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Honorable Pierre S. D~~ont D D C
Governor of Delaware _-- — -~~~~~~~~~~~ —

Dover, Delaware 19901 SEP 1979

Dear Governor DuPont: D -

Iriclosed is the Phase I Inspection Report for Cool Spring Reservoir
Dam in New Castle County , Delaware which has been prepared under
authorization of ’ the Dam Inspection Act, Public Law 92—367. A brief
assessment of the dam ’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance , Cool Spring Reservoir Dam , a high hazard
potential structure , is judged to be in fair overall condition. The
dam has no spiliway but is capable of storing the entire Probable
Maximum Precipitation. To insure adequacy of the structure, the
following actions , as a minimum, are recorTinended:

a. Within six months from the date of approval of this report the
following actions should be initiated:

(1) Piezometers should be installed to determine the phreatic
surface within the ent ankment .

(2) A subsurface investigation should be performed during the
piezometer installations to determine the conposition and properties
of the errbankrnent and foundation materials . Soils tests and stability
analyses should be performed to assess existing conditions .

(3) The s tone masonry retaing wall sq portlng the 10th street
slope should be repointed and the missing stone blocks replaced to
maintain the wall ’s structural integrity. According to the Owner ’s
representative, this work is presently under way .

a

_ _ _  
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Honorable Pierre S. Di..Pont

b . Future reservoir drawdowns should be performed at a slow rate
to allow safe dissipation of possible excess pore pressures within the
eubankment. Procedures should be established for reading water levels
in the piezometers at regular intervals during drawdown to insure a
safe balance between the reservoir pool and the phreatic surface
within the ent)ankment .

c. The period of t ime that the basins remain empty during
• cleaning operations should be minimized. This procedure will reduce
• the possibility of excess pore pressure development within the

Franklin Street slopes which are exposed to the regional groundwater
table.

A copy of the report is being furnished to Mr. John Wilson III,
Delaware Department of Natural Resources and Environmental Control,
the designated State Office contact for this program. Within five

• 
• days of the date of this letter , a copy will also be sent to

Congressman Thomas B. Evans. Under the provision of the Freedom of
Information Act , the inspection report will be subject to release by
this office, upon request, five days after the date of this letter.

Additional copies of’ this report may be obtained from the National
Technical Information Services (NTIS), Springfield, Virginia 22161 at
a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.

An important aspect of the Dam Safet y Program will be the
implementation of the recommendations made as a result of the

• inspection. We accordingly request that we be advised of proposed
actions taken by the State to implement our recommendations.

• Sincerely ,

1 Incl ~~ Z.iAt~ESG. TON
As stated /~(/“ 

Colonel, Corps of Engineers
~-‘/71~~District Engineer

Copies Furnished:
Mr. Joh, Wilson III , Acting Secretary
Department of’ Natural Resources and
Environmental Control
Edward Tatnall Building
Dover , DE 19901
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COOL SPRINI RESERVOIR DAM (DE000I4)

CORPS OF ENGINEERS ASSESSMENT CF GENERAL CCI’IDITIONS
‘• 1~

• This dam was inspected on 24 May 1979 by O’Brien & Gere Engineers,
Inc. under contract to the U.S. Army Engineer District , Philadelphia ,
In accordance with the National Dam Inspection Act , Public Law 92—367.

Cool Spring Reservoir Dam , a high hazard potential structure, is
• judged to be in fair overall condition. The dam has no spiliway but

is capable of storing the entire Probable Maximum Precipitation . To
insure adequacy of the structure, the following actions as a mininum
are recommended:

a. Within six months from the date of approval of’ this report the
following actions should be initiated :

(1) Piezorneters should be installed to determine the phreatic
surface within the embankment.

• (2) A subsurface investigation should be performed during the
piezometer installations to determine the composition and properties
of the embankment and foundation materials. Soils tests and stability
analyses should be performed to assess existing conditions.

(3) The stone masonry retaing wall supporting the 10th street
slope should be repointed and the missing stone blocks replaced to
maintain the wall’s structural integrity. According to the Owner’s

• representative, this work is presently under way .

b. Future reservoir drawdowns should be performed c . a slow rate
to allow safe dissipation of possible excess pore pressures within the
errbankment. Procedures should be established for reading water levels
in the piezometers at regular intervals during drawdown to insure a
safe balance between the reservoir pool and the phreatic surface
within the embankment.

c. The period of’ time that the basins remain empty during
cleaning operations should be minimized . This procedure will reduce
the possibility of’ excess pore pressure development within the
Franklin Street slopes which are exposed to the regional groundwater
table.

APPR7~~~~~~~~~~~~~~~~~~~~~~

DATE:
_ _ _ _ _ _ _ _ _ _ _ _ _
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PREFACE

Thi s report is prepared under guidance conta ined in the Recommended
Gu idel i nes for Safety Inspection of Dams, for Phase I Investigations .
Copies of these guidelines may be obtained from the Office of Chief of
Engineers , Washington , D.C. 20314. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may pose
hazards to human life or property. The assessment of the general condition

• 
• of the dam is based upon available data and visual inspections. Detailed

investigation , and analyses involving topographic mapping, subsurfa ce
investigations , testing, and detai led computat ional evaluat ions are beyond
the scope of a Phase I Investigation ; however, the investigation is intended
to identify any need for such studies.

In reviewing this report , it should be realized that the reported
conditi on of the dam is based on observa tions of field condit ions at the
time of inspection along with data available to the inspection team. It is
important to note that the condition of a darn depends on numerous and

• constantly changing internal and external conditions , and is evolutionary
• in nature. It would be incorrect to assume that the present condition of

the dam will cont inue to represent the condit ion of the dam at some po int
in the future. Only through continued care and inspection can there be any
chance that unsafe conditions be detected.

Phise I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines ,
the Spillway Test flood is based on the estimated “Probable Maximum Flood ”
for the region (greatest reasonably possible storm runoff), or frac tions
thereof. The test flood provides a measure of relative spillway capacity
and ser ves as an a id in determin ing the need for more deta i led hydrologi c
and hydraul ic studies , cons idering the s ize of the darn, its general con—
dition and the downstream damage potential.

• • • — •
_________________  • I



b. Operation and Maintenance Procedures

1. Future reservoir drawdowns should be performed at a slow rate
to allow safe dissipation of possible excess pore pressures
within the embankment. Procedures should be established for
reading water levels in the piezometers at regular Intervals
during drawdown to insure a safe balance between the reservoir
pool and the phreatic surface wi thin the embankment.

2. The period of time that the basins remain empty during cleaning
operations should be minimized. This procedure will reduce the
possibility of excess pore pressure development within the Frank-
Un Street slopes which are exposed to the regional groundwater
table.

3. Since the normal operating pool level fluctuates to within 1.5
feet of the dam crest, the Owner should develop and impl ement
procedures for frequent or cont inuous measurements of reservo ir
stage during periods of heavy rainfall. As an alternative, the
Owner could install an audible high stage warning device to
alert operating personnel of extreme high reservoir elevations.
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PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM
• 

- 
COOL SPRING RESERVOIR DAM

-
‘ NDI I.D. NO. DE 00014

SECTION 1

PROJECT INFORMA TION

1.1 General

a. Authority. This report is authorized by the Dam Inspection Act ,
Public Law 92—367 , and has been prepared in accordance with con-
tract #DACW 6l—78-C—O052 between O’Brien & Gere Engineers , Justin
& Courtney Division and the United States Army Corps of Engineers ,
Philadelphia District.

b. Purpose of Inspection. The purpose of this inspection is to evaluate
the structural and hydraulic condition of the Cool Spring Reservoir and
appurtenant structures and to determine if the dam constitutes a
hazard to human life or property.

1.2 Description of Project (Information obtained from the City of Wil-
mington , Department of Public Works , Water Division).

a. Dam and ~ppurtenances. The Cool Spring impoundment was created
by excavation into a hillside slope and the construction of an
enclosing earth embankment around the periphery . The brick lined
reservoir is rectangular in shape and is divided -into two basins
by a 16.5 foot high earth dike . The interior slopes are covered
with two courses of brick masonry and the basin floors are lined
with unmortared brick pl aced on a clay blanket of unknown thickness.

The dam consists of an earth embankment approximately 1 ,468 feet
long with a maximum height of 23.5 feet. The interior slope is
l.5H:1V and the crest width is 17 feet. The 10th Street embankment
slope is l.5H:1V and is supported by a stone masonry retaining
wall as shown on Plate 3, Appendix E. The embankment length along
10th Street is about 288 feet and has a maximum height of about
14 feet at the southeast corner of the reservoir. The exterior
embankment slope parallel to Van Buren Street varies from 1.5H:lV
to 2.H:IV and is provided with two 12 foot wide berms as shown on
Plate 3. This portion of the dam has a length of about 690 feet
and has a maximum height of 23.5 feet. The northern exterior
slope is l.5H:1V , has a 1engt~i of 490 feet and a maximum height of
about 18 feet at the northeast corner of the reservoir.

Discharges into or out of Cool Spring Reservoir are controlled
by combined shut—off and check valves located in a gatehouse
situated at the toe of the Van Buren Street slope. Two 30-inch
diameter conduits (one connected to each basin) can be used for

• supplying water to the reservoir or for discharge to the city
water distribution system. Two 12— inch drain pipes , one connected
to each of the 30-inch conduits and discharging into the city

— l —

• • • -~~-~-- • -

• ~~~~~~~~~~~~~ • • -‘“-. •. • _ :  ~~~~~~~~~~~ :.. ~~~~~~~~~~~~~~~~~~~~~~~~~ •



‘—_——
~~~~ ‘~~~~w’ —- - 

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

• sewer system, are availab le for reservoir drawdown. in
addition , a 16—inch intake conduit connected to the hig h• service water system Is bur ied in the crest of the Van Buren

• Street slope and discharges into the reservoir near the
southeas t corner of the sou th basin.

• b. Location. Cool Spring Reservoir is an offstream impoundment
located 0.5 mi l es we:t of Brandywine Creek in the City of
Wilmington , Delaware . The reservoi r is shown on the USGS Quadrang le
entitl ed , “Wi l mington North , Del .“ at coordinates N39° 45.1’,
W75°33.6’ . A regional location plan of Cool Spring Reservior
is enclosed as Plate 1, Appendix E.

• c. Size Classifi cation. The maxim um height of 23.5 feet which is
less than 40 feet, and the storage capacity of 123 acre-feet , which
is less than 1,000 acre-feet , place Cool Spring Reservoir
Dam in the “Small” size category . 

-

d. Hazard Classifi cation Cool Spring Reservoir is situated in a
res dential nei ghborhood within the City of Wilmingto fl . ihe

• topoyraphy surrounding the embankment is such that overtopping
or failure of the embankment woul d cause flood waters to be
directed towards adjacent dwellings , schools and churches ,
resulting in excessive damage to property and loss of life .
Therefore, the dam is in the “High” hazard category.

e. Ownership . Cool Spring Reservoir Dam is owned by the City of
Wilmington , Department of Public Works , Water Division , 800
French Street, Wilmington , DE. 19801. Telephone: 1—302-571-4171.

f. Purpose of Dam. The dam was constructed to impound a treated
water distribution reservoir for the City of Wilmington .

g. Desjgn and Construction History. Cool Spring Reservoir was
constructed between 1873 and 1877. There are no records per-• ta m ing to the original desi gn or construction of the darn.
However , O’Brien and Gere Engineers , Inc., Justi n and Courtney
Division was retained in 1976 to investiga te the feasibility
of covering the reservoir and evaluate the condition of the
embankment and brick linin g. A visual inspection performed ,
while the south basin was drained for cleaning, revealed the
presence of bulges in the center dike slope , cracking of the
brick lining and an adjacent sand boil on the basin floor.

Similar conditi ons were observed at other locations within the
south basin. In addition , it was noted that a 3 inch thi ck
layer of shotcrete had been placed on the northeast corner
slope adjacent to the basin drain. The shotcrete slope
extended beyond the prevailing grade line of the interior basin
slopes suggesting that there had been previous slope instability
problems.

During the performance of temporary remedial repairs in January ,
1978, a slope failure occured on the Franklin Street (uphill) end
of the south bas in. Stabilization of the slope failure was

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

___ _ __i•__•• - -  - - •



accompl ished by construction of a 10 feet high berm across the
entire length of the Franklin Street slope. The berm was pro-
vided with an impervious liner to prevent the loss of stored

• water. A detailed discussion of these repairs is included In
Appendix G.

h. Normal Operating Procedures. The normal operating pool is
ma in tained by di schargin g treated wa ter into the nor th bas in
through the 30-inch pressure conduit connected to a pump ing
station on the Brandywine Creek. The 30-inch conduit connected
to the south basin is normall y used for d istribu tion to the
city water system since normal pool elevation is above the
crest of the center dividing dike. Reservoir levels are mon-
itored on a regular basis (at least three times a day) so that
lost storage is recovered during each 24 hour period. Reser-
voir fluctuations , according to the Owner’s representative,
Mr. Hanley, vary from approximately Elev. 142.0 to Elev. 145.0
during each 24 hour-period.

1.3 Pertinent Data

a. Drainage Area. Cool Spring Reservoir is an offstream impoundment
which is isolated from surface runoff by the local topography and
by catchment basins connected to the City sewer system. The sur—
face area of the reservo ir at maximum operating pool is about
seven acres.

b. Discharge at Dam Site. Discharge from the reservoir is accomp—
lished through manually operated gate valves located in a gate-
house east of the reservoir.

Cool Spring Reservoir is used for water distribution and is depen-
• dent upon discharge through a pressure conduit from a pumping

station on the Brandywine Creek; construction of an emergency
spiliway for flood control apparently was not considered necessary.

c. Elevation. (Feet — USGS DATUM)

Top of Dam 146.5
Normal Pool 142.0
Maximum non—overtopping pool 146.5
Minimum groundline at toe of exterior slope 123.0

d. Reservoir. (feet)

Length of Normal Pool 650
Length of Pool (top of dam) 

• 
660

e. Storage. (acre-feet)

Normal Pool 98
Top of Dam 123

-3-



r
f. Reservoir Surface (acre~1.

Normal Pool 7
Top of Dam 7

g. .P.~!.
Type Earth
Length 1,468 feet
Heig ht 23.5 feet
Crest width 17 feet
Side Slopes (interior) 1.5H:1V

(exterior) 1.5H :1V-2.OH:1V
Zoning Unknown
Impervious Core Unknown
Cutoff Unknown
Cout Curtain Unknown

• h. Diversion and Regulating Tunnel .

Not applicable.

I. Spillway.

None •

j. Regulating Outlets. The reservoir outlet consists of two 30-inch
conduits (one draining each -basin) which are controlled by valves •

In the gatehouse. Complete drawdown of the reservoir is accomp-
lished by allowing discharge from the 30-inch outlets to drain
into the sewer system through two 12- inch diameter pipes.

~ --—
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SECTION 2

ENGINEERING DATA

H
2.1 Design

a. Data Available. The information available for review of Cool
Spring Reservoir Dam includes the foll owing obtained from both
the City of Wilmington and O’Brien & Gere Engineers, Inc.

1. Cool Spring Reservoir Plan.
2. Schematic drawing of City Water System in vicinity of Cool

Spring Reservoir.
3. Cool Spring Reservo ir, Evalua tion of Present Conditi ons and

Al terna te Covers , May 1977.
4. Report on Cool Spring Reservoir, Embankment Leakage an d

Instability , October 1977.
5. Cool Spring Reservoir, Evalua tion of Present Conditi ons and

Reservoir Covers, December 1977.
6. Cool Spring Reservoir Repairs, Contract No. 78017, November

~!)77.7. Survey Grid for Monitoring Northwest face of Reservoir by
MANN-TALLEY , INC. Dwg. No. 552l—L , Februar y 3, 1978.

8. As Built Survey, SOUTH BASIN OF COOL SPRING RESERVOIR by
MANN—TALLEY , INC. Dwg. No. 5563—L , March 31 , 1978

9. As Built Cross Sections, SOUTH BASIN OF COOL SPRING RESERVOIR
by MANN-TALLEY , INC. Dwg. No. 5565-1, April 6, 1978.

10. Repairs to Cool Spring Reservoir, August 1978.
11. Photographs taken after slo pe fa ilure and dur ing repa i rs to

the reservoir in 1978.

NOTE: No design calculations or construction drawings for the
origi nal work on the reservo ir between 1873 and 1877 are
available for review.

b. Design Features. The princ ipal design features for the structure
are shown on the drawings enclosed in Appendix E. A description
of the features is discussed in Section l.2.a.

2.2 Construction

No informa tion is ava i lable concern ing cons truc ti on of Cool Spr i ng
• Reservoir which was built between 1873 and 1877.

• 
2.3 Operation

The City of Wilmington maintains daily records of reservoir depth
and water system demand at the Brandywine pumping station.

—5-



2.4 Eval uation

a. Ava l1abilit~y.~ All Information made available was obtained
. , ‘1~om tTi~ City of Wilmington and O’Brien & Gere Engineers , Inc. ,
P4 Justln & Courtney Division .

b . Adequacy. The drawings and reports made available are adequate
for a Phase 1 investigati on .

c. Validity . There is no reason to question the validity of the
data obtained from the City of Wilmington .

- 6 -
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SECTION 3

VISUAL INSPECTION

3.1 Findings
P4

a. General. The field inspection of Cool Spring Reservoir Dam took
place on May 24, 1979. At the time of the inspection , the reser-
voir water surface was approximately 3.5 feet below the dam crest.
No underwater areas were inspected. The dam was found to be con-
structed in genera1 conformance with the available drawings. The
observations and comments of the field inspection team are in the
checkl ist which is Appendix B of this report. The appearance of
the facility indicated that the dam is in fair condition and Its
appurtenances are reasonably wel l mainta ined.

b. Dam. The interior slopes of the reservoir are covered with brick
masonry which is in turn coated with shotcrete from the dam crest
to 5 feet below the crest. The cement mortar is severely deteri-
orated such that samples of the material can be crushed between the
thumb and forefinger. In many instances, the mortar has eroded
away from the face of the brick to a depth of about 3 inches. Some
small bushes were observed to be growing between the top of the
shotcrete and the capstones located at the crest of the Inter ior
slope. The shotcrete lining exhibited some evidence of spalling
and cracking .

The crest and exter ior slopes of the embankment are predom inan tly
grass covered whi le some small bushes and vines are also growing
on the north slope. No evidence of vertical or horizontal mis-
al ignments were observed in the crest or exterior slopes during
the inspection . An 8-inch diameter pipe outlet was noted at the
toe of the north slo pe near the northeas t corner of the reservo ir.
The pipe appeared to be aligned parallel to the toe and was dis-
charging clear water at a rate of less than 1 gpm . The origin
and purpose of the pipe could not be readily determined.

The 10th Street slope of the dam is supported by a vertical stone
masonry retaining wall . In some locations the cement mortar has
eroded to a depth of 4 inches from the surface of the stone blocks.
A few of the smaller stones (less than 15 inches in the longest
dimension) have been removed or have fallen from the wall. There
was no indication of horizontal misalignment , vertical settlement
or seepage through the wall at the time of inspection .

c. Appurtenant Structures. The gatehouse has undergone extensive re-
construction within the last year and appears to be in excellent
condition . The structure above grade has been demolished and re-
placed by a small brick bu-ilding allowing access to a vault con-
taining the control valves . The manually operated valves are in
fa ir condi tion and , according to the Owner’s representative , are
all operable except for the two valves used to control drainage

• Into the sewer system. (According to the Owner’s representa tive ,
the 12” drain valves were repaired between the inspection date and
preparation of this report)
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A recently renovated four story brick pump house is loca ted at
the corner of 10th and Van Buren Streets. Inspection of the• basement of this structure indicated the presence of clear
seepage dischargi ng at an estimated rate of 1 gpm through the
stone masonry foundation wall. The depth of these seeps was
at least 10 feet below the floor of the south basin.

d. Reservoir Area. Cool Spri ng Reservoir has no drainage area
since it ls liolated from surface runoff by catchment basins
connected to the City sewer sys tem.

e. Downstream Channel. All discharges from the reservoir are
through underground conduits connected to the water or sewer
systems . The potential hazard area to the east of Cool Spring
Is a park and playground used by an adjacent Elementary School .
In addi tion, Interstate 95 has been constructed just east of
the park in a cut about 30 feet deep.
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SECTION 4

OPERATIONAL FEATURES

P4 4.1 Procedures

According to the Owner ’s representative , Cool Spring Reservoir
is an Integral part of the water supply system for the City of

• Wilmington . Reservoir levels are checked at least once each
ei ght-hour shift by personnel on-site 24 hours a day and are
controlled by discharge from a pumping station on the Brandywine
Creek .

4.2 Maintenance of Dam

According to the Owner ’s representative , the grass growing on the
crest and slopes of the embankment is cut on a regular basis. In-
spection and maintenance of the interior slopes of the reservoir
are performed during regular periods of full drawdown which are
necessary for removing accumulated deposits of debris and organic
matter.

4.3 Maintenance of Operating Facilities

According to the Owner’s representative , the combined shut-off and
check va l ves associated wi th daily operation of the reservoir are
inspected and repaired on a regular basis. The valves controlling
discharge into the 12-inch drain pi pes connected to the sewer system
were not exercised during the inspection. According to the Owner’s
representative , these valves have recently been repa i red.

4.4 Descri ption of any Warning Systems in Effect

According to the Owner’s representative , city personnel on-site
have been directed to inform Mr. Paul Henry , General Mana ger of
the Water Division , of any unusual conditi ons at the dam site .
In the event of an Impending failure , Mr. Henry will contact
local author i ties who will alert residents of the critical situation .

4.5 Evaluation of Operational Adequacy

Inspection and maintenance of operating facilities at Cool Spring
Reservoir appears to be adequate .

- 9 -  j
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SECTION 5

HYDRAULICS AND HYDROLOGY
P4

- 

5.1 Evaluation of Features

a. Design Data. Cool Spring Reservoir has a surface area of about
7 acre s,imaximum storage capacity of 123 acre - feet and a drainage
area equal to the reservoir area . Emergency drawdown of the reser-
voir can be accomplished by discharg ing from both basins Into
the City water system and simultaneously into the two 12-inch
diameter drain pipes.

b. Experi ence Data. According to the Owner ’s representative , the
maximum ~oo1 of record was El .146.0.

c. Visual Observations. The enti re embankment appears to be in
satisfactory condition wi th no indications of embankment in-
stability at the time of the inspection .

d. Overtopping Potential. Since there is no spiliway at this site
and the rese Fvoir is isolated from surface runoff , a desi gn
storm was used to evaluate the adequacy of the drain system .
Based upon the dam hei ght , storage capacity and hazard class-
ifi catiôn , the desi gn storm was selected to be 50 percent
of the Probabl e Maximum Precipitation (PMP).

Hydrologic analyses indicate that the PMP is about 21 inches .
Drawdown calculations indicate that the 12 inch drains alone
are capabl e of discharging 70 percent of the additional storage
resulting from the PMI’ (See Appendix C for calculations). In
addition , the normal operating pool is about 4.5 feet below the
darn crest. The reservoir is capable of storing the entire P~Pwithout overtopping under normal operating conditions.

e. Drain System Adequacy . In the event of insufficient reservoir
capacity to store the design storm , operation of the drain system
will discharge more than one-half of the PMP , therefore, the
system is cons idered to be adequa te.
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The interior slope failure of February 1978
and the appearance of bulges in the slopes at other locations in
the south basin leads to the conclusion that the stability of the
slopes is ques tionable , espec iall y dur ing per iods of reservo ir
drawdown. In addition , cracking of the brick lining and signifi-
cant loss of mortar from between the bricks has been observed in
both current and previous inspections. The deteriorated condition
of the brick mason ry l in ing is probably due to the lon g exposure
to weathering combined with hydraulic erosion from wave action and
fluctuating pool l evels. Al though no evidence of seepage was
observed during the Phase I visual inspection , the deterioration -

of the lining may lead to serious leakage and instability in the
exterior slopes .

The continued loss of stone bloc ks an d mortar from the 10th Street
slope retain ing wal l could even tuall y cause its fa i lure and that
of the embankment. However, it was evident during the visual
inspection tha t some repoint ing of the wall has been performed
since its original construction.

b. Design and Construction Data. Information is unavailable concerning
the design or construction history of the embankment. It is unknown
what was used for embankment materials, whether or not the embankment
is zoned, has a cutoff, a grout curtain , or an imperv ious core .

c. Qperation Records. The City of Wilmington maintains daily records
of reservoir level s and water system demand.

d. Post Construction Chan.~~~ Remed ial measures performed in 1978 for
the stabilization of an interior slope failure on the Franklin Street
(uphill) end of the south basin are described in Appendix G.

e. Seismic Stability. The dam is located within Seismic Risk Zone 1
of the Seismi c Zone Map of Contiguous States. A dam located in
Seismic Zone 1 is generally considered to -be safe under any expected
earthquake loading if it is safe .und~r static loading conditions.
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SECTION 7

ASSESSMENT , RECOMMENDATIONS , AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety. The visual observations and review of available information
ind icated that the Cool Spring Reservoir Dam is in fair condition.

The occurrence of an interior slope failure following ful l drawdown
of the south basin as described in Section l.2.g indicates that
the structural stability of the embankmen t slopes is questionable.
In addition, the continued deterioration of the brick lining is
reducing its effectiveness as an impervious barrior whi ch coul d
lead to leakage and instability conditions in the exterior slopes.

The drain system is capable of discharging abou t 70 percent of the
PMP without overtopping the earth embankment. Additional reduction
of overtopping potential is realized from the water system demand
imposed upon the reservoir and the presence of City personnel on-site
24 hours a day. Therefore , the drain system is classified as
adequate.

b. Adequacy of Information. The availabl e information provided by the
City of Wilmington , along with visual observations made during the
inspection, are considered to be adequate for a Phase I investiga-
tion.

c. Urgency. The further investigations and recommended remedial measures
should be impl emented in the near future.

d. Necessity for Further Investigations. Further investigations are
necessary for this site. Although there is presently no evidence
that the exter ior slopes of the reservo ir are uns table , the loss
of integrity of the brick lining could lead to serious leakage and
and instability problems in the exterior slopes. Therefore, a
study should be in iti ated to evalua te the effec ti veness of the brick
linin g as an impervious barrier.

7.2 Recommendations, Remedial Measure-s

a. Facilities.

1. Piezometers should be installed to determine the phreatic sur-
face within the embankment.

• 2. A subsurface investigation should be performed during the piezo—
meter installations to determine the composition and properties
of the embankment and foundation materials. Soils test and
stability analyses should be performed to assess existing condi-
tions.

3. The stone masonry retaining wall supporting the 10th street slope
should be repointed and the missing stone blocks replaced to
maintain the wall’ s structural integrity . According to the Owner’s
represen tative , this work is presently under way.

-12—
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b. Operation and Maintenance Procedures

1. Future reservoir drawdowns should be performed at a slow rate
P4 to allow safe dissipation of possibl e excess pore pressures

within the embankment . Procedures should be establ ished for
readi ng water levels in the piezometers at regu lar intervals
dur ing drawdown to insure a safe balance between the reservo ir
pool and the phreatic surface within the embankment. 

-

2. The period of time that the basins remain empty during cleaning
operations should be minimized . This procedure will reduce the
possibility of excess pore pressure development within the
Franklin Street slopes which are exposed to the regional ground-
water table.

3. Since the normal operating pool level fluctuates to within 1.5
feet of the dam crest, the Owner should develo p and impl ement
procedures for frequent or con ti nuous measurements of reservoir
stage during periods of heavy rainfall. As an alternative , the
Owner could insta ll an aud ib le high stage warn ing dev ice to
alert operating personnel of extreme high reservoir elevations .
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SITE GEOLOGY

COOL SPRING RESERVOIR

Cool Spring Reservoir is located in the Lowlands Section of the
Piedmont physiographic province. Bedrock at the site is the Paleozoic Wil —
mington Complex which is composed of banded gneiss with prominent amounts
of gabbro, amphibol ite and granite. These metamorphic and igneous rocks
have differentially weathered in situ such that their character varies
from a hard rock mass to a soil like material exhibiting cohesion and/or -

granulation. .
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I. PROJECT DESCRIPTION

Coot Spring Reservoir is an uncovered, brick lined treated water reservoir with a

‘4 capacity of 40 million gallons, constructed in Wilmington, Delaware between 1873 and

1877. The reservoir , divided by a 16.5 foot high dike into two basins, has a maximum

depth of 22 feet and covers an area of about 7 acres.

Justin & Courtney, Inc. was retained in December of 1976 to investigate the

feasibility of covering the reservoir. Late in August of 1977, while the south basin was

drained for cleaning, bulging of the toe at the west end of the center dike, cracking of the

brick lining, leakage of water through the dike and a large sand boil on the floor of the

basin were observed. A detailed inspection revealed similar conditions at other locations

within the south basin. It was concluded that the clay and brick lining of the center dike

had lost its effectiveness in sealing the reservoir , which resulted ir, saturation of the

embankment. A rapid solution to the problem was necessary since the potential existed

for further failure of the slopes. The recommended permanent solution was to re-line the

basin and install an embankment drainage system along the Franklin Street end of the

basin. However, the large capital expenditure required for this work and the need to have

the basin in service as soon as possible necessitated the development of temporary

measures. These measures included:

1. Covering the failure area with filter cloth and a 2 foot high toe berm

constructed of sand and gravel.

2. Installation of perforated pipe in the toe berm to drain the embankment

during future drawdowns.

3. Guniting over the toe drain and cracked brick lining to protect the

embankment from further saturation from the reservoir.
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Details of this work are shown on Drawings 1 and 2, entitled “Cool Spring Reservoir

Repairs,” City of Wilmington Contract No. 78017. A contract for this work was awarded
- 

I ~‘‘ to Marcozzi Enterprises, Inc. on December 15, 1977.
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II. CONSTRUCTION

The contractor started work on January 16, 1978 and began experiencing difficulty

moving equipment across the south basin floor due to the saturated condition of the clay

underlying the brick floor.The areas damaged by the movement of construction equipment

over the basin floor were covered with filter fabric and Delaware-type 106 stone. Severe

weather conditions caused frequent work suspensions which delayed progress of the work

during this time. By January 20, a one foot deep trench about 50 feet long, which was to

be filled with filter sand, had been excavated along the toe of the Franklin Street slope.

Between January 25 and January 21, a slope failure occurred on the Franklin Street

slope of the south basin. The initial inspection of the site on January 28 revealed a slide

about 180 feet long, with a vertical displacement of about 2 feet , and extending about 25

feet into the basin. A groundwater reading in an adjacent piezometer indicated a 2 foot

rise in the water table since the last measurement was taken in October, 1977. The

unbalanced hydrostatic forces developed within the embankment during the time that the

basin was empty was believed to be the main contributing factor to the slope failure.

Wooden stakes were placed along the top of the embankment to measure the

vertical displacement of the slide. Detailed information concerning the survey is shown

on Drawing No. 5521-L, by MANN—TALLEY, INC., Engineering-Surveying, Wilmington,

DE. To stabilize the slope failure, it was decided to construct a 4 foot high gravel berm

at the toe of the Franklin Street slope for a distance of 100 feet southwest of the center

dike and extending 25 feet into the basin. In addition, acoustic emission monitoring of the

failure was undertaken to provide data on movement along the failure surface of the

slope. A discussion of this technique and its application to the slope failure is included in

the Appendix. Modifications were made to the existing contract for this work, but timely

placement of the berm was inhibited because of poor weather.
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The contractor resumed construction on February 15. By that time, the bank was

subsiding at the rate of about 0.2 foot per day and had reached a maximum settlement of
(

H about 6 feet. Consideration was given to filling the reservoir to stabilize the condition

‘4 and to provide time to evaluate alternate solutions to the problem. However, since the

slide area had encroached on the weir portion of the center dike, it was impossible to

operate the reservoir as required. It was therefore decided to immediately expand the

scope of the work as follows:

1. Increase the length of the stabilizing berm to 150 feet and the height to 10

feet. (It was later decided to extend the berm the entire length of the

Franklin Street end of the basin to prevent further progression of the failure

along the slope.)

2. Install perforated aluminum pipe drains with flap gates at the toe of the

original slope and at the toe of the berm to drain the berm during drawdown

of the reservoir.

3. Line the berm with f lexible lining material to prevent saturation from the

reservoir and contamination of the water in the basin from external sources.

Operations resumed with the stone fill being placed in the berm at a rate of about 600

tons per day. By February 27 the failure had stabilized after a total vertical displacement

of about 8 feet. The average height of the berm by that date was also about 8 feet.

Two types of flexible lining material were considered; 45 mil DuPont Hypalon and

105 mit High Density Polyethelene manufactured by Schlegel Area Sealing Systems, Inc.

Since Hypalon was less expensive, easier to install, and was adequate for this purpose, it

was chosen for the liner. On March 9, the Hypalon material was ordered from Globe

Linings, Inc. of Long Beach, CA.
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Placement of the stone fill progressed satisfactorily until March 13 when a void

about 6 foot square and 30 cubic yards in volume was discovered in the center dike. This

void had apparently developed over a long period of time and appeared to be caused by

fine-grained soil from the dike piping through cracks in the brick. The collapse was

triggered by the berm which was placed against the unsupported brick over the void.

After the discovery of this void, the water level in the north basin was immediately

lowered to Elevation 136 to reduce the hazard of failure of the center dike.

SOILTECH, a division of Raymond International, began filling the void on March 17

with an air-entrained, 2 : 1 sand-cement grout. A plasticizer was added to insure

complete filling of the void, since the condition of the brick prevented the use of pressure.

The locations of other voids within the weir portion of the center dike were determined by

taking measurements in 20 holes bored in the concrete cap. Additional grouting was done

through these holes (see Figure 2), but was terminated when grout was observed flowing

into the north basin through the lining at the base of the dike. Crouting along the north

basin side was not completed because of the difficulties involved in sealing the slope on

the north basin side, which would have necessitated the use of a diver or draining of the

north basin. The total grout placed in the center dike was 36 cubic yards.

By March 27, the contractor had completed the berm and was preparing the site for

installation of the Hypalon. Globe Linings, Inc. began placement of the liner on March 29

and completed the installation on April 5, 1978, less than one month after the lining

material was ordered. -

Filling of the south basin began on April 11 and two days later the water level had

reached a depth of 9 feet. This level was maintained until mid-April when water was

allowed to spill over the weir into the south basin from the north basin. Full operation of

the south basin resumed in the latter part of April, 1978.
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Ill. CONCLUSIONS AND RECOMMENDATIONS

The slope failure and the appearance of bulges in the slopeb at other locations in

the south basin leads to the conclusion that the stability of the slopes is questionable,

especially during periods of reservoir drawdown. Additional failures of the internal slopes

are likely to occur when the basins are drawn down again. To minimize the probability of

additional failures, future drawdowns should be made at a slow rate to allow the pore

water pressures in the saturated portions of the embankments to dissipate and the period

of time the basins remain empty should be kept to a minimum. There is presently no

evidence that the exterior slopes of the reservoir are unstable, but the loss of integrity of

the brick lining could lead to serious leakage and instability problems in the exterior

slopes. Failure of the exterior slopes, of course, would have much more serious

consequences than failure of the interior slopes and would be a serious threat to public

safety.

The large void discovered in the center dike appears to be the result of internal

erosion of the embankment, which has been occurring for a long period of time. Only

partial filling of these voids was accomplished during the remedial repairs. Other voids

may exist within the embankments, since a complete investigation of the embankments

was not performed.

These conditions emphasize the need for further investigations, which should

include the following work:

1. Drilling additional bore holes in Lhe embankments around the reservoir and

in the center dike. The soil samples obtained from these borings should be

subjected to laboratory analysis to determine the grain size, plasticity,

permeability and strength characteristics of the embankment and foundation

materials.
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2. Installation of wellpotnt piezometers in selected bore holes to monitor

groundwater levels in the embankments. These piezometers should be

(F monitored on a regular basis.

3. Analysis of the data obtained from the borings and piezometer measurments

to determine whether dangerous conditions exist in the embankments.
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