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“Where NFIP profile data is unavailable, the boundary of [BLSF] shall be the maximum lateral extent of 

flood water which has been observed or recorded. In the event of a conflict, the issuing authority may 

require the applicant to determine the boundary of [BLSF] by engineering calculations which shall be: 

 

a. Based upon a design storm of seven inches of precipitation in 24 hours (i.e. a Type III Rainfall as 

defined by the U.S. Soil Conservation Service.)  

b. Based upon the standard methodologies set forth in U.S. Soil Conservation Service Technical 

Release No. 55, Urban Hydrology for Small Watersheds and Section 4 of the U.S. Soil Conservation 

Service, National Engineering Hydrology Handbook, and 

c. Prepared by a registered professional engineer or other professional competent in such matters.” 

 

The floodplain that is located on the site extends from an unnamed stream that originates in the wetland 

across East Central Street to he north. The stream flows under East Central Street through a single 36-inch 

concrete culvert, flows southerly for a short distance under a wooden footbridge to twin 21-inch culverts 

that convey the stream under a constructed crossing and then daylighting again before entering a single 30-

inch culvert which empties into a segment of standing water upstream of the confluence with Uncas Brook. 

 

The presence of several culverts along this stream reach creates a condition where, given the right 

topography, the flow could result in a rapidly rising floodplain as each culvert could restrict flow. Because 

of this, it was determined that individual culvert analyses with variable tail water conditions should be 

analyzed. This can be handled using the HY-8 Culvert Analysis program available from the Federal 

Highway Administration. In order to determine the anticipated flows at each point, Stream Stats was utilized 

with different points of analysis for each culvert inlet.  

 

The Stream Stats analysis is based on NOAA 14 rainfall data. For this location, that translates to the 

following depths over a 24-hour duration. 

 

Precipitation 

Recurrence 

interval 

(years) 

Rainfall 

(inches) 

2 3.37 

5 4.38 

10 5.23 

25 6.39 

50 7.24 

100 8.18 

200 9.32 

500 11.1 

 

Note that the rainfall amount exceeds the WPA requirement for a 7-inch analysis. The adjustment to 

normalize back to a 7-inch rainfall is discussed further below. 

 

The ORAD that was issued for the project in 2024 based the elevation of the BLSF on the likely overtopping 

elevation of Northern Spy Road. To remain consistent with the original analysis, the hydraulic capacity 

study was started at that location in order to capture tailwater conditions along the entire reach up through 

the site. Three Stream Stats runs were developed: one at Northern Spy Road, one at the southerly culvert 
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onsite and one at the northerly culvert onsite. Various flows can be entered into the HY-8 program and the 

reported Stream Stats flows for the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500- year discharges were entered. 

At the date of the site visit, the downstream condition at Northern Spy Road was dry, so the analysis was 

started with a free discharge at that location.  

 

The results at Northern Spy Road indicated that the roadway overtops between the 2- and 5-year events 

with the water levels continuing to rise throughout the various storms. 

 

Northern Spy Road Analysis 

Storm Event 

(year) 

Total 

Discharge 

(cfs) 

Headwater 

Elevation 

(ft) 

2 48 268.87 

5 80.3 270.51 

10 106 270.74 

25 144 270.93 

50 176 271.06 

100 210 271.17 

200 246 271.27 

500 299 271.40 

 

Given the consistent nature of the stream and the observed low gradient of the water surface, the 

headwater at Northern Spy Road becomes the tailwater at the next upstream location. This assumption 

would not be valid for streams with a steeper gradient or highly variable bank conditions, but given the 

surrounding conditions, it is our opinion that this assumption can be made to simplify the overall analysis.  

 

The HY-8 program was used for the next culvert upstream with the following results: 

 

 

Southerly Culvert Analysis 

Storm Event 

(year) 

Total 

Discharge 

(cfs) 

Tailwater 

Elevation 

(ft) 

Headwater 

Elevation 

(ft) 

2 12.8 268.87 269.03 

5 21.9 270.51 270.92 

10 29.3 270.74 271.21 

25 40.3 270.93 271.41 

50 49.6 271.06 271.50 

100 59.6 271.17 271.58 

200 70.6 271.27 271.65 

500 86.6 271.40 271.74 

 

Once again, the headwater for this culvert becomes the tailwater for the next upstream culvert and the 

analysis is run again at that point. 
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Northerly Culvert Analysis 

Storm Event 

(year) 

Total 

Discharge 

(cfs) 

Tailwater 

Elevation 

(ft) 

Headwater 

Elevation 

(ft) 

2 11.7 269.03 269.25 

5 20.1 270.92 270.93 

10 26.9 271.21 271.22 

25 37.0 271.41 271.42 

50 45.5 271.50 271.51 

100 54.7 271.58 271.59 

200 64.9 271.65 271.66 

500 79.6 271.74 271.76 

 

These analyses show that the flood elevations are mainly derived by the overtopping of the crossings 

resulting in overland flow of the higher storm events. This generally happens somewhere between the 2- 

and 5- year storm event, or between 3.37 inches and 4.38 inches of rainfall in 24 hours.  

 

As noted above, 310 CMR 10.57 requires the analysis to be made based on a 7-inch precipitation event. 

Using the base analysis above, the flood elevations at Northern Spy Road, the southerly site culvert and the 

northly site culvert translate from 271.17, 271.62, and 271.63 (100-year) down to 271.02, 271.46 and 

271.47, respectively. 

 

As a check, we can also overlay the FEMA map onto LiDAR topography to see how the updated flood 

maps correlate to the topo maps. Based on this exercise, the Zone A line correlates very well with the 270 

contour throughout much of the study area. Since the culvert analysis described above yields a higher result, 

it should govern in this case. 

 

Conclusion 

 

Based on the analysis described above, our office believes the BLSF across the project site should be 

set at elevation 271.0 for the area downstream of the southerly site culvert, 271.5 for the area between 

the south culvert outlet and the north culvert outlet and 271.5 for the area between East Central 

Street and the northerly site culvert outlet. 
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_̀ à b̀oteqdlkbcfghidfjklmb�pfgbgoteqdlkbpdgb}kknbdyyloxkrbtolblkikdgkb}ubepkb_z̀zbakoio|fhdib̀wlxkub~_̀ à�zb{iepow|pbepkbgoteqdlkbpdgb}kkn
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-./012334P=T6̂ DUG]G 16

-./012334Z;=. VUEC 16fC

-./01233456;=.<13S? WUFX 16fFg8

-./01233456.67867984d3S?4B=TS;6,,>ZTT.3.9̂7./4_7[̂3./@84P4-7=[=;4CDEGH

�
�
��
�� L���� ���


-7=[=;hPh9̂.//=3h?7@6̂ Ù]F 16
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-./01233456.67867984:.;.<=6=;8,,>a5Y4-7=Z=;4CDEGH

I�����
���J��� I�����
���K��� L���� ���
� ����M���
 ��N�M���


PBXYBQY P;.7/.Z=4Y;=. DUE[ 8\2.;=4<73=8 DUD[[CC GWWC[U[FWF

-./01233456.67867984P7893.7<=;8,,>-./01233456.6=?7@=45ABCDEF4GEGGH

b/=4S;4<S;=4S146̂=4T.;.<=6=;84784S2687@=46̂=482ZZ=86=@4;./Z=U4Q867<.6=84?=;=4=c6;.TS3.6=@4?76̂42/0/S?/4=;;S;8U

-./01233456.67867984d3S?4B=TS;6,,>-./01233456.6=?7@=45ABCDEF4GEGGH

�
�
��
�� L���� ���


-./012334e7@6̂ [UEV 16

-./012334P=T6̂ DUGG 16

-./012334Y;=. FÙG 16fC
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HY-8 Culvert Analysis Report 

Northern Spy Road 

Crossing Discharge Data 

Discharge Selection Method: Recurrence 

Table 1 - Summary of Culvert Flows at Crossing: Northern Spy Road 

Headwater 

Elevation 

(ft) 

Discharge 

Names 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

268.87 2 year 48.00 48.00 0.00 1 

270.51 5 year 80.30 77.77 2.44 15 

270.74 10 year 106.00 80.86 24.94 9 

270.93 25 year 144.00 83.51 60.28 7 

271.06 50 year 176.00 85.14 90.55 5 

271.17 100 year 210.00 86.56 123.34 5 

271.27 200 year 246.00 87.83 157.97 4 

271.40 500 year 299.00 89.44 209.51 4 

270.40 Overtopping 76.11 76.11 0.00 Overtopping 

Rating Curve Plot for Crossing: Northern Spy Road 

 



Culvert Data: Culvert 1 

Table 2 - Culvert Summary Table: Culvert 1 

Disc

harg

e 

Nam

es 

Total 

Disc

harg

e 

(cfs) 

Culv

ert 

Disc

harg

e 

(cfs) 

Head

water 

Eleva

tion 

(ft) 

Inle

t 

Con

trol 

Dep

th 

(ft) 

Out

let 

Con

trol 

Dep

th 

(ft) 

Fl

o

w 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Crit

ical 

De

pth 

(ft) 

Ou

tle

t 

De

pth 

(ft) 

Tail

wate

r 

Dept

h (ft) 

Outl

et 

Vel

ocit

y 

(ft/

s) 

Tail

wate

r 

Velo

city 

(ft/s

) 

2 

year 

48.00 

cfs 

48.00 

cfs 

268.8

7 

2.37 1.71

6 

6-

FF

c 

1.10 1.4

4 

1.4

4 

0.67 6.60 6.30 

5 

year 

80.30 

cfs 

77.77 

cfs 

270.5

1 

4.01 3.42

3 

6-

FF

c 

1.55 1.7

8 

1.7

8 

0.91 8.76 7.51 

10 

year 

106.0

0 cfs 

80.86 

cfs 

270.7

4 

4.24 3.59

9 

6-

FF

c 

1.61 1.8

1 

1.8

1 

1.06 9.03 8.23 

25 

year 

144.0

0 cfs 

83.51 

cfs 

270.9

3 

4.43 3.75

5 

6-

FF

c 

1.67 1.8

3 

1.8

3 

1.27 9.26 9.08 

50 

year 

176.0

0 cfs 

85.14 

cfs 

271.0

6 

4.56 3.85

2 

6-

FF

c 

1.71 1.8

4 

1.8

4 

1.42 9.40 9.68 

100 

year 

210.0

0 cfs 

86.56 

cfs 

271.1

7 

4.67 3.93

8 

6-

FF

c 

1.75 1.8

4 

1.8

4 

1.56 9.53 10.22 

200 

year 

246.0

0 cfs 

87.83 

cfs 

271.2

7 

4.77 4.01

6 

6-

FF

c 

2.00 1.8

5 

1.8

5 

1.71 9.65 10.73 

500 

year 

299.0

0 cfs 

89.44 

cfs 

271.4

0 

4.90 4.09

0 

6-

FF

t 

2.00 1.8

6 

1.9

0 

1.90 9.66 11.38 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 266.50 ft, 

    Outlet Elevation (invert): 266.00 ft 

Culvert Length: 40.00 ft, 

    Culvert Slope: 0.0125 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 266.50 ft 

Outlet Station: 40.00 ft 

Outlet Elevation: 266.00 ft 

Number of Barrels: 3 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 2.00 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Square Edge with Headwall (Ke=0.5) 

Inlet Depression: None 

Tailwater Data for Crossing: Northern Spy Road 

Table 3 - Downstream Channel Rating Curve (Crossing: Northern Spy Road) 

Flow (cfs) Water 

Surface 

Elev (ft) 

Velocity 

(ft/s) 

Depth (ft) Shear (psf) Froude 

Number 

48.00 266.67 0.67 6.30 1.88 1.43 

80.30 266.91 0.91 7.51 2.54 1.49 

106.00 267.06 1.06 8.23 2.98 1.53 

144.00 267.27 1.27 9.08 3.55 1.56 

176.00 267.42 1.42 9.68 3.98 1.58 

210.00 267.56 1.56 10.22 4.39 1.60 

246.00 267.71 1.71 10.73 4.80 1.62 

299.00 267.90 1.90 11.38 5.35 1.64 

Tailwater Channel Data - Northern Spy Road 

Tailwater Channel Option: Trapezoidal Channel 

Bottom Width: 10.00 ft 

Side Slope (H:V): 2.00 (_:1) 

Channel Slope: 0.0450 

Channel Manning's n: 0.0350 

Channel Invert Elevation: 266.00 ft 

Roadway Data for Crossing: Northern Spy Road 

Roadway Profile Shape: Irregular Roadway Shape (coordinates) 

Irregular Roadway Cross-Section 

Coord No. Station (ft) Elevation (ft) 

0 0.00 272.00 

1 68.00 271.00 

2 75.00 270.50 

3 100.00 270.40 

4 125.00 270.50 

5 155.00 271.00 

6 200.00 272.00 

Roadway Surface: Paved 

Roadway Top Width: 40.00 ft 



Southern Site Culvert 

Crossing Discharge Data 

Discharge Selection Method: Recurrence 

Table 4 - Summary of Culvert Flows at Crossing: Southern Site Culvert 

Headwater 

Elevation 

(ft) 

Discharge 

Names 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

269.03 2 year 12.80 12.80 0.00 1 

270.92 5 year 21.90 18.68 3.23 3 

271.21 10 year 29.30 20.05 9.12 12 

271.41 25 year 40.30 20.28 19.91 7 

271.50 50 year 49.60 19.48 30.05 5 

271.58 100 year 59.60 18.74 40.76 4 

271.65 200 year 70.60 18.10 52.47 4 

271.74 500 year 86.60 17.18 69.27 3 

270.34 Overtopping 18.68 18.68 0.00 Overtopping 

Rating Curve Plot for Crossing: Southern Site Culvert 

 



Culvert Data: Culvert 1 

Table 5 - Culvert Summary Table: Culvert 1 
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Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 266.37 ft, 

    Outlet Elevation (invert): 266.37 ft 

Culvert Length: 40.00 ft, 

    Culvert Slope: 0.0000 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 266.37 ft 

Outlet Station: 40.00 ft 

Outlet Elevation: 266.37 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 2.50 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Square Edge with Headwall (Ke=0.5) 

Inlet Depression: None 

Tailwater Data for Crossing: Southern Site Culvert 

Table 6 - Downstream Channel Rating Curve (Crossing: Southern Site Culvert) 

Flow (cfs) Water Surface Elev 

(ft) 

Depth (ft) Velocity (ft/s) 

12.80 268.87 268.87 0.00 

21.90 270.51 270.51 0.00 

29.30 270.74 270.74 0.00 

40.30 270.93 270.93 0.00 

49.60 271.06 271.06 0.00 

59.60 271.17 271.17 0.00 

70.60 271.27 271.27 0.00 

86.60 271.40 271.40 0.00 

Tailwater Channel Data - Southern Site Culvert 

Tailwater Channel Option: Enter Rating Curve 

Channel Invert Elevation: Enter Rating Curve 

Roadway Data for Crossing: Southern Site Culvert 

Roadway Profile Shape: Irregular Roadway Shape (coordinates) 

Irregular Roadway Cross-Section 

Coord No. Station (ft) Elevation (ft) 

0 0.00 272.00 

1 29.00 271.80 

2 47.00 270.34 

3 48.00 271.41 

4 53.00 271.48 

5 64.00 271.23 

6 98.00 271.34 

7 98.10 272.00 

Roadway Surface: Gravel 

Roadway Top Width: 35.00 ft 

  



Northern Site Culvert 

Crossing Discharge Data 

Discharge Selection Method: Recurrence 

Table 7 - Summary of Culvert Flows at Crossing: North Site Culvert 

Headwater 

Elevation 

(ft) 

Discharge 

Names 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

269.25 2 year 11.70 11.70 0.00 1 

270.93 5 year 20.10 2.60 17.58 3 

271.22 10 year 26.90 2.28 24.65 10 

271.42 25 year 37.00 2.40 34.82 8 

271.51 50 year 45.50 2.55 42.95 7 

271.59 100 year 54.70 2.77 51.92 7 

271.66 200 year 64.90 2.95 61.36 5 

271.76 500 year 79.60 3.18 76.44 3 

270.52 Overtopping 16.48 16.48 0.00 Overtopping 

Rating Curve Plot for Crossing: North Site Culvert 

 



Culvert Data: Culvert 1 

Table 8 - Culvert Summary Table: Culvert 1 
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Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 267.48 ft, 

    Outlet Elevation (invert): 267.48 ft 

Culvert Length: 60.00 ft, 

    Culvert Slope: 0.0000 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 267.48 ft 

Outlet Station: 60.00 ft 

Outlet Elevation: 267.48 ft 

Number of Barrels: 2 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 1.75 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Square Edge with Headwall (Ke=0.5) 

Inlet Depression: None 

Tailwater Data for Crossing: North Site Culvert 

Table 9 - Downstream Channel Rating Curve (Crossing: North Site Culvert) 

Flow (cfs) Water Surface Elev 

(ft) 

Depth (ft) Velocity (ft/s) 

11.70 269.03 7.03 0.00 

20.10 270.92 8.92 0.00 

26.90 271.21 9.21 0.00 

37.00 271.41 9.41 0.00 

45.50 271.50 9.50 0.00 

54.70 271.58 9.58 0.00 

64.90 271.65 9.65 0.00 

79.60 271.74 9.74 0.00 

Tailwater Channel Data - North Site Culvert 

Tailwater Channel Option: Enter Rating Curve 

Channel Invert Elevation: Enter Rating Curve 

Roadway Data for Crossing: North Site Culvert 

Roadway Profile Shape: Irregular Roadway Shape (coordinates) 

Irregular Roadway Cross-Section 

Coord No. Station (ft) Elevation (ft) 

0 0.00 272.00 

1 1.10 271.00 

2 8.60 270.52 

3 20.10 270.56 

4 62.60 270.66 

5 72.20 271.00 

6 99.80 272.00 

Roadway Surface: Gravel 

Roadway Top Width: 10.00 ft 


