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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam: Ironworks Dam -- - -

County Located: Bucks County
State Located: Pennsylvania
Stream: Ironworks Creek
Coordinates: Latitude 40° 10.6’ Longitude 740 59.7~Date of Inspection: 6 June 1978

Ironworks Dam and Springfield Lake have been in con-
tinual service since 1944 and are owned by the Philadelphia
Suburban Water Company . It has been classified as having
a “High” hazard potential. Based on the visual inspection ,
evaluation of the records, and past operational performance,
the dam is judged to be in good condition. The dam was not
designed to pass the probable maximum flood as required by
the Federal (OCE) Guidelines , but It does pass 70 percent
of the calculated PMF without overtopping . Therefore, the
spiliway is considered 4Inadequate~’. If the parapet wall
is reconstructed to accommodate additional storage, or if
the emergency spiliway is lowered one foo~ , this structure
could pass the PMSF and be upgraded to an Adequate~’ classi-
fication.

The visual inspection of the dam and reservoir facili-
ties detected no symptoms of uncontrolled seepage, instabili-
ty, significant deterioration or other conditions that would
suggest impending hazardous conditions. Some wet zones were
noted downstream in addition to the development of woody
vegetation on the downstream slope and emergency /spillway .
Some upstream riprap sloughing was noted. The Owner ’s 1976
studies have identified these conditions ~~~well as remedial
measures to correct them and methods to incrIe.~e the dischargecapacity of the spillway.

In summary, it is recommended that:
1. The woody vegetation on the downstream

slope and in the emergency spillway be
removed.

2. The riprap be restored on the upstream
‘

~~~~~ 

slope of the dam to its design elevation .
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3. The parapet wall near the right abutment
should be restored .

4. The channel downstream of the principal
spillway should be rehabilitated as soon
as practical.

5. The downstream wet zones should be moni-
tored yearly.

Because of the location of the dam upstream from popu-
lated areas, a formal procedure of observation and warning
during periods of high flow or development of potentially
hazardous conditions should be developed and implemented .
An operational maintenance procedure should also be estab-
lished together with an annual inspection program. A
resident dam tender lives within the drainage area and
is charged with reporting the development of abnormal con-
ditions as well as the necessity for routine maintenance.
This daily surveillance should significantly reduce the
probability of an undetected malfunction of the dam.

_ _  6( _ _ _ _ _ _ _

j Fm H. Frederick , ~Jr ., P.E. 
Date

yland Registration 3701

William S. Gardner, P.E. Da e
Penna Registration 004302E
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1~ 3. The parapet wall near the right abutment

should be restored .

4. The channel downstream of the principal
spillway should be rehabilitated as soon as
practical.

5. The downstream wet zones should be moni-
tored yearly .

Because of the location of the darn upstream from popu-
lated areas, a formal procedure of observation and warning
during periods of high flow or development of potentially
hazardous conditions should be developed and implemented.
An operational maintenance procedure should also be estab-
lished together with an annual inspection program. A
resident dam tender lives within the drainage area and
is charged with reporting the development of abnormal con-
ditions as well as the necessity for routine maintenance.
This daily surveillance should significantly reduce the
probability of an undetected malfunction of the dam.

~2aZ~4i~~ ~/ ~f /y
~~~~~~ Jo~~ H. Freder~Ek, Jr., P.E. Da

~~~yland Reg~~tration 3701

William S. Gardner P.E. Date
Penna. Registration 004302E

APPROVED BY:

/7

C. L. WITHERS
Co~one1, Corps of Engineers
Dibtrict Engineer

DATE: ~
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

IRONWORKS DAM
NATIONAL ID #PA 00789

DER NO. 9-137

SECTION 1
PROJECT I NFORMAT ION

1.1 General.

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

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

1.2 Description of Project.

a. Dam and Appurtenances. Ironworks Dam creates
Springfield Lake by the impoundment of Ironworks Creek.
The reservoir stores approximately 1995 acre—feet of water
over 172 acres of reservoir surface area. The watershed
encompasses 5.7 square miles and elevations range from
about 350 to 132.

Ironworks Dam is a rolled earth filled struc—
ture with a concrete core wall keyed within the bedrock ,.
The core wall extends to the embankment crest. The embank-
ment is approximately 745 feet long, has a 15-foot wide
crest and is approximately 51 feet above the valley floor.
The upstream and downstream slopes are fully protected by
hand-placed riprap and dumped rock fill. The upstream and
downstream slopes are 2H:1V and change to 3H:1V and 2 l/2H:

— - 1V below elevations of 132 and 129, respectively. The
crest elevation of the dam is 139.

A concrete ogee structure supported on the foun-
dation rock forms the primary (principal) spillway at the
south end of the embankment. The curved 110-foot long
spillway, has a crest radius of 100 feet. The crest eleva-
tion is 132 feet above Mean Sea Level (MSL).

1
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Reservoir discharge flows over the ogee section into a
small stilling basin which discharges into a 440 —foot—long
concrete and rubble paved spillway channel .

An auxil lia ry  (emergency) spillway located at
the extreme north end of the dam prov ides an increased
discharge capability during maximum design storms. De-
sig ned with a riprap crest at elevation 136 , the emergency
spillway crest has a width of a~proxintately 210 feet.Downstream , a one percent discharge slope blends into a
natural (unpaved) downstream channel.

A minimum flow rate of 10 mgd for public eater
supply is discharged into Ironworks Creek through the in-
take tower via a skimming weir around the tower. Water
passes over the skimming weir into two 12-inch cast iron
pipes to a 20-inch cast iron pipe. If the reservoir is
below the skimming weir elevation, water enters the tower
through two intake gates and is transferred to the 20-
inch cast iron pipe. This pipe conducts the water be
neath the dam through the diversion tunnel and discharges
it into an aeration chamber. Thereafter , the water is
discharged via a riprapped discharge channel into the na-
tural streaxnbed.

b. Location. The darn is located on Ironworks Creek
in Bucks County, near Holland , Pennsylvania , in the vicin-.
ity of the intersection of Route 532 and Holland Road.
State Highway Route 09044 (Churchville Road) crosses the
reservoir about 3000 feet upstream from the dam and about
4000 feet upstream from the dam , the Newton Branch of the
Philadelphia and Reading Railroad crosses the reservoir.
Parallel with the railroad and on its upstream side is a
township highway. The darn site and reservoir are shown on
USGS Quadrangle , Langhorne, Pennsylvania, at coordinates
N 40° 10.6’ and E 74° 59.7’. A Regional Location Plan of
Ironworks Dam and Springfield Lake is enclosed as Plate 1,
Appendix E.

c. Size Classification. The dam is classified as
Intermediate consistent with a height of 51 feet and a
reservoir of 1995 acre—feet.

d. Hazard Classification. A Hiqh Hazard classifi-
cation is assigned because of the potential for extensive
property damage and loss of life downstream of Ironworks
Creek.

2
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e. Ownership . Philadelphia Suburban Water Company.

1. Pu~pose of Dam. Water supp ly.

q. Design and Construction Histo~~~. Available con-
struction records indicated ea~Th Tilling operations for
the embankment he~ an in Noveiiib~ r o t 194 1 , a ftc r removal
of the subsoils and decomposed rock within the embankment
foundat .~on area . It is probable ~ ‘at the core wall exca-
vation also be~ian several months prior to initiati nq the
embankment f i l l  and was carried to intact rock.

A qrout curtain was constructed below the core
wall trench by pressure injecting a neat cement grout
through 404 holes located from 0.5 to 7 feet on—center.
The holes were staggered and offset one foot up- and
downstream of the core wall centerline. Each hole was
carried to an average depth of 39 feet below the stripped
surface . ~ rout , with a water-cement ratio ranging from
2 to 3:1 , was injected ~it a pressure of about 35 psi and
yielded an averaqe take of 18 baqs of cement per hole.

Reportedly, stream diversion , after stripp ing
and grout~.nq of the dam foundation area , was accomplished
through a 42-inch O.D. cast-in-place outlet conduit sup-
ported on the rock surface . Subsequently, the concrete
core wall and spiliway structure were constructed on the
intact foundation rock .

The embankment was desilned to be ~artia1 ly zoned
by placement of more impervious materials on each side
of the core wall and by placem ent of proqressively coarser
materials out towards the edge o the embankment. However,
a review of the records did not document the specified
zoned construction procedure. Embankment materials were
der ived f rom the designated bor row areas , but the records
did not document the borrow source and placement schedule.
The intake towei gates were closed May 1, 1943 , and the re-

• servoir reached full pool on January 4 , 1944.

Records indicate that Ironworks Dam was desiqned
.by the Philadelphia Suburban Water Company Enqineerinq
Department .  Final  desiqn drawings were also prepared by
the Phi ladelphia  Suburban Water Company together with spec-
ifications and other construction documents.

3
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h. Normal Operating Procedures. At normal pool ,
• water is supplied downstream through the intake tower

over the skimming weir. The water is then conducted via
a 20—inch cast i ron pipe through the diversion tunnel into
the aerator and eventually discharged downstream . A cross—
section of the intake tower and the aera tor is shown on
Plate 6. The rate of flow through this 20—inch cast iron
discharge pipe is controlled by a valve at the base of
the intake tower. This valve was calibrated and the
discharge rate is determined by the number of valve turns.
If the reservoir is below the skimming weir elevation ,
wate r supp ly is maintained by two sluice gates at eleva-
tions 122 and 107 which are connected to the 20-inch cast
i ron pipe.

Excess water is discharged over the principal
spillway at the right abutment. Although never used , the
emergency sp il iway,  at the left abutment , has been de-
signed to carry abnormally high flows.

1.3 Pertinent Data.

A summary of pertinent data for Ironworks Dam
is presented as follows:

a. Drainage Area (sq. miles) 5.7

b. Discharge at Dam Site (c f s )
Max. Known Flood at Site 900 (July 15 , 1975)
Principal Spi l lway

At Top of Dam 8, ~. 00
At Top of Parapet Wall 14,925 est. (assumes

no reduction result-
ing from construction
at bridge)

Emergency Spillway
At Top of Dam 320
At Top of Parapet Wall 9,173 est.

C. Elevations (feet above MSL)
• Top of Parapet Wall 142

• Top of Dam 139g Emergency Spillway Crest 136
Principal Spiliway 132
Max . Pool of Record 133.8 (July 15 , 1975)
Water Supply 106

121
Emergency Drain 90
Skimming Weir 132 

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



• d. Reservoir (miles)
Length @ Normal Pool 1.0
Fetch 0 Normal Pool 0.3

e. Storage (acre-feet)
Normal Pool 1,995
Top of Dam 3,409
Top of Parapet Wall 4,132

f. Reservoir Surface (acres)
Normal Pool 172

g. Dam Data
Type earth with concrete core

‘.:~i11 to elev. 139Length 745 ft. (without spill—
way channel)

Maximum Height 51 ft. (above foundation )
Top Width 15 ft. (including para-

pet wall)

Side Slopes upstream
above El. 132 2:1 (H:V)
below El. 132 3:1 (H:V)

Side Slopes downstream
above El. 129 2:1 (H:V)
below El. 129 2.5:1 (H:V)

Cutoff Core wall footing
approximately 10 ft.

• below rock line
Grout Curtain Double row , staggered

spacing

h. Diversion and Regulating Tunnel
• 20 inch cast iron pipe

8 inch diameter to main-
• tam minimum flow

5
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i. Spi llway
Principal
Type Ogee type weir
Length 110 ft.
Elevation 132 ft.
Downstream Channel Channel has storiey bot-

tom, some bank erosion
and meanders through
tree/brush covered
flood plain which is
approximately 500 ft.
wide. Approximately
2000 ft. downstream of
dam , the stream passes
u;.~~ r a road bridge ;
homes are built  on
flood plain

j.. Emergency
Type Earth/ Rock Channel
Width 202 ft.
Length Approximately 600 ft.

along centerline
Crest Elevation 136 ft.

(
6
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2 .2  Construction.

Reviewed construction documentation was limited
to a series of miscellaneous letters , notes and memoranda.
The date of commencement is unknown and is assumed to be
early in 1975 or , possibly, late 1974. Construction photo-
graphs indicate tha t the dam and appurtenant structures
were most likely constructed in genera l accordance with
the design drawings. Records indicate that the dam was corn-
pleted June 30, 1976, and photographs indicate that con-
struction was performed by James D. Morrissey , Philadelphia,
Pennsylvania. The only significant diviation noted was in
the gradation of the riprap. This is discussed in Section
3. Construction records and field testing records were not
available from the designers/SCS Project Engineer for review.
In consideration of the good condition of the darn and suf-
ficiency of other data obtained from DER files, it was
determined that it would not be necessary to attempt to
retrieve the additional SCS data.

2.3 Operation Data.

The construction permit indicates that the discharge
system must maintain a minimum stream flow of 1.5 cfs. The
discharge system is reportedly designed to maintain this min-
imum flow.

Since the reservoir has only reached the conser-
vation pool elevation , there are no discharge records avail-
able. There was no other operational data available at
the time of inspection.

• 2.4 Evaluation .

a. Availability . All engineering data reproduced in
this report and studied for this investigation were provided
by the Pennsylvania Department of Environmental Resources
and the Soil Conservation Service.

b. Adequacy . The design data provided was quite
comprehensive and well documented. However, construction
data was very limited, and details confirming that construc-
tion was performed in accordance with the design require-
ments and specifications could not be ascertained.

7 ~~~~~~~~~ ~~~~~~~~~~~~~
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5. “Safety Evaluation , Ironwork s Dam” , by
Woodward-Clyde Consultants , dated July 30,
1976.

6. A letter from Mr. C.E. Davis , Vice-President
to Mr. C. Ryder , dated January 10, 1944. This
letter states that the gates to Ironworks
Dam were closed on May 1, 1943 and the reser-
voir reached full pool on January 4, 1944.

7. A memorandum from Mr. C. Weigle , Chief ,
Division of Dams, dated January 7, 1944.
This letter indicates that several sources
of seepage have developed downstream of the

• dam immediately after the reservoir reached
an elevation of 21 feet on the staff gage
located on the intake tower.

8. Specifications filed with “Application for
• Permit to Construct a Dam Across Ironworks

Creek ’, by the Philadelphia Suburban Water
Company , dated March 7, 1938 , three pages.

9. “Contract for the Construction of Ironworks
• Creek Dam , Northampton Township, Ducks

County . Pennsylvania ” , (83-page document , un-
dated). Contained in this data are references
to, but no documentation of the oroperties
of the embankment materials, engineering anal-
ysis of embankment stability and details of the
design criteria.

b. Design Features. A complete description of the
• design features of this project is discussed in Section

1.2, “Description of Project” .

2.2 Construction.

• A complete description of the construction his-
tory is presented in Section 1.2 , parag raph q . A descrip-
tion of the foundation materials and embankment materials
are described as follows.

8
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• Foundation Materials. Boring record s document
the depth to “rock ” below the ori gina l grade surface to
be from 5 to 27 feet and to average about 11.5 feet. It

• is not known if the “rock” indicated is the top of rela-
tively weathered or unweathered material. However , it
is probable that at least the residual soil horizon was
removed during the foundation area stripping . Thus , the
foundation of the dam can be conservatively assumed to
consist of weathered and decomposed , but relatively dense
rock , principally from the arkosic sandstone member of
the Stockton Formation.

Outcrops of bedrock in the spillway channe l ,
immediately be low the dam were identified as a med ium
to fine grained , arkosic sandstone containing primary
constituents of quartz and feldspar with mica as a secon-
dary mineral. The exposed rock generally exhibited a
limi ted depth of weathering alteration , evidenced by the
reddish coloration and friability of a thin surficial

• zone.

Structurally, the Stockton Formation is part
of an extensive monocline and was observed within the
area of the site to be flat-lying with the bedding dipping
slightly east of north at an average slope of about 15
degrees. As the alignment of the preferred jointing is
approximately at right angles to the stream flow and the
joints observed are relatively tight and in some instances ,
filled by secondary mineralization , the secondary porosity
of the foundation rocks norma l to the dam would be expected
to be moderate to low. The decomposed sandstone , which
becomes less altered with depth , is rated as being rela-
tively incompressible under the embankmen t load and does
not contain any known structural features which would im-
pair the stability of the embankment .

Embankment Materials. The available construe-
tion documentation relative to soil type indicates the
embankment soils to include : silty sand (SM) , silty
clay (CL) and sandy silt (ML) . These materials , when com-
pacted , would be expected to exhibit permeabilities
general l y ,  in a range of lxl0~~ to l iclO G cm/sec . The
associated shear strength based on ,‘~ fective stress would
be expected to be characterized by friction angles ranciini
from 31 to 34 degrees and an effective cohesion from 0 to
200 psf.

9
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2. 3 9~eration Data.

Preconstruction data used to design I ronworks
Dam contained flow records of Neshaminy Creek feom 1884
to 1932 . A sununary of Neshaminy Creek flow records was
presented on documents which included the years 1884
through 1913 and 1932 through 1936. It is reported that
this dat~a was used to develop hydrologic/hydraulic ana-
lysis for this project.

The construction permit , as well as other
supporting documents , indicates that the discharge sys-
tem must maintain a minimum stream flow of 10 million
gallons per day. This minimum flow is controlled by a
calibrated valve at the base of the control tower. The
operator is given instructions as to the number of turns
to turn the valve to achieve the required flow at Nesh-
aminy Creek. Minimum flows are requested from the Nesh-
aminy Creek Water Gaging/Treatment Station , located down-
stream on Neshaminy Creek. There were no records avail-
able documenting when and how the 20—inch valve is op-
erated. Reservoir levels are recorded daily and trans-
mitted to the Neshaminy Water Station .

2.4 Other investigations.

in the early 1970’s, Woodward-Clyde Consultants
of Plymouth Meeting , Pennsylvania , performed a compre-
hensive investigation of Ironworks Dam. The scope of
work included a review of all available documentation ,
several dam inspections and an engineering analyses.
The engineering analysis included stability evaluation
and a complete hydrolog ic/hydraulic analysis.

2.5 Evaluation.

a. Availability . All data reproduced in this report
and studied for this investigation were provided by the
Pennsylvania Department of Enviormental Resources, Harris-
burg , Pennsylvan ia , by the Owner , Ph iladelphia Suburban
Water Company ,  Bryn Mawr , Pennsylvania and from records
and data develoned by Woodward-Clyde Consultants of Plymouth
Meeting , Pennsylvania. The Owner ’s representatives were
available to provide information about the construction and
operation of the darn.

b. Adequacy. ~s previously stated , several pieces
of information were extracted from construction documents
and from field observations performed by Woodward-Clyde
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Consultants during the preparation of their report. This
data , coupled with this recent visual inspection and the
hydrologic analysis performed as part of this investiga-
tion, are considered adequate to evaluate the dam and
appurtenant structures.

c. Validity . There is no reason to question the
validity of the available data.

11 
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SECTION 3
VISUAL INSPECTION

3.1 Findings.

a. General. The observations and comments on the
field inspection team are contained in the Checklist,
enclosed herein as Appendix B and are summarized and
evaluated as follows. In general , the appearance of the
facil ity indicated that the dam and appurtenances are
properly maintained and in generally good condition .

b. Dam. During the visual survey , there were no
indications or evidence observed of distortions in align-
ment or grade that would be indicative of movement of
the embankment or the foundation . Some down—slope move-
ment of the r~prap on the upstream slope was noted at

• a few locations as shown on Photos Nos. 7 and 9. This
movement is evident when compared to Photo No. 8 which
shows the riprap slope at the end of construction.
This condition is attributed to the age of the struc-
ture, the degree of inclination of the upstream slope
and the loss of riorap due to vandalism .

The crest of the dam was well maintained and
considered to be in good condition . Several large ever-
green trees were observed on the downstream slope and
are apparently well-rooted into the embankment . The
minor riprap displacement on the downstream slope is not
considered significant. No evidence of bulging , crest
distortions or other features indicative of embankment
or foundation shear distortion could be detected .

There was no evidence of seepage emergence
in the form of flowing springs noted on the downstream
slope. However , beyond the downstream toe, several
small wet marshy areas were noted . There was no flow
emerging from the areas and no evidence of previous
boiling or piping of fines. The location of these wet
areas are shown on Sheet 5a, Appendix B. The wet areas
were noted in previous inspections (1973) and ranged
in size from 2 to 4 feet in diameter. The elevation of
the water surfaces approximated the elevation of the
outlet stream . Probing of the ~~t,marshy areas m di- V
cated a firm bottom approximately 18 inches below the
surface.

12
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r
c. Appurtenant Structures.

1. Principal ~pillwa.~~ No sign i f i can t  seepage
either through or around the spxllway structure was ob-
served. Minor concrete spalling was noted at the base
of the stilling pool weir. The concrete channel section
was observed to be in excellent condition with no evidence
of seepage.

At the contact between the rubble pavement and
the natural rock channel, some erosion has occurred.
Concentrated flow has loosened and transported downstream
blocks of the jointed rock , undermining the paving and
forming a receding scarp across the channel. This pheno-
mena was noted during a 1973 inspection .

2. Emergency ~pillway. The emergency spillway
was in generally good condition and highly resistant materials
(to erosion) were estimated from previous investigations
to range from 4 to 6 feet below the existing spillway crest.
It is noted that several trees, as shown in Photo No. 6,
have established themselves in the spillway channel.
These trees should be removed.

3. Outlet Works. Inspection of the outlet
works revealed no signs of significant distress within
the diversion tunnel or the outlet conduit contained
within the tunnel. The intake tower was also inspected
and found to be in exceptionally good condition. Some
spall ing was noted , but it is minor and expected in a
structure of this age, At the contact between the paved
and riprapped sectiqn~ ~f the Qutlet channel, ~9~’le deter-
ioratjon was noted but it is considered to be superficial.

d. Reservoir. The railroad embankment crossing the
upper potion of the reservoir has partially isolated a
section of the impoundment, essentially forming a stilling
basin upstream. During previous inspections, records
docu~ents that random probings indicated a substantial

13



sediment build-up which has undoubtedly reduced the use—
ful storage capacity of the reservoir. Further upstream ,
this siltation has essentiall y created deposits which have
become marshy and supuort the growth of grass. me extent
of silting within the remaining reservoir is unknown but
it is reported by the Owner that a recent bathymetr ic
su rvey of the reservoir  was per formed to det ermine the
remaining storage capacity of the impoundment. This sur-
vey revealed significant quantities of sediment below the
normal pool level but insignificant sediment above normal
pooi level. Flood storage caoacity has not been signifi-
cantly affected by sedimentation .

e. Downstream Channel. Immediately downstream
of the principal spiliway and the outlet works channel,
the water  flows in a rocky gravel ly  bed wi th  no evidence
of major erosion below the spalled zone noted in Sec-
tion 3.1 , paragraph c. The stream meanders and there
is some minor stream bank erosion between the dam and
the first bridge downstream . The channel meanders and
narrows through Holland passing very close to homes
which are built within the flood plain. Both sides of
the approx imately 500 foot wide flood plain are predom i-
nantly tree and brush covered .

3.2 Evaluation.

With the exception of the limited areas of slough-
ing riprap on the upstream slope, the inspection of the dam
disclosed no evidence of apparent past or present movement
to indicate instability of the embankment. The soft, wet
areas observed -just beyond the downstream toe of the dam
do not appear to be associated wi th potent ia l  p ip ing of
the foundation . Records of inspections performed in 1973
indicate that no changes in the condition of these wet areas
have occurred since that time.

The degree of spalling of the spiliway channel
and the spillway crest is typical of a dam of this age.
The conditions observed within the discharge chan- r
nel do not appear to represent an immediate hazard to the
integrity of the dam . However , it is concluded that the
downstream channel should be stabilized at some time in
the future to prevent further deterioration of the channel
bottom.

14
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SECTION 4
OPERAT IONAL PROCEDURES

4.1 Procedures.

The max imum reservoir leve l is regulated by
the skimming weir  at the in take  tower and the p r imary
spi l lway each w i t h  a crest elevation of 132. Water for
public consumption is drawn-off the skimming weir , dis-
charged through a 20-inch pipe into an aerator and al-
lowed to flow down the natural channel . The flow through
th i s  20—inch  pipe is regula ted by a valve located at the
junction of the intake tower and diversion tunnel . This
valve has been calibrated and the resident caretaker ad-
jus t s  the valve as necessary to produce the required
downstream flow.

Should the reservoir be below the skimming weir
crest , two intake pipes located as shown on Plate 6 , are
opened and water is passed through the same 20-inch pipe
to maintan flow requirements to the Neshaminy Creek Treat-
ment Plant. Excess water above elevation 132 is discharged
downstream via the pr imary soillway . An eight inch pine
regulated by a valve at the base of the intake tower can
be used to drain the reservoir. This valve was exercised
during the inspection and observed to operate properly.
It is reported that this drainage nipe is exercised at
least one or more times per year. The other valves within
the intake tower are operated several t imes per year , par-
ticu la r ly  dur ing the low flow conditions associated wi th
the late summer months.

It is understood from the Owner ’s representat ive
that no wr i t t en  procedures exist  for  the oneration of I ron-
works Dam. The normal procedure , as discussed with the care-
taker, consists of a telephone call from the Neshaminy
Treatment Facilities requesting that a certain volume of
water be released from the reservoir. Subsequently, the
caretaker wi l l  open the valve accordinqly to satisfy this
demand .

4.2 Maintenance of the Dam.

The dam is reportedly maintained by the Owner ’ s
personnel who check the structures periodically and per-
form repairs.
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4.3 Maintenance of Qperating Facilities.

The valve control mechanisms within the intake
tower and diversion tunne l  we re observed to be clean ,
painted and lubricated . Each valve was exercised and ob-
served to operate in a satisfactory manner.

4.4 Warning Systems in Effec t.

There are no formal warning systems or proee—
dures established to be followed durinq Periods of exceed-
ingly heavy rainfall. As reported by the caretaker , if
a hazardous condition develops or if high flow conditions
are anticipated , the Owner ’s representative or an engineer
at the Bryn Mawr office of the Philadelphia Suburban Water
Company is immediately notified .

4.5 Evaluation.

Although there are no written operating proce-
dures , it is believed that the current operating procedures
are a reasonably realistic means of operating the rela-
tively simple control facilities at Ironworks Dam. A
formal warning procedure and surveillance program should
be implemented during periods of extreme rainfall or during
the develonment of a hazardous condition so that residents
downstream could be amply warned of possibly high volumes
of flow or a ootentially hazardous condition .
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SECTION 5
HYDROLOGY /HYDRAULICS

5.1 Evaluation of Features.

a. Design/Evaluation Data. The design data availa-
b].e was limited to statements located in the State Files,
particularly in the Application Report, dated June 30, 1936,
and the results of flood routing through the reservoir. How-
ever, in 1972 Woodward—Clyde Consultants, at the request of
the Owner, prepared a report evaluating the safety of Iron-
works Dam (Reference No. 5). Included in this report was a
comprehensive hydrologic/hydraul ic  analyses.

(1) The original drainage area , as listed in the
Application Report, was determined at 6.4 square miles
and based on a USGS map surveyed between 1883 and 1885.
The area supported by current USGS maps is approx imately
5.7 square miles, the difference being partially attributed
to grading operations during development of the reservoir
and subsequent development within the drainage area. The
watershed is leaf—shaped , 3.5 miles long and 1.2 to 3.0
miles wide . Elevations range from 370 feet in the upper
reaches to 132 feet at the reservoir normal pool elevation .
The area is at least 50 percen t residential and is growing .
Most of the remaining land is open s~ith very little wood-
land. Five small, one to two acre, ponds are upstream
of the reservoir and will have no effect on the reservoir
during an extreme event.

(2) Prior to construction , a model of the principal
spiliway and waste channel was built and tested at the
Pickering Creek Plant. The capacity of the principal
spillway, as stated in the Application Report, was about
9700 cfs with the water in the reservoir one foot above
the top of the earth embankment and two feet below the
top of the parapet wall. The capacity of the emergency
spillway is about 4200 cfs with the reservoir water level
at that elevation . The combined discharge being equiva-
lent to a runoff of 3.35 inches per hour.
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The maximum runoff routed through the reservoir
was 3.85 inches per hour. This raised the water surface
from 132 to 140 in just under four hours , equivalent to
a runoff of 15.4 inches.

(3) The report prepared by Woodward-Clyde Consultants
reviewed the orig inal rating curves for the spiliways
and found them reasonable. The “top of parapet wall ”
discharge for the principal spillway is an extrapolation
of the rating curve which assumes the service road bridge
has no effect (based on the geometry of the chute at
the location of the bridge ) on the discharge capabilities
of the principal spillway. The PMF was also determined
(based on a drainage area of 6.4 square miles) from a
24-hour storm producing a peak inflow value of 18,649
cfs. Computations are shown in Appendix C.

(4) In accordance with the criteria established by
the Federal (OCE) Guidelines, the recommended spiliway
des ign flood for this “Intermediate” size dam and “High”
hazard potential classification is the probable maximum
flood (PMF).

(b) Experience Data. Records of reservoir water
levels are kept at the d~wnstream Neshaminy Plant and in
the Owner ’s office in Bryn Mawr, Pennsylvania. Reservoir
levels are taken by the Owner ’s personnel at the dam. A
review of the more recent records back through 1974 dis-
closed a maximum reservoir level of 133.8 feet on July
15 , 1975. This corresponds to a discharge of 900 cfs.
Th is d ischarge was assoc iated with four day s of ra in f a l l
totaling 4.29 inches measured at the Neshaminy Water
Treatment Plant . Verbal reports indicates that the re-
servoir water level has never reached the emergency
spiliway crest , elevation 136.

(c) Visua l Observations. On the date of the in-
spection, the only conditions observed that would indicate
that the outlet capacity could be reduced during a flood
occurrence is the presence of large trees growing in the
approach channel and at the concrete sill in the emer-
gency spillway. Observations regard ing the condition of
the downstream channel , spi llway cond itions , and reservoir
are located in Appendix B.

I
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(d) Overtopping Potentia l. The original design
data, as stated in the Application Report, implies tha t
the structure would be overtopped during an extreme
event and may be capable of withstanding overtopping of
the earth embankment without failure of the parapet wall,
at least for a short time. The 1976 Woodward—Clyde report
ind icated the embankment to be overtopped by 1.4 feet,
also assuming the parapet wall does not fail. However ,
in view of the fact that the parapet wall experienced
mov ement and that there are cracks and a gateway opening ,
it is conservatively assumed that the parapet wall is
not capable of retaining water.

The Woodward-Clyde Consultants (WCC) report in-
cluded a routing of the PMF through the reservoir. The
maxithum elevation of water in the reservoir is computed
to be 140.4 feet. This is 1.6 feet below the top of the
parapet wall (see Appendix C). It is noted that this
peak inflow (18,460 cfs) was based on a 6.4 square mile
drainage area as listed in Bulletin No. 5, “Dam, Reser-
voir and Natural Lakes” , Department of Forests and Waters,
Harrisburg, Pennsylvania, 1970. Therefore, when the peak
flow is scaled down based on the reduced drainage area,
this inflow reduces to 16,826 cfs. The PMF inflow
hydrograph developed conservatively assumed no retardance
effect of the highway and railroad embankments. As the
bridge openings through the embankments is less than the
flow area of the spillways when the reservoir water level
is at the top of the darn , the embankinents will attenuate
the peak inflow value .

Further , the WCC studies demonstrate that en-
largement of the emergency spillway capacity is feasible.
The enlargement could consist of either lowering and/or
lengthening the existing crest.

(e) Spillway Adequacy . The spiliway system of
this dam is considered “Inadequate” but not “Seriously In-
adequate” , as the embankment overtops during passing of
the calculated PMF. The spiliway systems can discharge
70 percent of the calculated PMF without overtopping. A
lowering of the emergency spillway by one foot would en-
able the system to pass the calculated PMF. The tailwater
is estimated to be 40 feet below the top of the embank-
ment during passing of the PMF .
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(f) Downstream Cond i~~ ons. Approximately 2,000
feet downstream of the dam , Ironworks Creek passes under
Chinquapin Road , which is expected to flood when discharge
from the dam is somewhat greater than 5,000 cfs. At Chin-
quapin Road and approximately 1,000 feet further down-
stream at Holland Road, houses are built on the flood
plain and are subject to flooding . Immediately above Hol-
land Road , Ironworks Creek joins with Mill Creek. Many
homes and businesses are loca ted ad jacent to Ironworks
Creek between Holland Road and Neshaminy Creek (2.3 miles
downstream of the darn) and are subject to flooding every
few years.

Residential dwelling density increases sig-
nificantly below the confluence of lronworks Creek with
Neshaminy Creek. Damage, including loss of life , to down-
stream sections would be significantly greater if the dam
failed during passing of the PMF than the damage resulting
frc -n large flows if the dam does not fail during passing
of the PMF.

I
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations. The visual observations
did not indicate any existing embankment stability prob-
lems. However , it is noted that at a few locations the
riprap slope upstream appears to have been displaced
down slope and should be repaired . Although soft wet
areas were noted beyond the downstream slope, there is
no evidence indicating that these conditions are poten-
tially hazardous. An inspection performed in 1973 indi-
cated identical conditions with those observed during
this recent inspection . Therefore , it is judged that
potentially hazardous conditions are not developing nor
is it bel ieved that monitoring of these seeps other than
normally associated with routine inspections is warranted .

The visual inspection of the spiliways did not
reveal any evidence of instability at the ogee weir in
the principal spiliway or in the riprap control section
in the emergency spiliway. Some minor spalling was ob-
served on the ogee weir and some channel deterioration was
noted below the principal spiliway discharge channel . Con—
sidering the age of the structure , this spalling is not
considered to be potentially hazardous. However, it is
concluded that repairs should be performed to minimize
further deterioration. Similarly ,  the deterioration noted
downstream of the principal spillway is also judged not to
be immediately hazardous. It is concluded that the channel
should be stablized as soon as practical. Trees were
noted within the spillway channel and should be removed
to assure maximum efficiency if a low frequency storm is
experienced in this drainage basin .

The intake tower was observed to be in good
condition together with the diversion tunnel. All of the
piping was also observed to be in good condition.

b. Design and Construction Data. The records in
the State Files did not contain formal stability or
seepage analyses associated with the, design of this dam.

• However , letters of correspondence indicated that such
analyses were performed . - During the safety evaluation
studies performed by Woodward-Clyde Consultants , this
lack of design documentation was also noted . There-

I
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m.n i ;~~d below ay e  t h e  rc’~j u l t s  of t ~~~~ ;t udies .

Cond i t ions w h i c h  have led  to the f a i l  t ire or have
se ve rely re~;L r i c te d  the p e r f o r m i n c . ’ of da ms similar to Iron-
works Dam were u’ al yzed as p a r t  of t h a t  i n v e s t i g a t i o n .  The
f a i l u r e  cond i t ions  considered to be the most c r i t i c a l
included the f o l l o w i n g :

1. Shear f a i l u r e  of the embankment ;

.2. Fa i l u r e  by p ip ing  throug h , around or
benea th  the embankment ; and

3. F a i l u r e  by overtopp i n g  of the embank-
ment by f loods exceed in g the capacity
of the  sp i l i way  ou t l e t  systems .

The f i rst two conditions are discussed in the f o l l o w i n g  sec-
t ions.  The t h i rd  cond i t ion  was discussed in Section 5.

1. Shear F a i l u r e .  The po t -en t ial  for  shear f a i l u r e
or c~~:essive shear  d i s t o r t i o n  of the embankment was in-
vestigated using the as-built geometry of the most criti-
cal embankment section . The pertin ent properties of the
materials were conservatively established from data ob-
tained in the daily construction reports , located at the
Bryn Mawr , Pennsylvania office and from a limited source
of reported test data , also located at the Bryn Mawr of-
fice . Based on these files, the embankment soils were as-
sumed to be predominantly silty sand or sandy silts (SM
or ML) as per the Unified Soil Classification System. The
bracketing shear strength parameters selected for that ana-
lysis are tabulated below .

t
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M3 Previously stated , several pieces
and f 

were extracted from construction documentsrom field observatjo~ g performed by Woodward-clyde
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TABLE 2
SUMMAP.Y OF’ STABILITY ANALYSIS

FACTOR OF SAFETY 
- -

- 

ANALYSIS CONDITION 
— 

CASE 1 CASE 2

Steady Seepage 1 9 2(DS) . .2

Steady Seepage 2 3 2(US) . . 6

Seismic Loading 1. 4(DS) 
—

Seismic Loading 1 4(US) . 1.7

Sudden Drawdown 1 5 6(US) .1.

(DS) = Downstream (US ) = Upstream

The results of the stability analysis indicates that the
embankment is stable , even under  seismic conditions greater
than that which have reg ionally occurred within the recorded
h i s to r i c  past .  Th i s  conclusion is consistent  wi th  a de-
tailed embankmen t survr~y documen ting  the absence of notice-
able bulging, settling, misali gnment , cracking of the em-
bankment , or any other features which would reflect post—
construction shear distortion . The only noted distortion
is downslope slippage of the uostream riprap slope.

2 .  P~ ping Fa i lu r e .  P ip ing  f a i l u r e  by seepage through ,
unde r or around the embankment  was invest igated dur ing  the
Owner’s 1973 investigation considering the poss ibi l i ty  of
cracks in the embankment and core wall  as well  as seepage
through interconnected open jo in t s  or fr ac tu re s wi th in
the foundat ion  rock . Inspect ion of the core wal l  align-
ment along the crest revealed no evidence of cracking of
the exposed wal l  extension or subsidence around the w a l l .
The downstream slope and the ground surface  severa l  hundred
fee t downst ream from the toe of the embankment was care-
fully inspected during that investigation . That survey -

~

revealed small wet areas discharg ing minute and , in most
cases , impercept ib le  q u a n t i t i e s  of seepage . A p p a r e n t l y
th is seepage was noted d u r i i i q  an invest ig a t i o n  ue rformed
i n 1963. The d e s c r ip t i o n  in tha t  i n v e st i qat i o n  indicated
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that no changes have occurred since then . Similarly ,
during this 1918 inspection , no change was observed .
There is no evidence that an existing piping failure
through , beneath or ~tround the embankment exists at the
Ironworks Dam site .

c. ~perating Records. It is noted that since con-
struction , there is no record of flow over the emergency
spi].lway. The Owner does maintain water level records
which are transmitted to the Neshaminy Water Treatment
Plant downstream on Neshaminy Creek and supplied informa-
tion as to maximum reservoir water elevations.

d. Post-Construction Changes. Other than the re—
habilitatioru of the foot bridge across the principal spill-
way , there were no reports nor is there any evidence that
modifications or alterations were made to the dam.

e. Seismic Stability. As noted in paragraph a, the
seismic stability of the dam was investigated . It is noted
that the seismic stability exceeds the minimum requirements
established by the Federal (OCE) Guidelines. Therefore , it
is judged that the structure satisfies seismic stability
requirements.

C
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SECTION 7
ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment.

a. Assessment. The visua l inspect ion and the long-term
performance of Ironworks Dam indicates that the dam embank-
ment and foundation has and is performing satisfactori ly
and is in good condition . The wet zones located just be-
yond the toe of the dam have apparently been there at least
since the inspection of 1963. Comparing the descriptions
of these areas with the condition of the wet zones during
this inspection , it is concluded that a serious hazard does
not exist which could affect the integrity of the dam . The
spalling of concrete along the discharge channel is expect-
ed considering the age of the structure.

An inspection of the intake tower and the diver--
sion tunnel indicates that these structural features appear
to he in good condition . Similarly , it was observed that
the structural integrity of the principal spillway and retain-
ing walls were also in good condition. As noted on Photo
Nos. 10 and 11 , some lateral upstream movement of a 30-
foot section of the parapet wall was observed near the right
abutment of the dam. Based on this visual inspection , the
cause for this unusua l movement could not be ascertained .
It is noted that the maximum movement observed is on the
order of four inches and descreases to zero approximately
30 feet from the end of the wall. At this location , a ver-
tical crack was observed . As a result of this rotational
movement upstream , a small section at the top of the left
abutment retaining wall of the principal spillway has also
been moved . This movement can be observed in Photo No. 11.
Although it is not believed that this condition presents a
serious hazard to the dam , it is concluded that this wall
should be restored .

The eva luation of the hydrologic and hydraulic
features of this structure was performed usinq the data r
developed by Woodward-Clyde Consultants. As previously
noted , the data indicates that the structure nasses 70
percent of the PMF .

26
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These calculations assume no effect on inflow
characteristics by the highways and railroad embankment
which cross the reservoir. These features would retard the
peak inflow time on the hydrograph, and most likely reduce
the PMF. These computations were not performed because an
assessment of the probable results indicates that the struc-
ture would still not pass the PMF. Therefore, the spiliway
would still be classif ied as “Inadequate” . As the darn is
overtopped during a PMF event, it is judged that overtopping
would be of short duration; the core wall and downstream
riprap slope would provide at least some protection to mini-
mize the potential for catastrophic failure.

b. Adequacy of Information. It is concluded that
the information available for this assessment is adequate.

c. Urgency. It is considered that the recommenda-
tions presented below be implemented as soon as practical.

d. Necessity of Additional Studies. Since the
Owner’s previous studies were quite comprehensive and have
identified the conditions noted during this inspection, it
is believed that further investigation would not signif i--
cantly contribute to the assessment of Ironworks Dam.

7.2 Remedial Measures.

a. Facilities. It is recommended that the follow-
ing measures be undertaken by the Owner:

1. All vegetation should be removed from the
emergency spiliway channel and from the
downstream slope of the dam.

2. The deteriorated channel sections down-
stream of the principal spiliway should
be evaluated and rehabilitated as soon as
practical. This rehabilitation could
merely require the placement of large
riprap designed to withstand high flow

— conditions. Alternately, rock anchors
could be used.

3. Spalled concrete on the principal spiliwa y
channel should be repaired during normal
maintenance operations.

- - - - - 
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4. The displaced section of the parapet wal l
along the right abutment of the dam adja-
cent to the left retaining wall of the
principa l spillway should be repaired .

5. The riprap along the upstream slope which
has experienced downslope slippage and
vandalism over a period of years should
be repaired . This repair work would con-
sist of the placement of equivalent size
riprap along the top of the dam .

6. The downstream wet, marshy zones should be
monitored annually.

7. The reservoir should be checked annually
for silt accumulations which would affect
the flood storage capacity of the reservoir.

b. O~eration and Maintenance Procedures. Because
of the location of the dam unstream from a populated area ,
a formal procedure of observation and warning during
periods of high precipitation or during a potentially
hazardous condition should be developed and implemented .
The Owner should also develop an operational orocedure
to follow in the event of an emergency and a maintenance
inspection checklist developed to help insure that all
critical items are inspected on a periodic basis.

28
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Sheet l o f 6
IPONWO RK S DAM

CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTER IST ICS: Approx. 50% residential; remaining most 1L’ open/ farm

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 132.0 ft. (1995 Ac-Pt)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 136- Cres t F)nergenoy Spillway

ELEVATION MAXIMUM DESIGN POOL : P1ev. 140 (1 foot above top of darn) as per app lic’.
report —

ELEVATION TOP DAM: 139.0 emhankment~ 142 .0 parapet wal l

SP ILLWAYS:

a. Elevation Princi pal ,  132 . 0;  Kmergency, 136.0

b. Type Princi pal , ogee weir; l *nergency, earth/ rock channel

c. Width Principal , 110 f e e t ;  F~nergency, 202 feet

d. Length Principal , 122 ft. to channe l; Pinergeney, $00 ft. along centerline

e. Location Spillover Prm nL’ip aL ~ rig ht ab itinent; ~ ner~eni,~~ l ef t  ahs.j ~~neoiL

f. Number and Type of Gates Vc ’ne

OUTLET WORKS : (WATER SUPPLY TOWER)

a. Type Tntake tower

b. Location 465 f t .  from l e f t  5il ~utment

c. Entrance inverts Skinininq weii 1A2; top pipe 2 2 1 ± ; mid  p i p e  1 (?( ~~ — - -

d.  E x i t  I nver t s  Aerator out le ts  at  10’ .2 ft.

e. Emergency draindown facilities ~ i i •h  p ipe  at - l ’a s. ’ ‘J~ t OW, ’r -- - - -

HYDROMETEOROLOGICAL GAGES:

a.  Type None at J am; .~5 z i . ~~~f z ~~ c s ’n ~~-~ hariiny Cre, -k 
-

b. Location 1.6 miles  , ! ‘w ’~- t r , - :-- .‘s~ N, -~ hamini~ Creek 
-

~~~~

c. Records A l l  r, ’,~r i: ’ ir . ”sz ’ t .2 l1- u , !  x t  ( 
~e N ’shaminy Pta f i’u

MA X PI1JM NON-DAMAG ING DISCHARGE : 
~~~~~~~~~~~~~ ____________________

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



— —---.-- --- -- - 

DAM SAFETY ANALYSIS Date: g/9/7A
HYDROLOGIC/HYDRAULIC DATA Sheet: ~~~~~~~~~~

DAM Iro n lo~ri(~ /4~t,~ Nat. ID No. PA OO7~q~ DER No. 9- 137

Permi t/Design Calc. from Caic. from
ITEM’IJNITS Files Files/Other Observations

(A) (B) (Cl
1. Kin. Crest Elev., ft. 

____________ ____________ _____________

2. Freeboard, ft. 
______________ ______________ _______________

3. Spillway~
1
~Crest Elev , ft. 

_____________ 
j j~ ______________

3a. Secondary~
’2

~Cres t Elev , ft. 
____________ —

4. Flax. Pool Elev., ft. 
____________ ____________ ____________

5. Max . Outfl~
/3

~, cfs jj,~~ôoJi~
’ /$~ ____________

6. Drainage Area, mi2 ~.4 mi L 
___________  ____________

7. Max. Inflow~
’4
~, cfs 

____________ ia~.,’~océ 14.
8. Reservoir Surf. Area , 17.2 4~. ____________ l?~’4r_
9. Flood Storage t51 , ft 3 

____________ ____________ _____________

10. Inflow Vol tine, ft3 
_____________ _____________ ______________

Reference all figures by number or calculation on attached sheets:

Example: 3A - Drawing No. xxx by J. Doe, Engr., in State File No. yyyy.

NOTES:
— (1) Main emergency spillway

(2)  Secondary ungated spill -way.
(3) At maxiriram poo l, wi th freeboard , ungated api il-ways only.
(4)  For B, C, use PM?.
(5) Betveen lowest ungated api il-way and maximum pool.

* ~
‘e~,e,uoU’~ 

&Qd.e EIeu. d j i,~ô .W

5- -

5-

~~~~~~~~~~~~~~ ~~~~~~~~
- - - _.i -_-’_ -



Date: ~J/ ç/ ,A
By: npø

Sheet:~~ j o f  4

HYDROLOGIC/HYDRAULIC CALCULATIONS (cont.)

Item ( from Source

3~i4, ~~~A, ~~~~A AppbcJ ’~ø Rep o,IL 
dIOJe ~I J&J~e JO, 1938

3& 3 . 8 P,~&Co. Dii~~~~~~~~~
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SITE GEOLOGY
IRONWORKS DÁil

Ironworks Darn is located near the Southern limit ofthe Triassjc Lowland Section of the Piedmont Physiograp~j~Province As shown in Plate F-i, the bedrock upon whichthe dam is constructed consists of the interbedded con-glomerate, arkosjc sandstone and shale of the StocktonFormation of Triassic age. The bedding in the darn areastrikes east—northeast with dips of 12 to 20 degrees tothe north-northwest Rock jointing in the right abutmentarea strikes northeast and northwest (downstream direc-tion) having near-vertical dips to the southeast (down-stream direction) and northeast, respectively. The orien-tation of bedding planes is favorable for water retention,but the orienthtjon of joint planes and the variable de-gree of rock weathering relative to rock type would beconducive for downstream seepage. This may have contri-buted to the area of seepage west of the outlet conduit.
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