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NATIONAL DAM INSPECTION PROGRAM

PHASE I REPORT

t Identification No.: NH 00258

, NHWRB No.: 254.01
v Name of Dar: HILLSBOROUGH MILLS DA
. Town : Wilton
County and State: Hillsborough County, New Hampshire
] River: Souhegan River

Date of Inspection: November 8, 1978

BRIEF ASSESSMNEXNT

The Hillsborough Mills Dam is a concrete and stone masonry
gravity dam with an overall length of about 200 feet. The dar
is 23 feet high. The spillway is 128 feet long and 14 fec:
high. The gate leading to the canal is operable but is not
used since no power is generated at the downstrear mill. The
sluice gate in the left end of the spillway is operable, but
there is no established operating procedure and is commonly
silted or otherwise blocked.

. The dar., which lies on the Souhegan River in Wilton. N.H. wu-

. once used to supply power to downstream mills. Power was gen-
erated as recently as 1977. The drainage area is 97 saquarc
miles of forested and hilly terrain. The dam’'s maximum impound-
ment of 70 acre-feet and height of 23 feet place the dam in the
SMALL size category. In the event of a dam failure., the
resulting property damage is not considered significant, and

a no loss of life would be expected. A LOW hazard potential

- classification is therefore warranted.

- Based on the size and hazard potential classifications, and
. in accordance with the Corps' of Engineers guidelines the Test
- Flood would be between the 50 and 100-vear floods. Since the
hazard potential is on the high side of the LOW category, the
Test Flood flow at the dam is taken as the 100-vear flood.

The selected TF inflow of 7750 cfs is also taken as the flow
a1 the dam because of the small storage at the dam. The peak
test discharge with no flashboards in place would result in a
stage 6.8 feet above the spillway crest or 2.2 feet below the
top of the dam. However, it would create 2.8 feet depth of
flow around the gate house at the left abutment.

Hillsborough Mills Dam is in POOR condition at the present time.
- It is recommended that a registered professional engineer be
i retained by the owner to perform additional studies. These




F. A S L 0 R A e el D ek A A G i B et G A A BB i e s i e B e e s By e~ e B o o g
it at e - ERASCE S R acacs s

B studies should include the investigation of the possible settle-

. ment of the spillway, investigation of the undermining of the
spillway toe, investigation of raising the low portion of the
dam at the left bank, investigation of the cause of the destruc-

l tion of the concrete apron, preparation of stability calcula-
tions for the dam, and investigation of settlement and seepage ARG
through the left downstream training wall. Remedial measures O
recommended as a result of these studies should be implemented. el

i - The remaining flashboards on the dam should be removed immedi- vﬁﬁ"f;:ja
- ately and should not be replaced until all remedial measures .. _.9,
have been completed. Recommended remedial measures to be T e

performed within one year include repair of all vertical and e
- horizontal construction joints in the spillway, repair all -
- spalled and eroded concrete on the various structures, and -
- institution of a prograrm of annual technical inspections. Y
. . . i ® i
The recommendations and improvements outlined herein should be R
implemented within one year of receipt of this report by the ]
owner. S
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams for
Phase 1 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 con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of

a Phase I investigation; however, the investigation is inten-
ded to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection tear.. In cases where the reser-
voir was lowered or drained prior to inspection, such action.
while improving the stability and safety of the dam, reroves
the norrmal load on the structure and may obscure certairn
conditions which might otherwise be detectable if inspected
under the norrzl operating environment of the structure.

It is impcrtant to note that the condition of a dam derends
on nurerous and constantly changing internal and external
conditions. and is evolutionary in nature. It would ULe
incorrect to assume that the »nresent condition of the dar
will continue to renresent the condition of the dam at sore
point in the future. Only through continued care and inspec-
tion can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analvses. 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 fractions thereof. Be-
cause of the magnitude and rarity of such a storm event, -
finding that a spillway will not pass the Test Flood should
not be interpreted as necessarily posing a highly inadequate
condition. The Test Flood provides a measure of relative
spillway capacity and serves as an aid in determining the
need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and
the downstream damage potential.
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PHASE I INSPECTION REPORT

HILLSBOROUGH MILLS DA

SECTION 1

PROJECT IXNFORMATION

General

(a) Authoritv

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 thrcuch-
out the United States. The New England Division uf the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New
England Region. Goldberg, Zoino, Dunnicliff & Associates,
Inc. (GZD) has been retained by the New England Division
to inspect and report on selected dams in the State of
New Hampshire. Authorization and notice to proceed v
issued to GZD under a letter of November 28, 1878 fror
Colonel Max B. Scheider, Corps of Engineers. Contract
No. DACW 33-79-C-0013 has been assigned by the Corps
of Engineers for this work.

(L Purnns=-
(1) Perforn technical inspection and evaluati...

of non-tfederal dams to identify conditions which
threaten the public safety and thus permit cor-

rection in a timely manner by non-federal inter-
ests.
(2) Encourage and prepare the states to initiate

guickly effective dam safety programs for non-
federal dams.

(3) Update, verif{y, and complete the National

Inventory of Dams.

{(c) Scor

The prograr. provides for the inspection of non-
federal dams in the high hazard potential category based
upon location of the dams and those dams in the signifi-
cant hazard potential catecory believed to represent an
immediate danger based on condition of the dam.

1-1
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1.2 Description of Project

(a) Location

n Hillsborough Mills Dam lies on the Souhegan River
in Wilton, N.H. The dam is located approximately 0.7 -
miles downstream from the confluence of the Souhegan 'f,-,~a
Biver and Stony Brook in Wilton and is about 100 feet R
north of N.H. Route 101 at this location. The portion e
of the USGS Milford, N.H. gquadrangle presented previously R .

- shows this locus. Figure 1 of Appendix B presents a T e . b
detail of the site developed from the inspection visit R T
and the map.

(L) Description of Dam and Appurtenances

oS e,
AT T ,
Adenda A '

The durm is a concrete gravity dam with sone stone . 'Y
masonry sections. The overall length of the dam is about ’
200 feet and the concrete ogee spillway is about 128
feet long. The dam also has training walls on the right
and left sides, an end wall on the right side, a cut-
off wall on the right side, and a gate house with a can:!

L on the left side. There is one operable sluice gate and

one sealed sluiceway in the spillwayv.

(1) Right Abutment Structure

This structure consists of a cyvclopean con-
crete upstream training wall, a concrete cut-ctf
wall extending into the right bank. and & gunits
faced stone masonry downstream training wall. Tho
training walls are approximately normal to the
spillway axis, and the stone masonrv wall has been
capped with cyclopean concrete.

(2) Spillwayv

The concrete ogee spillway is about 128 feet
long and 12 feet high. Two waste gates are in the
spillway as is a pressure relief drain. Available
plans indicate that a timber sheet pile cut-of!
wall was constructed at the heel of the structure.
The remains of a concrete apron, which was con-
structed as an extension to the downstream toec
of the structure, are located in the downstrear
channel.

An operable horizontal sliding steel waste gate
approximately 4 feet wide and 6 feet high is located
approximately 5 feet from the left abutment. Operation of

1-2
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this gate is with a 3 foot, 8 inch diameter hand

- wheel located within the adjacent gate house.
n An ungated sluice opening approximatelyv 3

feet square is located approximately 3 feet from
the right end of the spillwav. This opening has
been sealed.

The pressure relief drain is located approxi- I
mately 40 feet from the left end of the spillway. ————ed

(3) Left Spillwayv End Structure RO

This structure (Photo 2) is approximatelvy e
5.5 feet wide and 10 feet long and is constructe: f_- T i
of squared stone masonry. The stone masonrv hac - P ) 1
been faced with gunite and has a cvclopean concrete T T

cap that is about 5 feet high. The structurc
extends approximately 6 feet upstream from the spill-

way crest. The top of the wall slopes downward fro-
the spillway axis at approximately a 2 horizontal S
L to 1 vertical slope. The downstream training wal: '1‘ ' PY

ties into the spillwav end wall and extends down- =TT
stream for about 40 feet. Approximately a 25 foot S )
section of wall nearest the spillway is faced with
gunite. The remaining portion of the wall is
constructed of random drv stone masonry.

v .
o ‘
PR ) bt

(45 lLefit Upstrear: Training VWall

This wall is about 25 feet long and is located .
at the upstream end of the gate house. The dovwn- -
stream end of this wall is also the foundation for -

the gate house. The wall skews upstream into the
left bank.

(5) Gate House

This is a wood framed structure that is
located on the left bank. The structure is abous
o 42 feet long and 28 feet wide. The roof is supported
- by a timber truss upstrear, and the walls are meta?l
clad. An opening, approximately 27 feet long. ic¢
located on the rirht side of the building. Verti-
cal steel trash racks are installed over the entire
length o the opening from at least 4 feet below
spillway crest level to the building sill.

The structure houses an electrically operated

sluice gate. The timber gate is 8 feet wide, but its
heilght could not be determined. The outlet through
. the building is a reinforced concrete elliptical

conduit 9' x 4" wide and 7' 5" high. The conduit

F..'; -y 2 LIV S S T U DU, Sl SN S SLP G o NS BT s - J . - - "  em e B aa & 2T . 2 a_ . m_e_ s a_
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connects to a dry stone masonry walled flume. ?;f‘}j;;

(c) Size Classification

The dam's maximum impoundment of 70 acre-feet and 9 . .-Q
height of 23 feet place the dam in the SMALL size cate- SR
gory as defined by the "RKecommended Guidelines.”

(d) Hazard Potential Classification

The hazard potential classification for this dam - @
is LOVW. This is because that the dam failure outflow S
(in the event a failure should occur) will not affect L
downstream structures unless the river is already at RO
high flood stages. Under these conditions, a dam failurc R
would add an insignificant increment to the flood level. . -

(e) Ownership

The dam is owned by Hillsborough Mills Company of
Wilton, N.H. Mrs. Mary Abhkot is an officer of the firr
and can be reached by telephone at 603-654-6659. The
listed telephone number for Hillsborough Mills is 600-

654-2951.
() Operator

At present no operation is performed at the dar,
Mrs. Abbol is presently overseeing the dar and its
ovperation.

() Purpose of Dam

The dam was originally constructed to provide power
to a mill located downstream from the dam. The water
was diverted at the gate house into a canal leading to
the mill. No power is generated at the site, but the
gate at the gate house is still operable.

(k) Design and Construction History

i)

According to available records the dam was buii:t
in 1912 to supply power to the downstream mill. Appu-
rently, the concrete apron, which is now destroved, was
added to at a later date but when this work was done.
is not known. The last power generation was in 1977.

1-4
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(i) Normal Operating Procedure

The dam is not operated.

Pertinent Data

Ay
AYTeld

(a)

Drainace

The drainage area for Hillsborough Mills Dam is
97 square miles and is predominantly forested, hilly

terrain with narrow drainage channels. However, there
are numerous ponds, reservoirs, and wetland areas which
tend to detain run-off and thus reduce peak flows. In

particular, the Soil Conservation Service (SCS) has
constructed 13 flood control dams in this watershed
which are designed to reduce flood peaks in the Souhegarn

Fiver. These dams control 50.6 square miles of drainage
area.
(b) Discharge at Damsite

(1) The two outlet works at the site are the gats
which controls the flow into the downstream canal
leading to the Hillsborough Mill and the sluice-
way in the spillwav which is operated by a sliding
horizontal gate. The sluiceway outlet is about 4
feet wide by 6 feet high. The ungated sluicewav
is aprroximately 3 feet square and is sealed.

() The maximun known flood at the site occurre .
in 1838 when the owners filled out a questionnaire
stating that the water level was approximately &.5
feet above the spillway crest. This corresponds
to a flow of about 11,000 cfs.

(3) The spillway capacity with no flashboards and
water level to the top of dam elevation 330 is
11,400 cfs.

(4) anc

water

The spillway capacity with no flashboards
at test flood elevation 327.9 is 7600 cfs.

(5 Spillway capacity with flashboard at normal
pond elevation - Not applicable

(6) The spillway capacity with flashboards to
Elevation 325 and water at test flood elevation
327.9 is 2200 cfs.

(7) The total spillway capacity at test flood
condition is the same as (4) above (7.600 cfsg).

1-5
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(c)

()

(e)

(1)

Elevation (ft. above MSL)

Fr s s v m—r——y
T o R A Ry S n hon o

DA i S i e ¥

(8) The total project discharge at test flood
elevation 327.9 is 7750 cfTs.

(1) Streambed at centerline of dam: 307 +

(2) Maxirmum tailwater: Unknown

(3) Upstream portal invert diversion tunnel: Not AW‘ ff;.{
applicable T )

(4) Recreation pool: Not applicable

(5) Full flood contrel peoeol: Not applicable

(€¢) Syillway crest (gated): 325 (top of flashboards)

(7) Design surcharge (original design) Unknown

330 (top of RR embankment at left sidc)

(&) Top Darm: 325 (lowest ground at left side)

(D) Test flood design surcharge: 327.0 bl
-9 9.
Reserveir :;_f;vu;j@
(1) Length of maximum po~l: 2000 f1. + f;:*£1 f;E
(o Length of norral pool: 1300 feetr + Y
- LI B
(3) Length of flood control pool: XNcot applicable Pfo }"_;.
Storage (acre-feet) §“ ;‘:i;ﬁ:
(1) Normal pool: 30 + N
X s e
(2) Flood control pool: Not applicable RSN
(3) Spillway crest pool: 30 #
(4) Top of dar.: 70 +

wm

(5) Test flqu pool: 60 +

Reservoir Suriace (acres)

(1) Recreation pool: Not applicable
(2) Flood-control pool: Not applicable
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(3)
(4)
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(g) Dar,
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Spillway crest: 5 +

Test flood pool: 7 +

Top dam: 7 +

Tyvpe: Concrete gravity and stone masonry

Length: 200 ft.

Height: 23 ft.

Top width: 2 ft, at spillwav
Sidc slopes: Not applicable
Zoning: Not applicable
Impervious Core: Not applicablc
Cutoff: Unknown

Grout curtain: Unknown

(h) Diversion and Regulating Tunnel

(1)
E (2)
' (3)
(1)
- (5)
(6)
;. (7)

e e Y.
L

. Not applicauic

b (1) Spillwavy

Type: Concrete gravity

Length of weir: 128 feet
Crest elevation: 321.0

Gates (see regulating outlets)
U/S Channel: Width of river
D/S Channel: Width of river

General:

(3 Regulating Outlets

The operable regulating outlets consist of a 4 foot
wide, 6 foot high sluiceway outlet in the left side of the

1-7
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spillway and an 8 foot wide gate which discharges through

an elliptical conduit 9 feet, 4 inches wide and 7 feet,

5 inches high into a diversion canal that leads to S e
ﬂ Hillsborough Mill. L

The invert elevations are 312.6 for the sluiceway -
and 313.2 for the ellipticul conduit. The siuicewuy 1s .
controlled Ly a 3 foot, 8 inch diameter hand whecl which . .
operates a horizontal sliding steel waste gate. The el \

hand wheel is located in the adjacent gatehouse. The T
- 8 foot wide gate is controlled by an electrically driven ;@ X 2
rultiple gearing svstem which activates two rack gears. S o
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2.2 Construction Reco rol-
!! No construction records are available for this dar.
2.3 Uperational Records
<
. The only operational! record of value 1s thul the woter
level at the dam was albi ut 8 feet above the spiliwey cre--
during the 1938 flaad.
2.4 Evaluatin:
) () Avaliabirlaty
-
The absence of detailed design drawings and culon-
lations is a significant shortcoming. An overall unsatis-
: factory assessront for aveilability is therefore warrante
. (L) Adenun v
The lack ¢! in-derth encineering data doe= n
. perriit a definitive review, Therefore, the adequacy of
- the darm canncot be assessed from the standpoint of review-
" ing design and construction data. This assessment i«
based primarily on the visual inspection, past performancre .
! and sound engineering judgment.
(c) Validity
. Since the observations of the inspection tear
generally confirm the information contained in the file~
of the New Hampshire Water Resources Board., a satisfacters
" evaluation for validity is indicated.
.
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SECTION 2 - ENGINEERING DATA

Design Records

The design of the dar is quite simple and incorporates

no unusual features. Several design drawings dated in 1912
are avallable ter the dun and are included in Avperdis 5.

hone o

fothe originnl design caloeulations are aveilal 1o,
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SECTION 3 - VISUAL OBSERVATIOXNS

: inding.\_

(a)

General

The Hillsboroush Mille Darn is in POOR condition at

the present time.

(b)

Dam

(1) Right Abutment Structure (Photo 8)

The upstream training wall is in fair condi-
tion. Minor surface erosion is visible and is attri-
buted to ice damage. The gunite facing on the down-
stream training wall is cracked at stone joints.
Efflorescence was observed at these cracks. The
cvclopean concrete cap on the downstream training
wall is spalled and has traces of efflorescence.

The spalling is attributed to moisture intrusion
which has been subjected to alternating freeze and
thaw cvcles.

(2) Spillwayv (Photos 4 through 8)

The spillway was constructed in three section:
of approximately equal length. The right third of
the structure (Photo 8) appears to have settled.

All vertical construction joints are eroded to

depths of 2 inches and widths of 2 inches. This
erosion is attributed to cavitation and ice damage.
The pressure relief drain (Photo 7) is located with-
in the toe of the spillway adjacent to the vertical
joint which is closest to the left end of the spill-
way. The concrete at this location is eroded for a
length of 4 feet, a width of 12 inches, and a depth
of 2 feet. The downstream face of the spillway.
including the toe cut-off, is eroded in several
places. Two horizontal construction joints (Photic
6), which extend over the entire length of the spill-
way, have opened. 1In some places these joints have
eroded to widths of 12 inches and depths of 6 inches.
The underside of the toe cut-off wall for the right
and middle thirds of the spillway (Photo 6), has
eroded to within 6 inches of its top surface. This
erosion is attributed to scour and ice damage. The
toe of the spillway at these locations is undermined.
The left spillway section does not appear to be
undermined.

3-1
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After spillway construction a concrete apron
was placed over rubble stone at the same elevation
as the toe of the spillway. This apron has been
destroved (Photo 2).

Two rows of flashboard stanchion sockets are
located over the entire length of the spillway
crest (Photo 2). These sockets are 26 inches deep.
Solid flashboard stanchions, which are 1.5 inches
in diameter and extend 3 feet above crest elevation,
are in place over the entire length of the structure.
Most of the stanchions are bent from ice damage.
Flashboards are located over approximately 50 per-
cent of the spillway crest. The flashboards are
in poor condition.

The horizontal sluice gate adjacent to the

left end of the spillway is operated by a hand wheel R
in the gate house. The operating mechanism for this R g
gate 1s in good condition, and representatives of the e
owner indicated that this gate is operable. Seepage« T
at the rate of 1 to 2 gprm was flowing through the ;;M_;“jn

seated end of the gate at the time of inspection 9 ___q
(Photos 4 and 5). R

The ungated sluice opening located on the
right end of the spillway (Figure B-3) is sealed
with lumber planking set on the upstream face cf

the spillwav. Available drawings indicate that &
manually operated timber sluice gate was once in plac:
at this location. There is no evidence of this past

construction. This opening is used to lower the
impoundment pool if the horizontal sliding gate i=
jammed or clogged with debris. The planking is
either removed manually or with a small charge of
dynamite. The sluice invert is about 6 feet belov
crest level.

(3) Left Spillwav End Structure

The top surface of the cyclopean concrete cav
has spalled over 20 percent of its surface area to
a depth of up to 2 inches (Photo 2). This spalling
is attributed to moisture intrusion which has been
subjected to alternating freeze and thaw cycles.
The gunited portions of the structure and downstrear.
training wall are in good condition with no evidence
of displaced stones, bulges, or other signs of dis-
tress. The dry stone masonry wall extension is in
poor condition with displaced stones, settlement.
and bulges. Scepage at the rate of 10 to 20 gpr
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is flowing through the joints of the dry stone
masonry wall (Photo 3). The source of the seepage
appears to be the adjacent millrace flume.

(4) Left Upstream Training Wall (Overview Photo)

The upstream face of this wall is spalled
over 20 percent of its vertical face. Most of the
spalling is concentrated at the spillway crest ele-
cation and is attributed to ice damage. There are
numerous random cracks on this wall.

The downstream end of the wall is eroded at
the normal water level. This erosion is 1.5 feet
high, 12 inches wide, and up to 6 inches deep. This
erosion is attributed to ice damage.

(3) Gate House (Overview Photo)

The gate house is in fair condition. Therc
is surface erosion of the interior face of the
concrete foundation. This erosion is attributed
to 1ce damage. The steel trash racks are rusted.

The sluice gate mechanical drive consists
¢f a muPtiple gearing system which actuates two
rack gear=. The electrically driven mechanical drive
svsten 1s well maintained. The gate was operated
using this syvter. The owner's representative
indicated that manual operation ol the gate was
extremely difficult.

3.2 Evaluation

. The Hillsborough Mills Dam is in POOR condition at the
present time. The spillway is severely deteriorated and in

CC need of repair. The remaining components of the dam are in

- fair condition with varyving degrees of concrete deterioration.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures

l At present there is no set procedure for operating the
: dam. The gate leading to the canal is operable as is the
horizontal sliding sluice gate. In the past the sealed sluice-

wav at the right of the spillway has been opened by removing
planking either manually or with a small charge of dyvnamite.

4.2 Maintenance of Dam

There i1s no scheduled maintenance program for the dan.
The dsteriorated condition of the concrete is evidence of the
lack of maintenance. When the horizontally sliding sluice gatie
becores jammed the right sluicewayv is opened to lower the pool
so the left sluice gate can be cleared.

1.3 Mzaintenance of Operating Facilities

The operating facilities have been maintained in operatincz

15 condition although there is no set prescribed maintenance Proce- =
dure . -
I8 4.1 Lescripticn of Warning Svster

There 1s no formal warning svstem in eifect for this dar.

<. 0 Evaluatdio:
The dar.’s present POOR condition is largely a result of

the lack of maintenance performed at the dam. The spillway i=

deteriorated, undermined. and portions appear to have settled.
[ )] The protective concrete apron is destroved. The operating

mechanisms are maintained in operating condition. The present
maintenance program 1s not adequate for continued long-terrm us«
of the dar..

The practice of dynamiting should be discontinued. ,7f?;;v_u

p—_
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SECTION 5 - HYDRAULICS/HYDROLOGY N
Evaluation of Features )
(a) General . e “f-.;
The Hillsborouch Mills Dar is a concrete gravity , L
structure on the Souhegan River in Wilton, N.H. It is a B,
run-of-the-river dam. It was built in 1912 and provided L e
power to a downstream mill. B RN
-9 ®
The drainage area is 97 square miles of predomi- L 4
nantly forested, hilly terrain with steep slopes and RN
narrow channels. There are numerous ponds, reservoirs, . f R }
and wetland areas to detain run-off and thereby reduce s _1nﬂf-
peak flowsx. . oo
® K ]
(h) Design Datu *‘f
Data sources include prior inventory and inspectico:n : . )
reports and a Flood Insurance Study (FIS) performed by ST
Anderson-Nichols Company (ANCO). The New Hampshire Water S
Control Commission's '"Data on Dams in New Hampshire" { B @ 4
(September 26, 1939) the Public Service Commission c! T
New Hampshire's ""Dam Record” (Aupust 31, 1936G),; and the A
New Hampshire Water Resources Board's "Inventory of S ]
Dams and Water Power Developments' (August 28. 1930) S e
and "Survey of Existing New Hampshire Dam-~" provide rmuch Sl
cf the basic data for the dar. Inspection reporte duter . N
June 6. 1940: July 131, 1951: anrd Julv 23, 1975 arce wis o
available. -
ANCO provided copies of field data, comrutations. IRRTIAN
and drawings developed for an FIS which included the IR
Souhegan River at the dam. Included were cross-section ® [
data and 10, 50, 100 and 500-vear peak discharyves o1 T ]
the dam. A topographic map and water surface pr *iles :{:; T
of the Souhepan River as it passes throuch Wilton and T ]
a flood boundary map of the river downstrewr of the duan gﬁs'ﬂ- T
were also included. T ]
o 9

(c) Experience Datu T
A Water Control Commisslon ques=tisinaITe Was Cor- ~jj
pleted by the dam's owners concernines tihe e ok flaood S )
level experienced during September 21 throuch 2.4, 1938 EEENSR N
The reported peak level was 8.5 feet above the spillway . 2 ®
crest. Lol Ty
5-1 1
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(d) Visual Observations

At the left abutment a concrete training wall
rises 9.6 feet above the spillway crest. To the left
of the gatehouse, however, the ground surface is only
4 feet above the spillway crest level. From this point
the ground suriace rises to the left at a moderate slope
untit it reaches a height of 9 feet above the spillway
crest at the top of a small railroad embankment. Bevond
the railroad embankment the ground surface drops off
rapidly to a depression.

Downstream of the dam the Souhegan River has a
moderate slope and is confined by steep, high banks.
T o =trear bed 1s strewn with cobbles and boulders and

1= amrroximately 40 feet from toe-to-toe of the confininc

Lunks.  Approximately 1.3 miles downstream the banks
Lerinn 1t recede and the channel becomes less confined.
The transition continues until a point about 2 miles
d-vwn=trean fror the dam, there is an extensive flood
vlain on each side of the river.

The Souhegan River is crossed by three bridges

vithin 1.4 miles downstream of Hillsborough Mills Dar.
The first bridece is a railroad bridge with two 18 foot
Eizio by 30 foot wide openings. A highway bridge near
the Hillsborough Mills has two 40 foot wide arches with
& ruxirur height of about 22 feet. Further dovwnstreanm
tieere i< gnather highway bridge with a single 80 foot
~' o approximately 18 feet above the stream bbed. Other

structures in this area are sufficiently high to be out

of danger of flooding. About 1.5 miles downstream fron

thc duam there are 5 or 6 buildings located 11 or 12 feet
@«ivione the strearm beoed.

e Te=t FPlood Analysis

The hvdrologice conditions of interest in this Phase

i investigation are those required to assess the dam's
corrorane potential and its ability to safely allow
crrropriately large flood to pass. This requires
the discharge and storage characteristics of the

re too evaluate the impact of an appropriately
“o~t Fiond. None of the original hyvdraulic and
, oo desiy: records are available for use in this

aideline- tor establishing a recommended Test
. ¢« tased on the size and hazard classificotions of a
: s specified in the "Recommended Guidelines' of
rorps of bngincers,  The impoundment of 70 acre-
‘vt and height of 23 feet place the dam in the SMALL
S1/7¢ caterory,
5-2
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The hazard potential for the dam is in the LOW
category. As shown in Table 3 of the Corps' of Engineers
"Recommended Guidelines," the appropriate Test Flood for
a dam classified as SMALL in size with LOW hazard poten-
tial would be between the 50 and 100 year floods. Where
a range of values for the Test Flood is indicated., the
magnitude should be related to the hazard potential.
Because the dam i1s located in a developed area, thc
hazard potential is considered on the high side of the
LOW category. The Test Flood flow is therefore based
on the 100-year flood.

The previous ANCO FIS results provide estimated
values for the 10, 50, 100 and 500-year discharges at
the darm. These were computed by the SCS using the
convex routing method and considering the storage effects
of flood control dams built in this watershed by SCS.
The computed 100-year flow rate is 7550 cis. The sur-
! charge storage volume of this dam is too small to have
y a significant effect on the peak rate of discharge.
: For this reason a stage-storage relation has not been
s calculated for the Hillsborough Mills Dar..

A stage-discharge curve is developed by defining
discharge as the sum of flow over the spillway and over
the side slope to the left of the spillwayv. The calcu-
lations determining this curve are documented in Appendix
D.

The peak discharge of 7550 cfs with no flashboards
in place would result in a stage 6.8 feet above the spill-
way crest with a flow depth of about 2.8 feet around the
7 gate house at the left abutment. If the 4 feet high flash-
X boards are in place across the entire length of the spill-
way, and assuming that these do not fail under flood condi-
tions, the Test Flood would reach a stage more than 9
feet above the spillway crest. This would overtop the
railroad embankment at the left bank. The extent and
depth of overtopping is unknown.

(1) Dam Failure Analvsis

The peak outflow that would result from a dar
failure is estimated using the procedure sugrested in
the Corps' of Engineers New England Division April 1978
"Rule of Thumb Guidelines for Estimating Downstrearm
Dam Failure Hvdrographs.' Failure is assumed to occur
at the time the railroad embankment to the left of the

. s e IR - e . B . . . e
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Rscase
dam is just overtopped. This level was chosen, rather S
than the low area beside the gate house which is five RACNENERIRCD
feet lower, because historical flood stages have been as j'_____f{
high as 8.5 feet above the spillway crestor 4.5 feet 7';¢?_f}3a
above the low spot without evident damage to the dam. Tt.‘ e .
Also past inventory reports and design data indicate T T
freeboard of 8§ to 9.5 feet above spillway crest. Based e
on the rating curve, the discharge at the dam would be ;c!'.,;ukj
12,100 cfs with no flashboards in place for this eleva- e e
tion, which is 9.0 feet above the spillway crest and 9.1 = : :—41
feet above the tailwater at this discharge. Assuming a e e
51 foot gap is opened in the dam, the peak failure out- g;._‘”-;,j
flow through the gap and over the remainder of the darm gﬁﬂ,ﬁqugﬂ
would be 14,400 cfs. ORI
This dam failure outflow should not be a hazard ey
to the railroad bridge located one-half mile downstrear ® .
or to either of the two highway bridges within a mile T
further downstream. All three have openings higher than S -_l
the estimated flow depth of 16.8 feet, and none constrict ]
the channel significantly. C o
: "
Following the "Rule of Thumb Guidelines” for storagec "“6”“‘*'."‘"
routing., it is estimated that, at the end of the first : ok
1.5 mile reach downstream of the dam, the flood peak would -
be attenuated to 13.500 cfs., With an estimated depth cf e T
just over 11 feet, this flow should not cause sericus : Qﬁ_,-'fj
flond darmage 1o the buildings in this vicinity, altheough LT
sorie minor flooding is a possibility. More significantlv. '“'.""b s
the component of flow caused by a darm failure is only : o]
1400 ctfs. which represents incremental flood depths ¢ ' o
e about 0.5 feet above the level prior to dam failure. , R
. Bevond these buildings, the diminished dam failure flood RIS,
wave will be essentially attenuated in the extensive ;; R

7? flood plain.
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SECTION 6 - STRUCTURAL STABILITY

L1 EFvaluation of Structural Stability

(a) Visual Observations i;’ ;,,.

(1) General

The field investigations revealed the possi-
bility that the right end of the spillway mayv have

settled. The cause of the destruction of the .fj.im(.q
downstrearn concrete apron warrants further inves- B IR
tication. After these investigations, structurul

stability calculations should be prepared.

(2) RKight Abutment Structure

This structure is in fair condition with
some erosion and spalling of concrete. The gunite
facing on the downstream training wall is cracked

al stone joints.
(3 Spillwuy e o
The right third of the spillwav has apparent’iv . o
exnerienced sors settlement. All the vertical caon- DR
struction joints in the spillwayv are eroded. Soru B o
ercsion has taken place in the downstrean face and o]
toe of the spillway. Two horizontal construction _® o
Joints have opencd. Undermining of the spilluay R
toe has occurred under the right two-thirds of Coe e
the structure. The concrete apron downstream of V]
the toe has been destroyed. EPRR R
. ]
(4 Left Spilliway End Structure ® 9

bk

The cyclopean concrete cap is spalled over 20
percent of its surface area. The gunited portion-
of the end wall and downstream training walls arc
in good condition. The dry stone masonry will
extension is in poor condition.

(3) Left Upstream Training Wall

The upstream face of the wall is snalled over
20 percent of its vertical face. The downstrearn.
end of the wall is eroded at the normal water
level.

6-1
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(6) Gate House ) o
The gate house is in fair condition. There iy T
is surface erosion of the interior face of the z Lo

concrete foundation. .-®
(L) Desicn and Construction Data - R
The plans for this dam would be of some assistance . T
in performing a stability calculation. Most of the g e
dimensions would have to be checked in the field. Xo -0 0.
calculations of value to a stability analysis arc DO
availal.le, T o
oo Ny
() Oyerating Records .guj

I

A guestionnaire filled out by the owners in 100+ @ 2
indicated that the 1938 flood caused a stage at the dar S ]

of 8.5 feet above the spillway crest. It is not clear " R
that the dar is in the same condition now as it was at R
: that tirme. It is also not clear whether the flashboards S ‘
- were in place then el
R
(d) Poszt Ceonstruction Changes _
The primary post construction change was the addi- R
tion of the concrete apron downstrear frorm the srillwos . - o
It iv not known when this apron was built or when it ]
. was destroved. ® e .
— L R
s (e) Seismic Stability -
The dam is located in Seismic Zone No. 2 and. in - N
accordance with recommended Phase 1 guidelines, does not 7
! warrant seismic analvesis. o Y
. e
* e
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]
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS,

AND REMEDIAL MEASURES

it |
[y

Dam Assessment

(a) Corndition

The Hillsborough Mills Dam is in POOR condition at
the present time.

(b) Adecuacyv of Information

The lack ¢f in-depth engineering duta does 5ot
permit a definitive review. Therefore, the adeaquocy of
this dar. cunnot be assessed from the standpoint of revie -
ing design and construction data. This assesgsrent is
based primarily on the visual inspection., past perforrmanos
ana sound engineering judgoment.

(o) Urgenoy

in should be i1mplemented by the owner within ons
of receirt of this repnrt.

Vveur

cdh N {or Additional Investigation-

Aduitiona: investigations should be neriformed by

the owner as outlines 1n Paragraph 7.2 i1

(.2 Recommendations

It is recommended that the services of a registerc?
professional englineer be retained to perform the followin::

R
_e 8

l« - i-i
. g
"o e,

a) Investigate the possible settlement cf the srill-
way . Borings to determine soil conditions and
possible seepage conditions should be part of thi-
study.

hal .

: L) Investigate the undermining of the spillwiev toe
Investigate the cause of the destruction of tli
concrete aprori.

d) Prepare stability calculations for the dar.

e) Investigate settlement and seepage through the
left downstream training wall.

1) Raise the low portion of the dam at the left sid

‘e
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. 7.3 Remedial Measuresx

R

b It is recommended that the following remedial measures
be performed:

M

a) Repair all vertical and horizontal construction
joints in the spillwayv.

L) Repair all spalled and eroded concrete on the
various structures of the dam. These include the
spillway, right and left abutment structures, the
gate house, and the left upstream training wall.

...’,‘

B |

¢) Institute a prograr. of annual technical inspec-
tion-.

al

‘\

K5

r.'
et

o~

1} Discontinue the procedure of dyvnamiting open
' the sluice opening near the right end of the
spillway,

) L) Immediately remove existing flashboards unti!l
: remedial measures have been completed.

~1

Alternatives

e

IT i1 is decided to maintain the dam in continued usc.
there are no meaningful alternatives to these recommendations
and remedial measures,
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INSPECTION TEAM ORGANIZATION

Date: DNovember 8, 1978

NH 00258

HILLSBOROUGH MILLS DAl
wilton, New Hampshire
Souhegan River

NHWRB No. 254.01

Weather: Overcast. 53°F +

INSPECTION TELAM

Nicholas Campagno Goldberg, Zoino, Dunnicliff

& Associates, Inc. (GZD)

Robert Minutoli Gzn

Andrew Christo Andrew Christo Engineers
(ACLE)

Paul Razzohu ACE

Guililerm Vicens Resource Analvsis, Inc.

Tear. Captain

Geotechnical

Structural
Concrete

Hyvdroloz:

The inspection team was accompanied by Mr. Pattu Kesavan cof bf:ff.}ifgﬁﬂ
the New Hampshire Water Resources Board, and Messrs. Norm Draper ;]_53~;_q3‘$j
and Ray Smith of the Abbott Machine Tool Company. Smith Y
operated the sluice gate for the canal. . . AR !
.——”"’Mc".‘.-‘
¢ * *
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HILLSBOROUGH MILL DAM November 8, 1978
Wilton, N.H. NH 00258
3 —
L .
f CEECK LISTS FOR VISUAL INSPECTIOXN
AREA EVALUATED BY COXDITION & REMARIS 3
L :
s .
; DAM SUPERSTRUCTUR? -
m| 4. General o _,.":
Vertical alignment and A ;, ;»}uj
movement /?C/ Right third of spillway has T ]
settled 1 to 2 inches RS
- ]
Horizorntul alignrment ) ’:
and movement No deficiencies noted except R
in downstream left training _ )
wall (see below) :
. B. FRight Abutment Structure )
i Condition of concrete Fair
} Spallin- Concrete cap exhibits minor
L spalling
' n ' trosicon f | Minor on upstrear training
1 wall
% ;f. Cracking Gunite facing cracked at
U location of joints in stone
masonrv
a
. Rusting or staining of
concrete None noted
Visible reinforcing None noted
L i Efflorescence In cracks of gunite facing. ;
S ! Downstream training wall {
. effloresced f
i i y i
t Seepuce None noted
; C. Left Abutment Structure
: Cyclopean concrete cap Spalled over 20% of its top
- surface
: Stone masonry walls,
r gunite faced HC No deficiencies noted
“ A-3
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HILLSBOROUGH MILL DAM
Wilton, N.H.

November 8, 1978
NH 00258

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATE

BY

CONXDITION & REMARKS

Dry stone masonry wall

Left Upstream Training

‘v-21] 1
Condition of concrete

Syalling

Erosion

Cracking

Rusting or staining of
concrete

Visible reintforcine
Efflorescence

Seepage

OUTLET WORKS

A,

Spillwav
Condition of concrete
Spalling

Erosion

Ac

AC

P

Displaced stones, settlement
and bulging. Seepage at the
rate of 10 to 20 gpm

Fair

Over 20% of upstream vertical
face

Downstream end, 1.5' x 1.0°
x 0.5' deep

Random cracks

None noted
None noted
None noted

None noted

Poor
See erosion

All vertical construction
joints eroded 2" wide x 2"
deep. Erosion at pressure
relief drain 4' long x 1.0
wide and up to 2' deep. Hori-
zontal joints eroded up to 12"
wide and 6'" deep. Underside
of toe eroded to within 6" of
top surface. Minor erosion of
entire downstream face of
spillway

. @

. T .
: o Aa_sr v .8 2 s

PO
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. . HILLSBOROUGE MILL DAM November 8, 1978
o Wilton, N.H. NH 00258
.
.
b S
b CHECK LISTS FOR VISUAL INSPECTIOXN
J
| 4 » .o
L AREA EVALUATED BY CONDITION & REVARKES o ~
S . 2 . L : ﬁ
Crackirg Ph\ Open construction joints o _J
L m -@ @ .
- Rusting or staining of E ]
- concrete None noted
5 o Visible reinforcing None noted .
- sl
ﬁ Efflorescence None noted o N
{ Seepui. At the rate of 5 to 10 gpr
b through pressure relief drain
. left sluice gate Good operating condition; . _._;]
[ ! seepage at the rate of 1 to 2 Py °
g gpm due to unseated conditicn:. IR,
f T Steel gate exhibits minor )
S rusting
- Right sluicewav Operable when lurmber planks
: | removed
. Flashboards ‘ Poor condition
[ Flashboard stanchions Poor conditicn
E. Gate House¢
|
Condition of building Fair
Concrete foundation Surface ercsion on inside :
face of wall
- Steel trash racks Surface rust

Sluice zatce P(z Good operating condition
o

RESERVOIR

A, Shoreline
i Evidence of slide NAC| None noted
. Potential for slides Shoreline stable
: B. Sedimentation Siltation at the left side of
. spillway extends about on.

, foot above spillway crest
N Ac behind flashboards

. . LIRS - . - A I B
ST R S TR ST PSS PR . R W VL R v PR N
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g HILLSBOROUGH MILL DAM November 8, 1978
- Wilton, N.H. NH 00258

X

3

- CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMNARKS

C. TUpstream Hazard Areas
- in the Event of Back-
o flooding

WA

None noted

Changes in Nature of
Watershed

N

None noted

T

Ve ¥ v
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APPENDIN B

FIGURL 1 Site Plan BR-2
Plan and Section of Damn B-3
Plan and Section of Flure B-~1

Drawings of Water Pouwer
Development B-5

Plan, Elevation and Section
of Duar. BR-¢

Lizt of Pertinent Data XNut ;
Included and Their Location B-7 3
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The New Hampshire Water Resources Board (NHWRB) located at 37

Pleasant Street,
file for this darn.

Concord, N.H. 03301,
Some of the data included in this file are

listed below:

1)

Inspection reports from June 6, 1940: July 11. 19531;

and July 21, 1975,

The New Hampshire Water Control Commission's ''Data
on Dams in New Hampshire' (September 26, 1939) and
"Data on Water Power Developments in New Hampshire”
(September 2¢, 1939).

The New Hampshire Public Service Commission’'s “'Dar
Record” (Aucust 31, 193C).

NHWHDL's "Inventory of Dams and Water Power Develop-
ments'” (August 28, 1836) and "Survey of Existincg
New Hampshire Dams."

Anderson Nichouls Comvany performed a Flood Insurance Study o
the Souheran River including cross-sectior data and calculu-

tion of various design

flood flows.

maintains a correspondence
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SOUMEGAN RIVER
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U.S.ARMY ENGINEER DIV. NEW ENGLAND

CORPS OF ENGINEERS
WALTHAM , MASS.

NATIONAL PROGRAM OF INSPECTION OF NON-FED.DAMS

LOCATION AND ORIENTATION

OF PHOTOS

-
GOLDBENG, ZOINO, DUNNICLIFF & ASSOC.,INC.
QEOTECHNICAL CONSULTANTS
—’ OVERVIEW NEWTON UPPER FALLS, MASS.
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1. View of downstream channel from right
abutment
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SN

2. View from right abutment of left abutment showing
guniting of squared stone masonry training wall
and displaced apron
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3. Detail of left downstream training wall
showing seepage through rubble
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4. View from downstream channel of left side of e S

spillway showing leakage through old sluiceway ~j»'*»:
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. 5. Detail of sluiceway from downstream ° ° 3
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6. View of spillway from right abutment showing y

horizontal and vertical cracks and general
[ ] deterioration ° °
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7.

Detail of jointing and cracks in spillway and

of pressure relief drain at toe
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&. Right abutment structure and
snillway
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HYDROLOGIC/HYDRAULIC COMPUTATIONS
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APPENDIX E
INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DAMS
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