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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

4 24 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:

NEDED

Honorable Meldrim Thomson, Jr.
Governor of the State of New Hampshire •
State House
Concord, New Hampshire 03301 DEC 1 1 V.i "

Dear Governor Thomson: •

I am forwarding to you a copy of the Todd Lake Dam Phase I 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 included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire. In addition, a
copy of the report has also been furnished the owner, The Lake Todd
Association, P.O. Box 168, Bradford, New Hampshire 03221.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the 0
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Water Resources -

Board for your cooperation in carrying out this program.

Sincerely yours,

- Incl P. CHANDLER
As stated /Clonel, Corps of Engineers

( 4vi sian Engineer

*<..*.K•*.. -:j. ,
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification No.: NH 00339

NHWRB No.: 166.04

- Name of Dam: TODD LAKE DAM '

Town: Bradford

County and State: Merrimack, New Hampshire

Stream: Ring Brook

Date of Inspection: 1 June 1978, 8 July 1978 (Measurements),
12 July 1978 (Hydrology)

BRIEF ASSESSMENT

Todd Lake Dam is a concrete capped, gravity rock wall and earth fill

structure with a maximum height above the downstream channel of

[ 16. 5 feet. The 57 foot long concrete cap serves as a spillway and includes
two 12 foot long depressed sections which permit the installation of 12 inch
high flashboards. The left abutment includes the outlet works which con-
sist of two inlets and an outlet into 5. 8 foot diameter wooden penstock;
the outlet works are completely sealed, however. Initial construction was . . -

in 1858 with subsequent alterations in 1886 and 1946. No original plans

are available.

The dam discharges into Ring Brook which joins the West Branch of the
Warner River just below the dam. The drainage area consists of heavy, :::
moderately sloping forest. The dam's normal impoundment of 1100 acre-

feet places it in the INTERMEDIATE size category. The hazard potential
classification of SIGNIFICANT results from the extensive property damage,
but unlikely loss of life, expected downstream in the event of the Spillway
Test Flood (STF).

* ' The dam is in FAIR condition at the present time. Deficiencies in the areas
of spillway capacity and possible structural stability require additional

* . -" engineering investigations. Only a few relatively minor operation and
maintenance improvements are necessary.
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Based on size and hazard classification in accordance with the Corp's
p1 guidelines the Spillway Test Flood (STF) is in the range of the Probable

* Maximum Flood (PMF) and the I/Z PMF . An inflow STF of 14,000 cfs
. (760 csm) yields a maximum outflow at the dam of 11, 500 cfs (620 csm).

This flow, 11, 500 cfs, would result in overtopping of the dam by 6. 8
feet. The maximum flow over the dam that will not result in overtopping
is 1350 cfs. Thus, the spillway is considered inadequate and a major
storm could result in dam failure. The resolution of this problem requires ' 0
a considerable increase in the discharge capacity of the dam or the provi-
sion of suitable emergency spillway facilities. Because significant exten-
sion of the existing dam does not appear feasible and because the road
bridge immediately downstream creates a flow restriction during major
floods, the eventual solution may involve some modifications to both S

structures.

Operationally, the dam requires repair of the right downstream training
wall, cleaning and sealing of some cracks and repair of some spalls in
the concrete portions of the structure and clearing of the downstream
channel. The installation of a gauge near the dam would assist the

* owners in better monitoring discharges during flood periods.

The above recommendations and remedial measures should be imple-
mented by the owner within one to two years after receipt of the Phase I
Inspection Re port.
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This Phase I Inspection Report on Todd Lake 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 Inspection
of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

.I - 0 -. -

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

FRED J. FVAS, Jr., Member g

Chief, DeVgn Branch
Engineering Division

Chief, Water Control Branch
Engineering Division

o S

APPROVAL RECOMMENDED:
w0

-JOE B. FRYAR

Chief, Engineering Division
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ril PREFACE -

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for .
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington, -
D.C. 20314. The purpose of a Phase I Investigation is to

" identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general 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 S
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the reser-
voir was lowered or drained prior to inspection, such action, -

while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain

. conditions which might otherwise be detectable if inspected
* - under the normal operating environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some

*: ... point in the future. Only through continued care and inspec- .-

tion can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the estab- j
lished Guidelines, the Spillway 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, a
finding that a spillway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate
condition. The test flood provides a measure of relative
spillway capacity and serves as an aide 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.

.. * ..* , .1-: .- - :
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PHASE I INSPECTION REPORT

TODD LAKE DAM

SECTION 1

PROJECT INFORMATION

* 1. 1 General

(a) Authority

Public Law 92-367, August 8, 1972, authorized the
.. Secretary of the Army, through the Corps of Engineers, to

initiate a national program of dam inspection throughout the S
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. Goldberg,
Z,)ino, Dunnicliff & Associates, Inc. (G.Z.D.A.), has been re-
tained by the New England Division to inspect and report on
selected dams in the State of New Hampshire. Authorization and
notice to proceed was issued to G. Z. D. A. under a letter of
May 3, 1978 from Colonel Ralph T. Garver, Corps of Engineers.
Contract No. DACW 33-78-C-0303 has been assigned by the Corps
of Engineers for this work.

(b) Purpose

(1) Perform technical inspection and evaluation of
non-federal dams to identify conditions which threaten

"- n the public safety and thus permit correction in a timely 0
manner by non-federal interests.

(2) Encourage and prepare the states to initiate quickly
effective dam safety programs for non-federal dams.6 •

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

(c) Scope

The program 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 significant hazard potential - --

category believed to represent an immediate danger based on
condition of the dams.

.* . *. . * * - *- * . * o. * . . . .,-. . . • .



1. 2 Description of Project

(a) Location

The dam lies at the south end of Todd Lake near the
intersection of old Route 103 and Morse Hill Road in the town
of Bradford, NH. The portion of the USGS Mt. Kearsarge, NH
quadrangle presented previously shows this locus. Figure 1 of
Appendix B presents a detail of the site developed from the map
and the site inspection.

(b) Description of Dam and Appurtenances

The dam consists essentially of a gravity rock wall and
earth fill structure with a base width estimated at ZO feet and a
maximum height of 16. 5 ft. (Figure 2). A concrete spillway covers
the gravity structure over its entire 57 foot length and has two 12
foot long depressed sections, one near each end, which permit the
installation of 12 inch flashboards (Figure 2). The left abutment
incorporates the dam's outlet works which consist of a concrete ' 0
box with two inlets and one outlet. Stop-logs at one time regulated

flow through the outlet which then led into a now boarded up 5. 8 foot
diameter wooden penstock (Figure 3). The previous owner has
sealed both inlets, probably by boarding, one of which is on the

I right side. No special hazard is believed to attend the penstock.
The outlet works originally provided flow for the operation of a
saw mill complex, only part of which remains today, having been
converted into a one family home. Old concrete footings for the

mill buildings still exist around the dam. The wooden penstock

runs into the converted mill building, as does the small amount

of water which leaks through the boarded up outlet works. A

concrete lined channel carries this flow under the house. A
concrete arch bridge permits flow under old Route 103 approxi-

mately 100 feet downstream of the dam.

(c) Size Classification 0

The dam's normal impoundment of 1100 acre-feet places it .. -

in the INTERMEDIATE size category as defined in the "Recommended"
Guidelines."

(d) Hazard Potential Classification

Only the converted mill building and 2 other houses lie in the

downstream hazard area for a failure of this dam. While damage
to these structures and to the road bridge immediately downstream

of the dam would be significant there is little potential for loss of
life. For these reasons, the hazard potential is considered

SIGNIFICANT.
1-2
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(e) Ownership

All lakeshore residents have a part ownership in the dam
included in their property deeds as of 1968. The Lake Todd As-
sociation, a voluntary organization of the littoral property owners,
controls the dam through its dam committee. Mr. Donald A. Garman,
P.O. Box 168, Bradford, NH 03221 is the association's president.
His phone number is 603-938-2314. From 1954 to 1968, Mr. Ed-
win Westerburg, RFD 1, Bradford, NH 03221 (603-938-2296)
owned the dam. 0

(f) Operator

The only functional features of the dam at present are the
two 12 inch flashboards. Mr. Garman, the Association presi- S
dent, controls their installation and removal.

(g) Purpose of Dam

While formerly used to store water for industrial use in
the mill, the dam's only purpose at present is to maintain the lake

level for summer recreational use.

(h) Design and Construction History

K A 1934 New Hampshire Water Resource Board (NHWRB)

report indicates that original construction was in 1858 with a
reconstruction in 1886. Mr. Westerburg indicates that in 1946,
the mill operator and dam owner Mr. Milner altered the dam to
its present configuration by constructing the concrete spillway

m. and repairing the wooden penstock. Mr. Milner drained the lake .
prior to construction and Mr. Westerburg reports that the rock"I
and earth fill portion of the dam was approximately 20 feet wide at . -.--. 7

the base. No plans for the dam are available.

(i) Normal Operational Procedure 0

The Lake Todd Association installs the flashboards by
Memorial Day at the latest and removes them by the end of

September.
1 -

-1-
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1. 3 Pertinent Data

(a) Drainage Area

Todd Lake receives runoff from a 18.5 square mile drainage
area. The majority of this area is heavily forested with moderately
steep slopes toward the lake. Several small streams including 0
Ring Brook and an unnamed stream from Loch Lyndon Reservoir
discharge into Todd Lake. A large part of the development around
the lake is permanent and year-round in nature

(b) Discharge at Dan Site

No formal record of historic peak floods is available for
Todd Lake. There is a nearby downstream USGS gauge (01085800)
on the West Branch of the Warner River, however, which provides

- local runoff records since 1962. For the period 1962-1978, the
peak runoff is 555 cfs from a 5. 75 square mile drainage area.
If transposed to the Todd Lake drainage basin, this same runoff
would yield an approximate peak flow of 1790 cfs.

Mr. Westerburg indicated that the maximum flood during
his 50 year residency in the area occurred during the hurricane
of 1938. He reports that water flowed 5 to 6 feet over the dam

*i and that only the backwater created by the nearby roadbridge
counteracted the pressures created by the tremendous flow and
prevented the dam from being washed out. The 1938 flows are

[ estimated to be in the range of 1600 to 2500 cfs. 0-

(c) Elevation (ft. above MSL assuming Lake Todd at 670'* per

1956 USGS)

- (1) Top dam: 673.5 S

(2) Recreation pool: 670 * (with flashboards)

(3) Spillway crest: 669"

(4) Streambed at centerline of darn: 656.*

(d) Reservoir

(1) Length of maximum pool 6800 ft.

(Z) Storage - recreational pool: 1100 acre-feet @ 670 MSL
- top of darn: 1513 acre-feet @ 673. 5 MSL

(3) Reservoir surface: 168 acres @ 670 MSL

1-4 5 1
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. . . . .

(e) Dam

(1) Type: Gravity rock wall and earth fill with concrete
spillway

(2) Length: 57 ft.

.. (3) Height: 16.5 ft.

(4) Top Width: 10 ft. ±

(5) Side Slopes: Downstream vertical, upstream 1:1

(6) Zoning, impervious core, cutoff, grout curtain: Unknown

(f) Spillway

(1) Type: Concrete weir with 2 flashboard sections

(2) Length of weir: 33 ft. (excluding flashboard sections)

(3) Crest elevation: 669 ft. +

(4) Gates: 2 flashboard sections, each 12 ft. long

(5) Upstream Channel: Shallow approach from pond

(6) Downstream Channel: Narrow channel with steep sides
and rocky bottom

* (g) Regulating Outlets .

The only regulating outlets presently in use are the two flash-
board sections which permit the installation and removal of 12 inch

high flashboards. The base of the flashboards is at elevation 669 ft. *.

Previous owners boarded up the dam's main outlet works

described in Section 1.2(b). The inlet on the upstream side of the

inlet is 4 ft. by 4 ft. It was impossible to determine the dimensions

of the inlet on the right side. The top of the stoplogs at the outlet

to the wooden penstock are 5. 3 ft. below the top of the concrete
box structure.

1-5
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SECTION 2 - ENGINEERING DATA

2. 1 De sign

The design of the present structure is quite simple and appears

adequate in all respects except ability to pass the Spillway Test Flood
(STF). At the time of its design, however, engineers rarely considered

- "floods of the magnitude now under study. Plans for neither the original

nor rebuilt structure are available.

2. 2 Construction

Visual inspection of the dam detected no significant construction

- deficiencies in the structure. Of key concern is the lack of accurate data

as to the size of the gravity structure and of any information regarding S

the -internal makeup of the dam. In general, the quality of construction

is probably as good as can be expected for a structure of this type built

during this period.

2. 3 Operation

The facts that very little leeway in operation exists and that the

residents themselves control the dam result in generally satisfactory
operation.

2.4 Evaluation

(a) Availability

* • As mentioned above, the original plans are not available, S

if indeed they still exist. Previous inventory reports, sketches

and correspondence concerning the dam, supplemented by the
observations of the inspection team and discussions with know-

* ledgeable residents, form the basis of the information presented
herein.

(b) Adequacy

" The lack of indepth engineering data did not allow for a

* ' definitive review. Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewing design and construc-
tion data, but its evaluation is based primarily on visual inspec-
tion, past performance history and engineering judgment.

(c) Validity

The direct examination and performance history form a

valid basis for evaluation.

"°.- ... .. . .
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SECTION 3 - VISUAL OBSERVATIONS

3. 1 Findings

[]1 (a) General. •

The Todd Lake Dam is in FAIR condition at the present
time and requires no immediate remedial measures for con-• --

tinued safe operation.

(b) Dam

(1) Spillway (Photos I and 2)

The spillway is 57 feet long with a crest width of S
approximately 10 feet. The surface of the spillway consists
of a concrete cap placed on the dry stone masonry dam.
The cap is approximately 12 inches thick. With the excep-
tion of a horizontal crack stretching 24 ft. from one flash-
board section to the other, there is no evidence of spalling
or other deficiencies in the crest. The flashboards are
in good condition.

The downstream face of the dam consists of dry
[ squared stone masonry and rubble stone masonry. The - .

dry squared stone masonry is adjacent to the right abut-
ment and extends along the spillway face for approximately
10 feet. Some stones are dislodged out of alignment (Photo I).
Rubble stone masonry at approximately mid-length of the
spillway has bulged outward and some has unraveled out of

-" place and fallen into the channel bed. A 1939 inspection by 5
the NHWRB noted this same deficiency. The bulge is ap-
proximately 6 feet in height and voids due to dislodged stones
are 2 to 3 feet above the channel bed (Photo 2). No leaks
through the stonework were evident.

(2) Abutments (Photo 4)

The abutments consist of dry stone masonry capped
with concrete. The dry squared stone masonry forming
the right abutment is no longer plumb with evidence of nu-
merous displaced stone. There is a void approximately
6 inches by 2 feet long between the dry stone and the con-
crete cap. The concrete cap on the right abutment contains
medium random cracks and efflourescence. The left abut-
ment joins a concrete pier located at the edge of the spill-
way. This pier rests in the channel bed. Dry stone masonry

3-1
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supports the balance of the abutment. This abutment has
spalled with evidence &- medium random cracks and

efflourescence (Photo 4). Heavy boulders sloping from.
the channel bed to the bottom of the concrete cap preclude
visual inspection of this abutment. The concrete cap on
the left abutment is in fair condition. No leaks through
or around the abutments were evident.

(c) Appurtenant Structures (Photos 3 and 6)

The left abutment, as shown in Photo 3, is of concrete,
and overtopping flows would deflect into an open area to the east
of the converted mill. A concrete outlet is integral to the left

abutment and internal dimensions are approximately 7 feet wide
and 11 feet long. The structure is approximately 9 feet deep. I S

The concrete contains medium random cracking and efflour-
escence. The water level within the structure was approximately
1 foot below lake level on June 1, 1978. The structure has two
inlets and one outlet. One inlet is on the upstream face of the
structure and the other is in the right wall, The upstream inlet p
consists of a 4 foot by 4 foot opening. It was not possible to mea-
sure the dimensions of the right inlet. Both inlets are sealed with
wood. The outlet, which has stop-logs set in place, is on the
downstr-am end of the structure. The top of the stop-logs are

: [ 5. 3 feet below the top of the structure. Due to their submerged
condition, visual inspection of the stop-logs is not possible, how-
ever a representative of the owners indicated that they are 4 inches
in nominal thickness. There is leakage at the inlet end of the pen-

stock, probably due to faulty seating of the stop-logs. The wood
stave penstock is in poor condition and beyond salvage. At least

I U 50 percent of the staves are completely deteriorated (Photo 6). 5

(d) Reservoir - .1
An inspection of the reservoir shore revealed no evidence

of movement or other instability. No sedimentation was evident •
behind the spillway. Examination of the surrounding area revealed
no work in progress or recently completed which might increase
the flow of sediment into the lake. Additionally, there were no
changes to the surrounding watershed which might adversely affect
the run-off characteristics of the basin.

The relocation of Route 103 across the old railroad embank-
rrent has no effect on the lake level. The bridge constructed near
the east end of the embankment is sufficiently large to allow the

two bodies of water to act as one.

3-2
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There is considerable development, both seasonal and
year-round, on the Todd Lake shoreline. Many houses are
less than 10 feet above normal lake level. If major flooding 0
occurred, many structures would likely suffer significant
damage.

(e) Downstream Channel (Photo 5)

- There are no downstream conditions which adversely S

affect the operation of the dam or which pose a hazard to the
safety of the structure.

- The existence of the road bridge just downstream of the
dam would create significant backwaters at the dam in the event 1 0
of the STF, a situation more beneficial than harmful in terms
of the dam's structural stability. The bridge is a concrete

arch with a width of approximately 16 feet and a maximum
height of approximately 16. 5 feet. The narrow, steep channel for
some distance downstream virtually assures high water levels p
around the channel, but the lack of any significant downstream
development indicates that property damage is the greatest
danger.

The collapsed downstream training wall on the right
side (Photo 6) presents no immediate hazard to the dam or to
downstream areas, but does require routine repair to channel
discharge properly and to prevent undermining of the nearby

,' road.

* 3.2 Evaluation - S

Because the dam is of simple design and because most of its

major components are accessible for examination, the visual inspection
- permitted an overall satisfactory evaluation of those items which affect

the safety of the structure, and the overall condition of the dam and s
appurtenant works is considered as FAIR.

I' p 5
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SECTION 4 - OPERATIONAL PROCEDURES

4. 1 Procedures
r

Each year, the Lake Todd Association installs the two 12-inch .

. flashboards before Memorial Day and removes them in late September.
The dam presently has no other operation features and the association
has had no reason or received any complaints which would cause them-

---- to alter this procedure. 0

4.2 Maintenance of Dam

The present owners have performed no significant maintenance
on the dam since assuming control. The extensive alteration performed I S
in 1946 appears to be the last major maintenance effort on the structure.

4.3 Maintenance of Operating Facilities

The dam's flashboards require only minimal attention.

4.4 Description of Any Warning System in Effect

No formal warning system exists for the dam. For this particu- " -

lar structure the lack of any real operational capacity at present indicates
that a warning system is only effective for notification of impending failure.
In all probability, the interest of local residents would adequately serve

--, this purpose.

4. 5 Evaluation

The established operational procedures are adequate for Todd
Lake Dam given its limited operational capacity.

4-1
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SECTION 5 - HYDROLOGIC/HYDRAULIC

5.1 Evaluation of Features

(a) Design Data

The data sources available for Todd Lake Dam include
the "Inventory of Dams and Water Power Developments" by .-

- the New Hampshire Water Resource Board, dated October 10,
1934, and "Data on Dams in New Hampshire" by the New
Hampshire Water Control Commission, dated October 26,
1938, and updated July 15, 1942. These sources deal primarily
with the characteristics of the dam and its spillway.

A June 26, 1944 application for repair of the dam is

also available, as is a series of letters written in 1967 and
1968 dealing with high flows in the West Branch of the Warner
River downstream of Lake Todd. More recent data include
"Dam Safety Inspection Report Forms" and "Site Evaluation
Data" from the New Hampshire Water Resources Board,

dated May 17, 1971, August 19, 1975, and April 28, 1976.
There is also a series of letters between the New Hampshire
Water Resources Board and the Lake Todd Association (owner/
operator of the lake) regarding the need for a controlled outlet

I at the dam. The New Hampshire Water Resources Board wrote
on January 27, 1976 requesting "corrective action ... to increase

flow capacity during floods. " The data also include a May 20,
1977 letter from the Corps of Engineers to the Lake Todd Associ- -. * -"

ation explaining that federal funding is not available for this type
* •of corrective action.

(b) Experience Data

No formal record of historic peak floods is available for
the Todd Lake Dam. There is a nearby USGS gauge (01085800)
on the West Branch of the Warner River that provides runoff

records since 1962. For the period of record, the peak runoff

is 555 cfs from a drainage area of 5. 75 square miles. The

same runoff rate, if transposed to the Todd Lake drainage

basin, would yield an approximate peak runoff of 1,790 cfs.
The recollections of one of the previous owners, discussed
in Section 1. 3 (b) provide additional insight into the discharges

" possible in this area, in this case on the order of 1600-2500

cfs after the 1938 hurricane.
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(c) Overtopping Potential

This Phase I investigation focuses on the adequacy of

the dam in terms of its overtopping potential and its ability

to allow an appropriately large storm to pass safely. This

approach requires investigations to determine how the recom-

mended Spillway Test Flood (STF) compares with the dam dis-

charge and storage capacities. Since none of the original
hydraulic and hydrologic design records are available for use
in this study, the analysis requires some of the basic calcula-

tions reported herein.

The "Recommended Guidelines" specify Spillway Test
Flood criteria based on the size and hazard potential classifi-
cations of the dam. As shown in Table 3 of that publication,
the appropriate STF for a dam classified as INTERMEDIATE
in size with SIGNIFICANT hazard potential, is between 0. 5 to
1 times the Probable Maximum Flood (PMF).

The chart of "Maximum Probable Flood Peak Flow " - -

Rates"' obtained from the Corps of Engineers, New England%
Division permits an estimate of the PMF. The calculations
use 'rolling" topography with a drainage area of 18. 5 square

miles. However, the -xistence of the Loch Lyndon Reservoir
and extensive swamp lands along Ring Brook tend to partially
lower the appropriate estimate for the peak runoff rate. This

results in a maximum probable runoff rate into the lake of
about 1,250 cfs/square mile or 23, 125 cfs, one-half of which

W is 11, 565 cfs.

The "Recommended Guidelines" suggest that where a
range of possible STF's is indicated, the analysis should con-
sider the magnitude most closely relating to the involved risk. . -

On this basis, since the risk for Todd Lake is most likely at
the lower end of che SIGNIFICANT category, an STF closer
to one-half the PMF is appropriate. In this case, a value of
14,000 cfs is reasonable for an uncorrected STF inflow. Appli-
cation of the procedure suggested by the Corps of Engineers

(New England Division) for "Estimating the Effect of Surcharge
Storage on Maximum Probably Discharges" results in a final
STF outflow of about 11,500 cfs.
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The Storage-Stage curve used to attenuate the STF results
from assuming a lake area of 168 acres and allowing for a
simple linear relation for storage versus elevation above spill-

* way crest. Appendix D presents this curve. I 0

The discharge capacity of the Todd Lake Dam depends
on the outlet characteristics and on the level of the water sur-
face in the lake. Under most flow conditions the spillways and
the top of the dam control discharge from the lake. If the lake e
level overtops the dam abutments, then the discharge capacity
depends on the characteristics of the dam crest and the side
walls along the abutments.

The analysis of the dam's discharge during the STF
presented in Appendix D uses the following assumptions.

(1) Blockage of the penstock gate is complete.

(2) The force created by the flow over the dam washes out
the flashboards. 0

(3) Once overtopped, the walls on either side of the darn act
as sharp crested weirs while the level lot on the east
side acts as a broad crested weir. The slopes beyond
the wall on the west side and beyond the parking area I S
on the east side assume the characteristics of broad-

crested weirs on 1:1 side slopes.

The Discharge-Storage curve in Appendix D illustrates
- the total outflow from the lake for any given stage. As the cal- 0 .

culations indicate, the STE of 11,500 cfs will overtop the dam
by 8. 5 feet.

5. 2 Hydrologic and Hydraulic Evaluation

Given the limited flow capacity of the spillway at Todd Lake 0
Dam, the recommended STF will significantly overtop the dam and its
abutments. Furthermore, since the maximum capacity before over-
topping is only 1,350 cfs, overtopping will also occur for many storms
of smaller magnitude than the recommended Spillway Test Flood.

* 0
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Route 103 as reconstructed cuts the lake in half where it

follows along the former railroad embankment. If the opening through
the embankment was small enough to severely restrict flow, the em-
bankment might serve to partially dam the river and attentuate the
peak flow entering the lake below the embankment. Examination of
the highway bridge however, indicates that the area beneath the bridge
equals approximately 750 square feet and that there is relatively little
freeboard between the low chord of the bridge and top of the embank-
ment. This combination of the large flow area and probability of over-
topping under surcharge suggests that the highway does not clearly 0
define two lakes and thus would not limit the peak flow at the dam for
very large floods. The highway opening is thus hydraulically insignifi-
cant.

In the event of a flood of the Spillway Test Flood magnitude, 0
three structures immediately downstream of the dam would suffer
severe damage. They are the old mill building, since converted to
a residence, and the two houses which overhang the stream immediately
downstream of the first road bridge. A larger number of lakeside homes
upstream of the dam would suffer severe flooding by the stage in the lake
that would accompany an STF magnitude flood.

It is unlikely that the Todd Lake Dam would rise to the overtop-
ping level without sufficient time to evacuate the residents of the down-
stream structures immediately threatened. There is very limited
development downstream for a considerable distance and, thus, the need
to improve the spillway capar.ity is more a function of preventing flood-
ing upstream along the shores of the lake than downstream due to dam
failure. However, the purposes of the dam safety review do not include .

the prevention of upstream flooding on the lake shore.

5.3 Downstream Dam Failure Hazard Estimates

Use of the procedures set forth in "Rule of Thumb Guidelines for
* Estimating Downstream Dam Failure Hydrographs, " Corps of Engineers,

New England Division, April 1978, permits estimation of the flood
hazards in downstream areas resulting from a failure of the dam. This

* procedure includes the attenuation of dam failure hydrographs in com-
puting flows and flooding depths for downstream areas. The calculations
take into account the hydraulic and storage characteristics of channel

5 reaches downstream of the dam and assume that failure occurs when 0
the lake level rises 4.5 feet over the spillway, or with the initial flow
of water over the left abutment.
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The evaluation divides the channel downstream of Todd Lake
Dam into three reaches. The first reach extends from the dam to
the first bridge immediately downstream. The second reach runs

Um along Ring Brook and the Warner River to the covered bridge. The
third reach is from this bridge to the Highway 114 bridge across the
Warner River.

Cross-sections taken from the USGS quadrangle provided the
basis for estimating depths of flooding for each downstream reach.
In each case, the flooding would overflow the natural stream banks

but would remain in the low areas along the banks. With the exception
of those mentioned previously, there are no known structures in the
area flooded for the three reaches considered.

I5-5
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SECTION 6 - STRUCTURAL STABILITY

6. 1 Evaluation of Structural Stability

(a) Visual Observations

With the exception of the bulge near the center of the

downstream face, the field investigation revealed no significant S
displacements and/or distress which warrant the preparation of
structural stability calculations based on assumed sectional
properties and engineering factors. The potential hazard from
the bulge is not clear, particularly in light of its existence since
at least 1939. Section 7 includes a recommendation with respect *
to this feature.

(b) Design and Construction Data

As mentioned previously, no plans or calculations of m a
value to a stability assessment are available for this dam.

(c) Operating Records

3 There are no formal operating records in existence for
this dam. However, contact with long-time residents revealed
no visual evidence of any instability during past floods. The
survival of the dam during the 5 to 6 foot overtopping in 1938
provides some insight into its stability, but this incident may,
however, have caused the present bulge, first noted in 1939.

(d) Post Construction Changes

The alteration accomplished in 1946 did not affect the
stability of the structure. The results of the field inspection
and a check of the available records produced no evidence of 3 0
other changes to the dam which might influence its stability.

(e) Seismic Stability

The dam is located in Seismic Zone No. 2 and in accord-
ance with recommended Phase I guidelines does not warrant
seismic analyses.

6-1
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

7.1 Dam Assessment 0 0

(a) Condition

The Todd Lake Dam is in FAIR condition at the present
time.

(b) Adequacy of Information

The known characteristics of the dam, its drainage area
and its downstream areas are such that the information now
available permits a satisfactory evaluation.

(c) Urgency

The engineering studies and improvements described
herein should be implemented by the owner within 1 to 2 years 0
after receipt of the Phase I Inspection Report.

(d) Need for Additional Investigation

[ Further investigations to determine the influence of the •
bulge on the stability of the dam and the affects of the old Rte.
103 bridge immediately downstream are necessary.

7. 2 Recommendations

(a) As the dam will not pass the test flood without severe
overtopping, further structural and hydrologic studies are neces-
sary by competent consulting engineers to determine the effect
of overtopping and what measures may be necessary to improve

discharge capabilities.

(b) The cause and possible effects of the bulge in the down-
stream face of the dam are not known. An engineering study of
this situation is necessary to insure the long-term safety and
stability of the dam.

(c) Possible adverse effects of the apparently constricted
opening of the Old Rte. 103 bridge downstream should be in-

spected.
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7.3 Remedial Measures

3 (a) Alternatives -

With the exception of the two areas discussed in the "
preceeding paragraph, the dam suffers from only minor defi-
ciencies. The long-term safety of the dam requires institution
of a regular maintanance program to correct such deficiencies
prior to their leading to major problems. Alternatively, at
the sacrifice of a useful recreational resource, the dam could
be breached.

(b) 0 & M Procedures

Implementation of the following measures will assist
the owners in assuring the long-term safety of the dam:

(1) Clear all debris, particularly logs and branches,
from the downstream channel. • 0

(2) Reconstruct the right downstream training wall.

(3) Clean out and seal all cracks in the concrete
portions of the dam, particularly the spillway, and *
repair all spalled areas.

(4) Install a staff gage upstream of the dam which
will provide visual readings during flood periods. "
These observations will provide information on futtire
flood discharges. S

(5) Continual surveillance of the dam should be
provided by the owner during periods of unusually heavy
precipitation. The owner should also establish a formal
system with local officials for warning downstream resi- 9 S
dents in case of emergency.

7 -
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APPENDIX A

VISUAL INSPECTION CHECKLIST
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INSPECTION TEAM ORGANIZATION

Dates: 1 June 1978
8 July 1978 - 11:00 a.m. (Measurements)

12 July 1978 - 11:00 a.m. (Hydrology)

NH 00288
TODD LAKE DAM
Bradford, New Hampshire 3 0
Ring Brook
NHWRB 28.01

Weather: Sunny, warm all days
* S

INSPECTION TEAM

James H. Reynolds Goldberg, Zoino, Dunnicliff
& Associates, Inc. (GZDA) Team Captain

William S. Zoino GZDA Soils .. -.

Nicholas A. Campagna GZDA Soils

Robert Minutoli GZDA Soils -

Andrew Christo Andrew Christo Engineers Structural &
(ACE) Mechanical

Paul Razgha ACE Structural & .
Mechanical

Guillermo J. Vicens Resource Analysis, Inc.
(RAI) Hydrology

David H. Marks RAI Hydrology 0 0

Richard L. Laramie RAI Hydrology

Duncan W. Wood RAI Hydrology
* 0

Mr. Donald A. Garman, president of the Lake Todd Association was
present during the 1 June 1978 inspection.
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Todd Lake Dam 1 June 1978
Bradford, New Hampshire NH 00288

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

ROCK & EARTH EMBANKMENT

Movement or Settlement of

Crest None noted

Vertical Alignment ;4# - No movement noted 0

Horizontal Alignment A No movement noted

Condition at Abutment and at
Concrete Structures Right abutment: some move-

ment of squared stone and
medium random cracks and
efflouresence on cap
Left abutment: some spalling
and random cracks of and
efflourescence on concrete ...

Unusual Movement at or near
Toes

Unusual Downstream Seepage 71i- None noted

Foundation Drainage Features A-, None visible

Toe Drains A,-'-- None visible

OUTLET WORKS

(a) Approach Channel

Slope Conditions C-&I& Shallow approach from pond

Bottom Conditions Not visible

Log Boom / None

Debris None

Trees overhaningj I •
channel None

A-3
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Todd Lake Dam 1 June 1978

Bradford, New Hampshire NH 00Z88

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

(b) Outlet Structure

General Condition of

Concrete Good; inlets and outlets sealed

but minor leakage through

wood seals 0

Rust or Staining None noted

Spalling None noted

Erosion or Cavitation None noted

Visible Reinforcing None noted

Seepage or Efflourescence Some efflourescence on box

structure

Cracking Some medium random ciacks •

Wooden Penstock Very poor, about 50 percent of

wood deteriorated

Stop-logs Not visible (submerged)

(c) Spillway Weir

General Condition of

Concrete Good

Rust or Staining None
U 

I S

Spalling 
Minor

Visible Reinforcing None

Seepage or Efflourescence None

Cracking 24-foot long horizontal crack p_,

on downstream face of cap

between flashboard sections

Condition of flashboards Good

,4. •"p ''-"
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Todd Lake Dam 1 June 1978

Bradford, New Hampshire NH 00288

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

(d) Outlet Channel

General Condition Some brush, logs and other
debris

Loose Rock Overhanging 0

Channel Right rock training wall
collapsed into channel

Trees Overhanging
Channel None

Floor of Channel Loose rock

Other Obstructions Road bridge 100 ft. downstream

(e) Existence of gages None

RESERVOIR

Shoreline Stable to 1500 feet upstream
on either side

t0

Sedimentation None noted

Upstream hazards in the event
of backflooding 50-60 beach front homes subject

to inundation if lake rises 5 feet

Changes in the nature of water-
shed (agriculture, logging,
construction, etc.) None noted, watershed primarily

forest

DOWNSTREAM CHANNEL

Restraints on dam operation Road bridge with arch opening . . .

100 ft. downstream of dam

might cause significant back-
flooding. Downstream channel

very narrow
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Todd Lake Dam 1 June 1978

Bradford, New Hampshire NH 00288 S S

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

OPERATION AND MAINTENANCE
FEATURES

Reservoir regulation plan

Normal procedures Flashboards inserted by
Memorial Day and removed by
end of September

Emergency procedures Removal of 2-12 inch flash- S S
boards provides little emer-

gency relief. No warning
system in effect, but probably
not required.

A S
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APPENDIX B

Page

Figure 1 Site Plan B-2 . •

Figure 2 Plan of Dam and Old Mill B-3 --

Figure 3 Elevation of Dam B-4

- 0
List of pertinent records not

included and their location B-5

Letter from NED to the Lake
Todd Association concerning 0
the availability of federal

funds to install a gate at the

dam B-6
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The NHWRB maintains the majority of information regarding the Todd
Lake Dam. Included in these records are:

* (a) Letter dated 8 June 1976 from Donald A. Gorman to the NHWRB
concerning the findings of the Board's April 1976 inspection.

(b) Site evaluation report by the NHWRB dated 28 April 1976.

(c) Report of 28 April 1976 inspection by the NHWRB. >.

(d) Letter dated 27 January 1976 from the NHIWRB to the Lake Todd *
concerning repairs recommended after the May 1971 inspection
by the NHWRB.

(e) Site evaluation report by the NHWRB dated 19 August 1975.

- (f) Memorandum dated 13 August 1975 concerning flooding in the
West Branch of the Warner River and prepared by the NHWRB.

(g) Report of 17 May 1971 inspection by the NHWRB.

(h) A 1951 analysis of the discharges from Todd Lake prepared
by the NHWRB.

* S

(i) A 1944 request to the New Hampshire Water Control Coin-
..* mision (NHWCC) by Carl F. Milner to repair the dam at Todd
" Lake.

(j) A NHWCC data card dated 5 September 1939.

(k) A sketch of the dam dated 10 July 1939 by the NHWRB.

(1) A 1939 NHWCC report entitled "Data on Reservoirs and Dams
in New Hampshire.

(m A 1938 NHWCC report entitled "Data on Power Development
in New Hampshire."

(n) A 1938 NHWCC report entitled "Data on Dams in New Hampshire."

(o) A 1934 NHWRB report entitled "Inventory of Dams and Water - -.

Power Developments. "

(p) An undated Public Service Commission of New Hampshire
"Dam Record. "

The Board has offices in the State Capital and can be reached at
(603) 271-3406 or through (603) 271-1110.
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DEPARTMENT OF THE ARMY '4 7l.,S
NEW ENGLAND ClVtSION COPS OF ENGINEERS

42A TRAPELO ROAD

WALT HAPA MASSACHUSETTS 02154- --

REPLY T:

ATTENTION Or

:=)?i-P20 May 1977

!I. Dlonald A. German, President

!Ake Todd Association
Aox 168
Bradford, N.H. 03221

Dear M4r. Carman:

*This -rfll inform you of ou.-r f~r~dinqs reqiltinq from reconnaissance
scon.e invetigations of tVe Lale To',.d Dam in Iradford, Newa Ilarnshire.
1z resvonse to Con~rresszan Janes C. Cle',aland's letter of 4 January
1977, on your behaf, meles of ry staff met rith you on 7 xpril 197
to digcuaas and irosnect the subioct !'roblem Prea. The wn,"r-e of the'
,-?tinc -7ps to 4t-rnlne If Te-lral f'iA4-t c-ild Ne 'fme ~r

installation of a sluice gate at tbhe Lake Toed N~m.

Lake Todd is an artificially created like, located in the towns of
Bradfo rd an~d !NewJh'!y, New Famohire, about 25 miles west of Concnrd.
The dinning of a water co*!rse -which was pert of the Wqrn-!r Piver
system vithin the Nerrim.ack watershed, created Lake Todd miore than 100
years a-o. The wAter level in Lake Todd is iaiintained by undrround
s9'rin"s and the r,"noff collected by small streams in the surrounditag
hills. Ronte 103, a former railroad crossing, divides the lake into
t,,o sections. Premervation and devel.orymert around thie immediate i"end

,~ I ~rea is 'rmrided through the eforts of the take Todd Association.
Yeprs avo, a mill was located on the left absitment of the damn and, by,
means of a penstock, obtained %rnter to onerate the --Ill machinery.
The mill has been closed down fr.r a long tire and was just recently
boupht and is being converted into a residence by the new owner. The
old wooden pe".tock is in en advanced state of decay and its intake has
been boarded up by the Lake Todd Asswciationu.

* Presently, the rrinnry uase of the damn is to maintain a qufficiently
hi~h *sater level in lake Todd fo r recreational use (4'!ring the sum.'?er 0
months. This rsuainis achieved byv the inse-rtion of a "Inahbo-Ard
along the crest of the dam near each abutment at the be!:inning of the
Summer.
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XEDPL-P 20 May 1977
Mr. Dona.d A. Garman, President

In August 1975, the New Hampshire Water Resources Board, in accordance
with state statutes, made an Inspection of the Lake Todd Dam and found
it deficient in several areas. The principal problems involved the
penstock and its intake structure which the association had boarded up.
The boarded up intake structure was leaking noticeably and could not be
operated to regulate flow through the dam. The association was informed.
in January 1976, that corrective action should be taken to remedy the
problem so as to increase flow capacity during times of flooding in order
to insure the stability of the dam.

In conversation with the New Hampshire Water Resources Board. we were *
informed that installation of a moveable sluice gate was not the only
solution to correct the problem and thus bring the dam in line with state
statutes. The use of an operational stoplog gate in place of the
boarded up penstock intake, or the lowering of the crest of the dam in
conjunction with the installation of a new flashboard structure on top
of the dam and permanent closure of the penstock intake, would also be
acceptable to the state.

For the most part, there is no flooding problem upstream of the Lake ..
Todd Dam. Some limited flooding does occur to low-lying land adjacent
to the shores of the lake, but it is of short duration and causes very
minor economic damage. Under authority contained in Section 205 of the
1048 Flood Contral Act, as a-ended, the Corpq is able to perticipate In
the construction of flood control projects if flood prevention benefits
exceed project costs. Inasmuch as only minor economic losses are incurred
during times of flooding, Federal participation to install a sluice gate *
at the Lake Todd Dam is not feasible or economically justified.

A copy of this letter is being forwarded to the New Hampshire Water
Resources Board for their information.

Sincerely yours,

JOHN P. CHANDLER
Colonel, Corps of Engineers

Division Engineer
CF:

V/Mr. George McGee, Sr., Chairman
N.H. Water Resources Board *
37 Pleasant Street
Concord, N.H. 03301
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1.View of right abutment and rigrht side ofc
spillway from downstream (8 July 78)
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2. View of ([isp laced rock and bilge, a t to~±o do
beneath cOnter of Fpla Ho:i lef-t abutner-
(3 Jrib 73',
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3. View of outlet structure from right abutment
(1 June 78)
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4. Detail of spalling and efflourosccnce on
concrete forming left abutment (I June 78)
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S. View of collapsed right training wall
from left abutment (8 July 78)
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6. View of penstock From right abutment
(I June 78)
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS

FOR

TODD LAKE DAM
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APPENDIX E

INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DAMS
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