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June 6, 2012 
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Mr. Richard H. Morck, P.E. 
Landmarc Technologies, Inc. 
14816 439th Place SE 
North Bend, WA  98045-9248 
 
Re: March 2012 Groundwater Sampling Event, Newcastle Demolition Landfill 

Dear Rick: 

INTRODUCTION 

This report summarizes the groundwater monitoring data collected in March 2012 at the Newcastle Demolition 
Landfill. Sample collection and data analyses were conducted in accordance with the Newcastle Demolition 
Landfill Post-Closure Plan (Parametrix 1998). 

The landfill was formerly owned and operated by Coal Creek Development Corporation, and accepted demolition and 
inert waste until 1992. It was formally closed in June 1993 and has since been developed as a golf course by Newcastle 
Golf LLC. 

The Newcastle Demolition Landfill is located in an area historically mined for coal (Parametrix 1991). The underlying 
geology of the site consists of a thick sequence of inclined interbedded coal, sandstone, and shale beds of the Eocene 
Renton Formation.  The site is underlain by a complex network of coal mine workings that appear to control much of 
the groundwater flow beneath the site.  Southwesterly regional groundwater flow is substantially intercepted by the 
mine workings that drain to the west and discharge directly or indirectly into the Richmond Tunnel that flows into Coal 
Creek.  The monitoring wells are installed within bedrock between the workings and the observed water levels are at 
elevations expected for groundwater influenced by the draining of the mine workings by the Richmond Tunnel. 

MONITORING PROGRAM HISTORY 

The downgradient monitoring wells on the golf course (MW-2, MW-3, and MW-4) were disturbed during golf 
course construction beginning in 1996. Some interim repairs were made during the golf course construction to 
allow groundwater monitoring to continue, although final completion of the well monuments did not occur until 
February 2000. At that time the wells were redeveloped, and were thought to be suitable for detecting potential 
impacts to groundwater quality from the former landfill. However, during the golf course construction period 
there may have been some impacts to groundwater quality in the monitoring wells due to surface water or soil 
intrusion. The history of activity associated with the wells during golf course construction was summarized in the 
November 1999 report (Parametrix 2000). 

Damage to well MW-4 indicated by high turbidity was first noted in December 2000. Attempts to redevelop the 
well in February 2001 were unsuccessful. Well MW-4 was properly decommissioned and replaced in August 
2001 with new monitoring well MW-5. MW-5 is located approximately 500 ft northwest of MW-4 (see Figures 1 
and 2). The installation of well MW-5 was documented in a letter from Parametrix (Parametrix 2001). 
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From 1996 through 2000, a variable groundwater monitoring schedule was established by the Seattle-King 
County Department of Public Health (Coal Creek Development Corporation 1996). However, the downgradient 
wells, particularly well MW-3, were frequently dry during much of the year. During the September 2001 
sampling event, all the wells were dry except for upgradient well MW-1. Therefore, no samples were collected, 
and an alternative sampling schedule was proposed to the Health Department (now known as Public Health – 
Seattle & King County). The proposed sampling schedule consisted of sampling in January and April when water 
volumes were expected to be adequate for sampling, and measuring depth to groundwater during the fall when 
groundwater levels were expected to be at their lowest point. 

The current groundwater monitoring program for the closed Newcastle Demolition Landfill consists of sampling 
four groundwater monitoring wells (MW-1, MW-2, MW-3, and MW-5) and two off-site surface water stations 
(SW-6 and SW-7). Well MW-1 is upgradient of the landfill, and the other stations are downgradient or 
downstream of the landfill. Surface water station SW-6, located at the Richmond Tunnel mine discharge, is 
thought to be representative of groundwater intercepted by a network of mine workings beneath the site that 
discharges into Coal Creek. Surface water station SW-7 is located further downstream along Coal Creek. The 
monitoring well locations are shown on Figures 1 and 2, and the surface water station locations are shown on 
Figure 3. The locations of the downgradient wells with respect to landfill and golf course features are shown on 
Figure 2. 

In September 2006, recommendations were submitted by Landmarc Technologies, Inc. to Public Health for 
reducing the monitoring frequency and parameters at the Newcastle Demolition Landfill (Parametrix 2006).  It 
was recommended that the frequency of groundwater monitoring be reduced to annual, and analyses for volatile 
organic compounds, semivolatile organic compounds, and metals (except for arsenic) be discontinued.  These 
parameters are not required by Chapter 173-304 WAC, and the historical data since landfill closure have not 
indicated any detections of these parameters associated with impacts from the landfill.  Reduction in monitoring 
frequency and parameters based on consistent lack of contamination from the landfill is in accordance with the 
language of the Post-Closure Monitoring Plan. These recommendations were implemented beginning with the 
February 2007 event. 

MARCH 2012 SAMPLING EVENT 

Samples were collected on March 27 and 28, 2012, by Parametrix personnel. Samples were collected from wells 
MW-1 and MW-2 using dedicated Hydrostar pumps, and from wells MW-3 and MW-5 using dedicated electrical 
submersible pumps. Samples were collected using low-flow purging methods. Samples to be analyzed for 
dissolved metals were field-filtered through 0.45-micron filters. A duplicate sample was collected at monitoring 
well MW-2 (designated MW-2D). The samples were delivered directly to Analytical Resources, Inc. (ARI) in 
Seattle, Washington for analysis. 

Samples were measured for field parameters (pH, specific conductivity, and temperature), and analyzed for 
chloride, nitrite, nitrate, ammonia, sulfate, hardness (calcium and magnesium), dissolved arsenic, dissolved iron, 
dissolved manganese, dissolved zinc, chemical oxygen demand (COD), total organic carbon (TOC), and total 
dissolved solids (TDS).  

GROUNDWATER SAMPLING RESULTS 

The analytical results for the wells and surface water stations are summarized in Table 1. The laboratory report 
and chain-of-custody forms are presented in Appendix A. 
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Data Validation 

Parametrix conducted a quality assurance (QA) review of the laboratory data, including holding times, field 
duplicate results, and blank results. The laboratory QA internal standard data were also reviewed including matrix 
spikes, matrix spike duplicates, surrogate recoveries, and laboratory control samples. The QA review indicated 
acceptable accuracy and precision and no qualifiers were necessary.  

Data Analysis 

Data analysis consisted of comparing groundwater data (wells and surface water station SW-6) to established 
state groundwater quality criteria (GWQSs; 173-200 WAC) and state maximum contaminant levels for drinking 
water (MCLs; 246-290 WAC), preparing time-series plots, and conducting Mann-Kendall trend analyses for 
selected analytes. 

Comparison of Data to Groundwater Quality Standards 

The following constituents were present at concentrations above secondary GWQSs and/or MCLs (established 
based on aesthetic characteristics such as taste, appearance, and/or staining): 

 Specific conductivity in samples from wells MW-1 (upgradient), MW-2, MW-3, and surface water 
station SW-6; 

 Total dissolved solids in samples from well MW-1 (upgradient), and surface water station SW-6;  

 Dissolved iron in samples from wells MW-1 (upgradient), MW-2, MW-3, MW-5, and surface water 
station SW-6; 

 Dissolved manganese in samples from wells MW-1 (upgradient), MW-2, MW-5, and surface water 
station SW-6.  

Dissolved arsenic concentrations in samples from wells MW-1 (upgradient), MW-2, MW-3, MW-5, and surface 
water stations SW-6 and SW-7 exceeded the carcinogenic GWQS but not the MCL. 

The presence of constituents above their GWQS and/or MCL upgradient from the landfill at MW-1 indicates that 
the aesthetic characteristics of groundwater in the landfill vicinity are a natural artifact of the local geochemistry. 

Time-Series Plots 

Groundwater and surface water time-series plots were prepared for ammonia, dissolved calcium, chloride, 
chemical oxygen demand (COD), hardness, dissolved iron, dissolved manganese, specific conductivity, sulfate, 
and total organic carbon (TOC). These constituents were selected for statistical analyses to include parameters 
that were elevated in leachate with respect to groundwater (Pacific Groundwater Group 1994a). These plots are 
presented in Appendix B and show data collected since 1994. Based on the time-series plots, the following 
observations can be made: 

 Sulfate and hardness (and dissolved calcium) concentrations continued to be highest in upgradient 
well MW-1. 

 In MW-2, concentrations of dissolved iron, dissolved manganese, and TOC concentrations continued to 
be lower than the relatively high concentrations measured between 1999 and 2000. Specific conductivity 
and concentrations of chloride and hardness (and dissolved calcium) have increased during the past 
few years. 
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 In MW-3, concentrations of most parameters have remained stable or decreased over the last few years.  
Specific conductivity, and concentrations of ammonia, chloride, COD, hardness (and dissolved calcium), 
dissolved iron, dissolved manganese, and TOC continued to be lower compared to the relatively high 
values observed during 2002.  

 In MW-5, stable or decreasing trends in most parameters have been observed in the last few years. 
Dissolved manganese concentrations are an exception, and have shown a slight increase since 2007. 
Because this is a low-yield well, continuing development over several years is likely to occur, resulting in 
improving water quality.   

 At SW-6, the dissolved manganese concentrations have steadily decreased since 1994. 

Mann-Kendall Tests 

The Mann-Kendall test for trends (Gilbert 1987, Gibbons 1994) was used to evaluate the Newcastle Demolition 
Landfill groundwater data (Pacific Groundwater Group 1994a,b,c). Trends in each well were evaluated separately 
because the upgradient well continues to show higher concentrations of some constituents than the downgradient 
wells. The trend analyses used all data collected between April 1988 and March 2012 (except for specific 
conductivity results for the second 1998 semi-annual monitoring event, which are suspected to be erroneously low 
due to an error in calibrating the meter). All non-detected values were given a value equal to the reporting limit 
(Gilbert 1987, Gibbons 1994). 

The results of the trend analyses are summarized in Table 2. The Mann-Kendall tests indicate the following: 

 MW-1: statistically significant increasing trends in chloride and dissolved iron, statistically significant 
decreasing trend in dissolved manganese, upgradient from the landfill; 

 MW-2: statistically significant increasing trends in ammonia, dissolved calcium, chloride, hardness, 
dissolved iron, dissolved manganese, specific conductivity, and TOC; 

 MW-3: statistically significant increasing trends in ammonia, dissolved iron, specific conductivity, and 
TOC; statistically significant decreasing trends in chloride and dissolved manganese; and 

 MW-5: statistically significant decreasing trends in dissolved calcium, COD, hardness, and sulfate. 

GROUNDWATER LEVEL MONITORING RESULTS 

Groundwater levels were measured at all four monitoring wells prior to sampling. The measurements are 
presented in Table 3 with calculated water elevations. 

DISCUSSION AND CONCLUSIONS 

Analysis of the March 2012 groundwater data from the Newcastle Demolition Landfill indicates the following: 

 The differences in groundwater chemistry between monitoring wells suggest that the observed water 
chemistry is influenced by local geochemical conditions, and therefore do not clearly demonstrate landfill 
impacts. Concentrations exceeding secondary GWQSs or MCLs (specific conductivity, TDS, dissolved 
iron, and dissolved manganese) occurred in the upgradient well and in downgradient wells and surface 
water stations. Dissolved arsenic concentrations exceeded the carcinogenic GWQS in all wells (including 
the upgradient well) and surface water stations, but were all below the MCL. Statistically increasing 
trends in indicator parameters were also observed in both upgradient and downgradient wells.  
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 Some of the variations in concentrations may be related to changed geochemical conditions associated 
with golf course development activities. The March 2012 data for wells MW-2 and MW-3 indicate 
continuing lower concentrations for parameters that were elevated following the golf course construction 
period. In well MW-2 lower concentrations continued to be observed for dissolved iron, dissolved 
manganese, and TOC, although specific conductivity and concentrations of chloride and hardness have 
been higher in the past few years. In well MW-3, lower specific conductivity and concentrations of 
ammonia, chloride, COD, hardness (and dissolved calcium), dissolved iron, dissolved manganese, and 
TOC continued to be observed.  

Please contact me at (425) 458-6320 or lgilbert@parametrix.com if you have questions regarding this report. 

Sincerely, 

PARAMETRIX 

 

Lisa A. Gilbert, LHG 
Project Hydrogeologist 

cc:  Bill Lasby, Public Health– Seattle & King County (two copies) 

  Jing Liu, Cleanup Program, NWRO, Washington State Department of Ecology 
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Table 1. Newcastle Groundwater and Surface Water Data

MW-1 MW-2 MW-2D MW-3 MW-5 SW-6 SW-7
3/27/2012 3/28/2012 3/28/2012 3/28/2012 3/28/2012 3/27/2012 3/27/2012

Temperature °C 10.03 10.44 - - 10.66 12.04 11.95 7.93
pH standard 7.25 7.29 - - 7.52 6.55 7.59 8.38
Specific Conductivity uS/cm 840 778 - - 772 617 891 338

Ammonia mg-N/L 0.067 0.556 0.544 0.312 0.053 0.167 0.041
Chemical Oxygen Demand mg/L 5 U 5 U 5.71 5 U 5 U 5 U 5 U
Chloride mg/L 3.8 16.1 15.9 8.4 5 6.4 7.1
Dissolved Hardness mg/L CaCO3 470 320 320 88 320 340 130
Nitrate mg-N/L 0.038 0.058 0.047 0.067 0.2 U 0.082 1.1
Nitrate + Nitrite mg-N/L 0.038 0.058 0.047 0.067 0.2 U 0.082 1.1
Nitrite mg-N/L 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
Sulfate mg/L 181 22.7 22.5 37.6 79.7 127 49.2
Total Dissolved Solids mg/L 611 469 460 498 365 565 214
Total Organic Carbon mg/L 2.06 3.59 3.26 4.29 2.05 2.13 2.69

Arsenic, Dissolved mg/L 0.0006 0.0003 0.0003 0.0024 0.0149 0.0047 0.0008
Calcium, Dissolved mg/L 122 77.8 78 18.5 74.4 67.3 28.7
Iron, Dissolved mg/L 0.68 0.65 0.66 0.66 5.24 1.59 0.16
Magnesium, Dissolved mg/L 39.6 30.4 30.5 10.3 31.7 41.3 13.4
Manganese, Dissolved mg/L 0.06 0.111 0.113 0.019 0.791 0.281 0.05
Zinc, Dissolved mg/L 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U

Parameter Units

  555-3747-003
Table 1 Newcastle Data 3-2012.xlsx



Table 2.  Results of Mann-Kendall Tests for Trend, Newcastle Demolition Landfill, March 2012

Well ID Analyte n S Variance Z Trend
MW-1 Ammonia-N 52 197 16036.3 1.55 No Trend

Calcium, Dissolved 49 -108 13430.0 -0.92 No Trend
Chloride 52 459 15967.7 3.62 Positive
COD 52 71 6927.0 0.84 No Trend
Hardness 51 -116 15098.7 -0.94 No Trend
Iron, Dissolved 52 451 16037.0 3.55 Positive
Manganese, Dissolved 52 -320 16038.7 -2.52 Negative
Specific Conductivity 51 -42 15157.3 -0.33 No Trend
Sulfate 52 -100 16031.3 -0.78 No Trend
TOC 52 152 14000.0 1.28 No Trend

MW-2 Ammonia-N 46 242 11152.0 2.28 Positive
Calcium, Dissolved 41 425 7925.7 4.76 Positive
Chloride 46 660 11127.3 6.25 Positive
COD 46 105 10985.0 0.99 No Trend
Hardness 43 411 9076.3 4.30 Positive
Iron, Dissolved 46 500 11147.3 4.71 Positive
Manganese, Dissolved 45 249 10445.0 2.43 Positive
Specific Conductivity 43 349 9130.3 3.64 Positive
Sulfate 45 25 10442.3 0.23 No Trend
TOC 46 340 11145.3 3.21 Positive

MW-3 Ammonia-N 32 152 3800.7 2.45 Positive
Calcium, Dissolved 29 -23 2841.0 -0.41 No Trend
Chloride 33 -168 4161.3 -2.59 Negative
COD 33 112 3999.3 1.76 No Trend
Hardness 30 -63 3129.7 -1.11 No Trend
Iron, Dissolved 33 157 4162.3 2.42 Positive
Manganese, Dissolved 32 -208 3796.0 -3.36 Negative
Specific Conductivity 33 213 4164.3 3.29 Positive
Sulfate 33 21 4162.3 0.31 No Trend
TOC 33 190 4161.3 2.93 Positive

n = Sample size

S = Mann-Kendall test statistic.  Positive number implies an increasing trend;
       negative number implies a decreasing trend.

Z = Approximate normal test statistic; calculated based on S and the estimated
      variance when the sample size is greater than 10.

The comparison level (critical value of Z) at 1.0 - (α/ 2) = (0.05 / 2) = 97.5% confidence level = 1.97737
      for a two-tailed Mann-Kendall test.

If the absolute value of the calculated Z statistic (|Z|) > 1.97737, a significant trend is present in the data.
      There is no trend in the data when |Z| < 1.97737.

Trends significant at a confidence level of 97.5% are shown in bold type.

Page 1 of 2
555-3747-003

Table 2 March 2012.xls



Table 2.  Results of Mann-Kendall Tests for Trend, Newcastle Demolition Landfill, March 2012 (continued)

Well ID Analyte n S Variance Z Trend

MW-5 Ammonia-N 14 -15 333.7 -0.77 No Trend
Calcium, Dissolved 14 -67 333.7 -3.61 Negative
Chloride 14 -4 332.7 -0.16 No Trend
COD 14 -53 325.0 -2.88 Negative
Hardness 14 -70 328.0 3.81 Negative
Iron, Dissolved 14 5 333.7 0.22 No Trend
Manganese, Dissolved 14 26 332.7 1.37 No Trend
Specific Conductivity 14 -28 332.7 -1.48 No Trend
Sulfate 14 -70 332.7 -3.78 Negative
TOC 14 -6 332.7 -0.27 No Trend

n = Sample size

S = Mann-Kendall test statistic.  Positive number implies an increasing trend;

      negative number implies a decreasing trend.

Z = Approximate normal test statistic; calculated based on S and the estimated

      variance when the sample size is greater than 10.

The comparison level (critical value of Z) at 1.0 - (α/ 2) = (0.05 / 2) = 97.5% confidence level = 1.97737

      for a two-tailed Mann-Kendall test.

If the absolute value of the calculated Z statistic (|Z|) > 1.97737, a significant trend is present in the data.

      There is no trend in the data when |Z| < 1.97737.

Trends significant at a confidence level of 97.5% are shown in bold type.

Page 2 of 2
 555-3747-003

Table 2 March 2012.xls



Table 3.  Groundwater Elevations for Newcastle Landfill, March 2012

Well Date

Reference 

Elevation1

Depth to 

Groundwater2

Groundwater 

Elevation1

MW-1 3/27/2012 649 52.20      596
MW-2 3/28/2012 753 25.01      728
MW-3 3/28/2012 716 149.20      566
MW-5 3/28/2012 542 59.20      483

Notes:  
1  Reference Elevation and Groundwater Elevation approximate
2  Depth to groundwater measured from well seal

555-3747-003 
Table 3 Mar2012 Newcastle groundwater levels.xls



 

FIGURES 

 



SW-3N

MW-1  Groundwater Monitoring Well

MW-5 (ABANDONED)

Figure 1
Groundwater Monitoring
Locations in Site Vicinity
Newcastle Demolition Landfill

Parametrix 555-3747-001/01(01)  5/09 (B)

SCALE IN FEET

1,0000

MW-4-4MW-4

MW-3MW-3MW-3

MW-2MW-2MW-2

SITESITE
BOUNDARYBOUNDARY

SITE
BOUNDARY

MW-1MW-1MW-1

137 ACRE GRADING
PERMIT NO. 1162-28

BOUNDARY

70 ACRE
UNCLASSIFIED USE

PERMIT NO. 114-85-U
BOUNDARY





Figure 3
Off-site Monitoring Locations
Newcastle Demolition Landfill

Parametrix 555-3747-001/01(01)  5/09 (B)

SCALE IN MILES

10
Surface Water
Monitoring Site

PARKWAY
OVERPASS

SW-7

RICHMOND
TUNNEL

SW-6

PROJECT
SITE

NEWCASTLE COAL CREEK RD



 

APPENDIX A 

LABORATORY REPORT AND CHAIN-OF-CUSTODY FORMS 

 

 































































































































 

APPENDIX B 

TIME-SERIES PLOTS 
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 Specific Conductivity  Non-Detects Replaced with 1/2 DL
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