Northstar Hydro, Inc.

Memorandum

To: Kiris Constanzer, Mathew Steele, P.E., SEA/Kleinfelder Assoc
From: Ellen O’Brien, P.E., Northstar Hydro, Inc.
Date: April 27,2011

Re: Little Bridge, Westbrook, ME. Supplemental Hydraulic Analysis, 26’ X 12’
Box Culvert

Preliminary design for Little Bridge on Mill Brook in Westbrook, ME was prepared to
replace the twin CMP culverts with a single arch. The PDR H/H report was submitted in
September of 2010. Since that time, MDOT and the SEA/KIleinfelder reassessed the site
relative to temporary detour, traffic constraints, and budget and elected to evaluate single
box culvert alternatives. A memo in January summarized the results of the hydraulic
analysis for two sizes of box culvert, 20 X 12° and 24’ X 9°. This memo addresses a 26’
X 12’ box.

Using model HECRAS, the 26° X 12’ box was analyzed and compared to existing
conditions. As with other options, this alternative was modeled “with” and “without”
backwater from the Presumpscot River.

Final modeled configuration of the box culvert is 26° X 12, with 2’ of embedment.
Length is 86” and skew is 15°. Entrance and exit of the culvert have angled wing walls.

The following table summarizes existing and proposed conditions for this box culvert.
Attached to this memorandum is a table summarizing HECRAS results.



Existing Culverts

Without Backwater from Presumpscot River
Elevation Velocity,
Frequency | Upstream | downstream | upstream Downstream
11lyr 17.2 15.9 3.7 4
10 yr 20 17.5 6.5 7
25 yr 20.9 17.7 7.6 8.3
50 yr 21.5 17.8 8.6 9.3
100 yr 22.1 17.8 9.9 10.7
500 yr 23.6 18.4 10.9 11.8
With Elevation Velocity,
Backwater Frequency | Upstream | downstream | upstream Downstream
11lyr 17.8 17.5 2.1 2.4
10 yr 22.8 22.5 2.2 2.6
25 yr 28.9 28.3 1.2 1.4
50 yr 34.3 33.7 0.9 1
100 yr 36.2 36.1 0.9 1
500 yr 421 42.1 0.8 0.9
26" X 12" box, length = 86", skew = 15 degrees
No Backwater
Max Culvert
Frequency Elev, US Elev DS Velocity, fps
1.1yr 16.1 15.9 3.0
10 yr 17.9 17.5 6.2
25 yr 18.3 17.7 7.3
50 yr 18.5 17.8 8.3
100 yr 18.9 17.9 9.5
500 yr 19.8 18.3 11.2
With Backwater
1.1yr 17.5 17.5 1.8
10 yr 22.6 22.5 2.6
25 yr 28.5 28.3 2.7
50 yr 33.9 33.7 3.2
100 yr 36.2 36.1 1.9
500 yr 42.1 421 0.8




The HECRAS analysis shows that the proposed 26” X 12” box culvert is not expected to
cause a rise in water surface elevations above existing conditions under either backwater
or no-backwater conditions.

Scour was not recalculated for this design as the box will have an integral base embedded
2’ in the stream bed.
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Little Bridge # 3987 over Mill Brook, Westbrook, ME
Preliminary Design Report, Hydraulic and Scour Analysis

Introduction:

It is proposed to replace the existing Little Bridge over Mill Brook in Westbrook. The
existing bridge is composed of two twin 11’ culverts just upstream from the Presumpscot
River. The replacement bridge is a “bridge in a backpack” arch, with a 30°11” span at the
base and an 8’6" rise. The bridge is impacted by backwater from the Presumpscot River.
The site location is shown in figure 1. Mill Brook enters from the center left, flows under
Austin St. towards the Presumpscot River near Route 302, at Bridge Street.
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Review of Existing Data:

Existing data related to this bridge was reviewed, including but not limited to
e MDOT file information including inspection reports related to scour
e FEMA Flood Maps and FIS report (see Appendix)
e Air photos
e Topographic Maps
e Historical Flood Information
e Study information from work for HNTB on the Turnpike Bridges over the
Presumpscot River in Falmouth.

Presumpscot River, Backwater: Backwater from the Presumpscot River affects Mill
Brook at Little Bridge, and is therefore a critical design component. The confluence of
Mill Brook and the Presumpscot River is just upstream of the Route 302 Bridge.
According to the USGS’s report on the flood that occurred in October of 1996, the
following flood elevations were recorded “Upstream of the Route 302 Bridge,
Westbrook”. The 1996 flood is recorded as a 250-year event by the USGS. The other
historic events are in the range of a 25-year event.

Date Elev. - ft. NGVD ft. NAVD
1996 43.8’ 43.2
1954 36.5’ 35.9’
1916 34.1° 33.5’
1896 36.6° 36.0°

Flow frequency data for the Presumpscot River was developed by the USGS at the
Westbrook Dam, based on recorded flow data. FEMA also published flow-frequency
data in the Flood Insurance Study of Westbrook. The following table summarizes flows
on the Presumpscot River as calculated by USGS and as published by FEMA.

Calculated Flows at Turnpike
USGS Data from Bridge according to USGS
gage at FEMA FIS at 1999 report methodology —
Westbrook | Westbrook Sec. 4, in cfs
Drainage Area, sq.
mi. 577 600
Frequency —1.1-yr 2500
2-yr 5295 5400
10-yr 9890 8500 10160
1954 12,400
1916 12,400
1896 13,800
50-yr 15700 11800 16024
100-yr 18900 13300 19270
1996 23300 27400
500-yr 28000 17000 28340




The flow data developed by FEMA neither agrees with the USGS frequency curve at the
gage, nor with the experience of the flood that occurred in 1996. Historic floods also
suggest that the FEMA flows are lower than occur on the Presumpscot River.

For the study of the turnpike bridges, the following flood elevation-frequency data was
developed at the Falmouth/Westbrook town line. FEMA FIS elevations are listed for
comparison.

Frequency  Turnpike Bridge FEMA Elevation
Study Elevation (NAVD) (NGVD/NAVD)

1.1-year 16.2

2-year 21.2

10-year 27.0 28.8 28.2
50-year 32.4 315 309
100-year 34.8 325 319
500-year 40.8 35.0 346

Mill Brook: FEMA published the following flows for Mill Brook, listing a drainage area
of 4.5 square miles.

10-year 480
50-year 630
100-year 700
500-year 860

Hydrologic Analysis:
MDOT provided hydrologic calculations, prepared in accordance with the USGS 1999

report for estimation of peak discharges. The following table summarizes hydrologic
calculations for the Little Bridge, with a drainage area of 13.7 square miles.

1.1 year 153 cfs
10-year 564 cfs
25-year 713 cfs
50-year 829 cfs

100-year 954 cfs
500-year 1255 cfs

Hydraulic Analysis:
The goal of the hydraulic analysis is to provide information on water levels, and flow

velocities at Little Bridge. The hydraulic information will assist in design of bridge
elevations and foundation components.



The Little Bridge is affected by backwater from the Presumpscot River. As discussed
under existing data review, the data developed by FEMA in 1981 does not agree well
with data developed by USGS and recorded for historical floods. Therefore, for the
Presumpscot River, data from the study of the turnpike bridges was used for water
surface elevations on the Presumpscot River. Elevations were adjusted from the town-
line to Mill Brook, by approximately 1.3* based on FEMA profile estimates of stream
gradient.

The following backwater elevations apply to the Presumpscot River at its confluence with
Mill Brook. (NAVD).

Town Line At Mill Brook FEMA at Mill Brook
1.1-year 16.2 17.5
2-year 21.2 22.5
10-year 27.0 28.3 29.4
50-year 32.4 33.7 32.4
100-year 34.8 36.1 33.3
500-year 40.8 42.1 35.7

A hydraulic model of the Little River Bridge was developed to simulate existing and
proposed conditions at the bridge. Model HECRAS was used to model flow conditions
though the bridge. Model cross sections were compiled using data from field survey,
project plans and USGS topographic maps. Cross section locations are shown below.




Existing topography is shown below. In this plot, the stream flows from top of picture to
bottom.
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The existing condition model consisted of twin cmp culverts 11” in diameter. Sections at
the bridge were modified to simulate the proposed condition of a 30°11” base arch with
8.5 rise.

Section



Models were run with and without backwater from the Presumpscot River. The
following table summarizes model results.

Elevation Velocity
Upstream Downstream Ave. Max.

Without Backwater from Presumpscot River

Existing
1.1lyr 17.2 15.9 3.7 4.0
10 yr 20.0 175 65 7.0
25 yr 20.9 17.7 76 83
50 yr 215 17.8 86 93
100 yr 22.1 17.8 99 107
500 yr 23.6 18.4 109 1138

Proposed
1.1lyr 16.3 15.9 30 34
10 yr 18.2 175 59 6.2
25 yr 18.6 17.8 68 7.6
50 yr 18.9 17.9 74 84
100 yr 19.2 17.9 80 85
500 yr 19.9 18.5 9.1 97

With Backwater from Presumpscot River

Existing
1.1lyr 17.8 175 21 24
10 yr 22.8 22.5 22 26
25 yr 28.9 28.3 12 14
50 yr 34.3 33.7 09 1.0
100 yr 36.2 36.1 09 1.0
500 yr 42.1 42.1 08 0.9

Proposed
11lyr 17.6 175 18 1.9
10 yr 22.5 22.5 24 27
25 yr 28.3 28.3 19 27
50 yr 33.7 33.7 21 26
100 yr 36.2 36.1 22 26
500 yr 42.1 42.1 1.0 11

Scour:

The existing bridge is subject to contraction scour, which can cause scour holes to
develop at the entrance and exit from the culverts. Because the culverts have a bottom,
abutment scour is not an issue, but contraction scour is causing a scour hole to develop at
the downstream end of the twin culverts. This type of scour can undermine the base of
the culvert if not addressed with scour protection measures.



The proposed bridge is subject to scour conditions when the bridge experiences
backwater flow from the Presumpscot River. With only runoff from the Mill Brook
watershed, flood elevations are not expected to be above the top of abutment footings,
with the new bridge, and therefore only minor scour due to contraction is expected to
occur. However, with backwater from the Presumpscot River, the bridge would be
subject to flow in both directions during high water, first as the river backs up through the
bridge, and second, as the high water again drains downstream.

Scour computations were done using model HECRAS. The default model variables were
checked for reasonableness compared to plotted cross sections and were found to
adequately represent potential scour conditions. The bridge experiences a significant
contraction in both directions, even with the newer structure. Abutments encroach on the
normal flood plain, so abutment scour potential remains. The new bridge causes a small
contraction than the existing culverts and therefore will experience lower flow velocities.
Scour was computed with the Froehlich equation which is known for overly conservative
results. Scour protection for the abutments is recommended. Base of abutments or piles
should be placed such that the foundation component is stable under fully scoured
conditions. The following table summarizes potential scour at the new bridge, at the
Left, Center and Right stream channel locations, measured when facing downstream.

Flood Event Abutment/Contraction Scour Total Scour  Scour Elevation

Existing Base of Stream

Left Abutment 15.0

Center 15.0

Right Abutment 15.0
10-year

Left Abutment 6.0 6.4 8.6

Center 0.3 0.3 14.7

Right Abutment 4.1 4.4 10.6
100-year

Left Abutment 16.1 19.6 -4.6

Center 3.6 3.6 11.4

Right Abutment 17.5 21.1 -6.1
500-year

Left Abutment 22.4 22.4 -7.4

Center 0.0 0.0 15.0

Right Abutment 23.8 23.8 -8.8

These computations assume a bed material D50 of 0.2mm. Larger material would
provide some protection. Scour protection measures such as riprap, or cable mats at
abutments would provide protection against abutment scour.



Summary and Conclusions:

Little Bridge on Mill Brook is subject to flooding from upstream flows and from
backwater from the Presumpscot River. While the culverts do allow flood waters from
upstream to pass without overtopping, high velocities and scour due to contraction are
expected to occur during any type of flooding. The proposed bridge provides a wider and
higher opening that would assist in drainage of upstream floodwaters and in improved
conveyance of backwater which results from flooding on the Presumpscot River.

Flood elevations are expected to remain at or below current predicted levels with the new
bridge in place. Velocities are expected to decrease with the new bridge. Scour
protection is recommended for the abutments.
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Appendix

Hydrologic Calculations, MDOT
FEMA/FIS and FIRM Selected pages
Grain Size Analyses
HECRAS model section of existing bridge
HECRAS model section of proposed bridge
HECRAS model section of upstream section
HECRAS output-
Stream Profile, Table 1, and Velocity Distributions
Existing Conditions w/Backwater
Proposed Conditions w/Backwater
Existing Conditions w/o Backwater
Proposed Conditions w/o Backwater
Scour Computations, Proposed Conditions w/Backwater, Plot and Computations
10-yr
100-yr
500-yr



0l XV X Q=10

sujepy ‘eysnbny ‘Asaing eaibojoes) SN

S00F-66 LOday StoBDIISOAU] S80IN0S8Y-I9]EM
SjeAIBIUl @0ualInNoal Pajoslas o) sulein Ul

swiesqs Jo) smoy yead jo apnjubew sy} Bujewisy

‘6661 D ‘SupBpoH

:90udIBjOY

z'ssel
§'€56
6'828
TELL
8'€99
6'15Y
8'/6T
8'Z51
(s/.13)'0

< PAUSISIEM JO LIOIOE [BLIosp se Joyinbe jaaelb g pues

>OU.®EmE@cownmI.m®:m£O
: S04 1-182-L0C
91L00-£££¥0 IN ‘BIsnBny
uonenodsuei] 1deq eueiy

ﬂ 1s16ojoIpAH J8iuD
3d ‘uosgei 'S sejeyd

:Aq pasedaid j3oaYSHIOM

(dn-yooi Ag ‘sayour) cozﬁ_a_omﬁ jenuue uesw
nust umop-dop. Eg__\@czoo 8s00Yo
(s1e10W IN6L WLN ‘N ‘T) plosuad paysiajem

(IMN Aq) eaie spuejiapp
Baly psysisiep

80'vS Gg'Ge LE'EC 009
8.'6€ 00'.2 £e'gl 001

9L 'vE L¥'€T €191 0g

G0'6¢ 0202 701 gc

¥9'¢¢ 16°Gl 9zl 0}

g6'Ll 08¢l eL'e g

08'LL £r'8 £0°9 Z

X4 VL
roddn (s w)lp Jsemo (1A 1

sjewys3y mojd jead  pd 19y

(%) M

. . 7. 'Gl
190 | IAT3uU0D LE'GE (;u) v

000 o8

|y vidd
. 35 puepequind|  Ajuno)

/¥ESv8y  |00G1L6€ - °d

zgieL  [evLe 1S°G M

y'6€l8  1s69€l  |1g£6¢E v

or 1w wy

[, 1w] uj e3ep sopug

FAl

z

Ajuo syjeo enjq ur elep Jsusg

(661 ‘supibpor) suoijenby uoissalboay SOHSN Aq suolejnsjen mojd Jead

6002/ LITL :93eQ
pend sOSN

/86¢ "ON 8bpug
Y00IqISapn IUMO )
0019791 ‘Nid

UUBWAAY

P4 UMO}

obpug amI

3j0o.g N

MOOICISaAA

:Aq sisAjeuy
"ON 9jnoy
:awepN abpug
:9WIEN Weang
iowiepN jo9loid



APPROXIMATE SCALE

400 C 400 FEET
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KATIONAL FLOGD INSURANCE PROGRAM

FIRM

FLOOD INSURANCE RATE MAP

CITY OF

WESTBROOK,
MAINE

CUMBERLAND COUNTY

PANEL 4 OF 8

COMMUNITY-PANEL NUMBER
230054 0004 B

EFFECTIVE DATE:
JANUARY 2, 1981

federal emergency management agency
federal insurance adminigtration \

This is an official copy of a portion of the above referenced flood map. it

was extracted using F-MIT On-Line. This map does not reflect changes

or amendments which may have been made subsequent to the date on the
title block. For the iatest product information about National Flood insurance
Program flood maps check the FEMA Flood Map Store at www. msc.fema.gov
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3.0

There are two dams on the Presumpscot River within the city limits of
Westbrook. These are the Cumberland Mills Dam and the Saccarappa Dam.
Both dams were constructed to produce power but only the latter, upstrecam
of the former, continues to be used for this purpose. Both structures
provide minimal flood control protection as an auxiliary funetion. There are
six other dams on the Presumpscot River upstream of Westbrook which,
though intended for power, also serve a secondary flood control function and
thereby provide a measure of protection to the study community.
Additionally, the Presumpscot River's source, Sebago Lake, with a water-
surface of 45 square miles, has a capacity to store large volumes of
floodwaters from the upper drainage areas.

ENGINEERING METHODS

For the flooding sources studied in detail in the community, standard hydrologic
and hydraulie study methods were used to determine the flood hazard data required
for this study. Flood events of a magnitude which are expected to be equalled or
exceeded once on the average during any 10-, 50-, 100-, or 500-year period
(recurrence interval) have been selected as having special significance for flood
plain management and for flood insurance premium rates. These events, commonly
termed the 10-, 50-, 100~-, and 500-year floods, have a 10, 2, 1, and 0.2 percent
chance, respectively, of being equalled or exceeded during any year. Although the
recurrence interval represents the long term average period between floods of a
specific magnitude, rare floods could occur at short intervals or even within the
same year. The risk of experiencing a rare flood increases when periods greater
than one year are considered. For example, the risk of having a flood which equals
or exceeds the 100-year flood (one percent chance of annual occurrence) in any 50-
year period is about 40 percent (four in ten), and for any 90-year period, the risk

increases to about 60 percent (six in ten). The analyses reported here reflect

flooding potentials based on conditions existing in the community at the time of
completion of this study. Maps and flood elevations will be amended periodically
to reflect future changes.

3.1 Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak discharge-
frequency relationships for floods of the seleeted recurrence intervals
for each flooding source studied in detail affecting the community.

Discharges from Sebago Lake to the Presumpscot River have been recorded
continuously since 1887 by the S. D. Warren Company and published by the
USGS. In 1975, the USGS installed a stream gage on the Presumpscot River
in Falmouth at the Maine Turnpike bridge crossing, just downstream of the
study area. The only other flow data available for the lower Presumpscot
River are miscellaneous peak discharges computed at the Cumberland Mills
Dam in Westbrook. Extensive regulation of Sebago Lake has greatly
attenuated peak flows from the upper 436 square miles of the Presumpscot
River watershed. Runoff from the lower 154-square mile drainage area is



the primary contributor to flood flows in Westbrook. The Royal River at
Yarmouth, Maine, located adjacent to the Presumpscot River basin, has a
drainage area of 141 square miles and is considered somewhat indicative of

the runoff characteristics of the lower Presumpscot River. Analysis of 28
years of USGS flow data for this stream was therefore used as a basis for

estimating discharge-frequencies for the lower Presumpscot River. A
frequency curve was developed for the Royal River using a standard log-
Pearson Type III statistical distribution (Reference 3).  Discharge
frequencies for the Presumpscot River watershed, between Sebago Lake and
Cumberland Mills Dam, were developed by multiplying the Royal River
curve by the ratio of peak flows experienced at Cumberland Mills Dam and
the Royal River during the floods of March 1936, September 1954, and
Mareh 1977,

An assumed coincident baseflow contribution of 600 cfs from Segabo Lake
was then added to the Presumpseot River discharges, reflecting the
desynchronization accomplished through regulation at the Eel Weir Canal by
the S. D. Warren Company. Frequency data for the Presumpscot River were
then transferred downstream to the Falmouth town line by ratio of net
drainage areas taken to the 0.7 exponential power, assuming the same
continuous baseflow contribution of 600 cfs from Sebage Lake. The
resulting peak discharges exceeded those values of the Flood Plain
Information, Presumpscot River Study (Reference 4), by approximately 20
percent, due mainly to the inciusion of the significant March 1977 event in
the diseharge-frequency analysis.

There being no discharge records for either Mill Brook or Minnow Brook, the
runoff characteristics of the watersheds were assumed to be equivalent to
those for the lower Presumpscot River basin as a whole, and flows were
determined on a direct drainage area relationship. In the case of Mill Brook,
the additional effeect of storage at Highland Lake in the upper watershed
was also considered in the selection of peak flows from the lower 4.5-square
mile drainage area. Several significant flood events were recently recorded
on the Stroudwater River by the USGS, suggesting the need for some
modification of the discharge-frequency relationship previously published in
the Flood Hazard Analysis Stroudwater River Study (Reference 5). The
discharges developed by the SCS for the 100-year frequency flood were
retained, but values in the more frequent range were increased due to the
recent frequency of high flows, particularly the events of April 1975, April
1976, and March 1977. Discharges for the ungaged Clark Brook and
Tributary to Clark Brook, were ¢stablished on the basis of the Stroudwater
River discharge-frequency ecurve, making appropriate adjustments for
differences in drainage areas.

The drainage area for the Presumpsecot River at Cumberland Mills Dam and
at Westbrook - Falmouth Boundary is 436 square miles above Sebago Lake.
The drainage area for Mill Brook at its mouth is 7.9 square miles above
Highland Lake.



3.2

Peak discharges for the 10-, 50~, 100~, and 500-year floods of each flooding
source studied in detail in the community are shown in Table 1.

Hydraulie Analyses

Analyses of the hydraulic characteristies of the streams in the community
were carried out to provide estimates of the elevations of the floods of the

' seleeted recurrence intervals along each flooding source studied in detail.

Field surveys were conducted at all bridges and road cossings on all rivers
studied in detail. The locations of intermediate valley and channel cross
sections were taken from photogrammetric maps (Reference 6).

Locations of selected cross sections used in the hydraulic analyses are shown
on the Flood Profiles (Exhibit 1). For stream segments for which a floodway
was computed (Section 4.2), selected cross section locations are also shown
on the Flood Boundary and Floodway Map (Exhibit 2).

Manning's roughness coefficients used in the backwater computations were
selected based on engineering experience and judgment. A value of 0.035
was used for all stream channels and 0.080 was used for overbank areas.
Energy losses due to gradual changes in the cross sectional flow area were
computed using coefficients of 0.1 and 0.3 for contraction and expansion,
respectively, whereas 0.3 and 0.5 were used for abrupt changes.

Starting water-surface elevations were determined for the Stroudwater
River and the Presumpscot River using previously published elevation-
discharge relationships (References 4 and 5). Starting water-surface
elevations for Minnow Brook and Mill Brook were determined at their
respective mouths at the Presumpscot River. Starting water-surface
elevations for Clark Brook were determined at its confluence with the
Stroudwater River. Starting water-surface elevations for Tributary to Clark
Brook were determined at its confluence with Clark Brook. Flood profiles
were computed for all the streams using the U.S. Army Corps of Engineers
(COE) HEC-2 computer program (Reference 7). Flood profiles were drawn
showing computed water-suface elevations to an accuracy of 0.5 foot for
floods of the selected recurrence intervals (Exhibit 1).

It is noted that profiles developed by backwater computations do not allow
for debris, ice, excessive turbulence, or river bends which might affect flood
levels experienced during a major flood. It is therefore concluded that the
computed profiles represent minimum levels that might be expected under
the various magnitudes of flow.



FIGURE 2 - Flood of March 1936. Huge ice cakes left by flooA-
waters near intersection of Bridge Street and Route
302 in Westbrook (Kennebec Journal photol.

FIGURE 3 -~ Downstream of Portland Terminal railroad hridge -
Westbrook. Note huilding in foreground - waters
would approach top of basement “indow.
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Plan: Plan05 Mill Brook 1 RS:60  ProflesPF1 Cf)"wm W W Bacwe lo

Pos  LeftSta RightSta = Flow  Area  W.P.  Percent | Hydr  Velocity

Lo @ efs) | (saft) () Conv | Depth(ft) | (fts)

Chan 18700 18845 . 074 134 255 049 113, 0.55
Chan 18845  189.90 641 450 208 419 3.10 1.42
‘Chan  189.90 19135 904 479 145 591 330 1.89
Chan 19135 19280 | 904 479 145, 591 3.30 1.89
' Chan 19280 19425 . 904 479 145 591. 330 1.89
‘Chan 19425 19670 904 479 145 591 330 1.89
Chan 19570 19715 904  479. 145 591 3.30 1.89
Chan 19715 19860 | 7.99 464 162 6522 320 172
9 Chan 19860 20006 558 369 156 365 255 151
10 Chan 120005 20150 . 570, 363 145 372 2.50 1.7
41 Chan 120150 20295 570, 363 145 372 250 157
12 Chan 20295 20440 . 684 435 173 447 300 1,57
13 Chan 20440 20585 904 479 145 591 330 189
14 Chan 20585 20730 904 479 145 591 330 189
15 Chan 20730 20875 . 904 479 145 591 3.30 1.89
16 Chen 20875 21020 904 479 145 591 330 1.89
17 Chan 21020 21165 904 479 145 591 330 1.89
48 Chan 21165 21310 904 479 145 591 3.30 1.89
19 Chan 21310 21455 904 479 145 591, 330 1.89
20  Chan 21455 21600 443 389 251 2.90 2.68 1.14
21 ROB 21600 32000 . 108 508 692 071 075 0.21

o' N niwini-

Plan: Plan 05 Mill Brook 1 RS:860  Profile: PF 2 o ) )
Pos | LefiSta RghiSta  Flow  Aea WP Peent  Hydr | Velooly
, Lo @ (efs) o (saf) ()  Conv | Deptht) = (f/s) |
LOB 10000  187.00 - 4714 166.62] 6956 8.36. 240 0.28
‘Chan 18700 18845 865 849 311 153 5.86 1,02
Chan 18845  189.90 . 1935 1172 208 3.43 8.08 165
Chan 18980 19135 2663 1200 145 454 8.28 244
Chan 19135 19280 2563 1200 145 454 828 2.14
Chan 19280 19425 2563 1200 145 454 828 2.14
Chan 19425 19570 2563 1200 145 454 8.28 2.14
Chan 19570 1975 2563 1200 145 454 828 2.14
" Chan 19715 19860 2335 1186 162 414 8.18 197
Chan 19860 20005 2079 1091 156 369 7.52 191
Chan 120005  201.50 2164  1084° 145 384 7.48 2.00
‘Chan 20150 20295 2164,  10.84 145 3.84 7.48 2.00
“Chan 20095 20440 2140 1156 173 380 797 185
Chan 120440 20585 2563 1200 145 4.54 8.28 2.14
Chan 20585  207.30 2563 1200 145 454 8.28 2.14
Chan  207.30 20875 - 2563 12,00 145 454, 8.28 2.14
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Chan 20875 21020  : 2563 1200 145 454 8.28 2.14
Chan 21020 21165 ' 2563, 1200 145 454 8.28 2.14

Chan 21165 21310 2563 1200 145 4.54 8.28 214
Chan 21310 21455 2563 12000 145 4.54 8.28 2.14
Chan 21455 21600 1562 1110, 251 2.77. 7.66 1.41
ROB 21600 32000 5687 21975 10486 10.08 211 0.26,
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Plan: Plan 05 Mill Brook 1 RS:

60  Profile: PF 3

Pos Left S‘tab ; Right Sta 'F'l’ow ) Area WP Percent v ‘Hyclr ' Velocity -

| (f) (" (f)  (safy ()  Cowv  Depthl) (i)
1 LoB 10000  187.00 132.84° 64187 8981 1863 7.38 0.21
2 Chan  187.00  188.45 970 1693 311 136 11.67 0.57
3 Chan 18845  189.90 16.96 2015  2.08 238 13.90 0.84
4 Chan  189.90 19135 2210 2044, 145 3.10 14.10 1.08
5 Chan 19135  192.80 2210 2044, 145 3.10 14.10 1.08
6  Chan 19280 19425 2210, 2044 145 310, 1410 1.08
7 Chan 19425 19570 2210 2044, 145 310 14.10 1.08
8 Chan 19570  197.15 2210 2044 145 310 1410 1.08
9 Chan  197.15  198.60 2030 2030 1.62 2.85 14.00 1.00
10 Chan  198.60  200.05 1918 19.35 1.56 2,69 13.34 0.99
11 Chan 20005  201.50 2005 1928 145 2.81 13.30 1.04
12 Chan 20150  202.95 2005  19.28 145 281 13.30 1.04
13 Chan 20295 20440 1894 20.00 173 266 13.79 0.95
14 Chan 20440  205.85 2210 2044 145 3.10, 14.10 1.08
15 Chan 20585  207.30 2210 2044 145 3.10 14,10 1.08
16 Chan  207.30 20875 2210 2044, 145 3.10. 14.10 1.08
17 Chan 20875 21020 | 2210, 2044 145, 310 14.10, 1.08,
48 Chan 21020 21165 2210 2044, 145 3.10 14.10- 1.08
19 Chan 21165  213.10 2210° 2044 145 310 14.10 1.08
20 Chan 21310 21455 2210 2044 145 310 14.10. 1.08
21 Chan 121455  216.00 1422 1954, 251 1.99 13.48 0.73
22 'ROB 21600  320.00 17558  824.93  110.67 2463 7.93 0.21.
Plan: Plan 05 Mill Brook 1 RS: 60 Profile: PF4 o ‘ ’
- Pos  leftSta  RightSta  Flow  Aea WP, Percent  Hydr  Velocity
: @y efy o esafy @ [ Conv | Depth() . (fUs)
1 LOB 10000  187.00 18569 111183 9521 2240 12.78 0.17
2 Chan  187.00 18845 1065 2476 3.1 1.29 17.08. 0.43
3  Chan 18845 18990 - 1709 2799 208 206 19.30 0.61
4 Chan 18990 19135 | 2212 2827 145 2.67 19.50 0.78.
5 Chan  191.35 19280 2212 2827 1.45 2.67 19.50 0.78:
6  Chan  192.80 19425 2212 2827 1.45 2.67 19.50 0.78
7 Chan 19425 19670 2212 2827 1.45 2.67 19.50, 0.78
8 Chan 19570 19715 | 2212 2827 1.45. 2.67 19.50 0.78
9 Chan 197.15  198.60 2038 2813, 162 246 1940 072
10 Chan 19860 20005 1970 2718 1.56. 2.38 18.74. 0.72
11 Chan 20006 20150 2083 2741 1.45, 2.49. 18.70. 0.76:
12 Chan 20150 20295 . 2083;  27.11; 145 249 18.70, 0.76
13 Chan 20295  204.40 1915 2783 173 2.31 19.20 0.69
14 ~ Chan 204.40 20585 2212 2827 1.45 2.67 19.50 0.78
15 Chan 205.85  207.30 2212 2827 145 267 1950, 0.78
16 Chan 207.30  208.75 2212 2827 145 2.67. 19.50 0.78
17 Chan 20875 210.20 2212 2827 145, 2.67 19.50. 0.78
18 Chan 21020 21165 2212, 2827 145 2,67 19.50 0.78,
19 Chan 21165 21310 2212 28.27 1.45 2.67 19.50 0.78
20 Chan 21310 121455 2212 2827 145 267 19.50 0.78
21 Chan 21455  216.00 1454 2737 251 175, 18.88 0.53
22 ROB 216.00 32000 23514 138672 11608 28.36 13.33 0.17



Plan: Plan 05 Mill Brook 1 RS:60 Profi!e: PF“S

Pos  LeftSta RightSta  Flow  Awea WP Percent  Hydr  Velocity |

S ® s | Gafy (@ Conv  Depth(f  (fs) |
1 LOB 10000 18700 22198 132085 9761 2327 15.18 017,
2 Chan  187.00 18845 1211 2824 3.11 127 19.48 0.43
3 Chan 18845  189.90 . 1897 3147 2.08 199 2170 0.60
4 Chan 18990 19135 2450 3175 145 257 21.90° 0.77
5 Chan 19135 19280 2450, 3175 145 257 21.90, 077
6 Chan 19280 19425 2450 3175 145 257 2190 0.77:
7 Chan 19425 19570 . 2450 3175 145 257 21.90 0.77
8 Chan 19670 19715 2450 3175 145 2.57 21.90° 0.77
9 ‘Chan 19745 19860 . 2260 3161 162 2.37 21.80 0.71
10 Chan 19860 20005 2199 3066 1.56 2.30 21.14. 072
11 Chan 20005 .201.50 . 2303 3059 1.45 2.41 21.10 0.75
12 Chan 20160 20295 2303 3059 1.45 2.41 21.10 0.75.
13 Chan 20295 20440 2127 3131 173, 223 2160 0.68
14 Chan 20440 20585 | 2450 3175 145 257 21.90 0.77
15 Chan 205.85 20730 . 2450 3175 145 257  21.90 0.77
16 Chan 20730 20875 . 2450 3175 1.45 257 2190 0.77°
47 Chan 20875 21020 2450 3175 1.45. 257, 21.90 0.77
48 Chan 21020 21165 2450 3175, 145 257 21.90 0.77
19 Chan 21165 21310 | 2450 3175 145 257 21.90; 0.77
20  Chan 21340 21455 | 2450 3175 1.45 257 21,90 0.77
21 Chan 21455 21600 1620 3085 251 1.70 2128 0.53.
22 ROB 21600 32000 27885 1636.34 11848 2923 1573 0.17,

Plan: Plan 05  Mill Brook’ 1 RS: 60 Profile: PF 6

- Pos  LeftSta RightSta  Flow  Area WP, Peent  Hydr  Velocity
S . ®m @9 am @ | Conv . Deptly (WS
K LoB 100.00  187.00 . 307.71 184267 10362 2452 2118, 0.17
2 Chan  187.00 18845 | 1570 36.94 311 125 2548 0.42
3 Chan 18845 18990 2361 40.17 2.08 1.88 27.70 0.59
4 Chan  189.90 19135 . 3040 4045 145 2.42 27.90 0.75
5 Chan 19135 19280 . 3040 4045 145 2.42 27.90 0.75.
6 Chan 19280 19425 | 30.40 40.45 1.45 2.42 27.90 0.75
7 Chan 19425 19570 3040 4045 145 242 27.90 0.75.
8 Chan 19570 19745 . 3040 4045 145 242 27.90 0.75
9 Chan 19715 19860 2808 4031 1,62 224 27.80 0.70
10 Chan 19860 20005 2763 3936 156 2.20 27.14 0.70
11 Chan 20005 20150 2896 3929 1.45 2.31 2710 0.74
12 Chan  201.50 20295 2896  39.29, 145 2.31 27.10 0.74
13 Chan 20295 20440 . 2653 4001 173 2.11 27.60 0.66
14 Chan 20440 20585 3040 4045 1.45 2.42 27.90 0.75
15 Chan 20585  207.30 -~ 3040  40.45. 1.45. 2.42 27.90 0.75
16 Chan 20730 20875 3040 4045, 145 242 27.90 0.75
17 Chan 20875 21020 3040 4045 1.45 242 27.90 0.75
18 Chan 21020 21165 . 3040 4045 145 2.42 27.90 0.75
19 Chan 21165 21310 3040, 4045 1.45. 2.42 27.90 0.75
20 ‘Chan 21310 21455 3040 4045 145 242 27.90. 0.75
21 Chan 21455 21600  + 2031  39.55 2.51 1,62 27.28 0.51
22 ROB 21600 32000 382.75. 2260.36 12448  30.50 2173 0.17
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HEC-RAS Reach: 1 ] ) w T L-’ - b

: 2 "Q Total MinChEl . WS Elev | GritwW:S. | EG.Elev . E.G.Slope = VelChnl | FlowArea . TopWidth | Froude# Chi
: ©s) o () @y (s gsafy @) )
A 232 PF 1 153.00- 1752, 1782, 0007463, 435 3763 3678, 067.
q 232 PF2 564.00 22.59 0.000225 2.09 55932 137.99. 0.15
1 232 PF3 713.00 2834, 0.000028 114 154131 201.61 0.06
4 232 PF 4 829.00 33.75 0.000008; 080 271746 220.00 0.03
g 232 PF 5 954.00° 36.16 0.000007 0.78 3246.88 22000 0.03
1 232 PF B 1255.00, ) 42.11 0.000004 0.75  4557.00,  220.00; 0.3,
7 210 PF 1 14.50 17.67,  0.003105 312 49.01, 31.30- 0.44-
T 210 PF 2 14.50 2259, 0000227 211 375.01. 96,54 0.15,
B 210 PF 3 14.50 28.34.  0.000030 120 1144.91 169.02 0.06
A 210 PF 4 14.50. 3375 0.000009 0.85 2156.84 190.00_ 0.04
1 210 PF 5 14.50 36.16; 0000007 0.82,  2614.38 19000 0.03.
1 210 PF 6 1255.00 14.50. 4211, 0000005 0.78 374594  190.00 0.03
I 183 PF 1 153.00 14.00 1544 1761 0.000484. 187 82.22! 2560 0.18;
a 183 PF2 564.00° 14.00 1670 2258 0000275 254 350.87: 8480 015
1 183 PF 3 713.00 14,00 17.44 2834 0.000053 1.58 976.05 144,27 0.07
1 183 PF 4 829.00 14.00 17.47 3375 0.000016 110 1991.89 203.98° 0.04:
1 183 PF5 954.00 14.00 36.14; 17.81. 3615 0000013 1.04 2485.72 20500 004
1 183 PF6 ~1255.00 1400 4210, 18.59 4211 0000008 0.94 3706.98 205.00 0.03
a1 122 Bridge ) o

- 60 (PF 1 153.00. 14.00 17.55.  0.000385, 168 9545, 3464 0.16.
1 60 PF 2 564.00 14.00, 2253 0000147 181 619.61 20725 042
¥ 60 PF 3 713.00. " 14.00 2831, 0.000017 0.90. 201081, 250.00. 0.04
1 60 PF4 829,00 14.00, 3370 0.000005 0.64 3361.15. 250.00; 0.03.
a7 60 PrS 954.00° 1400 36.10 0.000004 0.63 3961.19 250.00 0.02
1 60 PFG 125500 14.00, 42100 0.000003. 061 546126 250.00, 0.02.
o 44 PF 1 153.000 1150, 0.000049- o7t 21872 66.17. 0.06.
B 44 PF 2 564.00. 1150 ) 0000031 099 93143 187.51. 0.06
4 44 PF3 713.00. 1150 2831 0000007 0.66.  2089.27 205.00 0.03.
4 44 PF 4 820,00 150 3370 0.000003 052 319625 205.00. 0.02
. - PF5 954.00_ 11.50¢ 36.10.  0.000003 3688.25 205.00 002
It 44 PF 6 1255.00, 11.50 4210° 0.000002 491824 20500 002
a0 8 PF 1 “153.00 12,001 1753, 0000083 093 18268 69.32, 008
iy 28 PF2 564.00. 12.00° T2252 0.000043! 116 101424 200.83: 0.07
1 28 PF3 713000 1200, 2831, 0.000009, 074 219804 205.00° 0.03.
1 28 82000 12.00 33.70 0.000004 059 3305.08 205.00 0.02
1 28 T954.00° 1200 36100 0.000003 060  3797.08.  205.00 0.02
" 28 1255000 12.00 ) 4210 0.000002 0600 5027.07 205.00; 0.02
T o ‘PF 1 153.00- 1380  17.50, 1528 1753 0.000435 133 11545 62.00 T0.47:
1 o PF 2 564.00 13.80 2250 16.88. 2251 0.000047 102 To3201 200.83 0.07
a0 o " PF3 713.00. 13.80 2830 17.19. 28.30 0.000008" 062 211670 205.00 0.03
i o PF 4 829.00° 13.80° 33.70 17.37 3370 0.000003 0.49 322370 205.00 002
a0 o PF5 954.00° 13.80 36.10. 17.58, 36.10 0.000003, 049 371570 205.00, 0.02
T o PF 6 1255.00. 1380, 4210 1801 4210 0000002, 050 494570  205.00 0.02°




\ ; ‘
HEC-RAS Plan: Plan 24 River: Mii Brook Reach: 1 \,\)(3 ;s\i%'i{ﬂﬂ)s g 'E{,\,C‘g\u\){j{if
"""Reach | RiverSta Profile EG v WS Eiev T CRlWS. | Fremloss | C8ELoss | TopWidth |  Qleft : QChannel | QRight Vel Chni
; : @ (ft) : ") : () sy ety ety sy
T 83 PE 1761 1785, 15.14 0.02 0.00; 008, 152.95. : 187
1 183 PE2 2258 2249 16.70; 001! 000 saso. 1826, s07.98, 3776, 254
A 183 PF 3 T T 2s34 2831 1714 0.00: 0.00° 144.27 4668 5 2975 188
i 183 [PF 4 Cazrs, | 4 17.47 0.00! 0.01. 20395, 12494, 51550 18847, 110
3 183 PF 5 3615 3614 1781 0,00 ' 205.00 17255, 54712 23433 1.04
A 83 PF 6 4211 a0 1850 000 500 26399 63018, 34 094’
g 122 BRU PF1 Cirse arsd 0.02 26.09, ) 153000 ast
o 122 BRU PF2 2257, 2248 002, 3065 T sea00 T a2
It 122 BRU PF3 2833 2828 0.01 14.49 S rso0, T e
1 122 BRU eFa T aava a3eT 4744 0.02° o0 = N 5
- 192 BRU PF5  seis ae08, 776 002 000 posco, 3aai esssa. 3077, 217,
1 122 BRU  PFe a2 4210, 0.00: 000 20800°  192.08 535.02 52790 0.8
1 22 BRD 1 irse 752, s20 ooz ooo, 2748 T asseo, 17
i 122 BRD (PF2 ‘ 2255 2246 1661 001 001 3067 T se400 )
a 122 BRD PF3 28.32 2827 17.01 ] 0.01 1457 T se0. T e
A 122 BRD PF4 3372 3365 17.31. o2 - . 82900 22
1 122 BRD PF5 36.12 36.05. 1761 000 002 25000, 3055,  903.02 20,42, 2.19
i 22 TBRD TeFe T T Tapa0l T tesol | ooo’ 000 25000 20458 61224 43818 1.00°

60 PF 1 . 1758 4750 “0.00' 001 3464 " 151,09, 1.01

60 PF 2 T sy 248 T 000 0.01 207.25 29.62 471703 5736

60 PF3 2831, 2830 000, 25000 10146 42763 183.91

60 PF 4 33.70 ‘ 000 25000 14320 430.26, 25554
: 60 PF 5 36.10 36,10, - 0.00° 25000 17148, 477.40. 30543,
S C I i S X 000 250007 23853 59401, 42446




: Pos Left Sta™. _“%Riﬁﬁt Sta Flow @ Area | W.P. Percent Hydr Velocity

; (ft) (ft) (cfs) © (sgft) (ft) Conv Depth(fty = {ft/s)

X LOB 110000  180.00 10.99.  41.48 2447 1.95 173 0.27

2 Chan  180.00  182.00 1588 919, 2.0 282 459 173

3 Chan 18200 18400 1671 947 201 295 474 176

4 Chan  184.00  186.00 . 1756 976 201 311 488  1.80

5 Chan 18600  188.00 1842  10.05, 201  3.27 5,02 1.83

6  Chan 18800  190.00 19300 1033 201 342 BA7 187

7 Chan 19000 19200 2020 1062, 201 358 531 190

8 Chan 19200 19400 . 2112 1090, 201 374 545 194

9 Chan 19400 19600 2318 1205 224 411 602 1.92

10 Chan 19600 19800 ' 30.34 1463  2.43 5.38 7.31 2,07

11 Chan 19800 20000 . 3854 1571 203! 6.83 7.86 2.45

12 Chan  200.00  202.00 3970 1592 200  7.04 796 249

13 Chan 20200  204.00 3867 1567 200, 6.86. 784 247

14 Chan 20400 20600 3765 1542 2,00 667 771 244,

15 Chan  206.00  208.00 3664 1517 200 650, 7.59 241

16 Chan 20800  210.00 3351 1455 206 594, 7.27 2.30

17 Chan 21000 21200 2076 1355/  2.06 5.28 6.77 220

18 Chan 21200  214.00 2619 1255 206 464 627 209

19 Chan 21400 21600 | 2281, 11.55  2.06: 4.04 5.77 1.98

20 Chan 21600 21800 . 1961 1055  2.06. 348 527 186

21 Chan 21800 22000 1661 955 206 294 477 174

22 ROB 22000  290.00 . 3061 86.37  32.96 543 265 035

S -

Plan: Plan 24 _ Mill Brook ,TR?&(E}Q’f._.F’fOf“ei PFs  LOO . B
Pos Left Sta \“”“ff{igvht Sta | Flow Area WP,  Percent = Hydr = Velocity

. () (saf ) _ Conv  Deptn(f) ()

/1 LoB 100.00  180.00 14817  921.85  87.20 1553 1152 0.16.

2 Chan 18000 18200 2874  36.44 2,01 301 1822 079

i3 Chan 18200 18400 2911 3672 201 305 1836 079

4 Chan 18400 18600 = 2949, 3701 201, 309 1851 080

5 Chan 18600 18800 29.87 3730 201 313 18.65 0.80

6 Chan 18800 19000 3026 37.58 2.01 347 1879 081

7 Chan  190.00  192.00 3064 3787 201 321 1893 081

8 Chan 19200 19400 3103 3815 201 325  19.08 0.1

9 Chan  194.00  196.00 3031, 3930 224 318 1965, 077

10 Chan 19600 19800 3190,  41.88, 243 334 2094 0.6,

11 Chan 19800  200.00 = 3753, 4296 203 393 2148 0.7,

12 Chan ~ 1200.00  202.00 3814, 4317 2.00, 400 2159 0.88

13 Chan 20200 20400 - 3777, 4292 200 396 2146 088

14 Chan 20400 20600  :  37.40 4267 200 392 2134 0.88

15 Chan 20600 20800  37.04, 4242 2.00 3.88 21.21 0.87

16 Chan 120800  210.00 3546 4180 206 372 2090 085

17 Chan 21000 21200 3405  40.80. 206 3.57 2040  0.83

18 Chan 21200 21400 = 3267  39.80 2.06 3.42 19.90  0.82

19 Chan 21400 21600 . 3132 38.80 206 328 1940 0.81.

20 Chan 21600 21800  29.98  37.80 2.06 314 18900 079,

21 Chan 21800 22000 2867 3680 206 301 1840 0.78

22 ROB 22000 = 200.00 15446, 90036  77.24 1619 1286 017




Plan: Plan 24 Mill Brook 1 RS: 210

Pro_file: PF 6

LoO o

Pos Left Sta Right Sta Flow Area W.P. Percent Hydﬂr Velocity"
| () () (cfs) | safy @ Conv | Depth(fty _ (ts) |
1 LOB 10000 180.00 | 226.86 139829 9315  18.08 17.48 0.16.
2 Chan 180.00 18200 . 3682 4835 201 2.93 24.18, 0.76
3 Chan 18200 18400 . 3718  48.64 201 295 2432 076
4 Chan 18400  186.00 3754 48.92 201. 299 2446 077,
5  Chan  186.00  188.00 - 37.91 49.21. 201, 302 2480 077,
6 Chan  188.00  190.00 3828 4949 201 305 2475 077
7 Chan  190.00  192.00 3865 4978 2,01 3.08. 2480 0.78
8 Chan 19200  194.00 39.02 5006 2.01 311 2503 0.78
9 Chan 19400  196.00 3767 5121 2.24 300, 2560 074
10 Chan  196.00  198.00 3871, 5379 243 308 26.90: 0.72
11 Chan  198.00  200.00 4513 5487 203 360 2744 0.82
12 Chan  200.00  202.00 4577 5508 2.00. 3.65 27.54 0.83,
13 Chan 20200 20400 | 45420 5483 2,00 362 2742 083
14 Chan 20400  206.00 45.08  54.58 200 359, 2729 083
15 Chan  206.00  208.00 4474 5433 2.00 356 2747 082
16 Chan  208.00  210.00 43.06. 5371 2.06. 343 2685 080
17 Chan 21000  212.00 4173 5271 2.06 3331 2635 079
18 Chan 21200  214.00 4042 5171, 206 322 2585 078
19 Chan 21400  216.00 3913 50.71, 206 312 2535 077
20 Chan 21600  218.00 3785 49.71 2.06. 302, 2485 0.76
21 Chan 21800  220.00 36.59 4871 2,06 292, 2435 0.75,
22 ROB 22000 29000 22146 131725 8319, 1765, 1882 017
Plan: Plan 24 Mill Brook 1 RS:122 BRU ProﬂIePFZlOU\Q\

. a ~ Pos Left Sta Rightéia Flow  Area WP, Percent Hydr Velocity

1 @ fofs) | saf) @) Conv | Depth(ft)  (ft)s)
1 Chan 18375  185.40 087, 201 377 0.15, 122 0.43

2 Chan 18540  187.05 576, 542 261, 1.02 329 106

3 Chan  187.05  188.69 11.01 918 370, 195 557 1.20,
4 Chan  188.69  190.34 2081, 1382 231 529 839 216

5 Chan 19034  191.99 3801 1396 165 674 848 272
6 Chan 119199  193.64 38.01  13.96 165 6.74 848 272

7 Chan 19364  195.28 3801 1396 165 6.74. 8.48 2.72
8 Chan 19528 19693 3801, 1396 165 674 848 272

9 Chan 19693 19858 3801 1396  1.65 6.74 848 272,
10 Chan 19858  200.23 3801, 1396  1.65 674 848 [ 272)
1 Chan 20023 201.87 3801 1396 165 6.74, 8.48 2.72
12 (Chan  [201.87  203.52 3801 1396 165  6.74, 8.48" 2.72,
13 Chan 20352  205.17 3801, 1396 165 6.74 8.48 2.72

14 Chan 20517  206.82 38.01  13.96°  1.65 674 848 272
15 Chan 20682 20846 3801 1396 165. 674 848 272
16 Chan 20848 21011 3801 1396 165 6.74 18.48, 2.72.
17 Chan 21011 21176 3037 1358 215 538 824 224
18 Chan 21176 213.41 1679 1049, 275 298 637 1,60

19 Chan 21341 21505 1197, 761 204 212 462 157
20 Chan 21505 21670 Jter 808 5e4 022 253 042

.
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Plan: Plan 24 Mill Brook 1 RS:122 BRU  Profile: PF5 § (v ' € Wes \«) METAR fc}'(ﬁ)L
.~ Pos  LeftSta  RightSta ~ Flow  Area W.P. Percent Hydr  Velocity
m ()  (cfs) . (sqfy (W)  Conv  Depth(fty = (fts)

1 LoB 9500 183.75 3441 11134 9043 361 125 031
2 Chan 18375 18540 201, 368 665 021 223 055
3 Chan 18540 18705 . 1037 994 681 109, 603  1.04
4 Chan 18705 18869 2240 1623 731 235 98 138,
5 Chan 18869 19034 4458 2242 584 467 1361 199
6 Chan 19034  191.99 5384 2380 510 5.64 1444 226
7 Chan 19199 19364 5802 2466 499 608 1497 235
8 Chan 19364 19528 6054 2529 498 635 1535 2.39
9 Chan 19528 19693 62093 2587 498 660 1570 243
10 Chan 19693 19858 ' 6484 2628 495 680 1595 247
11 Chan 19858 20023 - 6595 2655 495 6.91 16.12- (/?2:@)
12 Chan 20023 201.87 6566 2648 495  6.88 16,07 248
13 Chan 20187 20352 6442 2620, 49 6.75 1590 246,
14 Chan 20352 20517 6232 2572 498 653 1561 242
15 Chan 20517  206.82 5984, 2512 499 627 15.25 2.38
16 Chan 20682 20846 5699 2446 502 597  14.85 2.33,
17 Chan 20846 21011 5190 2329 511 544 1414 223
18 Chan 21011 21176 ' 4205 2144 570 441 1301 196
19 Chan 21176 21341 2528 1669, 653 265 1013 152
20 Chan 21341 21505 1284 1093 626 135 6.63 1.18
21 Chan 21505 21670  206° 404 810 022 245 0.51
22 ROB 21670 30000 3077, 4824,  83.88 3.23 0.58 0.64

Plan: Plan 24 Mill Brook 1 RS:122 BRU  Profile: PF6 OO\ &

Pos | Left Sta ;iﬂRivg'Ht'Sta . Flow Area W.P. Percent Hydr + Velocity

: , f (@) (cfs)  (suft) (f)y ~ Conv  Depth(fty  (ft's)
g LOB 9500 18375  192.08] 64544, 9645 1531 727 030
2 Chan 18375 18540 582 1359 665 046: 825 043
3 Chan 18540  187.05 1077, 19.85 681, 08 1205 0.54
4 Chan  187.05 18869 1626 2615  7.31 130 1587 062
5 Chan 18869 19034 2691 3234 584 2.14. 19.63. 0.83
6 Chan 19034 19199 3155 3371 510 251 2046 0.94.
7 Chan 19199 19364  : 3342 3458 499 266 2099 0.97.
8 Chan 19364 19528 3446 3521 498 275 2137 098
9 Chan 19528 19693 3544 3578,  4.98 2.82 2172 099
10 Chan 196.93  198.58 . 325 3620 495 289 2197 ~100 )
11 Chan 19858 20023 3670, 3647 495 2.92 2213 101
12 Chan 20023 20187 3659 36400 495 2.92 2209 1.01
13 Chan  1201.87 20352 3607 3611 496 2.87 21.92 1.00
14 Chan 20352 20517 3519 35.63 4.98 280 2163 0.99
15 Chan 20517  206.82 3417, 3504  4.99 272 21270 098
16 Chan 20682 20846 3295 3437 502 263 2086 096,
17 Chan 20846 21011 3074 3320 5.1 245 2015 093
18 Chan 21011 21176 2598 3135 570 207 1903 0.83
19 Chan 21176 21341 1804, 2660 653 144 1615 0.68
20 Chan 21341 21505 = 1236 2084 626 0.98. 1265 0.59.
21 ‘Chan 21505 21670 533, 1396 810 042 847 038
22 ROB 21670  300.00 . 527.90. 54955  89.90  42.06. 6.60° 0.96




Plan: Plan24 Mill Brook 1 RS:122 BRD  Profile: PF 2_\?“1}(2“ \}\)QE» %'b(m)\ﬁu M &‘\\i\@ F@ﬁ*‘%‘

: Pos LeftSta = RightSta @ Flow = Area = W.P.  Percent = Hydr Velocity

: , N ) (cfs) | (sqfy | ()  Conv  Depth(ft) (ft/s)

R Chan 18375 18540 080  1.93.  3.60 0.14 117 041,

2 Chan 18540  187.06 474,  464]  2.24 0.84 282 102

3 Chan 18705 18869 769 784 402, 1.36 4.76 0.98

4 Chan 18869 19034 . 2556 1343  2.55 4,53 8.15 1.90

5 Chan 19034 19199 3495 1361 165 6.20. 8.26 257

6 Chan 19199 19364 3495 1361 165 620 826 257

7 Chan 19364 19528 = 3495 1361, 165 620 826 257

8 Chan 19528  196.93 3495 1361 165 620, 826 257

9 Chan 19693  198.58 3498 1363 165 620 827 257

10 Chan 19858 20023 3582 1384 165 635 840 259

11 Chan 20023 20187 3597 1385 165 6.38 8.41 "é.:;b

12 Chan 20187 20352 3538 1372, 165 6.27 833 258

13 Chan 20352 20517 3497 1361 165 6.20 826 257

14 Chan 20517 20682 3495 1361 165 620 826 257

15 Chan  206.82  208.46 3495 1361, 165 620 826 257

16 Chan 20846 21011 3495 1361 165 620 8.26. 257

17 Chan 21011 21176 3495 1361 165 620 8.26: 257,

18 Chan  211.76 21341 3495 1361 165 6200 826 257

19 Chan 21341 21505 3192, 1360 188 5.66 8.26 235

20 Chan 21505 21670 158 416 885 028 348 0.38

Plan Plan24 MilBrook 1 RS:122 BRD  Profie:PFs \op  \estheol Ml i

.~ Pos  leftSta  RightSta  Flow  Area . WP.  Percent  Hydr  Velocity
W (cf)  (safy (W)  Conv  Depth(fty  (fts)

1 LOB 10000 18375 - 3055  100.79,  85.41 3.20 1.20, 0.30

2 Chan  183.75 18540 1.96. 357 6.49 021 217 055

3 Chan 18540 18705 935  906. 638 098 550 1.03:

4 Chan 18705 18869 1867 1475 765 196 895 127,

5 Chan 18869  190.34 4223 2198 6.10. 443 1334 1.92

6 Chan 19034 19199 5287 2343 510 5.54 1422 226

7 Chan 19199 19364 . 57.02  2429° 499 598 1474 235

8 Chan 19364 19528 = 5054 2492 498 624 1513 2.39

9 Chan 19528 19693 6192 2549 498 6.49 15.47 2.43

10 Chan 19693 19858 6387 2593 495 670 1574 246

11 Chan  198.58  200.23 6581 2641 496 690 16.03 @

12 Chan 20023 20187 6564 2635 495 6.88 16.00 749

13 Chan  201.87 = 20352 6384 2593 496 669 15.74° 2.46-

14 Chan 20352 20517 6133 2535  4.98 643 1539 242

15 Chan 20517  206.82 5884 2475 499 6.17 15.02 2.38

16 Chan  206.82 20846 56.00,  24.09. 502 587 1462 232

17 Chan 20846 21011 . 5093 2202, 511 534 13.91- 222

18 Chan 21041 21176 4513 2145 519 4.73 1302 2.10

19 Chan 21176 21341 3828 1979 543 401 1201 193

20 Chan 21341 21505 = 2725, 1690,  6.10, 286. 1026 161

21 Chan 21505 21670 252 514 1103 026 312 049

22  ROB 21670  350.00 2042 7378 13385 214 055 028




Plan: Plan24 Mil Brook 1 RS:122 BRD  Profile: PF 6 S00YE st MW P vekes

Pos Left Sta RightSta  Flow | Area W.P. = Percent = Hydr = Velocity
v (f) ()  (cfs  (sqfy ()  Conv  Depth(fty (f/s)
1 LOB 10000 18375 20458 606.87, 9145  16.30 725 034
2 Chan 18375 18540 . 664 1353 649 053, 821 0.49
3 Chan 18540  187.05  11.85,  19.02 6.38 0.94 11.54 0.62
4 Chan  187.05  188.69 1825 2471 7.65 129  15.00 066
5 Chan 18869 19034 2899 3194, 6.0 231 1939 0.91
6 Chan 19034 19199 . 3514, 3338 510, 280 2026 105
7 Chan 19199 19364 3724 3424 499 297 2079 1.00
8 Chan 19364 19528  3841: 3488 498 306 2117, 1.10
9 Chan 19528 19693 3951 3545 498 315 2152 1.1
10 Chan 19693 19858 4044 3580 495 322 2178 143
11 Chan 19858 20023 . 4132 3636 496 329 2207 ¢ 114
12 Chan 20023 20187 4125 3631 495 329 2204 114
13 Chan 20187 20352 . 4041, 3589 496 322 2178 1143,
14 Chan 20352 20517 . 3024 3531 498 3.3 21.43 111
15 Chan 20517 20682 3808 3470 499 303  21.06 1.10
16 Chan 20682 20846 3672 3404 502 293 2066  1.08
17 Chan 20846  210.11 3423 3287 511 273 19.95 1,04
18 Chan 21011  211.76 31.38° 3141 519 250  19.060  1.00
19 Chan 21176 21341 2781 2074 543 222 18.05°  0.94,
20 Chan 21341 21505 . 2172 2686 610 173 16300 081
21 Chan 21505 21670 . 560 1509  11.03. 045 9.16' 0.37,
2 ROB 21670 35000 43818 87927 139.90 3491 660 050
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wWes Fow

HEC-RAS Plan: Plan 05 River: Mill Brook Reach: 1

Reach . RierSta . Profle : QTolal | MinChEl  WS.Eley . CAlWS.
: (cfs) N T T (.

1 232 PR “is300  15.50. 177 Ari0
4 Tz e se400 1550, 2022,
q o2 pFa 713.00 15.50¢ 21.05
1 23 pFa 829.00 15.50 2165
1 232 PF5 954.00 16.50 2228
K 232 PFB 125500 1550 2368 7
a1 210 PEY 153.00 14.50 17.18
1 210 PR2 ©564.00 14.50. 2017
g 210 PF3 713.00 14.50 20,98
! 210 PF 4 829.00 14.50 21.58
t 210 PFS 954.00, 1450 2220
1 210 PFe 1265.00 1450 2360,
1 R 153.00 1400 17.20 1534
- 183 PF2 564.00 14.00 2002 17.12.
A 183 PF3 713.00 14.00 " 2086 1763
i s pra 829.00 1400 2149 18.15
1 a3 PRs 95400 1400 2243 18.52"
1 T1es PFE L 125500 14,00 23.56 1920
T 122 Culvert
4 B0 PF1 15300 14.20 15.89.
i 60 PF2 564.00 14.20 17.48
1 “e0 PF3 713.00 1420 17.69
il 6  pF4 829.00 14.20- 17.80 17.43
A 160 PF5 954.00 14.20 17.80° 17.73
1 : PFE 125500 1420 18.40 18.40.
i 44 PET 153.00 11.50 16.01
1 44 PF2 564.00 11.50- 17.84
1 a4 PR3 713.00 11.50 18,20,
‘N 44 PF4 829.00 11.50. 18.45
1 Tad T UeEs 954.00 1150 18.68,
a1 Tas O PFB 1255.00 11.50 19.16-
1 28 PFA 153.00 12,00, 15.99
F) 28 pF2 564.00 12.00 17.75
1 28 PR3 713.00 12.00, 18.08
1 28 pra 829.00 12.00 18.32,
a4 28 PFs 954.00 12.00_ 18.52.
1 28 PF6 Y285.00 1200 18.96
a4 0 PR 15300 13.80 1569 1528
1 0o PF2 564.00 1380 17.44, 16.88,
1 o pF3 713.00 13.80 1776, 1747
'"1' o pra 829.00 13.80 17.99 1738
1 0 PF5 L 95400 13.80 18.18 17.58
A o PFB o 1255.00 13.80 18.58 1801

i

s hiag g Mo o =
E.G. Elev E.G. Slope Vel Chnl Flow Area
(ft) (0t~ (fi/s) (sq ft)
4769 0.015284. 579 2670
2041 0001434, 3.82 268.44,
21.22 0.001066 376, 364.76
2181 0000896 374 440.02
22.44 0.000766 374 52265
2383 0.000580 376 722.99.
1741 0.004841 3.88 39.41
2036, 0001248 360 182.26
2148 0001013 369 240.99,
21.78 0.000890 375 289.33,
2241 0000787 380 344,61
23.81 0.000625 3.90 486.22
T17.30. 0001442, 255 59.98
2032 0.002009 " 4.40 157.26
‘2114 0001888 446 260,34
2175 0001483 T 442 338.72
2237 0.001258 437 420.21
23.77 0.000860; 430 606.73
16.10 0.004947 368 41,59
1843, 0.006273 648 91.37.
1859 0.008063 764 98.86
1893 0.009766 '8.58 102.91
19.30 0.012883 9.86 103.05
2022, 0.012761 10.92 12762
16.03 0.000185 114 134.07
1793 0.000512 240 240.18
18.32  0.000614 278 26722
1860, 0.000687 3.0 288.70,
18.85.  0.000772 334 31023
1940 0.000969 3.98 361.58
16.03 0.000357 152 100.84.
1791 0000942 323 198,98
18.30 0.001162 375, 224.43
18.57 0.001303 411 256.58
1882, 0.001480, 448 28864
19.36_  0.001804 5.28. 358,19
1596 0.006501 4.9 36.54
1783 0.006505 506 111,56
1821 0006511 5.40 132.08
848" 0.006506 583 147.37
1873 0.006503 594 163.18
19.25 0.006501 6.60 216.36

Top Width
(ft

2555
112.44,

121.50
128.13

135.04
150.48.

25.18
67.08
77.26
84.72
92,52

110.00,

21.02
121.40
124.02

125.97.
127,97,
13242,

27.63

35.38

36.43

36.98

37.00-
47.69:

4713,

71.02
80.82

90.00-
98.34

122.89

37.62

71.10

105.45

151.95

15653

166.01

26.41

61.12
65.65

68.83.

99.73
156.50

Froude # Chl |

0.93
035
031,
0.29
027
0.25

0.55
0.32
0.30
0.29
0.28
0.26

0.26
0.34
032
0.30
0.28
0.26

0.53
0.66
0.75
083
0.96
0.97,

0.12
021,
0.23-
0.25
0.27
0.30

0.16
0.28
0.32
0.34
0.36
041

0.63
0.66
067
0.68
0.69°
0.70
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Plan: Plan 05 Mil RS:60  Profle: PF® . D
" Pos Left‘jSta“:WRith Sta Flow = Area . WP Percent - Hydr Velocity
U — @ @ (cf (safy o @ o Conv | Deptht) | (s)

1 Chan  187.00  188.45 009 011 0.73 0.06: 032, 0.80
2 Chan 18845  189.90 630 217 2.08; 412 150 2.91
3 Chan  189.90  191.35 987 246 145 6.45 169 4.02
4 Chan 19135  192.80 9.87 246 145 645 169 402
5 Chan 19280 19425 987, 246 145 645 169 4.02
6 Chan 19425 19570 . 987 246 145 645 169 4.02
7 Chan 19570 19745 . 987 246 145 6.45' 1.69 4.02
8 Chan 19715 19860 829 231 162 542 159 359
9 Chan 19860  200.05 351 136 156 229 094 2.58
10 Chan 20005 20150 340, 130, 145 222 0.89 262
11 Chan 20150 20295 340 130, 145 2.2 0.89 262
12 Chan 20295  204.40 631 202 173 4.12 1.39 3.13
13 Chan 20440  205.85 987 246 145 6.45 169 4.02
14 Chan 20585  207.30 9.87 246 145 6.45 169 4.02
15 Chan  207.30  208.75 9.87 246 145 645 1.69 4.02
16 Chan 20875  210.20 987, 246 145 645 1,69 4.02
17 Chan 21020  211.65 0.87. 246 145 6.45 1,69 402
18 Chan 21165 21310 9.87 246 145 6.45 169 4.02
19 Chan 21310 21455 9.87 246 145 6.45 1,69 4.02
20 Chan 21455  216.00 332 156 239 217 142 2.13
Plan: Plan 05 Mill Brook 1 RS: 60 Profile: PF 2 v

} Pos  LeftSta RightSta  Flow  Area WP,  Percent  Hydr : Velocity
. o/ @ (efs)  saf)y () Conv . Depth(f)  (ftls)
1 Chan  187.00 18845 270 131 252 048, 112 2.06
2 Chan 18845 18090 2364, 447 208 419, 3.08 5.29
3 Chan  189.90 19135 3337 475 145 592 3.28 7.02
4  Chan 19135  192.80 3337 475 145 5.92 3.28 7.02
5 Chan 19280  194.25 3337 475 145 592 328 7.02,
6  Chan 19425 19570 3337 475 145 5.92. 3.28. 7.02
7 Chan 19570  197.15 3337, 475 145 592 3.28. 7.02
8 Chan  197.15 19860 . 2946 461 162 5.22 3.18 6.39
9 Chan 19860 20005 2051 366 156 3.64 2.52 561
10 Chan 20005  201.50 2093 359 145 371 2.48 5.82
11 Chan 20150  202.95 2093 359  1.45 3.71 248 582
12 Chan 20295  204.40 2522 431 173 447 2.98 5.85
13 Chan 20440 20585 3337, 475 145 5.92 328 7.02
44 Chan 20585 20730 3337 475 145 5.92 3.28 7.02
15 Chan  207.30  208.75 3337 475 145 592 3.28 7.02
16 Chan 20875  210.20 3337 475 145 592, 3.28 7.02
17 Chan 21020 21165 3337 475 145 592 328 7.02
18 Chan 121165 21310 3337 475 145 5.92 3.28 7.02
19 Chan 21310 21455 3337 475 145 592 3.28 7.02
20 Chan 21455  216.00 1632 385 251 2.89. 2.66 423
21 ROB  216.00  320.00 388 492 682 069, 074 079
Plan: Plan 05  Mili Brook 1 RS: 60 Profile: PF 3 ) »

Pos  leftSta = RightSta  Flow  Area  WP.  Percent  Hydr ' Velocity
| o ® @ @  (safp (@  Cow  Depth® . () |
1 Chan 187.00 18845 388 157 276 0.54 122 2.47
2 Chan 18845  189.90 2084 477 2.08 419 3.29 6.26



Plan: Plan 05 Mill Brook 1 RS: 60 Profile: PF3(CQntinbuved)' - - )
" Pos  LeftSta RightSta  Flow  Area = WP.  Percent  Hydr  Velocity ;
. ® @ (cf9  (safp (@ . Conv . Depth(f)  (fs) |
Chan 118990 19135 = 4186 506 145 587. 349 8.28
Chan 19135 19280 . 4186 506 145 587 3.49 8.28
Chan 19280 19425 418 506 145 587 3.49 8.28
Chan 19425 19570 4186 506 145 587 349 8.28
‘Chan 19570 19715 4186, 506 145 587 349 8.28
‘Chan 19715 19860 3707, 491 162 5.20 3.39 7.55
9 Chan 19860 20006 2651 396 156 372 2.73 6.69
10 Chan 20005 20150 2711, 390 145 3.80 269 6.96
11 Chan 201, 20295 . 2741 390 145  3.80 269 6.96
12 Chan 20440 - 3196 462 173 4.48 3.18 6.92
13 Chan 20585 4186 506 145 587 349 8.28
14 Chan | 20730 4185 506, 145 587 3.49 8.28
15 Chan  1207.30 20875 | 4186 506 145 5.87 3.49 8.28
16 Chan 20875 21020 = 4186 506 145 5.87 3.49 8.28
17 Chan 21020 21165 4186 506 145 5.87 3.49 8.28
18 Chan 21165 21310 4186 506 145 587 3.49 8.28
19 Chan 21310 21455 4186 506 145 587 349 8.28
20 Chan 21455 21600 2095 416 251 294 287 5.04
21 ROB 21600 32000 . 626 641 778 088 0.84 0.98

‘miNio o aiw

Plan: Plan 05 Mill Brook 1 RS: 60 Profile: PF 4 v o o 3
Pos  leftSta  RightSta  Flow | Area = WP.  Percent Hydr _ Velocity |
@ ® (9  (saf) ()  Conv  Depth(ft) ()

Chan 18700 18845 . 480 171 288 0.58 128 2.80
Chan 18845 18990 3467 493 208 418 3.40 7.03.
Chan 1890 19135 4848, 522 145 585 360 929
Chan 19135 19280 . 4848 522 145 585  3.60 9.29
Chan 19280 19425 4848 522 145 585 3.60 9.29
Chan 19425 19570 = 4848, 522 145 585 3.60 9.29
Chan 19570 19715 4848 522 145 585 3.60 9.29
Chan 19715 19860 . 4300 507 162 519, 3.50 8.48
Chan 19860 20005 3143 412 156 376 2.84 7.56
Chan 20005 20150 3188 406, 145 385 2.80 7.86
Chan 20150 20295 3188 406 145 3.85 2.80 7.86
 Chan 20295 20440 37200 478 173 449 3.29 7.79
Chan 20440 20585 4848 522, 145 5.85 3.60 9.29
_Chan 20585 20730 . 4848 622, 1.45 5.85, 3.60 9.29.
Chan 20730 20875 = 4848 522 145 585 360 9.29,
(Chan 20875 21020 = 4848 522 ~ 145 = 58 3.60 9.29
Chan 21020 21165 4848 522 145 585 380 9.29
“Chan 21165 21310 4848 522 145 585 360 9.29
Chan 21310 21455 . 4848 522 145, 5.85 3.60 9.29
Chan 21455 21600 . 2453 432 251 296 298 5.68
ROB 21600  320.00 815 727 829 098 0.0 112,

il nTONn o
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Plan: Plan 05  Mill Brook 1 RS:60  Profile: PF 5 o ]

T ke e mgwSm  Fow  Aea WP Pewent  Hydr  Velosiy
. ® @ @f)  (safy () Conv . Depth® ()
1 ~ :Chan  187.00 18845 553 1.72. 289 058 128 3.22
2 Chan 1188.45 .189.90 -~ 39.90 4.93; 2.08: 418 3.40 8.08
3  Chan ‘31,89.‘90 - 19135 55.78 5.22: 1.45. 5.85 3.60 10.68



Plan: Plan 05 Mill Brook 1 RS:60  Profile: PF 5 (Continued) ,
. Pos | Left Sta Right Sta | Flow @ Area  WP. Percent . Hydr ' Velocity

W (f)  (cfs) | (saf) () . Conv . Depthft)  (fs)
4 Chan 19135 19280 5578 522 145 5.85 3.60 1068
5  Chan 19280 19425 . 5578 522 145 5.85 360 10.68
6 ‘Chan 19425 19570 5578, 522 145 5.85. 360  10.68
7 Chan 19570 19715 = 5578 522 145 5.85 360  10.68
8 Chan 19715 19860 - 4948 508 162 519 3.50 9.74
9 Chan 19860 20005 3584 413 156 3.76 2.85 8.69
10 Chan 20005 20150 . 3670, 406 145 3.85. 280 9.03
11 Chan 20150 20295 - 3670 406 145 385 2.80. 9.03
12 Chan 20295 20440 4281 478 173 4.49 3.30 8.95
13 Chan 20440 20585 5578 522 145 5.85 3.60 10.68
14 Chan 20585  207.30 5578 522 145 5.85 3.60 10.68
15 Chan 207.30 20875 5578 522, 145 585 360 1068
16 Chan 20875 21020 5578 522 145 5.85 360 1068
17 Chan 21020 21165 5578 522 145 585 360 1068
18 Chan 21165  213.10 5578 522 145 5.85 360 10.68
19 Chan 21310 21455 5578 522 145 585 360 1068
20 Chan 121455 21600 2824 432 251 296 298 6.53
21 ROB 21600 32000 942 730 830 0.99 0.90. 1.29

Plan: Plan 05,_ Mill Brook 1 R_S: 60 Proﬂle: PFG o _ _
Pos  leftSta = RightSta  Flow  Area | WP  Percent = Hydr = Velocity .

, Lo @ s safy | (f) Conv. | Depth()  (fUs)
1 LOB 10000  187.00 - 064 134 671 0.05 0.20 0.48
2 Chan  187.00  188.45 1031 258 311 0.82 178 4.00
3 Chan 18845 18990 5216, 580 208 416 4.00 8.99.
4 Chan 18990 19135 7194 609 145 573 420 1181
5 Chan 19135 19280 7194 609 145 573 420 11.81
6 Chan 19280 19425 7194 609 145 5.73 420 11.81
7 Chan 19425 19570 7194 609 145 573 420 1181
8 Chan 19570 1975 7194 609 145 573 420 11.81
9 Chan 19715 19860 6424, 595 162 512 410 1081
10 Chan 19860 20005 4917 499 156 3.92 3.44, 9.85
11 Chan 20005 20150 . 5058 493 145 4.03 340 1026
12 Chan 20150 20295 5058 493 145 4.03 340 10.26
13 Chan 20295 20440 5642 565 173 450 3.90 9.99
14 .Chan 20440 20585 7194 609 145 5.73. 420 1181
15 Chan 20685 20730 7194 609 145 5.73 420 11.81
16 Chan 207.30 20875 7194  609. 145 5.73 420 11.81
17 Chan 20875 21020 7194 609 145, 5.73 420 1181
18 Chan 21020 21165 = 71984 609 145 573 420 1181
19 Chan 21165 21310 71.94 609 145 5.73 420 11.81
20 Chan 21310 21455 7194 609 145 573 420 1181
21 Chan 21455 21600 3823 513 251 3.06 3.58 7.37
22 ROB 21600 32000 1940, 1320 1224 1.55 110 1.47
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HEC-RAS Pian: Plan 24 River: Mill Brook Reach: 1 Qn}“*’“‘g
{"Reach : RiverSta . Profile Q Tolal MinChEl . WS Elev | CilW.s.  EG. Elev | E.G.Siope © VelChnl - FlowArea ; Top Width Froude # Chl |
: @sy L m ) (i) ) ey (f/s) (sq ft) (ft
1 232 PF 1 153.00 15.50° 17.10; 1740, 1769, 0017734 6.15, 2498, 23.30 1.00]
1 232 PF 2 564.00, 1550, 1878, ) 19.51 0.009582; 7.13 11480 9238 0.83
1 232 PF 3 71300 1550 1931, 19.97 0008815, 692 16066 105.88 0.72,
1 232 PF4 829.00° 1550 1088 2031, 0005678, 6.85, 209.26 108.10 0.67
A 232 PF 5 954.00 15.50 20.02, 2064 0005085,  6.93, 245.95 1022 065
1 232 PF6 125500, 15.50 20.87, 2146 0.003852 6.95 34312, 11952 059
i 210 PF 1 15300 14.50. 16.43; 16.43 17.08) 0017632, ] 23.70. - 18.58. 1.01
3 210 PF2 564.00 14,501 18161 18.16: 1940, 0015723, 7.7, 72.70. 4197, 102
1 210 PF 3 713.00 14,50, 1851, 1850 1956 0.013020, 823 88.16. 46.34. 0.99
5 210 PE A 829.00 14.50 1891 18.71; 1991 0.010841, 805 10762 5132 0.89.
i 210 PF 5 954.00 14,50, 19.35 o 20300 0.008169, 785 13170, 56,89 0.80,
1 210 PFB 125500,  14.50;  2045; 2128, 0004793, T4 0214 7069 064,
, ‘
. PF1 5300 1400 16.26. 1514 1640 0.002073 2.98 5126, 2332 0.35.
kN PF2 56400 14.00; 1815 1670, 1868 0.003919 5.86. 98.11 28,73 052
1 PF 3 713.00. 14.00 18.56 1744 1925 0.004499 671 110.86 33.29 0.56
3 PF 4 829.00. 1400 18.86 747" 1068 oov4gsi: 708 121.42 36.65, 059
1 183 PF 5 954.00- 14.00° 19.18. 17.81 2012, 0.005114 7.81 133.82 4023 ~ oet.
4 183 PF 6 125500 14000 19.94 18.59; 2112] 0005407, 8.82 167.55. 48,66 0.65.
g 122 Bridge
1 60 153.00.  14.00 15.92, 1609, 0003208, 329, 46.57 27.41 044
1 60 564.00 14.00. 17.52, 1841 0.005153; 617 95.98 3471, 0.60
1 60 713.00° 14,00, 17.75: 18,56, 0.006601 721 10407 3581, 069,
' 60 829.001 14.00. 17.87; 1890 0007953 8.5 108.60° 36.40 0.76,
a1 60 954.00 14.00; 1792, 17.59, 19.24; 0010081 925 11038, 3664, 085,
N 60 Tas500” U 1aoo. MB500 1850 2041 0013503, 1027, 134.76, 49.90; 099
£ 153.00 1150 16.01: “4608 0000185 114 134.07 4713 012
a ‘a4 PF 2 564.00 11.50 17.84. 793 0.000512, 240 24018, 71.02. o2
1 44 PF 3 71300 1150 1820 1832 0.000614 278 26719 80.81 023,
A a4 PF4 829.00 11500 18.45 1860 0.000687 305 28868 89.99. 0.25:
1 44 PF 5 954000  11.50. 1868 1885, 0.000772 T334 31021 9833 T027.
1 44 PF 6 2500 {i.50: 19150 19,40, 0.000970: 398 36147 12281 030
E 28 PF 1 153.00, 12,00 15,99, 1603 0000357 152 100.84 3762 0.16.
a1 28 PF2 ~564.00° 1200, 17.75: 1781 0.000042; 323, 19897 71.10 028
g 28 PE3 713.00 2000 18.08. 1830, 0001162, 3.75 224.39. 105.32 0.32
a 28 PF 4 829.00, 1200 18.320 1867, 0001303, 411 25654, 15195 0.34
1 28 PE5 954.00 12,00 1852 18,82,  0.001460 448 288.50. 156.52 0.36
i 28 pre 1255.00_ 12,00 18.95, 19.36°  0.001805 528 35801 16599, 0.41
B ‘0 PF 1 153.00 13.80 15.691 15.28 15.96 0.006501 4.19: "36.54 26.41 0.63
A o PF2 564.00 13,80, 17.44 16.88 1783 0.006505, 5.06 11156 61.12 066
a1 o PF3 713,00 13.80 17.76 17.19, 18.21,  0.006512 540 13207 65.65 0.
A 0 PF 4 829.00 13.80: 1799, 17.38 1848, 0.006506 563 14737 68.83
1 0 PF S 95400, 13.80 18.18, 17.58 18.73.  0.008503 594 163.18 99.73:
A 0 PF 6 1255.00° 13.80. 18.58 1801 ie25 0006501, 660 21636  156.50 " 070
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HEC-RAS Plan: Plan 24 River: Mill Brook Reach: 1 \)\%k&géfph Lo e A, )
T reach T River ta 1 Profle | E.G.Elev | W.S.Elev | Crit W.S | FrotnLoss . C&ELoss  TopWidth . Qleft | QChannel  QRighi . VelChnl
""" ' @ m @ T e (el (et (fUs)
i 183 PF 1 . 16.40 16.26' 1514 0.07; " o000 2332 . 153.00; ‘ 2,98
it 183 PF 2 ‘ 1868, 18145, 1670, 0.14 0.00 28.73 1.0 56293 001. 586
1 18 PF 3 a5, ess: 7.4, 0.16: 001, 3329 256 71000, 044 &7
K 183 IPF 4 " 1oe8, 1886 17.47; 0.17 0.01. 3665 427 82320 T4 7.28
1 183 PF5 20.42: 1918, izer T Toasl T o2 4023 6.72 943.82 3.46 781,
1 183 PF 6 2112 1994 18590 0.20° 0.03: 48.66 15.31 1226 33 13.36 8.82
1 122 BRU PF1 16,33 1619 1544 o1z Tooo. 2437 153.00" ; 3.02
1 122 BRU  PF2 18.53, 18.01 1668. 023 0.00 28.52, 1 564.00. 5.80
g 122 BRU PF3 ‘ 19.08 1841, 17.11] 027, 000, 2885 ; 713.00 6.55.
1 122 BRU PF4 19.49 1871, 1744 029, 0.01 29,09: ' 7.06
1 122 BRU PF§ 19.92, 19.04: 1776, 031, 0.01. 2936 751
1 122 BRU PF6 2090 1981 1854 035 002! 29.98 838
122 BRD PF1 T et 16.06; 1520 012, 0.00° 26.83 ) 153,00 ’ 3.08
122 BRD PF2 18.30: 1777, 1661, 019 001, areo - 564.00. N 5.86
1 122 BRDpFa " agsil asio, | 1ror. o240 oot aret. 713.00, B 6.76
1 122 BRD PF4 ST RT TR ¥ ¥ 1731, oze: o002 2807, 829.00 ) 7.39,
1 122 BRD PF5 : 19.58 18,60 17.61: 0.32 003 28.36 : 954.00 o 7.98
1 122 BRD PF6 _ 2053 1925, 18.30; 0.39 003 2908 1255.00. ﬁ 9.08
1 60 PF 16.09: 0.01 0.04 2741 T asz0 T g
1 60 PF 2 R o 002, 012, 34.71 . ss022. 378 6.17,
60 PF3 18.56 17.75° T Toos, os; 35.81 : 706.77: 623 721
60 PF 4 ‘ 18.90; 17.87! o0 021] 36.40 B 820.77, 8.23; 8.15;
60 PF 5 19240 17.92 1759, 003, 028 944.08] 992, 0925
60 PF6 01 qss0] 18500 004, ) 1233.37: 2163 1027
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Plan: Plan 24 Mill Brook 1 RS:122 BRU  Profile{ PF2 J > \Wes o ios L }M\ S
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Plan: Plan

24 MillBrook 1 RS:122 BRU  Profile: PES 10

Pos Left Sta = RightSta Flow  Area W.P. = Percent Hydr  Velocity :
: : ] (ft) (ft) (cfs) = (sgf) (ft) Conv Depth(ft) sy
1 Chan 18705 18869 292 183 349 052 1.21 1.59
2 Chan 18869 19034 3143 646 231, 557 392 486
3 Chan 19034 19199 = 4085 661 165 724 401 6.18
4 Chan  191.99 19364 4085 661 165, 724 401 618
5 Chan 19364 19528 4085 661 165  7.24 4.01 6.18:
6  Chan 19528 19693 = 4085 661 165 724 401 618
7 Chan 19693 19858 4085 661/ 165 7.24. 4.0t 648,
8 Chan 19858 20023 4085 661 165 7.24. 401 (”5.@
9 Chan 20023 20187 4085 661 165 7.24 4.01 518
10 Chan 20187 20352 4085 661 165 724 4.01 6.18
11 Chan 20352 20517 4085 661 165 7.4 4.01 6.18°
12 Chan 20517 20682 = 4085 661 165 724 401 618
13 Chan 20682 20846 4085 661, 165 724 401 6.18
14 Chan 20846 21011 4085 661 165 724 401 618
15 Chan 21011 21176 3094 622 215 5.49 378 497
16 Chan 21176 21341 . 838 313 275 1.49 190, 267
17 Chan 21341 215056 . 015 025 204 0.03 0.15, 0.61
18 Chan 21505 21670 000,  0.01 066 0.00 001 0.1

C Pos Left Sta Ri’gh:tHSta Flow = Area "Hydr h : 'Ve!ocity
: @ M (cfs) (59 . Depth(t) . (fts)
! Chan 18540 18705 035 030  1f1 004 043 117
2 Chan 18705 18869 = 944 352 370 099 214 268
3  Chan 18869 19034 = 5254 816 231 5.51 495  6.44)
4 Chan ~ 1190.3¢ 19199 | 6779 830, 185 711 5.04: 8.16,
5 Chan 19199 19364 . 6779 830 165 7.1, 504 816
6 Chan 19364 19528 = 6779 830, 165 741 504 816
7 Chan 19528  196.93 67.79° 830  1.65 7.1 5.04 8.16
8 Chan 19693  198.58 6779 830 185 711 504 84
9 Chan 19858  200.23 6779 830 165 711 5.04 /’E@
10 Chan 20023 20187 = 6779 830  1.65! 7.1 5.04 :
11 Chan 20187 20352 6779 830, 165 7.11 504 816
12 Chan 20352 20517 . 67.79 830 165 7.11 5.04 8.16-
13 Chan 20517 20682  67.79 830 165 7.1 5.04 8.16.
14 Chan 20682 20846 6779 830 165  7.11 5.04° 8.16.
15 Chan 20846  210.11 67.79 830 165 7.1 504 816
16 Chan 2101t 21176 5243 782 215 5.50, 481 662
17 Chan 21176 21341 1954, 483, 275 205 293 4.05
18 Chan 21341 21505 524 195 204 055 118 2,69
19 Chan_ 21505 21670 101 067 169 O0f1 104 151
Plan: Plan 24 MilBrook 1 RS:122 BRU _ Profile:PF6 5004 @ _ B _
Pos Left Sta Right Sta Flow = Area = WP. = Percent Hydr - Velocity
@ (f)  (saf) ()  Conv  Depth(®)  (fs)
x Chan 18540  187.05 198 108 210 0.6 0.82 183
2 Chan  187.05  .188.69 16.14. 478 370 1.29 2.90 337
3 Chan 18869 19034 = 6845 943 231 545 572 7.26
4 Chan 19034 19199 8798 957 165  7.01 5.81 9.20
5 Chan 19199 19364 . 8798 957, 165 701 581 920
6 Chan 19364 19528 87.98 957 165 7.01. 5.81 9.20
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Plan: Plan 24 Mill Brook 1 RS: 122 BRU Profile: PFG(Contlnued) \)\)@Cl‘f‘ %fwff} J“Q\% XY )

Pos Left Sta nght Sta Flow Area W.P. = Percent |  Hydr \7eiocity '
(. (f) {cfs) (sgfy | ()  Conv | Depth(ft) (ft’'s)
7 Chan 19528 19693  87.98. 957, 165 7.01, 5.81: 9.20
8 Chan  196.93  198.58 87.98 957 165 701, 58 920
9 Chan 19858  200.23 8798 957, 165 7.01° 581 ,
10 Chan  200.23  201.87 87.98 957, 165 701 581 /79.2C
11 Chan 20187 20352  87.98. 957 165 701, 5.81
12 Chan 20352 20517 . 87.98 957 165 701 581
13 Chan 20517 206.82 87.98 957 165 7.01 581, 9.20
14 Chan 20682  208.46 8798 957 165, 7.01 5.81. 9.20.
15 Chan 20846 21011 8798 957, 165 701 581 920
16 Chan 21011 21176 6877, 919 215 5.48 5.58 7.49°
17 Chan 21176 213.41 2051 609 275 235 370 484
18 Chan 21341 21505 1237 321 204 099 195 3.85
19 Chan 21505 21670 . 203 117 246 016 181 174
Plan: Plan 24 MiiBrook 1 RS:122 BRD  Profilee PF2 (AR, ; -

Posu’ Left Sta Rnght Sta Flow Area W.P. Percent Hydr = Velocity

: m m (cfs) | (saff) ) Conv | Depth(ft) (fus) .
1 Chan  187.05 18869 089 076 248 046 120 1.18
2 Chan 18869  190.34 2527 570 255 448 346 443
3 Chan 19034  191.99 3559 588 165 631 357 605
4 Chan 19199 19364 3559 588 165 631 357. 605
5 Chan 19364  195.28 3559 588 165 631, 357 6.05,
6 Chan 19528  196.93 3559 588 165 631 357 6.05
7 Chan  196.93  198.58 3572 590 165, 6.33, 358 6.6
.8 (Chan 19858 = 200.23 37.80 611 165 670 371 6ig
9 Chan  200.23  201.87 3805 643 165, 6.75. 3.72 ﬂ;%
10 Chan  1201.87  203.52 36.65 599 165 6.50 3.64 6.12,
11 Chan 20352 20517 | 3564 589 165 632 3,57 6.05
12 Chan 20517 20682 3559 583 165 631 357 605
13 Chan 20682  208.46 3559 588 165 6.31 357  6.05.
14 Chan 20846  210.11 3559 588 165 6.31: 3.57 6.05
15 Chan 21041  211.76 3559 588 165 631 357 605
16 Chan 21176 21341 3550 588 165 6.31: 357 6.05
17 Chan 121341  215.05 3247 587 188 576: 357 553,
18 Chan 21505  216.70 115, 099 334 020 164 115
Plan: Plan 24 Mill Brook 1 RS 122 BRD  Profile: PF 5 LO(}@{Q -
: . Pos Left Sta Right Sta Flow Area W.P. Pefeent Hydr' : Velocit& k
z () ) (cfs)  (sqfty . ()  Conv  Depth(f)  (fs) |
1 Chan 18705 18869 266 153 361 028 113, 1.74
2 Chan 18869 19034 4317 708 255 453 430 6.10
3 Chan 19034 19199 = 6020 726, 165 631 440 830
4 Chan 19199  193.64 6020 726, 165, 631 440 830
5 Chan 19364 19528 6020  7.26; 165 631 440 830
6 Chan 19528  196.93 6020 726, 165 631, 440 830
7 Chan 196,93  198.58 6036 727 165 633, 441 830
8 Chan  1198.58  200.23 6319 748 662 454 844:
9 Chan  1200.23  201.87 63.55.  7.50 6.66 455 (8 47
10 Chan 20187 20352 6164 736 165 646 447 "BIT
11 Chan 20352 205.17 6027 7.6 165 632 441 8.30
12 Chan 20517  206.82 6020 726, 165 631 440 830
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vPl»an:‘ Plan 24 Mill Brook 1 RS:122 BRD ’Pmrpﬁle: PF 5_(Continued) \)\}(9‘% Q&af{;\ziﬁi\ })ngiu(i/é %\A‘Q

Pos Left Sta  Right Sta " Flow = Area WP 4Percént ¢ Hydr . Velocity
i : (ft) i (ft) L (cfs) (s ft) (f)  Conv Depth(fty = (it/s)
13 Chan 20682 20846 60200 726 165 631 4.40 8.30°
14 Chan 20846 2101 6020 7.26  1.65 631 440 8.30
15 Chan 21041 21176 6020 726 165 631 440 830
16 Chan 21176 213.41 6020  7.26 165 6.31- 440 830
17 Chan 21341 21605 . 5494 725 188 576, 4.40. 7.58
18 Chan 21505 21670 242 153 418 025 236 158

Plan: Plan 24 Mill Brook 1 RS:122 BRD  Profile: PF 6 HO0U ., -
‘ Pos | leftSta  Right Sta Flow Area | W.P. Percent  Hydr  Velocity

: - (ft) (cfs) | (sqft) . (f) Conv  Depth(ft)y  (ft's) |
1 Chan 18540 18706 006 007, 055 001 019 0.85
2 Chan 18705 18869 600 255 402 049 155 2.38°

3 Chan 18869 19034 5702 814 255 454 494 700
4 Chan 19034 19199 79.08° 832 185 630 505 9.50.

5 Chan 19199 19364 7908 832 165 630 505 950

6 Chan 19364 19528 79.08° 832 165 630 505 950

7 Chan 19528 19693 7908 832 165 6.30, 5.05. 9.50

8 Chan 19693 19858 7925 834 165 631 506 9.50

9 Chan 19858 20023 8246 855 165 6.57 519 064,

10 Chan  200.23  201.87 8290 857 165 661 520 ¢/ 968 3

1 Chan 120187 20352 8072 843 165 643 512 957

12 Chan 20352 20517 7915 833 165 6.31 506 950

13 Chan 20517 20682 7908 832 165 630 505 950
14 Chan  206.82  208.46 - 79.08° 832 1.65 630 505 950

15 Chan 20846  210.11 79.08] 832 165 630. 505 9.50-

16 Chan 21011 21178 7908 832, 165 630 505 950,

17 Chan 21176 21341 7908 832 165 6.30 505  9.50,

18 Chan 21341 21505 7219, 832 188 575 505 868

19 Chan 21505 21670 344 195 483 027 3.01 1.76.
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Contraction Scour

Input Data

Results

Abutment Scour

Input Data

Results

Average Depth (ft):
Approach Velocity (ft/s):
Br Average Depth (ft):
BR Opening Flow (cfs):
BR Top WD (ft):
Grain'Size D50 (mm):
Approach Flow (cfs):
Approach Top WD (ft):
K1 Coefficient:

Scour Depth Ys (ft):
Critical Velocity (ft/s):
Equation:

Station at Toe (ft):

Toe Sta at appr (ft):
Abutment Length (ft):
Depth at Toe (ft):

K1 Shape Coef:

Degree of Skew (degrees):
K2 Skew Coef:

Projected Length L' (ft):
Avg Depth Obstructed Ya (ft):
Flow Obstructed Qe (cfs):
Area Obstructed Ae (sq ft):

Scour Depth Ys (ft):
Qel/Ae = Ve:
Froude #:

Equation:

Combined Scour Depths

Left abutment scour + contraction scour (ft):

Right abutment scour + contraction scour (ft):

e

& fE&M ofs\s} Lo ng Q\

Left Channel Right
1.73 6.18 2.65
0.27 2.1 0.35
7.59
564.00
30.65
0.20 0.20 0.20
10.99 522.40 30.61
23.92 40.00 32.61
0.640 0.690 0.640
0.34
1.32
Live
Left Right
183.76 216.25
185.33 214.22
29.25 38.39
1.49 1.49
1.00 - Vertical abutment
90.00 90.00
1.00 1.00
29.25 38.39
2.28 3.04
55.26 87.12
66.63 116.73
6.01 4.08
0.83 0.83
0.10 0.05
Froehlich HIRE
6.35
4.42
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Contraction Scour

Input Data

Results

Abutment Scour

Input Data

Results

Average Depth (ft):
Approach Velocity (ft/s):
Br Average Depth (ft):
BR Opening Flow (cfs):
BR Top WD (ft):

Grain Size D50 (mm):
Approach Flow (cfs):
Approach Top WD (ft):
K1 Coefficient:

Scour Depth Ys (ft):
Critical Velocity (ft/s):
Equation:

Station at Toe (ft):

Toe Sta at appr (ft):
Abutment Length (ft):
Depth at Toe (ft):

K1 Shape Coef:

Degree of Skew (degrees):
K2 Skew Coef:

Projected Length L' (ft):

Avg Depth Obstructed Ya (ft):

Flow Obstructed Qe (cfs):
Area Obstructed Ae (sq ft).

Scour Depth Ys (ft):
QelAe = Ve:
Froude #:

Equation:

Combined Scour Depths

Left abutment scour + contraction scour (ft):
Right abutment scour + contraction scour (ft):

Left Channel
11.52 19.80
0.16 0.82
1.25 12.42
34.41 888.82
88.75 32.95
0.20 0.20
14817 651.37
80.00 40.00
0.640 0.640
0.00 3.57
1.46 1.60
Clear Clear
Left Right
183.75 216.25
185.33 21422
85.33 75.78
15.14 15.14
1.00 - Vertical abutment
90.00 90.00
1.00 1.00
85.33 75.78
11.95 13.32
225.63 240.98
1019.62 1009.49
16.05 17.52
0.22 0.24
0.01 0.01
Froehlich Froehlich
19.62

21.09

Westoeod, AN Begd mB@

Right

1286 OO ‘% €.,
0.17 /
0.58

30.77

83.30

0.20

154.46

70.00

0.640

0.00
1.49
Clear
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Contraction Scour

Input Data

Results

Abutment Scour

Input Data

Results

Average Depth (ft):

Approach Velocity (ft/s):

Br Average Depth (ft):
BR Opening Flow (cfs):
BR Top WD (ft):

Grain Size D50 (mm}):
Approach Flow (cfs):
Approach Top WD (ft):
K1 Coefficient:

Scour Depth Ys (ft):
Critical Velocity (ft/s):
Equation:

Station at Toe (ft):
Toe Sta at appr (ft):
Abutment Length (ft):
Depth at Toe (ft):

K1 Shape Coef:

Degree of Skew (degrees):

K2 Skew Coef:
Projected Length L' (ft):

Avg Depth Obstructed Ya (ft):
Flow Obstructed Qe (cfs):
Area Obstructed Ae (sq ft):

Scour Depth Ys (ft):
Qe/Ae = Ve:
Froude #:

Equation:

Channel

Left

17.48 25.76
0.16 0.78
7.27 18.43
192.08 535.02
88.75 32.95
0.20 0.20
226.86 806.68
80.00 40.00
0.690 0.690
0.00 0.00
1.57 1.67
Clear Clear
Left Right
183.75 216.25
185.33 21422
85.33 75.78
21.10 21.10
1.00 - Vertical abutment
90.00 90.00
1.00 1.00
85.33 75.78
17.90 19.28
325.83 330.71
1527.81 1460.80
22.36 23.76
0.21 0.23
0.01 0.01
Froehlich Froehlich

SO

Right

18.82
017
6.60
527.90
83.30
0.20
221.46
70.00
0.690

0.00
1.59
Clear



HYDROLOGY, HYDRAULICS, AND SCOUR REPORT

General Information

Mill Brook Bridge carries Route 302 over Mill Brook in Westbrook, Maine. The existing buried
structure consists of twin concrete box culverts with concrete wingwalls at each end skewed at
approximately 45 degrees. The culverts kink near the center with a maximum skew of
approximately 20 degrees. The stream flow is controlled by a dam at the south end of Highland
Lake located approximately 0.25 miles upstream of the bridge. Mill Brook flows approximately
5 miles from the dam to the Presumpscot River.

Backwater from the Presumpscot River is improbable due to an approximate 150 foot drop in
streambed elevation between Mill Brook Bridge and the Presumpscot River. There is
approximately 20 feet of fill above the existing box culvert openings so overtopping the roadway
is unlikely.

The streambed at the bridge location has a gravely bottom. Recent borings indicate that
approximately 25 feet of sand and clay is deposited between the streambed and bedrock beneath.
A small sandbag fish weir has been constructed at the inlet of one of the culverts to direct all
flow through the other culvert during low flow periods. The riverbanks upstream of the bridge
are heavily wooded so there is a risk of debris piling up at the inlet. However, the risk is
somewhat limited since the dam is located only 0.25 miles upstream.

Hydrology
The following information was obtained from MDOT hydrologists:

Drainage Area: 9.1 mi®
Wetlands Percentage: 21.7%

Peak flows were calculated by MDOT hydrologists and are listed below:

Q1.1 77.3 cfs
Q25 337 cfs
Q50 389 cfs
Q100 445 cfs
Q500 579 cfs

Hydraulics

The hydraulic openings of the existing structures were determined based on maintenance records
and survey information. Each box culvert has a 9 foot wide by 6 foot tall hydraulic opening.
This results in an overall area of 108 SF.

The existing culverts are oriented such that Mill Brook makes a sharp bend entering the inlet and
a milder bend exiting the outlet. There is also a kink approximately halfway through each of the
structures. To improve hydraulics, the proposed structure will shift west and provide a straight
alignment from the inlet to the outlet. This leads to a skew of the proposed culverts to the

11



roadway of 16 degrees. This modification provides a smoother path for the water traveling in
and out of the structure while causing relatively minor alterations to the existing streambed and
banks. This orientation also allows the contractor to maintain flows through a combination of
the existing and proposed culverts throughout construction without needing to pump water from
one end to the other. However, pumping water is still a viable option if the contractor chooses to
cofferdam the water on each end. Any method will require the contractor to maintain a
reasonable amount of downstream flow to provide a suitable habitat for fish during construction.

Wingwalls
The existing culverts contain concrete wingwalls at each end. However, the proposed culverts

will have beveled ends which eliminate the need for wingwalls. This will reduce construction
costs and preclude future maintenance that would otherwise be required to preserve the wings.

Fish Passage and Sediment Control

Mill Brook is a significant waterway for fish because it provides connectivity between the
Presumpscot River and Highland Lake. Most notably it provides passage for substantial alewife
runs in the spring and fall. The proposed bridge will contain design features to help facilitate
fish passage. Because water depths are relatively low during dry periods, the elevations of the
culverts will be offset to direct the majority or all of the flow through just one side. This will
consequently increase the depth of water. In addition, the lower box will contain a stony fill
material atop the bottom slab to mimic the natural stream bottom. Sediment retention sills will
be strategically designed and spaced to contain the fill within the culvert and prevent washout.

Hydraulic Model

Because of the significant drop in streambed elevation between Mill Brook Bridge and the
Presumpscot River, backwater is not a concern. Therefore, the hydraulic analysis only considers
a headwater condition.

HY-8 software was used to model the existing and proposed conditions. The existing bridge was
modeled as twin rectangular box culverts set at the same elevation with inside dimensions of 9
feet wide by 6 feet tall. The proposed bridge was modeled as 2 rectangular box culverts with a
1-foot offset in their respective elevations. Each box culvert was modeled with a 12 foot width.
However, because of the offset, the inside vertical dimension of the lower box is 6 feet and the
upper box is 5 feet. This results in a total hydraulic opening that is 22% greater than the existing
bridge.

The following is a summary of the headwater elevations and outlet velocities of the 2 models for

Q1.1, Q25, Q50, and Q100. Note for reference that the streambed elevation in the models at the
inlet is approximately 165.0 feet.

12



Existing Box Proposed Lower Box | Proposed Upper Box

Culverts Culvert Culvert
Hydraulic Opening 108 ft* 72 ft° 60 ft*
Headwater EL. @ Q1.1 167.4 ft 166.5 ft 166.5 ft
Headwater EL. @ Qs 169.7 ft 168.3 ft 168.3 ft
Headwater EL. @ Qs 170.1 ft 168.6 ft 168.6 ft
Headwater EL. @ Q1go 170.5 ft 168.9 ft 168.9 ft
Outlet Velocity @ Q11 8.22 fils 6.02 ft/s 8.09 ft/s
Outlet Velocity @ Q»s 12.0 ft/s 9.07 ft/s 12.3 ft/s
Outlet Velocity @ Qs 12.4 ft/s 9.50 ft/s 12.3 ft/s
Outlet Velocity @ Q1o 12.9 ft/s 9.89 ft/s 12.8 ft/s
Clearance @ Q50 19 ft 2.4 ft 2.4 ft

Scour

The streambed beneath the proposed structure consists primarily of dense sand. The standard

detail for stone scour protection 610(02), will be used at the inlet and outlet to minimize the risk
of scour. Also, all steam bank alterations will require riprap slopes.

The lower box culvert will contain 12 inches of stone fill to mimic the natural stream bottom.
Sediment retention sills will be constructed along the bottom of the box to contain the fill and

prevent washout.

Reported by Craig Weaver
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