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Managing RTN Geodesy,
& Structural Integrity Monitoring

Network Integrity — Relative Integrity

Network Integrity - Registration to NSRS (NGS)
Regional Tectonics — Partnering with Academia
Monitoring - Dams, Bridges, Structures, Slides and ...









National CORS - HAHD

National Geodetic Survey - CORS

The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

—

DATABASE = NGS5IDE , PROGRAEM = datasheet895, WERSICHN = 7.88.2
1 National Geodetic Survey, Retrieval Date = MAY 17, 2012

*CURRENTI SURVEY CONTIROL
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DN5g822 CORS — This i= a GP5 Continuously Operating Reference Station.
DHSg22 DESIGNATION - HOWARD HANSON CORS ARP

DN5822 COCRS_ID - HZHD

DHN5822 PID - DN5822

DN5822 STATE/COUNTY- WA/KING

CH5822 COUNTRY - Us

DNS5g822 U3SGS QUAD - EAGLE GORGE (1993)

LHs822

NWAD 83 (CORS) POSITION- 47 17 26.86644(N) 121 47 17.04098 (W)  ADJUSTED
WAD 23 (CORS) ELLIP HT-  £54.321 (meters) (02/22/12)  ADJUSTED
NAD &3 (CORS) EPOCH - 2002.00

NAVD 88 ORTHO HEIGHT - ** (meters) #% (feet)

WAD 23 (CORS) X - -2,283,358.148 (meters) coMP
WAD 83 (CORS) Y - -3,684,392.862 (meters) COMP
WAD 83 (CORS) Z - 4,664,380.700 (meters) COMP
GEOTID _HFEISHT — 21 20 imereral CSEOATOOAS




WSRN-CWU Monitoring Initiative

Ross Slide

Municipal Tower

Ross Dam
(in progress)




@ A Regional Cooperative of Real-Time GPS Networks:

\Washington State Reference Network







@ A Regional Cooperati

\Washington State Reference Network




@ A Regional Cooperative o

Washington State Reference Network

Medium Baseline RME & PPE
Monitoring of Localized RTKE Bases T
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Primary Network Monitored — NGS, Academia, TIM/VRSNet
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Localized Subnets Monitored in TIM/VRSNet



Localized Subnets Monitored in TIM/VRSNet
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Constraining CORS for Localized Monitoring



srn

\Washington State Reference Network

Network Integrity — Relative Integrity

Registration to External Reference Framework

NSRS — NAD8S3 (CORS96) Epoch 2002.00 (et al)
NSRS — NAD83-2011 Epoch 2010.00

/

Select NOAA-National Geodetic Survey CORS
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e Registration to External Reference Framework

IGS sites — PPS of Static Data and/or JPL PPP
positions held

Jwill
b, walr Jpras
= T drao

nano, ',
m'ﬂﬁlf'i"k *hrew

Registration to ITRF and/or SNARF utilizing Post-
Processed and Rapid Motion Engine(s)

Jet Propulsion Laboratory
California Institute of Technology
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Washington State Reference Network

A Regional Cooperative of

Staton: [TC = Refresh Station [TC =] Behesh
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00035 — — — — —
o003 | = Em—— — S T 0009 —
0.002 | ‘f oty 0,008 v Am'm
0002 |¥ t“f’ 0007 -— — v — AEast
00016 a— “; rt 0008 v — Aheigt
0001 AX 0005 g~ 420
0.0005 A% 0,004 R=AD
E 0 g 000 o~
o 00005 S 000 NN Mt i fi g -
§ -0001 0001 - > = ""“:\v—,"'*"""\" )
= g5 b—m———— e N g 0 " it A A N it i
¥ 0002 3 000
£ oo £ 000
© oo ° 0003
00035 0004
0004 0005
00045 0008 |l =TS
0005 0007 T e N AN
00055 — 0008 = T o
e o ——— » S =
et [ S S = o0 T
52500 S0 S4140mMm 55000 PM S1640PM S2500PM S3320M S41.40
GPS Time (4725/2008) GPS Time (4125(2008)
. . . . .
NME - Network Motion Engine RME - Rapid Motion Engine
Staon: [TC =] Eiefiesh
Post Processing Engine (PPE_festing] | integrty Montor [FPE_lesting_medianfi)
0004
00035
0003
00025
0002
ooms
£ oom
[T e —
5 —— f—
i ]
L
E -0 0005
g -0oot
Ooms
0002
0.0025
0003
<0 .00%s > ————————
0004
AT 80 PM &ITI0M 43500 PM 4:36:40 PM 4320 P 44000 PM

GRS Time (472502006)

PPE — Post-Processing Engine

RTKE — Real-Time Kinematic Engine




sSIrn A Regional Cooperative of Re
\Washington State Reference Network

WSRN Plan for NAD83-CORS96 to NAD2011 Migration

Dual System for 12-24 Months:
VRSNet — One set of servers running NAD2011 (multi-year solution)

GPSNet — One set of servers running NAD83-CORS96 Epoch 2002.00



@ A Regional Cooperati Real-Time (

\Washington State Reference Network

Why Should Folks be
Using RTN for
Monitoring and
Machine Control?




Structural Integrity

RTH Encine [WSRN_RTHE_ft_keimFSudden] | Integrity Monbor [WSRMN_RTHE_fit_ksimFSudden]
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Dam Monitoring - Tolt Structural Integrity Monitoring Ross Rockslide
mm Precisions in Real-Time

Alaskan Way Viaduct

520 Floating Bridge



Ross Dam Rockslide
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Ross Dam Rockslide

Slide — Spring 2010 Tower Footing on Rock Promontory
Stabilization will require blasting Monitored & Solar Array
and scaling






Ross Dam Rockslide

Station; | TwR1
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Tolt Dam

%isne

Zoned Earthfill Embankment — 61m x 300m




Tolt Dam
Bench Tests - 2008

RETK Engine MSREM_RTHE_fit_kalmFSudden] \ Integrity Monitor WWYERM_RTHE_Tit_kalmFSudden)

0.07

0.06

0.03

0.04

0.03

0.0z

0.

1]

-0.m

-0.02

-0.03

-0.04

-0.05

-0.06

-0.a7

-0.05

-0.08

[w] — & Marth
[v] — AEast
[ — &Height
[]—am
[]— &30

10:00:00 Phd 10:33:20 PM 11:06:40 P 11:40:00 Ph 121320 Ah

GPS Time (552452008 - 6/25/2003)

Motion Test on Translation Table




Station Displacement
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Tolt Dam

Conventional Monitoring — Annually (June)

South Fork Tolt Dam
Station Displacement
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Tolt Dam
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NETWORK MOTION ENGINE (Top Center Sensor)

Vert — Red

East — Green

North — Blue

August 2008 — January 2009
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Tolt Dam

Station: I TC

:I Refresh |

Motion Engine [RME_TOLT _fittered_kalmsudden] \ Integrity Monitor [RME_TOLT_fitered _kalmsudden]
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Possible Movement due to Seismic Events




Central US Army Corps Seattle
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Challenges:

No Budget — Low Budget
Borrowed Equipment
Surplus Equipment

No Telecommunications Access

Triumphs:

Outstanding Support from USACE On-site crew!
Low cost radio network

Outstanding software and hardware performance

Outstanding vendor technical support



Howard Hanson Dam

Green River, Washington State

Legacy of Green River Flooding

Earthen Zone-Fill Dam Completed 1961

Cycle of Flooding Ends

USACE Managed

Tacoma Water — Water Purification and Distribution System

January 2009 High Runoff and Seepage in Right Abutment.
Water Released. Downstream Flooding

Ongoing Rehab — Grout Curtain at Right Abutment
Nov 2010 — Integrated Monitoring Study Begins



Howard Hanson Dam

Integrated Monitoring Study Goals
Study GNSS Monitoring Capabilities
Provide Independent Deflection Data
Test Integrated GNSS/Optical Capabilities

Add GNSS Sensors to Regional RTN, Earthquake Study, and Geodetic
Networks

Compare Results with Other Earthen Dams using Similar Methods
(e,g, Tolt Dam)

Test Various GNSS Motion Engines
Geophysical Sciences Lateral Studies

Test Alarm Thresholds

NOT to be currently used as an alarm system
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Processing Strate 2- 4
* Dual servers onsite "

* External comms for SPU/CWU

* NO external connection to USACE IT

* Science processing at CWU

* Processing backup at SPU

* Web Reporting Application for USACE

* Sensor streams bi-directional to CWU/SPU

I W i l , A Ellensburg
! — USACE CWU |
| SERVERS |
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i ' A minor earthquake occurred at 5:21: 00 AM (PDT) on Tuesday, May 25, 2010. .;
3 The magnitude 3.4 event occurred 5 km (3 miles) E of Union Hill-Novelty Hill, WA. l"
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Station: |EMBC d| Befiesh |

Metwork Motion Engine [NME] \ Deformation Monitor [NME_BDRHfixed]
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Howard Hanson Dam

Web Reporting Interface
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= Home > Sensor Map
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Organizations Overview : LR
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Sensor Map Management
Google Maps Key
Sensor Map Management
Health Display
Sensor Links
Logout
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Howard Hanson Dam
Web Reporting Interface

Sk e g <o
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= Home > Sensor Map

Home
Sensor Map

!
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Change Password | __WMap | Satelite | Terrain | =
Administration Health [V Show laels %
User Management / 4
UserManagement : ;
Create User Statfon. Lo
Organization Management Station health Q BDRH
Organizations Dverview Deformation Monitor
Pinntn Aenaniaaline BRDG

Deformation Menitor Configuration: RTKE_KFsudden_BDRHfixed
Combined (Real-time}:

Time span: | Custom s
(|Last 1 hour ‘
ILast 3 hours
To: [Last 6 hours |
Last 12 hours
Trin Last 24 hours
Generate 1Yesterday
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Last 3 days
L ] Last 5 days
Last 7 days
Last 14 days
Last 30 days
Last 60 days
Last 90 days
Last 160 days
Last year
Last 2 years
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Alarm Modules

Operational Alarms

System Elements: Unavailable
Performance Thresholds

System Events: Conditions Change
Conditions Persist
Conditions Return to Normal

System Triggers: Email
SMS
Batch/Scripts
Reboot/Power Management



Performance Alarms

Warning Thresholds:

Alert Thresholds:

Disarm Thresholds:

Actions:

Alarm Modules

XY, Z

Velocity

2D & 3D
Condition Persists

X, Y, Z

Velocity

2D & 3D
Condition Persists

X, Y, Z

Velocity

2D & 3D
Condition Persists

Email, SMS
Batch/Scripts

Displacement Station EMBEC [m]

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

-0.005

-0.01

-0.015

-0.02

-0.025

-0.03

-0.035

-0.04

-0.045

v| — 4 Morthing

| == 0 Easting

| — 4 Height
- A 2D

— A3D

_________________________________

—————————————————————————————————

Minimurm epochs 10

- Digarm Thresholds

3-a Marthing [rn] 0.080
3-o Easting [m] 0.080
3-a Height [m] 0.0e0
3-a 2D [m] 0.080

3-a 3D [m] 0.060
3-a Velocity northing [mmAday] | 0.500
3-a Yelacity easting [mm./day] 0.500
o Welocity height [mm/day] 1.000

J-aWelocity 200 [mmyday] 0.700

J-a Welocity 30 [mmsday] 1.200
- Warning T hrezholdz

2 Maorthing [m] 0.040

4 Easting [m] 0.040

M Heinht [l 0.040
Adjustment

Controls/Power Management
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Motion Engines

% BTE Engine [Default] % Deformation Monitor [HH_GHS551Hz] - Displacement Chart

Station: | EMBC

v| [ Refrezh ]

E RTK Engine [Default] \ Deformation Monitor [HH_GMNS51Hz]

2 0.0 -4 & Morthing
2 )

W 0.005 v e O Ea.stlng
.E ] 4 A Height
= A 2D

=

n -0.005 \

. % A 3D

S 0.0l

E -0.015

[

L]

=1

u 9:19:45 PM 11:13:05 AM 1:06:25 AM

'B:05:06.55 P 0.0711 Local Time {5/17/2012 - 5/19/2012)

1
=B Instrument Manager [Diefault]

@ Data Collector [HH_S8]
= Tq; Integrated Survey Engine [0 efault]
4 Deformation Monitor [HH_S8 GHSS]
= Tq; Integrated Survey Engine [IE_PP_S8]
4 Deformation Monitor [IE_PP_HE]
= a Post Proceszsing Engine [0 efault]
4 Deformation Monitor [Configh)
= ;“; Synchronizer [HHdam GHSS Senzors]
= '.." Metwork, Motion Engine [MEA]
B4 Deformation bMonitor [HH_MMET]
=-#ly RTK Engine [Default]
4 Deformation kMonitor [HH_GMSS1H
= 4 Temestnal Engine BT [HH_53]
=4 Deformation Maonitar [HH_S8)

Terrestrial Engine RT [HH_S2] % Deformation Monitor [HH_S8]
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0.0015 M
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3728 751 PM; -0.003

3/26 5:26 AM

3/27 9:13 AM
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L
L
L

A Axial: 0.0 [mm/day]
A Lateral: 0.0 [mm/day]
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42D
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Motion Engines

zer [HHdam G 2] % Metwork Motion Engine [MMEA] % Deformation Monitor [HH_MMET] - Dizplacement Chart

O v o

Station: | EMBC v| [ Refresh |

Metwork Motion Engine [MME&] % Deformation Monitor [HH_MNMEL]

0.04 T T — [w| — & Morthing

N R I .............................................. .............................................. ........................ = A Easting
f f f — A Height
0.02 fmmmmmm e N s — 12D
; | | — A 3D

T S S R S

Displacement Station EMBC [m]

003 4 S — S — SRR

Marthing
Easting
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20

30

YT R— b b o

9:59:45 AM 11:53:05 PM 1:46:25 PM
T 3224 AW 0.002 Local Time (5/14/2012 - 5/15/2012)

T T I S

a

-0.01 T RIIE LI RN bommmmmeennnssee

20,02 o R

Displacement Station

0,03 e b oo e

7,7 I E— o b e

5:55:45 AM 11:53:05 PM 1:46:25 FM
3:06:07 .37 AM; -0.002 Local Time (5/14/2012 - 5/15/2012)




Motion Engines

hronizer [TOLT] % Rapid Motioh Engine [RME_] % Integrity Moritor [RMET] - Digplacement Chart
: =l & w »
Sudden Motion
H tation; |TC hd Fefresh
First Check | 5 N
M”’]utes Trends E Fapid Motion Engine [RME_]  Integrity Wonitor [RMET] :
(= 0.01 — A northing
& — AEasting
% 0.005 — & Height
= []— 420
[
E 0 []— &3D
o
T T T T g 35305 AW 516:25 AW 6:39:45 AW 50305 AW
chronizer [TOLT] % ATK Engine [K& 9:06:52.13 aM; -0.010 Local Time (5¢9/2012)
j Refresh |
E RTH Engine [KAL_MOD] \Integrity Monior [KAL_MOD] .
= — &Morthing RTK Motion
5 oo — 4 Easting
g 0,005 [ = &Height Second CheCk
— 42D
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Motion Engines
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Motion Engines - Optical
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Motion Engines

Reaction time for

Reaction Time

Engine Filter 50% 100%
of movement of movement
RTK Unfiltered - 0 sec
RTK Weighted mean (1 min) - 1 min
RTK Kalman sudden - 30 sec
RTK Kalman moderate - 6 min
Rapid Motion unfiltered 1 sec > 15 min
: : > :
Rapid Motion Weighted mean (1 min) 45 sec 15 min
Rapid Motion Kalman sudden 5-10 sec > 15 min
Rapid Motion Kalman moderate 5 min > 30 min
Network N/A 2h 12-24h

Motion




Motion Engines - Filters

Kalman filter:

— Static

» Convergence time: 24 h
» Reaction time: days

— Moderate Movement
« Convergence time: 1-2 h
* Reaction time: minutes

— Sudden Movement
« Convergence time: ~0
* Reaction time: seconds

— Custom
* Depending on parameters



Analysis Tools
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Howard Hanson Dam

Mapping Options
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Howard Hanson Dam

Integrated Monitoring Study — Lesson Learned

Confirmation of Tolt Findings

Communications Options Explored

When you have to save money, you will find ways to.

Can build cheaper then thought, but not for as little as we spent
Server simplicity/redundancy a plus

Motion engine behaviors refined

Integrated optical feasible and a huge plus

Full implementation suspended indefinitely due to budget constraints. Minimal
monitoring (GNSS only) to continue.



Elevated Highway




Floating Bridge and High-Rise




Ofttset Station 743 [m]

RTK Engine [520a] \Integrity Mortor [S20aa)

Floating Bridge
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"It sort of makes you stop and think, doesn't 1t?”



