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Elonorable Hugh J. Gallen

Governor of the State of New Hampshire
State H ouseS..-
Concord, New Hamoshire 03301

Dear C11vernor Callen:

I am forwarding to you a copy of the Upper Croveton Damn Pnase I
Inspection Report, which was prepared under the N'ational. Program for
lnspecri:rn of Non-?ederal Dams. This report is prescn~ed for your use

* - and is based upon a visual inspection, a review of the past performance
and a b!,rief hydrological study of the damn. A brief assessment is in-
cluded at the beginning of the report. I have Approved the report arnd
support the findings and recommendations described in Section 7 and ask
that you keep me iniformed 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, M'r. MIichael LeDuc ,

Plant 7ngineer, Groveton Paper Company, Groveton, .ew Hampshire 0351,2.

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

I wish to take this opportunity to thank you and the Water Resources
Boarl for your cooperation in carrying out this program.

Sincerely yours, A

Incl 'J HN P. CHAN;DLER
As stated CoG'lonel, Corps a' KnL, neers

D' * Dvi sion- En-yineer

0~~ W V W W

.2_ _ _ __ _ _ _
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

Identification No: NH00148
Name of Dam: Upper Groveton Dam

*Town: Northumberland
County and State: Coos, New Hampshire * -
Stream: Upper Ammonoosuc River
Date of Inspection: November 16, 1978

BRIEF ASSESSMENT

The Upper Groveton Dam is a run-of-the-river, timber crib stone
fill dam with concrete abutments and flood gates. The length of the
dam is 120 feet and it is 21 feet high. Flood gates and a former
power house form the left abutment. The dam is currently used to
provide process water to the Groveton Papers Company. Under normal

_ f conditions the dam impounds approximately 200 acre-feet and has a

drainage area of 243 square miles.

• oThe dam is classified as small and has a low hazard potential in
the event of a dam failure. Based on size and hazard classifications, ._.____
a 100-year flood of 13,100 CFS was used as the test flood. Because t
of the limited storage capacity, the test flood outflow is equal to
the test flood inflow. The total spillway capacity, including the
gates, is 14,150 CFS which is 108 percent of the test flood.

'. .~ The dam was found to be in good overall condition based on the -

=- limited visual inspection. The following significant findings were 
determined during the investigation:

1. There are some indications of a flow of water downstream and
'beneath the right abutment.

2. Recent repairs reported by the Groveton Papers Company indi-cate that there may be some problems with the upstream dam

face and foundation material.

" Although the dam appears to be in good condition, the following
actions are recommended to be instituted under the guidance of a

qualified engineer within two years of the receipt of this report: I

1. Inspect the upstream face of the dam and foundation with the
reservoir dewatered.

2. Establish a procedure for the operation of the flood gates
I. in the event of a major storm. .
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3. Institute a program of biennial periodic technical in-
spect ions.
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SThis ?hase I Inspection Report o-z Upper Groveton Dam
has beeni reviewed by the undersigned Review Board m~embers. In our
opinion terotdfindings, conclusions, and recormmenda tions are
consistent vith the Reco~nended Guidelines "or Safety inspection of
Dans, and with good engineering Judgment and practice, and is hereb-y
submitted for approval.

U an-ineerizg Division

* jCS7?E A. -CLROY, ).4=

* -Fo~z~aion& Materials Branch
rEngneer ing Division

-~ ~ CANYM.± 'rA-2, CHAIRItkN
Chief, Structural Section
Deslzn Branch
Engineering Division

A.F?ROVAL RECO=NDED:

Z F, /5.A
C'h ie f, LgF,5ering Division



PREFACE

This report is prepared under guidance contained in the Recom-

mended Guidelines for Safety Inspection of Dams, for Phase I Inves-

tigations. Copies of these guidelines may be obtained from the
Office of Chief of Engineers, Washi'ngton, D.C. 20314. The purpose
of a Phase I Investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The assessment _ "

of the general condition of the dam is based upon available data
and visual inspections. Detailed investigation, and analyses in-
volving topographic mapping, subsurface investigations, testing and
detailed computational evaluations are beyond the scope of a Phase I
Investigation; however, the investigation is intended to identify any
need for such studies.

In reviewing this report, it should be realized that the reported

condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of 0 e
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 inspection can there be any chance that unsafe conditions be
detected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established
Guidelines, the Spillway Test Flood is based on the estimated "Probable
Maximum Flood" for the region (greatest reasonably possible storm
runoff), or fractions thereof. Because of the magnitude and rarity
of such a storm event, a finding that a spillway will not pass the

test flood should not be interpreted as necessarily posing a highly
inadequate condition. The test flood provides a measure of relative " "  ""

spillway capacity and serves as an aid in determining the need for
more detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage potential.

............................... ..........-.-.--,"-".--.-. - - .. . ............. ...................
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through the gates would pass through the power house
and discharge into the tailrace channel. The discharge

openings are, at the present time, covered with break-

away partitions to control the temperature inside the

building (see Photo 5). An additional flood gate is
located in the intake channel wall which would divert

water from the intake channel directly to the downstream
side of the dam (see Photo 3).

* 0

The structural concrete of the power house and intake
channel is in fair condition. There are some large

spalled areas, especially on the downstream wall (see
Photo 5) and leakage is occurring at several locations

(see Photo 3). The leakage and efflorescence appears

to be associated with the original construction 0 Ak-
jointing.

(2) Gate Works

The gate works consist of five gates with concrete
training walls. Four of tbe gates are flood or waste W
gates and the fifth 'as a concrete sluiceway which was

used to jam logs to the lower river (see Photo 4).

The four waste gates are seven feet wide and are

equipped with electrical lifting devices. The fifth
gate is only five feet wide and is operated by block

and tackle.

The gate works are in good overall condition. Spalling

concrete has been patched and the entire service plat-
form has received a new concrete cap. All of the equip- "-

ment, hand rails, steps, ladders, etc., are in sound - S

structural condition and have recently been painted.

(3) Intake Structure (right side)

The intake structure located at the right abutment is

a reinforced concrete and wood chamber with a bar S _•

screen. A 30-inch steel penstock carries the intake

water to the processing area of the plant (see Photo 6).

d. Reservoir Area

The right bank of the reservoir area is p-esently occupied _

by a railroad and storage yard. This is the area where the

washout occurred in 1953 and as a result, the embankment is

now protected by a sheet pile coffer dam.

3-2
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SECTION 3-VISUAL INSPECTIONj

3.1 Findings

a. General

The on-site inspection of the Upper Groveton Dam was per-
formed on November 16, 1978. Water wa', flowing over the , 0
dam during the inspection, preventing visual observation
of a good portion of the timber crib spillway structure.
No emergency conditions were observed on the day of the
inspection.

b. Dam -0

The timber crib dam structure was found to be in good con-
dition, based on a limited visual inspection. All sections
of the dam were intact and the vertical and horizontal
alignments were good. The nonfailing flashboards were in
place and there was no bulging or settlement observed (see 4 *
Photos 1 and 2).

Water was flowing over all portions of the dam during the
inspection. This prevented a more detailed inspection of
the structure. As mentioned in Section 1.2, some repair
work was recently performed on the dam. The nature of these 0
repairs indicates that problem areas may exist in the upstream
crib structure and the foundation material. Based on this
information, a more -.-depth inspection of the dam appears
justified.

Turbulence of the water was observed immediately downstream 0 .
of the dam next to the right abutment. It could not be
ascertained whether it was the result of seepage through
the foundation or abutment soils or of the flow of water
over the spillway.

c. Appurtenant Structures 0

(1) Existing Power House (left abutment)

The structural portions, building and foundation, of
the old power house are still intact. The power - -

generation equipment has been removed and the building
is presently being used as a maintenance shop. The
intake channel and head gate facilities are reported -,

to be in good operational condition with electrical
lifting mechanisms on all three gates. Under normal opera- '
ting conditions the gates are closed. Any water passing

3-1
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b. Adequacy

The lack of in-depth engineering data does not allow for a
definitive review. Therefore, the adequacy of the dam,
structurally and hydraulically, cannot be assessed from the "
standpoint of review of design calculations, but must be
based primarily on the visual inspection, past performance
history and sound hydrologic and hydraulic engineering
judgment. .

c. Validity

Not applicable.

.O IL

2-2
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SECTION 2 - ENGINEERING DATA

2.1 Design

A timber or log crib dam is made of wood members bolted into
cribs and filled with rock. This type of dam usually leaks
considerably and its resistance against sliding is reduced by

buoyant forces which decrease the effective weight of the dam. . O
A relatively long sloping approach apron is also utilized to
increase the resistance to sliding and reduce leakage. The . ."-

life span of a timber crib dam varies between 10 and 40 years

depending upon climatic conditions, amount of maintenance per-
formed and type of timber used. Cedar, redwood and cypress are
the most durable timbers. Al-

The Upper Groveton Dam has been modified, rebuilt and repaired
several times since its original construction in the early
1900s. The present configuration bears little resemblance to
the dam shown in sketches and photographs in 1936. All past

design data which may have existed has either been destroyed
or cannot be located by the Groveton Papers Company.

2.2 Construction

The present dam is a timber crib and stone spillway with con-
crete abutments and gate works. Those portions of the spill- 1_ S
way which were visible are covered with wood plank. The

foundation crib work is reinforced with steel railroad rails
which also provide protection to the lower apron from ice and
logs flowing over the spillway. The plans found in Appendix B
were drawn, based on visual observations and descriptions in

the records and approximate the existing physical construction P 6

of the dam.

2.3 Operation

The flow of water to the plant is controlled at the plant. There-

fore, there is no physical operation at the dam during normal -
flow conditions. Flood gates are operated on an as-needed basis
to suit higher flow conditions.

2.4 Evaluation

a. Availability •

The design and construction records for this dam are not
available.

2-1
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j. Regulating Outlets

In addition to the 30-inch penstock, there are a total of nine .
gates which may be used to regulate the flow at the dam.
There are five waste gates located adjacent to the spillway.
Four of these gates are 7' x 17' with an invert of 81.8. The
fifth gate is a smaller 5' x 9.5' with an invert of 89.3. It

is believed that the smaller gate was used to jam logs to the
lower river. The four large gates are equipped with electric d

operating mechanisms while the smaller gate is lifted by

block and tackle.

The sixth waste gate is located in the intake channel wall
just upstream of the power house. The gate is 9' x 9' with

an invert of 84+. This gate is also equipped with an electric

operator.

The old power house includes three head gates. The power house

was not completely accessible during the inspection and the
dimensions and inverts of these gates could not be obtained.

* These gates were also equipped with electric lifting mechanisms-•

and are reported to be operational.

.0

1-8
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(5) Side Slopes

Not applicable.

(6) Zoning

None known.

(7) Impervious Core

Not applicable.

(8) Cutoff

Not applicable. -

(9) Grout Curtain

Not applicable.

h. Diversion and Regulating Tunnel

Not applicable.

i. Spillway

(1) Type 9 .

Timber crib with 2.5-foot flashboards.

(2) Length

120 feet.

(3) Crest Elevation

Top of flashboards - 93.5
Permanent spillway - 91.0

(4) Gates

Six waste gates - varying sizes. Three head gates at
power house.

(5) Upstream Channel 0 0

Upper Ammonoosuc River.

(6) Downstream Channel

Upper Ammonoosuc River.

1-7



Maximum Tailwater Variable
Upstream Portal Invert Not Applicable
Recreation Pool 93.5 .
Full Flood Control Pool 99.4
Spillway Crest (Top of Flashboards) 93.5
Design Surcharge 99.4
Top of Dam 99.4
Test Flood Surcharge 98.5

d. Reservoir Feet*

Length of Maximum Pool 4200
Length of Recreation Pool 3200
Length of Flood Control Pool 4200

e. Storage Acre-Feet*

Recreation Pool 66
Flood Control Pool 216
Test Flood Pool 216 . -

* Spillway Crest Pool 66 "I O

f. Reservoir Surface Acres*

Top of Dam 24
Test Flood Pool 24
Flood Control Pool 24 S
Recreation Pool 16
Spillway Crest 16 . -

g. Dam

(1) TypeS

Timber crib and stone with concrete abutments, run-of-
the river dam.

(2) Length
41

325 feet overall.
120 feet spillway.

(3) Height

II 21 feet. -. --- *

(4) Top Width

Not applicable (flashboards).

* *Estimated, based on USGS topographic maps and visual observations. .

1-6
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steel penstock carries river water to the plant proces-
sing area. The maximum capacity of the penstock is
estimated at approximately 20 CFS. The penstock is not
equipped with a gated control mechanism and any flow
which is not required for process water is bypassed to
the river at the filter plant.

(2) Maximum Known Flood at Dam Site

The maximum recorded flood flow at the Upper Ammonoosuc
gauging station, located approximately 3 miles upstream
of Groveton, occurred on May 20, 1969. This flood flow .f.o
of 24,100 CFS was the result of a failure of the Nash
Bog Pond dam located on Nash Stream, a tributary to the
Upper Ammonoosuc River. This flow is equivalent to a 14 _i
gauge height of 12.01 feet. The maximum known storm
related flow occurred in March 1936, but was not recorded
on the Upper Ammonoosuc because the gauge was not in- -

stalled until 1940. Based on water marks from that storm -

compared to the existing gauge, the March 1936 flow was
approximately 12,000 CFS. This storm is believed to have _
caused extensive damage to the Upper Groveton Dam, re-
quiring the repairs referenced in the August 1936 State
inspection. Another major storm occurred on March 27,
1953 with an estimated storm flow of 9,950 CFS causing a
major breach around the right abutment. The breach ___....

caused a shut-down of the Groveton Papers Company and 0
extensive repairs including a steel sheet pile coffer " ".
dam along the right embankment.

(3) Spillway Capacity

The spillway has 2.5 feet high flashboards which are
apparently not designed to fail in case of flood. The
spillway has a capacity of approximately 3950 CFS with
the flashboards in place. If all six flood gates are XAK
open, an additional 8590 CFS will be added for a total
capacity of 12,540 CFS. Since the operation of the dam
is essential to the Groveton Papers Company, it was O .
reported that these gates will be operated in the event
of major storm flow. Additional capacity can also be
obtained by opening the old power house head gates and . -

allowing water to flow through the old power house.
Since the internal constrictions of the old power house -

were not determined, the flow capacity could not be
determined.

c. Elevations

(Based on an assumed bench mark of 100.0 on the power house
, intake channel retaining wall -see plan for exact location.)

Streambed at Centerline of Dam 77.0(estimated) '."-"o

Sr - -1 . • • •
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The last inspection took place on October 27, 1972. During
that inspection the condition of the concrete abutments and
training walls was rated as fair to poor because of excessive .
spalling. As a result of this inspection, remedial action
was taken in 1975. The spalling concrete was repaired and a
new concr-te surface was placed on the service platform.

In the summer of 1978 an underwater inspection of the dam
revealed some minor deterioration of the upstream face and
a significant cavity under the timber crib foundation. A
reinforcing fiber cloth was applied to the upstream face of
the dam and the cavity was filled with approximately 18 cubic . -

yards of concrete.

i. Normal Operating Procedures .6 m

Under normal operating conditions all gates are closed and
the water level is controlled by the spillway (with flash-
boards) and the water flowing to the Groveton Papers plant. -
The dam and gate works are under 24-hour surveillance by the -

* plant's maintenance and security forces. In the event of
high river flows, the appropriate personnel are contacted to
operate the gates.

The flow of water through the penstock does not have a gated
control mechanism. The penstock water flows to a filter i. - -

plant before becoming process water. Water which is not
required for processing is bypassed to the river at the filter
plant.

1.3 Pertinent Data

a. Drainage Area "

The drainage area above the Upper Groveton Dam contains approx- -
imately 243 square miles of rolling hills and mountainous . . "
terrain. Approximately 50 percent of the basin, south of the
Upper Ammonoosuc River is within the White Mountain National - ,
Forest. The Upper Ammonoosuc River has a length of approxi- A Ap
mately 32 miles with an average slope of 87 feet per mile.
Elevations vary from 1000 feet along the river to 4000 feet
at the ridge of the Pilot Mountain range in the White Moun-
tain National Forest. The soils are predominantly glacial
till overlying bedrock and hardpan within 3 feet of the sur-

* face. S S

b. Discharge at Dam Site

(1) Outlet Works

Outlet works, consisting of a trash screen and intake -

box are located at the right abutment. A 30" diameter "

1-4
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The dam was used previously for power generation. The power
house, intake facilities and discharge channel, located at
the left embankment, are intact. All mechanical power gene-
ration equipment has been removed and the power house is
presently being used as a maintenance shop. The electrically
operated head gates are reported to be in good operating
condition.

* h. Design and Construction History ..

Very little information is available on the original con-
sttvction of the dam and power house. Design drawings and
operating records have been either destroyed or could not i.'.-..
be located by the Groveton Papers Company.! . -E

The original dam was constructed in the early 1900s. Several -
inspections, on file with the New Hampshire Water Resources
Board, indicate that the dam has been partially or completely
reconstructed several times since the original construction
and it is not known if any of the existing dam dates back to -

p the original. 6

The present dam is a timber crib and stone dam with concrete
abutments. The timber cribbing is completely covered with
planking and appears to be in good condition. The base of
the dam is reinforced with steel rails which protect the
lower apron section from damage due to ice flowing over the . 6
dam.

An inspection of the dam performed on August 10, 1936, noted
that the dam was in poor condition and being repaired. Also
two additional waste gates were being constructed. The photos
and sketches accompanying that inspection report show that O "
the original dam included three waste gates and a log sluice-
way with log crib training walls. These log crib structures
have since been replaced with concrete training walls and a
concrete service platform.

The next correspondence on file with the New Hampshire Water 0- 6
Resources Board is a newspaper article and several pictures
concerning a washout of the dam which took place in late -
March 1953. The information indicates that the washout
occurred around the right abutment, in the area presently
occupied by the railroad and storage yards. Repairs to the

Pdam included the installation of sheet piling along the
right upstream bank which can be seen in Photos 2 and 7.
The article also indicates that some damage was sustained
by the dam itself although details of the damage were not -. -
given. A photo of the dam does not show any major structural
damage other than the washout around the right embankment.

1-3
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embankment includes an intake and screen chamber for a 30-
inch diameter penstock which supplies process water to the
Groveton Paper Mill. Under normal conditions, all gates
are closed and the water level is controlled by the spillway.

c. Size Classification

The Upper Groveton Dam has a maximum height of 21 feet and
an estimated maximum storage volume of 380 acre-feet. The d

USCE Guidelines place dams with maximum heights between 25 ....
and 40 feet and maximum storage between 50 and 1000 acre-
feet in the small category. Therefore the size category
of the Upper Groveton Dam is small.

d. Hazard Classification

A failure of the Upper Groveton Dam would release a flood
wave into the lower river channel. The river channel below
the dam is wide and well defined. If the dam were to fail,
the lower channel has adequate capacity to handle the flood

* wave without overbank flow. Therefore the hazard category
is low.

e. Ownership

The present owner of the Upper Groveton Dam is:

Groveton Papers Company
Groveton, New Hampshire 03582

f. Operator

The operation and maintenance of the dam is under the super-
vision of:

Mr. Michael LeDuc, Plant Engineer
Groveton Papers Company
Groveton, New Hampshire 03582

Telephone: 603-636-1154

g. Purpose

The present purpose of the Upper Groveton Dam is to provide
process water to the Groveton Papers Company. The Upper _

Dam is one of two dams intended to impound and divert water
to the plant's processing facilities. Water is conveyed to
the plant via a 30-inch diameter penstock which begins at
the intake chamber located at the right abutment.

• _ . - 7
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

NAME OF DAM: UPPER GROVETON

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
* iNational Program of Dam Inspection throughout the United

I 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. Dufresne-
Henry Engineering Corporation has been retained by the New
England Division to inspect and report on selected dams inr the State of New Hampshire. Authorization and notice to
proceed were issued to Dufresne-Henry Engineering Corporation
under a letter of November 20, 1978 from Max B. Scheider,

- Colonel, Corps of Engineers. Contract No. DACW33-79-C-0010
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 the
public safety and thus permit correction in a timely
manner by nonfederal interests.

(2) Encourage and prepare the states to initiate quickly
effective dam safety programs for nonfederal dams.

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

6 1.2 Description of Project

a. Location

The Upper Groveton Dam is located in northern New Hampshire
in the Town of Groveton, Coos County. The dam is on the

" Upper Ammonoosuc River, approximately 1.5 miles upstream
from its confluence with the Connecticut River.

b. Description of Dam and Appurtenances

" .Upper Groveton Dam consists of a 120-foot long timber crib,
stone and concrete spillway. A power house, intake channel

i and gate works are located on the left embankment. The right

0 0 0 .. 0 0 __I0 S S S i
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The only other significant feature of the reservoir area
is a floating log boom located approximately 200 feet
upstream of the dam. The log boom intercepts floating
debris, preventing it from damaging or plugging the dam
and gate works.

e. Downstream Channel

The channel below the dam is the natural river channel of
the Upper Ammonoosuc River. The Groveton Papers Company is
located along the right bank which has been filled and rip-
rapped to reduce erosion and possible damage to the Paper
Company buildings (see Phocos 9 and 10). The left bank is
a well vegetated natural river bank which shows no sign of
recent erosion.

A cable suspension pedestrian bridge is located approximately
150 feet downstream of the dam. The right concrete pier
and cable tower are within the river channel and have been
subject to'erosion. At present, the concrete pier appears
to be resting on top of the stream bed, without any hori-
zontal support. The pier may be subject to horizontal dis-
placement during high river flow.

3.2 Evaluation

The Upper Groveton Dam appears to be in good condition based on
a superficial visual inspection. Water flowing over the dam
prevented a detailed inspection of the structural crib work.
The repairs performed on the dam during the summer has resulted
in some question as to the actual condition of the upstream face
of the dam and the foundation material. A possible seep may
exist at the right abutment as evidenced from some turbulence
of the tailwater. These questionable features of the dam should
be verified by a complete inspection during low flow conditions.

* 3
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SECTION 4- OPERATIONAL PROCEDURES

4.1 Procedures

The 30-inch penstock carries water to a filter plant before
entering the main plant. Water that is not required for process
water is returned to the river at the filter plant. There is no
means of controlling the flow of water through the penstock with -

the exception of lowering the reservoir level.

The dam and gate works receive 24-hour surveillance by maintenance -
and security forces. In the event of rising river flows, appro-
priate personnel are notified to operate the gates. -

4.2 Maintenance of Dam

The Groveton Papers Company has recently instituted a semiannual
inspection of the timber crib dam. An inspection uncovered
several deficiencies which were repaired in the summer of 1978.

The concrete abutments, service platform railings, etc., are
maintained on a regular basis, with periodic painting and repairs
to spalling concrete.

4.3 Maintenance of Operating Facilities

The electrical gate lifting mechanisms are maintained on a regular
basis which includes test running of electric drives and lubrica-

tion of gears.

4.4 Description of Warning System .4-.

None exists for this dam.

4.5 Evaluation

The operation and maintenance of the Upper Groveton Dam is adequate -

to maintain a safe and workable facility. .

'O S
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General

The Upper Groveton Dam is a run-of-the-river type dam, -

designed as a spillway for its entire length. Originally _A4

the dual purpose structure was used for both power genera- -.
tion and water supply, but the power house has been inactive -;--'.".

for some time.

b. Design Data

No design data for the dam were available.

c. Experience Data

The maximum known flood on the Upper Ammonoosuc River occur-
red in March of 1969 and was caused by the failure of the
Nash Bog Dam, resulting in a 24,100 CFS flow at the Groveton
gauge. No record data could be found for any damage to the

Upper Groveton Dam.

Reports of extensive damage were found for flood flows occur-
ring in March 1936 (12,000 CFS, estimated) and March 1953
(9,950 CFS, recorded at the gauge). Since the operational con-
figuration of the dam and flood gates during these events is
not known, a hydraulic evaluation could not be made.

d. Visual Observation

The dam and appurtenant facilities appear to be in good con-

dition. A total of six flood gates appear to be in excellent

working condition. In addition, the power house head gates
could be opened to increase the total flood flow capacity.

e. Test Flood Analysis

The dam is classified to be small size with a low hazard
classification. Since the hazard classification is low, a
test flood of 100-year exceedance interval has been selected
as a criterion for this study. _

Record flow data was analyzed for USGS gauge 01130000, located
approximately 2.8 miles upstream of the Upper Groveton Dam.
The flow data was processed by computer in accordance with
the "United States Water Resources Council Guidelines"
(Bulletin 17). The results of the gauge analysis were ad-

justed to suit conditions at the dam by the ratio of their
drainage areas to the three quarters power. This resulted

5-1
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in a 100-year test flood flow of 13,100 CFS. Because of "

the limited storage, the test flood outflow was assumed -

equal to the test flood inflow.

Since the integrity of the dam is essential to the operation
of the Groveton Papers Company, it was reported that the -

flood gates will be operated effectively during a major
flood. Therefore, the capacity of the gates is included in
the total capacity of the dam, with flashboards in place, a .
of 12,040 CFS (at elevation 98). Overbank flow will not
result until the water elevation exceeds the top of the sheet -

pile coffer dam at elevation 99.4. The estimated capacity -

at this elevation is 14,150 CFS, or 1,050 CFS more than the -

100-year test flood. The test flood would result in a flow -- -

elevation of 98.5. The total spillway capacity represents S .1
108 percent of the test flood.

Additional capacity is available by opening the power house
head gates and passing flow through the old structure. Since
the internal constrictions are not known, the hydraulic .

0 capacity was not calculated. U I

f. Dam Failure Analysis

Since the Upper Groveton Dam is a run-of-the-river dam, the "
storage is relatively small. During high flow conditions
the dam would be partially backwatered by the high river I
flow and any failure during these conditions would produce a
relatively small flood wave. The remaining storage in the
downstream channel would be adequate to contain the flood
wave without overbank flow.

* Using the procedures outlined in the Guidelines, the estimated I
maximum dam failure flow is 16,200 CFS assuming a maximum
reservoir level and no downstream backwater. This flow would -

quickly dissipate due to the downstream channel size and
limited upstream storage.

- "- "

5-2

L:

* S S 6 0 0 0 0 0 0 0 0 0



6.1 Evaluation of Structural Stability

a. Visual Observations

Based on a visual inspection alone, one cannot evaluate the
structural stability of'this dam. However, there are no
signs of stability problems and the dam appears to be in
good condition.

b. Design and Construction Data

*There are no design and construction data available for A
this dam.

c. Operating Records

There are no formal operating records available for this
r ~dam. Data on file with the New Hampshire Water Resources . 0

Board from past inspections indicates that the dam sustained
extensive damage as a result of floods in March 1936 and

*March 1953. No information as to the type or extent of the
damage was available.

-d. Post-Construction Changes

The original dam was constructed in the early 1900s. Several
inspections and record data on file with the New Hampshire -

Water Resources Board indicate that the dam has been partially -

or completely reconstructed several times since the original
construction and it is not known if any of the existing dam 6
dates back to the original.

The first reconstruction was referenced in an inspection O

report dated August 10, 1936. It is assumed that the damage
and repairs were a result of the severe storm flow of March
1936. During this reconstruction new flood gates were
added and log sluice structures were replaced with concrete..

The next correspondence on file with the New Hampshire Water..-
Resources Board is a newspaper article and several pictures
concerning a washout of the dam which took place in late
March 1953. The information indicates that the washout
occurred around the right abutment, in the area presently
occupied by the railroad and storage yards. Repairs to the
dam included the installation of sheet piling along the
right upstream bank which can be seen in Photos 2 and 7.---

The article also indicates that some damage was sustained * "

6-1g-
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by the dam itself, although details of the damage were not
given. A photo of the dam does not show any major struc-
tural damage other than the washout around the right embank- --
ment.

e. Seismic Stability

The dam is in seismic zone 2 and in accordance with recom-
mended Phase I Guidelines, does not warrant seismic analysis. | .

7 ..

9 .
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS/
REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition

K[ Based on the records and the visual inspection performed on .
November 16, 1978, this dam appears to be in good condition.
The repairs performed during the summer of 1978 indicate
that some problems may exist which could not be observed
during the inspection because of the water flowing over the
dam. A final evaluation of the dam cannot be made until

i additional information is obtained and an inspection is per- .
formed of the upstream portions of the dam and of the down-
stkeam toe.

b. Adequacy of Information

I The lack of in-depth engineering data does not allow for a 0 O
definitive review. Therefore, the evaluation of this dam,
structurally and hydraulically, cannot be assessed from the -
standpoint of review of design calculations, but must be
based primarily on the visual inspection, past performance
history and sound hydrologic and hydraulic engineering
judgment. 4

C. Urgency

The recommendations listed in 7.2 and 7.3 should be carried -

out within two years of the receipt of this report.
-40 .0

d. Need for Additional Investigation

The additional investigations described in Section 7.2 should
be carried out.

7.2 Recommendations .

As mentioned above, the dam appears to be in good condition and
does not require any remedial action at this time. However, the
following items should be addressed within two years of the receipt
of this report:

1. Perform a thorough inspection by a qualified professional
engineer, of the dam under low flow conditions with the
reservoir dewatered, noting: the condition of the crib wall,
condition of the foundation soils at the downstream toe for
possible erosion or piping, and seepage through the foundation .

soils particularly next to the right abutment.

7-1
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7.3 Remedial Measures -

1. Repair spalled.concrete on the power house foundation.

2. Develop an exact regulation scheme for operating the waste
gates during major storm events.

3. Institute a program of biennial periodic technical inspections.

7.4 Alternatives

None.

7-2
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VISUAL INSPECTION CHECK LIST
PARTY ORGANIZATION

PROJECT UPPER GROVETON DAM DATE November 16, 1978

TIME 7:50 - 10:05 AM

WEATHER Partly cloudy, cool

I1W.S. ELEV. U.S. DN.S.

PARTY:_ _ _ _ _ _ _K k
1. Jim Maynes D-H 6.

2. Jim Dohrman D-H 7._________________

3. Sherward Farnsworth D-H 8.

4. Gonzalo Castro GEI' 9.________________

5. Ken Stern, New Hampshire 10.I -

L Water Resources Board

KPROJECT FEATURE INSPECTED BY REMARKS

2.

30.

4. ~19P

10.1



PERIODIC INSPECTION CHECK LIST

PROJECT UPPER GROVETON DAM DATE November 16, 1978

PROJECT FEATURE NAME____________

DISCIPLINE NAME______._.-_.

AREA EVALUATED CONDITION

DAM EM BANKMENT - LOG CRIB *Water flowing over entire dam. .

Crest Elevation Permanent spillway 877.2 (USCS)

Current Pool Elevation Same.

Maximum Impoundment to Date 380 acre-feet (estimated)I ,O 4

Surface Cracks Not observed (water covered).

Pavement Condition None. I.
Movement or Settlement of Crest None observed (under water).

Lateral Movement None observed.

Vertical Alignment Good* 7

Horizontal Alignment Good* I
Condition at Abutment and at Concrete

Structures Fair*

Indications of Movement of Structural 5
Items on Slopes N/A

Trespassing on Slopes N/A (Spillway)

Sloughing or Erosion of Slopes or . .
Abutments N/A

Rock Slope Protectio.- Riprap '

Failures N/A

Unusual Movement or Cracking at or
near Toes /A

Unusual Embankment or Downstream one observed through dam; some indication& .

Seepage of seepage at right embankment. I
Piping or Boils one observable.

Foundation Drainage Features /A

Toe Drains /A I S

Instrumentation System one known.

Vegetation q/A

A-2
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PERIODIC INSPECTION CHECK LIST

PROJECT UPPER GROVETON DAM DATE November 16, 1978

PROJECT FEATURE NAME "--__--"-__'-_-"

DISCIPLINE NAME__ _ _ _ _--_O,_ _

AREA EVALUATED CONDITION

OUTLET WORKS - GATE CONTROL PLATFORM

a. Concrete and Structural

General Condition Good.

Condition of Joints Good.

Spalling Minor - recent concrete cap.

Visible Reinforcing None.

Rusting or Staining of Concrete None.

Any Seepage or Efflorescence None observed. S. •

Joint Alignment Good.

Unusual Seepage or Leaks in Gate

Chamber Minor.

Cracks None.

Rusting or Corrosion of Steel None.

b. Mechanical and Electrical

Air Vents N/A

Float Wells N/A S S

Crane Hoist None.

Elevator None.

Hydraulic System None.

Service Gates Electrical lifting mechanism on all gates. .

Emergency Gates Electrical lifting mechanism on all gates.

Lightning Portection System None known.

Emergency Power System None known.

Wiring and Lighting System in Outside lighting is provided for all S S
Gate Chamber gate mechanisms.

A-3
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PERIODIC INSPECTION CHECK LIST

PROJECT iipi r,,OVFTO"N ThAM DATE Nrnvprnhr 16, 197R

PROJECT FEATURE NAME I

DISCIPLINE NAME _

AREA EVALUATED CONDITION I

OUTLET WORKS - CONDUIT 30" Process water for mill.

General Condition of Concrete Good at intake chamber.

Rust or Staining on Concrete None observed. I
Spalling None. .

Erosion or Cavitation None. -

Cracking None.

Alignment of Monoliths N/A

Alignment of Joints None observed. -
Numbering of Monoliths N/A

Screen chamber (wood) leaking at base.

T-o• • • • • • • .... f• .
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PERIODIC INSPECTION CHECK LIST -

PROJECT TrppER CROVETON pAj DATE November 16, 1978

PROJECT FEATURE NAME_._-"____-___.-_-

DISCIPLINE NAME_.-_.-_______•

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE

AND OUTLET CHANNEL NONE

General Condition of Concrete

Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints S.O
Drain Holes

Channel

Loose Rock or Trees Overhanging

Channel

Condition of Discharge Channel 
.0
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N. H. WATER RESOURCES BOARD , S
Concord, N. H. 03301

DAM SAFETY 11SPECTI0N REPORT FORM

Town: Northumnberland Dam Number: 182.03

Inspected by: Robert B. Chamberlin Date: Oct. 27 A9 22...

Local name of damn or 'water body:

Owner: Groveton Paper Address: Groveton. N.H.

Owner was/was not interviewed during inspection.

Drainage Area: ____________sq. mi. Stream: Upper Ammonoosuc River

Pond Area: __________Acre, Storage -7 Ac-?t. M~ax. Headj' Ft.

Foundation: Type Earth ,Seepage present at toe - Yes/Nlo,_____

--.. spillway: Type Timber crib ,Freeboard over perm. crest: 6_____

Width 120 , lashboard height 3.5,'

Max. Capacity c.f.s.

* Embankment: Tyrpe ,Cover_____ Width-

Upstream slope_____ to 1; Downstream slope to I

*Abutments: Type Concrete ,Condition: Good, Fair, Poor

Cates or Pond Drain: Size 4-7'x full Capacity______ Type________
depth

Lifting apparatus Oerational condition Good

Changes since construction or last inspection: Power house o n left abt:tment

is now a maintenance shop. Exit sluices covered,__in take trash rack on right

abutment indicates'plant using water.

*Downstream development: Dam No. 182.02

This dam 'would/would not be a menace if it failed.

* Suggested reinspection date:____________

Remarks: Concrete on gate abutments eroding to show pipe casinps for-

railing. Railina was just painted.



NEW HAMPSHIRE WATER CONTROL COMMISSION. ..

DATA ON DAMS IN NEW HAMPSHIRE

*(,CATION .- STATE NO .... 1IQ3.......

"own ............. = ! ,. ............... : ConyS

4Basin-Primary ...... O~P tlu.... 0a Ciu Secondary ............. A: oro: ........ S: ...................
ocal Name... .......... . ...... ............. ..... .................

Coordinates Lat. ,........Long..........................

i ERAL DATA ..

Llrainage area: Controlled ............. Sq. Ali.: Uncontrolled.............. Sq. Mi.: Total ... 34 2*... Sq. Mi.

*Overall length of dam ~...ft.: Date of Construction........................ . .............................
Ma. trcur ........... 14

leight: Stream bed to highest elev......aQl:Mx tutr..... a)................................... ft.
Cost-Dam ............................................................Reevi.................................

CRIPTION Crib '1-i.-)- c.nd stone noflcreze

* . ste atesFoundation er-rth

Typer................:Sie.............. t ihx........................................................................ . d

Eler... Ivet..............................:Sz ............ hig ToalAr................................................. sqidet

EH eisto .. n... ert.......................................................;.....................TtlA e............................ s . f...

Waste Gates Conduit
Number.................................. :Materials .........................................................................

Size ................... ft.: Length...................... ft.: Area ................................................... sq. ft.

Embankment

Hegt*a .Type.......................... f. i ............................................................................ t

Topilhth ..a........................................: Mmv.............................................................. ft.

Slopes-Upstream................. on ................ : Downstream ...................... on.......................

Length-Right of Spillway.......................... Left of Spillway .................................................. ...
.,Spillway

Materials of Construction ..... ...................................

Length-Total ........j.:0..............................ft.: Net......................................................... .ft.

SHeight of permanent section-Mlax ...;' ......... ft.: Min. ...St0m L."e.............................f t. P
Flashboards-Type F1:: 1 sentionn 91 r,2'noir:,ble.:Hih . ~ . . . f

* Elevation-Permanent Crest ............. .............. Top of Flashboard...:....................

Flood Capacity ..... e -i.............cfs.............. ............... cfs/sq. mi.

Abutments

Freeboard: a. .........S . ...Y .............. ft.: Min.............................................................. ft. ...

Ileadworks to Power Devel.-(See "Data on Power Development")

OWNER ............... ........ ........ .......................................................................

" EMARKS !.;~nnCe ye!,. Cond'it ion poor b3ing repaircd and. add3it ion" 1./

* 0 0 0 0 0 0 0 0 0@ ~ 00

.........



NEW HAMPSHIRE WATER CONTROL COMMISSION

DATA ON WATER POWER DEVELOPMENTS IN NEW HAMPSHIRE

LOCATION AT DAM NO. .. ZJ.........

Town ........ . ................... : County ........%A c . .....................................

StrBai m ay.. .... C.X 0 Z .c................. ...............................................
BainPrmay ....... an n , z= .................... :Secondary .. :- v ~c ........

L ocal Name ............................................................................................................

GENERAL DATA

Head-Max................ ft.: 1ii M ............... ft.: Ave ............ 9......................... ft. -

Date of Construction .................................. Use of Power .......................
Pondage ..................................... ac. ft.: Storage .... ......................................... ac. ft.

DESCRIPTION
Rack3

Size of Rack Opening.......................... ..................................................................
Size of Bar .............................. Material.....................................................

Area: Gross ................................ Sq. Ft.: Net............................................. sq. ft.

H-ead Gates

*Type..................................................................................................................

Number ..... 1.......: Size....21....... ft. high x ...................................... ft. wide

*Elevation of Invert .................................. : Total Area .......................................... sq.ft

Hoist ..................................................................................................................... _.__.__._

U Penstock
Number.................................: Material...............................................................

Size ........................................ : Length ..............................................................

* Turbines

Number ........... '9............. Makers ............. 1- ....................... -

Rating HP. per unit ................................ .Total Capacity .......... .Q..........09..........*...HP

Max. Dement C.F.S., per unit ....................................... Total ............................... f

Drive

Type............................................... ............................................................ .....

Generator- .. . 5

Number ..... ................................................ ........................................................................................ .

M ak M ake. ........................................................................................................

*Rating KWV., per unit ...... .......... Total Capacity ........................ K. V

Exciter *.

Number...........................: Make....... ................................................. ................

Rating-per unit ........... ................... Total Capacity ............................................. K X

OUTPUT-KWHRS

*19..... .................................................. . 19 .... . ............................................

19.................................................... 19 .... ......................................

*19..... .................................................. 19 .... ........................................... .......

19................................................19...... .. ................................................ -

*: .19 .... .................... ......... i.........
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PUBLIC SERVICE COMMISSION OF NEW HAMPSHIRE-DAM RECORD 1-5427

- TOWN TOWN STATE ~
N UORrg I'- LUD NO. 3 NO.

STREAM Upper Armonoosuc PN

AREA AREA
DAM | FOUNDATION

TYPE Crib NATURE OF Earth
MATERIALS OF

* CONSTRUCTION riber, Stone, Concrete
PURPOSE POWER--rCONSERVATION-DOMESTIC-RECREATION-TRANSPORTATION-PUBLIC UTILITY

- OF DAM

HEIGHTS, TOP OF TOP OF DAM TO
DAM TO BED OF STREAM AoDrox. 20' L SPILLWAY CRESTS Aoyrox. 6 |

SPILLWAYS. LENGTHS 'not O D ANGTh r .
DEPTHS BELOW TOP OF DAM L6.4. 0OA pr

rn FLASHBOARDS Fixod -1 section, 8' reiovable sto.. 31anks
TYPE. H-EIGH-T ABOVE CREST

OPERATING HEAD P OF FLASHBOARDS

CREST TO N.T.W. N. T.W I-I

* WEELS' NUMBER
K~INDS & H. P. 2-6 Vertical
GENERATORS, NUMBER
K IINDS &X. W. 2- 23 )3 K7
H. P. 90 P. C. TIME i H. P. 75 P. C. TIME
200 P. C. EFF. 100 P. C. EFF.

REFERENCES. CASES.
PLANS, INSPECTIONS

REMARKS -

OWNER. Oroveton Paper Co.
CONDITION: Poor - Being repaired & additionrl gates blit - -

MENACE: Yes. 7ill be subject to ppriodic inSoection.

To the Public Service Commission:

rhe foregoing memorandum on the above dam is submitted covering inspectio.

made Aug. 10, 1936, according to notification to owner dated Aug. 5, 19!6, and bill
for same is enclosed.

D. Waldo White

Chief Engineer

Copy to Oxner

*0-°0..0.S-
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APPENDIX B

PROJECT RECORDS AND PLANSl - p..o

A. Listing of Design, Construction and Maintenance Records.

None.

B. Copies of Past Inspection Reports. 6

1. "Inspection by New Hampshire Water Resources Board,
August 10, 1936."

2. "Inspection by New Hampshire Water Resources Board,

I October 27, 1972."

C. Listing of Plans

Figure 1 - Upper Groveton Dam

Plan Elevation

p °
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p .
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PERIODIC INSPECTION CHECK LIST

PROJECT UPPER GROVETON DAM DATE November 16, 1978

PROJECT FEATURE NAME .-_-_-_'_-____"

DISCIPLINE NAME _-'"""-"_-_"___

AREA EVALUATED CONDITION

RESERVOIR

Stability of Shoreline Good - riprap.

Sedimentation Not known (could not measure).

Changes in Watershed Runoff Potential None known. . .

Upstream Hazards Log boom, floating logs.

Downstream Hazards None.

Alert Facilities None known.

Hydrometeorological Gages None known. * O

Operational and Maintenance Regulations Well maintained. Dam inspected during -:-

past 6 months. Repairs made to up stream
face, 18 cubic yards of concrete placed
in cavity under dam. Concrete spalling

is patched regularly.

1

A-9

.- 0-." 0 0 0 0



PERIODIC INSPECTION CHECK LIST

PROJECT UPPER GROVETON DAM DATE November 16, 1978 - -

i- -"PROJECT FEATURE NAME

DISCIPLINE NAME__-

AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE TO GATE

a. Super Structure ._

Bearings Good.

Anchor Bolts Good.

Bridge Seat Good. k-

Longitudinal Members Good. -

Under Side of Deck Good.

Secondary Bracing Good.

0 Deck Good.

Drainage System N/A

Railings Good.

Expansion Joints Good.

Paint Good. 1
" b. Abutment and Piers

General Condition of Concrete Good. "1.
- * Alignment of Abutment Good.

Approach to Bridge Good.

Condition of Seat and Backwall Good.

A-8. .

* 0.-.00 0 0 0 0 -.
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PERIODIC INSPECTION CHECK LIST

PROJECT UPPER GROVETON DAM DATE November 16. 1978

PROJECT FEATURE NAME___'_'".'-__'-',

DISCIPLINE__________________ NAME___________

AREA EVALUATED CONDITION

OUTLET WORKS - INTAKE CHANNEL AND
INTAKE STRUCTURE NONE I -0

a. Approach Channel

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete Lining p -

Drains or Weep Holes

b. Intake Structure

Condition of Concrete

Stop Logs and Slots

A-7S..

-. . L'°~~ "  ".

* 0 0 0 6 6 0 0_ S 0 0 0 9 S S S 0i:?



PERIODIC iNSPECTION CHECK LIST

PROJECT UPPER GRVETON DAM DATE November 16. 1978

.*.. PROJECT FEATURE NAME_______

DISCIPLINE NAME ,_-

AREA EVALUATED CONDITION

OUTLET GATES - SPILLWAY WEIR, f .
APPROACH AND DISCHARGE CHANNELS Log Boom Upstream

a. Approach Channel To old power house

- General Condition Fair to good.-.

Loose Rock Overhanging Channel None.

Trees Overhanging Channel None.

Floor of Approach Channel Not observable.

b. Weir and Training Walls

General Condition of Concrete Fair to good.

Rust or Staining None.

Spalling Yes - many patches generally good con-
ditions - spalling at single gate.

Any Visible Reinforcing None observed.

Any Seepage or Efflorescence Minimal through gates.

Drain Holes /- None observed.

c. Discharge Channels

General Condition Good except downstream of power house.

Loose Rock Overhanging Channel None.

Trees Overhanging Channel None.

, .Floor of Channel Not observable

Other Obstructions

A-6

-* - , , . *. -. - *.. .>*.* .. . .
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F#3. VIEW OF GATE WORKS AND POWER HOUSE

#4. VIEW4 OF GATE WORKS
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#6. VIEW OF DONTECAMBE WALL OFBOWR HOUE
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#9. VIEW OF DOIWNSTREAM RIGHT RIVER BANK
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COHPUTATIONS S 0
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DUFRESNE-HENRY ENGINEERING CORPORATION .
By k~O SBETUP-A CGQOVE 'K) ONM\ SHEET NO.__ OF
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* ~DUFRESNE-HENRY ENGINEERING CORPORATION r

BY 14 tzunruk SUBJECT UPe C,9..O\EL&K tUw SHEET NO. I OL
'DATE- __________ CAkCQLM1Oj0S JOB NO. _ML-00,t V_
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DUFRESNE-HENRY ENGINEERING CORPORATION* 0

L~.OI.Q3~~d4 SUBJECT UPPOE_ 09-04E_00 OWM SHEET NO. 2~OFff

rE 2-.O~ W.C.CVO~SJOBNO. ____
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li~ll(NllF1CM.4T F?rES 0OM %:L,06..' nFlD6OQT\,Df.

1 ..

D- 2

* 6 0 0 0 0 0 0 0 9



4A 44 10
* 4 .I4 %

I I-

* 4 4.

Us V A

a -P -) -4 - - -

z o L N -. 4 U a M '

U. a

& 3"

-A -- -- .9 -

M.. CL N e'A c - OIOC0

C3 44 0 0

U.

% V4%4% C *4

0 -1. a a

aa6
a. W%.p 1 I

0.% Qq- .
.3~~sn fn~7 -

o ~ ~ ci

o~~~~~~ I- 5 0 0 0 0 '

us b- 4- o

-D 3.



~~~~~~~~~~7 ,.--.---.-. 
-21.t~ *r I.l 7_71-z.. . . . . . --

DUFRESNE-HENRY ENGINEERING CORPORATION
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DUFRESNE-HENRY ENGINEERING CORPORATION
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APPENDIX E

4 Information as Contained in the National Inventory of Dams
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