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US Army Corp of Engineers

~32,000 employees
HQ in DC
9 Divisions

44 Districts

L)

USACE_Districts
USACE Divisions

NAD-North Atlantic Division
NWD-MNorthwestern Division
POD-Pacific Ocean Division
SAD-South Atlantic Division
SPD-South Pacific Division
SWD-Southwestern Division

LRD-Great Lakes and Chio River
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USACE Diverse Mission Set
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Civil Works

Us Army Corps
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Civil Works Mission Areas

Navigation
Flood Risk Management
Ecosystem Restoration

Hurricane & Storm Damage
Reduction

-Hydropower
Recreation
Water Supply




National Inventory of Dams and Levees

900+ Dam
Structures
15,000+ miles of

Levees
*numbers va ry

+ USACE Dams
+  Federal Levees

~716 Dams

Population at Risk +12.8M
Property at risk = +1T

Total length of 267 miles
80% earthen/20% concrete

~2,137 levee systems
Population at Risk +12M
Property at risk = +1.3T
Total length = 14,100 miles
97% earthen/3% floodwall

of En g eers



Navigation Structures

Chicago Harbor Lock

41 States served by Corps ports
and waterways

~25,000 miles are operated and
maintained for commerce

236 lock chambers at 191 lock sites
on 41 waterways serve commerce

926 coastal, Great Lakes and inland
harbors are maintained by the
Corps

Dredges over 210 million cubic
yards of material each year




Ag | ng |nfrastru Ctu re Dams/Levees avg > 60 yrs old

1930s-1980 Major Dam &
Levee Construction Era

208 209
IlQ?

i Levee Construction

M Dam Construction

132

125 1980- Present

113 111

Pre-1930s Limited 83 76
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Number of Structures Constructed
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Age in 2022 (Years)

Aging Infrastructure — Navigation Locks

1980s to Present
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Aging Infrastructure - Bridges

1940S — 19708
45% 66% > 50 years old
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Climate Change Impacts

Expected Increase in Average Annual Loss from Flooding the US due to
c .

| J 2020-2050
increase (%)

) 5-10


https://www.nature.com/articles/s41558-021-01265-6

Increasing Population Density

1957

United States Population
1980 = 226,500,000
2021 = 333,574,837

el

Whittier Narrows Dam in 1957, just prior to completion | Photo: U.S. Army Corps Us Army Corps
of Engineers/Public Domain of Enginears =



Climate Change and Population

Increase due to

Increase due to
population growth (%)

climate change (%)
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https://www.nature.com/articles/s41558-021-01265-6

Risk Assessment

Project Risk = f(Hazard, Performance, Consequences)

a Load Aging Growing Population\
Struc.tu re Who and what are in harms
What are the How will the way?
hazards and structur.e How susceptible to harm are
how likely perform in they? How much harm is
are they to “Aii <. caused?

Infrastructure Safety Program Focused on: People, Performance, and Risks

Us Army Corps
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Instrumentation Informs Risk

4 N

How will the

What are the
hazards and
how likely are
they to
occur?

face of thésg

infrastructure
perform in the

haza}‘ds? D

\

Who and what are in harms way?
How susceptible to harm are
they? How much harm is

S, caused?
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Performance Monitoring
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PERFORMANCE MONITORING

* (Collected surftace and subsurface information related
to project performance

SEEPAGE EMERGING

* Visual Monitoring
v'Qualitative Information

* Instrumentation & Measurements
v Quantitative Measurement of Performance over time
v Informs Likelihood of Potential Failure Occurrence
v Reduce Uncertainty in Risk Estimate
v’ Provide early warning detection

For Official Use Only (FOUOQO), Do not release under FOIA



Variety of Tools for Monitoring

Surface Monitoring Point

Extensometer

Piezometer

Flume

Drain

Staff Gauge/\Water Level

Relief well

Thermistor

Joint Meter

Precipitation Gauge

Observation Well

Load Cell

Inclinometer

Pendulum

Crack meter

Settlement Plate

Earth Pressure Cell

Weir

Plumbline

Turbidity Meter
Liquid Level Gauge
Barometer

Flowmeter

Tiltmeter

Strain Gauge

Seismic Monitoring Device

Stress Cell

Remote Sensing (LiDAR, InSAR)

There are many tools in our toolbox.

The trick is using the right tool for the job.

US Army Corps
of Enginears =




USACE has over 70,000 instruments across
the dam & levee safety portfolio

Vancouver
0

Seattle
® o

Montreal
O

* Gulf of
Mexico




USACE Dam Safety Instrument Types

Inclinometer, 1% Observation Well, 2%
Other, 5%

Crack/Joint Piezometer, 33%

Meter, 5%

Drain, 8%

Relief Well,
8%

Surface Monitoring

i 0
Point, 38% . f
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Instrumentation & Monitoring is great! ...BUT

> Why were the instruments installed? »How do I manage my data?
> Where do | install new instruments?  »When can | stop monitoring?
> What type do | install? »What does the data mean?

> How often do | collect/review data? »|s my program adequate?

» When am | concern?

. 2k :
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A SATISFACTORY INSTRUMENTATION AND
MONITORING PROGRAM SHOULD ADDRESS ALL
THOSE QUESTIONS

...AND




Answer the Big Picture Question

= |s project performing as per design?
= Are there any concerning trends or behaviors?
*\What are the recommended actions?




THAT IS NOT ALWAYS WHAT OUR PROGRAMS
LOOK LIKE...

« We have legacy instruments that
have served their purpose

« We have areas we should be
instrumenting but haven’t

“There is a danger that instrumentation may be
discredited because of indiscriminate use”
--Ralph Peck




Best Practice for an
Effective Monitoring
Program




EM 1110-2-1908 and EM 1110-2-4300 Merger

= EM 1908 (1995) Instrumentation of Embankment Dams & Levees

» Published Feb 2021
» Vastly Expanded doc: RIDM, Evaluation, Data Management, New Technology

= EM 4300 (1987) Instrumentation for Concrete Structures
» Re-release EM1908 with appropriate Concrete monitoring guidance
» 95% Completion '

i - User Manual [

A
Us Army Corps ]
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Instrumentation Guide Specification

= New guide spec

» for use with construction contracts where performance monitoring &
instrumentation is required

» Includes furnishing all labor and equipment, installation and
maintenance

» Includes instrumentation data management and data
iInterpretation requirements.

Publicly Released
May 2022 on WBDG




Best Practice for an Effective Monitoring Program

Identify Potential
Failure Modes & Critical
Design Features

Evaluate Project Develop Surveillance

Performance and Monitoring Plan

Implement Monitoring
Program

Us Army Corps

of Enginears =



Identify Potential Failure Modes & Critical Design
Features

v' Project Specific Potential Failure
Modes

Slope Instability

Uplift

Internal Erosion

Sliding/Overturning

Overtopping

AN N N RN

v Project Specific Features
v Seepage Barriers
v Drains/Relief Wells

Focus data collection here!

of Enginears =



o Historic Installations in
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Areas of nghest RISk
-Internal Erosion Along Left Abutment Contact
-Internal Erosion Along Bottom Outlets
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Develop Project Specific Surveillance & Monitoring Plans

= Pertinent Plan Considerations

» Purpose of Instrumentation

» Location of Instrument (x,y,z)
> Monitoring Frequency

» Thresholds and Action Levels

>
>
>

Roles and Responsibility
Program Maintenance Budget

nstrumentation Folio

» Data Management
» Quality Control

» >
weather V&E
station SMA

pool

piezometer

pendulum: o S tail
crackmeter

Kezomete\rs\
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Monitoring Frequency

Need to Move from:
“This is how we have always done it”

To: Monitoring Frequency Based on
* Project Loading Conditions
* Monitored Failure Modes
* Risk Associated with the Project
* Engineering Judgment




Reservoir and PZ Elevation
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Higher Frequency = More Data

Readings per Instrument

Reading Frequency

per Year
Monthly 12
Weekly 52
Daily* 365
Hourly 8,760
Every 15 min™* 35,040
Every 3 min 175,200

* Practical Limit for Manual Instruments
** Common for many ADAS (consider data transmission and data needs)




DATA VOLUMES

Wolf Creek Dam

247 Piezometers +6.7 million readings
74 Inclinometers +360kreadings/yr
164 Monuments 719MB; 40MB/yr

J. Percy Priest Dam

130 Active Instruments

+4.3M readings total / ~0.5M readings/yr ' T i
423 MB since 1982 / 51 MB last year . R




DATA MANAGEMENT

Data Access
Data Transfer

Microsoft’ ( s
SQL Server

® Data Evaluated

Data Processed
.D & Plotted ________
ata

Storage =
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Measurement




USACE Enterprise
nstrumentation Data
Management

+ MIDAS

Monitoring Instrumentation Data Acquisition System

Instrument Count

Instrument Group Cot

0

0

0

USACE owned, developed, managed

Meets USACE cyber security requirements

Maintain inventory of
instrumentation across USACE

Upload and store manual and
automated data

Access and visualize data for design
and evaluation purposes

Instrumentation program quality
control

Thresholds and alerts
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Help  Login

4+ MIDAS > Bluestone Dam

%i Dashboard 8 Explorer @ All Instruments

Instrument Groups (%) Instrument Types

Name Instrument Count Timeseries Count Tools
Crackmeters M20-30 8 1
Crackmeters M30-40 11 0
Crackmeters M40-50 5 0
Crackmeters M10-20 8 4
H&H - Environmental 4 4

A 4 G & 5 & Ige. s, T 5 (77
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‘ Yor g, iy, e o %f?fi*o,.
Tiltmeter M12-30 12 0 "9 4., "9,
Tiltmeter M30-64 8 0
Instrument Status
5 B active
Collection Groups £ W abandoned
W inactive

Name Tools
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e-val-u-a-tion Evaluation Definition
[e valya'waSH(a)n] )

NOUN
evaluations (plural noun)

the making of a judgment about the amount, number, or value of something; assessment.

"the evaluation of each method” - "an initial evaluation of the program”

synonyms: assessment - appraisal - judgment - gauging - rating - estimation - ranking - weighing up -
summing up - consideration - assay - analysis - opinion - Sizing up

COMPREHENSIVE ANALYSIS OF PROJECT PERFORMANCE BASED
ON INSTRUMENTATION RESPONSE AND VISUAL OBSERVATION

«.NOT JUST PLOTTING AND IDENTIFYING TRENDS




It’s the Cumulative information
that informs our understanding

agn It’s the Visualization of the data
Additional that facilitates Communication
Data
Aids In Emergency Response &

Required! Rapid Decision Making

Aids in Partnering for Complete
Multi-discipline Picture







Design, Construction & Operation

Filter

Miscellaneous Fill

Overburden

Grout Curtain

Bedrock

Project Purpose Design Features
Operational Details

Construction Detalils Loading History Ll

USA myc p -




o Sometimes Relatively Complex Construction Details
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*Varying Embankment Zone Helght |
e Structural Features (Tunnels, Gallery, Spillway)

 Varying Filter and Drainage Zone and Extents

 Varying Excavated/Fill Zones, Weighted Berm Dimensions
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Site Specific Geology

= % "lopograpny
A » Foundation/abutment material
. =Geologic Structure
= Groundwater

= Earthquake potential




| | MARL, light olive gray, moderately hard with
- - o202| | several gypsum filled veins and laminae (continued)
Subsurface Investigation Data I e et g
‘l_ " ANHYDRITE, dark gray, moderately hard
MARL, medium gray, moderately hard, calcareous
= Borehole Hole Logs & Photos o
05321 |
= Downhole Imaging & Geophysics B
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[ k= :\,:‘\.: numerous Marl filled veins
* Drilling Parameter Records s
05:56 | 'y 'y
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ENVIRONMENTAL
INFLUENCES/IMPACTS
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Period of Performance

Elevations (m) - 14 months Elevations (m) - 5 years
330 330
320 320
310 310
300 300
290 290
280 280
270 270
260 | T e 260 | ’ S M
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11/1/16 1/25/17 4/20/17 7/14/17 10/7/17 1/1/18 1/1/13 1/1/14 1/1/15 1/1/16 12/31/16 1/1/18
— PZ] = PZ2 PoolElev TailElev — PZ1 —— PZ2 PoolElev TailElev
~1yr Plot ~5 yr Plot
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Construction Activity
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Instrument Location Details

Us Army Corps
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Instrument Installation Detalls

¥ 5 —
Project: J. Percy Priest Dam Protectim— Project: J. Percy Priest Dam
Top of Siope— Hola Number: INCI-1_ |Dhete: 12/10/2009 _ Casing Hole Number: P-76  [Date: 11/23/2009
LF:‘C”.W”‘GW _\-\5_— Station: 8+68.9 Offset: 160.1' Rt. Removoble Cops Station: 5+93.0 Offsat: 33.5 Rt
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. Inspector: Patrick White
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s and Rendering
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Construction Photos, Drawin
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= These can be invaluable




GUARD GATE ¥
ACCESS GALLERY GROUTING
GALLERY

Sometimes need 3D to
understand project

¢ STEELLINER

/
f
!
f
i
f

feature relationships ) i
T -

REINFORCED CONCRETE
e DAMAGED PORTION OUTLET

OF STEEL LINER
13.27 x3.86 X 1.06m

CONCRETELINER — CONCRETE _ |

STING CONDITIONS RETE!
Bottam Qutlet Repair ‘ JOINT

GUARD GATE

TOWER
GUARD GATE

ACCESS GALLERY L
GROUTING GALLERY

_ CONCRETE JOINT STIFFENER RINGS

STEEL LINER

DAMAGED PORTION OF §
STEEL LINER (13.27 M)

Upstream

EXPANSION JOINT J

REINFORCED CONCRETE /[

1.5 m thick.

CONCRETE LINER J

10mdia.

EXISTING CONDITIONS S : "7BG |
Bottom Outlet Repair : ‘ e [

Features shown are an approximation of existing conditions.
Use record drawings for more accurate depictions of the actual conditions.

US Army Corps
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Use of Folio Static Reports
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. 1.Clay | L P
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Project Information Models

 Interactive Features and Attributes
Comprehensive Data Visualization
Improve Data Evaluation

Data Driven Decisions

Facilitate Communication

Evaluation
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Sometimes 2D is not enough
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" Extent Projected
Drillers described as “broken rock and clay”

Intact Material

. Cavity
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3D Plots
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That’s great for long-term monitoring and evaluation...

...but what about monitoring during Construction??

53 =




Mosul Dam

LOTS!!!!

of Construction
equipment comes
with automated
monitoring.

Your project is changing fast

(Are you looking at that data?)
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Secant Pile Verticality y Biaxal Incinometer
* Biaxial Inclinometer X X
» Multiple Shots to Reduce Error A
= KODEN

» Dimensions of Final Excavation
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We are gathering data in so many ways
Wolf Creek

i 9§ 888 8 3 38§

gn g
(Courtasy of Advanced Con

Optical Televiewer

T WS NSV T

200208-A-B0243-1046 M Osul Dam

Brooke Hubbard, a civil engineer from the Unmanned Aerial Vehicle (UAV) section with the Jacksonville District explains technology used to U.S.

Army Corps of Engineers' South Atlantic Division senior enlisted adviser Command Sgt. Maj. Chad C. Blansett during a recent visit Feb. 8, 2021. m
(USACE photo by Mark Rankin)
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EXPECT!!! To Change with Technology

]
Plumb Bob Satellite Imagery
& Paper Smart Phones
Databases & GIS

Automation!



Changes in Data Management

Construction
Supervised by:

US Army Corps
of Engineers
Nashville District

Wolf Creek
Foundation Remediation

980,000 SQUARE FEET of
SEEPAGE BARRIER WALL

CONTRACTOR:
Treviicos - Soletanche JV

Jamestown, KY

10/16/2008 14:54
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Imagine Getting t .
51 5 arth Pressure Cells
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¢ Inclinometers

4,850 holes drilled & grouted to completion  Pendulums
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e Survey Monitoring Points
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While Simultaneously building and updating the subsurface information —
including still finding historical data
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Unified Facilities Guide Specifications

M W B DG \SV;?Q;% %ﬂ%igg CREATE ACCOUNT LOGIN SEARCH

DESIGN RECOMMENDATIONS PROJECT MANAGEMENT -0 & M FEDERAL FACILITY CRITERIA CONTINUING EDUCATION ADDITIONAL RESOURCES

DEPARTMENT OF DEFENSE | UNIFIED FACILITIES CRITERIA (UFC)

Unified Facilities Criteria (UFC) o

UFC documents provide planning, design, construction, sustainment, restoration, and modernization criteria, and apply to
the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance with DoD Directive 4270.5
(Military Construction) and L) Memorandum [4 dated 29 May 2002 UFC are distributed only in electronic media
and are effective upon issuance

See the DOD Engineering Criteria Status Report (2 for the list of UFCs that were formerly Agency-specific documents

Related Links

UFC Template in MS (05-2021

01 31 20 Project Technical
Data Management and
Visualization

3.2.2.1 Raw Data

Provide digital raw and appended raw data files of the automated grouting
control and data collection system in .csv format and load to the
appropriate location of the SFTP site within 12 hours for raw data and 24
hours for appended raw data. Format raw data files, or appended data files
if not an option for raw data, such that the field hesaders have names that
allow the user to understand what date they contain.

Provide grouting and water pressure testing data to all reguired fields of
the EDB as detailed in the data dictionary, provided in the Volume [ 1
attachments. Differentiate water pressure testing records in the naming
convention and in the EDB records in accordance with the provided data

dictionary.

.3 Repor

Furnish records of pay quantities toc the [CCOR] [RCO] within 24 hours for the
previous day's actiwvities. Submit daily records in the form of drilling and
grouting reports with the daily leog of construction.

Include in the drilling report:

(1} The lccation and station/ocffset of each hole drilled;
(2) The date;

(3} Drill rig identification;

(2) Inclination and azimuth;

(2} Time drilling was started and stopped;

(&) Rock type and conditicn if core is logged;

(7} Zny unusual drilling conditions encountered;

0 Us Army Corps
? of Enginears =



https://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/ufgs-01-31-20

creek.sxd - ArcScene
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Compilation of all the data in 3D
Bedrock DTM
Geology Foundation Map
SPT testing
Intake Tower & Pipe
Clay Core
New Barrier Wall
New Sand Filter
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Verification drilling: Voids
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28 Day Strength Test
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Home D ~ 2D ~ Concrete Soils Foundation Data Photos ~
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Tracking Material Gradation Testing and Results
Overview Embankment Soils Concrete v Risk Assessment Datsbase ~

l Gradation Overview

AT5749 - Expunged
ZOME: Zone 2A
Chimney Drain Blanket, samples split

AT3780 - Meets Filter Criteria
ZONE: Filter Layer Stone
Spur Dike Stockpile - meets filter criteria, no performance impact

CT-10041 - Meets Filter Criteria

ZONE: Zone 24

Chimney Drain Blanket, meets filter criteria, out by 1%, 4 additional samples in the area
passed.

-10578 - Meets Filter Criteria
ZOME: Zone 2A
Chimney Drain Blanket, meets filter criteria, out by 1%, adjacent AT ssmple passed.

AT281 - Meets Filter Criteria

ZOMNE: Filter Layer Stone

Hwy 155 Stockpile, placed on the upstream HWY 155 Detour, materisl meerz filter
criteria.

AT3758 - Meets Filter Criteria

ZONE: Bedding Stone

Sample collected from the stockpile. The location provided is the theoretical location
where the Bedding Stone would have been placed. Adjscent CT test passed.

AT 1930 - Meets Filter Criteria
ZONE: Zone 2B
Lift 1 of 2B in Horizontal Drain Blanket; Fine Zone 2B pils: Metfilter criteria

Gradation Test Results




Tracking Concrete Air C

Concrete Air Content

Point of placement air content

sting Details

CT-02435 - PASS - 6.80 - Placed - Left in Place - Service Spillway
-Block 1 and 3 batch st 7:24
Commenis: Results differ from QC report

AT-1031 - PASS - 5.60 - Placed - Leftin Place - Service Spillway - Block
9L0
Comments:

AT-1069 - PASS - 4.60 - Placed - Leftin Place - Service Spillway - Block
L7
Comments:

CT-03078 - PASS - 4.60 - Placed - Left in Place - Service Spillway
-Block2 L1
Comments:

CT-03072 - PASS - 5.10 - Placed - Leftin Place - Service Spillway
-Block 5 LS
Comments:

CT-03115 - PASS - 4.60 - Placed - Leftin Place - Service Spillway
-Block 8 LO
Comments:

CT-03185 - PASS - 4.70 - Placed - Left in Place - Service Spillway
-Block2 12
Comments:

CT-03210 - PASS - 4.70 - Placed - Left in Place - Service Spillway
-Block 812
Comments:

AT-1151 - PASS - 4.90 - Placed - Left in Place - Service Spillway - Block
gL4
Comments: results differ from QC report

AT-1161 - PASS - 4.90 - Placed - Left in Place - Service Spillway - Block
6L3
Comments: results differ from QC report

CT-03336 - PASS - 5.90 - Placed - Left in Place - Service Spillway
-Block4 L4
Comments:

AT-1183 - PASS - 5.20 - Placed - Leftin Place - Service Spillway - Block
8L3

Comments:

CT-03366 - PASS - 5.80 - Placed - Left in Place - Service Spillway
-Block81L3
Comments:

Additional details about each QA or QC test for placed concrete only

ontent Test Results
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Data

Photos

Air Content % Pass / Fail

Percent of all passing

null 1
@ruL7e
N DATA 1

@ rass 1203

. failing air content % tests for placed concrete

Batch Placement Status

Percent of all tests placed, rejected or unknown

null 100
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Concrete Air Content % Failing Tests

a

AN

CT01877  AT-2083

AT-2003

AT-4137  AT-4204R

Air content % failing testz for placed concrete. For details

AT-4£517

AT-4377R

AT-55456-2

Sample

AT-5932R  AT-6233-1

T7093-2  AT709&-2

2 ATT116-1

click & point and see the details list at the left. To unfilter click off a point in the plot.

AT7149-2

AT7271-2




Access Construction Progress Photos & their Locations

Contractor Progress Photo Viewer
Filter photos in the slide outtab to the left

Contractor Photos

Feature of Work:
Sediment_Basin

Crientation Degrees from
MNorth: 126.23

Date Collected: August 4, 2022
Collected By: mimcintyre1019

Feature of Work: Batch_FPlant
Crientation Degrees from
MNorth: 294.22

Date Collected: August 4, 2022
Collected By: mimcintyre 1019

Feature of Work: Batch_Plant
QOrientation Degrees from
North: 180.50

Date Collected: August 4, 2022
Collected By: mimcintyre 1019

Feature of Work:
Sediment_Basin

Crientation Degrees from
MNorth: 160.21

Date Collected: August 4, 2022
Collected By: mimcintyre1019

Feature of Work:
Sediment_Basin

Crientation Degrees from
MNorth: 163.08

Date Collected: August 4, 2022
Collected By: mimcintyre1019

Feature of Work:
Sediment_Basin

Crientation Degrees from
MNorth: 264.63

Date Collected: August 4, 2022
Collected By: mimcintyre 1019

Ay
L)

8]~

Concrete

o

Contractor
Progress Photo

(-]

Kentucky Lock
2D Plan
MAP_MIL1

Previous Contract
Work

Exploratory Borir

DSLM Features
Planned

Grout Curtain
Route

Grout Holes As-
Planned DSLM

-

Foundation +

{4 10of306 P

Photos

Click on any photo to see a larger version in a separate window. Scroll down to see all photos
collected in the record. Sort photos by expanding the filter pane on the far left of the screen,
and selecting from the lists.

1



Access Blast Plans and Reports

Foundation

v

Photos ~

Blast Details Report (Cut Sheet)

Blast #1 PS Test

Blast Date:

Number of Holes: 39

Drilled Feet: 1297.200000
Contractor's Burden:

Contractor's Stiffness Ratio:

Min Hole Spacing: 1.500000
Maximum Hole Spacing: 1.500000
Top Stemmin nirmum: 2.000000
Top Stemming Maximmum: 2.000000
Stemming Material: sand

Max Subdrill: 0.000000

Total Primer Weight: 6.300000
Minimum Hole to Hole Delay:

Max Hole to Hole Delay:

Max Hale Deptl
Minimum lbs explo
Maximum Ib explosives per hole:
Expected Volume: 0.000000
Volume :

Total Explosive

Blast #2 Sinking Cut Test

Blast Date:

MNumber of Holes: 125

Drilled Feet: 1482.600000
Contractor's Burden: 3.000000
Contractor's Stiffness Ratio: 4.000000
Min Hole Spacing: 3.000000
Maximum Hole Spacing: 3.000000
Top Stemming Minimum: 3.000000
Top Stemmin aximum: 3.000000
Stemming M al:
Max Su 0.000000
Total Primer Weight: 838.000000
Minimum Hole to Hole Delay:
Max Hole to Hole Delay:

Blast Details (Cut Sheet)

Blast #8 Prod_EL 270

Blast Date:

Number of Holes: 112

Drilled Feet: 1,222.00

Contractor's Burden: 3.50
Contractor ffness Ratio: 3.10
Min Hole Spacing: 5.50

Maximum Hole Spacing: 5.50

Top Stemming Minimum: 3.00

Top Stemming Maximum: 3.00
Stemming_Material: aggregate

Max Subdrill: 0.00

Total Primer Weight: 652.00
Minimum Hole to Hole Delay: 25.00
Max Hole to Hole Delay: 500.00
Max |bs per Delay: 13.50

Max Holes per Delay: 2

Powder Factor KTR: 0.70

Min Hole Diam(in): 2.25

Max Hole Diam(in):_2.25

Min Hole Depth |
Max Hole Depth (ft):
Minimum lbs explosives per hole: 4.50
Maximum Ib explosives per hole: 6.50
Expected Volume: 883.50

Volume per Length:

Total Explosive Weight: 652.00

Blast #9 Prod _EL 270

Blast Date:

Number of Holes: 112

Drilled Feet: 1,184.60
Contractor's Burden:
Contractor's Stiffness Ratio: 3.00
Min Hole Spacing: 4.50
Maximum Hole Spacing: 5.50
Top Stemming Minimum: 3.00
Top Stemming Maximum: 3.00
Stemming_Material: aggregate
Max Subdrill: 0.00

Total Primer Weight: 624.00
Minimum Hole to Hole Delay: 25.00

Legend X

Thalle Progress Photos

L]

USACE Photos

® Survey Point

QA Concrete Fresh Properties

® Survey Foint

Base Map Layers |
Previous Contract Work
Exploratory Borings

KYL_existing_landwal

Survey Control

o

DSLM Features Planned




Bluestone 3D Site Information Model
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Structural Model
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Some Lessons Learned along the way...

1.

4.

GET YOUR DATA in a non-proprietary/digital format (.csv, .txt)
KEEP YOUR DATA ORGANIZED — Digital chaos happens quickly
You need a DATA MANAGEMENT System — Not just a database

A DATA MANAGER is Needed, especially for large/complex project

Geo-Professionals and GIS specialists need to work together
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Future Vision of Data Management

*MAP LEGEND-

S Drifts #  Arsenic Stopes
® cs-ov @ Non Arsenic Stopes

Freere @ Romps
Shafts

Lo

Advanced 3D Data Visualization
Virtual Communication

Advanced Modeling for Design and Risk

Assessment

Us Army Corps
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Key Take Aways

v Instrumentation is key in monitoring project performance
v' Target monitoring program using Risk Informed Decisions
v" Monitoring frequency matters

v' Performance evaluation requires consideration of a variety of

information (both historic and new)

v It's the Cumulative information that informs our understanding
v It's the Visualization of the data that facilitates Communication
v Aids In Emergency Response & Rapid Decision Making

v Aids in Partnering for Complete Multi-discipline Picture

v' Databases should to be leveraged for all data types to streamline

project information modeling

of Enginears =
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