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Abstract:

The Spent Nucl ear Fuels Project (SNFP) is charged with
nmoving to storage 2,100 nmetric tons of spent nucl ear fuel
el ements left over from plutonium production at DOE' s Hanford
site in Washington state. Two new facilities, the Cold Vacuum
Drying Facility (CVvDF) and the Canister Storage Buil ding (CSB)
are in final construction. In order to neet aggressive schedul e
commtnents, the SNFP chose to prepare the safety analysis
reports (SAR s) in phases that covered only specific portions of
each facility's design as it was built. Each SAR al so nerged the
prelimnary and final safety analysis reports into a single SAR
t hereby covering all aspects of design, construction, and
operation for that portion (phase) of the facility. A policy of
"NRC equi val ency"” was al so inplenented in parallel with this
effort, with the goal of achieving a rigor of safety analysis
equi valent to that of NRC-licensed fuel processing facilities.

DCE Order 5480.23, "Nuclear Safety Analysis Reports" allows
preparation of both a phased and a nmerged SAR to accel erate
construction schedul es. However, project managers nust be aware
that such acceleration is not guaranteed. Managers considering
this approach for their project should be cognizant of nunerous

obstacles that will be encountered. Merging and phasing SAR s
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w Il create new, unique, and unanticipated difficulties which may
actually slow construction unless expeditiously and correctly
managed. Pitfalls to be avoi ded and good practices to be

i npl enented in preparing phased and nerged SAR s are presented.
The val ue of applying NRC requirenents to the DOE safety anal ysis
process is also discussed. As of Decenber, 1999, the SNFP has
conpl eted and approved a SAR for the CVDF. Approval of the SAR

for the CSB is pending.

Backgr ound:

The Departnent of Energy relies upon a safety analysis
report (SAR) to docunent the adequacy of a nuclear facility's
safety basis which provides assurance that the facility can be
constructed, operated, maintained, and shutdown safely and in
conpliance to applicable aws and regul ati ons. DCE O der
5480. 23, "Nucl ear Safety Analysis Reports", prescribes tw types
of SARs for a facility: a Prelimnary Safety Anal ysis Report
(PSAR), and Final Safety Analysis Report (FSAR). A PSAR,
prepared at the start of a facility's construction, denonstrates
that a facility can be built safely. An FSAR prepared at the
concl usion of construction, denonstrates that a facility can be
operated safely. The two types of SAR s thus perform
fundanmental ly different functions. The PSAR serves as the safety

basis for DOE's decision to authorize facility design
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procurenent, construction, and pre-operational testing. The FSAR
serves as the safety basis for DOE s decision to authorize
facility operation. Both kinds of SAR s are a risk managenent
tool. One neasures the risk of design and construction, the

ot her of operation.?

Because preparation of a PSAR followed | ater by an FSAR can
require extensive tine and resources, DCE allows (by direction of
the PSO) preparation of a nerged PSAR/ FSAR for a facility. Such
a SAR perfornms in one docunent the roles of both the PSAR and
FSAR and therefore nmust contain the kinds of information
contained in each. The intent is to save project resources--tine
and rmoney. The single SAR is approved prior to operation.?

DOE also allows (by direction of the PSO that the PSAR
FSAR, both, or the nmerged PSAR/ FSAR be conpleted in stages. In
such cases, review and approval of the facility's safety basis is

done in phases (stages) which are best coordinated to conpletion

- PSAR s nust al so show that the facility could be
operated, mai ntained, and shutdown safely. (Qherw se,
why build the facility in the first place?) However,

t he PSAR focuses on design and construction; its

anal ysis of operation is typically summary-1|evel and

| acks specifics. The FSAR analysis is fully devel oped,
refined, detailed, and nost of all, final.

- It could be argued that the logical interpretation of
paragraph 9.a.(3) of DOE Order 5480.23 that allows for a
merged SAR woul d be to submt the merged PSAR/ FSAR at
the start of construction, not its conclusion. However,
the Oder specifically states "a single FSAR', thus
i nplyi ng the subm ssion cones at the end. Logistically,
it is virtually inpossible for a contractor to submt a
nmerged SAR at the beginning of a project.
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of specific mlestones (decision points, steps, portions) of
facility construction. Each successive phase of the SAR nust
carry forward (by direct incorporation or reference) the safety
anal yses of all precedi ng SAR phases so that the current approved
SAR covers all design, construction, and operational

consi derations, commtnents, and conditions up to that point in
the facility's construction. DCE nust approve the contractor's
programto resol ve nonconformances to the phased SAR and his
method to identify challenges to the safety bases of the

previ ously approved phases.?

Note that neither the nmerged nor phased SAR concept is
necessarily linked to "fast-track™ facility construction.
Fast-track is a managenent option in which normally sequenti al
activities (eg, design first, procurenent second) are done in
parallel to save schedule. A project managed as fast-track does
not have to use nerged or phased SAR's, nor is a project

enpl oyi ng nerged or phased SAR s necessarily then fast-track.

Theory of Benefit of Merged and Phased SAR s

The primary purpose of preparing a nerged or phased SAR for
a project is to save tine--ie, accelerate facility conpletion by

conpressing the schedule. Saving tine will, theoretically, save

3. See DOE Order 5480.23, Attachnent 1, paragraph
4.1.(8).(c). 3.
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nmoney as wel | .

Merged SAR s

The benefit of using a nerged SAR rests on the preni se that
it is easier to wite a single (albeit thicker) SARin a single
concentrated effort than it is to wite two SAR s w dely spread
apart in tine. Such being the case, project schedule can be
accel erated and funds coul d thereby be saved. Theoretically,
such an idea (one-step SAR approval) is sound.

Figure One illustrates the nerged SAR  Notice the bal ance
that determnes if preparing a nerged SAR will accelerate or
delay a project. To the plus, a nerged PSAR/ FSAR saves one early
DOE revi ew and approval cycle, allow ng the construction to start
(and finish) sooner. To the negative, the work scope of a nerged
SAR is greater than either a PSAR or FSAR alone. In addition,
review of a nerged SAR takes | onger than either PSAR or FSAR
al one. These two negatives nmay conpletely counter the positive
savi ngs of one review cycle. However, there is yet a third
negati ve contributor that al so nust be consi dered.

The greatest unknown risk at the start of the project when
the decision to nerge is made is the amount of rework that wl|
be needed for errors subsequently found in the nmerged SAR  This
is shown as Trework ON Figure One. This tinme is not known but, as
shown in Figure One, is the greatest single influence on the

over-all outcome. Notice also that if tine is not saved between
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conventional SAR preparation and a nerged SAR preparation (ie,
the tine to prepare and approve a nerged SAR is the sane as the
total tine needed to prepare and approve a PSAR and an FSAR)
then any time spent in rework del ays the project.® The manager
nmust bal ance the tinme saved by elimnating one (PSAR) review
cycle against the tine lost to prepare and review a bi gger SAR
coupled with the estimated tinme to recover any deficiencies in
that anal ysis. A project manager nust decide to which side the

respective scales are likely to tip before pursuing nmerged SAR s

The manager must consider the risks, in terns of rework or
backfits, that a deficient SAR presents to the project. The
great risk is that the facility will be unsafe due to incorrect
codes and standards or selection of safety equi pnment, which wll
requi re I ong and expensive upgrade or redesign. The nerged SAR
thus presents a risk of "I ooking backward" at the conpl eted
facility and finding that its safety analysis is in serious error
and its design is faulty.

I n choosing a nmerged SAR, DCE relinquishes its nmeans to

review a facility's safety basis (via the PSAR) prior to start of

- What this neans to the project manager is that there is
a "delta" between the conventional and nerged SAR
preparation/ approval tines bel ow which a nerged SAR
shoul d not be considered. For exanple, if only 4 days
were saved using a nerged SAR, it is reasonable to
expect at |east four days of rework for a noderately
conplex facility. A nmerged SAR woul d del ay that
proj ect .
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construction. This is the primary di sadvantage of nerged SAR s
DOE gives up the crucial feature to review design work before
construction begins in order to ensure that the facility wll be

safe to operate. Instead, DCE is presented with a finished
facility and a finished SAR In agreeing to a nerged SAR DCE
ganbles that the facility will be conpleted nore quickly. The
inplicit assunption is that the contractor will deliver a quality
safety analysis. |In accepting a nerged format, DOE thus risks
that no najor deficiencies will be found with the SAR If the
SAR has no significant errors, the ganble has paid off and the
project will be conpleted ahead of a traditional PSAR/ FSAR
schedul e.

The resul tant savings cannot be easily predicted. They
depend on many site-specific factors such as the project's
conpl exity, magnitude of its hazards (which drive the rigor of
the safety analysis), and the actual quality of the SAR prepared
by the contractor which affects the review tine needed for it.

However, if the SAR has serious om ssions (or the facility
was not built to its standards), DOE is faced with either
expensi ve backfits to correct the deficiencies or accepting a
hi gher risk of operation than it had intended. The tinme needed
for backfits IS Trwrk in Figure One. The risk is real. DOE

facilities have been found unsafe to operate after conpletion of
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construction.® The time needed to correct these deficiencies
eats into the tinme savings of having a nerged SAR and, if
excessive, wll delay the project. 1In this case, the ganble was

| ost.

Time is the Factor:

What nust be considered in deciding to use a nerged SAR i s
the i npact on project tinme, not project cost. A project manager
shoul d not expect a nerged SAR to cut project costs by reducing
expenditure for safety analysis. The central objective should be
to save tinme, not safety analysis noney. A project's |abor cost
budgeted at $100 million/year spends $400, 000/ day. Saving three
days of schedul e theoretically saves $1, 200, 000. These ki nds of
savi ngs generally dwarf any savings, or additional expenditure,
for safety anal ysis.

The manager should al so recogni ze that the expenditure for
safety analysis may actually be higher, due to the nore intensive
review given a nerged SAR, than for the conventional PSAR/ FSAR
Agai n, any dollar savings for the project cone from accel eration

of the schedul e.

Mer ged SAR Success Factors:

- For exanple, a facility was built at the Los Al anos site
to store plutoniumin the early 1990's that subsequently
could not be used for that purpose due to inadequate
design and safety consi derati ons.
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Success factors for using a nerged SAR can be identified.
Preparing a nerged SAR for a project will |ikely be successful if
DCE is certain that:

1. the A/E al so prepares the safety anal ysis;

2. all project requirenents have been clearly identified

before start of design and are snoothly passed down
t hrough managenment and engi neering |levels to the
construction crews in the field.

3. the contractor has excellent safety analysis skills in

whi ch DCE has full confidence based on historica

experi ence.
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Mer ged SAR Concl usi ons:

In the present DCE environnent, a nmerged SAR appears best
suited for small, relatively sinple facilities involving lowto
noder at e radi ol ogi cal and toxicol ogi cal hazards. A nerged SAR

wi |l not necessarily save tine or noney.

Phased SAR' s:

The risks assumed by DOE with a nerged SAR can be partially
mtigated by using another unconventional SAR devel opnent nethod,
t he phased SAR. A phased SAR can be applied to a PSAR and/or an
FSAR, or to a nerged SAR. A phased SAR conpl etes bl ocks of the
SAR which are tied to construction mlestones (decision points).

Figure Two illustrates the phased SAR  SAR approval for
each successive construction phase should be obtained prior to
comencenent of the next phase of work. Because of the series
nature of these approvals, delay in tinely approval of the next
SAR phase can cause a day-for-day slip in the start of the next
(critical-path) phase of construction work. To mnimze the risk
of del aying construction, SAR preparation and approval nust be
moved of f of critical path, as shown in the first and third
phases.

Notice the crucial shift of the conpletion of each
succeedi ng phase of the safety analysis away fromthe critical
path (construction work) by starting the next phase early.

Preparation of the next phase of the SAR nmust occur while the
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construction work for the previous phase is on-going. M ninal
overlap of safety analysis onto the construction critical path
then occurs. This overlap, the tinme between the end of the |ast

constructi on phase and approval of the next phase's SAR, is

called RT; in Figure Two. Overlap of SAR revi ew approval onto

critical path, &T;, nust be held to a mnimum Ideally, &T; is
zero as shown in the first and third phases. (Phase two is
reality.) This is essential for a phased SAR to accelerate the
proj ect schedule. The |onger that approval (or, even worse,
approval and preparation) of the SAR phases overlaps onto
critical path, the less likely is a phased SAR to accel erate the
proj ect's schedul e. ®

Desi gn changes nade foll owi ng approval of the applicable SAR
phase that affect that phase are a great risk to phased SAR
preparation. DCE has no clear nechanismfor formally dealing
wi th such changes.’ Aggravating this risk is the inherently

myopi ¢ nature of a phased SAR Because the SAR is in bl ocks

6. Thus, if the schedul e shows that the safety anal ysis
work is alnost entirely critical path, the phased SAR
wi Il delay project conpletion and a phased SAR shoul d
not be consi dered.

- The reader may believe that such issues can be handl ed
via the unrevi ewed safety question process (DCE O der
5480.21). Such is not the case. Mst facilities do not
i npl ement the USQ process until after operation begins.

Even if USQ screenings were inplenented during
construction, the existing (phased) SAR nmay not be
conpl ete enough to properly screen a design change as a
UsSQ anyway.
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(phases) it is inpossible until the final conpleted SAR i s
received to see or understand the facility's integrated safety
basis. Wth phased SAR s, the over-all picture remains hazy
until the end. Thus, the risk in phased SAR s is |ooking forward
intime toward what the finished facility will be and descri bi ng
t hat adequately in the blocks of SAR s |leading to the conpleted
SAR.  (Contrast the phased SAR to a nerged SAR which | ooks
backward at what the facility is.)

The ot her great concern is tracking assunptions and
comm tnents nmade to approve one SAR phase into the successive
phases. The contractor is required to track these assunptions as
design comm tnents and show how subsequent SAR phases neet the
commitnents.® An exenplary configuration managenment programis
essential to mtigate both of these risks--design changes and
commi t ment tracking.

Al so notice that another factor conplicates the decision to
use a phased SAR and can affect the critical path. Wrk in the
field can be del ayed by poor coordination of construction work
around the SAR approved phases. Field work can only by done on
those portions of the facility that have approved SARs. A lag

can be introduced, shown as Tgp On Figure Two, when the next

- For exanple, foundation |oading of the facility's
bui I ding may be stated or assuned by the first phase
covering exterior construction. This |oading nust be
carried forward through all remaining phases so that
nothing is placed in the building that woul d exceed that
| oadi ng.
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construction phase is delayed by field conditions (eg, not having
the right work crews ready to work) that delay the next
construction phase beyond the built-in delay of awaiting approval
of the next phase of the SAR Mnimzing Tep requires an
experienced contractor adroit at shuffling and coordi nati ng work
Crews.

In practice, each phase of the SAR nust be conpl eted,
revi ewed and approved by the tine the decision is nmade to proceed
to the next phase of construction. The conpleted SAR covers only
t hat applicable portion of the facility and nothing el se. The
SAR need not have all chapters of a conplete SAR either.? It
must have the applicable description (in detail conparable to
either a PSAR- or FSAR-|evel or both) of that portion of the
facility, the hazard and accident analysis pertaining to it,
identification of safety-related structures, systens, and
conponents, and other specific analysis if applicable (eg,
criticality). The chapters covering safety nmanagenent prograns,
chapters 7 through 17, as well as chapter 1 (Site Description)
generally are not strongly dependent on facility design and thus
do not have to be provided until the final phase of the SAR
unl ess they drive specific design requirenents.

Preparation and approval of any SAR phase will require a

certain mni nrum anount of time. This mninmumtime has an

S. This means the 17 chapters of a Standard 3009-f or mat

SAR
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i nportant consequence. Because the SAR preparation and approval
time can only be conpressed so nmuch, there is a maxi num nunber of
phases into which the SAR work coul d be divided beyond which it
is practically inpossible to accelerate the schedule. (To see
the point, visualize the SAR in Figure Two broken into eight
phases instead of four.) Beyond that maxi num nunber of phases, a
phased SAR cannot accelerate the schedule and will in fact del ay
it. This maxi mum nunber of phases is site and project
dependent . *°

| f the phased SAR is al so nerged, then preparation of the
SAR wi || take |onger than either a PSAR or FSAR alone. This wll
likely extend R&T; and thereby nmake accel erati on of the project
schedul e that nuch harder. Deciding to phase and nerge a SAR
therefore requires careful deliberation.

G ven the nunber of SAR reviews and approvals, the safety
anal ysis expenditure will be much higher with a phased SAR t han
for a conventional PSAR/ FSAR preparation. As with a nmerged SAR,
t he manager nust focus on saving tinme and nmake his decision

accordingly.

10, As an approximation only, in order to accelerate the

schedul e, the follow ng nust be true:

3n(.TPfeP + Tapp1) = [N(TNprep + TNapp'1)] > Frotar, Where

n is nunber of SAR phases; Tpepapi IS the tine to
prepare or approve each phase; TNprepap! 1S the m ni num
time to prepare or approve each phase, and Frota 1S the
total schedule float for SAR work.
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Phased SAR Success Factors:

Success factors for using a phased SAR are sonewhat

different froma nerged SAR  Preparing a phased SAR for a

project will likely be successful if DOE is certain that:
1. the A/E al so prepares the safety anal ysis;
2. the A/E has excellent control over scheduling and

coordi nating construction work and work crews. This is
particularly inportant if the project is fast-track;

3. the A/E has an excell ent configuration managenment
programto control design changes and an excell ent
desi gn review process;

4. all project requirenents have been clearly identified
before start of design and are snoothly passed down
t hrough managenent and engi neering |levels to the
construction crews in the field.

5. the contractor has excellent safety analysis skills in
whi ch DCE has justifiably full confidence based on

hi st ori cal experience.

Phased SAR Concl usi ons:

A phased SAR will not necessarily save tinme or noney. As
with nmerged SAR s, a phased SAR appears best suited for small,
relatively sinple facilities involving |l ow to noderate

radi ol ogi cal and toxicol ogi cal hazards.
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M nim zing DCE' s Ri sk:

DOE' s exposure to an inferior nerged or phased SAR i s
mnimzed by performng a detailed and di sciplined SAR revi ew.
Such a review requires selection of a particularly well-qualified
review team usi ng recogni zed experts. A successful review w |l
identify any significant deficiencies in the SAR The foll ow ng
review areas are crucial: design codes and standards (eg,
sel ection of ASME, ANSI, ACI codes for the facility); radiation
protection; seismc analysis; criticality analysis including
expert know edge of the anal ysis code(s) used; safety anal ysis,

i ncludi ng sel ection of safety equi pnent and acci dent eval uati on;
and human factors.

Once commtted to by the project manager, it is extrenely
difficult to back out of a nerged or phased SAR preparation. The
decision to prepare a nerged or phased SAR cannot be easily
undone and a subsequent decision to do so will probably seriously
delay the project's conpletion, well beyond any ot her del ays.
Because it is made at the outset of the project, cannot be undone
| ater, and the down side to a wong choice is very steep, the
decision to prepare a nerged and/ or phased SAR nust receive the
greatest deliberate attention and scrutiny by DOE

A DOE site should strongly reconsider a decision to prepare

a phased or nerged SAR for a project nmanaged by a "MI|"
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contractor®™ in which different sub-contractors perform major

pi eces of the work (eg, safety analysis, construction, and
design); project requirenents are new or unprecedented within the
DOE conpl ex; historical safety anal yses have been only fair (or
worse); the contractor has only fair configuration managenent and
design review prograns; or the AE is not the sanme contractor as

the safety anal yst.

Application of Merged and Phased SAR s at a Maj or DOE Proj ect:

The Spent Nucl ear Fuels Project (SNFP) at the Hanford site in
Washi ngton state is charged with noving to sem - per manent storage
2,100 netric tons of spent nuclear fuel elenents |eft over from
pl ut oni um production. Two new facilities, the Cold Vacuum Dryi ng
Facility (CVDF) and the Canister Storage Building (CSB) are in
final construction. The basic operation is shown in Figure
Three. The SNFP chose to prepare the project's SAR s in phases
and to nmerge the prelimnary and final safety analysis reports
into a single SAR (ie, a phased/ nmerged SAR)

Not e the sequence of operations and the processing of the

fuel elenments fromone facility to another: K Basins to the CVDF

1. "Managenent and I ntegration" contractor, in which one

contractor coordi nates and nmanages field work actually
done by a corps of smaller sub-contractors reporting to
it. The opposite is the "Managenent and Qperation”
(MO contractor in which a single contractor does al
wor K.
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the CVDF to the CSB. Each successive facility thus depends on
and is coupled to the processing perfornmed in the preceding
facility. Therefore, the safety of the CVDF depends on the K
Basin performng its operations in a manner consistent with the
assunptions and conditions assunmed by the CVDF safety anal ysis.
Simlarly, the safety of the CSB rests on the CVDF perfornance.
Coordi nation of the safety analyses is essential between the
three facilities. Because the A/E for each facility was
different, coordination of the assunptions enployed by the three
SAR s proved to be difficult.

DCE made a crucial decision at the start to nanage the SNFP
as "fast-track"--ie, design, procurenent, safety analysis, and
construction noved in parallel with each other. The SNFP found
that field (construction) work can be done the quickest, followed
by design work, followed by safety anal ysis and approval.

Because field work could be done faster than safety anal ysis, SAR
wor k qui ckly | agged construction and design, which, as the
project was fast-track, were not |ocked in series and therefore
noved ahead of the SAR work. As a result, when safety anal ysis
caught up with design and/or construction, changes (backfits)
often had to be nade.

The SNFP al so inplenented a policy of "NRC equival ency” with
t he goal of achieving a rigor of safety analysis equivalent to
that of an NRC-licensed fuel processing and storage facility.

The novel (and unprecedented) use of "NRC equival ency" added
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further conplexity and coordination difficulties.®?

The A/E contractor and construction contractor at each
facility were not the sanme. The contractor performng the safety
analysis was different fromthe A/E. Sub-contractors separate

fromthe safety anal ysts perforned the detailed A/ E design work.

Managi ng the project as a fast-track created nunerous
problenms. Field work and procurenent proceeded ahead of safety
anal ysis. Design changes were nade to the facility described in
approved bl ocks of the SAR which required re-analysis of the
affected portions. For various reasons, DCE found the phased SAR
to be deficient, which extended the approval time in order to
correct the errors. Because of this, approval of the SAR phases
| agged behi nd construction even nore. This maxim zed RT;.
Eventual |y SAR work becane critical path for the CVDF and CSB

The | ack of approved phases of the SAR spilled over into
equi pnent procurenent, which | acked approved standards and
requi renents based on a SAR  Pressure to maintain schedul e
resulted in extensive use of the "escape clause" provision in DCE

Order 5480. 23, allow ng equi pnent to be procured or construction

l2, The paper "Application of 'Nuclear Regul atory Conm ssion

Regul ati on Equi val ency' to Construction of New DCE
Nucl ear Facilities", by G E. Bishop and Gegory Z
Morgan, presented at the June, 1999 SAWG neeting in
Portl and, O egon, extensively discussed SNFP's use of
NRC regul ati ons.
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to proceed without an approved safety analysis.®® Procurenent
and construction of substantial portions of both the CVDF and CSB
were done wi thout any SAR what soever.

When the SAR s caught up to design and procurenment, errors
were found which required tinme (Trewrk i N Figure One) and
resources to resolve. Resolving these deficiencies diverted
project time, funds, and attention from pressing on-going field
work, resulting in yet further delay to the project's
critical-path. This feedback effect overwhel ned what ever
accel erati on m ght have been possi bl e using a nerged/ phased SAR

The SNFP found no clear advantage to using either a nerged or

phased SAR. Project schedul e was not accel erat ed.

Significant Problens Encountered in Preparing Merged/ Phased
SAR' s:
Phased SAR Difficulties:

System descriptions for the CVDF did not match actua
as-built work, resulting in rejection of one CVDF SAR phase.
System descri ptions were often vague sinply because parall el
desi gn and procurenent work was not conplete and the anal yst did

not know what kind of systemwas to be used in the facility.

13, Par agraph 9. a. (1) of DOE Order 5480.23 states in part:
"DOCE may authorize, in witing, limted activities
[ procurenent, construction, pre-operational testing]
wi t hout approval of a PSAR" "Limted activities" is
not defi ned.
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Desi gn specifications did not always reflect design requirenents,
resulting in subsequent exenption requests to those requirenments
or sone design changes. Analysis techniques, particularly for

| oad drops in the K Basins and the CSB, were incorrect or
incorrectly applied. Analyses were not always adequately

expl ained. Thus, quality of the phased SAR subm ssi ons was not
al ways adequat e.

The root cause of poor quality was failure at the early
stages of project planning to recognize the |level of effort that
a phased/ nerged SAR preparation would need. No Hanford facility
had ever prepared either a nerged or phased SAR  There was no
experience base. Sinply put, the scope attendant with preparing
a phased PSAR/ FSAR for a nmajor project |ike the SNFP was not
appreci ated or understood. The earlier SAR subm ssions tended to
be of a PSAR-Ievel detail, rather than the nore detail ed,
specific FSAR-| evel needed for a merged SAR The vital need to
coordi nate design, procurenent, and safety analysis at the pace
of a major fast-track project using a nmultitude of
sub-contractors overwhel med contractor (and DOE) capabilities.
Funding for safety analysis renained i nadequate until the latter
stages of the project when SAR approval becane critical path.
Under f undi ng reduced the neans to resolve the quality problem
Rel entl ess schedul e pressure also contributed significantly to
the problem Analysts were overloaded trying to prepare bl ocks

of SAR chapters in FSAR-level detail in parallel with designs
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t hat had not been conpleted, a task that had never before been

attenpted and is obviously extrenely difficult.

DCE Oversi ght and Approval Difficulties:

The contractor originally recomrended that a single nerged
SAR be prepared for the SNFP. To reduce its risk, DOE nmandated
that a nmerged SAR be prepared in phases for the project.

DCE created a team of experts (about twenty) in various SAR
techni cal areas (structural, radiological, criticality, etc) to
review the SAR subm ssions. Cenerally, a reviewer would review
only sel ected chapters or sections of chapters. A few reviewers
exam ned the entire SAR subm ssion. Except for the tank farns,
Hanf ord had not conm ssioned such a review teamin any previous
SAR wor k.

DCE revi ew generated over 3,200 comments on the CSB and CVDF
mer ged/ phased SAR's. The safety analysis was found to be both
overly conservative in sone areas and under-conservative in other
ways. Sone reviewers believed the safety analysis sinply
justified the chosen design, rather than establish a safety
envel ope which the design then had to neet. This belief is
consistent wth a fast-track project. The nunber and extent of
the coments seened to surprise and startle the contractor. Sone
sub-contractor preparers were clearly not used to the scrutiny of
review that they received. Friction developed at tinmes which

requi red managenent intervention to am cably resolve. Some DCE
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reviewers felt they "reviewed the quality” into the SAR
subm ssi ons.

Despite repeated requests to do so, the contractor never
shared prelimnary (ie, unissued unofficial) safety analysis with
the DOE review team Team nenbers believed this unnecessarily
caused | onger reviews when the analysis came over formally from
the contractor. Lack of sharing probably reflects an adversari al
type of relation between the contractor and DOE

However, fromthe contractor's perspective, DOE sonetines
appeared i ndeci sive and befuddled in its direction. DOE appeared
at times overly sensitive to external influences, such as
oversi ght agencies (the DNFSB). Decisions were |ater changed to

achieve political ends--eg, appease an external influence.

Difficulties |Inplenenting Program Requirenents:

The SNFP applied the standard spectrum of DOE order
requi renents (eg, 6430.1A, 5480.23, 4700.1, etc) via the contract
St andar ds/ Requi renents I dentification Docunents. In addition
the SNFP al so adopted a set of requirenents fromthe Nucl ear
Regul at ory Conmi ssion, ternmed hereafter as NRC equival ence
requirenents. This effort was unique to the SNFP and
unprecedented within the DOE conplex. The A/E did not conpletely
i ncorporate requirenents fromeither set (DCE or NRC) into the
facility design. Discovery of these oversights caused delay in

approvi ng the applicable SAR phase.
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| es:

Exanp

Cani ster Storage Building Structural Design:

Mul ti

The SNFP adopt ed NRC-equivalent criteria for natural
hazards (eg, tornadoes) to the design of the CSB.**

The NRC criteria are nore rigorous and thus require a
stronger building than the natural hazards criteria
previously used at Hanford. The contractor did not

i npose the NRC requirenments during design of the
buil di ng. Because the CSB construction cost estimte
had been estimated using the older site criteria,
applying the NRC natural hazards criteria resulted in a
mar ked i ncrease in the building' s cost.

- Cani ster Overpack Handl i ng Machi ne:

The contractor did not pass on separation criteria for
safety-class el ectrical equi pnent, another

NRC- equi val ence requirenent. DOE procured the Handling
Machi ne using the escape clause to Order 5480.23 and at
that time had no safety analysis for the Machine. This
deficiency del ayed approval of the conpleted CSB SAR

and required nodification of the Handling Machi ne

14

These are contained in Reg Guide 1.76, "Design Basis
Tornado for Nucl ear Power Pl ants", SECY-93-087, "Policy,
Techni cal, and Licensing Issues Pertaining to
Evol uti onary and Advanced Li ght-Water Reactor (ALVWR)

Desi gns", and NUREG CR- 4461, "Tornado dinatol ogy of the
Conti guous US".
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itself.

Cani ster Storage Building Storage Tube Material:
Prior to approval of a SAR and agreenent on the correct
desi gn code, the contractor specified the storage tube
material to APl 5L standards and issued a procurenent
order. Subsequent safety analysis showed that API 5L
was not an appropriate code. As a result, the SNFP
devoted extensive tinme and resources denonstrating that
the procured tube material nmet safety requirenents.

Eventual ly, the material was accepted for use.

Enabl i ng Assunpti ons:

Safety analysis for the next phase of construction was often
i nconplete prior to approving that next phase's SAR  This left
gaps in the SAR In addition, design was al so not al ways
conplete for the next phase, either. The SNFP created "enabling
assunptions” (EA's) to carry a specific commtnent or restriction
assuned by the previous SAR phase forward i nto subsequent phases.
The EA could be a key safety assunption (eg, area of a fuel
assenbly exposed to air or water), assunptions on design,
assunptions on nodeling techniques, etc. These assunptions were
design commtnents as well. EA's are inevitable when using a
phased SAR. Any phased SAR can be expected to generate a certain
nunber of EA's. It is inpossible to predict a "proper" nunber

for a project.
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The SNFP generated over 80 EA's. The nunber of SNFP EA's
may appear (and |ikely were) excessive. Tracking such a large
nunber through the process proved burdensone and the SNFP created
a special programto track and close them To facilitate closure
of the EA, the SNFP prepared a plan that identified the SAR phase
in which a specific EA would be closed. Unfortunately, this plan
was not inplenmented after being issued.

Closing the EA's proved difficult. Cosure of a safety (as
opposed to a design) EA required preparation of a safety analysis
sufficient to resolve the associated i ssue. Developnent of this
anal ysis |l agged, due to priority conflict and |imted funding.
Because sone EA's, eg, fuel surface area, had enornous inpact on
the project design, DOE occasionally took the lead to close an EA
using a panel of technical experts independent of the contractor.

Use of this panel created sone rancor with the contractor.
However, the panel did allow tinely and successful closure of
several critical EA' s which vastly sinplified the project's final
desi gn.

In retrospect, the |arge nunber of SNFP EA's reflected the
insufficient funding and priority given to safety analysis during
construction. In effect, issues behind the EA's were allowed to
drag on without resolution while construction issues received the
greater attention. As a result, nost of the EA's were not cl osed
until subm ssion of the final (conpleted) facility SAR  Because

many of the EA's were safety assunptions, closing themrequired
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safety anal ysis which, of course, DCE had not previously seen.
Closing the EA's en masse in the final SAR resulted in the
nost detailed and rigorous review of SAR s that DOE gave to the
project. This intense review thus canme at precisely the worst
possible time, after nost of construction was finished, requiring
rewor k and backfits to correct errors, while the contractor was
under great pressure to wap up field work to maintain schedul e.
The net result was the creation of substantial friction and
aninosity between the contractor and DOE at a crucial juncture in

the project, to no good end.

Confi guration Managenent and Design Revi ew

Confi guration managenent (control, dissem nation, and
coordi nation of design changes) is a key feature to prepare
successful phased SAR s. The contractor's configuration
managenent programis probably as good as any other in the DCE
conplex. Unfortunately, the contractor's program could not keep
up with the pace of fast-track construction. Design descriptions
in the SAR phases were often incorrect. SAR s contained
i ncorrect or substantially inconplete information. Design
changes were nade to approved phases thus requiring a second
review of those SAR phases (basically re-review ng sel ected
i ssues thought to have been closed). This confused and extended
review of the |later SAR phases.

The contractor's design review process did not identify sone
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nonconpl i ances to design requirenents (exanples provi ded above).
The root cause of this deficiency is not known. Schedul e
pressures likely significantly contributed to inadequate design

revi ews.

NRC Equi val ency:

NRC requirenents were applied to the project in two ways: as
direct requirenents on design and as requirenents on safety
anal ysis preparation and review. Detailed assessnent of the NRC
equi val ence program has been di scussed el sewhere and will not be
repeated here.' The SNFP found that inplenenting NRC
requi renents on top of DCE requirenents is often contentious and
costly, both in terns of noney and schedule. Qher than public
per ception, obvious benefit of such a programto facility design
is unclear and no major inprovenent in over-all project safety
was obvi ous by inplenenting NRC requi renents above and beyond
those already required by the DOE. In a |ike manner, other than
what public perception there may be, no obvious inprovenent in
the quality of preparation or review of the project SAR s was
evident from applying NRC standards to the SAR preparation or
revi ew

This suggests that the key to safe facility construction
lies with rigorous and conpetent inplenentation of sound safety
requi renents, no matter their source, rather than the pedigree of

the requirenents thenselves. Quality SAR s are simlarly the
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product of conpetent teans of SAR preparers and reviewers, and

not any particular set of review requirenents.

| npact of SAR Rej ections and the Project Response:

DCE rejected a SAR phase three tines due to inadequacies
(twce for the CVDF, once for the MCO. Rejecting a SAR did
nothing to correct the underlying systematic deficiencies causing
t he subm ssi ons probl ens.

SAR rejection also created an unanticipated dilema. As
previ ously discussed, delay in approval of a SAR phase caused
construction delay and thereby del ayed the project even nore.

The SNFP found that such del ays quickly "pancaked” one on top of
anot her, one del ay causi ng anot her delay downstream until SAR
preparation becane alnost entirely critical-path. In effect this
maxi m zed RT; in Figure Two. The project schedul e slipped badly
whi ch brought even nore pressure on SAR preparation. Haste
caused nore errors in the SAR subm ssions to DOE, which caused
yet nore delay in approval of those phases. And so it went, one
del ay conpoundi ng anot her.

Teans were comm ssioned to determ ne the underlying problens
causing SAR rejections and the high nunber of review comments.
Little was ever done with the resulting recommendati ons and the
SAR preparation process was never substantially changed.

Managenment initiatives to inprove SAR subm ssions were
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i nef fectual .

The major effect on the project was a vastly increased
expenditure on safety analysis, far beyond original estinmates.
Fundi ng for SAR preparation nore than tripled to nore than $10

mllion.

Concl usi ons:

The SNFP gai ned no clear benefit by using a nerged/ phased
SAR.  The project schedul e was not accel erat ed.

The foll owm ng are other specific conclusions:

1. Do not expect to save project noney preparing nmerged/ phased
SAR's. It may be possible to save schedule tinme. Cost
savings will either be trivial, or negative--ie, require

nore expenditure than not preparing nerged/ phased SAR s

2. Preparing a phased SAR for a noderately or highly
conplicated facility wll tax the best of contractors.
Excel l ent configuration control and design review w || be
needed. Excellent coordination between safety anal ysis and
design will be needed.

3. Attenpting both nerged and phased SAR s for the sane
facility is too difficult and should not be attenpted,
except possibly for extrenely sinple projects.

4. Compl ete the design of the next phase of a SAR prior to

approvi ng that phase's SAR (and ensure the SAR matches the



Preparation of Phased and Merged SAR s for New DOE Nucl ear - 31-

Facilities

10.

11.

design). Reliance on enabling assunptions (or equival ent)
to track unfinished design commtnments will be unexpectedly
difficult.

A nmerged SAR is not feasible for a fast-track project.

Use of the "escape clause" to DOE Order 5480.23 to all ow
procurenment or work w thout an approved SAR shoul d not be
done.

For noderate or high-hazard facilities, safety analysis wll
require the greatest anount of schedule time. Design work
requires less tine. Construction work, perhaps
surprisingly, requires the | east anount of tine.

The DOE SAR revi ew team nust be conposed of recogni zed
techni cal experts and be particularly strong in
construction, seismc, and design codes, and human factors.
Generation of a significant nunber of EA's in a phased SAR
is a certain sign that approval of the final (conpleted) SAR
will be difficult and that not enough attention is being
given to closure of safety anal ysis issues.

When maki ng project decisions, vacillation is a vice;

st eadf ast ness, a virtue.

Use of expert panels independent of the contractor (ie,
funded t hrough DCE al one) can facilitate tinely and

reasonabl e cl osure of project technical or safety issues.
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Recommendat i ons:

1

Do not prepare a nerged or phased SAR for nultiple
facilities in which the safety basis of one facility is
strongly dependent on the operation (output) of another
facility.

Do not prepare a nerged or phased SAR for nultiple
facilities designed/constructed by different contractors, or
in which major portions of a large and conplex facility are
desi gned/ constructed by different contractors.

Do not prepare a nmerged SAR for "fast-track" projects.

Do not prepare nerged and phased SAR s together for a
project. Do either a phased or nerged SAR, al one. Phased
or nerged SAR s are best suited to sinple, |ow hazard (ie,
hazard category three) facilities.

Do not allow nost EA's to be closed in the final (conpleted)
SAR of a phased SAR preparation.

Do keep preparation of all portions (chapters) of the nerged
or phased SAR under a single contractor who is preferably
the facility's A/E design contractor.

Do keep the facility's AJE the sane as the construction
contractor, unless managenent can safely state that its
configuration managenent programis nothing short of
excel | ent .

Do start DOE review of the nerged or phased SAR wel| ahead

of (three nonths, mninum the required approval date to
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10.

11.

support the project schedul e.

Do ensure that DOE reviewers are highly qualified, well
beyond what is typically considered adequate for traditional
(non- ner ged/ phased) SAR revi ews.

Do ensure for phased SAR s that the DOE review is conpl eted
before that applicable portion of the facility's designis
rel eased to construction.

Do enpl oy expert panels independent of the contractor as
needed to assist closure of project technical issues or

safety anal ysis enabling assunptions.



