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INTRODUCTION

Abingdon Business Park is located between Edgewood Road and Abingdon Road, south of |-95,
west of the Town of Abingdon in Harford County, Maryland. The site encompasses approximately
326.4 acres. Plans for the development of this site include retail and commercial areas, large
scale distribution, warehouse areas and the associated infrastructure (streets, open space,
utilities, etc.). Several existing residential developments border the property, including Autumn
Run and Pomeroy Manor. The site is accessible to Edgewood Road and Abingdon Road.

The purpose of this report is to present our hydrologic and hydraulic analysis for Haha Branch
and two unnamed tributaries from now on called “UT-1" and “UT-2". Haha Branch flows from north
to south through the western portion of the site with a drainage area of 837.09 acres. UT-1 and
UT-2 combined drainage area is 133.42 acres. The study reach extends from the point where the
stream meets the north property line to a point 150 ft. downstream of the existing culvert at
Philadelphia Road and into the Bush River (Use | waters). The study along this portion of the
stream includes a proposed 220’ bridge along Edgewood Road spanning Haha Branch and two
proposed culverts crassing the unnamed tributaries.

LAND COVER AND TOPOGRAPHY

The entire on-site area is classified as woods, the off-site areas are 48% residential, 18%
commercial, 19% woods, 11% open space and 5% other paved and impervious areas. The site
elevations range from a minimum of approximately 18 feet above mean sea level to 160 feet
above mean sea level. The Haha Branch exhibits an average bed slope of 0.7% over the 8500-
foot length of the study.

Aerial photogrammetry, field survey and County topographic maps were used to study the area.

All elevations published in this report are on the NAVD '88 datum.

METHODOLOGY
HYDROLOGY

The hydrologic method used in this study is the USDA, NRCS Runoff Curve Number Method. TR-
55 was used to calculate curve numbers and times of concentration, which were then input with
other data into the TR-20 computer program. The watershed was mapped using the County’s
topographical maps for off-site areas. The total watershed above Philadelphia Road
encompasses approximately 1190 acres.

As prescribed in COMAR, the 2, 10 and 100-year discharges were calculated. All discharges
published in this report assume fully developed (i.e., ultimate) conditions within the watershed. As
the vast majority of the watershed is developed, the existing land uses plans were used. The
estimate of ultimate development runoff from off-site areas not fully built-out was based on current
zoning. Soils were taken from the Harford County Soil Survey and off-site zoning was taken from
the latest County zoning maps. The zoning and soil survey maps are located in Appendix A of
this report.

Supplemental TR-55 computations are provided as Appendix B. The TR-20 output is provided as
Appendix C. Our Drainage Area Map is included at the back of this report.

Morris & Ritchie Associates, Inc. 4 Dec 2018
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The Army Corps of Engineers’ Hydrologic Engineering Center — River Analysis System (HEC-
RAS), version 5.0.5., was used to model the water surface profiles along Haha Branch, UT-1 and
UT-2. As prescribed in COMAR, the 2, 10 and 100-year storms were modeled. Channel
dimensions and Manning's roughness coefficients were based on topographic maps,
supplemented by field-run surveys and a visual inspection of the stream channel and over-banks.
Refer to Figures 1 through 5 for representative photographs. A subcritical profile was used with
critical depth as the upstream and downstream boundary conditions. Critical depth was used due
to culvert conditions at each boundary.

As stated above, the Manning’s ‘n’ values used in the HEC-RAS model were based on a visual
examination of the stream channel and overbanks. The following is a list of ‘n’ values used in the
hydraulic model:

e 0.035 stream channel, moderate vegetation

e 0.013 concrete pipes and culverts

e 0.1 overbank - heavy stand of timber with little undergrowth
HYDRAULIC ANALYSIS

SUMMARY OF HYDRAULIC COMPUTATION RESULTS

The stream was modeled using a mixed flow regime to determine the water surface elevations
within the project. Table 1 below presents a summary of the calculated 100-year water surface
elevations. The HEC-RAS summary output, profile, and section plots are provided as Appendix
C.

The 100-year water surface elevations are plotted on the Workmap included at the back of this
report and summarized in Table 1 below. Table 1 is provided only as a brief summary of the
hydraulic analyses - for more detailed information refer to the HEC-RAS output provided in
Appendix C. The following report demonstrates the proposed structures pass the 100-year
storm event without overtopping in the proposed condition and all increases in WSEL are
contained entirely within the subject property. No offsite properties are adversely impacted.

PROPOSED STRUCTURES

Three proposed crossings were analyzed. A bridge crossing the Haha Branch at Edgewood
Road will have a span of 220 ft. and three circular piers with 4 ft. of diameter located halfway
between the abutments. For the crossing at UT-1, a culvert with 2 concrete pipes with diameters
of 5 ft. and 7. is proposed. Lastly, a single 5 ft. diameter concrete pipe has been proposed for
the crossing at UT-2.

Morris & Ritchie Associates, Inc. 5 Dec 2018
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Table 1
Summary of 100-Year Water Surface Elevations (WSEL)
ULTIMATE | exisTINé | PROPOSED A
RIVER 100-YEAR | 100-YEAR | 100-YEAR | WSEL Y
STATION DISCHARGE
(CFS)? WSEL WSEL (FT)
Haha Branch
9078.4 2745.10 74.15 74.15 -
8779.29 2745.10 71.55 71.55 -
8572.51 2745.10 69.75 69.75 -
8261.16 2745.10 67.35 67.35 -
8100 2745.10 65.51 65.51 -
7810.89 2745.10 63.33 63.33 -
7359.83 2797.70 61.58 61.58 -
7006.74 2797.70 60.47 60.47 -
6757.1 2797.70 59.71 59.71 -
6586.23 2836.80 57.87 57.87 -
6239.67 2836.80 56.14 56.14 -
5866.54 2836.80 54.18 54.18 -
5697.52 2836.80 53.50 53.50 -
5460.15 2836.80 51.26 51.26 -
5278.56 2836.80 48.48 48.48 -
5069.91 2928.30 47.72 47.78 +0.06
5033.47 Proposed Bridge
4985.35 2928.30 47.53 47.53 -
4738.83 2928.30 46.80 46.80 -
4602.96 2928.30 46.15 46.15 -
4483.54 2928.30 45.28 45.28 -
3955.74 3110.30 41.156 41.15 -
3335.56 3110.30 37.21 37.21 -
2787.62 3110.30 34.38 34.38 -
2077.75 3110.30 28.51 28.51 -
1335.32 3110.30 25.19 25.19 -
597.58 3110.30 23.37 23.37 -
246.87 4483.70 23.03 23.03 -
218.47 4483.70 23.04 23.04 -
214 4483.70 22.92 22.92 -
172 Existing Culvert at Route 7
161.2561 4483.70 23.06 23.06 -
149.62 4483.70 19.96 19.96 -
131.14 4483.70 18.89 18.89 -
0 4483.70 16.55 16.55 -

Morris & Ritchie Associates, Inc.

Dec 2018
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RIVER ooNEAR | EXISTING | PROPOSED A
N 100-YEAR 100-YEAR WSEL ¥
STATION DISCHARGE
(CFS) ? WSEL WSEL (FT)
Unnamed Tributary Branch - 1
6060.38 536.70 91.15 91.15 -
5432.19 536.70 79.63 79.63 -
5183.4 536.70 76.22 76.66 +0.44
4840.7 536.70 71.00 76.75 +5.75
4680.49 Proposed Culvert
4546.75 804.70 66.29 66.61 +0.32
4350.57 804.70 62.84 62.63 -0.21
4132.52 804.70 59.95 59.95 -
3942.05 804.70 56.88 56.88 -
Unnamed Tributary Branch - 2
442.34 6.30 109.19 109.19 -
351.61 61.30 100.30 100.30 -
262.21 221.30 95.68 90.99 -4.69
188.75 Proposed Culvert
106.07 221.30 87.87 84.45 -3.47
24.19 221.30 83.62 83.62 -

1. Allincreases in WSEL are contained entirely within the subject property — no off-
site properties are adversely impacted.
2. ‘Ultimate Discharge’ reflects ultimate conditions per zoning and ignoring any
stormwater management facilities.

Morris & Ritchie Associates, Inc.

Dec 2018
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Figure 1
Photographs of Typical Reach along the Haha Branch

Morris & Ritchie Associates, Inc. 8 Dec 2018
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Figure 2
a) Box culvert at I-95 (upstream)

11

Dec 2018




E O B0 BEO E0 B2 BN OBl B B Beed  Beed  Bd B

= - L. ki ] [ a jd k| [ . |




E \E} é 55' .,E ABINGDON WOODS HYDROLOGY & HYDRAULICS REPORT Job #19872

W

c) Stream channel upstream of I-95
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Figure 3
a) Circular culvert at Route 7 (upstream)
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Figure 4

Figure §
Pipe arch culvert at Four Seasons Drive (downstream)
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APPENDIX A
WEB SOIL SURVEY DATA
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Hydrologic Soil Group—Harford County Area, Maryland

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AO] Percent of AOI
BeA Beltsville silt loam,0to 2 |C 57 0.4%
percent slopes
BeB Beltsville silt loam, 2t0 5 |C 176.1 12.0%

percent slopes

BeC Beltsville silt loam, 5to | C o 89.6 6.1%
10 percent slopes

ChB2 Chillum silt loam, 2t0 5 | C . 75.2 5.1%
percent slopes,
moderately eroded

Cx Cut and fill land 31 0.2%

DcA Delanco silt loam,0to 3 |C 4.6 0.3%
percent slopes

DcB Delanco silt loam,3t0 8 |C 453 ] 3.1%
percent slopes

En Elkton silt loam C/iD 443 3.0%

EsB2 Elsinboro loam, 2to 5 B8 38.7 2.6%

percent slopes,
moderately eroded

EsCZ Elsinboro loam, 5t0 10 |B . 223 " 1.5%
percent slopes,
moderately eroded

EvC . Evesboro loamy sand, 5 |A 43 0.3%
to 15 percent slopes

FgaA Fallsington loams, 0 to 2 |C/D - 11.0 0.7%
percent slopes,
Northern Coastal

Plain

GcB2 Glenelg loam, 3 to 8 B 55 0.4%
percent slopes

GcC3 Glenelg loam, 8 to 15 B 0.2 0.0%

percent slopes,
severely eroded

GnB Glenwville silt loam, 3 to 8 Clb 16.1 1.0%
percent slopes
HcA Hatboro-Codorus B/D 101.6 | 6.9%

complex, 0 to 3
percent slopes,
frequently flooded ‘

JpB Joppa gravelly sandy A . . _ 0.9. 0.1%_
loam, 2 to 5 percent
slopes

JpC - . Joppa gravelly sandy A : 943 6.4%
loam, 5 to 10 percent
slopes

us Natural Resources Web Soil Survey 12/20/2018
Conservation Service National Cooperative Soil Survey Page 3 of 5
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Hydrologic Soil Group—Harford County Area, Maryland

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

KpA

Keyport silt loam, 0 to 2
percent slopes

KpB

Keyport silt loam, 2to 5
percent slopes

D

17.5

1.2%

D

334

2.3%

l_wiaB

Mattapex silt loam, 2 to
5 percent slopes,
northern coastal plain

Ot

Othello silt loams, 0 to 2

percent slopes,
northern coastal plain

C/D

RuB

Russett fine sandy loam,
0 to 5 percent slopes

RuD

Russett fine sandy loam,
5 to 15 percent slopes

6.2

0.4%

21

0.1%

165.3

11.2%

342.4

23.2%

RUE

Russett fine sandy loam,
15 to 30 percent
slopes

441

3.0%

Sa

Sand and gravel pits

37.3

2.5%

ShaB

Sassafras sandy loam, 2
to 5 percent slopes,
Northern Coastal
Plain

ShaC

Sassafras sandy loam, 5
to 10 percent slopes,
Northern Coastal
Plain

24

0.2%

0.0

0.0%

SiB2

Sassafras loam, 2to 5
percent slopes

136]

0.9%

sic2

Sassafras loam, 5to 10
percent slopes,
moderately eroded

8.8

0.6%

SsD

SsE

WoaB

Sassafras and Joppa
soils, 10 to 15 percent
slopes

131

0.9%

_ Sassafras and Joppa

soils, 15 to 30 percent
slopes

249

1.7%

Woodstown loam, 2to 5
percent slopes,
Northern Coastal
Plain

241

1.6%

Totals fof Area of Interest

1,472.9

100.0%

=

Natural Resources
Conservation Service

National Cooperative Soil Survey

Web Soil Survey

12/20/2018
Page 4 of 5
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Hydrologic Soil Group—Harford County Area, Maryland

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Us| Natural Resources Web Soil Survey 12/20/2018
Conservation Service National Cooperative Soil Survey Page 5 of 5



[ T

B

-l




ABINGDON WOODS

HYDROLOGY & HYDRAULICS REPORT

Job #19872

ﬁ

Morris & Ritchie Associates, Inc.

APPENDIX B
HARFORD COUNTY ZONING MAPS

Dec 2018







® .
Yo ——megocn A7 P ey ONINOZ ANV ONINNY1d 40 ININ1HV43a
N . 2 e e s dVIN ONINOZ 600 ALNNOD d4O4dvH

] ALY

00084E N

sIybry wawdogeasq
10 J9j3ue)) SesNbOY

feUISnpY| [BIBUED 19

Ietisnpul Wbt n
& [BMISNPU) [BINAWWOD (%)
RO PN OW

sseusng [e10ueo €8

b\
W

sseuisng Qunuwod z8

ssousng poowsoqubloN 1]

ssausng obeipA 8A L/
0WPOeNUIPISEN oy

[enuopisoy 9BelA  ¥A

(enuspIsaN UBQN vy
000REe
EquepiseN UBGn £y Q@ \/

Enuepsay ueain p4-]

[EnuepIsey ueqn 3]

Jenuapisey feiny ¥y

lingnapby oV

SNOILYJI4ISSY1D ONINOZ ’ 2 J

000 008 N

000'966 3 0035663 0007768 3 000’698 3 000006 3







siy61 wewdopeasg
30 J9jsum) sesinbay
[emsnpu| jeiaue
fewsnpul Wb
BUISNPU] [R12IOWIWIOD
22O PN
ssouIsng [RISUSD
ssouisng AJunwwod
$sauISNE PooUSOGUBIEN
ssouisng ebe(a
Q2UONBIUPISOY
fenuepisey ebema
elwepisey uBaN
[BUoPISOY UBQIN
[BIIUGPISOY UBQIN
fenuepisoy ueqn
|enuepIsay feiny

fesnynapby

008t

e e
LALLA 4341V i 04 C14TII00S BY T
wsorun

mass e

ONINOZ ANV ONINNV1d 40 LNIJW1dvd3d

SNOILLYIIJISSYIO ONINOZ 19

ooz %09 ONINOZ ONY ONINNYd 40 LNINLHVAIQ ALNNOD QUOIHVH &(E oZ—ZON QOON >I—IZ DOO DKO&K(I
0009 N IW AqgzonQouggw] | ] | - | | 1
oooss — o) 8 -
-\ /
13 @ .V
£ 1y
<7
000'L6S N
(5
coozsy ] - = [t %I
V
P
2 €
’ A
P )
19 x 4
n
B . \
000599 | e -
(=1} ] ©
ﬂm lI l~’
8 *
19 O
an v
ok o
§ D
P2 000'LES N [ g < V =
oooese | ®
£y
Y] X Na
2] \ G H 7 M > o, & (3:]
oY
ov £ ® & [}
X [ ]
\a L /7
. o \. N
000'000 N — < y I A‘NNMWM V
00'PIOL T e 000'tL0' 3 w s 000010°L 3 D oot 000°(00' 3 o

000EISN

000'L6SN

oou'resN @




e B3 Bl Ed Bd Bd Bd  Gd  Gd G Cd  Ged Gd  Bd  Bd b B3 B




B
g

‘ ABINGDON WOODS HYDROLOGY & HYDRAULICS REPORT Job #19872

APPENDIX C
HYDROLOGY (TR-55 & CROSS SECTIONS DATA)

Morris & Ritchie Associates, Inc. Dec 2018
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WinTR-55 Current Data Description

--- Identification Data ---

User: RFernandez Date: 12/28/2018
Project: Abingdon Business Park Units: English
SubTitle: $#19872 Areal Units: Acres
State: Maryland

County: Harford NOAA C
Filename: \\psmc-data\cadfiles\19872\DOCUMENTS\H&H\TR-55\19872 HH-HaHa BRANCH-2018.w55

--- Sub-Area Data ---

Name Description Reach Area(ac) RCN Tc
(02§ Outlet 162.86 86 0.600
03 Outlet 122.4 86 417
02 Outlet 257.07 81 651
04 Outlet 32.26 82 0.309
05 Outlet 38.48 74 142
o8 Outlet 78.62 74 434
06 Outlet 119.22 94 0.100
o7 Outlet 74 .07 94 0.100

Total area: 884.98 (ac)

--- Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 1-Yr
(in) (in) (in) (in) (in) (in) {in)
3.26 4.19 5.0 6.25 7.34 8.58 2.69
Storm Data Source: Harford NOAA C County, MD (NRCS)
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <«standard-

WinTR-55, Version 1.00.10 Page 1 1/29/2019 1:17:37 PM



RFernandez Abingdon Business Park
#19872
Harford NOAA_C County, Maryland
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr

(in) (in) (in) (in) (in) (in)

3.26 4.19 5.0 6.25 7.34 8.58
Storm Data Source: Harford NOAA_C County, MD (NRCS)
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standards>

WinTR-55, Version 1.00.10 Page 1 1/29/2019

1:17:37 PM
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RFernandez Abingdon Business Park
#19872
Harford NOAA C County, Maryland

Sub-Area Summary Table

Sub-Area Drainage Time of Curve  Receiving Sub-Area
Identifier Area Concentration Number Reach Description
(ac) (hr)
ol 162.86 0.600 86 Outlet
o3 122.40 0.417 86 Outlet
02 257.07 0.651 81 Outlet
04 32.26 0.309 82 Outlet
05 38.48 0.142 74 Outlet
o8 78.62 0.434 74 Outlet
06 119.22 0.100 94 Outlet
o7 74.07 0.100 94 Outlet

Total Area: 884.98 (ac)

WinTR~55, Version 1.00.10 Page 1 1/29/2019 1:17:37 PM



RFernandez

Abingdon Business Park

#19872

Harford NOAA_C County, Maryland

Sub-Area Time of Concentration Details

Mannings's
n

Sub-Area Flow
Identifier/ Length Slope
(ft) (ft/ft)
o1
SHEET 100 0.1800
SHALLOW 1298 0.0447
CHANNEL 2460
CHANNEL 4536
03
SHEET 100 0.1599
SHALLOW 158 0.1844
CHANNEL 4436
02
SHEET 100 0.0296
SHALLOW 248 0.0565
SHALLOW 1828 0.0565
CHANNEL 4773
04
SHEET 100 0.2749
SHALLOW 1002 0.0397
CHANNEL 1411
[015)
SHEET 100 0.0640
SHALLOW 1987 0.0442
08
SHEET 100 0.0150
SHALLOW 2091 0.0460
CHANNEL 3516
06

User-provided

07
User-provided

WinTR-55, Version 1.00.10

[~ = o)

o

.011
.050

.240
.050

.240
.025
.025

.400
.050

.011
.025

.011
.050

Page

Wetted Travel
Area Perimeter Velocity Time
(sq ft) (ft) (ft/sec) (hr)

0.008

0.106

4,000 0.171

4.000 0.315

Time of Concentration 0.600
0.103

0.006

4,000 0.308

Time of Concentration 417
0.201

0.014

0.105

4.000 0.331

Time of Concentration 651
0.124

0.087

4,000 0.098

Time of Concentration 0.309
0.013

0.129

Time of Concentration 142
0.022

0.168

4.000 0.244

Time of Concentration 434
0.100

Time of Concentration 0.100
0.100

Time of Concentration 0.100

1 1/29/2019 1:17:37 PM
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RFernandez Abingdon Business Park
#19872
Harford NOAA C County, Maryland

Sub-Area Time of Concentration Details (continued)

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity Time
(ft) (ft/ft) (sq ft) (ft) (ft/sec) (hr)

WinTR-55, Version 1.00.10 Page 2 1/29/2019 1:17:37 PM



RFernandez

Sub-Area
Identifier

Abingdon Business Park

#19872

Harford NOAA C County, Maryland

Sub-Area Land Use and Curve Number Details

Land Use

Hydrologic
Soil
Group

Sub-Area
Area
(ac)

Curve
Numbexr

03

02

04

05

o8

06

o7

WinTR-55,

User defined
User defined
User defined
User defined

Total Area /

User defined
User defined
User defined

Total Area /

User defined
User defined
User defined
User defined

Total Area /

User defined
User defined
User defined

Total Area /

User defined
User defined
User defined
User defined

Total Area /

User defined
User defined
User defined
User defined

Total Area /

Commercial
Commercial
Commexcial
Commercial

~ R R R

Total Area

Commercial
Commercial
Commercial
Commercial

R R

Version 1.00.

urban (Click button or
urban (Click button or
urban (Click button or
urban (Click button or

Weighted Curve Number

urban (Click button or
urban (Click button or
urban (Click button or

Weighted Curve Number

urban (Click button or
urban (Click button or
urban (Click button or
urban {(Click button or

Weighted Curve Number

urban (Click button or
urban (Click button or
urban (Click button or

Weighted Curve Number

urban (Click button or
urban (Click button or
urban (Click button or
urban (Click button or

Weighted Curve Number

urban (Click button or
urban (Click button or
urban (Click button or
urban (Click button or

Weighted Curve Number

business
business
business
business

Weighted Curve Number
business
business

business
business

10 Page 1

vowp ognwy onwy onw oWy onw

onow»

1/29/2019

45
71
84
83

1:17:37 PM
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RFernandez Abingdon Business Park
#19872
Harford NOAA_C County, Maryland

Sub-Area Land Use and Curve Number Details (continued)

Sub-Area Hydrologic Sub-Area
Identifier Land Use Soil Area
Group (ac)
Total Area / Weighted Curve Number 74.07

WinTR-55, Version 1.00.10 Page 2 1/29/2019

1:17:37 PM



TR-55 input for Haha Branch

SUB-AREA 1
Land Use A B C D
Commercial 6.758 5.325 42.216 8.409
Open space (good) 0.000 0.000 1.506 2.116
Residential 1/8 acres 5.382 6.091 37.535 2.974
Residential 1/4 acres 1.468 3.955 3.175 7.016
Residential 1/2 acres 0.000 0.159 7.030 0.753
Residential 1 acres 0.536 0.000 0.940 0.000
Woods (fair) 1.641 2.593 7.450 7.833
Total Area (acres) 15.79 18.12 99.85 29.10
Composite CN 76 81 89 87
SUB-AREA 2
Land Use A B C D
Commercial 0.000 0.000 37.731 1.331
Open space (good) 8.254 1.910 20.673 7.100
Paved, open ditches w/right of 0.000 1.087 6.521 3447
way
Residential 1/4 acres 5.380 24.620 69.558 13.286
Residential 2 acres 3.387 2.118 0.950 0.207
Woods (fair) 3.690 6.349 18.340 21.139
Total Area (acres) 20.71 36.08 153.77 46.51
Composite CN 45 71 84 83
SUB-AREA 3
Land Use A B C D
Commercial 0.000 0.000 33.526 2.863
Paved, open ditches w/right of 0.000 0.000 8.944 1518
way
Residential 1/4 acres 0.000 3.912 48.279 7.882
Residential 1/2 acres 0.000 0.000 0.489 0.000
Woods (fair) 0.000 0.000 12.895 2.800
Total Area (acres) - 3.91 103.43 15.06
Composite CN - 75 86 88
SUB-AREA 4
Land Use A B C D
Commercial 0.000 0.000 6.321 1.943
Residential 1 acres 0.000 1.239 5.604 0.615
Residential 2 acres 0.000 0.000 12.829 1.751
Paved, open ditches w/right of
way 0.000 0.181 1.773 0.000
Total Area (acres) - 1.42 26.53 4.31
Composite CN - 71 82 88

Job#19872

Dec 2018



TR-55 input for Haha Branch

SUB-AREA §
Land Use A B C D
Residential 1 acres 0.429 0.249 5.673 0.466
Residential 2 acres 3.186 2.351 20.431 5.694
Total Area (acres) 3.62 2.60 26.10 6.16
Composite CN 47 65 77 82
SUB-AREA 6*
Land Use A B C D
Commercial 7.039 5.010 93.284 13.884
Total Area (acres) 7.04 5.01 93.28 13.88
Composite CN Calculated with TR-55
SUB-AREA 7*
Land Use A B C D
Commercial 2.122 5.033 54.778 12.139
Total Area 2.12 5.03 54.78 12.14
Composite CN Calculated with TR-55
SUB-AREA 8
Land Use A B C D
Impervious 0.000 0.000 5312 0.000
Open space 0.000 0.000 22.036 0.352
Residential 1/2 acres 0.000 0.000 2.835 0.000
Woods (fair) 4.586 3.782 31.196 8.523
Total Area (acres) 4.59 3.78 61.38 8.87
Composite CN 36 60 76 79

* On-site areas

Job#19872

Dec 2018
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TR-55 input for Unnamed Tributary Job#19872
SUB-AREA 9
Land Use A B C D
Commercial 3.366 0.867 0.850 0.830
Open space (poor) 19.722 1.760 2.179 5.609
:/Z;ed’ open ditches wiright of | o 1 | 0000 | 4766 | 0.000
Paved, curbs and storm sewers 4.196 0.379 0.000 0.000
Residential 1 acres 1.366 0.000 0.881 0.503
Woods (fair) 0.693 0.000 19.145 9.566
Total Area (acres) 29.99 3.01 27.82 16.51
Composite CN 73 85 78 83
SUB-AREA 10
Land Use A B C D
Commercial 2.970 0.000 2.964 0.355
Total Area 2.97 0.00 2.96 0.36
Composite CN Calculated with TR-55
SUB-AREA 11*
Land Use A B C D
Commercial 2.386 0.251 34.754 7.145
Total Area 2.39 0.25 34.75 7.14
Composite CN Calculated with TR-55
SUB-AREA 12*
Land Use A B C D
Commercial 0.000 1.178 7.903 5.924
Total Area 0.00 1.18 7.90 5.92
Composite CN Calculated with TR-55
SUB-AREA 13*
Land Use A B C D
Commercial 0.000 4.522 58.271 11.079
Total Area 0.00 4.52 58.27 11.08
Composite CN Calculated with TR-55
SUB-AREA 14
Land Use A B C D
Residential 1/4 acres 20.799 18.245 58.346 7.371
Residential 1/8 acres 0.000 1.646 27.525 2.432
Total Area 20.80 19.89 85.87 9.80
Composite CN Calculated with TR-55

* On-site areas

Dec 2018



Cross Section for Irregular Section - 1

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00560 fi/ft
Normal Depth 3.04
Discharge 200.00 fi¥/s

{Cross Section Image

74.00
73.00
72.00
71.00
70.00
69.00
68.00
67.00]
66.00
66.00]
64.00]
63.00

0+00 1400 2+00 3+00 4+00
Station

Elevation

Bentley Systems, Inc. Haestad Methods SoBdidlef BidwiMaster V8i (SELECTseries 1) [08.11.01.03]
12/3/2018 3:04:59 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Cross Section for Irregular Section - 2

Project Description

Friction Method
Solve For

Input Data

Channel Slope
Normal Depth
Discharge

Cross Section Image

Manning Formula
Normal Depth

0.00790 fuft
4.23 ft
200.00 ft'/s

72.00
70.00 | 4
68.00 |
66.00 "
64.00
62.00

Elevation

60.00
58.00 |
56.00 ‘
54.00
52.00

12/3/2018 3:19:24 PM

2400 3400 4400 6400 6+00

Station

Bentley Systems, Inc. Haestad Methods SoRsittegEhterMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06796 USA +1-203-766-1666

Page

1 of

1



Cross Section for Irregular Section - 3

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00510 fi/ft
Normal Depth 3.20 @
Discharge 200.00 ft%/s

Cross Section Image

58.00
67.00 |
66.00
§65.00
54.00
63.00
52.00 :
51.00 /
50.00
49.00
48.00
47'°°1=......._...,
2450 3400 3+50 4400 4+50 5+00
Station

Elevation

Bentloy Systems, Inc. Haestad Methods SoBstitteg BidwMaster V8i (SELECTseries 1) [08.11.01.03)
12/3/2018 3:38:39 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06796 USA +1-203-765-1666 Page 1 of 1



Cross Section for XSECTN-4

Project Description

Friction Method
Solve For

Input Data

Channel Slope
Normal Depth
Discharge

Manning Formula
Discharge

0.00920 ft/ft
162.50 ft
257254512 ft'/s

Cross Section Image

62.00
000] N
ss00|
56.00]
54.00)
52.00]
50.00]
48.00]
46.00]
44,00 |
42.00]
40.00]
38.00

Elevation

0+00 1400

1/29/2019 1:33:38 PM

2400 3400 4400  5+00
Station

Bentley Systems, Inc. Haestad Methods SoBditlef EldeMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06796 USA +1-203-766-1666

Page

1 of

1

—

=



Cross Section for Irregular Section - 5

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00540 fuft
Normal Depth 254
Discharge 200.00 ft¥/s

Cross Section Image

Elevation

28.00

3400 4400 5400 6400 7400
Station

Bentley Systems, Inc. Haestad Methods SoliditteBhdeMaster V8i (SELECTserles 1) [08.11.01.03]
12/3/2018 4:07:12 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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APPENDIX D
TR-20 OUTPUT

Morris & Ritchie Associates, Inc. Dec 2018
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WinTR-20 Printed Page File

WinTR-20: Version 3.20

West Ha Ha branch, 5 reaches,

Project #19872

SUB-AREA:

1 1

3 1

2 1

4 2

5 3

8 5

6 4

7 OUTLET
g 1w

10 3B

11 2W

12 3B

13 4B

14 OUTLET

STREAM REACH

5 Outlet
4 5

3 4

2 3

1 2

1w 2W

2W 3B

3B 4B

4B OUTLET

STORM ANALYSIS:
2- YEAR
10-YEAR
50-YEAR
100-YEAR

STREAM CROSS SECTION:
XSECTN-1W 74.60
73.5
73.96
74.09
74.20
74.29
74.38
74.45
74 .53
74 .60

XSECTN-2W 56.99

Beginning of Input Data List
G:\19872\DOCUMENTS\H&H\TR-20\19872-HahaBranch. inp

8 sub-areas.

XSECTN-5
XSECTN-4
XSECTN-3
XSECTN-2
XSECTN-1
XSECTN-1W
XSECTN-2W
XSECN-3B
XSECTN-4B

100.

160.

0

.2545
.1913
.4017
.0504
.0601

.1228
.1863
.1157
.1208
.0098
.0696
.0235
.1154
.2131

[aNeNoNe)

[eNeoloNoNeNoReNolael

.26

.34

w-Juw

0

3708.22
1078.38
1552.76
773.6
1419.46
1380.
1481.
668.
2535.

TYPE II
TYPE II
TYPE II
TYPE II

5

Outlet is culvert in route

0.285
0.417
0.651
.309
0.142
.434

.266
.288

.16

OO0OO0OO0OO0OO0O0CO

.567

NN

0.0149

0.0164

~ O

KKKKRKKKRK KRR

R R G
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XSECN-3B

XSECTN-4B

XSECTN-1

180.
200.
250.
300.
350.
400.
450.
500.
600.
700.
800.
900.
1000.
1100.
1200.

700.

317.75
335.30
352.31
368.86
384.98
400.72
416.11

33.86

119.17
168.02
212.55
254.31
291.74
322.58

163.96
164 .34
164.70
165.06
165.41

30.65

126.08
157.29
181.11
200.89
214.26
218.20

0.0115

0.0087

0.0056



XSECTN-2

XSECTN-3

XSECTN-5

XSECTN-4

800.

1000.
1500.
2000.
2500.
3000.
3500.
4000.

100.
200.
300.
400.
500.
600.
700.
800.

1000.
1500.
2000.
2500.
3000.
3500.
4000.

100.
200.
300.
400.
500.
600.
700.
800

1000.
1500.
2000.
2500.
3000.
3500.
4000.

100.
200.
300.
400.
500.
600.
700.
800.

1000.
1500.
2000.
2500.
3000.
3500.
4000.

100.
200.
300.
400.
500.
600.
700.
800.

1000.
1500.
2000.
2500.
3000.
3500.
4000.

352.06
407.78
534.42
649.16
755.96
856.99
953.60
1046.45

56.11

103.99
144.91
182.33
215.98
242.04
266.54
289.90
333.71
431.94
519.68
600.58
676.46
748.50
817.43

34.45

64.16

100.14
129.31
156.06
181.26
205.30
228.44
272.84
377.60
475.66
568.94
658.50
745.04
829.05

36.73

61.57

83.36

103.36
122.13
139.99
157.12
173.63
205.21
324.48
428.54
521.92
596.01
665.62
732.98

32.97

62.87

87.67

110.28
131.41
151.48
170.70
192.91
237.44
340.21
435.24
524.95
593.54
655.93
715.53

221.90
228.73
243.55
256.23
267.50
277.74
287.18
295.98

69.90

109.63
134.59
153.92
167.36
169.09
170.69
172.21
175.02
181.15
186.46
191.23
195.59
199.65
203.45

29.49

49.58

82.64

101.85
116.72
129.17
140.03
149.73
162.18
177.30
190.37
202.02
212.60
222.35
231.42

182.21
202.97
220.78
225.61
228.32
230.88

0.0079

0.0051

0.0054

0.0092



WinTR-20 Printed Page File

West Ha Ha branch, 5 reaches,

Name of printed page file:

End of Input Data List

8 sub-areas.
Project #19872

Outlet is culvert in route 7

G:\19872\DOCUMENTS\H&H\TR-20\19872-HahaBranch.out

Area or Drainage
Reach Area
Identifier (sq mi)
1 0.255
3 0.191
2 0.402
1 0.847
1 0.847
4 0.050
2 0.898
2 0.898
5 0.060
3 0.958
3 0.958
6 0.186
4 1.144
4 1.144
8 0.123
5 1.267
5 1.267
7 0.116
14 0.213
9 0.121
1w 0.121
1w 0.121
11 0.070
2W 0.190
2W 0.190
10 0.010
12 0.023
3B 0.224
3B 0.224
13 0.115
4B 0.339
4B 0.339
OUTLET 1.935
Area or Drainage
Reach Area
Identifier (sq mi)
1 0.255
3 0.191
2 0.402
1 0.847
1 0.847
4 0.050

Rain Gage
ID or
Location

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Upstream
Downstream

Rain Gage
ID or
Location

Upstream
Downstream

WinTR-20 Version 3.20

STORM 2- YEAR

Runoff - ------------ Peak Flow -----~------
Amount Elevation Time Rate Rate

(in) (ft) (hr) (cfs) (csm)
1.886 12.07 362.6 1424.74
1.885 12.13 226.8 1185.77
1.516 12.27 287.5 715.60
1.710 66.30 12.12 783.6 924 .65
1.710 66 .24 12.28 740.3 873.46
1.576 12.08 58.3 1156.98
1.702 56.43 12.26 769.8 857.28
1.702 56.42 12.34 764 .0 850.91
1.074 11.99 57.7 960.08
1.663 51.81 12.33 774.1 808.02
1.662 51.78 12.44 759.2 792 .46
2.601 11.93 454 .5 2439.85
1.815 42.13 12.44 804.1 702.69
1.815 42 .12 12.49 800.8 699.83
1.076 12.16 76.9 626.29
1.743 31.40 12.49 833.7 657.97
1.742 31.37 12.66 818.5 645.96
2.598 11.93 282.3 2439.85
1.447 12.24 158.6 744 .19
1.253 12.07 115.9 959.42
1.253 74 .44 12.07 115.9 959.42
1.252 74 .43 12.15 115.2 953.47
2.593 11.93 169.8 2439.85
1.742 57.14 11.94 204 .5 1073.86
1.741 57.14 12.01 203.5 1069.03
1.863 12.05 17.2 1759.50
2.534 11.96 52.1 2214.99
1.830 39.57 12.01 269.8 1206.01
1.827 39.56 12.05 268.0 1198.20
2.598 11.93 281.6 2439.85
2.090 30.27 12.01 482.3 1422 .24
2.086 29.94 12.16 466.1 1374.53
1.821 12.18 1240.7 641.19

STORM 10-YEAR

Runoff  ------------ Peak Flow ------------
Amount Elevation Time Rate Rate

(in) (ft) (hr) (cfs) (csm)
3.466 12.06 655.5 2575.75
3.465 12.14 412 .4 2155.81
2.985 12.25 573.9 1428.67
3.238 67.08 12.12 1475.5 1741.00
3.237 67.03 12.22 1426 .8 1683.50
3.066 12.08 112.7 2235.51

12/28/2018 9:28



West Ha Ha branch, 5 reaches, 8 sub-areas. Outlet is culvert in route 7
Project #19872

Area or Drainage Rain Gage Runoff  ------------ Peak Flow ------------
Reach Area ID or Amount Elevation Time Rate Rate
Identifier (sg mi) Location (in) (ft) (hr) (cfs) (csm)
2 0.898 Upstream 3.228 57.27 12.21 1498.9 1669.34
2 0.898 Downstream 3.228 57.26 12.26 1491.4 1661.02
5 0.060 2.358 11.97 130.2 2166.92
3 0.958 Upstream 3.173 52.77 12.25 1515.4 1581.88
3 0.958 Downstream 3.173 52.73 12.35 1485.7 1550.88
6 0.186 4.307 11.93 730.8 3922.79
4 1.144 Upstream 3.357 43.10 12.34 1568.4 1370.65
4 1.144 Downstream 3.357 43.09 12.40 1559.9 1363.17
8 0.123 2.362 12.16 176.9 1440.43
5 1.267 Upstream 3.260 33.02 12.39 1655.1 1306.21
5 1.267 Downstream 3.259 32.96 12.58 1611.0 1271.38
7 0.116 4.306 11.93 453.9 3922.79
14 0.213 2.891 12.21 322.5 1513.51
9 0.121 2.621 12.06 246.2 2037.71
1w 0.121 Upstream 2.621 74 .86 12.06 246 .2 2037.71
1w 0.121 Downstream 2.619 74.85 12.14 244 .2 2021.33
11 0.070 4.302 11.93 273.0 3922.79
2W 0.190 Upstream 3.234 57.63 12.02 389.3 2044 .44
2W 0.190 Downstream 3.234 57.62 12.08 386.8 2031.37
10 0.010 3.590 i12.06 28.5 2909.66
12 0.023 4.262 11.96 83.8 3565.10
3B 0.224 Upstream 3.358 40.46 12.01 480.7 2148.99
3B 0.224 Downstream 3.354 40.45 12.07 478 .4 2138.46
13 0.115 4.306 11.93 452.7 3922.79
4B 0.339 Upstream 3.678 31.05 12.02 814.7 2402.45
4B 0.339 Downstream 3.675 31.01 12.16 784.2 2312.57
OUTLET 1.935 3.354 12.21 2302.6 1189.98
STORM 50-YEAR
Area or Drainage Rain Gage Runoff  ------------ Peak Flow ------------
Reach Area ID or Amount Elevation Time Rate Rate
Identifier (sg mi) Location (in) (ft) (hr) (cfs) (csm)
1 0.255 5.692 12.05 1054.1 4141.94
3 0.191 5.692 12.11 663.6 3468.67
2 0.402 5.122 12.25 981.3 2442.75
1 0.847 Upstream 5.422 67.91 12.11 2431.4 2868.87
1 0.847 Downstream 5.421 67.86 12.20 2366.7 2792.62
4 0.050 5.225 12.08 188.8 3746.63
2 0.898 Upstream 5.410 58.18 12.20 2499.9 2784.19
2 0.898 Downstream 5.410 58.17 12.22 2487 .4 2770.20
5 0.060 4.333 11.97 238.8 3973.77
3 0.958 Upstream 5.343 53.79 12.22 2537.8 2649.10
3 0.958 Downstream 5.342 53.75 12.31 2486.3 2595.34
6 0.186 6.625 11.92 1096.8 5887.33
4 1.144 Upstream 5.551 44 .01 12.30 2616.7 2286.72
4 1.144 Downstream 5.551 44.00 12.35 2603.6 2275.25
8 0.123 4.337 12.15 327.0 2663.01
5 1.267 Upstream 5.433 34.17 12.33 2809.3 2217.12
5 1.267 Downstream 5.432 34.12 12.51 2738.3 2161.04
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West Ha Ha branch, 5 reaches, 8 sub-areas. Outlet is culvert in route 7
Project #19872

Area or Drainage Rain Gage Runoff  ------------ Peak Flow ------------
Reach Area ID or Amount Elevation Time Rate Rate
Identifier (sg mi) Location (in) (ft) (hr) (cfs) (csm)
7 0.116 6.625 11.92 681.2 5887.33
14 0.213 5.008 12.23 555.8 2608.32
9 0.121 4.670 12.04 434 .4 3596.18
1w 0.121 TUpstream 4.670 75.33 12.04 434 .4 3596.18
1w 0.121 Downstream 4.669 75.32 12.12 431.9 3575.29
11 0.070 6.623 11.92 409.8 5887.33
2W 0.190 Upstream 5.383 58.12 12.02 658.6 3459.19
2W 0.190 Downstream 5.383 58.12 12.07 654.5 3437.36
10 0.010 6.216 12.05 43.6 4445.01
12 0.023 6.597 11.97 125.8 5353.52
3B 0.224 Upstream 5.547 41 .24 12.06 791.9 3540.14
3B 0.224 Downstream 5.544 41.24 12.10 787.7 3521.31
13 0.115 6.625 11.92 679.4 5887.33
4B 0.339 Upstream 5.912 31.57 12.02 1276.1 3763.18
4B 0.339 Downstream 5.910 31.53 12.13 1239.6 3655.56
OUTLET 1.935 5.540 12.21 3848.0 1988.64
STORM 100-YEAR
Area or Drainage Rain Gage Runoff  ------------ Peak Flow ------------
Reach Area ID or Amount Elevation Time Rate Rate
Identifier (sq mi) Location (in) (ft) (hr) (cfs) (csm)
1 0.255 6.894 12.05 1261.4 4956 .27
3 0.191 6.893 12.11 796.5 4163.77
2 0.402 6.291 12.27 1195.7 2976.66
1 0.847 Upstream 6.608 68.29 12.10 2936.8 3465.20
1 0.847 Downstream 6.608 68.24 12.19 2865.1 3380.61
4 0.050 6.403 12.07 229.3 4549 .45
2 0.898 Upstream 6.596 58.59 12.19 3031.3 3375.95
2 0.898 Downstream 6.596 58.58 12.21 3018.0 3361.18
5 0.060 5.441 11.96 298.6 4968.13
3 0.958 Upstream 6.524 54 .25 12.21 3080.4 3215.42
3 0.958 Downstream 6.523 54.20 12.29 3018.4 3150.76
6 0.186 7.858 11.93 1290.8 6928.68
4 1.144 Upstream 6.741 44 .35 12.29 3174.7 2774 .33
4 1.144 Downstream 6.740 44 .34 12.33 3161.3 2762.69
8 0.123 5.445 12.14 410.6 3343.97
5 1.267 Upstream 6.615 34.58 12.31 3436.2 2711.83
S 1.267 Downstream 6.614 34.53 12.48 3358.4 2650.48
7 0.116 7.858 11.93 801.6 6928.68
14 0.213 6.169 12.22 682.0 3200.25
9 0.121 5.807 12.04 536.7 4442 .55
1w 0.121 Upstream 5.807 75.54 12.04 536.7 4442 .55
1w 0.121 Downstream 5.806 75.53 12.11 533.1 4412.98
11 0.070 7.856 11.93 482.2 6928.68
2W 0.190 Upstream 6.555 58.36 12.03 804.7 4226.20
2W 0.190 Downstream 6.555 58.35 12.08 799.5 4198.86
10 0.010 7.469 12.06 51.3 5239.02
12 0.023 7.836 11.96 148.0 6299.37
3B 0.224 Upstream 6.730 41.53 12.06 962.2 4301.43

WinTR-20 Version 3.20 Page 3 12/28/2018 9:28



West Ha Ha branch, 5 reaches, 8 sub-areas. Outlet is culvert in route 7
Project #19872

Area oY Drainage Rain Gage Runoff ------------ Peak Flow ------------
Reach Area ID or Amount Elevation Time Rate Rate
Identifier (sg mi) Location (in) (ft) (hr) (cfs) (csm)
3B 0.224 Downstream 6.727 41.52 12.10 956.5 4275.71
13 0.115 7.858 11.93 799.6 6928.68
4B 0.339 Upstream 7.112 31.82 12.01 1528.0 4506.16
4B 0.339 Downstream 7.110 31.78 12.12 1488.4 4389.21
OUTLET 1.935 6.726 12.20 4772.2 2466 .27
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HEC-RAS OUTPUT
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