was reduced by

the clogging of flood spillways by trash, and suggested guidelines for the design of an

overflow spillway. A Swedish article presented the results from a hydraulic model study

that tested gated overflow spillways and how floating debris affected the gate operation as

well as the spillway discharge capacity. It examined the ability to pass debris in relation to

the number of spillway openings and the length of trees with respect to the width of

spillway openings. This study fovmd that overflow height in relation to spillway opening

width is not an important factor in trees plugging a spillway. (Johansson and Cederstrom,

1995)

In contrast, articles produced by US authors and agencies often focus on the

reduced efficiency of hydropower production caused by trash accumulation at the intakes
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to turbines and the cost of replacing failed trashracks. One article emphases the need for

online trash rack monitoring at hydro units. The main validation for the expense is the

costs associate from high repair costs from a failed trashrack, revenue loss due to

downtime, increased maintenance cost by accelerating the wear on bearings, and the cost

of replacement power (Jones et al., 1997). Another article focused on detecting the

amount of submerged debris at trashracks in order to plan and budget for trash removal.

Two additional reasons given for mapping the debris at trashracks were "economics,

turbine efficiency and safety, excessive loads on trashracks" (Edwards et al., 1993). One

final US published article emphasized lost revenues from lower power generation

capability caused reduced efficiency from trash and debris accumulation on turbine intakes

at hydroelectric powerplants. It discussed the design, assembly, field experience, and cost

of a self cleaning trashrack system at the Cheatham Powerhouse (Sadler, 1993). Other

nationally authored articles addressed floating debris dangers but focused on bridge piers

and the scouring of the streambeds and not on dam and reservoir safety (Diehl and Bryan,

1993; Saimders and Oppenheimer, 1993).

While articles addressing some of the hazards associated with floating debris exist,

they normally appear from an international platform. US debris articles often focus on

cost associated with debris clogging trashracks on hydropower operations, while the

specific dangers that debris imposes on structures are frequently limited to bridge piers

instead of dam safety. This scarcity of US interest and focus on the seriousness of the

debris-related hazards represents a shortsightedness of the US dam safety community.
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3.2.2 Survey Findings

In order to have a clearer understanding of federal and state attitudes, a survey

aHHressing common regulations, practices, and problems was sent to all federal and state

agencies. This survey was conducted by the University of Tennessee, Department of Civil

and Environmental Engineering in October of 1998. Appendix A includes a copy of the

survey sent to federal and state agencies involved with dam safety and their detailed

responses. The survey attempted to evaluate the policies and procedures of these agencies

toward floating debris and some of the historical dam incidents by asking the following

questions:

1) Does your organization or organization(s) under your jurisdiction have regulations or
procedures on the collection, management and/or disposal of floating debris at dams
and in reservoirs? If so, what are they? If not, how is the debris managed? (Please be
as specific as possible)

2) Does your organization or organization(s) mder your jurisdiction allow floating debris
to be flushed through spillway gates df locks as a means for controlling such
materials? If so, have there been any problems relating to this practice?

3) Has your organization or organization(s) under your jurisdiction experienced
interference by floating debris with regard to:
a) dam operation and maintenance?
b) lake navigation and recreation?
c) the safe operation or the safety of dams?
If yes, please describe any problems?

4) Has your organization or organization(s) under your jurisdiction had any debris caused
damage or failure to dams? Name and briefly describe the incident(s).

All of the nine federal agencies with dam safety responsibilities and forty-eight of

the fifty state agencies replied to the survey. The information gathered fi:om surveying

federal and state agencies was used to summarize agency policies and/or procedures
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regarding floating debris. The results of the survey reveal floating debris problems

encountered by these agencies. The data analysis from this survey facilitates an

understanding of federal and state concem regarding the hazards of floating debris to dam

and reservoir safety. The analysis emphasizes the need to more intensely address the

issues involved with floating debris in order to maintain and regulate the safety of lakes

and dams. The following discussion is based on the responses to the primary survey

questions, which are found in Table 3 and Table 4.

Table 3. Federal Survey Responses

Federal Agency HAS REGULATIONS OR ALLOWANCE OF FLUSHING INTERFERENCE

PROCEDURES FOR DEBRIS DEBRIS THROUGH SPILLWAY WITH DAM O&M

USBR No
****

Yes
USDA Yes No Yes

FERC No Yes Yes

USACOE Yes Yes Yes
DOE No

irkirii
No

NRC No No No

MSHA No N/A No
TVA Yes Yes Yes

IBWC Yes Yes Yes

Note:

1) indicates no response or question was not directly answered
2) USBR= US Bureau of Reclamation, USDA= US Department of Agriculture, FERC= Federal Energy Regulatory Conunission,
USAC0E= US Army Corps of Engineers, D0E= Department of Eneigy, NRC= Nuclear Regulatory Commission, MSHA= Mine Safety
and Health Administration, TVA= Tennessee Valley Authority, and 1BWC= International Boimdary and Water Commission.

The survey revealed that only four state agencies and four federal agencies claim to

have regulations or procedures for floating debris management, as seen in Figure 15.

Some agencies consider the use of trashracks or logbooms their debris management

regulation, while other agencies, which answered 'No' to this question, also use these

mechanisms, but do not view their use as debris regulated. Often owners and operators

consider floating debris more of a nuisance than a serious safety issue, which is reflected
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Table 4. State Survey Responses

STATE HAS REGULATIONS OR ALLOWANCE OF FLUSHING INTERFERENCE

PROCEDURES FOR DEBRIS DEBRIS THROUGH SPILLWAY WITH DAM O&M

AK No Yes Yes
AL No N/A N/A

AR No Yes Yes

AZ No Yes No
CA No Yes, Not Prohibited No

CO No No Yes

CT No No formal regulations Yes
DE No N/A N/A
FL Yes Yes Yes

GA No Yes Yes
HI No Yes

****

lA No Yes, Not Prohibited Yes

ID No Yes Yes
IL No Yes Yes
IN No Yes. Not Prohibited Yes

KS No N/A No
KY No Not Known Yes
LA Yes No

•****

MA No No Yes
MD No Yes Yes
ME No No No

Ml No Not Known Yes
MN No Yes Yes
MO No Yes-Smail: No-Larqe Yes

MS No Not Aliowed or Disallowed No
Ml No Yes Yes
NO No No Yes
NO No Yes Yes
NE Yes Yes Yes
NH No Yes Yes
NJ No Not Known No
MM No No Yes
NV No Yes No

NY No Yes, Not Prohibited Yes
OH No Yes Yes
OK

**♦* IrlHHt ****

OR No No Yes
PA It*** irkirk

Rl No No Not aware of anv
SO No Yes Yes
SO No **** k-kkk

IN No Not an Issue Yes
TX No Yes Yes
UT No Yes Yes
VA No Yes, Not Prohibited Yes
VT No Yes, Not Prohibited Yes
WA No Not Known, Outside Yes
Wl No Yes, Not Prohibited Yes
WV Yes Yes, Not Prohibited Yes
WY No Yes Yes

Note:
1) ' ****' indicates no response or question was not directly answered.
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Figure 15. Percentage of Dam Safety Agencies having Debris Regulations
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in the lack on policies addressing floating debris. Figure 16 shows that the majority of

state agencies, 58.0%, allow the practice of flushing floating debris over a spillway. Forty-

four percent (44.4%) of federal agencies also allow this practice. Finally, Figure 17 shows

that 66.7% of the federal and 70.0% of the state agencies surveyed have experienced

interference from floating debris with regard to dam operation and maintenance. This data

shows that although most agencies have problems with debris, they do not address these

debris issues with specific policies or procedures and further complicate the hazard by

allowing dangerous practices.

Dam owners can combat debris contamination sources with efficient maintenance

practices. Operational agencies are painfiilly aware of the cost and time associated with

the collection and elimination of debris, but they do not view floating debris as an

'imminent danger'. Many regulatory agencies and dam owners view floating debris as a

non-safety issue and instead regard it as a general maintenance matter. Because dam

owners and dam safety agencies often consider floating debris as just a maintenance

matter, dam safety agencies and dam owners do not adequately address the potential for

dam failure. Most state agencies consider legislation stating that 'dams must be operated

in a safe manner' as adequate policy for managing debris in lakes and reservoirs. In

addition, state agencies rely heavily upon dam inspections to address problems on a site-

specific basis. However, Alabama does not provide any dam inspections, while California

"inspects annually but more or less frequently as needed on a case-by-case basis"

(ASDSO, 1994). Assuming equal inconsistency among other states, this may leave many

dams in greater jeopardy than other dams. Further, the US Water News reports that
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"almost half of the most potentially dangerous [dams] have not been inspected in the last

five years" (DeSena, 1998a). This leads to the inevitable conclusion that debris could

accumulate and 'back-up' for more than five years.

3.3. Siimmarv

The lack of a comprehensive federal and state dam safety management program

has created a large number of oversight organizations and inconsistent nationwide dam

safety priorities, practices, and policies. The priorities and policies established by the

agencies impact the effectiveness of maintaining the safe operation and use of lakes and

dams. When an organization begins to prioritize its goals and objectives, it must evaluate

the availability of its resources. An organization must carefiilly allocate its time, money,

and manpower in order to meet its desired objectives and goals. These resources are

exhaustible and organizations must often neglect lower priority items in order to

accomplish their main objectives. Agencies create their policies in order to achieve their

objectives. Therefore, their policies reveal their priorities. Unfortunately, most agencies

that are responsible for dam safety do not view their primary priority as dam safety. For

instance, the changing priorities of NRCS "has reduced the available input into dam

safety" (FEMA, 1992).

As this thesis illustrates, the safety of a dam is dependent on dam safety agency's

views toward floating debris. The results of the survey indicate that, many agencies only

consider debris as a maintenance issue and not as imminent danger. This view can bindpr

an agency's ability to make adequate debris maintenance decisions.
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The sheer number of autonomous agencies involved in dam safety produces a

variety of regulatory inconsistencies, such as state inspections, which vary from annually

to not at all. Other inconsistencies include but are not limited to an agency's operation and

maintenance practices, as well as budgetary policies. Many legislative and economic

indicators illustrate the priorities of federal and state dam safety agencies, such as

budgeting, dam safety legislation, and various agencies' stated goals, regulations, policies,

and procedures. The results of the previously presented survey further illustrate the

inconsistent approaches of different agencies. By demonstrating their agendas and

practices, the survey revealed the absence of real concem toward floating debris as it

relates to dam safety by showing:

> most agencies followed the ill-advised practice of allowing floating debris to pass

through spillway, which may be dangerous to dam safety as shown in Chapter 2.

> most agencies did not have specific regulations regarding floating debris, which shows

they do not view it as a priority even though the majority of federal and state agencies

had experienced interference by floating debris.
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CHAPTER 4

Summary, Conclusions, and Recommendations

4. Summary and Conclusions

While many dams currently have measures in place for controlling floating debris,

there are a variety of debris-related incidents which have prove these methods insufficient,

resulting in loss of life and property. These past incidents and the potential scenarios

present in Chapter 2 illustrate that floating debris is a national concern to both dam and

lake safety. The problem is complicated further by dam agency's views toward floating

debris and the lack of concem placed on the problems of floating debris. Additionally, the

inconsistencies in priorities, policies, and practices of agencies responsible for US dam

safety management increase the problems associated with this national concem. Once

agencies realize the seriousness of floating debris hazards, the issue of how to manage and

maintain floating debris effectively becomes the agency's next concem.

Federal and state agencies involved in dam safety must take the hazards presented

by floating debris more seriously and recognize the necessity of facing these problems

with consistent, adequate, debris management regulations or policies. Dam design and

maintenance protocols should address the hazards of debris. Determining who is

responsible for dam safety remains a complicated issue. However, the responsibility for

dam safety still rests in the owner's hands. By removing debris in a timely manner owners

could incur the costs of manpower to inspect dam sites, removal of debris and the
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associated manpower and machinery costs if needed, and disposal costs of the collected

debris. However, by not removing debris in a timely manner dam owners risk:

> Repair cost to dams, dam mechanisms, facilities, and apparatuses

> Removal and disposal cost of dam parts and residual debris after damage occurs

> Risk of dam failure

> Cost to property and human life

> Loss of power production (if hydropower)

> Loss of recreational and navigational benefits

While the threat of floating debris may not appear as urgent as other dam safety issues, the

danger it presents must be addressed and remedied effectively by the entire dam safety

community.

4.1. Recommendations

The lack of a comprehensive approach to watershed management h^ resulted in

the establishment of inconsistent regional, state, or agency specific policies relating to dam

safety issues. This inconsistency has allowed states to assign their own views about the

importance of dam safety and more specifically, debris safety. Couple these

inconsistencies with the general lack of importance placed on floating debris as a dam

safety issue, and the lack of monetary resources available to many owners and agencies,

and there results a potentially serious threat to dams and lake users, owners, and

downstream communities. Therefore, there should be a concerted effort by FEMA,

ASDSO, state dam safety agencies, and all other agencies responsible for leading dam

safety efforts to stress the dangers floating debris poses to dam safety and the importance
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of properly controlling debris through appropriate practices. Publications produced by

coordinating agencies, such as FEMA and ASDSO, should emphasize these dangers and

suggest acceptable, environmentally correct practices of collecting and disposing of debris.

Additionally, dam safety representatives, FEMA, and ASDSO need to emphasize these

concerns in their conferences. State dam safety agencies should suggest regular timelines

for dam owners to inspect their dam for debris. These timelines could be monthly or after

a certain storm event.

Because of the potential safety risk to dams when debris is allowed to pass over

spillways, federal and state agencies need examine the risk associated with this practice on

a case-by-case basis. Additionally, the dam safety community needs to conduct more US

research on:

1) estimating the potential amoxmts of debris entering a reservoir given:

a) different storm events.

b) land characteristics.

c) changes in upstream development.

2) designing and developing better debris control equipment.

3) identifying the most effective debris control policies.

4) correlating where (County or City) the incidents took place and the local availability of

waste disposal.

5) effectiveness and total cost of different types of debris control equipment, including:

a) collection and elimination cost

b) varying types of debris found in different reservoirs.
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For example, some reservoirs might have high quantities of hydrilla while other have logs

in the magnitude of thirty feet long while still others find floating packs of ice and snow as

their main floating debris problem. The effectiveness of debris prevention equipment is

dependent on the topography of the surrounding reservoir.

6) optimizing the debris control equipment given the types of reservoir and dam

For example, an 8-fl earthen dam would probably not require the same heavy equipment

and machinery to collect and dispose of debris as a larger concrete structure owned by the

Corps or TVA.

7) developing a book or short computer program that takes into account all the different

factors affecting the potential for debris accumulation and then optimize the best

practices in dealing with debris.

Another important factor is for dam safety agencies to report their dam incidents to

NPDP. This would facilitate identifying the magnitude of the hazards posed by floating

debris. It also would help further researchers with an accurate database. Finally and most

importantly, the funds required to make dam safety a top priority of agencies need to be

provided for research, inspections, rehabilitation, technical manpower, and education.

Agencies could advertise more the publications available for dam safety and the

importance of reporting incidents to NPDP. If adequate funds are not available, floating

debris will continue to be a national problem for dam and reservoir safety.

In summary, there needs to be an inclusive, consistent approach to floating debris

management. This approach should address the degree to which floating debris affects the

following:
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* Dam Safety

* Hydropower Generation

* Navigation

* Recreation

* Operation and Maintenance Practices

* Environment

* Aesthetics of the Reservoir and Surrounding Lands

The manner in which debris accumulates in reservoirs predicates the need for a

comprehensive watershed-management system that integrates land and water resource

policy into a coherent and symbiotic legislative structure. A nationally regulated

management protocol, including specific mandatory inspection and maintenance time

fi"ames, would create consistency in laws and regulations governing dam safety.
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List of Abbreviations
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ARS Agricultural Research Service

ASDSO Association of State Dam Safety Officials

BLM Bureau of Land Management

Corps US Army Corps of Engineers

DOD US Department of Defense

DOE US Department of Energy

DOI US Department of Interior

DDL US Department of Labor

DOT US Department of Transportation

FEMA Federal Emergency Management Agency

FERC Federal Energy Regulatory Commission

FmHA Farmers Home Administration

FS Forest Service

ICODS Interagency Committee on Dam Safety

IWBC International Boundary and Water Commission

MSHA Mine Safety and Health Administration

NCEDR National Center for Enviroranental Decision-Making Research

NID National Inventory of Dams

NPDP National Performance of Dams Program

NRG Nuclear Regulatory Commission

NRCS Natural Resources Conservation Service

REA Rural Electrification Administration
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TVA

USACOE

USER

USCOLD

USDA

USGS

Tennessee Valley Authority

US Army Corps of Engineers

US Bureau of Reclamation

US Committee on Large Dams

US Department of Agriculture

US Geological Survey
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October 16,1998

Dear Sir or Madam:

The University of Tennessee is conducting a study concerning the impact of floating lake
debris on the safety of dams and we would like to have your input. Part of this study
involves inventorying how the collection and disposal of debris is managed at regulated
dams. Please reply by one of the following three ways:
•  E-mail: SwannDavis@aol.com
•  Fax: A. Allison Swann, c/o Susan Jacks at (423)632-4670
• Mail: A. Allison Swaim, 113 Linda Marie Lane, Panama City Beach, PL 32407

1) Does your organization or organization(s) under your jurisdiction have regulations or
procedures on the collection, management and/or disposal of floating debris at dams and
in reservoirs? If so, what are they? If not, how is the debris managed? (Please be as
specific as possible)

2) Does your organization or organization(s) under your jurisdiction allow floating debris
to be flushed through spillway gates or locks as a means for controlling such materials?
If so, have there been any problems relating to this practice?

3) Has your organization or organization(s) under your jurisdiction experienced
interference by floating debris with regard to:
a) dam operation and maintenance?
b) lake navigation and recreation?
c) the safe operation or the safety of dams?

If yes, please describe any problems?

4) Has your organization or organization(s) under your jurisdiction had any debris caused
damage or failure to dams? Name and briefly describe the incident(s).
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Appendix C. Types of Recreational Boating Accidents
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Table 7. Types of Recreational Boating Accidents

Type of

Accident

Capsizing

Collision with Fixed Object
Collision with Floating Object

Collision with Vessel

Fall in Boat

Falls Overboard

Fire/Explosion (Fuel)

Fire/Explosion (Other than Fuel)
Flooding/Swamping

Grounding

Not Reported
Other

Sinking
Skier Mishap

Starting Engine

Struck by Boat

Struck by Motor/Propeller

Struck Submerged Object

Reference: US Coast Guard, 1998
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Appendix D. ASDSO's 1998 State Dam Inventory Data
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Tables. ASDSO: 1998 State Dam Inventory Data

Please Note; Inventory sizes vary from state-to-state because of number of dms, but also because state laws vary on which dams are
included under their jurisdiction

state Total National Total State State High- State Reg. Government Ownership"

Inventory^ Regulated^ Hazard^ Unsafe^
Alabama 1570 1704 184 150 25

Alaska 99 87 18 0 55

Arizona 315 214 73 23 173

Arkansas 927 427 98 25 363

Callfomla 523 1238 392 0 536

Colorado 1648 1808 292 189 428

Connecticut 707 3230 236 NR 251

Delaware 73 98 9 NR 75

Florida 572 NR NR NR 15

Georoia 4853 3311 366 57 634

Hawaii 129 129 56 0 29

Idaho 343 431 100 13 80

Illinois 1232 1232 157 NR 387

Indiana 1463 1414 243 NR 317

Iowa 2465 2514 66 2 1437

Kansas 6077 9899 200 51 1363

Kentucky 955 924 147 0 NR

Louisiana 381 311 12 0 90

Maine 617 694 23 59 57
Maryland 273 361 56 6 162

Massachusetts 1528 2921 333 21 685

MIchlaan 909 1191 83 NR 378

Minnesota 932 852 40 NR 532

MIssIssIddI 3191 3328 238 10 121
Missouri 4032 614 195 20 206

Montana 3517 3219 153 13 795
Nebraska 2029 2029 92 0 1027
Neyada 323 577 106 8 74

New Hamoshire 613 3148 88 NR 364
New Jersey 806 1560 183 32 350
New Mexico 501 521 162 6 182

New York 1633 5645 372 57 676
North Carolina 2699 4646 874 40 199
North Dakota 770 1308 26 5 191

Ohio 1766 2703 502 450 505
Oklahoma 4510 4380 145 5 150
Oreaon 833 3733 122 0 186

Pennsylyania 1315 2886 735 7 501
Puerto Rico 36 36 33 0 31
Rhode Island 185 506 17 0 80
South Carolina 2252 2242 149 3 283
South Dakota 2392 2252 48 4 140
Tennessee 1044 593 136 28 382

Texas 6838 7247 818 403 2734
Utah 654 1948 214 41 198

Vermont 343 1001 51 NR 141
VIralnia 1581 482 103 50 360

Washinaton 653 865 94 13 238
West VIralnia 537 354 248 49 233
Wisconsin 1291 1080 192 NR 618
Wyomino 1216 1332 64 3 221

Total 76151 95246 9344 1843 19258

1 - Incbdes federal and non-federal dams over 25' In height or 50-acre-feet in vobme, or anything above 6' in height with downstream damage potential should It fall
2 - Includes all dams under state regulatoiy control
3 - High-Hazard by state definition derived from state Inventory in column 2
4 - Dams with Identified deficiencies by state definition (varies state to state) derived from state inventory In coLmn 2
5 - Denved from national Inventoiy In cobmn 1 NR = Not Reporting Some states do not keep data on 'high-hazard' and/or "unsafe" oategones.
Reference: (ASDSO, 1999)
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Figure 18. Tree Growing in a Riser Pipe
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Figure 19. Debris in an Outlet (Greenbrier)
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Figure 20. Beaver Debris built in a Spillway Outlet (Ridgetop)
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Figure 21. Other Side of Beaver Debris (Ridgetop)
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Reference: (TVA, 1998b)
Figure 22. Debris Accumulation at Melton Hill Dam

Reference: (Sadler, 1999a)

Figure 23. Debris at Cheatham Dam
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Reference: (Sadler, 1999a)

Figure 24. Debris gathered at Face of Cheatham
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Reference: (Sadler, 1999a)

Figure 25. Trash, Tires, and Barrels at Cheatham Dam
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Reference: (Sadler, 1999a)

Figure 26. More Debris at CJieatham

Referoice: (Sadler, 1999a)

Figure 27. Boom at Cheatham Dam
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Figure 28. Debris accumulated at Boom at Cheatham Dam
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Figure 29. Debris being removed at Cheatham with Crane and Barge
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Figure 30. Removal of Debris at (Hieatham
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Figure 31. Trashracks Removed from Clieatham Dam
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Reference: (Sadler, 1999a)

Figure 32. Testing of Self-Cleaning Trashracks
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Figure 33. Self-Cleaning Trashracks being installed at Clieatham Dam
137



*$*

"38^

M
s$-i«

■s-jbvsSfc

»  -iSr
Reference: i^Sadler, 1999a)

Figure 34. Installation of Trashracks at Cheatham Dam
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Figure 35. Cheatham Dam Self-Cleaning Trashracks
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Figure 36. Debris at Bridge on (2!umberland River

Reference: (Sadler, 1999a)

Figure 37. Debris on Cumberland River at Bridge
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Figure 38. Debris at Huntsville Springs Branch Pier
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Figure 39. Debris at Piers on Huntsville Springs Branch
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Figure 40. Debris on Huntsville Springs Branch
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Figure 41. Layout of Trash gate and Collection Area on Cumberland River
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