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Darlington DCC Replacement 16 - 33977
Full Release (Phase 1) Business Case Summary D-BCS-69100-10001-R001

1/ _RECOMMENDATION:
Wae recommend an additional release of $16.0M -lola! including contingency) for the Darlington Digital Control
Computer {DCC) Replacement Project,

The business objective of this project is to avoid a shutdown of a unlt due to the unavailabllity of the CPUs in a dual DCC
Configuralion due lo either a compenent fallure or a lack of availeble spares. A shutdown of this nature would be lengthy as a

The exlsting DCC hardware is obsolate and will not operate for very much longer with the required systern availability. An
associated project {Replacement of Obsolete Computer Components 33508) has bean successful in replacing some of the
subsystems (mamaory, power supplies, mag tape units etc) whose reltabliity or maintainability was threstening the overall DCC
performance. Howaver the limit of useful subsystem replacement has been reached and it is necessary to raplace the core of
the DCC syslam.,

A partial relenso of $6.1M was approved In Sep 2003 to replace the Sequence of Events (SEM) and Common Processes
(CP) computer, and perform initial preliminary engineering for the replacement of tha Darfington DCC's. At the time, il was
asaumed that we could use “off the sheif* PDP-11/70 emulators for all 3 applications. However, after spending $1.2M of the
current refease, to complete the preliminary engineering (including the “deslgn challenga” process} we have identified serlous
design issuss that prevent the use of “off the shelf” technology in a nuclear controt application. :

We are now racommending the re-design of an existing PDP smulator from Quickware, with QA oversight from an
Independent and extemal source. Although the need lo redesign (with oversight) has driven the estimated cost of the project
from $14.8M to $22.1M, a rigorous RFP process has determined this ta ba the muost viable and cost effective solution for alt 3
applications. Maoving o a full release at this time will allow us to keep costs down and ensure compatibility amongst the 3

| Fostisad [0 Data: Full (Phset) 1 6080 - 5281 Mar-08 . 3pet Lite la Date: L 1,231
Requested Now: Fil 18,008 13,921 20062010 Apprd Business Plan [Tol Proj): 15501
Cumulaiive Release; Total to Date 22 058 19,182 20062010 Busmess Plart Vanance: Y]
Total Projact Estirmate: | +30% to -15% 22,058 19,182 2008 Budget (Curront Year) 2,727
Current Yaar Estimals; 2006 3134 2,726 2006 Budgat Variance (Currand Yr) 1
Type of Invéatment: Sustainks) N/A NA Cumtisfive Reloasa Remaining: 17,051
NPV: NA Costingericy on Refmaining Release;

IRR: NA Contin !,,g,g  Redgasa:
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2/ BACKGROUND & ISSUES

Darlington DCCs

Project 33977 addresses several issues, which present risk to the continuing pefarmance and opsration of the
Darfington Digital Control Computer (DCC) systems:

+ Hardware obsclescence. The current computers are of absolete 1970s technology (DEC PDE11
minicomputers), ,

¢ Diminishing support from the Industry. There is no OEM support and, unlike other CANDU stations, the
hardware and software used at Darlington-are unique. The few manufacturers of PDP emulators are
ceasing production, and PDP expertise is disappearing quickly.

» The availability of spare paris in the marketplace has dwindled to a very small number of suppliers, and
the quality and history of available spares is questionabla.

»  Cartain key components, such as computer backplanes, are prone to wear out as a result of
troublashooting activities. This situation will deteriorate with time. The backplanes are cannot be
reproduced.

« Pending shortage of in-house engineering resources. Large numbers of the original design team are
eligible for retirement.

« The skill set required to repair the PDP equipment Is disappearing, and the skills are not taught in trade
schoals.

The business case for the Initial release for project 33977, approved in 2003, requested funding [n the amount of
$8.05M, including contingencies, and provided for the replacemant of the five Sequence of Events (SEM)
Computers andthe Common Processes Computer (CP). The business case Indicated that approval of a further
amount, then estimated at $8.7M, would ba requested later {In approximatsly 3 years} when a path forward was
confirmed. This further funding would be required to complete the replacemant of the Unit Computer DCCs and

the Ramtek Display systems.

A highly skilled team, following a rigorous Software Quality Assurance (SQA) program, undertook the original
design of the Darfington controf software. This répresents an enormous investment, both financially, and In

At Dariington NGS, computers are used in Sequence of Event Monitoring Systems, the Common Procasses
monitoring System, the Unit DCCs and the Fual Handling systems, All these systems use models from the Digital
Equipment Corporation (DEC) familly of PDP11 processors. Although this family was popular at the fimae of the
Dartington engineering design, In the early 1980s, it is believed that Darlington represents the only instance in
which this type of computer is used in a nuclear control application. '

The provision of replacements for the Digital Equipment Corparation (DEC) line of processars is a speclalty and
declining fleld. Basically there are two types of replacement products:

* Hardware emuiators, in which the instruction set of the original PDP11 is emulated in the replacement

* Software Emulators, usually based on a PC platiorm, using a commercial, or custom operating system.
The originat DEC computer language is emutated by tha PC, using the software resident in the “host

computer”,
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Hardware emulators are relatively complex to design, and require considerable engineering knowledge and
understanding of the operation of the ariginat DEC eomputer hardwara, and peripharals. While using modem
technology, they do, howaver, provide for an almost axact emulation of the parformance of the original DEC
computer. As such, this woudd allow the transfer of the existing DCC controt software to the emylator, with
minimal issuas with respact 10 instruction tirning, while maintaining compatibility with the existing peripherals,

An RFP pracess was Initiated, which identified Quickware as the most viabie and cost effective provider of a
hardware-based POP Emulator, suitable for use in the Darlington DCCs. (Quickware has already provided an
earlier modei of hardware emutator used in the Fuel Handling systems at Dartington.) Subsequently an OPG
internat design challenge procsss was initiated, which resultad in the deveiopment of a detailed design
specification for the hardware emulator. The recommendad approach will invoive re-design of the original
Quickware product to meel the additional requirements for aperation in the Darlington DCCa.

At the time of the initial refeasa of funds it was assumed that an “off the sheff” product would be able to replace
tihe original DEC compulters. Howaver the detalled engineering performed under the initiat release of funds
identified serious design issues in tha available off the sheif amulator products that would prevent their usa in a
nuclear application. The re~design of the Quickware project, under the oversight of a Agorous QA program, has
been identified as the most cost effective and risk free approach. The cost estimate refinement rasulting from the
preliminary engineering activity, plus the idenlified increased enginaering work due o the unavallability of 3
suitable existing product has resulted in an increase in astimated project costs from $12.9M 1o $19.2M,

Ramtek Dlsplay Systems

Undar the initial release for project 33977, an axperienced software consulting company detarmined that
replacement of the existing aging dispiay generators by modem compatible is feasible. The analysis also
itertified that the phased implementation of a replacemant display system on the DCCs at powar would be
complex, and would best be carried out in conjunction with a future unit outage. it is therafore recommended that
the Ramtek replacement should be first implemented in the SEM and CP systems.

Requirad Annunciation improvemaents

Operalional Experiance Review of CANDU stations including Dartington Nuclear Generating Statian, has
demonstrated that original control room annunciation design does nol fully support current operational gosls and
user reeds in the main conlrof room across all plant states. improvements to the Darfington MCR Annundciation
System (SCI 80312) are needed ko improve alarm condfioning to inhibi nulsance alarms, which occur during
reactor start-up/shutdown and during, upsels.

Speciflic assessments of the Darlington Loss of Bulk Elecirical System (LOBES) upset and outage reiated
Operations! tasks (i.e. Shutdown and startup, aquipment out-of-service declaration) wera conductad to
characlerize the annunciation system deficiencies and user needs. The Annuncation Improvements segment of
Project #33977 will focus on the efimination of the identified conditioning and sugprassion deficiencles, Further,
the Dartlington Authorized Tralning Section has Identified Turbine Trip as another upset that has excessive
Operator workload demands due to Annunciation deficiencies analogous fo the LOBES event. These nuisance
alarms will also be addressed.
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3/ _ALTERNATIVES AND ECONOMIC ANALYSIS

Stop the Project  (Not Recommendad}

Stopping the project is not a viable option. The life limiting companants at this point are the availability of the CPU
backplane and the floating-point processer. Currently, the entire supply of healthy spares has bean used. This is

Unavaitability of the CPUSs i a dual DCC configuration, due to either component failure, of lack of availabia
spares, would cause a compiate shutdown of that unit, with associatad loss of production. The shutdown would be
lengthy, until a replacement DCC could be angineerad and installed,

ermative 1 — Rapl PSP11 u n c Har lator  (Recommended)

minimize long-term suppont risks.

e Hardware emulation is accepted by the CNSC as a “low risk” replacemant technique, thus no reguiatory
approval is likely to be required.

* L-3 MAFPS, who have subrmittad a joint proposal with Quickware, have a history of providing equipment and
support to OPG {as CAE),

¢ L-3 MAPPS is developing nuciaar support as a long-term comorate goal, and have received a long-tarm
cantract for the supply of a Varlan Computer emulator, and associated long-tarm support, from the COG
oiganization,

* L-3 MAPPS has the capability to continue tha design effort associatad with tha PDP11 emulator design,
testing and production, shoukd unforeseen issues affect the capabilities of the Quickwara organization.

» Tha QED 95, daveloped by Quickware, is currantly in usa on the Fuel Hendling Systems at Dadington.
(Note: this product can no longer be manufactured, due lo obsalescenca of certain parts, and also has
limitations that would pravent its uze in the Dartington DCCs).

& The Quickware organization has the capability to adapt the design of the redesigned emuiaior o address
OPG technical concams with respect to failure modes, error checking and detection, and packaging. The

A hardware-based emulation solution has a lower risk of issues devaloping with respect o compatibifity with
axisting control software, than with a software emulator. This is consistant with tha approach sticcassiully usad to
replace the DCCs at Plckering A,

st w8

i
1
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Alternative 2 - Delay the Recommandation (Not Recommended)

Action on this issue has already been delayed fa the point where the availabillty of the most economical and least
risky allemative could disappear. Further delay wouid lead o a level of DCC performance risk that is
unacceptable o the overall objectives of OPG. |n addition, experienced Darlington siaff members who are critica)
for the success of the prject will ba lost due to ratirerment in the next few years. As well, the number of potential
suppliers will aiso diminish as the demand for PDP11/70 compatible products declines. The cost of daing the
project (if at all possible) will be substantially higher.

Alternative 3 - Do tess [Not Racommendad]}

The do less option invalves tha “plecemeal” replacement af equipment in the Dartington DCCs in order to resolve
specific problems as they evolve, Project 33508, Obsolete Equipment Replacement. has already taken this
approach, and has resulted in providing solutions to maintenance, and longer-term support issues associated with
the memory, Moving Head Disk (MHD) Mag Tape unit (MT) and Power Supplies. Project 33508 has taken this “do
less” approach to its limit of effectiveness, and now the maintenance and long-term support issues assoclated with
the CPLUs themselves and the Display systems must be addressed.

Afternative 4 - Do More  [Not Recommendad)

Complete DCC Replacemeant by Modern Digitgl Control System (Not Recommended)

An altarnative approach to the use of PDP emulators as replacements for the CPUs in the Darlington DCCs would
be ta replace tha complete DCC via a modam digital control system. This would offer newer fachnology and bettar
suppart from the industry.

However, in this approach, there are a number of significant implications:

+ The DCC controd software would have to ba re-written, which would require a large soRlware team, working
within a rigorous QA program. This is not ba required ¥ the existing CPUs are replaced by emulatars.
Additionaily there may be process complications In faithfully transferming the controt implementation from
the existing control system

¢ There may be high risk in obtalning CNSC licensing appraval (completely new control softwara),

« Significant, and very costly, re-amangement of the field wiring would be required In a complete DCC
replacament.

« Unilke altemnalive 1, the complete replacerment of the DCC by a modem digital contral system cannot be
performed In a staged manner, and thus an extansive outage wouid be required, such as that available in
retubing. Planned outages of sufficient duration are not planned within the period during which DCC
replacemant must ocour.

» This approach would be resource intensive, and would require lead times cohgidarably longer than those
for aiternative 6. Thus the risks of oulages due to DCC failure would increase significantly beyond 2010, if ,
this approach wera 10 be laken. :

These disadvantages outwelgh the benefits and tha cost of this alternative {even if oulages of sufficien duration
were available) would be several times greater than of the recommended alfemative, should we decide to extend o
the Iife of tha station by way of a re-tubing initiative. - l
I

t

|

3
r
3

A complete DCC replacemant by this approach is included in the fong-term business planning for Darlington, with
a conceptual cost of $60M. This approach would only be re-examined if a decision to axtend the life of the station
by retubing were made.
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Alternative 5 - Other - Replace the PDP 11 Computers In the DCCs by a Software Emulator
(Not Recommendad)

This altamative offers comparable overall cost io the recommended allemative (hardware emulator} based on
Current estimates. However, evan though the costs are comparable, this altemnative hag considarably greatar
technlcal and regulatory risks.

replacement on a nuckear unit,

. The various failure detection and handilng schames inherent in the current, PDP11 based design, would
neod to be re-assassed.

* Saeveral new fallure modes will be introducad by the introduction of a software emulation product, and will
require significant assessment (8.g. issuas with the newly introduced operaling system, instruction timing
incompatibilities etc. ).

® The Interface with the DEC Unibus Is a waak point in most software emulators, and will raquire significant
englneering and development o ensura a secure design I In placs.

o There are uncertainties with fespect to the discovery of naw significant technical issues, as tha design
davelops. This in tum would result in greater uncertainty and risk with raspect o cost and schedula.

A detailed study was undertaken to compare the hardware and software amulation altematives. Report NK38-
REP-69100-10004, datad 10 February 2008, was produced, and condluded that the hardware emulalor Is the best
approach based on DCC unavallability risk.

Varian Emulator is probably infeasitia, would cost severai times more than the recommendad altemative, and woutd
incur substantfally greater regulatory and technlcal risk.

Alternative 7 ~ Othar - —
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4/ THE PROPOSAL

This project will repiace the PDP11 computer based contral systems and the d}spiay system with emulator based

systems that will:
s Epsura the reliability (59.9%) of tha DCC, Common Process Computer (CP) ang Sequence of Eveants

Monitoring (SEM) Computers for the current life of the station;
Provide needed annunciation improvements;
= Prevant ohsolescence and avoid shorlage of spare parts:
»  Provide an upgrade path for future plant iife extension (beyond 20 yeam) rf recessary.

The recommended approach is:

. ‘Obtain a repiécemen't as soon as possible.

in terms of having a repiacemant as soon as possible with least risk, the hardwars-based smulation option
(Quickware/l.-3 MAPPS) Is the best choice.. The software-based emulation approach (SimH) requires a
much greatar internal engineering effort as well as larger schedule and regulator risk. Hence the following
is recommended:

+ Keep the DCC healthy (complete the planned imgrovements per Project 33509). Tha fewer numbar of stalis,
the fewer number of times the DCC needs to be disturbad, This will reduce the possibility of accidental
damage to DCCs (especially the backplanes whose connections are made mechanically);

+ Continue searching for "used” spare parts qualified for use.

= Implament the replacament as scon as possible:

[+

Q

o]

Complete negotiations with L-3 MAPPS/Quickware to clarify and resolve the remaining price struclure,
and terms and conditions issues,

Award the contract to L-3 MAPPS for development of a PDOP41 based smulator, based on
anhancement of the Quickware dasign;

Complete discussions with L-3 MAPPS with respect (o datalled work plans and schedulas, to ensure
tha proposed project is adequately resourced 1o meat the required schadute.

Proceed with tha design and procurement of an emulator for the Rarmtek display systems.

Procaad with the design and Implementation of Annunc:arlon !mprovemanls to address nuisance alarms received

duving turbine s aventy and durirg siennaed outas
¥ 0 |
2-Jun-08 Revise PEP and obtaln approval {
26-May-06 Award of contrad for hardware emulator )
 15-0ct-07 | Re-design of hardwars emulator completa o :
21-Jan-08 Prototype hardware emulator available )
24-Nov-08 Functional testing of emulator complete :
30-Jun-09 Emulators installed in SEM syslems e :
31-Dec-09 Emulator installed in CP k
J0-Jun-11 Emulator installed in DCCs .
31-Dec-09 Ramtek replacemsnt design complete i
i A0-Jur-11 Rarmtek replacement Instatiation in DCCs T :
31-Dec-08 Annungiation improverment software programming completa B :
31-Dec-10 Annunciation improvements installed T ]
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3 QUALITATIVE FACTORS

Completion of this project will result in more reliable DCC performance. This will result in:

-

The reduction of maintenance sifort.
The elimination of spare parts shortages.

In conjunction with project 33509, the retum the health status of the DCC and CP computers ta green (from
vellow) and maintain them at that lavel,

The improvement of the Annuncialtion Alarm Conditioning, eliminating the operator work-around caused by
nuisanca annunciation messages,

The introduction of newer technology, which will ba easier to support and maintain by less experienced
staff, greatly reducing the requiramant for legacy knowladge,

it DM TRy o tiries N o
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7t__POST IMPLEMENTATION REVIEW PLAN

7 TypeofPiR: |

Simplifiad

Tﬂrgeted Final
§_ . Data:

Dec 2010

AFS

Targeted PIR Appmval
Data: B

Jun 2011

- PIR Responsibili
{Sponsor Title}.

_ Section Manager
Darllngton DCCs

E Hung

Measurable
: "ammeter

Gurront Baseline

Targeted Result

How will it b
measured?.

" Who will- )
: mea.aure it?
i inersond uroup)'

.[DCC  Emulator Existing PDP11 | Funtionality [ Sulle of tests based | QA oversight
Passes. . - performance. | demonstrated by | on  performance  of | provider, in
Acceptance: system tests original system. conjunction  with
Test. .. ) : Darlington DCCs
L . . ' ' staff,

Emulator Existing POP11 SEM, CP and OCC | Monitor for system | Darlinglon DCCs
Functions in | Oparation SW  and MW |stalls, and errors | staff,
SEM  systems, Chack proegrams { detected.
CP and DCCs. function normally In
' an axlended tiest,
Sama or better
operation using
sysiem utilities to
measure system
loading = and
' perfarmance.
Number . of | Systern  Health s | System Health | System health | System enginesr.
System . Stalls | "White®. returns to "Green". | reports..
reduced, - _
System spares | Some parts in short | Sufficient Spares 1o Inventory of Spares is | Darlington
situation retums | supply. reach End of Life. acceptible. BCCs/.
to "Healthy" Contral
state. Maintanance
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