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Ne-EAR REGULATORY COMMISSIOr-9 
. VJASHlt>!GTOI\:, D. C. 20555 

-:i ,·· -

Docket No .. 50-237 
LS05-83- l 0-063 

Mr. Dennis L. Farrar 
Director of Nuclear Licensing 
Commonwealth Edison Company 
Post Office Box 767 
Chicago, Illinois 60690 

Dear Mr .. Farrar: 

. . . ' 

- . OCT 2 7 1983 .-

' . 
I 

SUBJECT: ·IPSAR SECTION 4. 7, EFFECTS OF PIPE BREAK ON .STRUCTURES·, 
SYSTEMS AND COMPONENTS INSIDE CONTAINMENT.FdR DRESDEN 
NUCLEAR POWER STAT10N, UNIT 2 . 

In the Integrated Plant Safety Assessment Report (IPSAR) for the Dresden 
Unit 2 Nuclear Power Station, NUREG-0823, dated February 1983, Section 4.7 
'·:'::::-:t;=-:eo fc:;r iss=..:'=5 t·equiri:1~ 1·efinE:d e;-;gineering Z:!.,F.1/s~s oi- cc:r,ti:~'-'c-

ticn of a~ ongoing eva1uation .. 

As discussed iri the-enclos~d Safety Evaluation Report, the st~ff c6nstders 
IPSAR Section 4.7 to be complete. 

·Enc1osure: 
As .stated 

·cc w/enclosure: 
See next page 

' '· 
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·Sinc;:erely, 
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Docket r:o. S0-231 
LSC5-83 -10-063 

Mr. Dennis L. Farrar 
Director of Nuclear Licensing 
Com:.;onwec: 1th Edi so:i Compar,y 
Post Office Box 767 
Chicago, Illinois 60690 

Dear ~'.r. Farr2r: 

OGT i 7 '1(" ""? .... ,.. ! ... -... 

sus:ECT: -I?S~~ SECTION 4.7~ EFFECTS OF PIPE BREAK ON STRUCTURES, 
SYSTEl-'.S A~m CO!·~Por;rnrs Ir\SIDE co:nAHWiEf·:T FOR DRESDEN 
NUCLEAR POWER STA7ION, UNIT 2 

In ~ne Integr2tEd P12nt SEfety Assessnent Report (IPSAR) ·tor th~ Dresden 
Un•t 2 1:1Jcle.:r Fm·;er St2tir:r., NUREG-0823~ dc:ted F~bruary 1983) Section 4 • .7 
i L.-: :· : ·; ~· ·: -2 c f ::~ : ... :· -: ~ .: ._:: s ( ~ c, u ~ ( ~ n ~ re·~:--; !"! t: G t: r, 9 i :~; e er i ~ ~ c :·1 r : ~'>' ~ ·j s or ~ o ;·~ t ·; ri u a -
tic·r: c-f er. c:-.;oi~;s u2iuation. ::~-.::: .... ,.-.-.: 

As ciscussed in the en.closed. Safety Evaluation Re6crt., 'tlie(staff considers 
. IPSA~ Section 4.7 to be complete. 

Encios1Jre: 
.:'.:.s stated 

cc 1·:/encl osure: 
See next e:a~e 

, 

Sincerely, 

j} '~ 
~.Crute ie d 
Operating Reactors Br 
Divisicn of Licensing 

..·;. ·.~ .: .. _ .: . : 

,;.-.;.... . . 
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Mr. ~ennis ~. Farrar 

cc 
Isham, Lincoln & Beale 
Counselors at Law 
One First National Plaza, 42nd Floor 

·thicago, Illinois 60603 

, Mr. Doug Scott 
Plant Superintendent 
Rura 1 Route f,!1 
Morris, Illinois 60450. 

U. S. Nuclear Regulatory ColiliTlission 
Resident Inspectors Office 
Dresden Stat'i on 
RR ~l 
Morris, Illinois 60450 

Chairman 
·Soard of Supervisors of 

Grur:ct,· Ccvnty Cc!.J:thouse . 
Morris, Illinois .60450 

_..D~ S. Environmental Protection Agency 
·Federal Activities Branch 
Region V Office . 
ATTN: Regional Radiation Representative 
.230 South DearborM Street · 
thica~o, ·111iriois 60604 

James G.· Keppler, Regi6nal Administrator 
Nuc1ear Regulatory Corrrnission, Region III 
799 Roosevelt Road . 
G 1 e.n E l 1 y n , I 11 i no i s . · 6 0 l 3 7 

i·~r". Gary N. Wright, Manager 
l~uc1ec.r Facili.ty Safety 
I11 i noi s Depart:11er.t of Nuclear Safety 
1035 Outer Park Drive, 5th Floor 
Springfield, Illinois 62704 

, . 

_.:. .... ::, _ ____ .,_.: .. : .. 
• :·F"".-• 
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D~ESDEN NUCLE~R POWER STATION, UNIT 2 

IPS~~ SECTION 4.7-

Section L.7, Effects of Pipe Break on Structures, Systems· add Corn:onents 
Insici~ Co~tain~ent 

I. 

I I . 

PnRODUCTI ON 

At the time of the Integrated Plant Safety Assessment for Dresden Unit 
2, the licensee had not completed its review of the effects of high 
energy line breaks. Review methodology and screening criteria for 
2c::eptable interactions had been provided and reviewed by the staff. 
The staff safety evaluation was issued by letter dated September 21, 1982 
(~eference 1 ). The Integrated Plant Safety Assessment Report (!PSAR), 
!<LJRcG-0823, dated February 1983 (Reference 3) identified four items for 
further evaluation. Resolution of each item is discussed below. In • 
addition, the results of the licensee's analyses as provided in Reference 
2 2re discussed. 

~,;sc~ 1 ss ~o;.~ 

A.· Sect~on 4.7.1, jet !mpin9er:ient on Targei.-Pipe,_.i-·< .. -. ·::~~-;~:.~~·:~·-·· ... ~_7· 

In the Integrated Plant Safety Assessmeri"t":~~:~~;t, the staff reported~~-~·· 
that in consid~ring the damage criteria, the licensee has used the -
c.ssu2ption that a jet or whipping pipe is··considered to inflict no .-.-::.::
damage on ether pipes of equal or greater size and equal or greater --
th.i ckness. 

The licensee provided some justification leading to the conclusion 
that the same rule that is applicable to pipe whip should also be 
applicabl~ ~o jet impingement considerations. However, the staff's 
position was that the energy absorption mechanism for· a pipe-to-ptpe 
impact is different from that for jet i~p~ngement on .a pipe and, 
therefore~ the staff required the licensee to evaluate and address 
the effects of jet impingement regardless of the ratio of impinged 
and postulated broken pipe sizes. · 

In responses to the staff's concern, the licensee submitted Reference 
2 which desc~ibed the assumptions and criteria used in its final 
evaluation of jet i~pingernent effects. B2sed on the infor8ation 
.,. ,,·, r! . P,c.+r:. ,:.n. 2 '" h::i110 f d "'-h=>"'" +r.c l~ h~r .. 10.1ae:..i 1n ,_ .. _r_,.ce , .. e .... ~ .oun ... -·· ···- .censee .c: •. 

reassesseci it.s jet impir,gement evaluation in accordance 1·.'ith the 
staff's position as described above and th~t the licensee's evalua
tion is acceptable. 

S~cticn l.7.2, Sro~~n-Pi:~ Irpsct on Tarcet Pi~ino 

In the Integrated Plant Safety Assessment Report, the staff reported 
that in determining the acceptability of target piping, the licensee 
has us~~ the criterion that the limiting factor for an applied 

, 
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ecuivalent st~tic load is t~at the res~ltina strain in the ~arge~ 
p{ping ~aterial should not exceed 45% of th~ minimum ultimate 
uniform strain of the material at the appropriate tempera.ture. 
This criterion is acceptable for avoiding casc~ding pipe breaks. 
However, some piping systems are required to deliver certain rated 
flow 2nd. should be designed to retain dimensional stability ~hen 
stressed to the allowable 1 imits associated with the emergency and 
faulted conditions; i.e., the functional capability of the piping 
is required to be demonstrated. The licensee was requested to 
provide justification to ensure that the target piping will re~ain 
functional as a result of jet irnpinge~ent and pipe ~hip interactions. 

The licensee indicated that a parametric study has b~en performed 
covering a range cf geometric and load parameters. The results of 
the nonlinear finite-element dynamic analysis indicated the coexist
ence cf large loce1ized strain levels a~d small g1 ob2l def0r~2~ir~s. 
Thus, t~e licers2~ deter~ined that it is rc3Sib1e to achieve ~trf~n 
;e\!~!~ ?:~:!-C'cc!--.~r? 45~;: cf ~::7: ~~~4::1U1! L~n-~for::-: ~1t~r;::.:e strc·:rr 8f :~c 
me:L.erial in a loca!ized region \:it':cut effecting the overall deforms-
t ion or fun ct io:1a 1 ca pa bi 1 ity of the ta rg-~A~-AiP.i ~.9 ~ •~''°-~~·":.--c~_::c_7c · 

... - -' .. 

In i·eviewing tt)e example in the licensee's parametric study sub;-;;ittecL.·.·· ... 
in its /;.ugust 23, 1982 letter (Reference 7), the staff found that the<'·-:·- · 
45~ of the minimum uniform ultimate strain reached at the point of -~· 

·load applicatibn was a gl_obal strain because a bea~ model was used 
for analysis. The licensee was requested to demonstrate that the 
resulting localized deformation, i.e., .the flow area reduction, ·0auld 
not affect the systems capability to deliver the required fluid flow. 

In response· to the staff's concern, the licensee submitted References 
2 and 4. The licensee indicated that a more detailed shell model 
c.r.alysis using A\SYS was performed to further substantiate its 
previoas tonclusion .. The shell analysis showed that the maximum 
strain was 25~ of. the minimum uniform ultimate strain of the material 
and that the maximum flow area reduction was 20%. ·The licensee 
further stated that the functional capability of the tar§et pi~e is 
net significantly affected as a result of a postulated 20% reduction 
in f1ow area. B~sed en a review of the information in References 2 
.; nd L; 1·:e he: \1e ce te rri:i ned that the 1icensee 1 s ta r~et pipe ev2 iuc t ion 

C. IPSAR. Section 4.7.3, Detectabilitv Reouirements 

One ~~tho~ acceptable tc the staff for resolution of pipe break 
:-.:'=·~Ci .. lC~ ,.,.;-~: .. ~ !'".:7~~i:ic:l r.~::SLl':"ES ere i_~·:~~ ... cct·;~.al. cc;~'::-·is~s c.f (:) 
fr2cture nechenics evaluation to show stabilitv cf flaws under 
postulated loads; (2) demonstration that small~r flaws are detect
able via_ leak detection systems; and (3) augmented inservice · 
inspection. In its screening review, the licensee proposed use-of 
this general approach in resolving pipe break interactions. 
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In the IPSAR, the staff noted that the licensee's pr6posed 2ppr0ach 
for detection of cracks as part of this method was not acceptable. 
D~ring the licensee's detailed review of break interactions, all 
interactions were resolved without recourse to the fracture mechanics/. 
leak detection approach. Therefore, this issue is no longer 
applicable. 

D. 1PSAR Section 4.7.4, Criteria Implementation 

Two are2s were identified during the topic review where the 
licensee's approach was found to be generally acceptable pending 
staff. re vi H: of the results . 

The st2ff requested the licensee to provide information on pipe 
whip load formulation including a discussion of how the kinetic 
energy of the whipping seg~ent was determined. In Reference 8., the 
1.ic'S";!~e-= h::s cescrited its nethod for de~err:iir.ir:g the pip·e v:hi~ 
i:~·e:: ..,.~lc;:i~2"'~ ~.1?.5t1c ~ir:?t? fol"~ui::~.;~·r: ;:0.: 0;:;7c~ ... ~~~io~ 07 the 
ii~1pacting target and ~1h"i~ci::g pipe. Bc~e-::J on our r<:>'·.;·:~'.-: of the . 
infor:nation orovided in the licensee's subr.1ittal:, -..:: .. ::...~ determined~;;~..;:~_,,~-_:· 0 ::·· 
thct the 1 i :ensee' s r,,ethodol ogy for pip~ _v;~{p·;loc:d forr::ui ct ion is · ... _·.:~:_·, · r' : 
.~rCPD~~ble . ··· · •·- · c ._ - ' .... ._. • . ·-·--- ··--- - ~'--· 

The second item was concerned Hith integrity of the dry1-1ell liner. 
As discussed in the Integrated Plant Safety.Assessment, the license~ 
w~s reouested to address whether th~re were any break locations that 
could ~esult in sharp edges perforating the liner from large piping 
(>14 11

} impacting with the liner. Test results (Reference 6) have 
previously shown that when the liner is loaded over a large enough 
area, deformation of more than three. inches can occur without failure 
of the liner. However, the staff was concerned that the_liner could 
be punctured if a jcgged edge whipped into the liner over a local · 
area. 

In Reference 2, the licensee presented an analysis of the ccintc:inment 
liaer to show th2t perforation would not occur. Missile impact test 
results were used along with the above static load test to support 
the analysis. 

As 02rt ~f t~ese ~e~ts. ? 12 i~ch di2~et~r st~e 1 ~i~e ~2~ (~;v5~ i~to 
a 3/4 inch steel pl2te.end-on. Disp1acement withcu~ rupture of more 
than three inches resulted. These tests a re considered .to be 
2ppro:ri~te for evaluation of the· Dresden Unit 2 line~ si~ce it is 
at le~st 3/4 inch thick 2nd the gap is thr~e inches. The test 
· .. · 21· c: c i -t:: ~ >: .: :~·-=Gr: C th~ : c 1 c ~· 1 c: €· :' pi ~~ ·;·.·hi;; \' e 1 c. c i t.Y f c r- c:. i T t:· L: t c ~. c 
cc.se. in "F:eference 5, the lice:-.see provided c.ccitional ir:fcn:·,e:~~Ci"• 
on the one case in which contact with the liner occurs at a feedwater 
1 i ne reducer ( l 811 to 12 11

) •. The whipping feedwater pipe forms a 
plastic ~inge and then the reducer contacts the liner along the pipe 
and thus flattens against the liner .. TherefQre, the. consequences of 
thfs case are considered to be bounded by the above tests . 

. , 
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S~sed en cu~ r2view~ the ~t~ff concludes that the~licensee ~~5 
demonstrated that postulated high energy line breaks wi11. net 
violate the integrity of the liner. Therefore, this issue is 
resolved. 

:~ ·Pine Ereck Interactions ·' 

As discussed in the licensee's submittals and the staff's SER 
(Reference 1), the licensee developed screening criteria for 
considering pipe break interactions. Those cases that met the 
criteria (e.g., limit load analysis or no interaction physically 
~ossible) did not require further investigetion. For these inter
actions which failed to meet the screening criteria, more detailed 
analyses were conducted. There were 27 break locations (40 inter
actions) in this category. Seventeen (17) of the interactions 
involved electrical components. In these cases, the licensee 
detcr~~r~ed E~the?· ~!-:at· t~·=~ cffec~ed ec:u~r'·;-.-::~:~. (fe·::c::·::ii .. '.! ~ c:.:,;·e 
~re_\') \·.·c.s nc.t rF-c~:il .. ::-c: to r:·:4tis::te the brE:;·k c·:· that. ~--~c'.i;:.r:.:r-~ 
E~~j~~2nt c~;~n1e of perfonning the sa~e function ~as av~ilab~e. 

Four cases involved target pipirg. These~,.i.f:ter~·ction~ ·,·:ere :-escl1.1ed· ~ 
.bv more refined analvses of thru~t forces ~c~sid~rino the i~~ividual 
c},aracterisfics of each line. Three interactions on~the.bioiociccl .... ~.-: 
shield v:all and one 1·:ith tr,e RPV pedestai _1·:ere resolved inc. similar'..~~ .. ·.'" 

.manner; an additional shield wall case was resolved since the brokeri. -
pipe would hit th~ liner first. 

Frir the remaining 14 interactions, finite element models of the 
source piping were developed and the ANSYS code was used to perform 
a non-linear dynamic transient analysi~. In one case, this detailed 
analysis showed that the target would not be contacted by the whipping· 
;::~ce. ThE c·"'.:hEr cases 1·:e1·E ir.teractio::s i·:ith the liner ar ate. 
penetration sleeve/liner junction. In each case~ the penetration 
sleeve did not become plastic and the maxinum plastic strain in the 
vicinity of the ir.;pact was 1.545;, 1·:hich is belc1·J the ult~r:.ate strain 
level. · 

:~:st c~ ~he cisc~ss~~n ~b0ve1 t~s st~ff co~~~~des th2t the licensee ~as 
~ .~ := : . ..; c ::.-~- : :,' c. d C r E: ~- ? ~ (.: :. ii•:: ~ ~ 7 E c ·~ :, v -7 ~ii g h · c r: L ,. c ·.- : ~ ~;-= t· :· ~ : : . s ·; !-; ~ ·j cc 
co~t~inment; Therefore, IFSAR Sections 4.7.l:~L.7.2, ~.7.3, and 4.7.4 
£ !"E i-eso 1 ved. 

1. L12tter frolil P. O'Connor (:F:C) to L. DelGeor~e (CECo), C::cted 
SeptemJer 21, l S82. 

2. Let~~r from J. 1..1. Rausch (CECo) to P .. O'Conncr (:me), datec' 
~iovem~er 17, 1982, trcnsmating the Fine! Re~<:rt 1105 CECC-01. 
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:;J,:::-C'.223, lntegra tc:d Pl ar.: Sc 7ety hssessment Report, Sys te;:-,a tic 
Evaluation Program for Dresden Nuclear Pqwer Station, Unit 2, 
dated February 1983. 

Letter from T. J. Rausch (CECo) to P. O'Connor (NRC), dated 
Jar.ua.ry·lD, 1983. 

Letter from B. Rybak (CECo) to R. Gilbert (NRC), dated September 12, 
1983. 

Thuilen, P., "Loads on Spherical.Shells," Oak Brook Engineering 
Cepartment, Chicago Bridge & I~on Company, August 1964. 

Letter from T. J. Rausch (CECo) to P. O'Connor (NRC), dated 
August 23, 1982. 
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