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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02254

REPLY TO
ATTENTION OF:
NEDED SEP 30 1981
* Honorable Joseph E. Brennan
Governor of the State of Maine

State Capitol
Augusta, Maine 04330

Dear Governor Brennan:

Inclosed is a copy of the Reservoir Dam (ME-00472) Phase I Inspection
Report, prepared under the National Program for Inspection of
Non-Federal Dams. This report is based upon a visual inspection, a
review of the past performance and a brief hydrological study of the
dam. I approve the report and support the findings and recommendations
described in Section 7 and ask that you keep me informed of the actions
taken to implement them. This follow-up action is vitally important.

Coples of this report have been forwarded to the Department of Agricul-
ture and to the owner, Kennebec Water District. Copies will be
available to the public in thirty days.

I wish to thank you and the Department of Agriculture for your coopera-
tion in in this program.

Sincerely,
Incl LLIAM . HODGSON, .
As stated Colonel4 Corps of Engineers

Acting, Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification No. : ME 00472

Name of Dam : Reservoir Dam

Town : Waterville, ME.

County & State : Kennebec & Somerset Counties, Maine
Stream : Unnamed (Tributary to Kennebec River)

Date of Inspection : November 16, 1979
BRIEF ASSESSMENT

Reservoir Dam is a small earthfill, concrete core dam located in central
Maine about two miles north of Waterville. The dam was built to supplement the
water supply of the Kennebec Water District. It is essentially a pumped storage
project with all of the storage (with the exception of direct precipitation)
being pumped into the reservoir from China Lake about 10 miles away. The
original structure was built in 1918 but it was enlarged in 1951 so as to double
the reservoir storage capacity. The Kennebec Water District owns the dam. They
also maintain and monitor the project on a regular basis. The project includes
the main dam which is 735 feet long and 27 feet high, a dike along the upper

reaches of the reservoir, and a runoff diversion ditch around tihe perimeter of
the project.

The visual inspection showed that the dam and its apurtenant structures
are in good condition. With a maximum storage capacity of 156 acre-feet and
height of 27 feet it is classified as a small dam. Results from the dam breach
analysis determined that the structure should be classified as a high hazard

potential because more than a few lives would be threatened in the event of a
Jdam breach.

A test flood was estimated for the Reservoir Dam using the "Preliminary
Guidance for Estimating Maximum Probable Discharges in Phase I Safety
[nvestigations”, New England Division Corps of Engineers, !farch 1978. It was
assumed that the dike system surrounding the project would prevent any runoff
from entering the reservoir during a PMF event. Therefore, only direct
precipitation was considered during a Probable Maximum Precipitation (PMP)
storm. This resulted in the water level being increased bv 1.6 feet to
elevation 328.6. This increase when added to the normal water level elevation
of 327 would remain below the crest of the dam at Elevation 330 but it would
exceed the top of the perimeter dike at Elevation 328.
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’H- No urgent or emergency actions are required for Reservoir Dam based on

this inspection. Remedial measures include routine general maintenance to keep

the vegetation trimmed, monitoring the project during periods of intense

. rainfall, establishing a monthly visual inspection program, and developing a
downstream warning system.

00

E Glles, Jr.
roject Manager
assachusetts Registration No. 1643
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This Phase 1 Inspection Repojt on Reservoir Dam (ME-00472)

has been reviewed by the undersigned Review Becard members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recomrcrdec Guidelines for Safety Inspection of
Danms, and with good engineering judgerent and practice, and is hereby
submitted for approval.

ARAMAST MAHTESIAW, MEMBER
Geotechnical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, MEMEER
Design Branch
Fngineering Division

AT st e

{ W. FINEGAN , CHATRMAX
Control Branct

Engineering Division

APPROVAL RECOMMENDED:

P /z.%yw

JOE B. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to iden*ify
expeditiously those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available data and
visual inspections. Detailed investigation, and analyses involving topographic
mapping, subsurface investigations, testing, and detailed computational
evaluations are beyond the scope of Phase I investigation: however, the
investigation is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported P
condition of the dam is based on observations of field conditions at the time of
inspection along with data available to the inspection team. In cases where the
reservior was lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might otherwise be detectable
if inspected under the normal operating environment of the structure. ‘@

It is important to note that the condition of a dam depends on numerous BRI
and constantly changing internal and external conditions, and is evolutionary in S
nature. It would be incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some point in the future. .
Only through continued care and inspection can there be any chance that unsafe ) N
conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and RS
hydraulic analyses. In accordance with the established Guidelines, the Spillway o
Test flood is based on the estimated "Probable Maximum Flood" for the region .
(greatest reasonably possible storm runoff), or fractions thereof. Because of N
the magnitude and rarity of such a storm event, a finding that a spillway will o
not pass the test flood should not be interpreted as necessarily posing a highly L
inadequate condition. The test flood provides a measure of relative spillway ST
capacity and serves as an aid in determining the need for more detailed AR
hydrologic and hydraulic studies, considering the size of the dam, its general R
condition and the downstream damage potential. o

The Phase I Investigation does not include an assessment of the need for o
fences, gates, no-trespassing signs, repairs to existing fences and railings and RO
other items which may be needed to minimize trespass and provide greater R
security for the facility and safety to the public. An evaluation of the '
project compliance with OSHA rules and regulations is also excluded.
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NATIONAL DAM INSPECTION PROGRAM

2
i PHASE I INSPECTION REPORT . " i

RESERVOIR DAM T

KENNEBEC AND SOMERSET COUNTIES, MAINE ®
]
SECTION I e ]

PROJECT INFORMATION

1.1 General

a. Authority - Public Law 92-367, August 8, 1972 authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a R
National Program of Dam Inspection throughout the United States. The B
New England Division of the Corps of Engineers has been assigned the S 3
responsibility of supervising the inspection of dams within the New
England Region. Chas. T. Main, Inc. has been retained by the New - =
England Division to inspect and report on selected dams in the State B R
of Maine. Authorization and notice to proceed were issued to Chas. Nl
T. Main, Inc. under a letter of November 6, 1979 from Max B.
Scheider, Colonel, Corps of Engineers. Contract No. DACW 33-80-C-
0011 has been assigned by the Corps of Engineers for this work.

FENEN Y WP O S

b. Purpose

(1) The purposes of the inspection program are: To perform -
technical inspection and evaluation of non-Federal dams to identify o
conditions which threaten the public safety and thus permit

correction in a timely manner by non-Federal interests. °®

(2) To encourage and prepare the states to initiate effective dam
safety programs for non-Federal dams.

(3) To update, verify and complete the National Inventory of Dams.




c. Scope of Inspection Program - The scope of this Phase I inspection
report includes:

(1) Gathering, reviewing and presenting all available data as can be ;va.*:
obtained from the owners, previous owners, the state and other R
associated parties. )

(2) A field inspection of the facility detailing the visual
condition of the dam, embankments and appurtenant structures.

(3) Computations concerning the hydraulics and hydrology of the

facility and its relationship to the calculated flood through the

existing spillway.

(4) An assessment of the condition of the facility and corrective

measures required. ®
It should be noted that this report does not pass judgment on the

safety or stability of the dam other than on a visual basis. The

inspection is to identify those features of the dam which need

corrective action and/or further study.

1.2  Description of Project

a. Location -~ Reservoir Dam is located on the Somerset and Kennebec

County Line on an unnamed stream, approximatelv 1.75 miles above
the Kennebec River and two miles north of Waterville. The dam

location 1s included on U.S.G.S. 15 minute series Quadrangle, -
Waterville, Maine with approximate coordinates of N44°35'0", W69938'40".

b. Description of Dam and Appurtenances - The project consists of three
main features; an earthfill concrete core dam, an earthfill dike, and
a runoff diversion ditch. The dam is approximately 735 feet long, 27 SRR
feet high, and 12 feet wide at the crest (Elev. 330 NGVD) with Y
upstream and downstream slopes of 1.5 H:1V. The reinforced concrete i
core wall is 16 inches thick with a 3' x 3' footing that rests on a
rock foundation. The top of the wall is five feet lower than the
crest of the dam. The upstream face of the dam is protected with
rip-rap and the downstream face has a heavy grass cover with a
drainage ditch running along the toe. ®

The earthfill dike extends around the reservoir adjoining the dam at
both abutments. It was installed in 1951 to double the storage
capacity of the reservoir. The height of the dike varies but the
crest is at constant Elevation 328 NGVD. The embankment slope is 2:1 -
on the reservoir side with a rip-rap cover and 3:1 on the dry side °
which has a well established grass cover. )

Running completely around the project is a runoff diversion ditch.
The purpose of this ditch is to prevent any surface run-off from
entering and contaminating the reservoir supply.




Two inlet lines, one 24" and one 20" diameter pipes supply water to

the reservoir. Two outlet lines, one 16" and one 12" diameter pipes
carry the discharge as needed. A 14" line installed when the origiral
dam construction took place in 1918 was closed in 1951. The gate
valves on both lines are normally left open to maintain the water
pressure in the system and to facilitate water supply operatioms.

The flow within these pipelines, whether filling or emptying the reser-
voir, is controlled by the Kennebec Water District through its pump
house controls located 180 feet downstream from the dam. The source

of supply for the reservoir is China Lake located 10 miles southeast of
the dam with a drainage area of 36 square miles.

A 14" diameter open pipe serves as an overflow outlet with Invert
Elevation 327 NGVD. It has a small concrete receptacle at the inlet
and empties into the drainage ditch at the toe of the dam.

Size Classification - The maximum embankment height is approximately
27 feet above the downstream toe and the maximum storage is 145 acre-
feet at the crest of the dike. This classifies the structure as a
small dam (less than 1000 acre feet) in accordance with the Corps of
Engineers Recommended Guidelines for Safety Inspection of Dams.

Hazard Classification - This facility is classified as a high hazard
potential dam based on the potential for loss of more than a few lives
in the event of a dam failure in several occupied dwellings downstream
of the dam.

Ownership - The dam and associated works are owned by the Kennebec
Water District.

Operators - The project is operated and maintained by the Kennebec
Water District. The District Superintendent is Mr. Theodore Rohman
in Waterville, Telephone (207) 872-2763.

Purpose of Dam - Reservoir Dam was constructed to supply a secondary
water supply source for the Kennebec Water District. The reservoir
is entirely contained; surface runoff is diverted around it. The

reservoir is supplied through a pipeline distribution network from
China Lake.

Design and Construction History - The original dam was built in 1918
by the firm of Mr. James H. Kerr of Rumford, Maine. It was designed
by Metcalf and Eddy Consulting Engineers from Boston. 1In 1951, the
dam was enlarged and the dike was added so as to double the storage
capacity. This work was performed by A. P. Wyman, Inc. of
Waterville, Maine, with the engineering supervised by Mr., J. Elliot

VAPt
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[ Hale. Then in 1978, some minor revisions were performed on the B :jj]
4 project when the gunite facing was replaced by rip-rap. ) T

]i i. Normal Operating Procedures - Water is pumped from the China Lake —

pipe line into the Water Districts distribution pipes, and if the .
rate of pumping exceeds the consumption at the moment, the excess ﬁ,~f;ﬁ
flows into the reservoir; conversely, if the consumption exceeds the :
pumping rate, water is drawn from the reservoir to make up the .
difference. The reservoir thus serves as an equalizer, and assists "j,ffq
in the maintenance of a uniform pressure in the pipes. The water '
L) level at the reservoir is monitored and re orded on a continuous
weekly chart. Normal operating level is petween Elevations 327 and
325.

PN S Py

1.3 Pertinent Data

a. Drainage Area - Reservoir Dam controls a drainage area of 0.25 square -8
miles. Runoff from the upstream drainage area is diverted around the L
reservoir. Thus, runoff drainage is not considered when evaluating
the hydrologic conditions of this dam.

- b. Discharge at Damsite

PSP P S YT P

(1) Outlet Works - The storage is discharged through a 24" diameter
and 14" diameter pipe controlled by the pumphouse equipment at the
downstream end. The invert elevation of the 24" is 316 and of the
14" is 302. Also, a 14" diameter open overflow pipe is at invert
Elevation 327.

(2) Maximum known flood - Unavailable in existing data.

c. Elevations (feet above NGVD)

(1) Streambed at toe of dam 303 :

(2) Bottom of cutoff 295 "5ﬁ;%

(3) Maximum tailwater Not available ;}. .

(4) Normal Pool 327 . q

(5) Full flood control pool Not applicable o

(6) Spillway crest (overflow pipe) 327

(7) Design surcharge (Original . ‘-

Design) Not available R

(8) Top of upstream dike 328 f. -5

(9) Top of dam 330 :i:”n.
. ®
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(10) Test flood surcharge 328.6 o
d. Reservoir (Length in feet) —"iA—
(1) Normal pool @ Elev. 327 230 R
Ei (2) Flood control pool Not applicable Ai;;;
' (3) Spillway crest pool 230 ;f:;;A
r (4) Top of dam 230 |
i (5) Test flood pool 230
- e. Storage (acre-feet) °
; (1) Normal Pool 128 o
(2) Flood control pool Not applicable
(3) Spillway crest pool 128 °
(4) Top of dike 145 L
{(5) Test flood pool 156 ;;¥1 
f. Reservoir Surface (acres) ‘n "*;
(1) Normal Pool 11.1 o
(2) Flood-control pool Not applicable
(3) Spillway crest 11.1 §‘i;{}
(4) Test flood pool 11.4
(5) Top of dam 12.0 _
g. Dam and Dike Dam Dike e
(1) Type Earthfill Earthfill :
concrete core 1
(2) Length 735 feet 1,535 ft. "ft}
(3) Height 27 feet Varies J.,_i
(4) Top Width 12 feet 12 ft. -
1 -5
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DAM DIKE
t (5) Side Slopes Upstream 1.5:1  Upstream 2.0:1

Downstream 1.5l Downstream 3.0:1

(6) Zoning None None

(7) Impervious Core Concrete None

(8) Cutoff Concrete Hone

(9) Grout curtain None None

(10) Other Rip-rap face Rip-rap face
h. Diversion and Regulating Tunnel - None

i. Principal OQutlet Works

(1) Invert - 327' NGVD

(2) Size ~ 14" Dia.

(3) Description - Overflow control

(4) Control Mechanism - Open - No valves

(5) Other - None

j- Regulating Outlets

(1) i. Invert - 302' NGVD
ii. Size - 20" Dia. .
iii. Description - Inlet & Outlet Supply Pipeline
iv. Control Mechanism - Pumps located downstream govern flow;
check valve in valve chamber on dam.

(2) i. Invert - 316' NGVD
ii. Size - 24" Dia.
iii. Description - Inlet & Outlet Supply Pipeline
iv. Control Mechanism - Pumps located downstream govern flow;
check valve located 180' downstream.
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2.2

2.3

SECTION 2

ENGINEERING DATA

Design

Metcalf & Eddy Consulting Engineers from Boston Massachusetts, were the
engineers responsible for designing the original Reservoir Dam structure.
Three of their original drawings were obtained and are included in
Appendix B. Also, the report from Metcalf & Eddy to the Trustees of the
Kennebec Water District; Re., "Necessity and Approximate Cost of a New
Distributing Reservoir'", August 3, 1916, was reviewed in preparing this
report. Two additional drawings showing the 1951 revisions were obtained
and are in Appendix B. The Contract and Specifications for "Improvements
to Reservoir for Kennebec Water District", March 1, 1951, were reviewed.
Also, the Trustees' Statements from 1917, 1919 and 1951 were received from
the Kennebec Water District. Unfortunately, design calculations from

neither the 1918 nor 1951 comstruction were available in preparing this
report.

The general design of the dam is an earthfill structure with a concrete
core wall down to bedrock. The 16" thick reinforced wall has a 3' x 3'
concrete base which sets on a rock foundation. The embankment slopes were
originally 2.5:1 and 2:1 on the upstream and downstream slopes
respectively but these were changed in 1951 such that both slopes are now
1.5:1.

Construction

There are no actual records of the original or revised construction other
than the report from the Kennebec Water District. The earthfill was taken
from the reservoir area which, according to Metcalf and Eddy, was a clayey
hardpan, extremely hard and laid in layers with the "best selected
material' forming the upstream embankment and the "second grade material"
forming the downstream embankment. The original dam was built by the firm
of Mr. James H. Kerr from Rumford, Maine. The 1951 changes were performed
by A. P. Wyman, Inc. of Waterville, Maine.

Operation

The daily level of the reservoir is monitored and recorded by the Kennebec
Water District. The level of the reservoir is maintained between
Elevations 325 and 327 under normal use. The water level is mechanically
controlled by the pumps and valves within the Water Districts distribution
network. The pipeline pressure at the pumping station downstream from the
dam is approximately 110 p.s.i. due to the pressure head from the
reservoir. During low usage when it is not economical to run the systems
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large pumps, the reservoir becomes the major source of water supply,
taking advantage of its pressure head for distribution.

n 2.4 Evaluation s

a. Availability: All of the engineering data acquired was received from
' the Kennebec Water District. This includes the drawings, reports,
ﬁ_ and miscellaneous material. All of the drawings received are
- included in Appendix B.

rl b. Adequacy: The limited amount of engineering data did not allow for a o
definitive review. Evaluation must be based on visual inspection, :
past performance history, and engineering judgment.

R

c. Validity: The field inspection indicated that the external features
of the dam and appurtenances substantially agree with those shown on
the available drawings. _..
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SECTION 3

VISUAL INSPECTION

Findings

a.

General - The field inspection was conducted by Mr. L. Seward and Mr.

J. Jonas of Chas. T. Main, Inc. on 16 November 1979 and J. E. Giles, Jr.
on March 10, 1981. On the dates of inspection, the Reservoir Dam was in
good condition. General maintenance of the project is necessary but no

urgent or emergency actions are required at this time.

Dam

(1) Crest - The embankment crest was true to line with no apparent
dips, sags, cracks or other evidence of distress (Photo 1 &
Overview). The crest has a well established grass cover with no
signs of trespassing.

(2) VUpstream slopes - The upstream face was in very good condition
with an undamaged rip-rap cover (Photos 1, 2 3 & Overview).

(3) Downstream slope - The downstream slope is dry with a heavy,

well established grass cover (Photo 4). The slope showed no signs
of lateral movement, erosion, sagging, or slides. No seepage was
observed. The grass and weeds appeared overgrown and uncut but in
general the slope was in good condition.

(4) Downstream toe - No boils or seeps were observed. The drainage
ditch running along the toe contained a small amount of running water
from upstream of the reservoir. The flow was approximately ten gals per
minute. It appeared in good condition although somewhat overgrown

with cattails, brambles, and other weeds.

(5) Underdrain system - The dam has no underdrain system.

(6) Instrumentation - The only instrument at the project is the
water level device which was not observed during the inspection. A
copy of a weekly chart which records the water level was made

available and is included in Appendix B.

Appurtenent Structures

(1) Dike - The dike surrounding the upper part of the reservoir and
adjoining the dam abutments was in good condition. It has no
apparent dips, sags, or other evidence of distress along the crest.
There was no evidence of seepage. The crest and dry-side slopes did
have a well-established grass cover. The embankment had a very good
rip-rap cover along the entire length.
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3.2

(2) Intercepting ditch - The intercepting or diversion ditch
completely surrounds the project. At the time of inspection it had a
small amount of water flowing through it. Most of this water flowed
along the western side of the reservoir with only a trickle flowing
along the eastern side. The ditch appeared to be functioning
properly, that is, diverting the surface runoff around the reservoir.

(3) Inlet and outlet works - Because both supply and outlet

lines were buried and their inlets and outlets submerged, these were
not able to be inspected. (See Section 7) The housing for the valve
control for the 14" abandoned pipeline is unused with some rubbish
accumulated at the bottom.

d. Reservoir Area

The reservoir looked very clean with no irregularities observed. On
the northwest upstream end of the reservoir, outside of the dike but
inside the diversion ditch, a small pool of relatively stagnant water
was observed. It appeared that this shallow pool would occassionally
spill over the dike (without damage) into the reservoir. Probably
the result of rainwater, this pool is not a serious problem at
present. (See Section 7)

e. Downstream Channel

There is a well-defined downstream channel below the dam with only a
small flow consisting of the discharge from the diversion ditch
around the project. There were no obstructions noted.

Evaluation

The dam, dike, reservoir, and diversion channel are all in good condition.
The only points which should be checked are operability of the controls,
the overgrowth of grass and weeds on the downstream slope and around the
drainage ditch, and the pool of stagnant water at the northwest corner of
the project.
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SECTION 4

OPERATIONAL AND MAINTENANCE PROCEDURES

Operational Procedures

a. General: Reservoir Dam is used exclusively for water supply. In-
flow and outflow are based on water supply demand within the system.
The fluctuation of the reservoir level is about two feet during
normal operations with the maximum level controlled by an overflow
pipe at Elevation 327 NGVD.

b. Warning System: No warning system or emergency evacuation plans are
in effect for this project. (See Section 7)

Maintenance Procedures

a. General: The dam is maintained by the Kennebec Water District.
The site is visited daily by members of the Kennebec Water District
staff. Repairs and general maintenance are performed as required.

b. Operating Facilities: At the project site, there are no manual
operations necessary during normal use. The check valves on both
supply lines are left open at all times and the reservoir level is
monitored by a recording device.

Evaluation

The operational and maintenance procedures required at the Reservoir Dam
are minimal. There does appear to be a lack of general slope maintenance,
that is, keeping the grass and weeds trimmed.
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5.2

5.3

5.4

5.5

SECTION 5

EVALUATION OF HYDROLOGIC AND HYDRAULIC FEATURES

General - The runoff from the watershed area above Reservoir Dam is
diverted around the reservoir. The dam is located approximately two miles
above the town of Waterville Maine. The catchment area of the reservoir
is 0.25 square miles. For the Test Flood Analysis the 24 hour Probable
Maximum Precipitation (PMP) of 19 inches was used. This results in the
dike being overtopped by about six inches.

Design Data - The dam embankment is approximately 735 feet long and 27
feet high with crest at Elevation 330 NGVD. The embankment has upstream
and downstream slopes of 1.5:1. The capacity of the reservoir at various
elevations was taken from a table used by the project operators.

Experience Data - No past hydrology data was available.

Test Flood Analysis - Because the reservoir is not subjected to runoff
from the watershed area above it, the Test Flood Analaysis was performed
using only direct precipitation into the reservoir during a PMP event.

The PMP for this portion of Maine is assumed to be 19 inches. The
starting elevation of the reservoir prior to the PMP is taken as Elevation
327, the invert of the overflow pipe. The top of the dike is at Elevation
328 which means that approximately seven inches of water will overtop the
dike. Of course, this is assuming that the overflow pipe is not passing
any water which is not altogether realistic. Because of the small area of
the reservoir together with the 12 inches of freeboard at the pool's
maximum operating level, Reservoir Dam is expected to adequately control
the Test Flood. However, it should be noted, the assumption that all of
the upstream runoff will be diverted around the reservoir because of the
dike and diversion channel may not be true. It is possible that some of
the runoff will overtop the dike and enter the reservoir but a flood
analysis to take this into account is beyond the scope of this report.

Dam Failure Analysis - The maximum water surface elevation of 328.6 feet
and 156 acre-feet is considered in dam breach analysis. The impact of
failure of the dam was assessed using the "Rule of Thumb Guidance for
Estimating Downstream Dam Failure Hydrographs" prepared by the Corps of
Engineers. The breach width was selected to be 35 percent of the length
of the dam at mid-height 257 feet. The downstream discharge from the
breach of the dam was estimated to be about 56,000 cfs. This discharge
was routed downstream. At the northern end of Waterville, the flood
surcharge will enter the residential section with an initial height of 4.4
feet and volume of 4000 cfs. It is felt that a wave of this size would
cause considerable damage once it reached the town, especially if its flow
were restricted when passing through the residential area. The downstream
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flood impact area is outlined on the Location Map. Between the dam and
the northern side of Waterville some 9,000 feet downstream (Reach 26),
there are no residences or other structures which would be damaged by the
dam breach surcharge. When the surcharge reaches the homes in the - -

'i northern side of Waterville it is expected that serious property damage o
and loss of more than a few lives would result. For this reason, the dam
has been classified as a high hazard potential.
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SECTION 6

EVALUATION OF STRUCTURAL STABILITY

Visual Observation

The visual inspections of the Reservoir Dam on November 16, 1979 and
March 10, 1981 revealed a sound structure with no evidence of instability.
There were no dips, sags, or depressions observed in the embankment.

Design and Construction Data

Original design and construction data was not available in preparing this
report.

Post Construction Changes

In 1951 the dam was raised five feet and the dike was added. 1In 1978, the
gunite facing was replaced with a rip-rap cove. No other major
structural changes were performed to the dam.

Seismic Stability

The dam is located in Seismic Zone No. 2 and, in accordance with
recommended Phase I guidelines, does not warrant seismic analysis.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

Dam Assessment

a. Condition ~ This inspection indicates that Reservoir Dam is in good
condition including the dike and diversion ditch.

b. Adequacy of Information - The lack of in-depth engineering data did
not allow for a definitive review. Therefore, the adequacy of this

dam could not be assessed from the standpoint of reviewing design and

construction data but is based primarily on visual inspection, past
performance history and engineering judgment.

c. Urgency - The remedial measures presented below shouid be inplemented
by the Owner within one year of receipt of this Phase I Inspection
Report.

Recommendations

a. Drain p. ol outside dike at north west corner of reservoir by

connecting to the drainage ditch.

b. Place shutoff valves inside the reservoir on both the two inlet and

two outlet pipe lines.

Remedial Measures The owner should:

a. Establish a formal downstream warning and evacuation plan to bpe
implemented in the event of an emergency.

b. Establish a system to monitor the project during periods of intense
rainfall.

d. Conduct a technical investigation of the project every two years.
e. Obtain and maintain a set of as-built drawings and inspection
reports.

f. Periodically trim the grass and remove the weeds on the downstream

slope and around the drainage channel.

Alternatives

There are no practical alternatives to the recommendations of Sections 7.2

and 7.3.
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APPENDIX A

FIELD INSPECTION CHECK LIST
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INSPECTION CREK LiST ‘
TARTY OXGANIIATION
i FACIZCT_Reservoir Dam, Waterville, ME DATE_Nov. 16, 1979 .
TDE_i1:00 A.M.
WEATHER Fair, Windy, 30°F S
- 4.5, EIZV, U.S. s, | ®
PARTY:
Civil
1, Stanley S. Marshall, Engineer §&, )
2. Jan N. Jonas, Civil Engineer 7. d
3 __J. E, Giles, Jr.. Proiect 8.
Manager*
\ L, 3.
' @
. 10,
PRCJZCT FZATURE DSFZCIED &Y FEMARIS
if 1. All project features were inspected by each member of the ]
R o
2z, inspection party. o
| . ®
- . °
E.
- 3.
: 10. - o
: .
®
*at site March 10, 1981
.
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INSPECTICK CIZCK LIST .

—— . . .
PRCGZIT _ Reservaoir Dam, Waterville

+

ME DATE__ Now, 16, 1979

PROJECT FEATURE_Earthfill Dam-water sply NMAME__ Stanlev S, Marshall

DISCIZLINE Hvdro

WM Jan N. Jonas

ARTA ZVALUATZD

DAM ZMBANKMENT

Crest Elevation

Current Pool Ilevation

Maxizum Izpound=ent to Date
Surface Cracks

Favement Condition

Hovement or Setilexent of Crest
laeteral Movement

Verticai Alignrernt

Hcrizontal Alignment

Condition et Abutzent end at Concre:e
Structures

Indications of Movement of Structural
Items on Slopes

Trespessing on Slopes

Vegitation on Slopes

Sloughing or Zrosion of Slopes or
Abutments

Rock Slope Pretection - Riprep Failures

Unusual Movement or Cracking et or
pear Toes

Unusuel Embenxment or Downstrean
Seepage

Pizing or Boils

Foundatiorn Dreinege Feetures

330 feet

327 feet

40,000,000 gallons (elev. 327)
None visible

Gravel

' Nona visible

None visible

Good

FGood

Not applicable
Not applicable

None visible

Some weeds and grass
None visible

No failures visible

None visible

None

None visible
Runoff drainage ditch
Same

None
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DRZOZCT Reservoir Dam, Waterville,

PRCCZCT FTATURE _Earthfill

DISCTFLLE Hydro

INSTECTION CHICK LIsU

an

DATS Nov. 16, 1979 °

NAMZ  Stanlevy S. Marshall

NAMZ  Jan N. Jonas

AREA EVALUATED

CCXDITION

CUDIIT WORIS « T2 CEANMEL AMD
< —
e is STRUCTURE

&. Approach Crannel

Béttom Ccenditions
Rock Slides or Falls
Log Boonm
Debris
Conditien of Concrete Lining
Drains or Weep Holes
b, Inteke Structure
Condition of Concrete

Stop logs and Slots

Not applicable - diversion
ditch by-passes reservoir

Not visible
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d l ' DiSFECTION CHECK LIST .
PRCJSCT Reservoir Dam Waterville, ME DATE Nov. 16, l97§
PRCJECT FEATURE Earthfill Dam e NAME Stanley S. Marshall
. IIsCIPLD=E Hydro WAME Jan N. Jonas
AREA TVALUATZD - CORDITICN
- | oUmiaT woavs - conTROL TOWE
8. Concrete and Structural Valve chamber in dam embankment

Generel Condition
Conditicn of Joints
Spalling

Visible Feinforeing

Rusting or Steining of Concrete
ALy Seepeze or Zfflcrescence
Joint Aliznment

Unusuval Seepege or leewsws in Gete
Cherber

Crecks
Rusting or Corrosien of Stesl

». Mechenicel and Electrical

Air Vents N/A
Fioat Wells N/A
Crene Hoist N/A
Elevator N/A
Hydreuwlic Sycsten N/A
Service Gates Operapility of check valve not
known
Erzergency Gates N/A
Zightning DProtection Systen N/A
Izercency Power Systea N/A
Viring and Lighting Systez in ' N/A
Cete Crexter
- '@ 3
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TISPSCTICN CHECK LIST .

LYY

PRCIZCT Reservoir Dam Waterville,-_ME DATE Nov. 16, 1979

PRCJECT TZATURE Earthfill Dam NAME Stanley S. Marshall
- DISCIPLIZ= Hydro NAME Jan N. Jonas
ARTA TVALUATED . CON2ITION
- UTIET WOEIS - TRANSITION AID CCLOUTT Not wvisible

Generel Condition ¢f Conecrete
Rust or Steining on Coacrete
Spelling

Erosion or Cavitation
Cracking . .
Alignment of Moneclitns
fligrment ol Joints

Nuabering of Monoliths

IKE EMBANKMENT

Crest Elevation 328 feet
] Surface Cracks | None
Movement or Settlement of Crest None
Lateral Movement None
. Vertical Alignment Good o |
Horizontal Alignment Good
Trespassing on Slopes . Noné R
: Vegitation on Slopes Heavily grassed ° |
Sloughing or Erosion : None
_ Rip~rap Cover Good ::-"4.:‘: 4
' Seepage None " | R
; @
1
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PROJECT__Reservoir Dam Waterville, ME DATE _ Nov. 16, 1579 !
PRCJIZLT FZATURE Earthfill Dam NAME Stanley S. Marshall
DISCIPLDE  Hydro KAME 120 N Janas 3
APSA EVALUATED CONDITICN
OUDIET “ORYS - OUTLIT STRUCTIRE AMD Not applicable *
CUTILIT CHAINZD
Gener:l Conditicn of Concreze
Rust or Steining I'e
Spelling
Erosion or Cavitation .
Visinle Reirforeing | o
Ary Seepage or Ifflorescence
Condizion at Joint
Draiz holes D
Crenrel
Loose Rock or Trees Cverhanging |
Channel oo
]
Condition of Discharge Channel ‘
e
]
»
{
- ‘.4, -
L A=7 o
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INSPECTION CXECK LIST :
T
PROJZCT Reservoir Dam Waterville, ME DATE Nov. 16, 1979
PRCOJZCT TZATURE Earthfill Dam RKAME Stanley S. Marshall
..- DISTIFLIZ Hydro WM Jan N. Jonas
APEA EVALURTE CONDITION
- CUTIIT WIZS - SPILIVAEY WZlIR, APFRCLCH
ATD 2I8THARGE (EAINZLS
&. Apprcech Channel Not applicable

Gereral Condisicn

1Loose Rock Overnanging Channel

Trees Overhanging Channel

{ Floor of Apprcesen Chnennel

t. Wei: end Training Walls None
ueneral Condition of Concrete

] Rist or Staining

Szelling

Any Visible Reinforcing

| Ary Seepage or Zfflorescence

| Drein Holes

¢. Discrnerze Channel

- Gineral Condiﬁion Good
Locze Rock Overhanging Charnel None
. Trees Overhanging Channel None
Flocr of Channel N/A
Otser Otstructions None
8
f}}-ﬂ
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INSFRCTICN

PRCJECT TIATUREZ Earthfill Dam
DISCPLTT Hvdro

C==CK LIST i

DATE_ Nov, 16, 1970

NAME_ Stapnlev S, Marshall

NAME _ Jan N. Jopas

ARZA EVAIUATE

CONDITION

QUIZIT WCPKS - SSRVTZ, 33T5T

&,

b'

Super Strustiure
3eerings
AncrLour Bolts
Tidge Seat
Longituéinal Mezbers
fider Side of Deecx

Sezoandary 3racing

Abutzent % Piers

Generel Condition of Concrete

Alignrent of Abuzament
Aprrosch to Bridge

Conditicn of Zz24 & 3ackwail

None
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B-2

B-3
B-4
B-5

B-6

Plan for Relaying Paving at Reservoir of Kennebec Water
District, July 1973.

Improvements to Reservoir Dam, 1951

Reservoir Record Plan, Improvements Made 1951

Contour Plan of Completed Reservoir, Oct. 1, 1918

Record Plan, Oct. 1, 1918

Contract Plans - Sheet No. 2;
Details of Dam, Aug. 21, 1916
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"RULE OF THUMB" GUIDANCE FOR ESTIMATING .
DOWNSTREAM DAM FAILURE HYDROGRAPHS

b
o
o
STEP | s DETERMINE OR ESTIMATE RESERVOTIR STCRAGL (S (M AC-FT AT TIME OF FAILURE.
STEP 2: oeveruing peak FAILURE CUTFLOW (Qqp).
. 8 —_— 3 ;

Wy = S8REACH WIDTH - SUGGEST YALUE NOT GREATER THAN 4,7 OF C'M
LENGTH ACROSS RIVER AT MID HEIGHT.

Y, = TOTAL HEIGHT “ROM RIVER BED TO PCOL LEVEL AT FAILURE.

STEP 3: USING USGS TOPO OR OTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE
RATING ¥OR SELECTED DOWNSTREAM RIVER REACH.

STEP 4: esTiarc aeacH ouTFLOW (Qgp) USING FOLLONING ITERATION,

A. APPLY Qgq TO STAGE RATING, DETCRMINE STAGE AND ACCOPMANYING
VOLUME (V;) I REACH IN AC-FT. (NOTE: [F W, EXCEEDS 1/2 OF <, .
SELECT SHORTER REACH.)

B. DETERMINE TRIAL Q.
Qp,(TRIAL] = Qp, (1 =) -
COMPUTE , USTNG 0, (TOIAL). o
AVERAGE ¥y AND V, AND COMPUTE Q.
Qp, = Qp, (|~ 4

B
TEP S: For SUCCEEDING REACHES REPEAT STEPS 3 AND :. DR
APRIL 1973 °

P R NI TGP S . NP PO S S
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SURCHARGE STORAGE ROUTING SUPPLEAENT

STEF’ 3: a.

STEP 4: a.

Determine Surcharge Height and
""STOR2'"" To Pass '"Qp2"’

. Avg '"STOR1'"' and ''STOR2'' and

Compute ""Qpa’".

. If Surcharge Height for Qp3 and

""STORAvG' agree O.X. If Not:

Determine Surcharge Height and

“*'STOR3" To Pass ""'Qp3”’

. Avg. ""Old STORAvG'' and '"'STOR3"

and Compute ""Qpa’

. Surcharge Height for Qps and

"“"New STOR Avg '’ should Agree

closely

D-3

Tt e
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. ESTIMATING EFFECT CF SURCHARGE STORAGE .
| ON MAXIMUM PROBABLE DISCHARGES :’

T
r Q ®
| outiLow-
‘: °
| T
L
@
STEP 1: Determine Peak Inflow (Qp1) from Guide
Curves.
STEP 2: a. Determine Surchorge Height To Pass .
“Qp1.
b. Determine Volume of Surcharge
(STOR1) In Inches of Runoff. )
r c. Maximum Probable Flood Runoff In New ,_.
% England equals Approx. 19", Therefore: -
,' Qp2 = Qp1 x (1 — 2TORT, .
| 19
STEP 3: a. Determine Surcharge Height and |
""STOR2"" To Pass ""Qpz2"' '.:’
b. Average ""STOR1"" and ""STOR2" and L
g Determine Average Surcharge and c
. .
®

Resulting Peax Qutflow ""Qpa’".
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Che, ___ Rev.

313

——ene

207 f/ooo/ e 328.¢
the pipe

(s

A ssunméd

2a) with 1.6 f heod
do be mimi mal

b dissharpe Joom
for 4 so\w); JQW

CYEHHEEBELD [AM
ODAM FRILURE AMALYYSES

G i v — - = ——— -~

borp f@{/uye Lovidt fomg

From abowve 23u3tlon
Apl = SEBZT (z¢=o

These calculaticors are Ferformed The natural ch;nnel_cr?;f gFectia
azzording to the FULE OF THUME i oare simflviied asz trisnaualar
procedures ot the crags sSecCtlons
Torrs ot Endirneers ' _
The ~zlaticonzhile

The bresch dizscharae:

el = 327 % b $ a3 5 % YaaToo h=C 1 AES & n & Tan'_a' 4 I'_'- C
’ s o a1 23 5~.9 X+3-3 N O
Mhere.
Where
‘(.‘,. is the heiaht of the biregci o . :
trom river bed 1o the mas. Fool 0 = Discharas fotsd
l2weln a = fide slore arale ddead
S = Chanhel sloFs
Wb ig 3S% of the lenath af the o
am., or Wb = 3% ¢ ld .
The cross section Ares
2 13 the alcelesrstion of the arg
Wity O 32 2 trozecni oo = b E Tanvar ... (Il
Yo = 25 .5 e
Thye e nd the Feserwo::
sHd = TIS Cfr o= T 2 ac-ttr)
, Qv
Mt = 2ST (4 o= STEI0NA coub-fto
"D-11
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Tezt flood dizscharas:
t =

0 3 (ctso

g = 3.31 ({de3.
S = 94

n = A7

L =

358 (f1r)

From Formulz oI,
Fretailure heiaht,
Wi = @ C¥1l

From Formulaz <IT:

Rl = B <=3 ¢t 3

0= Al + 01

From Formulza <1,
Total Heiaht,
h = 15,1 <S¢

From Formulas <J1,
Taotal Ares.
R = 3430 (za-fr)

Re=zidusal Aresa.,
A2 = A - A1
Rz = 3439 (z3-41)

Pesidual Yolume,

. 2.) Posttailure Heiakt = 14
Vi = L X HZ CEtH
Ui = 1299727 Coub-rr) T Y Breachh Discharase = 487 AC
D-12 B
4 % FPeach Lenath = 290 et

RNEZ

]
D
v
—
-~
r—
[}
2
[,
.
-

OrZ = 46117 (cts2
From Formula (I,
P=0p2+0t

A = 46117 cct=d

h = 14 (ftd
From Formulza (Il2.

A 2964 C(ft)

Reziduzal FAres,
R = A - A1

A2 = 2964 it

Vaveg = ¢ W+ M2 » ~» 2

Yawa = 1119283 voub-¢t0

el = Drl % ¢ 1 - VYaya LEA
el = 45728 (ot

From Formula JI>.
= Qr2 + Ot
h2 = 14.1 12

RESULTS

- —————

1 7 Prefailure Helianht = &3 (¢t

L
PRI IR

., .
At d o ardh
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tlood dizcharas:
8 Ccots=o

D~

~
]

i~

a= 2. 81 tdes 2
T = (5

n = A7

L = 258 c+12

LY} Bovw - ——
Br2 = GrL X ¢ 1 - VY1 -~ V.
Fp2 = 393582 (cfzl

From Formula <I>.

R=RpP2+01

3 = 329562 (ctz>

h = 13 Cft2

From Formuls (II:,

A = 2642 (f12

Residual Area.

o o}
N
i
1]
|

2 = 924975 (cub-+tt2
From Formula I,
wa = ¢ 1 = Lo
Pretailure he.3ht. Vav3 ML+ M2 -
' — O R -4 -
41 = B (Ftd Yava = AS€9I8 Jcub-=-ftD .
From Farmulzs <11 QE2 = GFl £ ¢ 1 - Uswa L L
- . - ‘ -
AL = @ isa 4 OF2 = 39983 (cis) o]
= . W [ ]
. Bo= Brl o+ U From Formulza (I, b
From Formula <L, - - - ]
Total Hziakt, 2 = QF2 + Ot _
hoEo Il he = 13.3 1o 3
_ From Farmulz (I27, o |
Total Area. - . 1
A = 28337 (=za=-¢d EE:EEI?_‘ ) SN
Pesidual Areas, :
RE - Rzgg?lfzq-},) 1.) Prefailure Heisht = & Cfth o
' 2.) Posttailure Heisht = 13 .3 ® 1
) . ¢ 5 RN
Feridual Vaolume. AR RN
. 2.9 Breach QDisz = Ioass o
Y1 = L % A2 }é;qsreach Discharae Jo3EE S
V1= 1043828 Coubmirs D13 4.y Peach Lensth = 350 oy T
L
- e e e e e R
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C
A

Te=t ¢+lood discharas
Rt = B Cci=zn
I 3 = 2. 21 (dea
S o= .34
n = 1)
L= 356 (ftd

From Formula (I3,

;n’

Prefailure height,

hi = @ (¢

From Farmulz (Il Mawa = © V1 + W2 ) 2
a Al = @ f=a §t.° Yawa = BSZ357@ (cub-f1t)
0= RFl + O RP2 = @1 ¥ « 1 -~ Yawa ~ U 3 .
Fram Formula <15, @pZ = Z4785 (cfsd Co
Total Heiahkt. ®
. ho= 13.3 (f§t - , 1
From Formulszy I3,
Fraom Formula (115,
Tntal Ares 8 = Gr2 + 01 T )
A = 24 (z3-f12
ha = 12.6€ Cfr .
— Fesidual Arza, : ®
A2 = AR - Al - .
A2 = ZEE4 fga=-§1 RPESULTS -
L TEEEEE T 4 ;1
Reridusl Valume. . _ , o
1.9 Prefailure Heiakt = O cged )
: W1 = L ¥ A2 . i
‘ 2.2 Posttailure Heiskt = 12 & ]
Ul = 232452 (cub-f1) Cfr R
T % Breach Dischsras =  3aras b
D-14 O | i j
4 O Reasch Lenath = 398 (411, e 1
R S R L W L U UL UV

(AT VRN ckd. Rev.
02 = AF1 ¥ ¢ 1 = VY1 ~ W
QP2 = 344395 (cfs)

From Formula ¢I>.

RA=0pZ+i2t

Q= 449

)

S (ctsd

‘.
N

h = 12 (¢t

From Formula ¢II..,
R = 2334 ({1
Rezidual fArea,

A
A

ro
[}

AR - HI.

[
[}

2334 C¥rd

<
X)
[}]

R2 % L
U2 = 834652 (cubk-+f1)
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el = QF

n
—
2
—
1
—
Z
o’

P =

(53]
ol
i

4

L)

4 Tty

From Formula I,

R=RF 2+t

@ = 3¢

)

424 o

¥
)
1]

--------------------- ho= 12 (4t

From Formulaz ©Iln,

Test flood discharss .
Ot = 3 Jofs) R = 2173 (1)
3 = 2.21 {des. » Residual Rres.
S = .34 .
o= a7 : A2 = A - A1
L = 358 (¢t
A2 = 2173 Cfto
From Formuls «I0. U2 = A2 % L
Fretallure helaht, U2 = TFeBv21 J(cub-¢tt)
b1 = B Cfto
Yava = ¢ Y1 « U2 z
From Formula <110
Varna = E8AT11 (cub=-+1t)
Al = @ dJ=zq ¢t .
Qe = Grl ¥ ¢ 1 - Yava Voo
G = Gr1 + 00t
ApZ = 0827 (ot
From Formulas <15,
Total Heiakbt.
h o= 12 & 7§t From Formuls 710,
Fram Formula CIT5.. N o= QP2 + Nt ]
Tortal Area.
f = 2393 Jza-f10 W2 = 12 (e ]
_ ®
Pezidual Hrea. 1
A2 = A - Al RESULTS .
A2 = 2399 f=zq-+t> ees—ma—e—— »
Pesziduzal Yolumes. 1 Y FPretatlure Heisht = @ «ex
®
Y = L ¥ RZ 2.9 Postiailurs Heiakt = 12 ]
R ) L
Wl = 2393081 J(oubk-f1) AN
T o Breach Dizcharae = 29837
D-15 CofED
4 ) Reach Lensth = 2Sa Ve ' ° )
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Derl = Grl ¥ ¢ 1 - Wy .~ 4

02 SV22I2 (z¥z
From Formula ¢1o.
O=WlpZ+01

R = 27232 fctso

S W= 1] C§tn

From Formula <II.

Teszt $lood discharas: . .
ne = Q CcHz 3 R = 1337 (f1v
3 = 2 21 Cdea ) Feridual Ares
S = a4 - -
no= a7 Rz = A - Al
= 358 (4t -
L 3 t AZ = 1237 (it
From Formula CI13. Yo = Rz & L
Pretailure heisht, Y2 = 833093 (cub-trl
= (R IR 3 B
hi 2NN A A Vawa = ¢ L1 4+ U3 3 e
o F o 5 ¥
Fr oraala o1l Vava = T317E1 ccub-itD
At = & (=33, ¢¢
A2 = BFrl ¥ ¢ | - WYawe o
N =0 + e
el QF3 = ZTISR oz
From Formulz 10,
Toral Heiakt, )
ho= 12 ¢fto From Formula (1. '
From Formalzs 7110, R o= Rez + a1
Total Rres. . ) - * .
o= 2184 fza-ft) ha = 11.3 Cfts ‘
Fe=zidual Ares. . _
A2 = ,:15.. A1l : : FESULTS '
AZ = 2134 vsa=-rt> TTTEETES ]
o
) o , B
Fesidusl Yolume. 1.y Prefailure Heisht = 0 g1 _%
Wi = L ¥ Az 2.7 Posttailurse Heiaht = 11 £ ] )
= RN 1
Ut = 7645149 Ccub-+f1) ; ]
f 2.+ Breach Discharas = 27330 3
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RP2 = @Apl ¥ 1 = WY1 » W
QP2 = 245581 (ct=)

From Formula <12,
A=CpZ+le

Q@ = 24550 Jcis=

—— . - ——— > TP WD ———— ————

h = 11 C§t)
From Formula <II3.

A= 1347 <ft)

2= 2.81 (des Rezidusl Area
T = =L
r = AT T = H - A
L = 35@ ity R = A - Al
AZ = 1247 <1
From Formuls I, U2 = A2 % L
Frefailure heiaht. Y2 = B546T1S (eup-f1)

hi = 3 (ft2

R Vawa = | W1 + Y2 o 2
From Formula CI102
Vawe = ST42358 Joub~ft
Bl = @ fza.§1. 3 Jara 57 58 ub~§
2 = 0 - Wz Y
G = fet + 0O¢ fr 1 ¥ 1 Vawa y
' . RPZ = 24651 (ofz) ‘ T
From Formula <12, > : 1
Total Heisht. L
h = 11.3 (it From Formuls o1,
From Formulas (110, Q= QP2 + Dt
Total Area.
A = 235 J(sa-tt1 he = 11.1 Cft)
Fezidual Ares. i _
Az = A - H1 SULTS - A
A2 = 2985 (zq-f1 Eg;LE_l- SRV
Posidusl e . i
eTicdual ll".llum':': 1 ) F’refailure Heilapt = B¢t 3
- . <
Y1 = L % AZ ' ©2.» Postfailure Height = {11 .
Ctt)
M1 = 701357 (cub=-f1) - .
2. Breach Dischzrae = 2465, 1
i Czrs) |
17 T o
p- ' 4. ' Reach Lenath = 3250 410 ® .
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swiet __KENNEYALL DM oy T 0TOVY)  oate 2= 24 -5
K AL RS ANV LYSS Cxd. ' Re.

o
T el AP = Gpl % ¢ 1 - W1 - U
Gr2 = 22385 (ot

From Formula <o,

Q=GpZ+0t

N = 223RAS icfesa
- h = 18 C¢tn

— - - R e S v S -

From Formula “I15,

A= 1713 (¢t

Te=zt +lood dizcharae
AR Residual Area.
t a = 3.81 (desa. 2 A2 = A - Al ®
S = a4
n = ar Az = 1713 7§t
L = 358 (tth

Y2 = AZ % L

From Formuls ¢10, V2 = SD188% Ceoub-ft) o

-

Prefailure heiaht.

‘ Yawa = ¢ M1 + W2 > » 2
K1 = 82 Jt+o
L Vawa =  62537V1 (cub-f12
From Formula CI12
a ]
Al = & (g3 ¢t 3 : PPZ = GP1 ¥ ¢ 1 = Mawa < 4
: Ar2 = 223928 (cf=) S
= 0l + 01 o
. -
From Formuls oI, From Formals 10, ®
. Toatal Heisht. ) 1
W= 11.1 4t @ = G2 + 0Ot
From Formala 11, he = 18.7 7§t o ~ ) 'A
Tortal Ares, o
A = 1353 (=zq-f1t>
FESLLTS °
Residual RArea. mmdmmma— 4
A2 = A - Al :
A2 = 1554 Yzq-+1tD i
1.2 Prefailure Heiakt = O Jftn ]
Pezidual Walume. 2. Posttailure Heiahr = 1a. 7 R
- Cttl °
VL = L ¥ A2 ]
i : 3 0 Breach Discharas = 22230 q
V1 = 2423317 Coub-t0d Cefad .
D-18 4. Reach Lenath = 350 (¢ ‘A
T
]
1
K
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B2 = Ol ¥ v 1 - W
Nel = 208438 Jots)
From Formulas (10,

R=Qp2+t

]
1]

[¢Y]

)

43 TS

-

h = 16 {ft2

From Formulz <1150,

[

(O]

-
-
-

= 1RB!

v
~

—
N4
LI
P d
-+,
—
[
)
vy
[

o e
U]
n
=
[0
-
ol
[

D

Residual Ares.

v a = 3.81 (dea)
S = 94 ;e s
" = a7 Rz H H1
L = 338 Ctrh

Az = 1EH32 T4t

W2 = PZ %X L
i- Ferom Formula <10,

. . . V2 = 58227 doub-tfuo
Preftailure heiant. ¥ i
hi = @ <fro Yaws = ¢ Wl + W2 ) o 2
From Faormula €I12 Yava = SSI210 Coub~¢t
e A1 = B (=3 f1r 3
Rz = Brl k% 1 - Wawa L
@ = @el + Gt OFp2 = 2O4ET otz
From Faormula <1,
Total Heiaht. Erom Formulsz 12, *
W= 1e .7 (4
R B = Q2 + Nt )
From Formuls CT1x. :
Total Area. h2 = 14 .3 vty .
A = 1724 Tza-$10 :
° 1
Fezidual Ares, PESULTS 3
Az = A - At meoCa-a o
42 = 1724 ‘za—-§12 B
, 1.7 Pretatlure Heiaht = £ dtro -
FPeziduzl Yeolume. "4
. - 2. Foztfailure Heisht = 19 2 ®
Y1 = L ¥ RZ PR 1
1= S03538 doab-vty 2 % Breach Discharse = 20427 :J-‘;
- B U
D-19 R
4 ) Reach Lenath = Z%o dqth :
LA
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NEZ = Nel % ¢ 1 - Wl -~ Uy =
P2 = 1E7ET (cCt=l
. o
g From Formula (1.
Q=Qp 2+t
@ = 137AT (ct=d
o
P ERCH ¢ 2 > CALCLLA Qs
PERCH ¢ 5 > CALEULATIONHE h o= 18 {§td
From Formula (I12.
Test +laood discharas .
T = B (=D R = 1518 (¢t
a = I .21 (dea. Residual HRAr=a, i
S = .94
N o= ar A2 = A - Al
L = 3259 (fto
o = 1518 f
- Y .
From Formuls (I, V2 = RZ ¥ L
Prafzilurs heiaht, V2 = 523710 (cub-ttd
bWl = @ Jf1D
awa = ¢ M1 + M2 » o 02 B
From Formuls oI1s - L
Vawve = S946438 (cub-f1td
A1 = & {=a.¢t. 2 -
Re2 = el ¥ ¢ 1 - VYavs o
o= oDel o+ 0t -
RP2 = 13528 Jci= ‘
From Formala (1. 1
Total Heiaht. . '
h o= 1@.3 (§to From Formuls I3,
From Formuls oI, Q= fQF2 + 0ot
Taotal Rrea. - L
A= 1513 (za-ft: ha = 1| it
o
Pezidual Ares.
Fz = A - AL RESULTS B
Az = 1812 (zq=-%¢ TETTm T -
Rezidusl Yolume. 1 > Fretarlure Hsisht = 0 Jeth ;-
Ut = L % AZ ' ~ 2 % Postfailure heisht = 1A '
A
Yy o= Sed4ZSa Ccub-f1)
T v Bresch Dizcharss = 18520
D-20 Ceven E] 3 F
' [
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nep2 = 2l ¥ ¢ 1 = W1 » U5

ReZ = 1522

[a)

e
From Formula <10,
R=Rp I+t

R = 153 i

CCt

L1}

R E A CH ¢ 18 > CALCULATIONS h =

=~

R B

From Formulzs <ITo,

Test flood discharse: A = 27aS Cfto
mt = IS

Residual RAresz.
3 = 1.15% ides 3
S = 913273 AZ = A - Al
n= BT
L= Z5a Jft A2 = 2702 ¢t

R
T
o

]
I
[£X]
kv
~

From Formuls <10,

Fretailure heiaht,

Wl = 8 J¢h Vawa = ¢ W1 + M2 3 -
d From Formula Y110 Uawa = 18132316 <coub-=-+1t0
R o= 0 = bt -
Q2 = Gl % ¢ 1 = Yava ~» W 3
= Qpl + &t RFE = 15811 Jctz2?

From Formul
Taral He1ah

o= TS ot

- . 0 b
-
=

From Formuls 13,

G = FZ + 0t . ~
From Formualas 10w,

Tartyl Ares. hE = =4 it
A = EASEEE S o 3 B

D

duzl HAres, REZULTS
- D ittt
34 fzq-tt]

I
AR
i I e

-
-

-
L

D

1.0 Pretailure Heiakt = £ J4fr

Fozi1dusl Yolume.
2., Fasttailure Helisht = T 4

Wl = L % RAZX C

R 1973542 Coub~fr .0 Breach Uischaras = 11l

S

D-21

B PR T et s, L e
: - Co .t et e T PR A L S UL PADEY Wi Wik AT TR 2 o
e tatal AR el el el st =) A Aot A,
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fes el ¥ ¢ 1 - ML oW
P2 = 1375 (zfs
From Formula I3,

R=GFp 2+t

D= 13756 (ct

PEALCH Y 11 ) CALCULATIONS o
---------------------------- ho= & (ft)

Erom Formuls CI1,

8] i LCf=s AR = 2433 ($1)
a3 = 1.15% tdea o Re=zidual Ares. o
S = 3133 .
n = Ay A2 = A - Hi
L= 258 Cf+d
RE = 2432 ¢t
T A - o
From Formuls CI0. V2 = A2 % L
Pretailure keiaht, U2 = 283328 J{cub-ft?
hl = @ Jfto
Yava = ¢ Y1 + Y2 5 »~ 2

From Foﬁmula R

Vava = 28343228 dcub-112

A1 = @ <=q ¢t O
gr2 = 1 ¥ ¢ 1 - Vazva (I b
0= Rl + 0t 4
Or2 = 132877 (cts )
From Farmulszs 212, ®
Total Heiabkt, 1
ho= 7.4 ntrd From Formuls oI,
Fram Formuls 110,70 Q= RPI + Bt
Tatzl Area.
A = 2722 iza-+tn he = T drto
o
Fezidusl Arcsg. .
8z = A - A1l FESLLTS ’
RZ = ZEV32 dza-f1r) ———e———- N
4
Fesidual Y“Yalume. 1) Fretailure Helakht = O vyt ® 1
Y1 = L % HZ 2. Posttailure Heiahr = T c§t )
W'o= 356281 (cubk-fre T Y Breach Discharse =  13ETT
D-22 cfzo
4 7 Reach Lensth = 354 .1 ®
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e
ciet___(ORPS _OF  ENGINFFEAS oo o 13U S = G2 sneer/G a1 _33 :
swiect__KENNEVBEL __DAM oy T 0TOVY) _ vate 2= 24 -3 .

EAL1L L RE ANS LYSIS Ckd. Rev. "o
-]
RFr2 = el ¥ C 1 - W1 ~ Yo ﬁf:;
Ne2 = 12122 icesD SRR
. |
From Formulas ©Iu.
O=RFZ+D1 ]
= 12122 fcfsz2
FERICH Y 12 » CALCULATIONS e
---------------------------- h = & C(ft)
From Formula CI1s.
Tezt +¢lood discharas
Nt = B (cts) R = 2217 (ftz:
3 = 1.15 (dea 3 Residusl RAres. e
S = . B1332
n = A7 A2 = A - A1
L = 358 (¢t
RZ = 2217 (f1)
From Formuls 12, V2 = A2 L e
Frefailure heisht, W2 = TFTARLEA (cub-§1) ij
Wl = @ (f1 57 
Yawa = ¢ U1 + W2 » » zZ -
From Formuwla <IT) -.'
_ ‘ Vavas = 217588 Joub-~-¢t1) 1
fFl = B (33 ¢t 2 _ .
P2 = BF1 % (1 - Uzwe » W .
n = grl + 01t R
Br2 = 12207 Jot=d S
From Formuls 12, ®
Total Heizht. . . 1
h = 7 (4t From Fornula 710
Fraom Formuwls (ID., R = Qe + O« .
Total HArea.
A = 2454 (za-f1° ha = 6.6 C(ft) .
®
Fecidual HArea.
A2 = A - Al RESIILTE ERu
A2 = 24%4 vsq-tr)» eeemm—— o
Residusl Malums. 1 % Prefailure Heiaht = O (4t o
®
Yt = L ¥ AZ 2.) Postfailures Heiaht = £ &
’ Ctrd
V1 o= 2%3a1s Ccub-ft)
' ‘D-23 ?;:_?reach Discharase = 12237
4 > Feach Lensth = 352 vt .
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s
)

- . o —— A W e - e S S e -

Tezt $lood discharas
) At = 9 (cts
* a = 1.15 (dea >

S = 3133

n = av

L = 354 Jfth

K

From Formula O[>,

Pretailure haiaht,
hl = @

Il Froam

A1 = &

Cfrn

Formula <11 .

tsq4.ft D

R o= DR + 0t

From Formuala C1).

¢ Total Haiakt.

: b o= €.5 (ft2
From Formula JIT0, -

Total Arsas.

A = 2229 (za-f1

= el

Rezsidual Ares,
A2 = A ~ HI
A2 = 2223 (sa-+§t)

Pesidual Yolume,

>

Vi = L ¥ RZ

r

Ui

el
3

221

W)

Ccub-§1)

oy

i-'aq‘. NP S S T S

PR TP S T R S, S il WIS Y 1

-

feZ = Rt ¥ ¢ 1 = W1 . us

0p2 = 1935384 Lcf=o

_From Formulz 1),
R=QpI2+01t

o= 1R&B4 fcfso

h =

DU

A

From Formula (II2,

A = 2/R34 (1
Residual HArea.

.A2 = A - Al

A2 = 2834 vt
W2 = A2 % L
W2 = T11378 (cub-+1)

Vays = ( Y1 + W2 2
Vavae = 74582353 dfcuoc—§f1)

ez = GBrl ¥ ¢ 1 = Vawa 7 U
APZ = 1Q38T (ct=

U Gy

1.> Profailure Hzigbht = 0

2.) Poasttailure hHeishr = £ 4
'4

ft3
D-24 7% Breach Dizcharas = 103329
(= -3
4 v Feach Lerath = Z5@ <t
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O RE Chd. Rev.
Gr2 = Qrl ¥ ¢ 1 - WL ~» Y
Gr2 = S7E1 (2

tlood discharas:
B (cf=2

D~
~ P

)
il -~

a = 1.15 <dea.>
S = 1133

no= W7

L = 3258 <f+d

From Formula I,

Pretailure heiakt.

Ml o= B Tft:

From Formula <113 ,
Rl = 8 (=1 .4t >
0= Qel + 0t

From Formula (I,

Total Heiaht.

h = 5.4 (ft)

From Formula c11>0,
Total Area.

A = Zus2 (sa-+1

Rezidusl HArsa.

ARz = 8/ - 91

R2 = 28942 ‘sa-+1)

Residual Volums.

Y1 L % R2

LT |

1580 (cub-+1)

PRI A‘;_i““‘ -

D-25

Formulas

Iy,

Recidusl Arsa -§
A2 = A - Al 3
-]
A2 = 12879 (§t -
. y
uz = RZ % L hd
U2 = ESTTET Coub=f1) BN
' :
Mava = ¢ M1 + U2 3 .~ 2 1
Vo - EBETEE e .
awg = BIZEIEE (cub-f1to T
]
P2 = Brl ¥ ¢ 1 = VYgwa ~» 4 3 )
QF2 = STET (ctzo . ]
®
)
From Formula ¢15,
= Q2 + 0t .
h2 = 8.1 ($1)
. <
REZLLTS X
________ R
o B
O
1 ) Prefatlure Heiaht = 3 <4t o
. . “
2.0 Pazttailure Hejsht = o | R
Cfr) e
T, Bresch Discharse = 9TE7 s
nEés) e
4 v FPeach Lenath = IS8 4t *
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AE2 = QRl & © 1 - Wi o o
OP2 = 8318 <ctsd
= From Formula (I3,
Q=QrI+it
M= BRLE (cfsi
PE 90 H 1S Y CALCULATIONS = 3 Lt

From Formuls (II13,

Test flood discharae: A 1745 (fd
it = X

Residual Area.

= e .
o A2 = A - A1

= iy - - -
C = "q':‘.‘g Cita AZ = 1745 Cf1ro

~B
<
ro
I
o /)
1Y)
a
r

From Formula <10, Y2 = 811359 eub-fto

Preftailure heiaht,

Wl = B (f§t5 Wave = ¢ Wil + Y2 3 » 2 e
n From Formula 10 . Vaws = 833724 lcub~41) -
41 = @ vza. ft . A oo
1 i =3 ’ Or2 = Brl ¥ ¢ 1 - Yaysa » 11 3 -
0 = 0ei + Dt RAr2 = BES3 (cfz R
- ® 1
Era O X [N K . . X . A
fS;QIFgLTﬁif,'I From Formula (I,
h= &1 ot R = QREZ o+ Dt o .
From Formuls (110, - . .
Tatsl Area. he = S.9 (ft
i A = 12385 (zq-t1t] . o
Fesidual RArea, EEEEEI?_; IR
AZ = A - Al By
Rz = 13885 (=sa-f1J ST
’ 1. » Pretarlure Heiaht = 3 (§tn R
' i °
=z R W = . i . p
: Pezidual Velums. 2.) Postfailure Heisht = S = : )
Y1 = L % ARZ CHen -
Y1 =  BERPEY (cuk-f1) ?.v Breach Dizcharae = 5353 S
D_26 =i - -1
4 » Feach Lenath = 356 (-1 L




K

B a4 CHMS Mt Sheas Bogn Semh Zngh aam 4 - - —— - TP w—— ———

MAIN -

aee__ DORPS___OF  _ANGINFFRS oo o 13452~ F2 el S ot _33
Subject _-K&:JVME_@EC___ﬂﬂM By T OT(]l/'q Date - 24-% v
ERILLRE ANP LYSIS Chd. —_— Rev._ ' -

Ger2 = QP % C 1
PP2 = 8OST c¥zd

r

>

m Formulas 10,

= |

=Qe2+0t

L]

2RS3 (c+ts

............................ h= S Cftd ,
From Formula (I,

qiFl Flerz fischerss Bo= 1831 (1)

é <115 vq2z o Fers:dual HArea. i

SO A? = & - Al

Lot A2 = 1631 (41)

Feor Formala s vz = A2 %L f'

Cravzrire hei1aht, ZUE = S7118: (cub-+§1 - .

=@ (i }

anV? = ¢ W1 + Y2 s Z .

From Forewula CI10 . l )

c‘
v
o
[}
(4]
L] Iy
[
PN
ﬂ.
C
>y
|
-,
3

IS S < R L IR S

o
n
L]
o)
n
—
¢
-
i
T
[\
-
3

D = Opl + 01 !

[ =]
0
b
1]
(2]
o
oo
—
xl
-+
5y

From Formula vI), ‘ K

4
Total Heiskt, .

h = S 32 f;t) From Formuls (I,

From Formuls CI1.. o= fr2 o+ 01 }
Total HAres. . )
A = 1731 csq-+t) he = 3.7 (it ’ ‘

Fezidual #r A ) o
g2 = - Al RESIUILTS
Az = 1791 7=s3-¢t> T=m===== N
IR
N . R

Foziduzsl Volume, 1.9 Pretailurse Helakt = 3 ¢t °
. ) ' 1
1t = L % Rz 2.3 Postfailure Heisht = 5.7 ;
CEtD .
o= 813138 fcub-F1t) _ .
3.0 Breach Qiszcharae = 203 :
4. ) Feach Lenath = 3S& vern L] 1
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PRI o 'L‘I.‘"“_.L“ 4..' .;'v -— S '-'."\.".‘ :5.' -‘h'h'J o -_‘,-‘..' NPT -BAA_K.A'- .':ul AL!. ."A.;:.“_"A" "."' PRI “."A-;‘




Ty P e T - —— L s e A s S Zhd B e T

et [ORPS __OF  ANGINEITES oo o, )34 5~ CF2 steet <20 ot 23
sject __KENNEVEEC ___DAM _ oy T 0T o 2-24-§
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el = GF1 % ¢ 1 = W1 oo
Q2 = T332 (¢
From Formula <13,

N=Rp 2+t

R = 7333 (zts)
ch = 5 iftx
RE A CH C 17 > CALTUILATIONS )
———————————— e mm o —mm——me—— - From Formula CITx.
A= 1531 Ctr)
Testr +lood alscharas: . )
| DY = G {(cf=D Residual HArea,
3 = 215 (dea R2 = A - HAI
To= 333
o= 37 . RZ = 1S3l J¢#1td
! = 250 i frD :
X | V2 = RZ % L °
\ From Formula <12, Y2 = S385915 (cuk-§f1)
Fretallure heliaht.

<
v
0
N

DO YD SR S P T

Yawve = 5543280 dcub-+to
N From Formals L1
A1 = & is3.¢t D ' B2 = Q! % ¢ 1 - WVawg £ b
Ar2 = T421 <ctso
0 = QFr1 + it . .
‘ From Farmula (10, From Formuls <13, *
Tortal Heisht. : )
W= S.F it R = Grz + U1
-
From Formula vIlx, hz = S.5 {1t 2
Total HArea.
A = 1838 (za-ft) ®
REZULTS 1
Residusl Ares.  T=TT==T= -
92 = A - Al -
RZ = 1838 Jfga=-¢t7 ) . b
1.7 Pretailure Heizaht = A J+éeh "]
4
) Reszidual VYolume. 2.9 FPostfailure Hel1aht = 5.5 >
) ' - (et o
vt = L ¥ AZ _ ]
T ) Presch Discharae = T421 o
Yl = ST2524 (cub=i1) IR ]
/1 STaeC4 ccub-+4 D-28 ]
4 v Feach Lenath = 2S48 ($t -
' 1
)
)
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D
v

Fo
"

L S 2
Rr2 = £834 (ctso
From Formula <12,
N=QAr2Z+01

D= B334 (ztz

)

= 5 Cf2

rom Formula (I,

h
F
AR = 1442 (¥t
Tezt flond dizcharae: B
t = ' "

i B Cofgo ezidual Ares.
2= 1.15 (dea. i A2 =/ - HAHIi
S = 3133
n o= @7 A2 = 1442 Cf1O
L= 338 <(f*

U2 = A2 % L
From Formuls <10, Ve = SOSO0] ‘coub-4t
Pretailure heiakt,
hl = B Cfrh Vava = ¢ Y1 + L2 » »~ 2

= 5 e —§ -
From Formuls (IT» . Yaws = 521188 fcup-ii)
= @ (=3 . ¢t D X

Al RN QP2 = DEl ¥ ¢ 1 - Yawa ~ L O
= Prl + O EGrRZ = G252 (zfsi

From Formula <10,
Tatal He;gh:, ’ From Formula <12,
h = S5 5 (fr.

- Q= Gr2 + 0Ot

From Formuls <110, o

Total Ars; ha = 5.3 (ftd

A= 1534 (za-+1t

Reszsiduzsl Area. RESULTS ) ]
A2 = B -~ Al R S
Az = 1534 (sa-+1t) 1

—

' Y Pretailure Heisht = & (4o
Residual Volume.

- 2.) Pozsttailure Heiqht = & 3 o 4
Y1 = L ¥ R2 CEr) T N
V1 = 337138 (cub-f1) D-29 7.1 Breach Discharss = £&52 R
Lets) N
4 > Feach Lenath = 356G (41 1
o
. 1
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1
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Test +¢1ood discharas
@t = A Tc¥fsi

a = 1.1% idea. >

S = w133

n = a7

L = 3296 (41t

From Formuls CI2,
Prefailurs heiaht,
hi = @8 {fto

From Formulz CI13

AL = B Csa. ft. D

N = 0l + 0Ot

From Formuls <I),
Total Heiawt,
h = S.2 Ctt

Fezidual Volume, 2 ) Postisilure Heiaht = £ Z
ttd 1
Vi = L ¥ A2 A
3. Bresch Discharse = £35S N
" o= 35376 (cub- R .
8| SBS37E (cub-f1) D30 =TI ]
4 ) Reach Lenath = 35a «st. 1
-]
- A P PO 4;‘1 e R VO TP U VTR TP T T U LU, UL TR s

Qe = aFrl % ¢ 1 - Ui oy
Ge2 = 6341 (s

From Formula CI).
Q=DpZ+i1t

0 = €241 (cégo

h S ($1t)

From Formnula <I15,
A = 1364 ‘¢1)
Residuzal Area,

A2 = A - Al

R2 = 1364 <f1t2

L

Y2 = AZ

Ve = 477438 <ccub-+1to
Vava = ¢ U1 + Yz » , =
Vave = 431783 Ccub-f1)

QP2 = [Qf

1
Q2 = £&3ISS (cf=v

From Formula (13,

1 ) Pretailure Heljaht = 3 410
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P2 = Gl & 1 =
‘B Gr2 = S3Q% (cts e
From Formula 715,
G=Qpl+it
N = S338 (ctgd
_ ]
F ERLCH 2a > CRLCULATIONS .
----------------- s ———— h= S vfr
From Formula (117,
Tez+t ftlood diszcharas
@t = g (ci=a AR = 1233 (¢t
i [ ]
3 = 1.15% ide=a. D Rezidual Aresa, |
S = B133
ro= av A2 = A - Al
L= 359 4§t

Erom Farmula (D). V2 = A2 % L
Frefailure heiaht, Wz = 452754 (cub-ft)
Wl = @ ©§to | o
Vawa = ¢ Y1 +« L2 » o 2 )
. From Farmula <112 , ‘ ®
‘ Vava = 485438 (cup-+12
AL = B Jzq .+t 2
Qe =GRl K 1 - Vava o L 3 RN
= Qrl + &¢ Lo
r BR2 = S22G dcois ’
From Faormulz 1), ! o
Toral Heiahe,
b= 5.2 i . From Formuls 1Y, »
Cron Formulasa 11> 1 R = Q2 + Ot
Torsl Area. )
A = 17288 (za-¢17 b h2a = 5 d4¢
, l * |
Fezidusl RAres |
B2 = A - Al : SULTS
A2 = 1365 fsa-41) RESULTE
Pezidual Volume, " 1.) Prefailure Heisht = @ 415 > .'
L ¥l = L % A2 2.7 Postiailurs Heiaht = S (1) :
Ul = 478247 (cub-¢v) 3.) Bresch Discharas = S22 ]
L CgfsD
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RPp2 = Gri + 0 1 = WL by
Rp2 = S852% (c+=0
L )

From Formula (13,
Q=Qp2+0 1

Q= 5525 Jcés=d

. o o
PEACHIC 21 3 CALCULATIONS ho= 4 Crod
———————————————————— From Formula <11,
Test flood dischnarae: A= 1238 (i)
1 gy = 8 (zf=d
Rezidual Ares )
a = 1.15 Jdes ~
S = 9133 . A2 = A - Al
n = a7 . L -
L = 359 <ft) Rz = 1238 i)
" 1 Wz = A2 k L ‘»
s Fram Formula CI13. '
rom Farmals Y2 = 438537 Ccub-ft)
Fretailure heiant,
hi = @ cfto D Mawa = UL+ W2 v o2
' N
" ] From Formula <110 . | Vavs = 441988 Ccub-ftl g
Al = & dga.4t. 3 ! L :
! * [ P2 = 3l ¥ ¢ 1 - Wawa L K
D= el 4+ Ot C DP2 = 5534 (ciso B
; ' .
From Formuala (I3, ' . 1
Totél H;;;h:g D From Formula CI0, 1
o= S ottty
R = QpZ + 0Ot
From Formula 110, C
Total Fres. he = 4.8 (fto
- AR = 1235 (za-¢4t.,
- . -
Rezidusl RAres. RESULTE y
A2 =R - AL | TTmmemes ]
AZ = 1235 (=za-11) ]
. 1.) Prefarlure Heiakht = & dfto
! RPezidual Volume. o
, - : 1 2.y Posttailure Heishr = 4. = LA
Yi = L ¥ RZ | e S
;. y1 = 453440 (cub-+§tY 3 Y Breach Dizcharse = SS934 :
o D-32 fiofs o
4. Y Feach Lenatkh = ISQ 40
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Test tlood dischzras:
Dt = @ Tofsd

3 = 1 . 1._| l db?':l X

S o= 091323

= Ay

L = 359 <+t

From Farmula <10,
Pretailure heigh;,
Ml = & Tfto

Fram Formulz CIT3

Al = @ <=4 ft o

o= @Gl + Gt
From Formula <10
Tatal Heisher,
o= 5.9 CftD

-+
2
n
D)

n
—

Residuzl VYalume,

Y1 = L % A2

<Z
—
L]

4:‘:11:‘:‘ (:I:IJL-I-ft)

BTN
PN WP Wy DUaN)

D-33

A2 = Hel ¥ « . = Ui
Red = Si8: Loz
From Formulz o1,

N=Qe I+t

R =

o

132 fct=s

[x]
L]

[

h = & Cftd

From Formula (I,
A= 11T it
Reszidusal Ares,

A2 = A - AL

A2 = 1172 v+t

C 2

I
s o]
I
3%
—

V2 = 418428 Ccub-f1td
éan? = ¢ M1 + Y2 v . 0z
éane = 428773 Toub-¥d

i

‘@PE =0l ¥ ¢ 1 - VYaya -V
‘ S132 {cfso

frz =

PFrom Farmula ©I3.

B = QprZ + 01

ny

v
]

£
]

Cft

1) Prefailure Heiaht = & J§e5

2.5 Fostiailurse Keisht = 4 2
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tload discharas:

(RT3 P S O eS|

NP2 = 4323 (cf=s

Yy

From Farmulas (I3,
Q=2+t

0 = 4223 (cf=)

h = 4 Cfty
From Formula JII:,

A= 1

(V)

21 Céra

3 = 1 idesa > Re=iduszl Ares.
o= .91

no= o _@rv A2 = A - Al
o= 355 cfrd

Sram Formula 1),

Srefailure haisht,

Bl o= B3 e
Vawa = o Wi + U2 » » 2
Tron Formuwlz 11X
Yawa = SelB8s (cub=-rt
Al = & iza. .ttt 2 -
Gez = Bfrl % © 1 - Yawvsz o)
0 = NDel + 13t
Re2 = 4232 dcts
Friom Formala <10,
Total Hziant.,
o= 3 E From Formula (1),
From Formalz 110, D= REZ + Ot
Tatal FAres
q = (353 uza-sco B2 = 4 7 Cft
Coziduzl AHres,
A2 = A - A PEZIIL TS
Z = 17932 fgaq=¢t3x  eemem——-
Peziduzl VYolume. 1 ) Frefsilure Hoiakht = &
Wi = L % A2 2 ) Poaztfailure Height
Cfrd
Wi = 473Sel Joub-f1)
' T Y Breach Dischizras = 4237%
D34 ‘c75€ ach Discharas 2Za
4 5 Feazh Lenath = 354 (+t

A2 = 1281 Tftn
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From Formulsz <17,
N=Qp2+i1

= 4519 (-fzo

h = 4 <+t

From Formula (I,

A= 1213 <fto

Fron Fo-rgla CI10

Tezt tlood dizchar3e
A e Residual Area.
x = 1 uvdea o A2 = A - Al
- = I :
no= = CR2 = 1213 G4t
= 2SO . froa ;
i W2 = Az % L
From Formuls ©10 VE = 428753 ioub-rtl
Cretailure khziakht,
i Waywva = W1 + s 2
D 1 ;}_ Cfro {
PoWawe = 43TRRE doub-Fdt

Al o= O ooza3 it ) { Gez = @l 3 0 1 - Uzws Y
G2 = 4527 ~t =

o= el + 07

Team Fovmulo clov i

N \ From Farmuals 70,
=1aht . :

ko= 4.7 o R = QO + Nt

From Feoeguls 2 1a, 2 = 4 5 (Lt
Tital Prag.
Bo= 1222 Jza-+1th

Fezidezl Aess. el
FZ = A - Al
R = 1223 f=za-tty

1 ) Frefailure Herlarns =3
Feziduzl Molume. 2 2 Postfailure Holaht = 4

Cero
W1 - L % AZ

3 3 Breszch Dizcharas = 4727
Wl = S422I7 Coub-f10 Cctzo

D-35 0% Fezch Leratk = 293 (et
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Teszs+s $lood discharse:
t = g - -f=z

a = 1 C(desz o
T o= 21
o= AT
L = 358 (12

Seam Foarmula (10,

Fre+tzilure heioht,

o= B L4 ’

- . i
From Farmuia .. ;
Sy o= @ d=alfr ol

|
2 = Dl + 0t !
!
}
H

Feem Formulz C10
Ta 3]l Aeiakt.
by o= 4 5 R 2R AN

om Formula 105, i

o=

DD TN

Re2

= el 7 01 = LM

Re2 = 4242 Cctzy
From Formuls I, ®

A=0F-+01¢

e =

h =

4242 (ciso

4 (frd L

From Formula II>,

A =

ol
D
1]
.
vy
=
w
—

116E dftd

re3 .

W2 = AZ % L .
W2 = 498338 (cab—+r)

Vava = ¢ ML + Y2 3 - 2

Yasa = 17161 (cub=-F1. °
RF2 = 0pl & ¢ 1 - Wzws o LU

NP2 = 4243 (cfs=o

From Fovrmula

=

—
=2

CTu. b

REZ o+ 0

= 4.5 Cftrd

e=zidual Ares., i me————a-
2 = %9 - Al
o= 124 rsa-ttd

Prefzilurse Heiakt = 0 J¢D

Pezidusl WVoluae, 2. ) FPoastizilure Feiaht = 4 S ®

RS
Yy = L ¥ RZ ]

T Bresch Dizscharse = 4243
Wl = 4ZPIZE (cub-+41) ’ ez

D-36 . A
4.0 Fesch Lenath = 259 00
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Np2 = GrFl

¢ 1 - Wl oe o

%
Apa = 32354 (Cts=.

From Fornula o1

. _ A . R=Rp2+it
N = 32334 gtz

4 Cftd
T E AR CH . Zg > CALCULATIONS

Faormula C(IIs,

D N T
3
[n]
2

| = 1111 (¢t
Test flood dizchzras p,:.sidual Hrea.,
Tro= @ dctso )
, 3 A2 = A ~ AL
z = 1 <dea o | ,
= = .9t L AZ = 1111 1D
"= AT :
L= ZSE Cftrs [
W2 = RZ ¥ L
L W2 = 33234 coub-ft0
i Srom Farmuls <10, |
Eratailure kheisht, Yawa = ¢ W1 + U2 o .~ 2
hlo= B Teth Wawe = 3IFEILS Coub-fro
Froe Frormuala 100
] _ P2 = Al ¥ 1 - Vawva L
FL = B "=za. ¢ 2

From Formiala o100,

S Bl |} F DOEAS (T W] 1 = . I K
Ta 3] Heiah:t. | @ = ez + 0t
h = 4.5 Crro
WE = 4.4 74t
Fron Forealszs 110,

Tartal RAeoeas.

A = 1184 izq—fto RESULTS
Feziduzl Ares
HE = 3 - At o
Az = 11e4 “sa-fty 1 v Frefailurs Heramt = O (410
) 2 7 Postfailure Helakt = 4 4
FPesidug]l Valums. Ctr
| 5 -~ o 1
41 = L ¢+ AZ S Y Bresch Discrnzras = S04 1
Cotsy 1
V1 = 427427 (cub-¢1) 1
4 ) Reazh Leriath = 3%50 o+t '
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