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What is Bitcoin Mining?

BlockBitcoin 
Transaction

Block Puzzle

Proof of Work

Validation & 
Verification by 

Miners
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Environmental Domains are connected

Air

Groundwater

Soil

Surface 
WaterLeachate

Wastewater

Gas

Our database must be able to evaluate the interface of the domains.
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Overview of a Typical Data Management Workflow

Sample Collection
Field parameters and 

measurements 
recorded in electronic 

form.

Data Verification
Does the EDD match the 
lab report and Chain of 

Custody?

Data Management
Run saved queries and 
crosstabs to automate 

routine reporting.

Laboratory Analysis
Electronic Data 

Deliverable and Lab 
Report Generated

Data Validation
Dependent on the site 

QAPP.

Errors back to Lab

Post-Management 
Modeling and Analysis

Output files for other post-
processing as necessary:

Exceedance reports

Cross-tab reports

Groundwater contours

Hydrographs

Wellhead measurements

Landfill Gas Flow rates

Conceptual Site Model

Contaminant Plume
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Sample 
Collection

Field parameters and 
measurements 

recorded in electronic 
form.

Data Verification
Does the EDD match the 
lab report and Chain of 

Custody?

Data Management
Run saved queries and 
crosstabs to automate 

routine reporting.

Laboratory 
Analysis

Electronic Data 
Deliverable and Lab 
Report Generated

Data Validation
Dependent on the site 

QAPP.

Errors back to Lab

Post-Management 
Modeling and Analysis

Output files for other post-
processing as necessary:

Exceedance reports

Cross-tab reports

Groundwater contours

Hydrographs

Wellhead measurements

Landfill Gas Flow rates

Conceptual Site Model

Contaminant Plume

Data Management, like Bitcoin Mining, is a Circular Process
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Case Studies
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Automating Data Reporting

◆ Creating saved query and cross 
tab structures you can easily run 
reports with a click of a button.

§ Run Water Level Elevations

§ Run a table with only field parameters

§ Create an exceedance report against 
the intervention limit or other action 
level.

Database

Groundwater 
Contour Trends Report
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GW Monitoring Network Optimization: Sufficiency vs Redundancy

◆ Sufficiency and Redundancy evaluations can include:

§ Statistical evaluation (e.g., detect count),

§ Temporal evaluation (e.g., detections with time), and

§ Spatial evaluation (e.g., detections in space).
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Case Study - Redundancy
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GW Monitoring Network Review - Redundancy

1. Statistics Screening

2. Temporal

3. Spatial
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Initial Statistics Screening

◆ Any low 
hanging fruit? 

◆ e.g., no 
exceedances 
and <10% 
detection?
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Temporal Evaluation

◆ Is a change in sample frequency supported by the Rate of Change of 
detections (i.e., the slope of fitted linear regression line)?
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GW Monitoring Network Review: Sufficiency vs Redundancy

◆ Insufficient locations give a high Relative Percent Difference (RPD).

◆ Redundant locations give a low Relative Percent Difference (RPD).
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◆ The following equation can be used for spatial evaluation of sufficiency 
and redundancy.  
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Spatial Evaluation

◆ What is the potential change in 
interpretation resulting from 
removing a well?

◆ Percent change between the known 
vs. interpolated concentration

◆ Percent change in area of the 
plume exceeding the GWPS

◆ Percent change in volume of the 
plume exceeding the GWPS

◆ If percent change less than 15%, 
then it is acceptable to remove 
well.
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Summary Output

◆ Summarize existing 
monitoring vs proposed 
monitoring for;

◆ number of parameters per well 
(stats)

◆ frequency of monitoring per 
well (temporal) 

◆ omit or abandon monitoring 
per well (spatial)  
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Case Study – 
Initial Statistics Screening
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Groundwater Monitoring Network in Minnesota

◆ Any low hanging fruit? 
e.g., no exceedances 
and <10% detection?
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Legend for the Next Slides

LEGEND
66% - 100%
11% - 65%
0% - 10%
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Looking at the detection frequency at our entire database
Parameter Analytical Method Analyte Type

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
% Detected % Detected % Detected % Detected % Detected % Detected % Detected % Detected % Detected % Detected % Detected 

Barium EPA 200.7/6010/6010B/6010D Metal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Calcium EPA 200.7/6010/6010B/6010D Metal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Magnesium EPA 200.7/6010/6010B/6010D Metal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Potassium EPA 200.7/6010/6010B/6010D Metal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Sodium EPA 200.7/6010/6010B/6010D Metal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Sulfate EPA 300/ASTM D516-90,02 Metal 100% 97% 94% 94% 100% 90% 100% 97% 94% 94% 94%
Nickel EPA 

200.7/200.8/6010/6020/6020B
Metal 0% 83% 50% 67% 75% 71% 86% 86%

Manganese EPA 200.7/6010/6010B/6010D Metal 84% 83% 74% 81% 75% 68% 67% 82% 83% 86% 77%
Iron EPA 200.7/6010/6010B/6010D Metal 56% 10% 26% 22% 81% 74% 80% 91% 81% 83% 74%
Copper EPA 

200.7/200.8/6010/6020/6020B
Metal 28% 80% 26% 6% 59% 39% 60% 32% 50% 46% 49%

Phosphorus EPA 365.1 Metal 33% 83% 33% 50% 38% 29% 29% 43%
Arsenic EPA 200.8/6010/6020/2340B Metal 31% 23% 26% 22% 53% 68% 57% 47% 61% 49% 34%
Mercury EPA 245.1/245.7/7470 Metal 0% 0% 0% 0% 17% 5% 0% 32% 4% 8% 8%
Zinc EPA 

200.7/200.8/6010/6020/6020B
Metal 22% 20% 38% 20% 93% 14% 4% 9% 3% 3% 3%

Boron EPA 200.7/6010/6010B/6010D Metal 6% 3% 0% 0% 0% 0% 0% 0% 7% 0% 0%
Cadmium EPA 200.8/6010/6020/6020B Metal 13% 3% 0% 0% 9% 5% 0% 0% 8% 0% 0%
Chromium EPA 200.7/6010/6010B/6010D Metal 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Cobalt EPA 200.7/6010/6010B/6010D Metal 6% 7% 33% 0% 0% 0% 0% 0% 0% 0% 0%
Lead EPA 200.8/6020/6020B Metal 3% 0% 4% 4% 9% 0% 0% 0% 0% 0% 0%
Selenium EPA 200.8/6010/6020/6020B Metal 0% 17% 0% 0% 0% 0% 0% 0%
Silver EPA 200.8/6010/6010B/6010D Metal 0% 0% 0% 0% 0% 0% 0% 0%
Hexachlorobutadiene EPA 8260/8260B SVOC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Naphthalene EPA 8260/8260B SVOC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Ethyl Ether EPA 8260/8260B VOC 4% 2% 2% 0% 17% 28% 37% 23% 26% 24% 17%
Vinyl Chloride EPA 8260/8260B VOC 0% 0% 0% 0% 2% 18% 15% 11% 8% 9% 6%
Toluene EPA 8260/8260B VOC 0% 0% 2% 0% 14% 7% 0% 19% 8% 2% 5%
4-Methyl-2-pentanone EPA 8260/8260B VOC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
cis-1,2-Dichloroethene EPA 8260/8260B VOC 11% 2% 4% 0% 2% 4% 4% 2% 2% 0% 2%
Trichloroethene EPA 8260/8260B VOC 0% 0% 0% 0% 0% 2% 0% 0% 0% 0% 2%
1,1,1,2-Tetrachloroethane EPA 8260/8260B VOC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1,1,1-Trichloroethane EPA 8260/8260B VOC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Exceedance Report: Frequency Count

IL is the Invervention limit and HRL is the Health Risk Limit.

IL HRL IL HRL IL HRL
Arsenic 5 5
Manganese 2 2 2 2 20 20
Nitrogen, NO3 + NO2 1 1 1 1 4 4
Perfluorobutanesulfonic acid 2 2
Perfluorohexanoic acid (PFHxA) 2 2
Trichloroethene 1 1
Vinyl Chloride 1 1 1 1 2 2

22Q2 22Q3 22Q4
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Evaluating VOCs by Method

◆ VOCs analyzed by EPA 8260

◆ Evaluating the entire dataset in our 
database there is no year with 
detection frequencies greater than 
10%.

Year Detection Frequency
2012 0.2635%
2013 0.0845%
2014 0.1126%
2015 0.0000%
2016 0.5578%
2017 1.3311%
2018 0.8442%
2019 1.4706%
2020 0.8197%
2021 0.6239%
2022 0.4751%
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Evaluating Metals by Method

◆ Method 245.7 is for Mercury

Detection Frequency
ASTM D516 EPA 245.7 EPA 6010/6010D EPA 6020B

2018 100% 0% 66% 34%

2019 97% 32% 70% 26%

2020 94% 4% 68% 35%

2021 94% 8% 68% 30%

2022 94% 8% 66% 27%
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Retained for further Spatial and Temporal

Analyte or Group
Current 
Frequency Location (s)

VOC (run for VC and TCE) annual Q4 MW-13A, MW-14A, MW-16A, MW-16B, MW-18A
VOC (run for VC and TCE) annual Q2 MW-25A
VOC (run for VC and TCE) semi-annual MW-20A, MW-22A, MW-28AR, MW-3A, MW-3C, MW-8A, MW-8B

VOC (run for VC and TCE) quarterly
MW-27A, MW-29A, MW-30A, MW-30B, MW-31A, MW-31B, MW-32A, 
MW-32B, MW-4C, MW-5A

Metals: Mercury Method 245.7 annual

MW-13A, MW-14A, MW-16A, MW-16B, MW-18A, MW-20A, MW-22A, 
MW-28AR, MW-30A, MW-30B, MW-31A, MW-31B, MW-32A, MW-32B, 
MW-3A, MW-3C, MW-4A, MW-4B, MW-4C, MW-5A, MW-6A, MW-8B, 
OBS-1, OBS-2

Metals Annual MW-25A
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Now what? 
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Data management is a circular process.

Sample 
Collection

Field parameters and 
measurements 

recorded in electronic 
form.

Data Verification
Does the EDD match the 
lab report and Chain of 

Custody?

Data Management
Run saved queries and 
crosstabs to automate 

routine reporting.

Laboratory 
Analysis

Electronic Data 
Deliverable and Lab 
Report Generated

Data Validation
Dependent on the site 

QAPP.

Errors back to Lab

Post-Management 
Modeling and Analysis

Output files for other post-
processing as necessary:

Exceedance reports

Cross-tab reports

Groundwater contours

Hydrographs

Wellhead measurements

Landfill Gas Flow rates

Conceptual Site Model

Contaminant Plume
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Mining our database can save costs.

◆ Communicating the data and site clearly to all 
regulatory staff and owners is essential for 
monitoring the impacts to environmental and 
human health. 

§ Evaluate the redundancy and sufficiency of the 
groundwater monitoring network on your site

§ Describe the site Conceptual Site Model

§ Perform Plume Stability Calculations

§ Create Macros or code to format your database 
outputs specific to how you want it.

Post-Management Modeling and 
Analysis

Output files for other post-processing 
as necessary:

Exceedance reports

Cross-tab reports

Groundwater contours

Hydrographs

Wellhead measurements

Landfill Gas Flow rates

Conceptual Site Model

Contaminant Plume
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Questions & Answers

Q&A



foth.com

http://www.foth.com/
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Data Verification & Validation
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Data Verification 

Completeness check to 
confirm that the specified 
analytical requirements have 
been met.
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Data Validation

Confirmation that the particular 
requirements for a specific 
intended use are fulfilled.  

Data validation consists of 
analyte and sample specific 
process for evaluating 
compliance of the laboratory 
data received with methods, 
procedures, or contract 
requirements.

Stage 4

Stage 3

Stage 2B

Stage 2A

Stage 1
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Eliminated through this Screening
Location Parameter Sampling Frequency Reason for retaining at current schedule
MW-8A Mercury Annual Detected Annually
MW-26A VOC quaterly Detected 22Q3
MW-27B VOC annual Q4 Detected 22Q4
MW-29A VOC quaterly Detected 22Q3
MW-4B VOC quaterly Detected 21Q4, 21Q3, 21Q2, … and more
MW-4C VOC quaterly Detected 22Q4, 22Q3, 22Q2, … and more
MW-6A VOC quaterly Detected 22Q4
OBS-2 VOC quarterly Detected 22Q4, 22Q3, 22Q2, … and more
OBS-1 VOC annual, Q4 Detected 22Q4, 21Q4
All Barium Detected 100% in 2022
All Calcium Detected 100% in 2022
All Magnesium Detected 100% in 2022
All Potassium Detected 100% in 2022
All Sodium Detected 100% in 2022
All Sulfate Detected  94% in 2022
All Nickel Detected  85% in 2022
All Manganese Detected  77% in 2022
All Iron Detected  74% in 2022
All Copper Detected  48% in 2022
All Phosphorus Detected 42% in 2022
All Arsenic Detected 34% in 2022
Spray Field WMS (MW-26A, MW-27A, MW-29A, MW-25A) PFAS annual, Q4 Retained at current frequency due to Spray Field requirements
Spray Field WMS (MW-26A, MW-27A, MW-29A) Metals quarterly Retained at current frequency due to Spray Field requirements



Support Slides
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Compliance Hiccups with Historic Method

◆ Delay in reporting to agencies

◆ Lack of ease to transform data and model

◆ Issues with verification or validation of data

◆ Calculations

◆ Modeling long term data
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Historic Method of Monitoring and Reporting

Efficient and clear reporting is essential to communicate to Regulatory Officials 
and Facility.

Sample Collection
Field parameters and 

measurements 
recorded in field log

Data Management
Excel File

Reporting
Manipulating 

spreadsheet to report 
to Regulatory or Facility

Laboratory Analysis
Lab Report
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It Begins in the Field
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Field Data Collection

Planning

◆ Generate forms for mobile devices

◆ Match forms to COC and permit or 
operational requirements

Deployment 

◆ Use tools to track which locations have 
monitoring completed

◆ Enter information into forms

Database Merge 

◆ Seamlessly upload EDD into database.

Source: https://earthsoft.com/products-equis-data-acquisition-equis-collect/
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Benefits of using a Collect System

◆ Team can track progress virtually.

◆ Seamless upload into database provides 
team ease of communication between the 
Project Manager and Field Team.

◆ Forms can be changed for site specific 
needs:

§ Soil Sampling

§ Landfill Monitoring (gas and groundwater systems)

◆ Reduces time to upload information

◆ Improves accuracy

Mobile 
Data

Data 
Verification

Database
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Gas Compliance Monitoring

Report Rules: O2>=5%, Temp>=131F, Static Press.>=0"H2O
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Start with your Sampling and Analysis Plan 

Use the Sampling Plan 
as a framework for 
your database.
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What monitoring domains are within your permit?

Air

Ground
-water

Soil
Surface 
Water

Leachat
e

Waste-
water

Gas
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Other Uses
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“Evaluate the effect the facility is having on ground 
water and surface water quality”
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“Tabulate the analytical results to date and highlight those that exceeded the ground water 
performance standards of Minn. R. 7035.2815 subpart 4 or surface water quality standards”

Bolded values exceed the MPCA IL. Highlighted values exceed the MPCA IL and MDH HRL.
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“Identify recent and long-term trends in the concentrations of 
monitored constituents and in water elevations”
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Format Automation in Excel using Macro
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Calculate Chemical Loading on Land Application Site

Our database can 
easily transform the 
data to meet the 
needs of owners 
and operators.
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Conceptual Design Component: Liner and Groundwater Elevation
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Spatial
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GW Monitoring Network Review- SUFFICIENCY (spatial)  
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GW Monitoring Network Review- SUFFICIENCY (spatial) 
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GW Monitoring Network Review- SUFFICIENCY (spatial) 
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GW Monitoring Network Review- SUFFICIENCY (spatial) 



Page 56Page 56

GW Monitoring Network Review- Sufficiency (spatial output) 


