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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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UNIFIED SOIL CLASSIFICATION
(tncluding Identification ond Description)

Grouy| Field Idantificaticn Procadures Laboratory Clossificgti
Major Divitions Symbmsl Typical Names (Excioding particles larger than 3in, Y e seriication
ymbolsi ond bosing fractions on astimated waight), Criteria

. _5_'.- _‘; -E ° ow vm! groded qruv_u\l,gmvel-sand mixtures, | Wide ronge in grain 3izes gnd substantial O [ DB-—E'O Greater then 4

2 oh 8 Zca litte or no fines. amouaty of all intermediats portic(e sizes. | £ b o

oY 3 - = 5w = 2

2 | fg2 o8 , . —— 28 34 . 0w

». g, % -2 6P Pootly groded gravels, or gravet-send Pradominantly one size or o ronge of sizes with | ¢C2 &8 Cg = B O Betwaen i ond 3

= w32 ® 8= mixtures, littls or no fines. soma intermadiate sizes migsing. w88 LuTg - 2

2 9
g = q: ,E 33 LEY, Ve n| Notmeeling ol gredotion requirements for GW
& - T =0 [l S
; |22 3 o . ) E5, XE8 T, it below A"

] S¥c e le = . it Manplastic fines or finas with low plosticity ST T Y 3 [AtlerDerg limits below "Alline T .

i ogg . T nngE GM  [Siity gravels, gravel-sond -silt mixtere. {for identificalion procedures sea ML below). 5 EE - _E; with PI less than 4 Abg;:"":‘eq-a:g?
22 £ E-E %Eg g-s- - : Eé o 82: € - dra porderling {iadsa![
G, e| Fo =t - . Plasti¢ fines {for identification proceduras ses | 55 'S 2 |Afterberg limits above’a'ling | FeQUNINE use of dud
ragi » 5_‘6- s %“ 8] GG ICloyey gravels, gravel-tand-cloy misture, CL balow), P E_?_ : z £3 with PL greotar than 7 syrmbols.
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SE~-j B, @& o3 littla or no fines. with some intermadiate tizes missing, -84 + - - -

L 3“_1: v = 9 Sop e Not mesting ali gradefion requirements for SW

sslgefs HEER .

bS04 - g . : i =2 @ Atterberg timils above A'line [Limi ing i

] c g s - . . . Nonplastic fines o7 fines with low plasticity G52 Ccey 9 ® |Limits plotting in

<3 ;:_é_’ s _f;;=_‘§.é : SM | Sitty sands, sand -silt mixtures. ifor idantification procedures see ML below), | 08 227 or PL less thon 4 Ratehed zone with

. e - = -2 &&h 4 0n

£ 21 2% 3 ;E EEE — E TE 8L, . are porderiine cases

e =l T83 |e“ 85 R Plostic fines(for idantificalion procedures ses | 522 S Ein |AHerberglimits cbove'a'line| requitinguse of duol

= - S %0 s¢C Clayey gands, sand-cloy mixtures 285

55 Sey |» X ' : CL below), X with P greafer than 7 symbois.

E o] yul
-—= E Identification Proceduras

22 on Froction Smolisr fhan No, 40 Sisve Siza

* = Dry Strength Dilotaacy Toughness

2 - {Crushing {Reaction {Consistancy

o2 charactaristics)l to shaking) naar PL)

o=

8 . Inorganic silts ond very fine sonds, rock 60 T T 11 T

; 2 L 18 flaut,tilly or cloysy fine tands or MNone 1o stight | Quick 16 slow Hons |- Comparing Soils at Equat Liquid — //

- o g._ o clayey silts with slight plasticity. [ Limit Toughness and Dry Strength =
o 2 -] N . .. 50 |— Increase wilh Increasing Plasticity
=5 o CE e fnargenis clays of low to medium plasticity [ Index, CH —

‘ﬂn 58 ez § GL gravelly cloys, sondy cloys, silty ¢lays, | 'dedium to kigh| Nena to very Madium .
i : sSp~ lean ciays, slow ¥ a0 1 A Line —

9 PR * v
%E| s ==% S o ] a »

LalZ =52 Organic silts and organic silty clays of Slight to = Z
] i = -
E» ° @ oL low plasticity. medium Slow Slight ~ 30 o

Z O T y.

- = v
e N g
Fe o thorganic sifls, mi or diat Slight fo Slight to =
"'E f Y MH fine sandy or silty soils, slastic silts. medium Slow to none medium h 20 —

=25 <

- £ 2 ] r

4 zc QH

= Eg . ) - High to very o L a8

v=£ CH Incrganic cloys of high plasticity, fot cloys. . None High [} =z

2 EST € 9 high 9 7 .

- -2 —A L

-] w25 a 2

£ =g - .

= =5 ® rganic ch ium 1o hi ticat 1 i x

. 1% on |Prsanic clays of medium o high plasticity, | ) ium romign | NoA® 10 very | Stignd to 66 =0 30 4G S0 8 70 B0 90 100

; organic $ills. slow Madivm LIQUID LIMIT

. ily identifi ¥
Highly Organic Soils PT |Peatand other Mighty organic sails. “‘::;’fr'a::’:“'l"db"".;"'“'°"°'- spangy feel PLASTICITY CHART
. y by fibrous texture. L . . .
For laboratory classification of Jine=-grained soils

3ilvid

cl

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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