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TO: Melissa Provencher, BRPC 

FROM: 
 David C. Nyman, P.E. 
Julia Capurso, E.I.T. 

SUBJECT: 
Windsor & Cady Brooks Watershed Study –  
Turbidity Monitoring Program 

JOB NUMBER: 186-13 
DATE: January 28, 2011 
 
This memorandum presents a summary of the turbidity monitoring and analysis 
conducted by BRPC and CEI during the summer of 2010, to characterize turbidity 
conditions at the Cleveland Reservoir water intake structures located on Windsor and 
Cady Brooks.  This work addresses Task 2 of the Windsor and Cady Brooks Watershed 
Study, as described in the project QAPP.  The monitoring program consisted of 
installation of turbidity monitoring data recorders, periodic servicing of the recorders, 
data collection, and data analysis.  

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, we obtained daily turbidity and rainfall data measurements at the 
Cleveland Reservoir water treatment plant, and reviewed this data record for information 
on the relationship of reservoir turbidity to rainfall events.  The following narrative 
describes the field program and data analysis. 

 

Field Data Acquisition 

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 1 provides a time line showing key components of this field program.  Installation 
of data loggers and other project setup tasks are described below. 

 

Figure 1:  Turbidity Program Timeline 
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Data Logger Installation 

On May 26, the project team conducted a site investigation for installation of data 
recorders at each structure.  This visit included the following. 

• Collection of survey data at each structure to confirm elevations as depicted on 
available record plans, and to establish temporary project benchmarks to facilitate 
field work conducted during the study.  The survey effort is summarized in a 
separate memorandum.  

• Coordination with the Water Department to modify the method by which the data 
loggers would be attached to the intake structures.  Observed flow conditions (see 
Figures 2 and 3) and additional information learned from the Pittsfield Water 
Department about summer operation of the intake structures required 
modification of the method for field installation of the data loggers, as discussed 
further below.   

• Measurement of stream flow a at the Windsor Brook structure for use in 
developing a stage-discharge relationship for this structure.  The team collected 
stream flow data for this purpose for Cady Brook on June 8. 

 

 
Figure 2.  Windsor Brook at the time of data-logger installation. 
The photos above show the Windsor Brook diversion structure: view from the left upstream bank, looking 
downstream at the intake weir (top left); view toward the brook upstream, as observed from the top of the 
intake structure (top  right); and a view of the intake and the overflow spillway from the right bank (lower 
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left). 
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Figure 3.  Cady Brook at the time of data-logger installation. 
The photo at the top left shows the view upstream from the water intake structure at Cady Brook. The 
remaining photos (lower left and right) show the grate protecting the inlet weir of the diversion structure. 

The project team modified the turbidity meter installation at each structure to 
accommodate the conditions observed at the initiation of the field program. At this time, 
water treatment plant personnel advised us that each structure operates without 
impounding water to the spillway elevation during summer low flows.    Typically, the 
water level only overflows through the spillway during storm events. Because the 
turbidity meters must be submerged for data collection, they could not be installed on the 
face of the diversion structures as planned. 

Based on consultation with water department personnel, we determined that a meter 
could be installed within each water diversion structure, with the sensor located close to 
the invert of the structure, where the instrument could effectively record data for most 
low flow conditions.  Water department personnel fabricated a suitable stilling well to 
house the data collector within each structure, as depicted in Figures 4 – 7.  Figure 8 
comprises a plan of the Windsor Brook diversion structure, showing the location of the 
turbidity monitor.  Figure 9 shows the turbidity monitor location at Cady Brook. 
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Figure 4.  Installation of “stilling well” to house data-logger. 
At left, Pittsfield Water Department personnel prepare a “stilling well” for installation at the Windsor 
Brook intake structure. The crew inserted this perforated PVC pipe vertically into the intake structure and 
anchored it to the walls of the structure (at right).  A section of PVC well screen was anchored inside the 
pipe.  The well screen surved as a sleeve to hold the data logger in position, a few inches from the bottom 
of the intake structure.  The PVC pipe thus protected the data logger from damage by debris, while 
allowing water flowing through the intake structure to readily pass by the data-logger sensors.  
 

   

   
Figure 5.  Details of data logger installation. 
The above photos show the positioning of the data-logger stilling well at the Cady Brook diversion 
structure.  The PVC pipe is supported at the top by the access grate in the man-way located in the top deck 
of the diversion structure.  Top left photo, a view of the outer casing installed through the grate; top right: a 
view of the inner casing consisting of a PVC well screen installed within the PVC well; bottom left:a 
secure cover installed to control access to the instrument, note the instrument cable coiled inside the outer 
casing; bottom left: secure cover  in closed and locked position. 
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Figure 6.  Accessing the data-logger for data 
download. 
The photo to the left shows a member of the project’s 
field team downloading data by using a handheld data 
collection unit connected to the Troll 9500 using the 
instrument cable. 

 

 

 

 
Figure 7.  Turbidity data-logging device. 
The photo abovet shows the Troll 9500 unit.  The cable connection is at 
upper left.  The sensors are located in the housing at the lower right.  
The internal data-logging hardware is located in the center body of the 
housing. (Photo from In-Situ Troll 9500 Operator’s Manual.) 
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Data-Logger Stage-Discharge Relationship 

The data-logger installation was designed to measure both turbidity and the depth of flow 
at fixed time intervals, on an ongoing basis between data downloads.  During set-up of 
the data-loggers, the field team compiled information to enable the estimation of flows 
from the recorded water depth measurements. 

 The data-logger used for this project can be configured to detect various physical and 
water quality parameters.  For this project, we used a Troll 9500 set up to measure 
turbidity and water pressure.  The water pressure can be converted into the depth of water 
above the sensor.   

By measuring the water surface elevation relative to a known benchmark at the beginning 
of a data collection run (once the data-logger is installed in place), the instrument can be 
programmed to convert the depth of water above the sensor to this known elevation.  
Subsequent readings are then displayed as elevations in reference to this initial setting. 
Therefore, at the time of field installation of each data-logger casing, we used a survey 
level and rod to determine the elevation of the top of the PVC casing.  This elevation was 
used during data collection events to measure the elevation of the water surface, and to 
calibrate the meter to measure water surface elevation simultaneously with the turbidity 
measurement. 

To convert the water surface elevation to an estimated flow, we obtained the following 
information: 

• In-stream flow measurements at each structure during initial survey and 
instrument set-up.  During the initial structure survey and instrument installation, 
we conducted stream flow measurements, as described below.   

• Geometric information about the gate opening at each outlet structure from field 
measurements and record drawings, to enable us to estimate the opening of each 
gate as operated during the course of the study.   

• Using the stream flows and the geometric data, we estimated a discharge 
coefficient for each gate, for use with a standard orifice equation to estimate flows 
corresponding to depth of water in the diversion structure (as measured by the 
data-logger). 

For the flow measurements, we performed the following: 

• In stream flow measurements were conducted at each brook and correlated to the 
concurrent depth of flow at the outlet structure.  Stream flow measurements were 
conducted following standard methods, using a portable, Marsh McBirney Flo-
Master 2000 flow meter.  
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• At the Windsor Brook diversion structure, the project team was able to access the 
inlet weir of the intake structure (Figure 10). The flow measurement in Windsor 
Brook was cross-checked by measuring the depth of flow over the weir. We then 
estimated the flow from this measured depth based on the weir geometry and 
standard equations. (See Appendix A for calculations.) 

 

Figure 10.  Interior of Windsor Brook intake 
structure. 
This photo shows the interior  of the Windsor 
Brook structure. The project team used the weir 
shown in the foreground to estimate discharge 
flow. This estimate was compared to the instream 
measurement of flow using the Marsh Mcbirney 
current meter. 

 

• From these flow measurements, we developed a rating curve and corresponding 
rating equation, based on the dimensions of each gate opening and the standard 
orifice equation. The rating curve mathematically describes the relationship 
between the depth of water in the diversion structure  and the discharge through 
the gate structure.  This rating curve is included in Appendix A.  

• The Troll-9500 instrument measures stage (elevation).  The data output was 
placed in an excel table.  Using the rating equation, the stage was converted to an 
estimated flow. Turbidity measurements, therefore, could be related to both 
depths of water in the structure and estimated flows through the gates. 

Establishment of Reference for Water Depth Measurement 

The original study design contemplated provision of staff gages to facilitate readings of 
water depth during each site visit.  However, because of the low water levels, 
configuration of the data-logger installation, and the limited accessibility of the intake 
structures, we used an alternative means of collecting this information.   

At the time of data-logger set up, we used standard level-survey methods to transfer a 
temporary bench mark elevation to the top of the casing housing each data-logger.  At 
each visit to the structures, the field technician measured from the reference elevation at 
the top of casing to the water surface. These measurements were used to correlate water 
depth readings by the data-logger with the reference elevation. 

Data-Logger Range of Operation 
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To allow for possible sediment and debris deposition inside the water intake structure, as 
well as for free water circulation into the perforated pipe housing the data logger, the 
bottom of the data-logging unit was installed several inches above the bottom of each 
intake structure.  This means that at very low flows, when the water level in the structure 
is below the sensors of the data-logger, that valid readings are not possible.  Based on 
field measurements at each installation, the field team established that the lower limit of 
data collection for each structure is as follows: 

Lower limits for stage, flow, and turbidity readings: 

Windsor Brook Elevation 1467.1 

Cady Brook  Elevation 1467.7 

Also note that the rating equation provides the total stream discharge passing through the 
outlet structure gate and into the pipeline to the Cleveland Reservoir.  This represents 
total stream flow only for those times when the impoundment is at a depth below the 
crest of the overflow spillway.  Therefore, the estimated total stream flow conversion 
from our measurements is only valid below the elevations listed below.  However, 
reported stage elevations remain valid for all recorded events.  Note that stage did not 
reach the elevation the overflow spillway at Cady Brook at all during the course of data 
collection, and the stage exceeded the spillway level briefly only once at the Windsor 
Brook structure. 

Upper elevation limits for estimated flows reported for the study (no upper limit 
for stage or turbidity): 

Windsor Brook: Elevation 1475.9 

Cady Brook:  Elevation 1474.4 

Data Collection 

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 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. 
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Figure 11.  Data acquisition (Cady Brook). 
 

The project team originally anticipated completing a field calibration process using a 
standard solution prior to data collection. The turbidity meters, as provided, were factory 
calibrated for turbidity and did not require the field calibration procedure.  The project 
team modified the SOP for turbidity monitoring (Appendix B attached) to include a field 
check of the turbidity reading using distilled water as a blank, analyzed at the water 
treatment plant. 

Through examining patterns in turbidity data after several weeks of logging and 
downloading, the project team identified upward “drift” in readings between servicing 
the meters. This condition is attributable to either inherent instrumental “drift” or the 
accumulation of material on the meter. To address this condition, at each visit the meters 
were cleaned, re-set to factory calibration, and re-compared to the distilled water (blank) 
to assure each was operating within the acceptable tolerance (within the ±2 NTU 
accuracy of the device). 

During data collection, the meters were set to obtain readings at thirty-minute intervals. 
Immediately following installation, the instruments were monitored every one to two 
weeks and, subsequently, at least once monthly. The data collection process included a 
download from the meter to the control unit (hand-held data collection and instrument 
set-up computer provided with the meter).  The hand-held unit was then downloaded to a 
computer, and finally to discs for backup. 
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Data Reduction 

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. 

Field Data Reduction 

The data-logger used in the field program provides an output to an Excel spreadsheet, 
correlating turbidity and depth/stage measurements to time.  The study team downloaded 
the data, compared starting values (e.g., date, starting elevation) to field notes, and 
adjusted data as warranted to correct for discrepancies in data file starting dates and 
starting elevations.  The team then plotted the turbidity and stage data (and corresponding 
computed flow data) on a time scale to compare these readings with record data for 
rainfall events.  Appendix C presents the reduced data as charts for the Windsor and 
Cady Brook diversion structures for  the months of June, July and August 2010.  Each 
chart presents a series of graphs including the following data for a one month period: 

• Turbidity at the Water Treatment Plant (NTU) 

• Turbidity at the Diversion Structure (NTU) 
(with field data download/meter service dates) 

• Flow through Diversion Structure (CFS) 
Stage at Diversion Structure (feet) 
Spillway Elevation (feet) for reference 
Diversion Structure Weir Elevation (feet) for reference 

• Precipitation at NWS, Pittsfield Airport (inches, hourly) 
Precipitation at Cleveland Reservoir WTP (inches, daily) 
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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 

 

 

In using the graphs in Appendix C, the reader should note the following: 

• Vertical dashed lines coincident with selected observations of peak flow events.  
These lines facilitate comparison of the selected peak flow events with the 
occurrence of rainfall events and changes in turbidity levels. 

• A thickened “bar” along the x-axis of the field-measured turbidity graph.  This 
bar signifies a time period when the water level in the diversion structure was 
approaching the lowest water elevation that would immerse the data-logger’s 
sensors.  Turbidity readings during these periods may not be valid, as the sensors 
may not be fully submerged.  Also, note that when we developed the flow rating 
curve for each structure, we forced a value of zero for stages below the estimated 
low detection limit of each instrument, to assist as a “warning” when reading 
these graphs.  We have not considered data-logger turbidity readings during these 
periods in our analysis. 

• An intake weir elevation is noted for each structure, and is labeled on the graph 
of stage versus time.  Each diversion structure has an inlet weir that is higher than 
the floor of the “well” from which the piped aqueduct conveys flows to the 
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Cleveland Reservoir, and in which the data-logger was mounted.  The elevation 
of this weir is noted on the graphs.  When the graph shows stage below this 
elevation, there is no significant ponding of water upstream of the structure.  
When elevations are above this level, the impoundment is storing water. 

• An overflow spillway elevation is noted for each structure on the stage versus 
time graph.  At each diversion structure, when the impounded water reaches this 
elevation, excess flows not passing into the aqueduct overflow the spillway and 
discharge into the downstream brook. 

Reduction of 2009 Record Data  

In August of 2010, the QAPP for the project was amended to discontinue the field data 
acquisition program because of the extended dry conditions experienced in the summer 
of 2010.  During the June through August study period, no rainfall events occurred that 
would produce flows representative of an extreme storm-flow event in the stream system.  
In lieu of collecting and analyzing data for the month of September, the amendment 
provided for analysis of record data for the January to December 2009 calendar year.   

Water treatment plant personnel conduct a once-daily grab sample of influent water to the 
Cleveland Reservoir treatment plant, and analyze its turbidity.  The plant personnel also 
observe and record accumulated rainfall on a daily basis.  The plant personnel manually 
record the data.  The Water Department furnished the study team a copy of the data 
compiled for 2009. 

The study team transcribed this data to digital spreadsheet format.  The team also 
compiled daily rainfall data from the Pittsfield Airport for the same period of record.  
This data was then graphed to compare observed daily turbidity levels (representative of 
the Cleveland Reservoir) with the occurrence of precipitation events.  These graphs are 
attached as Appendix D.   
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Data Analysis 

Turbidity Field Program: June – August 2010 

The following summarizes observations drawn from an analysis of the data presented in 
the graphs in Appendix C. 

Note that the graphs for both brooks include rainfall data from the Pittsfield Airport and 
from the Cleveland Reservoir water treatment plant.  The treatment plant readings are 
from a once-daily observation that may occur at varying times.  The airport readings are 
derived from hourly data.  The data do not compare directly, in part because of the 
difference in data compilation, and in part due to the differential spatial distribution of 
rainfall events.  Because of this variation, we have used the local data for the analysis 
presented below. 

Also note that 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) 

• For the Windsor Brook watershed, 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.  See the peak flow events following the 
rainfalls recorded on June 9, 12, 16, 22; July 10, 17, 19, 21, 23; and August 5, 15, 
22.  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.  This is 
consistent with the water treatment plant personnel observations that the Windsor 
Brook is “flashier” than Cady. 

Approximately two-thirds of these events resulted in ponding of the impoundment 
above the level of the diversion structure inlet weir.  The June 12 event, and 
possibly the June9 event, resulted in overtopping the overflow spillway. 

• 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. 
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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 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.  

• From the graphs, 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 (see discussion below). 

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: 
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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, as shown in Figure 12. Intermittent export of 
organic matter from the stream systems may cause increases in turbidity 
without a triggering rainfall event. 

    

Figure 12.  Example of organic material in the Windsor Brook system, that may 
periodically affect turbidity levels at the diversion structure. 

o Some other condition such as debris temporarily lodged against the sensor 
could result in temporary erratic readings. 

Cady Brook 

• For the Cady Brook watershed, the data shows a typical time lag between rainfalls 
exceeding 0.4 inches and peaks in impoundment stage (and flow) of 
approximately 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.   
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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. 

• From the graphs, 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 note 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 
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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 off 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 t he 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.   

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.  From our analysis of the information presented in 
Appendix D, 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.   
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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-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, in 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.   
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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.   

 

Conclusions 

The following general conclusions are offered on the basis of the above analysis: 

1. The 2010 data set did not include one or more high intensity or high flow storm 
events that resulted in turbidity levels exceeding 2.0 NTU at the Cleveland 
Reservoir.  Therefore, we are unable to draw conclusions from the field program 
regarding “threshold events” that would result in such turbidity levels.   

2. This turbidity level was exceeded during the 2009 calendar year, during months 
when precipitation was occurring as snow fall, and thus likely associated with 
sustained stream flows during the winter period, and not directly with any 
particular event.  Stream flow records for the period are not available for analysis 
to further characterize the reasons for the elevated turbidity. 

3. While not all precipitation events resulted in turbidity increases at the reservoir, 
the 2009 data suggests that when a turbidity increase followed an event, the 
typical lag time was on the order of 2 to 4 days. 

4. The 2010 rainfall and diversion structure stage data indicate that the lag time 
between a daily rainfall record observation and an increase in flow is on the order 
of a day for Cady Brook and up to one-and-a-half days for Windsor Brook.  
Turbidity increases typically occur rapidly at the diversion structure within the 
period between the rainfall event and the peak flow.  If action must be taken to 
close diversion structure gates to prevent high turbidity flows to the reservoir 
resulting from a storm event, there is only a limited window of opportunity to 
implement such management action. 

5. At each diversion structure, turbidity levels appear to drop during an event that 
ponds water at the structure, which would be consistent with anticipated 
improvement in settling characteristics when the structure is ponded.  In addition, 
we observed evidence of “washout” of sediment as flows declined at these 
structures.  This suggests that sediment capture at the structures might be 
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improved by modifying the hydraulic elements and/or the operation of each 
diversion structure, to take advantage of its sediment trapping function and also to 
prevent the washout occurrence. 

 



 

 

 

 

 

 

Appendix A 
Diversion Structure Flow Rating Calculations 

 



 

Streamflow Measurements: 

Cady Brook 

Transect 
Point  Depth  Area  Velocity Flow 

(ft)  (ft)  (sq. ft)  (ft/sec)  (CFS) 

0.0  0.00  0.00       
1  0.10  0.05  0.00  0.00 
2.0  0.18  0.14  0.96  0.13 
3.0  0.38  0.28  1.36  0.38 
4.0  0.25  0.32  1.24  0.39 
5.0  0.25  0.25  0.92  0.23 
6.0  0.20  0.23  0.99  0.22 
7.0  0.20  0.20  1.02  0.20 
8.0  0.10  0.15  0.69  0.02 
8.7  0.00  0.04  0.13  0.21 
Totals:     1.65 7.31 1.59 

 

East Branch (Windsor) Brook 

Transect 
Point  Depth  Area  Velocity Flow 

(ft)  (ft)  (sq. ft)  (ft/sec)  (CFS) 

0.0  0.00  0.00       
0.8  1.05  0.42       
1.0  1.00  0.21  0.73  0.46 
2.0  0.75  0.88  1.17  1.02 
3.0  0.80  0.78  1.85  1.43 
4.0  0.80  0.80  0.21  0.17 
5.0  0.55  0.68  ‐0.27  ‐0.18 
6.0  0.20  0.38  ‐0.33  ‐0.12 
6.9  0.00  0.09  0.00  0.00 
              
Totals:     4.22 3.36 2.78 

 

 



 

Flow over Broad-Crested Rectangular Weir: 
East Branch (Windsor) Brook 

Q = C L H3/2 
Crest length, L = 14.83  ft 
Crest breadth = 1.04  ft 

Head, H = 0.14  ft 
Coefficient C = 2.69  (see Source, below) 

Q = 2.09  cfs 

Source: Table 5‐3. Values of C in the Formula Q = CLH3/2 for Broad‐crested Weirs  
from Brater E.F. & H.W. King. (1976). Handbook of Hydraulics. New York: McGraw‐Hill. 

 

Result is within same order of magnitude as stream flow measurement, and gives 
reasonable confirmation of the stream flow measurement, given the approximate depth 
reading at the weir, the variability of stream flow during the measurement period at both 
the stream flow measurement and the weir measurement, and the time difference between 
measurements at the two locations. 

 



 

Diversion Structure Flow Rating Curve Derivation 
Cady Brook 

Depth of 
Flow in Pipe 

Depth of 
Flow in Pipe 

Pipe 
Flow 

Pipe 
Flow 

Squared 

Differential 
Head 

Elevation  Relative 
Elevation 

d  d  Q  Q2  h  ELEV  ELEV‐1467.0 

(in)  (ft)  (ft3/s)  (ft3/s)2  (ft)  (ft)  (ft) 
0.0  0.0  0.0  0.0  0.0  1467.0  0.0 
1.0  0.1  0.1  0.0  0.0  1467.1  0.1 
2.0  0.2  0.5  0.2  0.1  1467.2  0.2 
2.5  0.2  0.8  0.6  0.1  1467.4  0.4 
2.8  0.2  0.9  0.9  0.2  1467.4  0.4 
2.9  0.2  1.0  1.1  0.3  1467.5  0.5 
3.0  0.3  1.1  1.3  0.3  1467.6  0.6 
3.6  0.3  1.6  2.6  0.7  1467.9  0.9 
4.0  0.3  2.1  4.3  1.1  1468.4  1.4 
4.5  0.4  2.6  7.0  1.8  1469.2  2.2 
4.9  0.4  3.2  10.0  2.6  1470.0  3.0 
6.0  0.5  4.8  23.5  6.0  1473.5  6.5 
12.0  1.0  20.2  406.6  103.5  1571.5  104.5 
18.0  1.5  44.6  1992.7  507.2  1975.7  508.7 
24.0  2.0  75.9  5757.8  1465.5  2934.5  1467.5 
30.0  2.5  110.9  12290.6  3128.2  4597.7  3130.7 

 

Q = ca √(2gh)  therefore  h = Q2 / 2g(ca)2 

1 / 2g(ca)2 = 0.255 

Pipe invert 
elevation = 1467 

ELEV = 1467 + d + h 

Linear Regression: 

Q2 = 3.7648 (ELEV ‐ 1467) ‐ 0.9965 
 

 



 

 



 

Diversion Structure Flow Rating Curve Derivation 
East Branch (Windsor) Brook 

Depth of 
Flow in Pipe 

Depth of 
Flow in Pipe 

Pipe 
Flow 

Pipe 
Flow 

Squared 

Differential 
Head 

Elevation  Relative 
Elevation 

d  d  Q  Q2  h  ELEV  ELEV‐1467.0 

(in)  (ft)  (ft3/s)  (ft3/s)2  (ft)  (ft)  (ft) 
0.0  0.0  0.0  0.0  0.0  1466.5  0.0 
1.0  0.1  0.1  0.0  0.0  1466.6  0.1 
2.0  0.2  0.4  0.2  0.0  1466.7  0.2 
3.0  0.3  1.0  1.0  0.0  1466.8  0.3 
4.0  0.3  1.8  3.3  0.1  1467.0  0.5 
4.1  0.3  1.9  3.7  0.2  1467.0  0.5 
4.5  0.4  2.4  5.5  0.2  1467.1  0.6 
4.9  0.4  2.8  7.9  0.3  1467.3  0.8 
6.0  0.5  4.3  18.6  0.8  1467.8  1.3 
12.0  1.0  18.2  332.3  14.4  1481.9  15.4 
18.0  1.5  41.1  1689.2  73.3  1541.3  74.8 
24.0  2.0  71.4  5097.5  221.3  1689.8  223.3 
30.0  2.5  146.1  21333.2  926.3  2395.3  928.8 

 

Q = ca √(2gh)  therefore  h = Q2 / 2g(ca)2 

1 / 2g(ca)2 = 0.043 

Pipe invert 
elevation = 1466.5 

ELEV = 1466.5 + d + h 

Linear Regression: 

Q2 = 18.666 (ELEV ‐ 1466.5) ‐ 5.8865 
 

 



 

 



 

 

 

 

 

 

Appendix B 
Turbidity Monitoring Standard Operating Procedure 

 



 

Windsor & Cady Brooks Sediment and Turbidity Management  
for Cleveland Reservoir 

Modified SOP for Turbidity Monitoring Data Collection Visits 

 

The following summarizes the Standard Operating Procedure adopted for collecting 
turbidity data from field-installed continuous-recording meters.  The SOP was revised 
based on the following: 

• Meters received for use were factory calibrated for turbidity, and did not require 
the use of a standardized solution for field calibration.   

• Comparison of in-place measurements of turbidity with concurrent grab samples 
of water from each diversion structure was not feasible, because of lack of 
sufficient access to obtain a representative sample from the interior of the 
structure.  Therefore, to check the calibration of the device, turbidity of a sample 
consisting of distilled water was compared by reading the sample using the 
Cleveland Water Treatment Plant bench-top turbidimeter, and comparing this 
result to a reading using each field device. 

 

Equipment for each data collection event: 

• Hand-held data collector with Instrument control software (Win-Situ 4 or 
equivalent) (verify that data collector has been recharged). 

• Communication adapter cable (USB) for data-logger downloads 

• Benchtop turbidimeter (Hach 2100 N) housed at water treatment plant  

• Measuring tape for checking water surface elevation relative to top of casing of 
data-logger turbidity instrument 

• Backup batteries for data-logger/turbidimeter 

• Field note book and pencils/pens 

• Copy of the QAPP and turbidimeter operating manual 

• Office computer for downloading data from hand-held collector 

• CDs for recording backup to computer data files 

 

Prior to each site visit: 

• Coordinate with water department personnel for assistance in performing bench-
top turbidity measurements, and for field person to accompany BRPC staff person 
on data collection round. 

 



 

• Verify weather predictions for date of field work, to confirm continued base flow 
conditions at the time of the work.  Work shall be initiated following minimum 
dry weather flow of three days, unless local DPW otherwise confirms that the 
overflow spillway is operating under base flow conditions.  Reschedule field 
work if storm conditions occur or are predicted within three days preceding the 
event and on the day of the event. 

• Prepare equipment required for the visit, as listed above. 

• Confirm that instrument control software on computers that will be used to 
interpret data is functioning. 

 

Turbidity Calibration Procedure: 

The turbidimeter is internally calibrated to a factory setting.  To verify turbidity 
measurements in the field, the following modified procedure will be followed: 

• Visit the Cleveland Reservoir water treatment plant: 

o Confirm with treatment plant staff that the benchtop turbidimeter has been 
calibrated according to typical schedule.  

o Using distilled or de-ionized water, analyze the turbidity of a blank sample 
on the benchtop unit.  Record the value in the field book. 

• Proceed to the field-installed turbidimeter:  

o At each data collection event, before downloading data and resetting the 
field instrument, use the hand-held data collector to note a reading of the 
turbidity, water elevation (stage) and the time.  Record these in the field 
book. 

o Retrieve turbidimeter from its mounting, and check the reading of 
turbidity using distilled water and record in the field book. 

o Clean the probe with distilled or de-ionized water, wipe it with a clean 
chem-wipe, and using a clean container or the calibration cup furnished 
with the instrument, take a reading of the turbidity of the distilled or de-
ionized water using the field instrument. 

o Observe the chem-wipe after cleaning the probe, and report in the field 
notes whether the probe appears to have accumulated any material that 
would interfere with readings by the device. 

o Note the measured turbidity value in the field book, and whether it is 
within ±5%  or ±2 (NTU) (whichever is greater) of the benchtop reading 
for the blank.   

 



 

o Reset the field unit to factory calibration, check that the reading is within 
tolerance, and redeploy for the following data collection period. If the 
reading differs by more than the above tolerance (after cleaning and 
resetting), contact the project manager for directions on proceeding. 

 

Data Downloads and Turbidimeter Maintenance Procedures: 

• Following any field site visit during which data will be downloaded from the 
instrument, data must be saved on a computer hard drive. Also make two backup 
CDs containing the downloaded raw data, for the project files at both BRPC and 
CEI. Verify that the computer and each CD contain the complete data set, prior to 
erasing data from the instrument. 

• Visit the site at the end of Weeks 1, 2 and 4 following turbidimeter installation to 
inspect the instrument and download data.  

• During each visit, prior to downloading data, verify current water depth by 
measuring from the mark on the turbidity meter casing (reference elevation) to the 
water surface, using the measuring tape.  If the water in the diversion structure 
well is the same as outside the well (in the impoundment), the staff gage may be 
used for this reading.  Write the measured depth in the field book.  Take a real-
time reading of the depth with the hand-held collector, and record this depth in 
the field book. 

o Top of casing (reference elevation) at Windsor Brook (East Branch) =  
1479.17 feet 

o Top of casing at Cady Brook = 1477.69 feet 

• Download data and make backups as directed above.  Do not turn off instrument 
power for servicing, battery changes, or calibration until the download has been 
completed. 

• Check power status of the device using the handheld, and service batteries as 
required. 

o With two alkaline batteries, the instrument will likely not require battery 
replacement during the monitoring period. However, monitor battery life 
indicator via handheld to determine if proactive battery replacement is 
necessary.   

o In any event, change the batteries at least once per month 

• Repeat the previous steps and download data at the end of each month following 
Week 4. 

 



 

• Continue monitoring program with monthly data downloads again at Weeks 8, 12 
and 16 for a total monitoring period of four months (subsequently modified to 3 
months). 

• Visit the site following any significant storm event during the monitoring period 
to ensure that staff gage is secure and turbidimeter is recording properly (repeat 
field checks for water level and turbidity as in previous instruction). 

• Should batteries require replacement, recalibrate the instrument prior to logging 
further data.  

• In addition, the instrument should be recalibrated following any power-off. 

• Calibration includes: 

o Reset to factory turbidity setting 

o Measure water surface elevation and set pressure (depth) reading to equal 
measured water surface. 

• Perform any necessary maintenance according to instructions in the operator’s 
manual. 

• Prior to leaving the site, verify that instrument and staff gage set-ups are secure. 

o Close and lock instrument cover 

o Lock gates. 

o Return key to water department personnel. 

• To process data, export turbidity and depth data from the instrument software into 
an Excel-format spreadsheet. Plot turbidity on an appropriate time scale for 
comparison with data furnished by the City of Pittsfield. 

 



 

 

 

 

 

 

 

Appendix C 
Field Turbidity Monitoring Results 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

Appendix D 
2009 Calendar Year Turbidity/Precipitation Data 
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TO: Melissa Provencher, Berkshire Regional Planning Commission 

FROM: 
Julia Capurso, David Nyman 
Comprehensive Environmental Inc. 

SUBJECT: Watershed Reconnaissance, Windsor & Cady Brooks 
JOB NUMBER: 186-13 
DATE: February 1, 2011 
   
Personnel from BRPC and CEI conducted a “windshield reconnaissance” of the Windsor 
and Cady Brooks watersheds to complete Task 3b of this study.  The reconnaissance had 
two primary objectives.  First, we sought to verify land uses by field observation, to 
confirm the mapping upon which subsequent study tasks rely for estimation of watershed 
sediment loads.  Second, we sought to identify potential land or stream disturbances that 
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, we also sought to identify 
potential locations that might be candidates for application of Best Management Practices 
(BMPs) to address potential sediment sources.  
 
The reconnaissance consisted of two components.  First, we observe existing land uses, 
paved roads, and unpaved roads to verify land use information, consistent with available 
aerial photography and GIS mapping data layers. Second, we observed representative 
locations along area streams, to qualitatively assess whether areas of excessive stream 
erosion contribute sediment to the system.  These components are discussed in detail 
below. 
 
LAND USE RECONNAISSANCE  
 
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. 
 
Reconnaissance Procedure 
 
Preparatory to the reconnaissance, the team performed the following: 
 

• We 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 

  Page 1 of 15 



      MEMORANDUM 

photographs of the region.  Where these sources were not in agreement, we pre-
selected locations for field observation. 

 
• We 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.  
 

• The team used the identified locations, shown mapped in Figure 1 (attached), to 
plan the field investigation.  
 

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.  Photos in this 
memorandum have been extracted from that file.  Specific locations about which we have 
comments are discussed below, and are referenced to Figure 1 by number. 
  
During the field investigation, the team found some sites of concern were not readily 
accessible without trespassing (for example, agricultural fields surrounded by woodland 
as at Location 14).  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. 
 
Land Use Reconnaissance Observations and Findings 
 
The observations and findings from this field reconnaissance include the following: 
 
Existing Land Uses 
 
Field observation showed that land uses in general are consistent with the 2005 Land Use 
layer available from MassGIS. The team has therefore used this GIS data as the basis for 
sediment loading estimates for the Windsor and Cady Brooks watersheds (discussed 
under separate memorandum). 
 
The watershed of Windsor Brook at the diversion structure is approximately nine square 
miles, with 83% forested area1. The watershed of Cady Brook at its diversion structure is 
considerably smaller, with approximately 3.7 square miles. However, the Cady Brook 
watershed is somewhat less developed, with 91% forested area.  
 

                                                           
1 Estimated from United States Geologic Society (USGS) StreamStats: 
http://water.usgs.gov/osw/streamstats/massachusetts.html 
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Older mapping shows a number of areas of agricultural use (i.e., growing of crops) in the 
watersheds.  However, field observation and recent GIS mapping show that much of the 
agriculture in each watershed is now inactive, though forestry activities appear common.  
 
Where there is development in each watershed, it is mainly low density residential 
distributed along area roadways.  There are few or no significant commercial or industrial 
areas. 
 
Paved versus Unpaved Roadways 
 
The windshield survey confirmed the locations of paved and unpaved roads and 
pathways in the watershed. Available GIS data accurately depict paved and unpaved 
roads. However, the data do not distinguish between actively used unpaved roads and 
rarely used woodland access ways largely overgrown with vegetation. From our 
observations, we determined that most unpaved roads in the project area are used 
seasonally or only occasionally.  However, the field team did recognize a pattern of use 
of inactive unpaved roads as recreational trails for all-terrain vehicles (discussed further 
below). 
 
General Conditions in the Watershed Relative to Erosion 
 
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 watersheds is forested, undisturbed land. and that in general,.  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. 
 
Individual Sources of Erosion or Sediment 
 
Individual sources of erosion or sediment observed during the land use reconnaissance 
are summarized below. See map in Figure 1 for locations referenced in the text. 
 
 Paved Road Crossings 
   

At Location 12, 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 (see Photos 1 – 4). 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. 

  Page 3 of 15 



      MEMORANDUM 

  Page 4 of 15 

Photo 1 

Photo 2 

Photo 3 

Photo 4 
 
The team also identified a recreational crossing for snowmobiles just upstream of 
the road crossing (Photo 4).  Sediment accumulated on the bridge and entrained in 
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the snow will likely discharge directly into the stream when snow melts.  Runoff 
from the trail uphill of the crossing will also carries sediment directly into the 
stream. 
 
Evidence of sediment deposition in the stream channel was also observed at 
Location 19, where sediment lines the stream channel of Windsor Brook (Photo 
5) and the culvert itself (Photo 6).  

Photo 5 

Photo 6 
 
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. Photos 7 and 8 show deposition of road sanding 
materials near a Windsor Brook crossing and a plow pull-off at Location 1. 
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Photo 7 

Photo 8 
 
Existing stormwater management practices along Route 9 direct water away from 
the paved road 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, as observed near Windsor Brook at Location 12, below.  
 
Provided that adequate space is available in the road right of way, these 

y be potential BMP sites to significantly improve 
ent load to the stream and treating 

Photo 9 
 

stormwater systems ma
stormwater quality in lowering the sedim
pollutants from roadway wash-off. 
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Photo 10 

Photo 11 
 
A recreational vehicle trail (re-use of a former woodland access road) follows the 
stream from the Windsor Brook crossing at Location 3. Structural BMPS at this 
location may help to address runoff from the paved roadway and the recreational 
vehicle trail, both of which discharge sediment-laden water directly to the stream.  
 
Unpaved road crossings 
 
At the gravel road and Windsor Brook tributary crossings at Locations 5 and 5A, 
runoff concentrates in narrow channels at either side of the road flowing towards 

Photo 12 

the crossing (See Photo 12 of Location 5).  
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ined with winter sanding showed evidence of 
nt deposition in the tributaries (See Photo 13 of Location 5A). Stabilization 

ay decrease sediment load at the stream 

 
Photo 13 
 
Location 24 comprises a stone bridge crossing Cady Brook and a dirt road that 
slopes to the stream and on either side of the crossing. As discussed below under 
the discussion of the stream reconnaissance, the stream flow at this crossing 
erodes the embankment from one of the wing walls on the upstream side of the 
bridge. Stormwater from the road itself may be exacerbating erosion of the 
embankment. 
  

 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. As shown in aerial 
images for Locations 14 (Photo 14), 18 (Photo 15), and 28 (Photo 16), 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. 

The erosion of the road sides comb
sedime
of these existing roadside flow paths m
crossing.   



      MEMORANDUM 

  Page 9 of 15 

Photo 14 

Photo 15 

Photo 16 
 
During later reconnaissance efforts in August 2010, the project team was able to 
access to the forestry area at Location 28. The team observed that the road 
appears to be re-vegetated and the logged area has become grown over with 
vegetation.  

 
 Suburban Development Activities: 
 

During the reconnaissance, the project team did not observe any significant 
ongoing development activities. The team found that current land use within the 
watersheds matched land use data for 2005, available through MassGIS. 

  
Agricultural Practices: 
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Active agriculture, such as cultivating row crops, is less common than active 
forestry in the Windsor and Cady Brooks watersheds. As noted above, many areas 
mapped as agricultural land use in NEIWPCC data were identified as pastures in 
data from MassGIS, and identified as residential lawns or open fields by the field 
team.  
 
As with forestry areas, some agricultural lands were inaccessible and were studied 
using higher resolution aerial imagery. As shown in photos for Locations 14 (see 
Photo 17) and 17 (see Photo 18), these areas of active agriculture have minimal 
buffers to Wi ithout vegetated buffers, 
eroded material from ent loads to the 
stream system  of agricultural areas at Location 
14 likely intercept and trap significant am nt before it would reach 
the main stem of Wi  
possible sedime
 

Photo 17 

 Photo 18 
 

Mining Activities: 
 

No mining activities were depicted in available land use data for the watersheds 
or observed during the reconnaissance. 

 
  

ndsor Brook and its headwater wetlands. W
 these locations is a potential source of sedim

. The wetlands located downstream
ounts of sedime

ndsor Brook. The brook is less protected by wetlands from
nt loads at Location 17. 
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Trails and Unimproved Roads: 
  

At Locations 3, 4, 12, 26, and 28, 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 sedime ay need 
to be considered to reduce sedim

Photo 20 
 
At Location 26, 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 at Location 
26. During the March reconnaissance, the study team observed sediment laden 
runoff from this roadway discharging into Cady Brook (Photo 19). Larger 
vehicles, such as trucks, use the road but cross the stream using the bridge.The 

nt input to the stream system.  Management practices m
ent loads. 

Photo 19 
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team observed ATV tracks crossing through the stream, causing sediment 
tracking through the channel (Photo 20). This stream crossing is a candidate for 
site specific management practices to correct the sediment load to the stream 
system. Conditions at this also suggest that an outreach effort is warranted to the 
local recreation community to decrease the potential of recurrence.  
 

STREAM RECONNAISSANCE 
 
BRPC and CEI staff conducted a stream reconnaissance of Windsor and Cady Brooks on 
August 5, 2010.   
 
Reconnaissance Procedure 
 
In preparation for this task and prior to the reconnaissance, the team performed the 
following: 
 

• The team used aerial imagery and topographic mapping to identify representative 
locations for observation.  Most of the selected observation points comprised 
roadway crossings.  The rationale for this selection was that hydrologic 
disturbance associated with culvert and bridge crossing is often a source of bank 
and stream bed erosion.  In addition, the road crossings allow for ready access for 
viewing the streams. We selected locations representative of each stream, 
including reaches with a range of gradients, and locations downstream of the 
confluence of tributaries where either deposition or stream scour can be expected.  
Locations selected by this map evaluation are part of the overall set of survey 
locations shown on Figure 1. 
 

• To facilitate a rapid visual assessment of the streams for conditions indicating 
severe erosion, the team estimated predicted bankfull widths and depths based on 
regression equations developed by the USGS2.  Detailed analyses of bankfull 
conditions were not conducted as part of the reconnaissance; these estimated 
widths were simply used as a qualitative guide to whether excessive bank erosion 
was apparent.  If observed conditions appeared substantially different than 
predicted widths or depths, this would be noted. Using USGS StreamStats, we 
estimated contributing watershed areas for selected locations, and applied this 
data to regression equations to obtain predicted bankfull dimensions.  At most 
locations, stream depths and bankfull widths were reasonably consistent with the 
estimates. 

                                                           
2 Bent, G.C., 2006, Equations for Estimating Bankfull-Channel Geometry and Discharge for Streams in the 
Northeastern United States.  In Proceedings of the Joint Federal Interagency Conference, Book of 
Abstracts, 3rd Federal Interagency Hydrologic Modeling Conference and 8th Federal Interagency 
Sedimentation Conference, Reno, Nevada, April 2-6, 2006, p. 314.  Accessed at 
http://ma.water.usgs.gov/projects/pdf/Poster_Bent_AbstractOnly.pdf 
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The team conducted this element of the reconnaissance by systematically travelling the 
watershed, visiting each location and walking the stream banks and bed in the immediate 
vicinity of each location to observe existing conditions.  A photo record with descriptions 
of locations mentioned below has been furnished separately as an Excel file. 
 
Stream Reconnaissance Observations and Findings 

 
The summary below highlights observations from the stream crossing reconnaissance.  
See map in Figure 1 for locations referenced in the text.  
 
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 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 
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field team observed no significant scour or erosion impacts extending beyond 50 to 150 
feet upstream or downstream
 
Crossing Alignment

 of the crossings examined in this study. 

 

Photo 21 
 
We observed two crossings where the flow-line of the structure does not align with the 
the natural stream channel: Locations 3 (Photo 21) and 21 (culvert, photo not available), 
(both on Windsor Brook).  
 
At Location 21 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 24 (Cady Brook) and 4 
(Windsor Brook). Bank erosion at Location 24 appears to result from stormwater flow 
and erosion behind wing-walls at the stream crossing (Photo 22). At Location 4, bank 
cutting and uneven banks suggest gradual movement of Windsor Brook towards Main 
Dalton Road. A local resident also attested to this possible trend. 

Photo 22 
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We observed a culvert at Location 5 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 (see Photo 23) indicated that the culvert was below the 
existing stream bed at the time of observation. A potential explanation 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. 
 

Photo 23 
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TO: Berkshire Regional Planning Commission 

FROM: 

Patrick McCarthy, Dave Nyman 

Comprehensive Environmental Incorporated 

SUBJECT: Impoundment Bathymetry and Sediment Sampling 

JOB NUMBER: 186-13 

DATE: December 30, 2010 

 

The following summarizes the study team’s completion of components of Task 2(b) of the 

Windsor & Cady Brooks Sediment and Turbidity Management study. 

 

Subtasks and work products described include: 

 Mapping of the bathymetry and depth of sediment of the water intake impoundments 

located on Cady Brook and Windsor Brook (also known as the East Branch of the 

Housatonic River). 

 Estimation of the quantity of sediment in each impoundment, based on this mapping. 

 Sampling and analyses of the sediment retained in each impoundment. 

 

1. Description of Mapping Effort 

 

The study team developed mapping of the current bathymetry and the approximate depth of 

sediment accumulated at each of the two water intake structures.  For base map and structure 

reference information, this effort used construction record drawings compiled at the time of 

construction of the intake structures (1948), supplemented by a drawing prepared in January 

1992 for the dredging of the East Branch. These drawings include: 

 

 ”East Branch Diversion Location Plan and Details” Sheet 25 of 38, prepared by 

Metcalf&Eddy Engineers, June 4, 1948; 

 “Cady Brook Diversion Location Plan and Details” Sheet 29 of 38, prepared by 

Metcalf & Eddy Engineers, June 4, 1948; 

 “Cleveland Reservoir Aqueduct Intake Maintenance on Windsor Brook” Sheet 1 of 1, 

prepared by Municipal Engineering Consultants, Inc, January 1992. 

 

Using this information, BRPC and CEI personnel acquired field topographic data of each 

impoundment by level (Topcon Green Label AT-G4 Auto Level) and stadia rod, using the 

as-built data for the existing intake structures for elevation reference (a datum for each 

structure was assumed using a selected point from each as-built record drawing). We tried 

using GPS equipment to establish horizontal location of survey reference points, but were 

unable to obtain sufficient satellite signal to accomplish this due to the presence of excessive 

amounts of canopy at the sites. We therefore measured approximate horizontal locations by 

stadia reading, using standard methods for which the Topcon Level is designed, using the the 

intake and spillway structure components for baseline reference. 
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The field survey was completed in two phases.  The first phase consisted of field 

determination of elevations on the concrete structures at each impoundment, to verify relative 

elevations in comparison to the record drawings. The As-Built Structure verification survey 

was conducted on May 25, 2010.  The second phase consisted of measurements along 

transects of each impoundment, to record elevations on the surface of the accumulated 

sediment.  Bottom of sediment was estimated by probing to resistant substratum using a 

hand-advanced or hammer-advanced rod, and recording depth of penetration from the 

surface. Bathymetry and sediment depth measurements were completed for Windsor (East 

Branch) Brook on July 27, 2010 and the Cady Brook survey was conducted on August 4, 

2010.  

 

We were able to conduct these surveys during dewatered-impoundment conditions.  During 

each stage of the survey, the sediment deposits were exposed, as the impoundments were 

conveying all flows directly through the intake structures, without significant ponding of the 

streams.  Direct access onto the surface of the sediment was possible without use of special 

equipment, and in most places the brooks were easily wadeable to conduct this work. 

 

The following summarizes the equipment used and the procedure followed: 

 

Equipment used: 

 

 Survey level ( Topcon Green Label AT-G4 Auto Level), Survey Tripod, Stadia 

Rod(English decimal units) 

 Survey flags and wooden stakes 

 100-ft measuring tape  

 12-ft Steel Probe (Geoprobe) with depth markers 

 Field book and pencils 

 

Procedure:   

 Using surveying stakes, cross sections were field marked approximately 

perpendicular to the center line of the impoundment and at approximately 20-ft 

intervals. Horizontal locations of stakes were located by angle and stadia 

measurements referenced to existing concrete structures.  

 CEI used a level and rod for vertical topography measurements. Starting at one side 

of the impoundment, CEI maneuvered over the sediment in line with the range stakes, 

recording measurements. CEI located the measurements by placing a measuring tape 

between the two stakes and recording the location of the measurement in relationship 

to the stakes. CEI placed surveying flags between the stakes at the rod measurement 

locations.  

 CEI probed the sediment at the flag locations, to measure the sediment depth. The 

Geoprobe was pushed and then hammered down through the sediment to a refusal 

layer. CEI recorded the depth measurements from markers on the probe shaft.  
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 At Windsor Brook (East Branch) CEI was not able to probe all locations because the 

sediment in certain areas had large cobbles and boulders. CEI estimated the depth in 

these locations from “proposed contours” for dredging as shown on the drawings 

developed by Municipal Engineering Consultants in January 1992. Thus, sediment 

depths currently estimated for the upstream portion of the impoundment assume that 

that dredging project restored the impoundment to the design depths indicated on 

those drawings. 

 

 Drawing Sheets W-1 and W-2 attached depict the completed bathymetric survey and cross 

sections showing sediment thickness at each impoundment. 

 

    

 

2. Sediment Quantities 

 

Using the current field program measurements, supplemented by information on the record 

plans cited above, CEI estimated the volume of sediment deposited within each 

impoundment. 

 

CEI estimated the volume of sediment deposited within the Cady Brook impoundments using 

Autocad Civil 3D. CEI developed existing grade surfaces and resistant substratum surfaces 

for Cady Brook with field surveyed topography and field probe depth data. The volume by 

this method was checked by computing volumes from the plotted cross sections by the 

average end area method. 

 

However, as noted above CEI was unable to perform the same probing procedure for 

Windsor Brook cross sections due to the sediment composition of large cobbles.  Therefore, 

we plotted probe depths at cross sections 0-0 to 1-1. At cross sections 2-2 to 5-5 we used 

field survey for the surface elevations, and assumed substratum elevations derived from the 

1992 Intake Maintenance Plans for Windsor Brook.  Sediment accumulation was then 

estimated by average end area method using the plotted cross sections. 

 

The estimated sediment volumes accumulated in each impoundment since the most recent 

maintenance activities are as follows: 

 

East Branch (Windsor Brook)   575 Cubic Yards  

Cady Brook     958 Cubic Yards  

 

See drawings W-1 and W-2 for field measured sediment surface contours and sediment cross 

sections.    
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3. Sediment Sampling and Analysis 

 

Sediment sampling was conducted at each impoundment on the same date that the 

bathymetric survey was performed. Samples were obtained under dry surface conditions, 

using hand methods; a brief description of equipment and procedure follows:  

  

Equipment used: 

 Amber and Glass containers 

 Zip-lock bags 

 Shovel 

 AMS Equipment Soil Core Sampler w/ expendable plastic liners 

 Stainless steel buckets for compositing samples 

 Soap for Decontamination ( Alconox) 

 Deionized water 

 Field sampling forms, chain of custody and labels. 

 

Procedure: 

 Two sediment samples were collected for each impoundment. The location of each 

sample is indicated on the attached bathymetric drawings sheets W-1 and W-2. 

Horizontal locations of sampling sites were located by angle and stadia measurements 

referenced to existing concrete structures.  

 Each sample was recorded with the sample location ID, date, time, project number 

and project location. 

 The Geoprobe was pushed and then hammered down through the sediment to a 

refusal layer. 

 The AMS Equipment Soil Core Sample proved to be insufficient for retrieving a large 

enough core sample quantity for lab analyses. The sediment was loosely consolidated 

and was compressed or displaced by the sampler, so that only small amounts of 

material entered the plastic sampling sleeve. Field personnel therefore used a shovel 

to collect an adequate amount of material for laboratory analyses. 

 The field team placed the collected material (from shovel and probe) into a stainless 

bucket and mixed the material together from the underlying layers to form a 

composite core sample.  

 The samples were then transferred from the stainless steel bucket to the lab 

containers. 

 Small companion samples were placed into Zip-lock bags for qualitative, visual 

examination in the office.  

 New liners were replaced in the probe after each sampling location and the stainless 

steel buckets were decontaminated before initial use and subsequent reuse. 

  In accordance with 314 CMR 9.00 samples were sent to the laboratory and analyzed 

for the following parameters: 

o Sieve analysis with hydrometer 
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o Total Organic Carbon 

o Extractable Petroleum Hydrocarbons(EPH) 

o Heavy Metals including: Arsenic, Cadmium, Chromium, Copper, Lead, 

Mercury, Nickel, and Zinc. 

o Additional Metals (Only CB-2 and WB-2) including: Antimony, Beryllium, 

Selenium, Thallium, and Silver. 

 After CEI performed an initial review of the initial lab test results, CEI requested that 

one sample from each impoundment be tested for the additional metals. CEI selected 

a sample with the higher metal concentrations for each impoundment to be tested for 

the full Priority Pollutant Metals (13). CEI requested that the additional testing be 

conducted to complete a more comprehensive screening of the material for 

comparison to disposal standards under 314CMR 9.07 (2) (b) 6  

 

The results of the laboratory analyses are shown below in Table 1.   As shown, each sample was 

compared to three different standards. These standards are based on MassDEP regulations. The first 

standard, S-1 Soil , is based on the requirement of 314 CMR 9.07 (9)(b) that states “Upland 

Placement of dredged material in any upland area as fill or for other reuse activities, provided 

concentrations of oil and hazardous material in the dredged material are less than the S-1 soil 

standards…..”. The last standards that the samples were compared to are the reuse of the material in 

lined and unlined landfills within Massachusetts. These standards are derived from MassDEP 

policy # COMM-97-001.  

 

Results: 

 

Heavy metals concentrations were below all standards in each of the four samples, with the 

exception of the Nickel concentration in sample WB-1. The high concentration of Nickel in 

sample WB-1 appears to be an anomaly in comparison to WB-2 and that WB-1 may be a 

non-representative of the sediment deposit. Also, when looking at the laboratory quality 

assurance results it is evident that the laboratory testing of Nickel was a high basis. This 

indicates that the high concentration of Nickel in sample WB-1 may be an indication of 

laboratory equipment inaccuracy. Nickel is a naturally occurring element and concentrations 

may fluctuate.  However, further testing will be required prior to dredging to determine the 

extent of the Nickel contaminant. 

  

Total Organic Carbon (TOC) levels were below all standards in each of the four samples. 

However, it is important to note that levels in Cady Brook far exceed the levels in Windsor 

Brook. High levels of TOC in Cady Brook may indicate the presence of decaying vegetation, 

bacterial growth, or metabolic activities occurring in the sediment.  

 

Extractable Petroleum Hydrocarbons (EPH ) levels were below all standards in all four 

samples.  
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A sieve and hydrometer analyses was performed on each of the four samples. Each of the samples 

had less than 10% passing the number 200 sieve with the exception of sample CB-2 with 10.2%. 

Both impoundment composite samples gradation predominately consist of medium sand material 

with small amounts of silt material. Between 40%-80% of the material was collected between the 

#40 and 80# sieve.  However, during the impoundment bathymetry and sediment sampling, CEI 

noted that Windsor Brook sediment deposit consisted of material resembling a “point bar” with 

cobbles and coarse gravel at the upstream end and finer sandy material at the downstream end.  

Samples were extracted from the downstream end of the sediment deposit, as extracting a sample 

from the upstream end was infeasible due to composition of the material.  The Cady Brook 

sediment deposit exhibited a different composition of material, with the sediment deposit more 

uniform within the limits of survey. 

 

Impoundments sediment deposit sample results indicate that East Branch should meet MassDEP 

criteria upon further testing to determine the extent of Nickel contaminant. Based on the analyses 

and test results, the sediment deposit at Cady Brook site meets criteria for reuse of the dredged 

material as upland fill in accordance with 314 CMR 9.00: 401 Water Quality Certification for 

Discharge of Dredged or Fill Material, Dredging, and Dredged Material Disposal in Waters of the 

United States Within the Commonwealth.  
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CB-1 CB-2 WB-1 WB-2 S-1 Soil
1

7/29/10 7/29/10 7/29/10 7/29/10 Lined Unlined

Percent Moisture-209A

Percent Moisture(wt %) 25.00 28.00 29.00 18.00 NS NS NS

Total Metals by ICP-SW6010C

Antimony NT ND NT ND 20 NS NS

Arsenic ND ND ND ND 20 40 40

Beryllium NT ND NT ND 100 NS NS

Cadmium ND ND ND ND 2 80 30

Chromium ND ND ND 8.18 30 1000 1000

Copper 8.14 ND 10.4 11.2 NS NS NS

Lead ND ND ND ND 300 2000 1000

Mercury ND ND ND ND 20 10 10

Nickel 8.48 ND 23.9 10.8 20 NS NS

Selenium NT ND NT ND 400 NS NS

Silver NT ND NT ND 8 NS NS

Thallium NT ND NT ND 100 NS NS

Zinc 49.7 66.4 57.8 52.6 2500 NS NS

Total Organic Carbon-Kahn 6/99

Total Organic Carbon 10000 12000 8100 4900 NS NS NS

EPH  Ranges-MADEP EPH

C09-C18 Aliphatics ND ND ND ND 1000 NS NS

 C11-C22 Aromatics ND ND 74.9 28.5 1000 NS NS

C19-C36 Aliphatics ND ND 122 43 3000 NS NS

Sieve Analysis w/ Hydrometer

See attached Lab Results - - - - NS NS NS

Notes: 314 CMR 9.00:401  Water Quality Certification for Discharge Dredged or Fill   

Units(mg/kg) unless otherwise noted  Material, Dredging and Dredged Material Disposal in Water of

- See attached Lab Results  the United States within the Commonwealth

ND Not detected above the laboratory detection limit

NT Not Tested 1.) 314 CMR 9.07(9)(b) Upland Fill are less than S-1 standards

NS No Standard 2.) Policy # COMM-97-001: Resuse & Disposal of Contaminated Soil

BOLD Exceeding S-1 at Massachusetts Landfills 

Parameters

Reuse at landfill 
2

Sampling Locations and Date Mass DEP Criteria for Dredging Material Management

TABLE 1

Sediment Deposit Samples- Summary of Analytical Results

Cady and Windsor (East Branch) Brook

Pittsfield, Massachusetts
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TO: 
Melissa Provencher 
Berkshire Regional Planning Commission 

FROM: 
 David C. Nyman, P.E.  
Comprehensive Environmental Incorporated 

SUBJECT: 
Sediment Yield Evaluation, Windsor & Cady Brook 
Watersheds 

JOB NUMBER: 186-13 
DATE: March 9, 2011 
 
 
The following summarizes the study team’s completion of components of Task 4 of the 
Windsor & Cady Brooks Sediment and Turbidity Management study.  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. 
 
 
Base Sediment Yield Analysis 

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. To accomplish this we 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, we 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 

                                                           
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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delivery by this standard procedure.  Separate hand calculations using the USLE (see 
Appendix A) verified that model output for each watershed lies within an acceptable 
range. The model therefore provides 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 run to generate estimates of average monthly and annual yields of sediment from 
each watershed under existing conditions.   
 
Table 1 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 2 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. 
 
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.”  Tables 1 and 2 present 
the estimated sediment yields for the forested condition for each brook’s watershed.   
 
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.    
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Table 1 – 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 
 
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 
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Table 2 – 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 
 
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 3 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 
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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 3 – 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 
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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.  The results of this analysis are 
presented in Table 4. 
 
Table 4 –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 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 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 
                                                           
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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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. 
 
Sediment Quantities at Each Impoundment 
 
As described in a separate narrative regarding bathymetry and sediment mapping 
performed under this study, the study team developed an estimate of the volume of 
sediment currently retained by each impoundment.  Table 5 presents these quantities. 
 
The Windsor Brook impoundment was dredged around 1992.  To our knowledge, the 
Cady Brook impoundment has not been dredged since its installation.  Assuming these 
dates represent the inception of accumulation of the current volumes of sediment, 
dividing the impoundment sediment volume by the elapsed time of accumulation yields 
an estimate of average annual sediment capture by each impoundment.   Table 5 lists this 
estimated annual accumulation rate for each impoundment.   
 
 
Table 5 - Estimated Historic Sediment Accumulation at Diversion Structures 

Diversion Structure Year of Last Sediment 
Removal 

Sediment Volume 
Estimate (Current 

Study) 

(cubic yards) 

Estimated Average 
Annual Net Sediment 

Accumulation 

(cubic yards/year) 

Windsor Brook 1992 

(Last known dredging) 

575 32 

Cady Brook 1950 

(Approximate date of 
initial service) 

958 16 

 
 
Note that the average annual sediment accumulation in Table 5 may not be truly 
representative of typical annual sediment deposits for several reasons: 
 

• The “average condition” estimated in Table 5 does not account for some previous 
disturbances that produced comparatively high volumes of sediment, consuming 
storage capacity in the impoundment and not correctly reflected in the average 
accumulation rate.  
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• The current sediment deposit in either impoundment may reflect infrequent, high 
intensity, high flow storm events that may carry either deposit unusually large 
volumes of sediment, or scour and flush sediments already deposited in the 
impoundment.  
 

• The “average” rates of sediment accumulation shown in Table 5 do not reflect the 
gradual reduction of trapping efficiency that is likely to occur as the 
impoundments fill with sediment.  Current accumulation rates in the 
impoundments could be very low, because sediment storage capacity is now at a 
minimum and incoming sediment is being flushed from the impoundments.  
Higher annual volumes of sediment may be trapped when the impoundments have 
full storage and settling capacity, and diminish as the basins fill with sediment.   

 
For these reasons, only a very approximate comparison can be made between the 
“average net sediment accumulations” shown in Table 5 and the estimated average 
annual sediment yields presented in Tables 1 and 2.  That being said, a very rough 
estimate of impoundment trapping efficiency can be obtained by dividing the average 
accumulation figures presented in Table 5 by the annual yields presented in Tables 1 and 
2.  These figures are presented in Table 6.   
 
Table 6 - Estimated Impoundment Trapping Efficiency (historic average) 

Diversion Structure 
Annual 

Sediment Yield 
(cubic yards) 

Annual 
Sediment 

Accumulation 
(cubic yards) 

Trapping 
Efficiency  

Windsor Brook 237 32 14% 

Cady Brook 31 16 52% 

 
Because the figures in Table 5 represent an estimate of sediment accumulation since the 
last “cleaning” and only a gross approximation of annual sediment capture rates, these 
figures have limited value for estimating the average sediment volume discharged from 
each impoundment to either the downstream brook system or to the Cleveland Reservoir.  
Therefore, for a conservative assessment of impact of sediment load on the reservoir, we 
used the total estimated annual sediment yield.  Summing the sediment load at the two 
diversion structures, and assuming no capture of sediments at these impoundments, 
approximately 268 cubic yards per year of sediment would be delivered to Cleveland 
Reservoir.  The design volume of Cleveland Reservoir is 1.35 x 109 gallons,4 or 6.68 x 

                                                           
4 The Special Board of Water Commissioners, City of Pittsfield, Massachusetts Final Report upon 
The Construction of Cleveland Brook Water Supply and Appurtenances. August 8, 1950,  
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106 cubic yards.  The current estimated annual sediment load from the two stream 
diversion structures is therefore about 0.004 % of reservoir volume, and would not be 
anticipated to have a significant impact on reservoir capacity.   
 
However, while the total volume of sediment does not appear problematic, the sediment 
entrained in high flows to the reservoir, or sediment re-suspended within the reservoir by 
high flows, can still affect turbidity levels at the intake to the water treatment plant.  This 
means that management actions may need to focus on controlling the delivery to the 
reservoir of even relatively small quantities of fine sediments that tend to remain 
suspended or are readily re-suspended in the water column. 
 
 
Intake Structure Impoundment Sediment Capacity Analysis 

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.  Table 5 presents 
the results. 
 
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.   
 

                                                                                                                                                                             
Prepared by M&E., p.6.  Another report from the City’s files, prepared in 2009 by M&E, indicates that 
2008 bathymetry shows reservoir capacity is about 2% less than that estimated from 1948 topographic 
mapping.  However, while this apparent difference in capacity may be explained by net sediment 
accumulation, the precision of the earlier survey could also account at least in part for the difference. Even 
so, a reduction of capacity by 2% in a 60 year period indicates that the volume of sediment from all sources 
(e.g., stream flows, direct watershed of the reservoir, shoreline erosion) does not pose a significant impact 
to reservoir capacity. 
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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 B, 
with the computed particle size presented in Table 7 (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 7 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 structures results in conditions that 
significantly reduce the capacity of these small impoundments to trap sediment from 
incoming flows. 
 

Table 7 – 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 C 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.  
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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 8 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 8 - 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 
 
 
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: 
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• 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 
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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 as presented in Tables 1 and 2; 
• Sediment capture performance of about 80% of the annual average yield; 
• Restored volume equal to the current volume of sediment in each impoundment. 

 
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 (see 
Table 5), 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. 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 

Sediment Yield Analysis Calculations Check 























 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

Settling Particle Size Calculations 







 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

Soils Data 
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Custom Soil Resource Report
Soil MapRegion of Windsor Brook & Cady Brook Watersheds

Area of Interest
(AOI)



Map Unit Legend

Berkshire County, Massachusetts (MA003)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Cwater 165.3 1.9%

58A Palms and Carlisle mucks, 0 to 1 percent slopes 21.5 0.3%

75B Pillsbury loam, 0 to 8 percent slopes, extremely
stony

2,342.9 27.4%

242C Hinckley gravelly sandy loam, 8 to 15 percent
slopes

200.4 2.3%

242D Hinckley gravelly sandy loam, 15 to 25 percent
slopes

81.7 1.0%

254B Merrimac fine sandy loam, 3 to 8 percent slopes 29.6 0.3%

254C Merrimac fine sandy loam, 8 to 15 percent slopes 8.8 0.1%

270A Hero loam, 0 to 3 percent slopes 45.7 0.5%

270B Hero loam, 3 to 8 percent slopes 10.6 0.1%

273C Oakville loamy sand, 8 to 15 percent slopes 13.9 0.2%

298E Groton and Hinckley gravelly sandy loams, 25 to
35 percent slopes

32.7 0.4%

901E Berkshire-Marlow association, 15 to 45 percent
slopes, steep, extremely stony

740.7 8.7%

904E Lyman-Tunbridge association, steep, very stony 597.1 7.0%

905C Peru-Marlow association, rolling, extremely stony 3,163.3 36.9%

909C Tunbridge-Lyman association, rolling, extremely
stony

1,108.1 12.9%

Totals for Area of Interest 8,562.4 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.
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* Area within rectangular polygon shown on soil map.
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