
May 1 ,  2008 

The Honorable James A. I<ispoli 
Assistant Secretary for 13nvironmental Management 
IJ. S. Department of Energy 
1000 Independence Avenue, SW 
Washington, I)c‘ 20.58.5-0 1 13 

Ilcar Mr. Rispoli: 

I he Ikfense Nuclear Facilities Safety Board has completed ;I series o f  re\ iews related to 
tlie dc\dopment and analysis of design basis ground motion supporting stiuctitral design of the 
Integraled Waste ’l’reatment IJnit (IWIIJ). These rcviems revealed a number o f  issues related to 
the development of the design basis ground motion and overall seismic dcsign for the facility. 
Some of the key issues \\we: 

Assessment ol’soil site response based on randomil;ed soil proliles that \vert‘ 
inconsistent with site-specific soil data 

ilccoiinting for gcotechnical input to the soil-structure interaction (SSI) analqsiq, 
inclitding issues related to strain-compatible soil properties 

‘I he adcqitacy of the time histories used for tlie SSI analysis 

0 Seismic interaction criteria that allowed large permanent deformations in certain 
cr;ines. ivhicli could impact structural adequacy 

0 The aclcquacy 01’ using mechanically anchored reinforcing bars 

As a rcsitlt ol’significant efforts made by the I~cpartment o f  E’nergy’s Idalio Opa-ations 
Office ( l ~ O l ~ - l I ) )  and the IW‘I lJ structirral designer, Simpson. Gumpertz & 1 legcr (S(;I I ) ,  all 
issues were rcsol\~etl, and appropriate changes to the design Lvere made. I3oth I)OI~-lD and X I - I  
arc t o  be conimcndcd lb r  resolving these issues i n  an expcditioiis manlier 

‘l’wo key actions were ~-esponsible for the sitcccssliil resolittion o f  these 13oard issues. 
First. S(;I I incorporated conservatism into tlie original design ol’the Perli)rmance (lategory 3 
process a n c i  px1agin.g cells. As a result. tlie process and packaging cells design WIS able to 
accommotlalc a substantial increase in  design basis ground niotion without deniancls excceding 
s ~ I - L I ~ ~ L I ~ - ; I ~  cnpxity. Second. the project tbrmcd ;I gcotechnical and SSI peer review panel (nanicd 
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the 1 3 1 ~ ~  Ribbon Panel) that provided critical advice on incorporating appropriate soil properties 
into the SSI analysis. The panel provided an essential peer review process that went a long way 
toward strengthening the technical credibility of the IWTU design. The Board believes the use of 
peer review panels would benefit all DOE design efforts. 

Please contact me if you have any questions on this matter. 

Sincerely, 

Chairman 

c: Ms. Elizabcth I). Sellers 
Mr. Mark €3. Whitaker, Jr. *‘ 

Mr. Robert .I. McMorland 

Enclosure 
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Summary of  Structural Design I<eviews for Integrated Waste 
’lrc a t me 11 t I J n i t 

7 his report sutiiiiiarizes a series of rcviems b y  tlie staff o f  the Defense Nuclear Facilities 
Safety l3oard (I3oard) o f  tlie developinent of’the design basis ground motion. seismic structural 
analysis and structural design of the Integrated Waste Treatnient Unit (IWTIJ). 

Ihckgrouncl. ‘l’lie I W‘TIJ will convert approximately 000.000 gal Ions ol‘acidic sodium- 
bearing tank waste at Idaho National 1,aboratoiy (INI,) to il solid carboiiatc prodLict suitable fix 
o t’l- s i te d i s po sa 1 . ’the core of t h e 17 roc e s s. i tic 1 ud i ng Y t eaiii re form i t i  g waste t re a t me t i  t c qu i p n i  en t 
and product pachaging capability. is surrounded by reinforced concrete cells. ‘lhese cells pro\ ide 
bot 11 con I i tic m e t i  t and sli i e 1 d i rig tiinc t i o 11s for tlie hazard o 11 s u a s  t e opera t i o t i  s . ’1 ’lie approved 
preliminary saf’ety basis for tlie I W‘I‘U requires that the pi-ocess and packaging cells ( P I T )  be 
designed to meet Performance Category (I’C>-2 criteria. but tlie Ikpartiiient of’ Eticrgy’s ( I )Ot<)  
Office o f  I<n\ ironmental Management has mandated tliat ;I PC-3 design be adopted to 
accommodate potential future missions. One potential future mission is tlie preparation of’ 
approximately 4,400 cubic meters of calcined high-lc\ el bvaste for oft-site disposal at a national 
geologic repositot-y. The calcined waste is currently stored in six bin sets at Idaho Nuclear 
Tech no Io g y and I I ng i ncer i n g C: e n t e r ( IN TI IC‘ ) . 

‘l’hc original site-speci lic K’-3 design basis earthquake (1113E) for tlie I W‘I’IJ was an area- 
wid e I 1 I3 E d e vc: 1 o pcd for t 11 e k a c  t o r  ’ I’ec 11 no I og y C o nip l ex a t i  d IN 1.1:; C . W 11 en t he dec i si on w a s  
made i n  curly 2006 to design thc PPC to I T - 3  criteria, the project convened an indepcndent panel 
of’ industry experts to review tlic appropriateness of the design spectrum for application to the 
IM’I’lJ clesign. l’his Blue Ribbon Panel (13RI’) issued a report in  ilugust 2006 conlirming the 
adcqiiacy ol’both tlie I-ock iiinifortii hazard spectrum and the soil 5 %  damped response spectrum 
!’or the IY’-3 design. l’liis conclusion. Iiowe\.er, was contingent on ;I rccommencfiition Ihr 
adclitional site-spccilic geotcchnical t ~ l i  to confirm tliat the soil profiles and propertics at the 
IWI’I J site \wrc hounded b y  tliosc incorporated in to  the clc\.elopment of’thc area-uicle D[3 l :  
spec t rum.  ’l’hi s geotcclinical i n\utigatioti \vas complcted i t i  car1 y 2007. Rcsul ts clcmonstrated 
t h a t  the soil propertics at the 1W71‘1J l id  a smaller range of  shear \vavc velocity comparccl \\,it11 

thosc ai IN’I’IiC‘: its a res111 t ,  a revised site-specilic ground motion was nccclccl. A new spectrum 
de\.clopccl i n  iiccordance with I3RP rccommcndatiotis resulted i n  a peak response about 40  



percent higher than  that usccl in the initial design I‘o help mitigate the impact of the increased 
spectrum on structural demands in the soil-structure interaction (SSI) analysis and to eliminate 
debris iincoL cred during site excavation mork.  the project replaced the top I 1 feet o f  low-\rclocity 
natural soil wi th  7 feet ofcompactecl engineered backfill. 

Site Chitractcristics and Itesponse. ‘l‘he Board’s stafl’reviewed in detail the 
developincnt of the site-specilic response spectrum and spectr~uii-compatible time histories. as 
well as the gcotechnical inputs to the SSI analysis. The staff identified a number o f  significant 
issues in  these areas, which were formally transmitted to the 1 WTU federal pro.ject director in  
September 2007. l’he manager of IXlE’s Idaho Operations Office (IIOE-ID) respoiided in a 
October 1, 2007, memorandum to the Board. committing the IW1‘1J project to addressing the 
issues raised by the 13oard’s stal’t’. The issues and their resolution are discussed below. 

Sile-,\jxc.ific Hoi-izoiitul Design Rc .cp~i i .~c  ,Jj,cc.lrLtnz-‘l’o assess site response, 30 
randomized soil profiles based on the ne\\ geoteehnical data were generated for the IW‘TU site. 
llorimntnl time histories derived from the PC-3 rock response spectrum were input to the 
SI IAK11 computer program for the base of each raiidotii soil column to proclucc individ~tal 
horizontal response spectra at the t’ree field. I’he BRP recommended that these individual spectra 
be avet-nged atid broadened for use in the SSI analysis. The staff‘reLiewed this development 
et’fiirt and raiscd issucs related to ( 1 )  the absence of clear criteria with which to gencrate and 
judge the acceptability of the random soil profiles. and (2) the averaging of.i-andomly gcneratcd 
spectra to derive the design responsc spectrum ti)r ii shallow soil si tc. 

‘I ‘he ge n e rat i o t i  o f randomized so i 1 pro !i I es \vas based o n stat i s t i c a I ;is s ii m p t i on s \\ it 110 i t  t 
cons i de r;i t i o t i  o 1’ geo 1 og i c c o t i  t ro 1 . ’1 ’lie staff ’ s concern reg arc1 i 11 g the re \ T i  c\v c r i t cr i a s tc m ni ed 
from several randomized soil profiles with properties unrealistic for the I W’1‘1J site, o r  in  excess 
of’reasotiahlc upper and lo\ver boLinds given the geotcchnical data. 1;or example, 3 of tlic 30 
pi-olilcs contained an upper alluvial soil layer \zit11 a higher shear n.ave velocity than that o f  the 
lo~vcr all i i \~ial  soil layer, a condition not observed in tlic gcoteclinical data. ’I’hc shear \va\~e 
velocity range l’or the ranclomizcd soil layers also extended well beyond the range of velocities 
tiieasiired during site borehole testing. Many soil prolilcs incorporated into the dcveloptnent of 
the horizontal design response spectrum \?.ere therefore beyond the ranges observed for the 
IW’I’I J site. 

Averaging randomized spectra to obtain the design response spectrum is an accepted ~. practice. 1 lie staff, ho~vcver, disagreed Ivitli the itse of this approach for the shallow-soil I WTIJ 
site (soil thickness o!’appt-(~ximatcly 43 feet). With thin soil layers, changes in  soil properties 
fro ti1 the 1’21 ti d o t 11 i za t i o t i  p 1-0 cc s s c ;I iise t li e i t i  d i vi du a I spec t rii to peak ;it si g t i  i f i c ;in t I y d i 1 ’f ’e rc n t 
freclucncics. ‘l’lie sitc, however. is likely t o  respond \vi thin ;I narrow fi-cq~iency range given tha t  
soil thickncss does not vary greatly iinder the P I T  site. i l \waging the individual spectra 
thcreli)rc rccluccd the pcak that \ v o t ~ l d  Iikellr bc obseri ed ditring a seismic e\,ent. Members o f  the 
13 I< I’ ;IC li ti o LV I e cl gccl t 11 at D 0 1; s t ;I tic1 a r d s ;I nd N ii c 1 ear Keg u I at o ry c‘ o m i i i  i s s i o i i  ( N I< C ’ ) g 11 id ;I tic e 
do not acldi.ess this issue adequately. ’l’iie st~if~ericoL!ragcct tlic projcct t o  docunient this issiic for 
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IIOll‘s Chief of Nuclear Safety so i t  can be atldressed by the recently formed D 0 1 ~  Seismic 
Acl vi sol-y Pan e 1. 

‘I o adclrcss both o f  the above iusues, and at the staft-s suggestion, the IW‘I’U project 
r _  adopted the $4‘” percentile Iiorimntal free field spectrum for design purposes. 1 he staff believes 

that this approach adeqiiately accounts for tlie uncertainty i n  the soil profile randomization 
process and the artificially low average spectrum. 

(;eo I ec hn ical Inp I i t  s io  he So il-L5’lr uct z ire 1/71 cmct ion A ~icrly.sis-l’lie staff reviewed the 
geoteclinical inputs to the SSI analysis. The original IWI’IJ design and SSI analysis were based 
oii soil properties (i.e., strain and stiffiiess) obtained from a one-dimensional SHAKE analysis 
without consicleration of the building weight. l’his approach is widely accepted for the design of 
nuclear facilities. -1-0 help mitigate the impacts of the increased seismic demands attributed to  tlic 
site-speci tic geoteclinical investigation, the design agent, Simpson. Gunipert;c & 1 leger (SGH), 
developed ii two-dimensional computer moclel using a computer program (System for Analysis of 
Soil-Structure Interaction (SASSI)) to account for the building weight in deriving the strain- 
compatible properties of the engineered fill. In addition, the initial low strain properties ot’the 
engineered till in tlie SASSI model included the bearing pressure of the I’PC structure, deri\ ed 
using a methodology developed i n  a recent University of fexas doctoral dissertation.’ I he 
compacted nature of’tlie 1111. however. was not considered. 

LJ po 11 l i i  t-t lie r i 11 vest i ga t i on,  t lie s t a ff d i sc( )verecl t h a t  the S (3 I 1 two -ti i 111 ens i o ti a 1 so i 1 mod e I 
lixed the properties ol’the natural soils beneath the engineered l i l l  i n  accordance with the original 
SI JAKE output, which accounted for neither thc engineered lill nor the building \\eight 
stal’l’concludcd that this niodcl was inappropriate. G i \ w  the thin soil layer at the IW‘I’I J site, the 
properties ol’both the engineered fill and natural soils \ \ o d d  be intlueticcd by the structure. ‘lhe 
s t a 1.1’ ;I I s() c1 lie s t i o ned t he a p p 1 i cab i 1 it y o I’ the ni e t l ioc lo  1 o g y  de\^ 1 o ped i t i  the doc t or;i I d i s se r t a t io t i  

to tlie IW‘I’IJ soils and tlie impact 01’ 1111 compaction. 

lhc  

In rcsponse t o  the issues raised by the Board‘s staff. the 13RP recommended that the soil 
property inputs for the final confirmatory SSI analysis revert to the best-estimate iterated soil 
propcrties supporting the original facility design. i.e.. using SHAKI- Lvitliout the enginecrcd lill 
layer o r  the builcling. Ilncertaintj i n  the soil propertics \\:is accounted for by broadening tlic 
lower- and upper-bound shear moduli used i n  the SSI analysis c;iscs beyond the minimum 
requircnients of  American Society of Ci\ i I  1’:ngineers 4 (ASCE-4). ,Scisniic A/iulysi.~ o/ ,Sufc/ j~-  
f < c l i r / c ~ t /  NiicIv(ir S ’ / ~ I K I U / Y J S .  Specilically, the lo\ccr-bound was decreased and tlie upper-bound 
miis increasccl by a 1 .G  constant instead of the 1 5 constant provided by A S C I 3 .  To account for 
the compacted engineered lill and tlie conlining pressure ol’the building, an additional extcncled 
uppci- bound case w a s  introduced. ‘I’his case increased the best-estimate shear modulus by a 
Iiictor 01’2.25. Tlic stnl’l’agrecd that adopting this more conventional approach fbr cleriving 



strain-cotiii7atiblc soil properties !’or the SSI analysis and extending the upper bound case 
ad eq iia t c 1 y add I-esscd t lie i ss ucs or  i g i t i  all y ra i see1 . 

Ti/m i ! i .~ to~y  I)c~,c~lo/,ment-‘I’lie original SSI analysis demonstrated that the P I T  
structure would respond at damping values greater than 12%. I n  accordance with IIOE and 
ASC‘1:-4 guidance, tlie horizontal time histories supporting tlie analysis matched tlie 5 %  damped 
design response spectrum. The staff expressed concern, however, that the 1 WTU time histories 
were not compatible with enipirically derived response spectra at the higher damping values that 
would be mobil ixd according to  tlie SSI analysis. As a result, the original time histories 
substantially underlmxlieted the response ol’ the structure at the most signilicant damping values. 
In addition, the stnf’f’pointed out that tlie energy developed during the strong groutici motion 
phase ol’tlie 11131< for tlic one of the two time history motions (112) was substantially lower than 
that dcvelopccl l’or the orthogonal timc historjr motion ( f  I I ). The lower ground motion was 
considered i nadecl uate. 

‘1’0 address the damping issue. SGI I developed tieu free field time history input motions 
for  the SSI analysis from revised 84”’ percentile free Iield response spectra. ‘rhese spectra were 
obtained by propagating a reviscd rock time history input motion through the randomi/ed I WTIJ 
soil columns \I ith tlie SHAKE: computer program. ‘I lie rei ised rock time history motion 
matclied the empirically derived rock response spectrum at 1 1 % damping, clctertiiined to be the 
daniping of the soil-structure system lor  the best-estimate soil properties. ‘I he rock motion input 
to the free field respoiise spectrum analysis \\as tliereIbre based on I 1 % damping. instead of the 
5% damped spectrum output from tlie probabilistic seismic lia/ards analysis. 1 o explore the 
potential impacts on thc PPC clesign of-a potentially clelicient timc history motion, SG€I applied 
the tuo  ground motions in the SSI ana11 sis individually in both tlie north-soiith and east-\\est 
directions. 1 he PJIC demonstrated little sensitik ity to the d 
issitcs raised hy the 13oard’s stat‘!.. 

rent groitnd niotions. resol\ing the 

I’ ro h ;I hi I is t i c Seis 111 i e I I aza rtl Assess 111 en t. ‘I he I N I ,  p robabi 1 i s t ic sei sm i c h a t  arc1 
;isses\tiictit (PSI IA) supporting the site-speci tic design response spectrum is unchanged 1i.om its 
original 1006 version, with tlie exception ol’a recomputation in 2000 to include improved ground 
motion at  te ti I l a  t i o t i  re I at io tis hips resulting from Lvork support i tig tlie Yucca M o iin t ai t i  pro 1 ec t . 
‘I lie I3oard.s stall’notcd that the I’S€IA had been reviewed by both the state ol’ldaho and tlic 
NRC’, but those revien s did not adhere to the Scnior Seismic I l amrd  Analysis C’ommittee 
(SSI IAC) proccss outlined by modern seismic technical standat-ds. The IN],  I’SJ IA is schccluled 
for ;I re\ icw and potential update in 20 I O  in accorclance \kith I)OI: requircments. I!‘iipdated, the 
SSl IAC process would applj .  Illtimately, any re\ ised ground motion tha t  might result from 
litturc PSI IA upclatcs \\auld have to be revic\vcd for its impact on the IWTU IT--? structure. Phe 
stal’f’belicvcs. ho\\cvcr. that this impact \+oirld be minor. 

‘l’w o-over-One Criteria. ‘l’he process building and tux> cranes that  spaii the PIY’ must 
meet ;I t\\o-oLer-onc ( IM)  design recluircmcnt to prevcnt intcrfkrence u ith the lY’-.3 cells. SGi I 
aeloptccl an approach rccotnmcnclecl b j  I>r. Ihber t  Kennedy of’ I W K  Structural bleclianics 



Consulting lnc., for meeting the I I / I  requirement to prevent structural collapse at the IT-3  failure 
probability (i.e., ( 1  0 ‘ / J  r). To achie\e this. the International Building Code ( I I K )  2003 design 
response specti-urn for IT-2  structures was replaced by the site-specific IT-3  spectrum. ‘The 
importance factor and all other IBC provisions mere maintained. The stafl’cluestioned this 
criterion, particularly for the maintenance crane. because i t  allowed large permanent distortions. 
To resolve this issue, SGI 1 reevaluated both tlie process building and cranes t o  PC-3 criteria, 
noting that acceptable demand-to-capacity ratios were maintained. Only a few modifications 
were required. 

Mechanical Anchors for Reinforcing Bar. The Hoard’s staff reviewed the detailed 
design drawings for the I W‘ITJ PPC and noted the wide use of 1,entonO l’ertiiinator anchors, in 
lieu of’t1-atlitional L-bends, to anchor the ends of reinforcing bars. Mechanical heads allow 
shorter development lengths and enhance constructibility in congested areas of reinforcing bars. 
‘l’he staff raised concern about thc absence of clear design criteria and test data supporting the use 
of mechanical anchors. The American Concrete Institute (ACI) codes adopted by the IW’TIJ 
project do not provide specific requirements (e.g., for developtncnt length) for mechanical 
anchors. Instead, tlie codes include a general statement that appropriate testing should be done to 
demonstrate the adequacy of the design. 

I n  response to these issues, SGI I prepared a design guide outlining how the general 
requirements of applicable ACI codes \\ere met for mechanical anchors, including provisions for 
concrete breakout. pullout, and side-face blowout. S(;I i also included a description of the more 
explicit criteria ! h r  developing mechanically anchored reinforcing bars in tension, hascd on a 
draft o f  the 2008 revision of‘ ACI-3 1 8, Bzriltling ( ‘ode Keqzrir-crnerils fi)r ,Sfr.uclur.irf C ’oricrcfc, that 
addresses thc use of mechanical anchors. ‘I’lie final design met all tie\\ requirements in  draft 
AC‘I-3 18 wi th  one exception: the tniixitiiuni bar sir.e allo\vcd by the code ( # I  I )  fhr mechanical 
anchors was exceeded by the # 14 diagonal reinforcement o f  the coupling beams i n  the south wall 
of’the packaging cells. SGI I believes that use of the larger # I  4 bars in  this application is justitied 
by their significant cnibcdmcnt mi th in  the byall, mhicli moved the anchors well beyond the 
critical sections of the coupling beams; the absence of edge effects; adeqiiate confining steel; a id  
manu!’acturer testing of’the bars. ‘I’he staff agreed with this conclusion. 

The SGI I design guide also summarized available research and testing data on the 
ad eq uac y o f i n  ec ha t i  i c a I anchors . -1.h e s t a ff reviewed the data and c c) nc 1 u d ecl that s i i  ffi c i en t 
experimental evidence was a \  ailable to  support tlie use of Inechanical anchors i n  safety-related 
concrete structures. Appropriate changes \\ere made to the IW 1 l J  drawings to  incorporate this 
add i t i  o t i  11 I 11 t i  tl e rs t a t i  d i n g o f i n  ec h an i c 11 1 I y a tic 110 I- ed rei t i  force i n  e tit . The re vi s io t i  t o  A C I - 3 1 8 u as 
rcc c t i  t I y i s s u cd and re in ;I i n ed c o t i  s i s t e t i  t w i t h t lie d 1-21 ft rc 11 is i o t i .  

I he sta!’l‘rc\iewxI examples of field reports to SGI 1’s head ()!’!ice clocumcnting 
construction issues. Such field reports \ \ i l l  help the clcsign agent ensure that a qualit>, structurc is 
built. I)OII-II) agreed t o  notilj’ tlie staffof’any significant fiiture field changes that impact the 
dc s i g t i .  
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Conclusions. The staff's seismic and structural reviews of the IWTU raised several 
issues related to the development of the design basis grouiid motion, geotechnical inputs to the 
SSI analysis, criteria for meeting the II/I design requirement, aiid the use of inechanically 
anchorcd reinforcing bar. Commitments made by DO€-ID and SGH resolved each issue to the 
staf'f-s satisfaction. It is worth noting that because of the large degree of conservatism SG1-1 
incorporated into the original design of the PC-3 PPC, the increased demands resulting from both 
tlie geotechiiical investigation and resolution of tlie issues raised by the staff required no 
signilicant changes to the structural design. Construction of the IWTU is currently under way, 
with concrete placement for the PPC walls expected to begin in April 2008. 
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