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WORK PLAN 

STORM WATER MONITORING 

 

Remedial Investigation/Feasibility Study (RI/FS) 
Astoria Area-Wide Petroleum Site 

Astoria, Oregon 
 

1.0 INTRODUCTION 

 

The purpose of this work plan for storm water monitoring is to present our current 

understanding of the storm water catchments and their outfalls, and the proposed monitoring 

program to evaluate surface water pathways at the Astoria Area-Wide Petroleum Site.  The 

Oregon Department of Environmental Quality (DEQ) issued a unilateral order requiring the 

investigation and potential cleanup of properties in an area near the Port of Astoria in 

Astoria, Oregon.  The Order (DEQ Unilateral Order No. ECSR-NWR-01-11) was issued to 

several of the current and former facility operators, property owners, and leaseholders that 

have engaged in industrial and commercial activities. ChevronTexaco Products Company 

(ChevronTexaco), Delphia Oil Company (Delphia), McCall Oil and Chemical Company 

(McCall), Ed Niemi Oil Company (Niemi Oil), Flying Dutchman and Harris Enterprises 

(Harris/Van West), Port of Astoria (the Port), Qwest Communications International (Qwest), 

and Shell Oil Company (Shell), collectively potentially responsible parties (PRPs), are 

identified in the Order and have agreed to comply with its requirements.  This work is being 

done under the Order and this document represents an addendum to the July 15, 2002, RI/FS 

Work Plan (EnviroLogic Resources, 2002b) prepared for investigations at the site.  The site 

location is shown on Figure 1.  

 

In fall 2002, Phase 1 field activities were conducted at the site in accordance with the RI/FS 

Work Plan (EnviroLogic Resources, 2002b).  As part of the Phase 1 field activities a 

geophysical survey was completed on portions of the site, one goal of which was to map the 

storm water piping system.  This piping system is shown on Figure 2.  EnviroLogic 
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Resources has reviewed the results of the geophysical mapping along with additional 

information obtained during the Phase 1 field activities and compiled a storm water 

catchment map, presented on Figure 3.  Based on this map and our understanding of the 

piping, EnviroLogic Resources has identified two outfalls for monitoring.  This work plan 

includes a brief discussion of the updated information, the rationale used to select the two 

outfalls for monitoring, and a presentation of the monitoring program. 

 

As part of the Phase 1 RI/FS field activities GeoPotential, Inc., of Gresham, Oregon, 

conducted subsurface geophysical mapping at the site.  Storm drain piping, sanitary sewer 

piping, and combined sewer piping were included in the mapping as well as an attempt to 

determine storm drainage areas.  A copy of the geophysical report is presented in Appendix 

A.  In addition to the geophysical survey, site observations, catch basin mapping, and site 

surveying assisted in determining storm water catchment areas.  Conversations with Port 

personnel and additional utility map review also provided supplemental information.  In 

particular a 1986 map showing storm water piping features south of Slip 2 and the Storm 

Water Pollution Control Plan (SWPCP) for the Port (TRT Engineering, 2002), were of 

assistance.  The maps/plans are included in Appendices B and C, respectively. 
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2.0 STORM WATER DRAINAGE CATCHMENTS 

 

The catchment areas identified for outfalls at the Astoria Area-Wide Site are presented on 

Figure 3.  The delineation of the catchment areas is based on a compilation of information 

and represents our best understanding of the site drainage features.  The Port SWPCP 

identified numerous outfalls and specifically labeled what are interpreted to be active outfalls 

(Appendix C).  We have used the same outfall labeling system and numbered additional 

outfalls #11, #12, #13a, #13b, and #14.  Other additional minor outfalls identified were left 

unlabeled.  Although piping has been observed in the locations of these additional outfalls 

(labeled and unlabeled) there is no indication these outfalls are currently active.  Piping could 

have been altered or abandoned and water (if any) discharging from the outfalls could 

represent flow from ground-water discharge or rainwater infiltration.  Outfall locations are 

presented on Figure 2.  The six catchments and their interpreted outfalls are:  

¾ Catchment 1 -- The first catchment area is defined as those catch basins draining 

Pier 3, the former Astoria Oil Services facility, and possibly the eastern most portion 

of the Former McCall bulk fuel facility.  The outfalls for this catchment are located 

along Pier 3; one at the very north end of the Pier (Outfall #1), one midway out the 

Pier on the west side (Outfall #11), and one at the south end of the pier that 

discharges into Slip 2 (Outfall #12).  All three outfalls appear to drain the same piping 

system. 

¾ Catchment 2 -- The second catchment area includes the former Mobil/Niemi Oil 

bulk fuel facility and the area northwest of the Port office building including the Port 

maintenance shop.  This area discharges to four outfalls; outfall #2 (at the base of Pier 

2) and three outfalls along the southern bank of Slip 2.  Outfall #2 drains the area 

between the Port office and shop and the area northwest of the Port office.  The three 

outfalls along Slip 2 are labeled Outfall #13a, Outfall #13b, and Outfall #14.  It 

remains unconfirmed whether the pipes identified as Outfalls #13a, #13b, and #14 are 

storm water discharge pipes or whether they are former fuel pipelines.  Historical 

maps appear contradictory and the geophysical mapping was unsuccessful at 
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discriminating the trace of these pipes.  Outfalls #13a and #13b appear to drain the 

area west of the Port Shop and both outfalls appear to discharge from the same piping 

system.  Outfall #14 appears to drain only one catch basin located near the shore of 

Slip 2 west of the Port Shop.   

¾ Catchment 3 -- A third catchment area is defined as Pier 2.  Five outfalls have been 

identified on Pier 2.  Outfalls #3 and #4 drain into Slip 1 and two unlabelled outfalls 

drain into Slip 2.  Although Outfalls #3 and #4 are located near a sanitary sewer 

(Figure 2) there is no indication the outfalls discharge to the sewer.  Each outfall 

appears to drain relatively small areas. 

¾ Catchment 4 -- A fourth catchment area is defined as the area east of the Port offices, 

including the former water tower location, the former steel works, the former Shell 

Oil bulk fuel facility, and a limited area at the southwest end of Pier 1.  Outfalls #5, 

#6, and #7 are associated with this catchment area and each outfall appears to drain a 

separate area.  Outfall #5 drains the area adjoining the northwest side of the Port 

office building including the former water tower location.  Outfall #6 drains the 

vicinity of the former steel works and the former Shell Oil bulk fuel facility.  

Outfall #7 drains the area at the base of Pier 1. 

¾ Catchment 5 -- The fifth catchment area is the area south of Industry Street that 

includes the Delphia Oil, Chevron/Young’s Bay Texaco, Harris/VanWest, Niemi 

Card Lock and Qwest sites.  Also included is drainage from the north/south portion of 

Portway and portions of the Red Lion Hotel property.  It is our understanding this is a 

combined sanitary and storm sewer piping.  The outfall is located on the west bank of 

the West Mooring Basin near the west side of the Red Lion.  Discharge to the outfall 

only occurs in an overflow situation.  The outfall is labeled the City Sewer System 

Outfall. 

¾ Catchment 6 -- The sixth catchment area is a portion of the Red Lion parking lot that 

discharges to the West Mooring Basin. 
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3.0 OUTFALL SELECTION AND MONITORING 

 

Based on the areas drained, the areas of focus for the RI/FS, off-site contribution to drainage, 

and outfall accessibility, Outfall #2 in Catchment Area 2 and Outfall #6 in Catchment Area 4 

have been selected for monitoring.  Outfall #2 in Catchment 2 was selected because it drains 

the north-central portion of the Astoria Area-Wide site.  Outfall #6 in Catchment 4 was 

selected because it drains the central portion of the Astoria Area-Wide site.   The remaining 

catchments do not represent areas of investigative interest or are serviced by a combined 

sanitary and storm sewer system. 

 

On January 14, 2003, while conducting monthly water level monitoring, EnviroLogic 

Resources attempted to field locate Outfall #2 and Outfall #6 in anticipation of future 

monitoring.  With assistance from Mr. John Anderson (Port maintenance manager) 

Outfall #6 was easily located, but Outfall #2 could not be found.  To assist in finding 

Outfall #2 we inspected the first catch basin upstream of Outfall #2.  Observations of the 

piping in this catch basin indicate a different piping layout than presented on previous maps.  

This field interpretation of the piping layout is presented on Figures 2 and 3.  Port 

maintenance personnel then used tracing dye (Norlab, Inc., brand) to assist in locating the 

outfall.  The outfall was not located but tracing dye was observed emanating from the riprap 

on the bank of Slip 2. Based on these field observations, Outfall #2 cannot be sampled as it 

discharges, but a sample can be obtained from the first catch basin located upstream of the 

outfall.  The location of the proposed sampling point/catch basin is shown on Figure 2.  

 

On January 14, 2003, the location of Outfall #6 was confirmed in the field.  Outfall #6 was 

observed to issue from an opening in the sheet-pile wall in Slip 1.  An approximately 12-inch 

diameter steel pipe protudes from the sheet pile wall.  The outfall appears to be active and a 

sample can be obtained from the outfall pipe using a rope and an open-topped sample 

container (i.e., a dedicated bucket-type device). 
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Catchments 1 and 3 were not selected for monitoring because they primarily drain the piers, 

which are not a focus of the RI/FS.  Catchment Area 5 was not selected for monitoring 

because it includes roadway/traffic drainage and the storm piping is combined with the 

sanitary sewer in this area so it is not representative of site run off conditions.  Catchment 

Area 6 was not selected because it does not drain a portion of the site that is a focus of the 

RI/FS. 
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4.0 QUARTERLY STORM WATER SAMPLING 

 

Storm water discharge from the Outfall #2 sample point and from Outfall #6 will be sampled 

in accordance with the RI/FS Work Plan to evaluate contributions to storm water discharges 

from petroleum-related potential sources (EnviroLogic Resources, 2002b).  Storm-water 

samples will be collected on a quarterly basis in a manner consistent with the Astoria Area-

Wide Field Sampling Plan (Appendix A of the RI/FS Work plan), and analyzed for the 

following constituents and parameters:  

 
PARAMETER ANALYTICAL METHOD 

RBDM VOCs EPA 8260B 

RBDM PAHs EPA 8270 

Total Copper EPA 6010/200.7 

Total Lead EPA 6010/200.7 

Total Zinc EPA 6010/200.7 

pH EPA 150.1 

Total Suspended Solids EPA 160.2 or ASTM D3977 

Oil and Grease EPA 1664 

Floating Solids Visual 

Oil and Grease (sheen) Visual 

 

 

An estimation of flow rate will be made at Outfall #6 for all sampling events.  Sample data 

will also include pH, temperature, specific conductance, and visual observations for the 

presence of oil and grease sheen and floating solids at both sampling points.  

 

Storm water discharges will be visually monitored on a monthly basis in accordance with 

Industrial General Permit 1200-Z requirements, as detailed in Section 3.1.4 of the RI/FS 

Work Plan.   The presence or absence of an oil and grease sheen or floating solids will be 

recorded.  Visual monitoring will also occur to evaluate the periods of non-storm discharge.  
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Typically we would anticipate August and September to be the months of non-storm 

discharge. 

 

Storm water discharge from the selected two outfalls will be sampled on a quarterly basis.  

The Port has selected Outfall #1 and Outfall #6 for the sampling as part of its SWPCP 

(Appendix C).  Therefore, Outfall #6 will be sampled by the Port as part of their biannual 

stormwater sampling.  The Port will provide EnviroLogic Resources with a copy of the 

biannual monitoring information, which we will incorporate into submittals to DEQ.  

EnviroLogic Resources will conduct the quarterly monitoring/sampling; including the 

remainder of the sampling required at Outfall #6 and quarterly sampling at the Outfall #2 

sample point.  A copy of the NPDES permit is included as Appendix D.  Quarterly storm 

water monitoring results will be documented in reports submitted to DEQ.  In addition, the 

Port will submit its monitoring results to DEQ in accordance with its permit requirements 

and the SWPCP (Appendix C). 

 

This work plan will be implemented upon approval from DEQ. 
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5.0 SUMMARY 

 

This work plan for storm water monitoring presents the results of evaluations of the storm 

water piping systems and proposed sampling to characterize runoff from areas of the Astoria 

Area-Wide site.  We will continue to refine the model of the storm water piping system as 

new information is developed during the investigations conducted at the site.  While 

uncertainties regarding the true nature of the piping systems exist, the proposed sampling 

program is expected to provide meaningful additions to the understanding of how storm 

water moves across the site and its quality. 
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SUMMARY 
 
A geophysical survey was conducted over portions of the Astoria Area Wide Petroleum Site in Astoria, 
Oregon (FIGURE 1.) to accomplish the following four tasks: 
 

1. Map the location of Underground Storage Tanks, utilities, and distribution of fill materials. 
2. Map the location of the sanitary & storm sewer systems. 
3. Map the location of approximately 1.5 miles of petroleum product lines. 
4. Perform a Bore Hole Clearance Survey (BHCS) over proposed borehole locations.  

 
This report covers Task 2. Tasks 1, 3 and 4 were completed and reviewed in a report dated 
 September 19, 2002. 
 
Locations of surface features related to the sewer systems; catch basins, manholes cleanouts and outflows 
were observed and compared to existing maps of the systems. Ground Penetrating Radar (GPR) Surveys 
were conducted to verify the locations of sewer pipes shown in the maps and to map parts of the sanitary 
and storm sewer systems that were not included in the existing maps. 
 
 

INTRODUCTION 
 
Subsurface mapping surveys are geophysical surveys utilizing geophysical data and methods to detect and 
locate natural and manmade subsurface features.  The Mala RAMAC Ground Penetrating RADAR System 
used throughout this survey is a geophysical tool designed to locate both metallic and non-metallic utilities 
as well as other features like Underground Storage Tanks (UST's). 
 
 

TIMING 
 
Ralph Soule, Nikos Tzetos and Tim Gutschow of GeoPotential conducted fieldwork on September 12 & 
13, 2002. Tom Calabrese and Lynn Green representing EnviroLogic Resources coordinated the fieldwork. 
The report was written by Ralph Soule, and then mailed to EnviroLogic Resources on October 1, 2002. 
 
 

SURVEY OBJECTIVES 
 
The survey objectives at this Site are specified by Task 2 above. Tasks 1, 3 & 4 were completed at a 
previous date. 
 
The sewer systems may provide throughways for contaminants to move, therefore mapping them in detail 
can provide a tool for predicting where contamination has or will spread.  
 
 

SURVEY SITE 
 
FIGURE 1. – INDEX MAP shows the various parcels of the Astoria Area-Wide Petroleum Site that were 
included in the SUBSURFACE MAPPING SURVEY. The sewer system mapping involved locating all the 
surface features related to the sewer systems in all the aforementioned parcels, as well as performing GPR 
Surveys to locate piping between these features. These features were found in the streets, between buildings 
and on the piers. Site conditions varied for the various Parcels. 
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SURVEY EQUIPMENT 
 
The following geophysical instruments were used to conduct the survey: 
 
• MALA RAMAC GROUND PENETRATING RADAR SYSTEM with a 500 MHZ ANTENNA (GPR 

Survey) 
• HEATH SURE LOCK PIPE & CABLE LOCATOR (C&P Survey) 
 
This equipment and the procedures used to meet the survey objectives of this part of the project have been 
proven effective in detecting buried objects such as utilities, USTs and buried waste drums (BWDs). 
Appendix A describes GPR Surveys. 
 
 

PROCEDURES 
 
Surface features related to the sewer systems; catch basins, manholes, cleanouts and outflows, were located 
and investigated. Each catch basin and manhole was opened, if possible, and the inflow and outflow pipes 
were marked on the surface. The sanitary sewer system was initially investigated by locating outflows from 
buildings and pump stations. This, in combination with the existing sewer system maps gave a preliminary 
idea on how accurate these maps were. It also identified areas that needed further investigation with GPR.  
 
Next, GPR Surveys were performed to verify the location of sewer pipes in the vicinity of surface sewer 
features, and to confirm the accuracy of the existing maps. The maps were then updated with the new 
information. 
 
C&P Surveys were performed to trace the pipes connected to metal outflows in the area between Piers 2 
and 3, and the area west of Pier 3. 
 
The resulting SANITARY SEWER & STORM DRAIN MAP (FIGURE 2.) was interpreted to determine 
the various STORM DRAIN DRAINAGE ZONES MAP (FIGURE 3.). This map shows the DRAINAGE 
ZONES that discharge to similar geographic locations. 
 
 

RESULTS  
 
The RESULTS are shown on FIGURES 2 & 3. Sanitary and storm drains were marked on the SITE with 
green marking paint. 
 
PIER 3 
 
The storm drain sewer system on the Pier consists of a series of catch basins aligned along the pier leading 
to a concrete outflow on the north of the pier. The southernmost catch basin is connected to a pipe coming 
from the west, but no GPR surveys were performed to map it, because of the ongoing construction in the 
area. A manhole near the catch basin system in the middle of the pier appears to be connected to a concrete 
outflow on the west of the pier. 
 
The C&P Survey on the metal outflow located on the West of Pier 3 could not trace it more then a few feet 
into the bank. It is interpreted to be part of the dredging system used during the construction of the Pier and 
not part of the sewer system. 
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PIER 2 
 
The storm drain system on pier 2 consists mainly of individual catch basins with outflows to the water. In 
addition to these, there is a pipe that connects the catch basins to the west and north of the Port building 
with one to the south of the main building on the pier, but its whereabouts are uncertain beyond that point. 
 
The sanitary sewer system is pump driven, with two such pumps on the pier and a plastic pipe connecting 
the pier with the system along Portway Street.  
 
 
PORT BUILDINGS AND PORTWAY STREET 
 
The storm drain system around the port buildings connects catch basins on the south side of Portway Street 
with ones on the north, and then possibly with outflows to the water. The catch Basins between the Port 
Offices and the Port Shop are connected to one on Pier 2 as mentioned before. A small catch basin between 
the two piers is connected to the outflow to the north of it. The other sewer outflow to the west of the dock 
was traced with a C&P Survey and is heading towards the Port Garage building, its whereabouts are 
unknown though, since it is older than the building. Catch basins on the northeast of Portway Street are 
leading to outflows to the water. The two storm drain systems located to the northwest of the State Police 
buildings are draining to the north but their southernmost catch basins have been paved over. 
 
The sanitary system out of the Port Office building is pump-forced to the south and along the middle of 
Portway Street towards the east. The sanitary sewer system out of the Police building is also pump-forced 
into the main pipe in the middle of Portway Street.  
 
INDUSTRY STREET AND EAST OF PORTWAY STREET 
 
A series of sewer pipes connects the catch basins around Industry Street and the buildings to the south, with 
a main storm drain pipe along the street. This pipe drains into a main pipe to the east of Industry Street 
along Portway Street that connects the city system to the south with outflows to the water. Other catch 
basins along this street drain into a separate main pipe that drains through an outflow to the north. 
 
The sanitary pipe from Portway Street turns south and into a main pump station that forces sewage south 
into the city system. 
 
 
 
STORM DRAIN DRAINAGE ZONES (FIGURE 3.) 
  
ZONE 1 
 
The catch basins on this pier all drain to the northwest or southwest as shown. 
 
ZONE 2 
 
All of the catch basins drain to the northwest or southwest of the central pier as shown. Several strip drains 
and catch basins along the current processing plant (not shown on FIGURE 3.) also drain to the southwest 
of the pier. 
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ZONE 3 
 
The catch basins on the pier in ZONE 3 all drain to the northeast. The catch basins on shore appear to drain 
to the northwest but they were difficult to map due to large fill material causing “noise” in the GPR data. 
Outfalls for these catch basins could not be located. However it appears that some of the fill material post 
dates the catch basins and may have covered their outfalls. If that is the case then these drains may empty 
into the coarse fill material. 
 
ZONE 4 
  
Some of the catch basins in this ZONE drain into the sanitary sewer line along Industry Street where they 
discharge along with the sanitary sewer to the northeast. The remainder of the catch basins drain to two 
discharge pipes adjacent to the Red Lion Complex. 
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LIMITATIONS 
 
Geophysical surveys consist of interpreting geophysical responses from subsurface features. Since a variety 
of subsurface features can produce identical geophysical responses, it is necessary to confirm the 
geophysical interpretation with intrusive investigations such as excavating or drilling. In addition, many 
subsurface features may produce no geophysical response. The use of this SUBSURFACE MAPPING 
SURVEY is the sole responsibility of the CLIENT. 
 
 
 
 
 
 
 
Ralph Soule        September 25, 2002 
GeoPotential 
 
 
 
 
 
 

 
Nikos Tzetos         
GeoPotential 
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APPENDIX A 
GROUND PENETRATING RADAR SURVEYS 

 
Ground Penetrating Radar (GPR) uses high frequency radio waves directed into the ground to acquire 
information about the subsurface.  The energy radiated into the ground is reflected back to the antenna by 
features having significantly different electrical properties to that of the surrounding material.  The greater 
the contrast, the stronger the reflection.  Typical reflectors include water table, bedrock, bedding, fractures, 
voids, contaminant plumes and man-made objects such as UST's and utilities.  Data are digitally recorded 
or downloaded to a laptop computer for filtering and processing. 
  
GPR can be a valuable tool to accurately locate both metallic and non-metallic UST's and utilities; buried 
drums and hazardous material even below reinforced concrete floors and slabs.  GPR can delineate trenches 
and excavations and, under some conditions, it can be used to locate contaminant plumes.  It has been used 
as an archaeological tool to look for buried artifacts.  It can accurately profile fresh water lake bottoms 
either from a boat or from a frozen lake surface.  GPR can locate voids below roads and runways.  GPR has 
numerous engineering applications.  It can be used in non-destructive testing of engineering material, for 
example, locating rebar in concrete structures and determining the thickness of concrete and other structural 
material.  
 
GPR is often used in conjunction with magnetometer surveys.  Magnetometer Surveys are very fast and 
large areas can be covered cost effectively.  Often, magnetic anomalies can be marked in the field, then can 
be further investigated using ground penetrating radar. 
 
Under some conditions, although a UST itself may not be clearly visible in a GPR record, the excavation or 
trench in which the UST is buried is evident.  When combined with other complimentary data, such as 
magnetometer data, it is safe to assume that a GPR “trench” with no clear GPR UST reflection, combined 
with a large “tank-shaped” magnetic anomaly indicates the presence of a UST.  
 
ADVANTAGES 
 
GPR provides continuous records along traverses which, depending on the goal of the survey, may be 
interpreted in the field. 
 
In clean, dry, sandy soil, reflections from targets as deep as 100 feet are possible. 
 
At flat, open sites, for reconnaissance purposes, the antenna can be towed behind a vehicle at several mph. 
 
Many GPR antennas are shielded and are unaffected by surface and overhead objects and power lines. 
 
The resolution of data is very high particularly for high frequency antennas.   
 
GPR can be used in conjunction with magnetic or EM surveys to accurately locate buried objects. 
 
Even under adverse site conditions, shallow, man-made objects generally can be detected. 
 
Fiberglass UST’s can be detected using GPR. 
 
LIMITATIONS 
 
Subsurface objects can be detected but, in general, they cannot be identified.  USTs and utilities have a 
characteristic reflection, however, large rocks and boulders have a similar reflection. 
 
The reflection visible in a GPR record is very complex and may be caused by small changes in the 
electrical properties of the soil.  The target in mind may not produce it. 
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Other methods may be necessary to aid in the interpretation of the data (use a magnetometer to detect a 
large metallic mass, then GPR to determine if the object is tank-like, or a utility locator to determine if 
there are feed lines and fill pipes leading to the object). 
 
Penetration of the GPR signal is "site specific" and its depth of penetration at a particular site cannot be 
predicted ahead of time.  Near surface conductive material, such as salty or contaminated ground water and 
wet, clay-rich soil, may attenuate the radar signal, limiting the effective depth of the survey to several feet. 
 
Adequate contrast between the ground and the target is required to obtain reflections.  UST’s may be 
missed if they are badly corroded.  
 
To determine the depth to an object without "ground truth", assumptions must be made regarding soil 
properties.   
 
GPR may not be cost-effective for some projects.  For a detailed survey mapping underground storage 
tanks and utilities, it may be necessary to collect data in orthogonal directions at 5-foot line spacing. 
 
To acquire the highest quality data, proper coupling between the antenna and the ground surface is 
necessary.  Poor data may be obtained at sites covered with tall grass and brush. 
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APPENDIX B 
 

STORM WATER FEATURES SOUTH OF SLIP 2, 1986 
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APPENDIX C 
 

STORM WATER POLLUTION CONTROL PLAN, JUNE 2002 
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APPENDIX D 
 

NATIONAL POLLUTANT DISCHARGE 
ELIMINATION SYSTEM PERMIT – 

PORT OF ASTORIA 
 

 
 
 
 
 
 
 

 












































