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Aerial View -
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Aerial View - Hamlet Trench
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BLACKSTONE RIVER FLOOD CONTROL
IOWER HOONSOCKET
LOCAL PROTICTION PROJECT

STUDY - HAMLST TRENCH COMPLEX

DISCUSSTON OF THE STUDY AND INVESTIGATIONS INVOLVED

This report covers that reach of the Blackstone River extending from
the Hamlet Dam downstream to a point approximately 1,000 feet below Hamlet
Avenue Bridge. At the Hemlet Dam the main channel flow of the Blackstone
River is impounded at an elevation of 115.8 msl, which allows a partial
diversion to the Hemlet Trench fer industrisl uses. From the Hamlet Dam
the Blackstone River floﬁs downstream, first easterly, then bends and flows
in a general southeasterly direction. As the Blackstone River bends to the
scutheast it is joined by the Mill and Peters Rivers. From the Hamlet Dam
downstream, the Blackstone River is paralleled by the Hamlet Trench which
borders s highly industrialized floecd plain. To the east,the'Blackstone

River's bank climbs steeply to a residential sfrip»bordering Cﬁmberland

Street. Contimuing downstream the river flows beneath the Kendrick Avenue

footbridge to the present Hamlet Avenue highway bridge. Downstream of this
highway bridge the main channel is relatively confined on the easterly bank
to a point near the present project limit, while on the westerly bank the
trench borders Davison Avenue and a lowlying industrial ares that is highly
suscepbible to flooding. Within this reach of the river the normal water
surface elevetion drops 8 fest p. us or minus in approximately 4,300 feet.
The river channel crosses two imverted sewer siphons, one opposite Girard

Avenue and the other just downstrveam of the Hamlet Avenue Bridge. This

-1~
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entire area 1a intérlaced with overhead power lines and transmission towers
whinh straddle both the main chainel and the Hemlet Trench. Paralleling

e tranch en ite wast bsnk o 36 4y b brdak sanilary saver trunk maln pos
thiough‘this area. On the so-ca lec. island created between the main chamnel
of the Hlackstone River and thre iamlet Trench, the Blackstone Valley Gas and
Electric Company maintains its Hemlet Svbstation which feeds a large part of
the industry of the immediate area.

D@ring the record flood of August 1955, flood flows inundated'an esti-
mated 270 acres of the highly de-reloped and thickly gsettled area of lower
Woonsocket. Publie utilities, b ghweys and railroads were severely damaged.
Polluted flood waters caused a sorious menace to public health. Without
flood protection there is 1ittle doubt that possibilities for further
developmeht and utilization of aailable lands will remsin unrealized under
the threat of flood repetition. The scope of this report is to propérly
locate earth dikes and flood wal . ‘= the Hamlet #rea within a carefully
integrated general plan of lower Woonsocket. The study investigated dike
elevations, channel improvements and associated improvements based on
sound engineering principles and ecdnomics. The accompanying text and data
support the reccummendations made in this repoft.

DESCRTPTION OF ALL PLANS AND SCHEMES

To determine the best possible location of the flood protection dike
within this complex, four separate locations were developed and their
corresponding problems evaluated. To clarify the presentation each trial

location will be discussed separately.
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Seheme 1 on Flate 1-A is essentially the location discussed in the
Interim‘ﬁepamt dated May 29, 195?.> This sSeohome #oaitians tha major portion
of the dike astride the strip of land iocated between the Blackstone River
and the Hamlet Trench. The Hamlet Dam would be removed by demolition. A
rolled earth dike with a top width of 10 feet and side slopés of 2onl
would commence just downstream of the present location of the Hamlet Dam
from thé high ground on the west bank af Elevation 135.2. The dike position
wouwld remain west of the Blackstone Valley Gas and Electric Company's access
rond until 1t approaches the Kendrick Avenue footbridge where it would tie
1nto small retaining walls with a gated opening at Elevation 133.6. In
this ares access would be provided to the Blackstone Valley Gas and Electric
Company's Riverside station from Villanova Street by rampihg over the dike
as shown on Plates 4-4 and 4-B. Bxisting grade at the Kendrick Avenue
footbridge is approximately }31.? sc that the gated opening to the bridge
and 1ts‘retain1ng walls would not pr2sent any unusﬁal construction problems.
Opposite Cdrard Avenue some proviiicn must be made during flood stege to
by-pass the sewage flow from the Social district and pass it through the
Soclal pumping station. This would prevent poséible drainage flowing
through the siphon to the 36-inch brick sewer on the west bank. This
 would also require sealing of the Court Street siphon a&s well. Under
Scheme 1 the fiood protection dikz would cross the 36-inch brick sewer
line at the location of the access road to Villanove Street; Sinze this
sever is 65 years old with uncertiin bedding and trench conditioﬁs and of

unknown structural soundness, sound engineering dictates the replacement

-
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of that portion of the sewer under the dike embanlront with a new rein-
fﬁ*”¢§‘fﬁhcreﬂe pipe of eque.. st om,  Reer . Avenue footbridge
tq e ‘}Eamlef. Avenus bridsge, the flood protac’%;iun v o pursllels HMorence
Drivg,vcentere¢ beneath the legs of the overhead high tension transmigsion
tqwersiand skirting the Hamlet Substation. 4This section of the dike runs
from Elevation{l33.6 to Elevation 131.7 where it fades intd*the existing
slope.; Lot curbs or small toe wells would hold the toe of the dike slope
away from any interference with the substation and tower legs in this seg-
ment of the scheme. Provision would have to be made to take drains which
pdw gmpﬁy into the Hamlet Trench and allow them to drain into the main
river channel or c_:ollect them and pipe them down to Florence Drive to empty
into the Hamlet Trench below i Hgmlet Avenue B;idge. Access to the Hamlet
Sngtafion.would‘be provided by a ramp Just upstrgam of the Hamlet Avenue
Bridge and continued utilization of the existing road on the so-cal;ed
island would be made for meintenance of the power lines. Preliminary
borings indicate significant amounts of organic sediments lining the trench
which would have to be removed in oréer to position the dike on suitable
:t‘mmd,&*ions in this reach._ %alc-#.-the Homlet Avenue Bridge, ' ro flood
protection dike which ties into he ﬁingwall of the bridge would be posi-
tioned: amtride the so-gali?d isl .nd. incorporating in 1t the Hamlet purping
"stationk Our studies indicate i% f8331b1§ and desirable to place +he pump=-
ing station below the Humlet siphon and provide sluice cantrol of the siphon
on the right bank of the main chonnel of the Blackstore River as well as a
by-pass sbtructure to divert the low through the pumping station at times

of flood flow. The flood probecsion dike would continue downstream passing

wlpm
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evisting Hamlet Trench lower control gates, then swing into the

5 4 SRALA

evetion 129.70 an

©o the city dump would

+ A
ike oz shown on Plate 1-A.

P 1

2o the high tension towers and

1. Would recuire the demolition of approximately seven

. powey egquipment outboard the flood protection
dike vulnereble to future flooding.

3 Reguires four access ramps.
L Hecassitates revision to dreins emptying in Hamlet

58 8
Trench and new storm drainage collection system.

sag the u*ke alignment on the westerly

£ otre wmatn channel for the entire lemgth of 3,500 feet of the Hamlet

5y 5 it Ay F - e 2y
SOLD w £ ZTUOY . LALE SCQemS

begins just downstream of the demolished Hamlet

(b

section at Flevetion 136.0, crosses

scussed 36-inch wrlck sewer end the Homlet Trench, then

(23846 ";;f;"’\ 4

charnel of the Blackstone River to the footbridge at
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ose Sbreet. Tnis segment of dike comstruction would require retain-
ing wallm or envelopes to protect three high tension transmission towers
(altﬂrﬁa%6 modificetions shown on Plates 3-G, 3-H and 3-I) and extensive
r@visxon 4o the siphon crossing at Girard Avenue with replacement of the
sewer line at the dike crossing. At the Kendrick Avemue footbridge the
dike at Elevation 133.2 could return to the existing slope with small
wingwalls added to the bridge sbutment or take an alternate alignment and
pass beneath the deéking of the footbridge on the bank of the main chamnel.
This would necessitate raising tk - span of the bridge which passes over the
so~called island and encasement ¢’ tme bridge legs. Between the Kendrick
Avenue footbridge (dike at Elevatvon 133.2) and the Hamlet Avenue Bridge
(where the dike is at Blevation 131.2) the dike aligmment would require |
protective wells at two high tension transmission towers, relocation of
the Hamlet Aﬂenué Substation and considerable revamping to the overhead
low tension power lines crissérossing the so-called island. Widening the
dike to accommodate the relocated sﬂbstation on toﬁ could reduce the reloca-
tion costs scmewhat. Access to t&eihigh tension transmission towers would
be provided by an access ramp fro: Filorence Drive and use of the top of the
rollea earth‘flood‘protection dike as a maintenance road. By placing the
flood protection dike on the bank of the mein channel of the Blackstone
River, the Hamlet Trench could be used to carry the interior drainage to
the pumping‘statioh below Hamlet Avenue. Downstream of Hamlet Avenue, the
dike again follows the west bank of the main channel, crossi: - .o downstream

Bsmlet Trench control gates and then returns into the higher topography at

=
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the railroad spur line embankment at Elevation 129.70. As in Scheme 1,
the Hamlet pumping station has bern positioned within the dike and placed
be Lew thé niphon erossing. Agees:'tﬁ‘tha pumping station would be provided
y using the top of the dike. Repirg over the flood protection dike at
the existing access road to the dump would make that property accessible.
gdvantages
1. Makes availsble 8.48 acres of land.

2. Vould maintain the Hamlet Trench for interior
drainage.

3. Requires smaller quantity of pervious borrow.

. Relocates substation to higher ground above flood
flow.

Ll inntages

. 1. Requires demolitio.. oi' approximately six buildings,
for overbank flow :improvement.

2. Requires four access ramps.

3. Requires extensive revamping of low tension overhead
: lines on so-called island.

k. TNecessitates rebuilﬁihg & portion of the Girard Avenue
. siphon. :

5. - Iarger retsining w.lls required at high tension trans-
mission towers.

6. Requires rebuilding a portion of the 36-inch brick sewer.
The general alignment of Scheme 3 follows the Hamlet Trench. Supplement-
ing the demolition of the Famlet Dam a flood protection dike would be con-
structed beginning at Elevation 135.4 on the west bank below the present

location of the Hamlet Dam, cross the previously described brick sewer from
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Court Streelt and then follows the course of the .. . “rench to the end
of the present local protection p.ﬁoject. The dike centers itself beneath
Bl h:i,‘gm tenalon transmission towers from ite upstresm beglnving to the
Kendric:}i: Avense footbridge. The fi]i.ood protection dike crosses the 36-inch
brick sewer requiring reconstruction of this utility and the new surcharge
loading in the trench resulting from the dike would entail rebuilding the
afi‘ectedl portion of the siphon. At the Kendrick Avenue footbridge where
the dike elevation is 132.8, the flood protection dike alignment as shown
on Plate 1-C lcould either fads in o cmall wingwalls at the footbridge or
cohtinué. under an alternate p:!,ea,ni sneath the footbridge and require some
modification to the supports of thit siructure. From Elevation 132.8 at
the Kendrick Avenue footbridge to Elevation 130.7 at the Haulet Avenue
Bridge, the flood protection dike would interfere with two high tension
rtransmission towers (requiring retaining ws.l.ls) , sxirt the Hamlet Avenue

Subst&tion and fade into the hlgher ulope ‘at the Eamlet Avenue Bridge.

| 'Access “bo the substation and tranmmission towers would be provided by
ramping 'over the dike just upstre:m caf the Hamiet Avenue Bridge and con-
tinued uﬁilization of existing rozdway on the so-called island. Downstream
of Ha.mlét Avénue Bridge, the dike woﬁld occupy the trench, then terminate
as before, into high terrain at Erevation 129.70. Contained within the
dike below the highway bridge would be the' Hamlet pumping station still
required to discharge the interior éra.inage of the area. Much longer dis-
charge channels would be required to empty this facility into the Blackstone

River, and expensive, time-consuming rebuilding of the interior drainage

1
|
i
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|
collection system would be mnda.‘baﬁv. Access to the station could be

readily ‘attained from Davison Aveaue and a ramp to the city dump road at
|

the termiaus of the dike would maintaln the access to that property.
|

i

Advantages
1. Mekes available L.56 acres of dike protected land.
2.  Would eliminate & ramp at the Hamlet pumping stationm.

3. Reduces the amount of revision to the low tension
overhead lines.

Diéad.ve.ntages

1. Would require remcval and disposal of organic sedi-
ments from Hamlet Trench.

2. DNecessitates ext.remely expensive drainage alterations
and collection system.

3. Places Hamlet pumping station at more costly location.
L. Requires replacement of siphon across trench.
5. leaves Hamlet Substation vml.herable to‘flooding.
6. Requires demolitica of approximately seven buildings.
T. Requires utility modifications. |
Scheme 4, shown on Plate 1-D, is essential.lly a cambination of Scheme 3
from the }Ia.mlet Dam plus some channel improvement dowanstream to the
Kendricl; Avenue footbridge, then it incorporates the alignment of Scheme 2
to the end of the project limit. As in the prior schemes, the removal by
demolition of Hamlet Dam is necegsary. Channel improvements consist of |
exz:a*mtien to Eleva‘bion 107.0 within the limits shown, with the flood

protection dike alignment employ: 1 In Scheme 3 and slope strea.ml'ining to
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the foobbridge. The dike elevation would vary in this reach of the river
frem 13%.5 to 133.20. Considerable axcevation would be involved in the
rgmml of the so=called island in this area. [ This would regquire protection
to the high tension transmission tower innnedia&:ely downstream of the dam as
ahown on Plates 3-A to 3-I. This dike alignment, as in Scheme 3, would
require rebuilding the portioﬁ ‘of 36-inch brick sewer crossed by the dike
ewbankmeént and the Girard Avenue siphon cross;ng the trench. Three high
tension transmission towers would require wall protection or encasement.

An access ramp over the dike would be needed for continued access to the

. Riverside Substation. The alternate alignment could still be employed at
the Kenéurick Avenue footbridge. Dike elevations and aligmment downstream
of bhis point would be essentially those used in Scheme 2. From the
Kendrick- Avenue footbridge to the Hamlet Avenue Bridge two high tension
tr&hsmission towers are affected and the Hamlet Avenue Substation would need to
be relocated. Access to the high tension transmission towers would be pro-
vided by a roadway on top of the dike and a ramp just upstream of Hamlet
Bridge. Relocation and modification of the low tension overhead powver

J;ines would be proportionate to " he gimilarity of the previously discussed
schemesis Below Hamlet Bridge thb ‘& ke borders the main chammel, then
returns into higher terrain abow: the city dump. The Hemlet pumping station
would égain be located downstresn of the siphon. Admittance to the pumping

stetion would be from a ramp south of the highway'bridge and another at the

terminus of the dike would provide admittance to the city dump propexrty.

© =10~
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Advantages _

. 1. Would leave the Harilet Trench open for collection
\ of interior drainage.

. 2. Provides 7.65 acres of available land.
3. Relocates Hamlet Substation to high ground.

Diaadvantages

1. Requires demolition of approximately six buildings.

2. Requires extensive reconstruction of siphon opposite
Girard Street.

3. Protection required at seven hlgh tension transmission
towers.

. Requires rebuilding a segment of the 36-inch brick sewer.
5. Requires four ramps:

~ HAMIET COMPBEX HYDRAULIP ANALYSIS

| The Standard Project Flood modified by the West Hill Reservoir,
déveldpea by the Corps of Amy Engineers, is used for the Project Design
" FMood. The flow for the Standard Project Flood is 40,000 cfs below the
confluence of the Mill and Peter Rivers and 33,000 cfs above their conflu-
ence. j , ’ ‘ '
Three basic schemes of dike location were studied. All schemes included
- the remd#al of'the Hamlet Dam and the construction of the walls and dikes for
the Social District.
. Scheme 1: The dike location is approximately the same as shown in
the Interim Report (see Plan Plate 1-A) with no channel improvement.
themﬂ 2: The dike is located near the bank of the main river channel
‘.~ Plan Plate 1-B) with some channel excavation to make the slope from

the top of the dike to the bottom of the channel a continuocus slope.
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Scheme 3: The dike is locat:d :in the Haﬁlet Trench (see Plan Plate
fif) wiﬁh a minimum of 8 feet from the tes of‘the dike to the edge of the
exlating road with no chamnel. improvenent.

Scheme 3A: The dike location'is the same as Scheme 3 (see Plan Plate
1-C) exéept the main chennel from Kendrick Avenue footbridge to Hamlet Dam
- is to bé excavated to Elevation 107.0 to widen the main channel to a minimum
width of 135 feet. |

Scheme L: The dike and channel improvement is the same (see Plan Plate
1;})) as Scheme 2 downstream of th: X:pdrick Ax?enue footbridge and the same
as Scheme 3A upstreanm of the footnridge.

Profiles of the river channel, the water surface elevation and hydraulic
gradien# are shown on Plates 1-G and 1-Gy.

Crpss-sections at key locations showing the three schemes of dike loca-
iion are shown on Plates 1-H to l-Hy3.

' For existing conditions én "t 'z‘ﬁfalue; for the Manning's formula of
0;035, yas. selected for the main charmel and 0.045 vas selected for the
flow in the BamletATrench. The "a" value for overbank flow varies from
0.040 to 0.100 depending on conditions encounﬁered in the field.

For the schemes for imprqvedvchannel an "n" value of 0.035 was still
used because the improvement was more‘in channel alignment than in channel
roughne#s.

The overbank flow ares between the diké and the main chamnel was
assumed: 0 be cleaned up aend maintained and accordingly an "n" of 0.04O

. was selected.
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Inwgeneral, an sllowance was made for contraction and expansion lcsses
by intré&nning an eddy loss factor of 5‘2 and 0.5 times the change in
ve':t.r:aeity bead. The hydvaulic lesres enused by minor isolated obstructions
such as tower footings and bridge piers are neglected in the study of rela-
£ive water surface and hydraulic gradient profiles bééause their effect
woﬁld be sbout the same for all schemes and backwater caused by such
ecbhsiructions would be relatively minor. For instance, the three piers of
b#ckmater calculations for existing conditions.> The elevations of the
water surface and hydraulic gradient were increased 0.14 foot and 0.11 foot
respectively. The increase in water surface elevations was checked by
Metnod T as shown in the U. §. By eal of Public Roads publication, "Hydrau-
lics of Bridge Waterways", and ws found to be about 0.15 foot. |

The confluence of the Peters and Mill Rivers is assumed to beyat the
sém@ lccaﬁion as existing for purwoaés of this study. Chsnging the loca-
tion of the confluence of the'MililRiver will chanée the backwater profile
in the reach between the éhangé bqﬁ the influence on the overall profile
should be small.

Location of the dike near the bank of the main river channel has the
advanbage of'congerving developeb le ind taxable land as well as eliminating
the problem of maintaining the ov:rbank flow area between the dike and the
edgé of the ﬂain channel. If the overbank avea is not kept free of irees,
weeds and trash it could beécme practically worthless as a flow area and
the flow characteristics of the overall chamnel area could be less tThan
tgat for & scheme where the dike is contiguous to the main channel bank

and is protected with rock fill tnat discourages scrub and vegetative growth.
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K]

Thévlnterim Report indicates the elevation of the top of the dike or
fl@oﬂ@ﬁil at each location is based upon the elevation of the design dis-
clarpa ﬁlué o minimum freeboard allowsnee of 3 feet. Thim study indioates
that thg velocity head will exceed.z Feet in certain réaches of all three
achemes. The elevetion of the top of the dikes or flocdwzalls at each
location should be & miaimum of 3 feet above water surface elevation, or
a minimum of 1.5 fee£ abové the hydraulic gradient elevationAfégléggméesign
discharge.

The profiles of the water surface and hydraulic gradient for the various
schemes‘are shown at a distorted scale on Plate 1-G and tabulated at key
locations along the river on Plats 1l-Gi. It can be seen that the greatest
increase in water surface elevatiop at thé upstreem end of the Social Dike
would be.1.0 foot plus or minus, and accordingly the choice of schemes for
the dike location would not be determined by one scheme having far superior
hydraulic properties. It is desiréble though to maintain the water surface
- elevation outside areas protected‘bj the dike to aﬁ elevation that will not
incrense possible damages in thes2 areas.

Schemes 1, 3A and I meet the criteria of not increasing flood levels
in those areas not protected>by the dike. Upstream of the Kendrick Avenue
footbridge Schemes 3A and 4 have the same dike location and channel improve-
ment, so the choice between Schemes 1 and 3A in this reach of the river
should be based on other than hyéravlic considerations. Schemes 2 and 3
without chamnel widening would require the dikes and floodwalls upstream
of the Kendrick Avenue footbridgelto be about one foot higher and would

subject the unprotected area of the Blackstone Valley Gas and Electric

Substation to about one foot greater flooding.
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i :..};::,f:”; the design requirement for the top of the dikes or floodwall, to
he 3 feet,miniﬁum above water surface elevation or 1.5 feet minimum above the
e;@vatioﬁ of the hydraulic gradient, whichever is greater, the top elevaticns
=7 the upstream end of dikes should be as follows: At the Kendrick Avenue
footbridgé, Scheme 1, Elevation 133.6; Scheme 2, Elevation 133.2; Scheme 3,
Fievation 132.8; at the Hamlet Avenue Bridge, Scheme 1, Elevation 131.7;

Scheme 2, Elevation 131.2; and Schemé 3, Elevation 130.7. Opposite the sewage
treatment plant at the downstream end of the project, the top of dike elevation
should be 129.7, 3 feet above flood elevation existing conditions for all three
schemes. | l

: Becaﬁse of the small difference in dike elevations for all three schemes,
o the cholce of flood protection dike location should be made on other than back-
water conditions. The storm water runoff that now flows ~ o the Hamlet Trench
would have to be cafried in a closed drain to the pumping station for the entire
length éf Scheme 3 because the existing trench would be filled and there would ..
not be space enough between the toe‘of the dike embgnkment and the road to
ccnstruct an open ditch. The same woﬁld be true of Scheme 1 between the
Hamlet Avenue Bridge and the Kendrick Avenue footbridge. Schemes 1 and 2
leave thé existing trench copen from the downstream end of the project to the
Hamlet Avenue Bridge and Scheme 2 alsé leaves the existing trench open from
the Hamlﬁt Avenue Bridge nearly to the Kendrick Avenue foctbridge. The exist- -
ing trench may be regraded and used to collect interior drainage in these
reaches until such time land valuesrjustify closed drainage or relocating
the channel nearer the toe of the dike.

Maintenance of the overbank flow area between the main river channel ciil

the dike to insure good flow characteristics would be reguired for Scheme 1

and Scheme 3, where Scheme 2 or Scheme 4 would not require such maintenance.
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All schemes would require abcut the same amount of relocation and

modifications to existing ubtilities except where the channel is to be

wiﬁsned‘for Schemes 3A end 4. This 0 vuton w111 reguire extensive
mod fion of the inverted siphon opposite Girard Street.
J()I ASND

a. Subsurface Investigations

As,ﬁart of the préliminary investigations of this area, six borings
v~ 4aken in 1961 by the Corps of Bugineers. Data from three of these
borings were considered for this study; they are as follows: FD-86,
¥D-88, ¥D-89. From soil samples recovered from these borings, two
meﬂhanical analyses for FD-838, and one mechanical an&lysis for FD-89 were
performed. A generalized soil profile and summary sbeetg of test results
of mechanical avslyses for FD-OF, .88 and ¥D-89 are shown on Plate 1-Gy
and Appendix. |
‘Because this site is one of rather complicated soil engineering con=-
siderations, resulting from prior excavatlon and filling operations, a
more detailed exploration and investigatlon program has been requested in
order tolfully determine the soil characteristics necessary to design the
proposed structures. Until the supplemental program of soil sampling and
laboratory testing is accomplished, the actual strength, seepage and
consolidation eharacteristics of the subsurface soil strata can only be
approximeted based upon available data.
E&a@d upon the avallable information, it ig antici patcd that this
gtrip of land paralleling the Hamlet Trench can meet the requirements of

the prop?sed construction. |
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Siﬁce no advance borings or probings were taken in the Hamlet Trench,
it 1 rather difficult at this time to present any deteiled evaluation for
enginearing foundetion consideration. Some limited {ield inveatigations by
Jland au%er boring were performed by our own persormel. The results of these
inVﬂetigatlons indicate that about 2 feet of soft organic deposit was along
the trench. However, a more detalled investigation and exploration should
be performed due to a more complicated situation in soil engineering.

b4 Soil Properties

The properties of the soils involved in this study were determined
and eétimated on the basis of gr&i&tions correlated with test data for

similar soils at other projects.

(1) Permeability: For the pervious sand and gravel foundation

paterisls, the estimated natural permeability: is 100 x 10°% cm/sec with
ratio of horizontal to vertical permeabillty of 4. In the granular portion
© of the dikes, the estimated permeability is 50 x 10-* cn/sec, the lower
permeability value resulting from ﬁhe higher density to be expected in
the embankment and lesser degree of stratification.

(2) Estimated permeability of the sandy glacial till is

0.5 x 10°4 cm/sec, which approaches the higher values observed on similar
glseial tills in laboratory tests.

(3) Shear: All of the soils indicated in the description of
subsurface>exploration and mechanieal an: . .o are classified as granular
and cohesionless and are consldersd high in shear strength, with a probable
angle of internal friction (c-D walues ) in excess of 35 degrees. For

stabiliﬁy analysis, a value of 39 éegrees waé assumed. These valuss are
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conside”éﬁ fairly conservative; hcwever, it has been previously determined

that no advantage can be taken, in design, of possible greater strengths

rer the bype and helght of diles neeessary for this project.

'1 (4) Consolidation: No consolidation tests were performed on
saxples %f foundation materials for this study. However, in view of the
relativaly light structure loading énd absence of compressible foundation
soils, iﬁ was considered that foundation or embankment consolidation will
he n@gligible and can be neglected in design.

Design of Embankment

On the basis of the results Cf-hydraulic studies, four schemes of
&ifferant locations were proposed as éhcwn in l-A to 1=D. The following
description is presented from the séil engineering standpoint. .

| | j(l) Criteria: Current design criteris as set forth in the
pertinert sections of the Engineering Manual - U. S. Army Corps of Engine
. eéﬁs;’5ﬁ§e been followed in the pza;imihary design of the enbankments for
. thislstudy; | | '

- (2) sSelection of embankment sections: Typical embankment sections

for this study are shown on Plates 1—612 and l—Gl3. The embankment secticns
selected for the flood protection dikes have been developed from the prelim-
inary investigations aprd studies of foundation conditions and of character-
istics of available construction materials and foundation soils. The
selectei‘section is essentially of the homogeneous rolled earth fill type
with stone slope protection on the fiver slope‘and seeded topsoll in the
land slope. Side slopes of one vertical on 2 horizontal have been adopted

for thé section.

18-
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(3) Control of seepsge: (a) Seepage through the dike: In

srder to eliminate the bydraulic static pressure in the dike, a blanket
of impervious £111 1s proposed to be placed along the slope on the river
side: also, a zone of gravel fill has been incorporated into the river
aide toe of the dike section to dontrol the entrance of the seepage.

(b) Foundation gseevage: In order to preliminarily evaluate

the foundation seepage aspect for the various dike types and location schemes,

flow nets of the typlcal sections for each scheme were made. The quantity of
seepage has been approximated as follows:
Scheme 1 - 7.75 x 10-% cu.ft./sec/lin.ft.
Scheme 2 - 16.8 x 107% cu.ft./sec/1in.1t.
. Scheme 3 - 7.6 x 10 b cu.rt./sec/lin.ft.
“Scheme b - 8.7k x 10°% cu.ft./sec/lin.ft.
Based upon the hydraulic studies, a flocd stage eievations versus time study
was made {see Piate 1-G5). From the Blackstong River, evaluations of per-

centage ‘of lowering elevations of water surface versus time are tabulated

as follows:

Percentage of Lowering

River Elevation Time (Hours)
10 i3-5
20 k 21.0
30 | 33.0
o 48.0
50 ’ S 64.0

60 , 8L.0
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In view of the above figures, it can be stated that neither the sudden
drawdown case nor the steady'statﬁ seepage case (for a given head) are
applicable.

(e) Exit gradiente: : Quick conditions for the typical

sections of each scheme were evaluated, a rational value of 3+ for the
factor,of safety with respect to exit gradient,is in evidence.

Slope Stability

Slope stabilities for typical sections of each scheme were evaluated.
It was found that the typical section of one veftical on 2 horizontal slope
will consisteﬁtly result in a reasonable value of factor of safety of approx-
imately 1.5.

Transmission Tower Foundatior

Considering the foundaticn pxoblem of increases in surcharge loading
on the footings of the high tension transmission towers, it 1s anticipated
that the existing foundation materials would mget such increased bearing
Toad requirements on the basis of #vailable information.

S0 DBATNAGE

Prior to the construction‘of-;hé Hamlet Ayenue Bridge after the 1955
flowds, practically no storm water was discherged into the Hamlet Trench
veecsuse of the fact the water was used for various industrial processes.
There were one or two catch basins in'Florence Drive and one or two in
Davison Avenue that discharged into the trench and of course what fell on
these twé streets and the adjacent buildings ran overland into the trench.
A1l other drain lines ran under or around the trench. After the Hamlet
Avenue Bridge was reconstructed scne of the drainage in the Hamlet Avenue

erea was picked up by a new drainege system and discharged into the trench.
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At this time a ~  ion of the treach was filled under the brid = -~
60~inch pipe wes installed. Provislons were also made to intercept the
&&iﬁting 36-inch brick main in He nleh Amsrms oA tle that inte the trench
through a new Sh-inch line. Howe}er, the pe. . J;nnection between the
twe was not made al:” Hlankedw-off stub of the 5hk-inch line was
brought wp to the 3b-in:h brick line.

Under all of the proposed dike schemes any of the drain lines that go
into the Blackstone River will have to be intércepted and cut off from the
river or pressurized to prevent the river backing up into the protected
area. The major lines that are not pressurized will have to discharge into
either the trench or a trunk main or a cambination of the two, and the run-
off will have to be carried to ti:z Eﬁmiet pumping station to be discharged
either by gravity or pumping depe ading on the river conditions.

. There are a number of combirations of schemes that can be used to
take care of the drainage in the area so no difficulty in the design of
aé adeqﬁgxe drainage system is anticipated. BEasically there are two

conditions that would exist deperding on which scheme is used. Either

" the trench will be filled or it 1ill be left open. If the trench is left

oren the interior drainage systemfcéﬁ be sltered to dlscharge Into the
existing trench. This can be doﬁeias follows:

(1) The 2l-inch line from Villanova Street would be plugged in the
manhole'at the footbridge and a ﬁew manhole constructed in the Villanocva
Street-Florence ﬁrive intersection;' A new line would be constructed from

this manhole to a point that would aliow gravity discharge into the remains

of the trench. A stub should be proviicd in the new manhole to plck up
the ares west of Villanova Street when snd if 1t is developed. The local

drainage in Florence Drive would still discharge into the trench.
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(2) The 36-inch brick line  owr. Hamlet Avenue would be plugged at

o

he morhiole nzar the Hamlet Avenue Prides to prevent backflow from the
river during floed stages. The line o Then pe tled ipnto the Sheinch
storm drain lelt by the State for this purpose. The droinsge in
Averme will be collected in the trench without any revisions to ths system.

(3) The line down Davison Avenve from Manville Rcad will be wade a
pressure line and a portion of the flow will be carried under the dike
and. not through the pumping staticn. The portion of the run-off that
wy-passes the collecting sﬁmcture:s o‘f‘tbis line would be channelized
tnto the Hamlet Trench at the nearest accessible point. One other point
+het should be mentioned at this time is the privately owned yard drainage
systems in the factory complex. 1t is not apparent from field investiga-
tions where most of these systems discharge into the river. However, same
provision must be made to cut them off ffom & direct connection to the
river and intercept them.

The existing trench has some accumulation of éilt and debris so it
18 recommended that this material be removed and the trench be regraded
and dreseod with a blanket of new clean granular fill. It is also recom-
mended that the trench be lined with some form of paving of light riprap
to cub down on the weed growth choking the drainage flow in the trench.

If the trench is filled, then an interceptor trunk main would have
to be run from Villanove Street agbout 1,500 feet to the pumping station.
A complete Arainace system would also have to be constructed in Florence

Drive and Davison Avenue. This systenm would have to be of such a capacity

that 1t would preclude any extens: ve flooding of the lower-lying factory

PP
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arena that would normally pond up and then flow across the two roadways
into the cpen trench.
A oroposed drainage layout for the recommended &ike scheme 1s shown

on Plate 2-A.

TRAVEMISSION TOWER MODIFICATIONS

Tremedistely downstresm of the Hamlet Dam the Blackstone River is
bridged by an electric high tension transmission tower owned by the Black-
atone Valley Ges and Electric Company. One tower leg is founded in the
east bank of the main river channel while the oﬁher is located on a platform
of Lhe non-~overflow dam sectioﬁ betbween the main stream and the Hamlet mill
tranch {see Plate 3-A). Because of the size and complexity of this struc-
ture it has been studied from the standpoint of modifying or protecting
the existing footings in order to retain the towers intact, rather than
+o consider the expensive alternate of a replacement, to span an improved
chennel. Four schemes for footing protection were‘studied as shown on
Plates 3-B 4o 3-F, with the most feasible proving to be a simple dumped
rock island shaped to protect the individval footings of tre west tower
legs and offering a minimum of channe; interference (see Plate 4-B).

Plﬁ:iﬁg of stone at the towers tc‘suit the improved channel cross-section
and cconsistent with adequate protection of footings appears entirely feasible
ard would not disturb the utilitg or disrupt service.

Downstream are other simila: tewers straddling the Hanlet Trench.
T%ssebﬂw7 w2ty pose no particular problem since the proposed flood

~to-n dine, following along the trench, will simply add fill around

seme of the footings. Depending on the final dike embankment aligoment,

03~
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it may be necessary to protect the sgisel tower framing by corrosion-resistant
costing ov encasement or provide isolsted retaining walls at certain towers
tn ecarry the dlke f111 sround the footings where its depth may prove unde-
sireble (see Plates 3-G to 3-I). Foundation soils are considered adequate
for the anticipated increase in surchasrge loadings. Access by catwalk to

the tower leg from the river bank could be provided for a nominal cost, if
roguired by the utility. The cost of protecting the tower footings with

tre ciprap island is estiméted at $5,000 and a k-foot wide catwalk at

$2,500. No allowance has been maéé for possible necessary repailr work to
foctings 1T excavations reveal the necessity for same.

ACCESS TO RIVERSTIDE SUBSTATION

Under the three diké alignment schemes studied in the vicinity, the
nresent atcess road from Villanova Street to the substation would be buried
by the flood protection dike at certain points. Scheme 1 would affect the
road oniy at its beginning at Villancva Street, and a ramp over the dike
anproximately 240 feet long, graded to 6 percent slopes,vwould connect
Villanové Street with the present roadway (see Plates b-A and 4-B). Schemes
2 and 3 would affect the road only at about river station 35 where the dike
ties into high ground. A ramp owtr the dike approximatelylzsc feet long,
graded to 6 percent slopes, would connect the present roadway each side
of the dike embankment. For estimating purposes, it was assumed that the
ramp pavement will be 16 feet wide, with a 2-foot shoulder each side.

- Riverside slopes of the ramp embankmﬁnf would be covered with riprap similar

o dike embankment slopes.

~2lm
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Under Scheme 1 the substation sccess ramp cost is estimated at $4,000
while under Schemes 2 and 3 the ramp cost is estimated at $4,400.

ACCTSS TO STRIP OF TAND

The present access to transmission tower footings is provided by local
strects on the land side of the trench and by an outer road (dirt) atop the
"i1sland" on the river side of the tr;nch. The dike layout under Scheme 1
affacts this dirt road aéceas only ét its céhnection with Florence Drive
aﬁoub opposite river station 57. A ramp over the dike connecting Florence
Drive with the existing roadway would be reqpiréd (see Plates L-& and 4-B).
A gravel surfaced rosdway of 12 feet width and 2 feet shoulders has been
asgumed as an ndequate replacemen. The ramp would be about 470 feet long
and its cost i estimated at'apprumiﬁately $6,000. The river side of the
emponiment slopes would be riprapped.

Under Scheme 2, a ramp or access road would be required on top of the
dike itself south of the footbridae;'fhe transformer bank would be relocated;
and certain of the tower legs mus<v be encased in concrete or otherwise pro-
tected fiom burial in the dike embankment. This work is estimated at
spproximately $12,000.

Under Scheme 3 a ramp would be required in the vicinity of the trans-
former bank similar to Scheme 1. This ramp would be about 480 feet long
and is estimsted to cost approximately $7,000.

SEWIR AND OTHER UTILITIES

a. GCeperal: VA 12«~inch gas main which crossed the Blackstone River
just dowpstream of the Kendrick Avenue footbridge has been abandoned so

there should be no problem with respect to this line.
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Correspondingly & 12-inch weter main which was carried bheneath the
deck of the footbridge was abandoned after theleSS flood and xer
with 8 new 18-inch service in the’rivaf bed juet downsbresm of Toe vridge
and will requife consideration during final design. -

The principal:sanitary'sewer affected by the flood protection dike
smhankment is the 36-inch brick main running along Florence Drive and the
sceess road to the substétion. Under Scheme 1 the dike crosses this line
=%t one point, in the access road adjacent to Villanova Street. Under
Schemes; 2 ana‘3 the dike crosses this line at one point, in the access
réad to the substation opposite river station 35. Since fhis sewer is

ver 65 years old with uncertain bedding and trench conditions, and of
unknown structural condition, it is believed the wisest policy to replace
tﬁat porﬁion undefrdike.embankment with new reinforced cancréte pipe of
equal diameter. The length of p;pe work required under Sckeme 1 is 210
feet and under Schemes 2 and 3'is 250 feet with the costs estimated at
#5,000 and 5,000 respectively. :

Ajconcéntration of utilities exists in the west approach to the Hamlet
vepue Bridge at the Hamlet, Davison and Florence Streets intersection.
(See Plate 5-E.) Under the three basic dike layout schemes no special
problem is created for the sahit&ry sewers, other than the siphons, water
1ines, electric or telephone services. The principal concern here is the
storm and mill drainage and this'depends on the dike scheme selected.
Under Schemes 1 and 2 the trench is left intact, most existing drains
can remain in operation, and‘the only’necessary modification is to the
36-inch brick storm drain and the 18-inch and 12-inch waste lines from

nearby‘mills.

o ‘-26-
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The 36-inch storm line would be connected to the existing Sk-inch .
line connecting to the 60-inch culvert at the trench, but the 18-inch and
12-inch lines carrying mill wastes are below the storm drain levels and
mst be shut off in time of flocd flows. This means that the contributing
mills must discontinue‘their use at such periods. Such lines should in any
event be connected to the city sewerage system if the treatment plant can
handle them.

b. Sewer Siphon at Girard Street: The existing sanitary sewer line

from Girard and Clinton Streets crossing at the ri&er at about station 40
rresents a special problem. The sewage flows by gravity to a valve chamber
structure No. 1 (see Plates 5-A to 5-C) on the east bank, travels via a
3-pipe siphon under the main river’to manhole structure No. 2, rises to
flow by gravity across the so-called island to valve éhamber structure

No. 3, then enters another 3-pipe siphon section to cross under the Hamlet
Trench to manhole structure No. 4 where the flow rises to resume gravity
flow on the west bank.

On the east bank the proposed flood wall will pass Jjust back of the
valve chamber structure No. 1 which can remsin in place, and projects
above the berm of the dike. It seems most feasible here to leave the
present structure undisturbed but replace a portién of the brick sewer
with a reinforced concrete pipe undér tbe wall. Some distance back of
the wall, at the edge of Girard Street, a ﬁew valve box would be built
to provide for closing off the line at the time of high flood levels and
diverting the outflowing sewage to the Social District pumping station

nearby. This means that the present valve chamber would be inundated by
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floods but the water would be sealed off back of the dike at the new valvé
box. No special attention therefore need be pald the exposed valve chamber
in front of the dike and wall at flood times. The alternate possibility of
completely removing the present valve chambers and rebuilding back of the
dike and wall was studied and rejected aé being more costly and would further
increase the length of siphon by about 4O feet.

t éxisting manhole structure No. 2, the end of the river siphon, the.
proposed new channel excavation work would destroy this structure as well
as valve chamber structure No. 3 on the canal edge of the so-called island.
It will be necessary to install new 8-inch, 10-inch and 12-inch pipes,
encased in concrete, to continue the siphon from structure No. 2 to a new
manhole near structure No. 3 located in the berm separating dike slqpe and
chanmel slope.

Under the reccommended scheme the proposed floocd pfotection dike at the
siphon crossing will fill in campletely the existing Hamlet Trench. This
condition eliminates the need for a siphon at the trench and it is therefore
recormended that the trench siphon be replaced by a new 36-inch reinforced
concrete gravity line between the new manhole No. 5 at the berm and the
existing manhole structure No. 4 at the west bank. It will be necessary
to rebuild this structure No. 4 to enlarge the body to provide a sluice
gate to shut off the oncoming flow from the 36-inch reinforced concrete
pipe during times of flood. The alternate possibility of reconnecting to
the existing trench siphon was rejected as undesirable since it would be
necessary to reinforce the siphon to withstand the dike loading (23 feet

of fill). Substituting a section of gravity line for a siphon section
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T

will compensate for increasing the river section siphon to manhole No. 5.
Control of the shutoff is situated land side of the dike here on the west
bank similar to the shubtoff on the east.

c. Sewer Siphon at Hamlet Avenue Bridge: A short distance downstream

from Hamlet Avenue ancther siphon crosses the river between a valve chamber
én the west bank and a manhole on the east bank (see Plates 5-D and 5-E).
The sewage flow approaches the siphon in & 36-inch brick gravity main running
diagonally in front of the dike. In order %o coutrol the sewage flow at
times of flooding a new valve chawber must be installed in the line at a‘
location convenient to the top of the dike to permit shutting off of the
flow to the siphon and diverting it to the trench and thence to the Hamlet
pumping station intake. The existing siphon and control structures can
therefore remain undisturbed. There will be some minor surcharging by the
dike embankment over the 36-inch brick sewer but this should not necessarily
require replacement of the brick with reinforced concrete. Construction
would consist of tThe new valve chamber and the overflow by-pass consisting
of about 30 feet of pipe and a headwall.

KENDRICK AVENUE FOOTERIDGE

The required grade of the top of dike in the vicinity of the footbridge
is Elevation 133% and this is about the same as the deck grade of the bridge.
One scheme studied is simple and appears'most feasible. It would tie in the
dike embankment to existing river bank and to small new walls flanking the
bridge entrance (see Plates 6-A, 4-A and 4-B). The gap between would be

sandbagged at times of high water. The alternate scheme of a portion of
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floodwall carrying through the bridge has been studied and compared with
the possible third scheme of raising the bridge to clear the proposed dike.
Estimates indicate that constructing new and higher footings, jacking up

the bridge, and resetting existing steel framing to a new grade sufficient

to clear the dlke embankment maj be slightly more econcmical than the flood-

wall section if no revisions are necessary to the present fremework. It

- 2
urbing the
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reésent bridge structure and use

seems prudent to avoid digtur

ko)
H

either the retaining wallesandbag scheme or the flood wall scheme and save
any unforeseen coamplications iz an atbespt to raise the bridge. It would
be possible also to raise the span directly over the dike to clear, but
would necessitate resmps or irs on the deck at either end of the span

involved.

\MLET DISTRICT PUMPING STATION

After careful study and conszderatlon the Hemlet District pumping
station was located on the easterly side of the Hamlet Trench about 350
feet south of the Hamlet Avenve Bridge. The pugping station was located
in the dike proper and as near to Hamlelt Avenve as possible. By locating
the station in the dike proper the tie-in to the station of both the inlet
channel and ocutlet channel was greatly simplified. Also direct access to
the station can be had from the high ground adjacent to the Hamlet Avenue
Bridge. This would precl lude any Dossiblllty of the vehicular access to
the statlon being cut off during emergeucy by a freak storm of a local
vature that could flood the lower-lying land at the southerly end of
Davison Avenue. . Also by locating the Station some 500 feet to 600 feet

upstream from the location shown in the Interim Report it is located nearer
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the center of the drainage collection system and therefore the hydraulic
gradient required is less than would be required for the Interim Report
scheme.

It should be noted that the station hes been located to prevent any
conflict with exlsting utilities. However, it is close encugh to the siphon
chamber so that during flood stages the interior sewage flows can be by-passed
te the station and pumped.

These flows would be so diluted that no special problem is anticipated
with the operation of the pumps. If at a later date the Hamlet Trench is
replaced with an uaderground sysitem, & swall portion of the trench in the
vicinity of the station can be left open to act as a collector basin.
Because of the possibility of a system such as this belng installed, no
effort to use the trench as a ponding area was made. It should be noted,
however, that until an undergrousd system is installed the trench is in
fact a storage basin and will provide an zdditional factor of safety during
storms greater than the design storm.

RECCHMENDATTONS

.In order to properly align the rolled carth dike embankment in the
reach of river designated as the Hamlet Trench Complex, many factors have
been considered. Hydraulically, no one scheme offers 6utstanding properties
over the ot%ers, and based on backwater computations one dces not Tind appre-
cigble difference in dike heights. Preliminary investigations indicate
adequate foundation soils for the anticipated surcharge lcadings of the
schemes. It would appear, cbjectively speaking, that local interests would

be best served by using the alignment of Scheme 4. This glignment provides
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would not increase Flood levels of umprotected areas +d would maintain the
crench below Villonove Street for ths collection of storm weter runcff,
which could be pived at a future date to provide more available = Jand.

lipe, a remp Lo the city dump facility and like medification to the Kendrick
Avenue Footbridge. Providing an sccess read to the pumping station, as in

eme 1, 2 and 4, would campare rorge channel needed

by Scheme 3 at the puxpling stad

in the trench and i

3 would require removal of organic

problems of disposal for its entire iensgth. It would reguire imsediste local
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more, it provides little ares for develomment and accordingly was eliminated
nterim Report alignment) appears
to be the least expensive but in turn provides the fewest benefits. It
would make available the smallest parcel of develcpable land, would elime-
inste the trench along Florence Drive and would reguire maintenance of

considerable overbank areas. Probably more noteworthy, it would leave

the Hamlet Avenue Substation and the maze of overhead power lines alcng
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