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Introduction 

1 INTRODUCTION 

On behalf of NW Natural, Anchor Environmental, LLC (Anchor) is conducting a 

Groundwater/NAPL Pilot Program (Pilot Program) in support of source control actions at the 

NW Natural Gasco Facility, 7900 NW St. Helens Road, Portland, Oregon.  Source control is also 

planned on a portion of the adjoining Siltronic facility.  The location of the Gasco/Siltronic Site is 

shown on Figure 1. 

The Pilot Program will assess the use of groundwater extraction wells to provide hydraulic 

containment of impacted upland groundwater migrating to Willamette River sediments.  The 

rationale for evaluating hydraulic containment in a pilot program is described in the 

Groundwater Source Control Pilot Plan (Anchor, 2006). The wells will also be evaluated for their 

ability to prevent NAPL migration.  Data to be obtained from testing the extraction wells will be 

used to assess hydraulic containment as a source control alternative or as a component of a 

source control alternative at the Gasco/Siltronic Site.  

The extraction wells are designated PW-1 to PW-4 as shown on Figure 4.  During the upland 

Remedial Investigation (Upland RI), extraction well PW-1 was installed and tested under the 

direction of Hahn and Associates, Inc (HAI) (Aquifer Test Evaluation Report, HAI, 2006). 

Under the current project schedule, extraction wells PW-2, -3, and -4 will be installed in June 

2007 and will be pump tested in July 2007.  Laboratory testing and data analysis will occur in 

August and September 2007.  The Extraction Well Performance Report is planned to be 

submitted to DEQ in October 2007. Information obtained from operating the extraction wells 

will be used in evaluating and designing groundwater/NAPL source control alternatives.  The 

Groundwater/NAPL Focused Feasibility Study (FFS) is planned to be submitted to DEQ in 

October 2007. 

Section 2 of this report describes the installation and testing of monitoring wells installed at the 

locations of extraction wells PW-2, -3, and -4.  Section 3 covers extraction well design.  Section 4 

contains the extraction well testing plan, and the plan for assessing source control alternatives is 

presented in Section 5. 
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2 	 MONITORING WELL CLUSTERS MW-18, -19, AND -20 
2.1 Installation 

During February and March 2007 monitoring well clusters MW-18, -19, and -20 were 

installed at the locations shown on Figure 2.  The well construction details are summarized 

in Table 1. The wells were installed according to the plans outlined in the letter Gasco 

Groundwater Pilot Borings, Proposed Modification to Install Monitoring Wells (Anchor, January 

2007).  The monitoring well plan was approved by DEQ in the letter Proposed Pilot Study 

Extraction Well Borings and Monitoring Wells, Northwest Natural Gas Company Site, Portland, 

Oregon, ECSI No. 84 (Oregon DEQ, February 2007). 

The monitoring wells will serve multiple purposes for NW Natural’s source control actions. 

•	 Groundwater quality data from the wells are being used to design the extraction 

well screen intervals. 

•	 Grain size data on soil samples from the borings are being used to design the 

extraction well screens. 

•	 Some of the monitoring wells will be used for hydrology monitoring during pump 

testing of the extraction wells. 

•	 Some of the monitoring wells will be used for performance monitoring of the 

hydraulic containment system. 

The wells were installed with a Rotosonic drill rig operated by Boart Longyear.  Continuous 

soil core samples were obtained during drilling and lithology logs were completed by 

Anchor geologists. The boring and well construction logs are in Appendix A.  The soil cores 

were screened for the potential presence of NAPL by HAI field staff.  The results of the 

NAPL field screen are in Table 2. 

A summary of the lithology encountered in the borings and the monitoring well 
 

construction details are in Table 1.  
 

The new monitoring well screen depths were designed to cover key depth intervals in the 

surficial fill and alluvial water-bearing zones (WBZs) that are not covered by other pre

existing upland monitoring wells.  The new well screen depths in relation to the screens in 
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nearby pre-existing monitoring wells are shown on geologic cross section B-B’ in Figure 3.  

A large scale map of the well locations is on Figure 4.  The screen elevations were designed 

to be approximately equivalent to the screen elevations in nearby wells, subject to design 

variations resulting from lithologic differences between borings. 

Table 1 shows that two wells were installed at location MW-18; well MW-18-30 screened in 

the surficial fill WBZ from 19 to 29 feet below ground surface (bgs), and well MW-18-180 

screened in the alluvial WBZ from 170 to 180 ft bgs.  Basalt bedrock was encountered at 

MW-18 at a depth of 230 ft bgs.  The screen intervals at MW-18 complement the screen 

depths in the nearby MW-3 and MW-16 well clusters.  Three monitoring wells were 

constructed at MW-19; well MW-19-22 screened in the surficial fill WBZ, well MW-19-125 

screened in the intermediate depth alluvial WBZ, and well MW-19-180 screened in the lower 

alluvium. Basalt bedrock at MW-19 was at 222 ft bgs.  Well MW-20-120 was installed to 

complement the screen depths in wells MW-5-100 and MW-5-175.  Basalt bedrock was at 

206.5 ft bgs at boring MW-20. 

The wells were constructed with 2-inch diameter stainless steel wire wrapped screens.  Per 

DEQ’s request, a rubber “NAPL funnel” was installed in the well annulus at the base of each 

screen above the stainless steel sump.  Each well was completed with a stickup locking 

casing surrounded by protective pipes. Each well screen was developed with a Waterra foot 

valve pumping system. Field measurements of groundwater pH, specific conductance, and 

temperature were measured during development.  The well screens were developed until 

the pH, specific conductance and temperature stabilized and the pumped water was clear.  

The water quality data are in the field data sheets in Appendix B. 

Well screen development water and purge water from sampling the wells was treated in the 

on-site granular activated carbon treatment system.  Waste soil from drilling and well 

installation operations is currently stored in a drop box onsite.  The drop box also contains 

waste soil from the shoreline GS borings.  Representative samples of soil from the drop box 

are being tested to determine the appropriate offsite disposal option. 
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2.2 Sampling 

Four of the six new monitoring wells were sampled following well construction and screen 

development. As they were completed, wells MW-18-180, MW-19-125, MW-19-180, and 

MW-20-120 were sampled between March 9 and March 29, 2007. The purpose of the 

sampling was to obtain groundwater quality data in the alluvial WBZ to assist in 

determining the appropriate capture depth for design of the extraction wells.  The new wells 

installed in the surficial fill WBZ, MW-18-30 and MW-19-22, were not sampled.  They will 

be sampled as part of future upland groundwater monitoring events. 

The field sampling details are on the Field Data Sheets in Appendix B.  The groundwater 

samples were tested by Columbia Analytical Services (CAS) for VOCs, semi-VOCs, total 

cyanide, amenable cyanide, and free cyanide.  The laboratory testing methods and the water 

quality data are shown on Tables 3a, 3b, and 3c. 

2.3 Findings 

Subsurface profile B-B’ on Figure 3 shows the geologic units encountered in the monitoring 

well borings.  The lithology of the fill and alluvium described in the cores is consistent with 

the geologic units characterized in the upland RI. 

All of the groundwater quality data from the new monitoring wells is listed on Table 3 

along with 2006/2007 data from nearby pre-existing monitoring wells. Table 3a contains 

BTEX, total PAH, free cyanide, amenable cyanide, and total cyanide data.  Table 3b lists the 

concentrations of individual PAHs, and Table 3c lists total metals concentrations. 

Groundwater plumes for target analytes benzene, naphthalene, free cyanide, amenable 

cyanide, and total cyanide are shown on subsurface profile B-B’, Figures 5a through 5e.  The 

NAPL zones identified in the MW-18, -19, and -20 borings by HAI field screening are shown 

on the Figure 5 profiles. The plume boundaries shown on Figures 5a through 5e are defined 

primarily by the water quality data from upland monitoring wells, supplemented in some 

areas with data from groundwater grab samples from previous site borings. 
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Four of the wells, MW-18-180, MW-19-125, MW-19-180, and MW-20-120 were installed to 

delineate the depth to which MGP-related COPCs have migrated in the alluvium.  Review 

of the profiles on Figures 5a through 5e show that data from wells MW-19-125 and 

MW-20-120 helped to confirm that significant concentrations of COPCs have not migrated 

below the approximate elevation of -100 ft MSL, Portland datum.  The data from wells 

MW-18-180 and MW-19-180 confirm that only trace concentrations of benzene and 

naphthalene have migrated to the lower portion of the alluvial WBZ.  

Amenable and free cyanide species are not detected in the alluvial WBZ below -100 ft 

elevation. The EPA and DEQ aquatic toxicity criterion for cyanide is based on the free 

cyanide concentration of 5.2 µg/l. 

Soil samples were obtained during drilling at 10 ft depth intervals.  Grain size analyses were 

conducted on all of the samples.  The soil grain size data are on Table 4.  Grain size curves 

are plotted on Figures 6a, 6b, and 6c.  Use of the grain size data for design of the extraction 

wells is described in Section 3.  

Most of the soil is very fine to medium grain sand, with silty zones, and silt interbeds.  

There is an increase in grain size with depth in the alluvium that is evident from the data in 

each boring. Figure 8 contains three bar graphs that plot soil classification vs. depth below 

ground surface. With respect to grain size there are two primary zones in the alluvium; an 

upper zone consisting of very fine to fine sand with silt interbeds, and a lower zone 

consisting primarily of medium sand with silt interbeds.  Figure 8 shows that the boundary 

between these two zones increases in depth from about 100 ft bgs at MW-18 to 120 ft bgs at 

MW-20. 

The increase in grain size results in an increase in the hydraulic conductivity in the alluvial 

WBZ. The estimated hydraulic conductivity increase is considered in the preliminary 

capture modeling completed for extraction well design, as described in Section 3.   
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3 EXTRACTION WELL DESIGN 
3.1 Screen Interval 

The extraction well screen depth interval is designed so that the well is capable of 

preventing the migration of dissolved COPCs and NAPL down to a specified depth interval 

in the alluvium.  Based on the water quality data described in Section 2.3, the optimum 

containment depth is approximately -100 ft MSL.  That is the approximate deepest elevation 

of significant concentrations of MGP-related COPCs. 

SS Papadopulos & Associates (SSPA) has developed a groundwater model for the Site using 

the USGS MODFLOW program (McDonald, M. G. and A. W. Harbaugh, 1988).  The model 

has been used to determine the extraction well screen interval suitable to attain hydraulic 

containment down to elevation -100 ft MSL.  A description of the model and preliminary 

subsurface particle tracking profiles are described in Section 5. 

Most of the groundwater contaminant flux occurring in the Gasco Upstream Zone is in the 

alluvial WBZ, based on the findings from the Upland RI and the Phase 1 offshore 

investigation. Therefore the pilot plan proposes to install the extraction wells in the 

alluvium to provide hydraulic containment in the alluvial WBZ.  Water level monitoring 

completed during the Upland RI has shown a hydraulic connection between the alluvium 

and the overlying fill at certain near shore locations where the intervening silt unit is thin or 

absent. Therefore, operation of the extraction wells at near shore locations may affect 

groundwater levels in the fill. The results of the pilot aquifer test will be used to evaluate 

long term alternatives for groundwater source control.  A Focused Feasibility Study will be 

conducted that evaluates various alternatives, including hydraulic containment, barrier wall 

containment, and combination systems. 

The pilot extraction well screen depth interval is designed to minimize the pumping of fine 

grained soil, so the screen interval is adjusted to avoid silt and clay interbeds.  The screen 

interval is also designed to minimize the potential for NAPL to migrate downward through 

the well annulus/screen from shallow to deeper zones in the alluvium.  The well screen 

interval design is therefore a compromise that is affected by the target containment depth, 

the avoidance of silt/clay interbeds, and minimization of NAPL drainage down the well 

screen/annulus.  
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Well screen depth is also affected by the desire to avoid the potential of cascading water in 

the well screen during pumping. A shallow extraction well screen that intersects the 

drawdown cone has an increased potential of cascading water during pumping conditions.  

Cascading water can result in extraction well malfunction and may cause increased 

extraction well maintenance challenges and down-time resulting from the formation of 

precipitates and bacteria slimes on the screen.  The Site groundwater is known to contain 

elevated concentrations of iron and manganese, which could form iron precipitates and iron 

slimes, requiring higher well screen maintenance costs.  Cascading water will also tend to 

increase the emulsification of water/NAPL mixtures, resulting in more difficult oil/water 

separation prior to treatment.  Therefore, the well screen depth interval is designed to be 

below the anticipated depth of drawdown under pumping conditions. 

The proposed extraction well screen intervals are influenced by all of the above described 

design criteria. Each well screen has a unique depth interval because the depth of the silt 

beds is different at each borehole location.  The proposed well screen numbers are listed 

below. The depth of the bottom of each well screen is shown on the well number.  For 

example, extraction well PW-2-115 has a bottom screen depth of 115 ft bgs. 

PW-2-115, screen interval 95 to 115 ft bgs 

PW-3-93, screen interval 83 to 93 ft bgs 

PW-3-116, screen interval 106 to 116 ft bgs 

PW-4-85, screen interval 75 to 85 ft bgs 

PW-4-118, screen interval 108 to 118 ft bgs 

The modeling analysis described in Section 5 was used to estimate the ability of this well 

array to capture groundwater from the top of the alluvium to approximately 130 feet bgs 

(approximately -100 ft MSL, Portland Datum). 

The well locations are shown on Figure 4.  The well screen intervals are shown on the 

geologic profile, Figure 3, and the groundwater quality profiles on Figure 5. 
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Four wells are proposed, two each at the PW-3 and PW-4 locations.  Two wells with 

different screen depths are designed to avoid the silt interbeds shown on Figure 3.  If one 

screen was used across the entire vertical zone, this would increase the potential for NAPL 

movement downward in the well screen/annulus, thereby moving below the silt layers.    

3.2 Well and Screen Design 

The extraction well casing and screen will be 8 inch diameter.  The screen will be stainless 

steel continuous wire-wrapped screen manufactured by Johnson Division.  A diagram of the 

typical extraction well construction details is on Figure 7. 

The grain size testing results were analyzed for the soil cores obtained from the alluvium in 

the proposed well screen depth intervals.  The grain size data were analyzed to design the 

annular filter pack and well screen slot size.  The filter pack was designed following the 

methods described in Groundwater and Wells (Driscoll, 1986).  The filter pack and screen 

specifications are also based on recommendations from Johnson Division analysts who 

reviewed the grain size data.  The screen slot size and annular sand pack for each well are 

specified below. 

Well Number Screen Slot Size (inches) Annular Sand Pack 

PW2-115   0.020  16-30 
 

PW3-93   0.020  16-30 
 

PW3-116   0.035  12-20 
 

PW4-85   0.020  16-30 
 

PW4-118   0.035  12-20 
 

The filter pack material is designed to retain most of the fine grained materials in the 

alluvium. The filtering ability of the larger screen slot size will depend upon successful 

development of the sand pack to enable filtration of the fine grain fraction of the alluvium.  

The larger slot size should reduce the frequency of screen cleaning maintenance events. 
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The stainless steel screen will be welded to the steel casing and installed as a single unit.  

Each extraction well will have a 10 ft long steel pipe sump below the well screen and per 

DEQ’s request; a “NAPL funnel” will be installed in the well annulus at the base of each 

screen above the steel sump. 

3.3 Well Installation 

Several drilling methods were considered for installation of the extraction wells.  Well 

PW1-80 was installed at the Site using Rotosonic drilling methods.  PW1-80 is a six-inch 

diameter well, and the planned extraction wells are 8 inch diameter.  Boart Longyear 

drilling experts maintain that sonic drilling is unsuitable for installing an 8-inch well over 

100 feet deep because the outside drill casing will have to be 12 inch diameter.  With the 

larger diameter drill casing, the sonic vibrations are likely to dampen out at the proposed 

well screen depths. Heave of sand into the casing is particularly troublesome with sonic 

drilling, based on previous sonic experience at the Site. Air rotary drilling methods were 

also considered, but rejected because a large volume of contaminated water/solids would be 

generated, and because of worker health and safety issues potentially caused by 

entrainment of COPCs in the discharge air. 

Boart Longyear recommends the use of cable tool drilling methods for installation of the 

extraction wells, for the following reasons. 

•	 Cable methods are better suited for controlling formation heave than rotary methods 

•	 It is simpler to control the depth of installation of well screen and casing using cable 

methods 

•	 There is much less exposure of site workers to COPCs using cable methods 

A potential drawback is that cable drilling is slower than rotary methods, in terms of 

footage drilled per day. For this reason NW Natural proposes to begin drilling as soon as 

approval can be obtained from DEQ, preferably in May 2007.  It may be necessary to 

mobilize two drill rigs to the Site to allow the wells to be installed by June 27, 2007, as 

required on the current project schedule. 

During installation the 12 inch diameter outer casing will be driven to the proposed depth of 

the bottom of the steel sump.  The cable bit/bailer system will be used to remove formation 
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material from inside the 12-inch casing as the casing is advanced.  The soil/water slurry 

removed from the casing will be stored onsite in a tank.  After the 12-inch casing is down to 

the target depth, the 8-inch casing/screen assembly will be lowered to the bottom of the 

12-inch casing.  After the 8-inch casing and screen assembly is set to the correct depth, the 

filter pack will be placed and a tremie pipe will be used to install the annular well seal, as 

shown on Figure 7.  The 12-inch outer casing will be pulled as the annular material is 

placed. The driller will make frequent depth measurements using a weighted tape or 

equivalent method to assure that the annular seal and sand pack depths are correct. 

The well annulus sand packs will be thoroughly developed using surging and pumping 

techniques. The water removed during development will be treated in the on-site carbon 

treatment system. 

The soil/water slurry obtained during drilling will be separated into soil and water 

components using gravity methods.  The soil component will be stored in an on-site drop 

box for later characterization and landfill disposal.  The water will be pumped to the on-site 

carbon treatment system for discharge to the City of Portland POTW. 
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4 	 EXTRACTION WELL TESTING PLAN 
4.1 Aquifer Test Plan 

Aquifer tests will be conducted at each of the new extraction wells.  The aquifer test at each 

extraction well will consist of the following components and steps. 

1.	 A temporary centrifugal pump capable of a 20 to 40 gpm yield will be installed in the 

well down inside the steel pipe sump.  The pump will be connected to the surface using 

a support cable and temporary discharge pipe.  The pump will be connected to a 

portable electric power generator.  The discharge pipe will be connected to a pipe header 

leading to the on-site carbon water treatment system.  A totalizing flow meter and a 

sampling port will be installed on the discharge line. 

2.	 Water level transducers will be installed in the pumping well, in the Willamette River on 

a pier support, and in selected monitoring wells indicated on Table 5. 

3.	 The transducers will be turned on for one week to record static conditions and tidal 

fluctuations prior to beginning the pump test. 

4.	 The forecasted river tide levels will be reviewed to try and find a period with low tide 

range for conducting the discharge portion of each test.  If such a period can be 

reasonably used, given other schedule and logistical constraints, this could help 

minimize the tide induced groundwater level changes during the discharge test. 

5.	 A one day (24 hour) discharge test will be conducted at a constant pumping rate of 20 

gpm. Review of water level data from the 2006 HAI PW1-80 test report shows that 

water levels stabilized in less than 10 hours due to recharge from the river.  Water levels 

will be monitored closely during testing of the new PW wells, and the discharge 

segment of the test will be stopped if static water level conditions are reached in less 

than 24 hours.  The 20 gpm pumping rate is selected based on the results from the 

previous HAI pump test at Well PW1-80. The water levels in nearby monitoring wells 

will be carefully assessed for the first two hours of the test to check that adequate 

drawdown is being measured in nearby monitoring wells.  Professional judgment will 

be used to determine if the drawdown being observed in nearby wells is large enough to 

be discernable considering the interference of river tide-induced fluctuations in ground 

water levels. If adequate drawdown is not being measured, the pump will be shut off to 

achieve static conditions and the pump restarted at a discharge rate 50% higher, i.e. 30 
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gpm. This rate should be adequate to achieve drawdown in nearby wells.  The one day 

test will then be conducted at 30 gpm.  If 30 gpm is insufficient, the shut down, recovery 

and restart process will be repeated until a satisfactory drawdown is achieved in nearby 

monitoring wells. The transducers will be used for continuous water level 

measurements during the discharge test. 

6.	 A groundwater sample will be obtained from each extraction well at the beginning of 

the one day constant rate test.  A second sample will be obtained just before the pump is 

turned off at the end of the test. The groundwater samples will be tested for VOCs, 

PAHs, and total metals as listed on Table 3c. 

7.	 The recovery test will begin when the pump is turned off at the end of the constant rate 

discharge test.  The transducers will continue to make water level readings.  The 

recovery test will end when the water levels reach static conditions. 

All five of the planned extraction wells will be tested using the above procedures. 

8.	 The transducers will be left in place for several days following the final test to record 

tidal fluctuations and groundwater level fluctuations for later use during aquifer test 

analysis. 

4.2 Aquifer Test Analysis 

Anchor and SSPA will work together to evaluate the water level data from the aquifer tests 

to be conducted as described in Section 4.1.  The primary purpose of the evaluation will be 

to determine the aquifer properties of the alluvium, including storage coefficient, hydraulic 

conductivity, and transmissivity.  Those aquifer properties will be used in the MODFLOW 

model to assess the use of the extraction wells for hydraulic containment, as described in 

Section 5. 

The assessment of the water level data will likely require the use of more than one test 

method for comparison purposes.  The 2005 test of well PW1-80 (HAI, 2006) showed that 

water level data from testing the extraction wells will be affected by two primary 

interference factors: 
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1. effects from the Willamette River recharge boundary 

2. daily groundwater level fluctuations induced by river tidal affects on the alluvium 

The upland alluvium has a moderate to high tidal efficiency that results in significant daily 

fluctuations of groundwater levels in nearshore monitoring wells. These tidal fluctuations 

can mask the drawdown measured in monitoring wells.  Because the river is a recharge 

boundary for the alluvium, the drawdown curve in the pumping well and in observation 

wells will flatten out when the cone of depression from the pumping well reaches the river.  

It is expected that recharge effects from the river will flatten out the water levels in the 

pumping wells and monitoring wells within less than ten hours of initiating each pump test.  

HAI used the Hantush-Jacob leaky aquifer analysis method to assess the data from the 2005 

aquifer test of well PW1-80.  Because of the presence of the river recharge boundary and the 

river induced tidal fluctuations, the most appropriate analysis method will not be 

determined until the water level data have been gathered from all of the extraction wells.  

Anchor will confer with DEQ Hydrogeologists during the analysis process to make the 

evaluation a collaborative effort. 

The transmissivity (T) and storage coefficients (S) determined from the aquifer tests can be 

further checked with the use of the equation for calculating aquifer properties from tidal 

time lag data. Transducer data obtained during step 3 (Section 4.1) baseline water level 

monitoring can be used to calculate the time lag between the river tidal fluctuations and the 

corresponding groundwater level fluctuations. Tidal time lag data are used in the tidal 

equation to calculate aquifer T and S (Carr, 1969).  For this project we can plug the T and S 

values derived from the well aquifer tests into the tidal equation to calculate the time lag.  If 

the calculated time lag is close to the field measured time lag, then we will have an 

independent check of the T and S values derived from the aquifer tests. 
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5 	 ANALYSIS OF PILOT STUDY FINDINGS  
5.1 Gasco/Siltronic Flow Model 

A groundwater model was constructed to achieve four objectives: to assist in design of the 

pilot test wells; to assist in analysis of pump tests; to evaluate potential for NAPL migration 

due to increased groundwater gradients from pumping; and to assist in designing a long-

term extraction/containment system for the Gasco/Siltronic Site. 

The model uses the USGS MODFLOW groundwater flow code and covers the area shown in 

Figure 9. The model extends to the basalt bluff to the west of the site and to the east side of 

the Willamette River channel on the east.  The northwest and southeast boundaries are 

treated as no-flow boundaries.  The vertical extent of the model is from ground surface to 

the basalt bedrock underlying the site. The basalt is interpreted as a no-flow boundary at 

the base of the alluvial aquifer.   

The model grid consists of 107 rows and 116 columns with a uniform spacing in both 

directions of 40 feet by 40 feet.  The model consists of 14 layers with one layer representing 

the fill, 2 layers representing the silty alluvium and 11 layers representing the sandy 

alluvium. The large number of layers in the sandy alluvium allows more exact location of 

the pumping well screen intervals and more rigorous evaluation of capture zone 

effectiveness above and below the screen interval.  A typical cross section through the pilot 

test area is shown in Figure 10. 

5.2 Shoreline Source Control Zones 

Three source control zones were identified in the Groundwater Source Control Pilot Plan 

(Anchor, 2006). 

•	 Gasco Upstream Zone. This zone extends from well MW-3 on the Gasco property to 

well WS-12 on the Siltronic property.  Review of Figures 5a through 5e shows that 

groundwater in this reach of the Site generally has much higher concentrations of 

MGP-related constituents than the rest of the Site shoreline. 

•	 Gasco Downstream Zone.  This zone extends from well MW-3 to the downriver 

property boundary of Gasco. This zone is primarily characterized by elevated 

concentrations of cyanide species. 
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•	 Siltronic Zone.  This zone extends from well WS-12 to the upriver property 
 

boundary of Siltronic.  
 

The pilot extraction wells are located on the Gasco property portion of the Gasco Upstream 

Zone. In a May 31, 2006 comment letter DEQ recommended modifying the boundary of the 

Gasco Upstream Zone to extend farther south on the Siltronic property.  As discussed with 

DEQ subsequently, due to the complexities that arise from possible hydraulic effects on the 

ongoing Siltronic pilot program, that modification is currently beyond the scope of this plan.  

NW Natural has been informed that Siltronic is proposing to conduct in-situ remediation of 

the Siltronic chlorinated solvent groundwater plume.  The area of proposed in-situ 

remediation is coincident with a significant portion of the Gasco Upstream Zone as defined 

above. Operation of an extraction well hydraulic containment system on the Siltronic 

property might not be compatible with operation of a concurrent in-situ treatment system 

on the Siltronic property. NW Natural and Siltronic are meeting regularly to coordinate 

source control efforts in this area. 

In correspondence with DEQ and Siltronic staff, NW Natural has stated that the pilot 

extraction wells are being designed to hydraulically influence groundwater/NAPL only on 

the Gasco portion of the Gasco Upstream Zone.  However, the information gained from 

testing the pilot extraction wells can be used in the Groundwater Focused Feasibility Study 

(GWFFS) to evaluate hydraulic containment system alternatives on the Siltronic property, if 

the source control alternative selected is or includes hydraulic containment.  The data 

gathered from testing the pilot extraction wells can be used in the GWFFS to evaluate source 

control alternatives for the Gasco Downstream Zone, if the risk analysis determines that 

active source control is necessary. 

5.3 Evaluation of Hydraulic Containment 

The extraction wells are being installed to provide hydraulic containment of groundwater 

and NAPL along the shoreline. As explained in Section 4, the pilot extraction wells will be 

tested to allow the determination of aquifer properties in the vicinity of each of the 

proposed extraction wells. The aquifer properties will be used in the MODFLOW model to 

design a complete hydraulic containment system using extraction wells in the Gasco 

Upstream Zone. The model will be used to evaluate the effectiveness of the pilot extraction 
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wells with the objective of providing containment down to -100 ft MSL.  Modeling results 

may show that the extraction well pumping rates should vary between wells, or that 

additional extraction wells are needed. 

The capture zone evaluation will pair MODFLOW with the particle tracking program 

Path3D (Zheng, 2001). Path3D uses the head distribution and hydraulic properties from 

MODFLOW and simulates the movement of groundwater by tracking particles in the flow 

field. Preliminary simulations of capture zones are shown in Figures 11 and 12. Figure 11 

shows a cross section of particle tracks with initial particle locations covering the full depth 

of the sandy alluvium. The upper profile on Figure 11 shows the particle capture by PW-1 

and PW-2 while the lower profile on Figure 11 shows particle capture by PW-3 and PW-4.  

Figure 12 shows capture zones in plan view.  To evaluate the change in capture zone with 

depth, particles were distributed upgradient of the pilot well locations at the top and bottom 

of the sandy alluvium (Figures 12a and 12b, respectively).  The figures show that the capture 

zone is wider in the shallow alluvium than in the deep alluvium, which is to be expected 

since the wells are screened closer to the top of the aquifer.   

The hydraulic containment analysis will also include the evaluation of pumping in 

conjunction with a vertical barrier. The location and depth of a barrier wall will be 

represented in the MODFLOW model as a low permeability zone.  Location and depth of a 

barrier wall and extraction wells will be tested using the model to evaluate the effectiveness 

of different wall depths and the pumping rate required to prevent groundwater flow under 

the wall. As described in the previous section, particle tracking will be used to evaluate 

groundwater containment by showing whether particles migrate from the site to the river or 

are captured by the extraction wells. 

5.4 NAPL Migration from Upland Source Areas 

In previous meetings DEQ has expressed concern that operation of the shoreline pilot 

extraction wells will cause unacceptable migration of NAPL from upland source areas 

toward the shoreline. Based on those concerns, NW Natural agreed to significantly shorten 

the operational period of the pilot study until the data collected from it could be further 

evaluated. Operation of the shoreline extraction wells is not likely to induce a large enough 

gradient increase in the potentiometric surface in NAPL source areas to cause significant 
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migration. NAPL studies at other sites have shown that hydraulic gradients of at least 1 are 

required to mobilize residual NAPL in alluvial sands similar to those present in the 

alluvium (Wiedemeier et.al., 1999).  Such a high gradient will only be present adjacent to the 

extraction wells. NAPL has been detected in a few upland monitoring wells, indicating that 

there are limited areas of mobile NAPL that could be mobilized under a lower gradient than 

residual NAPL. 

Well PW-2 is screened below the NAPL zone in the upper alluvium shown on the Figure 5 

subsurface profiles. A proposed short term (24 hours or less) pumping test of well PW-2 is 

described in Section 4. During that test the increased downward hydraulic gradient could 

cause downward migration of the NAPL toward PW-2. Considering the short term of the 

test, the NAPL is unlikely to migrate downward more than a few inches, if at all. If 

migration does occur, the movement will be toward well PW-2, not toward the river. 

The final operational design of the shoreline extraction wells will be determined in the 

GWFFS. For long term operation, the wells will be pumped at a discharge rate designed to 

achieve containment.  However, the well discharge rate will be balanced to avoid over 

pumping. Over pumping would induce more river water than necessary to enter the 

extraction wells, and unnecessarily increase the potentiometric surface gradient in upland 

areas. 

The MODFLOW model will be used to determine how much of a gradient increase will 

result from pumping the extraction wells.  The modeled gradient will be compared with a 

predicted gradient that could be expected to cause NAPL mobilization from upland source 

areas. 
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Table 1
 

Monitoring Well Construction Details
 


GASCO/Siltronic
 


Portland, Oregon
 


Well ID 
Feet Below 

Ground Surface 

Ground 
Surface 

Elevation 
(City of 

Portland 
Datum) 

Elevation (feet) 
(City of Portland 

Datum) Unit Materials 

MW-18-30 

MW-18-180 

0 to 15 
15 to 30 

0 to 19 
19 to 29 
29 to 30 

0 to 166 
166 to 181 

0 to 170 
170 to 180 
180 to 181 

31.7 
31.7 

31.7 
31.7 
31.7 

31.7 
31.7 

31.7 
31.7 
31.7 

31.7 to 16.7 
16.7 to 1.7 

31.7 to 12.7 
12.7 to 2.7 
2.7 to 1.7 

31.7 to -134.3 
-134.3 to -149.3 

31.7 to -138.3 
-138.3 to -148.3 
-148.3 to -149.3 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 

MW-19-22 

MW-19-125 

MW-19-180 

0 to 10 
10 to 23 

0 to 12 
12 to 22 
22 to 23 

0 to 113 
113 to 126 

0 to 115 
115 to 125 
125 to 126 

0 to 167.5 
167.5 to 181 

0 to 170 
170 to 180 
180 to 181 

27.4 
27.4 

27.4 
27.4 
27.4 

27.2 
27.2 

27.2 
27.2 
27.2 

27.3 
27.3 

27.3 
27.3 
27.3 

27.4 to 17.4 
17.4 to 4.4 

27.4 to 15.4 
15.4 to 5.4 
5.4 to 4.4 

27.2 to -85.8 
-85.8 to -98.8 

27.2 to -87.8 
-87.8 to -97.8 
-97.8 to -98.8 

27.3 to -140.2 
-140.2 to -153.7 

27.3 to -142.7 
-142.7 to -152.7 
-152.7 to -153.7 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 

MW-20-120 0 to 108 
108 to 121 

0 to 110 
110 to 120 
120 to 121 

25.6 
25.6 

25.6 
25.6 
25.6 

25.6 to -82.4 
-82.4 to -95.4 

25.6 to -84.4 
-84.4 to -94.4 
-94.4 to -95.4 

Annular seal Cement/Bentonite chips 
Sand pack 10x20 Colorado Silica Sand 

Well casing Schedule 80 PVC 
Well screen Stainless steel wire wrap (0.020 slot size) 

Sump Stainless steel sump 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring 
Number 

HAI Screening 
Start Date 

Installation 
Method 

Total 
Boring Depth 

(feet bgs) 
or 

(feet bml) 

Bagged Core 
Interval 

(feet bgs) 
or 

(feet bml) 

HAI Post-Boring Installation Screening Results 

Visual and Olfactory Methods DNAPL Screening Methods 
Odor2 Sheen Visual Oil Blebs or Patchy 

Oil 
Visual Oil Saturation Visual Patchy 

Soil-Mixed Tar 
Visual Tar Ultraviolet Light Box Sudan Dye Shake 

Kit 
Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

Upland Borings 
GS-00 8-Nov-06 Roto-Sonic 85 0 - 1 no no no no no no negative - negative -

1 - 10 no no no no no no negative - negative -
10 - 16 mild no no no no no negative - negative -
16 - 19.5 mild no no no no no negative negative negative negative 

19.5 - 23 no no no no no no negative - negative -
23 - 28 strong yes no no no no negative negative negative negative 
28 - 31.5 no no no no no no negative - negative -

31.5 - 34.5 no no no no no no negative - negative -
34.5 - 38 no no no no no no negative - negative -
38 - 39 mild no no no no no negative - negative -
39 - 41.5 mild no no no no no negative - negative -

41.5 - 45 mild no no no no no negative - negative -
45 - 48 mild no no no no no negative - negative -
48 - 57 mild no no no no no negative negative negative negative 
57 - 58 mild no no no no no negative - negative -
58 - 61.5 no no no no no no negative - negative -

61.5 - 64 no no no no no no negative - negative -
64 - 67 no no no no no no negative - negative -
67 - 68 no no no no no no negative - negative -
68 - 73 no no no no no no negative - negative -
73 - 76.5 no no no no no no negative - negative -

76.5 - 80 no no no no no no negative - negative -
80 - 82.5 no no no no no no negative - negative -

82.5 - 85 no no no no no no negative - negative -
MW-18 26-Feb-07 Roto-Sonic 230 0 - 3 mild yes no no yes no Positive Positive - negative 

3 - 6 strong yes Oily tarry cobble&silt no yes no Positive Positive - negative 
6 - 8 strong yes as above no yes no Positive - - negative 
8 - 10 strong yes as above no yes no Positive - - negative 
10 - 11 strong yes as above no yes no Positive Positive - negative 
11 - 13 strong yes as above no yes no Positive - - negative 
13 - 14 strong yes as above no yes no Positive Positive - negative 
14 - 15 strong yes as above no yes no Positive Positive - negative 
15 - 17 strong yes as above no yes no Positive Positive - negative 
17 - 19 strong yes as above no yes no Positive Positive - negative 
19 - 21 strong yes as above no yes no Positive Positive - negative 
21 - 23 strong yes as above no no no Positive - - negative 
23 - 24 strong yes as above no no no Positive - - negative 
24 - 26.5 strong yes as above no no no Positive Positive - negative 

26.5 - 28 strong yes as above no no no Positive - - negative 
28 - 30 strong yes as above no no no Positive - - negative 
30 - 32 strong yes as above no no no Positive - - negative 
32 - 34 strong yes as above to 33' yes, below 33' no no Positive Positive - negative 
34 - 36 strong yes no yes no no Positive - - negative 
36 - 38 strong yes no yes no no Positive Positive - negative 
38 - 40 strong yes no yes no no Positive Positive - negative 
40 - 42.5 strong yes no yes no no Positive - - negative 

42.5 - 45.5 strong yes no yes, above 44' no no Positive Positive - negative 
45.5 - 47 strong yes Blebs no no no Positive - - negative 
47 - 50 strong yes Blebs no no no Positive Positive - negative 
50 - 53 strong yes no no no no Positive Positive - negative 
53 - 56 mild yes no no no no Positive - - negative 
56 - 61.5 mild yes no no no no negative negative - negative 

61.5 - 68 mild yes no no no no negative negative - negative 
68 - 75 mild3 no no no no no negative negative - negative 
75 - 76.5 mild3 no no no no no negative - - negative 

76.5 - 80 no no no no no no negative negative - negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

MW-18 26-Feb-07 Roto-Sonic 230 80 - 83 mild yes no no no no negative negative - negative 
continued 83 - 86 no no no no no no negative - - negative 

86 - 89 no no no no no no negative - - negative 
89 - 91 no no no no no no negative - - negative 
91 - 93 no no no no no no negative negative - negative 
93 - 96 no no no no no no negative - - negative 
96 - 98 no no no no no no negative negative - negative 
98 - 100.5 no no no no no no negative - - negative 

100.5 - 103.5 no no no no no no negative - - negative 
103.5 - 106 no no no no no no negative negative - negative 
106 - 108.5 no no no no no no negative - - negative 

108.5 - 111 no no no no no no negative - - negative 
111 - 113.5 no no no no no no negative - - negative 

113.5 - 116 no no no no no no negative negative - negative 
116 - 120 no no no no no no negative - - negative 
120 - 123 no no no no no no negative - - negative 
123 - 126 no no no no no no negative - - negative 
126 - 129 no no no no no no negative negative - negative 
129 - 132 no no no no no no negative - - negative 
132 - 134 no no no no no no negative - - negative 
134 - 137 no no no no no no negative - - negative 
137 - 140 no no no no no no negative negative - negative 
140 - 144 no no no no no no negative - - negative 
144 - 147 no no no no no no negative - - negative 
147 - 150 no no no no no no negative negative - negative 
150 - 153 no no no no no no negative - - negative 
153 - 156 no no no no no no negative - - negative 
156 - 158 no no no no no no negative - - negative 
158 - 161 no no no no no no negative negative - negative 
161 - 164 no no no no no no negative - - negative 
164 - 167 no no no no no no negative - - negative 
167 - 170 no no no no no no negative negative - negative 
170 - 173 no no no no no no negative - - negative 
173 - 176 no no no no no no negative - - negative 
176 - 177 no no no no no no negative - - negative 
177 - 179 no no no no no no negative - - negative 
179 - 181 no no no no no no negative negative - negative 
181 - 184 no no no no no no negative - - negative 
184 - 187 no no no no no no negative - - negative 
187 - 190 no no no no no no negative - - negative 
190 - 193 no no no no no no negative - - negative 
193 - 196 no no no no no no negative negative - negative 
196 - 198 no no no no no no negative - - negative 
198 - 201 no no no no no no negative negative - negative 
201 - 204 no no no no no no negative negative - negative 
204 - 207 no no no no no no negative - - negative 
207 - 210 no no no no no no negative negative - negative 
210 - 213 no no no no no no negative negative - negative 
213 - 216 no no no no no no negative - - negative 
216 - 219 no no no no no no negative negative - negative 
219 - 222 no no no no no no negative negative - negative 
222 - 225 no no no no no no negative negative - negative 
225 - 228 no no no no no no negative - - negative 
228 - 230 no no no no no no negative negative - negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

MW-19 4-Mar-07 Roto-Sonic 228 0 - 2 no no no no no no negative negative - negative 
2 - 5 no no no no no no negative - - negative 
5 - 7 no no no no no no negative - - negative 
7 - 10 no no no no no no negative negative - negative 
10 - 12 mild yes no no yes no Positive Positive - negative 
12 - 15 mild yes yes no yes no Positive negative - negative 
15 - 17 mild yes yes@15.5' no yes @ 15.5' no Positive - - negative 
17 - 20 strong yes yes-oily tar and soil mix no yes no Positive negative - negative 
20 - 22 strong yes no no yes yes Positive Positive - negative 
22 - 25 no no no no no no negative - - negative 
25 - 27 no no no no no no negative - - negative 
27 - 29 no no no no no no negative - - negative 
29 - 31.5 no no no no no no negative negative - negative 

31.5 - 34 no no no no no no negative - - negative 
34 - 37 no no no no no no negative - - negative 
37 - 39 no no no no no no negative - - negative 
39 - 41.5 no no no no no no negative negative - negative 

41.5 - 44 no no no no no no negative - - negative 
44 - 47 no no no no no no negative - - negative 
47 - 50 no no no no no no negative negative - negative 
50 - 53 no no no no no no negative - - negative 
53 - 56 no no no no no no negative - - negative 
56 - 59 no no no no no no negative - - negative 
59 - 61 no no no no no no negative - - negative 
61 - 63 no no no no no no negative - - negative 
63 - 65 no no no no no no negative negative - negative 
65 - 68 no no no no no no negative - - negative 
68 - 70 no no no no no no negative negative - negative 
70 - 73 no no no no no no negative - - negative 
73 - 75 no no no no no no negative - - negative 
75 - 76 no no no no no no negative - - negative 
76 - 78 no no no no no no negative - - negative 
78 - 81 no no no no no no negative negative - negative 
81 - 84 no no no no no no negative - - negative 
84 - 87 no no no no no no negative - - negative 
87 - 90 no no no no no no negative negative - negative 
90 - 92 no no no no no no negative - - negative 
92 - 95 no no no no no no negative - - negative 
95 - 97 no no no no no no negative - - negative 
97 - 100 no no no no no no negative negative - negative 
100 - 103 no no no no no no negative - - negative 
103 - 105 no no no no no no negative - - negative 
105 - 107 no no no no no no negative - - negative 
107 - 110 no no no no no no negative negative - negative 
110 - 113 no no no no no no negative - - negative 
113 - 115 no no no no no no negative - - negative 
115 - 118 no no no no no no negative negative - negative 
118 - 120 no no no no no no negative - - negative 
120 - 122 no no no no no no negative - - negative 
122 - 125 no no no no no no negative - - negative 
125 - 127 no no no no no no negative - - negative 
127 - 130 no no no no no no negative negative - negative 
130 - 133 no no no no no no negative - - negative 
133 - 135 no no no no no no negative - - negative 
135 - 138 no no no no no no negative - - negative 
138 - 140 no no no no no no negative negative - negative 
140 - 143 no no no no no no negative - - negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

MW-19 4-Mar-07 Roto-Sonic 228 143 - 145 no no no no no no negative - - negative 
continued 145 - 148 no no no no no no negative - - negative 

148 - 150.5 no no no no no no negative - - negative 
150.5 - 153 no no no no no no negative negative - negative 
153 - 155 no no no no no no negative - - negative 
155 - 158 no no no no no no negative - - negative 
158 - 160 no no no no no no negative - - negative 
160 - 165 no no no no no no negative negative - negative 
165 - 167 no no no no no no negative - - negative 
167 - 170 no no no no no no negative - - negative 
170 - 173 no no no no no no negative - - negative 
173 - 175 no no no no no no negative - - negative 
175 - 179 no no no no no no negative - - negative 
179 - 183 no no no no no no negative negative - negative 
183 - 186 no no no no no no negative - - negative 
186 - 189 no no no no no no negative - - negative 
189 - 192 no no no no no no negative - - negative 
192 - 195 no no no no no no negative negative - negative 
195 - 197 no no no no no no negative - - negative 
197 - 200 no no no no no no negative - - negative 
200 - 203 no no no no no no negative - - negative 
203 - 206 no no no no no no negative - - negative 
206 - 209 no no no no no no negative - - negative 
209 - 212 no no no no no no negative negative - negative 
212 - 215 no no no no no no negative - - negative 
215 - 217 no no no no no no negative - - negative 
217 - 219 no no no no no no negative - - negative 
219 - 220 no no no no no no negative - - negative 
220 - 222 no no no no no no negative - - negative 
222 - 228 no no no no no no negative negative - negative 

MW-20 9-Mar-07 Roto-Sonic 211 0 - 2.5 no no no no no no negative - - negative 
2.5 - 4 no no no no no no negative - - negative 
4 - 6 no no no no no no negative - - negative 
6 - 7 no no no no no no negative - - negative 
7 - 9.5 no no no no no no negative - - negative 

9.5 - 12.5 no no no no no no negative - - negative 
12.5 - 15 no no no no no no negative - - negative 
15 - 17 yes yes no no carbon pitch no Positive Positive - negative 
17 - 20 no no no no no no negative Positive - negative 
20 - 30 no no no no no no negative - - negative 
30 - 35 no no no no no no negative negative - negative 
35 - 36 no no no no no no negative - - negative 
36 - 39 no no no no no no negative - - negative 
39 - 41 no no no no no no negative negative - negative 
41 - 44 no no no no no no negative - - negative 
44 - 46 no no no no no no negative - - negative 
46 - 48 no no no no no no negative - - negative 
48 - 51 no no no no no no negative - - negative 
51 - 54 no no no no no no negative - - negative 
54 - 56 no no no no no no negative - - negative 
56 - 57 no no no no no no negative - - negative 
57 - 60 no no no no no no negative negative - negative 
60 - 63 no no no no no no negative - - negative 
63 - 66 no no no no no no negative - - negative 
66 - 69 no no no no no no negative - - negative 
69 - 71 yes below 70' yes below 70' yes patchy below 70' no no no Positive Positive - negative 
71 - 73 yes yes yes, patchy no no no Positive Positive - negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

MW-20 12-Mar-07 Roto-Sonic 211 73 - 76 yes yes yes, patchy no no no Positive - - negative 
continued 76 - 78 yes yes yes, patchy no no no Positive - - negative 

78 - 81 Yes to 79' Yes to 79' yes, patchy to 79' no no no Positive 79' Positive - negative 
81 - 83 no no no no no no negative - - negative 
83 - 85 no no no no no no negative - - negative 
85 - 87 no no no no no no negative - - negative 
87 - 90 no no no no no no negative - - negative 
90 - 93 no no no no no no negative negative - negative 
93 - 96 no no no no no no negative - - negative 
96 - 99 no no no no no no negative - - negative 
99 - 102 no no no no no no negative - negative 
102 - 105 no no no no no no negative - - negative 
105 - 108 no no no no no no negative - - negative 
108 - 111 no no no no no no negative negative - negative 
111 - 114 no no no no no no negative - - negative 
114 - 117 no no no no no no negative - - negative 
117 - 118 no no no no no no negative - - negative 
118 - 120 no no no no no no negative - - negative 
120 - 123 no no no no no no negative negative - negative 
123 - 125 no no no no no no negative - - negative 
125 - 128 no no no no no no negative - - negative 
128 - 131 no no no no no no negative - - negative 
131 - 134 no no no no no no negative - - negative 
134 - 137 no no no no no no negative - - negative 
137 - 139 no no no no no no negative - - negative 
139 - 142 no no no no no no negative negative - negative 
142 - 145 no no no no no no negative - - negative 
145 - 148 no no no no no no negative - - negative 
148 - 152 no no no no no no negative negative - negative 
152 - 156 no no no no no no negative - - negative 
156 - 159 no no no no no no negative - - negative 
159 - 162 no no no no no no negative - - negative 
162 - 165 no no no no no no negative - - negative 
165 - 167 no no no no no no negative - - negative 
167 - 169 no no no no no no negative - - negative 
169 - 172 no no no no no no negative negative - negative 
172 - 175 no no no no no no negative - - negative 
175 - 179 no no no no no no negative - - negative 
179 - 183 no no no no no no negative - - negative 
183 - 186 no no no no no no negative - - negative 
186 - 189 no no no no no no negative - - negative 
189 - 191 no no no no no no negative - - negative 
191 - 194 no no no no no no negative - - negative 
194 - 196 no no no no no no negative - - negative 
196 - 198 no no no no no no negative - - negative 
198 - 200 no no no no no no negative negative - negative 
200 - 203 no no no no no no negative - - negative 
203 - 205 no no no no no no negative - - negative 
205 - 208 no no no no no no negative - - negative 
208 - 211 no no no no no no negative negative - negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring 
Number 

HAI Screening 
Start Date 

Installation 
Method 

Total 
Boring Depth 

(feet bgs) 
or 

(feet bml) 

Bagged Core 
Interval 

(feet bgs) 
or 

(feet bml) 

HAI Post-Boring Installation Screening Results 

Visual and Olfactory Methods DNAPL Screening Methods 
Odor2 Sheen Visual Oil Blebs or Patchy 

Oil 
Visual Oil Saturation Visual Patchy 

Soil-Mixed Tar 
Visual Tar Ultraviolet Light Box Sudan Dye Shake 

Kit 
Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

In-Water Borings 
GS-01 3-Jan-07 Roto-Sonic 80 0.0 - 2.0 mild yes no no no no negative negative negative negative 

2.0 - 4.0 mild yes no no no no negative negative negative negative 
4.0 - 10.0 mild no no no no no negative negative negative negative 
10.0 - 14.5 mild yes no no no no negative negative negative negative 
18.5 - 23.0 strong no no no no no negative negative negative negative 
23.0 - 28.5 mild no no no no no negative - negative negative 
28.5 - 30.5 mild no no no no no negative negative negative negative 
30.5 - 33.0 mild no no no no no negative negative negative negative 
33.0 - 35.0 mild no no no no no negative - negative negative 
35.0 - 37.5 no no no no no no negative - negative negative 
37.5 - 40.0 mild no no no no no negative - negative negative 
40.0 - 42.5 no no no no no no negative - negative negative 
42.5 - 45.5 no no no no no no negative - negative negative 
45.5 - 48.0 no no no no no no negative - negative negative 
48.0 - 50.0 no no no no no no negative - negative negative 
50.0 - 52.0 no no no no no no negative - negative negative 
52.0 - 54.5 no no no no no no negative - negative negative 
54.5 - 57.0 no no no no no no negative negative negative negative 
57.0 - 59.0 no no no no no no negative - negative negative 
59.0 - 61.5 no no no no no no negative - negative negative 
61.5 - 63.5 no no no no no no negative - negative negative 
63.5 - 66.0 no no no no no no negative - negative negative 
66.0 - 68.5 no no no no no no negative - negative negative 
68.5 - 70.5 no no no no no no negative negative negative negative 
70.5 - 73.0 no no no no no no negative - negative negative 
73.0 - 76.5 no no no no no no negative - negative negative 
76.5 - 77.5 no no no no no no negative - negative negative 
77.5 - 78.0 no no no no no no negative - negative negative 
78.0 - 79.5 no no no no no no negative negative negative negative 
79.5 - 80.0 no no no no no no negative - negative negative 

GS-02 4-Jan-07 Roto-Sonic 90 0.0 - 4.0 strong (to 1') no no no no no negative negative negative negative 
4.0 - 8.0 no no no no no no negative - negative negative 
8.0 - 11.5 no no no no no no negative - negative negative 
11.5 - 15.5 no no no no no no negative - negative negative 
15.5 - 19.0 no no no no no no negative - negative negative 
19.0 - 23.0 no no no no no no negative negative negative negative 
23.0 - 24.0 no no no no no no negative - negative negative 
24.0 - 26.0 no no no no no no negative - negative negative 
26.0 - 27.0 no no no no no no negative - negative negative 
27.0 - 29.5 no no no no no no negative - negative negative 
29.5 - 32.0 no no no no no no negative - negative negative 
32.0 - 34.5 no no no no no no negative - negative negative 
34.5 - 36.0 no no no no no no negative - negative negative 
36.0 - 38.0 no no no no no no negative negative negative negative 
38.0 - 42.0 no no no no no no negative - negative negative 
42.0 - 44.0 no no no no no no negative - negative negative 
44.0 - 46.0 no no no no no no negative - negative negative 
46.0 - 48.0 no no no no no no negative - negative negative 
48.0 - 52.5 no no no no no no negative - negative negative 
52.5 - 56.5 no no no no no no negative - negative negative 
56.5 - 60.0 no no no no no no negative - negative negative 
60.0 - 63.0 no no no no no no negative - negative negative 
63.0 - 66.0 no no no no no no negative - negative negative 
66.0 - 69.5 no no no no no no negative - negative negative 
69.5 - 73.0 no no no no no no negative - negative negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-02 4-Jan-07 Roto-Sonic 90 73.0 - 75.5 no no no no no no negative - negative negative 
continued 75.5 - 78.0 no no no no no no negative - negative negative 

78.0 - 80.5 no no no no no no negative - negative negative 
80.5 - 83.0 no no no no no no negative - negative negative 
83.0 - 86.0 no no no no no no negative - negative negative 
86.0 - 90.0 no no no no no no negative - negative negative 

GS-03 3-Jan-07 Roto-Sonic 123.5 0.0 - 2.5 strong yes no no no no Positive negative negative negative 
2.5 - 6.0 strong yes no no no no Positive negative negative negative 
6.0 - 10.0 mild no no no no no negative negative negative negative 
10.0 - 13.5 mild no no no no no negative negative negative negative 
13.5 - 17.0 mild no no no no no negative negative negative negative 
17.0 - 19.0 mild no no no no no negative negative negative negative 
19.0 - 22.0 mild no no no no no negative negative negative negative 
22.0 - 23.0 mild no no no no no negative - negative negative 
23.0 - 26.0 mild no no no no no negative - negative negative 
26.0 - 29.0 mild no no no no no negative - negative negative 
29.0 - 32.0 mild no no no no no negative - negative negative 
32.0 - 35.5 mild no no no no no negative - negative negative 
35.5 - 39.0 no no no no no no negative negative negative negative 
39.0 - 43.0 no no no no no no negative - negative negative 
43.0 - 48.0 no no no no no no negative - negative negative 
48.0 - 50.0 no no no no no no negative - negative negative 
50.0 - 52.0 no no no no no no negative - negative negative 
52.0 - 54.5 no no no no no no negative - negative negative 
54.5 - 56.5 no no no no no no negative - negative negative 
56.5 - 60.0 no no no no no no negative - negative negative 
60.0 - 63.5 no no no no no no negative - negative negative 
63.5 - 68.0 no no no no no no negative - negative negative 
68.0 - 70.0 no no no no no no negative - negative negative 
70.0 - 73.0 no no no no no no negative - negative negative 
73.0 - 75.0 no no no no no no negative - negative negative 
75.0 - 78.0 no no no no no no negative - negative negative 
78.0 - 81.0 no no no no no no negative - negative negative 
81.0 - 83.0 no no no no no no negative negative negative negative 
83.0 - 84.5 no no no no no no negative - negative negative 
84.5 - 87.0 no no no no no no negative - negative negative 
87.0 - 89.0 no no no no no no negative - negative negative 
89.0 - 92.0 no no no no no no negative - negative negative 
92.0 - 94.0 no no no no no no negative - negative negative 
94.0 - 98.0 no no no no no no negative - negative negative 
98.0 - 100.5 no no no no no no negative - negative negative 
100.5 - 103.5 no no no no no no negative - negative negative 
103.5 - 106.5 no no no no no no negative negative negative negative 
106.5 - 109.5 no no no no no no negative - negative negative 
109.5 - 112.0 no no no no no no negative - negative negative 
112.0 - 115.0 no no no no no no negative - negative negative 
115.0 - 118.0 no no no no no no negative - negative negative 
118.0 - 120.5 no no no no no no negative negative negative negative 
120.5 - 123.5 no no no no no no negative negative negative negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-04 18-Dec-06 Roto-Sonic 148 0.0 - 3.0 no no no no no no negative negative negative negative 
3.0 - 9.0 no no no no no no negative - negative negative 
9.0 - 15.0 no no no no no no - - negative negative 
15.0 - 21.0 no no no no no no negative negative negative negative 
21.0 - 27.0 no no no no no no negative - negative negative 
27.0 - 30.0 no no no no no no - - negative negative 
30.0 - 35.0 no no no no no no negative - negative negative 
35.0 - 41.5 no no no no no no negative - negative negative 
41.5 - 45.0 no no no no no no negative - negative negative 
45.0 - 48.0 - - - - - - - - - -
48.0 - 50.0 no no no no no no negative - negative negative 
50.0 - 54.5 no no no no no no negative - negative negative 
54.5 - 59.0 no no no no no no negative - negative negative 
59.0 - 63.5 no no no no no no negative - negative negative 
63.5 - 68.5 no no no no no no negative - negative negative 
68.5 - 73.0 no no no no no no negative - negative negative 
73.0 - 75.0 no no no no no no - - negative negative 
75.0 - 78.0 no no no no no no negative - negative negative 
78.0 - 81.0 no no no no no no negative - negative negative 
81.0 - 83.5 no no no no no no negative - negative negative 
83.5 - 86.0 no no no no no no negative - negative negative 
86.0 - 88.0 no no no no no no negative - negative negative 
88.0 - 91.0 no no no no no no negative - negative negative 
91.0 - 93.0 no no no no no no negative - negative negative 
93.0 - 98.0 no no no no no no negative - negative negative 
98.0 - 103.5 sweet odor3 no no no no no negative - negative negative 
103.5 - 106.5 sweet odor3 no no no no no negative - negative negative 
106.5 - 109.0 sweet odor3 no no no no no negative - negative negative 
109.0 - 111.5 sweet odor3 no no no no no negative - negative negative 
111.5 - 117.5 no no no no no no negative - negative negative 
117.5 - 120.0 no no no no no no negative - negative negative 
120.0 - 123.0 no no no no no no negative - negative negative 
123.0 - 126.5 no no no no no no negative - negative negative 
126.5 - 130.0 no no no no no no negative - negative negative 
130.0 - 133.5 no no no no no no negative - negative negative 
133.5 - 137.0 no no no no no no negative - negative negative 
137.0 - 139.0 no no no no no no negative - negative negative 
139.0 - 142.5 no no no no no no negative - negative negative 
142.5 - 145.0 no no no no no no negative - negative negative 
145.0 - 148.0 no no no no no no negative - negative negative 

GS-05 3-Nov-06 Roto-Sonic 200 0.0 - 5.0 strong yes no no no no negative negative negative negative 
5 - 13 strong yes no no no no negative - negative negative 
13 - 17 mild no no no no no negative - negative -
17 - 21 no no no no no no negative - negative -
21 - 23 mild no no no no no negative - negative -
23 - 25 no no no no no no negative - negative -
25 - 28 mild no no no no no negative - negative -
28 - 28.5 no no no no no no negative - negative -

28.5 - 33.5 no no no no no no negative - negative -
33.5 - 38 no no no no no no negative - negative -
38 - 39 no no no no no no negative - negative -
39 - 42 no no no no no no negative - negative -
42 - 45 no no no no no no negative - negative -
45 - 48 no no no no no no negative - negative -
48 - 52 mild3 no no no no no negative negative negative negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-05 3-Nov-06 Roto-Sonic 200 52 - 55 mild3 no no no no no negative - negative 
continued 55 - 59 mild3 no no no no no negative - negative 

59 - 64 mild3 no no no no no negative - negative -
64 - 68 mild3 no no no no no negative - negative -
68 - 73 mild3 no no no no no negative - negative -
73 - 78 mild3 no no no no no negative - negative -
78 - 79 moderate no no no no no negative negative negative negative 
79 - 82 mild3 no no no no no negative - negative -
82 - 85 mild3 no no no no no negative - negative -
85 - 88 mild3 no no no no no negative - negative -
88 - 89 mild3 no no no no no negative - negative -
89 - 92 mild3 no no no no no negative - negative -
92 - 95 mild3 no no no no no negative - negative -
95 - 98 moderate3 no no no no no negative - negative -
98 - 108 - no no no no no negative - negative -
108 - 111 moderate3 no no no no no negative - negative -
111 - 113 moderate3 no no no no no negative - negative -
113 - 116 moderate3 no no no no no negative - negative -
116 - 119.5 moderate3 no no no no no negative - negative -

119.5 - 123 moderate3 no no no no no negative - negative -
123 - 125 strong3 no no no no no negative negative negative negative 
125 - 128 moderate3 no no no no no negative - negative -
128 - 131 moderate3 no no no no no negative - negative -
131 - 134.5 moderate3 no no no no no negative negative negative -

134.5 - 138 moderate3 no no no no no negative - negative -
138 - 139.5 moderate3 no no no no no negative - negative -

139.5 - 142.5 moderate3 no no no no no negative - negative -
142.5 - 145.5 moderate3 no no no no no negative - negative -
145.5 - 148 mild3 no no no no no negative - negative -
148 - 150 mild3 no no no no no negative - negative -
150 - 153 mild3 no no no no no negative - negative -
153 - 156.5 mild3 no no no no no negative - negative -

156.5 - 160 mild3 no no no no no negative - negative -
160 - 163 mild3 no no no no no negative - negative -
163 - 173 mild3 no no no no no negative - negative -
173 - 180 mild3 no no no no no negative negative negative -
180 - 184 mild3 no no no no no negative - negative negative 
184 - 187 no no no no no no negative - negative -
187 - 190 no no no no no no negative - negative -
190 - 193.5 no no no no no no negative - negative -

193.5 - 196.5 no no no no no no negative - negative -
196.5 - 200 no no no no no no negative - negative -

GS-06 30-Jan-07 Roto-Sonic 148 0.0 - 0.5 no no no no no no negative - negative negative 
0.5 - 4.0 no no no no no no negative - negative negative 
4.0 - 7.0 no no no no no no negative negative negative negative 
7.0 - 20 mild no no no no no negative - negative negative 
20 - 23 no no no no no no negative - negative negative 
23 - 27 no no no no no no negative - negative negative 
27 - 33 no no no no no no negative negative negative negative 
33 - 38.5 no no no no no no negative - negative negative 

38.5 - 43 no no no no no no negative - negative negative 
43 - 48 no no no no no no negative - negative negative 
48 - 52 no no no no no no negative - negative negative 
52 - 56.5 no no no no no no negative - negative negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-06 30-Jan-07 Roto-Sonic 148 56.5 - 60.5 sweet(mild)3 no no no no no negative negative negative negative 
continued 60.5 - 65 sweet(mild)3 no no no no no negative - negative negative 

65 - 69 sweet(mild)3 no no no no no negative - negative negative 
69 - 73 sweet(mild)3 no no no no no negative - negative negative 
73 - 76 sweet(mild)3 no no no no no negative - negative negative 
76 - 80 sweet(mild)3 no no no no no negative negative negative negative 
80 - 83 sweet(mild)3 no no no no no negative - negative negative 
83 - 86.5 sweet(mild)3 no no no no no negative - negative negative 

86.5 - 89.5 sweet(mild)3 no no no no no negative - negative negative 
89.5 - 92.5 sweet(mild)3 no no no no no negative negative negative negative 
92.5 - 95 sweet(mild)3 no no no no no negative - negative negative 
95 - 98 sweet(mild)3 no no no no no negative - negative negative 
98 - 101.5 sweet(mild)3 no no no no no negative - negative negative 

101.5 - 106 sweet(mild)3 no no no no no negative - negative negative 
106 - 110 sweet(mild)3 no no no no no negative - negative negative 
110 - 115 no no no no no no negative - negative negative 
115 - 119 no no no no no no negative - negative negative 
119 - 123 no no no no no no negative negative negative negative 
123 - 127 no no no no no no negative - negative negative 
127 - 130.5 no no no no no no negative - negative negative 

130.5 - 133.5 no no no no no no negative - negative negative 
133.5 - 137 no no no no no no negative - negative negative 
137 - 139 no no no no no no negative - negative negative 
139 - 142.5 no no no no no no negative - negative negative 

142.5 - 145 no no no no no no negative - negative negative 
145 - 148 no no no no no no negative negative negative negative 

GS-07 1-Nov-06 Roto-Sonic 193 0 - 3 mild no no no no no negative - negative -
3 - 10 strong yes no no no no negative Positive negative negative 
10 - 15 strong yes no no no no negative negative negative negative 
15 - 23 mild no no no no no negative negative negative -
23 - 28 mild yes no no no no negative - negative negative 
28 - 30 no no no no no no negative negative negative -
30 - 34 no no no no no no negative negative negative -
34 - 38 mild no no no no no negative negative negative -
38 - 41 mild no no no no no negative - negative -
41 - 44 mild no no no no no negative negative negative -
44 - 48 mild no no no no no negative negative negative -
48 - 53 mild no no no no no negative - negative -
53 - 56 mild no no no no no negative - negative -
56 - 60 mild no no no no no negative negative negative -
60 - 63 mild no no no no no negative - negative -
63 - 64 mild no no no no no negative - negative -
64 - 67 mild no no no no no negative - negative -
67 - 70 mild no no no no no negative negative negative -
70 - 73 mild no no no no no negative - negative -
73 - 78 mild no no no no no negative - negative -
78 - 80 mild no no no no no negative - negative -
80 - 84 mild no no no no no negative - negative -
84 - 88 mild no no no no no negative - negative -
88 - 89 mild no no no no no negative - negative negative 
89 - 92 no no no no no no negative - negative -
92 - 95 no no no no no no negative - negative -
95 - 98 no no no no no no negative - negative -
98 - 103 no no no no no no negative - negative -
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-07 1-Nov-06 Roto-Sonic 193 103 - 106 no no no no no no negative - negative -
continued 106 - 109 no no no no no no negative - negative -

109 - 113 no no no no no no negative - negative -
113 - 117 no no no no no no negative - negative -
117 - 120 no no no no no no negative - negative -
120 - 123 no no no no no no negative - negative -
123 - 128 no no no no no no negative - negative -
128 - 132.5 no no no no no no negative - negative -

132.5 - 138 no no no no no no negative - negative -
138 - 142 no no no no no no negative - negative -
142 - 145 no no no no no no negative negative negative -
145 - 148 no no no no no no negative - negative -
148 - 153 no no no no no no Positive1 negative negative negative 
153 - 156.5 no no no no no no negative - negative -

156.5 - 160 no no no no no no negative - negative -
160 - 163 no no no no no no negative - negative -
163 - 164 no no no no no no negative - negative -
164 - 167 no no no no no no negative - negative -
167 - 170 no no no no no no negative - negative -
170 - 173 no no no no no no negative - negative -
173 - 174.5 no no no no no no negative - negative -

174.5 - 177 no no no no no no negative - negative -
177 - 180 no no no no no no negative - negative -
180 - 183 no no no no no no negative - negative -
183 - 185 no no no no no no negative negative negative -
185 - 186.5 no no no no no no negative - negative -

186.5 - 188.5 no no no no no no negative - negative -
188.5 - 191.5 no no no no no no negative - negative -
191.5 - 193 no no no no no no negative - negative -

GS-08 6-Nov-06 Roto-Sonic 148 0 - 4 strong yes no no no no negative negative negative negative 
4 - 9 strong yes no no no Yes (5.5'-6.0') Positive Positive Positive negative 
9 - 14 strong no no no no no negative negative negative -
14 - 19 mild no no no no no negative negative negative negative 
19 - 23 mild no no no no no negative - negative -
23 - 30 mild no no no no no negative - negative -
30 - 33 mild no no no no no negative - negative -
33 - 38 mild no no no no no negative - negative -
38 - 43 mild no no no no no negative - negative -
43 - 45 mild no no no no no negative - negative -
45 - 48 mild no no no no no negative - negative -
48 - 53 mild no no no no no negative - negative -
53 - 63 mild no no no no no negative negative negative negative 
63 - 65 mild no no no no no negative - negative -
65 - 67 mild no no no no no negative - negative -
67 - 70 mild no no no no no negative - negative -
70 - 73 mild no no no no no negative - negative -
73 - 79 mild no no no no no negative - negative -
79 - 84 mild no no no no no negative - negative -
84 - 88 mild no no no no no negative - negative -
88 - 90 mild no no no no no negative - negative -
90 - 92 mild no no no no no negative - negative -
92 - 95 mild no no no no no negative - negative -
95 - 98 mild no no no no no negative - negative -
98 - 106 mild no no no no no negative - negative -
106 - 113 mild no no no no no negative - negative -
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-08 6-Nov-06 Roto-Sonic 148 113 - 115 mild no no no no no negative - negative -
continued 115 - 118 mild no no no no no negative - negative -

118 - 120 mild no no no no no negative - negative -
120 - 123 mild no no no no no negative - negative -
123 - 125 mild no no no no no negative - negative -
125 - 128 mild no no no no no negative - negative -
128 - 129 mild no no no no no negative negative negative negative 
129 - 132 no no no no no no negative - negative -
132 - 135 no no no no no no negative - negative -
135 - 138 no no no no no no negative - negative -
138 - 141 no no no no no no negative - negative -
141 - 145 no no no no no no negative - negative -
145 - 148 no no no no no no negative - negative -

GS-09 11-Oct-06 Roto-Sonic 187 0 - 2.5 mild yes no no no no Positive - negative negative 
2.5 - 9 mild yes no no no no Positive - negative negative 
9 - 11 mild yes no no no no Positive negative negative negative 
11 - 14 mild no no no no no Positive - negative negative 
14 - 16.5 mild no no no no no Positive - negative negative 

16.5 - 23 mild no no no no no Positive negative negative negative 
23 - 24.5 mild no no no no no negative negative negative negative 

24.5 - 28 mild no no no no no negative - negative negative 
28 - 30 mild no no no no no negative - negative negative 
30 - 33 mild no no no no no negative - negative negative 
33 - 35 mild no no no no no Positive negative negative negative 
35 - 38 mild no no no no no negative negative negative -
38 - 43 mild no no no no no negative negative negative -
43 - 45 mild no no no no no negative - negative -
45 - 48 mild no no no no no negative - negative -
48 - 50 mild no no no no no negative negative negative -
50 - 53 mild no no no no no negative - negative -
53 - 55.5 mild no no no no no negative - negative -

55.5 - 58 mild no no no no no negative - negative -
58 - 59 mild no no no no no negative - negative -
59 - 62 mild no no no no no negative - negative -
62 - 65 strong no no no no no negative - negative negative 
65 - 68 strong no no no no no negative negative negative negative 
68 - 70.5 strong no no no no no negative - negative negative 

70.5 - 73 strong no no no no no negative - negative -
73 - 76 strong no no no no no negative negative negative -
76 - 79 strong no no no no no negative - negative -
79 - 81 strong no no no no no negative - negative -
81 - 83 mild no no no no no negative - negative -
83 - 85 mild no no no no no negative negative negative -
85 - 87.5 mild no no no no no negative - negative -

87.5 - 90.5 mild no no no no no negative - negative -
90.5 - 93 mild no no no no no negative - negative -
93 - 95.5 mild no no no no no negative negative negative -

95.5 - 98 mild no no no no no negative - negative -
98 - 100 mild no no no no no negative - negative -
100 - 103 mild no no no no no negative - negative -
103 - 105.5 mild no no no no no negative negative negative -

105.5 - 108 none no no no no no negative - negative -
108 - 109 none no no no no no negative - negative -
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-09 11-Oct-06 Roto-Sonic 187 109 - 111 none no no no no no negative negative negative -
continued 111 - 113 none no no no no no negative - negative -

113 - 116.5 none no no no no no negative - negative -
116.5 - 120 none no no no no no negative - negative -
120 - 123 none no no no no no negative - negative -
123 - 125.5 none no no no no no negative negative negative -

125.5 - 129.5 none no no no no no negative - negative -
129.5 - 133 none no no no no no negative - negative -
133 - 136 none no no no no no negative - negative -
136 - 139.5 none no no no no no negative negative negative -

139.5 - 143 none no no no no no negative - negative -
143 - 145 none no no no no no negative - negative -
145 - 153 none no no no no no negative negative negative -
153 - 154 none no no no no no negative - negative -
154 - 158 none no no no no no negative - negative -
158 - 161 none no no no no no negative - negative -
161 - 164 none no no no no no negative negative negative -
164 - 167 none no no no no no negative - negative -
167 - 170 none no no no no no negative - negative -
170 - 173 none no no no no no negative - negative -
173 - 175 none no no no no no negative - negative -
175 - 178 none no no no no no negative negative negative -
178 - 181 none no no no no no negative - negative -
181 - 184 none no no no no no negative - negative -
184 - 187 none no no no no no negative negative negative -

GS-10 1-Feb-07 Roto-Sonic 148 0.0 - 2.0 no no no no no no negative - negative negative 
2.0 - 5.0 mild yes Yes-Blebs no no no Positive-Patchy Positive negative negative 
5.0 - 8.0 moderate yes Yes-Blebs no no no Positive-Patchy - negative negative 
8.0 - 11 moderate yes Yes-Blebs no no no Positive-Patchy Positive negative negative 
11 - 14 moderate yes Yes-Blebs no no no Positive-Patchy - negative negative 
14 - 17 moderate yes Yes-Blebs no no no Positive-Patchy Positive negative negative 
17 - 21 no no no no no no negative - negative negative 
21 - 23 no no no no no no negative - negative negative 
23 - 24 no no no no no no negative - negative negative 
24 - 30 no no no no no no negative - negative negative 
30 - 33 no no no no no no negative - negative negative 
33 - 36 no no no no no no negative - negative negative 
36 - 39 no no no no no no negative - negative negative 
39 - 42 no no no no no no negative - negative negative 
42 - 45 no no no no no no negative - negative negative 
45 - 48 no no no no no no negative - negative negative 
48 - 51.5 no no no no no no negative - negative negative 

51.5 - 55 no no no no no no negative negative negative negative 
55 - 60 no no no no no no negative - negative negative 
60 - 65 no no no no no no negative - negative negative 
65 - 72 no no no no no no negative negative negative negative 
72 - 78 no no no no no no negative - negative negative 
78 - 81 no no no no no no negative - negative negative 
81 - 84 no no no no no no negative - negative negative 
84 - 87 no no no no no no negative - negative negative 
87 - 90 no no no no no no negative - negative negative 
90 - 93 no no no no no no negative negative negative negative 
93 - 96 no no no no no no negative - negative negative 
96 - 98 no no no no no no negative - negative negative 

Gasco-Siltronic Groundwater Source Investigation Page 13 of 15 
Portland, Oregon Updated: 4/4/07 rbe 
File: Source Control Boring_DNAPL Screening_Mar24_07.xls, GS-Series MW-18+DNAPL Screen HAHN AND ASSOCIATES, INC. 



_________________________________ _______________________ 

Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-10 1-Feb-07 Roto-Sonic 148 98 - 105 no no no no no no negative - negative negative 
continued 105 - 109 no no no no no no negative - negative negative 

109 - 113 no no no no no no negative - negative negative 
113 - 116 no no no no no no negative negative negative negative 
116 - 119 no no no no no no negative - negative negative 
119 - 123 no no no no no no negative - negative negative 
123 - 126 no no no no no no negative negative negative negative 
126 - 129 no no no no no no negative - negative negative 
129 - 132 no no no no no no negative - negative negative 
132 - 135 no no no no no no negative - negative negative 
135 - 138 no no no no no no negative negative negative negative 
138 - 141 no no no no no no negative - negative negative 
141 - 145 no no no no no no negative - negative negative 
145 - 148 no no no no no no negative negative negative negative 

GS-11 31-Jan-07 Roto-Sonic 173.5 0 - 4 no no no no no no negative - negative negative 
4 - 9 mild no no no no no negative negative negative negative 
9 - 14 no no no no no no negative - negative negative 
14 - 18 no no no no no no negative - negative negative 
18 - 23 no no no no no no negative - negative negative 
24 - 27 no no no no no no negative - negative negative 
27 - 30 no no no no no no negative negative negative negative 
30 - 32 no no no no no no negative - negative negative 
32 - 34 no no no no no no negative - negative negative 
34 - 37 no no no no no no negative - negative negative 
37 - 40 no no no no no no negative - negative negative 
40 - 43 no no no no no no negative - negative negative 
43 - 45 no no no no no no negative negative negative negative 
45 - 48 no no no no no no negative - negative negative 
48 - 51 no no no no no no negative - negative negative 
51 - 54 no no no no no no negative negative negative negative 
54 - 58 no no no no no no negative - negative negative 
58 - 61 no no no no no no negative - negative negative 
61 - 64 no no no no no no negative - negative negative 
64 - 67 no no no no no no negative - negative negative 
67 - 70 no no no no no no negative - negative negative 
70 - 73 no no no no no no negative - negative negative 
73 - 76 no no no no no no negative - negative negative 
76 - 79.5 no no no no no no negative - negative negative 

79.5 - 83 no no no no no no negative - negative negative 
83 - 86 no no no no no no negative - negative negative 
86 - 89 no no no no no no negative negative negative negative 
89 - 91.5 no no no no no no negative - negative negative 

91.5 - 95 no no no no no no negative negative negative negative 
95 - 98 no no no no no no negative - negative negative 
98 - 100 no no no no no no negative - negative negative 
100 - 102.5 no no no no no no negative - negative negative 

102.5 - 106 no no no no no no negative - negative negative 
106 - 109 no no no no no no negative - negative negative 
109 - 112.5 no no no no no no negative - negative negative 

112.5 - 115 no no no no no no negative - negative negative 
115 - 118.5 no no no no no no negative - negative negative 

118.5 - 121.5 no no no no no no negative - negative negative 
121.5 - 123 no no no no no no negative - negative negative 
123 - 126.5 no no no no no no negative - negative negative 

126.5 - 130 no no no no no no negative - negative negative 
130 - 133.5 no no no no no no negative - negative negative 
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Table 2 
Tar and Dense Non-Aqueous Phase Liquid (DNAPL) Field Screening Summary 
Groundwater Source Control Evaluation Boring Installation

 Boring HAI Screening Installation Total Bagged Core HAI Post-Boring Installation Screening Results 
Number Start Date Method Boring Depth Interval Visual and Olfactory Methods DNAPL Screening Methods 

(feet bgs) 
or 

(feet bml) 

(feet bgs) 
or 

(feet bml) 

Odor2 Sheen Visual Oil Blebs or Patchy 
Oil 

Visual Oil Saturation Visual Patchy 
Soil-Mixed Tar 

Visual Tar Ultraviolet Light Box Sudan Dye Shake 
Kit 

Sudan Dye 
Lens Spray 

NAPL Dye 
Liner Strip 

GS-11 31-Jan-07 Roto-Sonic 173.5 133.5 - 137 no no no no no no negative negative negative negative 
continued 137 - 140 no no no no no negative - negative negative 

140 - 143.5 no no no no no no negative - negative negative 
143.5 - 148 no no no no no no negative - negative negative 
148 - 150.5 no no no no no no negative - negative negative 

150.5 - 153.5 no no no no no no negative - negative negative 
153.5 - 156.5 no no no no no no negative negative negative negative 
156.5 - 160 no no no no no no negative - negative negative 
160 - 163 no no no no no no negative - negative negative 
163 - 165.5 no no no no no no negative - negative negative 

165.5 - 169 no no no no no no negative negative negative negative 
169 - 173 no no no no no no negative - negative negative 
173 - 173.5 no no no no no no negative - negative negative 

GS-12 24-Jan-07 Roto-Sonic 148 0.0 - 3.0 no no no no no no negative - negative negative 
3.0 - 7.0 no no no no no no negative negative negative negative 
7.0 - 10 no no no no no no negative - negative negative 
10 - 14 no no no no no no negative - negative negative 
14 - 18 no no no no no no negative - negative negative 
18 - 21 no no no no no no negative - negative negative 
21 - 36 - - - - - - - - - -
36 - 38.5 no no no no no no negative - negative negative 

38.5 - 41 no no no no no no negative negative negative negative 
41 - 44.5 no no no no no no negative - negative negative 

44.5 - 48 no no no no no no negative - negative negative 
48 - 51 no no no no no no negative - negative negative 
51 - 54 no no no no no no negative - negative negative 
54 - 57.5 no no no no no no negative - negative negative 

57.5 - 60.5 no no no no no no negative - negative negative 
60.5 - 64 no no no no no no negative negative negative negative 
64 - 67 no no no no no no negative - negative negative 
67 - 70 no no no no no no negative - negative negative 
70 - 73 no no no no no no negative - negative negative 
73 - 76 no no no no no no negative - negative negative 
76 - 78.5 no no no no no no negative - negative negative 

78.5 - 83 no no no no no no negative - negative negative 
83 - 86.5 no no no no no no negative - negative negative 

86.5 - 90.5 no no no no no no negative - negative negative 
90.5 - 94 no no no no no no negative - negative negative 
94 - 98 no no no no no no negative - negative negative 
98 - 103 no no no no no no negative - negative negative 
103 - 106.5 no no no no no no negative - negative negative 

106.5 - 110 no no no no no no negative - negative negative 
110 - 112.5 no no no no no no negative - negative negative 

112.5 - 114.5 no no no no no no negative - negative negative 
114.5 - 117.5 no no no no no no negative - negative negative 
117.5 - 120.5 no no no no no no negative - negative negative 
120.5 - 123 no no no no no no negative - negative negative 
123 - 127 no no no no no no negative - negative negative 
127 - 130 no no no no no no negative negative negative negative 
130 - 133 no no no no no no negative - negative negative 
133 - 136 no no no no no no negative - negative negative 
136 - 139 no no no no no no negative - negative negative 
139 - 141.5 no no no no no no negative - negative negative 

141.5 - 145 no no no no no no negative - negative negative 
145 - 148 no no no no no no negative negative negative negative 

Notes:
 

1 = Positive ultraviolet indicator is corresponding to greenish "environmentally-friendly" drilling lube observed at this depth.
 

2 = Petroleum odor unless described otherwise.
 

3 = Described as "gym bag" (mildew/sweaty) odor.
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Table 4 
 

Soil Grain SIze Data 
Pilot Borings
 


 

Gasco/Siltronic
 

Portland, Oregon
 

Location ID 
Sample ID 

Sample Date 

MW-18 
MW-18-S (30) 

2/22/2007 

MW-18 
MW-18-S (40) 

2/22/2007 

MW-18 
MW-18-S (50) 

2/22/2007 

MW-18 
MW-18-S (60) 

2/22/2007 

MW-18 
MW-18-S (70) 

2/22/2007 

MW-18 
MW-18-S (80) 

2/22/2007 

MW-18 
MW-18-S (90) 

2/22/2007 

MW-18 
MW-18-S (100) 

2/22/2007 

MW-18 
MW-18-S (110) 

2/22/2007 

MW-18 
MW-18-S (120) 

2/22/2007 

MW-18 
MW-18-S (130) 

2/22/2007 

MW-18 
MW-18-S (140) 

2/23/2007 

MW-18 
MW-18-S (150) 

2/23/2007 

MW-18 
MW-18-S (160) 

2/23/2007 

MW-18 
MW-18-S (170) 

2/23/2007 

MW-18 
MW-18-S (180) 

2/23/2007 

MW-18 
MW-18-S (190) 

2/23/2007 

MW-18 
MW-18-S (200) 

2/26/2007 

MW-18 
MW-18-S (210) 

2/26/2007 

MW-18 
MW-18-S (222) 

2/26/2007 
Chemical Name 
Grain Size (%) 

Gravel 3.09 57.5 3.66 7.66 10.7 0.37 0.66 0.03 1.8 0.04 0.03 0.02 0 0.39 0.04 0.42 0.22 3.36 1.97 84.7 
Sand, Very Coarse 2.44 6.44 0.96 0.42 0.95 0.34 0.47 0.08 0.34 0.56 0.06 0.02 0.01 0.04 0.04 0.04 3.03 9.48 6.41 3.37 
Sand, Coarse 1.52 3.51 0.74 0.4 0.44 0.51 1.67 4.88 18.9 22.8 7.37 1.03 0.41 1.16 3.41 3.54 32.5 40.9 40.6 2.37 
Sand, Medium 13.3 2.69 3.76 18 4.6 35.6 24 63.9 58 58.1 57.4 42.3 11.6 30.8 64.2 51.5 45.3 34.7 38.5 1.59 
Sand, Fine 58.5 3.01 23.9 28 28.9 40.3 20.2 21.7 9.12 10.1 20.4 31.1 55.8 37 19.9 23.2 11.8 4.64 4.94 1.16 
Sand, Very Fine 8.54 3.74 15.9 10.77 20.2 8.05 6.49 3.32 2.29 2.18 3.62 6.55 11.3 12.8 3.11 5.69 2.1 1.23 1.28 1 
Silt 7.95 13.8 39.2 26.7 23.7 9.29 33.9 5.67 5.91 5.02 8.75 13.4 14.3 13.9 4.99 11 0 3.48 4.31 3.39 
Clay 2.79 10.8 13.1 8.77 11.3 4.32 9.06 1.63 1.9 1.43 2.4 4.21 3.85 3.76 1.23 3.24 1.27 1.25 1.59 1.07 

98.13 101.5 101.2 100.7 101 98.78 96.45 101.21 98.26 100.23 100 98.63 97.27 99.85 96.9 98.63 96.2 99.04 99.6 98.7 

Location ID 
Sample ID 

Sample Date 

MW-19 
MW-19-S (30) 

2/28/2007 

MW-19 
MW-19-S-(40) 

2/28/2007 

MW-19 
MW-19-S-(50) 

2/28/2007 

MW-19 
MW-19-S-(60) 

2/28/2007 

MW-19 
MW-19-S-(70) 

2/28/2007 

MW-19 
MW-19-S-(80) 

2/28/2007 

MW-19 
MW-19-S-(90) 

2/28/2007 

MW-19 
MW-19-S-(100) 

2/28/2007 

MW-19 
MW-19-S-(110) 

3/1/2007 

MW-19 
MW-19-S-(120) 

3/1/2007 

MW-19 
MW-19-S-(130) 

3/1/2007 

MW-19 
MW-19-S-(140) 

3/1/2007 

MW-19 
MW-19-S-(150) 

3/1/2007 

MW-19 
MW-19-S-(160) 

3/1/2007 

MW-19 
MW-19-S-(170) 

3/1/2007 

MW-19 
MW-19-S-(180) 

3/1/2007 

MW-19 
MW-19-S-(190) 

3/1/2007 

MW-19 
MW-19-S-(200) 

3/1/2007 
Chemical Name 
Grain Size (%) 

Gravel 0 0 0.35 0.01 0.28 0.17 0 2.08 0.05 0.05 0.17 0 0.01 0 0 0.03 12.6 85.1 
Sand, Very Coarse 0.04 0 0.49 0.85 2.07 0.07 0 0.4 0.17 0.3 0.37 0.02 5.98 0.02 0.06 0.28 13.2 4.23 
Sand, Coarse 0.07 0.02 0.3 1.22 0.94 0.52 1.1 1.35 17.2 14.5 12.8 0.53 63 0.33 3.75 18.6 43.6 8.52 
Sand, Medium 7.17 10.9 8.5 2.53 2.86 39.2 57 22.4 63.7 66.8 53 37.9 23.2 23.3 68.7 51.4 22.8 5.9 
Sand, Fine 50.9 69.2 34 12.8 9.01 46.9 28.4 11.8 7.63 11.9 15.8 43.9 2.69 41.1 16 8.01 2.67 1.16 
Sand, Very Fine 24.7 13.2 19.7 14.7 11.1 4.36 3.44 7.79 0.69 1.22 3.38 6.64 0.29 16 2.86 2.79 0.96 0.31 
Silt 12.7 5.44 29.4 48.4 51 6.66 6.81 41.2 6.1 3.28 0.82 5.49 4.07 12.5 6.63 12.9 3.1 0.89 
Clay 3.6 1.28 7.15 14.2 15.4 2.08 2.44 12.6 1.81 1.32 1.32 2.92 1.21 4.03 2.24 2.34 1.03 0.39 

99.18 100 99.89 94.71 92.7 99.96 99.19 99.62 97.35 99.37 87.66 97.4 100.5 97.28 100 96.35 100 106.5 

Location ID 
Sample ID 

Sample Date 

MW-20 
MW-20-S-(30) 

3/7/2007 

MW-20 
MW-20-S-(40) 

3/7/2007 

MW-20 
MW-20-S-(50) 

3/7/2007 

MW-20 
MW-20-S-(60) 

3/7/2007 

MW-20 
MW-20-S-(70) 

3/7/2007 

MW-20 
MW-20-S-(80) 

3/7/2007 

MW-20 
MW-20-S-(90) 

3/7/2007 

MW-20 
MW-20-S-(100) 

3/8/2007 

MW-20 
MW-20-S-(110) 

3/8/2007 

MW-20 
MW-20-S-(120) 

3/8/2007 

MW-20 
MW-20-S-(130) 

3/8/2007 

MW-20 
MW-20-S-(140) 

3/8/2007 

MW-20 
MW-20-S-(150) 

3/8/2007 

MW-20 
MW-20-S-(160) 

3/8/2007 

MW-20 
MW-20-S-(170) 

3/8/2007 

MW-20 
MW-20-S-(180) 

3/8/2007 

MW-20 
MW-20-S-(190) 

3/8/2007 

MW-20 
MW-20-S-(200) 

3/8/2007 
Chemical Name 
Grain Size (%) 

Gravel 11.1 0.01 0.1 0.03 0 0.12 0.57 0.13 0 0 0.02 0.02 0 0 0.14 0.06 0.2 81.8 
Sand, Very Coarse 3.59 0.06 0.22 0.05 0 0.04 1.34 0.27 0.13 0.12 0.21 0.08 0.02 0.02 0.25 0.58 1.23 3.91 
Sand, Coarse 3.34 0.14 0.17 0.11 0.03 4.28 0.57 0.48 17.9 15.2 6.52 10.3 1.27 1.52 0.75 15.2 29.4 7.73 
Sand, Medium 9.53 19.5 0.6 36.8 20.6 58.6 0.81 10.5 68.8 64.9 50.8 63.6 55.7 42.8 30.2 55 51.4 3.52 
Sand, Fine 26.1 64.7 3.1 47.6 69.4 34.8 3.72 6.8 10 15.7 28.4 14.8 34.5 44 41.5 24.5 8.19 1.05 
Sand, Very Fine 17.3 10.4 12 5.46 10.4 4.69 9.64 10.3 1.47 1.53 3.71 4.2 4.36 7 13.2 4.14 3.26 0.63 
Silt 25.2 8.1 74.1 6.81 5.91 4.27 65.2 62.6 2.95 1.83 8.92 9.58 6.27 9.7 17.4 6.61 10.5 1.99 
Clay 12 2.96 16.5 2.25 1.68 1.18 18.1 17.3 1.11 0.66 3.36 3.74 2.8 3.39 4.88 2.41 4.78 0.92 

108.2 105.9 106.8 99.11 108 108 99.95 108.38 102.4 99.94 101.9 106.3 104.9 108.43 108 108.5 109 101.55 

P:\Projects\GASCO\GW Pilot Plan\Data Tables\Pilot Boring Grainsize_3_20_07.xls 



Table 5
 

Aquifer Test Plan Details
 


Gasco/Siltronic
 

Portland, Oregon
 


Monitoring Well PW-2 Pump Test PW-3 Pump Test PW-4 Pump Test 

MW-03-26 X 
MW-03-56 X 
MW-05-32 X 
MW-05-100 X 
MW-05-175 X 
MW-16-125 X 
MW-16-45 X 
MW-16-65 X 
MW-17-79 X 
MW-18-30 X 
MW-18-180 X 
MW-19-22 X 
MW-19-125 X 
MW-19-180 X 
MW-20-120 X 

PW-01 X X 
PW-02 
PW-03 X 
PW-04 X 
WS-14 X 

Willamette River X X X 
X = Planned observation well for pump test shown. 

P:\Projects\GASCO\GW Pilot Plan\Data Tables\Pump Test Observation wells.xls 
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Boring Details 
A: 16" diameter temporary upper casing with 
step down to 12" diameter lower casing 

I 
Well Construction 

B: 8" diameter Steel Riser Pipe 

H 
C: 8" diameter Stainless Steel wire-wrap screen 

D: 8" diameter, 10-foot-long steel sump 

B 
E: Cement Grout 

F: Silica Sand Filter Pack 

G: Fine Sand Filter Pack Seal 

G H: Cement Grout Annular Seal 

I: Cement Grout Surface Seal 

C 
F 

ID 

E 
A 

Figure 7 
Extraction Well Construction Detail 

NW Natural, Gasco Site 
Portland, Oregon 



(Adapted from SSPA, May 2007)

MW-18: Grain Size Distribution 
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MW-19: Grain Size Distribution 
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MW-20: Grain Size Distribution 
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Medium Sand some fine sand, coarse sand.  Silt generally < 15%.
  Hydraulic Conductivity 10 to 100 ft/day (3e-3 to 3e-2 cm/s)

     Fine Sand to Sandy Loam 
Hydraulic Concutivity 1 to 10 ft/d
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Figure 8 
Grain Size Distribution Graphs 

NW Natural, Gasco Site 
Portland, Oregon (Adapted from SSPA, May 2007) 



(Adapted from SSPA, May 2007)
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APPENDIX A 
 

BORING LOGS AND MONITORING WELL DETAILS 



See MW-18-180 for Lithologic Description.

WELL COMPLETION DETAILS
0 to 19.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
19.0 to 29.0 feet:  2-inch-diameter, flush-threaded, stainless

steel wire wrap well screen with 0.020-inch slots.
29.0 to 30.0 feet:  2-inch-diameter, stainless steel threaded

end cap.
NAPL funnel at 29.0 feet.

0 to 12.0 feet:  Cement grout.
12.0 to 15.0 feet:  Bentonite chips hydrated with potable

water.
15.0 to 30.0 feet:  10-20 Colorado Silica Sand.

WELL
DETAILS

LITHOLOGIC
DESCRIPTION
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PROJECT NAME

SAMPLE
NUMBER

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

LOCATION 1 of 2
BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

MW-18-30

REMARKS

6-inch
30.0'
2/27/07

*City of Portland Datum.

SURFACE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED
31.66 feet*

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING
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LOGGED BY

PROJECT NAME
LOCATION

LITHOLOGIC
DESCRIPTION

DRILL METHOD

WELL
DETAILS

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

DRILLED BY
2 of 2PAGE

HOLE DIAMETER
TOTAL DEPTH

MW-18-30

6-inch
30.0'
2/27/07

*City of Portland Datum.

SURFACE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING
BORING NO.

31.66 feet*

REMARKS



5

10

15

20

31.70 feet*

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

DRILL METHOD

LITHOLOGIC
DESCRIPTION

DRILLED BY

0 to 12.0 feet:  SILTY GRAVEL (GM); dark gray to black;
70 to 80 percent medium to coarse gravel and cobbles;
20 to 30 percent high plasticity fines, dense, strong
petroleum hydrocarbon-like odor.

WELL
DETAILS

@ 7.0 feet:  wet.

12.0 to 27.0 feet:  GRAVELLY SILT (ML); rusty brown
with black seams; 60 to 70 percent medium to high
plasticity fines; 30 to 40 percent fine to coarse gravel
and cobbles; <5 percent fine to coarse sand, trace wood
fragments, strong petroleum hydrocarbon-like odor.

@ 15.0 to 19.0 feet:  color change to black; oily with tar
seams.

@ 19.0 to 26.0 feet:  color change to rust brown to
yellowish brown; trace brick and wood fragments.

5
(0-6)

26
(6-26)

LOGGED BY

PROJECT NAME
LOCATION

MW-18-180BORING NO.
PAGE
HOLE DIAMETER
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DATE COMPLETED

REMARKS

1 of 12
9-inch, 6-inch
230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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Sonic

PROJECT NAME
LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

Gasco

Boart Longyear - E & I Division

John Renda

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

12.0 to 27.0 feet:  GRAVELLY SILT (ML); continued.

31.70 feet*

Portland, Oregon

36.0 to 50.0 feet:  GRAVELLY SILT with SAND (ML);
brownish gray to black; low to medium plasticity fines;
30 to 40 percent fine to coarse gravel with cobbles; 15
to 20 percent fine to coarse sand; oily, wet.

Note:  material at 36.0 to 50.0 feet appears to be sluff from
the upper 17.0 feet of the boring; this material is not
consistent with other borings in the area.

@ 22.0 feet:  oily lens.

@ 24.0 to 25.0 feet:  oily.

@ 26.0 to 27.0 feet:  color change to black; oily.

@ 27.0 feet:  trace reeds and grasses; fill/native interface.
27.0 to 36.0 feet:  SILTY SAND (SM); black grading to

grayish brown; 70 to 80 percent fine to medium sand; 20
to 30 percent low plasticity fines; trace fine gravel; oil
saturated.

@ 29.0 to 30.0 feet:  SANDY SILT lens; greenish brown;
laminated.

@ 31.0 to 31.5 feet:  SANDY SILT lens.

@ 33.0 to 33.5 feet:  SANDY SILT lens.

@ 35.5 to 36.0 feet:  SANDY SILT lens.

10
(26-36)

@ 34.0 to 34.5 feet:  SANDY SILT lens.

SURFACE ELEVATION

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.

25
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40

2/26/07

REMARKS

230.0'

2 of 12
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BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH
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Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

D
EP

TH
IN

 F
EE

T

LOGGED BY

36.0 to 50.0 feet:  GRAVELLY SILT with SAND (ML);
continued.

31.70 feet*

45

50

55

60

@ 47.0 feet:  brick chunk.

50.0 to 73.0 feet:  SILTY SAND (SM); grayish brown; fine
sand; 20 to 30 percent low to medium plasticity fines;
trace organic laminations (leaf mats); loose, soupy, wet,
light sheen to 61.0 feet.

@ 50.0 to 55.0 feet:  oily laminations.

16
(36-56)

Portland, Oregon
GascoPROJECT NAME

LOCATION
DRILLED BY
DRILL METHOD
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DATE COMPLETED

3 of 12
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230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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65
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Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

DRILL METHOD

LITHOLOGIC
DESCRIPTION

DRILLED BY

50.0 to 73.0 feet:  SILTY SAND (SM); continued.

31.70 feet*

WELL
DETAILS

@ 70.0 feet:  6-inch cobble.

73.0 to 76.0 feet:  SANDY SILT (ML); grayish brown;
medium plasticity fines; 30 percent fine sand; trace
organic laminations.

76.0 to 83.0 feet:  SAND (SP); grayish brown; fine sand;
10 to 15 percent nonplastic to low plasticity fines.

10
(56-76)
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BORING NO.
PAGE
HOLE DIAMETER
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DATE COMPLETED

4 of 12
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230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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John Renda

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon

Sonic

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

85

90

95

100

76.0 to 83.0 feet:  SAND (SP); continued.
@ 80.0 to 83.0 feet:  light sheen and petroleum

hydrocarbon-like odor.

31.70 feet*

Boart Longyear - E & I Division

20
(76-96)

@ 83.0 feet:  cobble, vesicular basalt, >4-inch diameter.
83.0 to 85.0 feet:  SILTY SAND (SM); grayish brown; fine

to medium sand; 20 to 30 percent fines; trace organics.

85.0 to 86.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines.

86.0 to 140.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <10 percent fines.

@ 90.0 feet:  0.3-foot silt lens.

@ 92.0 feet:  0.5-foot silt lens.

@ 93.0 feet:  0.3-foot sile lens.

LOCATION
PROJECT NAME BORING NO.

9-inch, 6-inch

RECOVERY
IN FEET
(CORE

INTERVAL)

SURFACE ELEVATION

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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31.70 feet*
John Renda

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

105

110

115

120

Boart Longyear - E & I Division
Portland, Oregon

86.0 to 140.0 feet:  SAND (SP); continued.
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PROJECT NAME

@ 110.0 feet:  0.4-foot silt lens.

@ 117.0 to 120.0 feet:  4 to 6 medium gravel-sized
nodules, well rounded, firm to hard.
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*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS

31.70 feet*

125

130

135

140

DRILL METHOD

86.0 to 140.0 feet:  SAND (SP); continued.

LITHOLOGIC
DESCRIPTION

@ 123.0 to 126.0 feet:  increase in fines to 20 to
30 percent.

@ 130.0 feet:  0.3-foot SILT lens.

@ 135.0 feet:  0.3-foot SILT lens.

20
(116-136)

Gasco

LOGGED BY

PROJECT NAME
LOCATION
DRILLED BY
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MW-18-180
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PAGE
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DATE COMPLETED
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9-inch, 6-inch
230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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SAMPLE
NUMBER

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

John Renda

PROJECT NAME

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

145

150

155

160

140.0 to 156.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; <10 percent fine sand.

31.70 feet*

Sonic

@ 141.0 to 141.5 feet:  SAND lens; fine to medium sand.

@ 143.0 to 144.0 feet:  SILTY SAND lens; fine to medium
sand; medium to high plasticity fines.

@ 146.0 to 146.5 feet:  SAND lens; fine to medium sand.

@ 147.0 to 148.0 feet:  SAND lens; fine sand.

@ 149.0 to 151.0 feet:  SAND lens; fine sand.

@ 152.0 feet:  0.3-foot SAND lens; fine to medium sand.

@ 153.0 to 153.5 feet:  SAND lens; fine to medium sand.

@ 155.0 feet:  0.1-foot SAND lens; fine sand.

156.0 to 187.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <10 percent fines.

LOCATION

20
(136-156)

@ 155.5 feet:  0.1-foot SAND lens; fine sand.

DATE COMPLETED

REMARKS

BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

MW-18-180
8 of 12
9-inch, 6-inch
230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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31.70 feet*

Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS

LOGGED BY

165

170

175

180

DRILL METHOD

156.0 to 187.0 feet:  SAND (SP); continued.

LITHOLOGIC
DESCRIPTION

@ 160.5 to 161.5 feet:  SILT lens; trace organic
laminations.

@ 162.0 to 170.0 feet:  trace pumice; coarse sand sized.

19
(156-176)

Gasco
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TE
R

SA
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E

PROJECT NAME
LOCATION
DRILLED BY

MW-18-180BORING NO.
PAGE
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T

DATE COMPLETED

REMARKS
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9-inch, 6-inch
230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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DRILL METHOD

PROJECT NAME
LOCATION

185

190

195

200

DRILLED BY

LOGGED BY

Gasco
Portland, Oregon

156.0 to 187.0 feet:  SAND (SP); continued.

Sonic

31.70 feet*

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

@ 183.0 feet:  trace twigs.

187.0 to 189.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines.

189.0 to 190.0 feet:  SAND (SP); brown; fine to medium
sand.

190.0 to 191.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines.

191.0 to 192.5 feet:  SAND (SP); grayish brown; fine to
medium sand.

192.5 to 194.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; 10 to 15 percent fine sand.

194.0 to 195.0 feet:  SAND (SP); grayish brown; fine to
medium sand; trace fines.

195.0 to 211.0 feet:  SAND (SP); brown; fine to coarse
sand; trace fines; trace fine gravel.

20
(176-196)

John Renda
230.0'
9-inch, 6-inchBoart Longyear - E & I Division
10 of 12
MW-18-180

TOTAL DEPTH
DATE COMPLETED
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BORING NO.
PAGE
HOLE DIAMETER
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RECOVERY
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*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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John Renda

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon

PROJECT NAME

Sonic

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

205

210

215

220

195.0 to 211.0 feet:  SAND (SP); continued.

31.70 feet*

Boart Longyear - E & I Division

20
(196-216)

@ 208.0 feet:  0.1-foot SILT lens; brown; medium plasticity.
@ 208.5 feet:  0.1-foot SILT lens; brown; medium plasticity.

211.0 to 213.0 feet:  SANDY GRAVEL (GP); brown; fine
to coarse; trace quartzite gravels; 15 to 20 percent
SAND; <5 percent nonplastic fines.

213.0 to 214.0 feet:  SAND (SP); brown; fine to medium.

214.0 to 216.0 feet:  SANDY GRAVEL (GP); brown; fine
to coarse; trace quartzite gravels; 15 to 20 percent
SAND; <5 percent nonplastic fines.

216.0 to 222.0 feet:  SAND (SP); brown; fine to medium
sand.

LOCATION

230.0'

11 of 12

SURFACE ELEVATION

REMARKS
*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.

BORING NO.

9-inch, 6-inch
PAGE
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MW-18-180
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LOG OF EXPLORATORY BORING
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Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS

W
A

TE
R

SA
M

PL
E

225

230

235

240

DRILL METHOD

216.0 to 222.0 feet:  SAND (SP); continued.

31.70 feet*

LITHOLOGIC
DESCRIPTION

222.0 to 230.0 feet:  SANDY GRAVEL (GP); grayish
brown; fine to coarse; subrounded to well rounded
gravel; 20 to 30 percent fine to coarse sand; 10 to
15 percent nonplastic to low plasticity fines.

@ 230.0 feet:  bedrock.
Bottom of boring = 230.0 feet.

WELL COMPLETION DETAILS
0 to 170.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
170.0 to 180.0 feet:  2-inch-diameter, flush-threaded,

stainless steel wire wrap well screen with 0.020-inch
slots.

180.0 to 181.0 feet:  2-inch-diameter, stainless steel
threaded end cap.

Cenralizers at 40.0, 70.0, 120.0, 170.0 and 180.0 feet.
NAPL funnel at 180.0 feet.

0 to 161.0 foot:  Cement grout.
161.0 to 166.0 feet:  Bentonite chips hydrated with potable

water.
166.0 to 189.0 feet:  10-20 Colorado Silica Sand.
189.0 to 230.0 feet:  Cement grout.

14
(216-230)

Gasco

LOGGED BY

PROJECT NAME
LOCATION
DRILLED BY

MW-18-180
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DATE COMPLETED
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9-inch, 6-inch
230.0'
2/26/07

*City of Portland Datum.  Hole diameter:  9" 0 to 76.0 feet, 6" 76.0 to 230.0 feet.
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See MW-19-180 for Lithologic Description.

WELL COMPLETION DETAILS
0 to 12.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
12.0 to 22.0 feet:  2-inch-diameter, flush-threaded, stainless

steel wire wrap well screen with 0.020-inch slots.
22.0 to 23.0 feet:  2-inch-diameter, stainless steel threaded

end cap.
Centralizers at 11.0 and 21.0 feet.
NAPL funnel at 22.0 feet.

0 to 7.0 feet:  Cement grout.
7.0 to 10.0 feet:  Bentonite chips hydrated with potable

water.
10.0 to 23.0 feet:  10-20 Colorado Silica Sand.

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

5

10

15

20

John Renda
Sonic
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PROJECT NAME

SAMPLE
NUMBER

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

LOCATION 1 of 2
BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH
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REMARKS

6-inch
23.0'
3/6/07

*City of Portland Datum.

SURFACE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED
27.40 feet*

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING



25

30

35

40

SAMPLE
NUMBER

W
A

TE
R

SA
M

PL
E

D
EP

TH
IN

 F
EE

T

C
O

R
E

IN
TE

R
VA

L

LOGGED BY

PROJECT NAME
LOCATION

LITHOLOGIC
DESCRIPTION

DRILL METHOD

WELL
DETAILS

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

DRILLED BY
2 of 2PAGE

HOLE DIAMETER
TOTAL DEPTH

MW-19-22

6-inch
23.0'
3/6/07

*City of Portland Datum.
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REMARKS
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See MW-19-180 for Lithologic Description.

WELL COMPLETION DETAILS
0 to 115.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
115.0 to 125.0 feet:  2-inch-diameter, flush-threaded,

stainless steel wire wrap well screen with 0.020-inch
slots.

125.0 to 126.0 feet:  2-inch-diameter, stainless steel
threaded end cap.

Centralizers at 25.0, 75.0, 115.0 and 124.0 feet.
NAPL funnel at 125.0 feet.

0 to 110.0 foot:  Cement grout.
110.0 to 113.0 feet:  Bentonite chips hydrated with potable

water.
113.0 to 126.0 feet:  10-20 Colorado Silica Sand.

LOGGED BY

PROJECT NAME
LOCATION

LITHOLOGIC
DESCRIPTION

DRILL METHOD

WELL
DETAILS

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

DRILLED BY
1 of 7
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MW-19-125

6-inch
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3/12/07

*City of Portland Datum.
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LITHOLOGIC
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LOGGED BY

PROJECT NAME
LOCATION
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40

DRILL METHOD

LITHO-
LOGIC

COLUMN

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda
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NUMBER

DRILLED BY
2 of 7

BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

MW-19-125

6-inch
126.0'
3/12/07

*City of Portland Datum.

SURFACE ELEVATION

RECOVERY
IN FEET
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INTERVAL)

DATE COMPLETED
27.20 feet*

LOG OF EXPLORATORY BORING

REMARKS
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LOGGED BY

PROJECT NAME
LOCATION

45

50

55

60

DRILL METHOD

LITHO-
LOGIC

COLUMN

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda
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NUMBER

DRILLED BY
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6-inch
126.0'
3/12/07

*City of Portland Datum.
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LOGGED BY

PROJECT NAME
LOCATION

65

70

75

80

DRILL METHOD

LITHO-
LOGIC

COLUMN

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda
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NUMBER

DRILLED BY
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6-inch
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3/12/07

*City of Portland Datum.

SURFACE ELEVATION
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LOGGED BY

PROJECT NAME
LOCATION

85
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95

100

DRILL METHOD

LITHO-
LOGIC

COLUMN

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda
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NUMBER

DRILLED BY
5 of 7

BORING NO.
PAGE
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TOTAL DEPTH

MW-19-125

6-inch
126.0'
3/12/07

*City of Portland Datum.

SURFACE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)
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LITHOLOGIC
DESCRIPTION
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DRILLED BY

PROJECT NAME
LOCATION

WELL
DETAILS

DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic

6 of 7
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*City of Portland Datum.
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LOGGED BY

PROJECT NAME
LOCATION

LITHOLOGIC
DESCRIPTION

DRILL METHOD

WELL
DETAILS

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

DRILLED BY
7 of 7PAGE

HOLE DIAMETER
TOTAL DEPTH

MW-19-125

6-inch
126.0'
3/12/07

*City of Portland Datum.

SURFACE ELEVATION
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LOG OF EXPLORATORY BORING
BORING NO.

27.20 feet*

REMARKS



Sonic

LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

Gasco

Boart Longyear - E & I Division

John Renda

SAMPLE
NUMBER

WELL
DETAILS

0 to 1.0 foot:  SILTY GRAVEL (GP); grayish brown;
medium to coarse gravel, angular; 20 to 30 percent
medium to high plasticity fines; 10 precent organics
(blackberry roots, stems, grasses).

5

10

15

20

27.28 feet*

Portland, Oregon

5
(12-17)

1.0 to 9.0 feet:  GRAVELLY SILT (ML); rust brown; 30 to
40 percent fine to medium gravel, angular to
subrounded; 50 to 60 percent medium to high plasticity
fines; 5 to 10 percent fine to coarse sand.

@ 5.0 to 9.0 feet:  wet.
@ 5.5 to 6.0 feet:  sand layer, fine to medium.

9.0 to 18.0 feet:  GRAVELLY SILT (ML); gray to brown
mottled; medium to high plasticity fines; 10 to 20 percent
fine to coarse gravel with oily pockets and tar blebs;
trace organics (grasses and roots).

18.0 to 21.5 feet:  SILTY SAND (SM); grayish brown to
black; 50 to 60 percent fine to medium sand; 30 to
40 percent nonplastic to low plasticity fines; 10 to
15 percent fine to coarse gravel; lampblack; heavy

PROJECT NAME

6
(5-12)

4
(0-5)

SURFACE ELEVATION

*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.

LITHOLOGIC
DESCRIPTION

3/2/07

REMARKS

227.0'TOTAL DEPTH

1 of 12
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PROJECT NAME

John Renda

LOCATION

sheen, oily.

DRILL METHOD

27.28 feet*

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic

@ 39.5 feet:  0.3-foot SILT lens.

@ 21.5 feet:  contact with native.
21.5 to 22.0 feet:  SILT (ML); grayish brown; medium to

high plasticity fines; trace very fine root hairs.
22.0 to 22.5 feet:  SAND (SP); grayish brown to black;

fine to medium sand cemented with tar; tar laminations
and wood fragments.

22.5 to 28.0 feet:  SANDY SILT (ML); olive gray; 60 to
70 percent medium to high plasticity fines; 30 to
40 percent very fine sand.

@ 25.0 to 28.0 feet:  color change to olive gray mottled with
rush brown grading to more brown than gray with depth.

28.0 to 29.0 feet:  SAND (SP); rush brown; fine sand; 10
to 15 percent nonplastic to low plasticity fines.

29.0 to 30.5 feet:  SAND (SP); grayish brown; fine sand;
10 to 15 percent nonplastic to low plasticity fines.

30.5 to 32.5 feet:  SILT WITH SAND (ML); grayish brown;
medium to high plasticity fines; 20 to 30 percent fine
sand; laminated.

32.5 to 35.0 feet:  SILTY SAND (SM); 70 to 80 percent
fine sand; 20 to 30 percent medium plasticity fines with
silt laminations.

35.0 to 47.0 feet:  SAND (SP); grayish brown; fine sand;
10 to 15 percent low plasticity fines.

@ 38.0 feet:  0.4-foot SILT lens.

LOGGED BY

9
(17-27)

10
(27-37)

@ 37.0 feet:  0.2-foot SILT lens.

MW-19-180
LOG OF EXPLORATORY BORING
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Sonic

13
(50-65)

PROJECT NAME
LOCATION

35.0 to 47.0 feet:  SAND (SP); continued.

27.28 feet*

DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

@ 41.0 feet:  0.1-foot SILT lens.

@ 45.0 to 46.0 feet:  SILT lens.

47.0 to 50.0 feet:  SILT with SAND (ML); grayish brown;
20 to 30 percent medium to high plasticity fines.

@ 48.0 feet:  0.4-foot fine SAND lens.

50.0 to 51.5 feet:  SILTY SAND (SM); grayish brown; fine
sand; 20 to 30 percent medium to high plasticity fines.

51.5 to 52.5 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; 10 to 15 percent fine sand.

52.5 to 53.0 feet:  SAND (SP); grayish brown; fine sand;
trace fines.

53.0 to 54.5 feet:  SANDY SILT (ML); grayish brown;
medium to high plasticity fines; 30 to 40 percent fine
sand.

54.5 to 57.0 feet:  SAND (SP); grayish brown; fine sand;
trace fines.

57.0 to 59.5 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; 10 to 15 percent fine sand.

DRILLED BY

9
(37-47)

2.5
(47-50)

59.5 to 60.0 feet:  SAND (SP); grayish brown; fine sand;

John Renda

REMARKS

MW-19-180
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*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.
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Sonic

PROJECT NAME
LOCATION

trace fines.

DRILLED BY

27.28 feet*
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

@ 77.0 to 78.0 feet:  30 to 40 percent silt.

60.0 to 61.5 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; 10 to 15 percent fine sand.

61.5 to 65.0 feet:  SAND (SP); grayish brown; fine sand;
<10 percent fines.

@ 63.5 feet:  0.4-foot SILT lens.

65.0 to 68.5 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; <10 percent fine sand.

68.5 to 70.0 feet:  SILTY SAND (SM); grayish brown; fine
sand; 20 to 30 percent medium to high plasticity fines.

@ 69.0 to 69.5 feet:  <5 percent organics (wood, fibers).
70.0 to 72.0 feet:  SILT with SAND (ML); grayish brown;

high plasticity fines; 10 to 20 percent fine sand.

@ 71.5 to 73.0 feet:  light brown mottles.
72.0 to 73.0 feet:  SILTY SAND (SM); grayish brown; fine

sand; 20 to 30 percent medium to high plasticity fines.
73.0 to 74.5 feet:  SILT (ML); grayish brown; medium to

high plasticity fines; trace organics (wood fibers).

76.0 to 97.0 feet:  SAND (SP); grayish brown; fine sand
layered with silt nodules and sand fissures; sand
coarsening with depth to fine to medium.

10
(65-75)

@ 79.0 to 80.0 feet:  20 to 30 percent silt.

DRILL METHOD

74.5 to 76.0 feet:  SILTY SAND (SM); grayish brown; fine
sand; 20 to 30 percent medium to high plasticity fines.

BORING NO.

REMARKS

MW-19-180

RECOVERY
IN FEET
(CORE

INTERVAL)

SURFACE ELEVATION

*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.

3/2/07
227.0'
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SAMPLE
NUMBER

27.28 feet*

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

John Renda

LOCATION

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

85

90

95

100

76.0 to 97.0 feet:  SAND (SP); continued.

Sonic

12.5
(75-90)

@ 80.5 feet:  medium gravel-sized silt nodule (hard).

@ 82.0 to 83.0 feet:  30 to 40 percent silt.

@ 85.0 feet:  light gray silt lens 0.5-inches thick.  Volcanic
ash?

@ 86.5 to 87.0 feet:  20 to 30 percent fines.

@ 87.5 to 90.0 feet:  20 to 30 percent fines.

@ 89.5 feet:  fine gravel-sized silt nodule (hard).

@ 93.0 to 95.0 feet:  SILT with sand lenses.

14
(90-105)

PROJECT NAME

97.0 to 104.0 feet:  SANDY SILT (ML); grayish brown; 50
to 60 percent low to medium plasticity fines; 40 to
50 percent fine to medium sand.

@ 97.0 to 104.0 feet:  50 percent SILT.

DATE COMPLETED

REMARKS

BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

MW-19-180
5 of 12
9-inch, 6-inch
227.0'
3/2/07

*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.
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SAMPLE
NUMBER

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

John Renda

LOCATION

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

105

110

115

120

97.0 to 104.0 feet:  SANDY SILT (ML); continued.

27.28 feet*

Sonic

104.0 to 105.0 feet:  SAND (SP); fine to medium sand
with fine to medium gravel-sized firm SILTY SAND
nodules.

@ 104.0 to 105.0 feet:  sand with fine to medium
gravel-sized SILTY SAND nodules (firm).

105.0 to 135.0 feet:  SAND (SP); brownish gray; fine to
medium sand; <10 percent low to medium plasticity
fines.

@ 109.0 to 110.5 feet:  1- to 2-inch silt nodules, firm, high
plasticity.

@ 112.5 feet:  2-inch silt nodule, firm, high plasticity.

@ 119.0 feet:  trace organics (twig).
@ 119.5 to 120.0 feet:  20 to 30 percent fines.

14
(105-120)

PROJECT NAME

DATE COMPLETED
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BORING NO.
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*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.
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GascoPROJECT NAME
LOCATION
DRILLED BY

LOGGED BY

Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

105.0 to 135.0 feet:  SAND (SP); continued.

LITHOLOGIC
DESCRIPTION

27.28 feet*

DRILL METHOD

136.0 to 156.0 feet:  SAND (SP); brownish gray; fine to
medium sand; <10 percent fines.

@ 121.0 feet:  0.1-foot SILT lens.

@ 123.0 feet:  SILT nodules <1-inch diameter; medium to
high plasticity.

@ 124.5 feet:  SILT nodules <1-inch diameter; medium to
high plasticity.

@ 126.5 feet:  0.1-foot SILT lens; medium to high plasticity.

@ 129.0 to 130.0 feet:  SILT lens <0.5-inch thick,
approximately 15 in 1-foot section, "tiger stripe
appearance."

@ 131.0 feet:  0.1-foot SILT lens.
@ 131.5 feet:  0.1-foot SILT lens.
@ 132.0 feet:  0.1-foot SILT lens.
@ 132.5 feet:  0.1-foot SILT lens.

135.0 to 136.0 feet:  SILT with SAND (ML); grayish
brown, medium to high plasticity fines; 20 to 30 percent
fine sand; wood fiber layer at base.

@ 138.5 feet:  0.4-foot SILT lens with ¼-inch diameter twig.

5
(120-125)

5
(125-130)

15
(130-145)

125

130

135

140

@ 134.0 feet:  fine to medium gravel-sized SILT nodules,
hard.

WELL
DETAILS

REMARKS

BORING NO.

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

MW-19-180
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9-inch, 6-inch
227.0'
3/2/07

*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.
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145

150

155

160

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

DRILL METHOD

LITHOLOGIC
DESCRIPTION

DRILLED BY

136.0 to 156.0 feet:  SAND (SP); continued.

27.28 feet*

WELL
DETAILS

@ 153.0 to 154.0 feet:  SILT to SANDY SILT lens,
laminated, firm, light brown.

156.0 to 158.0 feet:  SANDY SILT (ML); grayish brown;
medium to high plasticity fines; 30 to 40 percent fine
sand.

158.0 to 162.0 feet:  SILTY SAND (SM); grayish brown;
fine sand; 10 to 20 percent medium plasticity fines.

14
(145-165)

LOGGED BY

PROJECT NAME
LOCATION

MW-19-180
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DATE COMPLETED
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Portland, Oregon
PROJECT NAME
LOCATION
DRILLED BY
DRILL METHOD

Gasco

Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

158.0 to 162.0 feet:  SILTY SAND (SM);  continued.

LITHOLOGIC
DESCRIPTION

27.28 feet*
LOGGED BY

10
(165-175)

@ 161.0 feet:  0.2-foot SILT lens.

162.0 to 173.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <10 percent fines.

@ 167.0 to 168.0 feet:  increase in silt to 20-30 percent.

@ 171.0 to 171.5 feet:  three SILT lenses.
@ 171.5 to 173.0 feet:  trace decomposed shell fragments.

173.0 to 180.0 feet:  SILTY SAND (SM); fine sand;
20 percent low to medium plasticity fines.

@ 174.0 to 174.5 feet:  SILT lens with trace organic
laminations; firm.

165

170

175

180

9 of 12
MW-19-180

3/2/07

WELL
DETAILS

227.0'

SURFACE ELEVATION
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LITHOLOGIC
DESCRIPTION

DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

WELL
DETAILS

185

190

195

200

180.0 to 187.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <10 percent fines.

27.28 feet*

SAMPLE
NUMBER

187.0 to 192.0 feet:  GRAVELLY SAND (SP); fine to
medium sand; 20 to 30 percent fine to medium gravel;
subrounded to well rounded; some quartzite.

192.0 to 222.0 feet:  SANDY GRAVEL (GP); greenish
gray; fine to coarse gravel, subangular to well rounded;
20 to 30 percent fine to coarse sand.

@ 194.0 feet:  color change to brown.

14
(175-195)

DRILLED BY

PROJECT NAME
LOCATION

DATE COMPLETED

BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

REMARKS
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27.28 feet*

Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

Portland, Oregon
Gasco

192.0 to 222.0 feet:  SANDY GRAVEL (GP); continued.
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220

@ 203.0 to 215.0 feet:  increase in gravel size to fine to
coarse.

@ 209.0 to 222.0 feet:  10 to 20 percent fines.

15
(195-215)

6
(215-222)

Boart Longyear - E & I Division
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Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

WELL
DETAILS
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240

DRILL METHOD

192.0 to 222.0 feet:  SANDY GRAVEL (GP); continued.

27.28 feet*

LITHOLOGIC
DESCRIPTION

222.0 to 227.0 feet:  BASALT; rust brown to gray; heavily
weathered to coarse gravel; angular and SILT; hard.

Bottom of boring = 227.0 feet.

WELL COMPLETION DETAILS
0 to 170.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
170.0 to 180.0 feet:  2-inch-diameter, flush-threaded,

stainless steel wire wrap well screen with 0.020-inch
slots.

180.0 to 181.0 feet:  2-inch-diameter, stainless steel
threaded end cap.

Centralizers at 20.0, 70.0, 120.0, 170.0 and 180.5 feet.
NAPL funnel at 180.0 feet.

0 to 164.7 feet:  Cement grout.
164.7 to 167.5 feet:  Bentonite chips hydrated with potable

water.
167.5 to 182.0 feet:  10-20 Colorado Silica Sand.
182.0 to 227.0 feet:  Cement grout.

5
(222-227)

Gasco

LOGGED BY

PROJECT NAME
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DRILLED BY

MW-19-180
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*City of Portland Datum.  Hole diameter: 9" 0 to 45.0 feet, 6" 45.0 to 227.0 feet.
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LOGGED BY

PROJECT NAME
LOCATION

DRILL METHOD

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic

0 to 16.0 feet:  SANDY GRAVEL with SILT (GP-GM);
brown; 60 to 70 percent fine to coarse gravel, angular to
subrounded; 20 to 30 percent fine to coarse sand; 10 to
20 percent medium plasticity fines.

@ 0 to 3.0 feet:  cobbles.

SAMPLE
NUMBER

25.63 feet*

LITHOLOGIC
DESCRIPTION

5

10

15

20

DRILLED BY

@ 4.0 to 5.5 feet:  cobbles.

@ 6.5 to 7.0 feet:  cobbles.

@ 9.5 to 10.0 feet:  cobbles.
@ 10.0 to 16.0 feet:  fine to medium gravel.

16.0 to 17.0 feet:  SILTY SAND (SM); black; 50 to
60 percent fine to medium sand; 30 to 40 percent
nonplastic to low plasticity fines; 10 to 15 percent fine
gravel to cobble-sized coal-like material (lampblack); oily
petroleum-like odor.

17.0 to 17.3 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; trace fine sand; fine rootlets.

@ 17.0 feet:  contact with native.
17.3 to 17.5 feet:  SAND (SP); grayish brown; fine to

15
(0-15)

5
(15-20)

WELL
DETAILS

HOLE DIAMETER

John Renda

REMARKS

PAGE

TOTAL DEPTH
DATE COMPLETED
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*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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Sonic

LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

Gasco

Boart Longyear - E & I Division

John Renda

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

medium sand; <5 percent fines; trace organics
(wood).

25.63 feet*

Portland, Oregon

17.5 to 20.0 feet:  SAND with SILT (SW-SM); gray,
grading to brown, black to gray, then gray and brown
mottled; fine sand; 10 to 20 percent medium plasticity
fines; wet.

20.0 to 30.0 feet:  NO RECOVERY

30.0 to 35.0 feet:  SILT with SAND (ML); grayish brown;
low plasticity fines; 20 to 30 percent fine to coarse sand;
trace fine gravel; loose; soupy; wet.

@ 30.0 feet:  trace spotty sheen.

@ 34.0 feet:  color change to brown.

35.0 to 49.5 feet:  SAND (SP); brownish gray; fine sand; 5
to 10 percent fines; trace organics; trace fine gravel;
trace decomposed shell fragments.

@ 37.5 to 38.0 feet:  SILT lens; medium to high plasticity;
<10 percent fine sand.

@ 39.0 feet:  0.2-foot SILT lens; medium to high plasticity;
<5 percent organics.

PROJECT NAME

0
(20-30)

3
(30-35)

9-inch, 6-inch

SURFACE ELEVATION
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*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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WELL
DETAILS

DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic

SAMPLE
NUMBER

LITHOLOGIC
DESCRIPTION

45

50

55

60

@ 39.0 to 40.0 feet:  5 to 10 percent organics (wood chips
and wood fibers).

25.63 feet*
John Renda

@ 47.5 feet:  0.3-foot SANDY SILT lens; medium to high
plasticity.

49.5 to 52.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; <5 percent fine sand.

52.0 to 73.0 feet:  SAND (SP); grayish brown; fine sand;
trace organics; <5 percent fines.

@ 54.0 feet:  0.3-foot SILT lens.

10
(35-46)

DRILLED BY

PROJECT NAME
LOCATION

10
(46-56)

DATE COMPLETED

BORING NO.
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*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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GascoPROJECT NAME
LOCATION
DRILLED BY

LOGGED BY

Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

52.0 to 73.0 feet:  SAND (SP); continued.

LITHOLOGIC
DESCRIPTION

25.63 feet*

DRILL METHOD

78.0 to 87.0 feet:  SAND (SP); grayish brown; fine sand;
<10 percent fines.

@ 62.0 feet:  0.3-foot SILT lens.

@ 68.0 feet:  thin organic (wood fiber) lamination; 0.3-foot
SILT lens, medium to high plasticity.

@ 70.0 to 73.0 feet:  light sheen and strong odor.

@ 71.0 feet:  heavy sheen/saturated lens of sheen.

@ 72.5 feet:  DNAPL lens; brown oil.
73.0 to 74.5 feet:  SILT (ML); grayish brown; medium to

high plasticity; trace organics; odor; no sheen.

74.5 to 77.3 feet:  SAND (SP); grayish brown; fine sand;
<10 percent fines; trace spotty sheen.

@ 75.8 feet:  0.2-foot SILT lens, medium to high plasticity.

77.3 to 78.0 feet:  SILT (ML); grayish brown; <10 percent
fine sand, trace decomposed shell; trace organics.

65

70

75

80

18
(56-76)

@ 77.0 feet:  0.3-foot-thick DNAPL lens, brown oil, strong
odor.

WELL
DETAILS
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TOTAL DEPTH
DATE COMPLETED

MW-20-120
4 of 12
9-inch, 6-inch
213.0'
3/8/07

*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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85

90

95

100

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

DRILL METHOD

LITHOLOGIC
DESCRIPTION

DRILLED BY

78.0 to 87.0 feet:  SAND (SP); continued.

25.63 feet*

WELL
DETAILS

87.0 to 93.0 feet:  SILT with SAND (ML); grayish brown;
80 to 90 percent medium to high plasticity fines; 10 to
20 percent fine sand.

93.0 to 101.5 feet:  SAND (SP); grayish brown; fine sand;
with 10 to 15 percent SILT clumps and nodules.

@ 98.5 to 100.0 feet:  SILT lens; medium to high plasticity
fines; trace organics.

20
(76-96)

LOGGED BY
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SAMPLE
NUMBER

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division

John Renda

LOCATION

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

105

110

115

120

93.0 to 101.5 feet:  SAND (SP); continued.

25.63 feet*

Sonic

101.5 to 107.0 feet:  SILT (ML); grayish brown; medium to
high plasticity fines; trace fine sand; trace organics;
sand lenses and laminations <0.2-foot thick.

107.0 to 197.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <5 percent fines; trace organics.

@ 107.0 to 117.0 feet:  SILT lenses and laminations
<0.2-foot thick.

@ 118.0 to 119.0 feet:  increase in SILT to 20 percent; low
plasticity fines.

18
(96-117)
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125

130

135

140

25.63 feet*

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda

SAMPLE
NUMBER

DRILL METHOD

LITHOLOGIC
DESCRIPTION

DRILLED BY

107.0 to 197.0 feet:  SAND (SP); continued.

WELL
DETAILS

@ 128.0 to 130.0 feet:  laminations, fissures and lenses up
to 0.3-foot thick.

@ 131.0 feet:  SILT nodules 0.1-foot diameter; hard.

@ 132.5 feet:  sticks ¼- to ½-inch diameter.

@ 133.5 feet:  0.3-foot SILT lens; medium to high plasticity.
@ 134.0 to 136.0 feet:  SILT content increases to 20 to

30 percent.

18
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REMARKS

@ 146.0 feet:  0.2-foot SILT lens.
@ 146.0 to 148.0 feet:  SILT content increases to

20 percent.

@ 151.5 feet:  0.4-foot SILTY SAND lens; 30 to 40 percent
fines.

@ 153.0 feet:  0.2-foot SILT lens.

10
(137-148)

18
(148-169)

@ 143.0 to 143.5 feet:  SILT increase to 30 percent.

107.0 to 197.0 feet:  SAND (SP); continued.

PROJECT NAME
LOCATION

DRILL METHOD

8 of 12
BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

@ 144.5 feet:  0.2-foot SILT lens.

MW-20-120

LOGGED BY

9-inch, 6-inch
213.0'
3/8/07

*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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150

155

160

Gasco
Portland, Oregon



@ 165.5 feet:  0.1-foot SILT lens.

@ 166.5 feet:  0.4-foot SILT lens.

@ 168.0 to 169.0 feet:  SILT increase to 20 to 30 percent;
trace organics with sand/silt laminations.

@ 168.5 feet:  0.2-foot SILT lens.

13
(169-186)

25.63 feet*
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A
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Boart Longyear - E & I Division

PROJECT NAME
LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

107.0 to 197.0 feet:  SAND (SP); continued.

Portland, Oregon

Sonic
John Renda
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DETAILS

LITHOLOGIC
DESCRIPTION
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WELL
DETAILS

DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic

SAMPLE
NUMBER

LITHOLOGIC
DESCRIPTION

185

190

195

200

107.0 to 197.0 feet:  SAND (SP); continued.

25.63 feet*
John Renda

@ 183.0 to 186.0 feet:  slight coarsening of sand grains;
trace medium to coarse sand-sized pumice.

@ 186.0 to 189.5 feet:  increase in SILT to 20 to
30 percent.

@ 189.0 to 196.0 feet:  trace pumice; coarse sand to fine
gravel-sized.

@ 190.0 feet:  0.1-foot-diameter SILT nodules; firm.

@ 195.0 feet:  SILT nodules; 0.1-foot diameter.

197.0 to 204.0 feet:  SANDY GRAVEL (GP); grayish
brown; 70 to 80 percent fine to coarse gravel,
subangular to well rounded; 20 to 30 percent fine to
coarse sand; <5 percent fines.

@ 198.0 to 203.5 feet:  color change to grayish green.

DRILLED BY

10
(186-196)
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LOGGED BY

PROJECT NAME
LOCATION

DRILL METHOD

Gasco
Portland, Oregon

197.0 to 204.0 feet:  SANDY GRAVEL (GP); continued.

Sonic

25.63 feet*

SAMPLE
NUMBER

WELL
DETAILS

LITHOLOGIC
DESCRIPTION

205

210

215

220

DRILLED BY

@ 203.5 to 204.0 feet:  color change to brown.
204.0 to 206.0 feet:  SAND (SP); brown; fine to medium

sand.

206.0 to 206.5 feet:  COBBLES
206.5 to 208.0 feet:  BASALT fragments; lightly

weathered, mostly fresh angular surfaces.  5 to
10 percent fines.  Bedrock.  Gray.

208.0 to 211.0 feet:  BASALT fragments, heavily
weathered, rust brown.

211.0 to 213.0 feet:  NO RECOVERY

Bottom of boring = 213.0 feet.
WELL COMPLETION DETAILS
0 to 110.0 feet:  2-inch-diameter, flush-threaded,

Schedule 80 PVC blank riser pipe.
110.0 to 120.0 feet:  2-inch-diameter, flush-threaded,

stainless steel wire wrap well screen with 0.020-inch
slots.

120.0 to 121.0 feet:  2-inch-diameter, stainless steel
threaded end cap.

Centralizers at 18.0, 50.0, 110.5 and 119.5 feet.
NAPL funnel at 120.0 feet.

0 to 105.0 feet:  Cement grout.
105.0 to 108.0 feet:  Bentonite chips hydrated with potable

water.

10
(198-208)

3
(208-211)

0
(211-213)

John Renda

PAGE

213.0'
9-inch, 6-inch
11 of 12

Boart Longyear - E & I Division
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108.0 to 122.0 feet:  10-20 Colorado Silica Sand.
122.0 to 213.0 feet:  Cement grout.

LITHOLOGIC
DESCRIPTION

WELL
DETAILS
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PROJECT NAME
LOCATION

225

230

235

240

DRILL METHOD

LITHO-
LOGIC

COLUMN

Gasco
Portland, Oregon
Boart Longyear - E & I Division
Sonic
John Renda
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NUMBER

DRILLED BY
12 of 12

BORING NO.
PAGE
HOLE DIAMETER
TOTAL DEPTH

MW-20-120

9-inch, 6-inch
213.0'
3/8/07

*City of Portland Datum.  Hole diameter: 9" 0 to 96.0 feet, 6" 96.0 to 213.0 feet.
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APPENDIX B 
 

FIELD DATA SHEETS 
 







































  

 

 
 
 
 
 

APPENDIX C 
 

DATA VALIDATION REPORTS 
 
 














































































































































































































































































































































