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Jeff Wiese recently pointed out the importance of R&D and Innovation 

to improve the safety of Transmission and Distribution infrastructure 

cost effectively 1

PG&E is introducing a 

systematic risk based 

management of its assets 

following the continuous 

improvement Plan, Do 

Check, Act sequence.

R&D and Innovation is part 

of the Act step.

1

Innovate

1; Letter to the Chairman 0 on April 30th, 2013 2
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. _nt
R&D and Innovation detects, adapts, qualifies and implements 

innovative solutions in the Gas Operations business to improve its 

performance measured in public and work safety, customer satisfaction 

cost effectiveness, environmental impact, regulatory compliance, and
communication.

7

Redacted

3
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91 active projects, 23 in evaluation (as of December 31st, 2013)

Current R&D and Innovation Portfolio !^0pera,ion and Con,ro'
Emergency Preparedness
$0.09M
Knowledge Management 
$0.5M

leveraging collaborative R&D

Excavation Technology, 
$0.7M, 2%

Instrumentation and 
Regulation, $1.1M, 3%

in Line inspection,
$19.1M, 51%

Other, $9,8M, 26% Damage Prevention, 
$2.0M, 5%

Leak/Emergency 
response, $3.0M, 8%

integrity, $9.0M , 25%

TOTAL: $38M for $4.2M PG&E funding

4
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30-36” diameter transmission pipelines

extern " J '< m >nstration performed on , ..
through an actual 30” ‘o m >" >M'_ m -3 ,« p

OH on developing an untethered inspection rc * ^

23, 2013 consisting of a
jrized m j '< ^ sig.

f hyi l m ■',J demonstration at Nation ' N m jgh a hot tap before commercialization
, i " ‘ ; ~

n

2014
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BUB

Tool used for charging >> < w ( 
robotic tools through a hot tap.

a/ removal of the t> * ;m f-1
charge the batteries.

Two versions developed: generato 

battery po,v * » -merger.

charging foef no n ' c ^ -e o tt ^ 

used commercially (Explorer 10/14 was 

cheer *d mu', T m im" *< a,*' .ct 2.7 miles
of a 10” and 12” diameter pipeline).

■ Eill■ ■ ■
■Hi

d

■
Ir cl

iDevelo i
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^ ^ ^ ^
Development of sensors for the 

detection of ax
in the

The design incorporates 

Elect!>/mm - Mmustic Transducer
(EMAT), and Transverse Magnetic Flux 

Leakage (TMFL) sensors in a spiral
configuration.

i> k 5 , me,o’ • > ,< -
i ' ,1 .>, > j t' Of' O.v ,

mm voted to be completed by 1Q 2015.

oriented cracks 3

seam weld.pnr

Conceptual Design of Explorer Crack Sensor

Strategic

/

Magnetic field generated by spiral TMFL sensor

2015
1Develo 9I
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Multi-cw 'tn< 1 ’> -M wo / / w, section
characterization, and measurement of girth
welds.

3

Oensor integrated onto Diakont’s tetR < « 
crawler to inspect 30”-58” diameter pipnowr

unit in PG&E territory in■ Demonstration c
2G 2014

Commercial availability in ~ 3Q 2014.

■ Result will help:
- / sess girth weld integrity for construction defects 

espew 1 > 1 i mdition of underground movements
- Repla / l ' ''sed techniques that ren rw / Wu'

coupling
Rendering o I’/ w-Channel EM AT on

r wl >: it' pmci' r mnvler
Strategic fit

# 1
15 5 2

«//^ / 14 t.3

3 4

>2 <1 r 5

\\
2010 8H4

/ ,0

I N. N°
%vbmimm*,

8J &
Chance of Success
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PH MSA
Cu fc e U f ' \ / , f 'A Ur ^-10WmLq ■
about buried pipelines through In Line I 
and to complement PRC! project MDE~

jctural parameters of interest;

Coercivity vs YS
non80

0
*Tr\*y = 5.4O0Sx + 22.357

J?J s 0,6516 ...70

0

Pipeline micimsiu
- YieSd strengll j

- Tensiie strength
- Transition temper-C
- Fracture toughness

Some proposed techniques to be investigated:
- Ultrasonic backscatter testing to determine grain $
- < her electromagnet*' m- asurement techniques {

Barkhausen, etc.)
- Additional data could determine chemical composition using x-

ray backscatter methods

* **80 - « >' « 
sI

>
o50 -

"■ O o

jre40

30

20 • •
4 5 7 9 106 S

Coercivity (Oersted)

Permeability vs YS
Current,80

<t

70

«•
0 o 4 9

« «

80 ■

I
>

50 Strategic
6

9 0

y ” * $ R' = 0.329740

30

20 -
500 700 900 1.100 1.300 1,500 1,700 1,900 2,100 2,300

Permeability (G/Oe)

2016
1Develo i
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PRCI 3»

Mechanical stresses on downhole piping due
to subsidence, angle of inclination, and degi w,
of centralization in the wellbore are
investigated.
Dow- to';1 v * w #, ,/w " (r nr; h ,n < w! n 

w cental pipeline conditions, c rr/wn Or
need to characterize their effect on MFL
performance and data interpretation.

!/u' < W V w . s ;
- in* reasing •* - ffectiveness of storage field Integrity 

Management program
- in proving knowledge to support p 

decisions
- reasing service factor on storage assets through 

improved confirmation of remaining strength of casing

Jl
r

i ■
c*■

■ip ■
al .

HBi m
I■

i
WT imentHrHi■■
— 1

of Geo-mechasiical Loads on 
Downhole Pipe

Exai

20162013
1Develo i
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HYSEARCH project with Honeybee 

Robotics initiated in 2012

wow, v nw w c ection of pipe casing 

without m /»/, /

• 'u / w,*,, 4 4 r action and digs

c: tuw/;onal prototype tested by
f ' ' "w cln c Yw*w, "0 ,

I wo ,ww,, -t of a refined prototype to be
tested in May 2014

Prototype of Robot for Visual inspection of Pipe Casing
through Vents

Strategic

l2012
1Deve
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5
C. wm

mm" ■■ •:/■is

IP
Industry project started in 

April 2012 fo» i' / d - ^
develo, i R no ,, \ i>'
Service (FFS) 

assessments and best 

practice document for 

management of ground 

movement hazards

■IB

MsSf »

gMl ■LI Bending Strain & Stress

!
!§§ +

Girth Weld FeaturesWmm ■■ 4
■

Pipe Movement
Strain (e) & Stress (aL)Vm /irtium of several oil 

and gas pipeline operators
■ Study

- ''f| i

by Center for Reliable Energy Systems (GRES) 

J failures on vintage pipelines
- Additional stresses exerted on pipelines (ground movement, 

residua! stresses, const1 / bon activities, soil creep, heavy 

rainfall, etc.)
Strategic

- Characterization of pre-existing flaws on ,i ' i welds from welding
gen embrittlement, high-low(lad' penetration, hyc

misalignment, cracking, C lO, )

r 2014■Develo i
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■
. RCI detected the technc 

NASA Tecfusion program

Spin-off of l

/ tn/f ,«<gh the

sity of Kentucky

1 r<,:" tor and receiver integrated •
camera

Projects about 600 frames on the object in 

measure the volume in one picture

ee* creates data for calculations of
RSTRENG perASME B31G

/ ;' s' / $is is provided in real time w ii-nr,;!- ?
' ( yrs; * /ho - eoiator.

Strategic Fit

■r

Demonstration of the Seikowave system at 
- ,i April 18th, 2013

2014

¥
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NYSEARCH project on developing
automated NDE (Phased Array UT) 

system for inspection of butt fusion 

joints of pod ' Hv Hpo 0 On'cr no 

pipelines

C'^p m /.< cl's on method is visual 
inspection

/ A "<< H I HIP touMocreases
reliability

Yd i>e uned for Integrity 

Management, Training, and Quality 

ControlPrototype of NDE system for Butt Fusion joints in PE pipes 
(Ref,: TWt WiNDEPP Program)

Strategic

2014
HIDevelo i

Risk
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>RCI\ r

Cavity Ring Down Spec n ., n, 
(CRDS) detects methane 

concentrations as low nr, 1; *pb.

a more effective sweep of an 

area w 1 ^ ' J C,< ^ ^ ^ Cify j: k
leaks.

Data are transmitted immediately and 

can be viewed remotely in real time.
Offem iwv <t ; r. , m o
leak detection process.

Redactedm,

y

(

il
Redact
ed

i.*1

r
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>RCI\

m

0/ f"(> wwwj t r/ni v:< cy of
Pasadena has developed a miniaturized 

methane detector to locate meAwc,
sources on Mars

! 'w vision of 10 ppb with an open path of
20 cm by using 3.3 pm absorption band.
Allows to go from Picarro methane

)n to leak by tracking the plume.
'"w, mou oH on a UAV for rough
terrain pipeline survey

I wnnw.ww with PRC! and JPL to
development and adaptation to

k in

if

Prototype of Methane Detector by JPL v
n i ■«

;h

yx Icorn
o *

3 2015

¥
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Jf

4

Continuously monitors pipelines and
provides rapid warning of leaks.

Svstem co ; w -i / < t
sis non

Testing of the system co-funded with 

the California Energy Commission:
■ rmmonstratk m 1 nnsor efficacy
■ Evaluation of sensor response to leaks 

in typical operating scenaric end 

weather a i Tions
■ I o Vi tion of false alarms

Project is completed. Results will be
presented at the 2014 AGA Spring

■i

I computer station.

RK-1

WSSSSg*
ISBfitt ■

___—il_

; 18^1
■Ill

BBBB

4

mmIB

Installed Remote Methane Leak Detector at PG&E
k (Febmv / /f 13}| Redacted

9H^IH ¥ Js
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'V f fbbive alternat. >_ m
cef '' r ,< /"' or dedicated
wireless network.

: i ^ Cf-L' ddLOd If d d i , > l ;'jOate
locations, latency is shorter than 

be /,‘Goods.
0 dd/L;'Lpf.CO

modem on ERX to collect and 

transport icy m , »assure
information towards the Control
Room.

c -! n<y ./eon.nf * ymeted in
Q2 2014. '

H

4wM

'

►

Strategic

ERX Unit and Data Collector Unit

20142012

¥
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Assures physical separation of 

the control ro w w »m external
networks

A'*if J , mu authorizes ti
of information Ui-at lWWwil 

networks to the control rcmw

1 Xodware-baseu woo n 

(“security in silicon”), not subject 

to software flaws and
configuration n><"\ ,

Docs not require any 

' ' ration.

Distributed
sensors netwok

Control Room

ERX Unit and Data Collector Unit

2014

¥
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jects and TechnologiesNeeds and Gaps

201B 2014 2015 >2015

Satellite Observation 1 PRCl'

PRCI>Aerial Surveys - Drones

Image Analysis

Optic Fiber (Cost Reduction)Detect Construction 
Equipment/Activity • Ground Acoustic Sensors 

Signal Analysis

MM PRGl'l■IfVideo Surveillance

. Electronic FencePrevent 3rd Party 
Damage Multiple Signal AnalysisE

OTD• GPS LocalizationLocate

• jjjjj

Ground Penetrating Radar OTDControl HDD

XY2 :o( .lii/.ilion Si-jisih

OTD• CIS locution Vfi:idiiliofi
Locate Pipelines

Pipeline ROW markers

Smart Phone Solutions
Improve Communication

Standardization

• PG&E participating

Deploy

Design

r

Test
Develop

26
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OTD. n
Operations
Technology
Development

wprw vients 811 o
additional protectior

Uses GPS location of cor 

equipment and movement patterns

■ Sends alerts to field operators, and
m ' ■ /» mu room vv ' w { ' ?
digs close to underground assets

Hue noon </ ' , ' ' > t ,,1 ^ I
win, n\> w^ f h e,

war ’ '' ! acted to be cheape 

nr ( m dive than ultra-sonic a 

fiber optic detection

to provide|jj ■■■
—■

I

■ — n

w/M
■H|

■Mill ■■1
■ ■

mwM

■m

iMfif

H■ ■■Hi ;tion Sew■ i■n «■
■ 1

idr o■■■ n■ ■■Hi ■
Hi

gij
111 II s

■
■

Tllli Strategic

¥
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OTD S
Operations
Technology
Development

v » < 'Oject for the development of an 

automated welding unit dedicated to the 

installation of service laterals

CVd bwi (, , ,\\t , : / cialization of the 

prototype developed in earlier phase.

mo d welding;
- Improves weld integrity and repeatability
- Reduces dependency on highly experienced 

welders, wfw mw - /,wrt in supply
- Promotes safer operatic.- f ny -moving 

operator from the excavation ri vm' n 

operation

Prototype of Automated Welding Unit
(Ref: GTI, Dennis Jarnecke)

2015
HIDevelo i
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OTD
Operations
Technology
Development

l

|MF ■ ■ ■ %S0

ai'»p HH Pipe splitting technique involves 

splitting vintage Aldy' / ; ;/ ^ ' 
inserting new PE pipe in existing path

m i ^ n ' j , “trenchless”
X««P J

compared to excavat

The project n/> f wus on the 

development of standard pipe splitting
A ' ' o t/,< ;

1 f<completion by 1Q 2016.

j

H I■ Vwmm"wBttki
■■l ■

HKX2 d lowermm MSmthpc: ■§jj§ ■■ ■111 ir.—

///

*

“ '\ /s /\ /\ //\ ✓\ /\ ✓
\

IMMHIIH

Strategic

Mini-GRUNDOTUGGER from TT Technologies

2015
HIDevelo i
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* OTD
Operations 
Technology 
Development i

■

O(Ij a y <;t to evaluate composite repair 

for mechanically damaged p m'rb, mm.
pipes.

'd'l^ mi/, u * >, d pipe. nmwm m
mmoi\ mass of the damaged area, cut-out

' m} m} m, , ' , ' ''mV' < j will allow i "*
repairs of small leaks wi f «r
service.

Testing v/T /r properly
testing of Pipe Wrap, lap shear strength with
pc'/mb ^mw, sod sample repair testing 

including burst testing, hydrostatic pm /m 

testing, and impact testing.

vu m m u/uected or : w ;mb '
2015

■■ jjjjjim
■ 1

L *

llsw;
!■

ittsng off

Composite repair trial on polyethylene pipe.

1 if

Hydrostatic pressure test on repaired sample; failure 
outside of repair area.

2015
1Develo i
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level j

v jyi ■ II IfegT 111*

1
■h
■■a First academic research results in

199f' i'-r polynnnr rnrrn "I -cnr »site 

materials

Microcapsules containing self-healing 

agent embedded into PE main/

nr.* J' , mrOiu mcapsules 

ad* M ng healing agent, which
prohibits further crack propagation.

''/C! M /," v - , focused on proof of 

conce : • p mb, -ro so '' .m

Next step will be demonstration of 

foorusion manufac'ooM 7 * f< wo ,'pes

m

■
K■r■ ■K

MHI
*-* Catalyst *

#
0

yficrn *MfllQ nipj 0J

H
v

■
;.xfia~»r

Microencapsulated Self-Healing Concept 
(Ref: Applied Nanotech, Dr, D, IVIao)

2020
1Develo i

A.
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8 OTD
Operations
Technology
Development

Development of a remote QA/QC
applicate " w *(i- h/? { w qwv , t 
field work in real-time by capturing 

pictures along the process.

Remote monitoring of operations will 
effectively increase quality control of 

work by ensuring propw }>bmo 

) on.

Three pilot pi
with participa

f ejected completion date is 3Q 

2015.

.....
i«»f|«, JUS*** ............... ...  ..................... ...... f(tc

■

:ts will be conducted
operators.

Examples of Information captured in the field and 
automatically loaded within the GIS. Strategic Fit

2016
1Develo i

Chance or Success
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I r
1. Susceptibility of older plastic pipe to premature brittle-like cracking. 1% :

3. Excavation damage by third-parties (dig-ins). 3%
4. Operators unaware of the location and specification of the pipe in the ground. 2%
:8. Unmonitored Uaov location change.
6. Aging infrastructure and interacting threats. 7%
7. Infrastructure, maintenance, and parts.
8. U8i8v resource management yevdopmenr

4%

9. Ineffective or inadequate gas leak identification and response. 11%
10. Pipe with mechanical/strength characteristics susceptible to failure. 7%
81 Lark of prove rauun 8s nay.
12. Lines unable to accommodate in-line inspection tools, such as smart pigs. 65%
1-8 Utility fnaroigomant 'UrUciaraaa-.
14. Remote-controlled and automatic shutoff valves. 1%
188 Cusaomer-osvnei1 or ypa• ra
J 88 8i;i:-;ter meaa.ay.8 v/si'enas n;jt hi nobiSehorne parks.
87. InnJequate rynaayytaan.

100%TOTAL

35
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ons■

• A signment Options:
• Analyze R&D strategy and project portfolio
• Voting position in R&D Collaborative Networks and attend conferences
• Define lab test, field test, and pilot and prepare solution for deployment

• Becoro o < hampion for a new technology
*• Research and propose new ideas for projects
• Mentor RDI Seniors

- Assignment Options:
* Lead for an <0 .01 * oject
* Expert lead for collaboration network
* Project manager for Sab tests, fields tests, or pilot

. | // rform need/requirement analysis and build a business case
• Develop ideas into possible new solutions
• Mentor RDI Associates

lfe\• Type of projects:
* Innovation assessment
* Technology reviews
* Test or pilot design, organization anti management
* Development of new procedures and/or training related to new technologies

• Work on assignment 40% of the time (2 days per week)
Abidance provided by a mentor who has worked on z ar project1

36
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mm
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N ■ar^r in*
ators to presen 

lects best solution
ns
03o r
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Define the type of R&D result
- Knowledge and Science: the result influences our gas operation processes 

f!r'pi.iM /easing awareness eod understanding of teams
- Know how: the results are provided as a guide or a reference document or 

standard to be applied to our gas operator Processes
; are a software or no

improve our gas operation processes
- Tool: the tool that can be implemented to

.... the impact
;ement

Seamle

■ Operationalize Deployment
38
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« safe 
smart

Innovate

and
e performs

Redacted

~s
c 39
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#

What issue(s) does it solve?

How does it fit in our overall strategy and rank 

among our priorities?

I What is the state of the art?

«-reject Assessment d 

Support Sheet
What is the existing solution at PG&E?

How does the team compare to competition?

I 1
How does the project leverage previous work? g What are the risks for failure?

What are the requirements for deployment at 
PG&E?

What are the opportunities of co-financing? .

Strategic
How will the solution be use?

I
What additional delays have to be accounted for 

the full deployment?

How does it synchronize with existing actions?

Can we assess cost benefits of the solution?i■ What will the on-going cost of the solution after 

deployment be?

What is an acceptable cost target for PG&E?

Success 41
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Strategic
Navigation cara15 wireless

Navigation care v'd wireless
ing restriction

Drive and battery
/ trolled steer joints /

/
/
/
/ /

/ _1 W-
/    ——  [v * 1 ■ '

''. . i ^ 11 i ! I y

T-

' 4..

III 4
Mill

\
\ Dmtionof in. Brush/cleaning assembly - 

control removal rate\
Omptggable drive unit 
with brake capability

Debris and liquids can limit the detection and traversing
capabilities of

Invodane Engineering is developing a Pipeline Cleaning Too' ? < 
remove and collect debris prior to Explorer iodine-inspection

Feasibility study has been completed. Development of prototype 

f \ < cted to do completed by 2Q 2016.

in " , - y. ^ ^mr 1

2015
1Develo 42I
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* OTD <£>MJLi!*2_ __ V'
PHMSAOperations

Technology
Development

Electromagnetic Acoustic Transducer (EMAT) for
- * w cn < 'i'/f . b c > w m-Wf n of crack -do

defects and stress corrosion cracking (SCC) on
steel pipelines.

Tutu EMAT sensors are deployed on p but
not yet on platforms for unpiggable pipelines. 

Invodane Engineering is developing EMAT for its 

i /1 o ''u« /.‘C ,' 4 r- T wc platforms

1 ' / w '8d by QI2/Quest Integrity Grc n ; m ' , ,4 

bench-scale prototype of collapsible, bi-directi v (
EMAT sensor will have small fc
integration onto an III platform for unpiggable 

pipelines down to 3” diameter, such as Guest 

Integrity’s In Vista IL! tool

5■ ■ t : = :!■■■■ -T ir

mm ■W—^■p

T Tmmst _

' asewML*,-*,
EMAT Technology

Strategic Fit

1 factor to allow# s15 2XA/,. ' \ <
3

%
13 4 %

512

\V 6

JO 7
8%% V®4

§

Chance of Success

r 2016
1Develo 43I
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a
Current Explorer 6/8 111 tool for unpiggable 

pipelines uses a Remote Field Eddy Current 

(RFEC) sensor

Ef f C is not PHMSA-approved as a suitable III 

tool for '*A - ; *f', ' x; m //
ifferentiating inner Diameter (ID) and Outer 
defects

- Limited ability to defect small metal loss defects

in Ojiur m ml
with Magnetic Flux Leakage (MFL) sensor, 

which is PHMSA-approved, for nr ' / '«
defection and Mechanic'! in mm . m ./ 

(MDS) for dent and ovality. Both sensors are 

already integrated

jWii^ .A&

,rnmmm■

W Limitations
Diameter

Explorer 6/6 >’u I/O t utd MDS
Sej ,< i' / « "" D ii h(»mi

Pvnlnror nlotfnr|y|garnor
>n .tmumfit

r 2015
1Develo i

Chance of Success
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8 OTD ■

Operations
Technology
Development

- 'J r • >n m , n > ■»' ini urn . -;i
' * out the adequate compaction of 

excavation back filling

it m>y .f '// user interface through
smart phones and tablets, GPS
localization, and
automatically tipi 
utility’s database

k iject will
demonstrating'
to onercm.. to-b finm;; mmfear
densitometer

■j■BE

remote connection to
ad inform/:' mi m

oIo,/r\ roduce costs by 

ults are ecmnmom

Strategic

2015

►
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