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3.0 HYDROLOGIC ANALYSIS 

 

As previously discussed, flow rates in a river channel are a function of the watershed 

size, land use characteristics, soil characteristics, and vegetation as well as rainfall 

patterns.  Hydrology is the science of using this information to determine streamflow 

rates.  This streamflow data can then be used in conjunction with information on the river 

channel characteristics to predict the depth of water flow during various flood events.  

This section describes the hydrology of Coppermine Brook, while the following section 

will describe water depths and flooding limits. 

 

Coppermine Brook originates at the confluence of Whigville Brook and Wildcat Brook 

located approximately 3,500 feet upstream of the corporate limits of the city of Bristol 

and town of Burlington.  Many tributaries join Coppermine Brook before it flows into the 

Pequabuck River.  Negro Hill Brook and Polkville Brook discharge to Coppermine 

Brook in the area between Farmington Avenue and Stevens Street.  Two other unnamed 

streams, named Tributary A and Tributary B, also discharge to Coppermine Brook. 

 

3.1 FEMA Flows 

 

The Flood Insurance Study (FIS) prepared by the Federal Emergency Management 

Agency (FEMA) for the City of Bristol dated May 18, 1981 provides flow rates at 

selected locations in the Coppermine Brook watershed.  The flow rates were estimated 

based on regional equations for streamflow in Connecticut. The regional equations were 

based on regression analysis of streamflow records for 105 gauging stations and rainfall 

data from 23 precipitation gauges in Connecticut.  Using the regression equations, flow 

rates can be predicted based on watershed size, rainfall, channel length, channel slope, 

and amount of watershed area served by storm sewer. The drainage area and the flows 

given in the FEMA FIS are shown in Table 3-1. 
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TABLE 3-1 
Coppermine Brook Discharge Rates  

Presented in FEMA FIS 
 

  FEMA Flows (cfs) 

Location Drainage Area 
(square miles) 10-Year 50-Year 100-Year 500-Year 

Upstream of Negro Hill Brook 8.8 1,100 2,000 2,490 4,150 

Upstream of Polkville Brook 13.0 1,460 2,610 3,215 5,190 

Upstream of Tributary B 15.9 1,890 3,210 3,885 6,200 

Upstream of Tributary A 17.3 2,035 3,475 4,175 6,740 

Confluence with Pequabuck River 18.6 2,140 3,630 4,340 7,000 

 

The use of regression equations for estimating flows is an accepted practice.  Since the 

regression is developed using field data collected from within Connecticut, the resulting 

equation is considered to be a moderately accurate predictor of flows.  That being said, 

other methods such as development of hydrologic models using computer programs and 

real time streamflow measurement can yield more accurate results.  In the case of the 

1981 FIS, the regression equations used to develop the data in Table 3-1 were published 

in 1976.  Given the changes in streamflow rates that have been observed in Connecticut 

in recent years (as documented in Section 2), we would expect the flow rates in the FIS to 

be lower than actual streamflows, which would underestimate the extents of flooding 

under various storm events. 

 

3.2 Existing Conditions Hydrology 

 

As part of this study, the computer modeling program known as the Hydrologic Modeling 

System HEC-HMS 3.2 was used to determine the flow rates for the various storm events.  

Created by the U.S. Army Corps of Engineers, the HEC-HMS program forecasts the rate 

of surface water runoff and river flow rates based upon several factors.  The model input 

data includes information about the contributing watershed area, the runoff curve number 

(CN), the lag time of the watershed, the available storage volume of the reservoir, the 
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channel routing, and rainfall data for the area.  Each of these elements is described in the 

ensuing text. 

 

3.2.1 Subwatershed Delineations 

 

Mapping of the Coppermine Brook watershed was obtained from publicly available 

Geographic Information System (GIS) databases.  Information collected includes 

drainage basin delineation, topography, roadways, and buildings.  The overall 

Coppermine Brook watershed was divided into subwatersheds based on topographic 

information presented in this mapping and supplemented by two-foot contour and storm 

drainage system mapping provided by the City of Bristol.  Watershed and subwatershed 

boundaries were then field verified.  The Coppermine Brook watershed was divided into 

29 subwatersheds for this analysis.  Figure 3-1 presents the watershed area and 

subwatershed boundaries. 

 

3.2.2 Runoff Curve Number 

 

Each subwatershed is defined in the hydrologic model by its size, a runoff curve number, 

and the time of concentration.  The runoff curve number system was developed by the 

Natural Resources Conservation Service (NRCS, formerly the Soil Conservation 

Service).  Using this system, each subwatershed is assigned a number between 30 and 98.  

The number used is specific to the subwatershed and is determined based on soil type and 

land use. 

 

Land use in each subwatershed was determined from the GIS mapping and aerial 

photography.  Land use in the watershed was classified as forested, open space, barren 

land, residential separated by lot size, commercial, and impervious (paved) cover.  A 

figure depicting land use in the watershed was presented in Section 2. 
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Soil types in the watershed were determined from the Connecticut Department of 

Environmental Protection GIS database of the NRCS soil survey for Hartford County, 

Connecticut.  The NRCS divides soils into four groups: A, B, C, or D, depending on their 

infiltration capacity and ability to absorb water.  The NRCS has identified hydrologic 

groups A, B, C, and D soils in the Coppermine Brook watershed.  Hydrologic group A 

soils have high infiltration capacity and consist of well drained soils.  Group D soils have 

the lowest infiltration capacity and hence generate the highest runoff rates.  Recall from 

Section 2 that many areas within this watershed are mapped as sand.  Sandy soils would 

generally be considered hydrologic soil group A or B because of their high potential 

infiltration capacity.  Soil types for the Coppermine Brook watershed are presented in 

Figure 3-2. 

 

Based on the soil types and land use, weighted curve numbers were developed for each 

subwatershed.  Areas of imperviousness such as parking lots and buildings were assigned 

a Curve Number (CN) of 98.  The curve numbers used in the model were based on curve 

numbers for Connecticut developed by MMI to reflect conditions in Connecticut rather 

than the Midwestern conditions that were used to develop the NRCS's published curve 

numbers.  These numbers have been accepted for use by the NRCS. A memo 

documenting these numbers and a letter from NRCS authorizing their use are presented 

in Appendix B.  Curve number calculations are presented in Appendix C. 
 

3.2.3 Time of Concentration 
 

The time of concentration is defined as the time it takes a drop of water to travel from the 

most hydrologically distant point in the watershed (or subwatershed) to the watershed (or 

subwatershed) outlet.  This value generally defines how quickly after the start of a 

rainfall event that peak flows will be observed in the stream channel.  Calculations of the 

time of concentration for each subwatershed are presented in Appendix D. 
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3.2.4 Summary of Subwatershed Input Data 
 

The area, curve number, and time of concentration of each subwatershed from upstream 

to downstream are given in Table 3-2. 

 

3.2.5 Precipitation Data 

 

Rainfall data for the analysis was taken from the United States Weather Bureau's 

Technical Paper 40 published in 1961.  According to TP-40, 24-hour rainfall rates for the 

two-, 10-, 25-, 50-, 100-, and 500-year return frequency storm events of 3.2, 4.7, 5.5, 6.2, 

6.9, and 8.9 inches, respectively, were used. 

 

3.2.6 Reservoir and Reach Storage 

 

In most watersheds, water can be stored during storm events in ponds and wetland areas.  

This storage serves to attenuate flood flows, allowing water to be released slowly over a 

long period of time.  When natural storage areas are lost due to filling or other activity, 

then peak flows downstream increase.  Such storage can be classified as reservoir storage 

or reach storage.  Reservoir storage consists of ponds or large wetland areas.  The amount 

of storage available is defined based on the outflow capacity from the area, and the 

volume of water that can be stored, both of which vary by water elevation (often called 

stage).  The resulting stage-discharge-storage relationship defines each reservoir.  Reach 

storage occurs within the channel and reflects the time it takes for water in the stream to 

flow from the upper watershed to the outlet.  In areas with a wide floodplain, reach 

storage can provide significant attenuation.  Three storage areas within the Coppermine 

Brook watershed were identified by MMI and included in the hydrologic model. 
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TABLE 3-2 
Hydrologic Input Data – Existing Conditions 

  
Subwatershed Area (acres) Curve Number (CN) Time of 

Concentration  
(TC in hours) 

WHB-60 399.34 69 1.68 

WHB-50 715.41 64 1.60 

WHB-40 618.16 64 2.26 

WHB-30 373.89 59 1.36 

WHB-20 457.40 46 1.47 

WHB-10 399.66 57 1.23 

WIB-30 740.27 62 2.26 

WIB-20 422.51 58 1.48 

WIB-10 277.51 64 1.36 

NHB-40 622.91 69 1.91 

NHB-30 903.79 51 2.03 

NHB-20 240.09 58 1.63 

NHB-10 404.40 50 1.65 

POB-40 460.97 68 1.82 

POB-30 757.87 62 1.17 

POB-20 444.78 55 1.61 

POB-10     42.05 62 0.71 

CMB-110 457.31 57 1.45 

CMB-105 54.24 61 0.89 

CMB-100 165.39 63 1.02 

CMB-90 337.79 61 1.21 

CMB-80 187.64 64 0.98 

CMB-70 388.08 70 1.03 

CMB-60 248.35 73 2.54 

CMB-50 274.94 69 1.16 

CMB-40 438.88 69 1.46 

CMB-30 205.29 68 0.73 

CMB-20 658.89 68 1.89 

CMB-10 9.38 69 0.37 
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Whigville Reservoir – This reservoir, which is owned by the New Britain Water 

Department (NBWD) and located in Burlington, is located in model subwatershed WHB 

20.  This facility was inspected by MMI staff on June 9, 2008 in response to several 

comments at the April 10, 2008 public meeting that residents suspected dam releases 

caused prior flooding. 

 

The reservoir has an earth dam about 30 feet high with a ±30-foot long ogee crest 

concrete spillway.  There are no flashboards or emergency spillways.  The actual dam is 

about 150 feet long.  A 12-inch diameter raw water main and a ±18-inch diameter low 

level outlet were observed at the base of the dam.  There was no unusual channel erosion 

or degradation, and the downstream receiving channel is armored for approximately 500 

feet. 

 

The dam does not include any physical facilities that could be operated to release large 

quantities of water.  Once the reservoir is full, the spillway discharge rate is no greater 

than the inflow rate.  There is no evidence or mechanism that would indicate the dam 

increased downstream flooding. 

 

Negro Hill Brook wetland – The existing storage area created by the wetlands upstream 

of Negro Hill Brook was designated as Coppermine 1 Reservoir in the hydrologic model. 

The upstream extent of this storage area is the downstream face of the Stevens Street 

bridge.  The stage-discharge-storage relationship for this area was obtained from the 

HEC-RAS model (see Section 4.0 of this report). 

 

Farmington Avenue wetland – The wetland area between Farmington Avenue and the 

wetland area at Negro Hill Brook (described above) serves to store large volumes of 

floodwater and was defined as Coppermine 2 Reservoir in the HEC-HMS model.  As 

with the Negro Hill Brook wetland, the stage-discharge-storage relationship in this area 

was defined using output from HEC-RAS. 
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3.2.7 Results of Existing Conditions Analysis 

 

Table 3-3 presents the predicted channel flow rates at select areas within the watershed.  

HEC-HMS input and output files are presented in Appendix E. 

 
TABLE 3-3 

Results of Existing Conditions Analysis  
  
  Predicted Peak Flows (cfs) 

Description Two-Year  10-Year 25-Year 50-Year 100-Year 500-Year 

Confluence of Whigville 
Brook & Wildcat Brook 

418 1,263 1,841 2,430 3,038 4,975 

Downstream of Stevens Street 454 1,382 2,033 2,687 3,388 5,579 

Downstream of confluence 
with Negro Hill Brook 

458 1,606 2,411 3,396 4,381 7,220 

Downstream of confluence 
with Polkville Brook 

551 1,499 2,329 2,888 4,071 8,096 

Upstream of Artisan Street 609 1,632 2,523 3,135 4,384 8,699 

Upstream of Frederick Street 656 1,736 2,678 3,360 4,619 9,189 

Confluence with Pequabuck 
River 

656 1,737 2,679 3,362 4,606 9,181 

 

Table 3-4 shows a comparison of flow rates used in the FEMA study versus those 

predicted in MMI's analysis.  As presented in that table, the flows computed from the 

HEC-HMS model are greater than the FEMA flows upstream of Negro Hill Brook. This 

is due to different computing methods used by FEMA and MMI.  The flows computed by 

MMI at the confluence of the Pequabuck River are lower during the 10- and 50-year 

storm events and slightly higher during the 100-year storm event when compared to the 

FEMA flows. The reduction in flows is due to MMI's use of storage area from Stevens 

Street to Farmington Avenue, which is not accounted for in a detailed manner when using 

the Regression Equations. 
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TABLE 3-4 
Comparison of FEMA and MMI Drainage Areas and Flows 

 

 Upstream of Negro Hill Brook At Confluence with Pequabuck 
River 

Drainage Area (square miles)   
FEMA 8.80 18.60 

MMI HEC-HMS 8.47 18.95 

Difference -0.33 0.35 

Flow Rates (cfs)   

FEMA 10-Year 1,100 2,140 

MMI HEC-HMS 10-Year 1,459 1,737 

Difference +359 -403 

FEMA 50-Year 2,000 3,630 

MMI HEC-HMS 50-Year 2,841 3,362 

Difference +841 -268 

FEMA 100-Year 2,490 4,340 

MMI HEC-HMS 100-Year 3,575 4,606 

Difference +1,085 +266 

FEMA 500-Year 4,150 7,000 

MMI HEC-HMS 500-Year 5,920 9,181 

Difference +1,770 +2,181 

 

As presented in the above table, the flows computed by MMI for this study are greater 

than the FEMA flows upstream of Negro Hill Brook for all storm events. This is due to 

different computational methods used by FEMA and MMI.  The flows computed by 

MMI at the confluence of the Pequabuck River are lower during the 10- and 50-year 

storm events and slightly higher during the 100-year storm event when compared to the 

FEMA flows. The reduction in flows is due to the use of storage area from Stevens Street 

to Farmington Avenue, which is not accounted for in a detailed manner when using the 

Regression Equations.  Flood storage in wetlands and waterbodies serves to attenuate 

flood flows, allowing for a more controlled release of water downstream.  This has less 
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effect during larger rainfall events because once the volume of runoff exceeds the storage 

capacity of the wetland all flow generated in the watershed passes through the wetland 

without being stored. 

 

The flow rates estimated by MMI's existing conditions analysis were used in the 

hydraulic model described in Section 4. 

 

3.3 Potential Future Storage  

 

As has been previously discussed, lake, pond, and wetland storage can play a significant 

role in reducing flooding.  While channel and bridge modifications are a standard way of 

minimizing flood damage, increasing upstream storage can also reduce damage by 

decreasing the peak flow rate to downstream areas.  Three areas were evaluated for 

potential proposed conditions storage. These locations are depicted on Figure 3-3.  It 

must be noted that if the city were to pursue any of these alternatives additional analysis 

will be required.  For example, coordination with the Department of Environmental 

Protection and U.S. Army Corps of Engineers is needed to determine potential permit 

requirements. 

 

3.3.1 Potential Storage Areas 

 

Reservoir NHB-40: A wetland area in subwatershed 40 of the Negro Hill Brook 

watershed was modeled as Reservoir NHB-40 by assuming detention created by a 

spillway. This wetland is located within the Nassahegan State Forest in Burlington. A 

spillway approximately five feet high and 20 feet wide was assumed to detain water in 

the wetland. 
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Reservoir WHB-40: The wetland in subwatershed 40 of the Whigville Brook watershed 

was modeled as Reservoir WHB-40 by assuming detention created by spillway.  This 

wetland is located approximately 1.5 miles upstream of the New Britain Reservoir 

located in Burlington. A spillway approximately five feet high and 20 feet wide was 

assumed to detain water in the wetland. 

 

 Proposed Coppermine-1 Reservoir:  Consideration was given to increasing the total 

storage available in the wetland area near the confluence of Negro Hill Brook through the 

excavation of two existing upland areas.  The first storage area is located on the east 

bank, and an estimated 69 acre-feet (one acre of area [43,560 square feet] with water one 

foot deep) of storage area will be created.  The second storage area appears capable of 

providing an additional 60 acre-feet of storage area. 

 

3.3.2 Results of Potential Future Storage Analysis 

 

The HMS model was run with all three of these reservoirs individually and then also run 

with all three in place to determine the combined benefit.  The results of each of these are 

presented in the following tables. 

 
TABLE 3-5 

Comparison of Existing and Proposed Conditions Peak Flows  
– Negro Hill Brook Watershed Storage 

  
Storm 

Frequency 
Downstream Negro Hill Brook Confluence of Pequabuck River 

Existing Proposed % Change Existing Proposed % Change 

10 1,606 1,379 -14.1 1,737 1,616 -7.0 

25 2,411 2,117 -12.2 2,679 2,487 -7.2 

50 3,396 2,944 -13.3 3,362 3,228 -4.0 

100 4,380 3,864 -11.8 4,606 3,796 -17.6 
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TABLE 3-6 
Comparison of Existing and Proposed Conditions Peak Flows  

– Whigville Brook Watershed Storage 
  

Storm 
Frequency 

Downstream Negro Hill Brook Confluence of Pequabuck River 

Existing Proposed % Change Existing Proposed % Change 

10 1,606 1,482 -7.7 1,737 1,669 -3.9 

25 2,411 2,248 -6.8 2,679 2,571 -4.0 

50 3,396 3,134 -7.7 3,362 3,288 -2.2 

100 4,380 4,092 -6.6 4,606 4,151 -9.9 

 
TABLE 3-7 

Comparison of Existing and Proposed Conditions Peak Flows  
– Increased Storage At Negro Hill Brook Confluence1 

  
Storm 

Frequency 
Downstream Negro Hill Brook Confluence of Pequabuck River 

Existing Proposed % Change Existing Proposed % Change 

10 1,606 1,606 0.0 1,737 1,737 0.0 

25 2,411 2,411 0.0 2,679 2,679 0.0 

50 3,396 2,976 -12.4 3,362 3,287 -2.2 

100 4,380 3,619 -17.4 4,606 4,191 -9.9 
 

Note:  1.  Includes both Coppermine 1 and Coppermine 2 reservoir areas. 

 

TABLE 3-8 
Comparison of Existing and Proposed Conditions Peak Flows  

– Combined Storage at Three Locations 
  

Storm 
Frequency 

Downstream Negro Hill Brook Confluence of Pequabuck River 

Existing Proposed % Change Existing Proposed % Change 

10 1,606 1,253 -22.0 1,737 1,553 -10.6 

25 2,411 1,954 -19.0 2,679 2,376 -11.3 

50 3,396 2,562 -24.6 3,362 3,139 -6.6 

100 4,380 3,083 -29.6 4,606 3,597 -21.9 
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The result of the hydrologic analysis for potential storage indicates that increasing storage 

in the upper watershed would decrease flow rates in the lower reaches.  These decreased 

flow rates would lead to decreased flood elevations in some areas. 

 

3.4 Future Flows at Watershed Buildout 

 

In the interest of understanding the potential changes in flow that may occur in 

Coppermine Brook as development continues in the watershed, the city requested that 

MMI run the hydrologic model assuming that all property in the watershed is developed 

to its maximum capacity given the current zoning regulations of Bristol and Burlington. 

This model was developed by modifying the curve number and time of concentrations for 

each subwatershed to reflect the additional impervious area that is anticipated.  Land in 

existing state forest and the property owned by the New Britain Water Department was 

assumed to not be developed in the future.  Table 3-9 presents these modified curve 

numbers and time of concentration for each subwatershed.  Calculations are provided in 

Appendix F. 
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TABLE 3-9 
Hydrologic Input Data – Future Conditions 

  
 

Subwatershed 
 

Curve Number (CN) 
Time of Concentration  

(TC in hours) 
 Existing Future Existing Future 

WHB-60 69 69 1.68 1.68 

WHB-50 64 64 1.60 1.60 

WHB-40 64 64 2.26 2.26 

WHB-30 59 59 1.36 1.36 

WHB-20 46 46 1.47 1.47 

WHB-10 57 62 1.23 1.23 

WIB-30 62 64 2.26 2.26 

WIB-20 58 66 1.48 1.06 

WIB-10 64 69 1.36 0.94 

NHB-40 69 75 1.91 1.54 

NHB-30 51 53 2.03 1.66 

NHB-20 58 60 1.63 1.61 

NHB-10 50 54 1.65 1.33 

POB-40 68 71 1.82 1.34 

POB-30 62 63 1.17 0.91 

POB-20 55 55 1.61 1.30 

POB-10 62 62 0.71 0.71 

CMB-110 57 60 1.45 1.03 

CMB-105 61 66 0.89 0.89 

CMB-100 63 64 1.02 0.74 

CMB-90 61 64 1.21 1.06 

CMB-80 64 66 0.98 0.98 

CMB-70 70 70 1.03 1.03 

CMB-60 73 73 2.54 2.54 

CMB-50 69 69 1.16 1.16 

CMB-40 69 69 1.46 1.46 

CMB-30 68 68 0.73 0.73 

CMB-20 68 70 1.89 1.89 

CMB-10 69 69 0.37 0.37 
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Table 3-10 presents the results of this analysis.  Not surprisingly, future development 

within this watershed has the potential to increase peak flows significantly. 

 
TABLE 3-10 

Comparison of Existing and Future Conditions Peak Flows  
  

Storm 
Frequency 

Downstream Negro Hill  Brook Confluence of Pequabuck River 

Existing Future % Change Existing Future % Change 

10 1,606 1,897 +18.1 1,737 2,050 +18.0 

25 2,411 2,860 +18.6 2,679 3,032 +13.2 

50 3,396 3,875 +14.1 3,362 3,639 +8.2 

100 4,380 4,865 +11.1 4,606 5,589 +21.3 

 

3.5 Future Flows at Watershed Buildout with Proposed Storage 

 

The future buildout model was modified to reflect the impact of providing additional 

storage in the watershed as described in Section 3.3.  Given the hypothetical nature of 

this evaluation, this modeling effort assumed that all three of the storage areas were in 

place rather than modeling each individually.  The effect of each individual storage area 

is expected to be of a similar order of magnitude as under existing conditions.  Table 3-11 

compares future flows with and without increased storage. 

 
TABLE 3-11 

Comparison of Future Conditions Peak Flows  
With and Without Proposed Storage 

  
Storm 

Frequency 
Downstream Negro Hill Brook Confluence of Pequabuck River 

Future Future with 
Storage 

% Change Future Future with 
Storage 

% Change 

10 1,897 1,482 -22 2,050 1,761 -14 

25 2,860 2,213 -23 3,032 2,679 -12 

50 3,875 2,778 -28 3,639 3,351 -8 

100 4,865 3,355 -31 5,589 3,988 -29 


















































































































