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Re: Gasco Sediments Site – Distributed Temperature Sensing Work Plan 
 
This Work Plan has been prepared by Anchor QEA, LLC, on behalf of NW Natural and in 
coordination with Siltronic Corporation (Siltronic) for the Gasco Sediments Site, located on the 
Willamette River adjacent to the NW Natural Gasco and Siltronic properties in Portland, 
Oregon (Figure 1).  NW Natural and Siltronic are developing and evaluating remedial 
alternatives for the Gasco Sediments Site pursuant to the Administrative Settlement Agreement 
and Order on Consent (AOC; Docket No. CERCLA 10-2009-0255) and the Statement of Work 
attached to the AOC.  The purpose of this Work Plan is to describe a proposed field 
investigation for identifying areas of groundwater discharge and recharge in the Willamette 
River adjacent to the Gasco Sediment Site to support the evaluation of remedial technologies 
required by the AOC. 
 
OBJECTIVE 
The objective of the proposed investigation is to identify groundwater discharge and recharge 
areas within the Interim Project Area (Interim Project Area) at the Gasco Sediments Site.  
Groundwater flow through sediment is a potential mechanism for contaminant transport in the 
offshore sediments adjacent to these properties.  Therefore, identification of groundwater 
discharge and recharge areas is important for assessing potential contaminant movement and 
the associated impacts on sediment remedial technology performance over time.   
 
NW Natural developed a groundwater model during development of the Draft Engineering 
Evaluation/Cost Analysis (EE/CA; Anchor QEA 2012) to estimate the extent of offshore 
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groundwater capture in the Willamette River during operation of the upland HC&C system.  
USEPA’s comments on the EE/CA (EPA 2005) stated, ”The predictions of flow reversal from the 
groundwater model should be validated before the sediment remedy is finalized”.  This Work 
Plan describes a field investigation to assess offshore groundwater flow conditions now that the 
Hydraulic Control and Containment (HC&C) system is in operation in order to support future 
sediment remedial design work.  The proposed field investigation targets data collection in an 
portion of the Interim Project Area.  If the collected data is helpful in evaluating remedial 
effectiveness of different design scenarios in the target area, NW Natural may decide to propose 
implementation of this technology in other portions of the Project Area. 
 
INVESTIGATION METHOD 
Distributed Temperature Sensing Background 
Distributed temperature sensing (DTS) is a method for identifying areas of groundwater 
discharge and recharge based on the difference between groundwater and surface water 
temperatures.  Surface water temperatures in the Willamette River vary widely between 
summer and winter.  Typical high temperatures exceed 65 degrees Fahrenheit [°F], and typical 
low temperatures are below 45°F (Figure 2).  Groundwater temperatures, by comparison, have a 
small variance; temperatures measured in the vicinity of the proposed test area are 
approximately 55°F throughout the year.  During periods of significant differences between 
groundwater and surface water temperatures, groundwater discharge areas exhibit 
transition-zone water temperatures that are more similar to the temperature of the groundwater 
than the surface water. 
 
The DTS technology employs fiber optic cables to quantify temperature differences by 
exploiting a property of light transmission through glass.  The DTS instrument sends pulses of 
light along a fiber optic cable and detects the wavelengths and timing of backscattered light.  As 
briefly explained in the following paragraph, the wavelengths of the backscattered light indicate 
the temperature of the cable at the location where the backscatter occurred, and the time 
elapsed between sending the pulse of light and detecting the backscatter indicates the location 
along the cable where the backscatter occurred.  The distance from the light source (DTS 
instrument) to the backscatter location can be calculated from a precise measurement of elapsed 
time because the speed of light transmission in the glass fiber is known. 
 
Light traveling along a glass fiber induces emissions of light from electrons in the glass 
molecules.  A fraction of the light is emitted in wavelengths different from the wavelength of 
the incident light.  This phenomenon is known as the Raman Effect.  The energy state of the 
glass molecules, which is a function of the temperature, determines the wavelength of the light 
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emitted.  Therefore, the ratio of light emitted at wavelengths lower and higher than the incident 
light indicates the temperature of the material at the location of the backscatter.   
 
DTS instruments are capable of measuring and recording very high-resolution data.  
Temperature differences of less than 0.2°F can be reliably detected.  Spatial resolution can be as 
fine as readings at approximately every 1 foot along a glass fiber.  Temporal resolution is 
approximately 10 minutes between readings at a given location along the glass fiber. 
 
Distributed Temperature Sensing at Contaminated Sediment Sites 
The DTS technology has been used to identify groundwater discharge and recharge areas at a 
number of contaminated sediment sites regulated by the USEPA.  Pursuant to a Great Lakes 
Legacy Act project agreement with USEPA, Anchor QEA used DTS data to support the design 
of a sediment cap at the River Raisin site in Monroe, Michigan, in 2013.  The DTS technology 
was provided and managed by the subcontractor SelkerMetrics, LLC, of Portland, Oregon.  The 
results of the DTS investigation were used to select locations for installing seepage meters that 
quantify the flux of groundwater discharge and collect transition-zone water samples.  The data 
were used to assess contaminant loading to an adsorbent cap.  SelkerMetrics has also used the 
DTS technology for several other projects, including contaminated sediment sites in Texas and 
western Canada. 
 
Previous Offshore Groundwater Investigations 
The location for the DTS field investigation (Figure 3) was selected considering the spatial 
extents for the various remedial technologies presented in the EE/CA (Anchor QEA 2012) and 
the results of previous offshore groundwater investigations in the Interim Project Area.  
Seepage flux data were collected by the Lower Willamette Group in 2005 (Integral 2005 and 
2006) and NW Natural in 2007 (Anchor QEA 2008).  Two of the previous seepage meter 
locations, GS-B7SM and GCSEEP 7F, were within the DTS test area.  Seepage rates at GS-B7SM 
ranged between -5.5 and +1.0 centimeters per day (cm/d), and seepage rates at GCSEEP 7F 
ranged between +5.6 and +10.0 cm/d.  A negative seepage rate indicates surface water recharge 
to the groundwater, and a positive seepage rate indicates groundwater discharge.  These data 
do not account for operation of the upland HC&C system, as the data collection was performed 
prior to installation of the system. 
 
Proposed DTS Test Investigation 
Figure 3 presents the DTS fiber optic cable layout for the field investigation.  Approximately 
1,130 feet of fiber optic cable is proposed at elevations ranging from the high water line to the 
edge of the federal navigation channel.  In submerged areas, the cable will be deployed by a 
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diver using a hand tool to bury the cable in the top 2 inches of sediment.  Anchor points will be 
installed within the vicinity of the locations shown in Figure 3. 
 
The DTS instrument and cable combination will be calibrated prior to collecting temperature 
data.  The calibration procedure involves immersing lengths of the cable in 
temperature-controlled water baths while recording backscattered light data to adjust the 
interpreted temperature to the raw data using the known temperature.  After calibration and 
deployment, temperature measurements will be collected during a period of several days and 
evaluated to assess the responsiveness of the equipment.   
 
In accordance with the AOC requirements, the results of the DTS field investigation will be 
submitted to USEPA.   
 
SCHEDULE 
The following table identifies the potential timing for the activities that will be conducted to 
implement the DTS field investigation described in this Work Plan.  The DTS cable deployment 
is proposed during the in-water construction window, which is July 1 to October 31, 2014, so no 
permitting requirements are triggered. 
 

Table 1 
Project Schedule 

Activity Potential Timeframe 
Project Planning April to July 2014 
DTS Field Investigation 

DTS Cable Deployment and Calibration July/August 2014 
Temperature Measurements 3-4 Weeks Following Deployment 
Data evaluation August/September 2014 

Notes: 
DTS = distributed temperature sensing  
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Site Vicinity Map
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Figure 2
Groundwater and Surface Water Temperatures

Distributed Temperature Sensing Work Plan
Gasco Sediments Cleanup Action
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Notes:
1. Surface water data from U.S. Geological Survey site monitoring site 

14211720 at the Morrison Bridge, gage datum 1.55 above NGVD29.  
2. Groundwater temperature minimum and maximum values from 

observations at wells P7-50, P7-100, and P7-150 between 
September 2013 and March 2014.
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DTS Cable Layout
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NOTES:
1. Arrow indicates direction of flow of river.
2. Horizontal datum is NAD83 HARN Oregon State Plane North, Intl. Feet.
3. Vertical datum is NAVD88.
4. Aerial imagery from July 2007.
5. Distributed temperature sensing (DTS) uses differences in light
transmission in a fiber optic cable to detect temperature differences
associated with groundwater discharge.
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#*NW Natural Seepage Meter Location
DTS Cable Layout (approximate)
Interim Project Area Boundary
Gasco Sediment Site Area of Interest
(Final Work Plan [Anchor QEA 2009])
Federal Navigation Channel
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