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Relationship between Muddy Sediment Distribution and Bottom Shear
Stress Induced by Wind Waves in a Bay

Yasuyuki NAKAGAWA*

Synopsis

The relationship between hydrodynamic forces and sediment characteristics in Baltimore Harbor, USA,
was examined by comparing estimated wave-induced bottom shear stresses with sediment mud content
distributions. Wave fields in the bay area were simulated for arbitrary wind fields using HISWA, a numeri-
cal wave hindcasting model, which provided spatial distributions of wave-induced bottom shear stresses.
By considering the wind statistics from a long-term data set collected near the harbor, a probability distri-
bution of the stress value at each point was obtained. Results indicate that a relatively high negative corre-
lation exists between the average shear stress, i.e., the mean value of the probability distribution, and
sediment mud content for the sampling locations. It was also found that a newly introduced index called the
“deposition probability index,” which is a modified probability of depositional condition by considering
the so-called probability of deposition defined as a function of bottom shear stress, can clearly indicate the
mud content characteristics of the sediments in the harbor.
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7Y, R LORERERHE IV KEREICEEE
BE25%8, hREREBELAIRTIEELRERTHD. &
i, ARSI SRS E ER A RIS OB RATT
BB - S oRBREBERICEFILRS TV
%, BREHOHRBIRCE O TERBERIETT @M
HD (WA, BA&S-1077, BKS 1984, FHiE -
1988). LEH-T, SEORBERBEORSIZLST,
fEBE oD - ST ALRER T EEREOERIC
DWTHRE - TREZ T THLILREETHD.

RERGHOREDO®HE - EHCBET3IETO
AL, M - PHOERSEO BRI E
DA ELEN, EEREE D L 2R Rtk
DEAELOFRNEHMELZLO TRV, —F, B
B BT o5 AT E OHERSEOERS A fSL L2
RELT, BEHER~OFERGEOFWHEMR - KRS
Do+ F1EDBEFRIZ 2V TORKES (Ravens &+ 1998) <2, #E
R HEI BT HEORE - HEERBREE U E
Vialb—LaliBiEEI R RALNALI o (Fl L
i, fAE 1998, )i - 1998, Sanford b « 2000).
LasL, HffHEoTBFillicknTil, BEnEo
B~ DAL/ NI R DOBREREILHTS
EEHREEBLPFLL 4TI, BEEOR W
WHOER TR =T AORIMICIEE<OBRBESERENT
WA, iz, REHDONEE CoOEBEEROWRICD
NWTATH, M-PiEREOBEMLEMHBIZRLANRS
ZERHHL00 (FAEER 1971, TOMREEHET
HF LS AL TR,

AHFE T, ABBOREOHRSEGORHT ML
LT, KREHMERRICAE TS Baltimore BIZBITAIRHE
OB SHLEHAHEOBBRIZOWTHRE AL, — %
FIC, HRROBEEREEBEMPRSERED
HAOBESHICEBE$3h0LF LS. LkL,
THELTHERED G, BERRCRETHVIED
REPHEA/NEL, RS oHE LV ICHROREEN
E{BEELTHWAILBRBHMBRICIIEIDHLA TS
(Sanford -1994). £Z7T, HRBOFEI Iz —ar
HEICENRERTANIEADSALE, BT —4Fici
SCEROER S EOLEFBUCREDOHERLER
e M BEEIC YW TIHRSLE.
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2. 1 Baltimore &

He N TR RIEBEON 0 A THS Chesapeake 7
WO EEICAEL (B-1), £8M20km, (EiH5km
THY, FHAFEINTmEIEF CBOABETHS (B~
2}, IR EENR B R A o TSRS TICE S
LLCHIRER, BPRUCEEEICHh > TESKE 15 mD
BB A THRERSNTHS, BRBROT 28 E
<MBLIEEA T BaltimoreE T, AFHHTELEBRSEO AT
M AN EICLAER OF LA BALL TN,

LRI T D 3 B O P EE A 30 cmd
HE, ERBERICEERAT LTI OB &, o
DI, BAZRCEBDOESKIZBELTIE, Chesa-
peake 7 BLERIZ i A "5 Susquehanna P BO B AT A
RICM<GEEEETDL. —F, BWREFZBLTE,
Baltimore # 041K TIThh 0B R OB RIcLaL,
B#2~4# 0 RAESLTWS (Link - 1997) . BB
PR WA BRHER B b, KEREIZE T BChesapeake
O nH 5 Baltimore BEE CTOMEEEN 200km L FbY,
HNEPLDIRDBEIZETHIELITEAE WA G, |
EOLOARLEMERIOMERESTILOLEI LN

Study site

Susquehanna riv.
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2. 2 BHNOEEMOSH

Baltimore A DHERMBOSH BB B, 2T
A —Z R RS R L EESn - B REOL
REFH LI, RESTOFBREPLELNAV AR S+
SEEHROSH CHEIERBIIHTIEANOSHEE-
3R, (RARPORNEHEEMAERS. ) BRI
EF PO IREN 0% D LA E R E5)
DIESBIZ ST 50T, ¥ 05 20 b 3ok
BIER20% L TOEE R EEIDER) bAabh
L. Rk, IOISLRREHOHBLFSTHERBOM
FEIZDUVTRE, Chesapeake # _EEOM) | 2222 EEL
THEOEVHALTOAEE X BN TV (Sinex and Heiz,
1982).

3. ZEROREDEFEEEROBEEIZIONT

3. 1 EEMERL{ERAHOBERK
REROBEEHRCBETAZTERNAAHLLT, BYW
#i, MIRACEI RABIOEREZLHITBI LN TE
D, INLOA R DT CREH VRSN, REMIZILE
H~OWEREER (BELET) BolFZizLhEROHE
BIRAERTES. LIAN, TITIEBYOBRN~OME
B AT AR AEESOFEIT TS TR E,
5, HFHEF O -RRMOBRERICE T SRITTER
WV TRl MR ORECHETROERE FIFRXERT 3

B8 -2 Baltimore R OKIESH
(od-BfT - m, BEBUIMBEEZRT.)

SADER B LT, REBOHERER 2 HSI2 R
HTELLOEELLILE.

Baltimore 5, B EbhSKELE WD, Rk
ICEDEREAEIL S, BROHERCKE{BEZTIZL
RE B CHESND. BYWIRECKIESRMENBaltimore i
EEEIU A3 0 2 AE4 0 Chesapeake B TS U2 H
RPN ORBRETh, BRIZIHEALRERSES ok
FRETHOIERMEND LN TV (Sanford+1994) . Fi=,
Bl — 4k Baltimore BN O EH SRR L ETHER A
DOARELEOBFRERLELOTCHY, RELRSEERH
ROKEPELRDIZEBERBOVIANELRBIL
b, Tiebdh, BOERIZESERROERICEVIED
PG ON, TheddicBEu A EEFETIE
BORBEZTIIL, BOEFEFELELRTI2oTNS,

—3, MEROBEBC O VWTIHERLRARES I, £
WAL ZEAAD 30 em b /M EL, B OERTRMIE (M2
50cm) i 3EHE X A 7o HE [ T 455 00 48 BE D BH 3% B (Sanford
5,1997)h0h, MWRBEREEE LiIF2 80, L
o T, MERSBRYOEES VRS EToXR
ERERZoTHRNLOEEZ NS,

Lo THNETCHE, BREBLTIEBICESER
HAMTE A EEREHORBZR IOV TRN T ELE.

3. 2 BAOHREOHELEFCAREHOSH
(1) HEREREET L

BADERBELEETHD, EREREDC~ETH
HHISWA (Holthuijsen 5,1989)% Vi #f o Ial —

Bl -3 Baltimore PO BT F& RS
DEA (BB EERT.)
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B -4 AEERIc A RE AR ORS
(oM OEFREKERICBTA P IR

VarEfTol. RETFACRBEMNE—&2AOCHY
HEL, +HRBBLEERRIEBTOWave actionfR7FRN%
HEPEXELT, (TERHBIC T 3ROGEH BT
DTHD. BERICEE, Wave action (A=F/ ¢ , 2T &
EFRNFRARIIN, o AR OOBE—AVD (m)
RO IRE—AVE (m) RMEELEIHS TR
A (K (1a) BIV (1b)) fEZLicky, E£EOR
M BERMCHLT, HREHENOLHEE T RO
Wave action BLTEBFEHEROES, &Ebi, Zh
LRELERES, EHHEAZEOERETSEESL
5.

Jd ] d
Ex"(cxmu)"'“éy“(cymu)“'a_e(cemo) =T (1.a)

d 0 0
'&_(cxml)"'g(cymx)"'%(cemo =T; (1.6)

IR, ¢, ¢, OPFEEEREICNTISREEOXH A, ¥
HFREGTHD, T, EBBIEP O JIHEF MO
ANF—EEEELRL, REEBHTOHRERTLOT
5. EARE, BICLOEROREE, BLIURE, &

B P AR B A DB L0 EFERLET

FIF— V=2 (T,T) Thb., EORBEHECHLC
[XJONSWAPTUDARI M EREL, BRI
EEETAHNATGAN v - BFENLERSTINA,
FEFADERHNEERLLUL, BEREHOHRITE
BERTWENZEE, BRI —ERRAOBICH LT
FREREBLEEOBEMNRLLCHAIETCHA. LbL, o
THREBLTHHFRIE, PIERE %S0 RFEE CIER<E
FOREIEETRRNEELILND. F, RHREERR
BWied, HIRABICHL TERIIEHEROSLI+455%
EL, TOBEIRREHMCHESRS. LEdoT, A
EFMTBUARIRETOREDEEROREL, 22T
ERERRBEL IR RWNBOLEZLND, T, Wi
LHITE SR AR+ A Chesapeake AL ¥ & M SR L L5k
BAEFORRICEDE, REFALBBMBBER T — 2L E
B<HHTEHILMBBBINTWS (Lin 5,1997).

(2) FRICEBERE AEGA

BERIZIAEmEALERDOEEICE, EFELTO
EEEBICHEIMERE (U) KIVESSAERAEM
Wiz,

1
T, =5 PfUY 2)

TIL, oMK, fHNEREERTHD. BEEERK
oW, BRI RE M ORBNREEZERLL,
IITHO03ELC—FEEES LR, &, ERELTO
HERIESIC L DACRIFEEOFEIRE (U,) ITHL T,
WRHEA O ELLBLNAE RO INF —ARIME
(8) LFHEREI o (0) IV ATEREE (Booijb,
1995) LLTAUCLDE 2 2HDLT3.

U - E(B)crz(a)da (3)
=4 sinh? (ki)

I, ko iEE, BLUh: KIETHS.

(3) HEmoAh SR AW SO EH

WREHEICBITAROE SR Z L TIE, Baltimore
BREMICUBTIZ LB (B -1 Weather Station
LREREHMA) CELREZAR - R#OERNF—F
(B -5) 28FLLk. REPICSESNE4BREORE
LA LT 5,10,15 BETU 20m/s DEEERERLE R
IEEE, chboRELGILITISHFEDAMEILLD
BRBEFHELE. 2B, KFEFROERMBHELLT
FEA x= A y=360mThHD.
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BE-613, SEZREOFTHY, EREIFCHVEET
EETLHRMERELRELE, AE:5m/ s, BAX:
EEEOBEEOHHBERLF THD. BRILE DM
POEAELAEY, BRECElo THERE KT,
FERPENTEDHENE BV ThERIZE 4 20 cmd
ZoTWaD, £, ARG TAEREAMS o4
2E-1CRT. BOoUAROERMERRE, BHRo
IKWEREIZE> T 0.01pa A F /N ER B RS A IS L
PERALTRLY, IO TORMAGTAEL DI R AHE
BB EETRBII AN ERb)E, b, RACE
BETHILOORELEAMEEELZRELEE : 5m/
s, AN BEE, O&MEHTANBESHLER AN
EAHZB-8BEUVHE-9TRT. Z0EBE&ICE, Chesa-
peake P CRELERROBZBICLY, H-6th~E
AMCTODEEBDTMMIE RoTWA, F, EREA
BEE DO R SWTEE-TE RT3 2 286N,
FEEENLORMEOS ATk, BOLFEEORMRE
T 0.1 Pall EORERWABISABIERL TS,

=3, B-10BICE-1111, LomEMoEttess
LREE :20m/ s, BRE: @ILHE, OFr—RCs+aE
BEERLOERECAVBIEHOSF CHS, BHOolcn
WH 280 ecmiTHEL, W OfHEDEVEEETO.1Pall b
OREGIEE A ARERLTWS, BFL, B

-6 FmkmEanoitiag
(B : 6m/s, BME : HiLE)

=7 Bl ARSI S RO
(B : 5m/s, FME : L)

R TR R E LT, HER/N SRR AR LD E
BLTWRNWIERD,IS, ZOX5C, BRYOHERS &
ORI REREEFRETLEZDWAECIIERY
AR N OSTE, EROBEERCHIAM - Bt
HIZIVELL B tbDicis.
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TEORBES M ESELTRO L EHERE ARG ALE
BEEZLEBLEZLOTHS, LIAT, HHATERSH
TEROFREERE (Maab, 1998) ithad, E#BXx i
W AIRA ARS8 0.05 ~ 0.11Pa EBHHA TN

B -10 FEEmsm
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B-11 E@SARIEA5
(B : 20m.s, B : HEEmE)
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speed level 1) DB ST, IBEAYOHLAICBITAER
ARG OEITHERIRRER® LR TWA,

—%, JDBBED HMCRDIEY, BRBEOEVHLA
TOEEEAMGHED LABEFCRAGNS. i,
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S A ORISR LR T2000, kKL L THEHR
FEZ TFEHAMALEZ ., 0k, SREREVHE
BEFHEBEAREARRENEVIBER, TOoRE
BERERZL00, BREEOSFIESHBCRBT LM
hing.

(2) £EHEEE ARG EOBEE

HIE BV, BEVRAVEOREEELSELE
EHEREARIENEERBOBFBICOVTRRFLE.
B -134k, SHEEREEFEORERELFELT, £
FHEGEANGS (0 2R, SRBEOBERETRL
b0 Thd. REIICELDE, SRR TOMEI{E
AT 5eFYEmE AR, 0.01~0.9Pad L
REREOFEBICOLSHTHOTHL, SRE0%LL
Lo LT, Tk eSS AN
IEAPERALTOAMARE W IERPPS. KFEL, &
BEABVCLIDLT, 0.1Pall ko A& S
EHEEEABISARER A AR 2 RENE.
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4. 1 EEE ARG ETEERE
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B-1413, BRICKDERCAWIG OEREEICE
THRBEMEOSRE, BER2AERBOMAFMZI H
RIEDWTRLELDTHS, b0 ETHOEERE
HHABGACERZ, ThTFhst.A:0.0022Pa, St.B;
0.029 Pa, &5IZSt.C:0.56 PakltoTng. SRED
BWISUCERSABGAOSHBALMIERY, &
PERD VLA (SLA) IZESIBERBEVHE (5t.C0) I
BT, KO/NERERTABG A ORERBEERE 2o
TNBIEMRbhS.

XA ADAREE SR T E, fiEicinT
ERBLOBHEMEDIRENLEHTANIG AL, &
DEEMICHIRS PR TIBEL B LN REEE L 6N
S BIRE, KR OBREHOBET ~OWERNZ, HERN
BT SRA-E ARSI L TFON B ERTREtR
WTHHLELDLDEEND. LinhoC, FIROBREA
BRG A DEREFLRIE, B-141Rahilo kg
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H-14 S008I /ERTABIRICES
ST AT 1 ORISR
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O, BE-14TRLUEE MRS 045 4 2% %2 5
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B, ZZTIHHERREZE (probability of deposition) %7
ABLOETDH. HEESEINQICIIRSR, BiEES
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ERDIZLEIMITEOEILIR< Y, B BILET 2505
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I, v BEEABEA, T TR A
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(3) HEFRERMBIBEOEA

B-151, BEESANMGEHORSZERE (D) &
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TebnE, HERRESIELE (P) LEBRTD. ZOHEHREE
TR B NWRE O F e 2R R LB HRL TV,

P, = [p@)f(@)dz (5)

7elel, B -5{OREShIcA R - BRI T omEEEY
#®(F) X, FROHEHTELIERYABINHORR
BERBICHYE T, ERICER (6) (CRVE
FRREEE RO TS,

P =¥ py(@)F, (6)
[

TZI L AR RGE(4 B R B K UUR A (16 AL o4 Bl HE 1R
TH5.

4, 2 HHEREREISEROBNEE
(1) HEFREREREOCHENODTR

HERIRE R EARDAEID, & (@) ORI
FE () 2E5ELBMBERDE, LZAH, REERDO
NRCHEESOR FHEITEREFETIR AT A Sz o0
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