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Note
1. MW-22s a nd MW-23s were decom m issioned due to a rtesia n conditions.
2. Da vey, Bra ndt a nd Freem a n S tore wells a re not included in the 
    GW m onitoring progra m .
3. Groundwa ter concentra tion da ta  shown on figure is from  J uly to 
    October 2019 with the following exceptions: MW-26 (Ma y 2019),
    Atwood Hom e Well (J une 2019) a nd Atwood Well (S hop) (J une 2019).
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Figure 1-1
Site Location
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
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Figure 2-1
Grain Handling Facility at Freeman
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
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Figure 2-2
Site and Surrounding Features
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
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Site Topography and Surface Drainage
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
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Features, and Watershed Boundaries
Remedial Investigation/Feasibility Study Report
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Figure 3-3
Generalized Stra graphic Sec on
Remedial Inves ga on/Feasibilty Study Report
Grain Handling Facility at Freeman
Freeman, Washington

GEOLOGIC UNITS & AGE GENERALIZED STRATIGRAPHY TYPICAL THICKNESS OF GENERALIZED UNITS
(in vicinity of GHFF site)

AQUIFER TYPE/GROUNDWATER FLOW CHARACTERISTICS/AND-OR
TYPICAL YIELD (for wells completed in each unit, etc)

Quaternary Sediments:
• Post Glacial Deposits (alluvium)
• Glacial Flood Deposits (high energy sand & gravel;

low energy silt & clay)
• Eolian (wind blown loess) – Palouse Formation

• Range of 10-85 feet

• Typical thickess of ~40-60 ft

• Permeability of fine-grained loess (silt-clay) is relatively low; theoretical/book values
in range of 0.001 to 1 feet per day.

• Generally considered an unproductive zone for water wells as the units beneath are
targets for public and domestic wells; none of the well logs in Ecology’s database
are screened in this upper zone.

• Highly variable – thickens to southwest

• Ranges from 0 (not present) to over 350 feet in
areas south of GHFF site.

• Higher K found in fractured zones typically between flows.

• Aquifer type characterized as confined to semi-confined.

• Moderate to high well yield reported at up to 1,500 gpm (HCI);
and 10-1000 gpm (Buchanan 2003).

• Extensive – total depth unknown.

• Inferred to be tens to hundreds of feet+ thick.

• More permeable and saturated conditions occur in weathered zones.

• Aquifer type characterized as confined to semi-confined.

• Relatively low yield but suitable for domestic use; well yield reported
at less than 10 gpm (Buchanan 2003).

Tertiary Volcanic Rocks and Sedimentary Interbeds:
• Columbia River Basalt Group:

• Wanapum Formation
• Grande Ronde Formation

• Latah Formation – fine grained interbeds

Pre-Tertiary Igneous and Metamorphic Rocks:
• Metamorphic:

• Quartzite
• Gneiss

• Igneous (intrusive):
• Granite

AX0530181205PDX_Fig_3-3_GeneralizedStratSection_v2.ai_112619_lho

Unconsolidated Sediments

Columbia River Basalt Group

Basement Rock Complex

? ? ? ?
Note: generalized stratigraphy and supporting information compiled 
from published sources as described in Section 4.1.1.



Figure 3-4
Typical Basalt Flow Detail 
Remedial Investigation/Feasibility Study Report 
Grain Handling Facility at Freeman Freeman, 
Washington

Notes:
A. Figure A2 is taken from Water Supply Bulletin 39 (1975) and

depicts a cross section through the Palouse River Basin that is
remarkably similar to the geologic setting near Freeman.

B. Figure 5 depicts a typical basalt flow group
illustrating the variations in basalt texture and 
dominant groundwater pathways in different zones.

A. B.

skline1
Cross-Out
This reference is different than the reference in the text (Riedel et al., 2013) and is not in the reference section
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Figure 3-5
Well Location Map and Cross-Section Locations
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington
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Monitoring wells MW-4D, MW-6D, MW-18D, and MW-21D exhibit common elevations 
and similar temporal changes suggesting hydraulic connection. The lower elevations 
(approximately 90 feet lower than the upper well group) are due to hydraulic separation 
beneath the newly-identified unfractured basalt. See Figure 3-11 for other wells within 
the lower fractured basalt. 

Wells MW-20D and MW-16D exhibit intermediate elevations; lower than upper group, but 
higher than lower group. See Figure 3-11 for more detailed interpretation.

Upper well grouping for wells located near 
the GHFF site; see Figure 3-10  hydrographs 
for more detailed interpretation.

Figure 3-9
Groundwater Elevation Hydrographs, All 
Remedial Investigation Wells 
Remedial Investigation/Feasibility Study Report 
Grain Handling Facility at Freeman
Freeman, Washington

Wells MW-6S, MW-6U, and MW-17D share slightly lower 
elevations; completed within the upper fractured basalt. See 
Figure 3-10 for other wells in the upper fractured basalt.

New wells MW-28, MW-29,
and MW-30 align with upper 
group; see Figure 3-10.
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Wells MW-1S and MW-12S exhibit higher groundwater elevation than 
other upper unconsolidated unit wells; these wells are in saprolitic 
basalt/granite and may be perched or have separate recharge sources. 

Figure 3-10
Groundwater Elevation Hydrographs, Upper Well 
Grouping 
Remedial Investigation/Feasibility Study Report Grain 
Handling Facility at Freeman

Wells MW-28, MW-29, MW-30, and MW-36 have limited 
water level data but exhibit similar groundwater elevations 
to the upper well grouping due to highly-fractured basalt 
and associated hydraulic connection in areas close to GHFF

Wells MW-7S, MW-8S, MW-9S, MW-9U, MW-9D, MW-10S, MW-11S, and MW-13S share similar groundwater elevations; 
upper unconsolidated unit and underlying highly-fractured basalt are hydraulically connected at and adjacent to the GHFF

Well MW-6S is within the upper unfractured 
basalt; lower groundwater elevation at this 
well is due primarily to location significantly 
downgradient, and at lower surface elevation.

Well MW-17D completed in 
weathered granite; groundwater 
elevations more similar to upper 
vs. lower fractured basalt.
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Well MW-17D completed in weathered granite; 
groundwater elevations more similar to upper 
vs. lower fractured basalt.

Wells MW-16D and MW-20D are screened within the upper 50 to 70 feet of underlying 
basalt and are inferred to be screened above a dense unfractured or less-fractured flow 
interior and hydraulically separate from the lower wells, which are screened below such 
a dense interior.Wells MW-4D, MW-6D, MW-15D, MW-18D, and 

MW-21D are within the lower fractured basalt 
unit; groundwater elevations are significantly 
different from the upper unfractured basalt due 
to the confining unfractured basalt unit, or dense 
basalt flow interior at distal locations such as 
MW-18D and MW-21D.  

Figure 3-11
Groundwater Elevation Hydrographs, Lower Well Grouping 
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman
Freeman, Washington

Wells MW-26, MW-31, MW-32, MW-33, MW-34, and MW-35 have 
limited groundwater elevation data but are within the lower unfractured 
basalt unit with elevations similar to other wells in this unit.  
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Notes:
1. Groundwater elevations near each well represent measurements 
    from September 2019.
2. Wells grouped in this category include upper unconsolidated 
    and basalt units inferred to be in hydraulic connection near GHFF.
3. See separate map for wells south of 6s/6dwell pair.
4. Wells in grey text not used for contouring.
5. MW-22s and MW-23s were decommissioned due to artesian 
    conditions.
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Figure 3-12
Inferred Groundwater Elevation Contours and Flow Map for 
Upper Unconsolidated Sediment and Basalt Unit
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
Community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Figure 3-13
Groundwater Elevations and Conceptualized Flow for 
Area South/Southwest of Site
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington
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Notes:
1. Groundwater elevations near each well represent measurements
    from September 2019
2. Wells grouped in this category include lower decomposed/weathered 
    granite near GHFF assumed to be in hydraulic connection.
3. Wells in grey text not used for contouring.
4. MW-22S and MW-23S were decommissioned due to artesian 
    conditions.
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Figure 3-14
Inferred Groundwater Elevation Contours and Flow Map for 
Lower Decomposed/Weathered Granite Unit
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
Community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Figure 4-1
Soil Sample Locations
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
Community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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 SV-105

SO: ND (0.7) (03/07/18, 0)
SO: ND (0.59) (03/07/18, 3)

SV: 160 (03/01/18, ---)

 SV-106
SO: 8.3 (03/07/18, 0)
SO: ND (0.66) (03/07/18, 3)

 SV-107
SO: 1.4J (03/07/18, 0)
SO: 1.7J (03/07/18, 2)
SV: 225 (03/01/18, ---)

 SV-108
SO: ND (0.7) (03/30/18, 0)
SO: ND (0.8) (03/30/18, 3)

 SV-109
SO: ND (0.59) (03/30/18, 0)
SO: ND (0.81) (03/30/18, 3)

 SV-110
SO: ND (0.56) (03/08/18, 0)
SO: ND (0.59) (03/08/18, 3)

 SV-111
SV: 396 (03/01/18, ---)

 SV-112
SO: ND (0.6) (03/30/18, 0)
SO: 1.1J (03/30/18, 3)
SV: 1.4 (04/03/18, ---)

 SV-113
SO: ND (0.64) (03/30/18, 0)

SO: ND (0.55) (03/30/18, 0) FD
SO: ND (0.56) (03/30/18, 1.5)

SO: ND (0.6) (03/30/18, 1.5) FD
SV: 503 (04/03/18, ---)

 SV-114
SO: ND (0.53) (03/30/18, 3)
SV: 6.6 (03/08/18, ---)
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¯ 0 60 12030 Feet

Site L oca tion

Service L a yer Credits: Sources: Esri, HERE, Ga rm in, U SGS, Interm a p,
INCREMENT P, NRCa n, Esri Ja pa n, METI, Esri China  (Hong Kong), Esri Korea ,
Esri (Tha ila nd), NGCC, (c) O penStreetMa p contrib utors, a nd the GIS U ser
Com m unity
Source: Esri, Digita lGlob e, GeoEye, Ea rthsta r Geogra phics, CNES/Airb us DS,
U SDA, U SGS, AeroGRID, IGN, a nd the GIS U ser Com m unity

Figure 4-2
Carbon Tetrachloride in Sub-slab Soil and Soil Vapor Samples
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Notes: 
Bold va lues indica te detected concentra tions.
Soil concentra tions a re shown in m icrogra m s per kilogra m  (µg/kg).
Soil va por concentra tions a re shown in m icrogra m s per cub ic m eter (μg/m 3).
ft b gs = feet b elow ground surfa ce
ND (###) = Com pound not detected a t or a b ove the a djusted m ethod 
detection lim it.
SO = Soil m a trix
SV  = Soil va por m a trix
Sub -sla b  va por sa m pling wa s a ttem pted b ut unsuccessful from  va por 
prob es insta lled a t loca tions SV -106, SV -108, SV -109, a nd SV -110 due to 
either wa ter entry to the Sum m a  ca nister or to field conditions preventing 
va por entry to the Sum m a  ca nister (i.e., tight form a tion).

 SV-113
SO: ND (0.55) (03/30/18, 0) FD

Depth (feet b gs)
Sa m ple Da te
Concentra tion
Ma trix

L oca tion ID
Sa m ple Type Field Duplica te



 \\BROOKSIDEFILES\GIS_SHARE\ENBG\00_PROJ\U\UPRR\UPRR_FREEMAN\MAPS\REPORT\2019\RIFS\FIG4-3_SOIL_CARBONTET.MXD  GMOON 10/29/2019 10:09:41 PM

!.

!.

XW

XW

!.

!.

!.

GF

GF

GFGF

GF

GF
GF

GF

GF

XW

XW

!.

!<

!<

!<

!<

!<

!<!<

!<

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

GF

GF

GF

GF

GF

GF

GF

GF

GF

!.

!.

GF

!<
!.

!.

!.

!.

!.

!. !.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

GF

GF

GF

 BK01
ND (4.7) (3) 
ND (4.9) (4) 
ND (4.7) (12) 

 CHF Grain Facility Sump Area
ND (0.68) (0) 
ND (0.5) (3) 

 GSNE
ND (22.7) (4) 

 GSSW
ND (28.2) (5) 

 HA01
ND (6.2) (13.5) 

 HA02
ND (5.5) (2.5) 

 HA03
ND (4.7) (9) 

 HB-1-1
ND (27) (10) 

 HB-1-2
63J (10) 

 HB-1-3
ND (28) (10) 

 HB-2-1
ND (28) (10) 

 HB-2-2
ND (28) (10) 

 HB-2-3
ND (30) (10) 

 HB-3-1
ND (28) (10) 

 HB-3-2
ND (28) (10) 
ND (30) (10)  FD

 HB-3-3
ND (30) (10)  MW-1D

ND (2.3) (5) 
ND (2.5) (10) 
ND (3.3) (15) 
ND (2.9) (20) 
ND (3.1) (25) 
ND (3.1) (30) 
ND (1.7) (35) 
ND (2.1) (40) 
ND (2.1) (45) 

 MW-2D
ND (24) (5) 
ND (28) (10) 
ND (24) (15) 
ND (23) (20) 
ND (23) (25) 
ND (27) (30) 
ND (26) (35) 
ND (25) (40) 
ND (26) (45)  FD
ND (27) (45) 
ND (26) (50) 
ND (24) (55) 
ND (23) (60) 
ND (26) (65) 
ND (27) (70) 
ND (29) (75) 
ND (25) (80) 
ND (24) (85) 

 MW-3D
ND (24) (5) 
ND (22) (10) 
ND (22) (15) 
ND (28) (20) 
ND (34) (25) 
ND (33) (30) 
ND (26) (35) 
ND (26) (40) 
ND (26) (45) 
ND (29) (50) 
ND (24) (55) 

 PH-01
ND (8.3) (1) 

 PH-02
ND (5.9) (1) 

 PH-03
73 (1) 

 PH-04
ND (5.1) (1) 

 PH-05
ND (5.4) (1) 

 PH-06
ND (5.8) (1) 

 PH-07
ND (5.8) (1) 

 PH-08
ND (6.1) (1) 

 SB01
ND (4.3) (1.5) 
ND (5.1) (5) 

 SB-01
ND (23) (5)  FD
ND (24) (5) 
ND (28) (10) 
ND (28) (15) 
ND (27) (20) 
ND (24) (25) 
ND (28) (30) 
ND (25) (35) 
ND (24) (40) 
ND (26) (45) 
ND (25) (47) 
ND (26) (47)  FD

 SB02
ND (2.05) (1) 
ND (2.27) (4.5) 

 SB-02
ND (23) (5) 
ND (24) (10) 
ND (26) (15) 
ND (27) (20) 
ND (28) (25) 
ND (26) (30) 
ND (27) (35) 
ND (24) (40) 
ND (25) (45)  FD
ND (25) (45) 
ND (26) (50) 
ND (27) (55) 
ND (27) (60) 
ND (29) (65) 
ND (28) (70) 
ND (26) (75) 

 SB03
ND (2.4) (1) 
ND (2.38) (4.5) 

 SB04
ND (6) (4) 
0.21J (5) 

 MW-9S (SB-04)
ND (23) (5) 
ND (23) (10) 
ND (25) (15) 
ND (37) (20) 
28 (25) 
100 (30) 
160 (35) 
100 (40) 
98 (40)  FD

 SB05
ND (2.32) (2.5) 
ND (2.29) (3.5) 

 MW-8S (SB-05)
ND (23) (5) 
ND (25) (10) 
ND (24) (15) 
ND (29) (20) 
ND (25) (25) 
ND (27) (30)  FD
ND (26) (30) 
ND (26) (35) 
27 (40) 
35 (45) 
ND (22) (50) 

 SB06
ND (5.1) (4.5) 
ND (4.5) (6.5) 
ND (6) (12) 

 SB-06
ND (25) (5) 
ND (24) (10) 
ND (24) (15) 
ND (28) (21) 
ND (31) (25) 
ND (25) (30) 
ND (25) (35)  FD
ND (26) (35) 
ND (26) (40) 
ND (26) (45) 
ND (22) (50) 
ND (25) (56) 
ND (24) (61) 
ND (23) (65) 
ND (27) (70) 
ND (26) (75) 

 SB07
ND (2.46) (2.5) 

ND (2.4) (3.5) 

 SB08
ND (3.96) (4) 
ND (3.95) (5) 

 SB-08
ND (22) (5) 
ND (25) (10) 
ND (26) (15) 
ND (27) (20) 
ND (25) (25) 
ND (26) (30) 
ND (27) (35) 
ND (25) (40) 
36 (40)  FD
28 (45) 
ND (24) (50) 

 SB09
ND (2) (3.5) 
3.2J (15) 
3.8J (19.5) 
3.2J (25) 

 SB-09
ND (23) (5) 
ND (26) (10) 
ND (26) (15) 
ND (24) (20) 
ND (27) (25) 
ND (27) (25)  FD
ND (26) (30) 
ND (27) (35) 
ND (23) (39) 

 SB10
0.88J (15.5) 
6.5J (18.5) 
4.4J (20.5) 

 SB-10
ND (23) (5) 
ND (27) (10) 
ND (25) (15) 
ND (26) (20) 
ND (26) (25) 
ND (28) (30) 
ND (27) (35)  FD
ND (26) (35) 
ND (25) (40) 
ND (23) (45) 

 SB101B
ND (0.59) (5) 
ND (0.52) (15) 
4.2J (25) 
20.6 (36) 

 SB102B
5.7 (5) 
8.7 (15) 
7.6 (25) 
10.7 (30) 

 SB103B
2.8J (5) 
4J (15) 
2.8J (22) 
7.2J (27) 
10.6J (27)  FD

 SB104B
ND (0.57) (5) 
13.7 (15) 
4.5J (22) 
7.2 (27) 

 SB11
ND (3.43) (16.5) 
ND (4.18) (17.5) 
1.4J (18.6) 
1.9J (20) 
1.7J (21.5) 
0.71J (28) 
ND (7.5) (32) 

 SB-11
ND (22) (5) 
ND (27) (10) 
ND (22) (15) 
ND (25) (20)  FD
ND (24) (20) 
ND (26) (25) 
ND (25) (30) 
ND (24) (35) 
ND (25) (40) 
ND (25) (45) 
ND (25) (50) 
ND (25) (55) 
ND (24) (60) 
ND (23) (65) 

 SB12
2.3J (20) 

1.9J (21.5) 
0.19J (28.5) 

 SB-12
ND (23) (5) 
ND (25) (10)  FD
ND (26) (10) 
ND (25) (15) 
ND (23) (20) 
ND (24) (25) 
ND (25) (30) 
ND (25) (35) 
ND (24) (40) 
ND (25) (45) 
ND (25) (50) 
ND (24) (55) 

 SB13
1.2J (14) 
4.1J (20) 
9.7 (21.2) 
7.1J (23) 
4.9J (27.5) 
15 (30) 

 SB-13
ND (26) (5) 
ND (23) (10) 
ND (25) (15) 
ND (25) (20) 
ND (25) (20)  FD
ND (24) (25) 
ND (27) (30) 
ND (27) (35) 
ND (31) (40) 
ND (28) (45) 
ND (27) (50) 
ND (26) (55) 
ND (25) (60) 
ND (24) (63) 

 SB14
6.8J (18) 
9.3 (21.5) 
9.8J (23.5) 
0.27J (28) 

 SB-14
ND (23) (5) 

ND (24) (10) 
ND (29) (15)  FD

ND (23) (15) 
ND (22) (20) 
ND (24) (25) 
ND (30) (30) 
ND (25) (35) 
ND (27) (40) 
ND (31) (45) 
ND (31) (50) 
ND (24) (54) 

 SB-15
ND (22) (5) 
ND (23) (10) 
ND (21) (15) 
ND (24) (20) 
ND (27) (25)  FD
ND (27) (25) 
ND (25) (30) 
ND (25) (35) 
ND (25) (40) 
ND (26) (45) 
ND (24) (50) 
ND (24) (55) 
ND (23) (60) 
ND (26) (65) 
ND (25) (65)  FD
ND (27) (70) 
ND (23) (75) 
ND (25) (80) 
ND (26) (85) 
ND (22) (90) 
ND (24) (95) 

 SB-18
ND (24) (5) 
ND (23) (10) 
ND (25) (15) 
ND (25) (20) 
ND (24) (25) 
ND (26) (30) 
43 (35) 
35 (40) 
ND (27) (45) 
ND (26) (50) 

 SB-19
ND (24) (5) 
ND (24) (10) 
ND (24) (15) 
ND (27) (20) 
ND (28) (25) 
ND (29) (30) 
ND (25) (35)  FD
ND (26) (35) 
ND (26) (40) 

 SB-20
ND (1.8) (5) 
ND (1.5) (10) 
ND (1.5) (15) 
5.4 (20) 
6.2 (25) 
10 (30) 
14 (35) 
ND (2.2) (35)  FD
ND (0.21) (35)  FD
17 (39) 

 SB-201
ND (30) (5) 
ND (35) (15) 

 SB-202
ND (28) (5) 
ND (37) (15) 

 SB-203
ND (30) (5) 

ND (39) (15)  SB-204
ND (31) (5) 
ND (41) (15) 
ND (41) (15)  FD
 SB-205
ND (29) (5) 
ND (36) (15) 

 SB-22
ND (0.25) (5) 
2.5 (20) 
7.2 (25) 
9.1 (30) 
20 (35) 

 SB-25
ND (0.18) (4) 
ND (0.15) (8) 
ND (0.14) (12) 
ND (0.24) (16) 
ND (0.24) (20) 
ND (0.24) (22) 

 SB-26
ND (0.2) (5) 
ND (0.24) (10) 
ND (0.25) (15) 
ND (0.26) (20) 
ND (0.26) (25) 
ND (0.25) (30) 
ND (0.26) (31) 

 SB-27
ND (0.22) (5) 

ND (0.21) (10) 
ND (0.22) (15) 
ND (0.25) (19) 

 SB-28
ND (0.2) (5) 
ND (0.2) (10) 
ND (0.25) (15) 
ND (0.26) (19) 

 SB-29
ND (0.2) (5) 

ND (0.2) (10) 
ND (0.26) (13) 

 SB-30
ND (0.21) (5) 
ND (0.21) (10) 
ND (0.2) (15) 

 SB-31
ND (0.21) (5) 
ND (0.21) (10) 
ND (0.2) (15) 

 SB-32
ND (0.2) (5) 
ND (0.26) (10) 
ND (0.27) (15) 
ND (0.24) (20) 
ND (0.24) (23) 

 SB-33
ND (0.21) (5) 
ND (0.2) (10) 
ND (0.25) (15) 
ND (0.26) (17) 

 SB-34
ND (18.2) (5) 
ND (20.2) (10) 
ND (24.7) (15) 
ND (23) (20) 
ND (21.1) (25) 
30.2J (30) 
58.2J (35) 
ND (24.2) (40) 
ND (21.1) (45) 
ND (24.6) (50) 
ND (23.2) (55) 
ND (23) (60) 
ND (17.3) (65)  FD
ND (18.8) (65) 

 SV-105
ND (0.7) (0) 
ND (0.59) (3) 

 SV-106
8.3 (0) 
ND (0.66) (3) 

 SV-107
1.4J (0) 
1.7J (2) 

 SV-108
ND (0.7) (0) 
ND (0.8) (3) 

 SV-109
ND (0.59) (0) 
ND (0.81) (3) 

 SV-110
ND (0.56) (0) 
ND (0.59) (3) 

 SV-112
ND (0.6) (0) 
1.1J (3) 

 SV-113
ND (0.64) (0) 
ND (0.55) (0)  FD
ND (0.56) (1.5) 
ND (0.6) (1.5)  FD

 SV-114
ND (0.53) (3) 

 MW-7S (SB-03)
ND (25) (5) 
ND (26) (10) 
ND (26) (15) 
ND (28) (20) 
ND (27) (25) 
ND (27) (30) 
ND (26) (35) 
ND (23) (40) 

 MW-10S (SB-07)
ND (22) (5) 
ND (27) (10) 
ND (28) (15) 
ND (27) (20) 
ND (27) (25) 
ND (26) (30)  FD
ND (25) (30) 
ND (26) (35) 
ND (25) (40) 
ND (32) (45) 
ND (26) (50) 
ND (27) (55) 
ND (33) (60) 
ND (26) (65) 
ND (24) (70) 
ND (24) (75) 

LEGEND
!. Soil Boring Location
XW Soil Excavation Location
GF Sub-Slab Location
!< Pothole Location
! Location With At Least One Detected Concentration

Horizontal Boring (HB)
Grain Handling Facility at Freeman 

¯
0 75 15037.5 Feet

Notes: 
Bold values indicate detected concentrations
µg/kg = micrograms per kilogram
ft bgs = feet below ground surface
J = Estimated concentration above the adjusted method detection 
limit and below the adjusted reporting limit. 
<### = Compound not detected at or above the adjusted method detection limit.
Screening level value = 14,300 µg/kg
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 MW-5D
ND (23) (5) 
ND (23) (10) 
ND (24) (15) 
ND (22) (20) 
ND (25) (25) 
ND (21) (27) 
ND (23) (30) 
ND (26) (30)  FD
ND (25) (35) 
ND (25) (40) 
ND (27) (45) 
ND (23) (50) 
ND (23) (55) 

 MW-6D
ND (24) (5) 
ND (22) (10) 
ND (23) (15) 
ND (22) (20) 
ND (23) (25) 
ND (28) (30) 
ND (25) (35) 
ND (27) (40) 
ND (27) (45)  FD
ND (26) (45) 
ND (26) (50) 

 SB-21
ND (0.29) (5) 
ND (0.26) (10) 
ND (0.31) (15) 
ND (0.29) (20) 
ND (0.25) (25) 
ND (0.28) (30)  FD
ND (0.29) (30) 
ND (1.9) (30)  FD
ND (0.31) (35) 
ND (0.26) (40) 
ND (0.29) (45) 
ND (0.32) (50) 
ND (0.29) (55) 
ND (0.33) (60) 
ND (0.3) (65) 

 SB-23
ND (0.34) (5) 
ND (0.27) (10) 
ND (0.28) (15) 
ND (0.26) (20) 
ND (0.31) (25) 
ND (0.31) (30) 
ND (0.36) (35) 
ND (0.32) (40) 
ND (0.37) (45) 
ND (0.32) (50) 
ND (0.38) (55) 
ND (0.26) (60) 

 SB-35
ND (17.7) (10)  FD
ND (19.8) (10) 
ND (20.5) (20) 
ND (19.8) (25) 
ND (21.8) (30) 
ND (22.5) (35) 
ND (20.8) (40) 
ND (20.1) (45) 
ND (20.5) (50) 
ND (19.1) (55) 
ND (23.7) (60) 
ND (23.7) (65) 
ND (26.4) (65) 
ND (24.4) (70) 
ND (25.5) (75) 
ND (21.8) (80) 

 SB-36
ND (18.7) (5) 
ND (19.3) (10) 
ND (21.7) (15) 
ND (18.3) (20) 
ND (17.6) (25) 
ND (22.2) (30) 
ND (20.4) (35)  FD
ND (21.5) (35) 
ND (20.6) (40) 
ND (23.4) (45) 
ND (21) (50) 

 SB-37
ND (18) (5) 
ND (19.2) (10) 
ND (18.3) (15) 
ND (18.6) (20) 
ND (19.1) (25) 
ND (21.8) (30) 
ND (21.6) (35)  FD
ND (19.2) (35) 
ND (23.6) (40) 
ND (23.9) (45) 
ND (25.4) (50) 
ND (26.4) (55) 
ND (23.8) (60) 
ND (22.4) (65) 
ND (24.6) (70) 
ND (20.5) (75) 
ND (19.6) (80) 

 SB-41
ND (17.9) (5) 
ND (19.3) (10) 
ND (20.3) (15) 
ND (25.7) (20) 
ND (26.5) (25) 
ND (22.6) (30)  FD
ND (22.4) (30) 
ND (23.5) (35) 
ND (16.2) (40) 
ND (17.3) (45) 

 SB-206
ND (28) (5) 
ND (28) (10) 
ND (37) (15) 
ND (38) (20) 
ND (34) (25) 
ND (34) (30) 
ND (34) (35) 
ND (33) (40) 
ND (36) (45) 
ND (37) (50) 
ND (33) (55) 
ND (34) (60) 
ND (32) (65) 
ND (33) (70) 
ND (35) (70)  FD
ND (33) (77) 
ND (29) (77)  FD

 SB-207
ND (30) (5) 
ND (28) (10) 
ND (30) (15) 
ND (28) (20) 
ND (29) (25) 
ND (29) (30) 
ND (29) (35) 
ND (30) (40) 
ND (36) (45) 
ND (34) (50) 
ND (38) (55) 
ND (46) (60) 
ND (36) (65) 
ND (36) (65)  FD
ND (37) (70) 
ND (35) (75) 

 SB-208
ND (30) (5) 
ND (33) (10) 
ND (32) (15) 
ND (30) (20) 
ND (29) (25) 
ND (32) (30) 
ND (37) (35) 
ND (38) (40) 
ND (36) (45) 
ND (42) (50)  FD
ND (32) (50) 
ND (39) (55) 
ND (39) (60) 
ND (38) (65) 
ND (36) (70) 
ND (35) (75) 
ND (36) (80) 
ND (34) (85) 
ND (35) (90) 

See Main Map for Soil Data 
in Extent Shown Below

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community

Figure 4-3
Carbon Tetrachloride in Soil Samples
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

SB-22
ND (0.25) (5)

Sample Location ID
Carbon Tetrachloride Concentration (µg/kg)
Soil Sample Depth (ft bgs)
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LEGEND
! Passive Soil Gas Sampling Location (2017)

Grain Handling Facility at Freeman 
Excavation Boundary

¯
0 60 12030 Feet

See Main Map for Soil Data 
in Extent Shown Below

Interpolation of Carbon Tetrachloride (ug/m3)
5.8 - 6.6
6.6 - 10
10 - 50
50 - 100
100 - 200
200 - 300
300 - 400
400 - 450
450 - 480

Notes: 
ug/m3 = micrograms per cubic meter
The purpose of the excavation was to identify the subsurface 
anomaly detected during the geophysical survey. 

Figure 4-4
Passive Soil Gas Survey Results
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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$1 Horizontal Soil Boring Location
!< Pothole Location
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!? Monitoring Well
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! Passive Soil Gas Sampling Location (2017)
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Grain Handling Facility at Freeman 
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See Main Map for Soil Data 
in Extent Shown Below

Interpolation of Carbon Tetrachloride (ug/m3)
5.8 - 6.6
6.6 - 10
10 - 50
50 - 100
100 - 200
200 - 300
300 - 400
400 - 450
450 - 480

Notes: 
ug/m3 = micrograms per cubic meter
The purpose of the excavation was to identify the subsurface 
anomaly detected during the geophysical survey. 
Some MWs (shown in light gray) are included for context only (no soil data collected).

Figure 4-5
Passive Soil Vapor Survey and Soil Sample Results
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Note
1. EW-6U, EW-9U, MW-22s and MW-23s were decommissioned due to 
    artesian conditions.
2. Davey, Brandt and Freeman Store wells are not included in the 
    GW monitoring program.
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Figure 4-6
Well Locations/Groundwater Monitoring Network
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
Community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Note
1. MW-22s a nd MW-23s were decom m issioned due to a rtesia n conditions.
2. Da vey, Bra ndt a nd Freem a n S tore wells a re not included in the 
    GW m onitoring progra m .
3. Groundwa ter concentra tion da ta  shown on figure is from  J uly to 
    October 2019 with the following exceptions: MW-26 (Ma y 2019),
    Atwood Hom e Well (J une 2019) a nd Atwood Well (S hop) (J une 2019).

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(!(!(

!(

!(!(!(

!(!(

!(

!(

!(

!(!(
!(

!(
!(

!(!(!(!(

!(

!(

U

U

U

U

U

U

U

U
U

U

U

U

U

?

?

?

?

?

?

?

?

?

?

??

?

?

?
?

?

???

?

???

??

?

?

?

??
?

?
?

???U

U

U

!U

!U

!U

!A

!A Prim a ry Freem a n
S chool District
Well (WS 5)

MW-24S

MW-25S

Out-of-Use Ma rlow Well
(No. 2)Ra nda ll Well

Reed
Well
(W30)

S ilva
Well

S ta rk Well
(W15)

T horson WellAsher Well
Atwood Hom e Well

Atwood Well
(S hop)

La ng Well

La sha w Well
(Agricultura l)

La sha w Well
(Dom estic)

Ma rlow Well

MW-10S

MW-11S

MW-12S

MW-13S

MW-14D

MW-15D

MW-16D

MW-17D

MW-18D

MW-19D

MW-1D
MW-1S

MW-20D

MW-21D

MW-26

MW-27
MW-28
MW-29

MW-2D

MW-31
MW-32
MW-33

MW-35
MW-36

MW-3D

MW-4D

MW-5D

MW-6D
MW-6S
MW-6U

MW-7S
MW-8S

MW-9D

MW-9S

MW-9UOut-of-Use Freem a n
S chool District
Well (W26)

Out-of-Use Ma rlow Well 
(W20)

?

?

?
?

?

?
?

?
?

?

LEGEND
? Monitoring Well
U Dom estic Well

Gra in Ha ndling Fa cility a t Freem a n 
Groundwa ter flow direction (lower fra ctured ba sa lt unit, see note 6)
Groundwa ter flow direction (inferred tra nsition zone)

Concentration Range
!( <=0.625 ug/L
!( >0.625 a nd <=5 ug/L
!( >5 a nd <=100 ug/L
!( >100 a nd <=200 ug/L
!( >200 ug/L

Carbon Tetrachloride Concentration
(Contours shown for deeper fra ctured ba sa lt)

0.625 ug/L (“?” indica tes where inferred)
10 ug/L
100 ug/L
400 ug/L

¯
0 670 1,340335 Feet

S ite Loca tion

Figure 4-7
Carbon Tetrachloride in Groundwater Samples from Wells
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

S ervice La yer Credits: S ources: Esri, HERE, Ga rm in, US GS , Interm a p,
INCREMENT  P, NRCa n, Esri J a pa n, MET I, Esri China  (Hong Kong), Esri Korea ,
Esri (T ha ila nd), NGCC, (c) OpenS treetMa p contributors, a nd the GIS  User
Com m unity
S ource: Esri, Digita lGlobe, GeoEye, Ea rthsta r Geogra phics, CNES /Airbus DS ,
US DA, US GS , AeroGRID, IGN, a nd the GIS  User Com m unity
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Note
1. MW-22s and MW-23s were decommissioned due to artesian conditions.
2. Davey, Brandt and Freeman Store wells are not included in the 
    GW monitoring program.
3. Groundwater concentration data shown on figure is from July to 
    October 2019 with the following exceptions: MW-26 (May 2019),
    Atwood Home Well (June 2019) and Atwood Well (Shop) (June 2019).
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Figure 4-9
Chloroform in Groundwater Samples from Wells
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea,
Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User
Community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Residential Soil Sample Locations
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Notes:
Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
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and Soil Vapor Sampling Locations
Remedial Investigation/Feasibility Study Report
Grain Handling Facility at Freeman,
Freeman, Washington

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar
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Figure 4-12
Comparison of Carbon Tetrachloride Concentra�ons in Air 
Remedial Inves�ga�on/Feasibility Study Report
Grain Handling Facility at Freeman
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Figure 4-13
Comparison of Chloroform Concentra�ons in Air 
Remedial Inves�ga�on/Feasibility Study Report 
Grain Handling Facility at Freeman
Freeman, Washington

AX0530181205PDX Fig_4-11_Compare_Chloroform_v2

Range of National 
and Global 
Background 
Concentrations

Typical Indoor Air 
Background



2300

2400

2500

2600

0

2600

2500

2400

2300

2200

3500

1000

2000

3000

GRANITE GNEISS BEDROCK

CLAY PALEOSOL

UNFRACTURED BASALT

FRACTURED BASALT
PALAGONITE

UNFRACTURED BASALT

LOESS DEPOSITS

S. JACKSON ROAD

El
ev

at
io

n 
(fe

et
 a

m
sl

)

Distance (feet)

HWY 27

SCHOOL

CENEX HARVEST 
STATES FACILITY

?

?

?

?

?

RC-04

FR
EE

M
AN

 S
CH

OO
L 

DI
ST

RI
CT

 W
EL

L

LA
SH

AW
 W

EL
L

RC-03

M
A

R
LO

W
 W

EL
L

R
A

N
D

A
LL

 W
EL

L

RC-02

M
W

-9
S

M
W

-9
D

M
W

-1
9D

M
W

-2
6

M
W

-6
D

M
W

-3
1

M
W

-3
2

M
W

-3
3

M
W

-3
4

M
W

-6
U

M
W

-6
S

M
W

-3
5

M
W

-3
6

M
W

-2
8

M
W

-2
9

M
W

-3
0

M
W

-2
7

R
C

-0
1

M
W

-9
U

R

Inferred contaminant migration pathway

LEGEND
Figure 5-1
Conceptual Site Model
Remedial InvesƟgaƟon/Feasibility Study Report
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Figure 5-2
Conceptual Site Model for Screening Level Risk Evalua�on –
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Remedial Inves�ga�on/Feasibility Study Report
Grain Handling Facility at Freeman
Freeman, Washington
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* Commercial Workers includes Freeman School District  students and employees
and workers at the Site, where appropriate.
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