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TECHNICAL MEMORANDUM 
 
TO: Delia Kaye, Natural Resources Director 
 
FROM: Amy Hunt, PE, Senior Engineer 
 Erika Towne, PE, Project Engineer 
 
SUBJECT: Warner’s Pond Dam Removal Preliminary Design 
 Impoundment Drawdown Analysis 
 EA Project No. 64040-01-00-LS 
 
EA Engineering, Science, and Technology, Inc., PBC (EA) was contracted by the Town of 
Concord (the Town) in September 2023 to prepare preliminary engineering designs for the 
removal of the Warner’s Pond dam (see Figure 1 for the site location). EA’s scope of services 
under this contract also includes a general evaluation of up to five alternative/supplemental 
projects related to the management and/or restoration of Warner’s Pond. Based on our 
discussions with the Town, one such project is implementing a drawdown program at Warner’s 
Pond. The purpose of a drawdown at Warner’s Pond would be to manage nuisance aquatic plant 
growth by lowering water levels in the impoundment and exposing a portion of the pond bottom 
during winter months. As part of the evaluation of this project idea, the Town requested that EA 
calculate the potential depth that the impoundment could be lowered via drawdown. This 
technical memorandum summarizes the methodology and results of the drawdown analysis. 

Additional discussion related to considerations for implementing a drawdown program at 
Warner’s Pond is provided in Section 4.4.1.5 of the Warner’s Pond Alterantives Analysis Report 
(EA 2023) and in Section 5.1.5 of the Warner’s Pond Watershed Management Plan (ESS Group, 
Inc. 2012). 

DATA SOURCES 

The data required for this analysis consists of (1) the flow rate exiting the impoundment at the 
Warner’s Pond dam, (2) the dimensions and elevations of the low-level outlet structures through 
which flow would exit the impoundment, and (3) bathymetry of the impoundment to visually 
depict the extent of a drawdown. The following sections describe these data sources.  

Flow Rate 

Drawdown for aquatic plant management is typically conducted during the winter. A USGS 
stream gage (01097380) was installed on Nashoba Brook at Commonwealth Ave (approximately 
150 feet downstream of the dam) from January 2006 to October 2009; the average discharge in 
the months of December, January, and February was 101 cfs, 102, cfs, and 161 cfs, respectively 
(see Attachment A). The average of those values is 121 cfs; this value was used in the analysis as 
the flow rate exiting the impoundment.  

 



 Version:  DRAFT 
 Page 2 
EA Engineering, Science, and Technology, Inc., PBC 25 October 2024 
 

Concord, Massachusetts Technical Memorandum for Warner’s Pond Dam Removal 
 Impoundment Drawdown Analysis 

Outlet Structures 

Drawdown of an impoundment is achieved by allowing flow to exit the impoundment at an 
elevation that is lower than the elevation of the structure that controls the normal pool elevation. 
Therefore, the depth of drawdown is limited by the elevation and capacity of the low-level outlet 
structure(s). Two low-level outlet structures exist at the Warner’s Pond dam: a 5-foot wide 
sluiceway located on the western edge of the main spillway and a 24” reinforced concrete pipe 
(RCP) that runs through the earthen berm immediately adjacent to the sluiceway on river left. 
For the purposes of this analysis, both structures are assumed to be in full working order.  

The dimensions of the sluiceway were taken from sheet S1 “Spillway Structural Sections and 
Details” of the Warners Pond Dam Rehabilitation plan set developed by GZA Environmental, 
Inc. in November 2006 (see Attachment B). Currently there are stoplogs in place in the 
sluiceway, and the plans show that removal of all stoplogs results in a sluiceway crest elevation 
of 115 feet NAVD88. The size, material, location, and invert elevations of the 24” RCP were 
taken from a survey performed by SGC Engineering, LLC in October 2023. The upstream invert 
elevation is 113.5 feet NAVD88 and the downstream invert elevation is 113.0 feet NAVD88. 
See Figure 2 for a schematic of the low-level outlet structures.  

Bathymetry 

EA collected bathymetry data in Warner’s Pond on December 20, 2022 and January 14, 2023 
(data collection occurred on non-consecutive days because a portion of the pond was covered in 
ice during the first day of data collection). Water depth data was collected at a total of 156 
stations throughout the pond. At each station, a 16-foot graduated steel rod was lowered from a 
small boat to the water-sediment interface to assess water depth. The data were then processed 
using geospatial software to generate one-foot contours for water depth. 

DRAWDOWN ANALYSIS 

The drawdown analysis for Warner’s Pond was completed in Microsoft Excel using engineering 
principles and guidance in the PE Civil Reference Manual, 16th Edition for calculating flow 
capacity through pipes and the height of water over a broad-crested weir (the sluiceway) 
(Lindeburg 2018). The following sections describe the methodology and results of the drawdown 
analysis for Warner’s Pond. 

Methodology 

The Warner’s Pond dam main spillway elevation is 118.77 feet NAVD88; for the purposes of 
this analysis, EA used this value as the normal impoundment elevation in Warner’s Pond. EA 
also assumed that all flow exits Warner’s Pond at the dam; this assumption is supported by the 
lack of other known outlets from the pond. As discussed above, drawdown of Warner’s Pond 
would be initiated by activating the pond’s two low-level outlets (the 24” RCP and the sluiceway 
at the main spillway). Immediately following implementation of a drawdown at Warner’s Pond, 
the outflow at the dam would exceed the inflow for a period of time until the water surface 
elevation of the impoundment reaches a new equilibrium. Once the outflow at the dam has 
stabilized to its new controlling elevation, the rate of flow exiting the pond would again be equal 
to the flow rate into the pond.  
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To complete this analysis, EA assumed the 24” RCP would pass flow at its full capacity. The 
maximum flow capacity of the pipe was calculated using energy and head loss equations as 21.9 
cfs (see Attachment C for detailed calculations). This value was rounded down to 21 cfs to 
include a factor of safety. 

EA assumed that all stoplogs would be removed from the sluiceway. The flow through the 
sluiceway was calculated by subtracting the capacity of the 24” RCP (21 cfs) from the measured 
flow rate stated previously (121 cfs), which results in a flow of 100 cfs through the sluiceway.  

The height of water above the sluiceway invert was calculated using the flow over the sluiceway 
in the broad-crested weir equation. This height was calculated to be 3.3 feet (see Attachment D 
for detailed calculations). Adding this height to the sluiceway invert elevation of 115 feet 
NAVD88 results in a water surface elevation under drawdown conditions of 118.3 feet 
NAVD88. It was assumed that this water surface elevation is consistent throughout the 
impoundment and represents the impoundment elevation during a drawdown of Warner’s Pond, 
given the assumptions discussed previously. 

Results 

Based on the spillway elevation of 118.77 feet NAVD88 and the calculated impoundment 
elevation during drawdown of 118.3 feet NAVD88, the depth by which the impoundment could 
be lowered when the flow rate exiting the pond is 121 cfs is approximately 0.5 feet. As discussed 
throughout this technical memorandum, this value is dependent upon several factors; the most 
variable of these is the flow rate into the pond during drawdown. If the flow rate during 
drawdown is less than 121 cfs, the depth that the impoundment can be lowered during drawdown 
increases; conversely, if the flow is greater than 121 cfs, the drawdown depth decreases. Table 1 
and Attachment D display calculated drawdown depths for Warner’s Pond under a variety of 
flow conditions.  
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Table 1. Impoundment Drawdown Depths 
 

Total Flow 
(cfs) 

Flow through 
Sluiceway (cfs)2 

Impoundment 
Elevation (ft, 

NAVD88) 

Depth below Normal 
Impoundment 
Elevation (ft) 

1211 100 118.3 0.5 
111 90 118.1 0.7 
101 80 117.8 0.9 
91 70 117.6 1.2 
81 60 117.4 1.4 
71 50 117.1 1.7 
61 40 116.8 2.0 
51 30 116.5 2.3 
41 20 116.1 2.6 
31 10 115.7 3.1 

 1Average winter flow from stream gage data 2006-2009 
 2 Includes 21 CFS through the low level outlet 
 
The potential drawdown depths associated with flows under 31 cfs (with 10 cfs flowing through 
the sluice way) was not evaluated due to the unlikelihood that flow would be this low and remain 
this low through the winter months. 
 
Figure 3 displays the approximate portion of the pond bottom that would be exposed during a 3-
foot drawdown of Warner’s Pond. As displayed in Table 1, a 3-foot drawdown at Warner’s Pond 
could be achieved if flow rates were approximately 31 cfs (e.g., approximately 25% of the 
average observed winter flow rate from 2006-2009). As displayed in Figure 3, the largest area of 
exposed pond bottom is located in the southwestern cove of the pond, where water depths are 
shallow. A relatively narrow band along the shoreline of the pond and its islands would also be 
exposed under a 3-foot drawdown scenario. Areas not exposed during drawdown would see no 
benefit relative to management of nuisance aquatic plants. 
 
Assumptions and Limitations 

The following assumptions apply to this drawdown analysis for Warner’s Pond: 

• the spillway elevation is 118.77 feet; 

• all flow exits Warner’s Pond at the dam; 

• the water surface elevation at the sluiceway is equal to the water surface elevation 
throughout the impoundment. 

The overall feasibility of drawdown at Warner’s Pond is also predicated on the assumption that 
the 24” RCP low-level outlet is functional and that all stoplogs can be removed from the 
sluiceway.  

The potential drawdown depth of Warner’s Pond as calculated through this analysis is not 
necessarily equal to the drawdown depth that could realistically be achieved. The drawdown 
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depth is driven by the amount of flow exiting the impoundment, which is constantly changing 
and difficult to predict to an exact value due to meteorologic factors including precipitation rates 
and frequency of storm events.  

References 

Lindeburg, Michael R. 2018. PE Civil Reference Manual. 16th Edition. Professional Publications,  
Inc., Belmont, CA.  
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Attachment A 
 

USGS Stream Gage Data 
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U.S. Department of the Interior 
U.S. Geological Survey 

Water-Data Report 2009 

01097380 NASHOBA BROOK AT COMMONWEALTH AVE AT WEST CONCORD, MA 
MERRIMACK RIVER BASIN 

CONCORD RIVER SUBBASIN; ASSABET RIVER SUBBASIN 

LOCATION.--Lat 42°2732, long 71°2350 referenced to North American Datum of 1983, Middlesex County, MA, Hydrologic Unit 01070005, stage sensor 
on right upstream side of Commonwealth Ave. bridge, 100 ft downstream from Warners Pond Dam, 0.2 mi upstream from mouth at Assabet River, at 
West Concord. 

DRAINAGE AREA.--48.0 mi². 

SURFACE-WATER RECORDS 

PERIOD OF RECORD.--June 2006 to October 2009 (Discontinued). 

GAGE.--Water-stage recorder with satellite telemeter. Datum of gage is 120 ft above National Geodetic Vertical Datum of 1929, from topographic map. 

COOPERATION.--Massachusetts Department of Conservation and Recreation, Water Resources Commission; Massachusetts Department of Environmental 
Protection, Office of Watershed Management; and Massachusetts Executive Office of Energy and Environmental Affairs. 

REMARKS.--Records fair except those for discharges greater than 100 ft³/s, which are poor. Possible backwater conditions at high flows from Assabet 
River 0.2 downstream. Flow affected at times during 2007 and 2008 from Warner Pond Dam reconstruction project. 

 

http://wdr.water.usgs.gov/
http://waterdata.usgs.gov/nwis/nwisman/?site_no=01097380
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DISCHARGE, CUBIC FEET PER SECOND 
WATER YEAR OCTOBER 2008 TO SEPTEMBER 2009 

DAILY MEAN VALUES 

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

1 182 56 164 198 105 230 156 61 35 59 198 69 
2 158 50 193 195 98 175 137 58 29 103 203 47 
3 134 44 182 176 93 155 134 64 24 158 154 32 
4 127 41 160 158 91 150 177 61 21 169 108 25 
5 109 37 143 147 85 135 185 56 18 125 77 19 

6 84 38 118 144 81 129 161 91 17 85 60 15 
7 66 56 97 155 76 143 201 137 15 70 48 13 
8 53 69 75 194 79 187 211 178 14 97 37 12 
9 43 71 65 203 92 248 180 182 15 134 32 11 

10 41 60 81 179 93 252 151 155 16 185 27 10 

11 41 51 143 162 92 250 143 130 16 166 25 9.5 
12 38 45 366 145 119 269 157 103 49 140 32 19 
13 36 40 463 133 160 252 151 85 69 105 30 39 
14 34 39 408 124 159 208 131 69 79 73 29 40 
15 33 41 332 114 142 183 113 61 76 47 28 26 

16 36 50 269 114 121 172 102 55 66 34 24 18 
17 34 64 232 103 110 163 92 64 48 29 22 14 
18 40 84 199 101 100 154 83 64 36 42 17 12 
19 39 54 161 123 111 146 79 63 68 40 15 11 
20 35 44 117 112 132 141 75 54 90 33 15 9.5 

21 54 42 120 102 128 131 113 44 78 30 16 9.1 
22 41 38 138 98 124 119 197 37 68 39 18 8.6 
23 35 33 135 94 152 109 222 33 76 44 24 8.2 
24 32 31 125 90 145 101 176 28 76 144 28 7.6 
25 31 81 144 84 132 94 142 26 72 269 27 7.0 

26 72 196 183 79 117 89 117 23 78 290 23 6.4 
27 126 219 189 76 116 97 99 25 80 213 18 8.0 
28 139 179 219 78 187 100 88 30 67 149 17 9.5 
29 114 144 285 102 --- 108 75 34 67 99 46 16 
30 87 121 297 110 --- 141 68 44 58 70 106 16 
31 68 --- 253 110 --- 167 --- 45 --- 87 104 --- 

Total 2,162 2,118 6,056 4,003 3,240 4,998 4,116 2,160 1,521 3,328 1,608 547.4 
Mean 69.7 70.6 195 129 116 161 137 69.7 50.7 107 51.9 18.2 
Max 182 219 463 203 187 269 222 182 90 290 203 69 
Min 31 31 65 76 76 89 68 23 14 29 15 6.4 
Cfsm 1.45 1.47 4.07 2.69 2.41 3.36 2.86 1.45 1.06 2.24 1.08 0.38 
In. 1.68 1.64 4.69 3.10 2.51 3.87 3.19 1.67 1.18 2.58 1.25 0.42 

 

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 2006 - 2009, BY WATER YEAR (WY) 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Mean 40.7 80.8 101 102 161 206 199 96.2 42.3 64.3 41.0 40.3 
Max 69.7 152 195 129 329 282 342 148 52.5 107 84.5 120 
(WY) (2009) (2007) (2009) (2009) (2008) (2008) (2007) (2007) (2007) (2009) (2008) (2008) 
Min 3.68 19.5 23.6 79.5 31.4 161 117 69.7 23.6 11.2 5.98 3.05 
(WY) (2008) (2008) (2008) (2008) (2007) (2009) (2008) (2009) (2008) (2007) (2007) (2007) 
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SUMMARY STATISTICS 

 Calendar Year 2008 Water Year 2009 Water Years 2006 - 2009 

Annual total  46,251.5    35,857.4    
Annual mean  126    98.2    98.7   
Highest annual mean    102 2008  
Lowest annual mean    95.9 2007  
Highest daily mean  626 Mar   9   463 Dec 13   789 Apr 17, 2007  
Lowest daily mean  9.5 Jun 22   6.4 Sep 26   1.1 Oct   9, 2007  
Annual seven-day minimum  12 Aug 31   7.8 Sep 21   1.2 Oct   4, 2007  
Maximum peak flow   477 Dec 13   819 Apr 17, 2007  
Maximum peak stage   6.37 Dec 13   7.59 Apr 17, 2007  

Instantaneous low flow   6.2 Sep 26 a  0.63 Sep   5, 2007  
Annual runoff (cfsm)  2.63    2.05    2.06   
Annual runoff (inches)  35.84    27.79    27.95   
10 percent exceeds  285    187    227   
50 percent exceeds  80    85    64   
90 percent exceeds  23    19    9.5   

a Also occurred on Sept. 27, 2009. 
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Attachment B 
 

Spillway Structural Sections and Dimensions 
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Attachment C 
 

Pipe Capacity Calculations 
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CLIENT: Prepared By: EJT Date:

PROJECT: Reviewed By: Date:

NUMBER:

SUBJECT: Pipe Flow Capacity

Purpose:

Reference: PE Civil Reference Manual, 16th Edition, Michael R. Lindeburg, PE

Diagram:

Solution:

Input Value Calculation Conversion/Constant

Step 1. Energy Equation

Assume:

Town of Concord 9/30/24

Warner's Pond Dam Removal Preliminary Design

64040-01-00-LS

Pressure at point 2 equals zero because it is taken at open 
discharge.

Velocity at point 1 equals zero because the velocity of water behind 
the cofferdam is treated as negligable

The flow capacity of the 24" RCP pipe was calculated using the energy and head loss 
equations. The pipe carries flow starting upstream of the dam, through an earthen 
berm, and discharging downstream of the dam. The pipe discharges openly at the 
downstream end. Velocity was determined iteratively, and then used in the continuity 
equation to determine flow.
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WSE 115.5'

El. 113.50'

El. 113.0'
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vx Velocity at point x

Px Pressure at point x

hx Height at point x

hL Head loss

h1 113.5 ft Height at point 1 (Elevation is assumed)

h2 113 ft Height at point 2

h1-h2 0.5 ft

D 24 in Pipe inner diameter
n 0.011 Mannings n

g 32.2 ft/s2 Gravitational acceleration
L 50.4 ft Length of pipe

Step 1a. Pressure head

hp

hwc 115.5 ft Water surface elevation at max pool

h1 113.5 ft Height at point 1

hp 2 ft pressure head, hwc - h1

Step 2. Head Loss

he Entrance head loss

hex Exit head loss

hf Friction head loss

hb Losses due to bends

Step 2a. Entrance head loss

Ke

Ke 0.78 unitless

Entrance loss coefficient from page 17-14 "PE Civil Reference 
Manual"

The pressure head hp is equivalent to P1/ρ, the height of the 
column of water with density ρ (62.4 lb/cf) required to give a 
pressure difference P1.

ℎ௅ ൌ ℎ௘ ൅ ℎ௘௫ ൅ ℎ௙భషమ ൅ ℎ௕
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𝑃ଵ
𝜌



Page 3 of 7

Step 2b. Exit head loss

Kex

Kex 1.0

Step 2c. Friction head loss

f Friction factor for pipe
L Length of pipe

D Diameter of pipe

L1/D1 25.2

Step 2d. Losses due to bends

Kb

Kb1 N/A Loss coefficient for each bend

n 0 number of bends
Kb 0 Total loss coeffiecient

Step 2e. Velocity

When a fluid exits a pipe into a much larger body of water the 
velocity is reduced to 0 and all of the kinetic energy is dissipated; 
exit loss coefficient from page 17-14 "PE Civil Reference Manual"

No bends in 24" RCP pipe configuration
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Step 3 Friction Factor

e Roughness height for RCP from Appendix 17.A

e 0.004

e/D 0.002

v Kinematic viscosity (ft2/s) found online in "The Engineering Toolbox"

v 1.41E-05 ft2/s at 50 deg F

Re/V2 141844 s/ft

Step 4 Iteration

f 0.023 Assumed f value

V2 6.9 ft/s Velocity at the end of the pipe

Re 981928.9

fRe 0.023 f from Moody diagram

f-fRe 0

V2 6.9 ft/s Velocity at the end of the pipe

Step 5 Flow

A 3.1 ft2 Cross sectional area of the pipe

Q 21.7 cfs Flow through the pipe

Check for correct friction factor. If not equal to zero, 
redo step 4 with new f

Velocity is dependent on friction factor. Moody's Diagram, figure 17.4 "PE 
Civil Reference Manual" is used to iterate through friction factor values to find 
velocity. To use Moody's Diagram, relative roughness (e/D) and Reynolds 
number must be used.
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Attachment D 
 

Drawdown Depth Calculations 
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CLIENT: Prepared By: EJT Date:
PROJECT: Reviewed By: Date:
NUMBER:
SUBJECT: Impoundment Drawdown Potential

Purpose:

Data Sources

A PE Civil Reference Manual, 16th Edition, Michael R. Lindenburg
B S-1 Spillway Details.pdf
C Warners Pond StreamStats.pdf
D Warner's Pond - Pipe Flow Capacity Calulations.xlsx

Broad-Crested Weir Equation
Source Assumptions

A Assumes velocity of approach is insignificant

Value Unit Variable Source Description

3.33 ft1/2/s CS A Spillway coefficient

5 ft b B Width of weir

121 cfs QWAvg C Average winter flow

21 cfs Qpipe D 24" RCP pipe capacity

Determine flow over weir during average winter flow

100 cfs

Determine impoundment elevation with drawdown

Value Unit Variable Source Description

115 ft Zweir B Elevation of the bottom of the weir with stoplogs removed

118.77 ft B Elevation of the spillway

Determine the height of water above the sluiceway for 
various flows. This was used to determine the potential 
drawdown depth of the Warner's Pond impoundment.

Town of Concord 10/2/24
Warner's Pond Dam Removal Preliminary Design
64040-01-00-LS
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Total flow, Q
Flow over 
weir, Qweir

Impoundment 
elevation, Zimp

Depth below 
normal pool 

elevation

cfs cfs ft in ft ft

121 100 3.3 39.7 118.3 0.5 QW Avg

111 90 3.1 37.0 118.1 0.7
101 80 2.8 34.2 117.8 0.9
91 70 2.6 31.3 117.6 1.2
81 60 2.4 28.2 117.4 1.4
71 50 2.1 25.0 117.1 1.7
61 40 1.8 21.5 116.8 2.0
51 30 1.5 17.8 116.5 2.3
41 20 1.1 13.6 116.1 2.6
31 10 0.7 8.5 115.7 3.1

Broad-Crested Weir check

Value Unit Variable Source Description

1.5 ft T B Weir thickness

1/2 H T > 1/2 H?

ft
1.66 No
1.54 No
1.42 Yes
1.30 Yes
1.18 Yes
1.04 Yes
0.90 Yes
0.74 Yes
0.56 Yes

0.36 Yes

Height, H
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