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REPLY TO
ATTENTION OF:

NEDED

SEP 17 1979

Honorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

Boston, Massachusetts 02133

Dear Governor King:

I am forwarding to you a copy of the Townsend Harbor Dam Phase'1
Inspection 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 in-
cluded 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 Eanviron-
mental Quality Engineering, the cooperating agency for the Commonwealth
of Massachusetts. 1In addition, a copy of the report has also been
furnished the owner, Hollingsworth & Vose Co., Townsend Road, West

Groton, Massachusetts 01472.

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.

1 wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for your cooperation in :arrying out
this program.

Sincerely yours,

Incl f:% B. éiéEIDEé ;

As stated Colonel, Corps of Engineers
Division Engineer
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

Identification No. : MA 00138

Name of Dam: TOWNSEND HARBOR DAM
Town: TOWNSEND

County and State: MIDDLESEX, MA
Stream: SQUANNACOOK

Date of Inspection: 15 NOVEMBER 1978

BRIEF ASSESSMENT

Townsend Harbor Dam consists of a 100 foot long earth embankment 11 feet
high at the right, a 92 foot long stone masonry spillway 8 feet high at
the center and 57 foot long stone masonry wall retaining apparent fill

at the left side of the dam. The outlet works of the reservoir, a mill-
race, is to the left of the stone masonry wall., The millrace has an
abandoned concrete control structure near its mid-length, a concrete over-
flow near the three-quarter point and a concrete control structure with
stop logs at the discharge end which is approximately 200 feet downstream
of the spillway.

The dam is in fair condition. Slight seepage was observed at the right end
of the spillway and from under the old grist mill building. Brush, trees
and debris are present on the dam and dike embankments and in the down-
stream channel.

Based on the size, small, and hazard classification, significant, in accor-
dance with the Corps of Engineers Guidelines, the spillway test flood is
the 1/4 Probable Maximum Flood (1/4 PMF). The test flood peak outflow was
estimated to be 14,610 cfs and would result in overtopping the dam by
approximately 7.5 feet; however, under such a flooding condition the dam
would be essentially submerged by tailwater. Hydraulic analysis indicates
that the spillway will only pass 43 percent of the test flood.

Recommended additional investigations by the Owner include a detailed
hydrologic-hydraulic study of spillway capacity, an investigation of the
protection of the millrace dike and an investigation of seepage at the
grist mill foundation and at the right end of the spillway. Recommended
remedial measures include the cutting of brush and trees at the dam, dike
and discharge channel, the repair of locally eroded areas and spillway
apron and the establishment of formal maintenance program, operational
procedures and emergency preparedness plan and warning system. These
recommendations and remedial measures as delineated in Section 7 of the

report should be undertaken within one year of receipt of the report by
the Owner,

CAMP DRESSER & McKEE INC.

Roger H, Wood
Vice President




This Phase I Inspection Report on Townsend Harbor Dam

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Ins ection of

Daxzs, and with good engineering judgement and practice, and
Submitted for apptoval. P ce, is heteby

NEGAN, JR.,
ol Braach

S peph ¢ N Elrss

{ JOSEP3 A. MCELROY, MEMBER
Foirzdation & Materials Branch
. Engineering Division

R/ 5 o

CARNEY M.“SERZIAN, CHAIRMAN
. Chief, Structural Section

Design Branch

Engineering Division

APPROVAL RECOMMENDED:

E;éE B. FRYAR 5

Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recormended Guide-
lines 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 topographic mapping, subsurface investigations, testing, and de-
tailed computational evaluations are beyond the scope of a Phase I Investi-
gation; 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 in-
spection 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 de-
tectable if inspected under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary

in nature. It would be incorrect to assume that the present condition of the
dam will continue to represent the condition of the dam at some point in the
future. Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase 1 Investigations are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the test
flood is based on the estimated "probable maximum flood" for the region
(greatest reasonably possible storm runoff), or a fraction 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 pos-
ing a highly inadequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aide 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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PHASE 1 INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

TOWNSEND HARBOR DAM
MA 00138

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.

Camp Dresser & McKee Inc. has been retained by the New
England Division to inspect and report on selected dams in
the State of Massachusetts. Authorization and notice to
proceed was issued to Camp Dresser & McKee Inc. under letters
of 12 July 1978 and 23 October 1978 from Colonel John P.
Chandler, Corps of Engineers. Contract No. DACW 33-78-C-0354
has been assigned by the Corps of Engineers for this work.
Haley and Aldrich, Inc. has been retained by Camp Dresser &
Inc. for soils and geological portions of the work.

b. Purpose - The primary purpose of the investigation is to:
(1) 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) Encourage and assist the states to initiate quickly
effective dam safety programs for non-federal dams.

(3) Update, verify and complete the National Inventory of Dams.
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TOWNSEND HARBOR DAM
MA  0U138

SECTION 1: PROJECT INFORMATION

1.1 General

a.

b‘

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.

Camp Dresser & McKee Inc. has been retained by the New
England Division to inspect and report on selected dams in
the State of Massachusetts. Authorization and notice to
proceed was issued to Camp Dresser & McKee Inc. under letters
of 12 July 1978 and 23 October 1978 from Colonel John P.
Chandler, Corps of Engineers. Contract No. DACW 33-78-C-0354
has been assigned by the Corps of Engineers for this work.
Haley and Aldrich, Inc. has been retained by Camp Dresser &
Inc. for soils and geological portions of the work.

Purpose - The primary purpose of the investigation is to:

(1) 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) Encourage and assist the states to initiate quickly
effective dam safety programs for non-federal dams.

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




1.2 Description of Project

a.

Location - Townsend Harbor Dam is located on the Squannacook
River, approximately 95 feet upstream of South Harbor Road and
adjacent to Main Street in the Town of Townsend, Massachusetts,
as shown on the report's location map. Water impounded by the
dam is called Harbor Pond.

Description of Dam and Appurtenances - Townsend Harbor Dam consists
of a 92.2-ft. long, 8.3-ft. high stone-masonry overflow spillway
flanked on the right by a 100 foot long low earth embankment and

on the left by an area of apparent fill retained by a 57-ft.

long stone-masonry wall.

A 17.6-ft. wide millrace runs parallel to the Squannacook River
around the left abutment area past old mill buildings and rejoins
the downstream channel over 200 feet below the dam. A 16.3-ft.

long railroad bridge forms the entrance to the millrace, which

is a stone-masonry-walled channel upstream of South Harbor

Road and is a concrete channel downstream. A 3.9-foot-wide, stop-
log controlled concrete outlet at the end of the millrace allows the
flow to return to the Squannacook River.

Short stone masonry walls extend about 8 feet from the right
spillway training wall along the upstream and downstream faces of
the right dam embankment. Beyond these walls, extending to a total
length of approximately 100 feet from the spillway, there is an
irregularly-shaped grass and brush-covered earth embankment. The
embankment height varies from a maximum of approximatiey 13 ft. at
the spillway to a junction with natural ground in a private yard.
The embankment crest is about 2.7 feet above the level of the
spillway crest.

To the left of the spiliway, the apparent filled area is relatively
Tevel at 2.8 feet above the spiliway crest and is bounded by the
left spillway and channel walls to the south, a stone-masonry
upstream wall to the west, the millrace to the north, and South
Harbor Road to the east. Most of the surface is grass and weeds,
but there is one large wood-frame building called "The Cooperage"
that projects over the downstream river channel.

Downstream of South Harbor Road the millrace generally parallels the
river channel, with its river-side bank about 12 feet above the
river channel. An 80-ft. long section of this bank, between an old
wood frame grist mill near South Harbor Road and the concrete
millrace outlet structure near another mill buiiding, functions as
an earth dike. The dike has a crest width that varies from 10 to 20
feet, an upstream concrete wall, and a partial downstream stone-

masonry wall, Most of the millrace dike crest has a cover of grass and

weeds with some trees and brush, while the gradual slope from the
downstream wall to the river channel has more trees and brush.




c¢. Size Classification - Townsend Harbor Dam has a height of
approximately 11 feet and a storage capacity of 273 acre-feet at
the top of the dam. According to guidelines established by the
Corps of Engineers, the dam is classified in the small category.

d. Hazard Classification - Based on the results of the dam failure
analysis included in Section 5 of this report, failure of the
dam could jeopardize a few lives due to the presence of a
building on the left side of the downstream channel. The dam
is, therefore, classified in the significant hazard category.

e. Ownership -The dam and millrace have been owned by Hollingsworth &
Vose Company for the past 18 years. The previous owner is reported
to be Townsend Harbor Investments Inc., from which Hollingsworth &
Vose Co. purchased the property. The address of the present
owner is: Hollingsworth & Yose Company, Townsend Road, West
Groton, Massachusetts, 01472, Mr. A.E. Irelan at the above

address is the owner's representative.

f. Operator - Operation of the dam is the responsibility of Mr. A.E.
Irelan of Hollingsworth & Vose Co. His address is Hollingsworth &
Vose Co., Townsend Road, West Groton, Massachusetts, 01472 (phone
617/448-3311).

Purpose of Dam - A dam was originally constructed at this
general area in 1733 as a water supply for a saw mill which
eventually became a grist mill. In 1870, the present dam was
constructed to provide additional power for the Spaulding
Leatherboard Company. The present owner utilizes the dam as a
water reservoir to supplement extreme dry-weather river flow.

h. Design and Construction History - There are no records of the design
or construction of this dam. A newspaper account and plaque at the
site indicate that a dam was originally built in 1733 in this area.
The present dam was constructed in 1870 and rebuilt or repaired
after being damaged in 1936 and 1938.

i. Normal Operational Procedures - There is no formally-established
routine for operation of the dam. Mr. Irelan stated that Harbor Pond
is maintained at approximate spillway crest elevation year-round
with stop logs located at the millrace outlet. During very dry
periods, the operator increases the flow through the millrace by
removing the stop logs.

i.3 Pertinent Data - Elevations used in this report are on National
Geodetic Vertical Datum (NGVD), formerly referred to as Mean Sea
Level Datum (MSL). The elevations previously established at the dam
site and shown on the plan included in Appendix B are on NGVD and
agree with those shown on the USGS Quadrangle, Townsend, Mass., 1965.
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a. Drainage Area - The drainage area tributary to the dam site is
58.3 square miles and is characterized by moderately-forested,
lightly-developed rolling terrain. In the vicinity of Harbor Pond,
the terrain is flat and swampy. Harbor Pond accounts for
approximately 0.1 percent of the total drainage area.

b. Discharge at Dam Site - There are no records of discharges at the
dam site, but Squannacook River discharges are recorded at USGS
Gage Number 01096000 located approximately 2 miles downstream of
the dam site.

(1) Outlet works size------=ccc-e---- 3.9 ft. wide by 2.8 ft. high
box outlet

H
i
{
|
i
1
{
!
i

(2) Maximum known flood at damsite---------=cccacmccaaaaoa- Unknown

(3) Ungated spillway capacity at top of dam
1,430 cfs @ 270.0 elev.

(4) Ungated spiliway capacity at test flood elevation
6,320 cfs @ 277.5 elev.

(5) Gated spiliway capacity at normal pool elevation----------- N/A
(6) Gated spillway capacity at test flood elevation------------ N/A

(7) Total spillway capacity at test flood elevation
6,320 cfs @ 277.5 elev.

(8) Total project discharge at test flood elevation
14,610 cfs @ 277.5 elev.

c. Elevation (NGVD)

(1) Streambed at centerline of dam------=---cc-ceoccncnan 259.0 (Est) i
(2) Test flood tailwater------cecccccmcmccccmcmananocncaaaa. 275.0 ;
(3) Upstream portal invert diversion tunnel-------ecccocccoacano. N/A %
(4) Normal poOl--------cececmccmccmcnmccccmcnccceccacaocancnan 267.3
(5) Full flood control pool-------------- m--mesememesccemeeoooes N/A
(6) Spiliway Crest---ce--ccccmmcmme e cccceeee 267.3
(7) Design surcharge (Original Design)----------cccocceemooo Unknown %
(8) Top of dam------—----; ---------------- Varies, low point at 270.0 ;
(9) Test flood design surcharge------------cccmcocmccmmaana. 277.5 7
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d.

e.

f.
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Reservoir

(1) Length of test flood poOl--=-----===eeccenmnocoaconcaanx 8,400 ft.
(2) Length of normal poOl------se-mecsmsscscccscmoaonoasann 3,500 ft.
(3) Length of flood control poOl---=<=s====secccmmomcomaaaaanannn N/A

Storage (acre-feet)

(1) Normal pool-=----c-ccecmmmmenmeeeeeeemeaeaaaccccacccnanaaan 116.0
(2) Flood control pool-=--=-=-=v-eccccccccocccccnencacccanacaann- N/A
(3) Spillway crest poOl-~--=---=-==eecccacacccccamacenaccaannnn 116.0
(4) Top of dam-~--~--c--seccemmrcmrmamccecacacn e cceenaaaan 273.0
(5) Test f100d POOl-~-----ceecmecceemcnenmccocamccmmamcamc e 2,646

Reservoir Surface (acres)

(1) Normal pool-=--cs==eremecmooeceeemescacrcccaareccannaanaannn 43.5
(2) Flood-control poOl-=---=----c-cmescoocmmaacaa e c oo cncemaaaaas N/A
(3) Spillway crest-------c--macecmcccocacmcioncoccncencnnnanaan 43.5
(4) Test fl100d POOT~=---c-cecmcmacocccaccmmaacccce s acaaaaaae 374.4
(5) Top of dam---------; --------------------------------------- 197.4
Embankments
Right Embankment Millrace Dike

(1) Type Earth fill Earth fill with concrete

upstream face and par-
tial stone-masonry down-
stream face

(2) Length Approx. 100 ft. Approx. 80 ft.

(3) Height Approx. 11 ft. max App;ox. 12 ft.

(4) Top width and 20 ft. max at 10 to 20 ft. at
elevation elev. 270 . elev. 270.2

(5) Side slopes Irregular U/S & D/S Vertical walls with

irregular base slopes
which are flatter than
3H to 1V slope below
downstream wall,




h.

i.

(6) Zoning Unknown Unknown

(7) Impervious core Unknown Unknown

(8) Cutoff Unknown Unknown

(9) Grout curtain Probably none Probably none
Diversion and Regulating Tunnel-------c-mmcmccmccccmca e None
Spillway

(1) Type----cmccmcmmcmc e Stone masonry
(2) Length of weir-—--=-eccmmcocmccccc e 92.2 ft.
(3) Crest elevation-----seccmeccmmmmc e 267.3 MSL
(4) Gates-=---cc--ocom e None
(5) U/S Channel------=-c-ocemmmmc e e None
(6) D/S Channel--------cccccmnnnoo 85-ft. wide river at 0.0015 slope

Regulating Outlets - Flow at the dam can be regulated by insertion or
removal of stop logs at the control structure at the downstream end
of the millrace. The discharge opening is 3.9 feet wide and, without
stop logs, is 6.1 feet high, with an estimated invert elevation of
263.1. Normally, there are 3.3 feet of stop logs at the outlet,
setting the normal weir crest at elevation 266.4. There is an
uncontrolled overflow spillway from the millrace to the Squannacook
River located approximately 23 feet upstream from the downstream
millrace control structure. The overflow spillway crest is at eleva-
tion 268.3 and is approximately 18 feet long.

1-6




¢.1

2.2

2.3
204

SECTION 2. ENGINEERING DATA

Design Records - No design records were located for the Townsend
Harbor Dam.

Construction Records - No records of the original construction were
located.

Operation Records - No operational records were located for the dam.

Evaluation

a. Availability - No records for the dam other than prior inspection
reports were located.

b. VYalidity - There are no known design, construction or operating
records.

c. Adequacy -~ The absence of known records requires that the eva-
luation of the dam during this investigation be based on the visual
examination described in the following section.




i
I
I
i
i
i
1
|
'
|
!
!
!
|
|
/
|
l

3.1

Findings

b.

SECTION 3: VISUAL INSPECTION

General - The Phase 1 visual examination of Townsend Harbor Dam

was conducted on 15 November 1978. In general, the structures

were observed to be in fair condition. It should be noted that
the only pond drain for this structure is the millrace channel.

Visual inspection checklists for the dam are included in
Appendix A, and selected photographs are given in Appendix C.

Dam and Spillway - The spillway, and the earth embankments on each
side of it, show no visual evidence of major lateral movement or
settiement. The open-joint stone-masonry spillway and the left
wall between the dam and South Harbor Road appear to be stable.
The walls to the right of the spillway are in fair condition.
Minor seepage is present at the juncture of the spillway and
downstream wall parallel to the ¢rest of the embankment, while
portions of the flared downstream wall are displaced. The

earth embankment located to the right of the spillway is

generally in fair condition, with no visual evidence of major

erosion or seepage.

The following specific items were noted:

1. Quarry stone debris just downstream of the spillway
on the left side appears to be apron stone which may
have been broken or dislodged from the apron and
moved downstream. It appears that some of the
pieces from the apron have been used as protection for
the right wing wall of the South Harbor Road
bridge.

2. Much of the right embankment surface is mowed lawn, but
there is considerable growth of brush and trees on the
downstream face and near the spillway. Leaves and branches
have been dumped on part of the downstream face.

3. There is local slight erosion of the right embankment at
the end of the short downstream masonry wall.

4, There is slight water flow through joints, as shown in Photo
12, in the right downstream masonry wall which is parallel
to the embankment crest.

5. The crest of the right dam embankment is irregular, and is
slightly low immediately behind the masonry wall at the
spillway.

6. There is some brush growth in the channel downstream of the
spiliway.

7. The right downstream flared stone masonry wall has areas of
displaced stones.
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d.

Appurtenant Structures - The stone-masonry wall just upstream of the
millrace entrance at the railroad bridge is in good condition.

Heavy brush, however, was observed along both sides. The millrace
dike is in poor condition, due to extensive erosion and other defi-
ciencies. The upstream millrace control structure was in good con-
dition, but the stop-log guides were in poor condition. No stop logs
were observed. The millrace downstream of South Harbor Road and the
downstream control structure are of concrete and are in good con-
dition. Submerged stop logs were observed at this structure during
the site visit. The overflow spillway on the right side of the
millrace is in good condition with minor vegetation at the crest. On
the left side of the channel just upstream of the downstream

control structure there is evidence of a former continuation of the
millrace through the buildings located downstream along the left
river bank.

The following additional specific items were noted:

1. The millrace dike has major erosion 10ss near the corner of
the old grist mill and behind about half the length of the
upstream stone-masonry wall. The erosion appears to have been at
least partly the result of overtopping.

2. Part of the millrace dike crest has brush and tree growth,
as shown in Photos 7, 8, and 9, while the eroded portions
are bare of any vegetation.

3. There is a large, partly stone-filled, depression immediately
below the millrace dike overflow spillway, apparently the
result of scour from past spillway flows.

4. Slight seepage flow is emerging from under the grist mill
building next to the downstream river channel. This flow may
originate at the other end of the building basement, where
thire would have been a gated waterway connection to the
millrace.

Reservoir Area - The area around Harbor Pond is moderately developed.
There appear to be no structures below elevation 270, but there are
approximately 35 structures below elevation 280. The side slopes of
the pond are generally flat and swampy. There is no apparent poten-
tial for significant landslides into the pond which could create
waves that might overtop the dam. No conditions were noted which
could result in a sudden increase in sediment load in the pond.

The Squannacook River enters Harbor Pond approximately 3,500 feet
upstream (west) of the dam. The channel meanders slightly, and its
slope varies from 0.05 percent near the pond to 0.13 percent near the
center of the Town of Townsend.
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Downstream Channel - The Squannacook River downstream of the dam i
is approximately 85 to 100 feet wide, appears to be unobstructed,

and has very little development along its banks. The slope is

approximately 0.13 percent. There appear to be two other dams

on the Squannacook River before its confluence with the Nashua

River, approximately 7 miles downstream.

Evaluation

The masonry spillway, side embankments and appurtenances appear

to be performing satisfactorily at the present time. The seepage

observed at the right masonry wing wall adjacent to the spillway,

however, could cause future problems if allowed to continue.

Furthermore, the limited millrace dike freeboard and partially-

unprotected dike embankment appear to provide potential

for failure under conditions of water levels which overtop the

embankments. \




4.1

4.2

4.3

4.4

4.5

SECTION 4: OPERATIONAL PROCEDURES

Procedures - There is no formal procedure for operation of the dam.
On an informal basis, the Owner attempts to control flow over the
spillway by removing stop logs at the downstream end of the
milirace. During extreme low flow, the Owner removes additional
stop logs, releasing water impounded by the dam and spillway for his
use as process water at a downstream mill.

Maintenance of Dam - There is no established formal maintenance
program for this dam. The operator indicated that the dam is
inspected twice a year and maintenance is performed on a demand
basis.

Maintenance of Operating Facilities - There is no formal procedure
for maintenance of operating facilities (millrace control structures).

Description of Any Warning System in Effect - There is no established
warning system or emergency preparedness plan in effect for the dam.
The operator indicated that the dam is observed during periods of
high water.

Evaluation - Formal operational procedures should be established for
high-flow conditions at the dam. Formal maintenance programs,
warning systems and emergency preparedness plans should also be
established. Periodic observation should be made, and the tree and
brush growth at the embankments should be brought under control.
Maintenance of the dam should be performed at regular intervals.
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a.

d.

General - Harbor Pond is formed by the Townsend Harbor Dam on the
Squannacook River, which is a tributary of the Nashua River
approximately 7 miles downstream of the dam. The surface area of
the pond is approximately 44 acres at spillway crest and approxi-
mately 197 acres at the top of the dam. The dam impounds approxi-
mately 116 acre-feet of water at spillway crest and approximately
273 acre-feet at the top of the dam.

The stone masonry spillway, at crest elevation 267.3, is 92.2 feet
long. The low point of the right embankment of the dam is at ele-
vation 270. The left embankment, at elevation 270.1, extends 57
feet from the dam to the railroad bridge at the entrance to the
millrace. The millrace entrance consists of a box culvert 16.3
feet wide, 6.6 feet high and 11.5 feet long, with an invert eleva-
tion of 263.1.

There are several means of discharge from the millrace, depending
on the water surface elevation. The invert of the normal
discharge opening, 3.9 feet wide and 6.1 feet high, is 263.1.
However, the 3.3 feet of stop 1ogs normally maintained in this
opening sets the normal operating weir at 266.4. The overflow
spillway upstream of the normal discharge opening is at ele-
vation 268.1 and is 18 feet long. The walls on both sides

of the overflow spiliway form an additional 44.4 feet of weir

at elevation 269.2. The top of the wall above the normal
discharge opening forms an additional 15-foot weir at elevation
270.2. The side wall of the remainder of the millrace, upstream
of South Harbor Road, is at elevation 272.1.

Design Data - No hydraulic/hydrologic design data are available for
the dam.

Experience Data - A newspaper report indicates that the dam and
South Harbor Road bridge were "washed out" during the 1936 flood
and were rebuilt in 1937. The report further states that the dam
was repaired after the 1938 hurricane.

USGS Gaging Station 01096000 has recorded Squannacook River flows
approximately 2 miles downstream of the dam since October 1949.
The drainage area tributary to the gage is 62.8 square miles,
which is only 4.6 square miles more than that tributary to the dam
site. Flows recorded at the gage, therefore, should be only
slightly greater than flows at the dam site. Some of the larger
flows recorded at the gage have been: 4,010 cfs (October 16,
1955); 2,760 cfs (March 14, 1977); 2,340 cfs (April 2, 1962);

and 2,260 cfs (March 19, 1968).

Visual Observations - The pond level was at spillway crest at the
time of inspection. The millrace and downstream channel appeared

to be in good hydraulic condition, with the exception of some
vegetation in the river bed.
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e. Test Flood Analysis - Based on the Corps of Engineers guidelines,
5, the recommended test flood for the size (small) and hazard poten-
# tial (significant) is between the 100-year flood and one-half of
i the Probable Maximum Flood (PMF). The 1/4 PMF was adopted as the
+ test flood and was determined using Corps of Engineers guidelines
b for "Estimating Maximum Probable Discharge" in Phase I Dam
% Safety Investigations. The watershed terrain is characterized as
i rolling, and a PMF inflow rate of 1,100 cubic feet per second
(cfs) per square mile was adopted for the 58.3-square-mile
drainage area. The resulting test-flood inflow is 16,000 cfs.

Initial surcharge-storage routing of the test-flood inflow

through Harbor Pond resulted in a peak test-flood outflow of

14,840 cfs at a surcharge pond stage of 275.9 feet above NGVD.
Stage discharge relationships, presented in Appendix D, include

the discharge capacity of the millrace. Due to the indicated
tailwater elevation of 275.7, further analysis was performed \
to account for submergence. The subsequent surcharge-storage
routing resulted in a peak test-flood outflow of 14,610 cfs

at a surcharge pond stage of 277.5 feet above NGVD. At this

stage, which is 10.2 feet above the spiliway crest, the dam will be
overtopped by 7.5 feet. The spillway capacity at test flood is
approximately 6,320 cfs, and the tailwater elevation is approxi-
mately 275.0.

f. Dam Failure Analysis - Dam failure analysis was performed in order
to assess the downstream hazards in the event of dam failure. A
peak failure outflow of approximately 3,130 cfs was estimated
based on a breach width of approximately 37 feet and with the pond
at the top of the dam (270.0 feet above NGVD), which is 2.7
feet above the spillway crest. Water flowing 2.7 feet deep over
the spillway is equivalent to a flow of 1,430 cfs. Such a wet-
weather flow would produce flooding conditions downstream prior to
dam failure. While this flooding would not be expected to
endanger lives downstream, it is estimated that the sudden release
of an additional 1,700 cfs in a dam failure would severely damage
the building on the left bank just downstream of the South Harbor
Road bridge with potential loss of a few lives. Approximately
1.6 miles downstream, a building on Trout Brook in the right flood
plain of the Squannacook River would also be flooded by the dam-
failure flow. Accordingly, Townsend Harbor Dam is classified as
having a "significant" hazard potential.

|
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SECTION 6:

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a.

C.

Visual Observation - There was no visible evidence of spillway or

dam embankment instability during the site examination of 15
November 1978. The observed locations of slight seepage at the
right end of the spillway and under the old grist mill building
showed no evidence of soil movement, and are not considered to
pose an immediate hazard to the stability of the downstream faces
of the embankments.

Design and Construction - There are neither design drawings nor
construction data which would show the embankment cross sections
or the physical properties of the materials in the embankments.
Thus, theoretical analyses of the structural stability of the dam
embankments are not possible.

The embankments have had a long period of service, and, in the
absence of seepage or erosion problems, would be expected to be
adequately stable under static loading conditions.

Operating Records - No operating records, other than state
and county inspection reports, were located.

Post-Construction Changes - The dam was constructed in 1870

(the date inscribed on the face of the spillway) to provide addi-
tional power for the Spaulding Leatherboard Company. The presence
of a concrete millrace, concrete control structures and grouted
stone-masonry walls upstream of the spillway further indicate that
post-construction changes have been made to the dam.

Seismic Stability - The dam is located in seismic zone No. 2 and,
in accordance with recommended Phase I Guidelines, does not
warrant seismic analysis.

e S e i




—— s ey OHE I GED GHF OGO OB OB OO U WO W e o

EUNBE

SECTION 7: ASSESSMENTS, RECOMMENDATIONS
AND REMEDIAL MEASURES

7.1 Dam Assessment

~J
.
N

~J
.
w

da.

d.

Condition - The visual examination of the Townsend Harbor Dam and

dike embankments did not reveal any evidence of failure or con-
ditions which would warrant urgent remedial treatment. However,
because of the need for maintenance and additional investigations that
are outlined hereinafter and the limited capacity of the spillway,

the project is considered to be in only fair condition.

Adequacy of Information - A1l of the information for the Phase [
Investigation had to be obtained from visual examination and limited
measurements at the site. This information has been sufficient for
the purpose of this investigation, but it does not permit detailed
evaluation of stability or seepage.

Urgency - The recommended additional investigations and remedial
measures outlined in Sections 7.2 and 7.3, respectively, should
be undertaken within one year of receipt of the report by the
Owner.

Need for Additional Investigations - Additional investigations
should be performed by the Owner as outlined in the following
section.

Recommendations - It is recommended that the Owner engage a

registered professional engineer to perform the following additional
investigations:

1.

3.

A detailed hydrologic-hydraulic investigation to determine the adequacy
of the spillway and any necessary modifications to the facility to pro-
vide adequate capacity, taking into account the sumbergence of

the dam.

An investigation of the millrace geometry, controls and operation
to determine a practicable means of protection against over-
topping and subsequent erosion damage to the millrace dike.

An investigation of the seepage that is emerging from under the

old grist mill building and at the masonry wall to the right of the
spillway, to determine what corrective or control measures may be
necessary.

Remedial Measures

a.

Operation and Maintenance Procedures - It is recommended that
the following remedial work be undertaken by the Owner, in addi-
tion to the investigations outlined in Section 7.2, to correct
deficiencies noted during the visual examination:

lear brugh, trees and debris from th and dike embank-
(1) ge:%s iggiu61ng stump remova? and bacﬁff??ing, and cut grass
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(2)

(3)

(4)

(5)

(6)
(7)

(8)
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and weeds on the embankments at least once a year. Clearing
of the gradual slope below the millrace dike downstream wall
is not necessary beyond 10 ft. from the wall.

Restore displaced apron stones at the downstream face of the
spillway.

Fill area of local erosion in the right embankment at the
end of the short downstream masonry wall and bring crest of
embankment behind the wall to grade.

Reset displaced stones in right downstream flared stone
masonry wall.

Restore low and eroded areas in the millrace dike
embankment and re-establish vegetative cover. Work on the
millrace dike would be subject to the results of the
millrace investigation under Section 7.2.

Clear brush from channel immediately downstream of spillway.

Place additional stone protection or dumped riprap in
depression at discharge end of millrace overflow spillway.

Establish a formal maintenance program, operational proce-
dures and emergency preparedness plan and warning system.

The Owner should continue his program of technical inspections.
These inspections should be made at least at yearly intervals.

7.4 Alternatives - There are no practical alternatives recommended.
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INSPECTION TEAM ORGANIZATION AND CHECK LIST

Page No,

VISUAL INSPECTION PARTY ORGANIZATION A-1
VISUAL INSPECTION CHECK LIST

Embankment? Right of Spillway A-2
Embankment: Dike between Millrace and Spillway A-3
Spillway A-4
Spillway (cont'd) A-5
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VISUAL INSPECTION PARTY ORGANIZATION

NATIONAL DAM INSPECTION PROGRAM

DAM: Townsend Harbor

DATE: 15 November, 1978

TIME: 3:30 PM

WEATHER: _Clear and cool-- 40 to 45 F.

WATER SURFACE ELEVATION UPSTREAM:_ 267.3 (at spillway crest)
3/2 :
STREAM FLOW: (3.33)(3.9')€0.75') = 8.4 cfs \;

INSPECTION PARTY: !

—

. Robert P, Howard - Structural & Operation

Charles E, Fuller - Hydraulics & Hydrology

. Joseph E, Downing — Ass't. Hydraulics & Hydrology

A, Ulvi Gulbey - Ass't., Hydraulics & Hydrology

. Peter L. LeCount (H & A) -~ Soils

o [3,;] P - w (AN
. . .

PRESENT DURING INSPECTION:

1. A. E. Irelan - Project Engineer, Hollingsworth & Vose Co.

sy fome,

l
l
I
!
|
i
|
i
i
|
I
}
I
!
|
'
l
l

2.

3. |

4. ‘
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Townsend Harbor

DATE: 11/15/78

EMBANKMENT: (Rt. of Spillway)

Horizontal Alignment
Condition at Abutments and
at Structures

e. Indications of Movement of
Structural Items

f. Trespassing

g. Instrumentation Systems

d.

e,
f.

g.

a., b., c. Irregular shape w/o defined

CHECK LIST CONDITION
1. Upstream Slope 1.
a. Vegetation a. Grass (lawn)
b. Sloughing or Erosion b. None evident
¢. Rock Slope Protection - c. None
Riprap Failures d. None observed
d. Animal Burrows
2.
2. Crest a. Grass, scattered brush, tree, two
a. Vegetation stumps.
b. Sloughing or Erosion b. Grass intact, but irregular shape
c. Surface cracks ¢. None evident
d. Movement or Settlement d. Not evident-irregular shape
3. Downstream Slope 3.
a. Vegetation a. Mostly brush & trees, some dumped
b. Sloughing or Erosion leaves, branches, etc.
c. Surface cracks b. Irregular shape, local slight eros.
d. Animal Burrows from runoff at end of masonry
e. Movement or Cracking near wingwall.
toe c. None evident
f. Unusual Embankment or d. None evident
Downstream Seepage e. None evident
g. Piping or Boils f. Slight flow thru masonry wall joints
h. fFoundation Drainage Featureg close to spillway.
i. Toe Drains g. None evident
h. None evident
4. General i. None
a. Lateral Movement
b. Vertical Alignment 4,
c.
d.

alignment or indication of movement.
Embank. sl. low immed. behind
masonry wall, but no indication of
recent movement.,

None evident

None evident

None

APPENDIX A-2 '




VISUAL INSPECTION CHECK LTIST
' NATIONAL DAM INSPECTION PROGRAM
i.AM: Townsend Harbor DATE: 11/15/78
) éi;MBANKMENT: Dike between Millrace and Spillway |
‘ CHECK LIST CONDITION i
1. Upstream Slope 1. '
l a. Vegetation a., b., c., d. N.A.-Concrete canal wall
b. Sloughing or Erosion
. ¢. Rock Slope Protection - 2.
Riprap Failures a., Grass & weeds, few trees.
I d. Animal Burrows b. Erosion behind downstream end of
canal wall-apparently has been
2. Crest cvertapne ! X
l : a. Vegetation d. Oniv ip concvete canal overflow :
i b. Sloughing or Erosion spillway slab.
¢. Surface cracks |
l d. Movement or Settlement 3.
a. Some grass, weeds, brush & trees -
3. Downstream Slope mostly stone masonry wall or bare
< a. Vegetation earth.
' b. Sloughing or Erosion b. Erosion due to surface runoff at
¢. Surface cracks corner of bldg., possibly due to
d. Animal Burrows overtopping.
l e. Movement or Cracking near c. Not evident
toe d. None observed
. f. Unusual Embankment or e. None observed
Downstream Seepage f. Ponded seepage in rear of old
l g. Piping or Boils ' S TR © 7 formerly fea b o
h. Foundation Drainage Featurv.; caaal,
i. Toe Drains g. None observed
l . h. None observed
4. General i. None
. Lateral Movement
l b. Vertical Alignment 4.
c. Horizontal Alignment a. Not evident
d. Condition at Abutments and b., c. Irregular shape ;
at Structures d. Local erosion from overtopping. )
l e. Indications of Movement of e. Slight settlement toward end of
Structural Items overflow spillway slab. 5
f. Irespassing f. Scattered trash & cans ,
l g. Instrumentation Systems g. None
. |
[ - L J .
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VISUAL INSPECTION CHECK LTST
NATIONAL DAM INSPECTION PRCOGRAM

i AM: Townsend Harbor

DATE: 11/15/78

a. Vegetation

b. Sloughing or Erosion

c. Rock Slope Protection -
Riprap Failures

d. Animal Burrows

. Crest

a. Vegetation

b. Sloughing or Erosion
c¢. Surface cracks

d. Movement or Settlement

. Downstream Slope

a. Vegetation

b. Sloughing or Erosion

c. Surface cracks

d. Animal Burrows

e. Movement or Cracking near
toe

f. Unusual Embankment or
Downstream Seepage

g. Piping or Boils

h

. Foundation Drainage Featuru.,

i. Toe Drains

. General

.. Lateral Movement

h. Vertical Alignment

c. Horizontal Alignment

d. Condition at Abutments and
at Structures

e. Indications of Movement of
Structural Items

f. Irespassing

g. Instrumentation Systems

+ EMBANKMENT: _Dike between Millrace and Spiliway
CHECK LIST CONDITION
1. Upstream Slope 1.

a. Grass & weeds, few trees.

b. Erosion behind downstream end of
canal wall-apparently has been
overtannae 1

d. Opiv ip concvete canal overflow
spillway slah.

mostly stone masonry wall or bare
earth.

b. Erosion due to surface runoff at
corner of bldg., possibly due to
overtopping.

c. Not evident

d. None observed

e. None observed

f. Ponded seepage in rear of old

117 ~»~ -
caanal,

g. None observed

h. None observed

i. None

a. Not evident

b., ¢c. Irregular shape

d. Local erosion from overtopping.

e, Slight settlement toward end of
overflow spillway slab.

f. Scattered trash & cans

g. None

a., b., c., d. N.A.-Concrete canal wall

a. Some grass, weeds, brush & trees -

formerly fea in

e SRR A AR S -

+
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM
DAM: TOWNSEND HARBOR DATE : 15 NOVEMBER 1978
SPILLWAY:
CHECK LIST . CONDITION
1. Approach Channel 1.
a. General Condition a. Good.
b. Obstructions b. None.
c. Log Boom etc. c. None.
2. Weir 2.
a. Flashboards a. None.
b. Weir Elev. Control (Gate) b. N/A see Outlet Works.
c. Vegetation c. Minor growth in joints of cut quarry
d. Seepage or Efflorescence stone face.
e. Rust or Stains d. None observed.
f. Cracks e. None observed.
g. Condition of Joints f. None observed.
h. Spalls, Voids or Erosion g. Wall is ungrouted cut quarry stone,
i. Visible Reinforcement one stone has an 1870 date inscribed
J. General Struct. Condition h. N/A.
i. N/A.
3. Discharge Channel je Good.
a. Apron
b. Stilling Basin
¢. Channel Floor 3.
d. Vegetation a. Two courses of cut quarry stone slals
e. Seepage near face of dam stepping down to one W
f. Obstructions course., These quarry stones Appear to
g. General Stuct. Condition have been broken and washed downstream.
: Some pieces have been used as protectiog
4, Walls of bridge wing wall,
a. Wall Location Lt. & Rt, b. N/A.
(1) Vegetation c. Earth.
(2) Seepage or Efflorescence d. Heavy brush growth in channel down-
(3) Rust or Stains stream.,
(4) Cracks e, None observed,
(5) Condition of Joints f. Quarry stone debris left side
(6) Spalls, Voids or Erosion appears to be apron stone,
(7) visible Reinforcement g. Good,
(8) General Struct.Condition
4,
a. (1) None observed.
(2) Seepage at base of rt, wall that
; runs parallel with spillway.
(3) None observed.
(4) None observed.
) ’ (5) Grouted cut stone block walls
! upstream of spillway need re-
grouting. Downstream walls are
} ungrouted cut stone block walls,
; Conditions of joints are good.
(6) None obscrved.
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DAM: TOWNSEND HARBOR

SPILLWAY:

(cont'd)

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DATE: 15 NOVEMBER 1978

CHECK LIST

CONDITION

4. (7) N/A.

(8) Good except rt. wall downstream
of spillway is in poor condition.

APPENDIX A-5
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

l DAM: TOWNSEND HARBOR DATE: 15 NOVEMBER 1978
QUTLET WORKS: MILLRACE
l CHECK LIST CONDITION
E 1. Inlet l‘a None
_ a. Obstructions ‘ : 2
! b. Channel b. Submerged.
c. Structure c. Railroad bridge abutments show
d. Screens repairs and modifications. Upstrcai.
l e' Stop Logs edge of concrete seat on rt. abut-
f' Gates ment is badly cracked and separat-
‘ ing from abutment.
l 2. Control Facility d. Yone.
a. Structure 2' N°“e°
b. Screens - hone. \
' c. Stop Logs 2
g' gzﬁgzit a. Upstream Control Facility
: a, Good condition,
f. Seepage or Leaks b. None.
3 Outlet c. Submerged, guides in poor
a. Structure 4 §°“dit1°“'
' b. Erosion or Cavitation . N°ne°
c. Obstructions ?’ N?Ke‘
. d. Seepage or Leaks . * {
. . 2
4. Mechani d ical y
l a Cianga;o?gt Electr b. Downstream Control Facility
b. Hydraulic System a, Good condition, some minor
' c: Service Power erosion of concrete.
d. Emergency Power b. None.
e. Lighting c. Submerged,
l f. Lightning Protection d. None.
e, None,
5. Others f. None observed.
l 3.
a. Good condition, :
b. None observed. i
¢. None observed. i
' d. None observed. -
4.  N/A. !
' 5. Spillway on right side of channel 'f
. in good condition with some minor :
growth. Spillway on left side of :
channel has been abandoned. H
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APPENDIX B

LIST OF AVAILABLE DOCUMENTS AND
PRIOR INSPECTION REPORTS

LIST OF AVAILABLE DOCUMENTS

PRIOR INSPECTION REPORTS

DATE BY
July 18, 1961 Middlesex County Engineering
Department

September 6, 1973 Mass, Dept, of Public Works,
includes Description of Dam

DRAWINGS

Plan and Sections of Townsend Harbor Dam and
Millrace

Page No.

B-2 to B-10

B-11 to B-16

B-17




LIST OF AVAILABLE DOCUMENTS

Survey plan No. 3048, at 1" = 40 ft, scale, prepared for
Hollingsworth & Vose Company by Charles A. Perkins Co.,
Engineers & Surveyors, Littleton, Mass., November 1961.
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Townsend, lass

DAM NO.

E-1

Lt

Int. Main St. & Harbor Rd.

STRZAM

Squannacook River

MIDDLESEX CCUNTY ENGINEERING DErARTMINT
CAMBRIDSZ, MASSACHEUSETTS

DAM INSPECTION REPORT
Cun=2d oy ir. Aksila PlaceTownsend Harbor, Mass. Use None at Present
Inspzeted 5 Richard D. Howard Date 7-18-61
Type 2f Dar__Stone Overflow Cendition Good

SPILLWAY

Length 92!

Ht. to Tcp Emb. Section 4.5

Flashuoards in Place__ None Ht. of Recent Repairc None
Ccondition Excellent

Regalrs Needed None

ENBANCENT Length  None. Height S Typa -~

ecent Repalrs

R
¢ Cuonditicon

GATZS Number 2 (In Canal) Size 5'-6" X 5'-5"  mypes Stop 108

Recent Repalrs None

Condltlion Not operating -- remain open

Repalrs Needed None

IEAXS Detailed Description and Location on Back of Sheet

How Serlous

7-18-61 @4;47/9 ‘4./z/ft—1~tﬂ

DATE:

SIgnature Inspecting Engineer

Action - See Back of Sheet Engineer, Metcalf & Eddy

TtTe

(*c.

Speclal Remarks and Characzteristics on Back of Sheet
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LIAKS: None

»\

RECOMMENDED ACTION: None

~

SPECIAL REMARKS: None
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METCALF & EDDY
EnGineLas
BOSTON MASS E-1

J-Mee Dams

GET/cv
8/31/61
REPORT
UPON
TOWNSEND HARBOR DAM
TOWNSEND HARBOR, MASSACHUSETTS
General

The To@nsend Harbor Dam across the Squannacook River is
located at Townsend Harbor about 200 feet southwest of the inter-
section of Main Street and Harbor Road. The dam is an over-
flow type structure of stone masonry construction. The dam is
not used for any purpose. A canal, about 100 feet from the
l;;t abutment ol Fhe dam, runs parallel to the river. The
entrance to the canal is Just upstream {rom the left dam abut-
ment. A Boston and Maine Rallroad track runs parallel to the
canal about 70 feet from the left end of the dam.

The spillway is about 6.2 feet high and 92 feet loné.

The depth of the spillway at the crest is 4.5 feet. Due to

the elevation of the top of the left upstream abutment wall
being 1.7 ifeet lower, the effective depth at the spillway crest
is 2.8 feet. The structure is a triangulér crasted type with

the upstream face sloping downward and upstream at the rate-of
0.09 feet to the foot. The downstream face 1s vertical.

. The abutment walls are of stone mas 'nry, 2 feet thick.’
The left abutment wall forms a right angle about 20 feet upstream
from the dam, runs parallel to the intake of the canal and

connects to an abutment of a railroad bridge over the canal intake.
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The right abutment is U shaped. Training valls lead downstreanm
from the abutments.

A frame building, named "The Cooperage" and used as a gift
shop, is located about 12 feet downstream from the dam on the
left bank. The structure extends over the stream from the top
of the training wall for a distance of about 9 ieet.

Conclusions and Recommendations.

1. The present spillway capacity of the dam is about
one-seventh the Rare Flood Flow as determined by the
Kinnison-Colby Forinula.
2. The dam may be protected by the following method:
*’ a._ Raise the tops of all abutment walls

at and upstream from the dam to El, 272.1.

b. Extend the right abutment to meet the

ground at El. 272.1.

c. Protect the abutments with stone riprap.

Spillway Capaclty and Flood Flows ‘\

The capacity of the 92 ft. long splllway 1s estimated
to be 1290 c.f.,s. without provision for freeboard. The canal
can divert a flow of about 130 c.f.s. making a total of 142010;£.s.
The tributary drainage area is 60.6 square miles. The maxiéum '
flood flow as estimated from the Kinnison-Colby Formula (Rare
Floods) is about 9000 c.f.s. This rate of flow is about 7 times
the discharge ¢apacity of the spiliway and about 6-1/2 times

the combined discharge capacities of the spillway and canal.
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It 1s possible that during a flood, the waterways
between the trestlebents of the railroad bridge over the entrance
to the canal would become bdlocked with debris so that diversion
of water by the canal would become negligible.

In order for the spillway to discharge the entire
estimated rare flood flow of 9000 c.f.s., the head on the
spillway crest would have to be increased to 10.4 feet. Due
to the location and grads of the railroad trestle bridge there
appears to be no practical way to accomplish this by raising
the height of the walls on the left aﬁutment. The right abutment
wall would have to be increased 5.9 feet in height and extended
to Harbor Road.

If the tops of all the abutment walls were raised to
El. 272.1, or the elevation of the top of the railroad bridge
abutments, the capacity of the splilway could be increased to
about 2900 c.f.s. or abcut 2-1/4 times the present capacity.

The right abutment walls could either be extended into the
hillside slope or a short earth embankment could be constructed
in place of the wall extension.

Stabllity and Repairs

The stabllity of the structure is adequate. The condition
of the dam is good.

In order to obtain a substantial increase in spillway
capacity, the tops of all abutment walls upstream from ﬁhe dam
should be raised to E1l. 272.1. These walls would be raised 0.3

f'eet except the upstream left abutment wall which would be

ralsed 2.0 feet. On the right abutment the raised wall should
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either be extended a few feet into the hillside slope or
connected to the slope with an earth dike. The abutments on
both sides of the dam should be protected with stone riprap.

On the left abutment this stone protection may be in the form of
stone paving on the ground behind the walls for a distance of

at least 10 feet from the backface of the wall. On the right
abutment the junction of the ground with the end of the extended
wall together with the gfound on the downstream face of the

wall should be protected with dumped stone riprap. If a
connecting earth .dike is used, it should be completely covered

with stone.

By: ngcmtlr’zZE~JZZ%?4444*4L’
Gordon E. Thomas
Project Engineer
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» TOWNSEND HARBOR DAM E-|I ToWNSEND HARBOR, MASS.
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APPENDIX C
SELECTED PHOTOGRAPHS OF PROJECT

LOCATION PLAN

Location of Photographs

PHOTOGRAPHS
No. Title
1. Overview of Dam from South Harbor Road Bridge
2. View of Dam from Right Downstream Abutment
3. Keystone in Downstream Face of Dam
4, View of the "Cooperage" from Downstream Right
Bank of Squannacook River
5. View of South Harbor Road Bridge and Downstream
Channel from Left Abutment
6. View of Left Abutment and Millrace Inlet with
Railroad Crossing
7. View of Millrace Control Structure Looking East
from South Harbor Road
8. Downstream Face of South Harbor Road over
Millrace
9. View of Downstream End of Millrace from South
Harbor Road
10. Downstream Face of Millrace Overflow Spillway
11. Downstream Face of Millrace Outlet

Cc-5
C-6
Cc~6
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Townsend Harbor Dam
Townsend, Massachusetts
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2. VIEW OF DAM FROM RIGHT DOWNSTREAM ABUTMENT.

3. KEY STONE IN DOWNSTREAM FACE OF DAM,
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5.

VIEW OF THE "COOPERAGE" FROM DOWNSTREAM RIGHT BANK
OF SQUANNACONK RIVER,

Y

|

VIEW OF SOUTH HARBOR ROAD BRIDGE AND DOWNSTREAM
CHANNEL, FROM LEFT ABUTMENT.
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6. VIEW OF LEFT ABUTMENT AND MILLRACE INLET WITH .
RAILROAD CROSSING.

7. VIEW OF MILLRACE CONTROL STRUCTURE LOOKING EAST
FROM SOUTH HARBOR ROAD. ‘
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8.

DOWNSTREAM FACE OF SOUTH HARBOR ROAD OVER MILLRACE.

VIEW OF DOWNSTREAM END OF MILLRACE FROM SOUTH HARBOR

ROAD., SECOND RAILROAD CROSSING IS TN FOREGROUND, MILLRACE
OUTLET IN THE CENTER AND OVERFLOW SPILLWAY ALONG RIGHT
CHANNEL WALL.

APPENDIX C-5

-




-— T i B [y s 2t~

APPENDIX C-6

DOWNSTREAM FACE OF MILLRACE OVERFLOW SPILLWAY,
DOWNSTREAM FACE OF MILLRACE OUTLET,

10.
11.

S




L

12, SEEPAGE AT BOTTOM OF RIGHT WING WALL ADJACENT
TO SPILLWAY,

1
b
t
|
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APPENDIX D
OUTLINE OF DRAINAGE AREA AND
HYDRAULIC COMPUTATIONS

Page No.
|
i MAPS
T Drainage Area Map D-1
Dam Failure Impact Area Map D-2
COMPUTATIONS
Size Classification, Elevations, Storage Volumes,
Dam Failure Analysis D-3
E Test Flood D-9
Millrace Discharges D-10 ;
Stage-Discharge and Stage~Storage-Area Characteristics
and Stage-Area Curve D-13
Stage-Discharge-Storage Curve D-14

Surcharge-Storage Routing and Tailwater Analysis
For Free-Flow Conditions D-15

Surcharge-Storage Routing and Tailwater Analysis
For Submerged Conditions D-17
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SIZE CLASSIFICATION

He«'ij Top of dam Ei. 270.0
Tee of dam El._259. 0
11 0

S+omae at top of dam :
Dead S'}'ara e ;bc'ow spnllum/) HE acre-{eet

Sarckarje S-braje acre-fee
273 acre - fcef

L. Size Classification is SMALL

DAM FAILURE ANALYSIS
- K‘g/n WL XJ/’] + [0.4 CLH%]
W,=37, X=1I'", C=3.5 L=92.2, H=2.7"

Q.= @/27Y37X32 4 )"‘] EO <(3.5)92.2Y2.7) ] 3,130 ofs

Fir.s+ dewonstream reach ? From dam to South Horber Roac

ation Dl'.“ cfs (ac -
2¢0 [2) o
262 295 1.5
244 905 3.0
24¢ 1,730 4.4
2¢8 7S 5.9
_R270 3 850 7.4

Stage in % reach when outflow is 3130 efs i

3,130-2,7
268 + 3850 - 27/5][270 .2(8] 268.7

Storage in 1 reach ot Ei. 2¢8.7 is:

- 2?.-268.0][’,.]=_ It =
59+ [2E1=26801[74 55 = (.4 ac-ft

sz = QP‘(|--§-)= 3,!30(!" 2‘.";) = 3060 cf:
5+a7e in 15t reach when outflow is_ 3,060 cfs s :

3060 -2,7/5 ] = )
268 + [3 150-2.715 270 - 268 268.€
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Boston, Mass. DETAIL send w_Yaan cHeckepsy_ MED  COMPUTED BY .

s+6r¢j¢ in ls+ reach at El. 2€8.8 s :

268.6 - 248.0 _ - c-[4 =
59+ [2vo.o -zce.o] [7'4 5'9] 6.4 ac-ft =1V,

Vy s Yt ¥: ¢ gapi

QP; = Qpy = 3060 cfs = Outflew from | reach

Stage in I reach when outflow is 3060 «fs is 268-6.

No jbw(Jin s in the % reach would be affected by the

dam--Failur¢ ‘Flood, but a building on the left banx

J‘u.d’ dewnstream of +he bridge ould be severely i
damaged and ifs occupants Zould be rkilled.

Second downstream reach : From South Harbor Kd. to Millrace Outle+
Disclnar,e from milirace at dam failure (e). 270)5
Q - [C,A, /23 H,] + [c, La Hf"] + [c, Ly H,’/']
Outlet orifice’ C = [/"' 0.4R*?+ ”—'%‘%—L
-k
3.9'n28 ¥ [povdsx2’ ,
CI=[|+(0'4)(T—II‘Z 3.,.”.8,$+("-——m:n. -):’ = (.&S
A=39 <28 =109
H = 270.0 - 2é¢.4 = 3.¢'
Emer ency spi“uly : Cz‘ 2'8, L= '8', H, = 1.9
Right bank: C3% 2:6, Ly= 444, Hy= 0.8"

Q=E485Xmea1:-3a.a-3.£‘)"'] +[(z.aYl8'X|.9 ')"’J +[(2.£)(44.4')(o.8)*] = 360 fs

QP,‘[QP; From l-‘freaA] + [3‘0 :{3]: 3,060 + 360 = 3 420 cf.!

-V

- {1,
260 o o Sfaye -DlScMr,e - Stora ze
RE2 500 {1 Rcla'l’icnshif: at Chanpel Cro::
244 [,700 2.2 Sectton at Millrace Outlet
L 2¢c l3seo | 33

Sﬁje in 2™ reach when outflow is 3,420 <fs is:
20 - | oo] [ - -
264 + {311——-—4-1-5‘0_ 1Tog) |2« zc{] 265.8
5+or43g in 274 reach at+ E| 265.8 is:

2¢5.8 - 26 _ _ L=
2.2 + [3e5.8 -2 [3.3 2.2]-3.2 ac.-ft =V,

APPLNDIX D=5
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came onessen o mexee  cuent (o O soeno 380-5-]1 PAGE 14
Environmentsl Engineers  PROJECT on OATE CHECKED _ £2-@-7F DATE 5
Boston, Mess. pETan Je cHECKEDBY ___JED __ COMPUTED BY

Q QP (l-'—“) 3410(l "27_3)-— 3 389 c{:
+dje n 2~ reach when auf focs is 3,380 4[5 Is
3380 -1700]
264 4 [3 560 - | 700 ][2“ 2‘4] 2659
S'f‘ora?e in 27 recct, o El 265.8 = 3.2 ac.-Ff, =

. v = Vz = V gQ”:Qh =2 3380 cfs = Outflow from 2nd reac h

No buildings in 27 reach, exceff‘ or the cne Just down-
stream o outl Harber Road' rejerred # above, weuld

be dﬁ‘echJ A)r dam fd//are [/coJ

Thi'd downsfream reach : From Millrace Ouf/e)‘ to Cfog,s Section 4
QP, = 3380 fs (Fram 2n reach)

Elevation ischarse (c5)] e
25¢. 4 ° [)
260.0 920 16.5
Rél. 0 1,640 39.9
262.0 | 3010 63.3
2630 $ €38 8¢.8

S‘f’aje in 3™ reach when outflow is 3380 cfs iIs:

3,380 -~ 3.010)
62 2
262 + 5535-30.0_1[ é3 252] 262.1

S'I'orajg in 3™ reach at El. 242.1 is :

3+ |2621-262.0 et =
‘33*[2;30 262.0 [5‘3 433] 65.6 acft =V,

Qss =QP.(|—V>=3380(|-.{753,‘) 3,570 <fs

Stage In 3'4 reac‘\ when outflow is 2,570 «fs is:

2570 - 1,640 p
261 30'0 "40 [242 2‘/] 261.7
5+om?e in 3™ reach 4{’ El. 261.7 is:

39.9 + M[a. 9| = 56.3 ac.-ff =
? 262.0 - 2Wl-0 €3.3-39.9 acf v

V5="J_‘V; Y =____“6;5‘. = 61.O az.-f{

Qpy= 3,380 (1-£k) = 2625 cfs = Qutflow from 3™ reach

APPENDIX D-6




CAMP DRESSER & McKEE  CLIENT COE woeNn0 280 -5-11 race 4

|
Environmentsl Engineers anscr DATE CHECKED _ @ -8 pate 5/28/79
Boston, Mass. oeran Jewnsend Hardor Dam PEH

cHeckeo sy MED  computeD BY

S‘fa,e in 3" reach when outflow is 2625 cfs is:
| + =46 o][ - ]: .
261 [&«LZS_J—LMM =Led40lf 262~ 2¢1] = 261.7

ND buildlﬂjs in 3'4 reach a{{ec’hd by ddn-faiiurc f/ooJ.

Fourth downstream reach : From Cress Section 4 Yo Cross Section 3
Qf' = 2,625 ¢fs (From 374 rea.d\)

evation h efs fac -
252 o o
254 310 48.7
255 910 73.0
25¢ |, 960 9714
257 3540 | 117

5+a7e in 4-'“‘ reach when ou'ffIOw 15 2625 cfs 15

25¢ + [2.625 = 1,960 257-25;] s 25¢.4
3540 - |90

S+ora7e in 4% reacl, aF El 256.4 is:
256.4~256.6 i _ re -
974 + [m[lm 97.ﬂ- 107.1 ac.-ft =V,
Qp = Qp (1-) = 2625 (1- 1) = 1595 <fs

S+47= in 4% reach when Ou‘fFleu is , 59§ cf.s is:
1,895 ~ 910 7

g - =
255 + —LW[ZSC ZSSJ 255. 6
Storage in 4% reach at El 256 is:

255.¢ - 255,01 _ _ e
73'a+[254-o-2ss.o_|[¢7-4 73.0| = 8T.€ac-jf =V,
Vy = V.;V. = lo‘u2+ 816 . 974 wen gy

QP:’ 2,625(“%) = 1,690 efs = Qutflow Lrom 4™ reach
S+a7e in 4% reach when outflew is 1,690 cfs is

255 + [—::91‘202_;%2—][254- zss] : 255.7

No buildin7: in 4% reach affected by dam-failure flood.
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CAMP DRESSER & McKEE  CLIENT CO JOB NO -5-11 race S _of 14
Environmentst Engineers mmecr% DATE cHEckeD . @ %=7F oare S/ 24 /77
Boston, Mass. oeran Tewnsend Da cHEckepBY__JED _ comsurepay PEH
Fif'H« downstream reach : From Cross Section 3 o Cross Sechion 2
Qp, = 1690 ¢fs (From 41 reach)

leyati i cfs 5{0&]&&2

2477 o o
250.0 250 5.8
2516 &35 49.6
252.0 460 93.5

253.0 2995 137.4

5+47¢ in 8% reach when outflow is | 670 efs s -
252 +P‘522'_L_46_°[zss-zsz:,= 252.2

2,998 - |, 460
S+ora e in St reach at EI. 252.2 is:

935 +[§-§3"'—§'—~§55’,‘2][137.4 -93.5] =102.3 geft - V.

Qo= Q. (1-%) = 1690 (1-222) = 085 ofs

S+47e in St reach when ou _jlaw is LOSE efs is:

IOSS €35

25

|+ "460_‘35 [zsz zs: = 251.§
S+ora7e in St reach at E|. 251.§ is:

¢ +[2s05-2810 .
49.6 +[zszo mo[oas -49¢| = TG acnft =\,

V,
V.3 ,.___!;_Vé_= M_ z 87.0 ac.- [t

QP =I6?0("‘2—7?) 1ISO cfs =(Jut rem S™ reach

S-I'ayc in St reach (when o:dtﬂow is 1,150 cfs is :

LISO=- 635
261 + [M‘o ‘35] 252 zs:] 251.¢

A bleg rout Broox in the right flood plain
uann

acoox Ri would probably, be'affe. /
by a dam {aalurc .FlooJ :;Iye at El. 25 6’ ffe te

Sixth downstream reach: At USGS Gage No. 0109¢000
Qp, = 1,150 efs (From 5 th reacA)

ion | Dischorge £4£:) -4t Elevnhon-oascha e Keiation
244.3 ) () m AMw? Usgs
249.0 640 19.8 Pufhcﬂﬁon; o{ .Sur{dre
L 2500 | (220 23.¢ Water Records
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CAMP DRESSER & McKEE  CLIENT O E Jo8no 380-5 -1 PAGE 6_‘:L,‘4_
Environmental Enginesrs  PROJECT 1 DATE cHeckeD 2077 oate S/24 /79

Boston, Mass. oeTan Jownsend Harber Damw checkepsy_ JED  comeutreoev _PFH

5+‘7¢ in &th reach when ouiflou is 1,150 cfs is :

L1SO - 40 . = ,
249 + USC=£€42]1 250 249] 244.9

Sterage in 6# reach at ElL 249.9 is:

249.9 - 249.0 - - lf =
19.5 + [m'—o—]{zaé 17.5] - 23.2 a F{ V,

) 23.2
Qe = Gy, (I -%—) = 1,150 (:—-;%): 1,050 cfs
S+a.7e in 6% reach when outflow is L,OSO efs is:

LOSO - 40 - =
249 + [—i—zH?][zso 249] = 249.7
S+am7g in 6" reach at El. 249.7 is :

1249.7 - 249.0 -19.5]= e oft =
19.5 +[zso.o-249.o][23" 75] 22.4 ac.-ft =},

NtV . 232+ 224 _ -
V, = = > 22.8 ac-ft

QP3= \,'-So(i - {‘:—3&)= L0SS ofs * Outflows from € Y reach

S"’a’e in €% reack when outflow = I'OSS cjr RS

249 + ['055 = ‘“][150-249 = 249,7
220 - 640

No bu”din;s " 64('.2“‘\ a{fecfeJ by dam-{::i/urc f/ooJ

A «Flow of 1,088 cf: s exFeded 42 be equaled or exceeied
at the gage an average o{ once every 17 months. There is
a 70 cent chance t it will be equaled or excecded .n
any given year, This flew is net expected T cause any

damaje downstream of the gage .

TS

The dam failure analysis indicates that 2 buildings miay, ;
a{{«fed b the dam -failure {100d~ The estimated PO%’nhu'
loss of hfe is a few persons. h

NIFICANT HAZARD

TEsST FLoop : 100-¥r. +o % PMF Ranye,- Use 4 PMF
From COE GQuideline Curves for ko//fn7 Tervain use | 100 <152
Test Floed =(%) 100 “t¥/mt)58.3 mi2) = 1€, 000 cfs
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CAMP DRESSER & McKEE  CLIENT weno 380-5-11 pace L oL |
Environmental Engineers  PROJECT L ? DATE CHECKED . 26-7P oare $, 79
Boston. Mass. DETAIL cHeckeoBy . JED___ computen By

Millrace Da'sckarge:

. Qutlet below El 269.2 \
Weir with end contractions Q =Clele th
Length = 3.9'
brmillrace width = 12'%
P = 266.4 - 263.) = height {rom millrace invert fo cwer crect
Ky =0 003
LA -(3-9')+(12')= 0.3 'K :=0009=>|e=3.909

Eleyv|H [BP] co | He | Q
266.4 | © (] o = o
2673 091cat1] 3.15 | 0. 9031 |}
2¢8.) |17 ]05213.18] 1.702] 28
2. Outlet above El 269.2
rifice operating under inlet centro = CAy2qH

/
From page 2 of 14, above, Qs(ﬂ.BSXIOﬂZ 8.02) H)*

Elev [H] &)
269.2 | 28| 25
70.1 13.71 143
2702 |3.8| 145

R7L0 14.6] 160
272.0 (56 175
273.0 |6.6] 190 |

3. Over{lows above El 268.)

SiJe w‘“‘ﬁ Weir Above
Ovarﬂow g 0wr-ﬂm Millrace
i g|“ Wway Qgﬂei
E{ar length 18’ 44 4' 5
ir crest elev] 268.1 269.2 70.2
wr " 2.8 2.6 3.5 Total
Elev. | H QlH| & [H|] Q |Flow
268.1 | © o (] o - =) o |
269.2 | 1.1] 60 | © o o o 60 |
2170.1 |20 | 145 {O9] l60 | © o 245
2702 |21 | 1S5 | LO] 118 | © (-} 270
271.0129]| 250 | 1.8) 280 (08| 40 | 570
272.0|139 | 390 | 28] 540 | 1.8] 125 |1,056
2730149] 545 [3.8] 855 | 2.8] 245 [1,€45
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CAMP DRESSER & McKEE
Environmental Engineers
Boston, Mass.

cuemﬁQE»

rrosect Dam Inspect
peTaiL Jownsend 14

JOB NO _—350’5'”

DATE CHECKED

pate S,
PFH

cHECKEDBY . MED _ _ compuTED BY

Dischar?es at Millrace Entrance (RailroaJ Br)dlqe)

2. Orifi:e

F Ofen-channel Ffow belows EIl 269 7

The Aircharje is equal + that al the downstreom

erd o

elevation equals

head loss.

-Flow obove El. 269.7

Area = 16.3'« 6.6' = 107.¢@
Weted Perimeter = (2)16.3' + 6<') = 46.8'

R =(107.¢) = (45.8)

K= 15 + 2200

= 2.38

the ‘millrace, but the
the water sur

onJ waf’er Surdgace

ce elevabon at fe
downstream end of the millrace plus the millrace

e s+ (200200 (15") _ | gq4

G A =(ene) [0

H is the J&ffereme between water surface eleyvation, wpstream
and downgtream of the milread br:‘J?e.

.35)¥s

= 695.8 [H

, oferahn} under outlet contref.

[0) ) [©) (4) 5) | (@ «
Water Surface Weer Surface | Water Surface
Elevation at Elevabion H in Elevatier
Downstream End Millrace | Milirace %Engrwn o] Orifice L’)sxfrgm- of
leg Milirace ischar F{ead' Logs ridee] Eguation IRR Br .:je

eviow fage )| (Estipated © + 65 ((2)'+&95.8]] ,,5:7
2¢6.4 o ° 2¢éc.4 | § 26 4 |
2¢7.3 I o2 267.5 Open-| 218 0
248.1 28 .2 2¢68.3 Charre!| <¢8.2 |
269. 2 185 o2 269.4 | ¢ Flow 269.4 '
270. 1 390 o5 270.¢ 0.3 270. 9
270.2 4|5 0.5 270.7 0.36 2711 |
2700 7130 2.8 271.8 |*+%t.10 272.9
272.0 1,230 {eo 273.0 |#% 1.80 274.8
2730 1835 1.2 274.2 l«x 2.50 | 276.7

+ Water surface elevation of Harbor Pend.

* % \alue af "H" d

weir w.

etermined b)r balcnciui orifice ans

ee next

Weir len7+k = 35

Weir 'C'7 = 2.¢
Qu=CLH*

p¢7e .

3. Weir Flow above El 272.¢€ (rai/roaJ /r«k)

H, is the difference between the pond elevation and the

weir crest (EI

272.¢).
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Bavirmronontsl Engiraers  PROJECT 1 - DATE CHECKED DATE )
Sounn, M. mm-v.__.m__mmv
e i {low rr)na.qb br'd}g J
- 4
it Pk . 8,— + Iw l - |
i} - D‘>EL -wd r. s«rfne w-t -
't:.-, P WSEL = pond water su c.clc
- S
r, Qe [0SEL]
R AN . 1 F7 771 W (Tis | g0 [ ox |
I B m_ig. AEYIR e o] e
: 3 . oK
T R T 3 E 7 F) T Lus] 81 | 25
ﬁ}’ ; 1080] 2.8 | ox

ischarqe &
2000
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CAMP DRESSER & MaKEE  CLIGNT.

Environments) Enginesn PROJECT, DAYE CHECKED

osne 380-5-1) uae%L
LR oate € ?
PEH_____

Somon, Mem. oETA) cueckepev__oMP  comeutep By

- b . . Come -e
; i r FPond |
r—4r"l‘ -1
1. Total
! ;_4 : ir & ) .,
e f 92
o f ate :cr. -
- - T \"A - 2 -
R (1K) 1 (£
‘ 264l 0| o _ o
i ... . l2¢z0] 0| @ o
o) L. Jacsslan] 129 240
R 2890|171 NS | ¢ 8¢s
i e JR 7001271 430 ] © 1655
A 271013277 2200 2,890
: 27201471329 , 4400
273.0|5714390) 30} %08} &70)29| 730 750 6,540
_[RT4.01£67 15,595 40 |é8.0] L, 250 | 39| L140 L oo 893S
275,017 1 6,895 [ 50 810! ;arﬂﬁﬁ,_zé,aa .. _L300 11,885
276.0187 18280 | 4.0 |95 3160 | 59 | 2120 Lélo 1517¢
277.0 197 |4750 7.0 |166.0| 4515 | 6.9 | 2 Bo 1,940 18885
2A.0 110711 295 8.0 [119.0] 6195 | 1.9 | 2290 2,250 23830

~3

. '* L 200 | 1914 ) 1204 b ]
L. . |asop | s 4 0

A . R S*om,e
; ‘ vg. | Above
e |Elen [Avea A | b | Sl
T {acreg) | fcred) ('H) - _
i 2613 | 435 o o |

Stage < Sterage - Area Charecterighics of Harbor Pond

|
?

-

+
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LPPENDL A
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CAMP DRESSER & McKEE  CLIENT weno 380-5- |1 race 12 of 14
Environmentsl Engineers  PROJECT i DATE CHECKED . B =0~79 DATE 7
DETAIL cHeckEDBY _ o JMED  comeuteosy PEN

§urchar]qg - \Sf‘onﬁe Racd‘inli Through Harbor Pond

7
QP, = Test F/OOJ inflow = |6,000 cfs (Fr‘om page 6)

5+a7: when outflew is (€ 000 efs is El 276.2
Sto 9e at El. 276.2 is 2,243 ac.- ft

Rkﬂarrf Volume =(5;675%%% =0.72" ranoﬁ’
Ja PMF runeff volume = 5"3
Ga = Gy, (l' %—)= 16, 200 (l - "572) = 13,700 <fs

Stage when outflow is 13,700 cfs is El. 275.4
Stefage at £, 275.4 is 2058 ac.- ft

Avi. torage =E&£;2‘—05—6] = 2150 ac.-{#

Stage when storage is 2180 ac.-{t is 275.9
Ouif/ow d'l’ E[ 757 is I4,8 OLFS

Tailwater Analysis

Determine tailwater elevation at upstream face of
Seuth Harbor Read bridge. The river channel
discharqe between the dam and the bridge comes
pr’incr'fJNy -from the stHua)z and rijlme bancment.

Q .—.Ea.s)(ez‘ 2{27854- 257,3)”‘] +[(z.3X9:.:z)(275.9 -27.9%]= 14180<f:

Water .surfacc elevation at downstream faee o{ So:rh
Harber Road Ln’Jje is approximately the same as thet
at the confluence of the millrace discharge channel
with the river channel, at which point the river

flow is the entire test flood outflow, 14 840 c¥s.

At millrace out let:

levati i efs)|
270 9535
271 10070
272 1,485
273 13670
274 16,600 |

dtage when discharge is 14,840 <fs is -

[14 840 - t3,47o( _
213 + 100 — T3 60| 2 T4 -213) = 273.4

APPENDIX D-15




CAMP DRESSER & McKEE
Enwvironmental Engineers

rroseCT Yam

CLIENTCQE

JOB NO

B80-5 -1

DATE cuecxeo__é.:ﬁZL

F—

PAGE 13 '4
DATE 7

cHeckepBy __JED  comeuteosy PFH

Balance orjfice and weir flow at South Harbor Road Er/'c/%e

I. Orifice under outlet contrel|

Area =(l0.4' « 83
Wetted Ferimeter =

) = 863.28
=2 X104+ 83) = 18¢.8'

R=(8e3. 2)--(|ac 8)=4¢2'
Len,‘H\ 30'
n='0050
K=15+ 2902, ’S+(29Xoaso) (3_1, 78

R (]

(Crown El. 270. 4)

(4.

P4 z)‘/!

= At - 56327/ bt - 510,/

3
2. Weir ot EL274: Length= 200, £=3.0, QLA
Stage - Area Relationships -
Elevabion |Area (&
270.4-274 8£3.2
278 L03.2
276 1263.2
277 1,463.2
[CHEEOENONNCANCENGCRENCEANORNONNCOREON
A"?d Ene ’ As;um1
Assumed at Veloafy Gr. Corrpated] Ne o !

l
USEL USEL velozi*/ HCAJ Llne H,, Oo Qn ‘:-r"u ]
eoo] Y] 274 +(D| Ricm 4 n,mo/@m + ~2134]5192-@1,180-@ |

1330] 1.7 | 27570 1203.2] 93 | 1.3°| 2770] 3.¢ | 9&8s0] 1,330, ok
For Conditi P Seg next page)

9530 &-2733 95306 |
540 | 0.9 [274.9(,0432] 9.1 1.3 | 276.3] 2.9 | Beao| &9 560
Y1) 1.0 {278.0|10632] 90 1.3 27¢.3] 3.0 | 8990 540| ox |

Tailwater El. 275.7 indma"cs that the dam is submer7ed
In order o account or Submeyence at the dam red.:¢
the Jlsd\arges at the spillway d right embannmer‘

Assume submeryence ratio = 075 e d wce [rce-[/ow
dascharycs 40 %

Spillway Rig&f Embanxment | Total | Left
Free Submer,c e (Submerged S«Lme»’d Embarcd Rariresd| Totel

Eley, Dl'“f!? ngh;,g Q“gh? Pischarse ment |Bridge |Dis: harge
273 439 2635 670 400 3035 73| 7so| 4,515
274 5595 | 33586 | 250 750 | 4108 140 | Le00 | 6,245
275| 6895 | 4135 | 2085 | 1,250 | 5385 | 605| L300 | & 290
276 | 8280 | 497 160 | 1,895 | 6,065 | 2120 | L&io | 10,595
277 9150 ) §850 | 4515 | 30 | 8540 | 1480| 940 | 13 180

L278 | i, 295 6195 | 33720 10.5'00

3290] 2250 | ¢ S4L
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came oressen amexee  cuent GO E oBNO 380-5-11 page 14 e
Environmental Engineers  PROJECT Yam Tnspe cHon oaTe cHEckeD L 77 oate £ Vord
Boston, Mass. oeranJewnsend Harbor Pam  creckeosy— JED  computeney PE

5ur¢‘1arlqe -S+ora,9e Rou‘h'nj With Submer,qence

Stage when outflow is 16,000 cfs is EL 278
5?4?@74 at El. 217.8 is 2,800 ac.-{t

Runo{:{ Volumc :(5'_8_2%_3_3_57 = 0.9" runo{f
QP'- = 16,000 (,'%) = 13,120 cfs

5+aze when outflow is 13120 <fs 1s EI. 277
Sto sge at El. 277 is 2,47’46--{*.

AV?. Sfaraje = [&&‘Q;_Z_{?_] = 2 €44 dc.-{‘f,

S+a7e when storage is 2,648 ac-ft is 277.5
Ouﬂclow at El, 277.5 is 14610 cfs

Taijwater Aralycic With Submergence

5‘/’47: mL dowhsfredm fate of Sou#« Hdr‘&ar Roaa( Er.die
wheh dis‘charje at confluence with millrece outlet’is
14710 cfs _is :

14610 - 13 ¢70 - - )
273 + [/ém - ,3/‘701[274 273] 273.3

Discharje at spillway and ri7A+ embankment :

2775 - 277
Q= @560 + [2 2o 277?2][10,500-5,540} = 9530 cf:

Tailwater elevation ior submerged conditions
is El. 275.0. (See +abular balance of orificg and
weir flow on previous Paye)

) . o 2750-2¢73) _ ,
Checx su mer9ence ratio (277,5-267-3) 0.7¢

oK

Test-Flood Outflow = 14,610 cfs at El 277.5

The test -FlooJ over'l'or: the dam b/ 7.8 and the
spillway b)r 10.2"',

Tailwater Elevation is 275.0

Spilluay capacity at test flood elevation :
277,86 -277.0 - -
5850+ éﬁ,o_-?zl?%ﬂ" 780 5,850] = 6320 ¢fs
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APPENDIX E
INFORMATION AS CONTAINED IN
THE NATIONAL INVENTORY OF DAMS
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scaLE }or-o
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Flow

DAM NO. E-|
NAME Townsend Markor Oarr
STREAM Souarmacook  Rwver
LOCATION Townsend Horbo, Mass

Lomgitude 7°€0°85" Lototude 42°T9 09"

DRAINAGE AREA 60.6 Squore Miles

TYPE

Storre Mosorrry Cver//ow

GENERAL DIMENSIONS Lamgth ST, Herght 6247

SPILLWAY Capacity 1290 cfs

OUTLET WORKS Mone

POND AREA €8° gcres

POND CAPACITY 33: Mithon Gellons

BENCH MARK USGS disc on southeast obutment

of Rk briadge o3 shown on plon
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