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ABSTRACT

R

flfo

FAFHQ

The mining of marine sand is of a major and growing importance for the
Korean construction industry. However, it poses several environmental risks,
including the loss of the commercial fisheries catch and shoreline erosion.
Policies to address these environmental concerns are under consideration,
but the environmental cost of mining involves complex issues that have not
been well understood.

The purpose of this study is to assess the potential external cost to
commercial fisheries because of marine sand mining. Using the
bio-economic framework and data described below, we will estimate the
present value of potential direct and indirect catch loss because of marine
sand mining. The present value of catch loss through the time to recovery
represents the change in the asset value of Korean commercial fisheries
because of marine mining.

Providing estimates of fishery losses requires considerable information on
the mortality to fisheries and the bio-economic information for life history
and economic parameters. However, only recently has Korea started to study
the adverse impact of marine sand mining, and as a result it is hard to get
Korea-specific data to estimate the damages to fisheries from marine mining.
Therefore, as a step toward understanding the impact of sand mining on

marine fisheries, we will use insights from overseas literatures to improve
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the information input for a simulation model of Korea.

The potential losses to fisheries from sand mining will include: (1) the
mortality of entrained benthic and demersal species such as crabs and
shellfish that likely all die when sucked into hydraulic pipes, (2) losses to
fisheries(eggs and larvae) from the exposure to elevated concentrations of
suspended sediment and turbidity associated with overflow and bottom
plumes.

We estimate three categories of economic losses to commercial fisheries
attributable to marine sand mining 1) Shortterm effects that represent catch
loss of commercial-sized fish during dredging and recovery of excavated
seabed habitats, 2) Longterm effects that represent subsequent catch loss
through time-to-recovery for all harmed species, and 3) Indirect (ecosystem)
effects that represent loss of prey and subsequent catch loss for all species.
These losses are measured over time, meaning all of the affected resources
have recover to their pre-mining equilibrium condition. Because the recovery
time depends on the life span of the affected species, and the time needed
to restore the bottom habitat, years may be required for complete recovery
to occur.

The Beverton-Holt age-class model was used to address the above issues.
Adaptations of this model have been used in several related studies. This
model estimates individual members of each affected species in terms of
their annual growth, recruitment to the fishery, natural and fishing mortality,
and the maximum life for each species given the life history parameters of
each affected species. We focused on vulnerable bottom species, including
the blue crab, a dominant fishery in the study area. Biological data is
adapted from the results of a recent sampling of the study area. From this

sample, we observed the average value for abundance. Within a season,



each species is assumed to be distributed uniformly across the study area,
but abundance of a species varies between seasons. Life history parameters
are adopted from the literature. For economic data, we used the Ongjin
area-specific weighted average of the landed price for each species over the
5 year period from 1999 - 2004.

Estimates are made for the lost value of catch for in surveyed areas.
Cumulative losses also are estimated for mining over a multi-year period(for
illustration, we used 5 and 10 years). We also extended the model to
estimate damages from excess mortality to larvae, because the sediment
plume from mining barges or because of the mining itself. Cumulative
losses for recurring mining over a 10 year period, leads to losses that are $
23.8 million for 20 sites.

The findings of the report will be of substantial value to understand the
environmental issues of marine sand mining for policy-oriented readers.
Particularly, the external cost of sand mining will be used as a baseline to
impose environmental charges for sand miners. Additionally, the conceptual
framework for the adverse effect of sand mining to the biological resources
will provide insights for policy making to reduce environmental stress
caused by sand mining.

Future research will use additional available data, as well as recent but as
yet unavailable biological data gathered from the study area. Better data will
improve the results presented in this report and might allow for estimates of

spatial or temporal differentiation of damages.
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Ao rE] o 10-16 601,187,000 351,500,000 50
st A 3,263,624,600 1,116,332,600
H o 18 1,989,485,600 535,856,600 61
H A& 4 73,015,000 36,444,000 25
Az FARALATY AT
Had HEAMENY 2Ho| HEe13



AA FAE SAWEES 771l oF 32.69m’ (ZHviEEF oF 11.1
o] m)elm, 2003\ viekEAl AHS 7 F (B7IRE oF 3.6%NF mid)oR AL
3, A Ve R, Ak FF oF 309 FEE F AE FE F

FAFAZA (Y5, 24, AR 5) 2ol olshwl wchEae
AL WA A ARETAR] BavEs AR B
YE(EHE) BIluTh AFDolch. o] slo] FAFtanl WFE % Ee,
S7hE e, 4712 B Be BEEEeNe 22T Qo] ARA 4
38 G5d Jolgkn T & ot

d nit} ERFE7IEAIES Sdte] ATIEATE Y 8t
A QA B ovid EAeEAES AdEaL ok dAlY] EAleEAES
200435E 20081 3A7FA] 9] 51a7bol] Azl A3k AlEdd], Ao 8+ 34}
FHIIRY F F7FEo] E5hEo] 20055 AH(peak)dl] EE3IL 2006
BElE dlehz AstE Aow Ay 9t FERFELS 9= 20074 o]
T 100%°] =2 Acw AEH glov drpssbyt g Edr At
A& =2, AP, APE] F£a71 Q7] wiel] 4] FawkS it 29 53
B o] }e] o A& R MY Aog oifetal girh

(E 23) BURTIALNC| AT BRre MY

(9] Am)

T 2004 2005 2006 2007 2008
biy 257,044 260,429 260,429 257,822 257,834
=27 111,557 113.026 113.026 111,895 111,900
2 145,487 147,403 147,403 145,927 145,934

A8 AAWER, FAFFIEAL,, 2004,



A AdE HH, FA Ao FaAul deiA tirEe] Aol
=40l FH| ojgfzo] = Aow Yeston 53] =A(id) F1e of
g2 O 2 AoE A 9k O S ol nivE A A F o] SRl
TAZ FEEC] ofHHAY] wEel Aoz BAEH 3l

3) HLEA BABKIS] BYN 25

FAAQe] FEMAL 144 FAETL I g DA RN 2
A} edstol ﬂ 6}1 Sl BAGE thest 2,

A, Sl row of
weq Swa Faujae] Ssolol ks Aolth) <E 23> §EA4
ALAPAo] ZAF Sehte} B FEF D o8 s HE 2AG Azl
Sepete] BARERE 1020, 7 7%% 5509m @ce SRR B

TS At 1Y 8-mE 7S o oF 30 Fro FHEEdelEa F
A3l k. 28U AEE ATFASH] 2000 %EA Azk *H ER R
7HB‘7F5 S Hlaste] B AFH e oF 50 A okl 30\

zpol7} ik, FAAF LT} el Zolr} B AL 7d 137 olM A28
= A ol A 3] W] wiolsh. ARe] Apol7h ARt A YA
ZANEEAe] T4 ARl AV s Zlolv] webA nithEe
AR A d=Eol Bl @4AE Awsl st ERrEl A
o] Sith= ot

A, e AR wEel Aol FREA dow THEFE
=e]7] olgle SA4o] S, dAEM= ok F3IE tAAE glor o=
S2RE FYE she Ax 251 5o TAR oA o= Aot

o Olﬂ

7) =l T, A e B $gRIsk el Alnuh, 2003. 4. p.7.



(& 2-4) 2|det 2X Y 715

T2 BEHA) | 7FsEB) | 200045 AZAZIEHC) | AH7FsE4(BIC)

%7 10217497 | 5,537,976 112,365 49
SAZA | 2,014,660 | 1,006,260 26,770 38
wpchEAl | 3245440 | 1,173,346 29,179 40
ADZA | 4957397 | 3,358,370 56,416 60

AR BEF 9 Mg FAIEATA(2003) AmAN QLS.

AR, BATFA o] kg FAe] gl ofglgo] Sltt. 53] nitkEAle] A
T A2 AT i 7ol AL 1 9] FHIES] v, SAA
o] W19l SO 2 njth=Ale] F7p} w9 AlgtE L glrk. Hoelle viohr e A3
&7} TR 100%hm o) B¢ S8 JFH7HE wrotok glont, 2001 1Y
of JiHE ‘$HA - 1L - A FFHIPE Al BN B ol ofgt B
of ©g] 797wtk AfFH o] Faksto] 50%km o)t
7He WEE 7)Eo] etk e Atellx = vl efe] Tk A
e WAR] fg FFAA g S BT Foll Jor 4L ge]d7 e
A=E &8st 37k fAISkaL Atk G Au Aol ofste] A AR
A= vikE AHS 7] A G s ol 83l elE stojor sk
NGB FT) = ol @A Al a7t SEEe AS-
A HE AR AR F e Flolvh HE AFS S 7
Al T oS A=A A el FRlo SETAe] S Y
uiol] S 7kl vl A3 BeS Holx Qlu), whEbA wiohe) At ¢
oM olggt ATAIZE uittE o] eHEA el ofeleS FIL vk
Aolct.

olglgt Hwstel EAAAS] A FES AshA BAETAl eksh 2 uiEt
HAAFAEEZ)AMA S vtk AF, 22 A9 2 A=A S5},
SAANADA AFE T3 AN =, EAede] HE 9 22

gAo] AEHAL a1 dF= on] AREAL k. 2003d% 7ERE Adn



TR s7HE ol wietHBAFA(EEZ)M witkRgE AHT 5 3
Al HReH gk FEANAY AlE B AR Thgske] st
SHTHRIEI S R Hugd B AP - 25 - 7R A
Jog & HZHHEWE AR S Y= F9u}. AnEs 341 A}AS A
BAE Hx A FANATAE A =Hedl SANADA oA
= AT 1°u X}Xlﬂzﬂﬂo} A5 7 WAl Eo
oPFelld A E A FAY HA FuS B xR sk YAelA
ZAsfolct. et vt e H7} sjFE gl vA JEFES elete] nivhR
& AFslete g og Aok stk ARTIEEAP o] elME
£ A skaL gltk
A, kel AH7E Gl A= Gl teix Tl ellx=
e AL o) FARA] FAE Sl RS WAA| S Lo Hh:‘r
2RHH7E e A= FAE 2T w vy AFHo] A
O dstE 2R Helth W= ofF uinpils AR08 AFHEHA]
a1 o, dEe FHEAR AT AEYolFtoldME H}E}EWH%“JE =
Askar glo] vior o] FFAAo] AA FHAstal e FAloltt. o= 5
Hollx= S8 v Astear dAldME 222 d8EAE %%6}71
Qg AR} =8 skl gl
A, AR o] AET s Apdol7] whell ARkl A w== A
o] HIE S Wiok & A oR Bilt). 2juete] 49 53] SArkd o
ZH|7F B2 vbel Hls) won HEAle] ATt e AoR yeptal
CZAe] Az 100 NS B 1| 405, 9 245, AR §58EC]
Hl Hlgte] ejuehs 8.5E 024 T vt Histe] e 255 &+ A
thEAle aesAleh daAle] 7/gu]el wheba F3)(m)
2 ke g o o7t Sl o7IME EA I 2808 ). &
gk Ak I F8% 74 VIR ARSEAL Sl AHES] AeE A
1’6]- o

s 2 Ashe et ek 27t Hlal 19
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UERFIL gltk. ol SEjuEte] FAIAH7E vie- Bl EEAH S BT QU]
wol] ZA|AHESE g ddEAle] AHFE A EY F U
TaeAE G hdE 5 s Flelt

AR, wickE o] Y% 1efdt S Qlek 20039 o] % Al H ] HEE
A7E A7V EA] vpek o] =olol ek A 9lo] ] 7R glrt. 1
2L} obAl e Sui7bA R Aozt Qlat, il whE ;ﬂ%‘%‘—‘% SHEA T A
wojol 3 HAAEE o] sAAATF O Tgo] € He oflch Tt $
FMBH A 4 TEASE T l?—ﬂiﬁ’i H}E}Ew FY& A5 =8t

(E 2-5) 2120 1olzt 31 U AJE Lu|

=
H o otk oltk
" —Qﬁﬁ% 2000d= <l —gxlﬂig]aok Alﬂlé{/;]%k
=7} () (®3) (=/2) (=)
Eis 400 47,069 8.5 1.14
UE 746 127,335 5.8 0.54
)= 1,130 285,926 4.0 0.40
A= 140 59,542 24 0.22

A8 2L - F5E(2003).
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SHALNZ 2] S ABERAL BAS

1. Y ZEA} AH)

Sl E SRR 19804 oF olZolAT 1993E ofF 14
[e)

she|7] Al AARE B8EAIE thrE7] ARRE A2 20009 o] F-9f Ao
ghal & o 3ok O A7 siaAF e @8EAl O Bals 7HD Abeol A

o gtk & 4= glok 1990d% %= wid 2005ts FEizd Aol we &
o] Fwol wAE HHA EAte] GHEATE olqrshE A2 AJAA|EE virt
oMol mefiH7} PV A st E ol PR YIS AFsHA= sk
At 1990t xRk 15 - A - FFFFF ol oJste] AAIHE Eikee

g

2 73
T+ BAIFEE T Hol AR AT7HA ofF siARAF | tigk &7
FFEG7PF o] FoIzl vt gilet. s AAEe] BB R WA &
7] flske] Aol EFE 2ule] 171 AHS Sl ol2d st M
e dAksol & deligk] wieldh. ofgh dalz sjAbAF ] SAEAT
A= wFol=e] gilar 1 vk sjAbF ] EEA ol et AlEE
- mogk ol Sl

FEluEE AR 2hdolA siAF o EEEAE AR A2 20045 S
Gkl ot AP Hxeh & ¢ vk sk Sia o X187
A st Wek s 3 gl tigk AR SAEE BEE 33
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31 glor 2004350 13 AFIS SFaEa 2005950 23 A% ARl
=L

1A} e ZAPRIOIA siAF7E s E Al miAl= dF, skl
whE sk AAE Wt 4, siAlF ol whe siAEALelE B sk 4
A& A7 T MARIFE ASRE E I A A= FF Sol A
AARE 12 Al AR obF F5iE A7ddes IA HekaL 3ok

o]9] WIzkARlX ATEAPE = HE )l shss 20009 o] F =
ZAF DA oMM B7IE AR A Aolal & v shie
o SA= I el 2ARE HatAoltk. 12]al 2004 o] F-oll= EA
AHADA7E A7 7] flste] ha718E Fdto] 2Adsh s Hol8d
oMo AR SFEA ] FFE ATk slov Az AgE HurMrt
B Gt A=FAFIAHA e B7IE THeR FRY Har A
siAbAF o] bk Slsfol thato] FAEAIE Bl e % Aabt gle
U siabAF ) GRhe e AdrekA] Xatal Slvke AHe waL gtk

ojof ol ¢ejuete] A o Ao whE s FYe R sfFeEl
HIAS Gl et ARt A77F 271 @Al Slo] FEigh AvE Holg

% g Aol

2. 97| A

1) €2 1 MzELtol710] (#FAiE) olMol siANF I 2ol o|xl=
ZA

02
ol

(1) A 5483 7ja

Aol ololie ] ofF At e EA B ol thgate]
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HAHE, mleHE, olautts SA0R odde A= 24 Akl 50%
S ks o E A wid AFHEo] A, sAAE, sAAE, e
ol mX= FFS Al stk

o] mie] U FHF A= 1994 3R 200019714 7d F2t AlEELto
kool e EA AAFH7F Sl Ulﬁlb Oﬂ“’éﬁoﬂ w3 ZARE AABEgleH F
o 1 Z2HE HFH o2 dHatelrh. T, 1998 6€o FIPER o5 AA
AE(EHEY) 2 7ol vxe Oé%‘: F o2 ZgP =] OHHE

drMe ddHeE B3 IAE AH(SF 1,600m, FAHsE A aollxd] F
A L7m)dkar, A3 A5 AxMB=2] AR ¥t 55 2AHlst HIAHE
AABEZAREAL gitt), @8 ¢-AUttelx= FATE dA7EA o] A 2
T3 AHG ole] gl 9 AMBE AF 55 ZAK St '5‘1%54‘%4
AMABE AR g, B, OAMEVe) 7ol o] Tl o) o] tiEAR] F
1 7hteol Aslx S AFE (A E) vAfF s sk vubket 9.*}
7hhE Blal - AESS

B AN O YoAuliE(plume) T wE 2 W3l Q) HAAF
g =] de] W}, 3 A A=(macro benthos)oll PIX= JaF @ 7kt ol
n X gkl A FHH o2 ZALSHSIT
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O ==Y 5 2 #s

ZA AF XA BlEEE J oS (plume) o] SS(H-AEZ, #iEWEH) &
+ 650mg/ I (FIAR AL AEAE 6.4 ~ 9.6%)oNA 37mg/ | (AAe] 2&A4
0.3 ~ 0.6%)°]™ sjAAE & &l wt 2 =7} A Hake
iy 1=
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QIshlzd), 1 WShe (NI ECkmTel 1lstel 43 F
5 2ol okt HAAL AF TS, AAN] 24 J3pol we} I
AL GBS 1, B A1) JeSplmeyt S

oz Bt 2} A% 52 wefel, B wad F& Wgd B
e Aom A% 4 ok wa, e Bge AR BRAE gz
u) Z5o] efa) MR do] Eol A Fo| Aol A7 Eefo] B

A AH s HolM Fs] Eolzl Lol Bl

@ SRR, sHxxIRel Hat

BRI A s )] FA) A ol thre] ool
A A2 Qo] FelA 20m AE Sl olxl o] SelEr.

HEle (@ Tl FEse)e] FA) A2 P A2 Aol
3m—-20me] ARE(RH)7E 2EESL tEe] Amg Wi Falo] o]
sH o] SHalalsl] AsHEL, WA} FoIAIIL Azdo] BRI @A) Ho]
Q= Fofo] srelualnt. osje] flglomafs FA) Aol we BLas
EE iR, 4 59 2AA 5)o] 2R «lfﬂw Fep) g
AT doh 2 Fulel HAHY] Wl Ao B gk

i WAES] NS ZASEA Bl 24K S4XE wlol
S A2 19 SOl siAXEe 2 Wk g, $ERER Ago] oA vl
AT FHSA B eherhs Ao SRIEg 59 AUrhe] A4
2 2 SA4E 2 siAA el Bl 1926] Hlolels) ulmah A,
S0l ZolE LERET AFe 3/ mep} HAHAY Wele] Ae A
ofol WAL A DL AR, LR AN Al (s, 2ol
ZoFE AR)o® FAZL wiI glrks Zo] SelEgl.
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S AFskaL, AF A5 AMABEe] ARHY #HEkE A

S FAEH A vE F5 s o) o] AMAE AT AR S dA9
A AH s7H, HAL] FA AH 7 2 AFHE Ho] fle 7oL
2 Tt AMAE] SR, Al 5 vlud A9 dA s e T
HoE g mﬂoﬂfﬂ sHds] A7 vehdar 1o, A Al ogh ol &
A=At &4, A s7HFAelM= sk Aol fls Tt 2 AelE
£ 7 U ARbe] e gtEet Aysid sjEska ks As & ¢ UM

olde] dytz B, AMAE A= T AF | ek Y Fol
2k 2o} Q= & ¢ AL, AMBE L I ES 5] A= A el
M QAT Ao s dATook Stk e sk

T

Ai

@ 7tz|of ojxl= g

7Thdels BeEs Soleke v offol7] il 7htelE i ojFe
2 st IA AFH7E 7hde] Aol ofmgk J3ks mA= AE ottt

HIAAE & ollr] AAe 7hde] Fx]AF 2AK1998Wd~2001 )2} 2HA <
Q7topkd AL BIH1966\A~1989)F Foshd, 7hte] WA 1970
o) kol IA 2adte] A He 2E2S SA3= Aow sl

7hte] dAzF AN dgS ARESEe] ARSI, 148 3 A
T2 HY, HVM]E 3 ellA 1965~1974 d Ateloll= A T7]' g A

ok 50070, Fe A9 oF 1007A 2 HE & F7]18S AU WES 1A
gk 1975~1984»ﬂo1w—t— o A7} 20070A AEAA] 7HAE ﬂﬁ, 1985~
1988 Apololl= 7= BHIE|An Pole 100704 A== R4Sl

19901358 1997d7hA] 9] 2382 & 4= IAIEE, 1985AFE] 1989d7kA]1e] <A
Aol ZAF AFT} FH(RER) ZAF ATk} v H|Sgh FolF Hole
Ao Hol, 1 Aljolx thFEe] dxolr 100704 AFHPS Aoz Bl
=3

o] Zolz HW 19984 10070A, 19991W 45711, 20008 122714,

Hax MEZEHE 280 Hae23



2001 14970491 Ao Ho}l, 1975 o]F<] 7hie] AF F(2¥HE 2
A g £2& Hol Jes & 5 Utk

WA, BIAHAE ol YAJEkaL = stelrtiel eAphhellw Zhte]e]
A2} atgbo] QlEd], &7lolMe BA 30 ol EA AHE kA sk
ot gude] 2AH196611~2001 )0l oJehH LA BN E 7hdele] A
o] A FadtARt stejrpdtiel QARteXE The] dAiRro] A
1Al 99kl 198597 o] Fell= 238 AA F7ishaitt.

7hte] dATe] Folue 8910 A oY(e 7)ol st 7htE(X
ofxle] 7ha, A sl M2 - aleow sl AR o Wt
o oJgt M2 ol T 8218 AT = Ut wpebA] B ZAbAE
ol& Q2lo] 7zl AA|ojel nlXe YIS AES A 7hte] wAEe] 7
2 ofgolut £ wis), T At wid, e e T alldl <
sk Zlo] ofUel) theke] IA] AF ol ofste] A2t Akebdg wjolil Aol
71 2 94 iRt A28 AL Stk

T8 o2 ofFe] Holrt He shdte] A e T s de] A

Aol dFE vIAAL L 3Hiek

O

2) O|=9f siAtzz] FH

(1) vl=e] SAAA 78 2 AL

olsellr o] FhH Rl AT Aso® o]Fo] Z AL T WZeA-
skt AE deteld 1930 dthol o] Foixlh. debA| ol AHE Hef=
T2 bR o] FR(EH)EoE ARFEAL WA 23R B o] =
e 2Ees, 478 U9, delidds ARG & 28 AR o=
GHAL Q. H s8] BefE BEshy] el nichieel thg ma

8) ol thgh AAE Ame YR SN LHS AR Fx
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7F 543] S7kekaL ot 298] siAb Aklo] ardHel| uet e sHes
ez s s =

1989 WFAle] s2-32]%(Mineral Management Services)S SIHFANLo]
2]2I}5-5-(0CS: Outer Continental Shelf))olx ] sigFEAIA(e & 2
4, Elehg, it $)& et s, Hole R duEel
A 7P ™ Aol AIRE o] ekl theto] AJEet EAals Holal
ATt

1993 oI o] 3= OCSelM ] Refabed o]-8-¢] o]els 7|EaL
gote] FARof Ao AR HeAk o]l AdEo] He WalE
S =4 =k 23 19943 10980 T3 103-4262 A1743}He] Outer
Continental Shelf Lands Act(OCSLA)H=HS EelAlF ol Wal7} == dxk=
& IS Sl

I o]F MMSE SAGAES ReAHAE s7lste] 1670 aliobA|e] 22
AEo] H gl 23wt F of= o] OCSEHE AHFSHAHE 3-1). t
2o AF= vlEmERact WA vhellA o] Folxitt. MMSe| &fshd 3
Ao ZRAES Falo] 90ntd ool H= dfehds ETAIFAL T A%t
AR B SHIdY TIWEES BEE HA

hinss

A

fijo
2

{e

;

@) gz AFHe] B

MMS+= OCSllA o] sgre] AHE s17Fsl7] Holl sjeF B aligtebA el vl
2= JF e Haskebr] s =8s shlth 4 MMSE OCSEE
ANF el w2 AR gl digh e AESHA skt ols|AAATT =
= AU AR, AREEA 53] FolE &olatl sl flsiAl MMS
= Alabama 5(2¥ 3-1)2 X33k 147) 3ete] U= FAR} FJ= 513

9) w|=2] Outer Continental Shelf Lands Act (1953 d 827 A7) o 2J5hH ‘outer Continental
Shelf + ’all submerged lands lying seaward and outside of the area of lands beneath navigable
waters as defined in section 2 of the Submerged Lands Act) and of which the subsoil and seabed
appertain to the United States and are subject to its jurisdiction and control.



o o2 geolE ah7] Holl FN= A AR St Nl =
Al B o] et mejel

FEA9E Jﬁ}%ﬂ.
I o8, MMSE MMSSHEATF=Z2
Program, ESP)&

T (MMS Environmental Studies
Ssjol ROl Waw e A4

S APkt 1992
W o] MMS7} ESPol| ARgs g2 10.8W7HE(eF 1209¢)e] o]=H
MMS: ESP A3-S Z3tste] Al oF 149whE(1502)9)S Zra}gie}.10)

(A8 3-1) OCS ZefxiFE sl MMSet gofst =

Jerome et al(2004) 3j¢HA]

& Aol PlAs dFS Arskilehrate] A
°], Maryland®} Delaware®| =5} slqbd=s). 12]al Diaz et al(2004)=
Maryland®} DelawaredhA| ol A e ko]

S el

2o et AEstA ofsr

10) U.S. Geological Survey-Biological Resources Division (USGS/BRD), Louisiana State University
Coastal Marine Institute (LSU-CMI) Matching Funds, Louisiana Department of Natural
Resources (LDNR), Marine Mineral Program Funds
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(i 3-1) Ol i OCSaHoIM 2| siAtafF &7 (2005, 8 Bi)

= BEY AZZFE (cubic yards)

FLORIDA Jacksonville (Duval County) 1,240,000
SOUTH CAROLINA Myrtle Beach (Surfside) 150,000
VIRGINIA Dam Neck Naval Facility 808,000
VIRGINIA Dam Neck Naval Facility 700,000
VIRGINIA Sandbridge Beach 1,100,000
VIRGINIA Sandbridge Beach 2,000,000
MARYLAND Assateague National Seashore 134,000
MARYLAND Assateague National Seashore 2,000,000
MARYLAND Assateague State Park 100,000
FLORIDA Brevard County — North 4,500,000
FLORIDA Brevard County — South 2,800,000
FLORIDA Patrick Air Force Base 600,000
LOUISIANA Holly Beach 4,200,000
FLORIDA Brevard County 2,000,000
FLORIDA Patrick Air Force Base 350,000
FLORIDA Jacksonville (Duval County) 1,500,000

A4& : http://www.mms.gov/sandandgravel.

(E 32) 0|2 MMS| BBV SAoT HE (2005, 48 )

Hs Aok A7HI($)
1 | Generic Studies(ZZ2{el ) 2,081,069
2 | Site-Specific Studies(573A<] o) 4,692,043
3 | Aggregate Dredging Effects Studies(ZA|:3daF o7 560,000
4 | 718 ZFgERA AT 1,149,849
5 Cooperative and Inter-Agency Agreements (MMS $ Only) 1,294,821
3y F g 5 71 gy

6 MMS/LSU Coastal Marine Institute (MMS § Only) 990,950
28 ¢ APF-MMS/LSU ieksfokoia ’
Sub-Total MMS ESP spent (47)) 10,768,732
Additional Ongoing Studies (Non-ESP

T | Gaa g 1oL
Marine Mineral Environmental Study Efforts Being Conducted by

8 USGS Biological Resource Division (USGS-BRD) 1,770,000
(USGS A=Akl 28 T4 sldd= &789T)
Total Spent for Studies (7)) 12,648,644

Source : http:/www.mms.gov/sandandgravel.




vhATho 2 MMSE A1 2 Befahs 2@ Aptstel 0CS st
Az Q1% PR 4T IS shol olefd AU 7] L A% ol
I AE AAES Sol =l o] TR B AR Al
A BeAF ] el B AueH G Huh 2 olsjsly] fIgk Aolal EA
Aol gk -85 7HAU FRE 47 917 Aotk o] Z=d)
HdHoR SPHHIFERY oplEes Euld, AEtH TS detele
oL, =u]A I BEsH A Afole] BAE vetshs Aot
=214 9 AE3 Wa(parameters)E7He] AA o gk T AT} F7tol
o7k, RUE Y Z2 a9 tho] 6714 848 Este] AAHNH. 5
T4 3RS AL HAE AEE 3 24, o BUE Y 24, et
BuUg s 2dy, AT ofRetel @A, Ia YR
(mammals)?} ORI F= Folt}. ollgh AFE7te] AT dAdS &
3F71918 A|zlek(protocol)S 7HEFE}ACH(Nairn et al. 2004).

A7s} BUElY T2 o MMSE 4 @ o] THYE 57
selelar b 4 A Aol AF, HAe] PR B ek
AL 995 e S0 WS oS T+ A5l 3 A S A
F 2ol o3t Bl 2 AR ofdake <X =3l old FAlA
e AN Ao A5 sl

MFoE B4 BES) A ofel /A Aol gk ol Eol, OCS
Lands Act, National Environmental Policy Act, Endangered Species Act,
Marine Mammal Protection Act 2 7]g} T2 ¥ So] 9t} MMSE &%k
el Rl mhe otgae Anser] A UTE Fohighy ofF 9
s bt OCSsh AAE wefal] Sla RS WSS

MMSS] 7o) ofsha we B9e] welale] $442 e BE A9
o ARSI LrERde ol Be) shalala Aol BelH, sk
e 540l vAe dFe etebr] AsiMe FAQ] AT (generic
study)7} BatHe WK MMSE 8730) 2282 Hasel] gl 4
A% BRAT APl A3H wdy me BUEY 7S5 A9,
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Source: Charles H. Hanson, John Coil , Barry Keller, Jennifer Johnson, Justin Taplin, and Jud Monroe,
2004, “Assessment & Evaluation Of The Effects Of Sand Mining On Aquatic Habitat And Fishery
Populations Of Central San Francisco Bay And The Sacramento-San Joaquin Estuary”, HANSON
ENVIRONMENTAL, INC.
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FYoll oJek AE2] sl (entrainment)

AX g7 o] gt (benthic disturbance)
AMAA At A

A= 84 |- 7HE FREAE (FE 2 gR)de] =%
(FF5 50l =%

el A7 3N re-colonization)

- O}F9] olF Fi= olF dEle] W3l

BAA 84 |- o9Ae] jggE(eldnl g 71




3) M=Z2IA|AROID} MIRMHIE - X0}l 3t ZA}
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wstol Aeja sgustel] tigk AR Alsklal I HF HaAzl 2004
109 IZFEATHATAFI™ © Assessment and Evaluation of the Effects of
Sand Mining on Aquatic Habitat and Fishery Populations of Central San
Fransisco Bay and The Sacramento-San Joaquin Estuary).

% FAF= Hanson Environmental, Inc ©] 20023 1¥€%E 33}, &
ZAtoll= olg] 71o] Y7 21E(Interagency Working Group)S T-AJ8le] &
ZAtol ekl of7]ol= California Department of Fish and Game,
national marine Fisheries Service(NOAA Fisheries), U.S. Fish and Wildlife
Service(USFWS), U.S. Army Corps of Engineers(ACOE), State Lands
Commission(SLC), San Francisco Bar Regional Water Quality Control
Board, California State Mining and Geology Board Office of Mine
Reclamation Z12]3L The Bay Conservation and Development Commission 5
siAtAlFoF deiste] Tt dE vt FEE B Al #d
E 718e] 3 Z3Ho Sl
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11) Hanson Aggregates Mid-Pacific, Inc, RMC Pacific Materials, Inc 9} Jerico Products, Inc/Moris
Tug and Barge 5 37 A7} @A) 23719 tidA el sAFE st gle, 2002\ 3€+
Bl 20033 29 7FA] 9F 1,647,184 cubic yardE F3IL = Ao YeRd. % Hanson ES:4.
12) Hanson Environmental, INC. 2004. (7:1)
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B BaAolxE eSS vhgol tiete] siAFHE BEel nxe I
S XA} 9J3K(Lethal effects), =24} 3K Sublethal effects), 2 J3F

(Behav10ra1 effects) 0.2 T-E3le] st Silr)r
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7 A= dFF
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S]W Falo] MEAE ul, &% A 9 MR IV doftS wl, 4]
7] eAlolA 2F 7]l &Y (entrainment) FJS v, T3l 1 o] =
A&l oA 2HA o2 P s F vk AL HolFa Qirh
H|E 2gix13] Zdo] whAakzbE 31-(Bay-Delta estuary)ol] A2J5kal =

A, Alell PlAE S FAE UeilZs o HARE RS A4AY

574 9 ol87Fs Al AR A R FFS 7E o, B3 o]d FEY

S Eole Hl 7lofehe Al e ARl Ao g Tlssta Qlvh

£ HuAdie AZdA I AFE o= CDFGolA 1980

FE 2001 74A]9] 21 BRF EE 59 oo R o]t oYRAEAIE &

Mgk A3 F AL offel AT FEY Adwe] wlg FHE A YolH

Abkyl A 22 2A w]¢- 93} £3] Northern anchovy, Dungeness crab,

®

Bay shrimp, California halibut, Pacific herring, Striped bass, Chinook
salmon ‘5] FHg A|9Ql Ao glslrt.
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G B RaAdE olgfd 2A1E 7] SledE 1) SRR A
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& AR5 B, 4) AAN A Dz Aol o] A5 5317 vl 5) A2
Q 7Rk ol nlAE Rl ol Az 4, 6) AA A3 AH Fof U
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ARIE ARe] £7 Fol RIS AT
4) 0lZ Wallol/HLUE Fo| HAH HE TAt

n]=o] dz}gole}l njdWM == MMS(Minerals Management Services)
o} 37 57)9] TAIAY(Regions of Interest)S A3le] sjALx1Z 7 sk 4 E) 7|
2 Bl VA Gl thstel ZASILE. F Folile A 8%
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13) R.J. Diaz, G.R. Cutter,Jr. and G.H. Hobbs,III, 2004.
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(species)o] HFTaL Hal 3low ogA] ofRFES AMAAIR o|§3lel Ao
AANFH R B EH T2 MRS Z= Zles Hasgn
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5) SANDPIT Project

SANDPIT Projecti= E3(North Sea) olx1e] djARIF o] HHH AFAIY
o8XM F FA4 Bafolx o] sjAFYE Bl FH Ak alitel] ofd J
S tR|= A5 golsl= Aotk SANDPIT project= = slARIFH A w
£ Agust g AAEAE 7 vk 2 SAo] ok AR Fa
iM% oL JARE AAH o 2= s HAEAE 441 Aol

14) F93 Eog AMEsl= 7] (preferred subtrate), 42 W (feeding mode), ©]%&/d(mobility),
dzr /}}%E]—[{spawns/year) ojgke] FYej(larval mode), AH¢+ A]7)(spawning times), <= 8(lifespan)
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15) Jerome P.Y.(2004)
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k= I7kEe dbha, TRk, ojgje], EHs, kE29o], X274 Folrh
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Al Eot
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A S7ksk e 3ele] PAEAE ANES o] ik A B S7h

18) Golder, J., 2003. GIS and seabed management (The UK Crown Estate’s experience). European
Marine Sand and Gravel — shaping the future, EMSAGG Conference, 20-21/02/2003, Delft
University, The Netherlands.

19) 2 H3AE Postford Haskoning, David Tyldesley and Associates, CEFAS ¢} Hydraulics
Research”} 2FAJ3k A9l

20) Le Neveu R., 2001, Analyse critique des méthodes appliquées pour la connaissance du milieu
marin en vue de l'extraction de granulats, exemple de la Manche orientale, dissertation of DESS
Marine and Continental Water-Ground Environment.
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Institute for Exploitation of the Sea), DDE(Local Direction of Public
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Department of the Environment) 52| 471 GA7} =85t Sk
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21) ICES(International Council for the Exploration of the Sea), 2000, Working Group on the Effects
of Extraction of Marine Sediments on the Marine Ecosystem, Gdansk, Poland.
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.
Qf’ i wog om( }%1 tﬁi}, WA - okgA] 3 5
o alxiao, u}o]
TIEA BEAY |- o} Ea, A9 44
- AZAgole] 24
-3, ol 5 olsiBARSh AR Fel
gapger |- RS B WUAe ii_ _
A7 - A A 2Ae E3 dakels)
st - Zo}y] S gk 1
- 29 AN A o) ek sEA 4
AR A |- ulop, SRR 5
AA 1E |- BEEe] 424 sjob
_ _ ot doted o3s, 41Tt let slokole @9 e
vUHY Z219 )
Ei: SHEE Z22W D ng s mae wel 24, mUely A% b
E
“1omem g |- Auden ARAde) 42, 2oy 34 vz P
A5 ¢ A 2004)01A A lE
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(38 3-3) =2 oA BHEA

BB XL FLo2U§
1) Y017 Kmining permit) — XIXPI2t 242 A0 HE

: YEXI| CHEHEZ O 1A

9|
— BHARS, Of, 2} R
— SYTERRI| §0]

2) B8 X| HALS U{7t — T[S X| BARS I HHE AT 9|
(authorization of using 24 9|
national land) — Y0 oo =S =7 BY

’

— HEO X|YHT0| ot TZ B
71010‘ H%HJI. EUI'

_ =1 7| 281 njprel B9 KD
ME HH0= AP 2%

— 201 O[0! O AN,
HERIe: o Rma, Tt B,
BYRIZ

3) E&THA| 617}t
(work opening)

L I Brte] 29 ol
8, st 2o, 94

A ¢ HREAIE004)

X
F\' L
rN “‘O

}1'_,

ol

e

o,

of

. o

=2

rr

o

rSl

Z,
o=

Tl

o2

4y
e
=

NS

ox

ul
2,
el

8) Am|ol22)

Aobd(1988)0] TASR= 2uele] sAlAHE 9HHog nE At
ARdell sl oA o w B PIFRIFE AASteS st ek 2djle o
Z7kel gl A TEE 9 A dHHeR Befeta glon
ohit FleE S Fsk] 3 B oewt SAAHE S8t gtk F
ARl 2] A7} gl7] wiell AF7Izbold A zlol, W o] HEo

22) http://szelit.im.gda.pl/eumarsand/
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U 3 el AaiA QAE gon ot S| mix|= kel idh
3 1HE s 6}0% SIAENAA S B ofe} sjAL HapA| ol m|x]=
PP E Lestes dkal e 545 7L Sk

27 RleA = xﬂﬁuoﬂ w38 9%
<o, A7t AFTFe] 300%km' wwke] - Gl gk FSEHIAE F
*J‘ﬁﬂr 374 #d %—%P%ﬂoﬂ AEstaL, Az AFFo] 3005km o]Au K=

u}— e awxwoﬂ He Wrel Fras @Prca e Ak
e 2seleln salAAE JelE o] ohd
34 ket e 2HA SRl el
AR wah A9 BAe] g Az B -ﬂ%m Sl mz
folER A4 soloiw s} Bdoe ol
o gAYl H2 RaED ek

i
B
]
9,
rlr
ofrl

3. 9= A9 AAHE

o=, A, FHAHE) & 2l=elM e a3 2 siAbFE sl
273 2 sjddEArdel nAE dFE A & 29 2 7 Sl F=

1) 8 Hxlselld= E?H/\}xﬂﬁﬂ A S5 B3 ol= ofrlo]
U &4 oA, 87 4 Al ddue B FAetke] dort fle

W AR} o)oK Bheg & 4 ek ol Bo) F=e) A &
; %

guztel wRERHAR sjaRtde] FEe] vk Hegk AdsolA|
GV(Government View) 2= AEE F3te] 23517}l w2 Foohd

23) 2321 37 H(http://www.mma.es/)
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2)

3)

4)

ARNF ] B el tigk A7t HE FHE Ao AAHoR
BE3 Jrh= Hot}h, FHATHEU)S Eafl(North Sea)ollr o] sjANF
7} Aekel mA|= S Tetslr] $18ke] 2002 =Y 2005d% 7HA]

T 4107 Fr2E Fodste] Akt glew, v=el Fedeld

FBAY A Pstal gk B FEAJo] 19943 E] 20001 % 714
T Az AA SR 1T 20023 HEHIME Lhe}
et

Holle FATES B3oke BF FA7} aAFS dFFo] AL 3
o& 37| fJste] 222 Fxlskal vk vls MMSS] MMSSHE A=
2o}, EUS| SANDPIT Algie] o]zt f-& ol &3, =9 siAt

ARG AT Haw B2 Jois AL 228 UB57) 9

>
du
-
ot
oft

=

& welg 7 gola gtk 53] dFe ARALle) VIR A4
W QA 2z BRGES ALEFT TE ofslEARiste] BAE 9

o am e 2 Sol AR ol
ofe} sololgAjsle] FES $istol

sz pEstel $83 g

it
ol
ol
ol
N
Ho
o
H
I
o
1
B\
ot &
O

‘Codes of Practice (HF-#%
Zoltt.

AR P FEE ol R ot FBEAE £E3] k= B T
Z 7 &S 2 5 vk dEo] tFEHRI =24 19600
HHEEE 1980 7HA] BEA] 2 B4 §lo] sAE AFHs sk
A2 BAEA} A A EA SAE ] BEEko] TA ZolE

Jem 53] sjabF o] F8 s ol td AlErtolzto]elx = AT 3

il
it
s
Ry
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A7} Ae) ol2olAA] ek Slek.
olzlah 2e] Al alApARe) BAEA ) Beke] FA1A Aol Ha

Aot Qs Sl e folg mEow Beuolol & Zoltt,
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A4

RAE3AEH 2o AR

< BEAARH RS ol&sto] sAFHE s Weh=
241o vsE FATo =M, s BTt sFe ol rlxle oFa
o)

Al "ok e AdAbgel ofs AR (Ee e Fadkal of7)el o
sto] o]PYAF=E] ofge oate] AR TS TadtA "ot webA FE
oA o E B ofFo LAl AejAY Wsls BT #Es= A
& v ofHar am|g-o] #jo] E Aol

olglgt Bxet A Tt Bt g2 ARt 7 Al dh Zlo] AEA
st 13 (bio-economic model)oltt, AEAASA mEe ABESHE 1Py
ZBAIsH Byo] FRRF oA, e B2 A9 7HdT} Al wet
A = ol dwo] o YA WSkl e s, s Y ol
g BstE shydels Bstar o]l wste] AAE adEs FAsHs Ao

g & 5 9l

0::1
S
o~
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drE S 541‘41%]*}* *34&01 01 A Hel=rke A

LI ISRSE
B 5 g Aol mep B Apalis el A ofg) 74Ae] s
2ol w2 oAslel TalE 24e] g R A4S BEe 2

&3 A77H AR ot £ ge AAolrt.
FA1A(1993) e ol ofst e FehE stelsts PHES A
shat AR AGAT1] 1 =S 71k, ARA AT, Yo 2
2 9% BB 27 PUES AEsha, JEee] APEAE
o, 1 96 mll Aok okee A4 Aotk w9 A
Dot 3} o5 wele] SUAE A% V1 NS skelon] e mel
A Aot okl ESHE P, AAGE el ofgk 33 4
(1R 2 it Aears E8Sg, ARt A B AEskel.
EIT - JIR000 & FEFATE BHS gl AFsd ojgs
F2 A5k gL ackstel As) Fu vk YEAAFARIe 7

l

I o,

O

Hj



323 (equilibrium model)#} FE}E 23 (dynamic model) o2 FEE 4= 3]

o dEREL olgFH oY AdSTEFe] FHEE wl okl (fish

populatlon)% L3 7, S TFE AL F Utk Aol 2RbE AR

X, ol ofsjeeisolN ofsjat FAH olole] Aol SEE AN

o}, wiek wale A]le] Bxo] Matol olole] A4l 4 Adahe

ek 29290 544 23art o A, 4 2% o412
E

9] 2o Bl-&3} el tﬂﬂ*‘ 5753}— 740]‘3} SEHA —‘?’—Ké’o] U W2
£ AT Aok Ak b4, mlefe] Hels B8] sF5o] AR H2A
‘?—:Hgﬁhjruq AE)A A7 S A (social time preference)o] W= Ao] H}h
g]Zlo]7] whzolot, HH R ] 7P B FEjQl YA ES Fof
oY igyFolln A7ARl A&TFee AitEs AAlg JoAgRY
ArdgFe] AAste] 7Hdl wet th2A FAdEET, JAtEE Y 2
= ojxpdeke] 4R3-S Schaefer(1954, 1957)¢l jaf 7Rty A%-Z]
2R AJAEH(logistic growth model)d} Fox(1970)l ol&f 7ide =
3728 (exponential growth model) o2 TEH}
A 9J(2003)= 7 viY T thitE ESARIA] sk Fyol ofst
]71] e Q2 oo Faf(olGAE ) E T WiHdl 2lolA
AA|=e] APEAH 7= dRbF o R Al EEsk= 4 A%< 370

AH(cohort) o] AFFoYFE AAshH= Aypolns o] W2 oYylslE

L oo

)

o]
o]

4? r& o

_Et

Hagriehs Ao HoFal Sl Aajolddl EAshs e o
Aol AR Fuylse] A9 FAIRIESN BEiE U= Ao of

Ux 34t B Felw 1 ek AEsthe 2le Adeka, 471E 8
e REBRSEECERRERGE %z«_wg—g— F3tel Al |

o thet SF S AN Sk & APE
e Asshglris Fold Sjopt elvkn & 4 gk

0




FER AP ARASLE Lokl S92 Y S A
*M 28 e RAS AN ol & AP Jage 87k
ol 001 131 Aoile] el 3 S Aole] BESAR
‘35;} 4%"1“*91 2 Tt AEL Sutel] 2Yste] ekt At
des e AR TE Ml dsude Balel 24
AEEQOMPIE oL EL 93 ol st Belsle] A%
AR B8 olgigle. T Apola deldelol Sl vl v sge)
red grouper26)AtS X A 02 g]i/\]y] A1) 3| E A 8o E3}
A olgel e B8 B & RAoME WEE-ZE 3
(Beverton-Holt recruitment function)S ©]-83}o] Zlojzdaka} 7FQl=ky)e] &4
AXE EE8a AATHRA S 53 FRo1F9] AAH oF ofF dAxd
oJgFS Tk £ A7 AETHEIER oYgse, ofdulEoE el
= AAstEuge Aol olgtelite BokE UG a2
A AR & w 2 o] eleho] SR(IAACH 2 A
7v Gafok Helloll fFEEMe BE /Mt AE A s F4
aolct. B dolde ul%sﬂ NOAAoﬂ A R AR E(NRDAM/CME) =
Feluet gl sl ARGt B e f=E R 7] S, 6
Helx o] it FFollM o] Eds ]%']{— e|Rd, e o A=
Afe) NS 2ok AR, AR FAA AR Baa 3
Ardz e gt BERddre FASALIUEE o] &3t
ke Fgesin, Ao el B, olde §9 HFEAs 44
25) SE, Eofge loixe] ot aie st AEAAS A7, A BEF, 2004.6.
26) FElUEte] A5 fARE ofFolH, WA ThollA] ofE] == A grouperT A1EHe] 60% o]
& AR 228 o5
27) ALBE7L B HE AT £ AT £ UE AR TiE oA dSel osiA
AAE ogHETte F5-8LRHTAC) “—‘1 S7HERE Fol7] A, 1800 3= ZoF 318
8% 4, 1elm 309 olfolile] daol 2T HAo=, 7 Helenel et 415G
AU S e 8 AR e e K

28) FAIA - A%, BETARDS o8 FRAEAT o2 AR SPhe] 34, B
3}3)7] 29(2), 1996.
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#lof 4ol olat 7}e] S Mk ¥ 2D o)ge ARAH
7ol HEFe] T4 A9 VBAAL AeFe FE%] F7Hendt o
& F7hew ke An RS e AAEd % 3714 S

5 2
7F Aol HAbY] ©71F wlEy EX Avhe e AHs
Grigalunas 5(2003)29& v]=r 2=old= 29| Providence 39| 32
Aol g FAHE F7]2 s koo s g A=A Y
ARgate] FABE. o] dATtellx = olgelle] HEE FAHEE T Ha“ﬂé
7)Ao %A 2] 18] (short-term and direct effects), AF13]E-7]7 o] vt
3= 714 ul8f (long-term effects), Z2]al A Ale] Ho|w(food web)oll

o F ﬂﬂO MN

;

w2 7H9% &3K(indirect effects)® THale] A8t & Ao An=
B A71A msirr ARA iR 24 Jehb] whizel] dE ARs

(cohort-type)2} -2 AEASS) WehAEsl Fashd, AAHeIe] 23 of
o folgols Tart Hshs Ao ZAMELL)

(E 4-1) JIE 79 He

RE! g B
SAN(1993) | AOAm Aol ola AA Besler | wamel g 3ol
E3% A3 | ARAALARl o Adrsd |
B I o] ¥ A
(2000) o312z A% Al Iy A9
W S003) | el o olzeld sl 74 iEE;
1o = . x}x0]
GER BB | om ezl A T Aoly
(2003)
O X A A
T T | e s sl ol
_ REAATHAEG A 2t ofqA] | HA=ZTE] red groper & &
AE3(2004 _
R0 szas 24 o)
Oy, | UEAES ol st 2 | A ol % el 28

29) Thomas Grigalunas, James J. Opaluch and Meifung Luo, The Costs to Fisheries from Marine
Sediment Disposal : Case Study of Providence RI, USA. 2003.
30) n]= 2eoldd= 9] Narra-Gansett Bay2} Rhode Island Sound: froljo] mi¢- Addishe =1%ol



2. $MRIY W) Fpde

SIAEHE Qlste] TAE & e AR Hsie vt o] et
of A 5 Aot S FU(entrainment)o]] oJske] WAYsh= 3f, A Fol|A 9
3|4 algH(benthic disturbance)dl] 2Jgk F3)], 1]a1 JulE(plumes)ol] <
gk v o8 FEgtt

ro
bal
iR
bl
o
2
10_'|_|

1) &¢l(entrainment)of] 2|

Hithe] AFE olf, AR, FAF B 5 O ol Fad 42
2 998 S gl BE SRR olfel oA, A, Ralg
&, AAlole) A e olHm gk
sibAzAduke] A7) sholmi SAAF 2A meleh & Bk ofue) 8
Aol A Sl AN, Al B, UAAe] 5) 52 Eat
.

A ek webd sholmE Fa) FEE A, 4AR, ofF 5L BF Fevkn

25 otk BE 494 o540 Hofd AR ofFE AT F A
5 BE FE g0

= S
ok Ae) o] F=rhal B £ oS Aot B dFxE
=

HHA G A Fole B F7IBEEC] Ao Yot SAAHE AA A
273} A AR 2dE lske] f718%A APEoR e Fu.
oo wh=m ulgt /q/\lx],] FHe AF Fo 4 (diversity)E 30-70%
AL A7) A G 40-95% THar]7]H, AEH(biomass) = H|53H
A5 Zefgcha Sk g 4RFe) by, A9l dael ke

BN

52



o
B>
rr
4

o

Hzol W3l 55 xYE|= st

3) BIE0}4(plume)] H
AHAZY st mael o E B2 AN EE viAM) o2 28k F

s of Wl sirel Aue AAEES Aviel Swow FUA WEYols

(plume)E A1/ ©ct. DHI & TOXICON(2000)237o]l oJshd X AE2

FEFS Frdog AHE 2o 28%F=] o2 Yepsich
ujEJolel 23 B Z7ke AeiAle] td sl e . 9%

7Fs/de a9 1A} A, ol 4, ol s Ear]e] #5 &o AE 1y

QA & Aot

&% o5 (plume) 7t ool W= FFE AHAQ] FogA o] ¥l
ApA|oje} Adofef el 9= vIXItk Hanson et al.(2004)2 di7- ¢
7ltks S50t plumed] oste] F718kH, APTES FfE] FEAteld] &
A4S vreilon F57F 200mg/ | o] E w) APgEC] IA FUkehs S W
3t T=3F Hanson et al.(2004)E AEHAEE HE =5l sk o &
o] AEsHA vhe-g Qokslslrh

olgjgh ¥F= Ak e JNdsteh=dl mgo] Hrk A
2 A 3ok 2 FsE st B 4 odeH Ad s &
(entraintment)ol] &3k AMB=o] APg(7do]) dlsfet Aol A sk 748
dApx|o] vjaf 1e]al o oulE(plume)dl] o3 E52] 7 B wAA|of
g 2t s AMAEAL] 13} 9 23} AFE Faef ke e

o
2

o

p=)

o

31) Thomas Grigalunas 5 (2005).
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Aglo] grsle] ol HASHE Saede] 4 on|gt,

G o5 Sale Wlujsiel AIsle FReke] B 4 gl w15
= SIS Al sfste] wAshe D1 oulsn 4]l A 9
sfo] 710 P Ve HE oulat. oleld @A FRe s
SELE 7HL=1§F§°E’>‘1 B3 AYsher] £oo] Hu AF AR

A4 Yok wEsha BAskeE 483517 uholct,

(1) @714 A HQ0 53h)

@714 3= siAFIFHA] &Y (entrainment)l] 2Jake] s el A2teh= 3)
FAET A (benthic) BEo] de FME JnlatH ojnf sjF=2] Falle=
A 7RA7E = Fo oY (adults - o EUe] He Axe] AVNE A
Eisd=g

(A 4-1) sHARNE ol Lol 2AE

A48 : Grigalunas(2005)
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SAENFE el ol AAE AFH FAdo] M3 eQlHHA ARFE B
e FSlste] Fd A=2 FojZelen), ojul 2ot I FYEE AXAE
S(0]R, ANEE, 1247 5o dhHow BT Apgel] "l =3 Beu
= Ak AMTFEES AFH T HEE AT FEdo] opytvlel 3
HogH Fo| 7Y AasiA AbdstAl 2 Aoltt. whibA sRut 2F 52
Sgo #Aglel 2280 Flog B &5 ofsd 4 o sAA Hhe
A RRE =g F 9l FAEES A & ANFEL A o)
£ A dsiE A 2 40]‘4. oluj #*$EE (benthos and demersal
species)S A9 BT Apgstta B 4 itk B AFolrE 100% APgsict
I 7}A3FItH Grigalunas 5, 2000)

(A8 4-2) sARIFZ elet oAt Zfshel HE

IECE
|
| 1413 |
A .
. N ol v - EZA]
AR T (v*ﬂﬂiﬁxl(’ﬂ o 2 %4 3l
I3 2 23 4]
eAdam || — 27 |
| 44 a8 BECEL
% 53)

32) P54 E5o) A, http://www.nfrda.re.kr.
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(2) 22719 714 s3]

A71A efolle 7 7R et AEd ¢ ok shue AR Aol &
71421 Fafell :=ZHE oJFE] ol 4, xof TAlelx 9] Tlsjjoltt. A}
ANFH7F o] FoARHE QoM dAFetdite] AR ofFe] A7t A =
A HaL, o2 dY)A MR ERISA olE olFe ot = dsiE
W= v, ol ofFY ofeh, A, ARele B Seval & 5 Uk olE
Tl AAtel= P FAA 7L glod ek el e A
o2 2k QU= MNAIEY AFEo R Q1% JHAIES ATt AF ol H ¢
e o] 7)AlH(equilibrium populations) 0.2 3]E-2 uwf7}A] o] &5}HA] F3}
= slah ashet] oF A71H Tsie & S 9Tk oleia Ax A
Aol A ol SR Tk RE SABESY g AT 9
3 539w A% 2 Aol UL ol wet thaAw o o
Fo 40] AY )

o7t YA AR fx8ET2] ATt FSH(recolonization) o} AlZHS
W A £28 B 0wk FaaT AAA 2R s 5 )
9 ulol] o]Fold FE 930 T ARe] BP @ do] A <2
9 43> AAEDER T A ARl that AkAR) H8A4E e
AL ik MR B A Er e e 382 gHol7t AAE ARG

33) A - ABE, WA mEdS o8 fRRE ARel o A Ak jsfe] 24, ¢
5288l A 29(2), 1996. 3.

34) Thomas Grigalunas, James J. Opaluch, Meifung Luo, “The economic costs to fisheries from
marine sediment disposal: case study of Providence, RI, USA”, Ecological Economics 38, 2001.,
pp. 47-58.

35) siAAFE A Aol =elA Wske Zefetn], AF olFlle 22 ¥Hol(sand pit)7t A7
e} ol Zlol= AMSEE AW A2 ofEsitt. 212 §Pot AYAE =4t

AR o}F tieFets Ale] gt dgkat e ol wiel e 19, A 159 ol 4

d & gtk B A7l w2d FHolt AYAE AEATS BE 2-3do] A

Newell et al(2004). T2} o] A7 A= 5ol 4§90l T4 efshAl Bge

b FAseitte AXS B ek MR S5 AFFE 571 okl Sl BT Tl

gd Zol7] wizolt.
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olZgh 3E7|7tel| gt T E NdH R Argshd thedt <a¥ 4-4>9‘r
o] AHE 4 Qlrk. o= 54 Fof Aol Q7= #¥ 72l POE
ghot. siAR A7 Tde] APl o] FolzIek, AR xl‘lﬂfﬂ 2E AE

& APl "vk. 2Ear sjARFTE Evhs T09] AREEE A A ©HA
(first class) BEe] 3]&o] AlRtE= Zlolok. 28y Trecruit HA7FAE= of
B7HdAE olste] AEE0] 3HEY] witel, o} oge] rhsd AlEA|
315 Zo] ofUtt. sjARA o] 5ol Abgket A WA BEro] ol Tty IE
o YAl HW (2 4404 1’2 FAE vkx) o] e 3|Ho| AFtEE
Aolt}.

<" 4-4>9] B, o 7HAAE o]F Hf FHE 4do|BE, AL
F olde] o] 1T FEA 3 HH7] A= Trecover AZ7HA] 3|5
o] Rl Eojol at= Aot} ® thE dfte] A7|HQ T, aAAA 2
A T AFH 5 FH e 25 FAELY] FAFoR st 4t
AEol U7 He Faloltt. sjAE AHAT o sFHAA = AF vpAHL
2R Z#IXE &5 9al 300~500 mg/l & & gF7) wAst]
sk mhatoll ofa) Q1A sldom HA Uit ojuf Al A AE
St v G AEiAle w2 HEel Y A Fof 3 Aol a4 9

d

_4

d W3S FABI7E 2l Ha deiE 4 dv 53] vt A
Al s Fd ole B FA82 Ao AMEE A= A IF
< W 9. BAske od B {2 FREAERY =EhA] Xt
wEol o] Atrlel 2 el vl 2u ol o7 3 4] vs) A
== AFHAL, e oA, el e vk, F4, & 27
o siF=eledd agl, AHAAEARE T o] aad ofs] JFE T
Al wkek AF s o] Agtelld s FH9 slx2RF FHF T
AZE FFS e F Sk of9f Zo] AFuAH R HAsEE f
ZTEFH Y s 259 ofdeld 749 vsiE A4 ddz =
T Atk



(38 43) AERI] 0| ciyy

EO_I:

1o
fon
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P

—T_ T 2719 =%

=
=

THo

ton

A= 2=

T M =0t

Source : Newell etal (2004)

(A8 4-4) sfARF g8 38 ZEO| ZAte 8t

37) James J. Opaluch, Thomas A. Grigalunas, Meifung Luo, and Gina Shamshak, “The Economic
Cost to Fisheries from Marine Disposal of Dredged Sediments at Two Potential Sites in Rhode

Island Sound”, October, 2003.
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(3) A (olA) sl
SepEe SRzl el the AEE)Te] BN Holw(Food

Web)& o FA ==, siibF ol oJste] 23 A o= s we Fol Js
& wto} zpglo] sl HHY o]F Bo|R s v Ao HAE opr|g
o} olgist HslE 1H TElE TR & g Aol olget 1H wse=
BARNFZE o] FAALL Ql= 7ITMERt AEH o= dojdtt. A Tls)e] F
A& 13041 Bl =2 (proportionality rule)& o8& Aot} & X2 FE]
e sAHAR gk 92 FEo FAawt dA|gths Aolrhs) 2 '

dofr e A Tsfe] W <E 4-2>9F 2t

(E 4-2) moirdd LHE

T3e] B7 &
1. &) 3 AZTFqe] FAA AN eIz Aot Y 3
Az Teqle] AAH ANl $A4) - Ao} e T3
2. 7193
B ofgh B3] ofgt - o] uke T3
3. 7784 33 ol BAE e oz T3

WA 2 AT AR me agle] el @A &) F45]

38) Applied Science Associates, Inc., A.T. Kearney, Inc. and HBRS, Inc., 1994. The CERCLA Type
A Natural Resource Damage Assessment Model for Coastal and Marine Environments. Technical
Document Submitted to U.S. Department of the Interior.
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A2 e e 2o

O I’ o= (target species)e] AAo|t}.
o okl RE So] ek BA|E BE Fo jaom o 2 9l
U} 293 o]FS thalo g s, =938 ojFo ouj= AMEstdo g
T BAAER ouelN FoErt & oFS on|git EEgk tidolES
oA Atk vlsfo] Fefell whel debAAl drt

@ AEFONA D)) stetolc. ABFE WREAE Fatel o] 4
o detxom ek @eHd & /jAleRE sotdnh 18al e
o A 2A2 olfolaln). WAL AR 2001- 20024 73
& st} 2Ae APARE L8N

Q) AEFE FADAZE ﬂ}\hfhl]- NAGHYE Aoz WEZS Berverton -
Holt 238 A83he] % Hi s

ol r

ofr

A ek

Fololge AR B APl @gzatel A8l A o

Fo) Auol] uEol AR o)l YEFow Wadh

@ thgolEel oPkE WEdt ok SR} BARRE ol AE
Fgato] A

® Fulalgt OB ALgte] Sulsiele AEw

@ 14 Sshel e A Isls e &%;}u} oul olg
(discounted rate)& AHgte] B7bAe] Bl AP ofuf A}
85 elge BENLAFAKDY] T3 A B A
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S8 g 6.3%S ARSI

o|FA Fatodzl vlsfele AR (13T A=, A% 7 17 ol viE
FafRelct. 12t o] TN Ao E ALEE ol (minor fishes)
of tigt gsfe} g ulal & whedabA] ehghy] wiitell #HAg7e o]

o2 % ok

(A8 4-5) siAIRIFZ Qleh MR e|f et FHo| HA

A=A A ) Bevertondlolt 5 g B

hels [ <7Hﬂ§?;ﬁ2§ M e oag’a;sl)@g T e e

P AL Z(APEE)

AR T8
ABBCIRR]) 8] 54
o} PR S8l 4

1 | | 2

Zolefel At 92 T Sl ARt 7

2) M=ty Y

A7 Aol pAE 9 dr|Hos AFHIIME HEow &
Whsdt AMAE B 7S Ak wEol i 7, A4S
2 R e 27 2 93lE 42 A9 749 Skl S FA ©ot
Ao FaE A A9 o] Bk ofue}t FAaE olFshe A
(finfish) B= vithielE Ahebd B AAAIR o] @k Fakakel o] 4% afjAt
ANHAA G wholM = e A ok 22 o]5do] e AR &3
o #ek g, 2 Ae] Hol A 2ALE T3 BAEI7F AR Bt

SotEE o] A= AlEdoldel oA F4E 5 vl ItK(Grigalunas 5,

4% MBZNSH 280l Y o6t



2000).
oFollr] A e} o] SAANAZE Aol HAE el U7 9
Ao z¥E WANIT 3R, SAEY solzo] FYUH Ao A}U*Olﬂi =
R, Aasgo] o s, A wzke Areel Qi e o 2 4
& JollE(plume)e] P o7 AgE Aol Wa)E A Ak 3
ummoe o] sl ofahe] 234H0 2 ek Ho] 7k Oﬂ ok
i3

- A R F e £

- RREA oate] 9w BuFe A4

1Aha o2, AP w2 Fol oI TNHEA Bsla)e) =
ke v s

(1) Beverton-Holt &3

@14 sjsle] BEstd e ohast ol AWE = Atk ofF ie A
P} Y W1 TS, 3 AR APEERS Aole] AEHbiomass) S
FAe7] Slelre Adole] dBT S Atelo] BAIE HAetsfof gt dwhH
O 2 olFE ALY ul 7HA Y| & gfetsiAl Hetl, Al Wk A4l
HES BAs] flelide AHAle] AR SFE Aetetoiof gt JiAlS A
B3} FekAfoo] BAE FAHs=t ARREE dubze]l 2 o] Ricker(1975)

39) o714 Adol(adults)ell thet A= o F7FY FtAB () Ao A%(maximum age) Ato]e] A
o de AES gugth. & ofIIYBRTAR oS Aole} skar, FEdR olskE A
(juvenile)2} et
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o oJ& AF&% Beverton-Holt ¥ o]t} Beverton-Holt 22| 7|&E HFA2le
o 2t

A t(AH o2 1d Ee)elxe] JHAE N2k 3HH N(= 1% 00llA
o] ZHAE, N(0)o] g7t Hot

N(H = N()e # for t<tR (1)
o7|M Z = M + F olt}. Z& iAFSAIG oY, A A AlTE &
ARG AT M)} XA GAPGAIF(F)E v o] ZIeh ARabg2 o] o]
9lo] glof ogk APES ou|sitt
ag)ar 7iAe] A4S von Bertalanffy (Brody A3 Wd) A4S
s o= 3tk
L,=L.(1—e "W (2)

o, L @ A% tella]e] Zo]
Lo : 7RA|9] Hhdo]
k : ¢37F Brody A3AI
to : T (Aol7t 0] 2 ufe] %))

AF(FAR)T tollde] Aol L= 7hAIS] Ho| Hojo]m, k= kb

Brody “d&7l5olaL, t = 2ol7k 0o] 2 ul A e=A Aol
Eo] = BFolls v (3)Hdll 2lste] FAZ St
_"

= }&k
% Qik 7 A% AR ol Ho) o/t @ wbA AAH o s

A
=
A

40) U.S. Department of the Interior, “Measuring Damages To Coastal And Marine Natural
Resources: Concepts and Data Relevant for CERCLA Type A Damage Assessments Volume 117,
CERCLA 301 Project, January, 1987.



W,_aL® (3)

g W, ;¥ telrle] )

agb: 4 Fd AT

Waz A tollxle] F7HFEFE) ol a 9F b= Areltt. 719 2 (1), (2)
T8 (3)S AL, b=34Dg HAZ S, 7 Agwolxe BEHFA
aef)ol A, A (4)9F o] Crh Tzl

T AN G B F 33l ko] ool Hrt. ofdake /oo
RBETFS 7 ek 2ol olIAAI(F)YE wek wkol Hok webA siARA
of 9gt o Thay A (5)9 2ol 7t gt oY UAE BT §eh
#rol k.

Co= [ TENO W e MR g for loR @

o Cy : AF+ koA AEH
W A= tollxe] 7iAle] FA

C= gck (5)

@ 3714 33 29 D JellESplume)s] G
4714 sjae ) e wlet ol sAkAAe] B4R 4 2 Ho]
sfslel AT HEe] fAlsle]l FAAZ FRshe] Aumolof & ol
S, 32 44 2 o] vjsle] ARk mEe wild sle myw

41) %3 30| 8,
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FAkste,

o3k 49 WIS s mao) tjg el

SEeis) RS 48 S0l Rhee Hbe] ARA0 S S0
e fAe FREARTE S5 23] dRe] 55 Al 1 slst
k. ol fAG sk Tsle] Sk AR, Fad A1),
A, A Aetel &9, 27, 24 B9 B9 GEAel ok aet §
o) 52z AEstel AP e FiA Ade 5T 5 gon,
S Qg BA-Eae] Shire] el MerE & W f4e) el A
2 muPgo s e W Fadle] 2IARES 4T 5 vk

<2 46> Aol 2 FA9] 2 BAST T AR F ol
7Rkl AT ool A 1 EFh vk ek ol Eel, <ol
o+ Looe aAAAZE fe] @10 ol Folx7] wRe] 1 gl
Aol T3 Fa 1 ool ZHShe S WalE FA eech, W
2 T-Lolis shAbazl o) ek mixet gololy olzoix)] w)
ol 1 ojde] fAGE TslE FA) etk A <t + L o T-L>2
oA o] EW FRAG ST olFolx] wE

o] T =7t
e e el o) B Be o & gk
J il Z5(plume) ] Tk ¢lgk Tl ofFol thah stz <Akl
o] T8%F alloltt. JofulEr(plume) o] FFol thet A Fede A
okt glo] AR wEARH) re A AL 24T 5 o

oh elE S8 BEe) 24 slal o) A1 R b we e A

Mortality = a xTss + Bx Hours  « = 457105, B = 0.02175

o7]ellx Tss= &%, He =32 a9 e FAR



200199 Z/\} Adel42) Ao w2 npRA QlZe] YJofuEr
(plume)®] Fr}sEE= 100~300mg/1 Qom, vl He] "ol o=
(off the barge) 1,700m'e] 3JAE AHFHTE H-F- 20~90mg/l At o=
(plume)®] s%= A7} 2] OITOV] s SAFVE B F
kel o) ol &5 (plume) 7} HAsH= LA 717 B2kl YElytth(Hanson et. al.,
2004). HE dhto] uiA|olA] 1,700mE FHEH= AR 2.5~3 A7 w0,
YA ETF(plume) T 271 %_‘E{— L:‘M 785 122K el 10%= 74

skeich. JoiE(plume) FkE QI FHote] B9+ AE AFH s 34
1} FHare] JouiEr(plume) SETES ‘ITXIO]"“ 6AREe R F 9ARTO]
2 Aot} 2HEE ofgh} 50| YoAulE(plume) JTHE Qlel FFE
= FHU AEAE AR 2 Aom ddE o] 9o f5(larvae)oll
ek AFELS 182%7F € Aoltt XA gk Han(2002)2] A= nf
go 2 JoujE(plume) 2 2lgt o]g] Ial= 42 4 Ak = 20,000m'9]
AH 2 Hgsh= 2 E(sediments plume)ol] o] ?Jr 50l ==Hog qlsh
F7HPEE wiol ‘/}EM“ F9H 7Y EAHE S8E vk

ofgh} o2 27 B ukgl o3 TS et o= of# fFol F
we] APdES ‘/}E]r S ongitt. &, ofg ol tigk AbdES Ak Y
o Ea7t S wf I ARl Q= ofekt #5| Fsirt dA¥eka, Bk
ZFE Q3] & Al Ud o Fe} f5o] doiET Tt =2 AL
2 o]z gl wt st

el 2IAPEEC] B AAE 7L o wEkA o F2 SAAY
ot} IHA| 22 AYGellA plume Fho] Fxol ofsf FIFE - Uk
aYeE o Zg volHE Fal o At e =S+ Aok

B ATl sAEA A o] E7IRE B AA He A 9 2]ofe] ¥
A7 Tlal)e] 2a3loA= Beverton-Holt, E= cohort-, 5= age-class

42) =25 AAR(2002)
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l

model (Ricker, 1975)& o833t} o] B3-S Fole] 7fA2] ZF AR 49}
TAS 248 2= Qlr}. age-class model-S X|oju} o] o2l AjA|o] Apgo

sted d Ft AARFA X F e A }QJ(OJ #)e] Hais Aud
T Uk o] Y-S AREsHA siAAF 7IRbERt o8 Thsdt WA A EA
o Eo] Aoz 7015k o]Eek uls) (lost catch)E& 4 4 JA It

(Grigalunas &, 2001).

(T2l 4-6) A|7Med SAHO| X}2I2H43)

< -
H B
H - e
HE— -
i wt. T T
¥ of
A
Classes
Fromeri
i gtl T4 T

Larval Abusdace over the Period of Laval Presence

VI HAA( N 5 A) ol WA BETS) ANFE A APE
o salof 3k, o719 ol A9 AE ofel AR o
s qHasbl Eok web 7k R ARle) S e A0 2k

43) A= ¢ S FAPEA(2004).



N(t)=N(0)e ™ for t<tg (6)
ok N(0) ; &7] 7RA15
M ; 3F ARAFEE

tr 5 OFE7FUIR

gl A%, F oA ofF 7RIl B Fol AAle)

S A7) 2k

1

N(t):N(tR)e _(M+F)(L‘—l‘1e):N(O)e —(M+F)t+ Fty for t>tR (7)

L e KT =

A7 Aoz ZHHo] = Aole oMo} nZziA= 2(8) <Js)
of ZAZ ket 4= 9lth. = Von Bertalanffy #H42)(Ricker, 1975)S £
ste] Zb A Al 3-s mdHesIth 72 A% Al dole FHu)

2 kA daH g sk ZoR 7Hstden, Al FAE
Aol gt #Al o) AlktE o] Xt

L,=L . (1—e¢ KU1 8)

o Lt : 8 tolr]e] Zo
Lo @ 7HA19] ZHoj4o]
k : <37} Brody 373415
to : 45 (Zol7k 00] & wie] eAF)s)

44) US. Department of the Interior, “Measuring Damages To Coastal And Marine Natural
Resources: Concepts and Data Relevant for CERCLA Type A Damage Assessments Volume 117,
CERCLA 301 Project, January, 1987.
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Lot AF(AR)T tolxe] Aol Loz Ao HjdoleH, k= Azb

Brody A0l = Zol7} 00] & W) <lzde] g5ela s, AlAle] ¥
A 29)el elste] w2k,

W,_aL?’ 9)

o W, A" tollA e FA(g)
a @bz 2 A

Te)3 AR FAe] 25 ke 2)(10) 2 A1l ofstel 2t A
259 o8 s 4 5
g

Yov, F ofsjFe 25| ofF AYES Fistel

? max
C = ft EN) W, e M FU= g for k>R

(10)
o, Wo o ARRE tellX o] iR A
Ck: ft tmaxFN(O) Wt o — Mt+ F(t— tR)dt for k<R (11)
? max
C= ;1 C, (12)

3) AN|sE B

2 A7 T=49 Al oA o2 dFE e



7S Fofshauel] Stk & A5 Fote] sARFE o] RS
A ofFfFe ol tisto] Azt ARE 7hA]e] £z AT ¢ Qi
olgFe] FAH 7= ddH R ofgd =] Al Tt es yehd
ot olgfdk A THAS FEA0E HAl AHjAte] £8F whdslke ot

EAE ogFe FiE Fs] flste] B AyolMe ofF =T |
Sh= flor webA o wig-o] Wl gltkal 7Hgeitt & T s
AN A A2 o o] Zkedt A A Aol Blsto] vhg- 22 Ao, A
olgF nluste] FrH o He ¢Fol7] wieel of Mg gt B
o wEb dubz o olgife] e A, oRlEse sAIFE <lg
olgFel 4L Al dARBHA & ZolH, siAAF fl= 852k 2ol of

QAP S AFAE AT A1, ol wejash ool s g
S A4 Aele), Wb olelek 1A B Bt ojes
R e R R R L B F DL RSEIOEE R e

PV = & PACH/(I+0)t (13)
o, PV &4E ogrsee] dA7HA
r: Els

p : o7} (3E m= g =edo)A)

45) SEvEte] A9ee AHA ofF o9 folY(recreational fishery)ell ofgt oj&Fgw M} Frlslar
Aol frofgdel «1{ OFQE*E E3tu|ojo} & 7401‘% P3|z fEvele o frojgel A%t &
AZE A9 glckar & Awolmg E AFeME fojde 1efEkAl edstke.
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2 o%
AR 2] @) 32

1. Xt=29o] 4

B Ao A47der AHE AEBASH By As5E 283t At
AFH g ke geE FAT. b dEls 54 AY9ES
FEo = sto] FAHEH, o|& aAF Y AMHFH AP AN £
FaIHEEH &0l Tateld Flofd

A4z e 28 (bio-economic model)S 2-8317] Hax= A&t
2 agjal ZASH Atsrt sty AustHoR a7He Alse 4 s
T A= (gwwt), Zolet FA Fh¢ Foll ARgHolE A Al 2
Q3 ZAHE A52e S He FEY o7f AR Akt a3
& 59 A=7F 87H

A TR EER aTEHE A5} ol Ase 74 WS Aehd o
% 2t

IREERE

Ags A7) Aol FAo SHAT. 2 ol 3 A% Ao
Seltoln SRR} ol olRold Aelow sal spalEFel 80% 4
w2 g glen], BAE Seldelel A% ANAHd g $AzA)

H5% shAAF 2 AR EH FH 71



gk siAk AFE TAHORE 1984d% FE oot 1984~1988 1w
& 2ugk m Eollon), 1989~1990 %l Sunk m Eo 2 F7181
ok 22 1990350 0|22 ZlskEA o s7kge] S7kste] 1991dke]
gt m' FEOR 1992 dwelE 1T m FEOR T8l 200395 oF 2
A m FF0 2 ZTetgt (B 5-1). LEjgte] 3212 o= srtsl sjata]
S7bER B oF 2230 m ]| o8t e Ao s A H wirEA)
F oolHth B Aom Helth

SR s7RRE v A e R AR Y, 3=
TR 12|a solHi HES oIl AoR Helrh

ol

(a8 5-1) 1998-2000 A sHARRHZE =<4

37.4 y&&
37.3 -
@
= S ~ B
- =
37.24 s bDE%’, . .
3 [Vave
. <lx o e
¢ O O s
37.1 a» < s ]
£, m - = & W X
L - ] 2 s z:
37.01
36.9 T T T T T T
125.9 126.0 126.1 126.2 126.3 126.4 126.5 126.6

A ekt A Ak AT, ST g B s FAEAle viAE $%F Workshop,
2004.6.29.
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A 4 Bk ot Bl A7Ieke] SjARNFHE 19897 17k A
o2 4#lA] 9lr} 1989 ~1990d %l oF 308 mEF=S Holdd Aol 1991
~1992dZ o= oF 60%km FFEOR, 1993~1995W%0] FA3| Z7lste]
19955 ofl= 3Wuk o] o]2r) 12]3l 1996~1999 doll= Tha 7has}
o] oF 2.5k MGt o]21 20008 ERE ThA] Z7lele] 4.590m 3
o, 2002 =0l TAl F43] F7I8te] 16.597 mpre] o2l glom,
20033704 % 5695 me] AP AFEACHE 5-2).

giokre] 37k A9 opakl ddje] AlE|e} ARIE|e] efF| oM F=
Azl gl

(E 5-1) 272 HICIEX| 3] 517} 348

de AT | sl FECam) A I

1984 10 2,202

1985 14 2,715

1986 12 2,612

1987 14 2,652

1988 13 2,652

1989 13 5,026

1990 13 5,236 32

1991 13 9,314 38

1992 14 10,540 35

1993 18 13,280 38

1994 17 14,638 47

1995 19 14,406 55

1996 19 17,180 65

1997 17 19,480 59

1998 17 13,320 49

1999 17 15,650 90

2000 16 17,274 96

2001 15 16,575 120

2002 17 19,143 137

2003 17 18,950 148
Al 221,845

Az gk, AR A 2 Al B 9% workshop, 2004,

HM5Y A F 2 2R Eu £ 073



g

(i 5-2) Effehat SHAIRHZ]

rok

d4 o= s7pr AN (m) o3l
1989 4 291,575
1990 3 269,760
1991 9 574,588
1992 7 598,587
1993 7 830,000
1994 11 1,130,000
1995 12 3,000,000
1996 17 2,350,000
1997 17 2,500,000
1998 20 2,930,000
1999 15 2,250,000
2000 41 4,800,000
2001 35 4,600,000
2002 122 16,500,000
2003 149 14,000,000
Al 56,624,510

22 <lBHHSHI(2004).

L\Z

TO1H mlsfol e A=

@714 dell= ARl 2lste] A om vsiE de A =] Ao
7F e dElE ovigitt. wEbA ols ARl flsiMe AvElE g
A el S, 2EaL ofE oF (e A=H(biomass) A= So] E
Q3

(1 ﬂl’:}ﬂ%(Target 0]F)9] Ad
Bio-economic -5 o|-§ste] FAAt S vaj& HEs] A 817] 23]
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AE AR G e ZE AR dd Awrt desit ey

Aoz HE HYBES] ArE Tile AL ot Y BE Y
50| 94 7HE 7HE A o] miel, o= A= destate]
e Fgshs Aol Evbulsit. webd sAARTEH FE e F
E FollM BPHeR A B FES AdEste g3 Axs F4sa
A gt

A Ag2 Bs YA, AR, FA, YA Fog FEshsEl, of2d o
Ao Bkl wet AHshs olge gl vehdtial & S glrheo) sk
7} o) FolAE e A7 AR 9 s ojetar Hojop & Aol o
o A% Bl ARt ek UdE Hof uEiE o] YiAUL 1 o}
o] wefE AF k= At AR o] A= £ 5 AolEE, tido]
2 WH RefZolx gHehs ol (o7t Holok & Aolth. &4, 44

filo m

7R dfe] e B sjAFol MAshs AR oFe vefslr] sl
A 7129 oy #3339 19999% 2 20019% SlEtstal Sold F3E &
BRG] S %%6}914. Z47IRE s Jollx] M 2= ofF-2 ik

VHAFRFRE 5 A P2 il Ass ojFoleia 173}
(€]

W2 Pt glov, ofF ol F medel Ash olEe steta] sl
A FHFASY, FIAFAT, AT Fol WK B, B,
R 5o P2 S Tela PR o5 TR S Ak

46) B2 2 <D WE APPETe B> B2

HM5Y siAAF2 2R G £ 075



oJste] o}Zju o5 o Sk ofel 7H4e] ofdd W F SAEH
of MY RS HES TR FRE Al A1 P2 Mo}
oF 57] wiolth. e} i sjolo] Zafebel Tl IAAGO ofF s
o5 mEfstolol & Rolh AT o] cigtels] whze] ok ofs}
of o g5 thgS Telshairk. Telx 9 IFE 24 Bof AFEr o)

M BE olFs Xt U wgel A7) wiel BAH 77 2 F4 o

Mo
1%
=
o,
o
o
s
5
N
—
o

a3

-4
2
of\
A
~
2
mt}
)
2
>
i

IS =l
M2AEESH= o], 2) AZA o]=(benthic & demersal fishes), 3) A7]% A

tlel %Ik 4) A1 AL 2 ook 2L Al HEsHE ojFole)

4
%5 Aok 3 AAFHTARON AbERE ol ojFFon] ofy
ol Tha lFo] Be oFS A An 2, Jek A, Jlek A (3
215, 29, debugolrt

<# 5-3>& 2000FHE 200295 31 d7ke] odotEute] o] FEt 2 o3y &
Alolt}. AQksHtol| oJate] oF 307 ofFo] o]E =L I+ Zo = vehl=d],
olF BFolr MAsl= ofF T £, 7IEM, 7IeF A= (W), =9
e} Aefargol ool olga SHoA F83%F ofF o= YERTE o
£ did(target) o1Fo] AA FrojYgel 2t ofFelx AA|ehE HlF 5
712 B oF 80% ofth Aslictellr melz | AFol AxHol7t wol
WXk st o] og=aL glo] AAHe| AE et FEE e A
o2 A 4= gloy; F2 F-oY(recreational fishing)47) o] n|7| 2 ALE-F
Qo] At Fo] o]FoIAaL A Gtk dRelx A 7t B §-
gluetolM = a7t oid=a QIARE AEaFolu AL sk A5t SF
1A Esho] B Aol Aol ukegsly] oz Aol

>

=

47) AAo] olslol frolalel AAFE WAk Zk Slo] FUloR BuSE AT Aow F
s glovh folglel B8 BAVE A Astel £ Aol TawA 2.

o2l
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(& 5-3) 4ol x| ofotsed of=l2F (20001 ~200214)
ol - MT/AY
2000 20014 20024
o} A% s A% HAE A S HAE
A Eﬂ%"%‘ Ak | A Y | e | AR | e
1o eH -l 3,194 - A - - - 1456 - -
7 - 621 - - - 26 - 403 -
P - - - - - 8,506 -
EEE -1 1,850 - A - 177 - 977 -
= 9 - 1,894 - - 65 - 2,337 -
o = o] - M - - 0] - 542 -
w0 - 916 - - - -
o 2 6| 18,528 - A - - - -
o F -l 9%l - 4 - A - - -
ZojEg) 3| 24817 - 1] 13957 4] 47250 537 2
7[EFEE 71 76,288 4| 78,559 : 9,220 = 6,858 =
A F - 605 - - - - -
3ol ® - 44 - A - A - -
A # - 274 - - - - - -
o ® - - - A4 - A - 219 -
of - 396 - |- |- - -
o 2| 5461 - - 467 - - 623 -
B4 o - 647 - - 2707] 1] 9,900 2,552 -
T o - 2,154 - - - - -
7E R 6| 13392 5,500 1 4347| 2| 10463 - 3,853 -
Z | 338[3212,877 - - 442] 4,169,003 . 73316,301,271 1,365
20 - 18 - |- - - |- - -
7] ek A| 430(1,976,238 71 38945 313] 1,737,583 5| 28,013| 2461,224,289 2
9 3 R 256 - |- - - - -
TR 56] 218,321 2 60| 332602 - 66| 319,405 2
ks | 366] 725811 70 21,738 381 777682 - 231| 547,208 1,492
77 It 7] _ _ _ _ _ _ _ _ _ 20 _
% 2 -l 20,356 8] 69,000 11| 98341| 11| 76,163| 13| 132,269 -
! 9] 50419 - - 3] 20905 - 70 50,571 -
TEsHEE | 3431 . .
A7 EH%HNT, 01?3*34&%741 2004.
(i 5-4) Tt7|H mofjel Target 01E
Target o2 24 Target o
1) Rl moEe) AT ob 4
2) 2d olF(benthic ¥ demersal fishes), e *H = (7R,
3) 7715k dujle] Aok 295 m
- =z il B
4) B 7B 2 olF iﬂj_% =
H5% shAtF o elEgnt £H e77




(2) o]F¥H AJ&xKlife history parameter) A}&

o} At gt ARE Foto] ALdFHA=D) = MA Sololld FF
SR gl = glon, olF EE AAMolE 9 AR 1R s
AT g Qo BEAKlife history)oll theh Abm= thd ofFell tigh A7,
of7IY AF, AF-ATHAN, H 9, AA AFEE, o8 AME 52
F3t. attuEe A adds AE7E flol wl=¢) NRDAM/CME
databasesS ©]-83}3ic}.48)

(£ 5-5) 013 MEAHLife History)oll CHet xt=2

Mortality Length vs Age Weight vs
4 (ArdE) (AF-AFEA ) Length
F M |Le (em)] K to a b Age | Span
2" | 56.0% | 41.0% | 178| 0.78| ~0.622| 0.154| 2877 03] 3
1Y | 56.0% | 41.0% | 17.8| 078 | ~0.622| 0.154| 2.877| 03| 3
o5 | 13.9% | 84.1% | 20.13| 0.018| 0.068|0.0116| 3.002| 04| 1
12 | 45.1% | 9.5% 86| 0356| ~0337| 0.11] 282 20 10

tR Life

zoEe | 393% | 18.1% 50.62 0.31 -0.05| 0.015| 3.015 20 10
7FA}m| 22.1% | 10.4% 493 | 0.182| -0.222]0.0092 | 3.055 41 10
o] 22.1% | 104% | 187.3 0.0599 | --1.0204 | 0.0118 3 31 13
2 25.9% | 39.3% 13.7] 0551 ~0365| 0.087| 221 20 25
<> F : o]8] APEE, M @ A /\]'uo]"g, Lo (em) : Htf 4% Zol, K : KT Brody 371, 10 © 27

o] 0 mm 7} Huwje] o], a, b : AL AT BAAS 37, Life Span : Ao
AR SR FHRIRIE Y, FHHE} {7BAFA(EEZ) T2 oJgA-de] Aejek oy, 2000. 94 A
.

<32> 1) National Fisheries Research and Development Institute, 2004, Stock Assessment and Fishery
Evaluation Report of Year 2005 TAC-based Fisheries Management in the Adjacent Korean
Waters.

2) James J. Opaluch, Thomas A. Grigalunas, Meigeng Luo, and Gina Shamshak, 2003, The
Economic Cost to Fisheries from Marine Disposal of Dredged Sediments at Two Potential Sites
in Rhode Island Sound (Oct.).

3) Yangjae Im and Sundo Hwang, 2004, Age and growth of Sebastes schlegeli in Yellow sea,
Korean J. of Ichthyology, vol 4.

48) m=e] ARE 8L A 2 A7) AEe T s e AR Hln 22 o
Fol7] wizell A537do] et EARHe BRYglel dEAls ¢ Aol et
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2 2Ae ZARE <18 52>9 2o,

(dgl 5-2) ZA HEE

ngyudo S
P T |

LATITUDE N)
1

Deokjcokee E}f, Yeon
é:gh“ <z @m‘%%
e 8 @ @
37.0+ = ® ® —= <
T T T ﬁ T ;;\\
126.0 126.5

LONGITUDE( E)

(3) AEZHBiomass)

THORE BAE BEFS AGERE 255 TAdsklen A T2 $
& BF BETe] M 2 A ARE ARRIY. o7]die 3]t
(target) olFE2] A= FollM Aole] BEs detste] of7]d &4 kg 7

=

WA Aushl H welndg e gYEe 4 ok

2 ool 7 9 Augel Ujd A SR QWA
ATFE SARTA(2000)0) YA HPAIFE SNt F ARE AT
g5hel P dtarget) o1 FS] AR ARFANY) As <E 5659 2rh
T3e) 5 AR AR AT ol Folzl Fo ZALE Aot Z o
A sG] lF el Uehd olF el Asels] whzel] sAIAe
ol elste] Agle] Fadl o|F] Azolth. 2 A JFL stebs
71 S AR 7 B8] o9l 19939 o]dle] gt Bash

H5% shALAF 2 ARG FH 79



Aolek. i} $ehiele] A% 5
Q0] ol AFHos 7

u].Elo = o]_«

5 Aol

oF 2 AEE

A M=

22 Hluste] ooy

RN =

HAS

A

3h= 2
&

F7(2002)8] Aol -

ol el Hlste] 38% A %
sfo] Aol Td AEF Aut

(E 5-6) tiaoZel ¢

g Aoe e

<% 5757 B

o]

L A 9ellM 1990t x
R

olE v
=

MEzt X2 (2001d SHETAL R13)

urol 24P} 21
27Fs Shlck. Wby s
bol ALg3H= S
AR 2R A4 oldel ofdgt 1
re H o A8

Zo 1 SREE

gstoict. & 1
EORSEE:
gl =
0|57} 5
Felict. oI 2 g

SES A EH kg/km)
° A& 2 olE 7H
27 6.9 10.4 0.0 208.8
ey 0.1 0.2 0.0 7.4
P 0.2 0.2 5.7 32
alas 0.0 39 0.0 1.8
B 4.0 10.5 0.0 15.6
7}A4] 0.0 13 0.0 13.2

3o 5.8 0.0 0.0 17.0

= 6.2 1.6 0.0 0.0

A8 : olEEn Al
(X 5-7) CHAOIEL M= =8 XZ (19934 7|E)

SES A EH kg/km)

° A% 2 olE 7+
=) 11.0 16.7 0.0 334.1
7IEHAl 0.2 0.4 0.0 11.8
P 0.4 0.4 9.2 5.1

aelus 0.0 6.3 0.0 2.9
B 6.5 16.8 0.0 25.0
714 0.0 2.0 0.0 21.1
o] 9.2 0.0 0.0 272
Z 10.0 2.5 0.0 0.0
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4 7+4

N o] o7 fufE) Ase AAH 2 9,)101/‘1 A2 X}EJ} H
oh $elteks BE U4 olFe H2e] £8e) 3
e 7HS Ve AkE

o712 AT ol F28 e ol AHe) 71AS deishitel
Aolck. ok ez Aue qelw A AF it 2e) et of
" ojF2 Blwo] A Ueh7]w SpARk ofH oL WF Fo] A Ut
Wk A ok F2 e T Skl 2gske Ao Ao F4s
of olZRHFH)o] B Aol 7o) izl e s Holx|m, oflge] AL
A-olA o7k Aid R A AR aea AEE B A dd o
us A9 o7} o] AAEL AlHe] ShE o} vl W,

weba] 2 AFoM= <F 5-8>31} o] 2000~2004T% 53d7ke) v
WhAe] G g dAom T, AR S0 e Fre AL
of we} 7}AxFol7} ulg- =7] w49 Hit7}A(weighted average price)S
Agate Aol FelHolda & & e Aol

o
K
<
B
e
&
>,
Y

(&9 . 9)
o8F | A | M | AR |2etuE|zsiug el | ge] | 2
Wb | 17431 | 6924 | 26916 | 2,924 | 8375 | 10301 | 14311 | 1,664

A8 . AFFY, SATFAASINEA, 2000 ~ 2004,

3) 718 dlsiofl et Xt=

A7) s el AFshARe] F AR sl 4Estolol At
Shp sl Awol A2tk S0l ofd, Ao} So] gl Tl aode] A

49) dlg So] EAG A% V1A Aede 74 vl o5l 7149 3uf o] Hr
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o7 TSl el Y FUE SR EAS] Tjsoln] T shbs vl
A gAEEE aEde] Sa02 ud Fuel E3d BRI ofgol
0] g ssfolh

1) i oF
FEldetellM= HE 278 26903(eF 80cm) =] MEvto]ZE Ke)

o{}lr
2

wob] FYa] whizel ejolshs AFURL A EWe wekshe ui
Ao sfolZz we % PP A% Tl YA ol 47

100m 2] 200m, A3 Aok 247 59 m o o)t Fgslo] A
of ko] WA e AT BH A 2SH fAelt ofgh, AHle] ol
A SIS W 5 e ool AP olFe APl Wl
Asl Bt ojFoltt.
= she) 1 Tjshe RAERD R dAsEE PR o
s}oq SIS 05 £ et el U Aol A fIse 4
E wgRaRRY 93 5 97 e Jsi7h gk A
s, 2480 St HLHOﬂ Salh Sk FEolt 439 ojgolt
*L Ssi7 gl ACw S 1E Faolt AETke] of7lel w2
Ao FEE 402 YedrS $aEdo] Sl 1} Yo}y

50) LU0 2 trailer suction hopper dredge(EFLE FY4 A3 A)ol &k 3ol A AlAZ L
2 de] ARRHL gtk TSHDOlE 237150] AAH R Ratso] glom, J3d sjis 57
A atdE 5 dE e 24 s Atk SHEEE 2~-3knots 2 FABHAA W2 A9E &
Holw] o 10~-30me] TRl LG A0, FH0] 3om A% W A% AHRZE e
o] Z7kA] YA AL = otk TSHDO| e tug boatE: HER HQF 341 Yo} 23}
Azlghe] Ao, 30,000& olFe] FAA7} 7Fssltt. G o 2= A THETS WL WA=
WA o, Aol EHXV&*EM] oo g w2 s e WHes deA ok g
SEyetelr da] AREET Q)= AUk (anchored) tug bargeA~HS F2 54-3(1,000~10,000
m) A F ol A=, gk FejA] Aulete] AHE s Hof sfAulEe] Wl F9 stolze] {5
23 A3 barged] Huk F el e A~ nlE] wbEe] o)yt AAE ojuf T
s|Ad o 2RE] 9] FAHShE oF S0mmellx] Ao 10m o7 dold & Slet. dubAgl A
A& oF 30mofo] AR, FSEze] A wel HZelle At 120m SN MAF7} TSt
.
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o webA] FEEe] ko] Hak Alebriths Zlolvh F-REde] =
FaEde] o, FRrEAEe] 54, A, 7 sl =%

oJa) detAl=dl, 9 melld F4 km, & ARES

o] vithE S wrhA "cksh Jgja RRFEE] s dubHos £
A mg/ 1 9] o|27|% 3Hr}s52)

R F-AR] 9Fs e B4 ofgk B Ax|ofe] Ag, shmEAlg 3] <l
AR 3| oA 973 £H T14(2002)3)E EUR SARIAA HolA] GHH 3
8 T 9 AR|o] F HYHLE TIAE THAE oFS st ol
HAFE= olF Fol, B2, Fmghnlolth<i 5-9> =)

(i 5-9) plumeoi] gktl= 01F(1993A JHH|<r)

NAZ/1000 m'
1%
A E o4& 7+
ol 1,018 0 0 55,138
2 0 83,520 0 0
Feen 0 0 190,646 0

A5 A (2002)

(2) A& AKlife history) A=
A714 g g Bdof| H8317] feire tdolFEel tist AL Ak57}
dagke T4 gl & sk 9ok v tR| ook At tidt Alme

51) %0 - AF8k2, 2003, P.73.
52) 259 - A= 2003, p.73.
53) E=EAYS AxR3], A7 sAEEY =4 9 AR whe 3 EAT ), 2002.6.
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gl B 2Ab] 2AgRe <1y 5209t 2o,

(&£ 5-10) plumed] At Eh= 01FQ| MEH}
Mortality Length vs Age Weight vs Length Life
- M Le(m| K | t A b | 2| span
0.529 | 0.0149 | 2.96 4 18

=0V 1 259% | 18.1% | 1063 | 02
22 1393% | 18.1% | 50.62 | 031 | -0.05

A |- 45% 291 1019 | 09

A45 : 1) James J. Opaluch, Thomas A. Grigalunas, Meigeng Luo, and Gina Shamshak, 2003.
2) The Economic Cost to Fisheries from Marine Disposal of Dredged Sediments at Two Potential

0.015 | 3.015 2 10
0.0014 | 339 | 05 4

Sites in Rhode Island Sound (Oct.).
3) http:/fishbase.com

3 714 A=
714 IS & AEst7] Ygt of7F AR e oA AT @714 F§) o] A}
Jeks Hh= o]F

st ARSI 9 mele] Mg Bask Ak Holels

i o

of 44317 71ole}.

s e 050 I

(& 5-11) plumed| A

ol% & Aelas FHeev)
7H4 16,556 8,375 5,784

A8 . 2AFFY, SATFAASINEA, 2000~2004.

(4) Bel&(discount rate)2] A4
A 7IH 2 $kslr] ¢

e EEE DS DL B BRI
3ol 6.3%¢) BUEL A8 o] BAEL Al FI/PLAKDYo] 33
Felgolr.

waje] By 24N HEsa Qe
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wd, Ag 22n AAE S olgatl, A A
7 gl el AR sjsle F4ae. okl ®
o7l AL FRael Age] Ashar, veel Hol 2 eht e Eol
041d] &4 Aoz SelE Rol.
w29 292 eokld gt 2o,
AR 14 Febe] AL olElAS A oazaﬂ o
714 )52 AR olglel 2t} ol wEl, A, ZE), Aol A
& o] 03d~2346 e} FeaHon S8, TAel 4% 0394
oA slshe] st 285 ke b4 g,

>
l
£
WN
rir
il
ay
o
>
1
)
il
rlo
(o)
(e}

(E 5-12) th|'ojeay

o kg

AgT(d)| TR | AR | astaE | zeiEe | TR Al
0.3 285.0 10.0 - - - - 295.0
0.4 1.2 - - - 1.2
0.5 - - 1.2 - - - 1.2
1 137.7 49 0.8 - - - 143.4
2 35.8 1.3 - 4.8 5.7 2.9 50.4
3 9.3 0.3 - 0.8 6.2 3.1 19.8
4 - - 0.6 5 4.6 10.2
5 - - - 0.4 33 44 8.1
10 - - - 0.5 4.4 15.7 20.5
20 - - - - - 2.5 2.5
25 - - - - - - -
SHA 467.8 16.5 3.2 7.1 24.5 33.2 552.3

1) W71 14zke] A7 Sate] ojglelal,
2) 7lgholEL FAn), o] 54l

HM5Y siAtaF 2l 2lREut £ 085



A A HA Gl A 11d Fe] SARIFTE o] FolHE g, &Y SlAL
AHAA Hol|A WhAS= ofFE, dARY r|us|de gAoR FAkshH oF
8,567 Aot}

(E 513) OfFY, oiEe TS (20043 71%)

e A
Agw(d) | A | IEML | AR | aRkals | 29EE | e A
03 4,767 67 - - - - | 4835
0.4 30 - - - 30
0.5 32 - - - 32
1 2,305 32 21 - - - | 2357
2 598 9 13 45 4 670
3 155 2 2 50 21 231
4 2 40 44 86
5 1 26 46 75
10 1 35 182 218
20 - - - - - 34 34
25 - - - - - 0 0
Rkl 7,825 110 83 20 197 332 | 8567

SR AA GelM 13 5] sjARIFTE ol FARE B, & SiAL
A3 Aol A7|gside 757009 A== vepdt.

(E 5-14) o1z 3

o] - A
oj% 27 el | SR | 2gtaE | 292 | e &)
A7 5,038 28 46 48 653 1,757 7,570

SN Aol 1 kel SR} olFOlES A, ©e S}
A Aol ol ojFe] Az Fsje thee] o) At
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(i 5-15) i mfsf

o9, kg
ol
SEpe. 0.3 0.4 0.5 1 2 3 4 5 10 20
3HA| 5523 | 2573 | 256.1 | 2549 | 111.5 | 61.1 | 413 | 31.1 23 2.5
dASAAAA ol 1 Feke] AT} ol FolAE A, B9l A}

A2 Aol Bashs olfe] QR BRI Fte] A7]sorg i
2k, o] 0.3e14 19 Afelold ol2lea wsit GEshe 0w vt
v gl

e, BUsAAAA S 1 Feke] sAAATL ol Rolze ﬁo, o9
SRR Ajoln] MASHE 2H o] SIsfele oF 428349 Heka &

% oltk olEde Aunw, 279 F3r} 39137902 713 5%3 w37}
Hlxgo}oﬂo S o I 1;]_

(E 5-16) 0}Z9 71 ms|Y (20044 7}24)
o] H, %

°}F £ I I 12 e O 15l e S A o 2
A7k | 3913 55 42 10 99 166 4,83
TN 913% | 13% 1.0% 0.2% | 23% 3.9% | 100.0%

Helate] BR, SAAAA I WS FA9le] TR ofgu
Fastel Aol 2ok & Sl 2042008 e ol olas 4

= Aoz ekt

(i 5-17) o{5Y mlaiH (20044 7HA)

A% | EA | JEA | ASF | Adtuw | zvEe | Vg | A
A | 16776 | 193 171 78 948 | 2055 | 20420
A | 822 0.9 038 04 46 1.0 | 1000

HM5Y siAtaF 2 2lREut £ 087



ds &0, 207H4 SAFFA Aol sHARNF7E o] Fe AL 51

AEe 35S 7Idety] olele B¢, Aol dldHE HHA o1F IsE
&), %71 7 velz FRete] ARy oF 4299919 Hsr} o dErta
& 5 ot

?l_

/\)\]_

(X 5-18) sAIRIRZ Qlet sziel HY|, &7 H M mlsid (20044 7t2)
o] kel %
T 712 ) 3712 ) b S
AN 71| 2,371 670 1,185 4,226
T3] 56 16 28 100

gatel, 20749] SARAAA oM 108
si7h gtk Zbgaha, 207he] SARAIAA eI Wgske BH ofgel

A512 ), A7), 7 JsE FRsle] Aue A, @713 957} oF 80
A A71A gE7t 1299, 2HE3s)7F oF 40919

F AT} oA AL 3]

o]

, AA ok 13194 Fegl A

o= yehtal gl

(i 5-19) siAfxiF = elst 10:7te| Et7|, &7| 3 7HY msi (20044 7H4)
ZO LA

A% @714 g3 714 o)) 733 Fi]

A7 7,967 1,160 3,984 13,111

7/3H] 61 9 30 100
EP*E’E Ao o] 7IErHel Wl we wizte A4S AAgh 23
53 2ot e A e sAIAAIS Y] E7IRe 3R B
ﬁT ag)a 7HE 3RS To)Ts)e] 100%E B A9 st Bas Ax,
107k SAAIHE dojw 17099 Axe] s 714e 4 = Zoz

FAEA.
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(I 5-20) 2EE E4 (20044 714)
9] ugtg)
Z1Eg | 1R | MaAEE

T 71714 AAAFE7IZE | 100%2] 7HE | +100%2] 7H
(34 g 9
207112] Aol A
Lazte] S 408 1,063 494 1376
537k BIAANH 4226 7,124 5412 9,314
10497k A 13,111 18,125 17,094 23,847

QoM HolF= Ay @A sAIE A Yo F8 olFS R &
Adfolw, Umz] BE JFe U ofFES BT Lefstls Aol siat
ANHRZ gk ikt Fajodle AR B3-S S & Qo Zela 94
A= T3 T SR A ] HFae A= Bl Aot s}
Al FAFH R o] Fo Xtk FARAF o] WHE FaAkel o] dale AN F
AoZ o et

2) siAtxiF el 2lF 2ot o g% e

2 s Feke] siAFTE ARkl Al dde s &
AFAE7E —’F* ol njAe dFes WA n8-S FHE Aot 1

2y & Bgolre AR W T AdE wgEtA] X7 HEse] Bl

o2 29, 99 Ame] BAZ AFE Wa} ol B wEo A
817 23 olgEolth, AX|ol, 7ite) Ael Fol or]el] Sath, Aol
Bl AAshRe EE Ao Be BelEe] Hol} B sn
wa 1 AP frolslel WA B0 ARgEt ool tjg BA7} A9 4l
o 4o TN Eahodk. 7hte) A TG fEACE W A2

H5Y siAAF 2 2fE £ e89



rir
pa

o= defxlovt 2001 d% FFRALAE YEREA] $aL Qo] A
olojsiAl of7]= Fagoltk ko= ZAPF Jagh FEolgta & 4 gk
AME 7hte] Aol ATt HERARE Sot A d3E
ABEITES) 1 9ol S EekX|(Adofrt HW Wolx s ERith) AE of7]
o sgETt 2 £ k.

E O o2 AR SshEM e Bo] &3]A] §7] ] B FAd
A AQ]E oFEo|tt. Yol AFEER] o]dE Al F3lE oJFT 304
o] HYARE B AFeMe F8 ofFw Eietly] wiel # A7 F73
o AejE o] VAT BT FAH AA] ¢4& Aot

Foluthe siAlF A ok A = 13k 9 23 ko] FhaE
o] <lgk Ho] ATt opylshs Ade e AR ASEAE ALK
ot 53] FHsH Aol AAA 27t wtEH o] QI AejA|e] 3t
= A7 Ak dsjEn ¥ A= 2Ev.

R e F Rl e g o i o = 4 o R e B el ot S R Bt e
el & FAg Zlolrh. x2elx] Aretdizel siAF ] o ad= A
ARl mlE g8, 2ejal b A6l rxlE w2 FEEY Hoh 3
Al B A ajsf o] wet FrbHos vehhs 0zt s 5 o
of & Zloft}. wEhA] & AFroA] v Tlsl= @] A Fale] U
AGA] k& Flolnt. olalE F7] fl8te] ol BE FHsHH <& 5-21>3% 7
o} o] BellA] vehh=s £ 32w WE Aotk AAR AFHshkE a9
AFAA, AF &&=, AFAA G A, AFFH], st o4 Az
ol st o)A Bt AA WA = QA o Bol BT £ it &
3] Bt ellx e} oA Arjrp AL Hel| FAe] EAshH 1 Fse
ue- & Folt}. o] ¥} HojFs 54 EM3l= E(Framework)S o]3)|3}

Lol 292 3] A% AcwA] skAAS ek ksl veRde st

°

o

LT
rie

S

54) AEoltololx el sxAAsE S7ele] ek, pp 49-72
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Ao eas 74 uhs oleld 8aEel nefsolor g MelEw gk
e B oIzl vlfel el ek 77k olEolel skl o]
AT DALY TR AT 5 9 Aok = oleld H Y

1_. o
We AAdos saRAe] 4H g 24 BIe ek dels wg

(E 5-21) 207 &oMe| sAtafFIZ oleh eHas|E(QR e Fd

jate) 7 B oddY 94 | 3l wA a9
Lk Ssi(712 2 9) 131949

BelAe) S
2, AR 1075191 + @ S

P T3 o

35287 ol 0

3. EAls) wheg o]
4. 24 )l wihog 234 53}
(s G elel ~ A o SARRASS)

B QT ol AR Aok wie] A ojRulg wd AR F4o|
g & % olek. 2eht o W% Awrh A FRHW AFE S22
A BRE 5 e Ao WAtk T slakraie] Aol ofaje] £
et Sl kol ARG me BARAE 2R HEe 2 Al
2 B3] ASHE Arst B 7o WHAE 2 V9T 5 94 Aoz
sl

55) 170 BellA 1del] 505 m A 1087 AFcha dAlsta (3de] slE7kE Teshd A
717k 79), A Ime] 7HAS 10,000902 718k 207 FFollA] 10497 7,0009902] 213
ol g 7S US.
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B2 U WY e

—

T A=A LEE ARt siAIFATE ARk e mlRlE o

FE A §]r Foiek. At el o] o L7t AP A Folut kel &7}

£ vE o o5 ﬂﬂﬁﬂr Tl 9JH ngolg} sh=d), o aIi= Ale] 2l
HE op|shy| wiiel Hxe] At FashA Hdt

BN 6HA}ZHAA SEEAE AAeA #Esty] gk AR

AEE 71&0)a Aok WA BulE 3 sabAH el e SEdE], AR

517}l whE 9 l%ﬁUH A7 A s AR A SRS 98k &
ANdEE 2 HE Soltk 2y ofHgk A T g ellA Al

Ao} W ool olelgg AT k. S8 A} opleke WS ?iﬂ

How ek ol FYA Amt A9l ghe Agelol we ofeee

B AN ol e A s 6}1 L}ow L EREED
e RS B ool Av thedt 2 A4 8L Vg 5 vk

L oRga 3ge 5U $PANRYS 2ARRY gy

SAAAZE el vl g AuHoe velgons FF
A Egjolt BANAREE B9 A ofF $88 7] AR B89
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T & Aotk sAIH ] FEHT} FA ARl nXe ot &
Al M2 otdkow FAEE 1 Fo o Fig Adsh=d 2A V)
ofd g & Aotk ST E A= 2004050l AR FH o wE
SR EEs sl flst =8-S akglont, 20049% 9 AL A O
2 HAAEEE o)A ‘m=uilA 10% oA ‘wrirtAe] 30% T 20%
(EEZ9] )= st wet sH7hdidse] B dd fEgt v gl
o} 2 HAREE S S Bk e Al 2 A EA o=

7Fsd iilolur XH%E%‘PJ J731"]‘% ZAML_«] LSl A Wk
1:]

28 o EOIU%, 5 93%19} OI%— H}%&E f‘& T A7l Akee
Aol 2712 ARHL ol A5shed) A 71eld 5 e Aol

[-4 (

sl ZgollA TE]‘)ra}/] 39 2 2g5 AMeE e A
7F vie- Hlokghs & o SltE B EEE A& faEiAe ofd ojF]
A AKlife history)ol]l B3 A B E(parameters), = o} AAAPLE, o)A}
W&, A, AR, £, Hd A 5 Ao Zagh, oleg
A5E ZAM ofF2 vil$- Hlokstltt. dlE Eof 7hite] 22 A5 R
AMAeE Zlo R gRlEa glon, thE ofFfe] Hol2A 85 Folu As
of WiZog Ao E3tEA| Fatltty. wka ol2dt A5E AAZeE A
A7) fgk =7H =93 Bap AgiFo s 4ad Aot o|Hd Ane
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AN}

B A& 2ot B Aziskd Apedde]o] asgh A750E 2/dslsh=t
71e4g Holtt.

n=e] 39 FReoly, AR Qg AR FsiE FAs5H]
9lste] 9 ARE dloJE] Wlo]2(NRDAM/CME)S} RElS 13313 9o
(Applied Science Associates et al 1994), o= NOAA (National Oceanographic
and Atmospherie Administration)E &3 FE-2 ARV 2 dAolM &
%3k H7H(Natural Resource Damage Assessment, NRDA)E $l3l ] A}
=3 k. NRDAM/CMES EEE 778 37H(provinces), Let=71= 270
3, BtetolZ 170 ST 5 vl AE 107) s 7-(province FE eco-region)
2 FEste] 2bel*Habundance)S IHetetal Stk Ahl2 A HH(season),
A2 (bottom type), 3l &% (marine vs estuarine), Z7FH*(tidal vs subtidal)
BT RESEERCED

Skolli e wl=o] detglol/mjEA= s HoflA o] Ao gk HH=
o ZABHAl FREL AlEe] Jlon Fek MEgA|A~zRke] 749 ofu]
I Aol MABtaL AU olF HEE AR olF =l st AEE
(biomass)S 7|02 3§+ HhhE A=E sty &8sl Q)

0110 o,

3. SHAFMIF d17bAIQ] AP ok

o] A7ATE B, SHAAAZE A2 AR (benthic biota) o HAE
ke AAola Sajdoleis A o & ok 2 2y HAFY 7L
=

ArAE el Wake sk Zlo= vehdtt. miebd st = 1% A

56) U= 5 o odl RES AMga WsEd, ALHE 2%, AASAALHMSY, MEY E
3h o Altel i gls.

57) Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe, 1979, Classification of wetlands and
deepwater habitats of United States, Washinton, DC : Fish and Wildlife Service, U.S. Dept. of
Interior. Marine Pollution, p.345.
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o] JEFE Haslskal FHA G Ax A2 |SKrecolonization)E £33}
Aeire AHNE A= e 718 (substrate) S 3] ¥ P2 3lojof 5
o} webA sAHe] wEks Haskelr] A sAAH Y] SRE VA &
o|aL, AFFu7} A el FE3h= MAE HNgk 2| shefof shH, HE 9
2 7ke] AL WA olget s|AHe] F7te] HFE MAAATLS &
T AEE stojof & Flofr}. s (E SR E AR, FEAT) = AA
sjANF 2] S7tet Bste] sjFe Ay ot agole ] AHAME

e Fo gt ofefd Agkse Ao WgHEs sl & Aol

4. SRS BH2A BuxtaE 28

2 Tk sk Aol IR okl thate] A S(Framework)
S vhaEskgth. ABAE ofe] BN sl Al AR A
el FAT B ATANE o2 spdsele] 2] Hali oldla] Aw
= aglt olHd MdH AUL Falal AR BEE oA
w23 olgjel, AAAIALAL, BARA) A AR} v Jare
el e Aseed f4a B8 5 98 Aol

g Seftelelrie ok ARGl thak AAE ATl skl o
MreArsel stz 84T dFsets ves AvsEA dx3
o] PAEAE 7P Hele Zwo] AR, B AT 2AlE sl2e] A}
dse e BARAS A 259 ARE 49 5 9L Aol
o

B AT AR o ulg B AR S v R
BAE 2R gke WS B Aol EEA eke s o))
&, 2 A SEAY el S AE opIFtel] whe o) vl o)
e 2oz APEolol & FAoltt. S5 sl sierd e tg ¢
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T EUS SANDPIT 7ol HTH o2 tojAn glojd B =g
2 Ao |t
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bl $Eg 8 RgRe Qs selsta $4) v
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schelrle] FANAE 9% W g Ak AN 2 sl
o §7 ol MR e Hash T et ek 2] daE 2A A
Ao REF REY] B HA 247712 AgStel F5d & A
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%
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N
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L0 Al
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55 2

= = =]
AMAF o) mE St AETY B F
Cl
ass Category Habitat Includes
No.
1 | Anadromous fish | Upper water column Salmon, alewives, shad

Menhaden, herring, anchovy, butter fish,

2 | Plankti fish | U t 1
anktivorous fis pper water column mackerel, Pollock
Bluefish, striped b kfish 1
3 | Piscivorous fish | Upper water column UEHISR, STIpEQ Dass, THOMKHSH, angiet
fishes, seatrout, weakfish
4 Top carnivores | Entire water column Tuna, bonito, billfish, sharks
Semi-demersal Gadoids (cod, hake, whiting, haddock), scup,
5 fish(eat both Entire water column tilefish, croacker, sea bass, groupers,
benthos and fish) rockfish, sablefish, drums, snappers
6 Squid Entire water column | Squid, cuttlefish, octopus, other octopus
Flat fishes (flounder, halibut, turbot, sol
7 Demersal fish | Lower water column | oo (flounder, a,lbu » WIDOL 0%,
sand lance(= lingcod))
8 Mollusks Sediments Bivalves(clam), gastropods(oysters, top shell)
9 Decapods Sediments Shrimps, lobsters, crabs
10 Echinoderm Sediments Sea cucumber

A2 : U.S. Department of the Interior, "Measuring Damages To Coastal And Marine Natural Resources:
Concepts and Data Relevant for CERCLA Type A Damage Assessments Volume I, CERCLA 301
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Project, January 1987.




H
55 3
| | o] A =] o
=28 Fa AEPEAES Bt
R . o g BT | AR I,
bz AP o
. R ° (mg/TSS) | (hours) T
1 [Schubel and Wang 1973 | Bass (striped) eggs 100 24 Delayed hatching
. Development rate
2 |Morgan et al. 1983 Bass (striped) eggs 800 24 slowed significantly
3 [Auld and Schubel 1978 | Bass (striped) cggs | 1,000 | 168 |Reduced hatching
success
Auld and Schubel 1978 . i
4 |AAvld and Schube Bass (striped) cges 1,000 163 Reduced hatching
(ns) success
5 |Clarke and Wilber 2000 | Striped bass eggs 100 24 Delayed hatching
6 |Wilber and Clarke 2001 | Striped bass eggs 800 24 Development slowed
7 |Wilber and Clarke 2001 | Striped bass cggs | 1,000 | 168 |Reduced hatching
success
Not
8 [Lunz 1987 Striped bass eggs 50 ° Not reported
reported
Not
9 (Lunz 1988 Striped bass eggs 500 repo(;te d Not reported
Not
10 |L 1 i 2
0 |Lunz 1989 Striped bass eggs ,300 reported Not reported
11 |Morgan et al. 1983 (ns) | Striped bass eggs 800 24 Development slowed
. . Reduced feeding
12 | Breitburg 1988 Bass (striped) larvae 200 0.42 rate(0% mortality)
13 |Morgan et al. 1974 Bass (striped) larvae 485 24 50% mortality
. 42% mortality rate
14 |Auld and Schubel 1978 |Bass (striped) larvae 500 72 (controls, 17%)
. 34% mortality rate
15 |Auld and Schubel 1978 |(Bass (striped) larvae| 1,000 68 (controls, 5%)
16 |Wilber and Clarke 2001 | Striped bass larvae 485 24 50% mortality
. . Reduced feeding
17 |Wilber and Clarke 2001 | Striped bass larvae 500 12 rate(0% mortality)
18 |Wilber and Clarke 2001 | Striped bass larvae 1,200 240 10% mortality
. . Reduced feeding
19 |Breitburg 1988 (k) e Striped bass larvae 200 24 rate(0% mortality)




(%)

=) - 5 ZA} B T ARARE Q Az}t
271 BE ZA} B s = 3
- i ¢ (mg/TSS) | (hours) T
20 Morgan et al. 1973 | Striped bass larvae 485 24 50% mortality
Reduced feedi
21 Breitburg 1988 (k) Striped bass larvae 500 24 edueed fee 1.ng
rate(0% mortality)
22 |Wakeman et al. 1975 (b)| Striped bass larvae 1,200 240 10% mortality
23 | Wilber and Clarke 2001 | Striped bass larvae 500 72 Increased mortality
24 | Wilber and Clarke 2001 | Striped bass larvae 1,000 72 Increased mortality
25 Lunz 1987 Striped bass larvae 1,557 72 Not reported
Auld and Schubel 1978
26 [0 (ncs)u ¢ Striped bass larvae 500 24 Increased mortality
Auld and Schubel 1978 . .
27 | an (c)u ¢ Striped bass larvae 1,000 72 Increased mortality
ns
28 Lunz 1987 Striped bass 4000 | 504 Not reported
subadult
Bass (I th
29 Buck 1956 ass (largemouth) 144 | 720 | Growth retarded
adult
3 Buck 1957 Bass (largemouth) 6 720 weight gain reduced
adult -50%
32 |Clarke and Wilber 2000 | Striped bass adult 1,000 24 10% mortality
33 | Wilber and Clarke 2001 | Striped bass adult 600 264 No effect level
I h i
34 | Wilber and Clarke 2001 | Striped bass adult | 1,500 | 336 | Mereased hematocri
levels
35 | Sherk et al. 1974 (fe) | Striped bass adult 600 264 No effect
36 | Sherk et al. 1974 (fe) | Striped bass adult 1,500 336 Hematocrit increased
Hematocrit
herk et al. 1 i 1 1
37 Sherk et al. 1975 Striped bass adult ,500 336 increased(FE)
Pl lalit
38 | Sherk et al. 1975 | Striped bass adult | 1,500 | 336 asma ostoa Ty
increased(FE)

Source: Charles H. Hanson, John Coil , Barry Keller, Jennifer Johnson, Justin Taplin, and Jud Monroe,
2004, “Assessment & Evaluation Of The Effects Of Sand Mining On Aquatic Habitat And Fishery
Populations Of Central San Francisco Bay And The Sacramento—San Joaquin Estuary”, HANSON
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Introduction and Background

I[.A. Trend in Demand and Supply for Aggregate

Since the 1970s, Korea has been under continuous pressure to build
infrastructure, such as roads, dams, residential, and commercial construction
in order to support international competitiveness, cope with a rapidly
developing economy, and increase the public’s quality of life. For example,
the Ministry of Construction and Transportation (MOCT) has made
long-term plans to construct or expand:

O An optimal road network railroad network

A high-speed rail system
Incheon International Airport and other airports

o
o
O Multi-purpose dams and water supply systems
O Housing supply

o

Regional development.

To provide some perspective, in 2002 some $14.5 billion was budgeted
for infrastructure, a 5.3% increase over 2001 spending. About 50% of this
budget was for roads (MOCT).

Sand is a critical input for aggregate used to make concrete, and the

enormous planned investments in infrastructure makes the availability and
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cost of sand a major concern. Thus, the aggregate industry, of which sand
is a major part, directly underpins the construction industry. The basic
materials and aggregate industry accounts for 5.4% (about $3.25 billion in
2001) of the amount of construction contracts (Cho and Chang, 2003). In
2004, the scale of the aggregate industry amounted to about $4 billion
(Table 1).

The average quantity of aggregate demanded is estimated at 210 million
m from 1992 to 2003 (Table 2), and aggregate demand is anticipated to
gradually increase to a steady-state demand of 200 million m' per year
because of current infrastructure and policy (Chio, 2004). In sum, ensuring
an efficient supply of aggregate is a major concern in Korea. Reflecting
concerns with the aggregate market, the government has a long-term plan to

supply aggregate from different sources, as is explained next.

Table 1. Value of Orders Received in Korea Construction Industry
(Unit: billion dollars)

Value of orders received
Construction . . Foreign Org. | Private Capital
Year Orders received Public Private in ioreag Inducement Il’)roject
1992 26.5 12.8 13.7 0.0 0.0
1993 31.7 12.1 19.5 0.0 0.0
1994 37.5 14.2 23.3 0.0 0.0
1995 46.7 16.2 30.2 0.0 0.2
1996 56.7 23.5 32.9 0.0 0.3
1997 59.7 25.3 31.0 0.1 3.4
1998 34.3 19.8 13.1 0.1 1.2
1999 34.6 13.7 19.9 0.1 0.8
2000 39.8 12.5 24.7 0.1 2.5
2001 48.6 18.7 273 0.1 2.5
2002 64.6 18.5 43.5 0.2 24
2003 71.0 18.6 55.5 0.1 2.8
2004 72.9 21.1 48.0 0.1 3.7

Source : Ministry of Construction & Transportation, An Annual Report.
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Table 2, Aggregate Demand and Supply in Korea, 1992~2003
(Unit: Million )
199211993 11994 [ 1995|1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003

Demand quantity
(A)
Supply quantity
(with permission)| 102 | 106 | 111 | 105 | 139 | 134 | 108 | 120 | 112 | 115 | 119 | -

(B)

187 | 187 | 211 | 234 | 249 | 259 | 179 | 179 | 194 | 200 | 217 | 225

B/A
(%)
Supply quantity
(without 85 | 81 | 100 | 129 | 110 [ 125 | 70 | 59 | 82 | 85 | 98 | -
permission)

54.6 | 56.8 | 52.6 | 44.7 | 55.8 | 51.7 1 60.6 | 67.1 | 57.9 | 57.4 | 549 | -

Source : Chio Min-su, 2004. The short/long term stabilizing supply plan of marine sand, Construction and
Economy Research Institute in Korea.

I.B. Marine Sand and Related Environmental Issues

The aggregate sector can be classified by types, by sources, and by sizes.
The types of aggregate include river aggregate, ocean sand, land aggregate,
mountain aggregate, crushed stone, recycled aggregate, and blast furnace
slag. Sources of aggregate fall into large two groups, ocean and land-based
aggregate, the latter of which includes river, mountain, and land. Finally, as
for sizes, aggregate can be divided into coarse aggregate (=>4.76mm) and
fine aggregate (=0.074mm). Most ocean aggregate is fine aggregate—sand-
and is called “ocean sand” instead of ocean aggregate.

In 2003, the demand for coarse aggregate was 122 million m, 22%
greater than the demand of fine aggregate of 100.5 million m' (Chio, 2004).
The supply of aggregate in the same year was 127.9 million m' (56.8% of
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supply); and if sand was also supplied in the same proportion, the quantities
might be 57.1 million m' (Table 4). Therefore, ocean sand mined in 2003
was some 33.7 millionmor about 60% of amount of sand supplied. While
this number is only an estimate, it is clear that marine sand is a very
important resource for the Korean construction industry and the economy.

In the beginning of the 1990’s, rivers were a major source of sand for
construction. However, river sand has been depleted not only because of
heavy mining for sand for construction but also because many dams and
dikes have been installed, which blocked sand flows into river systems. As
a result of scarce terrestrial supplies, marine sand mining began at Ongjin
gun, Korea in 1992, largely replacing river sand supplies. Since then, the
demand for marine sand has continuously increased while sand from land
sources has diminished.

Between 1992 and 2003, marine sand mining more than doubled to 33.7
m/(Table 3). In contrast, the total quantity of sand mined over the period
increased by only 20% to 27.9 million m' over the same period. Over this
period, the quantity of sand mined from river sources decreased by over
50%. Figure 1 depicts the same sources in terms of percent shares of sand
by type of source. While marine sand mining sources accounted for only

15.3 percent in 1992, by 2003 this figure had reached 26 percent of supply.

Table 3, Annual Thousand Cubic Meters of Korea Aggregate Mined by Sources, 1992~2004

Year River Ocean Mountain Land Total
1992 47,517 15,546 37,072 1,691 101,826
47% 15% 36% 2% 100%
1993 44,405 18,122 39,474 4,012 106,013
42% 17% 37% 4% 100%
1994 43,084 21,339 37,483 7,570 109,476
39% 19% 34% 7% 100%
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Year River Ocean Mountain Land Total
1995 35,393 23,086 35,717 10,488 104,684
34% 22% 34% 10% 100%
1996 49,437 30,591 49,416 9,585 139,029
36% 22% 36% 7% 100%
1997 31,501 29,092 64,843 8,487 133,923
24% 22% 48% 6% 100%
1998 21,848 19,276 60,252 7,078 108,454
20% 18% 56% 7% 100%
1999 28,069 24,586 59,688 6,790 119,133
24% 21% 50% 6% 100%
2000 26,770 29,179 50,283 6,133 112,365
24% 26% 45% 5% 100%
5001 19,781 31,203 57,418 6,443 114,845
17% 27% 50% 6% 100%
2000 20,676 33,024 58,351 7,195 119,246
17% 28% 49% 6% 100%
5003 19,935 33,698 64,781 9,483 127,897
16% 26% 51% 7% 100%

Figure 1, Percentage Shares of Sand by Type of Source

I I
I I P4% I
4% 5%
"
B0%

1992 1993 1994 1995 1997 1998 2000 2001 2002 2003 2004

ERiver @Ocean @Mountain @land
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During this period of significant increases in marine sand mining, the
average catch of fish was drastically decreasing in the Ongjin area. In the
period 1979-1994 the average annual catch was approximately 12,000 metric
tons. In the period 1994-2001 the average catch was approximately 7,500
metric tons or a decrease of almost 38% over the period (Figure 2).

As a result, the conflict between the Non-Governmental Organizations
(NGOs), local fishermen, and the Construction and Aggregate industry has
become more severe in Korea. The former argues that the marine sand
mining adversely affected and continues to affect the marine environment
and the fish catch. The latter complains that it is necessary to mine marine
sand for a stable aggregate supply to construction business and there is no
scientific evidence of the adverse effects from sand mining. Owing to this
conflict, in February 2004, Ongjin County stopped granting a permission of
marine sand mining, and it caused an aggregate supply crisis in Korea. As
shown in Table 3, the quantity of marine sand dramatically decreased from
33,698 thousand m' in 2003 to 10,773 thousand m' in 2004.

As a result of concerns with the potential environmental consequences of
marine mining on marine resources, in May 2004, the Ministry of Maritime
Affairs and Fisheries (MOMAF) developed comprehensive countermeasures
to stabilize aggregate supply and address issues. Because environmental
damages from marine mining are not well understood in Korea, the
resulting Ministry approach favored a development-oriented policy. The
Korean government enacted a partial amendment of an “Enforcement
Ordinance of Public Water Management Act” in September 2004. As part
of this Act, the occupancy and use of public water fees have been increased
from 10% to 30% of the sales amount of sand. This amount will go to

local government and will be used for supporting fishery restoration and
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beach restoration.

Figure 2. Annual Mean Catch of Ongjin County Before and After Marine Sand Mining
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Nevertheless, the new comprehensive countermeasures still favor
construction. This is because the countermeasures suggest in detail the
solution for a stable supply of aggregate, but cannot solve in detail
environmental issues since they are not yet well understood (Chang,
Grigalunas and Han, 2004.) Further, the increased fee on occupancy and
use of public water is a temporary measure because at the present time,
nobody knows if the increased fee can adequately cover the current
environmental external costs of marine sand mining. The current approach

to marine sand mining necessarily reflects a lack of understanding of marine
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sand mining damages to the environment. To date, no definitive study
proves a direct cause-and-effect relationship between marine sand mining
and adverse effects to the marine environment and ecosystem in Korea
(Chang, Grigalunas, and Han, 2004).

Consequently, to help resolve the marine sand mining argument between
environmental preservation and development, scientific and economic studies
are needed to estimate the environmental impacts of sand mining on
fisheries. Once such studies are completed, better informed alternative

environmental policies for marine sand mining in Korea could be developed.

I.C. Purpose and Scope

The purpose of this study is to assess the potential external costs to
commercial fisheries because of marine sand mining. Using a bio-economic
framework and data described below, we estimate the present value of
potential lost direct and indirect catch because of marine sand mining. The
present value of lost catch through the time to recovery represents the
change in the asset value (Freeman, 2003) of Korean commercial fisheries
because of marine mining.

Providing estimates of fishery losses requires considerable information on
the mortality to fisheries and bio-economic information for life history and
economic parameters. However, only recently has Korea started to study the
adverse impacts of marine sand mining, and as a result, Korea-specific data
and to estimate the damages to fisheries from marine mining is not always
available. Therefore, as a step toward understanding the impacts of sand

mining on marine fisheries, it is useful at this point to examine the
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literature in other countries. Priority is given to USA studies of
mining-fishery issues because research began in the 1970’s in the U.S., and
substantial studies have been done. We use insights from this literature to
improve the inputs used in the simulation model for Korea presented in

succeeding sections.

I.D. Major Differences between This Study and
the Year Three Results

This report improves upon our last year’s analysis (Grigalunas, et al.,
2005) in several ways. First, we improve the simulation model by using an
extended recovery period for bottom borrow sites to better capture the
importance of this issue, as suggested in the recent literature. This is
important because delayed recovery of habitat implies higher present valued
damages. Second, fishery life history parameters now include more
Korean-specific values rather than values adopted from foreign fisheries.
Third, the available fisheries abundance data, by species, is aggregated into
more accurate seasonal groupings rather than using three month calendar
periods. This could be important if, for example, seasonal regulations or
other temporal polices were to be considered. Fourth, fishery price data are
updated to 2004. Fifth, we address the important (and difficult) issue of:
What is the appropriate baseline against which to estimate damages? Use
of current abundance data will understate damages, if the appropriate
biomass to be used should be the substantially higher, pre-mining abundance

of fish stocks rather than current lower levels of biomass. Lastly, a
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preliminary, illustrative assessment of plume effects on eggs and larvae is
provided by extending the original bio-economic model to incorporate
excess mortality to eggs and larvae because of the sediment plume

generated by mining.
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I

Potential Adverse Impacts from Marine

Sand Mining

I.A. Experience with Marine Sand Mining in U.S.A.

The earliest commercial marine sand mining probably occurred within
Central San Francisco Bay and the western delta (Bay-Delta estuary) in the
1930s. The mined sand within the greater San Francisco Bay area was used,
for example, in the construction of freeway systems, commercial buildings,
and for the construction and seismic retrofitting of bay bridges (Hanson, et.
al, 2004). Sand from near-shore coastal marine deposits also has been
frequently used to replenish beaches in many coastal areas of the United
States. Recently, the demand of marine sand for replenishing beaches has
rapidly increased, and local and Federal agencies have relied on sand
deposits in the territorial seas to prevent further erosion (Nairn et al. 2004).

However, as these near-shore marine sand sources became depleted, other
sand sources were needed. In 1989, the U.S. Department of the Interior,
Minerals Management Service (MMS), which has the jurisdiction of the
Federal Outer Continental Shelf (OCS) resources, such as titanium and
phosphate, as well as sand and gravel, detected a trend toward greater

interest in offshore sand resources located farther offshore on the OCS.61) In
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1993, Congress recognized the potential benefits of using the OCS sand
resources and crafted legislation to remedy what was considered an
impediment to State and local government access to Federal sand resources
(Drucker, Waskes, and Byrnes, 2004). Finally, Congress enacted Public Law
103-426 in October 1994. This law amended the competitive leasing
provision of the Outer Continental Shelf Lands Act (OCSLA) to reduce

impediments to sand mining.

Table 4, Cubic Yards of Federal OCS Sand Conveyed as of 2005,

State Locality Sand (cubic yards)

FLORIDA Jacksonville (Duval County) 1,240,000
SOUTH CAROLINA Myrtle Beach (Surfside) 150,000
VIRGINIA Dam Neck Naval Facility 808,000
VIRGINIA Dam Neck Naval Facility 700,000
VIRGINIA Sandbridge Beach 1,100,000
VIRGINIA Sandbridge Beach 2,000,000
MARYLAND Assateague National Seashore 134,000
MARYLAND Assateague National Seashore 2,000,000
MARYLAND Assateague State Park 100,000
FLORIDA Brevard County — North 4,500,000
FLORIDA Brevard County — South 2,800,000
FLORIDA Patrick Air Force Base 600,000
LOUISIANA Holly Beach 4,200,000
FLORIDA Brevard County 2,000,000
FLORIDA Patrick Air Force Base 350,000
FLORIDA Jacksonville (Duval County) 1,500,000

Source : http://www.mms.gov/sandandgravel.

61) The OCS is defined as the submerged lands, subsoil, and seabed, lying between the seaward
extent of State jurisdiction and the seaward extent of Federal jurisdiction. For most states,
offshore Federal lands begin 3 nautical miles (approximately 3.3 statute miles) seaward of the
baseline from which the breadth of the territorial sea is measured.
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Since Public Law 103-426 was enacted, the demand for OCS sand has
dramatically increased because leases for approved public works projects
can be issued on a non-competitive basis. Over 23 million cubic yards of
sand has been mined in 16 coastal projects (Table 4). Most of this mining
is on the US East Coast and Gulf of Mexico. According to the MMS,
“These projects restored over 90 miles of the Nation’s coastline, protecting
critical military installations, National parkland, and billions of dollars of

infrastructure.” (http://www.mms.gov/sandandgravel).

I.B. Management Status of Marine Sand Mining

Before allowing marine sand mining on the OCS, MMS considered the
environmental effects on marine and coastal environments and made great
efforts to minimize the damages and manage sand resources effectively. The
first substantial effort is that Federal Government, coastal states, and local
communities closely coordinated their consideration of environmentally
effects from the use of OCS sand. To facilitate cooperation, the MMS has
developed cooperative agreements with 14 coastal states (Figure 3). These
Cooperative Agreements rely primarily on State Geological Surveys to
identify OCS sand deposits suitable for beach nourishment and wetlands
protection projects.

The second effort is that the MMS Environmental Studies Program (ESP)
funded a variety of environmental studies. The results of many were
presented in the Journal of Coastal Research(JCR) Special Issue, which
provides biological, physical, and other pertinent information for decisions

regarding leasing and use of marine sand resources.
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Since 1992, MMS has expended over $8.2 million for marine mineral
environmental studies. Site-specific, interdisciplinary studies have been
conducted in identified sand borrow areas to provide basic information on
the biological characterization of resident benthic communities, as well as
the evaluation of potential dredging effects on the local wave and current

regime. (Drucker, Waskes, and Byrnes, 2004).

Figure 3, MMS-State Sand Resource/Environmental Study Areas

Cooperative Efforts with States

MMS-State Sand m:nrmenvirmmnntal Study Areas

Between 1992 and April, 2005, the MMS Environmental Studies Program
(ESP) has spent $10,768,732. A total of $14,244,192 was funded from
various sources including ESP, U.S. Geological Survey-Biological Resources
Division (USGS/BRD), Louisiana State University-Coastal Marine Institute
(LSU-CMI) Matching Funds, Louisiana Department of Natural Resources
(LDNR), and Marine Mineral Program Funds (Table 5).

For example, Jerome, et al. (2004) studied the possible impact on
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oceanographic processes including wave transformation, tidal currents, and
storm surge offshore of Maryland and Delaware. And Diaz et al. (2004)
reviewed the biological consequences of the large quantities of sand mining

offshore of Maryland and Delaware.

Table 5, Status of Marine Minerals Environmental Studies as of April 4, 2005

No. Study Fields awarded Awarded Amount

1 |Completed Generic Studies $2,081,069

2 |Completed Site-Specific Studies $4,692,043

3 [Completed Aggregate Dredging Effects Studies $560,000

4 |Ongoing Studies (Contracted) $1,149,849

5 |Ongoing Cooperative and Inter-Agency Agreements (MMS $ Only) $1,294,821

6 |Ongoing Studies - MMS/LSU Coastal Marine Institute (MMS $ Only) $990,950
Sub-Total MMS ESP § spent $10,768,732

7 |Additional Ongoing Studies (Non-ESP) $109,912

Ongoing Marine Mineral Environmental Study Efforts Being
Conducted by USGS Biological Resource Division (USGS-BRD)
Total Spent for Studies $12,648,644

Source : http://www.mms.gov/sandandgravel

$1,770,000

Finally, the MMS developed “A Biological and Physical Monitoring
Program to Evaluate Long-term Impacts from Marine Sand Mining in OCS”
to reduce environmental damage associated with continual and prolonged
use of these resources. The goals of the program are to (1) better
understand the physical and ecological effects of sand dredging at the
dredge site and (2) obtain valuable data and information for resource
management decisions. A comprehensive literature review of multiple sand
mining studies was done first to identify the potential adverse physical and
biological impacts from offshore sand mining and to determine the

inter-relationships between biological and physical processes.
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Based on the literature review and assessment of the relationship between
physical and biological parameters, a monitoring program was designed to
include the following six elements: bathymetric and substrate surveys,
sediment sampling and analysis, wave monitoring and modeling, shoreline
monitoring and modeling, benthic communities and their trophic
relationships to fish, marine mammals, and wildlife. Protocols were
developed for these elements to ensure the consistency of methods among
studies (Table 6) (Nairn et al. 2004).

Through its studies and monitoring program, the MMS has been able to
characterize and evaluate benthic and pelagic communities and predict the
physical changes in environment such as seabed composition and
oceanographic conditions within/off borrow sites. As a result, the MMS has
recognized the physical and biological adverse impacts of marine sand
mining operations and has used the possible effects of marine sand mining
information as a permission standard for proposed dredging operations, as
required under current environmental laws and legislation.

In the United States, many useful guidelines exist for protecting the
environment under a variety of laws. These include the OCS Lands Act, the
National Environmental Policy Act, the Endangered Species Act, the Marine
Mammal Protection Act, among others. The MMS has been entrusted with
a mission to minimize potential environmental impacts of offshore sand
mining and has developed the appropriate guidelines to manage Federal

OCS and resources.
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Table 6, Summary of Requirements of the Physical and Biological Monitoring Protocols in U.S,

Protocol

Potential Impact

Objectives

Requirements

Monitoring |

Modeling

Bathymetry and

Changes to the morphology and substrate

. Determine the location and quantity of sand

—

. Hydrographic Survey (single beam acoustic) plus Side

Substrate  |characteristics of the borrow deposit and| removed and change to bathymetry caused by|  Scan Sonar: or,
surrounding area (particularly for ridges| dredging operations. 2. Hydrographic Survey with Multibeam technique; or,
and shoals) and . Quantify subsequent changes to bathymetry in|3. LIDAR/SHOALS or other methods that are ble to
potential physical (waves and shoreline| the immediate vicinity of the borrow area. achieve specifications and requirements of the Protocol.
change) and biological impacts. . Quantify potential changes to the overall borrow| Limitations of LIDAR/SHOALS for this application are

deposit feature (e.g. ridge or shoal if one exists)| detailed in Michel et al. (2001).

Sediment  [Changes in sediment texture and total|l. Define changes to texture caused by Collect sand samples at the location of benthic samples
organic content and subsequent biological| removal, sedimentation and indirect erosion/{and test for grain size distribution (both sieve and
impacts. deposition processes. hydrometer test or equivalent) and TOC method based on

. Potential changes may serve the assessment|high temperature combustion.
of changes to morphology of features at the
borrow deposit (e.g. ridges and shoals).
. Determine changes in TOC to assess potential
impact to benthic communities.
Waves Change to wave transformation patterns|1. Develop a continuous record of wave{Deepwater (or preferably|Complete nearshore wave
over the dredged area with possible| conditions starting from first access of borrow |directly offshore of the transformation modeling to
ultimate impact of shoreline change deposit. borrow site) wave data|transfer deepwater waves to

. Assess influence of initial changes to bathymetry.
. Assess influence of subsequent (direct and

indirect) changes to bathymetry.

through combination of
measured  directional data
and nondirectional data and
available hindcast data.

the borrow deposit (if necessary),
over the borrow deposit and
into shore (ultimately for input
to the shoreline change model).
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Table 6, Continue???

Protocol

Potential Impact

Objectives

Requirements

Monitoring

Modeling

Shoreline

Shoreline erosion directly attributable to
dredging at the borrow deposit.

. Document actual shoreline change

(regardless of cause).

. Assess the impact of dredging at the borrow

deposit.

. Beach and Nearshore

Pro-file Surveys twice per
year every 300 m.

. Georegistered aerial

photographs and
digitalized shoreline twice
per year.

Apply GENESIS model
or equivalent to assess
longshore sand transport
and related  shoreline
change with and without
project prior to and after
dredging commences

(comparing to measured
change in latter case).

Benthos and Fishes;
Trophic Transfer

. Total removal/loss of infauna and

epifauna at borrow site with
recolonization by benthic organisms
occurring within 1-5 years (possibly
longer) to a community with
comparable pre-disturbance
abundance, diversity and biomass but
different species composition and
community structure

. To determine

the effects of dredging
activities on benthic communities and the
transfer of energy from benthic communities
to fishes. While overall abundances of
benthic organisms have been shown to
return to pre-dredging levels in some cases
within year or two after dredging, species
composition may be different and the ability
of fishes to utilize such altered assemblages
for prey is uncertain

L.

Collect 0.10 m' benthic

fauna samples from multiple
strata at both impact and
reference locations prior to
dredging and in years 1, 3, 5
and 7 following dredging.
Monitoring may cease when
recovery has been
documented

l.a. Infauna taxonomy for
comparison with fish gut
contents analysis and for
determining secondary
productivity values.
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Table 6, Continue???

Protocol Potential Impact Objectives — Requirements :
Monitoring Modeling
Benthos and Fishes; [2. Altered foraging efficiency with 2. Collect stomachs from L.b. Biomass measurements for
Trophic Transfer resultant effects on individual size numerically dominant or etermining secondary
and weight. recreationally important productivity values.

. Altered species composition of fish species from multiple strata|l.c. Carbon and nitrogen stable
prey base; altered productivity and both impact and reference isotope measurements  of]
energy transfer effects on the food locations prior to dredging key benthic prey species
chain and in years 1, 3, 5 and 6 for fish.

following dredging. 2.a. Fish gut analysis for
comparison with infauna
taxonomy.

2.b. Carbon and nitrogen stable
isotope measurements of]
fish muscle tissue.

Marine Mammals & |Injury or death of animal; potential|l. To obtain site-specific marine|l. Collect observation and 1. Compare observation data

Wildlife

disorientation

wildlife observation and behavior
data during OCS dredging events.
This information will assist state
and federal regulatory agencies in
assessing the appropriateness of]
imposed marine mammal and wildlife
protection mitigation requirements
and guide any necessary revisions
of future mitigation requirements.

behavior data onboard the
dredging vessel for marine
mammals and wildlife
during CS dredging events.

with stranded animal data
and document marine wildlife
behavior during dredging
events.

[I. Potential Adverse Impacts from Marine Sand Mining ® 157



Table 6, Continue???

Protocol

Potential Impact

Objectives

Requirements

Monitoring

Modeling

Marine Mammals &

Wildlife

Injury or death of animal; potential

disorientation

[NS]

. To obtain

and assess marine
wildlife stranding data for potential
relationships ~ between  stranded
animals and animals observed during
OCS dredging. This information
will assist state and federal
regulatory agencies in assessing
whether there exist any obvious
relationships between post-dredging
marine wildlife strandings and the
OCS dredging event

. To provide a means for implementing

environmental mitigation requirements
designed to minimize potential
hazardous interactions with marine
mammals and protected wildlife
during dredging events. (This is the
only “operational control” monitoring
program element included in the
OCS and dredging protocols.)

2. Collect marine mammal and

wo

wildlife stranding data for a
60-day period following dredging
operation.

. Implement imposed environ-

mental mitigation requirements
designed to minimize collisions
or harmful interactions between
marine wildlife and dredging
equipment.

2. Compare

marine  wildlife
data with observation data
collected during the dredging
event as well as with
stranding data recorded for
comparable time periods
during nondredging years.

Source : Nairn Rob et al., 2004. A Biological and Physical Monitoring Program to Evaluate Long-term Impacts from Sand Dredging Operations in the United States Outer
Continental Shelf, J. of Coastal Research, vol. 20-1.
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II.C. Review of Studies of Potential Impacts

from Marine Sand Mining

A number of studies have been performed throughout the world on the
environmental effects of marine sand mining operations. The literature
reviews find that: marine sand mining has adversely affected fishery
resources, caused coastline/beach erosion, and altered marine environments
physically and biologically through direct and indirect means. The physical
and biological processes have complex interrelationships (figure 4).
Therefore, the results of these studies perhaps can provide a foundation in

assessing potential adverse impacts from marine sand mining in Korea.

Figure 4. Interactions between Physical and Biological Parameters (Naim et al, 2004).
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For instance, the MMS studies found that the environmental effects of

sand mining operations in many cases are similar in all areas. MMS has
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supported generic-type studies to inspect the effects of particular types of
mining operations on physical, chemical, and biological characteristics. The
MMS has recommended appropriate mitigation, laboratory modeling, or
monitoring techniques to minimize adverse environmental impacts (Drucker,
Waskes, and Byrnes, 2004). Since Korea has just started studying the
environmental effects from sand mining, at this time it is difficult to collect
crucial information to assess the potential impacts. Hence, the results of US
studies perhaps can be used to provide information to recognize and to
address the marine sand mining problem in Korea.

Several excellent models recognize the potential effects of sand mining on
fisheries. One is the “Sand Report of Central San Francisco Bay and the
Sacramento-San Joaquin Estuary” by Hanson et al. (2004). This study
investigated sand mining effects worldwide and summarized the possible
biological effects on fishery and biological aspects of bottom habitat (Figure
5). Nairn et al. (2004) summarized the potential physical and biological
effects of OCS sand mining by investigating two groups of parameters. The
first consisted of physical parameters including morpho-dynamics, seabed
composition, and oceanography. The second defined biological parameters
including plankton, benthos, nekton, and marine mammals and wildlife.

Another valuable study is the 2005 report of European Union (EU) in
project SANDPIT (Birklund and Wijsman, 2005). They described the
physical/chemical and ecological effects of dredging and aggregate
extraction by reviewing a large number of recent EU countries’studies. Their
report refined the physical and ecological effects of sediment spills,
sediment plumes, and deposition, including shading effect on phytoplankton
and macrophytes, effects on filter feeders of polychaete, migration of fish,
and the like.
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Figure 5. Possible Effects of Sand Mining on Fish and Macro Invertebrates and
Their Sub tidal Habitats
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Source : Charles H. Hanson, John Coil , Barry Keller, Jennifer Johnson, Justin Taplin, and Jud Monroe,
2004, “Assessment & Evaluation Of The Effects Of Sand Mining On Aquatic Habitat And
Fishery Populations Of Central San Francisco Bay And The Sacramento—San Joaquin Estuary”,
HANSON ENVIRONMENTAL, INC.

Figure 6. Possible Effects of Sand Mining on Fish and Macro Invertebrates and
Their Sub tidal Habitats
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Through a review of these literatures it was concluded marine sand

mining operations must consider several factors in minimizing the potential

impacts (Figure 6), including:

o Physical factors

0]

©)

0)

Creation of pits from removal of substrate

Changes in water depth

Changes to seabed topography

Changes in current patterns

Change to shoreline evolution

Change in grain size due to settling and deposition of sediment in

overspill plume

o Biological factors

O

0)

0]

0]

0)

©)

0)

Entrainment

Benthic disturbance

Loss or reduced suitability of habitat

Exposure to increased suspended sediment concentrations and turbidity
Exposure to contaminants

Re-colonization by an altered biological community

Changes in fish movement or migration patterns

o Economic factor

O

Fisherman’s avoidance behavior (results in increase of fishing cost)

A conceptual model of the potential cause-and-effect links from physical

to biological effects to economic damages from marine sand mining

operations is given below (Figure 7). According to the model, the available

results from a large number of studies to assess the potential effects are

summarized below.

162



Figure 7. Links between Potential Physical and Biological Effects of Marine Sand Mining
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11.C.1, Direct Effects on Fishery by Entrainment

The borrow areas of sand in offshore and near shore areas serve as an
important functions for a variety of species and life-stages of fish,
crustaceans, and macro-invertebrates. In many cases, the sand habitat area is
used by fish as migration corridors, spawning ground, egg incubation, larval
and juvenile development, and juvenile nursery areas (Drucker, Waskes, and
Byrnes, 2004; Hanson et al. 2004).

Sand mining operations with a hydraulic dredging pipe carries water, sand,
and benthic biota (e.g., crabs, clams, bottom larvae, and possibly finfish) to
the surface on the barge. Mortality to species mined with the sand will

occur. Crabs, shellfish and perhaps finfish (or their eggs/larvae), which are
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sucked into the hydraulic pipe will likely all die. (Grigalunas et al., 2004)

II .C.2. Habitat Disturbance

Within an extraction area, many organisms live on top of the seafloor
(Birklund and Wijsman, 2005) (Figure 8). Sand extraction directly affects
the sedentary benthic communities and organisms from the removal of the
seabed habitat. According to the literature, the dredging on the bottom
habitat can result in a 30-70% reduction in species variety, a 40-95%
reduction in the number of individuals and a similar reduction in biomass in
the dredged area (Newell at al., 1998). Thus, the immediate loss in species
richness, abundance and biomass and changes in community structure depends
on the spatial dredging intensity expressed as the percentage of seabed

habitat actually removed during dredging (Birklund and Wijsman, 2005).

Figure 8, Benthic Fauna Living in Typical North Sea Sediment (Birklund and Wijsman, 2005)
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11.C.3 Recovery time of the bottom habitat and community structure

The extraction of marine sand has physical effects on seabed morphology.
After the dredging, pits and furrows (possibly >1 meter) are created at the
borrow sites. The range of depth depends primarily on the dredging
methods used and on site-specific conditions. For example, extraction of 1
million m' by static dredging will affect a much smaller area but create 5-10
m or even deeper pits, while extraction of a similar amount of sand using
trailer dredging will make a shallower pit of 0.2-0.5m or more over a wider
area (2-5 km) of seabed (Birklund and Wijsman, 2005).

The rate and time of infilling deep pits are highly variable and may last
from one year to more than 15 years, depending on local hydrodynamics
and transport of sand (Birklund and Wijsman, 2005). According to many
studies, the recovery time of infilling deep pits takes at least one year and
usually 2~4 years (Coastline Surveys Limited, 1999; Oakwood
Environmental Ltd, 1999; Coastline surveys Limited and Marine Ecological
surveys Ltd., 2000;Birklund and Wijsman, 2005).

The infilling time of deep pits is a very important factor when assessing
the re-colonization time of the benthic community and, hence, economic
damages over time. Off the coast of Norfolk, UK, habitat recovery occurred
within months of the cessation of dredging, but the restoration of biomass
took several years (KENNY and REES, 1994 and 1996; KENNY et al.,
1998). A study by Newell et al. (2004) shows the nature and rate of the
re-colonization processes in marine deposits following cessation of dredging.
They found that recovery of species diversity to within 70-80% generally
takes 100 days; recovery of population density takes 175 days; but recovery

of biomass takes 18 months after cessation of dredging. Figure 9 shows the
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general recovery process of benthic habitat after dredging operations stop,
according to Newell (2004).

However, the recovery of the habitat and benthic community will take a
longer time because of the infilling time of deep pits. During the infilling of
borrow pits, the initial organisms recovered after cessation may be buried by
the mobile sediments. Therefore, the recovery of habitat will occur after
restoration of borrow-pits, not after the cessation of dredging (Birklund and
Wijsman, 2005). In addition, since the borrow pits, which have more than 10
cm depth, causes the anaerobic sediments, which can also cause delays in the
re-colonization time (Diaz, et al., 2004). Thus, it emphasizes that the recovery

of bottom habitat highly depends on the time of the infilling borrow pits.

Figure 9, Generalized Flow Diagram Showing the Sequence of Recovery of the
Macrofauna in Coastal Marine Deposits in a High Energy Disturbed
Area Following Cessation of Dredging.
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Source : Newell R.C., LJ. Seiderer, N.M. Simpson, and J.E. Robinson, 2004. Impacts of Marine
Aggregate Dredging on Benthic Macrofauna off the South Coast of the United Kingdom,
Journal of Coastal Research, vol. 20-1.
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11.C.4. Barge Overflow Plume Effects

During dredging operations, sand and other material are deposited in the
barge, and as the barge fills, water and some lighter sediment flow over the
side of the barge, creating a plume behind the vessel. The study of DHI &
TOXICON (2000) found the average sediment spill was 2.8% of the total
amount of sand extracted.

“Elevated concentrations of particulate suspended matter and increased
turbidity of the water in a sediment plume may effect different functional
levels of the ecosystem. The potential effects include primary production,
filter feeding, migrations and/or movements of fish, survival of pelagic egg
and larvae of fish and forage opportunities of visual predators like fish,
seabird and mammals” (Birklund and Wijsman, 2005).

For example, the shading of light due to the sediment plumes will reduce the
production of phytoplankton. In turn, the reduced primary production will cause

loss of commercial fish catch because of a reduced feeding rate (figure 10).

Figure 10, Shading Effect on Seagrass and Macroalgae from the Sediment
Plume (Birklund and Wijsman, 2005)
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Adverse effects to fisheries are lethal and sub-lethal effects on buoyancy
of pelagic egg and development of egg and larvae or adults. In the case of
cod, experiments by Westerberg et al., (1996) showed a linear relationship
between the sinking rates of cod eggs and the rate increased with the
concentration of silt. Since this response will be similar on pelagic eggs of
other species, a faster sinking rate of pelagic eggs may increase the
mortality if the eggs hit the bottom before the pelagic phase of the
development is completed. Their study also identified the relationship
between the mortality rate and the concentration of suspended sediments;
the mortality increased significantly when the concentrations reached 200
mg/l. And they recognized the larvae were more significantly affected from
the plume than the eggs.

Especially interesting work is that by Hanson et al. (2004) who
summarized the biological response of many species to sediment exposure
by their life stages. Table 8 depicts the response of Striped-bass from a
large number of survey reviews. Striped bass was selected in this report
because the cited study conveniently presents pertinent information; also sea
bass is a Korean species potentially affected by marine mining in the

Ongjin area (see table below).
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Table 7, Biological Response of Striped-bass to Suspended Sediment Exposure

No. Primary Reference Life Stage Concentr-ation(mg/TSS) | Test Duration(hours) Response

1 Schubel and Wang 1973 Bass (striped) eggs 100 24 Delayed hatching

2 Morgan et al. 1983 Bass (striped) eggs 800 24 Development rate slowed significantly
3 Auld and Schubel 1978 Bass (striped) eggs 1,000 168 Reduced hatching success

4 Auld and Schubel 1978 (ns) Bass (striped) eggs 1,000 168 Reduced hatching success

5 Clarke and Wilber 2000 Striped bass eggs 100 24 Delayed hatching

6 Wilber and Clarke 2001 Striped bass eggs 800 24 Development slowed

7 Wilber and Clarke 2001 Striped bass eggs 1,000 168 Reduced hatching success

8 Lunz 1987 Striped bass eggs 50 Not reported Not reported

9 Lunz 1988 Striped bass eggs 500 Not reported Not reported

10 Lunz 1989 Striped bass eggs 2,300 Not reported Not reported

11 Morgan et al. 1983 (ns) Striped bass eggs 800 24 Development slowed

12 Breitburg 1988 Bass (striped) larvae 200 0.42 Reduced feeding rate(0% mortality)
13 Morgan et al. 1974 Bass (striped) larvae 485 24 50% mortality

14 Auld and Schubel 1978 Bass (striped) larvae 500 72 42% mortality rate (controls, 17%)
15 Auld and Schubel 1978 Bass (striped) larvae 1,000 68 34% mortality rate (controls, 5%)
16 Wilber and Clarke 2001 Striped bass larvae 485 24 50% mortality

17 Wilber and Clarke 2001 Striped bass larvae 500 12 Reduced feeding rate(0% mortality)
18 Wilber and Clarke 2001 Striped bass larvae 1,200 240 10% mortality

19 Breitburg 1988 (k) e Striped bass larvae 200 24 Reduced feeding rate(0% mortality)
20 Morgan et al. 1973 Striped bass larvae 485 24 50% mortality

21 Breitburg 1988 (k) Striped bass larvae 500 24 Reduced feeding rate(0% mortality)
22 Wakeman et al. 1975 (b) Striped bass larvae 1,200 240 10% mortality

23 Wilber and Clarke 2001 Striped bass larvae 500 72 Increased mortality

24 Wilber and Clarke 2001 Striped bass larvae 1,000 72 Increased mortality
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Table 7, Biological Response of Striped-bass to Suspended Sediment Exposure

No. Primary Reference Life Stage Concentr-ation(mg/TSS) | Test Duration(hours) Response

25 Lunz 1987 Striped bass larvae 1,557 72 Not reported

26 Auld and Schubel 1978 (ns) Striped bass larvae 500 24 Increased mortality

27 Auld and Schubel 1978 (ns) Striped bass larvae 1,000 72 Increased mortality

28 Lunz 1987 Striped bass subadult 4,000 504 Not reported

29 Buck 1956 Bass (largemouth) adult 144 720 Growth retarded

30 Buck 1957 Bass (largemouth) adult 144 720 Fish unable to reproduce
31 Buck 1957 Bass (largemouth) adult 62 720 weight gain reduced -50%
32 Clarke and Wilber 2000 Striped bass adult 1,000 24 10% mortality

33 Wilber and Clarke 2001 Striped bass adult 600 264 No effect level

34 Wilber and Clarke 2001 Striped bass adult 1,500 336 Increased hematocrit levels
35 Sherk et al. 1974 (fe) Striped bass adult 600 264 No effect

36 Sherk et al. 1974 (fe) Striped bass adult 1,500 336 Hematocrit increased
37 Sherk et al. 1975 Striped bass adult 1,500 336 Hematocrit increased(FE)
38 Sherk et al. 1975 Striped bass adult 1,500 336 Plasma osmolality increased(FE)

Source : Charles H. Hanson, John Coil , Barry Keller, Jennifer Johnson, Justin Taplin, and Jud Monroe, 2004, “Assessment & Evaluation Of The Effects Of Sand Mining On
Aquatic Habitat And Fishery Populations Of Central San Francisco Bay And The Sacramento-San Joaquin Estuary”, HANSON ENVIRONMENTAL, INC.
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I

Bio—Economic Theory, Model, and Assumptions

This section provides concepts, a methodology, and estimates of
illustrative results of the external cost to commercial fisheries from marine
sand mining. A bio-economic model is developed in order to estimate
potential external costs to fisheries in the Ongjin area. In order to capture
the potential impacts of marine sand mining, the process of mining
operation using a hydraulic dredge on a tug-assisted barge must be known.
The detail of operation is taken from the Korea Aggregates Association and
its report (Korea Aggregates Association, 2002).

According to this information, the potential losses to fisheries from sand
mining will include: (1) the mortality of entrained benthic and demersal
species such as crabs and shellfish which are sucked into the hydraulic pipe
and likely all die, (2) losses to fisheries (eggs and larvae) from the exposure
to elevated suspended sediment concentration and turbidity associated with
the overflow and bottom plumes.

Below we estimate three categories of economic losses to commercial
fisheries attributable to marine sand mining:

o Short-term effect: Lost catch of legal-sized fish during dredging and

recovery of excavated seabed habitat

o Long-term effect: Subsequent lost catch through time to recovery for

all harmed species
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© Indirect (ecosystem) effecté2) : Loss of prey and subsequent loss of

catch for all species

These losses are measured over time until all of the affected resources
recover to their pre-mining equilibrium condition (Grigalunas, Opaluch and
Kim, 2005). Because the recovery time depends on the life span of the
affected species and the delaytime for natural restoration of the bottom
habitat (as the literature summarized above shows), complete recovery may
take years to occur.

The Beverton-Holt age-class model Ricker (1975) is used to address the
above issues. Adaptations of this model have been used in several related
studies (e.g., Grigalunas, Opaluch and Kim, 2005). This model estimates
individual members of each affected species in terms of their annual growth,
recruitment to the fishery, natural and fishing mortality, and the maximum
life for each species with given the life history parameters for each affected
species (Grigalunas, Shamshak, and Cho, 2004). The lost catch at year k
following mining is the sum of biomass for all affected adult (post

recruitment) age classes.

163, N []A=FXM0 e (trankte)

where LCk is the lost annual catch at k years after mining, N(tR) is the
number of fish of recruitment age, F and M are fishing and natural
mortality respectively, and Wt is the weight at age t.

Once the lost catch is estimated, the present value of lost catch for a

species is estimated as:

62) Mortality to food resources may reduce biomass off sites.
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Pr=Spric, (1+r)

t=1

where p is the price (assumed to be constant in real terms) and r is the
discount rate (6.3% for Korea). Total damages involve assessing the value
of lost catch over time for all affected species.

Application of the bio-economic model requires substantial biological and
economic data. Biological data needed includes the abundance and the life
history parameters of each potentially affected species. For abundance, Han
and Park in Inha University, Korea provide the best sampling biological
data of Ongjin area. They sampled for benthic (fish residing in bottom
sediments) and demersal (bottom feeding) species in the currently mined
areas. They will also provide important information from an experiment by
a KORDI (Korea Ocean Research and Development Institute) and KMI
(Korea Maritime Institute) research team that is estimating the concentration
of overflowed plumes around mining operation areas, which is basic
information of the dredging plume effects. As the results of this experiment,
they can estimate the recovery time of the bottom pit as well as bottom
habitat.

Korean biologists (e.g. Yeon, Kang and Zhang, et al.) and the National
Fisheries Research and Development Institute will primarily provide the life
history parameters of the affected species. For some parameters, however,
data are not available. For these cases, we will use estimates for the same
or very similar species in other countries.

Second, economic data, such as the landed price in kilograms of fish
needed to value the lost catch of the affected species, is readily available

from the Korea National Statistical Office and Ongjin Fisheries Cooperative.
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To reflect the lost catch that is expected to occur throughout the year, a
weighted average of prices for the most recent five years period will be
used.

In light of many sources of uncertainty faced, we adopt an overstated-cost
approach used in earlier research by the Grigalunas®3) and colleagues
(Grigalunas, Opaluch and Luo, 2001a, 2003; Opaluch, Grigalunas and Luo,
2004; Grigalunas, Opaluch and Kim, 2005). For example, we assume 100%
mortality to all organisms entrained in the sand-water mining slurry, which
overstates the costs to fisheries due to mining because some potentially
harmed fish might avoid entrainment. Several sensitivity analyses also are
conducted.

Given the above information on abundance, life history parameters, and
prices, and assuming 100% mortality to exposed fisheries and recovery to
without mining conditions after an area is dredged, the discounted value of
damages due to dredging can be estimated for each species for the affected
mining areas. This external cost of mining is estimated, assuming that
recovery begins once mining stops.

The time to recovery is implicit in the model. The value of this external
cost per unit of sand mined (e.g., per cubic meter or 100 cubic meters) is
the external cost of Mining (“ECM”). Many sensitivity analyses will be
used to provide some insight into how the results would change if input

values or key assumptions differ from those used in the Base Case.

63) Professor Thomas A. Grigalunas, Department of Environmental and Natural Resource Economics,
University of Rhode Island Kingston, RI 02881
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Assessment of the Potential Damages to Fisheries

IV.A. Biological and Economic Data

For this report, the fisheries abundance data by species used in the
bio-economic model is aggregated into seasonal groupings based on biological
factors rather than using three-month calendar period (Table 8). This could be
important, for example, if seasonal regulations or other temporal polices were
to be considered for reducting external effects. The estimate of abundance is
from Han and Park’s (2002) sampling data; abundance may be underestimated
owing to the sampling methods and frequency (Grigalunas, Opaluch, and
Kim, 2005) For the studyarea, fishery abundance clearly is higher in the fall

season, and crab by far is the most abundant commercial species.

Table 8, Seasonal Fisheries Abundance Data in Ongjin District (kg wet weight per ki)

. Biomass (kg wet weight/kn)

Species Name Winter Spring Summer Fall
Blue Crab 6.9 10.4 0.0 208.8
Other Crab 0.1 0.2 0.0 74

Shrimp 0.2 0.2 5.7 32

Trump Shell 0.0 39 0.0 1.8

Jacopever 4.0 10.5 0.0 15.6
Flounder 0.00 1.27 0.00 13.20
Flatfish 5.75 0.00 0.00 17.01
Oyster 6.23 1.55 0.00 0.00

Source : Han (2002)
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Life history parameters of blue crab and other crab (Table 9) are based
on Korean data. In our previous study, these parameters were adopted from
USA data because Korean data were not available. It is also essential how
the correct data are collected to estimate environmental damages. Therefore,
the corrected seasonal abundance and life history parameters allow us to do
the more accurate assessment of fishery damages from sand mining than in

our previous results.

Table 9, Life History Parameters by Species

Weight vs

Mortality Length vs Age Life
. Length
Species Loo

F M K t0 A A
(cm) b ge  Span
Blue crab” | 56.0% 41.0% 178 078 -0.622 0.154 2877 03 3
Other Crab” | 56.0% 41.0% 178 078 -0.622 0.154 2.877 03 3
Shrimp 13.9% 84.1% 20.13 0018 0.068 00116 3.002 0.4 1

Trump shell” | 45.1%  95% 8.6 0356 -0.337 0.11 282 2 10
Jacopever3) 393% 18.1% 50.62 031  -0.05 0.015 3.015 2 10
Flounder 221% 104% 493 0.182 -0.222 0.0092 3.055 4 10
Flatfish 22.1% 104% 187.3 0.0599 -1.0204 0.0118 3 3 13
Oysterz) 259% 393% 13.7 0551 -0365 0.087 221 2 25

Source : National Fisheries Research and Development Institute, The Ecology and Fishing Grounds of
Main Fisheries Resource in Exclusive Economic Zone (EEZ), 2000. 9.

Notes : 1) National Fisheries Research and Development Institute, Stock Assessment and Fishery
Evaluation Report of Year 2005 TAC-based Fisheries Management in the Adjacent Korean
Waters, December 2004. 2) James J. Opaluch, Thomas A. Grigalunas, Meigeng Luo, and Gina
Shamshak, 2003. The Economic Cost to Fisheries from Marine Disposal of Dredged Sediments
at Two Potential Sites in Rhode Island Sound (Oct.). 3) Yangjae Im and Sundo Hwang, Age and
Growth of Sebastes Schlegeli in Yellow sea, Korean J. of Ichthyology, vol 4. 2004.

The fishery price data are updated to 2004 (Table 10). For this purpose,
we use the Ongjin Fisheries Cooperative weighted landing data for the

five-year period, 2000 to 2004. Use of a weighted average price for a
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five-year period reflects the fact that the lost catch would be expected to be
experienced throughout the period. And it is appropriate because of the
variation of annual prices between years, recognizing that long-term effects

on catch could occur over many years.

Table 10, Commercial Weighted Prices by Species (in Year 2004 # and $)

Blue | Other Shrim Trump
crab Crab P shell

Won | 17,431 | 6,924 | 26,916 | 2,924 8,375 10,301 | 14,311 | 1,664

Species Jacopever |Flounder | Flatfish | Oyster

Price

Dollar 16 6 24 3 8 9 13 2

Source : Ongjin Fisheries Cooperative, Statistical Data of Market Price in Ongjin Fisheries Cooperative,
1999 ~ 2004.
Korea National Statistical Office, Fishery Price Index, 1999 ~ 2004.

IV.B. Recovery Begins Once Mining Stops

Versus Delayed Recovery

Our Year Three Report used as a base case the assumption that the
borrow pit area would fill in 4 months, and bottom habitat recovery would
begin to be restored at that time. However, our review of the latest
literature strongly suggests that recovery could take several years. We use 3
years in our Base Case.. As we show below, this will lead to larger
damages than in the Year Three Report. Results are given for one year of
mining and later, for recurring mining over a 25 - year period.

In order to examine how a longer period to recovery for the borrow pit
would affect damages; the model was revised to estimate the delay effects

by species (Tables 11) and by type of effect (Table 12). For these estimates,
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we first show an extreme case of no delay-recovery begins once mining
stops. For this case, we show damages for each fish species and by type

(short- and long-run, and indirect effects).

Table 11, No Delay Case llustrative Estimates of the Present Value (@6.3%) of
Losses to Commercial Fisheries with 2001 Population Level from One
Year of Hypothetical Marine Sand Mining in Ongjin, Korea (in 2004 $)

Area | Blue crab Other Crab  Shrimp Sr}l]l:;lp Jacopever  Others”  Total
One
Mining
Site 15,251 175 155 71 862 2,050 18,564
(4km’)

1) Flatfish, Flounder, and Oyster

Table 12, No Delay Case lllustrative Estimates of the Present Value (@ 6.3%) of
Short-term, Long-term and Food Web Commercial Fishery Losses
with 2001 Population Level from One Year of Hypothetical Marine
Sand Mining in Ongjin, Korea (in 2004 $)

Area Short-term Long-term Food web Total

One Mining Site

7,788 6,882 3,894 18,564
(4km2) ) i i )

Then, we show results for a 3-year borrow pit recovery, our “base case”,
based on general results given in the literature. The results show
considerably higher damages when there is a delay of three years ($48,319)
as compared with the no delay case ($18,564) for one site. Longer delays
lead to larger damages (Table 13 and Table 14).
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Table 13, Base Case (3 years delay) lllustrative Estimates of the Present Value
(@6.3%) of Losses to Commercial Fisheries with 2001 Population
Level from, One Year of Hypothetical Marine Sand Mining in Ongjin,
Korea (in 2004 $)

T
Delay time| Blue crab Other Crab Shrimp Sl;ll:lll Jacopever Others” Total
One
Mining
Site 42,695 597 446 135 1,471 2,974 48,319
(4km’)

1) Flatfish, Flounder, and Oyster

Table 14, Base Case (3 Year Delay) llustrative Estimates of the Present Value (@
6.3%) of Short-term, Long-term and Food Web Commercial Fishery
Losses with 2001 Population Level from One Year of Hypothetical
Marine Sand Mining in Ongjin, Korea (in 2004 $)

Area Short-term Long-term Food web Total

One Mining Site

26,32 142 4831
(dar) 7,788 6,325 206 8,319

The followings are the estimated results show base case damages broken
down into short-term, long-term and food web effects that provide the
readers the more details to understand the damages estimating procedures.
For a one-year mining period, the estimated lost catch in weight (kg) is
552.3 kg over a 25-year period (Table 15). Of this amount, blue crab
accounts for about 85% of this lost catch, and so the value of lost catch of
crustacean (blue crab, other crab, and shrimp) is most important in Ongjin
area (about 88%). Note that the subsequent loss of catch occurring
throughout the estimated time period to recovery illustrates the importance

of using a age-class model which can track lost catch over time.
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Table 15, Preliminary Estimate of the Short-term Lost Catch in Weight (kg)
Because of One Year Hypothetical Marine Sand Mining at a Single
Site(4 ki) in Ongjin, Korea

Age Class(Year)|Blue crab Other Crab Shrimp Trump shell Jacopever Other” TotalLoss
0.3 285.0 10.1 0.0 0.0 0.0 0.0 295.0
0.4 0.0 0.0 1.2 0.0 0.0 0.0 1.2
0.5 0.0 0.0 1.2 0.0 0.0 0.0 1.2

l 137.7 4.9 0.8 0.0 0.0 0.0 143.4
2 35.8 13 0.0 4.8 5.7 29 50.4
3 9.3 0.3 0.0 0.8 6.2 3.1 19.8
4 0.0 0.0 0.0 0.6 5.0 4.6 10.2
5 0.0 0.0 0.0 0.4 33 4.4 8.1
10 0.0 0.0 0.0 0.5 44 15.7 20.5
20 0.0 0.0 0.0 0.0 0.0 2.5 2.5
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Loss 467.8 16.5 32 7.1 24.5 332 552.3

a Short-term effects are lost catch during one-year mining period.
b Others: Flatfish, Flounder, and Oyster

By species, the largest value of the short-term lost catch for one year of
mining is for blue crab. This species alone accounts for about 91% of total

losses (Table 16).

Table 16, Preliminary Base Case Estimates of the Present Value (@6.3%) of
Short-term Effect of Hypothetical Marine Sand Mining for One Year at
a Single Site in Ongijin, Korea (in 2004 9$)

Age Class (Year)|Blue crab Other Crab Shrimp Trump shell Jacopever Other  Total Loss
0.3 4,334 61 - - - - 4,395
0.4 - - 27 - - - 27
0.5 - - 29 - - - 29
1 2,095 29 19 - - - 2,143
2 544 8 - 12 41 4 609
3 141 2 - 2 45 19 210
4 - - - 2 36 40 78
5 - - - 1 24 42 68
10 - - - 1 32 165 198
20 - - - - - 31 31
25 - - - - - 0 0

Total Loss 7,114 100 75 18 179 302 7,788

a Short-term effects includes lost catch during one-year of mining.
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Long-term effects make up about 54% of total losses (Table 14). The

importance of lost catch over an extended period illustrates the importance

of a habitat and initial population level recovery after stopping the mining.

For the habitat recovery, the year-class model can capture mortality to

juvenile members of affected species. Table 17 shows the foregone catch

each year-to-year class for all species until fully recovery (25 years).

Table 17, Preliminary Estimate of the Lost Annual Catch in Weight (kg) during
Recovery per Age Class Because of Hypothetical Marine Sand Mining
at a Single Site in Ongjin, Korea

Lost Catch (kg)
per Age Class 03 04 05 1 2 3 4 5 100 20 25
(Year)
0.3 295.0
0.4 12 12
0.5 12 12 12
1 1434 1434 1434 1434
2 504 504 504 504 504
3 198 19.8 19.8 198 19.8 19.8
4 102 102 102 102 102 102 10.2
5 81 81 81 81 &1 81 81 &I
10 20.5 20.5 205 205 205 20.5 205 20.5 20.5
20 25 25 25 25 25 25 25 25 25 25
25 00 00 00 00 00 00 00 00 00 00 00
Total Loss 5523 257.3 256.1 2549 111.5 61.1 413 31.1 23.0 25 0.0

It is impractical to show the estimated lost catch during by each age class

each recovery period for all species. Instead, we show the annual estimated

of the lost catch of Blue Crab for the Base Case is used to illustrate the

time pattern of lost catch (crab is by far the most abundant species studied).

Annual lost catch for this species are given in Tables 18 and 19.
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Table 18, Preliminary Estimate of the Lost Catch of Blue Crab in Weight (kg)
during Recovery per Age Class Because of Hypothetical Marine Sand
Mining at a Single Site in Ongjin, Korea

Lost Catch (kg) per Age
Class (Year) 0.3 1 2 3 Total Loss
0.3 285 285.0
138 138 275.5
36 36 36 107.3
3 9 9 9 9 371
Total Loss 468 183 45 9 7049

Table 19, Preliminary Estimates of the Present Value (@6 3%) of Long-term Effect
on Blue Crab of Hypothetical Marine Sand Mining for One Year at a
Single Site in Ongjin, Korea (in 2004 $)

Age Class (Year) 0.3 1 2 3 Total Loss
0.3 1,248 1,248
603 1,364 1,967
2 157 354 480 990
41 92 125 117 374
Total Loss 2,049 1,810 604 117 4,580

Table 20 shows the estimates of the present value of long-term effects by
species. These results are derived by applying the estimating procedures

explained in Table 18 and 19 to all species.

Table 20, Preliminary Estimates of the Present Value (@6 3%) of Long-term Effect
of Mining at a Hypothetical Single Marine Sand Mining Site in Ongjin,
Korea (in 2004 $)

Species Blue crab Other Crab Shrimp Trump shell Jacopever Other” Total Loss
Present Value
22,614 234 4 2,122 26,32
Y 4km2) ,6 305 3 8 966 , 6,325
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Assuming a 50% net loss of food resources because of mining, offsite
food web effects are estimated by using proportionality rule (Grigalunas,
Opaluch and Kim, 2005). The loss of harvested species is assumed to be
proportionate to the loss of prey (Table 21) (Grigalunas, Opaluch and Kim,
2005).

Table 21, Preliminary Estimates of the Present Value (@6.3%) of Food Web
Effect of Mining at a Hypothetical Single Marine Sand Mining Site in
Ongijin, Korea (in 2004 $)

Species Blue crab Other Crab Shrimp Trump shell Jacopever Other” Total Loss

Present Value

12,96 192 13 33 32 550 14,206
($/4km2) ,967 9 7 7 ,

Now, estimates of damages because of mining at multiple sites — 20 sites
are used for illustrtation - are described. This is a simple multiple of the
results for one site. If the sand mining occurred on 20 sites for one year in
Ongjin area, the total damages of the aggregated across 20 sites is about
$966.4 thousand (Tables 22 and 23). Hence, damages from mining at many
(20) sites results in reasonably substantial estimated losses in commercial

catch.

Table 22, Preliminary Estimates of the Present Value (@6.3%) of Losses to
Commercial Fisheries from One Year of Hypothetical Marine Sand
Mining at 20 Sites in Ongjin, Korea (in 2004 $)

Area Blue crab Other Crab Shrimp Trump shell Jacopever Others Total

20 Mining sites| 853,903 11,938 8,930 2,704 29,427 59,477 966,379
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Table 23, Preliminary Estimates of the Present Value (@ 6.3%) of Short-term,
Long-term and Food Web Commercial Fishery Losses from One Year
of Hypothetical Marine Sand Mining at 20 Sites in Ongjin, Korea (in
2004 $)

Area Short-term Long-term Food web Total

20 Mining sites 155,758 526,493 284,128 966,379

Next we illustrate cumulative damages to fisheries due to recurring sand
mining at the same site over a consecutive, multi-year period. This scenario
is interesting because recurring mining at the same site might not allow the
borrow pit and hence the productivity to recover, potentially causing
substantial damages. In fact, marine sand mining activities have been
ongoing since 1993 in Korea and sand mining may have occurred at the
same site for many years, with potential resource damages.

To illustrate the effects of recurring mining, we show hypothetical results
for a five-year and ten-year periods of recurring mining periods are
estimated. Again, recurring mining delays bottom habitat recovery; it will
lead to higher losses to commercial fisheries than the same mining at
different sites.

The estimated cumulative damages for 5 years and 10 years of mining are
$6.4 million and $16.4 million, respectively (Tables 24 and 25). Not
surprisingly, the results are many times higher than the estimated damages
for mining for a one-year period. Although we consider only two options
here, these results indirectly emphasize the importance of a simulating a

range of policy options.
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Table 24, Present Value (@6.3%) of Short-term, Long-term and Food Web
Effects from 5 Years of Mining (in 2004 $)

Area Short-term Long-term Food web Total

20 Mining sites 2,155,111 2,330,762 1,990,610 6,476,483

Table 25, Present Value (@6.3%) Short-term, Long-term and Food Web Effects
from 10 Years of Mining (in 2004 $)

Area Short-term Long-term Food web Total

20 Mining sites 7,242,852 4,033,128 5,201,367 16,477,348

Finally, damages from other bottom habitat delay possibilities are
illustrated (Table 26). This result implies that the different value of
estimates of damages depend highly on the recovery time. Hence, scientific
research on bottom habitat recovery time is very important for estimating

fishery damages from marine sand mining.

Table 26, Sensitive Analyses for lllustrative Present Value to Commercial Fisheries
from Hypothetical Marine Sand Mining (4kx) in Ongjin, Korea (in 2004 $)

Delay time |Blue crab Other Crab Shrimp Trump shell Jacopever Others”  Total
No delay 15,251 175 155 71 862 2,050 18,564
4 months 18,567 222 190 79 936 2,162 22,155
3 years delay | 42,695 447 446 135 1,471 2974 48,169
6 years delay| 65,196 870 686 188 1,970 3,729 72,639
9 years delay | 83,416 1,293 879 231 2,373 4,337 92,528
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IV.C. Plume Effects

The effects of sediment plumes on commercial fisheries have been raised
as a concern with marine mining, but such effects are extremely difficult to
estimate. To do so requires that a series of links be established between the
discharge of sediment slurry, sediment concentration in the water column,
exposure of eggs and larvae to the sediment plume, excess mortality, and
finally, lost commercial catch over time. In this section, we explain the data
and assumptions used in order to provide illustrative results of the plume
effect.

The science studies summarized earlier in this report examine mortality to
eggs and larvae because of exposure to sediments plumes from sand-water
slurry overflows. In order to estimate the effect on commercial fishing catch
from excess mortality to eggs and larvae because of plume-related effects
from mining, it is necessary to know the volume of water with sediment
concentration exceeding thresholds for exposed commercial biota, the time
of exposure, and the abundance of eggs and larvae. Given the estimates of
excess mortality, life history parameters and fish prices, lost catch and lost
earning can be estimated (Grigalunas, Opaluch, and Luo, 2002).

Unfortunately, estimates of excess mortality from sediment plumes in
Korea currently are unavailable. However, ongoing research by D. Kim at
KORDI should provide the concentration of the average area of a plume
and the time of each level of concentrations. Then, Korean biologists will
also make available excess mortality estimates. When available, we can
include this information in the damage assessment model presented above.
How the excess mortality data should be used depends upon whether the

eggs and larvae at a site can be viewed as supporting the population of fish
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at the site or instead, supports the fish population in other nearby areas. In
the former case, plume effects should not be included because doing so
would double count losses. In the latter case, the excess mortality should be
included for eggs and larvae killed on site and for eggs and larvae that
would drift or be carried on site from a nearby area. Hence, the egg-larvae
losses from plumes range from $0 to twice the lost catch from excess egg
and larvae mortality at a site.

Overflow plume effects have two important elements which must be
considered when estimating the external costs due to incremental losses of
larvae. One is the spatial element. It may be possible to estimate a spatial
fraction of unit mining area (2km by 2km) in which larvae would be killed
by contact with the plume.

The other element concerns seasonal factors. In the case of larvae, mining
which occurs during different periods of the spawning process can have
substantially different effects. The importance of timing, which shows the
steady state larval abundance in an area over the period of larval presence,
can be divided into three cases such as t0~TO0+L, TO+L~T-L, and T-L~
T (Figure 11) (Grigalunas et al., 2004). For example, mining occurred
during the middle of period has the most harmful to eggs and larvae and
for potential damages. Other cases are less harmful, as shown in Figure 11.

Since the losses of larvae by the plumes will depend on the occurrence of
mining operations, it may also be possible to estimate a seasonal fraction of
the affected unit area (2km by 2km). Then, given estimates of number of
larvae contacted, natural mortality to larvae, and the excess mortality due to
the plume, the lost catch after the time of recruitment, tR can be estimated
through the life span of species.

The lost number of individuals at the age of recruitment by overflow
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plumes is:
LN(ty) = Ny x(M" =M,)

Where LN(tR) is the lost number of individuals in the age class at the
time of recruitment, NO is the number of larvae affected by the plume, M7
is the annual natural mortality rate at time 7, and M’ is the plume

mortality rate.

Figure 11, Larval Abundance over the Period of Larval Presence (Grigalunas,
Thomas, Gina Shamshak, and Dong Oh Cho, 2004 )
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After recruitment, the lost number declines due to both natural mortality

and fishing mortality. Thus, the lost catch in some cohort t is:
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t-1
LC(1) =LN(IR)”(1_E)(1_Mt)for tmax £ tR

where LC(t) is lost catch in time period t for t more than tR years after
mining, F7r is the fishing mortality at time 7, and is the maximum life
span of each affected species.

Therefore, the lost catch in a unit mining area is the spatial and seasonal

fraction of total lost catch.
FLC(t)=ax [BxLC(t)

where FLC(t) is a fraction of lost catch in time period tR after tR years,
a is the spatial percentage loss in larvae and S is the seasonal percentage
loss in larvae due to plume.

Because data on excess mortality due to plume effects is not available
now in Korea, the estimate of excess mortality employed in our illustrative
results uses the results from studies in other countries. To do this, the
biological response data summarized in Table 8, were used in a
Meta-analysis.®4) A pseudo “mortality function” was estimated with
mortality expressed as a function of the sediment concentration and hours to
exposure: Mortality Rate = f(Tss, Hours) where Tss is concentration (mg/l),
and Hours is time of exposure in the study in hours.

Since the number of observations (in a Meta analysis, study results) is
small, and many variables affect the mortality rate such as currents,

temperature, and salinity for a specified area, it is impossible to provide the

64) Meta-analysis is a statistical procedure that uses statistical methods to integrate the results of
several independent studies considered to be combinable. The results of each study become an
observation in the meta analysis.
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statistically significant relationships with the given data. The damages from
overflowed plumes, however, may be a very important factor in marine sand
mining effects on fisheries.

To illustrate the potential importance of the plume effect on damages, we
assume that mortality is a linear function of the concentration and hours of
exposure. To show a conservative estimate for damages, we choose the two

lowest and highest value points and make the linear equation:

Mortality = a xTss + BX Hours | with « = -4.5710-5, 8 = 0.02175

where Tss is a concentration, H is hours of exposure, and a and /S are
estimated parameters.

To apply the above relationship, we adopt the results of Dr. Kim from
KORDI. According to Dr. Kim’s 2002 report, the concentration of overflow
plumes near the barge was 100~300 mg/l within 100~ 200 m ranges and
off the barge, was 20~90mg/l in case of 1,700 m' sand mining. The
concentration of the overflow plume is present for the duration of active
mining and for a period of time after a mining operation has been
completed and the residual overflow plume dissipates (Hanson et. al., 2004).
Normally the dredging time for one barge with 1700m’ capacity takes 2.5~
3 hours, and the density of initial concentration of plume dissipate or
decrease to 10% within 12 hours in Korea case (Korea Aggregates
Association, 2002). The worst case will be 3 hours operation with
assumption of 6 hours of continuing highest concentration level (300mg/l).
Therefore, the maximum effective duration of exposure to an overflow

plume to eggs-larvae would be 9 hours. In this case, the mortality rate will
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be 18.2% for larvae. With an estimate of the number of larvae per volume
in Ongjin District by Han (2002), the fishery damages from plume can be
estimated.

In sum, we illustrate estimated damages to commercial fisheries because
of added mortality of eggs and larvae from a sediments plume for an area
of 100mx200mx1m or 20,000 cubic meters. We assume that eggs and
larvae stay in the area affected area by the overflow plume, so we count
mortality of eggs and larvae one time. Even though the plume effects of
onsite species are included, these estimates are not double counting unless
the affected species also are counted as the entrainment damages.

The results show that including the plume effects causes a significant
increase damages ($10,985) to fisheries in that estimated Base Case damages
(548,319) for one site (Table 27). Jacopever is also affected by the overflow
plume, but its damage is not included in the estimates of plume effect to
avoid double counting. Again, these results are illustrative in order to shed
some light on how important the plume effects might be. The estimated
damages highly depend on the excess mortality, so the species will be
affected by the concentration of overflow plume in a specified area.

Obviously, more accurate data could lead to more accurate damage estimates.

Table 27, Plume Effect lllustrative Estimates of the Present Value (@6.3%) of
Losses to Commercial Fisheries with 2001 Population Level with Base
Case 3 Years Delay time from One Year of Hypothetical Marine Sand
Mining in Ongjin, Korea (in 2004 $)
Area Sea bass Tongue sole  Jacopever Total
0.25 % of One Mining
Site (100mx100m)
0.25 % of 20 Mining
Sites (100mx100m)

10,985 - 10,985

219,702 - 219,702

[V. Assessment of the Potential Damages to Fisheries ® 191



IV.D. What is the Appropriate without-Mining Fishery

Population to Use for Damage Assessment?

An important consideration in assessing the fishery damages from marine
sand mining is determining the initial (“without-mining”) population level
for the affected area. The information on abundance we have employed in
prior reports and thus far in the present report is the biomass data sampled
over the period January 2001 to April 2002 gathered by Professor Han and
his study group for the Ongjin area. This 2001-2002 population level,
however, may reflect harmful effects from prior sand mining in the area
since 1993. If previous mining in fact reduced the population, then the 2001
= 2002 abundance estimates we use to estimate damages are lower than they
would have been had no mining occurred because the fisheries population
exposed to mining in 2004 presumably would have been larger. Following
this reasoning, an estimate of damages using existing fish abundance levels
may understate damages attributable to mining.

Han (2002) examined the Ongjin-gun marine products’statistical data and
compared data between pre-sand mining and post-sand mining periods. As
shown in Figure 2, before mining, the 12,000 M/T yearly mean marine
products in Ongjin decreased by 7,500 M/T after mining, a 38% reduction
in total fish products between with and without mining periods. In other
words, the fisheries abundance in 1993 would be 138% greater than the
abundance in 2001 (Table 28).

To estimate fishery damages using the estimated 1993 abundance, an
issue arises about what are the appropriate prices to be used to assess

damages? Higher biomass would seem to imply greater supply and lower
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2004 prices than we use. However, fishery markets are complicated and
many factors may have changed between 1993 and 2004. Here, we use

constant 2004 weighted average prices.

Table 28, Year 1993 Seasonal Fisheries Abundance Data in Ongjin (kg wet
weight per km?)

) Biomass (kg wet weight/km2)
Species Name - -

Winter Spring Summer Fall
Blue Crab 11.0 16.7 0.0 334.1
Other Crab 0.2 0.4 0.0 11.8
Shrimp 0.4 0.4 9.2 5.1
Trump Shell 0.0 6.3 0.0 29
Jacopever 6.5 16.8 0.0 25.0
Flounder 0.0 2.0 0.0 21.1
Flatfish 9.2 0.0 0.0 272
Oyster 10.0 25 0.0 0.0

Source : Han (2002)

Tables 29 shows estimated damages to fisheries assuming that the
without-mining case uses the abundance levels prior to initiation of mining
with 3 years Base Case habitat recovery delay. No crab data are available
from Professor Han’s work for the pre-mining period. To reflect this data
gap, two cases are considered. One case includes the high without-mining
values for crab, the other shows damages assuming crabs are at their 2001
- 2002 sample abundance levels.

The results show that use of the pre-mining estimates of abundance
substantially increase damage estimates. The estimated results of plume
effects also show that the fishery damages with year 1993 population level

have significantly larger damages than the damages with the population in
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2001 (Table 30).

Table 29, Sensitive Analyses for Use of Alternative without-Mining Baselines -
llustrative Present Value to Commercial Fisheries from Hypothetical
Marine Sand Mining (4km?) with 3 Years Recovery Delay in Ongjin,

Korea (in 2004 $)

T

Population Level |Blue crab Other Crab Shrimp sr;l:;lp Jacopever Others”  Total
2001 Pop. Level 42,695 447 446 135 1,471 2974 48,169
1993 Pop. Level

. op. Leve 42,695 447 446 216 2,354 4758 50918
without Crustaceans
1993 Pop. Level with

P LVEWR 68312 07 714 216 2354 4758 77,063
Crustaceans

1) Crustaceans: Blue crab, Other crab, and Shrimp

Table 30, Plume Effect lllustrative Estimates of the Present Value (@6.3%) of
Losses to Commercial Fisheries with 1993 Population Level from,
One Year of Hypothetical Marine Sand Mining in Ongjin, Korea (in

2004 $)
Population Level Sea bass Tongue sole Jacopever Total
0.25 % of One Mining Site
17,576 - - 17,576
(100mx100m) with 2001 Pop. Level ’ ’
0.25 % of Mini it
/o of One Mining Site | 5, o) . . 351,523

(100m*100m) with 1993 Pop. Level
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Summary and Conclusions

Sand is critical for construction in Korea and increasingly has come from
marine sources. Marine mining poses risks to fisheries and as a result, is an
important - and controversial - issue in Korea and, indeed, in other
countries which mine or seek to mine marine deposits. Research is needed
to improve quantitative estimates of environmental effects and contribute to
policy for jointly managing mining and fishery activities. However, as this
report makes clear, modeling of damages is extremely difficult and requires
close cooperation between marine biologists, other scientists and economists.

This report provides preliminary results for our 2005 study of the
damages to commercial fisheries from marine mining. We review economic
concepts, methods, and data needed for assessing lost damages. We also
explain the many data problems faced and our use of data from several
sources, including data from other countries when data for Korea is
unavailable. Reflecting the many uncertainties involved in assessing
damages to fisheries, sensitivity analyses are used. We also use a
conservative (i.e., overstated) cost approach. Changes from our last year
study include different and longer recovery periods for borrow pit sites and
use of alternative baseline estimates of seasonal abundance for vulnerable
species. Price indices were updated to 2004. Korea-specific, life history

parameters for crab are used, whereas in prior research, parameters from

V. Summary and Conclusions ®195



similar US species were employed. We also estimate damages assuming that
fishery resource stocks —and hence damages - would have been higher had
pre-mining (1993) fishery abundance data been used in the model, rather
than abundance data from 2002. Finally, plume effects were described and
illustrative results presented. To do this, we conducted a meta analysis,
drawing upon a rich literature summarized in recent reports. Expanded
results will be included at a later point, when data from ongoing research in
Korea become available.

Estimated damages to fisheries include short-run losses, long-run effects,
and ecosystem (food web) effects. In addition, illustrative estimates of losses
from plume effects were introduced. The new results suggest damages to
fisheries may be higher than those in our earlier report, for the reasons
given in the section immediately above.

Improved data on seasonable abundance of vulnerable species would
allow for better estimation of damages by season and perhaps by subarea.
Additional modeling of plume effects and their temporal and spatial
intersection with larvae would provide a firmer basis for estimation of
plume effects. Collectively, improved data would allow for more accurate

estimates of marginal external costs of marine sand mining to fisheries.
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Appendix

Table A1, The Number of Larvae Exposed to Plume in Ongjin

. NO. /1000m, with 1m depth
Species Name - -
Winter Spring Summer Fall
Sea Bass 636 0 0 34,462
Jacopever 0 52,200 0 0
Tongue Sole 0 0 119,154 0

Source : Han (2002)

Table A2, Life History Parameters by Species for Plume Effects

Mortality Length vs Age Weight vs Length Life
F M  Le (cm) K to A b Age  Span
Sea bass’ | 259% 18.1% 1063 02 0529 0.0149 296 4 18
Jacopever” | 39.3% 18.1% 5062 031 -005 0015 3.015 2 10
Tongue sole” 45% 291 019 -09 00014 339 05 4

Source : 1) James J. Opaluch, Thomas A. Grigalunas, Meigeng Luo, and Gina Shamshak, 2003. The
Economic Cost to Fisheries from Marine Disposal of Dredged Sediments at Two Potential Sites
in Rhode Island Sound (Oct.). 3) http:/fishbase.com

Species

Table A3, Commercial Weighted Prices by Species for Plume Effects (in Year
2004 + and $)

Species Sea bass Jacopever Tongue sole
. Won 16,556 8,375 5,784
Price
Dollar 15 8 5
Source : Ongjin Fisheries Cooperative, Statistical Data of Market Price in Ongjin Fisheries Cooperative,
1999 ~ 2004.

Korea National Statistical Office, Fishery Price Index, 1999 ~ 2004.
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Table A4, Year 1993 Number of Larvae Affected Exposed to Plume in Ongjin

No. /1000m, with Im depth
Species Name
Winter Spring Summer Fall
Sea Bass 1,018 0 0 55,138
Jaco pever 0 83,520 0 0
Tongue Sole 0 0 190,646 0
Source : Han (2002)
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