
 
 
 
 
April 10, 2007 
 
 
Stephen Tan, Esq. 
Cascadia Law Group 
1201 Third Avenue, Suite 320 
Seattle, WA  98101 
 
 
Re: Evaluation of Migration Potential Due to Proposed Clark Public Utilities Fruit Valley Well Field 
 Support Terminals Operating Partners, L.P. (STOP) Vancouver #2 Terminal 

5420 Fruit Valley Road, Vancouver, Washington 
ACA Project No. 1126-02 
 

Dear Stephen: 
 
As requested, this letter provides an initial evaluation of the potential migration of fuel and related constituents 
detected in shallow groundwater beneath the STOP #2 Terminal (“the Terminal”) if Clark Public Utilities (CPU) 
implements groundwater extraction at its proposed Fruit Valley well field.  The proposed Fruit Valley well field is 
located approximately 1,000 feet northwest of the Terminal (Figure 1).  CPU is currently completing evaluations to 
finalize the design of the well field.   
 

Background 

CPU Proposed Fruit Valley Well Field.  CPU has proposed installing and operating a domestic water supply well 
field on land currently owned by the Washington Department of Fish and Wildlife (WDFW).  The proposed well field 
has conceptually been designed to consist of four extraction wells each pumping at 3,500 gallons per minute (gpm) 
for a total of 20 million gallons per day (MGD; Pacific Groundwater Group [PGG], 2001).  The wells would be installed 
and screened within the Pleistocene Alluvial Aquifer (PAA) with anticipated depths of approximately 170 feet and 
screened intervals from 70 to 170 feet below grade.  Prior to finalizing the design of the system, CPU plans to 
conduct a 3 to 7 day constant-rate aquifer test to better assess the transmissivity of the PAA.    
 
Current Environmental Conditions of the Terminal.  The Terminal has been used to store and transfer liquid 
fertilizers, petroleum, alcohol, and fuel additives since 1957.  A site plan showing the layout of the facility is shown on 
Figure 2.  Evidence of a potential fuel release to soil was observed during the decommissioning of an underground 
petroleum storage tank at the vapor recovery unit in 2001.  Several investigations have been conducted at the 
Terminal since 2001 to assess the extent of soil and groundwater impacted by fuel-related constituents (AMEC, 
2002a; SECOR, 2003).  Results of these investigations indicated the presence of fuel and oxygenate (e.g., methyl 
tert-butyl ether [MTBE]) constituents in soil and/or groundwater east of the truck loading rack and near the former 
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vapor recovery unit.  Copies of figures from reports by AMEC and SECOR summarizing the results of the previous 
investigations are contained in Attachment A.  As shown on the figures, the lateral extent of fuel-related constituents 
in soil and groundwater has been defined and does not extend off-site.  The adjacent property to the north (the 
Firestone property) is used to grow berry crops and shallow wells are used to supply the irrigation water for the 
property.  Recent samples collected from the irrigation wells at the adjacent Firestone property and analyzed for fuel 
and related constituents were non-detect (i.e., no chemicals were detected above the laboratory method reporting 
limits), supporting that the release at the Terminal has not impacted groundwater beneath the Firestone Property.   
 
Geology and Hydrogeology.  Lithology at the Terminal is reported to consist of silty, fine sand or sandy silt to a 
depth of approximately 10 feet underlain by a fine- to medium-grained sand to depths explored (approximately  
50 feet below grade; AMEC, 2002b).  The depth to groundwater ranges between 18 and 28 feet below grade (AMEC, 
2002a).  Lithologic logs from CPU test wells installed at the Fruit Valley well field indicate the presence of 
approximately 25 feet of silt or silty sand underlain by fine- to medium-grained sand (PGG, 2003a).  The sand layer 
contains some silt in some locations and extends to a depth of 55 to 65 feet below grade.  These upper layers were 
recorded as the Recent Alluvial Aquifer (RAA).  Sand and/or gravel layers of varying thicknesses were reported 
below the RAA in the CPU test wells and were recorded as the PAA. 
 
PGG developed a numerical groundwater model to assist in the conceptual design of the well field (PGG, 2001).  
PGG estimated the transmissivity of the PAA at 1.5 to 3 MGD per foot  and the hydraulic conductivity of the PAA to 
be 2,675 feet per day (ft/d) based on tidal responses observed in the CPU test wells.  Based on predictions from the 
numerical model, approximately 9 feet of drawdown would be observed in the four extraction wells in the well field, 
assuming a constant flow rate of 3,500 gpm per well.  Figure 15 of the PGG report (2001) presents the predicted 
distribution of drawdown around the well field; a copy of the figure is contained in Attachment B.  According to the 
figure, the predicted drawdown at the Terminal would be approximately 3 feet. 
 

Evaluation of Potential Chemical Migration 

Groundwater within the RAA is found in the fine- to medium-grained sand layer.  This soil overlies a fine- to medium-
grained sand at the top of the PAA.  According to PGG (2003b), horizontal gradients in the RAA and underlying the 
PAA are similar, and it is reasonable to assume that pumping from the PAA will cause similar effects on the gradient 
within the RAA as in the PAA.  It is currently unknown whether fuel constituents detected in shallow groundwater 
beneath the Terminal (i.e., within the RAA) have migrated to the PAA.  Therefore, pumping from the Fruit Valley well 
field could have three potential consequences:    
 

1) Increased lateral transport within the PAA, if fuel constituents from the Facility are currently present in the 
PAA. 

2) Increased lateral transport within the RAA. 
3) Increased vertical migration from the RAA to the PAA.  

 
Each of these potential pathways were evaluated using the aquifer parameters assumed by PGG (2001 and 2003b), 
where available, to assess the likelihood that dissolved-phase constituents could be pulled off-site and/or to the well 
field if the well field is brought on-line as conceptually designed. 
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Increased Lateral Transport Within The PAA.  PGG estimated a hydraulic conductivity of 2,675 ft/d and a porosity 
of 20 percent for the PAA.  The predicted drawdown under a pumping scenario of 20 MGD was 9 feet at the well field 
and 3 feet at the Terminal, indicating a hydraulic gradient of 0.006 toward the pumping wells.  Based on these 
parameters, the anticipated groundwater velocity between the Terminal and well field once the well field is 
operational would be approximately 80 ft/d.  This indicates that groundwater in the PAA that is currently beneath the 
release area at the Terminal could be pulled off-site within 6 days and could reach the well field within 12 days.  The 
short timeframe for groundwater to travel from the site to the well field allows significant potential for dissolved-phase 
fuel constituents to quickly reach the pumping wells, if these constituents are currently in the PAA beneath the 
Terminal.  Constituents such as MTBE that are not as susceptible to retardation or degradation could be pulled off-
site and reach the well field at a rate similar to the groundwater (i.e., within 12 days).   
 
Increased Lateral Transport within the RAA.  The dissolved-phase fuel constituents at the Terminal do not 
currently extend more than approximately 300 feet from the release area.  The shallow groundwater is found within 
the fine- to medium-grained sand of the RAA.  Although PGG did not provide an estimate of the hydraulic 
conductivity of this unit in the reports reviewed for this evaluation, a reasonable estimate based on Freeze &  
Cherry (1979) is 30 to 300 ft/d.  Assuming a similar hydraulic gradient (0.006) as is induced in the PAA by pumping at 
the well field and a porosity of 30 percent for the fine- to medium-grained sand (Freeze & Cherry, 1979), the 
estimated induced groundwater velocity in the RAA between the Terminal and the well field will be in the range of 1 
to 6 ft/d.  Under PGG’s modeled conditions of the operational well field, MTBE could be pulled off-site in as few as  
70 days and could reach the well field in as few as 170 days.  Assuming reasonable assumptions regarding 
retardation and degradation, the fuel constituents could be pulled off-site in less than a year. 
 
Increased Vertical Migration from the RAA.  Although PGG did not provide a predicted head difference between 
the RAA and the PAA once the well field is operational in the reports reviewed, the predicted head difference induced 
during a 5-day aquifer test with a constant pumping rate of 4,000 gpm was 0.25 feet, equating to a hydraulic gradient 
of 0.01 over the 25-foot saturated zone of the RAA (PGG, 2003a).  Conservatively assuming that the head difference 
does not further increase when the well field is fully operational and the vertical hydraulic conductivity within the RAA 
is 1/10 of the horizontal conductivity, the vertical flow from the RAA toward the PAA would be in the range of 0.1 to  
1 ft/d.  Under this conservative scenario and assuming that the shallow groundwater containing dissolved-phased 
constituents is within the upper 10 feet of the saturated portion of the RAA (i.e., the lower 15 feet currently do not 
contain fuel compounds), MTBE could be pulled vertically into the PAA within 15 to 150 days.  The fuel constituents 
could be pulled into the PAA in as few as 30 days.  Once in the PAA, the constituents would rapidly be pulled toward 
the well field, as described above. 
 

Conclusions 

The results of this initial evaluation conducted using parameter estimates from CPU’s consultant, PGG, indicates that 
operation of a well field at the Fruit Valley site will have a significant, and potentially quick, impact on the lateral and 
vertical migration of fuel and related constituents at the Terminal.  These constituents are currently contained within 
the boundaries of the Terminal.  As indicated by PGG in a May 2003 letter (PGG, 2003a), fuel constituents have 
likely been present in soil and/or groundwater at the Terminal for more than 22 years.  The extent of the fuel 
constituents has likely reached equilibrium.  Between degradation and a naturally flat groundwater gradient, it is not 
likely that the extent of the dissolved-phase constituents will increase in size and is likely it will begin to decrease in 



       

 

Evaluation of Migration Potential Due to Proposed Clark Public Utilities Fruit Valley Well Field  Page 4 
April 10, 2007 

extent (if it has not already done so) if no outside stresses are applied to the groundwater gradient (e.g., the 
proposed well field within 1,000 feet).    
 
Recent sampling of irrigation wells at the Firestone property located directly north of the Terminal confirmed that fuel 
constituents in groundwater at the Terminal have not migrated off the facility to the northwest (i.e., in the direction of 
the proposed well field).  This initial evaluation supports that implementation of the well field has the likelihood of 
pulling fuel and/or related constituents in groundwater beneath the Terminal onto the Firestone property and 
contaminating these wells.  There is also the possibility that these constituents could be pulled all the way to the 
pumping wells at the well field. 
 
 
Please do not hesitate to call if you have any questions or need further assistance. 
 
Sincerely, 
 
 
 
 
Amanda L. Spencer 
Principal Hydrogeologist 
 
 
Attachments: 
 
References 
Figure 1 – Site Location Map 
Figure 2 – Site Plan 
Attachment A – Concentration Maps from SECOR and AMEC Reports 
Attachment B – Figure 15 from PGG (2001). 
 
 
cc:  Mr. Joe Aldridge, NuStar Energy L.P. 
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Attachment A 
Concentration Maps from  

SECOR and AMEC Reports 











 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment B 
Figure 15 from PGG (2001) 






