Evaluation of Fault Prevalence
in Commercial Buildings
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Project Summary

Timeline: Key Partners:

Start date: 10/1/19 Pacific Northwest National Lab
Planned end date: 9/30/22

Key Milestones

University of Nebraska-Lincoln

7 Data Partners

1. Midpoint review: partners engaged, technical work on track (12/20/20) (6 FDD tool developers + 1 building owner)

2. Initial review of study data collected to date is conducted and confirms quality
and sufficiency needs for priority faults and systems (3/15/21)

11 Technical Advisory Group Members

3. Fault prevalence metrics have been calculated for all targeted fault types in _
Study Design (9/20/21) Targeted HVAC Equipment Types

AHU: Air Handler
ATU: Air Terminal Unit

Budget: Project Outcome: RTU: Rooftop HVAG Unit
Total Project $ to Date: * Conduct the efficiency community’s most comprehensive
. DOE: $884k study ever on the prevalence of HVAC faults in commercial
buildings in the U.S. (AHUs / ATUs / RTUs) @
« Cost Share: $0 /
This will support acceleration of FDD deployment in FDD

commercial buildings, improvement of FDD fault detection
algorithms, improvements to HVAC system reliability

FDD Defined
Fault Detection & Diagnostics

« DOE: $1500k o
. « Ultimate goal is to meet long term energy and carbon (FDD) tools analyze building
* Cost Share: $0 ! g g gy automation system data to

reduction goals. identify HVAC faults

Total Project $:
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| Nl ° >10years building data analytics research
rr/r—rr>| i - >$5m Annual research budget for EMIS R&D
BERKELEY LAB * Extensive network of FDD developers & users

PM and Partner Engagement

Data Cleaning / Normalization X X
Data/Metric Specifications X
* Data collection experience at PNNL/Federal sites .
. Analysis Code Development X X X
\‘5‘/  >$5M annual R&D budget for controls/analytics 4 2 _
PNNL  « Experience developing and commercializing FDD Code Infrastructure / Review
Data QC X
Field Studies
Data Analysis X X X
Dissemination X X

Researched building technologies since 1987
Led 10 HVAC fault/FDD projects
Deep R&D experience in industry and academia

UNIVERSITY of NEBRASKA
LLLLLLL
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Challenge

Problem Definition:

T EIA 2020

18% of U.S. energy use is consumed by commercial buildings?t, with ~40% of that going to HVAC

In aggregate, HVAC faults in U.S. commercial buildings have been estimated to waste 0.7 quads of energy
annually (worth nearly $14 billion)

Past studies on HVAC faults have used relatively limited datasets, inconsistent analysis approaches

Lack of reliable HVAC fault prevalence data has been documented as a key barrier to owners and operators
who use automated fault detection and diagnostics (FDD) technology, as well as researchers and developers

FDD software is an important tool for elevating commercial buildings’ performance to meet DOE’s long term
climate goals; what can a building owner expect when installing FDD?

Key questions:
— Which fault types are most common?
— Which components suffer faults most frequently?
— How many faults are likely to be triggered monthly/annually in any given building?
— What key drivers affect fault prevalence? (e.g., building type, climate zone, time of year)
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Approach: Overview

[1] Obtain FDD [2] Convert all raw [3] Calculate and [4] Publish results based
faults’ data from data into unified / analyze key metrics on statistical analysis,
multiple sources standardized dataset from unified data review of key drivers,
verification activities
|
| |
Prelimina :
” Y Final fault
FDD raw faults :> Unified faults :> fault :> orevalence
= dataset dataset prevalence )
- ) metrics
- metrics

Big data ... ... consistent data ... ... exploratory results ... ... reliable results ...
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Approach: Data Cleaning, Unification, QC
I FDD tools’ raw data Binary Daily Format (‘BDF’)

20200101 20200102 . . '
Location > Machine > Diagnosis TotalOty  DistinctQty TotalQty  DistinctQty > m I I O n rOWS
w0 | .

RTU-01 Sales 24H

Fault record Building ID Equipment ID Date Fault name raw Fault name mapped
coom RTU-6& 20180101 SAT Too High Condition RTU-SAT-Abnormal
coom DHU-4 20180101 ZAT Drift: Heating Not Activated VAVUNIT-ZAT-Drift

Cooo1 RTU-105 20180102 Zone Air Dew Point Reading Exceeds 53 VAVUNIT-ZAT-Unspecified
coom RTU-68 20180102 SAT Too High Condition RTU-SAT-Abnormal
coonm DHU-4 20180102 ZAT Drift: Heating Not Activated VAVUNIT-ZAT-Drift

Cooo1 RTU-54 20180103 Setpoint Not Met - ZAT - Over Cooling - Occupied VAVUNIT-ZAT-Abnormal
RTU-86 20180403 Setpoint Not Met - ZAT - Over Cooling - Occupied
RTII-ANAR Air Mew Pnint Readinn Frreards B3

Economizer Disabled / Outsi

DiagnosticlD Dat
. 1441052425 201
374317463 201

1

times,
5:05AM 1135min
915AM 125min
T:15AM 570min
7-35AM i
1! g.pgpp StartTime
7:55AM 2/1/20 03 :
10089 11/20 0:00 2/1/20 1:00 EE

:2385dd0a-ead%e129b Site53 A
:2385dd03-b8ed22ee Site53 A

:2385dd03-bGed22ee Siteb3 A
238E5ddN2 21, ABART QitaB2 A

BLDG/OAT  BLDG,
- -Lji- 42,50620041 87.83
BLDG-EE/FL-2/2-C201_5U/VAV_HW 4250620041 87.83

[
= R R S TR S}

2
2/1/20 0:00 2/1/201:00 EE 2 BLDG-EE/FL-2/Z-C201_53Y/VAY 42,50620041 87.83
2/1/20 0:00 2/1/20 1:00 EE 1 BLDG-EE/FL-1/Z-101/VAV-4MM 4250620041 87.83
2/1/20 0:00 2/1/20 1:00 EE 1 BLDG-EE/FL-1/Z-106/VAV-4FF 42.50620041 87.83
2/1/20 0:00 2/1/20 1:00 EE 1 BLDG-EE/FL-1/Z-107/VAV_HW-4NN 42.50620041 87.83
A an nann A1 i A.nn £ 1 Ol R~ ECIC A 07 Ang <o AN LA ASS A% ANENNAT 0T 03

Key Risks Mitigation

Data gaps/duplication QC reports identify patterns/anomalies :> Excerpt of example QC report, used
to identify data anomalies

Proving absence of fault (e.g., fault rule Partner collaboration; metadata report review; QC reports

; ] Fault name 0101 | 20002 [ 20903 | 201004 [ 201005 |
not applied, component doesn’t exist) RTU-Zone-Relative_humidity_sensor-Frozen 14 1:; 1;.i 11 -20
RTU-Zone-Temperature-Ab |
q a a o -Qutside air-Temperature sensor-Frozen 3.0 21 22 13 T
Small sample size Highlight/exclude results where subset is small (e.g., St S reomre o T
g a Ared a a g RTU-Economizer-Sequence-Settin 79 79 8.5 7.0 3.2
isolating a specific climate zone and building type) R0 Suppy st Temperature setpoAule b oo = !
RTU-Zone-Temperature_sensor-Unspecified
. RTU-Outside_air-Airflow-Abnormal 13 0.0 -0.4 -11 -18
Pandemic affects fault prevalence Exclude data after December 2019 KT Suppy ai-Temperaure semsorTraen o1 01 03 03 00
RTU-Zone-Relative_humidity-Abnormal 0.2 0.5 0.4 0.3 11
False alarms Verification activities e TS T
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Approach: Fault Prevalence Metrics (Example)

Fault Percent Time Equipment Faulted - Distribution Metrics address key questions:

(Equipment)

conerTEmperstLrs Ao * Which faults are most often
observed to be present?

What percentage of units are
observed to be faulted at any
ST ———— : given point in time?

e | S — *How many fauits are observed to

Zone-Temperature_sensor-A Eauip Time Faulted () (i) # be present each month for a given

ControlSaniancaCari . INNEG
upply_air-Relative_h . Mean Monthly Fault Presence: . .

Outdoor_ai Quantlfy prevalence Zone Temperature Abnormal b ul Id l n_g type?

VedairTer by fault...

Mixed_air-Temp

Zone-Temperature_sensor-Dri

r-Temperature_sensar-Fr

an
[

Jutdo r-Fr
Zone-Relative_humidity_sensor-NA _
Heating-Heating-Failure [
NA-CO2_sensor-Frozen _
Na-co2-apnorma [
Supply_zir-Relative_humidity_sensor-Frozen || G
Supply_air-Fan-Failure [

Count of Equip Time Faulted (%)
I

L

| ..Deeper dive on
NE-CUZ_sensor-NA
Economzer-a-i12 N dlstrlbutlon seasonal
Supply_air: T:r: : LT:P:I:T“EH "rr;: _ Varlatlon ImpaCt Of
Control-Economizer_sequence-Setting || N Cl|mate zZone / bu'ld'ng
Supply_air-Pressure_sensor-Frozen _
Supply_air-Temperature_sensor-NA _ type etc s & & &
Zone-Dewpoint-Abnormal _ Q’Q CP A,z,@@ &6“0
Supply_air-Temperature_sensor-Frozen _ ° S
Return_air-Temperature_sensor-NA _
urmidicy-Abnorma! [N Percent Time Equipment Faulted (%)
£ _:,.,,:;C it . Fault Type: Zone-Temperature-Abnormal

Zone-Dewpoint_senscr-NA _ Climate Zone (BA)

L

=]

Contrel-Control_board-Failure _ |
gisaoaas o MU | !
|
—_—
0 2 41 6 8 A
Avg. Equip Time Faulted (%o = o a0 60 100

Equip Time Faulted (%) #
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Approach: Verification

Verification activities mitigate risk of FDD fault reporting error (i.e., false positive, false negative)

1. Field Visits: Compare FDD results to manual
inspection and data loggers (sample of sites)
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2. Ground truth testing FDD algorithms (separate
Berkeley Lab project)
* Time series HVAC operational data with known faults and

their associated intensity, to be used for benchmarking FDD
algorithms

Data on false positive/negative can be used to apply
uncertainty bounds on fault prevalence study results

Chiller Supply Water Temp Reset

= Chillerl: Supply Chjlled Water Temperature

Chilled Water Supply Temperature (F)
=]
Outdoor Air: Dry Bulb Temperature (F)

1

oL 0z 03 i [
Aug
018




Impact

* Stronger business
case

* Allocate adequate
O&M resources

Building
owners/
managers

*Increased focus on
key FDD functionality
gaps

* Improve
interpretability of
fault reports

FDD
developers

Fault
Prevalence

study results
HVAC

designers /

component

manufactur
ers

* Prioritize reliability
improvements

*Develop new
functionality on solid
empirical foundation

Researchers

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

U.S. DEPARTMENT OF ENERGY

»

»

N

Increased
market demand

Improved
analytics tools

Increased
HVAC system
reliability

Accelerated
R&D

DOE Goal

Triple the energy efficiency and
demand flexibility of the
buildings sector by 2030 relative
to 2020 levels.

Projected impact from
expanded deployment of FDD
With 9% savings', FDD
adoption by 10% of eligible
“ puildings? can result in 54TBtu®
annual source energy savings
($0.5b)3

1 Median savings for FDD users, based on

Smart Energy Analytics Campaign
2 Commercial buildings >100,000 sq.ft.

3Based on CBECS data




Progress: Data Received

Data*

 Data received from 6
partners so far (1
pending)

1,526 buildings (50
pending)

— 8,140 RTUs

— 3,729 AHUs
— 44,572 ATUs

e >14 million rows of fault

data

Fault record Building ID Equipment ID Date

0 Ccoom
1 CO001
2 Coom
3 Cooo1
4 C0001
5 COo001
6 Coo01
7 cnnnd

RTU-68
DHU-4
RTU-105
RTU-68
DHU-4
RTU-54
RTU-86
RTII-ANR

20180101
20180101
20180102
20180102
20180102
20180103
20180103
201R0103

Fault name mapped
RTU-SAT-Abnormal
VAVUNIT-ZAT-Drift
VAVUNIT-ZAT-Unspecified
RTU-SAT-Abnormal
VAVUNIT-ZAT-Drift
VAVUNIT-ZAT-Abnormal
VAVUNIT-ZAT-Abnormal
VAV IMIT-7 AT-l Inanarifiad

* Data will be used to calculate metrics; data will not be made public

No zone: 46
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HOT-DRY / MIXED-DRY

235
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Progress: QC and Metrics Development

Percent Time Equipment Faulted (%)
Fault Type: Zone-Temperature-Abnormal

QC Metrics et one 54

Cold - f |

« Data QC complete forall + 5 Metrics Defined & Coded: e
received data — Monthly Fault Presence N ————

0 20 40 60 0 100

— Average Monthly Fault Presence Equip Time Faulted () #
Fault name 201900 | 2002 | 201003 [ 20108 [ 201005 | o
FIU-2ooe-Eelethe tnnidity sennor-Freaen & =L = B 2 — Mean Faults per BUlldlng per Month Mean Monthly Fault Presence:

[=s]

RTU-Zone-Temperature-Abnormal 12.6 120 121 123 133
RTU-Outside air-Temperature_sensor-Frozen 30 21 22 13 12 . Zone Temperature Abnormal
RTU-Supply_air-Temperature-Abnormal 6.4 47 il 4.0 3.8 - Pe rCe nt Eq U I p m e nt Fa U Ited 15
RTU-E: izer-Sequence-Setting 79 79 85 70 32 £ 10
RTU-Supply air-Temperature_setpoint-Rule_Ab 125 10.0 121 8.8 5.6 — P r n TI m E | men F I =
35
RTU-Zone-Temperature_sensor-Unspecified 137 e Ce t e q u p e t a u ted § 20
RTU-Outside_air-Airflow-Abnormal 13 0.0 -0.4 -11 -1.8 § Je
RTU-Supply air-Temperature_sensor-Frozen -0.1 0.1 -0.3 -0.3 0.0 z 20
RTU-Zone-Relative_humidity-Abnormal 0.2 0.5 04 03 11 E 1
RTU-Zone-Temperature_sensor-Frozen -121 -11.6 =5
gr ¥ —
RTU-Compressor-U d-Unspecified 17 34 24 25 3.9 £
5 s
Z 0
|Coo2 | C-RTUO0SS 0 0 0 0 0 0 0 0 0 ] ] c
|Co0tl2  C-RTUD0IS i i ] ] ] ] ] ] ] 0 o ] S8 & & »d & » & & 5 o8 &
comz  C-RTUOMED 0 0 0 ] ] 0 0 0 0 o o s FF@ S
! @ & ¥ & o & &
|Co0tz  C-RTUDMES ] ] ] 0 0 ] ] ] 0 o o « R & F
CO0iZ  C-RTUDMET 0 0 0 0 ] ] 0 0 0 o
|coorz  c-RTuoos: [NOE] =929 8065 6333 1935 3226 BET 4194  96ET 3548
|Comz  CRTUODIST | 8387 9286 9677 7233 } IEET  64B ] 0 3548  BEET 2258
coolz  c-RTuomss [NEE  sc42 BEET 3226 B45 333 B a0 32.2H - .
Q.
|cooz  c-RTUOME 85.71 3355 GRET 1935 0 0 [ [ Percent Time Equipment Faulted (%)
|Cooz | C-RTUDMES 2929 8387 9333  GAOE 20 968 0 0 0 0
|comz | C-RTUDMEZ 8204 9ET7  9BET 9355 GEET 38T GBI 0 0 BEET 387 Fault-Split 1 Fault-Split 2 Fault - Split 3
|comz | C-RTUD0ES 8571 9577 5333 2681 387 20 4839 SEET 3228 Supply_air  Fan i
|Cootz  C-RTUDMES 9643 70 Gaz4 4839 233 dsca O 3T
|comz | C-RTUOME: 64T BETT  BEET 19.35 ] ] o [
|Co0tz  C-RTUD0NSS 7143 9355 a032  s2z6 6233 errs [N e
Co0iz  C-RTUOOIES 9286 ; BT 4839 0 z5E 7333 322§

Temperature

Temperature_sensor

Equip Time Faulted (%) =
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Progress: Preliminary Results (example)

27 AHU Fault types reported

Top 10 faults account for 73%
of overall “fault_months”

Top 10 ranges from 13% -
58% Avg Monthly Fault
Presence

4 Sensor-related faults
8 Economizer-related faults
7 Coil-related faults

Location/Section
— Outside Air: 5
— Mixed Air: 1
— Return Air: 6
— Supply Air: 5
— Cooling Coil: 3
— Heating Coil: 3
— Control: 1

Avg_monthly_fault_presence (%), Partner F, AHU Faults

Supply_air-Filter-Block

Heating-Coil-Fouling

Supply_air-Filter-Unspecified
Outside_air-Damper_control-Abnormal
Heating-Coil_valve-Leakage
Unassigned-Cooling_heating_control-Simultaneous
Return_air-Relative_humidity-Abnormal
Qutside_air-Airflow_sensor-Unspecified
Heating-Coil_valve_control-Hunting
Return_air-Fan_control-Hunting
Outside_air-Damper-Leakage
Return_air-Airflow-Abnormal
Cooling-Coil_valve-lLeakage

Cooling-Coil-Fouling
Supply_air-Fan_control-Hunting
Supply_air-Static_pressure_setpoint-Rule_abnormal
Outside_air-Damper-Stuck
Return_air-Damper_control-Hunting
Return_air-Damper-Leakage
Qutside_air-Damper_control-Hunting
Return_air-Temperature_sensor-Unspecified
Supply_air-Temperature_sensor-Unspecified
Cooling-Coil_valve_control-Hunting
Economizer-Sequence-Setting
Mixed_air-Temperature_sensor-Unspecified
Supply_air-Temperature_setpoint-Rule_abnormal

Control-Sequence-Setting

=]

6 10% 20% 30% 40% 50% 60%

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Ongoing results review for all
faults, all metrics, all data
partners

Distribution & sample size
analysis ongoing

Iterative review of metric
specifications and taxonomy
application

Ongoing communications with
data partners on data
interpretation




Progress: Field Validation

Example:

Fault: RTU-Zone-Temp_Sensor-Drift

Detection Method: Comparing BAS and Logger Values
Detection Threshold: 2°F

# Units Faulted: 3 out of 11 (27%)

Normal Faulted

3/12/2021 9:45
3/12/2021 9:51
3/12/2021 9:57
3/12/2021 10:03
3/12/2021 10:09
3/12/2021 10:15
3/12/2021 10:21
3/12/2021 10:27
3/12/2021 10:33
3/12/2021 10:39
3/12/2021 10:45
' 3/12/2021 10:51
3/12/2021 10:57
3/12/2021 11:03
3/12/2021 11:09
3/12/2021 11:15
3/12/2021 11:21
3/12/2021 11:27
3/12/2021 11:33
3/12/2021 11:39
3/12/2021 11:45
3/12/2021 11:51
3/12/2021 11:57
3/12/2021 9:45
3/12/2021 9:51
3/12/2021 9:57
3/12/2021 10:03
3/12/2021 10:09
3/12/2021 10:15
3/12/2021 10:21
3/12/2021 10:33
3/12/2021 10:39
3/12/2021 10:45
' 3/12/2021 10:51
3/12/2021 10:57
3/12/2021 11:03
3/12/2021 11:09
3/12/202111:15

=

E

)
-
3
)

—ZAT Logger) ——ZAT(BAS) ——ZAT (Logger) —— ZAT (BAS)

3/12/2021 11:21

3/12/2021 11:27

3/12/2021 11:33

3/12/2021 11:39

Temperatur
(=)}
N
oo
pera
[splN eyl
F= el

3/12/2021 10:27
3/12/2021 11:45

3/12/2021 11:51

{

3/12/2021 11:57
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3 site visits to date

Data analysis in progress (not yet
cross-checked to FDD results)

Insufficient data for applying
confidence bounds around FDD
analysis results, but insights gained
regarding potential error

Key issue: Need to determine best
way to increase confidence in
sensor-related faults. Options:

— Exclude some faults’ data

— Request more thorough inventory
data for BAS sensors

— Cross-check BAS trend data
— Ignore if found to be low impact

Overarching issue: Pandemic limits
travel and availability of sites to visit




Stakeholder Engagement

Outreach to date:

I ©  ACEEE Summer Study paper (2020)
BC Hydro * Purdue Conference Paper (2021)

Car ASHRAE Conference Presentation (2021)
arrier

_ Co-authored journal paper in Science and
Clockworks Analytics Technology for the Built Environment

Journal paper submitted to £nergies

Technical Advisory Group

CopperTree Analytics .
Hydro Quebec

JCI * Close ongoing collaboration with 7 data
NYSERDA partners (6 FDD tool developers & one
building owner)

SkyFoundry
Southern Co
Texas A&M

Tridium
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Remaining Project Work

2020 | 2021

We are here! !
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Thank You

Lawrence Berkeley National Laboratory
Building Technology and Urban Systems Division

Jessica Granderson Eliot Crowe
Deputy Director for Research Program Manager
jgranderson@Ibl.gov ecrowe@lbl.gov
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Project Budget

Project Budget: $1500k
Variances: Not applicable

Cost to Date: $884k

Additional Funding: Not applicable

Budget Histor

FY 2020 FY 2021 * FY 2022
(start date 10/1/19) (current) (planned end date 9/30/22)
DOE Cost-share DOE Cost-share DOE Cost-share
$431k $0 $658k $0 $411k $0

* FY21 spend to date, plus projection thru end of year

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Project Schedule
Project Start: 10/1/19

Projected End: 9/30/22

Completed Work
Active Task (in progress work) -
Milestone/Deliverable (Originally Planned)

Ldhd

Milestone/Deliverable (Actual)

Draft study design is documented for review by DOE and partners and/or TAG.

Preliminary analysis of data from pilot study from four or more sites is documented.

FY2020 FY2021 FY2022
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Data cleaning and mapping methods developed for pilot study are found to be scalable within project
resources for application to the full study dataset; study design is refined based on pilot findings, and
documentation demonstrates that pilot findings merit continuation of full study.

~Midpoint status review for Task 3 (implement study) and project as a whole, shows that partners
remain engaged, research management processes are functioning, and technical work is on track.
Feedback on analysis results to has been documented.

Initial review of study data collected to date is conducted and confirms quality and sufficiency
needs for priority faults and systems. Robust approach to cataloging results has been developed, and
approach has been developed for drawing out key conclusions from analysis results.

Ongoing review of data collected to date is conducted and confirms quality and sufficiency needs for
fault prevalence estimates. Data verification activities/results provides preliminary basis for
documenting confidence in study results

Current/Future Work
Preliminary plots and metrics from full study are generated, showing that fault prevalence estimates

meet study accuracy targets.

Drafts of dissemination materials, are prepared for DOE and/or TAG review.

Results finalized and project close-out conducted with DOE and/or TAG.
U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 19
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		Project Schedule

		Project Start: 10/1/19				Completed Work

		Projected End: 9/30/22				Active Task (in progress work)

						Milestone/Deliverable (Originally Planned)

						Milestone/Deliverable (Actual)

				FY2020								FY2021								FY2022

		Task		Q1 (Oct-Dec)		Q2 (Jan-Mar)		Q3 (Apr-Jun)		Q4 (Jul-Sep)		Q1 (Oct-Dec)		Q2 (Jan-Mar)		Q3 (Apr-Jun)		Q4 (Jul-Sep)		Q1 (Oct-Dec)		Q2 (Jan-Mar)		Q3 (Apr-Jun)		Q4 (Jul-Sep)

		Past Work

		Draft study design is documented for review by DOE and partners and/or TAG.

		Preliminary analysis of data from pilot study from four or more sites is documented.

		Data cleaning and mapping methods developed for pilot study are found to be scalable within project resources for application to the full study dataset; study design is refined based on pilot findings, and documentation demonstrates that pilot findings merit continuation of full study.

		~Midpoint status review for Task 3 (implement study) and project as a whole, shows that partners remain engaged, research management processes are functioning, and technical work is on track. Feedback on analysis results to has been documented.

		Initial review of study data collected to date is conducted and confirms quality and sufficiency needs for priority faults and systems. Robust approach to cataloging results has been developed, and approach has been developed for drawing out key conclusions from analysis results.

		Ongoing review of data collected to date is conducted and confirms quality and sufficiency needs for fault prevalence estimates. Data verification activities/results provides preliminary basis for documenting confidence in study results

		Current/Future Work

		Preliminary plots and metrics from full study are generated, showing that fault prevalence estimates meet study accuracy targets.

		Drafts of dissemination materials, are prepared for DOE and/or TAG review.

		Results finalized and project close-out conducted with DOE and/or TAG.
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