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PHASE I REPORT
| NATIONAL DAM SAFETY PROGRAM

Name of Dam Woodland Reservoir Dam

State Located New York
County Located Onondaga
Stream Not Applicable

! Date of Inspection June 5, 1978

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
i ‘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 further investigation made to
determine the extent of the root systems before additional measures
( are implemented.

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

O'BRIEN & GERE ENGINEER'S, INC.

\

Approved by:

Clark H. Benn
Colonel, Corps of Engineers
Distgict £ngineer

Date: ” Z// : t
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
NAME OF DAM WOODLAND RESERVOIR DAM

SECTION I - 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.

o
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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 Clty of
Syracuse, Water Divisior.)

a. , Drainage Area - Woodland Reservoir is isolated from
surface runoff by drainage ditches and the local topography. The
surface 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 Gatehouses.




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.

d.

Reservoir Data

Maximum Operating Pool (Reservoir at Elevation 620.6)

Length - 1,750 feet (maxirnum)
Area - 14 acres
Volume - 370 acre-feet

Top 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

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

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

Outlet Works - See Section 1.3.b.

B v oo




f. Engineering Data - The information available for review
of Woodland Reservoir 5(am included:

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

2) Plan of Conduit Line to Woodland Reservoir,
dated September 15, 1908.

3) Topographic Map - Woodland Reservoir, dated
July 1917 :

4) Layout of Pipes & Valves at Woodland Reservoir.

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. Operation - Under normal conditions, the reservoir 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 Ogérating 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.




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
b surface elevation was about 620 feet MSL 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 reservaoir.

—

2 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.

e A e e gy T T —




SECTION 3 - HYDROLOGY/HYDRAULICS

The design flood used for the Woodland Reservoir structure is
the Probable Maximum Flood (PMF), according to the Recommended

Guidelines 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 calculations, complete
drawdown of the reservoir would take 7 days. -

b
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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 existence 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
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-Ontario 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 moraines. 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

-7-
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utilized as fill for embankment construction. The basement rock, a

thinly bedded Silurian 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 static
stability conditions are satisfactory. No earthquakes have been

recorded of any significant magnitude within 50 miles of the
L reservoir.
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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
1 . 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.
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; SIOTICE:  After flin: out one of thesc forms as completely as pousible for cach dam in your district, return it at once to the
L'o.:sca\--n jon Cone tma:‘on. Alany.)
( STATE OF NEW YORK 3
CONSERVATION COMMISSION
ALBANY
| DAM REPORT :
E p
......... A/;«c/ﬂ/tkf? L 91_L7
(Date)
CONSERVATION COMMISSION,
DivisioN OF WATERS.
" GENTLEMEN:
f' / / I jwe :&he honor to make the following rv.port in relation to the structure known as
‘ .~ J‘;‘ > e

This dam is situated upon the...

in the Mof ..... ,j

about.....-% Ja

(State distance)

from the Village or City Of....(:;'«x / t(jd,‘rg .............

The distance...........ccceecceeeeeeee-- stream from the dam, to the.
(Up or down) ; (Give name of nearest important stzeam or of a bridge)

is about
(State distance)

The dam is now owned by........ dfé/ -

and was built in or about the year..... /S’f ...... , and was cxtensively repaired or reconstructed

during the )car _ 4 . d 432 ru/ _J.,z 2L /&’/]4 M”ﬁh

As it now stands, the spillw ay poruon of this dam is built of... R o p—

(S .:n v h- oY, t of n.\mtr c~ '!crclc o mnbct)

L TR TR o -
/( ive nan'e u-u! a«'drcu n Inll)

and the other portions are built of.............. - ikl
(*lale u‘\ |hsr ( m.« nr) c' B0 nh \\r nw h n.n- m 'IM' wun -.:'v \k F'l)
As nearly as T can learn, the character of the foundation bed under the spillway portion
L ool < X |
( of the damiis......... 4’““ s esssmssssessssesensaesens eeeeees AU MUACT the rOoMaMIng portions such

fouridation bed is...... Lc“‘), ..........................................................
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race helow, pake ere sketch skewinx the form and d'n'cre’ons of a €ress coction throveh the spillway or waste-weir of this
2 cutline the o utmment, ord @ secend shetch shewrp tte siwe infermation for @ cross secsion through the other portion of the
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auv e cHgUl Of Lius dam is.. b b fcet. The spillway
- weir portion, is about. fect loxlg. and the crest of the sp
. about ' fect below the abutment. ) |

The number, sizé and location of discharge pipcs, waste pipes or g.;ms which may

for drawing off the water from behind the dam, are as follows -ZX%A@!
- m_azﬁfém,éeé 220 300 Zter— 3L o 59"
At the time of this inspection the, water level above the dam was. R

; . / ; o
/ : :ﬁ:;: the crest of the spillway. _3& ﬂ Frezzl Aé/f/Z/ y T '

(State briefly, in the space below, whether, in your juizmene, this dam is in £03d coaditioa, or bad coadition, d23zribing ps
any leaks or cracks or erosions waich Yyou may have observed.)
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Reported by.........

(Ndzess=Street and vurter, I°, 0, Bos of R, I, eouic)
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veodland Reservoir was constructed in the years 1892
40 1895, and was put into operation in the latter year.
It was 1ined with 9% of condrets on the bottom and slopes
:ﬁﬁo\m 12° of conorete on the beram, and the 4
o8 nul with 6° of conerete faced -Ith one mt
of L.imestons . b oconstruetion or expansion .
Joints were vided. ZXach ‘s gmun was joined to the
ar lives withon

p¥o
preeedl s work in irre speoial
effort ::‘:-a to secure & dond. '

Ameviean Mydrsulic Osment was ussd, the specifications
ealling for & sompressive strength of concrete of 100 1lbs.
Po¥ squaye {moh.

AfOe2 thie Teservoir had been im operation for & year,
19 wvas drained and oleansd. It vas never completsly emp-
tied again wntil 1932, :

- m Junlz 1932 a emall streas of water was ohesrved
flowing frem the %o of az. at the northwest ocormer of
the Jeserveis, at & point where the artifiolal e bankment
te Wis Feserveir hed & mazimm deight of aboud feot.
"hile cone oigns of woisture had Deen Obserzved in this
sontion 18 previcus years, it was attrituted to ground
wslder as 10 digappesred in dzy weather., The amount of water
whieh 18 Jammary was cousideyadly greater than

; m-ﬂ;m:m::a ':or this tine of tgo yoar, and {8




About April 1st the level was again lowered until ,
all of the water had been draiued from the bowl whioh was
acoomplished sbout the middle of the month,

¥hen the depth of water in the reservolr was about
two fest, the Stats Oonservation Departuent removed all
" of the ¢{eh in $he reserveir by means of nets transporting .
these fish to neighdoring lakes, IHundreds of pereh
1esser amounts of white fish and bass were zemoved.

; Cleaning rations were degun 2% onee By the Water
Myieion using its own mwen, A layer of about 2}* of silt
1ower elopes and dotiom. [

was sczaped with a truck and wooden oor:r‘: to the QOeddes
ge Tu the 30¢ and 2M®
high esxvice feedsr to Onondags Oreek., Fimal oleaning was

. -

!
i
}
i
:
i

The ©Cleaning
zed about ten men per o

o
:
- 4
|
g
£
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A oayeful 4 otion of the lining was then made to
dotesmine 1ts oondition., It was found that the old oom-
ezete, im gemezal, had deteriorated but 113%ls, most of
its meface being smooth and intast. lowever, it was found
% ng s ad s0ft. In most places t‘ oould de re-

i uuofs{utmy. A 6° cove was bored from
taing and insezted in the end of a 6° east iron pipe
wee soaled tight d a pressure -':}tod oceyresponding

Ly g:nmo on the dom of the reservoizr. This
‘: $

¥

iiéi

there was an appreciadle seepsge of water
1ining under this pressure,

woRgt oondition was &b the angle formed by the
ope it the Derm vhere some settlement of the upper
Bad cameed the iugide edge of the barm to Falee,
."i‘.’t:'“' at ™his ® ug 1o thiokness from &
ti08 of an inch ©He Mhickness of a man's hand,
tion vas worst site the peint in the north-
Yhere valer Doon odserved dreaking out of
aS the toe ©Of slope, MNoveover, there was & !
ensath the derm {ndioating sottiement or wash,
tion wag also obeerved t-:uuu stuth and ;
? Coddes 9treet gats house., At & point
of this gate houee 1% had deen noted for years
was an unusval amount of ground water Lreaking
this side hi11l toward Geddes Street, 1t deing
:1.1{ 208308810 in the cheok valve ohanbers of the

§
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$
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ooated in this aven. IS 1s prebatle that at least |
. 0f this water was leakage, g
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1In the late Fall of 1931 leakage tests Were Fum on
Poodland Reservely by olosing sll of the gates on the
fnlet end cutlets snd measiring the dropis the reservoir,
. coxzestion being mede for evaporation and raiufall. By
. this hg:‘u L ) tw th:t lntq:‘;au:: 0: :!‘n :‘x:;at
e 200 %o ous per . s tees,
. & ul‘nu mu‘ ginmouoa of the liuning, showed
. that the enbmiment of this reservoir is w0t impezvious

“ A otudy was now be of the best method of repairi

_the zéservoir liming to'::m mter=-tightness at nuoazlo
cost. Based ou cur sxperience ia lining the new Westoott
Reservolz, a te lining D r Woodland was favorsd dy the

.. ongineels, but {$ was folt that imvestigation of other

T wate hac #othods costing 1eass should be made. A great

.. 4ol of stuiy was therzefore given to the wvarious water-

: fiug meterials on the market for this kind of work and

" Satezproef engineszs and contrastors were imvited to in-

~ vostighafie the eondition of the lining and %0 give theis

as to the nmuamx and oot of waterpryoofing

i ropazvolr. uh‘r:m ni:ri g

- inaluding esulsified agphalt, mendrane 200 .

5 aphall, and various yomni netal treatments.

™herze ssamed to Do & gzeat deal of differenee of
. .opinion on the subjeet of waterproofing. Wone of these oon-
. 08Fns were able %o show a single job in this ecuniry where
.. thels pReeess had desn used susesssfully om a jodb of any-
_thing of the magnituds of Wwodland Reserveir. The estimated
" ooet ’m the varicus treataonts varied from five oemnts to
ten S0 por square foot. While $his was sudbstantially
? than & gunite lining there was no assurance that any
of o0 waterpyoofings would be effective for more than tem
yoars, ﬁ::o;: ‘:t 1: m:}yig.owdlmn tb:‘ur;o of a
good gumi ng 1o " ensily exceeding ars
and 14 was thereforve decided to 'guuo zb Teeorvoir, i

Iuasmoh as consideradle experience bad been gained
Dy the Oid%y in the lining of Wwesteott Reservoir and in the
sesearoh wrk vhioh the ¥Water Division did in the winter of
1930-31, and as there was & desive to ewploy l00al lador as
much as possidle, 1% was dectded to do this work with the
City's own foroes employing & minimum wmumber of experienced
nosyienen and guumen until suoh time as Clty men had bGeoome
sufficiontly familiar wvith this work to give good produotion
ond quality. Two or three mew of the pivision foroes were
alye exporieneesd, having worked on various mmall pumite
obcmz‘:h the Oity had Gouwe sinoe the lining of Westoott
[ ()

A7

s and methods were considered,
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I was necessary to rent equi t for such a large jod

and Lids were therefore asked on zental of six of the

-2 Comemt Oumns and sufficient compressor capacity to furnish
' not 1ese than 1350 cuble fees of free air pey mimts. Othery
nisoellanscus egquipment plmlntm the guns such as hose
sessies, nixere, otc,, were inol in the bid. The Ooment
Oun Company of Allentown, Peunsylvania, vere low bidders on
this oqui ; fumishing four large horisountal, dlow ?od,
sleetrienlly driven, air oompreseors, with the othezr equip-
ment opesified, and tw mechsnies for operating the compressors
and sexvieing all of the equipment. Oontracts were ¢t to low
viddens on materials as follows

Osment » D, J. Salisbury, Ins., Syracuse, ¥W. Y.

sand < B, D, Hyde, Solvey, W. Y.

Nesh & Expansion Bolts -~ Pararon Plaster Co,, Syracuse, ¥. Y.
Oopper Expansion Join$ -~ ¥. Taldolt & Souns, Syracuse, N. Y.
Plantio joint material was bought frow the Oentral Gity Roofing ¢
Alfa Osmont was mamufastured at Jamesville, ¥, Y.

Nosh -~ manufastured by wiokwire-Speneer 00,

e bid olvomt and sand called for dollniy at the
zeoezvoly grovnds, ; :

14 was 4solded % ?gly a liuing of 14* thiokness on the |
concrets and An mng: fokness of 13® on the stone. The
1ining was to exztend within 10 feat of the top of the
Teseyvolr measured along the slope. It mas not thought neces-
sazry to line this area as 1t is above the high water 1ine,
and sudject to splash only.

b




ey ) RN ) S [T ConnerninGg ExciNexn LR

2. RESERVOIR DESIGN AND CONSTRUCTION

b The reservolsr’ is located 1n the southwest section of
IAg the « ity ad ahown in Fig. 1 ox the faciry page of thus Teport F
i i aml forus 4 UNPOStant part of the municipal water supply
system:. City records indicate that the reservoir was built !
in 1894. It has been continuously in service ever since. a A

period & somte TP yeass.

The reservoir 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.

s Existing site topography* and orientation of the res-
ervoir are shown in Fig. 2. Construction drawings indi-
e . cate that the site was originally a saddle from which the
flow of surface water was respectively to the north and the-
, south. The reservoir was formed by making an excavation
o a2 in the saddle area and utilizing the excavated material to
g Ry construct dikes at either end. It appears that there was an .
\ i approximate balance of cut and fill and that all embankment
g X material was obtained from the site. Thus the reservoir
188 B ) bottom and all cut and embankment slopes are in or of es-
Fg - LA N ,sentially the same material. This material is glacial till
ey ‘ R ‘as is more fully described in later sections of. this report.

s 7R\ The dikes are of homogeneous cross section andwere
P © 1"" o "« originally constructed without provision for internal or toe
LA AM drainage. The plans indicate that a core trench with puddled

: backfill was constructed along the centerline of the embank-
ment sections. The embankments were reportedly com-
_ pacted by use of a grooved roller but details on the size and

oo AlaN weight of the roller do not appear in the records. Embank- -

s\ | =S 3 ment side slopes as well as cut slopes are 1 on 2 except as E

R R

T MPCTEIL R

U7 e (2 . ® All detailed topographic plans and embankment cross

a2 TN - sections appearingin this report show elevations referenced
to the City of Syracuse datum. To convert these elevations
to U.S.G.8. datum (MSL) add 360. 02 ft. ' 4

A9
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modified by berms. Embankments and cut sections were
constructed to provide for about 5 ft. freeboard above the
normal reservoir level.

The entire bottor and sides of the resexrvoir are paved
with concrete, the upper section of which is faced with hand
placed, mortared stone riprap. It appears that this lining
was expected to serve as a watertight membrane and that
this accounts for lack of provision for drainage in the em-
bankments themselvesa. It may further be noted that the
lining was constructed directly on the earth surfaces of the

bottom and sides without an underlying, pervious drainage
course.

Since its original construction, the reservoir has been
modified in some respects as required to meet various situ-

ations which developed during reservoir operation..In 1938

a break in the lining on the north dike reportedly occurred.

Scepage through the embankment with outcrop on the land-
side slgpe was observed at that time. The lining was re-
paired and a pipe drain installed at the landside toe of the
embankment. No further trouble at this location has since
been observed and it is reported that little if anyflow issues
from the drain. At about the same timewhile the reservoir
was empty or being emptied, a section of lining on the west-
erly side of the reservoir was heaved by pressure of water
seeping from the hillside on which the standpipe is located.
An interceptingdrain was installed along the foot of the hill-
side slope and the liningrepaired. There has been no known
trouble at this location since. Repaire to the lining have
been required on a number of other occasions but these re-
portedly did not includé installation of any form of drainage.

There is some question in the minds of these operating
the reservoir whether the lining is now or has ever been
completely watertight. This doubt is supported by occa-
sional measurements of inflow and outflow made at times
when no known breaks in the lining existed. These meas-
urements although adittedly not of a highly precise nature,
have given evidence of leakage.

Al0
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3. FIELD INVESTIGATIONS

Several investigations have recently been made at the
reservoir site for various purposes as described below.

L ]

a. Investigation for Sonthwn; Junior High School.

In March 1964, borings were made in the north-
easterly corner of the property to investigate conditions
affecting construction of the proposed SouthwestJunior High
School. These were designated borings #1 to 9 inclusive.
Their locations are shown in Fig. 2. While this investiga-
tion did not include examination of the reservoir embank-
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 Embankment

The purpose of the investigation undertaken by
the writer was to determine the nature and condition of the
materials in the reservoir embankments and the embank-
ment foundations. Although the initial plan was to make
this investigation by means of both test pit excavations and
borings, agreement was reached with the City Engineer
during the course of the work that borings alone would be
sufficient. Fifteen borings designated 1-A to 15-A inclu-
sive, were eventually made at locations shown in Fig. 2.
The driller's logs of all these borings will be found in Ap-
pendix 2 of this report. Y

Borings 1-A, 2-A and 3-A were made in the period
Oct. 28 to Nov. 5, 1964 to constitute a preliminary investi-
gation which could be used as a guide in planning the re-
mainder of the work. These three borings located respec-
tively in the north, east and south dikes, were drilled
through the embankments, the underlying natural soil for-
mations and well into the bedrock beneath.

All
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Borings 4-A to 15-A inclusive were made in the sum-
mer of 1965. These were for the dual purpose of investiga-
tion of embankment and foundation conditions and also for
installation of piesometers as subsequently described.
L

Information obtained from these borings will be found
not only in the driller's logs but also on the embankment
cross sections presented in Figs. 3, 4 and 5. Reference
to these figures will facilitate comparison of data such as
penetration resistance values for samples at varying depths

from the several different borings which were made in each
section. ‘
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b. FINDINGS

a. Natural Site Formations

Aside from the reservoir itself, the most con-
spicuous site feature is the elongated hill or knoll on which
the standpipe is located. This hill, which rises to a height
of about 60 ft. abuve the water level in the reservoir, is a
drumlin. Although no borings were made in the hill, it is
snown from the regional geology that such formations are
composed of glacial till, an-extremely strong, compact,
massortced but relatively well graded mixture of sand, silt
and clay with scattered gravel and eccasional boulders.

The remainder of the City-owned property is a larger,

less well defined drumloid land form, a formation which u
«lso composed of glacial till.

The borings indicate that the till rests directly on the
vedrock. Since both the ground and rock surfaces have sig-
nificant slope, the depth to rock varies considerably. How-
ver, the overburden as a whole is relatively shallow. The
‘epth from original grade to rock probably does not greatly

exceed about 35 {t. at any point and in general is closer to
about 20 ft.

.

The bedrock has been identified as belonging to the
Lertie Formation. This formation is composed of thin-
hedded, slabby, siliceous, dolomitic limestone. For a depth
of 5to 10 ft. the rockis believed to be somewhatweathered.
It is probable that the weathered rock interval is consider-

ably more pervious than the till and that it functions as an
«.derdrain or aquifer.

b. Reservoir Embankments

The embankments were constructed with glacial
tdlmaterial taken from on-site excavations. Texturalchar-
««teristics of this material are indicated by the gradation
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urves in Appendix 3. The till may be classified as a well

«raded sandy Silt with little to some clay. scattered gravel
A occasional boulders.

The in-place density or compactness of the embank-
ment material may be judged in several ways. One is by
reierence to the standard penetration resistance values ob-
teined in each sampling operation in each boring. These
vilues appear in the driller's logs and on the graphic logs
¢t borings in Figs. 3, 4 and 5 of the text. Another index of
tompaction is found in the unit dry weight and unconfined
compressive strength values for the Shelby tube samples
whichwere taken at intervals in some of the borings. These
‘alues also are given inFigs. 3, 4 dnd 5. To organize these

-‘iata so that their significance becomes more apparent, a

tabulation of test values is presented in Fig. 6. In this

tabulation, the values are listed in descending order of
shearing strength.

After careful analysis of both the standard penetration
resistance values and the laboratory test data, it has been
cuncluded that embankment compaction on the whole is rea-
sunably good. There are some indications in fact, that the
embankments are about as compact as the undisturbed ground
on which they were constructed. Within each embankment
tection which was investigated there are random variations
in density and water content but this is true of most embank-
ments. Considering the dat. for all the different sections,
tiere is an indication that the material in the landside toe

vf the north dike is somewhat less compact than that at any
vther single location.

No evidence of seepage through any embankment sec-
tivn was found. In fact no positive evidence of a phreatic
or free water surface either due to seepage or the natural
sround water table was found. It is therefore concluded
that at the present time the lining is reasonably watertight
«nd that ground water is seeping through the weathered zone
at the surface of the bedrock formation.

Al4
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: : TABULATION OF TEST DATA
L o -~
; Sample :
o K% ST d.p‘h. Location
: R & q“ Yd!L w | Section m_ke
: -4 5-6 4.49 136 9.1 A-A N. dike
’ t-A 423-44} 4.03 125 1.1 B-B N. dike
; “-A 20 -21% 3.16 135 8.9 A-A N. dike
<A 123-14 3.1 132 10.5 c-C E. dike
3 A 323-34 3.1 127 10.7 E-E S. dike
o A 423-443 2.37 127 10.4 B-B N. dike
i g 5 -6 2.02 98 23.6 A-A N. dike
! --A 22%-241 2.0 132 10.7 Cc-C E. dike
s E A 20 -21 2.0 134 10.5 A-A N. dike
T-A 25 -26 1.72 139 10.2 A-A N. dike
{4 A 123-143 1.6 120 13.3 E-E S. dike
i 3-A 15 -16 1.48 126 12.5 A-A N. dike
t. 1A 15 -17 1.30 126 12.0 B-B N. dike
" | 3:A 10 ~11 1.15 129 9.2 A-A N. dike
Boooota 30 a3 1.05 116 17.4 A-A N. dike
£ A 5.6 0.96 114 15.0 A-A N. dike
oA 15 -163 0.89 116 14.6 A-A N. dike
“A 10 -114 0.88 121 12.4 A-A N. dike 3
s 2B 15 -16} 0.79 119 14.9 A-A N. dike |
e G5 10 -11 0.63 109 18.7 A-A N. dike
b A g0 1y 0.52 102 22.9 A-A N. dike
&
3 ‘ *oatation: 3
; 9 = unconfined compressive strength, tons per sq. ft.
( ; Wl‘h,y = unit dry weight, lbs. per cu. ft.
; w = water content, dry wt. basis, percent. E
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¢. PRESENT AND FUTURE SECURITY OF RESERVOIR

a. Present Condition

Because of its construction as described above,
the reservoir is dependent for its present and future secu-
rity on the integrity of the lining. As long as the lining re-
mains at least as watertight as it is now, there need be no

question as to the security of the embankments and the res-
ervoir as a whole.

If a break in the lining should occur, water will begin
to scep into the ground behind the lining. Where the sides
of the reservoir are in a cut section, it is unlikely that this
would create a hazardous condition. If the break occurred
at an embankment section, however, the embankment would
be required to function like an earth dam constructed with-
out any outer lining. Despite the fact that the embankments
arc constructed of reasonably impervious materialwhich on
the whole is strong and well compacted, they could not re-
main stable indefinitely under these conditions. The em-
bankment section at the point of the break would gradually
become saturated, seepage outcrop at the landside toewould
vccur and in time softening and sloughing of toe material
would 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 occur, hence there is no
occasion for alarm or immediate, emergency action. How-
ever, this possibility should be recognized and given con-
sideration as noted below. Incidentally, it should be noted
that the most vulnerable section of embankment is not the
North dike as has been assumed by some, but the East dike
in the vicinity of the South Gate House. Both embankment
sections are of about the same height but the base width of
the North dike is considerably greater than that of the East
dike because of the berm construction at the former. The
overall or average slope of the landside face of the North
dike is therefore flatter and the time required for satura-

tion of the embankment would be greater than at the East
dike.
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With respect to the future security of the reservoir,
~sole reliance on observing seepage outcrop at the landside
toe of the embankments is inadvisable for several reasons.
k or one thing, by the time the outcropwas observable, some
damage to the embankment might have occurred. As a case
.- In point, it is just possible that the somewhat looser present
condition of the materialat the landside toe of the north dike
which was found in the recent investigation is due in part to
scepage caused by the break in the lining which occurred in
1438. Secondly, if and when seepage outcrop occurs it
: would become imperative to empty the reservoir inwhole or
part as rapidly as possible. To do so would be to run the
i risk of causing 2 major failure of a large section of the
lining due to the effect of what is termed sudden drawdown.
i } This might be the result of back pressure due to a high
. £ tround water condition or to reverse seepage from a zone
f of saturation in the embankment. It may be well to note at
this point the need for lowering the reservoir level very
" +Tadually in any future maintenance operations.

e o e e 4T
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b. Possible Provisions for Future

1) Construction of Improved Type of Lining

Various alternative methods for assuring
the security of the reservoir in the future arediscussed and
¢valuated below. The first of these is to attempt in one of
scveral ways to provide insurance against a break in the
hining. The present lining, being made of concrete, is of a
brittle nature and is therefore incapable of deforming or
stretching without cracking. Much more flexible types of
membrane material are now available. A study to select
+ny one particular type has not been attempted in the course
of this investigation as it would be quite time-consuming
~ud is somewhat outside the scope of the writer's assign-
m.ent. It may be noted however, that the newly constructed
rastern Reservoir was provided with an asphalt lining and
: that there is some trend toward use of such linings inwater
( » «pply reservoirs. The cost of placing an asphalt lining
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wver the present concrete lining in the Woodland Reservoir
v ould be inthe neighborhood of $500,000 based on unit prices
for the work at the Eastern Reservoir. If any such opera-
tion were to be attempted, it would be highly advisable to
provide a pervious underdrainage course at the same time
80 as to eliminate the present danger of damagedue to sud-
den draw down.

- —a——

2) Construction of Toe Drainage System

A second approach to the problem would
Le in some way to insure that even if a break in the lining
were to occur, the embankments would not be weakened or
damaged. If this could be accomplished, the only conse-
yuence of a break in the lining would be wastage of water.
Prutection of earthen embankments against the effects of
sccpage can be achieved throughconstruction of an adequate
system of toe drains. This is a standard provision in all
ut.lined earth dams, large or small, and procedures for ac-
complishing this purpose are very well established. This
solution to the problem at Woodland could probably be a-
¢hieved at a cost of about $100, 000 or possibly less. y

3) Piezometers as Seepage Detection System

A third approach is to provide in some
way for detection of leakage long before damage to the em-
bankments can occur. One method of doing this is to install
devices known as piezometers at strategic points in the em-
bankments. These devices can be used to obtain an imme-
<iate indication of a rise or fluctuation in the position of the
phreatic or free water surface. Since such an installation
is relatively inexpensive and provides an immediate benefit,
pieronieters .ere installed in all fifteen bore holes in the
embankments during the course of the presentinvestigation.
Details on the construction of these devices and their loca-
tions in the embankments are given in Appendix 4. Water
Department personnel have been instructed in the use of the
mesometers and this system is now in operation. ()
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1. CONCLUSIONS AND RECOMMENDATIONS

The recently completed investigation has lead the
writer to conclude that the reservoir and its embankments
Are in good condition. The possibility of a sudden failure
of any section of the reservoir is limited to the chance of
the occurrence of such an unlikely and unpredictable event k
as a major earthquake.

The reservoir is however, subject to the possibility
of damage due to a break in the lining. It is impossible to
predict whether a major break will ever occur or if so,
when. In the event of a break, seepage through the adjacent
embankment section would occur. Observation of seepage
vutcrop would give warning of trouble in time for the reser-
voir to be emptied and repaired.

In order to eliminate the necessity for reliance on de-
tection of seepage outcrop, one of two alternative procedures
might be followed. The first ia to undertake a major recon-
struction of the lining using some form of flexible membrane -1
rather than a brittle material such as concrete. For an as-
phalt lining such as the one recently constructed for the
Eastern Reservoir, the estimated cost is in the neighbor- -
hood of $500, 000. The second alternative is to protect the
embankments 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-
tion is estimated to be about $100, 000. J

Both of these alternates are relatively expensive es-
pecially when viewed with the realization that the chances
of their being urgently required are very remote. One can-
not lose sight of the fact that the reservoir as originally
«onstructed has been in service for seventy years and that
on the only known occasion when trouble due to a break in
the lining occurred, the observations of Water Department
employees sufficed to prevent any serious damage. Itis
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possible and seemingly quite advisable however to facili-
tate such observations by installation of devices which will
sive an indication of seepage before it actually outcrops at
the toe of the embankments. For this reason, a number of
piezometers were installed during the course of the inves-
tigation and these devices are now in operation.

The writer's final conclusion is therefore that with
tre installation of the piezometers and with the continuing
oLservations of the Water Department employees as a safe-
suard, the future security of the reservoir is sufficiently
assured to eliminate the need for any major new construc-
tion or repairs.

B. K. HOUGH, CONSULTING ENGINEER

o
R (<
. 'ﬁ)'\’-\\e~-'\ \
B. K. Hough |
Engineer

N.Y. 18,275
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L PROJECT. 3, N Y. CHECKED BY.
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26°

Max, Discharge @ Normol Ffool is sdeut 30 MGD QNP =46.3 crs
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