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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION

AND
RECOMMENDED ACTION

Name of Dam: Brownell Dam (NDS ID No. 192)
Owner: Pennsylvania Gas and Water Company
State Iocated: Pennsylvania

County Iocated: Lackawanna

Stream: Racket Brook

Date of Inspection: 24 april 1978

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

Based on the visual inspection, avalilable records, calcu-
lations and past operational performance, Brownell Dam is judged
to be in good condition. However, the spillway will not pass
the Probable Maximum Flood (PMF) or one-half the PMF without
overtopping the dam, Therefore, based on criteria established
for these studies by the Department of the aArmy, Office - the
Chief of Engineers (OCE), the spillway capacity is rateua as
seriously inadequate. Carbondale No, 4 Dam is about 0.6 mile
upstream of Brownell Reservoir on Racket Brook. Considering the
effects of the combined Brownell Reservoir and Carbondale No. 4
Reservoir surcharge storage, the existing Brownell spillway can
accommodate a flood with a peak inflow of 27 percent of the PMF
peak inflow.

In view of the concern for the safety of Brownell Dam, the
following measures are recommended to be taken by the Owner
as soon as practical:
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(1) Develop a detailed emergency operation and
warning system for Carbondale No. 7, Carbondale No. 4, and
Brownell Dam system,

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

(3) Implement the proposed repair program to the
auxiliary right retaining wall. As part of this program, install
two or more observation wells, or other instrumentation, in the
earthfill behind the retaining wall. Monitor instrumentation on
a regular basis. If readings indicate potential problems, appro-
priate action should be taken.

In order to correct operational, maintenance, and repair
deficiencies, and to more accurately assess the condition of the
dam, the following measures are recommended to be undertaken
by the Owner in a timely manner:

(1) Replace weathered and missing riprap.

(2) Fill low spot and settling in embankment and pro-
vide protection against erosion.

(3) Remove trees from toe and slope of embankment.

(4) Monitor wet area near toe of slope and, if changes
are noted, take appropriate action.

(5) Monitor the downstream face of auxiliary spillway
for increased seepage or other problems and take appropriate
actions as required.

Until remedial work for correcting the hydraulic deficiencies
of the spillways is complete, the following measures are recom-
mended to be undertaken by the Owner:

(1) Provide round-the-clock surveillance of Brownell
Dam during periods of unusually heavy rains.

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

RACKET BROOK, IACKAWANNA COUNTY

PENNSYLVANIA

BROWNELL DAM

NDS ID No. 192
PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

| SECTION 1

r PROJECT INFORMATION

N
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 through-
out the United States. -

++ The purpose of the inspection is to deter-
mine {f the dam constitutes a hazard to human life or property.

1.2 Description of Project. \ J : |

a. Dam and Appurtenances. Brownell Dam is an earth- Y '

fill structure with a masonry core wall. It is 64 feet high at x
original streambed. The dam has a main and auxiliary spillway. j
The length of dam, including spillways, is 613 feet. There is ﬁ

a 65-foot long embankment at the left abutment and a 283-foot
long embankment at the right abutment. The main 70-foot long
spillway is located to the right of the left embankment. It is a ,
stepped, masonry gravity structure with earthfill against the up- »
stream face. Discharge over the spillway flows onto a natural :
rock ledge. A masonry training wall at the right side of the spill-

way, downstream of the crest, confines the discharge to the rock




ledge immediately below the spillway. Where the wall ends,
the discharge turns right and drops down the rock abutment to
the natural stream, Adjacent to the main spillway i{s a 195-foot
long masonry gravity auxiliary spillway. The auxiliary spillway
does not have earthfill against {ts upstream face. Upstream of
the auxiliary spillway, at the left side, a masonry wall retains
the earthfill that is against the main spillway. At the right side,
the auxiliary spillway meets the earth embankment with masonry
retaining walls extending both upstream and downstream at the
spillway crest. Separate water supply and blowoff lines pass
through the auxiliary spillway and are regulated by valves down-
stream of the dam. Various features of the dam are shown on the
Plates at the end of the report and on the Photographs in
Appendix D.

b. lLocation. Brownell Dam is located on Racket Brook
about 1.5 miles upstream from its confluence with the Lackawanna
River. Brownell Dam is shown on USGS Quadrangle, Waymart,
Pennsylvania, with coordinates N41°34'30" - E75°28'20" in
Lackawanna County, Pennsylvania, and is 1 mile east of
Carbondale, Pennsylvania. Carbondale No. 4 Dam, with a drain-
age area of 2.3 square miles, is located 0.6 mile upstream of
Brownell Dam on Racket Brook and, in turn, Carbondale No. 7
Dam, with a drainage area of 0.6 square mile, is located 0.2 mile
upstream of Carbondale No. 4 on the headwaters of Racket Brook.
There are no dams located downstream of Brownell Dam between
it and its confluence with Lackawanna River. The location of
Brownell Dam is shown on Plate 1,

c. Size Classification. Intermediate (64 feet high,
2,995 acre-feet).

d. Hazard Classification. High hazard. Downstream
conditions indicate that a high hazard classification is warranted
for Brownell Dam (Paragraph 5.1.e.).

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

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

g. Design and Construction History. Brownell Dam was
designed by William Marple, Chief Engineer of the Scranton Gas
and Water Company, and built by Burke Brothers, Contractors,
between 1905 and 1908. There have been no modifications since
completion. Brownell Dam is immediately downstream ot
Carbondale No. 4 Dam which was built in 1892, Carbondale
No. 4 Dam is immediately downstream of Carbondale No. 7 Dam
which was built around 1860, Carbondale No. 4 Dam is owned
by Pennsylvania Gas and Water Company and is part of the water
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supply system. Carbondale No. 7 Dam is no longer owned by
Pennsylvania Gas and Water Company, It is now part of Farview
State Hospital.

h. Normal Operational Procedure. Water {s drawn from
the reservolir and flows by gravity throuah a 24-inch diameter line
into the distributfon Iines of Carbondale. A 24-inch emergency
Iine, or blowoff line, is used to drawdown the reservoir and to
remove sediment from the reservoir, Streamflow into Brownell
Reservoir can be augmented by releases from Carbondale No. 4
Dam.

1.3 Pertinent Data.

a. Drainage Area. 4.0 square miles (2.3 square miles
of which drains into Carbondale No. 4 Reservoir and 0.6 square
mile of this area drains into Carbondale No. 7 Reservoir),

b. Discharge at Damsite. (cfs.)

Maximum known flood at damsite - 330 %
(estimated - May 1942).

Water supply line at maximum pool elevation -
not avalilable.

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

Maln spillway capacity with pool at auxiliary spillway
crest - 650.

Total spillway capacity (main and auxiliary) at
maximum pool elevation - 1,870.

c. Elevation. (Feet above msl.)

Top of dam (top of core wall) - 1586.5.

Top of embankment - 1586.5.

Maximum pool (top of core wall) - 1586.5.
Normal pool (spillway crest) - 1583.4.
Auxiliary spillway crest - 1585.4.

Upstream portal invert outlet works - 1526.8.
Downstream portal invert outlet works - 1524.6.
Upstream invert water supply line - 1534.9,
Streambed near outlet works - 1523.0.

d. Reservoir length. (Miles.)

Normal pool - 1.00.
Maximum pool - 1.0S5.

* Owner notes that local storms have topped the auxiliary spill-
way by 1.0 foot - pool at Elevation 1586 .4 which is just below
top of dam Elevation 1586.5. Approximate discharge 1,710 cfs.
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Storage. (Acre-feet.)

Normal pool (main spiliway crest) - 2,599,
Maximum pool (top of dam) - 2,995.

Reservoir Surface. (Acres.)

Normal pool (main spillway crest) - 126.
Maximum pool (top of dam) - 130.

Dam.
Iype - Earthfill with masonry core wall.

Length - Right embankment - 283 feet,
Left embankment - 65 feet.

Height - 64 feet.

Top Width - Embankment - 10.0 feet (core wall -
4.0 feet).

Side Slopes - Upstream - 1V on 3.5H.
Downstream - 1V on 2.5H.

Zoning - Homogeneous earthfill,
Central masonry core.

Diversion and Regulating Tunnel.

Type - One 24-inch diameter cast-iron pipe.
Length - 109.0 feet.

Access - Intake - none.
Valves - in dry pit below dam.

Regulating Facilities ~ Two manually operated non-
rising stem 24-inch gate valves.

Spillway .

Type - Main spillway - broad-crested masonry-gravity
spillway with masonry steps (width - 7,0 feet).
Auxiliary spillway - broad-crested masonry-

gravity spillway with free overfall
(width - 11.0 feet).

Length of Weirs - Main spillway - 70.0 feet.
Auxiliary spillway - 195.0 feet.

Y utilact 01 8 pax e L\. £
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Crest Elevations ~ Main spillway - 1583.4.

Auxiliary spillway - 1585.4.

Upstream Channel - Main spillway - sloping earthfill,
Auxiliary spillway - reservoir,

Downstream Channel - Main spillway - rock ledge
with wall on right.
Auxiliary spillway - short reach of seeded area
followed by natural channel.

Regulating Outlets. None, other than outlet works.
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SECTION 2
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ENGINEERING DATA

2.1 Design,

a. Design Available, Very little engineering data was
avallable for review. In a study performed in 1914 by the Pennsyl-
vania Water Supply Commission, an account of design con-
cepts, geology, construction materials and methods, and design
features was prepared for the components of the dam from inter-~
views with the Owner, visual Inspection, and other sources. The |
1914 study also included analyses for hydrology, hydraulics, and B |
stability of the principal features. ILoad assumptions and a sum-
mary of the results of the analyses are on file,

g e

b. Design Features. Brownell Dam consists of an earth-
fill embankment with a masonry core wall, a masonry gravity main
spillway and a masonry gravity auxiliary spillway. A plan and
profile of the dam is shown on Plate 1A. A plan and profile of
masonry structures is shown on Plate 2.

There is a 65-foot long embankment at the left abut-
ment and a 283-foot long embankment at the right abutment. The
upstream slope is 1V on 3.5H and is riprapped. The downstream
slope is 1V on 2.5H and has a grass cover. Sactions of the em-
bankment at the right abutment are shown on Plate 5 and sections
of the embankment at the left abutment are shown on Plate 7. The
core wall in the middle of the embankment is 4 feet wide on top,
constructed of conglomerate masonry, and battered so that, at
the maxlmum section the bottom width is 10 feet. At the right
abutment, for 230 feet, the masonry core wall is founded on a
2-foot thick concrete footing that is founded on clay. The re-
mainder is founded on rock. The top of embankment elevation
varies with @ minimum elevation of 1586.5.

A masonry gravity retaining wall, located upstream and
downstream of the axis of dam, separates the embankment at the
right abutment from the auxiliary spillway." The wall is normal to
the dam centerline, except near the upstream end. The down-
stream wall has a front batter of 8V on 1H and a stepped back |
batter of 2V on 1H. The upstream wall has a battered front, step- |
ped back with a total ratio of width to height of 0.45, The top-
width for both the upstream and downstream walls is 3.5 feet. |
The entire wall is founded on rock, except for a portion of the up- '
stream wall which is founded on a 2-foot thick concrete footing
with clay beneath, 1

pr—

The 195-foot long masonry gravity auxiliary spillway
(Photographs A and B) was built entirely on rock. The rock
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foundation is from 1 to 2 feet below the natural rock surface. The
4 upstream face, at the maximum section, is vertical for 22 feet

} from the top and then is battered on a 8V on 1H slope. The aux-

| iliary spillway crest is 11 feet wide and 1.1 feet below the top

: of the earth embankment. The downstream face has 6 different
breaks in batter. The bottom width is 45 feet at a location

55 feet below the crest.

The main spillway (Photograph F) is a masonry gravity
structure, 70 feet long. Earthfill is against the upstream face.
Main spillway sections are shwon on Plate 6. Upstream of the
spillway, at the right side, a 30-foot long masonry wall, normal
to the dam, retains the earthfill. The spillway is 20 feet high
and is founded on top of a rock ledge. The crest is 2.0 feet be-
low the auxiliary spillway and is about 7.0 feet wide and battered
on a 1V on 8.375H slope which drops in the upstream direction,
The upstream face is vertical and the downstream face is stepped
so that the base width Is 16 feet. The earthfill upstream of the
spillway has a 1V on 3H slope and is riprapped. Downstream of
the spillway, on each side, are small masonry training walls with
the right wall extending further downstream. This right wall chan-
nels the spillway discharge until it ends, at which point the spill-
way discharge turns right and drops over the rock ledge into the
natural stream downstream of the dam. The left side of the main
spillway ties into the 65-foot long earthen embankment section
with masonry core wall founded on rock.

The emergency discharge line or blowoff line is a
24-Inch cast-iron pipe, whose upstream invert is 58.5 feet be-
low the top of the auxiliary spillway. It passes through the aux-
iliary spillway to a valve pit. Two valves, connected in series,
control the flow which discharges into the natural channel. A
profile through the blowoff line is shown on Plate 4.

The water supply line, a 24-inch cast-iron pipe, starts
just downstream of the intake structure and passes through the
auxiliary spillway to a valve house with two 24-inch valves con-
nected in series. From the valve house, the line extends down-
stream to the distribution system,. A profile through the water
supply line is shown on Plate 3.

The intake structure, which is 38 feet right of the blow-
off intake, contains 2 screens and also a sluice gate downstream
of them, The structure is about 19 feet by 20 feet in plan, The
working floor, which is about 0.5 feet above the auxiliary spill-
way crest, has slots for the screens and a manual operator for
the sluice gate. The sluice gate shuts off the entrance to the
24-inch supply line, the upstream invert of which is 52.1 feet la=
low the working floor.




2.2 Construction.

a. Data Available., Construction data available for re-
view for Brownell Dam was limited to information contained in
the 1914 report prepared by the Pennsylvania Water Supply Com-
misstion. That information was obtained by interviews with the
Owner, and it gives details of construction operations,

b. Construction Considerations. The 1914 report by the
Pennsylvania Water Supply Commission praises the quality of
construction used for the structure. For example, information is
cited that indicates that hand excavation in rock was used to
avold opening seams in rock by blasting and that all rock sur-
faces were thoroughly cleaned. In general, the accounts of con-
struction are such that it appears reasonable care was used in
construction of Brownell Dam.

2.3 Operation, No formal records of operation were reviewed.
Based on information from the Owner and the caretaker of the dam,
all structures have performed satisfactorily with some exceptions.
rive blocks from the crest of the auxiliary spillway fell from the
crest several years ago and were immediately replaced. The
downstream auxiliary spillway retaining wall has not functioned
satisfactorily. A detailed description and evaluation of this con-
dition is covered in Secticn 3, Visual Inspection,

2.4 Other Investigations. The Owner's records indicate that
consideration has been given to increasing the spillway capacity.
No formal plans have been formulated. Plans and specifications
have been prepared to repair the downstream auxiliary spillway
right retaining wall.

2.5 Evaluation.

a. Availability. Engineering data was provided by the
Division of Dams and Encroachments, Bureau of Water Quality
Management, Department of Environmental Resources, Common-
wealth of Pennsylvania and by the Owner, Pennsylvania Gas and
Water Company. The Owner made available an engineer, a care-
taker, and a valve crew for information and operation demonstra-
tions 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 assessment must be
based on the combination of available data, visual inspection,
performance history, hydrologic assumptions, and hydraulic
assumptions,

c. Validity. There is no reason to question the validity
of the available data.




SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General, The general appearance of Brownell Dam is
good, with the exceptions noted below,

b. Embankment.

(1) The embankment section at the right abutment is
in generally good condition. No seepage, wet areas, or other
deficiencies were observed anywhere on the embankment. The
sod is Intact and well maintained. The riprap on the upstream ,
slope (Photograph C) that is above normal pool is very weathered.
It is shale and in many cases has completely deteriorated. The
Owner reports trouble with vandals taking riprap and tossing it
on the downstream side of the dam and has, therefore, replaced
vandalized areas with gravel. The Owner reported other instances
of vandalism, such as finding persons equipped with picks and
shovels trying to excavate through the embankment. The riprap
does not appear to extend all the way to the right abutment. For
a distance of 65 feet to the right of the auxiliary spillway right re-
taining wall, the embankment is lower than the as-built construc-
tion plans indicate. The maximum difference is about 0.9 foot
at the retaining wall. The top of the core wall is exposed for a
portion of this length. At the auxiliary spillway right retaining
wall, on the downstream side of the top of embankment, is a
very small dry masonry wall. There {s a small erosion gully
leading below this wall and behind the downstream right abutment
wall, where the embankment has settled. There is a 9-foot square
wet area 100 feet right of the auxiliary spillway right retaining
wall and 75 feet downstream of the toe of embankment, The area
was firm and covered with leaves. There was no observable see-
page. The tree line is approximately at embankment toe. There
{s a 2-inch tree in the embankment near the downstream end of
the auxiliary splillway right retaining wall,

(2) The embankment at the left abutment is indiscern-
ible from the surrounding ground, which is heavily wooded. The
core wall is exposed for 16 feet beyond the left main spillway
wall. The ground is flat in this area.

c. Appurtenant Structures.

(1) The entire downstream face of the auxiliary spill~
way (Photograph B) is wet from about 6 feet below the crest,
There are white powdery deposits, or efflorescence, over most of
the face. The seepage was insufficient to cause flow at the toe
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of the structure and was not localized in any particular areas.
The mortar was in excellent condition, No cracks were observed.
The handrail on the downstream side of the crest is corroded badly.

(2) The main spillway (Photograph F) appears to be in
excellent condition, Water was flowing over the spillway during
the inspection and detailed observations could not be made. How~
ever, the stones appeared to be in good condition. Where the
spillway discharge turns right and drops over the natural rock
ledge, there is evidence of some rock erosion at locations down-
stream of the right spillway wall. The upstream left and right
retaining walls were submerged and therefore only the tops were
visible below the water surface. The Owner has not reported any
problems with these walls.

(3) The downstream auxiliary spillway right retaining
wall (Photographs G and H) has a major structural crack extending
from the bottom of the wall 16.5 feet from the downstream end to
the top of the wall at the top of the embankment. The crack travels
up at approximately a 30° angle with the horizontal and extends
through the middle of some masonry blocks. The upper portion of
the wall protrudes up to 0.7 foot beyond the lower portion. The
face of the lower portion of the wall has a distinct batter while
the face of the upper portion appears vertical. In plan, the top of
the wall is bowed (Photograph I) with the middle of the wall about
2 feet out of line with the ends. Seepage is evident below this
crack but is intermittent along the length. There is insufficient
seepage to do more than wet the blocks. The downstream
15.5 feet of this wall is concrete (Photograph J) badly spalled at
the edges and peeling over 80 percent of the face.

(4) The outlet of the 24-inch diameter blowoff and a
short length of the 24-inch diameter water supply line were ob-
servable. Both appeared to be in good condition with no exterior
pitting. There was no seepage evident near them. The operation
of the blowoff was observed. The valve was opened fully by
three men in 10 minutes. No problems were noted. An attempt
was made to close the emergency shutoff valve, upstream of the
one usually operated. This valve is usually fully open. It was
so stiff that it was unable to be operated without special equip-
ment. Its operation was not viewed, nor was the operation of the
sluice gate or the valves on the water supply line.

d. Reservoir A&rea. The reservoir slopes are wooded,
mostly with hardwoods. No evidence was visible of creep, rock
slides, or land slides. The Owner indicated that sedimentation
is not a problem from the standpoint of reduced reservoir capacity.
The watershed is almost wholly owned and controlled by the Owner
and is almost entirely undeveloped. Carbondale No. 4 and No. 7
Dams are located upstream of Brownell Reservoir. These upstream
dams are discussed in Paragraph 5.1.a.(2).
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e. Downstream Channel. The channel immediately below
the dam runs over rock outcrop (Photograph E). The channel is a
series of cascades with an estimated average slope of 30 percent,
A few small trees were lying in the stream.

3.2 Evaluation,
a. Embankment.

(1) The riprap on the upstream slope is evidencing the
long term effects of weathering. Vandalism has made this condi-
tion worse. Unless the lost riprap on the upstream surface is re-
placed and extended to the abutment, the upstream slopes adja-
cent to the spillway will probably progressively erode and slough.
The embankment near the auxiliary spillway right retaining wall
was not observed to be lower than the adjacent section. Only
after the reduction of survey data acquired for this inspection,
was the condition discovered. The cause of this condition is not
clear. The construction drawings available indicate that the em-
bankment in this area was originally about 1 foot higher and that
the core wall is founded on rock. There was probably no settie-
ment of the core wall. It is improbable that rainfall runoff could
cause this amount of erosion. It is possible that the embankment
was overtopped previously and that the top was eroded. There was
no evidence, however, of overtopping on the downstream slope.
The erosion gully under the small dry masonry wall does appear
to have been caused by rainfall runoff. This condition will even-
tually lead to increased erosion of the top of dam. The wet area
downstream of the toe is not of great concern at the present time.
There was snow, still existing in patches, at the toe of the aux-
iliary spillway. The wet area could have been caused by snow
melt. The continued growth of trees on the embankment slopes
and along the toe of embankment is undesirable.

(2) The trees in the embankment at the left abutment
are undesirable, The root system could eventually begin to dis-
integrate the core wall. Although the top of this embankment sec-
tion is lower than that at the right abutment, it is felt that over-
topping this section would not present a hazard.

b. Auxiliary Spillway.

(1) The slight seepage on the downstream face of the
auxiliary spillway is of slight concern at the present time. The
cause of the calcium-like deposits on the face is unknown but
they did not seem to be assoclated with any potential problems.
The corroded handrail could be a hazard to personnel. It could
also collect debris during flow over the auxiliary spillway and
reduce the discharge.
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Cc. Appurtenant Structures.

(1) Erosion at the drop, downstream of the right spill-
way wall, is of slight concern at the present time,

(2) No problems were noted with the auxiliary spill-
way upstream retaining walls. Problems with these walls are not
anticipated unless an attempt is made to drawdown the reservoir.
If the reservolr {s drawn down, the loads on the upstream walls
could be greater than the loads on the downstream wall. Since
the downstream wall is cracked, it seems likely that additional
loads on the upstream wall, caused by drawdown, would cause
cracking of the wall.

(3) TFailure of the downstream auxiliary spillway right
retaining wall could threaten the stability of the embankment. The
Owner is aware of this problem and, as noted in Paragraph 2.4,
has remedial measures prepared.

(4) The overall condition of the operating equipment
was adequate. Regular maintenance is needed on the upstream
blowoff valve. The valve pit for the blowoff and the valve house

for the water supply line would not be accessible with flow over
the auxiliary spillway.

d. Reservoir Area. No conditions were observed in the
reservolr area that might present significant hazard to the dam.

e. Downstream Channel. No conditions were observed
in the downstream channel that might present significant hazard
to the dam. Additional discussion on downstream conditions is
presented in Paragraph 5.1.e.,
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedure. The reservoir is maintained at main spillway
crest Elevation 1583 .4 with excess reservoir inflow cascading
over the stepped masonry spillway. A 24-inch diameter cast-iron
pipe water supply line draws water from the reservoir at Eleva-
tion 1534.9 to gravity feed the distribution lines in Carbondale.
The two gate valves on the water supply line are normally at
least partially open. A 24-inch diameter cast-iron pipe emer-
gency line or blowoff line at Elevation 1526.8 can discharge water
into the outlet channel of the main spillway. The upstream valve
on the blowoff line is normally open and the downstream valve is
normally closed. The blowoff line is very seldom used.

4.2 Maintenance of Dam. The dam is visited daily by a care-
taker who checks the reservoir elevation. When the reservoir is
below the main spillway crest, the caretaker reports the reservoir
elevation to the Owner's Engineering Department. This information
is used by the Engineering Department for regulating flows in the
distribution system. A Pennsylvania Gas and Water Company
engineer makes a formal inspection of the dam each year, and the
records are kept on file and are used for determining priority of
repalrs, Informal inspections are also made when the engineer

is on the site for other reasons. Special problems, such as the
condition of the auxillary spillway right retaining wall, are moni-
tored at intervals as determined by the Owner's Engineering De-
partment. The embankment is mowed at regular intervals,

4.3 Maintenaacec of Operating Facilities. The two rows of
screens in the masonry screen chamber are cleaned in the fall
when leaves tend to clog them or whenever there is indication of
a pressure drop. The downstream blowoff is operated annually.
The upstream blowoff valve is not reqgularly maintained.

4.4 Warning Systems in Effect, The Owner furnished the inspec-
tion team with a chain of command diagram for Brownell Dam and a
generalized emergency notification list that is applicable for all
the Pennsylvania Gas and Water Company dams. The Owner said
that during periods of heavy rainfall, available personnel are dis-
patched 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 En-
gineering Department is also responsible for notification of emer-
gency conditions to the local authorities. Detailed emergency
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operational procedures have not been formally established for
Brownell Dam, but are as directed by the Owner's Engineering
Department,

4.5 Evaluation. The operational procedure appears to be satis-
factory except for the maintenance of the upstream blowoff valve.
Since this valve remains open all the time, it is of minor impor-
tance to the functioning of the blowoff. The procedures used by
the Owner for inspecting the dam are adequate, but the repairs
have not been made, The trees i{n the embankment at the left
abutment should be removed and any new growth should be cut
annually. The Owner's security measures seem reasonable, Con-
tinued vigilance is required to prevent vandalism creating a haz-
ard to the dam. In general, the warning system is adequate, but
it is not in sufficient detail for Brownell 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 and hydraulic analysis for the orig-
inal Brownell Dam design was available for review. The spillway
capacity was estimated for the main spillway by the Pennsylvania
Water Supply Commission for their 1914 report. Spillway capac-
ity, as used in this section, represents the combined capacity of
the main and auxiliary spillways.

(2) In the recommended guidelines for safety inspec-
tion 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 hazard potential (high) classification of
Brownell Dam is the PMF, If the dam and spillway are not capa-
ble of passing the PMF without overtopping failure, the spillway
capacity is rated as inadequate, If the dam and spillway are
capable of passing one-half of the PMF without overtopping fail-
ure, 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
significantly increase the hazard to loss of life downstream from
the dam from that which would exist just before overtopping
fatllure.

(c) The dam an spillway are not capable of pass-
ing one-half of the PMF without overtopping failure.

(3) Although the spillway capacity and hydrology have
been estimated a number of times by the Owner, the design storms
used were far below a probable maximum flood. Most of the an~
alyses failed to include the effects of the dams upstream of
Brownell Dam. The Owner's most recent estimate of spillway ca-
pacity was 3,835 cfs with 2 feet of water over the auxiliary spill-
way and therefore 4 feet of water over the main spillway. As was
noted in Section 3, the embankment has a low area which limits
the head on the main and auxiliary spillways to 3.1 and 1.1 feet,
respectively, The total spillway capacity computed for this study
is 1,870 cfs, with the head on the auxiliary spillway being 1.1
feet and the head on the main spillway being 3.1 feet.




(4) Carbondale No. 4 Dam (Photographs K and L) is
located on Racket Brook about 0.6 mile upstream of Brownell Res-
ervoir and Carbondale No.7 Dam is located on Racket Brook about
0.2 mile upstream of Carbondale No. 4 Reservoir. These two up-
stream dams are described below:

(@) Carbondale No. 7 Dam at one time was owned
by Pennsylvania Gas and Water Company but it {s now owned by
the Farview State Hospital, supposedly for fire protection. The
Owner's records state that the dam is an earthen embankment with
timber plank core and that it was built in 1860. The dam is
250 feet long, 11 feet high with a 10-inch diameter cast-iron dis-
charge pipe. The spillway consists of a 3 foot by 3 foot box cul-
vert, with unknown invert. The normal pool is listed as contain-
Ing 95 acre-feet with an area of 20 acres. The drainage area at
the site {s 0.6 square mile. It is unknown if any modifications
have been made since the Owner's records were last updated. In
view of the small size of this reservoir, it was not included in
the hydraulic and hydrologic ana lysis.

(b) Carbondale No. 4 Dam is a masonry gravity
dam with downstream earth embankment. It is 508 feet long,
29 feet high, and was built in 1892. The dam was overtopped
by a flood in May, 1942. In 1945, the spillway on this dam was
greatly enlarged to its present 100-foot length and 4.1-foot head
to top of dam. At spillway crest, the reservoir contains 783 acre-
feet and has a surface area of 62 acres. The spillway capacity
at the dam is estimated by the Owner at 2,700 cfs. This was con-
sidered to be reasonable and was accepted for use. The drainage
area is 2.3 square miles. Carbondale No.4 Dam was visited dur-
ing the field Inspection. Except for the spillway dimensions that
were obtained in the field, all other data was taken from the
Owner's records,

(5) The hydrologic analysis for this study was based
on existing conditions of Brownell watershed and the effects of
future development of the watershed were not considered.

b. Experience Data. The PMF peak discharge was es-
timated by transposition of the PMF peak discharge derived for the
hydrologically similar potential reservoir site on Fall Brook. PMF
peak discharge for Carbondale No. 4 Dam watershed was derived
by identical methods. The PMF peak discharge for the entire
Brownell Dam watershed is estimated at 9,440 cfs. The Carbon-
dale No. 4 component of the Brownell PMF is 5,430 cfs. For the
drainage area between Brownell Dam and Carbondale No. 4 Dam,
the component of the Brownell PMF is 4,010 cfs. The peak PMF
discharge for the Carbondale No, 4 Dam watershed is estimated
at 6,060 cfs. Hydrology computations are presented in
Appendix C,
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c. Visual Observations. On the date of the inspection,
it was observed that the metal handrail on the downstream edge

of the auxiliary spillway could possibly collect debris and there-
fore reduce the discharge over the auxiliary spillway. Since the
handrail is in poor condition, it would probably break under sub-

stantial loads.

d. QOvertopping Potentlal. One case was analyzed to
check the overtopping potential of Brownell Dam from a PMF
storm. This case considered a PMF storm only over that portion
of the dratnage area between Brownell Dam and Carbondale No. 4
Dam. This portion of the drainage area is 1.7 square miles. This
analysis is equivalent to assuming that Carbondale No. 4 Dam
will hold back theo entire PMF runoff from its drainage area
(2.3 square miles). The PMF peak inflow into Brownell Reservoir
for this case is 4,010 cfs and it {s greater than the spillway ca-
pacity of Brownell Dam. A check of the surcharge, storage effect
of Brownell Reservoir shows that the surcharge storage available
fs insufficient to contain an inflow with a peak of 4,010 cfs with-
out overtopping the dam, It is apparent, therefore, that a PMF
storm over the entire Brownell watershed would also cause over-
topping of Brownel! Dam regardless of any mitigating effects of
Carbondale No., 4 Dam.

One case was analyzed to check the overtopping po-
tential of Carbondale No. 4 Dam from a PMF storm. This case
considered the Carbondale No, 4 component of the Brownell PMF.
The PMF peak inflow into Carbondale No. 4 Reservoir for this case
is = 30 cfs and is greater than the spillway capacity of Carbon-
dale No. 4 Dam. A check of the surcharge storage effect of
Carbondale No. 4 Reservolir shows that the surcharge storage avail-
able is insufficient to contain an inflow with a peak of 5,430 cfs
without overtopping the dam.

Two cases were analyzed to check the overtopping po-
tential of Carbondale No. 4 Dam from a storm equal to one-half
of the PMF. Case 1 was based on the Carbondale No. 4 one-half
PMF. Case 2 was based on the Carbondale No. 4 component of
the Brownell one-half PMF. For Case 1, the one-half PMF peak
inflow into Carbondale No. 4 Reservoir is 3,030 cfs and is greater
than the spillway capacity of Carbondale No. 4 Dam. A check of
the surcharge storage effect of Carbondale No, 4 Reservoir shows
that the surcharge storage available is insufficient to contain an
Inflow with a peak of 3,030 cfs without overtopping the dam. For
Case 2, the one-half PMF peak inflow into Carbondale No. 4
Reservoir is 2,715 cfs and is slightly greater than the spillway
capacity of Carbondale No, 4 Dam. A check of the surcharge stor-
age effect of Carbondale No. 4 Reservoir shows that the surcharge
storage available is sufficient to contain an inflow with a peak of
2,715 cfs without overtopping the dam.
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Two cases were analyzed to check the overtopping po- v
tential of Brownell Dam from a storm equal to one-half of the PMF. |
Case 1 was based on the Brownell one-half PMF in which the storm
on the Carbondale No. 4 watershed is equal to the Carbondale No. 4
component of the Brownell one-half PMF. Case 2 was based on a
storm over the Carbondale No. 4 watershed equal to the Carbon-
dale No. 4 one-half PMF with overtopping and assumed failure of
Carbondale No. 4 Dam and no runoff from the drainage area between
Brownell Dam and Carbondale No. 4 Dam. Case 1 was analyzed
considering the surcharge storage effect of both Carbondale No. 4
Reservoir and Brownell Reservoir. As reported above, Carbondale
No, 4 Dam would not be overtopped, Results of the analysis show
that the surcharge storage available is insufficient to contain the
Brownell one-half PMF without overtopping Brownell Dam. The
approximate 2,700 cfs passing Carbondale No. 4 Dam is sufficient
to overtop Brownell Dam. For Case 2, a failure hydrograph for
Carbondale No., 4 Dam was estimated and a peak inflow as high
as 75,000 cfs could rush into Brownell Reservoir, totally empty-
ing Carbondale No. 4 Reservoir in about 20 minutes. Results of
the Case 2 analysis shows that the surcharge storage available
in Brownell Reservoir is insufficient to contain the Carbondale No. 4
failure hydrograph without overtopping Brownell Dam.

e. Downstream Conditions. Brownell Dam is located on
Racket Brook, 1.9 stream miles above the confluence with the
Lackawanna Kiver. Racket Brook flows through a heavily populated
area of Carbondale, Pennsylvania. Some structures in Carbondale
are less than 20 feet above stream grade., The downstream cond{-
tions Indicate that a high hazard classification is warranted for
Brownell Dam,

f. Spillway Adequacy.

(1) Considering the effects of the surcharge storage of
Carbondale No. 4 Reservoir, Carbondale No. 4 Dam will not pass
the Carbondale No. 4 component of the Brownell PMF nor one-half
of the Carbondale No. 4 PMF without overtopping the dam. Con-
sidering the effects of the surcharge storage of Carbondale No. 4
Reservoir, Carbondale No. 4 Dam will pass {ts component of the
Brownell one-half PMF without overtopping the dam, Considering
the effects of the combined surcharge storage of Carbondale No. 4
Reservoir and Brownell Reservoir, Brownell Dam will not pass the
Brownell PMF or one-half of the Brownell PMF without overtopping
the dam, Furthermore, considering the effects of the surcharge
storage of Brownell Reservoir, Brownell Dam will not pass the
maximum spillway discharge of Carbondale No. 4 nor the Carbon-
dale No, 4 fallure hydrograph without overtopping the dam. In
general, however, Brownell Dam should be overtopped before
Carbondale No, 4 Dam {s overtopped,
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(2) The maximum tailwater i{s estimated to be
Elevation 1530.7 at the spillway capacity of 1,870 cfs. At maxi-
mum pool elevation, there is a difference of about 56 feet between
headwater and tallwater, If Brownell Dam should fail due to over-
topping, the hazard to loss 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 {n
Paragraph 5.1.a.(2), the spillway capacity of Brownell Dam {is
rated as serfously inadequate. For Carbondale No. 4 Dam, con-
sidering the effects of the surcharge storage of 258 acre-feet,
the Carbondale No, 4 spillway discharge capacity of 2,700 cfs
can accommodate a flood with a peak inflow of 2,980 cfs for a
storm of the same duration as the Carbondale No., 4 PMF. This is
49 percent of the Carbondale No. 4 PMF peak inflow. Consider-
ing the effects of the combined Brownell Reservoir and Carbondale
No. 4 Reservoir surcharge storage of 654 acre-feet, the Brownell
spillway discharge capacity of 1,870 cfs can accommodate a flood
with a peak inflow of 2,540 cfs for a storm of the same duration as
the Brownell PMF. This is 27 percent of the Brownell PMF peak
inflow,

(4) 1If the low area of the embankment were to be
brought up-to-grade, which would be a relatively minor mainte-
nance task, the spillway capacity of Brownell Reservoir can be in-
creased to 3,310 cfs. This would permit the accommodation of a
flood with a peak inflow of approximately 4,100 cfs or 43 percent
of the Brownell PMF peak inflow, The spillway capacity of
Brownell Dam would still be rated as seriously inadequate.
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(I) General. The visual inspection of the dam re-
sulted in a number of observations relevant to structural stability.
These observations are listed herein for various features.

(2) Embankment. At the junction of the embankment
at the right abutment and the auxiliary spillway right retaining
wall, settlement of the embankment edge behind the wall has
occurred. This secttlement could be related to the cbserved crack
and movement in the right abutment wall., A detailed description
of the condition is in Paragraphs 3.1.b.(1) and 3.1.d.(3). A de-
tailed evaluation of the condition is in Paragraphs 3.2.a.(l) and
3.2.c:(3).

(3) Auxiliary Spillway. Slight seepage along the en-
tire downstream face was observed. The description and evalua-
tion are presented in Paragraphs 3.1.c.(1) and 3.2.b. (1) respec-
tively. A major crack extends along most of the auxiliary spillway
downstream right retaining wall. A detailed description and eval-
uation are presented in Paragraphs 3.1.d.(3) and 3.2.c.(3) re-
spectively, including the potential hazards to the upstream re-
tatning wall during drawdown conditions,

b. Design and Construction Data. No record of design
data or stability analysis for the original structures was avail-
able for review, However, a stability study for the auxiliary
spillway was performed in 1914 by the Pennsylvania Water Supply
Commission. The results of the analysis are on file.

The 1914 analysis for the auxiliary spillway was review-
ed to assess the stability of the section. The maximum loading
condition that was used included the following: full hydrostatic
pressure on the upstream face from reservoir level at the top of em-
bankment, no tailwater, and uplift varying uniformly from two-thirds
of the headwater pressure at the heel to zero at the toe. The re-
sults of this analysis, as presented in the 1914 report, show that
the resultant falls within the middle third of the section from the
top of structure to level of foundation. The computations accom-
panying the report, however, are not in complete agreement with
the report, as the resultant was computed to be 2.0 feet outside
the middle third at foundation level. Toe pressure as well as re-
sistance to overturning and sliding were found to be satisfactory.

«20=-




Stability consliderations for the main spillway were not mentioned
in the 1914 report.

Stability analyses for both the main spillway and the
auxiliary spillway were performed in this study. Only the bottom
sections were considered. The loading assumptions for both sec-
tions were as follows: reservoir level at the top of the embank-
ment, full hydrostatic pressure on upstream face and uplift vary-
ing uniformly from full tailwater at the toe to full tailwater at the
heel plus two-thirds of the difference between the headwater and
tallwater also at the heel,

The results of the stability analysis performed for the
auxiliary spillway showed that the toe pressure and sliding fac-
tor are within acceptable limits and the resultant is outside the
middle third, but within the base, about 13.0 feet from the down-
stream toe. OCE guidelines on overturning recommended that the
resultant be within the middle third. Although the resultant is
outside the middle third, it is within the base. Considering that
the auxiliary 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 significant deviation from the re-
commended guidelines,

The results of the stability analysis performed for the
main spillway showed that the toe pressure and sliding factor
are within acceptable limits and the resultant is within the middle
third, and, consequently, would meet OCE recommended guidelines
for stability.

The auxiliary spillway right retaining wall at the down-
stream side has a crack as previously discussed. The Owner has
prepared plans and specifications to repair the wall. However,
no definite schedule has been established for this repair work.

c. Operating Records. Based on the operating records,
there is no evidence that any stability problems have occurred
for the embankments, the upstream abutment walls, the spillway,
or the auxiliary spillway. Experience data is available to con~
firm this. According to the Owner, water was within 0.1 foot of
the present maximum pool; during a local storm the auxiliary spill-
way was overtopped by about 1.0 foot, but no stability problems
were noted,

d. Post-Construction Change. No modifications have
been made to Brownell Dam since its construction.

e. Seismic Stability. Brownell 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
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for any expected loading. However, since there is the potential
of earthquake forces moving or cracking the masonry core wall,

the theoretical scismic stability of this dam cannot be assessed.
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SECTION 7
ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment,

a. Safety.

(1) Based on the visual inspection, available records,
calculations and past operational performance, Brownell Dam is
judged to be in good condition. However, some maintenance and
repalr deficiencies were noted. A summary of features and obser-
ed deficiencies are listed below:

S A i e desonlbe
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Feature and Iocation

Observed Deficiencies

Embankment (right abutment):
Upstream slope

Top of embankment

Downstream slope

Toe of downstream slope

Embankment (left abutment);
Upstream and downstream
slopes

Auxiliary Spillway:
Downstream face

Crest

Appurtenant Structures :
Main spillway discharae
channel

Auxiliary spillway right
retaining wall

Blowoff line

Damsite:

Weathered and missing
riprap.

Low spot and erosion gully,

Tree in embankment and
settling behind wall.

Contiguous tree line and
wet area.

Trees in embankment,

Seepage and efflorescence.

Deteriorated handrail,

Erosion of rocks.

Major crack and deteriorat-
ing concrete,

Stiff valve operation.

Occurrences of vandalism.
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(2) The overtopping potential analysis shows that
Brownell Dam will be overtopped by the PMF and one~half the
PMF. Therefore, based on OCE criteria, as outlined in Para-
graph 5.1.a.(2), the spillway capacity is rated as seriously in-
adequate. The existing spillway can accommodate a flood with
a peak inflow of 27 percent of the PMF peak inflow, If the exist~
ing low area of the embankment were filled in, the existing spill-
way could accommodate a flood with a peak inflow of 43 percent
of the PMF peak inflow. Additional analyses for the overtopping g
potential of Brownell Dam included consideration of the hydro-~
logic and hydraulic effects of Carbondale No. 4 Dam, which is
located on Racket Brook about 0,6 mile upstream from Brownell
Dam. Results of the analyses show that Carbondale No. 4 Dam
will be overtopped by one~half the PMF (storm over Carbondale
No. 4 watershed only). A fatlure hydrograph of Carbondale No. 4
Dam was made and it was found that if Carbondale No. 4 Dam ,
failed, the spillway capacity and surcharge storage effect of '
Brownell Dam were insufficient to contain the Carbondale No. 4
failure hydrograph without overtopping the dam.
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(3) Stability computations that are on file and com~-
putations performed for this study indicate that the main spillway
and the auxiliary spillway are apparently structurally adequate i
for the maximum pool condition. For the maximum pool condition, .
computations show that the resultants are outside the middle third
in some cases, but within the base, and that sliding factors and
toe pressures are within acceptable limits., The Owner's estimate
of the flood of record indicates that water was within 0.1 foot of
the present maximum pool elevation, with no stability problems
noted.

b. Adequacy of Information, The information available
1s such that an assessment of the condition of the dam can be
inferred from the combination of visual inspection, past perfor-
mance, computations performed prior to and as a part of this
study, and other information,

c. Urgency. 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 ac-
complish 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 the safety of Brownell Dam,
the following measures are recommended to be taken by the Owner
as soon as practical:

v
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i (1) Develop a detalled emergency operation and warn-
‘ ing system for Carbondale No. 4, and Brownell Dam system,

(2) Perform additional studies to more accurately as-
i certain the spillway capacity required for Brownell Dam, as well
1 as the nature and extent of mitigation measures required to make
. the spillways hydraulically adequate. Filling in the existing low
area of the embankment would help Increase the spillway capacity
and this should be accomplished,

(3) Implement the proposed repair program to the aux- *
illary spillway right retaining wall. As part of this program, in-
stall two or more observation wells, or other instrumentation, in
the earthfill behind the retaining wall. Monitor instrumentation
on a regular basis. If readings indicate potential problems,
appropriate action should be taken.

b. In order to correct operational, maintenance and repair ;
deficlencles, and to more accurately assess the condition of the !
dam, the following measures are recommended to be undertaken
by the Owner in a timely manner:

(1) Replace weathered and missing riprap.

(2) TFill low spot and settlement areas in embankment
and provide protection against erosion,

(3) Remove trees from toe and slope of embankment,

(4) Monitor wet area near toe of slope and if changes
are noted, take appropriate action,

(5) Monitor the downstream face of auxiliary spillway
for increased seepage or other problems and take appropriate ac-
tion as required.

(6) Monitor erosfon in the spillway outlet channel and
perform remedial action when required.

(7) Maintain constant vigilance against vandalism,

c. Until remedial work for correcting the hydraulic deficien-
cles of the spillways is complete, the following measures are re-
commended to be undertaken by the Owner:;

1 (1) Provide round-the-clock surveillance of Brownell
Dam during periods of unusually heavy rains. |

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

HYDROLOGY AND HYDRAULICS

NDS DER
NAME OF DAM: Brownell ID NO.: 192 ID NO,: 35-12

R Nt s s asesl U i

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): __1583.4

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 1586.5 ‘
ELEVATION MAXIMUM DESIGN POOL: 1586.5

ELEVATION TOP DAM: 1586.5

SPILLWAY CREST: f
a. Elevation 1583.4 |
b. Type Troad-crested masonry overflow with stepped cascade. :
c. Width 7l |
d. Length 70.0" |
e, Location Spillover Left abutment ;

f. Number and Type of Gates None

QUTLET WORKS:
a. Type I - 24 inch CIP with valves downstream
b. Location center
c. Entrance Inverts
d. Exit Inverts
e. Emergency Draindown Facilities ! - 24 TInch CIT s/valves downstream

HYDROMETEOROLOGICAL GAGES:

a. Type None
b. Location _ None .
| c. Records __ None |

MAXIMUM NONDAMAGING DISCHARGE: ___ 1864 cfs "
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SUSQUEHANNA RIVER BASIN
RACKET BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

BROWNELL DAM

NDS ID No. 192
PENNSYLVANIA GAS AND WATER COMPANY
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APPENDIX B
CHECKLIST - VISUAL INSPECTION




+ N o bt L T L

R A i e

U S e A O AR B A Y0 N

B

-
b

B

SRIOR (0049) uewairym vy

(MR9d) Bur(ssaH [ (0049) 210812493 °d
(MROd) TXSMOITIONS °[ (0049) s209 13q uep °d
(MR9H4) uew3ney °d (0049) anosuey °J

:Jeuuosidd uojloadsul

[su 0° %251 :uojjoedsu] jo sawWil 1e I1djemifel/[sut G-¢gGT -uojIoadsu] jo aull] 3B uojieasld [00d

wep jo 203 1k BurulewWal [[I13IS mOus ‘3IsTow JTOS
3,09 ramiezadula], A1p ‘auuns  -19UIBAM 861 ‘11ady T % % ‘uorioadsu] (s)aied
yg1y -Asobajed plezeH 11En 2100 yats -Uied Jo @dAL

1113Y3ae2 allaeid AJUOSEBW UOIJBUIQWOD
z1-c¢ - °ON Al ¥3a Z61 - ON Al SaN
eruBATASUURg -93€IS puuemeyoe] -AIUNOD 1Toumo1g -wWed O sweN
1 3SVYHd

NOILD3IdSNI TVNSIA
LSITADIHO

e —ee




e gt W D

Ry R

‘usSI[EpPUBA JO 3Sned3q
[9aB18 yiTM poderdai deidyra swos
s310de91 19um() ‘UOT3IDIS Aluoseuw

30 I¥ + ,001 Spu@ixa deadry

*T2ae13 3q 03

saieadde swog ‘paiayiesm
A1aa ‘sTeys A13jusaedde
¢3s910 Kem[11ds aaoqe
deadra - adoys weaalsdp

STUNTIVA dVidTY

peo4iaaans - [eOT3JI3f
Jy81e13s - [BIUOZTIOH

[PIUOZ}I0H
TROJHBA
STINTJWNDITY LSTHO

*jjounl AQ pasned
2q o3 saeaddy

*,,Juawingy
y3irm uolldunp, IS  "IlEm
Aluosew A1p J[ews iapun
guipeal T[1em 3Juawinge 3IYy31a
jo doil 3 AT[n8 uorsoaj

sado[S usungy
sado[S juswyuequyj
*NOISOY3 ¥0O DNIHDNOTIS

INOXN

30L JHL
ANOA3JE YO 1V DNDIDWO
4O LNIWIAONW TVASANN

dNON

SADOWID JOVNS

SNOIIVANIWNODOIY 4O SAdvWN Iy

SNOILYAYISHO

dO NOILVNIWVYXJ T¥SIA

¢ 30 T 13I83YS
LINIWANVENT

B-2




s SNIvia

dANON ¥IQUOOM ANY IDYD JdVIS

TR an GNP ¥ i

B-3

*AemIT11ds AleBITIXNE JO 34311 Q0T
‘juawrjuequa JYBT1 JO 201 MO[3q

67 DRASMMED. 7 E % L 3ode TeK IDV433dS T18VIDILON ANY

TR

sainjea] 1ayi0

AemInids
juawiINgy
. ‘HIIM
*poyoead ST JIEM [le~ .
juauinge 34812 puryaq 2urT3iLg ININANYE NI JO NOILLONNI
SNOILYANIWWOOIY 4O SIRIVINTY SNOILVAY3SEO dO NOILYNIWYX3 TVNSIA

Z 3077 199yS
ININDINVENT




|

Al e

*s30939p juaiedde
ON -3uapIaA® 13391 3e doidangQ

NOILYANNOd

dTIVA¥ISE0 LON

S3IDOYSSVd Y3ILvM

‘pa8aauqns S{Tem wea13sd)

SNIVYA
ANON
sainjeaj J9Yi0
juswuequy
uoUNNQY
‘HIIM
$10343Q ON

TNIONYLS 30 NOIIONNI

*peAlasqo 219m sjutod
8edoas pazI[ed0] OuU ‘@dBJ WEP UY

*I1em 3ju2winge 3y3ra ul
}OBID WOl ‘203 3IB MOTI Ou Yitm
‘28edoaas 203 3B MOTJ 2]QqeadI3lou
o “dwuep sT €1S91d MO[eq ,9 wWOlj
‘wep Jo 903 WeaIISumop 21T3u]

IDOVdI3S FI9VIDILON ANV

SNOILVANIWWNOOTY O SHVINIY

SNOILVAYISdO

JO NOILVNIWVX3 TVNSIA

¢ 30 T 13I994yS

SIWVA RINOSYIN/ILTWONOD




INON

dIIOOTY YO IDVO JdVIS

INON

SINIO[ NOILONYISNOD

‘paoerdax 218m pue G/6] UT 23 Aem
-111ds AleI[IXnE JOo dOo3 wWeai13sumop
31397 uo SY¥201q ¢ S3aodai 13umQ

*3y8131 1BIIO0K

SINIO[ HL'TONOW

©193U2D 3B pamMOq [lem
jJuswange 3Yy3ta 3dadxad S1D3j3p ON

[2lUOZ1I0H
[eO11IBA
CINIWNDI'TV

‘1ed1319a Saeadde
pue 1333eq S3I1 3ISO] SBY }OBID 3A0qQE
UOTID3S /() [PTIUSISIJIP WNUWIXER

*s3)201q
ysnoayi ‘+ JUE 3B ‘dn Buipuaixe
pue 3031 woij ,G°G¢[ Burlaels [[em

juawinge 3y381a uy oead 10ley

ONINOWVIO TVNLONYLS

‘20e] 30 ,08 12a0 Burisad
pue sadpe e pajleds ‘23210U0D
ST [1em 1juawinge y3ra1 jo 20]

burireds
s)oe1) 20ev3Is
(SIOVRINS FERIONOD
X¥NOSYR

SNOILYANIWWOO T HO SHIVINTY

SNOILYAY3SH O

JO NOILVNIWVXT TVNSIA

¢ 30 T 3I93YS

SIWVA AINOSYIN/ILTMONOD




o BB AL A6 A S

INON

JLVD ADNADYINI

INON

TINNVYHO LITILNO

*3jras
A13A ST 9AJEBA JJjOMOTY weaialsd)

*se3inutuw (]
ur uaw g Aq pauado 218 | 4vT
11d aATeA

FANIONYILS LITINO

*19M01 24BIUl 19M

PANIONAYLS TAVINI

*919ena1asqo
jou 2diu UOIT-3ISE)

LINdNeD 131110
NI SZIOVRNS ILNIDONOD
JO ONITIVdS ANV ONIADWO

SNOILYANIWWOD I 4O SHYVINTY

SNOILYAYISHdO

dO NOILVNIWYX3 TVNSIA

1 3o 1 13I99ys

SYOM 13TLNO

B-6

e

4 s




Rt M s AL

it

VIO, R T, A

Aem[11as AxerIxne
uo [Ieipuey pa3BAOTIIIA(

INON

SY3ld ANV IDAaIyg

*papoaa 3doo01
2wos sey 2g3pal 001 [einley

TINNVHDO IDIYVHOSIA

pa3aaugng

TINNYHD HOVOUddY

*3S9d10 19A0

«1°0 ST 193BM

*S31093j8p ON

dIIM FETRONOO
A¥YNOSVIR

SNOILVANIWNIWOOI 4O SV IY

SNOILVAY3SdO

dO NOILVNIWVYXI TVNSIA

R e

[

R

jo 7T 199ys

AYMTTIdS QILVONN

B-~7

i
i
R
h

A Ny




JEpa-

ANON 43IHIO
ANON SYILINOZIId
INON S¥Iam
INON ST1IM NOILYAYISEO
3INON SATAUNS/NOILYVINIWNNNOW
SNOILVANIWWOOIU 3O SHHVYIWIY SNOILVAY3Sd 0O JO NOILYNINWYY3 TVNQSIA
1 3o 1 13e9ys
NOILVINIWNYILSNI

B-8

= NETNIT TR TR

S

g

vy




MQ'» e

B ERos, gl H diay

*pays13iem JO 3SOW SUMO I3UMQ

*SUOT3
~B3IQBY 9]qEBAI3SqO ON "S3213
SNONPIOap Yilm papoom AT1AeEdY

NOIId™OS3a d3HSd31LvmM

*p2310daa 10 usas swa1qoad ox

NOILVIN3IWIaIsS

*papooy 110.13S21
JO A3TUIITA U 33031 pue PIIi

S3dO1S

SNOILVANIWWOODIY 4O SHIVINTY

SNOILYAY IS4 0O

dO NOILYNIWVXT TV SIA

—

"1 3o 1 1399uSs

QIHSYILYM ANV JIOAY3STH

B=3

e i i,

Ay ey




DS

5 et

NOILVINdOd ANV SIWOH

‘wep WO1] 27qEBAIISQO DUON 10 NIENAN TLYNINONY -
=
*doadano
yonm YyiTm H 1 uo Al - xueq 3y3ry 3
-doi23n0o [EBD1313Aa - ueq 3327 S3dO1IS
12410
S1igsd
-adoTs 98eaaae mc.ohwum\wwmwﬂmuOU

+ JUE STI®3ja@3em 3JO S2113dS ¥V

SNOILVAONIWWOOIY 4O SAYVINTY

SNOILYAY3ISE8 O

JO NOILYNIWVXI TVNSIA

TP

30 7T 199ys
TANNVHD WYRISNMOQ




(A

M R A A o v o e G siaaa PR o - i b »

SUSQUEHANNA RIVER BASIN
RACKET BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

BROWNELL DAM

NDS ID No. 192
PENNSYLVANIA GAS AND WATER COMPANY

PHASE [ INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

MAY 1978

APPENDIX C

HYDROLOGY AND HYDRAULICS




A S S i

b s cianiaibr il

SO 1 S R ST s (L] St s . - e b g
A A i rmti it vesn S A O I T -

ouuuv.—ww_nu No

GANNETT FLEMING CORDDRY

AND CARPENTER. INC. FrROWNELL  SYSTEM snesrno. | _or & eunere
HARRISBURG. Pa. ron__ Lz SAFETY
COMPUTED BY Vodr oaTE t-z//j/ 78 oy FFEM R R
”/ - Smie . (ses req‘)
A)D.? "l £ ‘Nm{
//
\ A

THIS PAGE IS BEST QUALTTY PRACTICABLE
/No.o FROM COPY FURNISHED TODDC

( Bpou.»)dlv = P

ot -
Fewiwnr  Darh
No. Y BeowngLL
Uncpnenice /)i €B M.t L.3 H.o0
Capnciry r Lpuwhy “msp 104 g 25§ NeT LEEsL
i o A A F T 762.6 NOT W €WQCD
Spiwwny Lessern (o) /0O 70 +195"

Heap (er) 4.l Jol + 3.2 (sex nowr cneer)
“prireny Cepnesf (Cre) 2700 /86 (sew mexr cwewr—)
e  II6@ MR | oot (//H:¢¢'“;> B NOT AeBuer)

.()-','.v\.wn/ Svecnmes (howe FT) ,?5'8(’L) 396 Acns-er Z=465Y
JFoine “rownee @ 7(,/'.- e Dm /o040, ¢ NoT w~Neenew
Ir or tam (fr) A9 6

(1) RO Owu s o (_c'm}, UT oM S C=3.28 sewns Lemrey HibMN Bur usE

() EQuivinienT iatipivs Fow G penes = 9228
2iGsvm 6 [V oar 3H .540/'90.'_ wvo &Y./ (;.gp_.,o,;.“)
EQVIAHLT VS F Oy 4,1 j wegMoney = TYO )
ShISE By 637% sirnes

i N

T R T - J O AGw > 50 13 & é;_’z_.| x Y= RS 72985 = RASE Acre-Ef

0
- ———

cricl i s it M e




A A ¥ o ot b ARSI S St A DA i

alind e, o g A e Y e R i

GANNETT FLEMING CORDDRY '”"f:'-—_‘:w__cm_n_ﬂ_j_ML_nuu

AND CARPENTER. INC. s Owrdiian S yYQTEm oaerno. 2 or_ S auners

A \,
([ ¢ = y
HARRISBURG. PA. roR >

comPuTED .v—&b&un—me__ XD oY LM cave_ S -24-75
B‘k‘owueu. 5’,)'-1.\. wny Cﬁpﬂc-T;l

o i AR £ R e s\ S s

Zopor om. /5865

; /5?&7—!~ /1:;.'_’:- -“113.‘1' 7 ‘—J
| H‘»J o - /56338
3 > 2] ;

TR 1
= &

Ot ‘UCU o A 4

VS ©B¥oAL Crew g OwrnEw UsSeU C‘J,;’
ek 2 S6p Ecan | it Btk we H\jBPﬁULLg
C= 3279
. ” . |
Q = REBs ¥ CLE) ™ ¢ 333 % Ion (3.2)'S = ek ake

Use .m :
B

PRACTICABLE )

THIS PAGE 1S BEST QUAIJITY |

FROM COPY FURNISHED 10 DDC - —

LL1E] C = 1

X
{ 5 !l:!id‘ :;4"" >




e
’ A o S S I s o 1 b e A A B A M S
el < e

i b - i O R R WG RS

ULICS »/ "
GANNETT FLEMING CORDDRY '“"“"-w“—_i‘a—mﬁj——""”

ol bl O it = % il n <

=)
AND CARPENTER. INC. : suewr wo._3__or P
_Lkowre e  SYSI
HARRISBURG. PA. Ean : 0 A
saururen "—a&u:—uum v FFELL _ oave. 2-24 75
; y 7

# RN S F08 € m= s
NALB T NnSTcveTions vseE
Lake  FAyteswoktwn % Fac Brose j
PmF ‘s

st e

(‘_' PO L (-Am‘ T\O.L, L ALE A’W FHL\- S'ML
IANDINRGE Pt ;) (/”/.‘) ‘/' © 2!3 6:7—2 ‘/;/L/
R pene ~MF (ces) /3,700 K, 700

LAKC /i/lecworty WLERVUATION

o .8
C"\ Ve ek vieowmer o = 73 7eo ‘/ ‘&
622 (2
>
9624 crs 2@
— A
8
i F/}u /:{t . %\%
‘ ¥ o
1 C\Pen. BRowmELL = C; 700 _i_ SR % %\
~ 4y A=Y
12
°R
.,
= 9Y 36 crs \ o)
ABeernvae oF AemosT ITDeENTICAL DRA N AGCE™ %
Arens vee  Fmee "Brosic.

Q?_e.'..’..‘,_};‘iﬂE, TROWNELY & quo CFS

F - Or
| CN yom oy T 7}700 (_’.?_':.3—-. 8: GO6G)| cee =
| 714 ©O GO crs

(,, f"-»\}guv/" ’ rw\[,owiﬁf’}" ¢ E 'E’KC’}S’J:’L‘: HP.”.’.LF
i CArRenonee No. 9 wmiersher
P440 x /5;'__3_) = $YaB crs  yse 8Y30crs
L 4
S FPIF Erowr usr From UnConT RoLiey ARER = 9940 -5430 =
c-3 Ho10 ck ¢

- = iy, W S — e —— — ;, e e
e e e ——— e et - > S e v 5 e . -
= AT ST SR S SR




T e v D ST L e o sl v,.MWW" AL ot e S

A T~ i .
i ,
¥ ‘ ) = ;
e g ,
i GANNETT FLEMING CompoRy *“**"— % . 7 s e 5
| & o
i AND CARPENTER. INC. - =y - " "
! HARRISBURG. PA. ron L2 SAF LT
i

coMPUTED -V_ML_DANW_ xoey__ FFM oae_ S-29-25

Jimes oF = NYDROGRARPHS
L RO gy V41 CuwveE  Fow VS Que HPvaA  AsIn

Dol e o4 A

C A somvosee No. & Erowretc.
S 20s )iVl 6 & /)I’-C-/)'(M.') Xj g.o
Time (k) 2% : 235

,.COMPwe’ FAT L v HYDrOGRADW
I SIEN TAm N o Y
S = 9Teknce VoLumi = QPEAC xTime
2

JEME = 2 3
Q’r"eﬂn(

(Q")(-,mc = 75'_1 0o ces (See ~Nexr s#e*rr)

Lok J0H0.6 Az x 43560 afFl

/TimeE = Bales aass, = /08,76 s
i '75,000 Y.
2 2015 mw
ﬁ -, 33858 RS
ALY T1CABLE
THIS PAGE IS BEST QUALITY PRAC
MWYWSWN
asy C g ‘f




waner __LlyDmuue cS Broy HyDeorosy  mawe
: S o & awuere

GANNETT FLEMING CORDDRY
CARPENTER. INC ol ———
e sl Lam  CHEETY

ron

HARRISBURG. PA. : i -
comPuTED BY _MDAN_W- soev__ | [ 41 oave_S-<cd 13

SELECTING SPILLWAY FLOODS

20T DS 3

DNEG A~

=

©
~

PEAK kN

", _I e _J,-_J,_ S I
ESTIMATED FLOOD PEAKS
FROM ACTUAL DAM FAILURES
HUrEa o RECLANMAT 1ON
¢ RAY - DL MILLER 190%

REVISFL CLM-FAB 1973 .J

¢ 143 e B0 200 220 40

OF DAV -FEET

PORRE oAb FNON ACTUAL AN P ATTURE Y

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURMLSHED 10 DO o™




S A QR A | Lot R AL N S

|
‘ ' 1
GANNETT FLEMING CORDORY "V*'*" Yl Z rawo.____
AND CARPENTER. INC. s onezrwo. 2 or_ 8 euaxre
HARRISBURG. PA. von A O r bl NRAR =7 %)
coMPUTED BY _ Sl _uu._éﬂﬂlﬂ_ XEO BY FLEM  vare 5- Z24-T7%

=
MO o Chan Borpia NO. o LIATERS Hall

| [SOBIS Y2 Pr =
1 Cpenc (e¥2) G060 3030
’: 1‘:»:;‘?‘. e (e ) 22 <2
| ) L~ » 1% = TN
| \"‘_‘ ° 5{"4 . loq
( b # - . . [ ?
ST OR i g Q)«F_QD (cFe -HrS) 36,930 2¢3247
g e CERCe T
:: = (=P __._'15—_..,_...£ (Hewe FT) SOS R 300
; STORNGE AvAILALLE" 258 258
Srwres (ReA'D -uw.xmu'_c_) 2794 Ha.
‘ ALITY PRACTICABLE
PAGE IS BEST QU
mmxs COPY FURNISHED 70 DD o™

s C -6

> i e o i



GANNETT FLEMING CORDDRY

AND CARPENTER, INC.
HARRISBURG. PA.

S%Qumawe

Ceciors 2
<1 6 [I1EH
Jvmg ( Hies )

o1
D<A nceE

(N prerie ~ Ronore x DAL
b G‘i.’.‘"‘" NO
rJ- R e .
‘—YJ
Ke@'D s10RACE
(i p) O_wmf 2 1 mE
A

AIVAT L AKGLE S\ ORMGE”

STorance ('ke QL-A uumzu:)

i s - T ——

<

RN NI nee  Nie [y ( D.A.) (%\.‘)

C{'\-ae,m( Komes b m D .6}
== C:»(»E-P-v.g uny fIRA et
N eviic
/=)

KEQ@'D STOKNGE
o - -
Cl=ps} » "ARSAL xS
F i

AVALL N
Ctere et v NO. H)

ST0vAGe,

cuum—mm_miLHlm‘m__ﬂu wo.

Nicen (wm.*) DA 73

= I 3 s T SHEEY “0-1—0'—1.".“
ron_ AN SAY e/
comruren wv_CNIVIT oave L U/78 oo FFM  oan_S-24-0%
C om Pote IKurore  oveie. Browwwc Waraaneg
PmE L PMmE
H m L Y
AR > e
‘ HIS PAGE IS BEST QUALITY PRACTICABLE
o FROMCOPY FURNISHED TODDC
en oJdere Daw NoM PART oe W ATERSHED
2.3
SHIO cr s 275 crs
. 797 L5994
503 0068
32,093 crFe -HesS /91 crs-irs

MCRE-FT

Zesh

258 ncve -Fi
L39Y

/6 Aciee =T

A58 Acee -FT

-a4a.(-. ou)

I A UE R ﬁ')_f.i- T.’J/-:awue'l.g
Li.o
q4uyo
./98
. Boo
86,958 crs-Hes
T35 2.  #Hewe -Fi

65Y neae - FT

A‘STOLI\QE (k‘(:.Q,'Q—“\.'n.11:‘w|.ﬁ\[___ 6&‘1 B AcCee-FT

Wav easwen
ti.o
H7a0
396
. oM
73,498
A768.

CFS-HRS

i

MCRE — 7=

65Y
L/ ‘-j.@uw-s’l‘:\

V1o OV I
Diretrirser e rin v (|J"\)(n« 0, \l']
CXreni = toardety < DB Ho/0 crs
. Gopueeway Brvey

P v 966

)y - 53‘7{

KEGD S10rinGe 25)¢). CES-WRS
= Rpspe x Time”
= ( I-\’O) . 2079 Acwé -PT

N LineLe S1okdee
Ot1onnee (REQ‘D -Avmmeu)
L L1}

I39¢ ncee -pPT
/683 peces -
&=7

A 3 H

Ll mit Berwwen Dam NO.Y § E rowwmee

17
R00k cks

. 933.

067

/ELR  crs-nes
/30 MHewe- BT

396 smcee -FT
~266 (5 oK)

s o




GANNETT FLEMING CORDDRY

FILE NO,

sumJEct /'/)/ LIV L C S e //:/pﬂo&ob,)'

SR D WAL S /S ] e - 8
AND CARPENTER, INC. - s - BHEET NO or © _ suxrs
vor_L 2Nt Sl & 1Y

comPuTED QV_M;_ DATSAWZL_CMICIIO .. EFM oavs ' =2¢-7%
Frntrieoee o= No.Y DA

HARRISBURG. PA.

[ Wiil*s + 2358 hWhs
/:( Fe R V.-s‘)_, 00O P S
Yy &“.t\.ulﬂ//(.e"rl\g '}—) s O38™ ‘
1 X
Fea'h shogaet /2, ABO cFs =i
(1-p) QABINL T e /01498 Acie-Fi
z
LA s €l 3 V2
,Délwéﬂlmé Cqﬂ/crlcrly or= ERONN-'LL Dﬂm v
L (iep) Real S = FPp-Qepccay
2- ;.
-~
L"(b‘rl.k =4 '2_-5 + QS'P.!swrQ
T v
ASSL i <1ZudteE” HAYATLAGLE = Sum erdl CARBsm L E—
ne. l/ slrve ,ka‘owru e SURCHRGE STORRKES

= ey siewe FT

‘ ",";'l“»'“f"'— aXeSY jjinirrg /870 crs
3.5 s
7S cry FPID?O crs
ASY3 crs say AS5YHO crs
s 5 AT 4S5 x/00 : #6098 = 272
o T R e Ak 2mE_ L

/’fy Ao v e rhe rrjep DeETen ming CA[PAC T‘/
VE & A IKENDLALE NO Y Z-)nrr\

Ripee = S ¢ Qeprwn

fy

s LK 258x 3560 | 00
A2 x 60*

= AT8Y cpe <Ay A980 crs
9./18()‘( /0 © R ﬁ/‘?'x7 A L/?%
- i —— %

'/mC;b'O |
CTICABIS *
BEST QUALITY FRA
THIS PAGE IS A

c-g FROM COPY FURNLSHED 10 D!

- e
T T




o Xy e s M e

GANNETT FLEMING CORDDRY suBJect

AND CARPENTER, INC.
HARRISBURG, PA.

7
1/4 pr pereedl

LI1 A e mieroT

S eplnce @

L) SRV (tckar

Lone

Q = '*bc’é’ W SFE R ok ki

P

e R Rrude

C 2y Erey tren
BB

e

T JeBl c o iad kg

£avoo e DAw, mewNo.

s SHEET NO. OF _

SHEET!

fon. LA~ cHlFETY o T N S
COMPUTED BY (Alofinr _ DATE./e{//E CHECKED BY ' " DATE - <" /

—
\—IP"—"WA/ dF

C Apac /. oF

7%#) 1Lew e

Ori6irlAL LEVEL
O A s . L i
' . a3 4
srbsy e el B 208 ' t
=268 1 v vl /S 83.¥ E
c=327

~7OKI)EGT Co T4 s ReeT OVER /)ux' L n--,‘ SP u.uo\/ [
T 37e Acrke-FT (/;?9.9/‘09."6;)
IVeouw 2H Stopes

/30,3 Acwes

.J""_".‘..'_'. Ae83" usE
Ae88 =~
B Ry e ,7(7’(":’2':

(978 t L ABBL = 2309 crsn 3310 ces
Si1e o il < Fovetpd s
R0 . 3R o B G T
s "_"._-“_f_/_‘?_" f)x.? LT Aewe = FT
S5 4 - ASE8 _Acug -FT
e Z2 Acks - i
_ 1
It Loy //:‘ LPriew Ayt __X;.
7=
= A3/0 + RAx Y4560 x J7/
A28 hts x60F
3370 + 79 4H
Y/O0Y crs M S/00 Crfs
V2D 06 = 73 '/% Er //370 or Fm~
7990
THIS PAGE IS BEST QUALITY PRACTICABLE

MOOHFWNDQQ cmm—




SUSQUEHANNA RIVER BASIN

RACKET BROOK, LACKAWANNA COUNTY

PENNSYLVANIA

BROWNELL DAM
NDS [D No. 192
PENNSYLVANIA GAS AND WATER COMPANY

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

MAY 1978

APPENDIX D
PHOTOGRAPHS

A,




T — -

pillway

S

fRasan i

$i Skt

i

BROWNELL DAM
1P g

Downstream Face of Auxiliary

Masonry Gate Structure and Auxiliary Spillway
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BROWNELL DAM

‘ C. Masonry Gate Structure
with Right Earth Embankment in Foreground

D. View from Left Abutment
Main Spillway in Foreground
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E. Downstream Channel of

Main Spillway
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F. Main Spillway
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G.&H. Auxiliary Spillway Right Retaining Wall
Showing Crack in Wall
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Auxiliary Spillway Right Retaining Wall
Showing Bow in Wall

Downstream End of Auxiliary Spillway
Right Retaining Wall
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K. Carbondale Dam No. 4
Upstream of Brownell Dam
View from Right Abutment
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Ly Carbondale Dam No, 4
Upstream of Brownell Dam

Spillway Channel Looking Downstream
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BROWNELL DAM

APPENDIX E

GEOLOGY

1. General Geology. The damsite and reservoir are located
in Lackawanna County. Lackawanna County was completely covered
with ice during the last continental glaciation of Pleistocene time.
The general direction of ice movement was S 35°-40° W. Glacial
drift 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 structural feature in Lackawanna
County {s 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) 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 several miles from the Lackawanna River. Streams,
such as Roaring Brook, Stafford 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, Pennsylvania. 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, Consequently,
most of the drainage in this part of the County flows westward by
way of Tunkhannock Creek. A few small tributary streams, how-
ever, such as Leggetts Creek, flow eastward from this area into
Lackawanna River, 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 mountains, 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. The foundation conditions for Brownell
Dam afforded by Racket 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 conglom-
erate and, at the damsite, is flowing parallel to the interface of
Pocono sandstone and Mauch Chunk shale formations. The sand-
stone formation forms the left abutment of the dam and extends
across the valley for two-thirds of its width, The remainder of the
valley bed and the right or opposite bank are described in construc-
tion reports as a combination of hardpan, fine gravel and blue clay.
This was probably decomposed Mauch Chunk shale and/or glacial
till. The masonry portion of the dam, including the spillways and
outlet works, 1s all founded upon and keyed into the massive Pocono
sandstone. The earthen embankment with masonry core wall rests
upon the hardpan.




