
Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

Sample 10 NFKUPRIV1 NFKUPRIV2 NFK001 NFK002 NFKOO3
laboratory 10 Marine Seclilnenl L.4321-23 L.4321-24 L4321-1 L.4321-2 L4321-3

Sample Depth (em) Standards 0-10 0-10 0-10, 0-10 0-10
Sample Date 8/19/94 8119/94 8/18194 8/18/94 8118194

SQS CSL. Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LpAH /mgJKg-Organic Cartxlnl :\70 780 71;1 71;.8 U Q.74 8.S4 6.88
Naphthelene 99 170 4.81 U 75.6 U 4.37 U 5.04U 4.89 U
Aeenaphtl'lyfene 66 66 1.77 U 28.1 U 1.621) 1.9 U 1.8 U
Acenaphthene 16 57 1.22 U '19.3 U 1.14 U 1.31 U 1.22 U
Fluorene . 23 79 1.77 U • 28.1 U 1.62 U 1.9 U 1.8 U
Phenanthrene 100 480 7.51 G 28.1 UG 7.84 G 8.54 G 6.8e G
Anthracene 220 1200 1.77 U 28.1 U 1.9 G 1.9 U 1,8 UG
2-Metl'lylnaphlhelene 38 84 4.81 U -75.6 U 4.37 U 5.04 U 4.89 U

HPAH (mgIKg-Organic Carbon) 960 5300 76.7 75.6 U 86.6 109 83.8
Fluoranthene 160 1200 17.2 28.1 U 15.9 G 20.9 19.9 G
Pyrena 1000 1400 15.4 G 28.1 UG 17.8G 20.3 G 18.5 G
BellZo(a)anthracene 110 270 5.8 28.1 U 7.54 G 8.32 6.93 G
OhryHl'lO 110 4DO D.9 2&.1 U s.&e 10.3 S.:l
Total Benzofluoranthenes 230 450 9.34 75.6 U 16.4 20 18.6

Benzo(b)f1uoranthene 9.34 75.6 U 9.82 14 12.6
Benzo(k)flllOlll'llhene 4.81 UL. 75.6 UL 6.6 J 6.1 L 6 J

Benzo(a)pyrene 99 210 6.8 X 47.4 UX 6.35 G 9.05 X 7.12 G
Indeno(l,2,3-Cd)Pyrene 34 88 7.13 "47.4 U 7.13 G 10.1 3.2 G
Oibenzo(a,h)anthracene 12 33 4.81 U -75.6 U 4.37 UG 5.04 U 4.89 UG
Benzo(g,h,i)~ryfene 31 78 6.1 G "47.4 UG 5.57 G 10.5 G 3.09 UG

Other NOlIionizable Organics
(mgll<g:Ol'l!!nic Carbon)
1.2-Oichlorobenzene 2.3 2.3 0.144 UBEG 2.22 UBEG 0.132 UEG 0.153 UBEG 0.151 UEG
1,4-Dichlorobenzene 3.1 9 0.144 UBEG 2.22 UBEG 0.281 BEG 1.38 BEG 2.34 BEG
1,2,4-Trichtorobenzene 0.81 1.8 0.144 UEG -2.22 UEG 0.132 UEG 0.153.UEG 0.151 UEG
Hexac:hIorobenzene 0;38 2.3 0.144 UEG "2.22 UEG 0.132 UEG 0.153 UEG 0.151 UEG
DieIhyI Phthelate 61 110 2.98 U 47.4 U 2.75 U 3.14 U 3.09 U
Oimetl'lyl Ph1halate 53 53 1.22 U 19 U 1.14 U 1.31 U 1.22 U
Oi-N-Butyl Phthalate 220 1700 6.13 BG 116 BG 6.65 B 8.61 BG 9.5 B
Benzyl Butyl Phthalate 4.9 64 1.77 U • 28.1 U 1.62 U 1.9 U 1.8 U
Bis(2-Ethylhexyl)Phthalale 47 78 16.9 37 15 31.3 B 30.7
Di-N-octyl Phthalate 58 4500 1.77 UL 28.1 UL. 1.62 UL 1.9 UL 1.8 UL
Diberv;ufunIn HI 110 2.9& U • 47.4 U 2.75 U 3.14 U 3.09 U

Hexachlorobuladiene 3.9 6.2 2.98 U -47.4 U 2.75 UG 3.14 U 3.09 UG
N-NiIrDsodiphenyiamine 11 11 2.98 U "47.4 U 2.75 U 3.14 U 3.09 U
TotalPCBs 12 65 1.44 U • 22.2 U ~~~ 1.53U' 1.51 U

Ionizable Organics (ugIKg-Orv Weight!
Phenol 420 1200 220 U 130 U 190 U 180 U 170U
2-Methylphenol 63 63 54U 32 U 46U 43 U 43 U
A-Mllthyll"hAntlI 670 870 SAU 32 U <l8lJ 43 U 43 U

2,4-Dimethylph8no1 29 29 -54.0 U .. 32.0 U "46.0 U -43.0 U -43.0 U
Pentachlorophenol 360 690 54U 32 U 46 U 43U 43 U
Benzyl Alcohol 57 73 54U 32U 48U 43 U 43 U
BenzOiC Add 650 650 220U 130 U 190 U 180 U 170U

Metals (mg!KQ=D!V Weight!
Arsenic. Total 57 93 22 J 11 J 19 J 18 J 17 J
Cadmium, Total 5.1 6.7 0.6 U 0.35 U 0.51 U 0.48 U 0.46 U
Chromium, Total 260 270 26.6 12.6 25.1 24.8 32.7
Copper, Total 390 390 27.8 12.1 31 26.9 29

Lead,Total 450 530 17 J 4.9 J 17 J 13 J 13 J

Mercury, Total 0.41 0.59 0.08 J 0.035 J 0.1 JE 0.078 JE 0.21 JE
Silver, Total 6.1 6.1 0.8 U 0.46 U O.68U 0.64 U 0.62 U
Zinc, Total 410 960 80.3 50 77.S 68 71,7

Conventionals
% TOO 1.81 0.0676 1.87 1.37 1.30

Acid Volatile SUlfides (mgIKg) 420 E 40 UE 220E 750 E 770E

GTlMl'(%) 0.2 5.6 0.2 0.6 0.2

Sand(%) 64.1 92 48.3 . 46.9 49.9
Silt('l4) 33.3 3 46.9 38.6 396

Clay (%) 3.5 0.3 4.8 14.3 10.4

Fines (%) 36.8 3.3 51.7 52.9 50

Safinity (ppl) 14 17 16

% Solids 49.7 84 59 62.5 63
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

samplelD NFKOO4 NFKOO4A NFK005 NFKOO6 NFK007
Laboratory 10 Marine Sediment L4321-4 L4384-1 L4321·5 L4321-6 L4321·7

sample Depth (em) Standards 0-10 0-10 0-10 0-10 0-10
sample Date 8118194 8122194 8118194 8118/94 8122194

SQS CSL Value I Qual. Value ' I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH fmg/KO-Qraanic e,mn) ~70 780 21 33.1 41.2 178 3.5
Naphthalene 99 170 4.65 U 2.74 U 5.62 UG 3.12 U
Acenaphthylene 66 66 1.74 U 1.05 U .1.6 U 2,1 U 1.16 U
Acenaphthene 16 57 1.16 U 1.3 3.45 11.2 0.809 U
Fluorene 23 79 174 U 1.6 J 3.33 10.7 1.10 U
Phenanthrene 100 480 19 G 26.2 G 27;5 G =~--'''';;w:;14f: G 3.8 G
Anthracene 220 1200 2.4 G 4.01 6.93 15.8 G 1.16 UG
2-Methylnaphthalene 38 64 4.65 U 2.74 U 4.27 U 5.62 U 3.12 U

HPAH (mQ/Kg-Organic Carbon) 960 5300 195 258 421 575 46
Fluoranthene 160 1200 37.5 G 55.6 114 94.8 G 9.6 G
Pyrene 1000 1400 34.3 G 43.1 G 94G 100 G 7.8 G
Benzo(a)anthracene 110 270 15.2 G 21.9 35.4 47.7 G 3.6 G
ChrylMllle 110 460 20 30.9 37.1 49 4.94 G
Total Benzofluoranthenes 230 450 35.7 56.7 59.6 121 9.04

BenzO(b)f1uorenthene 24.7 40.4 41.7 88.2 5.84 G
Benzo(k)f1uoranthene 11 16.3 L 17.9 L 32.9 3.2 JG

Benzo(a)pyrene 99 210 15 G 24.5 X 28 X 72.3 G 3.4 JG
Indeno(1.2.3-Cd)Pyrene 34 88 18.1 G 12.5 25.8

;~:~:~f~1~
5.18 G

DibenzO(a.h)anthracene 12 33 5.5 G 3.2 6.5 3.12 UG,
Benzo(g,h,i)perylene 31 78 13.9 G 9.8 G 21 G 29.3 G 2.4 JG

Other Nonionizable Organics
(mplKg-Orsanic Cari?on)
1,2-Dichlorobenzene 2.3 2.3 0.142 UEG 0.0648 UeEG 0.127 UBEG 0.171 UEG 0.0925 U
1,4-Dichlorobenzene 3.1 . 9 '. ~BEG 1.61 BEG 2.37 BEG 0.17 BEG 0.0925 U
1,2.4-Trichlorobenzene 0.81 1.8 0.142 UEG 0.0848 UEG 0.127 UEG 0.171 UEG 0.0925 U
HexachIorobenzene 0.38 2.3 0.142 UEG .0.0848 UEG 0.127 UEG 0.171 UEG 0.0925 U
Diethyl Phthalate 61 110 2.9 U

. .
2.67 U 3.52 U1.8 U 1.97 U

Dimethyl Phthalate 53 53 1.16 U 0.723 U 1.07 U 1.43 U O.BOQ U
Oi-N-Butyl f'ntnalate 220 1700 9.48 B 2 BG 6.73 SG 10.8 B. 4.16 B
Benzyl Butyl Phthalate 4.9 64 3.88 3.57 3.99 2.2 J 1.16 U
Bis(2·Ethylhexyl)f)hthalale 47 78 33.8 •.:,;,~-! ..;<i,'7"Q&!B 16.8 12
Dj·N.QetyI Phthalate 58 4500 1.74 UL 1.05 UL 1.6 UL 2.1 UL 1.16 U
~ofullfln 1S Sll 2.9 U 1.8 U 3.5 J 1.97 U
Hexachlorobutadiene 3.9 6.2 2.9 UG 1.8 U 2.67 U 3.52 UG 1.97 U
N·NltrOsocIiPhenYlamine 11 11 3J 1.8 U 2.67 U 3.52 U 1.97 U
Total PCBs 12 65 4.4 9.32 8.97 9.07 5.84

Ionizable Organics (ugIKg-Dry Weighl)
Phenol 420 1200 180 U 290U 160 U 150 U 140 U
2-Methylphenol 63 63 45 U -72.0 U 40 U 37 U 34U
4-MelhYlllhenoi 670 670 46 U 72 U 280 37 U MU

2,4.Dimethylphenol 29 29 -45.0 U -72.0 U .. 40.0 U - 37.0 U -34.0 U

Pentachlorophenol 360 690 45 U 72 U 40 U 37 U 34 UG
Benzyl Alcohol 57 73 45 U ·72.0 U 40 U 37 U 34U
Benzoic Acid 650 650 180 U 290 U 160 U 150 U 150 J

Metals (mgtKg-Dry Weightl ,
Anlenic, Total 57 93 20 J 24 J 16 J 51.3 .6.3 U
cadmium, Total 5.1 6.7 0.5 U 0.8 U • 0.45 U 0.41 U 0.38 U
Ctlromlum. Total 260 270 26 34.2 24.1 22.4 17.9

Copper. Total 390 390 31.4 56.2 34.1 42 22.6

Lead, Total 450 530 20 J 43 27.8 58 14 J

Mel'CUlY. Total 0.41 0.59 0.086 JE 0.18 J 0.12 JE 0.053 JE 0.072 JE

Silver. Total 6.1 6.1 0.67 U 1.1 U 0.67 J 0.53 U 0.53 J

Zinc. Total 410 960 83.9 184 92.7 138 55.2

Conventionals
% Toe 1.55 4.01 Ul 1.0S '.7~
Acid Volatile Sulfides (mgIKg) 1500 E 1800 E 640E 40 UE 1200 E

Gravel (%) 1 0.2 4 30 0.2

Sand(%) 57.6 33.4 61.3 50.4 40

Silt~.) 2Q.4 4'.4 30.9 15.a 5%.9

Clay (%) 11.7 23.1 . 3.6 4.1 7.2

Fines(%) 41.1 66.5 34.5 19.9 60.1

salinity (PPl) 15 8

%~lids 60.1 377 fl7.2 731 7!l.3
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

sample 10 NFKOO8 NFKOO8 NFK008 NFKOO8 NFKOO8
Laboratory 10 Marine Sediment L4321-8 L6725-26 L6725-27 L6725-28 L6725·29

sample Depth (em) Standards 0-10 0-30 30-60 60-90 90-120
sample Date 8/17/94 8/28/95 8/28195 8/28/95 8/28/95

5QS CSL Value I Qual. Value IQuel. Value I Qual. Value I Qual. Value; I Qual.
LPAH (maIKg·Qrganjc carbon) 370 7110 158 11.7 0.10 12.+ U 1S0 U
Naphthalene 99 170 5.26 U 3.53 UG 3.3 UG *124 UG -190 UG
Acenaphthylene 66 66 1.92 U 1.3 UG 1.21 UG 47 U .. 69.3 U
Acenaphthene 16 57 1.35 U 0.93 UG 0.825 UG * 32.2 U * 47.4 U
Fluorene 23 79 1.92 U 1.3.UG 1.3 JG * 47 U * SO.3 U
Phenanthrene 100 480 13.5 9.63 G 6.89 G 47 UG 69.3 UG
Anthracene 220 1200 2.3 JG 2.1 JG 1 JG 47 UG 69.3 UG
2-Methylnaphthalene 38 64 5.26 U 3.53 UG 3.3 UG -124 UG -190 UG

HPAH (mgIKg..Qrganic Carbon) 960 5300 160 95.4 67.1 124 U 190 U
FJuonanthene 160 1200 31.6 24.2 G 14.7 G 47 UG 69.3 UG
Pyrene 1000 1400 29.8 14.6 G 9.42 G 47 UG 69.3 UG
Benzo(a)anthracene 110 270 13.1 7.95 G 5G 47 UG 69.3 UG
Chryaeno 110 400 17.2 8.115 G 7.62 G 47 UG 69.3 UG
Total BenzofluOI'IInthenes 230 450 33.3 15.9 13.4 124 U 190 U

aenzo(b)lIU01'11nthene 21 11.8 G 8.79 G 124 UG 190 UG
Benzo(k)lIuoranthene 12.3 L 4.1 JG 4.6 JG 124 UG 190 UG

Benzo(l)pyrene 99 210 15.4 L 8.23 G 6.3 G 76.7 UG *120 UG
1ndeno(1,2,3-Ccl)Pyrene 34 88 11.9 G 8.14 G 5.87 G "76.7 UG **120 UG
Dibenzo(a,h)lnthracene 12 33 5.26 U 3.53 UG 3.3 UG **124'U "190 U
Benzo(g,h,i)perytene 31 78 7.5 G 7.26 G 4.82 G ' *76.7 UG "120 UG

Other NonionizIble Organics
,mgIKg-Organie Carbon)
l,2·DictIIorobenzene 2.3 2.3 0.17 JEG 0.0558 UG 0.0534 UG 1.98 UG 2U
l,4-Dichlorobenzene 3.1 9 1.74 E,G 0.963 G 1.18 G -::"~~'l'j18' G ...~1..5.1..G
1,2,4-Ttichlorobenzane 0.81 1.8 0.16 UEG *1.30 UG *1.21 UG -47 UG **69.3 UG
Hexachlorobenzene 0.38 2.3 0.16 UEG 0.0558 UG 0.0534 UG ·1.98 UG *2 U
Diethyl Phthalate 61 110 3.27 U 2.23 UG 2.09 UG ·76.7 U "120 U
Dimethyl Phthalate 53 53 1.35 U 0.93 UG 0.825 UG 32.2 U 47.4 U
Oi-N-8utyl Pntl18l8te 220 1700 7.31 G.B 6.56 SG 9.03 SG 76.7 U,B 120 U.S
Benzyl Butyl Phthalate 4.9 64 1.92 UB 1.3 UG 1.21 UG "47 U **69.3 U
Bis(2-Elhylhexyt)Phthalllte 47 78 ~1:&O)S 28 G 23 G 47 U *69.3 U
Di·N.()ety1 Phthalate 58 4500 1.92 UL 1.3 UG 1.21 UG 47 U *69.3 U
Dibenzofuran 1:1 :1& 3.27 U 2.23 UG 2.08 UG -76.7 U **120 U
Hexachlorobutadiene 3.9 6.2 3:27 U 2.23 UG 2.09 UG "76.7 UG "120 UG
N-Nitrosodiphenylamine 11 11 4J 2.23 U,S,G 2.5 J,S,G "76.7 U,S "120 U,S
Total PCBs 12 65 .,,,-,,-,,,.-135' ~;s. ~~ ~ -:'--:119: * 58.4 U

.~._._--

Ionizable Organics <uglKg-Drv weight)
Phenol 420 1200 210 U 200U 170 U .130 U 130 U
2-Methylphenol 63 63 51 U 48U 043 U 31 U 33 U
4-Methylphenol 870 870 S1 U 48U 43 U 31 U 33 U
2,4-Dimethylphenol 29 29 ** 51.0 U -48.0 UG **43.0 UG -31.0 UG -33.0 UG
Pentachlorophenol 360 690 51 U 48 U 43 U 31 U 33 U
Benzyl Alc0hoI 57 73 51 U 48 UG 43 UG 31 UG 33 UG
Benzoic Acid 650 650 210 U 349E 210 JE 130 UE 130 UE

Metals Imgtt<g-Drv Weightl
Arsenic, Total 57 93 21 J 7.6 U 7.8 U 5.5 U 5.7 U
Cadmium, Total 5.1 6.7 0.57 U 0.53 J 0.9 J 0.32·U 0.34 U
Chromium, Tolal 260 270 27.5 24.6 25.2 12.4 13

Copper, Total 390 390 31.5 34 36.8 12.2 10.1

lead, Total 450 530 ) 28 J 21 J 28.4 3.2 U 3,4 U

Mercury, Total 0.41 0.59 ;:~~O;M1tE 0.1 J ~""~:31~~ .0.046 J 0.03 J

S~ver, Total 6.1 8.1 0.76 U 0.87 J 0.95 J 0.43 U 0.45 U
Zinc, Total 410 960 98.7 99.3 98.1 32.8 27.1

Conventionals
%TOC 1.66 2.15 2..06 0.0404 0.0274

Add Volatile Sulfides (m9ft<g) 480 E
Gravel (%) 0.2 0.2 4.7 2.7 0.2

sand (0/0) 55,4 51 .55.7 91.6 95.9
Silt ('!4) 317 48 ' 37.5 5.7 3.8

Clay (0/0) 12.8 1.2 2 0.3 0.3

Fines (lifo) . 44.5 49.2 39.5 6 4.1

salinity (ppt)
63 86.2 82.9% Solids 52.7 56.4
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

sample 10 NFK009 NFKOO9 NFK009 NFK009 NFK009
Laboratory 10 Marine ~iment L4321-25 L4321-26 L4321-27 L4321-28 L4321·9

sample Depth (an) Standards ()'15 15-30 30-45 45-80 ().10

sample Datet-O;;::;:-'T"""~::-+"':":':::f813~1.:,;,194:r:::~+-"':":':f813~1.:,;,/94:r:::~+-"':":':f8l3~1194:r:::~+"':":':::f813~1/;.94~~--:-:-::8:.:/l.;.;7/:.:j94~-.-l
SQS CSL Vahle I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.

bPAH ImgIKQ-Qrglllni", C"rMnl
Naphthalene
Ac:enaphthylene
Ac:enaphthene
Fluorene
Phenanthrene
An1tlracene
2-Methylnaphthalene

~7tl 7A1l 80.8 27.8 n.l S,l 27.6

99 170 3.73 U 2.78 UE 9.07 U 9.72 U 4.54 U
66 66 1.4 U 1.01 UE 3.38 U 3.67 U 1.7 U
1657 6.66 2.6 E 5.12 2.57 U 2.1 J
23 79 5.91 1.3 E 4 J 3.67 U 21 .I

100 480 55.7 G 19 GE 53.6 G 5.1 G 20
220 1200 12,5 4.9 E 10.4 3.67 U 3.33 G

38 643.73 U 2.78 UE 9.07 U 9.72 U 4.54 U

HPAH (mqJKg-Organic Carbon)
Fluoranthene
Pyrena
Benzo(a)an1tlracene
CluyHne
Total BenzolIuoranthenes

Benzo(b)ftuol8nthene
Benzo(k)ftuoranthene

Benzo(a)pyrane
Indeno(1,2,3-Cd)Pyrene
Oibenzo(a,h)anlhracene
Benzo(g,h,i)perylene

960 5300
160 1200

1000 '1400
110 270
lUI 450
230 450

99 210
34 88
12 33
31 78

369
85.3

65 G
34.9
41.4
84.3
57.1
27.2 L

37 X
12.1
3.73 U
8.73 G

118
29.6 E

24 GE
11.5 E
12.3 E
22.7
16.1 E
6.6 LE

11.5 XE
3.79 E
2.78 UE

2.9 GE

365
87.7
65.7 G
33.3
40.4
78.3
55.7
22.6 L
34.9 X
13.4
9.07 U

11 G

104
21.7 "
24.6 G
11.4
l1.:i

12
12 J

9.72 UL
8.8 X

7 J
9.72 U
6.8 G

214
47.1
39.1
17.5
20.9
40.4
30.7
9.69 L
17.1 L

15 0
5 J

11.70

Olher Nonionizable Organics
(maIKg·Orpaniq carbon)
1,2·Dichlorobenzene
1,4-Dichlorobenzene
1,2,4-Trichlorobenzene
HfiXachlorobenzene
Diethyl Phthala1e
Dimethyl Phthetate
Di-N·Butyl Phthallte
Benzyl ButyJ Phthalate
Bis(2-EthylhexyJ)Phthalale
Di-N·OctyI Phlhalate
DibenzofUrliln
Hexachlorobutadiene
N-Nilrosodiphenylamine
Total PCBs

2.3
3.1

0.81
0.38

61
53

220
4.9
47
58
15

3,9
11
12

2.3 0.11 UBEG 0.12 BEG 0.34 BEG
9 .., .BEG ~:.;;~~.~~ 8EG I~~~,",,,,~,;;;;'!'!~o.ift',BEG

1.8 0.11 UeG 0.0859 UEG 0.267 UEG
2.3 0.11 UeG 0.0859 UEG 0.267 UEG
110 2.33 U 1.72 UE 5.69 U
53 0.93 U 0.707 UE 2.3 U

1700 6.64 BG 3.7 BGE 14 BO
64~(!:§~~ 1.01 UE 3,38 U
78 ~88:0. 19.9 E F:;;;~.;1"~

4500 1.4 Ul 1;01 UlE 3.38 Ul
~ 2.33 U 1.72 UE 5.58 U

6.2 2.33 U 1.72 UE ·5.69 U
11 8.13 5.86 E 5.1l9 U
65 1.1 U >':-~;"'''!i104:7; 2.67 U

0.294 UBEG 0.15 JEG
;;~~~~~BEG k;-i:;10:5' E,G

0.294 UEG 0.139 UeG
0.294 UEG 0.139 UEG
6.06 U 2.84 U
2.57U 1.13U

7.7 BG 7.53 G.B
.__ ~·:11~Q 1.9 B

25"263B
3.67 UL 1.7 UL
5.05 U. 2.84 U

·6.06 U 2.84 U
6.06 U 5 J
10.6 ··:c~~~:~~~

Ionizable Organics (ualKa-Dry Weight)
Pheool
2-Methylphenol
LMathylphMol

2,4-Dimethylphenol
Pentachlorophenol
Benzyl Alcohol .
Benzoic Acid

Melals (malKg-Dry Weight)
Arsenic, Total
Cadmium, Total
Chromium, Total
Copper, Total
~ead, Total
Mercury, Total
Silver, Total
Zinc. Total

Conventionals
% Toe
Acid Volatile Sulfides (mgIKg)
Gravel (%)
Sand(%)
Silt (0/0)
Clay (%)
Fmes(%)
salinity (ppt)
0/0 Solids

420
63

S7tl

29
360

57
650

57
5:1

260
390
450
0.41
6.1

410

1200
63

S70

29
690

73
650

93
6.7
270
390
530

0.59
6.1
960

140 U
35 U
~S U

-35.0 U
35 U
35 U

140 U

12 JE
0.96 J
21,8
125 GE

52.6 LE
0.21 J
0.51U
g.f5 GE

1.6

1100 E
33.8
55.6
82
1.6
9.8

76.2

140 UE
34 UE
g.f UE

-34.0 UE
34 UE
34 UE

140 UE

14 JE
1.2 J

28.8
133 GE

62.3 LE
;::;;or~

0.52 J
240 GE

1.08
1400 E
28.7

58
12.6

1.5
14.1

78,7

130 U
32 U
32 U

-32.0 U
32 U
32 U

130 U

13 JE
0.54 J
19.9
104 GE
38 LE

0.11 J
OA9 J
163 GE

0.662

410 E
15.3
n.2
7.9
0.9
8.8

140 U
33 U
33 U

-33.0 U
33 U
33 U

140 U

8 JE
0.37 U
13.4
22.4 GE

7.1 JlE
0.029 J
0.48 U
44.6 GE

0.646

140 E
2.8

93.2
4

0.4
4.4

81,4

220U
55 U
SSU

-55.0 U
55 U
55 U

220 U

22 J
0.59 U
25.2
60.9
68.1
0.13 JE

0.8 U
140

1.0-4

1500 E
10.4
53.5
267
10.1
36.8

13
48.9
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Tabt.4-3
SEDIMENT CHEMISTRY RESULTS fSMS COMPARISON

Sample 10 NFKOO9 NFK009 NFK009 NFK009 NFK009 FD
I.atlora1ory 10 Marine Sediment L672S-17 L672S-18 L672S-19 L6725-20 L4321-10

Sample Depth (em) Standards ()"30 30-60 60-90 9()"120 ()..10
Sample Date 8128195 8128/95 8/28/95 8128195 8117/94

SQS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH (m!!IKlI-9!l!8nic Carbon) 370 780 37.1 20.1 U 73 U 181 U HIS
Naphthalene 99 170 8.28 UG 20.1 UG 73 UG ·161 UG 4.77 U
Acenaphthylene . 66 66 3.05 U 7.53 U 26.8 U 58.2 U 1.78 U
Acenaphthene 16 57 2.18 U 5.02 U ·19.4 U ·41.1 U 1.21 U
Fluorene 23 79 3.1 J 7.53 U ·26.8 U ·58.2 U 1.78 U
t>nenanmrene 100 460 25.9 G 7.53 UG 26.8 UG' 58.2 UG 14.1
Anthracene 220 1200 8.1 G 7.53 UG 26.8 UG 58.2 UG 2.5 JG
2-Methylnaphthalene 38 64 8.28 UG 20.1 UG "73UG -161 UG 4.n U

HPAH (mll!Kg-Orpanic Carbon) 960 5300 271 20.1 U 73U 161 U 196
Fluoranthene 160 1200 60 G 7.53 UG 26.8 UG 58.2 UG 37.4
Pyrene 1000 1400 41.1 a 7.53 UG 26.8 UG 58.2 UG 39.1
Benzo(a)anthracene 110 270 25.3 G 7.53 UG 26.8 UG 58.2 UG 15.9
Ch,y- 110 4S0 33.S C 7.53 UG 20.0 UG 50.2 UG 18.2

Total Benzo1Iuoranlhenes 230 450 M.4 20.1 U 73 U 161 U 35
Benzo(b)ftuoranthene 38.4 G 20.1 UG 73 UG 161 UG 26.4
Benzo(k)f1uoranthene 16 a 20.1 UG 73 ua 161 UG 8.6 JL

8enzo(a)Pyrene 99 210 20.5 G 12.6 ua 46.2 UG 99 UG 15.7 L
lncleno(1,2,3-CcI)Pyrene 34 88 19.9 G 12.6 UG ·46.2 UG "99 UG 19.1 G
Dibenzo(a,h)anthraeene 12 33 8.28U ·20.1 U "73 U "161 U 4.n U
8enzo(g,h,i)perytene 31 78 15.8 G 12.6 UG ·46.2 ua "99 VG 14.7 G

Other Nonionizable Organics
(mQIKlI-9rganic carbon)
1.2-Dichlorobenz_ 2.3 2.3 0.132 UG 0.318 UG 1.16 VG "2.57 UG 0.144 UEG
1,4-Dichtorobenzene 3.1 9 :I:8:G .•. :",.::..~.. ·'1G ~#mG ~l(i:'4:G :;~".;~1~·~.E,G
1,2,4-TriChlorotlenzene 0.81 1.8 . -~UG . "7.53 UG "26.8 UG "58.2 UG 0.144 UEG

H8lCIiChlarobenzene 0.38 2.3 0.132 U 0.318 U ·1.16 UG "2.57 U 0.144 UEG

Diethyl Phthalate 61 110 5.23 U 12.8 U 46.2 U ·99 U 2.99 U

Dimethyl Phthalate 53 53 2.18 U 5.02 U 19.4 U 41.1 U 1.6 J
Di-N-eutyl Phthalale 220 1100 11.3.6 211.26 12:) 6 99 U.B 5.2 G.B
Benzyl Butyl Phthatate 4.9 64 3.05 U ·7.53 U ·26.8 U ·58.2 U 1.78 U.B

BiS(2·EthyIt1exyf)Phlhalate 47 78 ~.~ffi 12 J 34J :::~~;82:J 45.5 B

Di-N-Oetyt Phthalate 58 4500 3.05 U 7.53U 26.8 U ·58.2 U 1.78 UL
Dlben2cfu..... 16 68 5.23 U 12.0 U "40.2 U -ss U 2.88 U

Hexachlorobutadiene 3.9 6.2 ·5.23UG -12.6 UG "46.2 UG -99 UG 2.99 U

N-Nilrosodiphenyfamine 11 11 5.23 U,B -12.6 U.B "46.2 U.B "99 U.B 2.99 U

Total PCBs 12 65 ; 5.86 U ·22.4 U ·47.9 U .9.42

Ionizable Orpanics CuglKstDry Weight)
. Phenol 420 1200 150 U 120 U 130 UG 120 U 210 U

2-Methyfphenol 63 63 36U 30 U 31 UG 29 U 52 U

4·Methylphenol 670 670 36U 30.U 31 UG 29 U 52 U

2.4-Oimethylphenol 29 29 "36.0 UG "30.0 UG "31.0 UG 29 UG - 52.0 U

PentachlOrophenol 360 690 36U 30 U 31 UG 29U 52 U

Benzyl Ak::ohol 57 73 36 UG 30 UG 31 UG 29 UG 52 U

Benzoic Acid 650 650 . 225E 120 UE 130 UEG 120 UE 210 U

Metals (mglKg-Dry Weight!
Arsenic, Total 57 93 6.9 J 5.3 U 5.3 U 5.2 U 19 J

cadmium. Total 5.1 6.7 0.48J 0.32 U 0.32 U . 0.32 U 0.58 U

Ctmxnlum. TOIBI 200 zro 23.2 1~.1 14.4 12.9 26.3

Copper. Total 390 390 62.9 13.7 13 10.4 39.2.
Lead. Total 450 530 123 3.2 U 3.2 U 3.2 U 31.9

Mercury. Total 0.41 0.59 ~%-::O:_1 0.03 J 0.022 U 0.021 U 0.19 JE

Silver. Total 6.1 . 8.1 1.2 J 0.42 U 0.42 U 0.41 U 0.77 U

Zinc. Total 410 960 127 41.8 42.2 , 30.1 138

Conventionals
%TOC 0.688 0.239 OOS71 0.0292 1:74

Acid Volatile Sulficles (mgIKg) 3300 E

Gravel (%) 9.1 1.6 0.4 2.7 13.4

sanct (%) 72.9 95.2 94.7 94.9 47.5

Sill(%) 15.8 3.3 4.9 2.6 18.3

C1ay(%) 2.3 0.3 0.3 0.3 21.2

Fines(%} 18.1 3.6 5.2 2.9 39.5

salinity (ppt)
87.9 91.9 51.8% SoIicls 75.7 90.5
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Table 403
SEDIMENT CHEMISTRY RESULTS I SMSCOMPARISON

sample 10 NFK010 NFK011 NFK012 NFK013 NFK014
Laboratory 10 Marine sediment L4321·11 L4321·12 L4321·13 L4321-14 L4321·15

sample Depth (em) Standards 0-10 0-10 0-10 0-10 0-10
sample Date 8/17/94 8122194 8/18/94 8/19/94 8/19194

SOS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH (mgtKg-Orpanic Carbon) 370 780 1.9 11 30 U 30.6 U 75.4 U
Napllll\8lene 99 170 2.04 U 7.77 U 30 U 30.6 U 75.4 U
Acenaphthylene 66 66 0.764 U 2.93 U 11 U 11.7 U 27.5 U
Acenaph~ 16 57 0.509 U 2.05 U 7.87 U 7.78 U * 18.8 U
Fluorene 23 79 0.764 U 2.93 U 11 U 11.7 U * 27.5 U
I"htmanlhnme 100 4150 1.11 11 G 11 UG 11.7 UG 27.5 UG
Anthracene 220 1200 0.784 UG 2.93 UG 11 UG 11.7 UG 27.5 UG
2-Mettlylnaphthalene 38 64 2.04 U 7.77 U 30 U 30.6 U -75.4 U

HPAH (mgtKg-Orpanic Carbon) 960 5300 22.4 122 335 43 65
Fluoranthene 160 1200 3.36 33 G 48 G 11.7 UG 30 G
Pyrene 1000 1400 3.23 24.2 G 39.2G 13 G 35 G
Benzo(a)anthracene 110 270 2.13 11.6 G 42.1 G 15 G 27.5 UG
Chry~ 110 0460 S.U 16.S G All.S 15 J :27.6 U
Total Benzolluoranthenes 230 450 3.93 13 . 105 30.6 U 75.4 U

8enzo(b)fluoranthene 3.93 .13 JG 60.7 30.6 U 75.4 U
8enzo(k)lIuoranthene 2.04 UL 7.77 UG 44J 30.6 U 75.4 U

Senzo(a)pyrene 99 210 2.2 JG 7.8 JG 30 G 19.4 UG 46.4 UG
Indeno(1.2.3-Cd)Pyrene 34 88 2.1 JG 9.7 JG. 21 G 19.4 UG *46.4 UG
Dlbenzo(a.h)anthracene 12 33 2.04 U 7.77 UG *30 UG * 30.6 UG -75.4 UG
Benzo(g,h,i)perylene 31 78 2G 6 JG 19 UG 19.4 UG "46.4 UG

other Nonionizable Organics .'

(mglKg-Organic Carbon)
1,2·DlchIorobenzene 2.3 2.3 0.076 JEG 0.235 U 0.9 UEG 0.944 UEG "'2.32 UEG
1.4-DichIorobenzene 3.1 9 0.152 E,G 0.235 U 0.9 UBEG 1..3 BEG 2.5 BEG
1,2.4-Trichlorobenzene 0.81 U 0.0618 UEG 0.235 U "0.90 UEG ·0.944 UEG **2.32 UEG
Hexechlorobenzene 0.38 2.3 0.0618 UEG 0.235 U * 0.90 UEG * 0.944 UEG -2.32 UEG
Diethyl Phthalete 61 110 1.27 U 4.99 U 19 U 19.4 U 46.4 U
Dimethyl Phthalate 53 53 0.509 U 2.05 U 7.87 U 7.78U 18.8 U
Oi-N-Butyl Phthaillte 220 1700 3.31 G,B 7.6 J,e 64B 56.3 B 102 B
Benzyl Butyl Phthalate 4.9 64 0.764 U.B 2.93 U ?:..;;;r~o,:4S!{t: '~:17' J * 27.5 U
Bia(2-Ethythexyl)Phthalate 47 78 2.21 B 8.48 ~;~~?t~2i2~ - _~:f5.1It "'~-tf~'
Di.N-Qcty1 Phthelate 58 4500 0.764 UL 2.93 U 11UL 11.7 UL 27.5 UL
Dibl!lnzoftnn 15 SA 1.27 U A.QQ U *HI U * 10.4 U • 'Ubi lJ

Hexachlorobutadiene 3.9 6:2· 1.27 U "4.99 U -19 UG -19.4 UG **46.4 UG
N.Nitrosodiphenyl8mine 11 11 1.27 U 4.99 U "19 U -19.4 U -46.4 U
Total PCBs 12 65 0.618 U 2.35 U 9U 9.44 U "23.2 U

Ionizable Qrganics (ugJlSq-Ory Weight)
Phenol 420 1200 140 U 140 U 140 U 140 U 130 U
2-Methylphenol 63 63 35 U 34U 33 U 35 U 32 U
4-Methylphenol 670 670 35U 34U 33 U 35 U 32 U
2.4-Dimelhylphenol 29 29 **35.0 U .. 34.0 U "33 U - 35.0 U -32.0 U
Pen!aSi1oropheno1 360 690 35U 34 UG 33 U 35 U 32U
Benzyl Alcohol 57 73 35 U 34U 33 U 35 U 32 U
Benzoic Acid 650 650 140 U 140 U 140 U 1040 U 130 U

Metals (me/Kg-Dry Weighll
Arsenic. Total 57 93 14 J 6.2 U 9.4 J 11 J 9.7 J
Cadmium. Total 5.1 6.7 0.38 U 0.37 U 0.36 U 0.39 U 0.36 U
Chromium. Total 2S0 270 1-4.1 1S.1 11.3 13.11 13
Copper. Total 390 390 14.8 15.4 11.1 12.5 11.3

Lead. Total 450 530 6.4 J 7.2 J 5.8 J 5.6 J 4.6 J
Mercury, Total 0.41 0.59 0.319 E 0.034 JE 0.025UE 0,024 UE 0.025 JE

SHYer. Total 6.1 6.1 0.51 U 0.5 U 0.48 U 0.51 U 0.47 U

tinc. Total 410 960 54.2 51.1 41.8 51.4 45.1

Conventionals
0/0 TOe 2.75 0.682 0.178 0.18 0.069
Acid Volatile Sulfides (mglKg) 40 UE 50 UE 40 UE 40 UE 40 UE

Gravel (0/0) 1.6 3.6 0.4 0.2 0.2

sand (0/0)
i

89.2 87.8 95.4 95.9 100.1

Silt(%) 8.3 8.9 4 4.6 0.6
Clay (%) 1.6 0.3 0.3 0.3 0.3

Fines(%) 9.9 9.2 4.3 4.9 0.9

salinity (ppt) 22 5 10

0/0 Solids 76.8 80.5 80.8 77.7 83.1
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Table 4-3
SEDIMENT CHEMISTRY RESU,LTS I SMS COMPARISON

Sample 10 NFK014FO NFK015 NFK016 NFK1992 NFK1992
L8boratbrylO Marine sectiment . L4321·16 L4321·17 L4321·18 L6725-35 L6725-36

Sample Depth (ern) Standards 0-10 0-10 0-10 0-30 30-60
Sample Date 8119/94 8122194 8122194 . 8123195 8123/95

SQS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value Qual.
LfAH (mglKo-0rganic·Carbon) g70 7110 ';..8 1.76 U 3.47 4.7S 10

Naphthalene 99 170 17.4 U 1.75 U 5.41 U 5.94 UG 23.3 UG
Acenaphthylene 66 66 6.4 U 0.66 U 1.98 U 2.2 UG 8.57 U
,Acenap/ltIIene 16 57 4.57 U 0.464 U 1.35 U 1.49 UG 5.71 U
Fluorene 23 79 6.4 U 088 U Hill U 2.2 UG 8.S7 U
Phenanthrene 100 480 16.6 G 0.66 UG 3.47 G 4.79 G 10 JG
Anthracene 220 1200 6.4 UG 0.66 UG 1.98 UG 2.2 UG 8.57 UG
2-Methylnaphthalene 38 64 17.4 U 1.75 U 5.41 U 5.94 UG 23.3 UG

HPAH (mglKg-Organie carbon) 960 5300 165 1.75 U 7.95 80 23.3 U
Fluoranlhene 160 1200 24.5 G 0.662 UG 4.16 G 20.9 G 8.57 UG
Pyrene 1000 1400 2't.8 G 0.66 UG 3.79 G 16.3 G 8.57 UG
Benzo(a)anthracene 110 270 15 G 0.66 UG 1.98 \JG 7.58 G 8.57 UG
ChryHflO 110 460 17 0.66 UG 1.98 UG 9.54 G 8.57 UG
Total Benzoftuoran1henes 23b 450 21 1.75 U 5.41 U 9.1 23.3 U

Benzo(b)ftUoranihene 21 1.75 UG 5.41 UG 9.1 JG . 23.3 UG
Benzo(k)fluoranthene 17.4 U 1.75 UG 5.41 UG 5.94 UG 23.3 UG

Benzo(a)pyrene 99 210 11 G 1.09 UG 3.42 UG 5.6 JG 14.8 UG
Indeno(1,2.3-Cd)Pyrene 34 88 19 G 1.09 UG 3.42 UG 5.6 JG 14.8 UG
Olbenzo(a.h)anlhlllcene 12 33 '17.4 UG 1.75 UG 5.41 UG 5.94 UG '23.3 U
Benzo(g.h,i)perylene 31 78~TG 1.09 UG 3.42 UG 5.4 JG 14.8 UG

Other Nonionizallle Organics
(rnaIlSg-Orpanic Carbon)

1,2-Dichlorobenzene 2.3 2.3 0.518 UEG 0.053 U 0.19 J 0.095 UG 0.371 UG
1,4-0ich1orobenzene 3.1 9 0.55 BEG 0.053 U 0.162 U 0.095 UG 0.43 JG
1,2,4-TrichlorobellZeM 0.81 1.8 0.518 UEG 0.053U 0.162 U -2.2 UG -8.57 UG

Hexachtorobenzene .0.38 2.3 '0.518 UEG 0.053 U 0.162 U 0.095 UG 0.371 UG

Diethyl Phthalate 61 110 11 U 1.09 U 3.42 U 3.66 UG 14.8 U

Dimethyl Phthalate 53 53 4.57 U 0.464 U 1.35 U 1.49 UG 5.71 U
Ci·N-ButyI Phthalate 220 1700 33.8 B 2.2 J,B 6.6 J,B 71.6 SG 20 J,B
Benzyl Butyl Phlhala1e 4.9 64 T.:UM,1:1' 0.66 U 1.98 U 2.2 UG • 8.57 U

Bis(2-Ethythel<yI)Phlhalate 47 78 34.1 0.89 J 4.37 11.2 G 16.3

OJ·N-octy1 Phthalate 58 4500 6.4 UL 0.66 U 1.98 U 2.2 UG 8.57U
OI~llIn 1:) :)8 11 U 1.09 U 3.42 U 3.66 UG 14.8 U
HeXllChlorobutadiene 3.9 6.2 -11.0 UG 1.09 U 3.42 U 3.66 UG "14.6 UG
N-Nitroiodiphenylamine 11 11 11 U 1.09 U 37J 3.66 U,B,G "14.6 U,B

Total PCBs 12 65 5.16 U 0.53 U U2U 1.8 U 7.14 U

Ionizable Organics (lJ9/Kg-Dry Weight)
Phenol 420 1200 150 U 140 U 150 LJ 150 U 120 U

2-Methylphenol 63 63 36U 33 U 38 U 37 U 31 U
4.MAthylllhMol 870 670 36 U 33 U 38 U 37 U :l1U

2,4-Oimethylphenol 29 29 .. 36.0 U -33.0 U "38.0 U -37.0 UG -31.0 UG

Pentachlorophenol 360 690 36U 33 UG 38 UG 37 U 31 U

Benzyl Alcohof 57 73 36U 33 U 38 U 37 UG 31 UG

Benzoic Acid 650 650 150 U 140 U 150 U 180 JE 323 E

Metals (mglKp-Dry weight)

Arsenic. Total 57 93 12 J 6.2 U 7 U 7.9 J 5.6 U

Cadmium, Total 5.1 6.7 0.4 U 0.37 U 0.42 U 0.39 U 0.33 U
Chromium, Total 260 270 14.3 10.9 1EU 18.3 11.3

Copper, Total 390 390 14.4 13.6 22.2 20.5 13.7

Lead. Total 450 530 7.7 J 6.4 J 7.4 J '7.1 J 4 J

Mercury, Total 0.41 0.59 0.026 UE 0.025 liE 0.039 JE 0.069 J 0.022 J

Siver, Total e.1 6.1 0.53 U 0.49 U 0.56 U 0.51 U 0.53 J

Zinc, Total 410 960 52.7 48.1 56.8 60.7 46.5

ConventiOnais
'lbTOC 0.:3211 3.02 1.11 1.01 0.21

Acid Voialile Sulfides (mgIKg) 50 liE 50 UE 60 UE

GllIvel(%) 0.2 0.8 1.8 0.7 5.1

Sand (%) 95.3 99.2 95 79,4 91.6

Silt(o/e) 4.2 0.4 3.3 10.2 3.4

Clay (%) 0,4 0.3 0.3 1.1 0.3

Fines,(%) 4.6 0.7 3.6 20.3 3.7

Salinity (ppt)
72.10/0 Solids' 75.7 81 71.5 88.2
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

Sample 10 NFK1992 NFKl992 NFKl992 FO NFK1992 FD NFK201
Laboratory 10 Marine Sediment L6725-37 L6725-38 L672~ L5725-45 L5725-1

Sample Depth (em) Standan:ls 60-90 90-120 0-30 30-60 0-10

Sample Datel-=~,--;:::;::::--+-~.;::8f2.;3::.19=r5~~~~8f2.;319:::.;:5~~~~8f2.;31::.9=r5~~--:-:-:::8f2:=319=r5=:::--.-I--:-:-:::8:.=:f2:::319;5=:::--:-I
SQS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.

LPAH (mg!Kg.Qraanic Carbon)
Naphthalene
Acenaphlhylene
AcenaPhthene
Fluorene
Phenanthrene
Anthracene
2-Methy\mlphthalene

370 780 ".33 U SO., U 6.11 69.1 U 3:l.S

99 170 4.33 UG 69.3 ua 7.4 UG 59.1 ua 3.56 UG
66 66 1.64 UG 26.5 U 2.15 ua 21.4 UG 1.3 UG
16 57 1.12 ua ·17.7 U 1.88 UG 15.1 UG 2.2 G
23 79 1.64 ua ·28.5 U 275 LJG ~1." UG :l.6 G

100 480 1.64 ua 26.5 UG 6.11 G 21.4 UG 24.3 G
220 1200 1.64 UG 26.5 UG 2.75 UG 21.4 UG 4.82 G
38 64 4.33 ua - 69.3 UG 7.4 UG ·59.1 UG 3..56 UG

HPAH (mgfKg-OrgBnie Carbon)
Fluoranthene
Pyrene
Benzo(a)anthracene
Chryeono
Total Benzoftuoranthenes

Benzo(b)ftuoranthene
Benzo{k)nuoranthene

Benzo{a)pyrene
Indeno(1,2,3-Cd)Pyrene
Oibenzo(a,h)anthracene
Benzo(g.h.i)perytene

960
160

1000
110
110
230

99
34
12
31

5300
1200
1400
270
460
450

210
88
33
78

4.33 U
1.64 UG
1.64 UG
1.64 UG
1.54 UG

4.33 U
4.33 UG
4.33 UG
2.76 UG
2.76 UG
4.33 UG
2.76 ua

69.3 U
26.5 UG
26,5 ua
26.5 UG
26.5 UG
69.3 U
69.3 UG
69.3 UG
44,2 UG

·44.2 UG
-69.3 U
·44.2 UG

69.4
19.3 G
15.4 G

8,G
8.65 G

11
11 JG

7.4 ua
7 JG

4.63 UG
7.4 UG

4.63 UG

59.1 U
21.4 UG
21,4 UG
21.4 UG
21.4 UG

. 59.1 U
59.1 UG
59.1 UG
36.5 UG

·36.5 UG
"59.1 UG
* 36.5 UG

133
30 G

25.7 G
12.1 G
14.1 G

18.
12.6 G
5.4 JG

11.2 G
12 G

3.56 UG
9.9 G

Other Nonionizable Organics
(mQfKg-Organic Carbon)
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,2,4-Trichlorobenzene
Hexachlorobenzene
Diethyl Phthalate
Dimethyl Phthalate
OI-N-8Ulyl pntnlll81e
Benzyl Butyl Phthalate
Bis(2-Ethylhexyl)Phthalate
Oi-N-Odyl Phthalate
Dibonzofuran
HexaChlorObutadiene
N·Nltrosodiphenylamine
Total PCBs

2.3
3.1

0.81
0.38

61
53

220
4.9
47
58
10

3.9
11
12

2.3
9

1.8
2.3
110

53
1700

64
78

4500
511

6.2
11
65

0.0101 UG
0.0701 ua
·1.64'uG

0.0701 UG
2.76 ua
1.12 UG
5.87 BG
1.64 UG
1.64 UG
1.64 UG
2.76 UG
2.76 UG
2.76 U,B.G ,
1.34 U

1.12 UG
1.12 LJG

"26.5 UG
*1.12UG

44.2 U
17.7 U

46J,B
* 26.5 U

32 J
26.5 U

* 44.2 U
"44.2 UG
"44.2 U,B
·20.6 U

0.119 UG
0.14 J(3

"2.15 ua
0.119 UG

4.63 UG .
1.9 UG

15.3 BG
2.75 UG
16.9 G
2:75 UG
4.63 UG

*4,63 UG
4.63 U,B.G
2.25 U

0.943 UG 0.0586 UG
0.943 l3G 0.0586 UG

.. 21.4 ua *1.3 UG
·0.943 UG 0.0586 UG

36.5 UG 2.25 UG
15.1 UG 0.901 UG

49 J,B,G 4.1 J,B,G
·21.4 UG 1.4 JG

30 JG 15.2 G
21.4 UG 1.3 UG

• 36.5 UG 2.25 UG
.. 36.5 UG 2.25 UG
.. 36.5 U.B,G 2.25 U,B,G
·17.6 U ·.::-~:1~

IoniZable Organics (uglKg-Ory weightl
Phenol
2.Melhylphenol
4-MethytPhenOl
2,4-0imelhylphenof
Pentachlor0phenoi
Benzyl Alcohol
Benzoic Acid

Metals (maIKa-Dry Weight)
Arsenic. Total
Cadmium, Total
cnromlum. TOlal
Copper, Total.
Lead. Total
Mercury. Total
Silver, Total
Zinc, Total

Conventionals
0/. TOC
Acid VOlatile Sulfides (mgIKg)
GI'8Ylll (%)
Sand ('Yo)
Silt(%)
Clay (%)
Fmes(%)
Salinity (ppt)
%Solids

420
63

670
29

360
57

650

57
5.1

260
390
450
0.41
5.1
410

1200
63

670
29

690
73,

650

93
6.7
270
390
530

0.59
6.1

960

150 U
37 U
37 U

"37.0 UG
37 U
31 UG

150 UE

6.7 U
0.39 U

13
18.1
3.9 U

0.027 U
0.53 U'
37.1

1.34

9.4
86

4.5
0.3
4.8

13.6

120 U
30 U
30U

"30.0 ua
30 U
30 UG

120 UE

4.9 U
0.3 U

11.8
11.1

3U
0.023 U

0.44 J
27.4

0.0678

2
95.2
28
0.3
3.1

91

150 U
37 U
'7 U

.. 37.0 UG
37 U
37 UG

180 JE

6.9 J
0.38 U
17.3
20.6

8J
0.043 J
0.59 J
62.8

0.799

1
91.1

7.6

0.5
8.1

72.8

120 UG
29 UG
20 UG

29 ua
29 UG
29 UG

120 UEG

5.5 U
0.33 U
11.2
11.7
3.9 J'

0.022 U
0.44 J
43.1

0.0785

2.8
95.5

1.8
0.3

2.1

91.6

200 U
SOU
so U

··50.0 UG
50 U
50 UG

200 UE

8.1 U
0.51 J
24.2
37.6
31.8

0.1 J
0.97 J
103

2.22

0.2
49.6
46.1l

3.8
50.7

54.5
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T~ble4-3

SEDIMENT CHEMISTRY RESULTS' SMS COMPARISON
Sample 10 NFK201 NFK201FD NFK202 NFK203 NFK204

Laboratory 10. Marine sediment L7462-16 L7462·17 L6725-2 ' L6725-3 L6725-4
Sample Depth (em) Standards. 0.10 0.10 0.10 MO 0.10

SamJ)le Date 12/5/95 12/5/95 8123/95 8123195 8/23/95
SQS • CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.

LPAH (rno!Kg-Qrganic Carbon) 370 780 4.2 U 11.4 74 1;8,1 28.8

Naphthalene 99 170 4.2 U 7.7 U 4.42 UG 6.41 UG 7.74 UG
Aoenaphthylene 66 66 4.2 U 7.7 U 1.66 UG 2.43 U 2.91 U
Aoenaphthene 16 57 4.2 U . 7.7 U 1.1 UG 2.1 J 2.02 U
Fluorene 23 79 4.2 U 7.7 U 1.66 UG 2.8 J 2.91 U
Pnenamnrene 100 480 4.2 U 8.4 7.4 G 45.1 G 24.9 G
Anthracene 220 .1200 4.2 U 7.7 U 1.66 UG 8.11 G 3.9 JG
2-Methylnaphthalene 38 64 4.2 U 7.7 U 4.42 UG 6.41 UG 7.74 UG

HPAH (m9lKsl-Organic Carbon) 960 5300 5.1 45 78.6 421 242
Ftuoranthene 160 1200 5 ..1 21 17.4 G 91 G 52.1 G
Pyrene 1000 1400 4.2 U 15 11.3 G 75.9 G 45 G
8enzo(a)anthlacene 110 270 4.2 U 7.7 U 6.2 G 36.7 G 20.3 G
Chrynne 110 -4eo -4.2 U 9 0.22 G 42.1 G 33.3 G
Total Beru:oftuoranthenes 230 450 4.2 U 7.7 U 14.3 67.6 40.9

Benzo(b)f1uoranthene 4.2 U 1.7 U 9.57 G 43.5 G 28.9G
8enzo(k)f1uoranthene 4.2 U 1.7 U 4.7 JG 24.1 G 12 JG

Benzo(a}pyrene 99 210 4.2 U 1.7 U 6.38 G 34.7 G 18.4 G
Indeno(1,2.3-Cd)Pyrene 34 88 4.2 U 7.7 U 7.85 G 32.7 G 16.1 G
Dibenzo(a,h)anthracene 12 33 4.2 U 7.1 U 4.42 UG 6.6 J 7.74 U
Benzo(g,h,i)P8lYlene 31 78 4.2 U 7.7 U 6.99 G -:-:3.':33:-5: G 16 G

Other Nonionizable Organics
(mgIKg·Organic Carbon)
1.2-Dichlolobenzene 2.3 2.3 -4.2 U -7.7U 0.0736 UG 0.107 UG 0.123 UG
1.4-0ichlOrobenzene 3.1 9 '4.2 U '7.7 U 0.29 G """""~13:r]G 0.383 G
1,2.4-TriChlorobenzene 0.81 1.8 "4.2 U "7.7 U '1.66 UG "2.43 UG "2.91 UG
Hexachlorobenzene 0.38 2.3 "4.2 U "7.7 U 0.0736 UG 0.107 U 0.123 U
Diethyl Phthalate 61 110 4.2 U 7.7 U 2.8 UG 4.1 U 4.82 U
Dimethyl Phthalate 53 53 4.2 U 7.7 U 1.1 UG 1.65 U 2.02 U
Oi-N-eutyl Phthalate 220 1700 4:2 U 7.7 U 4.8 J.B.G 19.2 B 16.1 B
Benzyl Butyl Phth8late 4.9 64 4.2 U '7.7 U 1.66 UG --:*,fEf 2.91 U
Bis(2-Ethythexyf)Phthalate 47 78 4.2 U 12 18.7 G .,",~~~:4· 23
Di-N-Octyl Phthalate 58 4500 4.2 U 7.7 U 1.66 UG 2.43 U 2.91 U
Diben:aofunan 15 56 4.2 U 7.7 U 2.11 UG 4.1 U 4.112 U
HexachlorollUtadiene 3.9 6.2 ."8.4 U "15 U 2.8 UG • 4.1 UG '4.82 UG
N-Nitrosodiphenylamine 11 11 4.2 U 7.7 U 2.8 U.B,G 4.1 U.S 4.82 U.S
Total PCBs 12 65 :xr<2'S:a. ~~ ,~:;1~ 3 2.35 U

Ionizable Organics (uglKg-Dry Weight)
Phenol 420 1200 280 U 240 U 180 UG 170 U 180 U
2-Methylphenol 63 63 "280 U "240 U 45 UG 42 U 43 U
4-Methytphenol 670 670 140 U 120 U 45 UG 42 U 43 U

2.4-Oimethylphenol 29 29 -420 U -370 U -45 VG -42 UG -43.0 UG

PentaChlorophenol 360 690 "700 U ·610 U 45 UG 42 U 43 U
Berlzyl Alcohol 57 73 -700 U -610 U 45 UG 42 UG 43 UG
Benzoic Add 650 650 • -1400 U -1200 U ""~'':i'*15:llQ; E.G 252 E 323 E

Metals (mg/Kg-Dry Weight)
Arsenic, Total 57 93 9.8 J 7.2 J 14 J
Cadmium. Total 5.1 6.7 0.47 U 0.55 J 0.43 U
Ctlltlfnlum, Total ;ZoO uo 28.7 24 21.3

Copper, Total 390 390 36.6 48.6 30.7

Lead, Total 450 530 32.6 62.2 24.1

Mercury, Total 0.41 0.59 0.23 1J ~~·~.--~2· 0.085 J

Silver, Total 6.1 6.1 0.87 J 0.91 J 0.58 U

Zinc. Total 410 960 106 175 89.9

Conventionals
OJ. TOC 3.33 1.55 1.63 1.03 0.802

Acid Volatile Sulfides (mglKg)
Gravel (%) 0.2 0.3. 0.4 0.2 2.3

Sand (%) 41.1 55.8 35.1 71.6 66.8

Silt(%) 52.5 37.4 60.2 26.7 28.8

Clay(%) 6.6 6.7 4.5 1.3 2.3

Fines (%) 59.1 44.1 64.7 28 30.9

Salinity (ppt)
59.9 65 62.3% Solids 49.5 55.3
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Table 4-3
I SEDIMENT CHEMISTRY RESULTS I.SMS COMPARISON

SamptelD NFK205 NFK206 NFK206FD NFK207 NFK207.
Laboratory 10 Marine &ldiment LS72s.;s L6725-6 LEi725-7 L6725-10 L6725-11

Sample Depth (an) Standal'ds Q.;10 Q.;10 Q.;10 6Q.;90 . 90-120
Sample Date 8/28/95 8128/95 .8128/95 8128/95 8128/95

SQS CSL Value I Qual. Value I Qual. Value I Qual., Value ,I Qual. Value fQual.
LPAH (mg/Kg·OrganlcCarbonl 370 780 12~!l 5.17 U 12.0 U 80 U 170 U
Naph1halene 99 ·170 4.01 UG 5.17 UG 12,9 UG 60.UG "179 UG
Acenaphthylene 66 66 1.5 UG 1.9U 4,76 UG 21.9 UG "66.2 U
Acenaphthene 16 57 1.01 UG 1.37 lJ 3.33 UG 15.3UG "46.4 U
Fluorene ' 23 79 1.5 UG 1.9U 4.is UG 2111 UG "SS.2 U
Phenanthrene 100 480 10.9 G 1.9 UG 4.76UG 21.9 UG 66.2 UG
Alrthracene 2201 1200 2 JG 1:9 UG 4.76 UG " 21.9 UG 66.2 UG
2~naphthalene 38 '64 4.01 UG 5.17 UG 12.9 UG " "SO UG "179 UG

HPAH (mglKg-organlc Carbon) 960 5300 116 2.4 5.5 60 U 179 U
Fluoranthene 160 1200 25.3 G .2.4,JG 5.5 JG 20 UG 70 UG
Pyrene 1000 1400 16 G 1.9 UG 4.76 UG 21.9 UG 66.2 UG
Benzo(a)anlhracene 110 270 8;02 G 1.'9 UG 4.76 UG 21.9 UG 66.2 UG
ChryllO"O 110 400 11." G 1.9 UG 4.71) UG 21.9 UG 66.2 UG
Total Benzofluoranthelles 230 450 ~ 11.17 U 12.9 U 60 U 179U

Benzo(b)ftuoranthene 15:2 G 5.17UG 12.9 UG 60 UG 179 UG
Benzo(k)ftuoranthene 6.8 J~ 5.17 UG 12.9UG 60 UG 179UG

Benzo(a)pyrene 99 210 9.81 G 3.27UG 8.1 UG 37.2 UG ·113 UG
IOOeno(1.2,3-Cd)Pyrene 34 88 11.5G 3.27 UG 8.1 UG "37.2 UG -113 UG
Dibenzo(l\.h)anthracene 12 33 4.01 UG 5.17 U "12.9 UG "60UG "179 U
BenzO(g.h,i)perylene 31 78 12.5 G 3;27 UG 8.1 UG "37.2 UG -113 UG

Other Non~iZable Organics
(mg/K!l-Qrganic Carbon)
1,2-Diehlorobenzene . 2.3 2.3 0.0628 U,G,X 0.0833 UG 0.207 UG 0.941 UG "2.85 UG
1,4-DieI'llorobenzene 3.1 9 0.169 GX 0.0833 UG 0.207 UG 2;25 G ~.85 UG
1,2,4-Trichlorobenzene 0.81 1.8 "1,Sd UG -1.90 UG -4.76 UG -21.9UG "86.2 UG
HexachlOrpbenzane 0.38, 2.3. 0.0628 UX 0.0833 UG 0.207 UG "0.941 UG - 2.85 U
Dielhyl Phthalate 61 110 2.51 UG 3.27 U . 8.1 UG 37.2 UG -1'3 U
Dimethyl Phthalate 53 53 1.01 UG 1.37 U 3.33 UG 20 UG 50 U
OI-N"8utYl Pntnalate 220 1700 9.9BG 5.5 J.B 12 J,B,G 81.5 BG ~:Z~~;:i!19. B
Benzyl Butyl Phthalate 4.9 64 1.5 UG 1.9 U 4.76 UG "21.9 UG -66.2 U
Bis(2·Ethylhexyl)Phthalate 47. 78 18.7 G 4.86 4.76 UG 20 JG ;;7'~q~J
Di-N-Qctyl Phttt8late 58 4500 1.5 UG 1.9 U 4.76 UG 21.9 UG "$6.2 U
DibelW1fu/llln 15 511 2.51 UG ".V U 1l.1 UG ~37.2 UG -1131,1
Hexaehlorobutadierle 3.9

,
6.2 2.51 UG 3.27 UG "8.10 UG -37.2 UG -113 UG

N·Nitrosodiphenylamine 11 11 2.51 U,B,G 3.27 U,B .8.1 U.B,G -37.2 U,B;G -113 u,E!
Total PCBs 12 651~~Ra' 1.58 U 3.81 U "17.5 U • 53.0 U

Ionizable Organics (ugJKg-Dry Weight) I

Phenol 420 1200 210 UG 130 U 140 U 100 UG 100U
2-Methylphenol 63 . 63 52 UG 31 U 34U 34 UG 34U
4-Mllthylphanol 670 670 S2UG 31 U 3<4U 3<4 UQ 34U
2,4-Dimethylphenol 29 29 -52.0 UG .,;, 31.0 UG -34.0UG ~34.0 UG -34.0 UG

Pentachlorophenol I 360 690 52 UG 31U 34U 34 UG 34U
Benzyl Alcohol 57 73 52 UG 31 UG 34 UG 34 UG 34 UG
Benzoic Acid 650 650 310 JEG 130UE 140 UE 100 UEG 100 UE

Metals (mglKa-Dry Weight)
Arsenic, Total " 57 93 9.1 U 8J 6.4 J 6'" U r,

6U
Cadmium, Total 5.1 6.7 0.54 U 0.32 U 0,.33 U 0.38 U 0.36 U
Chromium, Total , 260 270 22 22 12.6 14.5 15.7

Copper, Total 390 390 28.8 26.3' 13.7 9.2 9.04

Lead. Total 450 530 ·1S'J 6.2 J 3.3 U 10 J 3.6 U

Mercury, Total 0.41 0.59 10.33.J 0.028 J 0.026 U 0.025 U 0.025 U

Silver, Total 6.1 6.1 0.89 J' 0.44 U 0.44 U 0.49 U 0.61 J

Zinc, Total 410 960 81.3 52.9 50.S 26.5 25.6
i

Conventionals "

% TOe 2.07 o.&4e 0.-42 0.091-4 0.0302

Acid Volatile Sulfides (mgIKg)
Gravel (%) 0.3 1.2' 7 0.2 . 0.7

SaOO(%) 51.8 66.5 91 91.4 92.9

Silt('l4) 4~Q 122 2 8.5 . $:4

Clay (%) 4.4 0.3 0.4 0.3 0.3

Fines(%) 48:3 12.5 2.4 U 6.7
I

Salinity (ppt) .
. % Sorrds 51.S 87.2 7-9.3 '80 SO.1

Page 21 of38

(

(

(

(

c

I~

(

(

(

(



Table 04-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

sample 10 NFK304 NFK305 NFK306 NFK307 NFK308
laboratory 10 Marine Sediment L7462-4 L7462-S L7462-6 L7462-7 L7462-8

sample Depth (em) Standards 0-10 0-10 0-10 0-10 0-10
sample Date 1216195 1216195 1216195 12/6195 1216195

SQS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value f Qual.
LPAH (ma/Ko-Organjc Carbon) ~70 780 6.1 U 6.6 U -1.6 U 13 7.9
Naphthalene 99 170 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Acenaphthylene 66 66 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Acenaphthene 16 57 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Fluorene 23 79 6.1 U 5.6 U 4~ U 1'2 U 4.1 U
Phenanthrene 100 480 6.1 U 5.6 U 4.5 U 13 7.9
AnltIracene 220 1200 6.1 U 5.6 U 4.5 U 12 U 4.1 U
2-Me!hylnaphthalene 38 64 6.1 U 5.6 U 4.5 U 12 U 4.1 U

HPAH (mRIKg-Qrganic Carbon) 960 5300 6.1 U 30 12 63 27
Fluoranthene 160 1200 6.1 U 12 5.4 27 11
Pyrene 1000 1400 6.1 U 12 6.1 21 10
Benzo(a}anthracene 110 270 6:1 U' 5.6 U 4.5 U 12 U 4.1 U
Chryaone 110 4150 C.l U 5 4.5 U 15 5.5
Tot8I Benzofluoranthenes 230 450 6.1 U 5.6 U 4.5 U 12 U 4.1 U

Benzo{b)lIuoranthene 6.1 U 5.6 U 4.5 U 12 U , 4.1 U
Benzo(l<)ftuoranthene 6.1 U 5.6 U 4.5 U 12 U 4.1 U

Benzo(a)pyrene 99 210 6.1 U 5.6 U 4.5 U 12 U 4.1 U
1ndeno(1.2,3-C(l)Pyrene 34 88 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Dibenzo(a.h)anthracene 12 33 6.1 U 5.6 U 4.5 U 12U 4.1 U
Benzo(g.h,l)peryterle 31 78 6:1 U 5.6 U 4.5 U 12 U 4.1 U

Other Nonionizable Organics
(mgtKg-Organie Carbon)
1.2·Dichlorobenzene 2.3 2.3 "6.1 U "5.6 U "4.5 U "12 U '"4.1 U
1,4-Diclllorobenzene 3.1 9 *6.1 U *5.6 U *4.5 U "12U *4.1 U
1.2......Trichlorobenzene 0.81 1.8 "6.1 U "5.6 U '"4.5 U "12 U '"4.1 U
Hexachlorobenzene 0.38 2.3 "6.1 U "5.6 U "4.5 U "12 U '"4.1 U
Diethyl Phthalate 61 110 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Dimethyl Phthalate 53 53 6.1 U 5.6 U 4.5 U 12 U 4.1 U
~tllllYl Pntnalate 220 1700 6.1 U 5.6 U 4.5 U 12 U 4.1U
Benzyl BIIlYI Phthalate 4.9 64 *6.1 U *5.6 U 4.5 U "12 U 4.1 U
Bis(2-EthythexyI)Phthalate 47 7S 13 22 7.4 26 4.1 U
Oi-N-octyr Phthalate 58 4500 6.1 U 5.6 U 4.5 U 12 U 4.1 U
Dibonzofuran ' 10 ~ C.l U 5.5 U 4.5 U 12 U 4.1 U
Hexachlorobutadiene 3.9 6.2 "12 U "11 U '"S.7 U "25 U "8.6 U
N·Nltrosodiphenylamine 11 11 6.1 U 5.6 U 4.5 U "12 U 4.1 U
Total PCBs 12 65 '7;~!'.:-j8'T ::L"5Ia.oo: fZ~tr :::::::~"jg-:-8.

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

IoniZable Organics (uafKg-Drv weight)
Phenol 420 1200 240 U 240 U 270 U 220U 250 U
2-Methylphenol 63 63 "240 U "240 U '"270 U "220 U -250 U
4-MethYlohenoI 670 670 1'20 U 1'20 U 140 U 110 U 120 U

2......Dimethylphenol 29 29 "360 U '"370 U '"410 U "320 U "370 U
Pentachlorophenol 360 690 ·590 U "610 U *680 U * 540 U *620 U
Benzyl Alcohol 57 73 "590 U "610 U "680 U "540 U -.620 U
Benzoic Acid 650 650 '"1200 U ·:·;·1e·4500~ -1400 U '" 1100 U '"1200 U \

Metals (mglKg-Dry Weight)
Arsenic, Total 57 93
Cadmium. Total 5.1 6.7
cnromlum, Total 260 270
Copper. Total 390 390
Lead, Total 450 530

Mercury. Total 0.41 0.59

Silver. Total 6.1 6.1
Zinc, Total 410 960

Convenlionals
%TOC 1.06 2.15 3.1:2 0.896 Z.S

Acid Voiatile·SUIfides (mglKg)
GI1IV8I (%) 0.4 3~5 0.4 0.2 0.2

Sand{%) 36.2 49.5 35.5 82.1 39.9

Sill(%) 55.6 41.7 57.1 15 62.3

C1ay(%} 8 5.5 7 2.9 8

Fines (%) 63.6 47.2 64.1 17.9 60.3

Setinity (ppt)
0/0 Solids 53.5 52.1 48.1 60.7 52.S
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARISON

sample 10 NFK308FO NFK309 NFK310 NFK311 NFK312
Labonltory 10 Marine 5ecIiment L7462·18 L7462.9 L7462·10 L7462·11 L7462-12

sample Deptil (em) StlIndards 0-10 0-10 0-10 0-10 0-10
sample Date 1216195 12/5195 12/5195 12/5195 12/5195

SQS CSL Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH (mglKg-Organic Carbon) 370 780 5.9 U 6.2U 10 11
Naphthalene 99 170 5.9 U 6.2 U 8.5 U 6.6 U
Acenaphthylene 66 66 5.9 U 6.2U 8.5 U 6.6 U
Acenaphthene 16 57 5.9 U 6.2 U 8.5 U 6.6 U
Fluorene 23 79 5.9 U 6.2 U 8.5 U 6.6 U
f'nenanmrene 100 480 5.9 U 6.2 U 10 11
Anthracene 220 1200 . 5.9 U 6.2 U 8.5 U 6.6 U
2.Methylnaphtl'lalene 38 64 5.9 U 6.2 U 8.5 U 6.6 U

HPAH (mg!Kg-Qrsanie Carbon) 960 5300 6.4 6.2 U 97 86
Fluoranthene 160 1200 6.4 6.2 U 25 23
Pyrene 1000 1400 5.9 U 6.2 U 20 19
Benzo(a)anthracene 110 270 5.9 U 6.2 U 8.5 7.1
Chry.."e 110 460 S.9 U 0.2 U' 14 12
Total Benzoftuoranthenes 230 4SO 5.9 U 6.2 U 20 17

Benzo(b)fluoranthene 5.9 U 6.2 U 9.8 8.1
, Benzo(k)ftuoranthene 5.9 U 6.2U 9.e 9.1

Benzo(alllvrene 99 210 5.9 U 6.2 U 9.e 8.1
Indeno(1.2,3-Cd)Pyrene 34 88 5.9 U 6.2 U 8.5 U 6.6 U
Dibenzo(a,h)anthraoene 12 33 5.9 U 6.2 U 8.5 U 6.6 U
Benzo(g,h,i)perylene 31 78 5.9 U 6.2 U e.5 U 6.6 U

Other Nonionizable Organics
(mgJKg=OrsanicC8rbonl
1,2·0ichtorobenzene 2.3 2.3 -5.9 U -6.2 U -8.5 U -6.6 U
1,4-Diehlorobenzene 3.1 9 ·5.9 U ·6.2 U ·8.5 U '6.6 U
1.2,4-TriChlorotlenzene 0.81 1.8 -5.9 U "6.2 U -8.5 U "6.6 U
Hexachlorobenzene 0.38 2.3 -5.9 U "6.2.U -e.5 U "6.6 U
Diethyl Phthalate 61 110 5.9 U 6.2 U 8.5 U 6.6 U
Dimettlyl Phttlalate 53 53 5.9 U 6.2 U 8.5 U 6.6 U
PioN-Butyl Phthalate 220 1700 :l.a u 6.2 U 5.:l U 6.6 U
Benzyl Butyl Phttlalate 4.9 64 ·5.9 U ·6.2 U ·8.5 U ·6.6 U
Bis(2-Ethylhexyl)Phthalate 47 78 5.9 U 18 19 18
Di-N-Octyl Phthalate 58 4500 5.9 ·U 6.2 U 8.5 U 6.6 U

Dibenzofu..." 15 58 5.9 U 0.2 U 8.5 U 0.0 U

Hexac:hlorobutadiane 3.9 6.2 "12 U "12 U "17 U "13 U
N·Nitrosodiphenyiamine 11 11 5.9 U 6.2 U 8.5 U 6.6 U
Total PCBs 12 65 .. ·1 ~"5f:N2»! ~~: ;~;."!;J9:4! ~~~·X:-~;:it$.

Ionizable Organics (ug/Kll-Ory Weightl
Phenol 420 1200 240 U 240 U 260 U 260 U
2-Methylphenol 63 63 -240 U -240 U -260 U -260 U

4-Methylphenol 670 670 120 U 120 U 130 U 130 U
2,4-Dimethylphenol 29 29 "360 U -360 U -3eO U -400 U

Pentachlorophenol 360 690 ·600 U ·600 U '640 U ·660 U

Benzyl Alcohol 57 73 -600U -600 U -640 U -660 U

Benzoic Acid 650 650 -1200 U -1200 U - 1300 U -1300 U

Metals (mgtKg-Dry Weight)
Arsenic, Total 57 93
Cadmium, Total 5.1 6.7
cnrg"Uum, Total zoo 270
Copper, Total 390 390

Lead, Total 450 530
Mercury, Total 0.41 0.59

Silver, Total 6.1 6.1

Zinc. Total 410 960

Conventionals
OJ. Toe 1!l~ 2.02 19S 1.S~ Hl7

Acid Volatile Sulfides (mglKg)
GraVel ('Yo) 0.5 0.3 0.2 0.4 0.3

Sand("!o) 44.9 46 38.1 56.4 55.4

Silt ('Yo) 46.5 46.9 53.3 40.1 40.8

Clay(%) 8.2 6.8 8.8 3 3.8

Fines (0/0) 54.7 53.7 62.1 43.1 44.6

Satinity (ppt)
51.7 51.8'YoSolicls 60 55 !is
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMS COMPARI~ON

Sample 10 NFK313 NFK314 NFK315
Laboratory 10 Marine Sediment L7462·13 L7462-14 L7462-15

Sample Depth (em) Standards 0-10 0-10 0-10
Sample Date 1215195 1216195 1215195

SQS' CSL Value I Qual. Value' I Qual. Value I Qual.
LPAH (mgJKg-Organic Carbon) 370 780 S5 U lUlU is
Naphlhalene 99 170 6.5 U 6.8 U 5.2 U
Acenaphthylene 66 66 6.5 U 6.8 U 5.2 U
Acenaphthene 16 57 6.5 U 6.8 U 5.2 U
Fluorene 23 79 6.5 U 6.8 U 5.2 LJ
I"nenanmrene 100 480 6.5 U 6.8 U 15

. Anthracene 220 1200 6.5 U 6.8 U 5.2 U
2-Methylnaphthalene 38 64 6.5 U 6.8 U 5.2 U

HPAH (mg!Kg-Orpanic Carbon) 960 5300 24 56 130
Fluoranthene 160 1200 14 20 39
Pyrene 1000 1400 10 14 22
BenzO(a)anthraeene 110 270 6.5 U 6.8 U 8.8
Chry..". 110 400 ~.5 U II.;) 15
Total Banzofluoranthenes 230 450 6.5 U 7.3 22

Benzo(b)ftuoranlhene ·6.5 U 7.3 12
Benzo(k)ftuoranlhene 6.5 U 6.8 U 10

Benzo(a)pyrene 99 210 6.5 U 6.8 11
Indeno(l,2,3-Cd)Pyrene 34 88 6.5 U 6.8 U 7.2
Dibenzo(a,h)enthraeene 12 33 6.5 U 6.8 U 5.2 U
Banzo(g,h,i)perytene 31 78 6.5 U 6.8 U 8.8

O1het Nonionizable Organics
(mqIKg-Orglnic Carbon)
1,2·Dichlorobenzene 2.3 2.3 -6.5 U "S.8 U -5.2 U
1,4-Diehlolobenzene 3.1 9 '6,5 U ·6.8U j.":.;=~fi!W

1,2,4-TricIllorObenzene 0.81 1.8 "6,5 U "6.8 U "5.2 U
Hexachlorobanzene 0.38 2.3 -6.5 U "6:8 U "5.2 U
Diethyl Phlhalate 61 110 6.5 U 6.8 U 5.2 U
Dimethyl Phthalate 53 53 6.5 U 6.8 U 5.2U
Di-N-Butyl Phthalate 220 1700 6.5 U 6.8 U 5.2 U
Benzyl Butyl Phthalate 4.9 64 *6.5 U '6.8 U "5.2 U
Bis(2·Ethythexyl)Phthallte 47 78 10 20 34
Di-N·OdyI Phthalate 58 4500 6.5 U S.8 U 5.2 U
Dibenzofuran 1S GO ~.5 U !l.ll U 5.2 U
Hexachlorobutadiene 3.9 6.2 '''13 U "14 U "10.0 U
N-Nitrosoclipheny/amine 11 11 6.5 U 6.8 U 5.2 U
Total PCBs 12 65 3.43 5.99 ':::~J9i5Oii:

Ionizable Organics (ull!Kg-Dry Weight)
Phenol 420 1200 240 U 260U 250 U
2-Methylphenol 63 63 -240 U -260 U -250 U
4-Methylphenol 670 670 120 U 130 U 130 U
2,4.Diniethylphenol 29 29 "360 U -4OOU -380 U

Pentachlorophenol 360 690 "600 U '660 U • 630 U

BenzYl Alcohol 57 73 -600 U -660 U -630 U

Benzoic Acid 650 650 -1200 U -1300 U -1300 U

Metals Img!Kg-Ory Weight)
Arsenic, Total 57 '93
Cadmium, Total 5.1 6.7
ChlQlTl;um, T<>ta! 200 270

Copper, Total 390 390

Lead. Total 450 530

Mercury, Total 0.41 0.59

Sil\ler, Total 6.1 6.1

Zinc. Total 410 960

Conventionals
% Toe 1.84 1.112 2.61

Add Volatile Sulfides (rnglKg)
Gravel (%) 0.2 0.2 0.3

Sand (%) 41.7 49.9 60

Silt(%) 52.6 46.7 35.7

Clay (%) 6 3.6 4.4

Fines (%) 58.6 50.3 40.1

Salinity (ppt)
%SoJids 53.6 48.5 47.9
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Table 4-3
SEDIMENT CHEMISTRY RESULTS I SMSCOMPARISON

1Q9!I::: Detected chemical exceeds SQSfCSL aileria.
• " Chemical exceeds SQS criteria.

- :: Chemical exceeds CSL aileria.
SQs/CSL ~eria per Sediment Management Standards. Chapter 173-204.

Qualifier Code:
U :: Undetected at the methocl detection lim~.

G "Low standardref~ material recovery.
J =Detected below Quantification fimits.
L :: High standard reference material recovery.
B =Blank contamination
E =EBIimat9 bIwld on high ....tiv4! ~~nt diffAl'ltl'leO>in duplieale. high relative s:tandard deviation in triplieate. or high or low s:urrogate recoveries.

X .. Biaed da1a based on very low surrogate recoveries or very low matrix spike recoveries.
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Table 4-4
SEDIMENT CHEMISTRY RESULTS I AET COMPARISON

SampieiD NFKUPRIV2 NFK008 NFKOO8" NFK009 NFK009
labOratory Iq Pugel Sound L4321-24 L6725-28 L6725-29 L6725-19 L6725-20
Sample Depth (em) AETValues 0-10 60-90 90-120 60-90 90-120
Sample Date 8/19/94 8/28/95 8'28/95 8/28/95 8/28/95

LAET 2LAET Value I Qual. value I Qual. Value .1 Qual. Value I Qual. Value I Qual.
LPAH (ull/Kg.OrY W..ightl S2M 1~OOO S1 U ;0 U 62 U -40 U -47 U
Naphthalene 2100 2400 51 U 50 UG 52 UG 49 UG 47 UG
Acenaphthyiene .1300 1300 19 U 19 U 19 U 18 U 17 U
Acenaphthene 500 730 13 U 13 U 13 U 13 U 12 U
Fluorene 540 1000 19 U 19 U 19 U 18 1I 17 u,
Phenanthrene 1500 5400 19 UG 19 UG 19UG ·18 UG 17 UG
Anthra<;ene 960 4400 19 U 19 UG 19 UG 18 UG 17 UG
2·Methylnai?hthalene 51 U ,50 UG 52. UG 49 UG 47 UG

HPAH (uglKa-Drv Weight) 12000 17000 51 U 50 U 52 U 49 U 47 U
Fluoranthene 1700 2500 19 U 19 UG ,19 UG 18 UG 17 UG
Pyrene 2600 3300 19 UG 19UG 19lJG 18 UG 17 UG
Benzo(a)anthrac;Elne 1300 1600 19 U, 19 UG 19 UG 18UG 17 UG
Chryaene' 1400 2000 18 U 18 UG 18 UG 18 UG 17 UG
Total Benzofluoranthenes 3200 3600 51 U 50 U 52 U 49 U 47 U

Benzo(b)1!uoranthene 51U 50 UG 52 UG 49 UG 47UG
Benzo(k)1luoranthene 51 UL 50 UG 52 UG 49 UG 47 UG

Benzo(a)pyrene 1600 3000 32 UX . 31 UG 33 UG 31 UGI 29 UG
Indeno(1,2,3-Cd)Pyrane 600 690 32 U 31 UG 33UG 31 UG 29 UG
Dibenzo(a,h)anthracene 230 540 51 U 50 U 52 U 49 U . 47 U
Benzo(g,h,i)petylene 670 720 32 UG 31 UG 33 UG 31 UG 29 UG

I

Other Nonionizabie Organics
(ug!Kg-Dry Weight)
1,2·Dichlorobenzene 35 50 1.5 UBEG 0.8 UG 0.5 U 0.78 UG 0.75 UG
1,4-Dichlorobenzene 110 120 1.5 UBEG 3.71 G 4.14 G 16.2 G 26.4 G
1;2,4-TrichlorObenzel'le 31 51 1.5 UEe. 19 UG 19 UG 18 UG ,17 UG
Hexachlol'Obenzene 22 70 1.5 UEG 0,8 UG, 0.5 U 0..78 UG 0.75U
Diethyl Phthalate 200 1200 32 U 31 U 33 U 3.1 U 29 U
Dimethyl Phthalate 71 160 13 U 13 U 13 U 13 U .12 U
DI·N-8utyl 'Phthalate 1400 5100 78.2 BG 31U.B 33 U.B 83.6 B 29 U.B
Benzyl Butyl Phthalate 63 900 19 U 19 U' 19 U 18 U 17 U
Bis(2·Ethylhexyl)Phthalate 1300 1900 25 19U 19 U 23 J 27J
Di·N-OCtyI Phthalate 6200 6200 19 UL 19 U 19.0 18 U 17 U
DibOru:ofuran :140 700 32 U 31 U 33 U 31 U 29 U
Hexachlorobutadiene 11 120 * 32.0 U * 31.0 UG *33.0 UG * 31.0 UG 029 UG
N-Nitrosodiphenylamine 28 40 '32 U '31 U.B 033 U,B • 31 U,B 029 U,B
Total PCBs 130 1000 15 U 48.1 16 U 15 U 14U

Ionizable Organics (ug/Kg:DryWeightl
Phenol , 420 1200 130 U 130 U 130U 130 UG 120 U
2·Methylphenol 63 72 32 U 31 U 33 U 31 UG 29 U
4.Mflthylphenol 670 1800 :!2U 31 U 33 U 31 ue 21l'U

2,4·Dimethylphenol 29 72 032.0 U * 31.0 UG • 33.0 UG • 31.0 UG 29 UG
Pentachlorophenol 360 690 32 U 31 U 33 U 3:1 UG 29 U
Benzyl Alcohol 57 73 32 U ,31 UG 33 UG 31 UG 29 UG
Benzoic Acid 650 760 130 U 130 UE .130 UE 130 UEG 120 UE

Conventionals
,

%TOC 0.0675 0.0404 0.0274 0.0671 0.0292
% Solids 84 86.2 82.9 87.9 91.9

;;::xxx3J =Detected chemical exceeds LAET/:!LAET criteria._.- .. _;. =Chemical exceeds LAET criteria. .

- =Chemical exceeds 2LAET criteria.
AET values per Barrick et al. 1988.

LAET =Lowest AET value.
2LAET =Second lowest AET ~luE!.

Qual. .. Laboratory Clualifier. , .

Qualifier Code:
U .. Undetected at the method detection limit.
G =j.ow standard reference materialfllCOvery.
J .. Oet8cted below Quantification limits.
L .. High standard .reference material recovery.
B .. Blank eontamination
E ... Estimate based on high relative percent differenc;EI in duplicate. 'high relative standard deviatiOn in.triplicate, or high or low surrogate recoveries.
X .. Biased data based on very low surrogate recoveries or very lowmatrix spike recoveries.
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Table 4-4
SEDIMENT CHEMISTRY RESULTS JAET COMPARISON

Sample 10 NFK012 NFK013 NFK014 NFK1992 NFK1992FO
Laborlltol'y 10 PugetSound L4321·13 L4321·14 L4321·1, L6725·38 L6725-45
Sample Depth (em) . AETValues 0-10 0-10 ().10 90-120 30-s0
Sample Date 8/18194 8/19/94 8119/94 8/23/95 8/23/95

LAET 2lAET Value I Qual. Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH (ug!Kg-Ory Weight) 5200 13000 53 U 55 U 5' U 47 U 47 U
Naphthalene 2100 2400 53 U 55 U 52 U 47 UG 47 UG
Acenaphthylene 1300 1300 20 U 21 U 19 U 18 U 17 UG
Acenaphlhene 500 730 14 U 14 U 13 U 12 U 12 UG
Fluorene 540 1000 20 U 21 U 19 U 18 U 17 UG
pnenantnrene 1500 5400 20 UG 21 UG 19 UG 18 UG 17 UG
Anthracene 960 4400 20 UG 21 UG 19 UG 18 UG 17 UG
2-Methylnaphthalene 53 U 55 U 52 U 47 UG 47 UG

HPAH (yolKS-Dry Weighll 12000 17000 597 78 '44 47 U 47 U
Fluonanthene 1700 2500 86G 21 UG 20 G 18 UG .17 UG
Pyrene 2600 3300 69.8 G 24 G 24 G 18 UG 17 UG
Benzo(a)anthracene 1300 '1600 74.9 G 27 G 19 UG 18 UG 17 UG
Ch~ 10400 2800 80.2 27 J 19 U HIUe; 17 UG

Total 8enzolluoranthenes 3200 3600 187 55 U 52 U 47 U 47 U
Benzo(b)fluoranthene 108 55 U 52 U 47 UG 47 UG
Benzo(k)ftuoranthene 79 J 55 U 52 U 47 ua 47 UG

Benzo(a)pyrene 1600 3000 53 G 35 ua 32 ua 30 UG 29 UG
Indeno(1.2.3-Cd)Pyrene 600 690 38 G 35 UG 32 UG 30 UG 29 UG
Dibenzo(a.h)anthl8C8ne 230 540 53 ua 55 UG 52 UG 47 U 47 UG
Benzo(g.h.i)perylene 670 720 33 UG 35 ua 32 UG 30 ua 29 UG

Other Nonionizable Organics
lugIKg-Dry Weight)
1.2·Dichlcrobenzene 35 50 1.6 UEG 1.7 UEG 1.6 UEa 0.76 UG 0.75 ua
1,4-Dichl~ene 110 120 1.6 UBEG 2.3 BEG 1.7 BEG 0.76 UG 0.75 UG
1,2,4-Trlchlorobenzene 31 51 UUEa 1.7 UEG 1.6 UEG 18 UG 17 UG
Hexachlorcbenzene 22 70 1.6 UEG 1.7 UEG 1.6 UEG 0.76 ua 0.75 ua
Oiethyl Phthalate 200 1200 33 U 35 U 32U 30 U 29 UG
Dimethyl Phthalate 71 160 14 U 14 U 13 U 12 U 12 ua
OI-N-8utyl Ptltllalate 1400 5100 114 B 105 B 70.4 B 31 J.B 39 J.B.G
Benzyl Butyl Phthalate 63 900 ~81:"3' 31 J 19 U 18 U 17 UG
Bis(2.Ethylhexyl)Phthalate 1300 1900 484 93.1 81.5 22J 20 JG
Oi-N-octyIPhthaIate 6200 6200 20 UL 21 UL 19 UL 18 U 17 ua
Dibenzofuren 5-40 700 llll U :Ill U :12 U aou 26 UG

Hexachlorobutadiene 11 120 *33 UG "35.0 UG "32.0 UG *30.0 UG "29.0 ua
N-Nitrosodiphenylamine 28 40 "33 U *35 U "32 U "30 U.S *29 U.B.G
Total PCBs 130 1000 16 U 17 U 16 U 14 U 14 U

Ionizable Organics luoIKg-Dry Weight)
Phenol 420 1200 140 U 140 U 130 U 120 U 120 UG
2-Me1hylphenol 63 72 33 U 35 U 32 U 30 U 29 UG
4-Me1hylphenol 670 1800 33 U 35 U 32 U 30 U 29 1IG

2.4-OimethylphenoJ 29 72 *33 U • 35.0 U • 32.0 U "30.0 UG 29 UG
Pentachlorophenol 360 690 33 U 35 U 32 U 30 U 29 UG
Benzyl A1col1ol 57 73 33 U 35 U 32 U 30 ua 29 UG
Benzoic AcId 650 760 140 U 140 U 130 U 120 UE 120 UEG

COnventlOnals
%TOC Q178 0.18 0.069 0.0678 0.0795
% Solids 80.8 77.7 83.1 91 91.6

~=Detec\ed chemicalexceeds LAET/2LAET criteria.
* = Chemical exceeds LAET criteria.

.. = Chemical exoeeds 2LAET criteria.
AET values per BarriCk et al. 1968.

LAET = Lowest AET value.
2LAET = 5econd loWest AET value.

Qual. =Laboratol'y qualifier.

Qualifier Code:
U '" Undetectecl at the method detection limit.
G =Low SlMdIIrd reference material recovery.
J '" Detected below quantification limits.
L =High standard reference material recovery.
B =Blank contamination
E =Eltimata based on high relative percent difference in duplicate, high relative standard deviation in triplicate, or high or low sUmlg8te recoveries.
X =Biased data based on very low surrogale recoverieS or very low matrix spike recoveries.
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Table 4-4
SEDIMENT CHEMISTRY RESULTS I AET COMPARISON

SampelO NFK207 NFK207 NFK207 . NFK302
Laboratory 10 PugetSound L6725-10 L6725-11 L6725-9 L7462·2
Sample Depth (em) AETValues 60.90 90-120 30-60 0·10
Sample. Date 8128/95 8128/95 8128/95 1218195

LAET 2LAET Value I Qual. Value I Qual. Value I Qual. Value I Qual.
LPAH (uolKa-orv WsjQb!) 5200 1~MO SO U 64U 17.01 72 U
Naphthalene 2100 2400 50 UG 54 UG 48 UG 72 U
Acenaphthylene 1300 1300 20 UG 20U 18 UG 72U
Acenaphthene SOO 730 14 UG 14 U 29.3 G 72 U
Fluorene 540 1000 20 UG 20 U 18 UG 72 [j
Phen!lnthrene 1S00 5400 20 UG 20 UG 116 G 72U
Anthrac:ene 960 4400 20 UG 20 UG 29 JG 72 U
2-Methylnaphthalene 50 UG 54 UG 48 UG 72 U

HPAH (ugtKa.Dry Weight) 12000 17000 50 U S4U 1310 72 U
Fluoranttlene 1700 2500 20 UG 20 UG 271 G 72 U
Pyrene' 2600 3300 20 UG 20 UG 234 G 72 U
8enzo(a)anthracene 1300 '1600 20 UG 20 UG 97.4 G 72U
Chryoene 1400 2000 20 UG 20 ua 112 G 72 U .
Total BenzoftuoranthBnes 3200 3600 50 U S4U 180 72 U

Benzo(b)ftuoranthene 50 UG 54 UG 120 G 72 U
Benzo(k)flucranthene 50 UG 54UG 57 JG 72 U

Benzo(a)pyrene 1600 3000 34 UG 34 UG 116 G 72.U
Indeno{1,2,3-Cd)Pyrene 600 690 34 UG 34 UG 153 G 72 U
Dibenzo(a.h)anthracene 230 540 50 UG S4U 48 UG 72 U
Benzo(g.h.l)perylene. 670 720 34 UG 34 UG 143 G 72 U

Other Nonionizable Organics
(ugfKg-Dry Weight)

1.2·DichIorobenzene 35 50 0.86 UG 0.86 UG 0.78 UG -72U
1.4-Dichlorobenzene 110 120 2.06 G 0.86 UG 16.8 G 72 U
1.2,4-TrichJorobenzene 31 51 20 UG 20 UG 18 UG -72U
Hexachlorobenzene 22 70 0.86 UG 0.86 U 0.78UG -72 U
Diethyl Phthalate 200 1200 3400 34U 30 UG 72 U
Dimethyl Phthalate 71 160 10 UG 10 U 12 U'G "72 U
Dl-N-8utYl pntnalate 1400 5100 74.5 BG 93.5 B 45 J,B,G 72 U
Benzyl Butyl Phthalate 63 900 20 UG 20 U 18 UG "72 U
Bis(2.Ethylhexyl)Phthalate 1300 1900 20 JG 24 J 132 G 72 U
Dl-N-Oc:tyl Phltlalate 6200 6200 20 UG 20 U 1800 72 U
Diben:ofuran 540 700 . ;)'I UG ;)'IU 30 UG 72U
Hexachtorobutadiene 11 120 "34.0 UG "34.0 UG "30 va "140 U
N-Nltrosodiphenylamine 28 40 "34 U.B.G °34 U,S "3D U,B,G -72 U
Total PCBs 130 1000 16 U 16 U 15 U 16

Ionizable Organics lualKa-Drv Weight)
Phenol 420 1200 100 UG 100 U 120 U 140 U
2.Methylphenol 63 72 34 UG 34U 30 U -140 (J

4·Methylphenol 870 1800 34 UG 34U 30 U 72 U

2,4·0imethylphenol 29 72 '34.0 UG "34.0 UG '30 UG -220 U
Pentachlorophenol 360 690 34 UG 34U 30 U 360U
Benzyl Alcohol 57 73 34 UG 34 UG 30 UG -360 U
Benzoic Acid 650 760 100 UEG 100 UE 140 JE -no u

Conventionals
%TOC 0.0914 0.0302 0.158 0.0317
% Solids 80 80.1 88.8 93.8

~=Detected chemical exceeds LAET12LAET criteria.
"=Chemical exceeds LAET criteria.
.. " Chemical exceeds 2LAET criteria.

AET values per Barrick at al. 1988.
LAET " Lowell AET value.

2LAET " second lowest AET value.

Qual. " Laboratory qualifier.

Qualifier Code:
U = Undetected at the method detection limit.
G " Lew standard rem,nce malerial recoWll'Y.
J .. Detected below Quanti1ication limits.
L .. High standard re1erence material recovery.
B .. Bl8nk contamination
E .. Estimate based on high relative percent difference in duplicate, high relative standard deviation in.triplicate, or high or low surrogat
X " Biased dita based on very low surrogate recoveries or very low matrix spike recoveries.
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4.4.1 Conventionals

4.4.1.1 Salinity

Four preliminary interstitial salinity samples were collected in 1994 prior to Phase I to guide the
selection of bioaSsay organisms, and determine whe.ther comparison to marine sediment criteria
was appropriate. Salinity measurements ranged from 3 to 9 parts per thousand (ppt), and are
defmed by SMS as low salinity sediments (Le., 0.5 to 25 ppt). These samples were collected
during low tide, when the lowest salinities were expected.

Phase 1 salinity data for upriver stations (NFKUPRIV1, NFKUPRIV2, NFKOlO) ranged from 14
to 22 ppt, while stations located adjacent to or downstream of the outfall ranged from 5 to 16 ppt.
These data confIrm the low-salinity sediment designation for the outfall study area.

4.4.1.2 Total Organic Carbon

Surface sedimentTOe concentrations ranged from 0.03 to 4.01 percent; for comparison, a range
of 0.5 to 3 percent is typical for PugetSoundmarine sediments (Michelsen, 1992). Figure 4-2
illustrates the spatial distribution ofToe values.

The following Norfolk surface sediment stations are characterized by low TOe concentrations·
«0.2 percent) and are compared to AET values in addition to SMS criteria:

• NFKUPRIV2

• NFK012

• NFK013

• NFK014

• NFK302

These stations are located in the subtidal river channel and are dominated by coarse-grained
sediment (refer to Chapter 4.4.1.3).

4.4.1.3 Particle Size Distribution

Particle size distribution data are reported in Table 4-3 as percentages of gravel, sand, silt, and
clay. In addition, the distribution of percent fInes (silt + clay) is illustrated in Figure 4-3, to
indicate areas of deposition and seoming. Gene:rally, the eoar:sest :sediment:s identified in the
study area «5 percent fInes) were located in the subtidal river channel (e.g., NFK012 through
NFK016, and NFK302), and probably reflects greater scouring action from river flow. Finer
sediments (> 60 percent fInes) were located at intertidal stations (e.g., NFK004a, NFK202,

.NFK310) where sediment deposition appears more pronounced.
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4.4.2 Inorganics

Table 4-5 presents a summary of SMS exceedences of detected inorganic chemicals. Mercury
was the only inorganic chemical to exceed SMS criteritl, with exccedanccs of eSL criteria at two
stations. Methyl mercury represented a small fraction (0.03 to 3.1 percent) of the total mercury
content, based on Phase 1 measurements at the bioassay stations (Appendices B and D).
Mercury also exceeded the eSL at two of three pre-Phase 1 sediment stations (Appendix A).

Table 4-5
SUMMARY OF SURFACE SEDIMENlEXCEEDANCES OF SMS CRITERIA OR AET VALUEsa

Stations Exceeding SQS
Chemical Onlyb Stations Exceeding CSLb

Mercury NFKOOB NFK203

Total PCBs NFKOO1 NFK009 NFKOOB NFK201

.'
NFK201 NFK202 NFK305 NFK315
NFK205 NFK304
NFK306 NFK307
NFK308. NFK30Q
NFK310 NFK311

NFK312

1,4-Dichlorobenzene NFKOO4 NFKOO9 NFK203
NFK315

Bis (2-ethylhexyl) phthalate NFKOO4a NFKOO5 NFKOO8 NFKOO9
NFK203

Benzyl butyl phthalate NFK203 NFK012D

Phenanthrene NFKOO6

Jndeno (1 .2,:H:d) pyrene NFKOO6
Dibenzo (a,h) anthracene NFK006

Benzo (g.h,i) perylene NFK203

Benzoic acid NFK202

Footnotes:

aexceedences based on detected chemicals only.
bSQs/CSL exceedances are reported for stations with TOC concentrations ~O.2 percent.
cLAET/2LAET exceedances are reported for stations with TOC concentrations <0.2 percent.

Other Notes:
SMS: Sediment Management Standards, WAC 173-204
SQS: Sediment Quality Standards, WAC 173-204·320
CSL: Cleanup SCreening Levels, WAC 173-204-520
LAET: Lowest Apparent Effeots Threshold, PSEP 1988 -

2LAET: Second Lowest AET Value

4.4.3 Organics

Table 4-5 presents a summary of SMS/AET exc.eedances for detected organic chemicals; This
summary is based on SMS comparisons for surface sediment stations with TOe concentrations
>0.2 percent, and AET comparisons for surface sediment stations with TOe concentrations <0.2
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percent. Four organic chemicals (Total PCBs, 1,4-dichlorobenzene, bis (2-ethylhexyl) phthalate,.
and benzoic acid) exceeded CSL criteria. The PCB detections at Stations NFK305 and NFK315
were significant, exceeding the CSL criteria by factors of 160 and 292, respectively. Eight
organic chemicaJ.~ cx.cccdcd SQS criteria only; however, !hree of the SQS exceedances were due
to various PAHs at station NFK006, which is located upgradient and removed from the influence
of the Norfolk CSO outfall source area. Method blank contamination' associated with
exceedances of 1,4-dichlorobenzene and bis (2-ethylhexyl) phthalate did not affect sample results
(EBDRP, 1995c; Appendix D), since method blank concentrations were much lower than
sample results.

For those surface sediment .stations exhibiting TOC concentrations <0.2 percent, a detection of
butyl benzyl phthalate at Station NFK012 exceeded·the corresponding LAET value by a factor of
1.3. No other chemicals exceeded LAET/2LAET values at low TOC stations.

Stations with low TOC concentrations also exhibited several exceedances of SMS criteria for
undetected nonionizableorganics~ based on detection limit values (Table 4-3).· However, when
compared to AET values, the detection limits were generally below LAETs with the exception of
hex.achlorobutadicnc:.

4.5 SUBSURFACE SEDIMENT RESULTS

Table 4-3 includes subsurface sediment chemistry data for conventionals and SMS chemicals.
Similar to the surface sediment presentation, concentrations of SMS chemicals are compared to
SMS criteria. IfTOC values are less than 0.2 percent, SMS chemicals are also compared to AET
values (Table 4-4). Evaluation ofsediment core data for waste disposal purposes is presented in
AppendixK.

During Phase 1, on~ core (NFK009Ph1) was collected and sectioned into four segments (0 to
15 cm, 15 to 30 cm, 30 to 43 cm, and 45 to 60 cm). During Phase 2, four cores (NFK008,
NFK009ph2, NFK1992, NFK207) were collected, and each core waS sectioned into four segments
(0 to 30 em, 30 to 60 cm, 60 to 90 em, and 90 to 120 em; or 0 to 1 foot, 1 to 2 foot, 2 to 3 foot,
and 3 to 4 foot) for comparison to SMS criteria. The following discussion focuses on the Phase 2
core data, since this provides more chemical data at greater depths. It should be recognized that
the sediment coring effort was limited to an area aroWld the Norfolk outfall, and that subsurface
chemistry data for downstream Phase 3 stations are lacking.

4.5.1 Conventionals

4.5.1.1 Total Organic Carbon

TOC concentrations ranged between 0.28 to 2.15 percent in the upper section (0 to 30 cm). TOC
concentrations generally decreased with depth; ranging between 0.02 to 0.06 percent in the
deepest core sections (90 to 120 cm).

Page 4-36

(

c

..

(

""



The following Norfolk core sections are characterized by low TOCconcentrations (<0.2 percent)
and were compared to AET values in addition to SMS criteria:

• NFK008 (60 to 90), (90 to 120)

• NFK009ph2 (60 to 90), (90 to 120)

• NFK1992 (30 to 60),(90 to 120); (FUT ~umplUison,the 60 to 90 cm section has a TOe
concentration of 1.34 percent]

• NFK207 (30 to 60), (60 to 90), (90 to 120)

4.5.1.2 Particle Size Distribution

Sand was the domiIiant fraction (:>50 percent) in all core sections, and increased with sample
depth. The sand fraction ranged from 51 to 80 percent in surface sections (0 to.30cm), and
increased to 93 to 96 percent in the deepest core sections (90 to 120 cm). Conversely, percent
fmes (silt + clay) ranged from 9.4 to 49.2 percent in surface core sections, and decreased to 2.9 to
6.7 percent in bottom core sections.

4.5.2 Inorganics

Table 4-6 presents a summary of SMS criteria exceedences for detected inorganic chemicals.
Similar to surface sediments, mercury was the only inorganic chemical to exceed SMS criteria
(at two stations) in subsurface core sections. No mercury exceedances were reported below a
60-cm (2-foot) depth. .

4.5.3 Organics

Table 4-6 presents a summary of SMS/AET exceedances for detected organic chemicals. This
summary is based on SMS comparisons for core sections with TOe concentrations >0.2 percent,
and AET comparisons for core sections with TOe concentrations <0.2 percent. A total of 16
organic chemicals exceeded 8MS criteria, of which 12 chemicals (primarily PAHs) were
associated with exceedances at a single core station (NFK207, 0 to 30 cm). This core station is
located within the Norfolk outfall channel, and also exhibits a relatively low TOe concentration
of 0.28 percent. For those core stations exhibiting TOe concentrations <0.2 percent, there were
no corresponding exceedances ofLAET values.

In conclusion, there were no' exceedances of SMS criteria or AET values at the upgradient core
station NFK1992, or below a 60-cm (2-foot) depth in any core station located adjacent to or
downgradient of the Norfolk eso outfall. This is based on using appropriate comparisons (i.e.,
using AET values for evaluating core sections with Toe <0.2 percent). Therefore, chemical
characterization ofsediment cores have been'adequately defined' for remediation purposes.
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Table~6

SUMMARY OF SEDIMI:NT CORE EXCEEDANCES OF SMS CRITERIA OR AET VALUES·

.Station Co~s Exceeding SQS
Chemical Onlyb . Station Cores exceeding CSLb

Mercury NFK009Ph2(O to 30) ,NFKOO8 (30 to 60)
NFK009Phl(1510 3D)

Total PCBs , NFKOOa (0 to 30) NFKOO8 (30 to 60)
NFKOO9Phl (15 to 3D)
NFKOO9Ph2. (0 to 30)
NFK207 (0 to 30)

1,4-Dichlorobenzene NFKQD9Phl(O to 15), (15 to 30).
(3D to 45), (45 to 60)

NFKOO9Ph2(Olo 3O},(30 to 60)
NFK207 (0 to 30)

Bis (2-ethylhexyl) phthalate NFKOO91'hl(010 15), (30 to 45}
NFK0091'h2 (0 to 30)

'. NFK207 (0 to 30)
Benzyl butyl phthalate NFK009Phl(OtO 15), (45 to 60)

NFK207 (0 to 30) ,

Acenaphthene NFK207 (0 to 3D)
Phenanthrene . NFK207 (0 to 3D)

Fluoranthene , NFK207 (0 to 30)
.Banl'o(a)anthr~ne NFK207 (0 to 30) .

Chrysene NFK207 (0 to 30)
Total Benzofluoranthenes NFK207 (0 to 30)
Benzo(a)pyrene NFK207(0 to 30)

Indeno (1 t2,:Hxl) pyrena NFK207 (0 to 30)
Dibenzo (ath) anthracene } NFK207 (0 to 30)

Benzo (9th,i) perylene NfK207 (0 to 30)

Total HPAHs NFK207 (0 to 30)

N-NitrosodiP/lenylamine NFK207 (0 to 30)

Footnotes:

aExceedence based on detected chemicals only.

bSQs/CSLexceedances are reported for stations with TOC concentrations >0.2 percent.

Other Notes:
(0 to 30) Core section in centimeters.
SMS; Sediment Management Standard:), WAC 173-204
SQS: Sediment Quality Standards, WAC 173-204-320
CSL: Cleanup Screening Levels, WAC 173-204-520
LAET: Lowest Apparent Effects Threshold, PSEP 1988

2LAET: Second Lowest AET Value
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5.0 DATA INTERPRETATION
•

5.1 CHEMICALS OF CONCERN

6.1.1 Selection Criteria

As an element of the 1991 Consent Decree agreement, the EBDRP Panel was directed to use
Washington State sediment standards to detennine the level of sediment cleanup. Therefore,

. identification of chemicals of concern (COCs) for the Norfolk CSO site was based on
comparison to SMSctiteria (WAC 173-204), which includes both chemical and biological
effects criteria. Since Phase 1 bioassay data were rejected for this report, CDC identification was
based strictly on exceedances of SMS chemical criteria (i.e., SQS and CSLconcentrations). An
exception to this approach was employed at stations with low TOC concentrations "«0.2
percent), where nonionizable organic chemicals were compared to dry weight AETvalues to
identify COCs.

The SMS provides for site cleanup standards that may range from SQS to CSLIMCUI:- criteria,
based on an evaluation of associated cost and net environmental benefits. Therefore, estimation
of the areas of contaminated sediments above SQS m!Q above CSLIMCUL concentrations is· the
first step in determining cleanup standards for the Norfolk CSO site.

.5.1.2 Chemicals of Concern from NorfolkCSO

The surface sediment characteri:altion (Chapter 4.4) identitled four chemicals of concern
(mercury, l,4-dichlorobenzene, bis(2-ethylhexyl)phthalate, and PCBs) around the Norfolk CSO
outfall based on exceedances of CSL criteria. Although core data for station NFK207 (located
within the Norfolk outfall channel) showed exceedances of SMS criteria for severalPAHs in the
surface section (0 to 30 cm), PAHswere not evaluated further as COCs. This is due to the fact
that PAH exceedances were generally limited to this single core section, and therefore PAHs
were not considered a widespread problem in the study area.

Benzoic acid exceeded the CSL at one downstream station (NFK202),. and three· PAHs exceeded
SQS criteria at one upstream station (NFK006); however, the position of these stations does not
indicate association with the Norfolk outfall. Station NFK.202 is located at the base of a heavily
vegetated slope and NFK006 is located next to a large wooded barg\; mad\; of trc::atcd wood.
These chemicals are not identified as COCs from the Norfolk CSO.

For data interpretation, SURFER contour concentration maps wer~ generated for each COC
using kriging methods. Generally, kriging creates the best overall interpretation ofmost data sets
(Golden Software, 1994). Calculation of areas exceeding SQS andCSL criteria in the contour
maps were determined by Arcview GIS methods. Results of the concentration contouring are
discussed for each COCo
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5.1.2.1 Mercury

Figure 5-1· illustrates the concentration contours for total mercury in surface sediment. The surface
pattern indicates two areas ofexceedances. One area is at NFK203 (3.72 mg/kg), which is located
.adjacent to the Norfolk CSO outfall channel. A smaller area at NFK008 (0.84 mglkg), located
downstream of the Norfolk outfall, appears independent from the CSO footprint based upon· the
low mercury concentrations reported in between these two hotspots. Since mercury was not tested
during Phase 3, it is not plotted for the downstr~ Phase 3 stations (NFK301 to NFK315).

The total surface area exceeding mercury SQS/CSL criteria is combined with other COCs to
define the total surface area exceedances (refer to Chapter 5.1.2.5). As indicated by Phase 2
coring data (Chapter 4.5), mercury did not exceed SMS criteria below 2-foot depth in any core, .
including one core station located at the NFK008 hotspot.

Available data for characterizing Source contributions of mercury are limited. Data presented in the
Pollutant Loading Analyses for the Elliott Bay Waterfront Recontamination Study (Herrera
Environmental Consultants, 1995) identified a mercury concentration range of 0.38 to 3.22 mglkg
in sediments collected from within KCWPCD and City CSOs. The same study presented
geometric mean mercury concentrations of 0.2 to 0.26 mglkg in particulate material discharged
from storm drains from residential, commercial, and industrial areas. Mercury has been used as a
marker of the extent of sediment· contamination resulting from untreated sewage discharges in
British Columbia (Chapman et. al., 1996). Finally, the Norfolk regulator was sampled four times
during overflow events in 1988 through 1991, and mercury was detected dUring all four events at
concentrations between 0.0002 and 0.0007 mg/L. Modeling results indicate that after source
control (of volume), the sediment concentrations are projected to be less than SQS even if the
mercury concentration in the outflow stays the same.

5.1.2.2 1,4-Dichlorobenzene

Figure 5-2 illustrates the concentration contours for l,4-dichlorobenzene in surface sediment. The
surface pattern indicates a CSL exceedance contour extending from station NFK203 (located
adjacent to the NorfolkCSO outfall channel), extending downstream. through station NFK009,and
en4ing after stationNFK31S (which is located at the channel mouth of Outfall Channel #1). The
downstream limit to the SQScontour (which represents the downstream limit of the CSO footprint)
extends slightly further, but appears to end prior to stations· NFK008 and NF1002. Sinc~ the
concentration of 1,4-dichlorobenzene (both OC-normalized and DW) at downstream station
NFK315 exceeds the concentration at upstream stations NFKOO9 and NFK203,.there is the pos­
sibility that the downstream· station has received additional input from the Boeing outfall. How­
ever, there is no datato confinn this.' Finally, the concentration contours were not affected by low
TOe stations (i.e., NFK012, NFK013, NFKOI4, NFK302), which exhibited low 1,4-dichloro­
benzene concentrations.

The total surface area exceeding l,4-dichlorobenzene SQS/CSL criteria is combined with other
COCs to defme the total surface area exceedances (refer to Chapter 5.1.2.5). As indicated by
Phase 2 coring data (Chapter 4.5), 1,4-dichlorobenzene did exceed SMS criteria below 2-foot
depth at coring stations NFK008 and NFK009; however, the deeper core sections eXhibited low
TOe, and additional comparison to dry-weight LAET values showed no exceedances. At core
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station NFK009, the dry-weight concentration was greatest in the 1- to 2-foot core section
(91.4Ilg/kg), but decreased to 16.21lg/kg (2- to 3-foot section) and to 26.4 J.lg/kg (3., to 4-foot
section). Therefore, depth of sediment contamination is assumed to be 2 feet.

The main source of 1A-dichlorobenzene to sewage appears to be toilet block deodorizers
(Verschueren, 1983); therefore, source control (beyond controlling for the overflows) can be
easily accomplished by removal of the toilet block deodorant. Similar to mercury, 1,4-dichloro­
benzene serves as a useful marker of the extent of outfall-related sediment contamination,
particularly for untreated discharges (Chapman et al, 1996). Once associated with sediments,
1,4-dichlorobenzene is persistent (Oliver and Nicol, 1982). In other studies, this COC has shown
high' correspondence with both toxicity and changes in benthic community structure, and the
correspondence with toxicity increased when 1,4-dichlorobenzene' was nonnalized to TOe
(Chapman et al, 1996).

5.1.2.3 Sis (2-ethylhexyl) phthalate

Figure 5-3 illustrates the concentration contours for bis (2-ethylhexyl) phthalate in surface
sediment. The surface pattern indicates large SQS and CSL exceedance contours in the vicinity
of the Norfolk CSO outfall, with the downstream eso footprint ending near station NFK205:
However, it is apparent that inclusion of low TOC stations (NFKOI2, NFK013, and Nl='KOI4)
has affected the concentration contours. .Therefore, surface concentrations were also contoured
on·a dry weight basis (Figure 5-4). The dry weight contours indicate a more realistic picture of
the Norfolk CSO footprint, with peak concentrations evident near the base of the outfall and at
two downstream stations.

The total surface area exceeding SQS and CSL criteria was not estimated, due to the impact of
low TOe stations on the generation of these contours. However, the total surface area exceeding
LAET/2LAET values is combined with other COCs to define the total surface area exceedances
(refer to Chapter 5.1.2.5). As indicated by Phase 2 coring data (Chapter 4.5), bis (2­
ethylhexyl) phthalate exceeded SMS criteria below 2-foot depth at coring stations NFK009 and
NFK207; however, the deeper core sections exhibited low TOe, and additional comparlsonto
dry-weight LAET values showed no exceedances. At core station NFK009,the dry-weight
concentration was greatest in the 0- to I-foot core section (572 IJ.g/kg), but decreased to less than
30 J.lg/kg below the I-foot depth. At core station NFK207, the dry weight concentration was also
greatest in the 0- to I-foot core section (1440 Ilg/kg), but decreased to less than 25 J.lg/kg below
the 2-foot depth. Therefore, depth of sediment contamination is assumed to be 2 feet.

Phthalates have been used ~ pla5ticiz.ccs since the 1930s, primarily for production of polyvinyl
chloride and other polymers. They are also used in household products. Therefore, their
distribution in the envirorunent is widespread. Bis (2-ethylhexyl) phthalate strongly sorbs to
sediment due to its low water solubility, and is relatively persistent in the environment. Source
control, other than control of the overflow, may be difficult because of the widespread sources.
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5.1.2.4 PCBs

Figqre 5-5 illustrates the concentration contours for total PCBs in surface sediment. The surface
patterns are Clominatedby hotspots at station NFIG15 (19,000 mg/kgOC),which is locatedafthe
channel mout/;l of Boeing Outfall #1, and at station NFIG05 (10,400 mg/kg OC), which is located
approximately 400 feet dowrlstream of the Norfolk outfall. It is clear that the downstream PCB
hotspot at NFId05. is tmrelated to the Norfolk CSOoutfall footprint. A third area of smaller PCB
magnitude is . located ~t station NFK201 (135mg/kg oq, which appears independent of the
NFIGOS/31S hotspots.

For the PCB hotspot at NFIa15, the total surface area exceedingSQS/CSL criteria is combined
with other COCs to define the total surface area exceedances (refer to Chapter 5.1.2.5). As
indicated by Phase 2eoring data (Chapter 4.5), PCBs exceededSMS criteriabelow'2~footdepth at
core station NFK008 .(located within 20 feet of. the NFIG15 hotspot); however, the deeper core
sections exhibited low TOC, and additional comparison todty.,weightLAET values showed no
exceedances.Dry weight concentrations at this core station were greatest between 1 to 2 feet
(81,400 Jlg/kg), and decreased to less than 50 f.1g/kg below a 2-foot depth.. Therefore, depth of
sediment contamination is assumed to be 2 feet.

The concentration contours associated with the PCB hotspots at downstream stations NFK.201 and
NFK305 are not considered part ofthe Norfolk CSO footprint, and therefore associated surface area
exceedences have not been includedfor these·downstreani locationS.

Current uses ofPCBs are restri~d to insulating material~ in electrical capacitors and certain trans­
formers employed in enclosed areas. Historically, PCBswer.e used in hydraulic fluids, plasticizers
in waxes, additives (in paints, adhesives, and caulking compounds), and components in paper
manufacture (Mearns· et.al., 1991). Sources of PCBs to aquatic envirolUllents include municipal
sewage treatment plants, industrial runoff, leacQi,ng fr9mdisPOsal sites, and refuse incineration.

5.1.2.5 Total Cleanup Areas And Volumes Defined by NorfolkCSO Chemicals of·
Concern .

The surface areas for SQS/CSL ~xceedances (or LAET/2LAET exceedances for bis (2­
ethylhexyl) phthalate).·determined by contour plotting were overlaid.for the four COCs, and total
surface areas that may. require cleanup were. estimated by Arcview GIS methods. Using· this
approach, thelotal surface area exceeding SQScriteria is estimated at 20,000 square feet, and the
total surface area exceeding CS~ criteria is estimated at 14,800 square feet (Figure 5-6).
Assuming a 2-foot depth. of contamination, total sediment volume exceeding 'SQS. criteria is .
estimated at 1,481 cubic yards, and total sediment volume exceeding CSL criteria is estimated at
1,096 cubic yards. As, indicated, these estimates include the'PCB hotspQt associated with
Station NFK315, but exClude the PCB hot spots located further downstreamap.d beyond the CSO
footprint.
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5.1.3 Chemicals of Coneemfrom Other Sources

The tabulated data and concentration contour maps do not indicate other source areas upgradient
of the Norfolk outfall, with the exception of limited PAHexceedances of SQS criteria at station
NFK006. This station is iocated approximately 140 feet upstream, and m~y be influenced by
creosote from the adjacent wood barge; however, there is no data. to confinn this. Further
upstream, samples collected. at the Duwamishreference stations (NFKUPRIVI, NFKUPRIV2)
showed no·exceedances ofSMS criteria.

Potential downstream contaminant sources include storm drain discharges from the Boeing
outfalls. The contour maps presented in this chapter generally indicate peak concentrations of
the four COCs ncar $cchanncl of the eso outfall, followed by a second peak near the channel
mouth of Boeing Outfall #1. For PCBs, the downstream hot spot at station.NFK305 is located
near the charrilelmouth of Boeitlg outfall #4. It is unknown whether these peak concentrations
represent current or historical. discharges to the river. Since the PCB hotspot areas appear
independent, this cleanup study is strictly focused on th~se areas associated with the footprint of
the Norfolk CSOoutfall.

5.2 POTENTIAL FOR CONTAMINANT MIGRATION

The possible mechanisms' for contaminant migration include (1) sediment erosion and
subsequent resettling. (2) sediment reworking, including bioturbatililn, and (3) contartlinMt
repartitioning to the water column. .

The Duwamish River is generally a region of sedimentation. Sediment erosion· could occur
under extremely high river discharges (however, the river is regulated upstream by the Howard

I

Hansen dam) or extreme tidal surges from Elliott Bay. Either of these condition is rare, and
therefore the likelihood of sediment erosion and subsequent resettling isconsidered,to be small.

It is certain that the sediment will be reworked to some extent by a number of processes
inclUding bt0turbation·and' vessel wake turbulence. However, these processes will generally
diffuse the contamination vertically through the sediment column, and· thus will dilute sediment
concentrations.

As the overlying water becomes cleaner~ linear-isotherm partltlomng suggests thaf' some
contamination will move trom the sediment to the water column. This would' tend to reduce
sediment concentrations, and the flux to the water column would be flushed to Elliott Bay and
quickly mixed below'detection levels.

Overall,. the potential for significant (sufficient to cause concern) sediment migration is con-
sidered to be small. .
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5.3 POTENTIAL FOR NATURAL RECOVERY

The mechanisms for natural recovery include (1) natural. sedimentation and burial, (2) sediment
reworking, and (3) contaminantrepartitioning to the; w~tc;r colwnn.

Natural sedimentation does pccur in the Duwamish River,· as the river velocities decrease where
thE! river meets salt water, and the;' riv~r widens. However,.· sedimentation, rates are generally
small, and natural recovery through this process would take a long time. 'As 'with natural
sedimentation, ,sediment reworking through processes such as bioturbation and vessel wake
turbulence js also a slow proCfess.

Contaminant· repartitioning to the overlying' water column could occur if the ., water column '
concentrations were less than those estimated from, equilibrium partitioning theory. In general;
the flows from upstream are relatively clean, and once the Norfolk CSO discharge is controlled
and other nearby sourceS are controlled, we would expect to see. decreased ambient water column
concentrations of the phemicals of concern. While. this would result in decreasing contaminant
concentrations in the sediment, the rate ·of recovery 1s uncertain, and would probablybfl,slow
because the organic contaminantso! concern (e.g. PCBs) are strongly adsorbed to sediments.
Modeling res~ts indicate that sediment concentrations are reduced much more slowly in the
absence ofhigh sedimentation rates. At the Norfolk site, the net sedimentation rate appearsJo be
'low, based. on the observation of little change in stakes left in the intertidal area for 2 years.

It is clear· that as discharges are controlled and. contaminatltsourceseliminated or·.reduced.
natural recovery would occur. However, with the available information, it is not possible to
predict how long this woUld take. It is likely that each of the processes reviewed would act
slowly, and together they would still take considerable time to meet sediment quality standards.

. ,

5.4 POTENTIAL FOR SEDIMENT RECONTAMINATION

Sediment recontamination could potentially come from three sources: (l) the Norfolk CSO
discharge. (2) from nearby sources within the tidal excursion range of the Norfolk '. discharge
point (e.g., Boeing outfalls),and(3) from ambient concentrations carried by the· Duwamish
Ri~; ,

The, sediment recontamination modeling results indicate that discharges from the Norfolk outfall
following eso reductions should not cause sediment recontamin~tion that would exceed the
sediment quaIity standards. The; Dlodel results indicate that the river mixing Width required to
meet sediment quality criteria is very small, and much smaller than the width of the area of
observed contamination.

As pre~iously discussed,the Boeing Company recently collected and tes~e~ sediment samples
from the base pf their downstream storm drain outfalls .for PCBs, and results were generally
nondetects (refer to Chapter 3.1.2 and Appendix F). However, the tabulated data and
concentration contours for the chemicals ofconcem.indicatesa possible association between the

.'
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storm drains and elevated contaminant levels. Therefore, current fIndings cannot totally dismiss
the Boeing outfallsasunlikely to cause sediment recontamination.

Finally, sediment sampling conducted upstream of the Norfolk eso outfall :show no significant .
concentrations of the chemicals of concern. Therefore, the overall potential for sediment
recontamination following various levels of cleanup is considered to be small.
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6.0, APPLICABLE LAWS AND REGULATIONS

6.1 IDENTIFICATION OF APPLICABLE LAWS AND REGULATIONS

This chapter presents the applicable laws and regulations which govern cleanup at the Norfolk
site, and the cleanup standards which ,will be applied to site sediments based upon this review.
Many federal, state"and local laws, regulations, and ordinances may affect the Norfolk sediment
remediation project. Some Of these programs directly address the management of contaminated
materials, dredged material, or sediments. Other programs may impose requirements that impact
the manner in which the sediment Cleanup wil~ he implemented.

The selection of the applicable laws and regulations depends on site characteristics and location,
the remedial actions selected, the substances present at the. site and the exposure pathways by
which contaminants at the site may become a risk to human health or the environment.

6.1.1 Federal Laws and Regulations

6.1.1.1 Consent Decree No. C90·395 WD,U.S. District Court, Western District of,
Washington

Under its authority as a natural resource trustee provided. by the Comprehensive Environmental
Response, ~ompensation and Liability Act of 1980 (CERCLA), the National Oceanic' and
Atmospheric Administration (NOAA) sued the City of Seattle and MetrQ (now KCWPCD) on
March 19, 1990 to recover damages caused by the releases of hazardous substances discharged
from their combined sewer overflows and stonn drains located in the Duwamish River and
Elli()tt Bay (EBDRP 1994a). Joining in this suit were other natural resource damage assessment
(NRDA) trustees including U.S. Fish and Wildlife Service, Ecology, Mtickleshoot Indian Tribe,
and the Suquamish Indian Tribe. A Consent Decree' (Consent Decree, 1991) was signed to settle
the law suit which required the City and Metro to expend a total of $24 million for source
control, remediation, and· habitat restoration activities to mitigate the alleged damages. The
remediation of the Norfolk site is beingperfonnedunderthe authority of the Consent Decree.

6.1.1.2 National Environmer',tal Policy Act (NEPA) 42 USC, 4321 et seq. and 40 CFR' 1500
etseq.

The National Environmental Policy Act (NEPA)was enacted in 1969 to establish a national
policy for the protection of the environment. The Council on Environmental Quality (CEQ) was

, . ,",' , ,. . . ,', .' . \

established to advise the President and to carry out certain other responsibilities relating to
implementation'ofNEPA by federal agencies. Pursuant to Presidential Executive Order, federal'
agencies are obligated to comply with NEPA regulations adopted by the CEQ. (40 'CFR Parts
1500-1508). These regulations outline the responsibilities of f~deralagenciestinder NEPA and
provide specific procedures for preparing environm,ental docllmentation to comply with NEPA.
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NOAA, as th~ lead federal agency for the NEPA process, will prepare an.'Environmental
Assessment (EA) and will publish it in the Federal Register. It is expected thatthe EA will result
in a fmding ofno significant wpact (FONSI).

6.1.1.3 Resource Co~servationand Recovery Act, 42 USC 6901 and 40 CFR 260 et seq.

RCRA was enacted to regulate the management of ha:zardo!1s waste, to ensure the safe treatment,
storage, and disposal of wastes,and to provide for resource recovery from. theenviromnent by
controlling hazardous wastes. "from cradle to grave". Because the state has been authorized to
implement both Subtitles Cand D of RCRA, the only regulations under the federal program
would be those developed under the Hazardous and Solid Waste Act (HSWA) amendments for
which ,EPA has not delegated regulatory authority to the state (e.g., land disposal restrictions).
ReRA Subtitles C and D and 40 CFR 268 are applicable for upland disposal options of dredge
sediments.

6.1.1.4 Clean Water Act, 33 USc 1251 et seq. and Federally Promulgated Water Quality
Standards, 40 CFR 131

The Clean Wat,r Act (CWA)'requires the establishment of guidelines and standards to control
the direct or indirect discharge of pollutants to Waters of the United States. Effluent limitations
developed for the regulated pollutants are applied to point source discharges on a case-by-case
basis. . -

Section 304 of the CWA (33 USC 1314) requires EPAto publish Water Quality Criteria, which
are developed for the protection of human health and aqlU1tic life. These water quality criteria
are promulgated in 40 CFR 131, which is also referred to as the National ToxicsRll1e (NTR).
Federal water quality criteria are used by states to.set water quality standards for surface water.

Discharges of material into navigable waters are regulated under Sections 401 and 404 of the
CWA (33 USC 134.1 and 1344),'40 CFR 230 (Section 404(b)(1) guidelines), 33 CFR 320
(general policies), 323 and 325 (permit requirements),. and 328 (defmition ofwaters of the United
States). These requirements regulate the discharge of dredged or fill material to navigable waters
of the United States. :Ibe ACOE has the priinary responsibility for administering the Section 404
permitprogram. Section 401 requires state water quality certification before 404 permits can be
issued. This allows states to veto a permit application for non-compliance with state and local
water quality laws or to request the ACOE to place conditions on the 404 permit.

6.1.1.5 Rivers and Harbors Act. 33 USC 403 and 40 CPR 320, 323

This Act prohibits unauthorl~d. activities that obstruct or alter a navigable waterway.· In
particular, Section 10 of the Act applies to any dredging and/or. disposal. activity. in navigable
waters of the United States, ipcluding the Duwamish River. Th~refore, the River~ and Harbors
Act is applicable to the Norfolk site.

U.S. :Army Corps of Engineers (ACOE) pennits ar(;; needed for the discharge::: ofdre:::dge or fill
material into waters of the United~tates. There are general permits which inc~ude regional
permits issued by district or divisional engineers on a regional basis and nationwide permits
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which are issued by the Chief of Engineers. If the activity is not covered by a general pennit, an
individual pennit application must be filed. The Secretary of the Army acting through the Chief
of Engineers authorizes the, pennit. Several policies are applicable to the review of pennit
applications which include: public interest review; effect on wetlands; fish and wildlife; water
quality; historic, cultural, scenic and recreational values; effects on limits of the territorial sea;
consideration of property ownership; other 'federal. state. or local requirements; safety
impoundment and structures; water resource values; water supply and conservation;navigati,on;
and mitigation. The public interest review involves the evaluation ofprobable impacts, induding
cumulative impacts, of the proposed activity and its intended use of the public interest. In turn,
this evaluation is based ona balancing of the benefits of the proposal against its reasonably
foreseeable detriments. The criteria usedforthis evaluation are outlined in 40 CPR. 320.4.

6.1.1.6 Toxic Substances Control Act, 15, USC 2600 et seq. and 40 CFR 760 et seq.

TSCA authorizes the EPA to establish regulations pertaining to the control of chemical
substances or mixtures that pose imminent hazards. EPA has published regulations pertaining to,
among other chemicals, PCB,S. 40 CPR 761 Subpart D regulates 'the storage and disposal of
PCBs including ,soils and sediments excavated "from regulated ,units which have PCB
concentrations greater than 50 ll1g/kg DW. PCB-contaminated materials at these concentrations
must be incinerated or disposed of in a qualifying chemical waste landfill, ,PCB-contaminated
liquids may alternatively be, disposed of in high efficiency boilers which meet specific criteria.'

PCBs have been detected, in two different'hot spots at the Norfolk site at concentrations greater
than the 50 mglkgthreShold, If sediments are remoVed from the site with concentrations greater
than 50 mg/kg, then TSCA will be appropriately applied. '

6.1.1.7 Comprehensive Environmental Response, Compensation and Liability Act, 42
USC 9601 and National Oil and HazardQus Substances Pollution Contingency
Plan (NCP), 40 CFR 300 .

CERCLA, also known as Superfund, and the NCP provide the, national policy and procedures to
identify and cleanup contaminated sites on the National Priority List (NPL). The Norfolk site is
not an NPL site, nor is it being considered for the NPL. CERCLA also provides for natural
resource trustees to' assess and seek compensation for' damages to natural resources resulting
from'releases of hazardous materials (42 USC 9607). The Consent Decree (Section 6,1.1.1) was
filed under the authority of CERCLA.

6.1.2 State laws and RegUlations

6.1.2.1 Sediment Management Standards, Chapter 173-204 WAC

The Sediment Management Standards (SMS) (Chapter 173-204 Washington Administrative
Code ('WAC» regulations arepr<>mulgated,under the Water Pollution Control Act, (Chapter 90.48
Revised Code of Washington (RCW), Model Toxics Control Act (MTCA) (Chapter 90.105D

.RCW), and the Puget Sound Water, Quality Authority Act (Chapter 90.52 RCW) to establish
marine, low salinity and freshwater surface sedi~ent standards for W~hingt(:m state. To date,
only marine·sediment standards for Puget Sound have been established. Marine sediments are
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defined as those sediments in which the interstitial pore water contains 25 parts per thousand
(ppt) salinity or greater. '.

TheSMS relies on chemical and biological criteria to designate sediments. Most oftlle chemical
criteria are derived from the apparent effects threshold (AET) method, an empirical method
based on Puget Sound, chemistry and biological effects data. Chemical ,criteria are established
tor a "no adverse effect" level (or SQS) and .a"minor adverse effect"level(or CSLIMCUL).The
SMS regulations recognize that a cleanup action may not8chieve the objective of no adverse
effects initially; therefore, minimum cleanup levels were established. .These cleanup levels are
the maximum allowed chemical concentration and level of biological effects permissible at the
site that are expected to result in no adverse effects by year ten after completion of the a~tiye

cleanup action. These regulations are applicable and shall be used to detennine the sediment
stanciardsforthe Norfolk site.

6.1.2.2 Shoreline Management Act, C~apter90.58 RCWand Chapter 173·14 WAC

The regulations in Chapter 173·14 WAC were developed pursuant to Chapter 90.58 RCW to
protect shoreline values while .still fostering reasonable use. These regulations. require

. substantial development permits to be obtained for any projector action which occurs within 200
feet of the ordinary high water mark of marine waters and materially interferes with the normal
public use of the water or shorelines of the/ state. The Iocalgoverntnent (City of TukWila
Planning Division) issues substantial development permits (Chapter 6.1.3.1). The Washington
State DepartmentofEcology (Ecology) and the Attorney General are sehtcopies ofthe peniUt by
the'local government for review.Sip.ce, ~ey do not have permit approval authority, they may
request review of the permit by. the Shorelines'~earings Board, if they are dissatisfied ·with the
permit. The average time for approval of a substantial. development permit application is
approximately 4 to 12 months. Two other permits, a conditional u&e p~it and a variance
permit, may also be issued. A conditional use permit is designed to allow greater flexibility in'
varying the application ofland use activities. A variance permit grants relief in extraordinary or. ,

unique circumstances from "specific bulk,dimensional, or performance standards" of ~aster
programs. These two permits need to be granted by the local planning depart1J1ent and Ecology.
It is not a.nticipat~d that remedial activities at the Norfolk site win deviate from the goals of the
King County Shoreline Maste~ Program. Therefore, it is anticipated that only a substantial.use
permit will be required fot the Norfolk site.,

6.1.2.3Puget Sound Estuary Program

The Pu2et Sound Estuary Program (PSEP) was established in 1987 under the authority of the
National Estuary Program (NEP); Section 320 of the Clean Water Act (33 USC 1330). The NEP
was established to protect estwiries ofnational significance by requiring a rnanagementconference
to develop a comprehensive management plan fortlle estuary. PSEP is jointly managed by the U.S.
Environmental Protection Agency (EPA), Ecology and the Puget Sound Water Q~ity Authority
(PSWQA) in cooperation with federally recognized Native' American Indian tribes ,of westeI'11
Washington. The PSWQAauthored the 1991 Puget Sound Water Quality Ma11Qgement Plan

. (PSWQA, 1991), which was adopted by EPAai;the Puget Sound Comprehensive Conservationand
Management Plan. Action plans within the Plan which are applicable to the Norfolk site include
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the Contaminated Sediment and Dredging action plan; the Municipal and Indl,lStrial Discharges
action plan and the Stormwater and Combined Sewer Overflows action'plan. Under Chapter 70.90
RCW, PSWQA, state agencies and local governments ~e requited to ','evaluate and incorporate as
applicable, subject to the aVailability ofappropriated funds or other funding sources, the provisions
of the Plan,' including any guidelines, standards and timetables cpntainedin the Plari." Therefore,
the Plan does not have specific regulatory force but must be considered during actions which are

covered by the Plan. Thus, the Plan shall be considered as guidance. Under PSEP, Puget Sound'
Protocols were developed to standardize the collection and anal);sis methods used for chemical aQ.d
biological testing in Puget Sound. The use of standardized protocols by all agencies, consultants,
and investigators continues to increase the usefulness ofthe information collected by allowing .
comparlsonswith other data coll~ted using similar methods. The protocols are updated
pcriodi~a1ly as advances in technology and changes in needs are identified or warranted.

6.1.2.4 State Environmental Policy Act, Chapter 43,21C RCWand Chapter 197-11 WAC

The State Environmental Policy Act (SEPA), Chapter 43.21C RCW, sets forthilie state's policy
for protection and preservation of the natural environment. Chapter 197-11 WAC are the state's
rules to implement this act. Local jurisdictions must also im,plementthe, polici~s and procedures
of SEPA. Ecology, the SEPA leadagencY,will submit the state's response to the NEPA EA,
(Chapter 6.1.1.2), for the Norfolk site.. After a FONSI is issued, if applicable, the state lead will
adopt the federal document. This adoption is necessary prior to the issuance of most of the other
permits needed to conduct remedial activities'at the Norfolk site.

6.1.2.5 Historic Preservation Act,. Chapter 27.34 ReV(, Chapter27.44RC~ and
Chapter 2?53 RCW '

These acts 'prohibit disturbing any Native American grave ,Sites or other historical or prehistorical
archeological resources without a permit. or supervision from the proper department or tribes.
Because the Norfolk site is located in the native bed ofthe Duwamish River, jt is not expected
that any historic or prehistoric remains will be encountered. If any article is uncovered, these
requirements will apply, and the Suquamish Tribe and the Muckleshoot Indian tribe, as federally
recognized tribes of interest, will be consulted.

6.1.2.6 Washington Dangerous Waste Regulations, Chapter 70.105RCW and
Chapter 173-303 WAC

The regulations found in Chapter 173-303 WAC were developed to implement Chapter 70.105
RCW and are based on the state's authority to administer RCRA. The Dangerous Waste
Regulations provide criteria for determining· whether solid wastes which are removed during
remediation are dangerous or eXlI'emely hazardous.. These regulations also provide rules which
apply to the generators of hazardous substances and ~he treatment, manifesting, transporting,

j disposal and storage of these substances. .RemOVing contaminated sediments from the river
constitutes generating such substances. If sufficient· quantities of hazardous substances are
removed such that the small quantity exemption does not apply, then these regulations will
potentially be used for the dredged sediments. .
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6.1.2.7 Washington Hydraulic Code, Chapter 75.20RCW and Chapter 220-110 WAC

This act'establishes requirements for perfonning work that would use, diyert, obstruct,or change
the natural flow orbed of any salt or fresh waters and sets forth- procedures forobta.inin2

,hydraulIc project approval. For the Norfolk site" the Washington State Department of Fish and
Wildlife would review the proposed· hydraulic project for" approval. Submittal for review

, includes general plans for the overall project and complete plans and specifications for the
proposed construction .or work below the old high waterline of state waters .and for the proper
protection offish life. The proposed project will be either approved or denied within 45 calendar
days of the receipt of a complete application and notice of compliance with applicable
requirements of SEPA.. If the Depamnentof Fish and Wildlife believes that the proposed project
will either directly or indirectlyhann fish" life, the project will be denied unless adequate
mitigation can be assured by conditioning the approval or modifying the proposal. The
provisions of WAC 220-110-270 and -320areapplicab1e'for the Norfolk site.
,

6.1.2.8 NPDES Permit Program, 33 USC 1251, 40 CFR123, Chapter 90.48 RCWand
Chapter 173·220 WAC

Section 402 of the Clean Water Act (33 USC 1251) rcquirc:sEPA to issue pc;nnits for the
discharge of any pollutant to navigable waters. Federal reguIations(40 CFR 123) allow
qUalifying states to issue NPDES pennits. Washington's Water Pollution Control Law (Chapter
90.58 RCW)and regulations (Chapter 173-220 WAC) meettbe federal requirements for the state
to issue NPDES permits. Water from dewatering activities associated with dfedged sediments
released to the Duwamish River would be regulated under an NPDES permit. However, water
from such activity could be released to a sanitary sewer which would not require anNPDES

.permit but rather, approval from KCWPCD.

6.1.2.9 Water Quality Standards for the Surface Waters of the State of Washington,
Chapter 90.48 RCW and Chapter 173·201A WAC

These regulations establish water quality standards for the surface waters oithe state as required
by the Clean Water Act and the Water Pollution Control Act (Chapter 90.48 RCW)~ Specific
standards apply for many toxic substances. These surface water quality staIidards will be applied
during'all remedial activities, as applicable.

6.1.2.10 Model Toxics Control Act, Chapter 70.105D RCWand Chapter 173-340 WAC

The statute, Chapter 70.105D RCW, was created as a result of citizens' initiative Measure No. 9.7.
MTCA requires Ecology to establish and periodically update minimum cleanup standards for I

hazardous substances,and investigate and remediate releases or threatened releases 'of hazardous
substances.

The regulation,Chapter 173-340 WAC, promulgated wider MTCA, establishes administrative
processes and standards to·' identify, investigate, and cleanup facilities where hazardous
substances pose a threat to human health and the environment. This regulation will. be
considered for the Norfolk site though it is not an officialMTCA site.

.'
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6.1.2.11 Solid Waste Management,Act, Chapter 70.95 RCW alld Chapter 173-304 WAC

The Solid Waste Management Act provides the State's policy on landfill and solid waste disposal
requirements. The policy places emphasis on Washington's dedication to recycling. This actand
implementing regulations will be used when considering upland disposal remediation
alternatives. Waste reduction and recycling will be considered wherever appropriate.

6.1.2.12 State Aquatic Lands Management, Chapter 79.90 RCWand Chapter 332;.30 WAC

Land use authorizations ofstate owned aquatic lands are administered by the Department ofNatural
Resources (DNR). These areas include constitutioqally established harbors, state tidelands,
shorelands and>the beds of navigable waters. Issuance of land hse authorization for activities on
these public lands is based upon evaluation of the proposed use by the department's AqUatic Lands
Division. State law Chapter. 79.90 RCWempowers DNR to set the terms and~onditions to
authorize uses ofstate owned aquatic lands. All the DNR's aquatic land use authorizations are
contractual in nature and involve limited conveyances of rights to use state .owned'aquaticlands.
The primary administrative rule on aquatic landS that guides the DNR is Chapter 332-30 WAC,
Aquatic Lands Management, which established perform~ce standards and operational procedures
for aquatic lands uses.

6.1.3 Local Laws and Regulatiol'ls

6.1.3:1 Shoreline Master Program,·TitJe 25 King County Code

The City of Tukwila recently annexed the portion of King county which includes the site. The
City will issue the Shoreline permit; however; until the Shoreline' Master Program is modified
(expected in 1997), the King County. Shoreline, Master Program (Title 25 King COWlty Code) is
the governing regulation;' The Shoreline Master Program's overall goals are regulating
development .of shorelines, to protect the ecosystem, providemaximurnpublic use, encourage
water dependent use, and preserve and increase views and access. The Shoreline Master
Program provides standards for dredging and dredge disposal operations including shoreline fills.
The Master Program will be considered in the decision making process. during all phases of
remediation. I

6.1.4 Tribal Treaties

6.1.4.1 Treaty ofPoint Elliott, 12 Statute 927

The Treaty ofPoint Elliott was signed with Native American tribes occupying the lands within
the Puget Sound Basin lying north of Point Pulley to the Canadian border and from the summit
of the Cascade Mountains to the divide between Hood Canal and Puget Sound. The treaty
guarantees ''the right of taking fish at usual and accustome4grounds and stations ..."to all:the
signatory tribes and other allied and subordinate tribes and bands of Native American Indians.
The Duwamish River is a usual and accustomed fishing area. This treaty is applicable, and will
be observed to ensurethat cleanup activities do. not interfere with the rights ofllie tribes.
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6.2 CLEANUP STANDARDS

II). the 1991 Consent Decree agreement, the EijDRP Panel was directed t{) follow Washington
state sediment standards as a Iriinimum standard to ·qetennine the level of sediment •. cleanup.
Therefore, identification ofcontalninated sediments was based on compariso,n to W~hington
State Sediment Management Standards (Chapter 173-204.WAC). The SMS have established
cleanup standards for chemicals in marine sediments, while cleanup standards for low salinity
sediments, freshwater sediments, and protection of human health are to be detennined on,a cas~_·

by-case basis. As discussed in Chapter 4, Phase 1 salinity data for surface sediments ranged
from 14 to 22 ppt for upriver stations, and from· 5. to 16 ppt for stations adjacent to or directly
downstream of the Norfolk outfall. The decreased salinity at the outfall relative to the upstream
locations is caused by low-saIinitystonnwater coming from the outfall. Since salinity
measurements tended more towards· marine .designation, and field observations also indicated
representative marine biota near.the study area (e.g., presence of saltmarsh vegetation, intertidal
barnacles,garnmarid .amphipods,' and. blue mussels); comparison .to SMS criteria for marine
sediments is considered appropriate for development of sediment c1e~up areas.

The SMS marine chemical criteria for aquatic life are defmed'for two effects levels: a) Sediment
Quality Standar<Js (SQS) criteria,· whic;h establishes.. a.level that will result in no adverse effects
on biological resources; and 2} Cleanup Screening Level (CSL) criteria, which establish minor
adverse 'effects ··levels and Minimum· Cleanup Levels (MCULs) to be used in evaluation of
cleanup alternatives. The site assessment identified four chemicals ofconcern (Le., mercury, 1,4­
dichlorobenzene, bis(2~ethylhexyl) phthalate, and PCBs) associated with the Norfolk outfall,
based on comparison to respective SQS ,and CSL~CUL criteria.. 'These criteria are listed in
Table 6-1; in addition, dry weight AET values are also listed for bis <2'-ethylhexyl) phthalate,
since dry weight comparisons were used to define the areal· extent ofcontamiilati:on.

. Table 6·1
POTENTIAL SEDIMENT CLEANUP .STANDARDS FOR NORFOLK CHEMICALS OF CONCERN

Chemical.of Concern SOSCriteria CSl(MCUl) Criteria LAETValue

Mercury 0.41 mg/kgDW 0.59 mg/kg OW
1,4:-0ichlorobenzene 3.1 mglkg DC 9mg/kg OC
Bis(2-ethylhexyl) phthalate 47 mg/kg DC 78 mg/kg DC 1,300 uglkg DIf.!
Total PCBs 12 mg/kg OC 65 mg/kg DC

I·
Notes: .
SQS: Sediment Quality Standard CSL: Cleanup Screening Level
MCUL: Mihimum Cleanup Level LAET: Lowest Apparent EffeotsThreshold
OC: Organic carbon ' OW: Dry weight

(

(
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c
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'The SMSprovidesforsite-specificcleanup standards that ma~ range from SQS to CSLIMCUL
criteria, based on evaluation of associated cost and net environmental benefits. In addition, (
human healthi risks may be considered ror bioa~cumulative chemicals such as PCBs. As part of
the site assessment, potential sediment cleanup areas were estimated,. by calculating the surface
area exceeding SQS and CSL/MCULcriteria for each of the chemicals of concern. [Note:
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sediment stufacearea exceedances for bis(2-ethylhexyl) phthalate were based on comparison to
dry weight AET values, rather than·organic carbon-normalized SQS/CSL criteria, since several
low TOC stations affected the contouring of organic carbon nolll'lalized concentrations.]
Individual chemicalexceedance areas were then combined,,yielding a total volume of sediments
exceeding SQS and CSL criteria (or AET values forbis (2-ethylhexyl) phthalate) for the ~utfall
footprint of 1.481 and 1,096 cubic yards, respectively. This assumes a 2-footdepth of
contamination, consistent with the findings ofthe site assessment.

Following completion of the site assessment, several members of theEBDRP Panel became
involved in interagency discussions regarding the potential for human health risks from PCBs in
Duwamish River sediments, at this and other· sItes. As a result of these discussions, it became
app~nt that hwnan health risks due to bioaccumulation of PCBs in' seafoods,as well as adverse
effects on juvenile salmonids migrating through the Duwamish River estuary, may occur at
levels below the SQS. However, human health-based sediment standards .haye not yet .been
promulgated, nor have bioaccumulation-based site-specific standards been set for PCBs at any

! . site. Plans are in place to develop such standards for sites in the Duwamish River, but these
studies are not yet complete and are beyond the scope and schedule of this relatively small and
routine cleanup.

~n order to address these concerns, the EBDRP. Panel decided,.as part of the pl~ed cleanup at
Norfolk, to remediate any additional, accessible sediments below SQS that contain detected
levels ofPCBs. The Panel ,believes that the benefits ofachieving protection of human health and
migrating juvenile salmo,nidsoutweighs the small additional cost of remediating these sediments.
The extended sediment remediation area (Figure 6-1) is based on extending the PCB cleanup to
nondetect levels. The calculated sUrface area for this sediment cleimup area is 32,300 square

. feet,and the estimated sediment cleanup volume is 2,392 cubic yards (assuming a2.foot·depth of
contamination).

Although the .remedial action is planned to address these a4ditional· sediments, the site-specific
cleanup standards will be set at SQS. Without the detailed studies planned to be carried out over
the next few years in the Duwamish. it is not yet appropriate to select a site-specific sediment
standard that is prot~tive ofbioaccumulativeeffects ofpeBs.Selection. of the SQS as the long­
term standard for all chemicals at the site is also consistent with the goals of the s~diment source
control program. This is appropriale because this site contains an operating CSO under an
NPDES permit, and the NPDES program will be responsible for monitoring the area once .the
cleanup'is completed.
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