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Earthwork - The value of Utilizing On-site
Resources vs. Import Fill

and Pond Design

Brent Setchell, P.E.
FDOT District 1




Agenda

* Estimating Earthwork

* Contractor’s Method of Estimating Earthwork
* Example Projects

* Wet Detention Pond Design Considerations
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FDOT Pay Items

0120-1 Regular Excavation (CY)
0120-2 Borrow Excavation (TCY)

0120-6 Embankment (CY)
No Pay Item for “Import Fill”

CESPO0S 05/23/2016-07.00.02

Contract Type: CC

STATEWIDE

Displaying: VALID ITEMS WITH HITS

Page:
Florida Department of Transportation
Ttem Average Unit Cost
From 2015/11/01 to 2016/04/30

From: 0102 1 To: 9999993

. of Weighted Total Total Unit
Item Conts Average Amount Quantity Meas Obs? Description
0102912 1 1 $3.10 £440.Z20 142.000 LF N PAVT MARKING REMOVABLE TAPE,YELLOW,SEIP
0102912 2 11 $1.57 £142,171 .53 a0, 587.000 LF N PAVT MARKING REMOVABLE TAPE, YELLOW, SOLID
01025812 3 1 §5.00 £2,400.00 480.000 SF b2} PAVT MARKINC REMOVABLE TAPE, YELLOW,OTHER
0104 1 9 51.88 $116,427.08 &l,866.000 5Y N ARTIFICIAL COVERINGS / ROLL EROSION CNTL
0104 & 1 515.16 52,698.48 178.000 LF N TEMPORARY SLOPE DRAIN / RUNOFF CONT 5TR
0104 10 3 65 31.36 %1,057,006.47 777,856.000 LF N SEDIMENT BARRIER
0104 11 34 58.56 %376,763.52 44 ,040.000 LF N FLOATING TURBIDITY BARRIER
0104 12 13 §5.13 £1590,334 .45 37,071.000 LF N STAKED TURBIDITY BARRIER- NYL REINF PVC
0104 15 18 $2,335.25 $172,808.84 T4.000 ER N SOIL TRACKING PREVENTION DEVICE
0104 18 &7 $110.22 $3B5,233 .66 3,4595.000 EA N INLET PROTECTION SYSTEM
0107 1 &7 527.77 $967,114 .63 34,830.270 AC N LITTER REMOVAL
0107 2 66 $39.12 %985,851.98 25,202.120 AC N MOWING
0108 1 12 %8,958.06 £152,287.00 17.000 LS N MONITOR EXISTING STRUCTURES- SETTL
0108 2 12 £14,08Z2.24 %230,398.00 17.000 LS N MONITOR EXISTING STRUCTURES- VIBRA
0108 3 2 $1,225.00 £2,450.00 2.000 LS N MONITOR EXISTING STRUCTURES- GROUN
0110 1 1 71 $10,324.67 $7,440,780.43 720.68B0 AC N CLEARING & GRUBBING
0110 2 1 1 $11,000.00 $11,000.00 1.000 AC N CLEARING & GRUBBING (PUSH BUTTON CONT)
0110 3 24 $25.28 $3,421,975.15 135,34B8.000 SF N REMOVAL OF EXISTING STRUCTURES/BRIDGES
0110 4 23 $37.58 %1,045,687.57 27,823.000 5Y N REMOVAL OF EXISTING CONCRETE PAVEMENT
0110 4 1 1 $38.00 $19,000.00 500.000 SF N REMOVAL OF EXIST CONC SIDEWALK
0110 & 1 $5,000.00 £5,000.00 1.000 ER N PLUGGING WATER WELLS, ARTESIAN
0110 7 1 17 §l48.13 $47,106.72 31B.000 EA b2} MAILBOX, FeI SINCLE
0110 8 2 $5,791.67 $34,750.00 6.000 DA N UNDERWATER DEBRIS REMOVAL
0110 12 1 1 $3,600.00 £104,400.00 29.000 5Y N HYDRODEMOLITION, REM OF DECK SURFACE
0110 71 1 1 5356.40 £108,345.60 304.000 LF N BRIDGE FENDER SYSTEM, REMOVAL & DISPOSAL
0110 73 1 $65.00 $32,240.00 496.000 LF N REMOVE EXISTING BULEHEAD
0110 86 9 £12,467.59 £140,611.04 12.000 LS N DELIVERY OF SALVAGEAELE MATERIAL TO FDOT
01z0 1 36 §7.58 $3,388,2156.30 446 ,756.6B0 cY N RECGULAR EXCAVATICOHN
0120 2 2 24 $9.49 $531,355.79 55,972.800 cY N BORROW EXCAVATION, TRUCK MEASURE
01z0 3 2 $5.45 $59,958.10 10,99B8.000 cY N LATERAL DITCH EXCAVATICN
0120 4 & 54.59 $1,549,161.86 337,700.000 CY N SUBSOIL EXCAVATICN
01z0 5 5 510.44 £341,822.1Z2 32,737.800 cY N CHANNEL EXCAVATION
01z0 & 33 513 .41 $21,34Z2,255.90 1,591,579.450 cY N EMEANFMENT
0120 71 23 £24,3097.05 %585,520.08 24.000 LS N REGULAR EXCAVATION (3-R PROJECTS ONLY)
0120 74 1 £12.28 $1,255,544.04 102,243,000 cY b2} SURCHARCE EMEBANEMENT
0121 70 & $238.17 $235,02B.56 9B6.800 cY N FLOWABLE FILL
0141 70 1 $400.00 $12,400.00 31l.000 AS N SETTLEMENT PLATE ASSEMELY
0144 1 1 1 $80.00 $60,000.00 750.000 LF N DIGITAL INCLINOMETER CASING, VERTICAL
0144 71 2 1 %2,500.00 %$15,000.00 6.000 ER N PORE-PRESSURE TRANSDUCER- PIEZCMETER,VIE
0144 74 2 1 $1,200.00 £1,200.00 1.000 ER N PORE-PRESSURE TRANSDUCER, CNTL/READOUT, VW
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Estimating Earthwork Costs

* FDOT’s Estimate

6' deep ponds 10' deep ponds
Ccy Cost per CY Cost Ccy Cost per CY Cost
Excavation 200,000 |S 4.75 |S 950,000 300,000 S 4,75 |S 1,425,000
Embankment 320,000 |S 8.50 |S 2,720,000 320,000 S 8.50 |S 2,720,000
$ 3,670,000 $ 4,145,000

2016 _|—— \_\_
?esig'g Training

Exrteo



Estimating Earthwork Costs

* FDOT’s Estimate

6' deep ponds

10' deep ponds

CY Cost per CY Cost CcY Cost per CY Total
Excavation 200,000 |S 475 |S 950,000 300,000 S 475 |S 1,425,000
Embankment 320,000 |$ 8.50 |S 2,720,000 320,000 S 850 |$ 2,720,000
$ 3,670,000 $ 4,145,000
 Simplified Contractor’s Estimate
6' deep ponds 10' deep ponds
CY of Material | Cost per CY Cost CY of Material Cost per CY Cost Comments
Excavation 200,000 |$ 6.00 |S 1,200,000 300,000 S 6.00 S 1,800,000 Includes Placement
Embankment 320,000 |S - S - 320,000 S - S -
Import Fill 150,000 |$ 13.00 |S 1,950,000 25,000 S 13.00 S 325,000 Includes Fluff factor
$ 3,150,000 S 2,125,000

10’ Deep Ponds Saves FDOT $1,025,000
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Contractor’s Fluff Factors

* Swell
* Shrinkage 39% Increase

* Load and Shrinkage Factors  Formportfil
111,111 cy 138,889 cy 100,000 cy

1.25 cubic yards 0.90 cubic yard
aher digging after compaction
(compacted yards)
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Where to find suitable soils data

* Geotechnical Engineer
provides the Roadway Soil
Survey sheet.

* Review which stratums are
suitable for fill material.

* Refer to the geotechnical
reports for additional,
detailed information.
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when utilized in accordance with Index 505.

MITICET THE GFICIAL FECOAD OF THIG GHEET (5 THE ELECTRMIC FILE 51N AT SEALEQ UMGEX MAE TIOTN-33.003, F AL

v
esign Training

rfo



What is suitable material?

* Per Spec 120-8.2.1.1, the contractor may use maximum 12”
lifts for A-3, and A-2-4 materials with up to 15% fines.

* Ensure the percentage of fines passing the No. 200 US
Standard Sieve in the A-2-4 material does not exceed 15%.
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How deep can | make the pond(s)?

* Limitations

* Water Management District Permit Criteria (SJRWMD max 12’ deep)
Dewatering costs
Suitable Soils
Excavator reach
Side slopes

ANSWER: It Depends! I —
10-12’ is a good starting point
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What cost savings should I use for On-
site Fill vs Import Fill?

* Import Fill Costs include:
* Acquisition Cost of Fill
* Haul Distance (Fuel costs)
* Additional Fill from Shrinkage Losses

* On-site Fill Costs include:

Clearing and Grubbing

* Dewatering

* Species mitigation (panther or skink)

ANSWER: It Depends!
$4-$7 per cy is a good starting point
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When do you estimate Earthwork?

* Consultant says: “We don’t provide quantities until Phase 3 plans.”

* How can you set your profile without having a basic understanding of
your project’s earthwork balance (or imbalance)?

* How do you determine your wet detention pond depths if you don’t
understand your project’s earthwork needs?

* Answer: Early and Often
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Deeper Pond Considerations

* Advantages
* Reduces Import Fill
* Additional Nutrient Removal (Longer Residence Time)
* Reduces contractor need to locate, permit, and haul import fill

* Considerations
* Check soil borings to verify suitability (muck, limerock)
* Verify project needs the fill (Balanced?)

* District 1 requires Consultants to use contractor’s style
earthwork estimate when comparing different types of ponds
in PSR
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Earthwork Example
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Earthwork Example
Check Soil Suitability
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All borings are Stratum #2 to a
depth greater than 15’ below

BOR & SMF=TAB=] HOA & SMF=TAS-2 HOA & SMF=TAH-3
STA. 122480 CL Construchion ATA 122480 CL Construckion STA  124+15 CL Construction
oFF. T80 RIL OFF. 310 At OFF. 160 At

DATE  10-4-11 DATE  10-4-11 DATE  10-4-11

N T

b (reet)
W [Feely

The material from Strata number 2 is select A-3/A-2-4 material and appears satisfactory for use in the
embankment when utilized in accordance with Index 505. However, this material is likely to retain
excess moisture and may be difficult to dry and compact. It should be used in the embankment above

water level existing at the time of construction.
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Earthwork Example

LIMITS OF CLEARING AND ﬂFh'.l'F/ NG
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Earthwork Example

6' Deep Pond | 12' Deep Pond | 18' Deep Pond
Excavation CY 12,000 22,000 32,000
Savings from Reduced
Import Fill S 48,000 |S 88,000 |S 128,000
Difference N/A S 40,000 |S 80,000
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PSR Earthwork Example

* Example:
* 2-lane to 6-lane reconstruction
Basin 2 = 30 acre basin, 19 acre of total impervious area
Required Treatment Volume = 3.96 ac-ft
Consider earthwork costs for three treatment alternatives:
1. Linear Ponds
2. Off-site Pond
3. Regional Pond
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PSR Earthwork Example

* Design Considerations:
* Project needs significant amount of earthwork
* Suitable soils have been verified from preliminary borings
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PSR Earthwork Example

* Basin 2 Pond Comparison

ROW Cost

Construction Cost

Earthwork Savings

Total Cost

Linear Ponds

S 86,000

S

S

86,000

The Regional Pond is the lowest total cost due to Earthwork Savings.
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Control
Pond Design ConS|derat|ons

* For ponds in SWFWMD consider %m\ / /T\f,mm A
reducing littoral shelf —1
* Section 4.1a.1. of A.H. Vol. Il requires

a minimum 35% littoral zone

concentrated at the outfall, for
biological assimilation of pollutants.

raﬁw a%

W20 LI

‘\ 2L EE W
s.a.w EEMF_M mP'

PROMOSED H'.-'

* SWFWMD will consider reducing
this requirement if nutrient loading

FEIT LT,

calculations are provided showing P NN v -
greater nutrient removal due to \ e s Wt pag S
longer residence time. ez T N
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Pond Design Considerations

LIMITS OF CLEAATRE AND RUBEING

85 &5
560 500
st 2 g, VARIES 17 VARIES 24 25 27 -
——— —— PROPOSED A/W
55 1 i %, T I 55
| 5 ! |
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EXISTING m{wu—\ b [ i g 1w L _‘K ya
20 - ki B T =20
- Jr T rroma saeir ] -—--—-—-—"l " MAINTENANCE BERM
MAINTENANCE BERM \eL se.00
45 a5
“ i 0
L] - .
AAdITIC
SECTION A-A
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Pond Design Issues

* Treatment Volume (TV) Depths
* SFWMD does not limit TV depth in wet-detention ponds

* SWFWMD limits TV depth to 18” above the control
elevation in wet-detention ponds

* District One was seeing a lot of very shallow TV depths
(0.2-1.0’).

* This was causing larger pond sizes and ROW acquisition
costs.
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Treatment Volume Depth

TV Area at Area at ROW ROW

Depth TV Elev. | ROW line Cost Savings
(Acre) (Acre)

0.40° 5.00 6.90 $552,000 N/A
1.00° 2.00 3.26 $260,800 $291,200
1.50° 1.33 2.45 $196,000 $356,000

* Project Length = 5,000 ft, ROW Width = 200 ft

* Pre Impervious Width = 39 ft, Post Impervious Width = 72 ft

* Pond Assumptions: 20’ berm width, 1’ freeboard, 4H:1V side slopes
* ROW Costs = $80,000/acre

2016 _|—— \_\_
)esig'n Training

Exrteo



Pond Area (ac)

Treatment Depth vs.

30

N
o

=
o

Pond Area

1.5

Considey a Changein | Strongly Consider Good Chance of

1 Your |Profession Revising Your Design Being Shortlisted
Again!
| 10 - 20% decrease in
21.2
pond area per 0.10 feet of 5 — 10% decrease in
_ additional treatment depth pond area per 0.10 feet of
additional treatment depth

| Over 20% decrease in8-4

pond area per 0.10 feet of 616

additional treatment depth 31 3% 2'.8 ?7

T I T I 1 1 T T |
0.0 0.5 1.0
Treatment Depth (ft)
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Treatment Volume Depth (cont.)

* FDOT District 1 now requires approval from the
District Drainage Engineer for Wet-Detention TV
depths less than 1.0 ft.

 Justifications could include:

* Clearance between existing road profile and SHWE not
sufficient

* Cost of reconstruction/raising profile exceeds ROW
acquisition costs

* Pollutant loading calculations/attenuation requirements
dictate pond size

* Liners/lowering SHWE not practical
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Treatment Volume Requirements

* Maximize Treatment Volume Depth (1.5’)

* Don’t provide significantly more treatment or
attenuation volume to be “conservative”

* Example: Don’t provide 4.0 ac-ft if only 2.0 ac-ft
IS required.
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Other Treatment Volume Considerations

*  Water Management Districts require an additional 50% of
the required TV for direct discharges to OFWs.

* For FDOT projects SFWMD should not require an additional
50% for direct discharges to Impaired Waters.

* Provide nutrient loading calculations demonstrating net
improvement for discharges to Impaired Waters.
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Control Elevation 6’ below SHWE

TOP OF BANK (TOB)
-FREEBOARD BETWEEN EOE AND TOB

TOP OF FLOOD CONTROL ATTENUATION VOLUME - IF APPLICABLE

—— OVERFLOW WATER ELEVATION (WEIR CREST)
REQUIRED BLEED DOWN VOLUME (BDV)

| EMERGEMNCY OVERFLOW
[ | ELEVATION (EOE)

SAFETY GRATE

WEIR CREST

2:1 (HTO V)
OR FLATTER
SIDE SLOPE

PERMANENT

POOL

PIPE
| CONTROL ELEVATION

(ORIFIGE OR V-NOTCH INVERT)

NWL = NORMAL
WATER LEVEL

NWL = THE HIGHER OF;

OPTIONAL LITTORAL ZONE \\
WITH A 6:1 (H TO V) OR
FLATTER SIDE SLOPE.

OTHERWISE, POND SIDE SLOPE
WITH A 4:1 (H TO V) OR
FLATTER SIDE SLOPE.

ANOXIC
1. THE NORMAL WET SEASON

SHGWT = TAILWATER ELEVATION
SEASONAL HIGH ENVONVONVONON
GROUND WATER 2. THE SHGWT MINUS SIX (6)
TABLE INCHES

TYPICAL X-SECTION OF A WET DETENTION SYSTEM

From the 2010 Draft
Applicant’s Handbook,
allowed to set control
elevation 6” below SHWE
if you have a positive
outfall

—

NOT TO SCALE

TYFIZAL X-GECTION OF A WET DETENTION 3¥ETEN - AB OF H-)6-40WG

Figure 13.1 Typical Cross Section of a Wet Detention System
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SHWE Set too High
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SHWE Set too High
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Questions?




