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Dear Mr. Weeks:

This letter includes the findings of preliminary evaluations of the proposed culvert and
embankment at STA 404+13 on the above-referenced project. The findings of other preliminary
culvert and embankment evaluations will be submitted in separate documents at a later date.

It is our understanding that a new culvert will be constructed at STA 404+13 for the above
referenced project. The culvert will be a 96-inch Type A conduit in accordance with ODOT Item
707.3 (Structural Plate Corrugated Steel Structures). The culvert will be installed using cut and
fill construction procedure then an embankment approximately 54 ft high will be built over the
culvert. The inlet and outlet of the culvert will be supported by headwalls flush with the face of
the pipe at both ends. At the time of preparing this letter no further information was available
regarding the size of the headwalls and the depth of the footings below the ground surface.

It should be noted that the results of these evaluations are based upon the findings of three
culvert borings located along the centerline of the proposed alignment of the culvert (C-19, C-20,
and C-21). The borings were advanced to depths ranging between 29 and 34 feet below the
ground surface. The surveyed ground elevations at the boring locations are reported on the logs.

The soil encountered in the borings indicated relatively uniform soil conditions along the culvert
alignment. However, the thickness of the soil layers and the consistency of the soil vary between
the borings. Boring C-19 was used for settlement analysis due to the relatively thick cohesive
layer within the boring. Borings C-19 and C-21 were used to evaluate the bearing capacity of the
headwall at the inlet and outlet of the pipe, respectively.
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Bearing 'Capacity Evaluation

The bottom of. the headwall footings was not known at the time of preparing this letter. The
project plans indicated that the invert elevations at the inlet and outlet of the culvert were 674.45
and 663.10, respectively. The bottom of the footings was assumed to be 4 feet below the invert
clevation below the frost zone and to prevent scour of the headwall (Ohio BDM Section 200).

At the inlet, the footing bearing elevation was assumed to be at elevation 675. Preliminary
evaluation of the bearing capacity indicated that the footings could be designed using an
allowable bearing capacity of 1,500 psf. On the other hand, the footing bearing elevation at the
outlet was assumed to be at elevation 662. The allowable bearing capacity at the assumed
bearing elevation was 3,000 psf.-

Settlement Evaluation

Settlement below the centerline of the embankment was evaluated using the maximum cover of
the embankment (54 feet) as the surcharge load and using the soil profile encountered in boring
C-19. The settlement analysis indicated that the soil below the embankment might observe a total
settlement of 8.3 inches of which approximately 0.75 inch will be immediate in the sand layer at
the end of the embankment construction. The analysis indicated that 80% of the consolidation
settlement (6 inches) will occur within 120 days after the end of the embankment construction
while the time required to achieve the total consolidation settlement (7.6 inches) will be
approximately 7 years. It is anticipated that additional consolidation settlement of approximately
one inch will take place after the 7 years period due to additional water dissipation with time
over a period of 10 years. On the other hand, a total settlement of 0.6 inch might be observed
below the headwall due to the embankment loading. No loading was assumed on the headwall.

1t should be noted that angular distortion will be encountered between the face of the pipe (inlet
or outlet) and the middle of the pipe. Angular distortion is defined as the difference in settlement
between two points divided by the distance between them. The angular distortion of the pipe was
estimated to be approximately 1/290. The angular distortion can affect the structural integrity of

the pipe culvert depending on the size and material of the pipe and therefore should be evaluated
by a structural engineer. ' :

| /290 200034 & (0650




-~ EDLZ

ENGINEERS * ARCHITECTS + SCIENTISTS
PLANNERS « SURVEYORS

Michael D. Weeks, P.E., P.S.
August 8, 2006
Page3

We appreciate having the opportunity to be of service to you on this project. Please do not. |
hesitate to call if you have any questions congerning our preliminary findings.

Respectfnlly submitted,
DLZ OHIO, INC.
pNTET

Wael Alkasawneh, P.E.
Geotechnical Engineer

(

P Yt (e
Arthur (Pete) Nix, P.E.

O Geotechnical Division Manager

Encl: As noted.

cc: J. Greg Brown, P.E. (TranSystems Corpofation), File

M:\proji012113070.03\Correspondence\Culvert Findings STA 404+13.doc
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Client TranSystems, Inc. JOB NUMBER 0121-3070.03

Project SC1-823-0.00 SHEET NO. 1 oF 1
Item Culvertat STA. 404+13 COMP.BY  WMA DATE  (08/04/06
CHECKED BY BEW DATE
()
- SETTLEMENT ANALYSIS - EMBANKMENT
Embankment Informaiton: Groundwater Table: D= 130 #
et e B @ Embankment Height: H= 5408 #
‘ Fill Unit Weight: Yemv= 120 pcf q= 6490 psf -
/ \ I: Width of Slope: a= 139 :
.. Top half-width of Emb: b= 54
g Distance from CL: X= 0 '
Output Range: z= 0 to 25 f
*See Data output Attached

v

Cmeyrx)d o (2 = (ﬁ) Ca-alz) + B(D + (D) + b-(cr,(z) + /(D) + x{oz) — ()

BCZ) i= atan| M] + atm-M] &(z) = atan[(”b'f) ]— M{SP“_")] «lz) = atm[m] - at.en[ b¥ = ]
z | = z z z z
Reference: US Army Corps of Engineers EM 1110-1-1904 "Settlement Analysis”, Yable C-1
Cohesionless
Soil Properites:  Settlement is calculated at mid-point of layer , Soils Cohesive Soils

No.Bot. of Laye  Soil Type YVeon (pcf) O (psf) O (psf) A0z (psf) Ot (psf) ¢ |G G €

1 160 fi Clay 120 7,448 960 6,488 7,448 0.0 0.07 048 0.901

2 210 # Silty Clay 120 8,301 1,877 6,471 8,348 00 ° 006 023 0.901

C ™ 265 £ Silt/Sandy Silt 110 0 2,152 - 6,452 8,604 53.0 - 0.00 000 0.000

4 00 : 0 0 00 000 000 0.000

5 00 0 0

6 00 0 0

7 00 0 0

g8 00 0 0

9 00 0 0

10 0.0 0 0

' Reference: Geotechnical Engineering Principles and Practices; Coduto, 1 999
Overconsolidated Soils - Case I (07¢<0") Eqn:11.24

No. Settlement:  Total Settlement @), =% C. g log[a' f)

1 0524 # 1+e, 'y

2 0103 f Overconsolidated Soils - Case II (0 <0'<0) Eqmn:il.25

3 0062 ft o o, ), C. o'

. 6.) = Zl:l e, H hg(;o‘) +1—+;;H Iog[;_f-}]

5 Normally Consolidated Soils (0’;=0') Eqn: 11.23

6 C, o',

: 6a =2 ree{ 5

8

9 Cohesionless Seils (0’ ¢=0"2)

5 =51 Hiogl ZL
(ac)uh‘ = Z C.Hlog[ O"o]
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August 8, 2006 : :

Michael D. Weeks, P.E., P.S.
TranSystems Corporation

5747 Perimeter Drive, Suite 240
‘Dublin, OH 43017

Re:  Bearing Capacity and Settlement Evaluation
(Culvert at STA. 466+45)
SCI-823-0.00 Portsmouth Bypass -
DLZ Job No.: 0121-3070.03
- Document # 0021 '

Dear Mr. Weeks:

This letter includes the findings of preliminary evaluations of the proposed culvert and
embankment at STA 466+45 on the above-referenced project. The findings of other preliminary
culvert and embankment evaluations will be submitted in separate documents at a later date.

It is our understanding that a new culvert will be constructed at STA 466+45 for the above
referenced project. The culvert will be a 84-inch Type A conduit in accordance with ODOT Item
707.3 (Structural Plate Corrugated Steel Structures). The culvert will be installed using cut and
fill construction procedure then an embankment approximately 66 ft high will be built over the
culvert. The inlet and outlét of the culvert will be supported by headwalls flush with the face of
the pipe at both ends. At the time of preparing this letter no further information was available
regarding the size of the headwalls and the depth of the footings below the ground surface.

It should be noted that the results of these evaluations are based upon the findings of three
culvert borings located along the centerline of the proposed alignment of the culvert (C-10, C-11, -
and C-12). The borings were advanced to depths ranging between 14 and 19 feet below the

ground surface. The surveyed ground surface elevations at the boring locations are reported on
the logs.

The soil encountered in the borings indicated relatively uniform soil conditions along the culvert
alignment. However, the thickness of the soil layers and the consistency of the soil vary between
the borings. Boring C-11 was used for settlement analysis due to the relatively thick cohesive

layer within the boring. Borings C-10 and C-12 were used to evaluate the bearing capacity of the
headwall at the inlet and outlet of the pipe, respectively.

2162 Front Street = Cuyahoga Falls, Ohio 44221-3288 « {330) 923-0401 » FAX (330) 928-1029
With Offices Throughout The Midwest
www.dlz.com
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Bearing Capacity Evaluation

The bottom of the headwall footings was not known at the time of preparing this letter. The
project plans indicated that the invert elevations at the inlet and outlet of the culvert were 666.28
and 661.8, respectively. The bottom of the footings was assumed to be 4 feet below the invert
elevation below the frost zone and to prevent scour of the headwall (Ohio BDM Section 200).

. At the inlet, the footing bearing elevation was assumed to be at elevation 662. Preliminary
evaluation of the bearing capacity indicated that the footings could be designed using an
allowable bearing capacity of 4000 psf. On the other hand, the footing bearing elevation at the

outlet was assumed to be at elevation 652. The aliowable bearing capacity at the assumed
bearing elevation was 4,000 psf.

Settlement Evaluation

Settlement below the centerline of the embankment was evaluated using the maximum cover of
the embankment (66 feet) as the surcharge load and using the soil profile encountered in boring
C-11. The settlement analysis indicated that the soil below the embankment might observe a total
settlement of 3.7 inches of which approximately 0.4 inch will be immediate in the cohesionless
soil layer at the end of the embankment construction. The analysis indicated that 80% of the
consolidation settlement (2.6 inches) will occur within 23 days after the end of the embankment
construction while the time required to achieve the total consolidation settlement (3.3 inches)
will be approximately 19 months. It is anticipated that additional consolidation settlement of .
approximately one inch will take place after the 19 months period due to additional water
dissipation with time over a period of 10 years. On the other hand, a total settlement of 0.1 inch

might be observed below the headwall due to the embankment loading. No loading was assumed
on the headwall.

It should be noted that angular distortion will be encountered between the face of the pipe (inlet
or outlet) and the middle of the pipe. Angular distortion is defined as the difference in settlement
between two points divided by the distance between them. The angular distortion of the pipe-was-
estimated to be approximately 1/813. The angular distortion can affect the structural integrity of

the pipe culvert depending on the size and material of the pipe and therefore should be evaluated
by a structural engineer. : : S
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We appreciate having the opportunity to be of service to you on this project. Please do not
hesitate to call if you have any questions concerning our preliminary findings. ' '

Respectfully submitted,
DLZ OHIO, INC.

eSS Rk .

T —

Wael Alkasawneh, P.E.
Geotechnical Engineer

3 ¢
ﬂm& )/quf /%
Arthur (Pete) Nix, P.E.
Geotechnical Division Manager

Encl: As noted.

cc: J. Greg Brown, P.E. (TranSystems Corporation), File

M:proj\0121\3070.03\Correspondence’\Culvert Findings_STA 4.66+45.doc
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TR : SUBJECT Client TranSystems, Inc. JOB NUMBER 0121-3070.03
@D I { 2 ' Project SCI-§23-0.00 SHEET NO. 1 OF 1

Item Culvert at STA. 465+45 COMP.BY  WMA DATE  (0B/04/06
CHECKEDBY BEW DATE

SETTLEMENT ANALYSIS - EMBANKMENT

Embankment Informaiton: Groundwater Table: D= 1000 fi
et e b e Embankment Height: H= 6589
' Fill Unit Weight: Yed= 120 pef q= 7,907 psi-
/ \ ]-!—Width of Slope: a= 188 S
' o Top half-width of Emb: b= 57 _
¢ =" / Distance from CL: x= 0
Output Range: z= 0 to 25 fi
_ *See Data output Attached
. verd o (@)= (ﬂiJ Ca(e(D) + Bl + (D) + bLadD) + (D) + x(2(2) - (D))
BCD = atan[gfﬁl+ atm-M] (z) = ata m]_ m[E’?_;.’E).] gz = atﬁ[%] - atdn[ EX) ]
z 4 5
- Reference: US Army Corps of Engineers EM 1110-1-1904 "Settlement Analysis”, Table C-1
Cohesionless
Soil Properites: Seu‘lemem is calculated at mid-point of layer ' Soils Cohesive Soils
[No.Bot. of Laye  Soil Type Yeoit (pcf) O’ (psf) O, (psf) Aoz (psf) ¢ (ps) ¢ |G . C €
1 70 £t Clay 120 - 7448 420 7,907 8,327 0.0 005 030 0.990
(“’\ 85 ft  SilYSandy Silt 120 8,301 930 7,906 8,836 40.0 0.00  0.00 0.000
J 00 0o 0 0.0 000 _ 0.00 0.000
4 0.0 0 0 ‘ '
5 00 0 0
6. 0.0 0 0
7 0.0 0 0
8 0.0 0 0
9 0.0 0 0
10 0.0 0 0
Reference: Geotechnical Engineering Principles and Practices; Coduto, 1999
Overconsolidated Sofls - Case I (O"u<0'",._) eq_n:ll._ﬂ
No.Settlement:  Total Settlement < C, o',
1 0271 f | @I o bg( S ]
2 0037 f Overconsolidated Soils - Case I (07<0"<0}) Eqn:11.25
' : ' ‘ C o' c a'
, R e |
5 37 imn Normally Consolidated Soils (0’;=0") Eqn: 11.23
6 C o'
) Cu=Z7 Hlog( s )
8
9 Cohesionless Soils (' ¢=0",)

1 o'
(6. =2 g 2
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August 8, 2006

Michael D. Weeks, P.E., P.S.
TranSystems Corporation

5747 Perimeter Drive, Suite 240
Dublin, OH 43017

Re:  Bearing Capacity and Settlement Evaluation
(Culvert at STA. 474+10)
SCI-823-0.00 Portsmouth Bypass
DLZ Job No.: 0121-3070.03
Document # 0022

Dear Mr. Weeks:

This letter includes the findings of preliminary evaluations of the proposed culvert and
embankment at STA 474+10 on the above-referenced project. The findings of other preliminary
culvert and embankment evaluations will be submitted in separate documents at a later date.

It is our understanding that a new culvert will be constructed at STA 474+10 for the above
referenced project. The culvert will be a 72-inch Type A conduit in accordance with ODOT Item
707.3 (Structural Plate Corrugated Steel Structures). The culvert will be installed using cut and
fill construction procedure then an embankment approximately 52 ft high will be built over the
culvert. The inlet and outlet of the culvert will be supported by headwalls flush with the face of
the pipe at both ends. At the time of preparing this letter no further information was available
regarding the size of the headwalls and the depth of the footings below the ground surface.

It should be noted that the results of these evaluations are based upon the findings of three
culvert borings located along the centerline of the proposed alignment of the culvert (C-13, C-14,
and C-15). The borings were advanced to depths ranging between 12.5 and 28 feet below the -
ground surface. The surveyed ground elevations at the boring locations are reported on the logs.

The soil encountered in the borings indicated relatively uniform soil conditions along the culvert
alignment. However, the thickness of the soil layers and the consistency of the soil vary between
the borings. Boring C-14 was used for settlement analysis due to the relatively thick cohesive
layer within the boring. Borings C-13 and C-15 were used to evaluate the bearing capacity of the
headwall at the inlet and outlet of the pipe, respectively.

2162 Front Street » Cuyahoga Falis, Ohio 44221-3288 e (330) 923-0401  FAX (330) 928-1029
With Offices Throughout The Midwest
www.dlz.com
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Bearing Capacity Evaluation

The bottom of the headwall footings was not known at the time of preparing this letter. The
project plans indicated that the invert elevations at the inlet and outlet of the culvert were 679.40
and 658.72, respectively. The bottom of the footings was assumed to be 4 feet below the invert
elevation below the frost zone and to prevent scour of the headwall (Ohio BDM Section 200).

At the inlet, the footing bearing elevation was assumed to be at elevation 675. Preliminary
evaluation of the bearing capacity- indicated that the footings could be designed using an
allowable bearing capacity of 3,000 psf, On the other hand, the footing bearing elevation at the

outlet was assumed to be at elevation 654. The allowable bearing capacity at the assumed
bearing elevation was 5,000 psf.

Settlement Evaluation

Settlement below the centerline of the embankment was evaluated using the maximum cover of

O the embankment (approximately 52 feet) as the surcharge. load and using the -soil profile
encountered in boring C-14. The settlement analysis indicated that the soil below the
embankment mlght observe a total settlement of 3.9 inches of which approximately 0.6 inch will
be immediate in the cohesionless soil layer at the end of the embankment construction. The
analysis indicated that 80% of the consolidation settlement (2.6 inches) will occur within 23 days
after the end of the embankment construction while the time required to achieve the total
consolidation settlement (3.3 inches) will be approximately 17 months. It is anticipated that
additional consolidation settlement of approximately 1.3 inches will take place after the 17
months period due to additional water dissipation with time over a period of 10 years. On the
other hand, a total settlement of 0.2 inch might be observed below the headwall due to the
embankment loading. No loading was assumed on the headwall.

It should be noted that angular distortion will be encountered between the face of the pipe (inlet

or outlet) and the middle of the pipe. Angular distortion is defined as the difference in settlement
between two points divided by the distance between them. The angular distortion of the pipe was
estimated to be approximately 1/752. The angular distortion can affect the structural integrity of

the pipe culvert dependmg on the size and material of the pipe and therefore should be evaluated
by a structural engineer.
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We appreciate having the opportunity to be of service to you on this project. Please do not
hesitate to call if you have any questions concerning our preliminary findings.

Respectfiully submitted,
DLZ OHIO, INC.
\:-D\S, ouvb -

Wael Alkasawneh, P.E.
Geotechnical Engineer

O Geotechnical Division Manager

Encl: As noted.

cc: J. Greg Brown, P.E. (TranSystems Corporation), File

M:proj\0121 \3070.03\Correspondence\Culvert Findings_STA 474+10.doc
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TN SUBJECT Client TranSystems, inc. JOB NUMBER 0121-3070.03
@D I ( Z ’ Project SCI-823-0.00 SHEET NO. 1 OF 1

Item Culvert at STA. 474+10 COMP. BY WMA DATE 08/04/06
CHECKED BY BEW DATE

SETTLEMENT ANALYSIS - EMBANKMENT

Embankment Informaiton: Groundwater Table:© D= 20.0 ft
e b Embankment Height: H= 5221 ft
‘ Fill Unit Weight: Y= 120  pef q= 6,265 psf
/ \ I‘Width of Slope:” a= 167
- Top half-width of Emb: b= 65
& " Distance from CL: x= 0
Output Range: Z = 0 to 25
‘ *See Data output Attached
] | (eevexd o ()= (f;) (a(el2) + PlD + (D) + b(a(D + ' (D)) + x (o) - x(Z)))

8(2) ::,m[tb_—xz],,m M] 2D ..,n[t_:.e_)] m[u ] alzy = am[%z]_ m[m]
. =z |

Reference: US Army Corps of Engineers EM 1110-1-1904 "Settlement Analysis”, T.able C-I

4
5
6
7
8

)

Cohesionless
Soil Properites: Settlement is caleulated at mid-point of layer Soils Cohesive Soils
No.Bot. of Laye  Soil Type Voo (0cf)  O'c (psf) O’ (psf) ACz (psf)  C'¢ (psh) c |G C. e
1 105 f Cohesive Silt 120 7,448 630 - 6,265 6,895 0.0 0.05 0.14 0.990.
2 135 fi Sandy Silt 120 8,301 1,440 6,262 7,702 46.0 0.00  0.00 0.000
) 00 0 0 ' 00 - 000 000 0.000
4 00 0 0
5 00 0 0
6 00 0. 0
7 00 0 0
g8 00 0 0
g 00 0 0
10 0.0 0 0
Reference: Geotechnical Engineering Principles and Practices; Coduto, 1999
Overconsolidated Soils - Case I (0'<¢') Eqn:11.24
No.Settlement:  Total Settlement ©, )uh -3 C, H log[d:f ]
1 0274 £ l+e, o
2 0047 £ Overconsolidated Soils - Case I (0 (<0 <0p Eqn:11.25
3

C o' C '
8). = *_Hlg| —= < H1 L
@ E[Heu g[cr'o]+1+eo °g[a',J]
Normally Consolidated Soils (¢°;=0") Eqn: 11.23

_s_C. o'y
(5r.')ufl "—Zl—l-eo H]Og(o_. J

0

Cohesionless Soils (0’ =0",)
(0 == 5 rion 22 )
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CN-Ramnarayan Nunna

From: Bill.Ujvari@dot.state.oh.us

Sent: Monday, July 23, 2007 3:59 PM

To: CN-Ramnarayan Nunna

Subject: Re: FW: BMP's for Portsmouth Bypass Project (SCI-823-0.00)

Attachments: bmp1.pdf

Ram,
See my comments below in red text.

Bill

<rnunna@transystems.com>
@ 4 To <Bill.Ujvari@dot.state.oh.us>

cc

07/20/2007 03:32 PM Subject FW: BMP's for Portsmouth Bypass Project (SCI-823-0.00)

Mr. Ujvari:

Did you get a chance to review our phone conversation regarding ditch BMP’s? | have a meeting with ODOT-9 on Tuesday, July
24, 2007 at 9:00 AM and we are going to discuss this issue and | appreciate if | can get your review confirmation before that.

Again appreciate your help.
Thank you

Ram Nunna, P.E.

From: CN-Ramnarayan Nunna

Sent: Friday, July 13, 2007 12:16 PM
To: Bill.Ujvari@dot.state.oh.us

Cc: CN-Ramnarayan Nunna

Subject: FW: BMP's for Portsmouth Bypass Project (SCI-823-0.00)
Jjvari:

Thanks for talking time and talking to me yesterday (July 12, 2007 at 10:15 AM) regarding the ditch BMP options as indicated in the

7/23/2007



. Page 2 of 5

e-mail below from me and John Stains.

()

Va

se review the summarized telephone conversation and please e-mail me the

confirmation.

Summary of telephone conversation:

1.

O

10 feet ditch width in the rock cut sections, was established based on the OGE rock catchment design to minimize the rock
cut on the project.

Agree

tn order to have a consistent ditch width through out the mainline, the 10 feet rock catchment ditch width was also used in the
toe of fill ditches.

Agree, we do not want to reduce the downstream ditch width from that which was calculate for the upstream
section.

Since the roadway runoff cannot be treated in the rock cut ditches, the runoff that is collected in the ditch has to be treated in

the toe of fill ditches before it outlets to the outfall. Two Options were presented to ODOT/Hydraulics by Transystems, Option
1 and Option 2 (see the below e-mail)

Agree

Option 1 {Cumulative Drainage Area Method) as described in the below e-mail is in not in compliance with the L&D Volume 2
design methodology, however it is in compliance with the Ohio EPA. ODOT, Office of Production is currently in
communications with Chio EPA regarding this methodology. ‘

Lets say the method currently prescribed in Vol 2 used to calculate the EBW from which the drainage area based on
100 foot strips is not what EPA endorses. The Ohio EPA has indicated that the cumulative drainage area method
needs to be used in order to be in compliance with the NPDES permit.

Option 2 (Incremental Drainage Area Method) as described in the below e-mail is in compliance with design methodology as
published in the current L&D Volume 2, Section 1118.3(January 19, 2007 Revision). Mr. Ujvari indicated that this option is
not in compliance with Ohio EPA and he also indicated that ODOT will stop endorsing Figure 1118-4, as described in Section
1118.3.1.C.4 and Section 1118.3.2 of L&D Volume 2, because the 6 inch berm separating the runoff's will be eroded with
time combining the roadway runoff and offsite runoff. Ram Nunna indicated that the slopes form cut to the fill sections on this
project varies any where between 25% to 33% and the 6 inch berm will not work anyway.

We have performed a preliminary analysis of the method prescribed in Vol. 2 regarding use of the incremental
drainage area when calculating the EBW and have significant reservation over its appropriateness. The basis for
using the cumulative drainage approach has far greater merit and justifiable logic.

7/23/2007
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We do not endorse the use of the 8" earth dike serving to create a conveyance ditch shown in figure 1118-4. There ‘
is no durability to this design providing an extended and productive life.

Preliminary calculations show that Option 1 can be used and all the runoff from the cut sections can be treated in the toe of fill

- ditches by providing 15" maximum ditch bottom (95% of the locations) for an average length of 300 feet. For 5% of the

lecations the ditch bottom width is greater than 15 feet.

What we are really doing here is following Vol. 2 Section 1118.3.1.C.1 with the exception that we are not going to
provide the conveyance ditch, In this situation where the calculated EBW using the total drainage area results in a
15' ditch and without the use of the 6" conveyance dike is acceptable. The 10' maximum width of the EBW
referenced in Vol. 2 is arbitrary to limit right of way takes. However, when the EBW exceeds 10" and places the
design into another category where the alternative design has questionable performance (ie conveyance ditch w/ 6"
earth dike), it is acceptable at this time to use the 15* ditch width as an alternative solution.

By providing a maximum of 15 feet ditch bottom width 95% of the locations will comply with Option 1 (Cumulative Area
Method). 5% will require more than 15 feet and less than 20 feet. '

While we have not refined the maximum limit of the EBW calculation using cumulative drainage areas, the use of an
EBW equal to 15’ is reasonable in this particular situation. 1t might not be the case with other project conditions but
here it appears reasonable. The 15' EBW looks fike it will handle up to and 18 acre drainage area whereas the 20

EBW looks like it is good up to nearly 40 acres. At this point in time | would draw the EBW limit at the 15' mark on
the basis that it treats 95% of the area considered.

By providing a maximum 15 feet ditch bottom, 5 feet extra width will require additional ROW, however compared to the cost
of the overall project the additional ROW cost is not significant and currently the ROW for this project is not established.

While the cost of an additional 5 of right of way is small compared to the total cost of the project, | wouldn't use that
as the justification to support the position to expand the width of the EBW from 15" to 20°. In this situation we are
making a good faith effort to improve water quality and quantity issues by providing an EBW at 15",

Recommendation is use maximum 15 feet ditch bottom and treat all the runoff using Option 1 (Cumulative Area Method). At
the locations where it requires greater than 15 feet just use 15 feet maximum.

Agree

Again appreciate your time and effort and please review and e-mail me the confirmation o
the telephone conversation. .- '

Ram Nunna, P.E

Senior Transportation Engineer
Transystems

720 East Pete Rose Way
Cincinnati, OH 45202

O

7/23/2007
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O

From: John.Stains@dot.state.oh.us [mailto:John.Stains@dot.state.oh.us]
Sent: Tuesday, July 10, 2007 7:51 AM
To: CN-Ramnarayan Nunna

Cc: Bill.Ujvari@dot.state.oh.us; David.Riley@dot.state.oh.us; Benjamin.Goldsberry@dot.state.oh.us
Subject: RE: BMP's

Ram,

In summary of our conversation yesterday régarding the Portsmouth Bypass, below is the requested direction concerning the
vegetated biofilter post construction BMP design.

Based on what is currently in Volume 2 of the Location and Design Marnual, the vegetated bicfilter ditch width is sized first
hydraulically and then by the enhanced bankfull width equation found in section 1118.3.1, and the larger of the two widths is
furnished. The drainage area is based on 100 foot check sections, and once calculated the area is removed from the next

downstream drainage area. The calculations you provided in Option 2 are in compliance with what is currently in L&D Volume 2.

Based on the most recent direction the Hydraulic Section has received from Ohio EPA, the vegetated biofilter ditch width is to be
sized based on the total, cumulative drainage area at all points in the ditch. The calculations you provided in Option 1 are in
compliance with the most recent direction from Ohio EPA.

Please be aware that the BMP policy responsibility has been transferred from the Hydraulics Section to the Office of Production.
Since we have been removed from all negotiations and communication with Ohio EPA, | am unable to give you any guidance .
b~~ond what has been provided above. | will direct your question to Bill Ujvari for further direction and clarification to ensure that the
L \_)Je statements are in accordance with Department policy.

Respectfully,

John P. Stains, P.E.

Ohio Department of Transportation
Roadway Hydraulics, Structural Engineering
1980 West Broad Street

Columbus, Ohio 43223

Phone: 614.728.1998

Fax: 614,752.4824

<rnunna@transystems.com>

' To <John.Steins@dot.state.oh,us>
07/09/2007 12:15 PM

ee <rnunna@transystems.com:>

Subject RE: BMP's

O

7/23/2007
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John:

ans for taking time and tatking to me at 11:00 AM today morning regarding the Ditch BMP's.

Attached pdf file contains the two options we discussed, please review and send me a confirmation e-
mail.

10 feet ditch bottom was established in the rock cut sections per the OGE as part of the rock catchment area design and the same
ditch bottom width was carried on to the fill sections.

Option 1:

Cumulative Area Method it considers all the water from the rock cut section to the fili sections and up to the outfall. (I understand
that EPA is pushing for this Option and ODOT is still negotiating with EPA)

Option 2:

Individual area method, per ODOT L& D Volume 2 (Once the area is treated upstream it is not included in the downstream
calculations).

Please confirm our conversations via e-mail.
Again | appreciate your effort and help.

ThanQ

Q Nunna, P.E

From: CN-Ramnarayan Nunna

Sent: Monday, July 09, 2007 10:57 AM
To: "John.Stains@dot.state.oh.us’
Subject: BMP's

John:

Attached is the schematic of a BMP scenario, | will call you in 5 minutes to talk to you, so that | have a clear direction.
I really appreciate your help.

Ram Nunna P.E.

O

7/23/2007
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SCI-823-0.00; PID: 77366
PHASE 3

PORTSMOUTH BYPASS
HIGH FILL BOX CULVERTS




MEMORANDUM

SCI-823-0.00, PIf) 77366, PHASE 3, PORTSMOUTH
BYPASS

PREPARED FOR: ODOT, District 9

PREPARED BY: Ram Nunna/Transystems

SUBJECT: Response to ODOT-9 comments on the Design of Four High

Fill Box Culverts dated June 22, 2007
DATE: July 19, 2007

This memo documents the design and hydraulic analysis of the four high fill box
culverts and the cost comparisons of the options considered.

BACKGROUND

A meeting was held on January 30, 2007 at District 9 to discuss the options for
culvert design of the four high fill culverts (See Appendix A for meeting minutes).
As the byproduct of the culvert meeting Transystems analyzed the culvert options
and presented the summary of the preferred option in a memorandum to ODQOT-9
on May 3, 2007 (See Appendix B). Cost comparisons of the different options were
not presented in the memorandum submitted to ODOT-9 on May 3, 2007. ODOT

reviewed the memorandum and submitted comments via e-mail on June 22, 2007
(See Appendix C).

This memo also documents the response to the ODOT review comments dated June
22,2007.

Culvert at Sta. 234+05.47 and Culvert at Sta. 239+18.19

Comment # 1: It appears that the 9'x6' culvert located at Sta. 239+18.19 could
be extended thereby reducing the need for the 25' AS Per Plan
headwall. Would not the culvert be at or close to the toe of the
embankment if you were to extend it 50'. Would there be a
substantial cost savings incurred by being able to use a standard
headwall? By lengthening the Sta. 239+18.19 culvert this would
force the Sta. 234+05.47 culvert to be relocated (rotated
approximately 1.25 degrees clockwise) and it appears more
excavation would be required by this relocation. However,
would the cost savings from the standard headwall vs. 25' As
Per Plan headwall cover the addition excavation and culvert
construction?




O
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Response: Two Options were evaluated (See Appendix D for plan view
and profiles view) at this Culvert Location and Option 1 was
presented in the memo Dated May 3, 2007.

Option1:  As per Plan Headwalls
Option 2:  Standard Head Walls

See Appendix F for Cost Comparison Table. Cost of Option 1
is approximately $2.97 Million and the cost of Option 2 is
$2.93 million. Option 1 was selected because of the reduced
rock excavation. The big issue on this project is where to
place the excess of rock excavation. Option 2 produces
approximately 15,000 cu.yd of extra rock cut.

Comment # 2 Was there any consideration for improved inlets at each of the
culverts? Would there be any reason why we could not use an
improved inlet on the culverts, ie. environmental
considerations, etc.? The culvert size could be reduced with the
application of these improvements. This in effect could provide
considerable cost savings also.

Response#2: Improved inlets were not considered during evaluating the
alignment options. However improved inlets can reduce the
cost. See Appendix E for the summary of hydraulic analysis.

Culvert at Sta. 297+56.24 and Culvert at Sta. 300+89.44

Comment# 1; Can the 8'x8' culvert at Sta. 300+89.44 be extended also. This
would be described similar to that as stated in Item No. 1 in the
previous comments (Culvert at Sta. 234+05.47 & Culvert at Sta.
239+18.19).

Response: Two Options were evaluated (See Appendix D for plan view
and profiles view) at this Culvert Location and Option 1 was
presented in the memo Dated May 3, 2007.

Option1:  As Per Plan Headwalls
Option 2:  Standard Head Walls

In the memo dated May 3, 2007 the As Per Plan Headwall

height was shown as 17" which is incorrect. Actual height is
15’

PHASE3_BOXCULVERTS_REPORT.DOC 2
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Comment#2:

Response:

Comment#3

Response:

Comment#4

See Appendix F for Cost Comparison Table. Cost of Option 1
is approximately $4.28 Million and the cost of Option 2 is
$4.27 million. Option 1 was selected because of the reduced
rock excavation. The big issue on this project is where to
place the excess of rock excavation. Option 2 produces
approximately 6,400 cu.yd of extra rock cut.

Could the culvert at Sta. 300+89.44 be relocated approximately
to Sta. 301+65 with the inlet at the intersection of the roadway
ditches and the existing stream? This alignment would follow
the approximate toe of the existing slope and more earthwork
maybe involved. However, it would also provide a better
transition from the outlet to the existing stream.

The Culvert can be relocated. It produces 5,500 cu.yds of extra
rock cut.

Was there any consideration for improved inlets at each of the
culverts? Would there be any reason why we could not use an
improved inlet on the culverts, ie environmental
considerations, etc.? The culvert size could be reduced with the

application of these improvements. This in effect could provide
considerable cost savings also,

Improved inlets were not considered during evaluating the
alignment options. However improved inlets can reduce the
cost. See Appendix E for the summary of hydraulic analysis

Was there a cost comparison done with submitted alignment of
the Sta. 297+56.24 culvert and relocating it to run parallel with
the roadway and outleting at the inlet of the Sta. 300+89.44
sculvert? I believe we discussed this briefly at the Jan. 30, 2007
meeting. There was the issue of the addition earthwork (+/- 75'
below existing grade), however, after further evaluation it
seems that this alignment may reduce the length by
approximately 500'. How would this cost savings compare with
the addition excavation? Would options such as jacking a
conduit through the hill, blasting a trench, etc. become practical
options? Additionally the culvert at Sta 300+89.44 would
increase in size and so would cost. Would the previously
discussed inlet improvement help keep this size down if used?

PHASE3_BOXCULVERTS_REPORT.DOC 3
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Response: These options were evaluated and dismissed during the
preliminary stages of the design.

Location 1:

Location 2:

PHASE3_BOXCULVERTS_REPORT.DOC

Culverts at Sta. 234+00 and 239+56.

The Culvert at Sta. 234+00 runs parallel to the
SR823 roadway and discharges into the culvert at
Sta. 239+00. The new size of culvert at Sta.
297456 is 10" x 7 or 8’ x 8’ (conventional design).
If an improved inlet is used at this location the
new size would be 8" x 6’ (side tapered). This
option produces 357,111 cu.yds of extra rock cut.
(See Appendix G for earthwork calculations and
cost comparison)

Culverts at Sta. 297+50 and 300-+89.

The Culvert at Sta. 297+50 runs parallel to SR823
Roadway and discharges in to the culvert at Sta.
300+89.00. The new size of the culvert at Sta.
300+89.00 is 12" x 10" for single box, and 8’-8" for a
bouble box (conventional design). If an
improved inlet is used the new size would be 10’
x 8 (sloped tapered). This option produces
102,875 cu. yds of extra rock cut. (See Appendix
G for earthwork calculations and cost
comparison)
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SCI-823 Porismouth Bypass

Meeting Minutes
Culvert Design Meeting

Date: January 30, 2007

Attendees:

Tom Barnitz  District 9

John Wetzel  District 9

Dave Riley OSE Hydraulics
John 8tains  OSE Hydraulics
Ben Goldsberry OSE Hydraulics
Ram Nunna TranSystems
Mike Weeks  TranSystems

A meeting was held this date at ODOT District 9 to discuss design options for several culvert crossing
locations on Phase 2 and Phase 3 of the Portsmouth Bypass. The following locations were discussed:

1. Sta. 234+00
Two box culvert crossings (8'x5 & 8'x7") converge at the outlet on the right side of the mainline.
Various options were discussed, including curvedichord alignments and using junction chamber to
defelect the box culverts. The resolution was that TranSystems will investigate optimizing the
design without using a curved alignments or a junction chamber. One outlet headwall should be
considered with high retaining walls or wingwalls and possibly steeper slopes (1.5:1) to minimize
culvert lengths and to eliminate the defelection in the alignment. DLZ will be engaged to determine
possible geotechnical issues regarding the slope stability and the use of the retaining wall.
Estimated costs for culvert, retaining walls, excavation, etc. shall be determined to optimize the
design. :

2. Sta 300+00 £
Two box culvert crossings (8'x7" & 10'x8") converge at the outlet on the right side of the mainline.
Various options were discussed, including curved/chord alignments and using junction chamber to
defelect the box culverts. Same conclusions that were discussed at location Sta. 234400 will also
apply at this location.

3. Sta.623zx
A 60" pipe culvert is proposed at this locafion. The pipe profile is to be flattened to provide lower
velocity and shorter pipe length. The pipe can be constructed in the fill and outletted onto the slope
with the appropriate outlet protection {rock channe! or dissipator) and tied into the roadside ditch

APDENRPIX A




O 4 Since the box culverts are under high fills greater than 150’, minimum box culvert height should be
6!
5  Ifthe hydraulic size of a pipe is 48" or 54" and they are under high fills bump the pipe size to 60° so
that a structutal steel pipe can be used.
6 HY-8 can be used instead of CDSS to evaluate the box culvert or pipe culvert hydraulics.

Other Hydraulic/BMP items:
» The new BMP requirements in L&D Volume 2 stipulate no treatment is required in cut sections,
only in fill ditches.

Ram Nunna talked to John Stains on February 1, 2007 at 10:30 AM to get additional clarification
regarding this issue. Summary of conversation:

Ram indicated to John that the L&D Volume 2 does not directly address the treatment at
the cut sections. John agreed and indicated that the intent is to treat the cut ditch as a
regular ditch and treat the water at the toe of fill ditches just before they outlet to a outfall
by widening the ditches per L&D Volume 2, Section 1118.3.1 (January 2007 revision)
Based on this requirement curb is not required along the outside shoulders fo treat water
in the cut sections.

» The steep diches in the fill sections should utilize ltem 601 Tied Concrete Block Mat, Type 2 in lieu

of rock channel protection where required for erosion protection.

Qther Project ltems:

o  John will confirm with OSE that the MSE walls approved with the BTS for SR 823 over Webster
(SR 140) and SR 823 over Blue Run Rd. are still valid for TS&L design completion.

O 2/1/07 - John confirmed that OSE accepts the MSE wall designs for 823 over SR 140 and CR 29.

= The northwest comer of the SR 140 interchange has recently undergone some earthwork removal
(apparently to construct the Wal-Mart store site pad). The cross sections for ramp 140B will not be
accurate for the existing ground. D-9 indicated the final design team will correct this with additional
field work. This will be added to the Red Flag list for Phase 3.

o  Curb is not required along the outside shoulders in the cuts since the new BMP guidelines do not
require treatment for cuts. This will be added the Phase 1 Red Flag list. Phases 2 and 3 will not
provide the curb.

o John W. will check with D-9 Real Estate for the additional property costs associated with the
reconfigured Slocum/Pershing intersection. These costs will be added to the differential
construction cost analysis to be provided to Noel Alcala at OES for the FEIS update.

+  D-9 provided comments on the trial plot of the updated exhibit mapping. All information provided at
the Preferred Alternative stage will be added except for contours. A legend will be added. Another
trial plot will be submitted prior to providing the 5 final plots.

 TranSystems is setting up a meeting with HDR in Cincinnati to go over the information requested.
D-9 will be informed of the meeting.

O
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»  D-9requested that TranSystems provide the backup calculations and information for the Stage 1
cost estimates.

Minutes were prepared by Mike Weeks - please advise if there are additions or revisions.
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|

|

e zr B |

S




MEMORANDUM

SCI-823-0.00, PID 77366, PHASE 3

PREPARED FOR:

PREPARED BY:

SUBJECT:

DATE:

ODOT, District 9

Ram Nunna/Transystems

Design of Four High Fill Box Culverts that were discussed on

January 30, 2007 Culvert Design Meeting at ODOT, D-9
May 3, 2007

This memo documents the design of the four box culverts that were discussed at the Culvert
Design Meeting on January 30, 2007 at Distzict 9. The locations and sizes of the culverts are

as follows:

8 (span) x 6" (height) at Sta. 234+05.47
9 (span) x 6" (height) at Sta. 239+18.19

10

(span) x 8 (height) at Sta. 297+56.24

8’ (span) x 8 (height) at Sta.

Culvert at Sta. 234+05.47 and Culvert at Sta. 239+18.19

The box culverts (8’ x 6" and 9 x 6") carry water from two individual streams on
the left hand side of SR823 (upstream end) and discharges into the existing
stream with a common headwall on the right hand side of SR823 (downstream
end). See the attached plan view and profile view of the culverts. In order to
minimize the impacts to the down stream end of the existing stream, a 23 feet
high AS PER PLAN combined headwall is required. Per DLZ's
recommendations 2:1 maximum fill slopes were used at these culvert locations.
Fill slopes of 1.5:1 were investigated to minimize the length of the culvert and the
height of the AS PER PLAN headwall as discusses on the January 30, 2007
culvert design meeting, however based on DLZ’ recommendations 1.5:1 were not
used. See the attached e-mail from DLZ dated February 15, 2007

In order to waste the excess waste (Rock) from the project 6:1 side slopes were
used in between the inlet and outlet ends of the skewed culvert. See the attached
cross-sections between stations, Sta. 229+50.00 to Sta. 241+00

Summary:

Standard Full Height Head walls at the inlet ends

25 AS PER PLAN common headwall at the outlet end.
Maximum 2:1 side slopes at the culvert locations.

Energy Dissipater is required at the outlet end and will be
designed in Stage 2

'
1%
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2. Culvert at Sta. 297+56.24 and Culvert at Sta. 300+89.44

The box culverts (10" x 8" and 8" x 8') carry water from two individual streams on
the left hand side of SR823 (upstream end) and discharges into the existing
stream with a common headwall on the right hand side of SR823 (downstream
end). See the attached plan view and profile view of the culverts. In order to
minimize the impacts to the down stream end of the existing stream, a }/’ffeet
high AS PER PLAN combined headwall is required. Per DLZ’s 15’
recommendations 2:1 maximum fill slopes were used at these culvert locations.
Fill slopes of 1.5:1 were investigated to minimize the length of the culvert and the
height of the AS PER PLAN headwall as discusses on the January 30, 2007
culvert design meeting, however based on DLZ’ recommendations 1.5:1 were not
used. See the attached e-mail from DLZ dated February 15, 2007

In order to waste the excess waste (Rock) from the project 6:1 side slopes were
used in between the inlet and outlet ends of the skewed culvert. See the attached
cross-sections between stations, Sta. 290+00.00 to Sta. 304+00

Summary:
¢ Standard Full Height Head walls at the inlet ends
15 * 25 ASPERPLAN common headwall at the outlet end.
* Maximum 2:1 side slopes at the culvert locations.

» Energy Dissipater is required at the outlet end and will be
designed in Stage 2

3. On a side note Phase-2 Culvert at Sta. 623+00 was also discussed at the culvert
design meeting. The pipe profile was developed with out using any special
design hence plan and profile views are not provided with this memo.

END

PHASE3_CULVERTS.DOC 2
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CN-Ramnarayan Nunna

From: John.Weizel@dot.state.oh.us

Sent:'  Friday, June 22, 2007 11:38 AM

To: CO-Michael Weeks

Cc: Tom.Barnitz@dot.state.oh.us; CN-Ramnarayan Nunna
Subject: SCI-823: Phase 3 High Fill Culverts-Comments on Submission

Mike,

We have reviewed the information furnished in the submission you prepared for the above referenced culvert and
offer the following comments:

Culvert at Sta. 234+05.47 & Culvert at Sta. 239+18.19

1) It appears that the 9'x6' culvert located at Sta. 239+18.19 could be extended thereby reducing the need
for the 25" AS Per Plan headwall. Would not the culvert be at or close to the toe of the embankment if you were to
extend it 50". Would there be a substantial cost savings incurred by being able to use a standard headwall? By
lengthening the Sta. 239+18.19 culvert this would force the Sta. 234-+05.47 culvert to be relocated (rotated
approximately 1.25 degrees clockwise) and it appears more excavation would be required by this relocation.

However, would the cost savings from the standard headwall vs. 25' As Per Plan headwall cover the addition
excavation and culvert construction?

2) Was there any consideration for improved inlets at each of the culverts? Would there be any reason why
we could not use an improved inlet on the culverts, i.e. environmental considerations, etc.? The culvert size could
be reduced with the application of these improvements. This in effect could provide considerable cost savings
also., -

Culvert at Sta, 297+56.24 & Culvert at Sta. 300+89.44

1) Can the 8'x8' culvert at Sta. 300+89.44 be extended also. This would be described similar to that as
stated in ltem No. 1 in the previous comments (Culvert at Sta. 234+05.47 & Culvert at Sta. 239+18.19).

2) Could the culvert at Sta. 300+89.44 be relocated approximately to Sta. 301+65 with the inlet at the
intersection of the roadway ditches and the existing stream? This alignment would follow the approximate toe of
the existing slope and more earthwork maybe involved. However, it would also provide a better transition from
the outtet to the existing stream.

3) Was there any consideration for improved inlets at each of the culverts? Would there be any reason why
we could not use an improved inlet on the culverts, i.e. environmental considerations, etc.? The culvert size could
be reduced with the application of these improvements. This in effect could provide considerable cost savings
also.

4) Was there a cost comparison done with submitted alignment of the Sta. 297+56.24 culvert and relocating
it to run parallel with the roadway and outleting at the inlet of the Sta. 300+89.44 culvert? | believe we discussed
this briefly at the Jan. 30, 2007 meeting. There was the issue of the addition earthwork (+/- 75' below existing
grade), however, after further evaluation it seems that this alignment may reduce the length by approximately
500". How would this cost savings compare with the addition excavation? Would options such as jacking a
conduit through the hill, blasting a trench, etc. become practical options? Additionally the culvert at Sta
300+89.44 would increase in size and so would cost. Would the previously discussed inlet improvement help
keep this size down if used? :

As part of the meeting held Jan. 30, 2007, Transystems was to optimize the design for the discussed culverts
using the recommendations/comments by the department as a basis for the design. It does not appear that this
has been done. Please provide the basis for design (construction costs, hydraulic capacities, etc.) of the culverts

7/19/2007 APPEND\w C




submitted.

Thanks,

John K. Wetzel lll, PE, PS
ODOT-District 9 Production
650 Eastern Avenue
Chillicothe, Ohio 45601
Office: (740)-774-9080

Fax: (740)-774-9076

7/19/2007
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LOCATION | - OPTION |

£39+18.19
9’ x 6’ BOX
L=834"

£ EL.= 652.25 f EL.- 639.63

CULYERT 2

23’

234+05.47
8" x 6’ BOX

F EL.- 684.40 L=1116"

F EL.=- 639.63

= i__
J

Locﬁ’rioﬂ l" OPT zoN l

—
CULVERT | , =

—————

SCI-823-0.00
PHASE 3 - PID: 77366
PORTSMOUTH BYPASS

SCALE: 100:!
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LOCATION | - OPTION 2

239+05.02
g x 6 BOX
L=86Q"

F-652.25 ‘
F=639.63

_________________ e e — e
CULVERT 2 | B

233+78.80
8 x 6’ BOX
| L L={l12!
____________ - F=684.40
T e K 5'639-63
CULVERT | ———
Locatzon [- Oprzol 2
| _ . SCI-823-0.00
- PHASE 3 - PID: 77366
O : PORTSMOUTH BYPASS
SCALE: 100:1
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PORTSMOUTH BYPASS, SCI-823-0.00

PHASE 3
Cﬂ/” M,Sre . HIGH FILL BOX CULVERTS HYDRAULIC ANALYSIS SUMMARY
IMPROVED
/ /48 ANALYSIS ODOT CDSS ANALYSIS INLETS
ALLOWABLE | ALLOWABLE ——
E
Z‘i,';%'i'ﬁ ELIETILAE'[.':.QN HEADWATER | HEADWATER Cué'.v T e ™ HWEg; | HWEqy, REMARKS CULVERT SIZE | CULVERT SIZE
DEPTH (H=D+2)| ELEVATION (Deslign) (Design+1) REMARKS
2 A7
34+05 684.4 8 692.4 6 108.6 1304 | 687.62 | 688.06 |Design HWE is below Allowable HWE
684.4 8 692.4 g -1;/ 1086 | 1304 | 68705 | 687.39 | . Span is used 8 x & &x5 Size Selected 8 x & NA
+18. 2 660.2 8 | 444, : .09
23941819 65225 8 . 6 8750 8 660.46 662.0 Design HWE is above the Allowable HWE
7' X 6' SIDE
. ) 7 ' y ; 660.5
652.25 8 680.25 8750 4448 65938 9 Design HWE is below Allowable HWE for 50 year and above for 100 year TAPERED
652.25 8 660.25 8 3750 | 4448 | 85864 | 65061 | i betow Allowable HWE HWE,, = 658.83
Size Selected, 8' x 6' to matgh the height of the culvert at Sta.
652.25 8 660.25 9 3750 | 4448 | B5BA | 65882 |pogign HWE is below Allowable HWE axe 8'x7 234+05.47 so that the culvert helghts match at the outlet end. HWE o0 = 659.67
297+56.24 | 576.06 8 584.06 8 5643 | 6662 | 590.62 | 594.68 Design HWE Is ahove the Allowatie HIVE
: 06 . : 87.97 s
576.06 8 564 ! 6 | so43 | 6662 | 5679 590.86 Design HWE is above the Allowable HWE
576.06 8 584.06 8 | 6 | 5643 | 6662 | 58626 | 58846 Design HWE is above the Allowabls HWE
: 84.0 . : i .
576.06 8 5 6 S 564.3 666.2 585.09 586.82 Design HWE is above the Allowable HWE
7' X 8' SIDE
576.06 8 584.06 10 5643 666.2 584.24 585.66 Desigh HWE is below Allowable HWE for 50 year and above for 100 year TAPERED
576.08 ° 585.06 10 564.3 668.2 58304 585.07 Design HWE is below Allowable HWE for 50 year and above for 100 year HWE;g, = 584.74
576.06 10 588.06 10 5643 | 8662 | 583.84 | 584.84 Ip.qinn HWE is below Allowable HWE 10 %7 10" x 8 Size Selected, 10° x 8' HWE, 5, = 585.81
300+89.44 | 56562 8 573.62 6 a042 | 4792 | 57534 | 57740 Design HWE is above the Alowable HWE
7' X 6' SIDE
62 573, . 4792 ) .
5656 8 73.62 7 404.2 ® 573.98 57551 Degign HWE is above the Allowable HWE TAPERED
) Design HWE is below Allowahle HWE for 50 year and above for 100
565.62 8 573.62 8 6 | 4042 | 4102 | 57307 | 57427 (OO HWE:, = 572.59
Size Selected, 8 x 8' to match the height of the culvert at Sta. 297+56.24
565.62 10 57562 8 4042 | 4792 | 57285 | 57378 |pagign HWE is below Allowable HWE 8'x6 x7 s0 that the culvert heights match at the outlet end. | HWE 4o = 573.49
D.E Cy DJ- D
@ Siee vg Sth . 23%05 C\bQJv-UJl’ LXe ov Exb ov 3xY
@ ' o 13949 QM\L. Exl ov A%L e ¥
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("@Tm&‘% Wy o cmneet Ry gxp 7
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() sc1-823-0.00 - PID: 77366 ‘e
BOX CULVERT UNIT COST c%/

UNIT COST CONCRETE FOR TOP SLAB AND WALLS = 600 $/CUYD. -
UNIT COST CONCRETE FORBOTTOM SLAB= 350 $/CL.YD.

AREA TOP AREA AREA UNIT
92';?;“ X ‘?I':ST')E SLAB WALLS | BoTTOM | cosT
(SQ.FT.) (SQ.FT.) |SLAB(SQ.FT.)| (§/FT)

6 X 6 20 24 20 1237

6 X 7 20 28 20 1326

7 X 6 22 24 29 1307 [

7 X 7 22 28 22 1396

8 X & 24 24 24 1378 — —

8 X 7 24 28 24 1467

8 X 8 24 32 24 1556 s

9 X 6 26 24 26 1448 A4

10 X 6 28 24 28 1519

10 X 7 28 28 28 1607

10 X 8 28 32 28 1696 -~ ,
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‘' BOX CULVERT 1

5CI1-823-0.00 - PID:77366
PORTSMOUTH BYPASS

BOX CULVERT AND HEADWALL QUANTITIES
LOCATION 1 - CULVERT 1 (STA. 234+05.47 OR 233+79.80)

AREA 1-- CONCRETE UNIT COST
AREA 2 - CONCRETE UNIT COST

600 ~ (BASED ON BRIDGE QUANTITES FOR DECKS AND WALLS)
350  (BASED ON BRIDGE QUANTITES PIER FOOTINGS) -

AREA 1
(T/SLAB| AREAZ2 | COST/FT
& WALL)| (BOT/SLAB)| CULVERT| COST
OPTICN LENGTH (FT){ (SQ.FT.}| (SQ.FT.) ($/FT) | CULVERT
OPTION 1 - STA.
234+05.47 1116 48.0 240 1378 | $1,537,600
OPTION 2 - STA,
233+79.80 1112 48.0 24.0 1378 | $1,532,089

LOCATION 1 - CULVERT 2 (STA. 239+18.19 OR 238+05.02)
(BASED ON BRIDGE QUANTITES FOR DECKS AND WALLS)

AREA 1 - CONCRETE COST PER 600
AREA 2 - CONCRETE COST PER 350 (BASED ON BRIDGE QUANTITES PIER FOOTINGS)
AREA 1
(T/SLAB | AREA2 | cosTFT
& WALL) |(BOT/SLAB)| CULVERT| coST
OPTION LENGTH (F)| (sa.FT)| (sQFT) | ¢FT) | cULVERT
OPTION 1 - STA.
239+18.19 834 50.0 26.0 1448 | $1,207,756
OPTION Z- STA.
239+05.02 860 50.0 26.0 1448 | $1,245,407

LOCATION 1 - HEADWALL(S)

HEADWALL
CONCRETE UNIT COST ($/SQ.FT. 115 (BASED ON ODOT ESTIMATING VALUES)
LENGTH
ABOVE
CULVERT| LENGTH WIDTH
END |LENGTH LT|S (AT MAX RT BETWEEN
MAX HEIGHT| HEIGHT | (SLOPED) | HEIGHT) | (SLOPED) | CULVERTS| AREA
GPTION HW (FT} | HW (FT) (FT) (FT) {FT) (FT) (SQ.FT.) | COST HW
OPTION 1 - STA.
234+05.47 & 239+18.19 21 2 45 32 46 0 - 1463 $168,188
OPTION 2 - STA.
233+79.80 & 239+05,02 10 2 16 36 23 8 370 $42,550
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$C1-823-0.00 - PID:77366
PORTSMOUTH BYPASS
BOX CULVERT AND HEADWALL QUANTITIES

LOCATION 2 - CULVERT 1 (STA. 207+56.24 OR 297+38.24)

BOX CULVERT 1

. AREA 1 - CONCRETE UNIT COST

600
AREA 2- CONCRETE UNIT COST 350 (BASED ON BRIDGE QUANTITES PIER FOOTINGS)
AREA 1
(T/SLAB| AREA2 | COST/FT
& WALL) | (BOT/SLAB)| CULVERT!| cosT
OPTION LENGTH (FT)| (SQ.FT)| (saFT) | (8/FT) | GULVERT
OPTION 1 - STA.
207+56.24 1502 60.0 28.0 1696 | $2,547,837
OBTION 2 - STA.
297+38.24 1492 60.0 28.0 1696 | $2,530,874

LOCATION 2 - CULVERT 2 (STA. 300+89.44 OR 300+78.68)

AREA 1 - CONCRETE COST PER 600
ARFA 2 - CONCRETE COST PER 350 (BASED ON BRIDGE QUANTITES PIER FOOTINGS)
AREA 1
(T/SLAB | AREA2 | COST/FT
& WALL) [ (BOT/sLAB)| CULVERT| C€OST
OPTION LENGTH (FT)| (SQ.FT.)| (SQ.FT.) | (8$/FT) | CULVERT
OPTION 1 - STA.
300+89.44 1040 56.0 24.0 1556 | $1,617,778
OPTION 2- STA.
300+78.68 1060 56.0 24.0 1556 | $1,648,889

LOCATION 2 - HEADWALL(S)

(BASED ON BRIDGE QUANTITES FOR DECKS AND WALLS)

(BASED ON BRIDGE QUANTITES FOR DECKS AND WALLS)

HEADWALL
CONCRETE UNIT COST ($/SQ.FT. 115 (BASED ON ODOT ESTIMATING VALUES)
LENGTH
ABOVE
CULVERT| LENGTH WIDTH
END |LENGTH LT|S (AT MAX RT BETWEEN
: MAX HEIGHT] HEIGHT | (SLOPED) | HEIGHT) | (SLOPED) { CULVERTS| AREA
OPTION HW (FT) | HW (FT) (FT) (FT) (FT) {FT} (SQ.FT.) | COST HW
OPTION 1 - STA.
297+56.24 & 300+89.44 13 2 18 32 89 0 899 $103,3238
OPTION 2 - STA.
297+38.24 & 300+78.68 12 2 9 32 52 0 491 $56,465
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SCI-823-0.00 - PID:77366
PORTSMOUTH BYPASS
ROCK EXCAVATION QUANTITIES

LOCATION 1 - CULVERT 1 - EXCAVATION ONLY

OPTION 1 - STA. 234+05.47

OPTION 2 - STA. 233+79.80

Area (sq.ft.) Ave. Area (sq.t) | Volume (cu.yd.)
Station 1:1 Stope [0.5:1 Slope |1:1 Slope |0.5:1 Slope lLenath (f[1;1 Slope [0.5:1 Slope
10450 40,6 38.1 - - - - -
11450 0.0 0.0 203 18.1 100 75,2 708
12400 0.0 0.0 0.0 0.0 50 0.0 0.0
12450 0.0 0.0 0.0 0.0 50 0.0 . 00
13+00 352.1 245.2 176.1 1226 50 326.0 227.0
13+50 1100,0 680.4 730.6 462.8 &0 1352.9 857.0
14400 1806.7 1040.4 1457.9 860.4 50 2699.7 1593.3
14+50 | 17300 966.4 1768.4 1003.4 50 32747 1858.1
15+00 | 1303.7 704.1 1516.9 835.3 50 2809.0 15468
15+50 957.2 541.6 1130.5 6229 50 2093.4 1153.4
16+00 702.6 3855 8299 463.6 50 1536.9 858.4
16+50 302.9 1705 502.8 278.0 50 931.0 514.8
17+00 60.9 54.5 181.9 1125 50 336.9 208.3
17450 £9.8 55.4 60.4 55.0 50 111.8 101.8
18+00 46.3 40.2 53.1 47.8 50 98.2 88.5
18450 339 304 40,1 353 50 74.3 654
19400 455 416 38.7 36.0 50 735 B66.7
19450 70.7 64.5 58.1 53.1 50 107.6 98.2
20400 80.5 71.5 75.6 68.0 50 140.0 125.9
20450 94.2 83.5 87.4 77.5 50 161.8 143.5
21+00 86.5 76.3 90.4 79.9 50 167.3 148.0
21450 71.3 60.7 78.8 68.5 66 *| 1929 167.4
TOTAL= 16563 9893

16 ft to the end of the culvert

Area (sq.1.) Ave, Area (sq.fL) Volume (cu.yd.)
Station 1:1 Slope [0.5:1 Slope |1:1 Slope [0.5:1 Slope |Length (f}l1:1 Stope 10.5:1 Slope
10+50 204 19.7 - - - - -
11450 0.0 0.0 10.2 9.9 100 37.8 365
12+00 0.0 0.0 0.0 0.0 50 0.0 0.0
12+50 468.0 311.3 234.0 155.7 50 4333 288.2
13400 | 1265.9 786.4 BB7.0 548.9 50 1605.5 1016.4
13+50 | 2401.8 1389.2 1833.9 1087.8 50 3396.0 2014.4
14400 | 3116.7 1707.3 2750.3 1548.3 50 5100.7 2867.1
14450 | 2874.4 1516.2 |.2995.6 1611.8 50 55473 2084.7
15400 | 22956 1239.1 2585.0 1377.7 50 4787.0 2551.2
15450 1795.1 1006.9 2045.4 1123.0 50 3787.7 2079.6
16+00 1347.0 786.2 15711 B96.6 50 2909.4 1660.3
16+50 671.5 365.0 1009.3 575.6 50 1869.0 1065.9
17+00 144.4 107.1 4080 236.1 50 755.5 437.1
17+50 788 69.0 11186 88.1 50 206.7 1631
18+00 69.1 64.4 74.0 66.7 50 1369 123.5
18+50 653 56.6 67.2 60.5 50 1244 1120
19400 30.3 211 47.8 419 80 88.5 775
19+50 63.8 61.5 471 44,3 50 87.1 820
20+00 70.0 64.0 66.9 62.8 50 1238 116.2
20+50 96.7 B7.9 83.4 76.0 50 154.4 140.6
21+00 83.8 75.3 803 81.6 50 167.1 151.1
21+50 84.5 £9.2 84.2 72.3 58 *| 180.1 154.7
TOTAL= 31507 18122
* & f to the end of the culvert
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S$CI-823-0.00 - PID:77366
PORTSMOUTH BYPASS
ROCK EXCAVATION QUANTITIES

LOCATION 2 - CULVERT 1 - EXCAVATION ONLY

OPTION 1 - STA. 297+56.24

OPTION 2 - STA. 297+38.24

Area (sq.ft.) Ave. Area (sq.ft.) Volume (cu.yd.)
Station 1:1 Slopa [0.5:1 Slope |1:1 Slope {0.5:1 Slope jLength (ft}]1:1 Slope [0.5:1 Slope
10+50 40.0 38.0 - - B - -
11+00 316 30.0 40.0 38.0 50 4.1 704
11450 17.5 171 35.8 30.0 50 66.3 55.6
12400 121 11.9 2486 236 50 455 436
12450 128 12,5 14.8 145 50 274 26.9
13400 247 241 12,5 12.2 50 231 228
13450 9.3 9.2 18.8 18.3 50 347 33.9
14400 0.0 0.0 17.0 16.7 50 315 30.8
14450 0.0 0.0 4.7 4.6 50 8.6 85
15400 0.0 0.0 0.0 0.0 50 0.0 0.0
15+50 0.0 0.0 0.0 0.0 50 0.0 0.0
16+00 0.0 0.0 0.0 0.0 50 0.0 0.0
16450 8.0 73 0.0 0.0 50 0.0 0.0
17400 2230 70.7 4.0 a7 50 74 6.8
17+50, 403.8 2724 115.85 39.0 50 2139 72.2
18400 30186 2109 3134 171,86 50 580.4 317.7
18+50 106.3 91.8 3527 2817 50 B653.1 4475
19400 104.6 93.3 2040 151.4 50 377.7 280.3
19450 1.1 82.6 106.5 92.6 50 195.3 1714
20400 76.8 0.2 a7.9 B88.0 50 181.2 1629
20450 B65.5 60.3 84.0 76.4 50 155.5 141.6
21400 0.0 00 71.2 65.3 50 131.8 1208
21450 88.5 80.3 328 30.2 50 60.6 558
22400 49.9 46.8 443 40.2 50 81,9 744
22+50 49.6 46.3 59.2 63.8 50 1281 MM7.7
23+00 68.0 63.0 43.8 466 50 921 B6.2
23450 81.6 T4.7 58.8 54,7 50 108.9 1012
24400 83.7 B84.8 74.8 689 50 1385 127.5
24+50 856 78.0 87.7 79.8 50 162.3 147.7
25400 93.5 B84.5 89.7 B81.4 50 166.0 150.7
25450 1188 102.7 89.6 B81.3 52 *| 1725 156.5
TOTAL= 3918 303
* 2 ft to the end of the culvert

Area (sq.ft.) Ave. Area (sq.ft.) | Volume (cu.yd.}
Station 1:1 Slope [0.5:1 Slope |1:1 Slope (0.5:1 Slope |Length (ft)| 1:1 Slope [0.5:1 Slope
10450 0.0 0.0 - - - - -
11+00 258 258 133 129 50 245 23.9
11+50 18.2 17.7 224 21.8 50 41.5 40.3
12400 | 182 17.6 18.2 17.7 50 337 327
12+50 252 24.4 217 21.0 50 402 3589
13+00 38.4 36.9 31.8 30.7 50 58.9 56.8
13+50 0.0 0.0 19.2 18.5 50 356 34.2
14400 0.0 0.0 0.0 0.0 50 0.0 0.0
14450 0.0 0.0 0.0 00 50 0.0 0.0
15400 0.0 0.0 0.0 0.0 50 0.0 0.0
15+50 0.0 0.0 0.0 0.0 50 0.0 0.0
16+00 278.0 106.6 139.0 53.3 50 257.4 9.7
16+50 7334 236.9 505.7 171.8 50 936.5 318.1
17+00 1000.0 600.0 866.7 418.5 50 1605.0 7749
17+50 1200.0 800.0 1100.0 700.0 50 2037.0 1296.3
18+00 700.0 400.0 950.0 600.0 50 1759.3 111141
18+50 201.5 180.7 450.8 2004 50 834.7 537.7
19+00 150.7 120.6 176.1 150.7 50 3261 279.0
19+50 125.6 100.4 138.2 110.5 50 255.8 204.8
20+00 101.3 906 113.5 95.5 50 210.1 176.9
20+50 57.1 52.7 79.2 7.7 50 146.7 132.7
21+00 0.0 0.0 28.6 26.4 50 52.9 488
21+50 110.0 100.3 55.0 50.2 50 101.8 929
22400 63.8 61.0 86.9 BO.7 50 160.9 149.4
22450 69.5 64.6 66,7 62,8 50 123.4 116.3
23400 7.7 72.2 736 68.4 50 136.3 126.7
23+50 115.3 98.4 96.5 85.3 50 178.7 158.0
24+00 1213 100.5 1183 995 60 2181 184.2
24+50 1186 113.2 1200 106.9 50 2221 197.9
25+00 1205 100.0 119.6 106.6 50 2214 1974
25+50 152.6 119.5 136.6 105.8 55 | 2782 2236
TOTAL= 10298 6652
* 5 ft to the end of the culvert
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ft $8
Conceptual Estimating Techniques mile $150,000 four lane divided with outside & inside shoulder drainage
Pipe Structures - Reinforced concrete pipe, 706.02.
Includes granular bed, setting pipe and backfill
ft $350 up to 60"
ft $35 Removal of existing (up to 60")
cy $1,200 Concrete Masonry - In place headwalls / wingwalls
Conceptual Estimating Techniques each $1,000 Concrete Masonry - In place headwalls for Type A

Corrugated Metal Pipe, 707.02 / Structural Plate Pipe,
707.03. Includes granular bed, setting pipe and backfill.
(headwalls, cofferdams & sheeting costs are separate)

ft $300 upto 60"

ft $35 Removal of existing (up to 607)

cy $1,200 Concrete Masonry - In place headwalls / wingwalls

ac

Conceptual Estimating Techniques each $1,000 Concrete Masonry - In place headwalls

Pipe Structures - Reinforced concrete pipe, 706.02.
Includes granular bed, setting pipe and backfill

ft $500 66"-78"
ft $900 84" - 108"
ft $100  Removal of existing (66" - 108")
cy $350  Concrete Footing
cy $1,200 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $1,750 Concrete - In place headwalls / wingwalls

Corrugated Metal Pipe, 707.02 / Structural Plate Pipe,
707.03. Includes granular bed, setting pipe and backfill.
(headwalls, cofferdams & sheeting costs are separate)

ft $550 66" - 78"
ft $700 84" -108"
Removal of existing structure, based upon sq ft of deck /
sq ft $12 surface area
cy $350  Concrete Footing
cy $1,200 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $1,750 Concrete - In place headwalls / wingwalls

Precast Box Structures, 706.05 Includes granular bed,

setting pipe and backfill. (headwalls, cofferdams & sheeting
costs are separate)

ft $850 6'x4'thrud' x4
— ft $1,200 8'x5'thru 10'x 4' —
ft $1,600 10'x 5'thru 12'x 4'
sq ft $20 surface area
cy $350  Concrete Footing
cy $1,200 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each §7,500 Concrete - In place headwalls / wingwalls

Corrugated Metal Pipe, 707.02 / Structural Plate Pipe,
707.03, Includes granular bed, setting pipe and backfill.
(headwalls, cofferdams & sheeting costs are separate)

ft $1,400 114" -150"
Removal of existing structure, based upon sq ft of deck /
sq ft $15 surface area
ey $350  Concrete Footing
cy $1,200 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $7,500 Concrete - In place headwalls / wingwalls

APPEraDIX +



Precast Box Structures, 706.05 Includes granular bed,
setting pipe and backfill. (headwalls, cofferdams & sheeting
costs are separate)
ft $1,500 12'x 5 thru 14'x 4
ft $1,800  14'x5'thm 16'x 4"
i $2, 16'x §' thru 18' x 4
$2,800 18'x5'thi 0 %48
emoval of existing structure, based upon sq ft of deck /

sq ft $18 surface area
cy $350 Concrete Footing
cy $1,200 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $10,000 Concrete - In place headwalls / wingwalls
[MedianDrainage’f ft $150

each $5,000 Barrier Median Inlet, Single Slope

lump e BMP - Best Management Practices
*** This item is designated as a future pay item. There is no
current cost data available.

** Contact Office of Estimating for specific cost requests.

lump » Individual item costs are available in Estimator 2.2,
Includes granular bed, setting pipe and backfill.
ft $70 Storm, TypeBorC

each $1,500 Catch Basin, No. 3A
each $3,000 Manhole, No. 3

Average cost of storm per foot of curbed road. Includes
Conceptual Estimating Techniques ft $200  Storm, Type B or C, Catch Basin, No. 3A, and Manholes.

lump See 'Other’ costs below
Constructible Risk if needed as
Contingency determined by
estimatina team fump 0% - 50% ™ See Constructible Risk Contingency Cost page

** Contact Office of Estimating for specific cost requests.
Individual item costs are available in Estimator 2.2.

APpENDIR



Conceptual Estimating Techniques sq ft $75 Retaining Wall - MSE
Per square foot of wall includes excavation, embankment,
concrete leveling pads, precast panels and straps, drainage
conduit, granular backfill, concrete coping cap on the top of
the wall, and sealing of the concrete surfaces. Does not
include concrete caps, barrier on top, or testing.

sq ft $90 Retaining Wall - MSE
Same as wall above except in extreme urban - high volume

$115  Retaining Wall - Poured in place

Earth Wall Co!
if you have estimated quantities of each wall item

sq ft $30 Mechanically Stablized Earth Wall
cu yd $15 Wall Excavation

sq yd $15 Foundation Preparation

cu yd $30  Select Granular Backfill

cuyd $70 Porous Backfill w/Filter Fabric

lin ft $10 Drainage Pipe

lin ft $100  Concrete Coping

per day $1,200 On-Site Assistance
LS *see note SGB Inspection and Compaction Testing
- *very roughly use $1 per sf face of wall until further notice.

** Contact Office of Estimating for specific cost requests.

lump i Individual item costs are available in Estimator 2.2.
Constructible Risk if needed as
Contingency determined by
estimatina team lump 0% - 50% ** See Constructible Risk Contingency Cost page
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$GI-823-0.00 - PID:77366
PORTSMOUTH BYPASS
ROCK EXCAVATION QUANTITIES

Q LOCATION 1 (234+00 & 239+00)
LEFT HAND SIDE - EXCAVATION ONLY

OPTION 1 - STA. 234+05.47 ’

Station Area {sq.ft.) Ave. Area (sq.ft.) Volume (cu.yd.)
Alon
s(Rszg) 1:1 Slope |0.5:1 Slope |1:1 Slope [0.5:1 Slope Length () 1:1 Slope  {0.5:1 Slope
230400 289 - - - - - -
230+50 1130 - 710 - 50 1314 -
231+00 2630 - 1880 - 50 3481 -
231+50 4897 - 3664 - 50 5784 -
232400 7115 - 5906 - 50 10937 -
232+50 9805 - 8460 - 50 15667 -
233+00 12669 - 11237 - 50 20809 -
233450 15642 - 14156 - 50 26214 -
234400 18186 - 16918 - 50 33 -
234450 20288 - 19242 - 50 35633 -
235400 22202 - 21796 - 50 40364 -
235450 22899 - 22627 - 50 41902 -
236400 22355 - 20870 - 50 38648 -
236+60 19385 - 16734 - 50 30089 -
237400 14083 - 11714 - 50 21693 -
237+50 9345 - 7336 - 50 13585 -
238+00 5327 - 5327 - 50 8865 -
238450 2585 - 2585 - 50 4787 -
239+00 771.0 - 1678 - 50 3107 -
TOTAL = | 357111 0
LOCATION 2 (297+50 & 300+89)
LEFT HAND SIDE - EXCAVATION ONLY
O Statlon Area (sq.ft) Ave, Area (sq.ft.} Volume (cu.yd.)
{Along
SR323) 11:1 Slope |0.5:1 Slope |1:1 Slope |0.5:1 Slope Lenath (f) 1:1 Slope 10.5:1 Shope
291+50 218 - - - - - -
202+00 851 - 585 - 50 1083 -
292+50 2435 - 1693 - 50 3135 -
293+00 4867 - 3551 - 50 B576 -
293+50 6462 - 5565 - 50 10305 -
294+00 8454 - TA58 - 50 13811 -
294+50 B965 - 8710 - 50 16129 -
205+00 9538 - 9252 - 50 17132 -
295+50 8006 - 8772 - 50 16244 -
295+00 4350 - 6178 - 50 11441 -
296+50 1545 - 2948 - 50 5458 -
297+00 140 - 843 - 50 1560_ -
TOTAL = | 102875 0
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Table 1 - Summary of Culvert Flows at Crossing: 234+05_239+1 8_|MPINL

Headwats(afi;)Elevatlon Total Discharge (cfs) Culvert gcgl)scharge Roadwa(gé g;scharge Merations
652,25 0.00 0.00 0.00 1
653.81 57.50 57.50 0.00 1
654.75 115.00 115.00 0.00 1
655.60 172.50 172.50 0.00 1
656.38 230.00 230.00 0.00 1
657.10 287.50 287.50 0.00 1
657.76 345.00 345.00 0.00 1
658.40 402,50 402.50 0.00 1
659.01 460.00 460.00 0.00 1
659.27 484.00 484.00 0.00 1
860.22 575.00 575.00 0.00 1




Rating Curve Plot for Crossing: 234+05_239+18_IMPINL

Total Rating Curve
Crossing: 234+05_239+18 IMPINL
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Table 2 ~ Culvert Summary Table: Culvert 1

Total Culvert | Headwater |00 ~opgeep|  Outlet Flow | Nomnal Critical Cutlet Tailwater Outlet Tailwater

D'*‘gf‘;’ge D,’S{‘;’;:)'ga E'e‘(ﬁ)‘“’" Depth (ft) Di:‘:]m) Type | Depth{f) | Depth(fy | Depth(fty | Depth ¢ty V‘(af't‘;:;'y V“(’é‘}'g)"y
0.00 0.00 652.25 0.000 0.000 | O-NF | 0.000 0.000 0.000 0.000 0.000 0.000
57.50 57.50 653.81 1.557 18567 | 182n | 0.666 1173 0.672 0,994 10.693 4.450
11500 | 11500 | 654.75 2.501 2501 | 1-52n | 1043 1862 1.052 1550 12.661 5.707
17250 | 17250 | 65560 2.353 3353 | 12n | 1.378 2.440 1,380 2.023 15622 6.559
230.00 | 23000 | 656.38 4130 4130 | 1520 | 1675 2.956 1.676 2.451 17.152 7.219
28750 | 287.60 | 657.10 4.845 4846 | 1-52n | 1985 3.430 1.062 2.851 18.313 7.756
34500 | 84500 | 657.76 5.514 5514 | 1-S2n | 2220 3.874 2.228 3.232 18,358 8.211
40250 | 40250 | 658.40 6,150 650 | 552n | 2479 4.203 2.483 3.599 20.263 8.602
46000 | 46000 | 659.01 6.763 6763 | 5.S2n | 2724 4.693 2732 3.953 21,048 8.951
48400 | 48400 | es9.27 7.015 7015 | 5820 | 2826 4.855 2.866 4,008 21113 9.085
57500 | 57500 | 660.22 7.570 7970 | 5.52n | 3.203 5.445 3.258 4.636 22.058 9.541

Inlet Elevation (invert): 652.25 ft, Ouflet Elevation (invert): 639.63 ft

Inlet Throat Elevation: 651,98 ft,

Culvert Length: 816.10 ft, Culvert Slope: 0.0151
Inlet Crest Elevation: 0.00 ft
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1

Inlet Control Elev Outlet Control Elev

L R S e . E
Y e Fett SRR e it S !
fCIcT: T i SO E—— SR I ot s S §
® = : i : : i :
e S A R T T i
u;' ] T O E—— e SRR e meee SRR OR: :
g E a : : : : ‘
1Y Lo SR MO P R SO SO
S E . s i s s :
) 654‘:“? """""" i T :
xr - ' : '

653 fomanen s foonemeeeaees i e R :

650 .%o ... oo S S S RS SR VO :

0 100 200 300 400 500
Total Dischar_ge (cfs)




Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 234+05_239+18 IMPINL, Design Discharge - 484,0 cfs
Culvert - Culvert 1, Culvert Discharge - 484.0 cfs
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Site Data -~ Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 652.25 ft
Outlet Station: 834.00 ft
Outlet Elevation: 639.63 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 8.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Side-Tapered
Inlet Edge Condition: Square Edge Top (26-90° Wingwall)
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 234+05_239+18_IMPINL)

Flow (cfs) Wag;f‘('fgace Depth (fy | Velocity (f's) | Shear (psf) |Froude Number
0.00 639,63 0.00 0.00 0.00 0.00
57.50 640.62 0.99 4.45 1.09 0.79

115.00 641.18 155 571 1.69 0.81
172.50 641.65 2.02 5.56 221 0.81
230.00 642.08 2.45 722 268 0.81
287.50 642.48 2.85 7.76 341 0.81
345.00 542.86 3.23 8.21 353 0.80
402.50 643.23 3.60 8.60 3.93 0.80
460.00 643.58 3.95 8.95 4.32 0.79
484.00 643.73 410 9.08 4.48 0.79
575.00 544 27 .64 9.54 5.06 0.78

Tailwater Channel Data - 234+05_239+18_IMPINL
" Tailwater Channel Option: Rectangular Channel

Bottom Width: 13.00 ft
Channel Slope: 0.0175

Channel Manning's n: 0.0400
Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 234+05_239+18_IMPINL
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 1000.00 ft
Crest Elevation: 838.62 fi
Roadway Surface: Paved

Roadway Top Width: 90.00ft




Covn B ED PATTESE On A Bootdt

HY-8 Culvert Analysis Report

(A~




Table 1 - Summary of Culvert Flows at Crossing: 297+56_300+89 [IMPINL

Headwatt(efrt)Elevatlon Total Discharge (cfs) Culvert gcgl)scharge Roadwa(g;flzl)scharge lterations
565.62 0.00 0.00 0.00 1
567.65 114.50 114.50 0.00 1
568.84 . 229,00 229.00 0.00 1
569.84 343.50 343.50 0.00 1
570.73 458.00 458.00 ' 0.00 1
571.55 572.50 572.50 0.00 1
572.32 687.00 687.00 0.00 1
573.05 801.50 801.50 0.00 1
573.74 916.00 916.00 0.00 1
574.08 969.00 969.00 0.00 1
575.40 1145.00 1145.00 0.00 1
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Rating Curve Plot for Crossing: 297+56_300+89_IMPINL

O

Total Rating Curve
Crossing: 207+56_300+80 IMPINI.
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Table 2 - Culvert Summary Table: Culvert 1

Total t_:ulvert Headw_ater Inlet Control Outlet Flow Nosmal Critical Outlet Tailwater Outlet Tailwalter
D'Sg;:)fge D‘S(cc';:)’ge E'e‘('ft‘)'m“ Depth (ft) D‘;‘;’t‘;’?f't) Type | Depth(f) | Depth () | Depth(R) | Depth (f) V‘f};g“’ V?A?:;W
0.00 0.00 565.62 0.000 0000 | ONF | 0.000 0.000 0.000 0.000 0.000 0,000
11450 | 11450 | 567.65 2,030 2030 | 1820 | 0.980 1.600 0.080 1.010 11,663 7.550
22900 | 22000 | 566.84 3222 0000 | 1820 | 1578 2.540 1579 1.507 T4.501 9.491
343.50 | 34350 | 669.84 4.222 0.000 | 1S2n | 2061 3329 2.069 1.898 16605 | 10792
45800 | 45800 | 570.73 5.114 0000 | 182n | 2524 4,032 2,531 2225 18003 | 11797
57250 | 57250 | 57186 5.935 0000 | 1-82n | 2848 2670 2.960 2617 19282 | 12611
687.00 | 687.00 | 57232 6.702 0000 | 182n | 3.380 5.284 3374 2.761 20363 | 13312
80150 | 80150 | 57305 7427 0000 | 120 | 3753 5.656 3.799 3.023 21008 | 13622
01600 | 91600 | 57374 B.119 0000 | 5520 ] 4.440 6401 4181 3.247 22121 14,474
969.00 | 989.00 | 574.08 8.458 5000 | 5520 | 4313 5.645 4377 3.345 22136 | 4711
114500 | 114500 | 57540 9.781 0000 | 5S2n | 4885 7428 4.968 3.655 23048 | 15426

Inlet Elevation (invert). 565.62 ft, Outlet Elevation (invert): 554.52 #t
Culvert Length: 1040.06 ft, Culvert Slope: 0.0107

Inlet Throat Elevation: 563.62 ft,

Inlet Crest Elevation: 565.62 &




Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 297+56_300+89 IMPINL, Design Discharge - 969.0 cfs
Culvert - Culvert 1, Culvert Discharge - 969.0 cfs
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Site Data -~ Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 565.82 ft
Outlet Station: 1040.00 ft
Outlet Elevation: 554.52 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 10.00 ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Slope-Tapered
Inlet Edge Condition: Square Edge Top (26-90° Wingwall)
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 297+56_300+89_IMPINL)

Flow (cfs) Wag;\?t(:frtf)ace Depth (it) Velocity (ft/s) Shear (psf) | Froude Number

0.00 554.52 0.00 0.00 0.00 0.00
114.50 555.53 1.01 7.55 3.15 1.41
229.00 556.03 1.51 9.49 4.70 1.49
343.50 556.42 1.80 10.79 5.91 1.53
4538.00 556.74 222 11.80 6.94 1.56
572.50 557.04 2.52 12.61 7.85 1.58
687.00 557.30 2.78 13.31 8.68 1.60
801.50 557.54 3.02 13.92 943 1.62
916.00 557.77 3.25 14.47 10.13 1.63
969.00 557.87 3.35 14.71 10.44 1.64
1145.00 558.17 3.65 16.43 11.40 1.66

Tailwater Channel Data - 297+56_300+89_IMPINL
Tailwater Channel Option: Trapezoidal Channel

Bottorn Width: 13.00 ft

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

Channel Slope: 0.0500

Channel Manning's n: 0.0400
Channel [nvert Elevation: 554.52 it

Roadway Data for Crossing: 297+56_300+89_IMPINL

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 768.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 234+05.47

Headwatt(efrt)Elevallon Total Discharge (cfs) Culvert Elchsl)scharge Roadwa()é fIzl)scha'rge lterations
684.40 0.00 0.00 0.00 1
685.18 13.04 13.04 0.00 1
685.64 26.08 26.08 0.00 1
686.02 3912 39.12 0.00 1
686,37 52.16 52.16 0.00 1
686.68 65.20 65.20 0.00 U
686.98 78.24 78.24 0.00 1
687.26 91.28 91.28 0.00 1
687.53 104.32 104.32 0.00 1
687.62 108.60 108.60 0.00 1
688.06 130.40 130.40 0.00 1
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Rating Curve

Plot for Crossing: 234+05.47

Total Rating Curve
Crossing: 234+05.47
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwater |\ o conyest - Outiet Flow Nommat Critical Outlet Tailwater Outlet Tailwater

D‘S(‘::'}:)'ge D's(f:'}:)’ge E'B‘(';)“"“ Depth {ft) Dce‘;'t‘;’?f’n Type | Depth(®) | Depth () | Depth(fty | Dept (f) V‘;;j’g;‘y V‘;}gg“'
0.00 0.00 684.40 0.000 0000 | ONF | 0,000 0.000 0,000 0.000 0.000 0.000
13.04 13.04 665.18 0.782 0782 | 152n | 0.139 0529 0.219 0.383 9.946 2474
26.08 26.08 585,64 1.239 1239 | 1S2n | 0278 0,839 0.329 0.577 13.213 3.191
39.12 39.12 86.02 1623 1623 | 1520 | 0416 1,099 0.489 0.733 13323 3.690
52.16 52.16 686.37 1.966 1966 | 1.82n | 0.555 1.332 0.562 0.867 15474 4.086
£5.20 65.20 586.68 2.281 2281 | 1520 | 0.650 1.645 0.654 0.988 16.605 4,407
7824 78.24 686,08 2576 2576 | 1-82n | 0725 1745 0.735 1.098 17.738 1688
91.28 91.28 687.26 2.855 2855 | 1-82n | 0.799 1.934 0.524 1.201 18462 4936
10432 | 10432 687.53 3.131 3181 | 1-82n | 0.874 2114 0.904 1297 18,231 5158
108560 | 108.60 8a7.62 3.221 3221 | 1520 | 0898 2.172 0912 | 1327 | 19857 5.230
13040 | 130.40 688.06 3.661 3661 | 1.S2n | +.023 2453 1043 1474 20.834 5.547

Inlet Elevation (invert): 684.40 ft, Outlet Elevation (invert): 639.63 ft
Culvert Length: 1116.90ft, Culvert Slope: 0.0401
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O Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 234+05.47, Design Discharge - 108.6 cfs
Culvert - Culvert 1, Culvert Discharge - 108.6 cfs
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 684.40 ft

Outlet Station: 1116.00ft -~

Outlet Elevation: 639.63 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 6.00 ft
Barrel Rise: 6.00ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge (30-75° flare) Wingwéll /
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 234+05.47)

Flow (cfs) Wa’lcEe‘re? 'i‘%ace Depth (ft) Velocity (ft/s) | Shear (psf) | Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
13.04 640.01 0.38 247 0.42 0.72
26.08 640.21 0.58 3.19 0.63 0.77
39.12 640.36 0.73 3.69 0.80 0.80
52.16 640.50 0.87 4.09 0.95 0.82
65.20 640.62 0.99 4.41 1.08 0.83
78.24 640.73 1.10 4,69 1.20 0.84
91.28 640.83 1.20 4,94 1.31 0.85
104.32 640.93 1.30 5.16 1.42 0.86
108.60 640.96 1.33 5.23 1.45 0.87
130.40 641.10 1.47 5.55 161 0.88

Tailwater Channel Data - 234+05.47

Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft -

Side Slope (H:V): 200(:1) 7

Channel Slope: 0.M75 -~

Channel Manning's n: 0.0400

Channe! Invert Elevation: 639.63 ft e

Roadway Data for Crossing: 234+05.47

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 824.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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HY-8 Culvert Analysis Report
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Table 1 - Summary of Culvert Flows at Crossing: 234+05.47_option1

Headwatz(afr;)Elevatlon Total Discharge (cfs) Culvert (1Cst|)scharge Roadwa(gé f[&Zl)schargez lterations
684.40 0.00 0.00 0.00 1
685.06 13.04 13.04 0.00 1
685.42 26.08 26.08 0.00 1
685.74 39.12 39.12 0.00 1
686.02 52.16 52.16 0.00 1
686.28 65.20 65.20 0.00 1
686.53 78.24 78.24 0.00 1
686.76 91.28 91.28 0.00 1
686.98 104,32 104.32 0.00 1
687.05 108.60 108.60 - 0.00 1
687.39 130.40 130.40 0.00 1
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Q Rating Curve Plot for Crossing: 234+05.47_option1

Total Rating Curve

Crossing: 234+05.47 optionl
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Table 2 - Culvert Summary Table: Culvert 1

O Toial o | pouvert | Headwater |y o Conwol [ S8t | Fow | Nomnat | Citeal | Outer | Talwater | (Ouliet | Taiwater
D's('f:';:)"ge D'E(‘f:';:)"ge E'E‘(’ff)“"“ Depth (R) Dc;g’t‘;’ﬁ!t) Type | Depth(f) | Depth(f) | Depth(f) | Depth(f) V‘(’f'g:;“’ V‘(*f!t‘}:)"y
0.00 0.00 684.40 0.000 0000 | O-NF | 0.000 0.000 0.000 0.000 0.000 0.000
13.04 13.04 685,06 0.650 0669 | 1520 | 0.101 0.436 0.186 0.383 8,750 2.474
26.08 26.08 585.42 1022 1022 | 1-52n | 0202 0.603 0.283 0.577 1537 3191
39.12 39.12 585.74 1340 1340 | 1-82n | 0.304 0.008 0.308 0.733 15.002 3,690
52.16 52.16 686.02 1623 1623 | 1-52n | 0405 1.099 0.489 0.867 13323 4.088
520 65.20 686.28 1883 1883 | 1S2n | 0508 3.276 0.566 0.988 14407 4.407
78.24 78.24 686,53 2126 2426 | 1S2n | 0604 1441 0,605 1.098 16177 4.688
91.28 9128 686.76 2.357 2357 | 1-82n | 0656 1596 0.656 1201 17.380 4936
10432 | 104.32 | 686.98 2.576 2576 | 1-52n | 0709 1.745 0.735 1207 17.738 5.150
10860 | 10860 | 687.05 2646 2646 | .1S2n | 0726 1793 0.733 1327 18.531 5230
13040 | 12040 | 687.39 2.989 2089 | 1520 | 0814 2025 0.815 1474 19.999 5547

Inlet Elevation (invert): 684.40 ft, Outlet Elevation (invert); 539,63 ft
Culvert Length: 1116.90ft, Culvert Slope: 0.0401
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O Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Q Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 234+05.47_optionl, Design Discharge - 108.6 cfs
Culvert - Culvert 1, Culvert Discharge - 108.6 ofs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 684.40 ft
Outlet Station: 1116.00 ft
Outlet Elevation: 639.63 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 8.00 ft

Barrel Rise: 6.00 ft

Barre! Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
O Inlet Depression: None




O Table 3 - Downstream Channel Rating Curve (Crossing: 234+05.47_option1)

Flow {cfs) Watéelres L(Jfrtf)ace Depth (ft) Velocity (ft/s) Shear (psf) . | Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
13.04 640.01 0.38 247 042 0.72
26.08 640.21 0.58 3.19 0.63 0.77
39.12 640.36 0.73 3.69 0.80 0.80
52.16 640.50 0.87 4.09 0.895 0.82
65.20 640.62 0.99 4.41 1.08 0.83
78.24 640.73 1.10 4.869 1.20 0.84
91.28 640.83 1.20 4.84 1.31 0.85
104.32 640.93 1.30 5.16 1.42 0.86
108.60 640.96 1.33 5.23 1.45 0.87
130.40 641.10 1.47 5.55 1.61 0.88

Tailwater Channel Data - 234+05.47_option1
Tailwater Channe! Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (1)

Channel Slope: 0.0175
Channel Manning's n: 0.0400
O Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 234+05.47_option1
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 824.00 ft
Roadway Surface: ‘Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 239+18.19

Headwatz(af;)Elevatlon Total Discharge (cfs) Culvert Elchsl)scharge Roadwa(yé f[;a)scharge lterations
652.25 0.00 0.00 0.00 1
654.06 44.50 44.50 0.00 1
655.13 89.00 89.00 0.00 1
656.05 133.50 133.50 0.00 1
656.86 178.00 178.00 0.00 1
657.63 222,50 ) 222.50 0.00 1
£58.39 267.00 267.00 0.00 1
659.19 311.50 311.50 0.00 1
660.06 356.00 356.00 0.00 1
660.46 375.00 375.00 0.00 1
662.09 445.00 445.00 0.00 1
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O Rating Curve Plot for Crossing: 239+18.19
Total Rating Curve
Crossing: 239+18.19
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Table 2 - Culvert Summary Table: Culvert 1

_Tohl puweﬁ Headwater Intet Control Outist Flow Nomal Critical Cutlet Tailwater Outlet Talwater

D'S(‘;‘;:)"ge D's(‘::’;:)"ge E'e‘(’ff)‘b“ Depth (#) D‘;ﬁ?ﬁ}t) Type | Depin{ft) | Deptnh(®) | Depth(iy | Depth (f) V‘(’!',;:;‘y V?f';’:;‘y
0.00 0.00 652.25 0.000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
44.50 44.50 654.00 1811 1811 | 1520 | 0692 1.198 0.607 0.790 10,641 3.863
89.00 89.00 655.13 2675 2876 | 1-82n | 1106 1.902 1412 1.183 13.343 4.807
13350 | 13350 | 656.05 3.707 3797 | 120 | 1460 2492 1482 7404 15015 5.580
17800 | 17800 | 656.86 4612 0000 | 1S2n | 1.708 3019 1.798 1.759 16,502 6.125
22250 | 22250 | 657.63 5.377 0000 | 1-52n | 2401 3.503 2102 1.994 17,643 6.570
26700 | 26700 | 658.39 5.139 0000 | 5-52n | 2405 3.956 2.406 2.206 18.499 5.949
31150 | 31150 | 659.19 6,030 0000 | 5Szn | 2689 4384 2.697 2404 19.250 7.277
38600 | 35600 | 660.08 7.808 0000 | 5Szn | 2074 4.792 2,082 2.587 19.698 7.573
375.00 | 37500 | 66046 8.206 0000 | 5-52n | 3.002 4.961 3.100 2661 20162 7,693
44500 | 44500 | 66208 9,639 D000 | 5520 | 3621 5.561 3.630 2920 | 21013 8.089

Inlet Elevation {invert): 652.25 ft, Qutlet Elevation (invert). 639.63 ft
Culvert Length: 834.10 ft, Culvert Slope: 0.0151
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
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Water Surface Profile Plot for Culvert: Culvert 1

Elevation (ft)
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Culvert - Culvert 1, Culvert Discharge - 375.0 cfs
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 652.25 ft

Outlet Station: 834.00 ft

Cutlet Elevation: 639.63 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 6.00 it

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Iniet Depression: None
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Q Table 3 - Downstream Channel Rating Curve (Crossing: 239+18.19)

Flow {cfs) Wag;‘? lgfrtf)ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
44.50 640.42 0.79 3.86 0.86 0.81
89.00 640.81 1.18 4.90 1.29 0.85
133.50 641.12. 1.49 5.59 1.63 0.88
178.00 641.39 1.76 6.12 1.92 0.90
222.50 641.62 1.99 6.57 2.18 0.91
267.00 641.84 2.21 6.95 241 0.92
311.50 642.03 240 7.28 2.62 0.93
356.00 642.22 2.58 7.57 2.82 0.94
375.00 642.29 2.66 7.69 291 0.94
445.00 642.55 2.92 8.09 3.19 0.95

Tailwater Channel Data - 239+18.19
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 13.00 ft

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

Channel Slope: 0.0175

Channel Manning's n: 0.0400
Q Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 239+18.19

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 838.62 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 239+18.19_OPTION 1

Headwatz(efz)EIevatlon “Total Discharge (cfs) Culvert gchsl)scharge Roadwaé f[;;scharge lterations
652.25 0.00 0.00 0.00 1
653.89 44.50 44.50 0.00 1
654.84 89.00 89.00 0.00 1
655.67 133.50 133.50 - 0.00 1
656.41 178.00 178.00 0.00 1
657.08 222.50 222.50 0.00 1
657.73 267.00 267.00 0.00 1
658.39 311.50 311.50 0.00 1
659.07 356.00 356.00 0.00 1
659.38 375.00 375.00 0.00 1
660.59 445.00 445,00 0.00 1
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O Rating Curve Plot for Crossing: 239+18.19_OPTION 1

Total Rating Curve
Crossing: 239+18.19_OPTION 1
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwaler |\ conprey|  Outlet | o | Nomnal | Critical Outlet | Taiwater | Outiet | Tailwater

Dfsg;:)'ge D'-"(‘:';:)'Qe E‘e‘(’fi‘)‘"’" Depth (f) Di:?rt]r?f!t) Type | Depth(f) | Depth(fty | Depth(f) | Depth (f) "‘;!{;:;‘V V‘:}g:;‘y
0.00 0.00 652.25 0.000 0000 | ONF | 0000 0.000 0.000 .000 0.000 0.000
44,50 4450 653.69 1635 1635 | 1S2n | 0627 1.081 0630 0.780 10,001 3.863
88,00 89.00 654.84 2.594 2594 | 1820 | 0969 1716 1.006 1183 12.639 4.807
13350 | 13380 | 65567 3417 3417 | 182n | 1290 2249 1298 1.434 14.698 5.589
178.00 | 17800 | 65641 4.156 4156 | 182n | 1566 2.724 1677 1759 16.126 6.125
22250 | 22280 | 657.08 4.834 4834 | 1820 | 1837 3.161 1.840 1.994 17.277 6.570
267.00 | 267.00 657.73 5.485 5485 | 1.82n | 2083 3.569 2.088 2.206 18.265 5.949
21150 | 31150 £68.39 5.139 6139 | 582n | 2.328 3056 2.335 2,404 19.061 7,277
256.00 | 256.00 659.07 5.821 6821 | 5820 | 2862 4,324 2.669 2.567 19.800 7573
376.00 | 37500 | 650.38 7126 7426 | 6820 | 25659 2476 2.666 2.661 20,001 7.693
44500 | 44500 | 66059 8,344 0000 | 582n | 3018 5.017 3.021 2.920 21.040 3.089

Inlet Elevation (invert): 652.25ft, Outlet Elevation (invert): 632.63 ft

Culvert Length: 834,10 ft, Culvert Slope: 0.0151




O

O

Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 239+18.19 OPTION 1, Design Discharge - 375.0 cfs

Culvert - Culvert 1, Culvert Discharge - 375.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert invert Data
Inlet Station: 0.00 ft |
Inlet Elevation: 652.25 ft
Outlet Station: 834.00 ft
Outlet Elevation: 639.63 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 6.00ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
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Inlet Edge Condition: Square Edge (30-75° flare) Wingwall

inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 239+18.19_OPTION 1)

Flow (cfs) Wag;ft‘%“e Depth (ft) | Velocity (ft's) | Shear (psf) |Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
4450 640.42 0.79 3.86 0.86 0.81
89.00 640.81 118 4.90 129 0.85
133.50 641.12 1.49 5.59 163 0.68
178.00 641.39 1.76 6.12 1.92 0.90
222,50 641.62 1.09 657 2.18 0.91
267.00 641.04 221 6.95 241 0.92
311.50 642.03 2.40 7.28 262 0.93
356.00 642.22 2.59 757 282 0.04
375.00 642.29 266 769 2.91 0.04
445.00 642.55 2.92 8.00 3.19 0.95

Tailwater Channel Data - 239+18.19_OPTION 1

Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 13.00 ft

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

Channef Slope: 0.0175

Channel Manning's n: 0.0400
Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 239+18.19_OPTION 1

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: iOO0.00 ft

Crest Elevation: 838.62 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft




L.

O

HY-8 Culvert Analysis Report
SR823 — STA. 239+18.19

8’ x 6 BOX CULVERT




Table 1 - Summary of Culvert Flows at Crossing: 239+18.19_8"X6'

Headwatf(af;)E[evatlun Total Discharge (cfs) Culvert &Icgl)scharge Roadwa(:,(r: fIzl)scharge lterations
652.25 0.00 0.00 0.00 1
653.75 44.50 44.50 £.00 1
654.62 89.00 89.00 0.00 1
655.37 133.50 133.50 0.00 1
656.05 178.00 178.00 ‘ 0.00 1
656.67 22250 222.50 0.00 1
657.25 267.00 267.00 0.00 1
657.82 311.50 311.50 0.00 1
658.39 356.00 356.00 0.00 1
658.64 375.00 375.00 0.00 1
659.61 445.00 445.00 0.00 1
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Q Rating Curve Plot for Crossing: 239+18.19_8'X6'
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headw_ater Inlet Control Oulet Flow Nomal Critical Outlet Tailwater Outlet Tailwa.ter

Dis(‘;';:)’ge Dlsgf':)rg“ E'B‘(’;)""“ Depth () Di:‘t‘;“(’f'u Type | Depth(f) | Depth(f) | Depth () | Depth i) V?g:;‘y V?gg*’
0.00 0.00 652.25 0.000 0.000 | O-NF | 0.000 0.000 0.000 0.000 0.000 0.000
44,50 44.50 GE3.75 1497 14987 | 1820 | 0562 0.989 0.579 0.790 9.609 3.663
89,00 89.00 664,62 2.374 2374 | 1-52n | 0872 1.570 0.890 1183 12,503 4.897
13350 | 13350 655,97 3116 3416 | 1-82n | 1164 2.057 1.166 1494 14.312 5.589
7800 | 176.00 656,05 3.797 3797 | 1-S2n | 1404 2.492 1416 1.758 15714 6125
22260 | 22250 656,67 4415 4415 | 1520 | 1636 2.892 1.642 1.984 16.042 6.570
Z67.00 | 267.00 657.25 4.998 4998 | 1-52n | 1860 3.265 1.864 2.206 17.902 5.949
31150 | 31150 657,82 5.566 5566 | 1-52n | 2066 3.618 2.060 2.404 18.822 7.277
35600 | 356.00 658.39 5.139 6130 | 5820 | 2271 3956 2.278 2.587 19.532 7673
37600 | 375.00 658.64 5.390 6390 | 5520 | 2358 4.085 2.364 2.661 19.827 7.693
44500 | 445.00 659.61 7.363 7.363 | 552n | 2.660 4590 2.660 2.820 20911 2.089

Inlet Elevation {invert): 652,25, OQutlet Elevation (invert): 639.63 ft

Culvert Length: 834.10ft, Culvert Slope: 0.0151
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O Culvert Performance Curve Plof: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 239+18.19_8'X6', Design Discharge - 375.0 cfs
Culvert - Culvert 1, Culvert Discharge - 375.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 652.25 ft
Outlet Station: 834.00 ft
Outlet Elevation: 639.63 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 8.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Iniet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: 239+18.19_8X6'")

Flow (cfs) Wagref‘(‘%ace Depth () | Velogity (ft/s) | Shear (psf) |Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
4450 640.42 0.79 3.86 0.86 0.61
89.00 640.81 118 4.90 129 0.85
133.50 B41.12 149 5.5 163 0.88
178.00 541.39 1.76 6.12 192 0.90
222,50 641.62 1.90 6.57 218 0.01
267.00 641,64 2.21 6.95 241 0.92
311.50 642.03 2.40 7.28 262 0.93
356.00 642.22 2.59 757 262 0.04
375.00 642,29 2.66 7.69 291 0.04
445.00 642.55 2.92 8.09 319 0.95

Tailwater Channel Data - 239+18.19_8'X6'
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (_:1)

Channel Slope: 0.0175
Channel Manning's n: 0.0400
Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 239+18.19_8'X6’
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 838.62 1t
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 239+18.19_9'X6'

Headwat?frt)Elevatlon Total Discharge (cfs) Culvert Zchsl)scharge Roadwa(ycfl; ;scharge lterations
652.25 0.00 0.00 0.00 1
653.63 44.50 44.50 0.00 1
654.44 89.00 89.00 0.00 1
655.13 133.50 133.50 0.00 1
655.75 178.00 178.00 0.00 1
656.33 222.50 222.50 0.00 1
656.86 267.00 267.00 0.00 1
657.37 311.50 311.50 0.00 9
657.88 356.00 356.00 0.00 1
658.10 375.00 375.00 0.00 1
658.92 445.00 445.00 0.00 1
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Rating Curve Plot for Crossing: 239+18.19_9'X6'

Total Rating Curve
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Table 2 - Culvert Summary Table: Culvert 1

Total Gulvert Headw?ter Inlet Control Outlet Flow Nomal Critical Outlet Tailwater Outlet Tallwalte T

D‘S(cc';:)’ga Dis("’:;sa)’ge E‘e‘("g)m“ Depth () D%;m’,!t) Type | Depth(ft) | Depth(fty | Depth(R) | Depth {f) V?gg:;“’ V‘:f't?:)'ty
0.00 0.00 662.25 0.000 0.000 | ONF | 0.000 0.000 0.000 0.000 0.000 0.000
44.50 44.50 653.63 7384 1388 | 1-S2n | 049 0.914 0.504 0.790 9,808 3,863
89.00 89,00 B54.44 2.185 2185 | 1-52n | 0.800 1.451 0841 7183 11.755 4.897
13380 | 133.50 655.13 2.875 2875 | 1S2n | 1054 1.802 1,062 1494 13.972 5.689
17800 | 178.00 655.75 3.503 3502 | 1-52n | 1.285 2.304 1204 1.759 15,288 5125
22260 | 22250 656.33 4.078 4078 | 182n | 1486 2.673 1.493 1,894 16,556 6,570
267.00 | 267.00 656,86 4612 4612 | 182n | 1688 2019 1.689 2.206 17.568 5.549
31150 | 311.60 667.37 5.125 5125 | 1520 | 1875 3.345 1,884 2404 18367 7.277
356.00 | 356.00 657.88 5.629 5629 | 1-82n | 2051 3.657 2.056 2,587 19,240 7573
37500 | 57500 655.10 5.846 5846 | 1S2n | 2126 3.786 2.135 2.661 19517 7.603
44500 | 44500 658,92 6.666 6666 | 5S2n | 2.402 4.243 2.402 2.920 20.561 8.089

Inlet Elevation (inverty: 652,25 ft, Outlet Elevation {invert): 639.63 f

Culvert Length: 834.10 ft, Culvert Slope: 0.0151
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Q Culvert Performance Curve Plot: Culvert 1

Performance Curve
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 239+18.19 9'X¢', Design Discharge - 375.0 cfs
Culvert - Culvert 1, Culvert Discharge - 375.0 ofs
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Site Data - Culvert 1
Site Data Option; Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 652.25 ft
Ouflet Station: 834.00 ft
Outlet Elevation: 639.63 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 9.00 ft
Barrel Rise: 6.001t
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Inlet Depression: None




Q Table 3 - Downstream Channel Rating Curve {Crossing: 239+18.19_9'X6")

Flow (cfs) Wag;f‘(’f‘;f)ace Depth (ft) | Velocity (f's) | Shear(psf) |Froude Number

0.00 639.63 0.00 0.00 0.00 0.00
4450 640.42 0.79 3.86 0.86 0.1
89.00 640.81 1.18 4.90 129 0.85
13350 641.12 1.49 5.50 163 0.88
178.00 641.39 1.76 6.12 1.92 0.90
222,50 641.62 1.99 6.57 2.18 0.91
267.00 641.84 2.21 6.95 2.4 0.92
311.50 642.03 2.40 7.28 262 0.93
356.00 642.22 2.59 757 282 0.04
375.00 642.29 2.66 7569 2.91 0.04
445.00 642.55 2.9 8.09 3.19 0.95

Tailwater Channel Data - 239+18.19_9'X6'
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00(_:1)

Channel Slope: 0.0175

Channel Manning's n: 0.0400
Q Channel Invert Elevation: 639.63 ft

Roadway Data for Crossing: 239+18.19_9'X6’

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 838.62 1t

Roadway Surface: Paved

Roadway Top Width: €0.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwateﬂr Elevation Total Discharge (cfs) Culvert gcgl)scharge Roadwa()(/: fIg;scharge ltetations
576.06 0.00 0.00 0.00 1
578.71 66.62 66.62 0.00 1
580.23 133.24 133.24 0.00 1
581.52 199.86 199.86 0.00 1
582.77 266.48 266.48 0.00 1
584.12 333.10 333.10 0.00 1
585.66 399.72 399.72 0.00 1
587.45 466.34 466.34 0.00 1
589.54 532.96 532.96 0.00 1
590.62 564.30 564.30 0.00 1
594.68 666.20 666.20 0.00 1
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Rating Curve Plot for Crossing: 297+56.24
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Table 2 - Culvert Summary Table: Culvert 1

Total cubvert | Headwater ||\ conpey| Outet | Lo L Critical Outlet | Talwater | Outlet | Taiwater

D‘S(‘;’f‘:)’ge D'S(Cc?:)’ge E'ez’fi')‘m" Depth (ft) Dc;g;‘;’?f'ﬂ Type | Deptn(f) | Depth(ft) | Depth (f) | Depth () V?f’t?:)“y V?f';’:)"y
0.00 0.00 576.06 0.000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
66.62 56.62 578.71 2.655 0000 | 1820 | 0914 1.568 0.958 0.451 11503 4778
13324 | 133.24 560.23 4174 0.000 | 1-82n | 1485 2.489 1.488 0.682 14.927 6.225
199.86 | 199.86 58152 5.465 0.000 | 1-82n | 1984 3.261 1,900 0.869 16.738 7.248
26648 | 266.48 582.77 6.715 0000 | 582n | 2448 3.951 2450 1.031 18.132 8.062
33310 | 333.10 584.12 8.060 0000 | 5520 | 2886 4.584 2893 1.178 19.189 8.740
39972 | 3%9.72 585.66 9.508 0000 | 5-52n | 3310 5177 3316 1312 20,093 9.341
46634 | 46634 587.45 11.392 0000 | 5820 | 3726 5.737 3727 1.436 20,855 9.880
532.96 | 532.96 589,54 13.476 1998 | 5.52n | 4134 6.000 4.139 1.554 21.461 10.362
156430 564.30 590,62 14,562 4421 582n | 4323 6.000 4329 1.608 21726 10,567
66520 | 666.20 594.68 18.617 11863 | 552n | 4.931 6.000 4.939 1.772 22.481 11.208

Inlet Elevation (invert): 576.06 ft, Outlet Elevation (invert): 554.52 ft

Culvert Length: 1502.15ft, Culvert Slope: 0.0143




Culvert Perfqrmance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 297+56.24, Design Discharge - 564.3 cfs

Elevation (ft)

y 2o T [

~J

o

o
1

(o)

n

O
|

600+

550+

Culvert - Culvert 1, Culvert Discharge - 564.3 cfs

AmmagmmaEmsm .-

mmmusammLuugammann

T T T

.........................................

S

........................

[y

Station (ft)

Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 fi

Inlet Elevation: 576.06 ft

Qutlet Station: 1502.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 6.00 ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge {90°) Headwall
Inlet Depression: None

0 500 1000




Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wag;f?%ace Depth (ft) | Velocity (ft/s) | Shear (psf) |Froude Number

0.00 554,52 0.00 0.00 0.00 0.00
66.62 554.97 0.45 4.78 141 127
133.24 555.20 0.68 623 213 136
199.86 555.39 0.87 7.25 2.71 141
266.48 555,55 1.03 8.06 3.22 144
333.10 555.70 118 8.74 3.67 147
399.72 555.83 131 9.34 4.09 149
466.34 555.96 144 9.88 448 152
532.96 556.07 155 10.36 4.85 153
564.30 556.13 1.61 10.57 5.02 1.54
666.20 556.29 1.77 1121 553 156

Tailwater Channel Data - 297+56.24

Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 30.00 ft

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

Channel Slope: 0.0500

Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 297+56.24

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 777.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwat(efrt)Elevatlon Total Discharge {cfs) Culvert (TCstl)scharge Roadwaé fi:s);scharge lterations
576.06 0.00 0.00 0.00 1
578.46 66.62 66.62 0.00 1
579.83 133.24 133.24 0.00 1
580.99 199.86 - 199.86 0.00 1
582.06 266.48 266.48 0.00 1
583.14 333.10 333.10 0.00 1
584.33 399.72 399.72 0.00 1
585.66 466.34 466,34 0.00 1
587.18 532.96 532.96 0.00 1
587.97 564,30 564.30 0.00 1
590.86 666.20 666.20 0.00 1




Total Rating Curve

Rating Curve Plot for Crossing: 297+56.24
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Table 2 - Culvert Summary Table: Culvert 1

Total Cukert | Headwater |\ yoy conrgy | Otet | oo | Nomal | Gritical Oullet | Taitwater | Oullet | Talwater

D'S(‘g;:)’ge D’Sg;:)'ge E""('ft')”"" Depth () Di?:?rtlﬂ()f’t) Type | Depth(f) | Deptn(fty | Depth(f) | Depth () V?f!t‘}:;ty V?"t?:;‘y
0.00 0.00 576.06 0.000 0000 | oNF | 0000 0.000 0.000 0.000 0.000 0.000
66.62 66.62 578.46 2.396 0.000 | 1820 | 0.811 1415 0.814 0.451 11,607 4778
13324 | 13324 | 57083 3.773 0000 | 1s2n | 4311 2.245 1315 0.682 14.479 6.225
19986 | 199.85 | 580.99 4.926 0000 | 1820 | 4735 2.943 1742 0.868 16,394 7.246
26648 | 26646 | 58206 5.996 0.000 | 120 | 2420 3.665 2124 1,031 17.926 8.062
33890 | 33310 | 563.44 7.084 0.000 | 5820 | 2491 4136 2.495 7478 19.069 8.740
39872 | 39972 | 584.33 8,266 0000 | 5820 | 2842 4671 2.850 1312 20036 9.341
466.34 | 46634 | 58566 9.598 0000 | 5S2n | 3485 5477 3191 1436 20,880 9,880
53296 | 532956 | 567.48 | 14.118 0000 | 5820 | 3520 5.659 3.528 1.554 21683 | 10362
56430 | 66430 | 587.97 | 14.905 0000 | 582n | 5675 5.878 3677 1,608 21922 | 10567
66620 | 666.20 | 50086 | 14.804 3250 | 5820 | 4470 6.000 4.179 1772 22774 | 11.208

Inlet Elevation (invert): 576,06 ft, Outlet Elevation {invert): 554.52 ft

Culvert Length: 1502.15ft, Culvert Slope: 00143
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Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 576.06 ft

Cutlet Station: 1502.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 7.00ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (90%) Headwall
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve {Crossing: 297+56.24)

Flow {cfs) Wagahrj L(lfn;f)ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number

0.00 554.52 0.00 0.00 0.00 0.00
66.62 554.97 0.45 4,78 1.41 1.27
133.24 555.20 0.68 6.23 2.13 1.36
199.86 555.39 0.87 7.25 2.71 1.41
266.48 555.55 1.03 B8.06 3.22 1.44
333.10 555.70 1.18 8.74 3.67 1.47
399.72 555.83 1.31 9.34 4,09 1.49
466.34 555,96 1.44 9.88 4.48 1.52
532.96 556.07 1.55 10.36 4.85 1.53
564.30 556.13 1.61 10.57 5.02 1.54
666.20 556.29 1.77 11.21 5.53 1.56

Tailwater Channel Data - 297+56.24
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 30.00 ft

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

Channel Slope: 0.0500

Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 fi

Roadway Data for Crossing: 297+56.24

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 777.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 {t
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwat?fz)Elevatlon Total Discharge {cfs) Culvert zcgl)scharge Roadwa()é fIzl)scharge lterations
576.06 0.00 0.00 0.00 1
578.25 66.62 66.62 0.00 1
579.52 133.24 133.24 0.00 1
580.57 199.86 199.86 0.00 1
581.52 266.48 266.48 0.00 1
582.46 333.10 333.10 0.00 1
583.43 390.72 399.72 0.00 1
584.48 466.34 466.34 0.00 1
585.66 532.96 532,96 0.00 1
586,28 564.30 564.30 0.00 1
588.46 6566.20 666.20 0.00 1
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Table 2 - Culvert Summary Table: Culvert 1

Total

Culvert

Headwater

Qutlet

) C ater | |rat Control Flow | Nomal { Critical Outlet | Tailwater | (Sutet [ Taitwater
D‘s('f:"fg)‘ge D'sgf‘:)'ge E"‘}’%‘"’“ Depth {it) D%g"}m) Type | Depth(fy | Depth () | Deptr(f) | Depth (f) V‘(’]Egsc;‘y V?f'gg;‘y
0.00 0.00 576.06 0.000 0000 | ONF | 0.000 0.000 0.000 0.000 0.000 0.000
5662 66.62 578.25 2190 0000 | 1.S2n | 0757 1294 0.744 0.451 11191 4778
13324 | 133.24 579.52 3.458 0000 | 1Szn | 4187 2.054 1.188 0.682 14.015 6.225
199.85 | 199.66 580.57 4509 0000 | 1-82n | 1546 2.692 1.552 0.869 16.007 7.246
26648 | 26648 581.62 5.465 0.000 | 1-S2n | 1.892 3.261 1.900 1,031 17.531 8.062
333.10 | 333.10 562,46 5.398 0000 | 582n | 2207 3.784 2213 1178 18,814 8.740
39972 | 399.72 583.43 7.369 0000 | 652n | 2513 4273 2522 1312 19.810 9.341
46634 | 46634 584,48 8.424 0000 | 5-82n | 2805 4738 2.806 1436 20.776 9.880
532.96 | 532.96 585.66 9.598 0000 | 5S2n | 3082 5477 2.096 1.554 21.521 10.362
56430 | 564.30 586.26 | 10.199 0000 | 582n | 3222 5378 3.227 1.608 21.861 10.567
66620 | 666.20 58846 | 12.396 1808 | 552n | 3.5644 5.000 3.649 1772 22.821 11.206

Inlet Elevation (invert): 576.06 ft, Outlet Elevation (invert): 554.52 ft

Culvert Length: 1502.15ft, Culvert Slope: 0.0143

)
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
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Elevation (ft)

Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 297+56.24, Design Discharge - 564.3 cfs
Culvert - Culvert 1, Culvert Discharge - 564.3 cfs
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Site Data ~ Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 576.06 ft

Outlet Station: 1502.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 8.00 ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (90°) Headwall
Inlet Depression: None

RPN R

[ Y

.................................................




Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wa};;ft'{tf)a"e Depth () | Velocity (ft/s) | Shear (psf) |Froude Number
0.00 554.52 0.00 0.00 0.00 0.00
66.62 554.97 0.45 4.78 141 127

133.24 555.20 0.68 5.23 213 136
196.86 555.39 0.87 7.25 271 141
266.48 555.55 1.03 8.06 3.22 144
333.10 555.70 118 8.74 367 147
399.72 555.83 131 0.34 4.09 149
466.34 555.96 144 9.88. 4.48 152
532.96 556.07 155 10.36 .85 153
564.30 556.13 161 10.57 5.02 154
666.20 556.29 177 .21 553 156

Taillwater Channel Data - 297+56.24
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 30.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 it

Roadway Data for Crossing: 297+56.24
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 777.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwatt(afrt)Elevatlon Total Discharge (cfs) Culvert zclf:')sl)scharge Roadwa(){:f Ig;scharge Herations
576.06 0.00 0.00 0.00 1
578.08 66.62 66.62 0.00 1
579.26 133.24 133.24 0.00 1
580.23 199.86 1989.86 0.00 1
581.11 266.48 266.48 0.00 1
581.94 333.10 333.10 0.00 1
582,77 399.72 399.72 0.00 1
583.65 466.34 466.34 0.00 1
584.61 532.96 532.98 0.00 1
585.09 564.30 564.30 0.00 1
586.82 666.20 666.20 0.00 1
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwater |\, oyt Outiet | o | oo | critical Outiet | Talwater | Outlet | Tailwater
D'S(‘;';:)’ge D'S(cc*f’:)'ge E'EZ’%“"" Depth (f) D‘;;’t‘r““(’f'l) Type | Depth(f) | Depth(fty | Depth(f) | Depth (f) V'ff!t‘;:;'y "‘(*f'gg‘y
0.00 0.00 576.06 0.000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
66.62 66.62 575.08 2022 0000 | 1-Szn | 0.663 1.196 0,686 0.451 10.784 4778
13324 | 13324 | 57926 3.203 0000 | 1S2n | 1074 1.899 1,089 0.652 13,502 6.225
199.86 | 19986 | 58023 3174 0000 | 182n | 1.408 2.489 7409 0.868 15.764 7.248
26648 | 26648 | 58111 5.047 0000 | 1-S2n | 1716 3015 1.724 1.031 17477 8.062
33310 | 33310 | 581.04 5878 0000 | 1s2n | 199 3408 1.997 1.178 18,530 8.740
39972 | 20972 | 8277 6715 0000 | 552n | 2268 3.951 2074 1312 16552 | . 9341
46634 | 466.34 | 58365 7.594 0.000 | 582n | 2525 4378 2.531 1.436 20472 9.850
532.96 .| 53286 | 58461 8.548 0000 | 5820 | 2774 4788 2.776 1.554 71334 10.362
56430 | 564.30 | 535.00 9.029 0000 | 552n | 2501 4972 2.892 1.608 21,664 10,567
66620 | 68620 | 586.82 | 10763 0000 | 5520 | 325 5.553 3.262 1772 22,600 11206

inlet Elevation (invert): 576.06 ft, Outlet Elevation (invert): 554.52 #

Culvert Length: 1502.15ft, Culvert Slope: 0.0143




O Culvert Performance Curve Plot: Culvert 1
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 576.06 ft

Outlet Station: 1502.00 ft

Ouilet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 9.00ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge {90°) Headwall
Inlet Depression: None

Culvert - Culvert 1, Culvert Discharge - 564.3 ofs
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Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wag;\?‘('%ace Depth () | Velocity (fts) | Shear(psf) |Froude Number
0.00 554,52 0.00 3.00 0.00 2.00
66.62 554,97 0.45 478 T41 127

133.24 555.20 0.68 523 213 136
189.86 555.30 0.87 7.25 2.71 141
266.48 555.55 1.03 8.06 3.22 144
333.10 555.70 1.18 8.74 3.67 147
390.72 555.83 131 9.34 400 149
466.34 555.96 144 9.8 4.48 152
532.96 556.07 155 10.36 4.85 153
564.30 556.13 161 10.57 5.02 154
666.20 556,29 177 11.21 5.53 156

Tailwater Channel Data - 297+56.24
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 30.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 297+56.24
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 777.00 ft
Roadway Surface: Paved
Roadway Top Width: 80.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwater Elevation

Total Discharge (cfs)

Culvert 1 Discharge

Roadway Discharge

(ft) (cfs) (cfs) lterations
576.06 0.00 0.00 0.00 1
577.95 56.62 66.62 0.00 1
579.05 133.24 133.24 0.00 1
579.96 199.86 199.86 0.00 1
580.77 266.48 266.48 0.00 1
581.52 333.10 333.10 0.00 1
582.27 3989.72 3809.72 0.00 1
583.03 466.34 466.34 0.00 1
583.84 532.96 532.96 0.00 1
584.24 564.30 564.30 0.00 1
585.66 666.20 666.20 0.00 1
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwater | o0 conegy| Ot | o | Nommal | Gritical Outiet | Taiwater | Outlet | Taiwater

D'S(‘;'g)’ge Dis(";’;:)’ge E'e}’ff)‘"’“ Depth (ft) D(é?:rt}\h?f!l) Type | Depth(f) | Deptheity | Depth(f) | Depih i V‘(*f'g:;*y V‘(*gggb’
0.00 0.00 576.06 0.000 0000 | ONF | 0.000 0.000 0.000 0.000 0.000 0.000
66.62 56.62 577.95 1.889 0000 | 1520 | 0641 1115 0.644 0.451 10340 4778
133.24 | 13324 | 579.05 2.992 0000 | 1520 | 0.886 1770 1.000 0.682 13319 8.225
199.86 | 199.88 | 579.86 3,696 0000 | 1-82n | 1.303 2.320 1310 0.869 15258 7.246
26648 | 28648 | 580.77 4.706 0000 | 182n | 1573 2.810 1.580 1,031 16.863 8.062
33310 | 33310 | 68152 5465 0000 | 1820 | 1.838 3.261 1.840 1178 18.103 8.740
38972 | 3072 | s8227 6.210 0000 | 582n | 2073 3.683 2.082 1312 | 18.203 9.341
46634 | 46634 | 583.03 5972 0000 | 5S2n | 2308 4,081 2314 1.436 20.152 9,880
53296 | 53296 | 56384 7.1078 0.000 | 5820 | 2532 4.461 2540 1554 20982 | 10.362
56030 | 56430 | 584.24 8.178 0000 | 5820 | 2633 4634 2633 1.608 21429 10.567
666,20 | 66620 | 585.66 9.598 0000 | 5820 | 2062 5477 2.967 1772 22456 | 11208

S

inlet Elevation {invert): 576.06 ft, Outlet Elevation (invert): 554.52 it

Culvert Length: 1502.15ft, Culvert Slope: 0.0143




O Culvert Performance Curve Plot: Culvert 1

Performance Curve
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Inlet Control Elev Outlet Control Elev

......................................................................................
]

wn

[e9]

(2]
J

17 UL USRS U S A ;

- e L 1 TP,

Headwater Elevation (ft)

....................................

576--4

0 100 200 300 400 500 600
O Total Discharge {cfs)




Q Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 297+56.24, Design Discharge - 564.3 cfs
Culvert - Culvert 1, Culvert Discharge - 564.3 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 576.06 ft
Outlet Station: 1502.00 ft
Outlet Elevation: 554.52 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 10.00 ft

Barrei Rise: 6.00 ft

Barrel Material: Concrete

Barre! Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (90%) Headwall
O Inlet Depression: None




O Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wag;f‘(’%ace Depth (ff) | Velodity (fts) | Shear (psf) |Froude Number
0.00 554.52 0.00 0.00 0.00 0.00
66.62 554.97 0.45 478 141 127
133.24 555.20 0.68 6.23 213 1.36
199.86 555.39 0.87 7.25 2.71 141
266.48 555.55 1.03 8.06 322 144
333.10 555.70 1.18 8.74 367 147
399.72 555.83 131 9.34 4.09 149
466.34 565.96 144 9.8 4.48 152
532.96 556.07 155 ~10.36 485 153
564.30 556.13 161 10.57 502 154
666.20 556.29 177 121 5.53 156

Tailwater Channel Data - 297+56.24
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 30.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
' Channel Manning's n: 0.0400
O Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 297+56.24
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft '
Crest Elevation: 777.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwatt(efli)Elevatlon Total Discharge (cfs) Culvert zcg;scharge Roaclwa(g((: flg;scharge lterations
576.06 0.00 0.00 0.00 1
577.96 66.62 66.62 0.00 1
579.06 133.24 133.24 0.00 1
579.97 199.86 199.86 0.00 1
580.78 266.48 266.48 0.00 1
581.52 333.10 333.10 0.00 1
582.23 389.72 399.72 0.00 1
582.92 466.34 466.34 0.00 1
583.61 532.96 532.96 0.00 1
583.94 564.30 564.30 0.00 1
585.07 666.20 666.20 0.00 1
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Rating Curve Plot for Crossing: 297+56.24
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwater ||\ oy | Outlet Flow Normal Critical Outlet Tailwater Outlet Tailwater

D's(‘;';:)"ge D‘Sfc*f':)’ge E‘e‘(’%‘m" Depth (ft) 023'1}1“‘(,1!0 Type | Depth(ft) | Deptn () | Depth(f) | Depth (f) V‘?g:;‘y “'3!3:)"5’
0.00 0.00 576.06 0.000 0000 | ONF | 06.000 0,000 0.000 0.000 | 0000 0.000
66.62 66.62 577.96 1.807 0000 | 1S2n | 0.621 1115 0.635 0.451 10,487 4778
13324 | 133.24 | 579.06 2.998 0000 | 182n | o979 1.770 1,000 0.662 13.319 6.225
199.86 | 190.86 | 678.07 3.908 0000 | 1S2n | 1.299 2320 1310 0.860 15.258 7.246
266.48 | 26648 | 58078 4716 0000 | 4S2n | 1573 2.810 1,680 1,031 16.863 2.062
333.10 | 333.10 | 58152 5461 0.000 | 4-82n | 1827 3.261 1.851 1178 17.985 8.740
30072 | 20972 | 66223 5.167 0.000 | 1-82n | 2080 3683 2,082 1312 19.203 5341
466.34 | 46634 | 58202 6.857 0.000 | 3-82n | 2305 4.081 2314 1.436 20,152 9.880
532.96 | 53296 | 58361 7.551 0.000 | 582n | 2628 4.461 2,531 1.554 21057 10.362
564.30 | 564,30 583.94 7.883 0000 | 5820 | 2632 4.634 2633 1,608 21420 10.567
666.20 | 666,20 585.07 9.012 0000 | 5820 | 2950 5177 2,967 1772 22.466 11.206

Inlet Elevation (inverf): 576.06 ft, OQutlet Elevation {invert): 554.52 ft

Culvert Length: 1502.15t, Culvert Slope: 0.0143
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Elevation (f1)

Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 297+56.24, Design Discharge - 564.3 cfs
Culvert - Culvert 1, Culvert Discharge - 564.3 cfs
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Site Data -~ Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 576.06 ft

Qutlet Station: 1502.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 10.00 ft

Barrel Rise: 7.00 1t

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (90°) Headwall
inlet Depression: None
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O Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wag;f‘(i%ace Depth (fty | Velocity (ft's) | Shear (psf) |Froude Number

0.00 554.52 0.00 3.00 0.00 0.00
£6.62 554.97 0.45 4.78 141 127
133.24 555.20 0.68 623 | 213 136
199.86 555.39 0.87 725 2.71 141
266.48 555.55 1.03 8.06 3.22 144
333.10 555.70 118 8.74 3.67 147
399.72 555.83 131 9.34 4.09 149
466.34 555.96 144 9.88 448 152
532.06 556.07 155 10.36 4.85 153
564.30 556.13 161 10.57 5.02 154
666.20 556.29 177 1121 5.53 156

Tailwater Channel Data - 297+56.24
Tailwater Channel Option: Trapezoidai Channe!
Bottom Width: 30.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
Q Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 297+56.24
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 777.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 297+56.24

Headwatt(afi)Elevatlon Total Discharge {cfs) Culvert gcftg'l)scharge Roadwa()‘r: fIg;sc:harge Herations
576.06 0.00 0.00 0.00 1
577.96 66.62 66.62 0.00 1
579.06 133.24 133.24 0.00 1
579.98 199.86 199.86 0.00 1
580,79 266.48 266.48 0.00 1
581.53 333.10 333.10 0.00 1
582.23 389.72 399.72 0.00 1
582,89 466.34 466.34 0.00 1
583.54 532.96 532,96 0.00 1
583.84 564.30 564.30 0.00 1
584.84 666.20 666.20 0.00 1




O Rating Curve Plot for Crossing: 297+56.24

Total Rating Curve
Crossing: 297+56.24
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwator Intet Cantrol Outlet Flow Nomal Critical Qutlet Tailwater Oullet Taltwater
D'sg;:)'ge D‘S&';:)‘Qe E'e‘("%“"“ Depth (f) D‘:‘;'t‘h"‘(’f!‘) Type | Depthft) | Depth(f) | Depthifty | Depth (ft V'("!g:;ty V‘(*é‘;:;ty
0.00 0.00- 676.06 0.000 0.000 | G-NF | 0,000 0.000 0.000 0.000 0.000 0.000
66.62 66.62 577.96 1,899 0000 | 1.82n | 0574 1115 0.605 0.451 11,007 4.778
13324 | 13324 | 579.08 2.997 0.000 | 1-5zn | 0882 1770 3000 0.662 13.319 5.225
19986 | 19986 | 579.98 3.922 0000 | 1-52n | 1.283 2.320 1.310 0.569 15,268 7.246
26648 | 266.48 580.79 4.728 0000 | 1-52n | 1583 2,810 1589 1031 | 16.767 5.062
33310 | 333.10 581,58 5471 0000 | 1-52n | 1826 3,261 1,851 1.178 17.995 5.740
309.72 | 398.72 562.23 6.167 0.000 | 1-S2n | 2067 3683 2073 1312 19.286 9.341
46634 | 466.34 562.89 6.832 0.000 | 1-S2n | 2307 4.081 2.314 1.436 20.162 9.880
53296 | 53296 | 5B3.54 7.481 0.000 | 182n | 2530 2461 2.531 1.654 21057 | 10362
56430 | 56430 | 583.84 7.784 0000 | 1-52n | 2630 4634 2.633 1.608 21429 | 10567
B66.20 | 60620 | 58484 8.778 0000 | 552n | 2956 5477 2.967 1772 22,456 11.206

Inlet Elevation (invert): 576.06 ft, Outlet Elevation (invert): 554.52 it

Culvert Length: 1602.15ft, Culvert Slope: 0.0143




O Culvert Performance Curve Plot: Culvert 1
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O Water Surface Profile Plot for Culvert: Culvert 1

Crossmg 297+56.24, Design Discharge - 564.3 cfs
Culvcrt Culvert 1, Culvert Dlschawe - 5643 cfs
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 576.06 ft

Quitlet Station: 1502.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 10.00 ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
Q Inlet Edge Condition: Square Edge (90%) Headwal!
inlet Depression: None




O Table 3 - Downstream Channel Rating Curve (Crossing: 297+56.24)

Flow (cfs) Wag;ft‘%ace Depth (fty | Velocity (fs) | Shear (psf} |Froude Number
0.00 554,52 0.00 0.00 0.00 0.00
66.62 554.97 0.45 4.78 141 127

133.24 555.20 0.68 6.23 213 136
199.86 555.39 0.87 7.25 2.71 141
266.48 555.55 1.03 8.06 322 144
333.10 555.70 118 8.74 367 147
309.72 555.83 1.31 9.34 4.09 149
466.34 555.96 1.44 9.88 448 152
532.96 556.07 155 10.36 4.85 153
564.30 556.13 161 1057 5.02 154
666.20 556.29 177 .21 553 156

Tailwater Channel Data - 297+56.24
Tailwater Channe! Option: Trapezoidal Channel
Bottom Width: 30.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
O Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 297+56.24
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 777.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 300+89.44

Headwat?frt)Elevatlon Total Discharge (cfs) Culvert (‘!cflgt)scharge Roadwa(g‘(:f z;scharge tterations
565.62 0.00 0.00 0.00 1
567.76 47.92 47.92 0.00 1
569.00 95.84 95.84 0.00 1
570.02 143.77 143.77 0.00 1
570.94 191.69 191.69 0.00 1
571.84 238.61 239.61 0.00 1
572,76 287.53 287.53 0.00 1
573.74 335.45 335,45 0.00 1
574.83 383.38 ) 383.38 0.00 1
575.34 404.20 404.20 0.00 1
577.40 479.22 479.22 0.00 1
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Total Rating Curve

Rating Curve Plot for Crossing: 300+89.44
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Table 2 - Culvert Summary Table: Culvert 1

O Total

Cuvert | Headwater |\ o sonvor|  Qubet 1 g | Nomal | Gritical Outtet | Taiwater | Outet | Taitwater

D""(‘i';:)’ge D's(‘:;'g:)'ge E'e}’f‘;‘)m"‘ Depth (&) DZ;"}‘”%L) Type | Depth(f) | Depth(fty | Deptnrify | Depth (ft) V‘(’;t?:)"y V‘a!f,’:;‘y
0.00 0.00 565.62 0.000 0000 | ONF | 0,000 0.000 0.000 0.000 0.000 0.000
4792 27.02 567.76 2437 0000 | 1S2n | 0.809 1250 0.843 0.606 412 5.564
95.84 95.54 569.00 3376 0000 | 1820 | 1313 1998 1317 0,910 12.128 7.106
14377 | 14377 | 57002 4.398 0000 | 1820 | 1.746 2618 1747 1153 13.715 B.147
19169 | 19160 | 57094 5.323 0000 | 1s2n | 2441 3172 2142 1.361 14.918 8,051
23961 | 23961 571.84 6.217 0000 | 5S2n | 2522 3.680 2.529 1.645 15,789 9,638
28753 | 28753 | 57276 7135 0000 | 582n | 2887 4156 2805 1714 16554 | 10212
33545 | 33545 | 573.74 8122 0000 | 5620 | 3242 4.606 3.245 1,870 17.231 10.715
38338 | 383.38 | 574.83 9.210 0000 | 552n | 3592 5.035 3.504 2,015 17.781 11.473
20420 | 40820 | 57534 9.721 0000 | 552n | 3.740 5.215 3744 2.076 798z | 11352
47922 | 47922 | 57740 | 11782 0000 | 582n | 4270 5.842 4576 2282 18678 | 11.959

Inlet Elevation (invert): 565.62 ft, Outlet Elevation {invert): 554.52 ft

LT P T

Culvert Length: 1040.06ft, Culvert Slope: 0.0107




O Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 300+89.44, Design Discharge - 404.2 cfs
Culvert - Culvert 1, Culvert Discharge - 404.2 cfs
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Site Data - Culvert 1

Site Data Option: Culvert invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 565.62 ft

Outlet Station: 1040.00 ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 6.00 ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (90%) Headwall
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve {Crossing: 300+89.44)

Flow (cfs) Waltzekra\? l(,lfrt;ace Depth (ft) Velocity (ft/s) Shear {psf) | Froude Number

0.00 554,52 0.00 0.00 0.00 0.00
47.92 555.13 0.61 5.56 1.89 1.31
95.84 555,43 0.91 7.1 2.84 1.39
143.77 5585.67 1.15 B.15 3.60 1.43
191.69 555.88 1.36 8.96 4.25 1.47
239.61 556.07 1.55 9.64 482 1.49
2B7.53 556.23 1.71 10.21 5.35 1.51
335.45 556.39 1.87 10.72 5.83 1.53
383.38 556.53 2.01 1147 6.29 1.54
404.20 586.60 2.08 11.35 5.48 1.55
479.22 556.80 2.28 11.96 7.12 1.57

Tailwater Channel Data - 300+89.44
Tailwater Channe! Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (_:1)

Channel Slope: 0.0500

Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 300+89.44

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 768.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 300+89.44

Headwat?f;)Elevatlon Total Discharge (cfs) Cuivert chl'.;l)scharge Roadwa()é flz;scharge lterations
565.62 0.00 0.00 0.00 1
567.55 47,92 47.92 0.00 1
568.68 95.84 95.84 0.00 1
589.60 143.77 143.77 0.00 1
570.42 191.69 191.69 0.00 1
571.20 239.61 239.61 0.00 1
571.97 287.53 287.53 0.00 1
57276 33545 335.45 0.00 1
573.60 383.38 383.38 0.00 1
573.98 404.20 404.20 0.00 1
575.51 479.22 479.22 0.00 1
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Rating Curve Plot for Crossing: 300+89.44

Total Rating Curve
Crossing: 300+89.44
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Table 2 - Culvert Summary Table: Culvert 1

Total Cubvert [ Headwater | oy | Outlet | gl 1 vomal | Critical Outet | Tailwater | ,Outiet | Taitwater
D‘s(‘é';:{ge D“"(‘::';:)'ga E""(’;')“m Depth (f) Dig‘;:“(’f'n Type | Depth(fty | Depth () | Depth(t) | Depth () V‘(’t't‘;:;ty V‘(’f’t‘;:;w
.00 0.00 565.62 0.000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
4792 4792 567.65 1.930 0.000 | 1S2n | 0723 1.136 0726 0.606 9.433 5.564
95.84 95.84 566,68 3.055 0000 | 1-52n | 1.163 1.803 1163 0910 1775 7.106
143.77 | 14377 | 56960 3977 0000 | 1S2n | 1524 2.362 1531 1.153 13411 8147
19169 | 19169 | 57042 4.802 0000 | 4Szn | 1869 2862 1.871 1381 14.637 8.961
23961 | 239.61 571.20 5579 0000 | 1S2n | 2184 3.321 2.190 1,545 15,631 9.638
28753 | 28753 | 57197 6.345 0000 | 582n | 2402 3.750 2.499 1714 16437 | 10212
33545 | 33545 | 57276 7.135 0000 | 6.82n | 2785 4156 2,788 1.870 17.201 10715
38338 | 38338 | 573.60 7075 G000 | 5520 | 3074 4543 3.082 2015 17771 11.173
40420 | 40420 | 57398 8.362 0.000 | 582n | 3.9 2.706 3.198 2076 18088 | 11252
9.2 | 47922 | 57559 9.887 0000 | 552n | 3632 5272 3.641 2.262 18805 | 11.959

Inlet Elevation (invert): 565.62 ft, Outlet Elevation (invert): 554.52 ft

Culvert Length: 1040.06 ft, Culvert Slope: 0.0107




O

Culvert Performance Curve Plot: Culvert 1
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Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 565.62 ft

QOutlet Station: 1040.00ft

Outlet Elevation: 554.52 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Concrete Box

Barrel Span: 7.00ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete -

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge {30°} Headwall
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 300+89.44)

Flow (cfs) Wagref‘(‘frtf)ace Depth (ft) | Velocity (ft's) | Shear (psf) |Froude Number
0.00 55452 0.00 0.00 0.00 0.00
47.92 555.13 0.61 556 189 131
95.84 555.43 0.91 741 284 139
143.77 555.67 115 8.15 3.60 143
191.69 555.88 1.36 8.96 4.25 147
239.61 556.07 1.55 9.64 482 149
287.53 556.23 1.71 10.21 5.35 151
335.45 556.39 187 10.72 583 153
383.38 556.53 501 TRE 6.20 154
404.20 556.60 2.08 11.35 6.48 155
479.22 556.80 2.28 11.96 742 157

Tailwater Channel Data - 300+89.44

Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft

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

Channel Slope: 0.0500

Channel Manning's n: 0.0400

Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 300+89.44

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 768.00 ft

Roadway Surface: Paved

Roadway Top Width: €0.00 ft




Table 1 - Summary of Culvert Flows at Crossing: 300+89.44

Headwalt(afrt)EIevatlon Total Discharge (cfs) Culvert ;cg;scharge Roadwa(g((; g;scharge lterations
565.62 0.00 0.00 0.00 1
567.39 47.92 47.92 0.00 1
568.42 95.84 95.84 0.00 1
569.27 143.77 143.77 0.00 1
570.02 191.69 191.69 0.00 1
570.72 239.61 239.61 0.00 1
571.39 287.53 287.53 0.00 1
572.06 335.45 335.45 0.00 1
572.76 383.38 383.38 0.00 1
573.07 404.20 404.20 0.00 1
574.27 479.22 478.22 0.00 1
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Rating Curve Plot for Crossing: 300+89.44

Total Rating Curve
Crossing: 300+89.44
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Table 2 - Culvert Summary Table: Culvert 1

Total Cubvert | Headwater |\ ooy | Outlet Flow Normal Critical Outlet Tallwater Outlet Tallwater
D'-"(cc';:‘)"ge D’s("cfh:‘)"ge E'e‘(’ff)'“" Depth ¢fty Di?:t‘rm) Type | Deptht) | Depth(f) | Depthir) | Depth (i) V'i’f‘t‘j:;‘V V?,!:}:)"V
0.00 0.00 565,62 0,000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
47.92 47.92 567.39 1771 0000 | 1-52n | 0663 1.039 0.669 0.606 8,954 5.564
9584 95.84 568.42 2.802 0000 | 1S2n | 1.037 1649 1,039 0.510 11,528 7.108
14377 | 14377 | 569.27 3.645 0.000 | 1-S2n | 1.368 2.161 1371 1153 13.106 B.147
19160 | 19160 | 570.02 4.398 0000 | 1-82n | 1.666 2.618 1668 1.381 14.365 8961
23961 | 23961 570.72 5.007 0000 | 182n | 1.945 3.038 1.952 1.545 15.344 9638
28753 | 26758 | 57139 5.770 0000 | 1S2n | 2208 3.431 2221 1714 16.185 10.212
33545 | 33545 | 57206 6.442 0000 | 5820 | 2466 3.802 2.471 1.670 16.970 10.715
38338 | 38338 | 57276 7.135 0000 | 582n | 2709 4.156 2715 2015 17.651 11173
40420 | 40420 | 57307 7,447 0.000 | 552n | 2815 4305 2815 2076 17.948 11.382
478.22 | 41922 | 67427 8.652 0000 | 5520 | 3.186 4.823 3492 2.282 18.769 11.959

L

Inlet Elevation (invert): 565.62 ft, Qutlet Elevation (invert): 554.52 f
Culvert Length: 1040.06 ft, Culvert Slope: 0.0107




(D Culvert Performance Curve Plot: Culvert 1
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O Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 300+89.44, Design Discharge - 404.2 cfs
Culvert - Culvert 1, Culvert Discharge - 404.2 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 565.62 ft
QOutlet Station: 1040.00 ft
Outlet Elevation: 554.52 it
Number of Barrals: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 8.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
. Inlet Edge Condition: Square Edge (90°) Headwall
O Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 300+89.44)

Flow {(cfs) Wa‘éelg\?t(]f:f)ace Depth (ft) Velocity (it/s) Shear (psf) | Froude Number

0.00 554.52 0.00 0.00 0.00 0.00
47.92 555.13 0.61 5.56 1.89 1.31
95.84 555.43 0.9 7.11 2.84 1.39
143.77 555.67 1.15 8.15 - 3.60 1.43
191.69 555.88 1.36 8.96 4.25 147
239.61 556.07 1.55 9.64 4.82 1.49
287.53 556.23 1.71 10.21 5.35 1.51
335.45 556.39 1.87 10.72 5.83 1.53
383.38 556.53 2.01 11.17 6.29 1.54
404.20 556.60 2.08 11.35 6.48 1.55
479,22 556.80 2.28 11.96 7.12 1.57

Tailwater Channel Data - 300+89.44
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 13.00 ft

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

Channel Slope: 0.0500

Channel Manning's n: 0.0400
Channel Invert Elevation: 554.52 ft

Roadway Data.for Crossing: 300+89.44

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 768.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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Table 1 - Summary of Culvert Flows at Crossing: 300+89.44

O Headwatt(efli)Elevatlon Total Discharge (cfs) Culvert (1cf[;|)scharge Roadwa()‘r: flg;scharge ' lterations
565.62 0.00 0.00 0.00 1
567.40 47.92 47.92 0.00 1
568.42 95.84 95.84 0.00 1
569.29 143.77 143.77 0.00 1
570.05 191.69 191.69 0.00 1
570.74 239.61 239.61 0.00 1
571.39 287.53 287.53 0.00 1
572.00 335.45 335.45 0.00 1
572,59 383.38 383.38 0.00 1
572.85 404.20 404.20 0.00 1
573.76 479,22 479.22 0.00 1
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Rating Curve Plot for Crossing: 300+89.44

Total Rating Curve
Crossing: 300+89.44
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Table 2 - Culvert Summary Table: Culvert 1

Jotal | Cubvert | Headwaler | s contror | Ot piow [ Nommal | Critcal | Outiet | Taitwater | (Outiet | Tallwater
D'sg:';:)’ge D'S(cc*f‘:)’ge E'e‘(’g)‘”" Depth (f) D‘;;’t‘;“(’é) Type | Depth (f) | Depth(®) | Depth () | Depth () V‘(*[!t‘}:;‘y "%’3:;”
0.00 0.00 566.62 0.000 0000 | O-NF | 0000 0.000 0.000 0.000 0.000 0.000
a7.92 4792 567.40 1775 0000 | 1520 | 0612 1039 0.629 0.608 9.524 5.564
95.84 95.64 568.42 2.799 0.000 | 1820 | 1.028 1649 1.039 0.910 1528 7.108
14377 | 143.77 | 569.29 2672 0000 | 1S2n | 13% 2161 1.360 1153 13.212 8147
19168 | 191869 | 570.05 4426 0000 | 1620 | 1669 2618 1677 1.361 14.287 8.961
239.61 | 239.61 570.74 5.118 0000 | 182n | 1937 3,036 1937 1545 15.463 9.638
28753 | 28753 | 57139 5.765 0000 | +82n | 2204 3.431 2.221 1714 16185 | 10.212
33545 | 33545 | 572.00 6.380 0000 | 1-S2n | 2465 3.802 2471 1870 16970 | 10715
38333 | 38338 | 57259 6.973 0.000 | 1S2n | 2706 4.156 2.715 2015 17.651 1173
40420 | 40420 | 57285 7227 0000 | 1820 | 2811 4.305 2.815 2076 17048 | 11.352
479.22 | 47922 | 573.76 8.135 0000 | 5S2n | 3488 4623 3102 2.282 18768 | 11.959

Inlet Elevation {invert): 565.62 ft, Outlet Elevation (invert): 554.52 ft

Culvert Length: 1040.06 ft, Culvert Slope: 0.0107
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 300+89.44, Design Discharge - 404.2 cfs

Culvert - Culvert 1, Culvert Discharge - 404.2 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 565.62 ft
Outlet Station: 1040.00 ft
Outlet Elevation: 554.52 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 8.00ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge (90%) Headwall
Inlet Depression: None
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O Table 3 - Downstream Channel Rating Curve (Crossing: 300+89.44)

Flow (cfs) Wag;f‘(‘%ace Depth () | Velocity (f's) | Shear (psf) |Froude Number

0.00 554.52 0.00 0.00 0.00 0.00
47.92 555.13 0.61 5.56 1.89 131
95.84 56543 0.91 741 2.84 139
143.77 555.67 115 8.15 3.60 143
191.69 555.88 1.36 8.96 425 147
239,61 556.07 155 9.64 482 149
28753 556.23 1.71 10.21 5.35 151
33545 556.39 187 10.72 5.83 153
383.38 556.53 2.01 1147 6.29 154
404.20 556.60 2.08 11.35 648 155
479.22 556.80 228 11.96 712 157

Tailwater Channel Data - 300+89.44
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
O Channel Invert Elevation: 554.52 ft

Roadway Data for Crossing: 300+89.44
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 768.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft






