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Final Memorandum

Date: April 14, 2014

To: Edric Kwan, Public Works Director/Town Engineer - Town of Moraga
From: Grant Wilcox/Kazuya Tsurushita/Sonia Leung -WRECO

Subject: Laguna Creek Hydraulic Study Project

Background

The Laguna Creek Hydraulic Study Project (Projeckycated in the Hacienda de Las Flores ParkerTiwn
of Moraga (Town), Contra Costa County, Californiaaguna Creek, within the Project limits, is contad
within an 8-ft diameter, 242-ft long corrugated algtipe (CMP) culvert. The Pavilion located on the
southwest side of the culvert experiences floodimgng rain events, and the Town is currently segki
alternatives to relieve impacts created by flonaning in the 8-ft CMP culvert.
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12 ft x 10 ft RCB
Cross Culvert
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Figure 1. Project Location Mp

Source: Google Earth

NP
I Civil Engineering | Water Resources | Environmental Compliance | Geotechnical Engineering | 1

GREEN Business



o 1243 Alpine Road, Suite 108
Walnut Creek, CA 94596

Wwreeo e 008041 0018

www.wreco.com

1. Purpose of Study

The purpose of this study is to evaluate the fdégibf the various alternatives to lower the waseirface
elevations (WSEs) of Laguna Creek, raise or pratecPavilion, and prevent future flooding withiret
Project limits.

2. Watershed

The Project is located within the San Francisco Bgjrologic region, sub-area No. 204.20 per théf@ala
Department of Transportation (Caltrans) Water @u#llanning Tool. Laguna Creek generally flowsin
southeast direction. Approximately 2 mi downstrasrthe Project site, Laguna Creek joins the Upspeam
Leandro Reservoir. Based on data from the U.Sldgaxal Survey (USGS), Laguna Creek drains a
watershed area of 1.94 square mi’jrat the Project site. The watershed delineatiomfthe USGS digital
elevation model (DEM) is presented in Figure 2.e TI8GS DEM standard is a geospatial file format for
storing a raster-based elevation model.
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Figure 2. Watershed Draining to the Project

Source: USGS and Google Earth
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3. Description of Stream and Site

About 50 ft upstream of the existing 8-ft diame@#P culvert, Laguna Creek flows through a sharp 90
degree turn and converges with Donald Drive Tribytsee Photo 1. This sharp turn is caused by the
relocation of the channel in the 1930’s; LagunaeRnesed to run where the Pavilion is now locatetitae
turn angle was more moderate. Immediately upstr@aime confluence, the Central Contra Costa Sgnita
District (CCCSD) installed a concrete spillway apto protect an existing 18-in sewer line; see &Rot This
sewer line is nearly parallel to the existing culvand it flows from northwest to southeast. Tilet face of
the existing CMP culvert was repaired during thestauction project 2013; see Figure 3. About 110 f
downstream from the CMP culvert’s inlet face, the of the CMP is exposed; see Photo 3. These gphoto
were taken on December 19, 2013 during WRECOQO'svisie

&z 4

Photo 1. Upstream of Existing 8-ft CMP Culvert Photo 2. Concrete Spillway Apron

Photo 3. Exposed Existing CP
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BASEMAP REFERENCE

1. TOPOGRAPHIC BASEMAP WAS DEVELOPED FROM SURVEY PREPARED
BY BELLECC| AND ASSOCIATES, INC. TITLED, "TOPOGRAPHIC SURVEY,

LAGUNA CREEK, TOWN OF MORAGA, CALIFORNIA," JOB NUMBER
07158, DATED JANUARY 2008.
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Figure 3. Existing Project Condition
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Before the construction project in 2013, the retegiwall on the downstream side of the existing 8P
culvert fell into the creek after the storm evant2005. The outfall from the culvert was causingcouring
problem to the downstream and the broken concieteg from the failed headwall and wing walls wefe
in the stream. The construction project in 20X&nmed the scoured channel by providing the 1-tmk slope
protection (RSP) at the outlet face of the 8-ft CMlivert (see Photo 4) to prevent further erosiumsed by
the outflows from the existing 8-ft CMP culverth8 RSP was also installed at the damaged charupe &
provide additional channel protection (see Photo Bhe wing walls left in the stream were remoaed
replaced by the RSP cross vane (see Photo 6).

H

Photo 4. Downstream Face of the Existing 8-ft Photo 5. Laguna Creek I:ooking Downstream ‘
CMP Culvert ) o from the Existing 8-ft CMP Culvert

A e 3

to 6. RSP Crss ae
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4. Hydrology

Design discharges were retrieved from two sountelsiding a study on the Federal Emergency Managemen
Agency’s (FEMA)Flood Insurance StudfFIS), and calculated flows between Donald Drind Bevin Drive
that were provided by the Contra Costa County Fl@odtrol District (CCCFCD).

The published design discharges from the effedtBIA FIS (2009) presents the 50- and 100-year flfaws
Laguna Creek at Rheem Boulevard and Corliss Dege Figure 4). Rheem Boulevard and Corliss Dnige a
located approximately 0.60 mi upstream and 0.38awminstream of the Project site, respectively. The
effective FIS states that the flow was estimateskdan approximate methods. The peak discharges we
estimated to be 450 cfs for the 10-year designst@b0 cfs for the 50-year design storm and 850arfthe
100-year design storm at Rheem Boulevard; and 86focthe 10-year design storm, 1,100 cfs for3@eyear
design storm, and 1,300 cfs for the 100-year destignm at Corliss Drive.

In addition to the design discharges from the FEM8, the CCCFCD also provided hydrologic informatio
of Laguna Creek watershed in the Project vicinithe study included 10-, 50-, and 100-year flows fo
Laguna Creek between Donald Drive and Devin Drv@ch includes the Project location (see Figure 4).
The resulting flows were estimated to be 1,11Fafshe 10-year design storm, 1,560 cfs for they&&r
design storm, and 1,720 cfs for the 100-year destigm.

Figue4 FEM FIS Iow Locaios

Source: FEMA and Google Earth
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The flows provided by the CCCFCD are more site-gjgeand the values were more conservative than th
flows estimated using the FEMA FIS. Therefore, VREadopted the flows that were based on the CCCFCD
flows information for this study. The design diaofes from the CCCFCD are summarized in Table 1.

Table 1. Summary of Design Discharges

Flow Condition Design Discharge (cfs)
10-year Recurrence Interval 1,110
50-year Recurrence Interval 1,560
100-year Recurrence Interval 1,720

Source: Contra Costa County
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5. Proposed Alternatives
There are 10 proposed alternatives, which will &&aited in this section.

Alternative 1 — No Build
For this alternative, there would be no changd¢oeixisting 8-ft diameter CMP. Inspection and riegiance
on the existing pipe may be required for this akive.

Alternative 2 — Line Existing Culvert with Smooipd®

The inside of the existing culvert would be lineihwa smaller smooth pipe in this alternative. sThi
alternative would prevent further structural damegthe existing culvert, but it would not resothe
backwater at the inlet face of the culvert. In20the Town'’s contractor filled gaps and voidsha bottom of
the existing culvert with grout, which were caubgdorrosion.

Alternative 3 — Parallel 9-ft Reinforced Concretip&(RCP)

An additional 9-ft diameter RCP would be instalpedallel to the existing sewer line on the northeathis
alternative; see Figure 5. A flow diversion sturetwould be required upstream of the concreténspjl
apron to divert some flow into the new pipe. Hoemvthe downstream connection from the RCP to Lagun
Creek would be a challenge because of the exiseager pipe that runs parallel to Laguna Creek. The
existing culvert would need to be inspected and regyire maintenance. See Figure 6 for crossaector
this alternative. The additional 9-ft diameter R@&uld prevent overtopping at the upstream faceubfert
for 50-year or smaller intensity storm events.
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Figure 5. Plan for Alternative 3 — Parallel 9-ft RGP
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Alternative 4 — Parallel 9-ft RCP and Sewer LinddRation

An additional 9-ft diameter RCP would be instalfgtallel to the existing culvert on the northedkte
existing sewer line would be relocated to the remat of the new culvert; see Figure 7. Excavationld be
required to widen the channel to fit the additiotialivert, and new headwalls would need to be itestal
Also, additional easement, permit, and fees bylthen of Moraga and the Central Contra Costa Sanitar
District (CCCSD) would be required for the seweelrelocation. The existing culvert would neeth¢o
inspected and may require maintenance. See Rggiarecross sections for this alternative. Theitaaital 9-

ft diameter RCP would prevent overtopping at thsetngam face of culvert for 50-year or smaller istgn
storm events.
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Figure 7. Plan for Alternative 4 — Parallel 9-ft RGP and Sewer Line Relocation
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Alternative 5 — Replace Existing Culvert with 14nft12-ft Reinforced Concrete Box Culvert

In this alternative, the existing 8-ft diameter CMBuld be replaced by a 14-ft by 12-ft reinforcedicrete
box (RCB) culvert. In general, the new culvert Wblmave the same alignment with the existing 84fvert;
see Figure 9. Because the proposed box culveitier than the existing 8-ft diameter CMP, the engs
storage shed southwest of the CMP would need fosshithwest to fulfill the horizontal clearance
requirement of the Town. See Figure 10 for cressians for this alternative.

N Ag
o £,

I Civil Engineering | Water Resources | Environmental Compliance | Geotechnical Engineering | 14

GREEN Business



-EX. 55 MH

EX, STRUCTURE L1
3 b (PAVLION)
‘W J

Y
EX. 55 MH {II\IQ‘lj'Jﬂj ’

PROPOSED 14°X12° BOX CULVERT

£x. & S0 (CuP)
[ TO BE REMOVED

? EX STRUCTURE

Figure 9. Plan for Alternative 5 — Replace ExistingCulvert with 14-ft by 12-ft RCB Culvert
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Alternative 6 — Detention Basin Upstream

In this alternative, a detention basin would besturtted upstream of the Project limits. WRECOnessted
that a storage volume of approximately 60 acreeftiled be needed for the proposed detention bagineteent
overtopping at the upstream face of the existifig@MP culvert during 100-year, 12-hour storm evefte
Figure 11 for the three potential locations. Lawmatl is a multi-use field at the Campolindo HigthSol.
Location 2 is playfield at the Donald Rheem EleragnSchool. Location 3 is parking lot at the Rheem
Valley Shopping Center. The areas potentially lesidy on-surface or underground detention basireézh
location is summarized in Table 2

Figure 11. Potential Locations of Detention Basindr Alternative 6
Source: USGS and Google Earth

Table 2. Areas Potentially Usable for Detention Bas

Location Area
(ac)
Campolindo High Scho 7
Donal Rheem Elementary Sch 4
Rheem Valley Shopping Center 17

This alternative will require large area to providerage volume of approximately 60 acre-ft. Il afiso
require coordination with the property owners atadkasholders (Acalanes Union High School Districhrigha
School District, Rheem Valley Shopping Center, Reaed Teacher Association, etc.).
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Alternative 7 — Raise Pavilion Above 100-year WSE

The Pavilion is located on the southwest side ef@tit CMP culvert, approximately 30 ft southeastd the
upstream headwall. Records show that the buildkmpriences flooding during rain events, so WRECO
considered raising the finish floor elevation cé thuilding. According to the Federal Emergency
Management Agency’'s (FEMA’$jomeowner’s Guide to Retrofittinglevating the house is one of the most
common retrofitting methods to protect the homenfftooding.

The foundation of the Pavilion should be raisedraxpimately 4 ft above the existing ground levetae the
floor level above the 100-year flood elevation.e®ievation techniques would be selected basedeon t
construction type and existing structure conditbthe Pavilion (see Figure 12 for sample technig&tairs
and/or ramps should be installed to provide actzesster the raised Pavilion. Raising the coudyarmatch
the raise of the Pavilion structure requires sigait fill volume inside the floodplain and alsaieases the
cost and construction time period. This option waisevaluated further in this study.

House and s

Floor Slab =

Lifted E -

Together =
. _SupporLCdEEr ;

House Lifted

on Jacks and

I-Beams

New Level
of the Raised
Lowest Floor

Openings for the Entry
and Exit of Flood Waters

Figure 12. Sample Technique to Raise the Buildinve Base Flood Elevation
Source: FEMA
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In 2001, the City of Roseville completed a homevali®n program that elevated 27 homes and two Haunge
outs inside the FEMA 100-year floodplain with thestof approximately $1 million. This effort regd in
22 flood-prone homes with raised floor levels higtiean the floodplain level (see Photo 7 and PByto

Original ground floor
used as storage space

Stairs to access
raised floor

Stairs to access
raised floor

Original ground
floor used as garage

Photo 8. Elevated Home in the City of Roseville, Exnple 2
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Alternative 8 — Relocate Pavilion outside of th@-}@ar Floodplain

Unlike the other buildings in Hacienda de Las Féottbe Pavilion structure and surrounding groumdsoaly
a few feet above Laguna Creek. WRECO consideradngahe Pavilion building to higher grounds that
would not receive flood flows from Laguna Creek atgb be outside of the FEMA designated floodplain.
The relocation process involves lifting a buildioffj its foundation, placing it on a heavy-duty teaj hauling
it to a new site, and lowering onto the new fouratat This alternative would provide protectionrfro
flooding and alleviate concern of future floodsowéver, the large trees and steeply sloped growaie rihis
method impractical for consideration.

When considering Alternatives 7 and 8, it shoulchbied that a couple of local historic buildingsreveaised
and moved. A Victorian style home build in 1877swmaoved from Lora Nita farm to current locatiorireg
Forest Home Parks Historic in San Ramon in thel@89s. The Masonic Temple in the City of Concord
built in 1927 at 1765 Galindo Street was relocatebss the street to 1928 Clayton Road, Concoidayn
25, 2013. Both of these buildings were raisedranded without damage. See below for the pictuakert
when moving the Masonic Temple.

e W i
Phot10. Hydraulic Jack used to Lift the Masonic
Temple

Photb2. Temple Crossing the Street
Source: Mercurynews.com

I Civil Engineering | Water Resources | Environmental Compliance | Geotechnical Engineering | 20

GREEN Business



o 1243 Alpine Road, Suite 108
Walnut Creek, CA 94596

Wwreeo e 008041 0018

www.wreco.com

Photo 13. Underbelly of Temple When Moving Photo 14Masonic Temple at 1928 Claytn Road
Source: Mercurynews.com
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Alternative 9 — Construct Flood Wall Around Pawilio
A flood wall constructed around the northwest andheast sides of the Pavilion is another optiobeo

considered to protect the building from floodingdg$-igure 13). Concrete, masonry, or a combinatidooth
is typically used as a material to build a floodlwa

See Figure 13 for the conceptual plan for constrigahe flood wall to protect the Pavilion. Theposed
flood wall should be at least at an elevation d& §5vhen referencing North American Vertical Datom
1988 (NAVDS88) as vertical datum to provide 1 ftfiideboard above the 100-year WSE. The elevation of
floodwall will be approximately 5 to 6 ft when meaed from the existing pavement elevation aroued th
pavilion. Photos on the following page show tlomflwall and floodwall gate at the Roseville Vetaran
Memorials Hall in the City of Roseville, CA to peat the historic building from the flooding of DGreek.
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Figure 13. Conceptual Plan of Flood Wall
* Floodwall must extend up to the conform point§F6NAVD88 based on local survey provided by Betieand
Associates, Inc and BKF Engineers).
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Photo 15. Floodwall at the Roseville Veterans Memal Hall
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Photo 16. Floodwall Gate at the Roseville Veteraridemorial Hall
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Alternative 10 — Restore Natural Channel

Another alternative at the Project location woutdthe complete removal of the existing 8 CMP crthaad
restoration of the natural stream channel. “Danflitg” describes projects that deliberately expsxs®me or all
of the flow of previously covered streams. It stablishes a waterway in its old channel whereilbsor in
a new channel threaded between the structures resemt in the vicinity of the stream site.

This alternative would remove the existing 8-ft Clilifvert and the restored channel would be desigmed
provide sufficient capacity to convey the 100-ygaw. This method would prevent flooding at thevitan

by removing the inlet face of the culvert thatisrently acting as a choke point. In additionyéhare other
benefits to daylighting:

Amenity for the Public and an educational oppottuni

Replacing deteriorating culverts with an open drgasystem that can be easily monitored and
repaired.

The cost is less, or only marginally more, thanaepg the existing culvert with a proposed culvert
that has the capacity to convey the 100-year flow.

Recreate aquatic habitat and improving fish passage

Would create red-legged frog habitat (larger agesisuch as California Department of Transportation
are always looking for off-site mitigation).

May be able to qualify as a mitigation site or goant funding

The San Francisco Bay Area features the highestetdration of daylighting activity in the Uniteda®as.
See the following pages for the pre-and post-ptgbotos for Strawberry Creek daylighting (Photcahd
Photo 18) and Codornices Creek daylighting in BegkéPhoto 19).

This alternative would still require a short culver bridge to provide access to the upper parkieg. The
culvert could be an arched culvert with naturatdmot which would provide unimpeded passage of fishe
macroinvertebrates, and sediments (see Photo 2Bfawtd 21).
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Photo 17. (Left) Strawberry Creek Prior to Daylighting
Photo 18. (Right) Daylighted Section of StrawberrCreek

Source: Rocky Mountain Institute and Ecocity Buikie
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before

Source: Ecocity Builders
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Photo 20. (Left Sickle Creek Precast Concrete Arcvith ingalls
Photo 21. (Right) West Weaver Creek Bottomless ArcBulvert

Source: United States Forest Service
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6. Hydraulics

The hydraulics at Laguna Creek in the study areutihe existing and proposed conditions were exatl
using the USACE's Hydrologic Engineering CenterdRi¥nalysis System (HEC-RAS) Version 4.1.0,
hydraulic modeling software.

The model geometry was developed using topographiey provided by Bellecci & Associates, Inc. and
surface data downstream of the CMP culvert provisie@al Engineering & Geology. A total of 19 cross
sections were used in the hydraulic model for edigdinative. The hydraulic model extends approkeiye89
ft upstream of the inlet face and 105 ft downstredutie outlet face of the existing CMP culvertheT
downstream limit of the hydraulic model is also thpstream face of the existing 12 ft x 10 ft RCBss
culvert below Devin Drive. The cross section nageonvention is by river stations (RS), startingfw at
the most downstream cross section.

The normal depth condition was used as the upstoeatnol, and the hydraulic grade line elevatiothat
inlet face of the existing 12 ft x 10 ft RCB crazgvert was set as the downstream control in th€RAS
model.

7. Water Surface Elevations

The WSEs in Laguna Creek were estimated for Alterea 1, 2, 3, 4, 5, and 10. For Alternatives 8 4n
differences in the design of the headwall wereassito have an insignificant impact to the hydiauli
analysis. Therefore, Alternatives 3 and 4 werduatad using the same hydraulic model.

For Alternative 6, a hydrologic analysis was nafgrened to evaluate the performance of the proptseihs.
Therefore, 50- and 100-year flows of Laguna Creedke Project location were not estimated to penftre
hydraulic analysis.

Alternatives 7 through 9 did not modify the exigti®-ft CMP culvert. The hydraulic conditions ugstm of
the CMP culvert inlet face and downstream of theRClvert outlet face were assumed to remain thesa
as in the existing condition.

The 50- and 100-year WSEs of Laguna Creek at the®rlocation are summarized in Table 3 and Tédble
respectively.
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Table 3. 50-year Water Surface Elevations
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Water Surface Elevatior

Alternative 1

Alternative 2

Alternative 3/4

Alternative 5

Alternative 10

Downstream Face)

Location No Build Smooth Lining | Parallel 9-ft RCP| 14x12 ft RCB Daylighting
(ft, NAVD88) (ft, NAVD88) (ft, NAVD88) (ft, NAVD88) (ft , NAVD88)
50 ft Upstream of Existing CMP Culvert 557.2 557.2 555 553.4 554.2
At Upstream Face of CMP Culvert 557.1 557.1 554.8 551.2 550.6
At Downstream Face of CMP Culvert 548.3 548.3 548.3 548 548.5
Downstream Limit of Hydraulic Model
(100 ft Downstream of the CMP Culvert 548.2 548.2 548.2 548.2 548.2

Table 4. 100-year Water Surface Elevati

ons

Location

Water Surface Elevatior

Alternative 1

Alternative 2

Alternative 3/4

Alternative 5

Alternative 10

Downstream Face)

No Build Smooth Lining | Parallel 9-ft RCP | 14x12 ft RCB Daylighting
(ft, NAVD88) (ft, NAVD88) (ft, NAVD88) (ft, NAVD88) (ft , NAVD88)
50 ft Upstream of Existing CMP Culvert 557.5 557.5 356 553.9 554.8
At Upstream Face of CMP Culvert 557.5 557.4 555.7 552.0 551.1
At Downstream Face of CMP Culvert 550.1 550.1 550.1 .B50 550.2
Downstream Limit of Hydraulic Model
(100 ft Downstream of the CMP Culvert 550.0 550.0 550.0 550.0 550.0

Notes:

The elevation of the culvert wingwall is approxielgt555 ft. The pavement elevation around thelawvis approximately 551 ft.
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8. Preliminary Cost Estimate

Alternative 1 is the no build alternative; thereulgbbe no cost for that. Annual maintenance casi® not
considered because all alternatives would requaiatenance. Alternatives 3 (parallel 9-ft RCP eut); 6
(upstream detention basin), and 8 (relocate pawiwe not feasible for this Project because okttisting
sewer line location, limited space for a new detenbasin, and moving the Pavilion outside of tkisteng
100-year floodplain would be problematic. Alteimat2 (Smooth lining of the existing pipe) wouldaloffer
no benefit for the Project location. Thereforestsdor these alternatives were not estimatedién th
memorandum.

The unit cost of construction items are based erirtformation available from the California Depagtm of
Transportation’sContract Cost Datand FEMAHomeowner’s Guide to Retrofitting3ased on limited data
and preliminary alternatives design, the costaMternatives 4, 5, 7, 9, and 10 are summarizedaibld 5.

9. Potential Extra Cost Required with Sanitary Sewer line Relocation

Alternatives 4 (parallel 9-ft RCP culvert with sewelocation) and 10 (daylighting) would involve existing
sewer line relocation and granting an additionakezent. This will require coordination betweenTog/n of
Moraga and CCCSD. The process time for grantingdafitional easement may take up to 6 months, and
sewer line relocation may take up to an additi@iadonths.

10. Recommendation and Decision

The flow capacity of the culvert for Alternatives2l, 3, and 4 would not be able to convey the d€¥kyear
flow of Laguna Creek at the Project location. Thdssign alternatives would not be able to prepetential
flooding at the Pavilion during the 100-year stawent. Alternatives 7, 8, and 9 would provide @ctibn to
the Pavilion during the 100-year storm event, haytwould not resolve the existing flooding issaethe
Project location. Alternative 6 would reduce tleak 100-year flow at the Project location, but #iternative
may not be feasible because of the required stddgfrac-ft) volume to reduce the peak 100-year thmd
unavailable basin sites within the watershed.

Alternatives 5 (14 ft x 12 ft RCB culvert) and 1@wd improve the channel capacity to convey the-yi€#r
flow and would provide flood protection to the Riri during the 100-year storm event. Alternathde
daylighting, would require less construction costrt Alternative 5, installation of 14 ft x 12 ft BCulvert
(see Table 5). In addition, daylighting would ligible for the mitigation credit for channel resttion and
would have more potential funding sources thanrAlitve 5.

Based on this study, the most feasible proposednaltive for the Project is Alternative 10, daytigh the
creek and restoring a natural channel.
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Table 5. Estimated Construction Costs for Alternatves 4, 5, 7, 9, and 10
Ticiin PSR Unit Alternative 4 A1It4e;tn)a(1t2/2e ft5 Alternative 7 Alternative 9 Alternative 10
Unit Price Measure 9-ft RCP Culvert RCB Culvert Raise Pavilion Flood Wall Daylighting (Recommended)
Quantity Price Quantity Price Quantity Price Quantity Pric e Quantity | Price
Funding Source - - FEMA Flood Mitigation Assistancd FEMA Flood Mitigation Assistancd FEMA Flood Mitigation Assistancq FEMA Flood Mitigation Assistancg FEMA Fli%i;\fizgzzgir;?ssstance
Design and Town Approval - - 6 month 6 month 6 month 6 month 6 month
Environmental Permits - - 9 month 9 month 9 month 9 month 9 month
Duration of Work - - 2 month (2 weeks)* 2 month (2 weeks)* 1 month (1 week)** 1 month (zeek)** 2 month (2 weeks)*
Remove Culvert $40 LF 0 $ 242 $ 9,640 0 $ 0 $ - 242 $ 9,640
Smooth Line Existing Culvert $1,000 LF 0 $ - 0 $ - 0 $ - 0 $ - 0 $ -
9-ft RCP Culvert $1,200 LF 242 $ 290,440 242 $ 290,400 0 $ 0 $ - 0 $ -
18-in. Sanitary Sewer $250 LF 435 $ 108,760 0 $ 0 $ - 0 $ - 435 $ 108,7%0
14 ft x 12 ft Box Culvert $5,100 LF 0 $ - 242 $ 1,234,290 0 $ 0 $ - 0 $ -
Pipe Culvert Headwall $9,500 EA 2 $ 19,090 0 $ 0 $ - 0 $ - 0 $ -
Box Culvert Headwall $2,200 EA 0 $ - 2 $ 4,400 0 $ 0 $ - 0 $ -
Raise Building Foundation $125 SF 0 $ - 0 $ - 3000 $ 375,000 0 $ 0 $ -
Building Relocation $120 SF 0 $ - 0 $ - 0 $ - 0 $ - 0 $ -
Floodwall $800 LF 0 $ . 0 $ - 0 $ - 400 $ 320,090 0 $
Interior Drainage System $7,200 EA 0 $ - 0 $ - 0 $ - 1 $ 7,20 0 $
Channel Excavation $25 CY 0 $ - 0 $ - 0 $ - 0 $ - 8500 $ 212,500
Rock Slope Protection (1/2 Ton) $200 CY 0 $ - 0 $ - 0 $ - 0 $ - 630 $ 126,000
Rock Slope Protection (Backing No.|) $15(Q CY 0 $ - 0 $ - 0 $ - 0 $ - 280 $ 42,000
Transplant Tree $1,000 EA 50 $ 50,000 50 $ 50,00p 0 $ 0 $ - 80 $ 80,040
New Culvert/Bridge - LS 0 $ 0 $ - 0 $ - 0 $ - 1 $ 75,000
Construction Management - LS 1 $ 40,0p0 1 $ 40,00p 1 $ 20,00p 1 $ 20,00p 1 $ 40,00p
Subtotal (rounded up to nearest $1,000) $ 509,000 $ 1,629,00p $ 395,000 $ 348,00p $ 694,00p
Project Administration (5%) $ 26,000 $ 82,000 $ 20,000 $ 18,00p $ 35,00D
Contingency (30%) $ 152,700 $ 488,709 $ 118,509 $ 104,40p $ 208,20p
Design Cost (10%) $ 50,900 $ 162,90p $ 39,500 $ 34,80p $ 69,40p
Total $ 738,600 $ 2,362,60p $ 573,000 $ 505,200 $ 1,006,60p
Notes:
*Construction activity can only be performed frorprfA 15 to October 15
**Construction can be performed any time of therygaeferably from April 15 to October 15
oM ”’4
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