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Inspection Team - GAl Consultants, Inc.
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Monroeville, Pennsylvania 15146

Based on visual inspection , past performance , and review of
available engineering data, the dam and its appurtenances
are considered to be in good condition. The spiliway can
pass the peak flow associated with the PMF event and is,
thus, considered adequate. A localized area of seepage was
observed on the downstream slope near the spiliway structure
which requires further investigation and evaluation. A
monitoring weir near the toe of the right abutment is in
need of repair and regular maintenance . It is recommended
that the weir readings be continued on a monthly basis and
any noticeable increase immediately be evaluated . The owner
should, in addition , develop a formal warning and evacuation
plan for downstream residents in the event hazardous embank-
ment conditions develop .
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PUASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

LAUREL RUN RE SERV OIR DAN
N DI # PA-387 , PENNDER # 24-54

1.0 
~ 

Authority.

The Dam Inspection Act , Public Law 92-367, authorized
the Secretary of the Army , through the Corps of Eng ineers ,
to init iate a program of inspection of dams throughout the
United States.

~l-.-1—- Purpe~ e---
• 

~‘ The purpose is •to determine if the darn constitutes a
hazard to human life or property .

1.... Description of Project.
f~~ ~~~~~ I

a. Dam and Appurtenances. Laurel Run Reservoir Dam
is a zoned earthfill embankment approximately 1124 feet in
length with a maximum height of 84 feet. The facility is
served by an uncontrolled ogee crested concrete spillway
discharging into a curved wasteway channel in the west
abutment. In addition , the fac i l i ty  is equi pped wi th a 48—
inch-diameter and a 24-inch—diameter  metal pipes encased in
concrete that comprise the outlet works. The 24—inch con-
duit serves as the supply line to the treatment plant , while
the 48-inch conduit which served as the diversion conduit
during construction now functions as the emergency drawdown
system. Both lines orig inate at a gate tower located in the
east abutment of the reservoir valley and are accessible by
bridge from the nearby abutment .

b. Location. Laurel Run Reservoir Dam is located
along Laurel Run just upstream of the confluence with Elk
Creek in Benzinger Township, Elk County, Pennsylvania. The
dam is situated about 2.0 miles west of the Borough of Saint
Marys and approximately 600 feet south of PA Route 120. The
dam , reservoir , and watershed are contained within the Saint
Marys and Icersey U.S.G.S. 7.5—minute quadrangles (see
Appendix G). The coordinates of the dam are N 41° 25.0’ and
W 78° 36.7’.
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c. Size Classification. Intermediate (84 feet high,
2669 acre-feet storage at spiliway crest).

d. Hazard Classification. High.

e. Ownershi2. Saint Marys Joint Water Authority
319 Erie Avenue
St. Marys, PA 15857
Phone : (814) 834—4362

f. Purpose of Dais. Laurel Run Reservoir Darn serves
as a water supply storage facility for the communities
serviced by the Saint Marys Joint Water Authority . Limited
recreational use is permitted .

g. Historical Data. The facility was designed by the
Chester Engineers, Inc. of Coraopolis, Pennsylvania , with
geotechnical assistance provided by F. T. Kitlinski &
Associates, Inc . of Harr isbur g , Pennsylvania. A feasibility
study was conducted by the Chester Engineers in 1966, and
the final design of Laurel Run Dam was completed in early
1970. Construction of the facility , completed in Decem-
ber 1970, was by Vipond & Vipc~nd , Inc., of Holidaysburg,Pennsy lvan ia.

Upon filling of the reservoir , leakage became evident
along the right abutment causing considerable concern and
further study . Three weirs were constructed to monitor the
leakage, detailed records of which are available in PennDER
files. Studies by the designers concluded that the leakage
was not imminently dangerous however a rock drain to prevent
erosion was constructed and a grout scheme to be implemented
if the leakage persisted or worsened was developed . Con-
tinued observations of the weirs indicated a gradual de-
crease in seepage from approximately 1200 gpm in early 1971

• to approximately 129 gpm in May , 1972 (last available
PennDER memo on dam inspection). The weir at the toe of the
rock drain continues to be read on a weekly basis and at the
time of our field inspection was discharging approximately
20 gpm. The initial leakage paths have apparently sealed ,
possibly from abutment settlement or influx of sediments.

2 .
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1.3 Pert inent  Data.

a. Drainage Area. 8.8 square miles.

b. Discharge at Dam Site.

Discharge records compiled daily are available at
the treatment plant located immediately adjacent to the dam .
A perusal of data indicated that the maximum discharge at
this facility was recorded in June , 1972 with flow estimated
at 18 inches over the spillway crest.

Outlet works conduit at operating pool elevation —

Discharge curve not available.

8-Inch—Diameter Conduit Capacity at Maximum
Pool - Not determined .

Spillway Capacity at Maximum Pool 16995 cfs.

c. Elevation (feet above mean sea level).

Top of Dam - 1614.

Maximum Pool Design Surcharge — 1609.5.

Maximum Pool of Record 1605.

Normal Pool (Spillway Crest) — 1603.5.

Upstream Portal Invert Outlet Conduit — 1536.75.

Downstream Portal Invert Outlet Conduit - 1529.25.

Streambed at Centerline of Dam 1533.

Maximum Tailwater - Not known .

d. Reservoir.

Length of Maximum Pool 1.0 mile (elevation
1614).

Length of Normal Pool 0.9 mile (elevation 1603.5).

e. Storage (acre-feet).

Spillway Crest 2669 acre—feet.

Top of Dana 3682 acre—feet.

3
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Design Surcharge 488 acre-feet (surcharge head
= 6 feet ) .

f .  Re servoir Surface (acres ) .

Spiliway Crest - 92 acres .

Top of Dam 101 acres.

Design Surcharge 97 acres (elevation 1609.5) .

g. Dam .

Type - Zoned earthf ill.

Length — 1124 feet .

Height - 84 feet.

Top Width - 30 feet.

Side Slopes - Upper Downstream 2H on lv
Lower Downstream 2.5H on 1V
Upstream 3.25H on lV

• Zoning — Laurel Run Reservoir Dam is a zoned
earthf ill embankment. The types of embankment fill are:
(1) impervious fill, which is placed in the cut-off trench
and the central core of the embankment , (2) random fill ,
which forms the bulk of the upstream and downstream portions
of the embankment. Internal vertical and horizontal drains
which lead to a downstream toe drain are also provided

Cutoff - The contract documents indicate a cutoff
trench composed of impervious material constructed with a
base width of 30 feet a~1ong the axis of the dam with side
slopes of lH:1V.

Grout CurtainS — A grout curtain was constructed
beneath the embankment using the “split spacing , stage

• grouting method” as described within the contract specifica-
tions. The limits and details of the grout curtain are

• indicated on the drawings. (See Figure 3.)

• h. Outlet Conduit.

Type - 48-inch diameter corrugated metal pipe
encased in concrete.

Length 500 feet (from gate tower to downstream
f ace of embankment). •

• 4

___________________________ - -  ,.• • • • —.--— • ________
—

~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~ &



•
.— ——,— .- •—,—,.--..- •— —-- -- ..•• 

~~~~~~~~

Closure - Valve at intake.

Access - Foot bridge from east abutment to intake
tower. Rung ladders within tower .

Regulating Facilities - Five intake portals with
sluice gates at tower . Elevations are 1594.25 , 1584.75,
1575.25, 1565.75, and 1556.25 respectively .

i. Spillway.

Type — Uncontrolled concrete channel with ogee—
crested weir. •

Crest Length — 135 feet.

Channel Length - 657 feet.

Crest Elevation — 1603.5.

Upstream Channel - Rock-lined channel with depth
of three feet below spiliway crest.

Downstream Channel - Rip—rap lined channel with a
trapezoidal cross—section .

j. Regulating Outlets. Low flow inlet to outlet
conduit with invert elevation 1536.75 at intake.

Ii
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SECTION 2
ENGINEERING DATA

2.1 Design.

a. Design Data Availability and Sources.

1. Hydrology and Hydraulics. Extensive hydro-
logic and hydraulic studies have been performed by the

• designers , The Chester Engineers. Pertinent design data are
• presented in their report of January 28, 1970 entitled

“Report on the Design of the Laurel Run Dam and Spillway ,
St. Marys Area Joint Water Authority , Elk County, PA. ” A
copy of this report is contained in PennDER files. Exten—

• sive files are available at the Coraopolis, PA. office of
The Chester Engineers.

2. Embankment. A detailed geotechnical study
was performed for this facility by F. T. Kitlinski & Asso-
ciates, Inc. of Harrisburg , PA. The study included sub-
surface exploration and testing , laboratory testinc , i~~d
embankment design. Details of the study are preser~teä in
their report of November , 1969 entitled “Report on ~nvesti—
gation of Subsurface Conditions for Proposed Laurel Rcn
Reservoir, Benzinger Township, Elk County , Pennsylvania.”
A copy of this report is available in PennDER files. A copy
of the contract specifications , prepared by The Chester
Engineers , are also available in PennDER files.

3. Appurtenant Structures. Extensive calcula—
• tion files are available at the designers offices. Per-

tinent design features are sunirnarized in the report listed
in Section 2.l.a.l above.

b. Design Features.

1. Embankment. Construction drawings , speci-
fications , photographs , and reports (all available from

• PennDER files) indicate the embankment was constructed as a
rolled impervious soil core contained within a random soil
fill. Contract drawings show the upstream slope at 3.25H:1V
and the downstream slope at 2H:1V in the top 10 feet (ele—

• vation 1614 to 1604) and 2.511:1V below elevation 1604. The
embankment has a crest width of 30 feet and the upstream
slope is faced with durable rock rip-rap between elevation
1609.5 (Design Flood Pool) and elevation 1575. A 30—foot-
wide cutoff trench to rock was excavated along the embank-
ment centerline extending from the right abutment to approx-
imately 150 feet from the spillway . The cutoff in the
remaining 150 feet extended into colluvial soil. A three-

• 6
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row qrout  c ur t a  in , WI Lb a max i un un d e p t h  o C about:  40 feet
in t o  rock , Wa: ; co u n t .  t :uc t  ( ‘d W i  t Ii Li t  [UI ’ ( l i t  o t t . t i i ’ i t t h to
w i t h i n  50 I eeL ol the :;pi i  I w ay .  A v e a t i c , t . I c i t i m n o y  duain

• w i t h  top ~•‘ l c v a 1 i o a i  .it 1 587 . 0 , and a w i d t h  cC 3.5 [eeL is
loc t Lcd a h ) u L 55 t I rout Lhe ciul . i a ikme n  I: t ’Il t e r I  I no . The
cli i muey lra in ~~~~~~~~ ‘i ’ t .i nt :o a I w e— : ;  t i ’  jo C I l i e  r b Lii ik e I: w h i c h
La urn inatLon at a dowiin IL redut too dra .i ii o I r .uutoin , (t uL~ibI Q
r ock.

2 . /\~~j l r r t o t l 1 f l t :  ~;t  r u c t u r , ’:; . A curVed  spi l iway
W it h  .lfl U i l ( ’O ! l t l Y O J .  1 ( 1 1  O ( J U ( ’ e i , ’n t  I . i n . ; ~~n i •  to th e ei i i ikuw ’nt
ecu t o  1:1 j.UO in Joe. I ‘d a I ouq ILiac  1 e I I ab u t  tii t ’ti IL . The np I I ~way
c on t r a !  nec L i on  I n en IL  L ‘l y cone i t ’ I c’ . l yond the con t ro l.
nec t• ion  and a 1 onq I he curved  I) OrI . cii 01- th e  ~:j ) i l~ Iway to the
end o I I he n L  I 1 I i nq ha: ; i ii , t in ’ I dew.r I I ; a r e  :;ht ’t ’ 1. p i.l ifl(J
T h e  n I L  i_ i . I• i nq b r: ;  i n  i:; a Type 1 T i  :; t rw  t li re  a:; dc:;cr I 1)0(1 in
t he Dc: ; •iqn of  S u n  1 I• D i n t : ;  , j n t h  I i : ; i i& ’ii I y t lie l i i i  r e lu o I Rec l a —
m i  L i o n  . ilt ycud I ha :; I i 1 1 in q  b an i i i  i n a I r a~ e ::o ida 1. rock—
1. m e d  channe l w h i c h  me u~ ;e: ;  I nt:o Un ’ oH. j I na l .  n t r c a i n  bed. A
j t t . e  t ewt ’r in 1 o c i t  ~‘d i n  t :lte r i.q h i l .  ab u t m e n t .  ap~~rox ir . iat ciy
I 0() 1 •e IL I rout  the i c :;  I: oi I he e iub . i i ikme n IL . The Lowe r con—

t a m :; I I ye (j i t  ed n t  ike p ot Lairs , ,r ~ . 1— in c h  q at  ed supp l~y
.1. inc , a 18— inch  i n ta k e  qa I c  , and a qat  ed 1 8—inch outlet
[) 14)C . The o u t  l e t  all ’ I su p ply  p ip e :;  ar e  founded  in rock and
capped w i. Lii cotic r et t ’ . Al l. (J aILes  a r e  con Lrol.1.ed by hand
opera IL ion f r o m  the Loj ) 0 I. t h e  tower

c. l)en i q u  D a I . i  and Pt:ocoduros.

1 . h l y d r o  1 0’ y m d  I Ivd rau 1. i.es . ‘rho (10:; i q u  report
s L i  to:; tha IL t ime  P e u t t i n y  I v . u i ~i a ‘‘ C” C ur v e  Wa: ; u sed to dote  u -mine
the  do:; iqn f lood  [low fo r  1.aurel Ru u t  . The de :; i.qn [low was
c.tl.cula Led to be 7~ 16 c I: ; , arid a :;p i .1 l .way w i  LU a lenq th  of
.1 15 Loot  and l i e i q hL  of 6 t o o L  wan s i : n d  to 1:;:; the above
(Ion i q n  flow. F’re ’boaud to account  f o r  wave action on the
embankmen t  cres IL Wa: ; added and the re:;u It i nc~ sp it iway height
from the  oqec c ron IL to the  top of d int i :; 10 . 5 feeL. The
desiqn report a Iso 111(1 icalie: ; that .  the L i i I i nq basin walls
and ( iownn Lucaun  channel  were n ;~ed to accounmo(la t:e a F I ow of
3000 cfs n i,nce th e s t r u c t u re  p a n : ;in q  I n u r e  1 Run under  Route
120 only hu t:; t h in  capa~ ity . Thus :; tornu ; wi Lii peak outflow
qre.i I -er  than  3000 c I s  will flood the area down: ;Lr eain of the
stilling basin.

2. Em b a n k m e n t .  An exl~en n i v e  q~’ot-echnica1 report
was prepared by [ . ‘I’ . Ki [l iu nk i  & An~;oc i i  t o:; w h i c h  i n  es-
sence present. :; the enabankunen L deni qn i i)  (li L i  i i  . Stabil ity

~tu.i lyses were per tonued fot :  c o nst r u c t  i o n  , : ;rudden drawdown ,
and steady—state cases • So 1.1 p ar ameLer : ;  w e re  0l ) t a m e d  I rom
U—U and C—U tr i a x ia l  test s per Lornied on compacted samp les of
rep r csen ta t ;Lv e  borrow. The resul ts  of t u e  aim ~u Lysi. s and
design par amele i s  are :
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Case construction Sudden Drawclown Steady-State

14. 7° 13.7° = 2 4 . 7 0
Design UU CU Cu

Parameters 
~~~~~~~ 

1300 psf C~~= 430 psf C ’~~ = 290 psf

Factor of 2 07 1 09 1 51Safety

Minimum
Recommended
Factor of
Safety (as 1.30 1.00 1.50
per Corps
of Engineer
Manual EM
1110—2—1902 ,
April 1970)

The soil parameters and analyses appear reasonable;
however , the reported minimum recommended factor of safety
under sudden drawdown conditions of 1.00 is debatable. It
could be argued from perusal of EM 1110—2—1902 that 1.20 is
the minimum recommended safety factor . However , the com-
puted factor of safe ty  is greater than 1.0; and the method
of analys is  appears conservative.

Seepage analyses were not performed , however , based on
review of equivalent rock pcrmeabilities determined from
field hydraulic pressure tests , grouting was recommended and
a th ree-row pattern designed.

3. ~ppurtenant_Structures. Settlement (consoli-
dation) guidelines were also presented in the above men-
tioned report for spillway design consideration. In addi t ion
the rat ionale for selecting the size of the outlet  conduit
(based on measured f lows at the PA Route 120 brid ge) are

r i discussed in the Chester Engineers design summary report.

2 . 2  Const-.ruction . Construction data available for review
include the o r i g ina l  contract drawings , specifications and
construction reports in PennDER f i les ; and a s—bui l t  d rawing s
and couistruction records available at the Chester Eng ineers

• ~fficos in Coraopoiin , PA. The specificat ions ca l led  for  the
use of r u b b e r— t i r e d  rollers to compact residual soils;
however , construction pho tograph s ind icate  that  segmented
wheel rollers wore actually u tilized .

8
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2.3 2~~~~tional_
Records. Detailed pool level and rainfall

records are available at the St. Marys Water Treatment
Plant. Mr. Woifel has boon manager of the facility since
its construction and is totally familiar with the design ,
maintenance , and operations of the f aci l i ty .

2.4 Other Investiqations. Upon reservoir filling , leakage
• was observed through the right abutment. Extensive study

and monitoring of weir data ensued . Details of the studies ,
etc., are available in PennDER files. Studies on possible
siltation effects from reconstruction of PA Route 255 which
bisects the watershed have also been performed by the
Chester Eng ineers , Inc.

2 .5  Evaluation.

a. Availability . Engineering data are available front
PennDER files, the Chester Engineers, Inc., and the St.
Marys Water Authority .

b. Adequacy of Data. Extensive data are available
relative to subsurface evaluation and embankment design ,
spillway design (structural and hydraulic) and appurtenant
design (structural and hydraulic). Construction photograph
reports are available from PennDER files and extensive con-
struction data are available at the Chester Engineers ’
offices. The data available are sufficient to make an
accurate assessment of the faci l i ty.

9
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SECTION 3
VISUAL INSPECTION

3.1 Observations.

a. General. The overall appearance of this project
suggests that the facility was adequately engineered , well
constructed , and is well maintained . The facility is
considered to be in good condition exhibiting only minor
deficiencies.

b. Dam. The dam embankment and downstream toe area
are seeded with crown vetch and tall grasses and for the
most part are self-maintaining. The general appearance and
performance are excellent with one exception . That is, a
local seepage area was noted at approximately 125 feet to
150 feet from the edge of the spillway and about 30 feet
from the dam crest. The area is easily recognized by the
lack of live vegetation (see Photograph 10). Although,
no measurable flow was discernable , the area is noticeably
saturated. In addition, seepage continues at the right
abutment. It has, however , substantially decreased since
reservoir filling in 1971 and is presently of minor concern .

c. Appurtenant Structures. The spillway was found to
be in good condition. The ogee weir was not discharging
and was entirely visible. Minor flow as shown in Photograph
4 was emanating from several weep holes in the spillway
walls. Some cracking ~.nd repair was observed at the upstream
end of the chute blocks; however , Mr. Wolfel (manager of
the water treatment facility) stated that the crackin~j
occurred during the first year of operation and was immediately
repaired.

The intake tower and outlet structure appeared to be
in excellent condition. Mr. Wolfel reports that the tower
gates are in operating order and that additional stainless
steel platforms have been installed to facilitate mainten-
ance of the tower gates and stems. The monitoring weir
located at the base of the rock drain along the right abut-
ment was found to be in poor condition . The metal edge
was dislodged and obstructed by debris thereby impairing
accurate flow measurement. The discharge was visually
estimated to be 20 gom , indicating a substantial decrease
in seepage since its installation in 1971.

d. Reservoir Area. A general viewing of the reservoir
slopes indicated no sloughing or evidence of sliding. No
sedimentation was evident at the spiliway approach.

10
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e. Downstream Channel. The outlet and spiliway
• discharge into the natural stream channel which passes

under a bridge along [‘A Route l20 about 600 feet from the
• stilling basin. Just beyond the bridge , Laurel Run enters

Elk Creek . A commercial car wash is located along Route
120 near the bridge (see Photograph 5) and about three miles
to the west of the Laurel Run confluence , Elk Creek passes
through the village of Daguscahonda which is located on the
floodp1air~. Approximately 50 dwellings on the floodplain
could be affected by a sudden failure of Laurel Run Dam.
About four miles further to the west , Elk Creek enters
the town of Ridgway . Because of the distance (approximately
seven miles) from the dam , potentially damage to facilities
in Ridgway from a failure of Laurel Dam appears negligible.

3.2 Evaluation. The condition of the project is considered
good. A small seepage area was noted approximately 130 feet
from the spiliway and 30 feet from the embankment crest.
Evidence of cracking and remedial repair were noted at the
upstream end of the chute blocks in the stilling basin. The
weir monitoring seepage at the right abutment is in need
of repair. Mr. Wolfel reports that it is subject to
vandalism.

-~~ — - 
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SECTION 4
OPERATIONAL PROCEDURE S

4.1 Normal Operational Procedure. The impoundment fac i l i ty
• is essentially se l f—regula t ing. Water supply is cont inual ly

drawn off  through the 24-inch supply line to the treatment
facility and excess runoff is passed over the ogee spillway .
No low flow appurtenances are required as inflow is re—
tu rned to Elk Creek from the sewage treatment facil i ty
located elsewhere. An operations manual is kept at the
water treatment plant which details the plant and intake
appurtenance operations.

4.2 Maintenance of Dam. The embankment requires little
maintenance as it is heavily vegetated with crown vetch.
Mr. Wolfel reports that the general area is policed every
week to remove debris, etc., resulting from its recreational
use.

4.3 Maintenance of Operating Facilities. A manual de-
tailing maintenance procedures for the intake tower gates ,
stems, etc., is kept at the treatment plant. Mr. Wolfel
stated that the intake structure is maintained every spring
and fall. Stainless steel platforms have been installed to
facilitate maintenance of the gates and stems.

4 .4 Warning Systems in Effect.  There are no formal warning
systems in effect for residences of downstream communities.

4.5 Evaluation. Maintenance and operational procedures are
formally documented at the facility . The facility is well—

• maintained and its function and operation are well under-
stood. However, a formal warning system should be implemented .

12
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SECTION 5
HYDROLOGIC/HYDRAULIC EVALUATION

5.1 Design Data. Extensive hydrologic studies were per-
formed relative to site selection and required storage.
These studies are summarized in reports available from
PennDER files. Limited analysis was performed to size the
spillway as it was designed to meet PennDER’s “C” Curve
criterion. As presented in the summary design report , for a
drainage area of 8.8 square miles , the “C” Curve requires a
spiliway capacity of 7130 cfs. Setting the depth of flow at
6.0 feet, a spiliway width of 135 feet was determined. A
free-board of 4.5 feet was added to account for wave action.

The size of the outlet works were selected based on
limited flow measurements of Laurel Run taken at the bridge
on PA Route 120. A 48-inch pipe on a 1.5% slope was thought •

to be su f f i c i en t  to pass any flows during the dam construc-
tion (capacity = 80 ,000 gpm) .

No rating curves, hydrographs, etc., were submitted in
design reports to PennDER. Utilizing the reported weir co-
efficient of 3.7, calculations (see Appendix C) indicate
that the ultimate spillway discharge capacity is 16,995 cfs.

The design summary report also states that the still ing
basin and downstream channel have been sized to accommodate
a storm of 3000 cfs maximum discharge as the bridge at PA
Route 120 cannot pass a greater flow without surcharging.

5.2 Experience Data. No data is available from Corps of
Engineer records of similar watersheds that are considered
adequate to develop the PMF for Laurel Run.

5.3 Visual Observations. No conditions were observed that
would indicate inadequate performance of the appurtenant
struc tures durin g flood events.

5.4 Overtopping Potential. PMF parameters were determined
from empirical curves supplied by the Baltimore District,
Corps of Engineers, for the Ohio River Basin. Based on
these curves and a drainage area of 8.8 square miles, the
peak PMF Q/A 1550/cfs/sq .mi ., peak Q = 13,640 cfs and the
flood duration is 45 hours. Comparison of the peak Q and
the ultimate spiliway capaci ty of 16,995 cfs (as discussed
above) indicates tha t the facili ty can pass the PMF event
without additional storage and overtopping.

_ _ _  

- -



__________________ - - - - -  —----—--- -
_

~~~~~ -- •~~~~~~~~~~~~~~~~~~~~~~~ • •

5.5 Spillway Adequacy. The spillway capacity is considered
adequate under PMF conditions. Design reports state however
that the stilling basin and downstream channe l can accommo-
date a maximum flow of 3000 cfs . Thus tailwater conditions
will develop which may inundate the embankment toe near the
right abutment. The condition is not cons dered serious as
the tailwa ter is not expect ed to be much hi gher than ele-
vation 1536 (approximate roadway level at bridge ) and con—

• struction drawings indicate only a small section of the
embankment lies below this level.
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SECTION 6
EVALUATION OF STRUCTURAL INTEGRITY

6.1 Visual Observations.

a. Embankment.  The embankment appeared in excellent
condition with one exception . That is, a small area of
seepage was observed on the embankment face about 120 feet
from the spillway wall and 30 feet below the crest. It is
evidenced by the lack of live vegetation and readily apparent
in Photograph No. 10.

b. Appurtenant Structures .  The appurtenant spiliway
and outlet  s t ructures  appear to be in good condition .
Cracking at the spillway chute blocks has been previously
repaired and is of l i t t l e  consequence. The knife-edge of
the monitoring weir at the right abutment has been dislodged
and needs repair.

6.2 Design and Construction Techniques.

a. Embankment. Detailed subsurface investigation,
laboratory testing , and analyses were performed to establish
an acceptable design configuration compatible with available
construction material. Available photographs and reports
indicate that the facility was adequately constructed. The
construction was reportedly monitored by representatives of
the designer and geotechnical consultant.

b. Appurtenant  Structures.  Review of design drawi ngs
and reports indicate that the appurtenant structures are
adequately designed . The spil iway s t ruc ture  is founded in
soil and well-drained to control hydrostatic uplift. Cracking
at the spiliway chute blocks may be attributable to inade-
quate compaction , removal or disturbance of foundation soils
during construction.

6.3 Past Performance. The Agnes storm of June, 1972 is
reportedly the record flood to date at the fac i l i ty.
Mr. Wolfel (manager of the treatment facility) estimated the
flow height over the ogee crest at approximately 18 inches.
This corresponds to a flow of 918 cfs. The facility suffered
no structural damage; however , riprap in the trapezoidal
channel downstream of the stilling basin was transported 200
to 300 feet and had to be replaced by dozer.

6.4 Post Construction Changes. Minor modifications (men-
tioned previously) have been made since the original construc—

15
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tion. These are: (1) a rock drainage ditch was added to
the right abutment along with several weirs (only one of
which remains in use) to monitor seepage; and (2) platforms
have been installed within the gate tower to facilitate
maintenance.

6.5 Seismic Stability. The dam is located in Seismic
Zone 1 and thus may be subject to minor earthquake induced
forces. The structure is considered adequately designed to - t
withstand the additional dynamic forces although no calcu-
lations, etc., were performed to substantiate this opinion.

16 
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety. The visual inspection and operational
history indicate tha t Laurel R un Dam is in good condition
and performs satisfactorily. Of concern and requiring
further study is a localized area of seepage near the spill—
way on the left abutment that has developed in spite of an
extensive downstream drainage system. Otherwi se , the facil—
ity appears to be adequately eng i.neered and well-maintained .
‘rho spillway structure is capable of passing the estimated
PMF peak inflow and is therefore adequate. The designer
anticipates downstream flooding at discharges greater than
3000 cfs , however there would appear to be little effect of
the flooding on the embankment.

• b. Adequac_y_of _ In f o r m at i o n .  The information avail-
able is considered adequate to make a reasonable assessment
of this project.

c. Urgency . The studies and remedial measures listed
below shou W be executed immediately.

d. Necossit ’L for Additional I :iv~~~tJqcit ion.  An investi-
gation to assess the seepage condition observed on the
downstream slope near the spiliway is recommended .

7 . 2  Recommendations/Remedial Measures.

a. Facilities. It is recommended that the owner:

1. Consult with the designer and arrange for an
investigation of the seepage observed on the downstream
slope near the spiliway. Remedial measures deemed necessary
to allev iate or cont ain the seepage condit ion shou ld th en
be implemented.

2. Repair the monitoring weir at the right
abutment to restore proper functioning . The knife-edge
should be properly fastened to the concrete section to
ensure that an unobstructed knappe develops as the flow
passes the metal edge. The weir should be considered an
integral part of the operating works and maintained as such.

b. Operation and Maintenance Procedures. It is
recommended that the owner:

17
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1. Have the facility inspected on a yearl y basis
by a registered professional engineer experienced in the
design of earth dams.

2. Develop a formal warning system in the event
of emergencies for personnel at the commercial car wash and
residents in the nearest downstream community . The plan
should include provisions for round-the—clock surveillance
of the facility during periods of unusually heavy precipi-
tation.

18
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APPENDIX A

CHECK LIST - ENGINEERING DATA

I

- 

---- 

- 

w
_ _

- ~~

‘
-
~~ 

-..
~~~—

-
~~~-=-~ 

=-
~
- ___ :___L. -.~~~— _J _ __z~_ 

~~~~~~~~~~~~~~~~~~~~~~~~~ -L~. ~~~~~~ 

- -



- 
—

— — —- — 

—
~
‘.,—

~~~~~
- __,--- ._._ — — —~~ 

~
•1!

‘-4
U)

‘1’
0

o ~~ ‘ U) (~j 4 J

> (‘4 (~1
~~~4~)W U )

ci,
W 0

U
04 • (ci

U)
4) -

~
‘—1 C~ .-1 W U )
0) aD -d

~ 
,i I

~.:l Oi U)
Ri .

z
6:: H •o 0 (ci U) 0

o -~-I r-4 . 4-4
b~•d - 

4)

Z 0 1
U)

Z (ci
o (~~~ (7j 4 )  4-)

04 • ‘ci
U)

~2) 9-1
c 0 4 U )  H 0 (11 .1::

1 40  0) ~~ w
U) Z (ci C)
~-i ç ) O H  cci -,-i~~~ 1-1 ~4

W ’—l Ri ‘ci 0)
H E-1 C4 ~~~~~~~ 0

4) 0-1 ’ri U) (
~~ Cci U )

0
‘ci O~~~-l

U H C f l  W~~4 O  • 0
4 ) 0 - . -’  (ci 0zo R i 0 4 J  04 ~~ W O

U) 
~ o

-
Z 4 J . ~~ 4 U) . . H
ci ... (~~~(J 4J >1 U) U)
I-I ‘ U )  b’ b’

U ) H~~~ Ri W a )
o ~ 0 ~~ W ’tj -‘ 4 .-’

-crni E
-.4 (4) 4~) -d > i  ((3 ((3 ((3~~~~~O

~~~4 w  4-4 k  ~-4 1~
R i W $ - i  - ‘-4 (ci ‘ci ’ci

(ci •
- ‘t3~~~ 

(I) U) 4 ) 4 - )
H . 4  n I R i W

4 b )tx~ ‘ci ~~~Q) •‘4 0) r~4 4 J l 4

H O~~~~0 -d ~ -d Ri
(ci 0 ) 0 )  ,Q .Q 0

RI I I Z
4 W~~1 W  0) U) U) ((3 

~~1

( 4 ) 0 ) 0 4  W E w  ‘ci ‘ci (ci U)~~~4
4) U) O~~~ (j

W U ) E 1.- ~~~-‘-4 4) w w z
- 4 ) 0 ) 0  0) 4-4 bl H 0 ) 0 )

>~ •.-4 l) U) Ei O O -
H O’W a) r4 4
04 • H 0
E W 4)~~~~~~~~ C1) ~~~~~~~~ ~ I
O .~~~W 0 R I 0 )  o ~ H O )

U) U E ~~ I) >4 (~) f-i H 4  RI U) CZ ~~ >1 Qi X
f-i • (fl -,.4 U) U) ..1 ~ O ,-j .4)

Z S-i H H

Hc’4 m  ‘-4 • H 14 (1) (~)
z~~~ U f.4 Cl) ~~ ‘-4 (J) Q 4i -d •

‘-4 0 C.) - 0
0 H 14

14 0) 3 I I ~~
f-i ,.

~ U
.4 4 (1)
‘.4 Z 4 f-i

0 1-4 U 14 1..
H 0) ‘-4

(4 I ci Z 1-4 H

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~



• ~~~~~~~~~~~~“~~~~~~~~ - •

4-1
0 -  4-)c i , .  ~~~~~-
0 0  -.-4 U)
~~~O 0 4 - iN U) 4 , O )

Ei ~~~U) 0) 0)
~~~~ Ri~~~a_) -,-l 4-)

~~ U)
RI -.-4 (~4 U)

• )-~~ 4 U) 0)
• ~~~U) >1 44 U)

((3~~~ 4 4 0 )  U)
i-~~-r 4 (cl 4-~ RI

H Z U)
• ‘ci 4-~ 0) 0

U - -I • .~~ 4)
t U)~~~ 4 ) 0• 0 0 (1) >1
C.. 0 4 .  0) U

0 1 4  •- .~~
‘~ ~4 >14.) 4-1

RI
U)

3tr 44 > i  —1 .0
C) 0.0 ‘—I 0
S-I 4-4 --4 ~~ -.1

CO R i  U ) N  04
RI

0~~~ ‘c iH - 5-i
--I RI c 47’
4 >  R I -  0
-.-4 H N 04
‘ c i > 1  E~~1 0
~~~U) RI 4.)
0 4:: 0 > 1

5-i ‘ci
(1) ~~~RI H

0 ) 0 4  ~~~~ 0)• 0
• ‘ R i -  RI
‘d 4-4 >i H 1 )
0 4-1 4) 0) RI

~~~~~~~~ 5 4 •
4) U)~~~ ~~~~~• ‘ci
--1 .00  R I R I  0)

E
4-4

ci) ~4 0
4-1 .-I .C > i  4-I

( 4 ) 0 ( 4  4) 4) 5-1ci) (1)
U) H~~~ i-i i -

~~~~ --1 O 0 4  0 0  •
c~ ~~~~~~~~~~~~~ 0 W >-i O

• ~~ 
H --I

!~ ~~~R I U )  b~~4 0
(4~~~~~~ •.-I H .0 0 0
Q -.-4~~~ ~f l ( 4  RI

• ~~4 ) O  0)
U) • 0 4 )

0) 0) • > 1 ’  4.) • • 0) 0 4 U )  U)
0 4 > 5 - 4 R I W 4 ) R I  4-1 0) 0)

~~~~~~~~~~~~~~~~ 0 > 0 5 - 4 0
4 ) 4 4  04 0 0 .0 0

o ~~~~~- 0 -  0) .0 .0 RI
44~~~- 4 b ~~~ .~~ U) 4-i RI (31 (31

4-4 0 N 4 - 1 0 4 ) - - I  .—. 0 0 ) -  44
ç~~~ ) H  ~ —. H 0 ) 4 )  ‘ci

W 4 ) W . Q 4)~~~~O 47’ (‘4 H —

04 -‘-4 ‘.—‘ - • 0 •.4 RI
. 00  -.4 0 4 4 0  U) U 0
R I 0 4 4 4 4 - 4 0 4 W R I  ci) (1) 0) 0)
H 0 ) -~1 4 4 W 4 ) 4 4  ‘ci 0) (1) 0 ( 4 E  4)
-.-4~~~~ 0 R I~~~~ R I O  U) U) U, U
R i : >~~~~:~~~~~ 0 U) 0) ~RI I I Z ~ 0 ) 0  5-4

— (0 0 > 4 ) >  4)
• H N 0) 0 H (~ (4) (4)

• Ø- . .~ 
H f-i 0 ) 0 )

o
~ o~~ 

H z U R I  C)
• H~~~ 1-’ 0 4-4

U) f - i C )  U) (I) H ( D O  0)
U) (-4 ‘ C > 4  (4 ( 4 0)  14 .L: 4-) ~~~~ 1)

o p.~~~~~H n  ‘.10
04 (Il .-~~i-’ 0 > 4  14
£4 0 > 4 H U )  Cl) 0

• o c i~~ .-~i c ~~0 z
>4 O ’ C 1 4  ,( f-i 0

Z 1’) ~~~,.) 1 4 ( j  H 0 4  U
ci 00 ( 1) 4 ‘

I ~~ 

-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
- • - 

— 
• , 

—
~~~~~~~~~~

—---



—--~~~~~~~~
.
~
—-.. - - .  - 

~~~~
. --.-—---- .-~~~~~~~~~ .—-- - —w.-- _ • _  

— - -

- — 
—

- 
,-~~~ -_--~~~~ —- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

41)
(.. -

RI 4-) RI
U RI >1
.C .0 C(I)  ‘ci --I
-i-) (1) ‘fl
(4) 4.) Lfl

. 0  RI N
0 ) 4 4  E 0)
O L w  - .-4 (1) U ‘ci
C 4) 4) 0)
RI U)
C U . 0  U) 0 >1
(I) ,—1~~~ 0

ci ~$~
) -$.~) N ‘ci 04 --I

m C C  0 0 .  (Ii U) RI
-‘-10  H .—I RI U) C
a l E  04 RI --4

04 EU C U -I-’
H U) --1 4-4 5-I U) 01

E 4)  4) 0 0 E (1)
0 4)  44 RI 0 0)

C) 4) 0) 0 4 ) C  V 4)
‘.4 (0 (11 04 ( ( 3 0  (0 -

ci) ‘ci -,-) >1 H
‘c iE  44 4~) H ‘ci U
C O  4-~~RI H C
R I 4 4  U -.4 > R I •  RI U

Lw • . C  0 0  ~~~~E 
H

0) ~~~C V U  U)
4-) ’rj I (1) R I H  0) H

• R I O  ‘ci44 44.0 4-’ 0
H E C 4i’ 0 RI 0
131 0 5-i R i ’c i  44 0 01
C U R I  0 0
o 4)44 4) O W  RI •- ‘ci

-.-1 R I O  U) b ’O  ~~~ U — C
.4) -4) ((3 01 .0 01 RI
0 .- . 4 I U) 0 4 0

4 iH  0) 0 4 - 1  • 0  I -
C --I C C 0 04  H

4-1 0 0 - - )  U) C RI H
E R I W  44 - ‘-1 5-I ci) RI

>1 4 J L w R I  ‘ij O H a l  ,-4 Lw
-4 ~i .0 0 4-4 H O )  0 C
4) . 00  C --I -~l 0 i  --4
C RI 4-) b’ -.1 ‘ c i > 1  4-1 01 H RI
O C 5-i ~~ ‘d RI RI 44
44 4)44-.-) 44 44
44 . C W H ‘ci (11 4) - .-4~~~ ci) -

U) 0 0  C 4)
U --1 0 --I U) > C  0 C

44 4.1 4) 0 4 - I C  44 ~~ RI
(1) U) H 0 0  04 -4
C - O W  ‘4-4 0) -’-) ( 0 0  01

U) 0 RI.~~ Lw C-4)
R I O  0) - .-4 RI 44 (1) 0

>1 U) 4) 44 47~4.i U) 0
H 4 4 C V  C C  C a-)
C -.-4 -’-I al U) ( 4 0 )  0 0
O ci) (I) RI E 040 >1 0

~~ C.C (1) 4 4 H  44 H
I --I E w’ci w Lw

‘ci .C -) 4 ) 0 )  4) > •
-1-) C 4 ) R I  0 U ) U )  C~ -4 0 > 1
C R I - - I  4) (1) c. G i N  H U)
0) ~~~W .CV ~ Ea~ - ‘ c i 4 4  ‘ci

C .4 ‘ c i.  O H C) 4.1 .-I W R i  44
U ) 4 4  - . I W O  0 ) 0 )  ‘ci 0 0 )  0

R I E O  4 ) 0  ~ . O C  --4 )-i U
0.0 4 4 4 4H  0147’ ~ U) R I - -I .-) U
4.1 (31 ‘ci O .Q E 0  ~ . 4 4  £4 0 0 )  44
U) Lw U) (4 O W  o~ .C ’ci 0 4 0
> 4-’ ~~~~~~~~ 4)44 (4 O W  ~) -‘-4 471
U ) .C 0 R I 4  4 ) 0 )  Z U ) C  ‘-~ t1~~~ C

ci’ O H~~~ R I >  ‘.~ (0 --I ~~ 0 0  0) 4-) -‘-1
44 0i .C 0 z 44 4-) 4.4 4-)

R I 4 4  U H U ) U )  C .C --l RI
C/) C V V  O ) U )  f-i - .-4 ( 4  ~ 4 ) C  0) 4-4

o W ’ c i U L w a )  ~~~~~~~~ . 0  0 E~~ 0)
(4 W R I  H H W  H .C 0 0  1)1 4-4 4) W E  R I o  04
14 4-) HH 4-1  - .  0 0  f-i~~~ C O O  f-i ~~~ 4) 0
°~ C U )  

~ 
RI a l 1  o ~~. C o~~ 

-.4 4 ) 0  z
(1) -.~4 4 4  z 4-J 4-) RI --4 ~ r - I U ) C  (4

- .-l 0 U ) U ) O I  ~~ • ~~~C) 4 - ) W C  ~~~~ R I 4 4  ~~
(‘ 0 0 )  H C C Q )  5-i~~~ f-~~~ -.-I . C W  ~~~~ U -.--)

H H
~~~ ~~~H ~ ~~~~~~~ 0 1 4  ‘.~~Lw

- ‘~ e~~

9.

~~~~~
- • - -- 

_ _ _I. L -
~~~~~

—— _ — 
~~~~~~ 

- - 
~~~~~

_ _

~~~ - E~~~~~~~ a9 — -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4~)
RI

(.1
14 (1)

i—IU) .0
RI
H
--I
RI

RI
II)
44

N RI

V
04 

‘ci

C)
‘.4 4-’

C
RI

01

4~
)

0
.0

5-4
0

‘4.4

H
RI

C
RI
E

U
U
C

- - RI
C

-
~~~~ as

4-)
2 C

-‘-4
‘4 R I ’(z 

. •
(11 U) VI c i
4) ~I.i C H
H H R I 0 1
--4

:1 C 4 )
.0
U) 0, 4)E
RI RI ‘314)

4 4 ( 31
0) 0) 0 ) 0 )
0) (1) 045- i
In U) 0 4-i

U)
Z U)
0 ‘-4

4). (1) 0

Hk 
~-~~;;:
3-i (1) 0

- 

. — 
-
~~~~~~ ,~~~~~~~ ‘

- - 

. - . - - - -- - -

~~~~~~~~~

- - - -p — .‘— ~~~1’ ~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~ _______



- : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~ ~~
- -

. -
~
---

~ 
—--

~~~~

C II I ~CK I ,I ~~T I t) $# P A— 387
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F:N(;1NI-:I:RIN(; DAT/~

DRAINAGE ARE)\ CII1’tRACTERISTICS : Heavily wooded — steep slopes

1-:LEVrLTI0N T~ P NORMAL POOL (STORAGE CAPACITY ) : 1603.5 (2669 acre—feet)

ELEVATION TOP FLOOD CONTROL POO L (STORAGE CAPACITY): N/A

ELEVATION MAXIMUM DESIGN POOL : 1609.5

ELEVATION TOP DAM : 1614 (rnsl)

~~~~ Spiliway Data : -

a. Elevation 1603.5

- Type Ogee crested concrete chute (curved)

c. Width (L) 135 feet

d. Length of spiliway channel — 750 feet to end of stil1in~~_basin

e. Location Spillover Left abutment

f. Number and Type of Gates None 
- .

OUTLET WORKS :

a. Type__Gated tower with 24—inch supply line and 48-inch dis—

~~flarge irneb. Location Right abutment

c. Entrance Inverts 1536.75 On 48—inch p ipe in tower

d. Exit Inverts 1529.25 on 48—inch pipe at outlet struc—

e. Emergency Draindown Fac i l i t i es  48—i nch diameter discharge line

IIYDROME TEOROLO GICAL GAGES :

-a. Type Rain gage 
—

~~~~~~~

b. Location At t reatment  plant_ (adjacent  dam) 
______

c. Records Dai ly  r a i n f a l l  and pool e levat ion kept at  p lan t .

MAXIMUM NON -LA MAGIN G DLscIlAR ~;E : l 8 i~flCheS over ogee (June, 1972) 
_______

Estimated flow
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A P P E N D I X  B

CHECK LIST — VISUAL INSPECTION
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PHOTOGRAPH 1. View of Laurel Run Reservoir Darn taken from
Route 120. Note the zone of ri prap along
the right abutment.

PHOTOGRAPH 2 View of Laurel Run Reservoir from the right
abutment. Note the zone of riprap on the
upstream face and the spiliway along the
left abutment.

PHOTOGRAPH 3 View of the ogee-crested spillway located
at the left abutment. The water in the
right portion of the photograph was discharg-
ing through weep holes in the spiliway wing-
walls.

PHOTOGRAPH 4 View of plunge pool and spiliway channel
just downstream of spillway overflow (previous
photograph).
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PHOTOGR,~Pfl e~5 ~‘VLew of spillway and rock-lined 
channel just

- ,-down .stream of Photograph 4. Route 120 is -

visible in the background.

PHOTOGRAPH 6 View of the regulating controls on the
outlets at Laurel Run Reservoir.

PHOTOGRAPH 7 View of the discharge end of the 48-inch
diameter outlet pipe at Laurel Run Reservoir .

I

PHOTOGRAPU 8 View of a V-notch weir located on the righ t
abutment just downstream of the outlet pipe
Shown in the previous photograph . The weir
was discharging at the time of inspection.

ii - ---~~~~ -- -- ---~~~~~~~~~~-. --- - -- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ¼



~~~~~~~~~~~~~~~~

--

~~~~~~~~~

-- --
— -— -

~~~~~~~~~~~

--- -

~~~~~~~

- --.--.--- - -- .-

~~~~

-—---- - - - - - S  -- — - - -  - -

- ‘
_“_p,._

_-
~~~~~

_ _ . _ _ ~~~~ - — - -— — --—-—--—--— ----—--—----- --——- — —.-—

I-- ‘ 
1

to

~~~~4~~~~j

v/ .4g~

I
¼ , 

‘-i
— — - -- --P 

~~~~ 

~~~~~~~~~ ~~~~~~~~~ ~~~~~ -- — 
~~

—S---. 
~~~~~~~ 

— - 

~~~~~~~ 

-. -.——— -—-——

~~

—- — -



- 
_ _ _ _ _ _ _  

_ _ _

PHOTOGRAPH 9 View of the area just  downstream of the 48-
inch outlet pipe . Plow front this pipe and
from the spillway is directed under Route 120
beneath the bridge visible in the background

F 
of the photograph.

PHOTOGRAPH 10 View of two areas of seepage on the downstream
face of Laurel Run Dam approximately 125

feet right -of the right spillway wingwall.
The light patches are areas of dead vetch.

PHOTOGRAPH 11 View of the area downst ream of Laurel Run -;

Dam as seen from the dam crest. The steep
slopes of Elk Creek Valley can be seen in

the background (Laurel Run discharges into

Elk Creek just downstream of Route 120) —

see Reg ional Vicinity Map.
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GEOLOGY*

Laurel Run Dam is located within the High Appalachian
Physiographic Province and is immediately underlain by rocks
of Pennsylvanian and possibly Mississippian age. The struc-
tural geology of the area is characterized as nearly hori—
zontal beds dipping at a few degrees to the northeast.

The strata above the reservoir pool are thought to be
of the Pennsylvanian age Pottsville Formation , while the
strata immediately beneath the dam are considered to be of
the Pottsville Formation and possibly the Nississipian age
Pocono Formation. These units consist chiefly of inter—
bedded sandstones , siltstones, and shales. Reportedly , no
deep mining has been carried out beneath the reservoir area,
since the bedrock units are below the units which contain
minable coal measures.

A joint study was carried out in which three major
joint sets were recognized. They were as follows:

Strike

N40—60W 8OSW
N40—70E 60—7OSE
N5E—NSW Vertical

It appears axiomatic from the topographic map that the
joints have played a major role in the orientation of major
erosional features of the area. A major portion of first ,
second and third order tributaries of Elk Creek are oriented
parallel to one of the joint sets. An obvious exception to
this is the Elk Creek Valley ; however , its course was proba-
bly developed before the present drainage system had devel-

- 
- 

oped. . -

*This section is an abridged and edited version of a report
in the “Investigation of Subsurface Conditions for the
Proposed Laurel Run Reservoir ” , prepared by Chester Engineers ,
Inc., Coraopolis, Pennsylvania .
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