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1EV (V
PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM

Na me of Dam: LAKE PAHAGACO DAM

State and State No. PENNSYLVANIA — 67—484

County Located : YORK

St r eam : . FIRST FORK BUN CH CREE K, SUSQUEHANNA

Date of Inspection: June 20 , 1978

Based on a visual inspection , past performance and available engineering
data, the dam and its appurtenances appear to be in reasonably good
condition. The following recommendations are made for action by the
owner:

1. That the source and effect of the seepage on the downstream
slope be thoroughly investigated by the owners consultant.

2. That monitoring of the seepage from the toe of the embankment
and around the conduit be continued on a monthly basis and
that these data be evaluated along with the slope seepage
condition .

3. That the six foot weir across the outlet channel be recon-
structed and monitored as part of the overall seepage invest i—
gation.

4. That a formal surveillance and downstream warning system be
developed to be used during periods of high precipitation.

5. That the downstream slope cover be cut with the removal of
dense brush and small trees to permit close observation and
proper evaluation.

6. That a plan for regular operation of the control gates be
developed .

The spiliway capacity and reservoir storage capacity are sufficient to
pass the Probable Maximum Flood (PMF) inf low withou vertopp ing the
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SECTION 1 — PROJECT INFORMATION

1.1 GENERAL

A. Au thor i ty

The Dam Inspection Act , Public Law 92—367 authorized the
Secretary of the Army , through the Corps of Engineers , to initiate a
program of inspections of darns throughout the United States . The Phase
I Inspection and Report are limited to a review of available data , a
visual inspection of the dam site and basic calculations to determine
the hydraulic adequacy of the spiliway .

IL Piirpn~~ -

The purpose is to determine if the dam constitutes a hazard to
human life and property.

1.2 DESCRIPTION OF PROJECT —

A. Description of Dam and Appurtenances

The Lake Pahagaco dam is constructed across a Branch of Bunch
Creek, in Jackson Township, York County .

The reservoir created by this dam was intended to be used as
an industrial water supply for the paper mills of the P. II. Glatfelter
Company , Spring Grove, Pa., and as a public water supply for the Spring
Grove Water Company. The plans show the struc ture to be of earth con-
struction with a concrete spillway . (Appendix D, Plates VI through
XII).

The dam is about 1,127 feet total length with a maximum height
of 85 feet above streambed . The embankment is about 1,065 feet long
with a top width of 20 feet. The embankment is composed of impervious
soil, varying from silty sand and gravel, to sandy silt and gravel , to
clayey silt and gravel. The soil was taken from the side slopes of the
reservoir. It was compacted by either sheepsfoot or rubber tired rollers
and controlled . A trench 15 feet wide was indicated to be excavated to
rock under the centerline of the embankment and backfilled with impervious
soil. A grout curtain was designed to be placed in the rock by the
stage grouting method under the dam.

The spillway is concrete ogee type and is located about 450
feet from the left end of the dam. It is 10 feet high and is founded on
rock. A concrete curtain wall on the upstream face extends 6 feet into
rock. The crest is 50 feet long. The depth of opening between abutment
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walls is 10 feet. The wasteway channel tapers to a width of 32 feet at
120 feet from the crest of the spiliway and is on a 8.65% slope. It
then leads to a stilling basin 400 feet downstream. The channel and
stilling basin are concrete and pipe drains are placed under the invert
of the channel.

The intake tower is located in the vicinity of the old stream
channel about 55 feet upstream from the centerline of the embankment.
It is founded on rock foundation, is about 100 feet high and about 14
feet square. It connects to the embankment with a reinforced concrete
bridge. The sluice gate is 48—inch in diameter . The conduit is also
seated in rock. It consists of 48— inch diameter reinforced concrete
culvert pipe encased in concrete. Concrete anti—seepage collars are
spaced 20 feet on centers at the construction joints. The intake of the
conduit starts at the end of a channel about 200 feet upstream from the
intake tower. The outlet is about 325 feet downstream from the intake
tower.

13. Location: Jackson Township,  York County
U.S. Quadrangle, Abbotstown, Pa.
Lat i tude  39° —53. l’ , Long itude 76° —5 3.5’
Appendix D , Plates I and II

C. Size Classification: Intermediate (3350 acre—feet , height
85 feet)

D. Hazard Classif icat ion:  High (See Section 3 .l .E)

E. Ownership: P. H. C la t fe l t e r  Company
228 South Main Street
Spring Grove , Pennsy lvania 17362

F. Purpose Initially: Industrial Water Supply
Present: Private Recreation

G. Design and Construction History

The dam was designed by Gannett, Fleming, Corddry and Carpenter ,
Inc., in 1955. The construction contract was awarded to G.A. and F.C.
Wagman, Inc. of Dallastown, Pennsylvania on May 6, 1955 and field work
began on May 16, 1955. Construction progress records are in the PennDER
files. Construction was completed in April , 1956. An application
report is also on file with PennDER.

Construction features included a grout cap in the cutoff
trench and pressure grouting to form a grout curtain in the rock foundation .
Grout take was considered normal (about 0.5 bag per foot), indicating an
absence of excessive voids in the bedrock.
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A repo rt on seepage throug h the dam was p repared by the design
engineer in June , 1958, which describes their evaluation of the seepage
and its effect on the dam. Refer to Appendix E for copy of this report.

Reports of seepage discharge are available from the owner up to
May, 1978. Refer to Appendix E for copies of typical reports.

Annual inspections are made by the owner . Reports are avail-
able in their files through 1978.

H. Normal Operating Procedures

The dam was designed as a water supp ly for industrial processing.
Because of objectional properties in the water, it is not suitable for
this purpose and therefore , is not used as initially intended . It is
operated as a private recreational facility under the supervision and
control of the P. H. Glatfelter Company

Monthly inspections are made of the persistant seepage problem
and an annual maintenance report is made of the entire facility. Inspections
are made weekly when the water levels are below the spiliway crest.

1.3 PERTINENT DATA

A. Drainage Area (squar e miles)

Computed for this repor t 2.33

B. Discharge at Dam Site (cubic feet per second)
See Appendix B for hydraulic calculations and
Appendix D, Plate XII for Engineering data.

Maximum known flood , June 1972, estimated on basis
of known pool Elev. 584 1,600

Warm water outlet at pool Elev. 580 44

Outlet works low—pool outlet at pool Elev. 510 100

Outlet works at pooi level Elev. 580 (spiliway crest) 370

Spiliway capacity at pool Elev. 590 (top of dam) 6,400

C. Elevation ( f ee t  above mean sea level)

Top of dam 590

Sp iliway crest 580

Invert of warm water inlet 544

— 5 —

L . . .



Upstream portal invert of outlet tunnel 508

Downstream portal invert of outlet tunnel 500

Streambed at centerline of dam 504

Maximum tailwater about 510

D. Reservoir (miles)

Length of maximum pool 1.0

Length of normal pool 0.9

E. Storage (acre—feet)

Spillway crest (Elev . 580) 3,350

Top of dam (Elev. 590) 4,990

F. Reservoir Sur face  (acres)

Top of dam (Elev. 590) 199

Spillway crest (Elev. 580) 137

C.

A typical section of the dam is shown on Plate VII, Appendix
D. The dam consists of an earthen embankment with a top width of 20
feet. The embankment is composed of compacted earth fill. The upstream
slope var ies and has eighteen—inch—thick dumped stone protection.

The downstream slope also varies. The entire downstream slope
is topsoiled and seeded. Refer to Plate VII in Appendix B.

At the centerline of the dam, a cutoff trench with a bottom
width of 15 feet has been excavated to rock foundation, and a grout
curtain extends 60 feet into the rock.

H. Outlet Facilities

Water is taken into the control tower through a 72—foot long ,
24—inch diameter cast iron pipe with invert elevation 544 and
through a 208—foot long, 48—inch diameter reinforced concrete
conduit with invert elevation of 508.

L 
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A variety of compartments and valves in the control tower
provide for releasing water from either intake pipe in various
flow rates. All flow is discharged through a continuation of
the  48—inch conduit which is 320 feet long and terminates in
an impact type energy dissipator at the toe of the dam . A 10—
inch diameter siphon pipe has been added to the control tower
to facilitate the release of water of the best possible quality .

A 40—foot brid ge provides access to the control tower from the
top of the dam.

I. Sp illway

Type: Uncontrolled , standard type crest, ogee weir .

Length: 50 feet.

Crest Elevation: 580 f ee t .

Upstream channel: Approach channel is 50 fee t  wide , about 50
feet long and is 10 feet deep at normal pool stage. It is
excavated in rock and there is an 8—foot apron upstream from
weir.

Downstream channel: The chute is about 400 feet long . It
steepens and becomes more narrow as i t  descends. I t  terminates
in a stilling basin measuring about 28 feet  by 80 feet.

J. Regulating Out le t s

The 48—inch intake pipe enters one compartment of the control
tower uncontrolled . A 48—inch diameter sluice gate controls the release
of water from this compartment to the ou t le t  p ipe. A 24—inch gate valve
controls  the flow of water  from the high level intake pipe to a second
compartment , and a 12—inch diameter sluice gate is used to release water
from the second compartment to the outlet pipe.

— 7 —  



SECTION 2 — Li~~~~~ IN E E R I N G  DATA

2.1 DESIGN

A. Da ta AvaiLible

1. Hy drology and ~jy~1rauiics

The hydrolog ic and h ydraulic  da ta  available from PennDER
for  this dam was l imited . Area—capaci ty  curves , r a t ing  curve for  hi gh
intake and r a t i ng  curve fo r  sp illway and out let  control  are in the f i l e
and shown on Plate XI I , Append ix D.

The repor t  by PennDER upon the app l ica t ion  for  a permit  to
cons t ruc t  this  dam s t a t e s  tha t  the required sp iliway capac i ty  should be
2300 cfs  for  a dra inage area of 2 .62  square miles . The desi gn was
considered sa t i s f ac to ry  because th is  f low would leave a freeboard of 5
f e e t .  This was based on a 50—foot  long sp illway crest .

2 .  Embankment

Informa tion in the PennDER f i les  regarding the embankment
consists of typ ical sections and a general plan . Core boring da ta are
also included (Refe r  to Appendix D , P la te  I X ) .  The boring locations are
shown on P la te  V I I I , Appendix D.  Although design c r i te r ia  or s t ab i l i t y
calculations were not in the f i l e , the  f i le contains soil tes t da ta  which
were presumabl y used in the des ign of the embankment. These tests
include grada t ion  tes ts , laboratory permeabi l i ty  tes ts , moi s tu re—densicy
tests , d i rec t  and tn —axial shear tests and consolidation tests .

3. Appur tenan t  S t ruc tu res

The desi gn drawings indica te de tails of the control tower ,
conduit  and sp illway . Design cr i ter ia  and design analysis were not
available.

B. Desi gn Features

1. Embankment

The design drawings show the s t ruc tu re  to be of homogeneous
ear th  construction with a concrete sp illway . The dam is about 1127 fee t
in total  length wi th  a maxim um height of 85 f ee t .  The embankment is
abou t 1065 fee t  long wi th  a top width of 20 fee t .  The upstream slope is
lV on 211 fo r  the f i r s t  10 fee t in elevation, lV on 2—1/2 11 for  the next
15 feet  in elevation, lV on 3— 1/2 11 for  another 20 fee t  in elevation , and
lV on 4—l/2H for 25 feet in elevation. Then there is a 10 foot wide
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berm where the slope continues to th e heel of the dam w i t h  a lv on 211
slope. The slopes down to the lv on 4—1/211 was desi gned to he protected
by a 2 — f o o t  thickness of dumped stone r i prap placed on a 12—inch th ick
bed of fil ter material. The lV on 4—1/211 slope has a 1—1/2 foot layer
of dumped ~~one r iprap on a 9—inch th ick  bed o~ f~ 1ter mater ia l .  The
cres t  of the dam is pro tec ted  w i t h  a 6— inch th ick  layer of gravel .  The
downs t ream slope was to be seeded in grass on 6 inches of top soil. The
top 20 feet in elevation has a lV on 211 slope , the next  20 f e e t  is lv on
2— 1/2 11 and the rem ainder lV to 3H.

Under  the downstream th i rd  of the embankment is a 3—foo t
th ick sand and gravel drain blanket which leads to a rock toe drain .
The embankment is an impervious soil, vary ing f ro m sil ty sand and gravel ,
to sand y sil t and gravel , to clayey silt and gravel. The soil was taken
from the sideslopes of the reservoir. It was compacted by either simeeps—
foot or rubber tired rollers and controlled .

The fo unda tion rock line was de ter m ined by exp lora tion to
be less than 10 feet from the ground surface. A trench 15 feet wide was
indicated to be excavated to rock under the centerline of the embankment
and backfilled with impervious soil. A curtain of grou t was p laced in
the rock under the dam by the stage grouting method .

2. Appurtenant Structures

The sp illway is concrete ogee type and is located about
450 feet from the left end of the dam. Its centerline makes an angle
with the centerline of the embankment of about 33 degrees. It is 10
feet high and is founded on rock. A concrete curtain wall on the upstream
face extends 6 feet into  rock. The crest is 50 feet long . The depth of
opening between abutment walls is 10 feet. The spiliway discharge is
rated at 2300 cubic feet per second , equivalent to a runoff of 880 cubic
fee t per second per square mile , under a head of 5 fee t, leav ing a 5
foot freeboard .

Th e wasteway channel tapers to a wid th of 32 fee t at 120
f eet f rom the cres t of the sp illway and is on a 8.65% slope. It then
leads to a sti l l ing basin 400 feet downstream . The channel and stilling
basin are for med wi th concre te walls and slabs and pipe drains  are placed
under the invert of the channel.

The concre te wa ter in take and slu ice ga te tower is loca ted
in the vicinity of the old Stream channel about 55 feet upstream from
the centerline of the embankment. It is founded on rock foundation , is
about 100 feet high and about 14 feet square. It connects to the embankment
wi th a r einforced concre te br idge , 5—1/2 feet wide. The sluice gate has
a seating pressure 48—inch d iameter gate. The conduit is also seated in
rock. It consists of 4d—inch diameter reinforced concrete culvert pipe

— 9 —
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encased in a thickness of 1—foot 2—inches of re inforced concrete.
Concrete anti—seepage collars are spaced 20 feet on center at the
const ruction jo in ts .  The intake of the conduit s ta r t s  at the end of a
chan nel about 200 feet upstream from the gate house. The outlet is
about 325 feet downstream from the gate house.

2.2 CONSTRUCTION

The gene ral appearance of the dam indicates that construction was
made as described above. Construction reports by the design engineer
are in the file. Leakage was encountered during construction of this
reservoir.  Steps were taken at this time to collect and control the
cond ition. Leakage is still presen t however , adjacen t to the condui t
outlet and at the toe drain discha r ge p ipe.

A special repor t by the desi gn eng ineer concluded that the leakage
does not endanger the dam. Refer to Appendix E for copy of this reprrt .

2.3 OPERATION

Normal operation was for the 48— inch sluice gate to be closed and
the water taken through a 24—inch diameter cast iron pipe from the
upstream face of the dam about 46 feet below the crest of the dam. The
wa ter lead s into a chamber behind the sluice gate and is taken into the
outlet conduit through a 12—inch sluice gate. As indicated earlier , the
dam is no longer opera ted as a wa ter supply source for industrial purposes.
It is now operated as a private recreation facility .

2.4 EVALUATION

A. Availability

A full set of the design drawings was available in the f i les
of PennDER. These drawings are complete. No design criteria or design
calculations were in the files.

B. Adequacy

1. Hydrology and Hydraulics

The hydraulic information In the files is quite complete.
Hydrolog ic informa tion, however, was not included .

2. Embankment

The embankment design, as indica ted on the con trac t
dra w ings , is considered to be adequate if the pervious material  is near
the outer  slopes . The seepage on the slope raises serious questions
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regarding the internal flow of water in the embankment. Further studies
b y the owner are indicated to define this condition.

3. Appurtenant Structures

Design calculations and design criteria are not available
in the files. The contract drawings indicate the type of construction
and the reinforcement used. The stability of the spillway walls appears
adequate.

C. Operating Records

While no formal operating records are available for review, it
was reported by the operator that except for the continuous leakage, no
major problems have occurred since construction was completed in 1965.

D. Post Construction Changes

There are no records of changes or modifications after construction.

E. Seismic Stability

The dam is loca ted in Seismic Zone 1 and it is considered that
the static stability is such that the dam will withstand minor earthquake
induced dynamic forces under the normal safety marg ins used for  static
stability. No calculations were made to confirm this.

— 11 — 
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SECTION 3 — VISUAL INSPECTION

3.1 FINDINGS

A. General

The general outward appearance of the dam was good . There
were no obvious signs of structural distress of the dam breast, slopes
or appurtenant structures . The dam has a history of persistant seepage
since its construction. Records indicate the volume of flow at several
locations by means of permanently installed concrete weirs. Records
also indicate some settlement problems which have been corrected . The
settlement was described in the annual reports by the owner as occurring
on the reservoir side of the top of the embankment. A specific location
was not identified nor was the amoun t of settlement noted . The earliest
report available that mentioned this condition was November 11, 1966.
Continuous reference was made through 1974, at which time time October 30,
1974 report stated that settlement condition had been restored to its
original condition. - This inspection did not detect any settlement or
vertical displacement on the top of the embankment. Refer to Appendix E
for typical records of seepage and settlement reference. Appendix A of
this report contains the visual checklist and Appendix D, Plates III, IV
and V has reproductions of photographs taken during the inspection.

B. Embankment

The dam is an earthfill dam with dumped riprap on the upstream
slope. The downstream slope is covered with a heavy growth of tall
grass, weeds, honeysuckle and some small trees. The presence of this
growth on the downstream slope increased the difficulty to detect surface
distress and seepage locations. Having prior knowledge of a seepage
problem at the dam , emphasized the need to seek the source locations for
the seepage. Exertion of firm pressure with one ’s foot on the surface
mat was sufficient to detect the presence of water on the slope . The
results of this inspection indicate a large area of seepage across the
major portion of the downstream slope. Refer to Sketch 1 and 2, Appendix
A for graphic location.

The top of the embankment is covered with a blanket of 3/4”
stone which serves as a roadway surface to gain access to the control
tower and the spillway .

Paved drainage ditches are provided at both ends of the embank-
ment at its abutment with natural ground and the right spillway channel
wall. An additional paved ditch is provided near the left abutment were
high natural ground was left in place during the c.nstruction . All
ditches on the embankment were dry at the time of his inspection .

— 12 —
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C. Appur tenan t Struc tures

Appur tenant structures for this dam include the spillway ,
spillway channel, stilling basin and the intake and outlet structures .

The spiliway is in excellent condition as are the walls and
slab of the spillway channel and the stilling basin.

Vertical and horizontal alignment of the walls are good and
the concrete surface is very good in all cases. Refer to Plate No. VI ,
Appendix D for drawings showing appurtenant structures and their relation—
ship to the dam.

The intake structure houses three manual controls for valves
(gates) which can mani pulate the water surface in the lake. Since this
lake is no longer in the operational plan of the P. H . Gla tfel ter p lant ,
the gates a re seldom used (the water has obj ectional properties with
regard to the plant processing).

The main discharge pipe to the outlet structure is a 48—inch
pipe which can be used as the emergency outlet for the dam. The outlet
structure is a concrete impact basin with standard endwall and wings.
Adjacent to each wing wall is a permanently installed concrete weir .
The weirs were provided to measure the volume of seepage flow from and
around the outlet structure (Refer to Sketch 1, Appendix A , for location
of weirs).

An additional concrete weir is located downstream from the
outlet structure at the end of an 18” pipe which originates near the toe
of the embankment. This weir measures the seepage flow from the toe
area. The areas around all weirs had steady flow at the time of this
inspection. Flows were not measured at this time; however , some records
were obtained from the owner . Refer to Appendix E for typ ical weir records.

D. Reservoir Area

The reservoir as indicated earlier is no longer used for the
indus trial processing of the P. H. Glatfelter plant. It is used exclus—
ively for private recreational purposes.

The area surrounding the reservoir is made up of some farmland ,
some woodland and some well kept lawns. Several residences surround the
lake. There are no records or expressed problems regarding sediment-
ation in the lake.

E. Downstream Channel

The downstream channel is the natural stream channel with
small trees and brush on the overbanks. Several farms are in the flood
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plain of this water course, It is estimated that about five residences
are located in this area between the dam and the P. 11. Clatfelter p lan t
at Spring Grove, Pennsylvania. The hazard classification is, therefore ,
“High”.

3.2 EVALU ATION

The available records for this dam show an ongoing problem with
seepage or leakage of water. The information regarding leakage descr ibes
the flow at wnir locations at the outlet structure and presumably from
the toe of the embankment below the outlet structure. These conditions
were observed during the inspection. Reference to seepage from the
slope of the embankment above the toe was not found in the records. The
slope seepage, as noted during this inspection should be examined care-
fully to assess its origin and impact on the downstream slope stability .
In order to do this, it will be necessary to clear the downstream slope
of its high weed and brush growth.

The long term seepage, which is measured by the weirs, has been
monitored by the owner over many years. Their consulting engineer ,
G.F.C. & C., is aware of this condition and in a special report of
6/11/58 entitled , “Study of Seepage Through Pahagaco Dam”, concluded
that there is no danger of piping or of any harmful effects upon the dam
structure. “ . . . Their recommendation was to observe and record the
pool—drainage discharge relationship. Refer to Appendix E for copy of
this report. Records of total flow measurement in the outlet channel
over the 6 foo t weir are available through July, 1960, at which time the
weir was reported as “washed out”. This 6—foot weir presumably measured
all flow in the outlet channel including the three concrete weirs upstream
from this wooden weir. (One 8—inch weir on each side of the outlet
structure and one 18—inch weir downstream at the discharge point of a
pipe leading from the rock toe. Refer to Sketch No.1 in Append ix A for
locations). Records of the two 8—inch weirs and the 18—inch weir were
reported independently in an owner ’s memo dated February 19, 1963. The
latest record of measurement of these weirs was May 10, 1978. Refer to
Appendix E for copies of the July 1960, February 1963 and May 1978 reports.
Notes or records of serious concern with regard to the leakage were not
found in time files nor referred to during the interview with the owner ’s
representative.
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SE CTION 4 — OP ER A TI OUA L  P R O C E D U R E S

4.1 PROCEDURE

The Lake Pahagaco Dam was i n i t i a l l y  int ”nded to be used as wate r
supply for industrial purposes. It has be .mn determined tha t the water
from this lake has certain- objec tional properties with regard to the
plant processing and therefore, it is no longer used for that purpose.
It serves as a private recrea tional lake with operation limited to the
maintaining the water level in the lake as nearly uniform as possible .
Releases of wate r are seldom made from the dam.

4 . 2  MAINTENANCE OF DAM

Annual inspections by the owner are made at this  dam as well as
other dams owned by the P. H. Cla t f e l t e r  Company . These reports notif y
the engineering office of the maintenance needs. Follow up action is
taken as necessary. The downstream embankment slope is presently covered
with tall grass, weeds, brush and some small trees. Refer tc Append ix E
for typical inspection report.

4.3 MAINTENANCE OF OPERATING FACILITIES

The intake control tower , located approximately 55 feet upstream
from the centerline of the dam , houses three controls: one 48—inch
sluice gate, one 12—inch sluice gate, and one 24—inch gate valve. There
is no scheduled operation of the gates. The 48—inch gate and outlet
pipe serve as the emergency drawdown capability .

4 . 4  WARNING SYSTEM

There is no formal warning system in effect.

4.5 EVALUATION

The operating facilities are in good condition but are seldom used .
A regularly scheduled operation plan should be put into use. The down-
stream slope should be cleared of brush, trees and tall weed growth so
that any slope seepage can be readily observed , especially in view of
the other persistent seepage history of this dam . Additional studies to
carefully examine and to determine the source and magnitude of the wet
condition nigh on the downstream embankment slope should be made by the
owner.
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SECTION 5 — HYDROLO GY/HYDRAUL 1CS

5.1 EVALUATION OF FEATURES

A. Design Data

Th e hydraulic information available from PennDER was quite
complete. The file contained area—capacity curves, rating curves for
the spiliway and the outlet works, and a complete set of construction
drawings.

Neither the PennDER files or the owner nor the design engineer
had any hydrologic information. A single exception was a note in the
files that the June 1972 flood caused a maximum poo1 elevation of 584.

B. Experience Data

In the period that the dam has been in existence, from 1958 to
the present , the maximum flood was that of June 22, 1972, when the flow
was about 1,600 cfs (Appendix B). The spillway passed that flood without
distress.

C. Visual Observations

On the date of the inspection, no conditions were observed
that would indicate that the appurtenant struc tures of the dam could not
operate satisfactorily during a flood event, until the dam is overtopped .

D. Overtopp ing Po ten tial

This dam has a size classification of “Intermediate” (85 feet
high and 4,990 acre—feet of storage) and a hazard potential classif-
ication of “High” . (See Section 3.l.e).

The Recommended Sp illwa y Design Flood (SDF) for  a dam wi th  the
above classifications is the Probable Maximum Flood (PMF). The PMF pea k
flow for  this site is 8,160 cfs and the sp illway capaci ty a t top of dam
level (Elev. 590) is about 6,400 cfs or 78 percent of PMF peak inflow.
An estimate of the storage effect of the reservoiT shows Lake Pahagaco
does have the storage available that is necessary to pass the PMF with-
out overtopping (see Appendix B).

E. Sp illway Adequacy

With the reservoir storage capacity available, the spillway
capacity is considered to be adequate as the project will pass the PMF
without overtopping the dam.

— 16 —



SECTION 6 — STRUCTURAL STABiLiTY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visua l Observations

1. Embankment

The re are no visual indications of settlement or sloug hing
of the embankment slopes. There is, however , a sizable area of the
downstream slope which was found to be wet during this inspection (June

[978) . The heavy growth on this slope makes it difficult to define
the limits of this condition. Considerable records have been kept
regarding leakage at the outlet structure and from the toe of the slope ,
up to 1978. Referenc e to slope seepage, however , has not been found in
any of the available information. Removal of the growth on the down—
stream slope and further examination and study of this condition is
recommended . The wet area on the downstream slope is of concern.

2. Appur tenan t  Struc tures

Visual inspection of the spillway , spillway chute , stilling
basin, inlet structure and outlet structure indicates that all are in
good condition. Since the dam is not a part of the industrial operation ,
there is no f ormal opera tional procedure for this facility . A plan for
regular operation of the gates should be considered .

B. Design and Construction Data

1. Embankment

The construction plans show the details of the embankment.
A grou t curtain is indicated at the foundation of the cutoff trench .
Beginning at 100 feet downstream from the centerline of the dam and at
the base of the embankment is a three foot thick sand and gravel drain
blanket. Thi s blanket extends in the downstream direction to the rock
toe of the embankment. Eight inch toe drains are indicated at the right
and left downstream embankment slope abutments and an 18—inch V.C.P.
drain pipe leads from the rock toe to the outlet channel.

The main embankment is rolled impervious material of
selected mixture of clay, sand , and gravel increasing in permeability
toward the outer slopes. The upstream embankment slope is a variable
slope and is covered with 18 inches of dumped stone . The downstream
slope is also variable and is covered with topsoil and seeded . Refer to
Plate Nos. VI and VII , Appe ndix D for  plan and sections .
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Aj~p ur t en an 1  Struc tures

1h1. sp i l l w a y  is a concrete ogee type and is founded on
rock ~-i tli m ~oncrotc curtain wall on the upstream face extending 6 feet
Int ” t a -  rock. Time crest is 50 feet in length between abutment walls .
Ih~ ~i m t I ~ extend 10 l e et  above the crest. The wasteway channel tapers

- a nd [ead —~ t o  t h e  s ti ll ing basin 400 feet downstream . All features of
t h e  ~~~I 1 l,.. iv - a r e  m u  good condition. -

i~~~~ . i i i t ~~~r t  s t r u c t u re , also f ounded on rock , is a conc rete
ft,ou’.in~ C o i l t  I m , m t m mg t i a t -  outlet control gates and valve . It is accessible
£ ~~~ • ~~~a t  t r  i~ i,t ~ - rouna - ted to the embankment. General condition is

• .a . A .d—m,sc h d tu ’m ~- t t ~r discha rge p ipe leads to the outlet st ruc ture
-. 1  . i ‘uc r em m n i a basin ty p e . The outlet is about 325 feet

, ‘m t rom t I m e  a n t a k e  control tower. The condition of the outlet

~~~ L ’ ~ . i l - i o - s ’ , .

C. (~ji~~ t * L m . I ~ h c c o rd ~~

iThil. t Iit -re .m r c no forma l operating records , mon thly inspec tions

~r -  a t e  by t i m e  owner and reports are prepared . Weirs have been constr—
u~ t c t  - a t  m t i c  e t u t  -, ut t lare e d isc imarge p ipes and readings are recorded in
t i e -  e i i i t i h i v  r e p o r t s . Detai led annual reports are also prepared in the
maintenance program ~>f time P. Fl. Glatfelter Company . According to the
u s h e r ’ s r&present.itive , wh en water levels are below the spillway crest ,
t m m s p e ( ’ L L O I I S  are made weekly.

0. Post  C o n s t r u ct i o n  Changes 
-

There have been no reported modifications to the original dam
desi gn.

E. Seismic Stability

This dam is located in Seismic Zone 1 and it is considered
that the sta tic stability is sufficient to withstand minor earthquake
induced dynamic forces. No studies or calculations have been made to
confirm this assumption.
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SECTION 7 — ASSESSMENT AND RECOM MENDAT IONS

7.1 DA~4 ASSESS MENT

A. Safety

The review of the files indicates an ongoing leakage cond ition
at time outlet structure and from the toe drain . Considerable amount of
r ecords ar e available quantifying these flows over the years . The
owners consul ting eng ineer ’s opinion is that these leakages do not pose
a serious problem to the dam structure. Refer to Appendix E for typical
records of seepage flows as reported by the owner and a copy of the
eng ineer ’s report.

The inspec tion of the dam revealed a wet condition high on the
downstream slope indicating seepage across the area . The heavy growth
of weeds on the downstream slope makes it difficult to define the limits
of this condition. Additional investigations to establish the source of
this wet condition as well as its extent should be ini tia ted by the
owner.

Calculations indicate that this dam and reservoir have the
storage and spillway capacity for accommodating the PMF without over—
topping of the dam and they are, therefore, considered hydraulically
adequate.

- The overall outward appearance of this facility is good . The
only exceptions are the apparent seepage on the downstream slope and the
heavy ground cover in this area.

B. Adequacy of In format ion

S u f f i c i e nt hydraulic information is available to evaluate the
performance of the facility. Sufficient information is not available to
evaluate the downstream slope seepage and its impact on the stability of
the slope. -

C. Urgency

Al though there is no evidence of slope sloughage or other
distress , the slope seepage condition should be investigated .

D. Necessity f or Additional Studies

The seepage on the downstream slope of this dam points out the
need for additional investigation to determine its source and its effect
on the stability of the structure. The seepage records at the two weirs

— 19 —
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at time outlet structure and the one at the end of the discharge p ipe
leading from the rock toe should be continued on a monthly basis.
Comparisons of the readings should be made with past records by the
owner’s consultant. Reconstruction of the 6—foot weir across the
outlet channel downstream of the three weirs mentioned should also be
considered as a part of the additional investigations .

7.2 RECOMMENDATIONS

A. Facilities

In order to assure the continued satisfactory operation of
this dam , the following recommendations are presented for action by
the owner:

1. The the source and effec t of seepage on the downstream
slope be thoroughly investiga ted by the owner ’s con-
sultant.

2. That the seepage from the toe and around the conduit
be con tinued to be moni tored on a mon thly bas is and
be evaluated along with the slope seepage condition.

3. That the six foot weir across the outlet channel be
reconstructed and monitored as part of the overall
seepage investigation.

B. Operation and Maintenance Procedures

This damn is inspected monthly and with the exception of the
heavy cover on the downstream slope, the maintenance of the dam is good .
Special recommendations for action by the owner include:

1. That a plan for surveillance and a formal downstream
warning system be developed for use in the event of high
discharges.

2. That the downstream slope cover be cut with the removal
of the dense brush and small trees in order to permit
close observations and proper evaluation.

3. That a plan for regular operation of the control gates
be developed .
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VISUAL INSPECTION
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CHECK LIST - DAM IN SPHTION PROGRAM

PHASE I - VISU AL IN SPECTION REPORT

MAD N O .  874

PA . ID # 67—484 NAME OF DAM Lake Pahagaco HAZARD CA 1EGORY Hi gh

TYPE OF DA lI : Eartiifill

LOCATION: Jackson TOWNSH IP York COUNTY , P E N N S Y L V A N I A

INSP ECTION DATE 6/20/78 WEATH ER Sunny — Warm T E M P E R A T U R E  80’s

INSPECTORS: H. Jongsma , R. Ilouseal P.1l.Clatfelter Co.
Dr. Jon F. Myers

A. Bartle tt , R. Steacy
0 E R -

P. Cardosik
A. Hanna

NORMAL POOL ELEVATION: 580 AT TIME OF IN SPECTIO N :

BREAST ELEVATI ON: 590 POOL ELEVATION : 580

SPILLWAY ELEVAT ION: 580 TA I LWATER ELEVAT I ON : 
_____________

MAX I MUM RECORDED POOL ELEVAT I ON : No record

GENERAL COMM ENTS:

Flow barely over sp illway .

Seepage over extensive area of downstream slope beg inning approx imately
65 ’ (slope distance) from the top of the dam . Refer to Sketches #1 and #2

attached .

Downstream slope is covered with high grass and brush also some small
trees.

Three concrete weirs are located -in the area of the outlet structure.
Another deteriorated wooden weir is located across the outlet channel.
It is not operable .

Tall grass and brush on downstream slope made it difficult to observe
slope condition. Wet areas were detected by caref ull y walki ng and
pressing f i rmly  on to ti m e slope with one ’s- foot. 

~~—~~~~-— -— -~~-— —



f . )  . u uu) 
___________________ -

~~~

V I S U A L  i t Pf: ,~~i U N

REII A R V S  ~I t l L 3 A J F M L t I  I 
________________ 

OBSERVA T ION S RECOImLIIOI\ i ~~~~
~~~~~ A . S U R F A C E  CRAG KS e evident

B~~~~~~~ Ü~1 N OV EM E N T - 

None evident 
- ______________________________

BEYOND TOE

C. SLOU GII I I I G O R E RO~Th~~~ Ups t ream slop e — none
OF EMBANKMENT OR Downstream slope — none Remove trees and brush and cut
ABUTMENT SLOPES detectable due to growtl weeds .

on slope.

D. V E R T I C A L  &
AL IGI W aEN T OF CREST Good

No apparent movement or
settlement .

E . RIPRAP F A I L U R E S  None evident. Upstream
slope is covered w it h du nped

r’
~ 

rip rap rock up to 24”
estimated in size.

F . JUNCTION EM BAN KMENT Good
& ABUTMENT OR
SP ILLWAY

G. SEEPAGE
Mos t of downs tream slope
(Refer to general
commen ts) and Sketches

— JLL~~~~ # attached 
__________________________H . DRAINS

18” pipe below ou tlet.
Steady flow .

J. GAGES & RE CORDER
Float gage in intake towe - .

K. C O VE R~~1~5~ TH) Stone roadway on top.
Upstream slope — dumped r ck.
Downstream slope — heav y

weeds , brush and some sm~ ll
trees.

- -  -~~~~~~-— -- ~~~- - ---- _ _ _ _



_ _  -~~~~~~~~~~ ~~~~ 
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DAM 110. HA D 874

V I S U A L  I NS Ft : I IOF I

R EMARKS &OUTLET WORKS 
— 

OBSERVAT ION S REC ONM L IIDATI OIJS

A. INTAKE STRUCTURE Concrete tower in
excellent condition.

B. OUTLEt STRUCTURE 
- 

~~~~ ct basin wjth concret~ walls
& 48” diame ter pipe.
Concrete weirs at end of each wingwall.
Steady flow both sides.

C. OUTLET CHANNEL 
Brush & ligh t trees along
channel. Stone bottom .
Large wooden weir across hannel —
deteriorated — out of op ration

0. GATES - 

Three gates
(Ref er to drawings )

E. EMERGEN CY GAT E 
- - 

From tower — 48” pipe and gate.

F . OPE RAT IOU & 
- - 

Weekly visit to measure No indication of scheduledCONTROL water level in the lake. operation of gates .
Float gage in control
tower.

Time water from this lake .
is not used in the paper
process. 

_________________________G. BRIDGE (ACCESS)

Concrete brid ge with rail ng —
good condi t ion.

_ _ _ _ _ _ _ _ _ _ _  
-
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DAN NO . IIAD 874

4 V I SUAL I N SPE ; F I O N

R Et-lARKS &SP I LLWA Y OBS E RVAT lo t - I S 
-~~~~~ RECOI-l:IEIJ DAT I O N S

A. APPROACH CHANNEL Curved concrete walls to
ogee sp illwa y — directl)
from lake.

Railing on top of walls.
Goo d condition.

B. W E I R :  Ogee section. 
- 

Safe ty  cab le 
-

Cres t Conditi on strung across spillway .
Cracks - All concrete in good
Deteriora tion condition.
Founda tion s

Abu tments

~~~~~~~~~~~~~~~~~~~~~ Concre te channel l~ adi~~ to
Lini n g  stilling basin. Rock exposed on left side
Cracks All concrete in good condition, behind wall.
S t I I i  ng Basin Concrete paved drainage d ~tch

behind right wall on emb mnkment —

dry — good condition .
Concrete paved ditch on 1~ ft side — discharg ing

_______________________ water at end below still~ng basin.0. BRIDGE & P I E R S
None

E. GATES & OPERATION
EQU IPt-iEUT None

F. CO N TROL & HISTORY
None



-~~

DA l I N O .  NA D 874

VISUAL IN SF - ~~;~ I O N

R EI-IARI ’S &
M IS CELLANEOUS 

- 
OBS L RVAT I ONS RECOttt- iLNU f ~r I O HS

INST RU 1-IIN1AT IO N

t’lonum en tat io n None

O b s e r v a t i o n  W ells None

We i rs Three to measure seepage

Piezometers None

Other Float gage in control to er

RESERVOIR Some each of farmland , w- oded
areas and well kept lawi s.

Slopes

Sed i mentati on No record .
No problems indicated

DOW iISTP sEAt i ClIA NIIEL
Choked with  brush and tr  es.

Condi t ion

Slopes Stable

5—6 farm homes and farml- ndA p p r o x i m a t e  
P.H. Gladfelter — 3 1/2 4 miles donwstreanPopu la t i on  —

No. Homes
Above

L ~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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GEOLOGIC REPORT

Bedrock — Dam

Formnation Name: Harpers Phyllite.

Lithology: Gray—green, finely crystalline phyllite composed of
muscovite, chlorite , albite and quartz. I-las interbeds of gray
p hy l l i t ic  qua r t z i t e , especially in its upper par t .  Phylli te  is a
medium grade metamorphic rock with strong slaty cleavage which
obscures bedd ing in most exposures . At least two generations of
cleavage are usually present.

Bed r ock — Reservoir

Formation Names: Chickies Quartzite , Harpers Phyllite , Antietam
Quartzite and Vintage Dolomite.

Lithologies: The Chickies is a light gray to white massive bedded
quartzite , with some black slate interbeds in its upper part. The
Ha r pe r s Ph y ll i t e, descr ibed above, grades upward into the Antietam
Quartzite, which is composed of gray quartzite with gray phyllite
interbeds. The Vintage Dolomite is mostly a blue gray , dolomite
with irregular lumps, or knots of silty, shaly dolomite.

Structure

The rocks of southern York County have been extensively deformed
and me tamorp hosed several times in their long history . According
to the mapp ing of Stose and Jonas (Ref. 1) the dam is located on
the southeast limb of a faulted anticline. The strike of the beds
here is about N60°E and the dip is steep to the southeast. The
axis of the fold, cleavage and faults all strike the same direction
as the bedding . There are no mapped faults at the dam Itself. Two
are mapped in the reservoir area. The first, nearest the dam is
apparently a steeply dipping (more than 45°) branch of the Gnatstown
thrust. The Gnatstown thrust is a folded thrust which here dips
gently to the southeast.

No data on rock jointing are available. Air photo fracture traces
have time following orientations: N80°—85°W, N60°W , NSO°W , N25°—
3O°W, N1O°W and Nl5°E.

~ 
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Ov urden

The overburden in the area is from three to twenty feet thick. It
consists of weathered phyllite, sand, clay and quartz fragments.
The contact  w i t h  bed rock is gradational , the top ten feet, or more ,
of bedrock being more, or less, weathered . The stream valley
al luvium was thin , two to four feet of sand and gravel overlying
ha r d gray p hyl l i te .

Aquifer Characteristics

The Harpers Phyllite is composed of essentially impermeable rock .
Ground water movemet is through fractures , in this case, joints and
fracture cleavage . The fractures are generally tight , except in
the weathered zone. The Chickies and Antietam Quartzites are
similar in their water bearing characteristics. The Vintage Dolomite
is a carbonate rock, and water movement is along fractures and
bedding planes enlarged by solution.

Discussion

This dam has a history of seepage (see Ref.4). According to lir. Hooke ’s
report , the seepage was from two sources. An 18—inch diameter
drain was instal led near the center of the rock toe of the dam to
dra in  out  seepage wate r through the embankment . This is in the old
stream bed , composed of sand and gravel, and the most permeable of
the overburden material. About one—half of the seepage was through
this drain.

A spring was encountered during the excavation (in rock) for the
outlet conduit , apparently just downstream from the crestline of
the dam . An 8—inch diameter drain pipe was placed on each side of
the outlet to drain this flow. Before construction of the embank-
ment the pipe on the right side of the conduit flowed nearly half
f ull , while the other carried little water. On the upstream side
of the dam , two rows of grout holes were pressure grouted and no
further water was encountered .

As the reservoir was filled above the 570 feet elevation , seepage
in the 8—inch pipe on the left hand side increased greatly while
seepage on the right hand side decreased . The seepage water was
clear , and while the loss through the three p ipes totaled 1.2 mg d ,
it was decided that there was no immediate threat to the dam. The
flows were monitored for  several years.
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Discussion (Cont ‘d)

It is apparent that much of the seepage is through f ractures in the
bedrock. Although it was not evident in the core borings, the
outlet conduit is close to a fracture trace, which controlled the
course of the stream at the damn site. Cleavage (parallel to bedding)
intersects this fracture trace at nearly right angles. The rock is
insoluble and there is no chance of widening of the fracture by
solution.

Sources of Information

1. Stose, G.W., and Jonas , A .I., 1939 “The Geology and Hineral
Resources of York County, Pa.” Pa. Geological Survey .
Bulletin C—67 .

2. Air Photographs , scale 1:24,000, dated 1968.

3. Logs of Foundation Borings on File.

4. Hooke, A.C . 1958. “Study of Seepage through Pahagaco Dam”.
Memorandum in file.
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APPENDIX E

Engineer ing Repo r t on Leakage — 1958

Typical Weir Readings — 1960, 1963, 1978

Selected Annual Inspection Reports — 1966 , 1974
Rega rding Settlemen t 
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STUDY OF SEEPAGE _THROUG H Pa liaGaC o DAM

- - 
1. INTRODUCTION

This stud y pertains to the nature and causes of outflow from
drain -pipes of PaRa GaCo Dani observed up to th e time of writing this
report and contains suggestions for possible course of action in the
futu r e.

PaHaGaCo Dam is located on the First Fork Bunch Creek , about
12 miles southwest of York , Pennsylvania. The dam and reservoir project
ie owned by P. H. Gla t felter Company and has been built (construction
completed Ap ril 1956) as additio na l storage for their pulpwood plant
located about 3 miles downstream of the dam. The plant has an intak e
reservoir on the West Branch of Codorus Creek , downstream of its
confluenc e with Bunch Creek . PaHaGaCo , therefore , feeds the intake
reservoir by gravity flow during dry period s. Pertinent data concerning
the main features of the dam is suimsarized below :

(a) Embankment (rolled earth fill).
• ‘  Maximum Heigh t above Stre ambed 85 f t .

Maximum Length 1121 f t .
Maximum Base Width 513 f t .
Total Volume of Fill 190 , 000 cub . yd~ .

(b) Struct ures.
Spiliway (Concrete lined) - Wid th at Cres t 50 f t .

Total Length 380 f t .
Stilling Basin - Width 28 f t .

length 132 f t .
Outlet works - Height of Intake Tower 98 f t .

Diameter of Concrete Conduit 4 f t .  ( I . D . )
Length of Condui t 545 ft .

(c) Elevat ions (feet above mean sea level).
Top of dam -  590
Spiliway Crest - 580
Water Supply Poo l - ‘ 580

- Conduit inver t (at intake) - 508
River Surface (Mean level) - sos t
Lowest point in Streambed - 504t

(d) Draina ge Ar ea - 2 . 5  Sq. Miles

9 1
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2. GENERAL GEOLOGY OF DAMS Iii 
-

The overburden in the area of damsite is residua l soil result ing
from the weathering of u~~st ly me ta morphosed sedimentary rock and generally
consists of silty or clayey sands and gravel. The bedrock which outcrops
at some places in the vicinity of the damsite consists of phy llite and
metamorphosed sand stones and quartz. The depth of weathering is usually
between 5 to 15 feet.  The rock cores drilled in the vicini ty of damsite
indicate the presence of sound unfractured massive formation underlying
the weathered zone . -

- A study of the geologic ma p of York County shows the presence
of a fault line about 700 feet upstream of the dam axis and runn ing
generally paralle l to it. Thi. is a seconda ry fault from the Gnat stown
Over thr ust , which is found about ~ half mile farthe r to the north. It
is a low angle fault dipping under the dam axis. No evidence of th is
fault was rev ealed in foundation drilling and grout ing operations during
construction. This indicated that the main fault was at a greater than
60 foot depth below the stream bed. There is a possibility of the exist-
ence of vertica l joints or faults downstream of the axi$ of dam , which
have their origin in the fault and are located in a plane norma l to the
fault. Faults in Southeastern Pennsylvania are generally gouge filled
and not water bea ring over large areas . However , they are known to be
water bearing over localized areas and have thei r outlets in springs .
It is very probable that the Raymond Myers and Albert Myers springs are
outlets along the main faul t - and a line between them could possibly
represen t the location of the fault line.

3. FOUNDATIO N & EMBANKMENT FEATURE S

The foundation soil ben eath the embankm ent consists of 2 to 6
feet of overburden which is a mixture of gravel sand and silt and is
underlain by bed rock . The upper few feet of the bedrock though
weathered and frac tured at places is generally quite firm for the embank-
ment loading. The appurtenant structures are all based on firm rock ,
founded generally 5 to 15 feet below top of weathered rock.

The embankmen t is an unzoned imperviou s rolled earth f i l l  and
except for small portion consisting of downstream rock toe , is made up
of compacted soil - gravelly sandy silt and clayey sand. The upstream
and downstrea m slopes vary as shown on the attached sketch. The down-
stream slope , except for the rock toe , is seeded up to the top of dam.
A 3-foot filter blanke t is provided on the downstre am approxima tely
between stations 9+50 and 11+50 start ing at a distance 100 feet down-
stream of the dam axis. An 18-inch diameter pipe is installed app roxi-
mately at the ca~~~ of the rock toe , in the former stream bed , to drain
out seepage wate r . A positiv e cut-off trench was excava ted to bedrock ,

— 2 —
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pressure grout ed by stage grouting method s by means of NX and EX holes
,~ on 3-foot center s to a depth of 60 feet , then backfil led with the same

material as tha t used for the embankment. These holes only took a
nor ma l quantity of grouting material (abou t 0.5 bags per foot) AndicaUng an
absence of excessive voids in the bedrock.

4. OBSERVED SEEP AGE CONDITION S 
.

During conduit excavation s in rock an unexpected a rtesian flow
was encountered . To capture the flow of this water , two 8-inch diame ter
drain pipes , surrounded by f i l ter  material , were placed on ei ther side
of the conduit start ing at points about 15 feet downstream of the dam
axi s and termi nating at the downstream end of the conduit. Before the
construction of the dam emba nkment , the 8-inch pipe on the righ t side
of condui t ( Looking downstrea m) was flowing almost half-full  while the
drain pipe on the left side showed very litt le discharge . The water
discharging from the two pi pes was clear . Two lines of holes 1 one near
the outlet works and the other near the sp illway , were drilled on the
upstrea m side at r ight angles to the dam axis. These were pres sur e
grouted to arres t underse epage which might be generated due to conduit
and spillway excavations. The grouting effectively sealed and dried up
the upstrea m conduit excava tion area . No seepage was noticed during
spillway excavation. The presence of springs in the area generally
located abov e’ elevation 570 , attested to the existence of natural
arte sion conditions .

~~~ The time required for the reservoir pool to reach sp iliway
cre st elevation was estimated to be about two years under average creek
discharge. Howeve r , since the reservoir was drawn down du ring the Sussner
of 1957 and the owner s fel t  the need of sufficient additiona l storage
on hand a~ soon as possible , water was pumped into PaHaGaCo from the
main stream reservoir adjacent to the plant . The pumping was s tarted in
December , 1957 and stopped on May 2 , 1958 , when the poo l level just
touched the spilivay crest elevation 580. Duri ng the las t week of
April 1958 , when pool level exceeded approximate elevation 578 , an
observation of discha rge from the drain pipes was made. This discharge
was much greater than tha t noticed during an inspection made in June ,
1957 when the reservo ir level was jus t below elevation 570 . In addition ,
it was noticed that the righ t side 8-inch pipe , which had been flowing
almost ha lf full , had much less discharge ; while the left pipe was
flowing ful l wi th conside rable force although previou sly very little
water was flowing out of it. The total combined discharge from - the
three drain pi pes (two 8-inch pipes and one 18-inch pipe) was considered
to be about 1.2 mngd , as estimated by the flow of water over a temporary
weir constructed downs tream of the three drainpipes. The discharge
from the 18-inch pipe wa s roughly estimated to be half of the total
combined discharge . The water from all the drain pipes was clear and
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sediment free. An inspection mad e on May 13 , 1958 , when the rese rvoir
pool was in excess of elevation 580 (spiliway crest), showed that the
seepage conditions were unchanged.

S. SEEPAGE COMPUTATION

In order to account for the total discharge from the three
drain pipes , computations for the maximum possible seepage through the
embankment were made by assuming extreme conditions of permeabilit y for
the maximum embankment section. The perm eability coefficient of the
compacted impervious f i l l  was estimated a~ the highest possible value
of 180 x 10-6 cmlsec (almost 60 times the average laboratory deter-
minations ) and is based on 20 per cent size selected from an average
gradation curve for the soil.. Furthermore, a ratio of 9 was assumed
for horizontal to vertical permeability . With these values , the seepage
for a maximum head of 80 feet for a 400-ft effective length of the
embankment was computed to be 330 , 000 gal/day. Seepage throug h found s ..
tion overburden was combined with that through emba nkment becaus e , the
foundation overburden is generally ver y sha llow (2 to 6 feet  thick) and
its soil characteris tics are very similar to th ose of the embankment .
Hence , the discharge as observed at pres ent does not seem to be wholly
due to seepage th roug h the embankm ent.

6. 
- CONCLUS iONS

Since the seepage wate r is being controlled by the draina ge
system and is quite clear , there is no dang er of piping or of any harmful
effects upon the dam structure. The loss of approximately 1.85 c . f .s .
in drainage flow from a re servoir of PaH aGaCo depth and capacity
(approximately 76 foot water depth with capacity of 1.1 billion gallon)
would not ordinar ily be considered to be excessive .± In this case , due
to the small dr ainage ar ea and the need to conserve the water , it is
desirable to hold any losses from the reservoir to a minimum, if it is
possible to economically reduce the seepage flow.

Seepage through the embankmen t canno t accoun t for the to tal
drainage discharge. Not over half of the tota l discharge , probably
tha t issuing from the 18-inch pipe is considered to be embankment seepage.
The remaining flow is probably due to seepage flow throug h joints and
crevices in the unde rlying rock , downstream of the grouted cut-off.
A portion of this flow undoubtedl y originates in the hillside down -
stream of the axis of dam - since there was flow from the right pipe
and right hillside before any water was stored in the reservoir . The
remaining flow probably originates in the reservoir , either by raising
of the general water table by prolonged water storage , or by the charging
of springs on the upstream side of the dais. Such charging would be
indicated by a sudden increase or decrease in quantity of drainage flow 

-— - - —— ~~~~ - - -
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when the reser voir pool elevation was above or below the elevat ion ofthe spr ings .

Before any unduly expensive remedial measure s are taken , itis consid ered feasible to simply watch , observe and record the pool -drainage discharge relation ship. Dri lling and grouting is an expensiveoperatio n and , unless th ere is rea sonable assurance that it will beeffective , it can be extreme ly wasteful .

A. C. Hooke

Gannett Fleming Corddry -

and Carp enter , Inc.

6/11/58
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ACTION TO: B. C . MILLER

Info to: A. J. Luettgon
0. i. Glatfelter
N. f~. Rohrbaugh (6)H. L. Warne r

FROM: J. A. Roth July 18, 1960

SUBJ: 
- 

Lake Fahagaco Dam thakag~

Dam Level In. Over
Date Inche s ~~Ft. Weir Gallon~JNiriute Ga1lonsLDa~
6/10/60 full 1 1/2 396 570 ,240

17 full 1 1/4 301 433,440

24 full *

* Weir washed out, no reading available.

8 in. drain on 8 in. drain on 18 in. drain on
right side of left side of left side of
drain valve drain valve drain valve Lake

- Date Lacing south facing south facing south Surface

6/10/60 550F 61°F 64°F 73°F 
-

17 52 °F 62°F 65°F 71°F

24 550F 65°F 67°F 75°F

- 

_ _ _ _ _ _

J. A. Roth

• /~js

_ _ _ _ _  __ _  _ _ _ _ _  - - -
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February 19, 1963
ACTION TO: B, C • M.ILLER

InZo To: P. 11. Glatf&Lter III
J.. R. /‘ twat9r
G. i-I . Giatfelter
N. B. Rohrbauj~h (6 ) -

H. L. ~1arner
• R . 0. Brooks

J. A. Roth

SUBJECT: ~~~~~~~~ Le~~ ge Data_- ~~~~~~~~~~~~~~~~

De~u Level Leakage Leakage
~~1lon~sJMinute ~aUoneJDay

Lake Lehm&n Full 42 60,480
Lake PaHaGaCo Full 142 204,480

- Lake PaHaGaCo Breakdown : -

8” drain on right side of’ drain valve facing South - 7 gpm.
8” drain on left side of drain valve facing South — 100 gpm.

18” drain on left oide of drain valve facing South - 35 gpm.

JAR:rle -

/ ( -

--- - -- —  - - -—-
~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~ -— - - - 

-
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L ike PaIi~-tGaCo Darn

Dam was fu l l  and over f low ing . No wate r  was being released
f rom th~ valve and no wa te r  was leaking through t h e  valve . The
following measurements were made at the seepage weirs .

1975 1977 1978

Facing Dam: ~~ Right Side 5/8” or 17 GPM 3/4” or 23 GPh1 i/’~” or 11

~~ 
Left Side Trace Leaking Around 1/2” or 13

IS- The ten inch weir had 1 1/8” or 35 GPM flow ., This was not
measured— on previous inspections .

Conc rete walls and spiliway are in excellent condition
except for the items mentioned under maintenance.

The control tower and outlet structures are in good
• condition . - 

.

The north corner of the first fiat panel on the east
wall looking from the west wall of spillway is chipped at the
water line, but is no worse than last year. Keep watching .

Five medium and three little cedar trees are growing
on dam breast. 

- 
. 

-

- Maintenance items include :

1. Paint control tower door frame and door, inside
and outside. - 

-

• 2. Tar cracks at key wall on east spiliway wall ,
second section past handrail, both North and
South ends . - - 

-

• 3. Remove bush growing against east spiliway wall
at second section past -handrail . 

-

It. Remove rocks from drainage ditch along east side
• of spiliway .
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October 30, 1974

INFO TO : G.  H. Gla tfe lt e r  
S 6 ,

B. C. I .liller - - S

P. H. Hershey - - -

D. E. Hoover - - 
~~~~~  /C. N. Carter - ‘ - . - . / / i - (/ 1-

J. W. Williams -
R .o . Brooks 

-

- L. R. Metzger 
- 

- 

- 

- 
- 

- - 
- ‘ - -

-

FROM : N. B. Rohrbaugh - 
- 

- - 
- - 

- 

- - 

- 
- •

SUBJECT Inspection of ‘later Rese~ voir Dans

Lake PaHaGaCo Dam -

. kLi’~ i J ~..
~~~ 

‘
L~~~

’--S ’ All the conc rete walls and spiliway are in excellent
~ z condition . The crushed stone on east side of spillway breast .

~~~~~~ has been replenished to original level. The control tower and
~~~~~~ ~j out1et structu re are in good condition. - 

- -

~~ ~~ ‘? 
— -

~< The settlement of the upstream edge of the main
L5 mbankment has been rebuilt and restored to its original condition .

Work t~ be done : -

1. ~~~~~~~ Stone s should be removed from the east side of ~pili:-!ay
~ concrete drainage gutter also on west side near stil1~ r~pond.

~~~~~~ Joint sealer should be applied to all the j uth t~ ~ t
-
. top of spillway walls .

I
3• ‘

~~~~~ ; ‘ T~~~ groun d hog holes should be sealed. They ‘reabout 6 feet apart approximately 50 feet west of
- spiliway near top of embankment . ~~ 


