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Background
Landau Associates and The Boeing Company have been investigating, monitoring, and 
performing cleanup actions on groundwater impacted with trichloroethene (TCE) since the  
mid-2000s:
• TCE impacts groundwater beneath ~3,000-ft of a wooded ravine. Groundwater flows parallel 

to a creek that shares varying levels of hydraulic connectivity to the adjacent aquifer; 
localized impacts from TCE discharge to a portion of the creek have been observed and are 
continually monitored.

• Boeing and the Department of Ecology agreed to an interim action to hydraulically control 
the TCE-impacted groundwater and minimize discharge to the creek with extraction wells.

• An evaluation was performed to determine where extraction wells would be necessary to 
minimize discharge to the creek.

• Boeing implemented a groundwater extraction and treatment system that is containing 
TCE-impacted groundwater, has minimized TCE migration to the creek, and has reduced 
concentrations to below risk-based levels; regular system O&M and site monitoring 
is ongoing.

Characterization of TCE Discharge to Creek Required
• Based on groundwater contours and concentrations of TCE in the creek it appeared that TCE 

discharge was highest in the “upper area” and at the “lower area” of the site.
• The “mid-area” with a culvert and channelized section of the creek appeared to have 

negligible inputs of TCE.
• No extraction wells appeared needed in the mid-area, but Department of Ecology required 

greater certainty.
• A detailed investigation and evaluation of TCE flux into the creek was performed.

TCE Flux Investigation (Two Methods)
To determine the location and magnitude of TCE discharge to the creek, an investigation 

was performed to evaluate TCE flux within and into the creek: 

1. CREEK FLUX METHOD
• Step 1: Volumetric stream flow measurements and creek water quality data were 

collected at multiple locations along the creek. Flow and TCE concentrations were 
multiplied to calculate TCE mass discharge (µg/sec) passing each point within 
the creek.

• Step 2: The difference in mass discharge values between points was used to determine 
positive or negative flux of TCE to the creek (i.e., net difference between TCE discharge 
into the creek and volatilization out of the creek).

Results
Trends and magnitude of Groundwater Flux and Creek Flux (not directly 
comparable due to units) shared significant similarities:
• Highest levels of flux identified in upper and lower areas of the site
• Overall negative flux identified in mid-area.
Multiple lines of evidence also supported results:
• Groundwater contours
• Creek flow rate measurements
• TCE concentrations in creek.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Boeing installed and continues to operate groundwater extraction wells which 
effectively minimize TCE discharges to the creek. The creek is monitored 
regularly and TCE concentrations remain below risk-based levels and continue 
to decline.

Two distinct TCE flux evaluation methods 
strongly correlate relative magnitude and

location of TCE flux to creek.
TCE Concentrations in Creek
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2. GROUNDWATER 
FLUX METHOD

• Monitoring well pairs and staff gauges 
were installed to measure gradient and 
groundwater quality at multiple transect 
locations along creek.

• Using gradient, hydraulic conductivity, 
and TCE concentration data, TCE mass flux 
(µg/ft2-sec) to the creek was calculated at 
these locations.

Apparent TCE 
Discharge Areas

-150

-100

-50

0

50

100

150

200

250

300

350

400

450

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0 1 2 3 4 5 6 7 8 9 10 11

TC
E 

M
as

s 
D

is
ca

rg
e 

to
/fr

om
 C

re
ek

 (C
re

ek
 F

lu
x 

M
et

ho
d)

(µ
g/

se
c)

TC
E 

M
as

s 
Fl

ux
 to

 C
re

ek
 (G

W
 F

lu
x 

M
et

ho
d)

 
(µ

g/
ft²

*s
ec

)

Sampling Location

TCE Flux to/from Creek
(Groundwater Flux Method & Creek Flux Method)

TCE Flux to Creek
(µg/ft²*sec)

TCE Flux to/from Creek
(µg/sec)

Upper Area Culvert Mid-Area   Lower Area

Comparison of Flux Methods

Areas of Flux

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0 1 2 3 4 5 6 7 8 9 10 11

TC
E 

M
as

s 
Fl

ux
 to

 C
re

ek
 

(µ
g/

ft²
*s

ec
)

Sampling Location

TCE Mass Flux to Creek via Groundwater
(Groundwater Flux Method)

TCE Mass Flux

Upper Area Culvert Mid-Area   Lower Area

Step 1: TCE Mass Discharge 
Along Creek

Step 2: TCE Flux to/from Creek

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11

TC
E 

M
as

s 
D

is
ch

ar
ge

 in
 C

re
ek

 
(µ

g/
se

c)

Sampling Location

TCE Mass Discharge at Points Along Creek
(Creek Flux Method - Step 1)

TCE Mass Discharge in Creek

Upper Area Culvert Mid-Area   Lower Area

-100

0

100

200

300

400

500

0 1 2 3 4 5 6 7 8 9 10 11

TC
E 

M
as

s 
D

is
ch

ar
ge

 to
/fr

om
 C

re
ek

(µ
g/

se
c)

Sampling Location

TCE Flux (Mass Discharge) to/from Creek
(Creek Flux Method - Step 2)

TCE Mass Discharge to/from Creek)

N
eg

 ( 
-)

Fl
ux

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
Po

s (
 +

 ) 
Fl

ux

Upper Area Culvert Mid-Area   Lower Area

Groundwater Contours

! ! ! !

!

!

!
!

!

!
! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

#

#

!?

!?

!?

!?

!? !?!?

!?

!?

!?

!?

!?!?

!?

!?!?!?!?!?

!?

!?!?

!?!?!?

!?

!?

!?!?!?!? !?

!?!?

!?!?

!?

!?
!?
!?!?

!?

!?!?!?!?!?!?!?

!?!?!?!?!?!?!?

!?

!?

!?!?

!?
!?

!?
!?

!?

!?

!?

!?

!?!?

!?!?

!?

!?

!?

!?

!?

!?!?

!?

!?

!?

!?

!?

#

#

!?

!?

!A

!A

!A

!A

!A

!A

!A

!A#*
#*

!A

!A
!A

#*

#*

#*

!A

!A

!A

Sp
ill

w
ay

Source Area

Peat Filters

Created
Wetlands

250

255

290

295

26
0

305

300

26
5

315

270

320

285

275

325

250
255

290

260

300

265

315

280

270

285

275

325

Boeing Commercial Airplanes
Everett Plant

PMG Supplemental RI
Addendum No. 9

Groundwater Elevation Contour
and Flow Direction Map, April 2010

Figure

Base map sources: URS 2005; City of Everett 2005
LiDAR data source: URS 2005 (Data collected November 2005)0 200 400

Scale in Feet 1

LEGEND
!? Existing Monitoring Well

Road

5' Topographic Contour Line
(derived from LiDAR)

Wetlands & Ponds

Stormwater Basins and Peat Filters

Sewer Main (Approximate Location)

Building

Approximate Location of Former Stream Channel

Sewer Manhole

# Piezometer

Powder Mill Creek (derived from LiDAR)

Groundwater Level Elevation
Contour - Interval 5 ft

!A Staff Gauge

Groundwater Flow Direction

Inferred Area with TCE
Concentration in Groundwater > 5 μg/L

Inferred Area with TCE Concentration
in Groundwater >0.49 µg/L and < 5 µg/L

! ! ! !

!

!

!
!

!

!
! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

#

#

!?

!?

!?

!?

!? !?!?

!?

!?

!?

!?

!?!?

!?

!?!?!?!?!?

!?

!?!?

!?!?!?

!?

!?

!?!?!?!? !?

!?!?

!?!?

!?

!?
!?
!?!?

!?

!?!?!?!?!?!?!?

!?!?!?!?!?!?!?

!?

!?

!?!?

!?
!?

!?
!?

!?

!?

!?

!?

!?!?

!?!?

!?

!?

!?

!?

!?

!?!?

!?

!?

!?

!?

!?

#

#

!?

!?

!A

!A

!A

!A

!A

!A

!A

!A#*
#*

!A

!A
!A

#*

#*

#*

!A

!A

!A

Sp
ill

w
ay

Source Area

Peat Filters

Created
Wetlands

250

255

290

295

26
0

305

300

26
5

315

270

320

285

275

325

250
255

290

260

300

265

315

280

270

285

275

325

Boeing Commercial Airplanes
Everett Plant

PMG Supplemental RI
Addendum No. 9

Groundwater Elevation Contour
and Flow Direction Map, April 2010

Figure

Base map sources: URS 2005; City of Everett 2005
LiDAR data source: URS 2005 (Data collected November 2005)0 200 400

Scale in Feet 1

LEGEND
!? Existing Monitoring Well

Road

5' Topographic Contour Line
(derived from LiDAR)

Wetlands & Ponds

Stormwater Basins and Peat Filters

Sewer Main (Approximate Location)

Building

Approximate Location of Former Stream Channel

Sewer Manhole

# Piezometer

Powder Mill Creek (derived from LiDAR)

Groundwater Level Elevation
Contour - Interval 5 ft

!A Staff Gauge

Groundwater Flow Direction

Inferred Area with TCE
Concentration in Groundwater > 5 μg/L

Inferred Area with TCE Concentration
in Groundwater >0.49 µg/L and < 5 µg/L


