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PREFACE

This report is prepared under guidance contained In the Recommended Guidelines
for Safety Inspecti on of Dame, for Phase I Investigations. Copies of these
guidelines may be obta ined from the Office of Chief of Engineers, Washington,
DC. 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
t~e general condition of the dam is based upon available data and visual
inspections. Detailed investigations, and analyses involving topographic mapping,
subsurface inveet irjations, test ing, and deta iled computational evaluations are
beyond the scope of a Phase I investigation; however, the investigation Is Intended
to Identif y any need for such studies.

In review ing 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 toam. In cases where the reservoir was
Lowered or drained prior to inspection, such act ion, white improving the stablitty
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 La 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
cont inue to represent the condition of the dam at some point in the future. Only
through frequent inspections can unsafe conditions be detected, and only through
continued care and maintenance can these conditions be prevented or corrected.

Phase I Inspections are not intended to provide detailed hydrologic and hydraulic
analyses. In accordance with the established Guidelines, the splitway design flood
Is based on the estimated “Probable Maximum Flood” for the region (greatest
reasonabLy possible storm runoff), or fract ions thereof. The spiilwey design flood
provides a measure of relative epiliway capacity and serves as an aid In
determining the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition end the downstream damage
potential.
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

Name 0f Dam: Bernhart Dam ID # PA 00717
State Located Pennsyl van ia
County Located: Berks
Stream: Bernhart Creek
Coord inates: LatI tude 42022.71, Longitude 75°54.5’
Date of Inspection: April 3, 1979

ASSESSMENT

Bernhart Dam Is an earth embankment wi th a masonry brick core wall
and a 5—foot high masonry wall at the top of the upstream face. The
dam Is approximately 180 feet long and 30 feet high at its maximum sec-
tion. A 40-foot wide concrete drop splllway is located at the right
abutment (looking downstream). The dam site is approximately one mile
north of the City of Reading.

Bernhart Dam was constructed sometime before 1865, the exact date
is unknown. The masonry brick core wall was constructed in 1896 and
the masonry gate house on the top of the dam was built prior to 1913.

The chosen Spillwa,y Design Flood (SDF) for this “Sma ll ” size, NHighhI
hazard structure is the Probable Maximum Flood (PMF). The spillway is
capable of discharging 24 percent of the PMF without overtopping of the
embankment. Failure of the dam would cause excessive property damage and
increase the hazard to loss of life downstream of the dam. Therefore, the
spillway Is classified as “Seriously Inadequate”, and the dam Is classi—
fled as “Unsafe (non-emergency)” .

Based on visual observations and review of the Information obtained
from the Pennsylvania Depar tment of Env ironmental Resources D iv is ion of
Dam Safety, Bernhart Dam is considered to be in fair condition. Recoin-
mendat ions and remedial measur es are as foll ows:

a. Facilities

1. The capacity of the spillway should be increased In
accordance with the results of further hydrologic and
hydraulic . s-tudies.

2. The top of the embankment and the masonry wall should
be restored to design elevation as determined by a
detailed survey.

3. The sluice gate which controls the 16-Inch diameter blow—
off pi pe should be repaired and the pipe should be made
operational .

4. The downstream spiliway channel training walls should be
repaired and replaced where necessary.
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5. The eroded path along the embankment and spiliway junction) should be filled with compacted earth and reseeded. Mea-
sures should be taken to accoemodate future pedestrian
traffic.

6. The small trees should be removed f rom the upstream face of
the masonry wall and the cracks f rom which they are growing
should be sealed.

7. The spiliway for the upstream settling basin should be re-
paired so that It functions as designed~

b. Operation and Maintenance Procedures

1. A regular maintenance program should be established which
would Include repair of the masonry structures, mowing of
the embankment, and periodic operation of the blow-off
pipe sluice gate.

2. A downstream warning system should be developed. During
perIods of heavy rainfall , the dam should be monitored and
downstream residents should be alerted In the event of an
impending failure.
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

ND! I.D. NO. PA 00717
DER #6—1

SECTION 1

PROJECT INFORMATION • 
-

1.1 General

a. Authority. The Dam Inspection Act , Publ ic  Law 92 367 authori zed
the Secretary of the Army, through the Corps of Engineers, to
Initiate a program of inspection of dams throughout the United
States.

b. Purpose. The purpose of this inspection is to determine if
Bernhart Dam constitutes a hazard to human life or property.

1.2 Description of Project. (Supplemented by Information obtained from
the Pennsylvania Department of Environmental Resources (DER), Division
of Dam Safety, Harrisburg, Pennsylvania).
a. Dam and Appurtenances. ~Bernhart Dam Is an earth embankment witha masonry brick core wall. A 5-foot high masonry wall is located

at the upstream edge of the top of the dam. The embankment is
approximately 180 feet in length and has a maximum height of 30
feet. The side slopes are 2 horizontal to 1 vertical (2H:1V) up-
stream and 3H:lV d~wnstream. The top of dam width varies betwe.~n22 and 35 feet. The dam Impounds a reservoir with a normal pool
storage capacity of 129 acre—feet. The reservoir was originally
used for water supply but now serves only recreational purposes.

A broad—crested spiliway with a 40-foot crest length Is located
at the right abutment. The crest is at Elevation 395; 5 feet
below the top of the dam. A masonry sidewall is provided along
the left side of the spillway. The right sidewall of the spillway
Is formed by the nearly vertical rock abutment. The outlet channel
is provided with masonry training walls along both sides for an
approximate distance of 300 feet downstream.

Two 30—inch diameter pipes for water supply and a 16—inch diameter
pipe for reservoir drawdown lead into the upstream side of a

• masonry gate house located approximately 85 feet from the spill-
way on the top of the darn. The three sluice gates which control
the inflow from the three pipes are located In the gate house,

- -

- 
as are thf two sluice gates which control the outflow.

-1- 

~~~~ S

I - - - - -  - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~

--- 
~~~~~~~~~~~~~~~~~~~~~



- _ _ _ __ _  - - - - - -

A small settling basIn with an approximate storage capacity of
6 acre—feet is located ininediately upstream of the reservoir.
The settling basin discharges flow into the reservoir by means
of a 50—foot ‘long spillway section with a crest elevation of
about 399.

b. Location. Bernhart Dam Is located on Bernhart Creek about 1
- 

- mile noi~th of the City of Reading and just south of the Boroughof Laureldale, Pennsylvania. The dam site lies within Muhlen-
berg Township, Berks County and is shown on the USGS Quadrangle
entitled, NTemple, PennsylvaniaTM at coordinates N 42° 22.7’,
W 750 54.5’. A regional vicinity plan of Bernhart Dam is en—
closed as Plate 1, AppendIx E.

c. Size Classification. The maximum height of 30 feet and an
estimated maximum storage capacity of 203 acre-feet place the
dam In the TMSmall” size category.

d. Hazard Classification. A dam failure could cause loss of lives
and extensive property damage in the downstream conmiunity of
•Bernharts. Therefore, the dam is In tne “High~ hazard catagory. r

e. Ownership. Bernhart Dam is owned by the Department of Parks and
Public Property, City Hall , Reading , Pennsylvania 17120.

f. Purpose of Dam. The dam was originally constructed to impound a
water supply for the City of Reading and Is presently used solely
for recreation.

g. Design and Construction History. The information obtained m di-
cates that the dam was originally constructed earlier than 1865.
The structure was originally a homogeneous earth embankment. A
brick corewall was constructed in 1896 and a gate house was In-
corporated into the structure sometime prior to 1913. In 1921 ,
a new dam was proposed and designed which would raise the height
of the dam over 20 feet. However, the proposed dam was never
constructed. There is no record in the available information of
any construction subsequent to the completion of the original
structure.

h. Normal Operating Procedures. The only operating mechanisms for
Wernhart Dam are the three~ 1uice gates located in the gate house.
According to Mr. George Patton, Water Department Engineering
Director, all three gates are inoperable. - •

1.3 Pertinent Data

a. Drainage Area. (square miles) 2.6

b. Discharge at Dam Site. (CFS)
• Maximum splllway discharge

(reservoir surface at Elevation 400) 1390

_ _ _ _ _ _  
_ 
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c Elevation. (feet above 1451)

k Spiliway Crest 395
Top of Dam (Design) 400
Settling Basin Pool Elevation 399
Streamed at Toe of Dani 370

d. Reservoir. (miles)

Length of Normal Fool 025• Length of Maximum Non-overtopping Pool 0.28

e. Stora.~~ (acre— feet)

Normal Pool , Elevation 395 129
Design Top of Dam, Elevation 400 (est.) 203

f. Reservoir Surface Area. (acres)

Normal Pool , Elevation 395 13.3
Top of Dam, Elevation 400 (est.) 17.0

j 
9. Dam Data.

Type Earth
Length 180 feet
Height 30 feet
Crest Width 22-35 feet
Side Slopes (Upstream) 2H:lV

(Downstream) Variable slope;
3H:1V average

Zoning None
ImpervIous Core Masonry brick

corewall
Cutoff Unknown
Grout Curtain None

h. Spil1way~
Type Broad-crested

drop sptIlway
Width 40 feet
Crest Elevation 395

— Gates None
Upstream Channel None• Downstream Channel A 16—foot wide

channel with
masonry training
walls extends ap-
proximately 300
feet downstream

(
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1. Outlet Works.

A 16—inch diameter blow—off pipe leads into the gate house and
downstream to the toe of the embankment.

I
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- r SECTION 2

ENGINEERI NG DATA

2.1 Design

a. Data Available. The information made available by DER for re-
view of Bernhart Dam includes the following:

1. A set of 6 drawIngs dated 1894-1908

2. Periodic inspection reports, 1919-1970

3. Drawdown applications dated 1945, 1953, and 1958

4. Miscellaneous correspondence and memoranda, 1913—1970.

An additional 10 drawings were provided by the Reading Water
Department.

b. Design Features. The design features are described in Section
1 .2.a.

2.2 Construction

There is no information available concerning the original construction
of Bernhart Dam. An undated report (between 1932 and 1939) states that
the dam was built before 1865 and that the brick core wall was con-
structed in 1896.

2.3 Operation

No formal operating procedures were incl uded in the Infonuation
obtained from DER.

2.4 Evaluation

a. Availabilit y . The engineering data utilized in this report
were provided by the Pennsylvania DER.

b. Adequacy. There is no design or construction information
available due to the age of the structure. There are also
no cross-sect ions of the embankment included in the drawings
obtained from DER and the Reading Water Department. However,
the available information (listed in Section 2.l.a) combined

- wi th the visual inspec t ion is considered adequate for a Phase I
investigation. 
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c. Validity The elevatIons provided on the DER drawings and
the Reading Water Department drawings are inconsistent with
those indicated on the USGS Quadrangle Sheet. It appears that
the obtained elevations were refered to some local datum.
Throughout this report the elevations given have been converted
to conform with the USGS Quadrangle elevations.
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SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General. The field inspection of Bernhart Dam took place on AprIl
3, 1979. At the time of the inspection , the water surface was
approximately one—half inch above the spillway crest. The obser-
vations and comments 0f the field inspection team are in the check
list which is Appendix B of this report. The appearance of the

• facility indicated that the dam and its appurtenances are marginally
maintained.

b. Dam. The downstream face of the embankment appears to be in good
condition. The only visible portion of the upstream face is the
masonry wall which extends 5 feet above the reservoir surface.
The masonry appears to be in good condition , but several smal l trees
are growing from cracks in the upstream face of the wa ll. The grass
cover has been eroded away and a path has formed along the crest ~nd
downstream slope at the spillway junction. This is apparently the
result of pedestrian traffic and surface runoff.

A survey revealed that the top of dam has settled below design
elevation by more than a foot along a 20—foot stretch in the vicinity
of the gate house. The elevation of the lowest point surveyed is
398.8, allowing only 3.8 feet of freeboard above the spiliway crest. L

c. Appurtenant Structures. The spillway vertical drop is approximately
15 feet and the drop section appears to be in good condition. A
metal truss and wood deck bridge spans the spillway with a minimum
clearance of 5 feet between the spiliway crest and the bottom of the
bridge.

The gate house appears to be in good structural cor*ttion , but the
door and windows are boarded up to prevent entry. Therefore, the
sluice gate controls could not be inspected.

During the inspection, a 36-Inch diameter pipe of unknown origin
discharging a small amount of flow into the downstream channel
from the left training wall.

d. Reservoir Area. A brick spillway contrgls the outflow from the
settling basin located immediately ups’~-’eam of the reservoir.Both ends of the spillway have eroded away and water is flowing
freely around the ends and into the reservoir. The reservoir
slopes on the right side a~e fairly steep and wooded. The reser-voir slopes on the left side are variable, but they are fairly
flat adjacent to the reservoir.
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- e. Downstream Channel. The left training wall of the channel
- downstream of the spiliway is In dilapidated condition .

-
• Approximately 150 feet downstream of the spillway , the wall

has crumbled and a 30—foot long section has toppled into the
- channel. Portions of the wall have completely disintegrated

and both training walls have been undermined In places where
they are still standing.

The residental community of Bernharts, consisting of about 20
homes, is located approximately 300 feet downstream of the dam.
Failure of Bernhart Dam would cause excessive property damage

- and probable loss of life.
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SECTI ON 4
‘.5

OPERATIONAL PROCEDURES

4.1 Procedures

A 16-inch diameter blow-off pipe was originally provided for reser-
voir drawdown. However, according to Mr. Patton, the sluice gate
which controls this pipe is no longer operable.

4.2 Maintenance of Dam

Maintenance of Bernhart Dam is the responsibility of the Reading
Department of Parks and Public Property. There is no regular
maintenance program established for this site .

4.3 Maintenance of Operating Facilities

There are no established maintenance procedures for the sluice
gates located in the gate house. The gate house does not appear
to have been entered in several years .

4.4 Warning Systems in Effect

There is no formal system of warning downstream residents in the
event of impending danger.

4.5 Evaluation

A regular maintenance program should be established for Bernhart Dam
which would include repair of the masonry structures, periodic mowing
of the embankment grass, and periodic operation of the blow-off
pipe sluice gate.

The sluice gate which operates the blow-off pipe should be repaired
so that the reservoir may be drawn down if necessary .

A formal warning procedure should be developed and implemented to
alert the downstream residents in the event of an impending failure. L
The dam is accessible under all weather conditions for inspection
and emergency action.

______ 
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- SECTION 5
HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features

a. Design Data. Bernhart Dam has a drainage area of 2.6 square
miles and impounds a reservoir with a normal pool storage
capacity of 129 acre-feet. The 40-foot wide broad-crested
drop spillway has a maximum discharge capacity of approximately
11100 cfs.

b. Experience Data. There is no evidence that rainfall or water
revel records are kept for this dam.

c. Visual -Observations. The downstream spillway channel is
constricted by the section of training wall that has toppled
into the channel . The training walls have become so deteri—
orated along the downstream channel that they are no longer
considered functional .

The inoperable blow—off pipe could present a serious problem
should a drawdown of the reservoir be required.

d. Overtoppin~ Potential. The Spiliway Design Flood (SDF) for
this dam Us given as a range from ½ PMF to the full PMF.
Based on the heigh t and storage of Bernhart Dam and the poten-
tial for damage and loss of l ife at the hazard center, the
SDF selected is the full PMF. The PMF hydrograph was routed
through the reservior with the starting water surface elevation
at the crest of the spiliway, Elevation 395. Based on the
results of the hydrologic and hydraulic analyses, the spillway
is capable of discharging appro~imately 24 percent of the PMF
without overtopping the dam. The peak inflow and outflow rates
for the SOF were determined to be 5,628 cfs and 5,582 cfs res-
pectively. (see Appendix C for computations)

e. Spiliway Adequacy. A dam break analysis was computed to
evaluate the incr~ased “hazard to loss of life downstream from

• the dam from that which would exist just before overtopping
— fa i lure ” (ETL 1110-2—234 , 10 May 1978). According to the

analysis , failure of Bernhart Dam would increase the depth
of flow at the hazard area from 5.2 feet to 6.7 feet for 30
percent of the PMF. The peak discharge at the hazard area

• would increase f rom approximately 1,680 cfs to approximately
3,370 cfs . Failure of the dam is considered to significantly
increase the hazard to loss of life. Therefore , the spiliway
of Bernhart Dam is classified as “Seriously Inadequate” .

I ’
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The small trees growing out of cracks in
the upstream face of the masonry wall create potential seepage
paths through the embankment. The point at which the trees
protrude from the wall is about 2 feet above normal pool , so
during periods of high reservoir level , water could seep through
the cracks and along the root systems.

The depression of more than a foot in the top of the dam ap-
pears to be the result of differential settlement due to the
additional weight of the gate house. The general settlement
of several inches which extends along the remainder of the
top of the dam could be the result of poor compaction during
construction. Such settlement reduces the amount of freeboard
and, consequently, reduces the ability of the dam to withstand
high pool elevations.

The eroded path along the embankment and spiliway junction creates
a natural seepage path for surface runoff. Continued erosion
could lead to possible damage to the embankment and spi llway
training wall.

The spillway section appears to be in good condition and show s
no signs of instability .

b. Design and Construction Data. There are no design and con-
struction data avaifab1e.~

c. Operating Records. There is no evidence that operating records
are maintained for this structure .

d. Post-Construction Chang~es. According to the available infor-
mation , a brick core wall was incorporated into the structure
in 1896. Sometime prior to 1913 , the masonry gate house was
constructed and the intake structure In the reservoir was removed.

e. Seismic Stability . Bernhart Dam is located In Seismic Zone 1
öT the “Seismic Zone Map of Contiguous States”. A dam located —

In Seismi c Zone 1 is generally considered to be safe under any
expected earthquake loading if it is stable under static loading
conditions.

_ _ _ _ _  - 
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( -  SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a.. Safety. The visual observations and review of available in—
formation Indicate that Bernhart Dam is in fair condition.
Prob lem areas are noted in Sections 5.l.c and 6.l.a. No
serious deficiencies were observed during the visual inspec-
tion. However, the nature and composition of the embankment
and foundation materials are unknown.

The spi flway is capable of discharging approximately 24 per-
cent of the PMF without overtopping of the embankment. Failure
of the structure by overtopping would significantly increase
the hazard to loss of life downstream of the dam. Therefore,
the splllway Is classified as “Seriously Inadequate”, and the
dam is classified as “Unsafe (non-emergency)” .

b. Adequacy of Information. Al though design and construction
information is minimal , a Phase I evaluation is considered
reasonable based on the reveal ing conditions observed during
the field inspection.

c. Urgency. Recommended remedial measures should be im . ~nted
immediately.

d. Necessity for Further Investigation. Further hydrologic and
hydraulic studies should be made to determine the extent to
which the spiliway capacity should be -increased.

7.2 Recommendations and Remedial Measures

a. Facilities

1. The capacity of the spiliway should be Increased in accor-
dance with the results of further hydrologic and hydraulic
studies.

2. The top of the embankment and the masonry wall should be
restored to design elevation as determined by a detailed
survey.

3. The sluice gate which controls the 16-inch diameter blow—off
pipe should be repai red and the pipe should be made operable.

4. The downstream spiliway channel training walls should be
repaired and replaced where necessary.
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5. The eroded path along the embankment and spiliway junctionshould be filled with compacted earth and reseeded.
6. The small trees should be removed from the upstream faceof the masonry wall and the crac ks f rom which they weregrowing should be sealed.
7. The spl)lwa,y for the upstream settling basin should be re-paired so that It functions as designed.

b. Operation and Maintenance Procedures

1. A regular maintenance program should be establ ished whichwould include repair of the masonry structures, periodicmowing of the embankment , and periodic operation of theblow-off pipe sluice gate.
2. A downstream warning system should be developed. Duringperiods of heavy rainfall , the dam should be monitoredand downstream residents should be alerted in the eventof an impending failure.
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0 30 0 0 0 0 0 —‘ 0
J3~~ER NWT LIIO’t TRACE
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- HYDHOGRAPH DATA 
-

IHYOG I~JMG TA RCA SNA P TPSDA TNSPC PATIO ISNOW ISAME LOCAL
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TP’.PC EOMP UT CD NY T..~ PP 0GITA’4 IS .5.00

- 
LOSS OA t s
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w~~ SS CI DSS AV E . IPLS )SIØ~ I OPT IPM~ LSTR
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30. 1.00 307.Ou 1.00 395.10 400.00

0(3115 11AM FAIL&fiIt AT 42.30 HOURS 
- 

S

PEAK OUT FLOW IS 3343. AT TIME 42.50 HOURS

-~~ S•S~ 44,~~

-- S- -S — - - — -5 —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______________



— S S S - S  -— S ___ S__a  -- - - - - -

- ____•~~__ S•~~~~ ___ 
~~~~~~~~~~~~~~~~~~~~~~~~~ 5 —5- - - — - - — - ---N

-5

- - ~~~~~-r 
~~~

o.3 PMF WITH ~I ZtACJ~ or DAM

.

~~ 

— . . - — 
—~~ _~t _ -~ .~ - -  2 ; — - — — • • . 5 I_~~5~S S 5 5 S~ S I . .. ,

5- 45 — —~ — — 45 — — ‘‘ L . - —
• - • 

- :~~- .  .
~~~~~~~~L--  - ~ 

_45
~~5~~ 

5 _  C _ _
~ — - .

— T ~~~~ f -~~~ I~~.’ r ’~ .I-~~ Lt. C~~~ s~~~ - . 1E ~~

~ ~~~~~~~~~~~~~~~ i~~~ A:l. — I-~ L .45.Ca • ~ .1PflR AcclMu .g.TFrI A CC UM ULA IFD
— - t 4

~~
— 5 . . l s 4 5 .~~ . y

~~’O~~~,I.tPi-~ I 000R ERR OR
— •~~~ 5~~~ ~~~~~~~~~~~ ‘c ;s, ICr S ) IC FS (Cr5) lAd—rI)

.l.,Cl . L C -~ I t Je .  1032. 0. 0. 0.
.024. b E ? . 1776. —3 9. —3g . —o.

1 735. 1775. —40. —79 . —0.
— ) . i ’0t .0’.C 17443. 14525 . — 42. — 121. —0.
‘.b. ’ -.~ .C—0 1.5432. 1 876. —4 4.  — 165 . —0.
* 1 . 5 0 0  .~~00 b OO .  1977 . — . 7. — 2 1 1 .  — 0 .

.1? C 1 .715. 1 917. — 4 $ .  —264, —0.

.1. 0 1 47 7 .  2020. 49. — 3 0 9 . — 1 .
4 1 .S O F  . l a O  702 6.  2 0 7 5 .  — 69 .  —3544. — 1.

.1140 207.. 212?. —.8. — 406. — 1.
212?. 71 69. —47. —453. ~ I.

‘1.720 .770 2171. 2215. — 45. —4158. —1.
*1.7*0 •i’0 22 19. 224- 2. —43 . —540. —I.
SI. ’bu .€oO 7268. 2309. — 4? . — 58?. —I.

2400 .  — 4 4 .  —62 6 . 1.
61.10.t .400 7364. 241 0 .  — ST .  —6 79 . —I.
445.5 2 0 - .j 2 0 2613 . 7~~73. 60. 730 , 1.
‘1.~~4 0  .j.. 0 2401 .  ?b?f , . — 0 3. —80 2.  —1 .

2bI0. 2576 , —6 4. —067. —1.
83. 540) •3 A C  2SSo. 2671. —5.3. —930. —2.
41. -.0Q . .OO 7007 . 2oOS. — 68. —988. —2.
*1.320  ...7,J 2bS~~. 274 )0. —S I. —1039 . —2.
41.~~4(i .4* 0  2703.  274’ ..  —4 2. —1 081 . —2.
‘I.ft- C .6,sO 27~2. 27$?. —30. — 11 1 2 . —2 ,
.I.RPo ..sO 21400. 2816. — 16. — 11 28. —2.
.2.000 .500 214615 . 2d~~9. 0. —1128 . —2.
4 2 .070  .f.20 24568. 2879. —1 0. — 11344 . —2.
8?.040 .5.0 2088. 2907. — 19. — 2 *5 7 . —2.
.2.060 .500 2900. 2933. —25. —11 8? . —2.
.2.0.0 .580 2926. 2-~57. —30. — 1211. —2.
42.1 00 .090 2154.. ~9t5O. —33 , — *24. . —2.
62.120 .621. 21567. 3001. —T4 . —1270 . —2.
‘2.140 .080 21587. 3021. —34 . —231? . —2.
4 2 . 2 6 0  .4.60 300 1. 3040, —33. — 1 345. —2.
42.100 .6.0 30??. 3037. —30. — 13 75, —2.
47.200 .700 3040. 3074. — 7 .  — 1407. —2..2.220 .770 3006. 3089. —2 3. —*42S, —2.
.2.260 .740 305.6. 3104 . — 1*. —2443 . —2.

.700 310.. 3128 . —13. — 1430. —2.
‘2.780 .7140 3124. 3132. —7. —1 463. —2.
42.300 .oUQ 2*45. 3*46. — 1. .1463, —2.
4 2 .32 0 .070 3105. 3260. 5. —2 455.. —2.
.2 .340 .0.0 3183. 317g . II. —1446, —2.
42.351. .660 3~ Ob. 3185. 17 . —1 430. —2.
.€.300 .980 3224. 32144. 2*. —1409. —2.
42.400 .900 3244. 3222. 23, — 2 385. —2.
42.420 .1520 3204. 3242. 22. — 1363. —2.
42.440 .940 32.4. 3271. *3. —135 8. —2.
42.460 .96, 3204. 3300. 3. —1347 . —2.
4~~.’8U .900 3323 . 3324. —1 . —2348 . —2.
4P.’,Ofl 1.0140 ~~S4.  lT4a .  A .  .414*. .4.

- - 
- —---

~~~~~~~~ 5-’ ~~~5- X~ — - - -- -  2~~~



- - 5- ’5 - 5-’ ‘ - -55-- --S-55-~~~s 5---5-S-r~~~~~~ C~~~~~ - -- - S •~~~~~~~~~~~~ •~-5•.5 -5~~~ ••-5 ~~-5~ -5 - -55 - -•

- 
SHE~-r ~~

- 

0.3 PIlE *~ -ri--1 eA rA C~I o( O~IP1

- ~~5 ~~~~~~~ _ L L  - ~~•~~~— : —  4 * )  7 c - 1 r . T c  LI - ( - — LL T I ” E  I ’ 41TFP v & L
I,- . C~~~-~._ I E ~ .45. j  t - -  —~~~

:. - ‘ .. ~~~~~~~ 7~~~~C .  ~~~~~~~ 2 6 O C .  ? 5 ( ’ O .  30 0 0 .  T?0 0. 3430. 0. 0. 0.
* 1 . ’- , 

~~. • - . . - . • 55 .

4 2 . ’’ . 3. - S • •
*) . c4- ~~. c.. ,    •     .

• .,        .
4 4 5 • 4~~5 ~~ • a -  • • •   .
. l . .~- 7 •       .

‘~~~.- - -    5 .
__   

•    -
I • .C        .

4 1 . *. 
41 .7’ 1)   - ‘ ~  -     .
41. 7? 1.-   ‘1•’      .

~ ) . 7a 11   .~~ ~   •    .
4 4 • 7*5 ~~*    Cs —  • •   .

* 3 . 74 1’~ •   3 5      .

~).n 14 -    0 .,,     .
‘2 . 4? 3 1   •  .r) I   •  •
~~~~~ I~~~ •  • • S -    .

~ 1. 4 ’ 1 *     . 0 ~~~  •  .
4 ) .~~~M ~~ 0 
6 ) . 1 5 r i  71     t4 .   .
61.~~2 27  •    0 4’ .   .

- O R    .
4 1 .~~b 24      045 .   .
e ) . 1 5 P  5  -  -  ~R   .
47.410 2~~      .   .
42.0? 77       ON   .
4 7 . 04  244       ON   .
‘2 .04-  ?4       0 14   .
42.1414 70 0.8 
47.)’ 31    •   11 8  .

• 4 2 . 1 ?  32 •     . 0 8   .
47.14 33      . O• 4 4   .
47 .10 34   •  . O S   .
4 2 . 1 4 4 35  • •   . . 0 0   .
42.20 36    •  . . 0 1 4   .
4 . ?? 37~      .  08   .

2 3     . ~ OP   .
42.26 39      .  OP  - .
6? .?N .0  08 .. 
42.30~~ 3     .  8   .
42.3? 4p      _ . A .
42 .34 43       . . 0  .
42.36 .6   . . . P0  .    

.  00  .
42.40 46      .  .140  .
47 .42 47      .  .RO .
42.4 4 4 0      .   B - -

42.46 49  *    .   0 -
42.41 50 0. 
42.59 51  --  —   .   .

- 
S ~ 5454. • 

-

L ~~~~~~~~~~~ 
—_ - .1 ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



5- ~~~~~~~ — .------ _ _ _ _  — -  — -
~~~
_--

- 
0.~~~~ P!IF W ITH CPEA(.fl or ~AM

* . “

~ 

* . . C  •t,s& * .44*0. ... ~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ 45 . sJ f l 40

.~~, T 1 - ’. :-.s* .45
~~

0
~ O~ ~- C 4 5 C  .5.4501 b ’LSt6VO)k

3 5 1 4 5 4 , IC0’8 ~ I tCO’~ I1(’~ jRl 3 .jPRT 1414441 ISTA GF IAUTO

- 
I C - S 0 0 I 0 0

.L L 6LA41 ’i r1 A 451 414 ’4 F
~~~~~~~~~~~~~ 45. 3 4

‘IL~~S .  CL US~ &wr. I R tS ISAN. lOP ! tONI LSTP
‘1.3 () .c45~~ . 0.00 0 0 0

4 .5104, . 33L L . b  A M’. A 1514 5101* ISPRAT
I 4’ 44 0 . 0 0  0 , 000  0 .0 0 0  — 1 .  0

4,()..MIL D~ V 3 e  ( - .-
~~..1- L ~ 1iII T 1 t 5 4 U

0* 4 1 )  .~~t I ? )  w 4 1 1 3 )  E L S I T  LLNSI 0L41$ S4 L
.0400 .u,t.~ .0700 3.0.0 3.0.0 6440. •0T300

C$- 45)~ 5 5CC’ bo  • C )ORL.INAI tS—— SI A , C L W V , ’-TA .EL ( V——tI C
0..C .i.0.0O 60.00 45.0.00 320.00 344 .00 125.00 3.0.00 235 .00 340.00

1’0.00 .i—7.00 440 .04. 34-0.00 .90.00 38u .Oç

45 .’,,. .17 .I .02 2.52 2.5! 3.81 5. 4 2 7.35 9.39
45.00 1 45.1 7 2 I . b ~ 75.4 6 33. 98 38.7* 43.7!. 49.10

- ‘4141120. 0.u0 67.09 214.20 4945 .0 1 1577.79 1742.65 25.25.23 4276.04 6144 .6* 0472.03
1 1313.47 1,076.72 10631 .32 ?320’.1O 2a433 .13 44351.90 40995.40 40397,20 56590.23 45608.3%

341.05 342 .11 343 .24. 344.23 345.26 346.32 347,37 340 .42 349 _ 47
58.01 352.5% J52.5.3 353.6. 394.14 355.79 356,$~ 357_$9 355.93 360.00

1~o. 0.” 6?.09 214 .20 4158.07 1577.79 2742.65 ?o23.23 4576.50 4*44.66 8472. 03
11J03. .? 14676 .77 114431 .32 232U ..7O 2~4J3.2 3 34351 .90 40995.40 40397,20 54590.13 63686.3%

MA 4 5 I M I )  5 7A 0 ~ IS 345.?

N AW IR U N STAGE IS 346.7

.... ..o.. • • • • • • • • • •  • • • • • • • • • •

_5- 5-S 5 5 - 

~~~~~~~~~~~~~~~~ 
5 - - S--~~~~~~~ ~~S



- -5 - S5--5 -55 55 5-5 S~ 5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~- - - .., ~~--—--—-w—~~~—. -5~~~~ —~~5-__-SS -S S~ -‘

L

— .-• 5-

~~~~~~ j 5

0.3 Pr~F ~~~~~~~~~~ GR~AC.$I ~F DAM

L-” ~ i~~1O~~
) 5~, 4 Y & 4 5 4  E Cs ’~ ‘ 11L ’ IP ,.E ~LA 41- 14ATIO ECOI1~ w lC CON~ UTATIO4~S

~~~~~~~~ I~ ~~ -~IC F E l l  .* 4 w  %‘C’79J IC ~~? I C  ‘ ( T L PS  ~~~ %&CO’4~~
L £ 1 .  Sf1 JA44 ( 41L ’ S I’ )J UA9C

~ r 1 T o c  A PPL It t ’  10 14.0.5
‘15.- ~~L T 2 S ’’ .. .*4 — .8 ’. ~: 113 . I

.30

Y sW’1f.l*A .’ ’ LI .* i..J c.b.. I 2600.
• 6.73) 1 41. 0 * 3 4

.‘ 1688.
I 41.’) ) I

— - l T 4 .~.7 Y ’ 1 )..1P 4. ( .00 I 1670 .
I % . 7 1 i  4 .7~~~ .H

P

an-i T ED 1 5 4  - - A Z — — ) 2. .,’, 2 16*3.
I 4.73) I 47.43)4

7 3369.
4 95.39)4

r

_______________________ — -—-5—— - - --s-.~_ 5SS~~S ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5.SS~~ :(•~~ l~( 
!-~~~,- , _ _~•~ ~~~~~~~~~~~~~~ .. i-~~ . ——- ~~~ ~~~~~~ - - -  —~ .5



——--5-- - --- ~~s_ S -5-5-5-5~~~-5S-5— ~~~~~~~~~~

--5 —- — .5 - - - -5_S_ _ S

SI~EET ~~~

0. ~~ PP’F wrr~( Q,(~.(Ac.~4 0f DF-IM

‘- t ) ( I ’

p- f S - 1’.ITI AL V*LL ~ 60 14 . 4 . 4 * 1  C 4 1 t 5 7  100 (‘1 1* 14
~~~ 315.1 (1 3146.00 349 . 70

1 3 u .  22 9. 19.4 .
3141 110. ~~‘ 0.  174.3 .

~ 4 .T 4 ’  - - .4 I . -” N L * I N t 15 ~~S.4 l~~~.JU ~ A ) 1M1 , N O t J O A T I ( ,41 T I N T  OF TI NT 01
. . ,FT.4  ~l1j-’AC ,T Outril’, OVt ~ TO P MA X OUTFL OW FAI LURE

.‘~~~ ._ S~~)~~4.y O4L~ )A~ A C - i l Cr5  HOUR S HOURS HOURS

400..” .,, 2o 7 1675. 3.00 42 .00  0.00

INITIal. VAL . O~~ SPIL L W A Y C R167 TOP 01 DAM
I L 4 5 V 4 1 1 0 4 1  J~~~. I f l  396 .00 399.70

130. 121. I~~$.Ju T F L . W .. 0 . 125.3 .

. 4 5 0 3 4 )  44xl”U’~ ~~
4 $I’4(’~~ 

M A A I I 4 U M  W A R IN U M 0(114*7104 11141 or TIME OF
~~ 4~~ S(I .V ij j R  Dr~~TH STO ’ 40 (  oulrLow OVER TOP MA R OUTFLOW FAILURE

~~~~~~~~~~~ 011w )A ’  AC—F T CIS P40(155 HOURS 404415

4 0 0 . 1 9  ,44 e06. 3343. 1.25. 42. 60 4 1.50

PLAN I STAT ION H*7AQD

“‘AIMJM MA X I M U M  TIME
045 110 Fi3 W.C~~S STAGE,FT HOURS

.3(4 1603. 345.? 47.00

P4.AW P STAT ION HA PARD -

M*Z IMIIM HA RIMIIM TIM E
PATIO FL’1..CPS STA GC,FT HOURS

.30 33 4- u . 34 6 . 7  42 .50

-

. 

~~ 
~~~~~~~~~

,
. 

_ _ _ _ _ _  

.

SJ

~~~~_ .. .2.6&. ~~~L .~~~~~~~ __- — — ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - _~~~~ _~~~~~ _~~ 
_

~~~~



- ~~~~~~~~~~~~~~~~~~~~~ ~i’~~ ’ ’ ~~ 
5—,- — ‘“S—..—--- - --sS,~~~~r ’ r- ,--.5-. ’5- ~~~~~ - —_ — ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - r 5 - ’ S - , S . , .5 - 55 ~

- 

- -

U

F -

‘I-

APPENDIX 
-

-

~~ 

- Photographs 

-

) 
I-

.5- —.5- 5- — - . — — ----L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.~~~~~~~~~~ .&—.------— ~~ ~~~~~~~~~~~~~~~~~~~~~ 
— S.5-~~~-_____



__ - - - -  -

~~~~~~~~ ~1~~~~~~~~’I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—~~~~~~~~~~~~~~~~~~~~~~~~~ .5

~~~~~• _._,..-

-
~~~~~~~~~~ 

5 .-S.
--5

. ~~•
• .4S -

5 45 5

-- 
S 

4 ._ _ _ . -

- 

‘-1

~~~ ~~~~~~

(/A?7 ~~~4~$1 ~ 4OE ~~ 7Z’E ~ 441 rh’a~v/1v~ 7/,4’4rEh~a~f~E r

,4(,~b 7W1 VE6’ErA c/gi€w/4’c~ ,C~D41 T,YE M 4 V~E’YX(4&~

f

- 

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

-5 - ~8,~

* 
5 , 7_

— ~~~~~
- 

- 
b .:’ .8.11

—

wEw ~v1rnv,N~ Y~’E Or~~/A~E rn’~-~ ~~ ~4*~Il~4V
AND ~~

( MOA~’ OF ~‘Eg(74r/aVa~’ P ORr,a4Ac ac 7ZE 4441

- 5 - - - — -  - 5 - - --- -5 -rn~~~~~~~ - - _  ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ “ ~~~~~~~~~~ •- - - S - -~~~- - - -~~~



- 
-
~~~~~

JP/L.L WA Y eRES7’ A46 V/F WED
,‘E~~~~~~41 7we,ewNrAsor4l&vr

— 
. 

- S S 
- 

~ -, ~~ . , 4 s 4 - 
- 

~
( . 

S

- 
45 _ . .  - 5 

- -5 — 05~~ -

- 
- .5 - 

?‘~~ 

- 

S

- 

(_ 
- 

- 

VIEW J%~~WA~~ fl’E p~~r~ e/Ace, DROP ~P/LI I~Ø~41’ 44/0 ~~~~~~~~~~~V4’~?2~~~~~~~~~~441 APRON

_ _ _ _ _  - 

S 
S

- - 
5 —  - . - - -- ----5~~4—~-~~~~

_________ 55 ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -—



S. -

344
- - - 5 1’

- - — S
~~ S~~5S .55S

J i~ 2L1 14Y~~~~4 ’A~4~ ~ VA~VAI(L L~~~~4V#
~~~~~~~~~~~~~~~~~~~~~~~ ~ ie~ s1 Y~,,’1 ~~~~~~~~~~~

.5 

-
~1 L - 

-

L’A17~’a441Ar 7~f td7Z~’/D~47XD
mw#~~*~~~ WA~ ~ ,W 7W~ rn ~1C44 Y aorur e4’44weL

- - 5-  -~~ 
- — 

~~ - — 5- - —~~~~ 
_ - — - — 

~~ S ‘S5- 5. .5 5~ — — 
—.5 ~~~~‘- —.5 ~~~~~~~~~~~ £~~ !I8~4!



‘ t .

- -

•_  ...
~~~~~~ -~ .“ •

S t  
.5. 5 ; 

4

•44~~~•

- S 

S

45

.5

.
14 5 —

.

5
- -.5’ - 

- 
- 

-

-
5 - 

-
‘

cVJtW4i~~’i ~c~~41 4 h,.M,t%’ ~4’1~W44/D U4~~ 9A4/N~tV~Ac lYE LEPT i~~4/N/MQ ~ ?4LL ,g~’ ~~~~ J~ ’L LW4~ 00 rz .ir~w ‘4 c/EL

- ~ S

i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ -~~91A 
~~~~~

-
.3

- 

- i- S

-
: 

- 

- 

S S~~~~~~~~~~~~~~~~ 5

-

a

Lct~4k’/AA9 £ioWAJ27~eE.4+f Ar mL a4V,445L6O A, V1~ £xS’PI4CEL~S lEFT 7Q4/A//h4g WAll hC/ iYi JWU W4Ya ’IFZET o ’ ~V~L

i i . - S 
S 1)4

F —-5— _ -5- 5---— -

- 

- - 5

- ~~~~L___ s ,  -- ___________ 
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ — --~~~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~ —-  



fl

• __ _  

_____

~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~

2P~’~ LW4Y obrL~ T eMI4WEL i~~~’~~ ~~~~~~~z~w
- 7~’WA€A5’ 7YE BE/ l~Q~ J’4fC774(/ Wh’4%’/~4~9or

S 4~~ FELT £~WMi7RtAA1 Ac Th’E ~ 441

~~~~~~~~~~~~~~~~~~~~~~~

____ S 

-

_  

S

UPi’7~i4~C4 ?E 77L/MQ 5A2ZQ ~?4t~W/h4Q E1~’c~S/~44/
-% AT lYE £ (/~t ~F lYE ~S’P/1lI 44V AND ~PEa ’MEA/TACc~t/M€/l477OAi

_ _ _  

D-.5
S - 

~~ . - _ _ ..k..~-~-~ .- .--’— --~-- - - _ s ~~~~~~



_____________ 
~~ S5~~~~ ~~~~~~~~~~~~~~~~~~~~ 5 55--5.55-~~~~~~~~

-

- I
- 

APPENDIX

E

Ir
Drawings

)

- 
~~~~~~~~~ ~~~~~~ •~~~•• -.~~ 

.5 - 
_
~~

j
~~5 - -

S.— ______ ——— S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
j1L4~f101 ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ .5*15 .84~~~~ -



TABLE OF CONTENTS - APPENDIX E

REGIONAL VICINITY ~~p PLATE 1

PLAN VIEW OF RESERVOIR PLATE 2

GATEHOUSE PLANS PLATE 3

GENERAL PLAN DRAWING SHOW IN G
PROBLEM AREAS PLATE 4

PROFILE OF TOP OF DAN ~ TIME OF
INSPECTION PLATE 5

S 

5 - -

L_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 

-—



5—- --5—- -.--—5S----- -—- S  S~ S -5 S~~~S~~S - 5-~~S . 5 5 - 5 .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~1rrw~ ~~~~~ ~ 

_---——---5--
~~~~ 

- S  5

)~~~~ .—. N — - 5 .  5 5 S5 -,—- ’SS---—-- _ --— S . 5—  — —

~~ 
S 

~ 

S .

‘ - 
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~ / / / ~~~~~/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S S

~~~~~ 
‘

(
‘S 

1 4 ~~S ~ 

~
.-‘P:~~~ 

~~~~~~~~~~ ~~~ 
-- -

-- . 
~ 

.‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~

~i~k*~
c R;1~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

I 
~~~~~ 

4yf 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I - - -  

~~~~

-

S 

~ 

~ .5

~ ~~~~~~~~~~~~~ \- .153’ - 
-
~~ 0

~~J~~~~~~~~~~~~~~ P4Qc~~

I4~u s I S5~~f

1

’ 
- 

S ~~~~~~

~~~~~~~~ 
J.

/ / 
~~

‘ ‘
: I:

1~~ 
-

-
-
-

~~~~~ 

/ ~I s tfs Q~j 4/  
.~~~/ (  -

.

~~_JLJ~~~ &Uí~tL

\\~ ~~~~~~~~~~~~ I4 P~ON~ j
-- G J~ :~~ ~~~~ I ‘I~’A L”S=~ A~ C íi~55 ~ •

-5
~~

. : ~~~~~~~ Knight _ ( /
— . —.. ,. :1 ~~ GAD

PLATE J 4—I — IiA7F1/ Y REE/ONAL N
2~~~~~~9( j~~~ 1 ~~~ VZYMrY AIAP
-
I- ~~~~~~~~~~~~~~~~ Jt ~4LE d:Z4ooo

H
-

.5 

~
‘ ‘ ?-

~~~
.

S ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ — - I



-S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S.S_— - _S--— -------— - -— -S55-~~.5 ——S- -S-- S — _ _ _ _ _ _ _

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
S~.SsS.•5 s ~~~~~~~~~~~~~~~ - s s’ 

5~S~~~~~ S - 
5
~ ~~ 

~ SS4SS S S  

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

__ ‘~_X54~~~~~~~

~~~~~ ~~~~~
— - -

~~~ — 
— 

~~ _— — — 
~~~~~~~~~~~~ —z.-

- -

-iv- 

- B E R N H A R T  _
CAPACITY S S S S S S S S 5 . • •  42OO(~~oo r-~~~ 

-

DRftJ~~~ ( AREA 276 SQ MI

_ .5—
-

—
-

-

- 

-

~~~~ 
~~~~ 

S - 
44$ V 

--~ z~.: 5 5 ~~~~~~~~~ 5

_
_ 

- 

-

‘ .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -

- - - - - - — —

- 
- ~S 

* 

-- 
- 

- 
- 

—-

- 

-N

- 

- 

~~

‘
-

- 

S

~~~~~~~~~~~~~ _ i .1:_~ I_ l_ 
- :~~

-
~~ r— - -

~~~~
--

~~~~ 
- 

L :.‘L

— -~ - ‘ —-- ~~~~~~~~~~~~~~~~~~~~~~ 

~~~ r-jj~ -~~- 
~~~~~~~~~~~~~~~~~~~~ ~ 

- - ~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ -s ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5~~~~~~~~~~ _ - ~~~~~~~~~~ —- —S-5— .~~ 5 .~~~~~~~~ . . _________



BR

\~ 

—
-

~~~~
--

~~~~~~--
- 

~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~

555
~~~~~~~~~~~ S 

/

RC st~~v o
?.Ooc~3oo GM..S. I /
--.5- 276 SQ MI. I £l’ - /
- - - - - $3.3 ACRES 

I / 
$9.5 FEET -

,

SCTTLING
S 

BASIN

5 ,

— — -- - 5  / 5
5

- 

: 
- 

-

- 

~~~~~~~~~~~~~~~~~ ~~~~~~ 
/

- 
- ‘: ~~~~~~~~~~~

S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

S~~~~~~~~~~~~~J /

- : - ‘ 

- : 
: -  -

. 

S 

PIAIF_ Z 
-

- — 
- - — ~ . _~ _ . ~~~~~ — ~~~~~~~~~~ _ .. s — -— A ~~~~~~~~~~~~~~~~~~~~ _ -— —

— ~~~~~~~~~~~~~~~~ ~45 ~~~~~~~~~~~~~~~~~~ - - -
1.55 

_
~~~~

h1
~~~~~IJ.. ~ 

• 
S 

-



- - ~~~. 
~~

-

Er~~~ 
I 

_

_ _ _ _ _ _  - : ~I : -  ~~~~~~ ~~~~ 

- - -S ~~~ --‘ ~~~ 
\
\S

\ 

-, 

/
i::~
/
~:
’ ~~~~~ 

~~~ 

~\ ‘ s

0 

_
- 

. 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~S 
4~~~~~-~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : .

5 --4~- iI--~ ~~ ~~TJ - ~
_ _  

I 

~ 
- 

~-M1 -HI I .
~~~ I

b
; iU~~~~

’
~ 

~~~~~~I 4 ~~~~~~~~~~~~~~ A ______ I
$4 

~~~~~ ~LI __

_ _ _ _ _  ~~~~~~~~~~~~~~ utt!~
41r . 

_ _  _ _  

_ _

-

~ 

- 
- i~~ : - -ci 5 ~~~ J 

~
- ~~~~49~; - - - ~~. :. ~~~~~~~~~~

_ _ _ _  

T £4IJ,t~
’
~~~~~~~~ 

5~~•*~~~ \ ~ 4
1’ -~~~~~ 

- 

$Q~ t~~ V CHAsYIIf/? ~ 8Y-Ai 5$ .

3., 

~~~ 44I4e:, 
- 

5.

—-5, -(



- 5 -  -~~~~~~~~~ ~~~—-,- -~~~~~~~- - 
—~~~~~ - - - 

1 ’
9 ’  1! OBRIEN~ GERE

__
S 

ENGINEERS INC.
- - aU.JICT INlET IV 

- 
()*1’I jQ 14Qt.-; I

. 

S 
5 4

~~~~ 
I \ ~ EME~ AL

\ fLRAP4

~~~ \ \ i~R~vJiiU4
\

S 
-

.

- I ~~ \ PROBLEMI IJ ~~~~S -q- (8 J Q .~~~t- °
~~~

. I ~~~~~~~~~-‘--5 I-. ‘-

‘~~
-
~~~ :, ~ 

j -J t1
S 

~

~~~~~~~ 5
/

5

”

~~~

~~0 I
- Id 411 ~~~~~4~~~~ P1 . 5

—

- 
~~~~~~~~~~~ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~

Ii, ! ‘4
II)

C S

~~~ 
IL 

S- Q

- . .  .

~~~~~~~~~~~

Ii; 
S

- I — 
S 

-I  ‘ - - . 
—5—

_~~~~_ * S - 5 S S _ 5 S . S - 55-_ ~~~~~~ ••~~~~~S 
- 

_ ; _~~~~•~~~ ____

5-? -ss -55--S.----- -S ~~~~~~ 45-s j l~L ~~~~~~~~~~~~~~~~~~~~ ~~~~ 

-



— ~~~~~~ 
_S~~S S~ -S~S-5~-5~~~-5!-5-S 5— 5 5_5-5-S_ -55_5~~_S5- 5_~~~~-SS. S-55S-5~_ !S -55 S-5_SS.555_ __ S _S_~5 S

— S -

1~ 
~~~~~~~~~~~~~~~~~~~~~~~ -

• O’BRIEN&GEREI.. -.~ ENG1NEER~ INC.
S.5JSJECI SHI5ET - IT DATE JOS NO

6Ef~-Nè~A k.T DAM 1 1 I
PLAT( 5

0
PROFILE OF CRE5T

OF PP~M

L % b ~c •/‘3~’3 — —

~ k
I’

~~~~~ 
•~(31~~ -s .ki’i~

~~~~ 
/ ~fl3 — II I..

~~~~~~~~

jr 

Ovl,~E i’3’3 —
~~~

~~~~~~~~~~~~~~~ -

50 0o~ A~~3 ---- ~~~~~~~~~~~~~

_ _ _ _ _ _  

U

324

5 
- 

-f-~o-rj Oh A7’3 -5

( 4
- - ~~~~~~~~~~~~~~~ ~~

- - ‘
.5 

— - -~~~-~~~~~~ 
-

~~ _- 5s-s.5~~~ s4~ 5- ~~~~~~~~ ~~~~~~ 14.._I n~.. ~~~~ ..-k4L .~~ ~~~~~~~~~~~~~~~ ~~~~~~~~



- - S  5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -S- S - - - -

- I  -
~

S APPENDIX

I F

Site Geology

C>

l _

S _ _

S
~~~ 

- 
~~ i 4 . 5  ~~~~~~~~~~~~~~~~~~ ~ 4 5 4  - 5 5 5~~~~~~

L _ .  -
~
-

~~~
---s— — —---. —.  -.-~~ _.-—.~~~~ 1~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 

_~~~~~~-~ -~~ 
. *. -



-
~~~~ 

S ~~~~~~~~~~~~~~~~~~~~~~~~

f 

T~~q 5 -

t_ 5’

- 
SITE GEOLOGY -

- BERNHART DAM

Bernhart Dam is located in the western section of the Reading Prong of the New
England Uplands physiographic province. The crystalline rocks in this province are
folded and highly faulted complex Precambrian metamorphics. Bedrock at the dam
site has a gneissic structure as indicated by inspection of the outcrop forming the
right abutment and by geologic mapping performed by other investigators. No major
faulting or structural defects were noted in the field in the immediate vicinity of the
dam or reservo ir.
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