
2019 TECHNICAL REPORT 
Closed Tillman Ridge Phase II Landfill 

3005 Allen Nease Road 
Elkton, Florida 32033 

Permit No. 126292-010-SF 
WACS No. 85975 

Prepared For: 

 
St. Johns County Solid Waste Management 

3005 Allen Nease Road 
Elkton, Florida 32033 

Prepared By: 

 

December 1, 2019



Closed Tillman Ridge Phase II Landfill 
2019 Technical Report 

December 1, 2019 
Table of Contents 

 
i 

TABLE OF CONTENTS 

              

1.0 CERTIFICATION .............................................................................................................. 1 

2.0 INTRODUCTION .............................................................................................................. 2 

3.0 GROUND WATER HYDRAULICS ................................................................................. 3 

3.1 Ground Water Elevations ................................................................................................. 3 

3.2 Ground Water Flow Directions ........................................................................................ 3 

3.3 Hydraulic Gradients ......................................................................................................... 3 

3.4 Ground Water Flow Rates ................................................................................................ 4 

4.0 WATER QUALITY SUMMARY ...................................................................................... 6 

4.1 Ground Water Quality ...................................................................................................... 6 

4.1.1 Shallow Aquifer Zone ............................................................................................... 6 

4.1.2 Intermediate Aquifer Zone ........................................................................................ 8 

4.1.3 Deep Aquifer Zone ................................................................................................... 9 

4.2 Surface Water Quality .................................................................................................... 10 

5.0 CONCLUSIONS AND RECOMMENDATIONS ........................................................... 11 

5.1 Ground Water Hydraulics .............................................................................................. 11 

5.2 Water Quality Comparisons Between Shallow, Intermediate & Deep Aquifer Zones .. 11 

5.3 Water Quality Comparisons Between Upgradient & Downgradient Locations ............ 12 

ATTACHMENTS 

Attachment 1 - Ground Water Elevations, Ground Water Flow Maps, Hydrographs 

Attachment 2 - Ground Water Quality Exceedances & Graphical Displays 



Closed Tillman Ridge Phase II Landfill 
2019 Technical Report 

December 1, 2019 

 
Page 1 of 12 

1.0 CERTIFICATION 

This document, entitled 2019 Technical Report, Closed Tillman Ridge Phase II Landfill, St. Johns 

County, Florida was prepared under my direction/review in accordance with state laws/rules, with 

accepted practices, and sound engineering principles. 

 

Jeffrey S. Longshore, P.E. 

Registration No. 76908 
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2.0 INTRODUCTION 

This report presents the 2019 technical water quality monitoring data for the closed Tillman Ridge 

Phase II Landfill located at 3005 Allen Nease Road in Elkton, Florida in St. Johns County. This 

report is submitted to comply with Appendix 3 Specific Condition 1(o) of the Florida Department 

of Environmental Protection Permit No. 0126292-010-SF. The WACS ID for the facility is 38362. 

As such, this report summarizes and interprets the ground water hydraulics (ground water 

elevations, hydraulic gradients, horizontal ground water flow rates) calculated from the water level 

measurements collected during the previous five (5) semiannual sampling events conducted from 

October 2017 through October 2019 i.e. the and 2nd Semiannual 2017 monitoring event, the 1st and 

2nd Semiannual 2018 monitoring events, and the 1st Semiannual and 2nd Semiannual 2019 

monitoring events herein referred to as “reporting period”. This report also summarizes and 

interprets ground water, surface water, and leachate water quality data, where applicable. 

The ground water monitoring network consists of three (3) monitoring well clusters WC-1AR, 

WC-1BR, WC-1CR (background well cluster), WC-4A, WC-4B, WC-4C and WC-5A, WC-5B, 

WC-5C (detection well clusters), and eight (8) individual detection monitoring wells consisting of 

MW-2, MW-15R, and MW-17 through MW-22. 

Upgradient background monitoring well WC-1AR and detection Monitoring Wells MW-2, MW-

15R, and MW-17 through MW-22 are utilized to monitor the Shallow Aquifer Zone of the surficial 

aquifer. Monitoring Wells WC-1B, WC-4B, and WC-5B are used to monitor the Intermediate 

Aquifer Zone of the surficial aquifer. Monitoring Wells WC-1C, WC-4C, and WC-5C are used to 

monitor the Deep Aquifer Zone of the surficial aquifer. 

The surface water monitoring network incorporates two (2) locations identified as SW-1 and SW-

2 located on the west side of the landfill. Surface water samples are collected during the reporting 

period when the locations contain storm water.  
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3.0 GROUND WATER HYDRAULICS 

Ground water level measurements were obtained during each semiannual monitoring event and 

used to calculate and report the corresponding ground water elevations and also produce ground 

water flow maps. 

A summary of the ground water level measurements and elevations in comparison to monitoring 

well screen elevations is presented in Table A-1 in Attachment 1. A summary of the ground water 

flow directions, hydraulic gradients, and ground water flow rates is presented in Table A-2 in 

Attachment 1. 

3.1 Ground Water Elevations 

Hydrographs for all monitoring wells for the reporting period are presented in Attachment 1. 

Shallow Zone ground water varied from 41.28 feet NGVD to 38.15 feet NGVD (3.13 feet) in 

upgradient monitoring well MW-2 and from 39.22 feet NGVD to 37.22 feet NGVD (2.00 feet) in 

downgradient monitoring well MW-21R. 

Intermediate Zone ground water varied from 38.00 feet NGVD to 37.10 feet NGVD (0.90 feet) in 

upgradient monitoring well WC-1BR and from 37.57 feet NGVD to 35.93 feet NGVD (1.64 feet) 

in downgradient monitoring well WC-5B. 

Deep Zone ground water varied from 36.02 feet NGVD to 33.96 feet NGVD (2.06 feet) in 

upgradient monitoring well WC-1CR and from 35.24 feet NGVD to 33.08 feet NGVD (2.16 feet) 

in downgradient monitoring well WC-5C. 

3.2 Ground Water Flow Directions  

Ground water flow maps for the reporting period are presented in Attachment 1 and indicate a 

westward radial ground water flow pattern for the Shallow Aquifer Zone, and a general westerly 

ground water flow pattern for the Intermediate and Deep Aquifer Zones. These directions have 

been consistent for the reporting period. 

3.3 Hydraulic Gradients 

The Shallow Aquifer Zone average hydraulic gradient was calculated to be 1.61 x 10-4 using water 

levels from MW-15R and WC-1AR separated by an approximate horizontal map distance of 1,500 

feet. A Shallow Aquifer Zone hydraulic gradient of 1.85 x 10-3 was previously reported by HDR, 

Inc. in October 1994. 

The Intermediate Aquifer Zone average hydraulic gradient was calculated to be 9.25 x 10-4 using 

hydraulic heads from Monitoring Wells WC-1BR and WC-5B separated by an approximate 
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horizontal map distance of 900 feet. An Intermediate Aquifer Zone hydraulic gradient of 1.73 x 

10-3 was previously reported by HDR, Inc. in October 1994. 

The Deep Aquifer Zone average hydraulic gradient was calculated to be 6.29 x 10-4 using hydraulic 

heads from Monitoring Well WC-1CR and WC-5C separated by an approximate horizontal map 

distance of 900 feet. A Deep Aquifer Zone hydraulic gradient of 1.18 x 10-3 was previously 

reported by HDR, Inc. in October 1994. 

Vertical gradients (i) were calculated using water level elevations and hydraulic heads in 

conjunction with top of well screen interval distances between shallow-intermediate and 

intermediate-deep clustered monitoring wells. The average vertical hydraulic gradients were 

calculated at monitoring well cluster WC-4A to be 4.48 x 10-2 (Shallow to Intermediate Aquifer 

Zones) and 7.38 x 10-2 (Intermediate to Deep Aquifer Zones). All hydraulic calculations are 

presented in Table A-1 (Attachment 1). 

3.4 Ground Water Flow Rates 

The horizontal ground water flow velocity for each zone of the Surficial aquifer was determined 

using the following equation: 

V = Ki/ne 

Where:  V = horizontal ground water flow velocity 

K = horizontal hydraulic conductivity 

i = gradient 

ne = effective porosity 

Horizontal ground water flow rates were determined utilizing the calculated average hydraulic 

gradient data and the reported hydraulic conductivity values of 1.1 feet per day for the Shallow 

Zone, 3.9 feet per day for the Intermediate Zone, and 20.3 feet per day for the deep zone, and a 

reported effective porosity value of 0.20 (HDR, Inc. in October 1994). 

The horizontal ground water flow rate for the Shallow Zone was determined to be 0.3 feet per year. 

A Shallow Zone horizontal ground water flow rate of 3.7 feet per year was calculated using data 

from HDR, Inc. (October 1994). 

The horizontal ground water flow rate for the Intermediate Aquifer Zone was determined to be 7 

feet per year. An Intermediate Aquifer Zone horizontal ground water flow rate of 12.3 feet per 

year was calculated using data from HDR, Inc. (October 1994). 
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The horizontal ground water flow rate for the Deep Aquifer Zone was determined to be 23 feet per 

year. A Deep Aquifer Zone horizontal ground water flow rate of 43.7 feet per year was calculated 

using data from HDR, Inc. (October 1994). 

Vertical ground water flow velocities (Vv) were determined utilizing the calculated average 

vertical hydraulic gradient (iave) and estimated vertical hydraulic conductivity values (Kv) of 0.7 

feet per day for the Shallow Aquifer Zone, 2.3 feet per day for the Intermediate Aquifer Zone, and 

13.5 feet per day for the Deep Aquifer Zone, and a reported effective porosity value of 0.20. The 

Kv values were derived by the standard practice of reducing the horizontal hydraulic conductivity 

values (Kh) by 2/3’s and then averaging the resultant Kv values between the aquifer zones. 

For the reporting period, the average vertical ground water flow velocities were calculated to be 

136 feet per year for the Shallow to Intermediate Aquifer Zone and 1,086 feet per year for the 

Intermediate to Deep Aquifer Zone. All hydraulic calculations are shown on Table A-1 presented 

as Attachment 1. 
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4.0 WATER QUALITY SUMMARY 

4.1 Ground Water Quality 

Ground water quality in the background and compliance monitoring wells was evaluated by 

comparing laboratory and field parameter analytical results to the ground water quality standards 

promulgated in Chapters 62-701, 62-520, and 62-777 F.A.C. and by observing increasing, 

decreasing, or flat trends for each parameter detected. 

Field parameters include pH, Temperature, Specific Conductance, Dissolved Oxygen and 

Turbidity. Indicator parameters include Ammonia, Chloride, Nitrate, and Total Dissolved Solids 

(TDS). Metal parameters include Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, 

Cobalt, Copper, Iron, Lead, Mercury, Nickel, Selenium, Silver, Sodium, Thallium, Vanadium, and 

Zinc. All metal laboratory analyses were for total metals. Volatile Organic Compound (VOC) 

parameters include those constituents listed in 40 C.F.R. Part 258 Appendix I. 

Field, indicator, metal and VOC parameters discussed below either exceed current state water 

quality standards or demonstrate significant increasing or decreasing trends. For simplification, 

parameters which do not possess these characteristics are not discussed. 

A summary of the ground water quality exceedances and parameters detected above laboratory 

detection limits for each aquifer zone, leachate, and surface water quality are presented in Table 

B-1 presented in Attachment 2. In some cases, the laboratory numbers reported were rounded for 

ease in processing and review. Graphical displays (time-series graphs) for pertinent parameters are 

also presented in Attachment 2. Parameters that were not plotted were instead compiled using a 

tabular format, reviewed, and reported below. 

4.1.1 Shallow Aquifer Zone 

Field Parameters 

Turbidity values were generally less than 20 NTU except in MW-18, MW-22, and WC-4A where 

the values exceeded 20 NTU. Slight decreased trends were noted in most monitoring wells. The 

current ground water quality standard is 20 NTU. 

pH values ranged between 4.5 and 7.8 S.U. in all shallow monitoring wells with fluctuating results 

predominant. Increased trending was predominant in all monitoring wells except in WC-1AR, 

MW-15R, and MW-21R. The current ground water quality standard is between 6.5 and 8.5 S.U. 

Specific Conductance values in background well WC-1AR have ranged between 56 to 303 

micromhos per centimeter with decreased trending evident, and ranged between 38 and 981 

micromhos per centimeter with predominantly decreased trending evident except in MW-2 and 
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MW-19 where slight increasing trends were evident. Specific Conductance values correlate well 

fairly well with Total Dissolved Solids (TDS). The current ground water quality standard is a direct 

comparison to historic upgradient water quality which is WC-1AR at 303 micromhos per 

centimeter. 

Indicator Parameters 

Chloride values in background well WC-1AR ranged between 2 and 7 mg/L (as high as 31 mg/L 

during the 1st semiannual 2002 monitoring event) with decreased trending evident, and between 

2 to 170 mg/L in all shallow detection monitoring wells with decreased trending evident in all 

wells. The current ground water quality standard is 250 mg/L. 

Nitrogen Ammonia values in background well WC-1AR ranged between less than 0.008 and 0.02 

mg/L (decreased trending) and between less than 0.04 and 5.4 mg/L in the shallow detection 

monitoring wells (fluctuating trending). Ammonia values are significantly higher in detection 

monitoring wells compared to the value in background monitoring well WC-1AR (0.02 mg/L) but 

which was as high as 1.0 mg/L during the 2nd semiannual 2003 monitoring event. The current 

ground water quality standard is 2.8 mg/L. 

Total Dissolved Solids (TDS) values in background well WC-1AR have ranged between 75 to 

240 mg/L with decreased trending evident, and between 75 to 860 mg/L with predominantly 

decreased trending evident except in MW-17 (slight increased trending). TDS values correlate 

fairly well with Specific Conductance values. The current ground water quality standard is 500 

mg/L. 

Metal Parameters: 

Iron values in background well WC-1AR ranged from 0.28 to 2.3 mg/L (as high as 10.9 mg/L 

during the 1st semiannual 2000 monitoring event) with decreased trending evident, and from 0.33 

to 80 mg/L in the shallow detection monitoring wells also with decreased trending evident. The 

current ground water quality standard is 0.3 mg/L. 

Arsenic values in background well WC-1AR were less than 9 µg/L (as high as 7 µg/L during the 

2nd semiannual 2002 monitoring event), and ranged between less than 9 µg/L in the shallow 

detection monitoring wells with increased trending evident in WC-5A and decreased trending 

evident in MW-2. The current ground water quality standard for Arsenic is 10 µg/L.  

Sodium values in background well WC-1AR were between 1 to 3 mg/L and between 1 and 6 mg/L 

in the shallow detection monitoring wells with slight increased trending evident in MW-17 and 

MW-20 and slight decreased trending evident in WC-4A and MW-22. The current ground water 

quality standard is 160 mg/L. 
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4.1.2 Intermediate Aquifer Zone 

Field Parameters: 

Turbidity values in all three (3) intermediate monitoring wells were well below 2 NTU during the 

reporting period. The current ground water quality standard is 20 NTU. 

pH values in background well WC-1BR ranged from 3.8 to 5.0 S.U. (slight increased trending), 

and from 4.5 to 5.7 S.U. in the intermediate detection monitoring wells (slight increased trending). 

The current ground water quality standard is 6.5 to 8.5 S.U. 

Specific Conductance values in background well WC-1BR ranged between 227 and 259 

micromhos per centimeter (slight increased trending), and from 100 to 336 micromhos per in the 

intermediate detection monitoring wells with a slight increased trend evident in WC-5B and a 

slight decreased trend evident in WC-4B. Specific Conductance values correlate well with Total 

Dissolved Solids (TDS) values. 

Indicator Parameters: 

Chloride values in background well WC-1BR ranged from 5 to 10 mg/L (slight increased 

trending), and from 8 to 22 mg/L in the intermediate detection monitoring wells (slight increased 

trending). The current ground water quality standard is 250 mg/L. 

Nitrogen Ammonia values in background well WC-1BR ranged between 0.3 and 0.8 mg/L, and 

between 0.3 and 2.7 mg/L in the intermediate detection monitoring wells (fluctuating trending in 

WC-4B). The current ground water quality standard is 2.8 mg/L. 

Total Dissolved Solids (TDS) values in background well WC-1BR ranged between 140 and 230 

mg/L (slight decreased trending), and between 70 and 860 mg/L in the intermediate detection 

monitoring wells (fluctuating trending). The current ground water quality standard is 500 mg/L. 

TDS values correlate well with Specific Conductance values.  

Metal Parameters: 

Iron values in background well WC-1BR ranged between 1 and 12 mg/L with decreased trending 

evident, and between 0.3 and 6.0 mg/L in the intermediate detection monitoring wells (slight 

decreased trending). The current ground water quality standard is 0.3 mg/L. 

Arsenic values were not detected above an acceptable laboratory method detection limit set below 

the current ground water quality standard of 10 µg/L. 

Sodium values in background well WC-1BR ranged between 2 and 3 mg/L, and between 8 and 

16 mg/L in the intermediate detection monitoring wells. The current ground water quality standard 

is 160 mg/L. 
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4.1.3 Deep Aquifer Zone 

Field Parameters: 

Turbidity values in background well WC-1CR ranged between 18.5 to 91.5 NTU (decreased 

trending) and between 1.6 to 28.8 NTU in the deep detection monitoring wells (fluctuating 

trending). The current ground water quality standard is 20 NTU. 

pH values in background well WC-1CR ranged from 7.2 to 8.0 S.U. (slight increased trending), 

and from 6.6 to 7.9 S.U. in the deep detection monitoring wells (slight increased trending). The 

current ground water quality standard is 6.5 to 8.5 S.U. 

Specific Conductance values in background well WC-1CR ranged between 662 and 687 

micromhos per centimeter, and from 846 to 1,261 micromhos per centimeter in the deep detection 

monitoring wells with a slight increased trend evident in WC-5C and a slight decreased trend 

evident in WC-4C. Specific Conductance values correlate well with Total Dissolved Solids (TDS) 

values. 

Indicator Parameters: 

Chloride values in background well WC-1CR ranged from 20 to 24 mg/L (slight increased 

trending), and from 14 to 71 mg/L in the deep detection monitoring wells (slight increased 

trending). The current ground water quality standard is 250 mg/L. 

Nitrogen Ammonia values in background well WC-1CR ranged between 0.1 and 0.3 mg/L, and 

between 0.2 and 2.6 mg/L in the deep detection monitoring wells (decreased trending). The current 

ground water quality standard is 2.8 mg/L. 

Total Dissolved Solids (TDS) values in background well WC-1CR ranged between 390 and 430 

mg/L, and between 180 and 860 mg/L in the deep detection monitoring wells with a slight 

increased trend evident in WC-5C and a slight decreased trend evident in WC-4C. The current 

ground water quality standard is 500 mg/L. TDS values correlate well with Specific Conductance 

values. 

Metal Parameters: 

Iron values in background well WC-1CR ranged between 1.1 and 2.5 mg/L with increased 

trending evident, and between 0.4 and 5.4 mg/L in the deep detection monitoring wells with 

decreased trending in WC-5C. The current ground water quality standard is 0.3 mg/L. 

Arsenic values were not detected above an acceptable laboratory method detection limit set below 

the current ground water quality standard of 10 µg/L. 
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Sodium values in background well WC-1CR ranged between 15 and 18 mg/L, and between 10 

and 17 mg/L in the deep detection monitoring wells. The current ground water quality standard is 

160 mg/L. 

4.2 Surface Water Quality 

Surface water samples were dry at the time of each monitoring event so no data exists which could 

be analyzed.  
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Ground Water Hydraulics 

• Ground water elevation fluctuations were approximately 1 to 2 feet and appear below 

normal especially when compared to historical data. 

• Ground water flow directions are consistent with historical findings. 

• The horizontal hydraulic gradient and horizontal ground water flow rates for the Shallow, 

Intermediate, and Deep Aquifer Zones were less than the benchmark rate but are consistent 

with previous biennial flow rates. 

• The vertical hydraulic gradients and vertical ground water flow rates for the Shallow-to-

Intermediate Aquifer Zone and Intermediate-to-Deep Aquifer Zone indicate that the 

vertical gradients and flow rates far exceed the horizontal gradients and flow rates. This is 

synonymous with the ground water hydraulics present at the adjacent closed Phase I 

landfill. 

• Based on the ground water hydraulic data presented in this report, the adequacy of 

monitoring well construction and sampling locations appears to be sufficient in detecting 

potential contaminant releases from the landfill including impacts from landfill gas. 

5.2 Water Quality Comparisons Between Shallow, Intermediate & Deep 

Aquifer Zones 

• Specific Conductance values are the highest in the Shallow & Deep Aquifer Zones, and 

lowest in the Intermediate Aquifer Zone. 

• Iron values are well above current ground water quality standard in the Shallow, 

Intermediate, and Deep Aquifer Zones and appear to be caused by redox conditions. 

•  Sodium values are the highest in the Intermediate & Deep Aquifer Zones, and lowest in 

the Shallow Aquifer Zone. 

• Nitrogen Ammonia values are above current ground water quality standards in the 

Shallow (MW-15R, MW-17, MW-20, and MW-21R). However, DEP released a guidance 

memo (SWM-13.10) on December 3, 2012 indicating the agency it will no longer require 

landfills to monitor nitrogen ammonia where ammonia is the only contaminant of concern 

and groundwater is not expected to discharge to surface waters. Unionized Ammonia was 

less than 0.01 mg/L in the downgradient surface water sample SW-1 during the February 

2014 monitoring event. 
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• Ground water quality improves with increasing aquifer depth with respect to pH, Nitrogen 

Ammonia, and Arsenic. 

5.3 Water Quality Comparisons Between Upgradient & Downgradient 

Locations 

• Nitrogen Ammonia values are significantly higher in detection monitoring wells 

(downgradient) compared to background monitoring wells (upgradient) for the Shallow 

and Intermediate Aquifer Zones. 

• Specific Conductance and TDS values are significantly higher in detection monitoring 

wells (downgradient) compared to background monitoring wells (upgradient) for the 

Shallow Aquifer Zone.
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ATTACHMENT 1 

Ground Water Elevations, Ground Water Flow Maps, 

Hydrographs



Monitoring Top-of-Casing

Well Elevation Top Bottom 2nd Semiannual 1st Semiannual 2nd Semiannual 1st Semiannual 2nd Semiannual 
 Identification (ft NGVD) (ft NGVD) (ft NGVD) 10/24/17 4/17/18 10/23/18 4/22/19 10/28/19
Shallow Aquifer Zone

WC-1AR 43.70 38.73 28.73 39.77 38.38 38.16 38.10 37.30
WC-4A 45.41 39.41 29.41 39.52 38.31 38.56 38.37 37.25
WC-5A 52.49 39.29 29.29 42.03 39.60 39.75 39.71 38.93
MW-2 50.70 45.70 35.70 41.28 39.12 39.10 38.75 38.15

MW-15R 49.13 40.47 30.47 39.21 38.18 37.47 38.07 37.53
MW-17 48.99 41.39 31.39 40.51 38.67 38.74 38.52 38.01
MW-18 52.50 37.39 27.39 40.67 37.77 38.12 37.59 37.08
MW-19 52.41 40.37 30.37 43.02 40.58 41.23 40.85 40.04
MW-20 51.33 40.68 30.68 40.79 39.03 39.11 39.21 38.55

MW-21R 50.97 38.86 28.86 39.22 37.77 37.78 37.84 37.22
MW-22 50.87 38.61 28.61 40.47 38.54 38.59 38.23 37.36

Intermediate Aquifer Zone
WC-1BR 43.60 7.81 -2.19 39.13 38.00 37.84 37.77 37.10
WC-4B 45.59 10.16 0.16 37.88 36.76 36.74 36.54 35.94
WC-5B 52.53 7.19 -2.81 37.57 36.88 36.74 36.71 35.93

Deep Aquifer Zone
WC-1CR 43.49 -31.01 -41.01 36.02 34.94 34.77 34.54 33.96
WC-4C 45.59 -28.47 -38.47 35.27 34.27 34.17 33.94 33.09
WC-5C 52.35 -30.94 -40.94 35.24 34.15 34.00 33.67 33.08

Notes:
(1) NGVD = National Geodetic Vertical Datum of 1929.

Well Screen Elevations

Table A-1.
Summary of Ground Water Elevations & Comparison to Well Screen Elevations

Closed Tillman Ridge Phase II Landfill 
St. Johns County, Florida

Monitoring Event

2019 Technical Report



2017-2 2018-1 2018-2 2019-1 2019-2

WC-1AR 39.77 38.38 38.16 38.10 37.30

WC-4A 39.52 38.31 38.56 38.37 37.25

WC-5A 42.03 39.60 39.75 39.71 38.93

MW-2 41.28 39.12 39.10 38.75 38.15

MW-15R 39.21 38.18 37.47 38.07 37.53

MW-17 40.51 38.67 38.74 38.52 38.01

MW-18 40.67 37.77 38.12 37.59 37.08

MW-19 43.02 40.58 41.23 40.85 40.04

MW-20 40.79 39.03 39.11 39.21 38.55

MW-21R 39.22 37.77 37.78 37.84 37.22

MW-22 40.47 38.54 38.59 38.23 37.36
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2017-2 2018-1 2018-2 2019-1 2019-2

WC-1BR 39.13 38.00 37.84 37.77 37.10

WC-4B 37.88 36.76 36.74 36.54 35.94

WC-5B 37.57 36.88 36.74 36.71 35.93
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2017-2 2018-1 2018-2 2019-1 2019-2

WC-1CR 36.02 34.94 34.77 34.54 33.96

WC-4C 35.27 34.27 34.17 33.94 0

WC-5C 35.24 34.15 34 33.67 33.08
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Horizontal Effective Horizontal Horizontal

Distance (ft) Gradient Porosity Conductivity Velocity

1,550 2017-2 2018-1 2018-2 2019-1 2019-2 iave ne Kh (ft/d) V (ft/yr)

WC1A/MW-15R 0.000361 0.000129 0.000445 0.000019 -0.000148 0.000161 0.2 1.1 0.3

WC1B/WC5B 0.001200 0.000862 0.000846 0.000815 0.000900 0.000925 0.2 3.9 7

WC1C/WC5C 0.000600 0.000608 0.000592 0.000669 0.000677 0.000629 0.2 20.3 23

Vertical Effective Vertical Vertical

Gradient Porosity Conductivity Velocity

iave ne *Kv (ft/d) Vv (ft/yr)

Shallow to Intermediate (WC-4A/B) 0.0448 0.2 1.7 136

Intermediate to Deep (WC-4B/C) 0.0738 0.2 8.1 1,086

*Kv = 2/3Kh 

2014 Biennial Water Quality Monitoring Report

Table A-1.
Ground Water Hydraulic Calculations
Closed Tillman Ridge Phase II Landfill 

St. Johns County, Florida



Hydraulic Property Benchmark(1) 2019 Biennial

Flow Direction West-Northwest West-Northwest

Average Hydaulic Gradient (feet/feet) 1.85 x 10-3 1.61 x 10-4

Flow Rate (feet/year) 4 0.3

Flow Direction West West

Average Hydaulic Gradient (feet/feet) 1.73 x 10-3 9.24 x 10-4

Average Vertical Gradient (feet/feet) - 4.48 x 10-2

Vertical Flow Rate (feet/year) - 136

Horizontal Flow Rate (feet/year) 12 7

Flow Direction West-Southwest West

Average Hydaulic Gradient (feet/feet) 1.18 x 10-3 6.29 x 10-4

Average Vertical Gradient (feet/feet) - 7.38 x 10-2

Vertical Flow Rate (feet/year) - 1,086

Horizontal Flow Rate (feet/year) 44 23

Notes:
(1) Hydraulic gradients and flow directions as  reported by HDR, Inc. (October 1994).  
Rates calculated using October 1994 HDR, Inc. hydraulic conductivity values of 
1.1 feet per day (Shallow Zone), 3.9 feet per day (Intermediate Zone), 20.3 feet per day 
(Deep Zone), and 0.20 for an effective porosity value.  

2019 Technical Report

Shallow Aquifer Zone

Intermediate Aquifer Zone

Deep Aquifer Zone

Table A-2.
Summary of Ground Water Hydraulics
Closed Tillman Ridge Phase II Landfill 

St. Johns County, Florida
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ATTACHMENT 2 

Ground Water Quality Exceedances & Graphical Displays 



Hydraulic Property Benchmark(1) 2019 Biennial

Flow Direction West-Northwest West-Northwest

Average Hydaulic Gradient (feet/feet) 1.85 x 10-3 1.61 x 10-4

Flow Rate (feet/year) 4 0.3

Flow Direction West West

Average Hydaulic Gradient (feet/feet) 1.73 x 10-3 9.24 x 10-4

Average Vertical Gradient (feet/feet) - 4.48 x 10-2

Vertical Flow Rate (feet/year) - 136

Horizontal Flow Rate (feet/year) 12 7

Flow Direction West-Southwest West

Average Hydaulic Gradient (feet/feet) 1.18 x 10-3 6.29 x 10-4

Average Vertical Gradient (feet/feet) - 7.38 x 10-2

Vertical Flow Rate (feet/year) - 1,086

Horizontal Flow Rate (feet/year) 44 23

Notes:
(1) Hydraulic gradients and flow directions as  reported by HDR, Inc. (October 1994).  
Rates calculated using October 1994 HDR, Inc. hydraulic conductivity values of 
1.1 feet per day (Shallow Zone), 3.9 feet per day (Intermediate Zone), 20.3 feet per day 
(Deep Zone), and 0.20 for an effective porosity value.  

2019 Technical Report

Shallow Aquifer Zone

Intermediate Aquifer Zone

Deep Aquifer Zone

Table A-2.
Summary of Ground Water Hydraulics
Closed Tillman Ridge Phase II Landfill 

St. Johns County, Florida



Parameter

(units)

State Limit

Date 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2

Shallow Aquifer Zone

MW-15R 3.7 6.8 5.3 5.8 12.2 5.7 5.6 6.3 6.4 5.7 329 225 307 191 179

MW-2 13.2 9.3 6.3 5.2 5.6 6.4 6.4 6.9 7.5 6.6 480 441 418 412 499

MW-17 5.4 5.2 5.4 4.9 6.4 5.2 5.2 5.9 6.3 5.7 188 445 143 146 145

MW-18 14.6 12.2 12.8 32.9 36.4 6.8 6.3 6.8 7.5 6.6 860 515 460 530 500

MW-19 3.4 53.9 3.8 5.9 15.4 6.8 6.8 7.2 7.8 6.7 445 622 619 613 649

MW-20 2.2 3.2 1.9 1.2 11.6 6.5 6.2 6.6 6.6 6.3 391 390 328 38 342

MW-21R 7.2 17.1 15.8 24.3 14.7 5.9 5.8 6.0 6.0 6.2 603 770 734 684 419

MW-22 66.9 3.6 19.7 46.9 15.7 4.5 4.6 5.2 5.7 5.0 336 445 187 168 145

WC-1AR 2.2 1.5 2.4 1.7 9.8 6.3 5.6 6.0 6.3 4.6 303 111 71 56 69

WC-4A 31.5 >200 54.7 62.2 26.1 6.6 6.5 7.3 7.7 6.6 981 581 304 342 437

WC-5A 6.8 7.0 4.6 6.7 6.7 6.5 6.4 7.0 7.4 6.3 536 403 420 367 367

Intermediate Aquifer Zone

WC-1BR 0.0 0.0 0.0 0.0 0.0 4.4 3.8 4.8 5.0 4.5 227 259 240 247 243

WC-4B 0.3 0.6 0.5 0.4 1.2 4.7 4.5 5.1 5.5 4.8 336 325 310 301 301

WC-5B 0.6 1.2 0.7 0.6 0.6 4.9 4.7 5.2 5.7 5.0 100 107 122 126 126

Deep Aquifer Zone

WC-1CR 91.5 38.4 34.5 39.2 18.5 7.2 7.2 7.6 8.0 7.2 662 687 685 684 677

WC-4C 7.5 18.8 6.8 6.8 6.8 6.6 6.7 7.2 7.7 6.8 1,261 1,142 1,090 1,042 1,111

WC-5C 5.1 28.8 10.4 1.6 10.9 7.0 6.9 7.4 7.9 7.0 846 879 902 895 905

(NTU) (S.U.) (umohs)

20 6.5-8.5 (Background)

2019 Technical Report

Turbidity pH Specific Conductunce

Table B-1.

Summary of Ground Water Quality 

Closed Tillman Ridge Phase II Landfill

St. Johns County, Florida



Parameter
(units)

State Limit
Date 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2

Shallow Aquifer Zone
MW-15R 320 320 260 210 190 6 50 5 5 <50 0.3 4.7 1.8 4.4 3.1

MW-2 380 220 310 380 340 7 33 6 5 7 0.5 0.1 0.4 0.19 <0.04
MW-17 250 370 230 190 180 7 82 5 <10 14 2.3 5.0 4.4 3.2 2.5
MW-18 560 360 330 330 340 10 88 6 5 6 0.7 0.3 0.4 0.4 0.2
MW-19 290 380 380 380 390 7 170 19 5 10 0.3 0.1 0.3 0.1 <0.04
MW-20 280 270 250 240 280 8 80 8 6 6 0.7 2.7 0.2 1.0 3.1

MW-21R 550 570 520 530 330 8 10 7 7 6 1.4 5.4 0.2 1.9 3.0
MW-22 280 340 180 160 210 8 19 10 7 7 0.7 1.9 0.2 1.0 0.8

WC-1AR 240 90 79 75 110 7 7 2 <5 2 0.01 <0.008 <0.008 0.02 <0.04
WC-4A 860 480 320 270 300 9 8 7 3 7 0.03 0.3 0.1 0.1 <0.04
WC-5A 390 280 290 240 270 8 18 9 5 7 0.6 0.8 0.3 0.3 0.7

Intermediate Aquifer Zone
WC-1BR 230 140 180 170 160 8 7 5 <10 7 0.8 0.3 0.7 0.6 0.7
WC-4B 250 190 700 170 180 15 14 8 15 18 2.6 2.7 0.7 0.3 2.3
WC-5B 670 70 98 860 79 17 14 19 19 22 0.4 0.5 0.6 0.7 0.5

Deep Aquifer Zone
WC-1CR 430 400 400 420 390 22 20 21 20 24 0.2 0.2 0.1 0.3 0.1
WC-4C 860 780 180 650 720 16 15 14 15 15 2.3 1.4 2.6 0.6 0.4
WC-5C 550 540 560 560 570 15 71 16 16 18 0.3 0.4 0.4 0.4 0.2

(mg/L) (mg/L) (mg/L)
500 250 2.8

2019 Technical Report

Total Dissolved Solids Chloride Nitrogen Ammonia

Table B-1 (cont'd)
Summary of Ground Water Quality

Closed Tillman Ridge Phase II Landfill
St. Johns County, Florida



Parameter
(units)

State Limit
Date 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2

Shallow Aquifer Zone
MW-15R 1.4 2.3 0.3 1.4 1.1 3 5 5 5 4 <9 <9 <9 <9 <9

MW-2 3.1 0.7 1.4 1.6 1.1 3 5 6 4 5 <9 <9 <9 <9 <9
MW-17 14.0 33.0 5.1 5.7 3.5 2 4 3 3 2 <9 <9 <9 <9 <9
MW-18 12.0 9.9 22.0 8.8 12.0 4 5 6 4 4 <9 <9 <9 10 12
MW-19 0.7 5.5 1.3 2.9 1.5 2 4 3 4 2 <9 <9 <9 <9 18
MW-20 1.4 0.4 0.5 1.0 0.6 4 3 4 4 3 <9 <9 <9 <9 <9

MW-21R 1.7 6.2 3.1 2.1 0.5 3 6 5 4 3 <9 <9 <9 <9 <9
MW-22 10.0 50.0 15.0 17.0 5.5 2 3 3 3 3 <9 <9 <9 <9 <9

WC-1AR 2.3 0.3 0.3 0.28 0.8 3 3 1 2 1 <9 <9 <9 <9 <9
WC-4A 3.7 80.0 4.7 1.2 8.4 4 4 4 4 4 <9 32 <9 <9 25
WC-5A 3.3 2.8 0.9 3.3 1.0 5 4 3 3 3 21 <9 <9 9.5 <9

Intermediate Aquifer Zone
WC-1BR 12.0 5.7 10.0 8.9 1.0 3 3 3 2 3 <9 <9 <9 <9 <9
WC-4B 6.0 6.0 0.5 5.1 4.4 8 10 16 10 9 <9 <9 <9 <9 <9
WC-5B 1.0 0.3 0.4 0.5 0.4 11 15 15 15 13 <9 <9 <9 <9 <9

Deep Aquifer Zone
WC-1CR 1.6 1.6 1.1 2.5 2.0 15 18 17 17 17 <9 <9 <9 <9 <9
WC-4C 0.4 1.0 5.4 0.6 0.5 14 17 10 16 15 <9 <9 <9 <9 <9
WC-5C 3.1 2.2 1.0 0.8 1.0 12 16 16 16 15 <9 <9 <9 <9 <9

(mg/L) (mg/L) (ug/L)
0.3 160 10

2019 Technical Report

Iron Sodium Arsenic

Table B-1 (cont'd)
Summary of Ground Water Quality

Closed Tillman Ridge Phase II Landfill
St. Johns County, Florida



Parameter
(units)

State Limit
Date 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2 2017-2 2018-1 2018-2 2019-1 2019-2

Shallow Aquifer Zone
MW-2 <0.050 <0.050 0.97 <0.05 <0.04

MW-15R 0.23 0.1 0.48 66 130
MW-17 <0.050 0.4 0.087 96 59
MW-18 0.12 <0.050 <0.050 <0.05 0.32
MW-19 <0.050 <0.100 <0.050 <0.05 0.10
MW-20 <0.050 0.06 0.06 <0.05 <0.05

MW-21R <0.050 <0.100 0.16 <0.05 0.21
MW-22 1.1 <0.050 <0.050 <0.05 <0.05

WC-1AR <0.050 <0.050 <0.050 34 <0.05
WC-4A 4.7 0.27 2.7 0.16 0.23
WC-5A <0.050 <0.050 <0.050 <0.05 0.37

Intermediate Aquifer Zone
WC-1BR <0.050 <0.050 <0.050 84 0.092
WC-4B <0.050 <0.050 0.18 <0.05 0.088
WC-5B <0.050 <0.050 <0.050 <0.05 <0.05

Deep Aquifer Zone
WC-1CR <0.050 <0.05 <0.050 <0.05 0.28
WC-4C <0.25 <0.25 0.18 <0.05 0.2
WC-5C 3.2 0.4 <0.100 <0.05 <0.05

(ug/L) (ug/L) (mg/L)
1 700 10

2019 Technical Report

Benzene Acetone Nitrate

Table B-1 (cont'd)
Summary of Ground Water Quality

Closed Tillman Ridge Phase II Landfill
St. Johns County, Florida



2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 0.3 4.7 1.8 4.4 3.1
MW-17 0.5 0.1 0.4 0.19 <0.04
MW-18 2.3 5.0 4.4 3.2 2.5
MW-19 0.7 0.3 0.4 0.4 0.2
MW-20 0.3 0.1 0.3 0.1 <0.04

MW-21R 0.7 2.7 0.2 1.0 3.1
MW-22 1.4 5.4 0.2 1.9 3.0

WC-1AR 0.7 1.9 0.2 1.0 0.8
WC-4A 0.01 <0.008 <0.008 0.02 <0.04
WC-5A 0.03 0.3 0.1 0.1 <0.04
MW-2 0.6 0.8 0.3 0.3 0.7
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 0.3 4.7 1.8 4.4 3.1
MW-17 2.3 5.0 4.4 3.2 2.5
MW-18 0.7 0.3 0.4 0.4 0.2
MW-19 0.3 0.1 0.3 0.1 <0.04
MW-20 0.7 2.7 0.2 1.0 3.1
MW-21 1.4 5.4 0.2 1.9 3.0
MW-22 0.7 1.9 0.2 1.0 0.8

WC-1AR 0.0 <0.008 <0.008 0.0 <0.04
WC-4A 0.0 0.3 0.1 0.1 <0.04
WC-5A 0.6 0.8 0.3 0.3 0.7
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 0.8 0.3 0.7 0.6 0.7
WC-4B 2.6 2.7 0.7 0.3 2.3
WC-5B 0.4 0.5 0.6 0.7 0.5
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 0.2 0.2 0.1 0.3 0.1
WC-4C 2.3 1.4 2.6 0.6 0.4
WC-5C 0.3 0.4 0.4 0.4 0.2
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2017-2 2018-1 2018-2 2019-1 2019-2

MW-15R 3.7 6.8 5.3 5.8 12.2

MW-17 5.4 5.2 5.4 4.9 6.4

MW-18 14.6 12.2 12.8 32.9 36.4

MW-19 3.4 53.9 3.8 5.9 15.4
MW-20 2.2 3.2 1.9 1.2 11.6

MW-21R 7.2 17.1 15.8 24.3 14.7

MW-22 66.9 3.6 19.7 46.9 15.7

WC-1AR 2.2 1.5 2.4 1.7 9.8

WC-4A 31.5 >200 54.7 62.2 26.1

WC-5A 6.8 7.0 4.6 6.7 6.7

MW-2 13.2 9.3 6.3 5.2 5.6
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2017-2 2018-1 2018-2 2019-1 2019-2

MW-15R 5.7 5.6 6.3 6.4 5.7

MW-17 5.2 5.2 5.9 6.3 5.7

MW-18 6.8 6.3 6.8 7.5 6.6

MW-19 6.8 6.8 7.2 7.8 6.7
MW-20 6.5 6.2 6.6 6.6 6.3

MW-21R 5.9 5.78 6 6 6.2
MW-22 4.5 4.6 5.2 5.7 5

WC-1AR 6.3 5.6 6 6.3 4.6
WC-4A 6.6 6.5 7.3 7.7 6.6
WC-5A 6.5 6.4 7 7.4 6.3
MW-2 6.4 6.4 6.9 7.5 6.6
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2017-2 2018-1 2018-2 2019-1 2019-2

MW-15R 329 225 307 191 179

MW-17 188 445 143 146 145

MW-18 860 515 460 530 500

MW-19 445 622 619 613 649
MW-20 391 390 328 38 342

MW-21R 603 770 734 684 419
MW-22 336 445 187 168 145

WC-1AR 303 111 71 56 69
WC-4A 981 581 304 342 437
WC-5A 536 403 420 367 367
MW-2 480 441 418 412 499
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2017-2 2018-1 2018-2 2019-1 2019-2

WC-1BR 4.4 3.8 4.8 5.0 4.5

WC-4B 4.7 4.5 5.1 5.5 4.8

WC-5B 4.9 4.7 5.2 5.7 5.0
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 7.2 7.2 7.6 8 7.2
WC-4C 6.6 6.7 7.2 7.7 6.8
WC-5C 7 6.9 7.4 7.9 7
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 227 259 240 247 243
WC-4B 336 325 310 301 301
WC-5B 100 107 122 126 126
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 662 687 685 684 677
WC-4C 1261 1142 1090 1042 1111
WC-5C 846 879 902 895 905
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R <9 <9 <9 <9 <9
MW-17 <9 <9 <9 <9 <9
MW-18 <9 <9 <9 <9 <9
MW-19 <9 <9 <9 10 12
MW-20 <9 <9 <9 <9 18

MW-21R <9 <9 <9 <9 <9
MW-22 <9 <9 <9 <9 <9

WC-1AR <9 <9 <9 <9 <9
WC-4A <9 <9 <9 <9 <9
WC-5A <9 32 <9 <9 25
MW-2 21 <9 <9 9.5 <9

R² = 0.0324

R² = 0.306
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 320 320 260 210 190
MW-17 380 220 310 380 340
MW-18 250 370 230 190 180
MW-19 560 360 330 330 340
MW-20 290 380 380 380 390
MW-21 280 270 250 240 280
MW-22 550 570 520 530 330

WC-1AR 280 340 180 160 210
WC-4A 240 90 79 75 110
WC-5A 860 480 320 270 300

0

100

200

300

400

500

600

700

800

900

1000

2017-2 2018-1 2018-2 2019-1 2019-2

m
g

/L

Monitoring Event

TDS - Shallow Zone

MW-15R

MW-17

MW-18

MW-19

MW-20

MW-21

MW-22

WC-1AR

WC-4A

WC-5A



2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 230 140 180 170 160
WC-4B 250 190 700 170 180
WC-5B 670 70 98 860 79
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 430 400 400 420 390
WC-4C 860 780 180 650 720
WC-5C 550 540 560 560 570
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 6 50 5 5 <50
MW-17 7 33 6 5 7
MW-18 7 82 5 <10 14
MW-19 10 88 6 5 6
MW-20 7 170 19 5 10
MW-21 8 80 8 6 6
MW-22 8 10 7 7 6

WC-1AR 7 7 2 <5 2
WC-4A 9 8 7 3 7
WC-5A 8 18 9 5 7
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 8 7 5 10 7
WC-4B 15 14 8 15 18
WC-5B 17 14 19 19 22
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 22 20 21 20 24
WC-4C 16 15 14 15 15
WC-5C 15 71 16 16 18
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 1.4 2.3 0.3 1.4 1.1

MW-2 3.1 0.7 1.4 1.6 1.1
MW-17 14.0 33.0 5.1 5.7 3.5
MW-18 12.0 9.9 22.0 8.8 12.0
MW-19 0.7 5.5 1.3 2.9 1.5
MW-20 1.4 1.4 1.4 1.4 1.4

MW-21R 1.7 6.2 3.1 2.1 0.5
MW-22 10.0 50.0 15.0 17.0 5.5

WC-1AR 2.3 0.3 0.3 0.28 0.8
WC-4A 3.7 80.0 4.7 1.2 8.4
WC-5A 3.3 2.8 0.9 3.3 1.0
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 12.0 5.7 10.0 8.9 1.0
WC-4B 6.0 6.0 0.5 5.1 4.4
WC-5B 1.0 0.3 0.4 0.5 0.4
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 1.6 1.6 1.1 2.5 2.0
WC-4C 0.4 1.0 5.4 0.6 0.5
WC-5C 3.1 2.2 1.0 0.8 1.0
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2017-2 2018-1 2018-2 2019-1 2019-2
MW-15R 3 5 5 5 4
MW-17 3 5 6 4 5
MW-18 2 4 3 3 2
MW-19 4 5 6 4 4
MW-20 2 4 3 4 2
MW-21 4 3 4 4 3
MW-22 3 6 5 4 3

WC-1AR 2 3 3 3 3
WC-4A 3 3 1 2 1
WC-5A 4 4 4 4 4
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1BR 3 3 3 2 3
WC-4B 8 10 16 10 9
WC-5B 11 15 15 15 13
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2017-2 2018-1 2018-2 2019-1 2019-2
WC-1CR 15 18 17 17 17
WC-4C 14 17 10 16 15
WC-5C 12 16 16 16 15
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