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PRE FACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Darns for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief
of Engineers, Washington , D.C. 20314. The purpose of a Phase I
investigation is to identify expeditiously those dams which may
pose hazards to human life or property. The assessment of the
general condition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving topo-
graphic mapping, subsurface investigations, testing, and detailed
computational evaluations are beyond the scope of a Phase I in-
vestigation ; however , the investigation is intended to identify
any need for such studies.

In reviewing this report , it should be realized that the reported
condition of the darn is based on observations of field conditions
at the time of inspection along with data available to the in-
spection team. In cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the stability
and safety of the dam , removes the norma]. load on the structure
and may obscure certain conditions which might otherwise be
detectable if inspected under the normal operating environment
of the structure .

It is important to note that the condition of a darn depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to rep resent
the condition of the dam at some point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through continued care and maintenance can these conditions be pre-
vented or corrected .

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. in accordance with the established Guide-
lines, the apillvay design flood is based on the estimated “Probable
Maximum Flood” for the region (greatest reasonably possible storm
runoff), or fractions thereof. The spiliway design flood provides
a measure of relative spillway capacity and serves as an aid in
determining the need for more detailed hydrologic and hydraulic
studies , considering the size of the darn , its general condition and
the downstream damage potential.
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PHASE I INSPECT ION REPORT

NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION

AND

RECOMMENDED ACTION

Name of Dam : Lake Montro se  Dam
NDI ID No.  PA_ 000 14 7/DER ID No. 58—20 j

Owner:  Keystone Water  Company

State Located: Pennsylvania

County Located: Susquehanna

Stream : Snake Creek

p Date of Inspect ion:  (18 .July 1979i ~
Inspection Team: Gannet t  Fleming Corddry and

Carpenter , Inc .
Consul t ing Engineers
P .O .  Box 1963
Har r i sburg ,  Pennsylvania  17105

Based on visual inspect ion 1 available records ,
calculations, past operational  performance , and
according to criteria established for these studies ,
Lake Montrose Dam is judged to be unsafe , non emergency ,
because the spiliway capacity is rated as seriously
inadequate. The existing spiliway can pass only 17?.~

~- percent1. of the Probable Maximum Flood ( PMF) without
overtopping of the dam . Based on the type of
construct ion and the condition of the dam , it is

• judged that the darn could not withstand the depth and
duration of’ overtopping that would occur for  the PMF or4 the 1/2 PMF. Failure of the dam would cause an
increased hazard to loss of’ l i fe  downstream . As a

- •

- 
whole , the dam is judged to be in poor condi t ion .  .—~~
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I
The sp i l iwa y has undergone  a gradual  s t ruc tura l

f a i l u r e  tha t  has resu l ted  in a r educ t ion  of spi l iwa y
c a p a c i t y .  C o n t i n u a t i o n  of the  g radua l  f a i l u r e , or
perhaps  a sudden  f a i l u r e , appears  to be possible.

A l t h o u g h  records i n d i c a t e  t h a t  no serious
s t r u c t u r a l  problems have occur red  d u r i n g  the l i fe  of the
dam , i n f o rmat ion  concern ing  the  design and cons t ruc t ion
is l ack ing .  There is no assurance tha t  po ten t i a l ly
hazardous conditions do not exist.

There is no functional outlet work s for the dam .
M a i n t e n a n c e  of the p ro jec t  is inadequa t e .  There is no
program for  r egu la r  i n spec t i on  of the  dam.  !.i~

The fo l lowin g measures  are recommen ded to be
un dertaken by the Owner , in approximate order of’
p r io r i t y ,  imme dia t e l y :

(1) Perform additional studies to mo4’e accurately
ascer ta in t he spi llwa y ca pac ity re qu ire d for Lake
Mon trose Dam as well as the nature and extent of
m itigation measures required to make the spiliway
hydraulically and structurally adequate. The studies
should be performed by a professional engineer
experienced in the design and construction of dams .
Take appropriate action as required. Until action is
ta ken , the existing spillwa y should be monitored to
ensure that further reduction of spiliway capacity does
not  occur .

(2) Remove all debris from the downstream channel
between the dam and the first roadway embankment.

( 3 )  Perform investigations as required to
determ ine the l ines , grades , an d composition of the dam .
After such a determinat ion has been made , studies should
be performed to assess the darn for any potentially
hazardou s conditions that might exist. The
investigations should be supervised by and the studies
should be performed by a professional engineer
experienced in the design and construction of dams.

( -L i)  Provide a f u n c t i o n a l  ou t l e t  works capable  of
drawing down the pool.

(5) Remove trees and brush located on or along the
top ,  upst ream slope , and downs t ream toe of the dam.
Tree removal should be performed under the guidance of’ a
professional engineer experienced in the design and
construction of dams . 
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Ti  addition , it is recommended tha t t he  Owner
rn J 1 C ’~ h is  operat.~~ nal procedures as fD~ lows:

( ‘ ) D e ve~ -~p a detailed emer.~eney operition and
w t r n l n .  s y ut c :n  for Lake Montrone 1~~r’i .

— 

p 
~2 ) P r o v i~~’ r ind— the— clock s rv~~iUance of Lake

~1 )
~~I t ” -3~~~~I~ ~~~ l i ” i r g  ~~r1ods of ‘Jn 4 s t ~ -~ 11. y h e a v y  r i m s.

~
) ~h e n  -

~~ ‘r ~ in ~~. ; 
~f -i :~t o r i  c-f  i~ j or  p r u p o r ’~~i~~ns

~~e ~ i .’~’n by u.e Y~at i ; r i 1~ W~ it ter  ~e r ’v ! -~e , t h k ~ Pw~-~~r
shuul ~ ~~ iva ~~e ~~i:i c~icrgenoy opera’ ion rind w~ rnir .g —

J~~St

( . )  r n s~ i.~ ute an inR p~ ct ion pr -r~~ such th -~t theI im i . ~ ~n s p e ct e I  f r c q u e n t ~~y .  As pr -~~e i t lv  r e q u ir ’~d by
~-~~e ~ :) n 1we~~l~~h , the  p r o g r a m  ~h o u l I  i n c l u d e  i f o rma l

~u 4  i n sp e ct i o n  by a p r o f e s sio n a l  e n g in ~ er e x p e r i e n c e d
~~ -ie~ I~~n ~t n d  const :’uet  ion of’ d3m s .  U t i l i z e  the

r’~~3U~~t~~ to d e t e r m i n e  i f  r e m e d i a l  nr ea~ ures  are
t l t a e s sdry .  —

( )  I n s t i t u t e  a m a i n t e n a n c e  p r o R r r r n  to p rope r ly
~:ai n t ~~i n  a l l  f e a t u r e s  of’ t he  d a m .

S ub m i t t e d  by:

G A N N E T T  F L E M I N G  C O R D D R Y
—
- AND CARPENTER , [NC.
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. / F R E D E R I C K  L ’ U L ~~I i KO
“~ ....~~ : ~~~~~~~ ~r o jeet  M a n a g e r , Dam Se~ t i o r

D a t e :  17 S~ pt - rn be r  197 )

App ~’oved by :

DEPARTMENT DF THE A R M Y
B A L T I M O R E  D I S F R I ~~T , CORPS OF’
ENGINEERS

MES W. PECK
onel , Corps of E n g i n e e r s

D i s t r i c t  E n g i n e e r

Date:  
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SUS QUE H ANNA RIVER BASIN

SNAKE CREEK, SUSQUEHANNA COUNTY

PENNSYLVANIA

LAKE MONTROSE DAM

NDI ID No. PA~OOO147
DER ID No. 58—20

KEYSTONE WATER COMPANY

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

SECTION 1

PROJECT INFORMATION

1.1 General.

a. Authority. The Dam Inspection Act , Pu b l ic Law
92—367, authorized the Secretary of the Army, through
the Corps of Engineers , to initiate a program of
inspection of dams throughout the United States.

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

— 
or property.

1.2 Description of Project.

a. Dam and Appurtenances. Lake Montrose Dam is an
earthfill dam with a dry masonry structure along its
downstream side. The dam is 11~ feet high and
approximately 90 feet long. The top width varies from
a pproximately 18 feet to 30 feet , and the top of the dam
is used as a roadway to a dwelling. The upstream
earthfill slope is approximately lv on 3H , and the

— downstream face of the dry masonry structure is
vertical .

— 1 —  
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4 The sp i llwa y is located near the center of’ the dam
an d consists of a twin box culvert 18 feet long. The
u pstream invert of the culvert is 3.2 feet lower than the

— top of’ the darn . The cu lve r t  d i scharges  onto a concrete
a pron , beyond which is a free overfall into the natural
s t ream v a l l e y .

There is no f u n c t i o n a l  ou t l e t  works  for  the dam .
The var ious features of the dam are shown on the Plates
at the end of the report and on the Photographs in
Appendix D.

b. Location. The dam is located on Snake Creek
a p p r o x i m a t e l y  1.0 mi le  no r thea s t  of Montrose ,
P e n n s y l v a n i a .  Lake Mon t rose  Dam is shown on USGS
Qu a d r a n g l e , Mont rose  East , P e n n s y l v a n i a , w i th  coord ina tes
N L i 1 0  50’ 14Q” — W75° 5 1’ 35” , in Susquehanna  C o u n t y ,
P e n n s y l v a n i a .  The loca t ion  map is shown on P la t e  1.

c .  Size C l a s s i f i c a t i o n .  Small (1 1! fee t  h igh , ~452
a c r e — f e e t ) .

d .  Hazard C l a s s i f i c a t i on .  High hazard .
D o w n s t r e a m  c o n d i t i o n s  i nd i ca t e  t h a t  a high haza rd
c l a s s i f i c a t i o n  is w a r r a n t e d  for  Lake Mont rose  Dam
(P a r a g r a p h s  3 .l f  and 5 . l c ( L i ) ) .

e. Ownership .  Keys tone  Water  Company ,  which  is a
w h o l l y  owned  subs id i a ry  of Amer i can  Water  Works Company ,
I n c . ,  1525 Cedar C l i f f ’  Drive , Camp Hi l l , Pennsy lvan i a .

f .  Purpose of Dam. Water  supply  for Borough of
M o n t r o s e  and por t ions  of Br idgewate r  Township .

g .  Design and Cons t ruc t ion  His to ry .  A n a tu ra l
lake ex i s ted  at the p ro jec t  si te pr ior  to cons t ruc t ion
of the  darn . No th ing  is known about  the  design or

• c o n s t r u c t i o n  of’ the dam.  The age of the dam is unknown ,
bu t  records show it was bui l t  p r ior  to 1919. In 1921 ,
t he  t w i n  box cu lve r t  spi l iwa y was replaced wi th  a
s imi l a r  s t r u c t u r e .  The ou t l e t  work s f ac i l i t i e s  were
a b a n d o n e d  at an u n k n o w n  t ime .

h .  Normal  Opera t iona l  Procedure .  The reservoir
is n o r m a l l y  m a i n t a i n e d  at the  spi liwa y crest level.  An
i n t a k e  and water  t r ea tmen t  p l an t  are located along the
shoreline. Between 250 , 000 and 380 ,000 gal lons per day
are wi thdrawn for consumptive use.

— 2—
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1.3 Pertinent Data.

a. Drainage Area. (square miles) 0.88

b. Discharge at Damsite. (cfs)
Maximum known flood at damsite. Unknown

Outlet works at maximum pool Not
elevation. Functional

Spiliway capacity at maximum pool
elevation .

o. Eleva t ion .  (f e e t  above m s l)
Top of dam 1583.2
Maximum pool 1583.2
Norma l pool (spiliway crest) 1580.0
Upstream invert outlet works Unknown
Downstream invert outlet works Unknown
St.rearnbed at toe of’ d am 1569.5

d. Reservoir Length. (miles)
Normal pool 0.51
Maximum pool 0.56

e. Storage. (acre—feet)
Natura l  lake 1197
Norma l pool 8011
Maximum pool 9149

f .  Reservoir Surface. (acres)
Natural lake 18
Normal pool 112
Maximum pool 50

g. 
~~~~~Type Dry masonry

structure with
upstream
earthfill

Length (f e e t )  90

Height ( f e e t)  11$

-3- 
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— g. Dam ( C o n t ’d )

— Topwidth  ( f e e t)  Varies:  18 to 30

Side Slopes

Upstream earthfill lv on 3H
( a v e r a g e )

Downstream masonry Vert ical

Zoning Unknown

Cutoff  Unknown

Grout  Cur ta in  Unknown

Ii.  Divers ion and R e g u l a t i n g  Tunnel  None

I. Spillway .
Type Twin box cu lver t

hav ing  free
over fa l l .

Dimensions  ( f e e t)

Lef t  — ups t ream opening 2 .3  wide by 2 .1  high

R i g h t  — ups t ream opening 2 .3  wide by 2 . 1  high

Lef t  — downst ream opening 1.6 wide by 2. 11 high

R i g h t  — downstream opening 1.3 wide by 2. 14 high

Leng th  18

Eleva t ions

Upst ream i nve r t  1580.0
Downstream invert 1579.3

Upstream Channel Reservoir

Downstream Channel Natural Valley

j. Re gulating Outlets None

— 11-.
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SECTION 2

4~~5l -

E N G I N E E R I N G  DATA

2 . 1  Design.

a. Data Available. There are no design data
ava i l ab le  for  Lake Montrose  Dam . A summa ry of data for
the  dam was compiled by the Pennsy lvan ia  Water  Supply
Commission in 1919 . The summa ry of data does not
con ta in  any s u b s t a n t i a l  design i n f o r m a t i o n .

b.  Design Features .  The dam and appur tenances
are described in Pa rag raph  1.2a.  The design fea tures
are shown on the  Plates  at the end of the repor t  and on
the  Pho tographs  in A p p e n d i x  D. The 19 19 report  by the
Pennsylvan ia Water Supply Commission indicates that the
dam was bu i l t  across a rocky gorge at the out let  of’ a
n a t u r a l  lake . Na tu ra l  lake storage was est imated to be
1197 a c r e — f e e t , and add i t i ona l  s torage created by the dam
was es t imated  to be 307 ac r e—fee t  at spil lway crest
l eve l .

c. Design Con s± dera t ion s .  The avai lable  data is
not  s u f f i c i e n t  to assess the des ign of Lake Montrose
Dam .

2 .2  Cons t ruc t ion .

a. Data Ava i l ab le .  No cons t ruct ion  data were
avai lable  for  Lake Montrose  Dam .

b. Cons t ruc t ion  Considerat ions .  The avai lable
i n f o r m a t i o n  is not s u f f i c i e n t  to assess the cons t ruc t ion
of the dam .

2.3 Operation. There are no formal records of
opera t ion .  Per iod ic  inspect ions  have been per formed  by
the Commonwealth over the last 60 years (Appendix A).
The inspection reports indicate that slight leakage at
the toe has existed for at least 55 years. The reports
also document the gradual deterioration of’ the dam due
to  lack of m a i n t e n a n c e .

2.11 Evaluation.

a. Availability . Engineering data we re provided
by the Bureau of’ Dams and Waterway Management ,
D epartment of Env i ronm e nta l R esources , Commonwea lt h of

—5 --
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Pennsy lvan ia  ( P e n n D E R ) .  The Manager  for  the Owner
researched the files for additional information upon
request of the inspection team , but no in format ion  was
ava i lab le .  American Water  Work s Company , Inc . ,  also
researched thei r  f i les , but  no th ing  was avai lable.

b. Adequacy .  Design data and other engineering
data  are virtually nonexistent. The assessment must be
based on the combinat ion of available data , visual
inspect ion , per formance  h i s to ry , hydro logic  assumpt ions ,
and hydraul ic assumptions.

c. Va l id i t y.  There is no reason to ques tion the
v a l i d i t y  of the avai lable  da ta .

—6—
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SECTION 3
VISUA L INSPECT I ON

3.1 Findings .

a. General. The overall app earance of the dam is
poor , with deficiencies  as noted herein.  The locations
of deficiencies are shown in Appendix B on Plate B—i .
Survey data acquired during th is  inspection are
presented in Append ix B. Datum for the survey was based
on an assumed elevation for the spiliway crest, El.
1580.0. The basis for the assumed elevation was the
pool elevation shown on the US GS map . On the day of’ the
inspect ion , the pool was 0.3 foot below the spil lway
crest .

b. Embankment.  The upstr eam port ion of the dam
is an ea r th f il l  (Photograph A ) .  Most of the upstre am
slope was submerged and could not be insp ected. The
slope of the ea r th f il l  varies , but averages about 1 V on
3M near its top. The survey data (Appendix  B) ind ica te
tha t  the top e levat ion of the embankment varies , wi th
the minimum being Elevation 1583.2 near the center  of
the dam. The only slope protection consisted of some
i r regular , dump ed concrete near the spi liway.  The
concrete did not cover the entire length of’ the slope ,
nor did it extend to the top of’ the dam . Thick brush
was growing on the portion of the upstream slope that  is
to the lef t  of the sp iliway (Photograph A ) .  Nine trees ,
ranging in size from 6 Inches to 15 inches in diameter ,
were growing on the top of the dam and on the upstream
slope (Photograph B ) .  The top of the dam serves as a
driveway to a dwelling.

c. Dry Masonry Structure. The downstream portion
of’ the dam is a dry masonry structure (Photographs
C ,D,E, and F). The portion to the left of’ the spiliway
was generally in good condition (Photograph C), except
that some stones were missing and a large tree was
growing at the toe. The dry masonry in the vicinity of’
the spiliway was in poor condition (Photographs D,E, and
F ) .  Many stones were displaced or missing (Photographs
D and E). Clear seepage was observed at two locations
at the toe of the dam in the vicinity of’ the spillway.
The total seepage was estimated to be approximately 3
gallons per minute. The dry masonry section located to

• the right of’ the spillway appeared to be in fair

—7—
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cond i t i on  (Pho tog raph  F ) .  The downs t r eam face had an
a b r u p t  ho r i zon t a l  o f f s e t  located about  6 feet to the
r i g h t  of’ the spillway outlet channel. The offset
measured  abou t  8 inches and was con t inuous  for the f u l l
h e i g h t  of ’ the s t r u c t u r e  at  t h a t  p o i n t .  Several large
trees we re growing at the toe of th is  por t ion of the
dam . The largest was approximately 20 inches in
d iamete r , and It had roots ex tend ing in to  the dry
masonry  s t r uc tu r e .  Rock outcrop s were v is ib le  along the
toe of the dam .

d. Appur t enan t  S t r u c t u r e s .  The spi l iway consists
of’ a twin  box cu lver t  (Photogra phs  C and H). The
c u l v e r t  serves as a bridge for  the driveway across the
top of the dam . Low appr oach walls are located at the
ups t ream end of the  sp i l iwa y (Pho tog raph  G ) ,  and they
were broken and t i l t ed .  The outer  walls of’ the cu lve r t
have  been displaced inward , so tha t  the  cu lver t  openings
become smal ler  toward the downst ream end (P hotogra phs H
and  J ) .  Dimensions  at each end of the cu lver t  are
presen ted  in Append ix  B. The concrete sidewalls along
the  cu lver t  out le t  channel  are broken and t i l t ed , and
some por t ions  are miss ing  (Pho tog ra phs  H and J ) .  The
dry  masonry  a d j a c e n t  to these s idewalls  has been
di splaced .

An abandoned in take  s t ruc tu r e  for the out le t
wo rk s is located along the ups t ream slope of the darn
( Photogra ph K ) .  The s t r uc tu r e  had stones miss ing from
i ts  base , and it was t i l t ed .  N c evidence of an
o p e r a t i n g  mechanism or an ou t l e t  condui t  was v is ible  at
the  in take  s t r u c t u r e .  S imi lar ly , no condui t  ou t le t  was
v i s ib le  on the downstream side of the dam .

e. Reservoir  Area. The watershed  area is
partially developed and consists mostly of grassed
surfaces .  A por t ion of the watershed is wooded. Slopes
are generally mild. A small lake exists near the
farthest edge of’ the watershed. Verbal information
obta ined  d~~’ing the inspec t ion  ind ica tes  that  there is a
smal l  dam located wi th in  the reservoir .  It was reported
t h a t  the  top of the s t ruc tu re  is submerged by about  5
fee t  of water under norma l conditions. No other
i n f o r m a t i o n  conce rn ing  t h a t  s t r u c t u r e  was ava i l ab le .

f. Downstream Channel. The area imme diately
downstream from the dam is a wooded , V-shaped valley.
State Route 29 is located in the valley . The roadway
crosses Snake Creek approximately 100 feet downstream

— 8 — 
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from the dam . The roadway embankment is about 9 feet
high , and It has a 36—Inch diameter culvert through it.
An aban doned dam is located about 350 feet downstream
from Lake Montrose Dam . It has been breached and
impounds no water. A second roadway embankment is
located abou t 1425 feet downstream from Lake Montrose
Dam . The embankment  is about  9 feet  high an d has a
142—inch diameter culvert through it. At a distance of
about 0.25 mile downstream , the valley widens. At this
location approximately 7 low—lying dwellings have been
constructed along Snake Creek. Beyond this group of’
s t ruc tu res , there are occasional low— lying dwell ings
along the 13—mile long reach of’ Snake Creek before it
enters  the Susquehanna River .

—9-.
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SECTION 14

OPERATIONAL PROCEDURES

14 .1 Procedure. The reservoir is maintained at spillway
crest level , Elevation 1580.0 , with excess inflow
discharging through the spiliway box culvert. An
in-take and water treatment plant are located along the
reservoir shoreline. Approximately 300,000 gallons per
day are withdrawn from Lake Montrose for water supply
purposes.

11.2 Maintenance of Dam. Lake Montrose Dam is not
maintained. Until the time of’ the inspection , the Owner
stated that he was unaware that the dam was his
property. The original Owner of’ the darn was the
Consumers Water Company of Montrose , which later became
the Keystone Water Company . Although the Keystone Water
Company had no records to prove ownersh ip ,  the i r  Manager
concluded that the dam was their property.

11.3 Maintenance of’ Operating Facilities. There are no
functional operating facilities at the dam .

14 • 14  Warning Systems in Effect. The Owner ’s Manager
stated that there was no emergency operation and warning
plan.

11.5 Eva lua t ion  of Operat ional  Adequacy .  The mainte-
nance of the dam is inadequate. Inspect ions are neces-
sary to detect hazardous conditions at the darn . As
described hereafter , the failure of the dam would cause
an increased hazard to loss of’ life downstream . An
emergency operation and warning system is necessary to

• mitigate the hazards downstream , should there be
evidence of stress at the dam . Functional operating
facilities are necessary so that the pool level can be
drawn down for repairs or during emergency conditions.

— 10-
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SEC T ION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data. There are no spillway design
da ta  avai lable  for  Lake Montrose Dam . The records
indicate that a natural lake existed at the site. If
the dam were to fail , failure would progress only to the
level of the n a t u r a l  lake .

b. Experience Data. The flood of record at Lake
Montrose Darn is not known . A local resident , who stated
that he has lived near the dam for 23 years , said that
he was unaware of any occurrence of overtopping of’ the -

•

dam .

c. Visual Observa t ions .

( 1)  General. The visual inspection of’ Lake
Mont rose  Dam , which is described in Section 3, resulted
in  a number  of observat ions  relevant  to hydro logy  and
h y d r a u l i c s .  These observatons  are evaluated herein for
the  var ious  fea tures .

( 2 )  Dam and Spil iway. The survey of’ the top
of the darn (A p p e n d i x  B) showe d tha t  the lowest point  on
its crest is at Elevat ion 1583.2. The original spillway
capacity has been reduced by the inward displacement of
the culvert walls. Review of the previou s inspection
records indicates that the failure of the culvert began

• prior to 19118. It has probably progressed to its
present condition gradually , but a sudden failure that
would effectively eliminate all spillwa y capacity is
considered to be possible. The hydraulic analysis for
Lake Montrose Dam is based on existing conditions , and
any future reduction of’ spiliway capacity, whether
gradual or sudden , was not considered.

(3) Reservoir Area. No conditions were
observed in the reservoir area that might present
s ign i f i can t  hazard to the  dam . The assessment of the
dam is based on existing conditions , and the effects of
f u t u r e  development  are not considered . The small  lake
located upstream from the dam is not considered to have
s i g n i f i c a n t  e f f ec t s  on the  hydro logy  or hyd rau l i c s .
S imi la r ly , the subme rged structure that was reported to
be upstream from La ke Montrose Dam is not considered to
influence the hydrology or hydraulics.

— 1 1 — .
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(14) Downstream Conditions. No conditions
were observed downstream from the darn that would affect
the hydraulics of’ the dam . If the dam should fail , a
hazard would exist to at least seven dwellings located
along Snake Creek. The roadwa y embankments and the
abandoned dam are not considere d to have any significant
effect on mitigating the potential hazard. Because of
the possibility of flooding dwellings , a high hazard
classification is warranted for Lake Montrose Dam .

d. Overtopping Potential.

(1) Spillway Design Flood. According to the
cr i t e r ia  es tabl ished by the Off ice  of the Chief of
Engineers  ( OCE ) for  the size ( Small)  and hazard
p o ten t i a l  (H i g h )  of Lake Montrose  Darn , th e Spiliway
Design Flood ( SDF )  is between one—half ’  of’ the Probable
Maximum Flood ( PMF )  and the PMF. Because of the
dow nstream condi t ions , the PMF is selected as the SDF
for  Lake Montrose  Darn .

(2) Description of Model. The watershed was
modeled with the HEC— 1DB computer program . The HEC— 1DB
computer program computes a PMF runoff hydrograph and
routes the flows through both reservoirs and stream
sections. In addition , it has the capability to
simulate an overtopping dam failure . The PMF inflow to
Lake Montrose was determined and routed through the dam .
Identical methods were used for variou s percentages of
the PMF.

(3) Summary of Results. Pertinent results
are tabulated at the end of’ Appendix C. The analysis

— reveals that Lake Montrose Dam can pass about 17 percent
of the PMF without being overtopped.

(14) Spiliway Adequa cy . The criteria used to
rate the spiliway adequacy of a dam are described in
Ap pendix C. Because substantial overtopping is assume d
to  cause erosion and , therefore , failure , and because
the dam is overtopped during the 1/2 PMF , a further
analysis was performed. It was assumed that Lake
Montrose Darn would fail during the 1/2 PMF , over a
15—foot length after being overtopped by 1.2 feet. This
would result in a peak outflow of abou t 5780 cfs. When

F routed downstream to the group of dwellings , it would
raise the tailwater by 2.7 feet over the water surface
that existed just prior to failure of the dam . There is
an increased hazard to loss of life. The spiliway
capacity is rated as seriously inadequate.

— 12— 
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SECTION 6

S T R U C T U R A L  STABILITY

6 .1  E v a l u a t I o n  of S t r u c t u r a l  S t ab i l i t y.

a. Visual Observations.

(1) General. The visual inspection of Lake
Montrose Dam , which is described in Section 3, resulted
in a number of observations relevant to structural
stability. These observations are evaluated herein for
the various features.

(2) Embankment. The brush and trees growing
on the earthfill portion of the darn are undesirable.
The lack of complete slope protection along the upstream
slope is considered to be undesirable , but potential
erosion hazard is offset by the sheltered location of
the dam , which considerably reduces the reservoir fetch
l eng th .

( 3) Dry Masonry  S t r u c t u r e  and Spil lway .  The
t ree s growing  a long the  toe of the  darn promote
s t r u c t u r a l  de te r io ra t ion  of the dry masonry and create
p o ten t i a l  p ip ing  pa ths .  The condi t ion  of the sp i l iway
o u t l e t  channel  has de te r io ra ted  to the ex ten t  tha t  an
erosion haza rd  would exis t  for  the  dry masonry s t r uc tu r e
during periods of high spiliwa y discharge . The reason
for the abrupt offset on the downstream face could not be
determined by visual inspection. There were no signs of
any active movement , and it appears that the offset is
not evidence of serious structural deficiencies. The
clear seepage at the toe of’ the darn is similar to
conditions described as early as 19214. As such , it does
not create great concern. The spillway box culvert has
apparently undergone a gradual structural failure . Both
the approach walls and the sidewalls along the spiliway
outlet channel have failed. Further gradual failure of
the box culvert might occur , and the potential for a
sudden failure of the culvert , perhaps caused by a heavy
vehicle on the roadway, exists. If the splllway culvert
were to fail suddenly , all spiliway capacity could be
lost .

(14) Downstream Channel. The roadway
e m b a n k m e n t  located abou t 100 feet  downs t ream from the
dam could have an u n f a v o r a b l e  e f f e c t  on s t r uc tu r a l

— 1 3— 
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stability of the dam if its 36—inch diameter culvert
were to become blocked by debris and cause a rise in
tailwater. The visual inspection indicated that the
reach between the darn and the culvert contained
sufficient debris to create a potential for blockage .
The potential effect on stability cannot be assessed
with the available data.

b. Design and Construction Data. There are no
design or construction data pertinent to the stability
of Lake Montrose Dam . Records indicate that the darn is
probably founded on rock , but nothing is known about the
d imensions of the dry masonry structure or about the
composition of’ the earthfill section . The lack of
information could conceal potentially hazardous internal
conditions. The structural stability of the darn can
only be assessed by consideration of’ its operating
history .

c. Operating Records. There are no formal
records of’ operation. Based on previous inspection
reports , no stability problems are known to have
occurred for the darn over its operational history . The
inspection reports indicate that the structural failure
of the spiliway box culverts began prior to 19148.

d. Postconstruction Chan~~s. Records indicate
that the only significant posteonstruction change
consisted of’ replacing the original twin box culvert
spillway with the existing , simi lar structure . The
work was performe d in 1921.

e. Seismic Stability . Lake Montrose Darn is
located in Seismic Zone 1. Normally it can be
considered that if’ a darn in this zone has adequate
factors of safety under static loading conditions , it
can be assume d safe for any expected earthquake loading.
However , since there are no formal static stability
analyses , the theoretical seismic stability of this dam
cannot be assessed.

— 1 4—
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SECTION 7

ASSESSMENT , R E C O M M E N D A T I O N S , AND

PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety .

( 1 )  Based on v i sua l  inspec t ion , ava i lab le
recor ds , ca lcu la t ions , an d past operational performance ,
Lake Montrose Darn is judged to be in poor condition.
The existing spillwa y will pass only 17 percent of the
PMF w i t h o u t  over topp ing  of the  dam . Based on the type
of cons t ruc t i on  and the cond i t i on  of’ the dam , it is
judged  tha t  th e dam could not  w i t h s t a n d  the depth and
dur a t ion  of over topping  tha t  would occur for  the P M F or
the  1/2 PMF.  Fa i lu re  of the  dam would cause an
increased hazard to loss of life downstream . The
spillway is rated as seriously inadequate. According to
criteria established for these studies , the darn is rated
as unsafe , non—emergency, because the spiliway capacity
is seriously inadequa te .

( 2) The spi l lwa y has undergone a gradual
s t r u c t u r a l  f a i l u r e  tha t  has resul ted  in a reduct ion  of
sp il lwa y c a p a c i t y .  C o n t i n u a t i o n  of the  gradua l  f a i l u r e ,
or perhaps a sudden failure , appears to be possible.

(3) Although records indicate that no serious
structural problems have occurred during the life of
the dam , information concerning the design and
construction is lacking. There is no assurance that
potentially hazardous conditions do not exist.

(14) There is no functional outlet works for
t he  dam .

(5 ) A summa ry of the features  an d observed
deficiencies is listed below:

Feature and Location Observed Deficiencies

Embankment: Brush and trees;
incomplete slope
pro tec t ion .

Dry Masonry Structure: Stones missing and
displaced; clear
seepage at toe ;trees.

— 15—
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Feature and Location Observed Deficiencies

Spi l lway :  Fai lure  of box
cu lve r t , approach
walls , and outlet
channel walls .

Outlet Works: Not functional.

Downstream Channel: Debris.

b. Adequacy of Information. The information
ava i l ab l e  is such tha t  an assessment of the condi t ion of
the  dam can be i n f e r r ed  from the combina t ion  of’ v i sua l
inspection , past performance , and computations performed
as part of this study .

c. Urgency . The recommendations in Paragraph 7.2
shoul d be implemented immediately.

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

7.2 Recommendations and Remedial Measures.

a. The following measures are recommended to be
undertaken by the Owner , in approximate order of
priority , immediately:

(1) Perform additional studies to more
accurately ascertain the spillwa y capacity required for
Lake Montrose Dam as well as the nature and extent of
mitigation measures required to make the spillway
hyd raulically and structurally adequate. The studies
should be performed by a professional engineer
exper ience d in the design and construction of dams.
Take appropr ia te  act ion as r equ i r ed .  Un t i l  ac t ion  is
taken , the existing spillwa y should be monitered to
ensu re  tha t  f u r t h e r  reduc t ion  of spillway capacity does
not occur.

(2) Remove all debris from the downstream
channel between the dam and the first roadway
e m b a n k m e n t .

-16— 

— - - - -.- -s---— ~~~~~~~~~~~~~ ’-—----S- - . - -  - . - -,~~~~-.-. ‘-~~~~~~~~~—-.-5-.



—.5 —.—“ --,_—.,———.,--S.--S ,~~~— fl— — 

- -

(3) Perform investigations as required to
determine the lines , grades , and composition of the dam .
A f t e r  such a d e t e r m i n a t i o n  has been made , studies should
be perfo rmed to assess the dam for  any potent ia l ly
hazardous conditions that might exist. The
inves t iga t ions  should be supervised by and the studies
should  be performed by a p rofess iona l  engineer
experienced in the design and construction of dams.
Take appropriate action as required.

(14 ) Provide a functional outlet works capable
of d rawing  down the pool.

(5) Remove trees and brush located on or
along the top , upstream slope , and downstream toe of the
darn . Tree removal should be perfo rmed under the
guidance of a professional engineer experienced in the
design and construction of’ dams.

b. In addition , it is recommended that the Owner
modify his operational procedures as follows:

(1) Develop a detailed emergency operation
and warning system for Lake Montrose Dam .

(2) Provide round—the—clock surveillance of
Lake Montrose Dam du r ing  periods of u n u s u a l l y  heavy
ra ins .

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

(L I ) I n s t i t u t e  an inspection program such that
the dam is inspected frequently . As presently required
by the Commonwealth , the program should include a formal
annual inspection by a professional engineer experienced
in the design and construction of dams. Utilize the
results to determine if remedial measures are
necessary .

(5) Institute a maintenance program to
properly maintain all features of the darn.

— 17—
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APPENDIX C
HYDROLOGY AND HYDRAULICS

In the recommended Guideline s for Safety Inspection of Dams ,the Departm ent of the Army, Office of the Chief of Engineers (OCE),establ ished criteria for rating the capacity of spIJ .lwaya . The recoin-mended Spillway Design Flood (SD?) f or the size (small, intermed iate ,or large ) and hazard poten tial (low , significant , or high) classificat ionof a dam Is selected In accordance with the criteria , The SDF forthose dams in the high hazard category varie s between one-half of theProbable Maximum Flood (PMF ) and the PM ?. If the dam and spillweyare not capable of passing the SD? without overtopp ing failure , thespillway capacity Is rated as inadeq uate , If the dam and spillway arecapable of passing one-half of the PMF without overtopping failure,or if the dam is not in the high hazard category , the spiliway capacityis not rated as serious ly inadequat e , A spiliway capacity Is ra ted asseriously inadequat e If all of the following cond itions exist :
(a) There is a high hazard to loss of life from large flowsdownst ream of the dam .

(b) Dam failure resulting from overtopping would significantlyincrease the hazard to loss of life downstream from the dam from thatwhich would exist Just before overtopping failure,

(c) The dam and splllway are not capable of passing one—halfof the PM? without overtopping failure.
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APPENDIX C
tIP

S u~ ~-~c’~C’- River Basin

Name of Stream: ~~~~~~

Name of Dam: L &\<.c. ~~~c~rrns .~ ~D,!irv~

NDS ID No.: PA- Q O1L~,l

DER ID N0.: ______________________

Latitude: ~4 4-t ° 50’ 40” Longitude: VJ i&° ~~i
’ 3~~~~~

”

Top of Dam (low spot) Ele vation : ~i S 8 ~ .2.
Streambed Elevation: \ S.~~~ 5 HeIght of Dam: ____________  

ft

Reservo ir Stora ge at Top of Dam Elevation: 
________________  

acre-ft ~
~~~~~~~~~~~~~~~ ~~~~~~~~ 4s~ ~~~ - o ~~~~~ ~~~~~~

Size Category : ~~ ~
-
~a~\ ( ~o~’ S 4SZ oc~~. - 4-I. )

Hazard Category: ~-I~ ~~~~~~~~ (see Section 5)

Spfllway Design Flood : ~~~~~~~~~~~~~~~~~ 
‘
~~~~ ?)JC~~ ‘~ro ~~~

5e.~ê..c~+ PM~ ~~~~~~~ t~~C C~~s~~ ~~~ ~~~~~

U PSTREAM DAMS
Distance Storage
from at top of
Dam Height Dam Elevation

Name (miles) (ft) (acre—ft ) Remarks

\c~~~~~L~ Lo~ e 1.4 ~ I~k _ _ _ _ _ _ _ _ _ _ _  ~~~~~~ ~c~-
\41t~0~~4 ~~ O~~~~S ’ o.

____________ ________ ______ _____________ ~~~~ S~~~orLb.. S

~~~~~~ 3/, o~~ rS,~r~&~I
____________ ________ ______ _____________ 

, t r~~~ ~~v f ~~~ z1fL\L. S~~~~ ck.~~~

~$ r~~~\~~~~I ’e.. —

DOWNSTREAM DAMS

5.-,-5.-—

~

— —-’-—

~

- -—’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~-~~~~~ -
,- -- - - -‘ -

.5 - - -. -~~~- -.--5-5-.—— ____ ________— -



—.5--S ‘ .5 ’~~~~~~~~~~~~~~

___________________________ River Basin

Name of Stream: ~~~~~ c. €t. ~<.
Name of Dam: ~~~~~~ ~~~~~~~~ ~~~~

NDS ID No.: PA - Oo

DER ID N0.: ~~~-Zp

Latitude: ~ 4t° s~c~ 4r ” Longitude: ~ ,s ° s~ ’ ~ s~”

DETE RMINATION OF PM? RAINFALL

For Area 
_________________________________

which consists of Subareas A - I  of O~86 sq. mile

Total Draina ge Area ~ sq. mile

PMF Rainfall Index = 2.2... tS in , 24 hr., 200 sq. mile

Hydromet. 40 Hydromet. 33
(Susquehanna Basin) (Other Basins)

Zone N/A 
___________

Geograp hic Adjustment Factor ~4 I. 1,0

Revised Index Rainfa ll 2 0 .  B 
____________

RAINFALL DISTRI BUTIO N (percent )

Time Percent
6 hours 

_ _ _ _ _

12 hours 
______

24 hours 
_ _ _ _ _

48 hours 14Z.
72 hours 145
96 hours i~J A 

..~~~ ~~~~~~~~~~
--

~~~ 
—-

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I

Data for Dam at Outlet of Subarea _______________________________

(see Sketch on Sheet C—i)

Name of Dam: L ok€. Mo~~ ro st .

Height : ~~ ~te..+ (existing)

Spiliway Data: Existin g Design

- 
Condition s Condition s

Top of Dam Elevation 15 . 
_____________

Spiliway Crest Elevation ~~ ~ o. p ~~~ o .  o
Splllway Head Available (ft) ~~~

. 
~~ -I, 

~~

Type Spiliway ~~~~ ~o& C%3 \~~C. r k S  - 5 L(.  s~)d~ s.~~ C.-~
“C” Value - Splllway 

____________  ____________

Cre st Length - Spillway (ft) N IA ~~

Sptllwav Peak Discharg e (cfs) 44 (&~ ko~ ~
Auxiliar y Spiliwa y Crest Elevation 

____________  ____________

Auxiliary Spillway Head Available (ft) 
_____________  _____________

Type Auxiliary Spillway ~ IP~
“C” Value — Auxiliary Spillway 

~ 1 ~ _____________

Crest Length - Auxilia ry Spiliway (ft) 
_____________  

M IA
Auxiliary Spillwav

Peak Discha rge (cfs) ~ A
Combined Spiliwey Discha rge (cfs) 44 (-~~ 4p~~~ c~
Spillway Rati ng Cur ve : ~~~t 

$lr’~~i C’(. ko C-8

Elevation 0 SPiliway (cfs~ 0 Auxiliary S~illwav (cf a) Combined (cfs)

_ _ _ _ _ _  0 ~~A 0
N/A 8

~~~~~ 2.’ZIPI N/A —

_ _ _ _ _ _  4~g N 1A 4Z

_ _ _ _ _ _ _  
44,4 N!J ~ 4-4

_______  _ _ _ _ _ _ _ _ _ _ _ _ _  — ~/A (.3

c-s

___________________ - - -— -- - - --- .- ,
~~~

- 5—- - .5— -
~~~ ---~~~~~~~~~~~~
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Dat e for Dam at Outlet of Subarea A —

Name of Dam: L o~ .c... Mo~~ co~t. ‘~k~~
Stora ge Data :

— 
Storeae

Area million
Elevation (acres ) aele acre—ft Remark s

_ _ _ _ _ _  
= ELEVO* 0 

- 
0 0 ~~~~~~~~~~ ~4o~~ ,cAL Lo.~.t.

~~~~~~~~~ ELEV 1 ~ A1 ( (4’ 4~jj.=S1 ~~~~~~~~

_ _ _ _ _ _  
4Z Zb~ . 804 _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
cj 4~~~ -rh, .4

_ _ _ _ _ _ _  _ _ _ _ _  los zrl3 _ _ _ _ _ _ _ _ _

**

* ELEVO = ELEV1 - (3S 1/A1)

** Planimetere d contour at least 10 feet above top of dam

~~~~~~~~~ 9o~,lReservo ir Area at T-r —‘ P—’ is 
- ‘~ percent of watershed .

Remarks: 2€~c .o rc~ s~~t~ t”-’ 4~-~o k ~~

L~~~r~(r k~~~L.5 c o ~~ L.A~

-~~~~~ 41A ~~~~ .~e.. ci~~o~~~ ~oO ~~~ (~~~
o
~-

QL
~
\V.. pcy~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ I -~~~
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Dat a for Dam at Outl et of Subare a A - -

Name of Dam: \ . .~~. ~~~~~~~~~~ O&r~ - -

Breach Data :

Sketch of Dam Profile (not to scale) :

SI . ’ ~~~~~ . ~~~~~~~~~-t

Sketch of Top of Dam (not to scale) :

S~~. ~D\o~4~ 2...

Soil Type from Visual Inspection: S- ~~~~~~~~~~~ ~ 4o r.~~ Q.\6v~~ un~~~~rt.o,~~ ~ck
Maximum Perm1~s,Rtble Velocity (Plate ~~~~ , EM 1110—2 —1601) $ fps
(from Q CLH31’ V’A and depth = (2/3) x H)

I 

HMAX (4/9V 2/C2) \ .R~ ft.. C 3.2.
t HMAX + Top of Dam Elev . = t.S~~ 4 4  FAILEL

(Above is elevation at which failure would start )

Dam Breach Data :

BRW ID = — 15 ft (width of bottom of breach)

Z = 
— 

(side slopes of breach)

ELBM S (~ 1~. S (bottom of breach elevation,
minimum of zero storage elevation)

WSEL ~SBo. 0 (normal pool elevation)

T FAIL~ Co mins

- o.i. hrs (time for breach to develop)

4 -
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Name of Stream: Sc~ \&t. C rt.e~-

Name of Dam : ~~~~~ y.
~\~~~pt~~~~ 

¶) o~c~
NDS ID No.: PA 0 ~ 1 I~ I

DER ID N0,: _______________________

Latitude: 
~4 4~ .~o’ 4o” Longitude: \N is’ S I’ 3S”

Drainage Area: 0 . B B  sq. mile

Dat a for Subarea: 4 - I (see Sketch on Sheet C—jj

Name of Dam at Outlet of Subarea: ~~~~~ ~~~~~~~~~~~~ ~M ,r.

Drainage Area of Subarea: p 
- 
sq. mile

Subarea Characteristics:

Assumed Losses: 1~0—inch initial abstraction + 0,05 in/br
The following are measured from out let of subare a to the
point noted:

L = Length of Main Watercourse extended to the div ide = .~~ 57 mile

LCA = Length of Main Watercourse to the centroid = ~ • ‘ia mile
From NAB Data: Ar ~~. 1.1. 91t.kc. ~

C p = p.~~~2.

CT = 1. 50

Tp = CT x (L x LCA)° ’3 = I. $4- (hrs)

Flow at Start of Storm = 1.5 cfs/sq . mile x Subarea D.A = 1,3 cfs

Computer Data :

QRC SN = —0.05 (5% of peak flow)

RTIOR = 2 . 0

1-.
~ 

Remarks: 
________________________________________________

C- -”
—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

., 
- 4



-— - - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ w. rr  - -r ~~~~~~~~~~~~~ 
- -~~~~~

GANNETT FLEMING CORODRY NUNJECT 
PILE NO.___________

AND CARPENTER. INC. SHEET MO. OP SHECT.

HARRISBURG. PA. POE
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COMPUTED NY DATE CHECkED UT DATE ________________
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LAKE MONTROSE DAM

APPENDIX E

GEOLOGY

1. General Geology. The damsite and reservoir are
located in Susqueharina County. Susquehanna County lies
nor th  of the Wisconsin Terminal Moraine and , with the
except ion of the summi t of Elk Hills , was entirely
covered by ice. Deposits of glacial drift of variable
thickness cover the County except where they have been
remove d by erosion . The County is drained entirely by
the north branch of the Susquehanna River and its
tributaries. The Susquehanna River enters Susquehanna
County from New York near the northeast corner of’ the
County and re—enters New York just north of the town of’
Great Bend , Pa. The river does not again re—enter the
County but comes within four miles of the southwest
border. As the County lies entirely north of the
glacial border , there are abundan t  undra ined  areas
occupied by swamps and lakes.  A geologic map is
presented on Plate E—l.

The rock formations exposed in Susquehanna Co~5ntyrange in age from the Post—Pottsville of Pennsylvanian
age to the Chemung of’ Devonian age. The youngest
formations , the Post—Pottsville and Mauch Chunk ,
are exposed only in the southeast corner of the County.
The older rooks are exposed along the western and
northern boundaries.

The major structural feature of the region is the
Lackawanna Syncline , which terminates In the southeast
corner but whose axis turns and runs due north along the
Wayne County line. Along the west side of this
synclinal axis , the strata dip steeply to the southeast.
Ove r the next f’our to five miles westward , the strata
flatten out to nearly horizontal. Toward Tunkhannock
Creek to the northwest , the strata reverse dip on the
axis of an an t i c line  that  continues southwestward as far
as Union and Clinton Counties. The rocks in the
remainder of the County lie nearly horizontal but are
folded locally into minor anticlines . The Wilmont
Anticline enters at the southwest corner of’ the County
and extends across Auburn Township. Its southward dip
rarely exceeds 10, so that the strata in the southern
part of the County are nearly horizontal.
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2. Site Geology . Lake Montrose Dam is underlain by
‘- 5’ glacial drift and a sandstone of the Susquehanna Group —

of Devonian age. The dam is located in the glaciated —

low plateaus section on nearly horizontal strata. The
Susquehanna Group is a complex un i t  of’ conglomerates ,
sandstones , siltstones , and shales. From the base of’
this unit to the top , the following changes occur in
Northeastern Pennsylvania: (1) grain size increases
from bottom to top ; (2) average thickness of beds
increases upwards ; (3) percent red color in shales
increases upwards ; and (4) in general , percent silica in
rocks increases upwards. Bedding is usually well
developed with thicknesses up to sixteen feet in the
coarser beds . Joints are usually open and steeply
dipping or vertical. The shales disintegrate rapidly
when exposed to the atmosphere . The siltstones ,
sand—stones , and conglomerates are moderately resistant
to weathering. There are abundant swamps and lakes in
the area , which is typical for this region .
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