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...._.,..RESS R'EPl.Y TO: WALTHAM 54. MASS. 

DIVISION ENGINEER 
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SUBJECT: New Bedford-Fairhaven Hurricane Protection, New Bedford, 
Massachusetts - Design Memorandum No. 21 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-l-1806. The logs will be revised in 
accordance with the Manual for presentation on contract drawings. 

FOR THE DIVISION ENGINEER: 

Incl (10 cys) 
Des Nemo No. 2, 

&tv,_~,K_ 
WM. LESLIE 

Chief, Engineering Division 

Site Geology - New Bedford
Fairhaven Hurricane Protection 
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NEW BEDFORD - FAIRHAVEN HURRICANE PROTECTION 

NEW BEDFORD HARBOR 

MASSACHUSETTS 

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 occur with hurricanes and other stol'liiS, · The principal 
structure is an earth-filled rock-faced barrier, 4,500 feet long, which 
will extend across the harbor mouth 9 and have a gated opening 1.50 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 wells to prevent nanking 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 city•s principal in
terceptor outfall into the harbor behind the main barrier during stol'liiS, 

B. GEOGRAPHY AND PHYSIOGRAPHY, 

2, New Bedford - Fairhaven Harbor is bounded by the penin
sulas of Clark Point on the west, and Sconticut Point on the east. The 
outer harbor, about two miles wide at Buzzards Bay to the south, is · 
generally shallow with maximum natural 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 nat, and in the middle by Palmer Island, an irregular series 
of rock hummocks joined by sandy shoals running 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 relatively low-lying southern parts of New Bedford on 
the west and Fairhaven on the east ranging from zero to 50 feet above 
sea level. West. of the Clark Point peninsula is an embayment, Clark 
Cove, about 1-1/2 miles long, whose bayhead is separated from the inner 
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 arcs around) and the 
Norfolk Basin. Bedrock is concealed to the east by thick glacial sedi
ments and to tne south by the ocean. An arc bounding the northwest 
quadrant of a compass rose and having a 15-mile radius would approximate 
the boundary between the soft rocks and the older igneous and metamorpnic 
complex on which New Bedford rests. 

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

5. Principal 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-giacial 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 400 feet, a_nd 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, wirrling 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 outer harbor 
area, although longer fetches are restricted by the Elizabeth Islands 
chain 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, 14 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 excavation of 
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the bypass channel 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 14 hand dug test pits and 1 test trench for 
the dikes. a street gate structure, 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 channel; 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 zero to four feet of partially displaceable Or
ganic silts and sands west of Palmer Island and from zero to seven feet 
of similar material east of Palmel!' 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) • 

ll. Bedrock is shallow west of Palmer Island 
attaining a 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 site of a' 
large conduit now ~placed for improved flushing reasons by two smaller 
conduits as sh01m on Plate 3. Bedrock is assumed to lie slightly belo'ir 
elevation m:!.nus 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 n®arest New Bedford9 while little or no harbor mud is 
expected beneath the eastem stmct~. The remaining overburden ma
terials are granUlar largely sandy glacial till beneath the structurs 
near Palmer Island and some till-like material underlying silty gravelly 
sand beneath the western structure. Bedrock in general, in the' western 
section, is overlain by granular materials capped by 1 to 4 feet of or~ 
ganic silts and organic silty sands. 

12. Eastern Section. A bedrock depression with maxinniin depth 
along the alignment 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 flour, attaining its maxinnun thickness of about .35 feet 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.ohannel 
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 channel9 

'-..-/ 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 channel. 
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These ar.e the materials previously mentioned as partially being removed 
during excavation of the bypass channel. A layer of sands and silty 
sands, for the most part 6 or 7 feet thick, covers the organic wedge and 
is overlain· by a thin layer of sandy harbor lllUd. East of the bedrock de
pressio~, bedrock rises rapid~y to. outcrop at Fort Phoenix. It rises more 
gently west of the depression to outcrop on Palmer Island. Between Palmer 
Island and-the existing channel9 and between Fort Phoenix and the bedrock 
depression. the bedrock il!l· overlain by a deposit of variably silty sandy 
gravels -and gravelly sands 9 attaining a maximum thickness of about 10 feet. 
This is overlain between the :lsland and the ship channel by a thin continu
ation of the rock flour horizon, a few feet of the partially till-like ma
terial mentioned above, and a thin cover of organic silty sands and sandy 
silts 9 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 
ceriter 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 the 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 by
pass channel. 

F • FOUNDATION CONDIT IONS FOR THE DIKES AND WALIS. 
-
14. Most of the dikes and walls will be on firm granular soils • 

hcieptions include the dike on the north side of Clark Cove where the 
ea,stem half will involve the removal of trash fill and the western halt 
may reqUire a cut-off through riprap fill. .Another small area of trash 
and earth fill will require partial removal on the east side· of Clark 
Cove. Parts of the Rodney French Bo)llevard Dike toe will rest on thi%1 
harbor mud deposits, and an alternate alignment of the Fairhaven Dike 
crosses an area of salt marsh involving about 2 feet of peaty organic 
silt. The present alignment of Fairhaven Dike is mostly along an aban~ 
doned railroad bed, Both alignments also involve the removal of some 
trash fill. Additional borings are needed for detail on the marsh cross
ing, the character of the Clark Cove fills, and the foundations for the 
~reet gates, Clark Cove pumping station and the harbor barrier conduits. 
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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 
east of that line, toward Cape Cod, only sands and washed tills contain
ing little or no silt or clay occur. The best source of land borrow, 
therefore, lies a few miles west of the harbor, Dredging of the bypass 
channel, however, will invoJ.ve the removal of large quantities of mostly 
granualr material suitable for placement within the structures and; sup
plemented with ather materials dredged from the ·immediate vicinity, will 
provide the . bulk of earthen 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 
appreciable 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 nat 
considered practical because of' the excessively flat slopes resulting 
from a hydraulic operation, It is planned, therefore, to stockpile 
mater.ials on the New Bedford shore adjacent to the western abutment of' 

·the harbor barrier. Stockpiling will permit the drainage and examina
tion with respect to possible selection or miXing of' mater.ials prior 
to placement within the structures, In addition, a limited dredge 
borrow area containing largely medi:um·to fine sands will be provided 
about 19500 feet south of the barrier, west of Palmer Island, to provide 
the balance of mater.ials required. A large reserve dredge borrow area 
containing sand will be available in Clark Cove. Its use9 however, is 
not anticipated at this time. GraveJ. requirements wi:n depend on the 
selection of a final barrier section and will be obtained from land 
sources, Two sectional schemes are under consideration, one involving 
inshore side rock toes and the ather utilizing natural gravel. toee. Re
qu~ements for the former scheme involve relatively small gravel quanti
ties and the materials probably would be provided by the contractor. 
The latter scheme involves larger quantities inasmuch as the section uti~ 
lize~ flatter slopes. The nearest sources of natural gravel are located 
in Dartmouth, 5 to 8 miles haul· distance fran the site. 

18. Rock Borrow for Barriers and Dikes. Rock requirements are 
upwards of one-hai£ miiiion cubic yards, ranging in size from filter 
stone to 4-ton rough dimension stone• Cover stone for the barriers and 
dikes must meet rigid specifications, particularly with respect to dura
bility. Fortunately, the natura of the underlying rook throughout this 
area is such that almo,st any exposure suitable for quar,rying could pro
duce good revetment. Bluestone quarry (in Ac~hnet), 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, ll·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 appears suitable for the production 
of large cover stone. Both 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 barrier, exists in Mattapoisett, 
about 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 quarries 
of Connecticut and southwestern Rhode Island which produce, respectively, 
true trap rock and granite in large quantities 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 quarr,y 
source of concrete aggregates are located within a four to nine~mile truck 
haul distance range from the site. Most of the sources are :equipped 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, 
Concrete Materials. 
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£6gend for graphic logs opp6ors on Plot6 S. 

Subs1.1rfoc6 wof6r 16~els in the explorations moy be subf6Ct to 
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blows without opprecJoble furl/In penetration. 
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Unified Soil Clonific:otion Sy.ttom. 
No Rec:owory Of' u.-olitfoc:tory soil 1omplu recovead. 

~:t:~~~c:~:~~':c1J. 
Blon per foot of p1netrotion COI'ilidlred moe! 
reCH'Uintotivt, ut~uolly wllllln o ~-fooiSQinpll drive 
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Molar Divisions Group 
Syinbols Typical Nomn 

UNIFIED SOIL CLASSIFICATION 
(lneludinll ldtl'llifieotiol'l and Dese~tionl 

Field ldtl'llific:olion Procedures 
(Elcluding particles IOrljlerthon 3in, 

and bosin9 frQctions on ntimoled wel9hll, 

!! ~-- ~ • 0 GW Well qtodt!lllrQYGis,ljlrovel-son4 mil lures, Widt rcm;e in lltOin sizts and substantial . 0 ·,; ir.~ -~ "'c~ little 01 no fines. amounts of all intermediate particle sizes. ~ ~-. 
.. .::,• <3 ~o5 Eo; 
:. !·.t • r;~;:: Poorlyljlroded Qrovels,OrQrGvet·sond Predominantly ane size oro ranQe of sizes with 4>z o 
• g'ti ; ::; GP mixtures,titllt or no fines. some intermediate sizes miuinQ. ~ g:g 
8 .!! ., '0 0~ c.;:: 
C\1 :~o: 
0 ~l! ~ ..c ~ Non plastic fines or fines with tow plasticity ·.~.~ ~~·.:.:_ ! Cl~_:? ~- j ,..gc:"i" GM Si!tyt;~ravets, t;~rcvel·sond-silt mi~ture. (tor identification procedures ue ML below). -

~~ ' : i !·~ if~ ~~1-----+---------------+-~----------------j ~ ~~ 
• ~ • - ..... • o to- Phatic fines (for identifiCation procedures see 0 u., <II: ;- ~! ·:.~ <'; ~ o GC Clo~e~~~~r~vttt.,1ro.~e1-u!\d·<:.lo~ mi1.lurt. CL below). ;!o 
:.2 :~J; g .. ~ 
-~.!! -: .~'.;: ~ 0 "' 0 Weii·Qrodld sonds,t;~rcvell~ sands, little Wid1 range in t;~roin size ond substantial -.~~~.g 
~ : j·li ;~ ! :-; SW or no fines. amounts of all intermediate particle sillS. 5o 0 ~ 
•·;: .c: -· ~;: (l)o~ a~·e 
i~ 0 !-! ~.2 ~E;;:: SP Poorly Qtaded sands or t;~rovelly sands. PredominGnllyone size or 0 range of sizes :::: ~ r 
0 E: - ,. g., 3 O:J little or no fintt. with some intermediate sizes mininQ. .,.., - ..,~. ·- - ~.'g' 0 • g~-~ :;; .. 
'§:; (l)~ •• c 1i - ~ _ SM NonpiiJSticfinuorfineswith low plasticity ~~::... 
- u - - ·- Silly sands, sand -silt mixtur11. <1. o'"' 

·:; .c:.c: - ,. o- oo {for identification procedures see ML b-elow). ··- .,•- :.-
c .:- 0 ··.- .~_·; ~.~-1----t---------------t-------~---------j . -1 ~ ~~ .; - 0 E c ;t 
:! ~ ~ =- iu. .:~i SC Clayey sands, sond-clay mixtures. Plastic fineslfor identification proctdures see ., &·;;; 
o 0 ~ .. 0 (I) - CLbelow). ~~ 

:::ti 0. ::E.!! u. 
rt: .• ~ 

: e .. ;,: 
o
N- tnort;~onic sills ond very fine sands, rock 

WL f!our ,silty or eto~•Y ti'" sonos <H 

Identification Proceduru 
on Fwe1icn Small&! than Nc. 40 Sieve She 
Dry SlrenQth ~itatoncy TOUQI\ness 

(Crushing !Reaction {Consistency 
choracttristics) to shakinQ) near PL) 

60 
None. !Q 'l.ti9hl Quiel<. to stow None. 

Laboratory Clonificolion 
Criteria 

c, 

Not meetinQ all Qradolion requirements for SW 

Alltrben01 llmils above"AHllne 
or PI less tllon 4 

Allerben01 limi!S above"A~tine 
with PI Qreoter than 7 

Limits plotting in 
hatcl>ed zone with 
Pl "oltwun 4on67 
ore bOrderline cases 
requirinQ use of dual 
symbols. 

0 i z • 
< • ,.o ·-

:.!!o 
o~~ 

l~i 

ctoyey sills with slit;~ hi plasticity. 

lnart;~onic cloys of low to medium plasticity 
CL gravelly cloys, sandy cloys, silty clays, :.1edium to hiQh None to very Medium 

~i"n9 Soils at E.quot Liquid t:_ Limit TOUQhness and Ory Strent;~th 
50 t:::" ~ncreose wilh lncreosinll Plosticily 

[::._Index. CH 

-oO • ••• 
·~-. ·; .. 
=·~ '& fi).J-

leon cloys. 

OL 
Or9anic sills and ort;~c:mic silly clays of 

low plasticity. 

stow 

SliQht to 
Stow SliQht nlfldium t;! 

~~ 2f--------t---4---------------+------tr------t------
~~ jj 

e • 
~~ 

~ 

lnOI"Qan'ic Sitts, micoc•ous or diotorrH1CIOUIJ 
MH •• o fine sandy or tilly soils, elastic silts. ;.-W") 

Gig 
g~~ CH Inorganic clays of hiQh plasticity, lot cloys. 

~ g.';; 
~:1 t OH 

Ort;~onie clays of madium to hiQh plasticity, 
organic sills. 

HiQhl)' Organic Soils PT Peal and otltt:r hi9hly organic soils. 

SliQhl to 
Slow to none Slit;~ht to 

medium medium 

High to very 
hiQh None Hi9h 

Medium Ia h"19h 
None to very StiQhl to 

stow Madium 

Readily identified by c:olor,odor,sponq~ ftel 
and frequently by fibroue lexlure." 
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CL OH • 
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to 20 ~ ~ ~o ro ro ~ 90 too 
LIQUID LIMIT 

PLASTICITY CHART 
For laboratory ctanltic:olion of fint-Qroined soils 

Ill Boundry classifications!. Soils posuninQ chorocteristiu of two t;~roups are d1Si9noted by combinations of t;~roup symbols. For uample GW·GC, weii-Qraded t;~rovel- sand miJ.ture with cloy binder. 
{2) All sieve lills on thiiJ chart are 1). S. standard. · 

!fQ!1 
For furttler information on Unifiea Soil ClassificatiOn, refer lo 

•The unlfild Soil Classification Syalem: Volumes 1 and -2, Technical 
Memorandum No. 3-357, _publilhed bf" u.s. Army En9ineer Waterways· 
Experiment Station, VicktburQ, Mississippi. File copies moy be ex
amined at HeodquarteriJ, U.S. Army Ent;~inllr Division, Ntw Ent;~lond, 
424 Tropelo Rood, Wollhom, Mossochu .. lls., BuitdlnQ 141, Fallndatlon 
and Materials Branch. 
Ad<>Pitd ., Co/PI ot £ft9;ftHtl olftd 8ut•ou of IUdlt,..l!on Jonuor 19~2 · 
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