
.The Under Secretary of Energy
Washington, DC 20585

March 28, 1996

The Honorable John T. Conway
Chairman
Defense Nuclear Facilities Safety Board
625 Indiana Avenue, N.W.
Suite 700
Washington, D.C. 20004

Dear Mr. Chairman:

As you are aware, technical evaluations at the Savannah River Site prepared in
support of improvements to the H-Canyon Facility Safety Authorization Basis
indicate that seismic analyses used as the basis for the existing Safety Analysis
Report (SAR) do not reflect as-built conditions and contain certain assumptions
that may tend to overstate the capability ofH-Canyon to withstand a severe
earthquake. F-Canyon is similar to H-Canyon in both design and construction.
Recent initial simplified scoping calculations did not demonstrate that the canyon
facilities could withstand the applicable Evaluation Basis Earthquake (EBE)
without collapse. More rigorous analyses to fully define the canyon facilities'
response to the applicable EBE, as well as revised risk calculations utilizing
improved dispersion models and assumptions, are ongoing and are expected to be
completed in July.

On March 15, 1996, following an initial review of the situation, the Department
temporarily suspended the introduction of additional nuclear materials (Mark-31
target slugs and plutonium 238) into the canyon facilities until a more thorough
review could be completed. However, activities in the canyons to stabilize
solutions, Mark-31 target slugs, and plutonium 238 already in the canyons are
continuing.

A more thorough review has now been completed, which is described in the
enclosed documents. I am providing this further report so that you are in
possession of all the information we have to date. I would appreciate knowing
whether this further analysis in any way affects your previously expressed views
about proceeding with the planned stabilization program, including the
introduction of new material into the canyons for this pu ose.

Thomas P. Grumbly
Acting Under Secretary

Enclosure
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SUIJ&'::T; Reconunendation for Continuing with the Stabilization Program as Described in the Record of
Decision (ROD) for the Final Interim Management ofNuclear Material Environmental Impact
Statement (lMNM EIS)

TO: Office of the Secretary (S-3), HQ

~: Should DOE continue with the stabilization program as described in the ROD for the
IMNM EIS and with the continuing programmatic post-Cassini mission related plutonium-238
material?

Backiround: . On March II, 1996, I provided you a set of recommendations for continuing
scheduled canyon operations, including stabili2:ation of all Mark-31 targets, pending the
outcome of the on;.going canyon seismic evaluation. On March 15, 1996,· the Office of
Environmental Management endorsed these recommendations wi¢ three caveats. The caveats
were: a) no additional Mark-31 targets could be introduced. to F-Canyon, b) no new shipments
ofplutonium-238 could be made to add to the existing plutonium:-238 inventory in H-Area, and
c) preparation should begin for implementation of appropriate source tenn limits in the event
the introduction of new material to the canyons is authorized. 'These restrictions we~e placed
with the commitment for a more thorough evaluation of the issues surrounding the introduction
of new material to the canyons prior to completion of all the seismic analysis work. The
expectation was this review would be completed by the end of March. A chronology of events
is attached to aide in the understanding of this issue.

The focus of the issue was whether the risk from earthquakes currently presented in the IMNM
EIS constituted significant changes in environmental impacts or significant, reasonably
foreseeable, environmental impacts that had not been considered in the EIS. Our plan to
address these concerns was included as AttaClunent 4 to the aforementioned March 15
correspondence. It provided a method to compare the risk which could reasonably be expected
from the current SRS evaluation basis earthquake (EBE) to the risk fronl the EBE used in the.
analysis work for the FinalIMNM EIS.
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Discussion: The only information in the existing IMNM EIS that could be affected by the
canyon seismic evaluation are the health effects associated with the earthquake accidents.
Therefore, an analysis was completed to compare the risk from earthquake accidents associated
with the current EBE to the risk from earthquake accidents in the IMNM ETS. The fIrst step in
the process was to estimate the earthquake the canyon would survive with no more damage
than assumed in. the IMNM EIS earthquake analysis. As a parallel effort, the applicable EBE
for the SRS was estimated.

The preliminary results from the intensive two week review (see attachment) indicate the
canyons would survive an EBE. However, the results of this effort show that the frequency of
the EBE appli'?8ble to the site increased from an once in 5000-year event to an approximated
once in 2000-year event. To offset the increased risk that resulted from the increased
frequency the source term was reduced from 30 mega-curies (source tenn assumed in the
IMNM EIS) to 8 mega-curies. As a result, the risk associated with the current EBE is less
than or equal to the EBE risk in the IMNM EIS. Therefore, there are no significant changes
relevant to the health effect impacts presented for the earthquake accidents in the Final
IMNMEIS.

I believe there is an adequate level of assurance the earthquake accident health effects
infonnation in the IMNM EIS remains reliable for decision making purposes. There is no new·
informati"n which should bear upon existing decisions regarding the stabilization of nuclear
materials ,it SRS, including the Mark-31 targets, or bear upon the impacts for the actions. As
such, I recommend the following:

1) Resume introduction ofMark-31 targets to F-Canyonand continue with all
scheduled stabilization activities in accordance with the ROD for the IMNM EIS.

2) Resume the post-Cassini plutonium-238 receipt and processing program.

3) Reduce the current curie inventory iimits for the canyon and B-Line facilities
to a total of 8 million curies. These quantities will be reevaluated based on the
information in the completed Safety Analysis Report.
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It is my eXpectation that operations would continue through, and subsequent to, the process of
completing the evaluation to detennine whether or not an W1!eviewed safety question (USQ)
exists. If it is determined an USQ exists, the authorization basis will be revised appropriately.
This could include the implementation of additional restrictions to maintain current risk or
accepting hlgher risks. If accepting higher risk must be considered, I will notify your office to
ensure all aspects of this decision are evaluated.

Recommendation: I request you approve these recommendations.

Mario P. Fiori
Manager

Attachment:
Chronology of Events
Seismic Risk Associated with SRS Canyons and B-Lines.

Approved:

Disapproved;
Date:

____ , and I have determined that a supplemental environmental impact
statement is not required at this time.
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CHRONOLOGY OF EVENTS

WSRC begins canyon structural analysis to support effort to upgrade
Safety Analysis Report from the 1980's·requirements to current DOE
Orders and Standards.

WSRC declares a potential inadequacy in the safety .analysis, as
required by DOE 5480.21, based on discovery of inappropriate
assumptions in the 1980's era analysis. This declaration included
notification via the DOE occurrence reporting system in accordance
with DOE-SR and WSRC procedures.

Press release, coordinated with Headquarters, is issued to explain this
discovery. The press release provided a vehicle to transmit accurate
and timely infonnation regarding the potential safety implications of
the analysis work and not cause any undue concern to our community.·

Outside seismic experts visit SRS to review on-going analysis work.
They conclude the structure is more robust than originally assumed and
provided suggestions for inc01'orating additional analysis work to help
demonstrate this.

DOE-SR recommends all stabilization activities continue pending
completion of the evaluation to determine if an unreviewed safety
question exists. DOE-SR conclusion is there would be no undue risk to
workers or the public.

Seismic and structural analysis information is reviewed with the
DNFSB.

EM-60 recommends stabilization actions should continue, but that no
new material e.g., :MK-31 targets, should be introduced to the canyons
until a more detailed review of the current earthquake accident risk is
completed. The EM-60 recommendation included the DOE-SR
proposal to address this issue.

DOE-SR transmits risk evaluation with conclusion that risk in IMNl\1
EIS is still representative and IMNM EIS stabilization decisions are
valid.
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Dr. Mario P. Fiori, Manager
U. S. Department of Energy
Savannah River Operations Office
Aiken, South Carolina 29808

Dear Dr. Fiori:

SEISMIC mSR ASSOCIATED WI1'H Bas CANYOISS AND B-LINES
@

Recent new information concerning existing structural evaluations of the
seismic capability of SRS Canyons has led to a determination that a
Potential Inadequacy in the Safety Analysis (PISA) exists for F and H
Canyons and F and H B-Lines. Programmatic decisions involving operations
in these facilities were recently announced in Records of Decision (RODs)'
pursuant to the Interim Management of Nuclear Materials (lMNM)
Environmental Impact Statement (EIS). The purpose of the attached paper
is to docUII\ent the basis for WSRC's position. ~hat: .

(1) the seismic riskt:l considered in the IMNM BIS continue to bound
current expectations of seismic risk associated with SRS Canyons and
B-Lines, and

(2) the current IMNM EIS continues to provide an adequate basis for the
programmatic decisions announced in the RODs.

For reasons discussed in the attached paper and summarized below, WSRC
rAcommends the following:

1. Continue implementation of all currently authorized operations in the F
and H Canyons and F and H B-Lines.

2. Resume shipments of irradiated Mk-31 targets from storage basins to If
Canyon and complete planned stabilization activities.

3. Receive remaining Pu-238 receipts from offsite and complete planned
post-Cassini processing activities.

4. Complete the remaining phases of the overall seismic/structural
evaluation of the canyon buildings and the associated Unreviewed Safety
Question Evaluation on the established aggressive schedule.
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A detailed structural evaluation of the H Canyon building is currently
underway to support preparation of an updated Safety Analysis Report
(SAR). This detailed structural evaluation is being conducted in several
phases in accordance with applicable DOE Orders and Standards. During
the initial phase of the current evaluation; review of previous structural
evaluations from 19~1-1984 revealed inaccuracies in those previous
evaluations. Since the projection of seismic. risk presented in existing SARa
for both F and H Canyons and F and H B-Lines was based in part upon
conclusions from the 1981.,.1984 structural evaluations, the new information
regarding inaccuracies in those evaluations led to the determination that a
Potential Inadequacy in the Safety Analysis (PISA) exists. The PISA was
reported per DOE Order 232.1 requirements on March 1, 1996.

At that same time, a summary of this new information and of preliminary
results from the initial phase of the current structural evaluation of the
canyon, buildings was provided to the public and interested stakeholders.
The initial phase of the current evaluation employed very conservative
inputs (such as minimum design strengths for concrete and reinforcing
steel) and has not demonstrated the required seismic capability in response
to an Evaluation Basis Earthquake' (EBE). This result is not totally
unexpected at this stage in the evaluation process for existing structures
such as the canyon buildings.

DOE Standard 1020 describes the overall evaluation methodology, which
includes subsequent conduct of a more rigorous analysis employing more
representative inputs (such as actual concrete strengths determined from
representative sampling) if required to demonstrate adequate capability for
exiHting structures. The next phase of the analysis will also include
consideration of building drift (projected lateral displacement of the floors
and roof slab). Early estimates predict building drift values within the range
of acceptability. WSRC has established an aggressive schedule to complete
the remaining phaSes of the overall evaluation by July 1996. Resuli::i will be
evaluated per DOE Order 5480.21 requirements to determine if an
Uureviewed Safety Question (USQ) exists. The outcome of this USQ
Evaluation is also expected by July 1996 and will determine whether
revisions are needed to t.he Authorization Bases.

The WSRC position and recommendations presented abuve are pursuant to
the following summary conclusions drawn from the attached discussion.

• WSRC engineers and outside technical expert reviewers l;lelieve that the
analyses to be conducted in the remaining phases of the overall
seismic/structural evaluation will more accurately predict the seismic
capability of the canyon buildings and should demonstrate adequacy for
postulated EBE ground motion.
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• If the canyon buildings are shown to be capable for the site EBE, the
conservative projections of seismic accident consequences in existing
Authorization Basis documents and the IMNM EIS remain valid.

• Risk projections associated with ongoing and planned facility operations
based on the expected frequency of the site EBE. remain within the
bounds of those presented in the IMNM EIS. The seismic component
represents only about 20% of the ~verall risk projections.

• Estimates of both individual prompt fatality risk and individual latent
cancer fatality risk associated with the unlikely event of collapse of tho
canyon. buildings are within the respective limits for nuclear facility
I:levere accident impacts established by DOE policy. These calculations
used a facility inventory input which bounds the inventories expected
during completion of material stabilization operations as described in
the DOE 94-1 Implementation Plan and planned post-Cassini Pu-238
processing (including receipt of remaining returns).

If you or your staff' have any questions, please contact me or Frank Jordan,
ext. 2-4409, of my staff.

Yours truly,

~~~.
~.J.Buggy
Executive Vice President

JED:jcc

cc: Distribution
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Aecent new information concerning existing structural evaluations ot the =ismlc capa6lltYo
SAS Canyons has led to a determination that a Potential Inadequacy in the Safety Analysis
(PISA) exists for F and H Canyons and F and H B-Lines.. Programmatic decisions involving
operations In these facilities were recently announced in Records of Decision (RODs) pursuant to
the Interim Management of Nuclear Materials (IMNM) Environmental Impact Statement (EIS).
The purpose of this paper is to document the basis for WSRC's position that:

(1) the seismic risks considered in the IMNM EIS continue to bound current· expectations of
seismic ri~k associated wfth SRS canyons and 8-Lines, and

(2) the current IMNM EIS continues to provide an adequate basis for the programmatic decisions
announced in the RODs.

Background

New information has revealed inaccurate assumptions in the structural evaluations of the canyon
buildings. Tho structural evaluations in question were performed In , 961 - 1984 and provide the
bases for projecting the response of these s1ructures to seismic events considered in eXisting
Safety Analysis Reports (SARs). The information in the canyon SARs relative to the effect of
seismic events provided Input for the earthquake risks presented in the IMNM EIS.The new
informAtion acquired from recent re-review of these structural evaluations calls into question
certain evaluation techniques and building joint capacity assumptions which are not supported by
as-eonstructed building details. The significance of this new information is such that a Potential
Inadequacy in the Safety Analysis (PISA) exists for F and H Canyons and F and H B-Lines. This
PISA was reported per DOE Order 232.1 requirements on March 1, 1996.

The conclusIon of the 1981 - 1964 structural evaluations was that the canyon structure marginally
meets the no-collapse criteria for an Evaluation Basis Earthquake (EBE). This conclusion forms
the basis for SAR determinations of potential radiological release consequences from accidents
initiated by the ESE. A detailed structural evaluation of the H-Canyon bUilding is currently
underway to support an updated Safety Analysis Report. The initial phase of this new evaluation
included a review of the 1981-1984 structural evaluations. This review revealed the new
information described above. Since H-Canyon and F-Canyon are similar structures, this
information is considered applicable to both facilities.

The current structural evaluation is being conducted in several phases in accordance with
applicable DOE Orders and Standards. The initial phase of this new evaluation employed very
conservative inputs (such as minimum design strengths for concrete and reinforcing st88l) and
has not demonstrated the required seismic capability in response to an Evaluation Basi~

Earthquake (ESE). This result is not totally unexpected at this stage in the evaluation process tor
existing structures such as the canyon bUildings. DOE Standard 1020 describes the overall
evaluation mQthodology, which includes subsequent conduct of a more rigorous analysis
employing more representative inputs (such as actual, cQncrete strengths determined from
representative sampling) if required to demonstrate adequate capability for existing structures.
WSRC has established an aggressive schedule to complete the remaining phases of the overali
evaluation by July 1996. Results will be evaluated per DOE Order 5480.21 requirements to
detennlne if an Unreviewed Safety Question (usa) exists. The outcome of this usa Evaluation
is also expected by July 1996 and will determine whether revisions are needed to the
Authorization Bases.

1



Cuueot Expectation of Seismic Capability of the Canyon Buildings

As indicated above, results from the Initial phase of the current structural evaluation indicate that
the seismic capability of the canyon structure may be lower than that indicated in the eXisting
AYthorization Basis documentation, The existing Authorization Basis acceptance criterion for the
postulated seismic e\'ent is a no-collapse criterion.. WSRC engineers and outside technical
expert reviewers believe that the analyses to be condueted in the remaining phases of the overall
seismic/structural evaluation will more accurately predict the seismic capability of the canyon
bUilding and shOUld demonstrate adequacy for the postulated EBE ground motion.·

TheH-eanyon building is a reinforced concrete stl\JCture with walls up to 4.5 feet thick.. The initial
phase analyses specify minimum design strength of the concrete and reinforcing steel. The
actual strength of concrete and reinforcing steel are greater than the minimum design valUes, and
concrete strength increases with age. A sample of concrete strengths from the H-Canyon in the
1980's indicates an average strength 44% greater than the minimum specified design strength.
Updated concrete and steel strengths from the H-Canyon structure will be obtained and will be
used in the remaining analyses.. Other factors that will be used in the remaining analyses include
the relaxation -of specified resistance factors. which is appropriate when evaluating an eXisting
structure, the use of strain hardening of the reinforcing steel, the use of non-linear dynamic
analyses, and the specification or drift limits that are consistent with the response spectrum of the
site ESE. This evaluation methodology has been discussed with outside technical experts and is
deemed to constitute a valid approach to estimate the collapse load for the H-Canyon building.

The outside teohnical experts are Professor Charles Miller of The City College of New York
(CCNY), a consultant to the DOE, and Professor Mete A. Sozen of Purdue University, a
consultant to WSRC. The experts participated in a review at SAS on March 7 and 8. They
reviewed the construction draWings, the results from the initial analysis. and the plans for the
remaining analyses. Trip reports were prepared by both experts; Dr. Sozen wrote in his report
that uThe probability is very high that the integrity of the structure will not be adversely affected
dUring the ground malion anticipated-, Dr. Miller wrote in his trip report that based on estimated
drift calculations, "it was concluded that the building was unlikely to collapse under. the evaluation
earthquake.- Both of these reports are attached in Appendix A.

Continued Applicability of the fMNM EIS

The conservative projections of seismic accident consequences in existing Authorization Basis
documents and the Interim Management of Nuclear Materials (IMNM) Environmental Impact
Statement (EIS) are predicated upon the assumption that the canyon buildings meet the 00
collapse criterion for an EBE. If the canyon bUildings are shown to be capable for the site ESE,
tha con6ervative projections of seismic accident consequences In existing Authorization Basis
documents and the IMNM EIS remain valid.

The contribution of potential seismic events to the overall risk associated with canyon inventories
and operations is determined by examining the consequences associated with post-accident
behavior of source materials and the expected occurrence frequency of the ESE. Cunent DOE
Orders and Standards, issued within the past ten years. require an expected return frequency of
2000 years for the EBE used for evaluation of structures like the F and. H Canyons (see
discussion in Appendix B). The existing Authorization Basis documentation uses an expected
EBE return frequency of 5000 years. The effect of this change in EBE frequency is best
understood by examining how current projections of seismic risk (based on canyon inventory and
the new EBE frequency) compare with thO&e presented in theex.isting Authorization Basis
documentation and the IMNM EIS.

RiSk projections associated with ongoing and planned facility operations based on the expected
frequency of the site EBE remain within the bounds of those presented in the IMNM EIS.
Calculations were perfonned (see discussion in Appendix C) to reassess the estimates for latent

2
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cancer fatalities presented in the EIS. These calculations used a facility inventory input which
bounds the inventories expected dUring completion of authorized matenal stabilization operations
and authorized post·cassini Pu·238 processing (including receipt of remaining returns). The
seismic component represents only about 20% of the overall risk projections.

felt Eltlmate of Risk As80ciated With COUaDa, of the Canyon Building.

To proVide additional perspective, a bast estimata has been, made of the risk associated with the
unlikely event of collapse of the canyon buildings. ,The estimates for bothindlvlduaJ prompt
fatality risk and individual latent cancer fatality risk are within the respective DOE safety goals
(see discussion in Appendix D).

Summary and Conclullem

The discussiOn contained herein and the expanded discussion contained in the appendices can
be summarized as follows:

• WSRC engineers and outside technical expert reviewers believe that the analyses 'to be
conducted in the remaining phases of the overall seismic/structural evaluation will more
accurately predict the seismic capability of the canyon buildings and shOUld demonstrate
adequacy for postulated ESE ground motion.

• If the canyon buildings are shown to be capable for the site EBE, the conservative projections
of seismic accident consequences in existing Authorization 'Basis documents and the IMNM
EIS remain valid.

• Risk projections associated with ongoing and planned facility operations based. on the
expected frequency of the site EBE remain within the bounds of those presented in the IMNM
EIS. The seismic component reprQSents only about 20% of the overall risk projections.

• Estimates of both individual prompt fatality risk and individual latent cancer fatality risk
associated with the unlikely event of collapse of the canyon buildings are within the
respective limits for nuclear facility severe accident impacts established by DOE policy.
These estimates provide additional perspective but have no direct bearing on the applicability
of the IMNM EIS since all analyses in the EIS assume that the canyons will withstand an
ESE.

WSRC concludes that the seismic risks considered in the IMNM EIS continue to bound current
expectations of seismic risk associated With SRS Canyons and B-Lines and that the IMNM EIS
continues to provide an adequate basis for the programmatic deCisions announced in the
associated Records of Decision.

Recommendations

1. Continue Implementation of all currently authorized operations in the F andH Canyons and F
and H B-Llnes.

2. Resume shipments of irradiated Mk-31 targets from storage basins to F-Canyon and
complete planned stabilization activities.

3. Receive remaining Pu-238 receipts fr.om offsite and complete planned post·Cassini
processing activities.

3
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4. Complete the remaining phases of the overall seismic/structural' evaluation of the canyon
buildings and the associated Ul'lreviewed Safety Question Evaluation on the established
aggressive schedule.

4



Appendix A

Discussion of the Expected Acceptability of the.
Building 221 Canyon Structures

Westinghouse savannah River Company engineers are continuing the evaluation program for the
Building 221 canyon structures. At this time there is a significant amount of work to complete
before a definitive statement of the seismic level associated with a no-eollapse enterion can be
made. However, basad on applying a drift limit criterion. and conducting it more rigorous analysis
employing more representative inputs than used in the initial phase analysis, WSRC expects with
high confidence that the building structure will be shown to be capab1e for the current site EBE.
The basis for confidenoe is given below.

Results from the initial phase of the current structural evaluation indicate that the 221 Canyon
buildings may not meet the Authorization Basis n~ollapse criterion. This preliminary judgment
was based ori a static non-linear push over analysis. The remaining analyses will use non-linear
dynamic time history analysis techniques. Application of these techniques is expected to show a
reduced demand on the building structure. Furthermora, the collapse mechanism involves a
highly redundant sequence of building joint rotations along with the simultaneous formation of a
sufficient number of hinges. A collapse mechanism is not expected to form when the non-linear
building model is evaluated using a time history ground motion.

To obtain an accurate estimate of the bUilding collapse load. the more rigorous remaining analyses
in the overall evaluation process will Include:

(1) rotation hinge models based on strain hardened material properties,
(2) in-situ concrete strengths, . .
(3) increasing the American Concrete Institute (ACI) code strength reduction factors consistent

with Chapter 20:lf ACI318, 1995.
(4) empirical joint behavior, and
(5) hysteresis modeling of the rotation hinges.

While non-linear time history analysis and refined structural models are expected to show the
building capable of sustaining a seismic motion greater than the Initial phase calculatlons predict,
the final results will also include consideratlon of building drifts. The estimated drift of the canyon
bUildings between the top of the basemat and the lower level of the roof is 3.8 inches, based on a
lower bound building structural frequency of 1.4 Hz (i.e., reducing the bUilding stiffness by one
half), end using the current site ESE 2% damped free-field spectrum. This drift is 0.48% of the
height of the bUilding. The 1994 National Earthquake Hazard Reduction Program (NEHRP)
Recommended Provisions allow drifts of 1% for essential bUildings constructed as moment
resisting frame structures. Building 221 is a moment resisting concrete frame. Essential buildings
are those required for post-earthquake recovery and are expected to remain standing and
function after an earthquake. With drift limits on th~ order of 1% or 7.9 inches for the canyon
structure. it is expected that the amount of rotation in the building members where non~linear

hinges form will be small, and reinforcing steel bond slip will not initiate generalized non-ductile
behavior. The remaining analyses will apply non-linear dynamic time history modeling to calculate
building drifts and the resulting joint rotations from the site ESE ground motion. Results from
these analyses are expected to confirm the acceptability of the Canyon buildings for the
Authorization Basis no-collapse criterion.

As further indication that the canyon buildings are expected to remain standing for drifts from a
sits ESE, a review of the techniQalliterature suggests that reinforced concrete frames detailed for
gravity loads attain drifts of between 1% and 3% before failure [A-1. A-2. A-3]. The canyon
structure is 8 reinforced concrete frame in its transverse direction and is expected to have drifts
less than 1% for the site ESE.

A-I



Concurrent with the ongoing bUilding structural evaluation, a revised site ground motion is being
developed according to DOE Standard ~1023 using the latest Electric Power R8search Institute'
(EPAI) and Lawrence Livermore National LabOratory (LLNL) probabilistic rock hazard CUNes for
SRS. Preliminary information suggests that the drifts for the canyon buildings will.be lower for the
new ground motion than those predicted above using the current site EBE ground motion. For
example, the drift between the top of the basemat and the top of the lower roof is estimated to be
1.1 inches for a 200o-year return period ground motion compared to 3.8 inches for the current
site EBE.

The preliminary structural analyses were reviewed by Professor Mete A. Sozen of Purdue
University and Profess-or Charles Miller of CCNY at SRS in early March of this year. The
observations made by Professor Sozen during his review of the evaluation program are significant
in predicting that the Canyon buildings will maintain structural integrity for ground motions such as
the current site ESE. The following excerpt from Professor Sozen's trip report is pertinent:

(a) -High ratio of supporting-element cross~sectional area to supported floor area. (For
example. this ratio is apprOXimately 4% at elev. 357'.) In a typical low-rise building, that
would suggest light or no damage in the event of a strong ground motion...

(b) Low axial-load stress in the vertical elements suggesting the unlikelihood of brittle failure
associated With crushing of concrete.

(0) Low longitudinal-reinforcement ratios in all elements suggesting the unlikelihood of brittle
failures associated with shear."

Both reviewers believe that the potential for the canyon buildings to fail by collapse during an
earthquake ground motion such as the site EBE is highly unlikely. The complete trip reports by
Professor Sozen and Professor Miller are attached to this. letter.
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Appendix A
AttAchment 1

The City College of New York
"Earthquake Resea~h Center

New York~ NY 10031
(212) 650-8001

March) I, 1996

Dr. Kamal BandyopadhyclY
Brookhaven National Laboratory

Engineering Research and Applications Division

Building 475-C
Upton, NY 11973

FAX (112)" 650-6965

Subject: Trip report for March 7-9, 1996 visitlO Savannah River regarding Building 221-H

Dear Kamal:

Dr. M. Davister of DOE and I vi"sitcd the Savannah River site on March 7-8,1996 to discus

the planned program to detcnnine UIC seismic; caribilily of Building 221-11 (the ll-Canyon

slructure). Savannah River (SR) slail attending the meeting were: T. Houslon, N. Kennedy, F.

I.oed, O. Mertz, and J. Mulliken. Dr. Mete Sozen of Purdue also attended the meeting acting as a
consu1Lanr to SR.

The I I-Canyon wa\; designed in the early 19SOs based on ~ 0.1 G ZPA Ullif()ml Building

Code criteria Several seismic analyses have been pcrl"onncd since that lime. Thc~ analyses have

been recently reviewed by SR resulting in the conclusion thal it is unlikely that the building

satisfics the current DOE 1020 seismic criteria The huilding is classiricd as a PC-3. The expected

usc 01 the building is to reprocc.c;s mal.erial :It SR with ane"pocted mission length or about 5-G

years. The bUilding wiJllikeJy be decommissioned at the end of the mission.

The n.~in({)rced concrete sLructure consists of cighLccn segments armnged in series (in the N-S

direction) with C4lch segment ~cpara1.Cd by a lI2" unreinforccd construction joint. Each segment is

122' wide (in the E-W dircction) and 43' long. The building is 71' high and is embedded about 20'

in the soil. Many of the segmenl.; have a penthouse on the [()(ll'. The penthouse is 67' wide and 38'

high. Primary longitudinal (N~S) lateral stiffness comes from 4' lhick she<.lr walls .while the

1
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l.rnn!;versc (E-W) stiffness is provided by reinforced concrete fmmes. Details 01" mudl or the

reinforcement in these frames do not satisfy ACI c<xtc' development lengLh re.quirements. The

/iieismic weakness of the building in the E·W direelion results from thesc jointc::. SR is focusing

there efforts on this problem.

SR is perfomling a traditional elastie analysis as rcqui['('.d in DOE 1020. This ha.c; not been

completed but it is clear that tilC rc.<;ult will be that the building hac:: a seismic capahililyin the range·

of 0.05 a ZPA. This low value is the result of the poor detailing of lhejoint.. in the E-W moment

frdmcs.

SR's main effort is nnw directed toward an evaluation of she collapse C"ar1hquake. T() this cnd

they have complelcd a push-over analysis and determined a static collapse load for onc of the

segment" deemed to be critical. The joint') whieh do not have proper detailing were modeled by
scaling the yield strength of the steel in proportion to the ratio of the development length provided

to the ACT code required length. The nonlinearity in the joint moment-rotation relationship was

modeled with a rotational spring placed between the end of the member and the joinl Static loads

were applied proportional to the building ma.c::.~ with the distribution or the loads ()vcr the height of

the building selected Itl match the UBC O(Xlr sh.ear distribution. Two Nolutions were gcncmled: one

with ~On foundation springs rcsulLing .in significant difrerential selllemcntc; and the other with no

differential settlements. The following items were discussed at the mceting:

1. The stalic collapse loads were found to be equivalent of 0.09 G's and O.OH2 G's [or the cases

neglecting and including differential settlement<;. The a)ITcsponc.ling peak roof displacemcnts

were found to be 0.2 feel and 0.37 feet respectivcly for the two cacoes. The drift (roof
dispbu.:cment relative to the foundation displacement) for the two cases is about the same with

the difference belween the two displacement resulting from differential sctllementc;.

2. The maximum inelastic rotation at the joinlS (at the 0.2 feel drift) \'vas found to be about 0.015

radians.

3. Ba.-;et\ on these result" and experimental dam for similar prohlems, SOJ'.en C'-stimated that the

evaluation earthquake (ZPA =0.19 G) would cause the peak fOof displacement relative Lo U1C

roundaciol1 (drift) 1.0 be about 2". ThiN (.~()rresponds to a drift or aboul2J71* 12 =0.2 'Jk Based

on this rcsulL and the corresponding iuclaslic rotation demand of about 0.015 radians it was

(.:oncludcd that the building was unlikely to collapse under the evaluation Cc."lrthquake.

4. Soil seulement,; and basemat yielding seem to havc a signiticant impact on the f(:o;ult<.l largely

2
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because very R()[t Winkler springs arc used to model the soil. This model rc!\uIL"i in signillcant

busemat cracking under dcwJ loads but there is no such evidence of cracking. ltwa"i 1olUggCSk'd

that the soil data be reviewed to obtain a more re-cl1istic 1()undation mouel and th.''lt in the interim

Lhc selllcmenl~ be neglected' in the sci.smic analyses. Thefnllowing rca~ms supportthc neglect ".

0(' these settlements: (a) the lack of evidence or be'\Semat cracking indicates ihaL the foundation.
!\prings are actually stiffer than arc being used; (b) dynamic springs should be used for tile

RCismic problem and these are likely to be mueh stiller lh~ the static springs thereby reducing

the efrccl~ of difTerential settlements; and (e) crcepefTccL'\ in the cunc.:rete will reduce the St..1tic

str~se..q in the frame due Lo the settlement.... and as a result these strosse~ should not be directly
added to the seismic stresses.

The following path forward waCi thcrctc.)re recommended:

1. Perform response analyses with ,1 single degree of freedom system. Thc static load-deflection

curve will be u~ to charc1Ctcri7.c the stiffness of tile SDOF. This will require that some form
of hysteretic load-unload cbardctcri10llics be added to the model. C'..onsidcrntion must be given to

the I()ad~unload characteristics that would be appropriate for the underdeveloped joints where

the inelastic response is associated with bond slip. Since the post elastic resistance of suc~

joints is ~ociated with frictional forces. recovery of dcfonnations may not (~ur. The

possibility nfrateheting should be evaluated.

The current structurnl model includc... a moment (.4pacity at all joints with the capacity of the

JOInts with poor detailing reduced as discU<::sed above. 11 was recommended that the result.. of
the current analyses be reviewed with Lhe objective of a<>signing zero moment capacity to those

jotnl'i which have large inelastic rolation demands and which may not be essential to the overdll

capaLity of the sUUeture. The objective of this exercise would be to eliminate from the analysis

as many questionable joint!> as possible. Some form or pununctric study should be considered
In this regard.

Since thc rCRponsc will include a significant inelastic component, several earthquake record.,

should be used. The was some discussion a" to whether these records should ~ synthetic

records which lit the criteria spcctm or actual earthquake records scaled to match the criteria

spcctr.,\ in the critical frequency range (1-4 cps probably). l would recommend tll;,\t we ·use
nx:oros whic.h fit a deaggrc.g'\teU. criteria spoctra.

The interesling results of these analyses will be values of the slory drift and the inelastic

rOlati(~'1 demand at the joints.The fUller will require some post processing \0 go fnlm the soor

3

A-5



.- .'"
I

.,
. ,

." 0 ••

~.Ci_1ojdllt~~1oJdDI.-~ABAQU8"uaa..'

2. ~a·~~i,,-iuIlyUMdl_'MJ~IDOIId~ ...
. '10..... Ibe..r~.dr'kt"o'l...n.dIIII..-t:ltbo~_....wm~ "

'. . 1d~"liPPop"lIIOdcf WI" (0.." ~chjai_~-..~,~apriry)'_CO
.: .-rkI1IIc.-1autnln CICII1bqIIIta IbatDealto tic~
~

.3. 1kady~"'f~~bpCllCimll~ia!be ~BIpiiEt ....1D9cc:eur;"....tI
. tis~ balCiDObPP~ .......n. JI1l8 m:a1IIdlcniDIOdoso""~'

tif~~....'* It wu·perany cadudocllbl15ldl i • ..,. would aaly..'
. ..~wIddl1llaalcl1lJt.bDltplficam,0'1bc'cdIapID~br:lIiIa CC'JOiiWInd. TIle QDC

.~QD~wiI_bJSRit"aid WIll~"'1O bo pCalJancD:ad.1'bis wiD a.
~with a..'ri SOOFIDOdeII CC1IJJDCIJII.t1bc IIIn al ";'i1h lIP~ 1I1QWi"l
klmpapllQ =lIi ' .

",

" '

.'

.'

4'

A-6 .



~ .. , :"-1"''''--'' ';l~" ~U"'.t:.N ..:It:l Ml.LWJt'l!l VI;, PAGE 61

Appendix A
Alll::Lchment 2

feeslmll-e
T RAN S MITT A L~ _

to: Fred LocetT
tax #I: 803':'952.7293
N: . BRS BuildiDs 221-H
dltl: March 14. 1996
pqn: 3. including this cover sheet.

I am writing to summarize l!IOme preliminary impressions ofour discussions during the meetings
of8 and 9 March 1996 at the Savannah River Site and to make a few general suggestions for the
analyses to be undertaken. '

My comments refer specifically to Section 6 ofBuilding 221-H. Because of the presence of
walls in the lonsltudinal direction, 1he first concern'is about the earthquake response of the
structure in the transverse direction.

I understand Building 221·H was constructed in the early 19.50's. The design compressive
strength of the c:oncretC was 2500 psi. Intermediate grade reinforcement was specified in the
contract documents.

The design vintage would suggest that the typical reinforcement details of the existing stnleture
would not satisfy the current requirements based on the need for toughness. I also under~d that
some ofthe !q')eCified splice lengths do not satisfy ¢WTent requirements for the reinforcement (f)'
assumed to be 40,000 psi).

From the dM\( of...

317"'2~2085
F8lC: ~17·7.2·7'904

30 Mill Drive
lat.lte. IN. '1905

......oun
SlJwQur.! Englneer

Despite the inferred shortcomings in desired reinforcement detail, the structure has particular
attributes that arc considered to be positive fur earthquake resistance of reinforced concrete
struetuIca:

(a) High ratio of supporting.element oross-sectional area to supported floor area. (For
example, at elev. 3S" t this ratio is approximately 4 %. In a typicallow-rlse building, that would- .
suggest light or no danlage in the event of II. strong ground motion described by an effective peak
acceleration of as much as O.S G. Admittedly, the structUral configmation is not typical. But the
experience is not irrelevant.)

(b) Low axial-load stress in the vertical elements
suggesting the unlikelihood of brittle failure associated
with crushing of concrete.

(c) Low longitudinal-reinforcement ratios in all
elements suggesting the unlikelihood of brittle failures
associated with shear.

1
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1understand that the lowest-translational-mode frequency ofSection 6 in the U1lnSverse d.ircction.
is 2 Hz (based on plain gross section) and that the limiting base..shear capucity in that direction
has been estimated to be equal to approximately 10% ofthe building weight. for the given initial
stiffness and the ground motion (identified by an effective peak acceleration Dot exceeding
O.3G), the estimated base shcar..strcngth coefficient is not unacceptable.

Oiven the initial stiffiless to mass ratio (indexed by the frequency of2 Hz), the base shear
strength, and the earthquake intensity stated above, the critical check would be determination of
"the maximumlatcral displacement (drift) ofthe structure.

I see the combination of the controlling parameters for Buildins 221-» (mass·to-stiffitess ratio,
weiaht-to·strength ratio, and effective peak acceleration) to be favorable. The probability is very
high that the integrity of the structure will not be adversely affected during the ground motion
andcipated. To that end, it is important to establish the bounds or<1isplaeement response that the
structure will sustain. Below, I would liko to make a few general suggestions about how those
1\tudi~ may proceed. 1 ean provide further detail if and lIS needed.

(1) Modal Spectral Response (Linear)

.A linear modal analylris for drift based on a modified linear model can provide a satisfactory
bound to the nonlineardisplaoement response ofthcstIUcture. Tho steps to be followed are:

(a) Establish a design acceleration response speettum.at a damping factor of2% of
critical.

(b) Model the 2D stlUeture (gross plain section) using O.SB for Young's modulus, where
E=57,OOO .ft\..

(0) Calculate displacements at alljoUrus on the basis of (a) and (b).

The critical issue is member distortion identified by the drift ratio obtained as the ratio ofthe
relative drift of the joints to the length from joint to joint. In a typical structure, this would be the
story drift ratio or the ratio ('If the relative displacement of two consecutive stories divided by the
height of that story.

lfthe drift ratios calculated for the vertical clements exceed 2"-0, we need to examine the
input/output carefully before we go any further with these analysea. If the calculated drift ratios' .
arc Jess, we need to do nonlinear analyses to develop confidence in the results through the
parametric studies suggested below.

(2) Equivalent Nonlinear SDOF Oscilla~rResponse

I understand theJowest translational mode of the analysis dominates the drift response and that
the progressive limit analysis for lateral forces does not reveal a drastic change in the deflected
shape of the structure. These conditions suggest that satisfactory drift estimates of the structure
may be obtained from analY8es ofequivalent SDOF oscillators.

2
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(a) Select a hysteresis foutine (Takeda Qf bilinear).
(b) The "backbone curve" mil)' be defined by fitting it~ the static progressive collapse

analysis already made. The initial slope should be set to obtain a k-to-rn ratio resulting .in the
anticipated initial frequency. The final slope may be set at 5" ofthe slope ofa line joining the
origin to the usumed yield point (or the second broakpoint in the trilmear fo~-di8placement
curve).

(c) Use an equivalent visco~ dnmping faetorot2%.
(d) Set the yield point to result in a desired FIW ratio (or base shear strength), where F is .

the yield force, IIDd W is the oscillator mass (for the initial model the ratio would be 0.1 based on
the lateral10ad analysis).

(c) Obtain solutions for maximum drift using different earthquakes and different FIW
ratios to Wlderstand the sensitivitJ{ ofmaximum drift various parameters. Shape of the hysteresis
may 81so be varied. The basic issue is the sensitivity ofcalculated drift to stiffiless and to
strength.

Note that the drifts at various joints in the structure win have to be projected from the
calculated drift using the ISsumed mode shape of the structure.

(3) Nonlinear MDOF Dynamic Response

Ifneeded, detcnnine response drifts for ~leeted ground motions using a nonlinear model for the
structure.

(4) Checks for Toughness

Use static limit analyses to determine the maximum credible shear and bond stresses. Pleue note
that the estimated drift will govern the limits of pennissible unit strengths in shear and bond
under cyclic loading.

From 15 to 20 March I am going to be at the Denver Maniott (downtown, te1303-292-2472. fax
303-292-24n) attending the ACI meeting. If you need to contact me there, please feel free to do
so.

I believe that a meeting will be more efficient if it is held after Greg and Tom have consolidated
their position on the drift response of the structure. But ifit becomes necessary to have a meeting
in early April, I find the following dates convenient: Th 4 April. Sat 6 April, Tu 9 April

If those are impossible, 1.m~y be nble to come in at it different date (other than 1-2 April when J
shall be in Florida). For the time being, Jam trying to protect my clllSs days which are MWF.

Thank you aga.in for your kindnesses during my visit.

3
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Appendix ~

Summary of Applicable Seismic Requirements from
DOE Orders and .Standards

Introduction

The seismic Qualification of structures, systems and components is govemed by an interrela.ted
set of DOE Orders and Standards. These Orders and Standards deal with all accidents and
natural phenomena hazards including wind, tomado. seismic, flood and lightning. This appendix
provides an overview of the fundamental requirements of each of these Orders and Standards as
they relate to seismic analysis of a safety class structure.

DOE Ord'r .5480.28
,

DOE Order 5480.28 requires that structures. systems and components (SSCs) be designed and
constructed to withstand the effects of natural phenomena hazards (NPH). If DOE criteria and
standards are not available, national or industry consensus codes 8re deemed acceptable to meet
the Intent of the order. Order 5480.28 identifies the applicable DOE standards. DOE Standard
1020 provides reference to the acceptable industry and national consensus codes.

SSCs shall be reevaluated in accordance with the Order when:

The sse was designed and constructed without adequate NPH design and construction
standards,

There has been a significant change in understanding that results in an increase in the site
NPH hazard. or .

A significant physical change In the sse has been caused by an addition, a modification,
deterioration or a damaging NPH event.

The Order further stipulates that 8 review of the state-of·the-art of NPH assessment methodology
and of site specific information shall be conducted at least every ten years. The assessment of
SSCs shall utilize 8 graded approach. Each sse will be assigned a Performance Category (0
through 4) on the basis of Its safety, mission, and cost significance that will satisfy the defined
facility probabilistic Performance Goals. The canyon buildings have been assigned Performance
Category 3 per these requirements. .

Performance Categorization (DOE Standards 1027 and 1021)

DOE Standard 1027 provides guidance on several of the requirements in DOE Order 5480.23.
This standard establishes the threshold quantities of hazardous materials Which, if exceeded,
would mandate development of a Safety Analysis Report (SAR), discusses the SAR upgrade plan
and schedule that must be submitted, and gives gUidance on the use of graded approach and
accldentlhazard analysis techniques for compliance with Order 5480.23. Additionally, Standard
1027 provides methodology for hazard categorization that is essential for determining NPH
Performance Category. Based on the quantity. of materials they contain, tho canyon facilities have
been assigned Hazard Category 2 per these requirements.

DOE Standard 1021 provides guidelines for the categorization of $$Cs tor evaluation of NPH
events. The process is one of assigning a Performance Category'or each sse based on the
facility Hazard Category from DOE-STD-1027 and the functional c.lassificatlon of each SSC from
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safety analyses. As mentioned above, the canyon buildings have been assigned Performance
category 3.

Seismic D••lgn Criteria mOE Standard 1020)

DOE Standard 1020 describes the requirements in each of the Performance Categories (PC) for
the design or evaluation of new and existing SSCS for NPH events. For seismic evaluation, the
Standard provides guidance in four areas:

(1) selection of the earthquake loading,
(2) evaluation of the oarthquake response (load on the structure),
(3) specification of structural seismic capacity (acceptance criteria), and
(4) structure ductile detailing requirements. I

Seismic loading is defined in terms of a site-specific design response spectrum, called the design
or evaluation basis earthquake (DBEIEBE) and probabilisUc seismic hazard curves. For each
Performance Category, a mean annual probability of exceedance or return period for the ESE is
specified. At this return period the peak ground acceleration may be detennined from probabilistic
seismic hazard curves (peak ground acceleration vs. annual probability of exceedance). For PC3
(canyon buildings) the exceedance probability is 5 X 10-4 or a 2,000 year return period. The
seismic ground motion to be used for design or evaluation is defined by a median response
spectrum scaled to the peak ground acceleration. The design response spectrum and
probabilistic seismic hazard curve are developed in accordance with DOE Standards 1022, 1023
and 1024.

PC1 and 2 structures are evaluated in accordance with the seismic provisions of the Uniform
Building Code (UBC) [8 4 1]. For PC3 and 4 facilities the structural seismio response must be
determined by a dynamic analysis. The dynamic anatysis approaCh should comply with the seismic
analysis provi~ ions of ASeE 4 [8-2]. Capacities for pe3 concrete structures are determIned In
accordance WlJl ACI 31 B [B-3]. For all Performance Categories limited inelastic behaVior is allowed
if justified by design details.

The structure is adequate when:

Structural capacity ~ total demand.

Story drifts do not exceed 1% of the story height. However, these drift limits may be
exceeded when acceptable performance of the structural elements can be demonstrated at
greater drift..

If the eXisting facility can be shown to meet the design and evaluation criteria presented and good
detailing practice has been employed. then the facility is judged adeQuate for its potenUal seismic
hazards. In accordance with Standard 1020, if the facility does not meet the seismic evaluation .
criteria, several atternatives are allowed:

If an existing structure is close to meeting the criteria, an increase in the annual rtsk due to
seismic can be permitted, allowing the evaluation to be performed at twice the recommended
hazard exceedance probability (half the return frequency). .

Strengthen the structure such that the capacity is adequate to meet demand.

It may be possible to conduct the seismic evaluation in 8 more rigorous manner using more
representative input such that the structLJ.re may be shown to be adequate. Alternatively, a
probabilistic assessment may be undertaken in order to demonstrate that the performance
goals can be met.

B-2
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Determination ofS.jlmic Hazard (DOE Standards 1022, 1023 .nd 1024}

The studies of site characteristics required to be performed to characterize the seismic hazard are
defined iOn DOE Standard , 022. This site spectfic characterization provides the necessary input to
implement DOE Standard 1023 for the development of design response spectra. DOE Standard
1024 provides guidance for the use of seismic hazard curves developed by Lawrence Livermore
National Laboratory (LLNL) and the Electric Power Research Institute (EPRI). The following
summarizes each doCument.

DOE Standard 1022

Guidance regarding the site specific characterization of seismic hazard is provided in Standard
1022. The important geologic factors t9 be considered include:

determining the existence of auatemary faults within 25 miles radius of the !3ite,

determining whether any magnitude six earthquake is associated with an active
auaternary fault within a 200 mile radius of the site,

identifying all faults with length greater than 1000 feet within 5 miles of the site and
determining whether there is evidence of any Quaternary movement on such faults, and

determining potential for site-specific amplification of vibratory ground motion.

Both detenninistic and probabilistic methodologies for hazard evaluation are required. For
probabilistic hazard analyses, sites may use a comb/ned EPRI and LLNL result, if applicable. or
complete a new estimate using site-specific data including definition of source zones,
earthquake recurrence rates and ground motion attenuation. "

DOE Standard 1023

DOE Standard 1023 defines the requirernents for developroont of the site specific response
spectrum. This standard requires:

A probabilistic seismic hazard assessment (PSHA) must be conducted for the site tf
existing PSHA is greater than 10 years old.

A target DBE response spectrum for the site is defined by the mean uniform hazard
response spectrum (UHS).

The appropriateness of the site DBE response spectrum is determined by comparing
median spectral shapes that shall be derived from earthquake source parameters derived
from deaggregated PSHA at two specific frequencies to the mean UHS.

The site DBE response spectrum will consider historical earthquakes with magnitude> 6
that may have affected the site.,

Probabilistic assessment of ground "failure should be applied if necessary (faUlt rupture
hazard).
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DOE Standard 1024

DOE Standard 1024 was developed for Eastern United States (EUS) DOE sites to address
variability In the probabilistic hazard investigations conducted by EPRI and lLNL for EUS
nuclear power plants and DOE facilities. In particular, Standard 1024 describes how to
combine the LLNL and EPRI hazard results and gives specific peak ground acceleration
(PGA) values at assigned probability of exceedances for SAS.

. Applicable DOE Ord'r.

5480.23 Nuclear safety Analysis Reports

5480.28 Natural Phenomena Hazards Mitigation

Applicable POE Standards

1020-94 NatUral Phenomena Hazards Design and Evaluation Criteria for DOE Facilities

1021·93 Natural Phenomena Hazards Performance Categorization Critoria for Structures.
Systems, and Components

1022-94 . Natural Phenomena Hazards Site Characterization Criteria

1023-95 Natural Phenomena Hazards Assessment Cl1teria

1024·92 Guidelines for Use of Probabilistic Seismic Hazard Curves at Department of Energy
Sites

1027-92 Hazard Categorization and Accident Analysis Techniques for COmpliance with DOE
Order 5480.23

B.t,r.ncel

B·1. Unnorm Building COde, International Conference of Building Officials

B-2. American Soclety.of Civil Engineers, ASCE 4·86, Seismic Analysis of Safety Related
Nuclear Structures, September 1986

B-3. American Concrete Institute, ACI-318, Building Code Requirements for structural
Concrete
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Appendix C

Continued Applicability of the IMNM EIS

The National Environmental Policy Act (NEPA) of 1969 requires Federal agencies to develop
Environmental Impact Statements (EIS) to analyze the impacts of an agency's action.. An EIS
provides declsion~makers and the public with infonnation to make reasonable choices among
altematives based on an analysis of the environmental impacts associated with an agency's
proposed action.

Criteria

As Identified in DOE's "Recommendations for the Preparation of Environmental Assessments
and Environm~ntallmpactStatements·, an EIS must deal with the environmental impacts that will
not necessarily occur under a proposed action but Which are reasonably foreseeable. The term
"reasonably foreseeable" has no precise definition. Its interpretation is guided by the purpose of
a NEPA review, which is to inform the agency and the public in making reasonable choices among
the alternatives. Consequently. the accident impacts section of an EIS has no clearly defined
evaluation criterion. However, an EIS must illustrate the consequences and the probability of
occurrence. Acceptable ·reasonably foreseeable" impacts include those that may have very large
or catastrophic consequences. provided their probability of occurrence is low, and the impact
analysis Is supported by credible scientific evide~, is not based on pure conjecture. and is
within the rule of reason. Thus. 8 high-eonsequence event would not necessarily have
·significant Impacts" (in the sense of NEPA) if its probability of occurrence is vary low. Therefore,
a reasonable evaluation criterion is risk (i.e., the product of consequence times frequency).

EV81uation

The Record of Decision for the Interim Management of Nuclear Materials EIS states:

"... certain management alternatives are expected to result in lower environmental impacts
than other'S. However, a single alternative was rarely estimated to have lower Impacts for all
environmental factors evaluated by DOE. For example. an alternative might be expected to
result in lower releases of hazardous pOllutants to air or water than the other alternatives, but
mIght generate slightly higher amounts of radioactive waste. DOE reviewed the
environmental impacts estimated for the alternatives evaluated for each type of nuclear
material and identified the following [i.e.• in ROD Section VII, Environmentally Preferable
Alternatives] as the environmentally preferable for each. The health effects from any of the
alternatives are all low and well within regulatory limits."

It Is important to note that many different estimated environmental impacts. in addition to accident
impact analysis. were evaluated in making the final decision. Furthermore, Section VII.
Environmentally Preferable Alternatives, of the ROD indicates that dominant factors considered in
choosing each alternative were impacts associated with routine· facility operation and not the
estimated accident impacts.

The EIS has the following discussion of health effects In Section 2.4.1:

-As Indicated In Tables 2-2 through 2-12, the radiological health effects from normal
operations (including transportation activities) would vary among the alternatives, but all would
result in less than one additional latent cancer fatality in the population surrounding the SRS
and in the worker population over the 1a-year period. The health effects from potential facility
or transportation accidents involving the alternatives range from less than 1 to 38 additional
latent cancer fatalities in theoffsite population should the worst-consequence accident occur.
Alternatives involving prooessing operations in the chemical separations facilities and the
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Defense Wasto Processing Facility would have higher potential accident consequences (in
the form of additional latent cancer fatalities in the offslte population) than alternatives
involVing no action or improving storage, because processing operations In the chemical
sepallltions facilities and DWPF could experience .accidents with higher potential
consequences than facilities used simply to store radioactive material (i.e., vaults or basins).·

There is no additional significant discussion of risk in the EIS. Based on the above quote, it is
apparent that the base oonolusions in the EIS for accidents rely on the calculated additional latent
cancer fatalities being in the range of 1 to 38.

Qu.ntltatlv. R•••••8Im.nt of seilmic Components of EIS Risk

Calculations have been performed to reassess the estimates for the latent cancer fatalities (LeFs)
listed In the IMNM EIS related to seismic events affecting the canyons using: (1) the new
infonnation on seismic event frequencies (I.e., the frequency of an evaluation basis earthquake
has increased ·from 2.0E-4/year to 5.0E-4Iyear) and <?) revised estimates for the inventories that
will be in the facilities for eaoh of the proposed activities covered in the EIS. The LCF value
calculations were performed in a manner similar to the EIS methodology. No new codes were
introduced to do the calculations.

The revised estimates for the number of LCFs are lower than the corresponding values in the EIS,
despIte the higher postulated frequenoy of seismic ovents affecting the canyon facilities. The
primary reason for the lower LCF values is that the currently planned inventories are much lower
than the maximum facility inventories used for the EIS. The EIS is based on pre-existing
authorization basis documents. These pre-existing documents were largely based on analyses.
performed prior to the end the Cold War, which assumed the facilities would be operating at full
capacity and operating on relatively fresh irradiated reactor fuel. The planned stabilization
operations involve much lower inventories. In many instances, these operations involve existing
matarials, whare fission products have previously been removed. Where the pIa 1ned operations
do Involve irradiated reactor fuel, the fuel is several years old and some fission produ.cts
accounted for in the original analyses have decayed away.

Each of the over eighty sequences in the EIS associated with selsmic'events was reassessed.
These calCUlations used a facility inventory input which bounds the inventories expected during
oompletion of material stabilization operations as described in the DOE 94-1' Implementation Plan
and planned post-G8ssini Pu-238 processing (inclUding receipt of remaining retums). Risk was
determined by combining the new frequencies for each sequence with the projected source
terms (inventories). Tables were constructed calculating the new latent cancer point estimate of
r1sk per year, and determining the percentage increase or decrease in risk for each sequence from
that previously reported in the Eis. For example, the PU-242 point estimate of risk for the no
action aption which was 4E-B as a point estimate per year of latent cancer fatality was recalculated
as 2E-B. This process was repeated for each sequence to arrive at the conclusion that the overall
risk oi latent cancer fatality remains within the original 1-38 range.

The new calculations represent only the relevant portions of Tables E.4 through E.12 of the EIS
(those related to seismic events affecting the canyons). Other types of events and other facilities
81'El also covered in Table6 E.4 thorough E.12. Thosa other types of events and other facilities
dominate the risks, not the canyon seismic events. The seismic component represents only
about 20% of the overall risk projections. Therefore, the Iisk decreases from this reassessment
for seismic events have a negligible effect on the overall relative risks for the various alternatives.

Cl.

Additional Margins In Blsk EstImates Through Methodology Improvement,

The EIS dose estimates were prepared with the AXAIR89Q computer code. This dose model was
developed to perform dose calculations In compliance with the U. S. Nuclear Regulatory Guide
1.145, and specific to the Savannah River Site meteorology. However, the dispersion model is
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limited and does not account for phenomenology that accompanies the downwind transport of
radioactive species from a nuclear facility. .

The MACCS computer code, developed by Sandia National Laboratories (SNL) for'the USNRC
and the Department of Energy, has been used in the DOE Complex for safety analyses 6f nuclear
facilities for approximately the past three years. The MACes dispersion model is a more realistic
tool for calculating bounding doses to offsite individuals. In particular. deposition, resuspension,
source term energetics and dUr'ation, and plume meander models in MACeS r&p(esent updated
or completely new capabilities relative to the code used in the EIS. Comparisons performed at
Savannah River indicate factors of two to nearly ten reduction in the (Maximum Exposed Offsite
Individual) MEl dose calculated by MACCS relative to AXAIR89Q. For purposes of making a more
direct comparison, MACes was not used in the reassessment described abOve.
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Appendix 0

Best Estimate of Risk AS80ciated With Collapse
of the SRS Canyon Buildings

The present EBE, as stated earlier In this document. has a return period of 2.000 yerns. The total •
seismic analysis is not yet complete, but WSRC expects that the F and H Canyons will meet the
n<rCOUapse criteria for the 20Q0-year earthquake. Since calculations to demonstrate the meeting
of the no-collapse criteria a.re not yet complete, an ana.lysis has been undertaken Which looks at
the consequences, on a best estimate basis, for a situation where both canyons have collapsed. .
For the purposes of this analysis, it was conservatively assumed that the earthquake which causes
the conapse has a return period of 1,000 years.

After a postulated facility collapse. nuolear material inventories would pose hazards to onsite
workers, and the oHeite general public. Depending on the accident, a spectrum of scenarios and
associated consequences may result. Material may be released by spillage which may be follOWed
by a fire and/or an explosion. One or more processing tanks could be Involved or ultimately
compromised. This wide variety of scenarios was considered using logic models typically applied
for acoident sequence analysis in DOE facilities.

A logic model was developed which had a number of possible sequences and with a variety of
frequencies of occurrence and consequences. Thus, the oalculated risk is based on a
combination of frequency related assumptions and consequence related assumptions.

The major accident sequence assumptions are:

r

•
•
•
•

•

•

Connections between tanks are severed and explosions do not propagate.
The HB-Line Vault releases 10% of its powder and FB-Line releases 50%.
Explosion involves the largest single tank in each facility (total 01 4).
In sections which contain flammable liqUid. 5% of the total liquid inventory is assumed to
be flammable.
All Airborne Release Fraction (ARF) and Respirable Fraction (RF) values used were
median values. except for Fire & Explosion where a median value was not given and,
therefore, a bounding value was used.
All Leak Path Factors (LPF) were assumed to be 1.0.

The frequency related assumptions are:

• Since the canyon "troughW Is estimated to remain, electrical jumpers will not be powered
and lying on the floor of the cells. ThUS, ignition sources for fires and explosions are
assumed to be unlikely to ocCur (probability of occurrence 010.1). .

• If a fll'G occurs, the probability of ignition for an explosion is assumGd to be 0.5. even
though the explosion generally cannot occur for a numi:ler of days.

• The frequency of an earthquake that will collapse the facility is O.0011year (a 1,000 year
return period).

Using the above assumptions, the resulting median 50-year cumulative dose to the maximum
exposed offslte IndMdual (MEl), given occurrence of the canyon collapse. is determined to be 1.8
rem. Using the conservative frequency assumption for the EBE-induced canyon collapse of 1.0 x
10-3 per year. the point estimate risk to the MEl is 1.8 mremlyear. As shown hi Table D.1, this
dose value is less than 1% of the average dose to an individual in the U.S. from natural sources
(NeRP No. 93). This calculation Is Intended to be a best estimate, not a bounding value, for the
risk from a collapsed facility.



Safety Goal ComD"ance

Quantitative guidance on severe accident safety goals for U.S. nuclear power plant operation was
promulgated in the Federal Register In 51FR28044 (1986). The technicaJ basis is discussed in
NRC Report NUREG~0880 (1983). In Secretary of Energy Notice SEN-35-91 (September 9,
1991), the Secretary stated. explicit DOE nuclear safety polICy applicable to all DOE facilities
(excluding naval reactors). These criteria are in substance identioal to the NRC quantitative safety
goals.

Two goals or targets for risk to the general pUblic from DOE nuclear facility operation were stated in
SEN-3S-a,: '

Individual Prompt Risk:

The risk to an averageindMdualln the vicinity of a DOE nuclear facility for prompt fatalities
that might result from accidents should not exceed one-tenth of one percent (0.1 %) of
the sum of prompt fatalitIes resulting from other accidents to which members of the
population are generally exposed. For evaluation purposes, lndividuals are assumed to
be located within one mile of the site boundary.

Individual Latent Risk:

The risk to the population in the area of a DOE facility for cancer fatalities that might result
from operations should not exceed one-tenth of one percent (0.1%) of the sum of all
cancer fatality risks resulting from all other causes. For evaluation purposes, individuals
are assumed to be located with ten miles of the site boundary.

Quantitatively. the goals are typically related to accidental and latent fatality rates in the U.S.
population as a whole. These are:

DOE Target (Goal) for Prompt RIsk
= 0.10/0 xAverage U.S. Risk == 5.0 x 10-7 per individual per year, and

DOE Target (Goal) for. latent Risk
~ 0.1 % x Average U.S. Risk = 2.0 x 1o~ per indiVidual per year.

Again applying a frequency of 1 x 10-3 per year, the individual prompt and latent risk due to the
best-estimate source term, are 0 and 9.0 x 10-7 per indMduaJ per year, respectively.

Tabl. D.1 D08e and Risk Coologu,nc, FromPostulBled Caoyon Collapse

Conseauence I Criterion Dosel Risk

1. MEl Dose 1.6 rem (median meteoroloov)
2. MEl Risk 1.6 mremlVear (1 x 10-3 oer year freauency)
3. U.S. Averaae Dose From Natural Sources 300 mrem'vear
4. DOE Safety Goal· Prompt 5.0 x 10-7 per individual OQ,r vear
5. Individual Prompt Risk to Offsite from 0

Canyon Collapse
6. DOE Safety Goal ~ Latent 2.0 x ,0-6 Der individual oer vear
7. Individual Latent Risk to Offsite from Canyon 9.0 x 10-7 'per indiVidual per year

CoUaose
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