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Water Quality and Wastewater Planning

AMP - Water Quality Monitoring and 
Modeling Workshop

April 1, 2016

Agenda

 Introduction and Overview

 Summary Presentations on Water Quality Analytical Programs

 Preparing the Work Plan
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Introduction and Overview

Massachusetts Estuaries Project (MEP)
Total Maximum Daily Load (TMDL) Requirements
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Nauset Harbor MEP Report (2012)
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Massachusetts Estuaries Project (MEP)
Total Maximum Daily Load (TMDL) Requirements
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Pleasant Bay MEP Report (2006)

MEP Updates Recommended

 MEP modeling based on data from 2003/2004 

 MEP Report provides reasonable planning-level estimates for 
nitrogen-removal targets

 Updating MEP model will enable refinement of nitrogen-removal 
targets
• Current water quality data is available
• Hydrodynamic conditions have changed in both systems
• Special Studies recommended to confirm system health (based on water 

quality data) in certain sub-embayments
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Freshwater Ponds Program

 63 freshwater lakes and ponds in 
Orleans; 25 with surface area > 1 acre

 Comprehensive Wastewater 
Management Plan (CWMP, 2010), 
selected the following freshwater ponds 
for further evaluation:
• Bakers Pond, Bolands Pond, Cedar 

Pond, Crystal Lake, Ice House Pond, 
Pilgrim Lake, Sarah’s Pond and Shoal 
Pond

• Summary of evaluation in CWMP Table 
3-4

 Water quality monitoring has continued
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Freshwater Ponds Program (cont.)

Next Step: Ponds Management Plan

 Fiscal Year 2017
• Update trophic status using 

ongoing monitoring data
• Integrate stormwater and fertilizer 

information

 Fiscal Year 2018
• Implementation of specific 

remediation measures
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Consensus Plan Project and Goals - Hybrid Approach

 Maximize the use of non-traditional (NT) technologies, including:
• Permeable Reactive Barriers
• Floating Constructed Wetlands
• Shellfish

 Collection and treatment in two areas where NT technologies cannot 
meet nitrogen-removal and other goals
• Downtown Orleans
• Meetinghouse Pond subwatershed

 Demonstration projects needed to validate nitrogen-removal efficacy 
and other parameters

 Adaptive Management to incorporate findings of demonstrations into 
future planning and implementation decisions
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Program Schedule - Key Activities / Dates

 FCW / PRB Subcommittee Workshop – April 6, 2016

 Shellfish / Aquaculture – April 2016

 OWQAP – April 20, 2016

 Town Meeting – May 9, 2016
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Summary Presentations on Water Quality 
Analytical Programs

A. Non-Traditional Project Monitoring
B. Freshwater Ponds
C. Cedar Pond Studies
D. MEP Modeling and Analysis



7

E. Non-Traditional Project Monitoring

Shellfish Demonstration Monitoring

Key Water Quality Monitoring Parameters

 Baseline water quality conditions

 Population survival and size 
classes by length for one year of 
growth

 Density of area covered by 
shellfish

 Review of environmental 
conditions of site for shellfish 
growth

 Assessment of operation and 
maintenance requirements

 Useful modifications to gear 
design

 Recommendations on the type 
of shellfish grown and whether 
there should be a mix of species

 Assessment of abutter 
compatibility and use conflicts
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Shellfish Demonstration Monitoring (cont.)

Key Baseline Water Quality Conditions

 Total Nitrogen

 Particulate Organic Nitrogen

 Particulate Organic Carbon

 Chlorophyll-a

 Water clarity (Secchi)

 Total Suspended Solids

 Sediment cycling/benthic flux

 Number and location of 
sampling stations depend on 
size of installation
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Shellfish Demonstration Monitoring
Lonnies Pond
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Monitoring
Station (typ.)

Possible Demo
Location
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Shellfish Demonstration Monitoring
Quanset Pond
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Monitoring
Station (typ.)

Possible Demo
Location

Floating Wetland Demonstration Monitoring

In-Situ Water Quality Analysis

 Monitoring stations located 
landward and seaward of 
installation

 Dataloggers: water quality and 
current data in 15-minute intervals 
(temperature, DO, turbidity, 
chlorophyll and salinity)

 Paired Grab Samples: weekly 
water quality measurements 4/15 
– 9/30; monthly sampling 10/1 –
4/14 (nitrogen species, soluble 
reactive phosphorus, total 
suspended solids, and 
chlorophyll-a)

 Discrete probe measurements 
taken with grab samples 
(temperature, conductivity, 
salinity, DO, and pH)

 Seasonal (4X/year) water quality 
samples (nutrient and physical 
chemical measurements) at 
each inflow, as well as a 
minimum of three stormwater 
samples
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Floating Wetland Demonstration Monitoring (cont.)

 Laboratory Analysis

 Aboveground biomass of 
vegetation on the FCW
• Estimate of net primary 

production
• Estimate of nutrient uptake

 Biofilm uptake using an 
array of pucks
• Assess removal of nutrients 

by FCW mat material
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Figure 1: FCW Schematic and Installation

PRB Overview

 A PRB Consists of a Zone of Reactive Material Installed in the Path of 
a Dissolved Contaminant (e.g. nitrate) Plume

 Denitrification - Biological Process by Bacteria Ubiquitous in the 
Environment
• Nitrate converted to inert nitrogen gas (N2) 
• Requires anoxic (low oxygen conditions)
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(ITRC, 2011)

Permeable Reactive Barrier

Nitrate Groundwater
Nitrogen 
Sources

Treated Groundwater
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PRB Demonstration Test Monitoring Overview

 PRB Demonstration Testing will Include Extensive Groundwater 
Sampling and Analysis Program

 Performance Monitoring
• Evaluate Changing Nitrogen Concentrations                                                 

and Load Reduction
• Assess Size of Reactive Zone                                                             

(Distance Downgradient of PRB)
• Evaluate Migration of Carbon Substrate 

 Evaluate Secondary Water Quality Impacts

 Engineering Design Optimization

 Monitoring Wells Located Upgradient and Downgradient of the PRB

 Similar to Other In-situ Biological Treatment Technologies
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PRB Demonstration Test Monitoring Overview

 50 to 200 feet long
• Dimensions easily adjusted

 Monitoring Parameters
• Total Nitrogen
• Nitrate
• Nitrite
• Ammonia 
• Dissolved Metals
• Sulfate
• Dissolved Organic Carbon
• Methane
• Dissolved Oxygen
• pH
• Oxidation-Reduction Potential
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PRB

Upgradient 
Monitoring Wells

Monitoring Wells at Varying 
Distances Downgradient of the PRB 

Cross-gradient 
Monitoring Wells
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F. Special Studies
G. Other
H. Summary of Key Monitoring 
Recommendations

Preparing the Work Plan
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Thank You


