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May 20, 2021        SENT VIA EMAIL  
     
 
Mr. Tim O’Connor, LG, LHG  Mr. Patrick Hamel 
Ecology NWRO   Kitsap Public Health District 
3190 160th Ave SE   345 6th Street 
Bellevue, WA 98008-5452  Bremerton, WA 98337 
 
Mr. Alan Noell, PhD, PE 
Ecology NWRO 
3190 160th Ave SE 
Bellevue, WA 98008-5452 
 
 
Subject: Revised Technical Memorandum: Statistical Derivation of Background Metal 

Concentrations – Olympic View Sanitary Landfill, Kitsap County, Washington 
 
On behalf of Waste Management of Washington, Inc. (WMW), JMO Consulting is pleased to provide 
this revised Technical Memorandum (Memo) describing the statistical analysis used to develop 
background concentrations for total arsenic, total iron and total manganese in groundwater at the 
Olympic View Sanitary Landfill (OVSL) in Kitsap County Washington.  This project has been a 
collaborative effort working closely with Washington Department of Ecology (Ecology) and Kitsap 
Public Health District (KPHD).  Based on agency comments received on the initial Technical 
Memorandum submitted on 22 April 2021, this document has been revised to include additional 
information on how background concentrations will be applied at the facility and further clarification 
that background values apply to total metal concentrations.  Additional information concerning the 
data utilized in the development of background values is contained in a prior Technical Memorandum 
dated 25 March 2021 and included herein (Appendix 1).   
 
BACKGROUND 
 
Background values for arsenic, iron and manganese are currently established using water quality data 
from upgradient monitoring wells at the facility.  This approach presents an inherent dilemma given 
the shift in redox conditions that exist across the site and the occurrence of wetlands along the 
downgradient margins of the facilities.  Groundwater upgradient of the landfill to the east is subject to 
a geochemically-oxidizing (i.e., aerobic) conditions due to the percolation of rainwater with high 
dissolved oxygen.   
 
As groundwater flows downgradient, recharge is restricted by the landfill cover system and oxygen 
may be consumed by aerobic microbial conditions.  At the downgradient margins of the site, expansive 
wetland conditions exist along the margins of the Union River valley and further reduced (i.e., 
anaerobic) conditions prevail.  Under the reducing conditions observed downgradient of the landfill, 
the concentrations of arsenic, iron and manganese may be naturally elevated compared to upgradient 
conditions.   
 
Based on this knowledge, a goal was established to develop updated background metal concentrations 
in groundwater that would be more reflective of natural conditions monitored by the compliance, 
performance and downgradient wells at the facility.  This effort included re-evaluation of previous data 
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collected from a background study performed as part of the 2007 Remedial Investigation Report (RI; 
Parametrix, 2007).  The prior work included the sampling of nine domestic wells for total arsenic, total 
iron and total manganese.  The wells are located approximately 0.5 to 0.75 miles to the west, northwest 
and north of the landfill in relatively close proximity to Union River valley (Figure 1).  The analytical 
results from the domestic well sampling program (Table 1) indicate that arsenic was detected above 
the reporting limit (RL) in all samples analyzed.  Iron and manganese were also detected in all samples 
analyzed with two results for each consistent being reported at estimated concentrations below the RL.  
 
STATISTICAL METHODOLOGY AND RESULTS 
 
Upon acceptance of the background dataset by Ecology and KPHD, the focus of the project shifted to 
statistical analysis of the data.  In email correspondence dated 20 April 2021, Ecology provided 
direction on the statistical approach to be utilized.  Ecology indicated that the methodology relies upon 
the Implementation Guidance for the Groundwater Quality Standards (Chapter 173-200 WAC) and the 
ProUCL Technical Guide, and that empirical groundwater quality data for the region should also be 
considered in the evaluation.  Based on their assessment of background dataset, Ecology requested the 
following statistical analysis: 
 

 Total Arsenic:  95% UTL with 95% Coverage assuming normal distribution; 
 

 Total Iron: 95% Percentile Bootstrap UTL with 95% Coverage assuming nonparametric 
distribution; and 
 

 Total Manganese: 95% Percentile Bootstrap UTL with 95% Coverage assuming nonparametric 
distribution. 
 

Following Ecology’s guidance, the data were analyzed by GeoChem Applications using the statistical 
software package ProUCL.  The results of the analysis provide the following statistical background 
limits for the site’s compliance, performance and downgradient wells: 
 

 Total Arsenic: 0.00427 milligrams-per-liter (mg/L); 
 

 Total Iron: 1.9 mg/L; and 
 

 Total Manganese: 0.73 mg/L. 

Attachment 1 provides the ProUCL statistical output documenting the above limits. 
 
DISCUSSION 
 
As discussed with Ecology, although the updated background values listed above provide a far better 
prediction of the natural metal concentrations in groundwater relative to current limits, it is unlikely 
that they bracket localized natural conditions (i.e., wetland areas) which exist at the site.  This 
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conclusion is based on long-term groundwater monitoring well data that show a significantly greater 
concentration range than that observed for the domestic wells included in the statistical calculation.  
This difference can likely be attributed to the presence of more reducing localized conditions at the site 
whereby certain trace metals can reach significantly higher natural equilibrium concentrations in 
groundwater.  
 
It appears that this effect is reflected currently in certain site monitoring wells that exhibit apparent 
steady-state concentrations that are higher than the updated limits.  Attachment 2 contains a few such 
examples.1  Based on these and other long-term historical concentration data, it is unlikely that the 
updated limits fully bracket the natural conditions at the site.  As such, it is anticipated that the 
groundwater quality at several monitoring wells affected by localized processes is unlikely to achieve 
the updated background limits (particularly for iron and manganese) and that additional well-specific 
analysis may be required in the future to move the facility through MTCA and the post-closure-care 
process.     
 
CONCLUSIONS AND RECOMMENDATIONS 
 
The change in natural redox conditions that occurs across the site necessitated a closer examination of 
background metal concentrations in groundwater.  Utilizing data collected from a prior study and 
working closely with Ecology and KPHD, updated background concentrations for arsenic, iron and 
manganese have been developed for the site’s compliance, performance and downgradient wells.  
Following the data evaluation procedures specified by Ecology, the following background 
concentrations were developed: total arsenic – 0.00427 mg/L; total iron – 1.9 mg/L; and total 
manganese – 0.73 mg/L.  The updated limits provide a better prediction of the natural conditions 
present at the facility and it is recommended that they replace the current background values.   
 
JMO Consulting appreciates the assistance provided by Ecology and KPHD on this important project. 
Please let me know if you have any questions regarding the information presented.   
 
Sincerely, 
JMO Consulting 

 
James M. Obereiner, P.G. 
Principal Hydrogeologist 
 
Cc: Steven Williams, Ecology 
 Phil Perley, WM 
 Will Neal, GeoChem Application 

 
1 Figures included in Attachment 2 provide both total and dissolved metals concentrations to present a more 
extensive historical dataset. 



Figure 1 – Domestic Well Sampling Locations

Source: Parametrix 2007 RI Report



Table 1: Domestic Well Analytical Data

Source: Parametrix 2007 RI Report



ARSENIC - TOTAL Normal Background Statistics for Uncensored Full Data Sets

Prepared by GeoChem Applications

represents a background data set and when many onsite observations need to be compared with the BTV.

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

   95% UPL (t) 0.00321 95% Percentile (z) 0.0029

   95% USL 0.00336 99% Percentile (z) 0.00357

Background Statistics Assuming Normal Distribution

   95% UTL with   95% Coverage 0.00427 90% Percentile (z) 0.00255

5% Lilliefors Critical Value 0.274 Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value 0.829 Data appear Normal at 5% Significance Level

Lilliefors Test Statistic 0.245 Lilliefors GOF Test

Normal GOF Test

Shapiro Wilk Test Statistic 0.897 Shapiro Wilk GOF Test

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL) 3.031 d2max (for USL) 2.11

Mean of logged Data -7 SD of logged Data 0.953

Mean 0.00129 SD 9.82E-04

Coefficient of Variation 0.762 Skewness 0.412

Second Largest 0.00245 Median 0.00132

Maximum 0.00286 Third Quartile 0.00191

Number of Missing Observations 1

Minimum 2.10E-04 First Quartile 4.20E-04

C0:  data in mg/L

General Statistics

Total Number of Observations 9 Number of Distinct Observations 9

Coverage   95%

New or Future K Observations   1

From File   Test for OVSL.xls

Full Precision   OFF

Confidence Coefficient   95%

User Selected Options

Date/Time of Computation   ProUCL 5.14/21/2021 6:03:22 AM

ATTACHMENT 1



Prepared by GeoChem Applications

IRON -TOTAL Nonparametric Background Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/21/2021 6:06:42 AM

Coverage   95%

Number of Bootstrap Operations   2000

From File   Test for OVSL.xls

Full Precision   OFF

Confidence Coefficient   95%

Number of Missing Observations 1

Minimum 0.024 First Quartile 0.06

C1:  data in mg/L

General Statistics

Total Number of Observations 9 Number of Distinct Observations 9

Mean 0.412 SD 0.596

Coefficient of Variation 1.448 Skewness 2.339

Second Largest 0.59 Median 0.14

Maximum 1.9 Third Quartile 0.455

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL) 3.031 d2max (for USL) 2.11

Mean of logged Data -1.773 SD of logged Data 1.477

Order of Statistic, r 9    95% UTL with   95% Coverage 1.9

Approx, f used to compute achieved CC 0.474 Approximate Actual Confidence Coefficient achieved by UTL 0.37

Nonparametric Distribution Free Background Statistics

Data appear Approximate Normal at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL 1.9 90% Percentile 0.852

90% Chebyshev UPL 2.298 95% Percentile 1.376

Approximate Sample Size needed to achieve specified CC 59

   95% Percentile Bootstrap UTL with   95% Coverage 1.9    95% BCA Bootstrap UTL with   95% Coverage 1.9

represents a background data set and when many onsite observations need to be compared with the BTV.

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL 3.153 99% Percentile 1.795

   95% USL 1.9



Prepared by GeoChem Applications

MANGANESE -TOTAL Nonparametric Background Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/21/2021 6:08:30 AM

Coverage   95%

Number of Bootstrap Operations   2000

From File   Test for OVSL.xls

Full Precision   OFF

Confidence Coefficient   95%

Number of Missing Observations 1

Minimum 2.00E-04 First Quartile 0.0012

C2:  data in mg/L

General Statistics

Total Number of Observations 9 Number of Distinct Observations 9

Mean 0.124 SD 0.243

Coefficient of Variation 1.963 Skewness 2.426

Second Largest 0.27 Median 0.02

Maximum 0.73 Third Quartile 0.046

Critical Values for Background Threshold Values (BTVs)

Tolerance Factor K (For UTL) 3.031 d2max (for USL) 2.11

Mean of logged Data -4.46 SD of logged Data 2.815

Order of Statistic, r 9    95% UTL with   95% Coverage 0.73

Approx, f used to compute achieved CC 0.474 Approximate Actual Confidence Coefficient achieved by UTL 0.37

Nonparametric Distribution Free Background Statistics

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Upper Limits for Background Threshold Values

   95% UPL 0.73 90% Percentile 0.362

90% Chebyshev UPL 0.892 95% Percentile 0.546

Approximate Sample Size needed to achieve specified CC 59

   95% Percentile Bootstrap UTL with   95% Coverage 0.73    95% BCA Bootstrap UTL with   95% Coverage 0.73

represents a background data set and when many onsite observations need to be compared with the BTV.

Note: The use of USL tends to yield a conservative estimate of BTV, especially when the sample size starts exceeding 20.

Therefore, one may use USL to estimate a BTV only when the data set represents a background data set  free of outliers 

and consists of observations collected from clean unimpacted locations.

The use of USL tends to provide a balance between false positives and false negatives provided the data

95% Chebyshev UPL 1.24 99% Percentile 0.693

   95% USL 0.73



Time Series Plot for MW-32
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Time Series Plot for MW-39
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Time Series Plot for MW-29A
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March 25, 2021        SENT VIA EMAIL 
      
 
Mr. Tim O’Connor, LG, LHG  Mr. Patrick Hamel 
Ecology NWRO   Kitsap Public Health District 
3190 160th Ave SE   345 6th Street 
Bellevue, WA 98008-5452  Bremerton, WA 98337 
 
Mr. Alan Noell, PhD, PE 
Ecology NWRO 
3190 160th Ave SE 
Bellevue, WA 98008-5452 
 
 
Subject: Revised Technical Memorandum: Development of Background Metal 

Concentrations – Olympic View Sanitary Landfill, Kitsap County, Washington 
 
On behalf of Waste Management of Washington, Inc. (WMW), JMO Consulting is pleased to provide 
this Revised Technical Memorandum (Memo) describing the process completed to date for developing 
background concentrations of arsenic, iron and manganese in groundwater at the Olympic View 
Sanitary Landfill (OVSL) in Kitsap County Washington.  This has been a collaborative effort working 
closely with Washington Department of Ecology (Ecology) and Kitsap Public Health District (KPHD).  
Based on the agency comments received on the initial Technical Memorandum submitted on 11 March 
2021, this Memo has been revised to include: additional information on the analytical methods (total 
vs. dissolved) utilized during the domestic well sampling program; further justification for the use of 
all domestic wells in background development; and a change in nomenclature when referring to KPHD.     
 
BACKGROUND 
 
As discussed with Ecology and KPHD, background values for arsenic, iron and manganese are 
currently established using water quality data from upgradient monitoring wells at the facility.  This 
approach presents an inherent dilemma given the shift in redox conditions that exist across the site and 
the occurrence of wetlands along the downgradient margins of the facilities.  Groundwater upgradient 
of the landfill to the east is subject to a geochemically-oxidizing (i.e., aerobic) conditions due to the 
percolation of rainwater with high dissolved oxygen.   
 
As groundwater flows downgradient, recharge is restricted by the landfill cover system and oxygen 
may be consumed by aerobic microbial conditions.  At the downgradient margins of the site, expansive 
wetland conditions exist along the margins of the Union River valley and further reduced (i.e., 
anaerobic) conditions prevail.  Under the reducing conditions observed downgradient of the landfill, 
the concentrations of arsenic, iron and manganese (as well as ammonia) may be naturally elevated 
compared to upgradient conditions.   
 
Based on this knowledge, a goal was established to develop more appropriate background metal 
concentrations in groundwater for the facility.  As part of this effort, previous data collected from a 
background study performed as part of the 2007 Remedial Investigation Report (RI; Parametrix, 2007) 
was re-evaluated.  The prior work included the sampling of nine domestic wells for total arsenic, total 
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iron and total manganese.  The wells are located approximately 0.5 to 0.75 miles to the west, northwest 
and north of the landfill in relatively close proximity to Union River valley (Figure 1).  In an effort to 
supplement the existing domestic well sampling results, State and County databases were queried for 
additional data.   
 
DATABASE SEARCH 
 
A thorough database search was completed for arsenic, iron, manganese, and ammonia sampling 
results for groundwater wells located in the vicinity of the landfill.  Although ammonia was not 
included in the previous domestic well sampling program, it has been identified as a constituent of 
concern at OVSL and a background limit has been established using the upgradient monitoring well 
data.   
 
Working closely with Ecology, the database search was performed initially by JMO Consulting.  
SCS joined the effort to provide additional ArcGIS and data mining support.  The following 
databases were queried:   
 

 Ecology’s Cleanup Site (TCP) - https://apps.ecology.wa.gov/gsp/SiteSearchPage.aspx 

 Ecology’s statewide database used in conjunction with the Draft Natural Background 
Arsenic in Groundwater Report (Excel file) 

 Washington State Department of Health Sentry site for community water supply systems - 
https://www.doh.wa.gov/DataandStatisticalReports/EnvironmentalHealth/DrinkingWaterSyst
emData/SentryInternet 

 KPHD’s scanned records portal - https://kitsappublichealth.org/weblink 

Review of Ecology’s TCP database indicated that several sites located within a 3-mile radius of the 
landfill may have tested for metals in groundwater based on site “profile” information.  However, under 
the “view electronic documents” tab in the database, no analytical data appears to be posted for these 
facilities.  The majority of these sites are also located to the east of the landfill, away from the Union 
River valley.   
 
The focus shifted to Ecology’s statewide arsenic database used in conjunction with the Draft Natural 
Background Arsenic in Groundwater Report.  SCS utilized the coordinate information contained in 
Ecology’s 2003-2010 database and ArcGIS to plot sampling locations within a 5-mile and 10-mile 
radius of OVSL.  The SCS query was limited to true arsenic detections (i.e., non-U results) in wells 
less than 250-feet deep. The results of this query indicated no detections of arsenic above the reporting 
limit (RL) within a 5-mile radius of the site.  In addition, no information on RLs is apparent in this 
database.  As shown on Figure 2, arsenic detections were identified within a 10-mile radius of OVSL.  
These data are presented in a separate file prepared by SCS (Excel file #1) and they indicate that the 
detected arsenic concentrations range between 1.33 and 8 micrograms-per-liter (µg/L).   
 
As discussed with Ecology, the next step in the process was to identify if more recent sampling results 
may be available from wells in the area.  The search was also expanded to include iron, manganese 
and ammonia data.  SCS queried the Washington Department of Health’s (DOH) water system 
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database for arsenic, iron, manganese and nitrate at the eight closest sampling locations to OVSL as 
identified in the ArcGIS mapping.  Ammonia data was not available in the DOH database and nitrate 
data was queried for informational purposes.  Review of water systems sampling data from 2000 to 
current found all non-detect results for arsenic, iron and manganese. Again, information regarding RLs 
is not apparent in the DOH database.  A list of the 8 wells reviewed is included in a separate file 
prepared by SCS (Excel file #2) under the tabs “Wells Within 5 Miles” and “DOH Water Quality.”  
 
Lastly, the KPHD’s database for single or shared domestic water systems was queried by SCS for iron, 
manganese and nitrate.  Neither arsenic or ammonia data were available in the KPHD database, and 
nitrate data was queried for informational purposes.  The search included an area bounded by the 
Mason County line and City of Bremerton water service area.  This included an area extending 
approximately 1.5 miles north and south of the landfill and approximately 0.5 miles east and west of 
the landfill.  Eight of the roughly two hundred parcels located in the search area had sample results 
from domestic wells after the year 2000 that indicate a detection of either manganese, iron, or nitrogen. 
Only one of these wells had detections for all three. Archived lab reports appear to be included in the 
KPHD’s database and information on RLs could be extracted. The 3rd tab of the attached file prepared 
by SCS (Excel file #2) has a link to the original documentation submitted to the county for each 
analysis.   
 
SUMMARY OF PREVIOUS DATA COLLECTED 
 
As part of the 2007 RI, a domestic well sampling program was implemented at the site.  Based on 
information contained in the RI, a Sampling and Analysis Plan (SAP) was prepared by Parametrix 
(Parametrix 2005a) and subsequently approved by Ecology.  Groundwater samples were collected 
from nine domestic wells in late December 2005 and early January 2006. The wells were sampled for 
total arsenic, total iron, total manganese, total coliform and volatile organic compounds (VOCs).  The 
locations of the wells are shown on Figure 1.  Well depth and water level information are provided on 
Table 4-3b of the RI Report and attached herein as Table 1.  The sampling results are provided on 
Table 5-2 of the RI Report and attached herein as Table 2.     
 
The RI report (Appendix C and D) also included boring logs for domestic wells in the vicinity of the 
site.  Review of that information indicates that boring logs were available for five of the domestic wells 
sampled [Evans, Union River Acres, Easterday, Barringer and KBH Archers; Attachment 1 (note: well 
log names shown on Table 4-3B)] and that that the wells were completed in sands and gravels.  The 
hydrogeologic cross-sections included in the RI report indicate that the sand and gravel deposits 
penetrated by the domestic wells shown in the profile are completed in Vashon Outwash Deposits, 
consistent with the monitoring wells installed at OVSL. A geologic map and cross-sections A-A’, D-
D’ and E-E’ (which include orientations extending to the domestic wells) are attached herein as Figures 
3 through 6.         
 
The analytical results from the domestic well sampling program (Table 5-2) indicate that arsenic was 
detected above the RL in all samples analyzed.  Iron and manganese were also detected in all samples 
analyzed with two results for each consistent being reported at estimated concentrations below the RL.  
No VOCs were reported in any of the samples.  
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As part of the Draft Final Human Health Risk Assessment (HHRA), Revision 1.0 (AMEC Geomatrix, 
2008), analytical data collected from the domestic wells was utilized to calculate background 
concentrations for arsenic in the vicinity of the site.  That work was performed by Arcadis and was 
included as Appendix D of the HHRA report.  Data from seven of the domestic wells sampled were 
used along with five additional sampling results from a dataset provided by KPHD.  The two southern-
most domestic wells (Barringer and KBH Archer) were not used in the calculation because they were 
considered cross-gradient or downgradient of the western end of the landfill.   
 
The Arcadis report indicates that the data was analyzed following guidance provided by Ecology for 
estimating natural background conditions for indicator hazardous substance (WAC 173-340-709) and 
Ecology’s statistical software (MSTAT 3.0) in the background calculation module (BGCKD971).  The 
background concentration was defined as the true upper 90th percentile or four times the 50th percentile, 
whichever is lower.  In this case, four times the 50th percentile was the lower concentration and a 
background arsenic value of 8.5 ug/L was recommended.   
 
SUMMARY AND CONCLUSIONS  
 
An extensive internet search was completed with intent to augment the dataset to be used for 
development of background metal concentrations at the facility.  This search was performed initially 
by JMO Consulting, and additional ArcGIS and data mining assistance was provided by SCS.  A brief 
summary of the important findings is provided below: 
 

 The existing data set from the nine domestic wells sampled as part of the RI had true detections 
of total arsenic, total iron and total manganese.  These wells are located in relatively close 
proximity to the Union River valley at distances ranging between approximately 0.5 to 0.75 
miles from the landfill.  The data were collected under an approved SAP and there is a relatively 
high degree of confidence in the results.  
 

 Ecology’s statewide arsenic database provides useful information on regional arsenic 
concentrations in groundwater.  These data provide good context (or comparative reference) 
for any future background limits established for arsenic in the landfill vicinity.  However, there 
were no detections of arsenic within a 5-mile radius of the landfill and no RL information is 
apparent in this database.   
 

 Similarly, review of more recent data in DOH’s database for arsenic, iron, and manganese did 
not reveal any detections above the reporting limit.  Again, information regarding RLs is not 
apparent in the DOH database.   
 

 Examination of the KPHD database identified a few detections of iron and manganese within 
the query area and RL information appears to be available.   
 

In summary, the results of the database search have not uncovered additional sampling results that 
would appear to beneficially augment data previously collected from the domestic well sampling 
program.  The additional data obtained for wells located within a 5-mile radius of the landfill are 
predominantly non-detect for arsenic, iron and manganese.  Even if reporting limit information was 
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available, these data would likely not add value to the existing dataset which includes all true detections 
for wells located in close proximity of both the landfill and Union River valley.       
 
RECOMMENDATIONS 
 
It is recommended that background concentrations for total arsenic, total iron and total manganese be 
developed utilizing data from the nine domestic wells sampled as part of the RI.  This includes use of 
the two southerly-most wells (Barringer and KBH Archer) which may be located downgradient of the 
landfill.  Review of the analytical data for these wells (Table 5-2) indicates that the concentrations of 
arsenic, iron and manganese are generally in the mid-range to low-end of all data collected from the 
domestic well sampling program (i.e., they are not elevated compared to the other wells).  In addition, 
no VOCs were detected in these wells.  The Barringer well is also located on the opposite side of the 
Union River from the landfill. 
 
Further justification for including the two southerly-most domestic wells in background development 
is provided by examining the historical indicators of landfill-related groundwater effects at the facility 
and assessing the downgradient extent of such water quality changes.  Utilizing chloride as a 
conservative tracer, Figure 7 was developed showing historical concentrations of chloride in a 
monitoring well with known landfill-related effects (MW-32) and two monitoring wells located further 
downgradient near the property boundary (MW-30A and MW-37).  As shown on Figure 7, the chloride 
concentrations in MW-32 clearly show historical landfill-related effects, with more recent data 
approaching an asymptotic level more consistent with background.  In contrast to the early chloride 
data for MW-32, the two downgradient wells do not show any appreciable landfill effect. 
 
The two southerly-most domestic wells (Barringer and KBH Archer) are located approximately 3,000 
feet from the landfill and it is very unlikely that the arsenic, iron and manganese data collected from 
these wells during the domestic well sampling program could have been influenced by the facility.  
Initial analysis of all nine domestic well sampling results indicates that the data is lognormally 
distributed with no outliers, and it is recommended that all nine wells be included in the background 
development for arsenic, iron and manganese.                            
 
Although the previous arsenic background calculation performed by Arcadis included five additional 
sampling results provided by KPHD, it is recommended that these data not be utilized to develop 
background concentrations.  Based on available information, the locations of these sampling points are 
not certain.  The data also appears to be from the 1992-1994 timeframe and the RLs look to be much 
higher than those used in the domestic well sampling program.  The limited information available 
suggests that three of the samples had no arsenic detected above an RL of 20 ug/L.  This reporting limit 
is two orders-of-magnitude higher than the RL achieved in the RI domestic well sampling program.   
 
It is also not recommended that the background dataset be augmented with the KPHD data for iron and 
manganese identified during the SCS database query.  The results of the RI sampling program 
measured true detections of arsenic, iron and manganese in all nine domestic wells sampled and there 
is a relatively high degree of confidence in these data.  Use of the KPHD data would include mixing 
and matching of select parameters, potentially variable RLs, and inclusion of ½ RL or other assumption 
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into the calculation.  Incorporating these data would add a degree of uncertainty into background 
development. 
 
The above recommendations are supported by examination of the character and distribution of the data 
collected from the nine domestic wells sampled as part of the RI.  Attachment 2 presents frequency 
distributions, quantile-quantile normal probability plots, and Shapiro-Wilk normality tests for arsenic, 
iron, and manganese prepared by GeoChem Applications.  The statistical information presented in 
these attachments indicates the data for each metal appear uniformly structured with a log-normal 
distribution and no outliers.  This suggests that an adequate number of representative background data 
points has likely been captured in the nine-well data sets, and upper background concentration limits 
can be calculated via various statistical methods based on log-normal distributions.  These limits will 
likely be conservative given the extensive wetland conditions that exist downgradient of the landfill 
and the increased potential for more reduced groundwater conditions in site wells compared to the 
domestic wells sampled. 
 
JMO Consulting appreciates the assistance provided by Ecology and KPHD on this important project. 
Please let me know if you have any questions regarding the information presented.  I look forward to 
further discussion of the statistical approach once the background data set has been agreed upon. 
 
 
Sincerely, 
JMO Consulting 

 
James M. Obereiner, P.G. 
Principal Hydrogeologist 
 
Cc: Steven Williams, Ecology 
 Phil Perley, WM 
 Chris Perra, SCS Engineers 
 Will Neal, GeoChem Application 
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Excel File #1  
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Figure 1 – Domestic Well Sampling Locations



Figure 2: Radius Search of Arsenic Data from Ecology Statewide Database



Figure 3: Geologic Map with Cross‐Section Orientation



Figure 4: Geologic Cross‐Section A‐A’



Figure 5: Geologic Cross‐Section D‐D’



Figure 6: Geologic Cross‐Section E‐E’
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Figure 7: Historical Chloride Concentrations
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Table 1: Domestic Well Information



Table 2: Domestic Well Analytical Data
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