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DMT process application temperatures of 
≤190°F.  The lower process application 
temperatures reduces the risk of exposure 
to hot piping burns and steam leaks.

In addition, the resultant waste 
stream following dissolution of the iron in 
the steam generators was further treated 
to destroy the simple organic acid and 
reprecipitated the iron oxide solids for 
removal by fi ltration.  With ion exchange, 
the remaining solution was demineralized 
and released without risk of exposure to 
radioactive liquid waste.  This treatment 
resulted in no off-site transportation of 
liquid waste material.  Hard chemical 
cleaning would have resulted in well over 
150,000 gallons of waste disposal per unit 
for offsite processing and disposal.  

The DMT application cleaning itself 
resulted in:

No reportable injuries• 
No Foreign Material Exclusion • 
issues
Zero Rework• 
Zero Human Performance Issues• 
Zero Radiological Personal Contamination• 
Zero Budget impact• 
No Schedule impact (i.e., beat outage • 
plant schedule)

Cost-Savings Impact
While a signifi cant benefi t of the 

simplifi ed DMT process system is 
related to safety and radiation protection 
savings, another benefi t is related to the 
cost savings associated with performing 
a DMT application or soft chemical 
cleaning as compared to an EPRI/SGOG 
or hard chemical cleaning application.  
In general, a turn-key hard chemical 
cleaning application including fi nal waste 
disposal is estimated to be approximately 
$14,000,000.00 for each unit compared 
to a turn-key soft chemical cleaning 
estimated to be between $2.5 M to $3 M 
for each Unit. 

Another cost benefi t of the DMT 
technology comes from the reduction in 
the waste disposal costs with additional 

savings in chemical costs, equipment 
mobilization/demobilization, and a 
reduced crew size. 

However, the biggest benefi t of the 
DMT process is the lack of critical path 
impact.   It was estimated that a hard 
chemical cleaning would add 16 days of 
critical path time to each outage.   Since 
the DMT process resulted in no outage 
schedule impact, the DMT process 
resulted in an additional savings of 
$4,800,000 in critical path time for each 
Unit. 

Surry Unit 1 outage set a Dominion 
outage record best with only a 22 days 17 
hours outage.  The DMT application was 
applied within a nested outage window of 
12 days.

Innovation
The DMT process was developed 

to provide the industry with a steam 
generator maintenance cleaning process, 
that:

could be periodically applied in the • 
SG’s during plant cooldown or after 
cooldown to remove a portion of the 
corrosion products that accumulated 
during previous cycles,
has the smallest possible impact on • 
the outage schedule and budget
has very low corrosion rates even if • 
applied repeatedly
does not use hydrazine• 
has no hydrazine or ammonia • 
emission
produces easy to handle solid • 
wastes.
In the 1990’s, the US commercial 

utilities applied hard chemical cleaning 
processes which were focused on the 
complete removal of the accumulated 
steam generator deposits.  These 
processes utilized a chemistry which 
required a large amount of equipment, 
required additional outage time, and in 
most cases, outage critical path time.  
Typically, the outage duration had to be 
increased to accommodate these types of 
cleanings.  The process chemistry of hard 
chemical cleaning processes is based on 
the chelating agent, Ethylenediamine 
Tetraacetic Acid or EDTA, which required 
a large amount of waste processing 
equipment or transport of the waste off-

site, thus adding another large cost to the 
steam generator cleaning process project.  
EDTA waste processing operations 
frequently required plant support for 
months after the outage and the trucking 
of thousands of gallons of slightly 
radioactive chemically concentrated 
waste to a secondary waste processing 
facility.  This plethora of issues often 
made the hard chemical cleaning steam 
generator process the technology of last 
resort with regards to addressing SG 
accumulated deposits.

In the 2000’s era, soft chemical 
cleaning processes are becoming the 
preferred process methodology to remove 
steam generator accumulated deposits.  
Soft chemical cleaning processes are 
focused on the removal of a portion of 
the steam generator deposits.  AREVA's 
soft chemical cleaning process is called 
Deposit Minimization Treatment or DMT.  
The AREVA DMT process development 
focused a number of very simple key 
application parameters and requirements.  
The DMT process application needed 
to fi t into the available outage window 
as much as possible, needed to have a 
system interface to the steam generators 
as straightforward as possible considering 
the plant confi guration such that the 
process piping connection to the plant 
was as simple as possible, and, lastly, the 
waste generated from the DMT process 
had to be less costly than EDTA-based 
waste processing costs.

AREVA’s soft chemical cleaning 
process development was successful in 
meeting all the key focus parameters of 
the development program. The single 
iron step DMT process provides a partial 
cleaning of bulk deposits (between 500-
750 lbs deposit) that accumulate in the 
secondary side of nuclear SGs assuming 
a secondary volume of ~15,000 gallons.  
The DMT process chemistry utilized 
may be applied in a very short outage 
window and is fl exible enough to work 
around other SG outage tasks.  The 
connection to the steam generators can 
be made outside of the reactor building 
by accessing the blowdown piping in 
the Auxiliary Building (Aux Building) 
if the plant confi guration allows.  Thus, 
there is no “in” containment work for 

Simplifi ed Deposit...
Continued from page 42
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the DMT operations. An additional 
DMT waste reduction feature is the 
ability to decompose the active chemical 
ingredient used in the DMT iron and DMT 
passivation steps, drastically reducing the 
waste disposal costs typically associated 
with a hard or other soft chemical cleaning 
processes.

Productivity/Effi ciency
The simplifi ed DMT process system 

included a number of features to increase 
productivity and overall effi ciency dur-
ing the deposit removal application.  The 
system included remotely controlled in-
jection pumps as well as in-line instru-
mentation to control and monitor the 
application sequence.  In-line instrumen-
tation included Total Organic Carbon 
(TOC) analyzers, and pH, conductivity 
and oxidation reduction potential (ORP) 
probes.  Although grab samples were still 
collected as verifi cation of the process 
parameters, the majority of the process 
was controlled with these systems. The 
simplifi ed DMT system and inclusion of 

the in-line instrumentation allowed for 
a smaller crew size, about one-half of a 
hard chemical cleaning crew, and reduces 
the risk of human performance errors 
during operation and process parameter 
determination.

An inherent productivity feature of 
the DMT process is that no soaking at 
optimum temperature is required for the 
dissolution to occur.  The thermal driver 
is suffi cient to effectively remove the 
deposit upon exposure to the solution 
during the fi ll and drain evolution. 

Surry Unit 1 outage set a Dominion 
outage record best with only a 22 days 17 
hours outage.  The DMT application was 
applied within a nested outage window 
of 12 days.   A hard chemical cleaning 
would have resulted in an additional 16 
days of critical path time. Unit 2 DMT 
window was completed in 11days. 

Transferability
Although initially developed for 

reducing the deposit inventory on the 
secondary side of steam generators in 

PWRs, the DMT process technology is 
readily adaptable to other components 
or system with predominantly iron-based 
deposit accumulation and is not limited to 
the nuclear industry but may be utilized 
in other industry application where 
hazardous waste disposal is a concern. 

This process can be utilized on 
balance of plant heat exchangers and any 
closed loop system in a PWR or a BWR. 
It can also used in a number of other 
industrial cleaning applications.

Contact: Catherine Mosley, AREVA; 
3315 Old Forest Road, OF-68, Lynchburg, 
VA 24506; telephone: (434) 832-2934, 
email: Catherine.mosley@areva.com. �
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1. Features
 1.1 Nuclear Plant Journal's  annual Product  & 

Service Directory is a source of information on 
resources for more than 3,000 different products 
and services used in the nuclear power industry. 
Up to fi ve (5) listings  plus suppliers complete 
contact information are  included cost-free for all 
organizations. Organizations that are not advertising 
in the Directory may purchase additional listings at a 
cost of $7.50 per listing. 
1.2  The Suppliers contact information sec-
tion of the Directory includes the organization 
name, industry contact person’s name, address, 
phone and fax numbers, and e-mail and web 
site addresses.  

 1.3 The Corporate Capabilities section 
includes a comprehensive listing of an 
organization’s featured products and services 
in one location. It also includes the supplier’s 
complete contact information. Organizations 
may include their corporate logo for an 
additional $200.00 for each black and white 
logo. The cost for a 2-color logo is $500.00. 
A 4-color logo is $850.00. See accompanying 
Corporate Capabilities fl ier for details.

 

2. Circulation Highlights
 2.1 Worldwide Distribution
 The Directory reaches more than 12,000 pro-

fessionals in the nuclear power industry world-
wide, including 4,000 managers, supervisors, 
engineers and other personnel at nuclear power 
utilities.

 2.2 Year-Round Bonus Circulation 
 Complimentary copies of the Directory 2011 

will be distributed to the attendees at select 
nuclear industry meetings and conferences 
throughout the year.

 Go to www.NuclearPlantJournal.com and click 
on “Directories” and then “Printed Directory-
2011” for complete listing information.

QingQing Zhu
Nuclear Plant Journal

1400 Opus Place, Suite 904
Downers Grove, IL 60515 USA

Phone: (630) 858-6161, ext. 106
Fax: (630) 858-8787

E-mail: QingQing@goinfo.com

No charge for 5 listings & contact information.

Product & Service 
Directory 2011 Detailed Information

International & U.S. Suppliers are Welcome to List

 NPJ Digital Version
 The 2011 Directory will aslo be published in 

Digital format. To subscribe go to 
 www.NuclearPlantJournal.com, click on 

“Subscription” button in the top row.

List your organization in the Directory.

 Important Dates
 Ad Reservation Deadline.....November 5, 2010 
 Input Form .............................November 5, 2010  

Ad Materials Deadline........November 12, 2010
 Directory 2011 Published....December 2010

Advertise in the Product & Service Directory 2011
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Restart Source Term Reduction 
Initiatives
By Steve Cowan and John Underwood, 
TVA. Steve Cowan

Steve Cowan has been a nuclear 
professional since 1983, entering 
nuclear power as a Health Physics 
Technician at Plant E.I. Hatch.  From 
1985 until 1998 he served as the 
Health Physics Foreman and in 1998 
became the Radiation Protection 
Manager.  In 2007 he joined TVA as a 
Health Physicist and is now a Quality 
Assurance Program Manager at Browns 
Ferry.

This TIP Award Entry is a 2010 NEI 
Process Award Winner.

The team members who participated 
included: John Underwood, Site Quality 
Assurance Manager, TVA; Paul Sawyer, 
Radiation Protection Manager, TVA; 
Billy Hargrove, Radiation Protection 
Technical Support and Outage Manager, 
TVA; Keith Nesmith, Chemist, TVA; 
Marty Gaston, Environmental Scientist; 
Steve Cowan, Quality Assurance 
Program Manager, TVA.

Summary Statement
The most intriguing and impressive 

aspect of the restart is that Browns Ferry 
Nuclear (BFN) Unit 1 quickly established 
itself as the lowest dose boiling water 
reactor (BWR) in the world. This 
accomplishment did not happen by 
accident. The real success of BFN Unit 
1 source term reduction precipitated 
from the thoroughness in an approach to 
collective exposure mitigation.

Establishment of a team of dedicated 
professionals, use of innovative technol-
ogy, collection of industry's best practic-
es, calculated risk management, and TVA 
management commitment of fi nancial 
resources resulted in a comprehensive 
program unequalled.

Innovative solutions to source term 
reduction have been and continue to be 
applied at BFN. These application in-
clude, but are not limited to, the use of X-
Ray Fluorescent Technology for the iden-
tifi cation of elemental cobalt, passivation, 
electropolishing and chromium coating of 
pipe and component internals, ultrasonic 
cleaning, a comprehensive source term 
reduction control procedure, as well an 
as ALARA designed vessel fl ange repair 
platform designed and constructed for the 
Unit 1 Cycle 7 Refueling Outage that won 
a TIP award for engineering design.

Engineering, worker, and RP 
Technician time has vastly improved. 
Improved worker effi ciency allows for a 
greater dedication to equipment reliability 

issues, greater dedication of RP staff 
to implement program improvements, 
allows Engineering to be more focused 
on operational and equipment issues, 
and improves outage time—by days. 
In addition, respiratory protection 
requirements have been greatly reduced 
and worker effi ciency is improved up to 
25% in those instances where respiratory 
protection was previously required.

Safety Response
It is incumbent on nuclear utilities to 

minimize radiation exposure to as low as 
reasonably achievable (ALARA) levels.  
Below is a comparison for the most 
current outage year doses for each unit.

Unit 1 – 94.848 Rem• 
Unit 2 – 270.695 Rem• 
Unit 3 – 353.570 Rem• 

The efforts thus far have resulted 
in a savings of > 100 person-rem while 
Ongoing Savings (recurring) have 
resulted in 150 Rem to 250 Rem per 
outage year. Annual: 30 Rem/year for 
non-outage years. Over the life of the 
plant the savings will result in, ~20 years 
x 125 Rem (averaged over outage and 
non-outage years) = 2500 Rem.

Cost Savings Response
Cost savings include reduction 

of Engineering man-hours required 
for Radiological Protection requests, 
improved worker effi ciency, improved 
Radiation Protection Technician 
effi ciency, and shorter duration outages. 
Application of a $25,000/Rem value is 
applied to recognize that dose equates to 
a defi nable dollar value associated with 
collective radiation exposure reduction. 
The $25,000/Rem value accounts for 
increased worker effi ciency, outage 
duration reduction, and increased on-line 
production.

When compared to Unit 2 on an 
outage year basis, the dollar value that 
Unit 1 saves over Unit 2’s most recent 
outage year is:

270.695 Rem (U2) – 94.848 Rem(U1) • 
= 175.847 Rem
175.847 Rem x $25,000/Rem = • 
$4,396,175

When compared to Unit 3 on an 
outage year basis, the dollar value that 
Unit 1 saves over Unit 3’s most recent 
outage year is:

353.570 Rem (U3) – 94.848 Rem • 
(U1) = 258.722 Rem
258.722 Rem x $25,000 = $6,468,050• 

Innovation Response:
TVA’s Browns Ferry Unit 1 Restart 

represents an unprecedented achievement 
in nuclear power operations. Never 
before had a nuclear unit been shut 
down, cannibalized for parts, and then 
resurrected. But perhaps the most 
intriguing and impressive aspect of 
the restart is that BFN Unit 1 quickly 
established itself as the lowest dose boiling 
water reactor (BWR) in the world. 

The restart effort included innovative 
technologies, such as the employment 
of X-Ray Fluorescence Technology 
(XRF) which identifi es elemental cobalt 
associated with intrusive valve work. 
Identifi cation of elemental cobalt found 
in grindings and tailings resulting from 
grinding, lapping, and other abrasive 
repair methodologies, which engaged the 
use of an existing technology to provide a 
unique and desperately needed means for 
identifying and removing source before it 
interacted with the reactor itself.

(Continued on page 48)
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Productivity/Effi ciency 
Response

Reduced source term eliminates 
or minimizes the need for engineering 
controls, respiratory protection, and 
administrative controls for high radiation 
areas (HRA) and locked high radiation 
areas (LHRA).

The Engineering Department is 
rarely recruited for ventilation alterations, 
special project designs (such as end bell 
templates for remote eddy current testing 
on Reactor Water Cleanup (RWCU) or 
Fuel Pool Cooling Heat Exchangers), and 
temporary shielding evaluations, because 
Unit 1 source term is so low. Respiratory 
protection requirements are greatly 
reduced and worker effi ciency is improved 
up to 25% in those instances where 
respiratory protection was previously 
required. Former High Radiation Areas 
(HRA) and Locked High Radiation 
Areas (LHRA) are largely downgraded 
to Radiation Areas. This improvement in 
radiological conditions reduces the need 
for locking HRA swing gates, and LHRA 
barricades, structures, and doors. Lower 
level radiation and contamination areas 
reduce protective clothing, telemetry, 
and communication requirements, and 
the need for CCTVs (cameras). Increased 
Engineering and worker effi ciency allows 
less oversight by RP technicians, which 
allows for a greater focus on Radiological 
Protection Program improvement focus 
rather than constant monitoring and 
escorting of workers.

The real success of BFN Unit 1 
source term reduction precipitated 
from the thoroughness in an approach 
to collective exposure mitigation. TVA 
management recognized the need to 
establish a disciplined, rigorous, and 
dedicated approach to reducing long term 
personnel exposure. Executive, Plant, 
and Radiation Protection Management 
chartered a team of professionals that 
represented a number of disciplines. The 
composition of the high impact team 
(HIT) is listed in the next column.

Chemistry (1)• 
ALARA (1)• 
Design Engineer (2)• 
Procurement (1)• 
Planner (1)• 
Foreign Material Exclusion Personnel • 
(FME) (1)
Cost/budget (1)• 
Mechanical Craft (1)• 
Senior Manager (1)• 
The HIT evaluated dose reduction 

opportunities at Browns Ferry and 
through collaboration and benchmarking 
developed a plan to transform a below 
average plant into a world class leader in 
source term reduction. The following are 
the results of the HIT effort.

Implementation of a Source Term 1. 
Reduction and Control Procedure.
Innovation of X-Ray Fluorescent 2. 
(XRF) technology to identify 
elemental Cobalt and development 
of a procedure to instruct Radiation 
Protection and craft as to proper 
techniques for identifying and 
cleaning elemental Cobalt.
Installation and use of hydrolazing 3. 
ports in all three units’ Fuel Pool 
Cooling lines which traverse the 
overhead of the Unit 1 Reactor 
Building 565'- a major source of 
ambient (background) dose rates on 
the 565' and 593'.
Installation of a 10th Condensate 4. 
Demineralizer to improve activity 
levels in condensate water that can 
enter the reactor water system.
Change of Condensate Demineralizer 5. 
fi lter elements to improve fi ltering 
capabilities for condensate water that 
can enter the reactor.
Site-wide surveys both inside and 6. 
outside the site boundary utilizing 
a Pressurized Ion Chamber (PIC) to 
determine the effects of sky shine on 
annual site dose. Use of the PIC also 
led to evaluations that determined 
personnel in certain areas should be 
relocated or TLD badged because 
of background radiation levels 
attributable to sky shine.

A portable demineralizer on the 7. 
Refuel Floor deck was used on 
Unit 1 to clean up spent fuel pool 
water and cavity water. A total of 
6.5 Curies was removed which 
exceeded expectations for activity 
removal. The success realized by this 
project ultimately led to the purchase 
and use of 2 portable underwater 
demineralizers to reduce spent fuel 
pool activity on all three units during 
outages.
Replacement of all 185 Control 8. 
Rod Blades (CRB) with non-Stellite 
CRBs.
Approximately 90 separate one-hour 9. 
presentations to craft and utility 
personnel to provide insight and 
training as to the current challenges 
to the Radiation Protection Program 
at Browns Ferry.
Unit 1 Spent Fuel Storage Pool 10. 
Clean-up Campaign (cut-up and 
removal of CRBs).
Engineering Drawing Change 11. 
approved to convert a Temporary 
Shielding confi guration to permanent 
installation on the Unit 1 593' (main 
fl oor elevation) of the Reactor 
Building.
Installation of permanent shielding 12. 
in the Unit 1 Drywell (Recirculation 
System).
Unit 1 Received the Technology 13. 
Transfer Award from EPRI.
Ultrasonic Cleaning of 92 fuel 14. 
bundles to reduce activity that could 
have been transferred to system 
piping. (A total of 1160 Curies were 
removed).
Replacement of RWCU Heat 15. 
Exchangers with new heat exchangers 
with chromium coated internals and 
replacement of RHR Check Valves.
Replacement of RECIRC and RWCU 16. 
piping with new electropolished 
internal surfaces.
Replacement of RWCU pump 17. 
casings with new electropolished 
internals.

Restart Source...
Continued from page 47

(Continued on page 51)
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Radiation-101, An Internet-Based Course on Radiation Fundamentals

With 2.4 CEUs (24 PDHs) from the Illinois Institute of Technology
  Start Date: November 8, 2010 Fax Registration to (630) 858-8787

24 Professional Development Hours for your P.E. Recertifi cation

Course Topics for November 8, 2010 Session         

Week 1: (November 8-14, 2010)
1. “Radiation--As Old As the Universe.”
2. “Unstable Nuclei Make Material Radioactive.”
3. “The Unit of Activity, The Becquerel.”

Week 2:  (November 15-21, 2010)
1. “Radionuclides & Your Body.”
2. “Healing Radiation.”

Week 3:  (November 29-December 5, 2010)
1. “Industrial & Consumer Applications.”
2. “Radiation Protection Across Borders.”
3. “Dose, Dose Rate and Dose Limits.”

Week 4: (December 6-12, 2010)
1. “Ionizing Radiation & Health.”
2. “Any Harm from Small Doses?”

Week 5:  (December 13-19, 2010)
1. “Late Health Effects of High Doses.”
2. “Acute Health Effects of Very High Doses.”
Week 6:  (December 27 2010-January 2, 2011)
1. “Nuclear Accident or Incident?”
2. “Radioactive Releases and Radwaste.”

Week 7:  (January 3,-9, 2011)
1. “True and False About Chernobyl.”
2. “Radiation All Around Us All the Time.”

Bulk registration costs are available for orders of 10+ participants. 

Radiation Fundamentals (Radiation-101) 
runs for seven weeks beginning September 
13, 2010. Each week, participants complete 
a reading assignment and submit required 
tests electronically. A list of assignments is 
given at the right. The test responses are 
graded instantly, and participants may view 
their grades immediately. At the end of the 
course, a certifi cate with 2.4 Continuing 
Education Units (CEUs) from the Illinois 
Institute of Technology will be issued to those 
participants who successfully complete the 
course work. The course registration fee is 
$245.00 per participant.

Yes! Register me for the Radiation-101 class. 
Course Start Date: November 8, 2010
Course Fee: $245.00 per course per participant

_____ Amount authorized (fee  x # of participants)       
� Check is enclosed. 
(Make checks payable to Nuclear Plant Journal.)
� Charge my credit card.
� American Express®   � MasterCard®   � VISA®

Card Number __________________________________

Expiration Date _________________________________

Card Holder Name (Print) ________________________
Signature ______________________________________

Date ______________________

Send payment with your order.

Name ________________________________________

Birthday (Month/Day/Year) _______________________

Company ______________________________________

Address ________________________________________
__________________________________

Phone ________________

E-mail _________________________________________

Fax or mail your order to:
Kruti Patel Phone: (630) 858-6161, X105
Nuclear Plant Journal  Fax: (630) 858-8787 
1400 Opus Place, Suite 904 E-mail: Kruti@goinfo.com 
Downers Grove, IL 60515 USA   
 

Photo Credit: Pavlicek/IAEA

September, 2010

www.radiationtraining.com
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 Replacement of Stellite-tipped LP 18. 
Turbine blades with fl ame-hardened 
blades.
Replacement of all 185 CRBs with 19. 
Stellite pins and rollers.
Replacement of 73 Stellite Valves 20. 
with Non-Stellite Valves.
Construction of an RP Central Video 21. 
and Telemetry Control Point at the 
main plant entrance.
Comprehensive Condenser Desludging.22. 
Use of remote eddy current testing 23. 
on Unit 1 Fuel Pool Cooling 
Heat Exchangers. The design of 
containments and equipment that 
allowed insertion of eddy current 
probes at a distance which reduced 
worker exposure.
Repair of the Unit 1 Vessel and RPV 24. 
Head Flanges for ~1.8 Rem utilizing 
a custom designed platform to 
maintain doses ALARA.

Transferability 
Response

The greatest benefi ts to the industry 
fl eet were established by the Source 
Term Reduction HIT during Browns 
Ferry Unit 1 Restart. Technologies 
previously available, but largely untested 
or implemented due to risk or cost have 
been used successfully at BFN. Many 
plants already have XRF instrumentation 
in use for Chemistry purposes. These 
instruments can be employed for Source 
Term Reduction (elemental cobalt 
control) for essentially no additional 
fi nancial investment.

Large scale use of electropolishing, 
passivation, chromium coating and 
ultrasonic fuel cleaning have already 
reaped benefi ts as proven with a Unit 1 
Cycle 7 Refueling Outage expending 
only 39 Rem of refueling outage dose. 
These processes that were implemented at 
Browns Ferry mitigate the need for testing 
at other facilities or the fi nancial risk of 
trying a process that may or may not work. 
After the process was implemented, the 
stabilized chromium process became the 

industry norm. Browns Ferry provided 
the industry technical justifi cations for 
large scale use.

Browns Ferry’s Source Term 
Reduction Control Procedure is available 
to any utility that requests a copy, as is 
a copy of the presentation for the 2009 
ISOE World Class ALARA Performer 
award presented to BFN in January 
2010. The engineering specifi cation that 
identifi es Stellite valves for replacement 
and ranks the valves according to source 
term liability is included in the Source 
Term Reduction Control Procedure. This 
document is especially useful for BWRs 
wishing to establish a program because 
it identifi es valves and valve types that 
are the greatest contributors of elemental 
cobalt in the form of Stellite (which 
ultimately transmutates to Co-60) and the 
subsequent transfer to the reactor core.

In short, the fi nancial risk taken by 
BFN and the manpower and think tank 
represented by the HIT working over the 
course of an entire year have established 
a source term reduction program that not 
only works, but rather—excels.

Contact: Steve Cowan, TVA; P.O. 
Box 2000, Decatur, AL 35609, telephone: 
(256) 614-6262, email: srcowan@tva.
gov. �

www.
NuclearPlant 
Journal.com

As an employer of choice, we strive to be the leader of the 
pack. That’s why Wolf Creek Nuclear Operating Corporation 
has attracted so many top professionals. Our values of safety, 
teamwork, excellence, accountability and mutual respect and trust 
have created an exceptional culture that fosters achievement. At 
our Generating Station near Burlington, KS we take great care to 
safeguard the environment and support our community. Join us. 
Career opportunities include:

Manager Design Engineering• 
Manager Projects Engineering• 
Supervisor Design – Mechanical/Civil• 

As one of the nation’s top energy producers, we offer an attractive 
compensation/benefits package and are looking for degreed engineers 
who have a demonstrated record of success with design of power 
plant upgrades and project management of major modifications. For 
consideration, please send resume and cover letter to Wolf Creek 
Nuclear Operating Corporation, Attn: John Gaska  (CC HR), P.O. 
Box 411, Burlington, KS  66839-0411. Email jogaska@wcnoc.com. 
Women and minority candidates are encouraged to apply. We are an 
Equal Opportunity Employer M/F/D/V.

Nuclear Operating Corporation
www.wcnoc.com

Restart Source...
Continued from page 48
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Ten Fold Capacity by 2020

By Grenville Harrop, Westinghouse 
Electric Company.

Grenville Harrop
Employed by Westinghouse as Director, 
China Projects, Mr. Harrop has over 30 
years experience in the nuclear industry 
encompassing design, construction, 
commissioning, operations, research 
and development (R&D) and Project 
Management.  
  

Currently responsible for the successful 
performance (safety, cost, schedule, 
quality) of all US based activities 
related to the People’s Republic of 
China AP1000 contract to provide 
four nuclear power reactor plants in 
China, using the fi rst of the new AP1000 
plant designs. Mr. Harrop provides the 
leadership and direction to the US China 
Project Managers and product groups 
for all Stateside day to day activities. 
He is accountable for the project P&L 
management and required to maintain 
strong working relationships with the 
Purchaser Organizations; including 
China’s State Nuclear Power Technology 
Corporation (SNPTC) and the Owners of 
the Sanmen and Haiyang sites. 

Mr. Harrop has a Master of Science 
in Control Theory and a Bachelor of 
Science in Electronic Engineering.

China's Plan
After increasing its nuclear energy 

target for the third time in two years, the 
Chinese government plans to increase its 
installed nuclear power capacity almost 
ten-fold to over 80 gigawatts (GW) by 
2020. This new goal builds upon the 40 
GW target announced in 2008, which 
has since been revised to 70 GW1. To 
accommodate the future demand for 
Chinese power generation while reducing 
its technology dependence on other 
countries, the People’s Republic of China 
(PRC) central government initiated a 
national program to further develop 
advanced large-scale nuclear pressurized 
water reactors (PWRs), while concurrently 
stressing the need to accelerate progress 
toward nuclear self-reliance2.

Years in the making, the PRC Nuclear 
Power Self-reliance Program formally 
began in July 2007 when contracts were 
signed among Westinghouse Electric 
Company and its consortium partner, the 
Shaw Group, and China’s State Nuclear 
Power Technology Corporation Ltd., 
Sanmen Nuclear Power Company Ltd., 
and Shandong Nuclear Power Company 
Ltd. for four Westinghouse AP1000 
nuclear power plants to be constructed in 
pairs at coastal sites at Sanmen (Zhejiang 
Province) and Haiyang (Shandong 
Province). The Westinghouse AP1000 is 
the only Generation III+ reactor to receive 
design certifi cation from the U.S. Nuclear 
Regulatory Commission (NRC). The 
AP1000 nuclear power plant, based on 
the proven performance of Westinghouse-

designed PWRs, is an advanced 1100 
megawatt (MW) nuclear power plant that 
uses the forces of nature and simplicity 
of design to enhance plant safety and 
operations, and reduce construction costs 
and schedule durations.

With the commitment to build the 
fi rst four AP1000 units at the Sanmen and 
Haiyang sites, China has entered a new 
era of sustainable, safe, and ecologically 
sound energy development. 

Excavation commenced for the fi rst 
four units between March 2008 and July 
2009.  The fi rst unit, Sanmen Unit 1, will 
be fully operational in November 2013 
followed closely by Haiyang Unit 1, 
which will be operational by May 2014. 
Operational dates for Sanmen Unit 2 and 
Haiyang Unit 2 are September 2014 and 
March 2015, respectively. Construction 
for all four units is largely concurrent. 
The fi rst four AP1000 plants become 
operational in China ahead of the U.S. 
Domestic AP1000 plants presently being 
built.

Sanmen Major 
Milestones

The Sanmen site is located on the 
China coast approximately 200 miles 
south of Shanghai. Excavation of the 
nuclear island (NI) for Sanmen Unit 
1 commenced as planned in February 
2008. Placement of the basemat concrete 
was successfully completed in March 
2009, exactly as scheduled. This involved 
a continuous pour of nearly 5,000 cubic 
meters of concrete over a period of 
approximately two days. During the 
excavation and rebar placement period, the 
China-based module factory commenced 
construction of the early major modules, 
as well as the bending and forming of the 
containment vessel bottom head plates. 

One of the many advantages of the 
new engineering concepts within the 
AP1000 design is the widespread use of 
mechanical and structural modules. This 
allowed the China Project Team, in June 
2009, to successfully set in place a large 
structural module named CA20, consisting 
of two sections of the auxiliary building 

(Continued on page 54)

1Y. Chan, 2009, “China to Increase 
Nuclear Capacity Ten fold by 2020,” 
Business Green.
2X. Cheng, Y. H. Yang, Y. Ouyang, and 
H. X. Miao, “Role of Passive Safety 
Systems in Chinese Nuclear Power 
Development,” Science and Technology 
of Nuclear Installations, vol. 2009, 
Article ID 573026, 7 pages, 2009. 
doi:10.1155/2009/573026.
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Crane Nuclear and the preceding companies that it acquired in the late 90’s (MOVATS & Liberty Technologies)

have been developing and improving valve diagnostic testing technology for over 25 years.  Crane Nuclear is

pleased to introduce Votes Infinity – a true breakthrough in valve diagnostic testing technology innovation. 

With patent pending technology and features not available in any other valve diagnostic system on the market

today, Votes Infinity will dramatically change the way your valves are tested. VOTES Infinity will greatly simplify

your data collection and analysis process, reducing time spent at the valve by as much as 50% and reducing

human performance errors by as much as 80%.

VOTES Infinity is the Future of Valve Diagnostic Systems
For more information or to schedule an onsite demonstration, contact us today!

www.cranenuclear.com

2825 Cobb International Blvd., Kennesaw, GA 30152   l Phone: 770-424-6343  l   Email: info@cranevs.com
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comprised of plant and equipment for 
used fuel storage, a heat exchanger, and 
waste collection equipment. The CA20 
module is approximately 45 feet wide, 67 
feet long, and 69 feet high; equivalent in 
height to a fi ve-story building. This 750 
metric-ton module was lifted and set in 
place using an immense crawler crane, 
currently the largest mobile heavy-lift 
crane in the world. The containment vessel 
bottom head for Sanmen Unit 1 was set in 
place in December 2009; another major 
milestone achieved. 

Successfully completed milestones in 
2010 include the setting of the following 
other signifi cant modules: 

Reactor vessel cavity (CA04) set • 
January 2010
Access tunnel and walls module • 
(CA05) set February 2010. 
Steam generator and refueling canal • 
module (CA01) set March 2010
The containment vessel rings 1 

and 2 were set March 2010 and June 
2010, respectively.  By the end of 2010, 
approximately 35 percent of the bulk 
materials will be installed within the fi rst 
Sanmen containment building. 

Concurrently, excavation and 
preparations for Sanmen Unit 2 were 
completed. Placement of the basemat 
took place in December 2009, prior to the 
milestone date of January 2010, leading 
to the setting of the containment vessel 
bottom head and CA20, both in June 
2010.  Modules CA01 and CA04, and the 
CV fi rst ring will be set later this year.

Haiyang Major 
Milestones 

The Haiyang site is on the Shandong 
peninsula about 100 miles northeast of 
the Chinese coastal city of Qingdao. The 
Haiyang Unit 1 basemat was successfully 
laid via one monolithic concrete pour in 
September 2009, repeating the success 
achieved at Sanmen. Completed milestones 
in 2010 for Haiyang Unit 1 include the 
setting of the CA20 module in January 
2010, the setting of the containment 
vessel bottom head in April 2010, and 

the setting of the containment vessel 
fi rst ring in July 2010. Placement of the 
Haiyang Unit 2 basemat was successfully 
complete in June 2010, approximately six 
weeks ahead of schedule.

Continuous 
Improvement

A formal Lessons Learned program 
is in place to ensure that Haiyang 
construction and manufacture continue to 
benefi t from the experiences at Sanmen. 
The application of Lessons Learned has 
contributed to the following examples: 

CV Bottom Head fabrication for • 
Haiyang 1 took far less time than for 
Sanmen 1.
CV Bottom Head welding at Haiyang • 
is within a fully-enclose building.
CA20 module fabrication for  • 
Haiyang 1 took far less time than for 
Sanmen 1.
The NI basemat at Haiyang Units 1 • 
and 2, and Sanmen Unit 2 was laid in 
less time than that of Sanmen 1.
Ultra-large steam generator and • 
reactor vessel forging lead times 
were reduced for the Units 3 and 4.
Supply chain experiences are fed • 
forward to ensure best practices.

Supply Chain 
Management

Early ordering of long lead 
materials and items of equipment 
started immediately after the agreement 
to a framework contract in February 
2007.  This is particularly important in 
the case of large forging, such as those 
associated with steam generators and 
reactor vessels, where a limited capacity 
of supply can infl uence the achievement 
of an overall schedule due to critical path 
equipment delivery dates. Currently, all 
Westinghouse major purchase orders 
are complete with the exception of 
instrumentation and control equipment, 
and spares. Fabrication of the primary 
components for China’s fi rst four 
AP1000 nuclear power plants is a global 
undertaking, covering North America, 

Asia, and Europe. Major items such as 
the steam generators, reactor vessels, fuel 
handling equipment, and heat exchangers 
are at an advanced stage of manufacture. 
The reactor coolant pumps are being 
tested and refi ned, the control rod drive 
mechanisms have passed their lifetime 
tests, and equipment qualifi cation is 
underway for all safety valves. The fi rst 
shipments of plant and equipment have 
begun to arrive in China. 

Summary
China has entered a new era of 

sustainable, safe, and ecologically-sound 
energy development by committing 
to build the fi rst four AP1000 units  
at the Sanmen and Haiyang sites. 
China’s long-term plan to signifi cantly 
increase the amount of electric power it 
produces from nuclear power plants will 
dramatically cut pollution from coal-
fi red plants, ease China’s dependence on 
oil imports, and move the country even 
closer to its goal of energy independence. 
As the world’s second largest consumer 
of energy, following the United States, 
China’s path in achieving sustainable 
energy has profound global economic 
and environmental consequences. 
The contract with the Westinghouse 
Consortium for four AP1000 units is the 
largest of its type between the People’s 
Republic of China and the United States. 
 

 Contact: Scott Shaw, Westinghouse 
Electric Company; 1000 Cranberry Woods 
Drive, Suite 140, Cranberry Township, PA 
16066; telephone: (412) 374-6737, email: 
shawsa@westinghouse.com. �

Ten Fold...
Continued from page 52

Deadlines for NPJ 
Directory 2011

Listings: 
November 5, 2010
Ad Commitment: 
November 5, 2010

E-mail: michelle@goinfo.com
Telephone: (630) 858-6161 x103
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Th e Westinghouse AP1000 nuclear power plant is the technology of 
choice for active and emerging new plant markets across the globe. 

In China, four new AP1000 plants are currently under construction 
and are being built with the highest standards in safety and quality, 
with the fi rst scheduled to come online in 2013.

In the United States, the AP1000 design has been selected as the 
technology of choice for more than half of the new plants announced, 
including the only six for which engineering,  procurement and 
construction contracts have been signed.

Westinghouse nuclear technology will help provide future 
generations with safe, clean and reliable electricity.

Check us out at www.westinghousenuclear.com

Online in 2013
Westinghouse AP1000

Setting of the containment vessel 
second ring at Sanmen, Unit 1.
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Growing QualTech NP
to meet the challenges 
of today’s nuclear 
power industry. 
Our foundation is strong.
Our roots run deep...
Trentec, EGS Products, NETCO

Curtiss-Wright Flow Control has been rooted in supporting the nuclear power 

industry for over 50 years. To meet the growing requirements of today’s industry, 

we have formed a new business unit, QualTech NP, dedicated to working with 

utilities, NSSS, EPCs and industry suppliers to meet their most challenging needs: 

qualification, seismic testing, commercial-grade dedication, connectors, cables, 

penetrations, airlocks, doors, hatches, spent fuel management, obsolescence 

solutions and custom manufacturing.

Learn more about QualTech NP at http://qualtechnp.cwfc.com
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