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Dear Ms. Jackson:

Kennedy/Jenks/Chilton is pleased to submit this final report, which summarizes the
results of the Supplemental Remedial Investigation (R!), Risk Assessment (RA), and
Feasibility Study (FS) activities performed for Champion International Corporation at the
former plywood mill located at 4025-13th Avenue West, Seattle, Washington. The
Final RI/RA/FS Report has been prepared in accordance with Remedial Action Order
No. DE89-N162 dated 28 August 1989, between the Washington Department of
Ecology (Ecology) and Champion International Corporation.

The Final Report reflects comments provided by Ecology in their letter to Mr. Michael
Thorp of Heller, Ehrman, White & McAuliffe dated 6 March 1991. All of Ecology’s
comments on the RI/RA/FS Report dated 28 September 1990 have been addressed in
the Final Report, except Comment No. 5 regarding the location of the former
maintenance shop. ldentification of the former maintenance shop was briefly dis-
cussed in the Champion Property Environmental Audit report prepared by Parametrix,
Inc., dated August 1985. However, the Parametrix report does not provide a discus-
sion or a figure to accurately identify the location of the former maintenance shop.

Included with the Final RI/RA/FS Report is an amendment package to Volume 2
(Appendices) of the report. Please use the amendment package to revise Volume 2 of
your report. This approach was taken to eliminate the need for unnecessary reproduc-
tion of this portion of the document.
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If you have any questions or comments regarding the information presented herein,
please call us at (206) 874-0555.

Very truly yours,

KENNEDY/JENKS/CHILTON INC.
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Ty C. chre.iner

Project Manager
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Nathan A. Graves, CHMM
Vice President
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cc: Mr. James Carraway - Champion International Corporation
Mr. Michael Thorp - Heller, Ehrman, White & McAuliffe
Mr. Ross MacFarlane - Preston, Thorgrimson, Shidler, Gates & Ellis
Mr. Peter Strong - Coastal Transportation
Mr. Brian Sato - Washington Department of Ecology
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SUMMARY OF SOIL SAMPLING ACTIVITIES DURING THE
SUPPLEMENTAL RI

TABLE 3-1

Boring Number/Depth in Feet

Solvent Tank Area Soil Borings

Boiler Ash Area Soil Borings

Chemical SB-1S SB-1D SB-2 | SB-3 SB-4 SB-5 SB-7 SB-11

8.5-9.0 3.0-13. 6.0-16. 17.5-18.0/ 8.5-8.0 18.5-19 3.5-24. 28.0-28.5/13.0-13.5(13.0-13.5| 2.5-13. 13-13.5{4.0-4.5 7.0-7.5 8.5-8.0 11.5-12.0|3.0-3.5 7.5-8.0 9.0-9.5 3.5-14. 15.0-15.5/16.0-16.5
Volatiles (1} X X X X X X X X X X X X | -- - -- - - - -- .- - --
pH -- -- -~ -- -- -- - - -- - -- -- X -- -- X X -- -- X -- --
TPH (2 -- -- -- -- - -- -- -- -- -- -- -- -- X -~ -- -- -- X -- X X
BNAs (3) - -- - -- - -- -- -- -- -- -- - X - X X X X - X - -
Metals (4) -- - -- - -- -- - -- -- -- -- -- X -- X X X X -- X -- -~
Notes:

-- Not analyzed.
(1) VOCs analyzed by EPA Method 8240.

(2) TPH analyzed by EPA Method 418.1.

(3) BNAs analyzed by EPA Method 8270.

(4) Selected metals analyzed by inductively coupled argon plasma emission spectroscopy, or by atomic absorption spectrophotometry.

916016.00






TABLE 3-6

SUMMARY OF SOIL SAMPLE RESULTS
SOLVENT TANK AREA BORINGS

Boring Number (Collection Date)/Depth in Feet
SB-1S (2/1/90) SB-1D (1/26/90) SB-2 (1/29/90) | SB-3 (1/30/90) SB-4 (1/30/90)
Chemical Units 8.5-9.0 13.0-13.5 16.0-16.5 17.5-18.0| 85-9.0 18.5-19 23.5-24.0 28.0-28.5 13.0-13.5 13.0-13.5 12.5-13.0 13-13.5(Dup)

Volatiles (1)
Methylene chioride ug/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Chioroform ug/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Carbon tetrachioride ug/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Tetrachloroethylene ug/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Acetone ug/’kg <10 <10 <10 <10 37 <10 <10 <10 38 <10 <10 <10
Carbon disulfide ug/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Alpha-pinene ug/kg 470(2) 240(2) - - -~ - - -— - -- -- -~
Bicyclo[3,1,1]hepta-2-ene-

3,6,6-trimethyl ug/kg -~ -— 180(2) - - - -- - - - - -
2,6-Dimethyl-2-octene ug/kg -- -- -- - -- - - - - 58(2) - --
Notes:

-- Not analyzed.
(1) VOCs analyzed by EPA Method 8240. Only those compounds detected in one or more sampies, or elsewhere onsite, are reported.

(2) Compound identification is tentative and concentration is estimated.

916016.00



TABLE 3-7

SUMMARY OF SOIL SAMPLE RESULTS

BOILER ASH FILL

Boring Number (Coliection DateyDepth in Feet Sample Location (Collection DateyDepth in Feet o
SB-5 (1/31/90) SB-7 (1/31/90) SB-11 (2/2/90) | CH-1 (2/6/89) CH-1 (2/13/89) CH-2 (2/13/89)
Chemical Units |{4.0-45 7.0-7.5 8.5-9.0 11.5-12.0| 3.0-3.5 7.5-8.0 9.0-9.5 13.5-14.0 15.0-15.5{ 16.0~16.5 3-4.5 3-4.5(Dup) 12-13.5 22-23.5 22-23.5(Dup)| 7-8.5 12-13.5 22-23.5
Total Solids % -- -~ -- -- -- -- - - - - 68.0 69.4 57.9 66.6 - 31.0 53.5 22.8
pH unit 7.2 -- -- 7.4 8.6 - -- 8.7 -- -~ - - - - - - -- -
TPH (1)
as gasoline mg/kg - <0.05 - - - - <0.05 - <0.05 <0.05 - - - - - - - -
as diesal fuel mg/kg - <1 -- - - -- <1 - 1 4 -- - - - -- - -- -
Total mag/kg - - - -- -- -- - -- - - 110 <110 150 160 - 180 9300 3000
BNAs (2)
Anthracene mg/kg | <0.330 - <0.330 <0.330 | <0.330 <0.330 -- <0.330 - - - - - - - - — -
Metals
Antimony (Sb) (3) ma/kg 6.9 - 1.3 3.8 0.5 1.6 -- 1.4 - - 1.3 0.53 1.5 <0.45 <0.45 <1 2.1 <1.3
Arsenic (As) (4) mg/kg 5.2 - 3.4 7.3 2.6 3.8 - 3.6 - - 37 40 55 44 441 41 46 48
Barium (Ba) (3) mg/kg 160 -- 470 680 320 740 - 670 -- - - - - - - - - -
Beryllium (Be) (3) mg/kg -- - - - - - -- - - - <0.03 <0.03 <0.034 <0.03 <0.03 | <0.064 <0.04 <0.09
Cadmium (Cd) (3) mg/kg 0.36 - <0.05 0.06 0.23 0.21 - <0.05 -— - <0.075 <0.07 <0.085 <0.075 <0.075 35 0.84 9.2
T. chromium (Cr) (3) mg/kg 13 -~ 7.8 12 22 14 - 11 - - 15 21 28 32 35.2 39 35 64
Copper (Cu) (3) mg/kg 93 -- 88 130 130 130 - 84 - -- 180 200 180 130 119 600 290 610
Lead (Pb) (4) mg/kg 30 - 26 120 33 97 - 43 - - 28 17 31 19 22.4 450 22 350
Mercury (Hg) (5) mag/kg | <0.05 - 0.19 <0.05| <0.05 <0.05 -- <0.05 -— - <0.075 <0.07 <0.085 <0.075 <0.075 | <0.16 0.24 0.73
Nickel (Ni) (3) mg/kg 16 - 9.7 10 21 10 - 7.8 - - 14 16 15 29 33 24 22 30
Selenium (Se) (4) ma/kg <0.3 -~ <0.3 <0.3 <0.3 <0.3 -- <0.3 - - <0.15 <0.14 <0.17 «<0.15 <0.15 | <0.32 <0.2 3
Silver (Ag) (4) ma/kg 0.1 -- <0.1 <0.1 <0.1 <0.1 - <0.1 - -- 1.8 1.9 2.3 1.3 1.4 6 2.6 4.8
Thallium (T1) (4) ma/kg <0.5 - <0.5 <0.5 <0.5 <0.5 -- <0.5 - - <0.15 <0.14 <0.17 <0.15 <0.15 | <«0.32 <0.2 <0.44
Zinc (Zn) (3) mg/kg 250 - 120 62 190 440 - 66 - - 34 50 41 67 50.2 1200 550 1800
Notes:
-~ Not analyzed.

(1) TPH analyzed by EPA Method 418.1.
(2) BNAs analyzed by EPA Method 8270. No compounds were detected; so only detection limits for anthracene are reported.

(3) Selected metals analyzed by inductively coupled argon plasma emission spectroscopy.
(4) Selected metals analyzed by atomic absorption spectrophotometry.

(5) Mercury analyzed by cold vapor atomic absorption spectrophotometry.
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TABLE 3-8

SUMMARY OF METHANE MONITORING RESULTS

Supplemental Rl - K/J/C

Environmental Audit - Parametrix, Inc.

Depth OVA/HNU Monitoring Results, ppm as Benzene (1,2) OVA Monitoring Results, ppm (1)

Interval Mw-2 MW-3 MW-4 SB-1D SB-2 SB-3 SB-4 Boring 1 Boring 2 Boring 3 Boring 4
(ft) 01/25/90  01/29/90  02/01/90  01/26/90  01/29/90  01/30/90  01/30/90 07/19/85 07/19/85 07/19/85 07/19/85
0-1 <1/1 400/<1 - <1/<1 800/<1 4/<1 - — - — -
1-2 30/<1 >1,000/<1 — 100/<1 600/<1 >1,000/11 >1,000/<1 - - — -
2-3 700/<1 >1,000/<1 6/<1 >1,000/13 >1,000/1 >1,000/2.5 >1,000/5 900 1,000 20 >1,000
3-4 >1,000/<1 500/<1 - 40/5 800/<1 40/20 40/2 - - - -
4-5 >1,000/<1 40/<1 5/<1 500/3 30/<1 40/<1 — 700 - 300 150
5-6 300/<1 — 4.5/<1 - — - - - - — -
6-7 — - 4/<1 - - - - - - — -
7-8 - - - —— - - —_ - - - -
8-9 300/<1 - 4/<1 - - - - - - — —
9-10 - - - - — - - 50 — 150 -

Water Level
Depth (ft) 2.5 2.8 5.5 2 2.5 3 2.5 2 - 2 2

Notes:

-- Not measured.

(1) Parts per million (ppm), reported as benzene.

(2) OVA and HNU calibrated daily to a benzene or a hexane standard.
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TABLE 3-9

SUMMARY OF SEDIMENT SAMPLE RESULTS

Under-Building Sediments Ship Canal Sediment DNR Lease Area Sediments
B-1 B-2 B-3 B4#1 B-4#2 B-5 B-5(Dup) B-6 c-1 c-2 c-3 c-4 C-5 c-6 Cc-7 D-1 D-2 D-3 #1 D4 D-5#1 D-5#2 D-6

901314 901315 901316 901318 901317 901319 901377 901320 | 900997 900998 900999 ©01005 901006 901007 900892 {901868/9 901008 901379 901013/4 901381 901382 901003
Chemical Units | 2/26/90 2/26/90 2/26/90 2/26/90 2/26/90 2/26/90 3/1/90 2/26/90 | 2/6/90  2/7/90  2/6/90  2/6/90  2/6/90  2/6/90  2/6/90 | 3/23/90 2/6/90  3/1/90  2/6/90  3/1/90  3/1/90  2/6/90
Total Sofids (1)(10) % 18 25 23 12 6.0 10 24 23 — — — — — -— _— 45 21 67 28 68 69 18
Ignition Loss (2)(10) % 31 24 44 89 73 25 23 20 — - —_ —_— - —_ —_— 8 50 4 22 3 4 46
Percent Moisture % 82 83 72 82 95 85 82 78 -_— 59 — 51 - -— 63 55 82 32 74 35 36 78
TPH {3)(10) mg/kg| 14,000 16,000 32,000 250,000 190,000 67,000 18,000 7,300 — 860 — 3,080 — —_ 508 <66 2,900 88 3,200 <46 <46 7,400
VOCs (4)(10)
Acetone ug/kg <53 140 <38 <59 <140 600 <50 <34 —_— <19 _— —n — — 39 <22 <48 <15 <56 <15 <16 <22
Phenols (5)(10)
Pentachlorophenol mg/kg <2.8 <52 <11 <52 <100 <25 <1 <1.1 —_— <4.7 — — — — <6.9 <0.56 <12 <0.37 <8.9 <0.36 <0.4. <14
PAHs (6)(10)
Naphthalene mg/kg <1.4 <25 <5.7 <26 <52 <13 <6.5 <0.57 <0.24 <0.24 0.23 <0.25 <0.35 <0.43 0.50 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Acenaphthene mg/kg <14 <25 <5.7 <26 <52 <13 <6.5 <0.57 <0.24 <0.24 <0.21 <0.25 <0.35 0.66 <0.35 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Fluorene mg/kg <14 <25 <57 <26 <52 <13 <6.5 <0.57 <0.24 <0.24 <0.21 <0.25 <0.35 0.62 <0.35 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Phenanthrene mg/kg <1.4 <25 7.4 <26 <52 <13 <8.5 0.57 <0.24 0.34 0.23 <0.25 <0.35 1.4 0.83 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Anthracene mg/kg <14 <25 <5.7 26 65 <13 <6.5 <0.57 <0.24 <0.24 <0.21 <0.25 <0.35 <0.43 <0.35 <0.29 <6.2 <0.65 <4.6 <0.18 <0.21 <7.2
Fluoranthene mg/kg 2.3 <25 7.4 <26 <52 <13 <6.5 0.96 <0.24 0.57 0.50 0.44 <0.35 <0.43 1.0 <0.29 <6.2 <0.65 <4.6 <0.19 0.21 <7.2
Pyrene mg/kg 2.0 <25 <56.7 <26 <52 <13 <6.5 0.61 <0.24 0.45 0.37 0.35 <0.35 1.9 1.1 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Chrysene mg/kg <1.4 <25 <56.7 <26 <52 <13 <6.5 <0.57 <0.24 <0.24 <0.21 <0.25 <0.35 <0.43 0.36 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Benzo{a)anthracene mg/kg 27 <25 <5.7 <26 <52 <13 <B.5 <0.57 <0.24 0.26 <0.21 <0.25 <0.35 <0.43 0.50 <0.29 <6.2 <0.85 <4.6 <0.19 <0.21 <7.2
Benzo(k)fluoranthene | mg/kg <1.4 <25 <5.7 <26 53 <13 <6.5 2.4 <0.24 <0.24 <0.21 <0.25 <0.35 7.9 0.39 <0.29 <6.2 <0.85 <4.6 <0.19 <0.21 <7.2
Benzo(b)fluoranthene | mg/kg <1.4 <25 <5.7 <26 <52 <13 <6.5 <0.57 <0.24 <0.24 <0.21 <0.25 <0.35 2.0 <0.35 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Benzo{a)pyrene mg/kg <1.4 <25 <5.7 <26 <52 <13 <B.5 <0.57 <0.24 0.30 <0.21 <0.25 <0.35 0.55 0.83 <0.29 <6.2 <0.65 <4.6 <0.19 <0.21 <7.2
Metals
Antimony (Sb) (7)(10) mg/kg 12 <1.2 7.4 <2.5 <6 <3 <1.25 <1.3 —_ 1.1 — - 0.81 — 1.1 <0.67 <1.4 <0.45 2.8 <0.43 <0.48 26
Arsenic (As) (8)(10) mg/kg 67 17 39 17 23 41 20 19 -_— 6.6 —_— _— 12 — 13 1.8 12 3.6 20 2.3 3.2 46
Beryllium (Be) (7)(10) mg/kg <0.11 <0.08 <0.09 <0.17 <0.33 <0.2 0.17 <0.09 -— 0.25 — _— 0.16 — 0.28 0.28 <0.10 0.16 <0.071 0.09 0.13 <0.11
Cadmium (Cd) (7)(10) mg/kg 3.6 1.6 1.5 1.9 3.8 3.3 1.0 1.0 — 0.38 — — 0.54 — 0.83 <0.2 0.43 0.10 1.1 0.28 0.18 2,5
T. chromium (Cr) (7)(10) | mg/kg 190 30 83 22 48 65 42 52 — 45 - —_ 46 -— 50 40 48 21 64 19 21 94
Copper (Cu) (7)(10) mg/kg 780 380 160 240 370 230 110 74 — 60 — —_ 100 — 120 8.5 200 16 310 12 18 430
Lead (Pb) (8)(10) mg/kg 830 180 1,000 190 1,200 280 79 83 _— 38 — - 110 — 150 <11 140 11 280 <7.2 <8.1 610
Mercury (Hg) (9)(10) mg/kg 3.7 2 0.65 0.50 1 1.9 <0.21 0.30 —_ 0.36 —_— —_— 0.76 —_ 1.3 <0.1 0.67 <0.07 1.3 <0.07 <0.08 2.4
Nickel (Ni) (7)(10) mg/kg 67 32 29 12 25 44 46 48 —_— 63 —_— — 57 _ 53 26 52 27 64 17 21 89
Selenium (Se) (8)(10) mg/kg 2.2 <1.2 <1.3 <2.5 <6 <3 <1.25 <1.3 —_ <0.57 — - <0.81 — <0.83 0.66 <1.4 <0.45 <1.1 <0.43 <0.48 <1.7
Silver (Ag) (8)(10) mg/kg 0.72 <0.4 3 <0.83 <1.7 <1 1.7 <0.43 —_ <0.19 —_ — <0.27 — 0.28 <0.22 <0.48 <0.15 0.89 <0.15 <0.16 1.7
Thallium (Ti) (8)(10) mg/kg <3 <2 <2.2 <4.2 <8.3 <5 <21 <22 — <0.94 — —_— <1.4 — <1.4 1.4 <24 <0.75 <1.8 <0.72 <0.8 2.8
Zinc (Zn) (7)(10) mg/kg 890 440 360 620 900 520 210 180 _— 110 — —_— 180 — 0.56 24 300 33 390 25 34 830
Notes:
— Not analyzed.

(1) Percent by weight of
(2) Percent by weight of

(4) VOCs analyzed by E PA Method 8240. Only those compounds detected
in one or more sam ples are reported.

sample received after drying at 103 degrees Ceisius.
total solids that ignited at 550 degrees Celsius.
(38) TPH analyzed by EP A Method 418.1.

emission spectroscopy.

(5) Phenolic compounds analyzed by EPA Method 8040.
(6) PAHs analyzed by EPA Method 8100.
(7) Selected metals analyzed by inductively coupled argon plasma

(8) Selected metals analyzed by atomic absorption spectrophotometry.
(9) Mercury analyzed by cold vapor atomic absorption spectrophotometry.
(10) All results based on dry weights.
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TABLE 4-1

CUMULATIVE SUMMARY OF SOIL SAMPLE RESULTS

GLUE PRESS WASTE AREA
Collection Date/Sampte Number
6/03/87 2/18/88 3/08/88
Chemicai (1) Units B-6 B-7 B-8 B-9 B-10 S-1A S-18 S-1C S-1D S-10A S-10B S-11 8-12 GP-5A GP-5C  S-15 S-16 S-17
PAHs (2)
Naphthalene mg/kg <17 <3.3 <3.3 <33 <33 <1.25 <12.5 <5 <0.125 -- - - - <1 2.3 - - -
Acenaphthene mg/kg <17 <3.3 <3.3 <33 <33 <1.25 <12.5 <5 <0.25 - - - - <1 <1 -- - -
2-Methyinaphthalene mg/kg <17 <3.3 <3.3 <33 <33 - - - - - —_— - - 3.1 16 - _— —
Fluorene ma/kg <17 <3.3 <3.3 <33 <383 <1.25 <12.5 <5 <0.25 - -- - -- <1 <1 -— - -
Phenanthrene mg/kg <17 <3.3 <3.3 <33 <33 <1.25 <12.5 <5 <0.5 -- - - - <1 <1 - - -
Anthracene mg/kg 150 = <33 85 770 430 22 <12.5 14 2.4 6.5 14 <55 <3 <1 <1 1.7 1.2 <3
Fiuoranthene ma/kg <17 <3.3 <3.3 <33 <33 <12.5 <12.5 <5 <1.25 - - - - <1 <1 - - -
Pyrene mg/kg <17 <3.3 4.1 <33 <33 <12.5 <12.5 <5 <1.25 - -- - - <1 <1 - - -—
Chrysene mg/kg <17 <3.3 <3.3 <33 <33 <12.5 <12.5 <5 <1.25 - - -~ - <1 <1 - - -
Benzo(a)anthracene mg/kg <17 <3.3 <3.3 <33 <33 <125 <12.5 <5 <1.25 - - - -- <1 <1 - - -
Benzo(k)fluoranthene mg/kg <17 <3.3 <3.3 <33 <33 <12.5 <125 <5 <1.25 -- -~ - - <1 <1 - - -
Benzo(b)fluoranthene mg/kg <17 <3.3 <3.3 <33 <33 <12.5 <125 <5 <1.25 -- - -- -= <1 <1 -~ - --
Benzo(a)pyrene mg/kg <17 <3.3 <3.3 <33 <33 <30 <125 <30 <1.25 -- -- - - <1 <1 - - -
Dibenzofuran ma/kg <17 <3.3 <3.3 <33 <33 - - - - - - - -— <1 30 —_— - -
Anilene mg/kg <17 <3.3 <3.3 <33 <33 - - - - - - - — <1 6.1 - -— -
Metals (3)
T. chromium (Cr) mg/kg - - - — - - - - — -— - —_— - 290 59 - - —
Copper (Cu) mg/kg -- - - -- -- - - - - - -~ - - 3.6 16 -- — -
Lead (Pb) ma/kg - -~ -- -- - - - - - - - - - 5.9 68 -— - -
Zinc (Zn) mag/kg -- -- - - - - - - - - - - - 16 83 - - -
Formaldehyde (4) mag/kg - - - - - - - - — - - -— - <15 - - - —_—
Notes: '
-- Not analyzed.

(1) Selected samples analyzed for VOCs, TPH, and phenols; none detected. Detection limit ranges 10 to 60 ug/kg, 1to 2 mg/kg, and 1 to 5 mg/kg, respectively.
(2) PAHSs analyzed by EPA Method 8270 or EPA Method 8100. Only those compounds detected in one or more samples, or elsewhere onsite, are reported.

(3) Selected metais analyzed by atomic absorption spectrophotometry.

(4) Formaldehyde analyzed by NIOSH Method 3500.
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NOTES
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2. MAP SOURCE : JAY SPEARMAN,
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@ S—i | DATED 2 NOVEMBER 1989,
3. APPROXIMATE SHORELINE BASED
(<55 mg/kg) ON A SURVEY PERFORMED BY
JAY SPEARMAN, CONSULTING ENGINEER.
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TABLE 5-8

GLUE PRESS WASTE AREA

Chemical Detected Concentration
Organics (ug/kg) Mean Maximum
Naphthalene 5,698 2,300
2-Methylnaphthalene 9,129 16,000
Anthracene (1)(2) 109,243 770,000
Pyrene 6,325 4,100
Dibenzofuran 10,757 30,000
Aniline 7,342 6,100
Inorganics (mg/kg) (3)

T. chromium 174.5 290
Copper 9.8 16
Lead 36.95 68
Zinc 49.5 83
Notes:

SUMMARY OF EXPOSURE POINT CONCENTRATIONS AND RISK CALCULATIONS

(1) Anthracene is the only chemical detected consistently
in the glue press waste area. The remaining chemicals
were not evaluated in the RA.

(2) The mean and maximum expected dose for anthracene was
calculated to be 1.4E-3 mg/kg-day and 9.6E-3 mg/kg-day,
respectively. The mean and maximum hazard index was
calculated to be 4.7E-3 and 3.2E-2, respectively.

(8) Only two samples from the glue press waste area
(GP-5A, GP-5C) were analyzed for selected heavy metals.
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TABLE 5-9
SUMMARY OF EXPOSURE POINT CONCENTRATIONS

OFFSHORE SEDIMENTS
Chemical Offshore Sediment Results (1,5,11) Background Lake Union-Mean | Marine Sediment
Organics (ug/kg) Mean Maximum Ship Canal-Mean (5)| Ship Canal-Max. (5) | Lake Union-Mean (6) | Lake Union-Max. (6) | Stormwater Sediments| Criteria (AET) (2)
TPH 75,329,000 250,000,000 1,516,000 3,080,000 NR (9) NR NR NR
Acetone 130 600 29 39 NR NR NR NR
Phenanthrene 8,415 7,400 460 1,400 NR NR NR 1,500
Anthracene 14,310 65,000 ND(10) ND NR NR NR 960
Fluoranthene 8,664 7,400 431 1,000 NR NR NR 1,700
Pyrene 8,014 2,000 637 1,900 NR NR NR 2,600
Benzo(a)anthracene 8,016 2,700 216 500 NR NR NR 1,300
Benzo(k)fluoranthene 11,450 53,000 1,277 7,900 NR NR NR 3,200 (8)
Total LPAHs (3) 22,725 72,000 1,039 3,180 3.8(7) NR NR 5,200
Total HPAHSs (4) 36,189 65,100 3,457 14,490 5,849 (7) NR NR 12,000
Inorganics (mg/kg)
Antimony 3.378 12 1.0083 1.1 NR NR NR 150
Arsenic 30.375 67 10.533 13 41.287 247 207 57
Beryllium .0881 17 .23 .28 NR NR 2 NR
Cadmium 2.212 3.800 .583 .83 .906 1.3 8.2 5.1
T. Chromium 66.5 190 47 50 20.149 57.2 96 260
Copper 293 780 93.333 120 93.326 471 358 390
Lead 480 1,200 99.333 150 201.584 634 1,052 450
Mercury 1.269 3.7 .806 1.3 NR NR .710 41
Nickel 37.875 67 54.333 57 20.694 54 193 140
Selenium 1.309 2.2 ND ND NR NR 1.4 NR
Silver .95 3 A7 .28 754 2.2 2.7 5.9
Zinc 515 900 96.853 180 237.933 1,107 1,763 410
Notes:

(1) Offshore sediment results are for samples collected below former Champion site buildings, February, 1930. Only chemicals detected are listed. Means sometimes exceed maximums
when detection limits are high, due to use of one-half the detection limits to calculate means.

(2) AETs based on criteria developed by WDOE, August, 1988.

(3) LPAHSs include naphthalene, acenaphthene, fluorene, and phenanthrene.

(4) HPAHSs include fluoranthene, pyrene, chrysene, benzo(a)anthracene, benzo(k)fluoranthene, benzo(b)fluoranthene, and benzo(a)anthracene.

(5) Sediment samples coliected by Jay Spearman, February, 1990.

(6) Lake Union sediment sample results based on a report prepared by the City of Seattle, June, 1986. Mean and maximum values based on report by Gaivin, et al., 1984,
and South Lake Union Pilot Project Report, 1986.

(7) Based on report by Galvin, et al., 1984.

(8) AETs based on sum of all benzo-fluoranthenes.

(9) NR denotes "not reported.”

(10) ND denotes " not detected.”

(11) See Table 5-1 for chemicals excluded from evaluation during the RA and the reasons for exclusion.
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TABLE 5-10

Page 1 of 2

SUMMARY OF AVAILABLE TOXICITY INFORMATION
FOR FRESHWATER ORGANISMS

Compounds, Organisms, Concentration
and Other Variables in Medium (ug/L)| Effect ‘" Reference @
Benzo(a)anthracene:
o Bluegill, Lepomis 1,000 LC-87 {6m) |U.S. EPA, 1980
macrochirus
Benzo(a)pyrene:
e  Sandworm, Neanthes > 1,000 LC-50 {96h) |Neff, 1979
arenceodentata
Fluoranthene:
e Sandworm 500 LC-50 (96h) [Neff, 1979
Phenanthrene:
e  Grass Shrimp 370 LC-50 (24h) {U.S. EPA, 1980
¢  Sandworm 600 LC-50 (96h)
Copper:
¢ Worm, Nars sp. 1,700 LC-50 Rehwoldt, et al., 1973
e  (Cladeoceran, Daphnia 6.5 LC-50 Cabejszek and Stasiak,
magna 1960
¢  Sockeye Salmon 240 LC-50 Davis and Shand, 1978
(Smolt), Oncorhynchus
nerka
e  Cutthroat Trout, Salmo 367 LC-50 Chakoumokes, et al.,
clark 1979
e  Bluegill, Lepomis 10,200 LC-50 Pickering and
macrochirus Henderson, 1966
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Page 2 of 2

TABLE 5-10

SUMMARY OF AVAILABLE TOXICITY INFORMATION
FOR FRESHWATER ORGANISMS

Compounds, Organisms, Concentration
and Other Variables in Medium (ug/L})| Effect " Reference
Lead:
e  Cladeoceran, Daphnia 1,950 LC-50 Chapman, et al.,
magna manuscripts
. Rainbow Trout, Salmo 471,000 LC-50 Geotti, et al., 1972
gairderi
¢  Fathead Minnow, Pime- 482,000 LC-50 Pickering and
phales promelas Henderson, 1966
Mercury:
¢ Worm, Nais sp. 1,000 LC-50 Rehwoldt, et al., 1973
¢  Cladeoceran, Daphnia 3.2 LC-50 Canton and Anderson,
magna 1978
e  Rainbow Trout, Sa/mo 420 LC-50 Daoust, 1981
gairderi
¢  Fathead Minnow, Pime- 150 LC-50 Call, et al., 1983
phales promelas
Notes:

Tabie from U.S. FWS Contaminant Hazard Review (U.S. FWS, 1987).
(1) m = months, d = days, h = hours.

(2) Each reference applies to data in the same row and in the rows immediately following
for which no other reference is indicated.
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TABLE 5-11

COMPARISON OF SEDIMENT CONCENTRATIONS

WITH AVAILABLE CRITERIA AND STANDARDS

Marine
Sediment Marine
Maximum TOC Normal Cleanup Sediment
Detected Conc.| Conc. ppm'" | Criteria ppm® | Standard ppm®
Phenanthrene 7.4 37 480 100
Anthracene 6.5 325 1,200 220
Fluoranthene 7.4 37 1,200 160
Benzo{a)anthracene 2.7 13.5 270 110
Benzo(k)fluoranthene 53.0 265 450 230
Pyrene 2.0 10 1,400 1,000
Total LPAH 72.0 360 780 370
Total HPAH 65.1 326 5,300 960
Arsenic 67 -ee 93 57
Cadmium 3.8 - 6.7 5.1
Chromium 190 - 270 260
Copper 780 390 390
Lead 1,200 - 530 450
Mercury 3.7 --- 0.59 0.41
Silver 3.0 - 6.1 6.1
Zinc 900 - 960 410

{1} TOC normalized concentration calculated in accordance with WAC 173-204-320.

{2) Proposed marine sediment cleanup levels for Puget Sound, WAC 173-204-520 public
review draft dated 29 June 1990.

(3) Proposed marine sediment quality standards, WAC 173-204-320 public review draft
dated 29 June 1990,
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TABLE 6-1
SUMMARY OF EXPOSURE POINT CONCENTRATIONS

Chemical Concentrations

. Chemicals of Mean/Maximum 32)
Operable Unit Concern (1) (mg/kg or mg/L
Solvent Tank Acetone 0.038/0.038
Area Carbon disulfide 3.75/4.6
Chloroform 0.35/0.42
Arsenic 0.009/0.01
Barium 0.06/0.06
T. chromium 0.013/0.013
Copper 0.046/0.046
fron 9.65/10
Lead 0.031/0.032
Manganese 0.38/0.38
Zinc 0.20/0.25
Boiler Ash Antimony 1.95/6.9
Fill Arsenic 22.26/55
Cadmium 3.35/35
Copper 191.4/610
Lead 81.55/450
Mercury 0.07/0.24
Silver 1.36/6
Zinc 273/1,200
Glue Press Anthracene 109.24/770
Waste Area
Offshore Anthracene 14.31/65
Sediments Fluoranthene 8.66/7.4
Benzo(a)anthracene 8.02/2.7
Benzo(k)fluoranthene 11.45/53
Copper 293/780
Lead 480/1,200
Mercury 1.27/3.70
Notes:

(1) Only chemicals evaluated in the RA included.

(2) In certain instances, the mean chemical concentration
exceeded the maximum concentration when detection
limits were high due to matrix interference.
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TABLE 6-2

SUMMARY OF TARGET CLEANUP GOALS

Maximum Chemical Target
Operable Chemicals of Concentrations Concentration
Unit Concern {ppm) {ppm)
Solvent Tank Acetone 0.038 8,000"
Area Carbon disulfide 4.6 8,000"
Chloroform 420 1.24%
Arsenic 0.010 0.19%®
Barium 0.060 NA®
T. chromium 0.013 0.42W
Copper 0.046 0.025%®
Iron 10 1.0%®
Lead 0.032 0.01®
Manganese 0.38 NA®
Zinc 0.25 0.22®
Boiler Ash Fill Antimony 6.9 32
Arsenic 55 20@
Cadmium 35 212
Copper 610 2,960%
Lead 450 2502
Mercury 0.24 1@
Silver 6 240
Zinc 1,200 16,000
Glue Press Anthracene 770 24,000
Waste Area
Offshore Anthracene 65 Not Available®
Sediments Fluoranthene 7.4 Not Available®
Benzo{a)anthracene 2.7 Not Available®!
Benzo(k)fluoranthene | 53 Not Available®
Phenanthrene 7.4 Not Available®
Copper 780 Not Available
Lead 1,200 Not Available®
Mercury 3.7 Not Available®

(1) Health-based cleanup level.
(2) As identified in WAC 173-340-740.
{3) NA denotes "not applicable”; RfD or cleanup level information not available.

{4) Cleanup level cannot be developed due to lack of toxicity data. AETs are an availabie
comparison criteria but are not applicable to freshwater sediments. See text for further

discussion.
{5) Cleanup level based on chronic AWQC for freshwater.
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TABLE 6-4 Page 1 of 3
PROCESS OPTION EVALUATION
General Response Remedial Process Investigate
Action Technology " Options v Effectiveness impiementability Cost Further Justification
No action None Groundwater Response action does not achieve remedial action No action option is usually unacceptable Low Yes Required by National Contingency Plan and the Model
monitoring objectives. to state/federal agencies. Toxics Control Act. -
Gas and solid Capping Ciay Effective for preventing suriace water infiltration and [Not technically difficult to implement. Moderate Yes Can be effective in immobiiizing glue press waste and
material migration further migration of contaminants. Effective in Might require construction permit. reducing future contaminant migration to the Ship Canal
controis isolating contaminants from environment. Requires clay caps. Can have a hydraulic conductivity as low as
long-term monitoring and maintenance. Restricts 1E-7 cm/sec. Not effective to place a clay cap on
future land use. offshore sediments.

Asphalt Efectiveness similar to that of clay cap. Potential Not technically difficult to implement. Low Yes Can be effective in reducing contaminant migration in the
probiems with cracking and deterioration, Might require construction permit and boiler ash fill. Not possible to construct in sediment
allowing surface water infiltration. Long-term landfill siting approval. and glue press waste areas. Asphalt caps represant
maintenance and monitoring needed. Restricts single~layer covers and appear to offer very low
future land use. permeability rates (1E-7 cm/sec) when special materials

are used. Furthermore, asphalt covers are particularly
effective single-layed caps, as periodic applications of
special surface sealants can greatly extend asphait life
and maintain low permeability of asphalt.

Sand eftective In 1solating contaminants from the Suriace application would not pose Mogerate Yes A sand cap would effectively immaobilize contaminated
environment. May be used at surface or below water. |technical difficulty; however, subsurface to high soil/sediments in the boiler ash area and in the
May be affected by weathering and erosion. Requiresiapplication in the Ship Canal would offshore sediments.
long-term monitoring. require technical expertise.

Concrete Eftectiveness similar to that of clay cap. Problems Not technically difficult to implement. Moderate Yes Can be effective for encapsulating glue pile wastes and
with surface cracking, deterioration, and subseguent [Might require construction permit and reducing potential for offsite migration of anthracene,
surface water infiltration. Restricts future fand use. |landfill siting approval. while serving as a basis for future construction needs.

Muitimedia clay and |Highly effective for preventing surface water Not constructable over small glue piles. High No Not warranted for boiler ash. Cannot be constructed

synthetic liner infiltration and subsequent migration of Cannot place muitilayer caps or in sediment and glue waste areas.

covered by soil contaminants. Liner and clay system is more likely |synthetic liner on offshore sediments.
to remain impermeable than other types of covers.

Gas collection Passive pipe vents/ [Effective in collecting convectiva gas flow In Difficulties with synthetic membrane Moderate No High costs for backfilling trenches and use of synthetic
and recovery trench vents porous media. installation (gaps caused by poor membrane as a barrier to limit gas migration, plus
workmanship or tears caused by rocks). uncertain collection efficiency, suggest that this option is
Might need permit by Puget Sound Air not feasible. Also, high groundwater table prohibits
Poliution Authority. effective recovery of methane.
Increase Installation of EHective in reducing methane accumulation in Easily implemented. Low No Methane accumulation not found to ba current problem
ventilation blowers semi-confined spaces. onsite. Can be implemented as a result of long-term
monitoring or future construction activities onsite.
Surtace water Capping (see gas
controls and solid material
migration controls)
rading Scarification, especially effective in rerouting stormwater Easily implemented. Might require “Low No Grading can be useful for minimizing storm runoff to the

tracking, and
contour furrowing

runoff from large acreage. Transfers contaminants
from urban areas to other areas of Ship Canal.

grading and filling permit.

Ship Canal on the former Champion site. However,
contaminants from urban runoft are deposited
in other places within the Ship Canal.
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TABLE 6-4

PROCESS OPTION EVALUATION

Page 2 of 3

General Response Remedial Process Investigate
Action Technology Options Effectiveness Impiementability Cost Further Justification
olid waste Excavation/ Backhoe, front-end [Highly effective in removing source of contaminanis. |Easily implemented technically. Low Yes Excavation is a necessary technology for any alternative
excavation and removal loader, scraper Applicable with other process options. “linvolving removal of material for disposal or treatment.
removal
Grading (see
surtace water
controls)
Capping (see gas
and solid material
migration
controls)
'Contaminated Mechanical Backhos or Very eftective in removing existing shallow This method of sediment removal may ‘Moderate No Low eftectiveness since dredged area will be
sediment removal |dredging clamshell sediment contamination. be ideally suited for removing the glue recontaminated by ongoing urban runoff. Much more costiy
and containment piles. Additional structural support may than capping.
be necessary.
ydraulic Plan suction dredge, [Very seffective in removing shallow sediments while  [Easily implemented. Equipment is High No Hydraulic dredging may be the most effective technology,
dredging bucket, ladder reducing the amount of turbidity emitted. Does readily accessible and easily barge- given existing site conditions and obstacles that can be
(hand-dredging) |cutterhead dredge not address ongoing contamination. mounted. .jencountered.
Sediment Curtain barriers, Very efiective in limiting migration of particulates. Easily implemented. May be less Moderate Yes Can be effective in limiting sediment migration. Can also
turbidity silt curtains effective in areas where currents be used to control turbidity associated with dredging.
control exceed 1 knot.
Direct treat- Solidification, ementfime-based [May be very effective in stabilizing metals within the |Implementation requires technical Moderate Yes ‘May be appropriate to immobilize metals in
ment (solids) stabilization, solidification, boiler ash fill. axpertise. boiler ash fill.
fixation flyash/sawdust
Thermoplastic Experimental technology that requires pilot testing.  |Requires skilled labor and high energy High No High costs associated with unproven technology. Glue
solidification, Similar in effectiveness to cement/lime-based . requirements. matrix not suitable for technology. High water
microencapsulation |solidification. Most effective on very dry solids. content of glue/sediments not suitable for application.
Vitrification Offers greatest degree of containment. Skilled labor needed; intensive energy Very high No Experimental technology more suited to highly toxic
requirements. contaminants.
Physical Surface Effective for preventing leaching. Skilled fabor needed; intensive energy Moderate No Glus matrix not suitable. More expensive than solidification
encapsulation requirements.
Biological Fluidized Biological transformation of organic compounds May require expert technical skill to High No Potential for succassful treatment of carbon disulfide
forming is possibie. successfully treat waste. Treatability in the solvent tank area is not high enough to warrant
study likely. further investigation.
Thermal Multiple hearth Very sffective in reducing volume and toxicity of Easily impiemented; might require ‘High No Not effective for inorganic compounds in sediments.
and rotary kiln organic contaminants. offsite transport. For glue waste, disproportionate cost compared with
benefits, givan low contaminant concentrations and
other lower-cost disposal options.
Land disposal Ofisite disposal  |Solid waste EHective in removing source of contaminants. Easily implemented. Might require High Yes  [Suitable disposal option for nonhazardous and slightly
for solid fandfill Requires offsite transport. public health department approval. hazardous wastes. May be very cost-effective for some
materials areas.
Hazardous Efrective in removing source of contaminants. Easily implemented. High Yes Suitable disposal option for hazardous solid waste. High
waste landfill Requires offsite transport. Risk of future cost because of potentialiy large quantities requiring

contamination if offsite landfill protective system faits.

disposal.
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TABLE 6-4

PROCESS OPTION EVALUATION

Page 3 of 3

General Response Hemediai Process Investigate
Action Technology Options Effectiveness Implementability Cost Further Justification
and aisposal Onsite Land application Eftective as a disposal method for clean wastes. Environmental agency and public Moderate No Can De very cost-effective for disposal of clean wastes,
tor solid Does not reduce migration of metais or PAHs in objections to this disposal method might but simply transfers wastes from offshore to onshore.
materials sediments or glue waste. arise. Might need ongoing surface Migration offsite possible. Littie space available
water and groundwater monitoring. for land application.
institutional AcCcess Land/water use Does not reduce contamination. Exposure routes Legal requirement easy {o implement. Low Yes Required for restricting Tand use if affected soil and
controls restrictions restrictions and exposed populations are minimized. '|groundwater remain in place.
Fencing Reduces chance for dermal contact. Easily implemented. Moderate No Site access already restricted.
Groundwater Effective for detecting changes in contaminant type |Easily implemented. Moderate Yes Might be required for some remedial aiternatives, such as
monitoring and quantity. : capping.

916016.00



TABLE 6-5

SUMMARY OF APPLICABLE LAWS USED DURING THE FS

Chemical-Specific Laws

Clean Water Act {33 U.S.C. 1251), requirements established pursuant to
Section 303, water quality standards

Action-Specific Laws

National Ambient Air Quality Standards (40 CFR part 50)

OSHA requirements for workers engaged in response or other hazardous
waste operations (29 CFR 1910.120)

WAC 173-470, Ambient Air Quality Standards
WAC 173-304, Minimum Functional Standards for Solid Waste Handling
WAC 173-340, Hazardous Waste Cleanup

WAC 173-201, Water Quality Standards for Waters of the State of
Washington

WAC 173-154, Protection of Upper Aquifer Zones

WAC 173-160, Minimum Standards for Construction and Maintenance of
Water Wells

Location-Specific Laws

Coastal Zone Management Act of 1972, 16 U.S.C. 1451
Rivers and Harbors Act (33 U.S.C. 403)
WAC 173-17, Shoreline Management Act - Enforcement Regulations

WAC 173-18, Shoreline Management Act - Streams and Rivers Constituting
Shorelines of the State

To Be Considered

WAC 173-340, Model Toxics Control Act Cleanup Regulation 28 February 1991
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TABLE 6-7

COMPARATIVE ANALYSIS COST SUMMARY

Description of Capital Cost | O & M Cost Net
Remedial Alternative Subtotal Subtotal Present Worth""
Entire Site Operable Unit
ES-1 - No Action $ 11,300 $ 51,500 $ 62,800
ES-2 - Land & Water Use Restrictions 32,700 51,500 84,200
Boiler Ash Fill Operable Unit
BA-1 - Institutional Controls $ 19,500 $ 51,500 $ 71,000
BA-2 - Removal and Offsite Disposal 940,000 -0- 940,000
BA-3 - Solidification/Fixation 1,469,000 -0- 1,469,800
BA-4 - Capping with Sand or Asphalt 307,300 5,100 312,400
Glue Press Waste Operable Unit
GA-1 - Land Use Controls $ 19,500 $ 51,500 $ 71,000
GP-2 - Removal and Offsite Disposal 641,400 -0- 641,400
GP-3 - Capping with Concrete or Clay 231,200 46,700 277,900
Offshore Sediments Operable Unit
0S-1 - Land Use Restriction $ 19,500 $ 51,400 $ 70,900
0S-2 - Capping with Sand or Concrete 1,405,100 37,000 1,442,100
0S-3 - Silt Curtain Installation 1,009,800 98,600 1,108,400
0S-4 - Hand-Dredging & Offsite Disposal 8,133,600 205,500 8,339,100
Notes:
(1) Additional details regarding cost are presented in Appendix H.
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