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Mr. Bob Schwarz  
Oregon Department of Environmental Quality  
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SUBJECT: Submittal of Well MW-12A Groundwater Quality Informal Preliminary 

Assessment Interim Report 
 Riverbed Landfill Solid Waste Disposal Site Permit (SWDP) No. 345 
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Dear Mr. Schwarz: 
 
Please find enclosed two copies of the well MW-12A groundwater quality informal preliminary 
assessment (IPA) interim report for the Riverbend Landfill (RL).  The report was prepared by 
SCS Engineers (SCS) on behalf of the Riverbend Landfill Company (RLC).   

This report presents the interim results of the IPA to further evaluate the source of changes in 
the inorganic chemistry of groundwater quality samples collected from well MW -12A.  The IPA 
field and reporting activities were performed in accordance with a work plan that was approved 
by the Oregon Department of Environmental Quality (DEQ) on April 14, 2017.   

Please contact me (602) 757-3352 if you have any questions related to the contents of the 
enclosed report.  
 
Sincerely, 
 

 
 
 
James L. Denson, Jr. 
PNW/BC Environmental Protection Manager 
 
Enclosure – MW-12A IPA Interim Report (hardcopy and electronic) 
 
Cc (w/enclosure): Bill Mason, DEQ 
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   Mark Verwiel, WM 
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Greg Hemmen, WM 
Nick Godfrey, RLC 
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October 12, 2017 
File No. 04216038.17 

Mr. James L. Denson, Jr. 
Riverbend Landfill Company 
13469 SW Highway 18 
McMinnville, OR 97128 

Subject: Interim Report Presenting the Results of the Ongoing Informal Preliminary 
Assessment to Evaluate Monitoring Well MW-12A Groundwater Quality: 
Riverbend Landfill, McMinnville, Oregon  

Dear Mr. Denson 

This report presents the interim results of an Informal Preliminary Assessment (IPA) to further 
evaluate the source of changes in the inorganic chemistry of groundwater samples collected from 
monitoring well MW-12A at the Riverbend Landfill (RL) in McMinnville, Oregon.  SCS 
Engineers (SCS) prepared this report at the request of Riverbend Landfill Company (RLC).  The 
IPA field and reporting activities were performed per the requirements in Section 11.5.3 of RL’s 
environmental monitoring plan (EMP; SCS, 2014), and in accordance with a work plan (SCS, 
2017) that was approved by the Oregon Department of Environmental Quality (DEQ) on April 14, 
2017 (DEQ, 2017).   

Consistent with the MW-12A IPA work plan, this interim report presents and provides a 
preliminary evaluation of the (1) findings of the hydro-seeding investigation, (2) results of the first 
round of water quality sampling performed in April 2017, and (3) results of the MW-3A, MW-4A, 
and MW-6A integrity testing and follow-up groundwater quality monitoring1.  This report also 
includes analytical results for additional groundwater samples collected from MW-12A in July 
and September 2017.  In accordance with the approved IPA schedule, a final MW-12A IPA report 
will be submitted to the DEQ presenting and evaluating results of two additional water-quality 
monitoring events to be completed in conjunction with the fourth (Fall) quarter 2017 and first 
(Winter) quarter 2018 monitoring events.    

B A C K GR OU ND  

The RL compliance monitoring well network, including well MW-12A, is located south of the 
landfill (see Figure 1).2  Well MW-12A is screened in the shallow, silt-clay WBZ and is located 
hydraulically downgradient of landfill Modules 3 and 4 based on interpretative groundwater flow 
towards the south-southwest in the vicinity of well MW-12A (see Figures 2 and 3).  The well 
construction information for MW-12A and other site wells and piezometers is summarized in 

                                                 
1 Water-quality monitoring of wells MW-3A, MW-4A, and MW-6A was not part of the initial IPA scope but was 

incorporated into the IPA monitoring activities at the request of the DEQ. 
2 The site monitoring wells denoted with an “A” monitor the shallow, silt-clay water-bearing zone (WBZ) and 

monitoring wells denoted with a “B” monitor the deeper, sand-gravel WBZ. 
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Table 1.  Routine groundwater samples for laboratory analysis are collected semiannually from 
MW-12A during the Spring and Fall, consistent with RL’s EMP (SCS, 2014). 

The MW-12A groundwater quality IPA was initiated in 2016 following the Spring (May) 2016 
event when analytical results of MW-12A groundwater showed concentrations of four non-
hazardous inorganic parameters (bicarbonate alkalinity [HCO3], dissolved magnesium [Mg], 
dissolved sodium [Na], and total dissolved solids [TDS]) that were above their respective 
statistically-derived site-specific concentration limits (SSLs) (see Table 2).  These results were 
confirmed in the June 2016 verification resampling event (see Table 2).  WM notified the DEQ of 
the verification sample results and their intent to conduct an IPA for evaluating MW-12A 
groundwater quality (WM, 2016).  Results of the initial phase of the MW-12A IPA performed in 
August 2016 indicated that the source of the change in the inorganic chemistry of MW-12A 
groundwater in May 2016 was likely not related to a release from the landfill because, in large 
part, the concentration of inorganic parameter that were elevated in the May and June 2016 
MW-12A groundwater samples were trending downwards to background values at that time (SCS, 
2016).   

Following submittal of the initial IPA report, the analytical results of the routine Fall (November) 
2016 monitoring showed a re-occurrence of a potential change in MW-12A groundwater quality.  
The November 2016 analytical results detected HCO3, chloride (Cl), Mg, Na, TDS, and total 
organic carbon (TOC) concentrations above their SSLs in MW-12A groundwater (see Table 2).  
Groundwater elevations in MW-12A were also observed to increase pronouncedly during Fall 
2016.   

In December 2016, WM, SCS, and the DEQ met to discuss the results of the initial IPA and 
November 2016 routine event (as discussed above).  As follow-up to the December 2016 meeting, 
resampling of MW-12A groundwater was performed on December 22, 2016 and these results 
verified the November 2016 concentrations (see Table 2).  In addition to verification resampling 
of MW-12A performed on December 22, 2016, the following additional samples were collected 
and analyzed: (1) no purge and high purge (i.e., removal of 10 casing volumes) groundwater 
samples from MW-12A, (2) ponded surface water near MW-12A, and (3) a South Yamhill River 
sample collected near MW-12A.  The additional monitoring activities were proposed to evaluate 
whether surface water, included ponded water that occurs seasonal in the low-lying area in the 
vicinity of MW-12A, was influencing MW-12A water quality. 

WM notified the DEQ of the December 2016 verification resampling and additional monitoring 
results, and of its intention to continue the MW-12A IPA efforts in 2017 (WM, 2017).  As such, a 
second work plan (SCS, 2017) was submitted to and subsequently approved by the DEQ presenting 
a scope of work to further evaluate the source of the changes in MW-12A groundwater quality, 
based in part of discussions WM had with the DEQ during the December 2016 meeting. 

M W- 1 2 A  I P A  F I E LD  A C T I V I T I E S  

The field activities summarized in this section were completed as part of the first phase of IPA 
monitoring activities, consistent with the approved IPA work plan.   
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The first IPA monitoring event (as defined in the work plan) was performed over a 3-month period 
(mid-April through mid-July 2017) given the multi-faceted nature of the scope of work that 
included assessing the integrity of wells MW-3A, MW-4A, and MW-6A using geophysical and 
video logging methods to determine their suitability for performing groundwater sampling and 
analyses.  The schedule for completing this first phase of work was delayed primarily due to 
conflicts with scheduling the geophysical logging contractor to perform the well integrity testing 
of wells MW-3A, MW-4A, and MW-6A, which needed to be completed before the wells could be 
sampled. 

W a t e r  Q u a l i t y  a n d  L e a c h a t e  S a m p l i n g  a n d  A n a l y s i s  

Consistent with the IPA work plan, water-quality and leachate management system (LMS) samples 
were collected for laboratory analyses during the April 2017 and September 2017 sampling events 
(see Figure 1).  Before the groundwater samples were collected from the monitoring locations 
listed below, groundwater elevations were measured in the following shallow WBZ wells:  
MW-3A, MW-4A, MW-5A, MW-6A, MW-12A, MW-14A, MW-15A, MW-21A, and MW-22A 
and piezometers P-1, P-2, and P-3.  The following samples were collected as part of the IPA field 
activities performed in April and September 2017, unless noted otherwise:  

• Groundwater samples were collected from wells MW-5A, MW-12A, and MW-14A 
(control well).3  Although not required, MW-12A was also sampled in July 2017 when 
wells MW-3A, MW-4A, and MW-6A were sampled to further assess the relationship 
between water-levels and MW-12A water-quality.   

• Groundwater samples were collected from piezometers P-1, P-2, and P-3.   

• Ponded surface water samples were collected near P-2 (sample designation SW-P-2) and 
P-3 (sample designation SW-P-3) in April 2017 only.  No ponded surface water was 
observed at, or in the area north of well MW-12A during the July and September 2017 
event.   

• Liquid samples were collected from LMS primary sumps 1/5 P and 6/7 P, and 
corresponding secondary (leak detection system) sumps 4/5 S and 6/7 S. 

Field water-quality parameters were measured during purging and sampling and recorded on field 
sampling data sheets (FSDSs) (see Attachment 1).  The water quality and LMS samples (including 
quality control samples such as a field duplicate sample, field blank, and trip blank) were submitted 
under chain-of-custody documentation to TestAmerica Laboratories (TestAmerica) in Arvada, 
Colorado.  The samples were analyzed for (1) the full list of SSLs parameters (HCO3, Mg, Na, 
TDS, Cl, dissolved potassium [K], and TOC), (2) dissolved calcium (Ca) and sulfate (SO4) to 
facilitate evaluating the groundwater, surface water, and LMS analytical results using geochemical 

                                                 
3 There was insufficient volume of groundwater available in well MW-14A during the September 2017 sampling 

event to allow for purging and sampling.  As such, no sample could be collected for laboratory analysis.  It is 
common for well MW-14A (and well MW-22A) screened in the shallow, silt-clay WBZ in this area of the site to 
be dry or have limited groundwater during the Summer and early Fall months. 
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analysis (i.e., Piper [Trilinear] and Stiff plots), (3) volatile organic compounds (VOCs), and (4) 
nitrogen indicator parameters ammonia and nitrate-nitrite.  

I n t e g r i t y  T e s t i n g ,  R e d e v e l o p m e n t ,  a n d  S a m p l i n g  o f  W e l l s  M W - 3 A ,  
M W - 4 A ,  a n d  M W - 6 A  

Groundwater samples were collected from wells MW-3A, MW-4A, and MW-6A as part of this 
continued IPA effort, per DEQ’s request.  Before groundwater samples were collected from these 
wells, the integrity of MW-3A, MW-4A, and MW-6A was evaluated given that these wells have 
not been sampled since 1994.  The integrity testing involved performing borehole geophysical and 
down-hole video logging of the wells.   

Prior to performing the integrity testing, wells MW-3A, MW-4A, and MW-6A were redeveloped 
consistent with industry standards in May 2017.  The well development forms are provided in 
Attachment 1, along with the exploratory borehole logs for these wells.  Integrity testing was 
performed by COLOG, Inc., of Lakewood, Colorado, on May 24, 25, and 31, 2017 and June 1, 
2017 with field oversight by SCS.  Integrity testing of well MW-12A was also performed during 
this time period.  The results of the borehole geophysical and down-hole video logging are 
presented and discussed in a report prepared by COLOG that is provided in Attachment 2.  A 
digital copy of the video log is provided on the CD included in Attachment 3.   

Results of the well integrity assessment suggested that the integrity of the wells had not been 
compromised and that the wells could be used for obtaining groundwater samples for laboratory 
analysis.  Following receipt and review of the integrity testing results, groundwater samples were 
collected from wells MW-3A, MW-4A, MW-6A, and MW-12A on July 14 and 18, 2017, 
consistent with methods and procedures described in the IPA work plan and the approved RL 
EMP.   

L a b o r a t o r y  Q u a l i t y  A s s u r a n c e / Q u a l i t y  C o n t r o l  P r o c e d u r e s  a n d  
R e s u l t s  

Laboratory quality assurance/quality control (QA/QC) procedures for water quality samples 
included analyzing sample surrogate spikes, method blanks, blank spikes, matrix spikes, and 
matrix spike duplicates.  The analytical results and case narratives are included with the laboratory 
reports in Attachment 4.  The laboratory data and QA/QC procedures were reviewed by SCS, 
consistent with the procedures outlined in the RL’s EMP (SCS, 2014), to determine whether the 
data met QC requirements.  A summary of the QA/QC review is provided in Attachment 5.  Results 
of the QA/QC review indicate that the analytical data are acceptable for their intended use.  

I n s t a l l a t i o n  o f  M o n i t o r i n g  D e v i c e s  i n  W e l l  M W - 1 2 A   

A water-level transducer and conductivity probe were installed in well MW-12A on May 22, 2017 
to concurrently monitor groundwater levels and conductivity at this location.  Due to a defective 
conductivity probe, the original probe installed in May 2017 needed to be replaced; the 
replacement probe was installed on July 14, 2017.   
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Consistent with the approved work plan, monitoring of MW-12A groundwater levels and 
conductance is being performed for a minimum of one year to evaluate seasonal high and low 
groundwater conditions and the potential mixing of seasonal high groundwater with surface water. 
The transducer and conductance data through September 2017 were uploaded, and the results are 
provided in Figure 4 and discussed in a subsequent section of this report.   

A s s e s s m e n t  o f  S i t e  O p e r a t i o n s  o n  P o t e n t i a l  E f f e c t s  t o  W e l l  M W - 1 2 A  
G r o u n d w a t e r  

The potential effects that hydro-seeding operations (performed in August 2016) had on MW-12A 
groundwater chemistry, and on the quality of ponded surface water that occurs seasonally in the 
vicinity of MW-12A, was assessed.  The following activities were performed as part of this 
assessment: 

• Investigated the lateral extent of the hydro-seeding activities performed in 2016.  The 
approximate area where hydro-seeding was performed is shown in Figure 1; this 
included a 24 acre area on the Modules 1 and 2 landfill cover. 

• Collected shallow soil samples (between 0.0 and 0.5 foot below ground surface) on 
July 14 and 18, 2017, from the following locations and analyzed them for nitrate-nitrite 
(as nitrogen), phosphorus, and potassium: (1) the interim cover area of Modules 1 and 
2 where hydro-seeding was completed, (2) background area of site (where hydro-seed 
was not applied), and (3) near MW-12A to assess the effect of hydro-seeding on the 
shallow soils in this area (see Figure 1).   

The analytical results of the soil sampling are provided in Table 2.  The soil analytical results 
collected as part of this assessment suggest that hydro-seeding was not influencing surface water 
or groundwater nitrate concentrations.  As part of the continuing IPA activities to further evaluate 
the possible effects of hydro-seeding on surface water and groundwater quality, a sample of the 
hydro-seed material used at RL will be analyzed.  A summary the hydro-seed material analytical 
results will be provided in the next IPA report to the agency. 

D A TA  EV A LU A T I O N  A ND  R ES U L TS  

G r o u n d w a t e r  a n d  S u r f a c e  W a t e r  C o n d i t i o n s  i n  t h e  V i c i n i t y  o f  
M W - 1 2 A  

The groundwater elevations measured in April and September 2017 were plotted on the site map 
and contoured to depict the groundwater potentiometric surface of the shallow WBZ near well 
MW-12A (see Figures 2 and 3).  Groundwater flow in the vicinity of MW-12A based on the April 
and September 2017 water-level data is to the south, consistent with previous interpretations 
presented in past annual environmental monitoring reports (AEMRs).  

Hydrographs depicting changes in groundwater elevations measured in well MW-12A since 
January 2015 (before the changes in MW-12A water-quality were observed) are provided in 
Attachment 6.  The hydrographs show the effect of seasonal changes in groundwater elevations 
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that correlate with periods of high precipitation during the late Fall and extending through the early 
Spring.  It is typically during this time period that ponded surface water accumulates in the low-
lying area at and in the area north of MW-12A.  As previously noted, ponded surface water was 
observed in the area adjacent to piezometers P-2 and P-3 in April 2017; however, no ponded 
surface water was observed at, or in the area north of well MW-12A during the July and September 
2017 events. 

R e s u l t s  a n d  F i n d i n g  o f  M W - 1 2 A  I P A  G r o u n d w a t e r  a n d  S u r f a c e  
W a t e r  M o n i t o r i n g  A c t i v i t i e s  

Evaluation of the 2017 analytical data for monitoring well, piezometer, and surface water samples 
collected as part of the additional MW-12A IPA activities indicated the following: 

• Concentrations of inorganic parameters for which SSLs have been established and that 
were elevated in the MW-12A sample collected in May 2016 have been trending back to 
typical (background) levels since April 2017 (Table 3).  These changes directly correlate 
to changes in MW-12A groundwater elevations, i.e., inorganic parameter concentrations 
decrease with decreasing groundwater levels (see MW-12A time-concentration graphs 
provided in Attachment 6).  Laboratory analysis of the MW-12A sample collected in 
September 2017 showed concentrations of some SSL parameters close to or below 
background concentrations defined by the established concentration limits, including 
TOC, TDS, and Cl.   

• Results of water-level and conductance monitoring also show a similar relationship, i.e., 
conductance decrease with decreasing water levels (Figure 4).  It is believed that these 
correlations correspond to periods when ponded surface water accumulates in the vicinity 
of and immediately north of MW-12A, which also occurs during seasonal periods of high 
precipitation when MW-12A groundwater levels are very shallow. 

• The ionic chemistries of groundwater samples collected from well MW-12A in April, 
July, and September 2017 are similar to the ionic chemistries of samples historically 
collected from this well (see geochemical diagrams in Attachment 6).  Variations in the 
ionic chemistry of well MW-12A groundwater appear to be predominantly influenced by 
variations in the concentrations of Cl and HCO3.  The MW-12A Stiff diagrams (see 
Attachment 6) also show that the relative concentrations of some anions and cations are 
trending back towards historical concentrations.   

• Inorganic parameter concentrations detected in groundwater samples collected from 
shallow WBZ wells and piezometers (MW-5A, P-1, and P-2) are typically higher than 
those detected in well MW-12A groundwater (see Table 3).  Inorganic parameter 
concentrations detected in these wells are similar to those detected in ponded surface 
water samples collected near piezometers P-2 and P-3 in April 2017, when water-levels 
in these piezometers were close to or at the surface (see Table 3).  As was the case with 
MW-12A, it is believed that groundwater quality is influenced by the occurrence of 
ponded surface water present in the immediate vicinity of the piezometers during seasonal 
periods of high precipitation. 
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• The overall ionic chemistries of the shallow WBZ groundwater samples (MW-5A, 
MW-12A, P-1, and P-2) collected in April, July (for MW-12A only), and September 2017 
are distinctly different from the ionic chemistries of the LMS samples (see geochemical 
diagrams in Attachment 6).  These results are consistent with previous IPA and historical 
analytical results which show that the ionic chemistries of the recent (2016 and 2017) 
shallow WBZ samples do not plot on a mixing line or trend towards the ionic chemistries 
of the leachate collected from LCRS sump 1/5 (see Attachment 6).  If the water-quality 
changes observed in well MW-12A groundwater were associated with mixing with 
leachate, it would be expected that a pronounced shift in the geochemical signature of 
well MW-12A groundwater would plot on an approximate line towards the signature of 
that other liquid type. 

• Ionic chemistries of the shallow WBZ groundwater sample collected from MW-12A in 
April 2017 is very similar to that of the ponded surface water collected near MW-12A at 
the same time, including the ponded surface water sample collected adjacent to MW-12A 
in December 2016 (see geochemical diagrams in Attachment 6).  Geochemical analysis 
of MW-12A groundwater samples collected in July and September 2017 show that the 
ionic chemistries are returning to background concentrations (see Attachment 6). 

• No VOCs were detected in the MW-12A groundwater samples4, or in the adjacent 
piezometer P-3 consistent with MW-12A IPA monitoring performed in 2016, and with 
historical (compliance monitoring) analytical results.  

• Low concentrations of four VOCs (benzene5, chlorobenzene, 1,4-dichlorobenzene, and 
cis-1,2-dichloroethene) were detected in groundwater samples collected from well 
MW-5A and adjacent piezometer P-1 in April and September 2017 at similar 
concentrations that were consistent with recent results (see Table 4).  Low-level 
concentrations of two of these VOCs (chlorobenzene, 1,4-dichlorobenzene) were also 
detected in piezometer P-2 which is also close to MW-05A (see Table 4).  It should be 
noted that VOCs were not detected in the groundwater sample collected in April 2017 
from detection well MW-5B (located adjacent to MW-5A and screened in the deep WBZ) 
consistent with historical results.   

                                                 
4 Acetone was detected in the field duplicate and blank sample collected at MW-12A in April 2017.  As noted in the 

case narrative of TestAmerica’ analytical report, the detected acetone concentrations are likely attributed to a 
laboratory artifact.  Results supporting this conclusion include (1) acetone is a common laboratory contaminant, 
(2) acetone was detected in multiple field blank samples that were prepared with laboratory supplied deionized 
water, and (3) acetone was only detected in the duplicate sample and not the primary sample collected at 
MW-12A. 

5 Very low-level concentrations of benzene only slightly above the method reporting limit of 1.0 micrograms per liter 
were only detected in the groundwater samples collected from MW-05A and P-01A in April 2017 (see Table 4). 
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L a b o r a t o r y  A n a l y t i c a l  R e s u l t s  f o r  M W - 3 A ,  M W - 4 A ,  a n d  M W - 6 A  
G r o u n d w a t e r  S a m p l e s  

The laboratory analytical results of the groundwater samples collected from wells MW-3A, 
MW-4A, and MW-6A in July 2017 are presented in Tables 5 and 6.6  The tables include historical 
analytical data for groundwater samples collected from MW-3A, MW-4A, and MW-6A in 1993 
and 1994, which are the last times water-quality monitoring of these wells was performed.  
Comparison of the analytical data of MW-3A, MW-4A, and MW-6A samples collected in July 
2017 with historical data collected in 1993 and 1994 showed the following results: 

• No VOCs were detected in groundwater samples collected from MW-3A, MW-4A, and 
MW-6A in July 2017 consistent with historical results.   

• Review of MW-3A, MW-4A, and MW-6A inorganic results indicates that the July 2017 
data are generally consistent with historical results with respect to overall chemical 
makeup, but with individual well samples and parameters showing increasing and 
decreasing concentrations as follows: 

 MW-3A: Inorganic parameter concentrations in the July 2017 sample were 
generally consistent with or just slightly higher or lower than historical 
concentrations.  

 MW-4A: Inorganic parameter concentrations in the July 2017 sample were 
generally higher by a factor of two to three compared to historical concentrations.  
Given that this change occurred over an almost 25 year period, it is not considered 
significant.  It should be noted that criterion established by the DEQ for a significant 
change in water-quality specified in Section 16.4 of RL’s SWDP 345 for site 
compliance wells lists the following as an example of a significant change in 
groundwater quality: “Detection of a compound an order of magnitude higher than 
background.”  Consequently, the 2 to 3 times increase in some parameter 
concentrations falls well below this significant change criterion especially 
considering that the July 2017 results are being compared to background 
concentrations detected almost 25 years ago.  Given the very long-time between 
monitoring events for these wells, the observed changes could be attributed to 
temporal changes that occur naturally in groundwater systems over a 25 year time 
period. 

 MW-6A: Concentrations of many inorganic parameters in the July 2017 sample 
were lower than historical concentrations including ammonia (0.07 to <0.03 mg/L), 
TDS (280 to 220 mg/L), alkalinity (252 to 91 mg/L), calcium (44 to 27 mg/L), and 
sodium (30.2 to 24 mg/L).  Two parameters (chloride and sulfate) showed higher 
concentrations in the July 2017 MW-6A sample compared to historical 
concentrations. 

                                                 
6 No VOCs were detected in groundwater samples collected from MW-3A, MW-4A, and MW-6A (see laboratory 

analytical reports provided in Attachment 4).  As such, a summary table of VOCs results for these wells is not 
provided.  
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Although the absolute concentrations of individual inorganic parameters vary either up or down, 
the overall chemistry of the recent samples collected in 2017 are similar to the chemistries of 
samples collected almost 25 years ago.  If site leachate had impacted groundwater collected from 
these wells, it is expected that the ionic chemistry of the samples collected in 2017 would trend 
towards that of leachate (i.e., on a mixing line between leachate and background groundwater) 
which is not observed (see geochemical diagrams provided in Attachment 6).  

It should be emphasized that none of the other criteria specified in Section 16.4 of RL SWDP for 
defining a significant change in groundwater quality were met for any of the samples collected 
from wells MW-4A and MW-6A collected in July 2017.  No VOCs were detected, and with the 
exception of TDS in MW-4A sample, concentrations were not above the primary or secondary 
drinking water standards. The TDS concentration detected in MW-4A groundwater was only 
slightly above the secondary standard of 500 mg/L and not signifiantly above background levels 
(420 mg/L on December 6, 1993).   

Furthermore, MW-3A,  MW4A, and MW-6A are located adjacent to the footprint of the landfill 
and do not define RL’s point of compliance.  The DEQ criteria for defining a significant change 
apply only to compliance wells.  As such, the DEQ criteria for evaluating a significant change 
(noted above) are only being applied to the MW-3A, MW-4A and MW-6A results as an evaluation 
method for informational purposes.   

C ONC LU S I ONS  A ND  R E C O MM EN D A T I O NS  

The monitoring well MW-12A IPA results and findings indicate that the source of the change in 
the inorganic chemistry of well MW-12A groundwater is not related to a release from the LMS, 
but is likely related to the influence of surface water that ponded in the area near and north of 
MW-12A where it infiltrated to shallow groundwater.  During periods of low or no rainfall when 
surface water does not occur and no ponded water is present to locally recharge groundwater, 
parameter concentrations decrease since they are not influenced by ponded surface water.  The 
parameter concentrations in ponded surface water collected in December 2016 and April 2017 
suggest that this ponded surface water is possibly influenced by stormwater run-off from portions 
of the landfill directly north of the low-lying area where surface water ponding occurs seasonally.  
Whether this is occurring needs to be more thoroughly assessed and will be at our project 
completion.   

Consistent with the approved IPA work plan, two additional water-quality monitoring events are 
scheduled in the fourth (Fall) quarter 2017 and first (Winter) quarter 2018.  The source and 
influence of ponded surface water on MW-12A groundwater quality, as well as other potential 
sources, will be further investigated during these events. 
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Table 1

Groundwater Monitoring Network Construction Information

Riverbend Landfill

Table 1-RL Monitoring Wells and Piezometer Construction Information (Oct17) Page 1 of  1
SCS Engineers
9:52 AM, 10/6/2017

Hydro- Well Sand Well
stratigraphic Date Ground TOC Boring Boring Well Screen Pack Seal

Well Unit Installation Elevationa Elevationa Depth Diameter Diameter Interval Interval Interval
Designation Screened Completed Eastingsa Northingsa (ft-msl) (ft-msl) (ft-bgs) (inches) (inches) (ft-bgs) (ft-bgs) (ft-bgs)
Monitoring Wells
MW-1A Sand-Gravel 6-Sep-89 3999.9 4210.2 153.40 155.30 61.5 10 2 50.0 to 60.0 48.0 to 61.5 3.0 to 48.0
MW-1B Silt-Clay 8-Sep-89 4001.1 4214.5 153.40 155.00 26.5 10 2 15.0 to 25.0 13.0 to 26.5 3.0 to 13.0
MW-2R Silt-Clay 29-Jul-16 4966.1 4210.2 144.50 147.02 31.0 10 2 20.0 to 30.0 18.0 to 31.0 3.0 to 18.0
MW-5A Silt-Clay 8-Sep-92 5490.7 2069.0 132.00 138.73 28.0 10 2 18.0 to 28.0 16.0 to 28.0 3.0 to 16.0
MW-5B Sand-Gravel 9-Mar-92 5481.2 2073.1 132.80 138.88 44.7 10 2 42.0 to 45.0 40.0 to 45.0 3.0 to 40.0
MW-9A Silt-Clay 21-Oct-93 6486.5 3663.2 128.10 128.42 24.5 8 2 14.3 to 23.8 27.0 to 40.0 2.0 to 11.0
MW-9BR Sand-Gravel 24-Aug-94 5903.2 3760.8 124.76 127.40 36.5 10 2 28.2 to 33.7 27.0 to 37.5 2.0 to 26.0
MW-10A Silt-Clay 28-Oct-93 3501.0 3805.0 150.75 153.21 28.3 8 2 17.3 to 26.8 14.0 to 28.3 2.2 to 14.0
MW-10B Sand-Gravel 27-Oct-93 3492.5 3795.5 150.76 152.87 69.0 10 2 44.3 to 53.8 40.9 to 55.3 2.0 to 40.9
MW-12A Silt-Clay 19-Jul-95 5650.8 1676.5 123.80 126.81 b 25.5 10 2 15.3 to 24.8 12.0 to 25.5 0.5 to 15.3
MW-12B Sand-Gravel 19-Jul-95 5643.6 1676.5 124.00 126.05 b 49.9 10 2 34.3 to 43.8 31.0 to 45.0 0.5 to 31.0
MW-14A Silt-Clay 16-Oct-96 4863.8 1652.6 118.80 121.87 21.0 10 2 10.7 to 20.2 7.8 to 21.0 2.2 to 7.8
MW-14B Sand-Gravel 15-Oct-96 4854.1 1653.7 119.10 123.32 42.0 10 2 31.7 to 41.2 2.85 to 42.0 2.2 to 28.5
MW-15A Silt-Clay 21-Oct-96 6385.5 2209.1 126.00 130.07 22.8 10 2 12.5 to 22.0 10.0 to 22.8 2.0 to 10.0
MW-15B Sand-Gravel 21-Oct-96 6393.5 2214.7 126.00 129.73 44.0 10 2 33.2 to 42.7 30.2 to 44.0 2.0 to 30.2
MW-16A Silt-Clay 23-Oct-96 7010.7 2675.6 126.30 128.89 23.5 10 2 13.5 to 23.0 11.0 to 23.5 1.5 to 11.0
MW-16B Sand-Gravel 23-Oct-96 7004.3 2670.7 126.30 128.95 45.0 10 2 34.8 to 44.3 31.6 to 45.0 2.0 to 31.6
MW-17A Silt-Clay 26-Sep-00 1221.4 1431.4 151.12 153.83 24.5 10 2 14.0 to 24.0 11.5 to 24.5 0.5 to 11.5
MW-18A Silt-Clay 26-Sep-00 2612.9 2938.0 146.77 148.77 26.0 10 2 13.5 to 23.5 11.0 to 24.0 0.5 to 11.0
MW-18B Sand-Gravel 26-Sep-00 2621.6 2931.1 146.58 148.57 62.0 10 2 47.0 to 53.0 45.0 to 53.0 0.5 to 45.0
MW-19A Silt-Clay 27-Sep-00 2537.0 1437.0 149.05 151.27 30.0 10 2 18.0 to 28.0 18 .5 to 28.5 0.5 to 16.5
MW-20A Silt-Clay 26-Sep-00 3776.2 2490.1 127.20 129.92 21.0 10 2 10.0  to 20.0 8.5 to 21.0 0.5 to 8.5
MW-20B Sand-Gravel 26-Sep-00 3759.5 2491.2 127.10 129.72 40.0 10 2 29.0 to 34.0 26.5 to 95.3 0.5 to 26.5
MW-21A Silt-Clay 26-Sep-00 4645.5 1945.3 116.18 120.02 13.0 10 2 8.0 to 13.0 7.0 to 23.0 0.5 to 7.0
MW-21B Sand-Gravel 26-Sep-00 4631.3 1941.6 116.56 119.53 34.0 10 2 21.0 to 26.0 18.5 to 27.0 0.5 to 18.5
MW-22A Silt-Clay 23-Sep-10 4105.3 1578.5 123.50 125.38 22.5 10 2 10.0 to 20.0 8.0 to 21.0 2.0 to 8.0
MW-22B Sand-Gravel 23-Sep-10 4110.8 1584.6 123.50 125.43 38.0 10 2 27.0 to 37.0 25.0 to 38.0 2.0 to 25.0
MW-23A Silt-Clay 18-Aug-10 3281.9 1515.9 129.00 131.79 28.0 10 2 16.0 to 26.0 14.0 to 28.0 2.0 to 14.0
MW-23B Sand-Gravel 17-Aug-10 3290.0 1516.5 129.00 131.60 42.0 10 2 36.5 to 41.5 34.5 to 42.0 2.0 to 34.5
MW-24A Silt-Clay 20-Aug-10 2140.0 984.2 147.50 149.93 26.0 10 2 15.0 to 25.0 13.0 to 26.0 2.0 to 13.0
MW-25A Silt-Clay 22-Jul-15 4218.8 4114.0 153.0 155.62 26.6 6 2 15.0 to 25.0 13.0 to 26.6 2.0 to 13.0
MW-25B Sand-Gravel 22-Jul-15 4208.3 4114.6 152.8 155.54 90.0 6 and 7 2 75.0 to 85.0 73.0 to 86.0 2.0 to 73.0
Piezometers
MW-3A Silt-Clay 23-Jun-93 4430.9 2493.9 138.20 140.81 35.0 8 2 24.0 to 34.0 21.0 to 35.0 2.2 to 21.0
MW-3B Sand-Gravel 28-Jun-93 4415.6 2496.3 137.80 140.57 63.5 10 2 45.0 to 55.0 42.0 to 56.0 36.8 to 42.0
MW-4A Silt-Clay 25-May-93 4798.0 2238.7 139.46 142.31 36.0 8 2 26.0 to 36.0 22.5 to 36.0 2.0 to 22.5
MW-4B Sand-Gravel 10-Jun-93 4805.5 2239.4 139.24 141.81 72.0 10 2 52.0 to 62.0 49.0 to 63.0 47.0 to 49.0
MW-6A Silt-Clay 24-May-93 6043.5 2437.7 127.00 128.29 b 22.5 8 2 11.5 to 21.5 8.5 to 22.5 2.0 to 8.5
MW-6B Sand-Gravel 9-Jun-93 6054.4 2443.0 127.00 128.59 56.0 8 2 36.0 to 46.0 34.2 to 47.0 2.5 to 34.2
P-01 Silt-Clay 21-Dec-92 5482.1 2038.3 123.20 126.02 b 19.0 8 2 8.0 to 18.0 5.9 to 19.0 2.0 to 5.9
P-02 Silt-Clay 22-Dec-92 5498.5 1994.0 121.10 124.02 b 18.0 8 2 6.8 to 16.8 5.0 to 18.0 1.0 to 5.0
P-03 Silt-Clay 23-Jun-93 5601.9 1754.2 120.90 123.89 b 19.5 8 2 9.0 to 19.0 7.3 to 19.5 2.0 to 9.3
P-05A Silt-Clay 13-Oct-05 3612.4 2875.1 138.60 140.74 20.0 3.5 1 9.7 to 19.5 7.5 to 20.0 0.5 to 7.5
P-06A Silt-Clay 13-Oct-05 3363.7 2566.2 129.30 131.58 20.0 3.5 1 9.7 to 19.5 7.5 to 20.0 0.5 to 7.5
P-07A Silt-Clay 3-Feb-12 3804.2 2168.8 145.70 147.90 31.0 10 2 16.0 to 26.0 14.0 to 26.5 2.0 to 14.0

GT10-1 Silt-Clay 10-Sep-10 3444.2 3211.7 143.80 145.56 66.5 5.9 2 15.0 to 25.0 13.0 to 30.0 2.0 to 13.0/        
30.0 to 65.0

GT10-11 Silt-Clay 9-Sep-10 2518.1 1781.3 149.30 150.08 61.0 5.9 2 15.0 to 25.0 13.0 to 30.0 2.0 to 13.0 /       
30.0 to 60.0

GT10-12 Silt-Clay 14-Sep-10 1736.5 1971.4 150.60 152.41 55.0 5.9 2 15.0 to 25.0 13.0 to 30.0 2.0 to 13.0/        
30.0 to 65.0

SA-BH-1 Silt-Clay 24-Aug-10 716.6 3175.5 152.80 155.21 23.0 10 2 12.0 to 22.0 10.0 to 23.0 2.0 to 10.0

SA-BH-3 Silt-Clay 24-Aug-10 813.1 1679.7 152.80 155.07 26.5 10 2 12.0 to 22.0 10.0 to 23.5 2.0 to 10/           
23.5 to 25.0

SA-BH-5 Silt-Clay 23-Aug-10 1773.0 586.9 148.60 151.01 28.5 10 2 18.0 to 28.0 15.5 to 28.5 2.0 to 15.5
SA-BH-6 Silt-Clay 29-Sep-10 2895.0 597.7 123.80 125.93 25.0 10 2 14.0 to 24.0 12.0 to 25.0 2.0 to 12.0
NOTE:  

Indicates well or piezometer that was sampled as part of the monitoring well MW-12A Informal Preliminary Assessment (IPA).
NA = not available; TOC = top of casing;  ft-msl = feet mean sea level;  ft-bgs = feet below ground surface.
a
 All monitoring wells and piezometers were re-surveyed in July 2013. 

b
 Re-surveyed in July 2017.



Table 2

Nitrate-Nitrite, Phosphorus, and Potassium

Concentrations in Soil Samples

Riverbend Landfill
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Percent Nitrate- Total Total
Moisture Nitrite Phosphorus Potassium

Date (%) (mg/Kg) (mg/Kg) (mg/Kg)
SS-1-12A 14-Jul-17 17.8 1.0 U 1,000 2,000
SS-2-P2 14-Jul-17 26.3 130 1,500 2,300
SS-3-Upgradient 18-Jul-17 11.4 4.9 4,000 2,400
SS-4-Mod3 18-Jul-17 16.8 17 1,100 1,900
SS-5-Mod2 18-Jul-17 2.5 37 560 3,500
SS-6-Mod1 18-Jul-17 18.8 1.0 U 830 1,600
NOTES:
mg/Kg = milligrams per kilogram; U = not detected at or above the reporting limit.

Monitoring
Location



Table 3
Water Quality Monitoring Results of MW-12A Groundwater and Other Nearby Monitoring Locations

Riverbend Landfill

Nitrate- Site-Specific Limits (SSLs)a

Ammonia Nitrite Total Total
Depth to as as Calcium Bicarbonate Magnesium Potassium Sodium Dissolved Organic

Water Nitrogen Nitrogen Dissolved Alkalinity Chloride Dissolved Dissolved Dissolved Sulfate Solids Carbon

(ft-bgs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Groundwater
MW-12A Concentration Limits --- --- --- 81.3 63.4 11.5 1.20 21.8 --- 240 3.2
MW-12A May 2016 Results 11.66 0.030 U 0.05 U 35 110 57 15 0.86 29 18 250 2.5
MW-12A June 2016 Results (Re) 15.47 NS NS NS 93 NS 15 NS 24 NS 220 NS
MW-12A June 2016 Results (Re)(DUP) 15.47 NS NS NS 97 NS 15 NS 24 NS 230 NS
MW-12A August 2016 Results 17.71 NS NS 28 84 53 13 0.57 21 19 220 1.3
MW-12A November 2016 Results 3.74 0.031 18 56 89 88 22 1.0 42 28 410 5.0
MW-12A-NP December 2016 Resultsb 3.75 0.053 11 46 100 86 18 0.58 32 28 340 4.8
MW-12A December 2016 Results (Re) 3.75 0.034 8.9 56 120 78 19 0.75 40 27 330 6.0
MW-12A December 2016 Results (Re)(DUP) 3.75 0.11 9.3 50 120 78 18 0.76 38 26 330 6.2
MW-12A-2 December 2016 Resultsc 3.75 0.25 8.4 47 120 74 18 0.70 37 25 320 7.9
MW-12A April 2017 Results 6.27 0.030 U 2.7 44 130 81 17 1.1 41 23 300 4.4
MW-12A April 2017 Results (DUP) 6.27 0.030 U 2.8 42 130 81 17 0.97 40 23 320 4.3
MW-12A July 2017 Results 15.43 0.030 U 0.51 36 110 65 15 0.53 34 23 280 3.0
MW-12A September 2017 Results 17.39 0.030 U 0.46 35 99 67 15 0.62 27 22 250 2.2
MW-12A September 2017 Results (DUP) 17.39 0.030 U 0.33 39 99 65 15 0.70 31 22 250 2.1
MW-14A Concentration Limits (Control Well) --- --- --- 148 33.4 16.5 0.85 15.6 --- 282 3.1
MW-14A May 2016 Results 13.88 0.030 U 0.10 34 150 12 16 0.50 U 11 13 190 1.2
MW-14A November 2016 Results 12.09 0.030 U 0.60 36 140 10 15 0.50 U 12 13 200 1.0 U
MW-14A April 2017 Results 9.67 0.030 U 0.12 24 110 5.8 9.9 0.50 U 8.8 14 160 1.0 U
MW-14A September 2017 Results Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
MW-5A
MW-5A May 2015 Results 14.50 NS NS 62 170 110 27 0.50 U 29 10 NS NS
MW-5A August 2016 Results 20.19 NS NS 65 230 100 31 0.50 U 29 8.3 410 3.3
MW-5A April 2017 Results 8.97 0.17 0.05 U 86 300 110 39 0.50 U 33 6.9 460 3.8
MW-5A September 2017 Results 19.90 0.13 0.05 U 79 250 110 34 0.50 U 32 6.3 430 3.5
Piezometers Near MW-12A and MW-5A
P-01 August 2016 Results 12.28 NS NS 71 260 100 38 0.50 U 31 9.3 460 3.4
P-01 April 2017 Results 0.49 0.30 0.05 U 88 370 100 48 0.50 U 32 9.5 550 5.8
P-01 September 2017 Results 11.92 0.071 0.05 U 66 270 110 41 0.50 U 30 8.4 450 3.8
P-02 August 2016 Results 10.99 NS NS 74 190 180 45 0.50 U 33 30 490 5.3
P-02 April 2017 Results -0.19 0.12 0.05 U 99 250 230 57 0.50 U 41 35 630 5.4
P-02 September 2017 Results 10.60 0.081 0.05 U 110 270 240 62 0.50 U 43 35 710 6.3

Monitoring

Location
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Table 3
Water Quality Monitoring Results of MW-12A Groundwater and Other Nearby Monitoring Locations

Riverbend Landfill

Nitrate- Site-Specific Limits (SSLs)a

Ammonia Nitrite Total Total
Depth to as as Calcium Bicarbonate Magnesium Potassium Sodium Dissolved Organic

Water Nitrogen Nitrogen Dissolved Alkalinity Chloride Dissolved Dissolved Dissolved Sulfate Solids Carbon

(ft-bgs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Monitoring

Location
P-03 October 2016 Results 1.44 NS NS 66 90 120 27 1.3 52 47 480 5.0
P-03 April 2017 Results 1.72 0.36 8.9 62 170 110 25 1.3 62 33 430 5.2
P-03 September 2017 Results 13.72 0.030 U 3.0 33 110 59 14 0.66 39 28 170 2.6
Surface Water
Surface Water Near MW-12A
SW-MW-12A December 2016 Resultsd --- 1.5 5.9 53 140 78 17 2.9 45 26 350 5.5

SW-1 (SW-P-3) April 2017 Resultse --- 7.9 0.2 100 460 110 36 12 110 21 270 26
SW-2 (SW-P-2) April 2017 Resultsf --- 2.2 18 70 350 140 35 13 130 20 750 23
Leachate Management Systems
1/5 P May 2016 Results --- 810 0.05 U 100 2,300 2,300 270 470 1,800 1.0 U 7,900 360
1/5 P August 2016 Results --- NS NS 84 5,700 3,300 220 410 2,400 1.2 U 8,600 770
1/5 P April 2017 Results --- 910 0.062 99 5,000 1,700 140 420 1,400 4.6 U 5,100 410
1/5 P September 2017 Results --- 1,200 0.05 U 92 7,400 3,500 190 630 2,500 4.6 U 10,000 890
4/5 S May 2016 Results --- 2.8 0.05 U 120 670 45 52 5.4 79 1.0 U 750 9.4
4/5 S August 2016 Results --- NS NS 120 650 78 59 5.0 85 1.0 U 800 15
4/5 S April 2017 Results --- 2.1 0.05 U 110 640 43 47 4.0 73 1.0 U 780 8.1
4/5 S September 2017 Results --- 2.5 0.05 U 150 670 130 66 5.6 100 1.0 U 940 22
6/7 P April 2016 Results --- 340 0.057 250 2,500 1,200 170 87 940 37 5,100 240
6/7 P April 2017 Results --- 430 0.35 220 3,800 1,800 180 160 1,200 7.4 5,200 250
6/7 P September 2017 Results --- 600 0.19 130 3,600 1,900 130 270 1,500 1.2 U 5,200 350
6/7 S April 2016 Results --- 130 0.05 U 290 2,200 970 190 56 910 1.0 U 3,800 170
6/7 S April 2017 Results --- 220 0.05 U 260 3,200 1,200 200 110 1,100 4.6 U 4,400 200
6/7 S September 2017 Results --- 160 0.05 U 200 2,200 970 140 69 680 1.0 U 3,400 160
NOTES:
ft-bgs = feet below ground surface; mg/L = milligrams per liter; --- = not applicable;  Re = resample; Dup = field duplicate sample; U = not detected at or above the reporting limit;
NS = parameter not required to be sampled and analyzed during the event; Dry = well dry during monitoring event and no groundwater was available for sample collection.

e 
Surface water sample collected approximately 100 feet north of piezometer P-03 where ponded surface water was observed.

f 
Surface water sample collected from the ponded surface water that was observed around piezometer P-02.

d 
Surface water sample collected near MW-12A where ponded surface water was observed.

a 
Concentration above three or more SSLs in a single compliance monitoring well during a monitoring event not previously reported and explained to the DEQ will trigger verification resampling.  Verification of concentrations above 

three or more SSLs would require follow-up actions, consistent with Section 11.5.3 of the environmental monitoring plan. 
b 

No purge (NP) groundwater sample collected from MW-12A prior to the verification sample which was collected by the standard purge method (three casing volume purge).
c 

MW-12A groundwater sample collected after a total of 10 casing volumes were purged (36 gallons).
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Table 4
Volatile Organic Compounds Detected in Water Quality Samples

Collected as Part of the MW-12A IPA (µg/L)
Riverbend Landfill

2-Buta- 1,4-Di- cis-1,2- 4-Iso- 4-Methyl- 1,2,4-Tri- 1,3,5-Tri-  
Sample Sample  none Chloro- chloro- Dichloro- propyl- propyl- Naph- 2-penta- methyl- methyl- Total

Location Date Acetone Benzene (MEK) benzene benzene ethene toluene benzene thalene none Toluene benzene benzene Xylenes
Groundwater
MW-5A 18-Apr-17 10 U 1.1 6.0 U 3.1 6.0 1.8 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-5A 12-Sep-17 10 U 1.0 U 6.0 U 2.0 4.6 1.2 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A 19-Apr-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A (DUP) 19-Apr-17 12 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A (FB) 19-Apr-17 12 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A 14-Jul-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A 12-Sep-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-12A (DUP) 12-Sep-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
MW-14A 19-Apr-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-01 18-Apr-17 10 1.1 6.0 U 3.7 7.3 1.4 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-01 12-Sep-17 10 U 1.0 U 6.0 U 2.3 5.2 2.0 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-02 20-Apr-17 10 U 1.0 U 6.0 U 2.0 4.3 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-02 12-Sep-17 10 U 1.0 U 6.0 U 2.1 3.4 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-03 18-Apr-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
P-03 12-Sep-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
Surface Water

SW-1 (SW-P-3)a 18-Apr-17 16 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 18 1.0 U 1.0 U 2.0 U

SW-2 (SW-P-2)b 18-Apr-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
Leachate Management System
1/5 P 18-Apr-17 36 3.3 17 1.0 U 3.5 2.8 13 3.3 1.2 5.9 6.2 7.4 4.9 1.8 26
1/5 P 12-Sep-17 52 3.1 13 1.0 U 3.0 1.7 11 2.3 1.2 6.3 7.7 9.3 3.8 1.4 26
4/5 S 18-Apr-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
4/5 S 12-Sep-17 10 U 1.0 U 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
6/7 P 18-Apr-17 33 1.5 17 1.0 U 1.0 U 1.0 U 1.6 1.0 U 1.0 U 4.8 5.0 U 1.0 U 1.0 U 1.0 U 2.2
6/7 P 12-Sep-17 310 2.4 150 1.0 U 1.9 1.0 U 7.2 1.0 U 1.4 11 5.8 2.6 3.0 1.0 U 12
6/7 S 18-Apr-17 15 2.6 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 4.9 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
6/7 S 12-Sep-17 10 U 1.5 6.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 3.1 5.0 U 1.0 U 1.0 U 1.0 U 2.0 U
NOTE: 
U = not detected at or above the reporting limit; ug/L = micrograms per liter.
a
 Surface water sample collected approximately 100 feet north of piezometer P-03 where ponded surface water was observed.

b
 Surface water sample collected from the ponded surface water that was observed around piezometer P-02.

Iso-
Ethyl-

benzene

Table 4-RL MW-12A IPA VOC Detections (Oct17)Table Page 1 of 1
SCS Engineers
2:16 PM10/7/2017



Table 5
Field and Indicator Parameters in MW-3A, MW-4A, and MW-6A Groundwater Samples

Riverbend Landfill

Nitrate- Field Parameters
Ammonia Nitrate Nitrite Total Total

as as as Dissolved Organic Dissolved Specific 
Nitrogen Nitrogen Nitrogen Solids Carbon pH Temperature Oxygen Conductance ORP

Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (S.U.) (oC) (mg/L) (µS/cm) (mV)
MW-3A 9-Jul-93 0.06 0.2 U NT 526 3.9 6.14 15.0 5.8 766 NT
MW-3A 9-Jul-93 0.1 0.2 U NT 513 4.0 6.14 15.0 5.8 766 NT
MW-3A 6-Dec-93 0.15 0.2 U NT 559 3.8 6.82 13.5 1.0 776 NT
MW-3A 6-Dec-93 0.08 0.05 NT 650 5.0 6.20 11.5 NT 949 NT
MW-3A 18-Mar-94 0.05 U 0.2 U NT 576 4.6 6.02 13.5 0.5 1,008 NT
MW-3A 14-Jun-94 0.05 U 0.2 U NT 578 3.6 6.19 14.0 2.92 690 NT
MW-3A 18-Jul-17 0.030 U NT 0.050 U 590 3.2 6.04 14.8 0.72 1,042 71.8
MW-4A 9-Jul-93 NT NT NT NT NT 6.04 15.0 4.7 360 NT
MW-4A 6-Dec-93 0.06 0.2 U NT 289 2.4 5.99 12.5 5.6 491 NT
MW-4A 6-Dec-93 0.1 0.02 U NT 420 3.0 6.00 12.4 NT 447 NT
MW-4A 17-Mar-94 0.2 0.2 U NT 282 2.0 6.17 13.0 1.1 524 NT
MW-4A (Dup) 17-Mar-94 0.05 U 0.2 U NT 277 2.0 6.17 13.0 1.1 524 NT
MW-4A 14-Jun-94 4.31 0.2 U NT 272 2.0 5.87 14.0 0.76 420 NT
MW-4A (Dup) 14-Jun-94 0.05 U 0.2 U NT 285 1.7 5.87 14.0 0.76 420 NT
MW-4A 14-Jul-17 0.067 NT 0.050 U 540 5.6 5.87 15.4 0.56 1,021 83.0
MW-4A (Dup) 14-Jul-17 0.074 NT 0.050 U 520 5.3 5.87 15.4 0.56 1,021 83.0
MW-6A 9-Jul-93 0.21 0.4 NT 300 7.3 6.24 14.5 6.3 504 NT
MW-6A 7-Dec-93 0.43 0.2 U NT 304 2.0 6.89 13.5 5.3 559 NT
MW-6A 7-Dec-93 0.53 0.21 NT 338 3.0 7.00 12.2 NT 551 NT
MW-6A 17-Mar-93 1.12 0.5 NT 307 1.7 6.70 13.0 1.7 535 NT
MW-6A 14-Jun-94 0.07 0.3 NT 280 1.2 6.80 14.0 0.4 429 NT
MW-6A 14-Jul-17 0.030 U NT 0.050 U 220 1.6 5.94 13.9 1.00 338 68.7
NOTES:
mg/L = milligrams per liter;  Dup = field duplicate sample; U = not detected at or above the reporting limit; NT = parameter not sampled or analyzed during the event.

Monitoring

Location

Table 5-RL IPA MW3A, 4A, 6A Indicator Results (Aug17) Page 1 of 1
SCS Engineers
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Table 6
Cations and Anions in MW-3A, 4A, and 6A Groundwater Samples

Riverbend Landfill

Bicarbonate Calcium Magnesium Potassium Sodium
Alkalinity Chloride Sulfate Dissolved Dissolved Dissolved Dissolved

Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-3A 9-Jul-93 378 53 6.5 104 34.6 2 U 29.4
MW-3A (Dup) 9-Jul-93 390 53 6.4 99.2 33.4 2 U 28.8
MW-3A 6-Dec-93 415 52 7.1 90.0 33.2 2 U 33.4
MW-3A 6-Dec-93 NT 57 7.0 110 36.0 1.2 35.0
MW-3A 18-Mar-94 474 55 7.2 11.9 38.8 2 U 35.2
MW-3A 14-Jun-94 434 52 7.8 114 36.4 2 U 35.2
MW-3A 18-Jul-17 440 76 5.3 120 42.0 1.5 30.0
MW-4A 9-Jul-93 137 20 15 NT NT NT NT
MW-4A 6-Dec-93 138 42 9.8 38.5 18.4 2 U 20.7
MW-4A 6-Dec-93 NT 45 8.5 41.0 19.0 0.5 U 21.0
MW-4A 17-Mar-94 345 57 7.0 41.3 20.1 2 U 21.6
MW-4A (Dup) 17-Mar-94 146 60 6.8 42.3 20.5 2 U 22.0
MW-4A 14-Jun-94 138 61 5.8 38.3 18.7 2 U 19.1
MW-4A (Dup) 14-Jun-94 137 60 5.8 43.0 21.0 2 U 20.8
MW-4A 14-Jul-17 300 140 1.9 99.0 50.0 0.5 U 34.0
MW-4A (Dup) 14-Jul-17 290 140 2.0 110 53.0 0.5 U 36.0
MW-6A 9-Jul-93 284 4.8 17 52.3 21.9 2 U 45.9
MW-6A 7-Dec-93 269 3.6 11 48.7 20.7 2 U 35.4
MW-6A 7-Dec-93 NT NT NT NT NT NT NT
MW-6A 17-Mar-93 290 3.3 2.8 59.4 26.5 2 U 38.5
MW-6A 14-Jun-94 252 3.9 9.5 44.0 18.6 2 U 30.2
MW-6A 14-Jul-17 91 41 18 27.0 10.0 0.5 U 24.0
NOTES:
mg/L = milligrams per liter;  Dup = field duplicate sample; U = not detected at or above the reporting limit; 
NT = parameter not sampled or analyzed during the event.

Monitoring

Location

Table 6-RL IPA MW3A, 4A, 6A Cation-Anion Results (Aug17) Page 1 of 1
SCS Engineers
10/7/2017 2:17 PM
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Figure 4

MW-12A Groundwater Elevation and Specific Conductance Data

Riverbend Landfill

RL MW-12A HOBO GW Elv-Cond Plots-v0.1Figure 4 MW12A Elv-Cond
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Introduction 
 
In accordance with the SERVICE PURCHASE ORDER NO.: 04-10945, dated 10 May 2017, 
Colog acquired geophysical log data in four wells at the Riverbend Landfill, McMinnville, OR.  
The objectives of the investigation were to: 
 
1) Evaluate the condition of the well casings 
2) Identify lithology surrounding the wells 
 
Natural Gamma and Induction Conductivity logs were successfully acquired in MW-3A, MW-
4A, MW-6A, and MW-12A on 25 May, 31 May, and 1 June 201.  Full Waveform Sonic logging 
was attempted, but there was not sufficient fluid in each well to accommodate the long probe and 
collect valid data.  Geophysical logs were acquired with respect to top of casing then shifted to 
reflect their position relative to ground level.  Depths herein from drilling logs and from 
geophysical logs are with respect to ground level. 
 
 
Methodology 
 
 
Natural Gamma Methodology 
 
The natural gamma log (also known as gamma or gamma ray log) provides a measurement 
recorded in counts per second (CPS), that is proportional to the natural radioactivity of the 
formation.  Actual counts depend upon the detector size and efficiency but are often normalized 
in API units.  200 API units equal the detector response in a specially constructed physical model 
designed to simulate the typical shale.  For most of Colog's gamma probes, 1 API unit is 
approximately equal to 1.25 CPS.  The depth of investigation for the gamma log is typically 10 to 
12 inches. Gamma logs provide formation clay and shale content and general stratigraphic 
correlation in sedimentary formations.  In general, the natural gamma ray activity of clay-bearing 
sediments is much higher than that of quartz sands and carbonates.  Gamma logs are also used in 
hard rock environments to differentiate between different rock types and in mining applications 
for assessment of radioactive mineralization such as uranium, potash, etc.  
 
Gamma radiation is measured with scintillation NaI detectors. The gamma-emitting radioisotopes 
that naturally occur in geologic materials are Potassium40 and nuclides in the Uranium238 and 
Thorium232 decay series.  Potassium40 occurs with all potassium minerals, including potassium 
feldspars.  Uranium238 is typically associated with dark shales and uranium mineralization. 
Thorium232 is typically associated with biotite, sphene, zircon and other heavy minerals. 
 
The usual interpretation of the gamma log, for hydrogeology applications, is that measured counts 
are proportional to the quantity of clay minerals present.  This assumes that the natural 
radioisotopes of potassium, uranium, and thorium occur in exchange ions, which are attached to 
the clay particles.  Thus, the correlation is between gamma counts and the cation exchange 
capacity (CEC). Usually gamma logs show an inverse linear correlation between gamma counts 
and the average grain size (higher counts indicate smaller grain size, lower counts indicate larger 
grain size).  This relation can become invalid if there are radioisotopes in the mineral grains 
themselves (immature sandstones or arkose), and if there are differences in the CEC of clay 
minerals in the different parts of the formation.  Both of these situations are possible in many 



 

    

environments.  The former situation would most likely occur in basal conglomerates composed of 
granitic debris, and the latter where clay occurs as a primary sediment in shale and another as an 
authigenic mineral deposited in pore spaces during diagenesis.  
 
Calibration of the gamma logging tool is usually performed in large physical models such as the 
API test pits in Houston, or the DOE uranium calibration test pits.  In hydrogeology, however, the 
gamma measurement is usually a relative log and quantitative calibrations are not routinely 
performed.  The stability and repeatability of the natural gamma measurement is routinely 
checked with a sleeve of known radioactivity.  It is also common to routinely check the gamma 
log by repeat logging a section of a well.  Natural radioactive decay follows a Gaussian 
distribution; that is, approximately 67% of the radioactive response occurs within ± the square 
root of the count rate.  For instance, if a background radiation of 100 CPS is being measured, 
there is approximately ± 10 CPS variability. 
 
Fundamental assumptions and limitations inherent in these procedures are as follows: 
 
 The natural gamma ray log, as with all nuclear or radiation logs, have a fundamental 

advantage over most other logs in that they may be recorded in either cased or open holes 
that are fluid or air filled.  Borehole fluid and casing may attenuate the gamma values. 

 Excessive borehole rugosity, often caused by air drilling, may degrade natural gamma ray 
log. 

 
 
EM Induction Resistivity 
 
The induction measurement is made by using a magnetic field to induce electric currents in the 
material being surveyed.  Because the magnitude of these electric currents is proportional to the 
conductivity of the media being measured, the magnetic field generated by the induced electric 
current is measured.   
 
Induction measurements were made with an MSI model EMP induction probe.  This probe is based 
upon the Geonics EM-39 probe, which is the industry standard for slimline induction tools.  The tool 
is designed to measure formation conductivity in milliSiemens per meter (mS/m) which is converted 
to resistivity in software.   
 
The induction probe contains a transmitter coil that emits a continuous wave of electromagnetic 
(EM) signal at 39.2 kHz, which produces a primary field in the formation around the borehole.  A 
secondary field produced by the primary field is proportional to the conductivity of the formation and 
is sensed at the receiver coil located in the probe 20 inches (50cm) from the transmitter coil.  A 
second coil at 10 inches (25cm) from the transmitter cancels the primary field in the vicinity of the 
borehole and allows horizontal focusing to reduce or eliminate borehole effects.  Empirical evidence 
demonstrates that there are negligible borehole effects on the response due to borehole diameters less 
than 9 inches. 
 
This inner radius of investigation (9 inches) and toroidal shape of the induced field makes the EM 
induction probe an excellent tool for lithologic investigation with little completion induced effects.  
Maximum depth of investigation is approximately 40 inches.  Induction conductivity measured with 
the EMP gives a resistivity measurement (resistivity = 1/conductivity) which is very similar to a 16-
inch short normal resistivity log.  Because the measurement is obtained electro-magnetically, it can 



 

    

be collected through non-conductive (PVC or fiberglass) casing and in the wet or dry portion of the 
borehole.   



 

    

Interpretation 
 
 
MW-3A 
 
The Natural Gamma log from this well indicates relatively high gamma activity from 1.4 to 22 
feet.  This correlates well with the bentonite chip seal noted from 2.2 to 21 feet on the Well 
Construction diagram by Emcon Associates.  This is a common characteristic of bentonite, and it 
is reflected in the other wells of this investigation.    
 
The Induction Resistivity log is calculated as the inverse of the Induction Conductivity log.  Within 
this well, the Induction log indicates an overall fining downward as the bound water volume 
increases, with clayey silt near the top grading to clay at the bottom.  Emcon’s Boring Log notes 
traces of fine sand from 8.5 to 10.4 feet, at 20 feet, and from 24 to 26.8 feet.  There are slight 
indications of coarser material (fine sand) on the Induction log at 8, 10.5, and 16.5 feet, though the 
minor decreases in conductivity would suggest a very low concentration of sand. 
 
 
MW-4A 
 
The Natural Gamma log from this well indicates relatively high gamma activity from 2.5 to 24.5 
feet.  This correlates well with the bentonite chip seal noted from 2 to 22.4 feet on the Well 
Construction diagram by Emcon Associates.  This is a common characteristic of bentonite, and it 
is reflected in the other wells of this investigation.   Relative to the other wells in this 
investigation, this well exhibits unusually high gamma counts through the interval from 1 to 29 
feet.  If the well construction components for this well were the same as those used for the other 
wells, we may infer that the elevated natural gamma activity is from the formation. 
 
The Induction Resistivity log is calculated as the inverse of the Induction Conductivity log.  Within 
this well, the Induction log indicates finer material (higher clay content) below 16 feet.   Emcon’s 
Boring Log notes traces of fine sand from 9.5 to 12.5 feet.  There are slight indications of coarser 
material (fine sand) on the Induction log at 10, 14, and 22.5 feet, though the minor decreases in 
conductivity would suggest a very low concentration of sand.  There is no anomalous change in the 
induction to correlate with the change in the natural gamma activity 29 feet, suggesting no change in 
grain size at this depth. 
 
 
  



 

    

MW-6A 
 
The Natural Gamma log from this well indicates relatively high gamma activity from 1 to 8.5 
feet.  This correlates well with the bentonite chip seal noted from 2.5 to 8.5 feet on the Well 
Construction diagram by Emcon Associates.  This is a common characteristic of bentonite, and it 
is reflected in the other wells of this investigation.    
 
The Induction Resistivity log is calculated as the inverse of the Induction Conductivity log.  Within 
this well, the Induction log indicates finer material (higher clay content) below 12.5 feet.   Emcon’s 
Boring Log does not note any traces of sand.  However, there is a noticeable indication of coarser 
material (fine sand) on the Induction log at 8 feet 
 
 
MW-12A 
 
The Natural Gamma log from this well indicates relatively high gamma activity from 1.5 to 13 
feet.  This correlates well with the bentonite chip seal noted from 0.5 to 12 feet on the Well 
Construction diagram by Emcon Associates.  This is a common characteristic of bentonite, and it 
is reflected in the other wells of this investigation.    
 
The Induction Resistivity log is calculated as the inverse of the Induction Conductivity log.  Within 
this well, the Induction log indicates consistent grain size throughout.   Emcon’s Boring Log notes 
traces of fine sand at 14 feet and at 20 feet.  There is a slight indication of coarser material (fine sand) 
on the Induction log at 13 feet, though the minor decrease in conductivity would suggest a very low 
concentration of sand.    
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LIMITATIONS 
 
COLOG's logging was performed in accordance with generally accepted industry 
practices.  COLOG has observed that degree of care and skill generally exercised by 
others under similar circumstances and conditions.  Interpretations of logs or 
interpretations of test or other data, and any recommendation or hydrogeologic 
description based upon such interpretations, are opinions based upon inferences from 
measurements, empirical relationships and assumptions.  These inferences and 
assumptions require engineering judgment, and therefore, are not scientific certainties.  
As such, other professional engineers or analysts may differ as to their interpretation.  
Accordingly, COLOG cannot and does not warrant the accuracy, correctness or 
completeness of any such interpretation, recommendation or hydrogeologic description. 
 
All technical data, evaluations, analysis, reports, and other work products are instruments 
of COLOG's professional services intended for one-time use on this project.  Any reuse 
of work product by Client for other than the purpose for which they were originally 
intended will be at Client's sole risk and without liability to COLOG.  COLOG makes no 
warranties, either express or implied.  Under no circumstances shall COLOG or its 
employees be liable for consequential damages. 

 



 

 

 

 

 

 

 

A T T A C H M E N T  3  
 

M W - 3 A ,  M W - 4 A ,  M W - 6 A ,  a n d  M W - 1 2 A  D o w n - h o l e  V i d e o  
L o g s  ( i n c l u d i n g  V i d e o s  o n  t h e  a t t a c h e d  D V D )  

 
 

 



COLOG  borehole geophysics / hydrophysics 
810 quail street, suite e    lakewood, colorado 80215    phone 303.279.0171    fax 303.278.0135 

  

 
          12 June 2017 
 
Jason Davendonis 
SCS Engineers 
15940 SW 72nd Ave. 
Portland, OR 97224 
 
Re: Riverbend Landfill - Video Casing Inspection 
 
 
Dear Jason, 
 
In accordance with our quotation L5843a, dated 4 May 2017, Colog made a video inspection of 
four cased wells at the Riverbend Landfill site, near McMinneville, OR.  MW-12A was recorded on 
24 May and the inspection was witnessed by Tiffany Andrews.  You were present for the 
inspections of MW-3A, MW-4A, and MW-6A, recorded on 25 May. 
 
All of the 2 inch well casing was intact and straight with no cracks or holes.  Joints appeared to be 
tight.  The bottom 10 foot joint of each well was slotted screen PVC.  PVC above was blank.   
 
Within all four wells, the casing was coated with brown to black material from water level, or 
slightly below water level, to the bottom of well.  The coating in MW-6A became quite dark, and in 
MW-12A the coating obscured some of the slots.  Water was clear in all but the bottom few feet of 
MW-12A, until the camera touched the bottom and stirred up sediment.  The sediment in the 
bottom of MW-4A released bubbles when the camera was pulled back up.  The camera could not 
proceed past a small piece of polyethylene tubing at the bottom of MW-12A, the top of this tubing 
was at 24.8 feet below the top of casing.  The small piece of tubing was removed after logging was 
completed. 
 
Please see the scanned field notes for chronologic video observations.  Thank you for the 
opportunity to assist on this project. 
 
 
Best regards, 
 
 
 
Nathan Davis 
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