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PHASE I INSPECT ION REPORT

NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDIT ION

AND

RECOMMENDED ACTION

Name of Dam: Watres Dam
NDS ID No. PA-0045 1/DER ID No. 35-81

Owner: Pennsylvania Gas and Water Company

State Located: Pennsylvania

County Located: Lackawanna

Stream: Spring Brook

Date of Inspection: 7 June 1978

Inspection Team: Gannett Fleming Corddry and Carpenter , Inc.
Consulting Engineers
P.O. Box 1963
Harrisburg , Pennsylvania 17105

Based on the visual inspection, available records,
calculations and past operational performance, Watres Dam
is judged to be in fair condition. However, the spiliway
will not pass the Probable Maximum Flood (PM?) or one-half
of the PMF without overtopping the dam. If Watres Dam
should fai due to overtopping, the hazard to loss of life
downstream from the dam would be significantly increased
from that which would exist just prior to overtopping.
Based on criteria established for these studies by the
Department of the Army , Office of the Chief of Engineers
(OCE), the spiliway capacity is rated as seriously inade-
quate. The existing spiliway can acco~ nodate a flood witha peak inflow of 47 percent of th. PM? peak inflow. If
the low area of the embankment were to be restored to
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original grade, the existing spillway can accommodate a
flood with a peak inflow of 54 percent of the PMF peak
inflow. The spillway capacity would then only be rated
as inadequate.

In view of the concern for safety of Watres Dam,
the following measures are recommended to be undertaken
by the Owner as loon 58 practical:

Cl) Develop a detailed emergency operation and
warning system for Watree Dam.

(2) Perform additional studies to more accurately
ascertain the spillway capacity required for Watres Dam, as
well as the nature and extent of mitigation measures re-
quired to make the spiliway hydraulically adequate. Filling
in the existing low area of the embankment would help in-
crease the spillway capacity and this should be accomplished.

(3) Remove brush from the embankment slopes and
perform a detailed inspection to ascertain the condition of
the embankment. Surveys should be performed to determine
the existing template of the embankment. The results of
the survey should be evaluated to ascertain if remedial
action is necessary.

(4) Provide positive drainage and good vehicular
access at toe of darn to aid in assessment of seepage. In-
Btall at least eight observation wells, or other instruinen-
tation, downstream of the axis of the dam. One well, or
other instrumentation, should be located in the vicinity of
seepage. The others should be at appropriate locations to de-
termine general water level in downstream embankment. The
number of wells, or other instrumentation, will be dependent
on the results of the inspection recommended above. Data
collected from observation wells or other instrumentation
should be utilized in evaluating the stability of the
structure and assessing piping potential in the future.
Continue to observe wet areas and seepage downstream from
dam . If conditions worsen, appropriate action should be
taken to control apparent seepage with properly designed
drains.
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In order to correct operational, maintenance or repair
deficiencies, and to more accurately assess the condition
of the darn, the following are recommended to be undertaken
by the Owner in a timely manner:

(1) Remove trees close to slopes.

(2) Visually monitor vegetation in spiliway
channel and clear vegetation when warranted.

(3) Repair deteriorated mortar in masonry
joints.

(4) Remove trees close to retaining wall near
apillway channel.

(5) Clear downstream channel of dead trees.

(6) Visually monitor leaks in outlet works
tunnel and take remedial action, should conditions worsen.

(7) Repair concrete at downstream headwall of
outlet works.

(8) Repair or replace and maintain the monitor-
ing equipment, bent gate stem, and ladder.

(9) Investigate if the beaver dam in the
downstream channel is causing the swampy conditions at
toe of embankment. If it is causing this condition, it
should be removed.

The following operational mesiures are recommended to
be undertaken by the Owner:

(1) During periods of unusually heavy rains,
provide round-the-clock surveillance of Watres Dam.

(2) When warnings of a storm of major propor-
tions are given by the National Weather Service, the
Owner should activate his emergency operation and warning
system procedures .
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Submitted by:

GANNETT FLEMING CORDDRY w
AND CARPENTER , INC.

~~ çr1l (~ 
i

A. C. HOOKE AL8ER T GH~~LE3~~~~E~l
Head , Dam Section ~ ENGIN ~~~

Date : 31 July 1978

Approved by:

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT , CORPS OF ENGINEERS

( G .  K. WITHE RS
Colonel , Corps of Engineers
District Engineer

) Date : 3~ ~~ 7g
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SUQU EHANNA RIVER BASIN

SPRING BROOK, LACKAWANNA COUNTY

PENNSYLVAN IA

WATRES DAM

NDS ID No. PA-00451
DER ID No. 35-81

PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

SECTION 1

PROJECT INFORMAT ION
4 ~~~ j i~ A c—~~~

1.1 General.

a. Authority. The Darn Inspection Act , Public Law
92-367 , authorized the Secretary of the Army , through the
Corps of Engineers , to initiate a program of inspection
of dams throughout the United Sta~~~~~~~~

~ Purpppe~ -~ The purpose of the inspection is to
determine i~ the darn constitutes a hazard to human l i fe
or property. ~~~~.

‘ N, ~~r i ~. _ i
1.2 Descriptio~~of Project.

a. Dam and Appurtenances. Watres Dam consists of
an embankment with partial concrete core wall, a broad-
crested masonry gravity spillway , and an outlet works.
The embankment, 135 feet high at maximum section, extends

t
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for 1,406 feet across the valley. The embankment has
a 20-foot top width and vary ing downstream slopes which
avcrage lv on 2.5ff. The lower two-thirds of the down-
stream slope is either provided with riprap or stone
protection . The upper part of this slope is seeded .
The varying upstream slopes on the embankment are cov-
ered with riprap and average lv on 2.4ff. A reinforced-
concrete core wall with grout curtain beneath is pro-
vided across the stream valley and up the left abutment
along the dam axis .  This core wall has a maximum height
of 40 feet over the streambed . The spillway channel is
excavated to the left of the hillside which forms the
left abutment of the darn. The 72-foot long spiliway
weir is a masonry gravity structure with crest Elevation
1426.0, which is 14 feet below design top of dam . The
spiliway approach channel and downstream channel both have
rectangular cross sections excavated in the bedrock . The
spiliway discharge channel descends on a varying slope ,
dropping 22 feet  in 300 feet. It then drops on a lv on
iN slope for about 100 feet to Panther Creek below.
Panther Creek has its confluence with Spring Brook about
0.3 mile downstream . The outlet works also discharges
into Panther Creek . The outlet works consists of a
tunnel through the bedrock of the embankment left abut-
ment hillside . Concrete lining and walls are provided
at each end of the tunnel .  A shaft  near the center of --
the tunnel  rises vert ically to a valve house , located
approximately at the downstream toe of embankment.
Concrete plugs are provided in the tunnel upstream and
downstream of the shaft. Two 30-inch diameter lines ,
with valves directly below the shafts , extend through
both plugs. One line extends beyond the downstream
plug and connects to a water supply line. Various
features of the darn are shown on the Plates at the end
of the report and on the Photographs in Appendix D.

b. Location. The darn is located on Spring Brook
approximately 0 .7  mile southwest of the Village of
Spring Brook , Pennsylvania .  Watres Dam is shown on
USG~ Quandrangle 6 Moscow , Pennsylvania , with coordinates
N4l 17’40” - W75 35 ’30”  in Lackawanna County , Pennsyl-
vania , and is 6 miles southeast of the Scranton/Wilkes-
Barre Airport . The darn is 1.6 miles upstream of Nesbitt
Reservoir , which is fed by Spring Brook . The location
map is shown on Plate 1.

c. Size Class i f ica t ion .  Large (135 feet high ,
8 ,24 1 acre—feet ) .

— 2—



d. Hazard Classification. High hazard. Down-
stream conditions indicate that a high hazard classifi-
cation is waranted for Watres Darn (Paragraph 5.le.).

e. Ownership. Pennsylvania Gas and Water Company,
Wilkes—Barre , Pennsylvania.

f .  Purpose of Dam. Water supply for the Townships
of Pittston and Spring Brook, and the communities of Dupont ,
Laf l in , Moosic , and Yatesville, Pennsylvania.

g. Design and Construction History. Watres Darn was
designed by Wil l iam Barnes , Chief Engineer of the Spring
Brook Water Supp ly Company . At the time of design , this
was to be the highest darn in the Commonwealth . Consequently ,
the Pennsy lvania Water Suppl y Commission carefully reviewed
the design and made a number of recommendations. The Owner ,
as the Spring Brook Water Company , concurred with all of
these except with the recommendation to flatten the upstream
and downstream slopes of the embankment. The Commission
retained Arthur Morgan , President of the Dayton Morgan Engi-
neering Company , Dayton , Ohio, to consult on this matter .
The Spring Brook Water Company retained Leonard Metcalf of
the consulting firm of Metcalf and Eddy , Boston , Massachu-
setts, and Daniel Moran of Moran and Proctor , foundation
consultants, New York City , as consultants. A meeting in
July 1921 resolved di f ferences  and construction was started
soon thereafter. The tunnel was started first. It was built
by Winston and Company , contractors , of Kin gston , New York.
The tunnel excavation was completed in 1922. Construction of
the embankment and sp iliway was started in 1922. The reservoir
started f i l l ing  in the spring of 1925. Work was complete in
the f a l l  of 1925.

Some time between 1934 and 1941 , the l e f t  end of the
spiliway weir overturned . A temporary wooden weir was
constructed in that area. In 1941 , the present masonry
gravity weir was constructed and the previous spillway
structure removed .

1.3 Pert inent  Data.

a. Drainage Area. 15.4 square miles.

b. Discharg~e at Damsite. (cfs.)

Ma ximum ~nown flood at damsite — 2 ,800
(estimated - August 1955) .
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• Outlet works at maximum pool elevation - 300
(approx imate) .

Spiliway capacity at maximum pool elevation - 10,000
(low area).

Design spiliway capacity — 11,500.

c. Elevation . (Feet above msl.)

I - 
Top of dam (low area) — 1438.9.

Design top of darn - 1440.0.

Maximum pool (top of dam low area) - 1438.9.

Normal pool (spiliway crest) - 1426.0.

Upstream invert outlet works - 1322.

Downstream invert outlet works - 1308.
I

Streaznbed at centerline of dam - 1305.0.

d. Reservoir Length. (Mi les .)

Normal pool - 1.3.

Maximum pool - 1.8.

e. Storage. (Acre-feet.)

Normal pool (spillway crest) — 5,957.

Maximum pool (top of dam) - 8 ,241.

f. Reservoir Surface. (Acres.)

Normal pool (sp il lway crest) — 167.

Maximum pool (top of dam) - 215.

g. Dam.

- Earthfill with partial concrete core wall.

Length - 1,406 feet .

Heig~ht — 135 fee t .

Top width - 20 feet .  (
~)
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j Side slopes - Downstream
from El. 1440 to El. 1420 — lv on 1.511.
from El. 1420 to El. 1395 — lv on 211 —• 2—foot  wide berm at El. 1395.
from El. 1395 to El. 1345 — lv on 2.5H—

5—foot wide berm at El.  1345.
below El. 1345 - lv on 2.5 11.

Side slopes - Upstream
from El.  1440 to El .  1420 — lv on 1.7811.
from El.  1420 to El. 1410 — lV on 211 —

0.7-foot wide berm at El. 1410.
from El. 1410 to El. 1395 — IV on 2 .5H.
from El. 1395 to El. 1337 — lv on 311 —

8-foot wide berm at El. 1337.
below El. 1337 - lv on 1.511.

Impervious core — Partial, concrete core wall.

Zoning - Homogeneous earthf ill.

Cutoff  - Core wall in rock trench across center of
valley and towards left abutment. At highest
embankment section, top of core wall is 95• feet below top of dam.

Grout curtain - Single line across streambed ,
150 feet upstream of axis. Single line
beneath core wall and extending further
left towards spi].lway.

h. Diversion and Regulating Tunnel.

Type - Tunnel in rock , partially lined with con-
crete. Vertical shaft, with valve house at
top, at center of tunnel.

Length - 950 feet.

Closure - Concrete plug placed immediately upstream
and downstream of shaft.

Access - Upstream of upstream plug - none.
Between upstream and downstream plug - through
shaft. Downstream of downstream plug - through
exit portal at downstream end .

I
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h. Diversion and Regulating Tunnel. (Cont ’d .)

Rcgulating fac i l i t i es  - Two manually operated ,
rising stem , 30—inch—diameter gate valves
for each of both 30-inch-diameter cast-iron
pipes. Operating stands have parallel 3 .25
to 1 beveled gear reducers on 3—inch-diameter
2 TPI stems. One 12-inch—diameter bypass
that discharges into downstream tunnel with

• 12—inch-diameter rising stem gate valve .
One 1—inch-diameter 3 TPI stem is connected
to 12-inch—diameter handwheel on operating
stand at gatehouse f loor.

i. Spil lway.

Type - Broad-crested weir with lv on 611 adverse
slope (width - 3.0 feet) .

• Length of weir - 72 feet.

Crest elevation — 1426.0.

Upstream channel - lV on 411 adverse slope to
spiliway crest. •

Downstream channel - Variable sloped rock channel
1-percent slope for 200 feet then changing to
20-percent slope for next 100 feet, which
leads to a 1V on 111 slope extending to stream
below .

j .  Regulating Outlets. None , other than as noted in
Paragraph 1.3h.

—6—
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SECTION 2

ENGINEERING DATA

2.1 Design.

a. Data Available. Some engineering data for the
darn is available for review. In 1921 , the Pennsylvania
Water Supply Commission prepared a report on the struc-
ture prior to issuing a permit for construction . This
report resulted in some recommendations. Other consultants
were employed both by the Owner and the. Commission to de-
termine a suitable design . No numerical analyses of design
were available for review. A more complete history is pre-
sented in Paragraph 1.2g.

b. Design Features. The dam consists of a homogen-
eous earthf ill embankment with a partial concrete core wall ,
an outlet works tunnel with pipes contained therein , and a
spillway .

The embankment has a design top elevation of 1440
(Photographs A , B, C, and D). The top width is 20.0 feet.
The upstream slope is protected with riprap over the entire
section. On the downstream slope, riprap or stone protection
is provided below Elevation 1395. Above this elevation , the
downstream slope is covered with grass. The upstream slope
varies from 1V on 1.7811 near the top to lv on 311 near the toe.

• A rockfill dam across the valley , which was originally a
diversion dam during embankment construction , acts as the
upstream toe of the embankment. The downstream slopes vary
from lV on 1.511 near the top to lV on 2.5H near the toe. A
two-stage stone filter is provided below Elevation 1345 at
the downstream toe. Details of the profile and section are
shown on Plate 3.

Cutoff facilities are provided along the axis of dam.
Commencing at the right abutment , a cutoff trench excavated in
earth extends for 348 feet left. This trench is 12 feet wide
and is about 4 feet deep. It was backfilled with selected
embankment fill. To the left of this trench , another cutoff
trench was excavated in rock for 300 feet towards the left
abutment. This trench starts about 120 feet right of the
streambed and extends across the deepest part of the valley
towards the left abutment. It stops about 160 feet right of
the left embankment abutment. It is of..varying depth with a
12 foot wide bottom founded in firm rock. A single line grout
curtain , with holes at 16 foot maximum spacing, was provided
below the trench and beyond the end of the trench towards the
spillway on the left. Also, in this trench is a concrete core
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wall. The core wall maintains a constant elevation of 1345
across the streambed and is stepped up at irregular inter-
vals both to the right and left of the streambed . Details
of the core wall are shown on Plate 3. A second cutoff
trench about 150 feet in length was excavated about 150 feet
upstream of the axis  of dam across the deepest part of the
gorge . This trench was excavated in bedrock with a 25 — foo t
bottom width  and is about 4 feet deep. Eleven holes , on 10-
foot centers , were dri l led and grouted in the bottom of the
trench to form a grout  curtain.

The embankment is constructed of gravelly-clay .
To the right of the streambed , the foundation soil is a
sandy clay . The foundation soil to the left of the stream-
bed is unknown . Rock generally lies close to the natural
ground surface on this side. The nature of the rock at the
site is described in Appendix E, Geology.

Access to the embankment is via an unpaved road
extending along the right side of the reservoir. The access
road then extends across the top of dam to the embankment
left abutment. The access road then forms a wye , with one
section extending along the reservoir shore to the right
side of the spiliway . The other section reverses direction
and extends along the downstream toe of the embankment along
the left abutment past the valve house until about half—way
down the embankment. The road then turns leftward and extends
down till it terminates near the outlet works headwall.

The spillway is located to the left of the embank-
ment (Plate 3). The centerline of spillway is about 160
feet left of the left end of embankment. The spillway and
spillway channel are separated from the embankment by high
natural ground . The spillway weir is a 72-foot long masonry
gravity structure with a crest elevation of 1426.0 (Plate 4
and Photograph G). The crest is 3 feet wide and slopes to-
ward the reservoir such that the upstream edge is 6 inches
below the crest. The back and front face of the structure ,
which is founded in rock , are slightly battered. A masonry
apron extends along the downstream side of the spillway weir.
The apron is about 2 feet below the crest and extends for 5
feet downstream. The walls of the spillway approach channel
and the spillway channel are near vertical rock cuts. The
short approach channel consists of an excavated surface
through the natural materials. The spiliway channel is exca-
vated into bedrock. The channel downstream from the weir is
on a 0.5 percent grade for 200 feet, then on a 20-percent
grade for the next 100 feet (Photograph H). Below this point ,
the channel drops about 100 feet on about a 100—percent grade
to Panther Creek below (Photograph I). Panther Creek flows
into Spring Brook about 0.3 mile downstream of the spillway .

—8—
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On the right bank of the spillway channel, at the toe of
• the 100-percent grade, is a masonry retaining wall (Photo-

graph 3). This wall is about 30 feet long and is about 18
feet high at the highest sectIon. Apparently , this wall is
used to retain a natural earthen section of the hillside.

The outlet works consists of a tunnel , excavated
in rock, in the left abutment hillside. The tunnel is about
120 feet right of the left end of the embankment and is
almost normal to the axis. The upstream invert of the tunnel
is at Elevation 1322 and the downstream invert is at Elevation
1308. A reinforced-concrete portal is provide on the upstream
end . The upstream end of the tunnel is provided with
reinforced-concrete lining until the natural rock is of such
quality that concrete lining is no longer required. The clear
opening at this end is a horseshoe-shaped area, 9 feet wide
by 9.3 feet high. A steel screen is provided in the upstream
portal. The tunnel terminates downstream at a reinforced-
concrete headwall with a clear rectangular opening 10 feet
wide by 5 feet high (Photograph F and Plate 6). Approximately
120 feet of the most downstream section of tunnel is lined
with the reinforced concrete and it maintains the rectangular
cross section. Upstream of the downstream concrete lining ,
the tunnel changes abruptly to a horseshoe-shaped section
excavated in the natural bedrock. This aection, excavated in
the bedrock , continues upstream to the concrete lining near the
upstream portal. A vertical access shaft extends from the
natural ground surface approximately at downstream toe of embank-
ment to the tunnel. This shaft is reinforced concrete lined
and has a clear diameter of 12.7 feet. The tunnel was orig-
inally used for diversion purposes. After completion of the
embankment, concrete plugs were placed in the tunnel directly
upstream and downstream of the shaft. Two 30-inch diameter
cast-iron pipes extend through the upstream plug and terminate
at the upstream side of the plug. A valve house is provided
atop the shaft (Plate 6 and Photograph B). The valve stems
extend down to the two 30-inch gate valves, connected in
series on each pipe. 2he pipes then extend through the down-
stream concrete plug. The left pipe terminates at the down-
stream side of the plug . The right pipe extends almost to
the end of the tunnel , where it deflects right and connects
to a 30-inch diameter water supply line leading from the dam.
Directly below the shaft, in the valve chamber, a 12-inch dia-
meter cast-iron pipe, with valve, is provided. This pipe
extends from a tap between the valves on the left pipe through
the downstream plug , where it terminates. A 4-inch diameter
cast-iron pipe extends through the top of the upstream plug.
This pipe taps into a 14-inch diameter cast—iron pipe which
extende vertically to the valve house. It is used as a
floatwell.

1
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2 . 2  Construction.

a. Data Available. At the time of construction ,
the Watres embankment was the highest in the Commonwealth .
Because of this , the Pennsylvania Water Supply Commission
was quite concerned wi th  the construction methods u t i l i zed .
Frequent inspections were made by the Commission . Inspec-
tion reports and construction specifications are on file.
Other data was available from the Owner ’s files.

b. Construction Considerations.

As or iginal ly designed, the embankment would have
had three core walls. These walls would have been parallel
to the axis of dam. The longest would have been constructed
along the axis. The other two, which would have extended
across only the deepest part of the valley , would have been
150 feet upstream and 75 feet downstream of the axis. Exca-
vation of the trench for the upstream core wall revealed poor
quality seamy rock. The grout holes in this trench required
299 bags of cement. With the approval of the Pennsylvania
Water Supply Commission , the plans were changed to provide
one core wall along the axis of dam , where the quality of
rock was much better. Because of the nature of the material
at the downstream end of the tunnel , the original plan to
provide a valve house at the downstream end of tunnel was
modified to provide a shaft for the gate stems in approximately
the center of the tunnel.

The periodic inspections by the Commonwealth during
construction resulted in a number of recommendations which
were implemented by the Owner. It was recommended that all
large stones be removed from the embankment earthf ill. It was
also recommended that the thickness of the earthf ill layers,
which were being placed 18 to 20 inches thick, before com-
paction , be reduced to 6 inches , as required by the permit
issued by the Commonwealth. The inspection also recommended
that frozen earthf ill , placed at the end of a construction
season , be removed and replaced with good quality earthf ill.

The or ig inal spiliway was an excavated rock channel
with control section. During the final Commonwealth construc-
tion inspection in 1925, it was discovered that the Owner had
constructed an erodable earth dike about 100 feet upstream of
the control section . The top of dike was about 5 feet higher
than the control section invert. The Owner reported that
there had been fairly serious seepage through the rock up--
stream of the control aection . The Commonwealth objected to
the erodable dik~ . The Owner then proposed to construct a
concrete weir with crest at present spillway crest elevation

• — 10—
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and an erodable earthfill dike with top elevation 2 feet

J above the new crest. With the Commonwealth ’s approval ,
these features were constructed in 1926. In November
1926 , the erodable earthf ill dike washed out and was never
replaced.

In summary , it appears that reasonable care was
exercised during construction of Watres Dam.

As was noted in Paragraph l.2g, the spiliway weir
overturned and a new masonry gravity weir was constructed
in 1941. No construction data was available for this modi-
fication.

2.3 Operation. No formal records of operation were re--
viewed. Based on information from the Owner , all structures
as presently constructed have performed satisfactorily. As
was noted in Paragraph l.2g, the original spillway had
structural problems. It has since been replaced. The Owner ’s
records indicate that the depth of water over the spillway
was 4.75 feet during the flood of May , 1942 and 5.5 feet
during Tropical Storm Diane in 1955.

• 2.4 Other Investigations. During 1955, Thomas Wiggin , Con-
suiting Engineer , New York City , performed a hydraulic and
hydrologic analysis to determine the existing capability of
the dam to pass flood flows. No modifications to the dam
resulted from that study.

2.5 Evaluation

a. Availability. Engineering data was provided by the
Division of Dams and ~ncroachments , Bureau of Water Quali ty
Management, Department of Environmental Resources, Common-
wealth of Pennsylvania, and by the Owner , Pennsylvania Gas
and Water Company. The Owner made available an engineer,
the caretaker, and a valve crew for information and operating
demonstrations during the visual inspection . The Owner also
researched his files for additional information upon request
of the inspection team.

b. Adequacy. The type and amount of design data and
other engineering data is limited , and the assessme nt must
be based on the combination of available data, visual inspec-
tion, performance history, hydrologic assumptions , and hydraulic
assumptions.

c. Validity. There is no reason to question the validity
of the avail&ble data.
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. Watres Darn appears to be in fair condi-
tion. There are some deficiencies as noted below.

b. Embankment. The upstream slopes above the normal
reservoir level appear to be in good condition , except for
brush growing over the upper half of the exposed slope
(Photograph D). The riprap appeared in good condition , with
hardly any evidence of weathering . A survey performed for
this inspection revealed that the lowest point on top of em-
bankment is 1.1 feet below design elevation. The low area
extends over 600 feet of the top. The left end of the low
area is about 350 feet right of the left end of the embankment.
The downstream slope was heavily overgrown with brush
(Photographs A and C), except at the toe near the streambed .
The toe in this area is rock fill. The abutment line was
indistinct because of the heavy and , in some areas , impene-
trable growth. One cross section of the embankment was
surveyed for the inspection. To gain access to areas of the
embankment, a path had to be cut with a machete. Because of
the brush , many of the features shown on the section supplied
by the Owner could not be seen. The surveyed cross section
indicates that the embankment is somewhat steeper near the
top than the Owner ’s cross section indicates. The survey
revealed that the upper 20 feet of embankment is lV on
1.311 or steeper. As changes in slope could not be observed ,
the survey data cannot be considered definitive. Most of the
embankment could not be observed . The toe of embankment , at
the streambed , was swampy (Photograph E). Two seepage areas
were observed. About 30 feet downstream of the toe , on the
right, clear water was seeping from the hillside at about
1 gpxn. About 60 feet downstream of the toe, on the left side
of the streambed , clear water was seeping at 2 to 3 gpm.
Flowing water could be heard running through the rock fill at
toe of dam. Access to the toe was through the woods from an
access road about 200 feet to the left. Trees were growing
adjacent to the rock fill at the toe. There did not appear
to be any permanent watercourse from the swampy area at the
toe to the stream.

• c. Spillw~y. Mortar is missing for up to a 2-inch
depth from some joints in the weir and downstream apron
(Photograph C). There is a small amount of vegetation in
the channel immediately downstream of the weir (Photograph
H). The stream below the spillway channel has dead trees
strewn across it (Photograph I). The masonry retaining wall
on the right bank in this area has deteriorated motar, with
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grass growing in some joints (Photograph J). A brown-
colored leaching was obs~~ ved over the lower h a lf .
Trees are grow ing close to this wall.

d. Outlet Works. The stem for the floatwell intake
valve in the valve house is bowed . The floatwell does not
function . The ladder from the valve house which extends
down the vertical shaft is rusting . The concrete tunnel
lining near the downstream end of the tunnel has 1—inch
diameter hole through which water is leaking . The top of
the headwall at the downstream end of tunnel is severely
deteriorated, with the reinforcing steel being exposed over
all the top (Photograph F) - The operation of the downstream
valve on the lef t  pipe was observed . It required four men
30 minutes to open the valve 8 inches. The Owner requested
that the valve not be opened more to avoid getting sediment
in the water transmission line on the right. No problems
were noted with  the valve operation . This valve leaked .

3.2 Evaluation.

a. Embankment. Brush on the upstream slope is unde-
sirable. The brush on the downstream slope is of general
concern. The Owner stated that the embankment had been
cleared of brush three years previously. Problems occurring
on the embankment would not be observable. The Owner warned
the inspection crew repeatedly that poisonous snakes were
very prevalent in the area. In the thick brush , they would
be a definite hindrance to an investigation of suspected
problems. Because of the brush , the visual inspection can-
not be considered definitive. Seepage from the dam has been
reported in almost all the periodic inspections by the Common-
wealth. The descriptions in the inspection reports are
insufficient to determine if these seepage areas are the same
as the areas noted during this inspection . The flow from the
right of the stream is noted in one inspection report as being
from drain pipes which extend from the core wall. Another
inspection report indicated that springs in the right hillside
were discovered, during embankment construction . It was the
inspector ’s opinion that the water heard flowing through the
rock fill at the toe of embankment was related to the water
seeping from the left side of the streambed . Water flowing
through the rock fill had not been reported in previous
inspections. Positive drainage of the swampy area at the
toe would aid in assessing the seepage condition. A good
vehicular access road to this area would also be of benefit
to make inspections easier and quicker. Because of its poten-
tial seriousness , the seepage is of some concern. Trees
adjacent to the embankment are undesirable. The reason for
the discrepancies in cross section data is unknown. The low
areas in the embankment indicate the embankment has settled .
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During the 1930 inspection by the Commonwealth , it was noted
that the embankment had settled 1.7 feet and that it was in
the process of being raised to design level. If the apparent
top embankment slope of lv on l.3H is verified by a future
survey , the slope should be restored to design template.

b. Spillway. The deterioration of the mortar is not
sufficiently ser ious to be of concern. The vegetation
downstream of the weir is too small to create problems at
present. The trees in the downstream channel , while not
desirable, present no significant hazard to the dam. Trees
adjacent to the retaining wall are undesirable. Long-term
neglect of the deteriorating mortar could prevent the
spiliway from acting as a watertight structure .

c. Outlet Works. The inoperable floatwell presents no
hazard to the dam. However , if operable it would be an aid ,
in assessing the seepage downstream. The rusting ladder
could eventually be a hazard to personnel. The leakage
observed in the tunnel presents no significant hazard to the
dam . The deteriorated headwall does not present a hazard to
the dam.

d. Reservoir Area. ~o conditions were observed in thereservoir area which might present a significant hazard to
the dam.

e. Downstream Channel. A beaver dam is located in the
downstream channel , but it presents no s ignif icant  hazard to
the dam. It may , however, be related to the swampy conditions
observed at the toe of the embankment.

I
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SECTION 4

OPERATIONAL PROCEDURE S

4.1 Procedure. The reservoir is maintained at spil].way
crest, Elevation 1426.0, with excess inflow discharging over
the spillway and into Panther Creek. Panther Creek flows
into Spring Brook , which flows into Nesbitt Reservoir 2.5
stream miles downstream . A 30-inch dismeter cast—iron water
transmission line drains water from the Watres Dam outlet
works tunnel, which enters the reservoir at Elevation 1322.
On the average, 18 mgd flow in the gravity transmission line
to Pittston and Spring Brook Townships, and to the communities
of Dupont, Laflin , Moosic , and Yateeville. All these com-
munities consume an average of 14 mgd. The average excess
of 4 mgd flows to Gardner Creek upstream of Gardner Creek
Dam. Streamf lows in Spring Brook can be increased by releases
from Watres Dam. A 30—inch diameter cast—iron water supply
line , which is separate from the tranémission line , discharges
into the outlet works tunnel. The tunnel discharges into
Panther Creek , which flows into Spring Brook and thence into
Nesbitt Reservoir. Since streamf low is usually augmented only
when Nesbitt Reservoir is below spillway crest elevation ,
the downstream valve on the Watres water supply line is
usually closed. The upstream emergency shutoff valve on this
line is usually fully open. The downstream valve on the
water supply line is not normally opened fully, as this wou ld
cause sediment to also enter the water transmission line.
Apparently, the 12—inch diameter bypass line, which taps off
the water supply line , is not operated frequently.

4.2 Maintenance of Dam. The dam is visited daily by two
cartakers who record the reservoir elevation. Weekly reports
are mailed to the Owner ’s Engineering Department. This infor-
mation is used by the Engineering Department for regulating
flows in the distribution system. The caretakers are also
responsible for observing the general condition of the dam
and appurtenant structures and reporting any changes or
deficiencies to the Owner’s Engineering Department. A
Pennsylvania Gas and Water Company engineer makes a formal
inspection of the dam each year , and the records are filed
and used for determining priority of repairs. Informal
inspections are also made when the engineer is on the site for
other reasons. The caretakers are also responsible for main-
tenance of Spring Brook Intake , Nesbitt Dam, Maple Lake Dam,
Covey Swamp Dam , and Fort Tuna Creek Dam.

4.3 Maintenance of Operating Facilities. Valve stems and
gears are lubricated frequently. The general condition of the
operating facilities seemed good. A few items were not ade-
quately maintained as noted in Section 3. According to the
Owner , there is no regular maintenance schedule, but main-
tenance of items is performed when deemed necessary .
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4.4 Warninq~ Systems in Effect. The Owner furnished the in-
spection team with a chain of command diagram for Watres Dam
and a generalized emergency notification list that is applicable
for all of the Pennsy lvan ia  Gas and Water Company dams . The
Owner said that during periods of heavy rainfall, available
personnel are dispatched to the dams to observe conditions.
All company vehicles are equipped with radios , and the
personnel can communicate with each other and with a central
control facility. Evaluation of risk is made by the Owner ’s
Engineering Department. The Owner ’s Engineering Department is
also responsible for notification of emergency conditions to
the local authorities. Detailed emergency operational pro-
cedures have not been formally established for Watres Dam ,
but are as directed by the Owner ’s Engineering Department.

4.5 Evaluation. The operational procedures appear satisfac-
tory. However , in order to ensurc~ proper operation , the up-
stream valve on the water supply line and the valve on the by-
pass line should be fully opened and closed at least once a
year. The maintenance of the operating equipment is good.
The maintenance of the embankment is poor. The procedures
used by the Owner for inspecting the darn are adequate , but
some needed repairs have not been made . In general , the
warning system is adequate , but it would be more e f fec t ive
if it were more detailed .
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SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data.

(1) No hydrologic and hydraulic analyses for the
original Watres Dam design were available for review. The
spillway capacity has been estimated several times for the
various conetruction modifications that have evolved.

(2) In the recommended guidelines for safety
inspec-tion of darns, the Department of the Army , Office of
the Chief of Engineers (OCE), established criteria for
rating the capacity of spiliways. The recommended spiliway
design flood for the size (large) and hazard potential
(high) classification of Watres Dam is the Probable Maximum
Flood (PMF). If the darn and spillway are capable of passing
the PMF without over-topping fa i lu re , the spiliway capacity
is rated as inadequate . If the dam and spillway are capable
of passing one-half of the PMF without overtopping failure ,
the sp illway capacity is not rated as seriously inadequate .
A spillway capacity is rated as seriously inadequate if all
of the following conditions exist :

(a) There is a high hazard to loss of life
from large flows downstream of the dam.

(b) Darn failure resulting from overtopping
would significantly increase the hazard to loss of life
down-stream froit. the dam from that which would exist just
before overtopping failure.

(c) The dam and spillway are not capable of
passing one-half of the PMF without overtopping failure .

(3) In 1955, Thomas H. Wiggin , Consulting Engineer ,
New York , rated the spillway capacity . Since no spiliway mod-
ifications have been made from the time the computations were
made , the rating curve is still valid and is acceptable. With-
out freeboard , the spillway design capacity is 11,500 cfs.
However , low spots exist in the crest of the embankment that
reduce the capacity of the spiliway to 10,000 cfs at the point
of initial overtopping of the dam.

( 4 )  The Owner estimated that approximately half
of the watershed belongs to Pennsylvania Gas and Water Company .
Most of the watershed remains undeveloped . Hydrologic analysis
for this study was based on existing conditions , and the effects
of future development of the watershed were not considered .
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( 5 )  Compton Dam is 4 . 4  stream miles upstream of
Watres Reservoir (Photograph K). At the damsite , the drainage
area is 1.0 square mile. The dam itself is an earthfill
embankment 19 feet high with a spillway at the right abutment.
At spiliway crest elevation , the reservoir has a surface area
of 3 acres and the reservoir contains 49 acre—feet. During
the inspection of Watres Darn , a br ie f  field visit was made
to Compton Darn and the dimensions of the spillway were obtained .
The spillway is an ogee-shaped concrete weir 27 feet long
(Photograph L) . The spillway crest is 4.0 feet below top of
embankment. The reservoir is used for recreation purposes
by the Jewish Community Center , which is situated on the left
abutment hillside . Except for the spillway dimensions , data
concerning the dam was obtained from Bulletin No. 5 “Water
Resources Bulletin - Dams , Reservoirs and Natural Lakes” ,
published by the Bureau of Engineering , Pennsylvania Department
of Forests and Waters. Subsequent calculations (Appendix C)
indicate that the spillway discharge capacity is 800 cfs
and that  the reservoir would contain 62 acre-feet with pool
at top of darn. The component of the Watres PMF at the Compton
damsite is estimated at 3,080 cfs. The method of obtaining
the component of the PMF was by transposing the PMF flow at
Watres Dam. Considering the effects of the available sur-
charge storage at Compton Dam , the spiliway can pass , without
overtopping the darn , a flood of equal duration of the PMF
and w1~th a peak flow of 830 cfs. This is 27 percent of the
PMF peak i n f l o w . The total capacity of Coznpton Reservoir is
62 acre-feet. This is less than 3 percent of the available
surcharge storage at Watres Darn . Therefore , fa i lu re  of
Compton Dam would not , by itself , cause overtopping of Watres
Dam. Because Compton Dam is far upstream of Watres Reservoir
and because it has small spillway capacity and minimal storage ,
it was estimated that the darn would have negligible effects
on major flood inflows to Watres Reservoir.

b. Experience Data. For this study , the PMF was obtain-
ed from the curve of PMF peak flow vs. drainage area for
Region 2 of the Susquehanna River Basin. (l) The PMF peak was
estimated to be 27,410 cfs. The volume of the inflow
hydrograph was adjusted to approximate 26 inches of runoff
over the entire watershed .

in May 1942 , a head of 4.75 feet  was reported on
the spiliway crest. The estimated discharge was 2 ,4 80 cfs.
The highe3t discharge of record was reported during the run-
off associated with Tropical Storm Diane in August 1955.
According to the caretaker , the water level was 5.5 feet

(1) Obtained from the Baltimore District , Corps of Engineers.
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over the spillway crest, which corresponds to a discharge of
about 2 , 800 cfs .

c. Visual Observations. On the date of the inspection ,
no conditions were observed that would indicate that the spi l iway
capacity would be s ignif icant ly  reduced during a flood
occurrence.

d. Overtoppin9 Potential. For an occurrence of the ‘MF ,
the peak inflow of 27 ,410 cfs is greater than the spillway
capacity of Watres Darn. A check of the surcharge storage
effec t of Watres Reservoir shows that the surcharge storage
available is insuf f ic ien t  to contain an inflow with a peak
flow of 27 ,410 ‘cia without overtopping the d arn (Appendix C ) .

3. Downstream Conditions. About 1 mile downstream of
Watres Darn, there are a few homes on the right overbank of
Spring Brook. However , as these homes are at least 140 feet
higher than the stream , they would probably not be flooded by
large flows from Watres Darn. Spring Brook flows into Nesbitt
Reservoir about 2 .5  stream miles below Watres Darn . At the
approximate juncture of Spring Brook and the reservoir , Pennsyl-
vania Route No. 502 crosses the reservoir on a low bridge. This
bridge would not provide any mitigating effects for floodflows
in Spring Brook. A Phase 1 Inspection Report for Nesbitt
Dam has been prepared. The downstream conditions noted in the
report indicate that a high hazard classification is warranted
for Nesbitt Dam. In the report, it is also estimated that the
failure of Watres Dam would cause the overtopping of Nesbitt
Dam. Therefore , the downstream conditions indicate that a high
hazard classif icat ion is warranted for Watres Dam .

f. Spillway Adeqjuancy.

( 1) The existing spillway will not pass the PMF
without overtopping the darn . One-half of the PMF inflow is
13,705 cia and is greater than the spillway capacity . A
check of the surcharge storage effect  of Watres Reservoir shows
that the surcharge storage available is insufficient to
contain an inflow with a peak flow of 13,705 cfs without
overtopping the darn (Appendix C).

(2 )  The maximum tailwater is estimated to be Eleva-
tion 1, 320 at the spillway capacity of 10 , 000 cfs .  At
max imum pool elevation, there is a difference of about 120
feet between headwater and tailwater. If Watres Dam should
fail due to overtopping , the hazard to loss of life down-
stream from the dam will be significantly increased from that
which would exist just prior to overtopping.

I
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( 3 )  Based on established OCE cr i ter ia  as outlined
in Paragraph 5.la(2), the spiliway capacity of Watres Dam
is rated as seriously inadequate . Considering the effects
of the surcharge storage of 2,284 acre-feet , the spiliway
discharge capacity of 10,000 cfs can accommodate a flood
with a peak inflow of 12 ,920 cfs for a storm of the same
duration as the PMF. This is 47 percent of the PMF peak
inflow.

(4) If the low area of the embankment were to be
raised up-to-grade , which could be considered a maintenance
task , the Bpillway capacity of Watres Darn can be increased
to 11,500 cfs. This would allow accommodation of a flood
with a peak inflow of approximately 14,690 cfs or 54 per-
cent of the PMF peak inflow. The spiliway capacity of Watres
Dam would then only be rated as inadequate.

I
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) General. The visual inspection of the darn re-
sulted in a num5 F~~Uobservations relevant to structural
stability. These observations are listed herein for various
features.

(2) Embankment. Seepage was observed at the toe
of embankment and survey data , acquired for this inspection ,
revealed differences between the existing embankment template
and the design template. A detailed description and evaluation
of these conditions are in Paragraphs 3.lb. and 3.2a.,
respectively.

(3) Spiliway. Deterioration of mortar in joints
was observed in the apillway weir , masonry apron, and down-
stream retaining wall. A detailed description and evaluation
of these conditions are in Paragraphs 3.lc. and 3.2b.,
respectively.

b. Desi~n and Construction Data. No record of design
data or stability analysis was available for review. In the
report upon the application of the Spring Brook Water Supply
Company to obtain a construction permit for Watres Darn, the
Pennsylvania Water Supply Commission was concerned about the
design slopes of the embankment, as was noted in Paragraph
1.2g. No mention was made of the spillway weir stability in
the report. Based on data available for review, there is no
record of numerical analyses for either of these features.

Analysis of the embankment stability is beyond the
ft scope of this study. Also, sufficient data would have to

be acquired before the analysis could be performed.

After the original spiliway weir overturned , approxi-
mately 10 years after its construction , a new spillway weir
was constructed in 1941. No stability analysis for this
structure was available for review.

The existing spillway weir crest elevation is
approximately 2 feet above the invert elevation of the
downstream spillway channel. Stability analyses are not
usually performed on structures this small. From a review
of the cross section of this structure, it is judged that it
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should be stable under the anticipated loading conditions.
Failure of the spillway weir , while perhaps creating a hazard
downstream , would not create a hazard to the embankment.

c. Q~~ratinc~ Records. No formal records of operation
were reviewed . Evidence of some instability on the embankment
was noted in the periodic inspections performed by the Common-
wealth. As was noted in Paragraphs 3.lb. and 3.2a., a dr’tailed
inspection of the embankment was not able to be performed for
this inspection .

d. Postconstruction Changes. As noted herein , there is
suffic ient information available on all modifications made to
Watres Darn.

e. Seismic Stability. Watres Dam is located in Seismic
Zone 1. Normally it can be considered that if a dam in this
zone is stable under static loading conditions , it can be
assumed safe for any expected earthquake loading. However ,
since there are no formal static stability analyses, and since
there is the potential of earthquake forces moving or cracking
the concrete core wall , the theoretical seismic stability
of Watres Dam cannot be assessed.

,.
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SECTION 7

ASSESSMENT S RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety.

(1) Based on visual inspection, available records,
calculations, and past operational performance , Watres Darn
is judged to be in fair condition. However , deficiencies of

I • varying degree of importance were noted. A sunmtary of the
features and observed deficiencies is listed below:

Feature and Location Observed Deficiencies

Embankment:
Upstream and downstream slopes Brush on slopes.

Top of darn Settlement.

Slopes Differs from design ; top
portion of downstream slope
is too steep.

Downstream slopes Trees too close.

Downstream toe Seepage and swampy area,
lack of access.

Spillway:
Masonry joints Deteriorated mortar.

Channel Vegetation.

Downstream channel Dead trees across channel.

p 
Retaining wall Trees too close.

Outlet Works:
Tunnel Leaks.

Downstream headwall Deteriorated concrete.

Valve house and valve chamber Rusting ladder , bent gate
in tunnel stem, inoperable monitor-

ing equip~nent.

Downstream Channel~ Beaver dam .
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(2 )  The overtopping potential analysis shows that
the dam wil l  be overtopped by the PMF and one-half PMF. Based
on OCE cr i ter ia , as outlined in Paragraph 4.la(2), the existing
spil iway capacity is rated as serious ly inadequate. The existing
spillway can accommodate a flood with a peak inflow of 47
percent of the PMF peak inflow. If the low area of the embank-
ment were to be restored to original grade , the existing
spiliway can accommodate a flood with a peak inflow of 54
percent of the PMF peak inf low . The spillway capacity would
then only be rated as inadequate .

(3) Because of the low height of the spillway weir ,
no analysis was performed to calculate its stability . It
was j udged that it would be stable under maximum loading
conditions.

b. Adequacy of Information. The information available
is such that a total assessment of the dam cannot be inferred
from the information available. The embankment could not be
inspected in sufficient detail.

c. Urgency. The recommendations in Paragraph 7.2 should
be implemented as soon as practical or in a timely manner as
noted.

d. Neccessity for Further Investigations. In order to
accomplish some of the remedial measures outlined in Paragraph
7.2, further investigations will be required .

7.2 Recommendations and Remedial Measures.

a. In view of the concern for safety of Watres Dam,
the following measures are recommended to be undertaken by
the Owner as soon as practical :

(1) Develop a detailed emergency operation and warn-
ing system for Watrea Dam.

• (2) Perform additional studies to more accurately
ascertain the spillway capacity required for Watres Dam,
as wel l as the nature and extent of mitigation measures required
to make the spillway hydraulically adequate. Filling in the
existing low area of the embankment would help increase the
spillway capacity and this should be accomplished .

(3) Remove brush from the embankment slopes and per-
form a detailed inspection to ascertain the condition of the
smbankment. Surveys should be performed to determine the
existing template of the embankment. The results of the
survey should be evaluated to ascertain if remedial action is
necessary .
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(4) Provide positive drainage and good vehicular
access at toe of dam to aid in assessment of seepage. In-
stall at least eight observation wells, or other instrumentation ,
downstream of the axis of the darn. One well, or other
instrumentation , should be located in the vicinity of the
seepage. The others should be at appropriate locations to
determine general water level in downstream embankment. The
number of wells, or other instrumentation , will be dependent
on the results of the inspection recommended above. Data
collected from observation wells or other instrumentation
should be utilized in evaluating the stability of the structure
and assessing piping potential in the future. Continue to
observe wet areas and seepage downstream from darn . If
conditions worsen , appropriate action should be taken to
control apparent seepage with properly designed drains.

b. In order to correct operational, maintenance or re-
pair deficiencies, and to more accurately assess the condition
of the darn, the following are recommended to be undertaken by
the Owner in a timely manner.

(1) Remove trees close to slopes.

(2) Visually monitor vegetation in spiliway channel
and clear vegetation when warranted.

(3) Repair deteriorated mortar in masonry joints.

~ (4) Remove trees close to retaining wall near
spillway channel.

(5) Clear downstream channel of dead trees.

(6) Visually monitor leak8 in outlet works tunnel
and take remedial action should conditions worsen.

(7) Repair concrete at downstream headwall of outlet
works.

(8) Repair or replace , and maintain the monitoring
equipment , bent gate stem and ladder.

(9) Investigate if the beaver dam in the downstream
channel is causing the swampy conditions at toe of embankment.
If it is causing this condition , it should be removed.

c. The following operational measures are recommended
to be undertaken by the Owner:

$
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( 1)  During periods of unusua l ly  heavy rains , pro’. idr ’
round—the—clock surveillance of Watres Dam .

(2) When warnings of a storm of major proportions
are given by the National Weather Service , the Owner should
activate his emergency operation and warning system procedures.

I
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CHECKLIST

ENGINEERING DATA

HYDROLOGY AND HYDRAULICS
NDS DER

NAME OF DAM: Watres ID NO.:PA—0045]ID NO.: 35-81

ELEVATION TOP NORMAL POOL (STO RAGE CAPACITY) : Eleva t ion 1426.0

ELEVATION TOP FLOO D CONTROL POOL (STORAGE CAPACITY) : Elevation 1440 -
varies across dam .

ELEVATIO N MAXIMUM DESIGN POOL: Elevation 1435

ELEVATION TOP DAM : Elevation 1440 varies across dam.

SPILLWAY CREST:
a. Elevation Elevatio n 1426.0
b. Type Masonry, broad—crested with 6” adverse fall over the width of the crest .
c. Width 3 feet
d , Length 73 feet -
e , Location Spillover 20fl feet left of left Rh11tm~~r1t of d,im pnih~~nlcmpnP

- 

f. Number and Type of Gates None.

OUTLET WORKS:
a , Type Cast-iro n DiDe throuah cons truction diversion tunnel..
b. Location Near left abutment5
c. Entrance Inverts ____________________________________________
d, Exit Inverts ___________________________________________________

e. Emergency Draindown Facilities 2 — 30-inch cast-1ron pipes.

HYDROMETEOROLOGICAL GAGES:
a. Type None.
b. Location None.
c. Records None.

MAXIMUM NONDAMAGING DISCHARGE: 10.000 cfs.

I
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WATRES DAM
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APPENDIX E

GEOLOGY

1. General Geology. The damsite and reservoir are lo-
cated in Lackawanna County. Lackawanna County was complete-
ly covered with ice during the last continental glaciation of
Plei8tocen8 time . The general direction of ice movement was
S 35 - 40 W. Glacial d r i f t  covers the entire County ; except
where subsequent erosion has removed it. Thick deposits of
glacial outwash occur in many places along the Lackawanna
River , and are 50 to 100 feet thick near Dickson , Scranton , and
Moosic .

The only important s t ructural  feature  in Lackawanna
County is the Lackawanna Syncline , which traverses the County
in a southwesterly direction . The syncline enters the County at
the northeast corner as a narrow shallow trough , gradually
deepens and broadens toward the southwest,  and reaches its
maximum development in Luzerne County . The rock formations
exposed range from the post-Pottsville formations (youngest)
th rough the Pot tsvil le , Mauch Chunk shale , Pocono sandstone to
the Damascus formation of the Catski l l  group (oldest)  -
Th e r im rocks , the Pottsvil le  f 8rmatioB and Pocono sandstone ,
ha ve dips that  rarely exceed 10 to 20 and form a rather
simple syncl ine . The core rocks , the post—Pottsville formations ,
are folded into a ser~ es of minor anticlines and synclines
which trend about N70 E . The rock in the northwestern and
southeastern parts of the County , out side of the l imits  of
the La cka wa nna Sy ncline , are generally horizontally stratified .

The Lackawanna River , in general , follows the axis of
the Lackawanna Syncl ine.  Southeast of the Lackawanna River ,
the rise in terrain is quite gradual and the crests of the high
mountains are several miles from the Lackawanna River. Streams ,
such as Roar ing Brook , Sta f fo rd  Meadow Brook , and Spring Brook ,
have cut deep canyons through the mountains and follow a tortu-
ous course to their  confluence with the Lackawanna River near
Scranton , Pennsy lvan ia .  Northwest of Lackawanna River , the
mountains rise abruptly to a sharp ridge which in most places
is somewhat higher  than the country to the northwest.
Consequent ly ,  mos t of the dr ai n age in this  part  of the Coun ty
flows westward by way of Tunkhannock Creek. A few small
t r i but ary stream s , however , such as Leggetts Creek , flow east—
ward from th i s  area into Lackawanna River . In the area of
interest , the Lackawanna River streambed is founded in post-
Pot tsvi l le  format ions.  Proceeding uphill from the river , the
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older Pottsville formation , Mauch Chunk shale , Pocono
.5 sandstone , and Catskill continental group are encountered in

turn. The tributary streams, in flowing down the moun ta ins ,
have generally cut through or around the hard sandstone and
conglomerate members , and have eroded their streambed into
the softer shales and glacial till. The Catskill continental
group of rocks underlies the greater part of Lackawanna
County .

2. Site Geology. Watres Dam and Reservoir are sited in
Catskill sandstone and shale formations southeast of the Lacka-
wanna syncline . At the damsite , Spring Brook is cutting a gorge
through a ridge of hard green and red sandstone . The site was
investigated by means of core borings and test pits. The sand-
stone stratifications are quite thick with lenses of red and
gray sandy shale. At the damsite, the stratifications have a
dip of approximately 30 degrees to the right and downstream .
From reports of engineers Of the Pennsylvania Water Supply
Commission , who inspected the site both before and during
construction , it is learned that rock was exposed with almost
vertical walls in the narrow gorge of the stream channel -

to a height of 25 to 30 feet above the streainbed. To the
left of the channel gorge , the sidewall rock rises sharply
to the top of sandstone strata and then follows the natural
slope. The bedrock is covered by only 6 inches to 2 feet
of sandy clay overburden to a point well beyond and above
the elevation of the top of dam at the left end of the dam .
To the right of the natural stream channel , the rock in the
sidewall of the gorge rises to a height of about 50 feet above
the stream surface , at which point the top of the stratification
is reached and from there follows the natural downward
slope of the stratification . At the right end of the dam ,
the sandstone bedrock is located about 65 feet below the
top of dam . The bedrock is covered by. sandy clay overburden.

A 40-foot high concrete core wall was constructed
across the gorge section of the foundation. The core wall
was keyed into the rock foundation and sidewalls of the gorge.
To the left of the gorge , a 12-foot wide cutoff trench was
excavated to firm rock . Seamy , open joint sandstone was
removed and a core wall constructed in the trench to top
of ground or to a minimum height of 6 feet. The rock upstream
of the core wall was drilled on 16-foot centers and grouted
on a split spacing . The grout take was heavy in certain
areas. To the right of the gorge, a 12-foot wide inspection
trench was excavated about 4 feet into the sandy clay over-
burden without use of a concrete core wall.

The concrete-lined tunnel was excavated in red and
green sandstone under the left abutment of the embankment.
The spiliway is founded in sandstone to the left of the
left end of the embankment.
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