PUERTO RICO

HIGHWAYS & ‘

TRANSPO RTA:\I;!SR[;IY
Puerto Rico
Geotechnical Asset Management
Efforts

51st Southeastern Geotechnical Engineering Conference

Ricardo J. Romero-Ramirez, PhD CE, PhD GE, PE
Maria Elena Arroyo-Caraballo, MSCE, PE




PUERTO RICO

HIGHWAYS & ‘
TRANSPORTATION

AUTHORITY

Agenda

* Puerto Rico Highways and Transportation Authority (PRHTA)
organization overview

e PRHTA GAM efforts

* Previous inventorying initiatives

 What are geotechnical assets?

* Why implement a GAMP?

* Geotechnical assets taxonomy

* Geotechnical assets inventory and condition assessment
* Geotechnical report and boring log databases

* Challenges
* Next steps
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What is PRHTA?

 PRHTA = Puerto Rico Highways and Transportation Authority
“Autoridad de Carreteras y Transportacion” (ACT)

* Public corporation created by Act 74 of June 23, 1965, under the Puerto Rico
Department of Transportation and Public Works (DTOP).

 PRHTA is responsible for developing, operating, and maintaining Puerto Rico’s
toll roads, highways, bridges, tunnels, and other mass transit facilities.

* DTOP = “Departamento de Transportacion y Obras Publicas”,
Department of Transportation and Public Works (DTPW)
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PRHTA Federal Funding

* The current Administration has developed a plan to obligate S135
million annually from the Federal Highway Administration (FHWA)
and $20 million from the Federal Transit Administration (FTA).

* The goal of the PRHTA is to comply with four key objectives including:

Develop key

Improvements to the
Improve Traffic Safety existing

Transportation

Complete Highway

C tion Mitigati
Systems ongestion Mitigation

netwrok
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PRHTA proposed organization
structure

Federal — Property Information
Emmiun tech“w ‘E'I

Federal Liaison Bids and rigk
management office
| |
Operation and Taoll Road
Pre-construction Construction ADM, finance &
directorate directorate (2) mﬂﬂﬂ HR directorate w
Traffic I'I— I
r Program & Project controls !_“”Th " resources Administraion |  Finance
access control | management;
Highway man-
N QMGG celdsets  ogement ) development | Puchasng | Accounting
& asset ROW
ol Materisltestng  Gorcession s FRumnsactons IO Predntenventon
Safety Technical agement ()
bridge inventory Std. Docs
e v e
hnical
Gites other

Modified from Exhibit 48 of the “Fiscal Plan for the Puerto Rico Highways & Transportation Authority” by
the Financial Oversight and Management Board for Puerto Rico (February 22, 2022)
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Soils Engineering Office (SEO)

* SEO was created in 1975 with both Soils Engineering and Engineering
Geology divisions

* Since 1995, the SEO does not own soil investigation or soil
characterization equipment

* The SEO is in a process of reorganization
e Geotechnical Engineering Office (GEO)
* Hire a Geological Engineer and a Geotechnical Engineer
 First Draft of the Standard Operating Procedure (SOP) - April 2022
* Requested FHWA Review of Geotechnical Practice
e Submit a proposal to the Executive Director of the PRHTA
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Pre-
Construction
Directorate

DTPW's
Secretary
Office

Soils
Engineering
Office

PRHTA's
Executive
Director's

Office

DTOP Legal
Advisor
Office

SEO Current Roles

Construction
Directorate
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SEO Resources

* The SEO is composed of the following personnel:
* 4 Geotechnical Engineers
e 2 Engineering Technicians
* 1 Driver

1 Executive Assistant

1 Geotechnical Engineering Consultant

1 ArcGIS Consultant
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PRHTA GAM Efforts
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Previous data management
efforts

» Geotechnical report library (1960’s)
* Index cards

* MS Access

* Interest in the creation of a georeferenced (GIS) report and borehole
inventory (2004)

* FHWA funding since FY2014-15 under the State Planning and
Research Program (SP&R)

* Funding is for the PR National Highway System (NHS)

e —
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Development of data
Mmanagement

ArcGIS ArcMap
ArcGIS Pro ArcGIS Online

ArcGIS Collector ArcGIS Survey 123
(discontinued)

Index Cards MS Access
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National Highway System of
Puerto Rico

see“inset” National Highway System

e
>\ s T W s i San

Wing  San Antopio—
Hangar =

See "inset" O
p) Fajardo

See linset”
Mayagiiez

Public Works
) y and Tr i i ity
Area of Programming and Special Studies
Office of Highway Systems

May 2018

i;?, e _

) Interstate © rrimary Route &) Airport
National Highwa Primary Urban ;
System gy @ Route " B3 Ferry Terminal

' Secondary Route I Port Terminal

1 Tertiary Route
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Estmto Lo Asscsmcs ot Putrie Ao
Departamento de Transportacion y Obras Pubiices

e regremacin  Esneston npaciae
Oficina de Sistemas Viales
Mapa de Carreteras Estatales de Puerto Rico
Y Limites Municipales

LowETROS

NHS Total Network
782.48 miles 18,358.2 miles
1,259.28 kilometers 29,544.7 kilometers
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M@ PRHTA’s TAMP and Resiliency

L >
R

ONES
p s

 The PRHTA TAMP only addresses pavements and bridges of the roads
composing the NHS system.

* The PRHTA must submit to the FHWA an updated TAMP on or before

December 27, 2022. Resiliency will be included in the upcoming
TAMP revision.

* The PRHTA TAMP committee is considering implementing a GAM in
an internal version of the TAMP. Once the PRHTA GAM is polished,
they will consider including it in the official TAMP.

e —
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e Geotechnical Engineering —
Concerned with the engineering
behavior of earth materials. It uses
the principles of soil mechanics and
rock mechanics for the solution of its
respective engineering problems.

e Geotechnical assets - retaining walls,
unstable slopes, rockfall sites, cut
slopes, embankments, and tunnels

Bipe B . HE T
s :-: ""'i;‘: l"‘. i
ik ERE as |

g e

Constructed %{-
Embankment B

~RaT T

From Geotechnical Asset Management Implementation

Concepts and Strategies Publication No. FH
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Why implement a GAM?

* Enables an agency to measure and

manage the life-cycle investment of Asset management ADVANCED
geotechnical assets based on maturity levels —
performance, cost-effectiveness, and g&gram =
risk tolerance. « Demand forecast High-confidence fianca
INITIAL +Life-cycle strategies forecasts
* Reduces the life-cycle cost of - Existing data, LOS, & et vl
unplanned repairs and reconstruction. e s
and future priorities
* Without GAM an agency simply i

embraces uncertainty, accepts N _
Modified from NCHRP Research Report 903: Geotechnical

unknown _magthd?s of risk, and Asset Management for Transportation Agencies, Volume 2:
makes uninformed life-cycle Implementation Manual

investment decisions.
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Geotechnical
Assets

Geotechnical Asset Taxonomy

All relevant Sinkholes
Non-NHS geotechnical
assets
Slopes Rock slopes
Non-
Structural
Assets Subgrade Soil slopes
NHS
Structural
Assets Tunnels NBI-Bridges
(L>20 ft)
Geotechnical Bridges &
reports Culverts
Equipment _— Non-NBI Bridges
Retaining L <20 ft
Borehole structures (L= )
data
Data
Monitoring
Modified from NCHRP Research Report 903: Geotechnical
Knowledge Material Asset Management for Transportation Agencies

sources 2: Implementation Manual
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PRHTA GAM Inventories
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PRHTA Geotechnical Assets
nventories

e Task 1 - Small Bridges, culverts, and retaining walls

* Task 2 - Development of a Geotechnical Report and Boring Log
Database

* Task 3 - Development of an Unstable Slope Management Program

e —
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< 1-Small Bridges, Culverts,
Retaining Structures

* Defined assets to be collected and
developed an in-house collection guide

* “Small bridges” are those whose length is
< 20 feet. (“Non-NBI bridges”)

e “Culverts” vary in size and shape but do
NOT qualify as bridges (NBI), as “small
bridges” (non-NBI bridges), or as storm
drains.

e “Retaining structures” are all earth
retaining structures made of concrete,
steel, or modified soil.
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Culvert Inventory and
Condition Assessment

* Started with a custom inventory
using ArcGlS Collector R

For Federal Lands Highway

Publication No. FHWA-CFL/TD-10-005 September 2010

* Migrated the inventory to ArcGIS
Survey 123, and modified the
template to incorporate the
recommendations of the
“Culvert Assessment and
Decision-Making Procedures
Manual for Federal Lands”
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ulvert Inventory and
Condition Assessment

1D Num Road Num Municipality
None None None

=M. CulvertsInvent

Culvert Inventory
Data Entry Operator
Asistentes Equipo JJR, PLV, JLL, PIMM 5
ig ey

Culvert Type Type 3-To be classified as Type 1 or Type 2 at the office

Status.

Carolina
BRITISH
VIRGIN

ISLANDS

1D Number 052-001A B )
Charlotte

Date. 10/6/2016, 10:00 AM Amalie
US VIRGIN
ISLANDS

Condicién del Tiempo Sunny
PUERTORICO

\ 25
KM R = Ponce S I

Number of Lanes

Municipality Juana Diez ;

Road Number

Ancho Paseo

Ancho Mediana

US VIRGIN
Barrel Length (m) ISLANDS

Length of Structure
Number of Barrels
Conduit Material Concrete

Specify other.

Barrel Slope
Powered by Esri
Skew (0 = Perpendicular to Road) .

Specify other. Inventory Status Conduit Material

M (Migrated) 0.13%

CR (Culvert
Rating) 21.83%

Other 1.46%

Corrugated
Metal 0.32%

079%
Tota I Cl(Culvert null 0.6%

Inventory) 1.21%

Corrugated
Metal 1.14%

3 Z k Concrete 5.69%

null 76.84%

Overall Rating Conduit Material Barrel Shape
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Retaining Walls Inventory and
Condition Assessment

 Started with a custom inventory
using ArcGIS Collector

* Migrated the inventory to ArcGIS Retalning Wall Inventory and
Survey 123, and modified the ’
template to incorporate the

recommendations of publication = |
“Retaining Wall Inventory and S
A ssessment SySt em ” N i Do e Tt

NCDOT Project 2014-10
FHWA/NC/2014-10
September 2015
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Wall ID

Date

Municipality

Travel Direction
Road Number
Latitude

Longitude

Bridge Number
Culver Number
Road System
Embedment (ft)
Max Wall Height (ft)
Extension (f)

Total Length (ft)
Wall Batter (degrees)
Back Slope

Front Slope

Berm Dimension
Distance to Stream (ft)
Roadside Features
Wall Facing

Veneer

PUERTO RICO

Retaining Walls Inventory and
Condition Assessment
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Municipality Road Number

None None None
4 10f250 »

018.001

8/8/2016,11:18 AM

San Juan

Higtey

® San Juan o )
»’ 3 BRITISH
5 ~ VIRGIN
! . ISLANDS
° oo
- o US VIRGIN
ISLANDS
&  @umionico
;
! e .
* )
Us VIRGIN
ISLANDS

Powered by Esri
Wall Type
Masonry 8.39%

Gravity Retaining
Wall 5.24%

Mechanically
Stabilized Earth
(MSE) 24.83%

Gabions 6.64%

Miscellaneous
35%

null 42%

Anchored
Retapipgdbéall Soil
O3%mR Ot 35%

Cantilever
Retaining Wk
9.3
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* Inventoried, scanned, and
georeferenced all geotechnical
reports in SEQO’s library.

* Developed an app viewer for
reports and borehole logs

Task 2 - Geotechnical
Reports Database

- - _Tap—
W GO Ay R
o N R d
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Geotechnical Reports Inventory
Records by Status

F 55.86%

R1.07%
Null 0.1

C41.1%

Total Records by Status (Pie Chart) Total de Records (Count)

Total Documents

3,553

Last updste: 36 seconds sgo

Mayagued]

n, Foursquare, SafeGraph, F;

Web

Work Completion Percentage

Last update: 36 seconds sgo

57%

[ocivo

Geotechnical Reports
Database

Consultant Name =
None

San%udn;

Bayamon

PUERTO|RICO

Fajardo

Charlotte Amalie

US'VIRGIN
ISLANDS

US VIRGIN
ISLANDS
Ul

Powered by Esri

Last update: 36 seconds sgo

NHS=
None

4 10f50 »

Feature Information

Inv_Reportes_Geotecnicos: 3846

Status
Requested by
Prepared by
Consult Name
1D Num

#AC

Doc Amt

Project Description

Km

ToKm
Municipalities
NHS

Type Project
Type Study
Related To

Bridge A#

3
Jorge_L Robert
Geotec_Co
Geotec_Co
6077

015566

1

SUBSOIL EXPLORATION REPORT
REPLACEMENT OF BRIDGE #608 (Now
#2835) OVER GRANDE DE MANATI
RIVER-SECTOR LA PLAYITA

155

4240

Morovis

No

Replacement
Subsoil_Exp/Foundation_Rec
Bridge_A

2835

Last updete: 37 seconds ago

26,069

Boreholes Count »
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C O & https://experience.arcgis.com/experience/f10a52a1325d482
38

Reporte Geotécnico: 011151

Consultant Name Pedro_Jiménez_PhD

#AC 011151

Project_Description INFORME DE ANALISIS Y DISENO DE
TABLAESTACADO PARA
SOLUCIONAR PROBLEMA DE

DESLIZAMIENTO

Road Number m
Km 10.50
Municipio Moca

114-8_1_of_2.pdf

114-8_2_of_2.pdf

Q¥ Selected features:1

Earthstar Geographics | Esri, HERE, Garmin, SafeGraph, FAO, METI/NASA, USGS, NPS Powered by Esri

https://experience.arcgis.com/experience/f10a52a1325d482bbc99daba3baefe98



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fexperience.arcgis.com%2Fexperience%2Ff10a52a1325d482bbc99daba3baefe98&data=05%7C01%7CRRomero%40dtop.pr.gov%7Ca29c21b5f2c844e9ec4108da327f923e%7Cb6f1c828de5e4240b758700b02995d16%7C0%7C0%7C637877820762835525%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=P96d3JKAlS0O56u%2BRhMoa5plv7zppQ3oTz1oqwYoIzM%3D&reserved=0
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Boreholes Database

Consultant Name = Unique ID = Road Num = NHS =

None None None None

Boreholes Inventory

4« 10of50 »

Inventario de Reportes de Barrenos
Data Entry Operator

Source
BRITISH
VIRGIN ;
ISLANDS Specify other.

Charlotte
Amalie

US VIRGIN Location data Coordinates
ISLANDS

Specify other.

Status

Consultant Name

Consultant #

SEO# 55-000

#AC 017519

US VIRGIN Original number BO1
ISLANDS

SAIHERE G AR FAOUSGS) Powered by Esri Eoehol el S
Inventario de Barrenos App para cargar documentos y editar ID .
Lista por
Records by status Records by source
v.11/0
Null 12.92% Null 370
e Field & Report 23 ¢
(Completed Field (GPS) 10 )
)8.72% p
Boreholes count ) or-1010
| { 101-101-1
] 101-101-2
L (Located) .
’ 39.03% 101-101-3
J 101-101-4
FR (Finally Report 15.7k J 101-103-1
Revised) e

39.22% 101-103-2

Last update: 22 seconds ago g 101-103-3

Source NHS

101-103-4
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Boreholes Viewer

Earthatar Geographics | Kadester Netherlands, £, HERE, Garmin, Foursquare, SsfeGraph, FAQ, METINASA, USGS, NP5 Powered by Esri

https://experience.arcgis.com/experience/3a76d4e20c4948988a4e1e0672



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fexperience.arcgis.com%2Fexperience%2F3a76d4e20c4948988a4e1e067221d4bf&data=05%7C01%7Crromero%40dtop.pr.gov%7C0fe10ffc3332431d754e08da3a65bdbf%7Cb6f1c828de5e4240b758700b02995d16%7C0%7C0%7C637886505900955724%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=B2p1t4NepiqaJP%2BbBS6XMmLCLA44%2BNiugIQY78%2FSeAE%3D&reserved=0
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 Started with a custom inventory
and rating system using ArcGIS
Collector

* Migrated the inventory to ArcGIS
Survey 123, and modified the
template to incorporate the
recommendations of publication
“Unstable Slope Management
Program for Federal Land
Management Agencies”

Task 3 - Slopes Inventory

UNSTABLE SLOPE MANAGEMENT
PROGRAM FOR FEDERAL LAND
MANAGEMENT AGENCIES

Publication No. FHWA-FLH-19-002

aaaaaaaaaaa
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Slopes Inventory

\ Slopes Inventory

(Events and Ratings)

<

Slopes Inventory

New or Existing Slope

If revisiting en existing slope, are you performing a routine

inspection or event collection?
Unstable slope?

Hezerd Type

Rockfall Slope ID Number
Lendslide/Erosion Slope ID Number
Debris Flow Slope ID Number
Stable Slope ID Number

Road Number

Km

ToKm

Mitigation Element Present?
Element Condition

Comments

Municipality

4

Ratings

Hazard Type

Rockfall Slope ID Number
Lendslide Slope ID Number
Rockfall

Lendslide

Municipality

Road Number

Road Class

Rater

Km

ToKm

Slope length (Km)

Travel Direction of Adjacent Lane
Weather

Beginning Coordinates: Lat
Beginning Coordinates: Long

Ratings Events Routine Inspections

10f500 »

Existing

Yes

Landslide/Erosion

010-156

Poor

Es un caso de erosién. Evaluacién para construccién de muro
en gaviones. El paseo fue afectado. Largo del érea es
25 4mts

Ponce

10f408 »

Rockfall

0010-060

18.32

-66.68

Hazard Type Municipality
None None

Higtiey.

La'Altagracia

Mayaglez

Hazard Type

100

2 1

null Debris Flow. Landslide/Erosion

Hazard Type Chart Status Chart Preliminary Rating Final Rating

Road Number Preliminary Rating Final Rating
None None None

Charlotte Amalie,

US'VIRGIN
ISLANDS

US VIRGIN
ISLANDS
P

Powered by Esri

Slopes count

< All Slopes 3
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Challenges

e Limited resources due to the Puerto Rico financial crisis
* Personnel
* Equipment
e Consultants

* Multiple challenges related to the physical characteristics of Puerto
Rico (topography, geology, climate, etc.)

* Lack of knowledge of GAM by top management
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Next Steps

* RFPs to collect data
* Incorporate a GAM plan into the PRHTA’s overall TAMP

 Establish a procedure to request consultants to submit DIGSS-
compatible files for new geotechnical reports.

* Develop a policy for data exchange of GAM databases
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Next steps (continued)

D RIEGL

Monitorizacién

. Angulo de inclinacién
comparacion de datos y

cdlculo y visualizacion de angulos

* Terrestrial laser scanning (TLS)
¢ DeteCt rOCk movements | visualizacion de las diferencias , de pendiente locales y de las
. . . oy = ::eo;:gcigniumo de datos de Y dreas por encima del angulo de
* Characterize discontinuities f e
* Develop an early warning
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(& Can TLS help the PRHTA's
1*' USMP?

e Case History 1 - PR-615 Rockfall, Ciales (Center of the Island)
* First event — June 14, 2021
e Second Event — August 30, 2022

* No rockfall monitoring system
* Closed road
* Relocation of residents
* Press and public opinion

* Geological characterization performed using traditional
procedures

e —
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PR-615 Rockfall, First Event
June 14, 2021

2

3 -Qrig pf‘-roc'k‘fa.ll__,

.\'. 4
N (imy W
.
«

ioh of movement.

Approx. 300 feet path’

it’s resting place between two houses adjacent to PR-615.
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e i e

=

Figure 4. Close up of large boulder (rock fall) that fell and slid 300 linear feet along
hillside, bounced on PR-615, and landed between two houses.
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LS he
P? (co

o the PRHTA's

ntinued)

 Case History 2 - PR-6 Rockfall (San Juan Metro Area)

* First event — August 2013

e Second Event — September 18, 2022, after hurricane Fiona

* No rockfall monitoring system
* Closed road
* Press and public opinion

* Geological characterization performed using traditional

procedures

e —



PUERTO RICO

HIGHWAYS &
TRANSPORTATION

AUTHORITY

Rockfall, First Event
st 2013
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y PR-6 Rockfall, Second Event
September 18, 2022
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LS help the PRHTA's
P? (continued)

* Clearly, a TLS can help our USMP

* Next steps regarding TLS
* Acquire a TLS using STIC funds

* Collect data from critical rock slopes selected from the SEQO’s
USMP

* Develop an early warning system protocol

e —
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Thank youl!




