Appendix C

Lower Duwamish Waterway
RM 4.3-4.9 East (Boeing Developmental Center)

Excerpts from BDC RCRA Reports, 2007-2009






Appendix C1 - AOC-05

AOC-05 Remedial Action Plan, November 16, 2007 (Landau 2007b)

Developmental Center Groundwater Monitoring, AOC-05 Data, May
2009 (Landau 2009c)

Technical Memorandum, Update on AOC-05 Full-Scale Bioremediation
Results, September 17, 2009 (Landau 2009d)






Work Plan

AOC-05 Remedial Action Plan

Enhanced Anaerobic Biodegradation of
Gasoline-Range Petroleum Hydrocarbons
Boeing Developmental Center

Tukwila, Washington

November 16, 2007

Prepared for

The Boeing Company
Seattle, Washington
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TABLE 1 Page 1 of 3
GROUNDWATER CONTAMINANT DATA
AQOC-05
BOEING DEVELOPMENTAL CENTER
Pre-ORC Past ORC
Preliminary { Injection (b) Injection (b)
Groundwater{ BDC-101 BBC-101 BDC-101 BDC-101 BDC-101 BDC-101 BDC-101 BDC-101 BDC-10t BDC-101 BDC-101 BBC-101 BDC-101 BDC-101 BDC-11 BDC-101 BDC-101 BDC-101
Levels (a) EHS2A EKGBA ENO4A EP36A FA41A FH27A EN40A GB17B GO82A HF76A IAB3A 15894 JJ26B KG208
Screening | 06/11/01 09/04/01 12/03/01 03713102 04729102 06/03/02 07/01/02 08/01/02 12/02/02 03/10/03 06/03/03 11/19/03 04/28/04 10/18/04 0510105 11110/05 05/15/06 11/20/06
Total Petroleum
Hydrocarbons {mgiL)
Gasoline 0.8 3] | | 6.5] 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.61 025U 0.25 U 042 J 9.25 U 0.64 025 U 0.25 025U
BTEX (pg/L}
Benzene 71 11.9 7.13 4 1.4 14 1 1U 31 4.3 1 1U 13 J 1 U 10 1U 7.8 iou 10
Toluene 200,000 U 1.6 1U 14 1 U 14 1U 1U 1U 1U 1 Ud 1TU 1 U 1u 1.0U 10U 10U
Ethylbenzene 29,000 +13.1 50.4 750 4.4 22 U 10 24 21 45 1U 15 J 1U 15 1u 28 1.0U 15
m,p-Xylene NA 14 U 10 10U 27 3.2 1 u 35 1TU 43 1U 42 1.0 U 72.0
0-Xylene NA 1U iy 10 17U 6.4 1u T U 1 U Ty TU 14U 10U 1.0U 1.0U
Total Xylenes NA 109.2 53.8 850 2U 1U U TuU 17U 33.4 3.2 1U 354 1U 43 17U 42 1.0U0 72
Preliminary Post-Nitrate Injection (c)
Groundwater 8DC-101 BDC-10t BDC-101 BDC-101
Levels {a) KO35A KRB82A KVI5A KZ41A
Screening 02720/07 03/19/07 04/24/07 OS/17107
Total Petroleum
Hydrocarbans (mg/L)
- Gasoline 0.8 0254 025U 025U 025U
BTEX {pg/L}
Benzene 71 10U 1.0U 10U 1.0U
Toluene 200,000 10U 1.0U 1.0U 10U
Ethylbenzene 29,000 10U 10U 1.0U 1.0U
m,p-Xylene NA 10U 10U 1.0U 1.0 U
o-Xylene NA 1.0U 10U 1.0 U 10U
Total Xylenes NA 1.0U 1.0U 1.0 U i0U
10/02/07 WEdmdatalprojects\025\093\FileRm\R\AOC-05 PT 2007 TMWQEC-05 Full Scale WP_Th 182.xls Contarninant Data LANDAU ASSOCIATES




TABLE 1
GROUNDWATER CONTAMINANT DATA
AOC-05
BOEING DEVELOPMENTAL CENTER

Page 20of 3

Pre-ORC Post ORC
Preliminary | Infection (b) Injection  (b)
Groundwater| BDC-102 BDC-102 BDC-102 BDC-102 BDC-102 BDC-102 BDC-102 BODC-102 BDC-102 BDC-102 BOC-102 8DC-102 BDC-102 BDC-102 BDC-102 BDC-102 BDC-102 BDC-102
Levels (a) EH92B EK68B EN04B EP36B FA41B FH27B FN40B GB17C Gos28 HF768B IAB3B 1S89B JJ2BA KG20A
Screening | 06/11/01 09/04/01 12/03/01 03/13/02 04/258/02 06/03/02 07/01/02 08/01/02 12/02/02 03/10/03 06/03/03 11/19/03 04/28/04 10/18/04 05/10/05 11/10/05 05/15/06 11/20/06
Total Petroleum
Hydrocarbons (mgiL)
Gasoline 0.8 0.55 0.38 0.5 0.33 025 U 0.25 025 U 025 U 0.26 025U [ 098] 0.40 0.33 0.25 U 025U 0.25 U 025 U
BTEX (ugiL)
Benzene 71 5.33 J 161 J 37 1.3 28 4.4 1U 1u 1U 1U 1 120j 10 1U 1U tou 1.0U 100
Toluene 200,000 11U 189 J 1U 1U 1U iU 1U 1u 1y 1u TU 1 U4 iy 1U 1u 10U 1.0U 10U
Ethytbenzene 29,000 1U 1U 1U iU iU 1U 1U 1U 1U 11U TU 854 10 iU 1u 1.0U 1.0U 10U
m,p-Xylene NA 1.1 iu iU 1U 1U TU 11U T 3 T u 1U 10U 1.0u 10U
o-Xylene NA iy U 1y iy 10 1U 1TU 1 ud T 11U 1u 10U t.ou 10U
Total Xylenes NA 2U 1.87 J 3.49 J 1U .1 Tu 1U U 1U 1uU 1U 1 U 3 1U iU 10U 10U 10U
Preliminary Post-Nitrate Injection (c)
Groundwater BDC-102 BDC-182 BDC-102 BDC-102
Levels (a) K0g58 KR82B KVv95B KZ41B
Screening 02/20/07 03118107 04/24/07 0517107
Total Petroleum
Hydrocarbons (mgiL)
Gasoline 0.8 025 U 025 U 0.53 az2s5 U
BTEX {(pg/L}
Benzene 71 5.8 18 6.1 1.8
Toluene 200,000 1.0U 10U 1.0 U 10U
Ethylbenzene 29,000 1l.0U 10U 3.1 10U
m,p-Xylene MNA 1ou 3z 100 74
ao-Xylene NA 10U 10U 10U iou
Total Xylenes NA 1.0 U 32 100 7.4

10/02/07 \Edmdata\projects\025\093\FileRm\RWVOC-05 PT 2007 TMWOGC-05 Full Scale WP_Th 1&2.xls Contaminani Data

LANDAU ASSOCIATES




TABLE 1 Page 3 of 3
GROUNDWATER CONTAMINANT DATA
AQC-05
BOEING DEVELOPMENTAL CENTER
Pre-ORC Post ORC
Preliminary | Injection (b) Injection  (b)
Groundwater] BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDC-103 BDBC-103 BDC-103 BDC-103 BDC-103 8DC-103 BDC-103
Leveis (a) (d) EHO2C EK68C ENO4C EP36C FA41C FH27C FN40C GB17D GOB2C HF76C IAB3C I1SBAC JJ26C JJ26H KG20C
Screening | 06/11/01 09/04/01 12/03/01 03/13/02 04/29/02 06/03/02 07/01/02 08/01/02 12/02/02 03/10/03 06/03/03 11/19/03 04/28/04 10/18/04 05/10/05 11/10/05 05/15/06 05/15/06 11/20/06
Total Petroleum
Hydrocarbons (mg/L)
Gasoline 0.8 1771 | 123] [ 120| 200 | 200} 200 | 240} | 270] | 250| | 180] | 220] | 180 | 160] | 140] | 110] | a0| | 84] | 26| | 51
BTEX (pg/L}
Benzene 71 8751 | 49414 5,100 1,700 | 980/ gs0] | 1.300] | 4600 | ta400) | 780) | 800] | 850{J | 1,600] | 2,100] | 2200| | 2200} | 1,600| | 16001 [ 2,000
Toluene 200,600 12,010 3,760 2,300,000 17,000 16,000 17,000 16,000 18,000 15,000 13,000 10,000 8,300 J 6,600 5,500 5,500 3,500 3,800 3,800 730
Ethylbenzene 29,000 1,985 J 419 ) 10,000 4,900 5,400 5,100 5,200 5,200 5,000 5,200 5,000 4,500 J 3,900 3,700 3,800 3,700 3,100 3,100 2,200
m,p-Xylene NA 20,000 20,000 20,000 19,00 22,000 20,000 20,000 18,000 J 16,000 15,000 14,000 12,000 10,000 10,000 3,900
o-Xylene NA 7,000 7,100 6,800 6,600 6,900 6,700 6,600 5,500 J 5,100 4,400 3,200 2,500 2,200 2,200 1,000
Total Xylenes NA 11,430 2,636 3,400,000 26,400 27,000 27,100 26,800 25,600 28,900 26,700 26,600 23,500 J 21,100 19,400 17,200 15,000 12,000 12,000 4,900
Preliminary Past-Nitrate Injection (c) NA = no preliminary cleanup level available.
Groundwater BDC-103 BDC-103 BDC-103 8DC-103 U = compound was not detected at given reporting limit.
Levels (a) KO95C KR82C KV85C KZ41C J = indicates the analyte was positively identified, and the concentraticn listed is an estimate.
Screening 02/20/07 03/19/07 04/24/07 05/17/07 UdJ = The analyte was not detected in the sample; the reparted sample reporting limit is an estimate.
Totai Petroleum
Hydrocarbons {(mg/L) — = Not Measured.
Gasaline 0.8 26] | 30| 36| | 77| Boxed value indicates concentration above prefiminary cleanup level.
BTEX {ug/L) (@} Landau Associates 2002.
Benzens 71 460] | 490| g20] | 1,400| {b) ORG injection in April and May 2602.
Toluene 200,000 420 88 440 4,300 {c) Ammoenium nitrate solution injected to well on 1/17-18/07.
Ethylbenzene 29,000 140 130 220 1,100 {d} BTEX data quesiicnable for this event. Concentrations inconsistent with TPH-G data for indicated event and
m,p-Xylene NA 3,600 3,500 3500 8,300 BTEX data from other events.
o-Xylene NA 1,600 1,700 1800 3,200
Total Xylenes NA 5,200 5,200 5300 11,500

10/02/07 WEdmdataiprojectsi0251093\FileRmMRWOC-05 PT 2007 TMWOC-05 Full Scale WP_Th 1&2.x(s Contaminant Data
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DEVELOPMENTAL CENTER
GROUNDWATER MONITORING
MAY 2009

AQC-05 DATA
° AOC-05 Data Table

. AOC-05 TPH-G and Benzene Concentration Trend Charts
(June 2001 through Present)
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LANDAU

ASSOCIATES
TECHNICAL MEMORANDUM ENVIRONMENTAL | GEOTECHNICAL | NATURAL RESOURCES
TO: James Bet, The Boeing Company
cLs

FROM: Clint Jacob, P.E., L..G., and Dz%d M. Buser, L.G.
DATE: September 17, 2009

RE: UPDATE ON AQC-05 FULL-SCALE BIOREMEDIATION RESULTS
ENHANCED ANAEROBIC BIODEGRADATION OF PETROLEUM HYDROCARBONS
BOEING DEVELOPMENTAL CENTER
9725 EAST MARGINAL WAY SouTH
TUKWILA, WASHINGTON

This technical memorandum summarizes the results of recent bioremediation performance
monitoring performed at Area of Concern (AQC)-05 of The Boeing Cbmpany (Boeing) Developmental
Center (DC) in Tukwila, Washington (Figure 1). This work is being performed in accordance with the
Work Plan, AOC-05 Remedial Action Plan, Enhanced Anaerobic Biodegradation of Gasoline-Range
Petroleum Hydrocarbons, Boeing Developmental Center, Tukwila, Washington prepared by Landau
Associates, Inc. (Landau) and dated November 16, 2007 (Work Plan). Enhanced bioremediation is being
implemented to address concentrations of total petroleum hydrocarbons as gasoline (TPH-G) as well as
benzene, toluene, ethylbenzene, and total xylenes (BTEX) released from a former underground storage
tank (UST) in 1985 located near monitoring well BDC-103. As explained in the Work Plan, AQC-05
corresponds to the former UST location. Full-scale anaerobic bioremediation at AOC-05 involves aquifer

amendment using electron acceptors (e.g., nitrate) as well as performance groundwater monitoring.

NUTRIENT INJECTIONS

The nitrate injections have been successful in remediating TPH-G and BTEX concentrations in
groundwater at monitoring wells BDC-103 and BDC-104; however, a diminished rate of degradation was
observed during monitoring performed following the October 2008 injection (third full-scale injection
event}. © Observations, including slower depletion of injected nitrate and partial rebound in the
concentrations of petroleum hydrocarbons, suggest that biodegradation in AOC-05 had become nutrient-
limited to some degree. It has been concluded at other sites using a similar treatment approach that
biotreatment has been inhibited by the inadequate availability of phosphorous, a macronutrient that is
required along with nitrogen for microorganisms to proliferate.

Boeing notified the Washington State Department of Ecology (Ecology) of the intent to include
ammonium phosphate (in addition to the ammonium nitrate specified in the Work Plan) as part of the
fourth aquifer amendment (Bet 2009). On June 16-17, 2009, both mono-ammonium phosphate and

ammonium nitrate were injected in monitoring wells BDC-103 and BDC-104. In accordance with the

130 2nd Avenue South « Edmonds, WA 98020 e {425) 778-0907 « fax (425) 778-6409 = www.landauine.com
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Appendix C2 — SWMU-17

Work Plan, SWMU-17 Pilot Test, October 2, 2008 (Landau 2008b)






Work Plan

SWMU-17 Pilot Test

Boeing Developmental Center
Tukwila, Washington

October 2, 2008

Prepared for

The Boeing Compény
Seattle, WA

LANDAU
ASSOCIATES

130 2nd Avenue South
Edmonds, WA 98020
(425) 778-0907
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Appendix C3 — SWMU-20

Developmental Center Groundwater Monitoring, AOC-05 Data, May
2009 (Landau 2009c)



DEVELOPMENTAL CENTER
GROUNDWATER MONITORING
MAY 2009

SWMU-20 VOA/CONVENTIONALS DATA TABLES

SWMU-20 SUMMARY DATA

SWMU-20 VOC SUMMARY MAPS

SWMU-20 ANALYTICAL RESULTS SUMMARY
(January 1994 through Present)

SWMU-20 VOC CONCENTRATION TREND CHARTS
(January 1994 through Present)

SWMU-20 CLEANUP ACTION SUMMARY - SOURCE
ZONE

SWMU-20 CLEANUP ACTION SUMMARY -~ NON-
SOURCE ZONE
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