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PHASE I REPORT
J NATIONAL DAM SAFETY PROGRAM

Name of Dam Woodland Reservoir Dam

State Located New York
• County Located Onondaqa

Stream Not Applicable
Date of Inspection June 5L 19718

ASSESSMENT OF
GENERAL CONDITIONS

The Woodland Reservoir Dam appears to be stable. No detrimental
findings were made during the visual inspection to render an unsafe
assessment. However, the root systems of large trees that are

• growing on the downstream slope provide seepage paths through the
embankment. Although these trees are impressive and add beauty to
the site, they should be cut and a fur ther invest igation made to
determine the extent of the root systems before additional measures

( are implemented.

The reservoir is provided with an adequate freeboard for storage of
the 48-hour Probable Maximum Precipitation with no outflow.

O’BRIEN & GERE ENGINEi~~~, INC. V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Approved by: __________________________________

Clark H. Benn
Colonel, Corps of Engineers
01st Ict ngineer

Date: _________________________
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PHASE I INSPECTION REPOR T
( NATIONAL DAM SAFETY PROGRAM

NAME OF DAM WOODLAND RESERVOIR DAM

SECTION 1- PROJECT INFORMATION

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 contract #1467.021 between O’Brien & Gere Engi-
neers, Inc., and the New York State Department of Environmental
Conservation.

b. Purpose of Inspection - The purpose of this inspection is
to evaluate the structural and hydraulic conditions of Woodland
Reservoir Dam and appurtenant structures, and to determine if the
Dam constitutes a hazard to human life or property.

1.2 DESCRIPTiON OF PROJECT

a. Description of Dam, Basin and Appurtenances - Wood-
land Reservoir is located in central Onondaga County and is within
the corporate boundary of the City of Syracuse, New York. The
impoundment was formed by excavating the saddle between two hills
and utilizing the excavated material to construct dikes at each end.

According to the design drawings (See Figure 3), by
Howard Soule, Consulting Engineers, Woodland Reservoir Dam is a
homogeneous, rolled earth embankment with an impervious clay
puddle cut-off trench. The upstream slopes of the dam and bottom of
the reservoir are protected by a concrete lining. The visible portion
of the upstream face of the dam has a slope of 2 horizontal to 1
vertical and is paved with limestone blocks set in the concrete lining.
The blocks extend below the water surface to a 10-foot berm which is
located 26 feet below the top of the dam.

The Dam has a maximum height of about 36 feet and is
approximately 4,200 feet long. The top width is 20 feet and is grass
covered. The downstream slope Is 2 horizontal to 1 vertical and is
provided with two berms each 15 feet wide.

The outlet, located at the north end of the reservoir, consists
of two 36 Inch conduits. The North Gatehouse on the crest of the
dam contains two manually operated gate valves to control discharge
Into the water distribution system.

-1-
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The reservoir is supplied by gravity flow through two 30 inch
conduits originating at Skaneateles Lake about 19 miles to the
southwest.

The intake structure and South Gatehouse are located at the
southeast end of the reservoir. In addition, a control structure for
the supply conduits is located below the base of the dam, near each of
the two gatehouses. (See Figure 4 for details of the pipe and valve
layout.)

The Dam and Appurtenant Structures are owned by the City of
Syracuse and operated by the Water Division. The primary purpose of
the reservoir is for distribution of a treated water supply for the City
of Syracuse.

The structures for Woodland Reservoir were designed by
Howard Soule, Consulting Engineers, in 1892. Construction began in
1893 and was completed in 1894 with full operation beginning the
following year.

b. Size Classification - The Woodland Reservoir was
designed for a storage volume of 121 million gallons (370 acre-feet)
at the maximum operating pool elevation of 620 feet above mean sea
level (MSL). The maximum height of the dam is 36 feet. The
structure is in the small size category as defined by the Recom-
mended Guidelines for Safety Inspection of Dams.

c. Hazard Classification - Woodland Reservoir is located
within a residential neighborhood of the City of Syracuse. The
topography surrounding the dam is such that overtopping or failure of
the dam would cause flood waters to be directed toward adjacent
dwellings resulting in severe damage to property and loss of life.
Therefore, the structure Is in the high hazard category as defined by
the Recommended Guidelines for Safety Inspection of Dams.

1.3 PERTINENT DATA (from information supplied by the City of
Syracuse, Water Division.)

a. Drainage Area - Woodland Reservoir Is isolated from
surfa -e runoff by drainage ditches and the local topography. The
surf ac.s area of the reservoir at maximum operating pool
(Elevation 620.6) is about 14 acres.

b. Discharges - Discharge from the reservoir is accom-
plished through manually operated gate valves located in the North
and South Catehouses. V
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Woodland Reservoir is used for water distribution and is
dependent upon discharge through gated conduits from Skaneateles
Lake; construction of an emergency spillway for flood control
apparently was not considered necessary.

c. Reservoir Data .

Maximum Operating Pool (Reservoir at Elevation 620.6)
Length - 1,750 feet (maximum)
Area - 14 acres
Volume - 370 acre-feet

]gp of Dam (Elevation 626.6)
Length - 1,750 feet (maximum)
Area - 14 acres
Volume - 454 acre-feet

Maximum Pool (PMF - Elevation 622.6)
Length - 1,750 feet (maximum)
Area - 14 acres
Volume - 398 acre-feet

d. Dam Data

Type - earth embankment
Top elevation - 626.6 feet

• Original ground elevation - 590.6 feet
Length - 4,200 feet
Top width - 20 feet
Side Slopes - upstream slope 2 : 1 (horizontal : vertical)

downstream slope 2 : 1
Zoning - none
Impervious core - none
Cutoff - 14-foot thick clay puddle cutoff extending 5

feet into embankment and 13 feet into found-
ation soil

Grout curtain - none V

Reservoir lining - basin lined with 9 Inches of concrete
and 1~ inches of gunite

e. Outlet Works - See Section 1.3.b.

• -3-
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f• ~!!gineerlng Data - The information available for review
of Woodland Reservoir Dam included:

1) Sections of Woodland Reservoir, dated Novem-
ber 10, 1892.

2) Plan of Conduit L iic- to Woodland Reservoir,
dated September 15, 1908.

3) Topographic Map - Woodland Reservoir, dated
July 1917

4) Layout of Pipes & Valves at Woodland Reservoir.
V 

5) Plan & Section of 6” Underdrain at Toe of the
Embankment.

6) A report entitled “Relining of Woodland Reser-
voir with Gunite - 1932.”

7) DAM REPORT by the Conservation Commission,
State of New York, dated August 2, 1917.

8) A report by B.K. Hough, Consulting- Engineer.

9) Water levels from piezometers installed in 1964.

1.4 OPERATING AND MAINTENANCE PROCEDURES

a. Qperation - Under normal conditions, the reservo ir is
used for water supply and is maintained at the maximum operating
pool level. Drawdown of the reservoir can be accomplished by
opening a 16 inch diameter overflow conduit along with the three
water distribution mains.

b. Maintenance of Dam and Operating Facilities - The
facilities at Woodland Reservoir are under daily surveillance by a
work crew assigned to the site and repairs are performed as the need
arises.

• c. Warning System - No system for flood warning is
currently in effect, but the water surface elevation is continually
monitored at the Water Department’s control center.

V 
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SECTION 2 - VISUAL INSPECTION

2.1 FINDiNGS

• a. General - The field inspection of the Woodland Reser-
voir embankment took place on June 5, 1978. The reservoir water
surface elevation was about 620 feet MSI. during the inspection. No
underwater areas were Inspected.

b. Dam - The entire downstream slope and crest of the.
dam is grass covered. There was no indication of slope misalignments
or seepage along the downstream toe and slope at the time of
inspection. During the inspection, no discharge was observed in the
catch basin which collects flow from the drain system installed along
the northwest toe of the slope. Evergreen trees with diameters as
large as 3 feet are growing in the downstream slope between the
North Gatehouse and the access road. Grass, small bushes and vines
are growing between the stone masonry blocks on the upstream face
around the entire reservoir.

V c. Gatehouses - The brick masonry structures appeared to
be in excellent condition. The gate valves within the structures
appeared to be well maintained, but were not operated during the
inspection.

d. Reservoir Area - The natural ground west of the
reservoir slopes upward to an elevation about 60 feet above crest of
dam. The slope is covered with deep grass and appeared stable at the
time of the inspection. Runoff from this slope is intercepted by a
drainage ditch. A brick masonry standpipe has been constructed on
the top of this hill with an asbestos cement overflow pipe which
discharges into Woodland Reservoir. The northeastern portion of - the
basin is cut into the gently undulating summit of a hill which slopes
away from the basin towards the northeast. The remaining perimeter
generally slopes away from the embankment and is grass covered.

I
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SECTION 3- HYDROLOGY/HYDRAULICS 
.

The design flood used for the Woodland Reservoir structure is
the Probable Maximum Flood (PMF), according to the Recommended
Quldelines for Safety Inspection of Dams. The reservoir surface at
the maximum operating level (Elevation 620.6) comprises the entire
drainage area. Therefore, the PMF was considered equivalent to the
adjusted 48-hour Probable Maximum Precipitation (PMP) which would
raise the reservoir water surface about 2 feet.

The embankment is provided with 6 feet of freeboard above
the maximum operating pool. Therefore, no difficulty is to be
anticipated in adequately storing the rainfall of a storm less than or
equal to the PMP.

A drawdown analysis was performed assuming discharge into
the distribution mains with a starting water surface elevation of 620
feet and no inflow. According to the caláulations, complete
drawdown of the reservoir would take 7 days.
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SECTION 4-  STRUCTURAL STABILITY

4.1 VISUAL OBSERVATIONS AND DATA REVIEW - Although the
Dam appeared stable at the time of inspection, the ixistence of large
trees on the downstream slope represent a potential hazard: the
trees could be uprooted by high winds, or the root systems of the
trees may provide seepage paths that could lead to future piping.

Extensive repairs and a number of Investigations of Woodland
Reservoir Dam have been undertaken since 1894.

According to the report entitled “Relining Woodland Reservoir
with Gunite - 1932” (See Appendix), in January 1932 seepage was
observed flowing from the northwest toe of the downstream slope.
The reservoir was drained, piezometers were Installed in the
embankment, the concrete lining was inspected and pressure tested
and a full scale leakage test was performed to determine the source
of seepage. The conclusion of this investigation was that, sic, “the
concrete lining was structurally sound but very soft and porous.” The
reservoir was subsequently lined with about 1 

~ inches of gunite and a
6-inch underdrain Installed along the northwest toe of the down-
stream slope.

B.K.Hough, Consulting Engineer, was retained in 1964 by the
City of Syracuse to evaluate the embankment conditions in connect-
ion with a new school to be built in the vicinity of Woodland. A V

subsurface investigation program consisting of soil borings, laboratory
testing and piezometer installations was undertaken by the consult-
ant. Mr. Hough concluded that the reservoir and its embankments
were in good condition. Excerpts from this report are included in the
Appendix.

It is significant to note that the piezometers installed durIng
the 1964 investigation have been monitored and the readings recorded
on a regular basis by City personnel. Evaluation of this data indicates
that all piezometers have been essentially dry since InstallatIon.

4.2 GEOLOGY AND SEISMIC STABILITY - Woodland Reservoir is
located within the Erie-Ontar io physiographic province, a relatively
low, flat area bordering Lake Erie and Lake Ontario. The simple
erosional topography is modified by glacial drift in the form of
drumlins, shoreline deposits and recessional moralnes. The reservoir
is formed by the enclosure of a saddle between two drumlins
deposited during the Pleistocene Epoch. The glacial till which forms
the foundation of the dam was excavated from the saddle area and

(:
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utilized as fill for embankment construction. The basement rock, a V

)thinly bedded Silurlan dolomite, varies in depth from 20 feet to 40
feet below the original groundline.

No fault zones are known to exist in the vicinity of the
reservoir. The structure is located within Seismic Zone 2 of the
Seismic Zone Map of Contiguous States, and it appears that staticstability conditions are satisfactory. No earthquakes have been
recorded of any significant magnitude within 50 miles of the
reservoir. V

-8-

I —~ ~~~~~~~~~~ %

• • j
V

~~~ 
V 

_ _  
-w — V~ w—



I
SECTION 5-  ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

5.1 ASSESSMENT - The Woodland Reservoir embankment appears
to be stable. No evidence of seepage or unusual settlement was
observed at the time of Inspection. However, large trees (up to 50
feet tall) are growing in the northwest slope. This Is a potential

• problem since the roots of trees have been known to provide a path of
seepage through embankments. Further, high winds could uproot the
trees, thus removing large portions of the embankment.

Although the stone masonry riprap on the upstream face
appeared to be in good condition, the vines and bushes growing
between the stone blocks could eventually loosen the riprap facing.

The structures for the outlet works associated with Woodland
Reservoir appear to be in good condition, and should not adversely
affect the safety of the embankment.

5.2 RECOMMENDATIONS/REMEDIAL MEASURES - The large
trees on the downstream slope should be cut near the ground surface.
A further investigation should be made to determine the extent of the
root system before additional measures are implemented.

The shrubs and vines growing on the upstream slope should be
pulled or cut and the root systems destroyed. The cavities should be
cleaned and filled to grade with an appropriate binding material.

t
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~~~ otit on’s 4f tliesc forms as completely a~ poa~ible for each dam In your d
strkt, return ft at one. to the

Co.2sv1%’ah..fl •, ,t1iI.~ Oa, Albany.)

( ST A T E  OF N~~ W Y ORK.

CONSERVATION COMMISSION
A L B A N Y

V DAM REPORT ~31~ 
£Z

~1.r-~

V - 

V 

CONSERvATION Co~LM1ssIOx ,

DivisioN 01’ WATERS. 
-

- GENTLEMEN: V

I ave the honor to make the following report in relation to the structure known asV 
~~~~~~~~~~~~~~~~~~ 

~~~~~~ •. Darn. ‘ V
TLhis dam is situatcd upon the...2 . .. ~Z-~7 - 

Gsvc na:ne ~ 1tr61.n)

in the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
County,

about ~~~~~~~~~~~~ 
from the Village or City ~~~~~~~~~ 

fSt3tc distance) 1
The distance stream from the darn , to the. ~~~~ . 

(~ P °‘ ~~~~~ V (Give n~mc of o.arcst ~~,çoctant stinain or of a bradge)

is about 
~Stntc dist.ncs ~ 

V

The darn is now owned by •a~•• .~�•4’ .-~~~ •~~~~~~— 

~t ,~ i n-u c aid si’drcas in MI)

and was built in or about the year / ~9.L•..1 and wa~ extensively rcpaired ’or reconstructed

during the year . 

~~ ~~~ 
,~~-~74~L

As it now stands, thc spilhray portion of thit ; darn is 1)Uilt of 
IS:~te v•Er~~~r of n~aanl1. c.’~crcte ~r

and the other r rtLotls arc built of 
(t~i~itC wh.ih~r •:-( in~i.- n r)•. r.-n.’*.t,. 6W~h or *.rita-r n%h ,.r wun,r v .Ic dfl)

As neat-tv as I can learn , the character of (lie foundati isn bcd und er (lic ~tpillway portion

( of the tlain ~~~~~~~~~~~~~ . •  
~~~~~~~~~~~~~~~~~~~~~~~~ 

........ nut i tiniler the remaining portions such

~TTTV T T•I•
~ ~

:‘
~ 

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

-

r’
PV_u.1

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -w — ~ S 
~~~~~~ 

£
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~ii~ the apace below, ma co a third sketch showi,i$~~~Zfi~1~ T’ $

~.t,
.T.lttIt1, and Its afti’fôaIU%atO p3S4IJti In veI.&t~i’is N Iswtsling

•gJ~~ conspicuous objects In the v idni ty.)
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. V

~
‘race below, rake crc sketch she’ in: tl~. form and d wcr , 0n5 of a crl~.;G ‘ect!O~ th,00!h the spitiway or waste-welt of this

ft ~ ,iIIine the .) t.tWfl.I . m i t  a scc e d -I i tch ,Lc~ rr tie !&WO f~,m et i.,~ for a cross sl~ !oft throu h the other pection of the V

Stint p;rtku!aity il-c 1icate $t Lilg ’t of the dcm atc .e the thr mm bsJ, lib ih~ckieis at the top, and thickness at the bottom,

as you can kiss. ) V
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V 
£ ‘si. ~Ut.iIL ICIii~tIl OX tills CiD.fll iS. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The splUway i- 

~ Wcir portion, is 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~ the crest of the spV 

about... .. —....—. —..... feet below the abutment.- )
The number, size and !ocation of discharge 

pipes, waste pipes or gates which may
for drawing oft the water from behind the dam, are as follows:..

~~~
. VV 

At the time of this inspection th~ water level above the dam was. fL

(
1
1 : 

the crest of the spillway. 3Cf�.mr-~~ ’ ~~~ Zf~/.~ ~~ ‘.e_ ~~

~Stst. brk~!y, in th. spa~, below, whether, in your juI~snsnt, this dam Is in goad condition, or baS condition, d~asebI~g pa
any leaks or cracks or erosion, which you may have observed.)
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f ~~ I1fl • 19j2

~~s~~snd ~~esxtoir was ooust~uOtsd in tbs saws 1~~2
to 1.~ and wa pnt into opstatton in tba latter year.

it was lined .ttb 9’ of oonoxsto on tb. bottos and slops.
to tb. ~~ a 11’ of .onento on tb. boos and tbs i~ps:

wa u~.A with b of osusr ets f&..d 111th on. 100%
St Ltas stone aseoney. ~~ V ooost~ustio* or ozpanstos V

3.1st. sex proilded. Wb day~s poaIth* was ~otned to tb.
prsssd$ag dq’. work in tusgul*z lines without spostat -

bS*~~ asde to s.osn a bond. 
-

~~~~atsan flydr Uo Osannt was nssd, the apeaiftoattons
astitni teo a iosprsutws s~~.r~tb of oonowste of 100 lb..
p~~~~ sqiaws $.n.b. - 

V V V

£ftst tat. teest’ott bed bosa in operation for a year,
ft was drained ~~d ol•ansd. Tt was now.? ooaplstely sop-
t t d  ~~tn ~~til 1932.

!* Js !T 193$ a ansli ,~‘ of into? .oss ob.stved
flu te. tao to. of tope, at the aoj thwost oornsr of
tao aoseswoi*, at a point ibox. the arti ficial ~~bssbaant
to this issiPist? has a aazt~~~ b.tih% of about ~0 fs t.
1111 0 sans sips St t t ~~ . b*d boss obasowed in this -

sS*t.s to posvloss ysn~~ ft ~~~ 
V

liter so It dts.ppssPsd to day e.sth.r . The munt of water
V 

~~ ~~~~~~~ ‘S. oanstdsThbt .atsr tb
- piP UPie SlipS vtsssod for this tine of t~. ,.u . aw~ it
li ~~ isI d etted to toiutigato to ot . tn. ti it was

V INhale fOSS taO bOlt. 100% bOilS OSPS dug at %~~ ~~ 
V

dips ~~~ t* taO ist•tde bean, both ~~ wtng ivtd.nss of V

*5 tao *~~sbaant. he a fwttb.t obsak $~ pipes wars
dru m at intervals thaw the Notor of tb. m~~~bas*t W
an.,..f ss m d,m t.aOs,tbof abOut~~0fsat. 131 0f

~~~~.. test p$p’s .bsvsd water to tb. banbssnt the ousi
- Is the ae~~~ st ~~xsw ibs it~~~ 

$ba$ water sot stea in tao
i~~sba t iI*$* Ii test of ta. top. Pass this .vtdwoss.
14 as~~~* s~~~to•ifl that t hu s  was sps tarn tao an.

~~~ that tao anb~~~~st was partly sstont 4. SMb
S i~~~ tIm ‘S. ssu.1Ier sd d~~~ vms ned it nes dssidrd to

the ~~~ svs$a ~~~ dists1v is St isut ewaubaif depth
V 

~~~~~~ haMs - thereby atotatui
the St a 11fl ~~~ it thi s I1~~ esboabasot ~~tcb

to a )~~~
s lse  to neighbortug or.-

— ~~~ p.0.111 . toss it Itt.. This dratotug op.tSttoS
~~~ sispled an an ~~Wu y 9  tao t.,sl in the

V - -  ~~~ d~~~ttm of the inside berm,
1. 1op $ danta .1 ~~~~otenWt7 15 SM, Lu tb. bowl • The

at tab atiwattan watti tb. ~ ttiig ao*ths in
0.1SP to p*ISSS ~~ as eb as pos.tbll against focal

V A5
_ _ _ _ _ _ _  

a

— - ~~~~~~. --



/

/ ijioni *prti 1st th. level was a~sth lowered intil )

I - all of the wat ? bad been drained from th. bowl whtob was V -

.oseopU
~

*ed sbout tb. atddle of the month.

Shea thi d.pth of intet in the reservoir was about
two tent the $t&te 0ons~~vntt on nsportaost removod .11
of tao in the r. ervoir by asans of n.t• transporting
ta.e fl ab to .iistghbo?tnIj lakes. Hnndfld* of pe~~b and
lesser ~~ unte of white ft sh and baa. were removed.

V 

~~ ~~~ra were bigna at by the water
1*vtSto* using Its own sen. £ tar.’ of about z~ of silt ,
and and sea weed ooversd the lows? elopes aid bottes. This
was wrap ed wi th a truok and wooden scrapsP to the Oiddes
etrest gate boia . whers it was flushed than the 301 end 2~’
high o.svi.l feeder to Onoudag. Cieek. yttial etesnung was
a .emp11~~ed by men with broose by ~sy 20. The cleaning
ipO~~ VV4l * xs~~$wed about ten ass per dsy.

- 

£ swe *1 inspection of the lining was them aads to
ditewal* its isnit lion. It was fo*tsl that the old con’.
srsts,l t* pMasl, bed deteriorated hat littl e, most of

• 
- 

V Its anflsoS being ootb aid intast. lb ist it was found
to b 1007 poruOS aid aøft. In nest pJ ao.s t1 could b is—
mowed pith the use of a pick 0*17. A 6~ eeoc was bored ties
the lining sad inserted in the end of a 6’ east iron pip
obita was sealed tt~tit and a presnere asplied e.Usapoadtzg
to a aszt~~ pleaser. on the bottom of the reservoir. This

V 
- $st Ø.wed that tbsre was an epp~eotsbls seepage of water
‘~~~~~~~~~~ V~~~~~~~~~~~ V lintel nidor this pr sssn. V

~~ usost oandtttou was at the angi. formed by the
u ser slips to tb. bsr. ~bsre sass settlement of the upper
slapS bed s ssd the Iselde .dge of the bsrn is- rats.,

- loaviug a swask at tale eagle vssytng in thiokase. from a
sell fwaett0* of an Ineb to the taickneas of a nan’. band.
This isatitt is was waist opposite tb. p.1st in the noitb.~wast 5~~5~~ V thUs ISIS? hid bees ob~~rvsd breaking out ~f
the a, the to. of slops. soresser , there was a
bs1~*s opals beneath tb. born lidiosting settlement or wash. ~ash S osidi tion was also obsieod t edistely south aid
north ef the ~~per o.dd.. street gate house. At a potot
3us$ north of this gate house ii had been noted for years
~mat there was an uwas..! *ount of ground wator he~.aking
out Of ta le side bill toward Osdese street it being
•ape$*slty nottoesbie in the shook valve o~siiibe3rs of tbs

V 
.s~~~its losatad in thi s area. It is pr.bnble that at least___ 
.~ this inter rae leakage.

V 

- 

A6

V - . . V~~~~~V T h •
;
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( / In the ists Pill of 1931 leakage tests wets ~~~ on
inodl d *e etvott by closing all of tb. gates on the
inlet ~~~ eutlots and meaatriwg the drop to the reservoir ,

— arreetics being ~~~. for evaporation and raiafaIl . ~
thi. test it was f~~~~ that leakage existed to the extent

~ iS *00 000 to *50~,OO0 gallon. per dip . This t•.t , with
the owtiesse obtained by iaspeOtion of the lining, showed
tbat:thi-*bishe t of this rese~~otx is sot impervious.

£ s~~~ was n.w began of the best method of repairing
the zdesrvotr lining to insire vater.ttØIsos. at ocasonshis

- 
- • 005$. $need on sur experience in lining the mow peetoott
M.ervoir, * gunit. lining ~~r leodland so. favored by the
enginoors but it was felt that investigation of øtb i

• int.ipioohiii method. costing 1.. . should be made. £ groat
die! of stady ‘as therefore given to the waitous water

- .~~sOfl~~ astoxi ala øn the market fa~ this kind of work sad
~~,espsoof eagimoers sad iontrastovs were invited to in-
vestt te lb. eesft*ion of the lining sad to give their
.eat*iou as to the pxss*issbLi I *7 aid cost of waterproofing

-~‘the reservoir. Soitous materials sad methods wet. .os.tdeaed ,
V IwoladilI set sifted a~thalt, membrane waterproofing, hot
:~.aopbal$, sad vain, pondered metal treatments.

V V 

Shot. assumed to be $ gient dial of dtff$,eols of
- - opinion on the subject of waterproofing. Son. of these •on’~05*51 ~~?* &~~l ts show a single jeb in this country sh.re

tails p$ises bad been used oiweessfufly on a job if a~~—
of th. nagnitid. of woodland it. servot:. The sst*mated

- lost seq the vsit .s. treatments varied from fj ~, seats to
to, ossle pu a~a.r. foot. ibile this nsa substantially
sheapsr than a geit. lining there was no asantanoe that a~~of these watuppeofiuge would be sff.ettv. for acre than tin
plots, where~~ it is uo .nly conceded that th. life of a
good ~~~it lining te tndiftntts, sanity sxsseding 50 year.,
-

~~~ it was therefore deeided to. ganit. the reservoir.

InaacIf ~b as ooneidsrabls experience had been gstn.d
by the 01*7 is the lining of weetso$t ass.rv.ir and in the
t.o.atob work whieb the wits: VIvtsioa did is the winter of
l93O..~t , and as tber was a desire to ewoley local labor as

sob as possible, it ine daildod to do this work wi th the
City’s wa fore.. employing a am ine oaber of exper ienced
nosstiaea sad gases mafll such tin, as City men had become
siffi.j esfly femilta, with thu work to ~1ve good production
ema qiantity. Two or three man St the nt,i.ton fore.. were- V alread y oxputeseed, bsvtuy~ worked on various anall p’untts V

$obs which the Oily had 4~n. sines the lining of wietoott
Meervoil.
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/ 
sa~ bU• i~~~~$~~ :r~c~

t0~ i~~~~~~~~
°
~~~14 Cement Oea mad sufficient o~~ x.eeot expect *7 to furni sh

not less than 1b50 cubI • fist of free air pet aisots . Other
atsee llaneons ~~~tpea*t pertaining to the guns such as hose
aoasles~ aixets ito. 0 wets inolidid in the bid . The osuen
Owo aosp.ey of Lii .ntown, Penneytvani* wets low bides: S on
th is oquinment, furn ishing four large t~*orieontal alow speed,
•lsstr teatly dr iven, sir oonpr ecor., wi th the o lker squtpii
ass, specified, and two aechentie for operating the oomptseeor.
and servicing .11 of the squipsent. Contraots were 10, to low
bidders em mat.*iat e as foflowsa

Cement ~ I). 1. $.lisbury Tao., Sy~aouse, 1. Y. -

laid ..- L D. JWde, 80l’aV,~~. Y .
ê *zpanaion Solta = psrs~on Plaste r Co., sy racuse, W. y~

Copper *zpaneio* Joi nt = 1. Talbolt £ eon., Sy raCuse 1. Y.
Plastic joint saterlaL use bou~~t frotA the CentraL City ~~of tag ~Alt. CoSent ‘a. asaifactored at Jaa..vtltS, 1. Y.

~ ~~~~fs tnv*d by wtakvtve..spea..r Co.

tho bid en e*.nt and sand called for d*ltrny at the
reservoir gresods. V 

V

It ‘as decided to apply a lining of i~4’ tbtokmo.. on lb.
ConsIsts sad M average tbtakncse of ~~~ on the stone. The -

lining was to eatend to within 10 feet of th. top of the
reservoir measured along the slope. It ass not thought s.oes.
isry to its, this ares as it is shov, th. high wat.r line,
sad *bjest to splash only.

- I
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a ’  2. RESERVOIR DESIGN AND CONSTRUCTION

__________ Ti..’ reservoir is located .n th. southw est section of
_ _ _ _ _ _ _  

She tt % s~ shown in F it . I or. ?~ e f&cir.~ nag. of th~. ~epe.t
~~ t~~~ t ~~

,.. 

~~ ozcant pert ~ the m unicipal water supply
______ 

o)stenL C ity recot cis indicate tha t the reservoi r was built
I in 1894. ft has been conti~~*~ si~ in ser ’~ice ever * .ng~e. a

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

V

_

I

~~~~~~~
____ The reser voir has a capacity of about 125 million gal-

__________ lons. The overall length is roughly 1750 feet ; the width,
400 feet, and the depth of water , about 35 feet .

C 
VExist ing site topography* and orientation of the r.s-

1~ ervoir are shown in Fig. 2. Construction draw ing. indi-
____ cate that the site was originally a sadd le - from which the: flow Of sur face water was respec tive ly to the north and the -

south. The reservoir was formed by making an excavation
in the saddle aria and utillaing the excavated mater ial to
construc t dikes at either end . It appear. that there was anJ. S. approximate balance of cut and fill and that all embankment

- ____ materi a l was obtained fr om the site . Thus the reservoirC bottom and all cut and embankment slopes are in Or of is-
sentially the same materia l. Thu material is glacial tilla. is more fully described In late r section. of. this report

- ____ . 
- The dikes are of homogeneous cros s section and were V

‘ .. originally constr ucted without provision for interna l or toedrai nage. The plans ind icate that a core trench with puddledA. backf ill was constructed along th . centerline of the embank-
ment sections . Th. ernbankments were r eportedl y corn-
pacted by use of a grooved rolle r but deta ils on the sias and____ 

• weight of the roller do not app ear in th. records . Embank-
5, 

- mint side slopes as well as cut slopes are I on 2 except as

______ * All detailed topograp hic plans and embankment cros s
• 

. . sections appearing in thi, repor t show elevation, r eferenced• to th. City of Syracu se datum . To conver t these elevations\ .h lO 
to U;S. G.S. datum (MSL)add 36O.OZft, -

_ _ _ _ _  
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modifi ed by berrns. Embank ments and cut sections were
construc ted to provide for about 5 ft. freeboard above the
normal reservoir level.

The entire bottom and sides of the reservoir are paved
with concrete , the upper section of which Is faced with hand
placed , mortared stone riprap. It app ears that thi s lining
was expected to serve as a waterti ght membrane and that
this accounts for lack of provision for drainag, in the em-
ba rzkment. themselves. It may fur ther be noted tha t the
lining was constr ucted directly on the earth surfaces of the
bottom and sides without an under lying, pervioul drainag e
course.

V - V Since its original construction, the reservoir has been
modified in some resp ects as required to meet various situ-
ations which developed during reservoir operation. .1* * 938
a break In the lining on th. north dike reportedly occurs .d.

- Seepage through the embankment with outcrop on the land -
side slqpe was observed at tha t time. The lining was re .

• paired and a pipe drain installed at the lands ide toe of the
embankment. No fur ther tr ouble at this location has since

- ,  been observe d and it Is reported that litt le if any flow issues
- V from th . dra in. At about the same line while the reser voir

V was empty Or being emptied, a sectIon .1 lining on th. west-
V 

• 
V
• - erly sid. of the reservoir was heav.d by ps essur. of water

V 
- 

V seeping from the hillsid, on which the standpipe Is located.
An Intercepting drain was Insta lled along the foot of the hill-
side slope and the lining repair ed. There has been no known
trouble at this location since. Repairs to the lining have
been required on a number of other occasion s but these re-

V - portedly did not include installation of any form of drainage.

• There Is some question in the minds of th.se operating
• V 

- 
- the reservoir whethe r the lining is now or has ever been V

V V completely waterti ght. Thi s doubt is supp orted by occa-
V sional mea sure ments of inflow and outflow mad e at times

V •• when no known breaks In the lining existed. These mess-
ure ments although adm ittedly not of a highly precise natur e.

•1’ have given evidence ci leakage. 
V

AiD
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3. FIELD INVESTIGATIONS V

S.veral investigations have recently been made at the
reservoir site for variou s purposes as described below .

I

a. Investigation for Southwest Junior High School.

In March1964, borings were made in the north-
easterly corner of the property to investiga te conditions
affecting construction of the prop osed SouthwestJunior High V

School. These wer e designate d borIng. #1 to 9 inclusIve. • -

Their locations are shown in FIg. 2. While this investiga-
tion did not include examination of the reservoir embank- 1’ V

ments , it provided Information on certain site features of
interest in this report. For this reason the driller ’s logs -

of these borings have been included in Appendix 1.

b. Investigation of Reservoir Emba nkment 4
The purp ose of the investigation undertaken by .

the writer was to determine the natur e and condition of the -
- materia ls in the reser voir ernb ank ments and the embank- .~ V

ment foundations . Although the init ial plan was to make
• this investigation by means of both t.st pit excavations and

V boring s, agreement was reached with the City Engineer 
•
;

- during the course of the work that borings alone would be
V sufficient. Fifteen borings designate d i-A to 15-A inclu-

sive, were eventually made at locati ons shown In Fig. 2. - -j
The driller ’s logs of all these bor ings will be found In Ap-
p.ndlx 2 of this report.

-5;’

Borings i-A, 2-A and 3-A were made In the period
Oct. 28 to Nov. 5, 1964 to constitute a preliminary lavesti- V

.!

gation which could be used as a guide in planning the re-
J - mainder of the work . These three bor ings locate d rsspec-

V tively In the nor th, east and south dikes , were dri lled
through the embankment. , the underlying natural soil for - 

V

mations and well into th. bedrock beneath.

All
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V Borings 4-A to I 5-A inclusive were made in the sum-
-
~ mer of 196 5~ These were for the dual purpose ci investiga-

elan of emb~~!’~ment and foundatIon conditio ns and also for
installation of pienometers as subs.quently described.

-. 
- Information obtainsd from these borings will be found

not only in the driller ’s logs but also on th.e embankment
cross sections presented in Figs. 3, 4 and 5. Reference
to these figures wiU facilitate comparison of dats suck as
penetration resistance values for sample s at varying depths
from the several different borings which were made in sack V

section. -

I
- - 

V -~

t

-V.
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a. Natur al Site Formations

Aside from the reservoir itself , the most con-
spicuou s site feature is the elongated. hill or knoll on which
the stand pipe is located. This hill , which rises to a hei ght
~.f a bout 60 ft. above the water level in the re servoir , is a
drumlin. Although no borings were made in the hill, it is

V ..aow n from the regional geology that such formations are
omposed of glacial till, an - extremely strong, compact ,

Inasb orted but relatively well graded mixture of sand , silt
.*id t lay with scattered gravel and eccasional boulders.

• The remainder of the City-owned property is a larger .
tcss well def ined druxnloid land form , a formation which is
•ilso composed of glacial till.

The bor ings indicate tha t the till rests directly on the
t~~dr ock . Since both the ground and rock sur faces have sig-

• iii1 i~ant slope, the depth to rock varies considerably . How-
r.er, the overburden as a whole is rela tively shallow . The

epth fr om original grade to rock probably does not greatly
exceed about 35 ft . at any point and in general Is closer to
~buut 20 ft.

The bedrock has been Identified as belonging to the
~crt1e F ormation . Thi s formation Is composed of thin-

t ~e’1ded , slabby, siliceous, dolorni tic limestone. For a depth
S to 10 ft. the rock I. believed to be somewhatweather ed . 

V

£ 
It is probable that the weathered roc k Interv al is consider-

more pervious than the till and that it function s as an
• .ilM erdra ln or aqui fer.

V 
t b. Reservoir Embankment.

The emban kments were constructe d with glacia l
tilim a teri a l taken from on-site excavations. Textu raichar-

teri st ics of this material are indicated by the gradati on

A13
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V.

• .r ves in AppendIx 3. The till may be classified as a well
(A 

V 

~r.~de-d sand y Silt with little to some clay, scatter ed gravel
,t ;sci occasional boulders. V

• The tn-place density or compac tuess of the embank-
u~~nt material may be judged in several ways. One is by
r efer ence to the standard penetration resistance values ob-
t~ ined in each sampling operation in each boring. These
v& L~tee appear in the driller ’s logs and on the graphic logs

• c i  bor ings in Figs. 3, 4 and 5 of the text . Another index of
t (impaction is f ound in the unit dry weight and unconfined
‘~ mpressive strength values for the Shelby tube samples
~‘h ichwere taken at intervals in some of the boring.. These
~a 1ues also are given inFi gs. 3, 4 &nd 5. To organize these

• V~ t~~tit so that their significance becomes more apparent, a
~~~ - 

- tabulation of test value s is presented in Fig. 6. In this
- tabulation , the values are lieted in descending order of

t V : bh ea ri ng strength.

• 
V After careful analysis of both the standard penetration

Tvz.j btance values and the laboratory test data , it ha. been
• 

V ~~nc luded tha t embankm ent compaction on the whole is rea-

r 
V 

~~nab ly good. The re are some indications in fact , that the
- i~mbankments are about as compact as the undisturbed ground

j on which they were constructed . W ithin each embankment
~ectlon which was investigate d there are random variations
~n den sity and wate r content but this is true of most embank-
zz.en t~ . Considerin g the dat.. for all th.e different sections,
ti ere 5 an indication that the material in the landside toe
..~1 the nort h dike is somewhat less compact than that at any
other single location .

No evidence of seepage throug h any embankment sec-
ILin was found . In fact no positive evidence of a phreat ic
~r fr ee water surface either due to seepage or the natural
.~r~~ nd water table was found. It is therefore concluded

• t :~~~~~t a~ the present time the lining is reasonabl y watertight
snd that groundwater Is seeping thr ough the weathered zone

• 
~ t th e surface of the bedrock formation . C) 

-

V 
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TABULATION OF TEST DATA

V 

Sample -

- -~ r :.,, de~~h, Location
V IL ‘

~dr y Section Dike

5 - 6 4.49 136 9. 1 A-A N. dike
42~ -44~ 4.03 125 1 1 . 1  B— B N. dike
20 -21k 3 . 16  135 8 .9  A-A N. dike
12k -14 1 3 .1  132 10. 5 C-C E. dike
32k-34k 3 . 1  127 10. 7 E-E S. dike
42~ -44~ 2.37 12 7 10.4 B-B N. dike

~~~~~ V ‘~~~~~~~~‘ 5 - 6  2.02 98 23. 6 A .A N. dike
~ ~-A 22k-241 2.0 132 10. 7 c-C E. dike

A 20 -21 2.0 134 10. 5 A-A N. dike
F 25 -26 1.72 139 10. 2 A-A N. dike

3 - A  t2~-14k 1. 6 120 13.3  E-E S. dike
15 -1 6  1.48 126 12.5 A-A N. dike

tV
; 15 -17 1.30 126 12.0 B-B N. dike

t 10 -11 1 .15  129 9.2 A-A N. dike
A 30 -31 1.05 116 17. 4 A-A N. dike V

f’ .. A S - 6~j  0. 96 114 15. 0 A-A N. dike
‘A 15 -16k 0.89 116 14. 6 A-A N. dike

10 - i i~j 0.88 121 12.4 A-A N. dike
-A 1 5 -16k 0. 79 119 14.9 A-A N. dike

10 -11 0.63 109 18.7 A-A N. dike
10 -11 0.52 102 22.9 A-A N. dike

unconfined compressive strength , tons per sq. ft.

~dry ~ unit dry weight, lbs. per Cu. ft.
V - 

w ‘wat.r content dry wt. basis , percen t.

A15 -
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t. . PRESE NT AND FUTURE SECURITY OF RESERVOIR

• - a. Present Condition
V 

Becau se of its construc tion as described above,
the reser voir is dependent for its present and future secu-
rity on the integr ity of the lining. As long as the lining ac-
mains at least as watertight as it is now , there need be no
question as to the secur ity of the embankment . and the res-
ervoir as a wh ole.

if ~ break in the lining should occur , water will begin
to seep into the ground behind the lining . Where the sides
of the reservoir are in a cut section , it is unlikely that this

• would crea te a hazardous condition . If the br eak occurred
• at an embankment section , however , the embankment would

be required to func t ion lik e an earth darn constructe d with-
out any outer lining. Despit e the fact that the emnbankments
cr c constructed of reasonabl y imperviou s mater ialwhich on

• the whole is strong and well compacte d, they could not re- V

V V lt . main stable Inde finitely under these conditions. The em-
bankment section at the point of the break would gradually

• 
‘V~~~~ 

become saturated , seepage outcrop at the landside toe would
uc cur and in time softening and sloughing of toe material

‘4 wuuld begin . It is inconceivable that any such development
would go unnoticed for such a length of time that a complete
failure of the embankment could OCCU? , henc e there is no
occasion for alarm or immediate emergency action. How-
ever , this possibility should be recogni zed and given con-

r sideratlon as noted below . Incidentally, it should be noted
that the most vulnerab le section of embankment is not the
North dike as has been assumed by some , but the Ea st dike
in the vicinity of the South Gate House. Both embankment
section s are of about the same height but the base width of
the Nort h dike is considerably greate r than that of the East
dike because of the berm construction at th . former . The
overall or average slope of the land side face of the North

S dike Is therefore flatte r and the time required for sat ar a-
lion of the embankment would be greater than at the East 1)
dike .

A16 V
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V

W ith respect to the fu ture securi ty of the reservoir ,
- sole re liance on observin g seepage outcrop at the landside
toe of the embankments is inadvisable for several reasons.1, or one thing, by the time the outcrop was observable , some

- da mage to the embanlunent might have occurred. As a case
in point, it is just possible that the somewhat looser present
ondj tjon of the material at the iandsjde toe of the north dike

- - winch was found in the recent Investigation is due In part to
s !epage caused by the break in the lining which occurred in

- I -‘38 . Secondly, if and when seepage outcrop occur s it
V wt~uld become imperative to empty the reservoir in whole or

part as rap idly as possible. To do so would be to run the
t r~sk of causing a major failur e of a large section of the

lini n g due to the effect of what is te rmed sudden drawdow n.
• This might be the result of back pressure due to a hign

• P - t.~rmind water conditio n or to reverse seepage from a zone
- if saturation iii the emba nkm ent. It may be well to note at• t~ i~ point the need for lowering the reservoir level very

..r~tdua lt y in any future ma intenance operations.
• 

I b. Possible Provisions for Future

1) Construction of Improved Type of Lining

V Various alternat ive methods for assuri ng
the security of the reservoir In the futur e are discus sed and
c aluated below . The first of these is to attem pt in one of

t scveral ways to pr ovide insuranc e against a break in the
lining. The present lining, being mad e of concrete , Is of a

t br ittle nature and is th.ref ore incapabl e of deformlng or
~tretching without cracking. Much more flexible types of
n embra ne mate r ial are now available. A stud y to select
a Iv  one particular type has not been attempted in the course
of this investigation as it would be quite time-consum ing

::ct is somewhat outside the scope of the writer ’s assign-
V f st .~’ni. 11 may be noted however , that the newly constructed

• rm .itvrn Reservoir was provide d with an asphalt lining and
l~;at there is sonic trend toward use of such linings lnwat.r

(
_ .,p l r eservoirs. The cost of placing an asphalt lining 4

A17
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•~. er the present concr ete lining in the Woodland Reservoir
V 

o~tlcL be in the neighborhood of $500 ,000 based on unit prices
fQ r the work at the Eas tern Reservoir. If any such opera-
ton were to be attem pted , it would be highly advisable to

- provide a pervious underdrainage course at the same time
su as to eliminate the present danger of damage due to sud-

- len draw down.

2) Construction of Toe Drainage System

A second approach to the problem would
- 

C e  in some way to ins ure that even if a break in the lining
were to occur , the emba nkrn ents would not be weakened or

V 

- 

damaKed. If this could be accomplished, the only conse-
- 

‘ju ence of a break in the lining would be wastage of water .
- • 

-

. 

l’r~alsction of earthen embankments against the effects of
- 1 ’epage can be achieved throughconstruction of an adequate

system of toe drains. This is a sta ndard provision in all
-~ ut.lined earth darns, large or small , and procedures for ac-

-~ c omplashing this purpose are very well established . Thi s
solution to the pr oblem at W oodland could probably be a-

- - , .~hteved at a cost of about $100, 000 or possibly less.

3) Plezonieter s as Seepage Detection System

A third approach is to provide In some
- way fur detectjoii of leakage long before damage to the- em-

- - bankments can occur. One method of doing this is to install
V dev *~.s known as piezometers at strategic points in the em-

V - bankmeats. Thes. devices can be used to obtain an imme-
~iat. indication of a rise or fluctuation in the position of the
thr e~tjc or free wat er surface. Since such an installation
. relat ively kneapeasive and pr ovides an immediate benefit,

plesonietsas V ers insta lled in all fifteen bore holes In the
embankmsnts during the course of the present investigation.
I)eta i ls on the construc tion of these devices and their inca-
lions in the emb nkments are given in Appendix 4. W ater
‘epartinest personnel have been instructed in the use of the
l’IeSOmeters and this system is now in operation.
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7. CONCLUSIONS AND RECOMMENDATIONS
- 

The recen tly completed investigation has lead the 1wr t t cr to conclude that the reservoir and Its embankments
Ire in good condition. The possibility of a sudden failur e
uf any section of the reservoir Is limited to th. chance of
the occurrence of such an unlikely and unpr .dlcta.bl. event
a~ a majo r earthquake . V

The reservoir is however, subject to the possibility V

iaf damage due to a break In the lining. It is impossible to
pred ict whether a major break will ever occur or if 50
w hen . In the event of a br eak , seepage throug h the adjacent
emba nkment section would occur. Observation of seepage
s utc rop would give warning of trouble in time for the reser-

V 
voir to be emptied and repaired.

V 

In order to eliminate the necessity for reliance on de-
V tet tion of seepage outcrop, one of twoalternat ive procedures

‘ni ght be followed. The fir st is to undertake a major recon-
str uction of the lining using some form of flexible membrane
rat her titan a brittle material such as conc r ete. For an as-
pha lt lining such as the one recently constructed for the -

Eas tern Reserv oir , the estima ted cost is in the neighbor-
hood of $500, 000. The second alterna tive Is to pr otect the 

1embankments with a complete and adequate toe drainage
system so that seepage could occur without threat to the
Security of the reservoir . The cost of this type of protec-
hun Is estimat ed to be about $1 00, 000. ~~ 

V

Both of the se alternate s are relatively expensive cc-
pet icily when viewed with the realization that the chances
of their being urgently r equired are very remote . One can - V

nut loss sight of the fact that the reservoir as ori ginally
‘ onstr ucted has been in service for seventy years and that
on the only known occasion when trou ble due to a break in
the lining occurr ed, the observations of Wate r Department
employees suf&.d to prevent any serious damage. It is

C V A19
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possible and seemingly quite advisable however to facill-
tate such observa tions by installation of devices which wifl
~tve an indication of seepage before it actually outcrops at
the toe of the embankm ents. For this reason , a number of

V sezometers were insta lled during the course of the inves-
V ti~atlon and these devices are now In operation .

The wr iter ’s fina l conclusion is therefore tha t with
tr~e insta llation of the plezometers and with the continuing
uta~erv ations of the Water Department employees as a safe-
gua rd , the futur e security of the reservoir is sufficiently

V assure d to eliminate the need for any major new construc-
lion or repairs.

B. K. ROUGH , CONSU LTING ENGINEER -

V

~~~~

V

(

B. K. Hough ~
- Engineer -

- 
- N.Y.  18,275
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