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PROJECT OVERVIEW / INTRODUCTION

This Technical Memorandum has been prepared to study the feasibility and concept alternative review for
Parish Creek fish habitat improvements located in rural Kitsap County near Kitsap Square Dance Association
at 6800 W. Belfair Valley Road in Gorst, WA. This memorandum explores fish passage problems encountered
in Parish Creek downstream of the W. Belfair Valley Road crossing and also includes bank overtopping flood
problems from Parish Creek, beginning upstream of the road crossing at the Kitsap Square Dance
Association. This portion of Parish Creek was one of 16 sites identified in the Existing Drainage Deficiencies
Technical Memorandum prepared as part of the Gorst Creek Watershed Characterization Plan.

The objective of this Fish Habitat Improvement Project technical memorandum is to provide solutions to fish
passage in the problem area. To determine the most feasible solution(s), viable alternatives are discussed that
generally consider the physical constraints, regulatory requirements, and cost comparisons.

DESIGN AND ANALYSIS METHODOLOGY

Conceptual designs and drainage analysis are developed using Washington State Department of Ecology
standards. For preliminary design calculations, the 100-year flow for Parish Creek is based on FEMA Federal
Insurance Study No. 53035CV000B, November 4, 2010. The 100-year flows at the mouth of the river about
700’ downstream from W. Belfair Valley Road are noted as 255 cfs.

The 100-year flood levels for the Gorst Creek W atershed are illustrated on the FEMA Flood Insurance Map
shown below in Figure 1.
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Figure 1 Gorst Creek Watershed Flooding (draining to Sinclair Inlet)

EXISTING SITE CONDITIONS

Parish Creek Subbasin is 1.8 square miles fully encompassed by the 8 square miles of the Gorst Creek
Watershed. It originates outside of Water Utility properties in the unincorporated Sunnyslope area to the south.
The Parish Creek subbasin drainage flows northward beneath Highway 3 west of Division Street and crosses
beneath the W. Belfair Valley Road before joining Gorst Creek where it flows east through unincorporated
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Gorst and into Sinclair Inlet. Parish Creek soils for the subbasin are classified by the U.S. Geologic Survey
generally as erodible type sandy loam or gravelly sandy loam soils.

Parish Creek Road Culvert

Where Parish Creek crosses under the state highway (W. Belfair Valley Road), the creek enters a 5’ diameter
CMP culvert. The defined creek channel is approximately 6’ to 8 wide at the culvert but the banks taper up
gradually and are heavily vegetated. A 5’ wide x 5’ tall concrete channel carries the outlet flow of the culvert to
a 5’ tall weir approximately 100’ to 150’ downstream as shown in photos 1 and 2. Just downstream, a concrete
channel was built 70 years ago and used for water supply operations near Otto Jarstad Park and is likely the
reason for the existing channel and culvert design at Parish Creek.

Photo 1  North outlet end of 5’ diam. CMP culvert at Photo 2  Looking north downstream of culvert
W. Belfair Valley Road

CULVERT FISH PASSAGE

The concrete channel and culvert increase and accelerate the stream flow velocity. The weir may be helpful in
slowing the flow through the culvert and concrete channel. However, it may present a barrier to fish passage
even if the salmon are able to navigate over the weir during major storm events.

During the major storm event on November 19", it rained a total of 4.09 inches in 24 hours. Flow depth levels
in this culvert were observed to be 2.5'. Based on observations on November 19", the flow through the 5°
CMP culvert with a 1.4% slope was calculated to be nominally 57 cfs with a 5.8 ft/s velocity. Considerable flow
bypassed the culvert with upstream bank overflows. More than 50% of the creek flow at the culvert.

This culvert crossing appears to confine and constrict the channel or floodplain. It breaks ecological
connectivity, alters channel processes, and changes adjacent channel character and shape by affecting the
movement of flood waters and aquatic and terrestrial organisms. Cumulative impacts and risks for the crossing
can be avoided or minimized by employing a full-span bridge to replace the culvert simulating a natural
channel.
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The concrete channel can be replaced with a newly constructed channel that replicates a more natural stream
system and provides spawning, rearing, and riparian habitat for salmonid species as well as other wildlife.

The future design of the bridge span will need to:
< Be wide enough to minimize erodible velocities on the stream bed bottom under the bridge.
- Maintain fish passage flow and velocity requirements for target sizes and species of fish.
< Match the backwater elevation of the new stream section that is replacing the concrete channel.
« Handle the design flood flow.
- Accommodate shifting bed material changes in the stream profile.

a0 90

A%
W
Ar
A\
A
A\

a0

B0

GORST CREEK [

oo GONRLUENGE - WILTH S it
. W BELFAIR VALLEY ROAD.

A
\ |
AW
\
FLOOD PROFILES
PARISH CREEK

T
| &7 f
U AT END AR annGaL |
T 7 CHANCE T1O00S - e ) B T
1 __—?M-;"J:r nmcmz/- " t ' t . :

55

— 70

ELEVATION IN FEET (NAVD 88)

LEGEND

50 |

i
H
9
FEDERAL EMERGENCY MANAGEMENT AGENCY
~NIKITSAP COUNTY, WASHINGTON|
AND INCORPORATED AREAS

o

0.00 0.02 0.04 0.086 0.08 0.10 G.12 Q.14 0.16 G.18 Q.20 c.z2z Q.24 0.28

~l

STREAM DISTANCE IN MILES ABOVE MOUTH AT GORST CREEK

Figure 3 Parish Creek Profile Showing Weir

Cost-effective bridge types that were considered to replace the culvert include a steel arch, 3-sided precast
box culvert, and a flat slab bridge. The bridges would need to span 20’ to include the creek channel and
floodplain edges of the flow path for estimating purposes. Costs are estimated to be between $130/sf to
$180/sf

PARISH CREEK BANK OVERTOPPING

During high flows, Parish Creek jumps the narrow and shallow creek bed channel into surrounding floodplain
areas to the east, approximately 400 feet upstream of the West Belfair Valley Road culvert. The stream
channel profile flattens from a 2.9% grade to a 1.4% grade within the vicinity of the Kitsap Square Dance Hall
facility. Over the years, high-flow events have brought sediment into this area causing loss of the main channel
due to filling, and creating braiding and broad floodplain overflows into the adjacent areas (see photo 3 and 6).
From this location, floodplain drainage tends to flow through the Kitsap Square Dance Association gravel
parking lot to the northeast corner. During the past four storms over the last seven years, the sheet flow from
the dance hall facility washed over W. Belfair Valley Road and down both road shoulders toward the road’s
sag point at the Gorst Creek crossing, 800’ to the east.
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Flooding flows down W. Belfair Valley Road have significantly eroded the 4’ to 8 gravel shoulders and
threatened to flood approximately three homes on the south side near Gorst Creek. The owners of the Kitsap
Square Dance Association repeatedly pumped as much as 50,000 gallons of water out of the crawlspace of
the dance hall and replaced gravel in the parking lot after each of these storm events (see photo 3 and 5).

Photo 3 Creek and floodplain overflow unto Photo 4 Flows to Gorst Creek causing ditch and road
the Associations property shoulder erosion

Photo 5 Kitsap Square Dance Association parking Photo 6 Creek bank overflow from behind first row of trees
approximately 400’ upstream of the road

Based on drainage records and interviews spanning the last seven years, sediment has silted in Parish Creek
and created frequent flooding in the area to the east within the property of the Kitsap Square Dance Hall
facility. Approximately 1,000’ upstream of the West Belfair Valley Road culvert, the stream gradient and
surrounding area becomes less steep. This sedimentation has been suggested as being caused by an
upstream slide or increased impervious surfacing near the headwaters associated with new development that
can cause increased erodible flows. Stream sediment infill creates channel braiding and broad floodplain
overflows into the adjacent areas. The Association, which has owned the property for the last seven years,
noted that significant increases of sand and gravel from upstream have filled in Parish Creek near the square
dance facility. Parish Creek was four feet deep seven years ago, but it is no deeper than one foot today.
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PARISH CREEK ALTERNATIVES

Parish Creek overbank flooding is creating a braiding effect adjacent to the Kitsap Square Dance Property.
Bank overflows are diverting flow away from the main channel that is used for fish habitat and are damaging
the roadway, ditches, and private property downstream. In the following alternatives discussed, the
modifications to the Parish Creek crossing at W. Belfair Valley Road are assumed.

Parish Creek Berm Alternative

One way to minimize the main channel flow loss is to use a berm or levee to retain Parish Creek flows within
floodplain adjacent to, but away from, the flat camper parking area as shown in Figure 3. However, the berm
or levee would require construction within a 200’ buffer to the creek within the floodplain. Environmentally,
construction should be avoided within the floodplain and diversions of flows from the natural path of the
channel should be avoided. Other feasible alternatives should be explored and ruled out. Construction within
the floodplain now requires the burden of proof that construction will result in no impacts to endangered
species. The Washington State Department of Fish and Wildlife has reviewed the site and the berm or levee
idea was not ruled out. No additional details or comparative costs are provided at this level of review.

Flood Overflow Culvert to Parish Creek Alternative

This alternative channels the bank overflows on the Kitsap Square Dance Association property back to Parish
Creek during peak storm events (see Figure 4.). A 425’ ditch approximately 6’ wide would be constructed on
the Association property to intercept and channel the bank overflows to a 256’ long 6’ x 4’ box culvert. The
culvert crosses and then follows parallel to the state highway at a minimum grade to maintain adequate cover
and to match into creek elevations downstream. The culvert is designed to redirect flows back to the direction
of the downstream creek flows. Two 90 degree curved alignment bends would be used to minimize bend
losses.

The culvert was analyzed for head, bend, and friction losses using a 153 cfs flow rate that is 60% of the 100-
year storm flows defined by the FEMA Insurance Studies. Bend losses are almost negligible at 0.1’ with the
use of a curved alignment. Velocity of flow is 8.3 ft/s at a 0.30% culvert slope.

The terrain will require a survey to ensure this alternative will work. Physically, the road cover over the culvert
should be deeper than the road base and a feasible downstream outlet design elevation will need to be
validated. Utilities within the north ditch side of the roadway are assumed to be minimal or easily relocated.
The Association has mentioned that they would be open to allowing ditch modifications on their property.

The advantages with this alternative are that flood damage to road, ditch, and private property is remedied and
the alternative provides straight forward environmental compliance. The disadvantage is the larger facility cost
of constructing a culvert that bypasses the creek road crossing to be modified for fish passage.

Overflow to Gorst Creek Alternative

This alternative channels the bank overflows at the northeast corner of the Kitsap Square Dance Association
property across the state highway and down the north ditch side of the road to Gorst Creek for peak storm
events (see Figure 5). As in the previous alternative, a 425’ ditch approximately 6’ wide would be constructed
on the Association property to intercept and channel the bank overflows to a new box culvert. In this
alternative, the 6’ x 4’ box culvert would be 1,120 feet long. The culvert would cross and then follow parallel to
the state highway to the east and would discharge into Gorst Creek normal to the creek flow.

The culvert was analyzed for head, bend, and friction losses using a 153 cfs flow rate. For a culvert sloped at
2.2%, the median velocity is 17.0 ft/s. This is likely to cause cavitation to the concrete wall that occurs when
velocities are in excess of 10 ft/s to 20 ft/s. The high velocity outlet flows that will be discharging perpendicular
into the creek bank of Gorst Creek. The outlet will need to be designed to reduce the energy head and avoid
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erosion of the receiving creek. Utilities within the north ditch side of the roadway are assumed to be minimal or
easily relocated.

The advantages to this alternative is the same as the previous alternative in that flood damage to road, ditch
and private property is addressed and the alternative provides straight forward environmental compliance.
Maintaining adequate cover under the road bed is not an issue. The disadvantages include the cost of
constructing a box culvert that is an additional 864’ feet long and having to mitigate high velocity flows that can
erode the concrete and the high velocity outlet flows that will be discharging normal to the Gorst Creek bank.
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Flood Overflow Culvert to Parish Creek ASCQM
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Figure 4 Overflow Culvert to Parish Creek
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1,120 LF x 6’ x 4’ Box Culvert @ 2.2%

WeBelfair-Vaiey-Rd=—= . : —-—-‘N»Eellfazr—Va?ley-R-d

< o s £
© 6800'W BelfairValley Rd;, Bremerton, WA398312, USA

\g
\x‘?}%
=

O
(&)
o

0 -
SOt W arstadem e

.

Figure 5 Parish Creek Overflow to Gorst Creek
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ATTACHMENTS

Preliminary Engineer’s Cost Estimates for Overflow to Parish Creek Alternative
Overflow to Parish Creek Alternative Culvert Analysis

Overflow to Parish Creek Culvert Entrance Loss Calculation

Preliminary Engineer’s Cost Estimates for Overflow to Gorst Creek Alternative
Overflow to Gorst Creek Alternative Culvert Analysis

Overflow to Gorst Creek Culvert Entrance Loss Calculation
FEMA Insurance Study Table 4. Summary of Discharges (Parish Creek)

FEMA Insurance Study Floodway Data
Calculation of Bend Losses in Culvert Curvilinear Alignment

10
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ATTACHMENT 1
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PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study Kitsap County
Parish Creek Flooding Date: December, 2012

Creek Overflow to Parish Creek Option

Date of Cost Index: 2012

w/ Flat Slab Bridae
Near 6800 W. Belfair Valley Road, Gorst, WA

RIGHT OF WAY Cost
500 SF $5 $2,500
CONSTRUCTION Unit Quantity Cost Total $67,240
1 Grading / Drainage
1.1 Earthwork (Cut/Fill) CY 1,921 $35.00 $67,235.00
1.2  Drainage 10% Of Sections 2.3-4, & 3 N/A
2 Structures $436,800
2.1  Bridge Structure 34' x 40' SF 1,360| $180.00 $244,800.00
2.2 Culvert Structure LF 256 $750.00 $192,000.00
2.3 Retaining Walls (Cut) SF $100.00 $0.00
2.4  Retaining Walls (Fill) SF $40.00 $0.00
2.5 Bridge Removal SF $20.00 $0.00
3 Surfacing / Paving $6,008
3.1 HMA Paving TN $100.00 $5,000.00
(Assumes 50LF, 8" CSBC and 6" HMA)
3.2 CSBC TN $21.00 $1,008.00
4 Roadside Development $61,200
12% Of sections 1,2 & 3 $61,200.00
(Item includes Fencing, Temporary Water Pollution Control, Environmental Mitigation)
5 Traffic Services & Safety $61,200
12% Ofsections 1,2 &3 $61,200.00
(Price includes Guard Rail, Striping, Utilities, Traffic Control)
Construction Subtotal Items 1,2,3,4 and 5 (Round to nearest 1000) $632,000
6 Contingencies 20% of Subtotal $126,000
7  Construction Subtotal (Lines 1 through 6) $758,000
8 Mobilization - 8% of Line 7 $61,000
9 Subtotal (Lines 7 & 8) $819,000
10 Sales Tax - 8.60% of Line 9 $70,000
11 Subtotal $889,000
12 Construction Engineering 10% of Line 11 $89,000
13 Construction Total (Lines 11 and 12) $978,000
DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $117,000
TOTAL ESTIMATED COST Lines I, 13 and IlI $1,095,000




PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study
Parish Creek Flooding

Kitsap County
Date: December, 2012

Creek Overflow to Parish Creek Option Date of Cost Index: 2012
w/ 3 leaaed 20 precast bridae span bridae
Near 6800 W. Belfair Valley Road, Gorst, WA
l. RIGHT OF WAY Cost
500 SF $5 $2,500
1. CONSTRUCTION Unit Quantity Cost Total $67,240
1 Grading / Drainage
1.1 Earthwork (Cut/Fill) CY 1,921 $35.00 $67,235.00
1.2 Drainage 10% Of Sections 2.3-4, & 3 N/A
2 Structures $296,000
2.1  Bridge Structure 3 legged 20'L x40'W  SF 800 $130.00 $104,000.00
2.2 Culvert Structure LF 256/ $750.00 $192,000.00
2.3 Retaining Walls (Cut) SF $100.00 $0.00
2.4  Retaining Walls (Fill) SF $40.00 $0.00
2.5 Bridge Removal SF $20.00 $0.00
3 Surfacing / Paving $12,016
3.1  HMA Paving TN $100.00 $10,000.00
(Assumes 100LF, 8" CSBC and 6" HMA)
3.2 CSBC TN $21.00 $2,016.00
4 Roadside Development $45,000
12% Of sections 1,2 & 3 $45,000.00
(Item includes Fencing, Temporary Water Pollution Control, Environmental Mitigation)
5 Traffic Services & Safety $45,000
12% Of sections1,2& 3 $45,000.00
(Price includes Guard Rail, Striping, Utilities, Traffic Control)
Construction Subtotal Items 1,2,3,4 and 5 (Round to nearest 1000) $465,000
6 Contingencies 20% of Subtotal $93,000
7  Construction Subtotal (Lines 1 through 6) $558,000
8 Mobilization - 8% of Line 7 $45,000
9 Subtotal (Lines 7 & 8) $603,000
10 Sales Tax - 8.60% of Line 9 $52,000
11 Subtotal $655,000
12 Construction Engineering 10% of Line 11 $66,000
13 Construction Total (Lines 11 and 12) $721,000
Ill.  DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $87,000
IV. TOTAL ESTIMATED COST Lines I, 13 and Il $808,000




PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study
Parish Creek Flooding

Parish to Gorst Creek Bypass Option
w/ Flat Slab Bridae

Near 6800 W. Belfair Valley Road, Gorst,WA

Kitsap County

Date:  December, 2012
Date of Cost Index: 2012

IV. TOTAL ESTIMATED COST

RIGHT OF WAY

CONSTRUCTION Unit Quantity Cost Total $264,390
1 Grading / Drainage
1.1 Earthwork (Cut/Fill) CY 7,5654.00 $35.00 $264,390.00
1.2 Drainage 10% Of Sections 2.3-4, & & N/A
2 Structures $1,084,800
2.1 Bridge Structure 34' x 40" SF 1,360| $180.00 $244,800.00
2.2 Culvert Structure SF 1,120 $750.00 $840,000.00
2.3 Retaining Walls (Cut) SF $100.00 $0.00
2.4 Retaining Walls (Fill) SF $40.00 $0.00
2.5 Bridge Removal SF $20.00 $0.00
3 Surfacing / Paving $5,840
3.1 HMA Paving SF $100.00  $5,000.00
(Assumes 50LF, 8" CSBC and 6" HMA)
3.2 CSBC SF 40 $21.00 $840.00
4 Roadside Development $162,600
12% Of sections 1,2 &3 $162,600.00
(Item includes Fencing, Temporary Water Pollution Control, Environmental Mitigation)
5 Traffic Services & Safety $162,600
12% Of sections 1,2 & 3 $162,600.00
(Price includes Guard Rail, Striping, Utilities, Traffic Control)
Construction Subtotal Items 1,2,3,4 and 5 (Round to nearest 1000) $1,680,000
6 Contingencies 20% of Subtotal $336,000
7  Construction Subtotal (Lines 1 through 6) $2,016,000
8 Mobilization - 8% of Line 7 $161,000
9 Subtotal (Lines7 & 8) $2,177,000
10 Sales Tax - 8.60% of Line 9 $187,000
11 Subtotal $2,364,000
12 Construction Engineering 10% of Line 11 $236,000
13 Construction Total (Lines 11 and 12) $2,600,000
DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $312,000

Lines I, 13 and Ill

$2,912,000




PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study Kitsap County
Parish Creek Flooding Date: December, 2012
Parish to Gorst Creek Bypass Option Date of Cost Index: 2012

w/ 3 leaaed 20 nrecast hridae snan bridae
Near 6800 W. Belfair Valley Road, Gorst,WA

I.  RIGHT OF WAY

II. CONSTRUCTION Unit Quantity Cost Total $264,390
1 Grading / Drainage
1.1 Earthwork (Cut/Fill) CY 7,5654.00 $35.00 $264,390.00
1.2 Drainage 10% Of Sections 2.3-4, & & N/A
2 Structures $944,000
2.1 Bridge Structure 20" x 40" SF 800 $130.00 $104,000.00
2.2 Culvert Structure SF 1,120 $750.00 $840,000.00
2.3 Retaining Walls (Cut) SF $100.00 $0.00
2.4 Retaining Walls (Fill) SF $40.00 $0.00
2.5 Bridge Removal SF $20.00 $0.00
3 Surfacing / Paving $12,016

3.1 HMA Paving SF $100.00  $10,000.00

(Assumes 50LF, 8" CSBC and 6" HMA)
3.2 CSBC SF $21.00 $2,016.00

4  Roadside Development $146,400
12% Of sections 1,2 & 3  $146,400.00

(Item includes Fencing, Temporary Water Pollution Control, Environmental Mitigation)

5 Traffic Services & Safety $146,400
12% Of sections 1,2 & 3  $146,400.00
(Price includes Guard Rail, Striping, Utilities, Traffic Control)

Construction Subtotal Items 1,2,3,4 and 5 (Round to nearest 1000) $1,513,000
6 Contingencies 20% of Subtotal $303,000
7  Construction Subtotal (Lines 1 through 6) $1,816,000
8 Mobilization - 8% of Line 7 $145,000
9 Subtotal (Lines 7 & 8) $1,961,000
10 Sales Tax - 8.60% of Line 9 $169,000
11 Subtotal $2,130,000
12 Construction Engineering 10% of Line 11 $213,000
13 Construction Total (Lines 11 and 12) $2,343,000
Ill. DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $281,000

IV. TOTAL ESTIMATED COST Lines I, 13 and IlI $2,624,000




Pa‘rish Creek 6" x 4' Culvert Entrance Calc
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PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study ) Kitsap County
Parish Creek Flooding Date: December, 2012
Parish to Gorst Creek Bypass Option Date of Cost Index: 2012

wi Flat Slab Bridae
Near 6800 W. Belfair Valley Road, Gorst, WA

. RIGHT OF WAY
I, CONSTRUCTION Unit  Quantity Cost Total $199,680
1 Grading / Drainage
1.1 Earthwork (Cut/Fill) CY 570500 $35.00 $199,675.00
1.2 Drainage 10% Of Sections 2.3-4, & 2 NIA
2 Structures $1,084,800
2.1 Bridge Structure 34" x 40°  SF 1,360} $180.00 $244,800.00
22 Culvart Structure SF 1,120] $750.00 $840,000.00
2.3 Retaining Watls (Cut) SF $100.00 $0.00
2.4 Retaining Walls (Fil} SF $40.00 $0.00
2.5 Bridge Removal SF $20.00 $0.00
2 Surfacing / Paving » $5,840
31 HMA Paving SF 50($100.00  $5,000.00
{Assumes 50LF, 8" CSBC and 8" HMA}
32 CSBC SF gfa $21.00 $840.00
4 Roadside Development $154,800

12% Ofsections 1,2 &3 $154,800.00
(Item includes Fencing, Temporary Water Pollution Control, Environmental Mitigation)

5  Traffic Services & Safety $154,800
12% Ofsections 1,283 $154,800.00
(Price includes Guard Rafl, Striping, Utilities, Traffic Control)

Construction Subtotal Items 1,2,34 and 5 . (Round to nearest 1000) $1,600,000
6 Contingencies 20% of Subfotal __$320,000
7 Construction Subtota! (Lines 1 through 6) $1,920,000
8 Mobilization - 8% of Line 7 __ $154,000
9 Subiotal (Lines 7 & 8) $2,074,000
10 Sales Tax - 8.60% ofLine & __$178,00G
11 Subtotat $2,252,000
12 Construction Engineering 10% of Line 11 $225,000
13 Construction Total (Lires 11 and 12) : $2,477,000
fil. DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $297,000

V. TOTAL ESTIMATED COST Lines [, 13 and i $2,774,000




PRELIMINARY ENGINEER'S COST ESTIMATE

Gorst Creek Watershed Study Kitsap County
Parish Creek Fiooding BDate:  December, 2012
Parish to Gorst Creek Bypass Option Date of Cost index: 2012

w/ 3 leaoed 20 precast bridae soan bridae o€ s22H
Near 6800 W. Belfair Valley Road, Gorst WA

L. RIGHT OF WAY
. CONSTRUCTION Unit  Quantity Cost Total _ $199,880
1 Grading / Drainage
11 Earthwork (Cut/Fill) CY 570500 $3500 $199,675.00
1.2 Drainage 10% Of Sections 2.3-4, &3 NIA
2  Structures $844,000
2.1 Bridge Structure SF 800| $130.00 $104,000.00
2.2 Culvert Structure SF 1,120] $750.00 $840,000.0C
23 Retzining Walis {Cuf) SF $100.00 $0.00
2.4 Retaining Walls (Filf) SF $40.00 $0.00
25 Bridge Removal SF $20.00 $0.00
3 Surfacing / Paving } $12,016
3.1 HMA Paving SF L 100J $100.00  $10,000.00
{Assumes 50LF, 8" CSBC and G;WHMA)
3.2 CSBC SF | 95| $21.00  $2,016.00
4  Roadside Development $138,700

12% Ofsections 1,2& 3 $138,700.00
{itemn includes Fencing, Temporary Water Poliution Control, Environmental Mitigation}

5  Traffic Services & Safety $138,700
12% Ofsections 1,243  $138,700.00
{Price includes Guard Rail, Striping, Utilities, Traffic Controt)

Construction Subtotai Hems 1,234 and b (Round to nearest 1000) $1,433,000
& Contingencies 20% of Subtotal __$287,000
7  Construction Subtotal (Lines 1 through 6) $1,720,000
8 Mobilization - 8% of Line 7 _$138,000
9 Subtotal (Lines 7 & 8) $1,858,000
10 Sales Tax - 8.60% of Line 9 .. §160,000
11 Subtotal $2,018,000
12 Construction Engineering 10% of Line 11 $202,000
13 Construction Tofal (Lines 11 and 12) $2,220,000

i DESIGN ENGINEERING & ADMINISTRATION 12% of Line 13 $266,000

V. TOTAL ESTIMATED COST ' Lines {, 13 and il _ $2,486,000




Friction Method Manning Formula

Solve For Normal Depth

S

Roughness Coefficient 0.013
Channel Siope - 0.02200 /R
Height 400
Bottom Width 800 #
Pischarge 153.00 ft¥s

Normal Depth 1.50 &
Flow Area 9.02 #
Wetted Perimeter 9.01 ft
Hydraulic Radius 1060 #
Top Widih 6.00 ft
Critical Depth 272 &
Percent Full 376 %
Critical Slope 0.00417  ft/it
Velogity 1687 fi/s
Velocity Mead 447 #
Specific Energy 598 &
Froude Number 2.44
Discharge Full 458.47 fi¥is
Slope Full 019844 fiffke

Flow Type Supercritical

Downstream Depth 0.00 #
Length 060 1t
Number Of Steps 0

Upstream Depth

Profile Description

Profile Headloss .00 ft
Average End Depth Cver Rise 0.00 %
Normal Depth Over Rise 37.57 %
Downstream Velotity Infinity fi/s

Bentley Systems, Inc. Haestad Methods SolEkmtiGeRtewMaster VBi (SELECTserles 1) §08.11,01.03]
11212013 1:34:13 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Upstream Velocity Infinity  fi/s

Normal Depth 150 #
Critical Depth ' 272 #
Channel Siope 0.02200 fiMt
Critical Siope 0.00417 /%

Bentley Systems, Inc. Haestad Methods SolftintidieRlewMaster VBi (SELECTseries 1) [05.11;01.63]

41212013 1:34:13 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06785 USA +1-203-755-1666

Page

2 of

2



Creek Entrance Calc

% s W;SRW‘W g

Discharge 153.00 ft¥s
Centroid Elevation 200 #
Taiiwater Elevation 000 #
Discharge Cosfficient 0.50
Opening Width 6.00
Opening Height . 400 fi
Belle o .
Headwater Elevation : 453 f#
Headwater Height Above Centroid 253 ft
Tailwater Height Above Centroid -2.00 ft
Flow Area 24.00 w2

' Velocity 538 ft/s

Bentley Systems, Inc. Haestad Methods SolemtiGeRtewaster V8i (SELECTseries 1) [08.11.01.03]
17212013 1:39:40 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1.203-7155-1666 Page 1 of 1
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Example Problem

A 10-ft wide rectangular culvert has a gradual 50 degree bend with a radius
cufvature of 45 feet. The depth and velocity at the downstream end of the bend is known .
1o be 8 feet and 6 feet per second, respectively. Estimate the bend loss. (Note that the

shaded cells in Table 4.3 below are used in this example.}

Tabie 3.4 for50°

~0374 - K, =0367

¥ 6
Jor  J(322)8

- Assume K Kgbi = 0.367

Ny e J4(8*10)/ 7 = \/21(80 /7 =10.09 fi

Interpolated from Table 4.3

riD,, =45/10.09= 4.46 2 S =0.454

V2 VZ _ 62 _
h, = BK, e ( 0.454)(0.367)5E = (0.}67)(———~2 (32.2)] =0.0934 ft

ro/Deg . - B = Koo/Kgp1
G 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9
1 1.000 0,866 0.920 0.879 0.839 0.799 0.759 0.719 0.679 0.638
2 0.598 0.593 0.588 0.583 0.578 0.573 0.568 0.563 0.558 0.553
3 0.548 0.543 0.538 0.533 0.518 0.513 -0.508 1 0.503
4 0.498 0.488 0.47¢ 0.469 E;i'” 459 (.440 0.431 0.421 0.411
5 0.402: 6.392 0.383 6.373 0.344 0.335 0.325 0.315
6 0.308 0.306 0.306 0.206 0.306 £.306 0.306 0.306 0.306 0.306
7 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306
8 0.308 -0.3086 0,308 0.306 0.308 0,306 (.306 0.306 0.308 (.306

33
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Table 4.3 shows B -values for r/Deq ranging from 1 to 8. The table was developéd
'from the values in .Coiumn 5 of Table 4.2 vy linear interpolation. It will be assumed that
the values in Table 4'2. can be applied to the abrupt bénd loss coefﬁcﬁent defined by Eq.
3.8. The abrupt bend lo'ss coefficient, Ky, is assumed to be equivalent to the parameter
Kgp,1 in Table 4.2. Equation 4.3 shows Equation 4.1 expressed in terms of B and K, where
K, is the bend loss coefficient for abrupt bends developed En Chapter 3 and given by Eq.

3.8.

v v
£ = BK, ~

h, =K, 2¢ o7, Equation 4.3

gk

z
%= K.b[Kgb /Kgb,l]

Table 4.3: B Factor versus r/D., for Gradual Bends
rcheq ! B=K9b‘{KQb.1 o
O 01 | 02 03 | 04 05 | 0.6 0.7 0.8 l 0.9

1.000 | 0.960 | 0.920 | 0.879 | 0.839 | 0.799 | 0.759 | 0.719 | 0.679 | 0.638
0.598 | 0593 | 0.586 | 0.583 | 0.578 | 0.573 | 0.568 | 0.563 | 0.558 | 0.553
|| 0548 [ 0543 | 0538 | 0.633 | 0.528 | 0623 | 0.518 | 0513 | 0.508 | 0.503 |
0.498 | 0.488 | 0.479 | 0.469 | 0.459 | 0.450 | 0.440 | 0.431 | 0.421 | 0.411
0.402 | 0392 | 0.383 | 0.373 | 0.363 | 0.354 | 0.344 | 0.335 | 0.325 | 0.315
0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306
0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306
0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306 | 0.306

i~NiGiOi][WIN]-

The example problem below illustrates the procedure recommended for
determining the bend loss for gradual bends used in rectangular culverts using the

relationships developed in this chapter.

32



Short Span Bridges

Cutside
Face

as— . 34"
Graut 7 E‘?Ut
Fill Area
2} E
Spray Foam, i’;zKogr’zeEaﬂth
Backer Rod, Shims
DETAIL 1 %" DETAIL 2
(A) SHORT SPAN BRIDGE Wall to Wall Wall to Bace
OPTIONAL FOOTING Footing or Slab
OR FULL BASE SLAB hot e )
Angl 12"
(C) OPTIONAL WINGWALL Yy ﬁlz%
T T Stud (2-ea.
(D) OPTIONAL HEADWALL R fﬂl . )
(W) VARIABLE WIDTH - (1.D.) - 6' MIN. TO 35' MAX.
(L) VARIABLE LENGTH 12" o Spray Foam,
(H) VARIABLE HEIGHT - (1.D.) - 2' MIN. TO 10' MAX. Backer Rod, 5738
Flat Bar
DETAIL 3 DETAIL 4
Top to Top Weld Plate

© 2011 Granite Precasting & Concrete, Inc.

__GRANITE Gvcrereie.

M 4116 BAKERVIEW SPUR BE%.LINGHAM WA, 08226 = (360) §71-2251 « 1-800-808-2251 = FAX: (360} 671-0780
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