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Dear Ms. Coates: 
 
This technical memorandum presents the methods, procedures, and data collected during additional 
characterization of the Astoria Area-Wide Petroleum Site in the area upland of the Slip 2 
hydrocarbon seep.  This technical memorandum also presents a work plan for additional 
characterization.  The scope of this data-collection effort was described in the Remedial 
Investigation/Feasibility Study (RI/FS) Work Plan Addendum, Slip 2 Hydrocarbon Seep Interim 
Removal Action Measures, Upland Data Collection (EnviroLogic Resources, 2004).   Standardized 
operating procedures for this project are presented in RI/FS and Interim Remedial Action Measures 
(IRAM) Work Plan, Phase 1 (RI/FS Work Plan)(EnviroLogic Resources, 2002).  The site location is 
shown on Figure 1. 
 
Phase 1 source/soil characterization field work was undertaken and largely completed in 2002.  The 
Phase 1 ground-water assessment and Phase 2 source/soil characterization for the site were 
completed in 2003 and 2004 (EnviroLogic Resources, 2003, 2004).  In addition, monthly ground 
water and/or free-product monitoring was conducted from August 2002 through December 2004, and 
four quarterly ground-water monitoring events were completed in October 2003 and January, April, 
and July 2004.  Based on the results of these soil and ground water data, additional upland 
characterization was determined to be necessary to perform a risk assessment and to evaluate 
remedial alternatives for the hydrocarbon seep.   
 
The upland data collection work included gathering additional information to assess the hydrocarbon 
seep, including the mobility and extent of light non-aqueous phase liquids (LNAPL) upland of Slip 2 
and the aquifer parameters in the shallow water-bearing zone near the seep.  An evaluation of the 
operation of the previous pump-and-treat system was planned but it will now be presented as part of 
the RI.  Specifically this technical memorandum presents the results of the LNAPL and aquifer 
characterization and proposed additional LNAPL characterization in the vicinity of Pier 2. 
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LNAPL CHARACTERIZATION 
 
The LNAPL investigation consisted of three phases.  The first phase was vertical and lateral 
delineation of the LNAPL using a cone penetrometer testing/rapid optical screening tool 
(CPT/ROSTTM).  The CPT/ROSTTM activities were completely in-situ; no field sampling, screening or 
soil investigation waste were involved in the LNAPL investigation. The second phase was LNAPL 
sampling and analysis to characterize the type of LNAPL present in the ground water, and the third 
phase was to estimate the volume and mobility of LNAPL in ground water upland of the hydrocarbon 
seep.  
 
Delineation of Extent of LNAPL 
 
For the purpose of this technical memorandum it is important to clarify the definition of LNAPL in 
the context of the plume upgradient of Slip 2.  As detected by the CPT/ROSTTM instrument, the 
LNAPL zone consists of both residual and mobile free petroleum product. The residual petroleum 
product is bound to the soil within the zone of seasonal ground-water fluctuation, and is released into 
the aquifer as dissolved petroleum hydrocarbon constituents. The mobile free product portion of the 
LNAPL occupies the pore space between soil particles and is released into the aquifer as a separate 
phase, as is evidenced by the free product that accumulates in the monitoring wells and the sheen 
discharging at the head of Slip 2.  It was hoped that the CPT/ROSTTM data could be used to quantify 
the mobile free product portion of the LNAPL plume.  Review of the CPT/ROSTTM data has shown 
that some basic qualitative evaluation can be made but a quantitative definition of the mobile free 
product portion of the LNAPL plume cannot be made.  However, the CPT/ROSTTM data has been 
useful in assessing and confirming the lateral extent of the LNAPL plume 
 
To delineate the extent of LNAPL upland of the hydrocarbon seep and to determine LNAPL 
continuity between upland monitoring wells, a CPT/ROSTTM investigation was performed September 
21, 2004, through September 23, 2004.  The CPT is a “push probe” style tool commonly used in 
geotechnical explorations to assess the vertical stresses, friction angles, and soil consistency.  In this 
application, the CPT is equipped with a ROST.  The ROST is a tunable laser that emits ultraviolet 
(UV) light within the excitation wavelength of petroleum hydrocarbons.  Measured responses to the 
ROST were used to define the vertical and lateral extent of LNAPL in soil and ground water.  The 
CPT/ROSTTM signal response provides real time soil and LNAPL data presented in a graph form that 
can be interpreted and used in the field.    CPT/ROSTTM exploration activities were performed by 
Fugro Geosciences, Inc., of Santa Fe Springs, California.  The results of the CPT/ROSTTM are 
included in a report by Fugro Geosciences, Inc., presented in Appendix A of this technical 
memorandum. 
 
To further define the lateral and vertical extent of LNAPL and subsurface soil conditions upland of 
Slip 2, six transects consisting of a series of CPT borings were completed.  Due to refusal in many 
areas some proposed CPT borings were either not completed or were completed in an area near the 
proposed location.  Additional CPT holes were drilled in order to help define the edge of the LNAPL 
area.  Monitoring well locations are shown on Figure 2.  The CPT boring locations are presented on 
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Figure 3.  Also shown on Figure 3 is the estimated lateral extent of LNAPL in Fall 2004.  Data from 
both the monitoring wells and CPT borings were used in estimating the extent of LNAPL .   
 
The initial explorations were drilled adjacent to monitoring wells with historical LNAPL detections.  
This allowed for a comparison of the ROST readings with the known LNAPL thickness and 
concentrations in the monitoring wells.  The ROST testing was performed in multi-wavelength mode 
(mwl) in which several characteristics of the emitted fluorescence are measured and recorded 
simultaneously at four specific wavelengths (340, 390, 440, and 490 nanometers).  The recorded data 
were presented as a color graph of fluorescence intensity (the combined fluorescence of all four 
monitored wavelengths) versus depth (Fugro, 2004). 
 
CPT was used with the ROST in order to identify differing soil lithologies within both the saturated 
and unsaturated zones.  Soil lithology is considered important to assess mobility and recoverability of 
LNAPL and vapor diffusion.  The vertical resolution of the CPT data was used in further 
understanding the three dimensional extent of the LNAPL in the soil smear zone. 
 
The maximum thickness of the LNAPL smear zone measured in the CPT borings was approximately 
6 feet.  A six-foot thick smear zone was observed in borings CPT-09, CPT-14, and CPT-36.  The 
LNAPL smear zone as detected by the ROST data does not necessarily correlate to a similar 
thickness or presence of mobile LNAPL in a nearby monitoring well.  These three CPT borings are 
all located near the edge of the LNAPL plume, where the average thickness of mobile free product 
that has historically accumulated in nearby monitoring wells is less than 0.1 feet thick.     
 
A review of the CPT/ROSTTM data and the free product thickness measurements in the site monitoring 
wells was conducted to determine if there is a useable correlation. Table 1 lists the site monitoring 
wells where LNAPL composition has been defined by Shell’s hydrocarbon identification analysis, 
the results of the hydrocarbon identification, and the nearest CPT boring. The table also shows the 
maximum magnitude of the fluorescence at each CPT boring.  The fluorescence is reported as percent 
reference emitter (%RE) of the reference solution used by Fugro.  The reference solution is used to 
normalize the data to limit variations due to operating conditions.  The table includes the average free 
product thickness in the site monitoring wells, based on the last four measurements in 2004.  Figure 4 
plots the maximum fluorescence magnitude from each CPT boring on the Y-axis, and the average 
free product thickness in the corresponding monitoring well on the X-axis. 
 
Review of the data point scatter on the graph reveals that LNAPLs of similar composition are 
grouped together.  The area where predominantly gasoline LNAPL has been identified in monitoring 
wells (CPT-15 and CPT-05) had as low as 13%RE associated with mobile LNAPL.  CPT-06 and 
CPT-26 are associated with monitoring wells containing a near equal mix of gasoline and diesel and 
had a 25%RE associated with LNAPL.  The CPT-ROSTTM data points associated with monitoring 
wells containing predominantly diesel (CPT-1, CPT-3, CPT-4 and CPT-44) had a significantly higher 
%RE associated with LNAPL.  For predominantly diesel product the range of %RE associated with 
LNAPL was 180 to 220.  It is currently unknown if this association can be applied to other data 
points at the site.  The grouping may be a result of the relative few data points or the fact that more 
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monitoring wells are located in the central part of the diesel LNAPL area thus skewing the data.  
Although there may be a minimum %RE that indicates LNAPL there does not appear to be a useable 
correlation between the fluorescence magnitude and the average thickness of free product that has 
been recorded in nearby monitoring wells.  The fluorescence measurements appear to be useful as a 
general indicator of the potential presence of LNAPL but further evaluation is required to determine 
if the data can be used to develop LNAPL volume estimates or to determine the percentage of mobile 
hydrocarbon product in the LNAPL plume area. 
 
ROSTTM fluorescence data identified gasoline as the dominant product type encountered in the CPT 
borings southeast of Portway.  Diesel is the dominant product type encountered in CPT borings 
northwest of Portway continuing towards Pier 2.  The fluorescence results for CPT-36 and CPT-37 
suggest heavy range petroleum hydrocarbons (ie., >C28) may be present in the area north of the Port 
Office building.  These results corroborate data developed by sampling and analysis of LNAPL 
collected form monitoring wells as discussed later in this technical memorandum.     
 
The distribution of petroleum hydrocarbon in the areas with free product is shown on cross-sections 
A-A’ and B-B’ (Figures 5 and 6, respectively).  The cross-section locations are shown on Figure 3.  
In general, area soils from the surface to at least 15 feet below ground surface (bgs) consist of 
interbedded sands and silty sands to silts with discontinuous clayey silt lenses (dredge sands).  
ROSTTM fluorescence indicative of LNAPL, ranging in depth from 7 to 13 feet bgs, was observed 
within the sands and silts.  Seasonal ground-water fluctuations and the localized fine grained lenses 
have influenced the distribution of LNAPL.  In general the smear zone is consistent with the seasonal 
range in depth to ground water, except where geologic controls exist.  
 
LNAPL Sampling 
 
LNAPL has been identified in monitoring wells MW-1(M), MW-3(M), MW-4(M), MW-8(M), MW-
9(M), MW-37(A), MW-40(A), MW-41(A), MW-42(A), and MW-44(A) in the area of the 
hydrocarbon seep at Slip 2.  Monitoring well MW-15(D) at the former Delphia Oil bulk plant has 
also been observed to contain LNAPL.  As part of the LNAPL investigation, product samples were 
collected from several monitoring wells for forensic analyses.   
 
LNAPL from monitoring wells MW-3(M), MW-4(M), MW-8(M) and MW-9(M) was sampled and 
analyzed for product differentiation parameters in 2003.  In May 2004, LNAPL was recovered from 
monitoring wells MW-15(A), MW-37(A), MW-40(A), MW-41(A), MW-42(A), and MW-44(A) and 
submitted to Shell Global Solutions (US) Inc.’s Westhollow Technology Center in Houston, Texas, 
for chemical analysis for hydrocarbon identification and differentiation and other physical and 
chemical parameters.  The results of the chemical analysis were used to identify the nature of the 
LNAPL found in the wells, and the results of the physical parameters will be used to estimate product 
mobility and recoverability.  The hydrocarbon forensics analytical report by Shell Global Solutions 
(US) Inc., (2004) is presented in Appendix B 
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The analytical protocols used for LNAPL characterization are focused on the identification of 
components characteristic of fuels and the relative distribution of these compounds.  The protocols 
used in this analysis are based on methodologies commonly applied to environmental investigations 
and are similar to the following methods: 
 
• Modified EPA Method 8015M using gas chromatography with flame ionization detection 

(GC/FID) 
• Modified EPA Method 8260 using gas chromatography with mass spectrometry detection 

(GC/MS) 
• Total lead and total sulfur by ASTM D5059 (modified) and D2622, respectively.  These are x-ray 

fluorescence methods. 
• Product Density by ASTM Method 4052 (not on all samples) 
 
.  The results indicate that the samples from these wells contain weathered diesel/fuel oil and 
gasoline-range material in various proportions.  Some samples contain primarily gasoline, some 
samples contain primarily diesel/fuel oil and the majority of the samples contain mixtures of both 
types of products in different proportions.  No oxygenates were detected.   
 
There are significant differences among the gasoline products found in the samples.  For example, the 
gasoline in MW-37(A) is very different from all other samples both in terms of hydrocarbon 
distribution, high lead content, and type of lead package.   Table 1 provides the percentages of diesel 
and gasoline in each of the samples. 
 
Evaluation of LNAPL Volume and Mobility 
 
The results of the LNAPL delineation will be used to evaluate the volume of LNAPL in the Slip 2 
hydrocarbon seep upland area and presented in the RI.  The extent of the LNAPL was not defined to 
the north or northeast due to utility clearance and time constraints.  Further soil/LNAPL investigation 
will be performed to define the northern edge of the hydrocarbon seep upland area 
The CPT/ROSTTM data will be used along with existing information on the soil characteristics (e.g., 
porosity), measured physical properties of LNAPL, and product bail-down/recovery testing to 
evaluate the LNAPL mobility upland of the seep.   
 
The actual and recoverable LNAPL volume will be estimated using the method proposed by 
Charbeneau, et al. (2000) and by American Petroleum Institute (API) (2003).  Results of the 
evaluation will be presented as part of  the RI for use in the Feasibility Study.  Information that will 
be directly or indirectly used to estimate LNAPL volumes include: 

• Observed free product thickness in monitoring wells; 
• Observed oil/water interface elevations in monitoring wells; 
• Bail down/recovery test data; 
• CPT/ROST data; 
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• Soil type data from previous investigations and CPT soundings; and 
• Historical recovery rates from the previous pump and treat system. 

 
AQUIFER CHARACTERIZATION 
 
An aquifer test was conducted in the upland area by Hahn & Associates in 1995 following the 
McCall Oil pipeline release.  Limited information about the aquifer testing is included in a June 1996 
package of information transmitted to McCall Oil and Chemical Corporation (HAI,1996).  Included 
in this information are graphs of a step drawdown pumping test and a recovery test.  Water levels 
from R-1(M), MW-1(M), MW-8(M) and MW-6(M) are presented in the graphs.  Calculations for 
transmissivity and storage coefficient are presented as 3,000 gallons per day per square foot (gpd/ft2) 
and 0.3, respectively.  No field data or calculations are included in the 1996 package of information 
prepared by HAI.  Additional aquifer characterization is essential in both determining risk and in 
selection of a remedial alternative.  In the case of selecting a remedial alternative, this need is 
emphasized by the failed pump and treat system that was installed at the site in 1995.  A detailed 
discussion of the pump and treat system will be presented as part of the RI.  
 
Water Levels/Tidal Evaluation 
 
Aquifer characteristics in the vicinity of the hydrocarbon seep can be determined by evaluating the 
damping of the tidal signal in monitoring wells.  Collection of water level data and tidal data at the 
site has been on going.  A surface water monument was established on Pier 2 prior to the 
commencement of the tidal evaluation fieldwork.  A transducer was installed in the Pier 2 monument 
and has been continuously recording data since installation.  The location of the “Pier 2” monument 
is shown on Figure 2.  In order to help define the inland extent of the tidal influence and to provide 
actual surface water elevation readings to determine the tidal maxima and minima at the shoreline, 
additional transducers were temporarily installed in monitoring wells.  Graphs displaying the change 
in ground-water levels with respect to time along with the supporting aquifer data and a table 
summarizing the maximum tidal influence are presented in Appendix C.  
 
As part of the aquifer characterization program, data continued to be recorded by the transducer in 
the Pier 2 monument.  Additionally, transducers were installed in MW-6(M), MW-9(M), and MW-
10(M).  To adequately characterize the tidal influence in the aquifer, the transducers collected data 
for approximately a 36-hour period.  After approximately 1-½ tide cycles of recording water level 
data, the transducers were moved to wells MW-7(M), MW-34(A), and MW-42(A) for another 36-
hour period.  Finally, the transducers were removed from these wells, and installed in MW-11(M), 
MW-35(A), and MW-44(A).  The transducers had vented cables so that barometric effects on water 
levels were compensated in the pressure readings.  After an initial review of the recorded data, it was 
determined that additional measurements were necessary for complete characterization of the tidally 
influenced aquifer system.  Transducers were reinstalled into monitoring wells MW-9(M), MW-
10(M), and MW-34(A).  During this recording period, the transducers recorded data for 
approximately 17 days.  The longer time period allows for more accurate comparisons between 
ground-water levels and tide levels amongst the wells observed.  A transducer was also installed in 
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MW-18(A) to gather data in a well further from the shoreline.   The influence from tide is not 
apparent in this well as shown on the graph presented in Appendix C.  
 
The influence from the tide on the aquifer is apparent in most of the monitoring wells.  Figure 7 
presents data recorded during December 2004 in MW-9(M).  The graph shows both the fluctuating 
tide levels and the changing ground-water levels.  Figures 8 and 9 show the graphs for monitoring 
wells MW-34(A) and MW-35(A) respectively.  The data show that the tidal influence in MW-35(A), 
which is approximately 400 feet from the shoreline, is evident yet minimal (Figure 9).  The observed 
tide fluctuation was 0.044 feet.  The amount of change is approximately an order of magnitude less 
than the tide change observed in MW-9(M), which is approximately 300 feet closer to the shoreline. 
 
Three of the ten monitoring wells [MW-6(M), MW-18(A), and MW-44(A)] included as part of the 
tidal evaluation exhibit atypical tidal influences.  The ground-water elevations also appear to be 
atypical in monitoring wells MW-6(M) and MW-44(A).  The distance between the shoreline and 
MW-18(A) may be great enough for there to be very minimal tidal influence. 
 
Evaluation of the data from the above characterization will be used to assess risk and to assist in 
remedial alternative selection.  The data evaluation will be performed and reported as part of the RI.   
 
ADDITIONAL LNAPL CHARACTERIZATION 
 
Borings CPT-31, 40, and 41 have maximum fluorescence readings exceeding 150%RE, indicating 
the possible presence of LNAPL. MW-10 (M) is the nearest monitoring well to the area of these 
borings, and it has not historically had any detections of mobile LNAPL, although groundwater 
samples from MW-10 have consistently contained moderate concentrations of diesel and gasoline 
range organics. To determine if there is a dissolved hydrocarbon plume or mobile free product in the 
vicinity of CPT-31, 40 and 41, additional assessment is needed. 
 
 The additional LNAPL investigation will consist of vertical and lateral delineation of the LNAPL 
along with sampling and analysis to characterize the type of LNAPL present in the soil beneath  Pier 
2.  The results of the initial upland data collection showed both oil and diesel present near Pier 2.  
The heavier oil range LNAPL was observed in borings CPT-36 and CPT-37 (EnviroLogic Resources, 
2005).  These borings are located north of the Port office building.  The CPT borings drilled furthest 
to the northwest, CPT-40 and CPT-41 showed an approximately two- to three-foot section of diesel-
range LNAPL.  The extent of LNAPL further north could not be defined at that time due to time and 
utility clearance constraints.  Therefore, additional investigation is proposed. 
 
Delineation of Extent of LNAPL 
 
The aerial extent of LNAPL upland of the hydrocarbon seep was defined during the upland data 
collection except for the area to the north and northwest (near Pier 2).  To further define the lateral 
and vertical extent of LNAPL and subsurface soil conditions, ten soil borings will be installed in the 
area around the south end of Pier 2.  The proposed boring locations are shown on Figure 5.  
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Additional borings will be drilled if necessary in order to define the extent of LNAPL.  Using the 
Geoprobe drilling method, the borings will be drilled to depths of approximately 15 feet.  The ROST 
data from the fieldwork completed in Fall 2004 shows the product layer extends to a depth of 13 feet 
below ground surface (CPT-40 and CPT-41).  Three borings will be drilled next to CPT borings that 
were drilled in 2004 [CPT-40, CPT 37and CPT-03] to allow for a direct comparison to the ROST 
results via analytical and visual techniques.  A photoionization detector will also be used during field 
activities. 
 
Temporary standpipes with slotted screen (20 slot) will be installed in each borehole.  The standpipe 
would remain in the borehole until the end of the day.  At the end of the day each standpipe will be 
monitored for the presence of LNAPL with a disposable bailer or an interface probe.  This 
information may be useful in selecting the proposed monitoring well locations. 
 
General field procedures and methods presented in the Field Sampling Plan (Appendix A of the 
RI/FS Work Plan) and the Health & Safety Plan (Appendix B of the RI/FS Work Plan) are 
incorporated by reference.   
 
Soil Sampling 
 
Soil samples will be collected for laboratory analysis.  One sample per boring will be analyzed for 
TPH.  This sample will be selected on the basis of PID readings and/or visual observations.  
Approximately three samples total from representative borings will also be analyzed for volatile 
organic compounds (VOCs) and polynuclear aromatic hydrocarbons (PAHs).   No ground-water 
sampling is proposed to be conducted. 
 
Monitoring-Well Construction 
 
Two new monitoring wells are proposed on Pier 2 at  locations designed to define the extent of 
LNAPL.  The new monitoring wells will be installed during the above-referenced fieldwork (i.e., 
single site mobilization) and the field screening results of the proposed direct-push borings and 2004 
CPT-ROST data will guide their locations.  The new monitoring wells will be constructed using a 
pre-packed well screen that can be installed using the Geoprobe drilling rig.  To the extent possible, 
completion depths and screened intervals will be similar to the other monitoring wells installed at the 
Astoria Area-Wide site.  The purpose of the wells will be to confirm the presence or absence of 
LNAPL at a downgradient location.  Ground-water sampling is not currently proposed. 
 
To further characterize the nature of the product in the vicinity of the former Mobil/Niemi bulk plant 
a third new monitoring well will be installed at the former Mobil/Niemi bulk plant.  The location of 
this monitoring well will be compatible with new development that is proposed for that site.  Thus 
the monitoring well location will not be finalized until final site development plans have been 
reviewed.   
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CLOSING COMMENTS 
 
The data developed during the Upland Data Collection work provided us with detailed knowledge of the 
distribution of LNAPL in the subsurface at the Astoria Area-Wide petroleum site upland of Slip 2.  The 
LNAPL plume is bounded on the south, east, and west sides.  Uncertainties regarding the nature of the 
LNAPL at the former Mobil/Niemi bulk plant exist and uncertainties regarding the extent of LNAPL  to 
the north onto Pier 2 exist.  To address these uncertainties, additional characterization for delineating 
LNAPL on Pier 2 and for characterizing the nature of LNAPL at the former Mobil/Niemi bulk plant is 
planned.  Field work will be scheduled as soon as DEQ approves the scope of the additional LNAPL 
characterization.  Our understanding of the tidal influences on the ground-water system is improved and 
allowed for an evaluation of aquifer hydraulic characteristics in the upland vicinity of Slip 2 to be 
completed.  Finally, information has been gathered to identify some of the site-specific pitfalls of ground-
water pumping and product recovery   This information will be evaluated as part of the RI and used 
during the feasibility study to evaluate remedial alternatives 
 
Please call me at (503)768-5121 if you have any questions or comments regarding this technical 
memorandum. 
 
Sincerely, 
EnviroLogic Resources, Inc. 
 
 
 
 
 
Thomas J. Calabrese, RG, CWRE 
Principal/Hydrogeologist 
Project Manager 
 
cc: Distribution list attached 
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TABLES 



TABLE 1
CPT/ROST AND MONITORING WELL LNAPL DATA

Astoria Area Wide
Astoria, Oregon

CPT-ROST 
LOCATION 

IDENTIFICATION

CORRESPONDING 
MONITORING 

WELL 
IDENTIFICATION

1Diesel  
(%)

1Gasoline  
(%)

2Average 
Free 

Product 
Thickness  

(feet)

3Fluorescence  
(%RE)

CPT-44 MW-3(M) 81 19 0.5 182
CPT-1 MW-41(A) 87 13 0.06 179
CPT-4 MW-8(M) 92 8 0.11 224
CPT-34 MW-9(M) 88 12 0.97 203
CPT-15 MW-37(A) 28 72 0.01 13
CPT-5 MW-40(A) 29 71 0.04 26
CPT-26 MW-42(A) 55 45 0.32 50
CPT-6 MW-44(A) 56 44 0.32 25

Notes:
1 Diesel and gasoline % of free product from monitoring well as reported by Shell
2 Average free product based on last 4 measurements in 2004
3 % RE (percent reference emitter) refers to reference standard used by Fugro
4 Due to equipment failure the %RE for CPT-3 is not available.  The %RE used is an average 
of the %RE from the two nearest CPT's (CPT-4 and CPT-44)
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FIGURE 1

SITE LOCATION

Remedial Investigation/Feasibilty Study
Astoria Area-Wide Petroleum Site

Astoria, Oregon
Consulting Environmental & Water Resources Scientists

(from USGS, Astoria {1984}, OR 7.5' Quadrangles)

REGIONAL
STUDY AREA
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FUGRO GEOSCIENCES,  INC. REPORT
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SHELL GLOBAL SOLUTIONS (US) INC. REPORT 
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TIDAL GRAPHS AND SUPPORTING DATA 
 
 

 
 
 
 
 
 
 
 
 



TABLE C-1

MAXIMUM RECORDED TIDAL RANGE

Remedial Investigation/Feasibility Study
Astoria Area-Wide Petroleum Site

Astoria, Oregon

Locator ID

Maximum 
Recorded Tidal 

Range (feet)
MW-6 0.159
MW-7 0.128
MW-9 0.379
MW-10 0.316
MW-11 0.401
MW-18* 0.388
MW-34 0.168
MW-35 0.044
MW-42 0.094
MW-44* 0.413
Pier 2 10.8

Notes:
*Data is suspect. Value should not be considered 

representative of tidal influence.



MW-6(M)

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

9/20/04 14:24 9/20/04 19:12 9/21/04 0:00 9/21/04 4:48 9/21/04 9:36 9/21/04 14:24 9/21/04 19:12 9/22/04 0:00 9/22/04 4:48 9/22/04 9:36

Time

Fe
et



MW-7

-0.1

-0.05

0

0.05

0.1

9/22/04 4:48 9/22/04 9:36 9/22/04 14:24 9/22/04 19:12 9/23/04 0:00 9/23/04 4:48 9/23/04 9:36 9/23/04 14:24 9/23/04 19:12

Time

Fe
et



MW-9

2.45

2.5

2.55

2.6

2.65

2.7

2.75

9/20/04
14:24

9/20/04
19:12

9/21/04 0:00 9/21/04 4:48 9/21/04 9:36 9/21/04
14:24

9/21/04
19:12

9/22/04 0:00 9/22/04 4:48 9/22/04 9:36 9/22/04
14:24

Date

W
at

er
 E

le
va

tio
n 

C
ha

ng
e 

(f
t)



MW-9 Test 4

-0.6

-0.55

-0.5

-0.45

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

12/11/04
0:00

12/13/04
0:00

12/15/04
0:00

12/17/04
0:00

12/19/04
0:00

12/21/04
0:00

12/23/04
0:00

12/25/04
0:00

12/27/04
0:00

12/29/04
0:00

12/31/04
0:00

Date

W
at

er
 L

ev
el



MW-10(M)

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
9/20/04 14:24 9/20/04 19:12 9/21/04 0:00 9/21/04 4:48 9/21/04 9:36 9/21/04 14:24 9/21/04 19:12 9/22/04 0:00 9/22/04 4:48 9/22/04 9:36 9/22/04 14:24

Date



MW-11(M)

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

9/20/04 0:00 9/25/04 0:00 9/30/04 0:00 10/5/04 0:00 10/10/04 0:00 10/15/04 0:00 10/20/04 0:00

Date

fe
et



MW-11 Sept23 - Sept 25

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

9/23/04 14:24 9/23/04 19:12 9/24/04 0:00 9/24/04 4:48 9/24/04 9:36 9/24/04 14:24 9/24/04 19:12 9/25/04 0:00 9/25/04 4:48

DATE

fe
et



MW-18(A)

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1
10/15/04 0:00 10/20/04 0:00 10/25/04 0:00 10/30/04 0:00 11/4/04 0:00 11/9/04 0:00 11/14/04 0:00

Date

Fe
et



MW-34(A)

-0.1

-0.05

0

0.05
9/22/04 4:48 9/22/04 9:36 9/22/04 14:24 9/22/04 19:12 9/23/04 0:00 9/23/04 4:48 9/23/04 9:36 9/23/04 14:24 9/23/04 19:12 9/24/04 0:00

Time

Fe
et



MW-34 Test 2

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

12/11/04
0:00

12/13/04
0:00

12/15/04
0:00

12/17/04
0:00

12/19/04
0:00

12/21/04
0:00

12/23/04
0:00

12/25/04
0:00

12/27/04
0:00

12/29/04
0:00

12/31/04
0:00

Date

W
at

er
 L

ev
el



MW-35(A)

-0.05

0

0.05

0.1

0.15

0.2

0.25
9/20/04 0:00 9/25/04 0:00 9/30/04 0:00 10/5/04 0:00 10/10/04 0:00 10/15/04 0:00 10/20/04 0:00

Time

Fe
et



MW-35 Sept 23 - Sept 25

-0.05

0

0.05
9/23/04 12:00 9/24/04 0:00 9/24/04 12:00 9/25/04 0:00 9/25/04 12:00 9/26/04 0:00 9/26/04 12:00

DATE



MW-42(A)

-0.06

-0.04

-0.02

0

0.02

0.04

0.06
9/22/04 4:48 9/22/04 9:36 9/22/04 14:24 9/22/04 19:12 9/23/04 0:00 9/23/04 4:48 9/23/04 9:36 9/23/04 14:24 9/23/04 19:12 9/24/04 0:00

Time

Fe
et



MW-44(A)

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

9/20/04 0:00 9/25/04 0:00 9/30/04 0:00 10/5/04 0:00 10/10/04 0:00 10/15/04 0:00 10/20/04 0:00

Time

Fe
et



PIER 2

-1.5

-0.5

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5
9/16/04 0:00 9/17/04 0:00 9/18/04 0:00 9/19/04 0:00 9/20/04 0:00 9/21/04 0:00 9/22/04 0:00 9/23/04 0:00 9/24/04 0:00

Date

Fe
et



Pier 2(A)

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

9/20/04 0:00 9/25/04 0:00 9/30/04 0:00 10/5/04 0:00 10/10/04 0:00 10/15/04 0:00

Time

Fe
et



PIER 2
Sept-20 thru Sept 22

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1
9/20/04 12:00 9/21/04 0:00 9/21/04 12:00 9/22/04 0:00 9/22/04 12:00 9/23/04 0:00 9/23/04 12:00

date



PIER 2
Sept 22 thru Sept 23

-9

-8

-7

-6

-5

-4

-3

-2

-1

0
9/21/04 12:00 9/22/04 0:00 9/22/04 12:00 9/23/04 0:00 9/23/04 12:00 9/24/04 0:00 9/24/04 12:00

Date



Pier 2 Test 3

-8
-7.5

-7
-6.5

-6
-5.5

-5
-4.5

-4
-3.5

-3
-2.5

-2
-1.5

-1
-0.5

0
0.5

1
1.5

2
2.5

3
3.5

4
11/14/04 0:00 11/19/04 0:00 11/24/04 0:00 11/29/04 0:00 12/4/04 0:00 12/9/04 0:00 12/14/04 0:00 12/19/04 0:00

Date

Fe
et



Pier 2 Test 4

-9.2
-8.8
-8.4

-8
-7.6
-7.2
-6.8
-6.4

-6
-5.6
-5.2
-4.8
-4.4

-4
-3.6
-3.2
-2.8
-2.4

-2
-1.6
-1.2
-0.8
-0.4

0
0.4
0.8
1.2
1.6

2
2.4
2.8
3.2

12/11/04
0:00

12/13/04
0:00

12/15/04
0:00

12/17/04
0:00

12/19/04
0:00

12/21/04
0:00

12/23/04
0:00

12/25/04
0:00

12/27/04
0:00

12/29/04
0:00

12/31/04
0:00

Time

W
at

er
 L

ev
el




