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PREFACE

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

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

It is important to note that the condition of a dam depends en numerous and
constantly changing internal and external conditions, and is evolutionary in
nature. It would be incorrect to assume that the present condition of the dam ~,ill
continue to represent the condition of the dam at some point in the future. Only
throug h frequent inspections can unsafe conditions be detected, and only through
continued care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic and hy draulic
analyses. In accordance with the established Guidelines, the spillway design flood
is based on the estimated “Probable Maximum Flood” for the region (greatest
reasonably possible storm runoff), or fractions thereof. The spiliway design flood
provides a measure of relative spillway capacity and serves as an aid in
determining the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition and the dov;nstream damage
potential.
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PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM

Name of Dam: Grace Mine Tailings Dam - ID 1/ PA 00715
State Located: Pennsylvania
County Located: Berks
Stream: Tributary t%Hay Creek
Coordinates: Latitude 40 11.3’ Longitude 75° 52.1’
Date of Inspection: May 15, 1979

ASSESSMENT

Grace Mine Tailings Dam is an earth and rockuill embankment with a clay-lined, rock -filled spiliway channel and f ive reinforced concrete decants which feedinto a 20-inch diameter outlet pipe. The decants function as drop inlet spi liwayswhen the outlet gate is open. The darn is approximately 2,000 feet long with amaximum height of 145 feet and impounds a reservoir with a normal pool storagecapac ity of 525 acre-feet. The purpose of the reservoir is for storage of the tailingsfrom the Bethlehem Mines Corporation iron mine. The dam is located on a tributaryof Hay Creek, approximately 3 miles northwest of Elverson, Pennsylvania.

The Splitway- Design Flood (SDF) for this “Large” size, “High” hazard structureis the Probable Maximum Flood (PMF). The reservoir is capable of containing thefull PMF in storage without overtopping of the embankment. Therefore , thespiliway system is classified as “Adequate ”.

Based on visual observations and review of the information obtained from the
Pennsylvania Department of Environmental Resources (DER), Division of DarnSafety and from the Bethlehem Mines Corporation, Grace Mine Tailings Dam iscons idered to be in good condition.

Recommendations and remedial measures are as follows:

a. Facilities

1. The top of the dam should be restored to design elevation with
suitable compacted material. Surface monuments should be installed
to monitor any future settlement of the top of the dam.

2. The seepage observed at the left abutment should be monitored. If
any substantial increases in flow or migration of fines are noted, then
a drainage pipe should be provided for this seepage to insure that the
integrity of the embankment is not endangered.
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PHASE I REPOR T

NATIONAL DAM INSPECTION PROGRAM
GRACE MINE TAILINGS DAM

ND! I.D. NO. 00715
DER // 6-445

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. The Dam Inspection Act , Public Law 92-367 , author ized the
Secretary of the Army, through the Corps of Engineers, to initiate a program of
inspection of dams throughout the United States.

b. Purpose. The purpose of this inspection is to determine if the Grace Mine
Tailings Dam constitutes a hazard to human life or property.

1.2 Description of Project (Based upon information obtained from the
Pennsylvania Department of Environmental Resources (DER), Divis ion of Dam
Safety, Harrisburg, Pennsy lvania , and from the Bethlehem Mines Corporation.)

a. Dam and Appurtenanc~ s. Grace Mine Tailings Dam is an earth and
rockf ill embankment approximately 2,001) fe~ t long with a maximum height of 145
feet. The dam was constructed to im pound iron ore tailings slurry pumped from a
nearby iron mine operated by the Bethlehem Mines Corporation. The reservoir area
provides storage spac e for the tailings which settle out of the slurry to leave a clear
water lake.

A homogeneous, impervious earth embankment was originally constructed
in 1956-1957 to Elevation 600. Two extensio n dikes were constructed to Elevation
620 in 1976-1977. These dikes are located several hundred feet to the south of the
right abutment. The side slopes were 3 horizontal to 1 vertical (3H:1V) from the
base of the dam to Elevation 540 and 2.5H:1V from Elevation 540 to the top of the
dam. In the late 1960’s, the dam was ra ised to Elevation 615 by extending the
upstr~~m face on a 2.5H:1V slope and steepening the downstream slope to 1.75H:1V.
The po~t ion of the embankment above Elevation 600 is composed of rockf ill with a
5-foot thick clay layer near the upstream face which extends to the top of the dam.
A filter layer provides transition between the rockfill and the clay layer on each
side. The ‘Bethlehem Mines Corporation had originally intended to raise the dam to
Elevation 6~1. The downstream slope was to be reconstructed in two stages, f rom
the base of the dam to Elevation 540 and from Elevation 540 to the top of the dam.
The lower portion was completed leaving a large berm at Elevation 540 upon which
the upper portion was to be constructed. However , the mine was c losed in iuly,
1977 and construction of the dam was stopped with the top at Elevation 615.0 and
the berm at Elevat it~n 540.0 about 80 feet w ide .

/
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The spillway for the dam is located near the left abutment. It is a 50-foot
wide rock-filled, clay- lined channel. The spiliway channel is formed by impervious
clay boundaries and is filled with rock so that the spiliway has minimal discharge
capacity. The upstream clay layer terminates at Elevation 611.0 to form the
spiliway crest. The spillway channel through the dam is lined on the invert by a 5-
foot thick c lay layer which drops from Elevation 608 to 606.6 and by 12-foot thick
c lay layers on each side (see Plate 8 in Appendix E). The clay layers are protected
on both sides of the spi llway by 12-foot thick filter zones.

The outlet works consist of a series of reinforced concrete decants
connected by a 20-inch diameter stee l pipe which leads into another 20-inch
diameter steel pipe located beneath the embankm ent with a 20-inch gate valve at
the outlet end (see Plate 3, Appendix E). Each decant is 25 feet high, has three
walls, and contains a be lt inlet 10 feet above the base of the structure. Inflow
stages are control led by means of stop logs above the bell inlet elevation, which is
a lso the crest elevation of the decant. Five decants are located near the upstream
toe stretching from the ma in inlet structure to the left abutment with crest
elevations of 520, 550, 580, 595, and 610. Only one decant is in operation at any
time and as the reservo ir level rises and each decant becomes submerged, the be ll
inlet is replaced by a blind flange, the pipe is encased in concrete and the bell inlet
is transferred to the next higher decant. The water level has been near the top of
the fourth decant since mining operations ceased in 1977. A 20-inch diameter s~ecl
pipe directs f low from the operating decant to the main inlet structure. The f ’~ w
then discharges through another 20-inch diameter steel pipe beneath the emh; mk-
ment into the outlet structure, which leads into the natural stream.

A drainage system consisting of a trench drain, blanket drain and toe
drain, under lies the embankment. The trench drain is 50 feet wide, has a 10-foot
base width, and 10-foot depth, and cxtcnds from Station 1-i-50 to Station 8+00
(Station 0+00 is at the left abutment). The toe drain extends the entire length of
the embankment and is connected to the trenc h drain by means of a 5-loot thick

— 
blanket drain between Stations 3+50 and 8+00. The blanket drain extends about one
hundred feet further than the trench drain toward the right abutment. All three
drains are composed of rock with one-foot thick fi lters on all sides.

b. Location. Grace Mine Tailings Dam is located on a tributary to Hay
Creek approx imately 3 miles northwest of the town of Elverson, Pennsy lvania. The
dam lies with in Coernarvon Township in Berks County and is shown on the USGS
(
~uadranqle entit led, “Elverson , Pennsylvania ” at coordinates N 400 11.3’, W 750

52.1’. A regional location plan of Grace Mine Tailings Dam is enclosed as Plate 1,
Appendix F.

c. Size Classification. The dam has a maximum height of about 145 feet and
a maxi m um storage capacity of approximatel y 1,650 acre-feet. Therefore , the dam
is in the “Large” size category.

d. Hazard Classification. A number of inhabitable structure s are located in
the valley downstream of the darn. Failure of the dam would result in excessive
property damage and probable loss of life. Therefore , the dam is in the “High”
hazard category.

- 2 -  
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e. Ownership. Grace Mine Tai lings Dam is owned by Bethlehem Mines
Corporation, Bethlehem, Pennsy lvania, 18016.

f. Purpose of Dam. The dam was constructed to impound the tailings slurry
from the Bethlehem Mines iron mine.

g. Design and Construction Histor y. According to Mr. Char les F. Taylor ,
Ass istant Manager of Mining Operat ions, C~race Mine Tailings Dam was designed by
D’A ppolonia Consult ing Eng ineers in 1956. The dam was constructed by Jack and
Jim Mazer in 1956-1957 to Elevation 600 (orig ina l design top of dam elevation) . The
tai lings from the iron mine were pumped into the reservoir by means of a slurry and
gradual ly reduced the available storage in the reservoir. Considerations for raising
the dam to Elevations 631 and eventuall y 650 were m ade, and in the late 196O’ s the
initial raising was undertaken. However , in July, 1977, mininq operations were
closed down and construction was halted w ith the top of darn at Elevation 615.

h. Operating Procedures. There are no operating procedures for this dam,
according to the Owner ’s representative.

1.3 Pertinent Data.

a. Drainage Area.

Square Miles 0.7

b. Discharge at Dam Site. (cfs)

There are no avai lable records of discharge rate for the original dam
and the current spillway has minimal discharge capacity.

c. Elevation. (feet above MSL)

Reservoir Surface (as of 8-24-77) 607.3
Reservoir Surface (as of 5-15-79) 608.3
Spi llway Crest 611.0
Top of Dam 615.0
Reservoir Drain Invert (inlet) 485.0
Reservoir Dra in Invert (outlet) 470.0
Streambed at Downstream Toe of dam 470.0

d. Reservoir. (miles)

Length of Normal Pool 0.42
Length of Maximum Non-overtopp ing poo l 0.43

c. Storage. (acre-feet)

Normal Pool, Elev. 608.3 525
Top of Dam, Elev. 615 1,650

- 3 -
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f. Reservoir Surface Area. (acres)

Normal pool, Elev. 608.3 132
Top of Dam, Elev. 615 198

g. Dam Data.

Type Earth and rockfill
Length 2,000 feet
Height 145 feet
Crest Width 30 feet
Side Slopes (upstream) 2.5H:1V

(downstream) 1.75H:1V
Zon ing Above Elev. 600, refer to Section

1.2.a
Cutoff None —

Grout Curta in None

h. Diversion and Regulating Tunnel.

None

Spiliway. —

Type Rock-filled, clay-lined channel
Crest Length 50 feet
Crest Elevation 611.0
Gates None

j. Out let Works.

Type A series of reinforced concrete
decants which feed into a 20-inch
diameter steel outlet pipe

Length Outlet pipe - 730 feet
Closure Gate at the downstream toe
Access The valve that controls the down-

stream gate is accessible. The
decants are only accessib le by
boat.

— 4 —
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$ SECTION 2

ENGINEERING DATA

2.1 Design

a. Data Available. The enqineerinq data made available by ~M U~ inc luclr.s the
fo llowing:

1. A set of 31 design draw ings for the original embankment (dated
1956).

2. A set of 10 design drawings for the extens ion dikes (dated 1970).

3. “Genera l Plan Map I or Expanding Existing Tailings Dam ~ Pond -
Crest EJev. 650”.

4. “Specifications for Tailiiiqs Dam to Elevation 620”.

5. Several Miscellaneous Regional Maps.

Three additional drawings were obtained from the Bethlehem Mines
Corporation. They are:

I. The proposed plan for the Tailings Dam Expansion to crest Dcv. 631
with approx imate conditions as of August 24, .1977 shown.

2. “Idealized Sections Thru Tailings Dam Spitlway - 615 Crest ”.

3. Details of the //5 & 116 decants.

h. Design Features. The design features are described in Section i.2.a and
shown on the Plates in Appendix E.

2.2 Construction

Construc t ion reports and photographs were not obtained f rum [)ITR. Con-
struction information and dates supplied in this report were provided by Mr. rred
Eben, Project Engineer for the Bethlehem Mines Corpnratinn.

2.3 Operation

According to the Owner ’s representative , there are no known op~ rat inq records
ma intained for this dam.

2.4 Evaluation

a. Availahiti~y. All information made available was obtiinrd f rom DF~R and
the Bet hlehem Mines Corpora t ion.

- 5 -



b. Adequacy. No design reports or correspondence was provided by DER or
the Bethlehem Mines Corporation. However , the information (listed in Section
2.1.a) provided by DER and Bethiemen Mines Corporation, v isual observations, and
discussions with the Owner’s representative are considered adequate for a Phase I
investigation.

c. Validity. There appears to be no reason to question the validity of the
available information.

-6- 
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SECTION 3

VISU AL INSPECTION

3.1 Findings

a. Genera l. The field inspection of Grace Mine Tailings Dam took place on
May 15, 1979. At the time of the inspection , the water surface was approx imately
1.7 feet below the crest of decant 115 and approximately 2.7 feet below the spiltway
crest , Elevation 611.0. No underwater areas of the dam were inspected.

b. Dam. The downstream slope of the embankment appears to be consistent
w ith the design draw ing slope of 1.75H:1V. The slope is composed of rockfi ll , has an
80-foot w ide berm at elevation 540 and appears to be in good condition. The visible
port ion of the upstream slope also appears to be in good condition. The rorkfill
materia l on the surface of the dam appears to be well graded.

The survey of the crest of the dam revealed variations in elevation of
more than a foot (re fer to Plate 10, Appendix E). A depressed area located in the
v icinity of the outlet pipe centerline was surveyed as nearly a foot below design
elevation.

c. Appurtenant Structures. The spi llway section is a rock filled channel that
is difficult to differentiate from the remainder of the structure on the basis of
surface appearance. The condition of the spi llway crest and side walls could not be
determined. There is no outlet channel provided for the spillway.

The spillway is designed to release any reservoir surcharge through a
contro lled process by permitting the water to discharqe slowly throuqh interstices of
the roc k used to fill the spillway openinq.

The first three decants were completel y submerged on the date of the
inspection. The water level was near the top of decant 114 and approximately 1.7
feet be low the crest of decant 115. Both decants appeared to he in good condition.
The connecting pipe extends beyond decant 115 and above the water surface to
natura l ground on the left abutment. The outlet pipe was discharging a small
amount of f low (0.1 cfs) into the outlet structure during the inspection. The outlet
structure is a rectangular concrete box , approx imately 10 feet by 12 feet , which
re leases the flow through a Parsh~ill flume and into the downstream channel. An
addit ional Parshall flume is located in the channel downstream, hut it is in a state of
disrepair. Some discharge (0.15 cfs ) was observed from the outlet end of a 12-inch
diameter spring drain pipe which protrudes from the right abutment approximate ly
70 fr~ t from the out let structure. V/ntnr v/as also observed flowing down the left
abutment s lope and into the downstream channel.

d. Reservoir Area. The average reservoir side slopes are about 10 percent
and are wel l vegetated. The extension dikes form the reservoir boundary along a
portion of the reservo ir south of the darn.

- 7 -



e. Downstream Channel. The natural channel slope s downward on anapproximate grade of 1.5 percent for about one mile downstream , where it joins HayCreek. Approximately five inhabitable structures are located along this one milestretch of the stream.

-8-
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SECT!~tJN 4

OPERATIONAL FEATURES

4.1 Procedure s

Operational procedure s prior to shutdown of the m ine consisted of placing stop
logs in the operating decant and operating the downstream control valve for the
out let works. According to the Owner ’s representative , the gate has been in the
open position since the reservoir surface overtopped the third decant crest.
However , since tailings inflow ceased in 1977, there have been no forma l operating
procedures.

4.2 Maintenance of Dam

According to the Owner ’s representative , the dam is inspected regularly by
emp loyees of the Bethlehem Mines Corporation and maintenance is performed as
deemed necessary.

4.3 Maintenance of Operating Facilities

According to the Owner ’s representative , the only operating facil ity that
would require maintenance is the downstream gate valve. This valve has not been
maintained or operated in recent years.

4.4 Descript ion of Warning Systems in Effect

There is no evidence that any warning system is in effect for this site. A
Parshall f lume for measuring flow in the downstream channel is no longer operable.

4.5 Eva luation of Operational Adequacy

A formal warning system should be developed to alert downstream residents in
the event of or’ impendinq failure.

It appears tha t the dam is accessible under all weather conditions for
inspection and emergency action.

—

_ _  _ _ _ _ _ _ _



SECTION 5

HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features

a. Design Data. Grace Mine Tailings Pam has a drainage area of 0.7 square
miles and impounds a reservoir with a normal pool (Elev. 608.3) storage capacity of
525 acre-feet of water (in addition to the accumulated tailinqs storage). The
spillway is a 50-foot wide clay-lined and rock-filled channel v,hich has a minimal
discharge capacity and controls high pool stages by allowing the water to discharge
slowly through interstices of the rock used to fill the spiliway opening. Reservoir
stages be low the spillway crest are controlled by the operatinq decant which acts as
a drop inlet spillway when the gate is in the open position. The crest elevation is
determined by the number of stop logs iii place in the operating decant.

— 
h. Experience Data. According to the Owner ’s representat ive ,there are no

rainfall or reservo ir level records kept for this dam. Three Parshall flumes are
ava ilable for measuring flow; one for the outlet pipe, one in the right ~south)
abutment , and one in the downstream channel. However , no consistent records were
ever ma intained for these flumes.

c. Visual Observations. On the date of the inspection, the reservoir surface
was approximately 2.7 feet below the spillway crest. A small amount of water ((Li
cf s) was f lowing over the stop log crest of decant 114 and discharging from the out let
pipe downstream. Decant //4 was functioning as a drop inlet spillway and
ma intaining the reservoir surface at Elevation 608.3 on the date of the inspection.

d. Overtopp ing Potential. Th~ hydraulic and hydro logic analyses were
performed under the assumpt ions that the outlet gate is closed and the rocklill
spillway has no discharge capacity. Therefore , it was assumed that the dam is not

F capable of discharqinq any of the inflow. Using these analyses, the reservoir is
capab le of storing the entire PMF without overtopp ing of the low point of the
embankment (see Appendix C for comp’itat ions).

e. Spiliway Adequacy. The spi llway system for Grace Mine Tailings Dam is
F classified as “Adequate”.

- in - 
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The variatinos in elevation of the crest of the darn
could be a result of differential settlement due to poor compaction during
construction. The additional we ight of the 15 feet of rockfill used for raising the
embankment could also have contributed to the settlement.

The seepage observed from the left abutment was of similar quantity to
the discharge from the right abutment spring dra in and could also be the result of
spring water.

The visible portions of decants 114 and 1/5 appear to he in good condition
and show no signs of structural instability.

Based on the visual observat ions, the embankment appears to be struc-
tura tly stable.

h. Design and Construction Data. A complete set of design drawings was
obta ined from PER. However, there ~7ere no design calculatinns or construction
reports made ava ilable. A list of the enqineer inq data available from PER is given
in Sect ion 2.l.a.

c. Operating Records. According to the Owner ’s representative , the outlet
gate has been open since the water level reached decant 113. No records were ever
kept for the operation of the gate. Parshall I lu~iies are ava ilable for measuring the
f low through the outlet pipe, from the right abutment , and in the downstream
channel. These flumes are in a state of disrepair.

d. Post Construction Changes. In the late 1960’s the original embankment
was raised from Elevation 600 to Elevation 615.

e. Se ismic Stability. Grace Mine Tailings Dam is located in Seismic Zone 1
on the Seismic Zone Map of Cootiqunus States. A darn located in Seismic Zone 1 is
genera lly considered to be safe under any expected earthquake loading conditions if
it is safe under static loading conditions. However , it should he noted that three
minor tremors have been recorded since 1954 which originated within twenty miles
of the dam site. These tremors have been classified according to the Modified
Merca lli Scale as intensity V or \‘I.

- - --~ ~- - - -~~~~~~~~~~_ _ _  J
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, & PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safet y. The visual observations and review of available information

indicate that Grace Mine Tailings Dam is in good condition. The survey of the crest

of the dam revea led that an area near the longitudinal center of the embankment

has settled nearly a foot below design elevation. However , the reservoir is capab le

of conta ining the Probable Maximum Flood with no discharge and without the low

point on the crest of the dam being overtopped. Seepage from the left abutment

near the out let structure was observed during the inspection. The exact source of

the seepage could not be determined although a natural spring seems to he the most

probable cause.

h. Adequacy of Information. There were no design calculations or construc-

tion reports made availab le by PER. However , the information (listed in Section

2.l.a) provided by PER and Bethlehem Mines Corporation, v isual observations and

discussions with the Owner ’s representative are considered adequate for a Phase I

investigation.

c. Urgency. The remedial measures recommended in Section 7.2 should be

implemented as soon as possible.

d. Necessity for Further Invest iqation. No further investigations are consid-

ered necessary at this t ime.

7.2 RecommendationS and Remedial Measures

a. Facilities

1. The top of the dam should be restored to design elevation with
suitable compacted material. Surface monuments should he installed
to monitor any future settlement of the top of th~ dam.

2. The seepage observed at the left abutment should be monitored. If
any substant ial increases in flow or migration of fines are noted, then
a dra inage pipe should be provided for this seepaa~ to insure that the
integrity of the embankment is not endangered.

t’. Operation and Maintenance Procedures

A downstream warning system sha~ild he developed. During periods of
heavy rainfall, the dam should he monitored and downstream residents

should be alerted in the eVent of an impendinq fai lure. The inoperable
Parshall flumes should be repaired to aid in monitoring discharges.

.12.
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SITE GEOLOGY

GRACE MINE TAILINGS DAM

Grace Mine is located in the Triassic Lowlands section of the Piedmont
phys iographic province. Bedrock consists of quartzose conglomerates ~nd re~sandstones of the Brunswick formation. These sedimentary beds dip about 7 to 18
NE and have a direction of strike at about N 45° W. According to the qeologic
sect ions developed from subsurface explorations at the dam site, there is a f rac ture
an d accompanying shear zone cu t t ing  diagona lly across the longitudinal areas of the
dam. The fractures line trends about NE-SW and intersects the dam centerline
about 200 feet west of the stream bed and does not appear to have affected dam
stab ility.
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