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Glnhurst Dem  (File Me, 35-12)

l.  The spillway capccity is not consicered to he sericusly incdequcte.
However, becouse of the potenticl for overtepping of the dam, the
Cempany shoulds

a. Develop and implement cn effective warning system for this dom
thot will be utilized during periods of unusucl precipitation.

2 Compiete the maintenence itams a3 noted on Prge -7 of the Report.

It is requested that the Company cdevelop an urnual inzpection program
for each of these dams. This sheuild include an ennucl report, reqarding the
cendition of the dem, certified by o registered professional engineer, and
submittad to this Department by no later than July | of eoch yeor.

It is requested that yeu advise this office by no later than July IS,
1973 of the Compeny's Intention relative to complying with the recom-
rendations as listed in the foregoing summary for ecch Zam.

If you hreve ony questions, pleasa contact Josenh [, Ellam, Chief, Dam
Sufety Section, Division of Dams end Encroachments at 717-787-432¢.

.
Sincerely yours,
viclter AL LLyon, Director
Aureau of Water Quality Management
‘WALsVR3:JEE:jb
cc: Fiie
30-day File
Alpha
Dr. Goddard
Col. G. K. Withers, District Engineer, U.S. Army Corps of Engineers 2.~
Chief, Facilitiss Section - Willkes Darre Tagional Office, BWOM
Z, H, MeConneil
4
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION
AND

RECOMMENDED ACTION

Name of Dam: Williams Bridge Dam (NDS ID No. 373)
wner: Pennsylvania Gas and Water Company

State Located: Pennsylvania

County Located: Lackawanna

Stream: Stafford Meadow Brook

Date of Inspection: 13 April 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, Williams Bridge Dam is judged to
be in fair condition. However, the spillway (main and auxiliary) will
not pass the Probable Maximum Flood (PMF) or one-half the PMF with-
out overtopping the dam. If Willlams Bridge Dam should fail 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 over-
topping the dam., Based on criteria established for these studies, by
the Department of the Army, Office of the Chief of Engineers (OCE), the
spillway capacity is rated as seriously inadequate., The existing spill-
way can accommodate a flood with a peak inflow of 34 percent of the
PMF peak flow.

For maximum pool condition, stability calculations for the auxil-
iary spillway show the resultant to be outside the downstream toe.
The stability of this structure is, therefore, inadequate for the maxi-
mum pool condition,
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Williams Bridge Dam {s located upstream of Lake Scranton Dam
and No. 5 Dam., If Williams Bridge Dam should fail because of overtop-
ping, the overtopping potential and the potential for failure of Lake
Scranton and No. 5 Dams is greatly increased.

In view of the concern for safety of Williams Bridge Dam, and
because of the possible consequences of a failure, such as a domino-
type failure of Lake Scranton and No, 5 Dams, the following measures
are recommended to be undertaken by the Owner as soon as practical:

(1) Develop a detailed emergency operation and warning
system for the Williams Bridge, Lake Scranton, and No, 5 Dam system.

(2) Perform additional studies to more accurately ascertain
the spillway capacity required for Williams Bridge Dam as well as the
nature and extent of mitigation measures required to make spillways
hydraulically and structurally adequate.

In order to correct operational, maintenance and repair deficien-
cies and to more accurately determine the condition of the dam, the
following measures are recommended to be undertaken by the Owner {n
a timely manner:

(1) Operate the gated outlets periodically to ensure they will
be functional during emergency conditions, The usual practice is to
open the blowoff discharge valve in late winter during the periods of
high discharge to clean sediment from the bottom of the reservoir.
Lubricate operating equipment, Provide access facilities to the gate-
house that would be usable during periods of high tailwater,

(2) Install three or more observation wells, or other
instrumentation, in the downstream slope in order to detect possible
leakage through the core wall., One of these observation wells, or
other instrumentation, should be located in the vicinity of the wet area
near the spillway and the others should be located at the Owner's
discretion. Monitor and record visual and instrument observations.

(3) Visually monitor wet area of embankment near right
abutment and record observations so any change is detectable,

(4) Repair damage to embankment with construction of
French drains to remove water from the wet areas., Continue to moni~
tor the main spillway right retaining wall for possible tilting.

- (5) Fill low area at end of auxiliary spillway left approach
wall,

(6) Perform maintenance on concrete caps over post-
tensioning bars at main spillway right retaining wall, concrete of
auxiliary spillway left approach wall, and concrete of downstream
training wall,
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(7) Remove trees behind auxiliary spillway downstream

training wall,

(8) Fill holes in embankment caused by burrowing animals.

Before remedial work that corrects structural and hydraulic defi-
ciencies in the spillways is complete, the following measures are
recommended to be undertaken by the Owner:

(1) Provide round-the-clock surveillance of Williams
Bridge Dam during periods of unusually heavy rains,

(2)

When warnings of a storm of major proportions are given

by the National Weather Service, the Owner should activate his emer-
gency operation and warning system procedures.

N koec

A. C. HOOKE
Head, Dam Section

APPROVED BY:

GANNETT FLEMING CORDDRY AND CARPENTER, INC.

LTC, Corps of Engineers
Acting District Enginee

DATE:__?%;ngﬁr-/§i7s’
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SUSQUEHANNA RIVER BASIN
STAFFORD MEADOW BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

WILLIAMS BRIDGE DAM

PENNSYLVANIA GAS AND WATER COMPANY
(NDS ID No. 373)

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

SECTION 1
PROJECT INFORMATION

1.1 General, \

a, Authority. The Dam 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
States.

b. Purpose. The purpose of the inspection is to determine if
the dam constitutes a hazard to human life or property. o

1.2 Description of Project.

a, Dam and Appurtenances, Wlilliams Bridge Dam i{s an earth-
fill structure with a central masonry core wall with an exposed con-~
crete extension that projects 2.2 feet above the top of the embankment,
There are two bends in the axis of the embankment at the right abutment,
The dam {s 650 feet long and 54 feet high at the original streambed,
The main spillway is located immediately to the left of the embankment.
It is a stepped, masonry gravity structure, 56.3 feet long, with earth-
fill against the upstream face. A masonry retaining wall is located at
the right side of the outlet channel of the main spillway (referred to as
main spillway right retaining wall), Adjacent to the main spillway at
the left abutment is a masonry gravity auxiliary spillway, 103,3 feet
long, with earthfill against the upstream face., The outlet works is
located at the right side of the main spillway and consists of a masonry
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screen chamber and two cast-iron pipes that extend {nto a masonry
valve chamber housing 24-inch gate valves, Various features of the
dam are shown on the Plates at .he end of the report and on the
Photographs in Appendix D.

b. ILocation. The dam is located on Stafford Meadow Brook
approximately 1/4 mile upstream of Lake Scranton. Williams Bridge
Dam i{s shown on USGS Quadrangle, Olyphant, Pennsylvania, with co-
ordinates N41°22'55" - E75°37'30" in Lackawanna County, Pennsyl-
vania, and is 4 miles southeast of Scranton, Pennsylvania. The
location map is shown on Plate 1,

c. Size Classification. Intermediate (54 feet high,
1,276 acre-feet).

d. Hazard Classification, High hazard,

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

f. Purpose of Dam. Water supply for Scranton, Pennsylvania,

g. Design and Construction History. The dam was designed
for the Meadow Brook Water Company by Mr. E, Sherman Gould, con-
sulting engineer of New York, and construction was completed in 1893.
In 1502, in order to increase storage capacity, several modifications
were made: the spillway crest was raised 5 feet, the core wall was
raised 6 feet, and the height of embankment was raised 4 feet., In
1914, the Pennsylvania Water Supply Commission made a study that
included stability, hydrology, and hydraulic analyses for Williams
Bridge Dam. As a result of this study, modifications to improve the
safety of the dam were recommended. In 1916 modifications were made
and include: (1) strengthening the main spillway with vertical rein-
forcing bars, (2) adding concrete to auxiliary spillway to increase
stability, (3) constructing a concrete training wall downstream of the
auxiliary spillway to control floodwater discharge, (4) strengthening
the masonry core wall by constructing concrete buttresses at the down-
stream side of the masonry core wall at one of the two bends in the
axis of the embankment, (5) placing additional earthfill on downstream
face of core wall, (6) constructing an exposed concrete extension to
the masonry core wall, and (7) constructing a concrete approach wall
at the left abutment of the auxiliary spillway.

In conjunction with the above modifications, piezometers
were installed near the screen chamber, one on the upstream slope and
one on the downstream slope of the embankment., Also, holes were
drilled in the main spillway to check the hydrostatic pressure in ihe
masonry joints., Holes were grouted after testing,




A /79-foot long crack in the ma.n spill'way right retaining wall,
about 10 feet below the top of wall, was repaired in 1962, Eleven
5-5/8-inch diameter vertical holes were drilled through the wall, down
15 feet into bedrock. Three-inch diameter strel rods were grouted in
the holes and were post-tensioned to 12,000 psi. The anchorages on
the top of the wall were then covered with cast-in-place concrete
blocks.

The exposed concrete extension to the masonry core wall
was recently repaired with epoxy cement.

h. Normal Operating Procedure. Water is drawn from the
reservoir 5,5 feet above the bottom of the screen chamber and flows
by gravity through a 24-inch cast-iron pipe into the distribution lines
of Scranton. Water can also be drawn from the bottom of the screen
chamber through another lower 24-inch cast-iron pipe during periods
of low flow and released into the stream. This lower pipe, referred to
as the emergency or blowoff line, is also used for cleaning sediment
from the intake tunnel and reservoir, and it {s @ means of drawing down
the reservoir for repairs,

1.3 Pertinent Data.

a. Drainage Area. 5.0 square miles.

b. Discharge at Damsite. (cfs.)

Maximum known flood at damsite -
1,370 (estimated - May 1942).

Emergency drawdown line at maximum pool elevation -
130 (approximate).

Main spillway capacity with pool at auxiliary spillway
crest - 190,

Total spillway capacity (main and auxiliary) at maximum
pool elevation - 5,600,

c¢. Elevation. (Feet above msl,)

Top of dam (top of core wall) - 1,366.2.

Top of embankment - 1,364,0,

Maximum pool (top of core wall) - 1,366,2.

Normal pool (main spillway crest) - 1,360.6.
Auxiliary spillway crest - 1,361.6.

Upstream portal invert outlet works - 1,316.5,
Downstream portal invert outlet works - 1,316.3.
Upstream invert water supply line - 1,322,0,
Streambed near outlet works - 1,315,0 (approximate).

d. Reservoir Length. (Miles,)

Normal pool - 0,50,
Maximum pool - 0,52,
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Storage. (Acre-feet.)

Normal pool (main spillway crest) - 1,034,
Maximum pool (top of dam) - 1,276.

Reservoir Surface. (Acres.)

Normal pool (main spillway crest) - 43,
Maximum pool (top of dam) - 44,

Dam.

Type - Earthfill with central masonry core wall with an
exposed concrete extension,

Length - Embankment only - 650 feet.
Embankment and main and auxiliary spillways - 810 feet.

Height - 54 feet.

Top width - Core wall ~ 2.5 feet.
Embankment - 10 feet,

Side slopes - Upstream - 1V on 3,5H.
Downstream, main section - 1V on 3H.
Downstream at right abutment - 1V on 2,5H.

Zoning - Homogeneous earthfill,
Central masonry core with exposed concrete extension.

Cutoff - Central masonry core wall to bedrock from main
spillway to 110 feet toward right abutment, Core wall
continues to right abutment founded 12 feet below
natural surface (not on bedrock).

Grout curtain - None.

Diversion and Regulating Tunnel,

Type - Masonry intake tunnel, 6 feet wide by 8 feet high,
Masonry screen chamber, 6 feet wide by 49 feet high.
Cast-iron pipes - 24~inch diameter blowoff;

24-inch diameter water supply.

Length - Intake tunnel - 70 feet.
Screen chamber - 11 feet,
Cast~-iron pipes - blowoff - 46 feet,
Water supply - connects to distribution system.

o . - -
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Access - Intake tunnel - none.
Screen chamber - screens could be replaced by using
bulkheads and dewatering chamber.
Cast~iron pipes - access to upstream end by using
bulkheads in screen chamber.

Regulating facilities - Two manually operated nonrising
stem, enclosed, 24-inch gate valves, with exposed
2.5 to 1 gear reducers, for each 24-inch cast-iron

pipe.
Spiliway.

Type - Main spillway - broad crested weir (width 8 feet)
with masonry steps.
Auxiliary spillway - broad crested weir (width 6 feet)
with free overfall.

Length of weirs - Main spillway - 56.3 feet.
Auxiliary spillway - 103.3 feet.

Crest elevations - Main spillway ~ 1 ,360.6.
Auxiliary spillway - 1,361.6.

Upstream channel - 1V on 3.5H rock-faced embankment
to Elevation 1360.0.

Downstream channel - Short protected length followed by
natural channel. Small bridge about 500 feet

downstream.

Regulating outlets - None other than ouﬂet works.




SECTION 2
ENGINEERING DATA

2.1 Design.

a. Data Available. Very little engineering data was available
for review for the original structures of for the 1901 modifications. In
a study performed in 1914 by the Pennsylvania Water Supply Commis~-
sion, an account of design concepts, geology, construction materials
and methods, and design features was prepared for the original struc-
tures from interviews with the Owner, visual inspection, and other
sources. The 1914 study also included analyses for hydrology, hy-
draulics, and stability of the principal features. Load assumptions
and a summary of the results of the analyses are on file. That study
and additional studies performed by the Commission in 1915 were the
bases for the recommended improvements to the main and auxiliary
spillways that were made in 1916. Design computations are on file
for the 1962 repair of the main spillway right retaining wall using
post-tensioned steel rods. :

b. Design Features. The drawings indicate that the dam em-
bankment is a homogeneous earthfill structure with a central masonry
core wall, with an exposed concrete extension that projects 2.2 feet
above the top of embankment, The dam is 650 feet long and 54 feet
high at original streambed. The upstream embankment slope is 1V on
3.5H, and the downstream slope varies from 1V on 2,.5H to 1V on
3.0H., The axis of the dam bends upstream towards the right abutment
at two locations. A general plan of the dam is shown on Plate 1A, An
overview photograph is shown on Page b. At the left end of the embank-
ment, 130 feet of the masonry core wall is founded on bedrock. The
remaining 520 feet of core wall at the right abutment is founded on a
2-foot thick concrete footing., A profile along the axis of the dam is
shown on Plate 2. A discussion on geology is presented in Appendix E.
No internal drainage facilities were provided for the embankment., Ad-
ditional features include a main spillway, an auxiliary spillway, and
an outlet works. The main spillway is located immediately to the left
of the embankment, It is a stepped, masonry, gravity structure 56.3 feet
long with earthfill against the upstream face. A section through the
main spillway is shown on Plate 5. The main spillway ‘s also shown
on Photographs E, F and G. The auxiliary spillway is adjacent to the
main spillway at the left abutment, and it is a masonry gravity struc-
ture 103.3 feet long with earthfill against the upstream face. Sections
through the auxiliary spillway are shown on Plate 7. The auxiliary
spillway is also shown on Photographs E and H. On the downstream
side of the dam, a masonry retaining wall is located between the em-
bankment and the outlet channel of the main spillway. The masonry re-
taining wall is shown on Photographs G and I.

The outlet works is located at the right side of the main
spillway and consists of a 70-foot long masonry approach channel,
a 70~foot long masonry tunnel that is 6 feet wide and 11 feet high,
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a masonry screen chamber located immediately upstream of the mason-
ry core wall, and two 24-inch cast-iron pipes at different elevations
that extend through the core wall into a masonry valve house located
at the right side of the main spillway. A profile along the outlet works
is shown on Plate 3. The screen chamber building is shown on Photo~-
graph A and the valve house is shown on Photograph G. Each 24-inch
line has two totally enclosed 24~inch gate valves in tandem. The
lower 24-inch line serves as a sediment blowoff and as the reservoir
drawdown line, and it discharges into the outlet channel of the main
spillway. The upper 24-inch line is 5.5 feet above the lower line and
serves as the water supply line.

Modifications were made in 1916 and included (1) reinforc-
ing the upper level of the ‘main spillway by drilling 14 vertical holes,
18 inches from the upstream face, and grouting 1-1/2-inch diameter,
28-foot long, steel bars in these holes; (2) increasing the stability
of the auxiliary spillway by doweling on the downstream face a con-
crete wedge, 13.7 feet wide at the base and 18 feet high; (3) placing
a concrete training wall downstream of the auxiliary spillway to con-
trol floodwater discharge (Photograph F); (4) strengthening the masonry
core wall at the two bends in the axis of the embankment by construct-
ing, on the downstream side, concrete buttresses 3 feet thick, 26 feet
wide at the base and 24,5 feet high; (5) placing earthfill on the down~-
stream face of the core wall from the bends in the axis to the right
abutment; (6) constructing an exposed concrete extension on the ma-
sonry core wall (Photograph D), 2.2 feet above the top of embankment;
and (7) constructing a concrete approach wall at the left abutment of
the auxiliary spillway (Photograph C). Details for strengthening the
main spillway are shown on Plate 6 and concrete added to the auxil-
iary spillway is shown on Plate 7.

2.2 ns n,

a. Data Available. Almost no construction data for the origin-
al structures were available. Drawings, correspondence, and photo-
graphs relating to the 1916 modifications are available and seem to in-
dicate full compliance with the requests of the Pennsylvania Water
Supply Commission. Drawings and correspondence are also available
for the 1962 repairs to the main spillway right retaining wall.

b. Construction Considerations. Correspondence in the files

on the 1916 modifications indicate that the original masonry work was
of good quality. Correspondence also indicated that the earthfill por~
tions were compacted only to the extent that could be accomplished by
men, horses, and hauling equipment moving over the filles, This would
probably account for the irreqularities observed in the embankments.
Information on the 1962 repairs on the main spillway right retaining
wall did not yield any concerns with respect to that work.

2,3 QOperation. Few formal records of operation are available. The

dam has been inspected at irregular intervals by Commonwealth author-
ities since 1921 and, in recent years, on an annual basis by the Owner,
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Most of the observations made during this inspection are also indi-
cated on previous inspections. The Owner indicated that the prob-
lems that were observed in this inspection have existed for several
years.,

2.4 Other Investigations., In 1972, the Owner had Justin & Court-
ney, Philadelphia, Pennsylvania, study the hydrology of Williams
Bridge Dam and alternatives for increasing the spillway capacity.

2.5 Evaluation.

a., Availability. Engineering data was provided by the Divi-
sion of Dams and Encroachments, Bureau of Water Quality Manage-
ment, Department of Environmental Resources, Commonwealth of
Pennsylvania, and by the Owner, Pennsylvania Gas and Water
Company. The Owner made available an engineer, dam operators,
and a valve crew for information and operating demonstrations during
the visual inspection. The Owner also researched his files for addi-
tional information upon request of the inspection team.

b. Adeguacy. The type and amount of design data and other
engineering data are limited, and the assessment must be based on
the combination of available data, visual inspection, performance
history, hydrologic assumptions, and hydraulic assumptions.

¢. Validity. There is no reason to question the validity of
the available data.
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SECTION 3
VISUAL INSPECTION

3.1 Findings.

a. General, The general appearance of this project indicated
that some project features have deteriorated with age and are in need
of repair, while other project features have been properly maintained
and are in good condition,

b. Embankment Section.

(1) The dam embankment is maintained adequately. The
portion of the upstream face that was visible appeared to be in good
condition and had no signs of distress. Except at one area, the sod
on the downstream surface is intact and maintained. No trees or shrubs
were growing on either surface. The downstream surface is somewhat
irregular in slope and has some local high and low spots. The irregu-
larities are not considered abnormal due to the age of the dam and the
nonmechanized methods of construction., Along the main spillway right
retaining wall, the embankment slope is much flatter than the wall slope.
To make the transition, the embankment slope is warped downward to
the wall over a short distance (Photograph G).

(2) Two wet areas were observed on the downstream surface
of the dam. The first is located along the toe of the embankment, 75 to
400 feet from the right abutment. Although clear, standing water about
2 inches deep was observed, there was no discernible flow, and areas
adjacent to the wet area were dry. Based on a considerable growth of
moss, it is judged that the wet area is a permanent condition. No ero-
sion, sloughing or other adverse effects have resulted from the wet area.

(3) The second wet area (Photographs I and J) is a 4-foot by
15-foot area located at Elevation 1340 and 12 feet right of the main spill-
way right retaining wall. This area is soft, saturated, and no sod is
covering it. There was some clear, standing water, but no flow was
exiting from the area. There has been some sloughing at the uphill side.
Areas above and below were not affected. It was probed to a depth of
2 feet with a 1/2-inch diameter stick before encountering significant
resistance. The underlying embankment material was examined and was
found to be clay with some sand and fine gravel. The source of the
water could not be determined.

(4) Three holes, probably caused by groundhogs, were ob-
served on the downstream surface about 80 feet to the right of the main
spillway right retaining wall. There was no evidence of recent activity,
and the holes are probably abandoned. The holes angled upstream at
shallow depth and were dry. The holes are shown on Photograph K.




c. Appurtenant Structures.

(1) The downstream face of the main spillway could not be
inspected in detail because of the amount of water flowing over it.
However, it was observed that no blocks of stone were missing. The
upstream face has earthfill against it and cannot be inspected.

(2) The auxiliary spillway was in overall poor condition.
Within the first 25 feet left of the main spillway, an estimated § to
10 gallons per minute of leakage was coming through the deteriorated
masonry joints on the downstream face. Mortar in this reach was
cracked, weathered, and missing. The remainder of the downstream
face was damp, but no areas of concentrated seepage were observed,
and the masonry joints were intact and sound. The leakage is not re-
sulting in any damage to other features. A mass of concrete that was

in place against the downstream face is almost totally ineffective. The

concrete is completely missing over about 50 percent of the exposed

area and is very severely disintegrated over the remainder (Photograph H).

This is the concrete that was added in 1916 in order to improve the
stability of the auxiliary spillway.

(3) On the main spillway right retaining wall, 7 of the 11
concrete caps covering the tops of the post-tensioned steel bars that
were installed in the 1962 repairs are disintegrating (Photograph I).
The wall appeared to have a slight tilt toward the outlet channel. Sur-

vey points were marked on the wall, and the Owner said the wall is be-

ing monitored for movement,

(4) The auxiliary spillway left approach wall has very se-
vere scaling along its top over about 30 linear feet to a maximum depth
of 3 inches. The upstream end of the wall stops about 30 feet short of
tying into high ground, and a low spot, having a maximum depth of
1.5 feet, exists where water would flow around the left end of the dam

during large floods (Photograph C). However, examination of the prob-

able flow path indicates that it probably would not have any effect on
the dam. The water would flow across rock surfaces and would enter
the outlet channel well downstream from the dam.

(5) Most of the face of the auxiliary spillway downstream
training wall has fine to medium horizontal cracks, and several wide
ones were observed. About 20 percent of the face has very severe
scaling to a maximum depth of about 4 inches. Two 4-inch evergreens
are growing immediately behind the wall, and other trees and shrubs
are growing just slightly back from it (Photograph F). Although the
leakage from the auxiliary spillway was flowing along the base of the
wall, there was no erosion or undermining. No evidence of tilting was
observed.

(6) The intake tunnel and screen chamber could not be ex~-
amined because of the pool elevation, The valves were coated heavily
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with rust, and there were several inches of water in the valve chamber.
Exposed gears had not been recently lubricated. The downstream valve
was opened about 6 inches by two caretakers in 30 minutes. With par-
tial opening, water was surging out of the discharge pipe. Pennsylvania
Gas and Water Company employees did not want the valve opened fur-
ther because it could draw sediment into the supply line. Access to the
valve house is by ladder from the top of the main spillway right retaining
wall to the bottom of the channel. The ladder is rusted and loose.

d. Reservoir Area. The slopes adjacent to the reservoir are
covered with hardwoods and evergreens., No evidence was noted of
creep, rock slides or land slides. The Owner indicated that sedimen-
tation is not a problem from the standpoint of reduced reservoir capacity.
The Williams Bridge watershed is primarily owned by the Pennsylvania
Gas and Water Company and is undeveloped.

e. Downstream Channel. The channel downstream of the main
spillway turns slightly to the right immediately downstream of the main
spillway, but it is straight beyond. The portion immediately below the
main spillway is bounded by the right retaining wall and rock outcrops
on the left. The bottom is lined with derrick stones. A small, low
bridge about 500 feet downstream from the dam might act as an obstruc~
tion for large discharges, but it would probably be lost before seriously
affecting the dam. The channel immediately downstream of the dam is
shown on Photograph L. lLake Scranton is 0.3 mile downstream of
Williams Bridge Dam. Except for the caretaker's house, there are no
dwellings between the dam and Lake Scranton,

3.2 Ewvaluation.

a. Embankment Section.

(1) The wet area at the toe of the embankment has been not-
ed since 1921, and it appears to be stable at present. No damage has
resulted from it, and unless it changes significantly in the future, no
problems are anticipated.

» (2) It is unclear whether the wet area on the embankment
adjacent to the main spillway was observed on previous inspections,
The Owner indicated that it is not a recent event, However, the com~
bination of local saturation, sloughing, and the proximity of this wet
area to adjacent critical features, particularly to the main spillway
right retaining wall that has a history of unsatisfactory performance, is
such that the wet area is of general concem.

(3) No evidence of recent activity was observed in the holes
that were caused by a burrowing animal. The holes were dry. Conse-
quently, the holes are not considered to endanger the dam. However,
they hinder mowing operations and could be re~inhabited.
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b. Appurtenant Structures.

(1) As noted previously, the downstream face of the main
spillway was not inspected.

(2) leakage at the auxiliary spillway has been observed
since 1921, The Owner indicated that the leakage rate has been stable
in recent years. The concrete that was placed along the downstream
face of the auxiliary spillway in 1916 had already deteriorated slightly
by 1921, At present, it should be considered totally ineffective. Re-
search of available information shows that this concrete was added in
1916 because a 1914 study concluded it was necessary for stability
against overturning. It is not possible to assign a date as to when the
concrete became ineffective nor, therefore, can it be determined wheth-
er the section has withstood a major flood since the concrete became
ineffective. The combined effect of the masonry joint deterioration with
its accompanying leakage and the loss of the concrete along the face
that was added for stability results in the present stability of the aux-
iliary spillway being inadequate. Failure of the auxiliary spillway
could result in progressive failure of the main spillway and dam.

(3) The continued disintegration of the concrete caps over
the post-tensioned steel bars on the main spillway right retaining wall
could cause corrosion and potential ineffectiveness of the bars that
could result in failure of this critical feature.

(4) As described previously, during a large flood, water
would discharge around the upstream end of the auxiliary spillway left
approach wall. Although effect on the dam is minimal, it is undesirable
to have this type of uncontrolled flow potential, Although the concrete
is suffering from early stages of deterioration, it is not presently of
great concem.

(5) Although the condition of the auxilary spillway down-
stream training wall does not present a significant hazard to the dam
at the present time, long-term neglect will result in advanced deteri-
oration and potential failure., Failure of this feature could result in
damage to both the main and auxiliary spillways.

(6) At the valve house, with the existing facilities, the
valve pit is inaccessible during periods of high tailwater and cannot
be used as an emergency discharge during floods. The gears on the
valves were not lubricated recently, and the Owner stated that the gates
were not recently opened prior to the inspection. This places the func-
tioning of the gates in question during emergency conditions.

c. Reservoir Area. No conditions were noted in the reservoir
area that might present significant hazard to the dam.




d. Dcwnstream Channel. Ioss of the bridge across the outlet
channel would not affect the safety of the dam., Alternate routes would
allow access to either side of the dam.
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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 author-
ities. Detailed emergency operational procedures have not been for-
mally established for Williams Bridge Dam but are as directed by the
Owner's Engineering Department. The caretaker for the Williams Bridge
Dam lives immediately below the dam.

4.5 Evaluation. Except for not opening the blowoff line on a regu-
lar basis, the operational procedure appears to be satisfactory. Infre-
quent operation of this blowoff could affect its functioning satisfactorily
during emergency conditions. The procedures used by the Owner for
inspecting the dam are adeguate, but the repairs have not been timely.
Maintenance of the operating facilities is not on a regular basis. In
general, the warning system is adequate, but it is not in sufficient de-
tail for Williams Bridge Dam when its overall condition and importance
is considered.
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SECTION 5§
HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data.

(1) No hydrologic or hydraulic analyses for the original
Williams Bridge Dam design were available for review., The spillway
capacity has been estimated several times for the various construction
modifications that have evolved. Spillway capacity, as used in this
Section, represents the combined capacity of the main and auxiliary
spillways.

(2) In the recommended guidelines for safety inspection of
dams, the Department of the Army, Office of the Chief of Engineers
(OCE), established criteria for rating the capacity of spillways. The
recommended spillway design flood for the size (intermediate) and haz-
ard potential (high) classification of Williams Bridge Dam is the PMF.
If the dam and spillway are not capable of passing the PMF without over-
topping failure, the spillway capacity is rated as inadequate. If the
dam and spillway are capable of passing one~half of the PMF without
overtopping failure, the spillway capacity is not rated as seriously
inadequate. A spillway capacity is rated as seriously inadequate if all
of the following conditions exist:

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

(b) Dam failure resulting from overtopping would signif-
icantly increase the hazard to loss of life downstream from 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) The williams Bridge watershed is primarily owned by the
Pennsylvania Gas and Water Company and is undeveloped. Hydrologic
analysis for this study was based on existing conditions and the effects
of future development of the watershed were not considered.

b. Experience Data. In 1972, Justin & Courtney prepared a
hydrology report and an improvement study that showed the 6-~hour
Probable Maximum Flood (PMF) peak discharge at 17,000 cfs and the
present spillway capacity at 5,600 cfs at maximum pool. The PMF was
determined by several independent methods and the 17,000 cfs was
selected. These computations are included in Appendix C. Although
another PMF determination might be desirable before design of remedial
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work is undertaken, the PMF determined by Justin & Courtney is con-
sidered to be satisfactory for this study. Calculations were performed

to check the accuracy of the Justin & Courtney report spillway capacity
estimate of 5,600 cfs. The spillway capacity was calculated to be
5,560 cfs. The 5,600 cfs spillway capacity was accepted for this study.

c. Visual Observations. On the date of the inspection, no
conditions were observed that would indicate that the spillway capacity
would be significantly reduced during a flood occurrence.

d. Overtopping Potential. For an occurrence of the PMF, the
peak inflow of 17,000 cfs is greater than the spillway capacity of
Williams Bridge Dam. A check of the surcharge storage effect of
Williams Bridge Reservoir shows that the storage available is insuffi-
cient to contain an inflow with a peak flow of 17,000 cfs without over-
topping the dam (Appendix C). If Williams Bridge Dam should fail be-
cause of overtopping, the overtopping potential and the pctential for
failure of Lake Scranton and No. 5 Dams is greatly increased.

e. Downstream Conditions. Lake Scranton is located 0.3 mile
below Williams Bridge Dam and the dam for Lake Scranton is located
1.3 miles downstream from Williams Bridge Dam. No. 5 Dam is locat-
ed 3.0 miles downstream from Lake Scranton Dam. The locations of
these dams are shown on Plate 1. The only dwelling between Williams
Bridge Dam and Lake Scranton is the caretaker's house. Tracks of the
Erie~Lackawanna Railroad and the Lackawanna and Wyoming Valley Rail-
road cross Stafford Meadow Brook about 0.5 mile below No. 5 Dam,
Starting at about 1.0 mile below No. 5 Dam, Stafford Meadow Brook
runs parallel to Interstate Route 81 for a reach of about 1.0 mile. At
the end of this reach, Stafford Meadow Brook runs under Interstate
Route 81 and into the City of Scranton, which is the first populated
area below Willlams Bridge Dam., The City of Scranton is about
6.3 stream miles below Williams Bridge Dam and about 2.0 stream
miles below No, 5 Dam. The downstream conditions indicate that a
high hazard classification is warranted for Williams Bridge Dam.

f. Soillway Adequacy.

(1) The spillway will not pass the PMF without overtopping
the dam. One-half of the PMF inflow is 8,500 cfs and is greater than
the spillway capacity. A check of the surcharge storage effect of
Williams Bridge Reservoir shows that the surcharge storage available
is insufficient to contain an inflow with a peak flow of 8,500 cfs with~-
out overtopping the dam (Appendix C).

(2) The maximum tailwater is estimated to be Elevation 1322.3
at the spillway capacity of 5,600 cfs. At maximum pool elevation, there
is a difference of about 40 feet between headwater and tailwater. If
Williams Bridge Dam should fail due to overtopping, the hazard to loss
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of life downstream from the dam will be significantly increased from that
which would exist just prior to overtopping.

(3) Based on established OCE criteria as outlined in
Paragraph 5.1.a.(2), the spillway capacity of Williams Bridge Dam is
rated as seriously inadequate. Considering the effects of the surcharge
storage of 242 acre-feet, the spillway discharge capacity of 5,600 cfs
can accommodate a flood with a peak inflow of 5,800 cfs for a storm of
the same duration as the PMF. This is 34 percent of the PMF peak
inflow.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) General. The visual inspection of the dam resulted in
a number of observations relevant to structural stability., These obser-
vations are listed herein for the various features.

(2) Embankment. Wet areas were observed at the toe of
the embankment near the right abutment and on the downstream surface
adjacent to the main spillway. Irregularity of embankment slopes was
observed. The detailed descriptions of the conditions are in Para-
graphs 3.1.b.(2) and 3.1.b.(3). The detailed evaluation of the con-
ditions are in Paragraphs 3.2.a.(1) and 3.2.a.(2).

(3) Appurtenant Structures. Possible tilting of the main
spillway right retaining wall was noted. Masonry joint deterioration,
leakage, and disintegration of concrete on the downstream face of the
auxiliary spillway were observed. The detailed descriptions and eval-
uations of the conditions are in Paragraphs 3.1l.c and 3.2.b,
respectively.

b. Desian and Construction Data. There were no records of
design data or stability computations for the original structures built

in 1893 or for modifications performed in 1902. However, stability
analysis computations, dated 1914, are on file and were used as the
basis for modifications to the dam that were made in 1916. Included
in these computations are stability analyses of the proposed improve~
ments for the main and auxiliary spillways. The improvements con-
sisted of installing steel reinforcement near the upstream face of the
main spillway to strengthen the upper section and adding mass con-
crete on the downstream face of the auxiliary spillway to ensure sta-
bility against overturning at maximum pool level. As far as is known,
the main spillway improvements are still effective. However, the con-
crete added to the downstream face of the auxiliary spillway is almost
totally disintegrated and, therefore, is not effective.

Stability analyses were made for both the main and auxiliary
spillways as part of this study using water at the maximum pool level.
Only the bottom of each section was considered. The stability analy-
sis performed for the main spillway showed that the toe pressure and
sliding factor are within acceptable limits and the resultant is outside
the middle third but within the base, about 6 feet from the downstream
toe. OCE guidelines on overturning recommended that the resultant be
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within the middle third, Although the resultant is outside the middle
third, it is within the base and considering that the spillway is on a
rock foundation and the toe pressure is within acceptable limits, the
resultant being outside the middle third is not considered to be a sig-
nificant deviation from the recommended guidelines.

The stability analysis performed for the auxiliary spillway,
for maximum pool condition, considered the downstream concrete as
ineffective, thus duplicating the physical conditions of 1914. As in
the 1914 analysis, the sliding factor was found to be within accept-
able limits, but the resultant was located outside the downstream toe.
The auxiliary spillway, therefore, is structurally inadequate for maxi-
mum loading condition.

Computations are also on file for the design of post~tensioned
anchors used to repair the main spillway right retaining wall in 1962,
Other than perhaps some possible slight inward movement at an un-
known time, performance of the retaining wall has been satisfactory
to date.

c. Operating Records. Based on the operating records, there
is no evidence that any stability problems have occurred for the main
spillway, auxiliary spillway or embankment during the operational
history of the dam. It is known that the modifications performed in
1916 were made under direction of the Pennsylvania Water Supply
Commission to correct design deficiencies. However, the maximum
pool level attained after the concrete on the downstream face of the
auxiliary spillway became ineffective is not known, so there is no
conclusive operational history for that feature for its present condi-
tion, The cracking of the main spillway right retaining wall, which
ultimately resulted in about a 4-inch lateral displacement that was
repaired in 1962, was first noted on previous inspections in 1941.
The Owner said that the wall is presently being monitored at unspeci-
fied intervals.

d. Post-Construction Changes. As noted herein, there is ade-
quate information on file concerning modifications made to Williams
Bridge Dam after 1916,

e. Seismic Stability. Williams Bridge Dam is located in Seis-
mic 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 is the poten-
tial of earthquake forces moving or cracking the masonry core wall,
the theoretical seismic stability of this dam cannot be assessed.
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SECTION 7
ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment.

a. fety.

(1) Based on the visual inspection, available records, cal-
culations and past operational performance, Williams Bridge Dam is
judged to be in fair condition. However, deficiencies of varying de-
gree of importance were noted. A summary of the features and observ-
ed deficiencies is listed below:

Feature and Location Observed Deficiencies
Embankment:

Right abutment Wet area at toe.

Near spillway Wet area and sloughing.

Right of spillway Holes by burrowing animals.

Auxiliary Spillway:

Downstream face Leakage and masonry joint
deterioration; concrete
disintegration.

Left approach wall Low area at end; concrete
deterioration,

Downstream training wall Trees too close; concrete
deterioration.

Qutlet Works: Lack of regular maintenance

and operation,

" (2) The overtopping potential analysis shows that the dam
will be overtopped by the PMF and by one-half the PMF. Based on
OCE criteria, as outlined in Paragraph 5.1.a.(2), the spillway capa-
city is rated as seriously inadequate. The existing spillway can ac-
commodate a flood with a peak inflow of 34 percent of the PMF peak
inflow,

(3) Review of the 1914 stability computations for the aux-
iliary spillway and computations made for the purpose of this study
indicate that the auxiliary spillway, in its present condition, might
possibly fail by overturning before the maximum pool elevation is
reached. The computed location of the resultant is outside the base.
Concrete was added to the downstream face in 1916 after the 1914 an-
alysis indicated that failure by overturning during floods was probable.
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That concrete {s now completely {neffective for the purpose of ensuring
stability. Failure of the auxiliary spillway might result in progressive
failure of Williams Bridge Dam. The risk is compounded by masonry
joint deterioration and leakage that might affect the ability of the
structure to act monolithically.

(4) Review of the 1914 stability computations for the main
spillway and computations made for the purpose of this study indicate
that the resultant is within the base, about 6 feet from the downstream
toe. The computed factor of safety for sliding and toe pressure were
within acceptable limits.

b. Adeguacy of Information. - The information available is such
that an assessment of the condition of the dam can be inferred from the
combination of visual inspection, past performance, and computations
performed prior to and as part of this study.

c. Urgency. Williams Bridge Dam is located upstream of Lake
Scranton Dam and No. 5 Dam. If Williams Bridge Dam should fail be-
cause of overtopping, the overtopping potential and the potential for
failure of Lake Scranton and No, 5 Dams is greatly increased. The
recommendations in Paragraph 7.2 should be implemented as soon as
practical or in a timely manner as noted.

d. Necessity for Further Investigations. In order to accom-

plish 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 Williams Bridge Dam
and because of the possible consequences of a failure, such as a
domino-type failure of Lake Scranton and No. 5 Dams, the following
measures are recommended to be undertaken by the Owner as soon as
practical: .

(1) Develop a detailed emergency operation and warning
system for the Willlams Bridge, Lake Scranton, and No, 5§ Dam system.

(2) Perform additional studies to more accurately ascertain
the spillway capacity required for Williams Bridge Dam, as well as the
nature and extend of mitigation measures required to make spillways
hydraulically and structurally adequate.

b, In order to correct operational, maintenance, and repair de-
ficiencies and to more accurately determine the condition of the dam,
the following measures are recommended to be undertaken by the
Owner {n a timely manner:
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(1) Operate the gated outlets periodically to ensure they
will be functional during emergency conditions., The usual practice
is to open the blowoff discharge valve in late winter during periods
of high discharge to clean sediment from the bottom of the reservoir,
Lubricate operating equipment. Provide access facilities to the gate-
house that would be useable during periods of high tailwater.

(2) Install three or more observation wells or other instru-
mentation in the downstream slope in order to detect possible leakage
through the core wall. One of these observation wells or other instru-
mentation should be located in the vicinity of the wet area near the
spillway, and the others should be located at the Owner's discretion.
Monitor and record visual and instrument observations.

(3) Visually monitor wet area of embankment near right
abutment and record observations so any change is detectable.

(4) Repair damage to embankment with construction of
French drains to remove water from the wet areas. Continue to mon-
itor the main spillway right retaining wall for possible tilting.

(5) Fill low area at end of auxiliary spillway left approach
wall,

(6) Perform maintenance on concrete caps over post-
tensioning bars at main spillway right retaining wall, concrete of
auxiliary spillway left approach wall, and concrete of downstream
training wall.

(7) Remove trees behind auxiliary spillway downstream
training wall.

(8) Fill holes in embankment caused by burrowing animals.

c. Before remedial work, that corrects structural and hydraulic
deficiencies in the spillways, is complete, the following measures are
recommended to be undertaken by the Owner:

(1) Provide round-the-clock surveillance of Williams Bridge
Dam during periods of unusually heavy rains,

(2) When warnings of a storm of major proportions are given
by the National Weather Service, the Owner should activate his emer-
gency and warning system procedures.
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SUSQUEHANNA RIVER BASIN

STAFFORD MEADOW BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

WILLIAMS BRIDGE DAM

PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

MAY 1978

APPENDIX A
CHECKLIST - ENGINEERING DATA
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CHECKLIST
ENGINEERING DATA

HYDROLOGY AND EYDRAULICS

NDS DER
NAME OF DAM: Williams Bridge ID NO.: 373 ID NC.: 35-20

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): El, 1360,6

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): El, 1366.2

ELEVATION MAXIMUM DESIGN POOL: El, 1366.2 (overtopping elevation)
ELEVATION TOP DAM: El, 1366,2

SPILLWAY CREST:

a, Elevation Main - El, 1360,6: Auxiliary - El, 1361.6
b. TyPe Main - broad crested with steps; Auxiliary - broad crested; free overfall

c. Width Main - 6 feet: Auxiliary - 8 feet
d. Length Main - 56.3 feet; Auxiliary - 103.3 feet

e. Location Spillover puxiliary - left abutme ;, Main - right of auxiliary
~ f. Number and Type of Gates Upngated

OUTLET WORKS:
a. Type 24-inch blowoff and 24-inch supply line
b. Location Adiacent to right side of main spillway
c. Entrance Inverts Blowoff - El, 1316.5; Supply - El. 1322.0
d. Exit Inverts Blowoff - El, 1316, 3; Supply - not applicable
e. Emergency Draindown Facilities 24-inch blowoff

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

MAXIMUM NONDAMAGING DISCHARGE: ULknown
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SUSQUEHANNA RIVER BASIN
STAFFORD MEADOW BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

WILLIAMS BRIDGE DAM

PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

MAY 1978

APPENDIX C
HYDROLOGY AND HYDRAULICS
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Tabulation of Storms within en fpproximate 100 mile Radius St Lo 13
.of Frevtorm vhich have occurred in last 35 vears -
.Drainage Peak C.F.S. - ) Distance
: " Area Flow per Meyers fronm
- Date Location Sag. Miles C.F.S. Sq. Mi. Coeff. Freytovn
- @ 8/%/55 Proadhead Cr. ' S ’ :
‘ Analomirk,Pa. 124.0 72,200 582 - 6,400 21.0
" (@) &/x/55 E. Brench RO DL b i 7
e Wollenpaupak, : = : - :
e Greentown,Pa. . 339 " 33,000 . 975 5,780 17.5
() .9/1/40 salen Creek ST BT RF e
. Woodstown,N.J. TS 26,100 1,480 ‘6,200 112.0
TR @ 7/%/35 Trumensburg Cr. ; o e =
- Trumansburg, . Y. 1.5 . 17,800 1,550 5,300 . - 107.0
-G 7/%/35 Glen Creek Rk v il o S R N S,
. 3 Townsend, N, I . = 291 _ 7,330 2,520 4,300 - 103.0
a .7/18/42 First Fork o PR LT Sidte- YLD :
kT Sinnemshoming,Pa.  243.0 80,000 © 324, .. 5,130 1135.0
(@) 1/18/42 Freezan Run 149 -7 19,000 1,25 TR0 T 130
-10/1/6/ BB, TR R EE ‘
Crystal Lake . 2.5 11,500 5,950 8,000 . 21.0
@10/1/66? G. & V. BT O TN o
- Hollister - 12.0 23,340 1,945 6,720 3.0
@ Hazen & Sawyer =~ . - ° e T Foiiat it g
ey - Treytown® . :.l.5,5.-- 113,000 . 2,360 5,580 0.0
L @ - Chester Engineers Kt ok Sl it
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SUSQUEHANNA RIVER BASIN

STAFFORD MEADOW BROOK, LACKAWANNA COUNTY
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PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT
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WILLIAMS BRIDGE DAM

Screen Chamber Building to Right of Main Spillway

Looking Upstream

B. View of Dam from Upstream
Reservoir in Foreground

e ———




WILLIAMS BRIDGE DAM

C. Left Approach Wall of Auxiliary Spillway
Showing Low Area Behind Wall

D. Concrete Extension of Masonry Core Wall
(- Extending Above Top of Embankment




WILLIAMS BRIDGE DAM

Main Spillway and Downstream Training Wall

F.

Main Spillway and Auxiliary Spillway

E.

of Auxiliary Spillway




WILLIAMS BRIDGE DAM

G. Valve House to Right of Main Spillway and with
Retaining Wall in Background
1

H. Disintegrated Concrete at Downstream
( Face of Auxiliary Spillway




WILLIAMS BRIDGE DAM

I. Masonry Retaining Wall Between
Embankment and Outlet Channel of Main Spillway
Showing Repaired Diagonal Crack and Disintegration of
Concrete Caps - Wet Area Shown Behind Retaining Wall

-39, 7.

J. Wet Area
Adjacent to Main Spillway Retaining Wall

e

e




WILLIAMS BRIDGE DAM

K. 1916 Piezometer and Groundhog Burrowing on
Downstream Embankment Surface

Ll

Stream, Bridge, and Caretaker's Home below Dam
Embankment with 1916 Piezometer in Foreground
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WILLIAMS BRIDGE DAM

APPENDIX E
GEOLOGY

1. General Geology. The damsite and reservoir are located
in the northeastern portion of Lackawanna County., Lackawanna
County was completely covered with ice during the last continental
glaciation of Pleistocene time. The general direction of ice move-
ment was S 35°-40° W, Glacial drift covers the entire County, ex-
cept 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 structural feature in Lackawanna County
is the Lackawanna Syncline, which traverses the County in a south-
westerly 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. 'I'he rock formations exposed range from the post-
Pottsville formations (youngest) through the Pottsville, Mauch Chunk
shale, Pocono sandstone to the Damascus formation of the Catskill
group (oldest). The rim rocks, the Pottsville formation and Pocono
sandstone, have dips that rarely exceed 10° to 20° and form a rather
simple syncline. The core rocks, the post-Pottsville formations, are
folded into a series of minor anticlines and synclines which trend
about N 70° E, The rocks in the northwestern and southeastern parts
of the County, outside of the limits of the Lackawanna Syncline, are
generally horizontally stratified.

The Lackawanna River, in general, follows the axis of the
Lackawanna Syncline. Southeast of the Lackawanna River, the rise in
terrain is quite gradual and the crests of the high mountains are sever-
al miles from the Lackawanna River. Streams, such as Roaring Brook
and Stafford Meadow Brook, have cut deep canyons through the moun-
tains and follow a tortuous course to their confluence with the Lacka-
wanna River near Scranton, Pennsylvania. In the area of interest, the
Lackawanna River streambed is founded in post-Pottsville formations.
Proceeding uphill from the river, the older Pottsville formation, Mauch
Chunk shale, Pocono sandstone, and Catskill continental group are
encountered in turn. The tributary streams, in flowing down the moun-
tains, 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 under-
lies the greater part of Lackawanna County,

2., Site Geology. Except for the geologic formations involved,
the foundation conditions for Williams Bridge Dam afforded by Stafford
Meadow Brook are characteristic of numerous other streams in this




section of the State. The stream has cut through an outcrop of massive
gray Pocono sandstone and conglomerate and, at the damsite, is flow-
ing parallel to the interface of Pocono sandstone and Mauch Chunk
shale formations. The left abutment of the dam is founded on and
keyed into the steep sandstone and conglomerate. The right abut-
ment, as described in the 1914 reports of the Pennsylvania Water
Supply Commission, is founded on hardpan that had been covered

with loam and boulders. This was probably decomposed Mauch

Chunk shale and/or glacial till. The spillways and outlet facilities
are founded on rock. The main portion of the embankment is founded
on hardpan.




