List of Enclosures

Information Provided by Departmer* of Energy (DOE) and its Contractors
on Three Mile Island.

1.[ Memorandum, DOE Albuquerque Operations, Sandia Area Office,

2.
¢

¢ |

5

Gil E. Cordova, to DOE Office of Nuclear Energy Programs,
Robert Ferguson 5/24/79.

| Assistance provided by Sandia Laboratories.

(Contact: Gil E. Cordova, Sandia Area Office, P.0. Box 5400,
Albuquerque, NM 87115)

| Memorandum, DOE Chicago Operations, to DOE Office of Nuclear

Energy Programs, Robert Ferguson, 6/6/79.

Assistance provided by Chicago Operations and contractors.
“(Contact: Edward J. Jascewsky, Chicago Operations Office,
9800 South Cass Avenue, Argonne, IL 60439)

Teletype, DOE Dayton Area Office, Harry V. Hill, to DOE Office of
Nuclear Energy Programs, Robert Ferguson, 5/24/79.

Assistance provided by Mound Laboratory and Monsanto Research
Corporation.

(Contact: Edward J. Jascewsky, Chicago Operations Office,

9800 South Cass Avenue, Argonne, IL 60439)

4. | Memorandum, DOE Idaho Operations Office, Charles E. Williams to DOE
| Office of Nuclear Energy Programs, Robert Ferguson, 5/25/79.
| Assistance provided by DOE Idaho Operations Office and contractors.

i

(Contact: C. E. Williams, Idaho Operations Office, 550 2nd Street,
Idaho Falls, ID 83401)

Teletype, DOE Nevada Operations Office, Mahlon E. Gates to DOL
Office of Nuclear Energy Programs, Robert Ferguson, 5/25/79.
Assistance provided by Nevada Operations and its contractors to
Emergency Action Coordination Team (EACT). (Contact:

Mahlon E. Gates, Nevada Operations Office, P. 0. Box 14100,

Las Vegas, NV 89114)

. | Memorandum, DOE Oak Ridge Operations Office, Joseph A Lenhard, to

DOE Office of Nuclear Energy ‘ograms, Robert Ferguson, 5/25/79.
Assistance provided by Oak Ri ge Operations and Oak Ridge National
Laboratory. , (Contact: R. L. Egli, Oak Ridge Operations Office,
P. 0. Box E, Oak Ridge, TN 37830)

Teletype, DOE Richland Operations Office, r. ° Standerfer, to DOC
Office of Nuclear Energy Programs, Robert Ferguson, 5/25/79
Assistance provided by Richland Operations Office, Pacific Northwest
_Laboratory and Hanford Engineering Development Laboratory.

(Contact: J. D. White, Richland Operations Office, 825 Jadwin Avenue,

P. 0. Box 550, Richland, WA 99352)
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8. Teletype, Lawrence Livermore Laboratory to DOE, Office of Nuclear
Energy Programs, Robert Ferguson, 5/23/79.
Assistance provided by Lawrence Livermore Laboratory.
(Contact: Joe LaGrone, San Francisco Operations Office, 1333
Broadway, Oakland, CA 94612)

9.! Memoranda, DOE Savannah River Operations, N. Stetson, to DOE
- Office of Nuclear Energy Programs, Robert Ferguson, 5/25/79 and
> 4/25/79.
Assistance provided by Savannah River Laboratory and Savannah
River Plant of E.I. duPont de Nemours and Company.
(Contact: Clifford Webb, Savannah River Operations Office,
P. 0. Box A, Aiken, SC 29801)

lo.f'ﬂemorandum. DOE Division of Naval Reactors, H. G. Rickover to DOE
Office of Nuclear Energy Programs, Robert Ferguson, 5/24,79.
Assistance provided by DOE Division of Naval Reactors, Pittsburgh
Naval Reactors Office, Schenectady Naval Reactors Office, Bettis

. Atomic Power Laboratory and the Knolls Atomic Power Laboratory.
(Contact: H. G. Rickover, Division of Naval Reactors, U.S.

Department of Energy, Washington, D.C. 20545)

11. Memorandum, DOE Office of Nuclear Waste Management, Sheldon Meyers,
to DOE Office of Nuclear Energy Programs, Robert Ferguson, 5/23/79.
Assistance provided by Naval Research Laboratory.

(Contact: Sheldon Meyers, Office of Nuclear Waste Management, U.S.
Department of Energy, Washington, D.C. 20545)

Laboratory (LASL) and Sandia supplied by DOE Albuquerque Operation-
Office ((telephone conversation with James Morley, Special Prograrms
Division, AL, 6/15/79). (Contact: J. A. Morley, Albuquerqus
Operations Office, P. 0. Box 5400, Albuquerque, NM 87115)

{List of titles of TMI related activities at Los Alamos Scientific
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.Depanment of Ener May 24, 1979
Washington, D.C. 20545 NR:D:HGR R#76

Robert L. Fergusen
Program Director for Nuclear Energy

THREE MILE ISLAND EMERGENCY RESPONSE—INFORMATION REQUESTED BY THE
PRESIDENT'S COMMISSION; FORWARDING OF

The Naval Reactors program provided emergency response assistance

to the Commonwealth of Pennsylvania, the Nuclear Regulatory Commission
and General Public Utilities following the March 28, 1979 reactor
accident at the Three Mile Island plant. Department of Energy
message R151741Z May 79 requested information concerning this
as?1stance for transmittal to the President's Commission on Three Mile
Island.

A major part of the Naval Reactors program support to the Commonwealth
of Pennsylvania was provided by the Pittsburgh Naval Reactors Office,
the Schnectady Naval Reactors Office, the Bettis Atomic Power Labora-
tory and the Knolls Atomic Power Laboratory through the Emergency
Action Coordination Team function. Information concerning this assis-
tance has not been included in this letter in accordance with the
gquidelines of the above request which states that this information
would be provided separately.

Additional assistance provided by the Naval Reactor program included
performing radiochemical analyses as detailed in enclosure (1),
consultation on ~adiolysis considerations as reported in enclosure (2),
temporary lToan of 6 radiological control supervisors to assist General
Public Utilities in their initial radiological recovery operations,

and consultation with the Interagency Dose Assessment Group composed
of representatives from the Nuclear Regulatory Commission, the Environ-
mental Protection Agency, and the Department of Health Education and
Wel fare,

I7 additional information or details are required, I would be happy

to cooperate further,
. gE f _
HG. RICKOV

Director, Division of
Enclosure Naval Reactors

Copy to: e
R. J. Catlin, EV-10 v
Major General, J. K. Bratton, DP-20 ST
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Fiom

To

Discard Uare

TECHNICAL DIRECTOR

MAY 21, 1979

THREE MILE ISLAND UNIT 2 ASSISTANCE

File

This memorandum summarizes the assistance provided to the Nuclear
Regulatory Commission during the Three Mile Island Unit 2 accident.
This does not include assistance provided to the Emergency Action
Coordination Team that is reported elsewhere.

I.

II1.

Analyses were made on several reactor coolant and containment
gas samples. These included:

a. Reactor coolant sample #1 - Sampled March 29, 1979
Containment gas sample #1 - Sampled March 31, 1979
Contaimment gas sample #2 - Sampled April 2, 1979

d. Waste gas tank sample #1 ~ Sampled April 2, 1979

e. Reactor coolant sample #2 - Sampled April 10, 1979

The most extensive analyses were performed on reactor coolant
sample #1 for selected fission products as well as for core
structural materials. The results of all analyses performed
are appended to this memorandum as Attachment 1.

Evaluations of the initial coolant and contaimment gas samples
were made to estimate the extent of damage to the reactor core.

Based on the results of the radiochemical analyses as well as
data presented in the Final Safety Analysis Report of Three

Mile Island Unit 2, preliminary conclusions were that a large
fraction of the fuel rods experienced loss of cladding integrity,
10 to 40% of the fuel experienced high temperatures (in excess

of 3200°F), the fuel did not experience temperatures in excess

of the 5000°F melting temperature and melting of core structurals
and control rods did not occur.

Enclosure (1)
R#76




Memo to File 2 May 21, 1979

II1. Consultation was provided on the adequacy of oxygen recombination
in the reactor coolant environment.

Based on calculations of generation rates of oxygen from radiolysis
and upon estimated hydrogen concentration in the coolant, it was
concluded that oxyg:n formed would recombine with hydrogen.

IV. Assistance was also provided in obtaining needed equipment for
recovery operations at Three Mile Island.

Approximately 8 tons of lead bricks for shielding were delivered
to Harrisburg via Pittsburgh area Air Force Reserve aircraft. 1In
addition, flame arrestors were procured from the Kent Manufacturing
Company of Glen Burrie, Maryland and delivered to Three Mile Island.

V. The major portion of this work, chemistry analyses, was performed
by personnel of the Development Laboratories Operations and
Materials Technology activities of the Bettis Laboratory. Personnel
from many other projects and activities assisted ajp required for
technical and administrative support.

The information developed by the Laboratory was provided to the

following Nuclear Regulatory Commission personnel; V. Stello,
G. Gibson, M. Barrett and S. Bland, et al.

Wy

. J. Woo fuff
Technical Director

Attachment 1



o ATTACHMENT 1

:

T -2 Reactor Coolant Sample #1
Saroling Date: March 29, 1979
All rdicactivities corrected
for decay to 1200 March 30, 1979

I)/; Ysed pCi/ml at 1200 3/30/79

1-133 20.8 h 6750(1)

1-131 8.04 d 13500¢1)

Ca-136 13.1 4 1762

Ca-134 2.06 y 63(2)

Cs-137 30.2 y 275(2)

Sr-89, 90 . 5.4()

Ba-140 12.79 4 21.2(2)

Te-132 78 h 203(2)

Mo=99 66.02 h 1530(®)

Ru-103 39.4 d 0.72(®

Ru-106 368 d 0.36(®

Ce-141 32.54d 0.37(®

Ce-144 285 d 0.38¢%

Rb-86 18.65 d <185® ma'®

1n-1l4m 49.5 d < 0.17?) o

cd-115w 44,6 d <141

Ag-110m 252 4 < 0.022% o

2r-95 64 d < 0.53)

Mn-54 312 4 < 0.037%) o

Fe-59 4.6 d < 0.034(®)

Co=60 5.27 y <0.30%9

Others

Groes & 3 (7.22 2.4) x 10“' pCi/mi (no decay correction)

Total Urmiun“) 2.6 pg/ml 11t 157
1915 13¢&

Total Boron(3) 1750 ppm



-2 - ATTACHMENT 1

ZABLE 11 TMI-2 Contaimment Gas Sample #1
Sampling Date: 0700 March 31, 1979

pCt/-lu) decay correctad to

79

Xe-133 g 743 §
Xe-133 m 8.0 g
>

b-ns 3.5 -
: -

1-131 0.025 E
o

1-133 £0.01 #
w0

©

TABLE III TMI-2 Containment Gas Sample #2
Sampling Date: 1030 April 2, 1979

pci/m‘D) on April 3, 1979

Aliquot 1 Aliquot 2 Average
Xe-133 g 28.6 17.7 23.2
Ze-133 m 0.33 - 0.21 0.27
Xe-135 0.01 0.0023 0.0062
1-131 0.0074 0.012 0.0087
1-133 £ 0.0061 <. 0.5061 <0.0061 va(®
Ca-137 £.0.0054 <.0.005 < 0.0054 Ma‘®

Water in gas samples, pCi/ml decay corrected to 1030 April 2, 1979

Cs=136 0.028¢?)

Ca-134 0.014¢?

Ca-137 0.055¢?

1-131 3.9

Gross o 9.2 x 1078 voa (6)
Othon(z) -

N, 79.0%, 0, 21.0%, H, < 0.1%



Xe-133 g
Xe-133 m
Xe-135
I-131
1-133
Ce-137

Othorl(7):

TABLE IV

N 79.21. oz 13.21.
rocarbons :
(ethane, propane

T™MI-2 Waste Gas Tank Sample #1
Sample Date: April 2, 1979

ATTACHMEST 1

pCi/ml on April 3, 1979

Aliguot 1 A
4200 6100
4 63
1.6 2.6
0.012 0.16
£ 0.14 < 0.19
£ 0.1 < 0.1

11.4%;

CH mole percent

were &£ 0.01 mole percent each)

5200
53
2.1
0.09
£ 0.15
< 0.1

0
4od butane detected and all

(6)
(6)



- - _ ATTACHMENT 1

TABLE V TMI-2 Reactor Coolant Sample #2
Sampling Date: April 10, 1979
All radicactivities corrected for
decay to 1200 March 30, 1979

aCi/ml at 1200 March 30, 1979

Note (1) Note (2)
1-131 24000 -
Cs~136 210 180
Ce-134 75 72
Cs~137 340 290
Ba-140 420 390
La=140 (decay 270 -
corrected with
parent Ty/3)
Ye 133 g <300 wa(®
Sr-89, 90 - 730
Mo=99 2300
Ru-103 0.030
Ru~106 £ 0.083 rm“)
Te=-132 19
Gross a(:” 1.3 x 1073 pCi/ml (no decay correctiom)
Gross A 4.0 x 10> pCi/ml (no decay correction)
Total Uraniun(‘) 1.4 'lg/nl
Total Boron(s) 2400 * 100 ppm (duplicate analyses)
pH 7.65



-5~ ATTACHMENT 1

(Applies to Tables T thru V)

(L Direct Geli spectrum analysis of aliquot

(2) Radiochemical separation

3 Direct alpha or beta counting

(&) Mass spectrometry
(5 Quinalizarin colorimetric analysis

(6) A 1s minimm detectable activity where

MDC = Minimum Detectable Counts i.“SJ 2 Counting Time

and MA * o MDC X decay factor x yield factor
Counting efficiency x dilution factor x aliquot volume

N Gas chromatography



TABLE VI

Typical Particle Analyses of Filter Paper Residue From Three-Mile Island Samples*

Weight Percent

Ssi Pe Mg S CL K Ca P Na Al T Mo C«u Zn San Cr

(A) WG=1 #x
(1) Long, Black 54 .5 == 7 27 11 L o= o= == ea e e= o= o= o=
Fibers 26 1 -- 4 41 20 B oo oo o= 4 ©w= o= s o= ==
(2) Long 25 5 - 7 33 3 19 «= == 7 o 3 o= oe= e= ==
Yellowish~ 19 oo = 10 42 o= 19 o= w= o= o= 3 = o= e= -

as Separated

(3) Yellow-white 27 30 == 6 11 4 20 I == == b == me ee e -
¥iber Still
on Collection
Filter

(4) Y-W Fiber on 9 8 ~-- 3 51 6 19 == == == 7 l o= o= == 2
Tan Spot

(5) Particles on 25 27 -= 6 8 4 18 | 6 1 2 == 3 = ==
Y-W Fiber

(b) Fl‘t th 39 6 d .3 .l 17 oW .s - 36 2 «e - .3 - -

(7) Small Round S0 28 == 4 1 3 4 - - 1 2 3 Il == =
Particles &5 22 1 3 o 1 14 1 == 9 .6 1 & 5 == o
(8) Small 3 7 == 5 2 == 4 == 14 1l == == 58 2 10 ==
pParticle
C lump

(B) CG=2 ***

( l) Fib‘t 82 l - e -« > “ae 6 - 9 - - - - - - - -
(2) An'\ll.t 95 . 1 - - ol - o 1 2 - - - -l 1 p—

particles 9% o= oo eo e= e = 1 1 I oo o ws == 6 Ll
(3) P‘rtulg 36 30 - 2 02 ‘ 2 .7 .2 ls 2 - .‘ .1 - .5

Clump

.2

T INZWHOVILY
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TABLE VI

{(con't)

Weight Percent
Si Pe Mg S ClL K Ca P Na AL T MW Cu X Sa O M

(C) Asbestos Standards
(1) Chrysotile -

NBS 3 1o3 32 o oo oo wo eo Colmed w2 3 w= o o= e L]
Bettis e 5 3o 152 o3 e we 3 s e e e= en e e v B
59 3 46
(2) Amosite =
NBS 201528 Il oo we sn ws we od med == LI = o= o= e -
Bettis e 6= 6= le3 o= == == 2 ee = =- | R e | -
65 44 20
(3) Anthophyllite
NBS OB 2 B wo we e ws we o wmel e B e ew  ws o4 3
Bettis 68 5 23 3 s wa es es e s e Sw S e S = o=

(4) Crocidolite
NBS 491527 & == o= oo oo wn 53 wed == Jd e o= e oo =
Bettis 60 18 16 & 2 o= == oo ®= en o= oo e= @ e o= o=

*# Energy Dispersive X-ray Microanalyses May Show Large Ranges for Mixtures of Materials of bistinct.
but of Various, Compositions. ;

2 WG-1 means Waste Gas Tank Sample #).
22% (G-2 means Containment Gas Sample #2.

Iz
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KAPL Eveluntion of

Radiolveis Associated Vith Tho

Three Mile Island Unit=2 Inzident,

J« €, Coming
D, J. Everonhock

" - -
Ve dadaanlivicd gl

May 197
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1HTHC DUCTION

Suhsenquent to an Incilent on Mareh OF, 1970 at linite? of the Thres
Mile Island Power Plant, the Ruclear cosulatory curiscion (L)) re-
questei Deparirent of poerry (102) asuistance to anscess the gecurile’
lation and explosive potential of a buuble within the reactor veisel.

Thic KAPL document precents the chronoloi® of KiFL rwiiolysis wvortie
cipation with IAC in the following a..

1. Combustible limits for oxygen/hydro . n mixtures

2. liydrogen peracation frou resclor veerod

3. MNature of imitial non-condensible: in reactor vessel

L, Oxygen bulldup rate in reactor veesc!

5, Reactor radiolycis in the event of ¢ madn eoolaut pump falivre

6. Disselved hydrogzen reduction throuph the addition of hydrogin
peroside

7. Radiolysis within the containment building

These YAPL eslevlutions required many asrumplions reletive to plant
pare-cte~e and were perforicd with couservative values of inpnt parae
peters to maximize hydrogen .uud oxygen production.

(UEIDULOTYY

14, pasdrtence 03 rediolycis evoluntion asgoedatod with the Three
1410 1alead Unit=2 ineident wvre dniticicl on Saturiay, Farel 3V, 19%%
AN G 0 & rocussh fron L1 (‘L‘.j‘s“:.‘-.'“; Vie P.o Bl BB &7 . s
1Xo ;"",_’J’.", Pii o ‘;/3‘/‘4 “.‘). fuir gnLisionee was ot vidaed at o Wl

3 L . 3 e 43 # . - [ e 3 o e 4 - v . s
Wiy coavoeaey enntiions prevadled, 1 &droset oon wndeation w. 8 Go-
v 2% o a PH » - 14 ~ 2 Lamy we o' gl . P P .- 1 g | -
i) irhed LWEQinen - Looead the JES poy Vi, b @8 '6""“ ('U. A S Uliy
. e Snoufuky. N 1L, B, Yenwsoss b 33877,

y ’ . £ & ' ik o X . o~ dod nin Yo e Chd - 3 . -~ vy ¥
A s opy o % gusridony, WAL O gucationy 17 contast, 14

iy, reeponee in pivan balet,

1. Uhet gre the cvnlanion and covoration presuu for Mdrhy virouly
CrypGn, BYOror o, Wieed VORor miniuvisl (3/2: 47, Ko Tedeoi,
Roanles res FAPL rpoppored ludte Fort Otation sud Mine &

Lordisnee explosion tesis were tren itted to Iud.  infor
yolesive to the @U=2 renetor vesnol condit’ons of 1000-25
ponegondinsible ras and steom bubbic ot 1000 pein and 3N~
provided by the IDC, 2a¢ ecombunvion and gouangtion dimite £
Listares of hydresnn, exysen, end wviiler vepar du closed eentiain

taon thouvn o0 Migvaos .

PO \\s)\?&\\ﬁ\\m\,
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2.

What i3z the coeposition of gen in tke babble {p Lo rocetor vesrel?
(3/31/ 1y M. Teacsco, Wil)

AL the time this question was received, KIC %ni one eatinmate of Y
llp, and W% Oz, or very cloge to vhe combustion lirite. BNIC infore
mation indicated that the bublle wus forrel atter reustor scron,
KAFL provided an upper bound for the oxygen/hyirogen release rooo
for an asswsed 0.00 watts/em parma heating, rate (A% power) b e
liquid. The upper bourd wag based on powimaa thenrelienl volense
rote in & 2000 i of liquid and gove =350 3 of hydroren eni oo on
per day at 1000 peie and 200, Thus, it wvas net po ciele o posdiee
a large nonecordensivle bubble frem ruaiolysic, and farihermore,

the mixture ves eveluated as not coeabustible, Lhe tubble wes pil-
marily couposed ol hydrogen, vith leas thnn 15 uxyren,

KAPL experience with hydrogen/ovygen mixturcs with styong discols o
gns return to the grimsa flux region shioved o strang sydeasen/ony o
reennbination mechunicn., KATL steied thal continued oparalio

the main ecoclent punos is very fevornble to promote recorbinntio:
of eny oxyren that rmey have forezd during: the incidert, Addivicuel
caleulrticns on oxyren release were repouted to WiC on L/2/75.

that is tha rete of asn-condinsible bublde provth due to raldiol..lc
v 4 - - % reors
for 6 0.3, pover dseoy hewl lovell (3/3L/i’; e Tedereo, W)

aLa .

2% ealeulated thot the rete of reacvor vegsel babllie prévin i

Jesa them 20 £ auy, AGdITIon ¥ sael entinoia cageat¢ wiouy ¢
Jege thin 1.0 7€3/dey vere poovided o Lkl on Wlefir. AKY esten
tiean dzdleated viah redlolyeis voulu represent an insdpmd £ o0
evntuituiion Lo L Lol punarill, £

Whiet ere the consoavences of voniins the bBulble fros rovelor vo
"~

te the eontednasnt avddasng? (5731779 R. Tedcses, 1)
FrTh eclevlotionsy indiecatud the fellowing:

a) The bublle in the reastor vo a2l ves nol corbustiole,

b) Ouveen 4n €2 Wlhio will roec Ve vivh hydrog.n A a g
i »urich.

¢) Trepcfor of res frea reccloe vorsel to contaim cnt will 2
contrimacnt hydre;.ia conconLuretion by 22,0, 'S}Lcc (Sl ne L
containn.nt hviroan wes piven an 1,5 and L.Thy s wondd
excced the It rvdrosen apuwerd flane poovagubion Jlnit,

d) Squilibrium dissolved hydrosen in prinoovw gasiasl wps

(R T S

Jeted ag 1700-2003 seefiy o 100D prd wylrdnnn Al SOV
a) The reactor vesscl bublle will net prov due to raddolydi..
hovever, it will expand on deorcsmuiuction,
£) A slow depas of Liw primary cool-aw (2. ouposed te & pove
rapid depres:urinuciaJ) will rogsult in signiticont yeduvellio
in resctor vessel bubble size vich the high coxlonl nted b

coolony dlgsolved coneunireinons,

1915 162 o00R JRIBINAL
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7.

st is the avient of ratiodvaic in contadiseit il tine?
(8/Lf7, N Tadesco, Kit)

S8ased on the resuits of one primary coolant sauple used to estahl o)

eneryy deposition in tae water and an estinated 100,000 gallons o
water in the contaimment the moximum hydrogen and oxyien projuciio.

wes caleulated to Le 10 std ft3/day in the 2,000,000 ft3 contai: =t

building.

Tu recelor vessel hydrosen coneentration being reduced duve to Ry -
deagen peracetion? (4/1/79, R. Tedesco, WRC)

FAFL date st 200°), and epplicd to the 300°F assumed tenperature
for the rucetor prescure vessel boudnary shiowed hydrogen permeation
to he insicnificnuc.

Peswlis of edditionc) caleulations in response to question number 2
axwl 3 were reporicd on 1/2/79 to bButler, hus,

he emlevistions subninmtiated initial conciusions that the reactor
viasel Wrible wet ecopocid of very little enypen froa rediolysis.
K'2L gtel.d that wens ydregen (precter thin 1.0 see/lg) should Li
pednteine 1 dn dbe eonisnd to rwmiens subsecuent oxypcen produstisn,
AR §ooomd R ¥ 10 .'.5(_: ol 1ho cors

\ wie 4 w A i TR : ©
Lo mdnde i drol 0 cieens Lo suomoess oxyoen produciion,

Vet ree fUedd230 Mudts S uee 4n hydroren, oxysen mixturs:
1600 end 30000y (K272, W A. Richl, Techniow) Adviso::

. o4 - - “&,:.1 - » 5 2 L d mah ’
YAl prov) i g PeXytes Jiits as givon dn guesticon 1, an
L E T . et .y . - " N3 £ P ar 3 on > ~n ’ . ] o .
n JAMIVE fov hyceuion. A conncrvative sel af Sletvaabhilaty
: VEOSEOWNE W Lot uf water vooor e dduibirfted as ol

=
s Do Vel
€ v e - wa—— s

o N 5 pos TR
VySwouen Oxyoen

v 6

Roeicinder Alv)  (Remaindzy jiviracs:

tinword Firme Propurcticen s U .
LUeUAe Lovadng & G
Llon:tion 15 12

Did an euploaion or d.otonntion cccur in conlainment, end vhat
reconbinniion mechanisius in containrent? o praovided informnts.
o contadn .zt prisomve faeveese (0 - 1
rollowss (u/2e3/0, ia s H0e)

: ¥ pome : - 2
-’) SN eLCRANT MG {

X
”s co £ -
SUapLen
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10.

12.

1h,

KAYL supplizd the following:

0) The carma, and beta induced recombination in the containgent
buil ing at 6000 r/hr reduccs en in:tlul uleorcn concentratlon
of 25 by 0.1% per day.

b) The pressure inerease of 20 pai in the containment building,
the decrecase in containment presaure, wil the deerencc in ooy
conecntration are consistent with combuction in conlninment.

tht ig the effeet of peints, and orgarics in the contuipuent ou
rediolysis? (4/3/79, Butler, KLQ)

AL has no experience in this crea.

Vhat is dependence of radiolysic rn temperature? (b/u/13, Butler,
nne

ver temperature increasss oxy;cn praduction, but still V‘P7dm
small relcase rates for present crsicad renclor condition o 0.3
power decey heat. KAPL also preseniel resulis of additional cel-
culaticns for 0.065/pavss, mo hydrogen in coolant, and €U soc
Hp/kg in coolant.

Vhat is the extent of '~Jinlysis et 1D 127 for each of the folloul s
(a) no hydrogen in coolaniy (b) dischorg: of cosluat inuvs conls
ment; and (¢) no priwmr" coolunt low? (n/s/79, P BitL, LL2)

u) To*a, nesdrn hydrosen wod ovioa produsilon equels 15 sl
r£3/dsy with 10) of cove in 1 §nr .

b) Based on coolaut strple maxinv . hrirogea ond oxypen producil
equzls 1 sid ft«/ 1y dor 100,000 fallon: ef water,

¢) ;ot“J reximua hydrogen end o ou production equule IV Ui

.

&3/Gt .

¥hat 4s madmus rete of reconmbingtion of hydrogen in 250,020 gl
o contaiv onl liquidr (%/0/79, Y. vitt, LEC)
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e manioyo hydregen rect binetion In liguid in erdevla i o 2
LS Iv9 )% Nt all Wl ot B Sitig O e x Donekd layder 3in

e sty LG Lhand oL ind S vl i - gk

et 32 o rece wadad hvilrases pooide eddition to the primag
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ere Qinsolied lyeroren recc.bikclion scben dn lpg presin of
Qronen pororiast  (B/of1s, . Vile, 1LC)

¥ ¥ did not provide a rccc*~~n“~»*on or information on ihics
aguertion. LRC provided jnforaniion on previovs cexparicncc o
the effecte of hydrd un ptroxivr ¢ srugdoun cheudstry tr"uu

sients in 1r31uuri-zj svetor veeaiors (RPRI TP 022, dated /,\,.
Vivy, o 4070 peve a4 At esteuds Do ounld ol Be o peafone
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I, RCErOND
- Given the resctor conditions, there were two possible sources for inc
bublble, a zirconiumsucier renction or radiolysis. If the bubdble fore
nulfun wes o consequence of a zircoaiwns vuler reaction then the bublle
vwodd be essentially 102 hydrosen, with no immediste patentinl for
exnlesion. lHovever, the potentinl would grodunlly Iincrease if a nel
deen: pocition rodioliytic condition exicied within the ecoure; oxyen
would then Le edded to the bubble. On tiic olhar hand, tre potential
for ciplorion would be great if the bubble resuiled fre roldiolrsic.
In this case, the bubble would be €45 hydrosen and 337 nxysen. All' -
ticnully, coaditions within the contaimmenl builidin: werc al:is of
econccrn since primary coolant had been relcased inte the building ond
hydrogen had effervesced frow the liguid,

whenever water is e:rpored to a red’alion ficld it dicsoclictes dnlo o
nuber of chauniecel species, one of which is the hviarogen molecwl.e

The resulting concontrotion of the varfous spccies is n x.on:.:om.er“
of the nature (e.g., noutron, gouun, cle.) end strenzth of the rrdine
tion flux. Thcgoe specics in turn rocet wilh each other in numerous
chevcal combinations. The .particuler reactions thz. are realized
in this chemical kinctices depunds primavily on (re reletive concen~
tretions of the speecics. Sca:r of the poseille raselion: friher
preduce hydrogc: molecules, while otlers produce maleawlir o ien.

If the theinel and hydraulie cenditdons in Lhe dsreinteld volvre o

suchi thet boiling sceurs, then ths dluralvel paleznlen o) hyueroe
and oxyuen can diffuse into thv lorel woidds 14l L2 Fermmal M
irredigted voluze by moes treasfor. These rrous ore thon frea
poscible accwnnlaticon wiithin (ho syticn., An st LA o Laxdrar
an exygen gones can be etoboebible o even (uidipive Depaniic:
wEsn the prs conesntretion, ook preasurd ,ocornty Lusirs & savns
ticn precese eon fohicva ¢ x..‘;;.‘-ut o2 L U % B e o P S TP R SR Ol L
initiul prescure. Ey cosparicon, diisnuifon ¢ prosuce a por’ prie
surc wull in exeess of levels produced dovir: co bustilon with &
podcrtisl for a peult yrucgure tipronlusbaly %3 Uinsa the initicd
DrCEivi @y

The rﬁcumnlrtion of con'vatible mixiuwres of liydyvor-en apd oxrron gn
avaicad by econirolling the chesder) Immetics 1o prevent {he i -4f
cf r*ﬂccn.lm' oxycen. Tuls econvrol is aohicved by mainteinan: diae
hydonpen above a erilice) eoucintection ia e drre inted voioe.

Rer 91““ en of tha I'RC ip~dries won primarily achicved throu n aunin,. oo
with 2 JOFL radlolysis ec.ouicr proesras. A besie msdfel wos construete.
-~ L B e

hﬂri".xn irradiated volusme, o voror worion, sud @ nrimory esolant
Juirrizted rordon ag ghovm on Fiovres2 selwacdde.  Ghds podel wWas v

. e SR 5o " p ve't pd
o ¢ ’L.l s~ withdin €5 ponelos vranil o VOl 12 poLa enlowlnd
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Mpee the a~tual cowiitions within the reacitor wure noh accurately
kreum, Lhe culculations were purposely biased to yield worsh cuac
results.  Accordingly, calculations for the initial bubble formation
were performed with the entire core volue (estinated an 2000 cublc
fees) iu boiling, ond n> coolunt flov. Thoce caleulations per orme
nfter flov rectoration siili assurcd some boiling, 100 of the core.
Ad2iticnally, the strdpping coetficienis (rachuniem Tor removel of
tio poces frea eoluilcn) wvere evelugticd ol a focvor of € tirmes their
bort eretrsie viluesy dhercly raroving hydrogen and o¥v eu fron sol
tion ¢% & hichcr than expocted rate.

D-tercinaticn of the recoubination within the containment veuncl

von hesd eclewlutcl, Likmisc, a dctermination of the hydrogen veve
yocbion fren the receter vessel to the containient building wue also
hovd etdewdevcd.

V. COITUSION

Mo enlewlations discucsed in this docurent were performed to assess

the polantizl for an erylosion of gnscons mixtures of hrdrogen and
cryran vithin the 1172 reestor, Such miztures would have been the conu-
gru i nee of a radietion induced net decomasitiun of the reastor coaiint
(i.e., redfolyzis). Cines conditionz willin the reactor vore ot very
vell kpeta, Lha rediolridie exlewletionns vore perforned vith conserv.. ' ¢
valure of the significant frpet parexstessy d.wu., valueg vidch fende

to produce hydroso: and clylen.

-
Uvalvalion of the esleulated rosull indicated mo presence of o eonhw 3
Listure of hydrogen end ouy.r within the reactor, al aay tinmg pubeel
Lo the initisl formation of the non-condenzivles, Adgitionnlly, Eho
potltntisl for generating svcll pislured Goirentes as the jomer deca
iurticrzore, ths mein scurce of rediation dn the ghutdoun stuie 4L | iy
vidch 1z faroreble for the racexbinmecion of hyduegen and olygcin, o

rasdrtion woo aleo estimwtel to recoibine the coatainaznt buildin, o
racnnorie hydeozen et en dnfidal retc ol~0,17 (by volune) por doy (& oo
e, & coneeniretion of 2. initial Lyceogen).

VI. S p AN S
1. Genercl Electric Reporin: NELO-1032, by B. €, Slifer ani ¥, G,
Peterson, “Hydrogen Fluwsabllity cnd Dwuing Characteristics iu

PR Containments”.

2, linnzsota University, Mimnsavrolis D2pl. of Chenical usincerin
0U0=1032-1, dated July 1635 Ly Be Mo Benjesin end H. S, Istdn,
"Deesrbination of Livdrcgen end Caygen in the I'resence of Watcy
VYepor Under the Iufluonce of Rudiavion”.
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Department of Energy

Oak Ridge Operations

PO.Box E

Oak Ridge, Tennessee 37830 May 25, 1979

Robert L. Ferguson, Acting Progiam Director, Nuclear Energy Proorams,
Office of the Assistant Secretary for Energy Technology, Mail
Station B-107, Germantown, Maryland

OAK RIDGE ASSISTANCE TO THREE MILE ISLAND

This memorandun is 1n response to your May 15, 197¢, TWX, subject as
above, asking for information on Oak Ridge involvement in the Three
Mile Island accident.

By way of enclosures, we believe we have answered all the questions

you raised in your TWX. If there is any additiona) information you
need, pl:ase call R, L. £nli of my staff on FTS 62€-072¢,

Joseph A, Lenhard, Assistant Managor

ER-10:RLE for Energy Research and Developmer.t
Enclosures:

1. On-Site Informatic (\R\

2. On-Site Suboort oo,

3. On-Site Repor:s PR e

4. Off-Site Report: QRLNIASY

§. Cost Estimate O U

cc w/encls: UA
H. Feinroth, [T-HQ, MS B-107, GTH e

\

bcec w/encls:
B. J. Davis
R. L. Egli

10
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As of 5/18/79
Attachment I

Chemical Engineers From QRNL Chemical Technology Division

To advise on decontamination and other radicactive material situations.

Requested by Metropolitan Edison.

Name Organization Departure Return Working For

R. E. Brooksbank ORNL 4/1/79 4/13/79 ™I

4/17/79 4/20/79 ™I

5/15/79 Still on site* TMI

0. 0. Yarbro, Jr. ORNL 4/1/79 4/14/79 ™I

J. W. Snider ORNL 4/4/79 4/13/79 ™I

F. E. Harrington ORNL 4/4/79 4/7/79 ™I

L. J. King ORNL 4/12/79 4/20/79 TMI
W. A. Shannon ORNL

5/8/79 5/16/79 ™I

D. Collins ORNL 4/15/79 4/20/79 ™I

D. 0. Cappbell ORNL 5/16/79 5/18/79 ™I

*This work is still continuing

The present contact at TMI is Benard Rushe who is managing much of the site
work for Metropolitan Edison. The initial contact was Herman Diekamp of

Metropolitan Edison.



Instrument Engineers From ORNL Instrumentation and Controls Division

To improve confidence level of reactor instrumentation by analyzing signal
noise. This was used for determination of boiling detection gas bubble size,

flow and level detection. Requested by D. Ross, NRC.

Name Organization Departure Return !Qrkiﬂﬂ_fgﬁ

R. C. Kryter ORNL 4/3/79 4/7/79 NRC

4/21/79 4/30/79 NRC
D. N. Fry ORNL 4/3/79 4/13/79 NRC
Jim Robinson ORNL(Consultant) 4/7/79 4/13/79 I&C
C. M. Smith ORNL 417179 4/11/79 NRC
. J. Ball ORNL 4/27/79 4/30/79 NRC
W. H. Sides ORNL 4127179 4/30/79 NRC
R. M. Carroll ORNL 4/30/79 5/3/79 ™I
R. L. Shepard ORNL 4/30/79 5/3/79 NRC

The onsite work was coordinated by the management steering group.
D. Ross and V. Stello were the responsible contacts for NRC.
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Public Information

Requested by NRC through DOE-PIO HQ to assist in dissemination of informa-
tion to the media and public. :

Name Organization Departure Return
Jim Alexander ORO 4/3/79 4/8/79

Photographic Services

Requested by NRC through DOE-PIO HQ to produce a pictorial documentation of
the Three Mile Island activities.

Name Organization Departure Return
J. E. Westco.ot ORO(Consultant) 4/4/79 4/6/79

Primary Crolant Sample Analysis From ORNL

(Next Page)

™2

1915 1/



April 12, 1979

APRIL 12 1979, UPDATE ON ORNL ACTIVITI® ; AT THREE MILE ISLAND

ORNL has performed some analysis on the primary coolant sample received yester-
day. The results are as follows, subject to refinement, and the half-life is
included for reference:

Fission Products pei/ml .__T:i_-

Mo-99 179 67h
1-131 : 8.3 X 10-3 8d
1-132 21 2h

Cg-134 82 2y

Cg-136 108 13d

Cg-137 33 30y

Ba-140 290 13d

La-140 160 44h

Sr-89 600 52d

Sr-90 50 28y

Tritium 1.2 12y

pH-8

Boron - 3.58 mg/ml

Total uranium - in the part per billion range

Alpha - none detectable

Gross beta - 1.4 x 10~!° g/m/m1
With these results, it appears that there was minimal fuel melting because the
uranium content 1s very low. Most of the fission products are short lived. There-
fore, in several months time the primary concern will be with the cesiun, stontium,

and tritium which 1s st1ll a bunch. The cesium isotopes will probably be the
greatest contribution to the penetrating radiation problem.
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OAK RIDGE NATIONAL LABORATORY
OFPERATED BY
UNION CARBIDE CORPORATION v
NUCLEAR DIVISION

==

POST OFFICE BOX X
OAK RIDGE, TENNESSEE 37830

May 23, 1979

Mr. Ron Williams
Technical Support Group

for Waste Management
Tratiler 118
Metropolitan Edison Company
Three Mile Island Station
Middletown, PA 17057

Dear M-, Williams:

The enclosed tables present data that were obtained on the initial set
of three water samples submitted via P. 0. 80042 from Metropolitan
Edison Company. For comparison purposes results that were obtained

on the original water sample (of April 11, 1979) are also listed.

The primary staff members involved in this work were Or. Joel A. Carter
(FTS 624-24473 for mass spectroscopic analysis and Dr. Juel F. Emery
(FTS 626-7560) for radiochemical analyses. Please feel free to contact
these men 1f you wish to discuss these results or the details of the
analyses,

Sincerely yours,

Wil ®, SCLak
Wilbur D. Shults

Director
Analytical Chemistry Division

WOS:gv
Enclosures

CC (Enclosures):
D. 0. Campbell
J. ?. Carter
L. T. Corbin '
J. F. Emery 19]5 };4
L. J. King /
J. A. Lenhard (0RQ) -
F. Mynatt
J. R. Stokely

D. Trauger : 15
A. Zucker 1 4715



Parameter

pH

Uranium,
ppb

Uranium
isotopic,

atom %
23uu

235U
236
238y

Pluctonium,
ppb

Plutonium
isotopic,

atom %
239py

ZMDpu

241lpy
2u2pu

Gross Alpha
ACt’Vity:
dpm/ml

Analytical Results:

Table I

TMI Water Samples

Sample
U-IA, Original
U-1 U-1A Residue U-11 Water, No. 1
7.0 6.0 7.5 8.0
0.6%0.3 15.6%0.5 1.7t0.3  110.0
|
|
|
<0.01 0.0075 20.01 0.021 i
0.6 0.84 0.6 2.22 |
<0.01 0.026 <0.01 0.072 |
99.4 99.126 99.4 97.69
0.00021 0.0046 0.00006 0.24
82.42 90.3
12.10 7.8
4.67 1.8
0.81 0.1
0.99%0.30 1.19%0.21 0.37%0.22 Back-
ground
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Element

Ag
Al

Ba
C1
Ca
Cd
Co
Cr
Cs
Cu
Fe
1297
1311

In

Li
Mg
Mn
Na
Ni

Rb

Sr
Te
In
ir

Table II

Elemental Composition in PPM
(Semi-quantitative via SSMS)

Sample
U-IA, Original

u-1 u-I1A Residue u-11 Water

<.01 <.02 <0.1 0.2

0.5 5 500 1 10
830 11,000 Major 70 3,220

0.02 0.05 0.02

1 2 20 0.7

10 70 100 10 A
<0.03 <.l <.07 <0.3

<.01 0.05 <.01

0.2 2 5 0.2

<.0 <.01 <.03 8

0.05 1 0.1

2.9 70 300 0.7 =

<.02 <.01 <.01

<.06 <.02 2.1 0.9

<.03 <.01 <.01 £0.05

5 50 100 2 0.4

0.03 <.03 0.5 0.02 4.64

3 30 50 3

0.7 10 20 0.05 0.1
20 50 : 500 30 960

0.5 5 7 0.05 0.2

0.1 2 3 0.2 0.1

0.1 0.3 0.01 1
10 300 300 20 20

0.07 0.4 8 0.07 0.5

<.05 <.05 <.05 0.5

0.5 2 0.2 0.5

<.01 <.02 <.01 a3

1915
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Table ill

Radioelement Analysis in uCi/ml

Effective Time for Original Water Sample: 0800; April 11, 1979.
Effective Time for U-I, U-IA, U-II: 0800; May 9, 1979.

Isotope Sample
U-IA Original
u-1 U-1A Residue U-11 _Mater
S4Mn 2.30E-4 4.49E-3 8.9E-3
57Co - 3.46E-3 5.4E-3
58Co 0.0419 1.35 2.05 =3
60Co 6.2E-4 0.0135 0.0316
89Sr 2.84E-2 1.77E-2 0.757 5.5E2
I5Nb | 1.4E-3
110ag 2.7€-3
1248h 6.4E-3
13171 0.166 0.096 0.743 .37 8.2E3
1327 =2t}
134Cs 0.0266 0.086 0.157 0.147 8.2E1
136(Cs 7.22E-3 4.49E-3 6.6E-3 0.045 1.1E2
137Cs 0.106 0.158 0.297 0.586 3.3E2
140Ba 4.49E-3 S2E-3 6.5E-3 0.180 2.4E2
14015 6.57E-3 3.66-3 5.2E-3 0.230 1.6E2
34 1.2
90gy 6.820.25
99Mp 1.8E2
141Ce )
l4bre <20

1915 17/



Mobile Manipulator - UCCND/Y-12 ("HERMAN")

1. Assistance requested by D. Stello, NRC. Specific mission was to
take primary coolant samples and other functions within its
capabilities. Procedures were developed by GPU/MET ED and verified
but the manipulator was not used to take a primary coolant sample
due to reservations on the part of the GPU/MET ED regarding the
manipulator's reliability.

2. Manipulator and crew arrived at TMI ca 7. .4 31, 1979. (Semi-
tractor provided by DOE with DOE drivers.) Crew returned to
Oak Ridge on April 7, 1979. Manipulator was returned on
May 4, 1979,

L.CCND/Y-12 DOE Drivers

. Frazier, Y-12 D. J. Lee, ORO 3/31/79 - 4/1/79

Crew: R. W
W. L. Pankratz, Y-12 P. Warren, ORO 3/31/79 - 4/1/79
R, &
j T

. Turner, Y-12 J. Goodman, ORO 5/2/79 - 5/4/79
. Copeland, Y-12

3. No work performed.

4. Manipulator still available but no plans for use at TMI as of May 18,
1979.
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ORNL ASSISTANC

ON-SITE SUPPORT

Radiation Monitoring

ORNL's initial assistance at Three Mile Island was in the area of
radiation monitoring. Four two-person teams conducted environmental
monitoring at the site for three weeks after the accident. The teams
took soil, water (standing and rain), and vegetation samples. Using a
Thyac GM-Survey Meter, they took direct radiation measurcments in the
air and located and followed the plume from the reactor area. Samples
were gamma-spectrum analyzed at the DOE control point and then sent to
Brookhaven Laboratory for further radiochemical analyses. Results of
counting room analyses were reported to NRC. Spectrum analysis yielded
only two samples with 131 right at minimum detectable activity for the
detector used; which is to say, background levels. Another ORNL team
provided specialized eguipment for environmental surveillance, and one
staff member accompanied the Y-12 robot manipulator crew and provided
health physics monitoring services for them.

(R. L. Clark, A. C. Butler, W. D. Carden, M. L. Conner, B. J. Davis, J.
S. Eldridge, S. A. Hamby, W. M. Johnson, B. A. Powers, J. E. Smith)

Chemical Engineering - Liquid and Gaseous Effluents

A team of ORNL chemical engineers provided technical support to the
Waste Management Group (WMG) of the TMI Recovery Team. This work began
on April 1, 1979, and is continuing at various levels of effort. The
original request for ORML assistance was made by F. L. Culler of EPRI,
and results of the work have been reported to NRC and GPU. The major
problems addressed by the WMG immediately following the accident were:
(1) stopping the release of 131 +o the environment and (2) provi-ing
adequate storage capacity for water that was being generated by cessary
operations (pumps seal leakage, sampling system flushes, and floor
flushing).

The ORNL personnel had considerable input into the following:

1. The existing stack monitor was in an unsuitable location
following the accident. High backgrounds hampe =d on-line monitoring
and sample changing. A new monitoring and sampling station was installed
in a more-suitable location and new on-line instrumentation was installed
for monitoring rare gases and radioiodine.

2. A new off-gas treatment system (HEPA filters and charcoal
adsorbers) was obtained from a reactor construction site and was installed
" In series with the existing TMI Unit 2 systems. The exhausted adsorbers
In the existing systems were replaced. The existing systems, which had
been in service more than a year, had very low efficiencies for iodine
adsorption.

1915
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3. A tank farm was designed that vas installed in the TMI Unit 2
fuel handling pool. This tank farm was designed to provide an additional
110,000 gallcns of storage capacity for water, thereby relieving the
very severe shortage of tankage. The system was designed to permit the
water to be transferred to as-yet-undetermined treatilent systems.

L. Considerable effort was expended in the design and/or evaluation
of a suitable waste evaporator.

5. Many attempts have been made to defin' the scope and character
of the ultimate water treatment methods. ORNL personnel have had extensive
discussions among themselves and have made extensive contacts with
chemical processing and liguid waste experts throughout the nation to
formulate a reasonable scenario for treating (a) the slightly contaminated
water in most of the tanks, (b) some highly contaminated water in several
of the tanks, (c) the water in the containment building and (d) the
primary reactor caolant water.

6. ORNL is providing technical advice to a special group that was
established within the Waste Management Group to coordinate the decontamination
effort.

Conclusions and Results:

1. Methods for monitoring the release of radionuclides via the
air handling systems have been improved.

2. Off-gas treatment systems have been upgraded significantly.

3. Water storage capacity will be increased when the tank farm
installation is completed in the fuel handling basin.

L, A definitive action plan should be formalized for water treatment
and waste disposal. .

5. The decontamination of equipment and building areas may turn
out to be the most difficult part of the task of regaining beneficial
use of TMI-2 except for removal of the fuel and recertification of the
reactor itself. The decontamination effort impacts on all facets of the
recovery program. Decontaminating agents must be compatible with liquid
waste treatment methods and with gaseous treatment systems.

(R. E. Brooksbank, E. D. Collins, F. A. Harrington, L. J. King, W. A. Shannon,
J. W, Snider, 0. 0. Yarbro) :
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Instrumentation and Diagnostics

TYeams of ORMNL instrumentation experts provided on-site technical
assistance and special diagnostic instrumentation from April 3 to April 30,
1979. Direct current, strip chart, and spectral analytic measurements
were made of 1) in-core thermocouples (approx. 50); 2) reactor coolant
pressure; 3) in-core self-powered neutron detectors; 4) ex-vessel neutron
detectors. The two principal concerns which depended heavily on these
diagnostic measurements were boiling in the core and entrained or trapped
gas in the primary system. Two to five people were at the site during
this period to provide immediate assistance to operations as needed.

(R. C. Kryter, D. N. Fry, S. J. Ball, R. M. Carroll, T. E. Mott (TEC),
iéAci)Robinson TTEC), R. L. Shepard, W. H. Sides, C. M. Smith, G. L. Zigler
|
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4

DIRECT AND DEDICATED SUPPORT

ORNL has provided analytical support and technical assistance to
the recovery efforts at Threc Mile Island in several areas including:

l. Cooling of Disrupted Core

2. Analysis of Fuel and Cladding Féfects

3. Analysis of Primary Coolant Water Sample

4. Radiation Effects and Core Nuclear Analysis
5. Radiation Shielding and Effects

6. Hydrogen Chemistry

T Instrumentation and Diagnostics

The work involved as many as 50 staff members. The following is a
summary of each effor&.

1. Cooling of Disrupted Core

Four ORNL staff members made calculations to determine the feasibility
of cooling core debris if it were located on the lower vessel head. |If
all the heat generated (at one-week decay heat levels) were transferred
downward some boiling of water external to the vessel would have to
occur to maintain cooling. If a free path existed around the vessel so
that ste ' water mixtures were free to flow out around the upper level
of insu'ation, leakage past the instrument thimbles would be adequate to
allow ingress of sufficient cooling water. Also, the outer two inches
of the steel vessel would be at temperatures below 800°F and therefore
would have sufficient structural strength to hold the core debris. The
flow distribution plate immediately below the core lower grid plate is
not strong enough to hold the entire weight of the debris. Unfortunately,
the pressure vessel is supported on a support ring which blocks access
of water to a roughly toroidal volume space and would trap steam between
it and the vessel. No information was available on whether gaps existed
in the support ring-to-vessel welds that could serve as vents. There
is a small area of the vessel (that extends below the level of the
bottom of the support ring) that touches water. Heat transfer from this
zone is sufficient to handle about one ton of fuel debris, compared to a
total potential inventory of about 100 tons.

Calculations were also made tr estimate limits of coolability of
debris in the core, given the existing exit temperature profiles and
estimated flow and pressure drop. The behavior of the core was consistent
with flow through a debris bed of spheres of 0.020 in. diameter.
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(1rregular shapes could be larger than this because of shape factor
effects). Velocities in the upper plenum were insufficient to levitate
spheres of diameter larger than ©.010 in. Calculations of behavior
under natural circulation indicate that no boiling would occur at 1000
psia pressure. Partial boiling would occur at 500 psia, but would be
statically stable (no effort was made to evaluate dynamic instability).
However, dryout would cccur at 50 psia. Cooling by radial conduction of
a cylinder of debris with steam in the interstices would be ineffective
for diameters exceeding about one foot, if the internal temperature is
not to exceed 5000°F. The SABRE calculations for flow around an obstruction
covering 30% of the core indicate low velocities downstream of the
blocked zone and no recirculating flow; however, temperature effects
were quickly homogenized at distances exceeding about six inches from
the downstream ''face' of the blockage. Therefore, if the thermocoup le
junctions were somewh: =« )ve the core debris, slumped around the guide
tubes which contain them, they would indicate temperatures somewhat more
uniform than actually occurring.

(M. H. Fontana, J..F. Dearing, P. W. Garrison, S. Rose)

- Analysis of Fuel and Cladding Effects

Three ORNL staff members participated in an EPRI-chaired utility-
frdustry meeting on the condition of the Three Mile Island core. About
30 persons with expertise in areas relating to LWR cores were present at
BeW Headguarters in Lynchburg, Va. The ORNL team was ;art of the working
group on Zircaloy water reaction and hydrogen inventory. The discussions
centered around the interpretations of the information and data from
which the critical temperatures, the degree of clad oxidation, and the
spatial distribution of damage in the core might be estimated. While
much of this information was peripheral, (in the sense that no direct
measurements of temperatures, water levels, etc., during the accident
were at hand), clearly at least parts of the core had seen very high
temperatues, and a substantial fraction of the Zircaloy comprising the
core had been oxidized. In evidence, too, were temperature “‘maps'' from
thermocouples persumably at the top of the core that pointed to the
existence of nonuniform damage areas. The details of the fission product
release information, the calculations of the amount of hydrogen generated,
and the characteristics of the self-powered neutron detectors were
especially useful in this regard.

(0. 0. Hobson, R. A. Lorenz, R. E. Pawel)
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3. Analysis of Primary Coolant Water Sample

ORNL's Analytical Chemistry Division performed analyses on a water
sample from the TMI primary coolant. Types of analyscs were for radio-
elements, gamma spectrometry, mass spectrometry, Boron titrimetry, pH,
and gross activity. The sample was 3 ml clear water in a glass vial and
read 2.7 R/hr at contact, It was shipped within a small lead pig (2")
within a 55 gal drum. No smearable alpha contamination was detected.
Slight smerable beta contamination was observed on the vial exterior.
Several analytical methods were used in some cases. Also, because the
sample was alkaline and hence subject to absorption effects, tests were
performed upon the empty vial itself and upon the sample after
acidification,

(W. D. Shults, J. A. Carter, W. H. Christie, L. T. Corbin, J. F. Emery,

G. 1. Gault, L. R, Hall, L. M. Jenkins, W. R. Laing, L. Landau, E. G. Miller,
W. R. Musick, K. J. Northcutt, H. A. Parker, B. Philpot, S. H. Prestwood,

J. C. Price, H. C. Smith, J. R. Stokely, R. L. Walker)

4. Radiation Effects and Core Nuclear Analysis

The Nuclear Engineering Applications Department of Computer Sciences
Division was requested by NRC to consider three problems associated with
radiation effects.

Radiation exposure to inst,umentation on-the pressurizer tank,

A. Dose rate at surface of tank given the interior water-
bourne sources.

B. Dose rate at instrument bank on lower containment wall
given the air and water-bourne sources. ’

2. Determine Xe-135 source strengths in 1 and 2 inch Schedule Lo
pipes for given dose rates at outer surfaces.

. Inventory of all radioactive isotopes in the reactor at the time
of the accident and at given time intervals after shutdown.

(6. E. Whitesides, R. L. Childs, 0. W. Hermann, J. R. Knight, J. V. Pace,
R. M. Westfall)
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5. Radiation Shielding and Effects

Members of the Engineering Physics and Computer Sciences Divisions
have provided assistance on several questions involving radiation shielding.
This group is still actively involved in continuing analyses. Specific
problems which have been investigated include 1) pressurizer transducer
dose, 2) core is topics and decay heat, 3) tank car storage and time-
dependent tank car dose, L) steam generator repair, 5) BF; detector
readings, 6) ion-exchange resins, 7) pipe transport of primary coolant,
and 8) tank storage in spent fuel handling pool.

(. E. Bartine, T. J. Burns, R. L. Childs, V. W. Engle, D. T. Ingersoll,
J. V. Pace, 0. L. Selby)

6. Hydrogen Chemistry

The Nuclear Safety Information Center (NSIC) was requested by Floyd
Culler of EPRI to provide information that would help in analysis of the
hydrogen bubble that had formed in the reactor pressure vessel. NSIC
staff estimated radiation induced recombination rates, studied the TMI
high pressure system in the SAR, and collected data on hydrogen explosion
limits. Working in the seme area, Glen Jenks of the Chemical Technology
Division provided valuable information about hydrogen chemistry and
radiolytic gas generation and recombination.

(J. R. Buchanan, R. B. Gallaher, G. H. Jenks, G. T. Mays, R. L. Scott)

7. Instrumentation and Diagnostics

Members of ORNL's Instrumentation and Controls Division are continuing
to provide on-call expert technical assistance to diagnase problems and
lend advice to those working at tha TMI site. Principal areas of concern
are instrumentation and control, thermohydraulics, noise diagnostics,
reactor systems, and neutronics. Calculations, investigations, and
experiments with subsequent recommendations have been made in the following
areas: -

1. Assist on-site team performing noise diagnostics and other
measurements.

2. Study to predict or explain the pressure pulse response observed
on the primary system pressure sensors.

A Calculations to examine adequacy of natural convection for
core cooling. ;
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10.

.

12. .

13.

14,

15.

16.

17.

Evaluation of available data to determine if boiling is occuring
in the core.

Search for substitute methods for measuring pressurizer level,
should all existing sensors fail.

Evaluate failure modes and predicted radiation life of
pressurizer level sensors.

Evaluate failure modes of core thermocouples to help establish
validity of core temperature measurements.

Confirm and evaluate sequence of events to predict probable
extent of damage.

Evaluate feasibility of using a Resistance-Temperature Device
(RTD) as a level probe in the pressurizer.

Examine failure modes of Rhodium self-powered neutron detectors
to explain anomalous readings.

Evaluate dynamic hydraulic conditions at the pressurizer
differential pressure cells tc find explanation for unexpected
behavior.

Calculate the potential for cooling the core by flooding the
cutside of the reactor vessel if natural convection cannot be
established.

Evaluate or propose ways in which noise analysis might be used to
infer water level in the reactor vessel.

Propose methods for deriving a direct readout of subcooling for
display to operators.

Explore what can be learned about thermal-hydraulics from in-core
neutron detectors (eg., water level, boiling, pressure, etc.).

Evaluate implications and probable causes of high count rates on
startup neutron detectors. Determine if related to reactivity
in the core.

Participate in boiling tests at the Blowdown Heat Transfer experiment
to acquire baseline data for determination of boiling at TMI.

Provide on-site assistance in rigging substitute pressurizer level
measurements with RTD or pressurizer heaters.

(L. €. Oakes, J. L. Anderson, R. S. Booth, F. H. Clark, R, E. Hedrick (SAl),

M. B. Herskovitz, J. T. Mihalczo, P. J. Otaduy, J. R. Penland (SA1), R. S. Stone)

FRM:JS

§-25-79
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Three Mile Island - 2
Technical Support

Boiling Detection

S. J. Ball

Problem:

Perform noise measurements on the core exit thermocouples to determine:
(a) if boiling is occurring in the core; (b) if there were substantial
changes in the noise signals since the jnitial measurements were made
(Apr. 6-7, during forced circulation mode); and (c) if other useful

information could be obtained from the measurements.

Description of Measurements:

1. During the period April 27-30, noise measurements were made on each
_ oé the 51 core outlet thermocouples (C/A grounded junction) using Princeton
Applied Research (PAR) amplifiers (Gain ~30,000), and an HP 5420A noise
analyzer. The signals were analyzed two-at-a-time and recorded simultaneously
on a Brush recorder. Power spectral densities (PSD), cross PSD, and
coherence were stored on tape for later plotting and analysis. Integrated
power from 0.0122 to 1.53 Hz was recorded for each PSD signal.

2. Except for one case (see item 3 below), the signals appeared to be
uncorrelated. The amplitudes of the fluctuations ranged from <0.1°F peak-
to-peak (p-p) for most cases, to ~1°F p-p (5 cases), to ~6°F p-p (1 case).

The signals were not all stationary, as occasionally on repeat analyses
the magnitude and character of some PSD's would be quite different.

3. In one case, two thermocouple signals analyzed (9H and 12F, see
core map, Figs. 1-2) had oscillatory (rather than random noise) characteristics,

.
a ~50 sec period, were strongly corrclated (coherence ~0.9 at 0.02.HZ),
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and were clearly related to similar oscillations in the loop A and B
pressure signals recorded elsewhere. These oscillations were ~2-3 psi p-p»
lightly damped, of a slightly different frequency from each other, and
appeared to be provok.d by the actions of the primary water makeup system.
Brush recorder traces of 9H (the hottest of all the signals, ~315°F)

showed what appeared to be a cancellation effect during periods when

the two "opposing' loop pressure signals had a certain phase relation-
ship. (The phase was not readily obtainable since the 3 signals were
recorded on 3 separate recorders.)

4. Tests were made of the effects of various thermocouple leakage
resistance paths on their readings. Abrupt "shifts" in several thermocouple
readings had been observed, so the tests were made to see if the behavior
could be attributed to intermittent leakage. A thermocouple that
normally read 180°F read ~40°F with the low side shorted directly to
ground, and ~140°F with the high side shorted to ground. Shorting the
high side through a 10 KQ resiscor reduced the reading ~4°F, and through a

2 KO resistor ~16°F.

Observations and Tentative Conclusions Related to the ORNL Measurements:

1. The thermocouple noise measurements did not suggest, nor did they
rule out, the possibility that boiling is taking place somewhere in the
core. In many cases, thermocouples with the larger PSD's had relatively
low temperature readings. The magnitudes of the noise signals were
surprisingly low, especially considering the large thermal gradients
present in the upper plenum. Saturation temperature for the operating
pressure during our tests (~900 psi) is ~530°F. It would be possible for
stcam bubbles to recondensc before reaching the thermocouples, and for

boiling to occur in non-monitored areas. Probably the best way to infer
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boiling would be to closely monitor a group of the most suspect (noisiest)
thermocouples, then lower the system pressure and watch for significant

increases in the noise power.

~
2. The case of the oscillatory and correlated thermocouple signals (9H

and 12F) cannot be reasonably explained by a pressure-affecting-tempd rature
boiling argument, since: (a) the start of the thermocouple oscillations
coincided with the start of the pressure oscillations; any changes in
signal due to a well-submerged boiling region would probably have taken
several minutes to become established; (b) the signals were quite '"clean"
and uncharacteristic of a boiling noise signal; and (c) the 180°

phase relation between the two signals would not be readily explainable

by boiling. One theory which can account for this behavior is as

follows: The upper plenum during the natural convection mode is relatively
stagnant and has numerous "plumes' of widely-varying terperatures emanating
from the core regions. A hydraulically-inducéd pressure transient sets up
wave-like oscillations in the two loops, causing back-and-forth sloshing

in the upper plenum, and thus lateral "waving" of the plumes in the
vicinity of the 9H and 12F probes. This could accounf for the "immediate"
response to the pressure change, the cleanliness of the signals and the
180°F phase. This model also requires more than one free surface in the
system in order to set up the wave motion, so it infers that there may

be noncondensible gas pockets in the reactor and/or steam generator upper
plenums. Followup measurements and studies based on this model may also
be useful in deriving more detailed information about the condition of

the system. For example, the periods of oscillation of the two loops

might be related to the size and location of voids. If so, one may infer
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changes in void size due to a system pressure reduction. In any case,
1t would be useful to record the two pressure signals and thermocouple
9H noise on the same'instrument.

3. The "waving plume" model may also be used to rationalize the behavior
of several thermocouple signals in the three hours following the transition
to.the natural circulation mode. ihe textbook behavior of core outlet
temperature would be “an abrupt rise (corresponding to the reduction in
flow) followed by a slow décline as the full natural circulation flow is
established (Fig. '3, H8). However, several signals instead showed
abrupt drops following the pump trip (fig. 4, H5). Considering the plume
sodel and noting that the upper plenum flow distribution patterns would
be quite different for single-pump forced circulation and natural
cizculation, it appears 1ikely that the thermocouples such as HS are
simply monitoring a different combination of plumes. =~ EREE TLITLNL

iro:4; The abrupt shifts observed in some thermocouple readings (notably

3R) can more readily be attributed to a postulated shifting of the leakage

resistance of a damaged probe than to postulated scenes in which hot

debris settles temporarily near the semsor.  -- ===7-7% IiT To. e noih
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Estimatcd Cost:

20 Mandays plus transportation; $9,600.



Three Mile Island - 2
Technical Support

Instrumentation

R L. Shepard

Problems:

1) Six of 52 in-core thermocouples are reading significantly higher than
the others. Can these readings be validated and/or can failure mechanisms
be postulated to explain the readings?

2) Can the operable Resistance-Temperature Devices (RTD) in the primary
loop be calibrated using Johnson noise measurements or other techniques?

3) Can a method be developed for using the RTD in the pressurizer for
indicating pressurizer water level?

4) Diagnose the condition of the in-core thermocouples using Time

Domain Reflectrometry or otner techniques.

Pescription of Work Performed:

1) Possible failure modes were considered by several thermocouple
experts. The most likely failure mechanisms-melting of the sheath
or ingress of moisture into the insulation-could not cause readings higher
than the true temperature. The location of the thermocouple junction may
have been displaced by melting along the sheath.

2) Methods are not sufficiently developed for using Johnson noise for
field calibration-of RTD's.

3) Methods have been developed for measuring in-situ time response of
RTD's using loop current step response (LCSR) and for using electrical

sclfhecating for detecting the presence or absence of water in contact with
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the sheath of an RTD. The methods are of questionable applicability to

TMI because of the massive f1}4‘inch 0.D.) stainless steel well which houses
the RTD. Calculations were ;ad; to predict the sensitivity. Rosemont
Engineering Ebnpany cooperated by determining the maximum safe heating
current that could be used. Idaho National Engineering Lab (INEL) made
a simulation using a tippable autoclave and a well similar to the one at
AMI.. . Temperature diffcrences of only 5°F were obtained between a wetted and
unwetted well. . ]

Dn April 28, Shepard and Carroll went to TMI, then to Davis-Besse
to try the selfheating method in place. The method was found to be
unsuitable due to long time constants (greater than 3000 seconds) and
Yo sensitivity. Temperature changes due to water spray and heaters in the
pressurizer would mask the level change.
Do=zA bridged heater method of determining pressurizcc level, using 4 of
the 40 or more heater elements was devised by BGW with assistance by ORNL.
b.s‘;snﬁxperiments were éérformed at ORNL to determine if Time Domain
Reff;cf}apétry céulh“be'uséa to verify the integrity of the in-core
iﬁ;;;acouples. It was det;rmin;d that the technique was unsatisfactory
0 1L :

because of the large electrical resistance and long extension wires used

- -

- - - -

on the thermoccuples.

.-

Conclusions and Results:

f:¢.1t was concluded that:
1) The in-core thermocouples are probably accurate in spite of

®Xxperiencing temperatures above 200°F.

high-resistance thermocouples.



3) The RTD might have been a useful indicator of pressurizer water

level if the weil had been less massive.

4) There is a general need in PWR's for diverse measurement techniques

of process parameters, such as pressurizer water level.

Work Requested By:

1) NRC-TMI; MetEd-TMI; Mar 31.
2) NRC-Bethesda (Buhl); April 2.
3) NRC-IAG-TMI (Ackerman) April 3.

4) NRC-IAG-TMI (Ackerman) April 13.

Results Reported To:

Same as above plus:

Tom Murley, NRC April 6

Billy Jo Sheperd (B&W), TMI April 6

A review of activities was presented to David Cain and Alex Long

at EPRI on May 10, 1979,

Work Performed Bv:

D, Agouridis, ORNL

R. M. Carroll, ORNL

J. L. Horton, ORNL

T. W. Kerlin, UT

Don Matychuk, Rosemont

T. E. Mott, TEC

R. L. Shepard, ORNL
Marlin Stanley, INEL
Wylie Stansell, Tcktronix
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Three Mile Island - 2
Technical Support

Diagnostic Instrumentation

D. N. Fry, et, al.

Problem:

Provide TMI on-site expert technical assistance with special diagnostic
instrumentation as part of a special instrumentation group (SIG). The
group charter is:
1. Collect the maximum amount of diagnostic data consistent with not interfering
with operations in eithe~ the Control Room or cable spreading areas. No
safety circuits will be accessed and all hookups to plant systems must have
the agreement of the instrumentation technican on duty in the cable
spreading room. All efforts will be coordinated with the control room.
1I. If and when plant instrumentation signals are lost, the special
instrumentation group is to aid operations bf determining whether laboratory

or special instrumentation might be used to obtain the desired data.

Description of Work Performed:

The group made frequent measurements and diagnostic evaluations over
the period from April 3 to April 30, 1979. Direct current, strip chart,
and spectral analytic measurements were made of 1) In-core thermocouples
(approx. 50); 2) Reactor Coolant Pressure: 3) In-core self-powered neutron
detectors; 4) Ex-vessel neutron detectors. The two principal concerns
which depended heavily on these diagnostic measurements were boiling in
the core and entrained or trapped gas in the primary system. Two to five
people were at the site during this period to provide immediate assistance

to operations as needed.
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Conclusions and Results:

The measurements and recommendations of this group were very helpful
in degassing the pril;ry system and in determining that satisfactory
natural convection croling had been established after the coolant pumps were
deactivated. Separate detailed 1eports have been prepared describing the

measurements made and their significance.

work Requested B):

NRC-TMI (Stello, Ackerman).

Results Reported To:

NRC and GPU as timely.

Work Performed by:

D. N. Fry, R. C. Kryter, G. L. Zigler (SAI), C. M. Smith, W. H. Sides,

S. J. Ball, J. C. Robinson (TEC).

Estir -zed Costs:

Approximately 60 Mandays plus a variety of transportation to and from

the site with people and equipment; $35,000.
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INTRA-LABORATORY CORRESPONDENCE MAY 14 1979

OAK RIDGE NATIONAL LABORATORY

v May 14, 1979

To: F. R. Mynatt
From: R. E. Brooksbank

Subject: ORNL Assistance in Response to the Three Mile Island Accident

Statement of Problem: Provide technical support to the Waste Management
Group of the TMI Recovery Team. The primary con-
cern was to “"make certain that nothing reaches the
environment that would be detr.mental to the heal*h
an¢ general welfare of the general public."”

Work Performed: The technical Group was fully integrated with the
Waste Management Group (WMG). Members functioned
as peers in MG meetings and interacted continually
with supervisors of the WMG groups concerned with
liquid effluents, gaseous effluents, and construc-
éion. Technical Group membexrs functioned in areas
of their own expertise and provided liaison with
experts at ORNL and elsewhere. Thus, the realities
of operational capabilities and limitations were
continually integrated into theoretical judgements.

The Technical Group was active in evaluating
data concerning the release of radionuclides in
gaseous and.liquid effluents including evaluation
of sampling and analytical methods.

The major problems addressed by the WKG immedi-
ately following the accident were: (1) stopping
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the Telcase of 131! to the environment and (2) pro-
viding adeguate storage capacity for water that was

being generated by necessary operations (pumps seal
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(3) A tank tarn was dcsigncd that was 1nstallcd
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in the TMI Unit 2 fuel handling pool. This tank

farm was designed to provide an additional 110,000

.§allons of storage capacity for water, thereby
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relieving the very severe shortage of tankage.
The.:ysten was designed to permit the water to be
transferred to as-yet-undetermined treatment systems.
(4) Considerable effort was expended in the design
and/or evaluation of a suitable waste evaporator.
This effort proceeded rapidly initially,

but later became bogged down in deliberation of
alternatives when treatment and discharge of some

of the water and improved control of water sources
relieved the urgency and permitted deeper deliberation.
(5) Considerable effort has been expended in attempts
to define the scope and character of the ultimate
water treatment methods. It is in this area that the
desire for detailed data of sufficient magnitude and
quality to permit the formulation of processinrg
flowsheets has conflicted most severely with the
realities of plant operations. ORNL personnel have
had extensive discussions among themselves and have
made extensive contacts with chemical processing

and liquid wastc experts throughout the nation to
formulate a reasonable scenario for treating (a) the
slightly contaminated water in most of the tanks,

(b) some highly contaminated water in secveral of

the tanks, (c) the water in the containment building
and (d) the primary rcactor coolant water. ORIL
personnel continue to feel that a comprchensive plan

pased on analyses of the water to Lo treated is
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Conclusions and Results:

required for safe and cfficient trecatment of the
*1iquid wastes. Evaporation, ion cxchange, and waste
" solidification will be involved. The dctails of

Tihe nature and sequences of processing steps remain

-

to be decided. AL A5 ad B
£(6)° ORNL suggested that a special group be established
“within the Waste nanagemcnt'croup to coordinate the
Zdecontamination effort. Such a group has been
i established and ORNL has been deeply involved in

‘providing technical advice to the group.

1. Méihéds for mbnitofiné-tne rélnnse of radionuclides

-

via the air nandlan systems have been inproved

-p s - - . - - ’ - e e = -
-l -

5. Off- gas treéfment systems have been upgraded

riénxf:cantly. LA T

& & el T il T » i B
<

3. Watet storage capacity will be increasod when the

£ Ty il s er

“tank farm 1nstallatxon is compleged in the fuel handlin

Y S 4 »» cr @ mew s -w - e = o =Femw
-t e srg BwimEme s e ew 8 S8 e

basin.

~ Limapp &< tes mesmsasma- e pew s aa
P Ll e

4. A detxnitxve action plan should be fornalizec for

r.od gL - -

vatet treatment and waste dxsposal.

5; The decontamination of cquinnnnt and building arcas

BRE 2 .
may turn out to be thc most diffxcult part of the task

of regain1ng bcnefxc1al use ot TMI~ 2 except for remova
.ai~the fuel ‘and recettxf;cation of the reactor itself.
Tho dccontam;natxon effort impacts on all facets of

the‘rccovcry program. Décontaminatinq agents must

‘be compatible with liquid waste trcatment methods and
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Work Requested By:

Results Reported to:

work Performed by:

Estimated Costs:

c

with gaseous treatment systems. An example of the
problcn is the sclection of clcaning agents. Foaming
agents miqht cause dlf!iculties in liquid waste

trecatment ana solvents might cause a significant

decrease in the absorption efficiency of charcoal
adsorbo:s for removing 1odine for building ventila-
tion air. Cate must be exexcise to prevent recontamina-
B e s L lm e  Bwa e

tion of cleaned areas by porsonnel rovement and air

& om e - - -

flow.

- - - -—p e .y .
-—- - - < - p-4 o v

This is clearly the area in which the utility

ﬁersbﬁgel have the least experience and must rely

ﬁibn:outside téchniéai help.

The original contact with the ORNL Chemical Technology

Fallimanss 8
Division was made by F. L. Culler or EPRI.

- e - e e e

Herman Diekarp (GPU), John Collins (NRC), Bob Arnold
JGPU). Ron W111iams (GPU) , Ben Rusche (Consultant:

letters dated April 20, 1979), countless daily contact:

‘®.” E. Brooksbank, 0. 0. Yarbro, F. A. Harrington,

‘3. W, Snider, E. D. Collins, W. A. Shannon, L. J. King

S P e . -
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BUSINESS CONFIDENTIAL
INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY
May 18, 1979

To: D. E. Ferguson

Subject: Status of Effluent Treatment at THMI

From May 15-18, the writer visited the TM] site to review the stztus of
effluent treatment and to inspect the facilities, procedvves and the
construction projects recormended by ORNL personnel on earlier assignments.
On May 18, D. C. Campbell was requested to discuss with Metropolitan Edison
the problems associated with fission product removal by ion-exchange methods.

1. Status of Gaseous Effluent Treatment

Currently, the level of iodine releases from TMI are below the
technical specification limit (0.025 Ci/day) as measured in HPR-219.
Of the 4-trains of charcoal traps, 3 have been completely changed
(240 trays) and the fuel handling building Train B traps are currently
awaiting a shipment of charcoal to permit the changeout. Charcoal
trap efficiencies have not yet been measured by DOP testing nor have
jodine DF's been measured. These tests are scheduled within the next
week. Following the tests an air-flow balancing exercise will ta'e
place of the Auxiliary and Fuel Handling buildings. A hinged blank has
been placed in the suction plenum of the stack and the stack has been
isolated. A1l gaseous effluent is now directed through the new 100,000
cfm emergency off-gas systems and discharge ic at roof level.

2. Status of Liquid Effluent Treatment

Three categories of water resulting from the TMI incident are of con-
cern. These include (1) water contained in Auxiliary-1 Buildina containing
some incident water, (2) water contained in the Auxiliary-2 Building contain-
ing incident related water, and (3) water in the existing primary loop
circuit and in the reactor containment building generated from the inci-
dent. The status of the treatment of each of these classes of water are
more fully described below.

2.1 Auxiliary-1 Building Hater Treatment

A total of 83,500 gallons have been released to the river (below
technical release limits, 10 CFR-20) after treatment by evaporation
followed by disposable mixed bed ion-exchange processing (EPICOR-1 or
Cap-Gun Process). The processing scheme consists of evaporating the
water with the condensate being collected, analyzed and discharged to
the river; the resgltant evaporator hottoms are then transferred through
a series of 185 ft° mixed-bed ion exchange columr=. These disposable

1915 <04 e
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beds are loaded in a carrier for ultimate disposal in an off-site
burial ground. Data collected on all of the beds is given in Table 1.

TaBle 1. lon Exchange Cannister Data

Resin Treated “Total I Bed Radiation
Container No. Gallons Curies Curies Level (R/hr)

D-1 20,000 32.6 5 3.5

D-2 10,000 18.4 7.7 7.0

D-3 24,700 63.1 5.7 5.0

D-4 33,400 45.7 26.5 2.5

D-5 15,400 39.2 17.9 3.8

At the present time there is a "hold" on shipment of solid materials
leaving TMI because of political implications; therefore none of the
loaded ion-exchange cannisters have been transported to the commercial
burial ground sites (Barnwell. SC; Richland, Wash). Attempts are
currently in progress to allow shipments to move from the site and the
appropriate individuals have been contacted.

2.2 Auxiliary-2 Building Water Treatment

Currently, a total of 150-190,000 galions of water is contained in
this building which has been generated as the result of the incident.
The leakage rate into this building continues at the 0.32 gpm rate with
activity levels in the range of 1-100 uci/cc (400 R/hr level at tank
surfaces in some cases). The processing scheme proposed for this system
employs a modification of the EPICOR or Cap-Gun process. The basic
system will be cgmposed of three absorber beds hooked in series. The
first bed (24 ft3), will be loaded with silver-impregnated charcoal fer
12 removal, the second bed will be cation resin (nuclear grade-strong
acid) for Cs removal followed by a third mixed bed of resin for polish-
ing. Finally, a particulate filter will be utilized to catch resin
should the system malfunction. The equipment will be semi-remotely
operated in the equipment decontamination building conceptually designed
by ORNL.* This building has been sealed, contained, equipped with an
8,000 cfm off-gas system, & remote control room and the necessary crane
network to permit remote handling of loaded resin beds. The objective
will be to sorb sufficient fission products to a level of 2500 R/hr on
the surface of the vessel or (30 R/hr) at the surface of the integral
biological shield. Operational checkout of this system is expected to
take place within the next month and construction of the facility has
essentially been done. A sufficient quantity of approved licensed con-
tainers has been located to permit the orderly shipment of these units
from the site.

*J. W. Snider, 1915 /(5



2.3 Primary and Containment Water Treatment

A total of approximately 490,000 gal of water is now contained in
1 on April 1). The pri-

from 225,000 qa
which also has the same radioactive

a prooosed contract is under consideration
t this water in a series of 3-

the reactor buildina floor (up
mary loop contains 35,000 nal
characteristics. Currently,

by GPU offered by Chem. Nuclear ton trea
submergible ion exchange beds employing cormercial technology. Beds
e of filtration followed by Dowex jon-exchange

will consist of a staa

systems. geds (10 ft ) will be loaded to resin degradation limits

(\0a Rads, 30 liter off-qas release/ft? resin degraded). Serious

concerns were expressed about the number of shipments that would be
and the performance of the resin

required (+300/100,000 gal treated),
d environment and the problems inherent
zeolite sorp-

in the radiation and heat loa

in bed changeout under water. Dave Campbell reviewed the

tion of 137Cs and the very major advantages for the use of this material

for application in treatment systems. gecause of the continuing in-

leakage of water into the reactor containment system there is a sense

of urgency to obtain data as soon as possible. Currently, the 1liquid

level in the reactor building is 6 1/2 ft; at 8 ft the reactor primary

lcop components g in the natural convection mode

becomes covered ion systems are jeopardized. Because
ORNL will be formally requested to perform a series

of this situation.

of scouting experiments to establish resin an
Metropolitan Edison is currently drafting a C
urging our assistance in tnis critical technical area. A total of

130 m1 of primary loop water is expected to be shipped to ORNL to ini-
tiate these studies pending approval by DOE and ORNL'S management. An
attached letter was generated outlining a proposed process development

scheme for water treatment.
em Huclear involvement, AGHS is expected to submit a

proposal to supervise the operation of this system for Metropolitan
Edison. Because of the experience base of AGNS in the hand1ing of
radioactive materials in reprocessing plants, this involvement lends
considerable cr.ditability to the safety of operatiors at THMI.

In addition to Ch

Currently, the construction of the tank farm syst
fore this system can receive

and two additional weeks are envisioned be
water. This facility was constructed to h

water in a safely-contained manner prior to subsequent processing.

3. Miscellaneous Information

Metropolitan gdison is desirous to obt

of senior techn iew of proposed recovery
schemes from a technical
former Director O
sultant to TMI an

ical advisory group for the rev)

and operational standpoint.
f the Savannah River Laboratory, is employed as a con-

d will coordinate the efforts O

em' has not been completed

old 110,000 gal of high activity

ain DOE's help in the formation
Currently, C. lce,

f this 4-man team. Other
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members being requested include myself and two individuals from SRL
including one engineer and a chemist. It is hoped that in this manner,
the expertise of both ORHL and SRL can be utilized as required as the
recovery program proceeds.

Because of the changing nature of the operations at TMI (from the
reactor control phase to the waste management phase), a management review
team is currently attempting to more firmly establish the organization of
the entire recovery operation. This effort should considerably minimize
the on-site confusion that has been experienced to date.

On May 16, a public hearing was held in Lancaster, Pa., to discuss
the treatment of effluents at TMI. Following a presentation by NRC, GPU
and Metropolitan Edison, lengthy question and answver sessions were con-
ducted. Approximately S0 individuals attended (200 were invited). Par-
ticipants jointly felt that much had been said to alleviate the concerns of
the public about the releass of contaminated water to the environment.
Prior to the hearing, an injunction was drawn by a local community to hold
the water at TMI without further treatment. On May 17, the Mayor of Lan-
caster said the city would file an injunction on May 18.

On May 17, the Presidential Commission on TMI toured TMI-Unit 1,
spending a great deal of time inside the Reactor Containment Building.
The hearings by this Commission which were scheduled for this week were
not held because Congress did not give the Commission subpoena powers.

Z5 -

R. E. Brooksbank

REB:bjh

Campbell
Corbin

King

Lenhard (ORO)
Malinauskas
Mynatt

Shults
Snider
Trauger
Wymer

¢e: 0.
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Jate MAY 17, 1979

[T1]Service

To B. RUSCHE ; Locakon ™I

Suop vt PROPOSED ASSISTANCE TO TMI

Certain experimental mcasurements are important to the selection of a suitable
process for cleaning up the contaminated water at T™I with minimal risk to safety
and the public. The goals of the clean-up process are removal from the water of
(1) cesium, (2) strontium, (3) iodine, and (4) possibly other radio.sotopes so that

the product water meets the specifications (of 10 CFR-part 20) for release to the
environment.

A sample of water as representative as possible of the larger quantity of highly
contaminated water will be required. Because of the high radiation level the experi-

ments will have to be carried out in a hot cell facility. The following experiments
are suggested:

1. Measure distribution coefficients (Kg4) between the water and selected
absorbents (such as organic ion exchange resins, zeolites, and charcoal)
for cesium, strontium. iodine, and other <isotopes as appropriate. The

purpose is to verify the behavior of the particular chemical system as
it exists on site.

2. Make similar measurements after adjusting the water comoosition to
represent better the range of compnsirions expected, or to cause favor-
able changes in chemical properties, i necessary.

3. Carry out small scale column tests with promising absorbent systems to
verify multi-stage performance.

4. 1f practical, extend column tests to two or more columns in series to
determine maximum DF attainable. This could be a miniature version
of an actual clean-up system.

The results of these experiments will permit the selectior of processes parti-

cularly suited to the goals of the clean-up operation, and will provide more con-
fidence in their ultimate success.

S tiilosin .

. E2/BROOKSBANK

P/)W

0. 0. CAMPBELL - e 3R
ce: J. Collins l(}‘f) U0
€. ‘lce
R. Williams

CPL Servien Corpoe it nn s a sulvabary of Geaw s ¢ Pubbe i o Cornong' o



MAY 1519
INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY
May 14, 1979

To: F. R. Mynatt
From: M. H. Fontana //IM ,2 Z&LM
Subject: Assistance in Response to Three-Mile Island Accident

This is in response to your memo of May 2, 1979, requesting a brief summary
of work that we did in response to the Three-Mile Island Accident. This
entailed: 1) cocling of debris in the lower head and 2) coolability of

core debris in place.

1. COOLING OF DEBRIS IN LOWER HLAD

I11. Statement of Problem

Compute feasibility of cooling core debris, if it should fall onto
bottom head, by external flooding of vessel.

Description of Work Performed

Calculations were made of the volume of the lower head that would
be filled by core debris, the heat transfer through the head, and
the free convection cooling by water external to the bottom head,
between the vessel and the stand-off, multi-layered stainless
steel insulation,

Results

If all the heat generatcd (at one-week decay heat levels) were
transferred downward some boiling of external water would have

to occur to maintain cooling. (The upward/downward heat flux
split would really be about 3/1.) If a frec path existed around
the vessel so that steam water mixtures were free to flow out
around the upper level of insulation, leakaje past the instrument
thimbles would be adequate to allow ingress of sufficient cooling
water. Also, the outer two inches of the steel vessel would be
at temperatures below 800°F and therefore would have sufficicnt
stiuctural strength to hold the core debris. The flow distribution
plate immediately below the core lower grid plate is not strong
enough to hold the entire weight of the debris.

Unfortunately, the pressure vessel is supported on a support

ring which blocks access of water to a roughly toroidal volume
space and would trap steam between it and the vessel. No
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11.

14.

15.

16.

information was available on whether gaps existed in the support
ring-to-vessel welds that could serve as vents. Additional
calculations were made of steam refluxing (convection on the
vessel and condensation on the inner surface of the support ring)
and of direct radiation heat transfer from the vessel to the ,
water directly below; neither of these phenomena can transfer
sufficient heat.

There is a small area of the vessel (that extends below the level
of the bottom of the support ring) that touches water. Heat
transfer from this zone is sufficient to handle about one ton of
fuel debris, compared to a total potential inventory of about

100 tons.

Work Requested

This work was requested by Joe Murphy (NRC) at Saul Levine's
request, on Friday April 6, 1979.

Results Reporting

Results were reported to Mark Cunningham (NRC), Gary Holahan (NRC),
and Rich Denning (BMI-Columbus) by telephone and telefax, of April 10,
and by memo of April 11, 1979.

Estimated Costs

Three-man days, about $750.00.

COOLABILITY OF CORE DEBRIS-IN PLACE

111,

112,

Statement of Problem

Estimate limits of coolability of debris in the core, given the
existing exit temperature profiles and estimated flow and pressure
drop.

Description of Work Performed

Calculations were made of the flow-pressure drop characteristics
of a region of the core characterized as a column of debris.

- Estimates were made of 1) coolability by natural circulation as

a function of pressure, using hand calculations and also by using

a computer program originally written to compute natural circulation
boiling in the Sodium Boiling Test Facility; 2) limit to

cooling by radial conduction, using hand calculations; and 3)

flow around and behind an obstructed region of the core, using
SABRE, a UKAEA code made operable at ORNL by the THORS program.
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Results

The behavior of the core was consistent with flow through a debris
bed of spheres of 0.020 in. diameter. (Irregular shapes could be
larger than this because of shape factor effects). Velocities in
the upper plenum were insufficient to levitate spheres of diamcter
larger than 0.010 in. Calculations of behavior under natural
circulation indicate that no boiling would occur at 1000 psia
pressure. Partial boiling would occur at 500 psia, but would

be statically stable (no effort was made to evaluate dynamic
instability). However, dryout would occur at 50 psia.

Cooling by radial conduction of a cylinder of debris with steam
in the interstices would be ineffective for diameters exceeding
about one foot, if the internal temperature is not to exceed
5000°F.

The SABRE calculations for flow around an obstruction covering

30% of the core indicate low velocities downstream of the blocked
zone and no recirculating flow; however, temperature effects

were quickly homogenized at distances exceeding about six inches
from the downstream "face'" of the blockage. Therefore, if the
thermocouple junctions were somewhat above the core debris, slumped
around the guide tubes which contain them, they would indicate
temperatures somewhat more uniform than actually occurring.

Work Requested

This work was requested by Joe Murphy (NRC), as in Item I4, and
by Rich Denning, BMI-Columbus, who was conducting this effort at
NRC's request, about April 6, 1979.

Results.Reporting

Results were reported to Gary Holahan (NRC) and Rich Denning
(BMI-Columbus) by telephone and telefax of April 10 and memo
of April 11, 1979.

Estimated Costs

Two man-weeks plus computer cost equivalent to one man-weck
(~$3,000).

Ball

Cleveland

Dearing

L. Garris £

& theae 1915 211
Kibbe

S.
C.

Kress (Planning Committce)
Oakes

Patriarca
Rose

E. Trammell
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

May 14, 1979

TO: F. R. Mynatt
Y i
FROM: M. H. Fontana j?

SUBJECT: Addendum to May 14 memo on Assistance for Three-Mile Island

In my memo responding to your request of May 2, 1 inadvertently left out

Item 6 "Work Performed By".

I did the werk on Part I. part 11 was done by P. W. Garrison, Simon Rose,

J. F. Dearing, and me.

MHEF:1d)

cc: File
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NUCLEAR DIVISION
INTERNAL CORRESPNNDENCE

May 14, 1979.

To:‘ F. R. Mynatt
From: R. E. Pawel

Subject: Summary Report of Work Performed Relating to Three Mile
Island Accident

My involvement in TMI-2 problems has been limited to two areas:

1. 1 was an appointed member (by J. R. Weir) along with D. 0. Hobson and

R. A. Lorenz of the TMI-2 Utility-Industry Committee on Reactor Core
Condition. This committee met at Babcock & Wilcox Headquarters, Lynchburg,
Va. on April 5, 1979 to discuss the then-available information that might
be used to infer the extent and distribution of core damage. In particular,
after a genera® session, 1 was a member of the Working Group on Zircaloy-
Water Reaction and Hydrogen Inventory.

The discussions at the general session and work session centered around the
interpretations of the information and data from which the critical tempera-
tures, the degree of clad oxidation, and the spatial distribution of damage

in the core might be estimaied. Wwhile much of this information was peripheral,
(in the sense that no direct measurements of temperatures, water levels, etc.,
during the accident were at hand), clearly at least parts of the core had seen
very high temperatures, and a substantial fraction of the Zircaloy comprising
the core had been oxidized. In evidence, too, were temperature “maps” from
thermocouples persumably at the top of the core that pointed to the existence
of nonuniform damage areas. It is my opinion that the committee, and the
B&W/EPRI people prior to the meeting, made logical inferences from data on
hand. The details of the fission product release information, the caiculations
of the amount of hydrogen generated, and the characteristics of the self-powered
neutron detectors were especially useful in this regard.

It is my understandina that this committee was organized by EPRI at the request
of G.P.U. Ed Zebrowski of EPRI is chairman; our B&W contact 1is Jim Tulenko.
Other than with W. V. Johnson/M. L. Picklesimer, NRC, I have had no further
direct contact with committee members outside ORNL. 1 am unaware of the
present status of the cormittee.

2. 1 have been involved with M. L. Picklesimor in making estimates o’ the
heat generation by the oxidation process and its relative contribution to
the temperature excursions underwent by the cladding in the TMI-2 core.

W. V. Johnson suggested at the Lynchburg meeting that this might be 2
u::fu] calculation to make, and 1 assume that Pic is leading the way On
this.
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F. R. Mynatt 2 May 14, 1979

I have constructed a computer program that uses recent kinetic data for the
steam oxidation of Zircaloy-4 to estimate the instantaneous rate of oxidation
and heat generation for a given time-temperature excursion. This program was
used to obtain the reaction energy contributions for a series of linear tempera-
ture ramps suggested by Picklesimer. The results were submitted to him by
telephone and by mail in an informal manner.

While not specifically requested to do so, I have constructed an additional
computer program that calculates the time-temperature excursions experienced
by a section of cladding subject to a given decay heat, a computed oxidation
reaction energy, and a simplified empirical heat loss scheme. I have used
this program to examine the effect of several of the system variables.
Because the model utilized in the code ic idealized in many respects, the
quantitative predictions of the time-temperature ramps are recognizad as
approximate. Nevertheless, the characteristics of these ramps, and their
sensitivity to variations in the extent of the heat losses, are interesting
and might conceivably be useful in conjunction with other information in
suggesting a possible configuration of the TMI-2 core. A letter describing
this program and some of the preliminary results and interpretations has
been written and will be sent in a few days to M. L. Picklesimer for his
comments and possible distribution.

I have received considerable support from severai colleagues in the above
efforts. Discussions with J. V. Cathcart, D. 0. Hobson, D. L. McElroy,
and R. K. Williams have been particularly helpful and are much appreciated.
Aside from my own time, the costs of this work is limited to computer
expenses, perhaps $200.00.

- s - e - - - - P - T e e -

R. E. Pawel e R
Metals and Ceramics Division _ = -~ .= °
M- (1 S S

cc: J. V. Cathcart
D. 0. Hobson
C. J. McHargue
J. 0. Stiegier
J. R. Weir
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LTR NO: 0514-07-79 MAY 1 51978

INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

May 14, 1979

To: F. R. Mynatt

From: p. 0. Hobson ﬂd%

Subject: Contribution to ORNL Assistance in Response to the Three Mile
Island Accident

Statement of Problem: To infer the probable condition of the Three Mile
1sland core from information available as of April 5, 1979.

Description of work Performed: 1 was one of a group of three ORNL personnel
(R. E. Pawel and R. A. Lorenz) asked to go to Babcock and Wilcox, Lynchburg,
Virginia, to participate in an EPRI-chaired utility-industry committee
meeting on the condition of the Three Mile Island core. Approximately

25 to 30 persons with expertise in areas relating to LWR cores were present.
1 was inc’uded because of my knowledge of zircaloy fuel cladding behavior
under accident conditions, particularly oxidation, embrittlement, and
cladding rupture characteristics.

The meeting lasted one day, the first part of which consisted of presentations
by Babcock and Wilcox and other personnel of what was known about the
accident. For the last part of the meeting, we broke up inte three worxzing
groups, including one on the effects of zircaloy oxidation which I attended.
Finally, the whole committee reconvened to review the day's findings and to
make recommendations for future investigations of the core condition. A

full description of the m ~*ing was given in my trip report = D. 0. Hobson to
G. M. Slaughter, April 30, 1979, of which you have a copy. EPRI has my name
as a contact for any later meeting of this nature.

Conclusions or Results: See trip report referenced above

Work Requested by: NRC and Warren Chernock (CE) 4/3/79

Results Reported to: EPRI (Ed Zebroski) 4/5/79
plus trip report 4/30/79

Work Performed by: See enclosed 1ist of participants

Estimated Cost: Approximately $500 to NRC for my participation

DPOH:lc

"
¥
™
;

xc: G. M. Slaughter
J. R. VWeir, Jr.



INTRA.LABORATORY CORRESPONDENCE MAY 3

OAK RIDGE NATIONAL LABORATORY Letter No.: 0430-06-79
April 30, 1979

To: G. ﬁ. Slaughter

From: D. 0. Hobson ’

(R

Subject: Tvrip to Babcock and Wilcox, Lynchburg, virginia, April 5, 1979

en April 4, Dick Lorenz, Dick Pawel, and ! flew by chartered plane to
Babcock and Wilcox (B&W) at the request of NRC to attend a utility-
{ndustry committee meeting on the condition of the Three-Mile Island
core. This meeting was chaired by Ed Zebroski of EPRI and was attended
by those listed in Enclosure One.

Zebroski opened the meeting on April 5th by stating that the committee
would review the thermal history of the incident which would be based
on about 60-70% solid evidence and on conjecture for the remainder.

He outlined the day's activities on fuel damage assessment in five
parts: (1) Introduction, (2) Event sequence, (3) Summary of
measurements and observations, (4) Core condition during transient and,
(5) Engineering evaluation of core condition.

Chuck Baroch (BsW) presented the sequence of events which is shown in
the second enclosure and which was emphasized as being very preliminary.
Enclosure Two contains various notes by me on additional information
presented during the entire meeting. Enclosure Three is a schematic of
the reactor system. '

George Meyer presented the thermocouple (TC) information that was
acquired during the incident. One of the main problems in understanding
the core behavior during the incident was caused by the TC recorders -
none recorded above 700°F! Therefore, once the TC's started to heat

up - from the approximately 650°F operating temperature of the fuel
cladding - there were no longer any temperature records. Much of

the analysis of the core behavior was inferred from the thermal
characteristics of the self-powered neutron detectors in the core

and from fission product analyses. Meyer estimated that at approximately
two hours into the incident the core was uncovered down to about

the one foot level.

Zebrowski stated that approximately 25 to 20% of the core saw temperatures
as high as 1600°C, but that the remainder saw temperatures in the

1100 to 1200°C range. Hore than just the nellet-to-cladding gap

inventory of 1, was released.
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G. M. Slaughter : 2 April 30, 1979
summary of observations and m.asurements made with
radiochemical 3nalyses, hydrogen analyses, noise ar.lyses (for loose

rts in the primary system), TC data and in-core neutron detectors.
g:ilure estimatecs based on fission product data cannot discriminate

small core volume that had lost almost 100% of its inventory,
of its inventory.

Dick Demar (B&W) gave a

between a
and a large core volume that released only about 5%

1 personally believe the latter to be the case.

It was discussed that *he 52,000 1bs of Zircaloy in the reactor could

release 408,000 ft? or H, gas at STP. It was estimated that a max imum
range for the amount of Zircaloy actually reacted with steam was from

29 to 34 wt. percent. T . &

g - . - T o " .o -

Demar also stated that senéo} arfa}S'bbsffioned—arbbhd the system detected

noises in the upper part of the "A" steam generator equivalent to a few
ounces of material impacting the structure. ‘

Ralph Frederickson (Bettis) reported on their analyses of coolant samples.
Among his findings was the release of 22 to 28% of the total xenon
invertory of the core. He said you could argue for 3000 to >4000°F fuel
temperature, but little fuel melting. At this point Bill Johnston (NRC)
raised the question of the solubility of Ba, Sn, Mo, and Ce oxides in the
coolant water. Lack of those elements in the water does not necessarily
preclude fuel melting. Fredericksen stated that finding only small amounts
of Ag, Cd, and In in the coolant indicates little loss of control rod
intergrity. ‘e s F
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iew Na1ton (s&w) discbssed‘Té daié trends ébhefﬁo}é;’ﬁut:ﬁosi’ﬁaé
inferential or conjectural. Ce rean I R
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Aft'que (B&Y) presented an interesting calculation of components temperatures
relatlve to assumed cladding temperatures-as shown in.the:following table.

_ Fuel Rod Components d

Cladding (Zircaloy-4)

Péakrfempe§atures at'qu of Fuel

27 20009F - - -

Citiele :2800°F

Fuel (U0;) v.eente WP, AT Ta LLe b 4 S
Spacer (Zircaloy-4) . : ~QO00°F -:z--:: === =-: &2B00°F
Retainer Spring (304 SS) <000°F - ot ola i i
-Structural Components | :;i:'= :;j ;:; :réi a3 -: ;i--
Guide Tubes (Zircaloy-4) >1500°F >1950°F
Spacer * - ¢>1800°F, - upper >2200°F
pacer Grids (Inc-718) TC000°F) intermediate "-1500°F
End Fittings (303 SS) -.<1500°F - cramr o 1 <2200°F
Holddown Spring (Inc-718) <1500°F <2200°F
Control Components ~1500°F ~1600°F
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G. M. Slaughter April 30, 1979

It should beemphasized that the cladding temperatures are assumed.

Another interesting bit of information was the rate at which the decay
heat decreased with time fron the initial full-power level of 2772 M
(thermal). This is shown below.

Time after scram (hr) Core Decay Heat thh

168

5 37
30
24
19
14.5

Q&N—‘?O

The core had had 80 full-power days of running time at the time of the
incident.

In the afternoon the group broke up into three working groups to discuss

il the effects of Zircaloy oxidation, (2) fuel pellet behavior, and

3) available diagnostic information. The summaries of these meetings are
appended as Enclosures Four, Five, and Six. 1 was a member of the working
group on Zircaloy oxidation. The conclusions and recommendations are as
stated in Enclosure Four. One final interesting calculation was brougnt
out in the working group meeting. An NRC staff member had calculated that
a total of approximately 380 lb-moles (760 1bs) of hydrogen gas was released
by the metal water reaction according to the equation:

Ir + 2"20 - zr02 + 2”2’ + Heat

Included in the 380 1b-mole figure were approximately 226 1b-moles that
must have burned during the 28 psig pressure rise in the 2 x 108f¢3
containment building. The oxygen content in that building went from 21.2
to 18.9 vol % during the fire.

Lorenz, Pawel, and I voted among ourselves and 1 lost. Therefore, EPRI hac
my name as their contact in case a later meeting of this type is to be
convened.

DOH:sej

Enclosures

¢c: C. R. Brinkman
F. R. Mynatt
DOH-FILE

r~2
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

May 7, 1979

TO: F. R. Mynatt
FROM: R. A. lorenz

SUBJECT: Summary of Work Performed for Three Mile Island (TMi-2)

1. Make preparations to evaluate fission gas and fission product
release measured at TMI-2.
Requested by Mike Tokar, NRC, via A. P. Malinauskas and T. M. Besmann
(4-2-79(?)).
Also requested ty Joel Buchanan (ORNL) for Ed Zebroski (EPRI) (4-2-79(?)).
Request from Brent Beuscher (B&W) for references to our fission
product release work (4-2-79(?)).
Estimated costs: 5 work days, 2 or 3 phone calls.

2. Attend industry group meeting at B&W, Lynchburg, (4-5-79).
Requested by E. Zebroski (EPRI) via Chernock (CE), (4-4-79).
Working groups presented recommendations while at Lynchburg (4-5-79).
(Copy of rccommendations available from R. A. Lorenz).
Estimated costs: travel expenses 3300, working time - 4 days
2 phone calls

3. Estimate fission gas release that could occur for TMI-2 environment
(3000 MWd/MT, Hy-rich steam and water) at high temperatures (1600°
to 2000°C).

Requested by and results reported to R. 0. Meyer, NRC Fuels Analysis,
(4-10-79).
Estimated costs: 3 work day, 1 Telecon (copy attached).

RAF:clf
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R. 0. Mcyer (NRR Phone 2-7603)

" Ruclear Regulatory Commission A £ g

Washington, D. C. 20545

Data from 53 post-irradiation annealing experiments, conducted by

- G. W. Parker et al., were analyzed in order to obtain estimates of xer|

fodine, and cesium released from UOZ' These tests were conducted
with UO2 irradiated to burnups of trace to 4000 MWd/MT heated after
irradiation in flowing inert atmospheres for 5.5 hr. The tests are
summarized on p. 80 of report ORNL-3981. The following numbers are
the percentage releases of xenon corresponding to "minimum probable,"

"most probable," and "maximum probable" relecase.

At 1600°C the estimated release percentages are 2.2, 5.3, and 11.5. A
they are 7, 15 and 30. At 2000°C they are 19, 37, and 61. Release

percentages for iodine and cesium averaged approximately twice the aba

R. 0. Meyer Telecon numbers: 492-7371
492-8110
492-7617 (24-hr remote)

on,

t 1800°C

ve valu
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R. A. Lorenz U
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T0:
FROM:
SUBJECT:

MAY 7

INTRA-.LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

May 2, 1979 Cost: ~%, o000

Distribution
W. D. Shults (4-4881) 0. . SCuwnts
Analysis of Three-Mile Island Water Sample

This memo summarizes the actions taken and results obtained with the
first sample of water sent to ORNL/ACD. '

l.

We were first contacted by phone on Sunday, April 8, 1979
regarding analysis of a primary coolant water sample (by
R. E. Brooksbank and 0. 0. Yarbro). Many phone calls
transpired and many people (see attached list) were
fnvolved after that. The sample was ultimately received
on April 11, 1979, at 3:30 a.m. at McGhee-Tyson Air Force
Base. An ORNL team of health physicists, drivers and
riggers met the plane and delivered the sample to ORNL,
Bldg. 2026.

The sample was 3 ml clear water in a glass vial and read
2.7 R/hr at contact. It was shipped within a smali lead
pig (2") within-a 55 gal drum. WNo smearable alpha con-
tamination was detected. Slight smearable beta contami-
nation was observed on the vial exterior.

Portions of the sample were analyzed by the laboratories
within ACD listed below. Several methods were used in
some cases. Also, be.ause the sample was alkaline and
hence subject to adsorption effects, tests were performed
upon the empty vial itself and upon the sample after aci-
dification, :

Type of ,

Analyses Section Contact(s)
Radioelements, Nuclear and Radio- J. F. Emery
gamma spectrom- chemical Analysis (6-7560)

etry H. H. Parker
R LT '_*_m_mkaLRLStMmly
 Mass spectrometry Mass'and Emnission J. A. Carter
Spectrometry (4-2443)
R. L. Walker
Boron titrimetry, Technical Support W. R. Laing
pH, gross activ- and Services (4-4885)

ity L. T. Corbin

1915 z21
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Results and Comments

pH
-8

Boron

(a) 3440 ppm via ID/SSMS

(b) 3220 ppm via micro-
titration

Uranium

(a) 110 ppdb
(b)'ISO ppb

(c) Uranium isotopic
analysis

235) = 2,22 atom %
. 234y = 0,021

236y = 0.072

238y = 97.69

May 2, 1979

Obtained with pH paper; .2
pH unit.

Isotope dilution with 198
concentration established by
micro-titration of NBS H;B03;
range = 3314 to 3565 ppm.

Micro-titration via the manni-
tol procedure; range = 3211 to
3235 ppm.

NOTE: idsotopic distribution
of sample boron was "normal”
80:20 = 11B:198,

Isotope dilution with 233U and
analysis by thermal emission
mass spectrometry; range =

107 to 114 ppb.

Via delayed neutron counting
of 2350; corrected for Pu con-
tribution using mass spectral
isotopic values.

Range = 2.21 to 2.23%

NOTE: these uranium results
were obtained on an acidificd
sample. Basic sauple gave
Yower results by 1D/SSM5, DLH,
and fluorometry.
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Plutonium

(a) 0.24 ppb Isotope dilution with 2%2Py
and analysis via thermal-
emission mass spectrometry;
ORNL's "resin bead" sanpling
technique was used.

NOTE: these results obtained
on acidified sample.

(b) Pu isotopic analysis

238py <0.1
239%py 90.3
240py 7.8
241py 1.8
242py 0.1

Sodium

250 ppm Neutron activation analysis
gave 970 ppm; flame emission
spectrometry gave 260 ppm.

Lithium

(a) 4.64 ppm Via isotope dilution and ion

' microprobe mass spectrometry.
Flame emission spectrometry
gave =5 ppm.

(b) Lithium isotopic
analysis

6 i 20.02
74 99.98

Gross Radioactivity .

Alpha = background only
Beta = 1.4 x 10'° dpm/m]
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Radioelements NOTE: results are uCi/ml, com-
e & g puted to April 11, 1979 @ 0800.

i 131y
1321
‘36c$
140p,

*0La

®on RN MU RN NN
‘

IAOH U =t =t N D -
w . . . . . . . -

None detected (%1)

None detected (520)

None detected

None detected

None detected

0.5 uCi/ml detected on vial wall;

0.13 uCi/ml found in 3 ml x 5 M HHNO; wash.

None detected in solution; 2.3 uCi/ml
detected orn vial wall.

0.5 uCi/ml detected on vial wall;
0.13 uCi/m) found in 3 ml1 x 5 M HNO3 wash
solution.

(23 - 71,2 uCi/ml vIE SE0TTTR ¢

- - - - -
~ o o

§em1quant1ta£ive Analysis of ETeéents Not Listed Above

Via spark source mass spactroméiry with enriched 37Fe isotope
internal standard.

Element ppm Element ppm Element

-

in
ir
Tc
S

Se

895r,Y
131]

in
yo
A
P
Rb
Si
Sr
Te

- N

c:?:cn-uc:c:-aca

oo

*]sotopic (s aton @

133( 45
135Cs 13
137¢Cs 42
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5. 1nitial results were reported to Tom Telford of DOE and
Trojamowski of NRC by phone on April 12, 1979. Subsequent
. bpron results were reported to Telford on April 13, 1979.
6. Contacts o ' (FTS Harrisburg, PA 590-2200)
NRC -~ 7 T ~ Bob Trojamowski and
"L ""-—" :"j_"::_"" y Mike Slobedian
TR ol wk il ey 47 0 (717) 944-0101
ot e s (717) 944-2485
TR Litg LetEITil  Joe Colitz
A L L (717) 944-4646
e P = 27 (717) 944-4649
13;-: 3‘-\7-- ERESRE v ::' el e | . 2
€eTiiis Richard Emch
g5 . AR = i FTS 492-8066
DOE Ba s et T " Tom Telford "2
SRR (717) 944-3583
S Joe Hegner and Mr. Weiss
Gemis amdva=c g -z, gty oF = .-2-{301) 492-8111
Viz soav, seuwsz mir: zizoaec—Fritz Wolfe - 1T epeeen;
 gpaty it AR - A= FTS 233-555%
ﬂ/poo wiE LY Dick Smith i A, -
WDS: sjw it : :.
Distribution: R. £. Brooksbank - f':' At
=- D. 0. Campbell - Lo
r: J. A. Larter . £ bav., :
;L. T. .Corbin ] 