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Project Overview

110 Miles 12 Corridors

Of rockfall-prone highway to evaluate Spread around Northwest New Mexico

Inventory Assess

Inventory rockfall sites Categorize rockfallhazard

10 Highways

Mostly rural

Prioritize

Conceptual mitigation design and costing
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Project Overview

| A\ DS Rockfall Study Areas
I NMDOT District
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Methodology

G Desktop Inventory

a Develop Rockfall Ranking Rating System (Class 1 to 3)

o Field Investigation and Verification

0 Develop Online ArcGIS System

° Meeting with Maintenance Patrols

e Develop Conceptual Mitigation Design and Cost Estimates

0 Summarize Results and Develop Power BI Dashboard
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Desktop Inventory

e Google Earth / Streetview ° Environmental

e 240 RHRS records e Land Ownership / ROW

o Crash Data o Populate ArcGIS Online
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Project Rockfall Ranking System

Class 1

The most significant impact
to safety and in some cases,
maintenance and mobility.
To be mitigated first.

Class 2

Intermediate sites, but still
relatively high risk. Group
with Class 1 sites where it
makes sense.

Class 3

Judged to be low hazard
and consequence of
rockfall, or sites with
existing mitigation.
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Field Investigation

ArcGIS Survey123

8:46 v

Cancel Collect

MP80.88-80.92
36.736814°N 107.705037°W

(O] &

Take Photo Attach

Group

Group Subnumber

Boots on the Ground Propellers in the Air
Visited ~200 sites Drone data at 10 sites
2 . ArcGIS Survey 123 form Used for existing fence inspections - Very useful for very large area
Last Update By Confirm Deskop Data 3D Models at more complex sites

D Start

Revise Site Class on AGOL
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ArcGIS Online Interface (AGOL)

Front End for Inventory
Length of slope hazard

kfall Mitigation

Approximate slope height

Block sizes

Existing mitigation

Ditch configuration and condition
Rockfall hazard class

Visualization of 3d Meshes
Safely view site

Measure for quantities

Review Photos and Mitigation
Useful for Patrol meetings

3D Mesh Web App Drone Photo Viewer App Mitigation Options Review App Project Overview App
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AGOL For 3D Data

v
A | @ NMDOT Rockfall Mitigation X (B 3D Mesh Web App x  +

3 C (3 & nmdotrockfal.maps.arcgis.com/apps/webappviewer3d/findexhtml?id=dfbac3cb1874416099dcB4sd.. 12 # @ B ® 0 @ QA B ‘b:?:: Qe @ a » 09 :
% Bookmarks Bookmarklets For Work For a Purpose Golder SP Sites. Main

My Sites Read/Watch  [f] AZDHS Vaccine Por... WSP @ PixdD User Confere... Python

Other bookmarks
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Environmental and Right of Way
Screening Criteria

e Land Ownership ° NPS / BLM / USGS Sensitive Areas

e Critical Habitat e Cultural Resource Boundaries

o National Wetland Inventory o ROW Data Availability and
Mitigation Impact
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Meetings with Maintenance Patrols

Perhaps MOST Important!
Institutional / practical knowledge

9 different orgs/patrols
Help estimate frequency / severity

Preference for mitigation option
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Primary Rockfall Site Database

NMO68: MP 27.01to 27.2 Site Class |1

K3 3}

Route
Area (SF) Gross Length (FT) 1003| Geohaz Length (FT) Site Class |1
Num Subsites 1|ID, AGOLID 542|| 200/ Existing Mitigation z|

Mitigation Options Witigation Option ID

Option Name Install new 1,000 kJ Rock Fence

<>

Mitigation Type Rock Fence z| Percent Mitigated Package
Description Level System Level 3
Scale, excavate ditch, and install new fence at crest of ROW Impact 4 Likely zl

cut slope. If we could go high up the slope, could
probably reduce cost of fencing, Review | DOT Feedback
Review Comments
Looks reasonable. | dont know that there is much to
scale. This is more of a shallow talus type slope with the
source being up prefty high. | think 'l elimate the scaling
and just have the fence construction.
Reviewed ByDate  [Post, Randy 3 2/312021|

Status Reviewed 3

Designed By Tiruneh, Henok 3

Capital Cost $1,050,000

Mitigation Elements
Element Name Install Fence
tem Rack Fence - 1,000 kJ ~]
Quantity 1050| LF Unit Cost $1,000 LF

ltem Description  Instaling 1,000 kJ fence with crane
Element Cost

Cost Notes $1,050,000

Notes instal 8 new: fence in this section as there is a greater risk of rockfall

SAEEEE s EEKK n

E4Enable Map LAT 36.2559) LONG -105.8123
e View Azimuth View Zoom

Street View

ROW Data [0 No Data ~

Field Notes | Office Notes | Patrol Notes Envimnmentall

Patrol Notes Notes By |Post, Randy z'

Where rock fence exists, those areas are ok In areas without
fence, that's where they are getting accidents. Also have to
fix the guardrail on the far side of the road. Coming down on
the talus slope where there isn't any fence or in between
fences.

Patrol Notes 2

o EEE i oR AN~ |

Built from Scratch
Microsoft Access Front End

Data stored on SharePoint List Back End
Sites

Build Mitigation Estimates
Sites

- Mitigation Options (e.g. Mesh Mitigation)

+ Mitigation Elements (e.g. Scaling by the
hour, Mesh by the sq. ft., ditch ex. By the
If, etc)

Cost estimates by site, and aggregated
Unit costs common throughout project
QC Tools



Conceptual Mitigation Design

Mitigation Options

Ditch cleanout

Scaling

Temporary concrete barrier
Soil or rock excavation
Draped mesh

Pinned mesh

Rockfall Fence

Soil Nail wall

MSE wall rockfall barrier

Selection Criteria
Technical
Cost (capital and maintenance)

District and maintenance
preference

ROW and adjacent land
ownership

Environmental and cultural
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Cost Estimating

System Level Cost Estimating
Previous NMDOT and CDOT costs
Simplifying assumptions

Built using database

Simple measurements for quantities

14

Mitigation Items With Descriptions and Unit Costs

ItemType Item Name

System Level Attenuator Fence

System Level Cable Lashing

System Level Concrete Barrier (Temporary)
System Level Concrete Barrier (Temporary) - Reset
System Level Excavation - Rock

System Level Excavation - Rock for Ditch
System Level Excavation - Soil for Ditch
System Level Excavation - Soil Slope

System Level Excavation - Trim Blasting
System Level Mesh - Draped. Heavyweight
System Level Mesh - Draped, Midweight
System Level Mesh - Fix Existing, Lightweight
System Level Mesh - Fix Existing, Midweight
System Level Mesh - Pinned, Heavyweight
System Level Mesh - Pinned, Midweight
System Level Retaining Wall MSE - Two-Sided
NMDOT D5 Rockfall Mitigation Project

5101550; Golder Project: 20142878

Units
LF

LS

LF

LF

cy

LF

LF

cY

Cy

SF

LF

LF

SF

LF

Unit Cost Description

$2,000.00
$1.00 Cable lashing with anchors, cables,

tumnbuckies, and mesh. Need to specify
actual cost in quantities.

$75.00
$20.00 Moving existing temporary barrier to do

something and then moving it back later.

$100.00 General rock excavation.

$100.00 Rock excavation to clean out ditch,
assumed to be about 1CY/LF.

$30.00 Excavation to clean out ditch, assumed to

be about 1CY/LF.

$50.00 General excavation to cut back a soil siope.

$35.00 Trim blasting for laying back a slope.
Includes hauling

$12.00 Heavy duty draped mesh, such as cable net

with secondary mesh.
$4.00 Typical draped mesh.
$340.00

$330.00

$37.00 Pinned mesh system consisting of a heavy

weight mesh (e.g. Cable Net) plus
secondary mesh and rock boits.

$28.00 Pinned mesh system consisting of a mid-
weight mesh (e.g. Tecco), and rock boits.

$1,200.00 Assuming about 16 high, 12" wide.

Page 10f2

Cost Notes
Estimate from CO 133, Firehouse cut

You need to specify actual $ in quantities. One
recent cable lashing project we worked on for an
approx. 11 boulder had estimates ranging from
$20k to $40k.

Per Roger
From CDOT Bid-tabs. RMP 1/2672021

Assumes 1.0 CY per LF at $100/CY

Assume 1.0 CY per LF at $30/CY

Based on Mike's |40 E of Parks derivation.
Applicable for larger, production oriented
blasting projets. For smaller volumes, use
Excavation-Rock. Includes blasting, loading, and
hauling (20 mi, & trucks).

- 10" mesh
From US 550 study.

Assume 10° mesh replacement per linear foot.
From US 550 study.

Adds draped mesh and pattern bolting.

per linear foot.

Adds draped mesh and pattern bolting

From 133 Penny Hot Springs.

Friday, June 11, 2021
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Results of Inventory

"'-l 93 SiteS 28%

Worst Sites Rose to Top

Over $25M (geohazard costs) to fix everything

for Class 1

Translates to roughly $45M total project costs

Now what?

E Class 1 Class2 mClass 3

15
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Next Step: Grouping Sites Into
Projects

Possible Groupings
In-house maintenance opportunities

Scaling project or on-call
Worst first
One or two Class 1, Plus nearby Class 2

Similar environmental requirements

Key Learnings
Select more sites than you can realistically afford to
construct

Try to group similar construction techniques

Keep construction cost to $4-5M max
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Power Bl Dashboard Interface

Route ~  Site Class ~  Package
All ' All VoAl

Land Ownership ROW Data ROW Impact
All v All N All

Mitigation Cost By Site

Bl = = = = === == ====== =

|
wvniso.

(——
wwst [

o

[

|

Route

NMOD4
NM111

NM502

$5M $10M

O

Mitigation Type

3 (3.8%) 26

6
(7.59%)

10
(12.66%)

11(139..)

@ 0Draped Mesh @Concrete Bar... @Scalingan... P

(32.91%)

15 (18.99%)

Mitigation Construction Cost
Land Ownership
USFS

$25.4M

Mitigation Construction Cost

$15M

Number of Sites

Env. Screened

All
Iz
Protected

All

Site

~  Arch. or Historic

VoAl Vv
v Pr. Wetlands v
v All v
Option Name

Critical Habitat ~ BLM ACEC

All VoAl
Scenic Rivers ~  Geologic Regio...
All ~ Al

Construction
Cost
-

Site Class AGOLID Option ID

NMO68: MP 26.5 to 27.2

US084: MP 216.3 to 216.53

NMO68: MP 27.9 to 28.2

NMO068: MP 27.01 to 27.2

US064: MP 31.21 to 316

NM150: MP 12.78 to 12.85

US064: MP 80.88 to 80.92
US084: MP 216.53 to 216.71
NM111: MP 2.17 to 2.3

NMOO04: MP 48.92 to 48.96
NMO75: MP 6.06 to 6.5

NM511: MP 9.42 to 9.53
NM511: MP 89 to 9.1
NM150: MP 6.99 to 7.01
US064: MP 109.61 to 110.22

NM150: MP 7.39 to 7.46

Total

Scale, install fence, draped and
pinned mesh below fence
Scale/Bolt Large Blocks, Hybrid
Drape/Attenuator on Bench
Scale, add new 1,000 kJ fence

Install new 1,000 kJ Rock Fence

Scaling, excavate ditch, hybrid

drape/attenuator, and concrete

barrier

Scale, excavate ditch, drape
mesh

Scale, bolt, and excavate ditch
Scaling and Light Mesh
Scale, excavate ditch, bolt,
drape mesh

Scale, bolt, and draped mesh
Clean bench, scale, excavate
ditch, and drape mesh

Scale and bolt big rocks
Scale and Bolt Big Blocks
Pinned Mesh

Scale and ditch cleanout
behind concrete barrier
Scale, excavate ditch, drape
mesh, and keep existing
concrete barrier

$11,197,000 1 153 12
§2,192,500 1 61 127
$1,790,000 1 154 22
$1,050,000 1 200 23
§707,000 1 25 12
§493,800 1 a7 10
$480,000 1 26 15
$474,000 1 62 25
$396,000 1 194 7
$373,000 1 il E
$342,000 1 118 26
§304,000 1 14 17
$284,000 1 12 124
§277.800 1 79 120
§270,000 2 43 66
$241,250 1 83 8
$25,402,275

A
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Best Practices and Future Improvement

Database is Key
Connection between GIS and primary database

More robust database back end
Improved usability

Room for expansion

Quick and Accurate Site Assessments
No substitute for experience

High-level cost estimates are key for planning

Talk to maintenance forces!!!

Helping the Client
Help package projects (PowerBI!!)

Expand to or integrate with Geotechnical Asset Management
(GAM)
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Currently Ongoing D2
Rockfall Study
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NMDOT D2 Study -US 82 AGOL
Model

US 82 Screencast 1

2024-11-15 16:46 UTC

Recorded by Organized by
Post, Randy Post, Randy

20
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D2 Field Investigation

AUgKI 9. 20244t 3:39:33 PM

Aug 20, 2024 at 10:28:08 AM-

21



Thank you
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wsp.com




