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Executive Summary 
 
The Windsor & Cady Brook Sediment & Turbidity Management for Cleveland Reservoir Project (2009-
10/ARRA 604) was part of a comprehensive management approach to protect the City of Pittsfield’s 
water supply.  Based on the results of a 2002 Source Water Protection Grant (SWPG), specific issues 
were indentified in the watershed including: deteriorating roads and trails, stormwater runoff, and 
illegal public access problems throughout the watersheds.  The SWPG also identified BMPs and 
prioritized five (5) locations at Cleveland Reservoir and six (6) locations at Sackett Reservoir.  The City of 
Pittsfield through a s.319 Nonpoint Source Pollution Grant has installed BMPs for the two highest 
priority areas at Cleveland Reservoir and one highest priority area at Sackett Reservoir.  The City has 
pursued other funding to install the next highest priority BMPs identified.  The watersheds of Windsor 
and Cady Brooks, however, had yet to be assessed and were a continuing source of sediment into 
Cleveland Reservoir. 
 
Through this project the City of Pittsfield partnered with the Berkshire Regional Planning Commission 
(BRPC) and Comprehensive Environmental Inc. (CEI) to assess sources of sediment to Windsor and 
Cady Brooks and identify best management practices to prevent sediment from entering Cleveland 
Reservoir.  Sediment deposits in these waterbodies and the re-suspension of these materials during 
storm events and high water flows are contributing to the increased turbidity impacting Cleveland 
Reservoir.  An analysis of the watershed, stream system, sediment characteristics, and potential 
management alternatives was conducted.  The baseline information collected and conceptual 
alternatives developed form the framework for implementation of BMPs that will protect the water 
quality of the streams and the water supply reservoirs. 
 
Specific project tasks included: 
1) Preparing an USEPA and MassDEP approved Quality Assurance Project Plan (QAPP); 
2) Characterizing the turbidity in Windsor and Cady Brook impoundments; 
3) Preparing bathymetric profiles and calculating sediment volumes in these impoundments; 
4) Evaluating potential sediment sources;  
5) Estimating watershed sediment volumes; 
6) Evaluating BMPs for managing sediment and turbidity; 
7) Evaluating effectiveness of management practices in reducing sediment load; and 
8) Providing a final project report. 
 
Significant sediment deposits are present at the Windsor and Cady Brook diversions and the 
resuspension of these materials during storm events or high flows may be contributing to the increased 
turbidity that impacts Cleveland Reservoir.  As part of its comprehensive management approach to 
protect its water supply, the City of Pittsfield has initiated this study to review the characteristics of the 
watersheds of Windsor and Cady Brooks, characterize the conditions in these brooks that result in 
actionable levels of turbidity at the Cleveland Reservoir intake structure, and develop an understanding 
of the sources of sediment from the tributary watersheds.  The City also collected data on bathymetry, 
accumulated sediment depth, and sediment physical and chemical composition, to assist in developing 
a future maintenance project for removing this sediment from the diversion structure impoundments. 
 
The City of Pittsfield assisted CEI and BRPC to conduct turbidity analysis.  The summer of 2010 was 
characterized by extended dry periods, and generally low flow conditions in both streams covered by 
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this study.  No significant thunderstorms occurred during the period of study that would result in 
substantial increases in flow in either stream.  In fact, for most of the study period, there were very few 
storms that resulted in ponding of water at either diversion structure.  The turbidity study showed that 
turbidity levels in raw water at the treatment plant intake do respond to rainfall events, with an 
apparent lag time on the order of 2-4 days for the period of study.  The study team noted that once the 
impoundment exhibited a significant depth of water, turbidity levels dropped.  It was observed that the 
initial stream flow in the storm event has higher turbidity levels, reflected in the levels read at the 
impoundment early in the flow event, with influent turbidity levels falling off as the high flow event 
continues.  This might indicate a “first flush” phenomenon, where sediments deposited along the 
stream are suspended and carried by increased flows and velocities early in a flow event.  The 
impoundment itself becomes more functional as a sediment trap once it fills.  This seems reasonable, in 
that ponded conditions would result in lower flow velocities as the stream enters the impoundment, 
resulting in the increased settling of finer materials from the water column.  The impoundment would 
be expected to be a more efficient sediment trap when full of water, than at low flows when the stream 
short-circuits directly to the diversion structure. 
 
CEI and BRPC worked together to complete a watershed reconnaissance survey.  While the purpose of 
the reconnaissance was to identify watershed disturbances that are potential sources of sediment, we 
noted that most of the watersheds of both Windsor and Cady Brooks are forested, undisturbed land.  
Also, while there are individual sources of sediment, these appear to be localized; in general, the 
developed areas of these watersheds are typically stable.  The field team did not encounter large 
disturbed areas that would be significant sources of sediment to the stream system.  Types of individual 
sources of sediment include the following: 
• Paved Road Crossings 
• Forestry Activities 
• Trails and Unimproved Roads 
• General Condition of Stream Banks 
• Road Sanding Deposition 
• Stream Crossing Structures Narrower than Stream Channel 
• Crossing Alignment 
 
Finally, a range of potential management actions were identified for reducing sediment loads to the 
study area streams.  Potential practices for managing sediment once it reaches the stream system, such 
as removal of sediment at the water intake structure impoundments, were also considered.  The 
proposed Watershed Management Actions comprise a three-part strategy: 
1. Land use management measures; 
2. Site-specific corrective action projects; and 
3. Management of in-stream sediment at the diversion structures. 
 
The highest priority recommendation is management of in-stream, sediment at the diversion 
structures.  This recommendation comprises the installation of new settling basins in the immediate 
vicinity of each diversion structure, including associated structural modifications of the diversion 
structures and installation of piping and control structures. 
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Introduction 
Through this project the City of Pittsfield worked with the Berkshire Regional Planning Commission 
(BRPC) and Comprehensive Environmental Inc. (CEI) to assess sources of sediment to Windsor and 
Cady Brooks and identify appropriate management measures to prevent sediment from entering 
Cleveland Reservoir, the City of Pittsfield’s principal water supply.  This project was initiated due to 
concerns that significant sediment deposits and the re-suspension of these materials during storm 
events or high flows may be contributing to increased turbidity impacting the Cleveland Reservoir. 
 
The goals of the project were as follows: 
1. To attain a greater understanding of known and suspected contributors of sediment loads through 

data review, watershed reconnaissance, stream channel evaluation, turbidity monitoring, and 
modeling. 

2. To evaluate the potential improvements through analysis of best management practice 
alternatives in the watersheds.  

3. To identify conceptual solutions and recommendations for structural and/or non-structural best 
management practices that can be implemented to address priority problems identified. 

 
Cleveland Reservoir is a Class A waterbody and supplies approximately 74% of Pittsfield’s water.  The 
City of Pittsfield owns and operates the Cleveland Reservoir as its principle water supply with an 
approximate yield of 8 MGD.  The Cleveland Reservoir Watershed is located in the towns of Hinsdale, 
Windsor, and Peru.  Flow from Windsor and Cady Brooks is diverted from Windsor Reservoir to 
Cleveland Reservoir by a system of aqueducts.  The water supply originates from the reservoir’s 
relatively small (1.5 sq. mi.) immediate watershed and from the watersheds of two intake structures 
located on Windsor Brook and Cady Brook.  The watershed areas for the Windsor and Cady Brook 
diversions are approximately 9.3 and 3.2 square miles, respectively.  The brooks naturally flow into 
Windsor Reservoir, which is a water supply source for the Dalton Fire District, but are redirected to the 
Cleveland Reservoir in connection with Pittsfield’s water needs.  A USGS locus map showing the 
reservoirs and diversion structures is provided on Figure 1.  Figure 2 shows the watersheds for Windsor 
and Cady Brook diversions. 
 
These flow diversion structures contain significant accumulated sediment from the brooks.  Past 
reservoir and watershed management activities have identified that sediment transported by these 
brooks, and associated turbidity under high flow and storm conditions, adversely impacts the quality of 
the Cleveland Reservoir water supply.  Increased turbidity can lead to Water Department action to 
reduce flow withdrawals at the two intake structures.  For example, the Water Department personnel 
begin to close the diversions when the turbidity of the brooks, combined with the flow from the 
Cleveland Reservoir, approaches 2 NTUs, which begins to impact the treatment capacity of the plant. 
 
Significant sediment deposits are present at the Windsor and Cady Brook diversions and the 
resuspension of these materials during storm events or high flows may be contributing to the increased 
turbidity that impacts Cleveland Reservoir. The City of Pittsfield intends to remove the accumulated 
sediment in the vicinity of the diversion impoundments consistent with previous maintenance activities 
at the Windsor Brook impoundment that removed -690 cubic yards of material in 1992.  However, a 
regular schedule for maintaining these impoundments has not been established and it has yet to be 
determined whether such activities can be permitted as maintenance activities. 
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As part of its comprehensive management approach to protect its water supply, the City of Pittsfield 
has initiated this study to review the characteristics of the watersheds of Windsor and Cady Brooks, 
characterize the conditions in these brooks that result in actionable levels of turbidity at the Cleveland 
Reservoir intake structure, and develop an understanding of the sources of sediment from the tributary 
watersheds. The City will also collect data on bathymetry, accumulated sediment depth, and sediment 
physical and chemical composition, to assist in developing a future maintenance project for removing 
this sediment from the diversion structure impoundments. 
 

Final Products 
1) MassDEP and US EPA approved QAPP; 
2) Technical memorandum on impoundment bathymetry and sediment sampling; 
3) Technical memorandum on turbidity monitoring program; 
4) Technical memorandum on watershed reconnaissance; 
5) Technical memorandum summarizing estimated annual sediment yield; 
6) Technical memorandum with recommended action plan with proposed measures to be 

implemented as a result of this study including Best Management Practices; and 
7) Conceptual designs (30% design) for the top five most cost-effective BMPs identified in the 

evaluation. 

Project Approach 
This project is part of a comprehensive management approach to protect the City of Pittsfield’s water 
supply.  The City of Pittsfield is interested in reducing and/or managing the sediment associated with 
the Windsor Brook and Cady Brook flows, as well as the associated turbidity.  Such management would 
benefit not only the water quality throughout these brooks and the City’s water supply, but also water 
resources in these brooks downstream of the intake structures, such as the Windsor Reservoir. 
 
The City of Pittsfield worked to address several key questions to assess the impacts of the sediment and 
turbidity of these stream flows and develop solutions: 
1. What is the source of the sediment in each of these streams?  Does it derive from land use and land 

disturbance activities in the contributing watersheds, does it derive from streambank erosion, or is 
it a combination of these sources, and to what extent are these sources attributable to human 
activities? 

2. How is the turbidity experienced at the water intake structures affected by flows?  Is there a 
difference in turbidity levels between Cady and Windsor Brook during storm events?  What 
turbidity levels at the intake affect turbidity levels in the Cleveland Reservoir? 

3. How can the sediment conveyed in these streams be reduced through source control practices or 
structural Best Management Practices (BMPs)?  Can operation and maintenance practices in the 
watershed and at the intake structure impoundments help manage the sediment load from the 
watersheds?  What agricultural, silvicultural, urban land use practices, roadway BMPs, bank 
stabilization measures, or in-stream management practices (e.g., alterations to the configuration or 
operation of the intake structures) would result in cost-effective reductions in sediment load and 
turbidity both along the stream system and at the water supply intakes?  What would such 
measures cost? 
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4. In addition to mitigation of sediment loads, what other measures might effectively address the 
turbidity conditions encountered in the operation of the intake structures during storm events?  
What would such measures cost? 

 
The project approach was to address these questions using a task-based methodology that consisted of 
an initial analysis of the watershed, stream system, sediment characteristics, and potential 
management alternatives. 
 

Task 1  Quality Assurance Project Plan (QAPP) 
CEI developed a Quality Assurance Project Plan (QAPP) for water quality-related monitoring and 
modeling in accordance with US EPA guidelines, which was approved by the US EPA and MassDEP.  
The QAPP established protocols for modeling estimated generation of sediment based on GIS soils, 
stream network, and land use databases, to compare current conditions and various Best Management 
Practices for reduction in watershed sediment loading.  The QAPP addresses Quality Assurance 
elements for the GIS-based sediment loading and transport model and includes protocols for turbidity 
monitoring at the inlets to the aqueduct, as well as monitoring of turbidity at the Cleveland Reservoir 
treatment plant to facilitate local review of maintenance requirements for the stream diversion 
impoundments.  In addition, the QAPP includes protocols for sediment sampling on Windsor and Cady 
Brooks and for the creation of a bathymetric profile for both impoundments.  The complete QAPP can 
be found as Appendix A. 
 

Task 2  Characterization of Turbidity in Windsor and Cady Brook Impoundments 
CEI lead this effort working with BRPC and the City.  CEI, in accordance with the approved QAPP 
developed under Task 1, collected information on the turbidity levels in the diversion structure 
impoundments at Windsor and Cady Brooks during varying flow conditions.  The monitoring program 
consisted of installation of turbidity monitoring data recorders, periodic servicing of the recorders, data 
collection, and data analysis.  The technical memo outlining the turbidity monitoring program can be 
found in its entirety as Appendix B. 
 
The project team collected field data on at the water intake diversion structures on Windsor Brook and 
Cady Brooks during the period May 26 to September 2, 2011.  Figure 3 provides a time line showing key 
components of this field program. 

 
 

Figure 3:  Turbidity Program Timeline 
 
The team deployed data-loggers at the structures on June 8 and initiated monitoring.  The team 
serviced the meters and conducted the initial download of turbidity data on June 18.  During this initial 
data download, the team found that the Cady Brook instrument battery had failed, resulting in no data 
acquisition for that installation for the first collection period.  The field team replaced the batteries in 
this device, and both meters functioned satisfactorily for the remainder of the field data collection 
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effort.  The field team service the meters and conducted data downloads on July 7, July 22, July 27 and 
August 6.  The final data download occurred on September 2, when both meters were withdrawn from 
the structure locations. 
 
Table 1:  Field Program Data Parameters 

Parameter Source Remarks 
Turbidity Automatic Data Logger located in 

each diversion structure 
Troll 9500, data acquisition at 30 
minute intervals 

Stage (water elevation) Automatic Data Logger located in 
each diversion structure 

Troll 9500, data acquisition at 30 
minute intervals 

Flow Computed from stage 
measurement 

Computation based on rating curve 
developed for each structure (see 
discussion under Field Data 
Acquisition) 

Precipitation (primary data source) Cleveland Reservoir Water 
Treatment Plant 

Daily precipitation reading 
manually recorded by plant 
personnel 

Precipitation (secondary data for 
checking primary data results) 

National Weather Station at 
Pittsfield Airport 

Hourly precipitation data 

 
Following an amendment of the QAPP in August of 2010, the project team withdrew the data collectors 
because of persistent low flows.  In lieu of collecting a final month of summer flow data, daily turbidity 
and rainfall data measurements at the Cleveland Reservoir water treatment plant were obtained and 
reviewed for information on the relationship of reservoir turbidity to rainfall events. 
 
The data acquisition and reduction program included two components: 

1. 2010 Field Program.  This includes the acquisition and reduction of data for the period of June 
through the beginning of September 2010, as described above. The study team compiled data 
for the parameters and from the sources noted in Table 1. 

2. 2009 Record Data.  This includes reduction of record data from Pittsfield Water Department 
files for the calendar year 2009.  This data consisted of daily measurements of turbidity (one 
grab sample) and precipitation recorded by water treatment plant personnel. 

 
Results 
The summer of 2010 was characterized by extended dry periods, and generally low flow conditions in 
both streams covered by this study.  No significant thunderstorms occurred during the period of study 
that would result in substantial increases in flow in either stream.  In fact, for most of the study period, 
there were very few storms that resulted in ponding of water at either diversion structure.  Therefore, 
we were not able to observe any event that would cause an increase in turbidity levels in the Cleveland 
Reservoir that would warrant closing the gates at the diversion structure, to control turbidity levels in 
the influent to acceptable levels for plant operation. 
 
Windsor Brook (East Branch) 
The results of the turbidity monitoring can be seen in the graphs following page 6. 
• The data shows a typical time lag between rainfalls exceeding 0.3 inches and peaks in 

impoundment stage (and flow) of approximately one to one and a half days.  The time lag between 
rainfall and peak flow appears only slightly greater than observed for Cady Brook (see below), even 
though the Windsor Brook watershed is about 2.5 times the area of the Cady Brook watershed.  
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This is consistent with the water treatment plant personnel observations that the Windsor Brook is 
“flashier” than Cady. 

• Elevated turbidity levels at the diversion structure typically occur between the rainfall event and the 
time of the peak flow level, although this does not occur in every case.  There is not a discernable 
correlation between level of turbidity and quantity of rainfall.  It appears that turbidity increases 
rapidly and briefly – “spikes” – typically at the onset of the flow event, and when ponding of the 
impoundment occurs, as the impoundment is filling. 

• The study team noted for the June 9, 12, and 24 and the July 20 and 23 events, that once the 
impoundment exhibited a significant depth of water, turbidity levels dropped.  Possible 
explanations of this occurrence are as follows: 
o The initial stream flow in the storm event has higher turbidity levels, reflected in the levels read 

at the impoundment early in the flow event, with influent turbidity levels falling off as the high 
flow event continues.  This might indicate a “first flush” phenomenon, where sediments 
deposited along the stream are suspended and carried by increased flows and velocities early in 
a flow event. 

o The impoundment itself becomes more functional as a sediment trap once it fills.  This seems 
reasonable, in that ponded conditions would result in lower flow velocities as the stream enters 
the impoundment, resulting in the increased settling of finer materials from the water column.  
The impoundment would be expected to be a more efficient sediment trap when full of water, 
than at low flows when the stream short-circuits directly to the diversion structure. 

• It appears that at times, the turbidity readings may spike as the impoundment is emptying (e.g., 
June 12, 16, 19, 24, July 22, August 25, 26).  However, this effect at Windsor Brook may be masked 
by the occurrence of subsequent elevated flow events (e.g., June 16, July 23).  The turbidities 
around July 22 and 23 may also have been attributed to organic material flushed through the 
stream system. 

• A possible explanation of this elevated turbidity at the end of an observed flow event is that as 
water levels recede, there is an impoundment washout effect: sediment that may accumulate 
under ponded conditions may be flushed from the floor of the impoundment as upstream 
elevations fall, and the brook scours fine material from its bed and the floor of the impoundment. 

• There are several periods where turbidity levels increase sharply, without apparent relationship to 
flow events.  Occurrences of note include the periods of July 3 to 7 and July 28 to August 2.  There 
are several possible explanations for these occurrences: 
o Material, such as naturally occurring debris dams, may periodically become mobilized in the 

stream system, releasing accumulated sediments that result in increases in turbidity. 
o Material may accumulate in the bottom of the diversion structure or in the turbidity instrument 

chamber, and remain suspended in contact with the turbidity sensors for a period of time. 
o Natural materials may be released within the stream system, such as organic material from 

biological activity in wetlands and small pools.  An example of this condition was observed 
during servicing of the turbidity monitor on July 22, when floating foam or organic material was 
observed and photographed.  Intermittent export of organic matter from the stream systems 
may cause increases in turbidity without a triggering rainfall event. 

o Some other condition such as debris temporarily lodged against the sensor could result in 
temporary erratic readings. 
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Cady Brook 
The results of the turbidity monitoring can be seen in the graphs on the following page. 
• The data shows a typical time lag between rainfalls exceeding 0.4 inches and peaks in 

impoundment stage (and flow) of approximately one day.  See the peak flow events following the 
rainfalls recorded on June 22; July 10, 17, 19, 21, 23, 24; and August 5, 15, 22.  Approximately half of 
these events resulted in ponding of the impoundment above the level of the diversion structure 
inlet weir.  None of these events resulted in overtopping the overflow spillway. 

• As with Windsor Brook, elevated turbidity levels at the diversion structure typically occur between 
the rainfall event and the time of the peak flow level, although this does not occur in every case.  
There is not a discernable correlation between level of turbidity and quantity of rainfall.  It appears 
that turbidity increases rapidly and briefly – “spikes” – typically at the onset of the flow event, and 
when ponding of the impoundment occurs, as the impoundment is filling.  We noted for the June 10 
event, that once the impoundment exhibited a significant depth of water, turbidity levels dropped.  
However, this condition is not as apparent for other events.  See the discussion above for 
observations of this phenomenon on Windsor Brook. 

• It appears that at times, the turbidity readings may spike as the impoundment is emptying (e.g., 
June, 24, July 12, 27, and possibly on August 27).  In fact, on several of these occurrences, there is 
typically about a 1 day delay between the time the water level falls below the 1469 elevation and 
the occurrence of the spike.  As with the Windsor Brook, a possible explanation of this elevated 
turbidity at the end of a flow event is that as water levels recede, there is an impoundment washout 
effect. 

• Again, as occurs in the Windsor Brook, there are several periods where turbidity levels increase 
sharply, without apparent relationship to flow events.  Occurrences of note include the periods of 
July 4 to 7 and July 28 to 30.  Possible explanations for these occurrences are summarized above in 
the discussion of Windsor Brook. 

 
Water Treatment Plant Influent (Cleveland Reservoir) 
Water department personnel conduct daily grab samples of influent at the water treatment plant and 
analyze these samples for turbidity.  Time of test varies daily.  Comparing these observations to the 
stream flow and turbidity records for the two brooks, we noted the following: 
• Turbidity levels at the reservoir rose over the periods of June 9-12 and June 20-25, and also August 

25-27, corresponding in each case to a series of rainfall events and increased streamflows.  Each of 
these events was sufficient to cause ponding at the Windsor Brook diversion structure.  The lag 
time between peak flow at the diversion structure and the peak in reservoir turbidity appeared to 
be on the order of 2 to 3 days for these summer events, and only reached a level of about 1.2 NTU’s 
at the highest. 

• The turbidity levels on August 5 and 6 at Cleveland Reservoir were significantly higher than any 
other time over the course of the study, coinciding with high turbidity levels recorded during the 
same period at both brooks, but not clearly associated with a significant increase in flow.  We have 
no other data or coincidental observations that would explain this occurrence. 

• Otherwise, the daily-record turbidity levels do not have a discernible relationship to the patterns of 
flow increase/turbidity increase monitored during the June – August field program. 
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Historical Data Record: January – December 2009 
In accordance with the amended QAPP, the study team reviewed and analyzed historic data for the 
2009 calendar year.  The historical turbidity data can be seen in the graphs following page 8.  From our 
analysis we offer the following observations and conclusions: 
 
For the calendar year studied, there appears to be an overall trend where the baseline turbidity 
gradually decreases from the January level of about 1.2 NTUs to a late winter level between 0.7 and 0.8.  
In March, and then again in April, there are interruptions in this gradually declining trend, that appear to 
be indicative of increases in turbidity associated with snowmelt and spring runoff. 
 
The month of June included 10 recorded daily rainfall events in the period from June 8 to June 21; 
during the same period, turbidity levels fluctuated both up and down in a manner difficult to associate 
with any one event.  At the end of the period, turbidity levels were slightly lower than at the beginning. 
 
In late June, erratic levels of turbidity were recorded and would be difficult to associate with rainfall 
events during the period.  We noted a similar phenomenon in the 2010 field program data for early July 
at each diversion structure.  Further investigation would be needed to determine a reason for this 
occurrence.  Perhaps a release of organic material occurs in early summer from the watershed that 
results in these elevated readings.  For the reservoir itself, an alternative explanation may be found in 
temperature changes and associated effects on water column de-stratification in the reservoir. 
 
Rainfalls recorded on July 1 and 2 are followed by elevated turbidity levels, but it is not clear whether 
the increase is associated with the precipitation events or a continuation of the late June variable-
turbidity phenomenon. 
 
From our field program (described above), we noted that the lag time from a rainfall event recorded at 
the treatment plant to a peak flow condition at each diversion structure ranged from approximately 
one to one-and-a-half days, and that “spikes” in turbidity levels frequently occurred in the stream flows 
during that interval.  We also noted a few instances where rainfall events that resulted in diversion 
structure ponding were followed in two to three days by elevated turbidity levels at the reservoir.  We 
therefore examined the historic record of turbidity levels to assess whether elevated turbidity levels 
typically occurred within 2 to 4 days of a daily turbidity readings at the treatment plant (1 day to 
achieve peak flow, and 2-3 days to be reflected in the reservoir data). 
 
Several events appear to show this relationship, including increases over 2-4 days following rainfall 
events recorded on March 29, April 10, June 11, June 15, July 1 and 2, July 2, July 29, September 26, 
October 22, November 14, and November 27.  However, a number of other rainfall events do not result 
in such a pattern of increase; in some cases turbidity levels either remain relatively unchanged or even 
decrease following storm events.  This suggests that for many storm events, the response time for a 
turbidity increase in the reservoir following the event is on the order of 2-4 days, but that other factors 
affect turbidity levels and that upward changes are not associated with all events.  No daily rainfall 
exceeded 2 inches during the period of record, so no conclusions can be drawn regarding turbidity 
levels and corresponding lag times for extreme storm events (e.g., the 2, 10, or 100 year storms). 
 
The overall turbidity trend for the summer and early fall of 2009 showed readings around the 1.0 NTU 
level, with some instability in this pattern (variations of turbidity both up and down) associated with 
periods when there were several rainfall events (e.g., June 8-22, July 17-August 2, September 26 to 
October 16).  In mid-October, the trend moved upward to reach levels at and above 2.0 NTU from mid-
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November to mid-December, when the trend generally declined to the end of the year.  The higher 
readings may have corresponded to higher base flows in the stream system anticipated during this 
season, but the water treatment plant does not maintain flow records for the diversion structures, so 
we cannot corroborate these turbidity levels with stream flows. 
 
In conclusion, the 2009 period of study shows that turbidity levels in raw water at the treatment plant 
intake do respond to rainfall events, with an apparent lag time on the order of 2-4 days for the period of 
study.  However, not all rainfall events resulted in elevated levels.  Perhaps the duration or intensity of 
storms affect whether turbidity readings change, but this information is not available from the record. 
 
During periods of repeated rainfall events, the general turbidity trend became subject to variations 
both above and below the general trend, so that one might conclude that rainfall events may perturb 
the base-line trend, but that any one event will not necessarily result in an increase in turbidity levels. 
 
Finally, as evidenced by the data for late June, there are likely other causes for increased turbidity levels 
at the water treatment plant intake than changes in stream flow induced by storm events.  These factors 
or causes cannot be discerned from the record data examined in this study.  One possible explanation is 
that a turnover in the reservoir water column may occur associated with seasonal temperature changes, 
resulting in suspension of fine sediments from the floor of the reservoir.  Alternatively, seasonal inflow of 
organic material from the contributing streams may contribute to detected turbidity levels. 
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Task 3  Evaluation of Potential Sediment Sources 
CEI lead this effort working with BRPC and the City.  CEI identified potential, significant sources of 
sediment to Windsor and Cady Brooks by conducting a reconnaissance-level evaluation of the 
watershed for the following typical sources of erosion: land disturbance and land use activities in the 
watershed; roadways, including both paved and gravel roads, and their adjacent embankments; and 
stream channels of the Windsor and Cady Brooks and their tributaries.  The technical memo outlining 
the watershed reconnaissance can be found in its entirety as Appendix C. 
 
Personnel from BRPC and CEI conducted a “windshield reconnaissance” of the Windsor and Cady 
Brooks watersheds.  The reconnaissance had two primary objectives.  First, to verify land uses by field 
observation and to confirm the mapping upon which subsequent study tasks rely for estimation of 
watershed sediment loads.  Second, to identify potential land or stream disturbances that might 
contribute significant volumes of sediment to the streams, potentially affecting sediment accumulation 
at the diversion structures and turbidity conditions in the Cleveland Reservoir.  Incidental to the second 
objective, the study partners also sought to identify potential locations that might be candidates for 
application of Best Management Practices (BMPs) to address potential sediment sources. 
 
A reconnaissance team comprised of CEI and BRPC staff conducted the land use reconnaissance on 
March 23 and 24, 2010.  A general description of the procedure and key observations follows. 
 
Preparatory to the reconnaissance, the team performed the following: 
• Reviewed GIS mapping data provided by the New England Interstate Water Pollution Control 

Commission (NEIWPCC) supporting the sediment estimation model used in this study (AVWGLF), 
data regarding land use available through Massachusetts Geographic Information Systems 
(MassGIS), and recent aerial photographs of the region.  Where these sources were not in 
agreement, we pre-selected locations for field observation. 

• Reviewed aerial imagery of the watersheds for signs of land use activity or disturbance that could 
be contributing significant sediment to the stream system.  Examples include bare ground, forestry 
activities, or recreational trails.  

• Planned the field investigation using the identified locations, shown mapped in Figure 4. 
 
With the planning map as a guide, the team systematically traveled through the study area, observing 
conditions at the locations identified on the map, and compiling notes and a photographic record.  The 
photo record with descriptions of locations mentioned below was compiled as an Excel file for 
reference by the study team. 
 
During the field investigation, the team found some sites of concern were not readily accessible without 
trespassing (for example, agricultural fields surrounded by woodland).  The study team evaluated these 
areas by follow-up study of “bird’s eye” aerial imagery available through Microsoft Bing Maps.  Using 
this imagery, the team was able to assess whether the areas showed significant disturbance that might 
contribute to the sediment load of the stream system. 
 

Results 
While the purpose of the reconnaissance was to identify watershed disturbances that are potential 
sources of sediment, we noted that most of the watersheds of both Windsor and Cady Brooks are 
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forested, undisturbed land.  Also, while there are individual sources of sediment as noted below, these 
appear to be localized; in general, the developed areas of these watersheds are typically stable.  The 
field team did not encounter large disturbed areas that would be significant sources of sediment to the 
stream system. 
 
Paved Road Crossings 
The field team observed a stormwater system that was collecting sediment-laden stormwater from a 
private site, the Rod & Gun Club, and discharging to Windsor Brook.  Some deposition occurs where the 
pipe outlets at a headwall, but much of the sediment washes down an eroded channel and discharges 
directly into the stream.  Sediment was observed lining the eroded channel.  During the March 
reconnaissance, we observed runoff carrying suspended sediments directly into the stream. 
 
At most paved road crossings, the field team observed significant deposits of road sanding material 
along the shoulder, embankments and stream channel at each location.  Road sanding may comprise a 
significant source of sediment to the stream system in areas where roads are not swept immediately 
following snowmelt.  Plow pull-offs may provide space for BMPs to address roadway runoff and capture 
coarse sediments from road sanding. 
 
Existing stormwater management practices along Route 9 direct water away from the paved roads and 
towards low spots (i.e., stream crossings) with little treatment.  The practices observed in the field 
include paved chutes, paved swales, and unlined channels.  Provided that adequate space is available in 
the road right of way, these stormwater systems may be potential BMP sites to significantly improve 
stormwater quality in lowering the sediment load to the stream and treating pollutants from roadway 
wash-off. 
 
Forestry Activities 
During the March reconnaissance, several forestry roads in the project area were inaccessible because 
of remaining snow cover, and the field team could not access some areas identified on orthophotos.  
However, higher resolution imagery was obtained from Microsoft Bing Maps for inaccessible areas.  
There are several active areas of forestry on private land near Windsor and Cady Brooks.  The images 
are not of sufficient resolution to discern whether the forestry activities employ erosion and sediment 
control practices to prevent sedimentation impacts on adjacent water resources. 
 
Trails and Unimproved Roads 
At several locations the field team observed former woodland access roads that appear to be used by 
ATVs and/or snowmobiles.  Some bridges were observed for ATV and/or snowmobile use; however, 
vehicle tracks often crossed through streams regardless of whether a bridge was present nearby.  The 
recreational roads most often wind through private property and are difficult to identify from main 
roads.  The proximity of these recreational roads to the streams and crossings of the vehicles through 
stream channels appears to be a significant source of sediment input to the stream system.  
Management practices may need to be considered to reduce sediment loads. 
 
A four-wheel drive trail runs along the power lines that cross Cady Brook.  A bridge has been built to 
improve access across the stream, though tracks showed ATV use of the former road directly through 
the stream.  During the March reconnaissance, the study team observed sediment laden runoff from 
this roadway discharging into Cady Brook.  Larger vehicles, such as trucks, use the road but cross the 
stream using the bridge. The team observed ATV tracks crossing through the stream, causing sediment 
tracking through the channel. This stream crossing is a candidate for specific management practices 
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to correct the sediment load to the stream system.  Conditions at this site also suggest that an outreach 
effort is warranted to the local recreation community to decrease the potential of recurrence. 
 
General Condition of Stream Banks 
An in-depth analysis of the geomorphic conditions and bank stability of the area streams was not within 
the scope of this study.  However, from our general observations during multiple visits to the study 
area, as well as specific observations during the reconnaissance, the study team observed no significant 
areas of the stream system showing signs of bank instability, bank failure, or other indications of 
excessive erosion of the stream banks and channels.  Also, as noted below, while the team did 
encounter localized instances of bank erosion and bed scour near stream crossing structures, the 
impacts did not extend far from these structures. 
 
Road Sanding Deposition 
The reconnaissance team observed deposition of road sanding material along the shoulder and 
embankment at nearly all paved road crossings during March visits.  The sandy sediment, which is 
distinguishable from the natural stream bed material by its particle size and lighter color, was also 
observed on the stream bank and stream bed at these locations. 
 
Stream Crossing Structures Narrower than Stream Channel 
The culverts and bridge structures at most roadway crossings are significantly narrower than the 
natural stream channels upstream and downstream.  Common conditions at many of the structures 
included scour pools at the structure outlet and bank erosion immediately upstream and/or 
downstream. 
 
Culverts that are narrower than the natural channel commonly have a drop in elevation at the culvert 
outlet resulting from scour and stream channel degradation over time (a condition commonly referred 
to as “perching”).  Although many of the culvert crossings on Windsor and Cady Brooks were narrower 
than the natural stream channel and have associated scour pools and/or embankment erosion, none 
showed this condition.  The field team observed no significant scour or erosion impacts extending 
beyond 50 to 150 feet upstream or downstream of the crossings examined in this study. 
 
Crossing Alignment 
We observed two crossings where the flow-line of the structure does not align with the natural stream 
channel (both on Windsor Brook). 
 
At one location where flow must change direction as it enters the culvert, the study team observed 
debris deposition on the outside bank of the bend upstream of the culvert.  In addition, one of the 
downstream banks is gradually sloughing into the stream, constricting flow. 
 
We observed bank cutting the stream crossings at locations on both Cady Brook and Windsor Brook.  
Bank erosion at one location appears to result from stormwater flow and erosion behind wing-walls at 
the stream crossing.  At another location, bank cutting and uneven banks suggest gradual movement of 
Windsor Brook towards Main Dalton Road.  A local resident also attested to this possible trend. 
 
We observed a culvert at that was significantly narrower than the Windsor Brook stream channel and 
may be causing deposition within the channel.  The vertical drop into the inlet of the culvert indicated 
that the culvert was below the existing stream bed at the time of observation.  A potential explanation 
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is that sediment has deposited in the stream near the inlet, partly obstructing the culvert.  This 
sediment may be susceptible to future scour and transport during a storm event. 
 

Task 4  Estimating Watershed Sediment Volumes 
CEI estimated the sediment yield over time from the land uses and areas of streambank erosion 
identified in the Windsor and Cady Brook watersheds.  This estimate was used to evaluate the 
effectiveness of various best management practices for the reduction of sediment load.  The evaluation 
of the base sediment yield and the storm flow suspended sediment volume included development of a 
sediment yield model for each of the two major watersheds using the GIS database, regional rainfall 
records, and information from the watershed and stream channel reconnaissance activities.  Under this 
task, the team estimated the sediment yield over time from the land uses and stream bank erosion in 
the Windsor and Cady Brook watersheds.  This analysis included an estimate of the annual sediment 
load delivered to each diversion structure, and an examination of the sediment trapping performance 
of the small impoundment at each structure.  The technical memo for the bathymetry and sediment 
sampling can be found in its entirety in Appendix D and the technical memo for the sediment yield 
analysis can be found in its entirety as Appendix E. 
 
The study team developed a sediment yield model for each of the two major watersheds using the GIS 
database (as confirmed by reconnaissance activities), and regional rainfall records.  The study team 
used the ArcView Generalized Watershed Loading Functions (AVGWLF)1 model published by the Penn 
State Institutes of Energy and the Environment.  The 2009 version of the modeling software has been 
developed and calibrated for application in the New England states.2

 

  It includes routines to model 
erosion from upland surfaces and lateral stream bank erosion, to generate monthly and annual volumes 
of sediment yield.  The calibration of AVGWLF for New England states shows that reasonably accurate 
watershed sediment yields can be obtained for analyses on an average annual basis. 

For this study, the study team used the model strictly as a computational tool to estimate current 
watershed sediment yield.  The model employs the widely accepted Universal Soil Loss Equation 
(USLE) and provides a convenient method for estimating soil loss and sediment delivery by this 
standard procedure.  Separate hand calculations using the USLE verified that model output for each 
watershed lies within an acceptable range.  The model therefore provided a reasonable order-of-
magnitude estimate of annual average sediment volume anticipated at each diversion control 
structure, based on a landscape-scale analysis of the watershed. 
 
The model as published uses 1999 GIS land use data compiled by the New England Interstate Water 
Pollution Control Commission (NEIWPCC) for New England.  MassGIS has published more recent land 
use data for 2005.  Based on field observations during the watershed reconnaissance, the study team 
verified the MassGIS data.  The study team adjusted the AVWGLF model land use categories to reflect 
MassGIS data.  The study team used rainfall data from NEIWPCC data files from weather stations in 
Amherst, MA and Grafton, NY for the 10-year period 1994-2004.  Using this information, the model was 

                                                                    
1 ArcView Generalized Watershed Loading Functions (Version 7.2.3) [Software]. 2009.  The Pennsylvania State University; 
Penn State Institutes of Energy and the Environment. Retrieved from: http://www.neiwpcc.org/avgwlf/models.asp 
 
2 Penn State Institutes of the Environment. 2007.  Summary of Work Undertaken Related to Adaptation of AVGWLF for Use in 
New England and New York. Retrieved April 16, 2009:  
http://www.neiwpcc.org/avgwlf/avg-docs/ne-avgwlf-report-feb07.pdf 
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run to generate estimates of average monthly and annual yields of sediment from each watershed 
under existing conditions. 
 
We also compared estimated yields under current conditions to hypothetical yields from an 
undisturbed watershed.  To obtain a general understanding of how the watershed in its current land use 
may differ from natural conditions, we used the AVGWLF model to estimate a base sediment yield for a 
hypothetical “natural forest.”  In addition to estimating sediment yields on an annual basis, the 
AVGWLF model also provides a monthly distribution of the sediment loads. 
 
During reconnaissance of the watersheds of Windsor and Cady Brooks, the study team observed 
instances of localized land disturbance dispersed through the study area.  Examples include unpaved 
driveways and areas of bare earth (such as observed at the rod and gun club off Route 9), stream bank 
disturbance at fords used by recreational ATVs, and general trail disturbance by ATVs.  To assess the 
sensitivity of sediment yields to such activities, we used the AVGWLF to estimate the increase in 
sediment load at each diversion structure for a representative area of such disturbance.  The extent of 
this disturbance was not surveyed or measured; for the Windsor Brook watershed we estimated an area 
for analysis based on the equivalent of two east-west and two north-south, 10-foot wide trails in the 
watershed, plus two to four acres of other disturbance, for a total of 20 acres of disturbance (0.34% of 
the watershed area).  A proportional area was applied for the analysis of the Cady Brook watershed.  
We used the land use category for “transitional land3

 
” as a surrogate for this disturbance. 

Results 
Table 2 shows the estimated sediment yield from the Windsor Brook watershed is on the order of 237 
cubic yards per year, based on the base AVGWLF model.  Table 3 shows the sediment yield estimate for 
Cady Brook, 31 cubic yards per year. 
 
In the cases of both watersheds, stream bank erosion represents a significant portion of the total under 
each of the modeling scenarios.  The sediment yield from stream erosion is the predominant source of 
sediment in both watersheds.  This suggests that activities that result in stream bank disturbance merit 
close monitoring, and potential corrective action where such disturbance results in continued or chronic 
stream bank erosion. 
 
For the Windsor Brook watershed, the current developed area represents about 14% of the land area.  
This land use yields estimated sediment loads (not counting that from stream bank erosion) over 400% 
greater than expected from a forested watershed.  In the Cady Brook watershed, the current land 
acreage devoted to agriculture, residences, and other non-forested land uses represents 4% of the land 
area.  This land use pattern yields estimated sediment loads on the order of 160% of the hypothetical 
natural condition.   It is readily apparent small percentages of disturbance in the watershed result in 
significant increases in sediment load.   The sediment generated by the watershed is highly sensitive to 
the extent of land converted from forest to other uses. 
 
 
 
 

                                                                    
3 Vacant land, idle agriculture, rock outcrops and barren areas. Vacant land is not maintained for any evident purpose and it 
does not support large plant growth. (Bare or open land.) 
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Table 2A – Windsor Brook Sediment Yield Model: Existing Watershed Conditions 
Sediment Source  AVGWLF Results* 

Land Use Area (acres) (tons) (cubic yards) 

Hay/Pasture 497 11.4 9.4 
Cropland 114 23.0 18.9 
Forest 4777 9.7 8.0 
Wetland 326 0.4 0.3 
Transitional Land 0 0.0 0.0 
Low Intensity Development 183 5.2 4.3 
High Intensity Development 5 0.1 0.1 

Subtotal 5901 49.8 41.0 
Stream bank 

 
238.5 196.3 

Total 
 

288.3 237.3 
Average Annual Precipitation:  46 inches 
Average Annual Runoff:  4.18 inches 

* Existing Conditions Model Adjusted for MassGIS (2005) Land Use 
 
Table 2B – Windsor Brook Sediment Yield Model: Hypothetical Fully Forested Conditions 

Sediment Source AVGWLF Results 

Land Use Area (acres) (tons) (cubic yards) 

Hay/Pasture 0 0.0 0.0 
Cropland 0 0.0 0.0 
Forest 5575 11.3 9.3 
Wetland 326 0.4 0.3 
Transitional Land 0 0.0 0.0 
Low Intensity Development 0 0.0 0.0 
High Intensity Development 0 0.0 0.0 

Subtotal 5901 11.7 9.6 
Stream bank 

 
235.8 194.1 

Total 
 

247.5 203.7 
Average Annual Precipitation:  46 inches 
Average Annual Runoff:  3.94 inches 

 
Table 3A – Cady Brook Sediment Yield Model: Existing Watershed Conditions 

Sediment Source AVGWLF Results* 

Land Use Area (acres) (tons) (cubic yards) 

Hay/Pasture 86 2.0 1.6 
Cropland 0 0.0 0.0 
Forest 2236 6.1 5.0 
Wetland 49 0.1 0.1 
Transitional Land 2 1.8 1.5 
Low Intensity Development 7 0.2 0.2 
High Intensity Development 0 0.0 0.0 

Subtotal 2382 10.2 8.4 
Stream bank 

 
26.8 22.1 

Total 
 

37.0 30.5 
Average Annual Precipitation:  46 inches 
Average Annual Runoff:  3.75 inches 

* Existing Conditions Model Adjusted for MassGIS (2005) Land Use 
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Table 3B – Cady Brook Sediment Yield Model: Hypothetical Fully Forested Conditions 
Sediment Source AVGWLF Results 

Land Use Area (acres) (tons) (cubic yards) 

Hay/Pasture 0 0.0 0.0 
Cropland 0 0.0 0.0 
Forest 2333 6.3 5.2 
Wetland 49 0.1 0.1 
Transitional Land 0 0.0 0.0 
Low Intensity Development 0 0.0 0.0 
High Intensity Development 0 0.0 0.0 

Subtotal 2382 6.4 5.3 
Stream bank 

 
26.8 22.1 

Total 
 

33.2 27.3 
Average Annual Precipitation:  46 inches 
Average Annual Runoff:  3.71 inches 

 
In addition to estimating sediment yields on an annual basis, the AVGWLF model also provides a 
monthly distribution of the sediment loads.  Table 4 shows the monthly sediment yield (by total 
amount and relative percentage) from each watershed.  The highest sediment loads are anticipated 
during the month of December.  Relatively high rates also occur in the late fall and the early spring 
(periods with typically higher stream flows).  However, note that during the period of May through 
August, when the impoundments are likely operated in a dewatered condition and thus least effective 
at trapping sediment (see further discussion below), approximately 25% of the annual sediment load 
passes through the diversion structures.  This observation suggests that if the operation of the 
impoundments were to be modified to improve sediment trapping efficiency, even just for the summer 
period, a significant portion of annual sediment load might be captured and prevented from 
discharging to the Cleveland Reservoir. 
 
Table 4 – Average Monthly Sediment Yields for Windsor and Cady Brooks 
Month Windsor Brook Cady Brook 

 tons % of annual yield tons % of annual yield 
January 20.8 7.2 2.4 6.3 
February 20.7 7.2 2.3 6.3 
March 28.5 9.9 3.2 8.7 
April 26.2 9.1 3.0 8.2 
May 21.1 7.3 2.4 6.5 
June 21.8 7.6 2.7 7.3 
July 13.9 4.8 1.7 4.6 
August 16.1 5.6 2.1 5.6 
September 25.3 8.8 3.8 10.2 
October 26.5 9.2 3.5 9.4 
November 27.9 9.7 3.9 10.4 
December 39.7 13.8 6.1 16.5 

Total Annual 288.3 100.0 37.0 100.0 

 
The sensitivity analysis indicates that both the Windsor Brook and Cady Brook watersheds are sensitive 
to land disturbance.  A disturbance of about 0.34% of the Windsor Brook watershed results in an 
estimated sediment load increase in the range of 4.5%.  With a 13.5% increase in sediment yield as a 
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result of a proportional area of disturbance, the Cady Brook watershed appears to be even more 
sensitive to disturbance. This difference is attributable to the greater percentage of relatively 
undisturbed forested area in the Cady Brook watershed relative to the Windsor Brook watershed.  In 
either case, this sensitivity of sediment yield to small areas of disturbance indicates that the 
management of relatively small areas of disturbance can realize significant reduction of sediment yields 
from the watershed of each brook.  The results of the sensitivity analysis are presented in Table 5. 
 
Table 5 –Sensitivity Analysis for Watershed Disturbance 

Watershed Estimated Sediment Yield 
Windsor Brook 

Existing Land Use Sediment Yield (cubic yds.) 237 
Disturbed Land Use Sediment Yield (cubic yds.) 248 
Sediment Yield Increase (cubic yds.) 11 
% Increase 4.5% 

Cady Brook 
Existing Land Use Sediment Yield (cubic yds.) 30 
Disturbed Land Use Sediment Yield (cubic yds.) 35 
Sediment Yield Increase (cubic yds.) 4 
% Increase 13.5% 

 
The study team assessed the performance of each diversion structure and its small impoundment for 
removal of sediment suspended in the influent stream flow.  The findings are discussed below. 
 
To obtain an understanding of the performance capability of each impoundment, we estimated the 
particle size that each impoundment can theoretically capture.  We used Stoke’s law (Metcalf & Eddy, 
1972, pp 284-285) to estimate that particle size, 100% of which would be removed by the impoundment 
under ideal conditions. 
 
To apply Stoke’s law, one first estimates the overflow rate for a representative flow condition.  The 
overflow rate equals the flow rate into an impoundment, divided by the surface area of the 
impoundment.  For the analysis, we used the estimated “bankfull discharge” of each stream.  Bankfull 
discharge represents the flow in a brook at the point when the brook would overflow onto its natural 
floodplain.  This value can be estimated using regression equations developed by the USGS (cited 
above).  Bankfull events typically occur about once every 1.5 years, although this can vary by stream.  
Thus, this value represents an extreme flow that occurs fairly frequently, with most flow conditions 
being of lesser values.  We estimated the area of each impoundment from the bathymetric survey 
performed as part of this study. 
 
The smallest particle size of which 100% would be removed under ideal settling conditions is computed 
using Stoke’s law.  The calculations are included in Appendix E, with the computed particle size 
presented in Table 6 (particles less than the No. 200 sieve, with an opening size of 2.9 x 10-3 inches, are 
generally considered “silt”).  Even in a clarifier tank designed specifically for sediment removal, we 
would not anticipate ideal conditions, and so would not expect full removal of this fine particle size.  
The estimated particle sizes in Table 2 do not reflect conditions such as turbulence, short circuiting of 
flows, or flow velocities sufficient to re-suspend settled particles.  However, the results of this analysis 
indicate that, given the area and anticipated overflow rates for these impoundments, a fairly high 
removal of silt-sized material should be feasible under operating conditions designed for optimal 
settling.  As discussed below, the configuration and operation of the impoundments and diversion 
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structures results in conditions that significantly reduce the capacity of these small impoundments to 
trap sediment from incoming flows. 
 
Table 6 – Estimated Theoretical Particle Size Removal at Diversion Structures 
Diversion 
Structure 

Surface  
Area 
square feet 

Bankfull Flow 
cubic feet per 
second 

Overflow Rate 
feet per second 

Particle 
Diameter 
Removed* 
inches 

Compare to US 
Standard Sieve  
Sieve No. (inches) 

Windsor Brook 4,952 263 0.053 1.2 x 10-3 << No. 400 (1.5 x 10-3) 
Cady Brook 9,450 123 0.013 6.1 x 10-4 << No. 400 (1.5 x 10-3) 
* Assumes mineral particle under ideal settling conditions. 
 

Appendix E includes a listing of predominant soils types found in the study area, and a list of 
engineering properties including gradation analyses as published in USDA Natural Resource 
Conservation Service soils mapping for Berwick County.  The watersheds of Windsor and Cady Brooks 
contain primarily upland loamy soils formed in glacial till. Soil types present include a mix of gravelly 
and/or sandy loams and fine sandy loams. Types include Peru, Marlow, Pillsbury, Tunbridge, Lyman, 
Hinckley, Berkshire, and associations thereof. Hinckley, a gravelly sandy loam, is concentrated at the 
downstream area of the watersheds. Soils higher in the watershed comprise the remaining types in an 
even distribution of loams and fine sandy loams. Pillsbury loam (the finest soil) and Peru/Marlow, a fine 
sandy loam, together cover approximately over 60% of the combined watershed area. In general, the 
soil types present have moderate silt content, clay contents less than 10%, and low erodibility. 
 

The upper horizons of the predominant soils in the watershed include particles in the range of 20 to 
65% passing the Number 200 sieve.  We would anticipate that, if the impoundments were efficient at 
sediment capture, that sediment samples would show a similar percentage of particles in this size 
range.  Table 7 presents the gradation analyses of sediments obtained during sediment sampling 
performed as part of this study.  At both impoundments, materials finer than the 200 sieve constitute 
less than 10% of the accumulated sediment.  A substantial portion of sediments smaller than the 200 
sieve is passing through each impoundment and is delivered either through the aqueduct to the 
Cleveland Reservoir or through the overflow spillways to the water bodies downstream. 
 

The predominant soils types (Pillsbury, Peru/Marlow) are characterized by clay contents in the range of 
6.5 to 8%.  We would anticipate that this colloidal material would not likely be settled and retained in 
the impoundments, and the upper limits of impoundment efficiency would be therefore limited to the 
removal of silt and coarser materials.  Therefore, a theoretical upper limit on impoundment efficiency 
would be anticipated to be less than 93%. 
 
Table 7 - Gradations of Sediment at Diversion Structures 

US Standard 
Sieve Size 

% By Weight Passing 

Windsor Brook Samples Cady Brook Samples 
WB-1 WB-2 CB-1 CB-2 

#4 98.7 99.4 95.9 97.2 
#10 96.1 96.8 91.8 93.9 
#20 89.6 87.8 82.3 85.8 
#40 72.4 68.0 63.2 71.3 
#60 43.4 41.0 34.8 54.3 
#80 25.6 25.0 20.6 39.7 
#100 18.9 19.3 15.8 31.9 
#200 5.7 5.5 4.8 10.3 
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While coarser sediments may be retained in the impoundment, the finer sediments once delivered to 
the Cleveland Reservoir can contribute to turbidity levels by two primary mechanisms: 
 

• During high flows, they may remain in suspension to a degree affecting turbidity at the intake 
structure 

• During lower flows, they may deposit in the vicinity of the point of discharge into the reservoir, 
accumulating during the smaller events to the point where, in a subsequent high flow event, they 
are re-suspended and conveyed to the intake structure. 

 

Note that the clay fraction of the material passing the #200 sieve is colloidal and would take additional 
time to settle out, and re-suspension of the clay particles easily occurs, especially for sequential events 
over consecutive days. 
 

Based on our observations during field visits, as well as the results of the turbidity monitoring 
conducted during this study, the sediment trapping capacity of the impoundments appears to be 
affected at least in part by the manner of operation of the structures: 
 

• During some periods such as the summer months when we observed flows, the impoundment is 
operated with no ponding during base flow conditions.  Flow through the impoundment occurs as 
channelized stream flow, with virtually no settling of particulates.  Whatever sediment load the 
stream carries is passed directly through the structure to the reservoir.  As noted above, an 
estimated 25% of the sediment load likely passes the structure during the summer period. 

• At the onset of a storm event, accumulated sediments in or near the base flow channel would be 
susceptible to re-suspension and flushing from the impoundment structure. 

• As the impoundment structure fills, the formation of the relatively quiescent pond would promote 
settling of particles from the incoming stream flow.  Some deposition likely occurs during this time.  
However, during periods when impoundment is full, water flowing to the viaduct is withdrawn from 
the bottom of the impoundment. This would tend to maintain the stream flow along the channel 
formed at the bottom of the impoundment, intercepting settling sediments and sweeping them 
into the diversion structure.  

• At the completion of a storm event, each impoundment gradually dewaters, returning to a flow-
through condition that flushes out fine sediments captured during the event. 

• If the impoundments were to be dredged, sediment storage capacity could be restored.  However, 
based on the observed conditions of each impoundment, it appears that once the sediment deposit 
develops, the incoming flow concentrates along the remaining channel, with the higher velocity 
and turbulence interfering with settling. 

 

These conditions suggest that improved performance might be realized if the diversion structure was 
always operated in the impounded condition and if the water conveyed by the aqueduct were 
withdrawn from a higher level, rather than the bottom of the impoundment.  However, for this 
approach to be most effective, the storage capacity of the impoundments would need to be maintained 
through periodic dredging. 
 

Finally, we have developed a rough estimate of the time required to refill each impoundment with 
sediment, assuming each impoundment is dredged to restore its initial capacity.  This estimate 
assumes the following: 
 

• Annual sediment yields; 
• Sediment capture performance of about 80% of the annual average yield; 
• Restored volume equal to the current volume of sediment in each impoundment. 
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For the Windsor Brook, 80% removal of 237 cubic yards would result in an annual accumulation of about 
190 cubic yards.  If impoundment capacity is 575 cubic yards, the impoundment would refill in about 3 
years. 
 
For Cady Brook, 80% removal of 31 cubic yards yields an annual accumulation of about 25 cubic yards.  
If impoundment capacity is 958 cubic yards, the impoundment would refill in 35 to 40 years. 
 
These time frames should be viewed with caution, however.  The modeling of sediment generation 
using the Universal Soil Loss Equation does not account for individual highly disturbed sites where rill 
and gully erosion occurs, or for other unique high-sediment events, such as high intensity tropical 
storms.  Such events can result in large volumes of sediment transport, and could individually consume 
a significant portion of the impoundments’ storage capacity. 

Conclusions/Project Summary 
CEI identified a range of potential management actions for reducing sediment loads to the study area 
streams.  Potential practices for managing sediment once it reaches the stream system, such as 
removal of sediment at the water intake structure impoundments, were also considered.  CEI 
developed a suite of watershed management actions to address turbidity and sediment associated with 
Windsor and Cady Brooks and with the operation of diversion structures that direct flow from these 
brooks to the Cleveland Reservoir.  The technical memo for the watershed management actions can be 
found in its entirety as Appendix F. 
 
The proposed Watershed Management Actions comprise a three-part strategy: 
1. Land use management measures; 
2. Site-specific corrective action projects; and 
3. Management of in-stream sediment at the diversion structures. 
 

Land Use Management Measures 
Currently, the Windsor Brook and Cady Brook watersheds are largely undeveloped, and significant 
portions of the valley of each brook are characterized by glacial till soils on steep slopes.  The 
generation of sediment from this watershed is particularly sensitive to land disturbances that expose 
surface soils and stream banks to erosion.  Preventing an increase in erosion from the watershed is a 
key component of the control of the sediment to Cleveland Reservoir.  Land and stream bank 
disturbances comprise an ongoing concern, as new activities are implemented in the watershed.  
Therefore, it is important to manage these activities on a continual basis, typically requiring 
participation by the watershed communities in the regulation of development, maintenance of 
infrastructure, and oversight of forestry activities. 
 
To foster effective land use management in the watershed, this study recommends an outreach 
program to the watershed communities geared to the control of erosion and sediment from ongoing 
land use activities.  It also recommends partnering with one of the few remaining agricultural 
operations in the watershed to buffer active crop-farming from one of the Windsor Brook tributaries. 
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Estimated Cost: 
The estimated cost to develop the Land Use Management Outreach Program described above is as 
follows: 

Outreach Components Estimated Cost 
Develop Workshop Materials  

a. Sediment Management through Wetlands Protection Regulations $6,000.00 
b. Sediment Management through Forest Cutting Plan review and enforcement $6,000.00 
c. Guidance for stream crossing sizing $6,000.00 
d. Prototype steep slope regulations $4,000.00 

Conduct Workshops (one for each of three towns) $8,000.00 
Total $30,000.00 

Site-Specific Corrective Action Projects 
During this study, the field reconnaissance program identified several locations where exiting land use 
activities are resulting in ongoing sedimentation of area streams.  Based on these observations, we 
recommend the following corrective actions for consideration by the City of Pittsfield.  Not only would 
these actions reduce existing sediment loads, they would also serve as demonstration projects to 
illustrate types of future corrective actions that will be warranted to control sediment generation in the 
watersheds. 
 

Corrective Action at Power Line Stream Crossing 
Cady Brook flows across a power transmission line owned and maintained by Maxim Power 
Corporation.  An unpaved maintenance access runs along the transmission line and crosses Cady Brook.  
Although a bridge has been built and used by vehicles from the power company, smaller vehicle tracks 
(e.g., all-terrain vehicles, or ATVs) showed recent use of the access way, and direct crossing by these 
vehicles through the brook. 
 
Under this management action, we suggest that the City of Pittsfield partner with the power company 
to develop and implement plans for corrective action.  One option to consider is that the City could 
develop the design plans and assist with permitting for Best Management Practices to stabilize the 
roadway, shoreline of the brook, and adjacent disturbed areas.  The Maxim Power Corporation could 
then implement the stabilization improvements, and if feasible, allow recreational ATV use of the 
bridge, instead of the unregulated stream crossing.  Potential corrective measures include permanent 
vegetation of areas outside the immediate limits of the needed access road, drainage control BMPs 
along the access road, stabilization of the stream banks, and restriction of recreational vehicle access to 
the stream banks. 
 
The hills on either side of the brook shed stormwater 
transporting the fine sediments from the unpaved access road.  
During snowmelt, this showed to be a significant source of 
sediment.  Gravel road drainage measures should be 
implemented to prevent erosion and intercept sediment prior 
to its discharge into the stream.  Water bars, ditch turnouts, 
check dams, and sediment traps should be considered to 
correct this existing problem.  The area outside of the access 
road itself should be re-stabilized with vegetation, to prevent 
continued erosion. 

 
 
Unauthorized access by recreational vehicles 
increases sediment deposition in the stream 
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Unauthorized access by recreational vehicles increases sediment deposition in the stream through 
erosion and sediment tracking.  Control of this access and stabilization of the banks are needed to 
correct ongoing erosion of material that then discharges directly into the stream.  The power line 
operator apparently has installed a bridge, to provide access for maintenance vehicles, so those 
vehicles no longer need to cross through the stream itself at the location shown in the previous photo.  
If recreational ATV vehicles were also allowed and encouraged to use this bridge, further shoreline 
erosion could be avoided, and the banks of the stream could be stabilized with native riparian 
vegetation. 
 
Potential stabilization practices for addressing the existing disturbance along the power line access 
include the following: 
 
• Regrade and compact the road surface within defined limits, shaping the road with a crown to drain 

to its shoulders and into defined ditches or into stable buffer areas; 
• Provide water bars (see illustration) spaced along the access road, to divert runoff into roadside 

ditches or stable vegetated areas adjacent to the roadway; 
• Shape and line roadside ditches, either with erosion control mat and vegetation or with stone lining 

to protect them from scour (see illustration); 
• Provide stone check dams (dikes) along ditches to slow runoff and trap sediment from ditch flows; 
• Provide turnouts from ditches discharging onto stable outlet aprons or to turnout buffers, where 

topography and natural vegetation provide a suitable buffer for filtering runoff; 
• Stabilize the banks of Cady Brook where impacted by uncontrolled vehicle crossing. Short term 

stabilization outside the limits of top of bank would be achieved using a layer of crushed stone, 
similar in character to a stabilized construction entrance. Long term stabilization would be achieved 
by the planting of riparian shrub species along the banks of the brook, and applying a conservation 
seed mix over the disturbed area. 

• Provide boulder barriers and signage to direct ATV users to the bridge crossing; 
• Regrade, surface roughen, and hydroseed disturbed areas outside the limits of the required access 

road (see illustration). 
 
Estimated Costs: 
The estimated costs for implementing this management action are summarized below: 

Component Subcomponents Component Cost 
Road stabilization Fine grade road, shape ditches 

provide waterbars and turnouts 
$25,000.00 

 Check dams, sediment traps $15,000.00 
Earth stabilization along road Surface roughen embankments and 

hydroseed 
$6,000.00 

Cady Brook bank stabilization Crushed stone pad adjacent to each 
side of brook, boulder barriers to 
discourage ATV access 

$5,000.00 

 Riparian plantings along bank $15,000.00 
Survey, Engineering, Permitting  $29,000.00 
Subtotal  $95,000.00 
Contingency @ 20%  $19,000.00 
Total  $114,000.00 
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BMP illustrations for the power line stabilization measures: 
 

 
Detail of a water bar (Source: BRPC 2001) 
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Detail of ditch lining (Source: BRPC 2001) 

 

 
Stone check dam for roadside ditch (Source: BRPC 2001) 
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Detail of ditch turnouts (Source: BRPC 2001) 

 

 
Detail of ditch turnout to a natural buffer (Source: NHDES 2008) 
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Surface roughening and hydroseeding (Source: BRPC 2001) 

 

Annual Street Sweeping Program 
The study identified the presence of road sand within the brooks and their tributaries throughout the 
watershed.  The photos illustrate how sanding material accumulates on area roadways, and how this 
material is transported in stormwater and snowmelt towards stream crossings. 
 
The City of Pittsfield could partner with the watershed communities to sweep the roadways each 
spring, to intercept the material applied during winter sanding operations.  This management action 
proposes that the City dedicate or acquire vacuum or regenerative air sweeping equipment and conduct 
annual cleanup operations throughout the watershed immediately following snowmelt.  This 
management practice would apply to approximately 22 miles of paved roads in the Windsor and Cady 
Brooks watersheds.  An existing MassDEP Policy provides for re-use of street sweepings.  The 
sweepings from each town could be delivered and stockpiled 
at a designated facility for the corresponding town, for reuse 
by the community in compliance with that policy. 
 
Estimated Costs: 
An estimated annual cost for sweeping of approximately 22 
miles of roadway is $11,000.  Estimated annual cost per plow 
pull-off to install a sediment barrier each fall and remove it in 
the spring in conjunction with the sweeping program is 
$1,000. 
 
 
 
 
 

 
 
This paved road crossing of Windsor Brook 
shows accumulated road sanding material on 
each side of the road. 
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Rod & Gun Club Pilot Project 
The Rod and Gun Club in Windsor is situated on Berkshire Trail 
(Route 9), just uphill of a bridge over Tyler Brook, a major 
tributary of Windsor Brook.  Near the Club’s driveway, 
roadside drainage from Route 9 (owned and maintained by 
MassDOT), is conveyed by paved swales discharging into a 
catch basin with a double grate.  This basin is connected by a 
storm drain to a headwall, where combined runoff from the 
road surface, road underdrain, and adjacent property enters a 
vegetated channel.  The channel conveys the combined runoff 
to the brook.  The runoff from the roadway and the entrance 
to the Rod and Gun Club was observed during spring 
snowmelt.  The Rod and Gun Club appeared to be a significant 
source of sediment to the stormwater system and ultimately 
to Tyler Brook. 
 

The City of Pittsfield could initiate a multi-partner pilot project with the Rod & Gun Club to correct a 
localized source of sediment, improve treatment of roadway runoff, and provide an outreach program 
to the recreational ATV community regarding impacts of recreational vehicle activities in the 
watershed. 
a. Simple BMP demonstration project to correct sediment discharges at the Rod & Gun Club property. 
b. BMP retrofits to the MassDOT drainage system that receives the runoff from the Rod & Gun Club, 

in addition to runoff from the highway.  These retrofits would further enhance sediment removal 
from runoff that discharges directly to a tributary of the Windsor Brook. 

c. Outreach to ATV community through development of educational materials and training sessions 
regarding disturbance of stream crossings and low-impact trail improvements to correct and 
prevent erosion problems. 

 
The entrance to the Rod and Gun Club is a paved apron that transitions into an unpaved drive as one 
enters the site.  To reduce the sediment source, this entrance would be improved with a crushed stone 
stabilized entrance typical of those used on construction sites (see illustration below).  This layer of 
stone would help stabilize the surface, and prevent tracking of sediments from the site onto the paved 
apron and roadway as vehicles exit the site.  Currently, vehicles tracking onto the shoulder of this 
apron, as well as uncontrolled runoff from the site, are resulting in erosion of material near the catch 
basin shown in the foreground.  The entrained sediment flows into the catch basin. 
Several, relatively low-impact measures would contribute to correction of this source of sediment: 

• Vegetative stabilization of the disturbed surface outside of the area needed for vehicle access, 
to reduce the general site erosion contributing to the sediment load; 

• Installation of a low curb or landscaping barrier along the edge of the paved apron to prevent 
vehicles from trafficking onto the shoulder of the drive, and eliminate the ruts that contribute 
to erosion at this point; 

• Provision of a small, landscaped sediment trap to intercept flow from the site and trap course 
sediments, before this flow enters the Route 9 drainage system.  This sediment trap could have 
a surface overflow (see illustration below) to the catch basins.  Alternatively, with agreement by 
MassDOT, the sediment trap could be provided with a small riser structure (see illustration for 
gravel road stabilization described above), connected by a pipe into the catch basin. 

 

 
 
The entrance to the Rod and Gun Club is a 
paved apron that transitions into an unpaved 
drive as one enters the site. 



26 
 

Paved swales carry road runoff to a catch basin.  The stabilization practices listed above, if installed, 
would allow for re-vegetation of the road shoulder near the catch basin.  The roadside drainage 
continues overland to the east of the driveway.  A storm drain pipe conveys flows from the catch basin 
to the headwall in the right foreground.  A roadway underdrain also enters the catch basin (HDPE pipe 
in the foreground).  The combined discharge then enters a channel and the vegetated channel conveys 
runoff to the stream.  This shallow catch basin could be enlarged and reconfigured to provide improved 
sediment capture.  Sediment laden runoff continues down the vegetated channel to Tyler Brook.  The 
addition of stone check dams to this channel would further enhance sediment removal from. 
 

This management action is envisioned as a project with multiple partners and components, including 
both physical improvements and outreach elements listed in Table 8.  The project could serve as an 
example of how to stabilize an unpaved access drive draining ultimately to the tributary stream system 
of Windsor Brook.  The project could also include a coordinated outreach program to the members of 
the Rod and Gun Club, and, with their assistance, to the recreational ATV community. 
 
Table8 - Management Action Components at Rod and Gun Club 

Project Components:  
Rod and Gun Club facility Stabilized construction entrance at end of paved apron 

Curbing or landscape vehicle barrier at edge of paved apron 
Sediment trap discharging to catch basin 
Vegetated stabilization of land surface not required for vehicle access. 

Roadway drainage system Vegetated stabilization of disturbed shoulder areas 
Enlarged and improved sediment trap at storm drain outlet, with overflow 
structure discharging to existing vegetated channel 
Stone check dams at intervals along the vegetated channel 

Rod and Gun Club membership Outreach program to the members of the rod and gun club, and working 
with them, to the recreational ATV community, consisting of: 

• Educational outreach regarding the physical stormwater BMPs 
listed above 

• Educational outreach regarding responsible use of ATV’s on trails 
in the watershed, including riding behaviors to minimize erosion 
and sediment impacts 

• Guidance to interested ATV users on trail improvements to 
prevent erosion and sedimentation. 

 
Estimated Cost: 
Component Subcomponents Component Cost 
Rod and Gun Club stabilization 
work 

Crushed stone stabilized construction entrance 
Landscape barrier at edge of paving and stabilized 
entrance 
Sediment trap with pipe connect to catch basin 
Fine grade and seed and mulch disturbed area 

$8,000.00 

Roadway stabilization Overseed embankment adjacent to shoulder area 
Improvements to sediment trap at existing headwall 
Stone check dams in existing channel 

$4,000.00 

Engineering and Permitting  $10,000.00 
Educational outreach Compile outreach materials 

Conduct two workshops 
$15,000.00 

$4,000.00 
Subtotal  $41,000.00 
Contingency @ 20%  $8,000.00 
Total  $49,000.00 
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BMP Illustrations for Rod and Gun Club project: 
 

 
Detail of stabilized site entrance. 

 

 
Detail of stone outlet sediment trap (Source: NHDES 2008). 
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Gravel Road Drainage Improvements 
Crane Road, in the Town of Windsor, presents an example of how current gravel road drainage 
practices in the Windsor and Cady Brooks watersheds result in sediment discharge to the brooks. 
Application of typical improvements outlined in BRPC’s “Unpaved Roads BMP Manual” would 
contribute to improvement of water quality.  At two locations, Crane Road crosses two tributaries of 
Windsor Brook. 
 

The City of Pittsfield and BRPC could partner with the Town of Windsor to design and implement 
drainage improvements along the existing gravel road, to control erosion and intercept sediment 
before it discharges into Windsor Brook.  This action comprises improving the roadside ditch, adding 
check dams to slow flow velocities and promote trapping of sediment, installing ditch turnouts where 
topographic conditions allow (in partnership with abutting property owners), and adding sediment 
traps where feasible near the locations where the ditches discharge into tributaries of Windsor Brook. 
 

Stormwater management practices should be implemented, such as ditch turnouts to shunt 
stormwater towards the vegetated surfaces along the roadway.  Distributing stormwater flow reduces 
the likelihood of concentrated flows transporting road grading or sanding materials to the stream. 
 

The ditches observed along the road were effectively carrying stormwater, but were also transporting 
fine sediments to the stream through erosion of the channel itself.  Providing stone lined ditches will 
help reduce erosion of the ditches themselves and the addition of check dams will help reduce 
velocities and trap sediments.  Roadway improvements, together with sediment traps where the 
ditches discharge to the stream, if feasible, would minimize the deposition of material in these tributary 
streams. 
 

Potential stabilization practices for addressing the existing disturbance along the gravel road 
(approximately 4500 feet) include the following. Most of these measures are illustrated above in the 
discussion of stabilization of the power line access road. 
• Fine grade a road surface and shoulders as required for normal maintenance, to maintain the road 

surface in stable condition and eliminate minor erosion rills before they become problematic; 
• Shape and line roadside ditches, either with erosion control mat and vegetation or with stone lining 

to protect them from scour (see previous illustration); 
• Provide stone check dams (dikes) along ditches to slow runoff and trap sediment from ditch flows; 
• Provide turnouts from ditches discharging onto stable outlet aprons or to turnout buffers, where 

topography and natural vegetation provide a suitable buffer for filtering runoff (see previous 
illustrations); 

• Provide turnouts to sediment traps near the locations where the ditches discharge into the brook, 
to capture sediment prior to discharge (see following illustration). 

 

Estimated Cost: 
The estimated costs for the gravel road improvements management action are as follows. 
 
Component Subcomponents Component Cost 
Roadway stabilization Fine grade road, shape ditches, provide turnouts $67,500.00 
 Grass or stone ditch lining and check dams $60,000.00 
 Sediment traps $10,000.00 
Survey, Engineering, Permitting  $35,500.00 
Subtotal  $173,000.00 
Contingency @ 20%  $34,600.00 
Total  $207,600.00 
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BMP illustration for Crane Road stabilization measures: 
 

 
Detail of a pipe outlet sediment trap (Source: NHDES 2008) 

 

Management of Sediment at Diversion Structures 
This management action consists of potential measures to improve sediment trapping function at or 
near the current diversion structures.  During this study, observations of the structures, the analysis of 
turbidity conditions at the diversion structures, and assessment of the sediment loading at the 
structures, have indicated that the current operation of the structures is not effective in capturing and 
retaining fine sediments that would contribute to turbidity at Cleveland Reservoir.  This management 
action therefore considers two alternatives for increasing the trapping and retention of sediments from 
the brook flows prior to conveying the flows to the reservoir. 
 
Unlike the other measures described above, which require partnerships with other public or private 
landowners for implementation, a major advantage of either of these alternatives is that it can be 
implemented within property currently under the control of the City of Pittsfield.  The two alternatives 
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consist of (1) modification of the existing impoundments to increase sediment trapping effectiveness, 
and (2) construction of new “off-line” sedimentation basins specifically designed for sediment removal.  
These measures are further described below. 
 

Modified Operation of the Existing Diversion Structures 
Under this measure, the Pittsfield Water Department would modify operation of diversions to take 
advantage of impoundment trapping capacity, through minor alterations to the existing diversion 
structures.  However, this management action is considered to be a short-term or lower priority action 
since periodic dredging of the impoundment will be necessary to restore sediment storage capacity and 
reduce the potential re-suspension of sediments.  As these impoundments are located on a 
watercourse subject to state and federal regulation, the dredging of the existing impoundments 
requires regulatory approval under the 314 CMR 9.00 and Section 404 of the Federal Clean Water Act. 
 
This measure would modify the outlet structures and operating practices to always maintain the 
diversion structures in an impounded condition and withdraw water from the upper part of the water 
column.  It requires the installation of stop logs in each diversion structure to provide greater control 
over the pond level of each impoundment. 
 
Under existing operating practices, during summer low flows, each impoundment is operated in an 
“almost dry” condition.  The stream runs through the bottom of the impoundment and discharges 
directly to the outlet structure.  Little sediment removal occurs under this condition.  During higher 
flows, as the impoundment fills, some settling of sediment occurs.  However, the outlet structure is 
designed in such a way that water withdrawal still occurs near the bottom of the impoundment.  As the 
particles settle near the bottom of the temporary pond, they are readily swept into the effluent flow, 
and conveyed to the reservoir.  As a result, the method of operation takes little advantage of the 
settling capacity offered by each impoundment. 
 
Modifying the structures to operate under impounded conditions year round would promote settling 
under all flow conditions, not just the conditions that exceed the current gate opening capacity of each 
diversion structure.  This would also prevent withdrawing water from the bottom of each 
impoundment, which flushes deposited sediment during low flows, and which draws water from the 
settling slurry during high flows.  This operational change can be achieved by installing stop-log weirs at 
the diversion structures. 
 
The existing structures have inlet weirs originally designed to accommodate stop-logs, which can be 
used to regulate the depth of impoundment at each structure, and which can be used to achieve water 
withdrawal from the surface of the impoundment.  The outlet sluice gate at each structure would be 
operated essentially as under current practice.  Drawings W-1 and W-2 attached illustrate the 
implementation of this measure. 
 
The Windsor Brook structure will require some modification to restore the ability to place and withdraw 
stop logs, as the structure appears to have been modified since the initial installation to install a sloped 
trash rack, instead of the original vertical rack.  The support system for grated decking, and the grates 
themselves, would require modification to allow access to the existing stop-log rack. 
 
The Cady Brook structure appears to require no significant modification, other than maintenance 
servicing of the existing channel guides to accommodate the stop-logs.  Final design of this option for 
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both structures should consider the use of synthetic stoplogs (plastic, fiberglass, or composite 
materials) or aluminum stop logs.  These materials are not susceptible to swelling under submerged 
conditions, and more easily serviced than the wooden logs specified in the original drawings.  If the 
Water Department prefers that the impoundment gradually drain between flow events, the stop log 
design may be modified to incorporate a low level valve that would allow release of water at a slow rate 
so as not to re-suspend and flush captured sediment following the flow event. 
 
Estimated Costs: 
The estimated costs for dredging of the two diversion structures are based on the following: 
• Excavation of approximately 1,000 cu yd from each impoundment. This includes an allowance for 

over-excavation at the Windsor Brook structure, if feasible, to provide additional storage capacity. 
• It is assumed that excavation can be accomplished at low flow with a minimal requirement for 

water handling, using conventional earthmoving equipment to excavate material “in the dry.” The 
sediment at Cady Brook is anticipated to be finer and more saturated, so may require some 
additional handling cost. Disposal within five miles of the site is assumed. 

• Permitting costs for dredging are anticipated to be significant, as the project will likely require 
permitting under the Massachusetts Wetlands Protection Act, Massachusetts 401 Water Quality 
Certification regulations, and US Army Corps of Engineers 404 Water Quality Act requirements. 

• The project will also require development of temporary access at both diversion structures to 
enable equipment to access the impoundments for excavation and removal of material. 

 
Dredging Project Component Subcomponents Component Cost 
Dredging access improvements Cady Brook access and temporary stream crossing $60,000.00 
 Windsor Brook access and temporary stream 

crossing 
$25,000.00 

Dredging Cady Brook impoundment dredging, including 
water handling and handling of finer, wet 
sediments 

$ 25,000.00 

 Windsor Brook impoundment dredging, including 
minimal water handling 

$20,000.00 

Survey, Engineering  $26,000.00 
Permitting  $30,000.00 
Subtotal Dredging  $186,000.00 
Contingency @ 20%  $37,000.00 
Total (Dredging)  $223,000.00 
 
The estimated costs for altering the diversion structures to provide stop logs for improved control of 
structure operation are as follows. This estimate assumes that the alteration would be considered as 
maintenance/repair of the existing structure and would not require permitting. 
 
Structure Modification Project 
Component 

Subcomponents Component Cost 

Stop log modifications Cady Brook: replace stop logs $10,000.00 
 Windsor Brook: modify grate and stop log rack, 

replace stop logs 
$20,000.00 

Engineering  $5,000.00 
Subtotal  $35,000.00 
Contingency @ 20%  $7,000.00 
Total (Structure Modification)  $42,000.00 
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Development of New Settling Basins 
This alternative comprises the installation of new settling basins in the immediate vicinity of each 
diversion structure, including associated structural modifications of the diversion structures and 
installation of piping and control structures.  This management action is considered to be a long-term 
or high priority action and could be conducted in concert with the option discussed above, or as a stand-
alone action. 
 
This measure comprises the construction of settling basins specifically designed to intercept and treat 
base flows from the diversion structures to the reservoir.  This management practice is shown in 
concept in Drawing C-1.  The concept includes the provision of a basin dedicated to each stream 
diversion structure, sized to provide for optimal settling under the selected design flow. 
 
A new pipe would be installed from each diversion structure to the corresponding basin.  The pipe 
would be cored into the side of the existing concrete withdrawal structure, at an elevation that permits 
water withdrawal from the upper part of the water column.  Instead of normal operation of the 
diversion structure with the slide gate in an open position, as under current practice, normal operation 
would be with the gate closed so that flows discharge through the new pipe.  The gate could be opened 
as needed to replenish reservoir levels, although this would be avoided as it would bypass the settling 
operation afforded by the new basins. 
 
The pipe from each structure would parallel the existing aqueduct.  Each pipe would discharge at the 
head of the corresponding settling basin, with overflow controlled by an outlet structure designed to 
withdraw water from the basin surface.  Effluent from these control structures would be re-introduced 
into the aqueduct. 
 
If future operation shows that colloidal or organic materials continue to contribute to reservoir 
turbidity, then these basins could be modified to provide for chemical treatment to promote 
flocculation of the influent, to enhance settling in the facilities. Implementation of these facilities would 
require periodic dredging of the basins to maintain sediment removal efficiency and sediment storage 
capacity.  However, as these facilities would be constructed works as part of the water conveyance and 
treatment system, we believe that such maintenance would not be subject to permitting, and could be 
carried out as a routine activity in conjunction with treatment plan operations.  These sediment basins 
would also be easier to access for such maintenance, compared to the existing diversion structures, 
which do not currently have ramps or roadways that afford ready maintenance access to conduct 
dredging. 
 
Estimated Costs: 
The estimated cost of developing new settling basins is summarized below. 
 
Component Subcomponents Component Cost 
Settling basins Windsor Brook settling basin $144,725.00 
 Cady Brook settling basin $190,123.00 
Survey, Geotechnical, Engineering, 
Permitting 

 $62,250.00 

Construction Services  $40,000.00 
Subtotal  $437,098.00 
Contingency @ 20%  $87,419.60 
Total  $524,517.60 
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Table 8 – Management Alternatives by Rank 
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A Construct New Sediment Basins 5 5 5 3 1 3 3.67 

B 
Land Use Management Outreach 
Program 

NR NR 3 NR 4 NR 3.50 

C 
Modify Diversion Structures and 
Dredge Impoundments 

4 5 5 1 2 1 3.00 

D 
Gravel Road Drainage 
Improvements 

3 3 3 3 2 3 2.83 

E 
Annual Roadway Sweeping 
Program 

3 3 3 NR NR 2 2.75 

F 
Power Line Stream Crossing 
Corrective Action 

3 1 3 3 3 NR 2.60 

F 
Rod & Gun Club 
improvements/outreach 

2 1 2 4 4 NR 2.60 

F 
Stream Buffer at Private 
Agricultural Property 

2 1 1 4 5 NR 2.60 

• Qualitative ratings:  1 to 5, with 1 + least favorable and 5 = most favorable.  NR = No Rating 
• The average rating equals the sum of numerical ratings, divided by number of categories rated.  If a category is indicated NR, then that category does not figure 

in the total rating. 
• Rankings:  Presented alphabetically, with A = most preferred (highest average rating). 
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