
TMI Program Office 

March · 1~ 1983 
4410-83-L-0052 

Attn: Mr. L. H. Barrett, Deputy Program Director 
US Nuclear Regulatory Commission 
c/o Three Mile Island Nuclear Station 
Middletown, PA 17057-0191 

Dear Sir: 

OPU Nuclear Corporation 
Post Olfrce Box 480 
Route 441 South 
M tddletown. Pennsylvanta 17057 
717 944-7621 
TELEX 84·2386 
Wrrter .. s On eel Oral Number: 

Three Mile Island Nuclear Station, Unit 2 (TMI-2) 
Operating License No. DPR-73 

Docket No. 50-320 
Polar Crane SER - Additional Information 

Attached for your information is additional information on the 
refurbished Polar Crane Safety Evaluation Report. This information 
is provided as a result of questions by your staff. NRC staff 
comments are listed by SER section number followed by GPUNC's 
response. 

If you have further questions, please contact Mr. J. J. Byrne 
of my staff. 

BKK/RBS/jep 

Attachment 

Sincerely, 

J§lf/fl:;Y 
B. K. Kan 
Director, I-2 

=-­
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CC: Dr. B. J. Snyder, Program Director- TMI Program OfficeO\ 

8303190302 830315 
PDR ADOCK 0'000320 
P PDR 

0 
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CoCJnCnt 2. 4 · 

-
Response 2.4 

Cor..rnent 3.1 

• 
Respoose 3.1 

Cor.-:nen't 3. 2 

!\eSf otlSC 3. 2 

Corr.:;-ent 3.2 

·. 
Response 3.2 

POLAR CRAN£ LOAD T£ST S£R 

(NRC Comments and Responses Thereto) 
(Comments listed by SER section number) 

Provide stress analysis of the D-ring wall at point of contact 
with stacked missile shields. 

·-A stress analysis is not specifically needed since the missile 
shields have previously been stacked on the D-rings safety using 
wood blocking to elevate them above interferences. The D-ring 
walls are designed for this function. The present plan substitutes 
steel for the wood blocks to avoid brin~ino co~~•Jsti~l~s into 
containment. For further information on design of the D-rings, 
see Section 3.8.3 of the FSAR. 

Provide a list of any exception taken to ANSI Standards for the 
crane and lift rigging • 

Exceptions taken to ANSI standards for the crane are cescribed 
in the Polar Crane Functional Description, 2-M72-MH02, submitted 
as Revision 0 to the NRC via 4410-92-L-0021 dated October 9, 1982 . 
Exceptions to ANSI stand3rds for lift rigging were provided via 
GFU:l letter 4~10-93-L-0004 dated January 4, 1983. 

Provide explanation of the statement, "Two individual t hough 
not redundant rope systeos." 

The main hoist rope system includes ~o lengths of rope tiec to 
two hoist drw;;s and throu~ a tander.1 reeved load block. The 
two ropes acting together are sized for t he original 500 ~en 
design rating of the crane. 

Provide a clarification statement to the effect that t he cra,e 
was originally designed to 500 tons. 

The original design capacity of the crane is stated in Section 
9.1.4.3 of the FSAR. 

Comment : itur e 3. 3-1 

?rovide ~, explana~ion of the load rating on t he Dillon loa~ 
cel l, including t he factor of safe~:t 'to ul ti~ate ( brec::.i~t) 
strengt~. Clari fy the ''pull to 220 tons . •· 

Respcnse Figure 3. 3-1 

ihe factor of safety on the Dill~ loac cell i s a 3 to yielc a~~ 
5 to ultir.ate :,ased upon a 20~ ton loao. 

1~e 0-200 ton Dillen load cells have been recali~rateu to 
w.!u~ure the range 20-220 tons . The wording "pull to ~20 tons'' 
refe~ to t he rr.cmner i n which the calibra·;::ion la~orator;; ,er ­
fonn~d t his tas~: . Furt~er detail of the cali~rution !:eGu~ncc 



• 
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would s:1ow. that routine calibration techniques were usee. 

: 

Co1.:~nt figures 3.3-l and 3.3-2 

P1~vi~e ~ analysis of loao-bearing ~ct~v~ in the lif: r!g­
gine to be usee:. !..ist desic;n r<~tin3:. and b:-e~:!nt streni;t!l. 

~es;onse fib~res 3.3-l and 3.3-2 

Co::-:-:.e~: 4.0 

Col'nT.'en: 4 .1. 3.1 

.'\ttachn-~n-: 1 provides a con.parison of de~itn stress versus 
alloHable stress or a factor of safety to yield and to 
failure of all the load-bearin& oerneers, excluding the heac l~~~ 
rii· The heac lift rit was designee for a 17C ton loac an~ 
testec tc 255. tons. !his lift rig has been u~ec to rer.~ve t he 
T!!!-2 heac tuice. 

htt~chi.~nt 2 provides an evaluation of c~sign loacs and stresses 
fo~ the RV hean and internals handling cquipr.~nt. 

Generul ccr-c.e:r:. !lo not use the wore "prot:a!.l.!li t y" without 
quanti f.! cation. ·Lither quanti=y tl:e various pro!)cClil! ties 
~~ntioned or provice u clarificatio~ to the effect t~at t~e 
terr.. '·proba!>ili ty•: should be interpreted to mea~ lil:eli!:ooo. 

The interpretation stated above is correct. !he l:ord · ·pro~.a:-­
~li ty" !s net oeant to :.e in~erpre~ec in the :r.i't:1e::at ical sc~!:c 
~ut rat~er is syno:'lor..ous dtl: '"l:ike!ihoot:. :• 

Last paragraph. Quantify any postulated release of radioactivity. 

Re~?onse 4.1.3.1 An excerpt from the head removal safety evaluation w~ich 
quantifies the postulated releases of radioactivity is re­
peated belo-.. ·: 

During ~ead removal activities, t~ere is ' remote pos­
sibility that th~ kry?ton-85 which is assumec to be in 
the reactor core may be released. This remainin& 
Y.rypton-85 may be securely trapped in the grain boundaries 
of fuel pellets or in intact fuel rods. An analy~is o! 
the potential release was perfonned, based on the follotdnr 
assur..ptions. 

Kryj)ton-85 inventory at shutdo,.-n Warch 28, 1979) is 
9.6 x 104 curies. 

Known release~ of krypton-as inventory are 44,600 curie~ 
(refe~nce 2). !his is the quantity released durin£ 
the June-July 1980 reactor building purge. All other re­
leases are negligible. 



The remaining krypton-as is decayed to January 1, 1983. 

- The offsite doses are based on an instantaneous release 
of the rer:laining krypton-as. 

An accident X/Q of 6.1 x lo-4 sec/m3 is used. 

These assumptions yield a maximum release of 37 400 curies 
of kryp;on-es. Using Regulatory Guide 1.109 me~hodology 
and cur~es to dose conversion tables, the maximum site boundary 
total body dose is 12 mrem. 

These calculations. are considered conservative since accident 
X/Q is used, when in reality, the purge will be isolated. 
Therefore, release meteorolog~, can be controlled reducing 
doses by as much as a factor of 100. Also, the assumption 
of Krypton remaining is conservative since RCS venting 
activities have not shown significant quantities of Krypton. 

:o~~~nt 4.2.4 (B) State the quantity of unborated water that could be deliveree 
to the sump as a result of load drops. 

Response 4.2 .4 (B) Attachment 3 provides the water volume by syste~ of those 
systems that could be affected by load drop. 

Comment (Table 4.2-1): Clarify the intent of using hazard elimination 
Catesory E. 

Response: 

Cor.~nt 5. 2 (2) 

~espcnse 5.2 (?.) 

Col':'.r.:~nt 7.0 

Response 7.0 

Co~rcnt A 

Response A 

Hazard eJ.1m1nat1on Cate;ory E \las used with the in­
tent to state t:lat analyses of postulated damage to 
safety-related equipment have shown that the con­
sequences of this damage are not signiiicant uith re­
spect to maintaining required safety functions as 
nated in the SER. · 

Provide s~ry of or reference to recent decay heat analyses 
regarding losses to am0ient at reduced RV water level. 

A sumoary of the referenced analysis is provided on Attachment 4. 

Include a description of the ND£ Program on the ~in hoo~. 

The NDI: of the tr~Bin hook will be performed in accordance 
with GPm~c procedure MTIS-004 Revision 3 and work package 
H00~3. These have been provided to the NRC. 

Clarify whether or not each indivual set of redundant mair. 
hoist brakes is capable of holding the test load. 

Each individual set of redundant main hoi st brakes is cap~le 
of handling the test load. 
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Cor:;ncnt B 

Response B 

Cor.:r.e:-;t C 

F.es;:>onse C 

Cot:r:e~t :; 

Res;:>onse D 

?eSt'C:'".S~ ' 

COCIIIIent F: 

Response F: 

Coment G: 

Response G: 

Will the purge be isolated during the actual lifting tirr~s 
of the load test? 
The purge system will be isolated during those times when a 
miss!le shield or the test load is actually being lifted by 
the polar crane. 

Provide a summary of laboratory test report on uire rope sample. 

A summary of the laboratory test is 1>rovidec! as Attachment s. The 
complete laboratory test is available for inspection at your request. 

Clarify what loads are served by the out-of-containrr~nt po~er 
supply breaker that would ~e us~e to interrupt power to the 
polar crane. 
!!CC-2-32A, the 4BOV supply breaker in question supplies 
pa.rer only to the polar crane. No other loads are supplied 
by this breaker. 

tX;:>lain the selection basis for the chosen load path as sho~n 
on the figures in Section 2 for moven:ent of the missile sUelds 
from the test load frat:~e to their storage location on the "B" 
D-rin&. Refer to figures 2.4-2 and 2.4-3. Specifically, state 
the reason!ng by which clocr.wise rotation was selected over 
counter-~lockwise rotation. 
Load path selection was based on ~axl~lzing the si~licity of 
rovements and rninimi:ing the number of manipulations requ!ree 
to transport the subject loads, as well as considering the 
load drop analysis as described in the SER. 

Provide an analysi• of load-bearing ..-hers of the load 
teat fr.me. List design ratings and brea~ing strengths. 

Attachment 2 of the first response to verbal comments 
provides a comparison of computeu stress versus allowable 
stresses for load-bearing .embers of .the test frame. 

Verify that riaging components associated with the load 
test have been certified to appropriate ANSI standards. 

Newly-desisned and/or procured slings associated with 
the load teat have baen certified to ~et appropriate 
~~Sl atandards. Other portions of the lifting assembly 
vill be verified by a combination of testing and in­
spections as described in Section 3.3 of the S£R. 
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• • 
"' Component nd Type of Cottputed Allowable 

Dravi\\G Detail Str .. a Stre11 (Ut) Stre11 (ItS I) 

Load lraae. •. 
Partial Plan C 

- \124 X 104 (4) • lend in& 12.8 24.0 
... 

Sbear 4.6 14.5 

- L'S .4 X 4 X\ Comprulion 3.4 11 .a 

Jolted Connections 
Load SpreadinR Frame 
7/8" +Jolts (20), Shear 12.2 30 
SECT. L 

Load Spreading Fraee Shear 20.4 30 
7/8" • !olts (24), 
SECT. E 

lase Plate for L1ft1nR Ten lion 19.9 44 
Plate a 
1"" + Bolte (18). 
DET. 2 

lase Plate for Liftina Tension 22.8 44 
Plates 
l"u + Bolts (16), 
~ECT. R 

Load PraM . Shear 14.8 30 
3/4 .. + Bolts (32). . SECT. D 

Welded r.onnecti~n• Shear 10.5 21 
Load Spreading Frane 
3/8 .. Fillet \o!eld, 
SECT. L 

Load Spreadin& Frame 
7/16" Fillet Weld, 

Shellr 14.1 21 

SECT. 1t 

Liftit'g Pl atee Tenaton 4. 7 21 
3/4" Parial Pen. t.relct, 
DET. 2 
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...,....... .. .... 
• ~ . . . 

COPtpODQl liU'd • 
nrnina htatl . 

2 

Lift~ftJ Platea -: 
3/4" Partial Pn.· Veld, 
J)!'f. 3 .. 
lot .. : 

Type ot 
Stre .. 

tenaiOD 

~c.M)Itt~ed Allowable 
Stre ~:t ••• t:;.:I=.SI::..~)r...-____ .......:;S.-tr;.;e;;.:::I;.::;I-..(IS--.:l"')-

6.5 21 

• ·-

1. to.puted atre•••• are based on a vertical . de~ign load of 220 tone. 

2. Allowable atreBftCI are ba1ed on the lateBt edition of the AtSC "Specification for the 
Deei,u, Fabrication and Erection of Structural Steel for Buildina•·" 

3. Vire r~e• and fittings have a factor ~f aafety Kreater than S vith respect to their 
ulti .. te atr~~th. 

4. Any load teat a•~~bly components not li~ted in the above table are aecondary .. mbers 
provided for lateral aupport only. 

5. The exi1tin~ head and internals handling fixture as1em~ly •nd turnbuckle pendant 
a••~blies ah~ on dravina 2-r~P-1301 vere furr.iahed by I&~. Theae components vere 
desianed for a lifted load of 170 t~n• and vere load-te1ted to 255 tona by B&Y. 
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Collpcment and 
Dravins Detail 

10" + Cylinder. 
D!T. 1 

": 

• 

(2), 

Attachment PL (2), 
D!T. 2 

7" +Pin (2), 
D!T. 3 .. 

10\f" + Pin (1) • 
16ll Mark 228 

!ore Plates (2), 
!It: M.rlt 223 

Rotea: 

LOAD aLL •tccllfC 
(Shown Oft Drawina 2-coP-1302) 

Yield 1Jltiaate 
Safety Factor Safety J'aetor 
(Deaip Load, (Dedp Load, 
See llote 1) See Rote 1) 

3.8 5.1 

4.1 6.6 

4.0 5.4 

7.9 9.9 

4.1 6.6 

Paae 1 of 1 

Yield 1Jltiaate 
Safety Factor Safety J'actor 

C220 Tona) (220 Tcn~al" 

3.5 4.6 

3.7 6.0 

3.6 4.9 

7.2 9.0 

3.7 6.0 

1. The deaign load f~r the lo~d cell riggin~ components listed above 1a 200 tons. 

2. The a~ditional coaponenta ~havn in elevation vith the load cell ri,sina but r.ot liated 
in the table abov• are parte of the exiatfnJ 1nt•rnels handline e•ten~ion furniahed 
by B&~. • These e~ponenta vere deaisn•d for a lifted load of 176 tons and vere load­
teated to 264 tone by B&W. 
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Cotlponant and 
'DravinJ 'Detail 

Attachaant Plate (1) 
Shmm in DET. 5 

1~" • ~ire Ropea (4) 
Shmm in Elev. 

75 Ton "Wide Body" 
Shacltlea (2) 
Shown in !lev. 

J 3/4" Screv Pin Anchor 
mtacltlea (~) 
Shovn in !lev. 

Missile Shield Liftins 
Luss (4/panel) ahown 
on B&R Dvs. 4156 

Notes: 

J 

Paa• 1 of 1 

~ l =StL~ SR1!LD ~ICCIMG 
(Shovn on Dravin& 2-COP-1301) 

Yield . 
Safety Factor 
(Dubn Load) 

6.8 

fl/A 

N/A 

N/A 

3.0 

Ultiute 
Safety Factor 
(Deotp Loactr 

10.9 

5.2 

15.8 

12.7 

4.9 

1. Safety factora are based on a vertical desir.n load of 41 tona. 

• 
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'DII-2 JliCOVERY PllOGIAK 

IliAD ' tNTEJUW.S JWmLlNC EQUIPMENT 

DISIGN toADS ' STRISS 

IVAWATION SUMKARY 

. . 
Collpiled By 

J. G. Sparb 
Mechanical Enaineerina 

BABCOCK & WILCOX 
UTILITY POWEll CENDATION DIVISION 

LYNCIJUlC, VA 24505 

rDRUAlrl 1983 

Attachment 2 



• • "'! • • At.:· ~hant 2 
Plo'!' 2 of 6 .. , 

HEAD & lffT£RNALS HANDLING FtX'TUR~ ":~ ::rW:-' · .~ ... .'fOi.tHG EXTENSION -============= -.. ............ . - .. ..._._ - . _._......_._. 

1. The desi.an load for the Fixture and utenS10f! was IS follows: 

(310 .KIPS) X (3G's - Allowance for shock or f~act effect) 

2. Ttle allowable ttresses were as follows: 

A. Yttld stren~th (From no particular code) - Where tensile, 
btndtng. bearing an4 shear str~.sses were concerned. 

1. AISC Manual - Where coq~reutve and ~ld stresses were con:erned. 

C. AJSC Manual - Where combined (Compn!ssive and bending or tensile 
and bending) stresses were concerned except that in the equations 
the ¥feld strength (Fy) was used for Fb and .6Fy. 

· • 1\IRNBUCKI.E PEHOANT 

1. The design loads were 120 KIPS for the turnbuckle and 360 KIPS 
for the remaining part numbers. 

2. The allowable stress for all part ntlllben except the turnbuckle 
was the yield strength (from no particular code). 

3. The proof (rou~hly, yield) and ultimate loads for the turnbuckle 
wtre 244.4 KIPS (S.F.2 x 122.2 KIP safe working load) and 611 KIPS 
(S.F.5 x 122 •. 1 KIP safe working load) respectively. 

HANDLING FIXTURE SLING 
• 

1. The destgn loa~ was 360 KIPS 

2. The ultimate load for the wire rope was 818 KIPS. 

• 
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Attac:h.ent 2 -. - '· . • ! Pase 3 of 6 
. . 

I . \ . . ' 
' • • HEAD MD INTERNALS HAIUING FIXTURE ACTUAl. YS. AUOIMit.E S11£SS£S (lSI) . . . . . 
' 

~- . 

I Combined Veld Jteld Ultt•~ 
Part Tensile Bending_ Stress CQIIPresstve Shear Stress lelrint Strength Strengtl 

l No. ft ft fb fb Factor fa Fa fv fV Act. All. fp Fp Sy ·. Su 

. 2471248 20.3 36 11.6 36 . 89 < 1.0 36 58 I - - - - - - ,. - -' 

f 

' 249 21.3 36 :98 < t.o 11.6 34.8 
,. ' · 36 58 - - - - - - - -r . 

I 245 - - - - - 10.3 20.1 - - - - - ; . - ' 40 70 
~ , . 
• t 
I 

. 11.4~" l 241 9.6 36 6.6 36 - - - 6.6 ~ 36 - .. - 36 58 
(Tea rout (P/N 320 .. 

~ by P/N 320) Agatns~) 
r P}N 241 ". I 
I 

' 100 1 .. 1 
L 

320 12.5 ~'&& " 
~ - - 18.2 66 - - - 8.3 66 - -• 
l -· t 

I . " 

5I .I 241 to 247 . - - - - - - - - - 11.4 18 - - 36 
I and 249 wld ·: . 
~ 

I 251 . 1.5 40 - - - - - - - - - - - 40 70 
I 

I t 
242 8.4 36 

,. 
36 58 J • - - - - - - - - - - -. 

' 
: 249 to : - - - - - - - - - 13.2 18 - - ' 36 58 

243 weld .. " .. 

240 20.7 36 - - - - - 18.7 36 - - 28.7 36 36 58 
(Tea rout) (Ptn ~ 

Bearing). I 

247 or 248 - - - - - - - - "' ~2 18 - - 36 58 
.to ~0 weld -

~-- - - .. --- -
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Part Tet~stle 
llo. It _ft 

223 24 36 

224 23.3 36 

222 34.4 50 
* 

. 
228 - -
229 - -
230 - -. 

Attacb.ent 2 
Page 4 of 6 

INJERIW.S HMOI.ING EIJEIQIOI! AC1UAL YS, AI.I.OIM£ SIR£5SES liCSil 

. 
Yftld 

Shear BearfftCI lendinG Strengtll 
fy Fv TP fl) fb fb Sy 

21.1 36 23.6 36 • - 36 
(Tea rout} (P/N 229 

Against P/N 223) 
,. 

20.9 36 28.7 36 - - 36 
(Tea rout) (P/H 230 .. Aqafnst P/H 2241 • . ,. 

30.5 50 38.2 50 - - 50 
(Tea rout) (P/H 230 

* Against P/N 222) 
* 

6.2 40 15.7 40 12 40 40 

14 ' 66 23.7 66 41.1 66 66 

17.6 66 28.~ .. 66 33.8 66 66 ' 

~-

U1tt.ab 
StNftltt 

Su 

I 58 

58 .. 

" ' 

70 

80 

100 

100 

*Effect of part ntllbers 225 and 226 and associated wlding was neglected tn the calculation of this stress. 

• 



hrt 
No. 

375 

376/377 

• Attact.ent 2 
Page S of 6 

11RBJCII.£ P£JIWIT ACTUAl: VS. All!!Bi £ STRESSES (KSI) 

SMII" Tbread P1n Y1eld · . 
Tensile Tea rout Shear Bearing_ Strength 
ft Ft fv FY fv FY fp Fp . Sy 

9.9 36 8.9 36 8 36 12.2 36 36 

43.2 si - - 10.& 52 - - 52 

" 

• 

Ult1Mtl 
Stnngtll 

Su 
I 

' . 58 

!0 



hrt .... 
Open 
Socket 

Closed 
SOcket 

5\• Dta 
Pfn 
-· 

Attach~~ent 2 
Page 6 of 6 

..WU.IIIG FIXTURE SlttG f"tD FtnniG AC1UAI. VS. ALLOWABlE STRESSES (lSI) 

Shear Tensile Bearfnq Bndfnq 
Y1e1dth 

Streng 
fY FY ft ft fp Fp _fb F_b Sy_ 

8.9 50 16 50 13.7 50 ' 50 - -(Tea rout) . . 
9.2 50 15.9 50 12.5 50 - - ,· 50 

(Yearout) • 

8.3 40 - - 13.7 40 18.2 40 40 

~- ----- - - - ---~ - --- - ---- --- ~~-- ~-- - - --- - - -

Ult1•te 
Strength 

Su 

80 ' 

80 
" 

80 

*AssliiiPtfons concerning socket geometry and socket and ptn •tertals were •de; therefore, the 
actual stresses fn thfs table are subject to ver~ftcatfon. · 

,. 

.. 



Attachment 3 

Water Volume for Unborated Water System Inside Contai~nt 

1) Reactor ·Building Fire Protection: FS-V639-FS-V637, Penetration Uo. P.-543, 
1,800 ga].. 

2) Reactor Building Demineralized Water: Penetration No. R-535, DW-V3l-DW-Vl41, 
100 gal. 

:-

3) Reactor Building Nuclear Services Closed Cooling Water: Penetration tlo. R-557 
and No. R-058, 900 gal. 

4) Reactor Building IntermediatP. Closed Cooling Water Penetration No. R-563 and 
Uo. R-067, 500 gal. 

5) Reactor Building Normal Cooling: 

A. Inside the Reactor Building - Penetration No. R-577, R-579, R-580, R-584, 
R-587, R-588, R-585, R-581, R-582 and R-578 (normal cooling coils), 
6,400 gal. 

B. Total Reactor Building Normal Cooling - Volumes consisting of Part A 
plus the volUffie outside the Reactor Building, 12,200 gal. 

6) Secondary Side of SG Including Steam and rw Piping, 41,000 gal/loop. 
B Generator drained and A Generator at head removal level and HS and rw 
lines drained, 12,488 gal. 
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TMI·Z DECAY HEAT REMOVAI._Ul::PORT 

iof Aprfl 1982 

Abstract 

Introduction 

Stgntffcance of Qufck Look Data 

As~ttssment of Existing Models 

Contents 

Conservative Analysis Drafndown to Head Removal Level 

Identification of Conservatis. 

lest Estimate Analysis Draindown to Head Removal Ltvel 

Conservative Analysis of Draindown to BOttom of Reactor 
Vessel Houles 

lest Estimate Analysis of Draindown to lottan of Reactor 
Vessel Nozzles 

Summar.y and Cor.clusions 

. - .. . . --· .. - .. .....- ........ 

• 

• 
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3 

4 
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I 

8 

10 

12 

13 

14 

16 
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ABSTRACT 

A conservative calculation of equfltbrfua temperatures and htatup ratts 
for tltt ructor coolant Sl'Stell (RCS) drafndC*n to head ,..,val level (321.5 
ft. elevation) has dtttrwined thlt the drafndown With no supplemental heat 
rtiiOYal can be accomplished after Dec.-.r 1, 1982 without excnding the t.... 
perature criterion. A st•tlar conservative analysts for RCS drafndown to thu 
bottoa of the re~ctor vessel nozzles (314 ft. elevation) supports drafndown 
after Januaey 1, 1984 without exceeding the temperature criterion. The crtwrfon 
ts that flutd temperatures do not exceed 170•f. 

Thill conservttfvt calculations -.re .. de with .odels originally developed 
tn the TMI·2 Decay Heat Retnoval Analysts of Aprfl 1982. In addition, best 
estf.ate .odels, benchmlrked to temperatures ~easured following the partial 
drafndown for the Qutclt Look inspection, were developed ar:ad used to predict 
the expected rtactor coolant system heatup foll~ing the drafndown to head · 
removal level and drafndown to the bottom of the reactor vessel nozzles . 
The best tstfmate models predict that drafndown with no supplemental heat 
removal can be accomplishtd after De~~r 1, 1982 for both drafndown levels 
without exceeding the 170•f temperature criterion. 
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INTRODtrriON 

1bi1Ml-Z reactor has been 1 n the *cay Mat natural cfrculaUon cooling 
.,de for the past several years. In July 1982. the .reactor coolant system 
(RCS) ws partially drained to p.na1t access for the Quick Look inspection. . . 
The aut step in the recovery process called for draining down the RCS furthur 
to allow nmoval of the reactor vessel head. An analysts was perfo~d to 
•tan~ine whether the TMI-2 decay heat loss to cont&i,.nt 1s sufficient to · 
support the RCS draindown to held removal level (321.5 Ft. elevation) without 

uceedtng the tef11)1rature criterion. It was concluded that the ~raindown to 
rwactor head nmoval level can be acCOiq)lished after Dec•ber 1. 1982 without 
exceeding the 170°F criterion. 

An additional analysis was performed to detenaine whether the lMI-2 
Nactor decay heat loss to containnent fs sufficient to support the RCS dratn· 
down to the bottom of the reactor vessel nozzles (314 Ft •. elevatton)"w1thout 
exceeding the temperature criterion. The temperatures predicted with the 
Aprtl 1982 conservative models for December 1. 1982 and July 1. 1983 draindo\m 
elates exceed the 170°F criterion. This ts the result of the large degree of 
conservatiSJI fn the decay heat gener:atton. heat transfer. and heat capacity 110dels. 

Tw best estimate models have been developed for draindown to the reactor 
vessel nozzle levelr one including the hot legs• and steam generators• heat 
transfer a~as and heat capacities and the other not including then. The 
reason for bo best estimate models 1s uncertainty whether the steam genera~rs 
wuld be in effective thennal comnunicatton with the core with the cold legs 
no longer full. Both best estimate .,dels. however. yield temperature predi-:tion 

•11 below the 170°F temperature 11•1t. 
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SIGNIFICAffCE OF QUICK LOOK DATA 

Du1"fng the 1110nth following the draindown for the Quiet loot inspection. 
tM RCS water tenperature and reactor building amfent teaperature wre 
•nttored dafly. These data differ significantly fran t ne data upon which 
tM THI·2 Decay Heat Rer.aval Analysts Report of April 1982 was based fn tha't 
tM new data depict the dynamic temperature response of Ute RCS rather than 
•snapshots• of equilibr1YD temperatures. The advantage of the dynaaafc data 
fs that ft provtdes an indication of effective system heat capacitY which · 
study·stata data cannot. The syste heat capacity in turn provides an fndl· 
catfon of how ft.IC.'l of Ute RCS fs involved in the heat transfer process. Thus 
tM new data prov~•s an opportunity to further refine the existing analytical 
-*ls and increases confidence fn analytical predfc.tfons. -

' 

Page 5 

-·· . ... ...... .. .. 



• 

. ·. . . 
• 

AI 1 ff~t step, tiM Qutdt Loot drafftdown· was sf1111lated wfth the analytical 
.-1s fraa~ the Ap,.fl 19£2 analysts. Tlae RCS heatup titus ulculatad wu then 
compared to the MasUI"ed Rts teaptntures to assess the degree of conservatism 
fn tile exfsting analytical I!Ddtls. The COIIIPirfson of tile predicted and aeasurtd. 
t.npe,.ature trends b shown on Figure 1. As upected, Ute extsting 110dels 
predfct flight,. RCS tamperatures than actually •asured. Thus 1t can be con­
c1udld tllat tile 110dels developed tn the Ap,.fl 1982 analysts are conservative. 
lach 110del wfll be dlsc..tbed briefly. 

Tht exfstfng .,dtls to be used fn thfs usessa~~nt, decay heat generation, 
Mat transfe,., and heat upacfty, were those developed in the April 1982 analysis 
to predict RCS temperatura afte,. partial dra.fndoWn. 1'he decay heat 110del 
provfdes a conservative calculation of core powe,. based on AHSI/AHS 5.1 - 19~ 
standard i.thodoloi)Y. The decay heat powe,. values fo,. the tfaae frame of 
fnterest are shown on Figure 2. 

The heat transfer •del ass~ heat to be transferred only through the 
nactor ·vessel walls, lower cbnl, closure head, and hot legs. This IIIOdel does 
not allow lf\Y heat transfer through the steam gener1tors or cold legs to assure 
conservative results. Thus only the ructor buildfng .-lbient air temper1ture 
fs needed to predfct RCS bulk water temperatures. The Nactor building amient 
temperatures used 1n both the previous and the current analyses are from the .. .. . 
1MI-2 dlfly logshetts. ·.since only one nacto,. buflding temperature was rwcorded, 
tt was necessarily ass~~~~ed that the lllbftnt at,. teaperature ts constlnt through- · 
out the reactor bu11dtng. (Tite April 1982 analysts further ass.-d that w1ter 
fn the reactor buflding synp was 60°F and that both RCS loops a)nts-fbute to 

heat transfer, and also averiged ~ratures fo,. nodes between ••sured 
tenperatures.) The conservative heat t .. anife,. IIOdel used fn the clm"'nt 
analysts fs s..-rtzed tn Table 1. 
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.. .. . . The hut capacf~ .:Kill includes only t:. _. ... 
wtth the hilt transfer .,del. i.e •• only til~ •.)c~; ... ~~1 \m:J the water con­
tat ned fn ft. Thfs produces a conservatfW.ly .... 1 ~ ·,.;; ~~·heat capacity wtnch 
results fn a fast RCS heatup. 1M heat capacitY .,del fs IYIIIIr:fzed in Table 
2. 

Haring shown the ufstfng .clels. to be conservative. the drain down to 
Nlctor vessel head ,_,val level can be simulated. The equflibrfllll tempera­
tures and heatup rates thus calculated should be appropriate for 1fcens1ng 
•*1ttals. · 
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CONSERVATIVE ANALYSIS OF DRAlNOOWN 
TO HEAD REMOVAL LEYEL 

I 
Using the mde1s as developed fn the April 1982 analysts and as described 

fn the preceding section with slight .,dification. the further RCS draindown 
to reactor vessel head removal level was simulated. The IIDdifications to 
reflect the further drat ndown were a reduction in heat transfer area and a 
reduction in system heat capacity. ·It was asswned that no hut would be 

transferred through the ractor vessel head when drained dawn. This ass~­
tion reduces the reactor heat transfer area by 170 square feet. In addition, 
the lowering of the RCS water level reduces the syst~m heat capacity: The 
resulting 110dels are shown in Table 3. 

Tht objectfvtt of thfs analysts was M-fold:. 

1) To detennfne the equ111br1wn RCS bulk water temperature on several 
specific dates given the reactor building llllbtent temperature. 

2) To detemfne the RCS heatup rate starting at specified initial 
tenperatures on specified dates • . 

The dates fn question are DeceriOer 1. 1982, July 1. 1983, and January 1, 1P94. 
The reactor building ambient temperatures are 70°F in winter and 85°F in 
l&~~mer, and the initial RCS temperatures are 100 and 130°F. 

The .. thod used to calculate the equilibrium RCS temperatures fs basec 
upon the equation: Q • tUA(~-tAHB) 

where: Q fs decay heat 

U fs the air sfde ffl• coefficient (since ft is dominant) 

A 1s the surfac:.e area 

tacs fs the reactor vessel b~lk water teaperature 

tNB fs the reactor bufldfng •tent temperature 

This equation can be solved for ~ since the values of all the other terms 
IN known: . 
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TM results of Ute equtlfbrf• RCS ~!'tl~·l\tut?. .,_,, .. ~~b tttth the RCS 
drained down to head I"'IIDval level are as .J.i; itM: 

1!!!. 
Dtc-.r 1, 1982 

~111. 1983 

.January 1. 1984 

I 
£gufl1br1&111 "t:S Water Temperature 

115.,0F 

158.o0F 

130.:f»F 

It fs significant to note that all of these equ11fbrf~~n temperatures are less 
than the 170°F crt terfon adopted to •fntain a PoSitive •rgin to boiling. 

The aathod ustd to calculate the RCS heatup rates following draincfown 
1s based upon the equation: QHET(t)•tmcp(~-~) 

w"-re: QNET(t) fs the difference between decay heat generated and heat 
transf,..-red out. dfscr.tfzed by tfee 

DICP 1s the system heat capacf ty 

'a 1s the RCS water temperature In the current timestep 

trc£xr 1s the RCS water ttmperatur. for the _next tfr.estep . . 
This equation can be rearranged and solved for sequential tfmesteps to calcu-
late the RCS heatup rate starting at a given initial RCS temperature: 

~xr·t,row + QHET( t)/nnc:p 

The results of this analysis of llatup rates are shown on figure 3. The 
temperature traces are asymptotically approaching the equilibrium temperatures 
calculated above. 

The results reported fn this section support the conclusion that the 
RCS can be drained doNn to reactor vessel head I'IIDDval level without uceeding 
the temperature criterion ifter December 1, 1982. These r.sults, hoNever. 
art conservative and an not expected to be observed during the actual RCS 
drafndown. Ttte next seetfon identifies the sources of the conservatism ·tn 
these results in preparation. for a best-estfllllte calculation of temperatures 
that are expected to. be obstrved durfng the RCS draincbm. 
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IDENTIFICATION OF CONSERVATISM 

In order to quantify the degree of consei"YYtism in Ute results repol"tad 
tn the preceding section, best-estiute ~els for decay heat generation. 
system heat capacity. and heat transfer were genented. The Quick Look 
teq)erature data w:Js used for benct.rttng best-estimate type IIIDdels;. Once 
these 110dels were developed. tempentures resulting from the RCS draindown 
to ftactor vessel head I"'IIIIVIl level were calculated • 

1. O!cay Heat 

The ANSI decay heat prediction •thod fs belfeved to be very consenative 
1n its trutment of the neutron absorption fact,r (G factor) which causes 
hfgh decay heat p~ictions during the tillll fr1111e of interest. The lMI-2 
decay heat analys1$ based upon Ute LOR-2 code (the BIW version of ORIGIN) fs 
estimattd to provide a 10re realistic prediction or best-estimate of the 
decay heat power levels. A camparfson of the LOR-2 and ANSI based decay heat 
power levels fs shown in Figure 4. The LOR-2 based decay heat power levels 
wre used for best-estf111te purposes. 

11. System Heat Capacity 

The system heat capacity was expanded significantly to reproduce the 
shape of the ~~easured Quick Look temperatures. The physical description of 

· the best-estimate ~ystem heat capacity fs shown on Table 4. Minor core and 
reactor vessel fnt.Jrnals contributions .,.. added along with hot leg ptpfng. 
Tht aajor new contributors, ttowver, were the steam generators and the prt•ry 
and secondary side water fn them. Only 50S of the total avatlable steam 
tenerator/water heat capacity. however. was needed to reproduce the •asured 
temperatur. trace. Thfs .. gnttude of effective contribution to system heat 
capacity appears credible and was Uus ass&~~~~d for best-esttmata JM'1)0ses . 
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• 
111. Hilt Transfer 

TM heat transfer IDCitl ~~ llf!l\'·!•\ded to r.afn consistent with tM syst. •t captcfty •dll. In addition ~·, the reactor wsse1, tJae new heat transfer 
.-1 fncl~ all of the hot legs and the ste• generators. Sfnce tM hot 
1tt to llllbfent and stt• generatGr to lllbient taperatvre cHfference fs W-)t 
bown, 1 fa-ctor wa~ detennfned which could be applied to the core to ambient 
tlllperature difference to esti111te the effective hot leg or steu ttntrat:Or ,.. . . 
to llllbfent temperature difference. This f1ct.or, .27, balancu the he1t transfer 
to produce the ••~ured te1"111na1 taaperature at the tnd of the ·RCS htatvp. 
OM other reffnfllllltnt was •de to the heat tnnsfer coefficients. The constant 
val• coefficients developed 1n the April 1982 analysts were replaced by 
t1mper1ture dfffe~!ftce dependent air fil• co,.,.lations from the ASHRAE hand­
book. Th! best-estfaate heat transfer.,., thus developed is S&l!lllr1Hd in 
Table 5. 

1M Qufck Look draindown temperatures calculated wfth these best-estimate 
.adels aN compared to the •asured heatup ~!ratures in Figure 5. The 
agreement between neasurecl and calculated tempes·1tures fs excellent. These 
btst-est1Nte aodeis were used to si•late the ncs drafndown to reactor 
Wissel heed remova1 level. 
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. . . 

lEST ESTIMATE ANALYSIS OF DRAJIIIXJIII · • 
10 HEAD ROOVAL L£VR 

Usfng the best-estfute -*ls dtnlopecl fn the precedtng sactfon, the 

ltCS drafftdown to head f'81DYI1 level can be sf•lated. Only a few IIKtfffca· 
ttons were Meded to reflect the further drafndown. Tile systa IIHt capacity 
ws decreastd bott by tile lowered· wter level on the prf•r:r sf de and the 
usa.d camplete cratntng of the ste• generator secondary sfde water. Tile 
total system heat capacfty was reduced to 584,132 ITU/°F. Tile only change 
to the lteat transfer a»del was to ass ... tllat r.o hut fs transfetTed through 
tile closure head ca.. 

Ustng the s ... •thods and reactor buildfrg llllbtent temperatures u 
Mfore, but wtth the best-estfMte IIOdels, the fo~lowfng equflfbrf&ID tempiratures 
..,. detennfned: 

p.te 

Dlcember 1, 1982 

-July 1, 1983 

hutlfbrfu:~ RCS Uater Temperature 

111.~F 

120.1°F 

The July 1983 equ.11brflll temperatuN fs llfgller than the Dec811ber 1982 tempera­
ture (when ..,,.. decay heat fs befng generated) because the •tent temperature 
asswned for July 1s 15°F higher (~F versus 70°F). The heatup ntes calcu· 
lated wfth the be~t-estfaate 110dels ass1111fng an fnftfal RCS teqterature of 
100°F aN shown on Figure 6. Agafn the teaperature traces as1ft1Ptotfca11y 
approach the calculated equflfbrf1111 t.peratures. 
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Several modifications to the existing conserv~tive .ode~ developed for 
dratndown to head re1110val level were •de to reflect further draindown to 

tile bottom of the ~actor vessel nozzles. It was again ass•d that no heat 
..ould be transferred through the reactor vessel head tlhen drained dcMl. In 
addition. because of the even lower water level, no heat was ass1111ed transferred 
tllrough the upper shell, head support and closure flange. This reduced the 
Nactor heat transfer area an additional 390 squure feet and also lowered the 
system heat capaci~. (See Table 6) 

The equt11brhn RCS bulk water tetaperatures were determined for the 
previously specified dates and are as follows: 

1!!!! 
December 1, 1982 
.July 1, 1983 
.January 1, 1984 

£gui11brfum RCS Water Temperature 

118~0°F 
183.1°F 
151.1°F 

As the results above show, the existing conservative 1n0del s do not predict 
RCS temperatures within the 170°F temperature criterion until January 1, 1984. 
The temperatures fo~ earlier dates exceed the 170°F criterion. As noted on 
page 9, ~ver, these conservative values are not expected to be observed 
during the actual R~ draindown. 

The results of heatup rate calculations based on this conservative model 
are shown 1n Figure 7. The temperature traces as~totically approach the 
above calculated equilibrium ~ratures. 
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lEST ESTIMATE ANALYSIS OF DRAINDOWN 
TO IOTTQM OF REACTOR VESSEL NOZZLES 

Modtffcatfons to the best-estf .. te ladels p~fously developed were 
•de to reflect the further ctnfndown. The systen heat capacity was again 
•creased both by the lowered water level on the pri•ry side and the asswned 
COIDPlete draining of the steam generator secondary side water. Uncertainty as 
to whether the stea11 generators t«»uld be fn effective thermal coaauntcatfon 
with the core now that the cold legs were no longer full resulted fn the develop­
•nt of two best estiiBte IOdels: one including the heat transfer areas and 
heat capacities of the hot legs and ste111 generators and the other not including 
then. The uncertainty as to whether or not to include the hot legs and steam 
generators stems fro~~ uncertainty as to which of ~ possible heat transfer 
•chantsms accounted for the .conbrtbutfons the ftot legs and steam generators 
•de to heat transfer and heat capacity that were •duced. fro~~~ heitup data 

following the drain~ for Qufck Look Inspection. One possible heat transfer 
l 

•chanism 1s the convection of heated apor up the hog legs to the steam 
genttrators. Thts ~~tehanism t«»uld still function wfth the RCS water level at 
the bottom of the reactor vessel noizles. TM other possible ~~echanism fs a 
stratified convective circulation through the cold legs to the steam generators. 
Tbis •chanism would be interrupted by the reduced water level. Since the 
valtdtty of each of the two possible heat transfer ~echanfsms ts unknown. 
Two best estimate models are postulated. (See Table 7-10). 

Ustng the s~ 111ethods and reactor butldtng ambient temperatures as before, 
but with the best-estimate .,dels, the following equ11ibrf• teq»eratures 
wre determt ned: 

Date -
DICIIIbtr 1, 1982 
.July 1, 1983 
.January 1, 1984 

• E'uilibrfum RCS Water T~erature 
w hOt legs w/o t legs 
I Steg Gen ~ I Stull 6tn. 

111.8°F 148.,0F 
124.1°F 151.5°F 
104.8°F t28.5°F 
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Again, the July, 1983 equ11 fbrfwa teaperatures are 'higher than the December, . 
1182 te~perat~res because of the higher july ambient te~Perature (85°F versus . 
70°F). The ~tup rates calculated with the best-esttute llldels are shcMI 
tn Ftgures 8 and 9. These temperature traces also asymptotically approach 

the calculated equilfbrfua teaperatures. 

• 
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SUMMARY AND CONCLUSIONS 

loth conservative and best-est illite equ11 ibri111 tlllperatures and heatup ,. . 
rates have b•n detenained for draindown to the head renoval level and to the.·: ·~ · ·· · · 
bottaa of the r11ctor vessel nozzles. The equ11ibr~llll tenperatures and hlatup 
rates calculated with the best-estflllte .,dels are predictably lower than thoso 
calculated with the models from the April 1982 analysis. For drafndown to 
the head removal level (321.5 Ft. elevation). the conservative temperatures 
and heatup rates sh~ that RCS temperatures do not exceed the 170°F criterion 
after Decllllber 1. 1982. The best-estflllte temperatures and heatup rates are · 
felt to be more representative of the expected Rts teq,erature response to 

the draindown to head re10val level and are 1n the 110·120°F range. The 
conservative temperatures and heatup rates for drafndown to the bottom of the 

reactor ~essel nozzles (314 Ft. elevation) do exceed the 170°F criterion for 
Dlcetrber 1, 1982 and July 1. 1983. The best-estimate te~~P~ratures and heatup 
rates for this water level, however. aN wll lwlow the criterion for all 
specified dates for the models both with and without hot leg/steam generator 
heat transfer areas. 

lt is the conclusion of these analyses that, based on the conservative . 
.,dtls from the Apr·fl. 1982 analysis, the RCS draindown to reactor vessel head 
removal level can be accomplished without exceeding the· temperature criterion 

after December 1. 1982. Drafndown to the bottOm of the reactor vessel nozzles 
1s supported by thE conservative models , from the April 1982 analysis after . . 
January 1. 1984_ • .. Based "'on the best-estiute IDOdels, however. RCS draindown 
to the bottom of tt.e reactor vessel nozzles can be accomplished without exceeding 
the temperature criterion after Decellber 1. 1982. The criterion 1s that RCS 
bulk water temperature does not exceed 170°F to insure adequate •rgin to boiling. 
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.~nent · 

iottal Head 

TAIL£ 1 

Original Heat Tnnsfer Model 

Heat Tnnsfer C~ffcfent 
(ITD/tir-ttOF) 

.34 

P.cNer I lntenaedfate Shells 

Upper Shells I Flangu 

Closure Head Dome 

.72 
.• 71 

. . .19 

Hot Leg P1pfng .48 

TABLE 2 

Orfgfnal Heat Capacity Model 

,9!nponent Mass smttfc Heat 
'{[IR) ( /LBR-orr 

Reactor Vessel, 881,200 .115 
Head & Studs . 

Vater 248,500 1.00 

...... --···-v· . ...... ,..,.., . ~....._ ., 

Total 

. ,,..., 

SurfJ. ce Area 
\1t2) 

330 

160 

390 

170 

100 

Heat Caoac1t! 
(BTU/°F) 

101300 

248500 

349800 
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. 
Consei"Vath i :~J..!L :t.::• lt.·afaldown ---· ....-... 

to Reactor 'hs_!!!_ lt_~d nernovsl level 

1. ft!!t Transfer Model 

geponent - Ktat Transfer Coefficient 
(ITU/HR-n2-°F) 

lotto~~ Head 

Lower I Intenoedtate Shells 

Upper Shells I Flanges 

z. Heat Capacity Model 

ecmponent 

Reactor Vessel , 
Held, & Studs 

Water 

.... .... 

Mass 
tiJH) 

881,200 

213,487 

. .... 

.S4 

.72 

.71 

smtftc Heat 
{ /[8A=Of) 

.115 

1.00 

Total 

•••• • • 4 ........ . 

• 

Surface Area 
(ff2) 

330 

110 

310 

Heat cag;r.t ty 
(ITW ) 

101,300 

213,500 

314,800 
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~~~- ----~------~--------"·NM+~~,--------~--~-~--~-------- ·­
... .. list lstt•t.t Heat Clpacttx Mode1 . . . . 

For Dratndown To Reactor Vessel . . 

• 

i•ad Rf!OYil leyel 

. 
Reactor Ytsiel. Head. I Studs 

Core Support Ass.ely 

Pl 1m111 Assllllb ly 

Core 

Hot Leg Ptptng 

Hater (Reactor vessel I hot l~gs) 

Steam Generato" 

lllter (Prfmary stele of sm. ge.) 

(Secondary sf de of stm. gen.) 

Total 

Heat cagacfty 
(BTU/ F) 

101.300 

27.600 

n.soo 
11.100 

• 18.100 

170.500 

131.100* 

12.700* 

123.700* 

786.100 

* • Only 501 of the available stear.~ generator and water heat capacity 

assaned to contribute to sys~ heat capacity to match Quick ·Look 

•asured temperature trend • 

.• ... ,, 
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lest Estimate H~.. •• H.t~t· • for Draindown 
To Reactot; Vc..i:~ • . ,~!is·. . ... .. 'l~t_l .. J.evtl 

Coaponent flea~ Yn .. s·.:.:\~ Correlation 
(Rife:-ance) 

1) Ractor Vessel 

A. Bottom Held 1• 
I 

•• Lower I IntenDediate Shells 2 

c. Upper Shell I nanges 2 

D. Closure Head Dame 3 

2) Hot Legs 

A. Reactor Ytssel to Thei'IIIOCouple 4 

I. Candy Cane 

3) Steam Generators 

• • Heat Transfer Correlations: 

1 u-.10(6t)•33 

2 u-.t8(at)•33 

3 u-.22(6t)•33 

4 

4 

(BTU/HR-FT2-°F) . 

Surface Aru 
(h2) 

U) 

HO 

390 

170 

110 

sm 
5050 

• 

4 ~.22(.276t)•33 Hot leg/ambient and stm. gen./aflt)ient 
at tstiasated to be .27 of core/llft)ient 

. . -·· ·'' . 

At to •tch Quick Look measured temperatures. 

PICJI20 

.. , '·z. ;.s;.· ~·· ..• ;c. 



. . 
.. 

TAIL£ f 
I 

eonservatfve Models ' for Orafndown 

SO Bottom of Reactor Vessel Nozzles _ 

1. Heat Transfer Mode 1 

Iotta. Head 

LGMer I Intermediate Shells 

2. Heat Capacity ~ 

Component 

"-actor Vessel. 
Head, I Studs 

water 

. -- .... ..... .._.._ . -- ·· 

Mass 
llJR) 

881,200 

162,300 

...... 

Heat Transfer Coefficient · 
(BTU/HR-Ffo. F) 

.34 

.72 

Surface Area 
(no) -

330 

HO 

SHcffic Heat 
( U/lBflt-of) • 

Heat Capacity 
(Bfu]of) 

.115 101,300 

. 1.00 162,300 

Total 263,600 
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. =· • TAILE 7 

~st Estfmate Heat Capacity Model for 
Dr_t_t_nown to BOttom of Reactor Ve:.se1 Nozzles 
---uJtfi Rot Leg & Steam Generator Areas 

Cc!lponent 

Reactor Vessel, Head, I Studs 

Core Support Assembly 

Plen&n Asslllbly 

Core 

Hot Ltg Piping 

water (Reactor vessel) 

Steam Generators 

water (Steam Generators) 

Total 

TABLE 8 

!!!at calfcitl 
(ITO/ ) 
12.100 

27,100 

11,500 

11,100 

11,100 

112,300 

131,100 

41,200 

509,100 

lest Estimate Heat Capacity Model for 
Dra1ndown to Bottom of Reactorvessel Nozzles 
---githout Hot leg & Steam Generator Areas 

Component 

Reactor Vessel, Hea.J, I Studs 

Cor• Support Assembly 

Plenwn Assembly 

Core · 

Wlttr (Reactor Vessel) 

.Total 

Heat Capacity 
(lfu/of) 

12,100 

27,100 

11,500 

11,100 

112,300 

313,100 
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TA8l£..J. 

-
~ 

ec.ponent !l•t Transfer Correlation- Surface Area 

1) 

2) 

3) 

(Reference) 

Reactor Vessel 

A. Bottom Head 1 

•• lower l lntcr~ed1ate Shells 2 

Hot Legs 

A. Reactor Vessel to Thermocouple 3 

•• Cancb' Cine· 3 

Steam Generators 3 

TABLE 10 

. 31st Estimate Heat Transfer Model for 
Drafndown to Bottom of Reactor Vessel Nozzles 

Without Hot Leg & Steam Generator Areas 

(N2) 

330 

HO 

110 

530 

5050 

Coq»onent Heat Transfer Correlation* Surface Area 
(Reference) (N1 ) 

1) Reactor Vessel 

A. Bottom Head 

1. Lowr I lntenned1ate Shells 

1 

2 

330 

160 

* • Heat Transfer Correlations: (BTU/HR-FT1-°F) 

1 U..10!At)•33 
2 Ue.18 At)•33 
3 u-.22 .27A~)·~3 . Hot leg/ambient and still. gen./ambient 

&t est1~ted to be .27 of core/ambient 
&t to •tch Quick look ~~easured temperatures. 
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SUI"''VNl ry 

Attachment 5 
Page 1 oi 2 

1. Th~ tensile teat data of the subj~ct wires tested CODpared very 

similarly to that of the new unused wire that was tested. •:he 

signifi~ance of this is that the tens~le strength for these 

vires appears to have be~n unaffected b) service conditions. 

2. SE!! analysis shows that the new and used wires · are similar except 

for the presence of surface residue (persumably from in-service 

and decontamination conditions). 

3. ~he EOAX analysis shows that the surface residue contains chlorine, 

potassiur and silicon. 

4. The microstructure examinations show no evidence of hydro~en 

daDaqe. Both new and used wire show an identical microstructure -

cold worked hi9h strength steel normal for th~ app\ication. No 

evidence of corrosion was observed in any of the samples: hence, 

th~ presence of chlorine has not caused significant corrosion to 

date. 

5. ~icrohardness data for the used and the control sample were similar. 

This indicates similar hardness, expected strength and lack of 

decarburized surface that would weaken the wire. 

Page 8 



l 

Attachment 5 .. 

As a qeneral assessment of the above data,the subject ·•ires and 

the new control •ample appear to have equivalent properties in terms 

of lift considerations. 

• 
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