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ABSTRACT 

, j G~nt~ar t() lhe overall, go~ls:orthe ecolomOlirisl< ~ssessment:study}()r tHe Portsmouth 
NavalSllipyarq,;1<itteryi, :Mciineare"a d~:riptio~ 'of the textural characteriStics of the bottom 
sedimgn\S an~a, 'f<ndwlegg~ of the ~e4nnel1tarye~:vp:o,nrn~nts in the lo~er' Great B4y!Piscataqua 
'River ;Es1;liaiy. ;·~{ly.,qpe~. of:cont,a~a~tsiveil:>S(}~bed." onto ,or are. deposited ,in similar 
10catiQns'a.s)ine grainea sed1Il1imts: ,Ther~fQre,'ffu~~ grai)looq:epositjqhat areas} of the lower 
estuary in the vicinity of the 1?orWl!l~}I;~lt;iN4¥al Shi~yar~weretargetedas:the_main sampling 
sites f()r measuring sediment,ch~s~tf~taxlcitYand~nthi~or~aniSms,.'The,UIliv'ersity of New 
Hamp~hire, was tasked to de~~rmine, thet~xturalchatacte~tic~ of flte1)ottoInsediments in and 
arouncli Portsmouth Harbor (see<r~sk3;ljilJo~tot;i~t at in 'press)~ T~sreport summarizes 
the results of the surficial sedimentgra,iris~e~pd:to~lorgank:matter analyses and presents a 
surficial sediment distribution maponhelowet~tuary~" - ,,' 

, " , '. - -"-:~:;~; ::_i" , ;';"/ 

.' ~ . -, ' 
t, , 

~ - - ,.' -' \,,',/ '-"'.~. ~ "'\ .'>,'-:~,.~,: . - !,-:, ,,', ., .. -~ , 

,A description of the sedimentary environPleitt$intltelolf~rG:reatBay/Pisqataqua River 
Estuary ,was needed in order to help understand an4pred~ct;cQnta~aI1tqi~tril?utions, benthic 
organi$ms, distributions and possible exchanges ol(Il'\ilterl(ij'hetween th~'substra~e and water 
columrt, A number <pf~h~l.I\i~at"co:ntcpvinaJlts,terici tp' 'becQrn~' absQrbed' on: ifine grained 
sedim~nts or settii'iHHn 'tKe}W,a,tef(f.§}ij;ilik irl'ateiis w~~ltiA~s,~~!ped,sediiru~ritsate deposited. 
Theref9re, it, is important in all' ecological assessments o'£):rn:~ri'n~;$ystems,~speqal1y estuarine, 
to identify ,bottom sediment types and to determiri~~:likelyfine' grained;depositional 
enviro*ments. A review of the literature and other data soq:rc~~ ,availabIEl: tothelnvestigators 
of this 'project indicated the preViously collected bottol1\seq~~,I}(in~ormatiaR:(e.g. Mills 1977) 
was in~dequate to describe, even in general terms, the sed~entuiStribution of, th~ Portsmouth 
Naval 5,hipyard (PNS) area. Consequently, prior to the' rese~:rchundertaken dUring the present 
study, very little was kriownconcerningthe surficial sedini~htdistributionit\the10wer estuary 
and no synthesis of the limited amount of data that,was}it:~es~ible wasavaililble. 

, . "'/' -~·k_,':/'."'~'· , 

)'he objectives of the present study were tci·~~t~~inethete?'turalcharadJHsticsof the 
sedimeNs of the lower Great Bay IPiscataquaRiv~t·;,E$tu;;tIT. Jor, the' PN$'JkO,logical Risk 
Assessment and to develop a surficial sediment di,stribution ~p':(Fig,l). T(nicco~plish these 
objectiv(es, various tasks were underta~en between'apptax.imateJy·Aug\lStl991to ;Marsh 1994, 
includitlg ,collecting and analyzing sediment samples from 'appro=xiinate~y, 21:8 locatjans, 
condtic~ing a side Scan sonar survey;an:d reviewing all available datas9\\r~e.s. TQd~te,over 406 
sedime1)tsamples h~ve 1>eencollected :and analyzed from the 218 staii,OR~~,;the's~$mic survey 
,has been ,canducted andithe. re(::QrdSc,r~viewed, and color infrar¢. pn6,t~waphs 'Qf the, lower 
estuary ;(available ,through UNH;JEL) ·reviewed. Thisinforma#0n.l!~s>q~~p~';,$¥I\thesizedand 
incorporated into a surficial sediment distribution map of t,Jl~hiifoot'\;'ateil' >:", ,.' 

"-~;.:n: 
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METHODS 

BOTTOM SEDIMENT SAMPLING 

, ';;;DUi;il)g;~ljeilii£t!ariphitses of the project, Normadeau Associates Inc. collected replica (4) 
surfidal&e(Hil}~hti~i1Piples at 21 station in lower Portsmouth Harbor designat~ PH 1 - PH 21 
atld twO,$t~t~dnS:/tB,t9rklRiver, YR22 andYR23 (Fig. 2). Splits of these samples, which were 
cQ1Jectt1d:with:it"Snfpe%:qrab Sampler, were obtain~ for textural itnalysiswhich included grain 
s~e;,' ~~ter 'cpt{t~}}t,~g!,J9Ss:,oP""ignitior'" (L.()I):~ont~Ilt'(f1nallYtiCilJ',methodsqes<;~ri~ "in, the 
fo119w;frig" seSt,ion)~:,t1Jlt!~¢: c$l~ples "pfbvi9~[a~Xtu.ra,J; ;ipfoh1lClt~Ql»for t.lle ",pr~~i bot,tom 
sediment,·SamR!it;l~!$.j~~s: {Qt. ,Ph~ lof ,the'projeqr(~ lUch :waspr()yi(i~to al1:the~ppropfiate 
investig~t~rs),,:; tlie;pnstaii~~(we;ie (;hp~en)tp:;~epre~eritdeposmollill '~ites:inilnd ar0\ffid the 

, \~?:i,C;Qr.wE~~~tl,~t,:fu~>~tati~llS';'t~reJ~ted ; iii; tbr~t~l"ea.l~,jSfrippt~pnf: .1n~9rder ~~. p:r~"0de 
"aiieqlJ.a.tec()yeJ;'ilg;~,: ,'of;JJ:\~ ,l~w~r ,~tVar}!1 bottom seq!m~n~;'Wer~:~oll~ted,,~t an addlt191\a1197 
"stations,(qe$igpat~tll~seQ~~/i~A:s.~ry,~~'~I\QJ'~~i~fi~$,}tltlJj:z~~' tHe RIY'!ete A. C~,~se: and 
',Smaller ·Q'oats. Positioni\l:g~'~!isdetermJtl~with 1;~~r~~,':it~A:)§uditial sed~ent sarn,J~l~; ~ere 
cQllect~ with a'Shipex @iilb Sampler:;itT:h~'i;ldditlQnMl~tnRles provide 'a \gr.eClter:~:<lensity of 
':.'": .' '-'. . _ ·-~t'~. .~_ - w.,-,:" ... '. "', ~~_\:,. ,. ,",' . "~' ", '-,":" ~.~ "--.- . 
:~tationsand covers aU of the sedimentary~rtcyilpptnent$ljJ,\lthe lowere~wary::~,1J:.\eNHRA~eries 
was collecteqjas partmfaistudy,funded ~y~m~:i~e~:Hamp~hirePort Au#wnt¥>l>ut ,ar~iI\d~ded 

;.h.er,e to improve the coverctge~ of the surfiCial sedtin~nt~p: 'MQst pftheSiiropliilgst~tioi;t$; Which 
were used to construct the latest edition of the surficial !,edib:lentdiStnbutionmap)ar~{shbwn 

{in Figure 3. The locations (l~ngitude aI\qq~titug~),ofJtte stcitions are giv;eI;\}~Appei\qp(1. 
i'.'· '-1:"> _~. ·;.t;<:':.:~-'~"·:':~·:-:·« ,"' :7;' ';.:';-:'>~~~;;::":.'.""-"'''-' \.~.~ ... <,'~~- - :- '< -';> ~- --: ',~> -. 

"(: :~, ,{ 

Textural analyses were conducted on -100 to -150 g (wet weight) of sediment. 
(Immediately after removing the sediment from the sample bag/-a~1-to-.... -3-cc-s1.lbsample-was---~ 
placed in an aluminum drying,dish and the moisture and loss on ignition (LOI) content 
determilledc 'by\weight",loss"on~tlrying)af'less thani SQ4i"(C;iIndJignition at'450o

" C"tespectively 
(UNH-JEL SOP 1.11, in Mueller et al.1992). The % LOI is a simple meastire'(jf'th~t6talorganic 
mittt~r content. However, the method only provides ~n estimate of the total organic carbon 
(TOC) content of the sample. In, order to be able to predict more accurately theTOC content 
based on the LOI,the %totalorgan,ic carbon and % LOIwere detenninedon 43 subsamplesthat 
were representative of the sediment types encountered.in the lower estuary.' TOC was 
determined by gas chromatography with it Carlo Erba' Nitrogen Analyzer. A least· squares 
regression was then established between theLOI and the TOC. 

The grain size analysis followed the wellestaplished methodology outlined in Foil< 1980 
and described in detail irfUNH JEL SOP 1.11 in Mueller et al. (1992):, Briefly,the sediment 
sample beirtganalyzed wa!; normally placed in a large beaker and treated W'ithH20;z to remove 
the readily oxidizable' organics, washed. in,dei(:mized water toremoveanysaHs, placed in a 

" dispersant and subsequently wetsievoo through a63 micron sieve. Some samples were 
analyzed using tnodifications'ofthis procedure. ,The sand and gravel fractions (>63 microns and 
2.00 mm, respeCtively) were removed, .dried and the weight determined. If the sartd or gravel 
fraction (by weight) was greater than 5% oJ thetot~lsample,thenthe grain size ~fthisfraction 
was determin~ via standard sieve analysis. If the weight ofthe sand and gravel fraction was 
less than 5%, then sieve analysis was not done: The grain size of the mud fraction (silt and clay) 
was determined via complete pipette analysis if'it composecimore than 5% ofthe sample, The 
results of the two analysis were merged together to determine the grain size statistics (% gravel, 



". ,i. '_ J:';: 2 ,". ':' ; ... '-'. . 0" ".~ : { 

,F,i.g,ur~ 2 .\'~Oc~1;1:ic(:));l,i,p1ap':li9J :'PH:, ( i;lL fort~mopth H~);QQr ),;and>',¥R,'{( inJY~rk, 
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% sand, % silt, % clay, mean size, sorting.. skewness, and kurtosis) of the entire sample. 

SURFICIAL SEDIMENT DISTRIBUTION MAP 

The surficial sediment distribution map is based on the synthesis of several data bases 
that ,in,clude textural anCllyses ,of thes\l:rfidal.cs~ent samptesiCl~ic:ie' scan'~Jlar;survey, and 

. interi:>r!~tatiotl ph~o19r ~~~red p}fotqS!a.p~. "H~wever,:the primary source of info$a!io~;is the 
surficial sediment sampl~E!~C)llected;ciuri,ng the present 'StudY;l >;. . ' 'f; 

: '" . . '.' , . ~" ",.,.<'£"":. " .. .. ,'.. ji . '., "., ,. • < ' . ::.,.\'...., ,:i~:J 
. .. Thesi~e(sCan sonarfotUv~ywa~ .cpndu~e4:(~hl1'ing·ABr,U '1992 . to ,prq&iMe ¢or~'4e'tailed 

, infotmation'c()ngeP1ing .. the};)(~ttomtyp~s:~n Ipw~r~ortst1loutlt~f[il~b,C)n;iTn~sUrveY;;':"wljlclt was 
.,.co~~'f~t~ by VYoodsllple.O<;eclttogpipbi<;"IMU,tute and Jackson;~~tua~~"91g9ratoF,y,.extended 
,~romt,he''Jijtetstare,~rklge toJ~e mout,hOr 1he~~~ry(Fig:1):~ Na'V,gafiohwa~. pt;oYlded bya 
"lJ.HF.pavigation system;;wiUi~"'mC1$te:r:tr.~nsponderlmda·digi~1 distance1l\eas\lring unit em the 
, vessel'al1<f [elJlote transponders piace<bit ~~rveyed shQ~e statJons ar,~,up<i:th~ p~ril}1~ter' of the 
,~stuary. " P~~i£io:qswere dete~ned.witfr'a,;,r,esolution.of 0.5 t~)~.:!~h~ side. scan' sonar unit 
c~nsisted ,oi!a state-o(~the-art, dual frequencY>Klein. digital ,sid,~scaJ:\il;ecorq,er' (m,odelq95) and 
a Iqeip dual frgquen£y (100.~~nd5OQk!i;Z;)}9W:fish (modet~p?;'1(j.l1:lF~. TI:\e side scan sonar 
reco;~'was annotatec;iby Jh(f compl1tefw~tl\··time;.'a~g,po~itfqn. . . ';r·: ·.u '. f., ..• ' ! 
'~t';"; ~\!,;,,'':i .,.0< ,:" \i~{\:~:;.':j~. j\' </),:,';, ':'. .: 

'\" Jhe characterlsqcS,and se9imenfa.:rye,l1yirphinents cQmpq~irig th~inte(tidal areas around 
the low~r estuary weremappedwi~p th~:ciiQ;ofC;Qlor;infp~t~ fr~il$p~rertt,photographs. ta~enin 
~~~tember 1991 at a scal'~i9f):12~bo~~: TheRRO,tQgrapb'$'~Which i\r~'archived)ltJacks6n EstUarine 

··;.r:'lJ$bori;l~ory, wefe,origin~Jly()btained as:'p~i(pflsalt m,i1:rsh ~RPlllg,proj~t funded!bythe1New 
. H~mp~~re Coastal Pro~l:~p1.' ' ,'/;" , L,' .:.' .' " . ,.' .' ; .' ': 

: ~>,J)c /~. r ;n~~ - ,J, • 

~,'-,. 
til< 

i, ~,;:~~t 
H 

,.C;,;"...,./'~" ...• ' /C-'i<.. j[> /<" .. ,,.,11
' r~', -' . ;I~'\. 

;'~i '" 'SUMMARY ANOREgULTS,~ 

:'" " < ," • , ' I '{~ . "''''. 

TEXTURAL CHARACTERISTICS OF SURFICIAL SEDIM,ENTS"" 

Grain Size. Typical of glacial environments, the grain size of the bottom sediments range 
from large gravel size clasts to very fine grained clays. The mean grain sizes (Fig. 5) of the 
sediment samples range from ~4.87 phi (gravel) from a channel deposit to 8.58 phi (clay) from 
a marsh in Spruce Creek. Appendix 2 contains the grain size statistics and moisture and LOI 
content of all samples analyzed. The defihition of phi units, the conversions to millimeters, and 
the associated sediment sizes are given in Tablel. The sorting of the surfici.H sediments (Fig. 
5) is extremely variable ranging from 0.20 (very well, sorted) to 5:41 phi (extremely poorly 
sorted). So~e of the' best sorted sediments are the, sandy deposits found, in Pepperrell Cove, 
Little Harbor arid in York River; conversely, some of the poorest sorted sediments are from the 
gravelly or sandy gravelly deposits in the Back Channel behind the PNSor from the main 
channelinfront of PNS.Skewnessval\les range from strongly fine~skewed(0;95rto strongly 
coarse-skewed (~O.71). the coarser sediments (larger than ~2 phi) and the finer sediments 
(smaller than 3 phi) tend to be positively skewed~indicating the poor sorting of these sediments 
is .que to finer~grained sediments. Conversely; the sediments in the intermediate sizes (~3 phi 
to 3 phi)tend to be negatively skewed or close to zero. The negative skewness indicates that 
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Figure 5. Binary plots of mean grain size and sorting (A) and mean grain size and skewness (B) 
of surficial sediment samples from the lower Great 8ay/Piscataqua River Estuary. 
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any poor sorting is due to .the inclUSion of coarser-grainedisedimertts. 

The binary plo'tt :of meant;grain· size versus Sorting has a sinusoidal pattern which is 
characteristic of envir6rtrnerttS,:wl'iiCll have three lIlainsizes of 'Sediments composing the (ieposits 
(Fig. 5).Folk(1980)Ji~dieatea'·11~at most natural sediment particles faU within thtee' size 
groupings: gravel betw~en .. 3ilb·",~ phi, fine sand between 2 ,to 3 phi, and clay around;.:W phi. 
Sediment populatid:hS·t,Ema)t'Q\je'~omposedof one of these s,'izegroupingsor are a mi~q;ireof 
the sizes. Although t1t~ri~titt~!)~9uping of sediments is4~~ted (Royse 1970), it isint~t:esting 
to note that the sedim'efits?~ti,~~J9wer estuary indicate th¢.J~)d,stence of three mainpopuIations 
of sediments. The s~e,~n~,rf~i(it)the surficial sediment~~ples from the lower estuary show 
that the sorting (standar4;,~~y'¥i~C)n) improves for meah?~in sizes around, -3. to -5, pp and 
around 2 to 3 phi. Alth~:)\j;glj.,..I)Q;.~mples to date have pJotted around 10 phi, it appears that 
very-fine grained sednnen~A~it~t range are contributin&'i~o the samples as indicat~j~y the 
positive skewness for<~mples\ W:lth means from 6 to 8JPbj.~ These results indicate toot the 
sediments in the lower esttiary'iilre composed of the three's'ediment populations descrilYed by 
Folk (1980). " i, i", 

~. ;!. 

The PH series of stationsJridudedfour replicas (4 separate grab samples) from eacn site. 
As part of the textural analyses program, all four replicas for each station Were analyzed an~ 
grain size statistics determined,allowing assessment of textural heterogeneity over very small 
distances (within several meters) to betnade, Figure 6 shows the mean grain size for stations 
PH 1 to PH,21 and the two stations in York River (YR 22 and YR 23). The standard deviations 
of t~e means of the repli~as indicate the v~it1a,?~.~~/l~.Il'\~'~P'*,9~~in"~i~~~,~~~htnCista,~i?,,, ,is 
relatIvely small, usually bemg less than +_0.6 phI (FIg. 7). However, somewhat unexpectooly, 
there seems to be little relationship between mean grain size and standard deviation. 

Moisture, Total Organic Matter, and Total OrganicCarbon Content. Moisture and total 
organic matter (TOM)~as measured by loss on ignition (LOI), were determined on all of the 
samples collected at the PH and YR series of stations, most of the 55 series, and all of the NHP A 
series. Unlike the PH, 55 and NHP A series, the moisture and LOI content were not measured 
on splits of the samples taken . for grain size analyses. Instead, moisture and LOI were 
determined at 4 cm intervals in short cores (10 to 20 ern) taken in the marshes (MS series). The 
samples for grain size analyses were taken from the surfaces of these cores .. The means of the 
measurements for the entire core are used to examine the relationships among moisture, LOI and 
grain size in the marshes and are reported for each site (Appendix 2). 

It should be noted that determinatiOns of moisture content of coarser sediments can be 
problematic due to sampling techniques. Grab samplers collect both the bottom sediments and 
the overlying water in the sampler which often mix when removed from the grab sampler. 
Conversely, coarser sediments do not hold waterwell,allowing moisture content to be reduced 
while stored in the sample bag, etc. Similarly, determinations of %LOI can be difficult to 
measure accurately for coarser grained sediments due to the heterogeneity of the organic debris . 
in many samples. Care was taken to avoid these problems, however, moisture and LOI results 
of the sediments greaterthan coarse silt are viewed with caution. . 

The moisture contel)t of the samples ranged from 0.3 to 78.8% and varied directly with 
mean grain size, with the finer sediment sizes having higher moisture contents (Fig~ 8). the LOI 
contents range from 0.3 to 42.6%, a,lsovaryingdirectly with grain size (finer sediments having 
higher LOI or total organicinatter). For both moisture and LOI, the highest values occur in the 
marshes, while the lowest in the coarse grained channels. Finer grained sediments tend to have 
higher moisture contents because of the ability 9f clay particles to hold water (Grim 1968). Finer 
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Figure 6. Gram size of replicas from statiqns PH -1 - 21 and YR 22 and 23. 
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grained ~ediments·tel\ci to have high~t::LOIcQnceIltratipnsbecaW?e the. substrate is typically 
anoxic below .,a:<{~~"wp1,pnete~l;:1R:~ea~i~~i;t~1t;·. r~tes .... qf;p>Pdjition" o~ the organic matter. 
Consequ~ntly ,rnois.ture and LOr teI\p. to covary with each other (Fig. !8~. 1 

T~e bm,ary.p}Qt .. of .L0lapdm~ngrClinsjzle. indicatesa,P9sitive,'Unear relationship at 
meangrcfins~es gt~a,te,r;tr.t)m - ~. phito 9 phi for~ubtid~l se<i~e,nts,l~(SS~ PH, and The NHP A 
series). 'At largergrblitsiZ~~\\(:'~?to-2;phi~! fhe'%I;.Olis\1ow,'norlriaUY less than 2%. A small 
number of coarsegtalrred site$llciN:~.;tQIf"val<elching upwata :fpwards 5%. The higher 

" , .. ',',- :,.-~~ ',;~r:,.:,: ,:'t'~~~,_'~<' _;. '_"1-~'!-"_._ t~"'*'_ - ~.'. _o~:;< 

values ar~pro,?ably~uetolth.e a~lYt!~~l'l1t(j~I'~, ,~",~~:?r~¥lQ~rY; The LOI values for the 
marshesm th~ lowe.r ~~MtI.Y g~P€l~ ,frQ.!nfh~~:suqg(laI~~n~ as' expected. Salt marshes 
typically ,rang~.;ip ~hOIfr':>1ll1Q·t9.50;~q(Fr~y,.~nd.B~lsan;i~285),:~fiich corresponds to.the range 
measured during this study. J'h~n~M?~,9t.\~~\marsh sediments does increase with smaller 
sedirnent~ (larger phisizes),howevet;lher~iS a great deal of scaUer;in the data. This is 
somewhat P~~2;~r\g~~15g~,p~ooab~y r~~u!t.E(~~!!f~'!!ff~rent~~pt?~iti9~I·ei!yironrnents within the 
marshes being sampled (e.g. high marshes may have higher%LOI contents than low marshes, 
but the grain s~zes'II)ayb¢rshni1~r). "''j' .. 

, i,~ '. 1 " , 
1 

, ' . ,\1'. l I ; , . 

A,lthou~b Jh~ ~L<:\?I;prQyige$useful in£OrJ:naUOl.'l." .conCe,~J1~~ th~ total organic matter 
content Qf the :sedirnent, it is not as precise ;a measure~ent a~ ,>~f~eI) is desired (as discussed 
previous~yiniMeth~q~):';AlSo; "if is~h()t a measurement of:%":fotal oiganic carbon (Toe). 
Analysis ~f sedirnent:~ml?cl"¥Mt~&asc~rq)nat()gra~;hyis'~~muc~ me'reacctp'ate measure of Toe, 
albeit far: moretimeconsumffi:g·a:nd;.e:>¥pensi<ve~1;;,;'~mItereforel.43 ~mples from the PH surficial 
sedirnent~ and'.~oreswereselected and:analyzedrJu5ing}!both'gas chromatography and simple 
ignitionlp order to deterrnin~~~J;teir~.l~~i9n1?NR,,~~~ween % LOI content and % Toe (Fig. 9). The 
relationship petw~>en t.llesep~r:~J,11et¢r:~ha.~ tOPedetermi)1e,t {or each syst~m being studied due 
to variatipns in,theeffects of diagenesis and grain;.size, as well as analy.tfcal procedures (Craft 
et a1. 1991).';,} , 

I ~ 

R~sults~ of ,a least squares analysis ofthetw;o'variables '$hoWed thflt: 
, ; -".' 

% Toe = 0.26~ (% LOI) 
" . U 

with a r~ 0.7~7(Hig':9i;ojj~th~r~t~r.~~:p~.is set to O. {If not, them "," 
:} : --'-~" ~.:~: ,. < '. <:~;;::::' .:~~; . -'/' ,;" ,,~~~~,;~~, -~. ·,-i,J~\.~~;~,j/S~'~,t~ . \.' ~'_~ 

%,JJX = 0.24~tJ,%LOI) + p.Z44 

with a r ~ 0.807. 

SURIUCIl\l:iSEDIMEN1>DIS'FRTBIJTION MAPi,~~;;:" ,in .. 

The Great Bay/Piscataqua River Estuary was'ca.N~cfdl1i;aiinrtg the glacial advances 
associated with' the Quaternary (geologic time peri()d covering the last two to. three million 
years), which left extensive till deposits behind as the ice retreated. Bottom sediments in 
glaciated embayrnents are typically extremely heterogeneous due to the primary source of 
sediments being till deposits. In addition to the impact of the glaciation, the region has 
undergone a complex sea level history with a. transgression of the sea, a drop in sea level and 
another marine' transgression since the end of the. Wisconsin Glaciation (last major glacial 
period) .. During the last several thousand years, since the rate of sea level dramatically slowed 
(1.5 to 2.0 mm/yr iorPortsmouth Harbor, Hickset al. 1983), the sedimentary deposits in the 
Great Bay /Piscataqua River Estuary have been influenced by tidal action and wave effects .. Due 
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'"Figure 9; Total Qrganic 'Caroon,(TOc)' ;arta,%,l>Ot'coiltertt of,surficial sediment samplesan(t'ofeofes 
'takertinthe:1ower;Great~Bay /PiScataqUa'rRivet; Esfttary;the1inea:r'regression~Uati.oil wa.s:aJtermfrted 
by setting the intercept to 0 in (A) and also by allowing the intercept to be computed (B) . 
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to the combination of these processes, the sedimentary environments within the estuary are 
extremely complex. 

The sedimentary deposits in the lower estuary have been classified using the tertiary 
classifications described in Folk (1954), which use the ratios (or %) of the gravel, sand and mud 

, (silt an4 c~y)£(mt~nt ~~J~.e.ratio.s of the sand,slltprclay cOlltent-.. Other clas~ifications were 
revieWed such as Shepard (1954), however,. Folk's classification, which is com,monly used, 
appears to be (he most'adeq'Uatefor'the sediments.;being;describetl (Fig. 10 and 11). 

" The bottom sediments onthe lower estuary are composed of Cl rayge of sediment types 
from gravels tomijcis,'whichgrade into each.other. ·,The,dOmirtantsediIn~nt typefin the deeper 
channel areas are ~Ildy gravels. Ho\V~yer"ttue gravelS'~;ree:ll<:ountereq. a,ttesting tp the strength 
of the tidalcurrents in thePiscataqua River ana the influence' bltilFdeposifs as a major sediment 
source. The abUndaIJ.ce·of,gravel:roayactually be underestima~ed due't() •. inij'erent problems'in 

. sampijng and analyzing gfavetd~posit~. i It is difficult to collect large clastsjvith the standard 
samplers and to r~trieve adequat~D)atetJal tOJ;<;)I)cipct.~tatistic~llyreliable grain. size analyses 
(Kelly. et aL 1987) .. Also common to the channelsiare·;sand deposits,~~p¢cially neat the entrance 
of the: estuary. A large sand shelf occurs on·the'norlhe:rn side'bfthe"estOary, near the mouth, 
reflecting .the influence of wave aption. lfte fla~'ks ofbpth sid~of th~~entrance to the estuary 
are domiriated by exposed intertidal bedrock or subtidal bedrock, with scattered patches of 
sediment (presumably sand.to gravel vehe¢rs). Kelly etal.(1987) described a subparallel band 
of gravel between the landward sandy areas and seaward rocky areas north of the entrance to 
thePiscataqtia River on the inner 'shelf. It appears from KeUy'etal (therr Figure 10) that the 
northern side of the region just outside the estuary on the inner shelf. is composed of dominantly 
rock, with patches of sandy gravel, gravelly sand and muddy sand. Mills (1977) indicated the 
inne~,ShE?lf, (iirectJ,y'sea\V'arq of .the :mouth;of the,PisCataqua< Rive.ELwaS'-coIpposeG:wflsandiwhile 

..•. gt;itlv:~I;gccurrE!Qju~h to',theJ'\Qrth,R,esu,ltsoMhe, present.'research agree;withthesertrends . for the 
offshore. ',,,' . . .. ; ,i} " ; 

t .; ~ 

Finer grained sediments are found in the shallowembayments and tidal flats which flank 
the deeper channel areas. The very finest sediments were encountered in Clark Cove (the 
embayment between Clark Island and Jamaica Point), in a cove in Spruce Creek and a cove in 
the northern part of Pep perrell Cove (just to the west of the entrance to Chauncey Creek). Most 
notable to the present study are the very fine sediments in Clark Cove. Here, a belt of mud 
forms the perimeter of the embayment, while the more central area is composed or sandy mud . 

. However, the more common fine grained deposits mapped during. the present study are the 
sandy muds to muddy sands, which compose many of the shallow regions. Numerous intertidal 
flats, mapped from the existing NOS bathymetric chart and color infrared photographs, are 
located around most of the lower estuary, especially in the back channel area that lies between 
Portsmouth and New Castle and connects the Piscataqua River with the Atlantic Oce~n through 
Little Harbor. ThesesediInents are dominated by sandy muds to muddy sands. Tnaddition, 
a few scattered salt marsh deposits are found. These marsh sediments range from very fine 
muds to gravelly muddy sand deposits .. The coarse sediments are found in thesmaUerfringing 
marshes which are adjacent·to eroding bedrock or lie on cobble shorelines. 

Despite the large data base incorporated into the map, boundaries between sedimentary 
units (as defined by grain size) are somewhat subjective,slthoughbased on the best information 
available. In some locaJionsthe boundaries between sedimentary units are placed within narrow 
constraints provided by the density of the surficialsedimentsampijng stations. At other 
locations, where the density of the samplingstations is lower, boundary locations are estimated. 
However, the boundaries arecortsideredreasonably accurate. Also, the surficial sediment map 

" 
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.··.w~.e, 19·<;~}lr,fi~!~JI,s~~<;l~11l~;nt. 4is,t;QPH~j~1,l m~J-1t<i>I:;th~ ~Q,w~r!QJZea tllayLJ~~~c~:taqu~;~v¢r Es.t\l~ty. 
;(C9.~.f~r~1l!;~i~,e~5~JSl~.~if\<;tlM?~A~;b,c;l$!W!,~!}'fQ!l<;J:J~54k;Abbl',e~i,atiQnt'~ \\l$~\~n:,the .'nmp;iusiudeG 
j\(SF~~en~; ~.'~~iPc9-.y;,lg,~xe))~i~.'(l!'~~gy,~ng)1, 1?M"~.(~n~y,\lWu'p)I!.~rm:l' ~¥;~~mUg~ .. :'M:~rSneSl;~re 
·:;:~bR~I},mgte~~,·,;)Jn!trti,€,i~.lilr~.Sl.§t~.~@;:$ljgN!}VUgN~r.in7q)lor.Qr .. h<}M~'lllorelt~xture·J:~~n';adjadeht 
*~~R!pr~; ; ;J;;n'l;·~i(l w,aF2:,ll9BJ1ga·tj~~J()f.f~1l~;!llt~~iQ.,'l1~rea~,.at;e,sh9Wn\)y, solipi',bI!;yck Unes/J'W:/ 
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,Figure 11. Surficial seGiment diSfrib'utior{ rna p fbF'the lower C;rea't Bay lPiscataqua' ro.v'~i- EsfiUiry. 
,/Fne,<grain ;$ize dassiflCati011 isoa.:Sed' onF61kti ~54); 'Wl)brt~via tions'fised>61\' the'~p: Ihtiru(f~:, G 
; (grravel)i'SG(Sa\ntly"gravel), S«satid)~\'MS"(mUddy santt):{SM (sil'fidY'~::r:nutH/:aficfM,;,(mtid). 
, Marshes'are\$h6wm 'in greel\;' Mostiilteitftl~r.areas' arE!' slightly' ngnt~f'lnjcofofx6l\tm ve' rpbre 
texture:than adjacent;areas.; ,;1'heseawaiid botn\dafiest'6f;fhe' intettidaParJas"afe"~hown by sofia 
black ,lines. , In~ertidal bedrock is shown as black. Subtidal bedrock with a thin veneer of 
scattered sediment is shown as grey. 
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;;'willipe p~tio4ically,:'Upd~te¢:as.mew.infortnationhecemes availal.?le.2.JfshbultI, be'note<:i':thaMhe 
sunf:iciaLsedUttent:II\ap' and;;te~turabinfdnnation'~tith~'sediriterlts ,,·presented···hererepres.ent a 

.. Ii: .n\a~pr"aa~am:ejnio1li'fund'erstandtng oifr'.th~ sea.itriertta~~env'irorunents. in the.Jower.·estUary,cihd 
meet',ther@vjeetiYEis;j outljn~~iibthe;:i:>ngili.al~Work:;plalY:·. ..f 

.' '·';;·"'f'''':P011ls11JoUth~bo''iiS"J;,~l';;~''$'aff'harbotdnr~~Malnpshil:e;and,pr~ .. 
;Jr~'apf'rc:»dniately.a'5)mulipll,toIis'·Qftshippingtjpet\yeal'(US\AI1llX,t~onps';Qf\Engineers;)in·press) . 
. ·.·;In·.~~diti(!Jn)tQ:4pe'ctl;nxjmerQialiqses,d=?ortsIl'\out1lzH:~tbpl'ihanQ:I~:subrparmes .. and~het;.mUitary 

"~I' N~ssels;;a$socMtedijw:i,th ;t~e /RNS Ql'"otneFiiindustri~lin·*therarea'. ;i :Einally, the J!?w,eJ1,J~tua~ is 
.utlljze'ithy:nqIIletQus.'fjshil)giv'esseJs:andt,priva:te'ple~sJ;ite:·craft~t.Gt~nseqtlehtlyj<the 16wer:ha,rQor 

T.ha:f,been;Jn:odifi~{P}LdI;edgix}g .a"nllmberdof ;'Un\estd1.\lrll}g"tHe last. <;E!n~~·,to' insur~; adequa te 
;.i),~hann.el ~ize\and';d,epthj :anchoraget'aiidk;tuniillg1'basins;;;;'·!Flps;iI1Ql'Udesq:-emOV;al.oi: sediIrieti\tS;'l as 
;>'w§llJ !:lsl~ge,;t.hathas·Qbstt,ti(!t~1:Wate~ays;~"(:Mo$b'oftthes~;]1ln0(U£ications)wete.comBJet.~'~pnor 

to the development of the surficial sediment map. \pt:edgt'itg thaKhassrecently' ot~w.!ll~oceur: in . 
the near future probably will not dramatically eff~t the results presented here. It is likely that 
areas that are dredged will be coveredbya veneer of sediments similar to what was removed 
'Unless the hydrodynamicconditionst~tidar;tahge'an~li'currents) change. The exception to this is 
in the area of Cutts Cove, where extensive modifications are planned associated with the 

'iF eXpans~Qh;of;,thed'~eWJNampshiJ:e ~F;ort:A:l,ltho.tity<pi'ers:and;facilities'z,H0\\rever;"ibis useful to 
';A~Jtell!jt\ill)i.n~,;the,dtecl'gingaqti¥ities Yan(i;rea:!ize thabseme,impaG:ts'rilay' 'hiive .. ocrurroo.\'{i;i' 

'" - . -.' "'!' . • .' . 

·~Qt,<:c.l·\:(:~~~~t·~t~~.3fi.~<;:~r.?~·-/:)~~ " _ ;£~~: ~5fV . . _ .,·,'-df:f:'~·~ :,~:·~·:.!t,~~.~<,·.J'::~ 
. Dredging activities in lower Portsmouth Hal'boF,;,have.::J:iyeen:a@,(!Umeritedi:;irisdme.;detail 

ina report entitled "New HampshireDredged Material Management Study" (U.s. ArmyCorps 
,ti.P(:ic~ng'ID,eJ;~rs,( in. .. ~prl;}ss)i . !,l'hertil1fotJJ;iatiQl); prQYided :~herettjs ';!ba.sedxc;on'i',thisrepc\n'tr .~'. Early 

modifiCations of the Harbor. date back:fJQvtbe;.:,lM~~:~ when ~eq~ra.l spo:nso:r~hip!-,bUiJrt};the.{lOOO' 
caus~W~y'petween New Castle and Goat Island and two ledge areas were removed (Gangway 

\?~~q~ .. lQGa.t~g~pPQ~!tg'QJJh,e!'\Vesl~l1U,eTIPzQf!,BNSt~ndanedg~!at.the.·so~thwestern'.erid,df;~aagers 
;";ifJ$Ian~DriiA ·s~()X\Q ,!1'@jor:lm,Qdifi(mJioJil.~;QC;Wl'J;edin the; 1.960~switl'lthe,;-creati0ri'.of;;thef:"rl€6~2;~JW,le, 

35' deep ,400 to 600' wide chann~l from New Castle to Newington. ThlsihClt).doo.c"remoVi.rtg 
ledge at Henderson Point (southemendof PNS),GangwayRock, Badgers Island (islcind just to 

. r:;;;t:he we~p;o,f:JJNS)¥5thei JJ:S>Rolit~9!51i1;3fi~ge;(between; PoFtsmOl;1thand~ittery¥ ahd.i'~oUirig Rock 
.((lp NelY~~g~Qn;J(lps.tream 'frQJ,l;th~,~tudyc;lr.~!:ll al\gform,ing;t:\¥.o),tUt:rimg basins;(:ne~r 1;3~iJ,ing:l{ock 

and at the end ofthe channel in Newmgton) ... Mostrecetlt Federal activities inClude maintenance 
i';i.iQ{~' thef;~ill<.c~J)nel mc;lu~tpg~ th~§remo~ab@f,]:roek{adjllaenttoi(ljgat,. IsIart.(h.'(opposife3.iside"of 
I<jchq:on,el'qgJ;Qs$;Jlrqm.\s()l;lthe:$\,e.x,t¢:nJ;(\)Jf·R~S):lll:J.99:1;anqlperiQoic. c:t.redgmg;i~of;~I)d·and .. gravel 

from Badgers Island to the Simplex facility in Newington. In addition~t(!)t;theHederaldreQging 
projects (e.g. U.S. AnnYCorps of Engineers), a numb~r of smaller efforts have been undertaken 

,,!py~~tl\l~iW4N%:ifQ~~!l~)r~$,f~p~.;~~teiQf~,N~w~J;ilampsl,\!re an;d{Maiile,{and\~priya~,~{busi'1l~sses:···'Fhis 
:. s)il1cl:q9~S . the ':9:t;Nging, i~fj~b~J:lJle1s}~r~1J;pd;tlleJrNSi:'M'i'W~1l;:asiMf Cli\tk;;;Q()yeN}.·:;;··.¥~:):~ 

, ." . _ . _ _ _ . ,_ _ ". _._ _ . _ . :- .. :_:~' ~'::~;:-l:~'·i~<?rl:~-~Ji~r~--f:~· 
" '. . Little Harbor was originaUy m9dified in the late 1800's to eadyl900'S by thecoI\str4ction 

,';J?fi!b~:tWt9·St~me .. p~~a,;l<~~ters;I~;Jihe;\e~ti1~ne(iht~l.,t~e;JWl'bor"\(a"iSaQn northem>jettyt'aJld ia.9QO' 
'.ii;S9\,JKlwrn.j!;}tt}r~.~01l\F!~J<%i,'~tMli~94)i~.~l1edgil)g.\aJl ,aQOOhlQng/ •. t'7~deep/;lOmwide·,:entr~nce~rihannel 

exJgndiJ;\g·;do. J!1!~;.\~Q4te;f1l~Mbddge/itl1a) ~nlia,Jld\()ragei;basin;.(ZQfl~ ~'Py100.o{;·ljust,(?S0Ut~"·of :.·the 
,~·;;:,',ePtr'J]}~~l). IWh:§;~~tigiootzP~QS~s:ot,;~bese l'l,Jodifj<flAli~nsJby, tqe UoSf/A1tmyl.(j2ohps,t of;·Engineers 
.. which were cOinpleted in 1903 :was to prOVide anchorage for sailing scho.Ofi'~is~::WhilewaitU,\g;to 

. go. into Portsmouth Harbor. T()daytheprimary,useis for recreational and fishingbdats. The 
accommodate these needs, a sma'lJ'iql1~n:!l,~J{(Q~' .i!l~~P~:1:5·,~Q!';1 00' wide) from the Route 1 Bbridge 
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;~betWeend'New' Gistlearld Rye~!into Sagamote£ree:k~aindcentim.tingoI).' to'\Shapleigh; and Goat 
,;Island~wascreated:';by·.the'LJ;S:tfAFmy·COFps;of'iEngmeerS: . A. iprivateQl:lSiness (WentworthLBy~ 

; >:iThe,..Sea)· sponsored the: removaFof.\"'r 2il6,QOQrubic yaras iJl~the198G~s:Jfhe,removalJ6f(""; ~'lOjOOO 
yards of materia Us presently being consi4ef'ed\b:Y;th~iNeWiHampsl1ireiRontfA4thority.h<"i'; 

Noteworthy for the developm~ntofthesurficialsediment map of Portsmouth Iiarbor is e, 

the extent of dredging activities andlMhelt ;m\>WficatictiriS%to' the loWl~l1 'estllaty .. ,'\8mee 'theilate 
1800"s, many of the main channels have been dredged or had ledge removed. Therefore, 

,;:,,'alterat~ons .. due ,lei: ;dredging'lis(alm6st4the~:;I\oqrud cirdurtStartce,~,tather ~ than: .. the' ;exception. 
,i.:di:owever/as s'tatedprew.ouslxrlwith.ctlie eX€eptioil;pf;tP~ear1ychangesltd the ¢hahnelrthe 'oy~rnll 
'i.·,;characteriiStits 'of:;thei'est(.lary{are'.'basieall~Hthe,;same'(ih"terms·of;tidak"rangelJctl:nei:tts}! etc.). 
J(f.ons'equently" thestirfidial· sediments1,£founddh,fue' .. ldwen esm~ryl/may;\ibealferetl,over short 
",penods,butdthe' phy~icalprocesses;that'di,ctate'th:e} composition'" of: thebottoin liKelyrehtain 

'jullGrranged:J Therefore;, the cl\a~Cl'~e1li$ticsnof ~'the,'bottom~:~ht;;wn'in"flte,'Siirfi(tial" sediment 
. '.' qistrihution' map iareprobably~rtjpresenfatiitf{0~';eqUilibriU~i conditi0ru?;smce onl}" One' rrlajor 
.~ ,>dredgirlg;,project;, (removalrof~ledge"fr()m; nea;t,?:Goat'lslandin;.l99l)'o'Ccuried i QurWs;the . period 
, .,' the~sarhples;w¢re'collectedfdr~p~lstudY· ' ',' , 

".'1,' Based·, on,theanalyses"of Iwer::4QO; sedim~nf'samplesvfroJ;ll' ",,2'18sta'tionsin . lower Great 
Ba y /Piscataqua1River"EstuallY:(PortsmouthHal1hor. inclu:clii1glLittle:,iWarbor) i ia iside~ scan;:soilar 
survey, color infrared photographs, and the development oEa surficial sediment distribution 

'mapAhe follOwingcondlusiortsare,madEl!{:: ... ·:; ;Ll ." '; 

"':1 •. ' The,botton:i'<sedimentsy(in'tiluding'stibtidallint~tticl:ahmatsj'and, mtertidal' salt ·llla·rshes); are 
. '.' extretnelY.heterogeneous t·aliging from' gravels ';tGhmtids~:';;( .' .. ,' :);, 

.;, ',Zl [THei bottomsediments~are COl11p(;)sedofitnree mam:',gtam'siZe'populatiarts 'ot.truxtutesdf;these 
"popula:tiOt'lSwhidl'indudegrave1s(iS phi to ';3>phi)i;fine,sands«2'phito'3 phil'and mtids·frbm 

',,(8phhto~.:lo., phH,'!', .", ; : 

.3;;· .1ih¢d~amtbiUty·in . grain size· oharaderistics,overt·small\distlnkes, (several meterS)" is small 
'\(nbr,m~Hly lessthan,.o~6phi), .irtdicatinga sin'gle pomtsample,'represents the'sa:mplirtg StAtion. 

:' '. J' ,\,' .,,',.':~" ,~ '~\i 

.... 4. ,MoiSture and"tota16rgahic matter: contents. 0flthe fbottom' sediments c'ovary witW"eadt dther 
l' an~ with. mean;}g,rai{l,sizt?JFhe: 'nllest'grilirted se'G:hnents 'haVec(the'highesFrnoistUte' aIid.<tdtal 

0~garuc::mattei eorttehts>i';")«;' !In···· ., .' 

.U 
.. ,; :5~ 'Fhe; total , organici carbon·ahdf'total organic rnatterV{as . measUreo,:by' 16Ss;Qn~ ignitrort)'~f' the 

bottom sediment· covanes. 'The:tdfalorganiC cathon .con:tertf.€onst1ttm~s}.J.;45tbHO%.6'f Ute .fotal 
organic; matter. ' 

:A6: Theehannelsirt,the IbWett,~stuary:are"dominaiitlysarlclt·grav~l$ t~'gravelst!, Most :shailbw. 
[tfsubtida,'},;'orJntertidal i flats';al'e's,i"ndy'muds *> :m4PdM\:sallds;ht>w~"et 's'Omeshallow ,sand'flats 
},,:;occur:;', :N1u.d',idep'6sHs. are less,common'~and'l1S{lally: o¢<rur lin the,~upper're~clfes 'of'cO:ves/'On'e of 
.,;the,.,fjrtesL gr~jned'tsed,imerif depositenc6untered durlng:.thi$: study ;occUtreil''tin@lark'Cove, 

"'ap,jacent tbthe'PNS.\, .. J>; .,...., ,"~.\ ".:.;, r ;';1 :,k:"Yi'< 

~ .. : .co - f._' ' 

'" '20 
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UnLversity;of New: Hampshire.,:, J'heauthofigrcttefUllyackrtowJep.ges',:thg:'NavrssupPOrlic'>The 
cohHnuing'inh?rest;input:anasupponfrotniRobertJohn$torrandJefofC;t!:)vnoug~()fNGCQSC;ahd 
Lt. James Conroy, Debbie Carlson, ,Simeon Hahn'and'Mark LiepertoHheNortherndJiVlsion'is 
appreciated. The design of the study was aided by extensivedisC1lssions\Vith RotJert Johnston, 
.Fred~rick Sh6rF(UNPL;jEL) ·,.and,D~vid<,Burdiek;:aJNM,JEM~Jti<i,JatneS TayOn ,(fNS) "provicfed 
logistical support for parts of the field work. Much of the field and.:1~,,6fatorywdrkwascamed 

~ " .out with the aid of James Jefferson, Philip PopeiChris Hartman, Gwen Gengenbach (all of 
"UNH)iJ;q;;he';field wO*'w~s;alsoi1idedi bYithe:captain.(PaulPeDetier);arid thernate'(KertM'Qutler) 
of the R/V Jere A. Chase and the R/V Gulf Challenger. Wayne Spenceri(WHOn;faCijitate<Uhe 
seismic survey. Additional support for work study students for this project was provided by 

dhe,UNH,WL. ,",J ",>:,,~, '" ','3 '", ,;, ," ,; 
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APPENDIX 1 .. ,STA110N tb'CATIONS . 
. , .•• ;, - ."' : 'f C", ". -;. ' 

""- ". T 
NaVigation ·"I;.,~QifE3Ctiild . cOrreCted .... ' ..... . '. 

. ' PHs'E..RIE$ (;RAB;SAMP.LES .... ' '. ,:. . '. .' .•.. <' .' i""'!' ," ..... , . •... .• ";' 'i';>;' ' :" ;, 
.:. ·Npt.I9:.I?[:i :sf(@Qn§w,er~J9¢atE'KJVisuallyonthenaVigq!!oiiqli:9harrCQordlhates'weferead froitf~choft .. N-gTristrument correction of 

·cW!gliiateSwe[&~Ii;.>le, Anyc'dtrectlOns;wef~ d()n~J:~yvlijdal examlnqtloh of the locmlon map aoo replotfing. I"., '.' 

·P.H ~li.Ll990.··.'·.i~ •. ·" .. ,··.·.· •.••.. · .. 1·.·., ...... ···w.". ;'; ii> .. , .> ..•.. ,. '4.:t •.. '.04 .•..• · .. f50 ..•. 5 ..... ··7044;37.0 . SEOf .. d.'·.:y-'·d ..•. ·()C.' ...... k.J .. C!t.,.PN.Sy.· ..•. 75'.ff9.rn.'·.p.·.IIef.i3.5'Ofsed. 
PH-12A 1~;. ,f, ';' ~,~:.'!; r.;. ;/ ~;3,Q4:45;5 70442if3'" SWofoertf\.3pj-·,RNSY;,.· ".' 
PrH3199Ci;Qho<: ,: . ';. '.~"..'" " 4~0i4 56.;3 70 44 ~2. Off drY:ddck;3 c;it PNSY(60' trorr:(P,ler .40'+ of sed. 
PH"l,(l" 1990' Ctlqjf' ; .. ~;c;\; , • '.i, ;431;0433. '7 70 M 38.4 N ()fPlerc~ ~Jat:ld;,ln ~Igross ~::t;"-=-';",:~ -'----:-~-l 
PH,,;1$·1990;"·G.h9rt,. ;".' " ", i;;:)i ~3QP'08:1" 7045 90~~" IfjPlsCdtqqUQ.R,.N~ OfiO~~~~S .cove. eelgrass 

.;;,,, . P/,J::;lq'; J99,Q ,~;;~~.Iil~rt;;" . ...ii ; .; , .," '" .... ~305 12:4' 70;,15~3;O E of Freeman:l!P,;t'Foliii:i~JrioUth oNi\1let ~ In eelgrass 
":: '.' ,PHon}' :lm).,:~hqct,;· . .;", ··'1···.\ ..•. . 43 M 57,'6 70'44 49.6 JUst Sdf WCrttI~bYrY:I$IQnp;'ln ee,/grasSbed 

"',;[, ". ~t-l.";16i} .l.9<20,'.\CJl.qr1;;::: >.>,;: ' A3;Q5 04.8 70M 08:2'" Bide ()fl;!dc,KQqt~:elitriJp;pNSY.ln~lgrass bed 
pH"19:" )999, '~:::'C;:6qr:C.~:,k ',: '. . .. ::.:,;430455:4" 7()43 29.0 ', .. Wof'Jamalcq,l$l: 111 back¢mohh6l,of PNSY. eelgraSl 

. "PH"2!\) '~i990 :;';:: ¢i:)giL:· <', ',', , :; A3;t)$H5;4 . 70 43 01. . Neat N ;shbr~'Qt§!j1trdhC~ t(? Bqrt~rs Creek 
,E't!-2,k> 1 92!E , ~.hgr:t" .. ~:{).',. ' ". 4a;O$'26:S 70'43)4;(; 6. of Admlr(Jlt~tVllliiiQe:;':I' 

, 
t·-· , 

";, " ·$S9:"l9.9'lVQyqg~I;:>: "", .;, i ;;, '43.04 06)~ ,7,.0:4240:8 ,~Q~~ ~!ofJJ5C(S;stdtfqh -,Gerrlst'd$lgnd ' 
!+ .'r.:: ',', sSlO' "l9lYYStQYQger ·,:f'.' . ' ". ' .... \, ,4:,M 16: ... io422]:t 'CoVe S6f.OSC,~)tdtlorh:~rrlSh:lslarid\ 

SSl.ll99J),IgYQger .. . '~:"')4~0422r~ • 70 4204:2 COileS'ofUS.¢¢~QtI6r'r;;":Gerrlst')I$IQnd 

," ~', 
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, ·,<5526 .... ~1991 'j'\lQ'yctge(' ',.;< " , .. 4:r0514:4?, 70~A8;t '. 'N'sld$oflntEifStcite~Rte;lBbrldQEj , 
,. .$529.' 1991'WWOg¢i. .,! '430516;6'~! 70;'45:43:S'X .. 'Nslde ofJnferSfQt~'Rte;lB bi'Jdge' 

SS39 1991 ,Voyager .. , 43~3M 7046.14.~ NQfI95t:?!1pgec8plnl'leyCleek. no sample 

:.:I.r·ss:{s "1.99,] Vc':5yqg~r I;" ;43 06 05A 704T07j F,uelTank$' Ellohc;>wn lar'lql.ng 
'''8539'' 199C·'yoYQger' ..:i ," 43:Cl612.1l... 7041Q3.t ." F~rtphk~ ... EllbftownIQr'lC;llng: ;, 

, ( 

.S$l~'l9Ql.irbfernd\l .. '<, '.. . 4.· .. 3 ••... ~.' .. Qs ........ · .. OO ... .7 7 .. 0 .• 44 .... 4 •. 9 .. (, . G.lose ..... t .. O.'. sno.· .• e". .." .a.· ..• II.,e ... o., ... ·'.v.e. bc::jh .•....• '.n .• dWattlebury lsI. ~74~. .199Y 'l()f~rnQ\1'; , ,fi\ ·'43,~0459,.Q 70.44 46.1: 8E!1ween We IslQfl9 and P~SV • 
SS1R. 1991 'Int~rn9Vi' .i" •• • •. ·,)~i' i '<. '. 43:0;a49:6 70446Q,~\ TlpqfPNSY(o . r2);" .··1 ,; 
f§76l, 199,Jt"lnt~rOl:lY' '.'"'. ·· ... 43'O&Cl.<1,1 704540 . .7 N~xt.tO_sct""!\"",,,i;>ler'!.,:. ..... ' 

.$§77> J 29l ,,)rjt~~hoy:" 't,:"'tC:';-i,,). .> ~.': ><.->< .,. ___ :<: ;:' .. ~~', 43~J)$,,~~a 70 45 35,.,:' - MfdWay:' ·~Ib.t :t~. Rtei~-··JJ\,brltJ~ 

. &SZ8 1991" Itlterf)o"" ,'c"'.J 43.Q5,·oa,O . 704S'i3.1 Neore(lt .,'. W $~C)f:Bapg~rs 1$191)d 
"',"5$79', ··W91."!··.~"!·· "'.' . !' '43l!la53.4' 7(j'46'21.~c . 43. C:)6>1 5;,r; 7041>37{~ ... Undet,lht~r te.Rf~i lln)rl,clge.Jjgdge~ Island side 

; \ .~sse(f~ 'l99J-: - 'Irit$fRa\;:· - ,', -.~ '-':~:". _ \"--~>::.; .. - .:/ . \ ~,~,~ .15~3" -704549.-1 Of(F-'~mqn's;-P~lnr" ;;.~- .. , .. ' ': '~'d. ' 

SSSt" 1Wf'.:.intertiOv· , :' ',ire 43.P521:o!1 704547.1;, Mld-:ehonneIQff'F" m'Q(l'~ Point;>, / 
5$82';1'991' lntefna',r ,t· ...... " ,'X" , .. ~~ 9?:23.7 7045 4:2.~ N$lde~fd 9~:~~by F~:ShOuse 
5583, 199j;Jnt~t'rlQ\i' .. " .', 'C"" .'" .'; ,~~~;25.7 70 45~7.0 CovepyFE,;" c.' ...• "! 

" '$$91'·:" TwrV9Vag'i:ir 1',43.05 09.6 ., 10'45'42.6": ~~ OS:09.C 70 45~7.d Mlddle.()fl . .. klBbrldge.':' ., 
$$92'" 1<:;<,1:1' !1\iQyQger' 4305:06.0 ." 764q46:!}': i4~05:03;C . 7045 ao;~" Scrapvt:udpfef e "'?)I,"'.i 
.. ~93 .c .• 1991.-':19 Vi':, ........ ,' >, '4305;03:C . 7045,32.4 WentrQr)q 'nd(iTJJg~hQnnel) 
5594' 1921,\19 .d43'i05J)).8' '10:4&1(\)8,4 ,'il '43'04.59;1:, .704504.0 Warren$ L' . J~~g€J~,~ lsI.) 

'SS91)" :il99hV':'A3.~'3~A": t.irJ4i!l:Q7.2:·. 'il30.l.r37;~ 7041) 01.6, Commer ~1~Y+':"b!'"-''':-i',I--,-__ ~ 
SSrHF'·'1991;f lf~'~:::" .. ( ,i . . 1"1' ljd4;11j5 70M19,1., ChQrine! hlSf;q'QdGoatlsl. 

.,. ,5511) 199J\'~':'l 'Ii.;:: iIJ'304i05;1 7044 30.~: Chen~I'ram~,pt.qbf'f'Goot lsI. 
jS$lJl<l'::1991 <':'/'), ? .'" ;,; ¥i~04~07i2 ' '. 7044 07.,1, South Qf " ''riet;:::,: 2;' 

';,~n~:>;l99l Vc i" .. '.",) .. ; .. ' ,;, 14304'07:6 104357.7, "Nor/hot ~~.:,;c .. "-,~-.~,~..--''-+---I 
L.::~n:l1 ". 1991\)'; "; .~. 'i '" .. . .', ,\. .i~/ 4'~9il:02\6 70·4406.7 W~Qfi'p .,'...... '.' ,.:',,' .\ 

;';"SSB&~1991 . I V,···" ....,~.. ".':'. '8 t43.03sa;'7 704416.4 ¢han~If\j~:C5ftl~ch Island 
·~tl~ t991Inil'" '~<,i' ;, 3::'·< \'1300'·58:5 '7044~;9,) NE0Heach'l5ldncf',," ..... 
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, 'C ~r r 
"'~~--~--~N~~~~~glaH~o-n+' -r~~i--+;'-"+'--0~:::,~~.-,~~'~~'0-~~'ec-t7,~~, ~'~·~C~orr-'Qct+:~ced+.·~~· +-~--~)'-iq-(Y~.2-;;1~;C+ •• --~--r---~~----~ 

station Y~r method,.: Latitude r ~pi;gttude ..... tci:tfud~, j,i.LpfiQfrL!de'Basic LoC:'atiohi"', :,,:t" : 
,', 

SS22i2 1991i;;lnt~tllQv' "' . . i', . ' ..... : ',., ••........ :.lt3;~25.2 7C)44',lp;\1 Just~6f~tlsldn'dj ii.~'i 1. ,!", 
, 5S223 1991 Int~tnov ""',;,;: ":;i"',;?',,,. 43'0434.7 70~1l4J,~. WotFlshlng~lpn(;j;"" C :, 
'''''1;5$224'''' 1991ant~rnOv, '," ' ;:1'''' "'~. :;. . i 1I3;1;liI3;2.5 • 70 ~;r8.Q Wof Fl$hlnQ"iSli;J"a,~ J ';;f ;. ' r" 

", 55225' ., e 1991;;lnterndV . ."", i' . ". I::', 4,3 CiJiJ 2l.1 1042;2702 . A~ea NE of USCGisfatl9ii: i "', ,': 

.' \, ,~6~> ,1991' 'InterflClv i.C, :, " "c;, ) : l!l(t;Q!1 ~.O 7042;~;~ NE 9fF,ort Ptl;'lIght,'li';;c; :.'(i" 

<,-;,~ '~8':~\;~-199t»1~Ir:1f~rOOVi-_: .;)-, .::.P'T' ':;:.(~;~_~ "43·:(M24.~ 70,42t15.~;9 'Ar~NEofU~e$:sta~~h'-:; ~«<~-
55229 "'1991; .;JriterlilCl:lv< ,.1;;<" .', '.,' " ..: .,30i12~·.'8 104i2f 19.7 AreoNE CifUS€~'statlbr1'r i " , C'-

SS250~ 1993. Hanc;lvoy; .' '430516.1:1 70~2e.Q,,: ·43:O$J7.5704$;24.5 Ha~Y'Qer~¢~~vSlmplylfCllan'restaurant 
,: ':'~5V' )1993'bJqrl\Q v6Y.4305 14.4 ',i70'~ 3&i4:' 43()5 1$~6;1' ,70:a$i31;!7 ,,0;;: N~(lJr,f~pnt of9~vebyrSimplYJtCi:!lton: re$tauront 

;;'S$?5i2~: ' .. )1993Harld'?oy,; ;430507.8/. '7,OM 32j~!J ' 43()5 09.4 ~;.''lOA,(28.5'j,. HalfWav rl1to.~oveQYiTrclll:#cade~-:,:;m"-'W-+;~--:---:-;--=:I 
55253'· 191>3Hcm9YQYi', '4305:~.4 .. /;10"44 2~~~1,'; 43;Qi) C».6 104412:2.2 In bock c.hGII1nel~1W~n brlt,water deJ,)th 19 

o ,L'SS2$4*,:W93 HaDc;I ~py. 4305 05.4 ..•. : m;)'M28:2 43;,Q5Cl(>.6 70 44i22.~ In backcha",nel'betW~11 brl '5. welter depth 19 
. 55255" . 1993, 'hldri(j,voy.: 430623.4: ."; :70:;II~ 52i2"i; i43i~2<>.i 7043l47.4 Upper SprugeGreeki wQ1'er dep'!ti'l'-2' 

"; " ~57t" :.1,99'$ ;HdngYoy,i .', : 'L:: ;\ e,er:).' ;f; j ~3:,Q60<>.6 7043;46;8 AgrossfromcOvB,for SS250; wQfer,depth 5' 
, ", ~~.~t,1~3V(),yo) h" :·;,,'.';;"6 ; 43;;05 $4.0 704;3;47.;4 Eht.to'cbVgeiJ:l ~pber Sp(ill¢eCr.~wat~r depth 6' 

'. SS2!>9~,:· ,1993 ' Vi;J.y'.~ .,'A3PS 52:8 .~. ··10L~~31'~2 . . " ~3])5'~~ 1 " .. 70 43)23:5 Mld~$Pri,J(:e.;Cr~,k~J\i$t~P fl'Om· ~Ie 'Pt . 
. . ,.' ~4Q;,,:: ,1993 Y9Y.; 'A~05:44~4."l0;a312,o'; 43Q54{,.5 70~3fom CQve9Pp;Eqglij·I?:f .• t:;l'~H75'?rtQniU$se1 bar 

,';:.$$.2,iH, ]993 VQY; :;: I "', 430532:4 70'43~16.20ft ISlandb ... ~.·. 1 .. @IW\llildge. ;wQte .. '(depth l' 
. $,1262" 1~3 VQY' 43q$30·0: ,7043'12:0 ''<43:0$27:4 70 43\06;S, OffAdmlta~lJIld,ghann~I.'oIIfQterdePth 16' 

$263: ' 199~' ;)!QY, '4aQ5,27,0 704304.2 .. 43,0524:9 7043'01.7 LawerSprUCQ Cr .• byI?H~n .. w:at~r depth 2'-3' 
i'$S26,l!:':19:93"c:(voy,' '4305 19.2 70 43'3h8 ' Southof ISlqfl'Q]rtq()ve,pvAdnilralty Village 

" .,.;.', ,,:::;' :~ •.. ~\' .i',",. '. , , ,;~ Ie'" '. . .. ,i,:' ", ..." ,;' i;">"~;'·'.' ;,., , 

PH-2 "lm'Chart" ' .,., ." .,' ; '4~:941$.6. 704.2:40,1 SSE Qf;pler atUSdGstC1t1bbHn·~ldrassbed 

<,PH"7A 199~ ~hM' ,".,\ J<'J;3,G4 4M7043.39,QJust pft ~eylSlondln tlriukC6ve 
" :tPH~151992Cliart ",' ,430$ 08,1 704550.,5. 1('1 PIsc(lltQqllf:l' R;;NE of duter CW'sCQve. eelgrass 

PH~lZ 1.992 Cb(jrt ."J., 43:04$7,.6 ,7044:49.5 JustiSCifwdttleb'urYlslqnd.ln~lgrOssbed 
.','.' ,.,' PI+19 199~ ... O:~(j'f:t " ' "'; , 43!!l4~,4 70 43,29.t WQfJgmafcdkln.:bq¢kchannelofPNSY.eelgrass 

.P('·hSl 19'92 .e;::t;ld.rt .' '. :430450.(r 7Q:4t35.E; \ \EdfPhllllpslSldtl~Ir:\lnl~f otiGemsh Island 

PH-l0l 1992. ' {:Ihart.' '·430$,Ol.O 70.41:50.7 Cove,N of.Pf'lIllIj:)$lSlph(l.Ncomerbfcove 
PHc 1 199.1 Chart ",' ....... 1'~'~13044:j!.5 70., fMl.B E ofG~betl:\llSll::m(f: 1 I 

,f,PH~3 lQ91,"€hqrt. ..•.. ...., 43.04.4$.5 7043.22.0 ~fW~nJarndl¢al .. andHlck~61<$.1r;l eelgrass 
PH,-4 19'9.1 '~;;1£:hd~ '.:, ,j 43044],:1 1043:26.9. N()(Clarkl~1'c::Ieepcml,J(:j;~om I 
PH-5 1991 :·;,G;:hdrt: I "'. ':' : 43944$,5 70,4328:~, SOfJamql~~.13l:(fj~prnli?;bottom 
PH-~ 199f'Chart. I:' ':4304.38,0. 70 .. 433M Nof Clark IslandcausejNoy. ll'deep mud bottom 
PH-7 1991,.Ch,art' 4.304 44.:2 7043;34.1i Glarl< Cov~.:riEidfN6rwdyboil #17.'; . 

. , .' PH.l1. t991 :Chart 4~ 0405 .. 5 70 44 :29.5 S of Shapielgh'~ldnd.lrteelgraSS'~cj 
PIoH2' 'i991Cn'dtt ': ,.' , .430450,6 704437.0. SEof dry doeR 1 afPNSV, 75·.frbm'Pler, 3.5', of sed. 
PH-131991 Chgrt " '.,,: 43,9456.3,.704442,:2 .. ,Qffdry.doqk3at PNSY.60'from pler.4Q" of sed. 

PH-15: ~1991 ..... ;¢,nort· ,', ...... .', :': 4305~,1 ,.,70,",5:50.5. Inplscdtaqua,R:rNE ()fC)QterCutf's CQve. eelgrass 
PHc 16 1~1 'qhart' ',i,1 , ',': 43.05 1i2;4 70. 4933.0. E ofFr~emqn's'Pt,:~r.moutt\9flnlet; In eelgrass 
PH-I? 1991, ~fi~lrt' i.< "4304 57,.6 .7.04449.5 .. Just.Sof Wdttlebtrry IsIQl1cl.Jn ~lQtdss/:>ed 
PHJ9. 1991. C;:hdrt . ..;1':. 4304 5$.4 704329.0. W of.Jambf~dtlnbq9k channel:i:>fPNSV. eelgrass 
PH-20 '199] ';'~Chart<' 430$10;4 , l04~ ,0],:21' Near Nsh9reOfentranceto Bq'rters.Creek 
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i statfpn Year methb.C:l ~C!tltl;ide '. ~. Longifl;lQe' ... LOfffude 'eOri9~l.IQeeq~L6cqt\9n .... 
r·· . ···c . '. ',i;' ,'. 'i. 

MA'RSIi CbRE S~'RIES "., ,=- . . ' .. ,,, '> ;:-,'. <"c <~~;.~_~-".: < i'i-:-'i. " .'i-

, MS1 ., '1992" Chart '. " ,> 43003~.fliii' 7()'4323.6' ACJmlrolt:Y vn;'[idrfh; l!Qlne loc. as ADVMSAT/SP stns. 
t?1 'MS,2 1992 . GfI.art .: " " "j:' / . 43'~':~'hO-}, 7043~;Cl . A9mlraltYVlll~ niliil,dJEf' ~ I I 

MS'4,; n 992 ,,-:pilart ,i,' , . 4394 :38,' i, 70 43 3LIi { cldrjt Cov~:'h,igJi rna~h':'same IQc. as ClEM stations 
!, M'S:5 'i992 eli.art; I ""43O;N~, .,., 7043'33.C·· ClQrk'CoV8.'19W mclrSli.)dme loc. as ClEM stCttons 
; , '.' MS 6 1 992·;:,Cnart'< ;':1' 43oai15:,", 70 43'3'1.~ Ck]r'kRlVet ~Jgbrria~t:l.$Cme loc. as CIPR stations 

MS7 1m ··On.art " ,....': '.>', -··a:r!f4':i35 .. Co; 7043 32.4 'CI9rI<RiVerl~n:;~rst)':$Cmeloc. as CIPRstations 
'} , .MS8·;, :;1992 ·.,:ctldrt ".~ '.' ""', ": Jf,'-: i:; . 43Q&Q4iP'; 70 43 Z4.e DiQnsi,ol:: (:t'S9m~IQCqtlon as BNBC statkm 

'MS,9'" 199:? . ~h.drtY: '!-""'i; 43 OR 00.9. • 70 4403~a '··Fr;:r:riarSlfkgot~t9PN$Y. same loc. as BGBC 
'MS10 '1992 "Chort i'., i '-C':';'<: :;, ":'. ." 43 Q4' ~:~ (;;< 70~3'35;1 jamalcdlSlqnc!t sCmi~;IQ,~atlbn as JIBt station 

MS J3. 'lcm- Cti9rV<" '0 • 43 O~tOOi.~;·~ 70M 24.2':' St,dtlQf:'I 1Y~lloWtl)SJi'$h.SQme Ioc. as SHIM stns . 
. '. '.'c. l' .... ". ". . j"~, ".- ,.," " '1 . ';:i~;.·· .; \. """",' ;'l ,; '1,; Pi/ . 

NI!IPASERJE~, -,.,.;'" D i , /"i ··"i.·: ,.;"",:\ii·, ... '.i .. ···· "',,;'0':\ 
j. ~, ...• " .;; • ..;,; .... " : .. ':: . '. .' <' ;". .-::), "i';' ;"1"'1\''''';; ";" ;~"" 1:-:;.: . 

, NHPAll993 '.' Chart·, <0'" " ...... , .• ;.. -,' :F.\$.t;!!O'glslaf1Q.b;; . (i:. 



APPENDIX 2. ·.TEXTURS:;OF:SURFICIALSEDIMENT SAMPLES 

srAIJg~ n:~ CLAS$If:ICATlON:> '%G$PiI!: ~ .. t.!IEAN'soRr. $I(~. KVRI'. If. MqISl % LOI 
ti/f/M . !$/S/C.· .•. . i'" .:. ; :'P, . ....• it ' 

'. $S $ERI~$ . , . . i. . . 

. $Sl..N/A CN(?$ ...' . ,':. :' ......•.•.. 
SS~ ." NIA GS ;'1~/871Ql" 1.17.1.49-0.38 1.62 0,3. 1.1.' I, 

S$5 1i N1A" ,;SG. .•·· .... ·64f~ZOl"ic .... -1.73 J.56 0.1l0.72 "10.34.4 

SS6.2, "N/P\'" SG ........ 58/40102., ,-1.67.2.98 0.59 0.51 .' 

..... SS'8/ 'J'!r/A"'SG:'p7/3~lfJJ ·X '" ~2.43.' 2.82 0.710 .. 52 .,,,' 
ss.ci'· . NIA '. ";$<" ,01/9n02 ···U5. '0.83 ,0.09 . ];59 13.6 0.6 

SSl] .'. N/A .... . ,G~5114/01 ., "3.47; 2.07··· Q.66l.44·ci 

, '.'. 
. SS 20 N/A/ .eNG's '. . .... "i •.. . .... ,',.. " 

, 
~ ~ ,-, . ,. .,..... . ..... 

.0.7,1 ' 4·'7,;·P;6j 

SS34";;'N/A i~;" 37Z(3)flJ "I ::0;95 ,T8'3'·"~0.63 ,:.0;89 
'. "'SS 37':'N/ASG ." '65/33/02 "::1'.43'',;2:25'''0:31 rO.n 

'''\-;.' . ., 
). d .)~ 

:-'.' 
-c', c" ;',. 

'1[8 1.4 
SS 38 . N/A G 98/02/rJJ -4.87 0.570 .. 82 6.12 
SS 39 N/A MS S/SS 05/85/10 90/9/1 2.15 1.37 0.23.· 3.77 14.0 0.9 
SS40 N/A SG 68/30/02 cO.73 2:41 0.28 O.SO 
SS SO N/A SM SS 00/35/65 35./46/19 5.55 2.78 0.44 1.10 44.7 6.2 
SS51 N/A SM SS q;J/33/6733/49/18 5.43 2.31 0:32 0.79 SO.9 6.0 
SS 52 N/A SG fj9/38/03 -1.77 2.61 0 . .57 0.56 23.0 1.6 
SS53 N/A M SL OC)/09/91 09/74/17 6.47 1.96 cO.15 1.25 59.4 7.6 
SS54 N/A M? MS 01/84/1585/9/6 3.00 1.47 0.37 3.10 30.7 1.8 
SS55 N/A S S 00/97/~ 97/01/02 2.95 0.25 0.15 1.37 25.8 0.7 
SS 56 N/A S 00/98/02 . 2.92 0.20 0.24 1.23 27.5 0.4 
SS57 N/A GMS 27/45/281.90 4,01 0.06 0.92 29.7 2.8 
$558 N/A GMS SM 00/19/81 19/49/32 6.953.33 0.4) 0,88 58.3 8.2 
SS 59 N/A SM SSL' 00/28/7228/54/18 5.55 2.23 0.53 0.84 SO. 1 5.2 
SS 60 N/A GS SSL '4.6/7,1/03 0.60 2.01 .:0:18 0.80 25;9 2.1 

. 47.1 4;3 
SS.62 N/A SG 31/64/05 . 0.37 2.16 cO.Tl0.SO 22.1 1.8 
$563 N/A SG. 32/fJ5/03 -0.13 1.73 0;02 l.OT 25.7 2.6 
SS 64 N/ A GMS 06184/10 2.67 1. 79 -0.06 4.06 25.3 1.6 
SS65N/A G 901l01q;J"4.36 1,43 '0;95 2.65 
SS 66 N/A SM SSL' rJJ/45155 ,45/40/15 5.07 2.40 0;53 1.21 45.7 5.7 
SS67 N/A GM 09/21/70 5.73 .3.36 -0.23 1.07 56.5 7.7 
SS68 N/A SG/MSG 56/39/05 -1:00 .2.74 0.41 0.63 
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5.6 
3.5 
4.4 

, ,~SS:n6c:'; NINe' ~~' GMn °i Sf\i,1f'16/29/55~5l,3'l£23 ! 4;20 4.45~'{);09\',< l.1P;<~d~~9:2 6.7 
:; i;iSS"1l7.,·cN/Ai:,· ;~.' ,S;~ ;";~ ,:' :'0/98/2 U\;\',nt{,' '1.77 0.27,; .{):, 18'1 L30)iC;:~g8(2 1.0 
:' ';·'SSl18") NIN>2':G~". " $: ,>10/83/7 i9~Y,413' 2.27 l.75':.:1i[.{);09',:y5.!:)§.~~~ :i::~;9 1.3 

..•.. ;; I~~~:6;~; L~~~~!f AC~Gi." ·\~~'t.; ·~~(~;f:1Li~~,::·/';:r3·Of, . q.3Q~? 'O,~\\,:: l.~~}!~ ,:~4;'6 
.,. L~~J4'l:;X';t'J/A.· r:MS;? ~ 'CS·... Ol,f!"lll3'"j6Z14/W;' i.3.23". . i68~iji .'. O:~6\';':i6.3~\~' :::26:8 
",SS ut2 ' 'N/A ""(;$ ., 26/73/ r j O;30~.30 -Qilll.W ,; 19;'3 

SSJ43' t'Jl~\"SG' {J6/33/l;:.2.75 2.62 . 071 0 5F'~ '7'12TA 
...... :;~ J44}.;~,: N/A,:}!f; ~S;,'~';".1~Y~/4]!;'.·i'·.:.".l.05 1.,90 ~A9lj ,:2:06'( }':29;'1 

·$SJ45~(i':N/6}·i; SGC';',':'::t Z~j'2,3Al1 ii' ';:, ,:,~4.8~~'., 2,;72> O.83.~.~<;0.77 : "2W 

1.2 

1.2 
1.1 
0.9 
0.6 

0.8 
0.9 
0.8 
1.1 
0.9 

. iSS147i'1:~;N/A'.i·'·\'SG~f~\: j'.' '6N3?ZJI;;;·f;i/i '<~2:3t"1274'"," 0 51';::0 57' ":299 3.3 
;,SS 14~:.:::; N/ACL'SG" I "'47:1fJ)/~' .,:~.c, ' - 1;42;; 2:66,'"\ ;1i:37.' ,'iO::5lJ;£~Q3:~ 1.5 
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; ... ' . i 

t<JTAJJON .. A;lDtl:1 C~IFI~A1JQNi\; ;-t.o~M .~";' i t,.1Ei~". ':SQRTJ' 'SKEW> K"'RJ'~tW.:t.!1PIS % LOI 
- - - ,_ •. <" '" ,,' -. '. G/~I~ ;$/S/C \ -- ".- . , J ',:p~~r;}~ ,~l,~:. ~:>~ ?:~1t- ; ~ ~ 

'J ,iSSl149,;:i (tilIA" jlSG',\' i.'"' :' :3'J/6'7:l,J\~I\':·>"·»' .•.. -U;6Q' .2.49/(~ -:O.62·\,~. 0.68> ;';;' 24.9 1.2 
• i';iSSIl50i~ fiN/A;; M!?G/SG, 'i. i.' '78HWB;;I'I';; 'i ;';.::. l -2.~6' 2.39:\;,;' 0.68\\\; l'.TliJA" ;~\ 
i'.: ';($SllS]',; N/A' ". : S::,,\',i '.'", L3/W/$ q}\',;;,\"": 2;00 ,0;99,,; -Q,~-::..:: ];.9}'\ V28.S 1.1 

~,:g~;\' ,"~~~:f;,.~~': r~t. ~/7Ffk~!i;;~i~/~~ .. ~:~ ~:~, .. t &~:r;;~;~;:~;~,;;,:; ,i 

-\ ,--.-

1" ,i~'$211~' <'1\I7A5:\:~i j .•.• ,··.i51/4712 ":;,;,:;',:\t,f -1,23 ~.43'> -:0.04:. .. QA9<:f) ,;;25.1 
'- ~.." "SS>~"l~>~~ ':",_'N/A~:~: :;}." ·SfVI}~,:~::- ;~. \:- ':0/38/62,' ~71~/r;.8{L ~~ 17.' .3.3.7.~~: or4~>.' \ P~.&§~':~~-. ;:~~~§8.0 
. -- ,- .... ".~ ':>~S$":gr:r/ ~1 '·-.N/~r~\ L~:_- '~('~'-f' ; :;~: .. '; -i~- ,;7~t241?A :If;;-:- >··f\~;';.· 'f~~-' ~2.~~~:~ g_.5Q« O~~~\~ (~ .O~Z6.~t:'·i .. ',~?:\~3~.8 

Ie ';iss214:r (N/"":~ i'~d~"S<S, ';'J~,~l~l/~ ,,\'>t';r; J J.9.7:fp;4T'>'Oa8,"Y ,', 0,~\}j~4~Q.6 
L, . 

1 r. ";SS~15i;'N/AY" 8M SM'~'Ot35166}85t35/30 i 6:33i 13.44< JJ.!4Q:\"1 O;~;l ;:;~.2 
. 'T';,SS216:';N/P\"' ';SM., ' SM:-:'2i33t~,i~5/~(')/25 '~:7~'fu S.l)!;', 0:47" :jQ;2~j j <~.6 

": ',?S2T7',."N/A; i .GMS< 'lO/72h18';', t 2.707' ~.92;;:Q;lPCi':\ 3;QTi~J.'Y4~.2 

", ;'eSS 253" T N/K" 'G" ".", ?Lc:\!\,;.:,\)';\; {. ','" ".;;0' i,e, .. ~'\~ ,'\ .... : .' "', t:,: J 
. 'Ss254;>!,;N1A:"G ,," , i'.:; 83Zl5/2 ;)\~\' k;2.99~ j.4~~:~'i.P;4Q>:- :' . .0:98">;'25;5 

3.7 
4.8 
4.0 
0.3 
3.2 
3.5 
3.4 
6.9 
6.4 
3.7 
6.7 
0.4 
0.7 
6.5 
1.8 
5.1 
8.3 

"7.5 
3.3 
0.9 
0.6 
1.1 
0.6 
1.2 
1.1 
1.0 
3.1 
0.4 
1.0 
6;6 
3.8 
2;8 

1.0 
6.7 
5.8 
5.7 
6.7 
5.3 
5.3 
4.7 
2.5 
5.1 
.6.4 
0.6 
6.6 
5.9 

2.0 
2.0 
2,0 
2.0 
7.0 

~ ______ ~. ___ :"""" ___ • ________ ._. __ x ____ ~ ____ '~ __ _ - _______ ----~- - -- -----~---------~ •• ---.---- .--. ------------------------.-----
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L. 

';:STATlONq.\ 'ID"/CLA$$IFICATION ',-r-QSM ; ,~ . M&~;'SOIlr. '$lCEW:<I<;URT~'."'MOISl % LOI 
. _ ·.~/S/~ ,.$/S/C ~ __ ,.'_ . :_' :;~;:~,>t\.~:;- ,.~:~_::-.:?<' \ .~. ". ' 

',' iPH 191E+06> :SMSM..OOl~· IrX4~123' ~,OO 3,14· O.6t)L! Q·95"L L 59.0 7.0 
;,c;PI;f19 Ui .. +05.,;:SIVJ.·.·. . SM.'.;' :.00.'. '14.9 9l34 .. ~. Z.l7 ... i .5 ... 202.79,S 0.64:; 1.591 l., 4.6.0 5.0 

PH 19' .. lH+05 'SM\. 1 SM' 'fJJlflJ ItiOl331'l%i. 5.;lO. 2.37"0.62:, '.1-09, . ~2.0 5.0 
. PH 20 ~1E+05i; , GMS / : TJ8764/28 '\<:,':":,(1:3 672,.7t;; Q.21'< 3.2,~ 2,8.0 2.0 
c')'::PH 20. ;1 E+05::' ; MS ! : MS.: ;f1ij/,(i£J/40 '(:llt26i14; 4:B3 2.69 ' 0.67' '1.50': .: 32.0 3.0 

,iPH 20' ';11:;+05' iMS:" . MS fJJI7013Q7JJ7$J)Z10' 3.83 ,2,.01" 9,5T '. r~.3~,; 32.0 3.0 

.:\.YR23;;lE+05 :S,''{ S .r:J)/92/08tlf2/05/Q3 )2,90 0.75" 0.56'" '8,.19 ... ,; 22,.0 
:': n'YR23:;~lE+05';.; . S:; S .r:J;J/9B/fP, :Q'BIO:JjOl . 2.77 0.29::, {lOS':,;, J.5Q ":.2&.0 
·.J'YR23': 1E+05i;. i . g, S'i .OO/~Ii}/Q2~8/01J01' 2.63' 0.3[: 0:27 'L¢4' .' .. 24.0 
: ,l :YR'23': ]E+OO;:: (, S. S,): rxJ793/0'l93/Q4/03 .. ' 2.73' 0.59'. 0.~;4;23" :,'.27.0 

1\,. '~(" ',,:, "t ',' ',:~'.." ',:;!\'.: ,'~.£;,,:\.j I, ·Y. ':,':" ';':" 

.. ' NH~ASER!ES , , ";, f': J\;'?,'~;"" ,",,; :.,; .: , . 
. ', 'f)lHPAJ " N/A 'MS .. SLS'Ol691lF ;c~91B/3:{ , 3,lB' 

,NHPA3 ~~. N7A i·, :SM;>' ,8M;,.' ~312717..Q.i '30/38/32 6.13' 
;~HPA4 ,N/A.: :{:SM .. ;, •. ' .SM,:.O/~I¢4:' ~/!J&/2B 6.1'3 

NHPN]' YN/A" "'GS. ' i;;:F/Y.76/.'li "'\.'>:':J : 117/ 
" NHPA;8:J~lA:; i. . S\~;' r MS';' ::.1'180/13'; i~87iiI6" '. 2'57~;i 

. '.NHPAIO; N/A,>" .. 'MS' . MS.':2/S2/.1{);' ;~Z101~'1 3.1.0' 
,·.'rNHPATl ;N/A eMS '; . MS>O/a2/1V!;8~1714K:.2;67> 
'i,'NHPA 12 N1A:i' .. f\I1[...... MS.' :2/lIOtlB .;~~tl~IQ.;3,2(F 

. I'i!HRA 13 N1A:.':: GMS.',' > 28/{j3lJg'NFc'>:, ;~,;,; ; O,~:· 
(NHPA1,~ 'N/A~: '·SM SSH .0/46/5lj! ;a6'l4Q/i14 ; 4 .. 90.:~ 

';; . "" NHPA1'Q d N/A .. ··.·, .MS;:. ( r..§. ····2/~9/3.9'pTl~~/'1~440. 

'3;01' o~or '.', . ·0.B2· '53 .. 5 
i3Q . 0.49 ,:':0.&5 .. 'q4. 7 
2.07<' 0,62" :·.~.38 . ,; ';39.9 

LTl, i 9:44,~';~\QZi;! (~4.4 
;1. 1 ~!\' O:4a"4~qr: 1..2,9;5 
1.73';. Q,~?3\09; ""'3.3..1 
3.Q3< -0,49 ' 1 ,or ! ,. '23..9 

.2.p!t< '" Q,5.9;~;1>12;01. ;40.7 
. ~,]<P' .0 .. 22',1.01"62.1 .• ;~HPA ]'q:;CN/A< M/SM' MlSM' ;ObtO/90I TO/8'67~IJ7.~· 

.,c;. ~7~~~" J, ·;~t;.t> ~X:~:'~ {,,' \.:r ,·~~~tJir:~··/-fx~· {~':~\~:~;~1~!~ .. ! ~'-" j :f:~\(. . ~J,-: ~.: 
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1.0 
1.0 
1.0 
1.0 

2.3 
6.9 
7.1 
6.5 
4.3 
4.1 
1.2 
l.B 
1.1 

.' 1.3 
1.2 
2.1 
1.5 
3.4 
3.7 
7.9 .<1 



APPENDIX 2. . TEXTURE OF SURFICIAL SEDIMENT SAMPLES 

STATION ID CI.ASSIFICATlON %GSM %SSe MIiAN SORT. $lEW. KUIlf. r- MOISl % LOI 
." G/S/M $./$/C 

MSn N/A SM····· SSLT OO/3f;J/64 36/4P/19 5.42 2,78 .. 0.30 . 1.04 . 68.7 24.9 
MS12 N/A ~SG/GMS 30/42/28 1.60 '4A2 0.12 0.96 47.3 18.5 
MS 13· N/A 'GM 07/24/69 5.75 

" 
4.29 -0.03 1.13 73.4 38.0 

·lHJ;:~Mo.ISTU~E ANQ~ LQI WAS NQI MEASURED ON 
A"SPLiTQF THE SAMPLE USEDFQR THE GRAIN SIZE., ANAL VSIS. 

THE VALl)ESARI;: T!;fEM~SFOR THI;MQIST/lQI MEA.Sl)RED AT 
SEVERAL DJ;:P1BS pQWN THE GORE THE GRAlNSI,ZE SAMPLEc:::AME '. . 
I FROM. THE AVERAGE SHOULOBf; RJ;:PRI;:SENTATIVE THOUGH. 

,",; 

~.' 
,~< • 

o.\<.}tJ. 

\) .. 
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