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developments

Mark Pitchford, PSM
Carlo Pilia, CEng
CARDNO




What is “SUE?”
Subsurface Utility EXCADMEION?
Subsurface Utility EXPLIREBTION?

SUBSURFACE UTILITY ENGINEERING




Subsurface Utility Engineering:

A branch of engineering practice that involves
managing certain risks associated with utility
mapping and appropriate quality levels, utility
coordination, utility relocation design and
coordination, utility condition assessment,
communication of utility data to concerned parties,
utility relocation cost estimates, implementation of
utility accommodation policies, and utility design.

(CI/ASCE 38-02)
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What do you do with “SUE?”
- “Do you R a pipe?!!”
- “Do you pPeigGle a pipe?!!”
- “Do you Sw&a pipe?!!”
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What do you do with Subsurface Utility Engineering?

Collect, Gather, Interpret, Manage and Use Utility
Information in Accordance with Standards (38-02).
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Utility information and reliability...
What is reliable?
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Utility information and reliability defined
through four quality levels:

- Quality Level D
- Quality Level C
- Quality Level B
- Quality Level A

Florida Department Of Transportation

2010 UAM

Utility Accommodation Manual
(letter size)
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Utility information and reliability defined
through four quality levels:

- Quality Level D _ _

- Quality Level C Depth information
- Quality Level B /

- Quality Level A

Florida Department Of Transportation

2010 UAM

Utility Accommodation Manual
(letter size)
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Quality Level B with depth information?

- Hybrid: Quality Level B with depth qualifiers

No Vertical Information Limited Vertical Information

Florida Department Of Transportation

2010 UAM

Utility Accommodation Manual
(letter size)
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Why and how we obtain Quality Level B with depth
iInformation?

- Advancement in 3D design

: Improvements In surface geophysms
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Radar Tomography (RT) — Benefits & Characteristics

Continuous data with post-processing and
Interpretation

Calibration for depth readings

Positioning (GPS, Total Station)
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RT — Benefits & Characteristics

DS 3D Viewer = = 2G|
File Modifica Visualizza Target Layers

s wd Q¢ 20 >& 5 X8

Cutl

T m -2 B ALIE]E) [om .

XYZ: 25,963;20,073;-0,637 m

V02 - Amplitude (Volts)
Window: 0,848476
Level: 0424238

' 0,000

: Array: HH_600MHz_L
Picked Point: 25.852; 20.970; -0.633 m XY View

XYZ: 25,963; 20,073; -0,

V00 v | HH_600MHz_L |2 B ALCIEIE [ew
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FDOT Central Office - 3D Radar Tomography Contract

TWO #1- District 5: SR46, Wekiva 7A

1 'y

SR46 @ ake Markham Rd R46 @ Orange Ave
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Expectations
Scan Areas with 3D Radar
Support with Conventional Utility Mapping
Obtain 3D Utility Information
Horiz. & Vert. Accuracy < 0.5ft

UTEXRDO1.dgn & UTVHRDO1.dgn
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Process

Obtain Utility Records

Recover/Establish Project Horizontal and
Vertical Control

Scan Areas and Record Raw RT Data
Complete Conventional Designating with EDE
Complete Locating to assist in calibrating RT
Survey

Process and Prepare Deliverables
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Depth information gathered from all available methods

Radar Tomography
Electromagnetic Locators
Direct Measurements

CARDNO proprietary process to analyze, merge
and produce reliable vertical data

Elevations based on DTM
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Depth Information from Different Data Sets

DS 3D Viewer =

__

File Modifica Visualizza Target Layers

swd Q¢ETEED2eSL S X 8 9% M %

Cutl
[vos_ v]awL 2 B AL]=]E] [Hotuetal v
3 V05 - Amplitude (Volts)
Window: 1,07764
Level: 0538818

AWV)

1.078

Slice: 73

Swath: 12 - Scan: 12

Zone: 1-Array: VV_200MHz_L

\Picked Point: 56.199;-59.359;-0.570 m
UIM (32N): 615789.320; 4834615.657 m

Cut3

(voo_~[vv 200zt ~] 2

Data loaded
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Depth Information from Different Data Sets
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Depth Information from Different Data Sets
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Survey Support

Tie Into existing project control

3D radar tomography uses point-to-point RTK
GPS receiver to log horizontal positions

Elevations based on existing DTM

Standard surveying techniques for 3D position
of designating and locating marks

MS/Geopak for post processing and point/chain
database management - PNEZD
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Vertical Data Management

- Compare and analyze Z from different data sets
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Vertical Data Management

- Compare and analyze Z from different data sets

RADAR TOMOGRAPHY CONTRACT - TWO 1 - DEPTH COMPARISON TAELE

Approximate Radar

Approximate Electronic Delta Abs Value of Delta
Point THe Northing | Easting |Elevarion| DR/ Depth (Feet) Delta PERth (FEEU | 5p v epvs | Deia emep | 0% V3B O DRIE | oo arison
[Feet) EM ED vs TH 3D RT (before 3DRTws TH
EM Locator N TH vs TH Best Value
correction)

CTH1 1 1628369.29 | 532098.29 [ 4211 4583 N/A N/A 4 0.93 0.93 N/A
CTH2 2 1628386.05 | 53210087 | 4234 4.80 N/A N8 42 0.60 0.6 N/&
CTH3 3 162841159 [ 531864.74 [ 43.61 3.50 N/A N/A 3.7 -0.20 0.2 MN/A
CTH4 4 1628218.19 | 531669.19 41.30 3.45 N/A N/a 34 0.05 0.05 WL
CTHS 5 1628396.69 | 53179998 | 4188 5.80 NJA N/A 3.2 0.60 0.6 N/A
CTHE 6 162844294 | 53178131 40.99 433 39 043 41 023 043 023 RT
CTH3 7 1628442.54 | 531781.31 40.9% 407 39 0.17 41 -0.03 0.17 0.03 RT
CTH7? B 1628571.00 | 531490.66 | 42.30 241 15 0.91 2.2 0.21 0.91 0.21 RT
CTHB 9 162857177 [ 53148104 [ 4241 199 2 -0.01 24 -0.41 0.01 0.41 EM
DTH1 10 1628723.14 [ 531556.16 35.14 2.06 3.8 -1.74 N/A N/A 174 N/A
DTHE 11 1628705.16 | 531600.46 37.91 271 3.8 -1.09 27 0.01 109 0.01 RT
DTHT 12 1628649.89 | 531727.05 3746 2.60 N/A N/A 2.7 -0.10 MN/A
DTHS 13 1628614.14 | 531815.27 38.13 297 N/A N/a 25 047 0.47 WL
DTH1Z |14 1628551.47 | 532022.08 38.44 2.93 NJA N/A N/A N/A N/A
DTH13 15 1628554.73 | 532022.40 38.38 3.96 3.5 0.26 25 126 0.26 126 EM
DTH1D |16 1628541.01 [ 531830.64 39.86 449 3.3 119 42 0.29 119 0.29 RT
DTH14 17 1628409.50 | 53200549 [ 43.73 427 45 -0.23 3.6 0.67 0.23 0.67 EM
DTHI15 18 162842368 | 53192616 | 4376 3.46 45 -1.04 3.1 0.36 104 0.36 RT
DTH17 |18 1628364.76 [ 53181238 [ 42.35 3.81 N/A N/A 3.6 0.21 MN/A
DTH20 20 1628447.99 | 531797.27 4236 817 12 -3.83 76 057 383 0.57 RT
DTH1E |21 1628279.20 | 531697.03 40.71 1.60 NJA N/A 12 0.40 N/A
DTH16 |22 1628423.61 | 531898.69 | 43.66 428 N/A N/A 3.9 0.39 MN/A
EWME 23 1628405.61 | 532004.13 43.65 6.05 NJA N/A 5.3 0.75 N/A
ERW2 24 1628421.28 | 531898.45 43.61 9.50 9.5 0.00 N/A N/A N/A
ECSH1 25 1628618.75 | 531815.63 38.13 240 3.1 -0.70 24 0.00 0.7 0 RT
GCSHE |26 1628063.85 | 536485.35 53.33 2.50 27 -0.20 48 -2.30 0.2 2.3 EM
GCS5HS 27 1628029.98 | 536619.59 53.85 6.00 N/A N/a 5.1 050 WL
GUNEK2 |28 1628235.93 [ 536511.90 53.66 3.70 48 -1.10 2.8 0.90 11 09 RT
GCSHY 29 1628160.62 | 536670.79 55.88 3.90 5 -1.10 32 070 11 07 RT
GCSH10 |30 1628026.74 | 536760.81 57.84 445 4.50 -0.05 N/A N/A N/A
GC5H12 |31 1628024.20 | 536808.86 58.61 2.90 N/A N/A 2.2 0.70 MN/A
GCSHE |32 1628161.12 | 536808.72 57.30 3.10 3.5 -0.40 2.1 1.00 0.4 1 EM
GCSHS 33 1628162.52 | 536827.70 57.35 2.15 N/A N/A 16 0.55 N/A
GCEH1E |34 162797271 [ 537036.84 57.47 3.55 4 -0.45 27 0.85 045 0.85 EM
GCSH13 |35 1628009.67 | 537034.38 60.72 5.60 6.2 -0.60 3.2 240 0.6 24 EM
GC5H20 (36 1628005.68 | 537314.11 61.87 455 N/A N/a 3 1.55 WL
GCSH14 |37 1628016.38 | 537081.49 61.28 6.00 NJA N/A 4 2.00 N/A
GCSH4 |38 1628142.24 | 537107.00 59.18 2.35 3.5 -1.15 16 0.75 115 0.75 RT
GUNK1T |38 1628152.80 | 537170.47 50.04 410 NJA N/A 21 2.00 N/A
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Export and Preparation of 2D and 3D DGN

- Microstation V8i and Geopak (points)

#4 1A\04095012MC\OT\MS\UTVHRDOL.dgn [3D - V& DGN] - MicroStation V8i (SELECTseries 2)

Il Standard | CellApps Actions Right of Way| ¢ |~ | B | El 5 s

File Edit Element Settings Tools Utilities Workspace Applications Window Help @& ~ |Wl = 0 - 1~ @ o ~ o i E-H-E-e-EH-@r2 o@D R
Project Dataset Visualization Geometry DIM PlansPi
fasks T w View 1 - Top, Default E@@
lcoco @ MINERJOE AQRQRMAI WEH FVLE
+ X3 & .
Roundabouts -

Civil Geometry
Data Acquisition
i FooT

Main Classic

"1 Navigator(001)

Select

Tools

¥ ok @id &

Element - |Point

Name:

Description Northing Easting Elevation

=]

BFO41
BFO42
BFO43
BFO44
BFO45
BFO46
BFO47

[§

0 w @)
e WA

17}

DO C
Bo &% o7 (B
A

-

Al
A

X Y

531955.944363

Element Selection

1628561.268932

BFO48
BFO49
BFO50
BFO51
BFO52
BFO53
BFO54
BFO55
BFO56

z

600.353529

-

FO4-12D=33
FO4-11 D=4
FO4-11 D=3.3
FO4-10 D=5.3
FO4-9D=55
FO4-3 D=
FO4-7 D=3

16282653100
1628305.1100
1628339.4500
1628361.5800
16283783500
16283961500
1628396 8500
16284018500
1628403.1700
16284007500
16283902300
1628389.0500
1628391.7700
1628362.6500
1628371.2000
1628377 2600

531733.0200
531767.6900
531802.3700
531823.4500
5318405700
531857.0400
531860.6400
531865.7400
531871.3000
531873.9800
531887.8400
531889.9500
531892 5300
531824.9600
531826.0600
531824 9200

37.7900
38.0000
39.0400
36.8800
37.7600
39.5500
39.5500
39.5500
39.5500
395500
38.5500
39.5500
39.5500
40.7900
405700
38.9000

FO4-2 D=
FO4-1D=
FO2-1D=14
FO2-2D=22
FO 2-3D=

CATVCond_ep
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Export and Preparation of 2D and 3D DGN

- Microstation V8i and Geopak (chains)

#1A04095012MC\01\MS\UTVHRDO1.dgn [3D - V8 DGN] - MicroStation V8i (SELECTseries 2) Il Standard | CellApps Actions Right of Way | %7 || ]

S5 et

File Edit Element Settings Tools Utilities Workspace Applications Window Help & ~ ‘CATVCDI’Vdiep v| Bs v = v 1~ @ o ~ (ERAH - RAER A =R R AR SR RS R n - ﬁ;] ~ (@) 44 ‘@
Project Dataset Visualization Geometry DIM Plans Pt
Task
e X m View 1 - Top, Default =5[] @
L e la-ou-|A3AHL WHE|H 726

£t s el ek s

RoUNdabouts e~
A Navigator(001)
< Civil Geometry hd
Select Tools
A Data Acquisition v

% FDoOT i WX @ id & Y

X Main Classic

Element : [Survey Chain _~|

Name Feature
L Lt S L N - . BBT1 BT
§ ElementSelection | = | & | & - S — g BBT2 BT
BBT3 BT
N BBT4 BT
BBTS BT
* ) BBT6 BT
v ) . BBTS BT
BCSL1 CsL
>_<‘5 BFO1
ADR D@ BFO2 Fou
- 2 . BFO3 FOU
S e T WAARN A ros
O C - - BGM1 GAS
FE G .,;\)% BGM2 GAS
SRR

BGM3 GAS
BPWR1

B ABC

4

X [538062.678037 || Y | 1626114.327401 || £ | 600

Element Selection
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Quality Level B with depth qualifiers &
Quality Level A at critical locations

3D POLYLINE &/
LOCATION VERIFIED /
WITH "QL A" =
4‘&
A
-
— S




UTVHRDO1.dgn

e
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UTVHRDO1.dgn as per FDOT standards, but...




UTVHRDO1.dgn to 3D Render/Model




UTVHRDO1.dgn to 3D Render/Model

Create solids extruding along survey chains

Change solid display to “surfaces”

Use visualization tools for lighting and shading

]“ Setup: Depth of Field | Lights: Untitled | Environment: Untitled EI =] @
@ I @ & - £ ~ ﬁ_" - .:1 [£4] - Performance Quality| (2] ~ X | 1024 &
= ST g 2 - T ' v: (505 |5

m4/!J l: B-di-% BE-Re-© - é&@- -0 |4 [l [l [>|osey: Coorsapns -] & ~
)esign Training

Expo



Assign materials, sizes, textures...




...as far as the utility info X,Y,Z is reliable
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Benefits During Design:

Elevations throughout the project
- Continuous 3D representation

- Less potential conflicts

]
NORTH INVERT /
8" Ci

A THI-28,
‘ O 5 ik st

—_———a IS (o

¢
ﬁ;/""""'""/"/'"-------:-------@’{

kwown SIZE AND WATERIAL FOC/CATV, C=12.50°% l
THI-29, li* VOP UNKNOWN GTILITY,

LAY A}
ELEV=i6.29" 1
'
I
PUND VAULT ~ '
~—r o
b . % /3:2'45.3' FOC WIRE PULL BOX
L] | ]
e 8 : /
o e = - - - erg . B 7, unkHONN SIZE AND WATERIAL Wi,
t (]
L3 :

TOP VIEW

C=6.58"
THI-49, 27.5" CONC. CAP UNKNOWN UTILITY (NORTH EDGE), C=2.38°
THi=48, IT* CONC. CAP UNKNOAN UTIUTY (NORTH EDGE)s C=1.52'

THI—47 4 (T" CONC. CAP UNKNOWN UTILITY (SOUTH EDGE), C=1.99°

TH/ 46, 27.5% CONC. CAP UNKNOWN UTILITY (SOUTH EDGE), €= 2 52!
[}

C=1.40°

i WATER CROSSING

D WATERIAL FOC/CATV, 0=7.96" ‘
\ '
SSOUTH IVERT  +

/ AT fscés \'{ gg;éu{ NVERT

IRY /CLEAR, C=8.00" II o ELEV=i5.99' g
3 3

v SERVICE, c:s.als'll

UNKNOWN UT 10T ~__

THI-42, 4" HDPE FOC/TS, C=2.87'
. 0l oA/}‘, “ EL[V 16.01" m
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Benefits During Design:
Elevations throughout the project
Continuous 3D representation

Less potential conflicts

ISOMETRIC VIEW
8" WM
————————— TR E—— ~|_ VERTICAL
= SEPARATION
24" WM

P i 00 e Ti:;;;-;;;};;ii R
Wy —|\
»esign Training e mmmTeae o = il SEE— =
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Latest Developments:

Bentley Subsurface Utility Engineering for Civil
Engineering

Built on OpenRoads technology — works on SS3

Builds 3D utility models from whatever information
IS available — automated utility network model
creation

Maintains relationship between CAD and GIS utility
source

Enables clash detection as conflict features:
reportable, searchable and editable.
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Bentley SUE for Civil Engineering:

Creates utilities from 3D graphic sources

= Cuaniny g o
Il Fie Edt Elemont Setings Tools Utities Wokspsce GEOPAK Window Subsurace Uity Engineering Help

N DB » « Q@ @ @ - [EviyCommunicasor~| 38~ %2 0~ S 2~ §o -

B-O-B-0-B-a-2-R-F@ -0y

‘_:i @ View 1. Default E=% {58 %" |

Rl -Qu- ARRBHO(WDIG J9AG

- ’
) Element Selection | < & 7
®looo ® /~
Ee-a0 N . 7
//
- _
‘/
~ = m— e
- B B T .
\»\,$4 // File Edit Element Setings Tools Utiiies Workspace GEOPAK Window Subsurface Utity Engineering Help
i \\\ NEA S b2 B~ 4Q@@'Emlvty-Cnmmunmamn':ESS'E0'22'@0' 0 v
| > S . -
| . ’.ﬁ'@'ﬂ'@'@'ﬁ'ﬁ"*h'g'@) Q;»@]‘.'?&
‘ || @ View1, Defautt =% Eol ~x=}
e ARRNBEO Woo 4936
) Rotate View = =
Method: [Dynamic v

P 00026

. o ‘ — ol tstatslalotali ot (B e 0:00:06 (> =—
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Bentley SUE for Civil Engineering:

Clash detection between elements

« C\2014\SU Train\Chapter 10 - Clash

tion\StormDrainage.dgn |

(3D - V8 DGN] - Power (

H (] FlexTable: Conflict Table (StormDrainage -- Default.sue) =

:Conflie. [ 166] ConfiitNod
167 Confiit Nod
168 Confiit Nod

Conflit Nod
Confiit Nod
Conflie Nod
Conflic Nod

n

Conflictee

Conflicter

Current Satus:

Created

Created
Created
Created
Created
Created
Created
Created
Created

] Storm Water Conduts
Wastewater Lines

(ft)

767,452.07
767,883.66
767,137.69
767,133.69
767,352.86
766,979.96
767,138.81
767,137.81
767,136.83

179,204.76
179,770.19

179,000.29
177,147.00
177,889.47
177,897.82
177,905.37

Depth Offset (Start) | Offset(S &

A antar
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Conclusions:

Subsurface Utility Engineering, utility quality levels
and reliability

Improvements in surface geophysics and 3D GPR

FDOT 3D RT contract — DGN and modeling
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Conclusions:

When it comes to 3D, choose the RIGHT project!
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Special Thanks:

FDOT Central Office

FDOT District 5

Cardno 3D TEAM
(Daryl Thie, PLS
Matt LaLuzerne, PSM
Adam Berry, Sl)

Underground
Imaging
Technology
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