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Honorable Joseph E. Brennan S S
r:or of t!e tate of ".ine

State Capitol
Augusta, Maine 04330

Dear Governor Brennan:

{epoc, which was prepared under the National Program for Inspection of
';on-Federal Dans. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief S S

"7 n : . • .. .. .*-i of , -f - "" es in c ud d t

-, - ..; ,.:-. i :' *: :.-,-2n at"ns do- :.r'bhed in .e t .: . ' . ... k . Lh.:t Z-,

,'. ..e r: f the act ions e to Lhe, . This follow-up

acticn is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Agricul-
ture and the Department of Transportation, cooperating agencies for the
tate of Maine. In addition, a copy of the report has also been
furnished the owner, Camden Water & Power Co., 33 Mechanic Street,

..... a ine 0,-43.

Co-ies of this report will be made available to the public, upon
- >.;t, mv t'ji office under the Freedom of Information Act. In the

-ti : , LrL t!1. r ±ces,; :lie wirl be C'.r:: das fro", tu'. dAte
or this letter.

wish to take this opportunity to thank you, the Department of 0 5
A griculture and the Department of Transportation for your cooperation
:n carrying out this program.

Sincerely,

S .- 1q.t, ,. C'F L-. -• S

• . . ... .
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NATIONAL DAM INSPECTION PROGRAM,

PHASE I INSPECTION REPORT

3. ME-00276

KNOX MILL DAM

CAMDEN
KNOX COUNTY, MAINE

MEGUNTICOOK RIVER

July 18, 1978

BRIEF ASSESSMENT

The Knox Mill Dam is a stone masonry, gravity dam. it has
concrete and earth wing walls. The dam is about 27 feet.
high and has an overall length of about 650 feet.

Based on the visual inspection, and reports of past opera-
tional performance, the Knox Mil' Darn is judged to be in
good condition. There are, however, areas of some concern
which must be corrected to improve the long-term safety of
the dam.

a4 Based on its small size and high hazard classification in
accordance with the Corps of Engineers' guidelines, the test
flood falls between 1/2 and 1 times the Maximum Probable
Flood (MPF). The existing spillway will not pass a flow
greater than approximately a 10-year flood without over-
topping the dam. The spillway will carry only approximately
3.5 percent of the MPF and therefore the spillway capacity S

is seriously inadequate.

Maintenance and operational procedures as outlined in
Section 7 should be implemented within 12 months. Inves-
tigations regarding modifications to the dam should be
completed and implemented within 24 months after receipt of S

this report by the owner. A particular maintenance item is
the reworking of the stone supporting the timber section of
the north wing wall. Investigation should consider providing
the south wing wall with an erosion resistance downstream
suoport and increasing the spillway capacity by utilizing

* 0
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desioned-to-fail flashboards. The structure is reasonably
resistant to distress caused by overtooping but it is
recommended that a definite plan for around-the-clock

. surveillance by implemented for periods of unusually heavy
rain or anticipated runoff and a formal warning system be
developed for use should an emergency develop.

SEDW , C JORDA C INC.
7:%1EY

-- "Stan~y E. Walker, P.E.~Project Manager
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This Phase I Inspection Report on Knox Mill Dam
r i has been reviewed by the undersigned Review Board members. In our 0

opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommnended Guidelines for Safety Inspection
of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engi neering Division a

FRED J. V S, Jr. , Member
Chief, De gn Branch
Engineering Division

SAUL CO ER, Member
Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division

iii
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PREACE

This report is prepared under guidance contained in the
4 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
condition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving
topoaraphic mapping, subsurface investiqations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is in-
tended to identify any need for such studies.

In reviewinc this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the reser-
voir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the dam, S
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 S
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 in-
spection can there be any chance that unsafe conditions be 0
detected.

Phase I irspections 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 "Maximum Probable Flood" for the region 0
(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 aide 5
in determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its
aeneral condition and the downstream damage potential.

iv

*" 0 m Si ... 0 ... ....... 0



0 I

TABLE OF CONTENTS

z PAGE

LETTER OF TRANSMITTAL
BRIEF ASSESSMENT ...................................... i
REVIEW BOARD SIGNATURE SHEET .......................... iii

PREFACE ............................................... v
TABLE OF CONTENTS ..................................... v
OVERVIEW PHOTOGRAPH ................................... vii
LOCATION MAP .......................................... viii

b SECTION 1 - PROJECT INFORMATION S

1.1 GENERAL ........................................ 1
1.2 DESCRIPTION OF PROJECT ........................... 1
1.3 PERTINENT DATA ................. ................. 3

SECTION 2 - PROJECT INFORMATION

2.1 DESIGN ........................................... 7
2.2 CON'STRUCTION ..................................... 7
2.3 OPERATiON ........ .............................. 7
2.4 EVALUATION .......................................

SECTION 3 - VISUAL INSPECTION

iT

3.1 FINDINGS ....................................... E
3.2 EVALUATION ....................................... 10

vI
* 0

D S

* V S

?U



TABLE OF CONTENTS (continued)

SECTION 4 - OPERATING PROCEDURES

4.1 PROCEDURES....................................... 11
4.2 MAINTENANCE OF DAMS .............................. 11
4.3 MAINTENANCE OF OPERATING FACILITIES ............... 11
4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT ....... 11
4.5 EVALUATION....................................... 11

SECTION 5 -HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES ........................... 12

SECTION 6 - STRUCTURAL STABILITY

*6.1 EVALUATION OF STRUCTURAL STABILITY ................ 15

SECTION 7 - ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 DAM ASSESSMENT................................... 16
7.2 RECOMMENDATIONS.................................. 17
7.3 REMEDIAL MEASURES................................ 17

APPENDICES

A FIELD INSPECTION NOTES

B ENGINEERING DATA

C PHOTOGRAPHS

D HYDROLOGIC AND HYDRAULIC COMPUTATIONS

E INFORMATION AS CONTAINED IN THE NATIONAL INVENTORY OF DAMS



0

w at

a S

*
S

4;

S

S
S

* ~yiS i> S
'IsW

0
S

* S 0 S S S S 0 0 S S S S S S S S S



I \ .....\
/ 1 "

'I " I i -~S

I .

. I "

//

/ -
. - °

,- . - .T. N - -_ . -

--' -," -' -" - . ... S
/. - -, . K ' -.- N#

I. - ,.-. .. -

--"-I . , - -"" - -

- /' N .\" -

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

-/ s' -

--- ./-*--- - ... ' *1 .

. -- -.

~/,. - .-

I 
-S

- - -t

--_-.-.-..-.



PHASE I !,SPECT:Or REPORT

KNOX DA!,

' SECTION 1 0

PRO'ECT INFORMATION

1.1 GENERAL

a. Authoritv. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the
Corps of Encineers, to initiate a National Program
of Dam inspection throughouz the United States.
The New England Division of the Corps of Engineers
has been assigned the responsibility of super-
visina the inspection of dams within the New
Encland Region. Edward C. Jordan Co., Inc. has
been retained by the New England Division to
inspect and report on selected dams in the State
of Maine. Authorization and notice to proceed
were issued to Edward C. Jordan Co., Inc. under a 6
letter of June 20, 1978 from Ralph T. Garver,
Colonel, Corps of Engineers. Contract No. DACW33-
78-C-0349 has been assigned by the Corps of
Engineers for this work.

b. Purpose

(l) 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 quickly effective dam safety pro-
crams for non-Federal dams.

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

1.2 DESCRIPTION OF PROJECT

a. Location. The Knox Dam is located near the
intersection of Washington and Mechanic Streets
in the town of Camden, Maine ' LLO-12'-30 ,
W 690-41

. ... "h 0



t. Descriotior of Da' and Appurtenances. Tne
Knox M'ill Darr is constructed of mortar-laid, cut
stone masonry with a timber self loadinc spillway.
The dam is located in a narrow valley in bedrock.
A plan, profile, and x-sections are presented in 0
Appendix B. The Knox Woolen Mill buildings occupy
the area around both the north and south sides of
the dam and over the river below the dam. The darn
is about 23 feet high and has an overall lenoth of
about 650 feet.

c. Size Classification. Based on storaae capacity
the Knox Dam is classified as a small sized dam.

d. Hazard Classification. In the event of failure
of the Knox Dam, the Knox Vill factory buildings
about 20 feet downstream of the cam would be
substantially damaged, and there would be a great
chance for the loss of many lives in the factory,
unless the employees had been evacuated prior to
failure. Thus the Knox Dam is classified as

* having a high hazard potential. p

e. Ownership: Camden Water & Power Co.
33 Mechanic Street
Camden, Maine 04843

Tne Camden Water and Power Company is an affiliate
of Knox Woolen Mills Company.

f. Operator: Mr. David Stearns or
Mr. David Hardy
Knox Woolen Mills

93 | 33 Mechanic Street a
Camden, Maine
Tel. 1-207-236-3368

c. Purpose of Dam. The dam stores and supplies
process water to the Knox Woolen Mill and forms

• the head Dond for a hydro-mechanical turbine. a

n. Desian and Construction History. Construction
of the Knox Dam likely predates 1900. It was
rebuilt in the late 1920's. There are no records
available of its design or construction.

2
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0' "
Normal Opera:inq Procedures. The outlet Gate
at the Knox Dam is used only to allow maintenance
of the dar and to facilitate passage of heavy
runoff. The spillway has 1.5-foot long flaShboard
rods in its crest but only 12 inches of flash- S
boards are used. The hydro-mechanical turbine
draws about 100 cfs for about 8 hours daily, five
days a week. Process water is also drawn from the
pond daily.

1.3 PERTINENT DATA 0

a. 'Drainace Areas. The drainage area above Knox
Dam is approximately 34.9 square miles and lies in
portions of the Searsmont, Lincolnville, Hope and
Camden townships. About 9 percent of the entire
drainage area is storage at Seabright Pond,
Megunticook Lake and Norton, Levenseller, Moody,
Hobbs and Fish Ponds. The watershed has a rolling
topography varying in elevation from about 27 feet
to about 1100 feet.

b. Discharqe at Damsite. No records of high water
could be located. Therefore, maximum known flood
height at the dam could not be determined.

(1) Outlet works (conduit) - size 32 inches in

a width by 56 inches in height and upstream
invert elevation of about 37 feet and a down-
stream invert elevation of about 28 feet.
The gate was successfully operated during the
visual inspection of July 18, 1978.

| (2) The maximum discharge at the damsite is •
unknown.

(3) The ungated spillway capacity at maximum pool
elevation (54.6 feet) is 1299 cfs.

S(4) Gated spillway capacity at maximum pool ele-
vation - not applicable.

(5) Total capacity at maximum pool elevation is
1579 cfs.

3



c. Elevations. Survey data collected a: the Knox Dar
was referenced to a temoorary benchmark. Tne
following elevations were later referenced to S2S
mean sea level datum bv assuminc that elevation of
50 feet is equal to the spillwav crest elevation
(top of flasnboards at 51 feet). This appears to
be a reasonable estimate of normal pool elevation
based on visual observations at the dam.

LOCATION ELEVATION (feet above t,'SL)

Top of Dam 54.6

Maximur Pool-Desian Discharge Unknown

Full Flood Control Pool 54.6

Recreation Pool 50.0

Spillway Crest 50.0

* Diversion Tunnel Invert Not Applicable

Streambed at Centerline of Dam 32.0

Maximum Tailwater Unknown

i ITest Flood Elevation (MPF) 63.0 •

d. Reservoir. The length of both the maximum
pool (Elevation 54.6' and the recreation or normal
pool (Elevation 50. ) was estimated from a USGS
map to both be 5C ' feet, since the inlet of Knox
Vill Pond is a: Knowlton Dam.

e. Storaae. 'toraae volume for Knox Pond was
estimaeT& by planimeterina surface areas from a
USGS ao and multiplyinq by the depth c the pond. •
The >, 'arc' l 7 inventory sheet shows the normal
'poundinc camacitv to be 120 acre-feet. This

capacity would assume an averace depth in the pond
that is much areater than the heiaht Irom normal
pool to the invert of the river channel at the dam
outlet. Therelore, the estimated storace volumes
in the c. o~wr, table were used irstead o. those
in the inve-torv sneet for this stud,.

0 S
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ITEV STORAGE 'acre-feet)

Recreational/Normal Poel 15

Design Surcharoe Unknown s

Top of Dam 20

f. Reservoir Surface. The followino are surface •
areas for Knox rMill Pond.

SURFACE AREA (acres)

Top of Darr. .1

Emergency Spillway Crest 1.1

Dam

Type - Mortar-laid cut stone masonry dam with
earth embankment north wing wall and concrete
south wing wall.

Length - North embankment approximately 190 feet, 5

mortar-laid cut stone masonry section 51 feet,
South wing wall 148 feet. See plan and profile in
Appendix B-1.

Height - 22.0 feet from stream bed to spillway
crest.

Top Width - Varies, see X-sections in Appendix B-1.

Side Slopes - See X-sections in Appendix B-1.

Zoning, Impervious Core, and Cutoff - See X-
sections.

h. Division and Reculatina Tunnel. Not applicable.

Waft5
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i. Soillway.

Type - Trapezoidal-shaped X-section. See Y-
sections in Appendix B-1.

Length - 51.0 feet.

Crest Elevation - Approximately 50.0 feet (51.0
including flashboards).

Gates - None. 0

j_ Regulating Outlets.

Type - Drain from bottom of upstrear channel.

Length - Unknown. 5

Closure - The regulated outlet is closed by a
timber gate 40 inches wide and 60 inches high.

STAccess - From downstream outlet of conduit only.

Regulating Facilities -The gate is operated by a
rack and gear.

. . . . .
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S C I

SECTIOn;

ENGINEERING DATA

2.1 DESIGN

None Available

Mm 5 5

2.2 CONSTRUCTION

None Available

2.3 OPERATION 
0

The outlet gate at the Knox Dar, is used only to allow
maintenance of the dam and to facilitate passage of
heavy runoff. The spillway has 1.5-foot long flash-
board rods in its crest but only 12 inches of flash-
boards are used. The hydro-mechanical turbine draws
about 100 cfs for about 8 hours daily, five days a
week. Process water is also drawn from the pond daily.

2.4 EVALUATIDN

a. Availabilit No data is available regardinc
design including structural, hydrologic, and
hydraulics), or construction of the facilities.

1 2 b. Adequacy. The lack of indepth engineerinc data I
did not allow for a definitive review. Therefore
the adequacy of this dam could not be assessed
from the standpoint of reviewing design and
construction data, but is based primarily on
visual inspection, past performance history anC
sound engineering judgment.

c. Validity. Not applicable.

* S



SECTI~rj 3

VISUAL iNSPE:TION

3,.1 7INDINGS

a. General. The Knox DaR is located in a narrow
gorge in the bedrock within a broad section of the
Megunticook River valley. The dam appears to be
founded on bedrock. The dam appears to be in a 0
generally good condition.

b. Dan.

i. Structural - The Knox Dar is constructeo of
mortar-laid, cut stone masonry; see plan,
profile, and X-sections Appendix B-1). The
wine walls of the dam consist of rubble stone
masonry, a timber section, a concrete section
and earth embankment. See Apoendix A for
detail inspection findings. 1

The visual inspection resulted in the following
major findinas:

(a) The cut stone masonry portion of the dam
is in excellent condition. The mortared 1
joints are sound and no distress of this
portion of the structure was observed.

(b) The rubble maso!r.y sections of the dam
(training and wnqg walls) are in qenerallv
good repair, however some crackinc has 1
occurred. The t-aininc wall suoDortinc
the south end of --he service bridoe is
cracked and some leakage was observed.

(c) The timber trainirt, and winc wail at the
north abutment has been replaced within 1
the past few years. The timber is i-
good condition but the granite stones
backina the wall are loose with sub-
stantial vcids.

* S
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-, The timber srillwav is leakinc tnrou-h
:he plankinc but tne timber is in
qenerally cood condition. \erv lit le
rot has occurred.

3.(2 hydraulics - At the time of the visual

inspection the pond level was about 1.1 feet
below the top of the flashboards. The only
substantial discharge was throuah the 2L-inch
diameter penstock to Knox !Mill's hydro-
mechanical turbine. The turbine draws about
100 cfs for 8 hours per day, 5 days per week.
There was leakage through the timber portion
of the spillway. During operation of the
regulated outlet gate, the Knox Mill Pond
water surface elevation was lowered about 2
feet. About 500 feet upstream of the Knox e
Dam is the Knowlton Dam. The spillway at the
Knowlton Dam is about 15 feet lonaer than the
Knox Dam spillway, and the controlled outlet
at the Knowlton Dar, appears to be much larder
than the one at the Knox Dam.

c. Appurtenant Structures. The gate works at the
Knox Dam consist of a timber vertical lift gate
operated manually by a rack and gear. The gate
works are in good mechanical order. There is no
provision for locking the gate position but the

m location of the works within the Knox Mill area S
discourages vandalism.

d. Reservoir Area. The outlet from Knox Mill Pond
is controlled by Knox Dam which is a mortar-laid
cut stone masonry dam. The approach channel is

!I g formed by the pond and is unrestricted. See
photograph K-l.

e. Downstream Channel. As shown in photographs K-?,
4, E, and E tne downstream chan-el is constrictec
by Knox Mill which is situated over Megunticook
River about 20 feet downstream of the da-. 0
7urther downstream the cnannel is restricted
several times by street crossings and buildings
situated over the river. The river channel is
quite rocky, but the gradient between the dam and
the ocean is steep (about 3 percent). Several
Kno>x I.'ill 1buildins are or tne overbanks in the 0
immediate area o- the 7a. furher downstrear the
ove,'.anks are comprised ,f a Dortion o" Camder's
t 2iness distric .

.. . . . . . ". . . . . ... . . ." - ' . . . .0 - I n m a a n . .



I S

F. EVAL A 7 1 O

Based or the visual inspection, :ne dam aopears to be

in good mechanical and structural condition. However,
aS on 7, some maintenance is necessary.

Should the dar fail, the Knox Mill factory buildings

iust. downstream of the dam would undergc substantial

damage. Since the Knowlton Dam, about 502 feet up-

stream of Knox Dam, has a longer spillway and a larger

- controlled outlet than Knox Dar, the Knowlton Dam would

appear tc have a minimum affect on Knox Dam.

0S
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SEC-ION 4

rERA,7: ,, PROCED: RES

I . 0pDICEDTJRES

Tre outlet cate at the Knox Dam, is used only to allow
draininc of pond 'cr maintenance of the dam and to
fac, itate Dassage of heavy runoff. The spillway has 0
1.5-foot lonc: flashboard rods ir its crest, but only 12
inches of flashboards are used. The hydro-mechanical
turbine draws about 10 cfs for about ) hours daily,
five days a week. Process water is also drawr from the
-ond daily.

'.2 r<;:T .. NC,, OF CAt'

No record of maintenance was available for Knox Dam.
Major repairs 'no details available) were reportedly
made tc. the dam during the 1960's. Maintenance is 0
reportedly made on an as-needed basis.

. ,AINTENANCE 0: OPERATING FACILITIES

I No record of mairtenance is available. No recent
repairs were reported to have been made, nor was any
evidence of any recent repairs observed during the
field inspection.

I I '.L ~DESCRIPTION 07 AN" WARNING SYSTEM It ,~PECT  I

None in effect.

* EVALUATION

Although the Knox Dam is in fair to aood repair, no
regular maintenance program is apparently in effect.
Repairs have been undertaken in the past on an as-
needed basis. No formal warning system for either high
water or structural distress is in effect at the dam.

11•
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H YDRAU I C,/HR -OLOG C

.1 EVALUATION 07 FEATURES

a. Design Data. Design data was not available for
tne Knox Dam.

b. Exper ience ata. Published hydrolocic data for
the Mecunticook River Basin appears tc be entirely
lacking. It is estimated that the 10-year and
100-year flood discnarces at Knox Dam are about
1330 cfs and 3960 cfs, respectively. Tnese flows
were calculated by performing a Ioc-cearso-ype
III statistical analysis of a similar JSGS caced 5
watershed, Kettle Brook Gage No. CllD9SO at
Worcester, Mass., drainage area = 31.3 souare
miles).

A review of lake level data for Megunticook Lake
would indicate that the 10-year flood flow was
likely equalled or exceeded four times in the last
50 years: in April, 1940; in December, 1969; in
December, 1973; and in December, 1977.

* c. Visual Inspection. The outlet of Knox Vill Pond
is controlled by the Knox Dam, which is a mortar-

laid cut stone masonry dam. The spillway and
outlet gate are qenerally in good condition. The
downstream channel is restricted by the Knox Mill
factory buildings which are situated over egunti-

I cook River just downstream of the dam.

d. Overtoppinc Potential. The hazard octential was
determined by examining downstream areas for
possible damage. The failure analysis assumes a
breachina of the dam at full spillway capacity.
The wave height just downstream of Knox Dam would
be approximately 26 feet and the potential flow
from failure of the dam would be about 4700 cfs.
The wave would travel only about 20 feet down-
stream at which point it would be restricted bv
the channel under the Knox Mill factory buildings.
At a 0ol elevation equal to full siiilwav, the

12
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conduit beneatr, tne Kncx M 'ill -actorv nas a
caoacity' c- about 2E5C cfs. At a wave heicht o
2E feet, tne water surface elevatior would De
about at mid-heiht of the second story of the
factory. See pnotocraph K-2. In the even: of 6
failure of the Knox Dan, the Knox Vill factory
buildins would be substantially damaged, and
there would be a areat cnance for the loss of many
lives in the factory, unless the employees had
been evacuated prior to failure. Damaae down-
stream of the factory would be likely, though it
is thought that destruction of the Knox !,'ill
factor\, buildings would dissipate much of the
energy from the daR failure. Thus, because of the
notential for icss of life within the Knox Mill
factory, the Knox Da- is classified as navinc a
hiCh hazard potential.

There is a pocssibility of failure of the south
win. wall of the darn. This possibility was
examined according to rule of thumb methods as
described ir an attachment to ETL 1100-2-234. If
the south wino wall failed at a Knox "'ill Pond
elevation eaual to full spillwav, there would be
sneer flooding of about 1 foot in depth in a 500
foot wide flood plain between Knox M'ill and the
ocean,. Some damaoe to property would occur.

* ~ Should the north wing wall be breached by flood
flows, these flows would be encompassed by the
Kncx Vill building complex.

Since Knox Darr is classified as having a high
hazard potential, the dam was analyzed for passing
the maximum probable flood. The maximum probable
flood ('.PF) has been calculated to be L4,600 cfs,
accordinc to the COE "Preliminary Guidance for
Estimatino ',aximum Probable Discharaes in Phase I
Dam Safety Investications." Consideration of the
effect of surcharge storage (according to the same

• COE reference) does not reduce the MIPF since the
Knox Vill Pond has insignificant storage. The
spillway capacity of the dam is about 1579 cfs,
which is 3.5 percent of IPF.

13
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The drainaae area of the Kno>' Darr is 3L~c sQuare
riles and the reservoir area is about 1 acre. in-
flows to Knox Dar are highlv dependent on the
reaulated or soillaae outflows from Meaunticook

I Lake, a larae upstrear reservoir within the water-
shed. A detailed hydrologic analysis of Knox Mill
Pond could not be performed without includinc the
analysis of this other oroject. The possible
effects of MegunticooK Lake were not considered in
this cursory study of Knox Dam.

At MPF flows the Knox Mill Dam does not hydrau-
lically control. These high flows would move into
the flood plain upstream of the dam. At :ne
location of the Knox ,ill Dam, the MPF eleva:ion
would be controlled by the confiouration of the
valley. The MPF elevation at the Knox M.!ill Dam •
would be about 63 feet, or about 8.5 feet above
the darn.

14I
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SZcT:YL 6

STRUCTURAL STAEELITY

6.1 EVALUATION OF STRUCTURAL STAEILITY

a. Visual Observations. Based on the visual ob-
servations, the da- appears to be in good struc-

tural condition. As outlined in Section 7,

some maintenance of the darn is necessary. The

timber portion of the north wing wall of the

darn is of particular concern.

b. Desian and Construction Data. No data regarding

oricinal design or construction is available for •

the Knox Dam.

c. Operating Records. None available.

d. Post Construction Changes. No post construction

* changes are aDparent in the dam except for cracks S

and spalling of the rubble masonry at the south

training wall at the service bridge, and replace-

ment of the timber training and wing wall at the

north abutment. No settlement or horizontal

movement is apparent.

A hydro-mechanical turbine was reportedly in-

stalled in 1902. It was maintained in use until

the 1940's when a new turbine was reportedly
installed which is in use presently. The darn

was reportedly rebuilt in the late 1920's. The

SI last major repairs (details unknown) were made

in the 1960's.

e. Seisrric Stability. The Knox Dar is located in

Seismic Zone 1 and in accordance with recon-

mended Phase I guidelines does not warrant

* seismic analysis.

0 0 0 0 0 0 0



SEC-10N 7

ASSESSMENT, RECOM ,ENDAJIDNS ANZ REEI . A SJE

7.1 DAN' ASSESSMENT-

a. Condition. The visual inspection and conpilation
of available enoineerino data indicate tnat tne
Knox Dam is in aood condition, however the scili-
way will pass only approximately a 10-year lood.
The stability of the dam is assessed to be good S
under this condition. The 100-year flood is
anticipated to cause overtopping of the wino walls
of the dam by approximately 1 to 2 feet. Under
this condition the spillway section of the dam
apoears stable, but the wing walls are subjected
to distress caused by erosion. The maximum
probable flood (MPF) pear flow at the Knox. Dar has
been calculated to be 44,600 cfs. The spillway
capacity of the Knox Dam is only 3.5 percent of
the MPF but due to the shape of the valley and the
downstream restriction caused by the Knox Mill,
the inadequacy of the spillway capacity relative
to the MPF is of little significance. Under high
flood flows, (in excess of 100-year flood) water
will spill over the stream banks well above the
dam as well as over the wing walls of the dam.

** The downstream restriction caused by the Knox t lili
is so significant that under extreme flows the
mill structure becomes the hydraulic control by
submerging the dam. The channel beneath the mill
will carry only about 7 percent of the MPF.

I b. Adeouacy of Information. The information
available is such that the assessment of the con-
dition of the dam must be based primarily on the
visual inspection findinas, performance history,
and engineering judgment.

* c. Uroencv. Maintenance of the facilities should be ,
implemented within 12 months. The recommendations
regarding redesign and reconstruction of the
facilities should be investigated and implemented
within 24 months after receipt of this report by
the owner.

16
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. Need for Additiona, Inves- catior.. The sillwav
cischarge caoacity of this and other dams ir-
spected on the Megunticook River are inadeouate.

q nurther hvdrclocic studies are necessary to assess
tne flood discharge charac:eristics of the water-
shed and to establish appropriate parameters for
the design of spillway improvements for the
several dams on the Megunticook Piver.

. 3 RECO.,ENDATIONS B

The followino recommendations regarding improvements
snould be investigated by a qualified engineer and
im:iemented as necessary to assure the long-term safety
of the dam:

1. t' system to prevent erosion and provide support
during overtopping flows downstream of the south
masonry wing wall along the section parallel to
Mechanic Street.

0i 2. A designed-to-fail flashboard system should be B
developed and implemented for the spillway of the
Knox Dam. If such a system is used, the spillway
capacity will be increased by almost 40 percent
durina flood flows when the flashboards collapse.
This increase in spillway capacity would lessen
the frequency of overtopping of the wing walls of
the dam.

3. Erlaroement or alteration of the spillway to
improve the discharge capacity at the dam.

II •

7.3 REIEDIAL !1EASURES

a. Alternatives. Not aoclicaole

b. Operating and Maintenance Drocedures. Although
the dam structure is in generally good repair, a
program of regular inspection and maintenance
should be developed. The following maintenance
actions and operating procedures should also be
imDlemented.

SS



eD ae4ear a s2 sa .ec anC crac ec surfaces 3
he rubble concrete ra sor- oor-iors Cl -ne

uar; in partcu"ar, :ne sou-_n -rai rni wa.
al the eno of :ne sew-vice bridoe.

-he crari ce stone i should be reworkec
erird the :imber vi nc wa. I at the nortr
abutment to establisr 'irn support for the
"imer wall .

Te north embankmert wnc wall should be B
cleared of trees, brush, and debris and a
crassed surFace should be established to
Provilde better ercsiori resistence.

4. -he control bridoe and flashboard rods may
act as debris collectors durina flood flows. 0
.quiDl:Tent and personnel should be available
.o keep tne spillway clear during flood
f Iows.

5. ~Because the dam is upstream of populated
areas and is subject to overtoppinc and
subsequent distress, around-the-clock sur-
veillance should be provided durinc periods
of hiah precipitatior or anticipated run-off.

a 6. A formal warninc system which could be used 0
in the event of an energency should be
developed and implemented.

7. The dam should be inspected by a qualified
enqineer at least once every two years.

• o •

* 0



L--: I N SPECTr fNO-ES

Inspectien Date: July 1C i975

insoection Team:

Name Discipline
* mrank Naoer Hydroloqy'Hvdrau , cs S

Stephen Cce Geotechnical
henry atley Structural
Peter Deletetsky Survey
Ernest Jurick Photocraoher

* 0
2,NCRE-, A, STONE MASONRY STRUCTURES

a. Ccncrete Surfaces. None of the structural
components of the dam consist of concrete.

Stone Masonry Surfaces. The dam consists of 5 S
aranite Llocks which are mortar-laid. The surface
shows no indication of deterioration. The south
winc wall consists of mortar-laid rubble masonry
and is in cenerally good repair. The north wing
wall consists of a timber section and a buried

a rubble masonry wall section. Several of the upper
stones of this masonry wall have been displaced.

b. Structural Cracking. No structural cracking was
observed in the masonry dam or wina walls. Some
small cracks were observed in the south service *
bridne cier.

. ',ovement. No evidence of horizontal or vertical
movement was observed.

d. Junctions. The junctions betweer, the timber

spillway and the wing walls appear good. The ends
of the winc walls blend into natural ground.

e. Drains. A 12-inch square opening exists in the
botto,7 course of the stone masonrv ortion of the
dam. 'o flow was observed fro,- tnis oneninc, *
however, it is like'y tne outlet of an internal
drainr vste,.

S-I .1 0



v.a, e- 0essaoes. -he sp'!]wa . cl : ne dam is a
:imDer, self-loadinc, sec ior. :t shows nc slons
of serious wear. -he downs~rea- face of the CaF
consists of crarite stone masonry. No evidence oF
sicnifcant erosion or wear was ooserved. The 0
reculated outlet consists of a stone masonry
conduit. No sigrificanc erosior or wear was
observed.

a. SeeDaae or Leakaae. No seepage or leakaQe was
* observed coming from the downstream face of the •

dam from the masonry. Some seepage was comina
from the toe of the south training wall near the
end of the service bridge.

h. Monc1itn joints. Not applicable.

i ;7oundation. The masonry spillway portion of the
dam is apparently founded on bedrock. No under-
mininc or distress was observed.

j. Abutments. The abutments of the Knox Dam are the
end of tne masonry spillway section of the dam on S S
the north and the mill buildina and wing wall on
the south. The north abutment is bedrock which is
sound and has no evidence of weathering. The
south abutment is likely bedrock but could not be
observed due to the existence of mill buildinas
and soil overburden. 0 S

2. S7RIir IISRES

The oniv embankmert related to the Knox Damr is the
backfil2 around the north wino wail.

a. Settlement. None apparent.

K. Slope Stabilitv. The embankmert slopes are
crassec arc no evidence of instability was ob-
serveC.

c. Seecane. %one observed.

d. Draina:e Systems. None observed and none are
reported to e>ist.

e. SoDe nrctecton. The uostrear face of the 5 0
e:an....r,: area is riorapped throuahout most of
its 'etr. !,o erosion is apparent.

A-i. 2 5
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i, _ _ _ _*I , . . .. . .

-he s:'7lwa.\ cons.sts o' a :tier se! -ioadinc sectior.
on too c, :ne masonry portior o- tne car. See the -

sections an: photoaraohs. Flasnboarc rods .5-feet
lon- exist or, the spillway crest and i-fooz of flash-
boards is in use. The flasnboard rods appear to be ol
a non-failinc :tpe.

a. Contrcl Gates. None exist in spillway.

b. Unlined Saddle Spillways. None exist.

c. Apnroach and Outlet Channels. The approach
cnannel downstream of the Knowlton Street Bridoe
is unobstructed. The outlet channel is restricted
by the Knox ill factory buildings which are S S
situated over Mequnticook River just downstream
(about 20 feet, of the dam.

d. Sti~linc Basin. The stilling basin consists of
the bedrock channel downstream of the dam. No
sicns of significant erosion were noted. 0 0

'. OUTLET WORKS

The reaulated outlet consists of a vertical lift timber
gate 40 inches in width by 60 inches in height.

a. Intake Structure. Pond water level prohibited
visual inspection of the intake structure, how-
ever, operation of the gate indicated that no
obstructions exist.

i b. Operatino and Emergency Control Gates. The reau- 0 5
lated outlet gate is a timber vertical lift gate
operated manually by a rack and gear. The opera-
tinc equipment appeared to be in good condition.
See photoaraph K-3.

c. Conduits, Sluices, Water Passaaes. The outlet 5
sluice consists of a stone masonry conduit. No
erosion of the surfaces of the conduit was ob-
served. Some leakage was occurring through the
gate and also through the roof of the conduit.

d. Stilling 5asin. See 3-d above.

A-l .3
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D :Ca an ?I ( ,ie: CnanE7 . >-,IC- arE-a C-Pn
cu:,e: wo .s 'here appears tc te nc buot -u: c

rawaow- -ac4 ,ties. The reaulated outlet is usea
-cr necessar v drawdown o' tne pond. Operatior of

tne out et was observed and pord water levels
droDnec urinc the operation. : was reported
tna: tne outlet could drair tne pond durino normal

O N cond jions.

U 0 S- . SAFETY AN, PE.-OP'.~CE STP..OrVET .. N.

None at dam.

6. RESERVOIR

a. Snore Line. Nc ma-or active or inactive landslide
areas or, tnox 1.'iII Pond were observed.

b. Sedimentation. The watershed (3L.9 square miles)
has remainec essentially rural in nature over the *
past years. There are no new develooments or new
sources of sediment loads on the pond.

c. Potertial 'ostream Hazard Areas. The Knox .ill
Pond is partially surrounded by Knox Mill buildings,
which would be affected by 1.PM7 elevations, but not
by maximum water storage pool elevation.

d. 'watershed Runoff Potential. The watershed has
remained essentially rural with very few chanQes
in development over the past 50 years.

DOvNSTREACANE

The channel downstream, of the dam is restricted by the
Knox ','ill factory buildings whicn are situated over the
VieQunticook River just downstream of the dam. In the
event of failure of the dam, the Knox t.'ill buildincs *
would probably be substantially damaged, thereby
threateninc the lives of many workers in the factory.
Thus the Knox Dam is classified as havino a high hazard
potential.

A-1 .4
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a. Reservoi Reculation Plan. ro formal clar or
file. The reservoir is, however, reportedly
maintained witn a water level aoove the flash-
boards of the dam to Drovide sufficient head for
tne power turbine. The reculated outlet is used
to pass hih flows and for drairinc the pond for
maintenance.

b. !.laintenance. .he owner's representative indicated
that they have no regular mairtenance prograr, but
maintenance is apparently performed on an as-
needed basis.

* SA-i•• • • S •

. . . . • " , , " - i , . . . .. .. .. . .. . .. . .. i i ll - . .. .. .. . I .. . . I



,s a:oend4' "ists the enoineerinc data collected either
fror- Drcec: records and otner sources or data developed as
a result o; the visual inspection. The contents of this
ap:endix are listed below.

ApDendix Description

E-3 General Proiect D a

S S

S S

m • • • • • • • • • • • • S 0

S S 0 S 0 Sm "
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As built aravinqs snowinQ plans, elevations and sections o-
the Knox Dar were unavailable. Plans, elevations and
sections, wi:n limited amount of detail developed as a par:

i , cF the v4isual inspection of the dam, are attached to this 0
sec-t on.

I S
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APPEN::x C

PHOTOGRAPHS
S "

The following are photographs referenced in this report.

The black and wnite photographs were taken at the time of

the visual inspection on July 1E, 1978. The color photo-

graohs were taken later on August 4, 197S. See Sheet B-1.3

for photograph locations and orientations. 0
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APPEND!> D

HYDROOGIC:C AND HYDRAUL:C C0MP-TATiONS

Tnere was no hydrologic or hydraulic data located. Ele-
vations listed in -nis report are referenced to USGS mean
sea level datum by assuming that the normal pond elevation
is equal to 5C feet.

a. The drainaae area contributine to Knox Dam is 0

about 34.9 square miles. The watershed is very
hilly, uncharacteristic of most coastal drainage
areas, with elevations ranging from about 28 to
1100 feet at the drainaae divide.

b. The pool elevation of the top of the conservative 0 0
or normal pool is taken as 50 feet.

c. Storage capacity at spillway crest (50 feet) has
been estimated to be about 15 acre-feet.

d. The elevation at the top of flood control pool (or • 6

full spillway) is 54.6 feet.

e. The storage capacity (incremental) of the flood
control ool is about 5 acre-feet.

f. The elevation of the maximum design pool is

unknown.

c. Surcharge capacity is unknown.

* h. There is no freeboard available at the assumed
flooc control elevation.

i. The elevation of the top of the dam is 54.6 feet.

-. ne elevation of the spillwav is about 50 feet,
,with flashboards 51 feet), and the lenoth is 51
feet. The spillway is trapezoidal in shape with 1
foot nich flashboards as shown on the plans and Y-
sectio-s ir, Appendix 5-1.

k. -he sluice gate openinc is 32 inches in width by
E6 incies in heiaht. The upstream invert is about
-t leet and the downstream invert is about 2,

feet.

0-1.1 6 6
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r. There are no: ar, a <c --_ 'o- oc a: :nor

darn, a ,noc-, ni-:ncc looc - e D reSer r tne
I spilwav crest a'Iowinc for trie rs --a, 'o a or of

nonlaiiinc ",ashboards at le.s: n i;cnes hia.

,. e elevatior o n' :n nortnerv vrn -a , h e as a bou
105.. 5 feet. The elevatior oF tne soutnerly earthr
emankment is about lOL.7 fee-.

o. There are no identified hydrorieteorelocical cages
in the watershed.

p. The Megun'ocook river runs in a relatively narrow
flood plain fror the Knox. Darr tc the ocean. The
river channel is Quite steep v, it , an averace slope
of about 2.7 percent between Knox Darr and the
ocean. Reportedly 10-year frequency flood flows
(1330 cfs) have not caused appreciable damaqe.

D-l .2



~y~~c3: ;: H:~j::DETEPYIT 1T INS,

Sces'cr daata is availatie -or --n- lleaunticook Lake Dams.
'.r aalvsis nas beer, done whirch includes a hazard deter-
rj-ii.or, estirnation of full srIilwav discharoe, and over-
toDsinc Potential. Tailwater racinc curves are not avail-

- a:cie due tc the lack of channel confinuration data. Since
:ne Knowlton Dan-, which is about 50' feet upstrearr cf the
rrcx Dar, appears to have a sicrificantlv greater hydraulic
capacitv :.har the Knox Darn, the Knovlton Darn would have a

inal a ect on the nydrauli:cs c-l the Knoyx Darr. 71ood
f.ov. discrarces to Kinox Dar were calculated by perf-orn'inc a
loc-Pearsor Typre !I statistical analysis of a similar ;T
c:acec watersned. The similar watershed was Kettle Erook, a:.

,~ocece, ~as. Station !Number 01109500). The hydrologic
acoF :he watershed is reproduced as the vicinity map. e

analyses are attached to this section.
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