
  Next Meeting: Tuesday, August 20, 2024 6:15 p.m. 

 

 

 

BOARD OF WATER COMMISSIONERS 
Regular Meeting Agenda 

Tuesday, July 16, 2024 6:15 p.m. 
 

Meeting will be held at the Bristol Water & Sewer Department, Water Filtration Plant, 1080 Terryville 

Ave., Bristol, CT. or join via Zoom: Meeting ID:845 169 6140, Passcode: 123456; Dial in: 1-929-205-

6099. 
 

1. Call to Order 
 

2. Pledge of Allegiance 
 

3. Moment of Silence 
  

4. Approval of the minutes of the June 18, 2024 Regular Board Meeting 
 

5. Approval of the Department Reports for the Month of June 2024 
 

6. Public Participation 
 

7. Customer Correspondence 

1. 49 South Street Ext. 

2. 81 Geary Avenue 

3. 32 Elm Street 
 

8. GIS 
 

9. Safe Yield and MOS Final Report - Hazen 
 

10. Committee Reports 
 

11. Investments 
 

12. Superintendent’s Report  
 

13. Chairperson’s Report 
 

14. Old Business 
 

15. New Business 
 

16. Adjournment 
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July 11, 2024 

To: Rob Longo  
Superintendent  
Bristol Water and Sewer Department 

From: Steven Nebiker 
           Meagan Heslin 
           Hazen and Sawyer 

Safe Yield and Margin of Safety Analysis 

Executive Summary 
 
This report describes the methodology for, and results of, the calculation of safe yield (SY) for Bristol’s 
reservoir system in accordance with the procedures in the Connecticut Regulations (RCSA 25-32d-4). 
The reservoir system is comprised of six reservoirs that are operated in a coordinated manner to deliver 
raw water to the surface water treatment plant.   
 
The SY was analyzed using a daily timestep OASIS model developed by Hazen comprising Bristol’s 
water supply sources, including both surface and ground water, plus interconnections with nearby 
utilities.  The safe yield calculation applies to surface water only (from the reservoirs), so contributions 
from the other sources are ignored.  The safe yield calculation involves increasing annual average surface 
water withdrawals (utilizing a monthly pattern) until the combined reservoir storage in the system is just 
depleted, subject to historical reservoir inflows of over 100 years and current reservoir operating policies. 
Details on the modeling inputs, assumptions and results for the critical period and 100-year return 
frequency analysis are described in subsequent sections. 

The SY that would occur with a 1 in 100-year recurrence was found to be 4.8 mgd under the upcoming 
release requirements of the DEEP streamflow standards to be implemented in 2027. Currently there are 
no minimum release requirements, but because of drought protection provisions in the standards, the 
impact on safe yield of adding in the new requirements is minimal (0.1 mgd).   
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1. Model Components and Assumptions 

1.1 Schematic 

As shown on Figure 1, the model uses a schematic that includes nodes for reservoirs, river diversions and 
intakes, surface water treatment plant, along with finished water from groundwater supply and purchases 
from interconnections with nearby utilities.  Arcs convey water between nodes in the direction of the 
arrows.  The majority of the reservoirs are on the Poland River.  Rules dictating the simulated movement 
of flow between the nodes are captured in the model’s logic, using both a weighting scheme to prioritize 
operating goals as well as the model’s operations control language.  Additional detail is shown in the 
“Operating Rules” section of this report.   

Figure 1. OASIS model schematic detail of the Bristol water supply system 

1.2 Model Input  

1.2.1 Reservoir and Diversion Information  
 

A summary of Bristol’s six reservoirs can be found in Table 1. Detailed stage-storage-area curves are used 
in the model to equate specific reservoir storage volumes to elevations/areas and are based on prior safe 
yield reports.  Consistent with typical safe yield evaluations, all of the storage is assumed usable, with no 
reserve set aside.  Usable storage in Reservoir 1 excludes any inaccessible storage below the lowest intake. 
In addition, additional storage from flashboards in Reservoir 7 is excluded since that storage is not allowed 
in SY analysis per Connecticut regulations.   
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The other reservoirs shown on the schematic, Reservoir 6 and Reservoir 8 (Cook’s Dam), are not active.  
Reservoir 6, with a drainage area of 0.77 square miles, cannot currently divert water into the system to 
Reservoir 1.  Reservoir 8 has been proposed in prior studies but there are no plans now to build . The 
drainage area for this reservoir is 2.48 square miles.  The incremental drainage areas listed in the table are 
used for drainage area adjustment of the gaged inflow described later. 
 

Table 1. Reservoir information  

 

Reservoir 
Storage 

(MG) 

Drainage 
Area 

(Incremental) 
(sq. mi.) 

1 57 0.42 
2 106 0.32 
3 8 2.74 
4 263 1.78 
5 202 1.12 
7 643 2.3 
Total 1,279 n/a 

1.2.2 Water Treatment Plant Production  
 

To model withdrawals to the City’s water treatment plant, an annual average production is multiplied by a 
monthly pattern (see Table 2) to account for seasonal variation in water use. Since the plant production is 
influenced by wellfield operations and the City’s interconnections – which are not included in the 
reservoir safe yield analysis—the system demand was used to develop the monthly pattern.  In addition, 
the monthly pattern relied on 2023 data rather than the typical prior five years since many of the years 
were influenced by the pandemic and not representative of historic operations.  Finally, surface water 
withdrawals and production are assumed to be the same since production loss through the treatment 
process is not significant.   
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Table 2. Bristol system demand pattern 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.2.3 Inflows 
 
Daily inflows to each reservoir are calculated by using a drainage area adjustment of the USGS Hubbard 
River near West Hartland, CT gage (#01187300).  This gage is free of significant regulation upstream, 
thus providing a good estimate of natural inflow, and was used in past SY studies.     
 
The formula used to compute the inflows is: 
 
Inflow = Gage flow * Reservoir incremental drainage area / Gage drainage area 
 
The gage is geographically close to the reservoir system and has a similar drainage area (19.9 square 
miles) to the combined drainage of the Bristol system. The gage also has a sufficient period of record to 
compute a 1 in 100-year safe yield, although as described later, the gage record was extended statistically 
to have an even longer record.  
 
An inflow verification was conducted by forcing the model to match daily historic production from 2016 
to 2023, and then comparing the resulting system storage to the actual observed storage (end of period, 
monthly) for the same period. Figure 2 shows matching the historical production during this period.   
 
 

Month 

Monthly 
Fraction of 
Annual 
Average 

January 0.9 

February 0.82 

March 0.91 

April 0.95 

May 1.12 

June 1.15 

July 1.13 

August 1.09 

September 1.01 

October 1.01 

November 0.94 

December 0.97 
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Figure 2. Historical and computed WTP production for model verification  
 
 
Figure 3 shows the storage comparison, with overall good agreement between modeled and historic 
storage, suggesting that the Hubbard River gage is an appropriate gage for estimating inflows to the 
Bristol system.  Additional confidence of this gage’s applicability came from later verifying simulated 
drawdown in the historic drought of record (1960s).   
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Figure 3. Verification results using the Hubbard River gage (showing end of period (EOP)  
% system storage on the y-axis)) 

 

The Hubbard River gage is active from 1938 to 1955 and 1956 to present.  To capture as long a 
hydrologic record as possible, including the drought of the early 1930s, and to address gaps in the records, 
the gage data were “filled in” using statistical relationships with the other gages. This requires assembling 
a monthly record of the gage flows that are fed into a program named Fillin (developed by William Alley 
and Alan Burns of the USGS1). The program generates missing records using a log-transform and 
regression method and provides a complete monthly dataset from 1921 to 2023. Table 3 details the gages 
that were used by Fillin. The exact gage used to extend each record varies by month and year as the 
program uses the highest correlated available gage for each month. 

After filling gaps in the records, the last step is to disaggregate the monthly filled-in flows into daily 
flows.  This is done using flows for a daily, unregulated gage that is local or has similar drainage area 
(call it a “reference gage”).  For this system, the Nepaug and Pomperaug gages were used as the reference 
gages.  The disaggregation formula is:  
 

                                                 
1 “Mixed-Station Extension of Monthly Streamflow Records,” Journal of Hydraulic Engineering, 
ASCE, Vol. 109, No. 10, October 1983. 
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Daily flow = (monthly filled in flow) * (daily reference flow / monthly reference flow) 
 

Table 3. Gages used for extension of the Hubbard River gage record 

Gage 
Number 

Gage Name Period of Record 

01187800 
NEPAUG R NR 
NEPAUG, CT 

10/1921-09/1955, 10/1957-09/1972, 
10/1998-09/2001, 06/2017-present 

01204000 
POMPERAUG 
RIVER AT 
SOUTHBURY, CT 

10/1932-present 

1.2.4 Evaporation and Precipitation 
 

Net evaporation in the model is computed as evaporation minus precipitation, in inches. Evaporation is 
derived utilizing the monthly pattern required by DPH for Safe Yield Analysis (RCSA 25-32d-4) shown 
in Table 4, disaggregated to daily using the monthly average rate.  

Table 4. Monthly Evaporation Rate  

Month 
Evaporation 
Rates (total 
inches/month) 

January 0.85 

February 0.93 
March 1.51 
April 2.15 
May 4.15 
June 5.10 
July 5.61 
August 5.25 
September 3.64 
October 2.60 
November 1.66 
December 1.34 

 
Daily precipitation values are derived primarily from NWS CO-OP weather stations, including the long-
term Bridgeport Sikorsky airport station, chosen as needed to fill in any gaps so the record can align with 
the inflows extending back to 1921.  Net evaporation in the OASIS model is the daily difference between 
evaporation and precipitation, multiplied by the surface area of the reservoirs (as computed by the 
elevation-storage-area tables) and subtracted from, or added to, storage for each time step. 

1.2.5 Minimum Releases 
 

There are no current minimum release requirements.  [It is assumed there is dam seepage, however, of 
0.25 cfs from Reservoir 1 that flows into the stream below].  Under the Class 3 release requirements from 
the Connecticut Stream Flow Standards and Regulations (RCSA 26-141b) adopted in 2011, a minimum 
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release requirement will apply to Reservoir 3 starting in 2027, with the start date determined by the river 
basin the reservoir is located in, in this case the Connecticut River Basin.  As shown in Table 5, this uses 
a fixed release year-round of 0.6 cfs based on the rearing and growth bioperiod (July through October), 
reduced to the reservoir inflow should that be less. The 0.6 cfs represents the BQ80, or bioperiod 80th 
percentile flow.  In this case, the percentile represents the flow that is exceeded 80% of the time for that 
bioperiod.  Since the reservoir is small, both in storage and drainage area, there is no requirement to 
release seasonally-varying bioperiod flows.   

 
These streamflow requirements allow for reductions to the fixed release of 0.6 cfs as the system’s drought 
triggers are activated. The reductions are 25%, 50%, 75%, and 100% in drought stages Advisory, Watch, 
Warning, and Emergency, respectively, with 15% cutback accommodation for spring drought avoidance 
from March to May.  [Again, if inflow is less, then release only needs to be the inflow.]  Bristol’s drought 
triggers are shown in Appendix A. Note that demand reductions associated with drought stages are not 
included in the SY modeling. 

 

Table 5: Future minimum release requirements  

Reservoir Required Minimum Release 

3 
Fixed at BQ80 flow of 0.6 cfs (but lowered upon drought trigger 

activation), or the natural inflow, whichever is less 

 

1.3 Operating Rules 
 
Reservoir operations in the model factor in the hydraulic limits associated with transferring water between 
reservoirs and the water treatment plant.  These include limits on flows from Reservoir 7 and Reservoir 3 
to the treatment plant, along with limits on how much water can be pumped from Reservoir 3 (which has 
large upstream drainage area but small storage) to Reservoir 7 (which has limited drainage area but 
significant storage) that contributes to maximizing system yield.   
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2. Safe Yield and Margin of Safety Results 

2.1 Critical Period and 1 in 100-year Safe Yield Methodology 
 

Using the model, the critical period is computed by determining the maximum annual average production 
that would draw the reservoir system down to zero percent usable storage once in the hydrologic record 
(1921 – 2023). For that critical period, an adjustment factor is calculated to adjust (if necessary) the 
inflows used to determine the safe yield with a 1 in 100-year recurrence interval in accordance with DPH 
regulations. The adjustment factor is calculated by dividing the 100-year recurrence average flow (see 
below) by the actual average gage flow for that period.  If the adjustment factor is greater than 1.0, no 
adjustment to the inflows is applied, which will result in a more conservative estimate of yield.  
 
The 100-year recurrence average flow is calculated in Excel using the following methodology: 
 

1. Average the flows for the critical period duration on a rolling-average basis for the entire inflow 
record (1921 – 2023) 

2. For each water year starting October 1, choose the minimum critical period average flow, and 
place the minimum for each year into a table sorted from lowest to highest 

3. On the sorted minimum annual critical period flows, compute the 1 in 100-year recurrence value 
using a Log Pearson Type III distribution (computed in Excel). 

2.2 Safe Yield Calculations 
 

Using the inputs and operating rules described in the previous sections, the annual average withdrawal 
was increased incrementally until the usable reservoir storage in the system reached zero once in the 
hydrologic record. Table 6 summarizes the unadjusted safe yield, critical period dates and durations, and 
the 1 in 100-year adjustment flows and factors using the upcoming DEEP minimum release.  The critical 
period begins when reservoir storage drops below full and ends when reservoir storage just reaches empty 
(before beginning to refill).  Using the adjustment factor, the safe yield was re-computed to produce a 
final 1 in 100-year safe yield.  Since the adjustment factor of 1.14 exceeds 1.0, no adjustment to the safe 
yield is applied.   
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Table 6.  Critical period and 1 in 100-year adjustment factors 
 

Unadj. 
SY 
(mgd) 

 

Critical 
Period 
Start 

 

Critical 
Period 
End 

 

Critical 
Period 
Duration 
(days) 

USGS 
Gage 

 

Avg. Flow 
over 
Critical 
Period 
(cfs) 

Avg. Crit. 
Period 
Flow with 
1 in 100 
ret. freq. 
(cfs) 

1 in 
100 
year 
Adj. 
Factor* 

1 in 
100 
year 
Safe 
Yield* 

4.9 5/6/64 2/10/66 646 
Hubbard 
River 

12.0 13.7 1.14 
 

4.8  
 

* If the adjustment factor is greater than 1.0, no adjustment was made to the inflows and the resulting safe yield  
 
Figure 4 shows the simulated drawdown during the critical drought with the 1 in 100 safe yield 
production and upcoming minimum release requirement.    

 

Figure 4. Bristol system storage over the drought of record, including critical period, using a safe 
yield withdrawal of 4.8 mgd and DEEP minimum streamflow requirement 
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2.3 Margin of Safety 
 
Margin-of-Safety (MOS) is the unitless ratio of available water to demand.  An MOS greater than 1.0 
means that a system has more supply than demand, and an MOS less than 1.0 means a supply deficiency.  
There is no regulatory standard for MOS; however, DPH requires that MOS be calculated for annual 
average, maximum month, and maximum day demand conditions and sets a target MOS of 1.15 (15%) 
for each.  For reservoirs, annual average supply is typically limited by safe yield and maximum month 
and maximum day supplies are limited by treatment capacity.  This report therefore focuses on Bristol’s 
average day MOS. 

 
Table 7 provides calculations of the MOS over a 50-year planning horizon.  The only variable changing 
over this time is the estimate of future demand.  Prior reports (2010 Water Supply Plan Update, revised 
2013 from Weston and Sampson), along with recent historical data and expected trends, were used to 
project demands through 2075.   
 
The results indicate that with the current supply configuration, using the projected 0.25% annual growth 
rate in demand, the MOS target would be met over the 50-year planning horizon.  It is important to note 
that even if the current purchase amount of 0.2 mgd were discontinued, the MOS would still remain 
above the minimum of 1.15 through 2075.  [Instead of 1.20 shown in Table 7, it would be 1.17]. 
 
Table 7. Margin of Safety Calculations (all supply and demand in MGD) 
 

Supply 
Current 

Year 2035 2045 2055 2065 2075 

Surface water 4.8 4.8 4.8 4.8 4.8 4.8 

Groundwater from active wells 
(based on 2010 Water Supply Plan Update) 

2.2 2.2 2.2 2.2 2.2 2.2 

Purchases (average amount) 0.2 0.2 0.2 0.2 0.2 0.2 
       

Total System Yield 7.2 7.2 7.2 7.2 7.2 7.2 
       
       

Annual Average Demand (assuming 0.015 mgd annually or 
0.25% annual growth) 

5.3 5.4 5.6 5.7 5.9 6.0 
       

Supply/Demand MOS  1.36 1.33 1.29 1.26 1.22 1.20 
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Appendix A: Drought Trigger Summary 
 

For the calculation of safe yield under the future DEEP minimum release requirements, Bristol’s system 
drought triggers, as detailed in its Drought Contingency Plan, are used to reduce the releases as allowed 
by the regulations. As presented in Table A1, the triggers for entering each drought phase are based on the 
monthly combined storage in all the reservoirs.  The triggers have been aligned to the typical four 
suggested by DPH (advisory, watch, warning, and emergency).  An assumed 7-day waiting period has 
been applied to entering each phase, and a 14-day waiting period for exiting each phase.   

 

Table A1. Bristol Drought Triggers – Percent of Combined System Storage  

Month Advisory  Watch Warning Emergency 

January 80 75 65 55 

February 80 75 65 55 

March 80 75 65 55 

April 80 75 65 55 

May 80 75 65 55 

June 80 75 65 55 

July 70 60 50 40 

August 70 60 50 40 

September 70 60 50 40 

October 70 60 50 40 

November 80 75 65 55 

December 80 75 65 55 
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