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PRELIMINARY ENGINEERING   REPORT

Mill Creek Culvert Replacement Projects

Purpose and Scope 

The purpose and Scope of this report is to develop alternatives for two culvert replacement projects 
on Mill Creek near Milqua Road. The sites are located approximately 15 miles North West of 
Roseburg. The sites are two adjacent private driveways (7940 and 8040 Milqua Road).  The 
existing culverts are undersized, barriers to fish passage, and sedimentation risks during high flows.

1. Develop plans and specifications for replacement of both structures.
2. Document the design process.
3. Prepare documents for review and approval by the Partnership for the Umpqua Rivers 

Watershed Council who will use the information for grant applications, selection of the 
proposed alternatives and obtaining permits for the replacement.

4. The culverts have the same basic geometry and cover. Accordingly, a single evaluation is 
provided for the two sites.

5. Details and Support Documentation are included in appendices to this report.
a. Appendix A- photos, maps, memos, letters
b. Appendix B- Hydrology
c. Appendix C- Long Profiles of stream for selection of design grades.
d. Appendix D-1 - Base Rock Size Calculation 
e. Appendix D-2  Flow Calculations  of alternatives
f. Appendix E- Conceptual Plans, profiles for each alternative  
g. Appendix F-  Quantities and costs for each alternative

Site Location

The legal location of the project is T26S, R7W, and Section 2.   See location maps in Appendix A to 
this report.

Existing Culvert

Photos of the existing culverts are included in Appendix A to this report.   Site plans and profiles of  
existing conditions are included in Appendix C to this report.

1. At Site one the existing culvert is a 3’ diameter CMP in poor condition.  The road has 
overtopped on numerous occasions. 

2. At Site two there are two existing small pipe arch culverts (48 x 30”) in poor conditions.  
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Hydrology

When designing for stream simulation we initially estimate the size of the structure required to meet or 
exceed the Q100 or Q50 peak flow criterion.   Secondly,  we evaluate the crossing for fish passage and 
/or stream simulation.  Stream simulation criterion will often result in structures larger then required for 
peak flow events. 

Several prediction methods were used for estimating the peak flows. The results are summarized 
below.  Support data is included in appendix B to this report. 

1. The drainage area is 750 acres

2. The Q100  peak flows and methods are summarized below:

a. USGS method per ODOT  Drainage handbook  = 292 cfs                  

b. WRRI method developed by Doctor Campbell from OSU= 252 cfs 

c. Peak Flow Map -Oregon Dept of Forestry- adjusted to Q100= 199  cfs                                   

d. Comparison with local gauging stations  

i. Sutherlin Creek at Sutherlin = 267 cfs 

ii. Elk Creek Near Drain  = 381 cfs

iii. Calapooya Creek near Oakland = 276 cfs

Summary of Flow Calculations

Use a Q100 design flow between 275 and 300 cfs

Field Review 

1. Site survey of site and stream was made.  Data was used to develop a detailed topographic map. 
2. The Bank full widths of the existing stream were measured: The average bank full width was 

between 8 ft to 12 feet.   
3. Photos were taken of site to document conditions at the time of the field surveys.
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Design Criterion

1. Provide fish passage using stream simulation design procedures. 

2. The designs should allow for future stream improvements that may either raise or lower 
the stream gradient in the reach.  

3. New structures shall be sized for a minimum flow created by a 100 storm event without 
the road overtopping.  For bridge Crossings a 3’ minimum freeboard depth is desired.  The 
U.S. Forest Service Stream Simulation Manual recommends a HW/Depth ratio of 0.8 at 
the Q100 flow for debris passage. 

4. Design of Embedment Rock and Riprap for stream simulation  

a. The objective is to create a condition that is similar to that of the stream channel in 
comparable reaches of the stream.  The channel is embedded with rock or constructed 
such that the crossing will naturally collect substrate without mechanical embedment. 

b. Pools may occur within the structure. The depth of pools is estimated at twice The 
D90 size of rock in the embedment.  The handbook recommends that we  increase the 
depth of embedment in circular or pipe arch structures to prevent scour pools in 
culverts from reaching the metal of the culvert.  The Estimated D90 is 0.9  feet. The 
potential pool depth in the structure is 1.8’feet deep.

c. On circular culverts and pipe arch culverts with grades in excess of 6 percent the use 
of bed retention sills is recommended (6.2.2.6).  The grade is2.48%, bed retention sills 
are not  required. 

d. Shadow rocks are typically added to the embedment to create mini pools in the 
structure.  Shadow rocks are larger stones that extend above the embedded rock 
channel and are sized to resist movement during peak events.  Shadow rocks will be 
detailed on the final plans.

e. The minimum width of the embedded channel for incised streams in Western Oregon 
has traditionally been the bank full width of the stream as measured in a similar reach 
of the same stream. Wider Culvert widths are proposed per the recommendations of 
the Stream Simulation Manual of the USFS –An ecological approach to providing 
passage for aquatic organism at road stream crossings. Summarized briefly the culvert 
width should be the bankfull width plus the width of rocks needed to construct the 
banks.  (6.3.1).   Bf= 8 + (1.5*2) =11’. The desired width is 12’.  Review flow heights 
in analysis.   

f. Bankfull bed width should be at least 4 times the width of the intermediate diameter 
of the largest immobile particle in the simulated bed.    

5. Size culvert and/or channel to match the expected width of the recovered stream. 

6. The embedded channel will ideally mimic the existing stream.   Inside of the structure, 
slope channel to center to form a thalway similar to the existing stream. See typical figure 
6.20 of stream simulation manual...
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7. Embedment Rock in open bottom structures is designed to prevent scour damage to the 
footings, to resist movement during peak events, and to prevent down-cutting of the 
stream.   An accepted method of achieving this goal is to fully armor the structure with 
rock sized to resist movement. See calculations in Appendix D-1 of this report.

Trial Stream Grade: 

A topographic map was prepared. A long stream profile was created of the channel from the map data..
Using that profile a trial stream grade was created for the site. See Long channel stream profiles  and 
proposed stream grade in Appendix C of this report. 

Road Closure:

A bypass road is not required at this time during the installation of the new structure.  The watershed 
council shall coordinate this requirement with the landowners. 

Road Standards:

The existing roads are private. The width varies between 12 and 16 feet. The minimum traveled way 
width for a single lane road typically has a 16 foot surface. If a culvert alternative is selected a 20 ft 
wide minimum traveled way width is recommended.  If a bridge alternative is selected, residents may 
elect to have a single lane crossing to save costs.   

Alternatives Considered

Three alternatives are evaluated in detail in this report.  Other alternatives considered included 
bridges fabricated from railroad car, Pacific Bridge, and Big R Bridge.

1. Alternative One:  11.5’ x 7.42’ CSP pipe arch with 2 foot of embedment, and rock collectors.
2. Alternative Two:   Open Bottom Arch Culvert, Span=12’, Rise= 6’, fully embedded to top of 

three foot high footings.
3. Alternative Three:  Modular bridge structure fully embedded.



PAGE 6

Alternative One: 

Pipe Arch Culvert, multiplate, span= 11.42’ rise= 7.25’, 10 gage, length = 56’ with 2 feet of 
embedment.

1. Approximate Grade is 2.4.0%.  

2. Type of Material: CSP, Aluminized Steel, 10 gage. 

3. Per rating table in Appendix D-1 of this report, at 300 cfs the HW/D ratio is 1.0.  The 
HW/D ratio desired is 0.80. During a Q100 peak flow the structure will backup water 
to the top of the culvert.   If debris movement such as a log jam occurs the structure 
could be damaged and overtopping might occur.  A plan and profile view of the 
proposed alternative is included in appendix E-1 of this report.

4. A detailed Cost Estimate is included in Appendix F of this report.  Costs include rock 
collectors for retaining substrate, and slurry concrete around haunches. 

5. At site two an additional foot of rock is needed to provide the desired clearance 
between the finish road grade and the top of the culvert.  See profile in appendix E to 
this report. 
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Alternative Two: 

Open Bottom Arch Culvert:   Span = 16’ rise= 8”, 10 gage, length = 58’ with a 68’ fully embedded 
channel 

1. Approximate Grade is 2.40%.  

2. Use a half round Aluminized Steel Pipe from Pacific Culvert Company. The precast 
concrete footing would most likely be manufactured by Hanson Precast. 

3. Per rating table in Appendix D-2  to this report, at 300 cfs the HW/D ratio is 0.81 
which is the at the desired range  of the USFS  stream simulation manual.   A plan and 
profile view of the proposed alternative is included in appendix E-2 of this report.

4. A detailed Cost Estimate is included in Appendix F of this report.
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Alternative Three:   Modular Bridge and Foundation 

Alternative three is a box type structure with a concrete deck, sidewalls and an open bottom 
foundation.

1. The suggested plans include modular blocks available at a local concrete supply company
for the foundations. Precast abutment beams and concrete deck planks are proposed for 
the superstructure.

2. A variation on this alternative is a three sided bridge structure manufactured by Hanson 
Precast Company.   If this alternative is selected, we will get comparable costs for a three
sided bridge.  A crane will be required for placing the Hanson three sided bridge.

3. The modular blocks proposed are typically 5’ x 2.5’ x 2.5’ and costs $100 each.  The 
deck panels and abutment beams can be provided from local precast companies. The 
Hanson Precast Company is the least expensive at this time. 

4. The HW/Depth for a 12’ wide span is 0.81.  A 14’ wide span is proposed on at the site for
additional clearance. 

5. The following drawings are provided in appendix E-3.

a. Plan view 

b. Stream Profile view

c. Road Profile view

6. A detailed cost estimate of this alternative is included in appendix F of this report. 
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Evaluation of alternatives

1. All Alternatives will require work in the channel. 

2. Alternatives at site one were developed with a 20’ wide road.  An option to reduce costs 
and impacts would be to use a 16’ wide road for alternative 1 and 2.  See profile view 
site two alternative one for an example of a 16’ wide road. 

3. Alternative 2 and 3 have greater HW/Depth rations than alternative 1.

4. All alternatives will require a month for factory fabrication and delivery of components. 

5. If alternative 3 is selected the final design will be either the modular blocks or a three 
sided bridge.

6. An evaluation table is included below for site one.  Site two will have similar costs +- 10 
percent.
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ALTERNATIVE ONE- Embedded Pipe Arch 
with rock collectors $54,462.74 7 MEDIUM 12 20

ALTERNATIVE TWO: Open Bottom Arch, 
Concrete footings, Fully embedded $54,283.93 7 MEDIUM 12 20

ALTERNATIVE THREE -Open Bottom 
Modular Box Culvert, Mini bridge , fully 

embedded $48,279.63 7 VERY LOW 14 18
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Appendix A:  Maps , Letters, and Preconstruction Photos
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Preconstruction Photos Site 1 
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Preconstruction Photos Site 2 
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Appendix B- Hydrology
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Distance tool:

    Points: 33

    Distance: 5.692 Miles

    Area: 750.817 acres

              3.038 sq. kilometers

              1.173 sq. miles

Markers

    Name: Site Two

        Short Name: StTw

        Coordinates:  043° 20' 01.27" N,  123° 29' 37.73" W

    Name: Site One 

        Short Name: Stn

        Coordinates:  043° 19' 58.48" N,  123° 29' 37.56" W
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SITE NAME 8000 Melqua Road,Roseburg Oregon

HYDROLOGY REGION 3 ROGUE UMPQUA REGION `
SELECT NUMBER 1-4 Q100 (cfs) 292.02

DATE 2/9/2010
USGS MODEL:

DRAINAGE AREA 750.00 ACRES
AREA OF LAKES AND PONDS 0.01% PERCENTAGE
PRECIPITATION INTENSITY 3.00 2 YEAR 24 HOUR
FOREST COVER 95.00% PERCENTAGE
DRAINAGE AREA IN SQUARE MILES 1.17 SQ. MILES
TEMPERATURE INDEX  (TI) Eastern Or only 16 F
LENGTH OF DRAINAGE (L) Eastern Or only 3.18 MILES

WRRI METHOD(NOT APPLICABLE TO CURRY COUNTY-KLAMATH BASIN)
E= MEAN BASIN ELEVATION IN FEET 1170.00
P=MEAN ANNUAL PRECIPITATION IN INCHES 40.00
A= DRAINAGE AREA IN SQUARE MILES 1.17
HIGH POINT OF RELIEF MAP IN DRAINAGE 1200.00
LOW POINT OF RELIEF MAP IN DRAINAGE 480.00

Peak Flow Map for Oregon Streams-50 year flood 150 cfs/sq mile

USGS  GAGING STATION METHOD TO DETERMINE MONTHLY DISTRIBUTION OF FLOW   AND
PEAK FLOW PREDICTIONS FOR SMALL FORESTED WATERSHEDS USING GAGING STATION
USING GAGING STATION DATA (9-50 ) OR WRRI PREDICTIONS (1-8)

STATION NUMBER (9  TO 350) 80
NAME, NUMBER OF GAUGED STATION ELK CREEK NEAR DRAIN 14322000
COUNTY, STATE DOUGLAS OREGON
MEAN ELEVATION OF DRAINAGE 0 FEET
SIZE OF GAUGED AREA 104 SQ MILES

SIZE FACTOR 0.0113 SIZE FACTOR
Qaa=Mean   monthly flow 218 MEAN CFS

STATION NUMBER (9  TO 350) 75
NAME, NUMBER OF GAGED STATION SUTHERLIN CREEK AT SUTHERLIN 14319200
COUNTY,STATE DOUGLAS OREGON
MEAN ELEVATION OF DRAINAGE 0 FEET
SIZE OF Gaging Station AREA 16.4 SQ MILES

SIZE FACTOR 0.0715 SIZE FACTOR
Qaa=Mean   monthly flow 25 MEAN CFS

STATION NUMBER (9  TO 350) 78
NAME, NUMBER OF GAGING STATION STATION CALAPOOYA CREEK NEAR OAKLAND 14322000
COUNTY,STATE DOUGLAS OREGON
MEAN ELEVATION OF DRAINAGE 0 FEET
SIZE OF GAGING STATION AREA 210 SQ MILES

SIZE FACTOR 0.0056 SIZE FACTOR
Qaa=Mean   monthly flow 495 MEAN CFS

HYDROLOGY HELPER
 Hydrology Program developed by Porior Engineering  LLC

69262 Wildwood  Road, North Bend, Oregon, 97459
 97420. mrdon@porior.com

541-290-1693
Contact for copy of support information and reference manual. 

1
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SITE NAME 8000 Melqua Road,Roseburg Oregon

ESTIMATED FLOW DATA AT DESIGN LOCATION 
DRAINAGE AREA IN SQUARE MILES 1.17 sq miles

Peak Flow 
Event USGS METHOD WRRI METHOD 14322000.00 14320700 14320700

Oregon Dept of 
Forestry Method

USGS STREAM 
STATS

Q100 292 252 381 267 276 199 195.00
Q50 258 217 308 236 233 175.78 175.00
Q25 224 184 242 206 193 153
Q10 180 141 168 166 144 122.98
Q5 147 119 137 110 100.05
Q2 98 63 94 65 67
Qaa 6 2 3

ESTIMATED MONTHLY FLOW  VALUES   AS COMPARED TO GAGING STATIONS ABOVE

ELK CREEK 
NEAR DRAIN

SUTHERLIN CREEK AT 
SUTHERLIN

CALAPOOYA 
CREEK NEAR 
OAKLAND

14322000.00 14319200 14320700.00
EST MONTHLY FLOW EST MONTHLY FLOW EST MONTHLY FLOW

STA NUMBER 80 75 78
JANUARY 6.73 4.79 7.03

FEBRUARY 5.68 4.64 5.58
MARCH 4.51 3.36 5.26
APRIL 2.13 1.21 2.67
MAY 1.18 0.86 1.61
JUNE 0.32 0.09 0.52
JULY 0.08 0.00 0.15

AUGUST 0.03 0.00 0.06
SEPTEMBER 0.04 0.04 0.09

OCTOBER 0.23 0.16 0.42
NOVEMBER 2.33 1.86 2.85
DECEMBER 5.68 1.79 6.92

DESIGN METHOD USED FOR ESTIMATING PEAK FLOWS

2
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Appendix C – Long Profile and Existing Conditions

C-1   Sites One- Long Profile and Existing Conditions
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C-2 Sites Two- Long profile and Existing Conditions
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Appendix D - Design Documentation

D-1 Size of Rock Required to resist down cutting of channel
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Project Name

Percent Slope of culvert or bridge 2.43% class D50-(inches)
100 year flow 300.00 CFS 1 5.00
Angle of Repose of Riprap 40.00 degrees 2 6.50
Specific Gravity of Rock 2.50 156.00 lbs/cf 3 10.00
D50 size  of proposed riprap 0.83 feet 10.00 inches 4 13.00
Trial Channel Width 12.00 Feet 5 20.00
Velocity per Culvert Design Program 12.50 ft/sec 6 22.00
Depth of flow from culvert design program 2.70 ft

Gradation of  Riprap from  selected D50 using  Corp of Engineers Grading Criterion

Stone Size
stone 
volume Stone Weight

From To From To From To
100 percent passing 1.25 1.42 1.02 1.49 159.53 232.23
85 percent passing 1.00 1.17 0.52 0.83 81.68 129.71
50 percent passing 0.83 0.96 0.30 0.46 47.27 71.89
15 percent passing 0.33 0.50 0.02 0.07 3.03 10.21

Corp of Engineers Method for Steep Channel
Flow concentration factor 1 to 1.25 1.25
D50 of riprap required for flow 0.74
D100 of riprap 1.10
Width of Channel used in calculation 12.00 Feet

Shear Stress  in channel- tractive force method from  HEC 11
Velocity from culvert analysis 12.50 ft/sec
Area of  flow 24.00 SQ FT
Depth of Flow for design flow 2.70 ft
Energy Grade line 0.02 ft/ft
Unit weight of water 62.40 lbs/cf
Hydraulic Radius 1.86
Forces acting on base of channel 2.82
Shield perameter 0.0540
K1- for   flat base 1.00
Desired D 50  Rock size to prevent erosion 0.56 ft

From Proposed culvert design

See USFS Stream Simulation manual

SIZING OF RIPRAP FOR  CHANNELS AND OPEN BOTTOM  CULVERTS 

Design flow in CFS/ Velocity
From  Structure Rating Table- Fishxing

Mill Creek Culvert Replacement Projects 
Riprap lookup

Per  Corp of Engineers manual page 3.8 slopes greater than 2%

Used FishXing  data

D50 * 1.5
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D-2 Sizing of Structure for Peak Flow Events

A   USFS program FishXing was used to size the structure and create rating tables. See rating tables 
and documentation in these  sections.

D2-1  Alternative #1 Embedded Pipe Arch flow calculations



Crossing Installation Data
Culvert Type: 11.42 X 7.25 ft Pipe-Arch
Material: Helical 3 x 1 inch
Installation: Embedded
Countersunk Depth: 2 ft
Natural Bottom Roughness Coefficient: 0.04
Culvert Length: 50 ft
Culvert Slope: 2.40%
Culvert Roughness Coefficient: 0.027
Natural Bottom Roughness Coefficient: 0.04
Inlet Invert Elevation: 100.2 ft
Outlet Invert Elevation: 99 ft
Inlet Headloss Coefficient (Ke): 0.7

Table 1. Culvert Summary for 250.00 cfs.
Summary for Q = 250.00 cfsSummary for Q = 250.00 cfs

Normal Depth (ft) 2.43
Critical Depth (ft) 2.46
Headwater Depth (ft) 4.19
HW/D 0.80
Inlet Velocity (ft/s) 11.94
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.43
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site one Pipe Arch  Option - embedded

Page 1 FishXing V3.0 2006



Mill Creek Site One
Depth vs. Distance Down Culvert at 250.00 cfs
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Figure 1. Water Surface Profile at 250 cfs

Table 2. Culvert Summary for 300 cfs.
Summary for Q = 300.00 cfsSummary for Q = 300.00 cfs

Normal Depth (ft) 2.85
Critical Depth (ft) 2.67
Headwater Depth (ft) 5.26
HW/D 1.00
Inlet Velocity (ft/s) 12.45
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.67
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site one Pipe Arch  Option - embedded

Page 2 FishXing V3.0 2006



Mill Creek Site One
Depth vs. Distance Down Culvert at 300.00 cfs
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Figure 2. Water Surface Profile at 300 cfs

Mill Creek Site One
Distance Down Culvert at 300.00  cfs
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Figure 3. Culvert Profiles at 300 cfs

Mill Creek Site one Pipe Arch  Option - embedded

Page 3 FishXing V3.0 2006



Table 3. Culvert Rating Table.

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

0 0.80 0.15 0.87 0.80 2.00 0.00 0.00 0.00
15 0.91 0.17 0.87 0.87 2.00 2.01 2.08 0.00
30 1.11 0.21 0.87 0.87 2.00 4.00 5.67 0.00
45 1.44 0.27 0.89 0.89 2.00 5.93 11.48 0.01
60 1.75 0.33 1.02 1.02 2.00 6.87 17.01 0.00
75 2.03 0.39 1.18 1.18 2.00 7.39 22.55 0.00
90 2.11 0.40 1.26 1.26 2.00 8.25 24.05 1.89

105 2.33 0.44 1.40 1.40 2.00 8.69 29.22 2.09
120 2.55 0.48 1.53 1.53 2.00 9.10 34.66 2.29
135 2.75 0.52 1.65 1.65 2.00 9.47 40.35 2.47
150 2.95 0.56 1.77 1.77 2.00 9.82 46.30 2.64
165 3.15 0.60 1.88 1.88 2.00 10.15 52.49 2.81
180 3.34 0.64 1.95 1.95 1.95 10.65 59.30 2.93
195 3.53 0.67 2.06 2.06 2.06 10.96 66.00 3.08
210 3.71 0.71 2.16 2.16 2.16 11.25 72.92 3.24
225 3.89 0.74 2.26 2.26 2.26 11.52 80.05 3.39
240 4.07 0.78 2.36 2.36 2.36 11.78 87.40 3.54
250 4.19 0.80 2.43 2.43 2.43 11.94 92.42 3.64
270 4.87 0.93 2.62 2.51 2.51 12.04 126.43 3.92
285 5.06 0.96 2.73 2.58 2.58 12.25 136.55 4.09
300 5.26 1.00 2.85 2.67 2.67 12.45 146.93 4.27
315 5.45 1.04 2.97 2.76 2.76 12.64 157.58 4.45
330 5.64 1.07 3.09 2.85 2.85 12.82 168.50 4.62
345 5.83 1.11 3.21 2.94 2.94 12.99 179.70 4.81
360 6.02 1.15 3.33 3.03 3.03 13.15 191.19 4.99
375 6.21 1.18 3.46 3.11 3.11 13.30 202.99 5.18
390 6.40 1.22 3.59 3.19 3.19 13.44 215.11 5.38
405 6.59 1.26 3.73 3.27 3.27 13.57 227.59 5.59
420 6.79 1.29 3.88 3.35 3.35 13.69 240.48 6.42
435 6.99 1.33 4.03 3.43 3.43 13.79 253.84 6.75
450 7.19 1.37 4.09 3.51 3.51 14.12 269.92 7.12

Mill Creek Site one Pipe Arch  Option - embedded
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D2-2  Alternative #2   Open Bottom Arch –flow calculations



Crossing Installation Data
Culvert Type: 12 X 6 ft Arch (Single Radius)
Material: Concrete
Installation: Embedded
Countersunk Depth: 0.1 ft
Natural Bottom Roughness Coefficient: 0.05
Culvert Length: 50 ft
Culvert Slope: 1.80%
Culvert Roughness Coefficient: 0.013
Natural Bottom Roughness Coefficient: 0.05
Inlet Invert Elevation: 99.9 ft
Outlet Invert Elevation: 99 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Culvert Summary for 250.00 cfs.
Summary for Q = 250.00 cfsSummary for Q = 250.00 cfs

Normal Depth (ft) 2.89
Critical Depth (ft) 2.38
Headwater Depth (ft) 4.22
HW/D 0.71
Inlet Velocity (ft/s) 9.23
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.38
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site two Open Bottom Arch Option 

Page 1 FishXing V3.0 2006



Mill Creek Site One
Depth vs. Distance Down Culvert at 250.00 cfs
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Figure 1. Water Surface Profile at 250 cfs

Table 2. Culvert Summary for 300 cfs.
Summary for Q = 300.00 cfsSummary for Q = 300.00 cfs

Normal Depth (ft) 3.28
Critical Depth (ft) 2.68
Headwater Depth (ft) 4.80
HW/D 0.81
Inlet Velocity (ft/s) 9.90
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.68
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site two Open Bottom Arch Option 

Page 2 FishXing V3.0 2006



Mill Creek Site One
Depth vs. Distance Down Culvert at 300.00 cfs
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Figure 2. Water Surface Profile at 300 cfs

Mill Creek Site One
Distance Down Culvert at 300.00  cfs
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Figure 3. Culvert Profiles at 300 cfs
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Table 3. Culvert Rating Table.

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

0 1.10 0.19 1.15 1.10 2.00 0.00 0.00 0.00
15 1.18 0.20 1.17 1.17 2.00 1.32 1.57 0.02
30 1.29 0.22 1.20 1.20 2.00 2.57 3.59 0.11
45 1.46 0.25 1.26 1.26 2.00 3.68 6.71 0.25
60 1.67 0.28 1.34 1.34 2.00 4.62 10.60 0.44
75 1.89 0.32 1.44 1.44 2.00 5.37 14.99 0.71
90 2.11 0.36 1.56 1.56 2.00 5.98 19.70 1.05

105 2.33 0.39 1.68 1.68 2.00 6.48 24.43 1.42
120 2.54 0.43 1.79 1.79 2.00 6.96 30.02 1.80
135 2.76 0.47 1.93 1.93 2.00 7.28 35.25 2.17
150 2.96 0.50 2.07 2.00 2.00 7.59 40.72 2.32
165 3.16 0.54 2.20 2.00 2.00 7.87 46.43 2.47
180 3.35 0.57 2.32 2.00 2.00 8.14 52.36 2.61
195 3.54 0.60 2.45 2.02 2.02 8.40 58.52 2.75
210 3.73 0.63 2.57 2.12 2.12 8.64 64.89 2.89
225 3.92 0.66 2.69 2.22 2.22 8.87 71.47 3.03
240 4.10 0.69 2.81 2.32 2.32 9.09 78.26 3.16
250 4.22 0.71 2.89 2.38 2.38 9.23 82.91 13.15
270 4.45 0.75 3.05 2.50 2.50 9.51 92.47 3.83
285 4.63 0.78 3.17 2.59 2.59 9.71 99.89 4.05
300 4.80 0.81 3.28 2.68 2.68 9.90 107.52 4.26
315 4.98 0.84 3.40 2.77 2.77 10.08 115.37 4.48
330 5.15 0.87 3.52 2.86 2.86 10.26 123.43 4.65
345 5.31 0.90 3.56 2.94 2.94 10.61 133.47 4.89
360 5.48 0.93 3.67 3.03 3.03 10.79 142.22 5.04
375 5.65 0.96 3.77 3.11 3.11 10.98 151.31 5.30
390 5.82 0.99 3.88 3.19 3.19 11.16 160.62 5.51
405 5.99 1.01 3.99 3.27 3.27 11.35 170.25 5.73
420 6.15 1.04 4.09 3.35 3.35 11.53 180.18 5.94
435 6.32 1.07 4.19 3.42 3.42 11.71 190.43 6.15
450 6.49 1.10 4.30 3.50 3.50 11.88 201.01 6.43

Mill Creek Site two Open Bottom Arch Option 
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D2-3 Alternative #3   Modular Bridge – flow calculations



Crossing Installation Data
Culvert Type: 12 X 7.5 ft Box
Material: Concrete
Installation: Embedded
Countersunk Depth: 2 ft
Natural Bottom Roughness Coefficient: 0.05
Culvert Length: 50 ft
Culvert Slope: 1.80%
Culvert Roughness Coefficient: 0.013
Natural Bottom Roughness Coefficient: 0.05
Inlet Invert Elevation: 99.9 ft
Outlet Invert Elevation: 99 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Culvert Summary for 250.00 cfs.
Summary for Q = 250.00 cfsSummary for Q = 250.00 cfs

Normal Depth (ft) 2.76
Critical Depth (ft) 2.38
Headwater Depth (ft) 4.09
HW/D 0.74
Inlet Velocity (ft/s) 9.26
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.38
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site two minibridge Option - embedded
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Mill Creek Site One
Depth vs. Distance Down Culvert at 250.00 cfs
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Figure 1. Water Surface Profile at 250 cfs

Table 2. Culvert Summary for 300 cfs.
Summary for Q = 300.00 cfsSummary for Q = 300.00 cfs

Normal Depth (ft) 3.08
Critical Depth (ft) 2.69
Headwater Depth (ft) 4.61
HW/D 0.84
Inlet Velocity (ft/s) 9.93
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.69
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 3.00
Barrier Code EB

Mill Creek Site two minibridge Option - embedded
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Mill Creek Site One
Depth vs. Distance Down Culvert at 300.00 cfs
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Figure 2. Water Surface Profile at 300 cfs
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Figure 3. Culvert Profiles at 300 cfs

Mill Creek Site two minibridge Option - embedded
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Table 3. Culvert Rating Table.

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

Q total
(cfs)

Headwater
Depth

(ft)
HW/D Ratio

Depth
Inlet
(ft)

Depth
Min
(ft)

Depth
Outlet

(ft)

V(occ)
Max
(ft/s)

Shear Stress
Inlet

(lb/ft2)

Shear Stress
Outlet
(lb/ft2)

0 1.10 0.20 1.15 1.10 2.00 0.00 0.00 0.00
15 1.17 0.21 1.16 1.16 2.00 1.31 1.55 0.02
30 1.28 0.23 1.20 1.20 2.00 2.56 3.55 0.10
45 1.45 0.26 1.25 1.25 2.00 3.67 6.63 0.22
60 1.65 0.30 1.33 1.33 2.00 4.61 10.48 0.41
75 1.87 0.34 1.42 1.42 2.00 5.38 14.83 0.67
90 2.09 0.38 1.53 1.53 2.00 5.99 19.47 0.99

105 2.30 0.42 1.62 1.62 2.00 6.60 24.68 1.35
120 2.51 0.46 1.76 1.76 2.00 6.96 29.50 1.71
135 2.72 0.49 1.89 1.89 2.00 7.29 34.55 2.12
150 2.91 0.53 2.02 2.00 2.00 7.59 39.80 2.26
165 3.10 0.56 2.14 2.00 2.00 7.88 45.25 2.40
180 3.29 0.60 2.25 2.00 2.00 8.15 50.89 2.53
195 3.46 0.63 2.37 2.02 2.02 8.41 56.70 2.66
210 3.64 0.66 2.48 2.12 2.12 8.65 62.68 2.78
225 3.81 0.69 2.58 2.22 2.22 8.89 68.81 2.90
240 3.98 0.72 2.69 2.32 2.32 9.11 75.10 3.02
250 4.09 0.74 2.76 2.38 2.38 9.26 79.37 3.10
270 4.30 0.78 2.89 2.51 2.51 9.53 88.10 3.25
285 4.46 0.81 2.99 2.60 2.60 9.73 94.81 3.36
300 4.61 0.84 3.08 2.69 2.69 9.93 101.65 3.46
315 4.77 0.87 3.18 2.78 2.78 10.12 108.61 3.57
330 4.92 0.89 3.27 2.86 2.86 10.30 115.70 3.67
345 5.07 0.92 3.36 2.95 2.95 10.48 122.91 3.78
360 5.21 0.95 3.45 3.03 3.03 10.65 130.23 3.88
375 5.36 0.97 3.54 3.12 3.12 10.81 137.66 3.97
390 5.50 1.00 3.63 3.20 3.20 10.98 145.21 4.07
405 5.64 1.02 3.71 3.28 3.28 11.14 152.86 4.17
420 5.78 1.05 3.80 3.36 3.36 11.29 160.61 4.26
435 5.91 1.08 3.88 3.44 3.44 11.44 168.46 4.36
450 6.05 1.10 3.96 3.52 3.52 11.59 176.42 4.45

Mill Creek Site two minibridge Option - embedded
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Appendix E – Conceptual Plans 

E-1 – Conceptual Plans: Alternative one- pipe arch 









MILL CREEK CROSSING – MILQUA ROAD RESIDENTS

PAGE 21

E-2  Conceptual plans: Alternative two- open bottom arch
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E-3 Conceptual plans: Alternative three- modular bridge
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Appendix F   Cost Estimate and Quantities


