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DEPARTMENT OF THE ARMY 0
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02254

REPLY TO
ATTENTION OF: 5

NEDED SEP 3 0 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.

Copies of this report have been forwarded to the Department of Agricul-
ture and to the owner, Kennebec Water District. Copies will be 5
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,

Imd LLIAM - HODGSON,
As stated Colone, 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 t:1e perimeter of
the project.

*l 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
dam breach.

A test flood was estimated for the Reservoir Dam using the "Preliminary
Guidance for Estimating Maximum Probable Discharges in Phase I Safety
Investigations", New England Division Corps of Engineers, larch 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) S
storm. This resulted in the water level being increised by 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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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.

. Giles, Jr., P.
roject Manager

Massachusetts Registration No. 1643
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Thi~, Ph-ise I Inspection Repoft on Reservoir Damn (ME-OO472)
has bee:i reviewed by the undersijned Review,. Ecard mnembers. In our
opinion, the reported findings, conclusions, and recommendations are

Dams, and with gULcd enegineering judge-.ent an, practice, and is hereby
subm.itted for approval.

ARAXMA.ST ILUiTES IA;, MEMBER
Geotechnical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, METER
Design Branch
Engineering Division

JOS W.F INE GA 7 JR. , C11AIP AN-
jatr Control Branc,
Engineeriin, Division

APPROVAL RECOMNENDED:

JOE B. FRYAR
Chief, Engineering Division



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 identify K..
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
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
and constantly changing internal and external conditions, and is evolutionary in
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
conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the Spillway
Test flood is based on the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions thereof. Because of S
the magnitude and rarity of such a storm event, a finding that a spillway will
not pass the test flood should not be interpreted as necessarily posing a highly "

inadequate condition. The test flood provides a measure of relative spillway .
capacity and serves as an aid in determining the need for more detailed
hydrologic and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential. S

The Phase I Investigation does not include an assessment of the need for
fences, gates, no-trespassing signs, repairs to existing fences and railings and -

other items which may be needed to minimize trespass and provide greater
security for the facility and safety to the public. An evaluation of the
project compliance with OSHA rules and regulations is also excluded. S

. . . .. .. . . . .

* . * . ~ - . * *~ . . , * *-.



TABLE OF CONTENTS

Section Page

Letter of Transmittal

Brief Assessment

Review Board Page

Preface i

Table of Contents ii-iv

Overview Photo v

Location Map vi

REPORT

L 1. PROJECT INFORMATION

1.1 General 1-1

a. Authority I--

b. Purpose of Inspection 1-1

c. Scope of Inspection Program 1-2

1.2 Description of Project 1-2

a. Location 1-2

b. Description of Dam and Appurtenances 1-2

c. Size Classification 1-3

d. Hazard Classification 1-3

e. Ownership 1-3

f. Operator 1-3

g. Purpose of Dam 1-3

h. Design and Construction History 1-3

i. Normal Operational Procedure 1-4



Section Page

1.3 Pertinent Data 1-4

2. ENGINEERING DATA ,

2.1 Design Data 2-1

2.2 Construction Data 2-1

2.3 Operation Data 2-1 0

2.4 Evaluation of Data 2-2

3. VISUAL INSPECTION

3.1 Findings 3-1

a. General 3-1

b. Dam 3-1

LS
c. Appurtenant Structures 3-1

d. Reservoir Area 3-2

e. Downstream Channel 3-2

3.2 Evaluation 3-2

- 4. OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures 4-1 .- -

a. General 4-1

b. Description of any Warning System in Effect 4-1

4.2 Maintenance Procedures 4-1

a. General 4-1

b. Operating Facilities 4-1

4.3 Evaluation 4-1

5. EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 General 5-1

5.2 Design Data 5-1

,.[- ~- iii -- .-

- " " - •.. -S

.......................................................................



Section Page

5.3 Experience Data 5-1

5.4 Test Flood Analysis 5-i

5.5 Dam Failure Analysis 5-1

6. EVALUATION OF STRUCTURAL STABILITY 6-IN S

6.1 Visual Observation 6-1

6.2 Design and Construction Data 6-1

6.3 Post-Construction Changes 6-1

6.4 Seismic Stability 6-1

7. ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment 7-1

a. Condition 7-i

b. Adequacy of Information 7-1

c. Urgency 7-1

7.2 Recommendations 7-1

7.3 Remedial Measures 7-1

7.4 Alternatives 7-1 0

APPENDIXES

APPENCIX A - INSPECTION CHECKLIST A-I

APPENDIX B - ENGINEERING DATA B-I

APPENDIX C - PHOTOGRAPHS C-i

APPENDIX D - HYDROLOGIC AND HYDRAULIC COMPUTATIONS D-I

APPENDIX E - INFORMATION AS CONTAINED IN THE NATIONAL E-i 0
INVENTORY OF DAMS

- iv-

S. . . . . . . . . .. . . . . . . . . .



S

0

0

S

S
4-)

4)

'-4 O*~

Ci20

S

S

0

S

S



401)

44f\~V~~g

D a

NN~ N A

\\ S>N

o Irhl *j,/

r2

RESERVOI

IMAC ARE REEROIOSS *

/f F

. I\fQ. 41', - j

V >
7-'-

FROM USGS WATERVILLE, ME.RE RV I DA
15MIN. QUADRANGLE MAPRE RVI DA

LOCATION MAP
1/ 0Mies i U.S. ARMY CORPS OF ENGINEERS

1 1/20 Mies I PHASE I INSPECTION PROGRAM

MAINE OAT[ SEPT 1981
3SCALE: I"- IM ILE (A1 I J 134511 72 PAT

Vicinity CiUT jg PAT
1357



NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT e

RESERVOIR DAM
KENNEBEC AND SOMERSET COUNTIES, MAINE

SECTION I

PROJECT INFORMATION

1.1 General

a. Authority - Public Law 92-367, August 8, 1972 authorized the 0
Secretary of the Army, through the Corps of Engineers, to initiate a
National Program of Dam Inspection throughout the United States. The
New England Division of the Corps of Engineers has been assigned the
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
of Maine. Authorization and notice to proceed were issued to Chas.
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.

b. Purpose

(1) The purposes of the inspection program are: To perform
technical inspection and evaluation of non-Federal dams to identify
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.

... '- ";... ................ l ll il 'il... ......... I........................... I..........



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
obtained from the owners, previous owners, the state and other 0
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 S
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, approximately 1.75 miles above -.-

the Kennebec River and two miles north of Waterville. The dam
location is included on U.S.G.S. 15 minute series Quadrangle,
Waterville, Maine with approximate coordinates of N44 035'0", W690 38'40".

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
feet high, and 12 feet wide at the crest (Elev. 330 NGVD) with
upstream and downstream slopes of 1.5 H:1V. The reinforced concrete
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.

1-2
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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 original •
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 operations.
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 0
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. 0

c. 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.

d. 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.

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

f. 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.

g. 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.

h. 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. In 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

1-3
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Hale. Then in 1978, some minor revisions were performed on the
project when the gunite facing was replaced by rip-rap.

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
flows into the reservoir; conversely, if the consumption exceeds the
pumping rate, wate-r is drawn from the reservoir to make up the
difference. The reservoir thus serves as an equalizer, and assists
in the maintenance of a uniform pressure in the pipes. The water
level at the reservoir is monitored and re-orded on a continuous 0
weekly chart. Normal operating level is Detween Elevations 327 and
325.

1.3 Pertinent Data

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

b. Discharge at Damsite

(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

(3) Maximum tailwater Not available

(4) Normal Pool 327

(5) Full flood control pool Not applicable

(6) Spillway crest (overflow pipe) 327

(7) Design surcharge (Original
Design) Not available

(8) Top of upstream dike 328

(9) Top of dam 330

-4
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(10) Test flood surcharge 328.6

d. Reservoir (Length in feet) -

(1) Normal pool @ Elev. 327 230

(2) Flood control pool Not applicable

(3) Spillway crest pool 230

(4) Top of dam 230

(5) Test flood pool 230

e. Storage (acre-feet)

(1) Normal Pool 128

(2) Flood control pool Not applicable

(3) Spillway crest pool 128

(4) Top of dike 145

(5) Test flood pool 156

f. Reservoir Surface (acres)

(I) Normal Pool 11.1

(2) Flood-control pool Not applicable

(3) Spillway crest 11.1 O

(4) Test flood pool 11.4

(5) Top of dam 12.0

g. Dam and Dike Dam Dike

(1) Type Earthfill Earthfill
concrete core

(2) Length 735 feet 1,535 ft.

(3) Height 27 feet Varies

(4) Top Width 12 feet 12 ft.

. , . ...
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DAM DIKE

(5) Side Slopes Upstream 1.5:1 Upstream 2.0:1

Downstream 1.5". Downstream 3.0:1

(6) Zoning None None

(7) Impervious Core Concrete None

(8) Cutoff Concrete None

(9) Grout curtain None None

(10) Other Rip-rap face Rip-rap face

h. Diversion and Regulating Tunnel - None

i. Principal Outlet 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.

16
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SECTION 2

ENGINEERING DATA 0

2.1 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 construction 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.

2.2 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.

2.3 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

2 -1
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large pumps, the reservoir becomes the major source of water supply,
taking advantage of its pressure head for distribution.

2.4 Evaluation

a. Availability: All of the engineering data acquired was received from
the Kennebec Water District. This includes the drawings, reports,
and miscellaneous material. All of the drawings received are

included in Appendix B.

b. Adequacy: The limited amount of engineering data did not allow for a
definitive review. Evaluation must be based on visual inspection, -

past performance history, and engineering judgment.

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

r
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SECTION 3

VISUAL INSPECTION 0

3.1 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.

b. 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) Upstream 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 S
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 0
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.

c. 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.

3-1
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(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.

3.2 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 0

4.1 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)

4.2 Maintenance Procedures

L 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 S
monitored by a recording device.

4.3 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.

4--



SECTION 5

EVALUATION OF HYDROLOGIC AND HYDRAULIC FEATURES S

5.1 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 0
Maximum Precipitation (PMP) of 19 inches was used. This results in the
dike being overtopped by about six inches.

5.2 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.

5.3 Experience Data - No past hydrology data was available.

5.4 Test Flood Analysis - Because the reservoir is not subjected to runoff 0
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 0
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.

5.5 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

5 -1
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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
northern side of Waterville it is expected that serious property damage 0
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

6.1 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.

6.2 Design and Construction Data

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

6.3 Post Construction Changes

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

6.4 Seismic Stability

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

6-1
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 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.

7.2 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 tMe two inlet and
two outlet pipe lines.

7.3 Remedial Measures The owner should:

a. Establish a formal downstream warning and evacuation plan to be

3 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.

7.4 Alternatives

There are no practical alternatives to the recommendations of Sections 7.2
and 7.3.

7-1
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INSPECTION C'.EtK L-CST

PROJECT Reservoir Dam, Waterville, ME DAr Nov. 16. 1979 0

TDZ 11:00 A.M.

;EATR Fair, Windy, 30°F

- .,. S. E.E. _ U. S. DN!. S.

Civil
I Stanley S. Marshall, Engineer .

2. Jan N. Jonas, Civil Engineer 7.

3. J. 1E. Giles. Jr.. Project _

4. Manager*

. All project features were inspectea by each member of the

2. inspection party.

* 6.

9..

•10. _____ ________________ ____________

*at site March 10, 1981
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2ISPECTION =1ZK LIST

P.RC-O Z2 ResPrunir Dlm. Wa t,-ryi l ME rAT?. Nov. 16. 1979 -

PROICT.ZA7- Earthfill Dam-water sply NAC Stanlev S. Marshall

DISCI?LL Hydro Jan N. Jonas

AREA E7ALULT-D CO DIT! S INS

- fl.?.#, EX2A!N1NT

Crest Elevation 330 feet

Current Pool Elevazion 327 feet

Maximum Impoundent to Date 40,000,000 gallons (elev. 327)

Surface Cracks None visible

Yavement Condition Gravel

Movement or Settlement of Crest None visible

Liateral Movement None visible

Vertical Align-ent Good "

Hcriiontal Alig.-ent r Good .

Condition at Abutment and at Concre.;e Not applicable" " ~Structures--•!

Indications of Movement of Structural Not applicable
items on Slopes

Trespassing on Slopes None visible
Vegitation on Slopes Some weeds and grass
Sloughing or Erosion of Slopes or None visible
Abutments •

Rock Slope Prctection - Riprap Failures No failures visible

Unusual Movement or Cracking at or None visible
near Toes

Unusual Emank.nent or Downstream None
Seepage

Piping or Bols ' None visible

Foundation Drainae . Features Runoff drainage ditch 0

'e D-alns Same

S1. :nstfurueta'-i . .. ~S.Cse None

A-3
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PR "' Reservoir Dam, Waterville, ME DA=- Nov. 16, 1979 '

CT :'rZATURE Earthfill NAr Stanley S. Marshall I
DCcL=-_ Hydro NA}r Jan N. Jonas

AREA.- '_V.LUED DN"

a. A~p-oach Cha.-z.e! Not applicable - diversion
ditch by-passes reservoir

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete Lin.g..

Drains or Weep Holes

b. Intake Structure

Condition of Concrete Not visible

* Stop Logs and Slots l.
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?3'C~j'-CT Reservoir Damn Waterville, ME Dk7E Nov. 16, 1979

P'RCjS"7T FMATt7.Z Ea rth fill1 Dam NAMEE Stanley S. Marshall

~~Z~2~ Hydro AM Jan N. Jonas

AR!XA Z-VALUA.E =orrc:

m WZ.~ C~?L ~'A'R

a. Concrete and StructiL-al Valve chamber in dam embankment

General Condition

C on ai tion of Joints

S pa.1irng

Visible R.einforcing

Rustiang or Staining of Concrete

Any Seepare or '-;'flcrescence

Joint A2Agnrnt

Unuzual Seepage~ or Lea!'..s in Gate
Cham=ber

Cracks

* Rusting or Corrosion of Steel

b. -echanical and Electrical

Air Vents N/A

Floa~t Wells N/A

Crane 'Hoist N/A

Elevator N/A

Hydraultc Sys-ze.- N/A0

Service Gates Operability of check valve not
known

Snergency GatesNA

Aghit-ing Protection System N/A

~-e~e: ?~rSys N/A

WirinE; and Lighting Sys t e z n 'N/A

' Sate C*,.&z-*er
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SEICTICZ1 CHECK LTZST.

PRCJZCT Reservoir Dam Waterville, ME DA7 Nov. 16, 1979

FR0 j-2. , _PTU?.E Earthfill Dam X Stanley S. Marshall

DISC:L=--T Hvdro NA Jan N. Jonas

AREA EVALUAED CONITION

- JT J'P.- - T .'T!. I A',D CC:'T Not visible

General Condition c'f Concrete

Rust or Staining on Concrete

S palling

Erosion or Cavitation

Cracking

Alignment oi Monoliths

Alig-nen t of Joints

N%= bering of Monoliths

DIKE EIBANKMENT

Crest Elevation 328 feet

* Surface Cracks None

Movement or Settlement of Crest None

Lateral Movement None

Vertical Alignment Good "

Horizontal Alignment Good

Trespassing on Slopes None

Vegitation on Slopes Heavily grassed 0

Sloughing or Erosion None

Rip-rap Cover Good

Seepage None

A-6
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-:S E C T . 1%: -C .*.rz. " LtI 4

?ROJE--I- Reservoir Dam Waterville, ME DATE Nov. 16, 1979

?RCJ'-CT -'ATUR Earthfill Dam NAr: Stanley S. Marshall

DrZB Z L-="E Hydro I a x:I T;;n M- Tn;;_ -

"A? EV¢ALUII D C1I~fNTICN

-STRUCTT2 A-M Not applicable

C-eneral Conditic. of Concre:e

Rust or Stain--.6g

SpaltrK

Erosion or Cavitation

Visibe Reirnorcng

Any Seepage or Efflorescence

Condi:ion at Joint s

Draiz holes

Cha.n.e±.

Loose Rock or Trees Overhanging

Cond!ton of Discharge Channel

A-7
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=SPECTION C C-K LIST

PRJ= Reservoir Dam Waterville, ME DATE Nov. 16, 1979

I?R0O3,ZT !ak-JPZ Earthfill Dam NAM Stanley S. Marshall

aDIS~r -" Hydro NIrjjL Jan N. Jonas

a. Apprcoach Channel. Not applicable

General Condiic

uoose Rock Overhanging Charnnel

Trees Overha.-girng Channel

Floor of Approa.ch Channel !

*b. Wet; and Trairning 'cal-s None

u~e-eral Condition of Concrete

* .s- or Staining

S ~alling

AkY Visible ReinforcingI

* Ary Seepage or Efflores.-ence

Drain Holes

c. Dischnar~e Charnel

G, eral Condition GoodH

Lozse Rotk Overhangin.g Charnel None

Trees Overhanging Channel None

Floor of Channel N/A

Oth-er Obztructions None
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3Nl3?Z~CTbO; CHE~CK L=Tj

'?RCJZC' Reservoir Damn Waterville, ME DA= qov. 16, 1979,

??J YZ'~A7TJ. Earthf ill Dam NA12 Stanley, S. MlarshallI

~ HydraoJ' Jan Nj. Jonas

Mr 3R0GT

a. Sz-er Str.-u:tu-e None

Bearings

Anc.'.:r BoltsI

Bridge Sta~t

U-,er Side of Deck

Sezo.,dar-y Brac--r.g

Deck

Dzainsie Sys-ez

z~xansc-.Joint.s

paitt

b. Abut.ent &Piers

General Condition of Concrete

Align~.nt of Abu-.ent

Approoich to BridEe

Condition of Z-est & ackwa"
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APPENDIX B

ENGINEERING DATA

LIST OF ENCLOSED DRAWINGS

PAGE TITLE

B-2 Plan for Relaying Paving at Reservoir of Kennebec Water
District, July 1973.
Improvements to Reservoir Dam, 1951

B-3 Reservoir Record Plan, Improvements Made 1951

B-4 Contour Plan of Completed Reservoir, Oct. 1, 1918

B-5 Record Plan, Oct. 1, 1918

B-6 Contract Plans - Sheet No. 2;
Details of Dam, Aug. 21, 1916
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Photo 1

UpsteamFace from

Left Abutment

Upstream Right

Abutment from

Overflow Structure

Upstream Right Face
with Concrete Over-

flow Structure

-7.



F0

Photo 4-"

Downstream Face

from Right Side.

i' ]i!Downstream Outlet

. of 14" 0 overflow

Pip

Photo 6

~View Across Reservoir

from Left Side Looking

Towards Dam. utle
o 140Oelw

• :--: ... :.:Pipe'

-.-- ._ . ,,.. '-" _

• .S

Photo 6

:.. ,," ' " ' .. -- "-.'.- :-.- ..:...... : , ... View. . Ac os Reservoir. ,
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"RULE OF THUMB" GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HYDROGRAPHS

'4Q PT 12 S

' Tai T, -

T:i

STEP I: DETERMINE OR ESTIMATE RESERVfnTR STORAGE (S' IN AC-FT AT TIME OF FAILIRE.

STEP 2: DETERMINE PEAK FAILURE OUTFLOW (Qpl)"

Wo= BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 4j" OF C',I
LENGTH ACROSS RIVER AT MID HEIGHT.

= TOTAL HEIGHT 7ROM R;VER BED TO POOL LEVEL AT FAILURE.

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

STEP 4: ESTIMATE REACH OUTFLOW (QP2) USING FOLLO. ING ITERATION.
A. APPLY Opl TO STAGE RATING, DETERMINE STAGE AND ACCCPMANY:NG

VOLUME (VI) IN REACH IN AC-FT. (NOTE: IF 'I EXCEEDS 1/2 OF S,

SELECT SHORTER REACH.)

B. DETERMINE TRIAL Qp2'
ap (TRAL) = Qp,(

C. COMPUTE V2 USIG Qp2 (TOTAL).
D. AVERAGE V] ANo V2 AND COMPUTE Qp2

1 2p p

STEP 5: FOR SUCCEEDING REACHES REPEAT STEPS 3 'IND -.

APRIL 1.7Q
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SURCHARGE STORAGE ROUTING SUPPLE~MMT

STEP 3: a. Determine Surcharge Height and
"STOR2' To Pass 'Qp2"

b. Avg "STORi" and "STOR2" and

Compute "Qp3".

c. If Surcharge Height for Qp3 and

"STORAVG" agree O.K. If Not:

STEP 4: a. Determine Surcharge Height and

"STOR3' To Pass "Qp3"

b. Avg. "Old STOP. AVG" and "STOR 3 '
and Compute "Qp4'

c. Surcharge Height for Qp4 and

"New STOR Avg" should Agree

closely

D-3



ESTIMATING EFFECT Cf SURCHARGE STORAGE

ON MAXIMUM PROBABLE DISCHARGES

I IF 0 W

Q p

~p

T

STEP 1: Determine Peak Inflow (Qpi) from Guide
Curves.

STEP 2: a. Determine Surcharge Height To Pass
toQ pl"

b. Determine Volume of Surcharge
(STORl) In Inches of Runoff.

c. Maximum Probable Flood Runoff In New i

England equals Approx. 19', Therefore:
Qp2 = Qpi x (1 STOR1

19
STEP 3: a. Determine Surcharge Height and

''STOR2'' To Pass 'Qp2"

b. Average "STORi" and "STOR2'' and

Determine Average Surcharge and

Resulting Peak Ou-tflow 'Qp3''.
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S C :hannrel slrF'e

Nb i 3.'. f the ler,. th -, the ci
., o r W b .35 s W, r

9 i '- the 'a:Celer=,t io:n ,:f the . . ..- ".r(a' *..(I

, t - 3 32.2 tt . s , A T a r,' : ....(

7h A re ,. t h e re ' , r,.b-, d - 7.'.5 ,' = - 9 ,a - t -

1.b 257 , - -. u b.- i t

D- 11



'" -- PIIu . - N /. y '/" c, .... .

Coldt OF EN1YLCt Job N..JL~A sheet at3-

sabc t4N2Vt _ Date o ) '

.' -2 OpI : ( 1 - Vi . ',

QP,2 = 46117' (cts"-

From Formula (I).,

=Op 2+Q t

= 46117 (cfs&-

R: E A C H < 1 ) CALCUILATIONS h = 14 (ft)

From Formula (I),,

Test flood discharAe: = 2964 (ft
C't = (cI

Residual Area,L = 3.31 (de.. S

0 = 4 A2 = A - Al. n = .07
L= 350 Rft" A2 2964 eft)

V2 = R2 :t L

From Formul.V (I= 
*

V2 = 1037692 (cub-f )F'retai lure hei.Bht,

ht = V ,.ft;, ',, = vg V1 + '12 N / 2

F r,:-, Fo rrul . aII v 9 = 1119209 ,.,cub- f

81 = C f t .: tt.)

=P2 = OP 1 * 1 - ,avg..= )

0 = aFi + O, 0 P2 = 4679@ (cf )

F r',-,,, F,:, r r,,'. 1 . <I >,
Total Hei..=ht, F r Dir For-MUl.a >

h = 15. 1 ft'.
0 = QP2 + Ot

From Fc, rr,,uL.L ('TI.),
Tot.l Area. h2 = 14 .1 ft)
A = 430J ,i-ft.,

pe-id.ia1 AIres., RESULTS
R2 = A - Fit - "---

A2 = 3431a .F'-to

I ) Pref. il,.4re Hei. ,,t = 0 1 ...
pes i d 1. a 1 u m

2.) Po.tt.ailure Hei.0ht = 14 1 S
I = L * A2

'.'1 = 1 3O'77 <c .b- t * E.reach Dizch-o-.e 4 = 7

D-12

4 a,:h Ler,-.,h = C ,

do.



CU0OIL. OF ISN/ 6MJ7 Job Nog -- zShect. oLi-3

Subiect4(~~~~~~N T--P O_______a.jTOv Date-~2L~

QP2 OP I~ I V1 '')

OP2- 3956S2 a f'

From Formula3 (I)D

0 = 39562 (cfs)

h = 13 (40)

P E A C H (2) tA LCULAT IO F rom FoIrmnula. (II)

A 2642 (it)

Test iloo:d dis.:harse Residual Area.
it 0 'a(Cfs)R2 A-1

L 350 1'+0A2 = A2 * AL

2 = 9297 (cdeft

Fro F= 35rnul'tI)

Prt.i ur h ~Vav-q = V .1 + V.2 Z -

* i ' (it) Va%.-"4 = 986998 (c'.b-40t

F romi Fo rriul a (I> .1(
A2 = QpI 1 - Vat

A 1 0 i t Q2 = '39989 (Cti)

Q I0 1 t F romi Fo.rmiul1a (I).

Fro~m Fo:rmrula *r'. Q C2 + O~t

h = 14.1 -'1+0 h2 13 3 ' ft;1

F r.er m F,-, rrmnu I -a
Tolal Aire~i FSJT

A = 2997 A-it' --------

P e i d v a1 Area.

A2 A99 1~ t I.) Prefail.jre Hei:?ht f

2)Postfajlure Height 13.. 3

C 5 diial 1 I~t: ume ( f

V I L I. A'Z B.Ereach Oi;.har, e = ,z

1 1 49 0 210 (cub-itf D 13 4. ) Pe aih Lensth :3 50 t:



CU,., _0t OF eiv St iMIL ., Job S.J3 _ __ zs. heetJ _ ,Le3 _

Subjec_ Ke-14 f6 MTM .2TBy V4 01t, 1,6,Dat -

C 4 g i .S.k C& _ Nv._____

= 1) 1 V 1

Q 2 = 34498 (,:fz)

* From Formul.a (I)..

Q=QP2+O t

0 = 34498 (cfs:

P E A C H ( 3 : CALCULATIONS

h = 12 t:

Te--t +flood dichar-e: From Formula (II).
= 0 c sA = 2384 ft)

=3 ,3.81 deg.
-S_ 81 .04 Residual Are.a,

n = 07

L 350 (ft 2 = A - AIl

82 = 2384 (ft)"

Fro ,m Fo rr laU 1 .= (I), V2 = 2 * L

Pre*ai lure height',2 2
V2 = 834682 (cub-ft)

"-:hi = 8 Uft) -. "

F rom F.:'ru .-or 1 II::, aV = ,.. V1 + V2 ) / 2

S Al = s -. ft.) Vav -- 883570 (cub-ft)

0 OF. + Qt = p1 :*" 1 - Va . .

From Formul .. 'I..". QP2 = 34786. (c ).
Total Heig.ht.,
h 13.3 Uit)

F rom Formul.s . I),
F r:,m Fo rru i . ' 1::,
Total hre.a.. 0 = QC2 + Ot "
AI = 2e164 (z' -f i;

h2 : 12.6 U ',
Pe.idu.al Area,
A2 = P - Al
R2 = 2664 ( s- t RE3ULT$:.-

P.e i dua 1 Volume, --

' 1.) Prefailure Hei..',t = t "-
I = L .* 82

2.' Po-tfiailure Heig-t = 1.6
VI = 332458 (cub-it) (ft)

' 'P Ereach Dischar.e 3.,:;T :::_
D-14 '

4 ? Reach Len. .th = 350 t:.

. . . . . . . . . . .. -. . . . . . . . . . . . .. .
.. . . . . . . . .. . . . . . . . . . . . . . . .



Cha cu.6jOe OF .6/y lMft-g sJo N.3i5&f shteet of 33.Z~
8,VI Ao Tv v4 w

SFbje/t - ,,.ii2Ltj_2 :f at ,, 2___(

_ _i- _/Z _F ,,4,__1 _Y_ _ _ _ Ckd. Raw.

r.p2 = r- 1 1. 1 - .1 I

0 = 30484 'c ,-)

From Formula -I), •

o = 304:4 (ct :

R E Rt C H ( 4 C CAL:. II-T I nD NS
h = 12 (it)

F rom Formul.a, ,: II ,
Test flood dischar'e:
nt = L ,'-f , = 2173 (it)

= 3.81 (deg. ' Residual Area,
S = 04

t= .7 A2 = A - Al
L 350 if -t ..

A2 = 2173 'ft::

S" From Formaula I)., V2 = A2 , L S

Preiailure height, V2 = 760721 ,c.b-ft'

• .- hl = 0~ 'ft:
U v = v" gl v 2 :) .... ,_

F r o m F,-, r r u i a ( I I ) 

V 

.,

=l V.'. . = g00711 .:ub-it .'

0 . C F 1 V: a v g 'I

0 = C 1 + 1't~OP2" 3068 '-7 ,c f z

F r orf, Fo r '.i a L I4).
Total Hei-.it •
h*" 12. E, ,.( ) Fron, Frr u a I).,

F rcr Forrula (II.. .p fl Op2 + Ct
Total tirea.
A 23'9' ,.s - -f~*, h2 : 12 ft,

Pe= i ,:=ua- 1 (r. .,

A2 = R - Al RE!:; I.1L T
A2 = 39 ,:si-+ t -)

PeZ i dull ' :1ure, V ) Fret. ilure Hei.i-,t = + y

'VI = L * A2 2.) Po t ailure He-i't 12

J, 1 = 83990( 1 cr' t '.t)

P r Pre ach C ,-hat'- = z.ar"e

D-15

4 ) ech Len-?t, t



CNVAIN)."

C041_ i?0i.SE 1-y 6 WE9SJob NG. 13Q 1 3 sheetIFMDFFK Jo,.9 ' Sheet s,, __2z

Subject By T,, OTOl. D ,a,,',
(I'p" I -L _ _- _/ /L" Xu S C/- Rev.__.___,

OP : 1 ( I - '1 ,'

=,. 27232 +.)

rO= i2+Cj?

0 = 27232 (:is)
P E R C H ( 5 ' ALCULATIONS

h= 11 (t

From Forrm.la II
Test +lood di-s-.,h.arge:.r t ' (ci i: = 1997 (i.)

a = .e- 'I(.des.) Residu.l Are.,.,
S = .042 = -Aln' = 07,

L = 350 'ft.', R2 = 1997 (Ot!'

Fr,,m Formul.a Q U2 = A2 * L
Frr Frnu3...

Pre .,i lure hei-hf, V2 = 699009 Kcub- t

hl = 0 ( t", = .I + ,, ) .2

Fr'rm Forrua ! I Q: . Vas. = 731761 cub-it)

I = Al = 0 av,

rI = 0 + L''t O 2 = 27380 (c: a 3)

Fr-,omn Forrul. 1 , .
Total Hei.k. , Fr m F''rul .
h = 12 . '

Frcm F:,rr,,u1a ( I , 0 O 2 O t
Tot.al rew.
A = 2184 'ZI-fW., h2 = 11.5 (ftn

P2 = A - Al RESULTS
A2 = 21S4 v.s-- )

Pe idu.3,l '.olume, 1." Pre+ailur-e Heigh, = . t .
'-L * A2 2. ) PoCst tailure Height = 11 5

= 764514 ,zu' b-ft . , Brea c:h Discharge = 27 .0

D-16

4 ' Reach Lergth = 350 ,
It



Cient. 1 (e OFS j~tA/ob 14.J3k1si&A Sheet /3f-A?
~~ Dy ~~BT. OTQVY2Dt 2-24E

FIqIf~ gk' tqIY~ Ckd.-- Rev.______

3P I

.PZ: 24550 (ct)

From For'ula (I,

= =, 2 + C.'

S= 24550 (cfi)

P E R C H ( 6 CALC:ULATIONS
h = 11i '. t )

From Formula APII:,
Test f1oo,-d dis,:har.e-
t= 0 (cis) A = 1847 (ft)

= 3.81 (des. 'Resdual AreS
S 04
r, = .2 = A - At
L = 5 i ":t)

R2 1847 )

Fron Fornmula (I).. V2 = 82 :* L 0

Frefailure hei-ht, V2 = 64671:8 (cu,-ft)

hi : (ft"

= ( L= V + V..2 :' 2
F r:m Fo rru 1 a C II)

Al = 0 ( . ft.) Va, = 674288 (cub-ft)

PP2 : OF I :: ( 1 - Va'v..- V

Fron, F rm,.1a Q ), Q 2  : 24661 (cfs)

Total Hei.ht.
h 11-5 (1 f t: F rom Fo rmu ( a * I),

'r:n' Formula ,:DII), Q , .2 + Ot
Total R rea.,-

A 2005 (s:.-ft), h2 11.1 0ft)

Pesiduel rea.,
A2 = A - A1 RESU;LTS

82 = 2005 ('-f -)

P-e'--idual V,-,lume.. 1. Prefailure Hei.ht = (ft.

'Vi L * R2 2 ) Postfailure Hwi.Ft 11.1
0= 701857 (cub-ft) W)

._ -
3 . ' Breach Di.charse =246.

D-17
4. ,Reach Lons.h = ,5C1 , ,



* CietA~(V~t AEt~JbN. i.If Sheet/ of 3

SUbjectfN tLMz _ a,. --. ogLBy o,-, O-o- '47
Fj17 IqLI-" / 4 V4,, v, I 'g Ckd._ _ Rev. _ _

= 22305 (c,+)

From Formula (I)..

Q=r4P2+:t

= 22305 c fs'

P E R C: H , 7 ;, CALCULATIONS h 10 r tt

From Form.la ,: Ill,

A = 1713 (ft)

C = 0 C,-fs., Residual Area,

a = 3.81 ,.de?.) P2 = A - Al
S .04
n= 07 A2 = 1719 'ft)
L = 350 (i:,

V2 = A2 * L

Frou, Formula (I) V2 = 601,82 9 cu:-ft) 

Prefailure height.,
V av = V1 * 1 -.. / 2

h = 0 ," t"
Va. ?= 6 25371 (,:ub- it.

Prom Formul..I (Ic
I S

Al = 0i ,'.s.)P f 0p2 = p i , 1 - va."

OF2 = 22390 (,tf ,)-
0 = C'Fl+ 0t .

F ron, F:., r rn u 1 a.I From Fornmul.a ,I)..
Total Hei..ht.,
h = 101. 1 i+t Q = '2 + Cit

F r ro F -r ria (I I h2 = 10.7 "f t "*
Total Arei.,
A = 1:':54 ( .- t)

P E '-: U LT .- :• I
pesid,.j.l Are ,, P---LIT -
Ri2 = A - Al

,A:2 = 1 5 4  , - t.
1 . ' Prefai lure Hei.ht = " i ft

Pezsidual U,:,lunfe, 2." Postfailure Hei..ht 1-,,

Vt = L t A2
3 . E' rie a h Di =ch. r e = -.

VI = 4:3 1. ,cub,-t tc

D-18 4. P ea':h Le,-?th = 350
0



FA/ A IN]

CI=LIIOIt OF I3N / Job No.),,.f$beet Lof
subect4 PNE o~1~i__________ ats k
( _ , C, 0.t

' = , 04c1C &t , I - .' ',"

F ror, F ,-or ru 1 I 

0 = C..p 2 +

= 204 C, t :F

P E R C H , 8 ) CALCULATI CN'" h = 1C , f t

F ron, F,:,r mu1.B I

Test flo,-d dischar-e: A 1 08 8. t
=: 0 <cfs)

Reffi dLJ.l ir-ea,
a = .3.81 (des_.) Reiul •~

- A 2 A - A 1
n= .07
L = 350 (ftA ": = +e08 (tt

j From F.'rrmula (I'. V2 = P2 * LS
V2 = 562et-? ,(cuL,- f t

Prefailure hei. - tV

hl = 0 ( ft:, V . = a v VI + ',i2 ) / 2

F rom Forr,,ula (II Vv = 583210 c'b- t "

Ai 0 (s.-:t.ft
Q = F I .: 1 -0 . ..

0 = I., += 04 Q72 2'4)

Fr-o m F- rrru a I
Total Hei..ht., F ro'r For'ru 1 =I ,:I .. 5

h = 1l'.7 (ft)
Q = 0F2 + 1.1t

F r,,:,r,, F ': r u 1 u I I
Total Areh2 10.3 :t)
A = 1724 h s 1-t.

.esidu l -re_.., PESULTS
A2 A A - RI
92 = 1724 ,"-ft)-

1 .) P'ref a i 1.1r H i Th t = *' t
P'.e Si i B 1 : r,, e,

2." Potfaili1re Heih-.0h t
1 = L 1: t Cf ,

-= r05 .: e. -t, B r'. h Di 7,:hsr. = C4-,7
Ct s

D-19
4 ) Reach Len.th = 35, 1 t,



SOF J'SN /M[Fk2CJob No. J3L z1 Sheet l olL
Chn ~ S OF 2- S,2 I ,EE9 -

r SubjectK uyQ TTOV4 Dte 

__ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ _______ Retv.

.. = 18767 (Cf' )

ff From Fo rmul 1 a (I..

0 '.P F, 2 + 'P t

0 = 18767 (::cfr

S

P E A C H K 9 ) CALCULATIONS h = 10 ,'ft)

From F rmula (II.
Te.s - 41 !o ,- d is . c ha. r-..=ReTt C f Io ) A = 1510 (it'

(= 3.81 ,.'.) Residual Area,

S = .040 07 82 = A - Al

L = 350 , A2' = 1510 ('ft)

i From Forrmul a (1, V2 = Z2 * L

Prefai lure heiht, V2 = 23710 c'.j ft

h1 = 0 (ft' I l = K VI + '- ) / 2"

Frent F rmul 1 ' 1,' r = 546480 cub- ft

All = 0 _-1-'s 1 q-t. s:,
QP2 = P 4, : ,, I - Vav.= .. <' :

' .Pl + Q1 (

Fron F,:,rnm u la (I+.,
To t a 1 He i .h t .,h lTio. <+ t). F rem Fe ru 1 a u I",

F ro n F o n r r, u I 0. = P2 -

Total Area,
A = 1612 ,'.-.-f h2 = 10 .t

Pe~idtujal Area..
ie = A - Al PESI.1LTS I

* A' = 1612 (sn-fl)

Resid:Jual 'olLne. 1) Pre.ai lure Heia, = 0 +,

V = L A 2 2 t P'atfai]Ure Heisht 10C
.=20 f "

VJI = 564250 (c'ab-t t ) 7"E e~hD sh a 32

4 ", e ah Len',ath = 3.3:0 Ut*

........................................



Cien~ lte -FIN/iF-6_ Job No.g Sheet

Subject By T, rTO2V 4 - -0t 2L2L6i
J-" /L I !:" I iF] g _,. __ _Ckd. - - - Rev._ _

C.', p 2-!"

I? P 2 58 " :-Z,: c t*:
F ro m F r: rfiu 1 a,

1) = 1) .,2. +-t
tS

P E At C H (10 )CALCLLFI I NS 7 I

F ron, Fi rr, 1 E I

Telt 1:c dh.r-e A 2 -7 C18 -.

Residual Are~..
= 1.15 'de

C 1 R2 = Ft - A1

L = 5k , t.:, A2 = 270 - ,f t

U2= A2 4: L S

F r, F o r r u 1 I)
V2 = 94809¢ : .- t t "

Fret i 1'ure hei.?ht ,--

= . ,. " .,- = ," . 1 + ' ' 2

Fror, F . rru l.B ,I V .'.. = 1017 Z , 16 :ub- t t

1 = 0 -.
0 = CF- : : 1 - Va ,. ',

"= .F1 4- :t .F . = 16011 "j7 'C

r,:r Fo r u I . .
To' o 1 Hei-ght , Fron, F, rm 1 1 I::.,
-, = 7 :.;, . + :

+~ ID-" F :' + I,

Fr cn, F rriiu I I u
T o 1 r-re , h = 7 4 ,+t.:

R : 0:-: ,:-:t-t

P. I-xdu E Pl - RE:;',_1LT;
H - 1

1 .> 'Fre+.=,i lure Hej~eF't = C

2 . F',E tfai]ure Height = , 4
'.1 ,L R." u '"

'"1 = it0 ... 4a :'i-t - . ~ c -I~:hr. =•'

D-21
4 Fe.,.h Length = 3 tO ,

. . 1



CIhent-V 5EJ~ OF eJV,611VLF9 Job No.&QS..&~ -f. sheet a2 O-3

Sbjec ME._P1P L LVjI T-. OTOV' 4 Date

I" ____~- q1V4 -Y / Ckd. Rev.

IP2 = 4p 1 * 1 - VI

QP2 = 13756 (- ',

From Formula (I) ,

Q= UF 2 + Q-

C, = 13756 (cts..-

P F A C H 11 ) CALCULATION:S'
h = 6 (it)

From F,-,rmula (II),
Test ilood di.:-:rhar-e:
Q= t ) 0, ,C S) A = 2433 ft)

a = 1 .15 (A-. Residual Area., a

n= A2 = A - Al
L 350 (ft,

A2 = 2438 (ft:

P r" r, F o rrum. 1 a ,I V2 A2 :* L

Prefailure hei,.ht, V2 = 853308 bcub- tx

= ( VI + V 2 ) / 2
F romrr, Fo rr,u i . I I ;, , u

Va' = 908_--20 ,ub-+t)

2 = Q'F 1 .: : 1 - V V-. .

C! = :FI + Cit
QF2 = 13 ,-- (87.)

Fro, m Fo rr,,ula ,*I):,' •
Total Hei .t,
h = 7.4 ,:+t: F ror', Fo rr u1a II.,

Fr,:n Fornul. i,, u 'A a + C)t
T c IB Area..,
A = "7 3-._ : ' * s: I -it h2 = " tt

F '-=s i : 1u a 1 Ar s.-,
R2 = A - Rl PRESI ILTS:

.2 = 2732 ,5 '-ft) .

Fe_--idual ': 1 ume, 1. Pretailure- Hei.ht = ,

'V1 = L *: AZ . > Psttailu Jre Hei. ?ht = " , t

'1 = 9562E1 (cuE-ft; P Ereach Dischare = 1-::7"D-22 ,f .')

4 R Reach Leri.t = 350 ,' 0



OF .V26 ,1IAb. S et

Subject,-_ _J/_NHIE'15 &cI____ , By T OTo t/.r Date j)-6 #-6
Iz-lq L~j_- 4/Yl A~ x CUd. - e.-

Q = QF'1 : C 1 -I. " ,

=P 12122 fcfs)

From F:,rrmula (I

= Q p2 + I0 1

= 12122 ( f--)

P E A C H ( 12 ) CALCULATIONS a
h = ' ,ft)

From Formula (II),

Ot = 0 'CtS. A = 221- Ut)

.a = 1 . 15 'e. .: Residual Area
$ .133
n= 07 A2 = A - Al
L = 50 Ut)

R2 = 2217 (it)

* From Formula V? = * L

Prefailure height, V2 = 776160 (cub--)

hl = 0 U::t: "'

Va': = ( VI . '.,"2 2' 2
F r.,n, F,:, r;u 1 . "I)F UawFm = 817588 (,cub-ft :
A1 = 0 (s . ft.)

C'P2 = UF 1 a* Vg~/I0 = C F1 + - !t

0.r- 2 1-207 ,cs:'
Frorm Forrui.,a (:,.*.
Tota1 Hei.:ht.,
h = 7 (f<.' From Fornula -'I)..

F r,:,, Fo rri.u 1 a 0 II.. = --' + r!t
Tota=l r -, ,

A 2454. h2 = 6.6 ft)

Pe-iduaL Area.,
A2 = A - i RESULTS
R 2 = 2454 ,'i---t t -,

PeS.iduBl '': -lume, 1 ) PrefailureHei.=Pt = c t)

U = L .: A2 2.' Pcstfailure Heiht E.

''1 = 8590 1 cu -ft) b--.f
P Pre.a c h , :hr 1I2"

4 ' Peach Length 3 50



*]

O =P 10,304 &Ci;'

_ ]

From Fcormua .1),

0.= 2 0 t

0 : 10304 f:Ufs. '

P E A C H 13 ) CALCULATIO'3 S
h = 6 (it)

Test flood discharge; From Formula
Ot 0 Cfs. A 2034 (ft)

a 1 3. 1 (de..=. Residu.al Area,
n 0R2 = P - t

L = 350 f t::,

R2 = 2034 'it:

M - Fr:,m Formula P V 2 = A2 * L

Prefailure height, V2 = 711976 ,cub--t;,-

hi1 = 0i r: ft ; 1

Vav9 = ( V1 + V2 : .. ' 2
F FmI

A l = 04 ,cu. ft ) .. ,'9 = ,46 9 ' cu - ft '-

0 = OP + Ot i p C = = k c I - i Va /

Q := 1CIS,6 5 (c f.
From Formula. 1.. (I ,
Total Hei..Pht.,
* = b,. ,' t, From F,',rmul . Q ,I).,

From Fo.-rmula .. Qt: OF2 + 0,tTotal Area..

A .9 ft. h2 = 6.4 (it'

Rezid'aal Ae
A2 = 9 -1 RE"ULT-
A2 = 22 - s-'.k -f t) -

Pe.=idual Volume., 1. . Pref.ai iure Height = t .,

1 L * A 2. ) Post failure e'ight = 6 4
U I = -,,'.]o."ft)

Vl ,' .02- (cub-4t) '-t)

D-24 7 Sre.ch ri:har-e = ch:: 
-

4. Peach Lerth = 350 +

* - - A~t....... * - . , . .- . .,-- ,.



Cien.LA-009 OF iSlIPkC~Job o 8Ig:2f Sheet 2iof 3
Subect .K4 MENSee1-V-f]M-. B *,fOTOL4 Date, 042k-2

z S_7,,.%-1_9 Cd. Rev._ ot. -

iP "P I-O .

0p2 = Q FI k ( 1 - Vj .l / J. . -,

' 9.21 fi'-

F rom Forula I.,

Q.:QP2+O t

0 = 9721 1",fs

P E A C H 14 CFiLCULATION:= - h = 6 (tt)

From Forml1.a ( II.).
Test flood dishar.A1-
t = 0 (,C-i'. 1879

a 1.15 (de..?. Residual Area..
S = 0133
r .07 A2 = A - Al
L 35 f i~Te

A2 = 1879 (ft.)

From Formula (I)., 2 = A : L

* Prefailure hei.ht., V2 657767 (cub-ft)

hi = f " t"- .
V= ( I + V2 ) 2,-

F ron, Fo rru.:, a (1 , Va,9 = 68638E6 (cub-ft) '

Al = it '. t.)

OP2 = QP1 . ( 1 - Va.
0 = Opt' + :l,... ... O .-" = 976, <c

F r:,m Fo rrul 1 a (I :
Total Heim:,ht.,
h = 6.4 k'.f From Forr,mula ,:'I,

F rm r , , o rm .1 -a ,II , : 0p2 + C! t
Tot-al ;raaa.
R 2 ;-04 2 (_-f- t) h2 = 6.1 (f)

Re.idu.si Area.E
R2 = 94 - .4- RESULTS,;
F42 = 20,42 ,'I--t-)

Residual VoIume, I ) Prefallure H ight = 0 Cf '

V1 = L * A2 2." PostfailUre Heijht = 6.1

it = 715'0_ F (c,,b-f. )
D-25 erezch Dischar.e 976"

4 each Len..h , t 3



CPMAIN)

Cnt-POR 5 -sOF e)VNG 11E79 S Job NM. Os&t;& Sheet ZZL.o.
Subject -4-P ,N., lVtk. ByT__ __V__ oeL1Li2I- VL Dat

* iI=I" Z I 1, -- /Ch.. 1 _'/ Ckd. Rev. __

QF2 = Qp1 *, 1 - '1

OQ2 = 8818 ,ct:s

From Formula (I.,

O:Qp-2+Q t

= 8816 (, "s:,

P E q ' H f 15 . CALCUL17TI'NS h = ( +t*

From Formula (II),,

Test flood dichlr.e A = 1746 (ft)
Q 0 ':CIs Residual area.,

a = 1.15 ,'ie-.
0133 82 = A - Al

L = 350 (it) 7A2 1746 (it).

V2 = A2 * L
Prom, Formula ;,r 1 V2 = 611359 cub-t. --

* Pre+.ailurc- hei.. ht.,

h0 = 1 ,t. = V I + 2 ) 2

From Formul.a 1 .a %e = 635724 ,cub-+to )

= 2 = . ( - V a.

0= 1)I + Qt O=2 8853

F r cr F,:, r 1 u , I r m 
r 1 a

Tot.31 Hei.hl . Fr'o Formula (D,

I-i 6.1(ft0 O Q2 + I??

F rory, F rr,,ulI (I I..5
To'.al rea, h2 = 5.9 ,'.ft.
A = 16.85 (.-tt

Relidu.al Area., PESULLT.
A2 = A - A1 --

A2 = 1885 (;z-. )

1 P ref a 1 1u re Hei .ht = i t '"
Pesi dual V,,ume. 2.) Potfailure Hei-t = 5

VI L : A2 (tt
V = 6600 -8',4 ('cub-ft 7. reach Oi,:har .e =

-)D-26 C1-
4 Pe':h Lenr.th = 350 t



-MAIN) ---

ClintOF b mo. sheet at 2

Subec- By . OTOILr' Data ?- ,_4- '/

/'Z IJ gji- 111M J_4Yx/. -TCkd. -- Rev.

O.,F2 : i:, 1 .* (. 1 : .: -

O = 8057 c s:"

F rorn Fo rM u1a 1 I

0: OF z" + Q.t

0 8053 (c+s

P E 'C ( 16 ) CFILCJLAT"'-_,
h = 5 (tt)

Fron, Formula (II ,

Qt = 0 .:-= P 1631 (it)

a -- - 1 -P.- .e, .•a l Area..
*S -4'A' .

n Al-7A = ., - R

A2 = 1631 (*t) p

- r ula . V2 = A2 :: L

1 _..re heigh . V2 = 571 1 (cub-ti

,r: . a I .5 9 .21 17-4 c ub, -t..
= --.--

= Q 'I * 1 - Vav. .. ..'

o= ,~j+ it
. ' +1 = 8081 k, :fs-*:"

F ro:, For 1 . I) ,

Total Hei-.ht.,
h = 59 ,it) Fr.-,m F:,rmul :a I:

F rom Fo rrnu 1 a (II, O P 2 + Q.)
- Total Area. I

S 1,"51 -+t) h2 .7 t)

.- F2= -a RE:l Area,

A2 1751 E-t-

P 3 iduI1 Volume, 1. Prefailure H ight = 0 "t t

1 = L.A2 2.) Poztfailure Hei-ht = 7 .

- = 6131:':0 rcub- t).".ar
D-27 " E:reath Di_-,h r.e = :i ' "

4. ) Pe ch Len..?th = 350 , t * .

I . . . . . . • ... .. ... '. .. .. . ... . .i . 2:... . -, .'. . - ,



Subject N. W NzA t A-vZidyl - : , .. O12ILJ2. Data- '/1

- ____41____9____ Cd.____ Rev.______

QP LJFi I

P2= 7399 (,!

From Forrula ().

O=QP2+ O.!t

0= 7399 (,ts)

h = 5 (t)
R E i C H ( 17 ) CALCULATIOHS

--- From Formula (II:,

= 1531 0ft)
Test, 4l,:od roiwharse

Ot = R (cf: Pesidual Area,

= 15 (des. " 82 = A - Al

0 7 R2 = 1531 0t:

L 350 ft :,

V2 = R2 :*, L

Fr'on Formuila (M1, '2 = 536015 (&ub-ft)

Preial lure height
haw = ( V1 + V2 ) / 2
Vavs = 554320 ,,tb-ft:

U F ro m cF rru 1 (. <I I .? ,

P1 = i ,: A.ft Q jP2 : Qp "$: , 1 - Va, .

QP2 = 7421 ,::,:t)..

. = OP1 + ot

Fr,rm Formula ( : From F:,rmula ( I .,
Total Height.,
h = 5.7 Qt) Q.' Q = QP2 + Q1

Fro, Forrula KI., h2 : 5.5 :ft)

Total irea.
R = 1636 s .: -ft)

RESULTS
Residual Are.,.

r A2AAl
R2 1636 _(s-ft)

1. ) Prefailure Height = 0 (it )

Residual V,:olure., 2.) Fo.tfailure Height = .5

V1 L :* A2
'J]= L :C'( 2 "2 : 7 ereah ischar.e = 7421

v U1 = 572,624 (cub-40 C-2 s " -

4 Reach Lan.th = 350 ,

• : : . . , . . .. . . .- - --



C~.i! OF ejvN i C2 Job N.J.,3f2 She.a5oI.

Sbject .... NNsJ_"E u1. By ThP/ o,4 011_2 -
-- ' I IF IqIY- ,gY, /./, Ckd._ Now.-

= P.F1 I . -VI

Q Ip2 = 6834 (c+s) S

From Formula (I),

0=0QP2-601

= 6834 (,:fi)

h = 5 (t)

P E A C H ( 18 ) CALCULT I ONE;
From Formula ,:II

A = 1442 Utx)
Tes.t flood dischar-e: 

1

0= t 0 (cf, Rezidual Area,

a = 1 . 15 (dee.. A2 = A - Al
S = .0133
n = .07 P2 = 1442 (ft:'
L = 350 (it)

~V2 = A2 * L.

P r:,n F,:,rmul I'), V2 = 505001 (cu ,- .

Prefailure hei..aht,

hl = + ,t. ( V2 + V , 2

Was- 521100 ,,-u,-+-t)From F,:, 'mula (II) ,

Al = 0 S. . ift.) Q P2 = QF 1 - Vav. '

0 = OQ1 + Ot OP2 6852 (:fs)

F ro ro F ru a Io ru 1
Total Height, From Formula I
h 5 5 (ft.., = P2 + .

F r o n'r , F -r r ,u 1 a ,:' I )
* Total Hre.., h2 = 5.3 :ft)

Ag = 154 (.-tt:,

P. ridual Area., PESUL.T-;
A2 = ---l-

A2 1534 (A-,t)

1 ) Prefailure Hei.ht = 0 +Res i dual ,, 1 uni,
2.) Postiailure Height = 5.

Vl = L A A2 'it)

' U1j = 53T19'$ (C~t,-ft I)-29 3...:, Breac:h Oi-chara ..- = G'5
94.) .each Lensch a r e

4. )Peach Len,?th = 3 5 0 o4,



cu.. (2f~S OF elVS LC Sit Job No. 1&.3~iSheet -Z-6of .K

S Ib-ect4K&NNL YII2/A_ - 23JM iT D/ C4 a.t2
RI:-IqzIj _Q F -qIA Chi_____ Rev.____

= -Fi :*. ( - '2 Q .:,

QP2 = 6341 (cis>

B Sa - From Formula (DI).

a = P2+ 0 t

0 = 6341 c+.::.

h = 5 (ft) 0
P E A C H 19 ) :LCULATIONS

- From Fornula ( I I :.•

A = 1364 ,ft)
Test tlood discharge:
!t 0 <':f s) Residual Area,

a = 1.15 (de..I.) 82 = A - Al
S = 0133
n= .07 A2 = 1364 (f4t
L = 350 (ft)

V2 = A2 * L

F rom F:,rmula (I), V2 = 477430 (cub-f t)

Pref.failure height, ,
Vv = ,: V I + U2 /2

hl = 0 (ft",
Va.= 49170.3 (Cub-f t ;, S

Al = ,'. ft.) QP2 = QP1 I ( 1 - Vavq

QP2 = 6355 (cs '
0 = 01 + Cit

F ro m Fo rr,'.4I1 a I), From F:, rmu la (II)
Total Hei.ht
h = 5.3 (. t) Q = . 2 + L'!t

From Formiul..a (II), h2 = 5.2 (ft)
Total Area
A = 1 4 4 5 f t.-f t , E

Residual Area!., .-
A2 = A- A
82 = 1445 ('s-ft >

I ) Pretai lure Hei. ?F-,t = t

Pe_-idual Volume, 2 ) Post failure Hejgh -

(f
I : L 1: A2

., Prea,:h Disc'h.ar.e = 7-55
VI = 505976 (cub-ft) D-30 "-..

D-304 P each Leng.F, 5 , t



SI - aa i . . . .

ClientAzl 1k) - C~ -Jr6 /Eitob No. )i3&2Sheet 2 ,'ot 33
Subject_v yP~ EJL VM ,, T. VT4Lr Dt. t1-W1

1 II f f ,- 1//y ', ys Ckd. elv.

p 2 = i I *

QP2 = 54:-: +:ts.:

From Formul. (1)

O=Q 2+Q-

11; = 5908 S .:t'

P E A C H 20 C .LCILATIuN I
h = 5. 'ift.,

F rom F'ormula 'IITes f Iood ,dJi--_.,ha r.
9 = 0 (c i..', A = 1293 ( ft:.

= 1.15 deg.) Residual Area, -
C = 0133
r,= 07 A2 = A - Al

= 350 c f t:,
R2 = 12_3 S '4t3

r,:,r, F:,rriu1 (I).o r u2 = A2 * L

Prefailure height, V2 = 452754 (:uL-ft."

hi = 0 : , '' ;

F r on, F: r ru 1 a ,: ( I= V , 2

= 0 Va... = 46549: ' (c- ft)

1 = 0. F. ='a 1 t .P QP )V v

QP2 = 592 * ( 1 -fUcf...

Prom Forr,,l.a ,.1. ), 0 0 '; f.:

h : 5 +2 f'f t From F:,rn,.l.a (,I),

cr-,, Fc, riiu1. " I I). = u .Ia + IOt
Tc., .! Area.,
A = I36t~ 2 (5t) f = t'.

Pe- iJ.a A res ..
2 A - HI RiE ULT

A2 = 1366 (isq-t--

Pe.Fidual V:,lune. 1.' Prefailure Hei'.ht = . t

)I = L * A2 2.) Po-'t:a'ur e Hei..-ht = 1 ft) .

U1 476243 (c,.L-40t) 3.) Et'e. ch D = 5: _-

D-31
4. .) Pe.3ch L e ngth = -.,

..... :: - .. .. .' " " -' " " . ..i " " : ' ' ' = ' " i" " - :'- " ""-S



cii..tL!(LAZIS OF-N iFJob No.JStIJ2 f2 Sheet 2 Wof _32

_..Ed _____U__-__, 41M 4 y_/ Ckd. Rev.

;,p:2 :F -

QP2 = 5525 kc+-)

5 From Form,.la ,

O=QP2+ 1 t

0 = 5525 ,

P E R C H 21 CLCULATIONS h 4 (tO)

From Forraula. II:,

Test flood dischar-e A = 1230 (ft)
Q= 0 (,-fs Residual Area, 0
.a I . 15 ,:','Je- :S = 1 3 3. 92 = A - A1

L =350 ft.) A2 = 1230 (ft'

5 '.J2 = A2 * L
1 " V2 = 430537 (: ub- ft

Preiailur-e hei.h

hl 0 ' f t Vavi- = V'41 + Q~2 *

UI From Forru 1 I a. ., = 441 9866 'Ci--f t 0

Al9 = 0, ,: .=. /t . :, Q 1 t - ,,T ..,
- ~~~~QP2 = T.PI TL.I k/av. .. . .

0= Qpl + I-t QP2 = 5.534 (c f:,

F r o: m F co r r, , u .1 B : I F rom F o m l ( '.Total :e:h , From Fomu1.: (I ,

5 t . = 0 ..P2 + 0!t

Prori Formiula 'II,.Total re. 1 h2 4 9 "

- A= 1295 ,js-ft..

Residdua.1 Area., RE U L T' :
" R82 = A - RII

' A2 = 1295 (s.-it )

1 Preiai lure Heiqht = , ,
Pes idu.-1 Volume.

2 2 ' Post tailure Heht = 4.
VI = L A2
v1 = 43440 ,-t 3 . Bre:ach Dis.,h.ar:e 5 534

D-32 f

4. " Pe.ich Let)..? t = 35 (.1 +t

:::-: -: :.: ::; ::::;_-k -i: . .: , ,, " ' : :: . • ' , - . :- " ":: :: -: . • "



CtAI F tzvI M C Job N sheet

Subject -11, i: Z^ iLTJ-O22L Doe 2 2Yz

r ~ IZ ____________________________________ Ckd. __________Rev. ________

=P 505J KCj+.:

N F r o F ,:, r r,,u 1 .- ,::I ..,., S

.= Q, 2 + g! t

• ,183 51,

E R C H ( 22 : CALCLILATIELNS h = 4 (f )

From F,:,rrula <II.

Test flood discharge. = 11"2 ,ft>
pt = 0 (:cis:
.a = 1.15 de..) Residual te.,

S = .0173SS R2 = A - R1

L = 35 (ft)
R2 = 1172 Kit)

SFr:r, F: rmua I . , ,!V2 = A2 * L

rref ilure h, i-h, V2 = 41042 c ,ub-ft ,

hi . i (f
Navs = + U2.' 2

F ror, Fo rr'u I ' ! .= 42r773 ,cu:b- "

Ai = ,.?. f t ,
QP2 =. p I}1 :f - Wave. ,, . 1

0 = ! + ,2 = 5152 ,c:: ,.

F rrm F:,rmu 1 ( I )..

. l 1 He i.hit F rom F: rmu 1 ,:'
-. 4 .'9 ,lift ,:

F1A= QP2 + 01

Tot. Area., "2 = 4:3 ( t)

A = 12.5 (s -+t)

Reidu.l Are , RESULTS
A2 = - R-
A2 = 1231 <(,-ft)

1 .) Prefailure Hei..sht = t.
Re-sidu.al olume.,

= L .: 8i2 2.) Poztfailure Height = 4.:
( f t)

• " i1 = 4311i2C1Z' (,.ub-f t3) .) Breach Disczh:r.e = 5152
"D-3 (,-is) -

4 P"eah Length 3

__

:,. < .:.. ., _- . _: . . . .



OF ZEN .1 .Job 110.01,5' t S.eet3 of&

Subject N,1 OV4 Ot,
U' __ __ ___ __ __ __ ___ __ __ ___ __ __ __Ckd._ ____ Rev._____

QP2 = .! I : . - 1 ...

O2 = 4k3 2 ?" fs

From Form'.a (I).

0=0p'2+O t

= 4829 (,-fs)

' E .i C: H , 23 H-. LCULAT IONS
- h = 4 (ft

From Forfimu la I' II .
Te._=t jl ,-,: I s ch a r.je

= f s . = 12'1: t

= g ,:'e . . Res-idu.a I re..,

07 A2 = A - RI
S= 350 ,f t,

A2 = 1281 (f t:

- rm Fo rriu . (' I).. d-, A * L

Slure ht-eight., V2 = 448571 (cub-t)

l. = 0 ,;f : '=
t) .9 = " + 1.' . " *

o ro, F,: rrm u 'II , Vav-: = 4E1066 (,-ub-t t
1l = ' ,:..~ f t.)

O 2 = CIFI .: 1 - ' . '.)
¢.' = ' '1 + '}t

OP2 = 4,S3_, ,c s
F r ) nj F I. r rs..- . I •
T o I it I HIE i t-:"I

4 . - . " t F r :m F.: r riA (I?.,

F r, F !,JI 5 I I. I.' = F Z - t

Z = 353 ' - = 4 *,ft)

Re id 4 Fires..
F1 2 = F - Al PESI.iL T:.
A?' = !753 (;s-t '

Pe E i d u .i o 1 u rFe I P ref . i 1 u. re H e ih t = f t

U= L I. F12 2 "PeOt ai lure Height 4 7
(ft

VI = 4,3561 &u.b-f t)
P ~reac:h Cli ichE~- 7, .:1

D-34 .s..

4 "Peach Length = 350 1,t



Ctient geS OF JoNIM,-Z. Jab No.J -& sheeL of .3

Subject __ !N tYzEJ Z 9AByT

C I I II--P- al4y Sg Cd._____ Rev._____

2 - 1 1, 1

0 = 4512 +-s

F ror.i F,.t-ui I)

C) = 4519 ,- + z,

h = 4 (ft

F _ F C H ( 2.42'd , C OI L C L A T I O NSr l4.;

Fron F,:rrnu. a II

A: = 1213 Zt.

+- co d ri ha r.,
.-. : Resicdu. Ares.

A= 1 , 2 = A - Al

-= A2 = 1219 fAt>

V2 = A2 .t L

I -- Fc rri. I .. V2 = 42 675? ,uL- t 4

I ,.. = ( V1 + Q2 ,

F I V VB,, = 437? :: , iu -+ t,

1 = Ci i - * ' = C.-.FI . . 1 - ,' v . ..

O2= 4_, 2 :: ,
C = Q -,- A--

" :ri Fc -;_i.- . F r- r, F,: r r,, i f ,
= 4 -7 ' f t 1.. C) = I ip + I' t

~r,,r,, F,: ..-- .1 1-1- h2 = 4.' ( t.
Tr

=~ ~~ ~ 1211. +. C.I tt
F 1

F'. E '., L T.-

I = -A 1
A 12

Pr e :'je 1 1 1,_rei He -r - , + + +

F'- i i'l ''-,fune, 2 Fo~tf~ji', r.. H~i~h' = 4
( f , ;

3 5E:r ,:- - :
,, 42 (cuL-ft) ( zct hLD-35 4 ", F.cf-, L~ ,. r = j-_ . .



Cint A Wh s., Job No.I Sheet.2 o

Subje c-4 Cv-L- By T-. V Ot, 2- 0/- 0.

FjI-,/j- K-/'2Ygi, - Cd. Re._______

F v = Q', 4 1 - U!

QF2 = 42 (Ocfw>

F rom' Fo rmula (I ),

= 4242 *Qcts:

h= 4 (ft 0
P E A C H 25 ) CALCIUtLATIONS

From F:r'mul.a ,:' :.

A = 1162 <t
Ta,- " floo: ,,d disi , - rse. :

,.-'i..* = 0 .-f->Residu.al Are.a

= ( de.. A2 = A - Al

= 0i7 R2 = 1162 (it)
L = 35 1)

V2 = A2 * L

"-om F:rmula I I ) V V2 = 406996 (cob-f+r)

Pr a+ ilre he iht,
Vav- = ( Q 1 + 'V2 2

F r.,r,. = 417161 (cub- tt.
i Fro:m Formu,.la,: :.

'- = , ?- i t. QF P1 : ',q1 - ,*....j

.P2 = 4249 (,ts)
"? = + O't

From:,- :ru QV From Formula Q?.

h 4 6 t', Q Qi'12 + Qi-

rofm Forml.a.. I "ID, h2 = 4.5
O va A.1 trea.,

R = 1220 ,'. -+t '
RESUILTS;

F ' a s i d u a l A r e a , --. -- -
P2 =q - Al
A2 = 1220 ('-t;)

I ) Pref.ailure H-i h, = i t )

Fesidual ,', Volum e , 2 ) Fo tf.ilure Height = 4 5

* = L : A 2

30 B reach =-h. r ,24?
V 427326 (cub-4 0

D-36 .,4. F -=,,h L.e.,eth' = -:. . .

S...;. .



IMA~.~QpS QF- I4zSN1iE9S2 iob NaJStzd Set 3 3

Subject 4Vw2Nm AM *TuL V4 Oate

K 72MYs - Ckd. Ret.

l' OQ=QP2+Q t

0 3= -9 4 'c + I::

h = 4 'i : ( 1 - i

E C 2E CALCULRTION'OS From F,,rrzu1a (II .. ,

- 'A = 1111 (it)

Te-t s iod dichar..ev Residual Area,
,t= U; (,:t;)

12 = A - R

- = .01 12 = 111 (ft)
r= .07

V2 = ,' :: L

5 r'r,,' ru1. 2 = 3? 901E4. (cub-':i' t "

='r'et.3 1u re hle- i h t .. V1 ,,, .= K 'Si + U: l, , 2

lr F,-, rm ' u 1 .. .

Al = i <.2 t C!l

9= 400 0 (ctr.
= 2 + ;DC

F r i F c. r Ur 1 "Ia I
'- cm F ,r u1 ,.i .: 1

1l He ighw P 2 U + Sh "= 4.5 ,Att '

h2 = 4.4 ,>t,

F -r r , r . 1 E I TS
A= 1164 ,;g.-+ t.., RES=ULTS5

Perl-1,-4~ Ar S
A42 = ,a - at
A2 = 1164 (S -t:t 1 , F'r- -ai lur e Hei..rt : ( t

2 ' Pc,=t tailure Heint 4 4 "rFPe si d u. i ''c iu r,,e -_,(

VJ I L 'I A2 3 E. B o , h D i 7r,- r . = 0

V 1 4= C 4747 <cL t
4 ) F:e ,ch Le,-.h = 35 , '.t t

D-37

S
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