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Overview 

 
The Town of Brewster has over 70 freshwater ponds of various sizes and depths.  These ponds and lakes 

are important recreational areas for swimming, fishing, and boating. Their natural habitats provide 

important ecological and commercial services for cranberry bogs, herring runs, and nitrogen attenuation 

protecting estuaries.  Brewster citizens have long recognized that ponds are important community 

resources and, in 1999, helped to initiate the Cape Cod Pond and Lake Stewards (PALS) program to 

encourage development of basic knowledge about these resources in order to develop active, appropriate, 

and pond-specific management strategies to ensure long-term sustainable water quality. 

 

CSP/SMAST staff was integral to the creation of the PALS program and continue to provide support for 

its key activities, including citizen water quality monitoring programs, pond-specific data development 

and synthesis, and development, implementation and assessment of pond management strategies.  As part 

of this ongoing effort, CSP/SMAST staff completed a 2009 review of citizen-collected water quality data 

from 29 ponds in the Town of Brewster (Figure 1).
1
  This review identified water quality problems in a 

number of the ponds and included recommendations to complete basic assessment data collection in order 

to establish a solid basis for development and implementation of future management plans.  The Brewster 

Comprehensive Water Planning Committee (CWPC) initiated an effort to address these recommendations 

and this Technical Memorandum details the results of initial work focused on selected ponds within the 

Mills Ponds Complex:  Upper Mill Pond, Lower Mill Pond, and Walkers Pond.   

 

The 2009 review of citizen-collected water quality data included more detailed interpretation and context 

for the water quality data for the following ponds:  Blueberry, Seymour, Canoe, Walkers, Upper Mill, and 

Lower Mill.  These detailed reviews included watershed delineations and development of preliminary 

water and phosphorus budgets. These reviews also recommended a number of pond-specific targeted data 

collection needed to develop reliable water and habitat quality management strategies.  Among the 

recommended targeted data collection for Upper Mill Pond, Lower Mill Pond, and Walkers Pond were 
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activities to quantify phosphorus from four sources:  1) road runoff, 2) birds, 3) pond sediments, and 4) 

the transfer of water and nutrients through the connections between the ponds.   

 

Working with the town CWPC, CSP/SMAST staff developed a series of specific tasks to address the 

measurement of phosphorus load from each of these sources.   Working with Town Natural Resources 

staff, CSP/SMAST project staff initiated the data collection related to phosphorus from road runoff, 

released from pond sediments and transferred via the inter-pond hydro-connections.  Initial field 

observations of road runoff during storm events indicated a positive result:  there were fewer direct 

stormwater discharge sites than originally estimated.  On the other hand, town and project staff was 

unsuccessful in recruiting volunteers to be bird counters at the ponds to directly estimate phosphorus 

input from avian fauna.  In addition, during the early portion of the project data collection, Walkers Pond, 

which was considered the least phosphorus impacted of the three ponds
2
, experienced an extensive blue-

green algae bloom in August 2011.   

 

Based on these events, CSP/SMAST staff recommended some repurposing of project resources in order 

to install continuous sampling devices in each of the three ponds during July and August 2012.  It was 

thought that the placement of these devices, known as sondes, would provide insights into the potential 

cause of the bloom in Walkers Pond, as well complementing the other pond-specific targeted data 

collection.  These time-series measurements of key water quality parameters also provide information that 

can later be used to provide robust water quality management strategies for the each of the ponds and the 

overall pond complex.   

 

The current project focuses on the development of needed data.  A subsequent project will be necessary to 

synthesize this newly-collected data with the previously-collected data and the findings of the 2009 

review in order to provide phosphorus management options for Upper Mill Pond, Lower Mill Pond, and 

Walkers Pond.  Details of the current project tasks and data and results are described briefly below:     

 

1.  Sediment Phosphorus Regeneration/Loading (Task 1A in original scope):  

In order to complete the evaluation of sediment nutrient regeneration, CSP/SMAST staff collected 

undisturbed sediment cores by SCUBA diver from each of the three ponds:  Walkers, Upper Mill, and 

Lower Mill.  Cores were incubated at in situ temperatures to evaluate nutrient regeneration from the 

sediments under oxic and anoxic conditions.  Three rounds of water quality samples were also collected 

to evaluate water quality conditions before, during, and after the collection of the cores.  The sediment 

regeneration measurements were undertaken based on the recommendation in Eichner (2009) to quantify 

sediment recycling of nutrients in order to better understand the relative contribution of sediments nutrient 

release to the phosphorus budgets and their role in future water quality management of the lakes. 

 

Sediment cores were collected on August 8, 2011 at three locations in Walkers Pond, five locations in 

Upper Mill Pond, and four locations in Lower Mill Pond (Figure 2).  The project scope called for a 

minimum of three cores in each pond, but additional sites were included by CSP/SMAST staff to provide 

better spatial coverage, as well as measurement of sediment parameters at slightly different depths.  

Duplicate cores were also collected at one location in each pond for quality assurance/quality control 

purposes.  Water samples and standard field measurements were also collected before, during, and after 

the core collection. 

 

During the collection of sediment cores, standard handling, incubation, and sampling procedures were 

followed based on the methods of Jorgensen (1977), Klump and Martens (1983), and Howes (1998).  

Cores were incubated at 24°C, which was the temperature of the bottom waters overlying the sediments at 

the time of the core collection.  This temperature also generally approximated the average temperatures in 

                                                      
2
 Eichner, E. 2009. Brewster Freshwater Ponds 



3 

 

the 2001-2007 dataset.
3
  During the incubations, water samples were withdrawn periodically and 

chemical constituents were assayed.  Rates of sediment nutrient release were determined from linear 

regression of analyte concentrations through time.  The laboratory followed standard methods for analysis 

and sediment geochemistry as currently used by the Coastal Systems Analytical Facility at SMAST-

UMassD. 

 

Cores are incubated to first sustain aerobic conditions, matching conditions when oxygen conditions are 

near atmospheric equilibrium throughout the water column.  Dissolved oxygen is then removed and 

sediment conditions move through a redox sequence ending with anoxia, similar to water column 

conditions where measured dissolved oxygen concentrations are less than 1 mg/L.  Table 1 indicates the 

core incubation results.   

 

Cores from Walkers Pond showed higher sediment oxygen demand than either of the Mill Ponds and 

Upper Mill Pond had higher sediment oxygen demand than Lower Mill Pond (WP>UMP>LMP).  The 

observed rates of sediment oxygen uptake are much higher than measured in deeper ponds in the region
4
, 

likely indicating a higher organic carbon/nutrient load to the sediments in these shallow basins.  Because 

of the regular mixing of the whole water column, shallower ponds also have readily available atmospheric 

oxygen to address sediment demand.  These interactions can help to forestall low oxygen events in the 

water column provided adequate wind-driven mixing is maintained.   

 

During the aerobic portion of the core incubation, Upper Mill Pond had the greatest aerobic inorganic 

phosphorus release, while Walkers Pond had the lowest.  During the anaerobic portion of the incubation, 

these conditions switch with the greatest chemical and anaerobic phosphorus releases in Walkers Pond 

and the least in Upper Mill Pond.  This flip of phosphorus release depending on oxygen availability likely 

results from the less frequent occurrence of bottom water hypoxia in Walkers Pond than the other two 

ponds.  The result is that these sediments store greater amounts of inorganically-bound phosphorus than 

the other ponds which more frequently have their bound phosphorus pool released and mixed throughout 

the pond.  The incubation results also suggest that low oxygen conditions in Walkers Pond in 2011 may 

have been the cause of a large pulse of phosphorus release from the sediments that prompted the blue-

green algal bloom.  This finding is doubly reinforced by the relationship between the chemical 

phosphorus release rates and the anaerobic release rates; all chemical release rates are significantly higher 

(ρ<0.05) than the anaerobic release rates showing that the initial transition to anaerobic conditions will 

release phosphorus into the water column at rates 2-8 times higher than either aerobic conditions or after 

anaerobic conditions are fully established.   

 

The results underscore the need to sustain acceptable dissolved oxygen concentrations in ponds and 

suggest that management options will have to address oxygen concentrations both for direct habitat 

impacts and to prevent accelerated phosphorus loading from sediments to pond waters.  The sediment 

incubations also show the secondary nutrient role that nitrogen plays in freshwater ponds:  ammonia-

nitrogen releases were relatively consistent among the ponds.  Bringing these results into full and proper 

context will require consideration of all the other factors and available data (e.g., lake phosphorus 

concentrations, relative mass of loads, sources of the loads, residence time of water, etc.).  These 

considerations should be incorporated into the development of management strategies for Walkers, Upper 

Mills, and Lower Mills ponds. 

 

Water quality data collected during three sampling events accompanying the sediment sampling were 

generally consistent with past data.  Measurements consisted of temperature and dissolved oxygen 
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profiles, Secchi clarity, and collection of water samples for laboratory nitrogen and phosphorus analysis.  

The three 2011 water quality sampling runs were conducted on:  August 2, August 8, and August 23.  

One additional event was completed for Lower Mill Pond on September 9.  Pond water samples were 

analyzed by the Coastal Systems Analytical Facility at the School of Marine Science and Technology 

(SMAST), University of Massachusetts Dartmouth in New Bedford.  Samples were analyzed for the 

following constituents:  total phosphorus (TP), ortho-phosphorus, total nitrogen (TN), nitrogen 

component species (NH4, NO3+NO2, TDN, and PON), POC, pH, alkalinity, chlorophyll a, and 

phaeophytin (Table 2).   

 
Water quality conditions at the time of the core collection were generally representative of average water-

column conditions seen in the 2001 to 2007 historic dataset.
 5
  However, clarity in Walkers Pond tended 

to be lower than the average measured between 2001 and 2007 and the August 8 reading matched the 

historical minimum recorded clarity (0.4 m) (Figure 3).  Upper Mill Pond clarity readings were generally 

within one standard deviation of the historic mean; sometimes greater and sometimes less than the mean.  

Lower Mill Pond readings were consistently above the historic mean with the August 8 reading more than 

one standard deviation greater than the historic mean.  Dissolved oxygen readings also tended to match 

historic patterns.  Upper Mill Pond had concentrations <1 ppm (anoxia) in bottom waters, which is 

consistent with the minimums in the historic dataset.  Walkers Pond generally showed little variation in 

dissolved oxygen from surface to bottom, which is also consistent with the historic dataset, as well as the 

time-series data from the sonde; although the August 2 profile measured dissolved oxygen levels in 

excess of atmospheric equilibration.  Excess dissolved oxygen levels (>100% of atmospheric) are 

generally indicative of excessive phytoplankton populations; similar events are scattered throughout the 

Walkers Pond 2001-2007 dataset.
6
  Lower Mill Pond generally had a drop in dissolved oxygen 

concentrations near the sediment surface with higher concentrations above, which is also generally 

consistent with the historic dataset.   

 

In general, total phosphorus concentrations agreed with historic averages except for extremely high 

concentrations measured in the deepest samples at Upper Mill and Lower Mill Ponds (Figure 4).  Surface 

total phosphorus concentrations in all three ponds tended to be within one standard deviation of the 

historic long-term averages, although many tended toward the higher end of the standard deviation range.  

The deep concentrations in Walkers Pond also fit this pattern, but in Upper Mill and Lower Mill Ponds 

the deepest samples were 2X to 10X higher than the historic averages.  These measurements may not be a 

significant change given that the deep samples in the historic dataset tended to be collected a little higher 

above the bottom, but comparison of these results with whole pond phosphorus masses may help to 

clarify whether these increases are significant.  The interaction between low dissolve oxygen and 

enhanced phosphorus release from sediments provides the mechanism for these large increases in 

phosphorus near the sediment surface in summer.  It is also worth noting that the surface water total 

phosphorus concentrations in all three ponds are exceptionally high, two to five times higher than the 10 

µg/L TP limit recommended for maintaining high quality habitats within Cape Cod ponds.
7
  The historic 

data averages showed these high concentrations and the August 2010 concentrations are also consistently 

high.   

 

Aerobic and anoxic sediment incubation results should be compared to water quality data from this year 

and past years to refine the phosphorus budgets during the preparation of water quality management plans 

for Walkers Pond, Upper Mill Pond, and Lower Mill Pond.   
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2.  Continuous Time-Series Monitoring/Sonde Placement - July/August 2012 (Task 1B in revised 

scope): 
As stated above, CSP/SMAST staff recommended some repurposing of project resources to gain 

information on rapid temporal changes in key water-column parameters during summer by installing 

continuous sampling devices in each of the ponds during July and August 2012.  The instruments 

recorded depth, chlorophyll-a, temperature, and dissolved oxygen every 15 minutes between July 2 and 

September 6, 2012; more than 6,300 readings were collected by each sonde during the mooring period.  

The sondes were moored at 30 cm off the bottom in each pond at depths at the edge of previously 

measured hypoxia
8
.  Average depths at the sonde placements were 1.4 m, 6.3 m, and 2.6 m in Walkers 

Pond, Upper Mill Pond, and Lower Mill Pond, respectively.  Water quality samples were collected on 

four occasions during measurement period as part of QA checks on sonde readings; dissolved oxygen and 

chlorophyll readings were generally within 95% of laboratory results. 

 

Upper Mill Pond and Lower Mill Pond dissolved oxygen concentrations were consistently below the 

water quality limit of 5 mg/L set by MassDEP for surface waters
9
:  85% and 91% of the Lower Mill Pond 

and Upper Mill Pond readings were below 5 mg/L DO, respectively (Figure 5).  These concentrations are 

lower than the averages based on the citizen-collected data between 2001 and 2007
10

 and suggest that 

either conditions have worsened or 2011 was an exceptionally poor water quality year.  Comprehensive 

review of all available water quality data during the next phase of development of management strategies 

could complete the comparisons and review potential trends.  

 

Walkers Pond, on the other hand, presented a different type of dissolved oxygen concern.  Only 2% of 

Walkers Pond readings were below 5 mg/L DO (see Figure 5).  However, Walkers Pond readings also 

showed a large portion (38%) of the readings above atmospheric equilibration; these mostly occurred in 

July.  The elevated oxygen levels in Walkers Pond are consistent with a prolonged phytoplankton bloom 

in July followed by a population crash with transfer of organic matter and nutrients to the sediments in 

August. 

 

Temperature readings largely reflect the depths of the ponds.  The two shallow ponds (Walkers and 

Lower Mill) had temperature readings that generally moved together, although Walkers Pond tended to 

show higher daily ranges in temperature (Figure 6).  Lower Mill Pond temperatures were likely somewhat 

buffered by the entry of lower temperature water from Upper Mill Pond.  Upper Mill Pond began July at a 

lower temperature than the other two ponds, but warmed over the mid-late summer.  The temperatures of 

the three ponds were generally the same in late July, but Upper Mill returned to colder temperatures in 

early August before coming back to congruence in later August.  This temperature separation likely 

results from a rainy/cloudy period.  The rise in temperature starting about July 25
th
 is consistent with a 

storm event with winds sufficient to down-mix warm surface waters containing oxygen, which can also 

be seen in the brief rise in bottom water dissolved oxygen (compare Figures 5 and 6).  Additional analysis 

will be undertaken in the management strategies phase for these ponds. 

 

Chlorophyll-a concentrations, much like the dissolved oxygen readings, reflect the differences among the 

ponds.  Walkers Pond, the uppermost pond in the complex, showed an extended phytoplankton bloom 

beginning in mid-July and extending to mid-August (Figure 7).  Concentrations before and after the 

bloom generally were in the same range (10 to 20 µg/L) as Upper Mill, the adjacent downstream pond.  

Upper Mill Pond generally remained in this concentration range, although it went through periods where 

it appears that the retention of nutrients in Walkers Pond, during the bloom period, diminishes its 
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chlorophyll concentrations.  Once the bloom in Walkers Pond subsides, Upper Mill Pond went through a 

two week period of elevated chlorophyll concentrations (20 to 30 µg/L) with a return to more usual 

concentrations by the end of August.  Lower Mill generally had the highest concentrations with multiple 

very high peaks above 70 µg/L.   

 

Average chlorophyll-a concentrations in the ponds are well above the recommended Cape Cod limits.
11

  

Average concentrations during the mooring periods were 23.3 µg/L, 10.9 µg/L, and 26.9 µg/L in Walkers 

Pond, Upper Mill Pond, and Lower Mill Pond, respectively.  These concentrations are very close to the 

averages developed for 2001-2007 data reviewed in the Brewster Ponds report (Eichner and others, 2009) 

of 22.0 µg/L, 10.2 µg/L, and 18.1 µg/L in Walkers Pond, Upper Mill Pond, and Lower Mill Pond, 

respectively.  All of these concentrations are an order of magnitude higher than the 1.7 µg/L 

recommended as a management target concentration for Cape Cod ponds.  More comprehensive review 

of data collected during this project and the previously town volunteer collected data should be completed 

during the next phase of developing management strategies for these ponds in order to discern the causes 

of these elevated concentrations in Walkers Pond, Upper Mill Pond, and Lower Mill Pond.  

 

3.  Between Pond Water and Phosphorus Transfer (Task 3 in original scope):  

CSP/SMAST staff was also tasked with completing measurements of water and nutrients transport 

between the ponds in the Mills Ponds complex.  Walkers Pond has a hydrologic connection to Upper Mill 

Pond, which in turn, has a connection to Lower Mill Pond (Figure 8).  Lower Mill Pond discharges into 

Stony Brook through an area that contains a grist mill and a water level drop of approximately 10 feet.  In 

addition, there is an intermittent connection between the cranberry bog south of Cranview Road and 

Walkers Pond.  Stream gauges were installed at the connections between Walkers and Upper Mill, Upper 

Mill and Lower Mill, and the outlet of Lower Mill (see Figure 3).  Field data on flow and stage, as well as 

water quality samples, were collected on a monthly basis in order to measure pond specific transfer of 

water and nutrients.   

 

The watersheds to the Mills Ponds presented in the 2009 Brewster Ponds Report are based on US 

Geological Survey groundwater modeling completed for the Massachusetts Estuaries Project and based 

on the most recent update of the USGS regional groundwater model.
12

  The recharge areas from this 

modeling show a groundwater divide between Walkers Pond and Elbow Pond, but, as noted, there is a 

buried conduit of undetermined construction connecting the cranberry bog south of Cranview Road and 

Walkers Pond.  The cranberry bog has a headwall on the north end of one its main ditches that is 

connected to the conduit.  The northern end of the conduit was found by project staff as a partially buried 

pipe in an indentation in the southern shoreline of Walkers Pond.  This conduit had limited flow during 

the winter and early spring of 2012, but no flow on dates after June 5 and was completely dry on 

September 20 (Figure 9).  It is clear that this pipe connects all the way to the cranberry bog because 

cranberries were noted near the Walkers Pond end of the pipe during the February and April flow 

measurements, but the lack of flow during the summer suggests that flow may also be related to 

groundwater elevations with flow only during the higher elevations that typically occur during winter 

and/or due to winter flood conditions at the bog.  Further evaluation of the groundwater elevations and the 

flow might help to clarify the relationship, but this is beyond the scope of this project.  Overall, the 

average water-year flow from the conduit was 331 m
3
/d, which is a relatively small contribution 

compared to the overall Walkers Pond watershed flow. It should be noted that this flow is only 7% of the 

flow that discharges through the hydroconnection between Walkers and Upper Mill (Table 3).   The 
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average total phosphorus load entering Walkers Pond via the conduit was 0.017 kg/d, which is 17 to 62% 

of the estimated watershed load presented in the Brewster Ponds Report (Figure 10).  However, as noted 

in that prior report, the phosphorus budget for Walkers Pond was not in balance with the measured water 

quality.
13

  Additional review of the Walkers Pond phosphorus budget based on the data collected in the 

current effort (especially the sediment data) should occur during the next phase, when water quality 

management options are developed for the Mills Ponds Complex. 

 

The hydroconnection between Walkers Pond and Upper Mill Pond is located along a thin strip of land (5-

10 m across) located between the two ponds (see Figures 3 and 8).  Flow through the hydroconnection 

was relatively high, averaging 3,636 m
3
/d with a peak of 9,049 m

3
/d in April (see Figure 9).  This average 

flow is 72% of the estimated watershed input to Upper Mill and suggests that the majority of water moves 

from Walkers Pond to Upper Mill Pond via the hydroconnection (see Table 3).  However, field 

observations during flow measurements noted that gauge readings in March, April, and June were 

artificially high due to wind pushing Upper Mill Pond water toward Walkers Pond.  Correcting for wind 

effects lowered the average flow to 2,300 m
3
/d, which means that 46% of the watershed flow moves 

through the hydroconnection.  Further review of the dataset shows that the March and April flows were 

more than double the water-year average with the April reading being a statistical outlier.  Review of the 

total phosphorus transfer loads shows an average of 0.16 kg/d with all the data included (see Figure 10); 

none of the daily phosphorus loads are statistical outliers.  The average of 0.16 kg/d is more than double 

the high end of the annual watershed load to Walkers Pond suggesting there must be significant input 

from sediments to achieve this rate.  The average is roughly equivalent to the watershed load to Upper 

Mill Pond estimated in the Brewster Ponds report
14

 suggesting that Walkers Pond is a significant 

contributor to the annual phosphorus load entering Upper Mill Pond.  As with Walkers Pond, further 

review of all of this data including comparisons between the gauges, estimates of phosphorus in the water 

column, sediment core phosphorus release and comparison to water quality data, and USGS groundwater 

modeling in this area should occur during the next phase to ensure that all the data elements fit together 

reasonably.  

 

Table 3.  Surface Water Phosphorus and Water Flows between Walkers Pond, Upper Mill 

Pond, and Lower Mill Pond (2012 Water Year) 
 Water Phosphorus 

Pond 
2012 Average 

Water Flow 

Watershed 

Flow
a
 

% of 

Watershed 

Flow 

2012 

Average P 

Load
c
 

Watershed 

Load
d
 

 m
3
/d m

3
/d % kg/d kg/d 

Bog to Walkers 331 - 
b
 - 0.017 - 

b
 

Walkers to Upper Mill 3,636 5,035 72% 0.160 0.016 – 0.058 

Upper Mill to Lower Mill 11,477 14,027 82% 0.317 0.044 – 0.146 

Lower Mill to Stony Brook 5,949 15,622 38% 0.185 0.019 – 0.036 
Notes: 

a. Watershed flows updated from Brewster Ponds Report (Eichner, 2009); watershed flows based on USGS 

regional groundwater model outputs (Walter and Whealan, 2005) 

b. Not estimated in Brewster Ponds Report 

c. Average loads are based on water year; no removal of statistical outliers 

d. Watershed phosphorus loads from Brewster Ponds Report (Eichner, 2009) to uppermost pond 

 

 

                                                      
13

 p. 73 of Eichner, E. 2009. Brewster Freshwater Ponds. 
14

 The Brewster Ponds report estimated watershed phosphorus load to Upper Mill Pond between 16 and 54 kg/yr with 

estimated annual water column load of 96 kg/yr.   
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The hydroconnection between Upper Mill Pond and Lower Mill Pond is 1-2 m in width and sections are 

armored with rip-rap (see Figure 8).  Flow through the hydroconnection during the water-year averaged 

11,477 m
3
/d with a peak of 18,459 m

3
/d in May; all data is within two standard deviations of the mean 

(see Figure 9).  Review of the total phosphorus transfer loads shows an average of 0.32 kg/d with all the 

data included (see Figure 10).  This average water flow is 82% of the estimated watershed input (see 

Table 3), indicating that the majority of water moves from Upper Mill Pond to Lower Mill Pond via the 

hydroconnection rather than via groundwater.  Similarly, the 2009 Brewster Ponds Report estimated that 

the annual watershed phosphorus load to Lower Mill Pond was 7 to 13 kg. Comparison of this load to the 

average measured TP input from the hydroconnection suggests that Upper Mill Pond is the primary 

external phosphorus source to Lower Mill Pond.  The measurements also indicate that the phosphorus 

load through the hydroconnection leaving Upper Mill Pond is twice the maximum estimated watershed 

phosphorus load entering Upper Mill Pond.  This suggests that the sediments are a significant source of 

phosphorus to Upper Mill Pond waters.  As with the other ponds, further review of this data should 

consider data from all sources, as well as the data from the other ponds during the next phase to ensure 

that all the data elements fit together reasonably. 

 

The discharge out of Lower Mill Pond to Stony Brook is complicated by the Grist Mill and its associated 

structures (Figure 11).  The Grist Mill structures include a retaining wall/dam along the northern 

boundary of Lower Mill Pond.  The retaining wall/dam has two openings, one to a headrace pond above 

the mill’s waterwheel and another to a spillway that bypasses the waterwheel.  An elevation survey 

completed for the town on October 26, 2011 shows that the headrace pond water level was approximately 

1.5 ft below the surface of Lower Mill Pond.
15

  The bypass spillway flows to a tailrace pond that 

discharges through a weir to a pool below the waterwheel.  The collected water from this pool flows 

through a culvert under Stony Brook Road to a series of herring ladders before discharging into Stony 

Brook and a downstream estuarine wetland system.  The town’s elevation survey shows that the water 

level elevation in this pool on November 2, 2011 was 15.4 ft or approximately 10 ft lower than the 

elevation of Lower Mill Pond.  Water flow and samples were collected prior to the significant 

reconstruction that is currently occurring at site and were collected at the bypass spillway. 

  

Streamflow measurements near the Grist Mill suggest that Lower Mill Pond is likely also discharging 

significant flow into the groundwater system as well.  Streamflow out of Lower Mill Pond averaged 5,949 

m
3
/d during the water-year with a peak of 14,781 m

3
/d in May.  The May flow reading is a statistical 

outlier, but May field observations noted that the high May flow was “real”, as water levels in the pond at 

the time were overflowing the retaining wall/dam.
16

  This average flow is roughly half of the measured 

flow out of Upper Mill (see Table 3) and, without accounting for balancing of the watershed flows, 

suggests that a significant portion of the watershed flows above Lower Mill Pond are being discharged 

back to the groundwater system along some portion of the downgradient pond shoreline.  Cape Cod ponds 

without stream outlets typically recharge along their downgradient shorelines to maintain hydrologic 

balance.  

 

This recharge hypothesis is consistent with the groundwater measurements that have been made in the 

area of the Mills Ponds Complex, specifically associated with the shoreline of Lower Mill Pond, and the 

details of the Grist Mill.  The Cape Cod Commission completed a water table map of the area during the 

evaluation of the groundwater contamination from the Brewster Landfill prior to the installation of a cap 

(Figure 12).
17

  This water table map generally shows subregional groundwater flowpaths from the pond 

back to groundwater then discharge into Stony Brook.  This configuration would seem to suggest that 

                                                      
15

 November 9, 2011 elevation survey map completed by WSP-Sells for Tighe and Bond, Inc.  Map provided by Chris Miller. 
16

 Personal communication, Mike Bartlett, CSP/SMAST 
17
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absent any geologic controls that Lower Mill Pond is both 1) a relatively constant source for groundwater 

recharge and 2) a discharging surface water source to Stony Brook.  The shape of the pond and the 

wetland surrounding the discharge from Upper Mill Pond seem to suggest that prior to the Grist Mill dam, 

Lower Mill Pond was smaller.  Most kettle ponds on Cape Cod tend to be relatively symmetrically and 

roundish, reflective of their origins as collapse features from melting glacial iceblocks.  Lower Mill Pond 

has a contorted shoreline with a long arm leading to the Grist Mill discharge and a somewhat novel 

wetland area that is elevated above the pond surface surrounding the hydroconnection from Upper Mill 

Pond.  The wetland area would be consistent with it being a depositional area for fine materials settling 

into a filled basin.  The outlet area is very shallow (<3 ft deep) with a submerged channel approximately 

400 ft south of the retaining wall connecting the main basin of Lower Mill Pond to the basin that abuts the 

retaining wall.  These features seem suggest that a longer stream drained into Stony Brook from a smaller 

Lower Mill Pond.  In this scenario, building a Grist Mill at this location and raising the level of the pond 

with the dam increased the size of Lower Mill Pond and increased the head drop and power at the Mill.  

However, the increased hydraulic head also increased the likelihood that flow into the pond would 

discharge back into the groundwater system.  Further clarification of these issues could be addressed 

through updated bathymetry, sediment cores in the wetland areas, and groundwater discharges to Stony 

Brook. 

 

Total phosphorus discharge from Lower Mill Pond to Stony Brook averaged 0.18 kg/d with all data 

included and a peak daily load of 0.48 kg associated with the peak flows in May (see Figure 10).  The 

May reading is a statistical outlier and its removal reduces the average daily load to 0.16 kg.  This load is 

roughly half of the average load from Upper Mill Pond to Lower Mill Pond and suggests that Lower Mill 

Pond is retaining most of this phosphorus in its sediments.  This loss will have to be clarified in the next 

stage of data review by comparing the sediment core results and the overlying water quality. 

 

Overall, it is clear that the transfers of nutrients and water between the ponds are complex with portions 

of the flows occurring via groundwater and portions occurring via the surface water hydroconnections.  

Management of the water quality in these ponds will be dependent on understanding these transfers and 

how much influence they have on the water quality in each pond.  This understanding will also have to 

incorporate the influence of the watersheds and the sediments, while also using the all the previous water 

quality data.  Synthesis of all this data and development of management strategies should be the next step 

to ensure restoration of sustainable water quality in the Walkers Pond, Upper Mill Pond, and Lower Mill 

Pond.    

 

4.  Stormwater Phosphorus Loading (Task 4 in original scope):  

CSP/SMAST staff was also tasked with completing Stormwater Surveys of each of the three ponds.  

Unlike groundwater inflows, stormwater discharges can contain high concentrations of phosphorus and 

have a disproportionate effect on the lake phosphorus balance.  Therefore, it is necessary to determine the 

relative contribution of stormwater to pond phosphorus balance in order to develop realistic site-specific 

water quality management strategies.  This effort was undertaken based on the recommendation in 

Eichner (2009) that stormwater nutrient inputs into the ponds was identified as a significant requirement 

of effective pond management.   

 

The stormwater survey was begun by first conducting a field survey around the ponds during a storm 

event.  This survey identified six (6) discharge sites by either direct observation of discharge or signs of 

direct stormwater runoff to a pond (Figure 13).  Four of the six sites discharge to Upper Mill Pond, while 

Lower Mill Pond and Walkers Pond each have one storm discharge site.  CSP/SMAST staff also 

consulted with the town’s Phase 2 stormwater consultants
18

 to ensure that all sites with potential direct 

stormwater discharge to the ponds were included.  No additional sites were identified.  

                                                      
18

 Conversations and sharing of findings with Kirsten Ryan, Project Manager, Kleinfelder/SEA Consultants 
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The project scope specified that direct stormwater discharge phosphorus concentrations and flow would 

be measured during at least three stormwater events.  Project staff collected stormwater samples on the 

following dates during 2012:  May 1, May 9, June 13, and September 5.  Staff tried to target storms that 

were anticipated to have more than 0.25 inches in 24 hours; storms with lesser amounts typically do not 

generate sufficient stormwater flows.  The measured rainfall amounts for these storms were:  0.58 in, 1.11 

in, 0.37 in, and 1.57 in.
19

  Even with these high rainfall amounts, runoff was not generated at some of the 

sites during selected storms.  Due to the lack of specific discharge pipes, sample collection and volume 

measurements were made by channeling the runoff using sand bags to create a central point to collect 

water samples and allow accurate flow measurements.   

 

Flow readings and water quality samples were collected a number of times during each storm event in 

order to gauge changes during events and provide a reliable basis for event-mean concentrations (EMC).  

Efforts were made to capture the initial “first flush” and peak of each stormwater event, as well as a 

reasonable sampling of the whole event.  Water samples for chemical analysis were collected into acid-

leached one liter polypropylene bottles using a Geo Pump, with analysis by the Coastal Systems 

Analytical Facility at the School of Marine Science and Technology (SMAST), University of 

Massachusetts Dartmouth in New Bedford.  Samples were analyzed for the following constituents:  total 

phosphorus (TP), ortho-phosphorus, total nitrogen (TN), nitrogen component species (NH4, 

NO3+NO2, TDN, and PON), POC, and alkalinity.  Flow and EMC data were used to determine total 

flow volumes and loads of TP during each storm (Figure 14).  Project staff also determined annual 

stormwater loads based on a 44 in/yr of precipitation; this resulted in the following annual TP loads from 

stormwater to each of the ponds:  Upper Mill Pond, 0.63 kg; Lower Mill, 0.93 kg; and Walkers, 0.16 kg.  

The loads for Upper Mill Pond and Walkers Pond are less than estimated in the 2009 Brewster Ponds 

Report, while the Lower Mill Pond load is greater than the Ponds Report estimate.  These differences 

point out the importance of gathering pond-specific measurements.  Further review of other stormwater 

constituents and context for these loads in the overall water quality of each pond will have to be 

completed during the next phase of development of water quality management strategies for these ponds. 

 

 

Summary/Conclusions 

 
The Mills Ponds complex of Walkers Pond, Upper Mill Pond, and Lower Mill Pond is an important 

recreational area for the Town of Brewster, as well as a key natural resources feature linked to Stony 

Brook.  Town volunteers began regularly monitoring the water quality in these ponds in 2001 as part of 

the Cape Cod Pond and Lake Stewards (PALS) program.
20

  Volunteers have continued to collect data 

through 2012 and the collected data through 2007 was reviewed in the Brewster Ponds Report.
21

  The 

Brewster Ponds report recommended that the town consider development of key information to 

supplement the collected water quality data in order to provide a scientifically valid basis for water 

quality management strategies.  Among the key information recommended for development were 

sediment nutrient regeneration measurements and measurements of stormwater nutrient inputs, both of 

which were addressed during the current project.  

 

                                                      
19

 Precipitation totals were taken from Weather Underground North Harwich weather station: (N 41 41.6333 Lat, W 70 6.81667 

Lon).  Station is just south of Elbow Pond. 
20

 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith.  2003.  Cape Cod Pond and Lake Atlas.  Cape 

Cod Commission.  Barnstable, MA. 
21

 Eichner, E. 2009. Brewster Freshwater Ponds. 

 



11 

 

The Town of Brewster Comprehensive Water Planning Committee (CWPC) discussed the 

recommendations in the Brewster Ponds Report and has adopted a strategy of gradually addressing the 

recommendations in a considered manner over a period of years.  The present Technical Memo is the 

initial step in addressing the data needs for Walkers Pond, Upper Mill Pond, and Lower Mill Pond and 

will provide critical information which when synthesized with all the previous monitoring information 

and the preliminary assessments in the Pond Report will support development of more robust and 

accurate water quality management strategies and recommendations for these three ponds.  

 

In order to assist the Town of Brewster with developing key information for future management strategies 

for Walkers Pond, Upper Mill Pond, and Lower Mill Pond, CSP/SMAST staff completed the following 

tasks for this project: 

1) Collection and incubation of pond sediments to quantify sediment nutrient regeneration and 

effects of bottom water oxygen on regeneration rates,  

2) Identification of direct stormwater discharges to each of the ponds and quantification of their 

flows and phosphorus loads,  

3) Installation of continuous monitoring devices in each pond to measure key water quality 

parameters throughout July and August 2012, and  

4) Measurement of flow and nutrient loads through the surface water hydroconnections between 

the ponds over one year. 

 

CSP/SMAST staff collected a minimum of three (3) sediment cores from each of the ponds (total of 13 

cores) and incubated them in order to measure the phosphorus and nitrogen regeneration from Walkers 

Pond, Upper Mill Pond, and Lower Mill Pond sediments under aerobic and anoxic conditions.  This data 

will be used in a subsequent management options phase to detail the contribution of the lake sediments to 

measured phosphorus concentrations and whether sediment controls are advantageous to improve water 

quality in the ponds. 

 

CSP/SMAST staff measured stormwater runoff and nutrients discharging into the ponds from three 

storms at the six (6) identified discharge sites.  Four of the six stormwater sites discharge to Upper Mill 

Pond, while Lower Mill Pond and Walkers Pond each have one discharge site.  Samples were analyzed 

for total phosphorus, total nitrogen, and other constituents.  Flow and event-mean concentrations (EMC) 

data were used to determine total flow volumes and loads of TP during each storm.  Annual estimated 

stormwater loads based on these pond-specific measurements show stormwater loads to Upper Mill Pond 

and Walkers Pond were less than the preliminary estimates in the Brewster Ponds Report, while the load 

to Lower Mill Pond is greater than the Ponds Report estimate.  These measurements will be used in a 

subsequent review of management options to detail the contribution of direct stormwater discharges on 

measured phosphorus concentrations and whether stormwater controls are advantageous to improve water 

quality in the ponds. 

 

CSP/SMAST staff installed continuous sampling devices (i.e., sondes) in each of the ponds during July 

and August 2012.  Sensors recorded depth, chlorophyll-a, temperature, and dissolved oxygen every 15 

minutes between July 2 and September 6, 2012; more than 6,300 readings were collected by each sonde 

during the mooring period.  The various readings show the differences between the ponds, as well as 

providing details about the water quality concerns in each.   

 

Sonde data shows that dissolved oxygen (DO) concentrations in both Upper Mill Pond and Lower Mill 

Pond were consistently below the state regulatory surface water limit of 5 mg/L:  91% and 85% of the 

respective concentrations were below 5 mg/L DO during the sonde installation period.  The DO 

concentrations in Upper Mill Pond and Lower Mill Pond are lower than the long-term averages in the 
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Brewster Ponds Report and suggest that either conditions have worsened or 2011 was an exceptionally 

poor water quality year.  Comprehensive review of all available water quality data during the next phase 

of development of management strategies should complete the comparisons with older data, interactions 

between ponds, and review potential water quality trends.  

 

In contrast to Upper and Lower Mill Pond, only 2% of Walkers Pond DO readings were below the state 

regulatory threshold.  However, Walkers Pond displayed another oxygen-related concern.  A large portion 

(38%) of the Walkers Pond concentrations were above air equilibration (>100% saturation), with most of 

these in July.  These concentrations are consistent with a significant prolonged phytoplankton bloom in 

July followed by a population crash with transfer of nutrients to the sediments in August. 

 

Temperature readings from the sondes largely reflect the depths of the ponds, but also seem to show some 

of the influence of the upper ponds on the lower ponds.  The two shallow ponds (Walkers and Lower 

Mill) have temperature readings that generally move in tandem, although Walkers Pond tends to show 

higher daily temperature ranges.  Lower Mill Pond temperatures are likely somewhat buffered by the 

lower temperature water entering from Upper Mill Pond.  Upper Mill Pond temperatures are lower than 

the other two ponds at the beginning of July, but warm as the mooring period proceeds.  The temperature 

of the three ponds are generally the same in late July, but Upper Mill Pond returns to colder temperatures 

in early August before coming back to congruence in later August.  This separation is likely due a storm 

event in late July mixing surface waters deeper into the pond.  Additional analysis will be undertaken in 

the management strategies phase for these ponds. 

 

 

The time-series records of chlorophyll-a concentrations also show the interactions between the ponds, as 

well as the impacts of nutrients.  All concentrations are well above the recommended Cape Cod 

chlorophyll-a limit.
22

  Concentrations in Walkers Pond and Upper Mill Pond are generally consistent with 

the long-term datasets in the Brewster Ponds Report, but Lower Mill Pond concentrations are ~50% 

higher.  Lower Mill Pond generally had the highest concentrations with multiple peaks above 70 µg/L.  

Walkers Pond had an extended phytoplankton bloom beginning in mid-July and extending to mid-August 

with accompanying reductions in the Upper Mill Pond chlorophyll-a concentrations; the retention of 

nutrients in Walkers Pond appears to “starve” Upper Mill Pond.    More comprehensive review of data 

collected during this project and the previously town volunteer collected data should be completed during 

the next phase of developing management strategies for these ponds in order to discern the causes of these 

elevated concentrations in Walkers, Upper Mill, and Lower Mill.  

 

CSP/SMAST staff also measured water and nutrient flows between the ponds from August 2011 to 

September 2012.  These measurements were completed to provide quantitative data on the transfer of 

water and nutrients by surface water connections from Walkers Pond to Upper Mill Pond to Lower Mill 

Pond.  These data also provide estimates of retention of nutrients within each pond, as well as how much 

water moves via these surface water connections and how much is transferred via groundwater.  Walkers 

Pond also has an intermittent transfer from a cranberry bog on the other side of the regional groundwater 

divide; this conduit transferred 331 m
3
/d water year average mostly during the winter and spring months.  

This flow is small compared to the average hydroconnections transfers between the other ponds:  3,636 

m
3
/d from Walkers to Upper Mill Pond, 11,477 m

3
/d from Upper Mill to Lower Mill Pond, and 5,949 

m
3
/d from Lower Mill to Stony Brook.  These flows are significant relative to total volumetric watershed 

flows based on the USGS regional groundwater model.  The data support the conclusion that the 

hydroconnections are the preferred path for the transfer of water between the ponds.  However, the drop 

in flow transferred to Stony Brook suggests that the Lower Mill Pond dam is artificially raising local 

                                                      
22

 1.7 µg/L was recommended in the Cape Cod Pond and Lake Atlas (Eichner and others, 2003) 
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water levels and forcing a greater percentage of the cumulative system flow to be discharged 

downgradient via a groundwater pathway. 

 

Nutrient load transfers via the hydroconnections show that the ponds themselves are more significant 

sources of phosphorus than the estimated phosphorus loads entering from their watersheds.  Transfers of 

phosphorus through the hydroconnections are 2 to 10 times the estimated watershed phosphorus loads.  

This difference means that sediment regeneration of phosphorus is a significant source and needs to be 

addressed in water quality management strategies.  It is also clear that there are differences among the 

ponds about how much phosphorus is transferred; for example, twice as much phosphorus is transferred 

via the hydroconnection between Upper Mill Pond and Lower Mill Pond as is transferred to Upper Mill 

Pond from Walkers Pond.  Full understanding of these differences will require review of sediment core 

incubation results for phosphorus release from the sediments, as well as phosphorus in the water column 

and review of seasonal factors.  It is recommended that these issues are resolved during the development 

of water quality management options for Walkers Pond, Upper Mill Pond, and Lower Mill Pond. 

 

Recommended Next Steps 
 

The data collection documented in this Technical Memorandum provides pond-specific measurements of 

key factors that determine water quality in Walkers Pond, Upper Mill Pond, and Lower Mill Pond.  It is 

recommended that the Brewster Comprehensive Water Planning Committee use these measurements and 

synthesize them with previously collected data to develop a Water Quality Management Plan for the three 

linked ponds.  The Management Plan should review all the available data, develop conceptual models of 

the factors that influence water quality in the ponds, use the models to develop water quality management 

options for the system ponds and the overall system, and work with the CWPC to select the preferred 

options.  CSP/SMAST would be pleased to continue to work with the CWPC to develop the management 

options.  
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Figure 1.  Brewster Ponds and Mills Ponds Complex.   
The Town of Brewster volunteers have sampled 29 freshwater ponds (shown in pink).  This technical memo focusses on additional, refined data 

collected from the largest ponds in the Mills Ponds Complex (outlined in red).   The Town of Brewster has a total of 76 freshwater ponds (Eichner 

and others, 2003).  Figure is modified from Figure I-1 in Eichner (2009).

Mills Ponds Complex 
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Latitude Longitude Site Latitude Longitude Site 

41  43.488  -70  7.504 Walkers1 41  44.422  -70  6.696 Lower Mill1 

41  43.325  -70  7.508 Walkers2 41  44.513  -70  6.675 Lower Mill2 

41  43.325  -70  7.508 Walkers3 FD 41  44.432  -70  6.545 Lower Mill3 

41  43.229  -70  7.712 Walkers4 41  44.432  -70  6.545 Lower Mill4 FD 

41  43.700  -70  7.377 Upper Mill1 41  44.477  -70  6.459 Lower Mill5 

41  43.752  -70  7.119 Upper Mill2    

41  43.708  -70  7.207 Upper Mill3    

41  43.708  -70  7.207 Upper Mill4 FD    

41  43.947  -70  6.846 Upper Mill5    

41  44.068  -70  6.64 Upper Mill6    

Figure 2.  Sediment core locations in Walkers, Upper Mill, and Lower Mill ponds.   
Sediment cores were collected on August 8, 2011 from the indicated locations.  Cores were incubated 

under both aerobic and anoxic conditions.  Duplicate cores were collected at one location in each pond for 

QA/QC purposes.  

Upper Mill 

Pond 

Walkers 

Pond 

Lower Mill 

Pond 
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Figure 3.  Secchi clarity depths in Walkers Pond, Upper Mill Pond, and Lower Mill Pond before, during, and after 

sediment core collection.   
Sediment cores were collected on August 8, 2011.  Clarity in Walkers tended to be lower than the average measured between 2001 and 2007, as 

documented in the Brewster Ponds Report (Eichner, 2009); the August 8 reading matched the historical minimum recorded clarity (0.4 m).  Upper 

Mill readings were generally within one standard deviation of the historic mean.  Lower Mill readings were consistently above the historic mean 

with the August 8 reading more than one standard deviation greater than the historic mean.  
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Figure 4.  Total Phosphorus concentrations in Walkers Pond, Upper Mill Pond, and 

Lower Mill Pond before, during, and after sediment core collection.   
Graphs show 2011 TP concentrations with blue bars, while the historic dataset averages with standard 

deviation error bars are shown to left as aqua (shallow) and tan (deep) bars.  TP concentrations generally 

agreed with the historic dataset averages except for extremely high concentrations measured in the 

deepest samples at Upper Mill and Lower Mill Ponds.  It is worth noting that the surface total phosphorus 

concentrations in all three ponds are exceptionally high (2X to 5X) compared to the 10 µg/L TP 

management limit recommended for Cape Cod ponds.   The historic data averages also showed these high 

concentrations.  Sediment cores were collected on August 8, 2011. 
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Figure 5.  DO Concentrations in Walkers, Upper Mills, and Lower Mills ponds (July 2 to September 6, 2012). 
Dissolved Oxygen (DO) concentrations collected by sondes recording every 15 minutes.  Sondes were placed 30 cm off the bottom at depths of 

1.4 m, 6.3 m, and 2.6 m in Walkers, Upper Mill, and Lower Mill, respectively.  Concentrations in Lower Mill and Upper Mill were generally 

below the MassDEP 5 mg/L limit (purple line) during the mooring period, while Walkers were generally above the limit.  More than 60% of July 

concentrations in Walkers were supersaturated (>100%), which is consistent with a large phytoplankton population.     



20 

 

0

5

10

15

20

25

30

6/30 7/10 7/20 7/30 8/9 8/19 8/29 9/8

T
e

m
p

e
ra

tu
re

 (
°C

)

Date

Mills Ponds Complex:  Temperature

Walkers

Upper Mill

Lower Mill

 

Figure 6.  Temperature in Walkers, Upper Mills, and Lower Mills ponds (July 2 to September 6, 2012). 
Temperature (ºC) readings were collected by sondes recording every 15 minutes.  The two shallow ponds (Walkers and Lower Mill) have 

temperature readings that generally move together, although Walkers tends to show higher daily ranges.  Upper Mill temperatures begin July at a 

lower temperature than the other two ponds, but warm as the mooring period proceeds.  Lower Mill temperatures are likely somewhat buffered by 

the lower temperature water passing into the pond from Upper Mill.  Evaluation of other factors impacting temperature changes will have to await 

development of management strategies for these ponds.   
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Figure 7.  Chlorophyll-a in Walkers, Upper Mills, and Lower Mills ponds (July 2 to September 6, 2012).  
Chlorophyll-a (µg/L) concentrations were collected by sondes recording every 15 minutes.  Walkers (red line) shows an extended phytoplankton 

bloom beginning in mid-July and extending to mid-August.  Upper Mill (blue line) shows a decline during this same period, likely due to retention 

of nutrients in the Walkers phytoplankton.  Lower Mill (green line) generally has the highest concentrations with multiple peaks above 70 µg/L.  

Average chlorophyll-a concentrations in the ponds are well above the 1.7 µg/L recommended Cape Cod limit.  Average concentrations during the 

mooring periods were 23.3 µg/L, 10.9 µg/L, and 26.9 µg/L in Walkers, Upper Mill, and Lower Mill, respectively.  
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Figure 8.  Hydroconnections between ponds in the Mills Ponds Complex.  
8A shows CSP/SMAST staff measuring the end of conduit that sometimes discharges into southern shoreline of Walkers Pond from cranberry bog 

south of Cranview Road.  8B shows area of connection between Walkers Pond and Upper Mill Pond. 8C shows armored connection between 

Upper Mill Pond and Lower Mill Pond.  Lower Mill Pond discharges into Stony Brook.   
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Figure 9.  Water Flow through hydroconnections between ponds in the Mills Ponds Complex.  
Water flows were recorded on a monthly basis from August 2, 2011 through September 20, 2012 at the connections between:  a) the cranberry bog 

south of Cranview Road and Walkers Pond, b) Walkers Pond and Upper Mill Pond, c) Upper Mill Pond and Lower Mill Pond, and d) Lower Mill 

Pond and Stony Brook.  The connection between the Cranview Bog and Walkers Pond had no flow beginning in July 2012.  Measurements at the 

connection between Walkers Pond and Upper Mill Pond were complicated by winds piling water up at the gauge location; these flows are 

removed from the record.   Average water year flows are:  Cranview Bog to Walkers Pond, 331 m
3
/d; Walkers Pond to Upper Mill Pond, 3,636 

m
3
/d; Upper Mill Pond to Lower Mill Pond, 11,477 m

3
/d, and Lower Mill to Stony Brook, 5,949 m

3
/d.  The transfer from Walkers Pond to Upper 

Mill Pond is 72% of the watershed flow, the transfer from Upper Mill Pond to Lower Mill Pond is 82% of the watershed flow, and the transfer 

from Lower Mill Pond to Stony Brook is 38% of the watershed flow.  These differences suggest that the hydroconnections are the preferred path 

for the transfer of water between the uppermost ponds, but that significantly more of Lower Mill Pond is discharged back to the groundwater.  

This drop in flow suggests that the Grist Mill dam is artificially raising water levels in Lower Mill Pond.   
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Figure 10.  Total Phosphorus Loads through hydroconnections between ponds in the Mills Ponds Complex.  
Total phosphorus loads were determined on a monthly basis from August 2, 2011 through September 20, 2012 at the connections between:  a) the 

cranberry bog south of Cranview Road and Walkers Pond, b) Walkers Pond and Upper Mill Pond, c) Upper Mill Pond and Lower Mill Pond, and 

d) Lower Mill Pond and Stony Brook.  The connection between the Cranview Bog and Walkers Pond had no water flow beginning in July 2012.  

Average water year loads are:  Cranview Bog to Walkers Pond, 0.017 kg/d; Walkers Pond to Upper Mill Pond, 0.160 kg/d; Upper Mill Pond to 

Lower Mill Pond, 0.317 kg/d, and Lower Mill to Stony Brook, 0.185 kg/d.  These loads generally are multiples of the estimated watershed loads to 

each of the ponds, suggesting that the sediments are a significant source of phosphorus.  Additional evaluation of these relationships will need to 

be addressed during the development of water quality management options for each of the ponds and the overall pond complex. 
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Figure 11.  Lower Mill Pond, Grist Mill and Stony Brook area.   
11A shows the Grist Mill location along Stony Brook Road, while 11B shows the Grist Mill area detail.  The retaining wall/dam has two openings, 

one to a headrace pond above the mill’s waterwheel and another to a spillway that bypasses the waterwheel and discharges into the tailrace pond.  

A town elevation survey in October/November 2011 showed that the headrace pond and the pool below the tailrace pond had water levels 

approximately 1.5 ft and 10 ft below the surface of Lower Mill Pond, respectively.  The yellow triangle indicates the location of the Lower Mill 

pond stream gauge installed during the current project.  Water flow and samples were collected prior to the significant reconstruction that is 

currently occurring at site.
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Figure 12.  Water Table Map of area downgradient of Lower Mill Pond.   
Water table map from Cambareri and Eichner (1993) shows how groundwater levels near Lower Mill 

Pond would tend to support discharge of pond water to groundwater as well as discharge to Stony Brook. 

Groundwater flow paths, especially from eastern Lower Mill Pond, would tend to discharge into Stony 

Brook north of the Grist Mill.   
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Figure 13.  Direct Stormwater Discharge Sites to Walkers, Upper Mill, and Lower 

Mill Ponds.   
Six (6) sites with either direct observation of discharge or signs of direct stormwater runoff to Walkers 

Pond, Upper Mill Pond, and Lower Mill Pond.  Four sites of these sites discharge to Upper Mill Pond, 

while Lower Mill and Walkers each have one site; no additional sites were identified.  Runoff was 

measured and sampled during four (4) storms in 2012:  May 1, May 9, June 13, and September 5.  Efforts 

were made to capture the initial “first flush” and peak of each stormwater event, as well as a reasonable 

sampling of the whole event.  Samples were analyzed for the following constituents:  total phosphorus 

(TP), ortho-phosphorus, total nitrogen (TN), nitrogen component species (NH4, NO3+NO2, 

TDN, and PON), POC, and alkalinity.  
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Figure 14.  2012 Measured Stormwater Runoff Volumes and TP load:  Walkers 

Pond, Upper Mill Pond, and Lower Mill Pond, Brewster, MA.   
Runoff volumes are sum totals of each storm event at each direct discharge location.  The September 5 

storm generated much larger stormwater runoff volumes than the other three storms.  According to 

precipitation recordings at a North Harwich weather station, precipitation on each of the dates was:  0.58 

inches, 1.11 inches, 0.37 inches, and 1.57 inches, respectively.  Runoff volumes are based on an estimate 

of storm event totals.  Differences in generated volumes can be based on the catchment areas and surface 

materials (e.g., blacktop vs. stone), as well as timing of measurements and tree cover. 
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Table 1.  Walkers Pond, Upper Mill Pond, and Lower Mill Pond Sediment Nutrient Release August 2011. 
Sediment cores were collected at three sites in Walkers Pond, five sites in Upper Mill Pond, and four sites in Lower Mill Pond during August 2011.  

Cores were incubated at temperatures consistent with water temperatures at the time of core collection.  Cores were incubated to measure nutrient 

release under both aerobic and anaerobic conditions with particular focus on the anaerobic, chemical release phase.  Sediment release rates below 

represent averages of multiple (4-6) samples during each phase.  Note that cores were collected at different depths and sites (i.e., are not replicates), which is 

reflected in the observed rates.  

 

 

Water

SEDIMENT 

OXYGEN 

DEMAND

AMMONIUM 

NITROGEN

TOTAL 

NITROGEN

INORGANIC 

PHOSPHORUS

TOTAL 

PHOSPHORUS

CHEMICAL 

RELEASE 

PHASE 

(GROSS)

ANAEROBIC 

RESPIRATION 

PHASE

NET 

CHEMICAL 

RELEASE

 Depth Rate Rate Rate Rate Rate Rate Rate Rate

Date System Site Latitude Longitude (m) (mMoles/m2/d) (µµµµMoles/m 2/d) (µµµµMoles/m 2/d) (µµµµMoles/m 2/d) (µµµµMoles/m
2/d) (µµµµMoles/m2/d) (µµµµMoles/m 2/d) (µµµµMoles/m 2/d)

8/8/11 Walkers Walkers1 41  43.488 70  7.504 2.15 205.9 4754.0 6030.4 26.3 69.8 550.3 14.6 535.6

8/8/11 Walkers Walkers2 41  43.325 70  7.508 2.3 148.5 3350.8 4337.8 73.2 92.1 335.3 42.7 292.6

8/8/11 Walkers Walkers3 FD 41  43.325 70  7.508 2.3 182.5 3745.9 4482.2 7.2 19.7 315.7 82.9 232.9

8/8/11 Walkers Walkers4 41  43.229 70  7.712 1.95 106.9 3450.3 2643.7 3.2 7.6 365.3 21.9 343.4

8/8/11 Upper Mill Upper Mill1 41  43.700 70  7.377 4.45 18.0 1809.6 2000.7 7.9 55.9 231.8 12.2 219.6

8/8/11 Upper Mill Upper Mill2 41  43.752 70  7.119 7.73 115.3 5130.1 6635.8 55.2 77.5 232.1 33.5 198.6

8/8/11 Upper Mill Upper Mill3 41  43.708 70  7.207 7 126.6 3009.4 2621.6 164.9 139.8 492.1 3.2 488.9

8/8/11 Upper Mill Upper Mill4 FD 41  43.708 70  7.207 7 89.3 3759.5 2948.5 130.4 137.5 324.1 3.5 320.6

8/8/11 Upper Mill Upper Mill5 41  43.947 70  6.846 8.24 191.0 3607.8 3898.3 132.3 153.1 161.7 8.8 152.9

8/8/11 Upper Mill Upper Mill6 41  44.068 70  6.64 7.96 69.2 5791.1 4266.6 47.6 39.9 328.2 5.1 323.1

8/8/11 Lower Mill Lower Mill1 41  44.422 70  6.696 3 76.8 2356.5 1929.3 79.0 59.1 259.6 26.0 233.6

8/8/11 Lower Mill Lower Mill2 41  44.513 70  6.675 3.04 62.6 3857.3 3719.6 69.5 113.2 244.7 18.1 226.5

8/8/11 Lower Mill Lower Mill3 41  44.432 70  6.545 3.65 146.7 6028.4 6025.9 89.0 321.8 356.4 38.9 317.5

8/8/11 Lower Mill Lower Mill4 FD 41  44.432 70  6.545 3.65 114.6 7341.1 6857.4 138.4 301.0 557.0 97.9 459.1

8/8/11 Lower Mill Lower Mill5 41  44.477 70  6.459 3.63 82.0 4813.6 5269.9 43.3 90.1 240.9 14.4 226.5

ANAEROBIC PHOSPHORUS RELEASEAEROBIC SEDIMENT FLUX
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Table 2.  Walkers Pond, Upper Mill Pond, and Lower Mill Pond August 2011 Water Quality Sampling Data. 
Water quality samples and field measurements of Secchi depth, total depth, and temperature and dissolve oxygen profiles were collected in August 

2011 before, during, and after the collection of sediment cores in each pond.  Water quality samples were analyzed by the Coastal Systems Analytical 

Facility at the School of Marine Science and Technology (SMAST), University of Massachusetts Dartmouth in New Bedford.  Samples were analyzed for the 

following constituents:  total phosphorus (TP), ortho-phosphorus, total nitrogen (TN), nitrogen component species (NH4, NO3+NO2, TDN, and PON), 

POC, pH, alkalinity, chlorophyll a, and phaeophytin.  Key parameters are presented in this table.   
SAMPLE Collection Weather 24 hour WATER TOTAL SECCHI Temp DO ^Alk PO4 TP NH4 NOx TN Chla Phaeo

Sample ID DEPTH DEPTH (m) QC Date LATITUDE LONGITUDE Collected By Time Conditions Precipitation WIND COLOR DEPTH(m) DEPTH(m) °C mg/L pH (mg CaCO
3
/L) (uM) uM (uM) (uM) (uM) (ug/L) (ug/L)

WALKERS S 0.5 8/2/11 41 43.442 70 7.413 M.Bartlett, S.Sampieri 9:20 2 NONE 1 GREEN 2.15 0.5 26.9 8.79 8.22 6.60 0.2 1.81 3.7 0.10 99.61 6.30 <0.05

WALKERS B 1 8/2/11 41 43.442 70 7.413 M.Bartlett, S.Sampieri 9:20 2 NONE 1 GREEN 2.15 0.5 26.8 8.65 7.93 6.20 0.2 1.81 0.8 0.10 99.12 7.63 <0.05

WALKERS 0.5 OFF BOTTOM 1.5 8/2/11 41 43.442 70 7.413 M.Bartlett, S.Sampieri 9:20 2 NONE 1 GREEN 2.15 0.5 26.6 8.44 7.42 6.80 0.1 1.90 0.8 0.21 96.06 11.98 <0.05

WALKERS S 0.5 8/8/11 41 43.442 70 7.413 M.Bartlett, R.Samimy 9:45 4 NONE 1 GREEN 2.23 0.4 23.8 8.19 6.97 6.50 <0.1 2.47 4.7 0.09 115.20 46.47 <0.05

WALKERS B 1 8/8/11 41 43.442 70 7.413 M.Bartlett, R.Samimy 9:45 4 NONE 1 GREEN 2.23 0.4 23.8 7.61 7.03 6.40 0.1 2.29 3.6 0.05 117.46 60.18 <0.05

WALKERS 0.5 OFF BOTTOM 1.5 8/8/11 41 43.442 70 7.413 M.Bartlett, R.Samimy 9:45 4 NONE 1 GREEN 2.23 0.4 23.7 7.36 6.90 6.50 0.1 2.27 1.2 0.09 102.73 48.71 <0.05

WALKERS S 0.5 8/23/11 41 43.442 70 7.413 M.Bartlett, C.Grant 10:00 2 NONE 2 GREEN 2.2 0.45 24.7 8.03 7.18 8.10 <0.1 2.02 3.1 0.13 126.21 67.03 5.71

WALKERS B 1 8/23/11 41 43.442 70 7.413 M.Bartlett, C.Grant 10:00 2 NONE 2 GREEN 2.2 0.45 24.7 7.97 7.22 8.00 <0.1 2.63 4.0 0.07 117.74 61.89 6.48

WALKERS 0.5 OFF BOTTOM 2 8/23/11 41 43.442 70 7.413 M.Bartlett, C.Grant 10:00 2 NONE 2 GREEN 2.2 0.45 24.7 7.74 7.24 8.00 0.1 1.97 1.3 0.23 125.64 15.56 2.33

UPPER MILL S 0.5 8/2/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 2 NONE 1 GREEN 9.15 1.4 27.1 8.7 7.31 5.50 0.1 0.74 0.5 0.12 46.69 0.54 1.99

UPPER MILL B 8 8/2/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 2 NONE 1 GREEN 9.15 1.4 16 1.59 6.60 31.50 10.2 12.00 82.8 0.16 123.44 9.23 2.84

UPPER MILL 0.5 OFF BOTTOM 8.5 8/2/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 2 NONE 1 GREEN 9.15 1.4 ND ND 6.62 35.70 13.8 14.75 133.5 0.24 205.79 16.38 <0.05

UPPER MILL S 0.5 8/9/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 1 NONE 1 GREEN 9 1.55 25.6 8.06 6.77 5.20 <0.1 0.96 2.1 0.51 40.34 8.73 <0.05

UPPER MILL B 8 8/9/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 1 NONE 1 GREEN 9 1.55 21.5 0.64 6.70 40.50 13.2 15.88 144.6 0.43 193.54 21.69 7.98

UPPER MILL 0.5 OFF BOTTOM 8.5 8/9/11 41 43.840 70 6.931 M.Bartlett, S.Sampieri 10:30 1 NONE 1 GREEN 9 1.55 ND ND 6.70 33.20 9.1 10.10 96.4 0.13 142.03 17.11 10.91

UPPER MILL S 0.5 8/23/11 41 43.840 70 6.931 M.Bartlett, C.Grant 10:40 2 NONE 2 GREEN 9 1.9 25 7.89 6.83 5.20 <0.1 0.81 3.3 0.12 46.64 6.48 3.11

UPPER MILL B 8 8/23/11 41 43.840 70 6.931 M.Bartlett, C.Grant 10:40 2 NONE 2 GREEN 9 1.9 ND ND 6.68 28.20 4.4 7.65 101.0 0.13 171.70 6.94 13.57

UPPER MILL 0.5 OFF BOTTOM 8.5 8/23/11 41 43.840 70 6.931 M.Bartlett, C.Grant 10:40 2 NONE 2 GREEN 9 1.9 ND ND 6.66 36.70 8.8 13.15 123.9 0.31 265.50 8.27 15.92

LOWER MILL S 0.5 8/2/11 41 44.445 70 6.446 M.Bartlett, S.Sampieri 11:45 2 NONE 1 GREEN 3.6 1.6 27.3 9.7 7.90 2.50 0.1 0.94 0.3 0.15 47.51 0.57 2.07

LOWER MILL B 2.5 8/2/11 41 44.445 70 6.446 M.Bartlett, S.Sampieri 11:45 2 NONE 1 GREEN 3.6 1.6 26.3 7.95 6.96 7.00 0.1 1.89 0.7 0.16 56.04 3.67 3.83

LOWER MILL 0.5 OFF BOTTOM 3 8/2/11 41 44.445 70 6.446 M.Bartlett, S.Sampieri 11:45 2 NONE 1 GREEN 3.6 1.6 25.6 5.28 6.29 7.70 0.1 2.45 1.7 0.09 54.92 2.44 14.61

LOWER MILL S 0.5 8/8/11 41 44.445 70 6.446 M.Bartlett, R.Samimy 15:15 2 NONE 1 GREEN 3.65 1.7 25.5 8.9 6.92 6.80 <0.1 1.25 1.1 0.08 42.78 13.42 <0.05

LOWER MILL B 2.5 8/8/11 41 44.445 70 6.446 M.Bartlett, R.Samimy 15:15 2 NONE 1 GREEN 3.65 1.7 25.1 9.05 6.83 6.90 <0.1 1.96 2.7 0.26 45.89 26.70 <0.05

LOWER MILL 0.5 OFF BOTTOM 3 8/8/11 41 44.445 70 6.446 M.Bartlett, R.Samimy 15:15 2 NONE 1 GREEN 3.65 1.7 24.7 7.37 6.85 6.80 <0.1 1.70 2.2 0.28 51.32 20.63 1.41

LOWER MILL S 0.5 SAMPLE 8/23/11 41 44.445 70 6.446 M.Bartlett, C.Grant 11:20 2 NONE 2 BROWN/GREEN 3.6 1.4 25.5 8.14 7.02 6.20 <0.1 1.12 3.6 0.25 63.35 12.17 4.55

LOWER MILL S 0.5 FD 8/23/11 41 44.445 70 6.446 M.Bartlett, C.Grant 11:20 2 NONE 2 BROWN/GREEN 3.6 1.4 25.5 8.14 7.08 6.40 NS NS NS NS NS 13.97 4.43

LOWER MILL B 2.6 8/23/11 41 44.445 70 6.446 M.Bartlett, C.Grant 11:20 2 NONE 2 BROWN/GREEN 3.6 1.4 25.4 8.05 6.71 6.40 <0.1 1.26 1.3 0.18 38.15 12.09 5.09

LOWER MILL 0.5 OFF BOTTOM 3 8/23/11 41 44.445 70 6.446 M.Bartlett, C.Grant 11:20 2 NONE 2 BROWN/GREEN 3.6 1.4 25.3 7.79 6.86 6.00 <0.1 5.64 2.1 0.05 94.24 16.77 36.80  
  

 


