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I
PREFACE

This report has been prepared under guidance contained in the
Recommended Guidelines for Safe ty  Inspection of Dams , for  Phase I Investi-
gations. Cop ies of these guide lines may be obtained from the Off ice  of
Chief of Eng ineers , Washington , D.C.  20314. The purpose of a Phase I
inves t iga t ion  is to ident i f y expedit iously those dams which may pose
hazards to human l if e  or p roper ty .  The assessment of the general  condit ion
of the dam is based upon available data and visual inspections.  Detailed
invest igat ion, and analyses involving topographic mapp ing,  subsurface
inves t igat ions, tes t ing ,  and detailed computat ional  evaluations are
beyond the scope of a Phase I invest i ga t ion ;  however , the investigation
is intended to identif y any need for  such studies.

In reviewing th is  repor t , it should be realized that  the reported
condition of the dam is based on observat ions of f i e ld  condit ions at the
t ime of inspect ion along w i t h  data avai lable  to the inspection team. In
cases whe re the reservoir was lowered or drained prior to inspection .
such act ion , whi le  improving the s t ab il i ty  and s a f e t y  of the dam , removes
the normal load on the  s t r u c t u r e  and may obscure certain conditions
which mi ght otherwise be detectable  if inspected under the normal operating
environment of the s t ructure .

It is important  to note tha t  the condi t ion of a dam depends on
numerous and c o n st a nt l v  changing in te rna l  and external  condit ions , and
is evo lun t ionary  in na tu re .  It would be incorrect  to assume tha t  the
present  condi t ion  of the dam wi ll  cont inue to represent  the  condi t ion of
the  dam at  some poin t  in the fu t u r e .  Only throug h f r e q u e n t  inspections
can unsa fe  condit ions be detected and only throug h continued care and
maintenance can these conditions be prevented or corrected .

Phase I inspect ions are not  intended to provide detai led hydrolog ic
and h yd rau l i c  anal yses. In accordance w i t h  the established Guidelines ,
the  sp i llway desi gn f lood is based on the estimated “Probable Maximum

P Flood” fo r  the  reg ion (grea tes t  reasonably possible storm r u n o f f ) ,  or
f r a c t i o n s  t h e r e o f .  The sp iliway design flood provides a measure of• - re la t ive  sp il lway capac i ty  and serves as an aid in de te rmin ing  the need
for  more de t a i l ed  hydrologic  and hyd rau l i c  s tudies , considering the size
of the  dam , its general condit ion and the downstream damage potent ia l .
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PHASE I REPORT
NATIONAL DAM INSPECTION PROG RAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

Name of Dam: GREENWOOD DAN, NDS NO. PA—00701

State & State No. PENNSYLVANIA , 54—31

1 • /
County: SCHIJYLKILL ~~~~

- 

- 
k._ ’- - 

-

Stream: NESQUEHONINC CREEK 
—

Date of Inspection: October 25, 1978 
- 

— 
• -

Based upon the visual inspection , past performance and the available
engineering data, the dam and its appurtenant structures appear to be in
fair condition . The following recommendations are made for action by
the owner:

1. Trees and brush should be cleared out of the spillway channel.

2. The wooden platform at the blowoff valves should be repaired .

3. The brush and weed growth on the embankment should be removed
and a regular maintenance procedure should be implemented .

4. The top of the embankment should be brought up to a uniform
elevation, 7.5 feet above spillway crest.

5. A positive cutoff should be provided at the upstream end of
the pipes.

6. The valves on the blowoff pipes should be operated and greased
at regular intervals.

In accordance with the Corps of Engineers’ evaluation guidelines, the
spiliway capacity is inadequate to pass the PMF (Probable Maximum Flood)
peak inf low without overtopping the dam. The project is capable of
passing 73 percent of the PMF and is considered 1~~ be inadequate, but
not seriously inadequate.
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A f ormal surveillance and downstream warning system should be developed
by the owner to be used during periods of high or prolonged precipitation.

SUBMITTED BY: APPROVED BY:

DATE: ~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DATE P *.OX 19
(1 PROFESS~ONAt ~

HEN DRIK JONGSMA
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PHASE I INSPECTION REPORT
NATIONAL DAN INSPECTION PROGRAM

GREENWOOD DAN

NDS — ID NO. PA—00701
DER-ID NO. 54—31

SECTION 1 — PROJECT iNFORMA TION

1.1 GENERAL

A. Authori ty

The Dam Inspection Act , Public I•aw 92— 367 authorized the
Secretary of the Army, t hrou gh the Corps of En g ineers , t o init iate a
program of inspections of dams throughout the United States .

B. Pu rpose

The purpose is to determine if the dam constitutes a hazard to
human l i fe  and property.

1.2 DESCRIPTION OF PROJECT

A. Dam and Appurtenances
- 

Note:  The spiliway weir in this report is set at elevation
1059.0 as per U .S .G .S .  map . Drawings dated 1935 indicate an
elevation of 1057.0 and an older drawing shows elevation 1055

- at pool level.

Gr eenwood Dam is an ear thf ill embankmen t , ori ginally constructed
in 1880. The embankment height was increased in 1901 or 1904 and again
in 1935 to its present configurat ion.  The length of the embankment is

• about 850 feet with a maximum height of 32 f ee t .  Four 20—inch pipes are
placed under the embankment with valves at the downstream end without
control at the upstream end . The p ipes are supported on a masonry wall 04App.eadix- F,. Pla.t. III)-, The outlets of these pipes are not visible
because they are submerged under the backwater of the Lake Hauto Darn ,

t which is located immediately downstream. The spiliway is located in
the left  abutment , about 100 feet from the end of the dam. The spiliway
is a concrete ogee weir and the discharge channel is cut out of the
rock. The length of the ogee section is 94.5 feet and the weir crest is ~~~~
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2.0 feet above the approach channel. The left side of the sp i l iway is
sloped and cemen t paved. The right side is a vertical wall of stone,
laid in mortar. -

~
.— I- ~~~~~~~~~~~~~~~

B. Location: Rush Township, Schuylkill County
U.S.G.S. Quadrangle , Tamaqua , PA
Latitude 4O°—49.9’, Longitude 75°—56.4’
(Appendix F, Plates I and II)

C. Size Classification: Intermediate (32 feet high , 2,160
acre—feet)

D. Hazard Classification : High (Section 3.1.E)

E. Ownership: Dual Val ley Recreation Association
45 Center Street
Lansford , PA 18232

F. Purpose of Dam: Recreation

C. Design and Construction History

The Greenwood Dam was buil t by the Lehigh Coal and Navigation
Company in 1880 for  the Pan ther Valley Wa ter Company, a subsidiary of
the coal company. It was constructed under a force account under the
direction of the engineer of the coal company . In 1901, the capaci ty of
the reservoir was increased . The above information was obtained from a
repor t by PCOODER , da ted April 19, 1915, which states that to the writers
knowledge no core or cutoff walls were used . A drawing dated 1901,
obtained from the owner, indicates a puddle clay core in the section .
(Appendix F, Plate III).

The dam had a length of about 2300 feet in 1901, of wh ich
nearly 1300 feet was paralleling a low—lying railroad on the south side
of the reservoir. This railroad was relocated to higher ground prior
to 1935. When the embankment height was increased in 1935, a new dike
of abou t 3~i0 feet in length was constructed , ra ther than raising the
long western end of the old dam. The 1935 alterations were designed by

• Ganne tt , Eastman & Fleming, Inc .

H. Normal Qperating Procedures

The reservoir created by the dam is used for recrea tion onl y.
All inflow is either stored below spillway weir elevation or discharged
throug h the sp illway.
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1.3 PERTINENT DATA

A. Drainage Area (square miles)

Computed for this Report 5.6

Desi gn engineer used 6.0 square miles in 1935.

B. Discharge at Dam Site (cubic feet per second )
See Appendix C for calculations

Maximum known flood at dam site
June, 1972 (Agnes) 1,960

Warm water outlet None

Outlet pipes at low pool elevation 1039 40

Outlet pipes at normal pool elevation 1059 100

Spiliway capacity at maximum pool elevation 1066.1
(low point of embankment) 4,380

C. Elevation (feet anove mean sea level)

Top of dam (design) 1,066.5

Low point in embankment 1,066.1

Normal pool 1,059.0

Upstream portal invert of outlet pipes abou t 1,032

Downstream portal invert of outlet pipes abou t 1,031.5

Streambed at centerline of dam 1,034

Maximum tailwater — Estimate 1,040

D. Reservoir (miles)

Length of maximum pool 1.1

Length of normal pool .95

E. Stora~&e (acre—feet)

• Spfllway crest (Elev. 1059) 1,130

Top of darn (Elev. 1066.10) 2 , 160

I - ____
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F. Reservoir Surface (acres)

Top of dam (Elev. 1066.5) 175

Spillway crest (Elev. 1059) 110

C. Dam

For general plan and typical sections refer to Appendix F,
Plates III, IV and V.

Type: Earthfill.

Length: 850 feet.

Height: 32 feet.

Top Wid th: 12 feet.

Side Slope: Upstream 1.511 to 1V and 2.5 feet high concrete wall.
Downstream 2H to 1V.

Zoning: None.

Impervious Core: Probably a 3—foot wide clay puddle core.

Cutoff: None reported .

Grout Curtain: None.

H. Outlet Conduit

Four 20—inch pipe s under the embankmen t ( two rows of two)
supported on a continuous masonry wall (10 feet deep). Two
ver tical valves and two sloped valves at downstream end .

I. Spillway

Type: Uncon trolled standard ogee weir wi th chu te cu t in rock
• and sloped at .5 percent over 500 feet.

Length:  94.5  fee t  at crest with vert ical  abutment wall at
r ight  and paved sloping section at left.

Crest elevation: 1059.0.

J. Reg u lat ing Out let

Two vertical  valves operable at  present time on 20—inch p ipes .
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SECTION 2 — ENGINEERING DATA

2.1 DESIGN

The available engineering data did not contain actual design infor-
mation. This report is based on information included on drawings reproduced
in Appendix F and the following reports.

a. Report on the “Greenwood Dam” based on a field inspection by
P.W. Pierce, Assistant Engineer of PennDER, dated April 19,
1915.

b. Report on the “Application ” for increasing the height of the
dam, dated July 3, 1935.

The design data did not include calculations for hydrology , hydraulics
or embankment stability. The check list of engineering data is included
in this report as Appendix B.

2.2 CONSTRUCTION

The dam was originally constructed in 1880. A major modification
was made in 1901 or 1904. The dam was raised to elevation 1062. The
present owners of the dam had two drawings available. One drawing
indicates a proposed scheme, dated November 13, 1900. The other drawing
had a typical section redrawn on Plate 111, Appendix F and is indicated
as “original dam 1901 or 1904” . A photograph made in 1915 indicates
that the end of the pipes were concrete encased . During heavy rains in
August and September 1933, water rose to 2—feet from the top of the dam
(3—feet over the spiliway). Gannett , Eastman and Fleming , Inc., consulting
engineers, recommended increasing the height of the dam at least two
feet, without alterations to the spillway . Plans were drawn (Plate IV,
Appendix F) and construction started in August, 1935. The embankment
was raised 2.5 feet by installing a five feet high concrete wall at the
upstream edge of the embankment. Construction specifications indicate
that topsoil was removed and the new fill behind the wall was rolled .
The railroad on the south side of the reservoir had been relocated to
higher ground in previous years and the embankment was extended southward
with a new dike. The old south breast of the dam was partially breached
with a concrete channel at elevation 1057. Stoplogs, in this breach
channel, were used to prevent flooding of the area between the relocated
railroad and the old south breast. Refer to Plate IV , Appendix F, for
plans and sections. Drainage of this isolated area was provided for by
a 12—inch pipe with a downstream control valve . During construction it
was decided to remove loose material in the spillway and to install a
concrete ogee weir along the extension of the centerline darn (Plate V ,
Appendix F). The approach was cleaned out to 2—feet below weir crest
elevation and the splllway chute was excavated to a grade of .5 percent.
No changes to the downstream slope were made.



2.3 OPERATION

There are no formal records available for the operation of the darn.
The dam was constructed to augment the water supply of the downstream
dam (Lake Hauto) by releases through the 20—inch pipes. At present the
reservoir is used for recreation only. Reports indicate that leakage
near the blowoff pipes has existed since at least 1915. At the request
of PennDER, weirs were installed and readings were submitted to Harris-
burg. Quantities varied from 2,000 to 70,000 gallons per day per weir ,
without a correlation between pool level and quantity. Readings were
discontinued in January 1917. The leakage was reported in several
reports as constant and not serious.

2.4 EVALUATION

A. Availability

The available engineering data f or evaluation were in the
files of PennDER and two drawings in possession of the owner. It was
limited to a few drawings, reports, inspeetion reports and general
correspondence.

B. Adequacy

The available data was not adequate for making a detailed
analysis or review of the design of the embankment and appurtenant
structures.

C. Operating Records

Formal operating records are not maintained . Correspondence
indicates that the maximum flow over the old spillway was about 3 feet
in 1933 before the spiliway was improved with an ogee section and sloping
chute. In 1936 the maximum flow was recorded as .25 feet over the
sp illway with all four valves open , and an estimated discharge of 320
million gallons per day (495 cfs) through the pipes.

D. Post Construction Changes

Two major changes were made after the completion of the original
dam in 1880. The first change involved increasing the storage capacity
of the reservoir by increasing the height and the length of the embank-
ment and was probably accomplished in 1901. The second change, in 1935,
also involved increasing the height of the embankment. The spiliway was
improved to increase its efficiency.
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SECTION 3 — VISUAL iNSPECTION

3.1 FINDINGS

A. General

The general appearance of Greenwood Dam and facilities is fair
due to the lack of maintenance. The visual inspection report is in
Append ix A of this report. Photographs taken during the inspection are
reproduced in Appendix E.

B. Embankment

At the time of inspection , the pool level was just above the
sp illway weir elevation . The embankment was raised using a concrete
wall at the upstream side. This wall has some deterioration but this is
not considered critical at this time . The upstream slope consists of
ri prap and has a considerable amount of weeds and brush growth. The top
of the embankment is irregular in width and is covered with grass and
some weeds. The elevation of the embankment crest is uneven. The center
of the embankment is lower than the two ends (See Plate A—l , Appendix A).

~~~ The downstream slope has loose riprap and a heavy growth of weeds and
brush. No seepage on the slope was detected , but the heavy growth
prevented a thorough inspection .

Lake Hauto (Nl)I No.60f,) is located immediately downstream from
this dam and this causes some marshy areas below the toe of the dam. A
small amount of seepage near the right abutment was noticed . The amount
being small, does not appear to present a problem .

C. Appurtenant Struc tur es

Four 20—inch pipes supported on a masonry wall are located
under the embankment with underwater intakes and controlled by valves at
the downstream end . These valves are exposed to the weather and access-
ible with a small wooden platform erected over the upstream end of Lake
Hauto Reservoir. This platform is in poor condition and not safe. The
valves are arranged with two vertical valve systems in the center and a
slop ing valve stem at each side. Representatives of the Association
stated that the two vertical valves were opened two years ago to lower
the reservoir level. The two slope valves have not been operated for
many (at least 20) years.

The spiliway is l~~ated in the left abutment and is cut into
the hillside. The concrete weir has a small downstream concrete apron

• and a vertical concrete abutment wall on the right side. The left side
has a sloping concrete abutment , poured on the rock surface. The spill—
way discharge channel is cut into the rock but is totally grown f ull
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with brush and trees. This channel could easily be plugged by debris
during periods of high discharges. The maximum reported discharge was
3.5 feet over the weir during the trop ical storm Agnes (1972), at which
time no damage to the spillway occurred .

D. Reservoir Area

The reservoir area is used for recreation (boating, f ishing
and swimming). The banks are wooded except a small sandy beach at the
clubhouse. The banks are stable and no sedimentation is reported .

E. Downstream Channel

The heavily overgrown sp illway discharges into a man—made
stream channe l outlet which discharges, in a very short distance , into
Lake Pauto. Failure of Greenwood Dam due to overtopp ing would cause
overtopping failure of the downstream Lake Hauto Dam. Additional hazard
to loss of life due to these successive failures is expected in Hauto
Estates, an industrial park and Nesquehoning; therefore , the Hazard
Classification is considered to be “High”.

• 3.2 EVALUATION

Weed and brush ~ontrol on the upstream and downstream embankment
slopes has been minimal and should be performed on an annual basis. The
overgrown discharge channel of the sp iliway needs immediate attention
and the platform at the valves should be maintained in a safe condition
for emergencies.
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SECTION 4 — OPERATIONAL PROCEDURES

4.1 PROCEDURE

Greenwood Dam was originally constructed to supplement the water
supply of Lake Hauto Reservoir , located immediately downstream. During
the last twenty years, however, the reservoir has been used as a recrea-
tiona l facility. It was first taken over by a real estate company and
at present it belongs to the Dual Valley Recreation Association . The
pool level is maintained at sp iliway weir crest elevation and is only
lowered , by opening the valves, if this is required for maintenance of
docks and beach.

4.2 MAINTENANCE OF DAN

The visual  inspec ti on ind ica tes tha t very li tt l e main tenance is
performed on the embankment slopes. Some cutting has occurred because
no trees were on the downstream slope.

4.3 MAINTENANCE OF OPERATING FACILITIES

A schedule of operating the valves on a regular basis does not• ‘ ‘~“ exist. The two vertical valves appear operable and should be sufficient S

for emergency use. The platform , however , is in unsafe condition. It
appears that no maintenance has been performed on the spiliway discharge
channel during the last 10 to 20 years.

4.4 WARN ING SYSTEM

Representatives of the Recreation Association stated that a phone
alarm system has been organized downstream to be used in case of an
emergency. However , there is no formal surveillance system to be acti-
vated during periods of prolonged and heavy preci pitation.

4.5 EVALUATION

The operational procedures at this dam are poor due to lack of a
regular maintenance schedule for embankment and operating f a c i l i t i e s. A
formal surveil lance and downstream warning system is lacking and should
be implemented .

p

~

1-±

~

-

~

-JI -•



- ~~~~~~~~~~~~~~~~~~~ —~~~~ --
~
----

~~~~~~ -- — -

SECTION 5 — HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analyses available from PennDER
for Greenwood Dam were not very extensive. No stage—storage curve ,
stage discharge curve , design storm data , flood hydrographs or flood
routings were available.

B. Experience Data

In the period since 1935 , when the breast elevation of the dam
was increased , the maximum flood occurred in 1972. At that tine the
pool reached a level about 3.5 feet higher than the sp iliway crest.
This flood was passed without difficulty.

C. Visual Observations

On the date of the inspection , no conditions were observed
~~~ that would indicate that the appurtenant structures of the dam could not

operate satisfactorily during a flood event until the dam is overtopped .

It was noted that the spiliway channel downstream of the ogee
section was overgrown wi th small trees and brush. This condition , which
had also been noted in several prior inspection reports , causes an
increase in tailwater at the ogee section. Removal of the trees and
brush would greatly increase the sp iliway discharge capacity.

D. ~~ertop~~~g Potential

Greenwood Dam has a total storage capacity of 2,160 acre—feet ,
at the embankment low point elevatiom of 1066.1, and an overall height
of 32 feet above streambed . rhe-e dimensions indicate a size classifi—

• cation of “intermediate ”. The hazard classification is “High” (See
Section 3.1.E).

The recommended Spiliway Design Flood (SDF) for a dam having
the above classifications is the Probable Maximum Flood (PMF). For this
dam , the PMF peak inflow is 7,580 cfs (see Appendix C for NEC—i inflow
computations).

Comparison of the estimated PMF peak inflow of 7,580 cfs with
the estimated maximum spiliway discharge capacity of 6,380 cfs , at the
elevation of the low point of the embankment , indicates that a potential
for overtopping of the Greenwood Dam exists.
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An estimate of the storage effect of the reservoir and routing
of the computed inf low hydrograph through the reservoir shows that this
dam does not have the necessary storage available to pass the PMF without
overtopping. The spil1way~-reservoir system can pass a flood event equal
to 73% of a PMF.

If the low area in the embankment would be raised to the
design elevation of 1066.5, the spillway—reservoir system would be able
to pass a flood event equal to 78% of a PMF .

E. Spillway Adequacy

The intermediate size category and high hazard category , in
accordance with the Corps of Engineers criteria and guidelines, indica tes
tha t the Sp il iway Desi gn Flood (SDF) for this dam should be the full
Probable Maximum Flood (PMF).

Calculations show that the spiliway discharge capacity and
reservoir stor age capacity combine to handle 73% of the PMF.

Since the dam cannot pass the full PMF without overtopping,
but can pass more than one—half the PMF without overtopp ing , the spill—
way is considered to be inadequate but not seriously inadequate.

The hydrologic analysis for this investiga t ion was based upon
existing conditions of the watershed . The effects of future development
were not considered,
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SECTION 6 — STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visual Observations

1. Embankment

There were no visual ind ications of undue embankment
stresses or s ioughage . The downstream slope is steep (1.511 to lV) but
appeared to be stable. Although the heavy brush prevented a close

S inspection, a small area with seepage was noticed . The toe is marshy
over a large area due to the backwater of Lake Hauto , formed by a
downstream dam . The top of the embankment is uneven in width but is
considered sufficient with the concrete wall on the upstream side . The
upstream slope was measured as 2.2 11 to lv , but is pr obably 211 to 1V.
The riprap protection is adequate , if brush growth would be controlled .
The top of the dam profile is uneven and is about .4 feet below design
elevation over a length of approximately 400 feet .

2. Appurtenant Structures

The two vertical valves on the 20—inch p ipes are operable
and sufficient for emergency drawdown procedures. The operator ’s plat-
form, however, is deteriorated and is considered to be in an unsafe
condition.

The spillway weir was in good conlition and appears to be
set in rock. The spiliway abutment walls are adequate and stable.

B. Design and Construction Data

The available design and construction data are not adequate to
evaluate the structural stability of the embankment and appurtenant
structures. The downstream slope is considered to be steep compared
with present engineering practice. However, no serious problems have
occurred since its construction in 1901. The banks of the spillway
chute are stable and any erosion due to a large discharge would not
effect the safety of the embankment due to its location.

C. Operating Records

The inspection reports indicate that seepage has existed for a
long time. The inspection team found only one location with minor seepage.
The presence of Lake Hauto backwater makes it difficult to determine if
additional seepage exists at the toe.
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D. Post Construction Changes

The dam height was increased in 1935 under the supervision of
an engineer. The concrete wall and embankment backing is adequate and
increased the safety of the dam . The sp illway channel improvements.
consisting of excavating the forebay, construction of a concrete ogee
weir and sloping the chute , all improved the efficiency of the sp illway .

E. Seismic Stabi lity

This dam is located in Seismic Zone 1 and it is considered
that the static stabili ty is s u f f i c i e n t  to withstand minor earthquake
induced dynamic forces.  No studies or calculations have been made to
confirm this assumption.
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SECTION 7 — A SSESSMENT & RECOMMENDAT IONS

7.1 DAM ASSESSMENT

A. Safety

The visual inspection, the review of design drawings and the
operational history indicates that the dam is in fair  condition . The
downstream slope is considered to be steep; however , no signs of distress

S have been noticed . The seepage is not considered to be serious at
present. In ac cordance wi th  the Corps of Engineer s evaluation guide-
lines, the spillway capacity is inadequate for passing the Probable
Maximum Flood (PMF) peak inflow without overtopping the dam. The combin-
ation of storage and spiliway capacity is sufficient to pass 73 percent
of the PMF and although the spiliway is inadequate, it is not considered
to be seriously inadequate.

5 

B. Adequacy of information

Although the available engineering data is not sufficient to
make detailed stability analyses of the dam and appurtenant structures ,
the available drawings, reports and the observed physical conditions are
judged sufficient for making a reasonable assessment of the overall
condition of the dam.

C. Urgency

It is considered important that the recommended suggestions in
this section should be implemented without delay.

D. Nece ssity For Additional Studies

Additional studies are not required at this time. However,
attention should be given to the recommendations presented below.

7.2 RECOMMENDATIONS

A. Facilities

In order to assure a continued satisfactory operation of this
dam the following recommendations are made for implementation by the

S owner:

1. The spi llway discharge channel should be cleared of all
brush and trees.

2. The platform at the blowoff valves should be repaired .

— 14—
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3. The top of the dam should be brought up to an uniform
height at the design elevation of 7.5 feet above spiliway
crest.

4. A positive cutoff at the upstream end of the pipes for
use in emergencies should be provided .

5. The embankment should be cleared of all brush and heavy
weed growth.

B. Operation and Maintenance Procedures

It is recommended that the owner initiate the following proced-
ures:

1. A regular maintenance of the embankment slopes and crest
of dam.

2. A twice a year schedule of greasing and operation of the
drawdown valves.

3. The development of a formal surveillance and downstream
warning system to be used during periods of high or
prolonged precipitation.
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APPENDIX A
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CHECK LIST

PHASE I - VISUAL INSPECTIO N REPORT

PA DER # 54—31—Tl ND I NO. PA-O0 701 
—

NAME OF DAM Greenwood HAZARD CATEGORY High

TYPE OF DAM Earthf ill

LOCATION Rush 
— 

TOWNSHIP Schuylkill COUNTY , PENNSYLVANIA

INSPECTION DATE 10/25/78 WEATHER Sunny TEMPERATURE 60’s

I NSPECTORS: H. Jongsma (Recorder) OWNER’S REPRESENTATIVE( S):

A. Bartlett W. T. Richards

• R. Shireman F. G r i f f i t h s

S T. Yost

NORMAL POOL ELEVATION : 1059.0 
— 

AT TIME OF INSPECT ION :

BREAST ELEVATION : 1066.5 
-~~~~~ POOL E L E V A T I O N: 1059.0

SP ILLWAY ELEVATION : 1059.0 
-~~~~~~~ TA I LWATER ELEVAT I ON : 

_______

MAX IMUM RECORDED POOL ELEVATION : 1062 .5 (1972)

GENERAL COMMENTS :

An alarm system by phone is supposedly to be organized to be used in
times of emergency.

A-I

A • T~ .-i~~
.; ~~~~~~~

-: • :;

F - — - - - —~~~~- — ~~~~~~~~~~~~~~_ :;:

~

.-

~ 

~~~~~ - - • ~~~~~~~~~~~~~ • • - - —-•-~.-



-— 45-55 
~~~~~~~ —-

NDI NO. PA-OO 701
VISUAL INS PECTION S

EMBANKMENT

__________________________ O B S E R V A T I O N S _AND_ REMAR KS
A. SURFACE CRACKS None detected .

B. UNUSUAL MOVEMENT S

BEYOND TOE None.

C. SLOUGH I NG OR EROS iON
OF EMBANKMENT OR None.

S ABUTMENT SLOPES Some deterioration of concrete wall on top of
wall. Not critical at this time.

D. AL I GNMENT OF CREST: Concrete wall at upstream side.
HOR I ZONTAL: Good .
VERTICAL: Concrete wall alignment good . Irregular height

of fill behind the wall. Mostly higher than
wall.

E. RIPRAP FAILU RES None.

F . J U N C T I ON E MBANKMENT 
—

S 

& ABUTMENT OR Good .
SPILLWAY Spiliway cut in natural ground.

C. SEEPAGE Lake }lauto directly below stream causing marshy
areas below toe. Some minor seepage near right
abutment.

II. DRAINS In south extension to drain low area near
railroad .

J .  GAG E S & RECO RDER None.

K. COVER (GROWTH) Upstream — riprap with weeds.
• Breast — concrete wall and grass — irregular

width.
________________________ Downstream rioran. heavy weeds & brush.

A-2
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MDI NO. PA-OO 701

VISUAL INSPECTION
OUTLET WORK S

_____________________ 
O B S E R V A T I O N S  AND RE MA RKS

A. I NTAKE STRUCTURE
Submerged pipes with open ends.

B. OUTLET STRUCTURE
None — 4 pipes with valve control at  downstream toe .

C. OUTLET CHANNEL
Pond , clear entrance.

D. GATES
S Two slope valves and two vertical valves at

downstream end . All 20 inch pipes.

E. EMERGENCY GAT E - -

None (2 valves).

F. OPERATIO N &
CONTROL Last time opened two years ago.

Unsafe platform .
Slope valves have not been used for many years.

G. BRIDGE (ACCESS1 
S

None. Wooden platform in poor condition at down-
stream valves.

•

_ _ _ _ _  —_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MDI NO. PA-OO 701

VISUAL I NSPECT I O N a

SPILL WAY

______________________ 
OBSERVATIO NS AND RE MARKS

A. APPROACH CHANNEL Cut in hillside. Clear opening .

B. WE IR :
Crest  Cond i tion Good — some spalling and cracking .
Cracks
Deteriora tion Normal.
Foundation Not visible .
Abutments Concrete walls — 7.9’ vertical on right side

5.0’ high sloped on left side.

C. DISCN.’~RGE CHANNEL :
Lining Rock cut.
Cracks
Sti l l i n g  Basin None.

Channel heavily grown with brush and trees.

D. BRI DGE & PIERS
None.

E. GATE S & OPERAT I ON
EQU I PMENT None.

F. CONTROL & HISTORY Maximum 3.5 feet over weir (1972).
No damage to spillway.

A-4
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ND I NO. PA-GO 701

VISUAL INSPECTION

S OBSERVATIONS AND REMARKS

I NSTR UMENTAT I ON

Monumentatjon None.

Observation We l l s  None.

Weirs None.

Piezometers None.

Staff Gauge None.

S Other None.

RESERVOIR

Slopes Wooded .

Sedimentation None reported .

Watershed Wooded .
Description

DOWNSTREAM C H A N N E L

Condition Lake Hauto.

S 

Slopes Flat area till next dam.

Approx i mate Hauto Estates: 30 plus Nesquehoning.
Population

No. Homes Coup le dozen homes in Hau to Estates and
Nesquehoning .
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C H E C K  L I ST
ENGINEERING DATA

PA DER # 54—31 M DI NO. PA-OO 701

NAME OF DAM GREENWOOD

ITEM R E M ARKS

AS-BUILT DRAWINGS None.
Construction drawings available for raising of dam

REGIONAL VICINITY MAP U.S.G .S. Quadrang le — Tainaqua
See Plate II , Appendix F

CONSTRUCT I ON HISTORY Constructed in 1880, raised in 1901 and 1935.
Concrete ogee weir installed in 1935.

GENERAL PLAN OF DAM Schematic plan for raising in 1935. Refer to
Appendix F, Plate IV.

S T Y P I C A L  S E C T I O N S  Only for raising of dam in 1935 and a sketch of
OF DAM 1901 section (Plate III, Appendix F).

S OUTLETS :
PLAN None, except photograph dated 4/14/1915 indicating
DETA u s  four valves at downstream end . End of pipes
C O N S T R A I N T S  encased in concrete.

S DISCHARGE R A T I N G S

(
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NDI NO. PA-OO 701

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

ITEM REMARKS

8/23—24, 1933: 5.5 inch in 24 hours, total 8RAINFALL & inches.
RESERVOIR RECORDS 9/2 & 9/4 , 1933: 5.5 inch in 24 hours, total 6

inches.
Pool level 3 feet above weir (2 feet below top

_________________________ r.f

DESIGN REPORTS None.

GEOLOGY REPORTS None.

DESIGN COMPUTATIONS : None.
HYDROLOGY &

HYDRAULICS
DA M S T A B I L I T Y
SEEPAGE S T U D I E S

MATERIALS INVEST IGATIONS: None.
BORI NG RECORDS
LABORATORY
F I E L D

POST CO NSTRUCTION None.
SURVE YS OF DAM

BORROW SOURCES None.

.
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NDI NO. PA-GO 701

ENG 1NEER ING DATA

ITEM REMARKS

M O N I T O R I N G  SYSTEMS Leakage measur ed at 3 wei r s f r om 1915 to
January 1917.

MODI FICAT I ONS
None, except raising and installing of ogee weir .

H I G H  POOL RECORDS
3 feet above weir in 1933.
3.5 feet  above weir in 1972 (Agnes) .

POST CONST R UCT I ON
E N G I N E E R I N G  STUDIES Report by Gannett , Seelye & Fleming to recommend

& REPORTS raising of dam, dated July 1, 1935.

P R I O R  A C C I D E N T S  OR
S F A I L U R E  OF DAM

Descr i p t ion:  None.

Reports: None.

MA I NTENA NCE & None.
OPERAT I ON RECORD S

SPILLWAY PLAN , SECTIONS See Plate V , Appendix F. Changed from original
AND D E T A I L S  plan (Plate IV).
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NOl NO. PA-OO 701

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

ITEM REMARKS

OPERATING EQU I PMENT ,
PLANS ~ DETAILS 

None.

CONSTRUCTION RECORDS
None, except some photographs.

PennDER Inspection Reports since 8/29/18.
P R E V I O U S  I N S P E C T I O N  Leakage near blowoff pipes. Brush and tree growth

REPORTS & D E F I C I E N C I E S  on slope and in spillway channel has been a pro-
blem since 1922.

MISCELLANEOUS 1. Report on the Greenwood Dam of the Panther
Valley Water Company by PennDER , dated
April 19, 1915.

2. Photographs dated 1915, 1935, 1972 and 1974.
• 3. Report on Application for raising dam in

1935 by PennDER.

•
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N DI NO. PA-OO 701

CHECK L I S T
HYDROLOGIC AND HYDRAUL I C
— E N G I N E E R  I N G DATA

DRA I NAGE AREA CHARACTERISTICS: Mostly wooded and mountains

ELEVATION:

TOP NORMAL POOL & STORAGE CAPAC I TY : Elev . 1059.0 1135 Acre-Feet

TOP FLOOD CONTROL POOL 6 STORAGE CAPAC I TY : El.1066.5 2l60Acre- Feet

MAXIMUM D E S I G N  POOL : 
— — 

E l ev . 1064.5

TOP DAM: E l ev. 1066.5

S P I L L  WAY

a. Eleva ti on 1059.0 
- -

b. Type Ogee
__-

c. W idth 94.5 at crest.

d. Length At least 500_feet.

e. Loca t ion Sp i l l ove r 
—
_Left abutment.

f. Number and Type of Gates None. 
- --

OUTLET WOR KS:

a. Type 
- 

Four 20—inch pipes

b. Location 
- - 

See Plate IV. Anpendix F

c. Entrance inverts Unknown. Estimated at 1031.5

d. Exit inverts 
— 

Unknown — Es tima ted at 1032.

e. Emergency drawdown facilities 2 — 20—inch pipes with downstream
valves.

H YDROMETEOROLOG I CAL GAGES :

a. Type None . 
—

b. Locat ion  None .__—
c. Records None.

• , MAX iMUM NON-DAMAG ING DISCHARGE : 5,000 cfs.

- - - 

B-5

I -

_ 

• 5 S

~~. - S  ~~~~~

~~~~~~ 5ii L~~~~~~~~ j  
______-S _ _ 5 _  ~~~~~~~~~~ ~~~~~~~~ - ______



r 

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

- 

APPENDIX C
- 

4~5, 
S

-~ - HYDROLOGY AND HYDRAULIC CALCULATIONS

APPENDIX CC

i 
- - S _______ -5 --  - 5---——— _ t



SUMMARY DESCRiPTION
OF

FLOOD HYDROGR.APH PACKAGE (HEC-1)
DAM SAFETY VERS ION

The hydrologic and hydraulic evaluation for this inspection report
has employed computer techniques using the Corps of Engineers computer
program identified as the Flood Hydrograph Package (HEC—l) Dam Safety
Version. -

The program has been designed to enable the user to pe r fo rm two
basic types of hydrologic analyses: (1) the evaluation of the over-
topp ing potential of the dam , and (2) the capability to estimate the
downstream hydrolog ic—hydraulic consequences resulting from assumed

S structural failures of the dam. A brief summary of the computation

procedures typically used in the dam overtopping analysis is shown
below.

— Development of an inflow hydrograph to the reservoir.

— Routing of the inflow hydrograph(s) through the reservoir to
determine if the event(s) analyzed would overtop the dam.

— R o u t i n g  of the outflow hydrograph (s) of the reservoir to
desired downstream locations. The results provide the peak
discharge , time of the peak discharge and maximum stage of
each routed hydrograph at the outlet of the reach .

The output data provided by this program permits the comparison of
downstream conditions just prior to a breach failure wi th that after a
breach failure and the determination as to whether or not there is a

S significant increase in the hazard to loss of life as a result of such a
f a i l u re .

The results of the studies conducted for this report are presented
in Section 5.

For detailed information regarding this program refer to the Users

Manual for the Flood Nydrograp h Package (HEC—l) Dam Safety Version
prepared by the Hydrolog ic Engineering Center , U. S. Army Corps of
Engineers, Davis, California.
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F ~~~~~~~~~~~~~~~~5-~~~~~~~~~-

- 1 t .4t. r~H~It I L L - i )

DAM SAFETY VERSIO N JILT ~~~~~~~~~~~~~~~~~ 
- - S .-. __

~~ 
- —  ______

LAST MODIFICATION 21 AUG 78
*us*ss*s*s*ssussussss*ssut,i 

_________

A1 - GREENWOOD DAM **$t - NESQUEHONING CREEK ~~~~~~~~~~~~~ ~~~~~ --~~~~~~~

2 A2 RUSH TWP.~ SCHUTLKILt. COUNTY, PA
3 A3 NOt $ PA-O07O1 PA DER I 54-31-TI

S 4 8 300 0 15 0 - 
0 0 0 0 — 4 0 -

5 81 5 -

5 . 6  -- J 1 9 1 5 
_ _ _ _ _

1 
- J1~~~~V . 9 .8 5 _ S ,7 ,6 ~~~~~~ ,4 ,3 ,15 5-

~~~~~~~ 
S

8 - K 1 1 -
9 Ki INFLOW HYD RO GRAPH

lu ~~~
- M 1 1 5 . 5 8 ~~~ 11 P 22,6 113 123 132 142 

5 5 

- .

12 T 1 .05
13 — W 185~~~~ 45~~~~ 

_“

14 X - —1.5 —.05 2
15 K 1 2 1
16 K1 RESERVOIR ROUTING --_________

1, Y - - 1 0
18 Ti 1 1135 — 1
19 Y4 1059 1060 5- 1061 

5 5 1062 5- 1063 1064 1065 1066.F 1066.4 1066.8
20 Y4 1067 1067.4 1068
21 YS 0 355 960 164 2 2282 2922 3594 4378 4674 5443
22 Y5 5948 7080 9980 —

23 IA 0 111.1 130.4 275.5 -

24 $E1028~4 1059 1060 1080

- 
25 31 i059~~~~~~~~~~~~~~~~~~~26 301066.1 - S

27 k 99 
____

1 PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS
- 

RUNOFF ICYDROGRAPH A T
- - 

~~~~~~~~~~~~ROUTE HYOROGRAPH TO 2~~~~~
- END OF NETWORK

- 

13**$$t*$**I***ttUt****t*******$ -

FLOOD HYDROGRAPH PACKAGE (HEC-1)
5 _ 5 5 DAM SAFETY VERSION JulY 1978 

5 5 5

S 
1~~t MOGIFICATION 21 AUG 78 -

)-  ~uz**1*I****t****,*t$1*flj 1*

VUN ‘AlE S 79/01/12.
1f lE * 05.43.47.

—______ _______ - 

G~EENUOOD ElAN 3*53 NFSQUEHONING CREEK 
- -S - - S_  —-

RUSH TWP., SCHUYLKILL COflNTY’ PA.

____________ — -- - 

NOt * PA—00701 PA tIER $ 54—31-TI 
-

JOB SPECIFICA TION
NO NHR NMIN IDAY IHR IND4 NETRC IPIT IPRI NSTAN

~~~~~~~~~~~~~~300 -- 0 15 0 0 0 0 0 - -4 
___

• JOPER NWT IROPT TRACE

_ _ _ _ _  

5 0 0 ~~~

S MULTI-PLAN ANALYSES TO BE PERFORMED
S 

—______ - - NPLAN: 1 NRTIO: 9 LRTIO I
- ~t1ncz.

_ I.M QA on ir. s~. ~~ ~~ ,~ I. .

:~~~~~~

‘ 

~~~~~~~ - _ _ _  J



i-I4
MULTI-PLAN ANAL YSES TO BE PERFORMED

- NPLAN : 1 NRTIO: 9 LRTIO~~1
” S

RTIOS: 1.00 .90 .80 .70 .60 .50 .40 .30 .15

*ss& *ss tsI s*s*** 1s*t ,*1ss*s$** s t s ss*s**s s*****s**~]
-

- 

- SUB—AREA RUNOFF COMPUTATION 
S

INFLO W HYDR O GRAPH -. - — _________

ISIAD ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
1 0 0 0 0 0 1 0 0

S HY DRO GRAPH DATA
IH(DG lUNG TAREA SNAP IRSIIA TRSPC RATIO ISNOW ISAME LOCAL

j

~

5 5  1 - 5.58 - 0.00 . 5.58 - 0.00 0.000 0 1 0 - -

- - PRECIP DATA
- - S?FE PMS - R6 812 824 848 872 896 -

0.00 22.60 113.00 123.00 132.00 142,00 0.00 0,00
TRSPC COMPUTED BY THE PROGRAM IS .800 -

LOSS DA TA
LROPT STRKR FLTKR RTIOL ERAI P4 STR~S 8110K STR TL CNSTL ALSMX R T IMP 

0,00 - 
0.00 

- - 1,00 0.00 0.00 1.00 1.00 .05 0,00 -

S UNIT HYDROGRAPH DATA
-S . , .—-— TP~ 3.85 CP~ .45 NTh= 0 - - - -

RECESSION DATA
____ ~~ STRT 0~ -1.50 ORCSN: ~.05 RTIOR: 2,00 -

UNIT HYEIROGRAPH100 END—OF—PERIOD ORDINATES, LAt3~ 3.98 HOURS, CP: .45 VOL: .98
6. --  24 . 49. 5- 80, - 115. 152. - 193. 235. 2R. 317.

- 351. 380. 403. 420. 430. 431. 421, 404, 3R8, 373.
358. 344, 330. 311. 304. 292. 280, 269. 2~8. 24R.

4 — 
. 239. 228. 219. ~~210. 202. - 194, 1R6, 179. - 172. - - I65~~~

158. 152. 146. 140. 134. 129. 124. 119. 114. 110.
105. 101, 97. 93. 89. 86. 82. 79. 76. 73.
70. 67. 64. 62. 59. 57, 55, 53. 50. 48. 

j
46, 45. 43. 41. 3?. 38. 36. 35. 34. 32.
31. 30. 28. 27. 26. 25. 24. 23. 22. 21.
21. 20. 19. 18, - - 17. - S  - 17, - 16. 15. 

5 j5~ 14.

0 END-OF-PERIOD FLOW S
- - M O ;DA 1LP~~PERIOg lAIN EXCS L0S5 COMP 0 - -  MO.DA HR.M PERIOD RAI N EXOS~~IQSS CO1fP a~ 

—

_________ —- - - - SUM 25.67 23.28 2.40~~~29400. l

652.)( 591.)( 61.)( 9327.57)

• 3*115*1*1* I$W&U** 
- - 

*5*35*3W $***$t*U$ 
— __________________

S 

HY DROGRAPH ROU T ING S 

- - RESERVOIR ROUTING - - - - - ________________

ISTAO ICOMP IECON h ARE JPLT JPRT INANE ISTAGE IA UT O -

I (I 54 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -S - - - .:r-- -- - - . -~~~~ S S S S  5 S 5 5 S5 S~~ 5 S S 5 5 S S 5 S 
- 

: -~~~~~~~~~



- - -- 

~~~~~~~
T -  

-

- 

HYDROGRAPH ROUTING S

RE SERV OI R ROUTI NG - .  - -  5

ISI~O ICOMP IECON IT APE JPLT • JPRT INANE ISTAGE IAUTO

2 1 0 0 0 0 1 0 0 
_ _ _

— _ _ _  ROUTING OATA 
. -

- 
S S

~ GLOSS - CLOSS AVG IRES ISANE IOPT IPNP LSTR -

— 

0,0 0.000 0.00 
- 

1 
- 

0 0 0 0 
___________

- 

- - 
NSTPS NSTDL - 

LAG A$SKK X 15K STORA ISPRAT

1 - 0 0 0.000 0.000 0,000 1135. -1

-_ _ - - — 5 .-—- - -  -- - -—--5-- - .- - - --- 5 - -—

STAGE 1059.0 1060.0 1061.0 1062.0 1063.0 1064.0 1065.0 1066.1 1066.4 1066 ,1

1067.0 1067.4 1068.0

FLOW 0. 355. 960. 1642. 2282. 2922. 3594. 4378. 4674. 5443

5948. 7080. 9980.
_ _-- -- - - S_ _  

- - -_ -  5 - -- -- ——5-— --—-S-—~~~~~~~~~~~~~~~~~~~~~~~~

- 
SURFACE AREA: 0. lii. 130. 276.

CAPAC1TT~~~ 
0. 1133, 1254, 5223. 

ELEVATION: 1028. 1059. 1060. 1080.

CREI. SPWID COOW EXPW ELEVL COOL CAREA EXPL

1059.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S -S . 

5
~~ 5 5~~5 S 5~ 5 5 5 • ~5 5 5 5 S 5~~~~~~~~~~~~~~~~~~~~ 

55 - - - - - S .-- ---

DAN DATA

__________ 

TOPEL COOD EXPO DANWID ______

~~~~~~~~~~~~~~~~~~~~~~~~~ l A L l  4 .  - A A A A A -

IVOOII -V~ V V ,V  V *

PEAK OUTFLOW IS 6820. AT TIME 45.00 HOURS 
. -

PEAK OUTFLOW 15 5899. AT TINE 45.25 HOURS
5 5 5 5~~~~

PEAK OUTFLOW IS 493
~~~~~~~~~~~~~~~~_

_
~~

_ - ..-----—----~~~ ~~~
- .

~~~~~~~
-- 

PEAK OUTFLOW IS 4165. AT TINE 46.00 HOUR S

.:

5- S S . S S 

.5--

PEAK OUTFLOW [5 3568. AT TIME 46.00 HOURS
5
5 ~_ _ __ _ __ _  — —— —— —— S — — —

PEAK OUTFLOW IS 2979. AT TINE 46.00 HOURS
5 5 5

•

5 •

5

•

5 5 5~~5 5~ ] 5 5~ -

PEAK OUTFLOW IS 2396. AT TIME 46.00 HOURS S _______

~~~~~~~~~~

-_----- ----- -- ~~
--. - - - 5 - -5 - _-- -- -

PEAK OUTFLOW IS 1809. AT TIME 45.75 HOURS

• PEAK OUTFLOW IS 
- 

879. AT TINE 46.00 HOURS 
- - 

-

-- -- 5 - ---  -— - - - - - - -S  ~~~~~~~~~~~~~~~~~~~~~~~~ — S

- 

- 

- 
t*$****U* $****H*** ***U*1*$1 1*5*11*1*5 l*****$**I

_ _ _  _ _ _ _  --5 —
- - 

-

-5 -5- S-~~~~~~~~~~ --- - - - -5-



5- -—. -—-- - - - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5*35*55*5* *5*15*1*5* **s****** 5 *t ******** 1********* 
S 

-

PEAK FLOW AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
- 

~~~~PLOWS ZN CUBiC FEET PER SECOND (CHBJC METERS PER SECOND) T
- 

S AREA IN SQUARE MILES (SQUARE KILOMETERS )

- 

RATIOS APPLIED TO FLOWS S

OPERATION STATION AREA PLAN RATIO I RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9
I.OO .90 - ,8O — ,7O ,6O —,5 Q — ~~4O .30

HYBROGRAPH A i I 5.58 1~~ 75B1.~~ 6823. 6065, 53O7 , 4549 . 3791, 3033, 2274 . 1137.
C 14.45k 214.68)( 193.21)( 171.74)~ 150.2?)( 128.81)( 107.34)( 85.87)( 64.40)( 32.20)

ROUTErTu 2 5.58 1 6820. 5899, 4934. 4165. 3568. 2979. 2396, 1809, 8,9.
-. 

C 14.45) C 193.13)( 167.04)( 139.73)( 117.?4)( 1Q1,03)( 84.37)C 67.86)( 51.21)C 24.89)

SWf HARY OF DAM SAFEWANA LYSIS~~ 
--__ _ _

- INITIA L VALUE SPILLWAY CREST - - TOP OF DAM~~~ELEVATION 1059.01 1059.00 1066.10
STORAG E 1135. 1133. 2164 ,
OUTFLOW 5. 0. 4378.

RATIO~~~ MAXIMU M NPXINUM NAXINUM - MAXI MUM DURATIO N - TIME 0F TINE O F — ~~~~~~~~~~- OF RESERVOIR [
~EPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PNF M.S. ELEV OVER DAN AC—Fr CFS HOURS HOURS HOURS

1.00 1067,31 1.21 2373. 6~20. 6.25 45.00 0.00
- - 

.90 1066.98 .88 2316. 5899. 5.00 45,25 0.00
S - .80 1066.54 .44 ~~~ 223?. 4934 , - -  — 3,25 45,75 0 ,0O~~~ 

- -

- .70 1065,80 0.00 2114. 4165. 0.00 46.00 0.00
.60 1064.96 0.00 1976. 3568. 0.00 46.00 0.00

~~~~.5O 1064,09 0.00 1837, 2979. 0,00 46,00 5- 0.00
.40 1063.18 0.00 1699, 2396, 0.00 46.00 0.00 -

.30 1062.26 0,00 1564. 1809. 0.00 45.75 0.00
—S— .-_- -___-_ - —

,15
5- - -  106O.87~~~~~~0.00 1369 . 879,~~~~ 0,OO 

— 46.00 0.00
t*tS******t***t********1******1** 

- S

FLOOD HYDROGRAF~ PACKAGE (HEC-1) - -

DAM SAFETY VERSION JULY 1978 ~~~~~

5 

~~~ 

S  

- 

—.

LAST MODIFICATION 21 AUG 78 -- 
S

EOI ENCOU$TEREDr - :

_ _  _  

- 

I

- 

S

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

_ _ . _ ____ 

—- 5 - - -  - -  
____



55 — -- -~~~~~~~ ~~~~~~— -----5—

- -  - ~ -~~~~.- -- ~~ -~~-~- - - ~~- • o v E R r o p p I M &  A N A L Y -.~I~ 
S

DAM SAFETY VERSION JULY 1978 vbj p ,qov~ o EM8AN~~MENrLAS I MOD IFICATION 21 AUG 70
1;.oL :44n01815nuun151n1 5—  - 5- - - — — -- — — - - -I/f----- -

1 Al GREENWOOD DAM *1*3 UFSOUEHONING CREEK
2 A 2 RUSH TW~., SCHUYL K ILL COUN TY , P~’ .

~~~~~~ A3~~ NDI$ PA - 00 7 01  ~~PA DER $ 54-31-TI - . -

4 B 300 0 15 0 0 0 0 0 -  -4 0
5 P1 5

-

, 6~~~~~~~~” J t ~~~~~9 1 ~~ 
5 - -

7 - Ji 1 .9 .8 .7 .6 .5 .4 .3 .15
B K 1 1

- 9 - 
- K1 INFLOW — HYDROGRAPH

10 N 1 1 5.58 1
11 P 22.6 113 123 132 142
12 ~~~~~~~~~~~~~~~~~~~~~~~~ ,O5 - — -

~~ 13 W 3.85 .45
__________ 

14 X —1.5 — .05 2 -

5-15 K 1 2 ~~  ~~~~~~~~~~16 - 

K! RESERVO IR ROUT ING S

17 Y 1 0
__________ - S vr i~~~~~~

— — 55 ~~~~5S5 5 S _ 

1135 
.— 1 -

~~~~~
- - —

~~~~~19 Y4 1059 1060 1061 1062 1063 1064 1065 1066.5 1067 1068
20 YS 0 355 960 1642 2282 2922 3594 4689 4922 5461

- 

- 21 - 
- 

~~~~$A O 111,1~~ 13O,4 275,5 5-
~~~~~~~~~~~~~

22 $E1028.4 1059 1060 1080
23 

__________ 

1$ 1059 -

24 $D1066.5 2.7 1,5 821
25 K 99

1 PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS 
______ ____________

RUN OFF UY D RO G RAFH AT I
ROUTE HYIiROGRAPH TO 2 

________________

~~~~END OF NETW ORK 
- — -

- FLOOD HYDROGRAPH PACKAGE (NEC-i)
DAM SAFETY VERSION JULY 1978 

___________

LAST ~DDIEICATI0W 2I ~~ ill

- 

S 

$********U*************i******* -

- 
-

- RUN DATES 79/02/13. 
-

TIMES 06.20.08.

GREENWOOD PAM 5*3* I4CSOUEHONING CREEK
- 

S RUSH TWP. , SCHUYLKILL COU NTY, PA . -

- 
- - MDI $ PA-007O1 PA DER S 54-31—T I

_ _ _ _ _ _ _ _ _ _ _ _ _ _  JO? SPECIFICATION - -

NO NHR NNIP4 IDA Y IHR ThIN MET RC IPLI IPRT NSTAN
300 0 15 0 0 0 0 0 -4 0

JOPER NW 1 LROPT - TRA CE~~~~~~~~~~~~~~~~~~~~~~~
• 

- 5 0 0 0

S MULTI-PLA N ANALYSES TO RE PERFORMED
4 ‘ NPLAN: 1 NRTIOa 9 IRTIO: 1

- S RTIOS’ i.OO ?0 .80 .70 .60 .50 •4O .30 ;15~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  

_



— — —S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5-5_-55~ -5_ SS~~___ S_~~

S -

MULTI-PLAN AUALYSFS TO RE PERFORMED
NPLAN: 1 TIRT IO: 9 LR TI O~ 1S RTIOS: 1,0O ,90~~~,BO ~.70 .60 .50 .40~~ .30 .15 —

- - *5*1*1*1*5 *5*35*11*5 3*51*1*11* 1*1*1*1*5* *81*111*5*

- SUB-AREA RUNOFF COMPUTATION 5 -  _______________

- S INFLOW HYDR O6RAPH S

ISTAO ICONP IECON ITAPE JPLT - JPRT INANE ISTAGE IAUTO - -  - .
1 0 0 0 0 0 1 0 0

-_ ____________  -— - HYDROGRAPH DATA ~- 
-

IHYDG lUNG TAREA SNAP TRSDA TRSPC RATIO ISNO W ISAME LOCAL

___________________ 

1 1 5.58 0.00 5.58 0.00 0.000 0 1 0

PREC IP DATA
SPFE PNS R6 R12 R24 R48 R72 R96

S _ -  -- —- - - 0.00 22.60 113.00 -5123.00 132,00 142.00 0.OO 0.00 
- 

-

TRSPC COMPUTED BY THE PROGRAM IS .800 5 5 . 
. 

-

____ --5- LOSS PATA - - - S _____

IROPI STRKR [1LIKR RTIOL [RA iN STRKS RUOK STRTL CNSTL ?iLSMX RUMP -

0 0.00 0,00 1.00 0.00 0.00 1.00 1.00 .05 0,00 0.00

UNIT HYDROGRAPH DATA

_______ — 
TP: 3.85 CR: .45 NTA: 0

RECESSION DATA
STRTO: —1.50 ORCSN: — .05 RTIOR: 2.00

UNIT HYPROGRAPH100 END-OF—PER IOD ORDINATES, LAG: 3.88 HOu RS, CP: .45 VOL: .98
6. 24, 49. 80. 115, 152. 193. 235, 278. 317,

— —  - 351. 390. 40~. 420, ~~~ 430. 431.~~~” 4?1. 404 , 388. ~~~~~~~
358. 344. 330. 317. 304, 292. 280. 269, 25R , 248.
238. 228, 219, 210. 202. 1~4. 186. 179. 172. 165.
159. 152. ~~~146, 140. 134.~~ 129 , 124, 119 , 114. 1lO.
105. 101. 97, 93. 89, 86. 82. 79, 76. 73.

70. 67, 64. 62. 59. 57. 55. 53. - 50. 48.
46, 45. 43. 41. 39. 38. 36. 35. 34. 32.
31. 30. 28. 27. 26. 25, 24 , 23. 22. 21.
21. 20. 19. 18. 17, 17. 16. 15. 15. 14.

0 - END-OF—PERIOD FLOW 
S

___________MO.DA__HR,MN PERIOD RAIN EXCS LOSS COMP 0 NO. DA HR.MN PERIOD RAIN EXCS LOSS COMP 0

SUM 25.6’ 23.28 2.40 379400.
5 ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 652.)(-591.)r- 6I~

J(- 9327.57)

555535US$ *11*1*1*1* *5*1*1*15* *t********
-_________________________ _______ * HYDROGRAPH ROUTING - 

____________________________

RESERVO IR ROU T DIG
ISTA D —. 

ICOMP 
- ICCON h ARE — JPLT -— JPR-T INANE - ISTAGE IAUTO

-
~ -‘ l~ 

. . 
—

- S

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

- -

~~~~~ 
__ i

~~~i.:_ - - —



S ~~~~~~~~~~ 
-

~~~~~ 
-— 

-- ~~~~~~ ss ~~~~~s
f

15*1*3*131 z
______  ____ 

3/4
________ - NYDROORAPH ROUTING ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RESERVOIR ROUTING
- 

~~ IS1AO ICOhP ICCON ITAPE JPLT 
- JPR T  INA$E ISTAGE 1AUT0

2 1 0 0 0 0 1 0 0
ROUT ING DATA

- — 0LOSS~~CLOSS AVG IRES ISAME ~ IOP1 - IP14P LSTR~~~~~~~~~0,0 0.000 0.00 1 0 0 0 0 
-

NSTPS HSTDL* I.AG — AMSKK X TSK - STORA 18RPM
1 0 0 0.000 0,000 0,000 1135. — 1

S - STAGE ~~1O59,O 106O.O~~~ 1O61.0 1O62,0~~~ 1O63,D - -  1064.0 1065,0 1066,5 1067.0 1068.O

FLOW 0. 355. - 960, 1642. 2282. 2922. 3594. 4689. 4922. 5461.

SURFACE AREA: 0. 111. 130. 276.

- CAPACI TT~ O.~~~~1l33 i254. 5223. - S ——  -

ELEVATION: 1028. 1059, 1060. 1080.

CREL SPWIP COOW EXPW ELEVL COOL CAREA EXPL
- 1059,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

• 
- [‘AM DATA -

S TOFEL COOD EXPO DANWID
5*
~~~1066,5~~ 2.7 1.5 821. 

• EAK OUTFLOW IS 6858. AT TIME 45.00 HOURS 
- -- _____ _______

PEAK OUTFLOW IS 5888. AT TiME 45.25 HOURS 
________

PEAK OUTFLOW IS 4797, AT TIME 46.00 HOURS

PEAK OUTFLOW IS 4174. AT TIME 46.00 HOURS -

PEAK OUTFLOW IS 3568. AT TIME 46.00 HOURS

PEAK OUTFLOW IS 2979. AT TiNE 46.00 HOURS

PEAK OUTFLOW IS 2396. AT TIME 46.00 HOURS 
__________________

PEAK OUTFLOW IS 1809. AT TIME 45,75 HOURS 
S

• ~EAK OUTFLOW IS 879. AT TIME 46.00 HOURS 
- _____ _________________________

- 
*5*3*51*15 *5*53*1*1* $551535515 *1*1*1*11* 

- 

- 
S

1
- - 5 - 

- -.

- :- -~ , ~~~~~~

-5 -~~~~~~~~~~
: T -

~~~~~
---- 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  -
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4 4 4 $ i~$U lflsl*L*** $***$$***i *$54*$$1$* 15*4115*1* 
5

-----—5---—--_____ . 5__55•~~A_
PEAK FLOW AND STORAGE (END OF PERIOD) SUMMARY FOR Mu LTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS

FLOWS IN CUBIC FEET PER SECONI’ (CURIC METERS PER SECOND) 
S

S 
- 

S AREA IN SQUARE MILES (SCUARE KILOMETERS )

RATIOS APPLIED TO FLOWS 
-

OFERAT ION STATION AREA PLAN RATIO I RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9
— - 

~~~~~~~~~~~~~ A~~ f l f t 5  5 5 
~~~~~~~~~~~~~~~~~~~~~~~~~~ iA 1A Th -f ~£ , V V  •7v  ,ov .,v .ov ,.)v .~~V S

HT~RO6RAPH AT 1 5.58 ~~~1 ”  7581. -- - 6823.— 6065. - 5307. 4549,~~~ 3791.~~ 3033, ?274. 1137.
- 

( 14.45) ( 214.68)( . 193.21)( 171.74)( 150.27)( 128.811( 107.34)( 8~.87)( 64.40)( 32.20)

ROUTEFTO 2 5.58 F 685B. 5888. 4797. 4174. 3568. -- - ?9 79. ” 2396. 1809 ,- 879.
C 14.~5) ( 194.19)( 166.73)( 135.85)( 118.18)( iO1.03)( 84.37)( 67.86)( 51.21)C 24.89;

5 

- 

~~SUMMAR 1 OF DAN SAFETY ANALYSIS

S 
- rLNFI7... ;; ....;;; .; — — INITIAL VALUE SPILLUAY CREST~ T0P OF DAM —-

• 
S S 

ELEVATION  1059.01 1059.00 1066.50
STORAGE 1135. 1133. 2233.

S OUTFLQW 5,  0.

RATIO — MAXIMU M MAX I”JN ~ MAXIMUM MAX IM~tM 
- PUR A T lC~N 

- —  - T7~F flE 
- TIME OF 

OF RESERVOIR [‘Ep iru STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE
PMF W.S.ELEV OVER DAM AC—FT CFS HOURS HOURS HOURS

1.00 2061.35 .85 2381. 6858. 5.25 45.00 0.00
.90 1067.05 .55 2329. 5888. 4.00 45.25 0.00
.80 1066,59 .09 -- 2249. - -  4797. - 1.50 ~~~~ 46 ,OO
.70 1065,79 0.00 2113. 4274, 0.00 46.00 0,00

- .60 1064.96 0.00 1976, 3568. 0.00 46.00 0,00
,50 1064,09~~~~ 0.0 1837. 2979.
.40 1063.18 0.00 1699, 2396. 0.00 46.00 0,00
.30 1062.26 0.00 1564, 1809, 0,00 45. 0.00

- - .15 1060.87 0.00 - 1369. 879. 0.00 - 46.00 0.00

FLOOD HYOROGRAFH PACKAGE (NEC- i)
DAM SAFETY VER SION JUL Y 1978 __________

LAST MODIFICATION 21 AUG 78

EOrENcOuMTEREO. — _____

N>
TERMINAL 255 TINE OUT.

~YE 7VIO7fl3~ O6.42.23~ 
— -  ____ _________ __________

zZ - 
S

• 
-

- 
, - 
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GEOLOGIC REPORT S

Bed rock — Daa and Reservoir

Formation Name : Middle Member of the Mauch Chunk Formation.

L it h oI o gy~ G r ay i sh  red and reddish brown sandstone interhedded
wi th similarly colored siltstonc , mudstone and shale. Some thin
interbeds of green to grayish green inudstones are common.

St ruc ture

The dam is locatcd on the south limb of the Frackville anticline.
Bedding p lane thrust faults are mapped on both the north and south
sides of the valley of Nesquehoning Creek. The beds in the vicinity
of the dam strike N70° to N80°E.

Fracture traces trend N5° to l5°E.

Overburden

No core borings or other foundation information is available for
this dam , whi ch was built in 1880. The overburden is probably
similar to tha t at La k e Hau to , immediately downstream. There the
overburdt?n consis ted of boulder s, sand and clay . Better sorted and
more permeable alluvium was probably present also.

Aquifer Characteristics

The colluvium on which this dam is apparently founded is generally
fairly impermeable material , especially where the clay content is
high. I-lore permeable zones do occur in some places. ~There alluviumis present it can also be quite permeable.

S 

Discussion S

An inspection report dated April , 1915 states it is the “wri ters
impression that no core or cutoff walls were constructed” . This
apparently means that this dam was founded directly on the colluvium
and alluvium in the valley . The spiliway constructed in 1935 is in
bed rock however. A f t e r  the dam was comp leted considerable leakage
was noted near the outlet  pipes. It was the inspector ’s opin ion S
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Discussion (Cont ’d)

that the leakage was under the dam rather  than through the
emba nkment .  This is cer ta in l y likel y,  in viet~ of the founda-
tion mater ia l .  Leakage was measured by mea ns of weirs for
several years. After Lake H auto was raised it was no longer
possible to observe the leakage as wa ter covered the outlet
pipes of the Greenwood Dam. Leakage may be continuing. Air
Photos taken in January 1969 show Greenwood Lake entirely
cover ed by ice. There is open water just below the dam,
however.

Sources of Inf orma t ion

1. Wood , Gordon U. (1974) “Geologic Map of t he Tamaque Quad-
rangle, Carbon and Schuylkill Counties, Pa.”

2. Air Photographs , scale 1:24 ,000 , dated 1969.
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GEOLOGIC MAP - Greenwood Dam

(geology from U.S.G .S. Map GQ—1133)

1 Alluvium

~~ I Pottaville Fm.

Mauch Chunk Fm; upper member

F ~~~~~~~~~~~~ Mauch Chunk Fm; middle member

[~?1 Pocono Fm.
- ,  —— — thruat fault

air photo fracture trace
• S . 

- SCALE 124 000
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Upstream Concrete
Wall

‘ - S

Downstream
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Spiliway Weir &
Discharge Channel

t
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•
‘

Downstream
Channel

Reservoir

• PA—701
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- Downstream Reservoir (Lake Hauto)• c—I Looking Downstream from
Operator ’s Platform

4 PA—70 1
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