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PHASE I INSPECTION REPORT
• 

NATiONAL DAM INSPEC TION PROGRAM

BRIE F ASSESSMENT OF GENERAL COND ITION

RECOMMENDED ACTION

Name of Dam : Brownell Dam (NDS ID No. 192)

Owner: Pennsylvania Gas and Water Company

State located: Pennsylvania

County located: Lackawanna

Stream: Racket Brook

‘ 
Date of Inspection: 24 Apr11 1978

• Inspection Te~~~: Gannett Fleming Corddry and Carpenter , Inc.
Consulting Eng ineers
P .O. Box 1963
Harrisburg , Pennsylvania 17105

Based on the visual inspection , available records , calcu—
lations and past operational performance , Brownell Dam is J udged
to be in good condition . However , the spiliway will not pass
the Probable Maximum Flood (PM F) or one-half the PMF without
overtopping the dam. Therefore , based on criteria estabitshed
for these studies by the Department of the Army , Office - the
Chief of Eng ineers (OCE) , the spillway capacity is ratea as
seriously inadeq uate . Carbondale No . 4 Dam is about 0.6 mile

• upstream of Browne U Reservoir on Racket Brook . Considering the
effects of the combined Brownell Reservoir and Carbondale No . 4• Reservoir surcharge storage , the existing Brownell spiliway can
accommodate a flood with a peak inf low 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 spiliways hydraulically adequate . Filling in the
existing low area of the embank ment would help increase the
spiliway capa city 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
earthf ill 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 time ly manner:

• (1) Replace weathered and missing riprap.

(2) Fill low spot and settling in embankment and pro—
vide protectio n 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 spiliway
for increased seepage or other problems and take appropriate
actions as required.

Until remedia l work for correcting the hydraulic defic iencies
of the spil iways 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 warning s of a storm of major proportions
-

• are g iven by the National Weather Service, the Owner should
activate his emergency operation and warning system procedures .
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Submitted by:

GANNETT FLEMING CORDDR~’AND CARPENTER , INC .

~~~~~~~ 
-

A. C. HOOKE ~~~~~~~~~~~~~~~~~~~~~~~

Head , Dam Section : ~~~~ ~~~~~~~~~

~~~~~~ •s~~~~~~ a~~~~~ c - — .-

Date June 16 , 1978

p~pprov~d by:

DEPARTMEN T OF THE ARMY
BALTIM ORE DISTRICT , CORPS OF ENGINEERS

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~Colonel , Corps of Eng ineers
Distric t Eng ineer

Date: ~~~ J ,vi 1~~
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S T J S Q U E H A N N A  R I V E R  B A S I N
* 

RACKET BROOK , IACKAWAN NA COUNTY

PENNSY LVANIA

BROWNELL DAM

NDS ID No. 192

PENNSY LVAN IA GAS AND WATER COMPA NY

PHASE I INSPE CTIO N RE PORT

NAT IONAL DAM INSPEC TION PROGRAM

SECTION 1

PROJECT INFORMATIO N

1.1 Genera l.

a .  Authority . The Dam Inspection Act , Public Law 92—367 ,
authorized the Secretary of the Army , through the Corp s of
Engineers , to initiate a program of inspection of dams through-
out the United States.

~~~~ b. ~~~~ sc~—~ The purpose of the inspection is to deter-
mine if the dam constitute s a hazard to human life or property .

1.2 Descri~tion of Project.

• a .  Dam and Appurtenances. Brownell Dam is an earth- •fill structure with a masonry core wall . It is 64 feet high at
orig inal streambed . The dam has a main and auxiliary spiliway.
The leng th of dam , including spillways, is 613 feet . There is
a 65-foot long embankment at the left abutment and a 283—foot
long embankment at the right abutment . The main 70—foo t long

• spiliway 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 flow s Onto a natural
• rock ledge . A masonry training wall at the right side of the spill—

way, down stream of the crest , confines the discharge to the rock
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ledge immediately below the spiliway . Where the wall end s ,
the discharge turns right and drops down the rock abutment to
the natural stream . MJacent to the main spiliway is a 195—foot
long ma sonry gravity auxiliary spiliway . The auxiliary spillway
does not have earthfill against its upstream face . Upstream of
the auxiliary spillway , at the left side , a masonry wall retains
the earthfill that is against the main spillway . AX the right side ,
the auxiliary spiliway meets the earth embankment with masonry
retaining walls extending both upstream and downstream at the
spiliway crest. Separate water supply and blowoff lines pass
through the auxiliary spiliway 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
Append lx D .

b . location. Brownell Dam is located on Racket Brook
about 1.5 miles upstream fro m its confluence with the Lackawanna
River . Brownell Dam is shown on USGS Qua drangle , Waymart ,
Pennsylvania , with coordinates N4 1° 34’30~ — E75 °28 ’20” in
Lack awanna County,  Pennsylvania , and is 1 mile east of
Carbondale , Pennsylvania . Carbondale No. 4 Dam , with a drain-
age area of 2.3 square mile s , 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 Da m is shown on Plate 1.

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

d. Hazard Classification. High hazard . Downstream• cond itions 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 f or Carbond ale ,
Pennsylvania .

g. Design and Construction History. Brownell Dam was
designed by William Marple , Chief Eng ineer 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 of
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 . Carbonda le No. 7 Dam Is no longer owned by
Pennsy lvania Gas and Water Company . It is now part of Farview
State Hospital.

h .  Normal Operational Procedur e. Water is drawn from
the reservo ir and flows by gravity throunh a 24-inch diameter line
into the distribution lines of Carbondah~. A 24-inch emergency
l ine , or blowoff line , is used to drawdown the reservoir and to
remove sediment from the reservoir . Streamfiow into Brownell
Reservoir can be augmented by releases from Carbondale No. 4
Dam .

1 .3 Pertinent Data.

a. Dra1na~~ Area. 4 . 0  square miles (2.3 square miles
of which drains into Carbondale No. 4 Re servo ir and 0.6 square
m ile of this area drains into Carbondale No. 7 Reservoir) .

b. Discharge at Damsite. (cfs.)

Maximum known flood at dams ite - 330 *

(estimated - May 1942) .
Water supply line at maximum pool elevation -

not available .
Emergency drawdown line at maximum pool elevation

110 (approxImate) .
Main spiliway capacit y with pool at auxiliary spillway

crest — 650.
Total spiliway capacity (main and auxiliary) at

maximum pool elevation - 1,870.

c. Elevation. (Feet above rnsl .)

Top of dam (top of core wall) - 1586.5.
Top of embankment — 1586.5.
Maximum pool (top of core wall) - 1586.5.
Normal pool (spiliway crest) — 1583.4.
Auxiliary spil iway crest — 1585 .4.
Upstream portal invert outlet work s — 1526 .8.• Downstream portal invert outle t work s - 1524.6.
Upstream invert water supply line - 1534.9 .
Stroambed near outlet works - 1523.0.

d. Reservoir Length. (Miles.)

Normal pool - 1.00.
Maximum pool - 1.05 .

* Owner notes that local storms have topped the auxiliary spill—
way by 1.0 foot - pool at Elevatio n 1586.4 which is Just below
top of dam Elevation 1586.5. ApproxImate discharge 1, 710 cfs .

—3—

I 

- 

~T~~
-•4~,

— - -• - 
~~~~~~~~~~~~ ~ —



=~~~~ =- 
_ _

e. Storage. (Acre-feet .)

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

f .  Reservo ir Surface. (Acres .)

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

g. Dam.

• Type - Earthf il l  with masonry core wall .

Length - Right embankment - 283 feet.
- 

• 

Left embankment - 65 feet.

Height - 64 fee t .

Top Widt h - Embankmen t - 10. 0 fee t (core wa ll —
4.0 feet).

• Side S1~pes - Ups tream - lv on 3 .SH.
Downstream - 1V on 2.5H.

Zoning - Homogeneous earthfill .
Central masonry core.

h. 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.

• 1. $pillway .

Type - Main spiliway - broad-crested ma5onry —gravity
spiliway with masonry steps (width — 7 0  feet) .
Auxiliary spiliway - broad-crested masonry-

• • gravity spiliway with free overfa il
(width — 11.0 feet) .

Length of Weir s — Main spiliway — 70.0 feet.• Auxiliary spiliway — 195.0 feet .

4
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Crest Elevations - Main spiliway - 1583.4.
Auxiliary spiliway - 1585.4.

3~~~tream Channel - Main spiliway - sloping earthfill.
Auxiliary spiliway - reservo ir .

Downstream Channel - Ma in spiliway - rock ledge
with wall on right .
Auxiliary spiliway - shor t reach of seeded area

followed by natural channel.

J .  Regulating Outlets. None , other than outlet works.
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SECTION 2

• ENGINEER IN G DATA

] 2. 1 Design.

a .  Des~gn Available. Very little engineering data was
available for review . In a study performed in 1914 by the Pennsyl-
vania Water Supply Comm iss ion , an account of design con-
cepts , geology , construction ma terials and methods , and design

• features was prepared for the components of the dam fro m inter-
views with the Owner , visua l Inspection , and other sources . The
1914 study also included analyses for hydrology, hydraulics, and
stabil i ty of the principa l features .  Load assum ptions and a sum-
mary of the resul ts  of the analyses are on file .

b . Des~gn Features . Brownell Dam consists of an earth -
fill  embankment with a masonry core wall , a masonry gravity main
spiliway and a masonry gravity auxiliary splllway . A plan and
profile of the dam is shown on Plate 1A. A plan and profile of
masonry structures is shown on Pla te 2.

There is a 65-foot long emba nkment at the left abut—
• ment and a 283-foot long embankment at the right abutment . The

upstream slope is IV on 3.5H and Is riprapped . The downstream
slope is lV on 2.5H arid has a grass cover. Sections 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 wa ll in the midd le of the embankment is 4 feet wide on top,
constructed of conglomerate masonry , and battered so that , at
the maximum section the bott om width is 10 feet . At the right
abutment , for 230 feet , the masonr y core wall is founded on a
2-foot thic k concrete footing that is founded on clay. The re-
mainder is founded on rock . The top of embankment  elevation
varies with a minimum elevation of 1586 .5.

A masonry gravity reta ining wall , located upstream and
downstream of the axis of dam , separates ttie embankment at the
right abutment from the auxiliary spillway . The wa ll is normal to
the darn centerline , except near the upstream end . The down-
stream wall has a front ba tter of 8V on 1H and a stepped back
batter of 2V on IH. The upstream wall has a ba ttered 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 .

The 195-foot long masonry gravity auxiliary spillway
(Photographs A and B) was built  entirely on rock . The rock

—6—
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foundation is from I to 2 feet below the natural rock surface . The
upstream face , at  the maximum sec t ion , 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 splllway (Photograph F) Is a masonry gravity
structure, 70 feet long . Earthf i l l  is against the upstream face .
Main spillway sections are shwon on Pla te 6. Upstream of the
spiliway , at  the right side , a 30—foot long masonry wall, normal
to the dam , retains the earthfi li . The spiliway is 20 feet high

• and Is founded on top of a rock ledge. The crest is 2 .0  feet be-
low the auxil iary spillway and is about 7 .0 feet wide and battered
on a lv 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
spiliway has a lv on 3M slope and is riprapped . Downstream of
the spillway , on each sid e , are small masonry training walls with
the right wall extending further downstream. This right wall chan-
nels the spi liway 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 ma in
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-iro n pipe , whose upstrea m invert is 58.5 feet be-
low the top of the auxiliary spiliway . It passes through the aux —
Iliary spillway to a valve pit . Two valves , connected in series ,
contro l the flow which discharges into the natural channel. A
profile throug h the blowoff line is shown on Plate 4.

The water supply line , a 24—inch cast—iron pipe , starts
Just  downstrea m of the Intake structure and passes through the
auxiliary spiliway 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 Pla te 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 opera tor for
the sluice ga te . The sluice gate shuts off the entrance to the
24-inch supply line , the upstream invert of which is 52 .1 feet ~~~~~

—

low the working floor.
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2 . 2  Construct ion.

a .  Data ~va i lab l e .  Constructio n data available for re-
view for Brownell Dam ~~ s limited to information contained in
the 19 14 report prepared by the Pennsylvania Wa ter Supply Com-
mission . That in format ion was obtained by interviews with thej Owner , and it  gives deta i ls  of construction operations .

b. Cons t ruc t ion  Considerat ions .  The 1914 report by the
P e n n sy l v in i a  Wa ter Supply Commission praises the qua l i ty  of
co nstruct ion used for the structure . For example , info rmatio n is
cited t h a t  indicates  tha t  hand excavation in rock was used to
avoid opening seams in rock by blas t ing and that al l  rock sur-
faces were thoro ughly cleaned . In genera l , the accounts of con-
struct ion are such tha t  it appears reasona ble care was used in
const ruct ion  of I3rowriell Darn .

2 . 3  Operation. No formal  records of operation were reviewed .
Based on informat ion  from the Owner and the caretaker of the dam ,
all  s tructures have performed satisfactori ly with some exceptions.
Five blocks from the crest of the auxiliary spillway fell from the
crest several years ago and were immediately replaced . The
downstream auxil iary spiliway reta ining wall has not functioned
sat isfactor i ly . A detailed description and evaluat ion of this con-dit ion is covered in Sec tion 3 , Visual Inspectio n .

2 . 4  Other Invest igations.  The Own er ’s records indicate tha tconsiderat ion has been given to increasing the sp illway capacity.No formal pl ans have been formulated . Plans and specificationshave been prepared to repair the downstream auxiliary spillwayright  retain ing wal l .

2 . 5  Evaluat ion.

a .  Availability . Engineer ing data was provided by theD ivis ion of Dams and Encro achmen ts, Bureau of Water QualityManag ement , Department of Environmenta l Resources , Common-wealth of Pennsylva n ia and by the Owner , Pennsylvania Gas andWater Company . The Owner made available an engineer , a care-taker , and a valve crew for Informatio n and operation demonstra-tions during the visual inspection. The Owner also researchedhis files for additional information upon request of the inspectionteam ,

b . Adeguaçy.~ The type and amount of design data andother engineering data is l imited , and the assessmen t mus t bebased on the combination of available da ta , visua l inspection ,performance history , hydrologic assumptions , and hydraulicassumptions.
C. Validity . There is no reason to questio n the validityof the available data .
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SECTION 3

ViS UAL INSPECTION

3.1 F indIngs .

a .  General. The genera l appearance of Brownell Dam is
good , with the exceptions nnted below .

b. Embankment .

(1) The embankment  section at the righ t abutment  is
in general ly good condition . No seepage , wet areas , or other
deficiencies were observed anywhere on the embankment .  The
sod is intact  and well mainta ined . The riprap on the upstream
slope (Photograph C) th at is above normal pool Is very weathered .
It is shale and In ma ny cases has completely deleriorated . The
Owner report s trouble with vandals taking ripra p and tossing I t
on the downstream side of the dam and has , therefore , replaced
va ndalized areas with gravel . The Owner reported oth er 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 splllway 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 c-ore wa il 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 is a small erosion gull y
leading below this wall and behind the downstream right abutment
wall , where the embankment has settled. There is a 9—foo t square
wet area 100 feet r ight of the auxiliary spiliway 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
is a 2-inch tree in the embankment near the downstream end of
the auxiliary spiliway right retainLng 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 ma in spiliway• wall .  The ground is fla t in this area .

c. Appurtenant Structures.

(1) The entir e downstream face of the a uxiliary spill—
- 

V 

way (Photograph B) is wet fro m 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

4
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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 handrai l  on the downstream side of the crest is corroded badly .

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

(3) The downstream auxiliary spiliway 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 horizonta l and extends
through the middle of some masonry blocks. The upper portion of
the wall protrudes up to 0. 7 foot beyond the lower portio n . 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 (Pho tograph 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 conditio n with no exterior
pit t ing.  There was rio seepage evident near them . The operatio n
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 . Us operation was not viewed , nor was the operation of the
sluice gate or the va lves on the water supply line .

d . Reservoir 7~rea. The reservoir slopes are wooded ,mostly with liardwoods . No evidence was visible of creep, rockslides , or land slides. The Owner indica ted that sedimentatio n
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 arid No. 7
Dams are located upstream of ~ owne11 Reservoir . These upstream
dams are discussed In Paragraph 5 .l .a.(2) .

-10-
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e . Downstream Channel. The channel immediately below
the dam runs over rock outcrop (Pho tograph E) .  The channel is a
series of ca scades 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-
cen t to the splllway will probably progressively erode and slough .
The embankment near the auxiliary spiliway right retaining wall
was riot observed to be lower than the adjacent section. Only
after the reduc tion of survey data acquired for this inspection ,
was the conditio n discovered . The cause of this condition is not
clear . The construction drawings available Indica te tha t the em-
bankment in this area was originally about 1 foo t higher and that
the core wall is founded on rock . There was probably no settle-
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 ero sion 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
down stream of the toe is not of great concern at the present time.
There was snow , still exIstIng in pa tches , 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 V

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 di s—
integrate the core wall . Although the top of this embankment sec-
tion is lower tha n that at the right abutment , it Is felt that over-
topping this section would not present a hazard .

b. Auxiliary Spiliway.

V 
(1) The slight seepage on the downstream face of the

auxiliary spiliway 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 associa ted with any po tential problems.
The corroded handrail could be a hazard to personnel . It could
also collect debri s during flow over the auxiliary spillway and
reduce the dIscharge .

,.l1—
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c. Appurtenant Structures .

( I )  Erosion at the drop, downstream of the right spill-
way wall , is of slig h t concern at the present time .

(2) No problem s were noted with the auxiliary spill—
way upstream ret aining wal ls . Problems with these walls are not V

anticipated unless an attempt is made to drawdown the reservo ir .
If the reservo ir I 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 up stream wall , caused by drawdown , would cause
cracking of the wall .

(3) Failure 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 cond ition 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
reservoir 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 PROCEDURE S

4 . 1  Procedure . The reservo ir is maintained at  main spiliway
Crest Eleva t ion 15R3.4  with excess reservo ir inflow cascading
over the stepped ma sonry spil lway . A 24—inch diameter cast—iron

V pipe water supply line draws water fro m the reservoir at Eleva-
tion 1534.9 to gravity feed the distribution lines in Carbondale .
The two gate valves on the wa ter 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  MaInten ance of Dam. The dam is visited daily by a care-
taker ~ ho 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 i forma l inspection of the darn each year , and the
records are kept on file and are used for determinIng priority of
repairs . Informal Inspections are also made when the engineer
is on the site for other reasons. Special problems , such as the
condition of the auxiliary spillway right retaining wall, are mon i-
tored at intervals as determined by the Owner’s Engin eering De-
p artment . ~~~ embankment  Is mowed at regular intervals .

4 .3 Ma tn ten a :ice of OperatinQ Facilities. The two rows of
screens In the ma sonry 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 regularly mainta ined .

4 .4 Warnln9 Systems in Effect. The Owner furnished the inspec-
tion team with a cha in of comma nd diagram for Brownell Dam and a
generalized emergency notification list that is applicable for all
the Pennsylva n ia Gas and Water Company dams . The Owner said
that during period s of heavy rainfall , available personnel are dis—
patched to the dams to observe conditions . All company vehicles

V 
are equipped with radios , and the personnel can communicate with
each other and with a central conlrol facility . Evaluation of risk
is made by the Owner ’s Engineering Deportment . The Owner’s En-
gineering Department is also responsible for no t ification 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 Eng ineering
Department .

4 . 5  EvaluatIo n. The operationa l 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 repa irs
have not been made . The trees In 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—
tlnued vigilance is required to prevent vandalism creating a haz—
ard to the dam . In genera l , 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 

V

HYDRO LOGY AND HYDRA U LICS

5. 1 Evalu ation of Features.

a .  Design Data.

( 1) No hydrologic and hydraulic analysis for the or ig-
ina l Brownell Dam design was available for review . The spil lway
capa cit y was est imated for the main splllway by the Pennsylvania
Water Supply Commission for theIr 1914 report. Spillway capac—
ity, as used in this section , represents the combined ca pacity of
the main and auxiliary splllways.

(2) In the recommended guidelines for safety Inspec-
tion of dams , the Department of the Army , Off ice of the Chief of
Engineers (OCE) established criteria for rating the capacity of
spiliways. The recommended spiliway design flood for the siz e
(intermediate) and hazard potential (high) classification of
Brownell Dam is the PMF . If the dam and spiliway are not capa-
ble of passing the PMF without overtopping failur e , the spillway
capacity is rated as inadeq uate . If the dam and spillway are
capable of passing one—half of the PMF without overtopping fail-
ure , the spiliway capacity is not ra ted as seriously Inadequate .
A sp illway capacity is rated as seriously inadequate if all of the
following conditions exist :

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

(b) 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
failure.

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

(3) Altho ugh the spuliway 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 upstr eam 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 ma in splllway . As was
noted in Section 3 , the embankment has a low area wh ich limits
the head on the main and auxiliary spillways to 3. 1 and 1 . 1 feet ,
respectively . The tota l spillway capacity computed for this study
is 1 , 870 cfs , with the head on the auxiliary spiliway being 1. 1
feet and the head on the main spiliway being 3. 1 feet .
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(4) Carbondale No . 4 Dam (Ph otograph s K and U islocated on Racket  Brook about 0 .6  mile up stream of Brownell Res-ervoir and Carbondale No . 7 Dam is located on Racket Brook about0 .2 mile upstrea m of Carbondale No . 4 Reservo ir . These two up-st ream dams are described below:

(a) Carbond aic No . 7 Dam at one time was ownedby r ennsylv anla Gas and Water Compa ny but it is now owned bythe Farview State Hospita l , supposedly for fire protection . TheOwner ’s record s s tate  tha t the dam Is an earthen embankment with
timber pl ank core and tha t it was built in 1860. The dam is250 feet long , 11 feet high with a 10-inch diameter cast-iron dis-charge pipe . The spiliway consists of a 3 foot by 3 foot box cul—vert , with unknown invert . The normal pool is listed as conta in-ing 95 acre-feet with an area of 20 acres. The drainage area at
the si te is 0 .6 sq nre mile . It is unknown if any modificationshave been made since the Owner’s record s were last updated . inview of the small size of this reservoir, it was not included in
the hydraulic and hydrologic ana lysis. 

V

(b) Carbondale No . 4 Dam is a masonry gravity
dam with downstream earth emba nkment . It is 508 feet long ,29 feet hig h , and was built  in 1892. The dam was overtoppedby a flood in M a y ,  1942.  In 1945 , the spillway on this dam wasgreatly enlarged to its present 100-foo t length and 4.1—foot headto top of dam . At spillway crest , the reservoir contains 783 acre-feet and has a surface area of 62 acres. The spiliway capacityat the dam is est imated by the Owner at 2 , 700 cfs . This was con-sidered to be rea sonable and was accepted for use . The drainagearea is 2 . 3  square miles.  Carbond ale No .4 Dam was visited dur-ing the field Inspection . Except for the spillway dimensions thatwere obtained in the field , all  other data was taken from theOwner ’ s records .

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

b. Exporience Data. The PMF peak discharge was es-timated by tr ansposition of the PMF peak discharge derived for thehydrologically similar potential reservoir site on Fall Brook . PMFpeak discharge for Carbondale No . 4 Dam watershed was derivedby identical method s . The PMF peak discharge for the entireE3rownell Dam watershed is estimated at 9 , 440 cfs . The Carbon—dale No. 4 component of the Brownell PMF is 5 , 430 cfs . For thedrainage area between Brownell Dam and Carbondale No . 4 Dam ,the component of the Brownell PMF is 4 , 010 cfs . The peak PMFdischarge for the Carbondale No . 4 Dam watershed is estimatedat 6 , 060 C(S . Hydrology computations are presented inAppendix C.
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c. Vi sua l Ob . ervat ion s . On the date of the inspectio n ,
it was o~ served that  the metal  handra i l  on the downstream edge
of the auxi l iary  spiliway could possibly collect debris and there-
fore red uci~ the discha rge over the auxiliary spillway . Since the
handra i l  is I n poor condition , it would pro bably break under sub-
sta n tia l loads .

d.  Ove~~~~prn~ Potent ia l. One case was ana lyzed to
check th -~ overtopping potential  of Brownell Dam from a PMF
storm . This case considered a PMF storm only over that portion
of t he drainage area between Brownell Dam and Carbonda le No. 4
Dam . This portion of the drainage area is 1. 7 sq uare miles . This
a na lys i s  is equivalent  to a ssuming that Carbondale No. 4 Dam
will hold back th -~ en tire PMF runoff from its drainage area
(2 .3 squ are m i l e s ) .  The PMF peak inflow into Brownell Reservo ir
f or this  case Is 4 , 010 cfs and it is greater than the spiliway ca-
pacit y of Brownell Darn . A check of the surcharge , storage effect
of Browne ll Reservoir show s tha t the surcharge storage available
Is ins uf f ic ien t  to contain an inflow with a peak of 4 , 010 cfs with-
out overtopping the da m . It Is appar en t , therefor e , that  a PMF
stor m over the entir e Browne ll watershed would also cause over-
topping of i3r owneU Dam regardless of any mit i gat ing effects of
Carbond a le  No . 4 Dam .

One case was an a lyzed  to check the overtopping po-
te nt ia l  of Carbond ale No . 4 Dam from a PMF storm . This case
considered the Carboridale No . 4 comp onent of the Brownell PMF .
The PMF peak inflow into Carbon dale No . 4 Reservoir for this case
is ~ 30 cfs and is greater than the spillway capacity of Carbon—
dale No .  3 Dam . A check of the surcharge storage effect of
Carbond ale No . 4 Reservo ir shows th at the surcharge storage avai l—
abl e is Ins uf f i c 1e~ t to contain art inflow with a peak of 5 , 430 cfs
without overtopping the dam .

Two cases were analyzed to check the overtopping po—
te nt la l  of Carbondale No . 4 Dam from a stor m eq ua l to one-half
of the PM F . Case 1 was based on the Carbondale No . 4 one—half
PMF.  Case 2 wa ;  based on the Carbondale No . 4 component of
the Brownell one-half PMF. For Case 1, the one—h alf PMF peak

•~ inflow into Carbo ndale 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 Reservo ir shows
that  the surcharge storage available is in sufficient to conta in an
Inflow with a peak of 3 , 030 cfs without overtopping the dam.  For
Case 2 , the one-half PMF peak inflow in to Carbondale No. 4
Reservo ir is 2 , 7 15 cfs and is slightly greater than the spillway
capacity of Carbondale No . 4 Dam . A chec k of the surcharge stor-
age effec t of Carbond ale No.  4 Reservo ir shows th at the surcharge
storage ava ilable Is sufficient to contain an inflow with a peak of
2 , 715 cf s  without  overtopping the dam .
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Two cases were analyzed to check the overtopping po—
ter t t la l  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 Brownel l one-half PMF. Case 2 was based on a
stor m over the Carbondale No. 4 wa tershed 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 analyz ed
considering the surcharge storage effect of both Carbondale No . 4
Reservo ir and Brownell Reservo ir . As reported above , Carbondale
No. 4 Dam would not be overtopped . Results of the analysis show
that  the surcharg e sLorage available is insufficient to contain the
Brownell one-half PMF without over topping Brownell Dam . The
approximate 2 , 700 cfs passing Carbondale No. 4 Dam is sufficient
to overtop Brownell Dam . For Case 2 , a failure hydrogra ph for
Carbondale No . 4 Dam was estimated and a peak inflow as high
as 75 , 000 cfs could ru sh into Brownell Reservoir , totally empt y—
ing Carbondale No . 4 Reservoir In about 20 minutes . Results of
the Case 2 analysI s  shows that  the surcharge storage available
In Brownell Reservo ir is insufficient  to conta in the Carbondale No. 4
failure hydr ograph without overtopping Brownell Dam .

e. Downstream Conditions. Brownell Dam is located on
Racket Brook , 1.9 stream miles above the confluence with the
Lackawar&na F~iver . Racket Brook flows through a heavily populated
area of Carbondale , Penn sylvania. Some structures in Carbondale
are less than 20 feet above stream grade. The downstream cond i-
tions indicate that  a high hazard classification Is warranted for
Brownell Dam.

f.  ~p~l1way Adegua qy .

(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-
sideririg the effects of the surcharge storage of Carbondale No . 4
Re servoir , Carbondale No. 4 Dam will pass its component of the
Brownell one-half PMF without overtopping the dam . Considering
the effect s 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 . F urthermore , considering the effects of the surcharge
storage of Brownell Reservo ir , Brownell Dam will not pass the
max imum spiliway discharge of Carbondale No . 4 nor the Carbon—
dale No • 4 fa ilure hydrograph without overtopping the dam . In
general , however , Brownell Dam should be overtopped before
Carbondale No. 4 Dam is overtopped .
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(2) The maximum tailwater Is estimated to be
Elevation 1530. 7 at the spillwa y capacit y of 1, 870 cfs . At max i—
mu m pool elevation , there is a difference of about 56 feet between
headwater and tai lwater . 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 in
Paragraph 5. 1 . ~~. (2 ) ,  the spi liway capacity of Brownell Dam Is
rated as seriously inadequate . For Carbondale No. 4 Dam , con-
sidering the effects of the surcharge storage of 258 acre—feet ,
t he Carbortdale 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 Browriell Reservoir and Carboridale
No. 4 Reservoir surcharge storage of 654 acre—feet , the Brownell
spillway discharge capacity of 1 , 870 cf s can accommoda te a flood
with a peak inflow of 2 , 540 cf s for a storm of the same duration as
the E3rownell PMF. This Is 27 percent of the Brownell PMF peak - -

Inflow .

(4) if the low area of the embankment were to be
brought up-to-grade , which would be a re latively minor mainte-
nance task , the spiliway capacity of Brownell Reservo ir can be in-
creased to 3 , 310 cf s. 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 splllway capacity of
Brownell Dam would still be rated as seriously inadequate .
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SfCTION 6

STR UCTURA L STAL3ILI TY

6 .1  Eva1uatIon of S 1ru ctur atStab i j~y .

a .  Vis ual  Ob servations.

( I )  General .  The visual  inspectio n of the dam re-
sulted In a number of observations relevant to structura l stability .
These obse rv at ions are listed herein for various features .

(2) Emba nk ment.  At the Junct ion of the embankment
at  the r ight  abut ment and the aux ilIary spiliway right retaining
wall , set t lement  of the embankment  edge behind the wall has
occurred . This set t lement  could be related to the observed crack
and movement in the right abutment  wall . A detailed description
of the cond iNon is In Paragra phs 3. l . b . ( 1)  and 3. l .d. (3) . A de-
tailed evaluation of the condition is in Paragraph s 3 . 2  .a. (1) and
3 . 2 . c . ( 3).

(3) Aux ili ary SpiL~~ y. Slight seepage along the en-
tire dow nstream face was observed . The de scription and evalua-
tio n are presented in Pa ragra phs 3 . l .c . ( 1) and 3 . 2 . b . ( 1)  respec-
tively . A major crack extends a long most of the auxiliary spiliway
down strea m right retaining wall .  A detailed description and eval—
uatio n are presented In Paragraph s 3. l .d . ( 3) and 3 . 2 . c . (3) re-
spec tively , including the potential hazards to the upstream re-
taining wall  d uring drawdown conditions .

b . Desi gn a nd Construction Data. No record of design
da ta or stabilit y analysis  for the original structures was avail-
able for review . However , a stabili ty study for the auxiliary
spiliway was performed in 1914 by the Pennsylvania Water Supply
Commission.  The resul ts  of the analysis are on file .

The 1914 analysis  for the auxiliary spi liway was review-
ed to assess th e st ability of the section . The maximum loading
condition that  was used Included the following : full hydrostatic
pressure on the upstrea m face from reservoir level at the top of em—
b ankme n t , no ta ilwater , and uplift  varying uniformly from two—th irds
of the headwator pressure at the heel to zero at the toe. The re-
sul ts  of this r ) f la l y Si S , as pre sented in the 1914 report , show that
the resul tant  f a l l s  within the middle third of the sectio n from the
top of structure to level of foundation . The computations accorn—
panying the report , however , are not in complete agreement with
the repo r t , as the resul tant  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 .
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Stabilit y considerations for the main spiliway were not mentioned
in the 1914 report .

Stability ana lyses for both the main spillway and the
auxiliary splllway were performed in this study . Only the bottom
sections were considered . The loading assumptions for both sec-
tions were as follows: reservo ir level at the top of the embank-
ment , full  hydro static pressure on upstream face and uplift vary-
ing uniformly fro m full tailwater at the toe to full tailwater at the
heel plus two-th irds of the difference between the headwater and
tallwater also at the heel.

The results of the stabil i ty 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 founda tion and the toe pressure
is within acceptable limits , the re sultant 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
ma in spillway showed that the toe pressure and slid ing facto r
are within acceptable l1r~its and the re sultant is within the middle
thir d , and , consequently , would meet OCE recommended guidelines
for stability .

The auxiliary splllway right retaining wa ll 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 emban kmen ts, the upstream abu tment 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 maxJmum 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 Chang e. 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 ear thquake forc es moving or cracking the masonry core wall ,

‘9 ’  the theoreUca l seismic stability of this dam cannot be assessed.
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SECTION 7

ASSCSSMENT , R 1:COMMENDATIONS , AND REMEDIA L MEASURES

7. 1 Darn~~sses sment.

a .  Safety.

( 1) Based on the visual inspection , available records ,
calculations and past operationa l performance , ~ owneil Dam is
J udged to be in good condition. However , some maintenance and
repa ir deficiencies were noted . A summary of features and obser-
ed deficiencies are listed below :

reature and Location Observed Deficiencies

Embankment (r~~~t a b ~~~~~ t:
Upstr eam slope Weathered and missing

riprap .

Top of embankment  Low spo t and erosion gully .

Downstream slope Tree in embankment and
settling behind wall.

Toe of downstream slope Contiguous tree line and
wet area .

- - Emba flkm J~~fLahutmont) :
Up stream and downstream
siope~ Trees in embankment .

Aux 1liar~~~~i l lway ~Downstream face Seepage ari d efflorescence.

Crest Deteriorated handra il .

Appu nt Structures :
Main siilTw,iy dlschar ae
ch~ nne1 Erosion of rocks.

Aux ilI ary sp i l iway right  Major crack and deteriorat—
retaining wall thg concrete.

Blowoff line Stiff valve operation .
Damstt e : Occurrences of va ndal ism .

)
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(2) The overtopping potential analysis shows that
Brownell Dam will be overtopped by the PIvIF and one-half the
PMF. Therefore , based on OCE criteria , as outlined in Para-
graph 5 . 1 . a . ( 2 ) ,  the spiliway capacity is rated as seriously in-
adequate . The exist ing spiliway 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 over topping
potentia l 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 on ly) .  A failur e hydrograph of Carbondale No. 4
Dam was made and it was found that if Carbondale No. 4 Dam
failed , the splllway capacity and surcharge storage effect of
Brownell Dam were insufficient to contain the Carbondale No. 4
failure hydrograph without overtopping the dam .

(3) Stability computations that are on file and com-
putat ions performed for this study indicate that the main spiliway
and the auxiliary spillway are apparently structurally adequate
for the maximum pool condition. For the maximum pool condition ,
computations show that the resultants are outside the middle th ird
in some cases , but within the base , and that sliding factor s and
toe pressures are within accepta ble limits . The Owner ’s estimate
of the flood of record indicates th at water was within 0.1 foot of
the present maximum pool eleva t ion , with no stability problems
noted .

b . Adequacy of Informatio n. The information available
is such tha t an assessment of the condition of the dam can be
inferred fro m the combination of visua l 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 ~,ecommendations 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 :
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(1) Develop a deta iled emergency operatio n and warn-
ing system for Carbondale No . 4 , and Brownell Dam system .

(2) Perform additiona l studies to more accurately as-
certain the spiliway capacity required for Brownell Dam , as well
as the nature and extent of mit i gation measures required to make
the spillways hydraulical ly adequate . Filling in the existing low
area of the embankment  would help increa se the spiliway capacity
and this should be accomplished.

(3) Implement the pro posed repair program to the aux-
il iary spiliway right retaining wall . As part of this progra m , in-
stall two or more observation wells , or other instrumentatio n , in
the earthf Ill behind the reta ining wall.  Monitor instrumentatio n
on a regular basis . if readings Indicate potential problems ,
appropria te actio n should be taken.

b. In order to correct operational , maintena nce and repa ir
def ic iencies , and to more accura tely 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 settlement area s in emba nkment
and prov ide protection against erosion.

(3) Remove trees from toe and slope of emba nkment .

(4) Monitor wet area near toe of slope and if changes
are noted , take appropria te actio n .

(5) MonItor the downstream face of auxiliary splUway
for increased seepage or other problems and take appropriate ac-
tio n as required .

(6) MonItor erosion in the spillway outlet channel and
perform remedial action when required .

(7) Main ta in  constant vigilance aga inst vandalism .

c. Until remedia l work for correcting the hydraulic deficien-
3 d e s  of the spillways is complete , the following measures are re—

commended to be undertaken by the Owner:

t (1) Provid e round-the-clock surveillance of Brownell
Dam during periods of unusual l y heavy rains.

(2) When warning s of a storm of major proportions are
given by the Nat iona l Wea ther Serv ice , the Owner should activate
his emergency and warning system procedures.

I.
9’
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CHECKLIST

ENGINEERING DATA

HYDROLOGY AND HYDRAULICS

NDS DER
NAME OF DAM: R r I I w I n -  I ID NO. : i ID N O.:  35 — 12

ELEVATIO N TOP NO RMAL POOL (STORAGE CAPA CITY) : 1583.4

ELEVATION TOP FLOO D CONTROL POOL (STORAGE CAPA CITY) : 1586.5

ELEVATION MAXIMUM DESIGN POOL: 1586 .5

ELEVATIO N TOP DAM : 1 586 • 5

SPILLWAY CREST:
a. Elevation I 1 i H L - ~
b. Type J~r s . t 1 - - r t - - - t v l masonry ov ( -r f i ow w i t h  ste pped cascade ,
c. Width 7 • 0 ’

d . Lengt h 70.0 ’
e . Location Spillover i t - f t  at-ut mej i t
f .  Number and Type of Gates N o i s t

O UTLET WORKS :
a. Type I — ‘ -‘s i 1 1 C ) I  (

V 
~ w i t  Ii val  vt-s  dow-nst ream

b. Location us I l t t r
c. Entrance Invert s _________________________________________________
d . Exit Invert s 

_____________________________________________________

e. Emergency Draindown FacULt ies - ~~~~ ~~~~~~~~ (‘T I’ s / va lv e s  do~~~s t re a m

HYDROMETEORO LOGICAL GAGES:
a . Type N C I I I-

b. Location N ons -
c. Record s Ni sm -

MAXIMUM NONDAMAC ING DISCHARGE : 1864 c f s

—- - 

A — 5

V 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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BROWNE LL DAM

APPENDIX E

GEOLOGY

1. General Geoloqy . The damsite and reservoir are located
in Lackawan na County . Lackawanna County was completely covered
with Ice during the last continental glaciation of Pleistocene time .
The general direction of ice movement was S 35o _40 0 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 featur e in Lackawanna
County Is the Lackawanna Syncline , which traverses the County
in a southwesterly direction . The syricline enters the County at
the northeast corner as a narrow shal low 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
Pottsvifle , Mauch Ch un k sh a le , Pocono sandstone to the Damascus
form ation of the Catskill group (oldest) , The rim rocks , the
Pottsville for mation and Pocono sandstone , have dips that rarely
exceed 10 to 2 0 0 and form a rather simple syncline . The core
rocks , the post-Pottsvj lle 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 Lackawa nn a Rive r , in genera l , follows the axis ofthe 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 , a nd Spring Brook ,have cut deep canyons through the mountains and follow a tortu—ous course to their confluence with the Lackawanna River nearScranton , Pen nsylvania . Northwest of Lackawanna River , themountains rise abruptly to a sharp rid ge which in most places issomewhat 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— 
Vever , such as Legqetts Creek , flow eastward from this area intoLa ckawanna Rive r . In the area of interest , the Lackawanna Riverstreambed is founded i i  post-Pottsville formations . Proceedinguphill from the r iver , the older Pottsville formation , Mauch
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Chunk shale , Pocono sandstone , and Catskill continenta l 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

V continenta l group of rocks underlies the greater part of
Lackawanna County .

2. SIte Geology. The foundation conditions for Brownej i
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 extend s
across the valley for two-third s 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 hardpaz-i , fine gravel and blue clay .This was probably decomposed Mauch Chunk shale and/or glacial
till . The masonry portion of the dam , Including the spiliways and
outlet works , Is all founded upon and keyed Into the massive Pocono
sandstone . The earthen embankment with masonry core wall rests
upon the hardpan .
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