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SECTION 1
INTRODUCTION

11 PREFACE

The assessment of the general condition of the dams reported herein was based upon available
data and visual inspections. Detailed investigations and analyses involving topographic
mapping, subsurface investigations, testing and detailed computational evaluations were

beyond the scope of this report unless reported otherwise.

It is critical to note that the condition of the dams depends on numerous and constantly
changing internal and external conditions and is evolutionary in nature. It would be incorrect to
assume that the reported 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.

1.2 BACKGROUND AND PURPOSE

The purpose of this investigation was to inspect and evaluate the present condition of the dams
and appurtenant structures to provide information that will assist in both prioritizing dam

repair needs and planning/conducting maintenance and operation.

The investigation was divided into three parts: 1) obtain and review available reports,
investigations, and data previously submitted to the owner pertaining to the dams and
appurtenant structures; 2) perform a visual inspection of the sites; and 3) prepare and submit a
report presenting the evaluation of the structures, including recommendations and remedial

actions.
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The discussion has been focused on the desire to understand the risks associated with failure of
these two dams. As a part of this effort, we have conducted an assessment into the stability of
the Lower Dam. As anticipated, this effort required development of assumptions regarding how
the structure is founded (as it does not appear that design drawings for the structure are
available) and dewatering the structure to allow for full observation of the structures interface

with native conditions was not possible.

Our effort has included a review of past evaluations relative to the hydraulic characteristics of
both dams and spillways, and development of new commentary pertinent to the goals of this

assessment effort.

13 UPPER LITTLE RIVER DAM

The Upper Little River Dam is a 30-foot high, 216-foot long concrete gravity dam. It has
historically impounded a reservoir with a surface area of approximately 48 acres and a capacity
of about 850 acre-feet. The spillway section of the dam approximately 114 feet in length with a
vertical upstream face and slightly battered downstream face. It has been assigned Number

5091 by the Maine Dam Safety office.

A number of inspections conducted since 1979 have identified seepage, scaling, spalling, and
surface cracks on the Upper Dam face. A long horizontal crack approximately three feet below
the spillway crest apparently is the result of a cold joint between the original concrete dam
structure and three feet of additional concrete placed after the 1954 Hurricane Edna flood
destroyed the spillway flashboards. The flashboards were not replaced. The top and
downstream surfaces of the dam were repaired with sprayed on concrete (called gunite or
shotcrete) in 1991. The deterioration currently visible on the face of the dam is typical for this

type of application under the relatively harsh climatic conditions to which it is exposed.
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Small trees exist adjacent to the dam abutments and downstream from the dam on both banks
of the river. Root growth from trees can compromise the dam foundation, and vegetation can

impede water flow in the river during high water events.

Discharge from the dam is controlled by three valves that allow water to enter the control
tower and two valves that allow water to exit the control tower through the dam into the Little
River. All three of the inlet valves and one of the outlet valves are reportedly operable. There
is also an 18-inch drain located in the north abutment (approximately 14.7 feet lower than the
spillway and north of the control tower). We were unable to determine the current operational

state of this drain.

The top of a 24-inch diameter pipe exists at the downstream toe of the dam. We were unable
to discern any gating or valving associated with it, and prior assessments include speculation

that it was placed to divert water through the dam structure during the original construction.

Previous efforts included evaluations of the stability and hydraulic capacity of the Upper Dam.
The Upper Dam has been inspected a number of times since issuance of the Corps of Engineers
report in 1979. There have been persistent questions about its stability which remain as yet

unresolved.

14 LOWER LITTLE RIVER DAM

The Lower Little River Dam is a 30-foot high, 126-foot long concrete and masonry dam. It has
historically impounded a reservoir with a surface area of approximately 37 acres and a capacity
of about 600 acre-feet. The spillway section of the dam is an ogee of approximately 91 feet in
length with an apron that discharges over a vertical drystone masonry retaining wall. It has

been assigned Number 5090 by the Maine Dam Safety office.
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Previous inspections, made in 1979 and 1996, indicated the dam was in fair condition.
Significant work was undertaken in 1988 to address erosion issues along the south bank of the
channel below the dam spillway. Further work was done by the District in 1989 to address
erosion issues along the north bank below the dam. Repairs to the concrete surfaces of the

dam were completed in 1991.

The gating mechanism for regulating discharge and controlling water level in the reservoir is
currently non-functional. This limits the District’s ability to lower the level of water behind the

dam should it be necessary. Public access to the dam structure is largely uncontrolled.

It was determined that the stability of the Lower Dam should be reviewed in the context of this
assessment effort. Section 3 of this report includes discussion regarding the results of the

stability analysis.
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SECTION 2
UPPER LITTLE RIVER DAM

2.1 Visual Inspection

Upper Little River Dam was inspected on March 15, 2018 and April 10, 2018. At the time of the
April inspection, the temperature was near 35° F with partly sunny with a light wind.
Photographs to document the current conditions of the dam were taken during both
inspections and are included in Appendix C. The level of the impoundment was estimated to be
approximately 1-3” inches above the top of spillway/weir crest on both dates.  Underwater

areas were not inspected.

2.1.1 General Findings
In general, the Upper Little River Dam was found to be in POOR condition with deteriorated
concrete. See below for a discussion regarding the factors of safety against sliding and

overturning.

2.1.2 Dam
. Abutments

Both abutments appear to be deteriorated and in poor condition.

o Upstream Face - Spillway
The upstream concrete face is believed to be vertical and is cast in place concrete. We were

unable to observe the face of the wall as it was underwater.

U Downstream Face - Spillway
The downstream concrete face is offset from the vertical at approximately 1:12. There appear
to be significant areas of spalled and cracked concrete. We were limited in our ability to see

clearly this portion of the dam due to flows.
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o Crest
We were limited in our ability to see clearly this portion of the dam due to flows, but anecdotal

reports suggest significant concerns with the condition of the concrete.

. Instrumentation

No instruments were observed at the dam.

. Access Roads and Gates

Both ends of the dam are secured, to some extent, with chain link fencing.

. Drains

No drains were observed during the inspection.

2.1.3 Appurtenant Structures

. Dikes

Not Applicable

. Gates

We were unable to closely observe the gates, but water was discharging from several pipes on

the downstream face of the dam (see photos).

2.1.4 Downstream Area

The left and right channel immediately downstream of the dam is comprised largely of rock and

stone, transitioning to a bridge opening.
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2.1.5 Impoundment Area

No unusual conditions were observed upstream of the dam.

2.2 Assessment Summary

In general, the overall condition of Upper Little River Dam is POOR. Our observations confirmed
the presence of significant spalling and delamination of concrete face as well as diagonal and
vertical cracks in the abutting gate structure.

Previous inspections and review have identified:

1. Significant concerns relative to the integrity of the concrete comprising the main
spillway structure.

2. Likely structural instability, in the form of a low resistance to sliding and overturning of

the dam.

2.3 Commentary from Maine Emergency Management Agency

As is customary in our assessment of dams in the State, we contacted Tony Fletcher, the State’s
Dam Safety Officer. He indicated that, in his opinion, “the upper dam appears to be in an
unsatisfactory structural condition, and although it shows no signs of imminent failure, as a
precaution | have asked the dam owners to reduce the dams head-pond”. He also indicated
that “if the dam owners wish to keep the dam, | suggest it be investigated for stability and

current material strength before being operated at normal pond”.

2.4 Recommendations

Substantial reconstruction is expected to be necessary to address current deficiencies at the
dam. Prior to undertaking maintenance, repairs, or remedial measures, the applicability of
environmental permits should be determined for activities that may occur within or adjacent to
resource areas under the jurisdiction of the local municipal government, the Maine DEP, the

Corps of Engineers or other regulatory agencies.
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If it is desired to keep the dam, there will be considerable capital cost involved to address the
currently identified safety concerns. Development of detailed estimates of the costs associated
with such an action is not within the scope of this assessment, although we have provided some

information on potential costs, in Section 4 of this report.

Given the condition of the dam, the lack of original as built drawings and the fact that the dam
is reaching the end of its useful life, removing the entire dam should be strongly considered.

Additional brief discussion is included in Section 4 of this report.

In the interim, the water level of the impoundment should be kept well below the spillway

crest to manage the risk of dam breach.
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SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

4.1 FUTURE DAM MANAGEMENT
4.1.1 Operation and Maintenance Program
Regardless of any future actions undertaken with respect to the dams, a maintenance program

should be put into place any structures to remain.

4.1.2 Monitoring and Surveillance Program
Both the Corps of Engineers and MEMA have recommended that the District prepare Inspection
and Monitoring programs for the dams. The operations and maintenance program we have

prepared includes routine inspection and monitoring as an integral part.

4.1.3 Emergency Action Plan

The purpose of an emergency action plan is to clearly state what conditions threaten each dam
and the steps necessary to protect the public safety. The plan should include the steps the Dam
Owner will take to prevent dam failure, for example early release of water in advance of
predicted storm events, periodic checking during storm events, etc. It should also include steps
the Dam Owner and the community will take to minimize loss of life and downstream damage
should either dam breach. The plan, including a notification flowchart and contact information

is normally prepared in conjunction with public safety officials.

4.2 UPPER LITTLE RIVER DAM
Given the condition of the Upper Dam, the lack of original as-built drawings and the fact that
the dam is reaching the end of its useful life, either partial or complete removal of the dam

should be strongly considered. Having said that, the three primary options available include:

4.2.1 Complete Removal of the Upper Dam

14037A 4-1 Wright-Pierce



This option eliminates the risk associated with future dam breach, as well as the financial
burden associated with maintaining a dam at this location. It is worth noting that residents of
the community have become accustomed to the impoundment as a scenic and recreational
amenity and it is to be expected that there is some contingent (possibly a vocal one) that may
actively resist a decision to remove the dam and eliminate the impoundment. Assuming the
lower dam is to remain in place, the ecological benefit associated with allowing upstream fish
passage at this location is likely limited, and it can probably be argued that the impoundment

provides desirable habitat for waterfowl and wading birds.

4.2.2 Partial Removal of the Upper Dam

This option mitigates the risk associated with future dam breach through lowering the effective
height of the dam and implementing structural enhancements necessary to provide suitable
factors of safety against sliding and overturning. Note that this option perpetuates the financial
burden associated with maintaining a dam at this location. The precise elevation of the revised
spillway crest would be determined based on a limited bathymetric study, which would

support determining a reduced impoundment to remain as a scenic and recreational amenity.

4.2.3 Rehabilitation of the Upper Dam
This option addresses the currently identified deficiencies through implementing structural

enhancements necessary to provide suitable factors of safety against sliding and overturning.

Any repairs undertaken at the Upper Dam should be made in accordance to standard design
practices, specifications and construction methods associated with concrete gravity dams.
Design or analysis of the work should be completed by a qualified professional engineer

experienced in the design and rehabilitation of dams.

In the short-term, the water level of the impoundment should be kept well below the

spillway crest to manage the risk of dam breach.

4.3 LOWER LITTLE RIVER DAM
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Our assessment identified several potential areas for repairs or improvements:

4.3.1 Evaluate and Address Stability Concerns of Left Bank Retaining Wall

Conduct a more detailed review of the stability of the left (westerly) bank downstream
retaining wall. Based on our observations, it appears that some of the precast units may have
been displaced over time. As noted above, we have contacted the Corps of Engineers to
determine whether As-Built drawings are available for the wall in question. In cases like this, it
is not uncommon to implement a monitoring system to determine whether the retaining wall is
stable in its current configuration, and to define the magnitude of any ongoing or future

displacement of the concrete units.

4.3.2 Install Low Level Drain

Install a low-level drain which would facilitate dewatering for the purposes of inspection,
maintenance or repairs. This should likely be included in the rehabilitation of the flow
chamber/vault area and left bank retaining wall located at the right (easterly) end of the dam,

as discussed below.

4.3.3 Rehabilitate / Reconstruct Vault / Flow Chamber
Conduct repairs to the existing concrete and stone masonry at the flow chamber/vault between
the dam and Water District building. This effort should be coordinated with the installation of a

gated low-level drain.

4.3.4 Reconstruct / Replace Left Bank Retaining Wall
Conduct repairs/replacement to the retaining wall just upstream of the Vault/Flow Chamber on

the right (easterly) bank.

4.3.5 Further Evaluate Stability / Factor of Safety Against Sliding
Consider whether further efforts to refine assumptions relative to the stability analysis (sliding
— depends on foundation conditions) are warranted. It is difficult to assign a cost to this

element as it requires dewatering of the dam (or may be attempted with a diver). The results of
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such an effort are uncertain and, hence, it may make sense to further discuss the pros and cons

before initiating this task.

Any repairs undertaken at the Lower Dam should be made in accordance to standard design
practices, specifications and construction methods associated with concrete gravity dams.
Design or analysis of the work should be completed by a qualified professional engineer

experienced in the design and rehabilitation of dams.
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4.1.1 Operation and Maintenance Program
Regardless of any future actions undertaken with respect to the dams, a maintenance program
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Both the Corps of Engineers and MEMA have recommended that the District prepare Inspection
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is normally prepared in conjunction with public safety officials.

4.2 UPPERLITTLE RIVER DAM
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should be strongly considered. Having said that, the three primary options available include:
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spillway crest to manage the risk of dam breach.

14037A 4-1 Wright-Pierce



4.2.1 Complete Removal of the Upper Dam

This option eliminates the risk associated with future dam breach, as well as the financial
burden associated with maintaining a dam at this location. It is worth noting that residents of
the community have become accustomed to the impoundment as a scenic and recreational
amenity and it is to be expected that there is some contingent (possibly a vocal one) that may
actively resist a decision to remove the dam and eliminate the impoundment. Assuming the
lower dam is to remain in place, the ecological benefit associated with allowing upstream fish
passage at this location is likely limited, and it can probably be argued that the impoundment
provides desirable habitat for waterfowl and wading birds. We suggest an order-of-magnitude

cost associated with full dam removal is likely on the order of S| G

4.2.2 Partial Removal of the Upper Dam

This option mitigates the risk associated with future dam breach through lowering the effective
height of the dam and implementing structural enhancements necessary to provide suitable
factors of safety against sliding and overturning. Note that this option perpetuates the financial
burden associated with maintaining a dam at this location. The precise elevation of the revised
spillway crest would be determined based on a limited bathymetric study, which would
support determining a reduced impoundment to remain as a scenic and recreational amenity.

We suggest an order-of-magnitude cost associated with partial dam removal is likely on the

order of G

4.2.3 Rehabilitation of the Upper Dam
This option addresses the currently identified deficiencies through implementing structural
enhancements necessary to provide suitable factors of safety against sliding and overturning.

We suggest an order-of-magnitude cost associated with rehabilitation of the upper dam is likely

on the order of ¢ I

Any repairs undertaken at the Upper Dam should be made in accordance to standard design

practices, specifications and construction methods associated with concrete gravity dams.
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Design or analysis of the work should be completed by a qualified professional engineer

experienced in the design and rehabilitation of dams.

4.3 LOWER LITTLE RIVER DAM

Our assessment identified several potential areas for repairs or improvements:

4.3.1 Evaluate and Address Stability Concerns of Left Bank Retaining Wall

Conduct a more detailed review of the stability of the left (westerly) bank downstream
retaining wall. Based on our observations, it appears that some of the precast units may have
been displaced over time. As noted above, we have contacted the Corps of Engineers to
determine whether As-Built drawings are available for the wall in question. We suggest an
order-of-magnitude cost associated with a detailed assessment into the stability of the
downstream left bank retaining wall is likely on the order of S|} | |} }QBNEEmEEEE ' the event a

comprehensive rehabilitation of the wall is in order, we suggest an order-of-magnitude cost for

rehabilitation of the wall may be on the order of S| GGG

4.3.2 Install Low Level Drain

Install a low-level drain which would facilitate dewatering for the purposes of inspection,
maintenance or repairs. This should likely be included in the rehabilitation of the flow
chamber/vault area located at the right (easterly) end of the dam, as discussed below. We
suggest an order-of-magnitude cost associated with the installation of a low-level drain is likely
on the order of S| \ote that this should be undertaken in coordination with

the rehabilitation of the Vault / Flow Chamber discussed below.

4.3.3 Rehabilitate / Reconstruct Vault / Flow Chamber
Conduct repairs to concrete and stone masonry at the flow chamber/vault between the dam
and Water District Building. This effort should be coordinated with the installation of a gated

low-level drain. We suggest an order-of-magnitude cost associated with rehabilitation of the

flow chamber/vault is likely on the order of S| G
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4.3.4 Reconstruct / Replace Left Bank Retaining Wall
Conduct repairs/replacement to retaining wall just upstream of the Vault/Flow Chamber on the

right (easterly) bank. We suggest an order-of-magnitude cost associated with replacement of

the upstream left retaining wall is likely on the order of S| G

4.3.5 Further Evaluate Stability / Factor of Safety Against Sliding

Consider whether further efforts to refine assumptions relative to the stability analysis (sliding
— depends on foundation conditions) are warranted. It is difficult to assign a cost to this
element as it requires dewatering of the dam (or may be attempted with a diver). The results of
such an effort are uncertain and, hence, it may make sense to further discuss the pros and cons

before initiating this task.

Any repairs undertaken at the Lower Dam should be made in accordance to standard design
practices, specifications and construction methods associated with concrete gravity dams.
Design or analysis of the work should be completed by a qualified professional engineer

experienced in the design and rehabilitation of dams.
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APPENDIX A
Location Map
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APPENDIX B
Upper Dam - Plan and Sections
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APPENDIX C
Upper Dam - Photographs




Little River Dam

Belfast, Maine Upper Dam




Little River Dam

Belfast, Maine Upper Dam




Upper Dam

Little River Dam
Belfast, Maine




Little River Dam

Belfast, Maine Upper Dam




Upper Dam

Little River Dam
Belfast, Maine




Little River Dam

Belfast, Maine Upper Dam




Little River Dam

Belfast, Maine Upper Dam




Little River Dam

Belfast, Maine Upper Dam




Little River Dam

Belfast, Maine Upper Dam




APPENDIX D
Upper Dam - ACOE Phase 1 Report




AD-A155 3272  NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL DAMS 1/4
LITTLE RIVER UPPER DR.. (U) CORPS OF ENGINEERS WALTHAM
MA NEW ENGLAND DIV NOV V9

UNCLASSIFIED F/’G 13/13

NL




T T T D e R e T

AL SEMEARALAELLACAEACARY

L2

rrrEEEE

=

rrr
r

(42
o

& |

N

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-4




P Y T TR WY AT Y AT L WOW T T AT VT W T W TS T TS T T TN TaT ey w s e R R R e Y

T

AD-A155 372

ATLANTIC OCEAN
BELFAST, MAINE

LITTLE RIVER UPPER DAM
ME 00289

STATE NO. 5091

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

BTIS FILE COPY

Copy availebls 15 pye

' :C does
Peamit fully legible y:pz:ducttczo‘

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM, MASS. 02154

T

TITATUTT CTATIVMENT_R

Approves oo oo release}

NOVEMBER 1979 Ui;\"mwn:«»n ‘i[lmnlnd

86 06 6 010




Lo i i it Nt - At “Sadh Ao At S S i AR A TR S i A i N A0 MR, R Tl SR A e Al Ak e AR AN A SN AL D S G N T Ty ?1

a’

*1_..‘ .
e vl
L

UNCLASSIFIED -
SECURITY CLASS FICATION OF THIS PAGE When Date Entered) :.-q
REPORT DOCUMENTATION PAGE pEFCAD INSTRUCTIONS =
T. REPORT NUMBER 2. GOVY ACCESSION NO| 3. RECIPIENT'S CATALOG NUMBER j:::j
ME 00289 Zi
4. TITLE (and Subtitle) 8. TYPE OF REPORY & PERIOD COVERED
Little River Upper Dam INSPECTION REPORT
NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL S FERTORMING ORG. REPORT NUMBER
7.DAAMUSTHOR(G) 8. CONTRACTY OR GRANT NUMBER(e)

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION

9. PERFORMING ORGANIZATION NAME AND AODRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREZA & WORK UNIT NUMBERS

;
]
4

1. CONTROLLING OF FICE NAME AND ADDRESS 12. REPORT DATE
DEPT. OF THE ARMY, CORPS OF ENGINEERS November 1979
NEW ENGLAND DIVISION, NEDED 5. NUMBER OF PAGES
424 TRAPELO ROAD, WALTHAM, MA. 02254 50

V4. MONITORING AGENCY NAME & ADDRESS(if different from Centrolling Otfice) 18. SECURITY CLASS. (of thie report)

UNCLASSIFIED

[ T8a DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

APPRQVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the sbetract entered in Bleck 30, il dilterent from Repert)

18. SUPPLEMENTARY NOTES

Cover program reads: Phase I Inspection Report, National Dam Inspection Program;
however, the official title of the program is: National Program for Inspection of
Non-Federal Dams; use cover date for date of report.

19. KEY WORDS (Continue on reverse aide if necessary and igeniify by bleck number)
DAMS, INSPECTION, DAM SAFETY,

Atlantic Ocean
Belfast Maine
Little River

20. ABSTRACT (Continue en reverse stde I nacessary and (dentify by bleck nummber)

The dam is a concrete gravity dam with a hydraulic height of 30 ft., and is 216
ft. long. The dam is in fair condition. 1t is small in size with a hazard
potential of significant. A major breach at top of dam could possibly result
in the loss of one life and could cause appreciable property damage.

}‘
3
.
b
L'-: B
D

DD , 0%, 1473  coimiow oF 1 wov 8315 oRsOLETE -

i
o




Y- TR e o QU E T RS Ml g o 8 aal poh
»

. ‘PRODI
D\

REPRODUCED AT GOVERNMENT EXPENSE

DISCLAIMER NOTICE 4

THIS DOCUMENT IS BEST QUALITY g
PRACTICABLE. THE COPY FURNISHED ;
TO DTIC CONTAINED A SIGNIFICANT -
NUMBER OF PAGES WHICH DO NOT :
REPRODUCE LEGIBLY.

" 1o

.
=3
d

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




Lo

o

DEPARTMENT OF THE ARMY
NEW ENGLANLC DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM MASSACHUSETTS 02154

:E:_. -
AT ENT e

NEDED

JUL 07 1825

Honorable Joseph E. Brennan
Governor of the State of Maine
State Capitol

Augusta,6 Maine 04330

Dear Governor Brennan.

Inclosed is a copy of the Little River Upper Dam Phase I Inspection
Report, which was prepared under the Natiomnal Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon 4 visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recoumendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwardea to the Department oI Agricul-
ture cooperating agency for the State of Maine. 1In addition, a copy of
the report has also been furnished the owner, Belfast Water District,
71 Church Street, Belfast, Maine 04915.

Copiles of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. 1In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Agriculture for your cooperation in carrying out this program.

Sincerely,

MAX B. SCHELDER
Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

‘o PHASE I INSPECTION REPORT
' Identification No.: MEQ00289
A Name of Dam: Little River Upper Dam
Town: Belfast
County and State: Waldo, Maine
Stream: Little River

Date of Inspection: September 17, 1979

BRIEF ASSESSMENT

o
'.'-.

Little River Upper Dam is a concrete gravity dam with a hydraulic
height of 30 feet, 216 feet long, 3.0 feet wide at the crest, with

a vertical upstream face and a downstream face battered at approxi-
mately 1lH:12V. The central overflow spillway section of the dam

is 114 feet long with a slight curvature. At the south abutment
there is a concrete training wall. At the north end of the spillway
is a concrete intake structure; beyond this, the dam extends to the
north abutment. The dam impounds a reservoir with a maximum storage
o capacity of about 850 acre-feet. The reservoir is .83 mile long

- with a surface area of about 48 acres and is used as a regulating
reservoir for use in water supply for the Town of Belfast.

~ The dam is in fair condition. Major concerns are: The large ratio

‘ of height to average width of the gravity section of the dam, tres-

. passing and erosion on the embankment sections of the dam, trees

. and brush growing on the embankment sections at the ends of the dam,
cracking and spalling of the exposed concrete surfaces, and flexi-

bility and weathering of the plywood cover over the control tower.

L Based on small size and significant hazard classification in
accordance with Corps guidelines, the test flood ranges from % to
% Probable Maximum Flood (PMF). Because the dam's storage capacity
_! is in the upper range of size classification, % PMF will be used
~ as the test flood. The test flood inflow was determined to be 12,800
} cfs. The routed test flood outflow for Little River Upper Dam, having
r a drainage area of 13.7 square miles was determined to be 12,200 cfs
o at elevation 68.2' MSL, which would overtop the dam by about 3.3
feet. Spillway capacity at top of dam is 5,390 cfs, which is 44
- percent of the test flood discharge. A major breach at top of dam
X could possibly result in the loss of one life and could cause
appreciable property damage. (See Section 5.1 f.)

;I The owner, Belfast Water District, should implement the results
- of the recommendations and remedial measures given in Sections

7.2 and 7.3 within one year after receipt of this Phase I Inspection
- Report.

Hosews Folbynam

le Warren A. Guinan
Project Manager
N.H. P.E. 2339
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This Phase I Inspection Report on Little River Upper Dam
o has been revieved by the undersigned Review Board members. In our
R ' opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Cujidelines for Safety Inspection of
- Dams, and with good engineering judgment and practice, and 48 heredy '
- submitted for approval.

™ i~
ARAMAST MAHTESIAN, MEMBER

Geotechnical Engineering Branch
Engineering Division

Accesston For
'” NTTS GRA&L
. DTIC TAB
v % Uninanounced O

Justification_.__ﬁ‘

CARNEY M. TERZIAN, MEMBER

By
Design Branch
b
' Engineering Division _Distribution/

_ ~ Availability Codes
" Avail Zm&/'or

Iy iD":fi peclal
A 2 \ ¢
- RICHARD DIBUONO, CHAIRMAN / / ‘l
. Water Control Branch - 4 —_
- Engineering Division
. ® 0
D oew
- M,‘

APPROVAL RECOMMENDED: | L

e E 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
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condi-
tion 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 a
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. 1In cases where the reservoir
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 inspec-
tion 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 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.
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NATIONAL DAM INSPECTION PROGRAM -
PHASE I INSPECTION REPORT s
LITTLE RIVER UPPER DAM —

SECTION 1
PROJECT INFORMATION

[] .
l' N
. S
v
PERP T YUY W WY

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 National Program of Dam Inspection
throughout the United States. The New England Division of L
the Corps of Engineers has been assigned the responsibility R
of supervising the inspection of dams within the New England o
Region. Anderson-Nichols & Company, Inc. has been retained
by the New England Division to inspect and report on
. selected dams in the State of New Hampshire. Authorization
S and notice to proceed were issued to Anderson-Nichols under s d
a letter of August 28, 1979 from William E. Hodgson, Colonel, B
Corps of Engineers. Contract No. DACW33-79-C-0050, as -
changed, has been assigned by the Corps of Engineers for this
work.

."','. ey

A
J LAY

i

B Lt e A s S g

- b. Purpose. ;.;
K —

(1) To perform technical inspection and evaluation
of non-Federal dams to identify conditions which )
threaten the public safety and thus permit C
correction in a timely manner by non-Fedecral :}_
interests. :

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

DANCIE Sy oegegere ;g ek

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

1.2 Description of Project

R RCORCae oy gaa e
i

o a. Location. Little River Upper Dam, commonly called e
o Upper Dam, is located in the Town of Belfast, Maine; the dam -0
spans Little River approximately 5,600 feet upstream from the .‘i
river's confluence with the Atlantic Ocean. The dam impounds a ;
pond called Belfast Reservoir Number 2. After discharging at e
the damsite, Little River flows easterly for a distance of ¢
2,200 feet before it enters Belfast Reservoir Number 1. Little .
River Upper Dam is shown on the U.S.G.S. Quadrangle Belfast, L
Maine with coordinates approximately at N 44° 24' 00", W 69° ®
00' 20", Waldo County, Maine. (See Location Map page vii.)

1-1




b. Description of Dam and Appurtenances. Little River
Upper Dam 1s a concrete gravity dam with a hydraulic height of
30 feet, 216 feet long, 3.0 feet wide at the crest, with a
vertical upstream face and a downstream face Dbattered at
approximately 1lH:12V. The central overflow spillway section
of the dam is 114 feet long with a slight curvature. At the
south end of the overflow spillway section, there is a concrete
training wall extending 22.8 feet downstream from the dam.
Between this wall and the south abutment earth has been placed.
At the south abutment between the training wall and downstream
face of the spillway are three concrete steps. Their function
is probably to protect the rocky abutment from undermining and
also to act as energy dissipators.

Bedrock exposure in the valley downstream of the dam shows that
the dam is at least partially founded on bedrock. At the north
end of the spillway is a concrete intake structure; beyond this,
the dam extends to the north abutment. Earth has been placed
against the upstream and downstream faces of the concrete dam
near the abutments. A gate, which is not operable and is of
unknown size, exists at the north abutment. There are 3 inlet
valve operators (unknown type and size)and 2 (6" & 8") outlet
pipes from the intake chamber to the downstream channel. There
is some evidence of another low~level outlet of an undetermined size
and condition approximately 5 feet south of the intake structure
under the spillway.

c. Size Classification. Small (hydraulic height - 30 feet;
storage - 850 acre-feet) based on height and storage ( 2 25 to
< 40 feet; 250 to <1000 acre-feet) as given in the Recommended
Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Significant hazard. A major
break would probably result in the loss of one life and could
cause appreciable property damage and loss as a regulating
reservoir for use in water supply. (See Section 5.1 f.)

e. Ownership. Presently Little River Upper Dam is owned
by Belfast Water District. Information about past ownership
was not available.

f. Operator. The current owner and operator of the dam
is Belfast Water District, 71 Church Street, Belfast, Maine
04915. Telephone: (207) 338-1200.

g. Purpose of Dam. Reservoir Number 2 is used as a regul-
ating reservolr for use in water supply. Water impounded at
Little River Upper Dam can be released through valve chambers
into the downstream channel to provide sufficient inflow into
Reservoir Number 1 during periods of low water.

h. Design and Construction History. No information re-
garding the original design or construction of the dam was
disclosed.

1-2

. P T S I S S Y I . RPN WA SPNY YO R IR ALY

PN W DU N

1

AP

ad

il

R T
1 P T T
Lk, 1

.




B LR R E SR S bt Lol D oid and ond

AN
-

- — T T T~ -
< A A AL At Sl e o oni T T T

i. Normal Operating Procedures. No written operational
procedures exist for Little River Upper Dam. The gate operat-
ing mechanism with 18-inch vcp outlet is rusted and is not in
operable condition. Three inlet valve operators (that are
reported to be operable), a valve chamber, and two outlet pipes
are utilized to put discharge into the downstream channel to
provide additional inflow into Reservoir Number 1 as required
to meet demands.

1.3 Pertinent Data

a. Drainage Area. The drainage area consists of 13.7
squaire miles (8,768 acres) of mountainous and partially wooded
terrain. The normal pool has a surface area of 48 acres, which
constitutes less than 1 percent of the watershed.

b. Discharge at Damsite.
(1) Outlet works (a) - unknown size gate - not operable
(b) - 3 inlet valve operators dis-
charge flow into valve chamber
with two outlet pipes:
6-inch diameter at outlet
elevation - 38.7' MSL
8-inch diameter at outlet
elevation - 35.5' MSL
(c) - Low-level outlet of an unknown
size

(2) The maximum known discharge at damsite 1is unknown

(3) Ungated spillway (principal) capacity @ top of
dam elevation - 5,390 cfs @ 64.9' MSL

(4) Ungated spillway capacity @ test flood elevation -
10,500 cfs @ 68.2' MSL

™

(5) Gated spillway capacity top of dam elevation -

not applicable

(6) Gated spillway capacity @ test flood elevation -
not applicable

(]

(7) Total spillway capacity test flood elevation -

10,500 cfs @ €8.2' MSL

(8) Total project discharge @ test flood elevation -
12,200 cfs @ 68.2"' MSL

c. Elevation. (feet above NGVD of 1929; formerly known as Mean

Sea Level (MSL); see (6) below)

(1) Streambed at centerline of dam - 34.5 (at downstream toe)

(2) Maximum tailwater - unknown
(3) Upstream valve chamber invert - unknown

1-3
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(4)
(5)
(6)

(7)
(8)

(9) Test flood pool - 68.2

Reservoir (miles)

(1) Length of maximum pool - .95

(2) Length of spillway crest pool - .83

(3) Length of flood control pool - not applicable
Storage. (acre-feet)

(1) Recreation pool - not applicable

(2) Flood control pool - not applicable

(3) Spillway crest pool - 480

(4)
(5)

Reservoir Surface

DA i A BEE 5 G A @AM A el GND. e et a et o gl < et e et v —p—

Recreation Pool - not applicable
Full flood control pool - not applicable

Spillway crest - 59 (as shown on U.S.G.S.
Quadrangle sheet)

Design surcharge (original design) - unknown

Top of dam - 64.9

Top of dam - 850
Test flood pool - 1045

(acres)

(1)

(2)

(3)

(4)

(5)
Dam
(1)

(2)

(4)

Recreation pool - not applicable
Flood control pool - not applicable
Spillway crest - 48

Test flood pool - 75

Top of dam - 70

Type - concrete gravity
Length - 216'
Height - 31.5' structural height

Top width - 3'
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(2) Length of weir - 114' o

(3) Crest elevation - 59' MSL ;;;
»

(4) Gates - none e

.y

S

(5) U/S Channel - Reservoir Number 2 completely open )

(6) D/S Channel - Little River for about 2,200 feet ;;j
before it enters Reservoir Number 1, rocky channel, .

very well defined. Herrick Road bridge spans 'wj

over the river 200' below the Dam. o

oy

j. Regulating Outlets. Three inlet valve operators dis- e

charge flow into valve chamber with two outlet pipes: o

e/t R g T g e N e e S va AU 8 4 HAe JhAn Gt -8 R M N "Riie SR A W b dad ool ik Al S Sudt Sl A S A A AN A S A S S

(5)

(6)
(7)
(8)
(9)

h. Diversion and Reqgulating Tunnel. - not applicable.

Side slopes - upstream - vertical
- downstream - 1H:12V

Zoning - not applicable
Impervious core - not applicable
Cutoff - unknown

Grout curtain - unknown

(See j. below.)

i. Spillway

(1)

Type - concrete ogee overflow

6-inch diameter @ outlet elevation - 38.7' MSL
8-inch diameter @ outlet elevation - 35.5' MSL
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SECTION 2
ENGINEERING DATA

2.1 Design
No design data were disclosed for Little River Upper Dam.

2.2 Construction

No construction records were disclosed.
2.3 Operation
No engineering operational data were obtained.
2.4 Evaluation
a. Availlability. No engineering data were available for
Little River Upper Dam. Direct contact with the Belfast Water

District and a search of the files at the Maine Soil and Water
Conservation Commission revealed only a limited amount of data.

b. Adeguacy. The final assessments and recommendations
of this investigation are based on the visual inspection and
the hydrologic and hydraulic calculations.

c. Validity. No engineering data were disclosed to
validate.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Little River Upper Dam is a low run-of-river
dam which impounds a reservoir of small size. The water-
shed above the reservoir is rolling and partially wooded. The
downstream area is rolling and partially wooded.

b. Dam. Little River Upper Dam is a concrete ogee shaped
gravity dam 30 feet high (hydraulic), 216 feet long, and 3.0 feet
wide at the crest, with a vertical upstream face and a downstream
face battered at 1H:12V. (See Appendix C - Figures 2 and 3.)

The central overflow spillway section of the dam is 114 feet long
with a slight curved alignment. At the south end of the over-
flow spillway section there is a concrete training wall extend-
ing 22.8 feet downstream from the dam. Between this wall and

the south abutment earth has been placed against the upstream

and downstream faces of the concrete dam. At the north end of
the spillway, there is a concrete intake structure, beyond which
the dam extends to the north abutment. (See Appendix C -

Figure 4.) Earth has been placed against the upstream and down-
stream faces of the concrete dam near the abutment. The ends

of the dam where the concrete wall is flanked by earthfill on
both the upstream and downstream sides are referred to as em-
bankment sections in subsequent sections of this report and in
the checklist. Bedrock exposures on the south side of the valley
downstream of the dam show that that end of the dam is founded

on bedrock. (See Appendix C - Figure 5.) Soil cover and brush
growing on the north side of the valley make it impossible to
determine visually whether that end of the dam is founded on
bedrock.

The visible portion of the concrete spillway and training walls
show some evidence of surface deterioration and cracking. A
substantial portion of the spillway and training walls have

been repaired with gunite in the past. Several areas of the
gunite patching are cracked and spalled from the original concrete
surface. (See Appendix C - Figure 6.) Numerous hairline cracks
in the spillway face and training walls exhibit efflorescence.

The crest and downstream face of the concrete spillway are water
stained. The downstream toe of the concrete spillway has eroded
exposing the coarse aggregate.

Trespassing has been considerable on the crest and downstream
and upstream slopes of the embankment section at the south end
of the dam, to the extent that many patches are bare of vegeta-
tion. Major erosion has occurred on the abutment side of the
training wall that extends downstream from the south end of the
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overflow section of the dam. Brush and small trees are growing on
the upstream slope. (See Appendix C - Figures 7 & 8.)

OADTAOT §

Minor trespassing has occurred on the crest and upstream and
downstream slopes of the embankment section at the north end of
the dam. Brush and small trees are growing on the crest and f
upstream and downstream slopes.

Tl

PPV

c. Appurtenant Structures. At the north end of the overflow
spillway there is a 9.7-foot by 8.3-foot concrete control tower
(intake structure) constructed integrally with the spillway and
north end of the concrete non-overflow section of the dam. (See
Appendix C - Figure 9.) The control tower contains 3 inlet valves
(unknown size and type) for varied elevations. There are two
discharge pipes approximately 30 feet down from the top of the
tower to discharge water from the intake chamber to the downstream
channel. (See Appendix C - Figure 10.) The Belfast Water Depart-
ment Assistant Superintendent reported that the 3 inlet valves are S0
in operable condition. Visual inspection revealed that there is ‘
only minor seepage into the chamber from the upstream side. There
are numerous hairline cracks on the downstream face of the control
tower exhibiting efflorescence. (See Appendix C - Figure 6.)

Access to the interior of the chamber is through two trap doors

on the top of the chamber, one steel and one plywood. (See

Appendix C - Figure 4.) The steel door is surface rusted and the
plywood door is weathered. The plywood door is unreinforced and

is quite flexible. Continued weathering of the plywood will lead

to a condition that will no longer support the weight of the operator
or other persons and may fail.
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Aprroximately 2 feet to the north of the control tower (intake .
structure) there is an intermediate level outlet gate operating -
mechanism. (See Appendix C - Figure 1l1.) The shaft and steel T
bearing attached to the upstream face of the dam are coated with
gunite. The gate operating mechanism has not been maintained and
does not appear operable. The Belfast Water Department Assistant
Superintendent reports that the gate has not been operated in many
years. An 18-inch clay tile pipe discharges from the downstream face
of the dam in line with the gate operating mechanism. (See Appendix
C - Figure 6.) Water is discharging from the 18-inch clay tile line
at an estimated rate of 15 to 30 gpm.

d. Reservoir Area. The watershed above the reservoir is
rolling and partially wooded. (See Appendix C - Figure 12.) No
e structures were observed on the shore of the reservoir. No _
L evidence of significant sedimentation in the reservoir was observed.

e. Downstream Channel. The channel downstream of the dam
appears to be on bedrock. The south bank of the channel is bedrock,
but the left bank is soil. Trees and brush overhang the left
side of the channel. Herrick Road bridge crosses the channel 200
feet downstream from the dam. (See Appendix C - Figures 13 & 14.)

i 3-2
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3.2 Evaluation

Based on the visual inspection, Little River Upper Dam is in
fair condition.

Trespassing on the embankment sections at the south and north
abutments has caused major erosion on the abutment side of the L
downstream training wall at the south end of the overflow section A
of the dam and loss of vegetation elsewhere. Continued trespassing -
and erosion may endanger the embankment sections and the training e
wall. Trees and brush are growing on the embankment sections at
the ends of the dam. If a tree blows over and pulls out its roots,
or if a tree dies and its roots rot, seepage and erosion problems
may result.

Trees and brush overhanging the downstream channel between the dam
and the highway bridge could contribute to blockage of the channel
and the opening under the highway bridge during floodflow.

Hairline cracks and spalled areas of the exposed concrete face S
could continue to deteriorate and lead to instability of the dam.

Frost action in the cracks and rough areas of concrete will speed RN
up at the deterioration process. R

The plywood cover over the control tower will pose a dangerous
condition to people walking on the cover if left uncorrected.
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SECTION 4 AR
OPERATIONAL PROCEDURES Sl

g

4.1 Procedures

No written operational procedures exist for Little River
Upper Dam. Three intake valve operators are kept operable to
provide sufficient inflow into Reservoir Number 1 during periods

of low water.

4.2 Maintenance of Dam

The owner, Belfast Water District, is responsible for the
maintenance of dam. . i:

4.3 Maintenance and Operating Facilities

No formal maintenance was disclosed. The intermediate level
gate mechanism is inoperable. The three intake valve operating
mechanisms are kept in operating condition. -

4.4 Description of Any Warning System in Effect

No written warning system exists for the dam.
4.5 Evaluation : i

Formal operational and maintenance procedures should be -
developed to ensure that problems that are encountered can be . e
remedied within a reasonable period of time. RN
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SECTION 5
HYDROLOGIC/HYDRAULIC

5.1 Evaluation of Features

a. General. Little River Upper Dam is a concrete, ogee
shaped gravity dam which impounds a reservoir with a maximum
storage capacity of 850 acre-feet. The dam contains runoff from
a 13.7-square mile drainage area consisting of mountainous
predominately wooded terrain. A gate of unknown size is located
at the north abutment. The gate mechanism is rusted and not
operable. The gate was designed to control discharge through an
18-inch diameter outlet pipe. There is also a valve chamber
control tower at the north abutment. It has three inlet valve
operators (size and type unknown) and two outlet pipes (6-inch
and 8-inch respectively). The valves are in operating condition.
There is evidence of another low-level outlet of an undetermined
size and condition approximately 5 feet south of the intake struc-
ture, under the spillway. The reservoir level is primarily con-
trolled by the spillway which is located at the center of the dam.

b. Design Data. No hydrologic or hydraulic design data
were found.

c. Experience Data. No hydrologic or hydraulic experience
data were disclosed.

d. Visual Observations. At the time of the inspection, no
visual evidence was noted of damage to the structure caused by
overtopping.

e. Test Flood Analysis. Little River Upper Dam is classified
as being small in size having a hydraulic height of 30 feet and a
maximum storage capacity of 850 acre-feet. The dam was determined
to have a significant hazard classification. Using the Recommended
Guidelines for Safety Inspection of Dams, test flood range is % to %
the Probable Maximum Flood (PMF).

Because the dam maximum storage capacity is in the upper range of
small size classification, the test flood was determined to be %
the Probable Maximum Flood (PMF).

Using the % PMF, the test flood inflow for Little River Upper Danm,
having a drainage area of 13.7 square miles, was determined to be
12,800 cfs. After reservoir routing, the test flood discharge was
determined to be 12,200 cfs. This value was obtained using the COE
guide curves with the 'mountainous' characteristics. The test flood
analysis indicates that the dam embankment would be overtopped by
approximately 3.3 feet during the test flood conditions. The water
depth discharging through the principal spillway would be 9.2 feet
and would amount to 10,500 cfs. Spillway capacity at top of dam
(64.9' MSL) is 5,390 cfs, which is 44 percent of test flood
discharge. Flow through two outlet pipes (6" and 8" in diameter)
from the valve chamber is insignificant. Because the gate is
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inoperable, the overtopping analysis was calculated assuming no
discharge through the 18" outlet pipe or through the larger
low-level outlet under the spillway.

f. Dam Failure Analysis. The impact of failure of the dam
at the top of dam was assessed using the Guidance for Estimating
Downstream Dam Failure hydrographs issued by the Corps of Engineers.
The analysis covered the reach extending from the dam to Reservoir
Number 1, a distance of 2,200 feet along Little River. A major
breach of Little River Upper Dam would result in a breach discharge
of about 20,760 cfs. The discharge immediately prior to a breach
would be 5,340 cfs or maximum spillway capacity. This antecedent
discharge vould pass low flow through the Herrick Road bridge with
a depth of about 12 feet. A breach would raise the water surface
about 16.6 feet causing overtopping of the road and possible struc-
tural damaye. The antecedent discharge from the Upper Dam, would
cause the Lower Dam to have a depth of about 7 feet over the spillway,
without considering any storage effects of the reservoir. A breach
wave would cause an increase of almost 7 feet which could cause
damage to the dam and the water facilities for the Town of Belfast.
There could possibly be a loss of life to the dam tender at the
Low:r Dam. The breach could also cause loss of a regulating
reservoir for use in water supply and could cause appreciable
property damage. Therefore, Little River Upper Dam was classified
Significant Hazard.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The most significant visual
observation about the concrete section of this dam is that the
ratio of its height to average width appears to be larger than
the values commonly associated with gravity dams having conven-
tional factors of safety. (Because the reservoir was filled
with water, it was not practical to measure the width at various
elevations during the inspection.)

Trespassing on the embankment sections at the south and north
abutments has caused maior erosion on the abutment side of the
downstream training wall at the south end of the overflow
section of the dar. and loss of vegetation elsewhere. Continued
trespassing and erosion may endanger the embankment sections

and the training walls.

Hairline cracks and spalled areas of the exposed concrete surface
could continue to deteriorate and lead to instability of the

dam. Frost action in the cracks and rough areas of the concrete
will speed up the process.

The plywood cover over the control tower will pose a dangerous
condition to people walking on the cover if left uncorrected.

Trees and brush are growing on the embankment sections at the
ends of the dam. If a tree blows over and pulls out its roots,
or if a tree dies and its roots rot, seepage and erosion problems

may result.

b. Design and Construction Data. No design and construc-
tion data are availlable for this dam.

c. Operating Records. No engineering operational records
were obtained.

d. Post-Construction Changes. No information regarding
post-construction changes were disclosed.

e. Seismic Stability. This dam is located in Seismic
Zone 2 and, in accordance with the Phase I guidelines, does not
warrant seismic analysis.
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- SECTION 7 .
2 ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES S

AR 2. sas

ha B
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J !

:1 7.1 Dam Assessment
.

a. Condition. The visual inspection indicates that
Little River Upper Dam is in fair condition. The major concerns ..
with respect tc the integrity of the dam, if left uncorrected, -
are: ’

{1) Large ratio of height to average width of the =
gravity section of the dam. R

(2) Trespassing and erosior. on the embankment sections
of the dam. 71
(3) Trees and brush growing on the embankment sections ]
at the ends of the dam. R
{4) Cracking and spalling of the exposed concrete = =N

surfaces.

PO

(5) Flexibility and weathering of the plywood cover
over the control tower.

L.
L.
RGN

b. Adequacy of Information. The information available is
such that the assessment of this dam must be based primarily on —
the results of the visual inspection. There is rot enough infor-
mation about the geometry of the cross section and the foundation
conditions to assess the stability of the gravity section of the
dam against overturning or sliding.

c. Urgency. The recommendations made in 7.2 and 7.3 = -
should be implemented by the owner within one year after receipt B
cf this Phase I inspection report. 2

d. UNeed for Additional Investigation. Additional investi- RO
gation is needed to assess the stability of the gravity section 3
of the dam against sliding or overturning. s

7.2 Recommendations

The owner should engage a Registered Professional Engineer -
to: R

{

=

- (1) Evaluate the stability of the dam against sliding 1

- and overturning and to design remedial measures, N

. if nceded. -i
o (2) Design procedures for and inspect the clearing of -

r. trees and brush from the embankment sections of -

the dam.
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(3)

(4)

(5)
(6)

Design repairs for the erosion that has occurred on
the embankment sections of the dam.

Design repairs to the cracked and spalled areas of
the concrete surfaces.

Repair or replace plywood cover to the control tower.

Repair or replace 18" clay tile pipe.

The owner should carry out the recommendations made by the Engineer.

7.3 Remedial Measures

a. Operating and Maintenance Procedures. The owner should:

(1)

(2)
(3)

(4)

(5)

(6)

Prevent trespassing on the embankment section of
the dam.

Repair or replace plywood cover.

Clear trees and brush for a distance of 25 feet on
either side of the downstream channel between the
dam and the highway bridge.

Visually inspect th: dam and appurtenant structures
once a month.

Engage a Registered Professional Engineer to make
a comprehensive technical inspection of the dam
once every year.

Establish a surveillance program for use during and
immediately after heavy rainfall, and also a down-
stream warning program to follow in case of emergency
conditions.

7.4 Alternatives

None.
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VISUAL INSPECTION CHECKLIST
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VISUAL INSPECTION CHECKLIST
PARTY ORCANTZATTON

TimMg 1200

WEATHER SWny, ©0ol

W.S. ELEV U.S. DN.S.
59'msl _36,5'msl
PARTY :
1. Warren Guinan (ANCO) g . _Janusz Czyzowski (ANCo)
5. Stephen Gilman (ANCo) 7. _Ronald Hirschfeld (GEI)
3. Leslie Williams (ANCoO) 8.
4. John Regan (ANCO) 9.
g Terry Sapp (ANCo) 10.
PROJECT FEATURE INSPECTED BY REMARKS
1. Hydrology/Hydraulics L. Williams/J. Czyzowski
, Structural Stability S. Gilman
3. Soils and Geology R. Hirschfeld
4.
5.
6.
7.
8. -
9. -
i0. L

L)
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PERIODIC INSPECTION CHECKLIST
progecT _Ldttle River Upper Dam, ME DATE Sept. 17, 1979
—
PROJECT FEATURE _ D20 Embankment NAME —
DISCIPLINE NAME : j
]
AREA EVALUATED CONDITION ey
DAM EMBANKMENT EMBANKMENT FROM END OF CONCRETE B
SECTION TO SOUTH ABUTMENT
Crest Elevation B .,__1
Current Pool Elevation L
Maximum Impoundment to Date : ?
Surface Cracks None observed g ]
Pavement Condition No pavement __‘ ~#
Movement or Settlement of None observed - T
Crest . ]
Lateral Movement None observed R ]
Vertical Alignment Good =
Horizontal Alignment Good =
Condition at Abutment and Major erosion next to downstream train-

at Concrete Structures ing wall at south end of concrete sectior.

areas bare of vegetation.

Indications of Movement of None observed
Structural Items on Slopes .
Trespassing on Slopes Trespassing on erbankment alon stream
P 9 P ang ggswns am sides of c:ore'wagll.lp
Sloughing or Erosion of See "Condition at Abutment..." above.
s Slopes or Abutments e
g Rock Slope Protection - No riprap
" Riprap Failures -
Unusual Movement or Cracking None observed
= at or Near Toe
3 Unusual Embankment or Down- None observed ;
,,v. stream Seepage =
g Piping or Boils None observed
b
;.. Foundation Drainage Features None observed
; Toe Drains None observed
[. Instrumentation System None observed
:j_‘,‘ Vegetation Some trees and brush on embankment, some
J
%
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¥
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PERIODIC INSPECTION CHECKLIST

PROJECT Little River Upperrl;)am, ME

September 17, 1979

DATE
PROJECT FEATURE __Control Tower NAME
DISCIPLINE NAME

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER

a. Concrete and Structural

General Condition

Condition of JointS\\ gate chamber has been faced with gunite.

Spalling

Fair, numerous hairline cracks in out-
side and inside surface. Surface of

tNot visible.

Visible Reinforcing-_‘-‘~N_

Rusting or Stalnlng of
Concrete

Any Seepage or Efflorescence:

Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

Cracks

Rusting or Corrosion of
Steel

b. Mechanical and Electrical

Gate Chamber

Numerous areas of spalling of gunite
surfaces.

None.

Yes, at embedded items. Substantial
staining at 8"&6" gate chamber outlets.

Yes, considerable efflorescence at
hairline cracks.
Good. No indication of movement.

Minor leakage into chamber.

Numerous hairline cracks.

Float Wells
Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection System
Emergency Power System

Wiring and Lighting System

3 inlet valve operators-reported

~7 the ‘©6uld remember.

2 cutlet pipes.

Lower level 18" clay tile pipe (VCP) -
gate operating mechanism poor condition
seeping t GPD. No lubrication, rusted,
no indication of recent operation.

Ass't Supt. 1ndlcauxlno<xxmatum1that
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PERIODIC INSPECTION CHECKLIST ~

PROJECT Little River Upper Dam, ME DATE Sept. 17, 1979

i

PROJECT FEATURE Qutlet Structure & Channel NAME

DISCIPLINE NAME

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE
AND OUTLET CHANNEL

General Condition of Concrete
Rust or Staining -

Spalling

Erosion or Cavitation
Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints

; One drain hole (?) discharging water i
Drain holes in concrete abutment (outlgt]-:ngorks)
section at north end of overflow spillway].

Channel -
Loose Rock or Trees Same trees overhanging channel.
Overhanging Channel
Condition of Discharge Good.
Channel : —
A-4
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PERIOCDIC INSPECTION CHRCKLIST

Little River Upper Dam, ME

baTE Sept. 17, 1979

PROJECT

PROJECT FEATURE _Spillway Weir _ NAME

DISCIPLINE NAME
AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS

a. Approach Channel
General Condition
Loose Rock Overhanging Channel
Trees Overhanging Charnel
Floor of Approach Channel

b. Weir and Training Walls
Genetal Condition of Concrete
Rust or Staining
Spalling
Any Visible Reinforcing
Any Seepage or Efilorescence
Drain Holes

c. Discharge Channel
General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel
Floor of Channel

Other Obstructions

Good.
None.
Same trees owverhanging channel.

Not visible beneath water surface.

(Training walls - fair, numerous hairline
cradks:uxsurfaoe-surﬁmxahas been
Gkur'- Numm:surﬂxn erosion and
liﬁ¥icf qunite
Omhrwauﬂ:staum\n51bha

Numerous gunited areas are surface
spalling

None.
Majorl ¥ of hairline cracks on D/S face

florescence.

One drain hole (1"-3") discharging water
fn:ntralnumewé <k£ms g; glght
endsﬁ qnlhaw &xxlmm (omurdruxung

Good.

None.

Same trees overhanging channel.
Bedrock.

Highway bridge immediately downstream
of dam.
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PROJECT Little River Upper Dam, Me. DATE Sept. 17, 1979 -
PROJECT FEATURE Reservoir NAME J. Czy ki '
=
2
AREA EVALUATED REMARKS .
Stability of Shoreline Good .
Sedimentation No evidence 3
Cchanges in Watershed None _1
Runoff Potential e
Upstream Hazards None ?
-]
Downstream Hazards Herrick Road Bri i D
; Reservo 1
Number 1 dge; Lr o
Alert Facilities None L
Hydrometeorological Gages None >
Operational & Maintenance No written recommendatio:
Regulations ns were found. 73 1
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APPLICATION FOR DAM Id'}AISTRATION 1 Daam RI';V']' :;trahion NUmbeI' g‘(’ (// .—‘—4
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:Uatu Reccived _ DEL 15 1978 e

gcation: (Feo Enclosed yc o0 PET o8
ounty: Waldo ,Quad Shect Name Bolb., T ;dj
QuasI-FunIcIpal 1Quad Shect Number ___ A1 - A& »

unicipality: Bel fast Water District e e e e — )
9

ame of Dam: Upper Reservoir Dam ‘

Reservoir #2

ame of Impoundment:

wnership:

ame of Owner: _bBelfast Water District Name of Agent:

(if different from Owier)

BN
. - ‘... Lot

ddress of Owner: /1 Church Street Address:

Belfast, Maine 04915

‘.!

I VP

elephone Number: 338-1200 Telcphone Number:

escription of Dam
Arched Concrete

vpes

'onstruction Material: Concrete
(Concrecte, wood, carth)
ear Originally built: 1913 Year last major repair: 1970
‘eight: 25 ft. Width: 230 ft,
o pillway type: open Spillway Width: 90 ft.
S8% acres
?@ mpounding Capacity: 157,000,000 gallons Drawdown available: 20 ft,
- (@ VTR TRTAN (feet)
; 'ish Parsage available?: no Installed Electrical Generating Cap: =-
'1 ‘ lurposes for which stored water is used: Public drinking supply
]
% fost recent inspection Ly Quulificd Engincer (Date): Augqust 1972
#; Jame and Address of Engincer: Dale E, Caruthers - (Deceased)
:',A Masonic Building, Corham, Maine 04038
f' Jther Permits applicable: cao—an
b,
b
]
L GWCC #14 B-1
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September 17,

Figure 2 - Looking at downstream face of Little
River Upper Dam.

September 17,
Figure 3 - View of upstream face of Little River
Upper Dam.
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September 17, 1979
Figure 4 - Looking at north abutment of dam.

September 17, 1979
Figure 5 - Downstream face of south abutment.
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September 17, 1979
Figure 6 - Looking at 18-inch outlet pipe at
north abutment of the dam.
]
b
4
b .
A September 17, 1979
- Figure 7 - View of major erosion on south end of
r. training wall at south abutment.
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September 17, 1979 1
Figure 8 - Looking across crest from north abutment L
of the dam.
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;. September 17, 1979 ]
> Figure 9 - Upstream face of the north abutment. View P |
1 of control tower and gate mechanism. » _
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September 17, 1979
Figure 10 - View of two discharge pipes from the
intake structure.

¢

5 September 17, 1979
[ Figure 11 - View of gate mechanism at the north

L] abutment.
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September 17, 1979
Figure 12 - Looking upstream at the reservoir from the
top of the north abutment.
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September 17, 1979
Figure 13 - Herrick Road Bridge 200' downstream of
the dam.
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September 17, 1979 2

Figure 14 - Looking at the downstream channel from “

the top of Herrick Road Bridge. ' >

h-:: - ol

P. ~ -

& :

- .

3 -

) -

b g

o c-8 :

E‘ . s
b." - - . . . - -

.'»' A'.A “, dh, ;-LJ- ._. 2 a Y " _ ;_"_‘L- l);- o ".‘\".-_.--1‘-\_\‘.-".3::-1 ‘.’_L Al e aa




p— —
- -

e a o al” ‘ . . . LTt e . S - o PR R ot
PR Uy U T GRS T WA WU Wy DS DAY War W W ey s PO N O T T T T T ST IR S WP SR W S WY 5 DU Wer S W | P S N R NS

bt B dad ot e A L Qi AGTRCA S-S Sa0 SE et b AN A S AR SN AR —TTTTS Dafradiinate N B —

APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS

VPR Y G I S s




o, - M —
> ( ) a0 ‘ RN
- L -~ " s '_ﬁ)”
. . . o
. o e \ ,’”
.- -4_ ) e Y "‘ ‘ ”‘/ .
. .-\- I3 .; I . L
N‘r\\ '_, \.‘»» . £y o« \ r ‘/A | ‘
Tl wn o~ ¢ aneen %,
UPSTREAM DRAINAGE AREA 4 o
\ . o~
PORESI L e AN . '
. \ ta ~ s R4
oW : T -

2 AN .
; 1\)~,r\{‘!‘\_’.‘“4 :._ ~.‘
* AEisAST ) s - [
8

N - !

-&&'“}& AN !
E.JW\‘ 3

EEER ! S A
; 2 N "

nar

e, <
-~ )
* "\

'~*\-

_ : A
A{_f N

DOWNSTREAM.

AZARD AREA

(SEE DETAIL LOWER LEFT!

NOVEMBER 1979
DEPARTMENT OF THE ARMY

NATIONAL PROGRAM OF INSPECTION

REGIONAL VICINITY MAP

SCALE

IN MILES

4

| 2

OF NON-FED. DAMS
LITTLE RIVER UPPER DAM 0
BELFAST, MAINE =

MAP BASED ON U.SGS. 7.5MINUTE QUADRANGLE
SHEETS. BELFAST,ME ,I960.REVISED 1973.

W ELTHEN, MASSACHUSETTS REVISED 1973, ISLESBORO, ME., 1973
ANTERSON-NICHOLS & CC,INC CONCORO,NH
D-1
N P U VOV o

ia'a o 4

D
P

P T S WY

.

Ak Al ol s .

L




- JARES

vy ey

L i N 20 ateid

AP SN )

4 Anderson-Nichols & Company, Inc. Subject

JO8 NO.

0

. IN. SCALE

-

11
12
13
14
15
16
17
18

19

21

22

24
25
26
27

28

30
31
32
33
34

35

37

a8

T p——

4

FRNEC et Lk S Saus meen sew 0 . e e o

H/# Sheet No. __| of

7 Date ‘vl’27; 29}
Computed Al
2272 — NG LITTLE RIVER — UFPL 2 DAM Checked =) U

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

BREACH ANALYL IS

DETEvR A \NE EFpEcTL cF Baeiacyt AT ToPR OF QAM

TO CLALZIl Y _DOwWN=TH 4h R 2 A CONGITIONT .

“he

- Ye awer Bel

W x Zlex 4 - 86 ASScME BREMCH ACcmRS
Yo - €644 - 2a.2 =25,7 AT TOP OF THE DMA —6E4.9PrnsL
R= 18,837 ¥

QR ThRoucAd SPilLiypy OTHER. THAN YHERE IT (S BREAH,

A= W4 - - 28 P71
> 6aq— 69 - 5.9
¢ = 2.2

A C bt = 1304 CFs

ToTar BeEacw ® = 20 16O cFL

ANTE ¢ F_vd4T oA RGE ( SPILWAYN CAPACITY AT TOR OF
LHAM)

-2

Lassl Lt P i PP U P S N b . R, . S = e S a3 s CHIE WL AL SRA U W/ WO W /A S A S

g

P
PR AT AT BT

e

.
PP Y |

e

| ST



Rl el Rl Rl TR e e B o At G R Man e A At Stie e "Rl SAReMal Sl Sl Wd Sl Sl S Gt

4 Anderson-Nichols & Company, Inc. suvioct 2 A, Sheet No. < f—
- NO Computed ’),ﬂ;“
- JO8 NO. 52 73— 14 Checked
JARES 0O 1 2 3 4 6 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 26 28
IN. SCALE
1
2
AITTLE RryER — terrE?R DA
3
4 BesAcH ANACLY S1S — CONT D - L
5 )
g ReacH ¥ 1 v o]
) T
¢ s USE A TYPICAL  CROSS SEcTion ALONG  B1E How/NSTREA T
7 - e
_ REACH FROM T DAN T2 THE HERRICK ROAD LRIDGE TFoR A IR
[_ 8 DIETANCE ©F Zoo FeeT , 14
9 Cend
DEVE2LZo, A RATING CalVE  Foe THIS <ECilont €9 ]
[ 10 Ui F MANNINGS BRUATION | /& ":’ ry A ,Q EN S % W : C
n R
12 _ . o
n e . 0—5 S = v Dﬂb - T J
13 e .
14 ' '
oenrw [#]| Axen | weex | R [0F5)
15
16 17) o ) o ._— -~ <
17 ([
4 /54, 5 49 7 574 — 1
18 ]
& 378.2 68./ 2469 RSN
19
. /2 &720.8 87.1 5439 R
- - 20 IR
¢ /020.% /o5.6 97720 ]
21 ®
F 20 /468. /20.7 /S2es RS
. 22 .
g 2008 | 158, 22658
23
& 28 2652. /5.2 32369
» 24 i
g oL
25 -
- 26 \ ] <. :"~"J
. »* h - BOuGHNESS  COEFEICIENT R
27 oS
i A = AREXR OF XX cToN IN SRUALE  FEET SRR
[ | p/w&ﬂéu PER /IMETER Loolu
29 ®
K — TtopE pF REACH ——
- 30 S .
S
7 32
t’ 33 e
34 -‘:.:‘ .
o =3 Do
: % o
37 ® .
L e




TR wvreg ey

.

e~
‘ . P

o '
il

Aamh aan 2an I agie Jas om gen aan g

YE I

BON WL ™IT

P —

% wuﬁ\w\\ 7

f\,ﬁ 113
s}

\4\“ .< .v~¢d

m | . A
4 . 1 1
i “ i ,. ; ;
] ' ’ ; ! ! !
e i .*l - . —_— - : - ..Al.. - PR SR ——t— L R S *f ——— -
' : “ ) ) [ : 3 ' i
! _ ; _ & | & ) | N . ;
- - — SR SR S N D A
: | m | m “
i “ , M :
I SR R S _ _ S S S - - : NS S i
“ | . - | i +
! | y ) ! !
M 3 .w ~+ t -+ - -—d
. | 4 i Sy . 4 -+~
m “ L L | |
: 4 i fﬂ] : '
1. ' ' :
o : | T 5 B aviseay B T ’ T
m . W T - m “
, s l_ " R _
| ﬂ N, | +
! H ~ t
f., : : - e S - S g - . - -
| “ b ek | i m
_ ] .‘.\ wy . .ﬁ/ - M‘
J <. ! |
e e =SS M
' _ . ” PN +
_ J | | _ Jr |
m _ _ “ / !
- _ - ! ” — 4= 114!'H ORI PP —— ' - L - - — - ;_
: | | | | | _
; | i . B !
, " ! ! _ ' | !
. \’ o - - P S o e e l‘l,.,...ﬂl - e e — ,. ; - __ — = -
{ VY &uocv\m\ »\,Q. QAQ:\,. d‘\f\t& ?.‘\\P;D(&& 20 MNOWUHIBT-X ! i

-

7/ & SY‘WW\

I
!
_

—+
K

4M=U

. AR TR ?LEU
_ ) T\ 92 -
[ =22 Tk N

LG

el

)

~

e
—+
Q

N o0
@j,’ I AN

N

—

<«

w
N

N

.

- S VA Wt




T,

T T T T T T T
.._D ..... | @ A. - e e Y Y _
b (Y2 ) FoXvuo=a
v coa b2 coe'cy oo o' y) ooo 2 ccead cea'p
2 . é T !
f R . ‘ . :
4 - f
b R ct‘w R . o m
- | | , {-0
: | | o
- | : | H
4 4 T
: w | | -
i “ i : N +
g T R l [
b ) A U | W
] | | ! I . \
3 | : , . -
.. T | ! i W
: : | : i L 1
w | w | CO N
4 t . H t
. P A DN S ] A N
f t ” ! M . [
{ : | | . ! . !
4 ' . . . i W ! )
” - POy 1551 T LTS FZTRY - — 1/
' e S T I — - , : |
[ , | _ . e .
W W e “ e e . el
{ A S S R . |
1 i ; i B | i ]
i . . “ !
1 _ _ | m . ! | _
' N I : . , T { m
. - b - e - - ! Rt S Sl _ .- - - 4
| A | u - M $
.. v 74 HOMIY | |- | |
e e e [ ! _ _
g oo 7T FH TV SR . T T ol _ R S
‘ Ondiry| oy zred S5/ s 1 — g 5«%@ | | L.
A . . ) JF_\ . \.F\ i I w —N.M* QWJUU:\J - 3
3 _ 0 o Tw(ajrmmm‘m 7~ AT iy o M B E AucrarQu !
| m 1 | PR ,
+
g h L , | i _ L L_r >bﬂw.n~nu&- —
‘_
y
p
i —- = ’ ! - et B {
[ -4 R —— o] S I L -, , - . . o+ AWA . e x e e e e 2 e

PO




4 - LAl AR S AN T T T T A T T v B T TV R e T L T = e  alBir aaraaui-aons - ane. mweh v i — T A w.——'*
y 4 W " o
:=! serson-Nichols & Company, Inc. Subject ——~*—,§—**— — g’;’:‘ No. 2 2 of 757 % ~
A Computed a7 Y
. JBNO. 2273 _ /4 Checked o2 ) ¢ o
UARES 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 = -.
. . IN. SCALE
1 - _—
o) S
- 2
o Liees RIyEL  — ((PRPEZR DA :
|-'.-. 3 e LT - P L L :
. 4 ENEACH ANALYZ/Z - covT'D ']
[ ° '
" 6 .
[:' DEVERON, A PATIMNG CaaRJE FOR THE x—CSECTION Arop/& HERRICK : i
= 7 _ K
o PFORLD CRKGE  Loo’! Dow 7REHr THE YDA . )
R *-' 8 '.-_
y 9
m LOAS FROK — AL L RTED S IA ANV NG L EQRUATION C
l‘ 0 Erev. Ao A W PER R FersT) "
' n
3 23,.¢ o 0 4
g 12
. Nonbetymd S COLPE, z26:7 7. ¢ 29.4 696
; 13 o]
@ conce kil . ©75 7.9 /504 258 205t P 1
- 14 — R
. Hoirom 0325 43./ 2%, 42,2 279°C .
- 15 B ; ;
N 96 .« 207.2 4%.7 Lpo7 p
- ®ocs oy 49 < 288 5%, 5024 B
(| v 2.7 0. ¢ 6r-< 10440 0
- 18 1
- 1
e 19 r }
o PRESSwRE ) WNE1R Frokl _
20 - / K
' 21 S
E C vAUE  CANCe ATTON ok PRELSuRE From ! A
22 3
. 2 L ° ATNGTM OF SreDE .
. 23 4 29,/ » n x L g 7
. 24 F - R B
g 2 n- 1&7. CONCARETE €rei DCE= ]
. 25 - 297 s 02 » 249 ]
. £y T T T T 067 WITH  wrse £0iTON — 003 y
. 26 2eT ) T -
. R -Hyverttbtc ARavmes 3
. 27 <
' ‘ /10 + .06y = [ 1€ INTAKE AND  ExT LOCLES
T 128 .
- ' v /1o -
' 129 £ - ?L? > e c= .9 f’ = §
o i U =
3 ]
f33 )
i - S
34 K
l3s , -
j L/ ‘O -
-6 .
37 }
® K
11 - - o
]
R 8
[ o . aa P P S S S U S ST S TP Sy S T W W ¥ o - ‘




MM Sl

LA B Sun saad
' .

j # 7 H Sheet No. l‘ of .
Anderson-Nichols & Company, Inc. Subject f et Yo S Y275
Computed o\ 4l At
JWBNO. 2273 /& Checked _wdd -

JARES O 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 28 27 28 29
IN. SCALE
1

2 L TTRE RivER — UPPER  DAM

3 — TSI =%

1L REACH ANAZM 2 - CoMT ')
® PRE S8 Fros/ — sper — 470, sqPr c — .13

-7 _ .
e H. R - Hc /zau/ [cm?
&2 T 4.4 13, 224
600 165 4,424
6.0 219 16 43

2 0.0 26.9 Ip {82
13

14

A Were FLoH — ¢ =2.8

TFr 20 £ e N
1”7 Frev. L “ Q- CchL#n? fers)
I N o

€0 0 /O . )27

670 /30 s 7476

2 /o ¢ 170 /2. 27026
22

16

20

23

24

X
Q\
A
\
{
J
N}
3
X
Ny

5{'( MRy —

'
[-

|
)

25

A% ]
vy

26

W
[+)
-

TN
AT
\\\'("\\\‘Q\Jq
*®
Y
AN

27

W
D

28

(S

s
[l

)

32

9N

33

™
Q
\\
q
™
&
~

14

™

/\
8]
Ny
W

<
~—
.

35

~
)
N
»
3
v
O

37 — b

38

as mma_m e e ma alata s ale PP TSI ) - PRSI VO W3 . P VPSRRI NP AR ORI SO PP S SRS St S

L.

[ X

@

e e

Lc.t"-

o
ot
e oo

Y

b

P

e

A

o a a4

Addd L

e

. 2
U S WP SN W SRy



P A T TN W
' _ i | i
Tkt T momwrsiz
?. - - T T )‘Aﬂl M RS S H T T T l_.ll"l).li TTYTTTTTTT T T
’, ﬂ ! | : |
~ : _ m { I.IAT" ; f |
X . M | “ O % IR L S L
L i |
. : : ' _ ' i
_ | ! " i | H m
| ¢ { ' B
o .R!tl.;?--l ,u } L | i :
yv T Tt IV h T T H B 141 Jr - T T
: . _ | _
! VB Rl AV S | | “ _
5 i Loy | _ ; ST S SR I § 4_
AR T © A oTIEARY | M , m
i i _ . N {
| _ ‘ i ‘ L
R : . ‘ o _ T o
| , ﬁ - ' ﬁ ,_ . i ; _
. : “ ; nw\.r. k\%.r ON > j , '
i i : : !
t — 1 \ ,
' i , . t |

g b o e e vr - e - :1‘.L,‘f el nle - — “\ P

|
S DRSSP VRSSO SR PRI SN | |

{
!
, NEORO R S ..
8 . ' , AT \4\\[ I 1}\17 r\« ur o0
. uVQQ \ycw Loy OINH X L wNOPY 1ot o

. H \ . T ) _ RED7I0 SR _ N T
. _ . A / : ‘ P SO A S
- . ! i i # ' ¢ 4 = are”

s ﬁ!llrxl S S U S SR (S Lo Eace  pomb RO SR 7 .,aur@

Sndt Aial Sndh Sl Aadi Saath e Sty

L Gmcns e st endes arrall o i gt S T Y Yo T Ty

<

fFr .y

Q
™
rEOL bt




TR TSI ST IR T T

T~
-
v

P s D U

e 9y M el ¢

[(Ga2) 3oxpmwods/a

ceop cowt

e

T

¥

o
4

[rom 27 MULEA S 72

<
i

_‘_‘T—_-_'_.—h - —
9
Q

. |

|
= SvXedz dr B

4

g

SNV U RO, N — S

Ly | Y H

]

OVl xr T 249 s

- i
i i :
ONpTvd | S/g

CEEIE =L 7

i
IOy 2 U ML b0 N Lk

s

w
i |
! i
! _ i
! ”
, T EEs (TSRS (e
_ | , é
; |
]
|

Db Axiveri30

~ ;
\ . '
bl -d)-o1 - PéyE |
KREM«.’#RWMKW&#&?&?. 4

AT e A R
‘ol alal el sy

L
P P g,

L Y

NSO DO N

Ma? it miamz m®

PO 1Y T T U W I N PRI S S S SP P TV SO 3P S |




A Anderson-Nichols & Company, Inc.

N
< JARES ¢
~ IN. SCALE

15

16

17

18

19

‘20

Y P
» . N . <I.

w5 N

N [es]

Ty
I3
o ]

JOB NO. 22732~

A TYNCAL

—y -~ —— -~ e e w
- : e AN B B A-ma s e mae o Aadihen e e Y A A Ao R ines Jhstdhets Sarn e g SaA e
it g et Al i Palind Sl St -

Subject 4 2 A Sheet No.
Date
Computed
Checked

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 256 26 27 28 29

//77_?(.5 CIvER — vFEper HAM

LREBCET ANALYErS — con?’hn

(ROSS SEECTION ALONG THE DOk STRERT) RSncw
THE AERRCE Copa BreoGt(Zoc’ BETo THE Uatr ) TO ComFulieE
WM RESERQOIR ©OF KowZx phhfea SISTANCE OF (7)eo FT.
4 RATING CuLUE For TMS SEECUioN B9 «(E OF

LEVELCr
MANNMNING S EQuaTioN: K = ’_hil 40 % ‘/:,4,'
S oo
l ArE R O PEN @R
= (7S]
] & < o
! 229 77 423
| =B 92 2/52
| Ge/ VKA 6794
1#24 125 l/ 862
97z /98 /18542
2604 /77 26 976
L-iO

ORI G S LA A1

B .
L PRI AR Y

-y

. .
e a'a'2'sla 0

. - . D PRSP |
UL P, PG O SR SShe MRS RS SE S QY S




R e i ]
e

YT WY W YT E LYY Y Y

A2 ARt Sy

T Y

" 2

T T T

T T T T

CL T e
T, "W WP, sy

P T i
_ - 4 i . - . - -
Ll . - — L
- - i - - J
......... . - - - - e = e e P
— —r—t—g—re o - - e
[, -
H PR SRR IR e

R P, SR Y. S, o

L VA et B ,. .Q“;ﬁx..,\,\._g‘,: NEE AR

IR YR =5

°

“ e R YA R P - _U/

e

L1447 #iod BT

¢

—_— JRRSSGEES VISV SNSRI D .

| IR D A R R R R R /&
| S SO AU IR IR AR .
, T —-——1

|
- N
[

T 5 ——

v:Q.WMu\m%q arny T 1T - A : , : ”
w0y okt NIBUDT | L | {2 .\xtnvné.inif
T NOi2 0B PO EYTIUIAL | NOUDESTY :.EU;MNWSﬂ%NOq R (7] S 4 _\.wﬂ\ k\\kﬁb‘ﬁ
o | | T AR L ek T | (3E-6d . pva | 0

)
o
i |

A




ey

——

T T

R~ A}

A g

« &

.....

ﬁ%u\,\\ B2OAY H OIS I

cwo'gde > @0 e oo oy 506.6’ G 74 voo'q ceo'y
v T -7 T u T )
N 1 1 M ! '
N il 1 ‘ .
| « - -
I TS SRR R e I
| : i { ; + -
| ' ] ' ’
| -
i ) _ M i
| . | ! ‘
1 ! A “ ,
el Sl .wls e T (--l[..kH!.l,.lqlﬁl!-l - p e Bt SEE R . -
| ” | | |
v " _ / u
+ ——— - r——- ———i
_ ! LW ANRTIoIUNY T T
; ! _ , : o :
- B h!u. - B I ET SR "1 - -4 ‘.l.!ll_,*llllxif B e s S - -
: | ! | e !
.. , "
: - |
,_ ! | 4 i
CT T T ’ # o o I T S T - - T
| | -
V u ,'*‘A.\
i i ! | 7 Hv|=oF
| | ; !
T B I - BUUSS S b ]
, ! i
L _ e ! S I S0 O S S
| _ | " ! , _ ; i y
t ! _“ | ~ 1 ' M
ﬁ\ %3\4\;@._ \(3%*%\ IO AN ‘m*\,( w\.&v\r\u\\ _ _3 il \\. T P2 _
B ——— Ry Sl . _ -
" wxa\«\w\ %ui& y) — }«MX A2 =2y T.N DA v _,,.f?,,J '
| : | _ | P n ! mvjluuwc 2oy ;
] j i w j . 1 — c.umx RN - NG T AN,J_Z»R. e o

beicd 2T

oz
rez

S

PRSP P W N




R It e A s D s S a2 B -S A i D e i Awl o M AN bie A il Acat i~ 6 ik (S et S e SRS A At AR A S SRS EA S E A

b . Az Ao
Anderson-Nichols & Company, Inc. Subject ,S so';::t " [e =227
S Computed - a} s

- JBNO. 227z — G LT RivE — WPAER A Checked U

So

gt

JARES 0 1 234567891011121314151617181920212223242526272329
lN.SCALE

1

EREACH ANALYSIC conT’p

To LENERMINE MA¥/MUM RISE ofF LOOER R LR vOrR.
DuEe To LKA o+ WpreR R v RO THE TOVAZL
B E-ACKH R wlee 2% APE T O ThE RKATING CueUVE :
- o0 tre LowEe Dam , TTH(S REIULTS I AN ELevATIoW A

OF 28.6 FT MSL

1"

12
CONCIAL S ON S 4 A Be<s A+ OF L rLE RiuER. UPFER

DA COwd  CALLE  OUSRTORP MG Aun ToSClBLE DAMACE

" TO ™Me heererck LioAn ErRALLE AN L Could Mo Ouda
OVERTOPPINOr OoF LlpowSR RefEe VR DAM,

l 0 THE e AA CoutD AL o cAuSE Log: OF A *&GU-

17 .__;
— LATING RECEYUOR FOQ  UWE (N WATER SUPELY  AND _

- 8 TMeEReroORL For=<C A +HIAZARD ™ A Pugiace uTiaTy . 'j.:i::'
I:-- TheRE ok TFEORARIY EE No LOIST oF LIFE surir Couwn
) 2 CASE APPRECIABLE PROPERTY DAMAGE | THERETV LT |
!‘ 2 Liree Ruvelk UPPER DA HAL BEeEN SLAOI FRER AS

22 N
CUGNIEICANT  HAZARD

15

23

24

25 ’ .

‘ . L
LIPS TP SR AN

I

27 -

(
1. N
Bl

% T
3t

32

b |
U -3

e 35

» o .

- e m e v e e e e e e . ., " .
Y TGRS ” - e Tttt R R . Tl it S R S
(R . LN Lt e - . = 0. . P

e e - e e e w e T T e T e R I PSP R
N R .. AR RATS T e e et e P e
R I R L G R S O S LS T  W AP PR L L T, Y S S IRIW. VS DU,V




T oy SRSt i T 5% i T e it A et J M AL R ST L S eh ot St i ea i SMA A S A A A S ) > RS S i sl S i et Ut TR date ok Dl iaat Jiae 4 --‘
Bad " - S e - . N N

Anderson-Nichols & Company, Inc. Subject ’7/7 A gr::x No. Li/o-pozf — -
0eNO. 3272 - /g TP oTe
f::JARES 0 1 2 3 4 5} 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 ~
-~ IN. SCALE
: . _
? LITEE_RIVEU UFRER _DAM. -
3 9
I
4 DCAINAGE  ARER — 12,7 SQMILE S
s Sz ctAacc FreaTION — SMALL - ."1
6 HAZ ALK L ELAC LI F I 4TIt = S1&rr T NT ‘
7 TELT FipL RANGE Yo FPrE — ¥z PATE 1 ChosEn % pyE .
8 Er AN THE ,2&E OF UMty 12 1IN QPRI L RanvCrE OF 126 CaM Il FreAaT?ION . ’
9 -
O L o L CALCULATE  PME bgiae CFRELIMIARY  Fe DANCE
" 7 FOR ESTIrt A TING M N M CRORHIE  Lizoiernw g N
12 FHAlE 7 WRA FAFFTY IMNAESTIEATIOND  AARCH /35 ) .
13 —
14 SvE or L eI S 5 129 —'-7/',/'/// THE RE FOKE ThE
15 Mters v a Aol Ceppis Kl Fad Y AL RN S
16 Vos s C;’,’"/ Al IF o B0
v 13,7 ceMir v R0 cen o ST600  eFg
8 kST Roow s PRE) = 2800 oFS  (Gp,)
19
. 120 :
!2' Ry 2 £ A  DTTTRMVE SulctrnecrE€ 41614417 T PASS
|22 ﬁ&f, »_/ 2 Boo CFC T2 @ETAN THIS | A DISTHARGE =
:; !23 PHTirsg Cerw L E Haurr 8 CAZ L1 ATER Fpa (1SR )
t :24 fE LA TR LAr:, T FS k) Motere O R FINCT  OvER ‘
;_;. }25 Tpe  pA o reenf, e RAY. ST 0 Flooc WATRFRI Wik _
- - FROG TR THE Lam FRpaNKMERTS e Bios iorkl, oo
[ - ewt THNOLEH T OLTIRIT IR (6 AL B L/AIEER) S
L |: Femars DAL £ crAarIeEeR 2r NS T i ANT L 2248 OF q
[ | ,EJO TP Aoy GATL 1T UNKNOK A yGATE 2 R ATAG PE (trANIEl ’:1
1O RGCTR L AML SN 2O ST o L THEAT 15 NO IR CHITON e
. %31 OF prce NT piuATIoN |, BV 0R 0uTAET FlrE  EROM THE .
:32 PP LY ST Aee T 20 ierl . FF Ak le  pfF ITS -
E. $33 ACrL PTION Tl T Lo s INO /T B RGENCYy  GATE L
va - WKk  prer 2L CALCC ATEL
3 ‘35
S D-4
- |37
. 1
i'.’
p .
Do o L T T e e T D S




°
e
Y
]
.
®
.
.
.

Rt /XS RONYLS/E

- w9 g‘ .. - S T S L T N e PO . OV
L ,6xywlwu.||‘h.l.ﬁ4.1.||v4.iyv 1.. . - S e e b e . Ce .- .o PO e . . .

S ase S A R P aatab i el By 'r'r

-’ . . N - . - . . - .
LT e = - - * - DR Coa" R NS
P U U U DN SRRy Yl I SO DI Sy Sy Py WD Sy ) Phy Ty R

AR AR e Jete b e A e e Bts M M

M
a -
. ! o | SN O R I A I D ! Y,
11“|M|‘I..‘1:-.l.,|_w:.l\:|.1«.,!" ed L oM . . >
I . SR DD BN S I I P S N
* R L . [T NS C ey e . . R S . - | N
! v o i} PRI R . . _H . . “ . R
: T AN SPUPUR U § U R ] e T o

P R R
I RN
PPV W Y Y Oy

|
“
{

!
S - dI
i
|
l
1
}
'3
2
,Ai;i*‘
/'x‘/y

o geras || ] ey
N N e T Rl IR ﬂu
|

~)

P S g g iy {

|
i
|
|

I
i~
-

“ —

] o | B BN s ! Crv S 4g ODPORUD
‘ _
ﬁ |

|

_ J .
DO U SRR RN SR RO D b e ceingraag
o XDgE : ?}vq“ Wl by — |l Fwu4| LL-57- ho | R\t
_ i i S T ER - I TS P A (ST R e Sire. = s i

4

i

P -

TVIY NS S LI b niataleta R Bl Ariibadin ke

S




of
T a

-
-

th

t

Sheet No.
Date

TR TSN

H

T
Subject

Ty

ww

[ atiCasth andu sl SNl o at e g

Anderson-Nichols & Company, Inc.

- T

-

,,.]L

“

Computed
Checked

- /&

a)
N

~

JOB NO.

22 23 24 25 26 27 28 29

19 20 2t

9 10 11 12 13 t4 15 16 17 18

8

FESTE N

(¢}
1
2
3

-7

4

65

pRe———

Vs VX%

OLL AT J

® O

< -u\\
‘r\.

deda 1 FT T
NG Moxs

DiVIiLY S

'3} =}
- -

Cu? i\.(\_, o
TaZ [V A

+
9/ 2. <
i
i Gy s :
VN PRI

VARRE A 1
/r . /

-

I

YA
J

.
[ 4od TO AU d
AN a1 e
Y ogms s
o - o~ (] < e W
NN N NN NN

JARES
IN. SCALE

K b2t 71t =

-~

/

]

. |'i \‘!'_ﬂll .-

Y
H

=i

-
Y St

“ i

-
e

M

>
3
P 3
3
‘\.

eVt ta Tt

N .
~L
PRSI

<
<L

.-

P

32
33
34
35




”c-© \Q\

b e e e Zaese e aide ¥

-, RS
L Y
AP I I

LA 2T E

AR P AN St i .

-

2L A

‘7
-

el

R el Sad Sade

72

W L

A B MY

L~ -

a2 aea

|

R o L.www $ag w2aibu
Ty N R PR e A R -~ 21 VA X
B i_wq, A=y Apad \FTY7 or % \m of - T |

(AR A R A Aon R e aen )

el e

G

W L 370101 INOSTA i




[_ﬁ-_‘ T T CRMNCA A0 Tt T Tt Wt I P TRt ALt AR A Y A e e i e Yt A At SN S AP A A S Ty W T T T VR
¥ B ,
[N . ..4
PL ‘ / ‘ ‘ ]
. o . _— - -
}t_" Anderson-Nichols & Company, Inc. Subject — o oheet No-4—— o =55 w
ti Computed .z L
G JOBNO. 7272 — /3 Checked 2 [/ ( -]
CVARES ¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 25 26 27 28 29
.IN. SCALE !
-
1
. S
2 N ‘ . -
AT KK P ER OAM e
| 3 - — ]
4 - _:4
STOKYAGE — 1 EHTION CerrveE CALCuL ATIONC S
5 -
—~ 4
6 S
‘ N\ AL TIPKAHGE /fw/ x ¥y cwrcr~ TG Fr r/SL) — 480 Ac-Fr S
7
|
8 : , - e ‘ -
i ANosE | ASe Al KRAT  QETAINED  FY FUIMaiNG AVERAGE LeERTH .
A -
9 .
| O NE Lr kiR /DT AV PLANIME 1220C LugFrceE  oF N
10 o
i REr I FRO Russ <Xy — 48 Ac . [T oo 0rO GAL »
‘1 -
‘, Ay STK L MO 12D s A0S CATACITY IN APPLIE W TION FOR 1
112 ) ‘ -
| LAN REGIDTRATION [ SEA PRGE ) AGREES WM A/ - ]
13 - . g
’ CAL- 1A ATI7OA '
14 ; -
15 . = : .- ‘ — )
Uiiag €Tk 0F SNl ERuTION AMD Pr4nt ETERED
16 ) o
S pFH s Ape » s , = E X O~ FOIANTL Foe A SToRAGE — i
117 T
..... WY A7 WLV N LR E -
18 ; E
. S T ErEemy. ALOvE Nogehae ’ -j
I R e 4 - -
*° Vel e 4L g >
. e /c/ * Az L2 é‘/ — NOrRPIAL POOr SulFRTE <y
120 P
E L, - LN AwGE 0L sasFeE -
]21 r
v - ‘22 ?- 9
’ ELEy- 7O, 7 /M<L 1
i |23
: - ienPacE  AreA — 76 4c o
L 124 / /g - - ! . Ty
5 P Vo /_; y/ | PR 4 TG 745’~’/6 ) = 56 AC-FT s
! 95
9 | m ) Lmom AGE — [/ T6 AL FT -
26 ;
" ! Y
S 27 o
5
. }?H . ~ . 9
SO
PY 129 -~ -3
.' “ 4‘) - 1
N 132
. ]33
* _
P 34 Eadnd ’ 1
- - — -t -
- Cd ./
e 35
36
i i
"' 37
o 38 -




m-/knklu_‘ 7 Ivvrvass
P e/ ey) ooy -1 caog ey Coo ors e 4 cop

_, A= uwm
A . . ~ Aﬂ
_ : . e
”.. _ | 13
”‘ I T “y
| L N

e
i
72

- PR

|
i
, ' .
| 1 .
t

0 MowIRYE - wrvaus
T L T aekdn T ey




RS d it o Mt B Mttt s St i MiiE et i ~ Al YA R N e A Ae b on Ziaa Jh e A g b - Aa Ve Gl aite 4a o DS Wl Pl Gl e il S s At e G i o e et Sues g - Siag
I A A A W alaaafb i Sal N S oA DA

Subject H M. Sheet No. ! 1 of i

PRdps amng o gus oun aea g

Anderson-Nichols & Company, Inc. - - —

s mpany, Inc 7 Date . pir 4 5; A - 4
Computed _____ O SN

- - . . s : L] .o A
X JOB NO. 22016 Chocked ol Yo e =
o JARES 0 01 2 3 4 5 € 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 B

Mo TALE

] : i
' 2 AITTLE Prd ) UrPrEre JAT] ]

. 3 ’ T
s ]
}
5 . —
rE st 7 (terrr ) - B
& T s DA

7
e s — B - . —»
' TE T Froer. / FAtF J 1<, Boo CFT

b sr ey (X1 Booe ~FL R W4 ST . 1

o«
',....
. ‘.‘.‘

4 —
il 1
! T oo/ - s "
g LETERM Me.  LOho by e [Z S TRV’ ¥ e SN N e L - 4
N i1z N

5 Ceop/oF &

i3 - .

[ : b
HE) ! , . ) ) i -
Rp, = 1082 50 e fuer 684 FT MZt R
s S
16 o . , o - T
,Aﬁ(/oku(ff AT 68.4 FT Mg —= Jorr A-Pr Lo
/ .
17 . _ . o

( | Soodhce A 590 F7 LT Ieidiae okt ) —> 480 Ac-Fr °
{ Y15 ' A
3 ! ]
t- i3 - AN L L2 N . "o S
X , S/C Aoy iome r Froac ¥ FH- o= .75 ANuvoFF
- 29 . -
n . (/-» TOK 1 ) -
R T

’ .
22 s ) > .'4
f LT 7“ 2 c e
023 e T

&7 -
L . P s
P e At

1 T T T - . - *

‘ ETT L e, p e ek N £ HrerC2eT To PSS Qf"z,

30

4

oy . . h = i _ . -4
Rps — 1,y FdL =SB FTNIL == [0Z5 AcFT S

]

32
33 —rr - / /,f_j 4N - S -
SNSRI Z 2 A A e i ..

]

Pl P VL . AR R L I . .. N e

DR L e e, S . L e . N PR - . S, . !
- e sl PUBY ) A r Bl Bon? o l i FWRE Py PR A IR U P AP AP PV R Wy O PR Y S - e - ! P u. A,...:l.—:—\..:«!«-~..".i




“SadEM I aea Ty ~ I date g ey B amn >ty i e i -.0'."'."'.""'-""-"‘"“'-'-_'T'v*‘,"‘-j""*."‘."‘.".‘]
L“ ) ‘
- 2
» ,_ v, ) -
; Sheet No. t ,
4 Anderson-Nichols & Company, Inc. Subject 7 Date %_°§T———"’-—1
- Computed .G K
L JOB NO. 2272 —-/& Checked W (7 2
7 JARES o 1 2 3 4 6 ] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 ?9 :
IN. 8CALE L
1 ) »
2 AITLE ©IVER — UPPER  UAM ’?21
3 .
5 - -
srer # 346 : '
6 AV R AtE Srpe ! /5 <ror 2
7 Ty
8 I
. 78 - 7£ lw RN
-, NOEFF o
g9 & ;? [— 1
10 -
1 /(2.7 M2 690 Ac £ _ . ]
e 77 x 7 > —mTT A ——'—/_e/” 563 Ac—Fr 1
12 -
. ]
" 563 AcFr + 480 AC-FT = f043 AcC - FT =D €8.2 Frmi )
14 1
15 . :
16
17 / -
resr Froon — 2 PMF '
18 .
TEST Froed DISCHARGE — [2,200 -
20 o
21 cd
| TEIT fFroon EREVATIoN — 8.2 Fr-—Mse '
: 22
s N
3
Torr OF DAT1T — 64.9 Fr sl THEREFRORE JA411 EMBANIKIENT {
& 24 -
i KOULD LE OVERTORPSED LY 4807 3.3 Fr Dul/NG 1
25
[ 4 TEsT Froon ConOTIonNE . b
26 O]
!
3 2 Tor OF ohP1 — 649 FT ASL —==> STDRAAT 85D Ac-FT |
) 29 L3
4 SP Ay CAEACITYy (. TEP O _DAD re £290 cFL '
r 3 T
o ° worictr 15 G BewcmssT  OF TeE TEXT Reop bISCrARGE. .-
L 31 N
B -
& 32 =
- . 33 -
S 34 .‘
- D-2i R
A 35 v
b 36 o
B.: -.. -
p* 37
¢ L.
A 38
i' . -'
" -




A
s
]
s
b
L.. .
h [ ]
]
t,
-
¢
b
b
‘ ]

T rv—vjr
. ”
)

Y YT Y

v

-~y

ANA

APPENDIX E

INFORMATION AS
CONTAINED IN THE NATIONAL
INVENTORY OF DAMS

—

-------

PRV OF W WY Ty VS




»

-.

v.

N

’.

"

v-

3

v

~ 3

- i . - M - . - ‘

3 - SR 20 IND AT e PRI N PR N T '

._.‘.
!
w. i s ALV L i dtaiiin .

e
x

oal
Fl

~

i, A

TR TN TN
S isths 8

R A L B L T P N T T

bLAT S 1Ly L ne - ~taa Al= §7 i

-

~

—%

’
.

2

.

<

=

&)

0

Ld

=

P

)

u"‘ .
N € -

P :

24

z

&)

(VY

@

>

c

O

[

2

LJ

2,

o

WP TPUAIY T T T S U S TP T e s VUSRS




| S R
e -

tand

/-85

..... .J e : ® S R UE P SR
L .Fb.-h..»...r»bﬁ»b»»\.k SR PR W I W DN e |

LW ST S

PURIPNE PN SN S S

~e

PO




APPENDIX E
Lower Dam - Plan and Sections




v ON 103roud SNOILIONOD ONLISIX3 WYO ¥IMOT

woo - WBIM MMM | 9518°129'088

- 2
ngrw o '"meﬁgﬁ"ga? ' s"fﬁ"g‘ |3)| SAva mf"ﬂn‘%ﬂ“ aNv ¥3ddn 36
b — - I~
[ d M 10l41SIa ¥3LVM Lsv4138 a

V0| SNOISIA3H/SNOSSIMENS on
—_

COAGULATION
BASIN

WY 866 8LOT/€/¥ IMUIIVILIVW A8 QIAVS LSV]



ON 103044

e

8 00k

44

SH01SI/3/SNOISSIMENS

[ i
0 B L L

A8 @)
w

Q000 47

wooaomdyBummmm | 9519129088 SNOUIGNGO SNLISIXA WG E3A0h

aN 4138
SAVQ d3AI F1LLT ¥3MOT ANV ¥3ddn
LOIISIa ¥3LYM Lsvil3a

DRAWING
c-3

~ 1D¥3lJ-1HDIIM

30| Qi
—

z«

HAND
RAIL

GATE

PV
\N
CONCRETE /

WINGWALL

APPROX.
SHORELINE

NORTH
ABUTMENT

. \\
P I

PUMP
STATION

BELFAST
RESERVOIR
NUMBER ONE

uriLImY
POLE

HAND
RAIL

I

JAIL RACE
222

TOP OF DAM
SPILLWAY

ladad

GUARDRAIL,
ROCKS
20

A&

APPROX.
SHORELINE

COAGULATION

FILTER
BUILDING

OUTLET
PIPE

J

GRANITE
STONE
WALL

SPILLWAY
25.0'"+

GRANITE /

CREST-
STONE
WALL

SOUTH
ABUTMENT

WY v¥iLL BL0Z/LL/v 3UYIAVILIVA ‘A8 QINVS LSV

VT LYN | WV BLioviLL 8102/1L/v | ———= | 9G¥:L | Ubld | OMAYIMOT-ANSVLEOY L \X\SONIMYET\NOLLOIASNINVONATILIN —L£0¥ L \ISVATIB\IN\ONI\:r



=0
ONIMYAd

SNOILOIS SSOXO AV ¥3MOT
3NIVN “Lsv4138

SAVQ d3AI F1LLT ¥3MOT ANV ¥3ddn
LOIISIa ¥3LYM Lsvil3a

wooasd-Bummmm | 9519°129'888

~= ID¥31d-IHDOIIM

ON 103044
A8 @)

8 00k

[ #0000
ol FFFE8 000530

SH01SI/3/SNOISSIMENS

Qi

T

T 7 awois
av7 A¥a

000 |
Eg

E / 7,0 97=AT17
LSO APMTTSS

F.SZ0FATTT INFNINEY
TIVM INOLS TUNVHT HISON 40 doL
V2 3UFHINOD

th

TIM INOLS
a7 g

el

51

P TIMINM

F06Z=ATTT

\\\\\\\\\\ LT

L5THO AVMTIISS

F.6208=AF7F INFNLNEY
i NOILVLS / iy
AVMINST _— A 2w

anind

F,062=/317
LST4D AVMTTS

F,5OP=ATTT INFVNEY
HINOS 40 doL

T

F.SOE=ATIT INIINEY
HINOS 40 do1

7IM INOLS
a1 g

&1

TTM INOLS FUNVYD
D ILFHNOD

TIMNM

JYIAVTLIVN | WY OvigviLL BLOZ/LL/¥ | ———— | 8'¥iL | SNOWLO3S | OMQ¥IMOI-ANSVLEOY L \X\SONIMYAA\NOILOFSNINVAAYTILIN—££07 1 \ISVA138\IN\ONI\ir

WY v¥iLL BL0Z/LL/v 3UYIAVILIVA ‘A8 QINVS LSV




APPENDIX F
Lower Dam - Photographs
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

Identification No.: ME00288

Name of Dam: Little River Lower Dam
Town: Belfast

County and State: Waldo, Maine

Stream: Little River

Date of Inspection: September 17, 1979

BRIEF ASSESSMENT

Little River Lower Dam is a concrete and dry-stone-masonry dam,

with a hydraulic height of 30 feet, 126 feet long, with a 91-foot
long concrete ogee spillway section which makes a smooth transition
into a slightly sloping spillway apron. At its downstream end the
spillway apron discharges over a vertical dry-stone-masonry wall
about 11 feet high. At the south end of the dam there is a concrete
retaining wall. At the north end of the dam there is a massive
intake structure which appears to be dry-stone-masonry encased in
concrete. A pump station building and a filter house for a water
supply system is located integrally with the north abutment. The
gate mechanism on the north abutment is in poor condition and hasn't
been operational for over 24 years. The dam impounds a reservoir
with a maximum storage capacity of about 615 acre-feet. The reser-
voir is .51 mile long with a surface area of about 37 acres and is
used for water supply for the Town of Belfast.

The dam is in fair condition. Major concerns are: Erosion on the
upstream and downstream sides of the south concrete abutment, and
deterioration of the dry-stone-masonry walls at the downstream edge
of the spillway apron, on the north bank of the upstream channel
and on the north bank of the downstream channel.

Based on small size and significant hazard classification in
accordance with Corps guidelines, the test flood ranges from % to
% the Probable Maximum Flood (PMF). Because the storage capacity
of this reservoir is in the upper range of the size classification,
% PMF was selected as the test flood. Using the COE guide curves -
with 'mountainous' terrain, and the % PMF routed outflow from the SRR
Little River Upper Dam, the test flood inflow was determined to be S
15,920 cfs. After routing, the test flood discharge was determined
to be 15,000 cfs at elevation 36.7' NGVD. The test flood analysis
indicates the dam would be overtopped by 6.4 feet. Spillway capacity
at top of dam is 3,665 cfs, which is 24 percent of the routed test
flood discharge. A major breach with pool at top of dam would
probably result in the loss of no lives, but could cause appreciable
property damage. (For details see Section 5.1 f.)

The owner, Belfast Water District, should implement the results of the
recommendations and remedial measures given in Sections 7.2 and 7.3
within one year after receipt of this Phase I Inspection Report.

Ponpesn) 4. Houa,
Warren A. Guinan

Project Manager
N.H. P.E. 2339
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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:
NEDED

JUL 07 1980

Honorable Joseph E. Brennan
Governor of the State of Maine
State Capitol

Augusta, Maine 04330

Dear Governor Brennan:

Inclosed is a copy of the Little River Lower Dam Phase 1 Imspection
Report, which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved 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 a vitally important part of this program.

A copy of this report has been forwarded to the Department of Agricul-
ture cooperating agency for the State of Maine. In addition, a copy of

' the report has also been furnished the owner, Belfast Water District,
71 Church Street, Belfast, Maine (04915.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Agriculture for your cooperation in carrying out this program.

Sincerely,
| MJ)
Incl « SCHEIDE
As stated Colonel, Corps of Engineers

Division Engineer
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This Phase I Inspection Report on Little River Lower Dam

has been revieved by the undersigned Reviev Board members. In our
opinion, the reported findings, econclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and wvith good engineering judgment and practice, and is heredby '
submitted for approval.

‘ /
ARAMAST MAHTESIAN, MEMBER

Geotechnical Engineering Branch
Engineering Division

‘Accession For
’(1 N ; . NTIS GRA&I
/NQ»“" DTIC TAB

tUnannounced O
CARNEY M. TERZIAN, MEMBER Justification —
Design Branch pTIC
Engineering Division vorv || BY:

specTeD | Distribution/

! Availability Codes
Avail and/or
Dist Special
RICHARD DIBUONO, CHAIRMAN A .

Water Control Branch / : o ‘ .
Engineering Division CT

APPROVAL RECOMMENDED : - o

%zn.nu‘n ; 7 SR R

Chief, Rngineering Division

‘.




—

-

B R R TR R N T N T T A T T T ey
Tt LT et e T e R e .. = L B -

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 expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condi-
tion 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 a
Phase I investigation; however, the investigation is intended
to idertify any need for such studies.

In reviewing this report, it should be realized that the

rer 'rted 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 reservoir
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 inspec-
tion can there be any chance that unsafe conditions be detected.

Phase 1 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 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, h
considering the size of the dam, its general condition and NN
the downstream damage potential. N
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October, 1979
Figure 1 - Overview of ‘'Little River Lower Dam.
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NATIONAL DAM INSPECTION PROGRAM
PHASE 1 INSPECTION REPORT
LITTLE RIVER LOWER DAM

SECTION 1
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 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. Anderson-Nichols & Company, Inc. has been retained
by the New England Division to inspect and report on
selected dams in the State of New Hampshire. Authorization
and notice to proceed were issued to Anderson-Nichols under
a letter of August 28, 1979 from William E. Hodgson, Colonel,
Corps of Engineers. Contract No. DACW33-79-C-0050, as changed,
has been assigned by the Corps of Engineers for this work.

b. Purpose
(1) 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
guickly effective dam safety programs for non-Federal dams.

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

1.2 Description of Project

a. Location. Little River Lower Dam, commonly called
Lower Dam, is located on the boundary of the Town of Belfast
and the Town of Northport, Maine; the dam spans Little River
approximately 700 feet upstream from the river's confluence
with the Atlantic Ocean. The dam impounds a pond called
Belfast Reservoir Number 1. After discharging at the damsite,
Little River flows easterly into Penobscot Bay in the Atlantic
Ocean. Little River Lower Dam is shown on the U.S.G.S. Quadrangle,
Searsport, Maine with coordinates approximately at N 44° 23' 42",
W 68° 59' 24", Waldo County, Maine. (See Location Map page vii.)

b. Description of Dam and Appurtenances. Little River
Lower Dam is a low, run-of-river dam which impounds a reservoir

1-1
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of small size. It is a concrete and dry-stone-masonry dam, about
30 feet high (hydraulic) and 126 feet long, with a 91-foot long
ogee spillway section which makes a smooth transition into a
slightly sloping spillway apron. At its downstream end, the
spillway apron discharges over a vertical dry-stone-masonry wall
about 11 feet high.

At the south end of the dam there is a concrete retaining wall.

The wall extends downstream 36 feet (width of the spillway and
apron) then bends at right angle towards south abutment for a dis-
tance of 12 feet and then again continues downstream for the next
14 feet. At the downstream side of the concrete retaining wall

it can be observed that the wall is founded on bedrock. Soil lies
against the upstream and landward sides of the retaining wall. At
the north e¢nd of the dam there is a massive intake structure which
appears to be dry-stone-masonry encased in concrete on the top,
upstream face, and river side face. A stone masonry training wall,
partially faced with concrete supports the north bank of the
upstream approach channel. The training wall extends for 24 feet
perpendicular to the spillway and then bends slightly toward the
center of the upstream channel to the next 24 feet. On the north
bank of the downstream channel there is a concrete-faced dry-stone-
masonry wall which, in the lower section, is not faced with concrete.
Located in the lower section of the downstream retaining wall is an
outlet channel for the intake structure. This outlet is plugged
with sand and gravel to about one-third of its height. A pump
station building and a filter house for a water supply system is
located immediately downstream of the north abutment. A concrete
wall which exists on the river side of these buildings is an exten-
sion to the downstream retaining wall. The gate operating mechanism
on the north abutment is inoperable; the gate size and type is
unknown. Its outlet is a 5-foot diameter steel pipe that exits at
the bottom of the training wall on the north bank of the downstream
channel. The average daily intake through the water supply pump

is about 275 gpm.

c. Size Classification. Small (hydraulic height ~ 30 feet;
storage - 615 acre-feet) based on height and storage (height 2 25
to < 40 feet and storage = 50 to <{ 1000 acre-feet) as given in
the Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Significant hazard. A major
breach would probably not result in the loss of lives, but could
cause appreciable property damage and loss of the reservoir and
water supply of the Town of Belfast. (See Section 5.1 f.)

e. Ownership. Little River Lower Dam is owned by Belfast
Water District.

f. Operator. The current owner and operator of the dam is
Belfast Water District, 71 Church Street, Belfast, Maine.
Telephone: (207) 338-1200.

.
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g. Purpose of Dam. Water impounded at Little River Lower LT
Dam is used as a water supply reservoir. R
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h. Design and Construction History. The original stone
masonry dam was built in 1887 and was breached in 1941. 1In
1943 a new dam was built about 15 feet downstream of the old
dam crest. Some parts of the original dam were used to build
the new dam. Gunite patchwork was done on the dam face about
two years ago. This historical information was obtained
orally from the Belfast Water District Superintendent,

Mr. Milford Rhodes, during the visual inspection. No other
information regarding the original design or construction of
the dam was disclosed.

i. ©Normal Operating Procedures. No written operational
procedures exist for Little River Lower Dam. Operating pro-
cedures are restricted to water supply operation. There are
two 8-inch pipes leading to a wet well which has one 10-inch
supply line. The average daily supply amounts to 275 gpm.

1.3 Pertinent Data

a. Drainage Area. The drainage area consists of 16.8
square miles (10,752 acres) of rolling and partially wooded
terrain. 3.1 square miles is intermediate drainage area and

13.7 square miles is drainage for Little River Upper Dam, which
is located about 4,900 feet upstream. The normal pool has a
surface area of 37 acres which constitutes less than 1 percent
of the watershed.

b. Discharge at Damsite

(1) Outlet works (a) - unknown gate size - gate is
not now operable

(b) - two 8-inch diameter intake
pipes for water supply

(2) The maximum known discharge for this dam was in
the 1950's when high water flowed over the abut-
ments and filter house. No elevation for this
incident was available.

(3) Ungated spillway capacity @ top of dam elevation -
3,665 cfs @ 30.3" MSL

(4) VUngated spillway capacity @ test flood elevation -
12,018 cfs @ 36.7' MSL

{(5) Gated spillway capacity @ top of dam elevation -
not applicable

(6) Gated spillway capacity @ test flood elevation -
not applicable

(7) Total spillway capacity 2 test flood elevation -
12,018 cfs @ 36.7' MSL

1-3
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VISUAL

INSPECTION CHECKLIST

PARTY ORGANIZATION

Little River Lower Dam, Me.

PROJECT
rrmg 1300
WEATHER _Sunny, hot
W.S. ELEV. U.S. DN.S.
25" MS1 1.3' MSL
PARTY:
1. Warren Guinan (ANCo) 6. Janusz Czyzowski (ANCo)
2 Stephen Gilman (ANCO) 7. Ronald Hirschfeld (GEI)
3 Leslie Williams (ANCoO) 5. Milford Rhodes (Bel.Water Dist)
A John Regan (ANCO) 9.
5. Teresa Sapp (ANCO) 10.

pATE _Sept. 17, 1979

PROJECT FEATURE
1.Hydrology/Hydraulics

INSPECTED BY

REMARKS

L. Williams/J. Czyzowski

>.Structural Stability

S. Gilman

3.Soils and Geology

R. Hirschfeld

4.

10.

LG LA ST W) bl YO S

......

Aada s o

PENEY
.....
Bl A o 2e 2




al s an’

.

PP AP P S DA

LAY




PCRE SR S .

B N D R i A S AN A i SOV S Sl

APPENDIX A

'ISUAL INSPECTION CHECKLIST

T ——————— >

E

D
Dertadbsd denndind,

LS S T St S T
PO IR IR SR S SO S A A




7.4

None.

(2)

(3)

(4)

(5)

Clear the sand and gravel that partially block
the discharge end of the low-level outlet pipe.

Inspect visually the dam and appurtenant struc-
tures once a month.

Engage a Registered Professional Engineer to make
a comprehensive technical inspection of the dam
once a year.

Establish a surveillance program for use during
and immediately after heavy rainfall and also a
warning program to follow in case of emergency
conditions.

Alternatives
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SECTION 7
ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. The visual examination indicates that
Little River Lower Dam is in fair condition. The major concerns
with respect to the integrity of the dam, if left uncorrected,
are:

(1) Erosion on the upstream and downstream sides
of the south concrete abutment block.

(2) Deterioration of the dry-stone-masonry walls "'
at the downstream edge of the spillway apron, R
on the north bank of the upstream channel,
and on the north bank of the downstream channel.

b. Adequacy of Information. The information available
is such that the assessment of this dam must be based primarily
on the results of the visual inspection.

c. Urgency. The recommendations made in 7.2 and 7.3
should be implemented by the owner within one year after receipt
of this Phase I report.

d. Need for Additional Investigation. No additional
investigation for the purposes of this Phase I investigation
is needed.

7.2 Recommendations

The owner should engage a Registered Professional Engineer to:

(1) Design and implement repairs for the dry-stone-
masonry walls at the downstream edge of the
spillway apron, on the north bank of the upstream
channel, and on the north bank of the downstream
channel.

(2) Design and implement repairs for the erosion on the
upstream and downstream sides of the right concrete
abutment block.

(3) Design repairs to the low-level outlet gate, operating
mechanism, and outlet pipe as required.

7.3 Remedial Measures KRR

a. Operating and Maintenance Procedures. The owner should: @

(1) Remove trees and brush from the right bank of the
downstream channel between the dam and the highway
bridge.

7-1

. B N
...........................




SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. Irosion on the upstream and
downstream sides of the south concrete abutment shell, if not
corrected, could have an adverse effect on the stability of
the abutment.

Deterioration cf the dry-stone-masonry walls at the downstream
edge of the spillway apron, on the north bank of the down-
stream channel, and on the north bank of the upstream channei,
if not corrected, could result in erosion and undermining of
the dam and the north abutment.

. b. Design and Construction Data. No design and construc-
tion data are available.

c. Operating Records. No written operational procedures
exist for Little River Lower Dam. Operating procedures are
restricted to water supply operation.

d. Post-Construction Changes. See Section 1.2 h.

e. Seismic Stability. This dam is located in Seismic
Zone 2 and, 1n accordance with the Phase I guidelines, does not
warrant seismic analysis.

6~1
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cfs at elevation 36.7' NGVD. The test flood analysis indicates .
that the dam embankment would be overtopped by approximately 6.4 ]
feet during the test flood conditions. The spillway capacity at .
top of dam is 3,665 cfs which is 24 percent of the routed test o
flood discharge. Flow through the water supply pump which
averages daily about 275 gpm is insignificant for this study.
Because of the inoperable gate condition, overtopping analyses o
were calculated assuming gate closed. S

f. Dam Failure Analysis. The impact of failure of the
dam at the top of dam was assessed using the Guidance for Estimating
Downstream Dam Failure Hydrographs issued by the Corps of Engineers.
The analysis covered the reach extending from the dam to the
Atlantic Ocean, a distance of 700 feet along Little River. A major
breach of Little River Lower Dam would discharge about 14,780 cfs.
The discharge from the dam just prior to failure would be 3,665
cfs or maximum spillway capacity. A breach would cause an increase
in stage of 6.3 feet in addition to the 8.2-foot antecedent stage
from the dam to the U.S. Route 1 bridge. This increase could cause
damage to the water treatment facilities. The U.S. Route 1 bridge
would pass the breach discharge without overtopping but this dis-
charge could possibly cause structural damage to the bridge. 1In
the reach from the bridge to the Atlantic Ocean, a distance of 300
feet, an increase in stage of 9 feet in addition to the 10-foot
antecedent stage would probably occur. An historic home which
also houses a doctor's and optician's office is located on the north
bank of the channel just downstream of the U.S. Route 1 bridge.
The sill of this home is about 19 feet above channel bottom.
Possible damage may occur to this home and the parking lot beside
it. The breach could also cause loss of reservoir for use in water
supply and therefore poses a hazard to a public utility. There
would probably be no loss of life, but it could cause appreciable
property damage. Therefore, Little River Lower Dam was classified
Significant Hazard.

..........
..............................
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SECTION 5
HYDROLOGIC/HYDRAULIC

5.1 Evaluation of Features

) a. General. Little River Lower Dam is a concrete and dry-
st.ne-nasonry dam with an ogee spillway section which makes a
I smootlh ransition into a slightly sloping spillway apron. Discharge -
is ovei the vertical dry-stone-masonry wall at its downstream end.
The dam impounds a reservoir of small size (maximum storage
capacity 615 acre-feet) which is used for water supply. The
drainage area at the dam consists of 16.8 square miles of mountainous
terrain. Reservoir Number 2, impounded by the Upper Dam, is located —
0.42 miles upstream. A gate of unknown size is located at the north
abutment. The gate mechanism is rusted and not operable. The gate
was designed to control discharge through an outlet channel which
is plugged with sand and gravel to about one-third of its height.
. Also at the north abutment, there are two 8-inch intake pipes for
. the water supply pump. Intake through the water supply pump
. averages daily about 275 gpm. The reservoir level is ccntrolled
by the spillway which is located at the center of the dam.

108

b. Design Data. No hydrologic or hydraulic experience data }jff:
were found.

c. Experience Data. No hydrologic or hydraulic experience
data were disclosed. Only oral information from the retired
Superintendent of the Belfast Water District was available. He
described the discharge in the 1950's when high water flowed over

: the abutments and filter house. No elevation of this incident
I was available.

f

Tat

d. Visual Observations. At the time of the inspection, no
visual evidence was noted of damage to the structure caused by
overtopping.

e. Test Flood Analysis. Little River Lower Dam is classified ]
i as being small size having a hydraulic height of 30 feet and a _
maximum storage capacity of 615 acre-feet. The dam was determined - -fﬁ
to have a significant hazard classification. Using the Recommended A
Guidelines for Safety Inspection of Dams, the test tlood ranged from ]
% to % the Probable Maximum Flood (PMF). Because the dam's storage R
capacity is in the uper end of the size classification, the % PMF
was chosen as the test flood.

Using the % PMF, the test flood inflow for Little River Lower Dam Lol
was determined to be 15,920 cfs. The total drainage area is 16.8 -t
square miles, but only 3.1 square miles is intermediate drainage e
: for Little River Lower Dam. Therefore, inflow to Little River Lower o
- Dam is the sum of the routed outflow from Little River Upper Dam and 4
- inflow from the intermediate drainage area using the 'mountainous' ~TT
. COE guide curve. The routed outflow value from the Upper Dam was
taken from the Little River Upper Dam Phase 1 inspection report.
. After routing, the test flood discharge was determined to be 15,000 e
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SECTION 4
OPERATIONAL PROCEDURES

4.1 Procedures

No written operational procedures exist for Little River Lower
Dam. Operating procedures are restricted to water supply
operation. There are two 8-inch pipes leading to a wet well
which has one 1l0-inch supply line. The normal daily usage

is 275 gpm.

4.2 Maintenance of Dam

The owner, Belfast Water District, is responsible for the
maintenance of the dam.

4.3 Maintenance of Operating Facilities

No formal maintenance procedure was disclosed. The Superinten-
dent of the Belfast Water District reported that the low-level
gate mechanism is inoperable and has not been operated for over
24 years. Maintenance facilities apply to the water supply
station. Someone from the Belfast Water District is on duty

at the dam site in the daytime during the weekdays.

4.4 Description of Any Warning System in Effect

No written warning system exists for the dam.
4.5 Evaluation

Formal operational and maintenance procedures should be developed
to ensure that problems that are encountered can be remedied
within a reasonable period of time.
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the approximately 8-inch thick concrete cap which is severely
cracked. (See Appendix C - Figure 9.)

A 5~foot-diameter steel pipe exits at the bottom of the train-
ing wall on the north bank of the downstream channel. The out-~
let of the pipe is plugged with sand and gravel to about one-
third of its height. (See Appendix C - Figure 9.) The gate
mechanism on the north abutment is inoperable; the gate size 1is
unknown. (See Appendix C - Figure 4.) The mechanism is in poor
condition with no indication of maintenance. A pump station
building and a filter house for a water supply system is located
integrally with the north abutment. A concrete wall which
exists on the river side of these buildings is an extension to
the downstream retaining wall. (See Appendix C - Figure 10.)

d. Reservoilr Area. The watershed above the r:servoir is
rolling and partially wooded. (See Appendix C - Figure 11.)
No structures were observed on the shore of the reservoir. No
evidence of significant sedimentation in the reservoir was
observed.

e. Downstream Channel. The downstream channel is bedrock.
Trees overhang the south side of the channel. About 400 feet
downstream of the dam is the U.S. Route 1 bridge that crosses
the channel. (See Appendix C - Figure 12.) Little River dis-
charges into Penobscot Bay through a channel lined with well-
placed derrick stone. (See Appendix C - Figure 13.)

3.2 Evaluation

Based on the visual inspection, Little River Lower Dam is in

fair condition. Erosion on the upstream and downstream sides
of the south concrete abutment shell, if not corrected, could
have an adverse effect on the stability of the abutment.

Deterioration of the dry-stone-masonry walls at the downstream
edge of the spillway apron, on the north bank of the down-
stream channel, and on the north bank of the upstream channel,
if not corrected, could result in erosion and undermining of
the dam and the north abutment. Also,cracked concrete cap on
the lower part of north abutment poses a dangerous condition
to people walking on the top of the wall.

The inoperable gate and low-level outlet provides no means of
draining the reservoir.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Little River Lower Dam is a low, run-of-
river dam which impounds a reservoir of small size. The water-
shed above the reservoir is rolling and partially wooded.
Little River discharges into Penobscot Bay about 700 feet down-
stream of the dam.

b. Dam. Little River Lower Dam is a concrete and dry-
stone-masonry dam, about 30 feet high (hydraulic) and 126 feet
long, with a 91-foot long ogee spillway section which makes a
smooth transition into a slightly sloping spillway apron. At
its downstream end, the spillway apron discharges over a
vertical dry-stone-masonry wall about 11 feet high. (See
Appendix C - Figure 2.) This vertical dry-stone-masonry wall
has two openings, but it cannot be determined from the visual
inspection whether these openings are built into the original
wall or whether they are the result of blocks of rock having
fallen out.

At the north end of the dam there is a massive intake structure
which appears to be dry-stone-masonry encased in concrete on
the top, upstream face, and river-side face. (See Appendix C -
Figures 3 & 4.) The downstream face is dry-stone-masonry.

(See sketch plan, Appendix B.)

At the south end of the dam there 1s a concrete abutment shell.
(See Appendix C - Figure 5.) Bedrock is exposed at the down-
stream side of the concrete abutment. (See Appendix C -

Figure 6.) Soil rests against both the upstream and landward
sides of the concrete abutment shell. (See Appendix C -

Figure 7.) Minor erosion is occurring in the soil immediately
adjacent to the upstream side of the concrete abutment shell.
Major erosion and sloughing of the soil cover, down to bedrock,
is occurring immediately adjacent to the downstream side of the
shell. (See Appendix C - Figure 6.) A weephole is located on
the downstream face of this shell and it was discharging a small
amount of water at the time of the inspection.

c. Appurtenant Structures. A stone masonry training wall,
partially faced with concrete which is in poor condition,
supports the north bank of the upstream approach channel. (See
Appendix C - Figure 8.)

On the north bank of the downstream channel there is a concrete-
faced dry-stone-masonry wall. The lower, dry-stone-masonry
section of the wall is in poor condition and several blocks of
rock are missing from the wall. This causes lack of support to

3-1
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SECTION 2
ENGINEERING DATA

2.1 Design

No design data were disclosed for Little River Lower Dam.

2.2 Construction

No construction records were disclosed.
2.3 Operation
No engineering operational data were obtained.
2.4 Evaluation
a. Availability. No engineering data were available for

Little River Lower Dam. Direct contact with the Belfast Water
District and a search of the files at the Maine Soil and Water

Conservation Commission revealed only a limited amount of information.

b. Adequacy. The final assessments and recommendations
of this investigation are based on the visual inspection and
the hydrologic and hydraulic calculations.

€. Validity. No engineering data were disclosed to
validate.
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g. Dam
(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)
(9)

T T T S s T N N T Y W W o VW Wy B At S 4

Type - concrete gravity

Length -~ 126' (dam embankment)

Height - 31' (structural height)

Top width - 35°'

Side slopes - upstream - vertical

- downstream - vertical

(ogee spillway section makes transition into a
slightly sloping spillway apron which drops
vertically about 11 feet at downstream toe of
the dam)

Zoning - not applicable

Impervious core =~ not applicable

Cutoff - unknown

Grout curtain - unknown

h. Diversion and Regulating Tunnel - not applicable.

(1)
(2)
(3)
(4)
(5)
(6)

i. Spillwvay

Type - concrete ogee overflow

Length of weir - 91’

Crest elevation ~ 25' MSL

Gates -~ none

U/S Channel - Reservoir Number 1; completely open
D/S Channel - Little River for about 700 feet
before its confluence with the Atlant.c Ocean,

rock channel well defined. U.S. Route Number 1
spans the river 400' below the dam.

j. Regulating Outlets - unknown size gate (not operable)

...........................
......
''''''

with 60-inch diameter steel pipe outlet pipe and channel which is
plugged with sand and gravel to about one-third of its height.
This outlet exits at the bottom of the retaining wall on the north
bank of the downstream channel.

.......................
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(8) Total project discharge @ test flood elevation -
15,000 cfs @ 36.7' MSL

c. Elevation (feet above MSL; see (6) below)

(1) Streambed at centerline of dam - 0.3 (at down-
stream toe, 1.0 foot deep pool)

(2) Maximum tailwater - unknown

(3) Upstream valve chamber invert - unknown
(4) Recreation pool = not applicable

(5) Full flood control pool - not applicable

(6) Spillway crest - 25 (estimated from U.S.G.S.
Quadrangle sheet)

(7) Design surcharge (original design) - unknown

(8) Top of dam - 30.3

(9) Test flood pool - 36.7
d. Reservoir (miles)

(1) Length of maximum pool - 0.66

(2) Length of spillway crest pool - 0.51

(3) Length of flood control pool - not applicable
e. Storage (acre-feet)

(1) Recreation pool - not applicable

(2) Flood control pool -~ not applicable

(3) Spillway crest pool - 370

(4) Top of dam - 615

(5) Test flood pool - 910

f. Reservoir Surface (acres)

(1) Recreation pool - not applicable

(2) Flood control pool - not applicable
(3) Spillway crest - 37

(4) Test flood pool - 52

(5) Top of Dam - 46
1-4
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PERIODIC INSPECTION CHECKLIST
PROJECT __ Little River Iower Dam, Me. DATE _September 17, 1979 -
PROJECT FEATURE _Intake Channel and Structure NAME )
DISCIPLINE NAME o ::
AREA EVALUATED CONDITION
OUTLET WORKS - INTAKE CHANNEL
AND INTAKE STRUCTURE -
a. Apprcach Channel
Slope Conditions Good
Bottom Conditions Not visible beneath lake surface :
Rock Slides or Falls None )
Log Boom None =
Debris None _:
Condition of Concrete Not visible beneath lake surface B
Lining “\
Drains or Weep Holes None observed -
b. T“ntake Structure :3
Condition of Concrete Not visib'.. beneath lake surface
Stop Logs and Slots None
At
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PERIODIC INSPECTION CHECKLIST
. PROJECT Little River Lower Dam, ME DATE September 17, 1979 ".—
PROJECT FEATURE __ COntrol Tower NAME 2o
o DISCIPLINE NAME e
- .
: AREA EVALUATED CONDITION
- OUTLET WORKS - CONTROL TOWER
- a. Concrete and Structural ; )
General Condition Fair R
Condition of Joints No indication of movement
-[ﬁ Spalling Numerous surface spalls
- »~
Visible Reinforcing None
::I: Rusting or Staining of Only at embedded items :Z'j::;'
Concrete ot
Any Seepage or Efflorescence | None visible <
' Joint Allgnment Good - no indicatj.on of movement ?‘_
. Unusual Seepage or Leaks in | Mone visible e
: Gate Chamber e
Cracks Numerous minor surface cracks Tl
- Rusting or Corrosion of Only at embedded steel items ’ _
Steel ..':‘
b. Mechanical and Electrical Gate operating mechanism is in poor ~
condition-no indication of maintenance) o
Air Vents lubrication or operation. Belfast
Water District Superintendent indica °
- Float Wells that gate hasn't been operated in 24 -
years. P
Crane Hoist
Elevator :j¥
- Hydraulic System None .
Service Gates Not visible-reported to be steel -
Emergency Gates None
Lightning Protection System None .';f:‘.
g Emergency Power System None .
_ Wiring and Lighting System Not applicable '_;'.-__‘
1
- ]
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PERIODIC INSPECTION CHECKLIST

PROJECT Little River Lower Dam, Me.

DATE September 17, 1573

PROJECT FEATURE Outlet Structure and Channel NAME

DISCIPLINE

NAME

AREA EVALUATED

CONDITION

N S 0 e e A e i

OUTLET WORKS - OUTLET STRUCTURE
AND OUTLET CHANNEL

General Condition of Stone
Masonry

Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints

Drain holes

Channel

Loose Rock or Trees
Overhanging Channel

Condition of Discharge
Channel

North stone masonry wall has several
large stones missing frum wall.

Dowmstream wall above tarlrzoe ig badly
spalled and cracked.

None

None

Considerable nmoverent where wall is
cracked.

One weep hole discharging wate: wn con-
crete block south abutment.

Brush and a few trees ouvorhic;ing
channel immediately upsiuvoi,

Good

£y
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PERIODIC INSPECTION CHFCKLIST

C.

Floor of Approach Channel

b. Weir and Training Walls

Geneial Condition of Concrete
Rust or Staining

Spalling

Any Visible Reinforcing

Any Seepage or Efilorescence

Drain Holes

Discharge Channel

General Condition

Loose Rock Overhanging Channel
Trees Overhanging Channel
Floor of Channel

Other Obstructions

PROJECT __ Little River Lower Dam, Me. DATE _September 17, 1979
PROJECT FEATURE __Spillway Weir NAME
DISCIPLINE NAME
AREA EVALUATED CONDITION
OUTLET WORKS - SPILLWAY WEIR, APPROACH
AND DISCHARCGE CHANNELS
a. Approach Channel
General Condition Good
Loose Rock Overhanging Channel | None
Trees Overhanging Channel A few trees

Not visible beneath lake surface.

Weir-good-only surface erosion of face
some erosion of construction joints
Training walls-poor-considerable erosion
and spalling on faces, south wall cracked
with %" movement.

Some on face of weir and retaining walls.

None

None visible

One weep hole discharging water from
concrete south-abutment block.

Good

None, but soil on top of bedrock is erod-
ing immediately downstream of right abut-
ment.

Some trees overhanging right side of
channel.

Bedrock (phyllite) and chips of decom-
posed phyllite.

Bridge carrying Route 1 across downstream
channel.

LEPTE AP R A SN e LR PN e S S )
...........
PP S Y Y/ 3 o




T TN e TwW WYY
T TR Ty v vy N, St hef Jhath ik e Besw 4 -
. IERA NP A S e Mg N e S A AR M A I S i A NS e — ——

R s . A e e e e T L D e TR e e B e 2

[
» - .

a PROJECT Little River Lower Dam, Me. DATE September 17, 1979 T

PRQJECT FEATURE Reservoir NAME

o
.
Vot
»
. —
it we ot mane e ee L ce e —— -
) [
— . m e e e ———
v

AREA EVALUATED REMARKS

o ‘ Upstream-good -
Stability of Shoreline Downstream-phyllite and riie . .. south

. _ abutment eroded. A laroc i would

Sedimentation wash much of the lower so.th -ide away.

: ) Not much ground cover.

b Changes in Watershed Not visible below watei st @

Runoff Potential None I

&!

Upstream Hazards None

pownstream Hazards Filter house-bridge-hciie sasc Liricge

lm]

Alert Facilities None

7 Hydrometeorological Gages Staff gage

Operational & Maintenance None posted .
Regulations f”

lat

LTl
v S Ty e e T
PRSP}

e L T N S
OV SV P u D AR

¢

T
aia’a’e o

..............................
et




APPENDIX B

ENGINEERING DATA
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APPLICATION FOR DAM RECISTRATION tDam Registration Number SAP0
:Datc Received DEC 15 1979 oo Z.
,ocation: 1Fee Enclosed /.00
Jountys Waldo :Quad Sheet Name Coasliae
Quasi-Municipal 1Quad Shect Number Al /O
unicipality: Belfast Water District F o e e e e e e - o . -

vame of Dam: Lower Reservoir Dam

dame of Impoundment: Reservoir #1

nership:

vame of Owner: Belfast Water District

Name of Agent:

(if different from Owner)

Address of Owner: 71 Church Street Address:
Belfast, Maine 04915
Telephene Number: 338-1200 Telephone Number:
Description of Dam
Type s Arched Concrete
Construction Material: Concrete
(Concrete, wood, earth)

Year Originally built: 1944 Year last major repair: 1968
Heights 25 ft. Width: 175 ft.
Spillway type: open Opillway Width: 70 ft.
Irpounding Capacity: 57,000,000 gallons Drawdown available: 10

CAcruwicily (feet)
Fish Paccage available?: no Installed Electrical Generating Cap: _eea

Purposes for which stored wator is used:

Public drinking supply

Most recert inspection Ly Quulificd Engincer

Name and Address of Engincer:

(Date): August 1972

Dale E. Caruthers ~ (Deceased)

Masonic Building, Gorham, Maine 04038

Other Permits applicatle: ===
SWCC #14
B-1
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September 17, 1979
Figure 2 - Downstream face of the dam.

September 17, 1979
Figure 3 - Looking acros: the crest at north
abutment.
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September 17, 1979
Figure 4 - Gate mechanism at the north abutment.

September 17, 1979
Figure 5 - Looking across the spillway crest at
south abutment.
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September 17, 1979 }Q» - 9

Figure 6 - Downstream face of south abutment of
the dam. Note bedrock.
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September 17, 1979
Figure 7 - View of the adjacent earth to the
upstream side of south abutment. f’ R
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September 17, 1979
Figure 8 - View of upstream side of the north
abutment.

-— 4
-_—
4

Figure 9 - Dry-stone-masonry wall at north bank of

September 17, 1979 o)
RNERCN
the downstream channel. ° 3
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"' September 17, 1979 -
L Figure 12 - Looking downstream at U.S. Route 1 bridge o
o from the north abutment of the dam. T

v September 17, 1979
Figure 13 - Looking north at downstream channel below
the U.S. Route 1 bridge just before
confluence with the Atlantic Ocean.
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September 17, 1979
Figure 10 - View of the north bank of the downstream
channel from the U.S. Route 1 bridge.

September 17, 1979
Figure 1l - Looking upstream at the reservoir from
the north abutment.
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