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U. S. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS

424 TRAPELO ROAD

“__/RESS REPLY To; WALTHAM 54. MASS,

DIVISION ENGINEER

REFER TO FILE NO.

NEDGW 29 February 1960

SUBJECT: New Bedford-Fairhaven Hurricane Protection, New Bedford,
Massachusetts - Design Memorandum No. 2, Site Geology

TO: Chief of Engineers
Department of the Army
Washington, D. C.
ATTENTION: ENGCW~E

1. In accordance with EM 1110-2-1150, there is submitted
herewith for review and approval, Design Memorandum No. 2, .
"Site Geology", for the New Bedford-Fairhaven Hurricane Pro-
tection Project,; New Bedford, Massachusetts,

2. The portions of graphic logs of subsurface explora-
tions showing rock core recoveries do not conform with guide
presentation in EM 1110-1-1806, The logs will be revised in
accordance with the Manval for presentation on contract drawings.

FOR THE DIVISION ENGINEER:

U Loy

JOHN WM. LESLIE
Incl (10 cys) Chief, Engineering Division
Des Memo No. 2,
Site Geoclogy - New Bedford-
Fairhaven Hurricane Protection
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NEW BEDFCORD - FAIRHAVEN HURRICANE PROTECTION

NEW BEDFCRD HARBOR
MASSACHUSEITS
DESIGN MEMORANDUM NO, 2

SITE GEOLOGY
FEBRUARY 1960

A, GENERAL.,

1., The purpose of this memorandum is to provide a geologie
background for the design of a complex barrier structure to prevent the
entrance of hurricane tidal surges into New Bedford - Fairhaven Harbor
and to provide protection to the harbor area from the action of high
waves that oecur with hurricanes and other storms. The principal
structure is an earth-filled rock-faced barrier, 4,500 feet long, which
will extend across the harbor mouth, and have a gated opening 150 feet
wide at the existing navigation channel and two gated conduits to main-
tain tidal circulation. A& by-pass channel will be dredged to maintain
vessel traffic while the gate is under construction. Other structures
will include dikes and walls to prevent flanking of the main barrier
in the Clark Cove Area of New Bedford and in Fairhaven, and a pumping
station at Clark Cove to remove excess water from run~off and wave
overtopping.. A relief sewer line is being considered for construction
on the New Bedford side to divert sewage from the c¢ity's principsl in-
terceptor outfall into the harbor behind the main barrier during storms.

B. GEOGRAPHY AND PHYSTOGRAPRY.

2. New Bedford - Fairhaven Harbor is bounded by the penin-
sulas of Clark Point on the west, and Seonticut Point on the east. The
outer harbor, about two miles wide at Buzzards Bay to the south, is
generally shallow with maximum natvral depths of about 30 feet at the
harbor mouth, The inner harbor, which lies in the estuary of the _
Acushnet River to the north, is about 2/3 mile wide. Its mouth is marked
on the east by Fort Phoenix, a bedrock headland, on the west by a low"
industrial flat; and in the middle by Palmer Island, an irregular series
of rock hummocks joined by sandy shoals rumning parallel to the harbor
axis, The ship channel passes into a dredged anchorage serving commer-
cial harbor facilities, largely fishing., The area is of moderately low
relief with the relabtively low-lying southern parts of New Bedford on
the west and Fairhaven on the east ranging from zero to 50 fest above
sea level, West of the Clark Point peninsule is an embayment, Clark
Cove, about 1-1/2 miles long, whose bayhead is separated from the inmer
harbor by a rather low, heavily populated 1/2-mile strip. East of Fort
Phoenix, in Fairhaven, a broad shallow embayment borders a salt marsh
drained by two small tidal creeks,



C. SITE GEOLOGY.

3., ‘The area lies on the seaboard lowland, the submerged
fringe of an old hardrock peneplane surface. It is somewhat of an
outlying segment of the old crystalline mass, since it is separated
from it by the Carboniferous soft rock Narragansett Basin on the west,
and on the north by the Narragansett Basin (which ares around) and the
Norfolk Basin. Bedrock is concealed to the east by thick glacial sedi-
ments and to the south by the ocean, An arc bounding the northwest
quadrant of a compass rose and having a 15-mile radius would approximate
the bYoundary between the soft rocks and the older igneous and metamorphic
complex on which New Bedford rests,

i, ‘Bedrock at the site is granitic gneiss, the product of the
intrusion of Lower or pre-Paleozoic schist by granitic magma. Surface
exposures are. largely pegmatitic with frequent schistose phases and dis-
tinet schist intercalations.

5. Principsl soils are glacial sands and gravels, overlain in
part by alluvial materials, generally redeposited glacial sediments and,
in the case of the harbor, an accumulation of mud.

6, Pre-glacial drainage relief appears relatively small in
the New Bedford - Fairhaven vicinity. The most conspicuous erosional
feature is the bedrock valley between Palmer Island and Fort Phoenix
which extends only to about elevation minus 70 feet; M.S.L., in con=
trast with the Sakonnet River Valley to the west, which attains depths
probably in the vicinity of elevation minus 40O feet, and the Cape Cod
area, to the east, where comparable bedrock depths appear to exist.

7. Post-glacial surficial drainage is poor, consisting of
numerous small ponds, winding streams and marshes,

8. Shoreline features are bayhead and baymouth bars, spits
and tombolos, Beaches are somewhat under-nourished because of thin
overburden cover. Ocean exposure is rather severe in the ouber harbor
area, although longer fetches are restricted by the Elizabeth Islands
chein lying about 10 miles to the south,

D, FOUNDATION INVESTIGATIONS.

. " 9, One hundred and five foundation borings have been made
for the project. Nine borings were made on upstream alignments in the
Acushnet River and forty borings were made on or near the present
alignment during survey report studies made in 1955-1956, The rest
of the borings were made in 1959, Forty-three borings determined
foundation conditions for the gate and barrier, 1k for the Rodney French
Boulevard Dike, 10 for the Fairhaven Dike, 11 for the Clark Cove Dike,
and 3 for the street gate structures. In addition, 11 borings were made
in the bypass channel and 3 borings in Blackmer Street, New Bedford, to
determine the character of materials to be encountered in execavation of



the bypass charmel and sewer relocation, respectively. Undisturbed sam-
pling using the Hvorslev fixed piston with split cone clamp and Shelby
tubes, and bedrock diamond drilling were involved in the investigations.
Other explorations included 1k hand dug test pits amd 1 test trench for
the dikes, a street gate structurs, and the sewer relocation; 57 drill
rod probings washed and hammered to refusal, to more closely define bed-
rock surface for the gate and bypass chamnel; and 8 borings in the outer
harbor and 6 in Clark Cove, to determine the availability of dredge borrow.
The locations are shown on Plates 2 and 3.

E. 'FOUNDATION CONDITIONS FOR THE HARBOR BARRIER.

10, Bearing conditions for the main harbor barrier are largely
favorable, involving from zerc to four feet of partially displaceable or-
ganic silts and sands west of Palmer Island and from zerc to seven feet
of similar material east of Palmer Island. A thick soft organic silt ~
pocket occurs east of the gate structure, but dredging of the bypass navi-
gation channel and placement of cofferdam cells will involve removal and
replacement of much of these undesirable materials (See geologic section
on Plate 3). ,

11, Western Section. Bedrock is shallow west of Palmer Island
attaining a maximum depth t¢ about elevation minus 31 feet, M.S:L,, 300
feet west of boring FD=95. Maximum water depth is attained in the area
of borings FD~95, FD=96 and FD=97 which represent the former sife of a'
large conduit now replaced for improved flushing reasons by two smaller
conduits as showm on Plate 3. Bedrock is assumed to lie slightly below
elevation minus 25 feet at these two structures, With water depths of
less than 10 feet, less than 5 feet of sandy organic silt is indicated
for the structure nsarest New Bedford, while 1little or no harbor mud is
expscted beneath the eastern structure. The remaining overburden mae
terials are grannlar largely sandy glacial till beneath the strucburs
near Palmer Tsland and some till-like material underlying silty gravelly
sand beneath the western structure., Bedrock in general; in the western
section, is ovériain by granular materizls capped by 1 to L feet of or-
ganic silts and organic silty sands,. '

12, Eastern Section. A bedrock depression with maximum depth
along the aligment to about elevation 65 feet lies between the existing
32 foot; M.S:L,, navigation channel and Fort Phoenix, Maximum overburden
thickness occurs there since the water depth is only about 5 feet, M.S.L.
Immediately . above the bedrock there, and directly on much of the bedrock
east of the existing channel, is a deposit of silts and sands, largely
rock flowr, attaining its maximum thickness of about 35 fest directly be-
neath the bypass channel, The top of this bed will be exposed in the
bottom of the bypass channel excavation, if carried to existing channel
grade, possibly warranting a gravel blanket to protect against scour,
Overlying this is a layer 3 to 10 feet thick of variably silty gravelly
sands and sandy gravels (its continuation west of the existing channel
is partially till-like)}. Above this.layer, east of the ship channal,
is a wedge of organic silts which are sandy in part, thin at the east
shore but thickening to about 12 feet at the existing ship chamnel,
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These are the materials previously mentioned as partially being removed
during excavation of the bypass channel. A layer of sands and silty

sands9 for the most part 6 or 7 feet thick, covers the organic wedge and
is overlain by a thin layer of sandy harhor mud, East of the bedrock de-
pression, bedrock rises rapidly to:outerop at Fort Phoenix, It rises more
gently west of the depression to outcrop on Palmer Island. Between Palmer
Island and-the existing channel, and between Fort Phoenix and the bedrock
depression, the bedrock is overlain by a2 deposit of variably silty sandy
gravels ‘and gravelly sands, attaining a maximum thickness of about 10 feet.
‘This is overlain between the island and the ship chanmel by a thin cortinu-
ation of the rock flour horizon, a few feet of the partially till-like ma-
terial mentioned above, and & thin cover of organic silty sands and sandy
silts, with maximum water depth at the top of slope of the ship channel of
about 20 feet,

13, Gate Area., The 150-foot navigation opening will be provided
with sector gates That close during a hurricane, They will be contained
in recesses in the abutments during normal periods. The gates consist of
two similar leaves with radii of 90 feet and overall height of 61 feet.
The sill elevation will be minus 39 feet, M.S.L. The gate structure will
be constructed in the dry on sound granitic gneiss, involving little or no
removal of weathered rock, ranging in elevation from approximately minus
50 feet, M.S.L., to about elevation minus 60 feet (See Plate 2)., Unconfined
compression tests of rock samples from boring FD=77, located beneath the
center of the gate structure required an average breaking load slightly under
12,000 psi, Probings on 100-foot centers indicate a fairly regular surface
averaging approximately elevation minus 55 feet. Reliability of the bedrock
contours on Plate 3 is limited to the area covered by the probings indicated. .
Final design and location of the cofferdam may require additional explora-
tions to further configure thé rock surface. Some bedrock removal will be
involved in excavating the bypass channel (See Plate 3). The existing navi-
gation channel required considerable rock removal along its western edge in
the vicinity of Palmer Island light. Explorations for this project, however,
did not indicate rock above grade north of the barrier in the proposed bya
pass channel.

F, FOUNDATION CONDIT IONS FOR THE DIKES AND WALISol

-7 1, ‘Most of the dikes and walls will be on firm granular soils,
Exceptions include the dike on the north side of Clark Cove whers the -
- eastern half will involve the removal of trash fill and the western half
may require a cuteoff through riprap fill, Another small area of trash -
and earth £ill will require partial removal on the east side of Glark
Cove, Parts of the Rodney French Boulevard Dike toe will rest on thin
harbor mud deposits; and an alternate alignment of the Fairhaven Dike
crosses an area of salt marsh involving aboubt 2 feet of peaty organic.
silt, The present aligmment of Fairhaven Dike is mostly along an aban-
doned railroad bed. Both alignments also involve the removal of some
trash £ill., Additional borings are needed for detail on the marsh ¢ross-
ing, the character of the Clark Cove fills, and the foundations for the
shreet gates; Clark Cove pumping station and the harbor barrier conduits,

b



G. AVAILABILITY OF CONSTRUCTION MATERIALS.

15, An approximate dividing line can be drawn longitudinally
through New Bedford - Fairhaven Harbor west of which can be found rela-
tively impervious glacial tills accompanied by sands and gravels, while
past of that line, toward Cape Cod, only sards and washed tills contain-
ing little or no silt or clay occur. The best source of land borrow,
therefore, 1ies a few miles west of the harbor. Dredging of the bypass
channel, however, will involve the removal of large quantities of mostly
granualr material suitable for placement within the structures and; sup-
plemented with other materials dredged from the immediate vicinity, will
provide the bulk of earthem borrow requirements,

16, The coast from Duxbury on Cape Cod Bay, to Buzzards Bay,
is devoid of bedrock exposures. Elevations gradually increase west of
Mattapoisett with occasional exposures until the bedrock appears con-
spicuously at Fort Phoenix in Fairhaven, Higher land inshore from Fort
Phoenix , therefore, provides the easternmost nearshore quarry site of
appreciablé reserve where a large operating quarry exists in Acushnet,
3=1/2 miles north of Fort Phoenix,

17 Earthen Borrow for Barriers and Dikes, Materials dredged
from the bypass channel will consist essentially of variable sands and
silty sands with silt pockets., They will provide most of the fill for
the barriers and dikes, provided dredging is carried to the same grade
as the existing navigation channel. Direct hydraulic placement is not
considered practical becsuse of the excessively flat slopes resulting
from 2 hydranlic operatiom, It is plamned, therefors, to stockpile
materials on the New Bedford shore adjacent to the western abutment of
“the harbor barrier. Stockpiling will permit the drainage and examina-
tion with respect o0 possible selection or mixing of materials prior
to placement within the structures., In addition, 2 limited dredge
borrow area containing largely medium to fine sands will be provided
about 1,500 feet south of the barrier, west of Palmer Island, to provide
the balance of materials required. A large reserve dredge borrow area
contbaining sand will be available in Clark Cove, Its use, however, is
not anticipated at this time. Gravel requirements will depend on the
selection of a final barrier section and will be cbtained firom land
gsources, Two sectional schemes are under consideration, one involwving
inshore side rock toes and the other ubilizing natural gravel toes, Re-
gquirements for the former scheme involve relatively small gravel quantiw
ties and the materials probably would be provided by the comtractor,

The latter scheme involves larger quantities inasmuch as the sectiom uti-
lizes flatter slopes. The nearest sources of natural gravel are located
in Dartmouth; 5 to 8 miles haul distance from the site.

18, Rock Borrow for Barriers and Dikes, Rock requirements are
upwards of one-hall million cubic yards, ranging in size from filter
stone to L-ton rough dimension stone. Cover stone for the barriers and
dikes must meet rigid specifications, particularly with respect to dura-
bility. Fortunately, the nature of the underlying rock throughout this
area is such that almost any exposure suitable for quarrying could pro-
duce good revetment, Bluestone quarry (in Acushnet), the only operating
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quarry in the vicinity, is removing granitic gneiss and gneissoid grano-
diorite for road metal. It is expected that stone from this source would
meet specifications, but it is not known if they will be interested in
opening a new face to provide dimension stone at competitive prices.

Local quarries have operated on a very small scale in East Freetown and
South Dartmouth, both areas offering major quarry possibilities. The
Freetown area, 11 miles north of Palmer Island, consists of holocrystal-
line true granite, grading northward to granite porphyry, both excellent
cover stone types. The Dartmouth area, 6 miles west of the site, con-
sists of massive granitic gneiss and appesars suitable for the production
of large cover stone. Bobh areas possess favorable relief for the open-
ing of major working faces. A possible smaller source convenient to the
Fairhaven Dike and east side of the harbor barrler, exists in Mhttapomsett
gbout 5 miles east of Fort Phoenix. The rock is exposed as a long narrow
rib possessing considerable relief. It is at least partially fine-grained
(aplitic) and appears suitable as a secondary source of rock fill and,
possibly, cover sizes, It is possible, however, that the larger quarrias
of Conmecticut and southwestern Rhode Island which produce, respectively,
trus trap rock and granite in large guantities and of any dimension may
offer competitive prices at the site,

19, Concrete Aggregates. Three commercial aggregate sources
within 20 miles haul distance have been sampled for testing and are ex-
pected to meet approval, Several processed crushed gravel and one quarry
source of concrete aggregastes are located within a four to nine-mile truck
haul distance range from the site. Most of the sources are eguipped with
crushers and screens and range in production capacity from 600-1600 tons
per day. The quarry source is rated at 800 tons per day., A detailed dis=
cussion of concrete aggregates will appear in Design Memorandum No, 6,
Concrebe Materials,
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For laboratory classification of Jine=-grained soils
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1) Boundry clessifications: Soils possessing choracteristics of two groups are designated by combinotions of group symbols. For sxample GW-GC, well-graded grovel-sand mixture with cloy binder.
{2} AN simve sizes on this chort are U. S. stondard.

NOTE

For further informaticn on Unifisa Soil Clossification, reter to
"The Unified Soit Classification System] Volumes |ond.2, Technical
Memerondum No. 3=357, pubfishesd by U.S. Army Engineer Woterways
Exparimant Statien, Vicksburg, Mississippi. File copies may be ex—~
amined at Heodquartars, U. S. Army Enginswr Division, New England,
1424 Tropelo Roed, Waltham, Massachuselts., Building (41, Feundation
1ond Moterials Branch,
Adcptad By Caips of Enginetrs and Buraou of Reciamalien, Jenuary 1982 )
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CORPS OF ENGINEERS
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NEDGW 3 November 1961

SUBJECT¢ New Bedford, Fairhaven and Acushnet Hurricane
Protection Project - New Bedford, Massachusetts -
Design Memorandum No. 5 - Embankments and Foundations

TO: Chief of Engineers
ATTNs ENGCW-E
Department of the Army
Washington 25, D. C.

In accordance with EM 1110-2-1150, there are submitted
herewith for review and approval, ten (10) copies of Design
Memorandum No. 5 - Embankments and Foundations for the New
Bedford, Fairhaven and Acushnet Hurricane Protection Project,
New Bedford, Massachusetts,

FOR THE DIVISION ENGINEER: %
0 W Xeis

Incl (10 cys) HN WM. LESLIE
Design Memo No. 5 ief, Engineering Division
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OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION

HURRICANE PROTECTION PROJECT

NEW BEDFORD - FATRHAVEN BARRIER

NEW EEDFORD HARBOR
MASSACHUSEITS

DESIGN MEMORANDUM NO. 5

EMBANKMENTS AND FOUNDATIONS

A. INTRODUCTION

1. Location and Description of Project. The New Bedford-Fair-
haven Hurricane Project is located in the vicinity of New Bedford and
Fairhaven, Massachusetts, The City of New Bedford and the Towns of"
Fairhaven and Acushnet, Massachusetts are located in Bristol County,
about 50 miles south of ‘Boston, Massachusetts and about 30 miles south-
east of Providence, Rhode Island., They are situated on-the west shore
of Buzzards Bay which opens to the Atlantic Ocean. The purpose of the
project is to provide a barrier and dikes which will prevent the en-
trance of tidal surges into the New Bedford-Fairhaven Harbor and in-
undation of commercial and residential property during periods of hurri-
canes, The locations; arrangement and pertinent details of the struc-
tures are shown on Plates 5-1 and 5-13 through 5-18,

2. General} Programs of subsurface investigations and soils and
coastal engineering studies were undertaken for the design of the em-
bankments forming the Harbor Barrier and the supplemental dlkES, for
the foundation design of concrete structures to be founded on soil, and
to determine the character and quantities of materials to be excavated,
The subsurface investigations included explorations and laboratory tests
for determining the distribution and characteristics of foundation and
construction materials and for determining soil conditions pertinent to
the design and construction of embankments and excavation slopes. Soils
and coastal engineering studies were made to assist in the development
of the designs for certain concrete structures and to develop adequate
dike and barrier embankments utilizing earth materials from required ex-
cavations and rock and gravel materials available from sources in the
vicinity of the proaecto

B. SUBSURFACE INVESTIGATIONS

3. Subsurface Explorations, Subsurface explorations were made
in accordance with current criteria and practices as described in the
pertinent sections of the Engineering Manual for Civil Works Construction.,
Explorations were made in the foundation areas of all structures, in the
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area of the temporary Bypass Channel, and in the Ponding Area adjacent
to the Pumping Station., In addition; explorations were made in two bay
areas to explore for possible earth borrow materials. No explorations
were made for rock materials, gravel, and land earth borrow, except re-
connaissance and the taking of gravel samples from exposed faces, The
majority of the explorations were drive sample borings, machine prob-
ings and hand suger borings, Where necessary to determine the depth and
character of bedrock, bore holes were extended by core boring, A few
test pits were excavated in the foundation area of Clark Cove Dike to
determine the character of man-made fills, Tweo explorations, FD=91 and
FD=92, in the embankment foundation area immediately east of the Sector
Gate Structure were made to obtain S5-inch diameter undisturbed samples
of silts and organic silts, The completed subsurface exploration pro-
gram for foundations, materials to be excavated, and congtruction ma-
terials is considered adequate for design purposes and construction con-
trol., The locations, types and general purposes of the foundation ex-
plorations completed prior to January 1960 are described in Design Memo-
randum No, 2, WSITE GEOLOGY", Since that date, the following explora=-
tions have been made:

a3, Additional probings and borings in the area of the Bypass
Channel to obtain pre-bidding subsurface data and additional data for
quantity estimates,

b, Borings at the location of the Pumping Station and the re-
vised localion of Street Gate Structure No, 2 to determine the charactere
istics of the foundation seils and depths to bedrock,

Co Auger holes in the Ponding Area at the Pumping Station te
determine The characteristics of the materials to be excavated,

d, Test pits in the foundation area of Clark Cove Dike between
Stations LI+00 and 54+00 to determine the characteristics of the existing
fill materials,

The locations of all subsurface explorations, exclusive of recent
probings for the Bypass Channels pertinent to the project are shown em
Plates 5«3 through 5-7, In all, 14l drill holes, 1L5 probes, 33 test
pits, 1 test trench, and 21 auger holes were made during the exploration
program in addition to the sampling of exposed gravel sources,

h, Laboratory Tests, General, All laboratory tests, except as
noted, were performed in accordance with current standard procedures as
described in the Engineering Manual for Civil Works Construction and other
publications of the Corps of Engineers, All soil samples were classified
in the laboratory in conformance with the Unified Soil Classification
System, Grain size analyses and determinations of Atterberg Limits and.
organic contents were performed on selected samples to control and confirm
visual classification and to provide more precise data where considered
necessary, oSpecific gravities were determined for selected samples and
the samples used in shear and consclidation tests, WNatural moisture cone
tents were determined for selected specimens of fine-pgrained soils and
the specimens used for shear and consolidation tests, No parmeability
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tests were made on foundation soils or those soils to be used for the
construction of the embankment since the relative characteristics can
be judged with sufficient accuracy by visual inspection and from grain
size distribution curves, Natural density tests were limited to
samples selected for shear and consolidation tests,

5. Consolidation Tests., The congolidation characteristics were
determined on test specimens of 100 cm“ area from sample UC-1 of boring
FD-91 and from samples UC=5 and UC=9 of boring FD=92, The sample se=-
lected from FD<91 is considered typical of the zones of ML-material
containing little or no fine sand, The samples selected from FD=92
were considered to be the most uniform and compressible of those ob-
tained from the soft zone containing organic silts and soils with high
organic content,

6, Shear Tests, Shear tests were made on undisturbed foundation
samples from drill holes FD-91 and FD-92, The intention was to deter-
mine the Q- R-, and S-shearing strength of the material by testing
specimens from the same samples used for consolidation tests., However,
this was not possible due toc the vgrlation in the samples and the loss
of satisfactory specimens during their prgparation° At the conclusion
of the program, all three shear test serigs had been made on sample
UC=3 from FD=91 which was ML-material interspersed with thin layers of
silty fine sand, and the three series on basic OL-material from FD=92
had been made on specimens from UC=5 and UC-9, The moisture contents
and unit weights for all the specimens of OL-material from FD-92 were
sufficiently close to permit the use of the results as representative
of one mgterial., Considering the granular nature of the materials and
the size of the structures, no shear tests were made on earth embank-
ment £ill material or on other foundation soils,

7. Presentation of Data, Plates showing laboratory soil test
results and summaries of these results are included in this memoran-
dum, Detailed shear and consolidation test data and results of other
tests are presented on Plate 5-26 and in Appendices A and B, Perti-
nent test data, represemtative for soils in certain foundation or
excavation areas; are shown on Plates 5-23 and 5-2l;, Plates of "Record
of Explorations®;, of explorations completed prior to January 1960, are
shown in Design Memorandum No, 2 ®SITE GEOLOGY.® These plates of
#"Record of Explorations® will be revised to include explorations made
after January 1960, for inclusion in the contract drawings., Soil pro=
files based on engineering soil logs are shown on Plates 5-8 through
5-12, These logs were prepared for all pertinent explorations by the
designing soils engineer with the aid of test data and an experienced
classifier, These logs include descriptions of the soils and soil
strata based on the engineer's examination of the samples and his in-
terpretation of all test results and exploration data, The descrip-
tions include the state or consistency of the material, estimated or
tested percentages of the soil components, color, details regarding
stratification, existence of foreign material, geological names and
other data considered significant to judge the characteristics of
the materials needed for design and construetion »ontrol problems
involved, Also included with the description are test values of




the percentages of the soil components, effective sizes, water contents,
specific gravities, Atterberg Limits and unit dry weights,

C. CHARACTERISTICS OF EMBANKMENT FOUNDATION SOILS

8, General, The purpose of this part is to describe the character-
jstics of the foundation soils in general for the Harbor Barrier and all
dike embankments, In cerbain foundstion reaches, the characteristics of
the foundation soils vary from the general descriptions given below, The
characteristics of the soils in thsse resches and more details required
for design are given under the heading of the design feature in Parts Hy
Jd, K, and L,

9. Distribubtion and Description, The distribution of sverburdsn
soils in the embankment foundation areas is shown by the engineering log
profiles on Plates 5-8 through 5=12, and by the geological and soil pro-
files in Design Memorandum No, 2 ®SITE GEOLOGI™, The pertinent natural
goils in all foundation areas are varizble clean sands, gravelly sands,
silty sands, and sandy non-plastic glacial till, Sandy glacial till occurs
in the higher foundation areas at the ends of all dikes and to a certain
extent in the Ffoundation ares of the Harbor Barrier west of Palmer Island,
In a1l other foundation areas, the pertinent natural soils are variable
sands, generally wnderlain by glacisl till deposits, The foundstions for
most of the Clark Cove Dike and the Harbor Barrier Dike are in existing
or previous beach areas. Neo Sypical graln size curves ars shown in this
memorandum for the netural foundation soils since no solls cen be cobe
sidered as typical. The gradations of the soils are indicated by the
data on the engineering log profiles shown on Plates 5=80 Shrough 5=12,

In much of the foundation area for the Clark Cove Dike sand s portion of
the foundation area for the Harbol Barrier Dike, the wawriable sands are
covered with man-made £i11 which will be the upper foundation meterial
for the embankmerts, The variable sands may be interspersed with thim
beds of material containing & high percentage of organics as & result of
former salt water marsh deposits, The only significant organic deposits
and silt deposits cccur in the vicinity of the propesed Bypass Channel,
in the foundation areas for the Harbor Barrier, the sandy glacial i1l
and the varisble sand deposgits sre overlaln by thin dsposits of very
loose or soft sandy gilts and silty sands containing some organics, In
the foundation area of the Fairhaven Dike, the naturel sand deposits are
overlain by 1 to L feet of organic salt marsh deposit material,

10,  Shearing Strength, Vo shear tests were made on specimens of
foundation soils and fill, ex¢ept as discussed in Part B, since these ma-
terials are basically granulay and will have ample shearing strength te
insure stable embankments of design heights and dimensiong. Except as
discussed in Part L, the thin surface deposits of loose or soft sandy ma-
terial in the Harbor Barrier foundation arsa will either be displaced
during the .placement of embankment materials or will consolidate suffi-
ciently during the construction period to produce a watelrial with a high
shearing strength, ‘

11, Permeability, The permeabiliity characteristics of the foundation
soils vary widely. Permeability values were not gﬁ@igned since the quantities
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of seepage through the foundation soils are not pertinent to the design,
The measures incorporated in the design to control seepage pressures at
the toes of the embankment due to pertinent variability of permeability
characteristics are discussed in Part K.

12, Consolidation., The consolidation characteristics of the foun-
dation soils were not determined except as discussed in Part B, Any
settlement due to consolidation or displacement of loose or soft sur-
face foundation soil will take place during construction, The probable
magnitudes of settlements due to consolidation; displacement of founda-
tion soils and penetration of rock into the foundation soils are pre-
sented in Part K,

D, CHARACTERISTICS OF FOUNDATION BEDROCK

13, Bedrock Foundations for Embankments, Portions of the Harbor
Barrier embankment will be constructed on bedrock at Fort Phoenix and
at Palmer Island. Segments of the Clark Cove Dike near Station 39+00
and near Station L7+00 also will be constructed on bedrock. The ex-
posed rock at these locations is sound, massive, glacially-smoothed
granitic gneiss, relatively free from close jointing and excessive
weathering,

1)y, Bedrock Foundations for Concrete Structures. The navigation
gate structure is located between outecroppings on Palmer Island and ab
Fort Phoenix and will be founded on bedrock lying at elevations ranging
‘from 50 to 60 feet below mean sea level. Subsurface explorations ap-
plicable to the construction cofferdam and gate areas consisted of 19
standard drive sample and core borings of which 5 borings cored bedrock
in the foundation for the gate structure. Adﬁitionallybhi probings
were made in the general area by driving and washing uncased drill rods
“to so0lid refusals of 300 blows using a 350 pound drop weight., The prob-
ing refusals correlate sufficiently well with the core borings for de-
velopment of rock contours giving a reasonable assumption of the con-
figuration of the rock surface as presented on PLATE 3 in DESIGN MEMO-.
RANDUM No, 2, ®SITE GEOLOGY", Core samples indicate that rock to be en-
countered in the gate structure is generally a sound granitic gneiss
with evidence of local schistose and coarse pegma%iti@ phases, The cores
exhibit a consistent dip of foliation at about L5 . Unconfined compres-
' sion tests on 2-1/B-inch diameter core samples of the typical rock gave
an average breaking strength of ab@ut 12,000 p.s,i.

E. DISTRIBUTION, TYPES ARD USE OF EARTH MATERIALS
TO BE EXCAVATED

15 General.. - Construction of the project requires the excava-
tion of large quantities of natural earth materials for the Bypass
Channel and the Sector Gate Structure and lesser quantities of natural
earth materials and man-made fills for the Ponding Area, the drainage
ditch along the toe of the Harbor Barrier Dike and in the foundation
areas of the Harbor Barrier and all dikes., A portion of the natural
earth materials was selected for use in the construction of all earth
£ill sections of embankments and other earth fills as stated Parts E



and H, Natural earth materials not utilized in the construction of the
embankments, stripping material in excess of that salvaged for use as
tepsoil, and most of the man-made fill material containing ashes, cin-
ders, trash, organics and debris will be spoiled in areas selected by
the contractor.

16, Bypass Channel, The excavation of the Bypass Channel will ine
volve the dredging of approximately 651,000 cubic yards to the neat lines,
For two fest over depth it would be 730,000 cubic yards. The soil to be
excavated ranges from gravelly sand to silt with little or no sand sizes
and in part consists of organic silt and fine sand containing organics,
The variation, distribution, and types of materials in the Bypass Channel
Area are shown by the log profiles on Plate 5-10, The distribution of -
the various types of material is extremely variable, both laterally and
vertically., Typical grain size curves are shown on Plate 5-2L, As
stated in Section H, the greater portion of earth fill material for the
project will be cbtained by special treatmert of the material excavated
from the Bypass Channel,

17, Harbor Barrier Gate Strugture, The distribution and types of
80ils to be excavated for the construction of the Harbor Barrier Gate
Structure sre indicsted by the dzta shown on Plate 5«9, The soil:vary
from gravelly silty sand (glacial till) %o uniform silt. A%t the sast
end of the area, deposits of organic silt and soils containing & high
percentage of organics sxist betwsen approximate elevations =18 M.S.L.
and =29 M,S,L., The greatest porticn of the materials to be excavated
are silt with fine sand, silt with thin layers of fine sand, and silt,
In general, the very silty zone is overlain with fine sand cortaining
minor quantities of organics, Underlying the silty zone is a zons,
varying in thickness from about 5 to 15 feet, of brown silty gravelly,
sand, silty sand and silty sandy gravel, These soils are gen€PBlI®P™
more pervious than the soils in the overlying silt zone and cdﬁ%gin from
10 to 20 percent fines, The soil profile in the area to the east is
more complex than in other arsas, ‘

18, Ponding Area, The material to be excavated to form the Ponding
Area is man-made £il1l placed over a previous shore area, East of appre-
ximgte dike'Station 22400, the £ill materisl is mainly rubbish or granu-
lar material containing rubbish, metal, and sshes. The material west of
this station is mainly gravelly silty sand (apparently glacial $i1l type
material) containing betwesn L0 and 20 percent fines in the component
passing the No, 4 U, S, Sieve, Taking advantage of the uniformity of
the £ill in this western portion and the relatively impervious naturs of
the material, it will be specifically used for the construction purposes
stated in Paragraph 36, This fill material contains numerous cobbles
and boulders either placed with the earth fill or buried by f£ill,

19, Clark Cove Dike, The distribution and types of materials to be
excavated in the foundation area of the Clark Cove Dike and appurtensnt
concrete structures are indicated by the data on Plate 5-11, Thae material
to be excavated west of Sireet Gate Structure No, 1 are limited in quane
tity and are extremely wariable bubt probably consist mainly of man-made
granular fill, Bstween Street Gate Strushbure No. 1 and about Station




12+00 there are layers and zones of surface and buried riprap stone,
Between Stations 10430 and 22400, the materials to be excavated con-
sist mainly of asbout 10 feet of man-made fill and a few feet of under-
lying very pervious gravelly sands, The man-made fill is variable,
congisting of zones of silty sandy gravels and silty sands., It is es-
timated that if the materials on a vertical face in this reach are
mixed, the resulting mixture would contain between 15 and 25 percent
fines, The materials to be excavsted to the east and south of Station
22+00 consist mainly of man-made fill material. The fill material is
cinders, ashes, trash and debris @nd granular soil containing ashes and
debris., In this reach, limited Yuentities of silty sands, sandy gravels
and sands containing little or no fines will bs excavated,

20, Harbor Barrier Dike and Urainage Ditch, The distribution and
types of materials to be excavated in the foundation area of the Harbor
Barrier Dike and adjoining drainage ditech are indicated by the data om
Plate 5-8, Very little data are zvailable relative to the soils to be
axcavated to construct the ocean side rock-fill section bstween Stations
9460 and 22#50,but it is expected that the soils in this area ars vari-
able sands with little or no silt content. The materigls to be excavated
between Stations 9460 and 22450 for the drainage ditch and dike founda-
tion drainage toe are veriable sands and silty sands., They are either
natural or man-made fill, It is estimated that if these materials are
excavated to the full depth in one operation, the resulting mixture will
be a silty sand containing at least 10 percent fines, The materials to
be excavated north of Station 36+70 consist mainly of ashes, cinders,
and trash, The materials ﬁn all other excavations for this dike are
granular and variable and consist largely of sands with little or no
fines,

2l, Harbor Barrier. The material to be excavated in the foundatiom
arsas of the Harbor Barrier (ofhef than in reaches of Bypass Channel and
cofferdem for Gate Structurs) and the dike to the east will be limited
in quantity., The materials between Stations 83465 and 86+00 are mainly
beach sands and gravels containing little or no silt, East of Station
86+00, the required excavations grs shallow and the materials to be ex-
cavated will be gravelly silty sand containing more than 15 percent fines,

22, Fairhaven Diks., The distribution and types of materials to bs
excavated in the foundstion area of the Fairhaven Dike are indicated by
the data on Plate 5-.12, The dike extends across a salt marsh area whers
stripping between 12 inches and L feet will be reguired to remove the
surface material conteining a high percentage of organics., The msterials
to be excavated below the stripping line for the drainage toe range from
silty sand to sands with littls or no fines, It is estimated that when
these materials are mixed by the excavation operation, the resulting
mixture will generally ccntain from zero to 10 percent silt, The ma-
terials to be excavated below the stripping line for placement of the
ogcean side stone protection consists mainly of silty send with a silt
content of about 20 percent, Due to the limited depth to which these
materials will be excavated on the ocean side, it is considered im-
practical to separate them from the overlying stripping materizls by
separate excavation operations,
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F. AVAILABILITY AND CHARACTERISTICS OF EMBANKMENT
MATERIALS FROM OFF=SITE SOURCES

23, Earth Fill Material. The present design utilizes material from
required excavations for the project for embankments and other earth fills
and no off-site borrow sources are required, During the early stages of
the investigations and studies, two submerged areas were explored as pos-
sible sources for earth f£ill material., The investigation of these two
sources and the data obtained are described in Design Memorandum No, 2
“SITE GEOLOGY®,

2. Gravel Materials, Natural bank run gravel materials are availe
able from several large deposits located in the Freetown-Assonet area,
Materials are being taken from these sources at the present time. The
results of tests on samples taken from existing exposed faces were used
in the selection of filter and gravel bedding materials as stated in Part
J. The deposits containing the sslected materials are within 20 miles of
the project,

25, Rock Materials, Sources of rock suitable for rock £ill, armor
stone, protection stone and bedding stone and other rock products are de-
scribed in Design Memorandum No, 2 "SITE GEOLOGY", It is anticipated
that the contractor will develop a quarry for most of the project needs
either in South Dartmouth, about 6 miles from the site, or in Freetown,
about 11 miles from the site,

G, DESIGN OF EMBANKMENTS - GENERAL

26, Gensral., The embankments for the dikes and barrier are part of
a hurricane protection project, These embankments will bs subjected to
the effects of hurricane tides and waves, and to overtopping., The still
water level for design storm conditions is taken at Elevation +16 M, S, L,
The significant wave heights for the design storm and the characteristics
of the tidal surges and waves are presented in Design Memorandum No, 1
WHYDROLOGY AWND HYDRAULICS®, The maximum significant wave height is 9,0
feet which will occur against the central east-west portions of the Harbor
Barrier and of Clark Cove Diks, During a storm, water will accumulate be-
hind portions of the Harbor Barrier and dikes as a result of surface run-
off and overtopping, As a result of these accumulations, the design ele-
vations of the water surfaces on the land or harbor side of the embank-
ments during design storm donditions are assumed to +7.0, 0,0, and +5,0
M,S.L, for the Clark Cove Dike, the Harbor Barrier and Dike, and the Fair-
haven Dike, respectively,

27. Design Criteria., The embankments were designed to produce
reasonably stable structures for design hurricane conditions and construc-
tion conditions in accordance with pertinent sections of the Engimeering
Manual for Civil Works Construction and other current Corps of Engineers
Publications. Some of the data and criteria in these manuals and publica-
tions, applicable for flood control structures, were adjusted for condi-
tions produced by hurricanss., For some rsaches, the embankments were not
designed for the factors of safety for stability against shear failures
generally accepted in the design of flood combrol structures, The




embankments were designed to utilize the earth materials obtained from
ths Bypass Channel and the silty sands from required excavations in the
dike foundation areas and from the Ponding Area., In the design, con-
gsideration was given to feasible and economical construction procedures,

28, The major problem in design of the embankments was to obtain
adequate seepage control, utilizing materials to be dredged from the
Bypass Channel, These materials generally range from silt with little
or no fine sand to gravelly sands containing no fines, Portions of the
embankments are not designed for the usual conservative control of seep-
age throughthe foundations and embankments and are not designed with
conservative filter mgterial requirements, It is anticipated that minor
settlements may occur during major storms in limited reaches due to move-
ment of materials by seepage forces, Such settlement will not signifi-
cantly decrease the effectiveness of the embankment since major over-
topping is anticipated,

29, Sections Selected. The embankment sections for the warious
reaches of the dikes and barrier, developed as a result of design
studies, are shown on Plates5-19 through 5-2. These structures consist
mainly of an earth fill central section flanked by layers of gravel and
rock and in some reaches by rock-fill sections, The rock and gravel
layers on the ocean side are required to prevent erosion due to wavs
action, The rock and gravel layers on the land and harbor sides are re-
quired to control seepage and to prevent erosion due to overtopping. ‘
The rock-fill toe sections are incorporated for construction purposes,
The designs for the various reaches of the embankments vary according
to foundation conditiong, significant wave heights, foundation seepage
control requirements and construction conditions in esch reach,

30, Construction Congiderations, The major portion of the Harbor
Barrier and Dike and a limited portion of the Clark Cove Dike will be
constructed off-shore and will be subject to attack by wave action and
storms during construction, In these reaches, rock-fill toe sections
were incorporated in the embankment, They will prevent destruction of
earth fill and filter layers during construction, eliminate the neces-
sity of comstructing temporary protective measures, and will permit
the economical placement of all embankment materials by using land-
operated equipment., The rock-fill toe was not incorporated in limited
off-shore reaches of the Clark Cove Dike where it is considsred practi-
cal to readily construct the entire width of the embankment with land-
based equipment, The elevation and top width of the rock-fill tos
gsections was selected to permit the placement of the rock-=fill material
by end-dumping from trucks. It is anticipated that the dumped earth
£ill portion of the embankments below Elevation +2 M,3,L. will be con-
gtructed concurrently with the adjoining rock-£ill sections or section,
except for the lag required for protection of the earth fill and filter
layers as construction progréessés. Placing the earth fill concurrently

with the rock-fill will provide ample area for hauling rock-fill ma-
terials without excessive backing of the hauling equipment, Also, this

operation will permit equipment used for placing filter materials to
operate from the earth fill section without interfering with the place-
ment of rock f£ill material. Speclal provisions will be made in the




specifications for placement of embankment materials in the vicinity of
Gated Conduits Numbers 1 and 2 to avoid displacement of these structures,

H., EMBANKMENT EARTH FILL SECTIONS

31, General, The earth fill sections of the embankments were designed
to reduce sespage through the structures, control seepage through the founda-
tions and to utilize only earth materials from required excavations, The
dimensions of the earth fill sections of the dike embankments and above
Elevation +2 M,S.L, of the Harbor Barrier (except for the earth wrap-around
at the Gate Structure) are those required for the minimum quantity of armor
protection and bedding stone, the cost of which greatly affects the cost
of the project, These dimensions are adequate to provide a creep ratio at
the comtact of the sarth fill sections of gt least 2 along the wall of the
Sector Gate Structure and alsc along the foundation of the Harbor Barrier
ambankment where two rock fill toes are provided, The earth £ill ssctions
provide foundation cut-offs for foundation seepage control in reaches
where cut-offs are considered necessary and practical to construct, The
dikes and barrier designs requiring the minimum quantity of stone pro-
tection are considered to be the most sconomical, The use, however, of
small earth fill sections in the structure make the problem of seepage
control ¢ritical as discussed in Part J and requires specizl treatment of
the materials to be excavated from the Bypass Channel for use as earth
£ill., Homogeneous earth fill sections, except as stated in Paragraph 36
for the Fairhaven Dike, were provided in lieu of zoned sections utilizing
materials from a stock pile in which materials are placed by uncontrolled
hydraulic methods., It is considered impracticegl to zone sections dus to
their 1imited dimensions and to control the placement of materisls from
a variable stock pile, Earth fill material, to be satisfactory fer seep-
age control, must: (a) be less pervicus than the materials adjacent to
it, which act as sespage filter zomes, (b) not contain fines which will
clog the filters, (c) be as homogeneous as practicable, (d) be more im-
pervious than the pervious zones intercgepted by foundation cut-offs,

32, Mixing, Combrol, and Characteristics of Earth Fill Materials
from Bypass Channel, IThe& major portion of bhe required eartn il material
will bs obtained by hydraulic dredging from the Bypass Channel, To make
this material meet the criteria stated in Paragraph 31 above and to make it
suitable for the selected design will requirs thorough mixing, comtrel and
inspection, To thoroughly mix the meterials will requirss

8o Careful control of hydraulic dredging operaticns

be Dredging to full depth in one operation

==

Co Formation of land stock pileg of dredged materials with
heights greater than 8§ feet above the final stock pile area grades

de Construction of stock piles in a manner that permits mixing
of materials during excavation operstions of the stock piles

&, Excavating stock-piled materials on vertical faces to pre-
duce mixing of lavered materials
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f. Spreading the unsuitable materials encountered during ex-
cavation of the stock piles in thin layers over the top of the remaining
portion of the stock piles, As a result of this operation; these ma-
terials will be mixed with other materials during subsequent excavation
operations,

go Possibly, mixing by disc harrows, pulverizers; blades and
gimilar equipment

In addition, "drying back® of stock piled materials and washing
away of organics may be necessary., The above stated operations; although
not usual, are considered practicable and necessary to produce a satis-
factory end product.

33, The variation and distribution of the soils to be sxcavated
for the Bypass Channel are described in Part E, There appears to be no
uniformity in the distribution of the various soils to be excavated,
Besides specifying methods of dredging, careful control will be required
of the formation of stock piles to produce & suitable end product, A
study of the quantities of the different soils to be excavated indicates
that if all the so0ils in the Bypass Channel could be thoroughly mixed at
one time, the resulting material would be a well graded silty sand with
about 10 percent of particles retained on the No, L sieve and about 15
percent by dry weight of particles passing the No, 200 sieve, In the
study it was assumed that all scil particles smaller than 0,005 milli-
meter would be washed away during the mixing operations., Considering
all factors, it is concluded that the following specifications can be
met for embankment earth fill material obbtained by mixing the materials
- from the Bypass Channel excavatiomns

a, 80 percent of the £ill material of every load being
placed in the earth £fill section shall contain batween 5 and L0 percent
by weight of particles passing the No, 200 U, S, Standard Sieve and
shall contain at least 15 percent by weight of particles retained om
the No, 40 U, S, Standard Sieve,

b, The percentage of material meeting the above gradation re-
quirements shall be determined by the arezl distribution of the soils
of various gradations at the surface of a layer of material 12 inches
thick after it is spread by one pass of a bulldozer, or after it has
besn processed by disc harrows or other equipment,

With this specification, the fill material as placed, will vary
from homogeneous to heterogenecus and the gradation of the material or
zones and pockets of material making up the total will have a gradation,
generally within the limits shown on Plate 5-27,

34, The contractor will be responsible for mixing soils from the
Bypass Channel excavation to produce earth fill materials mesting the
above requirements, sxcept as stated in Paragraph 37. The govermment
will provide stock pile areas, one on tha shore at the west end of the
Harbor Barrier and another near the future location of the Fairhaven
Dike, These locations are shown on Plate 5-1, All material excavated
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for the Bypass Channel will be placed in the stock piles, The Government
will specify the guantity in each stock pile after the Contractor's plan
of operations becomes known, The quantities in the stock piles will be
adequate to take care of all earth fill material contingencies and borrow
will not be required, Stock-piled materials not used in construction will
be leveled and left in the stock pile areas to the extent possible in ag-
cordance with the Government agreemsnt with the land owners, Additional
excess material will be spoiled in areas selected by the contractor. Pro-
visions will be made so that material from stock piles may be wasted in
the Bypass Channel below Elevation <12 M,S.L, by extending the fill areas
within specified limits,

35, Utilization of Materials Excavated for the Sector Gate Strudiure,
The soils To be excavated for the construction of the SECLOr Gate SLIUC-
ture are described in Paragraph 17, The only soil in this excavation that
is suitable for earth fill in the selected embankment sections without
mixing with other soils is the gravelly silty sand in the lower stratum
overlying bedrock, A portion of the other soils could be utilized if
placed in the hydraulic f£ill stock piles and mixed with the sands from
the excavation for the Bypass Channel, From a design standpoint, it is
desirable that several thin layers of the very silty soils from the inter-
mediate zone of this excavation be placed in the stock piles so that the
fill material from the stock piles will be more impervious and the speci-
fied end product can be more readily produced, To utilize any of these
materials, however, would require definite timing and methods of excava-
tion operations, Since it is considered advisable to control the con-
tractor's operation for this excavation and since there is an ample quan=
tity of earth fill material from the Bypass Channel and land excavations,
the utilization of material from the Gate Structure will not be required,
However, permission will be granted if the contractor desires to utilize
gome of these materials to aid in his producing the specified earth fill
material from stock piles,

36, Utilization of Materials from Land Excavations, Consideration
was given to the utilization as earth fill in the embankment, of earth
materials which do not contain organics, ashes, cinders or debris to be
excavated in areas ¢ther than the Bypass Channel and the Sector Gats
Structure, These earth materials to be excavated in the various reaches
are described in Part E, Since there is an adequate quantity of suite
able earth fill material from these and other excavations, all of the
earth materials from these excavations will not be utilized, To utilize
all of theseearth materials would require zoning of the embankment,
specific routing of materials, detailed inspection, the testing of small
quantities of materials and the separation of the earth materials in
shallow excavation from overlyimg unsuitable materials, Earth materials
to be utiliized in the earth fill sections will be obtained from speci-
fied areas and will be placed at specific locations as followss

2. The Ponding Area, The earth material excavated west of
approximately Station 2200 for the Ponding Area is the most suitable
earth fill material which can be obtained from required excavation for
use in the foundation cut-off of the Clark Cove Dike, This material,
therefore, will be utilized as dumped earth fill in the Clark Cove Dike
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below elevation +2 M,S,L., extending eastward from Street Gate Struc-
ture No. 1 to Station 36+20, A study of the quantities reveals that
more than an adequate quantity of material will be available for this
purpose, The remaining material will be placed to the extent possible
between Station 36+20 and Street Gate Structure No, 2,

b. Clark Cove Dike Foundation Area. The only material that
will be utilized as earth fill from the excavation within the founda-
tion area of the Clark Cove Dike and appurtenant structures will be
that excavated between Station 10430 and approximate Station 22+00,
The specifications will require that excavabtion within this feach be
accomplished by methods that will mix the materials on a neatrly ver-
tical face. The resulting material, which will be equivalent to that
specified as earth f£ill material from the hydraulically placed stock
piles will be used in the construction of Clark Cove Dike above and
beyond the limits of the fills made of materials excavated for the
Ponding Area, as defined in the preceding subparagraph,

¢o Harbor Barrier Dike, Statiens 1+80 to 36+80., The earth
materials to be excavated in the foundatjon area for the Harbor Barrier
Dike for the construction of Street Gate Structure No, 3, and for the
drainage ditch along the toe of the dike, all between Stations 1+80 and
36480, may be more pervious than the required earth f£ill material from
the hydraulically placed stock piles, Therefore, these materials will
be used as earth £ill in the aresa of the drainage ditch adjacent to the
toe of the diké, in the construction of the upper portion of Maintenance
Area No. 1, and in the construction of the Harbor Barrier Dike west of
Station 7+00, These materials are considered satisfactory for the con-
struction of this reach of the dike which is less than 10 feet im height
and is less exposed to hurricane waves,

QOHWMTEWE%SMMMS%%QW9H%.TMewmfﬂl
material excavated in the foundation aresz of the Harbor Barrier east of
Station 86+00 and Maintenance Area No, 2 will be equivalent to the speci-
fied earth fill material from the hydraulically placed stock piles and
will be utilized in the construction of the Harbor Barrier,

e, Fairhaven Dike, The specifications will require that the
excavation, after stripping, for the construction of the foundation
drainage toe for the Fairhaven Dike will be by methods which will mix
the earth materials on a nearly vertical face, The resulting material
will have a permeability in the order of the most pervious earth £ill
material permissible from the hydravlically placed stock piles., To
permit the use of this material in the embaukment by direct casting and
spreading, the earth fill section has been zoned as shown on Plate 5-22,
This material will be placed in the land side portion of the earth fill
section,

37. Bypass Channel Earth Fill, The details of the embankment
section selected for the Harbor Barrier in the reach of the Bypass
Channel is shown on Plate 5-20, The design requires the placement of
dumped earth fill below Elevation =12 M.8,L, to fom a foundation for
the rock £ill portions of the embankment, The dumped earth £i11
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section below Elevation =12 M.S,L. will have a top extending 132 feet be-
yond the limits of the rock toes of the superimposed structure and has
end slopes of 1 on 3, These dimensions and slopes were selected to pro-
vide sufficient material to insure that currents and wave action will
not cause undermining of the rock toes of the superimposed structure,
There is adequate material for the formation of slopes of 1 on 15 beyond
the 1limits of the rock fill toes of the superimposed structure,

38, The earth fill material to be placed below Elevation =12 M.S.L.
in the Bypass Channel will be obtained from one of the hydraulically
placed stock piles, All or a portion of this fill material may be placed
directly from the stock pile. It is anticipated that the contractor may
desire to use material from the stock pile containing less than 10 percent
8ilt for cellular cofferdsm construction prior to its placement in ths
Bypass Channel below Elevation -12 M,S.L, To provide for the use of the
cellular f£ill material obtained from the stock pile, which, when placed
in the Bypass Channel fill, may contain less silt than required for ssarth
fill materials from the stock piles, the specifications will provide for
the utilization of two types of fill material in the Bypass Channel £ill
as follows:

&, The earth fill for a distance of 100 feet, centered about a
line located 32 feet north of the centerline of the Harbor Barrier, will
be composed of earth fill materials specified for sarth embankments in
Paragraph 33 above,

b. The earth fill beyond the central zone, defined in psra-
graph (a) aboveg will be composed of egrth fill material as spscified
above for the central zone except that the lower percentage of fines
may be zerc,

These requirements for Bypass Channel fill material below Elsvation =12
MoS.L, will also permit the use of about 70,000 cubic yards of stock-piled
material which does not contain the minimum required percentage of fines,

39, Placement and Compaction. The design provides for all earth
£ill material in embankments below Elevation +2 M,S.L., tc be placed with-
out compaction, except for the earth wrap-arounds at the Sector Gate
Structure, This eliminates the necessity for cofferdams and dewatering
and permits the construction of earth fill sections concurrently with
rock fill toe sections, Except for the placement of earth £ill msterial
below Elevation =12 M.S.L. in the Bypass Channel and possibly in thes
vicinity of Conduits Nos, 1 and 2, the dumped sarth £ill material will
be placed without dropping freely through water by end-dumping and push-
ing with a bulldozer, This method will prevent detrimental segregation
and produce some mixing of the fill material during placement, Fill ma-
terial in the Bypass Channel below Blevation =12 M.S.L, will be placed
by dumping from scows or barges, Hydraulic placement will not be per-
mitted as it might produce detrimental zoning or stratificatiom relstive
to foundation seepsge control or zones of low shear strength soils in the
foundation area for the embankment, Tractor or roller compaction will be
required above the top elevation of the dumped sarth £i11, If the surface
of the dumped earth f£ill is not sufficiently stable for the operation of
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rollers, the £ill material willsbe compacted by tractors only until the
£i11 becomes stable for roller operation, The tractors will be operat-
ing on a ramp type slope, All éarth £i11 material other than dumped
£111 will be compacted by tractors or small rollers to attain, gener-
ally, a density greater than 95 percent of Standard Proctor density,
except that all earth fill material placed within the cofferdam for the
construction of the Sector GatespStructure will be compacted with heavy
equipment, All earth fill adjacent to concrete structures will be care-
fully compacted by special meang to produce a tight contact with the
wall and to obtain a high degree of density in the zones where rolling
compaction equipment cannot or should not operate, Earth £ill placed
along the sides of gated conduits Nos. 1 and 2 and the gated culvert
below elevations of adjoining dymped earth £ill will be 51m11ar1y cOM=
pacted for widths of 5 and 3 feet, respectively. Special provisions
will be made in the specificatigans for placement, selection and compac-
tion of fill around and above buried utilities in the foundation areas
of the embankment to prevent setilement of the £ill and to provide a
compacted condition in the vicinity of the utility. Both provisions
are necessary to insure adequate seepage control,

I, EMBANKMEN] ROCK SECTIONS’

0, Rock Fill Toes, The rock fill toes for certain reaches of
the embankments in inundated arefs are pfovided mainly for economical
construction, They also serve tp insure'a stable embankment condition
during construction in areas whére a thin surficial layer of soft or
very loose 50ils exists in the foundation area, The rock fill material

.will be any quarry type rock fraéments of less than 2/3 of a cubic yard,
except that no load of material shall contain mére than 20 percent by
weight of material passing the 6Linch screen, It is intended to pre-
pare the specification so that gll of the rock from a rock quarry opera-
tion producing armor stone and &lope protection stones may be utilized
in the structure,

- L4l. Ocean Side Rock Sections and Gravel Bedding, Layers of armor
stone, bedding stone and gravel bedding are provided on the ocean side
slopes and tops of the dike and barrier embankments to produce a struc-
ture that will be stable undsr the action of hurricane waves, The mini-
mum theoretical weights of the armor stone protection on the ocean side
of the dikes and barrier have bsen determined for the wave heights as
stated in Design Memorandum No, 1 - "HYDROLOGY AND HYDRAULICS®, using
' the modified Iribarren formula iy Technical Report No, L of the Beach
Erosion Board, The maximum weights were made 1,5 times the minimum
weights, The final weights selagted vary from the theoretical ones for
practical reasons, The specifidations will allow 20 percent of the
armor stone to be slightly larger and 20 percént to be slightly smaller
than the range of stone weights shown on the plates, The thickness of
an armor stone layer on a slope is approximately twice the thickness of
a cube shaped rock of the required wminimum weight, The armor stone on
the slopes will be placed "pell pell® with an outer slope tolerance of
zero to plus 18 inches above water and zero to plus 36 inches below
water, The layers on the slopeg will not be chinked, The armor stone
layer forming the top of a structure has a thickness egqual to approximately
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the thickness of a cube-shaped rock of the required minimum weight. The
armor stone on the top will be laid ind1v1dua”1y‘and chlnked to provide
a tight layer with fairly smooth top.

42, Where the armor stone is not placed on the rock fill, the usual
successive layers of bedding stone and filter stons beneath the armor
stone were replaced by a single laysr of well-graded quarry run rock.
This layer is noted on the drawings as "bedding stone®, It was provided
for reasons of economy, The material for the bedding stone layer will be
well-graded up to a maximem size rock with a maximum dimension of 2 feet
and shall not conbain more than 5 psrcent by welght of ‘particles passing
the 2-inch sieve, This range of material will require rock frzgments in
the layer of sizes requiraed for "bedding layers® and "rock filters® by the
criteria in the above reference for zymor stone for slope probection,
Where armor stone is placed against rock £111 séctions, the rock fill ma-
terial serves as bedding stons, The bedding stone layér on the tops and
glopes 15 underlain by a 2=foot laysr of gravei bedding composed of bank
run sandy gravel, This material will be well-graded with the component
passing the L-inch sieve containing at least L5 percent of particles re-
tained on the No, li sieve and with the comporent passing the No, L sieve
containing less than 10 percent of particles passing the No., 200 sieve,
This gravel bedding materiel is considered adequate to prevent signifi-
cant movement of the gravel and wnderlying soil due to pore pressurss and
erosion developed as a result of wave action,

L3, At locations and to the extent considered nscessary, provisions
are made at the toe of the slopes to reduze possible erosion of the foun-
dation soils due to the action of normal and storm waves, to prevent de-
trimental displacement of the slope profection materials and costly maine
tenance, No provisions are considered necessary where the armor stone is
underlain Yy a rock fill toe with base at or below Blevation =3 M.S,Le
The provisions are as follows:

ao, A 10-foot berm of armor stone over a layer of bedding stone
with a base at or below Elevation =3 M.8 Lo is provided on the ocean side
at the foot of slopes along beschas and in the existing harbor and bay
areas where the base of a rock 111 toe is at or below Flevation =3 M.S.L,
This protection is considered necessary mainly %o prevent erosion by
normal wave action,

b, A small berm of armor stone, overlying gravel bedding, with
the top at the adjoining ground surface elsvation,is provided on the ocean
gide at the base of the slopes of end resches of dikes which ars on high
ground,

¢, The slope protection layers of rock and gravel extend down
to a base Elevation of =3 M,S,L., on the ocean side of Clark Cove Dike in
the reach where the embankment toe is set back 50 feet from the existing
shore line, This provision is made to afford protection in case the shore
material is partially washed away during s storm pariod, The water sids
slope of the existing fill is protected with heavy riprap which will be
leftin place,



d, A 10-foot berm of armor stone overlying a laysr of bedding
stone is provided on the ocean side at the base of the slope of the
valley reach of Fairhaven Dike where er031on effects due to wave action
during storms will be great,

bly, Land Side Slope Protection. Lajers of rock and gravel have
been provided on the land or harbor side ‘slopes of the dikes and barrier
embankments to prevent eyosion by Gvertopping° ‘These layers are also
required for seepage control as described in Part J. The outer layers
of stone on the slopes, which must withstand the full sffect of over-
topping, will be composed of stone ranging in size between 500 and 1500
pounds, The effect and magnitude of overtoppihg upon these layers are
unknown and the range of stone sizes has been sélected on the basis of
engineering judgment., The successive layers of bedding stone and gravel
bedding beneath the protection stone on the slope are the same as under
the armor stone described in Paragraphs il to L3 above, except that for
certain dikes the gravel badding material will contain more cobbles and
gravel sizes as described in Part J. On the flat berm of the Harbor
Barrier, the layer of protection stons is omitted, A surface layer of
badding stone on this beym is considered adequat@ to withstand the
effects of overtopping,

15, ‘Erosion of the gmbankment due to wave action on the harbor
side of the Harbor Barrier will be prevented by the rock fill material
in the toe section and the slope protection provided to withstand the
effects of overtopping., No additional provisions are considered neces-
sary.,

J. EMBANKMENT SEEPAGE CONTROL

L6, General, The dike and barrier embankments were designed to
control seepage through the embankments and foutidations soils in order
to prevent the movement of a significant amount-of foundation, filter,
and earth fill materials, The selection of relatively small earth fill
sections and the use of the variable and perviots materials from the
Bypass Channel and other excavationsg make the gombrol of sespage a
eritical problem, The maximum head conditions assumed for design are
based on head water conditioms of still water Jevel and significant wave
heights and on tailwater conditioms st the ground slevation or at the
“minimum water elevation, all as defined in Par% G, The details of the
features provided in the designs to control seapage are dsscribed in

the following paragraphs in this part., The structures were not designed
with as high a factor of safety as is usually provided for in the design
of flood control structures to insure that no movement of the materials
will occur, Considering, however, the control that is provided and the
fact that maximum hydraulic head conditions will occur only for a few
hours, any movement of material will result only in minor settlement
which will not impair the effectiveness or the stability of the struec-
ture, Settlements occurring in the area of the harbor side rock toe of
the Harbor Barrier will not affect the top of the structure. The cost

of more adequate seepage gontrol to prevernt possible minor setthments

is considered not justified, The features that were incorporated tec con-
trol seepage to prevent the movement of materials are considered sufficient ;
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to produce adequately low seepsge pore pressures which affect the shear-
ing strengths of the foundation and earth f£111 materials in place, Since
the quantity of seepage through any embankmemnt including the upper rock
layers and the foundation overburden will be insignificant as compared
to the quantity of water that gebts inside the structure dus to overtopp-
ing, no additional provisions were made in the design to reduce the
quantity of seepage through the earth £ill sections and the foundatiom
goils,.

b7 Barth Fill Ssctions and Filtars, The control of ssepage through
the embankments below the top of the sarth fill section is provided by
successive layers or zones of gravel and differemt size rock on the land
or harbor side of the sarth sections, The adequacy of these layers de-
pends upon the characteristics of ths material in the esrth fill section,
The materials in these layers were selected on the basis that the earth
i1l material, in general, will meet the raquirements stated in Paragraph
33 for sarth fill material from the hydraulically placed stock piles and
thus will contain between 5 and L0 percent by weight of finss, It should
be noted that the layers will not be adequate if the entire width of am
sarth £ill section is composed of materizl which is more pervicus than
indicated by the above gradation except in reaches deseribed below,
Earth fill material not meeting the above requirements will be utilized
only in the construction of limited reaches of certain dikes on land
where the dikes are less than 10 feet in height and in the land side por-
tion of the earth fill section of the Fairhaven Uike as described in Part
He To insure adequate combtrol of seepage through the Fairhaven Dike,
where more pervious material mey be incorporated in the sarth £i1l section,
filter material was selected as stated im Paragraph 50, Special provisions
will be made in the specificstions, as stated in Paragrapn 3%, for the se-
lection, placement and compaction of sarth £il1 adjscent to and in the vici-
nity of concrete structures and wbilities to provide a tight contaet with
the structure and uwtilitiss and good compaction where rolling egquipment
cannot or should not operate,

k8, Two materials noted on fthe drawings as "filter material® and
Teravel bedding® have been selscted te act as filters adjacent to the
earth £ill material. They are provided to prevent movemsnt of the par-
ticles of the earth fill materials and the development of detrimental
sespage pressures on the harbor side or land side slops of the sarth £ill
gaction, These materials will be bank run sandy gravels avallable within

20 miles of the project site, having the following gradation regquirements:

a, Filter Materials. The filter material ehall be well-graded
with a maxImum size squal to one-half the thickness of the layer in which
it is placed, The component of the material passing & 9-inch screen shall
contain between 65 and 85 percent by weight of particlss retained on the
No, li sieve, The component of the material passing the Wo, L sieve shall
contain not more than 10 percent by dry welight of particles passing the
No, 200 sieve and less than TO psrcent by dry weight of varticles passing
the No, L0 sieve,

b, Gravel Badding Material., Material meetiiz the above reguire-

L= ]

ments for filter material may e ussd as gravel bedding material, Other
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gravel bedding material shall meet the meximum size and gradation for
the minus No, li sieve component as required for filter material, In
addition, the component of the material passing the li=inch screen shall
contain gt least 45 percent by dry weight of particles retained on the
No. I} sieve,

49. The above requirements are established on the basis of filter
requirements and the gradations of materials in existing natural gravel
deposits, The gradation of samples taken from expossd faces in deposits
that meet the above criteria are shown on Plate 5-28, Natural materials
were selected to avoid processing and layered construction. If pro=
cessed materials were to be used, two layers in lieu of one layer would
be required to insure proper filter action. However, due to the large
quantity of filter and gravel bedding materisl required, consideration
will be given, prior to the preparation of specifications, to permit
the use of crushed rock materials as an alternate, Specifications for
filter material below Elevation +2 M.S.L, and for layers only l2<inches
thick will remain as stated above,

50. & sbudy of the materials in ths probable sources for Ygravel
bedding material® and ®filter material® shows that it may be assumed for
design purposes that, in general, these materials will contain between
2 and 6 percent by weight of silt particles of the component passing the
No, li sieve, The specifications will set a corresponding maximum of 10
percent for control purposes, It is concluded from a study of the gra-
dations of these materials and those of the sarth £ill material that
the materials acting as a filter, in general, will be about four times
as pervious as the average sarth f£ill material and will have a coeffi-
cient of permeability slightly in excess of the most pervious earth
£ill materials specified, Although these materials are not as per-
vious as required by standard criteria for filters, they are considered
satisfactory for the proposed structures, To obtain a more adeguate
design, ®filter material® is designated to be useds {a) for the Harbor
Barrier below water where the seepage is downward and where the adja-
cent rock-=fill toe materiasl may be segregated, (b) on the harbor side
of the earth wrap-arounds at ths Sector Gate Structurs, and (¢) for the
north=south reach of the Harbor Barrier Dike where the seepage gradients
will be large and will cccur over a longer period of time compared to
other structures, Filter material will also be used on the land side
slope of the earth fill secticn of the valley reach of the Fairhaven
Dike to permit the use of possibly more pervious earth £ill material
obtained from required excavation as discussed in Part H and to provide
a layer of the same material across the top of the toe drain and up the
slope, Owing to its very boney nature, the gdvantage of the use of
Bfilter material® at these locations is to provide more assurance that
the ®filter material® will not move into the adjacent bedding stone or
rock fill material in case large seepage pressures develop at the outer
surface of the earth fill section. The requirements of the gradation
of bedding stone, as stated in Paragraph 42, were established with the
thought in mind that it may have tc act as a filter adjacent to the
Rfilter material® and the "gravel bedding material®,
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51, "Filter material® is provided between the earth fill sections
and the ocean side rock fill toe sections of the structures, The ade-
quacy of this material to act as a suitable filter at this location de-
pends upon the effect of wave action and the character of the rock fill,
The material is considered adequate on the assumption that there will be
little if any pulsating action by waves because of the dampening effect
of the large rock fill section, Some movement of filter and earth fill
materials may occur if the rock fill materials become greatly segregated
during placement, It is anticipated that more settlement due to wave
action will occur as a result of the foundation soils moving imto the voids
of the rock fill material, Transition material is not provided at the
base of the rock fill tos, Considering the construction difficulties of
placing such a layer and the type of structures, its cost is not warranted,

52. Earth Fill Contact with Concrete Structures, The sarth fill
sections of the dikes and barrier abut the Clark Cove Pumping Station and
various gate structures., Considering the heights of the embankments and
the hydraulic heads involved, no changes in the embankment sections in
the vicinity of the structures are necessary for seepage control along the
contact of the embankment and structbures., The maximum hydraulic heads in-
volved for the Strest Gate Structures and the Pumping Station, based on
design still water levels are 7 and 9 feet, respectively, Due to the height
and location of the earth fill wrap-arounds for the Sector Gate Structure,
the design provides for conservative hydraulic gradients in the contact
zones to insure adequate seepage control. At this structure, the maximum
design hydraulic head conditions are approximately 16 amd 25 feet, based
on still water level and significant wave height, respectively, The earth
fill section at the contact has 1 on 2 side slopes and a top width at
Elevation +12 M,S.L, of 30 feet, The cresp ratios of the earth fill sec-
tions at Elevation +12 M.S.L., and -32 M.S.L., based on still water condi-
tion, are approximately 1.9 and 7.0, respectively, Based on significant
wave height, they are approximately 1.2 and L., respectively., These
creep ratios are adequate considering the protection provided by the ade
Joining filter and rock layer on the harbor side, and also considering
that all of the earth fill at the contact zones will be well compacted
and placed in the dry,

53. Foundation Seepage - General, The seepage through the founda-
tion soils of the embankments is controlled by the incorporation of toe
drains and foundation earth cut-offs where such fegtures are required,
The designs are based on the assumption that maximum seepage pressures
in the foundation soils will be developed with the water on the ocean
side at the design still water level at Elevation +16 M,S,L., The purpose
and details of these features for the warious reaches of the enmbankments
and the foundation conditions pertinent to sespage control are described
in Paragraphs 54 through 59 below, These features are considered adequate
to prevent the formation of seepage pressures that will detrimentally
affect the stability of the structures and to prevenmt, in general, the
movement by seepage forces of a significant quantity of foundation soils,
Except in the vicinity of the Sector Gate Structure, some movement of
foundation soils might cccur in limited reaches, particularly in reaches
where toe drains only are provided, This movement is dus to the narrow
base widths of the earth fill sections, the wariability of the foundation
soils, and the high seepage gradients that may develop,
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Shi., Harbor Barrier Foundation., The control of seepage through the
foundation soils of the Harbor Barrier between Stations L6+80 and 83+65
is provided for by making the foundation contact width of the foundation
soil equal to about twice the probable maximum seepzge head that will
occur, In this reach, the lower portion of the earth fill section is
flanked by rock fill sections as shown on Plate 5-20, except between
Stations 62+40 and 65¢+00 on Palmer Island where the top of the bedrock
is at or near the present ground surface, On Palmer Island, the harbor
side zones of protection stome, bedding stone and gravel bedding ex-
tend to the bedrock swface to form a drain at the bedrock surface, No
provisions are made for the grouting of the bedrock. The criterion
stated above for fwaches other than on Palmer Island does not insure
conservative seepage control, No filtsr layer is provided between the
foundation soil and the base of the harbor side rock fill toe, It is
anticipated that some foundation soil may move into the voids of the
rock fill, causing settlement of the surface of the harbor side berm
in the area of the rock fill toe, If such settlement does occur, it
will not affect the top of the main portion of the barrier,

55, The harbor side rock tos of the embankment terminates at
Station 83#65 and the Harbor Barrier extends up on to high ground to
the east in the form of a dike embankment section, The ocean side rock
£i11 toe extends eastward beyond Station 83+65 until it abuts the steep
bedrock surface at Fort Phoenix, Between Stations 83#65 and 84#85, the
foundation area consists in part of an existing beach and in part of an
off-shore area, The foundation soils in this reach are mainly fine to
medium sand with little or no inorganic silt but containing shells and
organics in limited zonss, A wide thin foundation drainage blanket is
provided, as shown on Plate 5-20, to control seepage and to provide a
filter zone besneath the harbor side rock protection layers, This blanket
will be composed of filter material and will extend up the slope at the
end of the rock toe section te form a filter layer, The blanket has a
width of 30 feet at the toe of the end of the rock fill section at
Station 83+65, and uniformly decreases in width to 12 feet at Station
8L+#25, In this reach the wide foundatiom drainage blanket is provided
in lieu of a desep toe drain or a deep foundation cut-off since deep ex-
cavation in the area would be difficult and the blanket type drain faci-
litates a transition with the barrier section to the west,

56, The dike foundation area between Stations 84+85 and 87+20,
forming part of the Harbor Barrier, lies on a slope with the toe of the
slope to the north, In this reach, the height of the embankment is
greater than 10 feet, measured from the ground surface at the land side
toe, The overburden in the western and northern portions of this founda-
tion area consists of a zone less than 5 feet thick, of medium %o fine
sand overlying unstratified gravelly silty sand., Bedrock is at or near
the ground surface in portions of the area, In the remaining portions,
the foundation soil is gravelly silty sand, The foundation gravel
draing 12 feet wide and 3 feet deep, west of Station 8l+85, sxtends east-
ward throughout this reach to Station 87+20 to provide seepage control
through the various foundation soils and a drain on the bedrock surface.
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No features are provided for foundation seepage control for the embankment
east of Station 87+20 since the height of the embankment is less than 10
feet and the foundation soil is mainly unstratified gravelly silty sand.

'57, Clark Cove Dike Foundation, Tha features provided to control
seepage through the foundations for the various reaches of Clark Cove Dike
are shown on Plate 5-21, In general, the features consist of an earth
£i11 foundation cut-off and a zone of gravel bedding beneath the rock
sections on the land side of the embankment, The zone of gravel is pro=
vided to prevent vertical movement of the foundation soils beneath the toe
either by acting as a pervious foundation toe drain or as a filter zone,
Provisions are made to place gravel bedding material on excavation slopes
where necessary to prevent the earth fill foundation cut-off material from
moving into open zones of trash fill, The foundation conditions pertinent
to seepage control and the dstails and purposes for the foundation earth
cut-offs in wvarious reaches are as followss

a, Stations 0+00 to L#+08, WNo cub-off is provided since the em-
bankment is essentislly a low rock structure,

b, Station ;08 to Street Gate Structure No, 1, As founda-
tion conditions are not known and depend upon previouns and existing use
and construction in this area for residential and commercial purposes,

a cut-off is provided to discomnect any existing pipes and drains and to
form a water barrier in any pervious or open man-made fill,

co Sbreet Gate Structure No, 1 to Station i0+30, The founda-~
tion materials in the land side porvion of the area are mostly man-made
granular fill above approximately Elevation =2 M.S.L. overlying previous
shore line deposits, The present slope of the fill is protected by heavy
riprap. Zones of stone with some voids, spparently forming previous rip-
rap protection with the top near the edge of the pavemenmt of Clark Cove
Road, is buried in the fill, The present riprap protection and any stone
immediately beneath it will be removed prior to placement of earth £ill,
It is not planned to remove the buried riprap zone from the foundation
area as this might require shoring to prevent undermining of the existing
pavenment

The bay side portion of the foundation area is inundated and the soils
are mainly sands and gravelly sands with apparsntly very pervious gravelly
sand at the surface, Provisions are made to remove these very pervious
surface soils above Elevation =6 M,S.L. in the foundation area beyond the
toe of the existing riprap to provide a partial foundation cub<off,

d. Stationg 10+30 to approximately 22%00., The foundation soils
are man-made fill of silty sand and silty sandy gravel above approximate
Blevation =3 M.3.L. overlying previous shore line deposits, The sub-
surface data and photographs of previous conditions indicate that the soils
immediately beneath the fill are very pervious gravelly sands with 1ittle
or no fines, These soils were at the surface of a previous shors<line area
and are apparently continuous beneath the foundation and adjoining storage
areas, A cut-off is provided to Elevation -6 M,S.L, t¢ form a water barrier
in the zone of very pervious gravelly sand, The foundation cub-off below
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Elevation +2 M.S.L. will be composed of silty gravelly sand with more
than 20 percent fines to insure a relatively impervious barrier, This
material will be obtained from the required excavation for the Ponding.
Area, The prevention of "boils™ forming along the west edge of the
Ponding Area and the landside toe of the dike depends upon the adequacy .
of this cut-off, Without the cut-off, the escape gradients at these
two locations might be in the crder of 2,3 and 1.3 respectively,

e, Stations 22+00 to 36+70, The foundation materials and
materials In the area of the adjoining Ponding Area are mainly trash,
ashes, debris and granular soils containing ashes and debris, Much
of this area was at one time used as a city dump. Explorations, how-
ever, indicate that the materials in the dike foundation are mainly
granular soil and ashes containing very little trash and that the fill
material between Stations 35+#00 and 36470 is mainly sandy gravel con=
taining no debris, The fill materials were placed in an inundated area
at the edge of the Cove, The depth of the fill material at the land
side toe of the embankment is spproximately 10 feet, The £ill material
overlies a sand deposit, the top of which is probably composed of rela-
tively pervious gravelly sands, A cubt-off is provided to Elevation =6
M,S.,L, to provide a water barrier in the man-made £ill and to effect
at least a partial cubt=off in the underlying sands, Silty gravelly
sand, comtaining more than 20 percent finer, from the required excava-
tion for the Ponding Areg will bs used as earth fill below Elevation
42 M,S.L.

f, Statioms 36¢70 to 39+55, The bay side portion of the
foundation area is inundated. The ioundation seils in this portion are
sands of a shore-line deposit. The surface solls are gravelly sands
with little or no silt, The land side portion of the foundation area
is composed of a beach ares, a filled area with stone retention walls,
and an area of exposed bedrock, Several rock groins exist in ths beach
and adjoining areas, Prior to placement of earth fill material, the
rock groins gnd the remains of timber walls and piers will be removed,
It is planned not to remove the rock retention walls or the £ill which
is mainly stones and other stable meterial, In the bedrock area, the
embankment sections of rock and gravel at the lend side toe extend to
form a drain on the bedrock surface, No provisions are made for the
grouting of the bedrock., 4 foundation cut-off is provided on the water
side of the embankment section to Elevation -3 M,S.L, to form a barrier
in the more pervious surfaces sands,.

o Stations 3%¢55 to lh+10, The materials in the land side
portion of the foundation area are mainly industrisl f£ill and trash and,
in general, are not ®gzolid® fill materials. The existing £ill materials
are protected by large riprap stones., In genersl, the fill extends to -
about Elevation -3 M.S.L. The soils in the inundated portion of the
foundation area comprise a surface layer of gravelly sand overlying silty
sands, which in turn overlie sandy glacial till, The pervious surface
layer probably varies in thickness from about one foot at the bay side
toe to about 3 feet at the toe of the existing £il11 material, In view
of the nature of the fill material, provisicns are made to remove it
from the foundation area to provide seepsge control and reduce settlement
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of the embankment., A foundation cut-off is provided to Elevation =} M.S,L.
Excavation for this cut-off can readily be accomplished as a result of the
protection provided by the bay side rock-fill toe of the embankment,

h., Stations Lli+10 to 53+15, The foundation material is mainly
very pervious cinder fill with limited zones of other industrial waste.
It is known that in some areas, trenches in this cinder fill were filled
with various industrial wastes., A cut-off is provided to form a water
barrier through this very pervious cinder fill and these zones of un-
known waste materials, The depth of the cut-off trench will vary up to
a maximum of about 1l feet, In the wicinity of Station L7+70, the sur-
face of bedrock is at the ground surface,. v '

i, Stations 53+15 to Street Gate Structure No, 2. The founda-
tion area Is comprised in part of an existing beach area and in part of
an existing gravel parking area. The parking area is about 60 feet wide
between the beach and Rodney French Boulevard, The soil in the parking:
area is mainly silty, gravelly sand containing more than 15 percent silt
with zones of cinders, The fill material,which is about 5 feet deep,is
retained by a concrete wall and overlies, in general, silty gravelly
sand (sandy till-like material) containing more than 15 percent silt, A
cut-off is provided through the £ill to form a water barrier in the cin-
ders and possibly other pervious £ill material,

Jjo East of Street Gate Structure No, 2. The foundation soil
is a gravelly silty sand (glacial %ill) except possibly in the immediate
vicinity of the structure where a thin surface zone of man-made f£ill
exists, In most of the area, excavations wers made to obtain sarth fill
material for previous projects. The man-made fill is gravelly sflty sand
containing more than 15 percent fines, Considering the impervious nature
of all foundation soils and the seepage heads involved, seepage ¢ontrol
features are not provided.

58, Harbor Barrier Dike Foundation, The features provided to con-
trol seepage through the foundations for the various reaches of the
Harbor Barrier Dike are shown on Plate 5-19, In general, seepage con- -
trol is provided by incorporating a foundation toe drein., The material
in the lower portion of the drain termed "Drainage Trench Materidl" will
be concrete fine aggregate to insure that it is as pervious as the soils
being tapped by the drain. A layer of filter materisl with gradation as
defined in Paragraph 48 is provided between the drainage trench material
and overlying layers of bedding stone and stone protection, The filter
material is slightly more impervious than the underlying dralnage trench
material and, therefore, is not an ideal materisl. However, it contains
a large percentage of gravel sizes and cobbles and should be satisfactory
to prevent movement of materials into the overlying rock, The féundation
conditions pertinent to seepage control and the details and purposes of
the seepage control features are as follows:

4. Stations O+00 to 7+C0, As determined by field recomnaisance
and existing open excavations, the foundation soil is mainly an unstrati-
- fied gravelly silty sand., No special features are provided to control
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seepage Since the foundation soil is uniform and relatively impervious
and the height of the embankment is less than 10 feet,

b, Station 7+00 to Street Gate Structure No, 3., The founda-
tion soil is mainly as described above between Stations O+00 and T+0Q,
except that some shallow man-made f£ill exists in the vicinity of the
Street Gate Structure, Any fill materials found unsatisfactory for
seepage control as revealed by excavations for the Street Gate Struc-
ture and rock slope protection, will be removed from the foundation
area, A small toe drain with a bottom width of 12 feet is provided
since the height of the embankment is greater than 10 feest. This tos
drain will be composed of gravel bedding material with gradation as
described in Paragraph 49, The toe drain is considersd adequate for
foundation seepage control since the foundation soils are quite im-
pervious and uniform,

¢, Street Gate Structure No, 3 to Station 22450, The per<
tinent foundation soils range in general from siity sand to uniform
sand without silt content., There are minor zones or lenses of sandy
gravel and sands with organics, The soils are in haphazard gzones and
layers of limited extent, Some of the soils in the foundation area
apparently are man-made beach fills, Other soils are those of beach
and shore sand deposits, In general, the soils contain more than 10
percent silt content except possibly the upper soils in the vicinity
of the ocean side of the foundation areas., Portions of the ocean side
of the area are inundated. An ocean side rock toe fill is provided
for the full length of the reach to aid in construction and to provide
adequate slope protection without excessive excavation. The use of
this toe decreases the seepage path through the foundation soils and
toe drain to about 2 times the maximum seepage head, A ditch for sur-
face drainage is located along the landside toe of the dike with a
bottom grade varying betwean approximate Elevations +3 and +2 M.S.L.
To reduce seepage pressures beneath the toe of the diks snd the bottom
of the drainage ditch, a foundation toe drain has been provided, This
toe drain will extend between 7 and 6 feet below the bottom grade of
the drainage ditch, The toe drain is selected in lieu of a foundation
cut=0ff since foundation conditions would permit only a partial cut-off
unless a very deep costly one were constructed,

‘d, Stations 22450 to 36+70. The foundation arsa is inundated
and adjacent o a surface area within the tidal range. In general, the
foundation soils range from clean sands to silty sands. The explora-
tions indicate that the more psrvious zones or the tops of more psrvious
zones are above Elevation -4 M.S.L., A ditch for surface drainage is
located at the toe of the dike with bottom elevation at approximately +1
M.S.L. An ocean side rock toe is provided in the embankment for construe-
tion purposes, It reduces the path of foundation seepage to about twice
the maximum seepage head, To reduce seepage pressuras bensath the toe of
the dike and the bottom of the drainage ditch, a foundation toe drain is
provided, A bottom elevation of <l M.8.L, for the toe drain was selected
to insure that the drain will extend across or into the more pervious
zones of foundation sands, This elevation was sslected for all other
reaches of the dike to permit wniform construction, A4 toe& drain was
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selected in this reach in liesu of a foundation cut-off since it would be
necessary to extend the cut-off to Elevabtion =10 M.3.L, to insure a com-
plete barrier through the most pervious zones,

&, Stations 3570 to L45+80, The conditions and design for
this reach are similar to thoss described above for the reach between
Stations 22+50 and 36+70, sxcept as stated herein, In this reach, the
natural scils of sands and silty sands are gsnerally overlain by thin
deposits of organic silts and sands containing organics, Over the en-
tire foundation area, the natural soils wers covered with man-made £il11
composed of ashes and granuler soll conbtaining brick, glass and other
debris, From visual observations of the site, it is assumed that the
£ill in the foundation arez iz fres of waste with large woids, In addi=
tion to the foundation toe drain, a cub=off which forms a walter barriew
through the fill material, is provided in this reach,

59. Fairhaven Dike Foundation, The features incorporated inte
the dike section to control seepage through the foundation are shown on
Plate 5-22, Thse overburden in the foundation area between Ststions 2+00
and 25+00 consists of a surface layer of salt marsh organic material,
overlying, in general, a layer of silty sand with variable silt and or-
ganic content with a bottom depth of less than & feet below the ground
surface, In general, a zone of relatively pervious medium to fine sand
and gravelly sand lies below the silty sand zone, To prevent the de-
velopment of detrimental sespage pressures st the toe of the dike, a
foundation toe drain is provided to a depth of 4 feet, It extends to
the underlying relatively pervious gone, The materials in the founda-
tion toe drain will be as described in Parsgraph 58 for other drains,
Except for a filter blanket bensath the land side toe stons protection,
no seepage control features are considersed necessary beyond the founda-
tion area between Stations 2+00 and 25+00, since the foundation soil is,
in general, non-stratified gravelly silvy sund, Wnere the dike is mors
than 10 feet in height, the filter blanket thicsmess is twe feet while
at other locations, it is one foot thick,

K. EMBANKMENT SEITLEMENTS AND FOUNDATION DISPLACEMENTS

60, General, The settlements due to consolidation of the foundation
materials and the quantity of additional embankment material’ required as
a result of surface foundation s0il being penetrated or displaced will
vary throughout the prcject, depending upon the character of the founda-
tion materials, the smbankment sections, and the construction methods,
Due to the character and variability of the fowndztion soils and the
limited magnitudes of the settlements and the quantity of additiomal ma-
terials required, no computations are deemsd warranted, Consequently,
all values stated herein are estimates made after considering pertinent
factors., Considering the pesrvious nature of the foundation soils and the
limited thicknesses of highly compressible foundation soils, it is cone-
cluded that all settlements and displacements will cceur during construc-
tion and that no provisions are required to compensate for post consgtruc-
tion movemernts,
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61. The occurrence of settlements and displacements will require
additional material for the construction of the embankments, Since
rock type materials of the embankments will be measured for payment on
the basis of unit weight, the actual volumes of the additional required
rock type materials need not be measured directly. It is estimated
that the quantity of additional earth fill material required on the en-
tire project as a result of these settlements and displacements will be
less than 2 percent and, therefors, it is planned not to make direct
measurement or to apply assumptions for psyment measurements,

62, The foundation materials for the Clark Cove Dike, the Harbor
Barrier Dike between Stations 0+00 and 36+70 and the Fairhaven Dike
are, in general, natural sands, silty sands, cinders and trash fill,
No thick layer of very loose surface soils, which might be displaced
by construction, exists in the inundated foundation areas. It is anti=-
cipated that no foundation settlement or displacement will occur at
the ends of the dikes where the dike sections are low and the bases
will be on high ground, In other reaches, it is estimated that due to
consolidation and displacement of the foundation soils, the average
maximum settlement will be less than 3 inches during construction of
the earth £fills and that the total settlement and displacement at the
centerline of the embankment will average less than 6 inches, In these
reaches, the lower materials for rock fill and slope protection on the
ocean side of the embankments will generally be placed in water and
penetration of these materials imto the foundation soils is anticipated,
In addition, displacement of the foundation scils is anticipated in some
reaches, It is estimated that the total settlement, the penetration of
the rock type materials into their surface foundation soils and the dis-
placement of the surface layers will be in the order of 12 inches in
existing bay and harbor areas and 6§ inches in other areas,

63, Harbor Barrier Dike, Stations 36+7C 4o 5480, The pertinent
foundation materials in the reach of the Harbor Barrier Dike between
approximate Stations 36+70 and L5#80 are mainly trash and ashes, vary-
ing in thickness up to 10 feet, which overlie natural sandy soils in
some areas and a thin layer of organic silt in other areas, In this
reach, it is estimated that the total settlement and displacement of
foundation materials and penetration of rock materials inte the founda-
tion materials in base areas of the ogean side rock fill and slope pro-
tection sections may average 2 feet., In the remaining portion of the
entire foundation embankment arsa, no displacement of foundation materials
or penetration of embankment materials are anticipated. However, in
this portion it is estimated that the maximum average settlement of the
foundation soil will be less than 12 inches and that the greater part
of this settlement will occur after completion of the earth fill section -
and during the placement of the wvarious layers of gravel and rock,

6li, Harbor Barrier., The foundation soils of the Harbor Barrier
east of Station 63+50, within the area of the cofferdam for the Sector
Gate Structure, on and in the vicinity of Palmer Island, are sand,
silty sand, dense sandy silt and bedrock, It is anticipated that no
displacement of foundation soils will occur in these reaches and that -
settlement due to consolidation of the foundation materials will be

27



negligible, The foundation soils of the Harbor Barrier in reaches other
than stated above consist mainly of sand fill (Bypass Channel Area),
clean sands and compact silty sands, With the exception of the Bypass
Channel these soils are overlain by a thin layer of very loose or soft
silty sand or sandy silt with variable organics content, up to 5 feet

but generally less than 18 inches thick, The additional embankment ma-
terials required in these reaches will be dus to (&) the consolidation
and displacement of the surface layer of loose material, (b) the penetra-
tion of rock materials into the loose surface layer, (c§ the consolidation
of the dumped f£ill in the Bypass Channel area, and (d) the consolidation
of the zones ¢of natural loose and soft soils, containing organics and or-
ganic silt within the limits stated below. The extent to which penetra-
tion, consolidation and displacement will oceur cannot be determined om
the basis of available data. In the embankment reach between the Bypass
Channel and the east side of the cofferdam and in a reach of about 100
feet to the east of the Bypass Channel there exists a soft stratified
zone of silty fine sand and organic silt between approximately 20 and
=30 M,S.L, Compubtations indicate that the maximum settlement due to con-
solidation of this stratified zone will be on the order of 12 inches in
locations where the zone is about 10 feet thick, The consclidation test
data shown on Plate 5-26 were assumed to be aspplicable to the computations,
The actual settlements in the foundation area that will occur due to the
consolidation of this zone cannot be determined due to the wide variation
in soil conditions, Considering the soil conditiong in all reaches of
the Harbor Barrier covered by this paragraph, it is expected that the
average settlement, displacement and penetration of the initially placed
materials of the rock-fills and armor stone may be as great as 2 feet and
of the dumped earth fill as great as 12 inches,

L, EMBANKMENT STABILITY

65, General, Consideration was given in the selection of sections
and certain provisions werse made t¢o insure that the embankments will be
stable from the standpoint of shear failure, The outer portions of the
embankments consist of relatively large sectione of rock and gravel ma-
terials which permit the use of steeper exterior slepes, These slopes
were selected on the basis of stability and economy of the outer protec-
tion materials, In general, the pertinent foundation soils for the em-
bankments consist of sands, zilty sands and granular type £ill materials,
These materials have a sufficient angle of internal friction to insure
against a foundation shear failure for the selected embankment sections,
In the bay and harbor areas where a surficisl layer of wvery loose or
soft silty sand or sandy silt exists, rock toes are provided, These
will assure ample stability, It is anticipated that any surficial ma-
terial that does not have initial adequate strength to insure against a
foundation shear failure will either be (a) penetrated by the rock fill
material and armor stone, (b) displaced during construction of the rock
fill sections, or (c¢) adequately consolidated as construction progresses.
to produce the required strengths,

66, The special provisions planned to insure stability in certain
reaches are as follows:
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a. The surface layer of the salt water marsh deposit in the
foundation area of the Fairhaven Dike will be stripped.

b, In portions of the foundation area of the Harbor Barrier
Dike, between approximate Stations 36+70 and h5+809there exists a zone
of soft organic silt and soils containing organics, underlying recently
placed f£fill, This zone apparently is the remains of a surficial de-
posit of a previous salt marsh area., To insure ample consolidation of
this zone, the construction of the embankment above Elevation -12 M,5,L.
will be defsrred for & period of 2 months, If the embankment in this
reach is not stableg signs of movement will occur during the construc-
tion period,

€. Between Stations Li5+80 and 50+00 of the Harbor Barrier,
there exists a surficial deposit of very loose or soft silty sand or
sandy silt containing minor gquantities of organics. This material will
have ample strength to withstand the imposed stresses providing it is
amply consolidsted during construction. To insure that no failure will
ocecur during construction, construction of the embankment above Eleva-
tion +4 M,S.L, will be deferred for a psriod of 60 days.,

+ do. Foundation soils of low shear strength immediately east
of the Sector Gate Structure will be removed within the cofferdsm area
above Elevation =30 M.S.L. prior to the placement of earth £1ill within
the cofferdam,

67, Harbor Barrier in Vicinity of Bypass Channel, Analyses were
made to determine the stability of the embankment section at Station
77450 of the Harbor Barrier which is considered most critical for the
smbankment reach between the Bypass Channel £ill and the sast side of
the cofferdam for the Sector Gate Structure and for a reach of gbout
100 feet to the east of the Bypass Channel fill, In this area, there
exists a soft stratified zone of silty fine sand and organic silts
approximately between Elevabions =20 and =30 M.S.L. between zones of
sands; silty sends, and silts as indicated by Borings Neos, FD-26,

FD=-81, FD=82, FD-83 and FD-88, The zone is varigble both in character-
istics and thickness, The soils with the least strength and the greatest
thickness occur in the north portion of the foundation area, Ths
characteristics of these weakest soils are considered equal to those of
the undisturbed samples from Boring FD=92, The results of shear tests
and consclidation tests made on samples from Boring FD-92 are shown on
Plate 5-26, The results of shear and consolidation tests on samples of
variagble sandy silts (ML) from Boring FD=91 are alsc shown on this Flate,
These results are not applicable to the analyses of the embankment as
they represent more rigid soils lying below the pertinent zone of soft
foundation soils,.

68, The upstream and dewnstream slopes were analyzed for the cone
struction condition, The analyses, results, and data used are shown on
Plate 5-29, These results show that the minimum factor of safety for
the harbor side, based on the resulis of Q-Tests is 1,36, This factor
of safety for the harbor side, where the weakest foundation soils exist,
is considered ample and insures that this slope will be stable under
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all conditions. The factor of safety for the ocean side, based on Q-Tests .
is 1,19, which is considered ample since the foundation conditions are con-
siderably more favorable than assumed in the analyses. However, to insure
greater stability during the construction period, the construction of the
embankment above Elsvation +l M,S.L., will be deferred for a period of 30
days, during which time the strength of the weak soils will increase by
consolidation, Considering the actual soil conditions, the soil assumptions
used in the analyses, and the results of the analyses, the factor of safety
for the ocean side slope will be greater than 1,33 after consolidation,

- 69, East Portion of Cofferdam Area, The zone of low strength founda-
tion soils described in the above, apparently extends into the area to-
ward the Sector Gate Structurs, If the east wall of the cofferdam is lo-
cated west of Station 77#00 provisions will be made during construction
to provide a layer of sand over the low strength material to the east of
the cofferdam to provide conditions similar to those used in the analyses
of the section at Station 77+50,

70, It is anticipated that the low strength foundation soil will be
removed in the foundation areas for cellular type cofferdam construction,
However, if it is not, the zone should consolidate sufficiently under the
cofferdam loads to provide ample strength,

71, Embankments Adjoining Sector Gate Structure, The east and west
wrap-around embankment sections for the Sector Gate Structure are shown
on Plate 5-20 and have side slopes of 1 on 2, All of the earth £i11 in
these sections placed within the cofferdam will be compacted in accord-
ance with guide specifications for sarth dams, The foundation soils of
these sections are variable ranging from compact gravelly silty sand
(glacial till) to compact stratified silt., The existing soils above Ele-
vation =30 M,S,L. within the foundation and cofferdam areas to the east
of the structure will be excavated to insure the removal of the deposits
of low strength soils described in Paragraph 68 above, The compact,
stratified silt deposit is considered the most critical from the stand-
point of stability., The material in this deposit .is& mainly compact, non-
plastic, sandy (fins) silt, interspersed with layers of silty fine sand,
Based on examination of undisturbed samples taken from Boring FD-91 the
sandy silt soil contains from 10 to 30 percent by weight of fine sand
particles and the silty fine sand contains 25 to 45 percent by weight of
silt particles. The sand strata vary in thickness from 1/h-inch to 12-
inches, Undisturbed sample UC-3 from Boring FD=91 of this material was
tested and results of shear tests are shown on Plate 5-26, It is con-
¢luded from a study of all exploration data and these test results that
the foundation soils for these wrap-around sections will have an angle of
internal friction of at least 33 degrees which is sufficient to provids
an ample factor of safety against shear failure for these reaches of thas
embankment '

M, MISCELLANECUS EARTHWORK

72, Bypass Channel. The construction of the Bypass Channel requires
the hydraulic dredging of approximately 651,000 cubic yards of material
measured in place to the neat lines, For two feet over depth the quantity
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would be increased to 730,000 cubic yards., The location and widths of
the channel are shown on Plates 5-2 and 5-15, The channel is approxi-
mately L500 fest long with widths varying from 150 to 350 feet., The
channel will have bottom neat line grade at =32 M.,S.L., and excavation
side slopes of 1 on 3., The types and distribution of the soils in the -
Bypass Chamnnel area are described in Paragraph 16, To provide mixing
of the soils as stated in Paragraph 32, the excavation will be made to
the full depth in one operation, All materials from the Bypass Channel
excavation will be placed hydraulically in stock piles as stated Para-
graph 32 in a manner which will produce mixing of the materials during
stock plle excavation operations, Channel excavation side slopes of 1
on 3 were selected in accordance with the usual practice in this coastal
area where underwater dredging is required for this type of material,
Provisions will be made for the maintenance of the proposed full depth
and width of the channel during its use., Some of the soils in the
finished side slopes will be non-plastic silt with 5 %o 30 percent fine
sand particles, and silty fine sand, These scils may be sufficiently
sensitive to vibration so that slides may occur during the driving of
piling for the Sector Gate Structure in portions of reaches where zones
of thaese materials exist,

73, Se@tornﬁate Structure, The design details as well as construc-
tion of the cofferdam, including the stability of the earth slopes re-
quired for the excavation to bedrock for the Sector Gate Structure will
be the responsibility of the Contractor. The types and distribution of
the materials in the excavation and cofferdam areas are as described in
Paragraph 17. Detailed descriptions of the undisturbed samples taken
from the silt zone are given in Parasgraph Tl. 3Since there is a possi-
bility that the soils in the silt zome will become unstable during the
driving of piling for the cofferdam, the contractor will be alerted to
this effect in the specifications., The material excavated will be
spciled in areas provided by the contractor, except as stated in Para-
graph 17.

Tho Maintenance Ares No, 1, Matntenance Area No, 1 to be located
at the west end of the Harbor Barrier will require the construction of
a £111 up to 22 feet in height, The foundation msterial consists of
beach sands, man-made sand f£ill, and £ill up %o a depth of 10 feet of
cinders, bricks snd debris. The fill material for the maintemance area
will be sands and silty sands obtained from portions of the excavations
required for the Harbor Barrier Dike as stated in Paragraph 36, and
silty sands from the hydraulically placed stock pile on the New Bedford
shore, All £ill material for the maintenance arss will be compacted
using heavy rollers,

75. Maintenance Ares No, 2, The construction of Maintenance Area
Yo, 2 at the east end of the Harbor Barrier will require both excavation
and the placement of earth fill, The sarth £ill material will be ¢b-
tained from the excavation fur the Harbor Barrier between Stations 83+65
and 86+00, This material is mainly beach sands and gravels containing
little or no fines and is considered too pervious for use in the higher
portions of the embankments, The £ill material will be compacted as
required for the earth £ill in the adjoining dike,
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N, CONCRETE STRUCTURES - EARTH FOUNDATIONS
: AND
SEEPAGE CONTROL

76, Pumping Station, The Pumping Station will bs constructed at the
toe of the Clark Cove Dike at approximate Station 18+12, The structure
is approximately 32 feet wide and 62 feet long with a foundation elevation
of about -12,5 M,S.L., exclusive of exterior intake and discharge chambers,
The foundation msterials for the structure are indicated by the data of
Borings FD-123, FD-12L, and FD-125 shown on Plate 5-11, The elevation
of top of bedrock in the area varies betwsen =18 M.S.L, and -2 M.S.L,
In general, the foundation below Elevation =12.5 M.8,L, consists of a
loose to moderately compact silty, fine to medium sand layer, about six
inches thick, This layer overlies glacial till which sxtends to bedrocke.
The glacial till consists of compact to moderately compact gravelly silty
gsands, The s0ils below Elevation <125 M.S.L. are considered adequate
for the foundation of the structure, No special provisions are considered
necessary for foundation geepage control,

77. Street Gate Structure No, 1. The design details for Street Gate
Structure No, 1, which will be included in Design Memorandum No, 7,
"Detail Design, Walls and Miscellaneous Structures®, will be similar to
thoge for Street Gate Structure No, 2., The overburden and fill materials
in the area of the structure are indicated by the data of Borings FD-100
and FD=107 on Plate 5-11, Much of the material above approximate Eleva-
tion +1 M.S.L. consists of man-made fill of silty gravelly sand and gra-
velly sand containing cobbles and boulders, At the esastern edge of the
foundation area, there exist blocks of rock of previous riprap which were
buried by the placement of more recent fill toward the bay area, Below
about Elevation +1 M,S.L,, the overburden is compact glacial till or till-
like material consisting of gravelly silty sand and silty sandy gravel,
At the present time, the final design for the structure is not completed,
Due to the unknown nature of the man-mads foundation fil]l material and
type of structure, it will be either placed on steel Hepiling or founded
on nmgterial within the firm scil zone below the man-made fill, The ma-
terial in the fimm soil zone is considered adequately stable for the
foundation of the structure. Ne¢ special provisions will be required for
seepage control if the structure is founded on earth, If the structure
is placed on piles, a steel sheet pile cut-off will be provided above
Elevation +] M.S.L. to control seepage through the man-made £ill and to
prevent detrimental seepage between the base and the underlying soil,

78. Street Gate Structure No, 2. The design details for Street
Gate Structure Ne, 2 will be ingluded in Design Memorandum ¥e. 7, The
overburden and fill materials in the area of the structure are indicsted
by the data of Boring FD-126 and FD-127 on Plate 5-11, Above elevations
about +1 M,S.L, at FD-126 and +k M.3,L, at FD=127, the material is man-
made fill composed of moderately compact silty gravelly sand. Below
these elevations, the foundation soil is compact glacial till composed
mainly of silty gravelly sand with about 30 percent fines, Due te the
existence of high quality stable fill meterial, the foundation elevations
for the structure were set in the fill zones, The thickness of the £i11
below the base varies from about 1 to 5 feet, The fill and the underlying
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ti11 are considered very competent as foundation soils for the struc-
ture, No special provisions are considered necessary for foundation
seepage control.

79. Strest Gate Structure No, 3., The design details of Street
Gate Structure No, 3 will be similar to those for Street Gate Struc-
ture No, 2 and will be included in Design Memorandum No, 7., The over-
burden and £ill materials in the area of the structure are indicated by
the data of Borings Nos, FD-119 and FD-118 on Plate 5-8. Most or possi-
bly all of the soil above about Elevation 42,0 M.S.L. 13 man-made fill,
In general, this fill material is medium to fine sand and gravelly silty
sand with various amounts of organics, shells and cinders, Below this
£i11 material exists a layer, about 2 feet thick, of moderately per-
vious silty gravelly sand containing about 11 percent silt particles,
Below approximate Elevation 0,0 M.3.L. the overburden soil is compact
gravelly silty sand (glacial till} containing from 30 to L5 percent
fines, Bedrock in the area is at approximate Elevation =15 M.S.L.

The final design of the structure is not completed., The fill material
is considered unsuitable for a foundation for the structurs. The
gtructure will be founded on piles or in the glacial till zone which
is considered as a competent foundation material, Provisions for
foundation seepage control will be as described in Paragraph 77 for
Street Gate Structure No, 1.

80, QGated Conduits Nos, 1 and 2, The design details of the Gated
Conduits To be constructed at otations L7+61 and 57+#6l of the Harbor
Barrier will be included in Design Memorandum No., 7, "Detail Design,
Walls and Miscellaneous Structures®, Conduit No, 1 has an invert Ele-
vation of «=7.,0 M.S,L. and a foundation Elevation of =8,5 M.S.L, The
Gate Structure for Conduit No, 1 has a foundation Elevation of =10,0
M.8.L. The corresponding grades for Conduit No, 2 are one foot lower
than those stated above, The pertinent soils in the foundation areas
are indicated by the data of Borings Nos, FD-7 and FD-li shown on Plate
65-8., Both of these borings indicate the top of a moderately compact
till-like or till zone at about Elevation =12 M.S.L. In general, the
material in this zone which extends at least to Elevation =25 M.S,.L.,
is a brown gravelly silty sand containing about 25 percent fines,
Immediately above the till or till-like zones there are deposits, a few
feet thick, of either gravelly silty sand with about 10 percent silt,
or sandy gravel, At the location of the borings, the top of these zones
are at about Elevation -10.0 M.8.L. Above these deposits are zones, a
few feet thick, of very loose or soft organic silts or fine to medium
sand containing shells., Final designs of the conduit are not completed.
In the areas of the earth fill sections, provisions will be made to
found the conduits on piling or on the compact gravelly silty sand and
the upper sand and gravel layers containing less than 10 percent fines,
In the rock toe embankment section areas, the structure will be founded
directly on the soil below the surficial deposits of soft and loose ma-
terial, or on piling,or on a concrete slab extending below the top of
the compact siliy sand zone, Detailed explorations to determine the
exact foundation conditioms throughout the length of each structurs were
not performed, If the structure is to bear directly on the foundation
soil, it may become necessary tc excavate soft material inside the coffer-
dam after dewatering and to backfill with concrete.,




The silty gravelly sand or silty sandy soils are considered satisfactory
for the foundation of these structures and for piling resistance,

81, Twin Barrel Concrete Box Culvert, The design details of tha Twin
Barrel Concrete Box Culvert to be constructed in the drainage ditch area
between Maintenance Area No, 1 and the west end of the Harbor Barrier will
be included in Design Memorandum No, 7 "Detail Design, Walls and Miscella-
neous Structures®, The culvert has a top elevation of #20 M,S5.1., and will
be about 5C feet wide with an invert elsvation at 0.0 M.,S.L. Explorations
were not made at the location of this structure to determine foundation
conditions, On the basis of subsurface datas of the two nearest Borings
Nos, FD-=L46 and FD-70, it is expscted that the material in ths foundstion -
area above about Elevation =7.,0 M.S.L. is man-made £ill composed of ashes,
cinders, debris and varying quantities of earth, Below the man-made £ill,
there are deposits of alluvial sands and silty sands which probably over-
lie glacial till or till-like soils, Based on data of all explorations
in the vicinity there is a possibility that a thin zone of organic silt
or soil, containing organics, may exist immediately below the man-made £i11,
The final design of this structure is not completed, The base will be
either on wood piling or on firm natural seoil. \

82, Gated Culvert, The design details of the Gated Culwert Struc-
ture, to be constructed in the foundation area of the Fairhawven Dike at
approximate Station 12400, will be included in Design Memorandum No, 7
"Detail Design, Walls, and Miscellanecus Structures®, The conduit will
be made of reinforced concrete pipe with L feet inside diameter and with
an invert elevation varying from -1,0 to =0,5 M.S.L, The foundation soils
are indicated by the data for Boring FD-63, shown on Plate 5-12, Ths
surface layer is a salt marsh deposit of muck and material containing or-
ganics, Below the surface layer are deposits of sands and silty sands
which overlie a glacial till deposit. The conduit and base of the gate
structure will be founded on the sands below the surficial salt water
marsh deposit, Only minor differential settlement is snticipated.

O. EARTHWORK QUANT ITIES

83, The estimated quantities of materials from regquired axcavation
to be utilized in the construction and to be wasted are shown on Plate
5-31. The quantities of material to be used in the structures are based
on the information given in Section H, It is planned to stock=pile all
material excavated from the Bypass Channel, The Government will gspecifly
the quantity in each stock pile after the Contractor’s plan of operation
becomes known. The sxact quantities required from the stock piles depend
on many factors including settlement, displacement, losses during storms,
losses in stock pile foundation areas, accuracy of survays, tolerances
used in construction and the Contractor's plan of operation, It is an-
ticipated that all or most of the excess material in the stock piles may
be spread and left in the stock pile areas. The maximmm quantities that
can be left dspend on the final sgreements with the land OWNers,

84, Computations based on available topographical data and neat
lines of the embankment sections indicate that there will be available
about 20 percent additional material in the stock piles to compensate for
settlement, foundation displacement, shrinkage, oversxcavations, incorrect
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topography, more stripping than assumed, losses due to storms and in
transportation, Immediately prior to the bidding period, detailed
surveys will be made in underwater areas to obtain up to date topo-
graphic data upon which recomputed quantities of excavation and fill
will be based., If it is determined that there is insufficient ma-
terial from the required excavation outlined in Part H to insure that
no borrow will be required, further consideration will be given to the
use of other materials from the required excavation in some of the
other areas,
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e shell frrogments w
| %
98— - 50 F
! Gr. oty (15-20) m-F sond [A]
! with shells LA
i
!
27— S - a4
Silty (15-20) m -1 3and with [A)
shell Frragments Y
04— - — e L9
Gr. stlty (15-20)m-Fsond [
with shells LE A
a5 we| |
FO- 32
TUEE EL- E5MSL TESTS
LoG SAMPL F NO.UCH!
17.2-19.2
lbf_fb Depth
%e & grove Iy 0BT 5ordy 1
. ML s/t 173
i a
[sm Ok.gr.argarnc, 11ty (3/) {7464
7. sond LL
175- {23
OK.gr orgonic silf with
oL lenses of gr ond br: w
mf sanpd (SP)
178 178
Gr-br. m-Fsand with
sp| #"strats oforgonic sitt
18.0- (8.4
Brgr.sitty i) so0d with
IS4 occasiannl inclusion of MA
B#|  orgonic 5ilF with froce
of grovelto .
18,3 83 |
8r. gr, m-f sand Gg
5P
19 —bd " 81

LEGEND FOR TESTS

W Noturo!/ Water Content

MA Mechanicol Analysis

LL Ar*terberg Limits

Gs Specific Gravity of Solids

& Dry Density

C Consolidotion

: Unconsolidated Undrained Triaxial Comprewsion Test
S

Consolidated Undrained Trioxial Compression Test
Consolidated Dro/ned Direct Sheor Test
UC Unconrfined Compression Test

NOTES

For locatfion of explorotions, see Plote No.

For legend of tube logs, see Flote No. 5~4

HURRICANE PROTECTION

NEW BEDFORD — FAIRHAVEN

SUMMARY OF LOGS OF UNDISTURBED
SAMPLES

NEW BEDFORD HARBOR MASSACHUSETTS
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GONSOLIDATION CHARACTERISTICS OF THE ML AND OL MATERIAL
Top DEPTH CONSOLIDATION DATA
MECHANICAL ANALYS(S |ATTERBERG SHEAR DATA ] LEGEND
SOIL |BORING| ELEV. [SAMPLE|  OF LIMITS smincm TNITIAL | FINA VPE[SPECIMEN SIZE | INITIAL
sYMsoL| w0 | FT | N0 | SAMPLE fGRAVEL SANGIFNES] D |-~ sRavity (355 Ty TE m'—g"T;m;; jresT| e VIN iicnes CINRE] Im | | T 17T | ¢ $ i Q  Unconsolidated Undrained Triaxial Compression Test
X o mm IN. {SQ.IN. | % Jibkuttl % | % | % F TEST] H [Dori| L | % kit % |WSOFT|VSQFT|I/SGETIVSQFT [/SQFTIDEGR ; X .
709717130 0C-7 1308- 305 == 7 5 10.751 30302070/ | 87 7.0 0286 R Con-oi_ldoud Und‘rulnod'Trlonﬂ Compression Test
sM ;g;-jgg 2 S i075{303000\/04 | 89 2.0174¢4|0.44] 27.0 S Consolidated Droined Direct Shear Test
. &-30. 3 5 1075| 3.013.01201103 | 85 4.0 {235 UC Uncontined Compression Test
FO-92|- 6.5) UC-7 | 13.6-/5.2 yC 17.09| 5.0 3o ¢/ | 96 0.16 o
FO-91t-/3.01 UC-1 |30.2-30.3 1 |15.50124| 102 (/00123 /04 0.83) 1.0
31.2-31.51 0 |39 |67 |0.0/5WMWAASTIC| 2.68
ve-3 131.9-32.¢4 / R 1140|350 2/1108 |/00} 1.08| 7.85
2 R |40 3.0 191//0 |/0012.16 15.56 0.40| 45.0
3 R |1.90| 3.0 20\ /10 |/00|4.32127.50
2.70 uC |1.40| 3.0 120|708 | @7,
ML | 32.2-32.6 / Q {/.40)|3.0 120710 |t00} .08} 7.86
21 alree)ze 211708 |100] 2.26 |16.47 0.50| 89.5
3 Q@ {/90] 3.0 1201 /08 (100} 4.32 |26.24
a 13|87 [0.009 Won-FASTIC ve /.40 3.0 2/1/08 | 99 0.40 e}
32.6-32.9 / S |/.90| 3.0 20| /09 100} 1.08| 8.05
2 S |/40| 3.0 221/06 | 99]2./6 /555 0.38(96.0
3 S |r.40| 30 20V /09 (100} 4.321\27.42
YC 140|300 20)109 |/00 0.52 [4
Vo-921-6.5| yC-5|1/.3-116] ¢ 47|53 j0.003 / R (1494 3.0/ 431 77 | 991054 1. /8
45126 2 | R |741]3.03 35| 86 |/00| 1.068{2.55 0.0 | 230
2.65 3 R |1.93[3.03 36| 84 | 98|2./6 |4.90
c //‘%- 523 / }/3.50139| 80 99|3z{/0510.32| 1.0
YC-9 |/15.9-/6. / a (144]3.03 137| 82 (/00| 0.5¢] 1./9
oL 2 | a |r35|303l  Wo| 82 (/o] 1.08] /.72 0.32 o HURRICANE PROTECTION
62163 3 a |/.35| z.03 401 80 | 97| 2./76 332
16.2-16. 28 /9 / S |0.75] 3.0 [{3.0l45] 76 | 99| 0.5 0492
16.3-/6.4 5 53} 42 |oove]. 2.68 2 Sl7slio|30i90 77 | 90 1.0 |0.7210136{ 302 NEW BEDFORD - FA'RHAVEN
/6.5-/6.6) 3 S 075301303 77 |fo0 1.5 | 100
16.6-16.7) / 43| 781/0/\321/0710.45| 1.5
SUMMARY OF TEST DATA
SHEAR AND CONSOLIDATION
SUMMARY OF TEST DATA
NEW BEDFORD HARBOR MASSACHUSETTS
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HURRICANE PROTECTION
NEW BEDFORD - FAIRHAVEN
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U.S. STANDARD SIEVE SIZE
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CORPS OF ENGINEERS

. U. S. ARMY
Y OF SAFE TY FACTORS FROYZ STABIITY ANALYSES FOR CONSTRUCTION COMDITION)|
HARBOR _SIDE. [ OCCAY SILE T
TOP FOUNDATIYY LAYER Q STRENCTH
BOT TOM _FOUNDATION LAYER BOTTON: FOUNDATION LAYER ]
Q STRENGTH R STRENGTH. O STRENZTH | P STRENGTH
7,25 133
— el /.57 /.40
— — /.19 /.58
JR— [— /.32 1.5/
—_— _ 1.22 1.40
790 *
/.50 2.08
/.56 /.67
2.00 2.07
.39 7.7
1.4 /.52
* Circle -6 Posses Through Top Foundaton Marerial Only
DESIGN VALUES .
LINT_WEIGHT(Y} PCF SHEAR _STRENGCTH
MATERIAL Q [d S
Y saf |Ymos\Y dry Y sub " g TcT6A @ I IGF| @ |GIoF,
(A) Armor Stone 1o | 68 20°
(B) Bedding Stone, Quarry Run| 115 40°
(E) Protection Stone 105 20°
(F) Cravel Beddng H"E 30°
(G] _Fitter Motero! s 14 30°
Circle ©~), [(H) Compacted Eorth Fil 737 | 723 | joa | 67 ETad
(1) Oumped Eorth Fill 125 | e | 100 | & 30°
(/) Rock Fitl 100 | 61 40°
Top Foundarion Marera) 32 | 56 o5t
Bottorrn _Foundation Material 88 | 54 032 23”7

HARBOR SIDE

Cirele © “.9/,%/ . Circle C-

Y Meo Sea Level - X

pd J <
///
Existing Horbor Botlom e e
Top Foundation Material Circle C-8<

5ilty (27) sond

Bottorn Foundation Materdl
arganic silty sand and
sondy silFrstratified)

sdafion Material

e Scole
Veg 20' HURRICANE PROTECTION

NEW BEDFORD - FAIRHAVEN

SUMMARY OF STABILITY ANALYSES
HARBOR BARRIER

NEW BEDFORD HARBOR MASSACHUSETTS
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CORPS OF ENGINEERS

HARBOR S/DE

s - l
E2N=A=0.05 59.in.- \ !
eXi-n.
Lifser-o:
Vi ] 233 5p.0m]

5N =C2022 59./n

&)

‘-
EN-£<
585500

prd

5N =F=27.88sg.in.

U. S. ARMY
WEIGHT VECTOR RATIOS
50 LBS=1.00

MATERIAL VECTOR RATIO (V)
A Arimor S tons (Dryl} 1O s 50 = 220
A Arinor Stone (506.) €8 + 50 = /.36
Oy Beuding Stone Quorry Fun (Dry) /5w S0 2 230
EY Proteci.on Stone Vlorydp 105 50 = 2.70
Y Grave! Bedding (Dry) /15 2 50 = 230
3) vrovel Fiiter (Drys /15 ¥ 50 = 2.30
& Grovel Fiiter (Sub) 7/ + 50 = 1.42
Y s vok Eoreh Fi, (Morist)| 123 - 50 = 2.46
T: D rped Scrth Fi (Sar)l  s25 + 50 = 2.50
I Corood Ecrer Fill (Sub) 6/ + 50 = /.22
Y Kook Fil (Dryl| 100 = 50 = 200
i ok Sl {Sup) 6/ 50 = )22
Top Foundation Moterial — (Sub) 56 < 50 = /.72
Battam Foundotion Materiol (Sub) 54 + 50 = 7.08

¥ Meon Sea Level

~Exis /n; Horbor Boh"ol:z

o
¥
b
4y |
o f;r_\l=5=
¥ 0,91 5g.im l
1z S - >
S PEd g !
§
N
g i
3
N
N
]
-
Ol g =H< 1389500,
@ ¢ T.
%
x
O
3
n
in
: |
2
£ k1+
ksl oy " = Yory ®
N . ES-Tel=3.39 sgin. 5(Z-Ve) %, >
o - —
: | | LS
Na - t
& S~ Ywoisr | @
Meon Sea
level W T 3¥sof )
= Esub. ©
Isusb.
Tsub. Q
¥sus. TOP FOUNDATION MATERIAL
Tsus. ROTTOM FOUNDATION MATERIAL
Z =Vertical distance
¥ = Unit weight of soil -Assumed Fotlure Arc
\
A TYPICAL VECTOR DIAGRAM
Circle (-3
B OCEAN S/DE
g @

K = Vecter Scale Corversion Foctor

g o lera N fane]
o K[ET,

_ LCHAEA Fand0°H(B4D) ton 30°4C fon 352 HELG) tan 25°
h K[H-I]

(61.600.32)+ 2.5/00.05H0 E39H0.08 +2.33H0.5 T )H0.22K0 TOA (585 +0.3U0458)]
= 2.5[/3.69-3.34]

SFE= 179

Top Foundation Maferiol,
Silty (27 Sond

Bottom Foundation Moterial
Orgonic Silty Sond ond
Sondy Silt Tstrotifred)

e TS rCirele -3 -
T

HURRICANE PROTECTION

- : NEW BEDFORD - FAIRHAVEN

‘\Top of Stable Foundation Moteric/

——,

- SPACE SCALE TYPICAL STABILITY ANALYSIS

2 ; ‘ CONSTRUCTION GONDITION ~-CIRCLE C-3
HARBOR BARRIER

NEW BEDFORD HARBOR MASSACHUSETTS

o 50 1001bs.
VECTOR SCALE
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REQUIRED REQUIRE D REMARKS PERTAINING TO
EXCAVATION EARTH FiLL
ORIGIN AND DISPOSITION
STRUCTURE A B c D E F
LECTED FROM FROM OF MATERIALS SELECTED
TOTAL i WASTE | TOTAL |EXCAVA-| STOCK-
OR USE TION PILES FOR USE
=A-8 <0.88 | =D-E
Clark Cove Dike Msterial excavated west of Sta. 22+00 in Ponding Area and between
Including Ponding Area 153,000 47,700 105,700 81,600 38,200 43,L00 Stas. 10+30 and 22400 in dike foundation ares, exclusive of
stripping,will be used for construction of dike.
Harbor Barrier Dike Material excavated south of Sta. 36+80, exclusive of stripping,
Including Drainage Ditch 49,500 17,L00 32,100 93,600 13,900 79,700 will be used for construction of dike west of Sta. 7+00,Main-
and Mainterance Area No. tenance Area No. 1 and adjoining roads, and for fill in area of
1 drainage diteh.
Harbor Barrier, West of
Assumed Limit of Coffer~ 1,100 - 1,100 78, 300 - 78,300
dan for Sector Gate
Structure
Harbor Barrier, Fast of f
Asgumed Limit of Coffer~ 5,600 2,200 3,L00 26,700 1,800 25,000 Material excavated east of Sta. 86+00, exclusive of atripping,will|
dam for 3ector Gate be used in construction of Barrier, Maintenamce Area Wo. 2 and
Structure, Including adjoining roads
Maint. Area No. 2
Harber Barrier Sector
Gate Struclure within 140,000 - 140,000 123,000 - 123,000
Assumed Limits of Coffer+
dem
5 OC 90,000
Bypass Channel See neat lines) - (neat lines)
Below Elev. =12 MSL Below 93,000 93,000
2t overdepth 21 overdepth
Material excavated fer landside foundation toe drain, exclusive
23,500 4,500 19,000 17,100 3,600 13,500 of stripping,will be placed in landside portion of dike embank-
Fairhaven Dike ment sectlon.
L52,900
to
Totals 155,900

Bypass Channel Excavations

To neat lines 651,000

To lines at 2' overdepth 730,000

Limits of quantity of actual excavation 651,000 to 730,000

losses during pumping, assumed at 5% 32,600 to 36,500
Avajlable tor stock piles (stock pile measurement) 618,400 to 693,500
Losses due to material required in stock pile areas
for grading and stabllization, assumed at 10% 61,800 to 69,400
Material available for use from stock piles 556,600 to 624,100
Material required from stock piles for earth
£111 (embankment measurement) 152,900 to 455,900

By placing all material from Bypass Channel excavation in the stock plles, there will be
acrout 20% additionsal material to compensate for settlement, foundation displacement,
shrinkage, over excavation, incorrect topography, more stripping than assumed, losses due
to storms, transportation ete.

HURRICANE PROTECTION
NEW BEDFORD — FAIRHAVEN

QUANTITIES AND DISTRIBUTION
OF EARTH MATERIALS

NEW BEDFORD HARBOR  MASSACHUSETTS

PLATE NO. 5 -3l



APPENDIX A
SUMMARY OF TEST DATA
OTHER THAN SHEAR AND CONSOLIDATION DATA
HURRICANE PROTECTION - NEW BEDFORD-FAIRHAVEN

Page Nos. Exploration Numbers

A-l FD-2 - FD-8

A-2 FD-19 - FD-23

A-3 FD-24 - FD-26

A-4 FD-26 (Cont.) - FD-29

A-5 FD-30 - FD-33 »

A-6 FD-42 - FD-48, FD-50

A-7 FD-50 (Cont.) - FD-53

A-8 FD-54, FD-56 - FD-61

A-9 FD-62 - FD-68

A-10 FD-70 - FD-72, FD-74, FD-75, FD-717,
FD-78

A-11 FD-80 - FD-84

A-12 FD-85 - FD-90

A-13 FD-91

A-14 FD-92

A-15 FD-92 (Cont.)

A-16 FD-93 - FD-97, FD-106

A-17 FD-107 - FD-112

A-18 FD-113 - FD-117



Page Nos, Exploration Numbers

A-19 FD-118 - FD-119

A-20 , FT-2 -FT-6, FT-10, FT-11, FT-16,
' FT-18, FT-20, FT-21

A-21 BD-1 - BD-4
A-22 BD-5 - BD-8

A-23 BD-8 (Cont.) - BD-11
A-24 BD-12, BD-14

A-25 BA-1 - BA-12

A-26 BT-1-BT-12



1-v

MECHANICAL ATT. NAT. COMPACTION DATA NAT, DRY OTHER
] w 3 ANALYSIS LIMITS o> WATER STND.AASHO - DENSITY TE w
dslazl?g T, 29 [ v e /coureur Tel> F|% w | LBS/CUFT STS o &
w - b= 7 . o> | Y% DRY WT| .a®a , =]
SElRgeEE| a8 Bllie of| o | o BB T .« eg023 22| 2 | o (3l0le] BB
n L P - Q o a prl « o |ou© xg\ 7)) - o Wi ITI
o [« 5| 2| 303°8] = | © | 2 |ZI5]a] B8
MtSaL - i o~ b ) '} - [ (7] P
FD-2
J=7 |22.,0-27.0! SM |20|57|23|0.02L
FD-3
<13,1] J=2 | Le3- 5,0 | SP |27|70| 3|0.22
J-li | 8,L=11,0 | SM [23]56]|21]0.016
FD-h
8.4 | J=li [10.7-12.0 | SM |13|6L|23
D5
Goli | J=l | 0,0-2,2 SM | L4|83(13|0.,050
J-2 | 2,2-5.,0 |SP-SM| 0|/93| 7/0.078
FD=6 ‘
«Te5 | J=1 | 0.0-1.2 | OL | O|Lk|56 3l 8
J=2 | 1.2-3,2 ML | O(39{61{0.,01k
FD-T
=S¢l | J-1 | 0,0-3,8 | OH | 0|11/89 68 18
J-i |12.0-17.0 | SM [26]|50|2L4|0.025
FD=8
6,0 | J=5 |10.5-11.5| ML | 1{15|8L|0.003
J=6 |11.5-12,0 | ML 2| L47|51 0,02
J=7 |12,1-13.1| ML | 0| 7|93]0.002
J=9 [16.6-17.0! SM | 1|56|L43
J=10(17.0-22.0 | SP-SM|16|77| 7(0.11

X PROVIDENCE VIBRATED DENSITY TEST




eV

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY
_ w y ANALYSIS LIMITS | | WATER [STNDAASHO] . DENSITY °TT"'ER
J s . |2 . |io | CONTENT] E[> ~|# w | LBS/cuFT | TESTS
X2 lgub|z2| st [2F Bl o 0% [LORYWTLEHE s 03 [T, [l
w Ladi™) ; g m; Eb 39532 O-E j : gg ‘-‘J ; g:gx'ﬁg :; ~ g :’83
o [ |+ 51 z | 302°8] @ | © | Z |Z|5]4
M.S.L e ' o~ -3 i 2 - ' 7] o
FD=19
=33.3| J-2 | 3.0- 8,0 BP-SM | 5 89 6 0.13
J=3 | 8,0-11,0 | ML Q 13 87} 0.004 20
J-5 [13.0-18.0 BP-SM |15 79 12| 0.060
FD=20
3Ll | J=2 | 3.5« 5.0 | ML o 2d 80| 0.012 23
J=3 | 5.0-10,0 | ML 0 37 63| 0.030 2,67 25
J=li [10,0-15,0 | ML 25
J=5 [15,0=20,0 | ML 0| § SLj 0.012 2,671 24
J-6 R0,0-21.7 | ML 28
J-T P1.7-26,2 |SP U
FD=21
‘3’4.3 J-l 000- 1.0 SH 28
J=3 | LheO= 5.0 | ML o 9 910.011 26
J=4 | 5.,0=10,0 | ML 0o § 94 0.009 2L
J=7 N5.0-19.1 §P-GM |56| 33 11} 0.07 8
FD=22
-33.6 | J-3 |5.0- 8.0 |ML | of 3¢ 650,018 2l
J=l | 9,0=14,0 [ ML - 16 8L} 0,00k
J=5 [14.,0-15.0 | ML 19
J=b {15.0-19.0 SM  |L3{ L1 16| 0.035 8
FD-23
=35.3 | J=1 0-2.0 |SM 32
J=2 | 2.0-7.0 PP-SM | 2|90 8|0.12 22
J=3 | 8.0«10.0 | ML 8| 25| 67 20
J=i [0.0=13.0 [SP 9
J=5 [3.0=18,0 BP=SM |35 55 10{ 0.07 9

# PROVIDENCE VIBRATED

DENSITY TEST.




t-v

MECHANICAL

ATT.

NAT.

COMPACTION DATA

NAT. DRY

. w g ANALYSIS LIMITS WATER TND.AASH DENSITY OTHER
2o laZelas| £ [28 [ 2E | comrenr e pw b | cessurr | TS
x=legh|zE| uv (8% Bdng oc| L | . |BESTEEzEEs 58 [ 2 [ o [=fd]
- o a o [T T | I | o [26] = g |5%G|xwll a g = ° |ul2|=
e [ |« =l e | 2 °% |28l @ | o | = |z|3|&
MOSOL. ) 8 1 o\o = 3 - - ! n o
FD-24
-16.6 | J=2 | 3.0- 8.0 SP-SM|38|54 8| 0.11 12
J=3 8.0-11.0| SM (30{53 17 10
FD=25 |- 642 | J=1 | 0.0- 2.0/ SP 23
J=2 2.0~ 6,0/ SP 7191 2| 0.20 15
| J=3 | 6.0-12,0|SP-SM| 2|86 12| 0,07 28
J-4 |12,0-1L4,0| SM 20
J=5 | 14,0-17,.0} SP-SM 16
J-6 |17.0-22,0/ SM | 0|53 47 22
J-T |22,0-27.0 ML | o] 6| 94| 0.003 2.73| 31
J=8 |27.0-31,0[ ML 3L
J=9 | 31.0-32,0| SM 9
J=10 | 32,0-35.0| SM | 9|75/ 16| 0,022 2.67] 16
J=11 | 35.,0-37.0| ML | o 6 9h| 0.010 26
J=12 | 39.0-41.7| ML 21
[FD=26
= 3.9 | J=1 0.0~ L.0|SP=SM 26
J-2 Lh.0= 9.0 SP | 9/90( 1{ o.11 16
J=3 9,0-10,0| SP 15
J=i [10.0-14.0| SM | 6|51| 33| 0.009 , 2L
J=5 |14,0-19.0| ML | O|1k|86 37| 29 52
J<6 [19.,0-21,0| ML | 0|L3|[57| 0.005 25
J=T |21,0-25,0|SP-SM 18
J-8 |22.5-24.0| ML 24
J=9 [24.,0-27.0| ML 0137| 63| 0.,009Non Plastilc 21
J=10 | 27.0-31,0] ML | O} 2/98| 0.003 32
J=11 | 31.0-3L4.0| SP 13
J=12 | 34.0-38.0( SP | 6|9L4| O] 0.37 16
J-13 | 38,0-L43.,0| SM 22

PROVIDENCE VIBRATED

DENSITY TEST.




f=v

MECHANICAL ATT. . COMPACTION DATA
. " - y "ANALYS!(S LIMITS | WATER [STNDAASHO — DENSITY OTHER| .,
2 lazol @ e 128 10 2F | CONTENT[ &[> +|* & | LBS/cuFt | TESTS | &
x 2 |oWrl =3 O oz (w » . 5> | % DRY wt| .xZlae s 52 , E
e aw w »> [>oZowel OE€ 2 J |w™ Fu>jo o1 50 < +« |=l3ls g»,‘ﬂ
w w « a a3 |gor|ZoY| = a® | ¢ jar&| -So ~ < «|2]Z =
() N |x E o o a n® : o o;o:g; .. .6 g ‘i"gﬁ QO:S
.S.L. ° o | ¥ |79z o I | F . &g
FD-26 tinued
q?;&m* Je1li | 43,0-4B.0| SM L8313 19
J-15 | 48.0-52.0| SM P
J=16 | 52.0=57.0| SM 27
J=17 | 57.0=61.0| ML 23
=27
=845
Jel | 0,0-3.0 | ML 79
J=2 3,0=5,0 | SM 21
FD=28 {=7.3
J-l 0.0- 2.0 SN 21
J=2 | 2,0= 7.0| SP 18
J=3 7.0= 9,0(SP-SM 16
J=Li .| 9.0-12.0| SP 12
J=5 | 12,0=1h.i| SM 12
| m-2¢ |- .
3 li| J-1 | 0.0= 2,0/ SM | 3[67(28 |0.007 34
J=2 | 2.0- 5.5 sWw (1383 L [0.17 15
J=3 | 5.5-7.0 | ML | 0]|38|62 23
J=li | 7.0-12,0| ML | 0|32|68 [0.022 2,67| 24
J=5 | 13.,0-18.0{ ML 23
J=6 | 19.,0-20.5| ML | O] 892 0,008 2,68 23
J-7 | 20.5-22,0| GM [49|20(31 |0.012 9
J-8 | 22,0-22,.9| SM 9

% PROVIDENCE

VIBRATED DENSITY TEST




-5 4

MECHANICAL ATT. NAT. CQMPACTION DATA NAT. DRY OTHER
. w £ 2 ANALYSIS LIMITS o> WATER STNDAASHO - DENSITY TESTS
2o lade|ac| E& |28 | |, S o R wr| 3| E | o [RSUET :E
X 2 |Oo_ju| Tz & OZF |w - : oF e Fux-[a?s| S0 2 eld|s
o T REM ST 8T | en e 2| 2| 2 (82 | g iE28 S | R | ¢ |3l EE
© u- 5 z | 3038 o ° Z |Zlgla|eo
MAS-L [ ] o ] - ] o
FD-30 '
«3s6 | J=1 | 0.0=.1.5 SP=-SM 24
J=2 | 1.,5- 4,0 [SP-SM |5 | 89 6|0,087 33
J=3 | 440~ 9,0 SP=SM |2 |90 8|0.12 16
J=h | 9,0-13.0 [SP-SM 16
J-5 113.,0-18,0| sM |3 |56 ln 21
J=6 [18,0-20,0| SM 22
J=T7 |2040=23,0 SP-SM un
J-8 |23,0-27,0 SP-SM TN
J"9 2700-2900 - SP 18
J=10(29,0-32,0 SP-SM | 0 { 89| 110,07k 21
J-11(32,0-37.0 SP-SM |0 | 92| 8{0.08 21
J=12/37.0-42,0 SP-SM 22
J=13(42,0=45.5 | ML 20
J=1li |L5,5-47.0 | SM 1
J=15 [47.0=52.L | SM 12
FD-31 _
=32,5| J=3 |L.0- 6.0 ML |0 |kl 56]0.018
J=4 [6.,0-11.0 | ML |0 |31]69|0.015
FD-32
+6,0 J=1 |0.0- 5,0 SP |1 |98 1|0.23
J=2 [8.0e 7.0 eM | 28|57 15]/0.033
FD-33
112, | J-1 |0.0= 4oO SM |0 |75|25|0.02L
J-2 |L4.0-5,0 | SK |9 |58|33({0.008

X PROVIDENCE VIBRATED DENSITY TEST




NAT. DRY

9V

% PROVIDENCE VIBRATED

DENSITY TEST

MECHANICAL ATT. NAT. COMPACTION DATA OTHER
. w 4 ANALYSIS LIMITS e WATER [STND.AASHO - DENSITY TESTS
2slazol 24 ,’_:._- 22 [ T | CONTENTI™ ©T,~ w|® L | LBS/CUFT
w - o . o> 1%  RYWT| ¥ x ., > ‘ ;
SERA|EE| wt 0% BeBeme of| o | o [BEST .« higo23 22| 2 | s |53l
' » o » |x Sl o g| 4 a |[go| < o |ogxO|x Ul %o - o |wi2lE
> - 5 z | 3o/X°9 o d Z 1z15|a
M,S,L, - ' Ll = | - '+ [@|o
<42
+742| J=2 | 1.3~ 5.0 sSM | 3(78|19
J-6 [10.0-15.0| SM [11}67[22
FD-U43
+707 J"l Ooh- 2.7 SM 13 71 16
J-5 |10.0-15.0| SM {07218
FD-Lk
+7.5| J=1 | 0,0= 3,2 GP-GM p2-{41| 7| 0.13
J""3 500- 702 SW fl2 85 3 0.21
J=6 |10,0-11.7| SP |{6(93| 1| 0.31
FD-L5
+7.9] J=2 | 1.2= 3.,9]| SM | T7[16 117
, J=ii | 5.0-10.0! SP p2185| 3| 0.25
FD-L6
+4.9| J=5 [12,0-12,9| SM | 3{79 18
FD-L47
+9.,1| J=1 | 0.0« 4.0 GP-GM B7 35| 8| 0.12
J-6 [10.0-13.0| sSM p7l61(22
FD-48 A
+708 J"3 701-1000 SM 0 62 38
J-6 113.2-15.0| SM [6é 501k
FD-50
: <6,0| J=2 %.2- %.5 gp-sm L 186 10 o.o7§
J"' 00" ] P—SM 1 000 .
J-? 1 .o-12.§ SP-SM 43 EB 8 0.13
J=10 (15,017, SP_[op71310.19




AL §

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER
. w T g ANALYSIS LIMITS o> WATER STND.AASHO - DENSITY TESTS o:
dslazlie| E¢ (28 LT, P P R e EE
. b Tl . o :
SE(Raw|IE| wt |GF Edeluel eof| | o |SErT T RE023122 | 2| g |3elz| BB
Py ” o l: Q € - Q. mO : o O;Q:O; (7, .6 =z uzluoo
o o z o @ @ Ilola
M.S.Iu e . N = o J - ' nlo
FD-50 (:ont.in\?ed
J=13 [20.0-22.,3|(SP |096] k| 0,11
B-16A [25,0-30,0 | SM [11[57 |32
FD-51
=1l ,5 |B=2 00=- 5,0 SM | 2175123
B=-7 [10.0-15.0|SM |2 8216
J=-8 [15.,0-20.0|SM |0 68|32
B«10 [20,0=25.5 | SM |0 60 |40
FD-52
«10.9 [B=2 0.0= 5.0 | SM |5 [76 19
Beli | 5,0=10.0 SP-SM |7 85| 8 | 0,10
J=5 [10,0-15.0 | ML L3
B-6 [10,0-15,0 | ML, |0 [32 |68
J=7 [15.0=18,2 SP=SM |5 185 1.0 | 0.07
J-8 [18,2-20,0 | ML |0 [35 |65
B«10 [20,0-25.0 | SM [0 68 |32
Bel2 [25,0-30.0 | ML, |0 [20 |80
FDS3
- 746 |J=3 3.7= 5,0 BP-SM R 70| 6 | 0.16
B-5 | 5.0-10.0 SP-SM 10 {80 N0 | 0.07
B-7 [0,0-=15.0|SP |1 3 0.19
-9 1500-2000 SP I.2 2 0021
B-1} [25.0-30,0 BP-SM |0 11 | 0,07
J=15 [30.0=35.,0 | SM |0 B3 L7

% PROVIDENCE VIBRATED DENSITY TEST.



gy

MECHANICAL ATT. NAT. CQMPACTION DATA| NAT. DRY
. w o ANALYSIS LIMITS | . | WATER [sTNDAAsHO] , | DENsiTy [QTHER
| o= |3. z .l [g o | CONTENT[ ve]> +~|® w | LBS/cUFT | TESTS | _on
X2 |sur|ze| =k |33 “‘% el of G3 |% ORY WT| e3|& sk o3 T S5
w il Bt w w> |[>9Zowol Q€ 4 a4 |wd Fwxloz2] 50 4 | « [=ia]ls| A
w a a3 |Zon o - ¢ ol -fol N < <|QIZ =Hw
n N (g - o E - o ] < o |logo|x ¥~ 7 - o w "4 gz
o 2 = | 2 |°302°gl a | o | = |x|3|¥| €8
MaS uI e ' = 3 o - . |»|8
FD-54
+4,2 | B«3 | 1l.5- 5.0/ SP L4 |83] 3| 0.19
B-5 5.0-10.0|SW-SM | 6186| 8 | 0,08
B-7 | 10.,0-15.0{ SP 9i88| 3| 0.8
FD-56
+245 | B=6 | 10.,0-13.2{ 6M [0 |k N6
FD-57
-84 | J-1 0.0- 5,0|{SP=SM| 2 91| 7 | 0,11
B-3 5.0=- 8,8({SP-SM| 687 7 | 0,12
B-6 |10.0=1}.,0|SP=SM| 7188 | 5 | 0.20
B-9 |[15.0-20.,0| SM | 087 13
B-11 | 20.0-23.8| SM | 068 (32
FD58
-203 B"3 100' 500 SM 21 63 16
J-9 | 15.0-20.0| SM D1 809
59
+2,9 | J-1 Ouie 2,5|SR-SM P2 72| 6 | 0,17
B-S 5e0= 9,2 |SP-SM [32 162 | 6 [ 0.19
<60
«6,2 | B=7 |10.0-15,0| SP [2Phik |[0.17
B-12 | 20,0=25,0(SP=-SM | 0 Bl | 6 { 0,10
B~15 | 26,3-30.0/ ML | O 31 9
F-61 8 8 8 L |8
+1. J. o 00 SP"SH 0-10
B-g %.o-lg.o SP EW% 310,19
. 10,03 0i] 8P 013 10417

¥ PROVIDENCE VIBRATED DENSITY TEST




6~V

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER
) w < a ANALYSIS LIMITS o> WATER STND.AASHO - DENSITY TESTS
a o P 2o o 28 |a " e O/CODNRTYE\':;.. :::; z -k * p LBS/CUFT »
a . > N 7] o H
OFRIUIE| ut 8% ZeBeluel o€ | 4| o [BES [ . h0E[S23]122 | 2 | ¢ |532(BE
» N | < o E 4 a n© < o quxo\ [7:) - o wgﬁ‘:gm
1eS.L, - ' ° - - - ' e 08
FD=62
«1,0 |J=3 2.,3- 5,0 | SM |28]51(21
J=10 |15,0-18.3 | ML | L4|37|59| 0.006| Non [Plastic
D63
+2,5 |J-3 | 5.0~ 6,7 | SP [13|82| L] 0.20
B-5 | 6.7-10,0 | SP | 1/95| L| 0.15
B-7 [10.,0-12.5 | SP | 1|96| 3| 0.17
J-10 [15,0-17.2 | SM |3L{50|16
FD-6L
+2,8 |B-3 1.2« L.2 | SP-SM|{121{82| 6| 0.13
B-7 | 5.8-10.0 | SM [22|50|28
FD-65
-201‘
B-6 | 5.0= 9.4 | SP |12(8L4| 4| 0.18
FD=66
=1.3 [J=2 0.8- 5.0 | SP [10/88| 2| 0.29
J=7 [13.0-15.0 | SM |13|6L|23
FD-67
40,8  [J=b 5.0= 8,8 | Sw 7189 L| 0.1k
FD-68 .
+0.5 |J=5 6.5- 9.6 | SM | 5[83|12

%X PROVIDENCE VIBRATED DENSITY TEST




0T-v

MECHANICAL ATT. NAT. |[COMPACTION DATA| NAT.DRY |orueR
. w 4 ANALYSIS LIMITS O WATER |[STND.AASHO - DENSITY TESTS
2slazolds e -9 [ Tk | CONTENTI™ £f, | & | LBS/CUFT "E
W~ a o 7 . oS> | % DRY WT| .x® x4 a2 ;
SE A I EY |0F GeBete of| 4| 2 (BE[2 [ o REECE3|ZS | F |1 |3RJE 22
] " |x = o E - o [po| I o |0Z°Ixgy n = 2 |Wiz|lu] QEWR
© u- o z | *0d3 o « 2 alola| &
M.S,L, - ' ° 4 - ) ©
FD=70 )
40,5 | J=2 [ 5.0~ 7.9 |SP-SM 41|52 7 [ 0.1k
B-5 [0.5-15.0 | SM |25[57 [18
FD=T1
0.3 | J=3 | 7.0-10.0 | SM [O69 |21
J-5 [5.0-17.0 | SM {1957 24
FD-72
0.4 | B-8 |5.0-10,0 | SM [21 {60 |19
FD-7h
12,5 | J=3 [5.0- 7.1 | SP | 099! 1/0.27
B-9 [5.,0-20.0 |[SP-SM|0|95| 5 | 0.11
B-13 [21.4-25.0 | sSM | 0|5k |u6
FD-75
14,5 | J=2 | 1.5- 4.1 | SP [lO(88] 2| 0,18
B-5 | 5.0- 8.8 | SP 3(96(1]0.16
B-8 [0.0-15.0 | sM | 0|6k |36
B-12 [20,0-25.5 | SM | 075 [28
FD-77
34,1 | J=3 | 5.0-10.0 | ML o [15 185 | 0.013
J-8 N6.5-20.0 | sM [32 |u5 (23 | 0,025
FD-T78
34,0 | B-l4 | 5.0-10.0 | M. | O[30 |70

% PROVIDENCE VIBRATED DENSITY TEST




IT-v

MECHANICAL ATT. NAT. CQMPACTION DATA NAT. DRY OTHER
. w 2 ANALYSIS LIMITS O» WATER STND.AASHO - DENSITY TESTS
25 laz g ol - -2 [0 @ o/CODNRTYEN'; x; >+ " - LBS/CUFT e
xz|egblzz) Gw |82 Bl of| L | o |BEFS T e Ex%23 38 | 2 | ¢ |=3z| BB
w » ] n 23*43*58* o - a |[So| < o log®|x US| %o = o |uwlglE= “E
© u 5 z | 278 @ o z |z|5|8| 88™
MaSalia [ ' SE G - L ' nio ol &
FD-80
-16,1| J-1 0.0- 5.0 | SP-SM| 3| 86| 110,07
J=7 [10,0-15,0| SM | o 78|22
J=10 [20.0-25.0! SP |1l 85 1(0.20
FD=-81
7.9 | J=2 1.,2= 5,0 SP |[15/81] L|0.31
J-7 [15.0-20.0| sC |3 |71 26 33 | 23 [Natunal
2}y | 19 |Oven Dried
J=10 [21,1-23.4 [SP-SM |2L| 65|11
J=1} |27.9~i.n| SM |20|51|29(0.011
FD-82
-6.3
B-6 |10.0-15.0| SM | 3|53| Ll4|0.003 |Non-Blastic
J=7 |15.,0-18.0| CL | 0|25/ 75 35 |19 48
B=16 [30,0=35,0| SP 1/97] 2(0.1k
J=23 [40.0-hli,1 | SP {15|81| L4|0.18
FD-83
=10,9| J=4 |10.,0-15,0 | SM=SC| 2{52|L46|0.004 | 25 |20
J=9 |20,0-22,5| SM | 9{60]|31
J=10 [22,5-25.0 | SW-SM| 13| 79| 8(0.09 :
B-12 {25.0-30.0| €M {0 |80|20 Non-Hlastic
B-19 |L5.0~50.0 | SP=SM|0 (94| 6|0.1k
FD=8l
=33, |J=3 | 24~ 5,0 | ML |0 |30/70{0.018
J-7 [15.0-20,0 | ML [0 | 8/92|0.012

"X PROVIDENCE VIBRATED DENSITY TEST




e1=v

MEéHANICAL ATT. . NAT. COMPACTION DATA NAT. DRY OTHER
. w g ANALYSIS LIMITS O WATER STND.AASHO - DENSITY T'T
2 claZolac . 22 [ e O/CONTENT £> |* « | LBs/cuFT ESTS -
o . o> DRY WT| .x®|x , > - 2
xz|odul2x| G |0F MWLM of| L | |BECTT . eE23] 38 | 2 | ¢ |2|3]z] 25
o o 0 | ‘Io o - o 3’,0 : o O;Q :l‘ga &0 'C-) g I:A:Jgﬁ <:Eb(
M,S L. ° e [ 3|72 8 3|2 | |58~E§
FD-35
-1805 J-h 1000"13-8 ML 7 23 70
J=7 | 15.6=-20.00 SM |23(60{17
J-8 | 20,0-21.9| SM [36]|L5|19
¥D~86
~.7] J=3 | 5,0 -8.2.] SP |19|77] L| 0.15
J=5 110.0-11.8 | sW [14[83]| 3| 0.18
J-7 [15.0-20.,0 | GP-GM|48{41{11| 0.07
FD-87
-19.2| B-6 [10,0-15.0 | SM [32{50(18| 0.019
J=7 [15.0-20.0 | SM [1L4|70]16
B-8A |20,0=25,0 | SM {23(63|14
FD-88
«3,8 | B=5 [10.0-15.0| SW [11(88| 1| 0.32
J=6 |15,0-20.0 | SC {10[L2|L8| 0,003| 33 | 22
J=13{26,1-29.2 | SP |[LL|52]| 4| 0.23
B~17|40.0-45.0 | SP |0 100| 0| 0.20
J=18 |45.,0-50,0 | ML [0 [29]71
-89
9.3 | J-2 | 5,0- 8,0 SP |11|84| 5| 0.1k
J-3 | 8.0-10.0| sp | 2|95| 3| 0.17
FD=90
7.9 | J-2 | 1,2- 5,0 SP (13|84} 3| 0.15
J=3 | 5.0~ 7.0 SM 9(66|25| 0.02
J-7 {12,3-15,0| ML | Of 1[99 0.003 30

. X PROVIDENCE VIBRATED DENSITY TEST



(3% §

MECHANICAL ATT. NAT. COMPACTION DATA| NAT. ORY OTHER
. w 2 ANALYSIS LIMITS o> WATER |[STND.AASHO - DENSITY TESTS 0
a o lady E.'o' e - 292 |, Lt | CONTENT SEIA * LBS/CUFT )=
X = 03: Z =z :'u. o= I;l ozo o€ S: °/oDRYWT._-$>gg: gg B R “3;‘ EEW\
w - w < a @ > (aat|zet| < 4 4 ja| 2 T ja-E -9 a 2 o |Ze|lx|EE
° R | o] | |ae| 2| 25zt e | 5 | 2 |2ZE|58
M,S,L © s | = [®3 3 3|2 |7 |58
. UC<l | 30,2-30,3| ML 23 102 “—
30,3-30.6| M. 2L
30,8=30.9| SM | 2l 103 .
31,2-31,5| ML 0139 (61 | 0,015 |Non-PlLastid 2.68 23 o
UC=3 | 31.9-32,1] ML 21 106 —
ML 19 110 —
ML 20 110 —
ML 2,70 20 108 —
32.1"32.2 ML 20
32,2-32,6[Strat 20 110 —
ML&SM
" 21 108 v
" 20 108 [
" 0 i13{87{ 0.009 |Non-Plastiq 21 108 —
32,6-32,9| Strat
ML&SM 20 109 —
" 22 106 “—
" 20 109 —
" 20 109 —

% PROVIDENCE VIBRATED DENSITY TEST




M-v

MECHANICAL

ATT.

NAT.

CQMPACTION DATA

NAT. DRY

ANALYSIS LIMITS WATER ND.A ASH DENSITY |COTHER
J s |3 = . |, 2% | CONTENT ST.P:S.?* L | lesveurr | TESTS | .
% 2 |su-] 32 el |3 lal » . > |% ORY WT| .a¥|x vt o2 AR
woRRT e a ek @Rt 25| 2| 2 |REM 2 [y lsE(o28 2R | 2 | ¢ |5iBlE EE
° "EPRE || Y] |ee| 2| 2zt ta | 5 | 2 |¥25|58
¥.8.L 2 ' R= B 4 - B el
FD=92
~6,5 | UC=L| 6.L= 6,6 SM 28 96
6.6- 6,7 SP 26 90
6.7- 609 SP 29 90
6.9- 7.3| SP&SM 31 87
7-3' 70)4 ML }-ll 65
Toli= 7.8 SM |1 |73|26| 0.008|Non-Hlastd 2.64
7.8= 8.0 SM 26 81
8.0~ 843! SP&ML 32 9L
UC"B 807"‘ 809 SM 25 98
849~ 9,0{ SM 28 79
940= 9,Lj SM 5167|128 0.028 29
9eli= 9.6] SM 17 99
9,6= 9,8) M 22 95
9.8-10.1| SM 2L 92
10.4-10.7| SM 2l 102
UC-5 | 11.3-11,6] OL |0 |L7{53 [0.003 L3 77 —
LS | 26 35 86 —
11,6-11,8| OL 37 80
12,2-12,5 SM 32

X PROVIDENCE VIBRATED DENSITY TEST




ST-V_

MECHANICAL ATT. NAT. COMPACTION DATA]| NAT. DRY v OTHER
. w u ~ANALYSIS LIMITS o WATER STND.AASHO - DENSITY TESTS
2slazlds! B |28 L1 o | CONTENTI™ pTo— 1™ u | LBS/CUFT "
xz|gablzz| su |32 BeE) oo L | |BIretfenkiyees 23 [ 2 [« |=[d]s]BE
T w o o » :} 28 " | o a 3‘,5 < 4 o=° x WS B¢ - o (wi2]|E <5’~
© 7 |- 5z [*e3°8| = | 2 | % |5/3|1¢| 258
M.S.L [ ' sE S| 4 - ' ol |83
D~92{ (Continued)
UC'7 13.2-130h SM ) oo 2070
13.4-13.6| GM §h2(35]23] 0.016| 39 | 23
1306—15.2 30 91 A\
UC-9 [15.L4-15.71 sM | 7(68]25| 0.014 2.67 14
. 15,7-15.8| sSM 20
15.9-16.2 | OL 39 82 —
8{: to 82 “—
0 8 -
16.2-16.3 | OL 28 |19 L5 7 -
16.3-16.14{ OL |5 B3 42| 0.002 2.68| 4O 17 v
16.5-16.6 | OL L3 77 —
16.6-16.7 | OL L3 78 {
16.7-17.2 | s |2 fo b8 | 0.007 -~
UC-11 N7.3-17.4 | SM |3 b6 |31 | 0.008 2,68 24
17.5=17.8 | OL 11
18.0-18.3 FP=SM |1 B8 11 | 0.070
18.3"19.1 SP 2.67

" % PROVIDENCE VIBRATED DENSITY TEST




4
SINZINOD

OINVOHO

OTHER
TESTS

‘WY3d

“TOSNOD

YV3IHS

NAT. DRY
DENSITY
LBS/CUFT

v ON -

aviol

COMPACTION DATA

STND.AASHO

14 n2/s87

% QAd

14 n3/s87
‘SN34Q
A¥Q " XVWN

1M A¥0 %
- 431vm
'1d0

NAT.
- WATER

YON -

CONTENT
% DRY WT

avioL

ALIAVYO
J141034dS

ATT.
LIMITS

d

19

MECHANICAL

o]
a

0.16

% -
S3IANIL

8 | 0,09
6 | 0.1k
6

3

ANALYSIS

%

g

J3AVHS

3[77 {20 | 0,008

23 |61 16

3193
22 7h
1179 |20

0187 13
27 |59 [1L

13 67 [20 { 0,033

37 160

TOANAS
1108

SM
SM

sp

SP
SM

SM
SM

SP-SM [26 |66

SP
SM

‘Ld
H1d30

3¢3- 4.8 [SP-SM|[ 589 | 6 | 0.12

0s0-1.5

L0~ 5.0

5.0- 6,1
8'8-10.2

1.6~ 3.7 |SP=SM]| 589 6 | 0.10

3.4= 5,0 {SP=SM| 2190 8 { 0,09

0.0~ 1.9

5.0= T.3 {SP=SM |3l (60
0| SM [71/67 1
109- 302

103- 500
707-100

‘ON
3T1dNVS

J-6 10 . 0-15 ° O

J=1
J=3

J=2
J=3
J=5

J-2

J-6 11.0-12.2 (SP-SM L0 |5k4| 6 [ 0.13

J’S 508- 905

J=1
J-3

J=5 |5.0-10.0 [SP-SM Q6|78 6 | 0,16

J=6 00,0-=11,5

J=2
J-3
J-5

J=3

‘L4 +

‘A3 w

dOl =

-9.2

‘501

"9:1

«9,6

-708
+9.0

‘ON
"1dX3

- FD-93

FD-94

FD-95

FD-96

FD-104

FD-97

T
o

¥ PROVIDENCE VIBRATED DENSITY TEST



LT-v

MECHANICAL ATT. NAT. |[COMPACTION DATA! NAT.DRY |qgTHER
. w 4 ANALYSIS LIMITS o WATER STND.AASHO - DENSITY TESTS
26 laz|d e [28 [ G | CONTENTI &f» % i | LBS/CUFT
<z o4l z2z| su |33 julk @ | . o3 [eorvwneliges 23 [ o [ « [e]d]s] 08
w Fw | « o w> ez SE| 2 jaxe| 2| ¢ |eeE G0 A = o |alelx
” ” | - o € - a a® :t_ OO;QQOR (% l'o- z ':i:’z"‘ EE
o z o o 9 et . |w|Ola] 8 8™
M.S.L, - ' o -4 o fa &
FD=107
+8.,5 | J=3. 5,0-10,0| SM [17(58{25|0.,21 |
J=li [1040-12,0| SM |[30]55}15 (0,047
FD-108
+8,6 | B=li | 1,0« 5.,0SP=SM |31 /59|10 0,08
B=10[10.0-13.5 |[GP=GM 60 |32]| 80,12
FD-109
+80h J-2 102- 2.8 SH 25 hh 31 00017 13
J=6 |12,1-13.9 |SP~SM i1 [51| 8 |0,10 8
J=7 [17.0-17.5 {SP-SM 0 {49 |11 |0.068
FD-110
49,8 | B=l | 3¢3- 5.06M 173518 {0.03
B=6 | 5,0-10,0 [SM PO |51 |26 {0,018
FD-111
+7¢2 | B=3 [1.2- 5,0 [SM 18 [5L 28 0,017
J6 |7.8-10,0 [sM bk Iu7 (29 jo.011
FD=112
+3,0 | J=3 (2,6~ 5,0 [SP 1l B3| 3 0.27

¥ PROVIDENCE VIBRATED DENSITY TEST
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61~V

MECHANICAL ATT. NAT. [COMPACTION DATA| NAT. DRY |orher
ANALYSIS LIMITS WATER [STND.AASHO DENSITY :

w 4 o> - TESTS
J . s | o T . a9 2> | CONTENT[ El> F|®* &« | LBS/CUFT
a a = - ~o |J w = .
» : gg: !: :'ll. o3 ;J 3 oc 03 % DRYWT._'EJ:E(D; 23 2 « eld] .
w - < 0> (ZF z32 OE€ - - a‘g - ¢ jar-&x| -Z0 2 « <8:
» o » Z2® o"eg| a0 | o o| « o log®|x¥| 2w [ ° |wiQ|®
[ 4 0N - [« on F3 Zlw
© u o z ’39 3 of 9 e . |a|8|e
- M,yS oL L= I - ©
+7.5| J=3 | 5.0~ 7.5|SP-SM|2}4]65]|11|0.068 {1k
J=b | 7.5-10,0| SM 14 |4h{L2 |0.006 8
J«SR|10.0-15.0| SM 11
J<6 {15,0-20,0} SM [13|55/32|0.010 10

FD-119
+8.3| J=5 | 6.7= 9.4| SM N |65(21(0.029

J=7 [10.0-15.0| SM [11]68{21 |0.021
J=8 |15,0-20,0] SM [2} 50|26 |0.0LL

X PROVIDENCE VIBRATED DENSITY TEST



MECHANICAL ATT. NAT. |COMPACTION DATA] WNAT. DRY |oTnen
ANALYSIS LIMITS WATER [STNDAASHO DENSITY -

0e=v

w P | -
dolazel?s z 29 [ | 2% | conTEnT El> r|* « | LBS/cuFY TESTS
-— . - 10 A . [ e 2
x 2z o4k| 2=z & oF |u - o 03 /"DRYWTHT»Q‘Q: So J « |x|d
w o < w> IQEllz®| FE| 4 | 2 |de| 2 ¢ jo-& -,0 a I MEIH
- | ° “ERRE || || 5| 2eszeal e | B | = |2E]s
F 4 [ ]
M-S.LC @ .9_ N 32! 3 -l - [ ‘hga'
FT-2 |+7.,2 | B=2 | 0.2- L4,O|SP B8 E8|L|0.19

FT-3 [+8.0 | B=2 | 040~ 3.0 PW=-SM 12 B1| 7 | 0.12
B=5 | 3,5= 6,0 |SP 15 PB3|2]0.,22

FT-l
+13,4 | B-5 | 7.0- 8.5 |SM 19 L9 | 32| 0.013
FT-5
+#11,3 | B=5 | B.O=- 9.5 | SP 8 B9 | 31 0.25
FT-6
840 | B=2 | 0.9- 5.0 PP=SM 13 18 | 9 | 0.08
FT-10
"'70’# B2 0.8- 3.3 | SM 19 B2 b9
Beli | 3.3~ 8.5 |SM 23 73|k |0.27
FT-11
+7.2 | B=2 |0.7- 3.7 |SM 34 li6 PO
B-4 |3.7-8.0|GP %5 |1 L |0.35
FT-16

+6.5 | J-2 | 1.7-11.0
FT-17 "'hoe J‘l 0.0-11.0
FT-].B +601 J‘l 000‘11 .0
FT-20 +7ol J-2 009"’1100
FT-21 (+8 oh J=2 1,3-11.0

7 B9 | b | 0.29 (FT-ﬁS, J423 F’F-l?, J=13 lFT-l?, J=1i; FT-20, J-Z; FT-141, Jk2
werey comijined jto form a jcomppsite jsample

MBOEHOZHO

# PROVIDENCE VIBRATED DENSITY TEST.



Te-v

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER
w a ANALYSIS LIMITS o> WATER STND.AASHO - DENSITY TESTS o&
Solagc|is| Er |28 4 A P g e L 2
(24 - (-] . Y (72} . H
SRR ) 8% |52 el od| 4|2 |BE[TT o horoERl 2 | # | 3Bl 25
) L ™ - 0 = o. n® : o O;Q 20; g S p Ii' 44 d S
M.S.L. © e | T |78 8 S| ~* {231
BD-1
=156 | J=Li| 5.0= 643 SP |1PS| L |0.092
J=5 | 643=10,0 OH [0 B5 5 71 | 32 7
J=7 |10.0-15.0{ OH |0 |9 p1L 72 | 33 9
J=9 | 15,0-20.0 OH |0 po (80 59 | 37 9
BD=2
«1lie7 | J=L| 040~ 3,5 SM |1 [18 pL | 0.008
J=li | 7.8-10,0 sP 1y B2 L |0.21
J=6112.,5=15,0] SM |L B3 L3 | 0,065
BD-3
=1Le7 | J=1 | 0.0~ 2.4 SM P9 7 1L |0.11
J-3 | 3.1-5,0 sM |7 ks b8 {0,018
J=U4 | 5.0-10,0| ML [0 BO [f0 | 0,002
J=6 [10,0-14.8] OL [0 B6 pL |0.002
J=9 |15,0-15,3| SM |0 BO pO | 0.,0L8
J=10{ 15,3=20.,0| SP-SM|27 3 LO | 0.07L
BD=);
"'th3 J-l 0.0"' 105 SM 0 71 29 0.006
J=2 | 1,5=- 5.0 sSM |0 ¥9 |2 |0.009 27
J=3 | 5,0~ 5,8{SP=3M|3 §2 |5 {0.12
B=5 | 5.8=10,0{SP-SM|0 55 |5 |0.13
J=8 |1Le2~15,0] ML [0 B3 b7 |0.003
J=10{15,2=20,0| SP=SM5 18 |7 10,087

% PROVIDENCE VIBRATED DENSITY TEST




(7 |

MECHANICAL ATT. NAT. COMPACTION DATA| NAT. DRY
w r ANALYSIS LiMiTs |, | WATER [sTNDAAswo] , | DENsiTy [ITHER
2o lazelds] =& |28 [0 2% | conTENT] E]> +|® « | LBS/cuFT | TESTS
x z |loYL| 2= o u oz |w W . o> °/oDRYWT._'¢;gu;"' o3 R . 3l .
w o < w o> [ZoEool Qe | o | o |WF [ < |orx|2Z23| 2 < * |<[3|Z
™) o o | =1 e 4 o |So < oo<°xg; o ., - o |ule|x
M.S.L. © o [ 2|23 8|l S| 2 | |53
BD-S
“1le2 | J=1 [ 0,0- 3.2 | SM | L|76]|20| 0,01 2L
J=2 | 3.2=- 5,0 SP |71/92| 1] 0.16
J=3 | 5,0~ 6.5 |SP=SM B1 [63| 6] 0.13
J=li | 6.5=10.0 |sSP=SM Qo 52| 8] 0.11
J=5 |10.0-12.0 [SP-SM 30 [62| 8] 0,11
J=7 |15.0=18.7 |SP=SM | O[9L]| 6| 0.09
BD=6
-15.8 J-3 500- 905 SP 7 92 1 0026
B=li | 5.0= 9.5| SP |2]97] 1] 0.26
J=5 | 9.5=10.0| SP | 3l9k]| 3| 0.16
J=6 [10.0-15.0{ SP [2{97| 1| 0.3L
J=8 [15.0-20,0 |SP=SM | 0[90|10 :
BD=7 ~
" Jalle3] Ju2 | 2e3= 5,0| SW | 9187| Lj 0.18
J=3 | 5.,0-10,0 {SP=-SM [32]65| 3| O.15
J=l [10,0-15.,0|SW=SM| 787| 6| 0.10
J=5 [15.0=20,0 |SW=SM | 9|86] S| 0.1L
BD-8
<1l l| J=1 | 0.0- 2.1] SM | L|B81|15
J-2 2.1" 3.0 SW-ﬂ'I 1’4 81 5 0.092
Joli | 3.7= 5.0[SP=SM| 0{9L| 6} 0,082
J=5 | 5.0-10.0| SP | 0{95| 5| 0.088
B=5 | 5,0=10,0|SP-3M | 1193| 6| 0.092

"X PROVIDENCE VIBRATED DENSITY TEST




MECHANICAL ATT. NAT. COMPACTION DATA| NAT. DRY OTHER
ANALYSIS LIMITS WATER [STND.AASHO DENSITY

€2-v

. w a4 o> - TESTS
J . s .| 2 z . a9 o | CONTENT[ E[> +|% u« | LBS/CUFT
e o |ap-| doO a = =2 |= » . =5 (% DRY wT| 3|z ;4| 52 ;
SERSM IR wh | 0% Bl o | o | o WIS T v oE%23( 22| 2| 3 |53z
™ mg =l e el 2o |Go| < go;‘iga; 4 5 2 ‘:‘c’gyg
M.S.5L. 2 : NNE J 4 - I L £
BD-8|Continued !
144 | J=7 [10.0-1L.0] SP [0[97| 3] 0,089
J=9 [14.0-15.,0 (SP=SM | 1|92{ 7| 0.080
J=10[15.0=19,0 |SP=SM | 0192| 8| 0,080
J=11(19,0-20.0| SM | 5|71]2L
BD=9 .
«1lheb| J=2 | 2,0« 5.0 |GP<GM B7136{ 7| 0.15
J=3 | 5.0- 6,5| SM Q572|133 0.067
J=l; | 6.5~ 8,2| sM |ol861| 0,056
BD-10
«1649 | J=1 | 040= 3.0| SM |2 |7h|2l | 0.008
J=2 | 3.0~ 3,8 M |7!81[12| 0.050
J=3 | 3.8= 5.0{ SP |097]| 3| 0.15
J=5 | 5.7=10.0 |SP-SM | 1 |89 [10 | 0,073 2,68
J=8 [15,0-17.,0| SP |9189| 21 0,16
J=10 [18,2-18.6| sM |1 |sL|L5 | 0,019
BD-11
-18.5 J-l 000- 2.0 SM 7 79 lh 0.03h
J=2 | 2.0~ L.7 ISP-SM 02 80| 8| 0.15
J=3 | L4e7=5.0| SP D9[76]| 5| 0.16
J=6 [10.0-15.0| ML |O p9 81| 0,011
J=7 [15.0-20.0 M. [0} 5|95 | 0006

¥ PROVIDENCE VIBRATED DENSITY TEST




MECHANICAL ATT. NAT. COMPACTION DATA| NAT. DRY OTHER
ANALYSIS LIMITS WATER [STND.AASHO DENSITY

Me=v

w ..J o> - TESTS
a > .| d Fe |28 e | CONTENT[T E[» r|® & | LBS/CUFT
& O |ay| O - =@ |J - 9%, DRY WT ,,:;mmu. o> -
x 2 [0 =z oy OF |w » : o>/ Fu>|o? > o - e|d
CHN L - - E*‘E*‘é’* 25| 3|2 |85 2 [ 5 [ouE[LE8 25 | B | o |5[33
o [7* s |z | %378 3| 2|7 |58
M.S.LI [ = ' o - ©
B-12
«11,1( J=l | 0,0- 1,5 SP 8188 L{0.16
J=3 | 343- 5.0|SP-SM| 2/88(10/0,07h
Je5 | 6,2-10,0] M 0{55(L5
J=7 |10,0-1L.8| ML 0|36|6L 0,012
J=9 |14.8-15,0f sSM [1{LO|L9|0.002
BD=1h
«11,9| J=3 | 3.0- 5,0|SP-SM| 0(88|12| .
J=b | 5.0~ 7.2| SP | 0|96] L|0.11
J=7 |10,0=15,0| SM 174125
J=8 |15,0=20,0| SM L{81{15

% PROVIDENCE VIBRATED DENSITY TE-S—f.




MECHANICAL ATT. NAT. |COMPACTION DATA] NAT. DRY

YA §

w 4 ANALYSIS LIMITS WATER STND.AASHO DENSITY OTHER
2slazolads!] £ |28 [0 2 | coNTENT[ £f» +|* & | LBS/cuFT | TESTS
x z |oYL| zz a g o3 |w » . G> | % DRY wr| e¥lx ) 52 _
w Fa | < w w> [ZoZoleol Q€| o [ o |WE[ 5 <« lawzi®z3| >< 2 « |E(5lF

n o o |z 2T ee| 4|2 Lo = Oo:“xg; a g o ﬁgﬁ

M.S.L © s | 2|39z 8 3| 2 | |53

BA-1 |+8.1 | J=-1R| 0.6=4.6 | SM 10 | 13
B-l | 0.6=Le6 | SM 01 49|L0O | 0,015

BA-2 +708 J-].R 00}4"}408 SM 13 .-UJ

BA-B +8 .8 J-lR 006-5 . 1 SM lO 10

|BA=L [+7.8 | J-1R| 0.3-Le2 | SM 10 | 13
B-1 | 0e3-Le2 | SM 0951(30] 0,011

BA~5 [+8.,3 | J-1R| 0.8-5.1 | SM 12 | 14

BA=6 |+7.6 | J-1R| 0.7=5.L4 | SM 7 9

BA.‘? +8.3 J"lR 008"305 SM 7 11

BA-8 [+7.3 | J=1R| 0.9-3.L | SM 15 | 17
B-l | 0.9-3.4 | SM 07[50(33] 0.017

BA=9 [+7.8 | J-1R| 0.9=3.,6 | SM 10 { 12

BA-10 [+7.3 | J=1R| 0.8=2,7 | SM 11 | 11

BA-11 [+7.7 | J=1R| 0.6-4.2 | SM 10 |11

BA-12 [+8.1 | J-1R| O.L-1.,6 | SM 12 | 14

% PROVIDENCE VIBRATED DENSITY TEST.



9=V

NAT. DRY

. w 3 ahALYSs ~ | Liwits o WATER gg:bp:f;r':gu D?_TA DENSITY 9|.TE';$:

S5 lady|ss| Er |32 kbl . I R Pl e

ST (R ET) wt ki e f| 2|2 (R [ o ReE[iEYcs | 2|2 588
° I |* 51 =>243°8 = | 2 | T |&3]*

BTl A 6.0-9.0 | GWw |6L|3L4|2 | 0Lk I'ri-Clity Bprrow Pit|- Berkley, Nass.

BT=2 1 3.0-5.0 | SP [29{70|1 | 0.18 DeMatjteo! s| Borrpw P{t - Berkley{ Mass;

BT3 1 5.040.0 | SP [18|81|1 | 0.22 DeMatiteo!s| Borrpw Pit - Bprkley| Mass|

BT=) 1 L,0=5.,0 |SP-SM|LL|SO|6 | 0.12 Vest pf Ropte 1)0

BT-5 1-A | L,0-5,0 | GP |52[48}0 | 0.LS Assonet Sapd & Pravql Co.| - Assqnet, Nass,

BT=6 B-1 GP |71|25|L | 0.38 Fish pit -|VWest| Falgouth,| Mass,

BT-7 B-1 GP [68]31|1 [ 0453 Mill Road & Blarksmith Rd} West [Falmojth, Mash.

BT=8 B-1 GP-GM 59338 | 0.098 Mederfos-Perrys| Pit (- Darpmouth| Mass/

BT=9 B-1 GW 16812913 | 0.L2 Mederfios-Freetoyn Pit No.|1l - Fgpeetown, Mags.

Br=10 B-1 GP |79]20|1 | 0.97 H‘{ederios-Freetm t No.| 2 - Feetowr, Mass.

Br=11 B-1 GP [B4]16]|0 | 1.2 Assonpt Sapd & $ravdl Co.mbamr - |[Assongt, Mass|

Br=12 B-1 GP |[72]28]|0 | 1.0 ‘Borge| Pit ¢ Asspnet] Mass}

X PROVIDENCE VIBRATED DENSITY TEST




Plate No.

B-1

B-2

APPENDIX B

SHEAR TEST DATA

Hole -

Sample No,

FD-91

FD-92

- UC-1

- UC-3

- UC-3

- UC-3

- UC-5

- UC-5

- UC-9

- UC-9

Type of Test

S(CD) Direct

Q(UU) Triaxial
R(CU) Triaxial
S(CD) Triaxial
R(CU) Triaxial
S(CD) Direct

Q(UU) Triaxial

S(CD) Direct



I-8 'ON 31vd

BT 20w

U.S. STANDARD SIEVE SIZE
100 31N 3 IN._NOANOIONOAO _WO.200
; E E | %0 £J
% 80 H— E
3 e o]
1 1]
E 6 ! F)],o t 70
T z g
€ ! ! o ¢
z i i F — 9
: iRIRE | % 0 e 2 20 ol
z " ! x 4 N |Tetlrz | @ ) A
g | * 7 —+ ol | & 2
H T i ‘J\‘\—a—\sq__\‘ 2 4
¢ 0 il E /ﬁlr 0 2.0 ~ —
67 6001 I / ) S — -
1000 "(:E%AIN'gIZE |r‘~io|~4||_|_|c:’4!-:sz‘rgs?1 000N & / A \\1@11 E ]
GRAVEL SAND W
COBBLES [y T 7] SIT OR oY / # / . P
: C o PP g } 0 4
Classification 57 /v = o AL Frol .
g // g Test|F2
L ¥~ G 2¢8 0.0 R S A N S 7o 20 Zo  #I EJ 2o 70
8., A N ' NORMAL STRESS, TONS/SQ FT
PL N~ Dp — < =
' = 5 UTest|®aY._ [
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