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NUCLEAR SAFETY ANALYSIS CENTER
SEQUENCE OF EVENTS .
T™MI 2 Accident - March'ZB; 1979

COMMENTARY

The intent of this sequence of‘evenﬁsv(SOE)fcceﬁarca'by the Nuclear Safety
Analysis Center (NSAC) staff is %o present a' factual account. of the event
at the Three Mile Island, .Unit 2, nuclear power plant on March 28, .1979.
1t is not meant to explain why the cvehchoccurred'or‘to speculate on why
certain actions were taken. This SOE has been verified, when possible, by
raw data such as computer output, reactimeter data, strip charts, etc.
Events have also been identified and verified by thermal hYdraulic or core
analysis. Entries concerning radiation readings were the only ones which

" were not substantiated by raw data because of the unébailability of

readable, reproduced or original, strip charts at NSAC. Limited use was
made of interviews by others with persons involved in the event. NSAC had .
no first-hand interviews with TMI=-2 operators on duty' at the time.
Commentary as to why certain actions - were taken have been generally
omitted, except by inference. Certain actions may have been omitted if
they could not be confirmed, even though they have been reported by other

‘sources, as long as these actions d4id not appear to play an important role

in the event.

Appendices have been prepared to further explain the actions and remarks,
and to give a narrative description of the events from a thermal hydraulic
and core assessment viewpoint. System related appendices are not meant to
be independent system descriptions, but are written to clarify or amplify
remarks in the SOE.

In some cases, it has been difficult to interpret the available data and
the interpretation is still in progress. An example of this is the:
interpretation of make up pumps status alarms and ongincered latcguard
actuation status alarms. .
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WUCLEAR SAPETY ANALYSIS CENTER
SEQUENCE OF EVENTS
TMI 2 Accident - March 28, 1979

Plant Status Prior to Start of Bvent

TMI Unit 2 was operating at 97% power with the integrated control system (ICS) in full automatic. The mcto: eoolant -
system was opontinq with four, reactor coolant pumps at A pressure of 2155 psig. = Reactor eoolant makeup pu-p 13 wvas il'l:’:_v
sexrvice providing normal makeup and reactor coolnt pu-p seal injectioa ﬂov. Reactor coohnt mm letdovn tl.ov m‘

withdrawn. Resactor coolant system leakage was cpproxi,uuly 6 grem. m eoudensato -yttc- vn 090"“1'9 "’-*-h tvo
condmat. pusps snd two condensate booster pumps in service. loth tntbino ariven. tecd pu-pt wers in 80"100- m
pressurizer spray valve and the pressurizer heaters were in -umal ‘control while cpraytnq the prenurlur to equlm th'
boron concentrations between the pressurizer and the rest of ‘the reactor coolnt mtu. 'rhu 0‘1811“‘10" "“ necemrv
because of steam leakage past either the electromatic rellef. valve or the pnuuxizer safety nlm. ‘rhh lulusﬁ '“'
evldencod by periodic safety valve discharge header te-pentm alarms. L o L ﬁbf Sy

Openﬁ:n were experiencing difficulties in transferring resins from an 1;ohtod condensate polisher to the tecglv;x;g
tank. Attempts to free the plugged transfer line had beea in mgrou for about eleven hours. o = ‘
eI Unit 1 was in hot shutdowm for low power physics tuting tollovlag mmlinq. There was a vacuum on thecondcm: .andA

unxuhry stean wvas being supplied from Unit 2,



TIME EVENT
~-00:00:01 Condensate pump 1A & 1B (CO-P-1A) tripped.
(0400:36)
e e e e e e e —— ettt 8 TPART or
)
00:00:00 Feedwater pumps 1A & 1B (FW-P-1A & FW-P-1B)
(0400:37) tripped. "
00:00:00 The main turbine tripped.
§0400:37)
L 00:00:00 Three emergency feedwater mo-t, 2A & 2B
' €0400:37) (EP-P-1, EF-P-2A, and EF-p-28) started.
00100303 The pressure setpoint (2255 psig) of electro-

(0400:40) matic relief valve (ERV) (RC-2) located on the

pressurizer was exceeded.

EV

~and !!'-P—ZB) are olectnc -)to. &1ven pu-ps

u-fo ‘-k.' S.be The nt"of’cb‘n” Of th‘ mm‘ = -

REMARKS & REFERENCES

Ref. l.a., Appendix m,‘ po3.

ENT
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Ref. 3.a., t.xr, les. The ttipc were caused by lou A
teedwater pusp .nctlcn pnmm. !‘eed-—ter flow -as ‘

lost to both steam gemratorl.

Ref. 3;..._

Ref. 3.a. mu:uuc mrt o! thece m is c-nsed'
by the trip of both !eedvltcr ‘pusps. tlergency _ﬂf
feedwvater pu-p ) (xr-r-l) 1. s stoa- tnrblne arlm .
pusp, and c-ergcucy !eednet pu-pa ZA s 28 (zr-r-zn_‘-

valve lifted. . - - - '_
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Pressure began increasing in the reactor
coolant drain tank.

Secondary side steam pressure reached 1074
psig gn steam generator A and 1052 psig in

steam generator B.

)

The reactor tripped on hich reactor coolant °
system pressure. The nominal trip setpoint is

12355 psig.

Pressurizer heater groups 1 ﬂu-ough L
indicated off.

'27. Reactor eoohnt mtu premre mched 2344

. The hiqher reading of apptoxillatcly ‘2435 palg
. observed on the wide. mge reactor coolant cysm
.;-tzipchart could be cansed by asoto €0 paig bigher

. onrshoot dnrluq t.he upu preasm uctme.

. This event could signify the opentor‘a npoxted'
‘actlou of phcing the preuur.lzet heatet control 1n

¢ - the automatic mode to ntiqate expecced reactor A .
. coolant system pmaure mnsienu folloving any A
;mctor trip. - ' :

REMARXS & REFERENCES
Ref. 1.§. This was another indication that the ERV
lifted. Reactor coolant drain tank pressure at this.

time was approximately 4 psigs:

Ref. 1eu, 1.v. Pressures from the reactimeter .

_charts indicated that sc-a main lt.en-'safety ialvea
lifted. ' '

‘Ref. 3.3, 1.k, 11 = Secte 2.2.1, Appendix TH, p.-
psig at 0400:46, as huucated on the mctiuter.

mdinq at the start of ‘the’ event eouplod vith pen

Ref. 3.a, 2.¢ = Do 2. w N:PCS Ppo 2"5. 74“':'




TIME

00:00:12
(0400:49)

00:00:12‘
(0400:49)

00:00:12
(0400149)

Approximite

00100313
(0400:50)

00:00313
(0400350)

Reactor coolant system pressure decreased
below the setpoint value for ERV (RC-R2)

closure.

N -
Indicated pressurizer coolant level peaked at

256 in. and began a raspld &screase.

Letdown flow was stopped.

One Or WOre lttﬁpt-‘vcn mads to start makeup
pump A (MU-P-1A). The pusp did not start.

A condenser hotwell low water level alin was
received on the alarm typewriter. (Nominal

alarm setpoint was 22.5 in.)

.pp. 1. 3,6. 'rhh:tepundth.miarolnlthl

"lb!. 3.-. Appendleu cerH po 5'

FEMARKS & REPERENCES

Ref. 1.k, S.b, Appendixes ERV = p. 1, RCPCS - pp. 3,
6-7. The ERV should have reseated {closure setpoint
was 2205 psig), but it yemained in the full open.

position.

ut. 1.g. A womentary coolan® hmurgo followed hy a -
rapid coolant ontmxga is a n:ml event follovi.ng a

reactor tx;p. )

el AT
Iy - ~

-actiona tor openm to- uko a!tot :oactor trlp

HPI - ppe 1, 6, 7o
_ 'pp. 2"
13, The level was 21.72 in. Because of the 15 B
lecond scan mtonal ot thu pan-etet, tho :ctual

ahr- -ay have been nooived beton thu tlne )




TIME

00:00: 14
(0400:51)

. 00300:14

(0400351)

00300315

(04003:52)

00:00:15
(9400:52)

The emergency feedwater pumps (EF-P1, EFP-P-2A,
and EF-P-2B) low pressure alarms cleared on

the alars typewriter.

Pressurizer h?atet goups 1 through 5 indicated

OoNe

Steam generator A water level i_ndlcat.di 74 in.
on the startup range. Steam generator B water
level indicated 76 in. on the startup 'rih@.

The pressurizer spray valve (RC-V1) closed).

R Ref. 3.a, 2.0 - P. 2, Appcnd.lx m pp. 2. 3'5.

KEMARKS & REFERENCES

Ref. 3.a, Appendix PDS - pp. 12-13.

EP-P1 1237 psig
EP-P2-A 1471 psig
EP-P2-B 1445 psig

Because of the 15 second scan interval of these
parameters, these pressures were probably reached - A
before the time printed _ont. o R R

A low reactor ccolant systea pressure vith thé

heater control i.n autmtlc would cause the beaters O

m. tei, 2.¢ = Ppo 2, Aypendlx m ‘w. 5~6. i
This closure lndlc&t«! that the spray valve was -
responding nomuy to mctor coolant system

pressure transients and suppotta tho q)erator's

tepotted action of phcing the pressnriut sptay la
uutouuuc.- o et




TIME

00:00:28
" (0401:07)

00:00:30
(0401:07)

00:00:30
- (0401:07)

00:00:33
(0401:10)

. 00300541
(0401:18)

The condenser hotwell low water ievol alarm
cleared. (Nominal alarm setpoint was 22.5
1'\')

The ERV (RC-R2) and pressurizer safety valve
(RC-R1B) outlet teipoutmn_ alarmed high.

The reactor coolant system low preuuia trip
setpoint was reached.

Steam generator B vater level decreased to
28.8 in. in the startup range.

RV

Makeup pusp 1A (MU-P-1A) was started.

] p.z. herqency feedwater valves EP-V‘IIA s xr-vna

. S SRR MT el T 0 T
Lewrl Te . T TR e T T %

REMARKS & REFERENCES

Ref. 3.a, Appehdix C/FDH'— Pe S. The level was
26.44 in. The computer scan interval was 15 sec.

Ref. 3-c, Appendlx ERV - ppe. 3-4. o
_RC-R2 o 292.2°r A
 EceRiB 203.50? ;_Lii'f" 2
RC-R1B outlot te-peratute had bron openung close
to 1=- hiqh alar- -etpolnt prlor to tho xeactot ’
ttlp. Oo-puter scan h\uml was 30 oec. ’

Ref. l.q, S.b, Appeudlm arsc pp. 2-4. ms, B

thonld open uheu level. reach 30 lnche' Pieduater
was not adnited to the steam gemratom. hergency
feedwater block vlveo Er-vI2A and. u—vtzb, which - o
should have b«n open, wvere closed "~ This fact vu >

not recognlzed by the epentora at thh uu. ST

-

Ref. i.x. S.b, Appcudlcea orz'c - PP 2-3. ms -
Pe2e ‘See entq at oaono‘l. -

as oz

Ref, 3.a, -‘l.g. luth -akeup pumps lA & 1B opetatlnq, S
the pressurizer level ‘rate of. decrease slowed. . .



TINR

003;00:48
(0401:25)

00:00:58
{0401:38)

00:01:00
(0401:37)

00:01:13

(0401:50)

00:01:26
(0402:0))

EVENT

Pressurizer coolant reached an indicated
minisum level of 158 in.

A pressurizer low coolant level alarm was
received. (Nominal alarms setpoint was *
200 in.)

Pressurizer nicty valve (RC-R1A) cutlet
tesperaturs alarmed high.
A condenser hotwell high wvater level alarm wvas

received. (Nominal alarm setpoint was 36 in.)

The indicated reactor coolant drain tank
liquid tamperature was 83.5°p.

: that it vas a low temperature alarm g;.; had . -
cleared. o L

REMARKS & REFERENCES

Ref. 1.9+ Indicated pressurizer coolant level began

to increase.

Ref. l.a, Appendix P03 - pp. 2, 15, 12-13. Because
of the scan intervals and camputation involved with
pressurizer coolant level, ttisg alars typevrltct‘-’
entry lagged the actual pressurizer low level.

Ref. 3.a, Appendix RCPCS = pp. 3, 5-6.

RC-RIA . 29457
Ref. 3.2, 2.C = pe 3, 2.8 = pe 2, Appendlx C/FW = p._
5. Indicated level was 37.77 in. The cc-pu:e:scan ,

a2

interval was 15 'poc.

BT
t

Ref. 3.a. This alarm tr,nvdur ont.ry indicateq T
that the reactor coolant drain tank liquid returned
to 4 normal temperature range. Because of the heat _~-j‘),<_"

addition to the tank at this time, it is probable .. ..




TIRE EVENTY REMARKS & REFERENCES
@0:01:45 Both steam generatzzs boiled dry on the Rcf. 1.b, l.c, 1.4, l.e, t.u, 1.v. This event was
€0402:22) secondary slde. indicated by a steadily decreasing steam generastor
approximate secondary side mure while reactzmxr coolant kot

and cold leg temperatures vere incressing. Itfec—
tive heat transfer from the primary coolant to the
secondary systes is stopped when the steam genex—

- ators are dry.

@9:02:01 Engiasered safety featmzws for high pressure . Befe 3.8, 2.C - Pe 2, 2.0 = Po 4, TW Sece 3.3.2-%.
19402:38) hjactlou actuated. . Appendices ESF - epe 6, 7, 9, BPI —pa 9 ‘This was
caused by reactor coolant system peesswre droppimg :
below 1640 psig. ' o S
Nakewp pusp 1B (MU-P-1B) tripped. Yef. 3.8, 2.9 - p- 2, Appendix ESF -~ pp. H-15.

This is an automatic trip before high pressure
injection pumps A & IC (MU-P-IA aadl MD-P-1C) starxt.

earough ‘ . f l
Righ pressure injectioa pemp 1C (WU-P-IC) -7 — |
started sutomatically. Ref. 3.2, 2.9 - p- 2, Appendices ESF — pp. 9, W, o
HPI - p. 9. Pump A (NU-P-1A) vas already 0
operating.
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TIREZ

®0:02:18
10402:41)

®@0:03:=13

£0403:30)

20:03=13
10401:55)

0:03:2%
(6404:33)

aP:03:23
{P404:25)

Decaxy hest removal punps 1A & 1B (DH;P—lk &
oH-5-18) started.

The high pressure injectiom portion of
enginpered safety features was manvally
bypassed.

. . The reactox coolant dralm tack relief valwe

(Wn~&¥) lifted at approexismately 122 psig.
Bomfimal setpoint is 150 paig.

A rmchor coolant draim tamk high temperatune
alars was received.

A presuarizrer high coolaak lewel alarm was
recefived. (Bominal alamm setpoint was 260
h.’

‘ .

Ref. 3.a, Apendix ESF - gp- 2. M. These pumps
were running im a recircolation sod» and were oct

injecting vater into the rmactor cxlant system.

Ref. 3.a, 2.c ~p. 2, 2.9 ~ p- 2, Igpendices TF -
Pe 12, HPI -~ 3o 9. This action permits throttliag
discharge walwes of the high pressme injectiom
pumps and/cx simtting down the high pressure Smjec-
tion pumps. '

Ref. 1.j. This is an inferred eventt hased on tRe
reactor coolaat drain tark pressure history. ‘A
lifted pressarizer relief ar safety walve could
cause the reactor coolant dralm tamk relief value to
life.

Ref. 3.a. 7This is another #mficaricn of a liftmd
pressurizer relief or safety nl'g- Indicated
temperature was 127°F. Ompeter soam interval was
30 sec. '

Ref. J.a, I-g.lppen&icum—p.q,ms—nhz.

4, 12-13. The pressurizer ccolant Bewel as ]
indicated by the reactiseter vas 292.4 in. Omsgater .

scan interval was 15 sec.
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TIME EVENY FEMARKS & HEFESENCES
20:04:38 The ogpexatox s::r_:peﬂ» makecp poxp 1C (MU-P-1C) Bef. 3.2, Appendix BPI - gp. 4, 9, 2.4 - po 5, 2.m -
(3205:15) and thoroitrled the high pressore injectiom P~ 1. The pressurirer coclaat level rate cf rise '
isolatiom valwes (MD-VI6A & ¥I-¥16B). decreased. Hot leg tesperatures started to
imcrease, followed by an imcrease in cold leg
tewperatures .
20:04:52 Intersediizte cicsed cooling pomp 1A (IC-P-1A) . Befe 3.3. This is a noxrmal poeduril step priar to
{0£35:29) started. . initiatisg high letdown flow.
90:04:58 Analmuumlvedthatlztﬁanflwm Bef. 3.a, 1.h, 2.C -~ pa 3, 2-m — p. 2. Thiz alamm .
(0235:35) off scale. ” could fmdicate that letdowm flow was off scale high, }

90:05:00 Pressuriizer coclant level resched 377 in., de— ef. Yog.

(0805:37) creased momentarily, then amtinued to rise. : "N«'-k s L ‘
00:05:15 Condemsame pump 1A (CO-P-1A) vas started. Mef. 3a, Appendix C/FUM — p- 3- ‘ R 8
(0295:52) B
90:05: 15 A comBrasate Booster pump 23 {CO-P-2B) trip Bef. 3.2, Appendix C/FUS — p- €. Operators were .
(0485:52) sighal was received three times, followed by tryiag to reestablish seccodary plant operating cnn- i Q
tirough a trip clearimgy (wormal) sigual in each ditices. The inability to start the booster pemp - g
08:=06:29 instamce. ) ' was agparently caused by a low suction presssre trip
{(0407:06) ' whken the pusp started tmrming. .
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TE=95:30
3226 :07)
Bepzoxinate

ap=05:46
{aa6:23)

aD=05:51
(D236 :28)

aR-06:54
(©|m7:31)

ae=-06:58
(>a6:35)

e=092:29
{Bur8:06)

T=e indicated reartar coolant system hotleg
tewperature and gressure reached satmration
conditions of SE2*F and 1340 psig.

There were indicatizms of a liquid &lsrbarge
fran the ERV.

Fressarizer coolant level indication west off
3
scale kigh, greater than 400 in.

A letdowmn cooler WA high tesperature alarm was
eceived. (Noximal alarm setpoist was 135°F.)

_tgnbu-tlmc‘h:lonaalcndlﬂlated
T 7.4 gpe-

Feactor buildimg somp pusp 2A (WOL~P-2A) -

staxted. .
12

BEMAIXS & REFEREMC(ZTS

Reff. 3.d, 4.f, 1.b, l.c=

Brf. 1.j. This wvas evidenced by a ragid incresse in
the mmactor coolant drafm tack pressure which
imMicered increased mass flow corresponding tm
1igeid flow from the ERV.

Ref, '.9.

Beff. 3.a, 3.4, 1.h, Appexdix HPI - p. . This
alarm could be associated with high Retdown fhome.
Indicated temperature was 139°F. The computex Scan
isxterval was 30 sec. Letdnn flov is aatomatically
isclatted when this alarm is received By closuxe of
the letdown isolatiom vallwe (MWO-V-376).

Ref. 3.3, Appendix EPI - p. 2. Letdnm flow was
decarwing following closure of the letdam isolatian
valwe. Computer scam imterval was 30 sec.

Pef. 3.a, 2.c - p. 4, Appendices SP, BUOTES - p= 2.




00:08: &3
(04333:-55)

(0429:47)

00:-23:-58
(0489:35)

09:”:3
(0439:=52)

Emergency feedwater Block vallves 12A & 12
(ZF-VI2A and EF-WIZE) were cpeced.

FEMARSS & BEFERZNCES

Ref. 1.b, fuc, 1.4, l.e, 1.g. l.;, l.v & l.x, 2.C -
Pe 2, 2.8 ~pe 3, 2.€¢ ~ pe ¥ 2.8 - p- 1. Normally
these valves shoxld have beem cpem. Opening them
adnitted waitexr to the steas gemerators. Increases
in steam gemerator levels and pressares followed by
responses of hot amd cold leg tesperatures indicate
feed was establisiind to the steam groerators.

Ref. 4.4, Bgpemdix OTSG ~ po 3= The initiatiom of
cold cmeygercy fesdmater to the stean generator
multﬁhmﬁ&mdmmm
system temperatwzes and presmuzes. e

Ref. 3.a, ypeadix C/FDN - p= 3.




02:10: 15
{o419:52)

C00:z10=19
(04130:=56)
00:-10:=24

(8419:56)

00:13:=24
(0311=009)

throegh

00:11:43
(0312:=29)

00:39:=2
(0411:=25)

00:13:13
{0413:52)

Presurrizer coolant lewel iadication came Back
on scalle, less than £00 im. -

Reactux building scmp pomp 28 (WDL-P-23)
started.

Letdomm cooler outlet tesperature returzed o
- \

its mzosal range and the alaym cleared.

(3ozioal alamm setpoint wvas 135°F.)

Rakewp pump 1A (MO-P-1A) tripped and was re—
started three times.

A reactar building somp high level alarm was
receliwed.

Pecay heat Yemoval pusps 1A & 1B (DH-P-TA &
DE-P-13) were shut down.

REMARKS & RIFERENCES

Ref. l.g. The initiation of emergemcy feedwater o
the steam gmrevators could resaltr im coolant oot
surges from the pressurizer.

Ref. 3... Bypendix SP.

Ref. J.a. The temperature ses 123.7°F indicating
that letdown flow had been rzectzblished. The coo—
puter scaa Armterval was 30 sec.

Ref. 3.a. The pomp vas operatimg at the end of this
sequence. ’

Ref. 3.a, Appendix SP.
Indicated lesel was 4.65 feeX-

Fef. 3.a, Mgpeniix ESF - p. 2- These powps served
no functiom =t that time. )




02:=13:27
{2224:-04)

09:=34:48
(0a15:-25)

09=%4:50
(08Y5:27)

0= 15:43
(9435:20)

00z 36:=12
[0896:89)

The ccndensate booster pamp soction header
low pressare alarm cleazed. (Rominal alarm
setpoint was 15 psig.)

The reactor coolant @ralm tack rupture disc
WL-E25) failed art 1.8 psig.

At this time, reactor coolast pamp related

alarms began coming in om the alarm type-—
writex.

The condensate booster pumps m&m
gressaxe alarm wvas recelwed. '

A coxsnsate booster puwp section header low
pressare alarm wvas received. (Bominal alars
setpoint was 310 psig.)

FESeR3XS & REFERESCES

Ref. 3.a. Tie pressace was 17 psig. The compoter

scan imterval wrs 15 sec.

Ref. 1.j, Apgemdix ROFTSS - p. l. Desiga failore
pressure is 200%25 paig. Discharge throoch the
ruptured disc was to the reactor bzildicg
atmosphere. -

ﬁf. 3.a. These z2larws could indicste atwormal
reactor pusp cpevatiom caused by degraded conditioms
hthmmlnﬁqstniﬂmhlld— ‘
inge. mmfhhﬁﬁmsteﬁlly
decreasing since the Beginning of the event.

Ref. 3.a, Appenxdiz C/EDM — pe Se lﬂscha:pm
mmpslg..

Ref. 3.a, Appendix C/¥TW ~ p. 4. Indicated pressure s
was 4.8 psig- The cmeputer scam interval was 15 sec.
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TINE EVEWY FOUARKS & FEIYITNCES
fib= 39:23 Beactor Boilding Purge Air Exbamst Buact A Pef. 12.a, Appendixz @9 - pe 3- These ipdicatioms
QD20 : 07 Boniztor (HP-R-225) particulate d:—ml count appear to be the Tesalt of the resctor coolast &rafim
Egproxicate nteinaeasedfm‘lx\oztonﬂch.. tank rupture disc Blowout. )

Slight increases were also iadicated on the
Doct B Bonitor (HP-2-226) and on EF-9-222 .
" (befaxe the filter) and HP-R-228 (afvexr the

filter).
or=20:00 The isdicated source rangs asstyom flux signal M.C;t. This &gmrture was caaeed by the buildnpy
P28 :37) thm'.w-u-xnnauy ‘d.t.-vouhhehmu-. Soaxrce range CoOURt
gmwoxisste  for o Feactor trip. : =te laveled and them began & gradaal increase.
SDX=22: 17 The cperator depressed the resactor trio push- hef. 3.a, Appendix €X - p. R. !ﬁlsmutlmnj
Da2:54) Butten . 4 actios wvas in respemse to the cheerved abnormalities ,
W=22:44 Steam gemerator A watsr level iacressed to ' et 3;.. 1;q.M0‘m-p. 2-3. The daaigm
DEX3:21) spproxisstely 30 fa. ia the startwp range. mltmtwhnmlh_thmm

The bow level alarm cleared. =S reestablished.
m-24:58 !l.ll'aulittmm&&‘": Bef. 3.c, Appemdiz BCICS - ppe 3. 6-7. This was
os:35) Safety walves RIA and RIB read 263.9" and Cperator requested imformatiom. '
- ZP5. 7™ respactively. .- i




ee=75:44
(E2%=21)

(oa27:=33)

BC koop B inlet temperature 547.0°F

An m feedwater pomp 1 {ZP-P-1) low
discharge pwessure alarm was received.

C Eocp A ostlet tesperature 551.9°P
‘ ' -
BC Eocp B oxtlet temperature 550.9°p
iC Locp A imiet tesperature 548.1°F
IC Locp A ialet Wsn.o-r
IC Locp B ialet temperature 546.0°F
BC koop A wide range pressere 3840 psig.

ttﬂqldﬁ-t&mMﬁca psig.

| Stems quaerator B water level iIacreased to

approsinstely 28 in. in the staxtup range.

‘neh-lenlalanélam.

EEMARKS & REFERENCES

Ref. 3.a. Discharge pressare was 9 psig. m;_
could indicate thaz esergescy feed pump T was shet
down. Bo other status indication was available for

this pomp.

Ref. 3.c, Appendix PUS - ppe 13, 13-14. This was
operstor requestsd plant status informatiom on the
utility typevritez. Beactiseter tesperatmres are in
close agreement with these walues. ‘ ’

-
-~

Bef. 3.a, 1.x, Appesdix OTSG — pp. 2-3. Cmeditioss '~
for effectiwe beat resowal from the steam ,-etatnt :
were reestablished. - ' s



C oGS & SATIR Ak § 18

00:29:-23
(083D=29)

00:-85=23
{08SD=20)

Reactar Hrilding Air Seaple ¥onitor (ER-R-227)
gas chamel count rate incressed from ‘lx103 to
sx109 cgm and then decreased to =103 q:n.

Both emexgency dlesel geserators vere maroally
tripped d&uring the next 38 sec.

Radiatiom zeadings of the following momitors
increases and then lewveled cfff: gas channel
of Staotfamn Vent (HP-R-221A, -2218B) H, Rurge
Duct partfcle and iodine chanmels (HP-3-229).
Incore theumocouple (Locaticn 10-R) lnﬂlated
off scalx. '

- Emergency fieedwater pusp 28 (I¥-P-2B) was

shut dowd.

18

TEAEKS & RXFERENCES

Ref. T2.a, Appendix WM — p. 3.

Pef. 12.a, Appendix B - p. 3-

Ref. 3-a, Appendix CI — pe 16 Top Of the scale is = .

T T

Ref. 3.a, 1.q, l.x. Steam generstor A water level
indicared 35.3 in. im the startup range. steam
gesezator B water lesel indicated 40.3 in. in the
startop vange. These lsvelsmnotml tw shm
to maintain shutdown Devels in the ste;- geaerators.

~




TIEE

00:38:19
(0438:47)

00:38:1%
(04138:43)

00:40:00
(04:40:37)
Approxisate

00:46:23
(0447:08)
Approxisate

00:59:12
(0459:49)

© 00:59:29
(0459:58)

EVENT REMARKS & REFERENCES

Reactor bullding sump pump 2A (WDL-P-2A) Ref. 3.a, 2.c - p. 4, 2.f - p. 4, Appendix SP. This
was stopped. pump ran for approximately 31 min.

-Reactor building sump pump 2B (WDL-P-2B) Ref. 3.a, 2.C - p. 4, 2.f = p. 4. All pumpimg of
was stopped. water from the reactor building to the zuxiliary

building was stopped. This pump ran for appauxi-
mately 28 min.

An increasing oo:mt. rate comtinued to be Ref. Appendix CI - p. 12. This increase was csused

indicated on the source rangs neutron by the decreasing denmsity of the coolant pasxiag ‘

detector. through the reactor downcomer annulus which shields
the core. - :

Letdown Cooler A Monitor (IC-R-1092) count Ref. 12.8, 2.C¢ ~ p. &, 2.0 ~p. 7, Appeﬁdlces -

rate began increasing from approximately 2000 pe 1, ROUTES - p. 3. ‘ o

cpa and reached over 2x104 cpm about 40
ainutes later.

The condensate booster pusp suction header low Ref. 3.a, Mppendix C/FDW - p. 4. Pressure was 89.2
pressure alarm cleared. (Nominal alarm set- psig. The computer scan interval was 15 sec.

point was 15 psig.)

A condensate high temperature alarm was Ref. 3.a, Appendix C/FPDW - p. 4-5. Indicated
recelved. temperature was 118.5°F.




-

TIME

01:00:49
{0501:26)

01:13:23
{0514:00)

DI:13:29
(0514:06)

®1:20:31
10521:08)
through
01:20:58
(0521:35)

01:30:00
€0530:137)
Approximate

Condenser circulating water pumps 1B, 1C, 1D,
& 1E (CW-P-1B, CW-P-1C, ON-P-1D, & CW-P-1E)
were shut down.

The alarm history was lost until 0648:08.

Reactor coolant pump 2B (RC-P-2B) vas stopped.

Pressurizer Relief and sgfety Valve T
Temperatures '
oy RC RV2 ~ 283°r

Safety valve RC RIA - 2%1t°p

Safety valve RC R1B - 218°F

Beactocr out-of-~core intermediate range neutron
instrumentation channel NI-3 came on scale and
began increasing. '

 REMARKS & REFERENCES

Ref. l.a, 2.4 -~ p. 9, 2.f ~p. 2, 2.n - p. 4,
Appendix STEAM DUMP -~ pp. 2-3, 5. Steam flow
control was shifted from the turbine bypass valves
to the atmoapheric dump valves.

Ref. Appendix PDS - pp. 12-13.

Ref. 3.f, %.m, 2.c -~ p. 5, 2.4 - p. 5, 2.¢ - p. 5,
2.n - p. 6. Secondary side steam pressure in loop B
bagan to érop sharply, indicating stagnation in
reactor coolant system loop B flow.

Ref. 3.f, Appendix ERV - pp. 3~5, RCPCS - pp. 3, 6~
7. This was an operator requested computer printout
of relief axad safety valve outlet tenepntutca'. RN
wvags not recognized that the ERV temperature indi-
cated that the relief valve was open.

Ref . ‘of. 2.4 - Pe 6, wndi‘ CIl - Pe 12. This
response was consistent with the steadily increasing

source rasge count rate.

20




TINE

01:30:40
(0531:17)

‘01331122
(0531:59)

01:32:04
(0532:41)

01:32:19
€0532:56)

01:34:10
(0534:47)

01:34:16
(0534:53)

There vas a marked increase in secondary aide

steam flow from steam generator A.

Secondary side steam flov from steam genexator

A decreased rapidly.

Peeduater flow to steam generator B wvas
increased.

Stean geperatar A indicates dryout om the
secondary side.

Feeduater flow to. steam generator A was
increased.

r
Loop A cold leg temperatures started to

decrease.
23

REMARKS. § REFERENCES

Rel. 1.q, %.a. The combination of changes in stean
generator secondary side pressure sad weter level

indicates steam flow.

hef. f.u. The combination of changes ia steam
generator secondary side pressure and water lewel
indicates steam flow. N

Ref. t.x. This served no apparent purpose because
flow in the reactor coolant system locp 8 had been

stopped.

Ref. 1.q, 1.u. The conditions for effective heat
resoval using the steam gensrators bhad been lost
because there was no reactor coolant systen ﬁov in
loop B and steam generator A was dry. '

Bef. 1.y, 2.¢ - p. 6, 2.d = ps 5. Thias was an
apparent effort to regain conlitions for heat
tranifer from the reactor coolant system using the
gteam generatora.

Ref. 1.4. This was an indication of reestabligshment
of heat transfer from the reactor coolant system.




TIME

01:34:16
(0534:53)

01:40:37
(0541:14)

01:40:45

(0541:22)

01:41:00
(0541:37)
Approximate

01:42:00
((0542:37)

Peedwater flow to steam generator B was

reduced.

Reactor coolant pump 2A (RC-P-2A) was stopped.

Reactor coolant'pump 1A (RC-P-1A) was stopped.

.

Out-~of-cora neutron lnntnmenutlo:.\ indicated
a dsecreasing flux level.

Steam 9auntcr B was isolated on the
secondary side.

22

_because of difficulties with water level contrel in

REMARKS & REFPERENCES

Ref. t.x, 2.Cc = p. 5.

Ref. 3.f, 1.f., 2.C - po S, 2.6 = p. 5. appendix
PDS - pp. 1-2. The reactimeter showed a marked
decrease in reactor coolamt flow beginning at
0540:57.

Ref. 3.f, 1.f, 2.c - Pe S, 2.3 - p. S, Appenllx PDS
= ppe 1, 2. At this point there was no forced '

reactor coolant ey:ten flow. The reactimeter showed .- .-

a marked flow decrease begimning at 0541308.

Ref., 4.f, Appendix cx - pe 13. ‘!his tenpa:uy .
decrease was caused by a coolant phase. sepamim vith

the liquid filling the downcomer annulus. The phase : T

separation is attributed to stopping the reacter .
coolant pumps and the resultant flow coastdowm.

Ref. 1.v, lex, 2,C = pe 5, 2.m = p. 7, Appendices
OTSG - p. 4, ™ - p. 52. A leak was suspected
steam generator B and a 300 psi pressure
differential between steam generators A and B.

i
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TIME

0%:42:25
€0543:02)

@1:42:30
€0543:07)
lﬁro:dmte

01:51:27
€0552:04)
through
82:29:18
€0629:55)

92:03:57
€0604:34)

Reactor coolant system loop A cold leg temper-
ature stopped decreasing and small temperature
oscillations began.

Out-of-core nuclear instrumentation indicated
increased flux levels.

Loop A and B hot leg temperatures were
increasing and continued upvardruutll they
went off scale high, greater than 620°F.

An operating range water level of S5I\ was
ect_abu:hed and subgequently maintained in
stean "‘generator A.

23

REMARKS & REFERENCES

Ref. 1.d. This could indicate stopping circulation
of coolant through the loops.

Ref. 4.f, Appendix CI - p. 13. ‘These indicated
higher flux levels could be caused by the boll-off
of the coolant in the core and the resultast
decrease in coolant level in the downcomer ammulus.

Ref. 1.b, l.c, 2.c - p. 6, Appendix TH - p. 53.",;; j T
These temperatures and the ieactor coolant syste- o

pressure indlcate the precence ot superheamd stea-
in the reactor coolant systeu. -

Ref. 1.p, 1.q, 2.¢ - p. 6. 'l‘hls is a reqnlxe-u:t
for estabushinq satural dtculatlon Ln thc tuctor

coolant system.- ,' T "L ;."‘




[ TIME EVENT ) m & REFERENCES
. 02:14:23 The Reactor Building Air Sample Momitor Ref. 12.a, Appendix BM - p. 3.
;@ (0615:00) (HP-R~227) particulate channel radiatjon
Approximate reading increased and eventually went off
l scale high. The gas channel ra'dlatlm reading
‘ began to increase at 0625 and then west off
’ scale high. Iodime channel oout_!t rate began
_. o to increase abont.b 0645 and went off scale
high.
* ! ' 02315:00 Self powered nectrom detector readimgs began - Ref. 4.h, Appendix CI - p. 21. Becnuc tho core was e
' : (0615:37) to rise rapidly. - © partially uncovered, the self pavered peutron - ;
' ’ ’ - detectors were respcnding as local. ﬁ—l’e“tm
e ' L S ' detectors which indicated hih core temporatures..
{ ) R . : ‘ ﬂ:hmponnemmtbeulf pa;eredneutxon
N detectors are also thex-.lonic eaitta: that generatc
‘a peasurable aignal at M.qh te-penm
02:17:53  ESV (RC-R2) outlet temperature vas 228-7°F. Ref. d.e, 2er - po'l, .ppend.lx ERV = ppe _3-5.' ‘The

"e

" (0618:30) ERV cutlet temperature was operator requested.

24




F1

02:22:00
(0622537)
Approxisats

02133327
(0634:04)

02:34:23
(0635:00)
Approxisate

02:38:23
(0639:00)
Approximate

02:38:23
(0639:00)

P e e e e——

" The ERV block valve (RC-V2) was closed.

Reactor coolant systea pressure began to

increass.

Increasing the level in steam generator B was
begun. s

~An additional sakeup pusp was started.

The Makeup Tank Area Monitor (HP-B-206) (in

the aaxiliary building), Fuel Handling Bridge
. South monitor (EP-R-210) in the resctor

building, and Reactor Building Doms Monitor
(HP-R~214) radiation readings begaa to
increase.

Letdown Cooler A Radivactivity Moaitor
(IC-R~1092) readings pegged off scale high.

3

REMARKS & REFERKSCES

Ref. 4.a, 4.d., 2.Cc = P= 5, 2.m -~ p. 6, 2.4 ~ p. 2.
Reactor coolant leakage through the EXV was stopped.
Decreasing reactor building pressure and increasing
reactor coolant system pressure indicated the
primary source of system leakage was through the
ERV.

Ref. tow, tlox, M OTSG = pPPe 2-3. Steam )
generator B level was 5% on the operating range.

Ref. Appendix TH = p. 60.

Ref. 12.a, Appendix B - pe 2o

Raf. 12.a, M m-p. 1.




TIME

02:39:23
10640:00)
Approximate

02:44:23
(0645:00)
lppxéxlnta

02:44:23
(0645:00)
Approximate

02:44:2)
(0645:00)

Approximate

02:45:23
({0646:00)

Approxinate

EVENT

Two boron analyses indicating boron concentra-
tions in the reactor coolant system of
approximately 400 ppn were recelved by the
shifr supervisor. Emergency boration of the
reactor coolant system was started.

The In-core Instrument Panel Area Radio-
activity monitor (EP-R-2113) (in the reactor
building) radiation readings increased off
scale high.

Reactor Building Purge Alr Exhaust Ducts A & B

monitors (HP-4-225 & HP-4-226) particulate anl -

gas channels radiation readings increased
rapidly.

The sakeup pusp started at 0635 was stopped.

Foel Randling Storage Area Moanitor (HP-R-218)
radiation readings began increasing.

26

REMARKS & RRFEREMCES

Ref. 2.a - p. 3, 2.b - p. 2, 2.m = p. 5, 4.f. These
analyses, in conjunction with the increased neutrom
level indicatioms, prompted emergency boration to
maintain the reactor subcritical.

Ref. 12.a, Appendix BM - p. 2.

Ref. 12.a, Appendix RM - p. 3.

Ref. Appendix TH - p. 61.

Ref. 12.a, Appendix MM - p. 2.




02:46:23 An attempt was pade to start reactor coolant - Ref, 2.a - pps. 3 & 13, 2.c = p. 6, 2.4 - p. 6. The

(0647:00) "pump 1A (RC-P-1A). pump did not start.

02:47:31 Current alarm typewriter indications showed Ref. 3.g, Appendix c1 - pes 16. These were the first

(0648:08) that self-powered neutron detectors were alarms that were received following the period when
responding to high temperatures dosmn to the alarm hiatory was lost. - )

four foot level of the core (approximate).
Ninety percent ¢f the core exit ther-ocoubles
were reading in excess of 700°F.

l | :

T, o,

=
o
PR
-

02:49:23 The radiation readings of all channels of the Ref. 12.a, Appendix R - p. 3.
{0650:00) following monitors increased steadily and by ’
Approximate = 0721 were off-scale: Station Vent (HP-R-219), ’ '

Fuel Bandling Building Exhaust Duct (HP-R-221

A & B), Bydrogen Purge (HP-R-229)- %he radia-

tion readings of all channels of Control Room

Intake Monitor (EP-R-220) remained below 10

cpm from 0000 hours March 28 until 0950 hours
| March 28. '

27




02:49:23
(0650:00)
through

- 02:59:23

(0700:00)
Approximate

02:51:57
(0652:34)

02:52:30
(0653:07)

02:53: %
(0653:53)

02:54:09
{0654:46)

Condenser Vacuum Pump Exhavst Radiation

Monitor {VA-R-748) radiatiom readings
increased rapidly from 1x102 to 8x105 cpm.
At approximately 0850 this monitor's radia-
tion rudInq decreased to 1x10% cpm.

The operator attespted to start reactor
coolant pump 2A (RC-P-2A).

The condenser hotwell high water level alarm
cleared. (Nominal alarm setpoint was 36 in.)

The operator attempted to start reactor
coolant pump 1B (ac-;»m);

The operator started reactor coolant pusp 2B
(RC-P~2B). Flow was indicated for only a few
seconds and then returned to 8.

REMARKS & REFERENCES

Ref. 12.a, Appendix RM - pe 3. This monitor, . ~
located in the turbine building on the 281 ft - & in
level, samples condenser exhaust from the vacoum
pumps, and the readings coold be Jidicative of a
primary to gsecondary leake.

Ref. 3.9, 2.4 - p. 6, 2.a - PP~ 3 & 13, 2.c ~p- 6.
The posp would not start. Indications show that
preliminary steps were takem to start reactor

. coolaat pusp 2A (RC-P-2A).

Ref. 3.g. Indicated level was 34.94 in. The
computer scan interval was 135 sec.

Ref. 3.9, 2.4 = po 6, 2.8 =pPe 3 & 13, 2.C ~Po 6= :
The pusp would not starte. Indications show that
pull-iury steps wers takan to start reactor
coolant pusp 1B (RC-P-1B)e

Ref. 3.9. 1.4, 1.0, 2.4 - Pe 6, 2.4 - PP 46 n.
2.¢c - p. 6, 2.0 -~ p. &, Mppendix T™H ~ pp. 61 -~ &3
"Forced reactor coolant systen flow was rsestad~

lished. Reactor coolant gump 2B (RC-P-2B) was '
runaing with high vibratiom alarm. :




TINE ) EVENT } REMARKS & REFERENCES ® -
i 02:54:15 The reactor ocut-of-core nuclear instrumen-~ Bef. 4.f, Appendix CI - p. 12. Tha downcomer
(0654:52) tation showed sharp neutron flux decreases, _ azozlus was temporarily filled with coolant from the
Approximate followed by increases which approach the cold leg piping, shielding the detector from the
levels prior to the starting of reactor cone.

coolant pusp 2B (RC-P-2B).

02:54:19 Pressurizrer heater groupe 1 through S tripped. Bef. 3.9, 2.9 - p. 7, Bppendix RCPCS - pp. 2, 3 - S.
{0654156)
‘ -
‘ _ 02:54:23 ©asts Gos Dischargs Monitor radiatiom readings - Beffe 12.a, Appendices B - p. 3, AUX BLDG. This is
‘ (0655:00) (VDG-R-1480) hegm to increase and went off at the 305 ft elevatism in the auxillarf bullding. i

Approximate’ scale high.

. K - . . . . ”

02:54:50 Bigh pressure imjection engineered safety | Befe 3.g, 1.X, Appemdix ESF - p. 12,
(0655:27) features actuvaticm logic automatically reset - o
on increasing reactor coolant system pressure. . ' R o

02:54:50 Circulating vater pusp 1B (CW-P-1B) was . Emf. 3.q.

(9655:27) started. i .

' - - 4~'
02:55:00 A site emergency was declared. fe 2.¢ = pe 7, 2.4 ~pp. § s 7. 2.a ~p. 4, z.b -
(0655:32) ' - P~ 6 2m-p. 2, 2.p~ p.a.z.--pp.zss. ;
Approximate ‘ . _ - mtiucaucn ‘of offsite luthorltles was beg_. ';. A-' -
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TIME

02:55:13
{©655:50)

02:55:26
{0656:03)

02:55:38
(0656:15)

02:56:12
{0656:49)

Q2:56: 19
{8656:56)

2:59:23
(87200:00)
Mpproxisate

The edgineereld safely features bypasses were
cleared. )

A coodenser hotwell low water level alarm was
received. (N¥ominal alarm setpalnt was 22.5
in.) '

) Circalating wvater pasp 12 (CW-P-1K) was

started.

]
mmmmmmmsm
indiceted open. )
Raim stean 1solation valves MS-W4B and NS-V7B
indicated closed.

The Fuel Eandling Building Air scpply faa

stopped and remained off the remainder of

30

EEMARXS & KEFERDICES

Ref. 3.g, Appendix ESF - p. 12. .

Ref. 3.g. Indicated level was 21.82 in. The
computer scan interwal was 15 sec.

Ref. 3.9.

Refo Lge

Ref. Lg, 2.C - pe 7. Stroks time for these wvalves -
is appzoximately 3177 seconds. : L

Ref. R.a.




(0700:30
Mayrch 28 to
1100:02

April 2)

03:00:¢0
(0700:=37)

03:00:36
(0701:=33)

03:01:=1%

_(0701:43)

03:02:56
(0703:33)

. 03:03:19
(0604:=96)

R e A W S

Radiatiion monitors HP-R-222, 225, 226, 228
were off scale high or mearly off scale during
this period.

_Reactor coolant system pressure was approxi-—

mately 2945 pgig.

Condessate hotwell water lavel was off scale
low. ‘ ‘ )
The comfensate storage tank B low water lewel
alarm cleared. (Nominal alarm setpoint was 20
fr.) '

A'mmil,ldumlenlaimmwl
received, indicating that level had come Bmck
on scale. '

. “Turbise bypass valves from steam generatoxr B

were isolated by closing Block valve MS-VISBS

n

REEMARSS & REFEREMCES

Ref. R.a, Apperdix B - pe 3.

Ref. t.k.

ut.:.g.wclm p.S.
lndlamtu-lomsoh.

pet. &;Mcnw p.e. I-nata'knl
mzo.!ltt._" ewmhml-nls

Ref. Lg.wxsrmm-pp. 2-4."
9eaanu:thmlsohted-’" e
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TINE EVENTY REMARKS & REYERENCES

03:04:00° Stean gecerator B water level was established v Ref., t.w, l.x, BMppendlix orSG - ppe 2-3.
(0704:37) at approximately 60% on the opexating range
: and wvas maistained during the next 8.5 hr.

03:06:40 The comdemsate storage tank T8 low water level Ref. 3.9, Appendix C/FDH - p. 6. Indicated lewel
(C707:17) alars was zeceived. (Nominal alarm setpoint wvas 19.96 ft.
was 28 fr.} ’
. - - .
03:10327 Emergeacy feedsater powp 2A {EP-P-2A) was Ref. 3.g, 1op, 8.5 The water lewels of stesm
{0711:04) stopped. : geutaton A & B ware 60.8% and S..St, respectively,

ontheopentingmge mthteee-ergencyw
ummmmm

03:11:10 The comSeaser Botwell lov water level alamm Bef. 3.g. Indicated level vas 23.87 in.

(0711:47) cleared. The mominal low level alarm setpoint : L '

®3:12:2¢ The operator cpensd the ERV block valve Bef. 3.q, 4.2, 4-d, 4-h, 1.X, 1.9, 2.C ~ pe 7, 2.m =~
10713:05) (RC-V2). The K3V high cutlet temperature P 2, Appendix EN¥ ~ pp. 3-5, Appemdi< TH - p. 3.
Approximate alars vas received. IRV outlet temperature wvas 247.7°F. Reactor coolant

Systen pressure am3 pressurizer cnolant level hegn
decreasing, tollneabyaa lminreactor ’
bailding pressore.’

- o m———-—




03:12:53
{(0713:30)

03:13:58
(0714:35)

03:14:23

{0715:00)
through

03:20:53

. (0721:00)

03:17:00
- (0717237)

Approximate

03:19:45
(C720:22)

Reactor coolant poxp 2B (RC-P-23) was stopped.

Pressurizer safety valves (RIA & RIB) out-~

let high temperatmze alarms wers recsived.
.

Intermediate Coolisg Pump Area Exmitor

{HP-R-207) radiaticn resding imcyessed and

leveled off at 188 mr/hr. '

The ERV block wvalwe (RC-V2) was closed.

An engineered aafety to_afum actsation of
high pressure iajection wvas mamssally
mtilted.

REMABKXS & RETERENCES

.

het. 3.-9. Appendix TH — p. 63. Attespls at forced
circulation were again stopped. There had been no
indication of flow and sotor current bad beem lost.

Ref. 3.9. RIA 202.6°r
1 17 202.8°r

Ref. u.‘. w‘ —-’. 2.

faf. 4.2, 4.h.

Refe 3.9, M:lﬂ-p._it- mlliltﬁtiea '
12 indiceted by the Comgutar typswriter estries that .

groups Y, 2“30!@!.!‘0!“5—’913004
-h”. ) ‘
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03:29: 13
(6720:50)

03:20:13
(0721:08)

o d e

S g

03:29:00
(0723:237)
Approxisate

Reactor coocllant sakewp pump 1C (3D-9-C)
started.

All moaitoes on EP-UR-32f4 stripchart wvere
shoving iscreasing radiation lewels. These
monitors are: ld-lxy.(bolust Letdown
DN0-R-720) Both chaseels,

Intermediste Letdmm Cooler B {IC-2-1091),
Intermediann m;_ Cooler A (IC-2-1092),
Intermediste Letdnem Cooler Outlez (IC-R-1893)
Plant Efflmest Unit XX, (WDL-R-1311),

Decay Best Oo-lh_mp A (DC-R-3339),

Decay Bsat Closed Loop B (DC-R-3410),
Waclear Sexwices Closed Cooling OS5-R-3481),
Spent Fuel Cooling (SP-B-3402).

Ost-of-core auclear mmkn
indicated sBarp decrmases in level.

REMARES & REXTIESNCSS

Pt J.g.a;pq;lu ESP - pp. 11, WM. Pumps 1A &.0C
werr operating. The reascm for ths I3 second S:lay
im this pomp start followdng the esgineered safety
featores actoation cannot be explaiced at this time.

Fut. 12.a, Appendix RM -~ p- Y.

-!.J.t,wxci-p. 12 Tha dxaacomer

asmzlus wes £illed with coolast from Bigh presssre




©3:21:23
(IZ22:00)
Azgroximate

032913
(0722:00)

03:2%23
(0733:=00)

Reactcs Building Parge Alxr Exbamst (BEP-R-225 &
.HP-R-226) Auxiliary Bailding Purge Alr Exhaust

({HP-R-222) gas radiation sonitcs readings
increased off scale high. The gas channel
auxiliary building heating and wentilating
radiatiom wonitor vas almost off scale. The
iodine channel of HP-B-225 & 226 indicated

1x10° P .

A general emergency was declared. Hotifica-~
tion of off-site suthorities was begun.

The presswrizer high coolamt lewel alm_
cleared. (Nominal alaxrm setpoist was 260 in.)

The auxiliary building access coxridoxr radia-
tion monivor readings begam to imcreass..

The fuel hemdling building air exhaust fan vas
turned off. Between 0730 and 1180, this
emmtnmtnrnéd&tndaml
times with 30 to 60 mismte yun times.

kL

REMARKS & REYERENCES

Bef. 12.3, w m - P 3.

Bef. z.b—p.'l. 2.~ Pe 3o This action was

‘mmteamanswua.ummmi

the Reactor Ballding Dome !!nlttx (BP-R—ZM)-

Bef. 3.g, 1.g. Mppendix PDS - ppe 2, 12-—13.‘
Indicated level was 238 in. 'numm

'lmlmﬁnee.,_"

Bef. 12.a, Appemdices B - p. 2, AUX BLDG. -

L {8 12.., M S = pe 3.




03:30:50
(0731:35)

03:32:26
(0733:03)

03:34:28 -

(0735:05) >

03:35:06
(0735:83)

03:37:80
- {0737:37)

03:40:00
(0740:37)
Approxisate

03:‘0:2‘
{0741:05)

Pressurizer safety valve (RC-R1A) high ocutlet

temperature alarm cleared.

The pressurizer high coolant lewel alamm vas
received.

Presgurizer utety' valve (RC-BRI3) high

outlet. temperature alarm clesred.
’ )

vnnrqcaq fesdvater pump 2A (EF-P-2A) was

started.

Makeup pump IC (MU-P-1C) tzipped.

The ERV block valve (RC-V2) was opened.

Pressurizer safety valves (RC-RIA & RC-RIB)
outlet temperatures alarmed high.

. was 1;::“-1::9 rapidly.

- « o —

| ROWURKS & REFERTXCES

Ref. 3.9. This indicated a decreaaing temperaturs
in the outlet header. Indicated temperaturs was
192.4°r.

Ref. 3.9' ‘og. Indicated level wms 271 in.

Ref. 3.q. This imdicated decressimg temperature in
the outlet header. Indicated temperature was
192.6°F.

Bef. 3.g, l.w. Steem watot A wter level boon
dtcteuing from Wuly 70‘ of tha op.ntu;g
mgommawmu\ncuz.

¥ .
P

Refo 3.9._. 1090 ‘
Indicated level was 374 in. -

Raf. ‘0.' 4.he . e ' - ‘

Re¥. 3.g. Indicated matum weza 203.6°PF and
2035.2°p, rolpocuvely.




BB5:23
{@nE7:00)

- aB-e9:23
 (@DI9:00)

53239
(E36:16)

aaB=55:39
(U563 16)

Cat—of-core murlear instrumentwfion indicated
a sharp increave im count rate. Subseqgoently,
the self powered asutron detec=irs xtspooéed

to the high sapecature conditfioms ower broad
sections of the ccze down to the lowest level.

Makeup Tank Arem Bmanitor (HP-R-ZDPS) radiation
reading were hx;uslng off scale. =EP-R-218
and HP-R-214 radiation readings leweled out at
1.52102 R/hr.

Engineered safety features scitumticm system B
actvated on reacter bullding kigh pressure.
The reactor bmiilding was isolated By train B

valve closures.

Intermediate cooliag pusp 18 {(I0--1B)
tripped.

FEMASSS & SEFERENCES

Ref. 4.f, Xypendix CI - p~ T2+ This chanje im couat
rate does nut appear to Be linked with any opema—

tional ewolutioss assccrated with the reactor

coolant system.

Ref. 12.a, gpendiv I8 - p. 2.

Baf. 3.b, 2-a ~ p= S, 2.3 — p- 4, Appendix ESF - pp. 3,
6. 8, 10, 15 — 18. The acmimal setpoint is & gsigs the
trip occazmed at 3.2 psig. The actuation of the engl-
mtered safetty featmres a this time could be atzributed
mmmamum valve. Letdowm flow is
stopped wimnever the Dudildisg isolates. It Eu mot
possible t» werify relniniation of letdown flow
sudsequeat 2o buildismg fsalations throughout the Jay.
Bowvever, I does mot appesx that letdown flow was

_Feestablished followimy this aisolation.

Bef. 3.b. Thais trip was a result of reactor
building isolation.

ficatenr] 64 IR G £ ik Bl el o D UL Y



IR . ¢

(INTE=23)

(IXTH=23)

({0 22 1) ]

vy

Waste Sod Yank DischaTge A Eesitor (Hli:-a-

1485D) zwmf¥ation resfimgs “mgan l;tcrecslnq Srom
500 cgm a3 reached MO cgm ax 0900.

Engizewnad safety featares actzetion system A
actustedl cn reactor xilding Righ pressare.

Interaitisce co:'»u.ng FEp WA (BC-P-A) tripped.

Makeop pup C (G-I stazeed.

Core thwcwecocuple restfngs saoually obtaised
indicated core exit tasgerateres in the raags
of 217w =p 2580°F.

SIERILS & PIPLINWES

atf. M.a, Appecdices BB - P. 3, KX BMIC. The
mondtoar wiks locatsd in the SPpeat Twestim stempe valve
ToOm @b the 305 ft elenazicn in The saxilliecy

Bl By,

f. BBy 2.2 -~ pe 5, 2q = P 4, Agpexndiiix TXF - pp.
6 S ™Me nominal setpcdst 1s 4 paliqgy The TIPD
ccoesed 4z J.V peig.

Baf. 3B This trip was a mesuit af veactce Bmild-
iay Zsclarion.

e 3B m“\nnm&lq.ﬂ:tm-
the tias engincered safety foatwres sctaasted and

makespy pap 1IC stazted.

Baf. 8.0, 2.b - p. 26, Nppeadix €I - p. TH. I is

isferyed from the chiserwad tewpezature pattecm that
eeaciiding fn the core camsed breainp cf thwe axiiiized
mﬁcmlm.&ﬁgumm

coolme ficw paths.



e~ e - e ——

8412220 Pressurizer ol level was 180 inches. | et teg, 4.4
({2 23 t9] heactogs coolentt Fressure vas VISOO plq-
Approataate
4:8: 1 !h. engissesret safety features actamsicm ef. 3.b, igpeadix ESF - p. 7.
(0820 52) sigeel for Batibfimg isolaticn cleared. ‘
.
4ty Intarmediste coclisg pusps 1A and B (IC-P-1A . Bef. 3.be Flow from the istermediate coolimg system
(08T Sd - & W) started. Map 1A tripped ismediately ’ is reguired prior to resctox coolant powp startup.

and was vestacrted.

N VPYS Beactor coolmt posp 1A (RC-P-1A) was started. . 3.b. . -
(OB )
08:09: 8 Peactory coolant pamp 1A (RC-P-1A) was tripped. faf. 3.b. There vas =0 flow Islicatics amd running
(082:=5%) oaxTeat was low.
04: 0z 1D Inteteadiste conliag posp 18 ( WC-P-18) Pef. 3D
{3 1) trigped. '
08272 Bakswp pasp W CMD-P-1A) tripped. “Sefe 3D, 2.4 - p. W.
(OB Y254
»




SRR 0 LT

o

04: MA=2
( 08 Y7:=5%)

046
(caxR=%nn

043 ¥9:=05
(ca a2

04: 1905
(0819430

04: 19:086
(0819:430

Makeup pomp IC (MO-2-00D tripped.

The agperator attesptwall &3 restart makeap pamgp
A (mD-2~-1A).

IntemseXixte c_ooling pemp 1B (IC-P-1B) wns
startedl.

Engisewred safety feabmrves actuation systam B
actoattad o reactor Dufifiiing high pressamne.
The resctor bullding wes isolated by traim A
valve cicscres.

Decay Best resowal pump T (DB-P-1A) staxted.

!ntam cooling pwegp YA {IC-P-1A)
tripped.

REMASTS REFERENCES

#

Ref. B No makeup pPowps were operatimg. CQuclaxy
injectfizm %o the reactcs clant system was e

pletely stopped.

Ref. 3A, 2.4 — p. 10. The posp would nct sEIc®.
The cpemaczxy reported lockimy the pump oot at tkis

timo.

Ref. 3o

Ref. 3.h, 4.a, Appendix ESF — pp. 3, 6, 8, W, V6 ~
18. The mowisal setpoist S= 4 psig. The actuatriom
occurred ar 3.2 peige. There was no indicaricm «f

makeuvp gumgs 1A or 15 staxting, which could amfirm
that mekep posp 1A vas locke?! cut. There jis oo

explanatfiom for pump IC ot sttarting.

Ref. 3.4 This was a resalt of the engisesasd
safety fSeamrzes actuatioms.

Ref. 3.3 This was & resalt af the engineemedl
safety festumes actuaticm.

4
ndm - oo



04:19:24
(0820:01)

04:19:29
(0820:01)

04:22:02
(0822:39)

04:26:22

{0826:59)

04:27:02

(0827:39)

04:30:30
(08311073

The enginecred safety featmres ac=xation
systea A actuatim sigaal clearwil.

Intermediate cocilimg pasp 1A (EX-3-1A) wes
started.

!nkenp pusp 1B (N—~-18) was staxtwed.

Letdown cooler ™A & T8 high tesgacature alaras
were received. (Soxinal alarm seffpoint was
135°r.)

Beactor coolant amitenp pasp IC PED-P-1C) was
started. It txipped and was restarted.

Pressurizer hestar grovp 18 trizped.

41

SEXARKS & REFERENTES

Bef. 3.5, Appendtx ESF - p. 8.

=f. 3.b, pyenitx ICPCS - ppe 2, 5.

Bef. 3.B. m - 137.7°F

1 - 137.4°F - :
Yoese alsram ccxid be indicative of meinitiatios of
letdonm flow after the enginesred saffetty featzves

- acteation sigpall clesred. The cn-;-n-i-a:-n

interval wvas 30 secC.

f. 3.5, 24 —p- .




..

D8:30:45
(0E31:22)

34:35:22

- (O3S :59)

04:-42: 14
(IDBX2351)

ca:z848:23
(2235:00)

84:-05:21
(e995:=58)

=59:=23

Coodwaper wacatm posps A & 0T {(VA-P-1A &
TA-2-3C) were stopped and mmiinm condenser
=acone was Ixckes.

Soth Eetdkwn cooler 1A and 1B high temperziure
alarzs cleared ia a 30 sec. pexiod.

Exergmey feedwatsy pamp 2A (XP-P-2A) wvas shat
Sowen.

Setdoen Coolexr A Womaitor (MC-2-1092) radiaticma
mbgnmlng.

Presserizer beateyr groups 4 anil 5 tripped offf.

in—a—mmammmm
Brwa Exxitcx (EP-82-204) mdiatica readings
fmcressed to 4x38° sR/hr and tihen decreased.

Ref. 3., 2.7 ~p- &, Problnms Bl Zers encoomReved
vith the sxxilfary boiler.

Pef. 3.B. Inirated temperatwTes wane 125.9°F and
130.8°F respertively.

of. 3.b, 1, Lp, Suw, Appenfix €SS - ppe 2-3-
Water levels £n steam generaticys A Il B were 488
ad 654 rmspertively, o the Gpezating range. ann
&ummnmmm

tf. 2.8, pentix B8 - P Ba




SEMANSS & REFERWES

0k NR=$0 The apecator closed the BESYW BRock wmloe. Baf. 4.2, 4.3, 4.5 This was an aggagent atltengt o

(I3 =37) oeestabl ish ooymal syotem presiures.

ppmoximate ’

A IR 47 ©  Decsy hwa® rescoval pomp TA (CH-P-I) was v Beffe Ib.

BuD=-24) txigpe. . B -

IS0 Reacemyr coolast ‘system presmrre stamted to Bffe .k, 4.4. The Bwressing tresl cootticeed fox

QEEID=37) incomese from 1250 p=tg. abcuf: 30 minotes Wil pressure costwcl was estal—
i Apgrarinate mumu-mamswmm poc-iis ]

fncrease was & yestM cf the block walwe —iomxre..
QN34 Enginewced safety featutws actratfion system A Baff. 3.b, Appeniix ESF — pp. 3, 6, 8, W, 6 — MW
D= 11) actwettrefl aa high reactar Bedldimy pressare. Threre was 0o cmpater tipevriter indicatfon of

(CEBR=31)

(SEDR=2a )

The mewctcy bailding wes fsolate? By txain A
valwe closere.

Intermndiiate cooling puwp 1A { 3C--WA)
trippeB.

The angfneeved safety fomtuores acthusttfion
system A actoation sigml cleszedl.

4

miieup posp 1A OE3-P-EA) startiag.

Bxff. 3.b. This triip cesalted from the txaim A
pemctow bulldimy fsxiatfics.

Feff. 3.b, AppemPix SXF —p. B.

Tt wUTRTEY .



'

AR 253 4 8 U |

i

AZ=23257
(BEE2e=-34)

=823
{I=AD=00 )

(QEXE=00)

{E5eE=33)

(23aD=23)

Imtermefizrte cooling pumpy 1A (IC-2~1A) wns
. .

Poel Eandflifing 3uildieg Roxdtcr (AR-R-215) axd
Cmtycll and Service Builfmy Corridor Rardtor
(E-2-230 radiation reaimgs increassed oo 48
ad T mrfhxe

RaZiaticm readings of the RAuxiliary Pallftimg
Acoess, Beactor Buildime Bewgs Bkit Azes, aod
Peel Bani®ing Bullding Eetmust Gxit Area
moxdzors all increased © cff scale kigh.
-2-324 Exdicated sevexal magpidly iascresxing
tremAed t» ff scale high.

(RC-R1A) Eigh cutlet tempenatars alarms
clesred.

Pressaviser safety valwe (B0-ETR) hich csitlet
teapevyature alars cleared.

EEMASYS & EEFERENCES

Ref. T2.a, Appendix M - po 2.

Refo Rum, Appendix B — pu 2w

Ref. LA, Imdicated tesperafiuwes were TSN aad
192.9*%, mmspectively.

Ref. 3. Dndicated tespesattuze vas 192.9°W.

H



TIME

05:43:06
{0943:43)

Approximate -

05:43:27
€0944:04)
through
05:46:27
€0947:04)

05:49:23
€0950300)

Approximats

05:59:23
€1000:00)
Approximate

By cycling the ¥3¥ block valve open and
closed, appxudna_tely 30 times, reactor
coolant pressure was maintained between 1865
and 2150 psig &mring the following two hours.

ERV (RC-RZ) axdl pressurizer safety wvalves
(RC-RIA & RC-RKM) cutlet temperatures alarmed
high. .

Control Room Dncake Monitor (HP-R-220) radia-
tion readings Incxeased; the particulate
channel reached txlo‘ cps, and the iodine
cbannel reached 2x10° cpm. By 1188 hours,
readings on all channels decreased to below
1x102 cpm.

The auxiliary Bbxilding heating aad veatilating
exbhaust fan txigped.

Ref. ,ok, 4.2, 4.

Ref. 3.b. Iadicated tesmperatures were 214.9°r,
205.9°, and ZT5.4°F, respectively. '

Pef. 12.a, Mpemdix R4 - p. 3.

mef. 12.a, 2.x ~pp. 11 & 12, Appemdix RM -~ p. 3=
This was indicated by a decrease of flow on a stxip—
chart. This trip was reportedly cxmsed by high
radiation.




6820
(to04:37)

o6z 13: 3
(1923:36)

06z 32:06
138%4:43)
(025:08)

1700:=90
Oixxxh 28)

rilling of steam geonwrazoy A was started.

Fressuxrizer heater groups 1 and 2 tripped off.

mlmu:wiutIZlnw

Ol

The axxiliary Buikiting besting and ventilating
exhacst fan startad.

The feel bandlfing BxAldiny alr exhaust fas ram
Mly.

Essygency fecdmatex gusp 2A (EF-P-2A) was
started.

EDQIXS & REFISHOES

Ref. Lp, 1.q, Appendix TH - p. &B. This could
indficate an attespt to establish sacxral circalation
im e reactor cooclaxt systes.

Ref. 2.8, 2.r - pp- 30 & 12. Y= Righ radiation
trip was reportedly bypmssed.



07:14:06
13113:43)

a2:17:01
11117:38)

97:38:54

€1139:31)

07:41:38
€1342:%2)

92:43:84

(1344:21)

oT:44:23
11345:00)

Sgproximate

7:50: %
11150:5))

Endicated steam gemerator A level reached MIIA
om the coperzatimg range.

m fonthmter pomp 22 (EF-P-2A) was
W-

The ERV bDlock welwe (RO-T2) was opened.

Tha eagiscermll gafety fesiuxes actsatios
sigsals wre Nypessed.

ME“wl.dzmm
and tadicated ca 2 seconds Bater.

exdasst”fan stagped.

Pressarizer haattey grosgs | and 2 txipped.

REMARKS & BETIENSCES

Ref. l.ppe

Ref. .k, 4-a, 4.4, 4.h, Appeniix TH, p- 74. A
rapid smttateed depressurizatiom cf the reactor

eool_mmesbequn.

M.&waop.ﬂ. ™Hhis event [xewents
the esginwerad safety features «f the high pressore

injecticon system from actut;ng-

Befe 3.bn

Ref. ol

i

T MR eus————



08:00:=13
(1291=50)

083110
(123%=47)

08:=38=23
(1235=00)

09:2a:=13
(15a-55)

A letdhem cooler 1B high tesperatmre alarm was Bef. 3.b. The indicated temperature was &ID*F.

recefwed. (Nominal alacm sat poimt was Retdoan flow is auzzosatically isolares when this
13S*7.) ) . : alata is recefived.

A letiicva cooler 1A high tesperatmre alarms Baf. 3.b. The imMcated temperaturw wes 137.4°F.
vas mecefved. (Nominal alara set point was

135*v.)

The power operated emerzmncy maia stream domp Bef. 2.2 = pe 20, 2.4 = pe 9, 2.¥r = P~ 4, pendix
valwve GES-V3A) wvas siuz at the regeest of STEam DOMP —~ g~ S - 6. n\;:vnhwm
corporatta management. i mmhmmtgm-

Decary Baat closed coolling water pusgs 1A & 1B Baf. 3.b. mmmide_lmlh;tn&odecay
(DC-2-WA & DC-P-1B) wvecs started. Reat removal system coolers and pomEE..

Reactoxr coolant pressees Bad decreassd to Bef. 3.h, C.G.Wﬁ'm-p-ﬁbl?- Core
600 gmilgy. : flcod should Base imitiated at this time.

The acxiliary bullding Bmatiing amd westilating Bef. 12.a.

exhame fan started scsmnftacily, thea resalned
off far about one and a qeantter hosrs.

~

Makexp pump 1C (MU-P-3) stopped. . Bm=f. 3.b.




TDE

09:10:aD
{1310:=:379
Approximte

09:16:53
(1317:25)

09:19:52
(1320:35)

09:20:28
(1321:05)8

09:31:28
(1332:05)»

09:48:58
(1349:35)

ERV Blck walve (RC-V2) was chosed. Reactor
coolint: spstems pressure had deceased to
approxitasttely 435 osig and thwn begar to
increame.. :

ERV (BD-3Z) hich outlet tempecatuze alarm
cleatwd. '

The Retiiner cocler 1A high tespezatrre alamm
cleazed.

BV (CO-533 octlet tesmperaturs alammed high.

ERV (539 high ocutlet tespexattnre alara
cleared.

Y (0-52) outlet temperatne alarmed high.

FEMNASYS & HEYERENCES

Ref. 4.a, 4-3-, 4.n, Igpemfices TH - p. 75, Y-
Core flood sgpareattly stopped after approxisanaDy
100 £t (770 gal) of coolant Bad been injected frto
the reactzr coclame system fizam each of the two crxe
£flo0d tanks.

Befe 3.be The iadicated tewperature was 192.7°%.
Eef. 3.b. Tie indiceted tssperature s 1371.3°F.

Bef. 3.b. The indirated tewperature uas 220.4"F.
The EX¥ block valwe may hawe Desa opened.

Bef. L.b. The indiceted tesgecature was 192.2°%-
The IN¥ block valwe may Daws Desma closed.
Sef. 3.h. The iadicated tesgesature wes 225.7F.
It had been xeported that the ERF block valve wers-
ogened ar thw time of the kyditogen burs.

I RN



TINX

09:49:23
(1350:23)
Approxisste

09:49: 80
{1350 :8)
M

09:49:50
(1350:=2

09:49:43
(1350:29)
Approxizate

09:49:58
€1350:35)

The auxiliary brii?@ing heating and ventilaring
exhaust fan was atarted and ran for abogt 39

ainutes.

Engineered safety features high pressure
injection, reactor dmilding isolation, reactor
building spray pumps and valves, and decay
heat removal pompa were actuated. Rakeup posp
(MU-P-1C) started. There was no indicatim of

makeup pump 1A (WB-2-1A) running or starting. '

Motor cootrol cmters 32A & 427 verc lost.

Reactor coolart gumps 1A and 1B (RC-P-1A &
BC-P-1B) inlet afir temperature high alarms
were received, amf pressurizer safety wvalves
(RIA & RIB) dischamge line temperature high
alarss annunciatedfi.

FMARYS & REFERENCES

Refe WRose

Ref. 3.0, 4.a, 2.a - p=- 22, 2.1 - p. 4, 2.4 - p- 8,
2.5 - p. 1, Appeniix ESF - pp- 6, 8 - 10. Actmation
was capsed by reacvor building high pressere which

was cmreed by a hyérogen bura.

Refe 2-a — p. 24, 2.Xx = pe 7y 2.q = pe 8. These
mmmwaumm -

- for tha fiomr reactor coolaat pomps and seal water

paps for sany of the posps in the auxiliary
buildtmg. This event colscided with the kydrogen
burm.

Refe 3D RO--1A 152.5°F
RC-p-18 4.7 -
RIA 203.7°F
RIB 205.0°r

These tesgerature alarms could have beem cansed by
the Mpfirogm burn.



TIME

99:50: 11
€1350:48)

09:50: 11
€1350:48)

99:50:24
€1351:01)

@9:51:58
€3352:35)
09:52:28

€1353:05)

29:54:28
€1355:05)

2552 10
€1355:47)

The reactor Bufilding isolation amB coolimg
actvation signal was defeated.

Internediate cxxliing pusps 1A andl T '
(IC-P~-1A & IO-~1B) were started.

MaXeup pump 0T GED-P-1C) was stopped.

The IRV (RC-E2) and pressurizer saffety valves

(RC-R1A) discharrge line high tesperatere
alarms clearedfi.

B (RC-R2) emntles. tesperature alarmed high.

Pressurizer saffety valve (RC-.RI!S Rdsgh outlet

alarm cleared.

Fressurizer dbamter group 8 trippef.

St

Beff. 3.b, Appenfix BSF - pp. 12-T3. Siuntdown of the

mwitep pumps cpematisg in the high gressaxe
hﬁctlmmdeh_ﬁemlhle&ymm

enginreered safety system actuaticm sfigoal.

Beff. 3.b.

Beff. 3.b.

u- 3.b. m -N.
- Y 7a.5 Y -
8w ERV block welwe may have beem cicoed.

-Beff. 3.b. The EnMicated temperatome was 208.8°F.
The ERV block walwp may bave beean cpened.

Bef. 3.b. The Iaiicated temperatnme was 177.3°F.
e ERV block wallne say have beea cicsed.

. ey, 3.b.



09:55:=2x8
(13S6:=05)

09:53=3D
( 13S&=1)

09:56=53
(1357=38)

09:32=38
(1359=15)

© 10:00=00
(1400:=31)
Approxiteaie

10:00=58
(1401:=35)

10:05=25
(1406:42)

10:07:
(140795}

Pressurizes safety valwe (SC-RIB) high curlet
temperatuze alars cleared.

mctxhilﬂngcpraymmm

Decay heatt remowal pumps T & 12 (e~ &
DE-P-12) waze stopped.

The engizsersd safety featmnres actuaticm

The ERV Risck walve (m—m
m(mmwmw
Pressurisexr haster groups t aad 2 indicerad

Pressurizer hes2ar groups 1 aad 2 tripped aff.

EXQIES & REFVERENCES

Ref. 3.3= The indicated) temperature alazms was
190.3*"r.
Ref. 3B, Ippendix ESF - pp. 12-13.

Ref. 3.B, Bppeadix C¥.

Ref. 3.5, Nppeadix ES¥F —p. 8.

Ref. &a, &.h, Mppesdix ™R - p. 76.

Ref. 3.0 The iadicatsd tamperature vas e T°F.

Refo 3D

Bef. 3B



19:26: 1S
{ 1426:52)

W:31:30
(1432:07)

‘.:5:55.
€3436:32)

The reacttr coolant syst=m Rexp A hot leg
mnmwtomanO'l’..

Makeup pump ¥C (N0-P-3C) wms started.

melﬂlwcAM

oR.
Beactor coolmt pressxae decreased again to

spproximately &35 paig.

Beactor coolart pressure Ball decreased to
Mlﬂwgmmmimxe&.

Bakeup pusp T 0NO-P-9C) exiyped.

REMARSS & BZYEIRENCES

Ezf.'l.th-S‘p. Te -

Refoe 3B !hoperatlm»dtﬂammth
followiny Bowr could be inicative of effurts to
maintaim o increagse the coolaat inventory iam the
reactor coxliant system.

Refa 3D

Ref. 4.4, Agpeadices TH = pe 76, CF. Cooe ficod
stould kasee ixitiated again.

Bef. 4.h, Ngpendices TH - pe W, CF. Coxre fiood
injectiom sgpaxently stopped. Im additiceal
estimated 22 3 (161 gal) of coolant hed Beem
imjected fnto the reactor coolast systea fioom each
q_oodnnl.

Refe 3D
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10:38:57
(1439:34)

10:39:51
(1440:28)

11:08:08
(1508:37)
Approximette

18218334
(1519:11)

11:24:29

(1525:06)

11:28:12
(1528:49)

11:28:52
(1529:29)

19:32:37
(1533: 14)

Pressurfizer heater groups 3 amd 2 tripped mff.

Pressuricer heater groups ¥ amd 2 indicated

The EEW Dlock walve (RC-¥2) wms closed.

Hakewp guep 1C (MO-P-1C) wmas s2arted.

IRV (EO-5X) high ocutlet tempematuare alarm
cleayed.

Rakeup pxmp 1C OX-2-1C) wrigpei.

mmmminﬂzulppedcﬁ.

Makeop pap 1C (M0-P-1C) ws stmxrted.

Ref.

Ref .

Ref.

Ref,

Ref.

Ref.

REMASYS & EXFPERENCES

3.

3D

3., 4.2, 4.0

3.be

3.be Thea iadicated tewmpecature wvas 19L.9°¥.

3eba

3ebw

3.be

1heg 40



DR XY EDRARKS & REFESISCES
11:33:0a - Emergency feshater pump '3 (KP-P-28) was Bef. 3.b.
(1534:29) started.
19:35,48 Makeup pump ¥ DW-P-90) cxipped. Bef. 3.b.
(1536:=2%)
19:38:=%Y Feeduaterxr '!‘h- th steam gerevaltcw B was Bef. towe
(15339:33) started.
‘ Approxtaate
14:85: 0 Pressurizasr heater grougs ¥ am3 2 iadicated Bef. 3.b. )
19:52:=08 Emergescy feosdmter pasp I3 (XP-P-29) was Bef. J.b., Tam.
(1552:=41) tripped. Pecimisr flaw © steam generator B
wvas stopped.
| 12:38:00 ERV block walwa (RC-¥2) was cpesed. Bef. 3.h, 4.a, &0
: (163623
e Approximate b - .
12:38:2 ERV (RC-52) aattlet temperattuwe alarmed high. Bef. 3.b. ImiSrated temperature was 233°F.
(1635:08) '

g
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WoassI ERV Mhock walwe (RC-¥Z) was closed. Ref. 3, 4.a, 4.h.
{1Bis=37)
Agproxisate
=52-00 ERV BIock valwe (RC-VZ) wam opemed. ' Ref. 4m. 4.h.
1 ES2=X7)
gnrateate
8 . .
TR0 ERV kilck walwe (RC-92) wam closed. Bef, Sumy, G-he
{Ie=37)
gpoaadizate
" . : L ' -
: . 2=y Condeaer wvacamm pump I wms started. Ref. 3. This event and the subsevent coe ExPicete
.‘ (VER=en) V . the reestablishment of vacumm In the main coniever.
t’:‘!}:ﬂu Condeasey vacass puosp WA was started. Befe 3
(74— 1]
ol 13=2=03 Makewp ppmp C m-r-uw. : Refe Juih. _
{ a1} . -
13:=20%9 ERV (2-82) high outlet Smsgeratsxs alarm Bef. 3.5 Indicated tempersthure was 192.9°F.
{ TIZEcT6) clearmil.

———— e ot e -



Thex EVERT FOAXS & REFEESICES

=09 Pressaniizer heater groups T amd 2 tripped. Ref, 3.b.
(= 46) '
BR=TF=26 Pressariizey Bmmter groupse ¥ amd 2 indicated Pef. 3.b.
(EE-03) oa.
= Makeup pusp T (EO-P-1C) trigped. . 3.
CEAR=52) .
L ]
m Reactexr coolmnft aystem pressars was 2177 peig. af. 2. - i . :
(EE-12) ' ' - - }
= The Pesl Suxiifng Building Exlacst Usit Area Pef. T.a, Appendiix B - pe 2. : )
(Bar=00) Monitor, Besctns Beilding Fuoge Ganit Zrea ' I _ o VA

- Monitor cadiaticos readings cams Back as scale
and werm decrenming. ’

‘X Reactor conlont pump 1A (RO-P-TA) was started " Bafe 32, 1.f, 2-m — pe 25- Thers wam skill oe
(EE=W; and res Dxfefly., then stopped. power swailable foom sctar €ootrol cmters 328 and
ppraxisate ' ) ) 42 foxr reactor caslant: gemp auxilisgSes. Fecesssry
: ciresl® bhypasses wase Installed to pecadt epevaxiom
) of the pamp.

14

-



TIMX

15:49:36
(1950:13)
Approximetm

16:29: 3 -
(2030:00)
Approximats

Reactor cooclant panp 1A (BO-2P-14) was
restarted.

Radiaticon readimgs showed merked incCreages amf
went off < oeazly off scads ca the Fuel
Bandling Baikdmy Exhaust D Azea Monitor
(HP-R-3236), Bzxiliary Bullditny Rccess
Corridor mmiecd (EP-R-232), asze Disposal
scoragﬁ Area Exitor (HP-B-TRB)-

Plant Statm at 2000:00

Leen reestablished using resctor coolant gump W (RC-P-1A).

| coolant sgattem wsing steam gmezstor A.

e .

P LA

Bef. 3.h, %2, 2.2 — p. 25, 22 — p. 4. Flow was
indicated az TH50:46 on the rmxtimeter.

Bef. 12.a, Nggexdix BM - pes 2w

fuml,zooo:u«-munsmmmmm.mmmwwu'
mmmmpusm—wqmu_
-mmmmmmmwlnuam-mm lhumbelngmdtxutbm
Stewm gemsrator B vas fmalated and condaew wvacuus had buma established.
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TMI-2 POST-DEFUELING SURVEY REPORT
FOR THE REACTOR COOLANT SYSTEM

SUMMARY

The estimate of record of the amount of uranium dioxide (UO,) reﬁain{ng in thé
RCS Components included in this Post Defueling Survey Report (PDSR) was 25 8 kg
with an uncertainty of & 43%, d{stributed as follows: : o

Cold Legs '1A/B' & '2A/8' 9.6 kg UO,

Reactor Coolant Pumps - 6.2 kg U0,
Surface Films 4.6 kg U0,
Hot Legs 'A' & 'B’ , - 2.7 kg U0,
Decay Heat Line | 1.5 kg U0,
Core Flood Lines ‘A’ & 'B' .' 1.0 kg UO,
Pressurizer Lines o 0.2 kg uoz

Total - 25.8 kg U0,

The above summary table shows that 61% of the U0, remaining in the RCS Components
was located in two (2) categories of components, the Cold Legs and the Rgactor}:‘
Coolant Pumps. The estimates of 9.6 kg UO, in the Cold Legs and 6.2 kg uo, in
the Reactor Coolant'Pumps are based on the observations of reactor fuel debris
during video examinations which is assumed to have settled from the static volume .
of coolant containing a unifc;rm dispersion of particles.

The fuel content of each RCS Component was determined using grQSS‘ 'ganlh..a-ﬁra:y‘,“f
surveys, engineering analyses and video inspections. These methods are 4e5crip‘ed:.‘l;




~in Section 3.0. Several RCS components not addressed in this PDSR_afe discussed i
in other POSRs as noted in Section 1.0, Introduction.

In addition, 4.6 kg of fuel (UO,) was estimated to be present in the form of
surface films throughout the RCS. This assumes that the RCS surface film
deposition pattern was uniform and that the composition was similar to that‘of
the materials present on the tomponents inspected. The error assigned for the
surface film estimates was t 60% (assumed to be one sigma).

The term "uncertainty” in this Post Defueling Survey Report was used to represent
the estimated error of each “estimate of record“land was taken as one sigma. The
overall uncertainty for the total UO, remaining in the RCS Components was
estimated as t 43% based on the square root of the sum of the squareé of the

uncertainty values for each component. . ‘ o

5-2



1.0

TMI-2 POST-DEFUELING SURVEY REPORT
FOR THE REACTOR COOLANT SYSTEM

INTRODUCT1ON S S |

This report presents an analysis of the amount of fuel (U0y) remaining in
the Reactor Coolant System (RCS). The content of this analysis addresses-‘
the fuel remaining in the following components/systems. o

" Reactor Coolant Pumps RC-P-1A/B and RC-P-2A/B
Core flood lines "A" and "8" from the Reactor Vessel to the
CF-V5A/B valves
Cold Legs 1A/B and 2A/8
Hot Legs A and B
Decay Heat Drop Line

o o
. -

Pressurizer Lines

0 - 0 a o

Surface Films

The remaining components of the RCS are addressed in other Post-Defueling
Survey Reports as listed below:

RCS Component | : Addressed in PDSR

Core Flood Tanks & Piping - RB Miscellaneous

Cold Leg Nozzles Reactor Vessel

Hot Leg Nozzles Reactor Vessel

0T5Gs | 0TSGs

Pressurizer Pressurizer

RC Drain Tank RB Miscellaneous
Reactor Vessel , Reactor Vessel o
Letdown Coolers . Letdown Cooler Room

This report is one in a series of reports prepared to fulf1ll the
requirements of the TMI-2 SNM Accountab111ty Program (Reference 1) AN

-1-



statistical uncertainties are expressed as + one sigma limits (defined as

one standard deviation) unless otherwise stated. Other segnonts of the. <

Reactor Building (RB) are treated {n’separate Post-Defueling Survey RepoﬁtS»
(PDSR). ‘ ' ‘

Section 2.0, "Background”, describes the physical attributes of the
individual components/systems and their'relationship to the accident and .
subsequent cleanup activities. The boundaries of these components/systems
with respect to this PDSR are also presented in this section.

Section 3.0, "Methods", describes how existing video inspections;sample
data and gamma spectroscopy data, where available, were used to determine
the estimate of record.

Section 4.0, "Analysis", explains how the estimate of record of fuel in the -
RCS was determined based on video inspections and sample analysis,'and'x
gamma spectroscopy data which was collected for selected RCS
components/segments' reported herein. This section also discusses.
supporting data, assumptions made and calculations used.

Section 5.0, "Conclusion", presents the estimate of record and associated
uncertainty for each RCS component/segment and reports these values in
terms of remaining quantities of U0, (in kg) for each RCS segment. -
Additional rationale is presented leading to the conclusion that the
estimate of record is reasonable based on the available data and analyses
performed.



2.0

BACKGROUND

The March 1979 TMI-2 accident resulted in 51gn1f1cant damage to the reactor-
core and.subsequent release of fuel particles and fission products into the
Reactor Coolant System (RCS) and  other ciosely -interconnected
systems/components. The damaged core consisted of loose fuel pellets,
solidified fuel, structural metal components, loose rubble, and:partial
fuel assemblies. Therefore, fuel accountability by the normal method of
accounting for individual fuel assemblies was not possible. | |

Ouring the accident, core debris was transported to the reactor building
(RB) as a result of the core degradation event and coolant flow from the
reactor vessel (RV) through the pilot operated relief valve (PORV) and the
RCS Makeup and Purification (MU&P) System. Less than 2 kg of fuel (UO,)
was transported to the RB during the accident sequence. ‘

The RCS was designed to transfer thermal energy from the reactor core to
the steam generators (OTSG's). The RCS also provides neutron moderation
and a secondary boundary for preventing the release of fission products to
the environment. The RCSvconsists of the reactor vessel, two (2) vertical
07SG's, four (4) shaft sealed reactor coolant pumps, an electrically heated
pressurizer, and interconnecting piping. Only those sections of the RCS
presented in Section 1.0 are addrossed in this report. In addition, two
(2) pipe sections of the Core Flood System and the Decay Heat Drop Line are
addressed. ' |

2.) Reactor Coolant Pumps

Four (4) reactor coolant pumps are connected to the RCS. ,The pumbs
are vertical suction, horizontal discharge and single stage
centrifugal units manufactured by Bingham Pump & Williamette, Inc.
The pumps are electrically driven by 9000 HP Allis Chalmers,

~3-



2.2

squirrel-cage induction motors. The pumps and their lééations;are
shown in Figures 1 and 2. A1l four (4) pumps are locatéd within the

concrete D-ring sections of the Unit 2 Reactor Building 'at

approximately elevation 320 feet. TSince the top of the D-rings is

at elevation 367 feet, the reactor coolant pumps are about fqrtyF,

seven (47) feet down into the D-rings.

The reactor coolant pumps were operating during the tnitigl‘phase
of the TMI-2 accident. The plant was operating at about 97% power,

At about seventy-three (73) minutes into the accident; the. 1B and
28 reactor coolant pumps were turned off to reduce the possibi]ity_'

of serious pump damage due to low system pressure. The 1A and 2A
pumps continued to circulate coolant through the system until about
one hundred (100) minutes into the accident when they also were shut
down. The operators attempted to restart the reactor coolant pumps

with little success during the next several hours. Reactor coolant

pump 2B was started at about three (3) hours into the accident and

ran briefly before being shut down. Twelve (12) hours later reactor
coolant pump 1A ran for about one (1) minute and was shut down

again, and then restarted (See Figure 3). Core debris was

circulated through the four (4) reactor coolant pdmps during their
subsequent operation (Reference 2). '

For purposes of this report, the RCP boundaries are that section of
the Reactor coolant pumps between the discharge and suction nozzles
(shown in Figure 2). '

Core Flood Lines "A" and "B"

The core flood system consists of two (2) flood tanks cdntaining

approximately 7800 gallons of water (2/3 full), each connected to

-4~
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2.3

2.4

the reactor vessel via fourteen (14) inch piptng Each pvplngrfﬁf
system contains at least two (2) check valves and one (1) stopf
valve., The system activates automatically as the RCS pressure drops\{x:.
below 600 psig due to a 600 psig nitrogen over pressure in eachfjfif‘
tank. Only ‘two (2) sections of ‘the core flood system p1p1ng;-.,
(Figure 4 & 5) between the reactor vessel and the CF~V5A and SB?ffoian“

valves are addressed in.this report.. T

The remaining parts of the core floodtng system are covered in, thefl'f

Reactor Building Miscellaneous Components PDSR.

During the accident, the core‘flood sysfem activatedlas observediby~,'
the reduced nitrogen: ’ouerpresSures.‘ During = subsequent
repressurization of the RCS, back pressure may have forced fuel
debris into the core flood piping on the "A" side (Reference 2). w?'7‘
Fuel debris has been detected beyond the CF-VSB valve and has been . -
observed in the piping between the reactor vessel and the‘CF-VSA/Bu
~ valves (Reference 3). | '

Cold Legs 1A/B and 2A/B

‘The cold leg discharge piping .sections are located at the elevation“'

315 feet between the reactor coolant pumps and the reactbr\vesse].

A1l four (4) pipe sections are twenty eight (28)-inches in diameter e{ h
and are approximately twenty five (25)-feet in length. RCS coolant .

flow deposited fuel debris in these pipe sections (Figure 6).

Hot Leqs A and B

The “A" and "B" hot legs are horizontal sections of the thirty‘sik:f}‘e

-5~

e B i o P it




2.5

2.6

(36)-inch RCS piping that extend east and west from the'reaciqr
vessel at about elevation 315 feet. Each hot leg has a horizontal
section about twelve (12) feet in length that turns upward (90°) and
reaches the 360 foot elevation at the top of the OTSG's (Figure 7)..
Coolant flow exiting the reactor vessel deposited fuel debris in the
twelve (12) foot horizontal section of these two (2) pipe Segmentg.;'

Decay Heat Drop Line

The Decay Heat Drop Line is a twelve (12)-inch diameter pipe section
that attaches to the "B" hot leg at the 90° elbow (Figure 7 & 8);
It extends downward to about elevation 291' and then north for
approximately eighteen (18) feet before tdrning west.

The purpose of the Decay Heat System is to remove decay heat from
the core and residual heat from the reactor coolant system during
shutdown. During the accident, RCS coolant exiting the reactor
vessel into the thirty six (36)~inch‘"8“‘hot'leg moved past the
entrance of the decay heat line and deposited fuel debris into the
vertical decay heat piping segment. The Decay Heat System was not
used during the accident so that the material deposited in the decay
heat piping was due to gravitational settling from the "B" hot leg.
For purposes of this report, the fue! debris was measured near the
elbow of the decay heat line at elevation 291 feet where the decay
heat line turns north toward the Fuel Handling Buiiding.

RCS Nozzles

The RCS Nozzles are tapered sections of the reactor veSsél which
form the entrance to the cold and hot leg piping sections. The core
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flood nozzles are not considered in this section but are contained
within the estimated fuel debris values for the core flood piping

system (Section 4.2)...The hot leg nozzles are assumed to contain

no fuel debris because of the fuel' removal efforts, which

effectively removed the fuel debris deposits. The cold leg nozzles

are considered separately in the PDSR covering the dry . Reactor
Vessel fuel deposition. '

Pressurizer Lines

The pressurizer upper head has three (3) nozzles connected to the
safety relief system and one (1) nozzle connected to the spray line.

It also has a vent nozzle and a sixteen (16)-inch internal diameter
manway opening. The lower head has a ten (10)-inch nozzle connected

to the surge line. A surge diffuser is centered'in this nozzle,
extending up into the lower head a distance of approximately one (1)

foot. The surge line is a ten (10)-inch stainless steel pipe and.

is located inside the A D-ring. It runs from the vertical portion
of the reactor coolant hot leg to the bottom of the pressurizer.

Fuel debris was measured in the horizontal section of the surge

line.

The Power Operated Relief Valve (PORV) stuck open early in the
accident resulting in coolant flow through the pressurizer surge
line into the pressurizer and out through the relief valve. This
flow was terminated later in the accident by closing the block valve
upstream of the PORV. Subsequent to the core damage. this block
valve was <cycled open for significant periods of time,

reestablishing flow through the surge line. The varying fluid -

levels in the pressurizer and the varying flow rates through‘the

surge line are potential separation mechanisms by which fuel fines

-7-
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entrained in the fluid could be deposited in the sufge'line.' Sidce;*‘.
the L-shaped section of ‘the surge line is much lower than 1ts exit -
point, a significant rate of flow would be required to transport'-f'

fuel out.

fuel debris in the pressurizer spray line was flushed back into the |
pressurizer and was subsequently -removed during defueling, -
operations. Therefore, it is assumed that no measurable quantity& .

of fuel remains in the pressurtzer spray line.

Surface Films

In addition to the concentrations of residual core debris, there was
some fuel bound to the surfaces of the components in the RCS. These

deposits were not distinguishable by video inspection because they
were thin and relatively uniform over a wide area. - This film

accounts for a very small fraction of the total fuel left in the

RCS, but is 1ncluded in thts report for completeness.

fuel and related materials on the inside surfaces of the Rcs;’the:;"'
pressurizer ‘and OTSG manway and inspection port cover plates were.‘)
inspected, beta/gamma surveyed, alpha counted and sampled (Referehcelﬁ
22). Subsequently, these plates were counted with a gaﬁ’ma;—raj

spectrometer and the scrape samples were analyzed for fueilisotopes.
The film on each plate differed markedly in thlckness. The

pressurizer had the thinnest film which was - sem1~transparent and’}
" resemtled gun metal blue. The ‘B’ OTSG had the thickest film which
resembled a thick coat of flat black paint, with a. tint of ,gf .
blue/brown. All of the films were very hard, uniform and adherent. E'ﬁg"" X
It appeared that the films originated from both corrosion and .

deposition; the thicker films appeared to be mostly deposution.‘ The W R
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amount of fuel deposited was roughly proportional to the film
thickness, but evidence suggests that much of the fue] fs on the
surface of the film. : '

Radiation Environment and Component Access

A1l of the segments of the RCS deﬁcribed under the Introduction
Section (Section 1.0) of this report are located in regions of the
D-rings or are contained between the reactor vessel and the D-ring
openings. In the case of the cold and hot leg sectioﬁs. these
components penetrate the primary shield wall of the reactor vessel
and then extend into the D-rings at about elevation 315 feet.
Personnel access to these piping segments would require extended
worker exposure times in radiation fields of greater than 1 R/hr in
the “A" D-ring (Reference 4, 5, and 6). No prior access to the 315
foot elevation in the "8" D-ring has been permitted because exposure
rates range from 1 to about 10 R/hr (Figure 9 and References 6, 7
and 8). At the decay heat drop line elbow (elevation 291 feet),
the exposure rate is about 16 R/hr. Therefore, personnel access is
not warranted or consistent with ALARA.

Because of these elevated exposure rate environments, éll sampling
and video inspections were performed from the work platform throbgh
the reactor vessel or from a higher elevation of the D-rings (above
the 350 foot elevation). Access through the reactor vessel via the
defueling work platform was performed remotely, with long handled

‘tools and/or equipment of special design. - This allowed personnel

to work in a 10 to 25 mR/hr (Reference 6) exposure rate environment.



3.0 METHODS

3.

1

Reactor Coolant Pumps

The estimate of record of the amount of fuel! (UO,) remaining in the
Reactor Coolant Pumps RC-P-1A/B and RC-P-2A/B was obtained by

engineering analysis and review of video inspection tapes (Reference
10, 11, and 12).

The first estimate was produced using a video cémera inserted from
the defueling work platform through the discharge pipes (cold legs)
and into the pump casings (Reference 11). The debris estimate is
related to the pump internal cavity volume between the discharge and
intake nozzles. Close examination of the video tapes provided

sufficient evidence to ascribe an average sediment depth of 1/4 inch
(6.4 mm) inside RC-P-2A, and the total volume was estimated to be

11.7 liters of material for this pump (Reference 10). An attempt

"to remove a sample from the RC-P-1A pump casing failed.

In an effort to apply some reasonable limits to the sediment volume

in each pump, it was decided to weight the RC-P-1A, 1B and 2B pump

sediment volumes by the proportional fuel debris quantity that was
measured in each of their related discharge pipes {cold legs)
(Reference 12). This method established the RC-P-2A and the 2A cold
leg as the reference or standard. The 2A cold leg was measured as
containing 3.9 kg of U0, distributed in 21.6 liters of debris
(Reference 12) and the RC-P-2A pump casing was estimated to contain
11.7 liters of sediment (Reference 12). '

The conversion from volume of sediment to fuel (U0y) was performed -

by using the results of the sample analysis of materials collected
from the cold legs as recorded in Reference 12. The analysis

4‘..,0..
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3.3

indicated that the cold leg material density was apprdximately'3;2
grams per cubic centimeter (Reference 12). The U0, fraction was
assumed to be 0.58Y(Reference 13). These values were used to
calculate the final estimate of record for the Reactor Coolant
pumps.

Core Flood Lines “A" and "B"

The estimate of record for the core flood lines (from the RV to the
CF-V5A and 58 valves) was based on the results produced from gross
gamma-ray surveys internal to the Core Flood piping system. The

Microshield computer code (Reference 14) was used to model the

source geometry established from video inspections of the core flood
line deposition patterns. The measured exposure rate was divided
by the calculated exposure rate per volume of fuel (UQ,), which

(Reference 12).

The quantity of fuel remaining in the core flood system is assumed
to be represented by the values developed for a measured eight
(8)-foot segment of both core flood lines ("A" and "B"). No fuel
debris was assumed to have reached the CF-V5A valve in the "A" core
flood side. On the "B" side, fuel deposits were measured at the CF-
V58 valve and in the small drain line that drops from the core flood
line near the CF-V5B valve (Reference 3). ‘

Cold Legs 1A/1B and 2A/28

The cold leg sections extending to the reactor coolant pumps are
twenty eight (28) inches in diameter and are approkimately‘u

-11-
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3.5

twenty five (25) feet long. The gross gamma-ray meaSurément plan
for each cold leg was combared with the computer_model.developed
from the video inspection of each cold leg and saﬁple data
(Reference 12). The measurement method was the same as described
for the core flood lines, Section 3.2. '

Hot Legs "A" and "B"

The estimate of record for the hot leg sections was based on gross
gamma-ray results produced -from internal surveys of the thirty six
(36)-inch hot leg sections (Reference 12). As in Section 3.2 above,
a computer model was used to compare the values measured by the GM
detectors to the fuel quantity in each hot leg. The measurements -
were performed after the hot legs were cleared of as much fuel
debris as possible using specially developed tooling (Reference 15
and 16).

Decay Heat Drop Line

The decay heat drop line is located below the elbow of the “B" hot
leg where the hot leg turns upward (90°) to eventually meet the top
of the "B" OTSG. The decay heat line was inspected with a video
camera system. From the depth of insertion it was determined where
the fuel debris was located at the lower elbow. - Defueling was
performed by using a vacuum tool mounted on a steel bar uith a video
camera on one side of the suction nozzle and & light on the 6ther
side. The steel bar was designed to maintain the vacuum nozzle as
close as possible to the center of the decay heat drop line.
Removal of the material was halted when the vacuum system could not
penetrate a solidified mass of material within the pipe (Reference
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15, 16, 17, and 18). The solidified mass of material was removed

in early 1989 us{hg a drain cleaning machine to break up the hard
debris. Vacuuming continued and the rest of the loose depris was
removed. A GM detector system, similar to those used in the cold
leg measurements, was inserted into the decay heat drop line after
the debris was removed (Reference 19). The GM measurements were
taken over the first three (3) feet of the horizontal section of the
decay heat drop line beyond the lower elbow where it turns north for
about eighteen (18) feet of horizontal run. The measured values
over the first three (3) foot length of:pipe were extrapolated over
the entire horizontal pipe length.

Measurement values obtained from the gross gamma-ray measurements

internal to the decay heat drop line were correlated to fuel debris
quantities determined from decay heat drop line sample results
(Referente 20). Those results indicate that the material collected
was about 8% UO, by weight. ’ ‘

Reactor Coolant Nozzles

The cold leg nozzles are about seventeen (17) inches long and form
the entrance to the twenty eight (28)-inch cold leg pipe sections.

‘They form a tapered entrance of approximately 15°; starting at a

diameter of approximately ‘thirty seven (37) inches.  Video
inspections of three of four nozzles indicated that a sediment layer
remained in the flanged sections. Estimates of the total debris
remaining are included fn the Dry Reactor Vessel Post Defueling

Survey Report. No fuel movement in these regions {s anticipated
except during water flow, and the remaining quantities of fuel .

debris will generally remain in their present locations untillTMl-Z.
is decommissioned except for the fuel located in the '18' nozzle.

13-
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During the RV fuel measurement sequence, it will be hecessary to
drain the RV while making passive neutron measurements. During the
refill cycle, the RV will be filled using water from the RCBTs via
the "B" makeup line (MU-V-16B). This filling operation is expected
to wash most of the residual fuel out of the “18” cold leg and .
nozzle into the RV,

Surface Films

Three (3) different methods were employed to measure the film
deposits on various RCS components (Reference 9). Beta/gamma
exposure rates were measured using an ion chamber type survey meter
(Eberline Model RO2A) and the alpha count rates were measured with
a thin window proportional counter (Eberline Model PAC-6). The beta
exposure rates were used to estimate the Sr-90 activity and the
alpha count rates were used to estimate fuel deposition. The manway
plates were also counted with a collimated HPGe gamma-ray
spectrometer using Ce/Pr-144 and Eu-154 as anélogs for fuel
estimates. The film deposits were estimated using the three (3)
independent measurements: the HPGe spectrometer (Ce/Pr and Eu
lines), the direct alpha count rate, and the radiochemistry of the
scrape samples. The radiochemistry results directly measured the
fuel isotopes and are assumed to be most accurate. The collection
efficiency (50%) was estimated visually and by alpha counting before
and after scraping. It includes the fraction of the area cleaned
and the fraction picked up. Iﬁerefore, the accuracy of the scrape
sample is controlled by the collection efficiency (i.e., no worse
than 50%). '

-14-
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Pressurizer Lines

The only Pressurizer line that was surveyed was the surge line. A
portable directional survey instrument (Eberline Model HP-220A) was
used to measure the exposure rates at discrete locations'along the
horizontal section of the surge line. Higher intensities were noted
along the eastward section of the surge line. Directional
measurements along the north-south surge line section did not
suggest the presence of additional source material.. Theiimpact of
residual fuel from the pressurizer on these measurements waS'reducéd

21).
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4.0 ANALYSIS

4,

1

Reactor Coolant Pumps (RCP's)

Video inspection of the Reactor Coolant Pump RC-P-2A casing -and
discharge leg indicated a sediment layer existed in both. The
sediment volumes were evaluated for RC-P-2A and for the 2A cold leg
and estimated to be 11.7 and 21.6 liters, respectively (Referencé
11 and 12). Direct gross gamma measurements were used to infer the
amount of residual fuel in the cold legs (Reference 12). The
quantity of fuel in the 2A cold leg was estimated as 3.9 kg U0,
(Reference 12). The measurement method was unable to access the
pump casing;_ The fuel estimates for the pumps were based on the
cold leg measurements scaled by the ratio of the observed sediment
volumes in the pump and its cold leg. For the 2A pump per Reference
12:

pump (2A) = —1i:-71iters (pump) _ 5 g kg o, (coldleg) =2.1kg UO, -

21.6liters(coldleg)

It was not possible to inspect the top of the volute, but its volume
was scaled from the drawings and is included in the total pump
volume (Reference 12). ' '

The total fuel con;ent for RC-P-2A and discharge leg was estimated
to be 2.1 kg UO,. From the Cold Leg analysis performed in Reference
12, it was determined that the Cold Leg "2A" contained most of the
fuel debris. On this basis the remaining RC pumps were prorated
using the fuel content of their respective cold legs (Reference 12);
and the results were as follows: ‘ ’
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RCP-1A contained 1.8 kg U0,
RCP-1B contained 1.0 kg UO,
RCP-2A contained 2.1 kg UO,
RCP-2B contained 1.3 kg U0,

Total fuel 6.2 kg UO,

The uncertainty was determihed using the square root of the sum of
the squares of the individual uncertainties. The uncertainty was
determined to be £55% overall for the hot legs, cold legs, RC pumps

and CF lines grouped together (Reference 12) and is reflected in

Table 2.

Core Flood Lines "A" and "B"

The fuel content remaining in the Core Flood Lines was determined
using gross gamma-ray measurements in conjunction with the
Microshield computer code (Reference 14). A one (1)-fbot segment of
fuel debris on the inside surface of the core flood line piping was

modeled on the computer based on a rectanguler solid source

distribution of RV lower head sample material. Since most of the

exposure rate from the deposited material was generated by Cs-137,
the cesium-to-fuel ratio and source geometry were the most critical

parameters.

The GM detectors were positioned about two (2) centimeters from the
bottom of the Core Flood bipe during the measurement sequence.
Gross gamma-ray measurements were made by pushing the detector along
in one (1) foot increments through a distance of eight (8) feet for
each Core Flood line. The values recorded in Reference 22 were for
both Core Flood lines. It was assumed that fuel material did not

reach the CF-V5A valve or the straight run of piping that approaches = -
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the valve from the reactor side. Some fuel material was detected at.

the CF-V5B valve and this quantity is included in the Reactor.7

Building Miscellaneous PDSR. The quantwty of fuel measured on the ':
RV side of the CF-V5 valves was 0.6 kg for the CF-A line and 0 4 kgf

for the CF-B line which results in a total 1.0 kg uo,. . |
uncertainty was determined to be 155% overall for the hot legs, cold'
legs, RC pumps and CF lines grouped together (Reference 12) and is
reflected in Table 2, '

Cold Legs 1A/B and 2A/8B

Radiation measurements were performed using small GM ‘detectorﬁ :
inserted into the cold legs. from the reeetor‘vesseltdefueling work
platform in accordance with Reference 23. The grose gamma-reye'
measurements were compared'to the compdter models genereted by the
Microshield computer code (Reference 14) to determine the estimated
fuel quantities in each cold leg. The results were (Reference 12):

Cold leg 1A contains 3.3 kg U0,
Cold leg 1B contains 1.8 kg U0,
Cold leg 2A contains 3.9 kg U0,

Cold leg 2B contains - 2.4 kg U0,
Total 11.4 kg U02

The computer model selected to represent the fuel debrls was based .

on the video inspections performed during the gross gamma exposure~’1
rate measurements. In all cases a sediment region along the bottom”[j
of the horizontal pipe sections covering the lower 120‘degrees ofﬁ.‘

piping was selected for ihe computer model. The sedimenﬁ,wdsie:._

assigned a density and thickness, and represented the source'of-the -

radiation exposure for a one (1)-foot length of pipe*_at .each ;'- S
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measurement location. Surface exposure rates from films and RCS
water background were subtracted from the gross gamma measurement
values. '

In order to measure the reactor vessel for remaining fuel (UQ,), it
will be necessary to completely drain the reactor vessel while
making passive neutron measurements. After the reactor vessel has
been completely drained, it will likely be partially refilled using
water from the 0TSGs. The filling operation is expected to wash
most of the residual fuel out of the '1B' cold leg and nozzle into
the reactor vessel. Therefore, the fuel measured in the '18' cold
leg (1.8 kg) is subtracted from the cold leg total shown above. The
new fuel estimate is 9.6 kg UO,.

The uncertainty was determined to be iSS% overall for the hot legs,
cold legs, RC pumps and CF lines grouped together (Reference 12) and
is reflected in Table 2. ' ‘

Hot Leqs "A" and "8"

The hot leg sections of the RCS were measured in the same manner
described for the cold leg sections in Section 4.3. The results
were determined after the hot leg segments were defueled using a
specially designed squeegee/vacuum tool to scrape and vacuum the
debris in the hot legs. This tool covered the lower third of the
hot leg diameter with the vacuum slot located on the bottom six (6)
inches at the centerline, Reference 16. As with mostiof the RCS

~ defueling/quantifying effort, the tooling was'deployed from the

defueling work platform on elevation 331 of the Reactor Building.
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The results of the measurements taken after the defueliﬁg'effort was
completed indicate that the following fuel quantitfes remain in each
hot leg (Reference 12): '

"A" hot leg 0.9 kg UO,
“8" hot leg 1.8 kg U0,
TOTAL 2.7 kg U0y,

The uncertainty was determined to 55% overall for the hot legs,
cold legs, RC pumps and CF lines grouped together (Reference 12) and
is reflected in Table 2. ‘

Decay Heat Drop Line

The decay heat drop line was measured in the:same mannéf deséribed{ |
for the cold leg sections in Section 4.3. A model was developed
using the Microshield computer code (Reference 14) that presented
the source region as a one (1)-foot lendth of debris. A decay heat
line sample was used to develop the isotdpiC‘loading and fuel
concentration per unit Qeight of debris (Reference 20). The decay
heat line net sample weight was reported to be 590 g and contained
46.6 g of UO, (8% UO, by weight). A three (3)-foot section of the
decay heat horizontal line was measured, and the results were
extrapolated over the remaining fifteen (15) feet of piping.' The
results indicate that the decay heat line contains 1.5 kg of UOz;t
The uncertainty for this value is considered to be the same as that
determined for the previously reported RCS ‘couponents,.(i;e..
$55%) (Reference 12).

- The total fuel remaining in the decay heat drop line is:

1.5 kg UD, ¢ 55% uncertainty
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Pressurizer Lines

Extensive defueling operat1ons were performed in the RCS with the,-;

goal of removing the maJority of the fuel transported to the RCS asfﬁa o
a result of the accident, These ‘activities ' were generallyf;",.' .
successful. For example, defueling operations removed greater thanf’.?"

90% of the debris in the Pressurizer.,

Debris in the Pressurlzer Spray L1ne was flushed back - into the e 3
Pressurizer and RCS Cold Leg 2A using water processed through the
OWCS. Although the effort did not result in removing fuel from the |
primary system, it did relocate the fuel debris for ease of removal

in subsequent defueling operations. ‘Therefore, it was assumed that .
no measurable quantity of res1dua1 fuel remalns in the Pressurlzer o

Spray Line.

A portable directional survey instrument (Eberline Model HP—ZZOA) ',
was used to measure the exposure rate along the Pressurizer surge -
line. Higher intensities were noted along the eastward section of
the surge line. The total quantity was derived for a uniform
uranium deposition pattern over the east section of the surge line.vw
The measured results determined a quantity of 0.2 kg U0, for the
-Pressurizer surge line (Reference 24). : -

The balance of lines connected to the‘Pressurizer were the safety

and relief lines connected to the top of the Pressurizer tank.

During the accident,‘relatively high velocity water was'disCharged ‘
through the PORV and safety valves to the RCOT. The velocity of the -
discharge flow was sufficient to keep micron sized. fuel debris ,f
material in suspensfon and moving along the discharge pipe down to ;"f
the RCDT. Inspections of the Pressurizer performed durtng defueling (jf:, ,
indicated thicre was only a small quantity of loose debris and that‘s;:}"‘
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most of the remaining fyei'deposits consisted of large piecekipf

debris (approximately 5 cm wide x 10 cm long x 2_.5 cm th'ick)
(Reference 25).  There was no indication .of significant fuel’ -
deposits present in the drain line to the RCDT during the D-Ring

surveillance type measurement programs.

The total fuel content for the Pressurizer lines was estimated to be

0.2 kg UO,. Since no uncertainty was repdrfedAfor the results of

this analysis, an uncertainty of £60% was arbifrarily'assigned to.
the fuel content value of the Pressurizer lines.

Surface Films

Reactor fuel is present in the form of surface films on RCS

components (Reference 9). Several RCS components were analyzed to f_
determine the quantity of U0, present within these adherent and
loosely adherent surface film layers. The manway covers from the.

Once Through Steam Generators (OTSGs) and the Pressurizer, as well - -

as the 'A* 0TSG hand hole cover were sampled. Surface materials i
were removed by scraping and analyzed for fuel content. Reference
9 presents the results of -the scrape sample analyses and the total
estimated fuel (UO,) present in the RCS as surface films. Under the
assumption that the film characteristics of the three (3) manway
plates are equally representative of the RCS, the films averaged
0.0019 inches thick and contained 18 pg/cm? of UO,. . The total fuel
(UO,) estimate was 4.6 kg. The assumed unceriainty_for the surfacé
film quantity was + 60% (one sigma). K |
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_CONCLUSIONS

The estimate of record of the quantity of fuel (UO,) remaining'in'the
Reactor Coolant System is 25.8 kilograms * 43% (at one sigma). The

uncertainty is based on a grouped‘uncertaintyfof*tSS% for the hot legs,
cold legs, RC pumps and CF lines and individual component uncertainties

associated with the DH drop line, surface films and Pressurizer lines
addressed in this Post Defueling Survey Report.

This estimate of record is derived from the measured datq summarized in

Table 2. The data shows that 61% of the remaining fuel is contained in

two components, the Reactor Coolant Pumps and the Cold Legs. These
components are expected to remain static once drain down is completed. No
future water flows are planned except possibly to remove condensation or
inleakage from the Reactor Building. Additional measurements of the RCS
components are not warranted based on ALARA considerations due to the

small quantity of fuel (UO,) measured to date. After final draindown of

the RCS, the Reactor Building will be isolated from all systems outside
the RB by maintaining containment isolation. -

The goal of the TMI-2 defueling program was to remove more than 99% of the
original core inventory of approximately 94,000 kg. In that context, thé
25.8 kg quantity of U0, remaining in the RCS components is less than 4% of
the total allowable fuel (UO,) remaining at TMI-2.
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January 6, 1988. ’ '

GPUNC Technical Bulletin No. 87—7,'Revision 2, Characterization Summary of

Debris in A and B Hot Legs and the Decay Heat Drop Line, January 25; 1988.

GPUNC Unit Work Instruction No. 4730~3212?88-R660, Decay Heat Line
Defueling, August 1988.

GPUNC Engineering Calculation No. 4550-3213-87-006, Revision 0, Calculate
vol. Sediment in DH Dropline, March 2, 1987.

GPUNC Engineering Calculation No. 4800~3212-89-010, Revision 0, Decay Heat
Line Fuel Estimates, May 16, 1989. |

-25-



20.  GPUNC Engineering Calculat1on No. 4530 3212 89 002 Revrszon 0 Decax Heati.,'l P
Orop Line Sdmple January 5, 1989 : L

ff]‘ 21.  GPUNC Technical Bul]etin No. 85- 09 Revision 0, An Estimate of Fuel Debris?f;ﬂ_‘ .
' in the Pressurizer Surge L1ne. March 27. 1985

g e | =

S 22.  GPUNC Unit Work Instruction No. 473043255489-R743,‘fCofé’*ryobd Line ..
;, Characterization, August 1989.  ;_ ‘ R S

B , R

m; .

23. GPUNC Unit Work Instruction No. 4730-3255-89-R742, Cold _Leg
Characterization, August 1989. : ' S - :

24. GPUNC Engineering Calculation No. 4550-3223-85-04, Revision 0, Fuel
Estimation in Surge Line, April 10, 1935. T

25. GPUNC Technical Bulletin No. 85- IOa, Rev151on 2, Revised Estlmate of the
Volume of Material in the Pressurmzer, February 2, 1988

1
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TABLE 1

ASSAY METHODS UTILIZED TO MEASURE RCS COMPONENTS IN THE REACTOR BUILDING

Area Description

. Reactor Coolant Pumps
'pore Flood Lines
Cold Legs 1 A/B and 2A/B
Hot Legs ‘A' and 'B'
Decay Heat Drop Line
Pressurizer Lines

Assay Method

Calculation Number

Engineering Analysis

Gross Gamma-Ray
Gross Gamma-Ray
Gross Gamma%Ray
Gross Gamma-Ray
Gross Gamma-Ray

4249-3220-91-005

4249-3220-91-005

© 4289-3220-91-005

4249-3220-91-005
4800-3212-89-010
4550-3223-85-004

Surface Films - © Beta, Alpha, Gamma, Sampled ‘Reference 9
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TABLE 2

SUMMARY OF SNM INVENTORY FOR Rcs AREAS

Area/Component

Reactor Coolani Pumps

Core Flood Lines 'A' and 'B'
Cold Legs 1 A/B and 2 A/B
Hot Legs 'A' and 'B'

Decay Heat Drop Line

Pressurizer Lines

-Surface Films

Estimate of Record and Uncertainty

Fuel Quantity

6.2 kg
1.0 kg
9.6 kg
2.7 kg
1.5 kg
0.2 kg
4.6 kg
25.8 kg

‘ . Determined
Uncertainty

+ 55%

+ 55%
+ 60%
_t 60%
t 43%

Reference

PDSR Paragraph 4.1

PDSR Paragraph 4.2 -
PDSR Paragraph 4.3

PDSR Paragraph 4.4

POSR Paragraph 4.5

PDSR Paragraph 4.6.

PDSR Paragraph 4.7 o



FIGURE 1- REACTOR COOLANT PUMPS
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FIGURE 2-RC PUMP CROSS SECTION
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FIGURE 3-RC PUMP TIME HISTORY
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FIGURE 6- RCS PIPING
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FIGURE 7-RCS HOT LEGS AND DH LINE

a. °B" hot leg
b. Decay heat line elbow
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1.0 PURPQSE

2.0

1.1

1.2

The purpose of this plan is to describe.the Three Mile Island Unit 2 :
(TMI-2) Special Nuclear Matertal (SNM*) Accountabitity Program. This plan
identifies the methods and sequence of SNM accountability, the Quality
Assurance Program that will be built into SNM measurement activities, the
areas, systems and components that will undergo formal SNM measurement and
the areas, systems and components that do not require SNM assessment. The
plan fdentifies the TMI-2 organizations that will directly perform SNM
assessment and the organizations that will provide significant support.

The plan also describes how programmatic ALARA will be implemented in SNM
assessment activities. : A ,

*For the purposes of this plan, the term SNM will be Ot1lized to describe
the]res1dual fissile material derived from the original enriched UO)
fuel, . : ‘ : ,

The post-defueling survey of the TMI-2 plant for residua) special nuclear
materfal will be performed by the implementation of this plan. As fdenti-
fied in this plan, the post-defueling survey 1s a process by which the
entire TMI-2 plant will be reviewed to identify areas known to contain
spectal nuclear material or that could contain SNM and the presence and
quantity of speclial nuclear material (SNM) in each area will be deter-
mined. The accomplishment of the SNM measurements and associated
engineering analysis will constitute completion of the post-defueling
survey. This plan, the SNM Accountability Plan, describes the process by
which the post-defueling survey will be conducted. .

BACKGROUND

2.1

2.2

The March, 1979 accident resulted in significant damage to the core and in
subsequent release of fuel and fisston products Into the Reactor Coolant
System and other closely related systems. The TMI-2 core currently
consists of loose fuel pellets, solidified fuel, structural metal compon-
ents (e.g., end fittings), loose rubble and partial fuel assemblies. This
collection of material is generically referred to as core debris. As a
result of the core condition, fuel accountability by the normal method of
counting fndividual fuel assemblies is not possible. ' :

Core debris 1s presently being loaded in spectal canisters and shipped to -
the Department of Energy Idaho National Engineering Laboratory (DOE INEL)
facility in Idaho. Each shipment 1s accompanied by a Nuclear Material
Transaction Report (DOE/NRC Form 741) which shows the net weight of the
contents of each canister and 2 best avallable physical description of. the
contents. A statement that quantification of the amount of SNM {in each -
canister 1s not possible also accompanies each shipment as an annotation
on the DOE/NRC Nuclear Material Transaction Report Form 741, '

3.0 NT1050 )06 96) |
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2.3

2.4

The canister contents are a mixture of SNM and other core debris. “There. .
{s no feasible method at TMI-2 to determine the exact content of fuel in
each canister. Therefore, SNM accountabiiity for TMI-2 will be based on.
the total measured SNM remaintng {n the plant after defueling is o
complete. A final plant inventory of residual SNM will be reported on the
DOE/NRC Material Balance Report (DOE/RRC Form 742). :

In October, 1985, GPU Nuclear, the U.S. Department of Energy (DOE) end the
U.S. Nuclear Re?u1etory Commission (NRC) entered into an agreement (Refer-
ence 11.1 and 11.2) that final SNM accountability for TMI-2 would be
performed after defueling was completed and would be based upon a thorough
post-defueling survey of TMI-2. This post-defueling survey would
quantify, as accurately as poss1b1e ‘the amount of residual SNM in plant
systems and components. Implied 1n this agreement was the understanding
that the post-defueling survey would involve all areas, structures,
systems and components where SNM could possibly have been deposited as a
result of the 1979 accident and subsequent recovery activities.

SUMMARY

3.1

3.2

3.3

Formal SNM assessment activities are currently scheduled to begin in

1987. A measurement schedule 1s presented in Appendix 1. -In summary, the
SNM assessment schedule is based upon the completion of defueling activi-
ties In the Reactor Building components and gross decontamination of the
selected Auxiliary and Fuel Handling Building systems and associated.
cubicles. The current schedule calls for SNM accountability to be com-
pleted after Reactor Coolant System (RCS) draindown has occurred. The
projected SNM accountability schedule is based on current defueling and
decontamination schedules. The schedule will be adJusted as needed to
reflect cleanup program progress. ‘ . ‘

SNM measurements will be performed as areas, systems and components are
placed into an isolated configuration that ensures no fuel transport in or
out after the SNM survey has been completed. The configuration will be
selected to enhance SNM detection w'th due regard for system bounds,
piping configuration and measurement requirements. Following SNM survey,
the configuration will be administratively and physically controlled. 1If
the configuration s modified In a manner that could result In SNM
transport, suitable measurements will be performed to ensure accurate
accountability.

The entire TMI-2 plant has been reviewed to determine vhere SNM may have
been deposited as a result of the 1979 accident and subsequent recovery
activities. Locations have been placed into three categories: Category )
- locations where SNM {s definitely deposited; Category 2 - locations
where 1t can be reasonably postulated that SNM may be deposited; and
Category 3 - locations where 1t can be shown that SNM was not deposited

~ Appendix 1 also identifies each area classification.

3.0 . "
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3.4 A1l Category 1 areas will undergo SNM survey. Category 2 areas will
undergo SNM survey after surface decontamination and/or system flush -
activities are completed. Category 3 areas will be fdentified as not -
requiring SNM assessment based upon authoritative analyses of the TMI-2.
accident (NSAC 80-1: Analysis of Three Mile Island - Unit 2 Accident:
Rogovin Report: Three Mile Island, A Report to the Commissioners and the
Public) and a review of recovery activities. E :

NOTE: Some areas of the plant may be reclassified as a résu!t of
ongoing or future recovery activities. - LT

3.5 SNM accountability at TMI-2 will be a complex task. Inaccessibility of
some systems and components, high area radiation backgrounds, complex
geometries and the required Indirect measurement of fuel will comp)icate
physical measurement of SNM quantities. Also, selected TMI-2 systems )
cannot be surveyed until RCS draindown occurs. Therefore, several alter-
native techniques for performing measurement of SNM quantities will be
useful. Reference 11.3 describes those techniques. Appendix 1, as noted
above, classifies plant areas and, where possible, specifies the method(s)
to be used to assess each 1isted area, system or component.

3.6 SNM assessment is an Important to Safety (ITS) activity. The TMI-2
Recovery QA Plan applies to SNM assessment activities. QA/QC will review
and approve the SNM accountability plan and SNM measurements procedures .-
and Unit Work Instructions. Measurement equipment will be maintained and
calibrated in accordance with Quality Assurance/Qua!It{ Control (QA/QC)
requirements. Individual SNM assessment activities wil) include QA/QC
verification of essential parameters as deemed necessary. Records of SNM
assessment activities and associated analyses will be subjected to QA/QC
monitoring and auditing. Engineering calculations for SNM assessment will
be performed in accordance with the TMI-2 Engineering Calculation
Procedure 4000-ENG-7310.02 and will be independently audited. .

4.0 SNM ACCOUNTABILITY PROCESS

4.1  The SNM Accountability Process will establish the quantity of residual SNM
at TMI-2 after defueling is completed. The quantity of residual SNM wil)
be determined through measurements, sampling and engineering analysis.
The determination of the quantity of SNM in a specific area, system or
component will be documented in a SNM assessment package. The SNM assess-
ment package, will contain, as a minimum: a detalled description of the
area, system or component; 1ts role in the accident and/or recovery
activities; the rationale supporting a conclusion as to whether the
possibllity of contained residual SNM exists; and {\f so, a SAM measurement
document or previous fuel characterization results and an appropriate
engineering calculation. The purpose of each set of data contained in the
SNM assessment package is detalled below: ' :

4.1.1 Description - The purpose of this section will be to provide
detalied Information on the area, system or component being
assayed. Included will be a description of each significant
piping section, component and surface: a description of the

3.0 ' NT060
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accident and recovery program history of the above; and avaii--
able photographs and/or drawings. Finally, 1f an area, system
or component is determined to have no possibility for containing
residual fuel, 1t will be so stated. with supporting rationale.

fn the description section._ﬂ; o

4.1.2 %%5_53%%%;%5331 - Specific moasuremants of residuai SNM quanti- -
es w performed util12ing either QA approved procedures
or Unit Mork Instructfons., A1l SNM measurement documents will
contain data sheets which will record the measurement data,
equipment calibration {nformatfon and essentfal supporting
information. A1l SNM measurements will be performed in accor-
dance with appropriate industrial safety requirements.

4.1.3 Fuel Characterization Measurements for. SNM Accountabiiit
Several plant areas and components were surveyed for residuai_;g,
SNM deposits prior to initiation of the formal SNM accounta- -
bility program. In some cases, it wil) be advantageous to
utilize the results of these previous measurements; personnel _
radiation exposure will be minimized. Previous fuel characteri-
zation measurements will be utilized for SNM accountability
purposes at the discretion of the Manager, Post Defueling Survey
and SNM Accountability under the foiiowing conditions

a. The area, system or component measured has been maintained
in a fixed configuration, from the time of the measurement
to the present, that precludes the possibility of transport.
of SNM into or out of the area, system or component :

b. The area, system or component can continue throughout the
duration of the SNM accountability measurement program to
be maintained in a configuration that precludes the trans-
port of SNM into or out of the area, system or component
and appropriate controls are in place to ensure configura-
tion controls.

¢c. The previous fuel characterization SNM measurement package-
is accepted by Quality AssuranceIQuaiity Control.

4,1.4 SNM Agsessment En*ine!rine %ai;uiatign - The SNM assessment

engineering calculation w e the documented engineering
, analysis which determines the quantity of residual SNM in an

area, system or component based on the raw measurement data.
SNM engineering calculations will be performed in accordance
with Procedure 4000-ENG-7310.02, Engineering Calculations. The
calculation will determine the Quantity of SNM in a given S
location based upon the configuration of the object assayed, the
analysis of the survey data and the measurement instrumentation
performance capabilities. Also relevant to the determination of

°.0 NTI0S) AR
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4.2

4.3

5.0 SNM MEASUREMENTS

Final SNM Accountability

the quantity of residual SNM will be the specific assumptions
deriving from a review of the measurements made and an analysis
of the accident history and recovery efforts ralatlng to the
area, system or component. _

Determination of SNM in Radioactive Hasta and Samp!e Shipmants

4.2.1 The tota) amount of SNM shipped off-site as radioactive waste
and/or as samples will be determined in accordance with approved
Important to Safety (ITS) procedures. The amount of SNM shipped
will be recorded on the appropriate shipping forms and the NRC
Form 741 Nuclear Material Transaction Report. The quantities of
SNM reported as shipped will be summed for Input into the final
SNM accountability process.

Final SNM accountability will be performed by summing the rasidual SNM
quantities fdentified in the Individual SNM measurements and reporting the
sum quantity as the remaining plant {nventory of speclal nuclear. :
material. The amount of fuel shipped to the Department of Energy (DOE)
1daho National Engineering Laboratory C(INEL) wil) be determined by
subtracting the sum of the final plant inventory and the amount of SNM
shipped as radioactive waste from the total plant inventory of SNM as
reported on the most recent SNM Material Balance Report (NRC/DOE Form 742)

as corrected for decay.

Last Reported Inventory

Decay correction

Final In-plant fnventory

SNM shipped as samples and Radwaste
SNM shipped to INEL in fuel, filter
and knockout canisters

5.1

5.2

SNM measurement will be performed on TMI-2 Category 1 and Category 2 :
structures, systems and components (Appendix 1). A SNM measurement will
be performed on each individual location once 1t 1s placed in a
configuration for Post-Defueling Monitored Storage. A determination of
the residual SNM in each location will be based on individual SNM
measurements performed using approved procedures or by examination and-
analysis of previously performed fuel characterization measurements.

SNM measurements will be performed in accordance with an approved proce- ¢
dure or Unit Work Instruction when existing data from previous fuel
characterization measurements are insufficient for final SNM account-
ability. Individual SNM measurements will be performed in accordance with
generic measurement procedures or a specific Unit Work Instruction.
Generic procedures will be utilized for measurements performed utilizing a

o - Nnoiﬁgﬂﬁf
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6.0 SNM MEASUREMENT TECHNIQUES

standard technique (e.g., Gamma Spectroscopy) ‘Unit Work Instructions -

will be utilized for measurements that require special, one of a kind,
techniques (e.g., OTSG tube film SNM measurement). Data sheets attached

to each SNM measurement document will be used to record the data required
for post measurement annlysis.f~« . L L e

SNM measurement documents shall be revleved and approved 1n accordance_ o
with TMI-2 Unit Procedure 4000-ADM-1218.02, TMI-2 Document Evaluation;”:.
Review and Approval. SNM measurement documents will require concurrence .

by the following organizations, as a minimum: Plant Operations, Qualtty
Assurance/Quality Control, SRG and SNM Accountability. SNM measurement
Unit Work Instructions wil require the additional concurrence of .’ N
Radiological Controls. In addition, each SNM measurement document v111 be
reviewed by all organizations from whom support is required. The Site
Operations Director shall be the approver of SNM Measurement documents

SNM measurement documents sha1l be archtved in CARIRS Copies of all data
sheets will be submitted to Data Management and Ana!ysis for post measure-_
ment analysis. ) ‘ , . L :

6.1

7.0 QUALITY ASSURANCE FOR SNM ACCOUNTABILITY

As stated in the introduction, the post defueIing SNM assessment at TMI 2
will be a complex task. SeveraI different measurement techniques will be
used. Technique selection for each measurement will depend upon the. .
configuration of the component or area to assayed, physfcal access. 1|m1ta-
tions, area radiation dose rates and the likely nature of the form of
specfal nuclear material (fuel) deposits. Current plans are to make:

extensive use of gamma scintillation counting, visual inspections, scrape “"

sampling of films deposited on metal surfaces and gas proportional detec--
tion of alpha radiation. Several areas may be surveyed utilizing two or.

more techniques. A detailed description of the measurement techniques and
selection criterfa can be found in Reference 11.3. e

7.1

7.2

.procedures or upon measurement packages that contain previously performed

The results of the SNM Accountability Program will be the basis for final
SNM accountability at TMI-2. In addition, final SNM accountability may be
a highly visible element of the comp1et1on of the TMI-2 Cleanup Program.
Therefore, the SNM accountability activities are classified as "Important
to Safety" and shall comply with the TMI-2 Recovery QA PIan

SNM accountability will be based on a determinatton of the quantlty of
residual Special Nuclear Material (SNM) remaining in the TMI-2 areas, - .
systems and components after defueling and water processing activities™
have been completed. The determination of the residual SNM- quantit\es
will be based upon measurements performed utilizing QA/QC approved

fuel characterization measurements revieved and approved by QA/QC on an
after-the-fact basis. , R
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7.3 SNM measurement activities performed via approved procedures or Unit Hork
Instructions will be reviewed by QA/QC for.inclusion of hold/witness':
points. Specific activities (e.g., critical:items) may aiso be. identifie
by the document preparer which require QA/QC verification.: “Activities
requiring QA/QC observation will require adequate notification to ensur
that QA/QC support is avaiiabie for the ific activity i

7.4 SNM engineering caicuiations wiii be performed in accordance
procedure 4000-ENG-7310.02, Engineering Calculations. Data utiiized in
the engineering calculations will be obtained from the completed QA -
approved procedure or Unit Work Instructions data sheets or. from QA
reviewed and approved data acquisition measurement packages.”:The:
calculations will be independently verified in accordance with the %
procedure. SNM measurement packages that identify residual SNM deposit
greater than 1 kilogram will be submitted for a separate independent
review to an orqanization other than Data Management and Analysis

7.5 Computer codes utilized to quantify residuai speciai nuciear materfal will®
be verified by Data Management and Analysis by benchmarking with accepted
ndustry codes. Verification will be documented. Only verified and:
approved computer codes will be utilized.” Approved code: versions. uiii be
controlled to preclude unauthorized modification Code versions utiiized
in engineering caicuiations wiii be specificaiiy identified O

7.6 Equipment utilized to quantify res!dual. speciai nuclear materiai via QA
approved procedure or Unit Work. Instruction will be calibrated and. -
operated in accordance with these procedures. Essential; equipment ‘“
fdentification information (e.g., type, size, configuration) and - =
performance data (e.g., counts, duration of count iocation of detector)
will be recorded on the data sheets. : . RS o

8.0 CONFIGURATION CONTROL OF AREAS, SYSTEMS OR COMPONENTS CONTAINING RESIDUAL SNM

8.1 In order to ensure that the SNM measurement process s accurate controis -} -
must be established to ensure that spectal nuclear material (SNM) is not '
“double counted". Double counting could occur when SNM is relocated out’
of a component that has already been measured into a radioactive vaste
shipment or a component still requiring SNM assessment . .

8.2 Administrative controls will be utiiized to maintain physicai isoiation of». el
areas, systems or components that have undergone SNM measurement so that 1E
transport of SNM into or out of the area, system or component.is™
precluded. The type of administrative controis wiii depend upon: the ‘
nature of the component . T ) h’

8.3 Piping systems and components connected to piping systems (e 9., pumps o
tanks) will be fsolated utilizing "red" tags via the TMI-2:Switching: and
Tagging Procedure 4000-ADM-3020.04. Red tags prohibit the changing of . .i-|
position of a component (e.g., valves, electrical breakers). ."Red tagged"ﬁ .
components will be fsolation barriers intended to prevent the transport of\ ‘
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8.4

9.0 ALARA

' s . . Numbor;"v_~‘ .
TMI-2 Unit N N
[Zd7]Nuclear | socopLicas0.02
Title , : Revision No. :
SNM Accountability Plan . . ' 0-00

residual SNM into or out of areas, systems.or components. If an isolation
barrier is removed (i.e., a valve opened or other violation of - *
configuration control), the need for repeat measurement of SNM in the
affected piping will be evaluated. , o

Open areas (e.g., Reactor Building [RB) basement floors, Auxiliary
Buiiding sump) will be controlled by one of two methods to prevent fuel
transport. Areas will be maintained in a dry condition so that 1iquid
cannot displace residual SNM or, 1f subjected to 1iquid flow, 1iquid
effluents will be sampled. Sampling of the 1iquid effluent for the
presegce of residual SNM will be performed in accordance with QA approved
procedures. L » L .

FOR SNM ACCOUNTABILITY

9.1

9.2

9.3

The program for SNM accountability will be conducted in accordance with

the "As Low As Reasonably Achievable" (ALARA) principle for radiation v
exposure. The SNM accountabilfity program will result in the exposure of
personnel to fonizing radiation when SNM measurements are performed in the
Auxiliary, Fuel Handling or Reactor Building. Personnel radiation
exposures will be maintained ALARA by 1imiting the number of measurements
to those essential for SNM accountability and by planning each measurement
to minimize personal exposure.

The number of required SNM measurements will be 1imited by utilizing, when |
possible, previously performed fuel characterization measurements. In
addition, SNM measurements will be limited to those areas, systems or
components which concelvably contain fuel.

The radiation exposure received by persohnel performing SNM measurements

- will be kept ALARA by proper planning. Individual measurements will be

designed to Include efficient use of time in radiation areas, incorporate
lessons learned on dose minimization from previous measurements and ’
include the use of remote equipment when possibie. Where possible, SNM
measurements will be coordinated with radiological end point verification
surveys in high radiation areas. : .

10.0 RESPONSIBILITIES

101

10.2

The SNM Accountability program will be directed and controlled by the
Licensing and Nuclear Safety Department. Specifically, the Manager,.
Post-Defueling Survey and SNM Accountability is responsible to develop and
implement the SNM Accountability Plan which will control the .
post-defueling survey of TMI-2.

The Data Management and Analysis Section of the Project Planning and
Analysis Department will develop procedures and techniques for performing
individual SNM measurements, perform SNM measurements and, based upon data
obtained, determine residual SNM quantities through formal engineering
calculations. ‘ '

10.0 ) _ — NT05330688)
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with the NRC in the review of the SNM accountability documents.
accountability of the TMI-2 Core to the DOE.

support for SNM accountability activities. Defue
provide scheduling and other administrative support. :

consistent with GPU Nuclear ALARA objectives.

Fuel Handiing Bulldings.

SNM assessment activities.

11.0 REFERENCES

"Accountability for the TMI-2 Core - WWB-100-85"

70.53"

Nuclear Corporation

' ~ ~TNumber |
EI]Nuclaar - TMI-2 Unit - .
Palicy/Plan _4000-PLN-
Title . Revision No.
| SHM Accountahility Plan - ' ' ___0-00

10.3 The Licensing Section will providc‘iajor support to the SNM Accountability
program. Licensing will develop the appropriate strategy for compliance
with NRC and DOE regulatory requirements and will be the primary fnterface

Licensing will support submission of the final SNM accountability results
and negotiate resolution of the final accountability/transfer of . ..

10.4 The Defueling Support Section will provide the naa$r 12-p1an: ‘???fa]so
ng Support w

10.5 The Radiological Controls Department will provide support to the SNM
accountability program to ensure activities are conducted in a manner

10.6 Site Operations wil) provide support to SNM accountability by establishing
and maintaining configuration control of the plant systems. The Site
Operations Director shall be the approver of all SNM assessment procedures
and Unit Work Instructions. In addition, the Radwaste Section of Site
Operations will provide support for SNM measurements in the Auxilfary and

10.7 QA/QC will review SNM assessment documents and perform QA/QC inspection of

11.1 DOE letter of October 8, 1985 from K. W. Bixby to H. M. Burton (EGAG).

11.2 NRC letter of Octodber 17, 1985 from B. J. Snyder to F. R. Standerfer
(GPUNC). "Approval of Exemption from 10CFR30.51, 40.61, 70.51(d), and

11.3 Technical Planning Department. January 1987. Instrument Selection for
Residual Fuel Measurements. TPO/TMI-187, Revision 0. Middletown, PA; GPU

11.4 Technical Planning Department. August 1985. TMI-2 Core Atcounfab\1\ty.

Finally,

12.0 Appendix 1

TPO/TMI-035, Revision 1. Middletown, PA; GPU Nuclear Corporation

1000108488
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APFOOIX 1 - Ares Classification and I8¢ Assessment Schedule

wncertaint

Techaics) Bellotin or GIND document.

described o the referenced

*sarea derignations defleed in Technical Bata

Book, TPO/TNI-009.
coeyill wtilize enisting Gocymentation.

2. Porsible Tuel Prosent
3. Ne Fuel Present

.Cvnv-t
adiation Swrfoce tem b
. - ] Levels Assessmpat Oecon Nesh Noa
Acea” | Descripties | Categeryl (ser hewr) Nethod Date | Date | m'mn Semarka
AX901 M (nery. Soes. Pup 3 2aRY
AXse2 Access Corvidor (Drates) 3 DY
AN03 Access Ares (Orsies) 3 2Ry
AX904 Seal Injection Valve Toem 2 ZRY (URA) Nl Detecter h 7, 34 LY, 14 Canme pectr. scheduled ot Nater dute
AZS0S | M.U. Pump - IC ! THAY (URA) | WGe Detector e e Y 1 Pre-Twsh statza: 0.4) grum Feel®
. ({79-83-13)
A5S08 | R.U. Pump - 18 1 5y, G00uRS-| Ge Detectsr s e 2787 Pro-flush states: 2).6 grums fuel®
(L) (75-83-13)
AxS07 | N.U. Pump - A ! SEY, 100uS-| IyGe Detecter s/8? e e Pro-flvsh statws: 10.0 grams fuel®
(LRA) {15-8%-1))
ATS08 Spent Reste Stersge 2 [ 24 WpGe Detector ’
- Tomk - 18
AI09 Spent Resin Storsge 2 24 WyGe Detoctor
Tonk = 1A
ATS1® Speat Resin Storsge 2 SalY Oecumentation : .
Tank Pysp : E
AXS11 | Aux. Sump Pemp Valve Bnew ] 200y Oecumpatation oee Pro~flvsh stattee? h“a- shows|
1.9 of See?®. |
wt . @)
az9t2 | Avn. 01dg. Sump Tonk Guee ' MR, GetS- | Nl or Wbe e LY (¥, 1] Conma Spectr. shewn 22 grams® o
"v (URA) Oetoctor sump, 1.4 gram® o tkk ond 1.9
gram® in pup { ]
ATD13 Cvap. Cond. Tonks, Pumps 3 L ¢4
MOTTS:  *Best estinste of S quentity: sesserement S0t CATIGORIES: 1. Knewn Fue) Present Bt - B

LMRA = Loched Migh Radiskien Aree
80 ~ To be Determined .
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APPONOIX ) - Ares Classification and S Assessment Schedule (Cont'd)

Huy
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urtd £3111QRIUNOIIY WNS
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Corrent
w0 prteitie A frotbordl B el IR
o [ ) 1503 smpnt Decon flesh "easurenpat

Areacc ) Deacrigtiss =~ | Categery | Methed J  Date | Date | Rasarks

AZDY4 2C Cvap. Remm 100 Y (URA)

axg1Se [ Clesnwp Filtery Rsem 1ol Y WL-TGME and WLPIME (4.7 grame®

. por (ilter) (T5-06-48)

AZ815h | Cleanwp Filter After Roen 3 1 ¢4

AX016 | Cleanup Denla. - 2A 3 SRY (URA)

AXD7 Clesnwp Desia. - T8 3 SERY (URA)

axgia Naste Tramsfer Punp Roem 3 20aRY, 10088

AZ019 Maste Dispesal Ligeid ] SRy e Betector

VYalves or Documrntstion
AXS20 RC Oleed Tamdts 18, IC & Wiy, 0ult8- Nl Detector s/87 127, 1 1788 Mot ible smell amsunts of fuel
IUﬂ) -118)
AX02) | RC Bleed Toshk 1A 12RY Hel Detecter e Tank closned - presently contales ne
fue)

Ax922 Nerth Statrwell <RY

AZ823 | Ulevater Sheft 207, SOuit®-
‘azg2e | aun. B10g. Sump Filters oty ke Detecter 1wer /9 "es 11ter cartridges v-nl (a0 fee?

or Dacuseatstion ta filtgrs)
AT926 | Seal Injection Filters SRy ' Reeds to b serveyed (Tilter cort
(U-Faa, & si0ges removed, ne l-‘ l- mm)

A2877 | Sewth Stairwell 3 2.9RY

ARV Radweste Dispesal Panel 3 2RY ‘ .

AX102 | W9 Semp Pump Filters 2 00RY ™ Ve 7 1 Mt sorveyed

angy | wcc 2-1t8 3 2.3aR7 ‘
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APPEYDIX ) - Ares Closaification and DN Assessaent Schedule (Cowt'd)

e
astion Sort t
- St Levels Assessasng ln:. k:: W”
Arsat | Dexcriptiss | Categery [_Date | Oata | Date Samarks
ARISS e 2-21e8 3 ¢ 2.%RY
ARIDS Substatien 2-90C 3 ¢ 2.%RY
AX1IDG Substation 2-21C 3 ¢ 2.5%RY
axg? nCC 2-11EA 3 ¢ 2.%RY
AX1eS | mCC 2-21EA 3 ¢ 2.50Y
AXIO® | Wuc. Services Coslers 3 ¢ 2.%RY
and Pusps
AxVIO Intersediate Coolers 3 < 2.%0Y
ARINY Internediate Cooling ¢ G0y
Pumgps and filters
A2 | Seal Return Coolers snd. 2 300y (LIRA) | el or or v wer ass? Heeds te bo serveyed (Filter Cort-
Filters (WU-F-3) : Oocumentation ridge vensved)
AX113 | Waste Gas Anslyzer 3 100y (LUIRA)
ARG MULP Demin. - A 1 200RY (LWA) ts! Oetector 9737 i 14 wer Sef. COD-IW-$13 (0.7 = 6.7 by fuel®)
AXNS L? Dealn. - 19 1 20007 (UmA) e Detoctor e 7% wme ‘Sef. COB-1F-213 (0.7 bg feel®)
axng | w tamk 1 N0AY, 300uB.] Mel or Wie /s ” nwm? . Bef. T5-06-80 (Tosk: W2 grams fwel®:
(LMRA) Oetector Bellef Valve ﬂn: gremg fuel®;
Tank Discharge Pipe: € grems fuel®)
ARND WSP Filters (M-FT2ALB ] 00ty pCe Oetector L7, 1) 12797 W-r2A, 8 1y hove fue)
unuuqsna( -wnn:s-::==n-¢n-‘-ut-n
ave beling recounted.
AR1IS | Spest Fue? Coslers 3 SaktY
AZN9 [ Spent fye) Denins 160y
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APPODIT ) - Ares Qlassification snd SN Assossment Schodule (Cont'd)

Corvent
) Radistion Surfoce Systom o
. o . Levels Assersment Decon flesh Moserempnt
Area®s | Descriptisa ] Categery L Pethed 1 Date | Bate | Date
ARG Spent Tue) Filters 3 100y
AZI21 Clevater Shaft 3 0.2 Y
ARNV? North Stalrwel) 3 2.9 &Y
ARIZT | Aceess Aros 3 .3 2y
ARI24 Concont. Liguid Maste 2 Y Hylo Detector oo
Pump or Decumvatation
ARIZS | Maste Cos Decay Tomk - 19 3 2.3 AY eoe
ARI26 | Maste Cas Filter Roem 3 2.9 &Y ooe
AX12? | Maste Gas Decay Tonk - 1A 3 Q.3 RY -
ARI28 Valve and Instrument Boen 3 2.3 RY ‘
AX129 | Deberating Demin - 18 2 2.3 Y’ Cocunsntstion i Galitely
ax3)0 | Deborsting Dewin - 1A 2 2.3 Y. Documsatation _ ooe Unlikely
ax13 Nisc. Weste Tonk 2 200aRY {LIRA) Nel or Wyle m? $/9? (¥, 1] Bt serveyed, standpipe éraised
(MDR-T2) Oetector . ‘
ARIR? Corvider betvoon Unit V 3 Q.%Y
and Unit 2
AXIX3 | Sewth Stalrwell) €2.%Y
AX134 | Misc. Waste Tank Pumps 2Ry Wyle Detector we Bt surveyed
AXIYS | Radwaste Dispesal Contre? «.5RY
Pane) .
AX29) | Morth Stairwe)) k } (?.!ﬂ'l
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APPODIR | - Ares Clossification and IOt Assessment Schedule (Cont’4)

Cerrent
oo ":"‘:"‘ Serface | Sprtem on
.. evels Assessmpnt Decon flesh Nessursment
Area”> | =0 Descriptiss | Cateoery) Method Date Daty Date
AX292 Clovater Shaft 3 0. 2287
AX203 | 160¢ Switchgeer - 2-3C 3 .5y
AX204 41607 Switchgear - 2-2€ 3 €2.5RY
AX205 | B Purge Alr Supply and 3 Q2.5%RY
My, Cret. Euh.
AX206 | ¥ Purge Cxhavst Unit B 3 26eRY
AX207 | D Purge Cxhowst Unit A b ) S0uRtY
AX208 | Aex. Bldg. [xhawst 3 St Y
Unit @
AX200 Ausn. Sldg. Unhpust 3 SRy
Unit A
AX210 ™M Bleg. Uxhsust Unit 8 SalY
Ax211 ™ Blgg. Exhaust Unit A 3 Sal Y
AX212 | Decay Moot Surge Tonk 8 €2.5RY
Substatien
AX213 | Unit Sebstations & 3 €2.%RY
Access Area )
AX214 | Oecon Facility 3 €2.5RY
AX21S ™ Bleg. Supply Unit 3 €2.%RY
AX216 Avn. Bldg. Supply Unit 3 €2.3RY
ax217 | Access Ares 3 2.5 _
Ax218 | Comcent. Waste Sterage 2 20mY Wote Detecter | 10787 YY)
Tank Soom
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APPENDIX 1 - Ares Classification and SN Assessment. Schedule (Cont'd)

Cerrent - -
Radiation Surface :‘nn ‘S
b Levels Assessaent Decon wsh Mesiureagat

Area®® § 200 Pexeription | Cateoery!  (per hour) Method Date Sate Date Lsmarks
AX219 Inst. Ragks & Atmosph. 3 €2.5aRY

Moniter
Ax220 | Cawstic Liquids Mizing 3 ey

Area
AX221 Cavstic Liquids Miziag 3 . 10aRY

Ares Corr.
AX222 South Stairwell 3 €2.5aRY
AX221 Alr Mpedliang Units 3 €2.5aRY

Genera) Ares
AXOY Cleveter Shaft and 3 9.2eRY

Elevater Machine Room
AX302 | morth Seairvell 3 Q.5eRY
ANIDY Elevater and Stairwell 3 <2.5RY

Access
AX40) Roof 3 €2.5aRY
AX407 Cooling Weter Serge Tanks b | €2.SalY
AXADY ODasper Bopse 3 €2.5R7Y
axsoy | »e - 1A 3 10aRY YOU for DN system piping is 1.6 grame*

S0 Seray Pusp (15-86-47)

AXS0? | %8 Spray Pesp - 1B 3 20088 (LMRA).
AXS0) OH Remwe. Cooler ané 3 25eR°Y (LHRA)

Pusp - W8 :
AXS04 OH Rempe. (ooler and 3 - GOmRY (LHRA)

Pump - B
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APPEMDIR 0 — Ares Classification amd S Assessment Schedule {(Comt‘d)

o)

Correet
Ragistion Sorfoce Systom on
L Levels Assessment Decon Flesh Negserement
Area** |  Dexcriptiom | Categoryl {ser hewr) Method Date Oate Date Romarks
FHOOT Makeup Suction Valve Reew ) SSaltY Mal Detector 3ser 8y b7, o Pro-flush states: Camme Spectr.
seasurensat-264 gram® in corvider
(19-86-06)
FHOS2 Access Corvider h | 20uY, TSt
fHOOa | Mateup Discharge Valve 1 1.5R7, SRO- Nal or MpGE 4787 1V k7, 1 Pro-flesh statws: Camme Spectr.
Room (URA) Detector seesursngat-3 gram” (10-30-07)
THOO3S | Makewp Discherge Valve ) SIY, 20008 Nal or NpGE Ly, 1 1 I, o LY, Pro-fiush statvs: Commm Spectr.
Roes (URA) Detector ssasurseent-30 gram® (T5-86-87)

FHOO4 Vestinghouwse Valve Boem 3
(minl decay heat)

FHOS Wini-Oecoy Neat Vawlt

FHOOG Decay Moot Service 3
Coolers

noe? Newtra) 8§ Reclatued 3
Beric Acid

FHO8 Newtralizer Tonk Pusp Rs. 3

HOY _lo-tnllu' Tank Iu-
e Rectained Boric Acid
Tank .

HENIEY

1011 | Reclaioed Beric Acid 3
Punp
012 | wewtralizer - Tonk 3
Filters
013 | 011 Drum Storsge Ares 3 @. 207
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APPERDIX 1 - Area (Vassification amd SN Assesssent Schedele (Cont°d)
Corrent
Rodiation Serface S
arears ] meeristien | Cateoers] tnec hem Mhetbot e | owme | pare | "amet Rasarts
fHO1E [ Amaylys m)m Nal Detector 988 Gamms Spectr. msasuremsatl scheduled
101 | WRP Value Rees SO0AY (LHRA) Mal Detectar 1/ v Pro-nsh states: Bleck orifice
ronpved - 125 grame® in orifice:
?2_;-2:; in remainder of cwbicle
182 | Exst Covvider 3 20RY
103 | Seeple Sume 3 108y
. | ™04 § west Conviger 3 €2.5aRY
1105 | Tede) Reum A 3 Y
1106 :::t::.-n s Sample 2 1008y Talikely
107 | Yrash Compacter Ares 3 Y
M08 | Treck Bay 3 €2.5eRY
HI09 | Spent Fual Peel A 2 2.5R7Y Poasidle fue) fines frem canisters.
M0 | SIS Spest Fuel Pus? 2 Pesstble fue) fines frem canisters.
Mt § Feel Cash Storsge 2 Pessible fuel fines frem canisters.
M2 | Seseles 2 Ay -7 Camms Spectr. scheduled
201 ] East Corvider 3 Ay
1202 | west Corvtger 3 <1.0umY
203 | Serge Tanm Ares 3
neoe | € Area 3 254y
oS | semsles 3 120y
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APPEIDIX 1 - Area Qlassification snd S8 Assessment Schedule (Cont‘d)

UYL

Jeo]onN[ '] '.

Current
Radiation Serface Srn- S -
S Levels Assesgment Decon Flush Reasuvrement
Aeeatc }  Description ] Catepory} {per hour) | = Method Date | Date | Date
THI0 Upper Spent Fuel Peel Ares 3
FH3I02 SDS Operating Ares 2 SR Y MpGe Detecter
or Documentation
N Upper SPC Ares 3 2.5k Y
TH104 Annylys - 3 20aRY :
5

U305 Spent Fuel Poel Access 3 €2.5aRY
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APPFENDIX 1 - Area Classification pnd SN Assessaent Schedule (Coved)

UL

Estimated
Estimnted S
S0t Assessment Defueling Measurement Contraliling
Areas }  Descripties | Categoery Bethod Date Date : _Factsrs — _Ramarks
80} Letdown Coolers Cabicle ) Ral Detector Not te be CMilize DA OOA accestamce of | TB-86-26 (¢2.3 kg of fuel®)
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