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CORPS OF ENGINEERS, Uo So ARMY 

OFFICE OF THE DmsiON ENGINEER 


NEW ENGLAND DIVISION 


HURRICANE PROTECTION PROJECI' 

NEW mDFORD ... FAIRHAVEN BARRIER 

NEW IEDFORD HARBOR 
MASSACHUSE:l'TS 

DESIGN MEMORANDUM NO. 5 

EMBANKMENTS AND FOUNDATIONS 

A. INTRODUCTION 

1. Location and Description of' Project., The New &df'ord=Fair
haven Hurricane Project is located in the vicinity of New Bedford and 
Fairhaven, Massachusetts., The City of New :&dford and the Towns of 
Fairhaven and Acushnet, Massachusetts are located in ~istol County, 
about 50 miles south of Boston9 Massachusetts and about 30 miles south
east of Providence 9 Rhode Island., They are situated on--the west shore 
of Buzzards &y which opeu 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 Pedford=FaiX"haven Harbor and in~ 
undation of commercial and residential property during periods of hurri= 
canes. The locations9 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 dikesll fer 
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 laboratorytests 
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 project. 

Be SUBSURFACE INVESI'IGATIONS 

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 

1 




area of the temporary Bypass Channel9 and in the Ponding Area adjacent 
to the Pumping Station. In addition9 explor~tions were made in two b~ 
areas to explore for possible earth borrow ~terials. No explorations 
were made for rock materials, gravel9 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 auger boringsa Where necessary to determine the depth and 
character of bedrock9 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. ~ explorations 9 FD-91 and 
FD-92 9 in the embankment foundation area immediately east of the Sector 
Gate Structure were made to obtain 5=inch diameter undisturbed samples 
of silts and organic siltsa The completed subsurface exploration pre= 
gram for foundations 9 materials to be excavated.!> and c©nstruction ma
terials is considered adequate for design purposes and construction con
trol. The locations9 types and general purposes of the foundation ex
plorations completed prior to January 1960 are described in Design Memo
randum No. 29 

1111SITE GEOLOJ.Yilll. Since that date.!> the following explora
tions have been madeg 

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

bo Borings at the location of the Pumping Station and the re
vised loca~ion of Street Gate Stru~ture No. 2 to determine the charactera 
istics of the foundation soils and dfipths to bedrook. 

c. Auger holes in the Ponding Area at the Pumping Station t~ 
determine the characteristics of the materials to be excavated. 

do Test pits in the foundation area of Clark Cowe Dike between 
Stations 44+00 and 54+00 to determine the characteri~tic~ of the exi~ting 
fill materials. 

The locations of all subsurface explorations 9 exclusive of recent 
probings for the Bypass Channel.!> pertinent to the projeH~t are shown ®n 
Plates 5-3 through 5=7a In all.!) 141 drill holes 9 145 probes.!> 33 test 
pits, 1 test trench9 and 21 auger holes were made during the exploration 
program in addition to the sampling of ~osed gravel sources. 

4a Laboratory Tests. General. All laboratory tests!) except as 
noted9 were performed in accordance with ~urrent 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 laborato:ry in conformance with the Unified Sbil Classification 
Systemo Grain size analyses and determinations of Atterberg Limits and 
organic contents were performed on selected ~amples to control Qlld c:o~irm 
visual classification and to provide more precise data where considered · 
necessary. Specific: gravities were determined for aelected samples and 
the samples used in shear and consolidation test~e Natural moisture con
tents were determined for selected 5pecimens of fine=grained soils and 
the specimens used for shear and consolidation testsa No permeability 



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 qy visual inspection and from grain 
size distribution curves.. Natural density tests were limited to 
samples selected for shear and consolidation testso 

5. Consolidation Testso The consolidation characteristics were 
determined on test specimens of 100 cm2 area from sample UC=l of boring 
FD-9r 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 sando 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 Testso Shea:f' tests were made on undisturbed foundation 
samples from drill holes FD=91 and FD=92o The intention was to deter= 
mine the Q=9 R= 9 and S=shearing strength of the material by testing 
specimens from the same samples used for ~onsolidation testso However9 
this was not possible due to the Vf~if\t;i,q~ in the samples and the loss 
of satisfactory specimens during their pr~parationo At the conclusion 
of the program9 all three shear test seri.s had been made on sample 
UC-3 from FD=91 which was ML=material interspersed with thin layers of 
silty fine sand9 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 materialo Considering the granular nature of the materials and 
the size of the structures 9 no shear tests were made on earth embank
ment fill material or on other foundation soils. 

7o Presentation of Datao Plates showing laboratory soil test 
results and summaries of these results are included in this memoran
dumo 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 data9 representative for soils in certain foundation or 
excavation areas 9 are shown on Plates 5=23 and 5=24o Plates of "Record 
of ExplorationsW9 of explorations completed pri~r to January 19609 are 
shown in Design Memorandum Noo 2 illSI'fE GEOLO:Ho ti These plates of 
"Record of Explorationsw will be revised to include explorations made 
after January l96o 9 for inclusion in the contract drawings o Soil pro
files based on engineering soil logs are shown on Plates '5=8 through 
5~12o These logs were prepared for all pertinent explorations by the 
designing soils engineer with the aid of test data and an experienced 
classifiero These logs include descriptions of the soils and soil 
strata based on the engineer 0s examination of the samples and his in= 
terpretation of all test results and exploration datao The descrip= 
tions include the state or consistency of the material9 estimated or 
tested percentages of the soil components9 color~ details regarding 
stratification~ existence of foreign material9 geological names and 
other data considered-significant to judge the characteristics of 
the materials needed for design and constru~tion ~ontrol problems 
involvedo Also inclu4ed with the description are test values of 



the percentages of-the soil components~ effective sizes 9 water contents» 
specific gravities9 Atterberg Limits and unit dry w~ightso 

C. CHARACTERISTICS OF EMBANKMENT FOUNDATION SOILS 

8. General. The purpose of thil! pal~ is to describe the character
istics of the found;.tion soils in general for the Harbor Barrier and all 
dike embankment$. In tr~ertain foun&i.tion reac:hes 9 the characteristics of 
the foundation soils vary from the general descriptions given below. The 
charact,ristics of the soil$ in these reaches and mor® details required 
for dedgn are given under the heading of the dei!iign featm"e in Parts H9 
J 9 K, md L. 

9. Di$tribution and Description. The di~StrHrut'lon of crwl'!lr'tr~ll.rden 
soils in the embankllient foundation areas illl shown by 1the engineei":hlig log 
profiles on Plates 5=8 through 5-12~ and by the geolcgi~al and ~oil pr®
files in Design Memorandum Noo 2 oos:r.rE GEOIJOGYilll. The p~:!l"'tinem natu;r~l 
soils in a.ll foundation areas are variable ©lean sands9 gr;;.vel:ly ~and~D 

silt.y sands.!' and sancy non=pla~ti© glacial till. Sancy glacial till occurs 
in the higher foundation areas at the ends of all dikes and to a certain 
extent in the_ fo.undaUon .. area of the Harber Barrier west of P~er Island. 
In all other foundation areas 9 the pertinent, natural :soil151 are variable 
raandBD generally WlldC'r1ain by gb.©h..'l till deposits., The foundation:a: for 
'ROSt 	 of 'the Clark Co\!'1!!1 Dike and the Harbor Barrier Dike are in existing 
o~ Plf'ftfiO'illli! be*oo Jilfe1Uio No ~:ypi©u gl:l"Ulill size ©urves a~.:J-re sh«:~w in this 
memorandum for the rit~turu foundation soil:s sin~e no 5~oilra ~~an 'be (c:on
sidered as typical. The gradation.s of the ~oils are ir~di.©~ted by tiil~ 
~ta on the el"~ineering log profiles shown on Pla'e,ei5i 5=8 through 5-12. 
In nm~Ch of the foundation area for the Clark C«We Dik® ,;.lrtdl a !J©rl~iollll of 
the foundation area for tht!l Har1b©~ BU'rier Dike9 the va~dable sands are 
~overed with man=~~de fill whi~h ~~11 be the upper f~un~tion ~terial 
f'or the embmikments. The varlable sands may be intersp~:r"sed w-ith thin 
beds of material ~::ontaining ~ high percentage of organic;~ as a re~ult of 
former salt water mar~h depositso The only ~ig:ni.fi~S:mt ©rgmic: d!!ipo~itiSI 
and silt deposits occur in the vi(cdnity of the propo~ed Bypa5i!l Channel. 
In t,he foundation areas for the H~bor Ba:t'rier.ll the1 aa:ndy glac;i•l till 
md the variable sand dep10~its .;.re overlain by thin ~pzi:l~i·c:€i ©! very 
loo~Se or sort sandy ~ilts and i!iiilty ~an&~ ~o:rrtainirJg t5lrome ol:l"g~mtC:~, In 
the foundation area of the Fairhav~n Dikt!l 9 the l'tUI.tur~tl sand d~po@it~ &rel 

overlain qy 1 t© 4 feet of organic ~alt mar~h depro~it rnaterialo 

lOo Shearing Strengtho ~o ~hear te~t~ were made on ~pe©i~n~ of 
foundation soils and fill.\) ex~ept as discussed in Pa~ B9 ~in©e the~e m&= 
terials_are basically granulat and will have ample shearing ~trength t~ 
ineure stable embankments of design heights and dimen~iron~o Ex~ept a8 
discuss~d in Part L~ the thin surfa©~ depo~its of loose or soft ~an~ ma
terial in the Harbor Barrier foundation area will either be displac;ed 
durlng -"'he.,J~la©e:ment. .oi:'._,.em,ban\rment m.Lteti.~ or :will ©©molidate ltluf'fi= 
ciently during the con~ructi~n period to produ©e a qtetial with a high 
shearing ~rength. 

11. p_.,J"meJ.bility.. The permeability characteri~it;:a: of the f\oundation 
soils vari ;idely. Permeability values were not a~~igned since the quantitie~• 



of seepage through the foundation soils are not pertinent to the designo 
The measures incorporated in the design to control seepage pressures at 
the toes of the embankment due to pertinent variability of permeability 
characteristic~ are discussed in Part Ko 

12. Consolidation. The consolidation characteristics of the foun~ 
dation soils were not determined except as discussed in Part B. Art7 
settlement due to ~onsolidation or displacement of loose or soft sur= 
face foundation soil will take place during constructiono The probable 
magnitudes of settlements due to ~onsolidation~ displacement of founda= 
tion ~oils and penetration o£ rock into the foundation soils are pre= 
sented in Part K. ' 

Do CHARACTERISTICS OF FOUNDATION BEDROCK 

13 o Bedrock Foundations for Embankments o Portions of the Harbor 
Barrier embankment will be constructed on bedro!Cik at Fort Phoenix and 
at Palmer Islando Segments of the Clark Cove Dike near Station 39+00 
and near Station 47+00 also will be ~onstructed on bedroc:k s The ex= 
posed rock at these locations is soundS~ massive 9 glacially=91.oothed 
granitic gneiss9 relatively Free from close jointing and excessive 
weatheringo 

l4o Bedrock Foundations for Concrete Structures. The navigation 
gate structure i~ located between outcroppings on Palmer Island and at 
Fort Phoenix and will be founded on bedrock lying at elevations ranging 
from 50 to 6o feet below mean sea levelo Subsurface explorations ap
pli!Ciable to the construction c;offerdam and gate areas consisted of 19 
standard drive sample and !CiOre borings of which 5 borings cored bedrock 
in the foundation for the gate stru©tu.reo Additionally, 41 probings 
were made in the general areJ b.r driving and washing uncased drill rods 
to solid 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 DES]GN MBIO= 
RANDUM Noo 2!! WSITE GEOLOOY~o Con samples indi©ate that rock to ~ en= 
countered in the gate structure-is generally a sound granitic gneiss 
with evidence of local schistose and coarse pegma~itic phases 4 The cores 
~ibit a consistent dip of ,foliation at about 4.5 Unconfined compreso 

sion tests on 2=1/S=inch diameter core samples of the typical rock gav~ 
ari av-erage breaking strength of abQut 12!!000 _p.s,i-o, . 	 ~ .~ 

Eo DISTRIBUI'ION, 	 TYFES AND USE OF EARrH MATERIALS 
TO BE EXCAVATED 

I$;; General.·· Construction of the project requires the excava~= 
t~on of large quantities of natural earth materials for the Bypass 
Channel and the Sec:tor Gate Stru~ture and les~er quantities of natural 
earth material~ and man=made fills ·for the Ponding Are_a9 the drainage 
ditch along the toe of the Barbo~ Barrier Dike and in the foundation 
areas of the Harbor Barrier and all dikeso A portion of the natural 
earth materials was selected f~ use in the con~truction of all earth 
fill sections of embankments.and other earth fills as stated Parts E 



and H. Natural earth materials not utilized in the construction of the 
embankments9 stripping mat~rial il1 ex©e:ss of that salvaged for use as 
topsoil9 and most of the nuu,=made fill material containing ashes 9 cin
ders9 trash9 organi~s and debris will be spoiled in areas selected by 
the contr~c:tor .. 

16,. ~zyass Channel. The excavation of the Bypass Channel will in
volve the dredging of approximately 651DOOO cubi~ yards to the neat lines. 
For two feet over depth it would be 7309 000 ~ubirc yardso The soil to be 
excavated ranges from gravelly sand to silt with little oT no sand sizes 
and in part consists of organi~ dlt and fin~ sand ©©ntaining Olr'gani©s,. 
The variation9 distrib1!ll.tion9 and type:s of materlal:s in the Bypass Channel 
Area are shown "by the log profiles on P].~t® 5=10. The di:@tribu'tioJITl of 
the various types of Illat,erial is ex<!;,reme::Jly va:rlable9 - both laterally and 
vertical~. Typi©al grain si~e ~urves are shown <On Plate 5=24. A~ 
stated in Se©tion H9 the greater p©rtion of earth fill material for the 
project will be ©btained by spe©ial tl"'eat:merlit of' the material ex«::avated 
from the Bypass Cha:nnel. 

11. Harbor Barrier Gate StJ1:"U©t1ln'e., The distribution and types rt)f 
soils to be exc;avated for the construction of the Harbor Barrier Gate 
Structure are indi©ated by the dl;.\,a shown on Plate 5-9.. The ~oi:t'"Wal"Y 
from gravelly silty sand (glacial till) to uniform silt. At the ea~t 
end of the area9 deposits of organic silt and soils containing a high 
per©entage of o:rga.."lics exist between approximate elevations ~18 M.S .,L .. 
and -29 M..S .. L. The greatest portion of the materiili to "be eJXcavated 
are silt with fine sand9 silt with thin l~er!!l of fine :sand!> and S~ilt. 
In genel"al9 the very silty zone is o~1erlain with fine :s~d rc;ontaining 
minor quantities of organi~so Undel"lying th~ ~ilty ~one is a ~one9 
varying in thickneBs f'Jrom about 5 to 15' feet 9 of brown silty gravelly 
sand9 silty sand and silty ~andy gravel., These soils are genlftli!Q.f> 11 

"' 

more pervious than the a:©il~ in the overlying silt ~one and cqd&n !"rom 
10 to 20 percent fines. The ~oil~profile in the area to the east is 
more ~omplex than in other area~a 

18. Ponding Alr'e!o The material to be exc!Qvat-ed to forn the Pending 
Area is man=made ±~rt pla©ed over a prewiou~ shore areao E~~t of appr©= 
ximate dike' Station 22~009 the fill ~terld iiej mainly :r.ubbi~h -or granu= 
lar material ©ontaining rubbi~h9 metal9 and a~he~. The material west ~r 
this station i~ mainly gravelly ~ilty aar~d ~apparent~ gla©ial till type 
material) contai~1g between 40 and 20 percent fines' in the component 
passing the No., 4 Ue S., Siew~. Taking advantage of the uniformity of 
the fill in this western portion and the relatiwely imperwious nature ot 
the material9 it 1d.ll be specifi©,ally used for the con~JrUction prux:poses 
stated in Paragi"aph 36a Thi~ fill material «;:ontain~ n1llll1erous c:obbl~~ 
and boulders eithe~ pla~ed with the earth fill or buried by fill,. 

19.. Clark Cove Dike,. The distribution and t;ypes of Il'laterlals to be 
ex«.:::avated in the foun.,lation area of the Clark Cove Uike and appu.rtenwt 
c:on©rete strurctures are indicated by the data on Plate .5=11. The ~t,erial 
to be excavated west of Street Gate Stru©ture No. 1 are limited in qwu1= 
tity and are extremelY variable but probably con~ist mainly of man=made 
granular fillo B~tween Street Gate Stroo'ture No o 1 and about Station 
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1~00 thell."e are layers and ~ones· of surface and buri~d riprap stone. 
Between Stations 10f30 and 2'~009 the materials to be e:x:~Cavated con= 
sist mainly of about 10 feet of man=made fill and a few feet of under
lying vecy pel"rlou:!l grav!!lly sands • The man=made fill i:s variable 9 
consisting of ~ones of ~lty sandy gravels and silty sandso It i~ es= 
timated that if the materials on a vertical face in this reach are 
mixed9 th~ resulting mixture would contain between 15 and 25 percent 
fines o The materials to be &:~avated to the east and south of Station 
22+00 teondst mainly or man..,m~ae fill material. The fill material i~ 
cinders,!) ashes 9 trash and dtibx"1s abd granular soil c;ontaining ash~:s and 
de~iso In this reachD limit~B -~tities or silty sands 9 s~dy gravels 
and sands cont~ining little' or no ~ine~ will~ ex~av.at~d. 

20., Harbor Barrier Dike and ll:~.·:&illlJ.I.gtJ Dit~ho The distributtion and! 
type~ of material~ to be ~x~avated in the found~ti©~ area of the Harbor 
Barrier Dime and adjoining drainage dite:h are indi~~ted by the dat~ o~ 
Plat@ 5=8o Ver)' little data are a~ilable relative to the ~oils to b8 
ex©avated to ©<Dn~true:t th@l ©©~an·~ide rco©k=f'ill ~e©tion betwetJn Station~ 
9•60 and 2~500but it is e:lq)ee:ted 't,hat the illcoil!! in thi~ are<~. art~ vari= 
able ~and~ wit'h little ©lr n© silt .©ontent., ~ materials t© be exe:avo~.ted 
between Station~ 9~60 and 2~}50 for the drainage ditch and dike founda= 
tion drainage toe are vuiablti sarmd® and [;'jilty smdso They are eithlir 
natural or man=~de fillo It is estimated that if these material~ ali:"li 

U©avated to the full depth in one operation» the re&:Julting rnixt'llU"e will 
be a ~ilt;r sand 'containing at least 10 p~r~C~nt fineso The m.atell"ial~ t© 
te excavated north of Stati?n 3~'1P ~onrsist mainly of a~h~~» rc:inder~9 
and trasho Th~ materials i~ all '©ther ex~avations for thb dib ar~ 
granular and variable and consist largely of ~and~ with little or no 
fine so 

21. Harbolr' Barrie:&" o The lllj,tetrial t© be ex~avated in the foUllld<~.tio~ 
areas of th~ Lrbo.r ~rie:rr" (trtbl!r than in rea©hes of BypaBs Chmnel md 
cofferdam for Gate Stru©ture) and the dike to the ea~t will be limited 
in quantity o The materials betwe~n Stat iom 83~5 and 86+00 are mainly 
beach· sanda and gra1rels containing little or no ~Silto East of' Station 
86+00 9 the required excavations i~~,lre shallow and the ~tell:''ial~ t© be e::B;:= 
cavated rill be gravelly silty smd ~Containing more than 15 pM"tc;ent fine~ .. 

2:l'2o Fairhaven Dike., The distribution and types of ~terials to ~ 
excavated in the fOI!:in~tion area of thl!l Fairha:~vl!n Dike ~re indi©ated by 
the data on Plate 5=12. Th~ dike extend~ a©ro~~ a ~alt marsh ~~~ wher~ 
stripping between 12 inch~s and 4 feet will be requir@d to remove th~ 
surfa©e material ~containing a high percentage of organics& Th~ ~terial~ 
to be excavated below the ~tripping line f©r the drainage to~ range flr@m 
silty :sand to sands with little or TI:CQJ fines o It is e~timated that whl!ln 
these materiala are ~ed b,r th~ ex©awation operation» the re~ulting 
mixture will generally ©ontain from 2;ero to 10 percent ~ilto The •= 
terial:5 to be excavated below t.he stripping line for placemelllt of' th(QI 
ocean side aton~ protection consists m.ainly of silty sand with a silt 
ll:lontent of about 20 per©enrt. o Due t<o the limited depth to whi~h the ~e 
materials will be excavated on the ocem side 9 it i[J l(:;Onsirlered im= 
practical t© separate them from the ©Verlying ~~~ipping material~ ~ 
separate excavation oper~tion~o 



F., AVAILABILITY AND CHARACI'ERIS'l'ICS OF EMPANKMENT 
MATERIALS FROM OFF=SrrE SOURCES 

23. Earth Fill Material. The present design utilizes material from 
required excavations for the proje~Ct for embankment~ and other earth fills 
and no off=site borrow aour©e~ are requiredo During the early stages of 
the investigations and studiea 9 two 8ubmerged areas were explored as pos= 
sible sources for earth fill materialo The investigation of these two 
sources and the data obtained are described in Design Memorandum Noo 2 
"SITE GEOLOOY~'o 

24.. Gravel Materialso NatUIT'al bank l'W1I. gravel materials are avail'= 
able from several large deposits lo©ated in the Freetown=Assonet, area. 
Materials are being taken from the~e aour©es at t.he present time. The 
results of tests on samples taken from existing exposed face~ were used 
in the selection of filter and gravel bedding materials as stated in Part 
J., The depositfi containing the s~le©ted materials are within 20 miles of 
the projecto 

25. Rock Materials. Srour©es of rock suitable for ro©k fill 9 arm.m
stone9 protection ~!tone and bedding ~one and other ro©k products are de
scribed in Design Memorandum Noo 2 WSITE GEOLOOYill., It i® anticipated 
that the contractor will develop a qu~ for moat of the ~roject needs 
either in South Dartmouth 9 about 6 miles from the site 9 or in Freet~9 
about 11 miles from the site., 

Go DESIDN OF EMBANKMENTS =GENERAL 

26 o Generalo The embankments for the dike~ and ball"Jrier are pU't rr;t 
a hurricane protection project., These embankment~ will be :su.bje~ted to 
the effects of hurricane tides and ~ave~ 9 and to ovt:Ttopping., The Btill 
water level for design storm conditions is taken-at Elevation erl6 M., S., L. 
The significant wave heights for the design EJt!.:'rm and the characteristics 
of the tidal surges and wave~ ,ue pre::Jented in D~sign Memcorandum Noo 1 
1iHYDROLOOY AND HYDRAULICSW., The maximum 15iignificcant wave height is 9e0 
feet which will occur against the central east=we:st portions of th~ Harbor 
Barrier and of Clark Cove Dike., D'uring a storm9 water will accumulate be= 
hind portions of the Harbor B!trrier and dikes u: a result of su:r·face :M.llil= 

off and overtoppingo As a result of these ac:cumulationB 9 the design ele= 
vat ions of the water surfaces on the land <Olr' harbor side· of the M!bank= 
menta during design storm donditions are assumed to er1.,0 9 Oo09 and ~5o~ 
M.,SoL., for· the Clark Cove Dike 9 the Harbor Barrier and Dike9 and the Fair= 
haven Dike 9 respective~e 

27o Design Criteriao The embankments were designed to produce 
reasonably stable structures for design hurricane conditions and construe= 
tion conditions in accordance with pertinent sections of the Eng±fteering 
Manual for Civil Works Construction and other current Corps of Engineers 
Publicationso Some of the data and ~riteria in these manuals and publica= 
tions 9 applicable for flood ~ontrol structures 9 were adjusted for condi= 
tiona produced by hurricaneso For some reaches~ the embankment~ were not 
designed for the fa,ctors of saf'ety fO'l' :stability ~gainst shear failures 
generally accepted in the design of flood ©ontrol stru©tures., The 
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embankments were designed to utilize the earth materials obtained from 
the Bypass Channel and the silty sands from required excavations in th• 
dike foundation areas and from the Ponding Areao In the design9 con= 
sideration was given to feasible and economical construction procedures .. 

28., The major problem in design of the embankments was to obtain 
adequate seepage c:ontrol9 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 through the foundations and embmlanents and are not designed with 
conservative filter material requirements" It is anticipated that minor 
settlements may occUlt" during major storms in limited reaches due to move~ 
ment of materials b,y seep~ge forceso Sudh settlement will not signifi= 
cantlY decrease the effe©tiveness of the embankment since major over= 
topping is anticipated .. 

29.. Sections Selected., The embankment sections for the various 
reaches·of the dikes and barrier9 developed as a result of design 
studies9 are shown on Plat~ 5=19 through .5=24.. These structures consist 
mainly of an earth fill central section flanked b;r layers of gravel a.nd 
rock and in ~ome reaches by rook=fill sectionso The rock and gravel 
layers on the ocean side are required to prevent erosion due to wave 
actiono 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 con~truction purposeso 
The designs for the various reaches of the embankments vary according 
to foundation condition~ 9 significant wave heights 9 foundation seepage 
control requirements and construction conditions in eJch reach., 

30o Construction Consideration~o The major p©rtion 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 b;r wav• action and 
storms during constructions In these reaches 9 rock=fill toe section~ 
were incorporated in the embankmente They will prevent destruction of 
earth fill and filter layers during construction9 eliminate the neces= 
sity of constructing temporary protective measures 9 and will permit 
the economical placement of all embankment materials b.r using land= 
operated equipment., The rock=fill toe was not incorporated in limited 
off=shore reaches af the Clark Cove Dike where it is con~idered practi= 
cal to readily construct the entire width of the embankment with land= 
based equipmente The elevation and top width of the rook=fill t<Oe 
sections was selected to permit the placement of the rock=fill material 
by end=dumping from truckso It b anticipated that the dumped earth 
fill portion of the embankments below Elevation +2 MoSoLo will be con= 
structed concurrently with the adjoining rock=f'ill sections or section9 
except for the lag required for protection of the earth fill and filter 
layers as construction progrs~~-~o Placing the earth fill concurrently 
with the rock=fill will prDvide ample area for hauling rock=fill ma= 
terials without e:x:cessiv@ o~.(3ldng of the hauling equipmento Also 9 this 
operation will permit equipment used for pla©ing filter materials to 
operate from the earth fill ~ection with~t interfering with the place= 
ment of rock fill materiaL S~cial pro"rlsiolnls 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 structureso 

H o EMBANKMENT EARI'H FILL SECTIONS 

.3lo Generalo The earth fill sections of the embankments were designed 
to reduce seepage through the structures 9 control seepage through the founda
tions and to utilize only earth materials from required excavationso The 
dimensions of the earth fill ~ections of the dike embankme~ts and above 
Elevation +2 MoSoLo of the Harbor Barrier (except for the earth wrap=around 
at the Gate Strult'.lture) are those required f10r the minimum quantity of armor 
protection and bedding stone 9 the cost of which greatly affe©ts the co~ 
of 'trh.e pr10j e!Clt o These dimensions are adequate t10 pro1.1'ide a creep rati© at 
the contact of the earth fill serc:tions of at least 2 along the wall of the 
Sector Gate Structure and also along the foundation of the Harbor Barrier 
emban'kment where two rock fill t10~s ar~ pro'wtdedo Th~ ea:J."'t.h fill se©tions 
provide foundation cut=off~ for f«Jimd&tion ~eepage ©ontrol in rearc:hei:i 
where cut=offs are considered nercessary and prac:ti~Cal to rct~nSltruct o The 
dikes and banier designs requiring the rr.inimum quantity of ~tone pl"O= 
tection are ~Considered to be the most economic:a.le The use 9 however9 of 
small earth fill se~t:tiol1lts in the stru~Ct\'lre make the problem of ~eepage 
control critil()lal as dis~eussed in Part J and requires special treatment of 
the materials tiD be ex~Cavated from the Bypass Channel for u~e a~ earth 
fill., Homogeneous earth fill sec:tions 9 except as stated in Paragraph 36 
for the Fairhaven Dike 9 were provided in lieu of zoned ~ec:tions utili~ing 
materials fl"om a ~to((;;k pile in whirc:h materials are plat~ed by unrcrontl"olled 
hydraulic methods o It is c:orwidered imp:rra©ti~al to zone se::;tio:ns due t© 
their limited dimensions md to rcontR"ol the pl~cement of materials from 
a variable st.ock pil~., Earth fill materb.l9 to be <3atiafac;tory t~r seep~ 
age ©ontrol9 mustg (a) be less pervious th~ the materials adjacent to 
itp whi©h a©t as seepage filter zone~ 9 (b) not c:~Dntain fines which will 
clog the filtersp (c) b~ as homr;-:,generou.s 11.s pll"a<eti©able 9 (d) be more im= 
pervious than the pervious zones inter~eepted by foundation cut=offso 

32., ~ing.2 Control 11 and Chara©teristi~fl ~:;f Earth Fill Mate:zoials 
from BZEa~~ Cha~.. The major portion of the requill"ed earlth fil:ll material 
'kiill be obtained by hydraulic: dredging f:rroom the Bypass Ghannelo To make 
this material meet the criteria ~tated in Paragraph 31 above and t,o make it 
suitable for the selected design will requir~ t,h©ro\\llgh mi::!dng 9 <rt<!:lTitlf'ol and 
inspection. T10 thoroughly mix th~ m<~oterb.ls will require g 

.,!o Careful control of hydrauli© dll"'edging ©perations 

£• Dredging to full depth illll ©ll1le ©Pe1YatiiD:rn 

c. l~''tr.,;rmation of land stock pile:a: of dredged material~ Ylf"H,h 
heights greater than 8 feet above the final sto~k pile area grades 

d., Con~tru«:;tion ©.f :atorck pile~ in a mannell" that permit~ mll::ing 
of m.aterialo5 dtil"ing exrc:avat.ion opeJr~ti©n~ rof theJ stock piles 

e., Ex:~avato:ing l3tock-piled mate:r·i;.ls on verli©al f~©~H!:i to pr©i= 
duce mixing of layered matentials 
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fa Spreading the unsuitable materials encountered during ex~ 
cavation of the sto~k piles in thin layers over the top of the remaining 
portion of the sto~k pile~o As a result of this operation, these ma= 
terials will be mixed with other materials during subsequent excavation 
operationso 

~o Possibly9 mixing by disc harrowa 9 pulverizers 9 blades and 
similar equipment 

In addition9 ~1 d!"ying backVi of i5'to~Ck piled material~ and washing 
away of organics may be necessaryo The above stated operations9 although 
not usual9 are ©onsidered practicable and necessary to produ©e a satie
factory end produ©te 

33o The variation and distribution of the soils to be excavated 
for the Bypass Channel are des©ribed in Part Eo There appears to be no 
uniformity in the distribution of the various soils to be excavatedo 
Besides specifying methods of dredging 9 careful control will be required 
of the formation of stock piles to produce a suitable end producto A 
study of the quantities of the different ~oils to be ex©avated indicates 
that if all the ~oils in the Bypas~ Channel could be thoroughlY mixed at 
one time 9 the resulting material would be a well graded silty sand with 
about 10 percent of particles retained on the No., 4 sieve and about 15 
percent by dry weight of parti~les passing the No., 200 sieve., In the 
study it was assumed that all ~oil particles ~ller than o.oo$ milli= 
meter would be washed away dmring the mixing operations., Com!idering 
all factors 9 it is concluded that the following ~ecifi~ations can be 
met for embankment earth fill material obtained by mixing the material~ 
from the Bypass Charmel ex~avatiom 

ao 80 percent of the fill material of every load being 
placed in the earth fill se~tion ooall ~ontain between 5 and 40 percent 
by weight of particles passing the No .. 200 Uo So Standard Sieve and 
shall contain at least 15 per~ent b,r weight of particles retained on 
the Noo 40 Uo So Standard Sieve., 

b., The percentage of material meeting the above gradation re= 
quirements=shall be determined by the areal distribution of the soils 
of various gradations at the surfa~e of a layer ~r material 12 in~he~ 
thick after it is spread by one pasi81 of a bulldozer9 or after it ha~ 
been pro~essed by dis~ harrows or other equipmente 

With this specification9 the fill material a~ placed9 will vary 
from homogeneous to heterogen~ous and the gradation of the material or 
zones and pockets of material making up the t,ot.al will have a gradationp 
generally within the limits sh©Wn on Pl~te 5=21o 

34o The contractor will be responsible for mixing soils from the 
Bypass Channel excavation to produ©e earth fill materb.l:s meeting the 
above requirements 9 exc;ept ai81 :stated in Paragraph 37 o The1 government 
will provide stock pile areas~ one on the shore at the west end of the 
Harbor Barrier and mother near the future lo©at.ion of the Fairhaven 
Dikeo These locations are :shown on Plate 5=1o All materi~l excavated 
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for the Bypass Channel will be placed in the stock piles., The Government 
will specify the quantity in ea~h stock pile after the Contractor 0s plan 
of operations becomes known., The quantities in the stock piles will 'bs 
adequate to take care of all earth fill mate:Jrial contingencies and borrow 
will not be requiredo Stock=piled materials not used in construction will 
be leveled and left in the stock pile areas to the extent possible in ac~ 
cordance with the Government agreement with the land owners., Additional 
excess material will be spoiled in areas selected qy the contractoro Pro
viSions will be made so that material from stock piles may be wasted in 
the Bypass Channel below Elevation =12 MoS.,L., by extending the fill areas 
within specified limitso 

35.. Utilization of Materials Excavated for the Sector Gate Stru~ureo 
The-soils to be excavated for the construction of the Sector Gate Struc= 
ture are described in Paragraph 17 o The only soil in this excavation that 
is suitable for earth fill in the selected embankment sections without 
mixing with other soils :ii..~ the gravelly silty :sand in the lower stratum 
overlying bedrock., A portion of the other soils could be utilized if 
placed in the hydrauli~ fill st~ek pile~ and mixed with the sands from 
the excavation for the Bypass Channel. From a design standpointp it 1~ 
desirable that several thin layers of the very silty soils from the inter= 
mediate zone of this excavation be pla(C:ed in the stock piles so that the 
fill material from the storck piles will be more impervious and the sperci= 
fied end product can be more readily produ~eed., To utilize any of these 
materials 9 however~ would require definite timing and methods of excava= 
tion operations., Since it is considered advisable to control the ccOYil= 
tractorns operation for this excc;avation and since there is an ample quan.;. 
tity of earth fill material from the EWPass Channel and land ex~avations 9 
the utilization of material from the Gate Stru©ture will not be required .. 
However9 permission will be granted if the contractor desires to utilize 
some of these materials to aid in his produ~ing the spe©ified earth fill 
material from stock pileso 

.36., Utilization of Materials .from La.nd E:x:cavationso Consideration 
was given to the utilization as earth fill in the embankment 9 of earth 
materials which do not contain organics9 ashes 9 ~inders or debriB to be 
excavated in areas other than the Bypass Channel and the Se©tor Gat• 
Structure., These earth materials to be excavated in the various reaches 
are described in Part E.. Since there is an adequate quantity of suit= 
able earth fill material from these and other ex~avations 9 all of the 
earth materials from these excavation~ will not be utilizedo To utilize 
all of these~arth materials would require zoning of the embankment9 
specific routing of materials 9 detailed inspection~ the testing of ~all 
quantities of materials and the separation of the earth materials in 
shallow excavation from overlyimg unsuitable materials., Earth material~ 
to be utilized in the earth fill sections will be obtained from speci= 
fied areas and will be placed at specific locations a~ followsg 

!" The Pending Areao The earth material excavated west of 
approximately Station 22+00 for the Pending Area is the most suitable 
earth fill material which can be obtained fr001. required excavation fol" 
use in the foundation cut=off of the Clark Cove Dike~ Thi~ material9 
thereforep will be utilized as dumped earth fill in the Clark Cove Dike 
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below elevation +2 M.S.L. 9 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 
purposeo The remaining material will be placed to the extent possible 
between Station 36+20 and Street Gate Structure No., 2., 

bo Clark Cove Dike Foundation Area The only material thate 

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 10~30 and approximate Station 22+00. 
The speq.ifications will require t;hat excavation within this :foeate:h be 
a!Clcomplished ey met,hods that will mix th~ materials on a neat:}.y veil= 
tical face. The resu.lting material!> which will be equivalent to that 
sPecified as earth fill material from the hydraulically placed stock 
piles will be used in the :c;oneitru~C:tion of Clark Cove Di.ke above and 
beyond the limits of the fill~ made of materials ex©avated for the 
Ponding Area9 as defined li~ the preceding subparagrapho 

c., Harbor Barrier DikeJ 9 Stati.ons 1+80 to 36+80., The earth 
materials to be eX:cavated in the foundat~on ar~~ for the Harbor Barrier 
Dike for the construction of Street Gate Struot\U'e Noo 3D and for the 
drainage ditch along the toe of the dike 9 all between Stations 1+80 and 
J6t80 9 may be more pervious than the required .,q.rth fill material from 
the hydraulically placed stock pileso Therefore 9 these materials will 
be used as earth !ill in tt~ area of the,drainage ditch adjacent to the 
toe of the dike!> in the «::omtru.cti<OlTh of the upper portion of Maintenance 
Area No. 1 9 and in the construction of the Harbor Barrier Dike west of 
Station 7+00. These materials are rc:onsidered satisfactory for the con= 
struction of this reach of the dike which is less than 10 feet in height 
and is less exposed to hurrl!Clane waveso 

.£,o Harbor &.rrler5J Stations 86+00 to 91+00e The earth fill 
material excavated in the foundation area of the Harbor Barrier east of 
Station 86+00 and Maintenance Area Noo 2 will be equivalent to the speci= 
fied earth fill material from the hydrauli~ally placed stock piles and 
will be utilized in the rconiSt,ruction of the Harbor &.rriell"o 

eo Fairhaven Dike., The specifications will require that the 
excavation; after stripping9 for the rc;onatrurction of the foundation 
drainage toe for the Fairhaven Dike will be by methods which will mix 
the earth materials on a nearly vert,i~Cal farce o The resulting material 
will have a permeability in the order of the most pervious earth fill 
material permissible from the hydraulically plac:ed stock pileso To 
permit the use of this material in the embankment by direct casting and 
spreading 9 the earth fill section has been zoned as shown on Plate ~.. 
This material will be pla~ed in the land side portion of the earth fill 
sectiono 

37 o Bypa~Channel Earth Fillo 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 belw Elevation =12 M.,SoLo t,u :form a foundation for 
the rock fill portions of the emb.mkment,., The dumped earth fill 
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section below Elevation =12 MaSoLo will have a top extending 132 feet be= 
yond the limits of the rock toes of the superimposed stru~ure and has 
end slopes of 1 on 3a These dimensions and slop~s 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 limits 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 ~ontractor may 
desire to use material from the stock pile containing less than 10 percent 
silt for cellular cofferdam construction prior to its placement in the 
Bypass Channel below Elevation =12 MoSoLo To provide for the u~e of the 
cellular fill material obta.ined from the ~tock pilell whichll when placed 
in the Bypass Channel fillll may contain less ~ilt than required for earth 
£ill materials from the stock pilesll the ~pecification~ will provide for 
the utilization of two types of fill material in the Bypass Channel fill 
as followeg 

a., The earth fill for a di~tance of 100 feet lJ centered about a 
line located 32 feet north of the centerline of the Harbor Barrierll will 
be composed of earth fill materials specified for earth embankments in 
Paragraph 33 above. 

b. The earth fill beyond the central zonell defined in para= 
graph (a) abovelJ will be composed of earth fill material ·~ spe~ified 
above for the central zone except that the l©Wer percentage of fines 
may be zer~. 

These requirements for Bypass Channel fill material below Elevation =12 
M.. SoLo will also permit the use of about 70lJOOO cubic Y)a.:rds of ['Jt©©k=piled 
material which does not contain the minimum required per©entage of fine~. 

39 o Placement, and Cmnpa©tion. The design provides for all earth 
.fill material in embankments below Elevation <1F2 MoS oLo t,o be placed with= 
out compaction9 except for the earth wrap=arounds at the Sector Gate 
Stru©ture. This eliminates the necessity for cof'ferdotms and dewatering 
and permits the con~truction of earth fill sections concurrently with 
rock fill toe sectionso Except for the placement of earth fill ~erial 
below Elevation =12 MoSeLa in the Bypass Channel and poa~ibly in the 
vicinity ,of Conduits Nos. 1 and 2ll thiS dumped earth fill material will 
be placed without dropping freely through water by end=dum.ping and push~ 
ing with a bulldozer o This method will prevent detrimental ~egregation 
and produce som.e mixing of the fill ~terial during placement.. Fill rna= 
terial in the Bypass Channel below Elevation =12 M..SoLo will be placed 
by dumping from scows or barges. Hydrauli~C placement will not be per= 
mitted as it might produce detrimental ~oning or stratifi~atio~ rel~tiv~ 
to foundation seepage contr©l or zones of low shear strength ~©ils in th~ 
foundation area for the embankment. Tr~cior or roller compaction rill be 
required above the top elevation of the dumped e<~.rth fillo If the surface 
of the dumped earth fill is not :sufficientlY stable for the operation of 



rollers£> the fill material will'"'be compacted by tractors only until the 

fill becolll9s stable for roller operation.. The tractors will be operat= 

ing on a ramp type slopeo All $rth fill mate:rial other than- dumped 

fill will be compacted by tractors or small rollers to attain9 gener= 

ally,~~ a density greater than 95 percent of Standard Proctor density9 

except that all earth fill material placed within the cofferdam for the 

construction of the Sector Gate~Structure will be compacted with heavy 

equipmento All earth fill adjacent to concrete structures will be care= 

fully compacted by special meallil .. 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 ~ould not operateo Earth fill placed 

along the sides of gated conduits Noso 1 and 2 and the gated culvert 

below elevations of adjoining d~!llPed earth fill will be similarly com= 

pacted for widths of 5 and 3 feet 9 respectiwelyo Special provisions 

will be made in the :specificati~:s for placement 9 selection and c1011!pac= 

tion of fill around and abov~ buried utilities in the foundation areas 

of the embankment to prevent set~lement of the fill and to provide a 

compacted condition in the vicinity of the utilityo Both provisions 

are necessary to insure adequat~ seepage control .. 


I., EMBAJflO'iE~ ROCK SECTIONS' 

40o Rock Fill Toeso The rock fill toes tor certain reaches of 

the embankments in inundated are.~s are p:r'ovided mainly for economical 

construction& They also serve~ insure 1a stable embankment condition 

during construction in areas where a thin surficial layer of soft or 

very loose soils exists in the foundation sreae The rock fill material 


_will be any quarry type ro!i'Jk fr~ments of less than 2/3 of a cubic yard.!' 
except that no load of material ~hall contain more than 20 percent b,y 
weight of material passing the 6~inch s©reeno It is intended to pre= 
pare the specification so that all of the rock from a rock quarry opera= 
tion producing armor stone and slope protection stones may be utilized 
in the structureo 

. 41.. Ocean Side Ro~Ck Se~Ction:s and Gravel Bedding., Layers of armor 
stone 9 bedding stone and gravel bedding are provided on the <Ocean side 
slopes and tops of the dike and barrier etnbank:nlents to p:!t"OQUte:e a [lt:r'UC= 
ture that will be stable under tbe action of hurricane waveso The mini= 
mum theoretical weights o.f the armor storie protection on the ocean side 
of the dikes and barrier have been determined for the wave heights a~ 
stated in Design Memorandum Noo 1 - I!\IHYDROLOOY AND HYDRAULICSII11 9 using 
the modii'ied Iribarren formula ~Technical Report No., 4 of the Bea<eh 
Erosion Boardo The maximum weights were made 1~.5' time~ the minim'Wll 
weightso The final weights sele~ted vary from the theoreti©al ones for 
practical reasonso The specifi~~tion~ will allow 20 percent of the 
armor stone to be slightly largEtr and 20 percent to be slightly smaller 
than the range of' stone weightBJ ·shOlfn on' the plates. The thickness of 
an armor stone layer on a slope ;J.s approximately twice the thickness of 
a cube shaped ro~Ck of the requir'9d minimum weighto The armor stone on 
the slopes will be placed ~upell •111111 w1th an outer slope tolerance of 
zero to plus 18 in©hes above water and zero to plus 36 inches below 
watero The layers on the slope~. will not be cbiD.kedo The armor stone 
layer forming the top of a structure has a thi~kness equal to approximately 
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the thickness of a cube=:shaped rock of t,he requi:;c'ed minimum weighto The 
armor stone on the top wi11 be laid individually and cllinked to provide 
a tight layer with fairly ~ooth top. 

42. Where the armor stone i~ not, placed on the r<O~Ck fill.ll the usual 
successive layerg:J of bedding stone and filter stone beneat,h the armor 
stone were replaced by a :single l.::tyer of well=graded quarey :ru.n rock. 
This layer is noted on the drawings as mTbedding stone 1·u.. It was provided 
for reason~ of ec;on@D!IY. The material .f©r the bedding stone layer will be 
well=graded up to a maximum :size ro,~k with a ma:x:imtml dimerudon of 2 feet 
and shall not c;orrta:in more than 5 p®x,©efltt, by weight ro:t' parf"icle~ passing 
the 2=inch sieve.. This range of material will :tequire. 'E"o:ck fr&.gnteJnt&J in 
the layer of sbes required fzc;lf' Wbedding l.ayer15111J! and iillroc;k fil~t~r:s 00 by the 
ctiteria in the above refer~n,.;;;e for S'.!'ffi'Dr :s'\t,one t~or <O:lope prclt~c:tion., 
Where armor stone i:£l pla©ed against ro<ek fill se~tion~ 9 the rock fill ma= 
terial serves as bedding st.one.. The bedding :st. one layl!r on the trop:s and 
slopes is underlain by a 2=froot layt!<r ol" gra:qel bedding t,©mposed of bank 
run sandy gravel.. This material will 1:::r.e well=gt'aded wlt.h the ©mponent 
passing the 4=inch sieve ~ont.aining at lea~rt 45 peJJrcent of p~ti~le~ ll"el= 

tained on the No .. 4 :sieve and with the (d\Omp©neHlit pa~:sing the Noo 4 :si~vre< 
(c:onta.ining less than 10 peJr©ent of partit;les pasaing 1C;he Nco .. 200 siewe. 
This gravel bedding material i~ c;(:llnsidered adequate to prevent signifi"" 
cant movememt of the gravel and m'llde:t'lying :soil due to pore p~:s~ure~ ana 
erosion developed as a result o:f wave actiono 

43., At locat.ions and to the extent ,c:on£;'li.de::red nec;es:sary9 proll1.siollilB 
are made at the toe of the slopes to redu(:e piCJSt.lible ercosio:n o.f the foun= 
dation soils due to the action of' :·~omal and ,~tox:m wa-.ve~ 9 t,o p~vent d@= 
trimental displacement of the ~lope protee~'\c ion llllateJr,ials and tCo©~tly malR'l
tenance., No provisions are e:onsidered ne,;;essary wh~re the arm:or st©n~ 1~ 
underlain by a rock fill. t©~ with 1)3.se at :Olt beJL,~YW in~vaticon =) M..S oL.. 
The provisions are as foll©ws ~ 

ao A lO=foot berm of a:r'lllor ston~ over a layelr' of bedding :st,(on~ 
with a base at or bel,ow Ele'wai:,ic;n =:~ MoS oL., is provided on the Oii::®&'l :side 
at the foot of slopes along bescehe.s ~tnd :in t~ end:e.t.ing harbor and b~ 
areas where the base of a rock 1"111 toe i~ at OR" belmr Elevation =3 MoSoL. 
This protection is considered :ne~C;essary mainly t.o p:revant I!'Jro:sion by 
normal wave a~tiono 

~· A s~ll berm of armor ~one9 overlying grawel bedcling9 with 
the top at the adjoining gTound surfarl'J~ e;le'W'ation9 i~ p'il:"Wided on the ote:ean 
side at the base of the .s:lope~ of' end reca~he©J of dikes wh:ith all"e on high 
ground. 

~. The slope prote~ti(on layers of ro©k and gl!"avel erlena dom 
to a base Elevation of -3 MoSoL~ ©n the oeean side of Clark Cove Di~ in 
the reach where the embmkmellllt t©e is .:Jet ba©k $'0 f~et. flr'©m the (tlrl~'blllig 
shore line. Thi~ prorlsion i.® made t© ~fo:rt'd prote©ti~n in ~ea~l!l the iShore 
material is part.ially 1.wa:shed away dUtoing ~ morrn pe:tio~L The wate~:rt' sid® 
slope of the existing fill is prot~cc:ted with heavy riprap Whi©h will be 
left in place o 
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d., A lO=foot 'J:>erm of armor stone overlying a layer of bedding 
stone is provided on the ocean side at the base of the slope of the 
valley reach of Fairhave~ Dike where erosion effects due to wave action 
during storms will be gr,at., 

44. Land Side Slope Prote~tion., LaY:ers. ot rock and gravel have 
been provided on the lan~ or harbor side'slopes of the dikes and barrier 
embankments to prevent e:fosion by overtopping o' These ·layers are also 
required for seepage control as des~ribed in Pal"t J.. The outer layers 
of stone on the slopes 9 which must withstand the full effect of over= 
topping9 will be composec of stone ranging in size between $00 and 1500 
poundso The effect and magnitude of oveftoppitlg upon these layers are 
unknown and the range of stone si~es has been s~lected on the basis of 
engineer~ judgment., T'.\'le ~n.ll©~essive layer~ of bedding stone a11d gravel 
bedding beneath the prottction stone on the slope are the same as under 
the armor stone describe~ in Par~graphs hl to 43 above 9 except that for 
certain dikes the gravel b6dding materi.al will ©t~ntain m©:re r~obble~ and 
gravel sizes as described in Part J. On the flat berm of the Harbol!' 
Barrier9 the layer of pr~tection stone i~ omitted. A surfa©8 layer of 
bedding stone on this be~ is ~onsidered.adequate to withstand the 
effects of overtopping. · ' 

45., Erosion of the ,mbankment due to wave "'!.ciion on the harbor 
side of the Harbor Barri•r will be prevented by the ro~k fill material 
in the toe section and t~e slope protection p~vided to withstand the 
effects of overtopping. No additional provisions are ~onsidered neoes= 
sary., 

J., EMBANKMENI' SEEPAGE CONTROL 

46. General. The d:\,ke and b<U"rier emb.mkmem'ts were designed to 
©ontrol seepage through the embankments and fo'1,'dl.dations soils· in order 
to prevent the movement Q.f a signifi,~:ant amount· of fol'll1Ildation9 filterD 
and earth fill materials.. ~ selec:tion ·,of Teilatively :SlTIAll earth fill 
sections and the use of the wa:rlable and ·pervioU!I:i materials from theJ 
Bypass Channel and other ~X(tawatiolrll~ l'Mke the ~(l)ntrol of ~et!!page a 
ltU"iti©al pmlUR., ~- ma,x:imum head conditions a:&rsumed for design ar~t 
based on head water ©Ondition~ of 3till water level and signifitant wav~ 
heigb.ts and on tailwater rcondit:iOOJ!tJ thtJ ground ele·vation or at the 
minimum water elevation9 all as defined in Part Go The details of th~ 
features provided in ·the designs t\0 ©©Tict:r·ol seepage are de~rc;riood in 
the following paragraphs ~n thi~ parto The 3tru©tures were not designed 
with as high a factor of ~afety as is usually ~ovided for in the design 
of flood rcontrol st:ruct~s to ins1!lr'e that no movement of the ~teria.l~ 
will occuro Considering9 ' however9 the c<ontr<ol tl'cmt is provided and the 
fact that maximum hydraul'-c head conditions will oc©ur only for a few 
hours 9 any movement of material will resUlt onlY in minor settlement 
which will not impair the effectiveness or the stability of the ~true= 
tureo Settlements occurring ~n the area of the harbor side ro~~.:k toe of 
the Harbor Barrier will n~t affect the top of the ~tructureo . The ©©st 
of more adequate seepage ~ontrol to prevent pos~ible minor ~ettl~ents 
is considered not ju:stifipd.,. The feat1iJJi>es that ~N"ere in~orporatect to con= 
trol seepage to prevent the mow~m®nt .of materials are considered sufficient ~ 
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to produce adequately low seepage pore pressures which affed, ·iche shear
ing strength~ 10f the foundation and eart;,h fill 11aterials in pla~Ce., Since 
the quantity of seepage through any embankment including th~ upper rock 
layers and the foundation ovelt"b111!"den will be inl!lignifi~ant at:: -compared 
to the quantity of' water that get~ inside the ~tru~tm"eJ due t,o overtopp~ 
ings no additional provisions were made in the design to reduce the 
quantity of seepage t,hrough the ~arth fill <Se,r:::tions and the fomdatiollll 
soils. 

47. Earth Fill Se©tiom~ and Filtex~!8J • The ©<OntlC'4Jl of :aeep£~.ge thr1\HJJgh 
the embankments below the top ofthe earth fill ~e~ion i~ pro~lded by 
successive ~ers o:r ~ones of gravel and different ~i~~ r~~k on th~ la~n 
or harbor side of the ~~~h rs~<l';)tion~. Th~ !lde.qu.acy of tbes!!ll hyer~ d~= 
pends upon the chara©teristi.\C~ <of thl!: ~t.e:rria1 11'1 the ~a1Mt:J1 fill 'f'Je;;eti<Didto 
'fhe materi/U1sr in these layers were :sele~Cted on the baitib t,h~t the e1alr'th 
fill materials in general)) will meet the r6q_uirements stated in Paragraph 
33 for earth fill material from the hydl""llfulirilly pla~ed 8lto~t:k pile~ a:nd 
thus will c;ontain between 5 and 40 perc;eE'.rt by weight of fine~ o It ~hou.ld 
be noted that the layers wil]_ not be adequate if the entire width of ~ 
earth .fill 13ection :iB ©ompo:sed of materii!tl wirc;h iB more p~rriou.:& thm 
indi~ated by the above gradation ex~ep.1-;;, in rea~hes <des®ri'~d ~low. 
Earth fill material not meeting the ab~we requirement~ will be utilized 
only in the ~onstruction of limited :t'eaches of ~~ertain dikes ©TI l<l:l.mll 
where the dike:!:~ are le>Ss than 10 feet; in height,· and i11 the land :s:td~ po:It= 
tion of the earth fill ~ettion :of the F~iK"h6Lwen Dike as d~~tCl:f'i~ICJ. i)l!:. Part 
H. To ina·l:l.'f'e adequate ©<Wmrol ©f !5leepage t;hli:·~U·u.gi1 th~ Fai:t'hav~;n\ Dil~s 
where more pe:rviouiiil m,~t.~S.Jl."ial MiiY bel in!Ci«1.!l."p<0Tated in t.h~ earl;,h JE'ill ~Se©tioo>J 
filter material wa~ selecC;ted a~ ~t,z,ted it,: ParL'l.g:t'aph 50~ Spe,~iaJL pr<orlsions 
will be made in t.he spe©ifi©ation~ 9 as stated iJ:i! Par~gt"apt. 3'7.9 Jt\xr' the :B8= 

lections plac;i$ment and \Cli\Jmpal0:til()n ol e:ll"th .fill.ad..;Js.cerrt 't© :~x~a itil ·th~ l'ici= 
nity of ©©n©rete stru,Gtwre~ and utilib'l.e~ to px'rowide- ® tiglnrt ©olttlti~d, with 
the strorc;ture and utilities :and g©\Od r.oompacti.on WeiJre lr'<olliiDJ.g ~qu1pmelh1fC: 
~annot or should not operat~. 

h8. Two matelr'ial~.9 noted o~ !E,he: dr>av,¥iY&g(} a a~ tlllfilte:t" ma:terial ,~ aJll,J. 
mgrav~!!<l beddit!<g 99 ., hav~ ·b~en Sei~:c;ted to a©t as filtt~:t'~ ;adja:;:;~r;t., t,o thi'JJ 
earth fill Ill\!iteriaL They are plt'©Vided t,i!J pr~went. mmemeTI\t, 0it th~ par= 
ticles of theJ E<arth fill IDati!!JJr'ials and th~ ra~Yelopmeilrlt of d~tr-ntli)L 
s~epag~ pre~i!l::mre~ on the hu'b©:>(" ~i~ <air' l~d 13Jid~ ~l,op~ ©f.' the ~oo,~b. !:lll 
sectiono The~~ ~t,erials will b~ b<lhk t''l.:ln ~andtr glr'~'~'el~ £'g;';dlable nthin 
20 miles of the proje,~t sites having 'the f©l~,©wir".g gll'!~i.d,sd;i:ol1'J ll''~'t:fuir~SMent:s~ 

a.. Filter Material~. The filter material 5hall ~ wre;lJ..=g:t'aded 
with a roax!mUm.=size- equaT-to<One=half th~ thi~ekness of th~ hye,r in whir,;;h 
it i~ placed. The rc;omponent of the IMLterlal pa~Ssing &!. 9=iu~h t:«:.reen shall 
contain between 65 and 85' pera::ent by wigi-:~.t of pal"ti©l.eet retained on the 
Noo 4 sieve.. The c;omponent of the material passing the N'0• 4 sU.ve1 ~hall 
contain not more than 10 perc;ent liy dry weight of pi8i.rt;i.,2;1e~ p:s,asing the 
No. 200 sieve and les:g than 70 pM'·,c~nt by d:ry weight:, of l:&"'tit,l~;s passing 
the No. ho aiewe • 

.£• Gra~l ~ddi~ Mllt~~al. Matell"ial me,~tL"6 U1<i!l abov~ require= 
ments for f'ilter material may ·be used a~ gr'avel beddi.ng mate:t·ial., othl!lR" 
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gravel bedding material shall meet the maximum size and gradation for 
the minus No. 4 sieve component as required for filter material. In 
addition~ the component of the material passing the 4=inch screen shall 
contain at least 45 percent by dr,y weight of particles retained on the 
No. 4 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 exposed 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 usedp 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 material required~ consideration 
will be given9 prior to the preparation of specif'ications~ to permit 
the use of crushed rock materials as an alternateo Specifi~ations for 
filter material below Elevation +2 M&SeLe and foT layers only 12=inches 
thick will remain as stated above. 

50. ! study of the materialB in the probable sources for Wgravel 
bedding material00 and Wfilter materia100 ~bows that it may be assumed for 
design purposes that 9 in general9 these materials will contain between 
2 and 6 percent by weight of silt particles of the component passing the 
No. 4 sieve. The specifications will set a corresponding maximum of 10 
percent for control purposes., It is concluded from a stu~ of the gra= 
dations of these materials and those of the earth fill material that 
the materials acting as a filter9 in general~ will be about fo'!ll.r times 
as pervious as the average earth fill material and will have a coeffi.,. 
cient of permeability slightly in excess of the most pervious earth 
fill materials specified. Although these materials are not as per= 
vious as required by standard criteria for filters~ they are considered 
satisfactor,y for the proposed structures. To obtain a more adequate 
design9 

00filter rnaterial 00 is designated to be usedg (a) for the Harbor 
Barrier below water where the seepage is do'W'ltlWard and where the adja= 
cent rock=fill toe material may be segregated~ (b) on the harbor side 
of the earth wrap=arounds at the Se©tor Gate Structure~ and (c) far the 
north=south reach of the Harbor Barri~r Dike where the seepage gradients 
will be large and will occur over a longer period of time compued to 
other structures.. Filter material will also be used on the land side 
slope of the earth fill section of the valley reach of the Fairhaven 
Dike to permit the use of possibly more pervious earth fill material 
obtained from required excavation as di~cussed in Part H and to ~ovide 
a layer of the same material ac;roas the top of the toe drain and up the 
slope. Owing to its veey boney mture9 the advantage of the use of 
"filter material00 at the~e locations is to provide more assurance that 
the •filter material 00 will not move into the adjacent bedding S~tone or 
rock fill material in case large seepage pressures qevelop 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 to act as a filter adjacent to the 
"filter materialoo and the 00gravel bedding materialwa 
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51. '~Filter material 1i 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 anti©ipated that more settlement due to wave 
action will occur as a result of the foundation soils moving into the voids 
of the rock fill material. Tran~ition material is not provided at the 
ba8e ot the rock fill toe. Considering the construction difficulties of 
placing such a layer and the type of :E~tructures 5J ita cost i~ not warranted. 

52. Earth Fill Contact with Concrete Struct,ures., The tJa:rth fill 
sections of the dikes and barrier abUt the Clark Cove Pumping Station and 
various gate structures., Considering the heights o£ the embankments and 
the hydrauli~ heads involved9 no changes in the embankment sections in 
the vicinity of the structures are necessary for seepage control along the 
contact of the embankment and struc~urel!l., The maximum hydraulic heads in= 
volved for the Street Gate structures and the Pumping Station9 based on 
design still water levels are 1 and 9 feet 9 respectively., Due to the height 
and location of the earth fill wrap=~ounds for the Sector Gate Structure5J 
the design provides for conservative hydraulic gradients in the contact 
zones to insure adequate seepage control. At this structure9 the maximum 
design hydraulic head condition~ are approximatelY 16 amd 25 feet 9 based 
on still water level and significan~ wave height9 respe~tively. 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 creep ratios of the earth fill se~= 
tions at Elevation +12 M.S ..L.. and =.32 M..S..Lo5J based OEil still water condi= 
tion9 are approximately 1.9 and 1.0 9 respe©tively., Based on significant 
wave height 9 they are approximately 1.2 and 4..49 respectively.. These 
creep ratios are adequate considering the protection provided ~ the ad
joining filter and rock l~r on the harbor side9 and also ~onsidering 
that all of the earth fill at the corutact 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 ~ontrolled b,y the incorporation of to~ 
drains and foundation earth cut=offs where ~uch features are required., 
The designs are based on the assumption that maximum seepage pressures 
in the foundation soils will be devel~pedwith 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 vitf'iou~ :~teaches of the embankments 
and the foundation conditiorw; pertinent to seepage oontr10l 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 prevent 9 in general9 th~ 
movement by seepage forces of a significant quantity of foundation soils .. 
Except in the vicinity of the Ss~tor Gate Strulb'!ture9 some movemt!lnt' of 
foundation soils might occur in limited reaches5J particularly in reaches 
where toe drains only are provided. Thi:! movement is due to the narrow 
base widths of the earth fill section~5D the variability of the foundation 
soils 9 and the high seepage gradients that may denrelop 0 
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54o Harbor Barrielr' Foundationo The ~t:;:ontrol of seepage through the 
foundation soils of the Harbor Barrier between Stations 46+80 and 8)+65 
is provided for ~ making the foundation ~ontact width of the foundation 
soil equal to about twice the probable ma.rlmum seepage head that will 
occuro In this rea©lbi» the lower portion of the earth fill section is 
flanked b.f rock fill sections as shown on Plate 5=20 9 except between 
Stations 6:2+<40 and 65.j},OO on Palmer Island where the top of the bedrock 
is at or near the present ground rgurfaceo On Palmer Island9 the harbor 
side zones of prote©tion stone9 bedding stone and gravel bedding eX= 
tend to the bedro©k surface tro form a drain at the bedrock surf'aceo No 
provisions are made for the gx"Outing of the bedrocko Th~ <c:riterion 
stated above for ~ache~ other than on Palmer Island does not insure 
conservative seepage controlo No filter layer is provided between the 
foundation soil and the base of the harbor side ro©k fill toeo It is 
anticipated that some foundation soil may move into the voids of the 
rock fill 9 causing settlemen't of the surfa©e of the harbor side berm 
in the area of the rock fill toeo If su~h 8ettlement does oc~ur9 it 
will not affect the top of the main portion of the barriero 

55o The ha.rbo1~ !:!ide rock toe of the embankment terminates at 
Station 8J<ll165 and the Harbor Barrier e:x:tendSl up on to high ground to 
the east in the form of a dike embankment ~ec;tiono The ocean side rock 
fill toe extends eastward beyond Station 83+65 until it abuts the steep 
bedrock surface at Fort Phoenixo Between Stations 83+65 and 84+859 the 
foundation area consists in part of an existing bea<c:h and in part of an 
off=shore areao The foundation soils in this reach are mainly fine to 
medium sand with little or no inorganic ~ilt but crontaining shells and 
organics· in limited zoneso A wide thin folli'ildation drainage blanket is 
provided9 as shown on Plate 5=20 9 to control seepage and to provide a 
filter zone beneath the harbor :side rock pr~~tion hyer:! o This blanket 
will be ~omposed of filter material and will extend up the ~lope at the 
end of the rock toe section to fom a filter la~ro The blanket has a 
width of 30 feet at the toe of the end of the ro©k fill section at 
Station 83+659 and uniformly decreases in width to 12 feet at Station 
84+25., In this reach the wide foundation drainage blanket is provided 
in lieu of a deep toe drain or a deep foundation ©Ut=off since deep ex= 
cavation in th~ area would be difficult and the blanket type drain faci= 
litates a transition with the barrier se~tion to the westo 

56.. The dike f~::nmdation area between Stations 84+85' and 87+209 
forming part of the Harbor Barrier 9 lies on a slope with the toe of the 
slope to the nartho In this rea<c:h~ the height of the embankment is 
greater than 10 fee~measured from the ground surface at the land side 
toeo The overburden in the western and northern portions of this founda= 
tion area consi~,s of a ~one less than 5 feet thick9 of medium to fine 
sand overlying unstratified gravelly silty sando Bedrock is at or near 
the ground surface in portions of the area. In the remaining portions 9 
the foundation soil is gravelly silty sando The foundation gravel 
drainj 12 feet wide and 3 feet deep 9 west of Station 84+85.!) extends east= 
ward throughout, thi:s rea((;lh to Station 87~20 to protide seepage control 
through the various foundation ~oila and a drain on the bedro~k surfaceo 



No features are provi.ded 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 sand6 

57 6 Clark Cove Dike Foundation a The features provided to control 
seepage through the foundations for the various reaches of Clark Cove Dike 
are shown on Plate 5=21.. In general9 the features consist of an earth 
fill foundation cut=off and a zone of gravel bedding beneath the rock 
sections on the land side of the embankmento The zone of gravel is pro= 
vided to prevent verti~al movement of the foundation soils beneath the toe 
either by acting as a pervious foundation toe drain or as a filter zoneo 
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 fillo TheJ foundation conditions pertinent 
to seepage control and the detail~ and purposes for the foundation earth 
cut~offs in various reaches are as followsg 

ao Stations o~oo to 4~08o No cu:'t=off is provided since the em= 
bankment is essentially a low rorc:k :struct'W"e. 

bo Station 4+08 to Street Gate Strurc;ture Noo lo As founda= 
tion conditions are not known and depend upon previou~ and existing us~ 
and construction in this area for residential and commercial purposes9 
a cut=off is provided to disconnect any existing pipes and drains and to 
form a water barrier in any pervious or open man=made fillG 

Co Street Gate Strue;tmre No., 1 to Station 101r30o The found&= 
tion materials· in the land side portion of the area are mostly :man=mad.e 
granular fill above approximately Elevati<Un =2 MoSoL. oveTlying previous 
shore line depositso The present slope of the fill is prot,ected by heavy 
riprap., Zones of stone with some v©ids~ apparently forming previous rip= 
rap protection with the top near the edge of the pa:~remen't of Clark Cove 
Road9 is buried in the fillo The plt"esent riprap prot.ection and any stone 
immediately beneath it will be removed prior t,o placement of earth fill. 
It is not planned to remove the buried riprap ~(one fll.~om the foundation 
area as this might requi:re sho:E"ing t,© prevent undermin.ing rof the existing 
pavement .. 

The bay side portion of the foundation area is immdat.ed and the soils 
are mainly sands and gravelly :filan ds with apparently wery pervious gravelly 
sand at the surfaceo Provision~:~ are made to remoYe these very pervious 
surface :soils above Elevation =6 M.,S oi... in the foundatim"!. area beyond the 
toe of the existing riprap to provide a partial foundation cut=off~ 

d. Statio~ 10+.30 to aJ2Eroximately 22'*00., The foundation soils 
are man-made fill of silty sand and silty sandy gravel above approximate 
Elevation =3 M.S.L. overlying previous shore line depositso The sub= 
surface data and photographs of previous c©nditions indicate that the soils 
immediately beneath the fill are very pervious gravelly sands with little 
or no fines o These SK.Jils were at the stll"face ©f a prEriJ'iou~S. ~hor~=lineJ area 
and are apparently Cli)ntinuous beneath the foundation and adjoining storage 
areaso A rcut~off is provided t,:J Elevation =6 MoSoLo to form a water barrier 
in the zone of very pervious gravelly sando Th~ foundation cut=off below 



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 Pending 
Area. The prevention of iDboils~1 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 es-cape gradients at these 
two locations might be in the order of 2.3 and 1.3 respectivelyo 

e. Station!::l 22+00 to )6+70. The .foundation materials and
materials in the area of the adjoining Ponding Area are mainly trash9 
ashes 9 debris and granular soils containing ashe~ and debris. MUch 
of this area was at one time used as a city dump. Explorations 9 how= 
every 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 36+70 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 i~ approximately 10 ft'>et.. The fill material 
overlies a sand deposit 9 the top of whi((]h is pJrobably ~omposed of rela= 
tively pervious gravelly sands.. A c;ut=off i~ provided to Elevation =6 
M.S.,L .. to provide a water barrier in the man=made fill and to effect 
at least a partial cut=off in the underlying sand~o Silty gravelly 
sand9 containing more than 20 percent finery from the required excava~ 
tion-for the Ponding Area will be used as earth till below Elevation 
+2 M.S ..L. 

f., Statioms 36fi70 to 39+55.. The bay side portion of the 
foundation=area is inundated .. -~The founda.tion soila in this portion are 
sands of a shore=line deposit. The r:ru:_rfa~eJ soils are gravelly sands 
with little or no silt. The l~!]CJ. side portion of the foundation area 
is composed of a beach area9 a filled area with stone retention walls 9 
and an area of exposed oodro~Ck. Se;veral ro~k groins exigrt, in tht~ bea~h 
and adjoining areas. Prior to plac;ement <Df earth fill material» the 
rock groins §ID!.d the remainu~ ·Df' t:lLm'b!!r wall13 Mtd pieri:l will be removedo 
It i~ planned not to remove Ulle Jrocck :r·et~nt,:ion wall[J or the fill- whiten 
is mainly stones ar-!ld otheT st~ble; J'lli.t~rialo In the 'bedro~lk: area9 the 
embankment sections of ro~k and g:r·a1rt~1l at th~ JLB1nd side toe extend to 
form a drain on the bedrorck sur.fa~D~o No p:r·ovil'!li«:ms are made for the 
grouting of the bedrocko A foundation m:rt=off i~ prc:rwid~d on the wateJ&" 
side of the embankment section t(o Elev·atiml =) M,.S oL. to form a barrier 
in the more pervious surfa~e ~and~. 

~· Stations 3~55' to 44+10. The Tlli.terials in the land ~idiit 
portion of the foundation area are mainly industrial fill and trash andy 
in gsneral.ll are not 'lO;solid91J fill material~.. Th~ e::dsting fill materials 
are prote~ted by large riprap stones. In g~ne~al~ th~ fill extends to 
about Elevation =.3 M..S.L. The ~oil<S in th~ inundated portion of t,he 
foundation area comprise a sur.fa!Cle hyer of gravelly sand oveJJ.""lying silty 
sands 9 which in turn overlie sandy glacial t.ill. The pervious surface 
layer probably varies in thi~kness from about one foot at the bay side 
toe to about 3 feet at the toe of the exist,:ing fill mater-ial, In view 
of the nature of the fill mate:rial9 prowi:sicns are made to remove it 
from the foundation area to provide seepage ~antrol and reduce settlement 



of the embankment. A foundation cut=off is provided to Elevation -4 M.SoE. 
Excav~tion for this cut=off can readily be accomplished as a result of the 
protection provided b.r the bay sid~ ro©k=fill toe of the embankment. 

h. Stations 44+10 to 5.3+1.5. 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 pe1rvious cinder fill and these !>Ones of un= 
known waste materials. The depth of the lGU.t=off trench will var'f up to 
a maximum of about 14 feet. In the vicdnity of Station 47+10~ the sl.U'= 
face of bedrock is at the ground :s·tn'face. 

io StationE~ .5'3+15 to Street Gate Structure No. 2., The founda= 
tion area Is comprised in part of ~~ existing beach area and in part of 
an existing gravel parking area.. The parking area i~ about 60 feet Wide 
between the beach and Rodney French Boulevard~ The soil in the park:ing 
area is mainly silty$) gravelly sand lGontaining more than 15 percent ~ilt 
with zones of cinderse The fill materia~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 o A 
cut-off is provided through the fill to form a water barrier in the cin~ 
ders and possibly other pervious fill material. 

1• East of Street Gate Structure No. 2o The foundation soil 
is a gravelly silty sand (glacial till) except possibly in the immediate 
vicinity of the structure where a thin ~urface zone of Man=made fill 
exists. In most of the area~ excavations were made to obtain earth fill 
material for previous projects.. The man=made fill is gravelly silty sand 
containing more than 15 percent fines o Considering the imperviou:Qi nature 
of all .foundation soils and the seepage heads involved~ seepage ©ontrol 
features are not provided • 

.58& Harbor Barrier Dike Foundatim'lto The features p:rovided to con= 
trol seepage through the foundations far the various reaches of the 
Harbor Barrier Dike are ~hown on Plate 5=19 ~ In genell."al~ seepage con= 
trol is provided by incorporatir€ a foundation toe dr~ino Th~ material 
in the lower portion of the drain termed WDraina.ge Trench Material 10 will 
be concrete fine aggregate to inBU:lf'e that it i~ a!:! p@niou~t~ as the :soils 
being tapped by the drain. A layer of filter material with gradation a:s 
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 drainage trench 
material and9 therefore 9 is not an ideal rr~terial~ However~ it contains 
a large percentage of gravel sizes and cobbles and should b~ satisfactory 
to prevent movement of materials into the overlying rock~ The fOundation 
conditions pertinent to seepage control and the details and purposes of 
the seepage control features are as followsg 

a~ Stations ~90 to '7+00o A~ determined by field Jreconnaisanc~ 
and existing open excavations 9 the foundation soil is ma:i.nly an tm.strati= 
.fied gravelly silty sand. No special features are provided to roontrol 



seepage since the foundation soil is uniform and relatively impervious 
and the height of the embankment is less than 10 feeto 

bo Station ?-~rOO to Street Gate Structure No. 3. The founda= 
tion soil Is mainly as described above between Stations 0+00 and 7+001 
except that some shallow man=made fill 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 protection9 will be removed from the foundation 
area o A small toe drain with a bottom width of 12 feet is provided 
since the height of the emb~nt is greater than 10 feeto This toe 
drain will be composed of gravel bedding material with gradation as 
described in Paragraph 49o The t©e drain is considered adequate for 
foundation seepage ~ontrol since the foundation soils are quite im
pervious and uniformo 

~o Street Gate Structure Noo J to Station 22+50e The per-~ 
tinent foundation soils range in general fram silty sand to uniform 
sand without si.lt content o There are minor zones or lenses of sandy 
gravel and sands with organicso The soils are in haphazard zones and 
layers of limited extent. Some of the soils in the foundation area 
apparently are man=made beach fillsa Other soils are those of beach 
and shore sand depositso In general9 the soils contain more than 10 
percent silt content except possibly the upper soils in the vicinity 
of the ocean side of the foundation arease Portions of the ocean side 
of the area are inundatedo An o~ean side rock toe fill is provided 
for the full length of the reach to aid in construction and to provide 
adequate slope protection without ex~essive excavationo The use of 
this toe decreases the seepage path through the foundation soils and 
toe drain to about 2 times the maximum seepage heade A ditch for sur= 
face drainage is located along the landside toe of the dike with a 
bottom grade varying between approximate Elevations ~3 and +2 MoSoLe 
To reduce seepage pressures beneath the toe ot the dike and the bottom. 
of the drainage ditch 9 a foundation toe drain has been providedo This 
toe drain will extend ~tween 1 an~ 6 feet below the bottom grade of 
the drainage ditc:ho Th~e to~ drain is ~elected in lieu of a foundation 
cut~of'f since foundation ©ondition:s would permit only a partial c:ut=off 
unless a very deep costly one were constructedo 

.2o Stations 22'+$0 to 36-ir?O. Th@ foundation area is inundated 
and adjacent to a surfa~e area within the tidal rangeo In general9 the 
foundation soils range from clean sands to silty sands. The explora= 
tiona indicate that the more perviou~ zone~ or the tops of more pervious 
zone!!l are above Elevation =4 M.,SoLo A ditch for surface drainage is 
located at the toe of the dike with bottom elevation at approximately +1 
MoS oL. An ocean side rock toe is provided in the embankment for construe= 
tion purposes o It reduces the path of foundation seepage to about twice 
the maximum seepage heado To reduce seepage pressures beneath the toe of 
the dike and the bottom of the drainage ditch9 a foundation toe drain is 
providedo A bottom elevation of =4 MoSeLo for the toe drain was selected 
to insure that the drain will extend a~ross or into the more pervious 
zones of foundation sandso This elevation was s~lected for all other 
reaches of the dike to permit uniform constructiono A toe drain was 



selected in thi~S reach in lieu of a foundation cut=off since it would be 
necessary to extend the cut=off to Elevation =10 MoSeL. to insure a com
plete barrier through the most pervious ~ones. 

eo Stations )6'il-70 t,o 4.5+80., The1 C:IOl1dition:SJ and d~sign for 
this reach=are-similar tro those described above for the reach between 
Stations 22+50 and 36+709 exccept as ~t"at.ed herein. In thi~B reach 9 the 
natural soil~ of sands and ~ilty sands are generally overlain by thin 
deposits of <organic silts and Bal1ds ~~ontrlning orge.nics o Over the en= 
tire foundation area9 t.h~ natural ::;Joil~ were <e;owered with Xl'1l'W='mdl!l fill 
composed of ashes and granular c:Joil rr.ontaini.ng brick9 glass ana other 
debris.. F'rom visual ob:serwations of the ~it~ 9 it is assu.~ed t.hat the 
fill in "l;,he foundation are'! i~ f:ree of W!:i:S'te wit.h laY"geJ 'll'O:id~o Ill addi= 
tion to the .foundation t.oe dra:in.<J a c:ut=·off 14hi~h form:& a water barrie:r 
through the fill matell."ial9 is p:rov:ided :in thi~ reacll o 

59.. Fairhaven Dik~ F'oundat:i.roll'Je 'The !~atu:r'e:s inrC>orporated into 
the dike section to cont.ro:f -sel!lpage through the foundation are: :shown on 
Plate 5=22.. The oveltbwt"dem in the foundation area between Station~ 2+00 
and 25+00 con~i~trs of a smrfa~De layell'' of' salt marsh organire: materialp 
overlying 9 in general9 a layer of silty sand with variable ~ilt and or= 
ganic \COntent with a botft>om depi;h of less thGU1 6 feet below the ground 
sul'i'aceo In general9 a zone of relatively perviou~ medium to fine !:land. 
and gravelly sand lies belw the silty sand z©neo T10 prevent the de= 
velopment of detrimental seepag~ pressures at the toe of the dike~ a 
foundation toe drain is provided t!l) a dep'th of 6 feeto It. extends tro 
the underlying relatively pe~:rvi.ous ~oneo The materials in t,he founda= 
tion toe drain will be as de:s©ribed in Pa:t'<agraph 58 for ot,her drains., 
Except for a filter blanket beneaft,h the land Slide toe ,stone prot.ec:tion9 
no seepage control features are i!.~onsidered ne.;:;es~ary beyond the founda~ 
tion area between Stations 2+00 and 2:Selo00 9 s:in<C:l'!l t,he foundation soil is9 
in general5J non=stratified gravelly ~il"'Y sando WheJt·e the dike iiS! more 
than 10 feet in height9 the filt~r blru"llket thit:n.t~sB b two feet whil~ 
at other lo©atiom3 9 it is one~ foot; thic;k., 

K.. EMBANKNENT SETTLE:MENrS A1~ FOUNDATION DISPLACEMENTS 

60.. Gem;ral., The settle1rr~ents due to :c:t>nsolid.ati<on of thre~ foundation 
materia~~ and the quantity of additirona.l embankment material~ required as 
a result of surface foundation soil beh1g penetrated or displaced will 
vary throughout the prcoje:c:t 9 depending upon the <eharar.;ter of the founda= 
tion material:s 9 the embankmen<.t :se,ctions.9 and the :c:on~tru<etion 111ethods. 
Due ·to the :c:haracter and variability <Of the, fooodati10n Bo:ib and the 
limited magnitudes of the settlements and the quant:tty o:f additional ma= 
terlals required 9 no computation~ are deemea w;UTanrtedo Con:sequently9 
all values stated herein are e~~rlt,ima'~(AJS made after rc;on~ider].ng pe:rtinem 
factors o Considering the p~rnous nature of the fotm&ti 10n lSloil:s and the 
limited thicknesses of highly ~mnp:r'es:sible foundation soils 9 it is teon= 
eluded that all settlements ~d dlspla<Cii!lt!!ents ~ill 'occur during r;;ona:tru©= 
tion and that no provisions are Tequir~d c~,o d'OIDpet'lSate for po:st ~<Ofi~TUC= 
tion movements., 



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 9 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 and9 therefore 9 it is planned not to make direct 
measurement or to apply as~umption~ for payment measurements. 

62o The foundation materials for the Clark Cove Dike9 the Harbor 
Barrier Dike between Stations 0+00 and .36+70 and the Fairhaven Dike 
are~ in general9 natural sands 9 ~ilty sands 9 cinders and trash fill. 
No thick layer of very loose surface soils9 which might be displaced 
by construction9 exists in the inundated foundation areaso 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 9 it is estimated that due to 
consolidation and displacement of the foundation soils 9 the average 
maximum settlement will be less than 3 in~hes during c(onstruction 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 9 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 into the foundation ~oils is anticipated. 
In addition)) displacement of the foundation soils i~ anticipated in some 
reaches. It is estimated that the total settlement)) the penetration of 
the rock type materials int© their surface fmmdati,on 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 inche:s in other areas. 

63. Harbo!" Barrier Dike,2 Stations 36+70 'oo 45'+80., The pertinent 
foundation materials in the reach of the Harbor Barrier Dike between 
approximate Stations J6+10 and 45+-Bo are mainly trash and ashes 9 vary
ing in thickness up to 10 feet 9 wbi©h ow~~lie natural sandy soils in 
some areas and a thin layer of organi© silt in other area~., In thi~ 
reach)) it is estimated that the total settl~ment and di~placement of 
foundation materials and penetration of ro©k materials into the founda= 
tion materials in base areas of the ocean side rock fill and a1ope pro
tection sections may average 2 feet., In the remaining portion of th~ 
entire foundation embankment ~~~~ ~o ~apl~~®mcnt ©f foundati©n material~ 
or penetration of embankment materials are anticipatedo However9 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 various layers of gravel and rockG 

64. Harbor Barrier. The foundation soils of the Harbor Barrier 
east of Station 83+509 within the area of the cofferdam for the Sector 
Gate strncture 9 on and in the vicinUy of Palmer Island9 are sand9 
silty sand9 dense sandy silt and bedrocko It is anticipated that no 
displacement of foundation soils will occ'illr in these reaches an.d that . 
settlement due to consolidation of the fou.ndat,i©n materials will be 



negligible. The foundation soils of the Harbor Barrier in reaches other 
than stated above consist mainly of sand fill (Bypass Channel Area) 9 
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 sort 
silty sand or sandy silt with variable organics content9 up to 5 feet 
but generally less than 18 inches thick. The additional embankment ma~ 
terials required in these reaches will be due to (a) the cons~idation 
and displacement of the surface layer of loose material (b) the penetra= 
tion of rock materials into the loose ~w~face layer9 (c) the consolidation 
of the dumped fill in the Bypass Channel area9 and (d) the consolidation 
of the zones of natwral loose and .soft soils9 ©ontaining organi©s and or~ 
ganic silt within the limits stated bel,,:>w., The extent t(o which penetra= 
tion9 consolidation and di~pla©ement will occur" cann©t be determined on 
the basis of available datao In the embankms;nt reach between the Bypass 
Channel and the east side of the ~of'ferdam and in a reach of about 100 
feet to the east of the Bypass Chtann®l there exists ~ ~oft stratified 
zone of silty fine sand and organic; silt bet;ween approximately =20 and 
=30 M.,SoLe Computations indicate that the ll'taX:lLm.u.m settlement due t© con= 
solidation of this stratified zone will be on the order af 12 inches in 
locations where the zone i~ about 10 feet thick. The consolidation test 
data shown on Plate 5=26 were assumed to be applicable to the computations. 
The 'actual settlements in the foundation area that will oc:cwr due to the 
consolidation of this zone cannot be determined due t,o the ride variation 
in soil conditions. Considering the soil condition~ in all reaches of 
the Harbor Barrier covered by this paragraph9 it is expected that the 
average settlement 9 displacement and penetration of the initially placed 
materials of the rock=fills and U'lm01' stone may be as great a:s 2 feet and 
of the dumped earth fill as great as 12 in~hes., 

Lo EMBANKMENT STABILITY 

65a Generalo Consideration was given in the selection of sections 
and certain provisions were made to insure that the embankments will be 
stable from the standpoint of she~r failureo The outer portions of th6 
embankments consist of relatively large section:s of rcck <!l!lld gravel ma.= 
terials which permit the uss of steeper exterior slopes. These slopes 
were selected on the basis of stability and e~onomy of the outer prate©= 
tion material:so In general9 the pertinent foundation soils .for the em= 
bankments comdst of sands$) silty sands and granular type fill materials. 
These materials have a sufficient .angle of internal friction to :insure 
against a foundation shear failure for the sele©ted embenkment sections. 
In the bay and harbor areas where a :surficial layenr of very loose or 
soft silty sand or sandy silt exists 9 rock toes are providedo Th~se 
will assure ample stability. It is anticipated th!i.t any S'Wfficial U= 
terial that does not have initial adequate strength to insure against ~ 
foundation shear failure will either be (a) penetrated by the rock fill 
material and armor stone$} (b) displaced during construction of the rock 
fill sections~ or (c) adequately consolidated as ~onstruction progresses, 
to produce the required strength~. 

66. The special provisions planned to insur~ ~tability in certain 
reaches are as followsg 



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 
Dikes between approximate Stations 36+70 and 45+801 there exists a zone 
of soft organic silt and soils containing organics 9 underlying recentlY 
placed 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 9 the construction of the embankment above Elevation ~12 M.S.L. 
will be deferred for a period of 2 months. If the embankment in this 
reach is not stables signs of movement will occur during the construe= 
tion period. 

c. Between Stations 459F80 a.nd 50+00 of the Harbor Barrier9 
there exists a surficial depoBit of very loose or soft silty sand or 
sandy silt containing minor q1l1Mltities of organircs. This material will 
have ample strength to withstand the imposed stresses providing it is 
<ill!rply consolidated during- construction. To im.1ure that no failur~ will 
orcc~ during construction~ construction of the embankment above Eleva
tion +4 M.S.L. will be ~fe~red for a period of 60 days. 

, d. Foundation soils of low shea1r strength immediately east 
of the Sec:tor Gate Struc:ture will be removed within the c;offerda area 
above Elevation -30 M.S.L. prio~ to the placement of earth fill within 
the cofferdam. 

67. Harbor Burier in Vicinity of Bypass Channel., Analyse~ were 
made to determine the stability of the embankment section at Station 
77+50 of the Harbor Barrier which is considered mo~t rcJritical for the 
embankment ~each between the Bypa!!:ls: Channel fill and ·t,he ea~t side of' 
the cofferdam for the Sector Gate Structure and for a rea©h of about 
100 feet to the east of the Bypass Channel fill. In this area 9 there 
exists a soft stratified ~one of silty fine ~and and organi© silt~ 
approximately between Elevations -20 and -30 MeSoLo be~en ~one~ of 
sands9 silty sands~ and silts as indicated by Borings Nos. FD=269 
FD-819 FD=82 9 FD=83 and FD=BBo The ~one is varb.bl~ bot,h in chara©te:r
istics and thickness. The soils with the least strength and the greatest 
thickness occur in the north portion of the foundation area. Th~ 
characteristics of these weakest soils .ire considered equal to those of 
the undisturbed :samples from Boring F'D-92. The results of shear tests 
and consolidation tests made on :s~nple:s from Boring FD=92 are shown ©n 
Plate 5~26. The result~ of sh~ar '~d ©onsolidation testa on samples of 
variable sandy silts (ML) from Boring FD=91 are also shown on this Plate. 
These results are not applicable to the analyses of the embankment as 
they represent more rigid soils lying below th~ pert,inent zone of soft 
fQundation :soils. 

68. The upstream and downstream slopes were analyzed for the ©On= 
struction condition. The analyse:s9 results9 and data used are shown on 
Plate 5~29. These results show that the 1111nil1rulm fa©tor of ~afety for 
the harbor side,11 based on the rea:ults of Q-Tests i~ 1.36. This factor 
of safety for the harbor side9 where the weake~t foundation :soils exist9
is considered all'lp'le and insure~ th~t thi:s slop~ will be stable 11mder 



all conditions. The factor of safety for the ocean side~ based on Q=Tests 
is 1.199 which is considered ample since the foundation conditions are con~ 
siderably more favorable than assumed in the analyses. However fl to insure 
greater stability dUring the con~tru~tion period9 the construction of the 
embankment above Elevation +4 M.,S.,Lo will be deferred for a period of 30 
days 9 during which tiln8 the strength of the weak soils-will increase by 
consolidation. Considering the actual soil conditions9 the soil assumptions 
used.in the analyses 9 and the results of the analyses~ the factor of safety 
for the ocean side slope will be greater than lo33 after consolidation. 

69. East Portion of Cofferdam .A.reao The zone of low strength founda= 
tion soils described in the above 9 apparently extends into the area to= 
ward, the Sector Gate Strurc;tu~., If the east wall of the rc;offerdam is lo= 
c•ted west of Station 77~00 provisions will be made during tonstruction 
to -provide a layer of sand over the lw strength material to the ea~St cof 
the cofferdam to provide conditions ~imilar to those used in the analy~es 
o£ the section at Station 77+50o 

10. It is anticipated that the low strength foundation soil will be 
removed·in the foundation areas for cellular type cofferdam constructiono 
Howevery if it is not 9 the zone should rc;onsolidate sufficiently under the 
cofferdam loads to provide ~ple strength. 

71. Embankments Adjoining Serc;tor Gate Stru~ture., 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 2G All of the earth fill in 
these sections placed within the cofferdam will be compacted in accord
ance with guide specifications for earth dams., The foundation soils of 
these sections are variable ranging from ~ompact gravelly silty sand 
(glacial till) to compact stratified silto The existing soils above Ele= 
vation =30 M.SoLo within the foundation and cofferdam areas to the east 
of the structure will be excavated to insure the removal of the depo~its 
of low strength soils desrc;ribed in Paragraph 68 aboveG The compact9 
stratified silt deposit is considered the most critical from the stand= 
po±nf of stability. The material in this deposit .i~ mainlY c~pact9 non= 
plastic9 sandy (fine) silt 9 intel"sper~:~ed with layers of silty fine smdo 
Based on examination of undisturbed samples taken from Boring FD=91 the 
sandi silt soil contains from 10 to 30 percent by weight of fine sand 
particles and the silty fine sand contains 25 to 45 perl(l:ent by weight of 
silt particles. The sand strata vary in thickness from l/4=inch to 12= 
inches. Undisturbed ~ample UC=3 from Boring FD=91 of this material was 
tested and results of shear tests are shown on Plate 5'=26o It is ~aon= 
~luded from a study of all exploration data and these test results that 
the foundation soils fol" these wrap=around sections will have ~ angle of 
internal friction of at lea~t 33 degrees which is sufficient to pr~de 
an ample factor of safety against shear failure for these reache~ of the 
emba.nkmento 

M. MISCELLANEOUS EARrHWORK 

72o B~ass Channel. The construction of the Bypass Channel requires 
the hydrau~c dredging of approximately 6519000 ~ubic yards of material 
measured in place to the neat linesG For two feet over depth the quantity 
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would be increased to 7309 000 cubii(j yards. The location and widths of 
the channel are shown on Plates 5=2 and 5=15. The channel is approxi= 
mately 4500 feet long with widths varying from 150 to 350 feet. The 
~hannel will have bottom neat line grade at =32 M.SoL. and excavation 
side! slopes of 1 on 3a The type~ and distribution of the soils in the 
Bypass Channel area are described in Paragraph 16. To provide mixing 
of the soils as stated in Paragraph 329 the excavation will be made to 
the £all depth in one operationo All materials from the Bypass Channel 
exlCavation 'Will be pla,c:ed hydr:a.ulically in st,ock piles as stated Para= 
graph 32 in a manner which will produce mixing of the materials during 
stock pile excavation operations. Channel excavation side slopes of 1 
on 3 were selected in ac©ord~©e with the usual practice in this coastal 
area where under'Water dredging i~ requir'ed for thi~ type of uterial. 
Provisions will be made for the ~inteMn©~ ©f the proposed full depth 
and width of the ~han.nel durillllg its u~ee Some of the soils i~ the 
f'ini:sheJ@l si~ slopes will be n<Dn=plastic silt with 5 to .30 percent fine 
sand particles 9 and silty fine a:ar.td~ The~e o"~Dil~ m~.y be :sufficiently 
aem~i tive to vibration <S© that ~lides mq O©©'Wt' during the driving of 
piling for th@ Sei(jtor Gate Structu~ in po~~ionB of r~a©hes where zones 
of these mater~~ exi~t. 

13. Sectoll." Gate StrulCtureo The design detail:s as well a:s teonstruc
tion of the coff~~9 including the :stability of the earth :slopes re
quired for the excavation t© bedro~k for the Sector Gate Structure will 
be the responsibility of the Contractoro The types and distribution of 
the material~ in the excavation and cofferdam areas are as described in 
Paragraph l?o Detailed des©riptions of the undisturb~d samples taken 
from the silt zone are given in Paragraph 71. Sin~e there is a possi
bility that the 3oils in the silt zone will be~ome un~table during the 
driving of piling for the cofferdam9 the colTilt:.ralCtor will be alerted to 
this effect in the ~pe~ification~o The material excavated will be 
spoiled in areas provided by the contractor9 except ~s st~ted in Para= 
graph 11. 

74o Maintenance Are~ N©e lo Mai~te~©~ Are~ No. 1 to be located 
at the west end of the H~oor Barrier will :Jeequire the ©©nmru©tion of 
a fill up t.o 22 feet in li11!!!ighrW,o The f©tm.d~tiolTil rn11.terb.l con~i:st~ of 
beach smd:s9 man=made ~and fill 9 md fill up to ~ depth of 10 .feet of 
©inden 9 bricks and debri~, The fill material for the mainteJnance area 
will be sands and silty 3~d~ obtained irom portion~ of the excavation~ 
required for the Harbor Barri~r Dike a~ ~tated in Paragraph 369 and 
silty ~ar.1ds from the hyrdtraulirc::ally phc:ed ~to<e:k pil® on the New Bedfm"d 
~hore~ All fill materi~l for the ~inte~©e a~a will be ©ompacted 
using heavy roller®. 

15.. Maintenan©e Area No. 2., Th® ©OMt,ru~tion (()f Maintenance Area 
No. 2 at the east end of the Harbor Barrier will require both excavation 
and the placement of earth fill. TheJ earth fill material will be rob= 
tained fl"om the ex©avation :ft'J't' the Harbor Barrier betwee<n Stations 83+65' 
and 86+00. Thi$ tlll.terid. i~ 'ITl.ainly bea((lh :@ands and gravels containing 
little or no fines and is ~on~idered too pervious for u~e in the higher 
portions of the embankments. The fill materi.al will be «::;ompacted a~ 
required for the earth fill in the adjoining dike. 

Jl 



No CONCRErE STRUCTURES = EA.RrH FOUND.A:TIONS 
AND 

SEEPAGE CONTROL 

76. Pumping Stationo The P!Diping Station will be 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 ..Lo 9 !l:lt:rc:lusive of exterior intake and discharge chmbers. 
The foundation materials for the stru©t~e are indicated by the data of 
Borings FD=l:2.3» FD=l24» and FD=l25 ~how on Plate 5'=11. The elevation 
of top of bedrock in the area varies between ~18 MoSoLo and -24 MoSoLo 
In general» the foundation below Elevation =12.5 MoSaLo consists of a 
loose to moderately compact ~ilty» fine to mediuoo. :sand layer» about :51ix 
inches thick. Thi~ layer overlie~ glarc:ial till whi©h extend$ to bedrorc:k. 
The glacial till consists of compact to moderately compact gravelly silty 
sands. The soils below Elevation =12 ..5 MoSoLo ~~ con~i~red adequate 
for the foundation of the !Sltructureo N© :6pe©ial provi~ion\:1 aJ.re c:©nsiderecll 
necessary for foundation ~eep~~ ©©ntr©l.. 

11.. Street ·Gate Stru©tw:"e No., 1. The de:sign detail:sJ !or Stlreet Gate 
Structure Noo 1 9 which will be inc:luded in De.:sJign Memolr'<indmn No,. 19 

lliiDetail Design.!> Walla and MfJjcellaneou~ Str1J.U~t'Wr'e~"» will bCJ :dmib.r to 
those for Street Gate Structure No. 2.. The overburden and fill mterials 
in the area o.f the structure are indi©.ated by the data of Boring:s FD=lOO 
and FD~l07 on Plate 5=llo Much o.f the material above approximate Eleva= 
tion +1 M.,SoLo consists of man=made fill of :silty gravelly sand and gra= 
velly sand containing ©obble~ and boulder~~ At the eastern edge of the 
foundation area.!> there exi8t blocks of rock o£ previous r~prap whic:h were 
buried by the pl~cement of more relC:ent fill tward tht~ bay area., Below 
about Elevation ~1 M.s ..L. 9 the overburden i~ ~©mpact gla~ial till ©r till= 
like material consisting of gravelly ~ilty ~and and silty ~anqy g~avela 
At the present time 9 the final design for the structure i~ not ©Ompletede 
Due to the unknown natu~ of the man=mad~ founda'tion fill material and 
type of stru~ture 9 it will be either pla~ed on steel H=piling or founded 
on material within the f:im soil zon~ below the mm=ll'l'l.ade fillo The ma
terial in the fi~ soil zone is con~idered adequate~ ~table for the 
foundat,ion of the struct'l11'e. No special provisions will be required f©r 
seepage control if the structure is founded on eartho If the stru©ture 
is placed on piles» a ~teel sheet pile ©'Ut=off will be provided above 
Elevation +1 M.S.L .. to control seepage through the man=made fill and to 
prevent detrimental seepage between the base and t~ underlying soil. 

78. Street Gate Structure No .. 2.. The design details for Sti"eet 
Gate Structure N'®. 2 will be in~C:luded in Design MemormdWTl N© .. 7., The 
overburden and fill materials in the area of the strurctll.re are; indirc:ated 
by the data of Boring FD=l26 and FD=l21 on Plate 5=llo Above elevations 
about +1 M.S .L. at FD=l26 and +4 M.,SoL.. at FD=l2? 9 the material is man= 
made fill composed of moderately compa~t silty gravelly sando Below 
these elevations9 the foundation soil is compact glacial till composed 
mainly of silty gravelly :sand with about 30 percent finef#., Due t© thl!l 
existence of high quality stable fill material9 the foundation elevation~ 
for the structure were ~et in the fill z©neso The thickness of the fill 
below the base varies from about 1 to 5 feet o Th~ fill and the underlying 
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till are considered very competent as foundation soils for the struc
ture. No special provisions are con~idered necessary for foundation 
seepage control., 

79. Street Gate Structure No., 3o 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 fill materials in the area of the structure are indicated by 
the data of Borings Nos. FD=ll9 and FD=ll8 on Plate 5=8o Most or possi
bly all of-the soil above about Elevation +2.,0 MoS.Lo i~ man=made fill. 
ln general9 this fill material is medium to fine sand and gravelly silty 
sand with various amount<S of- organics 9 shells a."'lld cinders., Belw this 
fill material exists a layer9 about 2 feet thickp of moderately per=· 
vious silty gravelly sand containing about, 11 percent silt particleso 
Below approximate Elevation 0.0 MoSoLo the overburden soil is compact 
gravelly silty sand (glacial till) containing from 30 to 45 percent 
fines., Bedrock in the area is at approximate Elevation =15 MoS ..Lo 
The final design of the structure is not ©ompletedo The fill material 
is considered unsuitable for a foundation for the strurc;tureo T~ 
structure will be founded on piles or in the glacial till zone which 
is considered as a competent foundation rrAaterb.l., Provisions for 
foundation seepage control will be as described in Paragraph 77 for 
Street Gate Structure No., 1. 

80., Gated Conduits Nos. 1 and 2.. The design details of the Gated 
Conduits to be constructed at Stations 47+61 and 57~64 of the Harbor 
Barrier will be included in Design Memorandum No. 19 WDetail Design9 
Walls and Miscellaneous Structuresi9o Conduit No., 1 has an invert Ele= 
vation of ~7 .o M.,S.,Lo and a foundation Elevation of =8.5 MoSoLo The 
Gate Structure £or Conduit No., 1 ha~ a foundation Elevation of =10.0 
M.,S.,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=1 and FD=4 shown on Plate 
5=8. Both of these borings indicate the top of a moderately compact 
till=like or till zone at about Elevation =12 MoSoLo In generalg the 
material in this zone which exte~nds at lea:st to Elevation =25 M.,SoLo 9 
is a brown gravelly silty sand ~ontaining about 2$ per~Gent fineso 
Immediately above the till or till~like zones there are deposits 9 a few 
feet thick$ of either gravelly silty sand with about 10 percent silt9 
or sanqy gravel., At the location of the boring~ 9 the top of these zones 
are at about Elevation =10.,0 M ..SoLe Above these deposits are zones 9 a 
few £eet thick9 of very loose or soft organic silts or fine to medium 
sand containing shells., Final designs of the ~onduit are not completeda 
In the areas of the earth fill sections9 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 per~Gent fineso 
In the rock toe embankment section areas 9 the structure will be founded 
direct~ on the soil below the surficial depo~its of soft and loose ma= 
terial9 or on piling~or on a ©oncrete slab extending below the top of 
the compact silty sand zoneo Detailed explorations to determine the 
exact foundation conditions throughout the length .of' eacc;h ~tru©turt~ were 
not performedo If the structure is to bear dire~tly on the foundation 
soil9 it may become necessary to excavate soft material inside the coffer= 
dam after dewatering and to backfill with (c.:oncc;rete., 



Th, silty gravelly sand or silty sandy soils are ~onsidered satisfactory 
for the foundation of these structures and for piling resistance. 

81. Tv.in B~ITel Conccrete Box Culvert. The design details of the Twin 
Barrel Con©rete Box Culvert to be constructed in the drainage ditch area 
between Maintenance Area No. 1 and the we~t end of the Harbor Barrier will 
be included in Design Memorandum No. 1 WDetail Design9 Walls .and Miacella= 
neous StrutCturesVII. The culvert has a top ele~ation ·or -~r20 M.S ..L. and will 
be about 50 feet wide with an invert elevation at 0.0 M.,S.L. Ex:ploratioru~ 
were not made at the location of thi~ stru~C:ture to determine foundation 
conditions. On the basis of sub~urfa©e data of the two nearest Borings 
Nos. FD=46 and FD=709 it is ~ected that the material in the foundation 
area above about Elevation -1.0 M.S.L. i~ man=made fill composed of ashes9 
cinders» debris and varying quantities of earth. Below the man=made fill» 
there are deposits of alluvial sands and silty sands which probably over= 
lie glacial till or till=like soils. Based on data of all exploration$ 
in the vicinity there is a possibility that a thin z<e~ne of organic :3ilt 
or soil» containing organics9 ~ exi~t immediately below the man~wAde fill. 
The final design of this structwre i~ not completed. The base will be 
either on l!?Ood piling or on firm natural t.'lloile 

82. Gated Culvert. The design details of the Gated Culvert Strurc
ture9 to be ~onstructed in the foundation area of the Fairhaven Dike at 
approximate Station 12+-009 will be iooluded in Design Mem(ormdum No. 7 
''Detail Design9 Walls 9 and Mi:scellaneous Struct'Ul"esllll., The conduit will 
be made of reinfortCed concrete pipe with 4 feet inside di~ter and with 
an invert elevation varying from =1.0 to =0.5 M.,S.L., The foundation soils 
are inditCated by the data for BOJring FD=63 ~ ~hOWTI! ron- Plate 5=12., Th~ 
surface layer is a salt marsh deposit of muck and material containing or= 
ganics. 'Belw the m~rfa«::e layer are ~poll'lits of :sand~ and silty ~and:s 
whitCh overlie a glacial till deposit. The c©nduit md ba:se of the ga~ 
structure will be f'mmded on the sands below '\t;he su:rfire:i~l salt water 
marsh deposit. Only minor differential settl~ment is anti©ipatedo 

0., EAID'HWORK QUANT :rr lES 

83. The estimated quantities of mat~ri~l~ from. requiTed excavation 
to be utilized in the construction and to be wal:lted are ~h<DWR'lt on Plate 
5=31. The quantities of material to be u~ed in the ~tructures are based 
on the information given in Section H. It is planned to ~to©k~pile all 
material exrc:avated from the Bypass Chaxmel., The Government will specifY 
the quantity in each stock pile after the Contractoru s plan of operation 
becomes known. The exact quantities required from the stock piles depend 
on many factors including settlement9 di~placement 9 los~e~ during ~tormB 9losses in stock pile foundation areas9 accura~y of surv~ys~ tolerances 
used in construction and the Contrac;tor 0s 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 maximum quantities that 
can be left depend on the final agreements with the l~d owners. 

84o Computations based on aYailable t,opographic:al data and neat 
lines of the embankment sections indicate thd, there will be available 
about 20 percent additional material in the stock piles to compensate for 
settlement 9 foundation displacement~ ~hrinkage~ overexca.vations incorrec;t

9 



topography9 more stripping than assumed9 losses due to storms and in 
transportation. Immediately prior to the bidding period9 detailed 
surveys will be made in underwater areas to obtain up to date topQ
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 required9 .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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NEW BEDFORD - FAIRHAVEN 

ENGINEERING LOG PROFILE N0.2 

HARBOR BARRIER AND DIKE 
STAS. 68 +50 TO 91 + 00 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE N0.5-9 



"!' 

~ 
0 

! 
::1: 
1
"... 
0 

or 

:SMI 8r mod. comp. stlfyf.JS-4$1 
f. sond 

IML\ &mod.comp.if~!S·/51 
.:utf 

p 

M _ 

M 

l 

A 	 ...CORPS OF ENGINEERS 	 U. S. ARMY 
»r· 	 -.311 

'll F0-122...~ -IM
tJ. ol Hor/Jor 6an"';•r 25' R 

FD-12C 	 F0-89I 	 -l• 
•~o·R 

F0-60 
F0·57 


~ 0 y .. 
 -'' ..~ -=-	 ~ 
~ ..J .. _, ... ., < 
.... 

~·II 

~ 	 SM k,/tMIII~, ttiii'Y_ f..?O-!JO) 

~ 	 ;~~~~~~~~ "' 
2 

~ 
SP .t~ '~•~._lll_:_f_t1r!(!!i ~ .q..··o,n ·-II I 

l..t_pr_d_~sg_n_r:!._tt,t!!Jhdl ~ t; 
Br/loose.~ ~tro,~tfu~d m.f&Jnd ~ 

L 
1uzr.tf .?an..ti 

s: 
 z
" 8-: hos,.. 1b mod comp $/ro!ifi~
2· ~2
-11 .;m-f 30(1d ond-J!jjj_______ D•zd 

0 
-- . 	 conl~nf fi'IUI!OS'.J !ifromfl</1</411;., .,.1• (Z

d•f'l'ol .....
"" L____.._ -- -

Or~ loose,atlfy (t;J)m-f 
.o.-'""o:t¥ sond 

·SO w·n 	 -j.,fJ 

·3..1 -f6D 

_.,.L__ 	 __L_ _L_. ~- _l__L_ · .l_ __t____~__L___ __L Jo!oo L__L_ I ~-~ 
0•00 

LOG PROFILE N0.3,ALONG t OF BY-PASS CHANNEL 

YIWJICAL SCALE 1••10' 

NnwJ " j 
HQRI~·nAL !CA~ 1••100' 

F0-8 'D-!10 FD-55 F0-79 F0-82 	 F0-88 FD-89 

B.·fo.O 	 Et.-6.0 El.-3.2 11.-5.1 [1.-6.3 	 El.-~.tt Et-9.~ 

s; ~--:'a;~;:::.:::~r:~t:t))
w· 6r. Dr. !t»J"ehmod.comp.sond 
. . Gr.')1r, NacK.IDOse_. gra,.,.e/lg 
_ 5!:' (5-J(J)sdfJJ(IS·30).sond . 
ML fir- Dr. m«/. C't)I"P· sondy(j()..lb~t!f ~ 

lsM~~~~:u~m->";-S~~~-.:J~6'::' 

'CL
o'O 

_ 
~ f.?L!ll1::'N:~~wlr~~P'n! 
~r-

SP 

1 jllll (1!!_,_/Ms' m-rS'tlnu 
~~ r.v--~.J ,.~~" ~r,., 

FD-122. 	

20 

·~ 

fOr 

p.s ~~comp.groyeii!J(.5-/A}sllf_y 

~~~~~ 15-JaJ. ond ~#11;1~~ ,~ I l/lr.I1Hid.com .s~nd . , £·5 
~ Br. ,,a comp.. sdf(stmhfiet/ ~'"~Js

' =::; wilh .rsof.SI}I!J :sond= ,...,fh:~l/f.slnlltlrrdm f-
t_SP ~ ha,r/l"n' f ~ ''-Mtck) ... 
5M 6r.·/)r JII?Otf. COhiP, sqiHf

1 

ML 6r. br.,tnl1d.co/"IIP.SIItg 
~ (10-24) nrf. sand O.orO.If' 
~~: 8r-fllod. Ctm~JJ. si/~{5.. /tJ}sontl ~ 
CL k.h>Cid.conrp. roy~/ -:J:~d :r 
lJ'o1 f"ir. tJr; mot/.CtJmp. 3//f!J(-'IS-.S(J) 
a f". -o.;,,_,. iS PI a.ond w~!:_ Lf,iJr.mt.n/comp.F.sorn:I!(_(~D-~ a

ML sdf(sl-rofifitJ</ wilh .51"11 DMI 

r s;~:;s;;hJ,btiiiJhotrlln<!n 

!Jr. Or, c/ogey(ftJ-2~/.sJ/f 

NOTES~Mil! ~;,o":n:/;:;:~;~t 
(ir. br. mod comp. s/lf 
~~m0d.-C4~p~Siif.N(s-Jd) For Joeaf ion of tr}!Cp/oro ·fion~. s~• Plol•s Nos. S-.2 tNNIS-4 

_oo•tlf1{2Q·J<fgrDr<ll(Till) 
For l•9•nd of engtn••rt""9 lo9s.; .sw• Pial~ 1/q• .$-11 

FO- 90 	 FO- 92 FD-1'20 F0-121 ·77· 
El.-&.9El.-7.9 Et.-6.~ El.-4.9 


6r;l~m-f..5andwdh 
 6,., loo,o.silfg(5·M)m·l~ 
a 

---, 5~/ frogmenf.s .....,.,~organics 

ar., loose__.sr!lyf5-/0)m·F. (jr /u().:s~, mtldCM'Jj)-, 5J/Ijf5·/d) 
grar:llj(/0·2~ sond 

10j6::~ew;:~~:/:/::Sand 
6r mod. ccmp1 5llf..f1(5·!0)Or:_,mod.comp,sl!fg(35-4.f} 

..:?_a~ J¥!11J ffr~Ce.s Df9mt-.lc;and 
]p. L~-/'Jgotfs~~jj'_{o~";//y(5-IO)~/7" COMP, m -r.5tMdy(15:if) .~ 	 20 ~ i1)l~ 6r.,/oc5e ftJ m~d ccmp; :oil/y:Jr.._ mod. comp._, grar~t!'/lj/.JC·.JtJ) . z 

->ilf.!/(.?5-J.[)s:md /TiJI) 
Iii) 	

I/~~~;;;~O:.~a;:;tJ ;·::·do of 
\,Jr. Nmp.qrov~!ly(.3tJ:_4{))sr"Jnd HURRICANE PROTECTION

•o 
I 

f 
"
Lu NEW BEDFORD - FAIRHAVEN 
0 

ENGINEERING LOG PROFILE N0.3
fO 

BYPASS CHANNEL 
STAS. 0+ 00 TO 36+ 00 

IO 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE N0.5- 10 



___ _ _ 

__ 

Covt'! Pumping Stoficn Top of D1ke £/. 22.0 ~ 

FA-2 
42'R 

I 

FT-9 FD-38 
20

1
R 

FA-I 
53'R 

6~'R 

{fJON"~.Fi14c<7f'/IQimn;a,:Ap.s, 
ctnd!rJ, /r1Cts, floss ond 

_j__ 

FA-8 
!5'L 

-10 

_.. 
~ ~I~l 

[ 

Top e1/""LJ,kl!? ~ 
_:_;..:u.o _ ~ ~-~ Top or DiK.= £1 

l 
llt«t .,,.,~ ''"vttH5J t""'"' 
!.!!J_IJ.s~lf£ ___~---

6.r..-br. mt:~d. comp. fo coMp.,91Vt'"~ 
(~C't2J:!i!!!.l{l5-?fl.!!!_-f sondflJ.!!}_ 
1 8ovJrl~r.r 
:foc.lf~;.r_ 

FD-99 
35' R 

I 

FD-73 
30'R 

i Br·tJr. c~$w.lt7"vcbl/ 

-JO _j_____L____.J___-L--~~--1 --'-----'----'----'---___l______l______j__~_ _j__ -  __l____L__ __[___L__ __l__,.-L L_ 

£1.+4.4 £1.+9.0 

4,5-+0Q_ 50+00 

Et.t-8.6 E:L+8.4 Ei.IO 2 

Br;ll 

I depth 

1 
l5an 

(JfJ-4!Jjgroygf 

~ 

" ~ 
"' 

,-~T"DO 

r 

-20> 

-30 

w 
0 

ACORPS OF ENGINEERS 

lD- ~~ ~ 

~ , h~ EWJ __ _} -+-~..':":~~':_fe_No .1 -·~~"-- ~ 
 Clark 

~ ID· ~ ,;;: ----- J . FD-35 	 FD-124 FD-123-1 
_J -~~ ~-~ 1.-, --	 251. le'L FD 125 I~'L 
<( ~~ FD-107 FD·ICO F0-10-3 FD-106 ' FD-,109 FD-.36 FT-11 -, WFD-,37 

~ ' 1 E f l~-- 3~'L 6,.L I 50L 15L I 42~L251R FT-10
x151n9 -~ 	 ] . 

~ 10~- Groun a ----------------- I . I I I IO'R 


i' d; fill, c•ami6/u'9 of boo.ld~rsand . .-7s-t5~,-~.i Br. hcs~. ilrrJt't'l~tlJ-15Jsdlt;fltJ./5J
t' SMI O.t.~"&."¥t: 9tr1Ytlr: 	 ~Jic-'1. hose.,f/rC7v~lltjf~-J0J.Jt!ly
I 5-trot cobbler w1fh hose Qrowflljflf1-.l0) -£1S-ZD.DfdwtJit orgon~s fr4m00fol/ ~' m- fsrmd wdl!lltfrMics nflt.lr svl~ 1{_.?0-JOJ srJnd ~dhcaM!ts 


ti : .'!_'!.''!!!.5-.?5)_~11_!! __ ____ llond. ~d~s._qj>!-~~~om~J'ft,J.7~_ ~ r.-~ Br.lo.o~.-;;Ji11 t5·10J.sa.ndtjf..'/0-?0J. ~~~. Br.Mos~qrrJY."'i/VfM-.Wstl~

~ Or- ---------- r tlr.mad.ctm~P.srlivf6-Mhrmdy 11fi!:f!;7J:;flf:s_:10JM~JfS-Ji]) ~~~_.£,~{'!~-·----.--- --- - -__ ------ 
" I d(!5~J5}qroye/ (Till) ML ~~-:-loose, ,,fiti (g.loJ-i(P;i 715-is) /sp 18r:ho~. sondyOO-?OJ..i!ore!Jt?"lh!!?!i!!!!_ $M 3hdm'l-~he.loou.9roYt>lly 
- SM 8r.comp.lrJr~rycornpgrawllr '"jl!i9•::qvt-lwdhcof#n If . ~-~~!ly_/?5·Jj)san.1_~---- j fJO·?OJs (!ld)sond 
~ I (~5 .J~).JIIIV(IS-?O).SU'K/(T,fl) (Ill' 1.ak.br.~.--g,;~·i;;cu,.1'011drj(/8·!()) ~P IBhc.(modcoiT'f' gror<F.:I!f(~-1/J.~ - JOnor;dgr.!olon,_I~XJu.r~~~ac.ri=:-IOL 	 --- - ).~q~.y~/w_·,··f!lrfecompc$~~.:t _ 2.j!Jt.[5"-!aJsand.wfhorq'!!!_·'·f'5_ _ lvr~llyf/IJ-!·0.·'··5,1~(/o 'f) 
~ 	 II Olr.br:.!oasef,-.JW'Jdij{O-!O}s!l ~!!...!~,'?~~elly(.?rJ-lf!l...!?.'!'!____ __sf!.!!rj ---- 
u.J 	 1 

[ wr/IJ Of'Jf!.t7iCJ.

j 	 6r.-br.7o-r;r:,mod.comp.~i7J1if.!-IIJ)1 

-10 	 L_ _ _l --~-L- _ _l____~_t"'.,.,-it"'-~1 _=-:_r~ =~- j_ ___ _L___ L----'---"----'--~-'-----, -=-'-:::---'- _____,__ 
0-+00 5+00 10+00 1'5t00 	 30+00 

LOG PROFILE N0.4, ALONG t OF DIKE ~ 

_J 
LU 
> w 
_J 

4: 
UJ 

IF) 


z 
L5 
;:;, 

e. 
~ 
lL 

'= 
z 
0 

1..: 

"'_.j 

w 

J+tOO J~i-00 
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WIJ'c'l':~' 
t; 
~ 
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• lnr-.llP 
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( bi5!inq) ~ /Jt¥,-/.SP t.. lnll.-t.Jp [.!!!.::.:=~ 
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RT. Sfa. 
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, 
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All ~/evalloi?S dJ?_ pi'!S ~.rc~pl' as noled. Spof
HORIZONTAL SCALE: 1"•100' e/evof/on-1 are ext$1/nq. 111

E!evalion.s und~r//n~d .J.SOd~nof~ n~w 
qrod~s. 

VERTICAL SCAL [ ( • 5' .,..nr ..,.~o/cal Em6ankm~nf 5t!'cl;Ons of' lJ;/r~ 
0 ' see Ploh,·No 5-21 

HURRICANE. PROTECTION 

NEW BEDFORD~ FAIRHAVEN 

PLAN AND PROFILE NO.4 

CLARK COVE DIKE 


STAS lt20 TO 33+00 


NEW Bl,,FORO HARBOR, MASSACHUSETTS 


PLATE NO.5 -16 

7 



8 D E FCORPS OF ENGINE 

c> 
"s~ 

~' 
~·~" 

~ t; 
-"' ~~ iw > 

LAND~ I ~I 
I" 

'"-<. 
o-'-' 

~<. /' 

• ' 0 >
/;L.~i ;I :I• I • <~' u " 

.fiOiU~--~"·'-·· "h•-~"R!NCH,_~&~~ ~ 0 

2 ,,, 
•ooo ~ 

-"'2; 

3 

..,, 
--~· 

'o-

I 

~" .----- .-· ~ ..----

OCUN ''IDE 

~ 
PLAN 

1:~ 
~ru·-1! 

'"r:AL~u'-o" """ 
,c .·'<> 

STREET GATE 

-ill~ 
~~~ 

-EU4~~~~ 
NO.2

() 

~ ~ ~ 
' ~-
,, 
"' ~1--l-'v£!2J.N 
~~~.. l~· 

\ 

-.; 


~," '~ 


~· 
 '~ f 


l 
~ 


~;I .. , 
.\ 

'- \ 
'~.....-): ;,t .,,t' ,,. 


\J 7' !{ 

~ (),/' li' ~ '-II J /9, 

.~; ~: /~ 1/ 
t 
.~ l ·-R'"'~.t {' /Orr1inol . . - r--f ""' - - ; "'" ,_,,,... 
~~ Ensf j ~... -·~ >-." .,.._,._'!11/@~·7;!~1$6-W'....,--"' '"·;·::~ f:;;';,..:t::• ..-,....~ ~- -------------~7-1 
.L o• 

i'---'---~'---,ft:o,.----'----'----'----'-----:~:::7,-:::,.,;;---_____L__-____j______.___~- aloo - -- ·--- o;otO(I SStOO 

PROFILE:: ON~- liF [IKF 
HORIZONTAL SCALE 1"•100' 

0 

8 
VERTICAL SCALE 1"•5' 

0 ' 

H U. S. ARMY 

" 


C'oo.RlJINA TES- CIJ~VE /JATA ·fTAT!OM.S OF 845£ L!ifE FOtt" CLAR(' COVE DIKE 
-,--- 

L I Pc.sfo. I P. T ffa. 

.34~ 74.0~ 

36#/6.13 

55f3/.56 

577"03. 27 

58-1-19.91 

f~r Ocda of' Pl. Nos. 1,.? and 3 5(:~Pioh: No.S-/6 

,(-~~!? 

NOTES 

£!,vt~IY#n$ rvl'6r k MtNHJ ..W L~/ /J.·dr.·tn 
I""or T4ffJt'col5ecftOnsor 0/J:e se~ Plate No .$-PI 

HURRICANE PROTECT ION 

NEW BEDFORD - FAIRHAVEN 

PLAN AND PROFILE NO. 5 

CLARK COVE DIKE 
STAS. 33+0U TO 56+00 

NEW BEDFORD HARBOR MASSACHUSETTS 

. PLATE NO. 5 -17 
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·3 

5 

·7 
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f ' ....-~/'fJi(J '-.....................
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631'1!1.11~/tl i• 
Sm'~r 
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H U. 5. ARMY 

!' \~ 

~ 

-- -~J,.. 
,,I 

i' 

PLAN 
SCAL( (_ 1oO-o" 

·I 

;<. 

PROFILE ON t OF DIKE NOTES 
HORIZONTAL SCALI!:: 1••100' 

0 	 Elt!!val/cn3 ~l'~r fo Medn Sea Li:v~lDofum. 
Tor Tcfp/co/ Secft'on3 ol' .0/ke 3~~ Plohr No. 5-.?2 

VEIHICAL SCALf: IM•IO' 

0 " 

1· ·7 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

PLAN AND PROFILE NO.6 
FAIRHAVEN DIKE 

STAS. O+OO TO ~I+ I 0 

NEW BEDFORD HARBOR MASSACHUSETTS 

...; 
10 
~ 
~ 

i 
t ~ 
·~ 
~ 

~ 
~ 
~ 

_j_o 
4 :od/0. N.C. P. 

~ 
~ 
~·c-.

"-~ 
~~ 
~ti\;].:; 

. t>niJina/ orovnd 
_{_ surlactJ· 

-----1- - 

-m 	 .0 
o+oo 	 §+-oo tO+oo 1 +oo 20+oo J+oo .!0 oo 

PLATE NO. 5 -18 
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A B c DCORPS OF ENGINEERS 

C& jJ'S 
~('q lQ, 

' //f?J 
//p 

fo 

~ ;z: Or/qinol 9round .surlac~ 

r 
~ ~ ~ ~.'$ 

<11 1Jraina9~ d/fc~ -~ 
"" ~ 

"' 
~ 

/<, 


STA. 17+80 


From 5fa. 12 ~ 20 fo .Jfa. 21 .;. .30 


E-1 
ro---1!}-0 

:·<:.) " 
'/. /~(0/ 

F H U.S. ARMY 

r-
or,<;mal qround I 

surrac<> ~--------
-- "' ! £1. o.c· 

STA. 39 +75 

rr(;Jm Sla.36-~>7olo Sfa. 45f8o 

.Draina9~ [)/fell, wrdfh and 
~l~valion var/~.r. 5~~ Plan 
and Prof/!~ on Sht?~f No. 

R~dn~<J rrench ~oulevard I \Oriq:nal9round Or/;inal 9roi.Jnd 3 
.furf'ac~ :1urlac~l'xlst!nq wtt/1 

r
~ Jl''-o :~ 


K 

STA. 30+80

STA. P·+60 

LAND SIDE OCEAN::' I OF: LANDSIDE OCEAN~IDEFrom 5ta. ?Zr.Jo fa 5fa. !!6.,. 70 
From 5'fa. 7J.?() fo 5fa. 9f0Yt 

Transif/on occur.J b~fw~~n 5fa. 7,.00 and 5Ia. 7+?0 4 

JD 
JD 

£ 

J)ra/na9<> d/lc\ ®: 
Rodn~y French ~oul~vard On(;lno/9roundL surlac~ 

--=-~-21? ----- ----
,.-------, !I 

I '\ /'

~"'-l,r0~
STA. 4 +55 6) (;/)llr) 

STA. 21+78From 51a. I;. 80 fo 5fo. 7 >' 00 

From Sla. !J f 60 lo S'fq, l?f?O d: rrom .5'/a. ?I J-~0 f S'lo . .?/'fJ"O 

'?' 

6NOTES 

£/~val/on$ rt!!!'~r fo Mt!!On .5~a Level LJaftJm. 
All ~l~vaf/ans ar~ plus e/eva!/on5 un/1'!55 olh~rw/s~ no!t!'d. 
Wdhtn t~ loundaf/on ar~a of' fn~>ropo.5~d d/!~ 

alon9 Rodn~l.j F'r~nch .Boul~vard (l'asf) r~mov~ al/erp03~d'-.,, bovld~rs, cob!J/~$ and sfon~$ a/Jav~ low waf~r: l?~mov~ all 
':; (JI</.Jftnq ripropand b~dd/n9 and slrr'p ar~a a.s d/rrxl~o' 

bLJ fhe Confracl/nq 0/'l't'c~r:STA. I+ 15 
Tor locaf/on!J ql'~~clions see Pion on Plaf1s #115 5-13 ondS-14 

From 5ta. Of> 50 fo_-1.:""0.:! .,..r?'Q 
LEGEND 

,
\!--.-' Armor 5fon~, 4 . .5 fo ?.75 liJns (Jee Sl,ee-I!Yo

(') t; 
® Armor Jfon~1 .J. 0 fo 2. o Tons 

1 e>n> ·,. \ . :21 /r, //~..-:-. (s) Armor Stone, 2.0 fo I. 0 Ton6Or;9'/na/ 9rovnc'j'/"p~~--L.stJrfac~ 
CD .Beddinq 5fon~, Quarrlf rvn 

5.+r.·:opr:'79 © Profecfion 5tone, 1.500 fo sooLDs 

® 6rav~/ B~dd,ry 
STA. C:4:)~ @ Filf~r Maferiol 

.---------------------------~8@ Compacfed Earll! Fill 

(D Dumped Earlh Fill 

Q) Rock rill 

From 5/'o. 0 ~ oo fo 5fa. 0.;. 50 

TYP!l-AL ~~ECTIONS ® Droino!?e Trvach Maferiol 
SCALE: I - 10' 

HURRICANE PROTECTION 

NEW BEDFORD - FAIRHAVEN 

TYPICAL SECTIONS NO. I 

HARBOR BARRIER AND DIKE 


STAS 0 +00 TO 45 +8 0 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE NO. 5-19 

8 

2 
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so'-o" 

Bolfon:?._ot' f::ly,ea.pC..hqanel &:..!. -.::14M.S..L. >, "'>< 

STA. 7~· 45 

E 

A c D FCORPS OF ENGINEERS 

~l al /hie 

STA 87•00 

From Sfr:T~"'e.J to SfQB'T~ZD 


r/l"'o,.sdton occurs b•fw•en .5lr184,#-6r ahd5~ 84 .. ~.1'" 


,.-I'Q'nS.I"o s:J.;6r*' Sk 64.,.6S 


~ds1h~n occUrs bei'W'aen s-1'0~3~,2(} .;,.,./.fi&-43~.1"" 

t: 

2 

0 
LANDSIDC --·-j 

3 

-t ·-'-1--_i,~ ~I ..._. 
£1-/Z.Or--,r-· -1 

/. 

([) 5~ Note 5.~L~~ 
Tfln; B¥ -p.,.,, Cho,.,..l Ar•fZ ;;"' 

5 

6 
f'"rom STo 62~40 to S+o 6.S .. OO p

£1-.U.o 
TrQns~ 1'"1on b•~'....,e•h Sf"a 62#ZO one{ Sh:7 62"7_0

£ 

{' 
.::o·-o"_ 

STA. 72+<11 -=DM~. //!0
Typ1col for wrop- a rounds af £0.sf and Wesf Gof• Pockets 

Scale: I''"' Z.0 1 D d ._. Q ~:: 20 S<// /8 
Berm wtdlh vor1•• 

I7 
_£~/--------------~~-------------------4~~ 

£1.4 0 

-- El. 2-0 


IS 

~---"'"'-'a" 

~ - --------- ~ 
6ro~ 

----------7--~--
/ . "' 8 STA. 6S•8S J ---

FNA'n51b46<'80fr>.)7'1:?62+20, Fro,., Sf"a 6.S~ZOToSTo 'J'/+44-and F"ron-1 ,'da7T"0.2 <foS.fCJ8J,..20TYPICAL SECTIONS 
•~c•pf fhrv ay-l"bs.J C/Jonn•l area 

SCALf 1" • 10' 

rran5d1on occurs Pef,.,.een Sto.IJ.J'"f'IJO anti Sta46#80 and bslw••n :ilu 6S,..oo and Slo 6F"'".20 

r~ ,,l)f/te. 

I /0 

C1Nul'td/1!1tlt 

90+2.0 

H U.S. ARMY 

From S!v/J'i.J.'}O n. 4"nt:T' of l'1ke. 

GfYM?!"hqe ::a. 

STA 87•50 
l"ro;nSio87.J30 fo Sfoo8tJIZO 

lronril,q, occur.! Delwe~, rio 8 7"20 t:?,.,d rk 8 7'30 

OCEAN Sl DC 

t-------(1 IJZ'-o· ·I - .6~::.. 
\ I 

£/.-12.0 

j 

LEGEND 

(A'/ tUrn or fton~. 4. 5 fo 2 75 Tons . 

:s I Armor Jtone, :J. 0 fo 2 0 Tons ( Jt!e Sh,•f No 

C Armor 5ton~. 2.0 lo I. c Tons ( 5ee 5h8~1 ..y, 

'o 8•d'Uing 5fone, ()'..lorry-run 

E Prolt!clion 5"1-ont!, 1500 to .fOOLb:J. 

\r: Grovel ~Qdd1n9 

\G) Filler Moler,o/ 

·.?) Compocl'fld Corlh F,JI 

\..!.) Dvmp~d Corlh F/11 

\J' l?_ock F/tl 

NOTES 
E!evof1ons r•fl!lr fo Mean Seo Level Do tum 

All•l~vof1ons ore p/u,'f" •levaf1ons ~x~pf OS ofherw1se no fed. 

ror locol!on3 of SllctJons, see Pion onPiof~N~. $-1</o,ti$-IS 
Wdh1n "fh~ foundofion or•o ol" fh111 propos•d dJI(e, sfnp 
ott" d1recfrd tu; fh• Confrocflng OFFicer. 

&low El. -12 and bryond th~ 100- foot ""'de c:•n "Ira/ zan~, 
eorlh ~1/l maferiol may confom l~s5 fhon .5<t'o f"tnes 

.----------------------------L,a 
HURRICH.E PROTECTION 

NEW BEDFORD- FAIRHAVEN 

TYPICAL SECTIONS NO.2 
HARBOR BARRIER AND DIKE 

STAS. 45+ BO TO 9 l + 00 

NEW BEDFORD HARBOR MASSACHUSETTS 
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3 

4 

II 

7 

PLATE NO. 5 - 20 
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f'rant:is Plct.t9round 
Pondt'n?A~4 

I 
r '4' o'; I -- -1 ___ )_ 

~ 
)£ 

/ / (A\
/,P 

s;t;)%'1,/:'ui;':tuo;:os ofsudobie 

r H ~ 

' i-f ofl!ik" 
I 

Min/mum '*p.l-h ol t:uf..off' fob~ 
;o:o··b~/ow qround surl'o,~e ..;t ~· 
of'cvf-ol'; ~Y~pl 141b~r~ /JMrock 

Ex/.$ 1/rJI; rlprap
fob~ rt:mov~d 

J£.:~ 

I{!,LO 

CORPS OF ENGINEERS t Y , y ~ j 	 ~ _t H U. S. ARMY 

.r. ~ ol l!ik"LAI"DSIDE 	 OCEANSIDE 

r/Q~ 
£ I ' I n 21.0 

Ort" /nal 
roun'Jsurlee~1

5/opt! I on I 
I 

t.'i'tJUf baSt! nof fo 

'T/l., ,1+00 	 ~r/sfs aPovl!" ~tS d6'pflf. c~.~l-ol'l' k a~ov~ Fl. - .J. 0 STA. 55+00 
STA. 46+90 .r!Ja/1 exfend !?"below cindt!r ;/II. 


rroffJ .!Ia. 10<~- 30 fo Jfa. .JS.; ltJ From Sfo. 5Jf 15 to Wall 

2 From 5/a. 44-1-10 l'o ffa. .$1-1-/$ 2 


LANDSIDE 	 OCEANSIDELAND SIDE 	 OCEANSIDE 

~ 

£ ® 1·~--lt-?1.0 
 ~ / /~' Jj 

E 

Oriqinol ground 
sw1oc~ E/. /8.~ .,-- El 10.0 

Slop• Inn/.-; S/o~ fan/ 33 

'0 	 STA. 55+ 50 
1.~ Tlus .ucf10n 15 lyptcal from Wall fo Wesl s1de, 5freel Vole Sfruclure No.2 

2:o"buf /las~ no'f Slop~ I on/ 

lobe abol/e [/. -.1.11 ";Tfl. 42+30 
STA. R+85 From ffc. J9-15S fa Sfa. 44 .,.,, 

4 .From .Y!a. 6,.,_,.t(flr~Xf Galt!) fo fla. /0.,. .JO 4 
LEGEND 

@ Armor 5lone, 4.5 fo 2. 7S Tons 

@ Armor 5fane, 3.0 fo 2.0 Taos 
£ 

~ 	
© Armor Sfone, C.o fo I. o Ton5 

@ Beddinq 5font!, Quarri.j-run 

® Proft!cl/on 5fone, 1500 fo 500 Lbs 

\ 	 eq~ ® 6ravcd !3eddt~j' 
l5l5 ~~ 

~ "tr>7vno' ,vdot:' 
r Ort?J'nal @ F/ller M~f.ert'ol, 

@ Compocl~d Eorlh Ft/1 
H 	 D~/e>, Q) l!vmp~d Earrh Ft/1 

t_!'-o 	 ?;t/'iwlbosenoI 
fo bt! abov4 E!. -J.O Rock Fill0 

STA. 39+10 

STA. !S+08 .From :Jfo . .38 f 80 fo :Jfo. 39.,.5$ 


r'rom Slo. 4,..$8 fo :ffa. Sl68! (strerf Gcf~ J./o. 1) !:!.QlU_
6 

El~vafions reli!"r fo Mt!an $~a L~v~l .Oa~vm. 

All ~l~vaf!ons arl!" p/vs eleva/tOns, exct!plt:?S noted. 

Wilhin fh~ l'ewndtdtOn orrM of lilt! propost!'d dt'kt! al Clarl Cov~. 


ll!mov~ all ~rpa~t:d boulder.J, C'Qbb!e~ ond sfan~s abov~ low wafer; 
also r~mov~ all 8J(tSI'In?, riprop ond bedd/n9 and sfr/p I'he or~o 
asdir~cl~d hl.f Ill~ Cont-racf/n9 Oflic~r. 

FiJr lc~afions of S1chan, ,,~Plan on Piotr__,. Nos. 5-16 u"d.5-l? 
No ~~cuvafum Nil/ ~xl~nd below ba/roc/f 11vr/Oce. 

tJr/9/no/ 

£ 

9rooni:/ surlcct! 

E 

I 	 fo b~obove 

·77 	 H 

5/op~ I on/STA. 4+~3 
2~o~buf ba.se r>ofTram 5fo. /f~S fo Sfo 41S6 C'ul'-oFF ~r~nch sforfsoiSI'o ¢108 

£1.-3.0 

trronr Shl. .56t.5.Jt lo Sta. srrqo On1tl cvl-orr f-rench 


olso 

STA. 37+00 

.From 5fo. 3$' 70 fo .5l·a. 38 r1'60 
Or/9/no/ 9ro1.md 

.sur;QC6 
.-------------------------~88 

HURRICANE PROTECTION 

,. 
NEW BEDFORD- FAIRHAVEN 

s,iA. 1+25 TYPICAL SECT IC'f~"' TYPICAL SECTIONS NO. 3 • 5CALE: .~... 10'.From Jfo. l<~l'o!(sfarfofdik~)loffa. 1"~?8 CLARK COVE 0 IKE 
also STAS. I+ 20 TO 58+00 

/l'ro,., .5to. 57f90 fa 58'1-00(,nd ol"ditc>) 
NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE NO.5- 21 
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U.S. ARMYA , 
"' 

LAND SID£ OC£,1/N SID£ LAND SID£ OCEIIN SIDE L.AN!J SI.!JE OCE//N SIDE 
~4 Pi>• lo--ot ll•kcrCD·*• 

~ 

-~ 
 ~ -:E;j.E ''t;;::,MO?,.-' ••• r-. 

t1,~n..l h~ ~-~··~ O~tllr'S 
T/1_/// •...-.: = :i7.1.tStTi/'l'i~ 0 I - '1,..,l~....r!:.~ 

~ 

S•r'•cc 
f,T.fi",<.!'J -. --~-n:~· ,. __,t..... ·~ -.J,.,,r_.....-.~~- ~--· SECTION- STATIO# N 00 ---~=m;r.--.C:::=!=::::;,~-=-::..;.--.:r.._...:·:-:--~-:,..._,.----- ~ fi--J-r FA'•"'-J r-- ~J-- ------~-~/11.#//~~~ ~lst,u,;.:~';·J;;?, ~- II/~~1i ~ l llllr~ ' 

~ 
. t~m·· t #Mi'/J "'" ,.. ... ...?j~"'/ /,_, .ft'a O.,.flfl ~, .f'~4.1.,./D 

S~Gt :JCHD4 (D J f• ,#~D~ 
SECT/O,.Y- STATION Z7,.00 ·2 

ll .5ECTIO/V'-.STI9TION ::J~t/0 t;,.,..;,r,_ St~ zr+ID l', St.. Z.,_'Jo 

Tf/'col l"r•"' Jt', .l~otJ t. Sl"• "'I,.. ?a '*A - JM....~.. sr. z~!N r. st-., zr·no 
..fote - he..-.~,.,... St. ¥~7• r • ..rr.. .,r.,.s-o 

5 

~ l IJikcr- f .,.17.... r-·J>·h 
~ 

I 

~ ~ 
~...ilk.IH 


-~-~fl"l.st..,.., ~: A'IIM ~E•u.;..,. ,,....,.,j s_.he• 


7!ff(~SECTION-ST/ITION (}-. 1'0 

7ir·l ;,._ sf. -a .. O.!l.rt h sr. or-ro 
•"d St'._ u~60i ~. St• JJ'ri'OO~ 

/1/3S£CT!ON-STI/TIO# (<00 

~u/ f,..,, .Jt- Z~IO (o Sta ZJ.SIJ 

~ 

,t',te- r,.~,.~,J,_ st• l.,.~, t. st- 3'ftJo 

SEC 7/IJN- STI1T/OIV /_,,.DtJ •"•••· 

5t;,-<.1 .r,._ st. s.,.sa ~- St111 2G'~"o 

,+',t• - TrlllSd/tJn St. r.r.,oo ~• .Sl"'. z.r,N 

Nol.s 
E ,,,. hturS .... rl!r to 1'1t!., s,. L~l'·' .ZJ.t..,..,rt .,Do.. Allel•"ofloiPs or# pl11• •lfltttlf;•n•. 'xcepf OJ ""'•cl 

.DE/"TN 0_. JT.IIt,,....,_,r:; 
STifT,ON ~ ItO 'I 

ZUI"rN-"""'*'-.1 

0.;-tJD-S"t>rO 

r"'.r" -6+rd 
10.,..,, 

~~D -11-~<0D Ill• 

//;()() -~~~"" JI<U 

/,1'-{}tJ-l•~IU "''*Z3rtJd-:Jirlo /Zi 

For loeofions oF Section•. s•• Pl•n o" Plot. No. S-16~ f lhko 
@ Mo1"11riol ustld .,,..,., e,ccov.fio,.., .,or dromoge f,.nch .JJ/tl/1 


S/..'N"'f ~~ EJt~ ••·o 
 ~·placid ,orlA o'f' fh1s liM o'"' prtor to p/ocl,.nf oF of/Mr 
•orlh Fill moftu•iol nortlt of' lhi~ lin• 

Elfl~n.., ,,...,_ ,~,,._~•t/?!t/~ '""""'l ~ , ,_. ~7-'l. 
.$FCr/"N-.S}""Ar.IO/V ~.,.00 ~~"~_......-'7'£0:,~.•'7•t!,'-;¥"';j,,., ,.#u~,/ rl.'rl~~?j_,.......,I,W""' Sl• o~•D t-. J't. O;OI'.# ?J#;/I~ Y ~ Sfr~tr••.J /n 


,.,~ SttA 3N110.rt ~. S~« ~/rND 

~ 1

·7S£CTION-.5r.<~-rto# 1~8" 

7J,,,.; ,_ 51'... 1•10 ~. lf/J(] 

"'""' St.. Zl-~<1• 6 ztr•o 
Itt'•- 7"rt~n,sd~~"' .ft• I.J~I() t't:J ST~ .JD~t::IO 

Jr.. 1"80 t. sr.. z roo 

LEGEN.D 
s ...... M .. J.,., .. / w.,_,"~ 

,~~ ..-st.,.. flst.~.7s-~® HURRICANE PROTECTION c ,q,.,.,.,. St•"• 2.() r. 1.1 "-• 

/JuDf'T'J-IfU,..&tltl··· .rt
l'rot••t ... sr.;.. ~~-;: NEW BEDFORD- FAIRHAVEN 
G,.,../.8•"._~

TYPICAL SECTIONS -c-,..t.H..t'""\ TYPICAL SECTIONS NO. 4 
ICALI: I" • 10' ~E<VIJ!iHu.r - FAIRHAVEN DIKE 

(11 1%"-:.~-;.--&..,.,./ - STAS. 0 tOO TO 31+ 10 

NEW BEDFORD HARBOR MASSACHUSETTS 

.,. 

.5r,fS4"0tcfTA!J1d"~,.,....f.~«tt.l·• 

SrA !JHO t. ¥11~-£_.,. S.ll 

ST11/I#MJ l • .!r.t "1{)'-..,;._,,t_(S..It•'-ol 
JTIIIg.,.H l'cSr11Zf'Hd- £/th. 6. D 

$."Alfl~#·'• ST1t7S'~b-£Jttt. Yll't*S {&Dt.ts) 

Not•- .P•,••• t.""''•,. ••tl .,,1~4 
le M ••-*' ,, •Ill., fit•• ,,. I 

PLATE NO. 5-22 



CORPS OF ENGINEERS U. S. ARMY 

- ---1----~,-MECHANicAL.ANALYSI~--~ -- NATUPALfl~ATuRAli --- r, e:>RING SAMPLE DEPTH I SOIL · ATTERBERG:SPECJFIC wATEP 1 DRY :oRGANIC 

NO. NO. IN. 	 """' ·~-' ""'· I"'~'"' ""'FEET 	 ISYMBOL!""~' ~'"'""'I ,. ~ ~·~~ G ' 
~o 	 % % .nm L L PL s '% u:vcu.rr.j % 

Fo-3 J-2 	 1o 3 aPco4.~1-~...:,-;-sPT:)r
f'D-20 J-7 21.7-it6.2 :;p 14 

F0-2 .)- 4 /IJ.O- '3.:) .'iP :J 

iF0-25 .1-1 o- .::.u sp I L-} 


Ff)- 2(/ j: ~ ' ~:~= ~--; --;·~- i /~ I~~ ~ ;:~~~ ~;JI 
;p 1'1. 	 l .JI 


F0-80 .1·10 20.:J.CJ.O 85 I J.?JO 

F0-81 .J- 2 1.2- 5.) _') P IS 81 4 0. j/0 


F.D-86 J- 3 .5.rJ- b:~ SP _I-I ?'T 'I 0.;50 	 ----~- --- 

U.S. STANOARO 51EVE" SI'ZE 

1003HJ. +~.3/<!1~ N0.4 tlOtO tHf.H- ~0 +---- Hlt--
CjQ L · • , -r--ttrt+ +--
RO 	 .r remeff'lr- e~.:?J.-2 

1 

70 n· ' ; _Ill; j • t----t------

1 
 li't" Tf./plcai Curve 
::! 00 	 - : 

!~ 	 :
• 	 r---· 

<0 

20 


10 	 ""' 

7oo 10 1.0 o./ o.ot o.oo1 
GRAIN SIZE IN MI'-L.IMETERS 

SP MATERIAL 

ATTERBERG SPECIFIC INATURALINATURAL 
Ll MITS GRAVITY WATER DRY I
ORGANIC 
L L PL Gs C~NT, DENSITY CONT. 

:'o LB/CU. FT. % 

9

iFD-/ .151130-18.01SP-5M 15 1731/Z

tJ 
10.060

j/.0-23 J- 2 2.0- 7.01SP-5M 2 
 90 
 0.110 i'2 


.J- S 13.0-!8.~SP-SM 3.5 
 9
55 
 10 
 0.070 
FD-24 J- 2 3.0- 8.0 .5P-SM 38 
 54 
 8 
 0.110 12 


:F0-25 J- .3 6.0-12.tJ 5P-SM 2 
 86 
 12 
 0.070 28 

I J- 5 14.tJ-11.0 SP-Shl 
 16 

FO-tJO J- I I 0.0- .5.0 5P-5M 3 
 0.070 


i F0-81 1 J 10 21.1-23.4 5P-SM 24 
 861 
II
65 
 1/ 

1~'0-83 J-10 22.5-25.0 5W-5M 13 
 79 
 8 
 OMO 


1 1 91
I B-19 450-50__ SP-5Af 
 6 
 0.140 

U.S. STANDARD SIEVE SIZE 

.31N. .l/41N N0-4NO.IO N040 N0200 


100
 

i c~ -;... ~ ~ r, p\';'dt 1Curves· ·J-!· + f
00 

" t r-
~ 60 : ...., j + 
~ 70 l ' ' 

roo ~ ;_ - ~H+ 1 

1 


:.5o ~ <r\- '1'tr~meff.J,l e 


~ "/a r+ ~f f-
1.1. 40 r l 

" ~~J I~: ' T 1 

~ 30 	 1\'-t _,_j_ 

u 	 -+ f T' . .,.. T 

~ zo ~ -	 t ' \.. f+l + 
' 	 1.....-: · I I'~ 

0 	 + 1l++ Ht j+: ' 
100 10 1.0 C.l 001 0 ·~CI 


GRAIN SJZE" IN MILL!ME'T'-RS 


SP-SM AND SW-SM MATERIAL 

DEPTH ' MECHANICAL ANALYSts I lsPE"CtFtc'NATURALINATURALioRGANtcll 
80RING(SAMPLE, IN i SOIL :.GRAVEL SAND.FINESI 0 ATTERBEPGIGRAVITYIWATER DRY CONT. 

NO. l NO. jSYMBOL: IO LIMITS I CONT. DENSITYI II I 
 % 

: FEET i I % % i % mm I LL j PL Gs I % LB/CU.FT. 
 , 

;C;i:~r:::-".:7 122.0-?TiJ SM 20 

I 
I 57 2Cf ofTI024I ~·-· · 

r/)- ~~·,· v'-4 R.·!-11.0 ..:M . '.i ~ 5-5 ;,_·1 J.~"lo 	 . 
f_'-_'1 J-1 ,_ 1.. ·' J' 28 'I 


f"/'-/.ii J- 6 ~~~.(}-/? .::.~M 43 4/ /6 /'..".".c I 
 3
r.J-.;:·1 J-t a- SM · .1 .?.J 32 
 I 

F0-24 ./-3 1 

1 
8.L:-tu) SM .Y·) ! ,t;_~ 11 : 
 1.:; 


F0-2:: J- 4 '2.)-/4. 511 i 
 .::'c) 

~=~ 	 ~;;~~;;o i~ u _'3 I . I
,;7 ~-q 

J-/0 320--'5. SM ? 75 /6 ~·'-LJ22 I 2.(.7 
 1.6


1'17-.--11 J- I L..J .SM ., l 28 ;_J,; 17
,J- _-1 y~ 
"-''- :5 	 ?/.(!-22.9 3M 1 I 
 1 


/'"~)-?11 J-8 la._«,-2J.O 5M .3.2 45 "'..,3 2.:::25 

Ff)-80 J-7 /U.r)-1.5.J SM () 78 22 I 


J-14 ~o.2-3P., SM 2'1 -;.~ 2.:: o.,J25 ' 

F.0-81 _!-14 27.5-..iC.i) 5/11 2,:..' Sl 2-1 0.011 

ro-tl.f J-4 to.r,r-15.0 5-+1-.S'-· 2 52 ?6 o.cJ04 25 20< 


./-'I .::a.0-22.5 SM 6J .31 

b-/2 5.0-J,J.O SM J dO 20 NON-PLA~T. 


'0-8. ./- q 22.7-25. 5,!1 ./4 46 20 0.020 

l"fJ-/75 J- 1 /5.6-20.• SM 23 60 I 7 


J- 8 20.r_l-2/. SM 36 45 t'l 

FIJ-81 1 B-6 S/'.-1 32 50 18 0.010, I
IO.t}-15.~ 

J- 7 	 1:1.{}-20. SM /4 7() 16 
 I I 

8-8A .2{).0-25. 5M 23 63 14 	 1 1 


U.S. STANDARD SIE"Vf: SlZ[ 
.Y41N. N0.4 NO.IO 140.40 NO. ZOO 

100~ :[;L. ~l,.o"" ~ +"r-"HtlTIT~' )J I ' ' I I ' i• t ittti 

4.!- ~-~-~L !'\<,.)~ I Ill 


1
~ 80 R~4ft-~~....-,,.).::: ' f-+- Exfreme Range t--· 

~60 

~50 	 f--- 

iL4o 

E.30 k + + 

~eo ............. r-+-· 1- 

0.001 

SM MATERIAL 

F[)-21J· 4!12.D·I7.0I ML I 0 10 90 ,O.J/4

ro-.20 J- ;· 3_ 5_ sv lffL o ;o 8o o.c12 I I 23 


, .)- ~ 5.0-IO.JI1 11/L 0 37 63 0.030 
 2.67 ).5 

. J- ,... ;r;.o .:5.0; !r'!L - :£5 


: 	 v- 5 ~.5o-2o.o mL o 6 94 0.012 2.67 .24 

I 
!. 

J- 6 ·,.!J.J-21.7 ;v;'" 28 


1("-2'1 ~=~I~;:,~~ ::;~ ~ : ;~ ~:~;~ ~~ 
.1- S '1/0.0-12.0 'ML 0 10 90 C.006 24 


F0-2? J- j 5.'1- qn AIL 0 35 65 0.0/8 24 


I ~= ~ 1/~j:~~:~ -~~ J 16 84 0.014 ~~ 

ro-23 J- 3 ff.0-!1.0 ML 0 ?5 67 20 

,F[)-2~ 7~2~'.0-~'TJ .:J 94 2. 73
J- ML 6 O.OO.J 3.1 

1
1.../- B 27.()-_ji.O Mi. 	 3 4 

I J- II ,.J5. ?·31.. iliJL 0 0 94 0. 010 ._'6 

1

. J-12 139.0-41.7 ML 	 ;_I 
FL>Z'-1 ~- 3 	 .5.5- 1.0 ML 0 }t::J 62 2..3 


~= ~ I~~~=~~:~ 0 32 68 o. 022 L. 61 ~i
z: 
.J- 6 I'NV-20.5 A/L ,; 8 92 V.~'JJd .2.613 .2J 


F/J-1~ .J- 3 5C·IO. ML 0 /5 85 iJ..J/3 

F0-78 
 .8- 'I ).0-10.0 !JfL 0 J(J 70 

F!J-114 
 ../- 3 IYJL 1-1 30 70 !). 0/8
12-4- ).0 


FtJ-lJ 
 ~~ ~- (~.~=15:~ !;~ ~ ~·~ ~~ 0.0/2 

U.S. STANDARD StEVE SIZE 

31N. .3/4/N. N0.4 NO.IO N0.40 1\10.200 


1 1
 
100 

ft .' : I f 111 • : --HfHff-F 
1
£ qo I : - H- T'"""fml; 1 ~-tttt+ll J+-


00 

1 
~ • 1 II] I ' 	 T
3 ~ 1 ; i 1 ::• ~ ' 1 
 fTiiPICOICurves

~ :: ~+ 1 ; /tre-Jl!l on ----thltf+ t \ 
~ ; 1: : -,;\HH!flll 
~ '0 .. ; 1 -f. _ j_ I ; 'V: ' 
;40 -·-' -.. ~- + : 1\61\~l, 
LIJ 30 I I, ?~ 


~ 
20 

H i: 1 : "f''-< \ 11\1 

Q. : ·---:--- : I ...N: I~ 

': I+ . JH t .. 
100 10 1.0 0.1 0.01 ODOI 


GRAIN SIZE IN MILLIM 'TEJ?S 


ML MATERIAL 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

SUMMARY OF TEST DATA 

SECTOR GATE STRUCTURE 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE NO. 5- 23 




F H U.S. ARMY 

2· 

7· 

A B 

~----~-CF-P .... !, r- -i MECHANICAL ANALvsls~~TERBE-~ PECIFIClfJ.IHUHAlN~~~RAL1 o~~;l 
ORINGISAMPLF It SOIL 1 LIMITS GRAVITY WATER DRY CQtJT 

NOJ-;NO t' S~"PLE SYMBOLIGRAVELjSAN~FINESI D1o G 'lcaNTEN DENSITY % 
__ ·- If~ ~~1- _ ~I"/o _"'f:: !_o mm _!:_L !.!:_ s 4 %_ lbs/r.u fl 

1 

.FD.Z6 :r-2 4D-9D 1SP 9 90 J G11 IG 
I J-3 9.0-100 5P I l!i 
I ,]'-/] 3/.C- ~4.0' SP I I' ' 13

:r-12 34.0-.'8..0 5P 6 94 o 1a.37 
IFo-.;vl :r-10 IS0-17s·lsP I o : 97 3 io./91 J-1'3 ZOO..ZZ:31 SP 1 0 • 96 4 ,0.11 
·FD-53 8-7 :/0.0-150 I SP i I I 86 3 '10,19 

8-9 15.0-ZDDl SP 1 IZ 86 2 0.21
I 8-!Z ;ZZ.5·2501 SP I 5 92 3 ]0.13 

I
FD-&J 8-7 .10.0-15.0 SP 2. 94 4 10.17 
FD-74 J-3 ( 50-7.1 SP 0 99 I ,O.Z7
~F0-75 J-Z 1 1.5-41 SP 10 ; 88 2 0.18 
I I 8-5 : 50-88 SP 3 96 I 0.16 
(D-821 8-16 ,300·3501 SP I I 97 z IOJ4 
1 J-23 :401)-44.1. SP IS i B/ 4 ,0.18 
<FD-tJ" J-13 '· 26.1-292! SP 44 j 5 Z 4 10.23
i 8-17 40.0-450' SP I 0 i100 0 OZO 
.FD-tJ9 J-Z S.0-8 0 I SP I II 184 5 0.14 
' J-3 80-ICIOI 5P Z 9.5 .3 0.1-T 

! 
FD-90 J-Z I.Z.-SO I SP 13 84 3 0.15 
FD-94 .f-Z 40-50 SP , 3 . 93 · 4 j'OIZ 

J-3 5.0-6.1 SP ' ~_3-__;~l~ _ 0.17__ 
I 

~I_l___ 

I'Jn.?Or'1 
- ;;:~,,~--, 

-'lW-1-1-11.--f.-+.. pnrrt 
hff,{'tj~d'Jj:ftlf:lct:=.-~-ifl("m·.! fi_j'lqt! 

~fkMc"h'~~·-h·~·~-+-~~ 

1.0 '),1 ') . .Jf 0.001 
-IZE IN MILL•MtTfRS 

S P MATERIAL 

r 
- -, J oE:PrH 1 t~EC!i_A~ICAL ANALYSIS__J.o;T-:;:-ER-;~;;s~Ect~c~TURAL Ar~RAiJORGANI 
ORING SAMPLE OF SOL 

1 
r _ LIMITS WATER DRY I 

NO NO jSAMPLE SYMBQ GRAVEL SAND FINE Oro r GR~ITY CONTEN DEN SIT+ C~NT 
INFEET 'Yo 1% % mrn Ll PL S 'Yo lbs/cuft. " 

l 

io-8 :r:lo i7o zz.o s?.s'M 1 -~77 -., oJI- ·-- -, - -- -
FO.ZG J-1 I (J0-4.0 ,SP-S/>1' I Z6

i J-7 IZ/.0-25..01 5P-5N! 
J-IS 4tJ.C -52.0 SP-SM 

J-IB 62.0-6 SP-5M 

11'3 
24 
27 

, a 
I J-16 52.0-57.0 SP-51.1' 

0-50 J-2 1·2-4..5 SP-5N: 4 BG 10 75i 

F0-52 

FD-53 

FD-57 

J-4 .5.0 -8.2 SP-SN; 6 84 10 75! 

?I
J-7 /0.0-12 SP-51>11 44 48 B 
e~ 
J-7 
J-3 
B-S 

8-/4 
J-1 

IJ-3 
B-6 

8-IZ 
8-9 

SD-10.0 
150-JeZ 
:3.7-5.0 
50-10.0 

.0-.30.0 
ao-s.o 
S.0-88 

100-140 
00-lS.O 

15.0-ZQO 

31N 

'lt+j
'+.
0 

0 

0 

~8 
; 7 

! 61 
D 

0 

' 
~ 5· 

•• 
> 0~ 31 

~ 2. 
0 

6 I I 

SP-S/J, 7 86 ' 8 
SP-SMI S 85 10 
SP-SNI 24 70 6 

~ I I 
~-~I _LI 

/() I 

'..J__ 

SP-SM i 10 BO 

1 

10 

;;::;::1 ~ 89 II 
91 7 

SP-SN . 6 87 7 
SP-S/>1 7 BB 5 
SP-51>1 0 94 6 
SP-SM o 9.5 s 

U.S. STANDARD SIE'V'E SIZE

I" ··-· ~ ~--·~ 

---~ ,jlJlt LJ l!' _I ~~'!'-. - ~"1"'~ P\; 1"\ ~<;· E'~I:~Tfl}~ -
ll r· f'.~ 1nero/ )onae r-~-

u 
'·r- ·it- ' '"IS it-

r - i 1 

""' ~ 7j leal CvrvllS 

'itrl ~ 
Llll: 

Lh 
t-r· 

--r

1.0 0.1 0.01 o.qor 
a!i ..... IN SI%V' IH MUL!Mtl"EA.S 

SP-SM M-ATERIAL 

[ ------ --- - . -.---- -.- -- -...-- -:~-----~F~~ 
1-:lJRING SAMPLE Or ll'ITII -::: _<IL f.·)ECHhiJ,~fL Af'ci\l.::~~ TH.RI3ERG SPECIFIC fiJ~l~~~L ~JA6~~AL O~CAfJI 
- N\~ ~JL ~ ,_.:., LE lsY~r~1BQ ·.3R/\VEL SAND ~-I~ES DIO LIMITS CI...:AVlTY OI'JTENT DE"NSITY COoNT 

111 rt..t:T. % % Yo mm LL~ Gs o;:, lbs/cu.ft. Yo I 

I 

F0-8 :r.:9 J66-170 -siT ~-56 4.3 · - I 
FO-zb J-4 /Oa-t'!!}_ SN 6 61 jJ 0.009 Z~ . 

I :i=:~ ~~::;=~.a g~ 4 8 3 !3 /~
IFV-3.7 E-FiA ).5.,?-30 5'M /I .57 32 
]FC-51 E!-2 0.0-5).0 SM 2 75 23 

1 ;~~ ~~~~:}·g ~z ~ ~~ ;;
I ../-B /S:0-20. SM .:J bA 32 

I 

!'. -10 20.0-25 Sit/ D 60 40 
FD-:.52 /3·10 v.:J-25.0 SM 0 68 32 
FD-S3 J-/.5 %? )-?5.J 5M 0 53 47 
F 0-.57 e-9 15.0·20.0 SM a 67 13 

IF0-74 ~~% z~·::~;-~ ~~ ~ ~~ ~: 
rD·!~~ 1--:3 /0.0~15.0 SM 0 64 36 

8-12 20.0-25.5 SM o 75 25 
FD-e2 e-6 '0.0-150 SM 3 53 44 [c.cr;3 i;;OH-:-:rA.ST!C: 
FC-90 J-3 s.o- 7-0 SM 9 66 25 o.o2 1 I 
FD-9f J-5 8.8-10.2 SM I 79 20 1 

.~rsl£~~ffii5fffifE 

t.o 0.1 
Gr:<'Ait-1 SIZE' IN MILLIMETERS 

S~~J..ERIAL 

CA-'If'LE 
DEPTH MECHANICAL ANALYSIS ATTERBERG SPlL-IFIC NATUF~AL rAT URAL 

o~~~qBORiflG OF SOIL LIMITS GRt.\VITY \\lATER DRY 
NO SAMPLE SYMBOL GRAVEL SA~JD FINES 010 

G, 
CONTENT DENSITY %IN FEET o;c o;

0 
o;

0 
mm 

LL Pl % lbs/cu.ft. 

FD-8 J-5 ~~ML I 15 8~ QOOJ
I J-6 11_5-JZ..O 'f!L z 47 .51 O.{)ZO 

J-7 IZ.I-13./ ML ·a 7 93 0.002 
FO..Z6 :f-5 U.0-19.0 ML 0 /4 86 37 2.9 sz 

.J-6 /90-21.0 ML 0 43 57 aoos· zs 
J-e U.5-Z-!O /IlL 24 
J-9 24.0-Z70 ML 0 37 

" "OOrM· 
21 

J~Jo {!0-29.0 ML 0 2 98 0.003 32 
J-17 T.0-61.0 NL 23 

I"IJ-52 J-5 /0.0-/5.0 ML 43 4 
8-6 /0.0-15.0 ML 0 32 68 
J-a /8.2-2tJ.O ML 0 3!! 65 
8-12 r50-3tl0 ML 0 20 eo, 

F0-60 8-13 26.3-3!AO ML 0 31 
691FD-88 J-;8 4:f. 0-5(}0 !tiL 0 29 71 i 

1"0-90 J-7 12.3-150 HL 0 I 99 0.003 30 I 

d.)":!" 1: Hill~~ i j'l'lli/1 ~ ~~tllllt- On~ I 
100 '" , '"' ,.., , I "'"'' ,,...., 

ML MATERIAL 

~ORING SAMPLE 
NO NO 

FlJ-92 UC-6 

UC-9 

SAMPLE DEPTH 
MECHANICAL AN~LYSIS ATTERBERC NATURAL NATURAL 

~~9SPE:..CifC DRYDEPTH OF TEST SOIL 
GRAVEL SAND FINES D 10 LIMITS GRAVITY WATER 

IN FEET IN FEET SYMBOL 

ILLTPL Gs 
ON TENT DENSITY %-I"'lo "/o 0/o mm ~0 lbslcu ft 

11.3-1!.6 OL 0 47 ~3 0.003 4!! I26 2.65 38 83 

J/.2 -/6.7 OL 0 53 42 O.OIJ2 213 /9 i 2. 68 47 77 
- - ·

U S 5T/'l.N0ARO SIE'V& SIZE 

100
31N irN 14o.4 ~JO.JO tJ0-40 t./o.zoq __ . 

·: 1 1 ~ !·i ~--,___~~'l,l_,_ __;. ·•; r ~· ~-~ ~ j I -
> - ,_ ',i1 1 ·'f ~.~ I ;---1- HT:-;-----+--+-1
~M'I ~ 1\ 1 

1 \ ' [ ·h~~fr- j t-~- -~ 
~ 70 I l ' I ;, 

~ 6o ~tl ·+ -+- ~t+tr---r + :r- ~ ~-: ~~~ 
~5o~·. I i r,: I --- .-·, ; : I"' , r- -t·
~ 40~ .. - -1- rn_;__-~+- t--~ i-t--·-- --f\·~-+-- !_ -1 · 
~ 30; 1- 11~ -: .~-- ~ -!~ +~ :-·; 
~2C~ -+ +~+ :. . ;~~ 

10 
!' ---; Hf.+-t+ 1-+!~~t-r-tf±:!t-- · :$~ 

0 
rth - e 1-'- l;t~ ++-fHt: f--:--t 

100 10 1.0 o.1 o.ol 0.001 
GRAIN SIZE ll>.J MILLIM~TERS 

OL MATERIAL 

HURRICANE PROTECTION 

NEW BEDFORD -FAIRHAVEN 

SUMMARY OF TEST DATA 

BYPASS CHANNEL 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE NO.5- 24 

2 

3 

·5 



------

CORPS OF ENGINEERS U.S. ARMY 

FD-91 Fo- 9e 'D· qz 
TUBE E:!...-1'-0M.S./.. TFST~ TJPI: TE57S TUB£ EL.-,t;. 'f"M.SL TESTSE.L.-6.sff· 
Loti SAJt<l>f.tNOUC-1 LOG SAJIPLf -1 LO(j .SAMPLE NO. UC-3 


.J~. 0·- 31.$-..
O.pf//j 

~"' 

ll.6 

7.7 

M 

"·"- &. 

Cr_, f•tfh/11 wtlt'J sltel!~lr 
~ 

-~~ 'M-1' ..r0A4_ litifh sh~/1 
,... dft 2r. #TggDI....,.j.,,_ 
G .... -F. eDn4~ wriA .sheri 

4"-. ,., or., ~ s~"d'". ~ 

2" 9r. .sifl-t.~ ( !5) ' m-.1 1'01'1:1 
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Lf. gr., siffy (J0-401 

S.Jty, l15·20)m-rsanr:l SJ!!me 
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r •~~nd 

~ !l.b--: ;---Stlty·(15:M;;,~i~O"nd--.;;1h 
S,ff< .s~~ II rt"oqmenfs
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Ll. gr. s•ff<J (.?0·30J 
f. son·(:J f--.UJ: 

~J 
, Gr. Stlfy t/5-~0)m-f" .:rand 

,.-,In :sht~llsI
)12 

Lt. gr. 'F' .5ondy(.39) s-i~ I 
101-i ~

315--~-

Si/fy{I!N?O)m-t".<ondw,Jhi .shell t"ra9""nlsI 
I 

. ~- ---~-IQ4~ ~ Gr. sdl-q (15·.?0),-F..sond 
wrfl? i-h~l/5

I I 
~~----~

1'0- 92 FO- 92 F0-92 PO- 92 
TUBE t.L -6.5' MS. L 7£57-.' TU!i£ ~L:- fiL$NSL TE.STS TUl!E EL-6.5/VISL TFSTS 

TUBE EL -6 .. 5 hASt.. TESTS LOti SAMPlE NO UC-7 
Lot; SAMPLE NQ UC-'i 

IJ#,I!th 11.2 - /3.2 '· !J.pl-h 
fl.~ Gr.grovelly(I0-15) ::,lfJ1(.2CJ-""JM....._ 


~r.sanr:lwifh shel/.sor::lorg~ni'i.'!#/1.3

11.1 

Gr. sondy(4~· 51/fwrfh~Mib
iOL and orr;on1c mol~r,a,' 

1/.81-t-t----------

Gr. sdfr.t (l"i-i!O)~ond WY"fl'l 
sh~lls or•dCJt"'9on,~;. molr!rfO!and 
somE' len~s r;,f .~ Jond(SP)oPI'r~..-. 
!~_:It> CJf"somp/~·IS~I/..5. 

JU 

Gr. silfy (IS-2V) f"sandwtflt 
ll'ns~8 or-r~SP.JrrmdomiJI 
~pa~sr:l andcrienl~d 
f"hn:Jvg.houf .sample. 
Approx/mcfe/!120 fo J5% 
ol"sample $/1•1/ t:"ragm~n-1$
ICm, orgon/c mof•nill. 

/1.2--L __J _______ ... ----------L 

J)•p!h /32 -1.5.2 f)ppfh 

13.2·n cr.9ruvett11 tu-.;S)s;Jf!J(3(}-.f.f)
J.rMj f.~oMwifiJ s-hells <k1d CJn1M~'C.t

I.J.4---1f-t---------- 

(fr. slli.J1(23)f:.sond_y(3~). 
grQ"V~I 

la.o 
13.6-t--t----------

7.J.2 

Gr. :JIIty (25"-..J5)m-F sond 
w1lh shells and orgon,csi>M 

J$.2/6.2--L.J -------

uc 

LOG OI>,MPI..l:· NO /JC-9 LOG SAMPl. F NIJ. UC-11 

1)., fh IS:~ -J1.i 
!Mplh o/t!" iMt 

llJ- '-

/5:4-l ~ 

1?.5-

~ 
Ol 

15.7-' 

17.8 

SP15 
· 9 I I 

18. 

~ 1<;2

18.3 

~ 

SP 

/£.],....,. 
01'. b,... organic silf wd·h 


.1>"/"fs o/' dl"gantc rr1offer 

RfJd o neor.':J· vt;>rftcol.:ream 

oF sill-y ,..,.,.-f".sond(SM). 
 M4 
An M.A. on "fhi.Sf'orfion 
of" .s-omplt? gore- fhe 
F=allo.-v/ng resulf-s. 
72~.-f .sa..r;d oad289{, s-i/~ 

/9.(-1-

7.2n2__J_,_ 

'!52-,· ,.------~
th: .:s;lt':lfl~2tt} sqnd 
occosiona/pi4>ce oTqranl Ia 

~~~Shellfraqmenfs 

Gr. .slty(2!f) rn~tc"sand 

Gr.-S,tfj1i3-~dj/i,.~/Sii"ol wi'lh 
c>cCO.sio~o/k>n&~i (, F P ' 
so,o'g s-J/f"(MIJ~ 

Dk. qr.orgonic sJJ7 wdl? 
occosionol lens~,s c+ m--f".sol'ld 
I ;:vee• of I" grovel ond 
~hell fragm,nfs 

lr.2-1'1.2 
Oep!h 


Gr. grave//(j(/0·13) '5and.!l 
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!J~ 

Ok.gr CV9<JniC,..,JIIy (.31) 
~sand 

LEGEND FOR TESTS 

W Nolvro I Water Cont~nt 


0/tc gr. organic silt wifh 
 ltitA Mechanicol Anol.!lsis 


l•nses of"" gr. onr:l .br: 
 l L A ft•rh•rg Lim d.$ 


'71-F ..sand(SP) 
 Gs SpectF/e Ora v/fJI "FSolids 
1(, /)r.!l Drnsif!J 
C Consol/dofion 
G. Unconsolir:l~r:l Undra1ned Triaxial Comprt~rsion litst

t;.r-J;r.,rn-Fsand wiTh R C"ons-oltr:lo+,d Untiroin'd Tnaxiol Cornpr#.$Sion T~sf 
-j"sfrato of"or9on/c ..si!f S Con.sotidafed Dro/ned .Dir,cf Shear Tssf 

UC Unconrined Compress;on T'tt.sf 
18._ ..__, 

Sr. gr. sdff:l/11) .S:Jn:l wilh 

cccos,nnt7/ inclusion of IMA 

organic sil~ ~Ndh trace NOTES 

or grovel f"o }i',/~ 


~or locaJ-,on or~~ploro+ion~ s~• Ptofc> No. 
1!!.:(3. 

~or legend or -t"ub~ logs.~ ~ee P/of~ No. 5-4 

Br. qr., m--F sand Gs 

!§./ 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

SUMMARY OF LOGS OF UNDISTURBED 

SAMPLES 


NEW BEDFORD HARBOR MASSACHUSETTS 
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CORPS OF ENGINEERS 
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SHEAR STRENGTH CURVES 
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CONSOLlDAT!NG LOAD-KG PER SG CM. 

CONSOLIDATION CHARACTERISTICS OF 

SUMMARY OF TEST DATA 
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~6oot------~-T--~-++44+f----+--4-~ 
2 

600 Y. 

u<n 
'" ~ "' iu 
u 

500 

JJ.500 ~ 

~ 

0 

_.a- - ~'--· II = ' 	 ~ 
--~ - - V' ~"""c-~ - -1 ~ t 

100 ve 	 i~ 
I .-/ '0, - .., I i 
~-- -~r-c- - r-- - f:0-:

0 I I i o 
0.1 0.2 0.4 0-6 0.8 1.0 2.0 -4 0 6.0 8.010.0 

CONSOLIDATING LOAD-KG PER SQ.CM. 

THE ML AND OL MATERIAL 
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APPUEU P~INCI~Al STRL:s- f.S.F 
~Vh·,M·:.. STPESS-T -~.F. 

OL- MATERIAL 

U. S. ARMY 

I ~~.~~~J)JJJ+l
o-0,50 r--- ~ +f 0----0FD-91_ ur-!(OL) II 

.__ --6FD-92 UC·5(ML) 

1&-----aFfflD-9~u,r-511tt,)r1 ~~ 0.0300 t-·-- 1 
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(5oo2so \ i , 1 ! 
~: ~- N f -~ ---1-1
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0 I ifHitil 
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CONSOLIDATING LOAD-Kb PER SQ. CM. 

LEGEND 
Q Unconaolidottd Undrained Triallial Comprnaion Ttat 

R Conaolidottd Undrained Trla:~ial Compression Test 

Consolidated Drained Direct Shear Tnt 

UC Unconfined Compre11ion Tnt 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

SUMMARY OF TEST DATA 
SHEAR AND CONSOLIDATION 

NEW BEDFORD HARBOR MASSACHUSETTS 

L 

I I

1Uu 

ill
! I 

Illm 

I I 

' ii 

SOIL BORING E'ttv. SAMPLE 
DE;F H MECHANICAL ANALYSIS 

SVMBQ. NO. FT. NO, SAMPLE RAVEL SAND FINES 010 
M S.L FEET "to "to % rnm 

FD-91 -13.0 UC-1 J0.6·30.7 

SM Jal-30.8 
30,(!-30.9 

F'D-92 - 6.5 UC'- 7 13.6-15. 

FD-91 -13.0 UC-1 36.2-30.3 
31.2-.3/.5 0 39 61 0.0/.5 

UC-3 31,9-32./ 

ML 32.2-3;?,6 

0 13 87 o.ooq 
32.6-3.2,9 

0-92 -6.5 uc-s !U- /1.6 0 47 53 0.003 

11.6-!UJ 
UC-9 15.9-16.2 

OL 

16.2-16.3 
16.3-/6, 5 53 42 0.002 
16.5-/6.< 
/6.6-16. 

TTERBERG 
LIMITS 
r- 

L L PL 

f><>v-.vsr/C 

firm·' ASTIC 

45 26 

28 /9 

SPECIFIC 
GRAVITY 

Go 

2.68 

2. 70 

2.65 

2.68 

N:sl LIDATION DATA SHEAR DATA 
M INITIAL FIN A P, 6~1S~c:~~~E~ZE IN IAI.. -r <I> I

., 
O"m .,., 0" cH A W' Y S w s TEST WI Yi Si 

IN. SQ./N, "to lb.tu.ft. "'to % .. TISCFT TISQF TEST H OorL L 'Yolb.tull. "f. TISCFT TISOFT TISQFT TISQFT TISQFT DEGREES, 

i I 
I ; !~:~; 3.0 3.0 20 /01 82 1.0 0.86 
2 3.0 3.0 0 104 89 2.0 1.4f 0.44 27.0 

I 3 s 10.75 30 30 20103 {}5 4.0 2.35 
uc 7.09 5.0 3D 91 96 0.16 0 

I 15.50 24 102 100 23 04 0.83 1.0 

Ril4oI 30 2! /08 100 l.tiB 7.tJ5 
2 R /.40 3,0 19 110 100 2./6 5.56 0.40 4S.o 
3 R UIO 3.0 20 /10 100 4.32 7.50 

uc 1.40 3.0 20 108 97 
I a /.40 3.0 0 110 100 /.0/J 7.86 
2 Q /.<10 3.0 21 108 100 2.16 16 41 0.50 -'9.5 
3 a lAo ],0 20 108 100 4 32 126 24 

uc 1.40 3.0 2/ !08 99 0.40 0 
I s /.40 3.0 1-"' 101 voo 1.08 8.05 
2 s 1.40 ],0 2 106 99 2.16 /5.55 0.38 46.0 
3 s 1.40 3.0 ~ :~~ 100 '/.32 27..,2 

uc 1.40 3.0 100 0.52 0 

I R 1.44 3 01 43 77 99 0.54 1.18 
2 R /.41 3.0 35 86 100 1.08 2.55 0.0 ,23.0 
3 R 1.43 ],03 36 84 98 2.16 4.90 

I 15. .50 39 80 •• 32 105 0.32 /,0 
I a /.44 3.03 [: ~; 100 O.S-1 /./9 
2 a 1.35 3.03 100 1.08 I 72 0.32 0 
3 a /.3!; .1_11. 40 80 H 2.16 3.32 
I 5 0.75 3.0 30 45 76 99 ,(1,5 0.42 

32 10710.'/5 

2 s 0 75 .3.0 3.0 40 77 90 /.0 0.72 0.!36 30.2 
3 5 075 30 30 ?3 77 /00 /.5 1.00 

I 43 78 /01 /.5 
" 
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'J. S. STANDARD SIEVE SIZE 
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GRAIN SIZE IN MILLIMETERS 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

COMPOSITE CURVE AND PRACTICAL 

RANGE OF EARTH FILL MATERIAL 


NEW BEDFORD HARBOR MASSACHUSETTS 
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GRAIN SIZE IN MILLIMETERS 

DISTANCE TO THE 
LEGEND SOURCE AND LOCATION PROJECT IN MILES TYPE OF MATER I A L 

Assonet Sand and Gravel Co. 18 ® 

Assonet, Mass. 

ENTIRE PIT 


Assonet Sand and Gravel Co. 18 ®and@ 

Assonet, Mass. 

COARSE PORTION OF PIT 


Borge Pit 18 ®and@ 

Assonet, Mass. 


Mederias Freetown Pit Na. I 10 F 

Freetown, Mass. 


Mederios Freetown Pit Na. 2 10 ®and® 

Free town, Mass. 


Tri City Pit 18 
 ® 
Berkley, Mass. 

NOTE 

® Represents GRAVEL BEDDING 

@ Represents FILTER MATERIAL 

HURRICANE PROTECTION 

NEW BEDFORD -FAiRHAVEN 

SOURCES AND GRADATIONS OF 


GRAVEL BEDDING AND 

FILTER MATERiALS 


jNEW BEDfORD HARBOR MASSACHUSETT~ 
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CORPS OF ENGINEERS U S ARMY 
' OF SAFETY FACToRS Fkl'Y4 STABILITY AN~JLYS£5 FC/1? CONSTRI..CTKJN O'WD!1/0N 

HARBOR ~IDE Or..:..LA.\1 !:'!LEII TOP Foi.INDATKW LAYER 0 STRENCT}f 
BOTTOM FOUNDATION LAYER BOi TO/v,1 FtJ'!_'!.Q_AT!ON LA'(!:.R 

0 STRENGTH STRt_/\k:;,~-4- -~p :::,----T,~-F!Vr-;~R STRE/1/CTH 0 
1.25 -- -- ---- ---/-33 

------~--.o----197 
--~-----~ 

/.19 I 58 
I!!Z I.SJ 

1.22 140 
/:40,. 

/.90 2.08 
/ . .36 1.67 

e ~oo 2.07 

1.39 /.74
/.41 1.52 

., C1n::Je c e Po5se:s Throu'j_h Top FoundatiOn Morena! Only 

C1rc/e C-/, 

HARBOR SIDE 

Cirde c -3 0- Circle c
/ /;)--..-.._ 

/ ----~~ y Meon Seo Level 
/ 

/ 

/ 
/ 

/ 

v ' 
/

/ 
/ 

/ 

MATERIAL 

(AJ Armor STone 

( 8) 8edd1n9 Stone Quarry Ru. 
(E) Pr~Jtect"10n St-one 
(F) Crave/ Beddtng 
(G) Ftl'fer Maftmal 
(H) Comp<!Cfed Earth Fill 
(I) Dumped Earth fill 

(J) Rocir Fill 
Top FoundaTion Morena/ 
Bottom Foundof1on Mof•rJo/ 

---~·£x1Sf1ng H:rbor Bo~~ 
--~ 

Orcle C-9, 

sil+y (2T}sand 


lOp Foundof1an Mateoq/ 

/--~~~------~-------~ 

Bottom FoundatiOn Mater10/ 

orqan1c si!fy sand end ~ ---:,dation Material 

sondy.siltrsfroft6eCI) 

~ --~ - - ~--------- --- ~----
-~--------

'J;c Scc!e 

;o' c:o' 
~-

D£SICN VALUES 
UNIT WE/GHT(Y PCF 

Y sot y"""' Ydry Ysvb ¢ 
110 68 
/15 

105 
115 

115 71 
131 IE!! /08 5? 
125 ~~~-~~ 61 

51 

SHEAR STRENGTH 
R s 

¢ ¢ TSF 
+O 
•o• 
40' 
30' 

cTS cTSF 

~io~ 
.35 

3o· 
40' 

56 es' 
54 -~--'"' 0.328<3 23 

HURRICANE PROTECTION 

NEW BEDFORD - FAIRHAVEN 

SUMMARY OF STABILITY ANALYSES 


HARBOR BARRIER 
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U.S. ARMY 

!( 

N 

L:!N =C=0..!2.s?·~·n~ 


~/"N =B = 0 ~B.sq.rn.-----. I 

r}/Q = F = 2 ?.88 sq m.~:N ..£= 

585s.;.m.l>-:N=A =005 sq,,n ~ 11 

""Ill:·
(J !: 

~~I: 	 ! 
'I 
~I 	 11 

~I, 	

! ~I 
~ 	 - - -----~-------- - I"I9·-N~&= 

[\
I\ 

OCL4N 

<D 

'-------~----------~ircle C-3 _____. ~:.::___________ 

y M~on Sea Level 

·Exisfing Horbor EJoftom 

Top 	Foundation Mofer/ol, 
Silt!/ (i' 7) Sond 

Boftom "FDundafion Moferiol 
Orqonic Siltfi Santi ond 
Sandy Si!f (sfrof/F;*'d) _ -..........~ Ll 


"=rap of Stobie .Foundof,on MaTeriel 

IZrli/~d 

~ 

iI <"" -·-HM"'" '"''/ 	 \ 
~ 	 ~ I" 
'>lll~--~~v'\ 
~~ 	 ', 
~ 
~I 
~ 

HARBOR SlOE 

---}-~:.5'1sq.l!!_:._ 

,
11'+

-;:•-T=I=3.34 s 9.,/. 'i:(Z·VR)IJ ··.. I 


''--.__,_ __.--- I 


TYPICAL 

SIDE 

II~ Vectrr i'co/e Co,-, vP(SIOr) Foetor 

5 F. = L c .,.. II"L ;r N fan¢:} 
. . ~r[n} 

1.. c f/1. LA fon40°f(fJ+D)fon30°-ICfon35"f(£-16) ton 2 5" 

!r{H-1} 

(61, 6YO.J2}+2.5[1o, o5YOB3'/);{0. 08+2,33,(0.51T);(O.N}(O. TOQ)f(5B5 +0. 9/YM66lf 

<.S{/3,89-334} 
5F= /./9 

SPACE S CP..LE 
10 0 10 .,..~---~ I 
.so o 50 

VECTOR SCALE 

WEIGHT VECTOR RATIOS 
50 LBS =1.00 

MATE:.-F~ lA L VeCTOR RATIO (V,) 

A ArlftOI ';/on-:• (Dry) 1/J ..,. 50 2.2 0 
A) Ar1110r :>tone (5vb.) 6Ac50=!.36 

D) SeJ,11ng 5tonf'> Gu:m·_!/ r,__,r. (Dry) 1:5. 51)::- 2.30 

'-F'. Pr..;+ec-·on 5tone \ (Dry) 1(].5 + 50 2. I 0 
•P' 6rr?vel 8eddu.;; (Dry) /15 ~ 5r) 2.30 
,j) ./r.;, El F1,fer (:_.lr::J 115 .,.. 50 2.30 
~ .. Grnve/ T1/fer (Sub) 71 ..;. 50 1.42 
.i-[_· C.-.n .. ~c:! tc,·r,..h F,;, tfWo,s;l-} 123 ... 60 ~ 2.16 
r D~ Tpe~i E".->r ... f. r,,, (Sor.) !2 ..~ + 50 2.50 

I '-''-'' ,)~•v E r.~r fill (Sub) 61 + 50 I. 22 
tJ ll.J-::.'. F,/f (Dry) 100 -50 "" c.oo 
iZ· IT'oc 11 ~ill (5uo) 6, 7" .j() /. ;,-_2 
Top Foundol/or; Moler/al (5ub) 56 ~ 50 = /.12 

Bottom Foundof/on Mol-erial (Sub) 547S0=1.08 

Mean SE!a 
l.e.,e! W 

VECTOR DIAGRAM 

HURRICANE PROTECTION 


NEW BEDFORD- FAIRHAVEN 


TYPICAL STABILITY ANALYSIS 


CONSTRUCTION CONDITION- CIRCLE C-3 


HARBOR BARRIER 


NEW BEDFORD HARBOR MASSACHUSETTS 

20ft. 

I 
100 lbs. 
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STRUCTURE 

Clark Cove Dike 
Including Pending Area 

Harbor Barrier Dike Material excavated south of sta. 36+80, exclusive of stripping, 
Including Drainage Ditch 49,500 17,400 32,100 9),600 13,900 19,100 vi.ll be used for construction of dike vest of Sta.. 7.00,Main
and M.Unter.ance Area No. tenance Area No. 1 and adjoining roads, and for fill in vea of 
1 drainage ditch. 

Harbor Barrier, West of 
Assumed Li.Jnit of Coffer 1,100 1,100 78,)00 78,)00 
dam for Sector Gate 
Structure 

Harbor Barrhr, F'.ast of 
Asswned Limit of Coffer.. 
dam for Sector Gate 
Structurpo, Including 

5,600 2,200 ),400 26,700 1,800 25,000 Material PXcavat@
be used in con.et
adjoining roads 

d east of Sta. 
ruction of BarriPr, 

86..00, 
Hai ArPanten.rtce 

exclusive of stripping,will 
No. 2 and 

Maint. Area No. 2 

Harber Barrier Sector 
Gate Structurf! within 
Assumed Limits of Coffer 
dam 

Bypass Channel 
Below Elev. -12 M.SL 

Fairhaven Dike 

Totals 

REQUIRED REQUIRED 
EXCAVATION EARTH FILL 

A B c 
TOTAL ~LECTED WASTE

FOR USE 

=A-B 

D E 
FROM 

TOTAL EXCAVA
TION 

=0.8 B 

F 

FROM 


STOCK
PILES 


=D-E 


REMARKS PERTAINING TO 

ORIGIN AND DISPOSITION 


OF MATERIALS SELECTED 

FOR USE 


Material excavatpd vest ot Sta. 22.00 in Poncling Area and bfot.veen 
153,000 lOS, 700 81,600 )8,200 43,400 	 Stas. 10+JO and 22.00 in dike foundation area, exclusi're of 

stripping, vill be used for construction of dike. 
47.700 

140,000 1.40,000 12),000 12),000 

Seo 
Below 

90,000 
nf'!at linea) 

9),000 
2 r overdepth 

90,000 

{neat lines) 


9),000 

21 overdept.h 


Material excavated fer la.ndside foundation toe drain, exclusive 
23,500 4,500 19,000 17,100 3,600 13,500 of stripping,vill be placed in landside portion of -ii.k:~ embank

mf!n t section. 

452,900 
to 

455,900 

Bypass Channel Excavation f 
To neat lines 
To lines at 2' overdepth 
Lim! ts of quantity of actual excavation 
Losses during pumping, assumed at 5% 

Available for stock piles {stock pile mPasuremer.t) 
Losses due to material required in stock pilP areas 
Jbr grad!n~ and stabilization, assumed at 10% 
Material availablP for use from stock piles 
Material required from stock piles for earth 
fill (embankment measurement) 

By placing all material from Bypass Channel excavation in 
at'out 20% additional material to co.pensate for setUement, 

651,000 
na.ooo 
651,000 to 730,000 

32,600 to .36,500 
618,400 to 693,500 

61,1100 to 69,400 
556,600 to 624,100 

452,900 to 455,900 

the stock piles, there will be 
foundation dbplacemPnt, 

5hrinkage1 over e.xcavation, incorrect topography, more stripping than assu.med, losses due 
to stonns, transportation ete. 

HURRICANE PROTECTION 

NEW BEDFORD- FAIRHAVEN 

QUANTITIES AND DISTRIBUTION 
OF EARTH MATERIALS 

NEW BEDFORD HARBOR MASSACHUSETTS 

PLATE NO. 5-31 



APPENDIX A 
SUMMARY OF TEST DATA 

OTHER THAN SHEAR AND CONSOLIDATION DATA 
HURRICANE PROTECTION -NEW BEDFORD-FAIRHAVEN 

Page Nos. 

A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

A-ll 

A-12 

A-13 

A-14 

A-15 

A-16 

A-17 

A-18 

Exploration Numbers 

FD-2- FD-8 

FD-19 - FD-23 

FD-24 - FD-26 

FD-26 (Cont.) - FD-29 

FD-30 - FD-33 

FD-42 - FD-48, FD-50 

FD-50 (Cont.) - FD-53 

FD-54, FD-56 - FD-61 

FD-62 - FD-68 

FD-70- FD-72, FD-74, FD-75, FD-77, 
FD-78 

FD-80 - FD-84 

FD-85 - FD-90 

FD-91 

FD-92 

FD-92 (Cont.) 

FD-93 - FD-97, FD-106 

FD-107- FD-112 

FD-113- FD-117 



Page Nos. 

A-19 


A-20 


A-21 


A-22 


A-23 


A-24 


A-25 


A-26 


Exploration Numbers 


FD-118- FD-119 


FT-2- FT-6, FT-10, FT-11, FT-16, 

FT-18, FT-20, FT-21 


BD-1 - BD-4 


BD-5- BD-8 


BD-8 (Cont.) - BD-11 


BD-12, BD-14 


BA-1- BA-12 


BT-l - BT-12 




~ 
I 
.... 


...J 
Q. 0 
)( z 
11.1 

FD-2 

FD-3 

FD-4 

FD-5 

FD-6 

:rn-7 

FD-8 

-

>. 
a...,~ 

0 .... ~ 
~.., 

M.S.L. 

-22.1 

-1'3.1 

-8.4 

-9.4 

-7.5 

--$.1 

-6.0 

MECHANICAL ATT. 
11.1 ...J ANALYSIS LIMITS 
...J • % _,o

~ .
ll.O ~ _ID ...J 

Q. ~ 02 11.1 ~:0
(I)

2z 
C( 11.1 (1)) ~i ~~ 2E ...J .J ~~., 0 ., a: o E ..1 Q. 

~ ~Cl) 

J-4 12.0-17.0 ML 010 90 0.014 
J-7 22.0..27.0 SM 20 57 23 0.024 

J-2 4.3- 5.0 SP 27 70 3 0.22 
J-4 8.4-U.O SM 23 56 21 0.016 

J..4 10.7-12.0 SM 13 64 23 

J-1 o.o-2.2 SM 4 83 13 o.o5o 
J-2 2.2-5.o SP-5M 0 93 7 0.078 

J-1 o.o-1.2 OL 044 56 34 
J-2 1.2-).2 ML 0.39 61 o.ol4 

J-1 o.o-3.8 OH ou 89 68 
J-4 12.o-17.0 SM 26 50 24 o.olS 

J-5 lo.5-n.5 ML 1 lS 84 0.003 
J-6 u.5-12.o ML 2 47 51 0.02 
J-7 12.1-13.1 ML 0 7 93 0.002 
J-9 16.6-17.0 SM 156 43 
J-10 17.o-22.0 ·SP-5M 16 77 7 o.u 

• PROVIDENCE VIBRATED DENSITY TEST 

NAT. COMPACTION OATA NAT. DRY OTHER 
U)o WATER STND.AASHO * :;: 

DENSITY 
TESTS "'CONTENT .~,.. 1 LBS/CU FT-~ 

~-
%DRY WT .a:~ a: ui ~ o:::» 0~-> JUC( ~ .... ,.. 0 z ::I >u ...J a: 

~~ .... a: ...J .. C( .. 0 2Q.~ct: • u Q. ...... <Q.Cl) C( 0 oco ><~' Cl) ~ 0 11.1 
(I) a: 

(I) 
~ z ~OC( ~ ID 0 z % 'Z 11.1 

0 Q.0 a:: :I ...J ...J ~ I (I) u~ I 

8 

18 

I 



>
I 

1\) 

..J 
IL 0 
)( z 
1&1 

FD-19 

FD-20 

FD-21 

FD-22 

Wn-23 

>. 
IL 1&1 1
0..JI&. 
I-III 

IM.S.L 

-JJ.J 

-34.4 

-34.3 

-33.6 

-35.3 

MECHANICAL ATT. 
1&1 ..J ANALYSIS LIMITS 
..J • % ..Jo 
ILO 

1 • _ID ..J1

~~2z IL 1&. 02 1&1 U) 

~~ ~~ ~Ec( 1&1 U))o ..J ..J 
0 ., ~4 o E IL., a:: ..J 

1&.(!) 

J-2 3.o- a.o BP..SM 5 as 6 0.13 
J-3 8.o-u.o ML ~ 12 87 o.o04 
J-5 llJ.o-18.0 SP-SM 7~ 12 o.o6o 

J-2 3.5- s.o ML ~ 
2C 80 0.012 

J-3 S.0-10.0 .ML 31 63 0.030 
J-4 ~o.o-lS.o ML 
J-5 l15.o-2o.o ML 0 6 94 0.012 
J-6 ~o.o-21.7 ML 
J-7 ~1.7-26.2 SP 

J-1 o.o- 1.0 SM 
J-3 4.o- 5.o ML 0 ~ 91 o.ou 
J-4 5.0..10.0 ML ~ 94 0.009 
J-5 ~o.o-12.0 ML 1C 9C o.oo6 
J-7 ~S.o-19.1 PP-GM 56 33 u 0.07 

J-3 s.o- a.o ML 0 35 65 0.018 
J-4 ~-o-l4.o ML -16 84 o.Ol.4 
J-5 .o-15.o ML 
J-6 11.5.0-19.0 SM 43 41 16 0.035 

J-1 o-2.0 SM 
J-2 2.0-7.0 ~P-SM 2 90 8 o.u 
J-3 8.o-1o.a ML 8 25 67 
J-4 Lo.o-13.0 SP 
J-5 L).o-lB.o ~P..SM 35 ss 10 0.07 

- ----- - L---- * PROVIDENCE VIBRATED DENSITY TEST. 

NAT. COMPACTION QATA NAT. DRY OTHER 
O)o 

WATER STND.AASHO . 1 DENSITY 
TESTS 

-~-- CONTENT 1 > 1 ;I' ~ LBS/CL! FT 
~- .Q:~ a::u;~o> %DRY WT o:::l ...i
l&lc( 1-~a~>- 0 z ::I >0 ..J ~ a:: 
CLO:: ..J ~ CLI- 0:: • Ill 0 CL......._ c( c( 0 2 

c( 0 1 0 U) a::(/)(!) octO X 0 ' U) 1&1 
1 z ~ c( U) Cl) 0 z % z w 
0 . '# :1. ~ 1 U) 0 CL 
1 4 ..J I 0 

20 

23 
2.67 25 

25 
2.67 24 

28 
14 

28 
26 
24 
24 
8 

24 

19 
8 

32 
22 
20 
9 
9 



>
I 
w 

..J a..>·G. 0 1&.11)( z 0 ..J 1L 
1&.1 ........ 

M.S.L. 

FD-24 
-16.6 

FD-25 - 6.2 

IFD-26 
1- 3.9 

~......-_________ 

MECHANICAL ATT. 
1&.1 ..J ANALYSIS LIMITS 

U)o
..J • % ..Jo - .... 
ao .... ..: _ m 

..J 
u.. _ 

2z A. IL 02 1&.1 IQ U) . ->
UC( 

C( 1&.1 Cl))o ~~~# ~# 2E ..J ..J LLia::: 
0 ., o E A. C)., a:: ~ 

...J G. 
IL en 

C) 

.J-2 J.o.. 8.o SP-SM 38 5~ 8 0.11 
J-3 8.o-u.o SM 30 53 17 

J-1 o.o- 2.0 SP 
J-2 2.0- 6.0 SP ~~ 2 0.20 
J-3 6.0-12.0 SP-SM 12 0.07 
J-4 12.o-l4.o SM 
J-5 14.0-17.0 SP-5M 
J-6 17.0..22.0 SM 0 53 47 
J-7 22.0-27.0 ML 0 6 94 o.oo~ ~-73 
J-8 27.0-31.0 ML 
J-9 31.0-32.0 SM 
J-10 32.o-J5.o SM 9 75 16 0.02~ ~.67 
J-11 35.0-37.0 ML 0 6 94 O.OlC 
J-12 39.0-41.7 ML 

J-1 o.o- 4.o SP-8M 
J-2 4.o- 9.0 SP 990 1 o.u 
J-3 9.0-10.0 SP 
J-4 lo.o-14.o SM 6 51 33 o.oos 
J-5 14.0-19.0 ML 014 86 37 29 
J-6 19.0-21.0 ML 0 43 57 o.~ 
J-7 21.0-25.0 SP-SM 
J-8 22.5-24.0 ML 
J-9 24.0-27.0 ML 0 37 63 o.oos Non P~astj c 
.J-10 27.0-31.0 ML 0 2 98 0.003 
J-11 31.0-)4.0 SP 
J-12 34.0-38.0 SP 6 94 0 0.37 
J-13 38.0-43.0 SM 

* PROVIDENCE VIBRATED DENSITY TEST. 

NAT. COMPACTION 0 ATA NAT. DRY OTHERWATER STNO.AASHO 
* ~ 

DENSITY 
TESTSCONTENT .... > .... LBS/CU FT 

%DRY WT .a::~ a:::u;u.. o::::l _j
1-w> o z ::::1 >u ...J a:: 

...J v C( v 0 2O..l-0::: ·wo a' <1: 
C( 0 .... 0 C/) Q:

OC(O X 0 ' C/) LLI z LLI .... z ~OC( ~ Cll 0 z ::r:: 0 0..0 ~ :::E ..J ...J .... I C/) 
01 I 

12 
10 

23 
15 
28 
20 
16 
22 
31 
34 
9 

16 
26 
21 

26 
16 
15 
24 
52 
25 
18 
24 
21 
32 
13 
16 
22 



-----

..J1&.1 
%..J • _.o..J 1- •>. _CDa.oQ. 0 O.wt- Q. 1

02)( z 2Z0 ..J 1L 1&.1 IL U))oC(1&.1 1-1&.1 .,0CD 

M.. S .L 
edFD-26 ~1iim 

SM43.o-48.oJ-14-3.9 
48.0-52.0 SMJ-15 
52.0-57.0J-16 SM 

ML57.0-61.0J-17 

FD-27 
-8.5 

MLo.o-3.0J-1 
SM3.o-5.oJ-2 

FD-28 -7.3 
SMo.o- 2.0 J-1 
SP2.o- 7.0 J-2r. SP-SM7.o- 9.0 J-3 
SP9.0-12.0J-4 
SM12.o-14.4J-5 

FD-29 
SMo.o- 2.0J-1-34.4 
5WJ-2 2.0- s.s 
ML5.5-7.0J-3 
ML7.o-12.0J-4 
ML13.0.18.0J-5 

J-6 19.0-20.5 ML 
GM20.5-22.0J-7 
SMJ-6' 22.0-22.9 

MECHANICAL 

ANALYSIS 


ATT. NAT. 
LIMITS WATER

U>
CONTENT-~--LL._ 

-> %DRY WT(JC( 

...1 
 ...1 1&.10: ...1 .,. 

..J 
 Q.oQ. C( 0U) 

1 z
0
1 I 

19 
24 
27 
23 

79 
21 

21 
18 
16 
12 
12 

34 
15 
23 

2.67 24 
23 
2.32.68 
9 
9 

COMPACTION DATA 
STND.AASHO 1

1.1.1 >- 1
0: • 1.1..a:~ *0;::::)U)

1-I&J)o oz;::, >(J
Q.t-0: Q.'~ILl~ U)oco cow Ill~0 ::E Ill ...1~ ..J 

NAT. DRY OTHER 
(I)DENSITY 

TESTS 0 E--<LBS/CU FT 

0: .J ..,....1 ~~~ C( < 0 ::E 
P:!O0 1&.1 U) 0:1 00:I: z 1&.1z0 

U) 0 Q.
I1 (J 

...1 
1&.1 

~~ 
0: 
0 

4 

3 
13 
0 
0 

0 
49 

~~ C(O 

~ 

U) 

~ae 
1.1. 

83 13 


67 
83 
38 
32 

8 
20 

28 


2E 
0 E 

o.oo7 
4 0.17 

62 
68 0.022 

o.oo8 
31 
92 

0.012 

if PROVIDENCE VIBRATED DENSITY TEST 



p 

~ 

MECHANICAL ATT. NAT. COMPACTION QATA NAT. DRY OTHER 
1&.1 ..J ANALYSIS LIMITS 

U>o 
WATER Sl'ND.AASHO 

* ~ 
DENSITY 

TESTS 
~~..J ..J • :z:: _,o CONTENT I .... ) .... LBS/CU FT>. .... ..: - .... 

0.. 0 o...., .... o..o _.. ..J ~-
%DRY WT .a::~: a: u; ~ 0:;)

2z 0.. II. 02 1&.1 
~~0

en -> .J ~~~)( z 0 ..J II. 
~~ ~~ 2E 

UC( ........ > 0 z:;) >u ..J .,. a: "i1&.1 ........ C( 1&.1 en> ..J ..J I&.! a: ..J .,. C( 0 
~~ o.. .... a: . 1&.1 u o..' C(a ., a E ..J 0.. IL.(!) C( 0 oca x o' .... 0 w 1/) a: ~5., a: ~ 1/) 1/) z z w 

(!) II. .... z :I: C( 1/) CD 0 ::1: 0 IL. 00
0 02 CD .... I 1/)IM c: .T. .... I ~ ..J ..J u 

FD-)0 
~P..SM-3.6 J-1 O.Q-,1.5 24 

J-2 l.S- 4.o ~P..SM 5 89 6 o.o87 33 
J-3 4.o- 9.o isP..sM 2 90 8 0.12 16 
J-4 9.0-1).0 ~P..SM 16 
J-5 l).0-18.0 SM 3 56 41 21 
J-6 1B.o-26.o SM 22 
J-1 20.0-23.0 ~P-SM 14 
J-8 23.0..27.0 ~P..SM 14 
J-9 27.o-29.0 · SP 18 

IJ-10 29.0-32.0 ~P-SM 0 89 11 0.074 21 
J-11 32.0..37.0 ~P-5M 0 92 8 o.oB 21 
J-12 37.0..42.0 ~P-5M 22 
J-13 42.0-45.5 ML 20 
J-14 45.5-47.0 SM 11 
J-15 47.o-S1.b SM 12 

FD-31 
-32.5 J-3 b.o- 6.o ML 0 Lb 56 0.018 

J-4 6.0-11.0 ML 0 31 69 o.olS 

FD-32 
ft-6.o J-1 o.o- 5.o SP 1 98 1 0.23 

J-" ~.0- 7." C:"'f 28 r;7 15 0.033 

FD-33 
+12.4 J-1 o.o- 4.o SM 0 75 25 o.o24 

J-2 4.0- 5.0 SM ' $8 33 o.ooa 

' -
W PROVIDENCE VIBRATED DENSITY TEST 



~ 

b. 

MECHANICAL ATT. NAT. COMPACTION OATA NAT. DRY OTHER.., ...I ANALYSIS LIMITS U> WATER STND.AASHO 
* :;: 

DENSITY 
TESTS. 

...I ...I. % .... o CONTENT ~ > ~ LBS/CU FTa.>· ~ . -~ 
L 0 LO 

_.. ...I u.._ .a: :r: a: u; u...... ~ 
2z 

L ~ 02 .., 
~~ 

en -> %, RY WT o::::l .J)( z O...J&&. 1&. 

~~ ~~ 2E 
uc ~w>- o z ::::::1 >u ...J • a:.., ~ ... c w en> ...I .J Wa: ...J .. o..~a: . u a..' c < 0 2 

0 ., o E ...I 0.. Q..Cl) c 0 oco >< w, ~ 0 w Cl) a:., a: en Cl) z wu.. en ~ z :r; coen CD 0 z :::cC) 0 0.. 

M.S L ~ I # ~ ~ ...J ~ I Cl) u 

FD-42 
+7.2 J-2 1.3- 5.0 SM 3 78 19 

J-6 10.0-15.0 SM 11 67 22 

FD-43 
+1.1 J-1 0.4- 2.7 SM 13 71 16 

J-5 10.0-15.0 SM 10 72 18 

FD-44 
~2-+7.5 J-1 o.o- 3.2 PP-GM 41 1 0.13 

J-3 5.0- 7.2 sw tl2 85 3 0.21 
J-6 10.0-11.7 SP 6 93 1 0.31 

FD-45 
+1.9 J-2 1.2- 3.9 SM · 1 76 17 

J-4 5.0-10.0 SP l.2 85 3 0.25 

FD-46 
+4.9 J-5 12.0-12.9 SM 3 19 18 

FD-47 
+9.1 J-1 o.o- 4.o GP-GM ~1 35 8 0.12 

J-6 10.0-13.0 SM ;1.7 61 22 

FD-h8 
62+7.8 J-3 7.1-10.0 SM 0 38 

J-6 13.2-15.0 SM ~ 50 14 

FD-50 
~~-6.0 J-2 1.2- ·4.5 SP-SM 

~ 
10 0.075 

J-r 5.0- 8:~ ~P-SM ~ 1g o.o~5
J 1~·0-1~· P-SM 8:t9J- 0 1 .o-1 • SP 0 3

* PROVIDENCE VIBRATED DENSITY TEST 



---- --

I&J 
..J ..J •o.>· ILO 

O..JIL. 
A.
)( 

0 
z ........ 


2z.., .... .., .,c 

M.S.L 
FD-50 ontim ed 

J-13 
B-l.6A 

FD-51 
-14.5 B-2 

B·5 
B-7 
J-8 
B-10 

'i PD-52 
~ -10.9 B-2 

B-4 
J-5 
B-6 
J-7 
J-8 
B-10 
B-12 

FD-53 
- 7.6 J-3 

B-S 
~-7 
~-9 
B-12 
B-14 
J-1S 

.______ --··--  * 

;.o-1o.o ~P-SM 
llo.o-15.o ML 
llo.o-lS.o ML 
lS.o-18.2 ~P.SM 
18.2-20.0 ML 
20.0-25.0 SM 
2S.o-3o.o ML 

MECHANICAL ATT. NAT. 
ANALYSIS LIMITS WATER 

63.7- s.o ~P.SM ~4 ~0 
S.0-1o.o ~P.SM ~0 llo 

SPllo.o-1S.o 31 ~ 
SP 211S.o-2o.o ~ 
SP ~ 9222.5-25.0 3 

2S.o-30.o SP.SM 0 89 ;u 
0 $)SM30.0..3,5.0 "'7 

PROVIDENCE VIBRATED DENSITY TEST. 


U)o 
CONTENT- .... 

~--> %DRY WTuc 
..J2E ..J I&Ja:: ..J .. 

IL.Cl).o E ..J a. c 0UJ .... z
0 
.... I 

o.u 

o.1o 
43 

0.07 

0.16 
0.07 
0.19 
0.21 
0.13 
0.07 

COt.tPACTION OATA 
STND.AASHO 

.... > .... 
.a::::. a:: u; ~ 

.... .., )o 0 z ;:::)
a.. .... a:: • u 
0 co x~'::. c UJ 

* :: 
0;:::) 
>u
a.'UJ 

ID 
~ 2 ~ ..J 

NAT. DRY OTHER
DENSITY 

TESTS 0~LBS/CU FT 
jE~~'a:: _j •..J .. c 0 2c 0 ..,fna::.... o8

%:ZI&Jz0 f/)00...... I u 

I 

4 

I 

I 
' I 

%: .... ....: 
A. IL. 
I&J 
0 

20.0.22.3 
25.o-3o.o 

o.o- s.o 
6.8-10.0 

10.0-15.0 
15.0-20.0 
20.0-25.5 

o.o- s.o 

..J 
..Jo 
_Ill 
02 
UJ)o., 

SP 

SM 


SM 
SM 
SM 
SM 
SM 

SM 

..J 
I&J 

~~ 
a:: 
Cl) 

0 u 

2 
0 
2 

~ 
en 

96 
57 

~~ 
~~ 

0 ~8 
0 ~ 

s 
7 ~~ 

UJ 

~~ 
IL. 

4 
32 

23 
37 
16 
32 
40 

119 
8 

0 ~2 168 
s ~s 10 
0 165 

32 
0 ~0 
0 ~~ 

80 



MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER
11.1 ..J ANALYSIS LIMITS WATER STND.AASHO DENSITY(.))o 

II! t TESTS..J > . ..J • % _.o -. CONTENT •t-> t LBS/CU FT (/} 

A. 0 t • OE-<A. 11.1 t- ILO A. t
_ ID 

..J 
.. _ 

%DRY WT .a::~ 0:: ui ..)( z 0 ..J 1L :l!z 0:1! 11.1 ~ en -> 0~ _j HZ 
11.1 IL 

~~~#~# ~E (.)"' t-~o.~>- oz~ >(.) ..J v a: Zi-il
11.1 .-~~.~ "' en> ..J ..J ""a:: ..J v A. t- 0:: • 1&.1 (.) a' "' <C 0 ~ -<E-<~ 

en 0 en 0:: o E ..J a.. A. C) 
"' 0 oco x o' t 0 1&.1 

VI a: @5en VI.. VI t- z ~ C VI 0 z % z 1&.1C) 
cf. ~ ~ 

ID 0 a.. oo0 t- VIIM ,<:; .T. t- I ..J I (.) 

FD-54 
+4.2 B-3 1.5- 5.0 SP 14 83 3 0.19 

B-5 5.0-10.0 SW-SM 6 86 8 0.08 
B-7 10.o-15.0 SP 9 88 3 0.18 

- . 

FD-56 
+2.5 B-6 10.0-13.2 6M ~0 44 16 

FD-57 . -8.4 J-1 o.o- 5.o SP-SM 2 ~1 7 o.u 
" B-3 5.o- 8.8 SP-SM 6 87 7 0.12 

B-6 1o.o-14.o SP-SM 7 88 5 0.20 
B-9 15.0-20.0 SM 0 87 13 
B-ll 20.0-23.8 SM 0 ~ 32 

FD-58 

~~-2.3 B-3 1.0- 5.0 SM ~1 116 
J-9 15.o-2o.o SM u ~9 

m-59 
~2 gi+2.9 J-1 0.4- 2.5 Sp..SM 6 0.17 

B-5 5.0- 9.2 SP..SM ~2 6 0.19 

:m-60 
-6.2 B-7 10.0-15.0 SP 2 ~4 4 0.17 

B-12 20.0-25.0 SP..SM 0 ~4 6 0.10 
B-15 26.3-30.0 ML 0 31 69 

FD-61 

~2
+1.8 J-~ ).8- 5.0 SP-SM 28 8 0.10 

B 5.0-1~~~ SP ~ 3 0~£2~r.J\ 1n.n...11, ,, ~p ~ 0~ .., 
- - -

4 PROVIDENCE VIBRATED DENSITY TEST 



>
I 


'() 

..J 
Q. 0
)( z 
11.1 

FD-62 

FD-6) 

FD-64 

FD-65 

FD-66 

FD-67 

FD-68 

a.>·....... 
0 ..J 1L ....... 

M.S.L. 

-1.0 

+2..5 

+2.8 

-2.4 

-1.) 

feo.B 

-e.5 

MECHANICAL ATT. 
11.1 ..J ANALYSIS LIMITS 
..J • % ..Jo 
ao ..... ..: _ID ..J 
2z Q. IL 02 11.1 

~#
en 

~~"" 
11.1 en> ~# ~E .J .J 

en Q ., a:: :,c 0 E ..J A. 
ILC) 

J-) 2.)- s.o SM 28 51 21 
J-10 15.0-18.) ML 4 37 59 o.oo6 Non Plas" 

J-) 5.o- 6.7 SP 1) 83 4 0.20 
B-5 6.7-10.0 SP l. 95 4 0.15 
B-7 10.0-12.$ SP 1 96 ) 0.17 
J-10 15.0-17.2 SM 34 50 16 

B-) 1.2- 4.2 SP-5M 12 82 6 0.1) 
B-7 5.8-1o.o SM 22 50 28 

B-6 5.o- 9.4 SP 12 84 4 0.18 

J-2 o.s- 5.o SP 10 88 2 0.29 
J-7 1).o-15.o SM 1) 64 2) 

J-4 s.o- 8.8 sw 7 89 4 o.l4 
B-11 20.0-24.2 SP-SM 29 6o 11 

J-5 6.5- 9.6 SM 5 8) 12 
J-7 12.5-15.0 SM 18 58 24 

'I PROVIDENCE VIBRATED DENSITY TEST 

NAT. CQMPACTION DATA NAT. DRY OTHER 
U> WATER STND.AASHO ..... DENSITY 

TESTS- ..... CONTENT ...... > ..... * ~ LBS/CU FT 
~-

%DRY WT •a:: :.: a:: . ~ 0;:::) U)-> (/) .J 
~tu"" ......... >- Oz;:) >u ..J a::..,a:: ..J .. A.t-0:: "" 

.. 0 ~ 
~11.1~ a' <A. C) 

"" 0 o<o (/) ..... 0 11.1 
(/) a:: <~~(/) 

~ z :l:o <01/) CD 0 z % z 11.1 
0 A. ~Ba::: 2 CD ..J ..... I (/) u..... f ..J 

ie 



---

B-13 21.4-25.0 

FD-75 
-14.5 J-2 1.5- 4.1 

B-5 5.o- 8.8 
B-8 p.o.o-15.o
B-12 20.o-25.5 

FD-77 
34.1 J-3 5.0-10.0 

J-8 116.5-20.0 

FD-78 
34.0 B-4 5.o-1o.o 

SM 0 54 46 

SP 
SP 
SM 
SM 

10 88 2 
3 96 1 
0 64 36 
0 75 25 

0.18 
0.16 

ML 
SM 

0 15 85 
32 45 2) 

0.013 
0.025 

ML 0 )0 70 

"" -- ·-* PROVIDENCE VIBRATED DENSITY TEST 

COMPACTION OATA 
STND.AASHO 

1- >- 1 * ~ 
.o:::!> o:::cn~ 0:;) 

1-1&,1)- 0 z:;) >(.)
A..t-0::: • 1&.1 (.) a.'enoC 0 x o'!> c en Ill

02 Ill ..Ja;:: ..J 

-

NAT. ORY OTHER
DENSITY 

TESTS 

otC/)LBS/CU FT 

0::: ..i ...J or !iwC( 0 2C( <E-<0 ~~.~eno:::1
%: z 1&.1z0 ~~* en Oil. 00I1 (.) 

..J 
A. 
)( 
1&.1 

0 
z 

a.>·11.11
0 ..J II.. 
1-1&.1 

1&.1 
..J • 
ll.O 
2z 
C( 

en 

%: 
1 ...: 
A. IL 
1&.1 
0 

..J 
..Jo 
_ID 
02 
en> 

en 

FD-70 
M.S L 

..o.5 J-2 
B-5 

5.0- 7.9 
~0.5-15.0 

SP..SM 
SM 

FD-71 
-o.3 J-3 

J-5 
7.0-10.0 

ll5.o-17.o 
SM 
SM 

ID-72 
i0.4 B-8 5.0-10.0 SM 

> 
~ 
0 

FD-74 
12.5 J-3 

B-9 
5.o- 7.1 

15.0-20.0 
SP 

SP-SM 

MECHANICAL 

ANALYSIS 


..J en1&.1 ~ 
~E~#~~~# o E0:: ~ II..(!) 

52 0.147 
1857~ 

21 
P-9 

69P.o 
2457 

21 60 19 

0 1 0.27 
0 

99 
o.u95 5 

ATT. NAT. 
WATERLIMITS U> 

CONTENT- .... 
~--> %DRY WT
(.)C( 

..J..J 1&.10::: ..J or 
o..Cl)..J C( 00.. en 1 z

0 
1 I 



---

> 
t. 
~ 

..J 
IL 0 
)( z 
1&1 

FD-80 

FD-81 

FD-82 

FD-83 

Fn-RIJ 

a.>·........ 

0 ..J LL. ........ 


M. c:.L 

-16.1 

-7.9 

-6.3 

-10.9 

~33.4 

1&1 
..J . 
ILO 
::lz 
c( 
(/) 

J-1 

J-7 

J-10 

J-14 


J-2 

J-7 


J-10 

J-14 


B-Q 

J-7 

B-16 

J-23 


J-4 
J-9 
J-10 
B-12 
B-19 

J-3 
J-7 
J-9 

MECHANICAL 

ANALYSIS 


ATT. 

LIMITS 


NAT. 
WATER 

CONTENT 
%DRY WT 

_, <it 
c( 0 
.... z
0 
.... I 

al 
Dried 

48 

CQMPACTION OATA 
STND.AASHO 

' .... >- .... 
.a:~ a: u; ~ 

........ >- 0 z:;:) 

a.._rr . ""'u 
ocro x o' 
~ c( (/)

0::1 1Da:: ..J 

* ~ 
0:;:)
>(.) 
a.'(/) 

ID 
..J 

NAT. DRY 

DENSITY 


LBS/CU FT 

..J <it
c( 

0.... z0 
1 ' 

OTHER 

TESTS 


a: 
c( 
1&1 
% 
(/) 

.J 
0 
(/) 

z 
0 
(.) 

:I 
a: 
1&1 
Q. 

' 

' 
Cll 

0~ 
~ 
&1~~ 

oo 

..J 
% ..Jo

_ID.... ...: 
IL LL. 0::1 
1&1 (1)>.,0 

SP-SMo.o.. s.o 
SM1o.o-15.o 
SP20.0-2.5.0 
SM36.2-38.7 

SP1.2- .5.0 
sc1.5.0-20.0 

21.1-23.4 ~P-SM 

U)o- .... 
~--> _, ucr 
""'a:ILC!)IL (/) 

Z3; Natw 
19 Oven 

1astJc 
19 

20 

last.. c 

27 •.,_ J() .') 

lO.o-lS.o 
lS.o-lB.o 
30.o-3.5.o 
.4o.o-h4.1 

10.0-1.5.0 
20.J-22 • .5 
22.5-2.5.0 
2.5.J-30.0 
4.5.J-.?o.o 

2..4-_.5.0
15..<>-20,.0 
22.7-2.5.0 

SM 

SM 
CL 
SP 
SP 

SM-BC 

SM 


SW-SM 

t~M 

SP-SM 

ML 

ML 

SM 

-

..J 
1&1 

~~ 
a: 
C) 

(/) 

~# 
~ 

11 
22 
1 

23 

4 
26 

ll 
29 

44 
7.5 
2 
4 

46 
31 
8 

20 
6 

70 
92 
20 

2E 
0 E 

o.o1 

0.20 
o.o2S 

0.31 

o.ou 

0.003 

o.l4 
0.18 

0.004 

0.09 

0.14 

0.018 
0.012 
0.020 

3 86 

J 78 
8S 

29 48 

15 81 
3 71 

24 6.5 
20 .51 

3 .53 
0 2.5 

..J 
...J 

33 
24 

Non-1 
3.5 

2S 

Non-I 

1 
1.5 

2 
9 

13 
0 
0 

0 
0 
34 

~ 
~# 
~ 

97 
81 

.52 
60 
79 
ao 
94 

3g 

46 

fi PROVIDENCE VIBRATED DENSITY TEST 

I 



II>
~ 
1'\) 

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OT~ER' 
ILl ..J ANALYSIS LIMITS u,.. WATER STND.AASHO 

* :: 
DENSITY 

TESTS..J • % ..Jo CONTENT ... > ... LBS/CU FT..J >. ... ~ - ... 
A. 0 A. ILl ... A.o _ID ..J ~- %DRY WT .a:~ a: en~ 0:::) 

(f) 

:::Ez A. 1&. 02 ILl 

~#
Cl) -> ...i 01'-<)( z 0 ..J 1&. 

~~ ILl~ ~E 
uc l-11.1> 0 z ;::) >(J ..J • a: :E HZ 

ILl I-ILI c ILl (I)> ..J ..J "'a: ..J • A. I- a: . ILl (J A. ....... c < 0 Z>Ll0 zo o E ..J A.C!) c 0 ... 0 Cl) a:en en a: a.. oco >< o' Cl) ILl z @~~~ ~ 
Cl) ... z ~oc ~ ID 0 z % ILl 

(!) 0 ..J ... I Cl) 0 A. 

M.S .L. 1 I a-:: 2 ..J (J oo 

FD-85 
-18.5 J-4 10.0-1).8 ML 7 2.3 70 

J-7 15.6-20.0 SM 2.3 6o 17 
J-8 20.0-21.9 SM .36 45 19 

FD-86 
-14.7 J-.3 s.o -6.2 SP 19 77 4 0.15 

J-5 10.0-11.8 sw 14 8.3 .3 0.18 
J-7 15.o-2o.o GP-GM 48 41 11 0.07 

FD-87 
-19.2 B-6 10.0-15.0 SM .32 5o 18 0.01( 

J~ ., 15.o-2o.o SM 14 70 16.... 
B-8A 2o.o-25.o SM 2.3 6.3 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 42 48 o.ooJ 3:3 22' 4 
J-1.3 26.1-29.2 SP 44 52 4 0.2.3 
B-17 40.o-45.o SP 0 00 0 0.20 
J-18 45.o-5o.o ML 0 29 71 

FD-89 
-9 • .3 J-2 s.o- 8.o SP 11 84 5 o.l4 

J-.3 B.0-10.0 SP 2 95 .3 0.17 

FD-90 
•1.9 J-2 1.2- s.o SP 1.3 84 3 0.15 

J-.3 5.0- 7.0 SM 966 25 0.02 
J-7 12• .3-15.o ML 0 199 0.003 30 

I PROVIDENCE' VIBRATED DENSITY TEST 



MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER I 

..J · 
ILO 
)( Z 
11.1 

> . 
ILII.J ... 
0 ..J IL 
.,. 11.1 

M.s.t 

11.1 
..J • 
IL.O 
2 Z 
c 
., 

~ 
IL. 
11.1
0 

· 
... 
IL 

..J 
..Jo 
_CD 
0 2 
w > 

., 

ANALYSIS 

..J 
11.1 ~ w 
~~~~~~ 2 E 
a: :;:· o E 
<!' v• IL 

LIM ITS 

..J ..J 

..J a. 

u > WATER STND.AASHO .,_ 
ii:t- CONTENT 1-> t-* ~ 
-0/ :Sa:·~u > to DRY WT .....::!;,.. ow;:, o ~ 

11.1 ~ ..J or IL. .,_a: . z u > ....._ 
:; <!' c 0 0 co x ~' a. 1/) 

1 z ;I: C II) 111e . ~ ::E ~ .J 

DENSITY 
LBS/CUFT 
.J 
c • 
t o 
0 Z 
.... • 

TESTS 

a: _j • 
< o ::E 
11.1 ~ ~ 
Xoa. 
1/) u 

U1 
OE--< 
H:z;3 ~ 
a :z; "bl1.. 
r.-:: o
00 

1 

I 
I 

I 

FD-91 -13.0 
UC-1 30.2-30.3 ML 23 102· '"""" 

30.3-30.6 ML 24 
30.6-30.7 SM 23 101 '"""" 
30.7-30.8 SM 23 104 '"""" 
30.8-30.9 SM 24 103 '"""" 
31.2-31.5 ML 0 39 61 o.o1S Non-P~'-astic 2.68 23 '"""" 

UC-3 31.9-32.1 ML 21 106 '"""" 
ML 19 110 '"""" 
:MI. 20 110 '-"'" 
ML 2. 70 20 108 '"""" 

t 
t: 32.1-32.2 ML 

32.2-32.6 Strat 
20 
20 110 '"""" 

ML&SM 
II 21 108 V'" 

II W 1~ '-"'" 
11 0 13 87 0.009 Non-FPastic 21 108 '"""" 

32.6-32.9 Strat 
ML&SM 20 109 '"""" 

II" 22 106 v-

lt 20 109 \..-'" 
n 20 109 '-"'" 

* PROVIDENCE VIBRATED DENSITY TEST 



.... 
~ 

MECHANICAL ATT. NAT. COMPACTION DATA NAT. DRY OTHER
11.1 ~ ANALYSIS LIMITS 

U> 
WATER STND.AASHO 1 DENSITY 

TESTS~ ~ . % ~0 CONTENT •I * ~ LBS/CU FT (/)

CL>. 1 • - ... > 1 0 E-·•CL 0 CLo _ID ~ ~- •a:: :t: a:: • ~ H ;;:-:;1111 ... 
~ (I) -> %DRY WT o:J2Z CL II. 02 11.1 VI _j _.,..,._.,)( z 0 ~II. uc 1-w> oz:;, >u _. a:: "~ tt...11.1 ~~IZ~ ~~ ~E 'it 0 ~ ~~tR11.1 ....... c rn> _. ~ ILia:: _. 'it CLt-0::: . u CL....._ "' "'Ci :;t!) xiLI' 0 IJ) a:., ., a: ~ Ci E ~ CL 

"' 0 
oco IJ) 1 ILl z ILl ~0 ~ ... z :t:o cOVI (I) 0 z % 00t!) 

0 CL
:··1 c: .I, 0 ?f= :::E (I) _. 1 I IJ) u1 I 

_. 

FD-92 
-6.5 UC-1 6.4- 6.6 SM 28 96 

6.6- 6.7 SP 26 90 
6.7- 6.9 SP 29 90 
6.9- 7.3 SPe.:SM 31 87 
7.3- 7.4 ML Ll. 65 
7.4- 7.8 SM 1 73 26 o.oo8 Non-F last± 2.6t 
7.8- a.o SM 26 81 
8.o- 8.3 SP&ML 32 94 
8.3- 8.4 ML 38 80 

UC-3 8.7- 8.9 SM 25 98 
8.9- 9.0 SM 28 79 
9.0- 9.4 SM 5 67 28 0..028 29 
9.4- 9.6 SM 17 99 
9.6- 9.8 .sl-1 22 95 
9.8-10.1 SM 24 92 

10.1-10.4 SM 28 91 
10.4-10.7 SM 24 102 

UC-5 ll.3-:U.6 OL 0 47 53 0.003 43 77 ........ 

45 26 35 86 ........ 
2.6~ 36 84 ........ 

11.6-11.8 01 37 80 
11.8-11.9 SM 36 84 
12.2-12.5 SH 32 

ll PROVIDENCE VIBRATED DENSITY TEST 



---

2 

. 

..J .A. 0 
)( 

Ill 

FD-92 


.. 
I 


MECHANICAL 
Ill ANALYSIS 
..J • 

..J 
% ..Jo... .... >. ..JA. 0· A. ...1111 (I)Ill0::1IL::lzO..J~ -· Ill (l))o ~E...... ~~~ ~~.,.,c 
0 o Ea: ILc:» 

10 

M..S.L 

(Cont nued) 

UC-7 
 SM 
13.4-13.6 
13.2-13.4 

GM ~2 23 
 0.01635 

13.6-15.2 

SMUC-9 
 68
15.4-15.7 25
7 
 o.ol4 
SM 

15.9-16.2 
15.7-15.8 

OL 
OL 
OL 

16.2-16.3 OL 
OL16.3-16.4 42 
 0.0025 ~3 

16.5-16.6 OL 
16.6-16.7 OL 
16.7-17.2 SM 0.0072 ~0 ~8 

SM~C-11 tl.7. 3-17 .4 
 o.ooe31
3 ~ 
17.5-17.8 OL 
18.0-18.3 SP-SM 0.0701 a8 ~1 

SP~8.3-19.1 

* PROVIDENCE VIBRATED DENSITY 

ATT. 

LIMITS 


..J ..J 

..J 0.. 

23
39 


28 
 19 


-
TEST 

-U)o... 
~--> 
uc 
lllg: 
A.c:» 
(I) 

2.70 

2.67 

2.68 

2.68 

2.67 

NAT. 
WATER 

CONTENT 
%DRY WT 

..J 
c 
... 
~ 

30 


14 

20 

39 

40 

40 

45 

40 

43 

43 


24 

11 


• 
0 
z 

I 


COt.1PACTION QATA 
STND.AASHO 

... >- ... .. :: 
.g:J: c.: u; ~ o:::» 

......> 0 z ;::) >u 
A.I-G: • Ill u ... ...... 

(I)oco x o-;;, 
IDJ:oC 1D 

~ ..J:I ..J 

NAT. DRY 

DENSITY 


LBS/CUFT 


..J 

c 
 •0 
0 
... z 

I
... 

91 


82 

82' 


~g 
77 

77 

78 


OTHER 

TESTS 


Cl) 

0~ 
~ 
~~ 
@58 

Q: 
c 
Ill 
% 
(I) 

""'"'" 

""'"'" 
""'"'" 
""'"'" 
""'"'" 
""'"'" 
""'"'" 

..J 
0 
(I) 

z 
0 
u 

""' 

Q: 
Ill 
A. 



> 

*' 


MECHANICAL ATT. NAT. CQMPACTION OATA NAT. DRY OTHER
1&.1 ..J ANALYSIS LIMITS . WATER STND.AASHO DENSITY 

..J ca.>· ..J • X _,o 0> 
CONTENT * :: LBS/CU FT TESTS 

L 0 ... . - ... .... > ... (/)
1&.11 LO L t

_ ID ..J 
u. _ 

•a:: :.: a:: ui II.. 
I 

)( z 0 ..J &1. 2z 02 1&.1 
~:0

en -> %DRY WT 0:;) .J 
0!'-1 

1&.1 &1. 
~~ ~~ ~E 

oc 1-w> o z J >0 ...J a:: ~~1&.1 t-ILl c en> ~~ ...J ..J "'a: ...J .... Lt-G:: · W 0 ca.' c .... c 0 ~ 
0 en 0 E ..J ~(!) c 0 0 en a:: @~~en a: ~ ;L• 4. oco x o' II) 1 w 

(!) 1 z :.: c II) ID 0 z X z w 
o::::E ID 0 a.

M.S.L 0 ~ ..J ...J 1 • II) 001 I 0 

FD-93 
..9;2 J-1 o;o-~s SM 3 77 20 O;oo8 

J-3 3.3- 4.8 SP-SM 5 89 6 0.;12 
,J-6 ...o.o-15.o SM 23 61 16 

FD-94 ' ' 

-5.1 J-2 4.o.. s.o SP 3 93 4 0•12 
J-3 5.0- 6.1 SP 22 74 4 0.17 
J-5 8.8-10.2 SM 1 79 20 

FD-95 
-9.1 J-2 1.6- 3.7 SP-3M 5 89 6 0.10 

J-6 ...l.0-12.2 SP-SM ~0 54 6 0.13 

FD-96 
-9.6 J-1 o.o- 1.9 SM 0 87 13 

J-3 3.4- 5.0 SP-SM 2 90 8 0.09 
J-5 5.8- 9.5 SM 27 59 14 

FD-97 
-7.8 J-2 1.3- 5.0 SP-3M 26 66 8 0.09 

J-3 5.o- 7.3 SP..SM 34 60 6 o.l4 
J-5 7.7-10.0 SM 17 67 16 

FD-1()( 
+9o0 J-3 1.9- 3.2 SP 37 60 3 0.16 

J-5 5.0-10.0 SP-SM tl.6 78 6 0.16 
J-6 ~o.o-u.5 SM 13 67 20 0.033 

* PROVIDENCE VIBRATED DENSITY TEST 



>
I 
!::; 

...J 
Q. 0 
)( . 
1&1 

ID-107 

Hl-loB 

FD-109 

.FD-110 

FD-111 

FD-112 

Q.>........ o_..._ ... .., 
M.S.L 

+8.5 

+8.6 

+8.4 

·+9.8 

+7.2 

+3.0 

MECHANICAL .., ...J ANALYSIS 
...J • % _.o 
ILO 

... . _.., ...JQ. ... 

~ 
en2z IL 02 

.., 
~i ~~ ~EC( 1&1 en> ., Q ., 
G: o e 

~ ta.

" 

J-).. 5.0-10.0 SM 17 58 25 0.21 
J-4 10.0-12.0 SM 30 55 15 o.o47 

B-4 1.0- 5.0 SP-5M 31 59 10 0.08 
B-10 10.0-13.5 GP-GM ~0 32 8 0.12 

J-2 1.2- 2.8 SPI 25 44 31 0.017 
J-6 12.1-13.9 SP..Sr-1: !-tl 51 8 o.lD 
J-7 17.0-17.5 SP-SM ~0 49 11 0.068 

B-4 3.3- 5.0 ~M ~7 35 18 0.03 
B-6 5.0-10.0 ~M DO 54 26 0.018 

B-3 1.2- 5.0 ~M ~8 ~4 28 0.017 
B-5 5.0- 7.8 ~M ~2 ~ 14 o.o55 
J-6 7.8-10.0 ~M ~11. 147 29 p.011 

J-3 2.6- 5.0 ~p ~· ~3 3 p.27
B-6 5.5-10.0 ~M ~0 31 p.009 

' 

ATT. 
LIMITS 

...J ...J 

...J IL 

0>- ...ta._ 
->
OC(
l&.lg: 
ILO 
(I) 

NAT. 
WATER 

CONTENT 
%DRY WT 

...J • 
C( 0 
... z 
0 
... I 

13 
8 

* 
l 

COMPACTION QATA 
STND.AASHO 

... >- ... * :;:: 
.g: ~ a:: 0 ta. OJ

...11.1> OZJ >0 
a..-a: ..... 0 a.'oca x o ......_ en 
~ c en IDo::E ID ...J'iF ...J 

NAT. DRY OTHER
DENSITY 

TESTSLBS/CUFT 
(/)

• ...i...J a:: 
0 ~~2C( C( en a::0... .... z ~~....z ::E:0 IL0 ~z~Cl)... • 0 ;::::R 

PROVIDENCE VIBRATED DENSITY TEST 



>
I 


~ 

. 
...I 
A. 0 
)( z 
liJ 

FD-113 

FD-114 

FD-115 

FD-116 

FD-ll7 

A.>. 
1&.1~ 

0 ...I II. 
~&1.1 

M.S.L 

+4.9 

+3.2 

+3.3 

+3.9 

+7.8 

MECHANICAL ATT. 
1&.1 ...I ANALYSIS LIMITS 

:1: .... o...I • 
~...:ILO _ ID ...I 

~ fl)2z IL. II. 02 liJ 

~~~#~# ~E"' 
liJ fl)~ ...I .J 
0 en o E ...I a..en 0: ~ II.<!) 

J-3 3.8- 5.0 SP 16,llo 4 0.22 
J-4 s.o- 8.o SP 11 86 3 o.14 
J-8 11.5-12.0 SP 6 91 3 0.16 
J-11 16.5-17.0 SP-SM 24 71 5 0.20 
B-12 15.0-20.0 SP-SM 14 81 5 0.17 
J-13 20.5-20.9 SP 18 80 2 0.18 
B-14 20.0-22.6 SP P-3 85 2 0.17 

J-2 2.S- 3.3 SP 10 87 3 0.20 
J-4 5.6- 6.0 SP 19 11 4 0.14 
B-5 5.0-10.0 SP P-4 81 5 0.14 

J•3 . 2.6- 3.3 SW-S~ ~6 13 11 o.~ 
B-7 5.0-10.0 SP 5 91 4 0.14 
J-9 10.7-14.4 SM 

M56 31 0.013 
B-12 15.0-18.6 SM 48 18 0.028 

J-2 2.2- 5.o SW-SM 6 88 6 0.14 
B-6 10.0-13.3 SW-SM 5 90 5 0.12 

B-3 1.6- 5.0 SM ll2 ~1 31 0.016 
B-5 5.o- 8.8 SM ~2 51 27 0.016 

ll PROVIDENCE VIBRATED DENSITY TEST 

NAT. COMPACTION OATA NAT. DRY OTHER 
0~ 

WATER STND.AASHO 

* t 
DENSITY 

TESTSCONTENT LBS/CU FT-~ ~ ) ~LL. _ 

%DRY WT .o: 3: o: en LL. o:::l ~~-> _j
0"' ~~~.~~ 0 z :::1 >0 ...I a:• 0 ~1&.10: ...I • IL.~O: • 0 IL. ....... "' "' ::Z:rx.:l 
IL.<!) 

"' 0 
0<(0 Xl&.l......._ ~ 0 1&.1 

fl) a: <~lRfl) zfl) 
~ z 3; o(Ocn Ill 0 z ::1: 1&.1 @o0 ~ :E Ill ~ I fl) 0 0.. 
~ I 0 ...I .J 0 00 

I 
I 



p.. 

~ 
'0 

MECHANICAL ATT. NAT. CO,.PACTION QATA NAT. DRY OTHER... ..1 ANALYSIS LIMITS u,.. WATER STND.AASHO ... :;: 
DENSITY 

TESTS. 
:1: LBS/CUFT..1 

L>. 
..1 • _.o - .... CONTENT .... ) .... 

L 0 ....... Lo .... ~ -· ..1 II._ 
o/o DRY W·T .g: ~ g: ui II. 0~ r (I) -> _;)C • 0 ..IlL 2z L IL 02 ... uc ....... ) 0 z ~ >u ..1 IX... ~~ ~~ ~E .J • 0 :I... ....... c fn> ..1 lllg: ..1 • Lt-0: · 111 U L' c C[

0 ., 0 E ..1 ll. LCl) c 0 oco x o' .... 0 ... (I) IX., g: (I) z z ...II. 
(I) .... z •oc ~ ID 0 ::t:«:) 0 .... I (I) 0 L 

M.S.L t- I cs:::: :I ..1 ..1 u 
FD-118 

+1.5 J-3 5.o- 7.5 SP-5M 2U 65 11 0.068 14 
J-4 7.5-1o.o SM 14 44 42 o.oo6 8 
J•5R 10.0-15.0 SM 11
J.;Q 15.0-20.0 SM 13 55 32 0.010 10 

FD-119 

~ +8.3 J-5 6.7- 9.4 SM 65 21 0.029 
J-7 10.0-15.0 SM 68 21 0.021 
J-8 15.o-2o.o SM 24 50 26 o.o14 

. . .. -
• PROVIDENCE VIBRATED DENSITY TEST 



> 
~ 
0 

MECHANICAL ATT. NAT. COMPACTION QATA NAT. DRY OTHER 
LLI ~ ANALYSIS LIMITS U> WATER STND.AASHO 

* ~ 
DENSITY 

TESTS 
~ ~. % ~0 CONTENT ~,.. ~ LBS/CUFTa.>· ~ ..: -~ 
IL 0 ILO -· ~ ~- .jt:~ It: 0 ~LLI~ 

2z IL IL 02 LLI 

~ 
(I) -> %DRY WT 0~ ...1)( z 0 ~IL 

~~ ~a! , 2E 
uc ~ ..... ,.. 0 z ~ >u ~ ... It: ~ LLI t-:"LLI c LLI en> ..J ..J LLIIt: ~ ... Q.t-:lt: • u G. ...... c c 0 

0 .. o E ..J Q.. Q.Cl) c 0 oco x ............ ~ 0 LLI en It:., It: ~ 
(I) z LLIIL en to: z t: cOen ID 0 z % 

M.S.L 
C!) 0 a! "2. ~ to: en 0 Q. 

to:" I ~ I u 

FT-2 +7.2 B-2 o.2- 4.o SP 38 ~8 4 0.19 

FT-3 +8.0 B-2 o.o 3.o SW-5M. ..2 B1 7 0.12 
B-.5 3 • .5- 6.0 SP L.5 63 2 0.22 

FT-4 
+13.4 B-.5 7.0- 8 • .5 SM 9 ~9 32 0.013 

FT-.5 
+11.3 B-.5 8.o- 9 • .5 SP 8 ~9 3' 0.2.5 

FT-6 
8.o B-2 o.9- .5.o SP-5M 3 ~8 9 o.o8 

FT-10 
+7 ·'~ B-2 o.B- 3.3 SM L9 ~2 ~? 

B-4 3.3- 8 • .5 SM >J ~3 4 0.27 

FT-11 
+7.2 B-2 0.7- 3.7 SM ~ ~ ~0 B-4 3.7- 8.o GP 4 0.3.5 

FT-16 
+6•.5 J-2 1.7-ll.O c 

FT-17 +4.8 J-1 o.o-u.o I 
FT-18 +6.1 J-1 o.o-u.o N 7 ~9 4 0.29 (P•r-1 6, J. 2; F'l -17, ~-1; rr-1 )' J-] ; FT-2 ), J-2 FT-~ 1, .J ~2 
FT-20 +7.1 J-2 0.9-ll.O D were coml d.ned to fc Inn a COIIlp psite sample 
FT-21 +8.4 J-2 1.3-11.0 E 

R 
s 

* PROVIDENCE VIBRATED DENSITY TEST. 



..J 
A. 0 
)( z 
11.1 

>.
A.I&Jt-
0..JIA. 
t-11.1 

M.S.L. 

11.1 
..J • 
o.o 
2z 
c., 

% 
t ....: 
A. ..... 
11.1 
0 

..J 
..Jo
_CD 
02 
en>., 

MECHANICAL 
ANALYSIS 

..J 
11.1 

~ 
Cl) 

~oe ~~ ~e 
a: ~ 

.o e .....
C) 

ATT. 
LIMITS 

..J .J 

..J 0.. 

U> 
-t""-> 
uc 
II.! a:
A.Cl)
Cl) 

NAT. 
WATER 

CONTENT 
%DRY WT 

..J • 
c 0 
t- z
0t- I 

BD-1 
-15.6 J-4 

J-5 
J-7 
J-9 

5.0- 6.3 
6.3-10.0 

10.0-15.0 
15.0-20.0 

SP 
OH 
OH 
OH 

1 ~5 4 
0 ~5 ~5 
0 9 ~1 
0 t2o ~0 

0.092 
71 
1Z 
59 

3Z· 
33 
37 

> 
I 
1\) .... 

BD-2 

BD-3 

-14.7 

-14.7 

J-1 
J-h 
J-6 

J-1 
J-2 
J-3 
J-4 
J-6 
J-9 
J-1C 

o.o- 3.5 
7.B-1o.o 

12.5-15.0 

o.o- 2.4 
2.4- 3.1 
3.1- 5.0 
5.0-10.0 

10.0-14.8 
15.0-15.3 
15.3-20.0 

SM 1 t78 t21 
SP 4 ~2 4 
SM 4 ~3 11-3 

SM ~ 'r77 4 
SP 1 ~3 6 
SM 7 r>5 ~8 
ML 0 ~0 t7o 
OL 0 ~6 r>4 
SM 0 ~ DO 

SP-SM 27 p3 0 

o.oo8 
0.21 
o.o65 

0.11 
0.012 
0.018 
0.002 
0.002 
0.048 
0.074 

BD-b 
-14.3 J-1 

J-2 
J-3 
B-5 
J-6 
J-8 
J-9 
J-10 

o.o- 1.5 SM 0 171 ~9 
1.5- 5.0 SM 0 "9 21 
s.o- 5. 8 SP-SM 3 ~ 5 
5.8-10.0 ·SP-sM 0 5 

10.0-14.2 SP-sM 0 ~ 9 
14.2-15.0 ML 0 ')7 
15.0-15.2 SM 

~ 
72 28 

15.2-20.0 SP-SM 78 7 

o.oo6 
0.009 
0.12 
0.13 
0.078 
0.003 

0.087 

27 

-

COMPACTION QATA 
STND.AASHO 

t- >- t * :;:
.a: 311: a: u; ..... 0~ 

t-~~o~> 0 z ~ >u 
A.t-~ ..... u o.' 

Cl)oc )( o' 
CD 

~ :IE ..J 
3l:oC : 

..J 

NAT. DRY OTHERDENSITY 
TESTS 0~LBS/CUFT 

• _j ~-~*..J a: 0 ~ c c Cl) ~es0 a:t 1&.1 00z 11.1z0 % 0 A.Cl)It 0 

7 
9 
9 

'l PROVIDENCE VIBRATED DENSITY TEST 



.., .J 
%.J •.J 	. .Jo1- •L>.L 0 Lo11.11 L 	 1

)( 022z0 	 .J~ -·11.1 	 ~ 
11.1 fn>

••
c~-:-	 .... 0 

~.s.L. 

BD-5 
SM-14.2 J-1 o.o- 3.2 

MECHANICAL 

ANALYSIS 


.J 
fl)11.1 

2E~#~ ~# o Ea: rn ~ c:> 

20 o.o1764 

ATT. NAT. 
LIMITS WATER

0> 
CONTENT- .... ~--> o/o DRY W·Tuc..,a:.J...I ...I • 

A.c:>...I 0. c 0(I) 
1- ze I 

24 

CO,.PACTION QATA 
STND.AASHO ... :;:1 > 1
.a: :.: a: u; ~ o:::::l 

........ > 0 z :::::1 
 >(J
A.t-G: • 11.1 (J A.' 

•
fl)oco x o' 

:l:oC : 
...I~ 	:IE ...I 

NAT. DRY OTHER
DENSITY 

TESTSLBS/CUFT 

• _j...I a: 0 2c c fl)0 a:1 11.1 z 11.1z ::1:0 A.0(I)I1 0 

J-2 
J-3 
J-4 
J-5 

. 	J-6 
J-7 
J-8 

BD-6 
-15.8 J-3t 

f\) B-4
f\) 

J-5 
J-6 
J-8 

BD-7 
-14.3 J-2 

J-3 
J-4 
J-5 

ID-8 
-14.4 J-1 

J-2 
J-4 
J-.5 
B-6 

3.2- 5.0 
5.o- 6.5 
6 • .5-1o.o 

10.0-12.0 
12.0-1.5.0 
1.5.0-18.7 
18.7-20.0 

5.o- 9.5 
s.o- 9 • .5 
9 • .5-10.0 

10.0-15.0 
1.5.0-20.0 

2.3- 5.0 
5.0-10.0 

10.0-15.0 
15.0-20.0 

o.o- 2.1 
2.1- 3.0 
3.7- .5.0 
.5.0-10.0 
.5.0-10.0 

gp· 7 92 
SP-sM ~1 
SP-SM 
SP-SM ro

0 
SP-SM 

SM 
0 

sw 1 

SP 7 
SP 2 
SP 3 
SP 2 

SP-sM 0 

sw 9 
SP-SM 32 
sw-SM 7 
SW-SM 9 

SM 4 
SW-s1 14 
SP-5M 0 

SP 0 

63 
.52 
62 
78 
94 
90 

92 
91 
94 
97 
90 

87 
6.5 
87 
86 

81 
81 
94 
9'> 

SP-sM 1 ~J 

-

1 0.16 
6 0.13 
8 o.u 
8 o.u 

22 
6 0.09 
3 0.23 

1 0.26 
1 0.26 
3 0.16 
1 0.34 

10 

4 0.18 
3 0.15 
6 o.1o 
5 0.14 

15 
5 0.092 
6 0.082 
5 o.o88 
6 0.092 

!I PROVIDENCE VIBRATED DENSITY TEST 



>
I 
N 
\,J 

* PROVIDENCE VIBRATED DENSITY TEST 

..J 
CL 0
)( z 
11.1 

BD-8 

BD-9 

ED-lO 

BD-U 

L_______ 

>. 
CL 11.1 1-
0 ..J 1L 
1-11.1 

M.S.t 

Conti 
-14J+ 

-14.6 

-16.9 

-18.5 

MECHANICAL ATT. 
11.1 ..J ANALYSIS LIMITS 
..J • ::1: ..Jo1- • 
ca.o 1-

_ ID ..J 
2z CL IL 02 11.1 

~ae 
(I) 

~~ ll.lfl.. ~E11.1 (1))- ..J ..JC( 
~·0 ., o E .J ll.., a:: (I) ILc.!) 

ued I 

J-7 10.0-14.0 SP 0 91 3 0.089 
J-9 14.0-15.0 SP-5M 1 92- 7 o.oao 
J-10 15.0-19.0 SP-sM 0 92 8 o.o8o 
J-11 19.0-20.0 SM 5 71 24 

~7J-2 2.0- s.o GP-GM 36 7 0.15 
J-3 s.o- 6.5 SM ~5 72 13 0.067 
J-4 6.5- 8.2 SM 0 86 14 o.o56 

J-1 o.o- 3.0 SM 2 74 2ll 0.009 
J-2 3.0- 3.8 SM 7 81 12 o.o5o 
J-3 3.8- s.o SP 0 91 3 0.15 
J-5 5.7-10.0 SP-SM 1 89 10 0.073 
J-8 15.0-17.0 SP 9 89 2 0.16 
J-10 18.2-18.6 SM 1 54 45 0.019 

J-1 o.o- 2.0 SM 7 19 14 0.034 
J-2 2.0- 4.7 SP-sM 2 80 8 0.15 
J-3 4.7- s.o SP 11-9 76 5 0.16 
J-6 10.0-15.0 ML 0 P-9 81 o.o11 
J-7 1$.0-20.0 ML 0 5 95 ODJ6 

NAT. COMPACTION QATA NAT. DRY OTHER 
I (.) )-

WATER STND.AASHO * :;: 
DENSITY 

TESTSCONTENT 1- )- 1- LBS/CU FT- .....II. _ 

%DRY WT .a::~ a: en ~~.. o::J-> ...i(.)C( 1-11.1)- 0 z;:::) >(.) ..J • a: 2ll.la:: ..J • C( 0CLt-0: • 11.1 U ca.' <D.c.!) C( 0 1- 0 (I) a:oe(O )(o' (I) 11.1(I) 
1- z ~ C( (I) ID 0 z ::t: z 11.1 
0 o 2 ID 1- (I) 0 ll. 
1- I ~ ..J ..J I (.) 

2.68 



>
I 

~ 

·

. 
..J 
L 0 
)( . 
I&J 

ID-12 

BD-14 

L>.
1111-

0 ..J II. 
I-III 

M.S.L 

-11.1 

-ll.9 

MECHANICAL ATT. 
Ill ..J ANALYSIS LIMITS 
..J • :1: ..Jo1- •
A.O 1- _ID ..J 
2z A. II. 02 Ill ~ 

(I) 

~~~~~~ 2E"' 
I&J ell)- ..J ..J 
Q ., c E ...1 A.., a: en ~ 0 

J-1 o.o- 1 • .5 SP 8 88 4 0.16 
J-3 3.3- s.o SP-sM 2 88 10 0.074 
J-? 6.2-10.0 SM 0 .5.5 4.5 
J-7 10.0-14.8 ML 0 36 64 0.012 
J-9 14.8-15.0 SM P-1 40 49 o.ooz 

J-3 3.0- 5.0 SP-sM 0 88 12 
J-4 5.o- 7.2 SP 0 96 4 o.u 
J-? 7.2- 8.3 SM 5 80 15 
J-7 10.0-15.0 SM 1 74 25 
J-8 15.o-2o.o SM 4 81 1.5 

I 
I 

NAT. COMPACTION OATA NAT. DRY OTHER 
0)-

WATER STND.AASHO 1- DENSI.TY 
TESTS

CONTENT 1- )- 1- * ~ LBS/CU FT- .... 
~-

%DRY WT .a: :s a:: ·~ c~-> (/) ...iu"' I-I&J)- cz~ >u ...1 • a:: 
0 ::EI&JQ: ...1 • A. t-It: . u A.' "' <A.(!» 

"' 0 o"'c )(I&J' 1- 0 I&J (/) a::(/) z I&J(/) 
1- z :So "'0(1) II) 0 z ::t: 0 A.0 (f:. ::::E II) ..J 1- I (/) u1- I ..J 

• PROVIDENCE VIBRATED DENSITY TEST 



>
I 

1\) 
\1\ 

..J 
CL. 0
)( z .... 

BA-1 

BA-2 

BA-3 

BA-4 

BA-5 

BA-6 

B/1..-7 

BA-8 

BA-9 

BA-10 

BA-ll 

BA-12 

>. 
CL.~a.~t-
0 ..J ~ 
t-.., 

M.S.L 

+8.1 

+7.8 

+8.8 

+7.8 

+8.3 

+7.6 

+8.3 

+7.J 

+7.8 

+7.3 

+7.7 

+8.1 

MECHANICAL ATT. 
.... ..J ANALYSIS LIMITS 
..J • % ..Jo 

...... ....:ILO _ID ..J 
0::lz IL. ~ 0:::1 .... en .... ~~~#~# ~Ec en> ...J ..J ., 0 ., 

Q: 0 E ..J a.en ~ (!) 

J-lR o.6-4.6 SM 
B-1 0.6-4.6 SM l.l 49 40 o.ol5 

J-lR 0.4-4.8 SM 

J-lR o.6-5.1 SM 

J-lR o.J-4.2 SM 
B-1 0.3-4.2 SM ... 9 51 30 o.o11 

J-lR o.8-S.l SM 

J-lR 0.7-5.4 SM 
B-1 0.7-5.4 SM 30 54 16 0.033 

J-lR o.B-J.5 SM 

J-lR 0.9-3.4 SM 
B-1 0.9-J.4 SM 17 so 33 0.017 

J-lR 0.9-3.6 SM 

J-lR o.8-2.7 SM 

J-lR o.6-4.2 SM 

J-lR o.L-1.6 SM 

... PROVIDENCE VIBRATED DENSITY TEST. 

NAT. COMPACTION 0 ATA NAT. DRY OTHER 
O)o 

WATER STND.AASHO ...... DENSITY 
CONTENT * LBS/CU FT TESTS 

-~-- 1 > ...... ~ 
~- .Q: :!11:-> %DRY WT Q: • ~ o:::len _j
0"' 1-~a.~>- oz:::~ >0 ...J ~ Q: 'i..,Q: ...J ~ Cl..t-lt: . 0 CL. ....... "' "' 

0 
IL.(!) c 0 o"'o Xl&.l....._ (J) 1 0 .... (J) Q: 
(J) 

1 z :!11: 0 
o(O(J) 0 z :I: z ....

Ill 00 Cf= :::::E Ill ...J ...... I (J) CL. 
1 I ...J 0 

10 13 

13 14 

10 10 

10 13 

12 14 

7 9 

7 11 

15 17 

10 12 

11 11 

10 ll 

12 14 



>
I 


~ 

..J 
A. 0 
)( . 
Ill 

BT-l 

BT-2 

BT-3 

BT-4 

BT-5 

BT-6 

BT-7 

BT-8 

BT-9 

Bl'-10 

Bl'-11 

Bl'-12 

L__________ -

a.>· 
~~~~ 

O..JII. 
~.., 

I 

MECHANICAL ATT. 
Ill ..J ANALYSIS LIMITS 
..J • % ..Jo 
a.o ~ ..: _., ..J 

~ 2z A. .... 02 Ill (I) 

~~ ~# 2EC( Ill (1)) ..J ..J 
Q ., c E ..J., a:: A.u) 

&I.«:) 

A 6.0-9.0 GW 64 34 2 o.44 

1 3.o-s.o SP 29 70 1 0.18 

1 s.o-lo.o SP 18 81 1 0.22 

1 4.o-s.o SP-8M 44 so 6 0~12 

1-A 4.o-5.o GP 52 48 0 o.L.5 

B-1 GP 71 25 4 0.38 

B-1 GP 68 31 1 o • .53 

B-1 GP-GM 59 33 8 0.098 

B-1 GW 68 29 3 o.42 

B-1 GP 19 20 1 0.97 

B-1 GP 84 16 0 1.2 

B-1 GP 72 28 0 1.0 

I 
I 

I< PROVIDENCE VIBRATED DENSITY TEST 

NAT. COMPACTION QATA NAT. DRY OTHER 
U)o WATER STND.AASHO 

* ~ 
DENSITY TESTS 

-~ CONTENT ~ )  ~ LBS/CUFT... _ 
%DRY WT •a:: 3lt a:: u; ... a=»-> ...JUC( ~..,>- Q z ::» >(.) ..J a:• 0 2""a:: ..J • A.~G:: • u a.' C( C( 

A.«:) C( 0 occ >< ..,......_ ~ 0 Ill 
(I) a:(I) z Ill(I) ~ z 3lt C(C(I) m 0 z :J: 0 A.0 "a! 2 ~ ..J ~ I (I) u~ I 

lrri-C1ty B>rro-w Pit - Ber ltley, ~ss. 

PeMat veo' s Borr pw P: t - Berk1ey Mass 
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