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FOREWORD

The papers and panel discussions in these proceedings were presented at the U. S.
Army Corps of Engineers (USACE) Hydrology and Hydraulics Conference on
Functional and Safety Aspects of Corps Projects, 17-19 October 1989. The
conference was hosted by the Nashville District and sponsored by HQUSACE
Hydraulics and Hydrology Branch. The technical program was coordinated by the
Hydrologic Engineering Center (HEC). The 35 conference participants represented
Corps HQUSACE, division, district, and laboratory offices.

The seminar objectives were to: 1) present and discuss specific issues related to the
functional and safety aspects of Corps projects, and 2) document the key issues and
findings of the conference.

The conference consisted of five half-day sessions. Included were a dam safety
session, separate sessions on low-level-of-protection considerations for levee, channel,
and interior areas, and a session on data requirements for project analysis. Each
session included presentations, most with accompanying papers followed by a
question and answer period, and concluded with a panel discussion of a session
related topic. Each attendee made a presentation or participated on the panel. A
synopsis of each session precedes that session’s papers and panel discussions.

These proceedings are organized in the same sequence as the agenda. Each

paper and panel is numbered as shown in the agenda, and at the bottom of each
page.
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SUMMARY
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.
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The Hydrology and Hydraulics Conference on Functional and Safety Aspects of
Corps Projects provided an excellent forum for hydrologic engineers to present case
examples and share ideas relating to functional and safety considerations of flood
damage reduction projects. Hydrologic engineers play an important role in the
planning, design, and operation of USACE flood damage reduction projects.
Hydrologic engineers by training and experience, understand the variable nature of
flooding, the limitations of technical methods used to quantify flooding and risk, and
the different characteristics of flood damage reduction measures. They tend to be the
technical professionals concerned with the physical performance of projects. In the
mind of a hydrologic engineer, the primary purposes of flood damage reduction
projects are to reduce the flood hazard to persons and damage to property, -
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Discussions followmg each presentatlon often represented several perspectives.
Although numerous issues were discussed, four were identified as needing immediate
attention.

1. How can hydrologic engineers appropriately express the need, and then
implement proper consideration of project performance and safety in the formulation
and evaluation of flood damage reduction alternatives?

2. How can compliance with local agreements that affect the performance and
design criteria of the implemented project be assured? Examples are: ponding area
storage for pumping facilities, and regulatory actions of floodplain development and
activities that affect storage and conveyance.

3. How can the USACE consider, during the conduct of a study, criteria by others
for existing projects that don’'t meet their safety requirements?

4. How can the USACE fund and implement a data collection program to document,
for future study needs, available flood-related data immediately after the event?
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SUMMARY OF SESSION 1: PROJECT PERFORMANCE AND DAM SAFETY

Overview

This session included an overview of the major issues regarding project
performance and safety to be covered during the conference and concentrated on
issues related to dam safety.

Papers and Presentations

Roy G. Huffman, HQUSACE, overviewed key technical issues from the hydrologic
engineering perspective regarding functional and safety aspects of USACE projects.
Mr. Huffman stated the need for greater focus during feasibility studies on how
projects perform. He stressed that new guidance directs that safety and performance
be considered but lacks detail on how to integrate these considerations into the
economic (NED) analysis. He emphasized that there is no single design flood, and that
the hydrologic engineer must consider the project performance for the full range of
events from all sources.

Mr. Huffman also stressed that hydrologic engineers must take into account the
institutional and legal provisions associated with operation/maintenance/replacement.
This begins with project formulation and design, and continues through the local cost-
shared agreements and operation and maintenance manuals. Finally, he emphasized
the need for the hydrologic engineer to coordinate and understand the data
requirements, assumptions, study objectives and procedural requirements from an
interdisciplinary perspective. No paper was provided.

Earl E. Eiker, Chief, Hydraulics and Hydrology Branch, HQUSACE, reiterated the
need for hydrologic engineers to properly consider project performance and safety in
the planning and design of flood damage reduction projects. He briefly overviewed the
status of the dam safety program and stressed the importance of coordination with
other disciplines in formulating viable projects. No paper was provided.

Paper 1. A presentation and paper entitled "Increased Spillway Capacity Through
Use of a Fuse Plug Spillway, Center Hill Dam, Tennessee," was given by John W.
Hunter, Nashville District. The paper presents a summary of the analysis and
recommendations determined by the Nashville District to correct the design and
deficiencies at Center Hill Dam. The recommended action consists of remedial work
on the main dam and increased spillway capacity a-'ded to an existing saddle dam to
provide PMF protection. A unique sand-filled fuse plug is utilized to provide additional
weir capacity during extreme flood events. For floods exceeding the maximum flood
elevation, the fuse plug will be overtopped washing out the sand fill and leaving a weir
capable of protecting the dam to the PMF level.




Panel 1 Discussions

Bob Occhipinti, Charleston District, described the Gills Creek watershed in Richland
County, South Carolina. The 73 square mile watershed has about 100 privately owned
dams developed for lake-front properties, and five federal dams. The state safety
criteria for the dams is that they must pass the one-percent chance exceedance event
with one foot of freeboard. Mr. Occh’  described previous USACE investigations
and the hydrologic engineering complexities of analyzing the Gill Creek system of lakes
for an ongoing feasibility study.

Christopher Lynch presented the Seattle District’s Wynoochee Lake study involving
the potential transfer of its operation, maintenance, repair and rehabilitation from the
Corps to the city of Aberdeen, Washington. The operation of the Wynoochee project
has several unique features which require experienced and well-trained hydrologic
engineers and meteorologists. Mr. Lynch described the district’s plan to assure the
continued safe and effective operation of the Wynoochee project after its transfer to
the City of Aberdeen.

Warren Mellema discussed non-federal dam safety issues within the Missouri River
Division. The Missouri River Basin encompasses all or parts of 10 states each with
differerit dam safety criteria. The criteria are also varied among responsible federal
agencies. Dams residing on military installations often present yet different issues and
problems since they don’t necessarily fit state or federal-guidelines. Mr. Mellema
concurs with recent USACE guidelines of the dam rehabilitation program that integrate
dam safety concerns with downstream risks. This approach could also be applied to
new dams.

Surya Bhamidipaty, South Pacific Division, discussed the dam safety program of the
State of California. The state, which has about 1200 dams, requires that all dams
within its jurisdiction be capable of adequately passing a design flood. The design
flood is selected based on the downstream damage potential. Mr. Bhamidipaty
defines the criteria required to perform the dam safety analysis.




Increased Spillway Capacity
Through Use of a
Fuse Plug Spillway
Center Hill Dam

by

John Hunter'

Introduction

The Institute for Water Resources and the Office of the Chief of Engineers have
developed guidelines to assist in evaluating hydrologic deficiencies for existing Corps
dams. These guidelines, " Guidelines for Evaluating Modifications of Existing Dams
Related to Hydrologic Deficiencies”, are expected to be reviewed and updated as
experience, application, and further research is made. The guidelines are presented as a
screening process which separates dams that require fuli Probable Maximum Flood
(PMF) prctection from dams that may be considered hydrologically safe without full
PMF protection. They also serve as an evaluation process for selection of a cost
effective alternative to correct any hydrologic deficiencies. In application, the process
establishes & method of ranking Corps dams as to which dams should first be funded for
remedial repairs and which dams should be funded at all.

The "Center Hill Dam Study for Correction of Spillway Deficiency” was completed in
April 1989 and is waiting approval. This paper will briefly discuss the hazard assessment
used in that study with emphasis on the issues not supported in the guidelines. Also, a
controversial fuse plug alternative recommended by the Nashville District will be
discussed.

Project Description

Center Hill Dam is located in the rural eastern portion of middle Tennessee in a fairly
sieep mountainous terrain. The dam controls a drainage area of 2,174 square miles.
The dam is located at Mile 26.6 of the Caney Fork of the Cumberland River. Caney
Fork enters the Cumberland River at Mile 309.2 in the immediate vicinity of Carthage,
Tennessee. Control of the Cumberland River is a primary mission of the Nashville
District. This is achieved through a system of mainstem and tributary dams. Center
Hill is one of the five dams in the system utilized for flood control. Other dams in the
system are primarily for navigation, hydropower, and recreation.

'Hydraulic Engineer, Nashville District, U.S. Army Corps of Engineers
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Center Hill Dam is a
concrete and earthen
structure 226 feet in height
with a length of 2160 feet.
A 1382-foot concrete gravity
section in the dam contains
eight spillway gates and
hydropower facilities. The
remaining 778 feet of the
dam is a homogenous rolled-
fill embankment. A saddle,
as shown in Figure 1, is
located just upstream of the
main dam on the right rim
of the reservoir. The
saddle is filled with a 775-
foot long by 125 high CENTER HILL DAM AND SADDLE DAM
rolled fill earthen

embankment similar to

that of the main dam.

Base Storm

The base precipitation used to generate the design inflows for Center Hill was the
Probable Maximum Precipitation (PMP). Rainfall was determined according to
procedures outlined in Hydrometeorological Report (HMR) numbers 51 and 52. This
rainfall was then increased by 4.5 percent in accordance with HMR 47 and 56 to
account for orographic effects in stippled regions of the basin. The total average basin
rainfall for the PMP was determined to be 23.3 inches.

Initial Reservoir Elevation

The IWR guidelines states the initial reservoir water surface be determined by routing
an antecedent flood event through the reservoir. The antecedent event recommended is
to begin 5 days prior to the onset of the design event and is assumed to be 50 percent of
the design storm. For the Cumberland River Basin, the National Weather Service
(NWS) recommended to the Nashville District that the greater of 30 percent of the PMP
rainfall followed by a 3 day dry period between the antecedent storm and the PMP or
39 percent of the PMP followed by a 5 day dry period be used. This is consistent with
their findings discussed in HMR No. 56. The NWS recommended scenarios were
analyzed and the worst case, 30 percent of the PMP, followed by a 3 day dry period, was
used for the Center Hill Study.

PAPER 1 4




The IWR guidelines does not recommend a method of determining the starting reservoir
elevation at the onset of the antecedent storm. For the Center Hill study, the reservoir’s
highest monthly median elevation was selected. Since that study, the Nashville District
has adopted use of the median reservoir elevation for mid-July. This decision was based
on NWS studies contained in HMR No. 53 and 56 which determined mid-July to be the
month of greatest potential PMP type rainfall for the study region which includes the
Cumberland River Basin.

Threshold Flood

The threshold flood is described in the IWR guidelines as "that flood that results in a
peak reservoir water surface elevation equal to the dam crest elevation less the
appropriate freeboard.” The intent of this definition is to determine the inflow event
into the reservoir, in terms of percentage of the PMF, that will exceed the design
criteria of the dam. In the case of Center Hill Dam, as is the case for many existing
dams, the level of hydrologic safety and structural safety are not equal. This is primarily
due to updated design standards. The earthen portion of Center Hill Dam is
hydrologically safe to elevation 692.4 (696.0 top of dam minus 3.6 feet of freeboard).
However, the concrete portion of the dam meets specified structural design criteria only
to elevation 691.0. The threshold flood was determined to be 75 percent of a PMF
under hydrologic criteria and 72 percent for structural criteria.

Hazard Analysis

The hazard analysis used in the Center Hill Study was developed with several objectives
in mind. The first was to establish the magnitude of the existing hazards at the dam.
Another was to provide a measure of the differences between alternatives designed to
reduce these potential hazards. The last objective was to provide the data necessary to
establish a base safety condition. The items selected to measure hazard were threatened
population (TP), population at risk (PAR), and direct flood damages. The failure of a
multipurpose dam such as Center Hill is characterized by many losses other than direct
flood damages that are both economically and socially devastating. A short list for
Center Hill would include loss of water supply to tens of thousands of people, loss of
hydropower, loss of flood control, loss of recreation and related businesses, and loss of
the dam itself, as well as the mental anguish and disruption throughout the recovery
period. These losses were assumed constants since they are prevalent for most any
failure scenario.

Economic Losses. A multi-project data base was developed which included
approximate first floor elevations, structure types and river miles for all structures
expected to be flooded by a worst case Center Hill Dam failure scenario. The data base
extended from Center Hill Dam downstream approximately 300 miles to Barkley Dam.
The Nashville District’s Direct Inundation Reduction Benefits (DIRB) program was used
to determine dollar damages and structures involved in various flooding scenarios. The
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DIRB program calculates depth of inundation and damages for each structure within a
data base utilizing flood profiles such as those developed by HEC-2. The depth damage
curves used in DIRB are based on expected damages at various steps or heights of
flooding.

Population at Risk. A structure’s inhabitants were said to be at risk if the
structure’s first floor elevation was reached by the flood profile. Population at risk was
determined for both a day and night flood failure scenario. Each structure type was
given a weighted value of inhabitants for the day and night scenario. These weighting
were based on sample interviews.

Threatened Population. Members of Nashville District’s Safe Dam Committee
and the Center Hill study team met in an effort to develop a real-life scenario of the
events that would most likely occur should a PMS, and impending dam failure, center in
the basin above the dam. They were equipped with rainfall data, hydrograph
information at damage centers, flood profiles calculated at specific hours before and
after failure, flooded area maps, and potential action and response times obtained from
local emergency service personnel. The area to be considered for possible threatened
population was limited to the first thirty miles below the dam. It was determined that
areas further than thirty miles would have sufficient warning time and evacuation routes
to vacate. The area to be considered for TP was then divided into two reaches. The
first reach included all structures in the Caney Fork basin affected by a failure condition.
Most of these structures were in small rural communities located up tributaries
branching off the Caney Fork. The second reach consisted of the town of Carthage
which is located at the confluence of the Caney Fork and the Cumberland River. The
following is a brief excerpt from the scenario developed.

"At Hour 204, communications in Reach 1 essentially becomes ineffective. There is no
evacuation plan for this area, road accesses to the flood plain areas are increasing
becoming cutoff either by local flows or Caney Fork backwater, electric lines and phone
cables are destroyed, and the substation and local radio station at Carthage is flooded.
Hour 204 is the appropriate time at which warning and evacuation ends. Therefore, in
Reach 1, all persons above the profile corresponding to the Hour 204 and up to the
peak failure profile are considered TP."

"Hour 210, for Reach 2, is a critical time. Effective communication in the Carthage area
ends at this time. Carthage has been isolated by road for about 6 hours at this time, the
rate of rise of the Cumberland River is rapid (2 feet per hour) with the river 8 feet
above the flood of record, electricity and phone services are out, the local radio station
has been flooded, street crossings may be washed out by local flows, evacuation of
people is chaotic (no evacuation plan exists for Carthage), and health problems are
becoming a factor. The TP count therefore begins with the Hour 210 profile and
extends to the peak failure profile."
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Existing Hazards

The previous paragraphs have discussed the methods used to estimate economic losses,
probable PAR, and TP for the Center Hill study. The existing hazards prevalent
downstream of the dam were determined using these methods for the threshold flood,
the threshold flood with a hypothetical failure of the dam, and a PMF with a failure of
the dam.

The incremental difference between the threshold flood with and without failure was
used to determine if the existing hazards were significant enough to warrant a study of
alternatives. An additional 3,556 structures were flooded by a failure of the dam during
a threshold flood in comparison to the threshold flood without failure. Approximately
2,500 of these structures are homes.

To measure the full extent of the existing hazards, an evaluation was made using the full
PMF. Since the PMF was determined to result in a failure of the existing dam, this
condition was used. A comparison of the PMF (failure conditions) with the threshold
flood (failure conditions) shows an additional 700 structures flooded, of which nearly 500
are homes.

The significance of hazard is very subjective when using it to compare severe
circumstances. The numbers presented tend to only help define the magnitude of
people directly impacted by a failure of Center Hill Dam. The severity of these impacts
are best defined by comparing differential flood heights. The increase in flood heights
between the threshold flood with and without failure range from 40 feet at the dam to
15 feet at a distance of over 150 miles below the dam. For the full PMF, the depth of
flooding is increased an additional 10 to 15 feet.

Alternative Investigation

Several alternatives were considered to correct the inadequate spillway capacity at
Center Hill Dam. These alternatives can be characterized by their physical location.
The following is a brief description of the alternatives based on their location. Table 1
contains a listing of the major components of these alternatives and their respective
Costs.

Dam Modifications. These alternatives involve modifying the existing dam. They
include raising both the concrete and earthen portion of the dam and structurally
strengthening portions of the dam. They are designed to provide for the maximum
allowable water surface elevation of the reservoir to be increased. This classification
also includes alternatives that modify the existing structure to increase spillway capacity.

Saddle Dam Modifications. These alternatives involve modifying the existing
saddle dam. The saddle dam (Figure 1) is an earthen dam located just upstream of the
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Table 1

DESCRIPTION OF ALTERNATIVE COST

1 raise dam 10 feet to contain PMF $17,200,000
a. 2000 ft concrete wall
b. anchor dam to bedrock

(%)

fuse plug in saddle dam §13,200,000
a. 650 ft by 32 ft fuse plug structure

b. rock excavation

c. 850 ft floating breakwater

3 gated spillway in saddle dam $51,315,000
a. 13 gates at SO ft by 32 ft
b. rock excavation
c. piles and cutoff walt

4 fuse plug or spillway gates located $39,100,000
in the left rim for fuse
a. rock excavation plug option

b. highway bridge (2 lanes at 1000 ft)
c. fuse plug or gates in left rim

S fuse plug in saddle dam combined with $12,750,000
raising the allowable pool elevation from
691 to 692.4 by anchoring 6 monoliths
a. 600 ft by 34 ft fuse plug structure
b. 800 ft floating breakwater
c¢. anchor 6 monoliths
d. lands downstream of saddle dam

6  raise dam 3 ft combined with fuse plug $28,800,000
a. raise 1600 ft of dam to elev 699
b. 400 ft by 34 ft fuse plug structure
c. 600 ft floating breakwater
d. anchor dam to bedrock

7 raise dam 6 ft combined with fuse plug $19,200,000
a. raise 1800 ft of dam to elev 702
b. 200 ft by 34 ft fuse plug structure
c. 400 ft floating breakwater
d. anchor dam to bedrock

8  raise dam 3 ft combined with spillway gate $42,200,000
a. raise 1600 ft of dam to elev 699
b. 8 gates at S0 ft by 34 ft
c. piles and cutoff wall
d. anchor dam to bedrock

9 raise dam 6 ft combined with fuse plug $23.300,000
a. raise 1300 ft of dam to elev 702
b. 700 ft by 14 ft fuse plug structure
c. 900 ft floating breakwater
d. anchor dam to bedrock
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main dam in the right rim of the reservoir. The dam closes a natural topographical
saddle located in this right rim. The alternatives considered for this location are
designed to increase the spillway capacity. These alternatives include a gated spillway
structure and an erodible fuse plug cut into the existing saddle dam embankment. The
discharges from these structures would travel approximately 7400 feet down a valley
roughly paralleling the Caney Fork and re-enter the Caney Fork approximately 4600 feet
downstream from Center Hill Dam.

Left Rim Alternatives. These alternatives would be located in a natural
topographic saddle located just upstream of Center Hill Dam in the left reservoir rim.
The invert of this saddle is above the existing Center Hill top of dam elevation. These
alternatives are similar to the saddle dam alternatives in that they include gated
spillways and erodible fuse plugs. These alternatives were investigated in an attempt to
reduce project costs. The valley downstream from the left rim site is much shorter than
the valley below the existing saddle dam. Also, the left rim valley, unlike that below the
existing saddle dam, is unpopulated. It was hoped that the rock excavation required in
the left rim would be more than offset by the reduced downstream real estate costs.

Combined Center Hill Dam and Saddle Dam Alternatives. These alternatives
include a combination of modifications to the existing Center Hill Dam and the saddle
dam as mentioned above.

Hazard Assessment of Alternatives

All alternatives, for Center Hill, were designed to safely pass the PMF event. Although
not addressed in the guidelines, a key consideration in evaluating the hazards, or
reduction in hazards associated with these alternatives, is a comparison of the impacts of
the proposed modifications to the conditions existing at the project. Table 2 contains a
summary of the hazard assessment for Center Hill. There are several comparative
analyses that can be made using this summary. For example, the population at risk
during the day is shown to be greater than the population at risk during the night. This
is due to the large number of businesses affected by the flood wave in the Nashville
area. In the case of threatened population, the greatest number of people are affected
at night. This is due to Nashville being downstream from the area within the threatened
population reach.

The most meaningful assessment of the alternatives is made by comparing the hazards
existing at the dam under PMF conditions, the hazards for a threshold flood (72 percent
of the PMF), and the hazards for each alternative. To make this comparison there are a
few conditions that must be understood. The threshold flood is unchanged from existing
conditions for all alternatives except Alternative 2. Alternative 2 involves a fuse plug
which is designed to overtop and erode at an elevation less than the present level of
protection of the project. Since the threshold flood represents the maximum flood that
can safely pass through the dam, it can be used as the base from which to compare the
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TABLE 2
DOWNSTREAM IMPACTS OF ALTERNATIVES

PAR PAR TP TP DAMAGES
CONDITION DAY NIGHT DAY NIGHT (Billions)
100 PERCENT PMF

ALT 1 28590 22748 2555 3011 1.132
ALT 1 34350 28523 3631 4574 1.440
(WITH FAILURE)

ALT 2, 3 29738 24075 2902 3408 1.188
ALT 2, 3 34648 29025 3644 4604 1.470
(WITH FAILURE

ALT 5 29762 24130 2912 3428 1.200
ALT 5 34649 29028 3644 4604 1.481
(WITH FAILURE)

ALT 6, 8 29329 23678 2799 3261 1.170
ALT 6, 8 34635 28995 3639 4594 1.458
(WITH FAILURE)

ALT 7, 9 29065 23235 2662 3056 1.153
ALT 7, 9 34529 28828 3638 4589 1.456
(WITH FAILURE)

72 PERCENT PMF
ALT 2 23622 19328 2624 3053 .976

ALT 1,3,5,6,7,?

SA?E AS FOR ?ASE CONDITION THRESTOLD FLOOD

BASE CONDITIONS

EXISTING DAM
(WITH FAILURE)

THRESHOLD FLOOD

THRESHOLD FLOOD
(WITH FAILURE)

34256 28320 3640 4593 1.461
23027 17850 1748 1891 .902
31897 26793 3564 4456 1.318
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alternatives. An example comparison would be to take the threatened population during
the night for Alternative 1 of 3,011 and subtract the threshold flood base of 1,891. The
resulting 1,120 people can be compared to the 2,702 people (4,593 minus 1,891)
threatened by an existing failure of the dam. Using this type comparison, it is found
that all the alternatives evaluated reduce the existing hazard by 40 to 60 percent. This
40 to 60 percent reduction can be translated into an average of 5SS feet reduction in
water surface immediately downstream of the dam to 25 feet of reduction at a distance
of over 150 miles downstream.

Another assessment of the alternatives can be made by using the description of
alternatives contained in Table 1 to distinguish alternatives involving raising the dam.

By comparing the alternative’s design components with the amount of improvements,
shown in Table 2, it can be seen that raising the dam (increased storage) results in more
improvements than fuse plugs (increased spillway capacity). However, a comparison of
the costs associated with these alternatives shows them to be more costly.

Any modification to a dam may inadvertently increase risks to the people downstream.
One source of these risks is an unexpected failure of the dam. A classical example of
this would be the failure of a dam which had been significantly raised to safely pass a
PMF. If such a dam were to fail during a high headwater event, the flood profile
downstream could be greatly increased. To evaluate these hazards at Center Hill, a
hypothetical piping failure was assumed to occur with each of the alternatives in piace.
The failure occurred when the PMF reached its maximum headwater elevation. By
comparing the resulting hazards displayed in Table 2 of the failure condition with the
existing dam failure condition, it can be seen that there are essentially no increased risks
associated with the alternatives selected for Center Hill.

One of the reasons for the development of hazard data was to determine if a base safety
condition exists at a dam. The purpose of the base safety condition is to establish the
design event for the alternatives being considered. This condition is defined in the IWR
guidelines as "the smallest inflow flood where there is no significant increase in adverse
consequences from dam failure compared to non-failure adverse consequences”. If
failure conditions always results in significant increases, then the design event for
modifications to the dam is the PMF. By comparing the with and without failure
conditions for each of the alternatives in Table 2, it is seen that a significant hazard
exists at Center Hill for all alternatives for both the threshold and PMF floods.
Therefore, the design event for all alternatives was the PMF.

Summary of Alternative Investigations

The hazard analysis for Center Hill demonstrated that no alternative stood out as being
far better or far worse than another; therefore, overall project costs were used as the
determining factor for selecting the recommended alternative for Center Hill. The
structural methods considered for the various alternatives included raising the dam and
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adding spillway gates or a fuse plug. The following is a cost-related assessment of these
structural measures.

Left Rim Versus Right Rim. As discussed previously, both gates and fuse plugs
were considered for the left and right rim of the reservoir. It can easily be seen by
comparing the costs of right rim fuse plug Alternative 2 ($13 million) with left rim fuse
plug Alternative 4 ($39 million) that the rock excavation costs in the left rim remove it
as an acceptable site.

Gate Versus Fuse Plug. With the hydraulic effects of the gates and the fuse plug
in the saddle dam area being essentially the same, the only tangible difference between
these alternatives is the cost of the construction. The gated and fuse plug alternatives
have similar costs for both excavation and protection from flooding during construction.
The fuse plug requires a floating breakwater device to protect the erodible crest. The
gated structure requires special foundation work (piles) to provide the rigid stability
needed for its mechanical operation. The addition of the piles requires a cutoff wall to
be placed in the existing saddle dam fill material below the spillway structure. The
cutoff wall is to prevent uncontrolled seepage due to settlement between the spillway
(which is supported by the piles) and the compacted earth underneath. A direct
comparison of the fuse plug costs versus the costs of the gates, machinery to open the
gates, and the supporting structure for the gates is conclusive that the fuse plug option is
less costly. The additional foundation work required for the gated structure only adds to
this alternative’s high cost. As can be seen from Table 1, by comparing the $13 million
dollar cost of Alternative 2 with the $51 million dollar cost for Alternative 3, a gated
spillway option would be hard to justify.

Fuse Plug Versus Raising Dam. The major advantage of using a fuse plug option
at Center Hill is cost savings. However, these cost savings are not directly attributable
to the cost of the fuse plug itself. In fact, the cost of a fuse plug is generally greater
than the cost of raising the dam. The cost savings at Center Hill are realized because
the fuse plug option does not require costly structural stabilization measures that are
required for the dam raising alternatives. A detailed stability analysis of the dam
concluded that the maximum pool level could be raised from elevation 691.0 to
elevation 692.4 by anchoring six monoliths to the monolith underlying each. For any
pool levels greater than elevation 692.4, the entire concrete portion of the dam would
have to be anchored with steel tendons to bedrock. Three alternatives in the Center
Hill study involved raising the dam three, six and ten feet above the 692.4 elevation. The
anchoring costs for these ranged from six to nine million dollars. These additional costs
were not necessary for the fuse plug option since it can be designed to keep the
reservoir level below the 692.4 elevation.

Recommended Plan for Improvement at Center Hill Dam

The purpose of the Center Hill study was to evaluate the present condition of the dam
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with respect to hydrologic safety and to present a plan to bring it to safe standards, if
required. It has been determined that the dam is not safe for floods exceeding 72
percent of the PMF. All alternatives developed would accomplish the task of safely
passing a full PMF. However, cost was used as the deciding factor on the selection of
the recommended alternative by the Nashville District. Therefore, Alternative S is the
recommended plan for improvement at Center Hill Dam.

Description of Recommended Plan

Alternative S consists of two main structural components. The first involves anchoring
six monoliths in the concrete portion of Center Hill Dam to the monolith immediately
underlying each. A stability analysis indicated the maximum allowable reservoir
elevation of 691.0 could be raised to 692.4 if the six leaking monoliths were anchored.
The second component entails excavating and replacing a portion of the existing saddle
dam with an erodible fuse plug as shown in Figure 2.
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ELEV. 696

OUTLINE OF EXISTING

Figure 3

\ 60" ELEV. 692 *-0° CRUSHED STONE

SEE DETAIL A

{ FUSE PLUG

“—SEE DETAIL B
SECTIONAL VIEW

The fuse plug (see Figure 3) is
primarily made of a homogeneous
sand grain material. The reservoir
water is prevented from going through
the sand by use of an impervious
geomembrane. The geomembrane is
located parallel to the reservoir face
of the fuse plug. The reservoir face
of the fuse plug consists of a layer of
riprap underlain by a blanket of
crushed stone. A geocomposite
drainage layer is provided beneath the
geomembrane and along the floor
slab to prevent excessive hydrostatic
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DEYAIL C
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DETAIL B
FLOOR SLAB ORAINAGE
OVER EARTH

forces from acting upon the membrane. A layer of geotextile is provided beneath the
geocomposite to prevent uncontrolled migration of sand into the drainage layer. The
plug will be separated from the existing saddle dam by a reinforced concrete floor slab.
The floor slab is equipped with floor drains. The crest and downstream face of the sand
plug will be protected with a crushed stone blanket.
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The fuse plug is designed such that once the reservoir elevation exceeds the elevation of
the top of the plug (692.0) the overtopping water will wash out the sand fill. This
process will collapse and tear-off the gecomembrane as the supporting sand is washed
out. Once the plug is washed out, a trapezoidal concrete weir will remain. The weir is
sized to supply enough additional spillway capacity to prevent the reservoir from
exceeding its maximum allowable elevation. The bottom elevation of the fuse plug was
set at the 2 year frequency reservoir elevation of 658.0. This was selected as the
minimum elevation to facilitate construction, maintenance and rebuilding (should the
fuse plug be used).

The width of the fuse plug was determined by routing the PMF through the reservoir
and varying the width until the maximum allowable pool elevation of 692.4 was
obtained. The top of the fuse plug was set a elevation 692.0. This is one foot above the
existing maximum safe pool level of the dam. For the routing, the fuse plug was
modeled as a breach section in a dam with a time to failure of 30 minutes. This
resulted in a fuse plug width of 600 feet.

A breakwater device is required in combination with the fuse plug alternative to protect
its crest from wind and wave runup. For this, a commercially available floating
breakwater structure was selected. This structure will extend approximately 800 feet
across the reservoir face of the fuse plug. This length allows for an additional 100 feet
past each end of the fuse plug to protect from waves circling around the end of the
breakwater device.

Controversial Aspects Concerning the Center Hill Fuse Plug Alternative

For the Center Hill project, there were several opinions as to whether it would be better
to raise the dam, use a fuse plug or find an "ideal" combination of the two. For most,
the idea of raising the dam or combining this with a fuse plug, was to eliminate the fuse
plug option or at least reduce its height significantly. Most of the controversy
surrounding the acceptance of a fuse plug stems from the uncertainties surrounding a
proposal that is non-standard or unproven by time. The following paragraphs will
examine some of the more frequent items that have been questioned concerning the
Center Hill fuse plug design.

1) What happens if the fuse plug does not erode within the designed 30
minutes? A physical model study is scheduled that will include testing for
erosion rates of the fuse plug. Other items to be tested in the model study
are the design of the geomembrane, protection of the plug, design of the
exit channel, and an outlet rating curve. The 30 minutes used in the
present study is our best approximation of a reasonable erosion time. An
analysis was made to determine if the selection of Alternative S is sensitive
to this parameter. The results indicated that if it took 4 times as long for
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2)

3)

4)

PAPER 1

the plug to erode than estimated, the pool would rise an additional 1.5
feet. This would translate to an increased fuse plug width of
approximately 50 feet, which would not impact the project cost enough to
change the alternative selection.

If the fuse plug is washed out at the 75 percent PMF level, are we not
inducing damages downstream for floods between it and the 100 percent
PMF? The existing dam has been calculated to be stable for reservoir
levels up to elevation 691.0. This elevation is equivalent to a 72 percent
PMF. For levels exceeding this elevation, the stability of the dam
degrades rapidly and failure by overturning becomes probable. The fuse
plug alternative does increase discharges from the dam for floods greater
than a 75 percent PMF, when compared to spillway only discharges.
However, when compared to the more probable failure discharges, the fuse
plug alternative reduces downstream hazards significantly.

Many reviewers of the proposed Center Hill fuse plug have stated that
they would feel much better about such an alternative if the invert were
higher than the 2-year frequency headwater elevation. That is, they feel
the risks associated with a premature failure of the fuse plug could be
lessened by raising the invert to a much less frequent headwater event.
However, Nashville District feels it is much wiser to have the invert at the
lower level for several reasons. First, the plug can be monitored with
water on it much more often. This would allow for a better opportunity to
correct any unforseen problems. Another is that downstream damages can
be reasonably controlled, as is discussed in the following paragraphs, by
the spillway gates for most high head situations. Lastly, it would be very
expensive to raise the invert. Raising the invert would require either a
much wider cut or raising the dam. Any increased width would result in
expensive rock cuts into the valley walls of the saddle area. Raising the
dam would require the expensive anchoring costs mentioned previously.

What happens if the fuse plug leaks and fails prematurely? The fuse plug
is designed with a drainage system that can safely carry away a sizable
amount of leakage. However, should for some unknown reason the plug
fail, a reasonable level of protection could be expected to be maintained
downstream under most circumstances. Since the fuse plug is designed to
prevent a catastrophe due to dam failure, it is only reasonable to evaluate
a failure of the fuse plug for non-dam-threatening events. For this, a flood
of similar magnitude to the flood of record for the reservoir was selected.
The highest reservoir elevation at Center Hill occurred in May of 1984
when the reservoir reached an elevation of 681.5. This is approximately
one foot above the previous flood of record which occurred in February of
1950. A 30 percent PMF, which results in a peak reservoir elevation of
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Conclusions

681.1, was used to analyze the consequences of a premature fuse plug
failure. For the failure, the entire plug was assumed to erode in 30
minutes due to a piping failure. The resulting flood wave from the breach
was approximately 10 feet high immediately downstream form the main
dam and dissipates to S feet at Carthage, which is the first major damage
center downstream.

In general, during flood conditions, Center Hill Dam is used first to
control flooding at Carthage. Outflows from the dam generally range from
9,000 cfs to 12,000 cfs prior to heavy rains. During heavy rains, and prior
to the peak at Carthage (from flows other than out of Center Hill), the
outflow is cut back to zero if Carthage is above flood stage and storage is
available in the reservoir. After the flood wave has passed Carthage,
outflow is re-initiated with typical discharges ranging from 9,000 cfs to
30,000 cfs. This operation procedure produces the situation where the
peak pool elevation at Center Hill occurs several days after the flood at
Carthage.

For historical floods, if the fuse plug were in place and a piping failure
occurred, two situations define the range of resulting consequences. The
first would be a situation where the fuse plug fails while no outflow is
being made from the dam and a flood is cresting at Carthage. For this
situation, the pool elevation has been historically low and a failure would
result in a maximum increases at Carthage of less than 3 feet. The
second situation would be a failure during the peak reservoir level at the
dam. This situation is similar to the 30 percent PMF failure mentioned
previously with its maximum increases at Carthage of less than S feet. For
historical floods, this S feet increase would arrive several days after the
occurrence of a much higher peak flood level from Cumberland River
flows.

From the above discussion, it would appear that a "sunny day" failure of
the fuse plug during a record high pool elevation at the dam with no flood
conditions at Carthage would result in the ~rst case hazard downstream.

However, during such a situation, the ot m the dam would be
equal to or greater than 30,000 cfs (ban, lownstream of the dam).
It was determined, for the 30 percent PM. if the spillway gates and

turbines were shut down during a failure ot w.e fuse plug, the increases in
depth of flooding at Carthage could be reduced from 5 feet to 1 foot.

The intent of this paper is to demonstrate that a fuse plug type alternative is a viable
option for the correction of spillway adequacy problems. It was found that this is
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especially true when a dam cannot be raised without requiring expensive stability
treatment. To raise Center Hill Dam the ten feet required to safely pass the PMF, the
concrete portion of the dam would have to be anchored to bedrock to prevent
overturning. It is the 9 million dollar cost attributable to this treatment that justifies the
fuse plug option. The Nashville District expects a final design for the fuse plug to be
adopted for Center Hill following the physical mode! study.
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THE EFFECT OF PRIVATELY OWNED DAMS IN THE GILLS CREEK BASIN

by Robert Occhipinti1

STUDY AREA DESCRIPTION

General. The Gills Creek basin (figure 1) is located
entirely in Richland County, South Carolina. It encompasses the
eastern portion of the city, a large portion of Fort Jackson and
the entire corporate limits of two small towns. The Gills Creek
drainage basin is a 73 square mile tributary of the Congaree
River.

Land Use. The lower third of the basin (overlay for figure
1) is characterized by a wide, moderately developed flood plain
with flat topography marshy soils. The eastern third of the
basin is predominately sand hills with mostly undeveloped Fort
Jackson land. The western third is almost completely developed
urban areas with rolling hills and sandy soils.

LOCAL DAMS

The most striking hydrologic characteristic of the Gills
Creek basin is the number of dams (figure 2). The rolling
topography of the upper two-thirds of the basin is ideal for the
construction of small dams and lake front property.
Approximately 100 privately owned, uncontrolled dams lie in the
upper two thirds of this basin. 1In addition, about five other
dams are owned or were built by the Federal Government. Since
most of the dams were built by developers to create lake front
property from twenty-five to ninety years ago; very little
consideration was given to safety, maintenance or hydraulic
capacity. The location of the major dams are shown on figure 2,
With so many poorly designed, aging dams around, you can imagine
that there have been a number of serious problems. The most
graphic occurred in the 1940's when a storm caused the two
largest dams at the very bottom of the chain to fail domino
fashion. The lowest of these dams, Lake Katherine, after a
second sudden complete failure of the left embankment in fifteen
years, was repaired by filling the breached embankment with
large rocks and soil. This helped result in the third failure
(piping failure) of the embankment years later.

lchief of Hydrology and Hydraulics Section, Charleston
District, U.S. Army Corps of Engineers
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PREVIOUS STUDY EFFORTS

Survey Report. A draft Survey Report for Gills Creek was
submitted to South Atlantic Division in 1969. It recommended
construction of a flood control dam and a channel enlargement in
two reaches.

Flood Insurance Studies. Among the more significant previous
study efforts of the Gills Creek basin were the flood insurance
studies. They recognized that the precarious condition of the
dams would have a great effect on the hydrology of the basin.
For this analysis it was decided that once a dam was
theoretically overtopped by two feet of water it would fail and
release a slug of water to the next dam. Then I: was checked
for the total depth of overtopping to determine if it failed.

National Dam Safety Reports. Another major effort to
address the hazards of the Gills Creek basin came from the
National Dam Safety Program. Of the twenty dams in the basin
determined to be high hazard, ten were declared to be unsafe.
One of the major dams in the basin (our old friend at the bottom
of the basin, Lake Katherine) was not declared unsafe only
because a severe constriction downstream caused very high
tailwaters totally submerging the dam. It was determined that a
failure of this dam during a storm would not raise the ultimate
downstream hazard., All hydraulic studies of this area were
really hampered by the fact that there is only one stream gage
in the basin. The gage has a relatively short, dry period of
record in Columbia's history. Rapid urbanization has also
neutralized most of the information that could be provided by
the dam safety program for South Carolina in less than ten
years.

State of South Carolina Efforts. As a result of the national
dam safety effort, the state of South Carolina passed its own
dam safety law. Basically the law adopted the standards of the
National Dam Safety Program recommendations. In attempting to
enforce this law the state learned that most of these dams were
owned by the developer as a corporation with no assets. The
State has settled for pressuring the owners of unsafe dams to
bring them up to safely passing or storing the one hundred-year
flood. The way they got around the invisible owners was by
getting a court order and draining the lake behind the unsafe
dam. This got the surrounding land owners to organize to buy and
repair the dam. This has worked slowly, but well. Of the ten
high hazard dams declared unsafe, two under state control and
one under federal control remain to be upgraded at this time.
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LATEST STUDY EFFORT

The latest effort was a feasibility study that was to
address dam safety and resolve flood control problems (overlay
to figure 2). One of the major problems with the basin was how
to define an existing condition in a basin that has continous
dam failures and upgrades. In a normal basin study, a variable
such as increasing urbanization has a significant but
predictable impact on discharge. For this basin we assumed
fully developed conditions, no further urbanization would
occur. The impact of upgrading uncontrolled dams has a similar
effect, except it cannot be predicted from the beginning of the
study. You must know how each dam is going to store or a pass a
storm. This has resulted in potentially never completing the
existing conditions. When a dam was upgraded all the discharges
from that point downstream changed. For future conditions we
assumed that the land use was unchanged but that the major dams
were upgraded to pass the one hundred-year storm with one foot
of freeboard, thus meeting the state's requirements. This is
not as clean as it sounds; since, as we improved the dam to pass
more flow, downstream flooding increased.

In a future with a federal project condition (a dry
reservoir on Fort Jackson) the cost of upgrading the private
dams would be smaller than in a future without a federal project
condition, due to the additional storage of the federal
reservoir. The difference is a benefit from the project.

When you have multiple dams in a chain and you start playing
with their outflow characteristics, some unusual things start
happening. Since the dams are privately owned and the only
constraint is that they pass the one-hundred year flood with 1
foot of freeboard, the number of possible outflow relationships
at a point downstream of any of the dams becomes infinite. If
we assume the dam owners would only pass and not store the
water; which is what usually happens, since the owners live
upstream on the lake, then the possibilities, though infinite,
become somewhat manageable. Of course, you have to start from
upstream-down, or an upgraded dam will be undersized when its
upstream neighbors are finished.

The final thing I would like to point out is that as you
upgrade a chain of uncontrolled dams to pass more water and you
look at the predicted response well downstream (say at a gage),
the discharge for a given frequency will only go up, and very
significantly (figure 3).
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WYNOOCHEE LAKE, WASHINGTON
Transfer of OMR&R Responsibilities to the
City of Aberdeen, Washington

by

Christopher J. Lynch1

Section 4 of the Water Resource Development Act of 1988 authorizes the
U.S. Army Corps of Engineers (USACE) to transfer the responsibilities for
operation, maintenance, repair, and rehabilitation (OMR&R) of the Wynoochee
Lake Project, Wynoochee River, Washington, to the city of Aberdeen,
Washington. The authorization also makes allowance for the possibility of
eventual transfer in fee title of the entire project to the city if their
operation is found to be successful.

The project was initially authorized by section 203 of the Flood
Control Act of 1962. It was built and in operation by October 1972 as a
multi-purpose project primarily for flood control and water supply, although
irrigation, fish and wildlife, and recreation were included benefits.
Wynoochee Lake's 35,000 acre-feet of flood control storage provides the
maximum possible effective reduction of floods up to and including the 100-
year flood. It protects six miles of farmland and light density residential
areas in the lower Wynoochee valley.

Prior to construction, the city of Aberdeen entered into an agreement
obligating them to pay a share of the construction and OMR&R costs
proportionate to the estimated water supply benefits. Less than anticipated
economic growth and greater than anticipated increases in OMR&R costs have
forced Aberdeen into a fiscal crisis. To avert bankruptcy, Aberdeen sought
congressional intervention which resulted in the authorized transfer.
Aberdeen believes it can accomplish the necessary OMR&R for less total
expenditure than the portion of the total cost they had been paying USACE to
accomplish the same OMR&R. They hope this arrangement will minimize or even
reduce their debt.

Wynoochee project has several unique features which call for
experienced and well-trained hydrologic engineers and meteorslogists. Its
location on the southern side of the Olympic Mountains exposes it to
150 inches of frontal, orographic and convergence precipitation each year.
Because of the basin's geographic location and elevation, the freezing level
is extremely important in determining the portion of the basin where rain is
falling and the portion where snow is meltinn or accumulating.

1 Hydraulic Engineer, Seattle District, U.S. Army Corps of Engineers
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The lake is situated in a narrow, rapidly-rising valley with a very
short and fast response time, which calls for knowledgeable and experienced
weather forecasters and regulators in flood situations. Floods requiring
regulation occur on the average about every two years. Flood alerts occur
several times each year to monitor storms with flood-producing potential.
Monitoring and regulating such flood events requires enough qualified staff to
work from two to five days around the clock.

The Wynoochee River Above Black Creek streamgage station, located 46
miles downstream of the project, serves as the river's control point.
Seventy-four percent of the total drainage area above the control point
station is downstream of the dam and represents 114 square miles of
uncontrolled drainage area. Only 26 percent, or 41 square miles, of the total
drainage area above the control point station is controlled by the project.
The large percentage of uncontrolled drainage area can generate enough local
runoff to cause flooding at the control point, even when releases from the
project are minimal. The concentration time of local inflow is shorter than
the travel time of project releases. Successful regulation, therefore,
requires quantitative precipitation forecasts and necessitates the
understanding and use of a good basin forecasting and flood routing model.

Adding to these hydrologic challenges are constraints imposed by the
dam itself. Unlike most USACE projects, Wynoochee Dam does not have surcharge
storage. To avoid overtopping the dam, much more care must be exercised by
knowledgeable regulators than would be necessary if surcharge storage were
available. For extremely large events, the spillway gate regulation schedule
must be applied every 15 minutes to prevent overtopping.

Experience and model tests have also shown that the spillway and
sluices must be operated in accordance with specific criteria. The
sluicegates experience excessive vibration and could potentially be damaged or
destroyed if operated between 70 and 100 percent open. Therefore, this range
is avoided. The spillway was initially designed to pass 52,500 cfs, but is
now restrained to 43,500 cfs to avoid overtopping the left spillway wall,
except when larger discharges would be required to save the dam.

Additionally, criteria governing the proportional amount of flow out of each
spillway gate has been determined to minimize erosive impact on the downstream
canyon walls.

The combination of all these contributing factors makes Wynoochee the
most volatile and challenging project for the Seattle District to regulate and
substantiates the need for well gualified and experienced hydraulic engineers
overseeing its operation. Seattle District is in the final stages of
development of a plan which will expeditiously transfer operation,
maintenance, repair, and rehabilitation of Wynoochee Project to the city of
Aberdeen and assure its continued safe and effective operation.
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NON-FEDERAL DAM SAFETY ISSUES IN MRD

by
Warren J. Mellemal & Albert R. Swobodal

INTRODUCTION

Hydrologic criteria governing the design of both federal and non-federal
dams often vary significantly between states in the same hydrologic region, between
states and the separate federal agencies, and between federal agencies themselves.
This multiplicity of jurisdictions and guidelines complicates the entire subject
of hydrologic adequacy of dams, and often makes it difficult to fully implement our
own (Corps) requirements in situations where overlapping jurisdiction occurs. The
situation can even become further clouded in situations where non-Corps projects are
incorporated into or become part of an overall Corps flood control plan.

STATE GUIDELINES

The regional boundaries of the Missouri River Basin encompass all or part of
ten Midwestern states, the boundaries of which crisscross the basin. These artifi-
cial lines in space, however, are major dividing lines in how dam safety is viewed,
and how the hydrologic adequacy of a given project is perceived. 1In one state, a
dam may be considered "safe'" only if it can safely store or pass the PMF, whereas
immediately downstream across a state boundary, a dam on the same stream with
similar size and hazard classifications must only pass 0.4 PMF. These apparent
differences are not only difficult to rationalize from an engineering standpoint,
but are even more difficult to explain to local interests, as it appears that dam
safety becomes more a function of its location in the basin rather than sound
engineering standards. Table 1 summarizes the dam safety guidelines in use today
in nine Midwestern states, and illustrates the variability that exists between states.

An argument can be made that state criteria, although interesting, does not
and should not really impact how the federal agencies assess projects, as the
federal agencies establish and are responsible for and set their own standards. In
reality, however, state engineers are usually involved in any major construction
within their jurisdictions, and their general viewpoint and assessment serves as an
important indicator as to what is accomplished in a given state. This is particularly
true when it comes to rehabilitation of existing projects that no longer meet either
state or federal criteria, and where federal criteria may be more demanding than
state criteria. Local interests may look to and point to the state criteria as the
standard, and thus put pressure on the federal agency to relax their criteria in
the interest of reducing costs.

FEDERAL GUIDELINES

Federal agencies most concerned with dams (the Corps, Bureau of Reclamation,
SCS, Forest Service, TVA, etc.) are not exempt from variations in criteria when
evaluating the ability of dams to withstand extreme floods. Although basic
criteria for most federal agencies state that high hazard dams must contain or pass

1Hydraulic Engineers, Missouri River Division, Corps of Engineers, Omaha, NE
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the PMF, the system often breaks down when it comes to determining what constitutes
high hazard, significant hazard or low hazard. Additional ambiguity exists when one
is faced with further breaking down the dams into large, intermediate, and small
size classifications. Regardless of the criteria in use by the various agencies,

it is apparent that the "hydrologic adequacy" of projects constructed by various
federal agencies does in fact vary between federal agencies, and similar projects
may be viewed and perceived differentiy depending upon who owns the project. This
ambiguity carries over into the rehabilitation arena, and impacts how various agen-
cies view existing projects, and whether they should or should not be upgraded or
rehabilitated.

The "Committee on Safety Criteria for Dams" of the National Research Council
completed an inventory of existing hydrologic criteria for federal, state, and con-
sulting firms throughout the United States.(l). They concluded the following:

1) Use of PMP estimates for evaluating spillway capacity requirements for
large, high-hazard dams predominates, although a number of state agencies have
indicated that their standards do not require that such dams pass the full estimated
PMF based on the PMP.

2) The influence of the practices of the principal federal dam-building
agencies is evident in the majority of the standards for large, high-hazard dams,
but the practices of those agencies have had less effect on current state standards
for small dams in less hazardous situations.

3) Apparently as a result of the National Dam Inspection Program for non-
federal dams carried out by the Corps of Engineers in the 1977-1981 period, several
state dam safety agencies have adopted the spillway capacity criteria used in those
inspectionrs.

4) Several states have adapted the standards used by the Soil Conservation
Service for the design of the tens of thousands of smaller dams constructed under
the agency's programs.

5) Current practices include use of arbitrary criteria (such as 150 percent
of the 100-year flood, fractions of the PMF, and combinations of the PMF with prob-
ability based floods) for which there is no apparent scientific rationale.

6) Practices of the major federal dam-builiding agencies for large, high-
hazard dams have been adopted by most U.S. companies owning dams and by U.S.
engineering firms designing dams for domestic and foreign clients. (The regulations
of the Federal Energy Regulatory Commission have required such standards for licensed
hydroelectric projects.)

7) It appears that only three agencies (the Federal Energy Regulatory
Commission, the Mississippi Department of Natural Resources, and the New York State
Department of Environmental Conservation) have issued explicit standards for
existing dams that differ from the requirements for new dams. (however, other
responses did not specifically state whether different standards weve applicable
to existing dams.)
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FEDERAL - MILITARY RELATIONSHIP

Dams residing on military installations present an entirely different set of
issues and concerns, as they do not seem to fit either state or federal guidelines.
Recent experiences in MRD seem to indicate that they are primarily concerned with
meeting the criteria for the particular state in which they reside, and have no
real interest or intent in meeting federal guidelines. The entire question of basic
responsibility and hydrologic criteria for dams on military installations is in need
of direction and resolution.

POTPOURRI

The question of criteria/respcnsibility for the hydrologic adequacy of dams
seems to be in transition in many states and some federal agencies, tending toward
less variability in basic criteria. Relaxation of this criteria, however, frequently
persists, and decisions made more on how much the owner can afford, rather than on
what really needs to be accomplished to reduce that risk to tolerable limits.
Recent guidelines issued by the Corps in relation to the dam rehabilitation program
seem to be leading toward an approach which integrates dam safety concerns with
downstream risk. This is a step in the right direction, and would direct limited
resources toward those projects in greatest need of repair. This same kind of an
approach could be developed for new dams, and would seem to be where we should be
directing our efforts.

(1) "Safety of Dams - Flood and Earthquake Criteria', National Academy Press,
2101 Constitution Ave., NW, Washington, DC 20418, 1985
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KANSAS

NEBRASKA

SOUTH DAKOTA

COLORADO

WYOMING

MONTANA

NORTH DAKOTA

MISSOURI

IOWA

TABLE 2

Table 2, Engineering Guide 1, ED-1, Kansas State Board of
Agriculture, Division of Water Resources, May 1, 1986, as
referenced in letter dated 31 July 1989.

USDA Soil Conservation Service, Technical Release No. 60,
June 76, Revised Aug 81, as referenced in letter dated
28 July 1989.

Safety of Dams Rules, Chapter 74.02.08, revised thru April 23,
1989, as referenced in letter dated 31 July 1989.

Rules & Regulations for Dam Safety and Dam Construction, Office
of the State Engineer, Colorado, 26 Aug 1988.

State of Wyoming, Safety of Dams Program, (Wyoming Statutes
41-3-307, thru 41-3-318), and per letter from State Engineers
Office, Cheyenne, Wyoming, dated 12 July 1989.

Department of Natural Resources & Conservation, Chapter 14, Dam
Safety, Rule 36.14.502, per letter dated 11 July 1989,

North Dakota Dam Design Handbook, North Dakota State Engineer,
June 1985, Project No. 1579-1, per letter dated 6 July 1989,

Rules & Regulations of the Missouri Dam & Safety Council, Revised
1989, TABLE 5, 10 CSR 22-3.020, per letter dated 6 July 1989.

Iowa Department of Water, Air and Waste Management, Technical
Bulletin No. 16, Criteria and Guidelines for Iowa Dams, per
letter dated 6 July 1989.
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CALIFORNIA STATE DAM SAFETY PROGRAM

SURYA BHAMIDIPATY
HYDRAULIC ENGINEER, SOUTH PACIFIC DIVISION

ABSTRACT

The history of the development of dam safety program in the
State of California is discussed. The criteria used in
assessing the safety of dams are outlined. A procedure to
develop the design flood is explained.

HISTORY OF THE PROGRAM: The first of the modern state programs
for regulation of dams in the interest of public safety was
authorized by California State Legislature following the failure
of St. Francis Dam in Southern California in 1929. The program
has been strengthened at least twice following other major dam
failures or near failures in the state. It has become an often
cited model of effective state regqgulation of dams. The
California program was the pattern for development of the Model
Law for State Supervision of Safety of Dams and Reservoirs,
promulgated in 1970 by the United States Committee on Large
Dams. A number of Western States followed California’s example
and legislated programs to regulate dams in the interest of
safety.

NUMBER AND TYPE OF DAMS: There are about 1200 dams in the state
(earthfill dams-74%, concrete dams-15% and rockfill dams-9%).

EVOLUTION OF PROGRAM: The 1929 law applied to all onstream dams,
over six feet high and storing 50 acre feet or 25 feet high and
storing 15 acre feet except federal dams (Fig.l). After the
failure of the Baldwin Hills Dam in 1963, the law was amended to
establish state jurisdiction over all offstream dams. In 1972,
following the near failure of San Fernando Dam in Southern
California, the State Legislature passed a law which required
dam owners to prepare inundation maps under a postulated
failure.

DESIGN_FLOOD: The state requires that all dams within its
jurisdiction be capable of adequately passing a selected design
flood. The design flood is selected based on damage potential
downstream.
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HAZARD ASSESSMENT: The hazard classification is selected from a
rating system that considers reservoir capacity, dam height,
estimated number of people that would be placed in peril and
need to be evacuated in anticipation of dam failure, and
potential downstream property damage. The method as indicated in
Table 1 produces a composite numerical rating termed the Total
Class Weight (TCW).

PRECIPITATION: The minimum allowable design event required is a
1000 year storm which corresponds with a TCW of four. The
maximum event is a storm derived from the Probable Maximum
Precipitation and is equated with a TCW of 30. The design event
is interpolated between these limits at the computed TCW. If the
TCW is greater than 30 the design storm is PMP. If the TCW is
less than 30, a statistical frequency estimate of the rainfall
is chosen. It is assumed that extreme precipitation follows a
Pearson Type III probability distribution with a general skew of
1.3 for northern California and 1.5 for southern California. The
equation for precipitation is:

P =M+ k* CV*M

where:
P = extreme precipitation value
M = average of extreme values
k = frequency factor
CV = coefficient of variation

The appropriate coefficient of variation for the drainage
basin is obtained from California State Department of Water
Resources Bulletin 195. This publication is a statistical
compilation of observed rainfall data for both long-term and
short-term durations from measuring stations in California. The
mean rainfall values for various time durations are found from
above publication or from other available rainfall records for
stations in the vicinity of the given basin. These means
combined with the proper number of standard deviations give the
precipitation estimates. The number of standard deviations
required for 1000 year storm is 4.96 for northern California and
5.23 for southern California. The equivalent number of standard
deviations for the PMP is obtained from a generalized contour
plot relating this upper limit to geographical location. Using a
nonlinear proration between these two points(k 1000 TCY 1000
and k pyp TCW pyp), the k for the given TCW is obtained.
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The rainfall depth-duration values are estimated either by
the PMP procedures or the above described statistical method.
After adjustment for watershed area, the results are plotted on
log-log scales and smoothed if necessary to obtain the
depth-duration curve.

UNIT HYDROGRAPH: Where no known reliable hydrographs exist,
recourse is made to the computation of a synthetic unit
hydrograph by Clark’s method. Clark’s unitgraph parameters are
obtained from a generalized study of observed rainfall and
runoff events and are related with drainage basin
characteristics by regression analysis. This study is applicable
to the entire state except for the area south of the Tehachapi
Mountains and the area east of the Sierra Nevada Mountains. The
study was limited to drainage basins approximately 30 square
miles or less in area. It should be noted that approximately 80
percent of the dams under the jurisdiction of the Division of
Safety of Dams have drainage areas of less than this size.

FLOOD HYDROGRAPH AND FLOOD ROUTING: Standard methods are used to
develop flood hydrographs and to rout floods through reservoirs.

EVALUATING SPILLWAY CAPACITY: New embankment dams must pass the
spillway design flood with a minimum of 1.5 feet of freeboard
above the maximum reservoir flood stage. Additional freeboard is
required for wave conditions from wind effects. Existing earth
dams must pass the spillway design flood without overtopping.

REFERENCES :

1. California Department of Water Resources (1976), Rainfall
Analysis for Drainage Design, Bulletin No. 195, 3 volumes.

2. Division of Safety of Dams (1981), Hydrology Manual - Flood
Estimates for Dams.

3. Emil R. Calzascio and Jaime A Fitzpatrick, Hydrologic
Analysis within California’s Dam Safety Program.
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SUMMARY OF SESSION 2: LOW LEVEL-OF-PROTECTION LEVEE PROJECTS

Overview

This session examined the issue of level-of-protection considerations in Corps
projects. Three presentations were made and a panel discussion held.

Paper Presentations

Paper 2. Don Getty, Nashville District, presented a paper entitled "Catastrophe
Aversion Analyses Necessary for Total River Diversion by Tunnels - Harlan, Kentucky."
This flood control project is the only USACE project in which a large stream (103
square miles) is totally and permanently diverted by a system of tunnels. The key
issue addressed, was the potential of the tunnels to become clogged by debris during
a large event. This could result in catastrophic loss of life and/or significant flood
damage to downstream Harlan, Kentucky. The paper describes how the tunnels could
be designed to prevent a catastrophic loss under the worst possible conditions.

Michael Burnham, HEC, overviewed the level-of-protection issues on the lower
American River in the vicinity of Sacramento. The city is protected from flooding by the
upstream Folsom Dam and levees along the American River. The system was
completed in the mid 1950’s and was thought to provide greater than 100-year
exceedance interval (1-percent chance) event protection based on about 35 years of
streamflow data used in its design.

A reevaluation of the hydrologic data after the 1986 flood, using 25 more years of
streamflow data, determined that the present protection level of the American River
system is a 60-year exceedance interval event. The result is, most of Sacramento is
now within the regulatory flood insurance program. Conflicts and debates have
subsequently arisen concerning appropriate levels and locations of development and
the associated flood risks. The Corps is presently studying alternatives that will
provide greater protection to the city of Sacramento. No paper was provided.

Paper 3. Joseph Evelyn, Los Angeles District, presented a paper entitied "Lower
Santa Ana Channel Design.” The lower Santa Ana River conveys flood flows through
one of the most highly urbanized floodplains in the country. The lower Santa Ana
River flood control improvements include channels, levees and upstream flood control
elements. Mr. Evelyn discussed the three design objectives. First, the improved
channel must safely handle the design flood with respect to water and sediment.
Second, the initial overtopping of the channels or levees should occur at the least
hazardous locations. Third, the improved system must continue to function without
structural failure during flood events larger than the design flood.
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Panel 2 Discussions

Ron Dieckmann, St. Louis District, presented "Coldwater Creek Levees - What
Freeboard?". He discussed the functional and safety related aspects of freeboard for
levees with a maximum height of five feet on Coldwater Creek, in north St. Louis
County, Missouri. The district recommended a freeboard of .5 feet for the levees,
however, HQUSACE review comments state that a minimum of one foot freeboard
should be used.

Dennis Seibel, Baltimore District, discussed levee freeboard for Wyoming Valley,
Pennsylvania. The Wyoming Valley project involves the raising of existing levees that
protect several communities along the Susquehanna River in northeastern
Pennsylvania. The existing levee system was overtopped in the 1972 flood as a result
of tropical storm Agnes. The project is presently being designed to overtop in the
least damaging manner, which is the downstream end first.

Ronald L. Turner, Fort Worth District, described the Trinity River levee system in the
vicinity of Dallas and Ft. Worth, Texas in his panel presentation, "Level of Protection for
Urban Levees.” The system was designed to provide SPF protection with four feet of
freeboard. Revised estimates of the SPF indicate that the present freeboard is less
than one foot. Failure of the levee system from a SPF event would likely cause heavy
loss of life an over $9 billion damage. If the levees were considered dams in the dam
safety program the area would be classified as high hazard.

Timothy Temeyer, Omaha District, discussed the freeboard used on existing Omaha
District levee projects. Mr. Temeyer summarized the adequacy of the Missouri River
Levee System, and described how the degree of protection provided by most levee
units had decreased either by reduction in channel capacity or by changes in
hydrology. He stressed the need to design the levee freeboard to function over the
entire life of the project.
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Catastrophe Aversion Analyses
Necessary for
Total River Diversion by Tunnels
- Harlan, Kentucky

by
Don B. Getty!

Introduction

A total river diversion proposal using a system of tunnels in the plan
of flood protection for the city of Harlan, Kentucky necessitated an unusual hydrologic and
hydraulic analysis to determine its feasibility. The purpose of the feasibility assessment was
to determine if a tunnel system could be adequately designed to prevent a catastrophe from
occurring if the design flood was exceeded.

Key Issues, The major issue surrounding the use of tunnels versus a traditional open
cut diversion was the susceptibility of tunnels to become blocked by debris during a flood
event. It was feared that if the tunnels became sufficiently blocked during a large flood,
then the diversion structure protecting the town of Harlan would be overtopped, thus cre-
ating the potential for a catastrophe.

i A hydrologic and hydraulic analysis of the selected configura-
tion of tunnels was performed under a wide range of conditions to determine the response
of the entire flood control project in the Harlan study area. The rationale used in this
analysis and its results are presented in this paper. After analyzing the impacts of many
large historical and hypothetical storms occurring in the basins above Harlan on the tunnel
system experiencing debris blockage levels of 30% and 50%, it was concluded that tunnels
could be safely used in the proposed flood control project.

Physical Setti

ion, The city of Harlan is located in southeast-
ern Kentucky near the confluence of three streams that form the Cumberland River. Fig-
ure 1 is a basin map of the region. Figure 2 shows the project area which includes the city
and several small communities in its immediate environs. The population of the project
area is approximately S500.

Harlan lies in the Appalachian Mountains where much of the topography of the
region could be characterized as steep, irregular mountains. Elevations in the basin above
Harlan range from 1160 feet to 5500 feet above sea level. Most of the development in the
area, including transportation facilities, is concentrated in the floodplains. The total drain-
age area of the three streams converging in the Harlan area is approximately 374 square

1 Hydraulic Engineer, Nashville District, U.S. Army Corps of Engineers
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