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NATIONAL DAM INSPECTION PROGRAM
PHASE I - INSPECTION REPORT

BRIEF ASSESSMENT

Identification No.: 00269

S-Name of Dam: Crystal Lake Dam

Town: Enfield

County and State: Grafton, New Hampshire

Stream: Crystal Lake Brook

Date of Inspection: September 1, 1978

Crystal Lake Dam is a 170 foot long, 22 foot high dam.
consisting of stone, earth and concrete. Engineering data
available consisted of two sets of plans dated 1918 and 1943

4 |1 both showing plan and elevation of the dam and details of
additions and improvements made at those times. No construc-

*. tion specifications or design calculations were available.

The visual inspection of Crystal Lake Dam did not disclose
any findings that indicate an immediate unsafe condition. The

El genenal condition of the dam is good. The inspection revealed
trees growing on the downstream face of the dam and two small
cracks in the upper section of the dam's upstream reinforced
concrete retaining wall. Also scoured concrete walls and an
area of leakage at the outlet works discharge channel were
observed. Many overhanging trees and two debris dams were _._-.

noted in the downstream channel.

Crystal Lake Dam's spillway will not pass the required
test flood. The dam's spillway capacity is approximately 36

*..- percent of the test flood and consequently, the dam would be .- '.
overtopped by approximately 2.7 feet under test flood con-

4 : ditions. -.. -

• . It is recommended that the owner engage a qualified
* . engineer to evaluate further the potential for overtopping

and the inadequacy of the spillway. Also, provisions should
*be made by the owner to repair the area of leakage at the

interface of the spillway and the outlet works structure,
to remove all trees growing on the downstream face of the
dam and to remove all obstructions in the downstream channel. '"""-

lop . ..
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* The recommendations and remedial measures are described
*in Section 7 and should be accomplihsdd by the owner within

two years after receipt of this Phase I -Inspection Report.

Gro H... SlnyJ.,1E

Project Engineer

- ,-Howard, Needles, Tammen &Bergendoff
* - Boston, Massachusetts 9 k
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This Phase I Inspection Report on 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 Inspectioo3 of Dams, and with good engineering judgment and practice, and is

-. - ~ hereby submitted for approval.

* CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engineering Division

-FRED J. RAVENS, Jr., Member
Chief, Design Branch
Engineering Division

SAUL COOPER, Member
Chief, Water Control Branch
Engineering Division

.-U APPROVAL RECOMMENDED:

*- ."', °'°_"_ %_ _

JOE B. FRYAR
Chief, Engineering Division

THIS SHEET TO BE FURNISHED BY THE CORPS OF ENGINEERS
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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 in-
tended to identify any need for such studies. A D

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 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 there by any chance that unsafe conditions be •
detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test Flood is based on
the estimated "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 in-
adequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aide in determin- S S
ing the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general con-
dition and the downstream damage potential. ....

1* 0 . a .a 4 1 * . . * "
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NATIONAL DAM4 INSPECTION PROGRAM
PHASE I INSPECTION REPORT

CRYSTAL 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 United States. Tne New England Division of -

the Corps of Engineers has been assigned the responsibility -

of supervising the inspection of dams within the New England .O
Region. Howard, Needles, Tammen & Bergendoff 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 were issued to Howard, Needles, Tammen .

& Bergendoff under a letter of July 12, 1978 from John P.
Chandler, Colonel, Corps of Engineers. Contract No. DACW33--
78-C-0356 has been assigned by the Corps of Engineers for
this work.

b. Purpose - I
n (1) To perform technical inspection and evaluation of

non-Federal dams to identify conditions which threaten the
public safety and thus permit correction in a timely manner
by non-Federal interests.

(2) To encourage and prepare the states to initiate
quickly effective dam safety program for non-Federal dams. .4"

(3) To update, verify and complete the National Inven-
tory of Dams.

1.2 Description.of Project

a. Location. Crystal Lake Dam is located in the Town
of Enfield, New Hampshire, approximately 6 miles downstream
from the headwaters of Bicknell Brook. Below Crystal Lake

" Dam, the brook known as Crystal Lake Brook, flows in a
generally northerly direction for a distance of approximately
3 miles to its confluence with Mascoma River in Canaan, S S
New Hampshire. The dam is shown on U.S.G.S. Quadrangle,
Mascoma, New Hampshire-Vermont, with coordinates approximately - --

W W W W a .W _ W W- W -.W -W



N 43036'40", W 72005'00 ', Grfton County, New Hampshire.
- Crystal Lake Dam's location is shown on the Location Mapimmediately preceding page 1-1.

i b. Description of Dam and Appurtenant Structures.
Crystal Lake Dam is a composite structure consisting of earth
fill, stone and'concrete. The structure is approximately 170
feet in length. The maximum structural height of the dam,
according to existing plans, is about 22 feet from the base
to the top of the concrete wall. The original dam consisted
of an upstream and downstream rock wall, approximately 21
feet apart, with cobble and earth fill placed between the walls.
In approximately 1919 the upstream rock wall was replaced with
a reinforced concrete retaining wall which, in 1943, was in-
creased in height to its present elevation. ....

The appurtenant structures consist of a stone masonry
spillway section approximately 50 feet wide and 5.5 feet high,
a spillway channel and outlet works consisting of a mechanic-
ally operated 4 foot by 4 foot wooden gate and an outlet
channel made of large cut rock slabs.

Figure 1, located in Appendix B, shows the plan of the
dam, spillway and outlet works. Photographs of each structure *. -

are shown in Appendix C.

c. Size Classification. Intermediate (hydraulic height -

i 22 feet, storage - 4,840 acre-feet) based on storage (:1,000 to O
50,000 acre-feet) as given in Recommended Guidelines for

Safety Inspection of Dams.

d. Hazard Classification. The dam's potential for damage
rates if as a significant hazard classification. A major breach -

could result in damage to several homes in the West Canaan and
Enfield areas and the loss of a few lives. -\

e' Ownership. This dam is owned by the State of New
* Hampshire Water Resources Board.

f. Operator. This dam is maintained and operated by the D 0
State of New Hampshire Water Resources Board, 37 Pleasant Street,
Concord, New Hampshire 03301. Chairman of the Water Resources
Board is Mr. George M. McGee, Sr.; Mr. Vernon Knowlton is Chief
Engineer. Telephone No. (603)271-1110.

g. Purpose of Dam. The purpose of this dan is primarily
. to provide a recreational lake with some flood control benefits

which are described in Section 4, Operational Procedures.

h. Design and Construction History. Little information
is available regarding the original design and construction of

12
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A.

Crystal Lake Dam. Two sets of drawings (2 sheets each) were
prepared by the Mascoma River Improvement Co., one in 1918,
the second in 1943. The 1918 plans were prepared for the
replacement of the upstream rock wall with a reinforced
concrete retaining wall. The 1943 drawings were prepared " 0
for raising the upstream retaining wall to its present
elevation.

The drawings for this dam are available at the New -.-
m Hampshire Water Resources Board. No in-depth design or con-
, struction data were disclosed for this dam.

*( i. Normal Operational Procedure. Crystal Lake Dam is
used primarily for the retention of Crystal Lake which is used

S. for recreational purposes. A secondary purpose of the dam and
its resulting reservoir area is for control of winter and A L
early spring runoff. The normal operational procedure for
this dam is to lower the reservoir level in the month of

- October or November of each year. The resultant available
storage is used to control snow melt and heavy runoff during
the winter and spring months. In May of each year, the reservoir
is returned to its summertime recreational level.

1.3 Pertinent Data

a. Drainage Area. The drainage area above the Crystal
Lake Dam consists of approximately 13 square miles of rolling,

* heavily wooded hills. The periphery of Crystal Lake is com-
prised of wooded area with some residences located near the
reservoir.

* The reservoir area itself contains no islands and is
devoid of dead trees protruding through the surface or other

* visible impediments to navigation. There were some private •
docks or piers noted along the area inspected.

The watershed supporting Crystal Lake is forested rolling
terrain with few flat areas. All areas in the basin are well
vegetated with manmade imperviousness being limited to a few

* paved roads and housing. Topographic elevation in the water- - 0
. shed ranges from about 2,020 to 890 feet MSL.

The major tributary draining into Crystal Lake is
- Bicknell Brook which is approximately 5 miles long with a

vertical drop over its length of about 500 feet.

b. Discharge at Dam Site

(1) The outlet works for Crystal Lake consist of a spill-

way section and an outlet structure consisting of a mechanically

1 -3
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operated, 4 foot by 4 foot wooden gate and an outlet channel
constructed of large cut rock slabs. The reservoir behind
the dam can be lowered approximately 4 feet from the spill-
way crest elevation (892.0) by opening the outlet gate.O This lowers the reservoir to within approximately 3 feet of

• - the original river bed elevation of 880.5.

- (2) The maximum discharge at this dam site is
unknown.

P (3) The spillway capacity with a water surface at the
top of the dam (elevation 897.5) is approximately 1,950 cfs.

(4) The spillway capacity with the water surface at the
test flood elevation is approximately 3,500 cfs at an elevation

- of approximately 900.2.

(5) The total project discharge at the test flood
elevation of 900.2 is estimated to be 5,400 cfs°

c. Elevation (feet above MSL) based on elevation of 892
for the spillway crest as obtained from existing data.

(1) Streambed at centerline of dam - 880.5.

.* (2) Maximum tailwater - unknown.

(3) Upstream portal invert diversion tunnel -none.

(4) Recreation pool - 892.0.

(5) Full flood control pool - 884 (see Section 1.2.i). .

(6) Spillway crest - 892.0.

(7) Design surcharge - unknown.

(8) Top dam 897.5.

(9) Test flood surcharge - 900.2.

d. Reservoir (miles)

(1) Length of maximum pool - 1.50.

(2) Length of recreational pool - 1.50.

(3) Length of flood control pool - 1.45.

e. Storage (Acre-Feet)

(1) Recreation pool - 2,720. *
(2) Flood control pool - 1,300.

-4
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(3) Spillway crest pool - 2,720.

(4) Top of dam - 4,840.

f. Reservoir Surface (acres) .

(1) Recreation pool - 378.

(2) Flood control pool - 340.

(3) Spillway crest - 372.

(4) Test flood pool - 388. Note: Vertical sides -

assumed.

(5) Top dam - 388. . g

g. Dam

(1) Type - stone, earth, concrete.

(2) Length - 170 feet, overall. * 0

(3) Height- 22 feet (maximum).

(4) Top width - 10" wall, 21 foot earth fill section,

(5) Side slopes - US = vertical; DS variable.

(6) Zoning - unknown.

(7) Impervious core - concrete retaining wall.

(8) Cutoff - concrete wall. S S

(9) Grout curtain - none.

(10) Other - none.

h. Diversion and Regulating Tunnel . .

See Section j below.

i. Spillway

(1) Type - broad crested - vertical drop spillway. Q S

(2) Length of weir - 50 feet.

(3) Crest elevation- 892.0.

1-5
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(4) Gates - none.

(5) Upstream channel - none.

(6) Downstream channel - the downstream channel is a
boulder strewn stream bed with many small diameter trees on

* each bank. Approximately 300 feet downstream from the dam,
"- the channel has a debris dam consisting of washed down trees

and branches.
- -0.'

j. Regulatory Outlets. The regulating outlet consists
* of a wooden, mechanically operated, control gate having an

effective opening of 4.0 feet by 4.0 feet. The invert of the
gate opening (884.0) is such that the water level of Crystal
Lake may be lowered 8 feet from its spillway crest elevation . -

(892.0) which is about 3 feet above the original channel bed. .

@0

"0~. ...... %

• •
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SECTION 2

ENGINEERING DAT -

2.1 Design

No original design data were disclosed for Crystal Lake.
Two sets of drawings (2 sheets each) dated 1919 and 1943
showing additions and improvements made to the existing da.
were the only design information found. Both sets of plans .. .*
were prepared by the Mascoma River Improvement Company.

2.2 Construction

No construction records were available for use in evalu- -

ating the dam. *

2.3 Operation

No engineering operational data were disclosed.

2.4 Evaluation -

a. Availability. Engineering data available for Crystal
Lake Dam is limited to the two sets of plans mentioned above. .

These plans are on file at the New Hampshire Water Resources .

Board.
* 00

b. Adequacy. Available engineering data, which when
combined with visual inspection are considered adequate for a
Phase I investigation.

c. Validity. The field investigation indicated that
the external features of Crystal Lake Dam substantially agree
with those shown on the available plans.

2 1
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SECTION 3
VISUAiL INSPECTION

3.1 Findings .

a. General. The field inspection of Crystal Lake Dam
was made on September 1, 1978. The inspection team consisted
of personnel from Howard, Needles, Tammen & Bergendoff and
Geotechnical Engineers, Inc. Inspection checklists, completed
during the visual inspection are included in Appendix A. At
the time of the inspection, the water level was approximately
2 inches below the spillway crest elevation. The upstream
face of the dam could only be inspected above this water level. --.

b. Dam. Visual inspection of the embankment revealed no
signs of distress.

Upstream Slope

The upstream slope of the dam is formed by a reinforced
concrete retaining wall which was constructed in 1919 to replace * *
the original rock wall. This wall is in good condition and
exhibits no signs of distress that would indicate there has
been significant movement of the wall.

Crest

The crest has no pavement. No evidence of cracking or
misalignment was observed.

Downstream Slope

The face of the downstream slope was traversed (1) along S •
the crest, (2) along the downstream toe and (3) at approxi-
mately mid-height.

The original. downstream rock wall is visible over portions
of the dam length. Photo 10 shows remnants of the original
downstream wall near the right abutment. The rock wall pro- S S
trudes about 3 feet above the ground surface in the area of
the photograph.

Photos 7 and 9 show the trees that have been allowed

to grow on the slope of the dam.

No seepage or damp areas were observed along the toe
of the dam.

* S
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Visual inspection of the concrete retaining wall indicated
two surface cracks located in the center section of the wall
length. The cracked wall section is through the top and sides "
of the wall and appear to be related to thermal forces. Over- =0 -..
all, it appears that the wall is in good condition.

c. Appurtenant Structures. The spillway structure is
constructed of selected and/or shaped stones with the top
surface being reinforced with a 5-inch thick concrete slab.
The upstream rock face of the spillway has been covered with .
a concrete wall. All portions of the spillway, Photos 8, 11
and 12, appeared to be in good condition.

The downstream face of the spillway, which is between the
left abutment and the embankment, is constructed of rock -

masonry. This rock wall, shown in Photo 12, is in good .
condition.

The outlet works consists of a wooden, mechanically
operated control gate and a stone and concrete sluiceway dis-
charge channel. The gate has a maximum effective opening of , . -.

4.0 feet wide by 4.0 feet high. The wooden plank gate appears _ .
to be in good condition. As no representative from the
New Hampshire Water Resources Board was present, the gate
(Photo 14) was not operated but visual inspection indicated
that it was in good condition, and it has been reported to be
operational. Alignment of the sluiceway channel (Photo 13)
was good and the channel was clean. Inspection of the concrete . 6.
portion of the channel walls revealed a horizontal crack 18"+
above the invert along the left wall of the channel. The
concrete on the right wall was eroded to a height of about .
2 feet above the channel floor. All stone portions of the
channel were in good condition. Visual inspection of the
outlet works also showed a leak at the interface of the dam's
spillway section and the left wall of the outlet works sluice-
way discharge channel.

Visual inspection of the spillway/outlet works discharge
channel showed it to be a boulder strewn stream bed with many
small diameter trees on each bank.

b. Reservoir Area. The reservoir slopes are generally
covered with trees and brush. A more detailed description of
the drainage area is included in Section 1.3 of this report.
Cottages are scattered along the shoreline several of which
appear to be in a flood zone. 0 0

e. Downstream Channel. The downstream channel between ::.
the dam and the swampy area about 3,000 feet downstream is a -..-*-.....-

3 -2
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boulder strewn stream bed with many trees bverhanging from
the banks (Photo 16). Approximately 30 feet downstream
from the dam, the channel has a debris dam consisting of
washed down trees and branches as shown in Photo 18. -

Approximately 500 feet downstream the channel is again covered
with fallen trees. Except for the swampy area located about
3,000 feet downstream of the dam, the downstream channel is
relatively narrow and steep, providing for little storage
between the dan a.d the downstream Town of Enfield.

3.2 EVALUATION

Visual examination indicates no immediate safety problems-,
The general condition of this dam is good. However, trees which
have been per.aitted to grow on the embankment should be removed.
The visual inspection revealed the following: 0 Ak-

(a) Trees growing in the downstream face of the dam.

(b) Two small cracks in the upper section of the dam's

upstream reinforced concrete retaining wall.

(c) Leakage at the interface of the dam's spillway
section and outlet works sluiceway discharge channel. . .

(d) Scoured concrete walls at the outlet works sluice-
way discharge channel.

(e) Many overhanging trees and two debris dams in the
downstream channel.

3-3

0 W0" W S



S ,0

SECTION 4
OPERATIONAL PROCEDURES

S -S

4.1 Procedure 
-0

The Crystal Lake Dam is used primarily for the retention
of Crystal Lake which is used for recreational purpo'ses. A
secondard purpose of the dam and its resulting reservoir area
is for control of winter and early spring runoff. The normal -O
operational procedure for this dam is to lower the reservoir

level sometime in the month of October or November of each
year. The resultant available storage is used to control
snow melt and heavy runoff during the winter and spring
months. In May of each year, the reservoir is returned to
its summertime recreational level. O j

4.2 Maintenance of Dam

This dam is visited by one of the State of New Hampshire
Water Resources Board's dam operators approximately once per
week. During these visits water levels are recorded, grass 0 0

is cut as necessary, painting is done as necessary and any
major deficiencies that may be noted are reported to the
Water Resources Board. Occasional clearing of the brush on
the embankment is also scheduled on a need basis.

In 1919, a new reinforced concrete retaining wall was 0

constructed to replace the original rock wall which formed the
original upstream face of the dam. In 1944, this retaining
wall was increased in height to its present elevation.

4.3 Maintenance of Operating Facilities

• •
Maintenance on the outlet works facilities is done on

an as needed basis.

4.4 Description of Warning Systems

There are no warning systern, in effect at this facility. S S

4.5 Evaluation

The current operation and maintenance procedures for
Crystal Lake Dain are inadequate to insure that all problems
encountered can be remedied within a reasonable period of time. S S

The owner should establish a written operation and maintenance

procedure as well as establishing a warning system to follow
in event of flood flow conditions or imminent dam failure.

4 -1
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SECTION 5
HYDROLOGY AND HYDRAULIC ANALYSIS

5.1 Evaluation of Features _

a. General. Crystal Lake Dam is a composite structure
consisting of stone, earth and concrete with a total length
of approximately 170 feet and a maximum structural height of
22 feet. The appurtenant works consist of a spillway section .0 -
and an outlet works structure. The spillway has a maximum
opening of 50 feet wide by 5.5 feet high. The outlet works
structure consists of a mechanically operated 4 foot by 4 foot
wooden gate and an outlet channel made of large cut rock slabs. - -

The dam is located on Crystal Lake Brook and creates an * k
impoundment of water primarily used for recreational purposes.
By lowering the reservoir level during the winter, the storage
created behind the dam is also used to provide some control
over snow melt and stormwater runoff during the winter months.
Crystal Lake Dam is classified as being intermediate in size
having a maximum storage of 4,840 acre-feet. 0 0

b. Design Data. No hydrologic or hydraulic design data
were disclosed for Crystal Lake.

c. Experience Data. Maximum discharge at this dam site ______

is unknown. 0 0

d. Visual Observations. No evidence of damage to any
portion of the project from overtopping was visible at the
time of the inspection.

e. Overtopping Potential. As no detailed design and - .
operational information are available, hydrologic evaluation
was performed using dam information gathered by field inspec-
tion, watershed size and an estimated test flood equal to one-.half
the Probable Maximum Flood (PMF) as determined by guide curves
issued by the Corps of Engineers. Based on a drainage area
of 13 square miles, it was estimated that the test flood - . S
inflow at Crystal Lake Dam would be 10,300 cfs. Following
the guidance for Estimating Effect of Surcharge Storage on
Maximum Probable Discharge results in a test flood discharge
of 5,400 cfs. As the maximum spillway capacity at the top
of the dam is only 1,970 cfs (approximately 36 percent of the

5 1
5 - 1 S S S S-'°



-0

test flood discharge flow), the test flood will result in the
dam being overtopped by approximately 2.7 feet.

f. Dam Failure Analysis. The imtpact o f, i r t tie -O -O

dam at maximum pool .(top of dam) was asse .. t
of Thumb" Guidance for Estimating Down;tr,
Hydrographs issued by the Corps of Engin.
covered the reach extending from thc, d. t. .
Failure of Crystal Lake Dam at ma-:.i i:7
result in a downstream channel depth o: -9
feet for a reach extending about 3,00, L r..
dam. At this point, the channel deptA. i. -*

due to the swampy characteristics of -tL k nn

section available through this reach. B ...
up to and including the reach passing thri ..
the Town of Enfield, the channel depth , 0-
from 9 feet to 12 feet. An increast in w . • .
magnitude would probably result in tht- ]oc .
damage several downstream roadways an(i coi., -;, 1 st oy
several homes.

40
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SECTION 6
STRUCTURAL STABILrTY

6.1 Evaluation of Structural Stability "

a. Visual Observations. The visual observation did not
disclose any immediate stability problems. Portions or the
original downstream rock wall have deteriorated, but the

m downstream slope formed by natural erosion appears stable. . ,

b. Design and Construction Data. Existing drawings,
dated 1918 and 1919, indicate that the original dam consisted
of an upstream and downstream rock wall with "cobbles and
earth fill" between the walls which were about 21 feet apart.

* kl
c. Operating Records. No operating records were made

available.

d. Post-Construction Changes. Since the original con-
struction, a reinforced concrete retaining wail was constructedCo in about 1919 to replace the upstream rock wall. According .. 0 O

to existing drawings, the wall was constructed after removing
the upstream rock wall except in the spillway area where a
concrete facing was placed on the existing rock wall. In 1944,
the reinforced concrete retaining wall constructed in 1919, was
increased in height by about three feet to its present elevation. --

Seismic Stability
The dam is located in Seismic Zone 2, and in accordance

with recommended Phase I guidelines does not warrant seismic

analysis.

6 1
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SECTION 7
ASSESSMENT, RECOMMENDATIONS AND IEMFDIAL MEASURES

7.1 Dam Assessment
a. Condition. The visual inspection of Crystal Lake Dam

did not disclose any findings that indicate an immediate un-

safe condition. The observed condition of the dam is generally
good. The inspection revealed the following:

(1) Trees growing on the downstream face of the dam.

(2) Two small cracks in the upper section of the dam's
upstream reinforced concrete retaining wall.

(3) Leakage at the interface of the dam's spillway 0
section and outlet works sluiceway discharge channel.

(4) Scoured concrete walls at the outlet works sluice- -
way discharge channel.

I-"

(5) Many overhanging trees and two debris dams in the 0. 4

downstream channel.

The hydraulic analysis reveals the inadequacy of the
spillway to pass the test flood without overtopping the dam.

b. Adequacy of Information. Existing drawings provide
information which when combined with the visual inspection
permit an adequate Phase I level evaluation.

c. Urgency. This dam is in generally good condition.
The recommendations and remedial measures presented in Sections • .0
7.2 and 7.3 should be implemented by the owner within two years :*

of this Phase I Inspection Report.

d. Need of Additional Investigation. The findinqs of
the visual inspection do not warrant additional investigation.

7.2 Recommendations

It is recommended that the owner enqage a qualified
engineer to evaluate further the potential for overtopping and
the inadequacy of the spillway.

7.3 Remedial Measures

(a) All trees growing on the downstream face of the dam
must be removed. "

71
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(b) The joint between the spillway and the sluiceway
channel wall should be repaired.

(c) The scoured concrete walls of the s].uiceway dis-
E charge channel should be repaired. .- 77

(d) The debris dams and the tree and brush growth in
the downstream channel should be removed and kept clean in
the future.

(e) A written operational procedure to follow in the
event of flood flow conditions or imminent dam failure should
be developed.

(f) The technical inspection program should be: continued
on an annual basis. ,0 AL,

7.4 Alternatives

There are no practical alternatives to the recommendations
of Section 7.2 and 7.3 except that on an interim basis the

L owner may consider operating the reservoir at a lower level - O

throughout the year so as to provide more storage for extreme
flood events.

7 2n
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Ii VISUAL INSPECTION CHECK LIST
PRYORGANIZAT ION

PROJECT Crystal inkp DATE Sept r I- 1(7R

Enfield, New HampshireTIE9p*

WEATHER 65 0 Cloudy

tJ.S. ELEV.89j.83U.S.88l.OtDN.S

P ARTY:

1. Gordon Slaney- UNTR 6.

2. St n Masur. HNTR 7.

3. D. P. LaGatta. GEI 8.

4. 9.

5. 10.
____________-7 -___ _ __7

PROJECT FEATURE INSPECTED BY REMARKS

1. Dam Dan LaGatta

2. Spillway, Sluiceway Stan Mazur

3. Outlet Works/Downstream Channel Gordon Slane

-4.

6.

7.

8.

9.

10.
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PERIODIC INSPECTION CHECK LIST

PROJECT- Crystal Lake - Enfield, New Hampshire DATE September 1. 1978

PROJECT FEATURE Dam NAME

DISCIPLINE Geotechnical Engineer TE P TP.-.- 0 O

AREA EVALUATED CONDITION

DA! EMBANI1ENT

Crest Elevation 897.5 O _A

Current Pool Elevation 891.83

Maximum Impoundment to Date Unknown

Surface Cracks None observed. 0

Pavement Condition No pavement

Movement or Settlement of Crest None observed.

Lateral Movement None observed on U.S. face. -

Vertical Alignment No misalignment observed.

Horizontal Alignment No misalignment observed.

Condition at Abutment and at Concrete Concrete walls have been added to . ..

Structures raise dam, and walls extend into abut-
ments. Both walls in good condition.

Indications of Movement of Structural Minor cracking of U.S. wall above
Items on Slopes earth section.p O •

Trespassing on Slopes No trespassing on slopes, but crest
has a path and dam is used for fishing.

Sloughing or Erosion of Slopes or

Abutments

Rock Slope Protection - Riprap Failures No rock slope protection. O O

Unusual Movement or Cracking at or None.
near Toes

Unusual Embankment or Downstream None observed.

Seepage

Piping or Boils None observed.

Foundation Drainage Features None.

Toe Drains None. _ .

Instrumentation System None.

Vegetation Trees growing on d.s. slope

[U• U U • U U U U U 5 0



d PH]RIOXC INSPECTION CHECK LIST e

PROJEBCT Crystal Lake - -il.N.H. DATE S~premh., 1, lq7g

?-R-)jCTE FEATURE Intake Canrej/tructLure NAME p~ p~(

DISCIPLINE Structural flydraulic/C-eotechnical NAME S, Mazur- G- S1 Anfy --
Enginp'ers

AR.EA- -VA LUATFD CONDITION

O!JT--LET WORXS -INTA=B C9AL~NNBL A
INAESTRUCT-LRE 0

a. AppDroach Channel None.

Slope Conditions

Bottcm Conditions0

Rock Slides or Falls I

Log Boomi

Debris0

Condition of Concrete Lining

Drains or Weep Holes

b. Intake Structure

*Condition of Concrete Good.

Stop Logs an Slots See Gate.



PERIODIC INSPECTION CHECK LIST • *

PROJECT Crystal Lake -Enfield, N.H. DATE September 1, 197g

PROJECT FEATURE Control Tower NAME S. Mazr

DISCIPLINE Structural/Hydraulics Engineers NAME G. Slaney * -.

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOW1ER

a. Concrete and Structural Control tower and intake structure are
one and the same. The inlet structure

General Condition gate is not housed.

Condition of Joints
* _i

Spalling. -

Visible Reinforcing

Rusting or Staining of Concrete

Any Seepage or Efflorescence .

Joint Alignment

Unusual Seepage or Leaks in Gate

Chamber *

Cracks

Rusting or Corrosion of Steel

b. Mechanical and Electrical )utlet works gate is hand operated. Re- - .

ported to be operational although not
Air Vents opened as no owner's representative was

resent. All portions of the gate
Float Wells tructure appeared to be in good

condition. 9 9
Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lighting System

W , W S



ii PERIODIC INSPECTION CHECK LIST

PROJECT Crystal Lake, Enfield, N.H. DATE pme 1,18

PROJECT FEATURE Transition Conduit NAME 3  _______

DISCIPLINE Structural/Hydraulic Engineers NAME C0 S-0e

AREA EVALUATED CONDIT ION

OUTLET W"ORKS - TRANSITION AND CONDUIT

General Condition of Concrete None.

* Rust or Staining on Concrete

Spalling

* Erosion or Cavitation

Cracking

Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths



PERIODIC INSPECTION CHECK LIST0 0

PROJECT Crystal Lake Fnfield, New Hampshixa( DATE _qptei

PROJECT FEAT"URE OutletStructure/l NAE -nnelL,

DISCIPLINE Struictiiral/tlydraulic/Ce-oterhnicail NAME_D.P._LaCatta 0
* Engineers

AREA EVALUATED CONDITION

OUTLET U'ORKS - OUTLET STRUCTURE AND
* OUTLET CHANNEL -

- General Condition of Concrete Fair.

Rust or Staining None noted.

Spalling Bottom 2 feet of right wal I wwas t
scoulred, horizoni al r-rac< 1 i" above

Erosion or Cavitation invert rioted in left walL,

Visible Reinforcing None cbserved.

Any Seepage or Efflorescernce Som 0epg ewe ~ij'ya-~
outlet structure.

Condition at Joints
Godd.

Drain Holes None.

U Channel The outlet channel floor wj0 -0dWit

large cut rock fsahs.
Loose Rock or Trees Overhanging None.
Channel.

F Condition of Discharge Channel Goiod. 4

.5 0
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tie PERIODIC INSPECTION CHECK LIST _

?R;jECT Crystal Lake, Enfield, New Hampshire DATE September 1, 1978

M=:JCT FEAMhRE Spillway and Channels NME S. Mazur, G. Slaney

( D:SCI?LIN= Structural/Hydraulic/Geotechnical NAME _P- LqC~-trr.
Engineers

ARIA EVALUATED CONDITION

0*0Z7E: WORKS3 - SPILLWAY WEIR, APPROACH
M* AND DISCTARLE CHANNELS S

a. A??roach Channel None.

General Condition

Loose Rock Overhanding Channel S A

Trees Overhanging Channel

Floor of Approach Channel

b. Weir and Training Walls0

General Condition o! Concrete Good.

Rust or Staining None observed.

*S~alling None observed. 6 _ 0

Any: Visible Reinforcing None.

Am S ep~age or Efflorescence None.

P Drain Holes

c. Discharge Channel Boulder strewn stream bed with many
small diameter trees on bank. The

*General Channel channel has a debris dam consisting
of washed down trees and branches.

Loose Rock Overhanging Channel

Trees Overhanging Channel

Floor of Channel

Other Obstructions

o9 9



PERIODIC INSPECTION CHECK LIST

-PROJECT_____________________ DATE_____________

PROJECT FEATURE________________ NAME____________

DISCIPLINE___________________ NAE____________

AREA EVALUATED CONDITION

'OUTLET WORKS - SERVICE BRIDGE None.

*a. Super Structure S

Bearings

Anchor Bolts

Bridge Seat Ak

Longitudinal Members

Under Side of Deck

Secondary Bracing 
.

Deck

Drainage--System

Railings

Expansion Joints

Paint

b. Abutment & Piers

General Condition of Concrete

Alignment of Ab t.t-'nt

Approach to Brid!,,

Condition of Seat &Backwall
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APPENDIX B

1.LIST OF DESIGN, CONSTRUCTION AND 14AINTFNANCE RECORDS

- 2. PLANS AND DETAILS

* 3. PAST INSPECTION REPORTS
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AVAILABLE ENGINEERING DATA

A set of plans dated 1918 and 1919 (two sheets) showing plan,
elevation, typical sections and details are available at the
New Hampshire Water Resources Board, 37 Pleasant Street, O
Concord, New Hampshire 03301. A second set of plans dated
1943 and 1944 (two sheets) showing details for raising the
upstream reinforced concrete retaining wall are also avail- <
able at the Water Resources Board.

• 10
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REPORT ON CRYSTAL L-AX DM

W ENFIELD, YEV HAM4PSHIRE S -- 0

On April 5, 19144 1 visited and inspected the dam at the outlet of

Crystal Lake in the Town of Enfield, New Hampshire. Although the gate was

closed the pond level was some two or three feet below the crest of the

spillway. This permitted the examination of a considerable portion of the0 _e

upstream face of the concrete. One inch flash boards about eight to ten'

inches In. height an~L supported by hollow pins, were in place along the

crest of the spillway. -No leakage was noted thronugh any portion of the dam.

A
pIn my opinion this dam i's in very good condition. It was evident

that it had been maintained in a very satisfactory manner.

Submitted by 1 ~ ~ i l~
- Bridg

New Hampshire State Highway DepartmentA

W p l 0 0



I N E N 0 R A N D'U H :"

DATE: March 26, 1973

FROM: Vernon A. Knowlton, Chief Engineer, Water Resources Board

SUBJECT: inspection of Mascoma Dams

TO: Peter J. Herkes, Water Resources Engineer

On Friday, March 23, I inspected three of the dama at
Mascoka and found the following:

Mascoaa: Exceptional amount of tash over the area
which will probably be picIked up by Pick f d. Ve should be 5 0
raising the water level to keep soo. o the planking.

Crystal: Concrete on s ay has- ed showing -

steel in one area, and the j i -ween the spillway and
the crest should be sealed tNoted' _igns posted on our () .
property regarding "no par Ln y in 300 feet of bridge." S

Goose: Concr 7a ot t f discharge facility
show signs of erodilg h ee howing. Should be
corrected as need a "-e.-

VAK: js -

Ip I
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APPENDIX C

At..

PHOTOGRAPHS

FOR LOCATION OF PHOTOS, SEE FIGURE 1
LOCATED IN APPENDIX B
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PHOTO NO. 1 -General view of reservoir from
roadway bridge.

@0

*

1P1O9'O NO. 2 -General view of rosorvoir from left
side of reservoir area.



PHOTO NO. 3 -Reservoir, view from roadway along-
0left bank. 0

upstream of darn.

-2-



PHOTO NO. 5 -View of dam from roadway.

PPOTO NO. 6 -Close-up view of dam from right 5- 9

abutment.

-3-



PHOTO NO. 7 -Dam crest and downstream slope
from right abutment.

*PiFOTO NO. 8 Spillway crest and spillway slabA
from embankment.

-4-



PHOTO NO. 9 -Trees growing on embankment.

*OAN SEEDE SAMNf DIPONO



CA

PHOTO NO. 11 Outlet works and spillway structure -
from below dam.

I . 0 .

* S
Off-

Sl

PHOTO NO. 12 S spillway structure from outlet
c hainel.

-6-
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PHOTO NO. 13 -Close-up view
of outlet works structure,

* from below dam.

PHOO N. 1 Cntrl mchais ofoutet or s 0

strc* 0e
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PHOTO NO- 15 -Retaining wall Separating emban kmentand Outlet works structure.

PHOTO NO. 16 -Spillway and outlet channel fromdam crest.



PHOTO NO. 17 -Dam and river channel from
downstream river.

PHOTO NO. 18 -Debris dam in stream below dam.

-9-
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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INFORMATION AS CONTAINED IN 7
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