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List of Enclosures

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

1.{ Memorandum, DOE Albuquerque Operations, Sandia Area Office,
Gil E. Cordova, to DOE Office of Nuclear Energy Programs,

I Robert Ferguson, 5/24/79.
Jssistance provided by Sandia Laboratories.

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

2. IMemorandum, DOE Chicago Operations, to DOE Office of Nuclear
Energy Programs, Robert Ferguson, 6/6/79.

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

3. 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. lemorandum, DOE Idaho Operations Office, Charles E. Williams to DOE
y Office of Nuclear Energy Programs, Robert Ferguson, 5/25/79.

Assistance provided by DOE Idaho Operations Of fice and contractors.
,'(Contact: C. E. Williams, Idaho Operations Office, 550 2nd Street,
Idaho Falls, ID 83401)

5. Teletype, DOE Nevada Operations Office, Mahlon E. Gates to DOE
Of fice 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. O. Box 14100,
las Vegas, NV 89114)

6. Memorandum, DOE Oak Ridge Operations Office, Joseph A Lenhard, to
DOE Of fice of Nuclear Energy 'ograms, Robert Ferguson, 5/25/79.

I Assistance provided by Oak Ri_ge Operations and Oak Ridge National
Laboratory.j(Contact: R. L. Egli, Oak Ridge Operations Office,u
P. OT Box T, Oak Ridge, TN 37830)

7. ' Teletype, DOE Richland Operations Office, i. L Standerfer, to DOE

7 { 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. O. Box 550, Richland, WA 99352)

soo1no(,7i P
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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

Jiver Plant of E.1. duPont de Nemours and Company.
(Contact: Clifford Webb, Savannah River Operations Office,
P. O. Box A, Aiken, SC 29801)

10. ' Memorandum, 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 Of fice 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)

12. ' List of titles of TMI related activities at Los Alamos Scientific
g Laboratory (LASL) and Sandia supplied by DOE Albuquerque Operation

'

_0f ficeSt.elephone conversation with James Morley, Special Prograns
Divi sion, AL , 6/15/79). (Contact: J. A. Morley, Albuquerque
Operations Of (ice, P. O. Box 5400, Albuquerque, NM 87115)
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Department of Energy May 24, 1979.

Washington, D.C. 20545 NR:D:HGR R#76

..

Robert L. Ferguson
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
assistance 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
guidelines 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 radiolysis considerations as reported in enclosure (2),
temporary loan 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
Hel fa re.

If additional information or details are required, I would be happy
to cooperate further.

G. IC
Director, Division of

Enclosure Naval Reactors

Copy to: ,,;-
R. J. Catlin, EV-10

,

Major General, J. K. Bratton, DP-20 ' .,
"# 2
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From TECHNICAL DIRECTOR
wa
cate MAY 21, 1979
Sect

THREE MILE ISLAND UNIT 2 ASSISTANCE
_________ ____________________

to File

This memorandum summarizes the assistance provided to the Nuclear

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

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

c. Containment gas sample #2 - Sampled April 2, 1979

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

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.

II. Evaluations of the initial coolant and containment 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)
M76

canate
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Memo to File 2 May 21, 1979
.

III. 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 oxygan 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. In

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 proj ects and activities assisted ap 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.

h
. J. Woo ruf f

Technical Director

Attachment 1

.
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-1- ATTACHMENT 1'

TABLE I T!C-2 Reactor Coolant Sample fl
Sar d ing Date: March 29, 1979-

All r.uiioactivities corrected
for decay to 1200 March 30, 1979

.

Used pCi/mi at 1200 3/30/79
.T-1/2

6750(1}1-133 20.8 h

I-131 8.04 d 13500(1)

176( }Cs-136 13.1 d
63(2)Cs-134 2.06 y

Cs-137 30.2 y 275(2)

5.4(2)Sr-89, 90 -

Ba-140 12.79 d 21.2

203(2)Te-132 78 h

1530(2)Ho-99 66.02 h

0.72(2)Ru-103 ~39.4 d

0.36(2)Ru-106 368 d

0.37(2)Ce-141 32.5 d

0.38(Ce-144 285 d

Rb-86 18.65 d 4 185(2) MDA

In-114m 49.5 d < 0.17(2) NDA

Cd-115m 44.6 d 4 1.4(1}
'

MDA

4 0.022(D MDAAg-110m 252 d

Zr-95 64 d 4 0.54(2) MDA

Mn-54 312 d 4 0.037(2) MDA

Fe-59 44.6 d 4 0.034(2)

4.0.30( k'ACo-60 5.27 y

Others
~

Groes d( (7.21 2.4) x 10 pCi/mi (no decay correction)

Total Uranium ( 2.6 pg/mi }}
Total Boron (5) 1750 ppm
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* -2- ATIACHMENT 1

"ABLE II TMI-2 Contsizunent Gas Sample #1
Sampling Date: 0700 March 31, 1979

pCi/m1II) decay corrected to
0700 March 31. 1979

w
Ze-133 g 743 $

r
Ze-133 m 8.0 g,

>
Xe-135 3.5 %

; -
.

I-D1 0.025 w
.

I-133 4,0.01 ~
*
e

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

pCi/m1(I) on April 3,1979
Aliquot 1 Aliquot 2 Averaste

'

Xe-133 g 28.6 17.7 23.2

Ze-133 m 0.33 ' O.21 0.27

Xe-135 0.01 0.0023 0.0062

I-131 0.0074 0.012 0.0097

I-133 4 0.0061 t 0.0061 t 0.0061 HDA(0

Cs-137 t 0.0054 4 0.0054 4 0.0054 ND'A(6)

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

Cs-136 0.028(2)

Cs-134 0.014(2)

Cs-137 0.055(2)

1-131 3.9(1)

CrossO( t,9.2 x 10~8 MDA(6)

Others( ): N 79.07., 0 21.07., g /,0.17.2 2

1915 iS3
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-3- ATTACIDfENT 1~

TABLE IV TMI-2 Wasta Gas Tank Sample #1
Sample Date: April 2, 1979

pCi/mi on April 3,1979
Aliquot 1 Aliquot 2 Average

-

Xa-133 g 4200 6100 5200

Ze-133 m 43 63 53

Ze-135 1.6 2.6 2.1

1-131 0.012 0.16 0.09

MDA(6)I-133 < 0.14 4 0.15 4 0.15

MM(6)
Cs-137 4 0.1 < 0.1 4 0.1

Others(7): N 79.2%, 02 13.27., 11.47.;
Hydrocarbons : CH 0 4 mole percentg
(ethane, propane dnd butanesdatected and all
were 4 0.01 mole percent each)
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-4- , ATTACHMENT 1
.

TABLE Y THI-2 Reactor Coolant Sample #2
Sampling Date: April 10, 1979
All radioactivities corrected for
decay to 1200 March 30, 1979

juci/ml at 1200 March 30, 1979
Note (1) Note (2)

I-131 24000 -

~

Cs-136 210 180

Cs-134 75 72

Cs-137 340 290

Ba-140 420 390

La-140 (decay 270 -

corrected with

parent T1/2)

In 133 g 4300 MDA(6)

730Sr-89, 90 -

m -99 2300

Ru-103 0.030

Ru-106 4,0.083 MDA

Te-132 19

}Gross 1.3 x 10" pCi/ml (no decay correction)
() ~3Gross 4.0 x 10 pCi/ml (no decay correction)

Total Uranium (4) 1.4pg/mi

Total Boron (5) 2400 100 ppm (duplicate analyses)

PH 7.65

1915 155
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-5- AITACHMENT 1

-

NOTES

(Applies to Tables I thru V)

(1) Direct GeLi spectrum analysis of aliquot

I ) Radiochemical separation

( Direct alpha or beta counting

(4) Mass spectrometry

(5) q ,13,gg,,,g , ,,gogg ,,g ,g , ,,,1y,g,

I6) MDA is minimum detectable activity where

To C n
MDC = Min 4== Detectable Counts = '1.645 2

g a

MDC x decay factor x yield factorgg g,
Counting efficiency x dilution factor x aliquot volume

I ) Gas chromatography

1915 156
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.TABLE VI

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

Veight Percent

M3 S C1 K Ca P Na A1 Ti 161 Cu Zn Sn Cr Ni Pb
Si Fe

(A) WG-1 **
-- -- -- -- -- -- -- -- -- -- --

7 27 11 1(1) Long, Black 54 .5 --

.4 -- -- -- -- -- -- --

4 41 20 8Fibers 26 .1 -- -- --
--

'

7 33 3 19 7 .3 -- -- -- -- -- --

(2) Long 25 5
---- --

--

63 --
19 -- -- -- --

10 42Yellowish- 19 -- -- -- ------ --

15 --
8 -- --

5 50 -- -- -- -- -- --White Fibers 30 ---- --

as Separated
'

66 11 4 20 1 -- -- -- -- -- -- --

(3) Yellow-white 27 30 -- --
--

Fiber Still
on Collection
Filter

a27 1 -- --

3 51 6 19 -- -- --
-- -- --

(4) Y-W Fiber on 9 8 --
e

Tan Spot I
136 1 .26 8 4 18 1

-- -- ----

(5) Particles on 25 27 --
--

Y-W Fiber
.336 2'.5 -- -- -- --

.3 .1 17 -- ----

(6) Flat Flake 39 6 ----

'

1 2 3 14 1 3 4 2 -- -- -- --
-- --

(7) Small Round 50 28 --

.4 .1 19 6 1 6 .5Particles 45 22 1 3 .4 1 14 1 ----

1 .258 2 1014 14 --
5 2 -- --

(8) Small 3 7 ------

Particle
Clusp__.

>< d
__- >nLJ7 (B) CC-2 * * *

49 ---- -- -- -- -- --4(1) Fiber 82 1
---- -- -- -- --

---

.2 11 2 1LJ , -- -- --.2 -- -- --

(2) Angular 95 .1 -- ---- --
H6 .1,sa

1 1 1 -- ---- -- -- --

Particles 96 -- -- -- -- -- --

.5.4 .22 .2 4 2 .7 .2 15 2 -- ------

(3) Particle 36 38 --

Clump .
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TABLE VI

(con't)

Weight Percent

Si Fe Mg S_ C1 K_ Q P_ Na Al T,_l g Cu 3 g g Ni Pbi

(C) Asbestos Standards
(1) Chrysotile - .1.5< .1 ~ . 3 ---- -- -- --

NBS 39 1-3 32
--

-- -- -- -- --

6 .23 -- -- -- -- -- -- -- --

Bettis 46- . 5- 37- 1- 2 .3 -- --

59 3 46

(2) Amosite - 1. 5.1 ~.3 -- -- -- -- -- --

NES 50 15-28 11 --
-- -- -- -- --

.212
---- -- -- --

Be ttis 44- 6- 6- 1-3 -- -- --
-- -- --

65 44 20

(3) Anthophy111te .1 11.1 ~.7 ---- -- ----

NBS 58 2-4 24 I-- -- -- -- --

-- -- -- -- -- -- -- -- -- -- -- -- -- --

Bettis 68 5 23 3 y

8

(4) Crocidolite .15 ~.5 -- -- -- -- -- ----

NBS 49 15-27 4 -- -- -- -- --

-- -- -- -- -- -- -- -- -- -- -- -- --

Bettis 60 18 16 4 2

-

4
>-

LJ7
*

Energy Dispersive X-ray Microanalyses May Show Large Ranges for Mixtures of Materials of Distinct, n
*---

LJ' but of Various, Compositions.
CD ** WG-1 means Waste cas Tank Sample #1.

rCC-2 means Containment Cas Smmple #2.***
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KAPL Evclu itien. <;._f_

Rndio)vcis Associatc 1 '.:ith 'be

Three l'il e Ininnd Unit-? Incitr r_.t
. .

By

J. C. Cmitr.
D. J . 1:1o- f och-

N
'' . I...di s tis - t la s|f l.

!by 19'/c!
.
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I. I h" TIC O*JCTI6f

Cubcer',uent ta an 'scilent on :: arch 00,1 iM at lini c ' of the 'inre >
fille Iclind Power Plant, the Nuclear n', u ter." .'vr!.. i r c i n o C. .t!) re-'

queste i Dc;.artrent of Enerry (IOr') ant.intance to nr. can the a":r .u-
lation and explocive potential of a bai,ble within the reactor vccac) .

Thic KAPL docrent precente the chroriolo;- of K'.14. r:diolynj n mrti-
cipation with *.C in the followin; n._

l. Combust,ible limits for oxycen/ hydro, . n 1.tixturer
2. liydrogen per.r.eation fro:.: react.or v..rol
3 !!nture of initial ncn-c:,r.dencible:. In reactor verr.cl
4. Ox'/cen buildup rate in reactor vcenel
S. l'eactor radiolyci in the event of c. mM n coalr ut pur p fajltire
6. Diccolved hydr''cen reduction throty,b the ad.tition of hyJ NJt n

pero /.ide
7 Ihdiolycis within the containment buildin;;

Thece PAPL calcult tions rce;uired many accre.ptiona relative to pinot
pa.re .ctem and vare perforuM with conr.ervative valun of input para-
i..';ters to tax 3 nice hydroccn .:.nd oxycto prn:'uction.

II. O!:': WnY

F/' L . citt: uco n i rediolyt. c eve.lun',' ' Mcoc3 rt.cl with the 5. : ce

:llo 3 alt n i Ua;t-i: incident er initi .u ' on Gaturce.c, !:a rc'. 31, 2 '.'' T >

t.c . r^ ut"' h o . br. (';'.1 c: r ' P . P. B 1, I'':, m D. . ' .p- .

3/.P /', . ) . Lir _ . . . - it .. tra s in Je ? n. . . < 'Erc :c .' . 2 2
* .

:ct c: nu c c.: .,' ~ c: .'

r 7 c r ~y c ~.v. .: : s. p: :.13 : 1, .vi . .'

.,..rt (Ts ic.:. .,t.U:- .i L: t'. - - " J ' .o c .1.1 ti:. . ' ; ' 1 /.. : 2 >

*

, 3/3'.f , j,. ' . . : 1 .. . . Vcnw e , c
. . , ,.

e' V F c c - i .: a r n , w . o . c. t s ,t i c r. , ' contac t, ;,

A m. '

I:ia , v rponre 2: ; 2 .' a n b.J c ..

). . V'.t cze th c ') c: 3 or. , r ' Cc c: . .n ~ vrcc:.v - .' y h$ r h - ~
.

c:. fi*cn, hy'J rc: u...' .. or niG n.:.ai ( 3/.'' l'c , R. Te l. .
,

. ,

!:ir.c b- -

' "l 'c r. f rc .' Ef.M, . m rc rc:. :: .l te Tu fitat$ r: .
.

/. ?l:I c' ace exn) orlon te.' . vere t'v itted to :.. . J.n % _

. condii'r o .' ' 1003 2 ,1
2 t. :t r.v vc to 'cc. ; T. 'J. -2 r e :. c to r ve c *
17. -eorch..;.:iblt (.c '. c r2 rd cr , bubbJ t ct 100J 1>:u nnd '''1 I

prnvidca by th T. ;0. 'a. c c:1)un t._ c n u nd u ;. . .m. i on lir. . ..

. of h we^'n, cr' y n, e.n1 U fre vc;...v- i ; c? c m 1 c-ni _'1.5:r a n t 3
.

.a rn..in on F.-"_.' l.

<-

\k
- % h.

g,' G ' {> &"\ bs
"

f3m m o,
-1- 9) \\
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'e t . r . e r ' ' ''2. Wnnt in Llus ex.pocitian of ...sh in 1.nc b hbir- ir L: -

(3 /31/ / ,, H. Teaenco, HRC)
'

At the tir:e this qucction van received, I;%' hn i one estir.ste ot' s

2, ani h-l, 0 , or very cloce tc. the combunt. ion limite. IU:C i n'u'c -11 2
c ation indicated that. the bubble wac for:re t af te" rew: tor :.c ru .

KAFL providcJ nn upi er bound for the a:m.:en/ny Irogen relencc: rc
for an accume;i O.05 ust,tc/cm car.:n , heaLini, rat c (-.1,'. p .uer) .:. . :

liquid. The upper bw:.1 wa:: bacul on r: .- .:a 1.hmrei.i c''J ni c' a

rate in a 2000 f t,3 of l' quid read crw ~50 f t3 or hyhoo n en r - m
per day at 1000 p.;ic nnd 300%'. Thuu, Jt u4c not ,o - iele to y s cc

a 3 arco non-corA naible bubble frca racjolynic, ini farthern:nre,
the r.inture uca evcJ unted an nat ccr.buctib.le. 'ine udbble una in : -
r.:orily cc::. posed of hydro;;cn, uit,11 J ean tii 2 .1 , ' : r,cn .

KAPL experience uith hydrogen /orycen ini::turen viti. strcn:, dint :> ci
pt: return to the ccm:n flit:. region chot:e 2 e str nJ' hyd e?f en /r '^ r

reconbinttion t.cch:.aiu. l'J.PL r.te i,c ! tin.t eo:s. ::ue ops: r.Lj ,

the t- 15 n cool ent pw. ,in is ver;, fcvorable to prcr.cte recor bin:t s
of tny c:ryen th 2.L rwy hr ve for.c ed dur ;nf the in 1. lect,. Ailitiu 11
calcultticnc on oxyctn t cloace ucre repoi t<. : to ImC on b/P/'/s .

3 Enat 10 the rato of n,n-ccu& ncible bubb3< , o:rth dun t .) ra.ij ol:. . ' -
.

ior r. 0. 3 ', pouw d::e r.y het.t luv d '. (3/31/T!, '2'c tb ;o , i. -).

l'? FL col cu] ntc:1 th .a th ; r:.te er renet.or ve:.nl bub'.a i c -
.

t n 10 " .y /u g
e. A ;.13 ; 3 0, 1 . : L cc t.; f , a na),,, ,-

. ,.

vero p. rc3 x : te 1. en b/P/ / 3 .'d j c ir" 'i.in i 1. 0 f t.i3cr' o

tJ ca n S ca l'.atc.i u r r . i ol;. . i . c.tlu rt r.' . :ent n w i; n. f'

c',:. ui iLL. i cn t o . l.:' 0:3 Un . . .

h. U :.t c: a the contc'.runcen of veni.in:, the buW]c fro- re c ter v.

-i , th. con t: ir :cnt cmi) d ef. (^,/;,J/~r), 11. 'fcJeaco, JJ

1:!.TL cc.lc cl:.ticr.. imiicatu:2 the. fcl3 0.zirc:

a) The buy,le .n the A -> tor vc.. :1. t.rn nor. cc::buctj 2

b) 0::v::n in thJ LeW: .ill r w ')ite rh i hN : .. " i n a ",- -

11c:. r :i cr..
c) Trrrnfer of t,: frc..a racctor ver vel to conLain; c:it 131 2:.

centmir.e c,t h, ir.t. c n eco ac tu cr ci on b - ? .0..'. D i i . e. 1.s ~
- .

ccntnirc. .nt hv.co an v. n c.h rn r/ 1. . : : i 1. '/.S, th ' n 'U.

creced the h/, LyJro c.n apm.c3 fittna p.o ,m,..M un J h it ..

d) "quilibr ire; dieral .cd h cc.ro .cn in pr i:. '"i eral ' -.

1cted ac l'/03-La ucc/ac, r. W.> .i c: ' rec n ': ;X'

n) The reactor vencel bubb]c vill ne:. c.ma due t o rusliol;c '
honover, it vill expand on denrc: :nu si t. tion ,

f) A clcw dec.ac cf tim pejicery ceul n. (:." o;,panen to a r~ '

j 1 n:i r,ui G ce n t. Is 'c.c L a 3rcp d deproccurnation) u'.ll realt 5:
in renetor vesrel bubbic rJ cc tim ihe hjrb culcu!nN d n.'

cool ant diccolvc 1 conNM r: ' ' m .

$$hh*
1915 i62 g_
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9. tai- *, i : t'." e . l e:nt ; I' rrrli c3 . .* i c i n cont . : i : .e .., re d i |inr,7
( 4 /1/? > , n. Tdcacc , IL ?)

.

ansei on the recu3 tc of one pritnary coolaat cenple used to ectb'.< ch
ener,:,y deposition in toe w'tter and an er,timted 100,000 i;allons o-J
uni cr in the cont'U r.r.ent the :naxi:r.u:n hydrogen an't oxygen prohet.o.

3van calcu]nte.1 to be 30 ctd ft /dtty in the 2,000,000 fL3 contal:<.. nt
build $ nt'. .

6. I:, re.2cier vencel hydro::cn concentration beinc reduced due to h;..
drc;en per.;;r_ tion? (4/1/79,11. Tt.dcr,co, I;I1C)

1 APL dal.: at 303%', nnl applied to the 300 F asstuned tc:..perature0

for the raretor pr.:ncure vennel boudnary ::howed hydrec,cn per:*. cation
to be inc.iCaifierab.

7. Peculta c;f cdditionc.1 calculatienc in recronse to question number 2
a:cl 3 ta c rcparics en h/?/79 to Snlar, ) C.

'2 be cri cr3 r tj ent- rd:r.tr 'tintcd initial conclucions that the reacto:
w.nce l br. A l c uc.0 cc.7_.r:d of very little encycea from rwiiolysia.
T 'i'L ci cL a thct ra..; h> :ireccu ([.ver ter Llun 1.0 sec/'.G) sho :ld c.;

i d nt:;ir i i r' . i . co.n o.1 to r g ,u.r :, t.,ubt.e,uent c: yc.cn produ:t:' .

'' s.n L - ( -t.N u 4 , c ; .-9 0. ly' o f i
-

ca; in naildn;,, it is nece,r."ry,. ,
,

to .i i o i a n:fd y c.; :i ( :2 ; v: to :.uzu c.P c.:occ.n produe tion.
.

P. b:':~ .'.015 . licits Ir" ur.c in hyJ.roron, c:q;en ri::tur ''

(h/2/'; .1 '|. A. Ilichl, Tcchn; e:0. Adv;:.m -W>- r u a Y. :s
3 .

; , t. , '!)

E. : v p . c . ; c. . ca > , c:yc.i . ' ' , ac civen in c;uerdion .1, nr--
.

ri ' . 15 ' .' " c:. hys ten. A cc- : rvr.tive r,e' of flc..... M lity
1.' ,. i . ; t. " :. of ucter w o r '.. re 1. n ui!' lea a:, -r '.1 :..

, ' , . . . .p,.yyc ) ,,-
l'y a 0 3 : 07 .s,e n

@ -. ir..'e r A d (:'c:naina: ,, ciry nc
II%'ard F.1: no Prop::3 mie1 4 ~~ ~~E
:.. :. s . . , u n, o (,
1." L on . i.i cn ] ,', ja

9 IEd an c:.p3 er.5on or d.; bon'. tion occur in cenLcinrent, en:1 whnt
recc cbir ..,5 cn r.cchauir: n, in contni n : '' t " : C prec/ided inforr ' L;
on cr n' ' ' ' .. ant pru cr: 2 d uerc e: . ( T' ' ~4)&? cm.caim w o.-
ctzple, . c.: follou-: ( n /;?-3/Y9, , L .J)

Oc , .1 t i; : al 1.

I,'2 + O t h orr Op lip
/.ir 'N ;M P

?330 h/]/70 '/ c ' 2'' .3

Of40 4/:?/79 79.9 17.6 ' '

D ;
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, i ':., supn11 <:3 the fc.11nwint_,:*

n) The cn:wn, and beta induccJ recemhinatice in the contain::.ent*

buil!in; at 6000 r/hr reducer, en initial bylrocen concentrat;.on
of P.', by 0. 3 7, pe r d ay ,

b) The prcccure increase cr PC pri in the contain. ment buildin; ,
the decreace in contain .cnt prea::urc, ai! tl.e decrearc in 07: *c:

,

concentration are consistent with co:".buction in conLainc.cnt.

10. Uht.t is the effect of paints, and orcarict in the cont:d o .cnt cri
radiolysic? (4/3/79,Eutler,I:nc)

rML hac no experience in this crea.

11. What is dependence of radiolyni:. c.n temperature? (l+/1,/T), Butir 3
i m. ~,..

Lover terperattire increa.rc oxycon prnrh:etton, but cti31 yields
small relcare rates for present cratcod rencLor condition 0:' O.3''
power decay heat. KAPL alco precent e i re::ults of a:!ditional cal-
culatienc for 0.06%/pou.. , no hydro:;ca in coolant, and 6) c:c

lip /hg in coolant.

12. What is the crtent of radiolysia r.t D !."7 for each of t he fel3 c :i' ',:
(a) no hydrwica in coo 3 ar ; (b) dJ cci er,,.: ci' ce,lant in t o cont:
r.ent; and (c) no prin.ary coolr.M No'.'? (':/5/'r 9, T. Uitt , .. . ::)

a) Tot al ! cNir.ra hydro ,c.n unJ c: : (bn pr01, h n equr.1: ;i f r ; '
3ft / dry with lO.' . of co) e in h:c' i re .

b) Ecsed on coolant srf.nic ::.re. + k .tror;on c.nd o::vncn produc t. .

egocia1ct0ft3/ayfor10J,.' .i illow o f t at.? r.
c) Tot:;) r.:cxir.e 1 hydro;wn t nd o.s c . ,.. o::ac t. ion equd . ; J c . i

iM3/d:...

l't . Uhcu is ra:i::r rate of recenbin:r.01 ed hy m3en in 2'#,C ('d. '1
'

ol' contail.. ant liquid? (h/9/7% T. U tt, E )
"i- hydreca: rcet h5 n:;c.; o.. .I a 3 iqui. d. cr. lev 1; . ii-

5 n0 .Ta,;/C: . .v' ' : .. c; c., ; . .
- i.a. 1 inyu ,'

cc. , c i n ... :. , ( :.a t a c a u e. 3 N. 1: i . . . .a .t '.

14. C a..t i n a r 'ec . ..: 6 J InJ c ca F * idu r.Clition t' the Pr.' .

'

cco3 nnt to ra.c. .c the c a.:.oln.5 h;. . ro..an ca.u.twrt.i.icn tu .:tt

e: . 6.i nOca . ..u a , aw;3a : uec...blu. .ce ', . 1 < S e: '. u i L - Prc :'.n . Of

. . o;;.3 }. ton n ( h/'.'/'t : CM CC)~

a.
.

F/.PL did not provide a rocc--'ndetjon or infor~. tion on thic
W' 0D FcVrt': exparienec c:iqvc r. tion . 1 P' provM' ' infole JL:

the effect:. of hydrec.cn y.roxa ': cu +u cdo.:n che. 02try tran -
n.ent: in pra':curi: .3 Ur tc.r rcuri " . ( ?'.E IT 5''A data. 4/',c.) .l

m m i..; r. *: c..n . s .rz . c., ~ m .

i; c . .a a . . .. u w.a u a., .. .a. <.. .

'1Q .I s s.I..CLO.i.P11t Cryt.i ,-i t' e f i ,3 j s . :*
.,

,

g @ *Q Q $ e\ b M
L

&"
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- Given the rer.ctor conditienc, there were two paccible cource: for the
b u':lt l e. , a :.i rconiu:n-nater renetion er r:uM ol:, r,_s . If the bubble for-.

tr/ J on ucc c conce:)uence of a zirconiu;n-autor reaction then the bubble
ucc2 d be oc::ential.ly 100,5 hy.iro:'ca, with no irr. cliote potent 3 .1 for

.

expl ocion. Houever, the potentini vould p;redu:.lly inerctice i f a n<.L -

dcccyocition radiol:ctic condition exicted ulthin the coro; ory. en
ucu]d then bc eddc3 to the bubb!c. On the oth,r hani, tt:e pctenci.1
for crplonion uccid be creat if the bubble recullc3 frc. rndi oly :.. c .
In thic cace, the bubb3 0 uould be Ot,$ h;'aro: en rc' ! E,', oxy, ,en . /. l .' . -
tienally, conditionc vithin the contairmnt bv]1dir.f, vere n.1:. 2 of
conccrn cince pri:nry coolant h .d been relcnney into the buildin:; cc.d
hyirocen had effervc:.:ced fro:o the liquid.

thencycr water is c: cored to a red: . tion field it di::coc!ctec inte a

nu:.hcr of chc:cical ::pecica, one of which in the hydrogen isolectde.
We recidtinc, concentre.tjoa of the varictic cp;ciec j a a conc?cuer.cc
of the naturc (c.c., n;utron, G 22.:a, cLc. ) en.i. ctrcccth of the redi'.--
tion fltu:. Tncce ::pecica in turn rs net uith each other in nu=crouc
chcr.? cal ccr.binationc. The.particulcr reactionc the. are re111ced
in thic chccle:1 kincticc dept.nd . pritz .rfly on the reicO ve concen-
trntionc of the ::peci c. Co..r' of the pocr W.'c reactio.r fvrGer
prciuce hyCroca r.olect0 cc,1 hile ot1.cre po6uce rolecult r c:~;en.

If the thorraal oal hydrnulic cendit,iona i n i.E 1r.v c c.tcd ' c ' w c :'.

r,uch that bo!lin~ occurc, thea the cH . L... i. N < c' ~ o ? i:: .e-
ord o.:/;ch ccn di fru e it.to tiu 1.:m:1 ' c1 e ,i im e t - -- ' ' Sc-

i rn -liutc-i vakte by .w , treW 1. 'U .c n r- ~ :1 L:r : .: * c ' 1 -
'

pocciblc necir.incticn ; d.hin ih. :.yr. b; . /. - .' . -a of ir.h?;
c~1 n:.yacn 3:". . c:r, he e : .bMEk ,.w evu i . . k. Imp t. . ,

vna tl.e da concentrt. tion, g;' nrcasurc , . .- ': e c o- ~

. .

t * Gn proceS:t C c '1 c ch) t'. : : m%a. C ' . rp io t. .C, G L: ., s

iriitial prcccure. fy ec.cparican, d.r.mn.;'e c: . pra:.uct s ,r ' - :.. ~
rurc uu21 in execen of IcVele prouuccJ @iir. ec :r.c t:o" .2 " e.

p* ntir 1 for a pct.'- rr,ccure tpr.~ou J'; 53 ,s t.m 1al.;|_ci..

pr.;~t.c.

De c ''cu:T0 ction of ec J . :.t$b3 e raid.u: cc of L:c rc: . c ; c:: -- c: -

-

cJnl.Cd by coid rollin,; tha ch....J c: 1. M ncti e:. to p ro rent 1:.;. -a.
of r:ol.c.cidar crycen. Lic contial in v.chhc. . by c..intc. iran:- ' -

.

hy? ' ~cu nbor; a criLied cea.a nLrc.tf en in 11. d r:: . r.t e ! ue . . <.

< *

} ir . .t ,.
e

Per oh ica of the URO dra; ir$ca un pr.i.nrily c.cY eved throu h c.: .

uith T.J.FL rad .oly.:ic cc.. f c.i.er p ec. .r .: .. A btcie r.;r. -al u canc Lruet s

hnvir- ci i rradi ated volu c , c. vc e r i c3 on > m c prir.c. ., ccolr.re.i

in c'.ated rc; ion ac chc.n on 1i:,r e.? cc., - LJ e. bc :. I.cdcl ucc t

.T . c .3 c Inth ' US: 1 in iL? rrncim'5-~ .'
- '1 e oc:. c : .1 p' * . .

,
4:4 -

., .: .
,

--
,.: - . f,

- t
,

('2

(11 ( . t. . . . 2 m c::o .'
: . , ) .. ,a rn <. . ..a ne:mc.. ..t-

Li . ;, s c) to t i: ' (;- -- 1!. r.. to:. 1.. s.c;:u ....

Q1_ OMbD
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W.rce t.he n':tua) con sitionc within the re'.: tor ..';re n#, accurat cl:/
knc.m, the calcLG attona ucre purpar:cl;, biace ! to vield wxcl c; cc
ra;o3 tc. Accordingly, calculation for the initial bubble for:.m. tion'

ucro perforr.ed with the entire core volur.e (entir.ted an 2000 cubic
rec';) :n boiling, nn'i n) coolunt ficnr. Tboce calculatienc perforr.ed
n rtur flou rccioration 0t)l1 accur.c.1 ao.nc boilin ,,10;', of the core.
M 'itionau:/, i.he ctrip;-ir; coef ficients (rt.ccl.anirst for remove.1 of
the r::".ec frc.T colvtle a) ucre ev luctcd at a fretor of 6 tir.cc theirfrnr coJ r
h e :- crch.t.oc vcluco; thercLy re..toviaJ hydi o.7:n and or oen

tion ta a hit ;. then cy.pected rat e.h

D:.terc.irciticn of the recodoination uithin the er,ntainc.cnt voor.cl
v r in.2.c cc.lcule.tcl. Lihrnticc, n deternination of the hydrom:n fer-
J avion frc:s ti.e roa.ctor vecrul to the cent.ain ..enL build.in?, var also
b: :d ccleultt<d.

V. COM.' BION

The calculationc diccucced in this doeur.cnt ucre perforr.ed to across
the f%cntini for an errlecien of ca.ccoun trixtures of hydregen and
c.;.y:mn uithi n the '02-2 reac tor. Such ralvturc:: vou]d have been the c:n-
ru r '.cc of a radir. tion irduccc not deco.'mnition of' the reactor cec i: nt
(l .c. , rc.dicl:/ .in) . Cince condition: vi;Mn the reactor i crc r.ot vc .

v ll koran, tbo rclioPjbic et.lculation:- . e ' pu fo:::cd vii h conrerv. ;c*

vd u. L of the Licnificant iroet paraccbecc.; i .e. , valuc t: vhich iso
to produce hydroca: a:rl c:cj p .

Evalration of the ecleti:t'.c.: 1ecult 1:$15 ccttd no prench.y of a cW 'm

. ti:-- ccb..i.e .:i;ure of hydro;en c'.;! ony,,.m udih$ n the react or , n!. *

to the initiel for: .ation of ihe ncn~cwin.:.:ibic,:. Mditi c:r 12:/, th

pattntitl fo; ge-: ::ratina :m eh i ti:. co. er. :.".o c: c., at the 3 s. c jer-

re rt' '.cc. ore, the :rtin cctwee of r, Aict!. in the chut-ioun rt:c.c :.t .

d . i c'.1 in f t torcble icr t'.-a : cce.r'ina.La c f b: t..;e: an i u:c. cca. o

re liction unc alto c::tii.etcJ to reco..bi.un t he contaire.ual bul.3 din . o-

r..x ' .cric h ucocen et en : nitial re.1( c : ~ 0.1(' (be volir.'i p a A f (; c1
J

a cencent7ttica of 2,; initir.1 h.c.cx,an).c-

.,
, , , . . ,

U7 k : f ::.:-

1. Goncrr_1 Electric Rcporte: HED3-2 03'?, by B. C. Sli fer nuJ 't. G .

Petercon, " Hydro; en F1t .. ability cn i Diu nin- Charactericti cs i:.
EM Contnir.c:cnts".

P. Mincocot~. UniverciT.y, Minneapolit, D:pt. of Chc:sical fr.,in': erin:
030-1032-1, dr.ccu July 1555 by M. M. Manje f.in t nd li. C. I!d'ib.
"l:ccc::.bination of 1:ydr: .;nn and 0.:ycan in the Presence of Watcc
Vcpor Un'icr the Influence of B; diation" .
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Department of Energy
Oak Ridge Operations
P.O. Box E
Oak Ridge, Tennessee 37830 May 25, 1979

Robert L. Ferguson, Acting Program Director, Nuclear Energy Progra'rs,
Office of the Assistant Secretary for Energy Technology, Mail
Station B-107, Germantown, Maryland

0AK RIDGE ASSISTANCE TO THREE MILE ISLAND

This memorandum is in res'ponse to your May 15, 1979, TWX, subject as
above, asking for infomation on Oak Ridge involvement in the Three
Mile Island accident.

By way of enclosurcs, we believe we have answered all the questionsyou raised in your TWX.
need, pletase call R. L. Egli of my staff on FTSIf there is any additional inforration you

626-0725.
~v

J' .

ER-10:RLE Joseph A. Lenhard, Assistant Manag2r--

for Energy Research and Development
Enclosures:
1. On-Site Infonutica
2. On-Site Sunoort
3. On-Site Reports
4. Off-Site Reports
S. Cost Esticate

cc w/encls: ' sd-

H.Feinroth,ET-HQ,MSB-107,GTN(w r

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

1915 169
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e As of 5/18/79
.

Attachment I

!

-

Chemical Engineers From ORNL Chemical Technoloav Division

To advise on decontamination and other radioactive material situations.

Requested by Metropolitan Edison.

Name Organization Departure Return Working For

R. E. Brooksbank ORNL 4/1/79 4/13/79 TMI

4/17/79 4/20/79 TMI

5/15/79 Still on site * TMI

0. O. Yarbro, Jr. ORNL 4/1/79 4/14/79 TMI

J. W. Snider ORNL 4/4/79 4/13/79 TMI

F. E. Harrington ORNL 4/4/79 4/7/79 TMI

L. J. King ORNL 4/12/79 4/20/79 TM1

W. A. Shannon ORNL

5/8/79 5/16/79 TM1

E. D. Collins ORNL 4/15/79 4/20/79 Tf11

D. 0. ' Campbell ORNL 5/16/79 5/18/79 TMI.

*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.

.

1915 170
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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 Working For

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 4/7/79 4/11/79 NRC

S. J. Ball ORNL 4/27/79 4/30/79 NRC

W. H. Sides ORNL 4/27/79 4/30/79 NRC

R. M. Carroll ORNL 4/30/79 5/3/79 TMI

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.

1915 171>
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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. Wester., t OR0(Consultant) 4/4/79 4/6/79

,

Primary C3olant Sample Analysis From ORNL

(Next Page)
'

,
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April 12, 1979

_

APRIL 12 1979, UPDATE ON ORNL ACTIVITI?3 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 uci/ml T4

Mo-99 179 67h-
~

I-131 8.3 X 10 3 8d
I-132 21 2h

C -134 82 2ys
C -136 108 13ds

C -137 ,330 30ys

Ba-140 290 13d
La-140 160 44h
Sr-89 fido. 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 10 d/m/ml

With these results, it appears that there was minimal fuel melting because theuranium content is very low. Most of the fission products are short lived. There-fore,
in several months time the primary concern will be.with the n uium,and tritium which is still a bunch. stontium,

The cesium isotopes will probably be the
greatest contribution to the penetrating radiation problem.

1915 173
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OAK RIDGE NATIONAL LABORATORY
OPERATED BY

union CARBIDE CORPORATION
I

NUttEAR OlVISION

e
POST OFFICE BOX X

OAK RIDGE, TENNESSEE 37830

May 23, 1979

Mr. Ron Williams
Technical Support Group

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

Dear Mr. Williams:

The enclosed tables present data that were obtained on the initial set
of three water samples submitted via P. O. 80042 from MetropolitanEdison 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 Dr. Joel A. Carter
(FTS624-2447) for mass spectroscopic analysis and Dr. Juel F. Emery
(FTS 626-7560) for radiochemical analyses. Please feel free to contactthese men if you wish to discuss these results or the details of theanalyses.

Sincerely yours,

LCd k l.
Wilbur D. Shults
Director
Analytical Chemistry Division

WDS:gv

Enclosures

CC (Enclosures):
D. O. Campbell
J. A. Carter
L. T. Corbin
J. F. Emery 1915 174L. J. King
J. A. Lenhard (ORO) 7F. Mynatt
J. R. Stokely.

D. Trauger
A. Zucker y 4733

.
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Table I
__

Analytical Results: TMI Water Samples

Parameter Sample

U-IA, Original
U-I U-IA Residue U-II Water, No. I

pH 7.0 6.0 7.5 8.0

Uranium, 0.6!0.3 15.610.5 1.7IO.3 110.0
ppb

Uranium
isotopic,

atom %
234U $0.01 0.0075 50.01 0.021
23su 0.6 0.84 0.6 2.22
236U 50.01 0.026 <0.01 0.072
2380 99.4 99.126 99.4 97.69

Plutonium, 0.00021 0.0046 0.00006 0.24
ppb

Plutonium
isotopic,

atom %
239Pu 82.42 90.3
240Pu 12.10 7.8
241Pu 4.67 1.8
242Pu 0.81 0.1

Gross Alpha
Activity, 0.99IO.30 1.1910.31 0.37!0.24 Back-
dpm/nl ground

1915 175
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Table II

e

Elemental Composition in PPM ~

(Semi-quantitative via SSMS)

Element Sample
U-IA, Original

'U-I U-IA Residue U-II Water

Ag <.01 <.02 < 0.1 50.2

Al 0.5 5 500 1 10

B 830 11,000 Major 70 3,220

Ba 0.02 0.05 0.02

Cl 1 2 20 0.7

Ca 10 70 100 10 $1

Cd <0.03 <.1 <.07 50.3

Co <.01 0.05 <.01

Cr 0.2 2 5 0.2

Cs <.01 <.01 <.03 8

Cu 0.05 1 0.1

Fe 2.5 70 300 0.7 51

12'3I <.02 <.01 <.01

1311 <.06 <.02 <.1 0.9

In <.03 <.01 <.01 50.05

K 5 50 100 2 0.4

7Li 0.03 <.03 0.5 0.02 4.64

Mg 3 30 50 3

Mn 0.7 10 20 0.05 0.1

Na 20 50 500 30 960

Ni 0.5 5 7 0.05 0.2

P 0.1 2 3 . 0.2 0.1

Rb 0.1 0.3 0.01 1

S 10 300 300 20 20

Sr 0.07 0.4 5 0.07 0.5

Te <.05 <.05 <.05 0.5

Zn 0.5 2 0.2 0.5

Zr <.01 <.02 <.01 53
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Table III

Radioelement Analysis in uCi/ml

Effective Time for Original Water Sample: 0800; A)ril 11, 1979.
-

Effective Time for U-I, U-IA, U-II: 0800; May 9, 1979.
_

Isotope Sample

U-IA Original
U-I U-IA Residue U-II Water

54Mn 2.30E-4 4.49E-3 8.9E-3

57Co - 3.46E-3 5.4E-3

seCo 0.0419 1.35 2.05 53

60Co 6.2E-4 0.0135 0.0316
,

89Sr 2.84E-2 1.77E-2 0.757 5.5E2

ssNb 1.4E-3

110Ag 2.7E-3

124Sb 6.4E-3

131I 0.166 0.096 0.743 1.37 8.2E3

132I 52El

134Cs 0.0266 0.086 0.157 0.147 8.2El

136Cs 7.22E-3 4.49E-3 6.6E-3 0.045 1.lE2

137Cs 0.106 0.158 0.297 0.586 3.3E2

140Ba 4.49E-3 52E-3 6.5E-3 0.180 2.4E2

14 0 a 6.57E-3 3.6E-3 5.2E-3 0.230 1.6E2L

3H 1.2

90Sr 6.810.25

99Mo 1.8E2

141Ce 51

144Ce 520

1915 i77
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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.z,

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 F;.-;5 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.

I:CCND/Y-12 DOE Drivers

Crew: R.14. Frazier, Y-12 D. J. Lee, OR0 3/31/79 - 4/1/79
W. L. Pankratz, Y-12 P. Warren, OR0 3/31/79 - 4/1/79
R. E. Turner, Y-12 J. Goodman, OR0 5/2/79 - 5/4/79
T. E. Copeland, Y-12

3. No work performed.

ft'

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

.-

" 1915 178
'

.



ORNL ASSISTAN
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ON-SITE SUPPORT

.

Radiation Monitoring

ORNL's initial assistance at Three Mile Island was in the area ofFour two-person teams conducted environmentalradiation monitoring. The teamsmonitoring at the site for three weeks after the accident. Using a
took soil, water (standing and rain), and vegetation samples.

radiation measurements in theThyac GH-Survey Heter, they took di rect Samples
air and located and followed the piume from the reactor area. to
were gamma-spectrum analyzed at the DOE control point and then sentResults ofBrookhaven Laboratory for further radiochemical analyses.Spectrum analysis yieldedcounting room analyses were reported to NRC.

1, right at minimum detectable activity for the331only two sampics with Another ORNL teamdetector used; which is to say, background levels.surveillance, and one
provided specialized equipment for environmentai
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. Jchnson, B. A. Powers, J. E. Smith)

Chemical Enoineering - Liould and Gaseous Effluents

A team of ORNL chemical engineers provided technical support to the
This work began

Waste Management Group (WMG) of the THI Recovery Team. Theon April 1,1979, and is continuing at various levels of ef fort.
o-iginal request for ORNL 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 l to the environment and (2) provivingI'l

adequate storage capacity for water that was being generated by
cessary

operations (pumps seal icakage, sampling system flushes, and floor
flushing).

The ORNL personnel had considerable input into the following:

The existing stack monitor was in an unsuitable location1.
High backgrounds hampered on-line monitoringfollowing the accident.A new monitoring and sampling station was idstalledand sample changing. installed

in a more-suitable location and new on-line instrumentation was
for monitoring rare gases and radioiodine.

A new off-gas treatment system (HEPA filters and charcoal2.
- adsorbers) was obtained from a reactor construction site and was installedThe exhausted adsorbersin series with the existing THI Unit 2 systems.

in the existing systems were replaced. The existing systems, which had
been in service more than a year, had very low efficiencies for lodine
adsorption.

.

1915 i79
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3 A tank farm was designed that 5as installed in the THI Unit 2
fuel handling pool. This tank farm was designed to provide an additional
110,000 gallens 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 treatment systems.

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

5 Many attempts have been made to defint 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 liquid 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 coolant 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.

4. 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

Decontaminating agents must be compatible with liquidrecovery program.
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. O. Yarbro)

<
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Instrumentation and Diagnostics

Teams of ORHL instrumentation experts provided on-site technical
assistance and special diagnostic instrumentation from April 3 to April 30,
1979 Di rect current, strip chart, and spectral analytic measurements
were made of 1) in-core thermocouples (approx. 50); 2) reactor coolant

3) in-core self-powered neutron detectors; 4) ex-vessel neutronpressure;
detectors. The two principal concerns which depended heavily on these
diagnostic measurements were boiling in the core and entrained or trapped

Two to five people were at the site duringgas in the primary system.
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),
J. C. Robinson (TEC), R. L. Shepard, W. H. Sides, C. M. Smith, G. L. Zigler
(sal))

.

%

.

.
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DIRECT AND DEDICATED SUPPORT .

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

1. Cooling of Disrupted Core

2. Analysis of Fuel and Cladding r'fects

3 Analysis of Primary Coolant Water Sample

4. Radiation Effects and Core Nuclear Analysis

5 Radiation Shielding and Effects

6. Hydrogen Chemistry

7. 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 insulation, 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 te 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.

1915 182
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(Irregular shapes could be larger than this because of shape factor
Velocities in the upper plenum were insuf ficient to levitateeffects). Calculations of behaviorspheres of diameter larger than 0.010 in.

under natural circulation indicate that no boiling would occur at 1000
Partial boiling would occur at 500 psia, but would be

statically stable (no ef fort was made to evaluate dynamic instabili ty) .psia pressure.

However, dryout would occur at 50 psia. cooling by radial conduction of
a cylinder of debris with steam in the interstices would be ineffectiveif the internal temperature is
for diameters exceeding about one foot,The SABRE calculations for flow around an obstruction
not to exceed 5000 F.
covering 30% of the core indicate low velocities downstream of thetemperature effectsblocked zone and no recirculating flow; however,
were quickly homogenized at distances exceeding about six inches fromTherefore, if the thermocouple
the downstream " face" of the blockage.e)ve the core debris, slumped around the guide
Junctions were somewhC c

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 _2.

Three ORNL s taf f members participated in an EPRI-chaired utili ty-About
Ir.dustry meeting on the condition of the Three Mile Island core.
30 persons with expertise in ar~as relating to LWR cores were present ate

B6W Headquarters in Lynchburg, Va. The ORNL team was part of the working
The discussions

group on Zircaloy water reaction and hydrogen inventory.
centered around the interpretations of the information and data from
which the critical temperatures, the degree of clad oxidation, and theWhile
spatial distribution of damage in the core might be estimated.
much of this information was peripheral, (in the sense that no direct
measurements of temperatures, water levels, etc., during the accident

least parts of the core had seen very highwere at hand), clearly at
temperatues, and a substantial f raction 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 theThe details of the fission product
existence of nonuniform damage areas.the calculations of the amount of hydrogen generated,release information,
and the characteristics of the self-powered neutron detectors were
especially useful in this regard.

.

(O. O. 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 f rom the TMI primary coolant. Types of analyses were for radio-
elements, gamma spectrometry, mass spectrometry, Boron titrimetry, pH,
and gross activity. The sample was 3 ml clear water in a glass viai 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 af ter
acidification.

(W. D. Shul ts, 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

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

1. Radiation exposure to instrumentation 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 40
pipes for given dose rates at outer surfaces.

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

(G. E. Whitesides, R. L. Childs, O. W. Hermann, J. R. Knight, J. V. Pace,
R. M. Westfall)

1915 184
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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 isicopics and decay heat, 3) tank car storage and time-
dependent tank car dose, 4) steam generator repair, 5) BF3 de tec tor

readings, 6) lon-exchange resins, 7) pipe transport of primary coolant,
and 8) tank storage in spent fuel handling pool.

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

6. Hydrogen Chemistry

The Nuclear Safety Information Center (NSIC) was requested by Floyd
Cullar 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 some 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 diagnose problems and
lend advice to those working at the 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. ,

3 Calculations to examine adequacy of natural convection for
'

core cooling.

.
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4. Evaluation of available data to determine if boiling is occuring

in the core.

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

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

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

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

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

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

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

12. Calculate the potential for cooling the core by flooding the

cutside of the reactor vessel if natural convection cannot be
established.

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

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

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

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

in the core.

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

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

(L. C. Oakes, J. L. Anderson, R. S. Booth, F. H. Clark, R. E. Hedrick (SAI),
M. D. Herskovitz, J. T. Mihalczo, P. J. Otaduy, J. R. Penland (sal), R. S. Stone)

FRH:JS
5-25-79

.
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Three Fule 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 initial 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
*:

- , of the 51 core outlet thermocouples (C/A grounded junction) using Princeton

Applied Research (PAR) amplifiers (Gain ~30,000), and an HP 5420A noise

analy:cr. 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 'analy:cd (9H and 12F, see

core map, Figs.1-2) had oscillatory (rather than random noise) characteristics,.

'e
a ~50 sec period, were strongly correlated (coherence ~0.9 at 0.02,H5),

i 9i5jB7
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and were clearly related to similar oscillations in the loop A and B
These oscillations were ~2-3 psi p-p,

pressure signals recorded elsewhere.

lightly damped, of a .slightly different frequency from each other, and

appeared to be provoksd by the actions of the primary water makeup system.

Brush recorder traces of 911 (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.)

Tests were made of the effects of various thermocouple leakage4.

resistance paths on their readings. Abrupt " shifts" in several thermoccuple

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 KD resistor reduced the reading ~4*F, and through a

2 KG 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

In many cases, thermocouples with the larger PSD's had relativelycore.

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 possibic for

steam bubbics to recondense before reaching the thermocouples, and for

boiling to occur in non-monitored areas. Probably the best way to' infer

1915 i88
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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.
c

2. The case of the oscillatory and correlated thermocouple signals (911

and 12F) cannot be reasonably explained by a pressure-affecting-tempc 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 "cican"

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-induced 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 911 and 12F probes. This could account 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

1915 189
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changes in void size due to a system pressure reduc' tion. In any case,

it would be useful to record the two pressure signals and thermocouple
.

911: noise on the samo instrument.

3. The " waving plume" model may also be ussd to rationalize the behavior

of:several thermocouple signals in the three hours following the' transition

to-the natural circulation mode. The ~ textbook behavior of core outlet

temperature sould be~an~ abrupt rise'(correspondidg to the reduction in

flow) followed by a slow'd6 cline as :the' full nat'ura1' circulation flow is

established -(Fig. :3, list.: lidwever, several ~ signals instead showed

abrupt drops'following-the pump' trip (fig. 4,-H5). Considering the plume~

model- and noting that the upper plenum flow -distribution patterns would

be quito different for' single-pump ' forced cirediation and natural

circulation, :it" appears IikeIy th'at th6 Yhermoc~odple's sucli as H5 are '- ' -r - ~

C ;n 'simply monitoring 'a different combination of plumes / --- ~ r' '

iro:4; '.:The abrupt shifts observed in some thermocouple r6a~ dings "(not'dbly

3P) can -more .readily .be -attributed -to 'a postulated 'shiftinti of the leakage

r4sistance bf'a damaged probe than 'to pos'tulated ' scenes in which hot

debYis1' settles temporarill'y near the sensorf 2 ;;;;;;; :::- : - ='

-
*

rosy:-e .. :. -: . :..: . -= ..u: . . .: :- i . .. :.. :.:-- -. . ..
.

Work Requested By:
. .. . - . . = t:::Ts: :: : 1-

-- -- -: - --

NRC-TMI (Stello, Ackerman) . - --

r r.. 2. :... . .- .. .. :. : . . . . . .= : :: 2: L ... .

'-- :- ;- ; :- ;; - I ' -- '- C - -
~

Results Reported To: ---

?.rNRC-TMI, ad hoc Industry' Advisory ' Group (IAG), Gen'eral 'Public Utilities,
~

~iC' " ; - - - - -and Sabcock. and Wilcox, April 30,- 1979. " - -

t:, r- -: . :r . .
-- ..;_. :: ..:___:... : ' -

... ...

Worked Performed By:
. . . . . .. .. .

.
. .

S. J. Ball, R. C. Kryter, W. H. Sides, Jr. , and G. L. Zigler (SA1) .

1915 i90
..

.



-

. .

S 4 7 8 9 10 -

8 I I 3 I ||
|. . . . .. - . - 4 -A ' **

.I . .A- --

1 (3= ... .

3 8g:.: . -[
-

._ _

189 211 g.

g.
I

,

c
l 181 f5

.. ~
- - : 226 193

-- C 1I
1

- .

177

.

~ '

176 D

.D _ . _ . _
216

_

E
5-- 231 .. .219 1.7 2. .jj ---- 188 - - - - - - - -

.,g,
-

- - - - .. ,,

202 171'
' ' -- 179 142

184
f -:r- .. . .. ..

.- -.

234
. 236. 198 -

- - _ _

:202 - . _: .253: 228 --... _.. _ . . _.. . .

_G
-

. ... .

_ - --- - - - - --- - ..;- _ _- ... .. . . _ _

164
.

295 315
-- --

. .
206

- - - . . _. . .N 185 ..
- --. .. ; -_.. . . . .. 6

|

I . s- --. .
- 216 181 |

{{
~ -- ~ - 19 2: -

- - - --
:-

-

:-

-~
- .._

T --- " ~ .7- . ..:. .. _- : ::- . , . ' - --. .'

.. .

201...
172 ;

}. -203 190 .

. - ::: .

- - . . ,

- ~ - -----

190 //}
;; 1-- :::- .254: -tr-.206 7.02 . ,-

210

N. - . -.- . . . . ..

198 176
M 218

|I

g
-

. . _ _.. _. ic7 173 #i'

189 180p , .
- - . . - . _.

, ,

P(
? .. g. P

177
g3a : :. . .

-
- ,

:Igo g*. - D.- . .. l . . . ... g : 197 , .
...

1 (2.
'

4
.. . y -r- i i : i 11a..; Lt.cc::. ... .

--.

6 / 8 i !o.
.

. - - . . , .. .

*/28/79,
. . _TMI-2 Cora E::it Thernoccuple Ster.dy .nr. a Readingr. ('r) , s

fyy. 1. 2400 hrs. ::stural Circulatter. (. col : c, .

h,

0̂

o th" 1915 191

.



. . _ .

hh a

. . . .

.

.c & 7 8 ] {c O
8 I I II

l
I

-}}
p.

S BI g
10.8 .Os*

B. l
2 .44 C

.05 .08 g.

'

| .06
~

g

J
(, ,

3.0 D
'I ,_

,
.32

.13 1
-

D |.38/ g
| .56

.15.05
.16g Errat.c

2.8 .50
. 2'4 / .04 .04
61

578.23.13
.05 .05

.07 -

,| .14/ I'

.06
.04 13'

07
( ,K

Hot test (hannel
.06 .14.m-

_

.06
f(

_

.32
.16

L j .03 .23
.10

.06 .06 .04

M .26 N i

.49 44
15,N g l

.07

, (_ .12 .17
.33 .19 ~.

%
-

I ^- Pt
[3I2 p ,,,

- l
,

i' ,

.03 g._

8.4 I. 12.3 i q. o,

.4 I
-_ .

i il
*

,

1 I i
F

C 7 9 i lo -
.

,

2 Bandwidth
TMI-2 cc re Ert; *iher:.o:ceph E'en Squarc Noise (mV ) .4/?S/M,1630 hrs. to 4/29/79,Fig. 2. 2. a '' aria:0 0122-1.53 !!:. Cit: ulacian Ccaling.
2230 |ro. Na t..r . -.

.

1915 192
'

.

.



.

.

Estimated Cost:

20 Mandays plus transportation; $9,600.
-

.
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Three Fule Island - 2 .

Technical Support

Instrumentation'

R L. Shepard*

Problems:

1) Six of 52 in-core thermocouples are reading significantly higher than

Can these readings be validated and/or can' failure mechanismsthe others.

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) Diagnore the condition of the in-core thermocouples using Time

Domain Reflectrometry or otner techniques.

Description of h'ork Performed:

1) Possible failure modes were considered by several thermocouple

The most. likely failure mechanisms-melting of the sheathexperts.

or ingress of moisture into the insulation-could not cause readings higher

The location of the thermocouple junction maythan the true temperature.

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

scifheating 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

D11 because of the massive (5.4 inch 0.D.) stainless steel well which houses

the RTD. Calculations were fia'de to predict the sensitivity. Rosemont

Engineering Company 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

SLI.: .. Temperature differences of only 5'F were obtained between a wetted and

unwetted well. .. .. .._

Dn April 28, Shepard and Carroll went to DiI, then to Davis-Besse

1.n-try the selfheating method in place. The method was found to be

unsultable due to long time constants (greater than 3000 seconds) and

fleic. s<ensitivity. Te=perature changes due to water spray and heaters in the

pressurizer would mask the level change.

D: . A. bridged heater method of determining pressuri:cr level, using 4 of

the 40 or more heater elements was devised by' BGW with assistance by ORNL.
L.as r:---

--

4) fxperiments were pcrformed at ORNL to determine if Time Domain
- ~

L . .I . . ... ...

Reficctrometry could be used to verify the integrity of the in-core
ex.- t ru

*

.

-

thermocouples. It was determined that the technique was unsatisfactory
er 1: r-

-

.

because of the large electrical resistance and long extension wires used
ti.a. :.

~

..

on the thermoccuples.
t. . : .. .

Conclusions and Results:

fie'lt. was concluded that:
'

.

3).The in-core thermocouples are probably accurate in spite of

:tXperiencing temperatures above 200*F.

relf.2): Time Domain Reficctrometry is not a useful diagnostic tool for long,

high-resistance thermocouples.
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3) The RTD might have been a useful indicator of pressurizer water

level if the well 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-THI; 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 Muricy, NRC April 6

. Billy Jo Sheperd (B6W), TMI April 6

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

at EPRI on May 10, 1979.
.

Work Performed By: -

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 -

Wylic Stanse11, Tektronix

1915 i9o
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Three Mlle Island - 2
Technical Support

Diagnostic Instrumentation

D. N. Fry, et. al.

Problem:

Provide B11 on-site expert technical assistance with special diagnostic
The

instrumentation as part of a special instrumentation group (SIG).

group charter is:

Collect the maximum amount of diagnostic data consistent with not interfering1.
No

with operations in either the Control Room or cable spreading areas.

safety circuits will be accessed and all hookups to plant systems must have

the agreement of the instrumentation technican on duty in the cable

All efforts will be coordinated with the control room.spreading room.

II. If and when plant instrumentation signals are lost, the special

instrumentation group is to aid operations by' determining whether laboratory

or special instrumentation night be used to obt'ain 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

detcetors; 4) Ex-vessel neutron detectors. The two principal concerns

which depended heavily on these diagnostic measurements were boiling in

Two to fivethe core and entrained or trapped gas in the primary system.

people were at the site during this period to provide immediate assistance*

to operations as needed.

1915 197
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Conclusions and Results:*

The measurements and recommendations of this group were very helpful

in degassing the primary system and in determining that satisfactory

natural convection cooling had been established after the coolant pumps were

deactivated. Separate detailed icports have been prepared describing the

measurements made and their significance.

Work Requested By:

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, N. If, Sides,

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

Estir42ed 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 141979
.

OAK RIDGE NATIOt4 At tADOR ATORY
..

*

Hay 14, 1979*

.

.

.

.

To: F. R. 14ynatt

From: R. E. Brooksbank

Subject: OFUL Assistance in Response to the Three !!ile Island Accident

' Statement of Problem: Provide technical support to the Waste fianagement
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 health
an( general welfare of the general public."

,

Work Performed: The technical Group was fully integrated with the

Waste Management Group (WMG) . !! embers functioned

as peers in WMG meetings and interacted continually*

with supervisors of the WMG groups concerned uith

liquid effluents, gaseous effluents, and construc-

tion. Technical Group members functioned in areas*

of their own expertise and provided liaison with
-

experts at ORNL and elsewhere. Thus, the realitics

of operational capabilitics and limitations ucre
. continually integrated into theoretical judgements.

The Tcchnical Group was active in evaluating

data concerning the release of radionuclides in

gascous and liquid effluents including evaluation

of sanipling and analytical methods.

The major problems addressed by the WMG immedi-

ately following the accident ucrc: '(1) stopping
.
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the relcase of I to the environment and (2) pro-
y

s

viding adequate storage capacity for water that was'

{ f
being generated by necessary operations (pumps seal

- icakage, sampling system flushes, and floor flushing).' 2- - li'

Plans for overcoming these problems were formulated: J:- . L. - r::. - E

which 'a'ddrcis'ed.short term _soIutions_with as muchi... _:. :I.._ : _.:: . :

consideration as possible for the long term.
1 ::r c:.: :f -: _: . ;; : 2-rs. it 1s::.r._;_ ::3:J: :: . . _ _ . - _.c-- ._

i l i t into
v - _The. .OR_N.L. _ pe.r.. son. _n_el. _h.ad c.o.ns de_rdb e_ _ .npu-

.
..

.-

~;7;;i - - -'Li : r ~- : -- : -

Viii follcMing~i ,

.; . _ .__. :: . .: _:._: . :: :: _.on. ;:n t :

(1) The existing stack monitor wac in an unsuitable
L.f ;'.rs a: .'.ft.. : f :... ...:. :._ .-
location following the accident. High backgrounds ham-

f. _:+- .
pered on-line monitoring and sample changing.: A new

--

The :+17..._::_ : _- 2:er' :-;rd:r s;-

taste "* - c-- Sr- - : ur r- d.---_.-
nonitoring and sampling station was installed in a
cr ::::: - : ci:_r-- L:o :n _ : : . _ . ::_ _ .__
more-suitable location and new on-line instrumentation

ru.::: . _ r:r: : f :. e - r:..: :-- c r: .-tritwas installed for monitoring rare gases and radiciodin<
.

li en_: sff1_;n:: car :ur :ff1_c.;; _- : . : _- -

(2) A new off-gas treatment system (HEPA filters
tion. T s:. J. : 3 rr u . r.:. ;4 r.: f _- :1:

- -
.-

and charcoal adsorbers) was obtained from a reactor
-'

- --_e-c: trr.-- cr- r r - 1. 5 ..cf W. ir :.r-

construction site and was installed in series with
c:- :rt: 2. t ::._ ::'. __.-_..:. Tc. . . . ..

the existing TMI Unit 2 systems. The exhausted
ci :.: :: ::._.. i___.. . _ . _ _ . __. .

adsorbers in the' existing systems were replaced..
-.

.

c:r.tir. . 11 an c " :: . r :- _..-:rc;_. _

-

The existing systems, which had been in service more
'; ..c '. : :n .. . : :. :rru- . : .- 5 :_. _- . _

than a year, had very low efficiencies for iodine
oc:*. cc::: ' rr. r :- r c._ c.:. - : = r . L : :. - _ : - --
adsorption. .,

_ -~ ':.
- --r\- - -~~'cas.::""

'(3) A tank farm was designed that was installed
-c: .

-
~in the TMI Unit 2 fue1'6andling pool. This tank

.

farm was designed to provide ah additional 110,003
a. . .gallons of storage capaci y for water thereby

.



_

3"..

.

~ relieving the very severe shortage of tankage.
,

The systen 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 suitabic waste evaporator.

This ef fort 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 uater 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 processing

flowsheets has conflicted most severely with the

realitics of plant operations. ORNL personnel have

had extensive discussions among themselves and have

made extensive contacts with chemical proccasing

and liquid 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 coolant water. ORML

personnel continue to feel that a comprehensive plan

based on analyses of' the water to be treated is

1915 201
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required for safe and efficient treatment of the

liquid wastes. Evaporation,' ion exchange, and wasteI

solidificatior.' w'ili' be ' involved. The dctails of~~ '

. .

. . . - . . - -

_ h.. . .-t e nature and sequences of processing steps remain
. . . . . . ...

to be" decided. - -- - -- - - -

LT(6) 'ORNL su'ggested that a special group be established
.

~

~
. within th'c Oaste Management Group to coordinate the

Udecon'tamination e'ffort. Such a group has been
~ ~

E c'stablished and O'RNL' Eas be'en' dcoply involved in

'hr'ovidingtechnicaladvicetothegroup.~

:... e .. . - .. - : -. - :-- .-- .:. .

Conclusions and Results: 1. Methods for monitoring the release of radionuclides
.i :::... 2: .. .::. .. .-

via the air handling systems have been improved.
c :: tr- : r. : :

- - - -

c ci_-: --

2. Off-gas treatment systems have been upgraded
vt:c: ::- t . -- c ...

"

.i : . . . . :.:
r.ignificantly.

dc: . ::. . . : v. ~. '' : - - - -i .!!.:.. -

3. Water storage capacity will be increased when the
c u t. : -- - :.-- - :... :-
' tank farm ~ installation is completed 'in the fuel handlin

.

11: .. :: . . . . .: :::.2..::'. .: . :..:::.. ..-

basin.-

Ea..,---- .--- - :-.::- : -- . :---'

4' A definitive action plan should be formalized for.

r.- d a:: :- . - :- .. - - -
.._

water treatment and waste disposal.

3.,
.. . . .

5. The decontamination of equipment and building arca

7.. ... . ._ .. .... ...
_

may turn out to be the most dif ficult part of the task
.

i : :.~ . . . - .: : - - ~ . - . : .

*

of regaining beneficial use of TMI-2 except for remova:
-

3..- :. - . . .

of the fuel and recertification of the reactor itself.
1: g-- -

'

The decontamination ef fort impacts on all facets of
::

-
.. .

-

the recovery program. Decontaminating agents must

be compatible with liquid waste treatment methods and
-

.

. _ . . . . .
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with gaseous treatment systems. An example of the
.

,

-- .
.

roamingproblem is the selection of cleaning agents.'

,

L r..... . ... _

agents might cause difficulties in liquid vaste
.

: .
~

treatment and solvents might cause a significant
~ . . . .

decrease in the absorption efficiency of charcoal
. . . . . . . . . . . .

adsorbers for removing iodine for building ventila-
*

- - - . . . . . . . . . , _ ,

. - . . - . .. Care must be exercise to prevent recontamina-tion air.
cir Ir. .: : c::..;. ..:.

tion of cleaned areas by personnel movement and air
s,.,. .. . .

flow.
:::..-_- :+ :- .;;;. r:- :- -. -

This is clearly the area in which the utility
.

e. - .. .;.-

perso66cl have the" least experience and must rely;; .t .: :. : ...: :-t:-_ : . :-

v2 - .

;-- . . -

upon outside technical help.
m

' ' . . * 1:- ; u :.. . :: . : :z.

The original contact with the ORML Chemical TechnologyWork Requested By:
vir?. : :: ,

,

y,
Division was made by F. L. Cul.lcr or EPRI.
: .1: - 1-::: e --:-- -..

Results Reported to: Herman .Diekanp. (GPU) , John Collins (!;RC), Bob Arnold
, - - -

-- . . . . . . . . . . . -. . ..
-

.s

(Consultant:f_G,P,U) , Ron Williams (GPU) , Ben Rusche,

.

,l. .ett.crs . dated April 20, 1979), countless daily contact_

. . ..

'W.t E'. Brooksbank, O. O.- Yarbro, P. A. Harrington,
Work Performed by:

4J. 4, .-Sniderr.E. D. Collins, W. A. Shannon, L. J. King

:. :, - .- . : . .. :.- .-

Estimated Costs:
c i r e r _ _:. c : ;... i 1 : 1 2 . 2.5 ::. -

...

C ef :. .. . .e- -.- :: : : - .

* -- :. . . . _ . _ - . . . . . . . . _ . .--

.

*..2. . ,:; . . . .: .
. . . . .

.

.

'
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BUSIflESS C0flFIDEtlTIAL
.

INTRA LABORATORY CORRESPONDENCE
OAK RIDGE NATIONAL LABORATORY

May 18,1979

.

To: D. E. Ferguson

Subject: Status of Effluent Treatment at Tf1I

From flay 15-18, the writer visited the Ttil site to review the status of
effluent treatment and to inspect the facilities, proced r es and the
construction projects recommended by ORill personnel on earlier assignments.
On riay 18, D. G. Campbell was requested to discuss with fletropolitan 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 Till 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 pemit the changeout. Charcoal
trap efficiencies have.not yet been measured by DOP testing nor have
iodine DF's been measured. These tests are scheduled within the next
week. Following the tests an air-flow balancing exercise will tabe
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. All gaseous effluent is now directed through the new 100,000
cfm emergency off-gas systems and discharge is 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 Buildinn 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 containnent 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 Water Treatment

A total of 83,500 gallons have been released to the river (below
technical release limits,10 CFR-20) af ter 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

a series of 185 f tgritant evaporator bottoms are then transferred through
the river; the res

mixed-bed ion exchange colum m . These disposable

1915 204 sy 7 31979
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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. Ion Exchange Cannister Data

Resin Treated Total I Bed Radiation
Container No. Gallons Curies Curies Level (R/hrl

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 shipnents 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 gallons 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 p i/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

of three absorber beds hooked in series. The
systemwillbecgmposedfirst bed (24 ft ), will be loaded with silver-impregnated charcoal for
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, a 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 pennit the orderly shipment of these units
from the site.

*J. W. Snider. 1915 205
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,

primary and Containment Water Treatment2.3
A total of approximately 490,000 gal of water is now contained in225,000 gal on April 1). The pri-

the reactor buildino floor (up from i

mary loop contains 85,000 nal which also has the same radioact veCurrently, a proposed contract is under consideration
by GPU offered by Chem. Nuclear to treat this water in a series of 3-characteristics. Beds

submergible ion exchange beds employing commercial technology.
will consist of a stage of filtration followed by Dowex ion-exchange

Beds (10 ft ) will be loaded to resin degradation limits3 3 resin degraded). Serioussystems. 30 liter off-gas release /ft
concerns were expressed about the number of shipments that would be(108 Rads, f the resin

gal treated), and the performance o
in the radiation and heat load environment and the problems inherentrequired (+300/100,000

Dave Campbell reviewed the Zeolite sorp-
in bed changeout under water.137 s and the v_ery major advantages for the use of this material

C Because of the continuing in-tion of
for application in treatment systems. leakage of water into the reactor containment system there is a senseCurrently, the liquid
of urgency to obtain data as soon as possible.
level in the reactor building is 6 1/2 ft; at 8 ft the reactor primary
icop components (currently operating in the natural convection mode)Because

becomes covered and natural convection systems are jeopardized.of this situation. ORNL will be formally requested to perform a ser esi

of scouting experiments to establish resin and zeolite performance.tietropolitan Edison is currently drafting a letter to D. B. TraugerA total of
urging our assistance in tnis critical technical area.130 ml of primary loop water is expected to be shipped to ORiL to ini-An

tiate these studies pending approval by DOE and ORill's management.
attached letter was generated outlining a proposed process development
scheme for water treatment.

In addition to Chem iluclear involvement, AG|JS is expected to submit alitan

proposal to supervise the operation of this system for MetropoBecause of the experience base of AGTIS in the handling ofd

radioactive materials in reprocessing plants, this involvement len sEdison.

considerable crsditability to the safety of operations at TMI.
* has not been completed

Currently, the construction of the tank farm systemand two additional weeks are envisioned before this system can receivegal of high activity110,000
This facility was constructed to hold i

water in a safely-contained manner prior to subsequent process ng.water.

Miscellaneous lofomation3.

Metropolitan Edison is desirous to obtain DOE's help in the formation
of senior technical advisory group for the review of proposed recoveryCurrently, C. Ice,

schemes from a technical and operational standpoint.former Director of the Savannah River Laboratory, is employed as a con-Other

sultant to TM1 and will coordinate the efforts of this 4-man team.

1915 206
* Designed by ORtil.
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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 ORfil and SRL can be utilized as required as the
recovery program proceeds.

Because of the changing nature of the operations at Tf11 (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 flay 16, a public hearing was held in Lancaster, Pa. , to discuss
the treatment of effluents at TMI. Following a presentation by NRC, GPU
and lietropolitan Edison, lengthy question and answer sessions were con-

Approximately 50 individuals attended (200 were invited). Par-
ducted.
ticipants jointly felt that much had been said to alleviate the concerns of
the public about the releau 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 fiay 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.

.g'

s M ''

R. E. Brooksbank

REB:bjh

cc: D. D. Campbell
L. T. Corbin
L. J. King

J. A. Lenhard (ORO)
A. P. fialinauskas
F. R. Mynatt
W. D. Shults
J. W. Snider
D. B. Trauger
R. G. Wymer
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gi,q.y : PROPOSCl) ASSISTANCE TO Till ,

To B. RUSCllE Linton TMI

Certain experimental measurements are important to the selection of a suitable
process for cleaning up the contaminated water at TMI with minimal risk to safety
and the public. The goals of the clean-up process are removal from the water of
(1) cesiun, (2) strontium, (3) iodine, and (4) possibly other radioisotopes 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 (K ) between the water and selectedd
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 af ter adjusting the water comoosition to
represent better the range of compnsirions expected, or to cause favor-
able changes in chenical properties, i; necessary.

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

4. If practical, extend column tests to tuo 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 cican-up operation, and will provide more con-
fidence in their ultimate success.

.

.E ROOKSBANK

P b la-7Af
cc: J. Collins

C. Ice
R. k'illiams f.PtJ %rvo Cort >w.it on m a cutyeNry n' G ce r t' P.d*. t !' * S .C w:av..'ir
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INTRA LABORATORY CORRESPONDENCE.

OAK RIDGE NATION AL LABORATORY ,
,

May 14, 1979

.

.

To: F. R. Mynatt , /7
, s

hMCFrom: M. H. Fontana ,

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) cooling of debris in the lower head and 2) coolability of
core debris in place.

I. COOLING OF DEBRIS IN LOWER HEAD

II. Statement of Problem

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

12. Description of h'o*k 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.

.

13. Results

If all the heat generated (at one-week decay heat levels) were
transferred downward sonc 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 free path existed around
the vessel so that steam water mixtures were free to flow out
around the upper 1cvel of insulation, Icakage past the instrument
thimbles would be adequate to allow ingress of sufficient cooling
water. Also, the outer two inches of the steci vessel would be
at temperatures below 800 F and therefore would have sufficient
st2uctural 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

.

1915 209



- ..
-

.

2

' .

g

information was availabic on whether gaps existed in the support
Additionalring-to-vessel welds that could serve as vents.

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 levelIleatof the bottom of the support ring) that touches water.
transfer from this zone is sufficient to handle about one ton of
fuel debris, compared to a total potential inventory of about
100 tons.

14. Work Requested

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

15. Results Reporting

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

16. Estimated Costs

Three-man days, about $750.00.

II. COOLABILITY OF CORE DEBRIS-IN PLACE

III. Statement of Problem

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

112. Description of Work Performed

Calcula.tions 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

limit toboiling in the Sodium Boiling Test Facility; 2)
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 operabic at ORNL by the Tl!0RS program.

-
.
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I13. 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 diameter
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 guida tubes which contain them, they would indicate
temperatures somewhat more uniform than actually occurring.

114. Work Requested

This work was requested by Joe Murphy (NRC), as in Item 14, and
by Rich Denning, BMI-Columbus, who was conducting this effort at
NRC's request, about April 6, 1979.

115. 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.

.

II6. Estimated Costs

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

MIF:1s

cc: S. Ball
J. Cleveland
J. Dearing

i915 21iP. L. Garrison
W. O. Ilarms
K. Kibbe
T. S. Kress (Planning Committee) ,

L. C. Oakes -

P. Patriarca
S. Rose
11. E. Trammell
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May 14, 1979.

.

TO: F. R. Mynatt
i s-

FROM: M. II. Fontana [('' .

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

In my memo responding to your request of May 2, I inadvertently left out
Item 6 " Work Performed By".

Part II was done by P. W. Garrison, Simon Rose,
I did the work on Part I.
J. F. Dearing, and me.

MllF:1dj

cc: File

.

. .

t

I

;
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May 14, 1979. .

To: F. R. Mynatt

From: R. E. Pawel

Sumary Report of Work Performed Relating to Three MileSubject:
Island Accident .

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

I was an appointed member (by J. R. Weir) along with D. O. Hobson and1. of the TMI-2 Utility-Industry Committee on Reactor CoreR. A. LorenzThis committee met at Babcock & Wilcox Headquarters, Lynchburg,Condition.
Va. on April 5,1979 to discuss the then-available information that mightIn particular,be used to infer the extent and distribution of core damage.
after a general session, I 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 damageWhile much of this information was peripheral,in the core might be estimated.
(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 comprisingIn evidence, too, were temperature " maps" fromI

the core had been oxidized.
thermocouples persumably at the top of the core that pointed to the existence

It is my opinion that the committee, and theof nonuniform damage areas.
B&W/EPRI people prior to the meeting, made logical inferences from data on

<

i The details of the fission product release information, the calculationshand.
of the amount of hydrogen generated, and the characteristics of the self-poweredj

j neutron detectors were especially useful in this regard.
|

It is my understanding that this committee was organized by EPRI at the request
! Ed Zebrowski of EPRI is chairman; our B&W contact is Jim Tulenko.of G.P.U.

Other than with W. V. Johnson /M. L. Picklesimer, NRC, I have had no furtheri

direct contact with committee members outside ORNL.
I am unaware of the

present status of the connittee.
I I have been involved with M. L. Picklesimer in making estimates of the2.

heat generation by the oxidation process and its relative contribution to
i

the temperature excursions undement by the cladding in the TMI-2 core.
! W. V. Johnson suggested at the Lynchburg meeting that this might be a

useful calculation to make, and 1 assume that Pic is leading the way on
this.

1915 213
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.

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 is idealized in many respects, the
quantitative predictions of the time-temperature ramps are recognized 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.

II, have received considerable support' from several colleagues in the above
~

efforts. Discussions with J. V. Cathcart, D. O. 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. . _

. . . . . . . . . . . . .
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INTRA LABORATORY CORRESPONDENCE
.

OAK RIDGE NATION AL L ABOR ATORY'

May 14, 1979
.

To: F. R. Hynatt

From: D. O. Hobson [ ,

Contribution to ORNL Assistance in Response to the Three MileSubject:
Island Accident

To infer the probabic condition of the Three Mile
Statement of Problem:
Island core from information availabic as of April 5, 1979.

I was one of a group of three ORNL personnciDescription of Work Performed:
(R. E. Pawel and R. A. Lorenz) asked to go to Babcock and Wilcox, Lynchburg,
Virginia, to participate in an EPRI-chaired utility-industry committeeApproximatelymeeting on the condition of the Three Mile Island core.
25 to 30 persons with expertise in areas relating to LWR cores were present.
I was included because of my knowledge of zircaloy fuel cladding behaviorandunder accident conditions, particularly oxidation, embrittlement,
cladding rupture characteristics.

The meeting lasted one day, the first part of which consisted of presentationsthe
by Babcock and Wilcox and other personnel of 'what was known about

For the last part of the meeting, we broke up into three workingaccident.
groups, including one on the effects of zircaloy oxidation which I attended.
Finally, the whole committee reconvened to review the day's findings and toA
make recommendations for future investigations of the core condition.
full description of the mc-eing was given in my trip report - D. O. 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 list of participants

Approximately $500 to NRC for my participationEstimated Cost:

DOH:1c

ia zi5' xc: G. M. Slaughter
J. R. Weir, Jr.

O
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G.b. SlaughterTo:
,

From: D. O. Hobson ,

Trip to Babcock and Wilcox, Lynchburg, Virginia, April 5,1979Subject:

On April 4, Dick Lorenz, Dick Pawel, and I flew by chartered plane to
Babcock and Wilcox (B&W) at the request of NRC to attend a utility-
industry committee meeting on the condition of the Three-Mile IslandThis meeting was chaired by Ed Zebroski of EPRI and was attended

~

core.
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 60-705 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
neasurements and observations, (4) Core condition during transient and,
(5) Engineering evaluation of core condition.

Chuck Baroch (B&W) 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 informationEnclosure Three is a schematic of
presented during the entire meeting.

.

the reactor system.

George fleyer presented the thermocouple (TC) information that wasOne of the main problems in understanding
acquired during the incident.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 fuelMuch of
cladding - there were no longer any temperature records.
the analysis of the core behavior was inferred from the thermal
characteristics of the self-powered neutron detectors in the coreMeyer estimated that at approximatelyand from fission product analyses.
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.

More than just the pel.let-to-cladding gap1100 to 1200 C range.
.

inventory of 1;, was released.

19!5 216
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2 April 30, 1979'

G. H. Slaughter ,..

,

Dick Demar (B&W) gave a summary of observations and m'.asurements made with
radiochemical analyses, hydrogen analyses, noise arolyses (for loose
parts in the primary system), TC data and in-core neutron detectors.
Failure estimates based on fission product data cannot discriminate
between a small core volume that had lost almost 100% of its inventory,
and a large core volume that released only about 5% of its inventory.
I personally believe the latter to be the case.

. . . . .
..

.. . . . .

It was discussed that +.he 52,000 lbs of Zircaloy in the reactor could
3 or H2 gas at STP. It was estimated that a maximum408,000 ftrelease

range for the amount of Zircaloy actually reacted with steam was from
29 to 34 ut. percent. .. ., . ,.. :; .. . . . . . . . .

.. -..

. . .. - . .. .

Demar also stated that sensor arrahs-Eos~ikioned around 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 285:of the total xenon
inver tory 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. Frederickson stated'that finding only small' amounts
of Ag, Cd, and In in the coolant indicates little loss of control rod
intergrity. ...g -.. .t .g .,3...

: p.g... ;.. . . 3.. ..
..

,

. . . . - - . . . -.. ---....... :. .....
- .

. ....
~

Lew Walton (B&W) discussed TC. data trends.some more,.but most.was
inferential or conjectural. .. 7[, n ~.3j.;~ .;g; .. 3i.... . ..-

;

krt Lowe (B&U) presented an interesting calculation of components temperatures
relative to assumed cladding temperatures-as shown.in.the.following table.
..

.. . . a.... . . . .. . .

-. --. . . . . . . . - . . .
.

. . ;.. .a _.. .

. Fuel Rod Components . . Peak: Temperatures at Top of Fuel -

-. - ~ ter : - : . . .: .: .. : :.
. .

Cladding (Zircaloy-4) 1 2000 F.- - -. : ::. : :2800*F
e:: :. . < M.P.Fuel (UO2) - : <: M . P . r. -

-

:

Spacer (Zircaloy-4) - . -$2000 F e^-: - : : + <2800 F
.

Retainer Spring (304 SS) . <2000 F . :::.:-- - <2800 F
- se: e,z e - e 3 -- : e: ::. - 3:. :c -:

-Structural Components . - ::re .1: ;.;:rere:. :: r- : ..

GuideTubes(Zircaloy-4) >1500 F >l950 F'

intermediate {>2200 F)SpacerGrids(Inc-718)
~ ',}{#1800F)- upper - :.

;1100 F 1500,F,

End Fittings (304 SS) .. <1500 F- -.--: :<2200 F
Holddown Spring (Inc-718) <l500 F <2200*F

'

Control Components -1500 F ~1600*Fi

. .

.
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G. H. Slaughter
, *

.

It should be emphasized that the cladding temperatures are assumed.
.

Another interesting bit of information was the rate at which the decay
~

heat decreased with time froni the initial full-power level of 2772 MW
(thermal). This is shown below.

Time af ter scram (br) Core Decay Heat fol
h

0 168

0.5 37

1
30

2 24

4 19

8 14.5

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
(1) the effects of Zircaloy oxidation, (2) fuel pellet behavior, and
(3)availablediagnosticinformation. The summaries of these meetings are
appended as Enclosures Four, Five, and Six. I was a member of the working

The conclusions and recommendations are as
group on Zircaloy oxidation.One final interesting calculation was brought
stated in Enclosure Four.
out in the working group meeting. An flRC staff member had calculated that
a total of approximately 380 lb-moles (760 lbs) of hydrogen gas was released
by the metal water reaction according to the equation:

.

2 + 2H + + HeatZr + 2H 0 + Zr0 22

Included in the 380 lb-mole figure were approximately 226 lb-moles that.

10 f t36
must have burned during the 28 psig pressure rise in'the 2 x
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 I lost. Therefore, EPRI has
my name as their contact in case a later meeting of this type is to be

!
convened.

<

DOH:sej

|
.

Enclosures

cc: C. R. Brinkman
,

{ F. R. Mynatt
DOH-FILE
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INTRA LABORATORY CORRESPONDENCE-

OAK RIDGE NATIONAL LABOR ATORY

May 7, 1979,

.

TO: F. R. Mynatt

FROM: R. A.14renz -

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 ly 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 recommendations available from R. A. Lorenz).
Estimated costs: travel expenses %$300, working time - 4 days
2 phone calls

3. Estimate fission gas release that could occur for TMI-2 environment
(3000 mwd /MT, H -rich steam and water) at high temperatures (1600*2
to 2000*C).
Requested by and results reported to R. O. Meyer, NRC Fucis Analysis,

(4-10-79).
Estimated costs: 3 work day,1 Telecon (copy attached).

RAF:cif
.

e

.
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snous.n Q Vriority } nenmen. ate FLASH At stnrte AstdressACTloNs

| 71tle A JJress NRs DTGt E
INFO: 18 H'LI (2 H't) it Hr.) ( AS AP) poon Arenage

6. FHotA 7. oFFICI AL DUSINESS ITIME)
A.M.

* *
(Signat'oro of cortsfwsnt offeriell E U"*

I 8. DATE
P. O. Box X, Oak Ridge, TN 37830 April 10, 1979<

9. TO COMMUNIC A f f 0N CENTCn GouTINt1q

4 R. O. ?!cycr (NRR Phone 2-7603) 09 I'''s

' " Euc1 car Regulatory Commission E .01 -

'"' Washington, D. C. 20545 @; ,

5:
. .s

,

I '. '
Data from 53 post-irradiation annealing experiments, conducted by I'

'

jz- . G. W. Parker et al. , were analyzed in order to obtain estimates of xci on,<

It..' ( iodine, and cesium released from UO . These tests were conducted (2
" s'sith UO irradiated to burnups of trace to 4000 FMd/Ffr heated af ter
. 2

iirradiation in flowing inert atmospheres for 5.5 hr. The tests are,

1
'

summarized on p. 80 of report ORNL-3981. The following numbers are
;

;the percentage releases of xenon corresponding to " minimum probabic,"i

i' ''
I nost probabic," and " maximum probable" release. F

>... ,

.~..At 1600*C the estimated release percentages are 2.2, 5.3, and 11.5. / t 1800*C
.-

5'I 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 abeve values.

r-
r ' R. O. I!cyer Telecon numbers: 492-7371-

.

492-8110 m.,

492-7617 (24-hr remote) ['.

.
.

!
.

ele IIRIEF.-EList/N A TE UNNECESSA R Y is'OR DS

80. OnlCIN ATOR fOn sererefe lenes. I1. CLASSIFIED DY (If 12. DoWNC RAclNG/DECLA551FIC ATioN STAMP (t/ RerveisedsCa ter Nar,r. ps t St.t. A TrL La t) eistferent troon orsgenator)e

R. A. Lorenz
U

4501 4-6844 .

.

|

8 :3. SI AMP CLASSIFICATION. UNCLASStFIED OR 000 14 RESTatcTEo DATA. r RD. ca N5151 AMP (If Rros.ored)

J
'

i

.

'
'

'
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INTRA LABORATORY CORRESPONDENCE
'

'

OAK RioGE NATION AL LABOR AToRY '.

O O s f ,' ~ k 000*

Hay 2, 1979

.
.. ._ . ._ .____

._ _ . .

TO: Distribution

W. D. Shults (4-4881) i0 D. F S .~J A
~

FROM:

SUBJECT: Analysis of Three-Mile Island Water Sample , , _

This memo summarizes the actions taken and results obtained with the~ " ~

first sample of water sent to OR:iL/ACD.

We were first contacted by phone on Sunday, April 3, 19791.
regarding analysis of a primary coolant water sample (by
R. E. Brooksbank and O. O. Yarbro). Many phone calls
transpired and many people (see attached list) were
involved 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.

2. 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 con-
tamination was detected. Slight smearable beta contami-
nation was observed on the vial exterior.

3. Portions of the sample were analyzed by the laboratories
within ACD listed below. Several methods were used in

Also, because the sample was alkaline andsome cases.
hence subject to adsorption effects, tests were performed
upon the empty vial itself and upon the sample af ter aci-
dification. ,.

Type of
Analyses Section Contact (s_).

Radioelements, Nuclear and Radio- J. F. Emery

gamma spectrom- chemical Analysis- (6-7560)
11. !!. Parker

etry
- J. R. Stokely

'

Mass spectrometry Mass and Emission J. A. Carter
Spectrometry (4-2448)

1 R. L. Walker

Boron titrimetry, Technical Support W. R. Laing<

i pit, gross activ- and Services (4-4885)
L. T. Corbin

ity
-

! 1915 221
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-2- May 2,1979
Distribution

.
'

4. Results and Comments
.

PE
Obtained with pH paper; 10.2

=8 pH unit.

Boron

(a)3440ppmviaID/SSMS Isotope dil'ution with 108
concentration established by.

micro-titration of NBS H 00 ;3 3

range = 3314 to 3565 ppm.

(b) 3220 ppm via micro- Micro-titration via the manni-
titration tol procedure; range = 3211 to

3235 ppm.

NOTE: isotopic distribution
of sample boron was " normal"
80:20 = 11B: 108.

Uranium

(a) 110 ppb Isotope dilution with 2330 and
analysis by thermal emission
mass spectrometry; range =
107 to 114 ppb.

(b)150 ppb Via delayed neutron counting
of.235U; corrected for Pu con-
tribution using mass spectral
isotopic values.

(c)Uraniumisotopic
analysis

:

2350 = 2.22 atom % Range a 2.21 to 2.23%
234U = 0.021 -

23cU = 0.072 NOTE: these uranium results
2380 = 97.69 were obtained on an acidified

sample. Basic sample gave
lower results by ID/SSM5, DLN,
and fluorometry.

I
!
.

t
.
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Distrit ution -3- May 2, 1979'

' .

Plutonium

(a)0.24 ppb Isotope dilution with 242Pu
'

and analysis via thermal-
emission mass spectrometry;
ORNL's " resin bead" sampling
technique was used.

NOTE: these results obtained
on acidified sample.

-
.

(b) Pu isotopic analysis

23ePu < 0.1.

239 u 90.3P

240Pu 7.8
242 u 1.8P

242Pu 0.1

Sodium
.

950 ppm Neutron activation analysis
gave 970 ppm; flame emission
spectrometry gave 960 ppm.

Lithium

(a)4.64 ppm Via isotope dilution and ion
microprobe mass spectrometry.
Flame emission spectrometry
gave 5 5 ppm.

(b) Lithium isotopic
analysis

6Li 5 0.02
7(j 99,93

Gross Radioactivity * -

,

Alpha = background only

Beta = 1.4 x'1010 dpm/ml-
-

i915 z23'

I

i
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-4- liay 2, 1979
Distribution ,

. .

.

Radioelements NOTE: results are pCi/ml, com-
puted to April 11, 1979 0 0800.- - - - - -

~ 8.2 x 103 .* 1311 .

s2 x 10 .
-1321 ,

8.2 x 10 -134Cs =

1.1 x 102 -13sCs =
"-23.3 x 10137 sC =

22.4 x 10 , _,

140 aB =

1.6 x 10 , ,

-- -- - -

2".0 aL =

1.8 x 102
-

_ _ .

9 914o =

5.5 x 10289Sr =

" 6.8 * 0.2590 rS =

seCo 53=

141 e None detected (51)C

; 144Ce None detected (520)

|
95Zr.. None detected
97Zr. None detected

{ 106 u None detectedR
1,93 u. 0.5 pCi/ml detected on vial wall;

'

R
| ''- 0.13 pCi/ml found in 3 ml x 5 I4 HriO3 wash.*

i

{
132Te - None detected in solution; 2.3 pCi/ml

'
:

..
detected on vial wall.

_
=_.

95Hb 0.5 pCi/ml detected on vial wall;'s

!
0.13 pCi/ml found in 3 ml x 514 HM03 wash

.._. _

I solution.~ ~ ~ ~

n3H . f- ::1.2 pCi/ml 2 "s:-- i : _- - -- :-
4 r r.-- _ _ .- . .-;a

,

j Semiquantitative Analysis of ETements Not Listed Above
; -

Via spark source mass spectrometry with enriched 57Fe isotope
| internal standard.

: .: -

Element ppm Element ppm Element ppm
'

''

Ag
- 5 0.2 Mn 0.1 Zn 0.5

'

' Al 10 Mo 1 Zr 53

-Ca 51 Hi 0.2' Tc 5 0.1
C '.'3 P 0.1 S 20*

~ 'd 0C

r.* C s = := 8 : Rb 1 Se 0.6'

Fe 51 Si 5 8937,y ]

2 i.iln 5 0.05 Sr .0.5 1311 0.9

I K 0.4 Te 0.5

* Isotopic Cs aton ?

133Cs 45'

135Cs 13
1915 224-

137Cs 42

.
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Distribution -5- May 2,1979
-

.

^ ' ~ ~ '*' '' ' -

Siisorption Study ,

-
,

Enhanced activity on the glass sample vial was observed for
-132Te,140La,140Ba, 95 b and 103Ru; adsorption is indicatedti
for these elements and should be circumvented in subsequent
' analyses.

5. Initial results were reported to Tom Telford of DOE and
Trojamowski of flRC by phone on April 12, 1979. Subsequent

boron results were reported to Telford on April 13, 1979.
!- =

.6. C'ontacts . .

(FTSHarrisburg,PA 590-2200)
.

--

. .. - .

Bob Trojamowski and'' '

NRC
:- : i t t : -: .

- Mike Slobedian; .:

(717) 944-0101-: .: :t t - .

7. - -

j:- ;j',|{-{{-- (717) 944-2483

U!!- ';.;. [:. * . . il i : 21 : Joe Colitz
-- . - - ':e:e:.i

-'

(717) 944-4646-

-(717)944_4649C . Z . :- -~ : -- - :
~ .- -: : . -- - -

-

h13 Tc hre :t:t::t: -

-Richard Emcceci:.e :- ;
FTS 492-8066

54: C.E :- -' :e:e:.e: e. .; _

C 'l I" ' ' : ' To'm 7elford :-
DOE

3 ' 22' (717) 944-3583
3F '. 2 .:: -

E e e -(gner and Mr. Weiss
Joe He

301) 4_92-8111 _

Se-i .- :'::: .+ 3 3-- :

2:s:--:-f_ ritz Wolfe :z - - - ... ;

Vit scan s:: :t 1:
FTS 233-5555i..:5. ; :n .:: .-

Dick smith:00E/0R0 --- . - - - g - --- ---
'

::. :.: : . - : - :. c:
-

-- -
- _- .:WDS:sjw _

. -.
, . . . ,

Distribution': R. E. Brooksbank - - .-
-

''
,'

,

~[,.(
| mj: D. O. Campbell

J. A.. Carter - : --
-

-: '

.
,

[,, . ;d L. T..Corbin ,,,

r B. Duggins -
.,

J. F. Emery
D. E. Ferguson
e. W. King ' '-

.
.

W. R. Laing
F.R.Mynatt/ 1915 225

h
J. R. Stokely

i D. B. Trauger
| A. Zucker
i

;
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INTERNAL CORRESPONDENCE
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-
Hay 14, 1979

" ..

F. R. Mynatt , 9201-3, MS-124, Y-12 (4-0422)

Summary of Three Mile Island Work

Attached is a brief su ary of work performed by the Nucicar Engineering
Due to the extensive and diverse nature of theApplications Department. However, for each problem

results, I have not included them in the stnmary. Our records do notwe were able to supply all of the requested information.
include the NRC contracts on problem number 2. Since you made the initial
request for these anIlyses, perhaps you may recall who the NRC contacts were.for this work.I have summed all of the charges to account number L-61096-02
If you need the charges associated with the individual tasks, I will be glad
to break them out for you.

h. $.
G. E. Whitesides, 6025, MS-1H, X-10 (4-5267)
Computer Sciences Division

a

$
GEW:bn ,

-

File - NoRC

:
.

3

.

1

,

e
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Summary of Analyses Performed for the Nuclear Regulatory Commission
on the Three Mile Island Plant

Nuclear Engineering Applications Department
Computer Sciences Division

Problem 1 - Radiation Exposure to Instrumentation on the Pressuriaer Tank
,

A. Dose Rate At Surface of Tank Given th'e Interior Water-Bourne Sources.
_J' quested by: Rod Satterfield, NRC

Andfddnt Cchtrol Center

~ Reported to: - Rod '5atterfield, Carl Neal
'' - '" - -~E---~

.-...:..- . . . _ :: _ . - . ...c:. . .. _. c:: ::.. - ..

-- Source' spectrum calculated by O. W. Herma'nn using ORIGEN-S.
''

-

' Shielding analysis performed by- G. E.-Whitesides, R. M. Westf all
- --- - L-- -

- - - - _ . .:: .using- ANISN. - - '--- ;; ~!- C 2- =-

r ..;; :: :.... 1:.1. - . : arr.::: -:- -r a:; _ :- ::_.. _: .:_::-

B. ' Dose' Rate At Instrument Bank on' Cover"C'ontainment Wall 'Given the AirI -

- ~ 'and Water-Bourne Sources . -- - :- ; i L: :- ----- :12 - - ---
-

-

1 R'equested by: Rod Satterfield~

Reported to: Carl Neal

, . ~ . Source spectra calculated by O. W. Hermann using ORIGEN-S.
. Shiciding. analysis performed 107. J. .V_. Pace and R. L. Childs using

.

L:: DOT-IV. _ _ ; _ , _ _ _ , - -

:: ..

Problem 2 - Determine Xe-135 Source Strengths in 1 and 2 Inch Schedule 40
::., - -:: Pipes for Given Dose Rates at Outer Surfaces.

Requested by:

Reported to:

Hand calculations by O. W. Hermann.
ANISN analyses by J. R. Knight.

Problem 3 - Inventory of All Radioactive Isotopes in the Reactor at the Time
of the Accident and at Given Time Intervals after Shutdown.

Requested by: Dennis Rathbun, Office of Policy Evaluation, NR"

Reported to: Dennis Rathbun

ORIGEN-S calculations by O. W. Hermann

a15 227
' i

| ESTIMATED COSTS i /

63 Man Hours $1884
Computer Charges _ 183 -

*

$2067
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INTRA LABORATORY CORRESPONDENCE
OAK RIDGE NATloNAL L ABoRAToRY

.

May 17,1979
.

'
'

. .

1

' TO: F. R. Mynatt

FROM: D. E. Bartine ) 8 h
SUBJECT: Three Mile Island Work

..

Reporting past Efforts

Sorry these are a few days late, they were quite an organizational
effort. Hope the delay causes no problems. Would you object to our
presenting some of this work at the Atlanta ANS meeting? (RP&S divisiona

/ meeting)

{
Current Work Efforts

f As a result of a meeting with Jim Sr.ider at 1:00-3:30, 5/15/79, the
j following items are still active:
e

[ 1. General problem of verifying sources in the individual
storage tanks in the auxiliary building. (Consists of;

f calculations of projected dose levels based on hypothesized
| coolant content and comparison with measurements and/or

analyses.)
;

2. Determine the curie content of fission products allowed in
the ion-exchange resin barrel in order to meet 0.5 mrem /hr
unlimited access level at the overlook from a " bare-pick"
of the resin barrel. Also wants dose as function of dis
tance from barrel for above sequence (relates to courtyard
areas and to close-in barrel decoupling requirements).

3. Determine concrete roof thickness for evaporator in spent
fuel storage pool, to contain full core inventory at 90 days
from 3/28.

4. Investigate radiation dose leakage from the spent fuel
handling pool through the gate leading to the spent fuel
storage pool.

,

In aodition, Robbie called Doug Selby today and indicated that
EPRI has designated him the task of explaining the BF3 detector read-
ings. He is apparently planning to request our assistance and will be
contacting you..

!
*

Radiation Hardening

In a related issue, my contact at DNA (Major Mike Kemp) would like
to propose that they develop a process to harden the components for the

1915 228



-
--

,_
.

2
.

.

Estimated cost $200-400K, unclear whether theypressurizer transducer.
would insist on "outside" (00E and/or flRC) funding or whether they could
dig up DilA internal funding if the work were requested by flRC or 00E.
Any suggestions as'to how to proceed from here?

DEB:nc

Attachments (11)
_

cc: T. J. Burns
R. L. Childs
W. W. Engle
D. T. Ingersoll
F. C. Maienschein
J. V. Pace
D. L. Selby
A. Zucker

.

.

:

1

.

1915 229
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ASSISTANCE PROVIDED BY THE REACTOR PfiYSICS AND
SHIELDING GROUP FOR THE THREE MILE ISLAND

PROBLEM
.

I. Pressurizer Transducer Dase

A. Statement of Problem

To determine the dose received by the pressurizer transducers
so that an estimate of their functional lifetime could be obtained.
The transducers are located in a basement hallway in the primary
containment building and are necessary for.the control of the system
pressure since they indicate the level of water in the pressurizer.

.

-

The transducers were tested for a 1G rads exposure level.5

The basement hallway (13' wide, 22' high) was filled with 2'
of water. Radiation sources assumed were primary coolant at 52
hours (diluted 2/1) for the water and an air sample for the primary
containment building at 84 hours.

~

B. Work Performed

A 2-D (x-y) DOT discrete ordinates calculation was performed to
determine the dose at the detector positions for the sources given.
A time-dependent estimate of the air and water sources was obtained
to use in determining the time-integrated dose received. The dose
received from the air and water sources was plotted separately as
a function of time. The integral dose for air, water, and air and
water sources was also plotted as a function of time (see attach-
ments).

C. Results

}
The dose rate calculated from the sample sources was about

i 1 rad /sec from the water at 52 hours and 1.75 rads /sec from the
air it 84 hours for a combined total of s10,000 rads /hr. The

i integcal dose at the time of the calculation (%6 days) was %2x10'
! rads, indicating that either the transducers were operating far
i
i

beyord their specified lifetimes or that the sources used for the
{

calct.lation were large. However, the calculations also indicated
that in . going from 6 days to 20 days after the accident, the

6 6t integral dose would only increase from 2x10 rads to 3x10 rads,-

i.e., that the transducers had already received most of the inte-
gral dose which they would receive from the current source).

e
'

D. Work Requested By
|
.

George Knighton, NRC, 4/3/79

E. Results Reported To

George Knighton, NRC, 4/4/79

f915 230
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F. Work Performed By

D. E. B'artine EPD
'

T. J. Burns EPD
CSD

- ~ C
R. L. Childs.

W. W. Engle EPD

J. V. Pace CSD

G. Estimated Cost

: ~
- $2,000
....
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II. Core Isotopics and Decay Heat

'A. Statement of Problem
'

Determination of isotopic concentrations and decay heat rate
in the core at the time of the accident and for the following 60
days. The isotopic concentrations were of interest for determining
potential levels of contamination, and the decay heat rate indicated
cooling requirements.

B. Work Performed .

ORIGEN calculations were performed for both a short term*

(0-84 hours) and a long term (0-60 days) case. The case assumed
days /80 full power days with a burnup of approximately 3000 MW

The total core inventory was 82.06 M.T.h, andt
M.T. heavy metal.
the specific power was 33.8 MW/M.T. Since the initial runs were
made with 37.5 MW/MT, a correction factor was supplied with the
case.

C. Results

The ORIGEN runs were disseminated, with the isotopics, thermal
decay heat (S+a), a power, and source terms (photons /sec) for use
in later transport runs. The total decay heat production (MWt)
variedfrom168MWatthetimeoftheaccidentto5MWatthe$ime
of the calculation (7 days after the accident) to 2 MW at 30 days,
and then stabilized at about 1 MW for 60 and 90 days.

D. Work Recuested By

| Floyd Culler and Ed Zebrowski, EPRI; Les Oakes, M&C; 4/4/79

E. Results Reported To

Floyd Culler, Ed Zebrowski, EPRI; Les Oakes, M&C; 4/5/79

F. Work Performed By

T. J. Burns, EPD
,

G. Estimated Costs ,

! $500

1

.
9

1915 235
.



. .

.

.

III. Tank Car Storage

A. Statement of Problem

Determine the dose rate in the vicinity of a railroad tank
car containing water from the auxiliary building to determine the
feasibility of temporary storage in this mode.

B. Work Performed

ANISN calculations were performed to determine the dose from
a cylindrical tank. A source term was provided for the auxiliary

,

building water at 14 days after the accident.

C. Results

The results indicated a contact dose of 40 rem /hr,100 mrem /
hr at 200', 2.5 mrem /hr at 900', and 0.1 mrem /hr at 2000'. The

contact dose was too high for the specified auxiliary building
water to be put into the tanks at the time.

D. Work Reauested By

Frank Ackstulewicz, Accident Analysis Branch, NRC, 4/11/79

E. Work Reported To

Frank Ackstulewicz, NRC, 4/11/79

F. Work Performed By

D. E. Bartine EPD

W. W. Engle EPD

D. T. Ingersoll EPD

J. V. Pace CSD

R. L. Childs CSD
)

G. Estimated Costs'

$1,500'

<

i
:

i
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IV. Steam Generator Repair

A. Statement of Problem

Determination of the dose in the area of pipes carrying
water from the secondary side of the "B" loop steam generator.
The intent was to use the steam generators, connected to the
condenser, as coolant mechanisms for a natural convection no-
pressurizer " cold shut-down" operational mode.

-

B. Work Performed _ ,

An acitvity source for the secondary loop was obtained
.

(activity resulting from tube ruptures in the primary side),
--

end a dilution factor of 3 was assumed.

~ ANISN calculations were performed to obtain dose rates
__.'ar,ound infinite cylinders represen_ tin.g steel pi_ pes with 12", 16",

~

and ~20'" internal diameters.
zu -

- - . .. - . -- .. .

C. Results
_. .. ...

Doses were reported in mrem /hr at coh*.ct and 2 1/2', 4.1/2',
6', and'10' from the pipes. The dose rate uas about 50 mr/hr for~

.the 12" pipe carrying the dilute solut. ion and roughly fell off
ias 1/r from the. pipe centerline for all three cases.

D. darkRecue's'tedBy-
~' ~ ~

-

Warik~ A'c'k'stulewicz, NRC, 4/16/79

E. Nork' Report'edTo ["~ ~

-ira'nkAck'stulewicz NRC. 4/17/79
Richard Emsch, NRC, 4/18/79

F. . Work Performed By
.-

D. E. Bartine EPD

-D. T. Ingersoll EPD

J. V. Pace CSD .

G. Estimated Costs

$750i

.

1915 237
|
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V. Tank Car Recalculation
'

A. Statement of Problem

Determination of the dose rate in the vicinity of railroad
tank cars if they were to contain water from the auxiliary building.
This is a repeat of problem III with an additional source term, and
an attempt to obtain a more exact answer, since the first set of
results was obtained from a quick, conservative approach.

.

B. Work Performed.

A cylindrical ANISN calculation was performed for the new
source, followed by a spherical ANISN case conserving the surface

A 10,000 gallon tank car was used instead of a 20,000area.
gallon car.

C. Results

The new results indicated about 20 rem /hr contact,100 mrem /
-

. hr at 85', 2.5 mr/hr at 550', 0.3 mr/hr at 1000' from a 10,000
gallon car.

- D. Work Requested By-
.

Frank Ackstulewicz, NRC, 4/16/79
.

- E. Work Reported To

Frank Achstulewicz, NRC, 4/17/79

F. Work Performed By
-

-

'
~ D. E. Bartine EPD

.

i - - - T. J. Burns EPD
- R. L. Childs CSD

' -

i
- G. Estimated Cost

,

_

t
' ~

$750
-

,

.
.

1915 240
.
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VI. Time-Dependent Tank Car Dose

A. Statement of Problem

Determination of the dose rate in the vicinity of railroad
tank cars if containing auxiliary building water as a function of
time.

B. Work Performed

Calculations were performed to obtain source terms for the
. auxiliary building water as a function of time. ANISN calculations,

cylindrical and spherical, were then performed to determine the*

dose at the time of the analysis (14 days after the accident) and
30, 60, and 90 days after the analyses. Calculations were run
for both the 10,000 and 20,000 gallon cars.

.

C. Results

Doses were reported at contact, 1,000', 2,000', and the dis-
Thetances were given for 100 mrem /hr and 2.5 mrem /hr dose rates.

_ contact level was 19 rem /hr at T=0 (14 days) and dropped off to s
750 mrem /hr at T=60 days, but was still 1600 mrem /hr at T=90 days.
The implication is that the material would require shielding
before shipping, either in shielded tank cars, or the hot isotopes
could be concentrated and shipped in heavily shielded containers
such as shipping casks or spent fuel storage casks. To obtain the
200 mrem /hr surface dose (and <100 mrem /hr at 3') for shipping
regulations would require a Pb liner about 1" thick for the tank

i car.

D. Work Requested By
-

.

Rich'ard Emsch, Div. Operating Reactors, NRC, 4/18/79

E. Work Reported To

Richard Emsch, NRC, 4/19/79

F. Work Performed By

D. E. Bartine EPD

W. W. Engle EPD
-

T. J. Burns EPD

R. L. Childs CSD

f915 241: ~ - 2 G. Estimated Cost

$1,500

-

.

-

, .

2
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VII. Tank-Car Algorithm

A. Statement of Problem

Define a simplified method for determining the dose rate level
in the vicinity of a 10,000 gallon railroad tank car containing
fission product-contaminated solutions, such as the water in the
auxiliary building or other dilutions of the primary coolant.'

B. Description of Work Performed

Gamma sources were obtained for several individual nuclides,-

namely, 2'2 I, 2531, 23*Cs, 2''Cs, 2" Ba, and 2*0La. ANISN calcu-
lations (cylindrical and spherical) wc-re performed for 10,000

,

gallon tank car configurations for each gamma group (using a source
strength of 1 photon /cm /sec) in which any of these isotopes has a2

source. The sources for each individual isotope were then folded
with the individual group calculations to obtain the doses.

C. Results

Results were reported in mrem /hr at contact and distances cf
-

20' to 1,000' from the tank car for 1 microcurie /cc solutions of
each of the above isotopes (see attached tables). The tables will
be used by multiplying the values given by the measured concentra-
tion of a given isotope and summing over the isotopes. A table
giving the same information for an infinite cylinder (simulating
a long . rain of such tank cars) was also included.

D. Work Requested By

Richard Emsch, NRC, 4/19/79

E. Work Reported To

Richard Emsch, NRC, 4/26/79

F. Work Performed By

_D. E. Bartine EPD

R. L. Childs CSD

W. W. Engle EPD

D. T. Ingersoll EPD .

G. Estimated Cost

$1,200

.

1915 242
I
i
|
|



-.

._

.
-. .. .. .. .. -

'
~

,
.

.
.

.

.

DOSE IN mR/ HOUR AS A FUNCTION OF DISTANCE FROM A ,

}

'

10,000 CALLON CAR *PER MICR0 CURIE /CC 0F:

Il31 1133 C 134 C 136 C 137 B 140 L 140
a

s a_

s s

!!

contact 121.0 274.0 728.0 1080.0 199.0' 91.6 1250.0

20 feet 9.76 21.7 57.4 84.5 15.9 7.33 96.2

40 feet 2.49 5.42 14.3 20.9 3.98 1.85 23.6
.

60 feet 1.16 2.48 6.52 9.46 1.83 0.852 10.8

80 feet 0.664 1.40 3.68 5.31 1.04 0.486 5.93

100 feet 0.443 0.926 2.42 3.47 0.684 0.322 3.86

150 feet 0.210 0.429 1.12 1.58 0.319 0.151 1.74

200 feet 0.122 0.245 0.634 0.892 0.182 8.69E-2 0.972
e3

400 feet 3.02E-2 5.92E-2 0.153 0.212 4.44E-2 2.13E-2 0.227

600 feet 1.14E-2 2.27E-2 5.88E-2 8.19E-2 1.70E-2 8.10E-3 8.87E-2

1000 feet 2.26E-3 4.86E-3 1.28E-2 1.85E-2 3.58E-3 1.67E-3 2.10E-2

.

*(Sphere approximating 102" i.d. , s24' long cylinder)

.

M

-

(J7 .

rs)
42.
U

.
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DOSE IN mR/ HOUR AS A FUNCTION OF DISTANCE FROM
,101 INFINITE CYLINDER *PER MICR0 CURIE OF: ,

. . .
i

'
'

'1131 '1133 C134 C136 'C137 3140 L140
s s s a ai

,

..
..

contact 121.0 274.0 1728.0 1080.0 199.0 '91.6 1250.0
,

20 feet ' 2 3 *. 9 ' 51.' 7 '136.0 '198.0 '38,0 17.7 224.0
,

,

40 feet '12 '. 9 ' 2 r. 2 '71.3 103.0 '20.1 '9.43 114.0'

'60 feet ''9.08 ''18 . 8 49.1 70.1 14.0 6.58 77.4

'80 feet "7.02 '14.4 37.4 53.0 10.7 5.05 '58.2

100 feet "5.76 "11.7 30.4 42.8 8.71 '4.13 45.8<

.' 1. 0 u,

150 feet 3.94 7.88 20.4 28.6 5.88 2.80 ,

22.6
200 feet '2.92 5.81 15.0 20.9 '4.35 '2'07 '

'2.41 86.24 '8.72 '1.80 10.857' 9.46'

-
*

400 feet 1.21

600 feet 0.583 1.20 3.14 4.46 0.894 0.421 4.94'.

0.922.,ii.,., 1.39 0.252 0.116 1.65
0.347 ..

,

1000 feet,,, 0.153,, ,-

.

* Infinite cylinder is a conservative approximation of the effect of multiple tank cars in
train (as opposed to singic car source). .

M

rs)
.C=
.c=
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Detector ReadingsVIII. BF3

A. Statement of Problem

detectors, located in the cavity outside the reactorThe BF3
pressure vessel but inside the primary containment, are giving(Normal readings m3 cts /
high readings which are dropping with time.
sec, current reading 35 cts /sec, was 50 cts /sec at 52 hrs.) The

problem is to attempt to account for the readings.

Two basic possibilities were investigated:
. 1. high levels of neutron production from (Y,n), spon-

taneous fission, and (Y,n) reactions* .

high gamma dose levels giving false neutron readings-
2 ~.

'

B. Work Performed
-

A search was made for cross sections resulting in neutron pro-
duction representing reactions which might be occurring in the

- reactpr core and primary coolant. The resulting neutron flux leveli

5 at the detector position was then calculated. ;

$h An estimate of the gamma flux was obtained along with an indi-

i ~ cation of the possible effect of these gammas on the detector*I
reading (normally subtracted as background). The dose to the

9 ' gamma detectors present further aut in the primary containment was
' 1

; _. also estimated. j
~

- -

-

[{C. Results -

_ : :
- _ - .. - .- .-

-

Jhe ne'utron flux levels at the BF3 detectors was estimated to
,

) <-

j .. ;
_ be 0.1 neutrons /cc/sec, much too-low to account for the observed<

t
readings. The gamma dose at the detector readings was estimated

'

i f. to be s10,000 rem /hr, much higher than the 27' rem /hr level which
detector2: was reportedly being assumed in interpreting the BF3

: readings. It therefore appeared that the high gamma field might
_' be responsible.for the high detector readings, although there may:

~
-be other, equally valid explanations. -

2 .:_

- D. Work Requested By
-

;

R. Ball, B&W. through J. Robinson,' TEC, 4/17/79
,

~ $
E. Work Reported-To

- - :
_-_

|
J. Robinson, TEC, 4/20/79

- *

.

' - - - - - _.

F. Work Performed By .
: ,

-

.-

-

. - - - -

! D. E. Bartin'e ~ 'EPD : : I :.
.

i

T. J. Burns EPD
- 1915 '745

~ ~~

D. T. Ingersoll EPD
-

D. L. Selby EPD

J. V. Pace CSD

G. Estimated Cost
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IX. Ion-Exchange Resins

'A. Statement of Problem

Determine the allowable concentration of fission products
in ion exchange barrels. A dose limit of 40 rem /hr at l', which
is the current operating limit, was assumed.

B. Work Performed

Calculations were made for two different ion trap models,
The

one for iodine and the other for the metal ions such as Cs.
.

barrel was assumed to be filled with H,0, and were 6' i.d. by 6'*

long of 1/4" iron. A constant distribution.of source was assumed,
and a total number of curies was calculated.

C. Results

The cation (metal ions) barrel was estimated to contain 790
curies, which corresponds to the content of 350 gallons of primary
coolant at April 30. By comparison, the. barrel volume would hold

_ 1270 gallons of primary coolant, so that running to the above
concentrations would multiply the volume of active material by'

The iodine barrel would only accommodate the content of 250s4.
gallons of primary coolant (s2,000 curies) on April 30, but should
be able to accommodate 1,000 gallons by June 1. Since the volumes
of contaminated resins resulting from the separation investigated
here would be overwhelming, the use of shielded containers or of

I evaporators will be considered.

D. Work Requested By

J. Levendusky, EPICORE; J. Snider, ORNL; 4/27/79

E. Work Reported To

J. Snider, ORNL; 5/1/79

F. Work Performed By_

D. E. Bartine EPD

T. J. Burns EPD
.

G. Estimated Cost
.

,$375

' 1915 246
.

e
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X. Pipe Transport of Primary Coolant

A. Statement of Problem
.

Determination of the dose in the vicinity of pipes carrying
In order to move contaminated coolant intoprimary coolant.

longer-term storage facilities, for example in the spent fuel
handling pool, it would be necessary to pipe the coolant through

Many of these, especially stairwells,existing passageways.
would need to be available for personnel use, so that the dose
rate levels anticipated in these passageways is important for
planning considerations. ..

_,
-

_ _

'B . Work Performe'd
~

.

.
.- , -. .

One-dimensional ANISN disc' rete ordinates calculations were
performed to obtain the dose rate as a function of distance
from~ contact out to 10'. These calculations were performed for
bare pipes and for pipes with 1/2", 1", and 2" lead coverings.
:In--a separate set of calculations, those doses were also obtained
ras a function of time, extending .from T. = 0 (5/30/79) to T = 90

:- .
- ,

days. - - -- .

d. Results_ '
~

.f$$ ,,,

j
'~'

.-'~ '

.- -

- --
-

- -
.

:-. .. - . _

.. The contact dose calculated without a lead covering was 100
n .

The contact doses for 1/2",1", and 2" lead coverings-

: rem /hr. In all cases,
+(ere 50 r/hr, llr/hr, and 1.3 r/hr, respectively.
gthe. dose outside the pipe fell off by a 1/r factor from the pipe
centerline, for example, the uncovered pipe gave a dose of 9 r/hr
,a.t l', 2 r/hr at 5', and Ir/hr at 10' . A plot of the results is
inc10ded.

horkReque's'tedBy
~

~ ~' ~
~

D.
- . . . .

..

~ J. dn1 der,-ORNL: A. Cyzelman, Burns & Roe; 4/27/79
,

E. Nork' Reported To
.

ySnider{0RNL; A Cyzelman, Burns & Roe; 5/7/79
,

,

F. Work' Performed By
.

- D. E._ Bartine EPD
;, :

7.~1r. Engle EPD

,Q..V. Pace CSD

G. Estimated Cost
.

$1,000

1915 247.

:
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Tank Storage in Spent Fuel Handling Pool
,

XI.~

'A. Statement of Problem

Determine the roof (concrete) thickness required in order
to use the spent fuel handling pool for tank storage of primary

Two 25,000 gallon tanks are placed in the bottom ofcoolant.
the 40' deep concrete pool, with four 15,000 gallon tanks suspended
from an I beam s.lar the top of the pool. The concrete roof will
be placed on top of the I beams.

B. Work Performed'

ANISN one-dimensional discrete ordinates calculations were
.

performed tc determine the dose resulting from filling the bottom
tanks with primary coolant and from filling the top tanks withEstimates ofprimary coolant and with diluted primary coolant.
the dose as a function of time (4/30, 5/31, 6/30) were made for
concrete thicknesses of 0, l', 2', 3', and 4'.

C. Results

Utilizing the primary coolant source from the 4/14 analysis
and decaying it to 4/30 showed a dose rate of 1280 rem /hr at theOf this dose, 1200 rem /hr
pool top without any concrete shield.
came from the top tank layer and 80 rem /hr from the bottom layer.
The total doses through l', 2', and 3' of concrete were 15 rem /hr,

These results indicate that 2' or 3'170 mrem /hr, and 1 mrem /hr.
of concrete should be sufficient (for ' limited access areas) by
the time the tanks are likely to be filled.

D. Work Requested By

J. Snider, ORNL; 4/27/79

E. Results Reported To

J. Snider, ORNL; 5/7/79

i F. Work Performed By

D. E. Bartine EPD

i D. T. Ingersoll EPD
'

J. V. Pace CSD
.

l R. L. Childs CSD
1

f G. Estimated Costs

$1,500
i

1915 249
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INTRA-LABORATORY CORRESPONDENCE
OAK RIDGE NATION AL L ABOR ATORY

May 10, 1979,

- - - - -
. . _ _ - _ _ _ . _ _ _ . _ -

. _

- _ _ _ _ _ . _ _ . _ . _ . . .

._.
. . _ . . _ ..

_ . , . . . _ _ _ . . . . _ _ . .
. . . _ _ _ _ _ - . . . .

To: F. R. Mynatt . ,
:

From: C. H. Jenks (6-2576) (/
.- .

Subject: Report Su=marizing My Assistance in Response to the Three
- - . - - -

Mile Island Accident
- - -

,

_ _.._. _. _ _ . . .
- _ - _ _ . . _ . _ . . .._..___ .________ ..

1

. - _ _ . - . . _ . . _ _ _ . _ _ _ .._ _ ____.._ _._._____..... ____. .__

, The information which you requested in your May 2, 1979, letter is enclosed.
, , , . ,

i

< . . . _ _ . . _ _ . _ _ . .. . _. . . . _ _ _ , . . _ _ _ .__ ._, _ ___,

j CHJ:dd

'

Enclosuresd

-1.-----Problem Summary, "NRC Request Through D. B. Trauger on April 2, . .

- - - - - -

1979, for Information on H2 Solubility in Water at TMI and on
Via Side Stream Flow of Reactor.

| ---- Transfer and Stripping of H2 ._ ._.._____

j Water Through Pressurizing"
'

--
L_-Problu Su==ary, " Consultation on Radiolytic _ Gas Generation _ __ _

and Recombination Within Reactor at TMI"
'

_ - _ _ _ ._ . _ _ . _ _ _ . . _ . _ _ . _ . _.__ _ ___.

.. . . _ . . _ _ _ _ . _ . . .

i _ _ _ _ _ . .W._C. McClain.. - . . ___
. _ . _ . . . ' _ _

~

cc/ enc: D._E. Ferguson . . . . . . . _ _ . .
'
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Attachment 1
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.

.

Problem - NRC Request Through D. B. Traur,er on April 2, 1979, for Information
on 117 Solubility in Water at T!!! and on Tran s f e r a nd S t r i pjLg,i

of 112 Via Side Stream l'10w of Reactor Water Through Pressurizing
.

.

Work and Conclusions - The following information was assembled and reported.

1. Total volume of 112 dissolved in reactor main stream water under
following assumed conditions:

a. Uniform concentration of !!2 throughout main stream water

3

t b. Total volume of main stream water = 12,000 ft

1000 psic. Equilibrium pressure of dissolved H2 =

d. Temperature of main stream water = 138'c ,

The solubility of gases can be expressed as,'

| a = psi per cm of gas (STP) per kg of water3

!
1

at 138*C, a for H2 = 0.62.
1

~

3 3Then 112 concentration in water = 1.6 x 10 cm (STP)/kg

3(STP)3 8(1.6 x 10 )(3.15 x 10s) = 5.1 x 10and total amount of H2 cm=

18,000 ft3(STP)=

,

2. Temperature of minimum solubility of H2 in water

this is at 460*C where a = 0.995.
i

(at 100*C, a = 0.80)

out of main stream with gas-stripped side stream3. Rate of transfer of H2,

of 15 gpm or 50 gpm and times to effect given reduction of (H2) in main1

stream. .

f ) = -k(if2) (1)
d

|

E|0, - e-" 1915 253 (2)
.

i

-
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or

2 (3)t=-fen,

.
.

where

k = 1.67 x 10 "/ min at 15 gpm
~

k = 5.57 x 10 "/ min at 50 gpm-

Time to Ef fect Given Reduction in (!! )2

Time (days)
|

Item Required Ratio (H2)/H2)o 15 gpm 50 gpm
| ,

Pressure of dissolved H2
|

reduced from 1000 psi

to 300 psi at 138'c 0.30 5.0 1.5
g
'

| Pressure of dissolved H2 ,

.

b reduced from 1000 psi

3 to 300 psi at 60*C 0.19 7.0 2.1

Pressure of dissolved H2'

.

reduced from 1000 psi
q to 300 psi at 100*C 0.23 6.1 1.8

( 4. Gas transfer into gas space of pressurizer at Three Mile Island by
i 15 gpm side stream
A
I Assumed conditions in pressurizer:
) 285*Ca. Temperature

b. Temperature of entering side stream 138'C

i c. Mass of boiling liquid 1.4 x 10" kg;
7 3

| d. Volume of steam dome 1.75 x 10 cm
Heat loss from walls of steam dome <25 kcal/sec

c.

f. By-pass liquid enters pressurizer-

near top of steam dome*

The steam dome is free of permanent gas E4g.
at the start of by-pass flow

h. Initial concentration of H2 in main 1.6 x 10 cm'(STP)/kg3

stream

.



.

3
-

.

I analyzed the gas distribution conditions in the pressurizer using the-

results of a theoretical analysis which I reported .ibout 10 years ago
! (C. II. Jenks, " Gas Distribution in PWR Steam Pressurizers," in Reference,

! State-of-the-Art Design and Technological Assessment of a 1500-kW(e)
Pressurized-Water Reactor, G. Samuels, Program Director, ORNL-TM-2604,
August 1969, Appendix 11, p. 365) .

I concluded that essentially all of the gas which enters the pressurizer
inwithin the side stream during a period of about one day would collect

the gas-vapor phase, i.e., in the steam dome. The fraction collecting

in the steam dome from additional by-pass flow beyond one day without~

venting would be <1.

Conceivably, the 112 (or other permanent gas) could be vented from theintervals as needed or desired bypressurizer into the surroundings at
the operators.

Other pressurizer and by-pass flow conditions could be analyzed by the
methods used here and described in the above reference.

Requestor - Tom Murely (NRC) through D. B. Trauger on April 2, 1979.
/.lso,Results Reported To - Tom Murely (NRC) by phone on April 3, 1979.'

I reported this work to D. B. Trauger in a letter dated April 4, 1979.

Workers - G.11. Jenks

Estimated Costs - About 1 day of my time
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on Radiolytic Cas Generation and llecomoination
Problem: Consultation

Within Reactor at TMI

.

Descriptions of Work Performed - I worked with Joel Buchanan and others at
NSIC on Sunday, April 1,1979, as reported in a letter f rom Buchanan to

30, 1979, " Technical Assistance on Three Mile IslandCottrell, dated April
Accident." (A copy of this letter is attached).

l Monday, April 2, 1979, and we further'Also, Ed Zebrowsky called me ear y on
and I described severaldiscussed these radiation chemistry questiont.,i

Following our discussions, I
published papers which he could consult.
suggested he talk with C. J. Hochanadel (Chemistry Division), and I trans-
ferred Zebrossky's call to Hochanadel. -

I also discu'ssed radiolytic decomposition and, recombination of water and
references with Tom Murely (NRC) on April 3 (phone), with Bill Johnston
(NRC) on April 20 (phone) and with Paul Bryant and Klotz of Combuston

Engineering Windsor, Connecticut, on April 10 and 11,1979 (phone) .

These discussions covered my understanding of basic and germane aspects of
as outlined below.the radiation chemistry of water and aqueous solutions,

~

Water is decomposed by nuclear radiations to form radicals (e , , II ,

011, and possible 1130) in heterogeneous distribution, as initial
These interact as they diffuse into homogeneous distri-products.

bution,* and the products which appear in homogeneous distribution

are, primarily,
.

c , 11 , 0 11 , 11 202, 11 2 , 11 30+. ]g)} }}h~

These are called " primary products." The number of a species which

appears as a primary product per 100 cv of absorbed radiation energy
(yield) is commenly symbolized by g(li2), g(Oll), etc.

of reaction kinetics.
f

ellomogeneous distribution f rom the standpoint

4

_ _ _
ie -

p w NW - ,_, --
- '

_
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The following oxidation-reduction relationship prevails among these
,

products.

2g(H2) + g(c",q) + g(H) = g(OH) + 2g(H 0 ) .2 2

The value for g(H ) for beta-gamma in pure H O is 0.44. That for2 2

the radicals is much greater, e.g., g(c" + H) = 2.86.,

,
The primary products interact further to form products which include

_ , ,

02 and H20.
, ,

They may also react with other solutes present in
. solution. The overall results of the primary decomposition, with

_,

, , . respect to the net decomposition of water (expressed as G-values)
,,. _ depend strongly upon these various reactions. This can be illustrated

by noting that a low net decomposition occurs in pure water during
. exposure to S-y or.. reactor radiations when the radiolysis products. __:. ...... . - . . . . . _ . - .

. . . remain in solution (as in the ORR and HFIR). Under these conditions,, , ,,

the molecular products. accumulate and. reach concentration. levels
. . . . .. .

::.: ns(%10'" m .in the ORR.and HFIR) .at which the rates of formation and.

:. u - .. , ,

of removal by reaction with radicals are equal. The addition of H 2

. prom.otes the reactions which. lead t.o recomb.in.ati.on of.wa.ter .and the.gng t .. ..: .. . .. . . -. . . -

,., . . addition of both H2 and 0 .in.. excess of the..s.t.eady state concentra-
. 2.. ... ........ . . . .

tions leads to combination of the dissolved gases. The G-values for
tliis water formation reaction (as studied and reported by Hochanadel)

,

d.? Pend on temperature and the indicated, values f,or G(H20) wcre 3.0 at
, ,. , , _ , ,.

100*C and 5.5 at 150*C. ..

... .. .._.

. i-5- 257,
.

. .:.. .-. . .. . . . . .- .. - .. .. . . . . -.

- -

If the radicals are removed from solution by reaction with radical-
- *

scavanger solutes * (e.g., Cu+2 or Br ), the molecular products remain
~

in solution and they accumulate until they reach concentrations at
which they can successfully compete with the scavanger ions for the
radicals. Depending upon the properties of the particular scavanger

,

* Radical scavanger ions are those which, in effect, catalyze the removal-

of the radicals by undergoing oxidation with the OH radical followed by reduction
with the reducing radicals, or vice versa.



I
,

*

3, . .

!
'

.

ions under consideration the molecular product concentration may reach
several hundred times that of the scavanger before recombination of
water becomes significant.

.

The reactor coolant at TM1 was not pure water, and I mentioned and
discussed the following reservations regarding the prediction of
radiolytic characteristics of the TMI coolant.

1. Effects of the borates in the coolant - Work of Hart et .1. ,
.

reported in the 1st Geneva Conference indicated that the oorates have
little effect on the radiolysis of water. Also, H. E. Zittel of ORNL

has studied radiolysis in borated solutions, and I asked (by phone)
his opinion. He indicated that the borates would probably have

negligible effect on the radiolysis.
- .

| 2. Effect of pH of the coolant - Some uncertainty exists regarding

) the effects of high pH on radiolysis of water. However, Zabrowsky
,

stated that the borated solutions in T111 would have a pH near 7 at the

i prevailing temperature (138*C). Assuming this was correct, it seemed
1

likely that no significant pH cf fects would occur.;
i

J. Effects of dissolved U and/or fission products - Zabrowsky said

that availabic information indicated only a few ppm of these. Assuming'

total concentrations of %2 x 10 5 m of ions with high radical scavanger

|
action, the steady state concentration of radiolytic H2 in soluti,n
would correspond to a gas pressure of <100 psi at 138"C. This was

well below the prevailing H2-bubbic pressure of %1000 psi at 138*C and

a it then seemed unlikely that any net radiolytic decomposition would

take place.'

258an1091 )n the gas
~

I also mentioned that radiolytic recombination of H2 2

i .. phase would probably t 2ke place with G(ll 0) 2 3, based on total2

f radiation energy abso.ption in the gas phase.
! -

| Estimated costs - About one day of my time not counting my time on Sunday,

April 1, 1979.
'
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April 30, 19792Um. B. Cottrell
.

.

Iloward licLain of the Energy Division and Paul llaas of Chem Tech assisted us
tJeon Monday in our continued assessment of hydrogen explosion limits.

concurred with a NASA specialist who was advising Zebrowsky at the site.

NSIC has continued to assist various clients on enfety questions raised by
*

the crisis atmosphere ended with the dicappearance of the hydro-TMI, however,
gen bubbic on April 2.

JRE:pc .

cc: M. M. Cardwell
R. B. Gallaher
P. A. Haas
G. Jenks
G. T. Hays
H. A. McLain
R. L. Scott
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April 30, 1979

.

To: Wm. B. Cottrell

From: 'J. R. Buchanan -

Subject: Technical Assi tance on Three Mile Island Accident

. . , . ,

On Saturday March 31; I received a phone call from Floyd Culler of the Electric
Power Research Institute (EPRI) requesting that NSIC provide technical support
information to Milt Levenson and Ed Zebrowsky of the EPRI staff who were en
their way to Harrisburg, Pa. The Three Mile Island (TMI) Unit 2 accident that
occurred on March 28 was by then recognized to be extremely serious with tost

. of the attention being focused on a hydrogen bubble that had formed in the
reactor pressure vessel.

Herman Postma phoned later on Saturday to confirm Culler's request and asked'

that we assist EPRI. I arranged for technical staff coverage for the Center
for Sunday and for RECON to be available at that time. Ray Scott and
Richard Gallaher assisted me on the day shif t and Gary Mays worked with me

q
on the evening shift. Glen Jenks of the Chem Tech Division came in for

h several hours to help us calculate "G" factors for hydrogen recombination
under assumed TMI conditions. Marie Cardwell opened the Document Room of

I

the Technical Library since we needed access to a number of technical reports.
She kept it open for about 10 hours.

Most of our attention on Sunday was devoted to estimating radiation induced
recombination rates, studying the TMI high pressure system in the SAR, and

,

collecting data on hydrogen explosion limits. We conferred with Ed Zebro,.' sky
at the site several times by phone. We recommended against adding any intctnal
recombination agent since it appeared that the "G" factor at TMI could be as

<

high as 3 or better and such an agent could upset the favorable hydrogen
removal rate. We also recommended that dry surfaces in the pressure vessel
be avoided and that the pressurized spray be continued. Zebrowsky found the
recombination data particularly helpful in the NRC planning meetings Sunday
evening. Jenks' counsel on water chemistry also added an ingredient that
was sorely needed.

t

1915 260
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April 30, 1979-
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.

Wm. B. Cottre11To:

J. R. BuchanarFrom:

Technical Assistance on Three Mile Island AccidentSubject:

.
.

I received a phene call from Floyd Culler of the ElectricOn Saturday March 31:
Power Research Institute (EPRI) requesting that NSIC provide technical support
information to Milt Levenson and Ed Zebrowsky of the EPRI staff who were onthatThe Three Mile Island (TM1) Unit 2 accidenttheir way to Harrisburg, Pa.
occurred on March 28 was by then recognized to be extremely serious with most
of the attention being focused on a hydrogen bubble that had formed in the
reactor pressure vessel.

and asked
Herman Postma phoned later on Saturday to confirm Culler's request

I arranged for technical staff coverage for the Centerthat we assist EPRI. that Ime. Ray Scott andfor Sunday and for RECON to be available at
Richard Gallaher assisted me on the day shif t and Gary Mays worked with me

Glen Jenks of the Chem Tech Division came in foron the evening shif t.
several hours to help us calculate "G" factors for hydrogen recombination

TMI conditions. Marie Cardwell opened the Document Room ofunder assumed
the Technical Library since we needed access to a number of technical reports.
She kept it open for about 10 hours.

Most of our attention on Sunday was devoted to estimating radiation induced
recombination rates, studying the D!I high pressure system in the SAR, andWe conferred with Ed Zebrowskyj collecting data on hydrogen explosion limits.We recommended against adding any internal!

j at the site several times by phone. the "G" factor at TM1 could be as
i

recombination agent since it appeared thatcould upset the favorabic hydroger.high as 3 or better and such an agent dry surfaces in the pressure vesseli
removal rate. We also recommended that Zebrowsky found the|
be avoided and that the pressurired spray be continued.

| reconbination data particularly helpful in the NRC planning meetings Sundaythat

I
evening. Jenks' counsel on water chemistry also added an ingredient

*

was sorely needed.-

.

.
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April 30, 19792 .

.

Wm. B. Cottrell ,

.

Howard McLain of the Energy Division and Paul Haas of Chen Tech assisted us
.

We
on Monday in our continued assessr.cnt of hydrogen explosion limits.the site.
concurred with a NASA specialist who was advising Zebrowsky at-

.

NSIC has continued t'o assist various clients on safety questions raised by
TMJ,.however, the crisis ate.osphere ended with the disappearance of the hydro-
geh' bubble on April 2.

JRB:pc
.,....: . .

cc: M. M. Cardwell
R. B. Gallaher.

P. A. Haas
G. Jenks
G. T. Mays

. .H. A. McLain
I RifLI Scott'
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Three Fule Island -~2
Technical Support -

-

On-Call Technical Assistance

L. C. Oakes, et. a1.

_ Problem:

Provide on-call expert technical assistance to diagnose problems

ind lend advice as information becomes available from the TMI site.

Principal areas of concern are instrumentation and control, thermo-

hydraulics, noise diagnostics, reactor systems and neutronics.
.

Description of h'ork Performed:
'

Calculations, investigations, and experiments with subsequent recommendations

were made in the following areas:

1. 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.

3. Calculations to examine adequacy of natural convection for core cooling.

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

Core.

5. Search for substitute methods for measuring pressurizer level, should

all existing sensors fail.
.

6. Evaluate failure modes and predicted radiation life of pressurizer

Icvel sensors.

7. Evaluate failure modes of core thermocouples to help establish

validity of core temperature measurements.

8. Confirm and evaluate sequence of events to predict probabic extent of

damage.

1915 263
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,

.

- 9. Evaluate feasability of using a Resistance-Temperature Device (RTD)

as a level probe in the pressurizer.

10. Examine failure ~ modes of Rhodium self-powered neutron detectors to

explain anomalous readings.

11. Evaluate dynamic hydraulic conditions at the pressurizer differential

pressure cells to find explanation for unexpected behavior.

12. Calculate the potential for cooling the core by flooding the outside

of the reactor vessel if natural convection cannot be established.

33. Evaluate or propose ways in which noise analysis might be used to

infer water level in the reactor vessel.

14. Propose $cthods for deriving a direct readout of subcooling for display

to operators.

15. Explore what can be learned about thermal-hydraulics from in-core

neutron detectors. Eg. water IcVel, boiling, pressure, etc.

16. Evaluate implications and probabic causes o'f high count rates on

startup neutron detectors. Determine if related to reactivity in the

core.

17. Participate in boiling tests at the Blowdown Heat Transfer experiment to

acquire baseline data for determinatien of boiling at TMI.

18. Provide on-site assistance in rigging substitute pressurizer level

measurements with RTD or pressurizer heaters.

.

ForJ(.RequestedBy.

NRC. .j

,-

Results Reported To:

NRC at Illi and Bethesda; summary reports have been prepared for individual

tasks.
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Work Performed By:

J. L. Anderson . ...

S. J. Ball
.

R. S. Booth ~ ~

..
~ ~

R.'M. Carroll
F. H. Clark
M. H. Fontana

. . .

D. N. Fry

~ M. B. lierskovit:
~ ~

~~

R..C. Kryter . . Is
i

i

t, J. T. Mihalczo g qq

, ..

L.. .. Oakes
. .._. . . .. . . . .. . ...

J. E. Mott (TEC) . .

J. R. Penland (SAI)
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Three Mile Island - 2
.

Technical Support

High Count Rate on BF Startup Detectors3

J. L. Anderson, et. al.

Problem:
,

Proportional Counters) are indicatingEx-vessel startup detectors (BF3
There is concern that ifabout 6 times the normal shutdown counting rate.

this counting rate is real, the core may be considerably more reactive

than it should be in the present highly borated, fully shutdown condition.

We need to determine the reasons for the high readings.

|
Description of Work Performed:

,

I A considerabic effort was required to establish the validity of
!

I the information received from 111I; to examine the geometry and characteristics
,

of the installation as designed and as it pertains to reactivity;,

to postulate and evaluate mechanism which could explain the anomalous

We became convinced that 1) The detectors were undamaged,indications.-

functional, and probably accurate; 2) If, the high readings represented

core multiplication, then the reactor was dangerously near critical and
i

Thefurther cooldown would result in criticality and higher core power.

detector indications were followed carefully to determine trends and to

This turned ou+ toattempt to identify the source of the high readings.

be difficult, because there was considerable confusion about how the data

This confusionfrom these detectors was recorded by the reactor operators.

persists, because of an apparent lack of understanding of the detector

and amplifier characteristics by the operating crew, and their procedures

are of questionable validity. In spite of this uncertainty, it was determined ~

19i5 266'
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that the counting rate displayed by the startup channels was following

anticipated gamma decay curves. This implies that the neutrons detected

were generated by gamma-neutron reactions in water and other materials and

were not necessarily related to core reactivity. Further, changes which

should have affected core reactivity such as baron concentration and

temperature did not have a corresponding effect on the counting rate. This

adds further weight to the idea that the neutrons seen by the detectors are
_

not core,-coupled.
..... ..

Conclusions and Results:

0ne candidate to explain higher core reactivity is the redistribution!! 2

of burnable poisons froa the reactor core. These burnabic poisons are

made of Boron Carbide clad in Zircalloy. Some of the Zircalloy is undoubtedly*

ve r :r:r- -
oxidized and the Boron Carbide may be redistributed. However, there is no

.- ::::.....

Twopojitive indication that the core reactivity is higher than normal.
more likely explanations are; 1) The neutron source containers are oxidi:cd

s c: ~.:= -..'. ..

and the neutron sources are . distributed throughout the reactor vessel,'

:: 7:s: ... _.

perhaps,in closer proximity to the startup detectors; 2) Because of fuel
_.... . . . . ..

c1, adding failure, the distributed gamma activity level is considerably
_ _ . . . . . . . . . -.

higher than normal and may be locr^.ed much closer to the detectors yiciding
c::t r. . . . .

more locali ed gamma-neutron reactions and higher counting rates. Significant

g mma or neutron sources external to the reactor vessel in the vicinity of

the detectors are unlikely. It is concluded that a significant core reactivity

problem does not exist.
.5 ___..._..

Nark 5cquestedBy:

~0' NRC-Bethesda, NRC-TNI (Beltracchi, Stello, Ackerman).
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Results Reported To:

NRC-Bethesda (Buhl); NRC *D11 (Ackerman) . April 20, 1979.

Work Performed By:

J. T. Mihalczo, J. L. Anderson, M. A. Schultz (TMI-IAG).

Estimated Costs:

3 Mandays; $1,000.
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Three Fule Island - 2
_.___.

Technical Support
.

In-Core Neutron Detectors

R. E. Booth

Prob 1cm:

liigh readings are observed on a ftw of the in-core self-powered

Rhodium neutron detectors. Examine failure modes to determine if the high

readings are indicative of detecter failura or if the readings could be

true indications. .

Description of t'ork Performed:

Several experts in the field of in-core scif-powered neutr:n detectors

were contacted to survey their experience with failures which might give

readings similar to those experienced at TMI. TMI detectors were

manufactured by a subsidiary of BGW so that experience of others such

as Reuter-Stokes is not directly applicabic. Most helpful were Ray

Watson and Colin Allen of Atc lic Energy of Canada at Chalk River. In

their opinion, the high readit gs are most likely a result of moisture

in the detectors or in C.: ;aoles. Significant differential temperatures

on the order of 100 degrees F across portions of moisture filled Magnesium

Oxide insulated cabic can generate electrical signals of the magnitudes

measured at TMI. Chalk River has developed a testing procedure for

detecting excessive cable Icakage. The procedure involves applying various

voltages to the normally scif-powered detectors and cables and measuring

the resultant currents. In good detectors with dry insulation the

resistance will be very high and linear with voltage. Fbisture tends to

generate spurious euf's and shows up as non-linear current-voltage relationships.
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Conclusions and Results:
_

. . . . .... .
-

.

' '' '"

liigh reading detectors in thc n!I core probably have moisture Fa their

cables as a result of b.cinc cypqsc'd_to_.the_high temperature oxidi::ing
.

atmosphere which was known to exist. - A recommendation was made to test

the detectors and cables at n!I using the Chalk River technique.
.
.

. .. ._ .

Work. Requested By:-- - - . . . - - . 6 - --.

h-- - 3 7 * --..M NRC-D E.(Ste11o, Ackerman) 2 :. -

i
.a , . . . . . . --.. ..... . - . - - - - . -

: _,. .. . . . _ . . .. . . . . . . ... .. .......-... . . . . . . ...

Results Reported To:
| ,. . . . ....._...

i
'

O,

NRC - Ackerman April 6, 1979.

. . ' .. ......, _ ; . m.. ., . . . . . . . .
. . . . . . .

j Work Performed By:
- ,: .: .

. . .

.

.
. . . . , . . _ . .. . . . . .... . . . . .. . . . . . . ... .. . .... . . . .,.. .. .

.

i R. S. Booth, J. L. Anderson, R. K. Abele.
. . .... .. .. .

:...=_.,... .
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. ....... .
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1 . .. .._..
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.
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**
. . . g . . C_ a. e*; e. s . = . .. . . . . . . . _ . . .}. u .q .> . _. .,.. . . |....sm.. S|
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Three Mile Island - 2
Technical Support

Natural Circulation
.

R. S. Stone
.

Problem:

Will the core be cooled adequately by natural circulation should

all coolant circulation pumps become inoperable?

Description of Work Performed:

The objective was to extrapolate from fuel temperatures then

being measured and so predict the temperatures to be expected if the

core cooling was limited to natural convection. Working from dimensions

in the TMI PSkR, the net buoyant driving force available as a result of

heating in the core and cooling in the heat exchanger were calculated.-

.

This was then equated to the frictional resistance to derive the flow
.

rate and to determine the differential temperature necessary to close the
,

At TNI conditions a day and a ha" f after shutdown, assuming the reactorIloop..

'. 7. bl'

core power then to be-10 FM, the anticipated differential temperature.

across the core was calculated to be 54.3*F.

This is a manageabic temperature rise. With an intact core and

an operational heat exchanger there should be no problem running on

natural convection cooling at the 10 FM level. The concern is that the

core may not be intact. At the time of the analysis, thermocouples in
'

one corner were indicating temperatures well above those of the rest

of the core. The fear of course was that the high temperature region

had blockage and restricted flow. .

.

1915 27i
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Additional calculations were then made based on an assumption of

quarter-core blockage. These calculations indicated the core temperature,

rise with natural circulation at 10 ne could be as high as 331*F. This

would produce boiling in the damaged quadrant for any inlet temperature.
. .

Conclusions and Results:
... . .. . . .... .-:-.:i. : . = ur-

..

Since the re
c.. :.. .n . ... ..gion showing elevated outlet temperature seemed to shift

..... . . . . . .:........

with changes in the choice of coolant pump, the assumption that part of the

Wis%bstructed hni been_less defensible. If the cause is simply
~

7 iinertial:chanh'eling- the'rc should-be hb prbblem uhder natural convection.

w .ev...l.f .. ... ..h....... ..e core were ob. ......d. to the extent calculated,en- part of t . structe .. .- - - -

the diffe' r..ential temperature-w,ill-be....proporti.onal to power level. At
.. ..... .. .

a. - . . - -

. n , -if- we . . assume 2 M< afterh' cat; the temperature risen" month after shuidow. ..
... . . . . . ..

Ebbld'be 66i2*Fj i 16 vel;kh'bh cbb132bc t61erated'. 'There should be somer
i 7

Ebhhern'oiciahbuiaby bf iemphiaibr' b~ rish in'thb; hot spot region. As

EbiteEmehsuibhRi':ofli: cmp 5htLFe hnd ' fib'w b6bohe 'available the aboves

hBibers-koE12 hiv6'-ib b6 bodifib'dj i;h5'm8th6dology should be OK. -
2

core 7:.-:e ::.c: = :s M ns, .'e :~.:i:i:nsi =iiert: = . - -z
Work Requested By:

::.. :; . = i - :: : ?. 2*?.a... . ...-. .

NRC BetTr.:s .:hesda (llanauer, Buhl).
. .n:.;=:.: ur . r=uri ru t . ; n r :- :: -

kbsGli's'ifebbrtea Tb: ':~~~; r ::: I:n :' :: ' Tr:

LC;Bime?"-Apfroxlmately' April'8. '': -
-;--

,

c:re Lt'. .:: .m r. :.n . . . .= u .e e i . : . :. . - z . . -

Work Performed By:
c :. -. . . . . . . .. .;...:= =; :::r =:rtt ut.. :.::':r

-

R. S. Stone, Bob liedrick (SAI), Ted Mott (TEC).c:. n. :::.. . .. . : : :.: .. ::;:: .i : . n ..e = ; -

Estimated Cost:- -' ! ;'-"- f--
~

.

8 Mandays, $2,640.

1915 272



k
IINIMA L/\t3UHAI UNY CORRESPONDENCE

- - -

OAK RIDGE NATIONAL LABORATORY

May 11, 1979
.

-

.

To: F. R.'Mynatt

bR.L.ClarkQb>From:

Subj ect : Three Mile Island Report

.

The following information is submitted in response to the
directive memo from your office dated May 2,1979.

Statement of Problems:

The initial group (including myself) from ORO-ORNL arrived at
llarrisburg's Capital City Airport by charter flight from Knoxville
shortly after 9:00 PM on March 30, 1979.

My work assignment (s) while at Three Mile Island could be divided
into three distinct phases:

1. On March 31, 1979, I was assigned to provide the health
physics monitoring services necessary for proper protection
of the robot maniuplator crew during their operations on
the island (neither H.P. personnel nor equipment had arrived
with the crew). This assignment continued for the duration
of stay of the manipulator operating team and consumed by
.far the major fraction of my time. -

Once the manipulator team had established that all system
components were completely operable, we were engaged in
many hours of operating practice and demonstrations for
various levels of Met Ed and NRC supervisors and engineers
so that they could best decide how to apply this capability
to their immediate needs. This decision indicated that
use of the manipulator for obtaining sampic(s) of the pri-
mary coolant system would be most beneficial.

Met Ed engineers and the crew then went to work on develep-
ment and procurement of special equipment items and pro-
cedures necessary to perform that function. Following this,
more practices and demonstrations to gain and show competence
ensued.

1915 273
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F. R. Hymatt May 11, 1979
-

.

.

By this time, the process instrumentation had begun to fail
and it was decided that the water line to be used for sampling
might become too critical in the need for liquid 1cvel infor-
mation to permit the use of it for sampling purposes (because
the risk of some equipment malfunction in the sampling opera-
tion had to be acknowledged).

Equipment development, procedural changes, and operational
practice continued to the end of the week'with the entire
crew involved.

No high radiation Icvels were encountered and exposures to
the crew were of no consequence. Some low levcis of con-
tamination were discovered on the shoes of one crew member
and the hands of two of them while the manipulator was de-
ployed in the area of the Chemistry Laboratory where we
expected to collect the water sample. The contamination
was readily removed by simple techniques and was not of any
great importance.

2. For most of one day (April 3, I think), I was assigned to
participate in the early discussions of a planning group
constituted by (or at the reques,t af) Mr. Iterman Dieckamp
and Mr. Ron h'illiams. This function was taken over on the
following day by the chemical engineering support group
from ORNL (Brooksbank, Yarbro, et.al.).

3 Because of my on-island assignment (with the robot crew)
and my now established contacts with Met Ed engineering
and. operating personnel, another assignment was to serve
as liaison to Brooksbank's group to obtain and transmit
information from the island to them. It appeared that
some benefits did accrue from this more direct communi-
cation channel.

Conclusions or Results:

See last paragraphs in 1, 2, 3 above. 1915 274
Work Requested Bv:

'

DOE-OR0 (B. J. Davis was on-scene 1cader for all ll.P. personnel
from ORNL.

Results Reported To:

B. J. Davis, DOE-0RO. Shared motel rocm with Mr. Davis and kept him
informed through contacts there (and by phone) on day-to-day basis.

.
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M y 11, 1979*

F. R. Mynatt
-

.

.

Work Performed By: . . ..... . . . . . .. .
. . .

.
.

'

\
. .

.. .
-

R. W. Frazier, Robot Crew Supervisor ..
*

.

T. E. Copeland, Crew Member
~ ' . ' ,,

W. L. Pankratz, Crew Member ~~ ~ -- -'

R. Turner, Crew Member
All above are UCC-Y-12 employees

.... . .. . . .. . . . . .. .. . . ..
. . --...-R. L. Clark , - - . . .. . . . . . .. ...- - . ---

.

.. . . . . . .. . . . . . .
........ .

Costs ... .. .
.-

Labor and travel expenses only ($ unknown). . ... . ,.

-

. . . .. . . . . ...
. . .. . .

s

It is rea'liz'ed't' hat the fo'regoing is more descriptive narrative than
. . . . . . . . . .

<

numerically specific, but hoped that Ls will be suitabic to your. ~~needs. If not, please contact me. . .
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INTRA LABORATORY CORRESPONDENCE
OAK RioGE NATIONAL LABORATORY

*

May 14, 1979 .

.

.

.

T0: F. R. Mynatt
/)] /

FROM: M. L. Conner, 4-6703 M

A Brief Description of Work I Performed at Three Mile Island
SUBJECT:

I was sent to Three Mile Island with four other radiation surveyors and
one DOE representative to perform radiation surveys of the environment.
Members of our team included R. L. Clark, A. C. Butler, W. M. Johnson,,

'
-

|
W. D. Carden, and B. J. Davis.

I

|
The actual work performed was a 24-hr, continuous survey of the environ-
ment at Three Mile Island. This task was accomplished by taking direct

?

radiation readings from portable instrur:ents and air samples from a port-

|
able air sampler. The results of our survey were reported to the NRC

i through DOE. I observed no high radiation readings or abnormal air
i samples.

.

t
1

7
4

1
!
l

i
l

.*

1

i
,

'

)

i 1915 276

w,
,

..---
.. ._

. .
_ __

_. __

-- - - __ _. _._



'

INTRA LABORATORY CORRESPONDENCE'

OAK RIDGE HATioNAL LABOR AToRY
.

Hay 14, 1979

TO: F. R. Mynatt .

J. S. Eldridge (4-4924) ff['
FROM:

Assistance to Three Mile Island (TMI)SUBJECT:

I was requested to provide technical assistance and specialized
This equipment consisted of aProblems:

equipment for environmental surveillance.
portable gamma-ray spectrometer and a portable dual-channel spectrometer.
In addition, I was asked to transport a portable hydrogen analyzer for
possible use.

Work Performed: Work performed included taking the hydrogen analyzerAt that time, I turnedinto the control room at 12:30 AM April 1,1979.
the instrument over to Babcock and Wilcox personnel after a brief opera-

Other work involved assessing the need for my instru-,

tional discussion.
mentation at the TMI observation control station and at the environmental

|

This latter effortsurveillance operations at the Capital City airport.
involved the af ternoons of March 31 and April 1.

-

By the end of the second day at TMI, it was obvious thatConclusions:
releases of fallout fission products were minimal and additional equipment
was not needed.

.

1 J. A. Auxier, 30 March 1979.
|

Work Requested By:
(In response to request by B. J. Davis, DOE).

J. A. Auxier and D. B. Trauger, April 3,1979.
Results Recorted To:

Work Performed By: J. S. Eldridge and S. A. Hamley.

Estimated Costs: JSE only: Travel $410.11 and 3 days' labor.'

.

JSE: gal

cc: J. A. Auxier i915 277'

I W. D. Chults
i J. R. Stokely
I

i-
i
1

e

.
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INTRA. LABORATORY CORRESPONDENCE
OAK HlDGE NATION AL LABOR ATORY

~

-

,

May 14, 1979
. .

..a ..

.

~ To: F. R. Mynatt

B. A'. Powers [ [~

From:

ORNL Assistance-at Three Mile Island
~

: .~ Subj ect :

~ i

. As a member of the Industrial Safety and Applied licalth Phys cs surveyi section, I was asked to perform environmental surveys, arranged by the'-

Department of Energy, to determine conditions of the environment sur-::
rounding Three Mile Island following the March 28 incident.

.

;--

J. E. Smith and I arrived at Harrisburg on April 7, 1979, to replace
:

~ We reported to Ted Schoenburg* the fi'rst ORNL survey' tcan working for DOE ~.
at DOE headquarters on April 8 Our work included taking direct radia-_

tion measurements in the air, taking soil, water (standing and rain) and
vegetation samples, and chasing the plume for determination of location

*-
.

We also plotted our sampling locations on a map of the
~

: and measurement. ld be done in the:.nrea, so if results indicated, further sampling cou
'

-

'' same area. * . .

and
[LCur samples were gamna-spectrum analyzed at 'the DOE control point
- then sent to Brookhaven Laboratory for further radiochemical analysis.

. -The results of counting room analyses were reported to NRC by our samp-Spectrum analysis
ling and counting room coordinator, Boyd Schultz.I, right at minimum detectabic activity131

LLyi.cided_oniv two sampics-withpCi/ml) for the detector used, which is to say, background
(% 2 x 10-l'2
levels.

- : '. 't t- :: .. Tri. - .
f-" -

:tr. --
--

Costs for room and meals for the six-day stay totaled about $270 for
-

A daily log of' activities and data sheets were kept and isn'.cach~of us.
available upon request. ,

, , ,

,,

.,
_

BAP:ac

.u... .,<.
.

-

: .

:
*

', ..;
1915 278
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INTRA LABORATORY CORRESPONDENCE
.

'

- OAK RIDGE NATION AL LABOR ATORY
-

,

May 10, 1979

.

To: F. R. Mynatt

W.D.Carden$bil,d(From:
:

Subject: Three Mile Island Report

The following report is submitted in accord with your request of
i Fby 2, 1979.
,

Statement of Problem:
,

$ Participate in environmental monitoring program in area near Three-

i:

$ Mile Island Unit II.
I Description of Work Performed:
a

1
Observed and reported background radiation IcVels and collectedo

C

[ sampics of air, water, soil, and vegetation for laboratory analysis by
4 others.
I

Conclusions or Results:y
From bbrch 31 to April 7,1979, I served as 'part of a two-mana

survey team assigned to collect information on radiation IcVels and
sampics of environmental materials at a number (% 15) of designated,

j locations along Pennsylvania State Route 441 which lies along the cast
q( shore of the Susquehanna River.
a

The background radiation levels were measured with Victorcen Thyac
Survey Meters (G-M), with notations made in each 4astance of the ob-Several notations ati

served gamma reading and the beta-gamma reading.
each location were made during each 12-hour work shift.

,

In addition to these time-programmed surveys, we were frequently'

directed to various locations in efforts to observe changes in back-
J Airground levels due to passage of the plume from the reactor site.
q samples were co11ceted (on charcoal cartridges) as directed by the

,

program supervisors.

1915 279
:
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May 10, 1979
F. R. Mynatt

*

.

.

From April 13 to 17, 1979, I served again as part of a two-man team
engaged in environmental monitoring and sampling. The headquarters for
this phase of the operation was located at the Capital City Airport and
the program was under direction of DOE personnel. Background measure-
ments at the designated survey points were continued with the Thyac
Survey Meter and augmented by readings from a mica-window survey meter
(having somewhat greater sensitivity to beta radiation levels).

In addition to the direct radiation measurements, our efforts
included collection of samples of air, rainwater, standing water, soil,
and vegetative materials. Each sample was ider.tified as to location and
time of collection and submitted for analysis by others.

Work Requested By:

The Department of Energy - Oak Ridge Operations Office.

Results Reported To:

Program Supervisors
March 31 - April 7

B. J. Davis, DOE - Oak Ridge
E. J. Jascewsky, DOE - Chicago

April 13 - 17
J. D. Sage, DOE - Pittsburgh Nava'l Reactor

Work Performed By: ,

W. D. Carden
W. M. Johnson

-

Estimated Costs:

Salaries and travel expenses ($ unknown).

WDC:ac

1915 280
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INTRA LABORATORY CORRESPONDENCE
OAK RIDGE NATIOf4AL L ABOR ATORY'

*

May 10, 1979'

To: F. R. Mynatt

O . C. Butler MSAFrom:

Subject: Assistance in Response to the Three Mile Island Accident

:

i Statement of Problem

f.adioactivity leaking from the reactor area.

Description of Work Performed

Using a TilYAC GM-Survey Meter, located and followed the plume from
the reactor area on the east side of the river from the reactor site.
Recorded open-window and closed-window radiation readings at prede-

This route ex-termined points along a six mile long survey route.
tended app'roximately three miles north and approximately three miles,

i

south of the reactor area. Air sampics were taken at the highest
! radiation reading locations using a portable gasoline powered AC'

generator to power the charcoal filter air sampler.

Conclusions or Results

Readings were obtained up to approximately 20 mR/hr beta-gamma
(open-window) and 2.5 mR/hr gamma (closed-window) . The radiation
readings from the radioactive gases varied with time due to changes
in wind direction and velocity. The results on the air samples
turned in to NRC were no.t made available to us.

Work Requestcd by
*

9

'Ihe work was requested by the Department of Energy (DOE), Oak Ridge
Operations Office on March 30, 1979.

Results Reported to

At the reactor work area cur team was assigned and reported all
results to the Nuclear Regulatory Commission (NRC) during the period*

from March 31, 1979 until the afternoon of April 7,1979.
|

Work Performed by

Team: A. C. Butler
|

M. L. Conner

Estimated Cost 1915 281
Unknown

ACB:ac

.
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M EE XILE ISLAND REdPvNSE
MARQI 28 - MM 16,19 79
COST ESTIMACE FOR CvC;D

1 2 3 4 5 6 7 8 9

TotalPer cn Materials. Increzental incrementalDays of Supplies, Salary and Costs Sum ofCategory Effort Travel Sala ry and Misc. Overhead Total Overhead 3, 5. and 8

A. Radiation Monitoring
,

1. On-Site Participation 78 $ 8,926 $ 14,458 $ 0 $ 7.016 $ 3d,400 $7,994 $ 16,920
2. Direct and Dedicated Support 10 0 1,846 0 554 2,400 0 0
3. Incidental Support

_ 0

SUBTOTAL A 88 $ 8,926 $ 16,304 $ 0 $ 7,570 $ 32,800 $7,994 $__16,920
_

8. Technical Support
,

1. On-Site Participation 127 $15,771 $ 28,031 ( 900 $15,237 $ 59,939 0 $ 34,897
2. Direct and Dedicated Support 267 0 75,042 59,487* 22,512 157,041 0 59,487
3. Incidental Support ** J 1,437 2,806 0 1,272 5,515 0 1,437

SUBTOTAL B Mg $17.203 $105.879 $ 60.387 $31321 1222.495 0 $ 95.821_

TOTAL A & B 421 $26.134 S122.183 S 60.387 $46.591 gg g $112.741

*054,500 is computer costs
** Participation in e:nergency hearing,

Lynchburg, Virginia

o

M

_._.
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TilitEE MILE ISLAND RESP 0:M
MARCH 28 - MAY 18, 19 h

COST EST1PATE FOR DOE /OR'

1 2 3 4 5 6 7 8 9
Total

Person Materials, incrn ental Inc rerat at al
Days of Suppiten, Salary and Costs, Sum of

Category Effort Travel Salary and Misc. Overhead Total Overhead 3, 5, and 8

A. Radiation honitoring

1. On-Site Participatioa 8 $ 400 $ 580 $ 0 $116 41,096 $ 0 $ 400

2. Direct and Dedicated Support 7 0 580 0 116 696 0 0

SUBTOTAL A $ 400 $1,160 $ 0 $232 $1,792 $ 0 $ 400

B. Technical Supporte

1. On-Site Participation 7 $ 261 $ 563 $ 780 $113 $1,717 $ 321 $1.362

2. Direct and Dedicated Support 7 0 580 0 116 696 0 0
-

SUBTOTAL B 14 $ 261 $1,143 $ 180 $229 $2,413 $ 321 $1,362
-

C. Public Information

On-Site Participation 5 $ 461 $ 711 $ 0 $142 $1,314 $ 0 $ 461

D. Photograph

On-Site Participation ** 3 - - $ 806 - 806 - 806

TOTAL 37 $1,122 $3,014 $ 1,586 $603 $6,325 $ 321 $ 3.029

* Drivers for transporting mobile manipulator

** Consultant

s
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J Department of Energy
-i Savannah River Operations Office
e PO Bosc A
7 Aiken, South Caroline.29801 -

,

:r

41 MAY 2 51979r,9

it.1
;- n
at

!. Robert L. Ferguson, Program Director Nuclear Energy Programs,
3 Assistant Secretary Energy Technology. HQ

INFORMATION REQUESTED BY THE PRESIDENT'S COMMISSION ON THREE
,, i MILE ISLAUD (YOUR TELETYPE 5/15/79)

.,

- SR input to the subject teletype 1s enclosed for your'

$, information and use. Questions regarding this information may be
Ai
'J directed to C. T. Marsh, Director, Organization and Personnel
's .

di Division, FT5 239-2355.
" ?i

=- -

i-
5

M; N. Stetson
PT:RCW:npb Hanager.

,..

:j Enclosure
''e;

; 1915 284
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DOE-SR Emergency Assistance to Three Mf_le Island

DOE-SR emergucy assistance to Three Mile Island was provided by the
Savannah River Laboratory and the Savannah River Plant of
E. I. du Pont de Nemours and Company, the SR prime operating contractor.
The scope of this assistance is outlined as follows:

e Meteorological Assistance

1. Meteorological assistance was provided at the request of Lawrence
Livermore Laboratory at tne DOE Command Post, Capital City Airport,
Pennsylvania.

2. M. M. Pendergast, Environmental Transport Division, Savannah River
Laboratory, provided assistance during the period 4/10/79 through
4/15/79.

J. F. Schubert, Environmental Transport Division, Savannah River
Laboratory, provided assistance during the period 4/15/79 through
4/18/79.

3. Pendergast and Schubert provided meteorological expertise at the DOE
Constand Post, detemining wind speed, direction, and plume dispersion
trajectories. They also interpreted data calculated at Lawrence
f.fvermore Laboratory using the Atmospheric Response Advisory Capability
(. TRAC) System.

4. Results were corununicated to personnel at the Lawrence Livermore
Laboratory and at the DOE Command Post, Capital City Airport.

o Analytical Assistance

1. A sample of primary coolant water from Three Mile Island, Unit tio. 2
Reactor, was analyzed.

2. Analytical work was perfomed on 4/11/79 by the following:

Analytical Chemistry Division Laboratories Department
Savannah River Laboratory Savannah River Plant

E. J. Lukosius L. V. Ruczko
D. R. Johnson A. Gibbs

i

t

1915 285 !
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3. The analytical results are sunmarized in the attached letter to
Mr. Brian Grimes.

4. Information was transmitted to B. Grimes of NRC via the attached
letter. The information, in whole or in part, was transmitted by
telephone to the following individuals in NRC:

Tom Teflord
Joe Hegman
Bernie Weiss
Mike Slobedian
John Collins

e Health protection Assistance

1. Supplementary supplied air respiratory equipment was provided to
Three Mile Island, including:

e Air compressor (SME 52-77) i

e Two C0 monitor carts (L-11848 & L-13241)
'

e 4000' of 3/8" breathing air hasa
140 plastic suit jackets with air distribution systemse

Two individuals at TMI were trained in use of the equipment.
Procedures were provided on operation of the compressor, C0 monitor
carts, and on use of the plastic suit jackets.

2. D. J. Ratchford D. B. Zippler, and L. Jolly, Health Protection
Department, Savannah River Plant, procured the equipment and arranged
for its transport to Three Mile Island on April 17 and 18,1979.

L. Jolly, Health Protection Department, Savannah River Plant, visited
Three Mile Island on April 19, 20, and 21, to instruct personnel in
use of respiratory equipment.

3. Services provided are described above.

4. Assistance was provided at the request of and coordinated through
B. C. Rusche, Waste Management Group Leader Three Mile Island.

5. The compressor and two CD monitor carts will be used at Three Mile
Island for a period of about 6 weeks and will then be returned to
SRP. Other items will be consumed in use.

1915 286
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o General Assistance

1. Various information was requested by Three Mile Island personnel
in telephone conversations with SRP personnel. No actual work
was performed.

2. On April 6 and 7,1979, M. Siano and T. Johnson, TMI, telephoned
H. H. McGuire, Works Engineering, SRP, to request information
regarding equipment available to fabricate a backup residual heat
removal system.

3. On April 4,1979, L. Conway. Westinghouse, telephoned E. C. Bertsche,
Works Technical, SRP, to obtain information on portable deionizers
and filters available at SRP.

4. On April 6,1979, R. Vollmer, NRC, telephoned E. O. Kiger, Produc-
tion, SRP, to ask about SRP filter compartments with activated
carbon.

5. On April 14, 1979, L. Conway, Westinghouse, called D. A. Ward,
Works Technical, SRP, and D. H. Thomas, Production, SRP, to
consult about use of eductors to collect leakage from backup
residual heat removal system.

o Continuing Assistance

Please note Item S. under Health Protection Assistance above. 00E-SR
assistance to Three Mile Island is presently limited to equipment.

1915 287
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May 7,1979

. .. ,,

Mr. Brian Grimes
Division of Operating Reactors
Mall Stop 340
Nuclear Regulatory Commission
1717 "H" Street, N.W.
Washington, D.C. 20555

Dear Mr. Grimes:

Results of analyses requested by MRC on a sample of primary coolant water fran
the Three Mlle Island, Unit No. 2 reactor are sumarized in Table I. The

sample wai. received at the Savannah River Laboratory at 5:30 A.M. on April 11.
The requested analyses were performed during that day. Results were trans-
mitted by telephone to the NRC Operations Center in Washington, D.C., at
8:30 P.M. that al.ght. Since the initial results were submitted, some of the
analyses have been re-evaluated and corrections made, where appropriate.
The results reported in the table include all corrected values. Corrected
results were discussed by telephone with the Operations Center on April 23.

The presence of particles in the solution, as evidenced by turbidity in the
as-received sample, as well as a high solution pH (N 8) must be considered
in interpreting the analytical results. At the high pH, the U. Fu and Zr
dissolved by high temperature water reactions would be expected to form
colloids as the water cooled. The colloidal particulates could be absorbed

.
on the surfaces of the vessels, pipes, etc., thus selectively ' removing some
or all of those elements frce the water sample.

Uranium was determined on the as-received sample and on an acidified aliquot.
The particles that caused the turbidity were dissolved in the acidified
sample. Uranium concentration was equivalent in the two samples, indicating
that insoluble uranium was not present on any particulates contained in the
sample. T~ e baron results are suspect for two reasons: (1) some boron would
be expected to be absorbed on the particles at pH-8 (causing a low horon
concentration in the solution), and (2) the high level of radioactivity
required large dilutions before the analysis could be made (causing a decrease
in the accuracy and precision of the analysis). We recommend that the higher
boron values reported by the other laboratories be used in any calculations.

.
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Mr. Brian Grimes -2- May 3, 1979

'

The gama pulse height analysis was done at 10:00 A.M. on April 11 The
reported results have not been corrected for decay.

Savannah River Laboratory will be pleased to cooperate with the fiRC to
analyze any additional saples from the Three Mlle Island reactor which are
necessary to complete shutdown and decontamination of the reactor facility.

* *- Very truly yours. -

,

| . .* h*e f f. { t.s & a..s m.s s .
R. F. Oveman, Senior Chemist
Analytical Chemistry Division

RFO:rvd
Attach.

.

.

.

.

.
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TABLE I

.

Analysis Results Method,

Total Boron 3100 Carbon Rod Atomic Absorption

Zirconium < 50 ppm Atomic Absorption
,,

.

pH 7.7 pH Neter

3Gross Alpha < 2 x 10 d/m/ml P-10 Gas Flow Detector

Uranium < 0.001 ppm Extraction of Uranium and
.

Fluorophotometric Detemination

Transuranics None detected Alpha Counting

Gross Beta 9 x 10' counts /m Al Uncalibrated Gas Flow,
Windowless Detector

9
Strontium-89. -90 1 x 10 d/mM1 Chemical Separation

(FumingNitricPrecipitation)
Liquid Scintillation Counter

10
sis with Ge(L1)I-131 1.60 x 10 d/m/ml

Gama analy'd Pulse Height Analyzer.D.etector an
Counted at 10:00 A.M. 4/11/79. No
decay corrections were made.

Rb-86 -88 Not detectable
8

Ce-141 2.28 x 10
8

Cs-137 7.11 x 10
8

Cs-134 1.68 x 10
8Cs-136 2.74 x 10
8

Ba-136m 2.01 x 10
8 -. -

Ba-140 5.7 x 10 ;
'

8La-140 3.0 x 10

1915 2908No-99 2.77 x 10 ,

8Tc-99m 1.5 x 10,

Ru-Rh-105 Not detectable

Ir-Nb-95 Mot detectable :

'

.
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Departrnent of Energy f.7,/ I U.! 9 09Savannah River Operations Office
PO Box A
Aiken, South Carolina 29801

APR 2 51979 i-

a.4!fM
1 f*e...n/h

w -_

\R. L. Ferguson, Program Director for Nuclear Energy, HO
F. C. Gilbert, Acting Director, Office of Nuclear Materials,

Defense Program, HQ
H. Feinroth, Chief, Nuclear Reactor Evaluation Branch,

Division of Nuclear Power Development, HQ

ASSISTANCE FOR THREE MILE ISLAND

On April 17, 1979, my staff received a call from E. S. Beckjord request-
ing that we have Du Pont get in touch with B. C. Rusche at Three Mile
Island because he was in urgent need of help. Rusche advised Du Pont
that Metropolitan Edison needed breathing air supplies and radiation
survey equipment in connection with the accident. The equipment (list
attached) was shipped on April 18, and arrived at Three Mile Island on
April 19. In addition, Du Pont is sending a consultant to show them
how to set up the equipment. Metropolitan Edison will be billed for
all associated costs.

.

N. Stetson
D:LL:dm Manager

Enclosure

1915 291
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EQUIPMENT FOR TilREE MILE ISLAND

ITEM
- BILLING

QUANTITY BASIS

1. Sullare Mobile Air Compressor, #SME 5277 1 Lease

2. Carbon Monexide. Monitoring Cart 2 Sale

3. Plastic Suits Tops, Modified 150 Sale

- 4. Plastic Suit, air distribution system 150 Sale

5. Plastic Suit Plenum 150 Sale

6. 100' lengths of 3/8" breathing air hose 40 Sale

7. Carbon Monoxide Drager tube 50 Sale

8. Radiation Survey Suitcase 1 Sale

1 R0-2 Survey Meter

1 H.P. 210 Survey Meter

1 Thyac Survey Meter '

.

1 Self Reader Pencil
.

1 Box 3mears

* Includes packing, handling, transportation and set-up expenses.

.

.-
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Department of Energy.
,

Idaho Operations Office
550 Second Street

Idaho Falls, Idaho 83401 gg 2 91979

To: Robert L. Ferguson, Director
Nuclear Energy Programs
U.S. Department of Eneigy, HQ

'
FROM: Charles E. Williams -

Manager / g=
,

SUBJECT: INFORMATION REQUESTED BY THE PRESIDENT'S COMMISSION ON
THREE MILE ISLAND

References: 1. TWX R 151741Z, Ferguson to C.E. Williams, et al, dated
May 1979.

2. EG&G Letter Kiehn-179-79, Kiehn to Col. R.E. Lounsbury,
E0C Germantown, dated May 9, 1979, subject: DOE
Participants in Operation Ivory Purpose.

The attached infonriation is provided in response to your TWX, Reference 1.
EG&G Idaho, Inc. has provided and is continuing to provide assistance to
the NRC on the Three Mile Island accident, as reported in Reference 2.
Those activities which were funded through NRC programs are noted in the
attachment. The amount of DOE involvement in ongoing activities is presently
limited to routine field office responsibilities of contract admin'stration
and are therefore not reported.

We will be pleased to provide any further information you might require.

Attachment
As stated

cc: T.E. Murley, RSR, NRC
R.W. Kiehn, EG&G
R.E. Tiller, ID

1915 293
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Assistance

| Results ContinuinqOrcanization Type of Activity. Dates of~

Assistanceor Results, Data: Communicated Assistante, _ frployee Name To:
Willis W. Rixby On-site April- 6 to 13

None(DOE-ID)

John James locating emergency pumps April 6,7,8,9 Located pumps for TMI NRC site None(00E-ID) TMI officeRobert A. Long W.Bixby,00E-ID
(D0E-ID)

EG&G Procurement

Paul E. Litteneker Assisted in communicating April 15 Improved technical Tom Telford at None
(DOE-ID) INEL test results, de- communication. TMI NRC sitefining new RELAP runs of office.

use to TMI.
Charles Gilmore Arranged to have TMI water April 1 and Dissolved hydrogen J. Collins at TMI None(DOE-ID) sample brought to INEL and April 13 content analyzed NRC site office.J. Henscheid analyzed. and reported.

(EG&G)

George L. Vivian Arranged for use of a April 6 Mobile unit being Don Solberg, NRR None(DOE-ID) mobile radiological survey set up at TMI for NRC
lab from INEL at TMI. effluent monitoring.

Code Assessment * Vessel and core structural March 30 - Vessel head would Results verbally None
Personnel (EG&G) response calculations to April I remain intact but communicated toJ. Dearien, et al possible H2 detonation. damaged; core would T. Murley at NRC

not withstand forces Comand Center.
L.J. Ybarrondo & * On-site technical April 1 -
N. C. Kaufman assistance. April 6

(EG&G)
Evaluate sequence of events
during TMI
Evaluate various natural
circulation :<nditions.

J. Liebenthal * H2 and 02 concentration in March 31 and Calculations indicated Results verbally Noneet al (EG&G) TMI primary coolant loop April 1 small H2 concentration comunicated to& Allied Chemical
Personnel T. Murley at NRC

Command Center
_

i9lb 2h4* NRC Funded Hork
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Organization Type of Activity, Dates of Results Continuifig'

or Assistance Assistance Results, Data: ' Communicated | Assistance
To: t

Employee Name

Code Development * -Natural circulation cal- { March 30to -Natural circulation -THI site & NRC | None
'

could exist dispite Licensing in
Personnel (EG&G) culations with RELAP for present i

core damage Bethesda'
P. North, et al various cold shutdown

conditions -RELAP calc. the -G. Hollahan at None

-Simulation (analytical) initial portion of NRC licensing
of TMI transient accident 0-10 min. -NRC licensing ! Ongoing

|-Small break calculations and from 100 min on. i

|
Results agree with !'

TMI data
3i -Calculations ongoing

Instrumentation Experimentally evaluate April 4 Experiments proved L.J. Ybarrondo None*

Personnel (EGSG) capability of resistance positive (EG&G) at TMI ?

siteM. Stanley, et al temperature detector-RTD
to measure pressurizer i

level. ! I

None-Experimentally evaluate March 30 - -2 reports prepared. T. Murley at NRC '

Semiscale *

personnel (EG&G) means to vent hydrogen April 3 Info. indicated bub- Coninand Center &
ble could not be L.J. Ybarrondo at >

D.J. Hanson, et al bubble | April 3to vented by depres- TMI site. I
-Experimental simulation -

of TMI sequence of present surization
-Test conducted, T. Murley at NRC Yesevents '

! report in prepa- Research
! ration

* '
Billings Energy Co. -Evaluate means for de- April 1 to -Report prepared -Final report to None

(Subcontract to gassing Hg April 17 -Develop Hp bubble DOE-ID & NRC,

EG&G) -H2 solubility as a growth reTationships Research'

R. Billings, et al function of depressur- as a function of H2 -Interim results
'

ization conc. & depressuri- sent to L. J.
-Examine various catalysts zation procedure. Ybarrondo (EG&G) I

for H2 scavenging -Identified catalytic & W.Bixby (D0E-ID)
reduction of H2 with at THI site for
02 on Platinum and Industry Advisory
nickel boride system Group-IAG as
as catalyst for available.
scavenging Hp

I9/3 95
* NRC Funded Work

2
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Department of Energy
Albuquerque Operations
Sandia Area Office
P.O. Box 5400
Albuquerque, New Mexico 87115

W12 2 1h|A

Robert L. Ferguson, DOE Headquarters, Ger=antown, Mi.Attn: H. Feinroth

THREE MILE ISIAND ACCIDENT

Sandia Laboratories, Albuquerque, has been involved in assisting
NRC in the Three Mile Ishd Accident. -T

'

CC
Attached is correspondence from Sandia Laboratories to NRC that TI
describes the type of assistance, na=es of Sandia and NRC personnel

c.2-

involved, and the results and data of work done.
.

Minim = assistance is being continued by Sandia Laboratories.

k

4-
SEA:DBF 1 . w aoVa

Area Manager

Enclosure:
As Stated

cc: W. B. Johnston, OSD, ALO
Attn: D. Foster,w/ encl.

.
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Attachment 1.

Sandia Laboratories
~ . . ~. .. - ~

April 4, 1979 .

. .

Nr. Joseph Murphy
~

- Probabilistic Analysis Staff
'

Office of Nuclear Regulatory Research
D. S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Joe:

I would like to summarize the assumptions made in the SANDIA-
ORIGEN(1) calculations delivered today via Dave Ericson.
The operating history of Three Mile Island-Unit 2 was based
on data supplied by Dick Muranka and Jack C' rooks of NRC
(phone: 492-7735).

C

The new fuel composition is as follows:

Uranium.- 2.66 w/o nominal enrichment:
'

U'34 O.03 w/o
235

U 2.66

''
U~'G O.29

..

238
U 97.02

Cladding: kg/MTU

Zircaloy 4 281.1
.

SS-309 21.67

Inconel 11.92

Core Size: 73.0 MTU*
,

Licensed Power: 2772 MW thermal

The reactor operating history is summarized in Table 1. The
column labeled " Cumulative days" corresponds to the time
steps used in the first and second burnup phases in the code
runs.

" Core size has been revised to 8'.893 MTU and the revisedl

computer output was sont by Federal Express to Joe Murphy
on April 9, 1979.

1915 298
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Mr. Joseph Murphy -2- April 4, 1979-

The decay phases start with the radionuclide inventory it
the time of reactor shutdown (corresponds to cumulative
$ays = 186.1) and calculates the inventory at 12 hour intervals.

To provide long term data, I.have made another run, two copies
of which are hnclosed. The two burnup subcases are not
printed, sim*ly to save paper; the data would be the same asp
you already have. Three decay subcases provide the inventory'

out to 10 days'in 1 day steps, to 100 days in 10 day steps.

and to 1000 days in 100 day steps.

I hope this will assist in your analyses. Please do not
hesitate to call (day or night) if there is anything further
you need (worki FTS-475-3119, home: 505-298-1142).
V- truly yours,

k#
Dr. David E. Bennett, III
Nuclear Facility Analysis
Division 4414

Copy to:
. 4231 S. A. Dupree

4400 A. W. Snyder
4410 D. J. McCloskey

Attn: G. D. Varnado, 4414

P. S. Also enclosed are: 2 micro-fiche copies o f the
runs delivered by Ericson.

2 micro-fiche copics of the '

enclosed runs
,

} copy of the IEC article en the
soluability of H i" * I"I

-

2

References:

1. D. E. Bennett, SANDIA-ORIGEN Users Manual, SAND 79-0299,
Sandia Laboratories, Albuquerque, NM, to be published
April 1979.

1915 299
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TABLE 1. REACTOR OPERATING SUMMARY.

CALC. ACTUAL

LEtJGTH CUMULATIVE % POWER POWER BURt10P BU RilUP

DATES OF PERIOD DAYS Orl/OFF (APPROX.) (MW) (MWD) (MWD)

SEPT 23-30 8 8 Ot1 30 830 6640 6902

OCT 1-13 13 21 OFF

OCT 14-27 14 35 Oil 71 1980 27720 27720

OCT 28-31 4 - 39 OFF

flOV l-4 4 43 Otl 90 2500 10000 10117

flOV 5-30 26 69 OPP

DEC 1-10 10 79 Otl 90 2500 25000
l

DEC 11-21 11 90 OFF 49904

DEC 22-31 10 100 Ot! 90 2500 25000 J

J Atl 1 -2 2 102 OFF

J Ati 3-14 12 114 Oil 90 2500 30000 30336
-

JAti 15-31 17 131 OFF

FEB 1-10 10 141 Otl 92 2550 25500 I

I

FEB 11 1 142 OFF [ 68940 .

FEB 12-28 17 159 or! 92 2550' 43350 )
MAR 1-2R 27.1 186.1 Otf 92 2550 69105 UtlKt10Wt1

(4 At.)
262225 MWD

-

so
s

<sa.

CD
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Attachment 2, .

Sandia lab 0ratorieS
cate April 4, 1979 ' ' ' ' . . ee .
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to Distribution

} /
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i

from B. L. Gregory, 2140

subinet Total livi s e Effects on Pressure T r.. n .r. i t t e r s

Tlic a t t a c h eti p.i g e s s umma r i z '- ev d i s c i: , , i o n - th the-

Foxboro C o m p a :n .i ::(! I; .11 1 e y 1ter t:o m 9.i: s e i. , e r n i n ;; neir
. pressure transmitter..

Schematics .i r e b e i n i.; sent to S a n ti iiit rey.irec for
further stud:. '' h i s i n f o rm.i t io n 1: a - relayed to C h.; r ! ! e
:liller at NRC on 4/3/79.

III.G , 21/. 0 : e lil

Di ; t r i b n ; it+ n :

4400 .\ , 1,' Sn !c r
'4410 D. J :!cCl..ske
44.2 1. I. li t> n .c o ;

-

343 F. N, L e p.i a c

.

.

D5 %9
g\ @>g

D j D
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SUMMARY April 3, 1979
,

Discussions with Foxboro Company on p. -ihle radiat.On

effects on Model EllGH pressure t ra ns- i t t e r

(Joe Childs (617) 5'.3-8750, X2128)

Units in Consideration

There were two sales orders to the Three-Mile I s l a n :' Plant

1971 - 3 units
'

Carlier m o s! e l-

Designed to .e e t 1.O C A

Temp and pressure environnunt - aut qualit:e:
for radiation.

Uses teflon in scalant in w i r i n v. and in t r 2 n .;
3

b hardness.

Tests performed on standard u n i t s.
\/ Two units were te.teG te l '1 me .ireds a n t..

survived. The san. 'n p ! 'iet w :. s teste.

^9 to f .i i l u r e .

C One unit perforrsu at 5! egar Js a'd
\ failed at 90-

Onc unit functioned at - '' . ' .egarads ni

failed at 90 - un. ic- 'l failui .

1977 - 4 units were whipped, <;u.il..fied for rr. . - t i e: anc LOCA.-

'l h e - u.c !: t. a s t. l a t : c - . .. .t anc g. -, i
.

. filled d . : p t h a l .; t e i :. i. . . s o' .t 'lon.<

4 units ..f th:- t . p t- were t tic .> f.i. cr.

radiation.

2 unit. f. tiled ? 130 merarat.s

2 units functional - 22'1 e r a el s .

Other Info -

"cacto: u':t ] at 3-?.lt Islant os- 0' .2t r. .

n o n-h.i r J e n e d model

: e i ,: e r or -Reae:.or Unit -2 (ftiled u.it) ,

model (c he c k storage shelve ;

Parts in Ampiifier

2X711 P :;P Cermanium Mcsa

2:3712 SPN Silicon artular 1 7tt

35 total parts

The circuit schematic is being faxec to ne an- is c i n;.

mailed.

. ...
1915 302
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SUMMARY

Discussions with Dick Brooster frer ii'e' ;!eter.

(2 (- ) 9;'3-5500 x 2394

Description of unit - A bcIlows moves a core rod in and out ,

of a differential transformer as t i.e transducer.

Tunctional b2ocks

j 1000 II : oscillater

Fecdhack re.uli.er

Diode Bridges

D i f f e r e n t i .i l ampi fier (2-stage d: crc c tr.inti te
amplifter)

Di f f er en t i.il a: ,lifier operates - l ' n' t.- 4 1 ' n'

Units are on PC boards which are potted in transfer:e. recin.

A s e p a r a t 'a PC b .i a r d (not potted) .., .i u cd'

The wires c o n n e c t i n ,; the various boards are tefis : i n s u i .i t e d
The unit e :t. p l o c - the temp. coefficier o' diode '/V

character.,ti,s to provide ternerat:ce cor'eny ition.

There have been r. iatfun t e s t r, performeu on thi- unit in

l')69 a unit was tested te de truction et. i h f.11ed -

7 .i.!ars ) A ser--- '- (Tef: .a u l a t i s i . *4 .. S >: In e .

unit w.i s ts s t e.! , t o 2 x ;h rads w' i s h t.i- .d

a ic is being f a :: e d to me ind it Sc.The c!' cutt .
n.

sent l'i d e r .i l I. . p r e s s .

.

,b. ,m

mg&M"e
D Rw
\

1915 303
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Discussion with Jim Graham, Foxboro, .pr.1 3, 1979

Foxboro Transnitters

1977 Transmitters - O to 2500 PSIL

Serial (! . _.i t #:

l. 371 6439 620-Onh-RC-22-PP-5

2. 371 6440 6 J :i- n o n- R C - 2 2 - P P - 6
'

3. 371 6441 (. .' 0 - 0 0 6 - e. C - 2 2 - P P - 7-

4 371 6142 .' U - U O , ' C - 2 ; - P P - c

Installed in Reas tir Unit 2 - M e .i c t o r coo? int pump niddic'

seal cavit; prsssures,

Graham believes thty were in+talled- (air s !. i p r e d to s..e)

1971 Units

ApF1icaLion

R e.i c t o r Coo l .i i t

Pressure wide range.

0-2000 PSIC

3 Tra: un : tier. on ,ar n e.i a : c.i. .

I'. l l G:l ' s

4 each - different applitatiur.s

4 - Reactor Coolant narrow r .i n t s - l'"s-?'00 P 91 :.

4 - Reactor c o o l .i . - I c. .e r a n r,e
.:s c
2 - S car gensrator \

t W n\
D ggu'Feed '.'cc

D 10y'ha.

Turbine Throttle g
b

1971 Units - Potential tailurc code - i n t e r. r i t ; of trars-

: itter aue to effects of radiatic:. c :. sc11

(in new units there 23 a '.' i t o n 0 ring with

li t 704 en it, viten r e t.! i n s elongation)
t..

P20th u n i t .s - C o n a .v. power Icud pressure seal,

in 1971 unit - both the. seal and packins glanJ

contains teflon (confince - not in atr)

t o. .d r: we'If failure vecurred, the resultinc. s i t . .i

over cntire scale.

-- . 1915 304
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Attachment 3

HYDROGEN BURNINr./ EXPLOSION POTENTIAL

Conditions attained by combustion and by detonation were
calculated analytically for rich hydrogen / oxygen mixtures of
various stoichionctries. For the reaction

./ (1-x)H2 + x0 2 + 2xH O (1-3x)H+
,

2 3

we estimated the heat release and tenperature rise in conhustion
to be -

Q, erg /g = (4.84 ) (10 l') x/ (2 + 30x)

AT , F = 208050 x/(6.S - 2.4x)

for x 5 1/3. Pressure was calculated by the ideal gas law at constant
volume.

Ideal detonation of an ideal gas nixture leads to a Charman-

Jouguet pressure, Pcj, deternined by

2so (y - 1)Q ,P
).

=P +
C o

from which we find, for this problem,

.

P) -P = 0.74x GPa .c g

Results of calculations perforned with this annroach a c
230 F are tabulated below:for P = 1000 psi and T =

o o

o .

x ai, e Pconbustier'USl ,# c i ' ' S

0.02 610 1800 3,100

0.05 1560 3000 6,400
0.12 3830 6000 14,000

Efforts were undertaken to numerically calculate the nrc;re:.:
and ef fects of ideal detonation. For the larger bubble si:e
(1500 ft'), the detonation wave was assuned to be initiated at
one point in the gas nixture, to propagate as a plane wave, and :

provide an impulsive load to the vessel. The calculated innalee,

1915 205oggh
0 ; @0%\ _ . . . . ,
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Attachment 4

Hydrogen Solubility and Chemistry

Principal NRC Contact: John Larkins
(to shom the following NRC
information was given Silver Spring, Maryland
verbally) FTS: 427-4323

:
Secondary NRC Contact: Joe Murphy

FTS: 492-8377

1. Solubility (Kepler, Dosch, Harrah)

The solubility of H2 in water is a function of H2 overpressure
only in the temperature range of interest (circa 2800F). The
solubility can be expressed approximately as

S I N at STP/gmH O) = 1.24 10- P IP N2)2 2 HH2 2

For two pressures of interest, the solubilities are:

Pressure Solubility H

350 psi .43 ccSTP/gmH O
2

1050 psi 1.3

Thus depressurization from 1050 to 350 would produce an H2
bubble on the order of 600 ft3,

Reference: " Solubility of Hydrogen, Oxygen, Nitrogen, and
Helium in Water at Elevated Temperatures," Pray,
Schweickert and Minnich, Industrial and Engineer-
ing Chemistry, 44, 1146-1151 (1952).

2. Degasification Times (Kepler)

It was assumed that the letdown system operates at 20 gal / min.
This rate translates to processing one reactor coolant system
volume every three days. It was further assumed that processing
one RCS volume reduces the H2 concentration by one-half.

$ tarting with the RCS saturated at 1050 psi, approximately 1.5
RCS volumes must be processed reach saturation at 350 psi.
This would require approximately 4.5 days.

To reach a level of 10 ccSTP per kg.of H,0 starting with satura-
tion at 1050 psi would require that between 6 and 7 RCS volumes
be processed, taking 18-21 days.

I915 306
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3. Radiolysis (Hughes)

Initialradiolysibrateofpurewater.inaradiationfieldof
108 rad /hr is very high,. but rapidly decreases with increasing
H2 overpressure to,a very low value.

The exact rate cabnot be calculated since several factors affect-
ing the equilibrium and rate are known'.

,

It was concluded theh present reactor coolant chemistry conditions
approximate _those during cold shutdown except for the excessive
radioactive contamination.

,

Data was provided by NRC that the steady state H2 level in the
coolant during normal operation due to radiolysis is 35-45 ccSTP/
kg H 0. It was concluded that as long as an H2 overpressure is2
maintained, the H : concentration due to radiolysis after shutdown2
(radiation levels down by 10-2) would be at least a factor of 10
lower. These concentrations are a factor of 100 or more below the
solubility.

Reference: 1. " Formation of H2 During Core Melt Accidents in
Nuclear Power Plants with Light Water Reactors,"
Kerntechnik (Kertaa), V 19 (11), P 473-7, 1977,
ISSN, 03685276.

Hydr' gen Production in Containment after a Loss-2. o
of-Coolant Accident Light-Water Reactors," MRR-ll7,'

NTIS, H. Jahn, March 1973.

4. H2 Gettering by Zircaloy (Wahn, Healey, Douglass, Sallach)

The uptake of hyorogen into Zircaloy 4 is approximately 1/3 that
of,Zircaloy 2. Hydrogen pickup in 6000F water takes approximately
100 days to reach the 10 ppm range in Zircaloy 4. Concentrations-

as low as 5 ---10 ppm can cause stress corrosion cracking in
zirconium alloys. Pickup of hydrogen when the material was
exposed to hydrogen-water vapor would have been much greater (en
the order of 5 percent in 2 hours at 3000C) and would provide
the greatest source of hydrogen in the material, which would make
the material susceptible to stress corrosion cracking.

Hydrogen can be absorbed into the zirconium from the vapor phase
even through oxide layers at elevated temperatures. This process
has an incubation time dependent on the oxide thickness layer.
This incubation time is a result of the dif fusion time necessary
for the hydrogen to diffuse by oxygen vacancy through the oxide
layer.

Graphs from Corrosion in Nuclear Applications by Warron E. Berry
show the uptake of hydrogen under a variety of condit ons and
zirconium alloys. The papers by Katsumi Une and Nichio Nagasaka,
et al, show the hydrogen pickup in hydrogen vapor and hydrogen-
water environments.

i915 307
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Reference: 1. Corrosion of Zr Alloys, A symposium presented at
1963 Winter Meeting ANS, New York, November 20,
1963, ASTM #368.

2. Effect of Hydrogen on Behavior of Materials, Pro-
ceedings.of the. International Conference, Jackson
Lake; Wyoming, 1975, Anthony W. Thompson and
I. M. Bernstein, Ed., The Metallurgical Society
of AIME. -

.

3. Corrosion in Nuclear Applications, Warren E Berry,
John Wiley & Sons, New York, 1971.

'

4. Hydrogen Uptake of Zr and its Alloys during the
Early Stages of Corrosion in Steam, Freer,
Silvester, Wanklyn, AERE-R-4531, 1964.

5. S'olubility o.f hydrogen and Deuterium in Ti and Zr
Uhder Very Low Pressure, M. Nagasaka and T. Yamashina,
Journal of Less Common Metals, 45, 53-62, 1976.

6. Kinetics of Reaction of Zr Alloy with H2, Katocmi Une,
Journal of Less Common Metals, 57, P. 9.'-101, 1976.

5. Zircaloy-Steam Reaction (Douglass)

27hn Larkins , NRC, is trying to make a hydrogen balance in order to
determine how much hydrogen might hava reacted with the uncorroded
Zircaloy 2 caldding during cooldown cf the core, how much hydrogen
went into solutiod in the high-pressure water, and how much hydregen
remained in the gas phase. He was specifically interested in the
amount of. hydrogen released from the reaction between oteam and
Zircaloy 2. My comments were that under ncrmal condit.ons (when the
reactor acts as a PWR), the fraction of hydrogen gener.sted findin'
its way into the metal is on the order of 30 to 50 percent dependnns
upon the temperature and time (the fraction ususally increases aftor
the transition to linear kinetics). The hydrogen dissolves in the
Zircaloy 2 and eventually precipitates out as circonit m hydride.
However, with increasing temperature, the hydride beer;mes less stable
and eventually dissociates. The equilibrium partial uressure of
hydrogen at 12000C, the temperature resumed to have axisted during
the incident, is not known. Beck ile }has reported some pressure-

0composition isotherms for temperatures up to 11000C. His 1100 C
isotherm extends only to a value of about 0.5 for the H/Zr ratio,
having a pressure of nearly 1000 mm Hg. This temperature-pressure
composition is in the beta-phase field. The pressure value would be
much higher at 12000C. I stated that the amount of hydrogen in the
metal at 1200 C would be very low unless the external hydrogen
pressure was very high, i.e., greater than the equilibrium value to
maintain a given concentration in the metal, whatever the pressure
value happened to be.

I further stated that hydrogen would be taken up by the unreacted
metal during cooldown. This presupposes that the hydrogen can

1915 308
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migrate across an oxide film or that.the film was cracked, in which
case ingress of hydrogen could readily occur. It is thought that
even if the films were crack-free, hydrogen can still diffuse
through,the oxide readily..
It was also poinie'd out that oxygen in an alpha-stabilizer, whereas,
hydrogen is a beta stabilizer.- The oxide film forms and dissolves
simultaneously into.the Zircaloy, thus transforming the beta Zircaloy
to alpha Zircaloy at high temperatures. This occurs because the
alpha-stabilizing influence of oxygen is much greater than the beta-'

-

stabilizing influence of hydrogen. The solubility of hydrogen is
much less in the alpha phase than in the beta phase. This means
that when much oxygen exists (as it does in the case of rur.away
'orroslon), that the amount of hydrogen remaining in the Zircaloyc
will be much less at a given temperature than when oxygen is not
present.

A number of names of people working in the area of high-temperature
Zircaloy 2 steam reactions pertaining to LOCA were given along with
some references. These are follows:

Dr. Adrian Roberts, EPRI
Dr. Richard Pawel, ORNL
Dr. R. Westerman, Battelle M.*
Dr. R..Biederman, Worcester Polytechnic

Roberts is the program monitor en all aspects of zirconium-steam,
zirconium-pellet. interactions at EPRI and can give an excellent
overview of the problems and who is doing what. Pawel, Westerman,
and Biederman are all working on various aspects of high-temperature
Zircaloy-Steam reactions.

Reference: 1. Beck, R. L., " Zirconium-Hydrogen Phase Diagram,"
ASM Transactions Quarterly, 55, 1962, P 542.

,

2. Beck, R. L., "Thermophysical Properties of
2irconium Hydride," ibid, P. 556.

3. Surek, G. J., Cathcart, J.V., and Pawe'1, R. E.,

"Mic,rostructures of the Scales Formed on Zircaloy
4 in Steam at Elevated Temperatures," Oxid Metals,
10, 1976, P. 255.

4. Biederman, R., "A Study of Zircaloy 4 Steam Oxida-
tion Reaction Kinetics," Report EPRI NP-734, April
1978.

5. Westerman, R. E., "Zircaloy Cladding ID/CD Oxidation
Studies," Report EPRI NP-525, November 1977.

6. Kelpfer, H. H., and Douglass, D. L., " Factors Limiting
the Use of Zirconium Alloys in Superheaded Steam,"
ASTM Special Publication No. 368, Corrosion of Zirco-
nium Alloys, 1963, P. 118..

1915 309
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6. Calculation of Zirconium Oxidation to Produce H2
It was assumed that the following quantities of H2 were produced
during.the course of the, accident:

70, BOO bCP khich has burned
48,000 SCF currently in containment

100 CF at 1000 psi (current bubble)'

12,000 CF of water saturated with H2 at 1.3 ccSTP/gmH2O
,

For a 73.0 MTU c6re (core size initially supplied by NRC), which
' - . .

..

104 kg'of Zr, approximately 40 percent of thewould.c~ontain 2.02 .

Zr would be~ required to react with water to produce the above
quantities of H2

hevising the core size to 81.893 MTU reduces the fraction of Zr
reacted to approximately.3'6 percent.

7. Potential Hazard from Adding H 02 as an H2 Getter (Whan)2

Transition metal 6xides are used.as catalysts to decompose H202
in oxygen generators. It has been demonstrated that transitron
metal ions in solution at the PPM levels can cause the rapid
decompositioneof H 022 to produce oxygen.

We expressed concern that the addition of H 022 to the coolant to
getter H2 could instead generate free 02 which could then form an
explosive mixture with the H2 present.

Reference: 1. W. C. Schumb, C. N. Satterfield, R. L. Wentworth,

" Hydrogen Peroxide," American Chem Soc Monocraph
No. 128, New York, Rhenehold Publications Company,
1955.

2. "The Effect of Fe+3, Cr+3, Nr+2, and Mn+2 Ions on'

Decomposition of Hydrogen Peroxide Solutions,"
Kirk L. Shanahan, S AN D7 8-17 7 8 , February 1979.

.
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Sandia Laboratones
. . . . .m ., . . .

May 8, 1979
.

.

Dr. Raymond di Salvo
Probabalistic Analysis Staff'

-

U.S. Nuclear Regulatory Commission
Maryland National Bank Bldg. M/S 3106
Washington, D'.C. 20555

II Reactor
Re: Contingency Vent-Filter for Three-Mile Island Unit

Dear Ray:

In responding to your request regarding a contingency vent-filter
system for the Three-Mile Island Unit II Reactor, we did not have
time on the first go-around to present anything more than rough
sketches. Now that the dust has settled, figuratively speaking,
I would like to present a more organized account of the basic syster

go with it.that we proposed for you on April 13 and the options that

The primary contributors to this tash, beside myself, were Walt
Murfin (4413) and Harold Walling (1114).

I hope that the enclosed material will provide you with useful
information to support the sketches we sent you carlier.

Please feel free to call upon us at any time.

Si.ncerely,

R J?
,LE~ Q-c . ,.
Allan S. Ben' amin

Nuclear Facility Analy, sis
Division 4414

Enc: (1) " Contingency Vent-Filter for the Three-Mile Island
Unit II Reactor," with attached appendi:. ..

(2) Blueprint of Vent-Filter System

1915 3II
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Distribution:

NRC: Mark Cunningham (PAS)

BCL: R. S. Denning
P. Cybulskis

Sandia: 1110 J. D. Kennedy
1114 J. H. Davis
1114 M. C. Walling
4400 A. W. Snyder
4 410 D. J. McCloskey.

4412 J. W. Hickman'

4412 S. V. Asselin
4412.D. D. Carlson -

4412 D. J. Murphy
4413 W. B. Murfin
4414 C. B. Varnado
4414 A. S. Benjamin

.

.

9
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CONTINGENCY VENT-FILTER FOR THE THREE-MILE ISLAND
UNIT II REACTOR

'

To handle the unlikely but postulated escalation of the Three-Mile

Island accident to a. core pgitdown, Sandia Labs was asked by the NRC

Probabilistic Analysis Staff on April 10, 1979, to rapidly preparc

preliminary designs of vented filter systems that could be retrofitted
'

to the reac. tor within a week to ten days. The purpose of the vent--

filter was to relieve pressure from the containment building without

significant radioactivity release if the structural integrity of the
containment were threatened. Sandia res pond ed to this request by sub-
mitting a preliminary vent-filter design to NRC on April 13, 1979, to-
gether with a list of design options that could be considered. A more

detailed description of the design and t..a options is presented here,

with supporting calculations being given in an attached appendix.

It should be emphasized that this system represents the results
of a very short-time but concerted study that was directed at a very
specific situation (the Three-Mile Island accident) and with very spe-
cific objectives (to provide a contingency system for venting the con-
tainment on short notice). It does not derive from the benefit of a
detailed engineering study and is not in any way recommended as a madcl
for operational reactors.

.

A schematic of the first (maximum capability) of the options prc-

posed is shown in Fig. 1 and a more detailed drawing of the piping and
valving aspects is presented on the enclosed blueprint. The main inlet

line to the filter media attaches outside containment to an existing

hydrogen control line (6-inch diameter) which comes off a normal Furge
exhaust line (3 6-ir.ch diameter) . This path for exhaust from containment
was mandated by the fact that the normal purge lines were the cnly lines
which were located above the containment water level, were large enough
to handle the anticipated steam flow, were stracturally adequate in the
event of a pressure excursion, and could be valved open at the inside
valve to permit outward-directed flow. All other lines above the water
level are valved to prevent exhaust.

1915 313
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There are four 36-inch normal purge lines that penetrate contain-

ment fairly close to one another at the interface with the auxiliar;

building. Two of these lines are normally used for exhaust and two

for intake. At the time of the design effort, according to reports

from the site *, one of the exhaust and one of the intake lines were

being used for hydrogen recombination and recirculation. The plan for

the vent-filter was to utilize the other containment exhaust line as

an intake for the vent-filter and the other containment intake line as
'

a means for optionally recirculatine the filter exhaust back into the-

containmeat (see blueprint).

The major uncertainty regarding exhaust and intake was the possi-

bility that the inside containment isolation valves would fail if the

containment environment became too severe. The electrical insulation

was Lelieved to be sensitive to high radiation levels together with

high temperatures, and a failure of the insulation would cause the

spring-loaded valves to f ail in the closed position. According to
*

Thesing even if such a failure were to occur, it.would be quite,

likely that the valves could be kept open with instrument air. As a

precaution, however, it was considered impcrtant to utilize at least

one of the other two normal purge lines, and preferably both of ther,

as a redundant intake for the vent-filter. In case all the valves

should fail closed and the instrument air should fail to open them,

a further precaution should be taken by making available the means for

hot-tapping / drilling through an isolation valve.

At the intake to the vent-filter, a throttle and orifice meter

are provided. The throttle is needed to allow careful control cf the

flow, since the system is not designed to accomodate large flow rate:

for indefinite periods. The orifice is provided to rule out the possi-

bility of excessive flow rates that could blow out the system. The

diameter of the orifice is specified as 3.3 inches, which would 11. tit

.

Harold Walling of Sandia conducted se'>nral telephone conversctions
with Jim Thesing, Bechtel Corp., between Ap.il 11 and 13 to ascertai:.
information pertinent to the vent-filter design effort.

1915 315
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the exhaust flow to about 3000 cfm at a containment pressure of 45
psia. Operating in the release mode, the time to reduce the con-*

tainment pressure f rom 45 psia to 35 psia would be about eight hours,
assuming thau the water inventory,in the containment sump is 700,000
gallons (i.e., approximately two refueling water storage tank loads).
After 24 hours, the pressure would be reduced to about 28 psia. These

calculations are based on utilization of the system at 21 days after
power shutdown; the details are given in the attached appendix.

.

The primary filtering medium was selected to be water, appropri-
ately treated with an additive (e . g . , sodium hydrcxide or sodiur
thiosulfate) to enhance iodine capturc. The advantages of watcr pocls

in this instance are as follows:
(1) They have proven effective for their heat sink and stcam

condensation capabilities (e.g., BW.9 pressure suppression

pool).

(2) They have a fairly high efficiency for particulate entrapment
(>981) and for capture of elemental iodine (>901).

(3) They are inherently resistant to b. lasts, fires, and other
hazards.

(4) They can be easily cooled by means of standard heat
exchangers.

(5) Water is readily available and requires no special
preparation, such as grading or purification.

The primary disadvantage of water pools is tha_t they must be kept
subcooled in order to maintain their capacity for condensing the
steam and capturing the entrained fission products.

.

Sand filters with overlying and underlying gravel layers are
also attractive for fission product decontamination under high flow

(1) they recuireloadings, but they have the following disadvantages:
sink capabi.-large amounts of gravel in order to maintain their heat

ity, since they cannot be readily cooled by heat exchangers, (2) thci

1915 316
The flow will not be choked under this condition. The max: mum.

is about 13,300 cfrflow rate corresponding to isentropic choked ficw
See appendix.
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must be caref ully graded and f ree f rom impurities that could caust
excessive pressure drops, and (3) they have not been adequately
tested in certain areas, such as their ability to drain the condensed
water without becoming clogged. On the other hand, their officiency

(or capturing articles is so great (>99.9%) that their use as backup
to the kater ppolt should*be considered (see Fig. 1 ar.d blueprint) .
Other considerations regarding the choice of filtering media and the

*

design of the system.may be found in a draft report that we forwarded

' to NRC/ PAS on April 11, 1979.

As a final #iltering agent before release to the environment, the
design calls for charcoal filters to be situated in the station vent.
Assuming that the charcoal is impregnated with potassium iodide er
triethylenediamine'(TEDA) to enhance the capture of methyl iodide,
the trilevel filtration capability of water, sand, and charcoal
provides a high decontamination factor for all fission product spec;cs
except the noble gases. It is important to point out, however, that
the charcoal cannot be relied upon to provide the bulk of the filter-
ing capability. Charcoal filters will be rendered useless by rela-
tively small amounts of water or particulate and will ignite if ,

heavily loaded with fission products or sub ccted to high gas t em pe ra -3

tures. In addition, they usually require a prefilter to clea: the
incoming flow and an afterfilter to catch any contaminated charcoal
particles that become dislodged and entrained in the flow.

.

For the Three-Mile Island situation, the water pools and gravel /
sand filter were designed to be contained in portable tanks that were

::
reportedly available on site. Initially, consideration was given

locating the water pobl in a single large tank, such as the refuelarc
water storage. tank, the spent fuel storage pool, or the condensate
storage tank for Unit I. For one reason or another, however, these

tanks were all unavailable. The design shown in the blueprint ut;-
lizes ten 50,000-gallon water tanks in parallel to achieve a tet21
water pool capacity of 500,000 gallons. Assuming that the tankc are

A. S. Ben-jamin, " Issues Affecting the Feasibility and Effective-.

ness of Vent-Filtered Containments," draft Sandia report dated March
1979.

5
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initially half full, calculations show that the system can operau

for at least 14 days in the recirculation mode and 28 days in the

release mode before the tanks fill up and require draining (see

appendix). Based on these results, it would be easily possible to

operate with fewer tanks, if necessary.
.

The water tanks are designed with a single-loop direct heat

exchanger that circulates water from the tanks through the exchanger.

and back into the tanks. A direct heat exchanger was considered to

be preferable to an indirect one in this case because it is easier
to design and construct. It was anticipated that the spent ruel

cooling system could be diverted to the portable water tanks to
provide the heat exchange capability, since it was not being used for
its intended purpose of cooling spent fuel. Each of the two spent

6
fuel coolers ha's a cooling capacity of 5.5 x 10 BTU /hr. If both

coolers were operating, the system would be capable of removing
enough heat to keep the water pools oubcooled indefinitely, even at
the maximum venting rate (see appendix).

Each water tank is equipped with level indicators and a ther-

mocouple, so that the operator of the system can detcrmine the water
temperature and lavel. If the temperature approaches saturation in

one of the tanks, the operator should be prepared to valve it cut of
the system until its temperature can be reduced by the heat e xch ar.g e r .
If the water level becomes too high due to steam condensation, the
operator should drain it into a condensate tank provided for that

Provision is made for the condensate tank itself to bcpurpose.

drained into tank cars if its capacity is reached.

After water scrubbing, the remaining noncondensible gases arc

expected to consist largely of hydrogen, carbon dioxide, air, and
it couldnoble gases. If one is operating in the recirculation mode,

of course be inadvisable to inject a hydrogen-rich gas mixture bac:-
into the containment, due to the explosion hazard. Even in the rc-

lease mode, it would be desirable to reduce the risk of a hi droger
explosion in the lines that could damage the system. For thosc

1915 3186
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reasons, hydrogen recombiners are proviced in the design, follo;cc

by an additional water tank to cool the gases emitted from the

recombiners. It would be preferable to have several recombiners

operating in parallel, as opposed to a single one, so that relatively

high rates of flow could be accomodated. It should also be mentioned

that the piping and valving used between the recombiners and the

cooling tank would be required to sustain very high temperatures.

- As an alternative to hydrogen recombination, it has been

suggested that an injection of E. I. du Pont's Halon 1301 into the

'line might prevent any possible hydrogen explosion because of its
known anti-deflagration characteristics. Since it has not been

tested in a radiation environment, however, its use at this time

is probably ill-advised.

The gravel / sand filter is included as an option primarily for

the release mode in order to provide an added filtration capability

and to dry the water-saturated gas flow prior to its encounter with

the charcoal filters. The required size of the gravel / sand filter

is estimated to be 225 sq. ft. in area and 6 ft. in height, based on

the assumption that all the steam exhausted from containment is

condensed in the upstream water tanks.

The water tanks, hydrogen recombiners, and sand filter are

located below grade to reduce radiation exposure to personncl at

ground level. It was understood that significant excavaticn had

already been accomplished for purposes of contamination control

and that excavation was in general no problem. While placement

below-grade is recommended, a complete burial of the syster is

considered unnecessary.

As mentioned earlier, the vent-filter system incorporatec

a dual capability for recirculating the noncondensibles back into

containment or for venting them via the station vent to the atmo-

sphere. In the recirculation mode, the flow is sustained b3 a

1915 3197
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3 ed to purac tutblower, and a nitrogen injection capability is p;,

containment and reddce the likelihood of hydrogen c.v'losion. Tne

blower can also be dsed in the release mode.

In the release mode, the vent-filter should be effective against
a containment overpressurization for an indefinite period of time if
the water tanks are drained periodically. In the recirculation mode,

however, containment overpressurization may eventually occur as c
result of the accumulation of noncondensibles in containment. The

.

.

time to_ containment failure after the initiation of recirculation is
calculated to be more than 20 days, as compared to about 7 days with
no venting of any kind (see c.ppendix) .

Various design ortions have been identified and are listed in
Table I. To simplify the system, one could delete the recirculation
line, the sand filter, and/or the charcoal filters (Options 2, 3, and

As an4) at some expense in flexibility and filtration capability.
alternative to, release or recirculation, one could direct the exhaust
into the containment of Unit I, which had been shut down for mainte-
nance (Option 5). A summary of the advantages and disadvantages of
these options is given in Table I.

It would be worthwhile to reemphasize that this system was
Three-Mile Island.designed for expedience to serve as a contingency at

It.therefore lacks many of the automatic controls and sophistications
that one would want to include in a system of this sort given mere
time to design and construct it. The operation of the system requirec

intelligence and forethought. The operator must be prepared to execute
the following actions at certain times:

accumulates(1) Drain any water tank or sump in the system that
too much water. Do not let the tanks overflow.

(2) Valve out any tank if the water temperature approaches
saturation (212* F).

(3) Limit the flow rates to levels that do not jeopardize the
system.

(4) Do not recirculate a hydrogen-rich mixture back 'ato

containment.

1915 3208
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TABLE I

Design Options

Option
Number Description Advantages Disadvantages

1 As shown in Fig. 1. Maximum filtra tion. Amount o f construction
can recirculate back required.
into containment if

- pressure transient is
not too rapid, other-
wise can discharge
through station vent.
Nitrogen purge for
containment.

2 Delete recirculation Fewer containment Less flexibility. Canw
line and blower. penetrations. only be used in release

mode.

3 Delete sand filter Availability of material. Forfeits additional
and/or charcoal filters. Fewer construction prob- filtra tion capability

lems. Minimal impact on needed for release mode.
recirculation mode.

[) 4 Delete recirculation Minimum construction Minimum flexibility,
line, sand and charcoal impact. lower filtration capabil---

tJ7 filters, and recombiners. ity. Greater chance for
11 explosion in vent line.

2

] 5 Redirect recirculation Same advantager, as Contaminates Unit I
line to Un i t. I contain- Opt ion 1. containment.
ment.

.
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(5) Watch for leaks and monitor radiation.

Care must be taken as well in the construction of the system,

particularily in the following areas:

(1) Provide adequate pipe diameters throughout system.

(2) Spike water tanks with appr6priate additives.

(3) Watch materials in high-temperature section following

recombiners.
*

(4) Connect to more than one outlet from containment.-

(5) Have contingency available for hot-tapping containment.

.

1915 522
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APPENDIX

Estimation of Vent-Filter Requirements as a Contingency
for the Three-Mile Island Unit II Reactor

CONTENTS

Pace

1. Nomenclature A2

2. Introduction A4

3. Design Basis Approximations (Release Mode) A6

4. Containment Response (Release or Recirculation Mode) A9

.
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1. NOMENCLATURE

Symbols Definitions
,

A Area (ft')

,- B Dimensionless function defined by Egn. (10)

c Specific heat at constant pressure (BTU /lbm *R)
p

C Discharge coefficient
D

F Dimensionless function defined by Egn. (11)

f Mass fract4'n of noncondensible ccmponents in concrete
NC, conc

g Acceleration of gravity (ft/sec2)
g Conversion constant (32.2 lbm-ft/lb-sec )g

H Height of water (ft)

h Specific enthalpy (BTU /lbm)

H Effective heat of ablation of concretc (BTU /lbt)
ff

h Latent heat of vaporization of water (BTU /lba)
fg

M Molecular wei,5t

r Mass of water in the sump ( l br.)
same

* ^

Mass flow rate (lbm/ min)
p Absolute pressure (lb/ft )

O Venting rate (ft / min)
ver.t

c Heat rate (BTU / min)
E Universal gas constant (1545 ft-lb/lb mole 'r'

T Absolute temperature (*R)

t Time (min)

V Free vo,lume in containment (ft )
Y Ratio of specific heats

-

p Mass concentration, or density (lbm/ft')

Index indicating release mode (if u 0) or=w
1)recirculation mode (if w =

1915 324
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1. NOMENCLATURE (Continued)

Subscripts Definitions

ch Choked flow

cire Circulated into the containment atmosphere

dec Decay

HX Heat exchanger
,j in Injected into the containment atmosphere

NC Noncondensibles

o Outside (ambient)

or Orifice

sat Saturation

st Steam

w Water

.

.

.

.

.

*
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2. INTRODUCTION

- This appendix provides supporting calculations for the estimates

of design requirements for the Three-Mile Island contingency vent-

filter.
-

The assumed situation inside containment is shown schematical;y in

Figure A-1. The core is assumed to have melted through the reactor

vessel and is interacting with the concrete in the reactor cavity.

This interaction produces an injection of noncondensible gases (pri-

marily H and CO ) into the containment atmosphere at a rate s
2 x tC,in'

The containment temperature atmosphere, consisting of a mixture of

condensible gases (mainly steam) and noncondensible gases (mainly air,

and noble gases), is vented at the rate 00 starting atH2, COx, vent ,

time t The steam is condensed outside containment, whereas the non-.g

condensibles may be recirculated back into containment, at the rate

O r may be released through the station vent. The containmentpNC vent,
atmosphere is in equilibrium with the water in the containment sump,

which replaces a portion of the vented steam at a rate 0f 6 ,.,.,..s-

e

%
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Figure A-1. Schematic of Containment During Core Meltdottn
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3. DESIGN BASIS APPROXIMATIONS (RELEASE MODE)

Because the water content in the sump is expected to be much
greater than the steam inventory in the containment (i.e., 700,000

gallons in the sump as compared to an equivalent 17,000 gallons water,

'

content in the atmosphere), it is possible for design purposes to make
the conservative assumption that the sump reservoir is infinite.
Assuming as well that the sump water maintains equilibrium with the
centainment atmosphere, the temperature and hence the partial pressure
of water vapor in the containment remains constant. Thus any steam

that is vented from containment is replaced by vaporization from the
sump, viz.

st,in St vent
,

The pressure variation in containment is then governed by the ventin:
of noncondensibles, and the minimum design venting rate (i.e., that

which arrests the containment pressure without reducing it) is

NC,in
ggvent) min ,

p
NC

The mass influx of noncondensibles can be estimated by assuning
that 100% of the decay heat in the molten core is transmitted to the

concrete and that the concrete is thermally in quasi-equilibrium (i.e.,

that the penetration rate of the isotherms is equal to the melting

rate of the surface). Thus

h'-

j9k ~9dec;
'"N C , in ~~ fNC, conc H ,,

e..
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Assuming that qdec = 2.8 MW (from ORIGEN calculations ccrresponding to
the Three-Mile Island core after 20 decay days), that He.,, = 1330 BTU /

.

lbm (from considerations of the sensible heat and heats of decorposi-
tion and melting in concrete) and that f = 0.27 (a representa-

UC, conc
tive value for limestone concrete), it follows that 5 . = 32 ltm/ min.hC,in

3Further assuming that D = 0.067 lbm/ft Urom Battelle calculations
NC

at a 21-day decay time), it follows that (o =4 0 cfr.
vent min

*

.

The maximum design venting rate can be considerably larger thar
the minimum value as long as the heat exchanger is capable of recoving
the latent heat of the steam that is condensed in the water bath.
(The decay heat produced by fission products captured in the water bath.
is calculated to be very small in comparison.) Thus

.

9sv"
(Qvent) max

=

h,gp s ,. .

Assuming a heat exchange capacity of 1.1 x 10 BTU /hr (the capacity of

the spent fuel pool cooling system) and a steam density of 0.066 lbm/ft
(from Battelle's calculations), it follows that (O c f rm

vent max

At this venting rate, the rate of water accumulation in the water tan?.s
would initially be about 35,000 gallons / day, although this value woulf
decrease during operation (see next section).

To prevent excessive flow rates that could corpremise the syste.m,
an orifice plate should be included near the entrance to the systcr.
The flow through this orifice, even at the containment venting pressure
of 45 psia, is not expqcted to be choked, and so the flew rate can be

a dis-expressed by the following isentropic flow relation radified by
charge coefficient:

g p'1/'-

4 -

(,p_, ;,( y -1 ) '/ y
~

% 0 2v ovent tg% =c y_ pA D y -1 .
-

or

,'% i915 3294,
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The pressure upstream of the orifice, p, can be taken to be the con-

tainment pressure, but the downstream pressure, p', depends upon the

details of the venting system (i.e., the pressure drops through the

ducts, valves, pumps, watet lutes, water pools, sand filter, etc.).

If the system is designed to minimize pressure drops (i.e., large

ducts, efficient lutes, etc.), then the major pressure drop in the

system can be taken to be the hydrostatic pressure difference in the
water tanks. Hence,,j

P' m p + o g H/g
o g g

3 3000 cfm,Using H = 20 ft, p = 45 psia, o = .133 lbm/ft O =
, vent

2
y = 1.4, and C = 0.6, it follows that A should be about 0.061 ft

D or
and hence that the orifice diameter should be about 3.3 inches. The

corresponding isentropic choked flow venting rate, given by

O Pvent Y (Y + 1) o
,

A v~1 C
or ch -

is calculated to be 13,300 cfm.

.

.

1915 330
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4. CONTAINMENT RESPONSE (RELEASE OR RECIRCULATION MODE)

Dropping the assumption about an infinite water sump, it is pos-

sible to write down the equaticns of mass and energy conservation in

the containment in a fairly simple form if it is assumed that (1) the
'

heat transfer to the building structures is small and (2) the samp'

water remains in equilibrium with the atmosphere. These equations are

,
as follows:

Conservation of Species: Steam

do
p OV " -

c d st,in st vent

Conservation of Species: Noncondensibles

do"
V =b - 0 Q (1 - u) (2'

c dt HC,in NC vent

Conservation of Energy: Sump and Atmosphere

d ( " sump ' w)5'

d(oh) = 5 ,,, i n h,,, in - ccven.hV , i.u ,c dt dt .,v, -

+C NC vent NC, circ' (3'

<

1915 331
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where

0"O +#
st NC

+p hph e pst(h +hfg)y NC NC

h =c T
w p,w

TNC " 'p,NC

NC,in " #p,NC NC,in
.

J

h =c T .
NC, circ p,NC circ

dmsump
st,in * ~ dt

0 for release mode
u =

1 for recirculation mode

Introducing Equations (1), (2), and (4) into Equation (3), the equation
for. energy conservation can be written as follows:

d~i
p,NC) V +m c(p c + p c c sump p,w dtst p,w NC

")= -5 h c (T' -

st,in fg + NC,in p,NC NC,in
'

+p U ~ '
MC vent p,NC circ

Together with these is the equation for phase equilibrium:

1915 T32~

dp dp
sat sat dT (g

dt cT dt
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as well as the perfect-gas equations of state:

O st (7)ETPsat " MHO
2

E P

P=("H3+ b;C
st NC (B)RT
0

.

,

By combining Equations (1), (6), and (7), solving for dT/dt, and sub-
stituting into Equation (5), one can derive the following equation for
.

*st,in*

I ^ E[ (9)O$st,in " P st vent ) ,

where .

cHC,in p,NC NC,in -
B=

#stU h
vent fg

O c#;C vent p,NC circ - '
t (10),

P O h
st vent f

and
'

dp
T ~1 P h

p dT st c f*

F=
_

;;;)sat

+p Vc" sump)cp,w gg c p,NCID Y #
st c

Closure is formed by borrowing the following expressions from the pre-
ceding section:

1915 533 (mdec*

f=
SC,in NC, conc Heff
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1/ ''(1-1)/Y

1-(L'
9P2v e

(13)Q =cA
1 p pvent D or y -

.

+ p gH/g (14)p' = pg y g

The solution of these equations involves a straightforward first-

,- order time integration. At a particular time, calculate 5,.C,.4n and
..

O fr m Equations (12) through (14), obtain dp /dT from steam
vent gg

tables, calculate 5 . from Equations (9) through (11), update c
st,in st,

gg, and T from Equations (1), (2), and (5), calculate p frem Equa-p

tion (8), and update m The procedure is repeated at each time.sump
step.

Results of these calculations are shown in Figures A-2 and A-3.

Values of p and T initially were taken to be 45 psia and 244' E re-

spectively, from Batte11e's calculations. '+ a initial value of = ,,,,.

'""*
6

was taken to be 5.6 x 10 lbm, the equivalent of approximately two

refueling water storage tank loads. The orifice diameter was taken to

be 3.34 inches and the hydrostatic water head to be 20 feet. The decay

heat in the core was taken as 2.8 M'.., and no credit was taken for the

expected reduction of this value with time. The molecular weight of

noncondensible gases was taken to be 29, their temperature cmerging

from the molten core was taken as 5000' F, and their terperature upon

recirculation was taken as 150' F. These values are, cf course, rcther

gross estimates.

It is to be unders.tood that these calculations give an indicatter

of the likely effectiveness of this vent-filter in either a release er

recirculating mode, but have several shortccmings that would have to be
corrected in a more detailed analysis. The primary areas where i preve-

ments are needed are as follows:

(1) Better representation of the pressure drop in the vent-filter
system.

A12 3g)5. zz4. .
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(2) Coordination with concrete thermal response model to give'

better estimate of noncondensible gas generation.

(3) Better characterization of noncondensible sp6cies, particu-
'

larly to def,ine equivalent molecular weight.
(4) Better estimates of T and T

riC,in MC, circ ~ , , ,
(5) Inclusion of containment structural heat sinks.
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De aartment of Energy
Ch cago Operations and Regional Office
9800 South Cass Avenue
Argonne, Illinois 60439

JUN 6 1979

Robert L. Ferguson, Frogram Director for Nuclear Ener;;y
Office of nuclear Energy Programs, EQ

INFO?d1ATION REQUESTED BY THE PRESIDfJ.'T'S COMMITTEE ON TH"dE
HILE ISLKID

Attached to this mer.orandus are several internal memorandums froa
Argonne National Laboratory (A:.L), which describe the input
personnel had in activities at Three Mile Island. As discussed
between Mr. Peir.roth and I;r. Jasceusky, of my office, by telephone,
the ASL's Radiological Assistance Teau's response activities are
not included since this information has already been provided to
Headquarters. ,

.

Any questions cor.cerning the material provided, should be directed
to Edward J. Jascewsky ou (FIC) 972-2253.

Original $1gned by
Fred C. MattaueM er

Robert U. Bauer
OL3,LJJ Manager /hegional Representative

Lnclosuren
1. Heno., Rent to .;cnekar.p, c.stcd 4/12/7L
2. Memo., Gehl to Weeks, dated 5/29/79
J. Neuo., lwrbas to DeLorenzo, datel 3/2 /7)
4. Meno., Frost to File, da:ed 5/3C/7)
5. Memo., Frost to File., dctcu 5/31/79
6. Memo. . Frost to DeLorcr.::c, dated 5/31/7'>
7. Mc=o. , McConnell to DeLoren::o, dated 5/31/7E
8. Memo, Cunningham to Burris, dated 6/1/79

1915 338
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May 29, 1979 [" "' 53
Office v. r .. - .u. . :- :, ety

File
Action

T0: C. A. DeLorenzo Director, 005

ff[h Director, Plant SystemsFROM: H. M. Korbus

SUBJECT: Plant Systems-Reclamation Activities at
Three Mile Island

REFERENCE: Memo C. A. DeLorenzo to Distribution, subject Information
Requested by the President's Commission on Three Mile Island

Warren J. Tyrrell, Plant Systems Supervisor engaged in activities at the subject
area from April 16, 1979 through April 27, 1979.

Mr. Tyrrcll was assigned to the Waste Management Group under the direction of
Mr. Benjamin Rusche.

His assignments were as follows:

1. Inspection of decontaminated areas by Westingbouse and Vychem decon
personnel.

2. Reviewed report on protective coatings received by Mr. Rusche from company
in New Orleans. Arranged to have company come to TMI for meeting and test
demonstration.

3. Consulted with Battelle NW representatives regarding electropolishing as a
method of removing radioactive contamination from metal surfaces. As a
result of this meeting TMI obtained funding from DOE for the installation
of a decon facility estimated to cost 300K.

4. Advised Health Physics as to best method for the decontamination and
disinfecting of respirators.

5. Discussed ANL waste disposal procedures.

6. Met with local metal fabricator to prepare estimate for fabrication of the
M III bin. .

7. Worked with Health Physics regarding survey and smear results.

8. Worked with the Waste Management Technical Support Organization Group - chart
attached.

HMK:hpb
Attachment 3gj3 igr

1 >cc: J. F. Bartusek w/a,
R. L. Vree "

306 RF "

PS File " . .
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WASTE MANAGEMENT RADWASTE OP ORGANIZATION
,

LO
B. Rusche (SC-ERI) J. Seelinger -

_ _ _ _ _ _ _ .

(Met-Ed) @
"

.

Planning / Scheduling II. P. Con tact s- ~ ~ - -

M. Rininger (Met-Ed) B. Brannock
. T. Ilillard (Met-Ed) Personnel Coordination

, B. Gi:nderson (GPU)
D. Fick (GPU).

I~'---~'''~-~~-------
Construction

TechnicalCoordination Gas Liquid Support
'

W. Hirst (CPU) J. McConnell (CPU) R. L. Williams (CPU),

.

*

W. Tyrrell (ANL) R. BroiTsbank/ORNL Lia.D. Hagle (UE&C) R. Dunn (Gilbert) M. Ross (CPU) J. Snider (Liquid) (ORNL)
*

| S. Dam (B&E) J. Robison (Gilbert) S. Kraft (CPU) W. Rodger (NSA)i W. Gunn (GPU) W. Itschner (GPU) D. Garman (Gilbert) J. Lieberman (USA)! S. Levin (GPU) 'C. Montgomery (GPU) A. Larson (Gilbert) L. King (ORNL)J. Kindzierski (GPU) A. N.2waz (Bechtel) C. Edwards (Gilberts) W. A. Shannon (ORNL)T. Uilkema (CPU) B. Lutz (Gilbert) Marlin (ORNL)A. Peters (B&R)r

P. Arthur (Gilbert),

B. Reinmann (CPU)Clerical Support .
B. McCutcheon (GPU)J. Smith (GPU) K. Pastor (CPU)
J. Mcdonald (CPU) (

,
.

B. Turpin (Duke)
.

Clerical Support
.

M. Babb (Met-Ed)
% = B. Gunderson
,

4/19/79
*
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.

30 May 1979

TO: File

FROM: B. R. T. Frost, Director, MSD

T. F. Kassner (ANL-MSD) participated in a meeting of nuclear fuel experts,
held on April 12, 1979 at NRC-Bethesda; to update estimates of the damage to
the TMI-2 core and to consider its effect on the desirability of initiating
natural-convection cooling of the core. ANL-MSD has been involved for the past
three years in an NRC-sponsored program to investigate the effect of steam oxida-
tion on the mechanical properties and extent of embrittlement of Zircaloy clad-
ding under loss-of-coolant accident conditions. A summary of the above meeting
was transmitted to D. Ross, Deputy Pirector, Division of Project Management,
Office of Nuclear Reactor Regulation by W. V. Johnston, Chief, Fuels Behavior
Research Branch, Division of Reactor Safety Research, Office of Nuclear Regu-
latory Research. There have been subsequent telephone calls with NRC-RSR staff,
particularly M. Pickelsheimer (Zircaloy expert and program manager for LWR
cladding).

. .

BRTF:rw
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LABORATORY INTR A.L ABOR ATORY MEMO

31 May 1979

TO: File

FROM: B. R. T. Frost, Director, MSD

SUBJECT: Assistance to EPRI by MSD Ceramics Group

At the request of Dr. Adrian Roberts (EPRI) Roger Poeppel of MSD conducted
a quenching experiment on unirradiated UO2 pellets - annealed in 100 CO2: 1 C0
for one hour at 1600*C and quenched into water. Examined pellet for cracking
behavior - first time it held together in spite of cracking. Repeat of experi-
ment at least twice and pellet fell apart each time into a few large pieces.
Transmitted results to Dr. Roberts on April 27.

Note: Dr. Poeppel has been under contract to EPRI to study cracking behavior
of UO2 f r the past two years. The purpose of these quenching experiments was
probably to throw light on the likely size of UO2 particles in the upper section
of the TMI-2 core.

. ANL did not transmit this information to NRC.

BRTF: rw
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3.1 May 1979

TO: C. A. DeLorenzo Director 005

FROM: B. R. T. Frost Director, MSD
.,

SUBJECT: Information Relating to TMI

In response to your memo of May 22, I enclose four memos that describe MSD
involvements with Three Mile Island. This does not give you the information in
the format that you requested but I have only just received these memos and
rather than rewriting them to meet your format I am sending them as written.

In addition, Dick Weeks has accompanied John Honekamp and others to
California this week to talk to EPRI and Prof. Pigford of the Co= mission on key
questions to be answered and what assistance ANL can provide to these two studies.
I suggest that you contact John Honekamp for information when he is at the
Laboratory next Monday, June 4.

BRTF:rw
F E 'E >'Att

ecf W au.SS,x
Distribution:
R. %'. Week,9

'

L. A. Neimark {-- :- '7g
S Greenberg
-' Rest
R. B. Poeppel 7|INFO t E:T:O"T. F. Kassner :CAD
J. R. Honekamp

EAW |
FOP !

'
,

HB*

RGT-~
SK

JL '

i

Circ.
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T0: C. A. DeLorenzo Director, 005 .gg p, j _

, t'j ,

FROM: R. J. McConnell LI Associate Director,' BE-li.hgineer) Tis
~

._i

SUBJECT: Three-mile Island
__

,[.
.. _..i

REF: Memo to Distribution from C. A. DeLorenzo, "Inforrmt & recueste t
by the President's Commission on Three Mile Island," dated May 22, 1979

In response to your reference request, I participated in the following meeting.

Subject

TMI-2 Meeting - Core Damage Assessment, April 5, 1979.
,

location
,

Lynchburg, Va.

Participant

R. J. McConnell, ANL/EBR-II

Purpose

1) Evaluate the information avai':able to determine a best guess of
the extent and nature of core damage.

2) Propose future efforts to gain more knowledge.

Other Participants

See attached.

To the best of our knowledge, this represents the only EBR-II participation.

RJM:km

1915 344cc: D. W. Cissel

.
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. April 12, 1979
.

To: J. R. Honekamp h OTD,

. . .
From: J. Rest MSD

Subject: Assistance to the NRC on Matters Related to the
Accident at the Three Mile Island Nuclear Reactor-

On April 9. Rich Sherry of the NRC called me to request assistance in
esti nating the fr -1 temperatures for the uncovered core that occurred as a
result of the accident at the Three Mile Island Nuclear Reactor #2 on
March 28, 1979. Rich said that George Marino of the NRC had done some calcula-
tions to estimate the rate of heating of the uncovered core due to decay heat
assuming adiabatic conditions. Ceorge's calculations indicated heating rates of
from 1-10* F/S. (The next day George called to revise the heating rates down
to 1-3* F/S). In addition, measurements had been made (how the measurements
were performed and when they were made was not clear) on the amount of released
isotopes of xenon. The measurements indicated that 22%, 24%, and 31-38% of
the total core inventory of X 135, y 133m, and X l33, respectively, had beene e e
released. The NRC requested that I use the CRASS-SST code to perform calcula-
tions for assumed accident scenarios to estimate the hel temperatures required
to explain the release of from 20-40% of the total core inventory of fission
gas.

-

Two sup;ested scenarios were used to perform the calculations. The first
scenario ensisted of an irradiation at 6 KW/ft (average core power rating)

an average fuel temperature of 1200*F for 60 full power days followed byat

(1) a relatively instantaneous reduction in power (1.2% of nominal due to
reactor scram) and a fuel cooldown to 550*F occurring in about I hour's time,
and (2) a heatup of the fuel at a heating rate of 1* F/S. The second scenario
was similar to the above, but differed in that fuel from approximately 25%
of the core which was irradiated for 60 full power days at about 12 KW/ft
with an average temperature of 2550*F was considered. The objective of thesc
calculations was to determine at what fuel temperatures CRASS-SST woulo predict
20-40% total gas release.

The results of the analysis, which were transmitted vybally by me to the
NRC (George Marino) on April ll, subsequent to separate d cussions I had with
Steve Cehl and yourself, are as follows:

1. Predictions made with CRASS-SST for the 6 KW/f / fuel indicate
that a maximum of from 5-10% total gas releas would occur at
fuel temperatures between 4700*F and the fu melting point
(s5160*F) . This result was obtained assur ng that no extensive
grain-boundary separation occurs in the uel. A substantial
acount of gas release from the grains s calculated to occur
as a result of the heatup, but this s was trapped on the grain
surfaces and edges, and hence was at released to the exterior

.

n ., a a n -- o
s . ~ . c . ., m. ~

.
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J. R. Honekamp -2- April 12, 1979.
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of the fuel. (The predicted fuel swelling due to the retained .

gas on the grain surfaces and edges was too seall to cause
appreciable long-range interlinkage of the porosity).

2. For the 12 KW/f t . fuel 20% and 40% total gas release was predicted
to occur at fuel temperatures on the order of 4500* and 4800*F,

.respectively. Again, this result was obtained assuming that exten-
sive grain-boundary separation did n2t occur.

3. Assuming that extensive grain-boundary separation does occur,
GRASS-SST results indicate that for the 6 KW/ft fuel 50% or
more total gas release could occur at fuel temperatures on the order
of 2400-2700*F. Results for the 12 KW/ft fuel indicate that 50%
gas release could occur under these conditions at fuel temperatures
on.the order of 4500*F. The calculations indicated that the substan-
tially greater fractional release of fission gas predicted to be
released from the lower rating fuel than from the higher rating
fuel at temperatures of about 2400-2700*F in the event of extensive
grain-boundary separation was due to the fact that the lovt . opera-
ting temperatures of the lower rating fuel resulted in much umaller -

(and hence more mobile) bubbles being generated within its
grains.

4. Experience with fuel from the H. B. Robinson Reactor (30,000 mwd / ton

burnup compared to the N1000 mwd / ton burnup of the Three Mile Island fu,el)
during Direct Electrical Heating (DEH) transient tests at heating rates
substantially higher than those calculated to occur at Threa Mile
Island indicates that %20% and 40% release occurs in fuel regions
where the temperatures reached 2750 and 3650*F', respectively. However,
it is expected that the much higher cor. centration of gas in the
H. B. Robinson fuel (very little gas was released during the irra-
diation) facilitated the formation of the observed grain-surface and
grain-edge channels, and this enabled the gas released froh the
grains to escape to the exterior of the fuel. In addition, fairly
extensive grain-boundary separation was observed to occur in this
feel as a result of the transient heating.

On April 12, I called George Marino to ask him if the NRC needed any additiona:
asnistance in the interpretation of the above results, which I had transmitted to
him on April 11. I again reiterated that these results were based on assumptions

about the properties of the fuel (e.g. , grain-size), assumptions on the irradiation
history of the fuel rods, and on the suggested scenarios of the accident. For
example, from the above results it is clear that the irradiation history of the
fuel (e.g. , 6 KW/f t vs.12 KW/f t) significantly af fects the predicted gas release
during the accident.

George told me that the NRC feels that significant grain-boundary separation
could have occurred during the accident. Their thinking is based on the results
of a pressure transient in the PBF reactor where appreciabl.e grain-boundary
separation was observed. In particular, George was referr'ing to a region of the

19 5 346. .
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J. R. Honekamp.

-3- April 12, 1979

PBF-tested fuel where almost complete separation (powdering of the fuel) was
observed. Analyses indicated that this type of separation (differing by 1*.s
powdery nature from the type of separations observed in DEH-tested fuel)
was the result of the stresses generated as a result of requenching. Based
on this hypothesis, the NRC is using in their calculations, the 2700*F fuel
temperature predicted to occur in the low rating fuel during the accident
under the assu=ption of the formation of extensive grain-boundary separation.(Result #3, above).

George was reluctant to provide ~ me with any information on what the NRC
calculations were to be used for (e.g. , the calculation of metal-water reaction
rates?), only saying that the work was of an urgent nature.

George and I both agreed that more detailed calculations (e.g., calculations
with CRASS-SST and LIFE-LWR) could be useful. I indicated that I would attemptthese calculations in the near future.

. .

$
Note (added later): J. Rest is continuing telephone discussions with NRC-RSR
personnel on fission gas release calculations.

.

4 0

. 1915 347
..



.

.. . . _ . . . . _ . . .. .

.
,

. ..

ARGONNE
NATIONAL

3 LABORATORY INTR A. LABOR ATORY MEMO

29 May 1979

TO: R. W. Weeks, Associate Director, MSD

FROM: Steve Gehl, Irradiation Performance Group, MSD

RE: Assistance to NRC, etc. regarding TMI

As the following list indicates, most of the assistance I have provided
has been indirect, e.g., with Honekamp and Rest. I have included all informa-
tion for co=pleteness, so that you can do the editing.

1. Week of 4/2. Discussion with J. Honekamp on the likely fission-gas be--

havior in TMI prior to accident (how much fission gas release before accident?)
Provided literature references.

2. Week of 4/9. Several discussions with J. Rest regarding all aspects of
fission-gas behavior prior to and during accident. Discussed the implications
of GRASS calculations, which were then transmitted to NRC (G. Marino).

3. 4/12. Phone call S. Gehl to G. Marino (NRC). Discussed temperature
history during accident; role of fuel microcracking and chemical reactions in
fission gas release. George asked that we consider running DEH (Direct Elec-
trical Heating) tests in steam atmosphere.

4. Week of 4/9. Phone call from EPRI, referred- by Honekamp. Provided ref-
erences on fission gas behavior in LWR fuels.

5. 5/10. Internal Memo (Gehl to Neimark) "Cere Thermal Conditions and Fission-
gas Release in ThI-2" (can be provided if needed) .

Note: L. Nei= ark, S. Gehl and J. Rest have been carrying out a program to study
fission gas release from UO2 under transient conditions for NRC-RSR (G. Marino)
for the past three years.

-4
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TO: L. Burris Chemical Engineering

FROM: P. T. Cunningham Chemical Engineering /ACL

SUBJECT: .",ssistance to NRC on the T.M.I. Accident

Attached is a report describing our assistance to NRC on the
T.M.l. accident, per my conversation with Don Webster on Wednesday.

.

.

*

P. T. Cunningham

PTC/jes

Attachment

cc: D. Webster
F. Cafasso
R. Meyer
C. E. Johnson
R. Heinrich

- R. Larsen (RES)
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Assistance to NRC on the T.M.I. Accident

Type of Assistance: Review of experimental data resulting from y counting
of a sample of primary coolant water to detennine what, if any, inferences
might be drawn from the data.

Who Provided: Data was reviewed by R. Larsen, Radiological and Environmental
Research Division, and C. E. Johnson, R. Heinrich, and P. Cur.ningham,
Chemical Engineering Division, Argonne National Laboratory.

To Whom Provided: Conclusions were transmitted by telephone to Bud Cherry,
,

Vice President, Corporation Planning, General Public Util.ities Corporation.

p When Provided: Data received on Saturday, March 31, 1979, and conclusions
transmitted by telephone on that afternoon.

j Results: The data provided is summarized as follows. A 100-mL sample of
primary coolant water was obtained and y counted to detennine the fission<

; products present. Counting results, obtained from Mr. D. Henderson (BAPL)
' were:

.

Isotope Decay Rate, d/m/mL*

' - 1 3.0 x 1010l31

132Te 4.5 x 108
<

; 133I 1.5 x 1010
,.

134Cs 1.4 x 10s
u

136Cs 3.9 x 10e

137Cs 6.1 x 10s
*e

i 140Ba 4.7 x 107

89.90Sr 1.2 x 107

*All count rates sorrected to noon,
3/30/79.

,

The sample was reportedly reading about 1 R/mL and contained trace levels
of U. Other ~information available included:

o reactor had approximately 60 full power days equivalent of operation;
1

e reactor core 93 x 103 Kg;

e primary coolant volume 4 x 103 ft;3

'

s gas (probably hydrogen) " bubble" approximately 1.2 x 103 ft3 at 1000 psig.
!'
L -

'

.i
-
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Based on this data, and other reasonable assumptions or estimations as
necessary, it was concluded that:

A. About 3% of the core inventory of Cs was in the coolant (perhaps 25%
of the fuel was exposed to coolant).

B. Fission product distribution was not consistent with that expected
if fuel vaporization or meltdcon had occurred; therefore, fuel probably.

still intact (at least as pellets). (The concentration of 132Te, which,
. at the time of the accident, was comparable to that of 1311 in the fuel,

was about 102 less than that of 131I in the water. Tellurium is a
relatively volatile fission product. The concentration of 140Ba, which,
at the time of the accident, was also comparable to that of 1311 in the
fuel, was about a facter of 103 less than that of 131I in the water.
It is expected that 140Ba would be found in the water if fuel melting
had occurred.)

C. Hydrogen appeared to be the only reasonable major constituent for the
bu bbl e. A water-metal reaction was postulated as the source for
hydrogen and to achieve the stated volume would have required involve-
ment of about 25% of the cladding inventory of Zr.

.

*

4

'
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J Assistance to NRC on the T.M.I. Accident.

P Type of Assistance: Data provided on the solubility of hydrogen in water
[ at high pressures and temperatures.
s'

Who Provided: D. S. Webster and M. Blander of Chemical Engineering Division,.

*

Argonne National Laboratory.

'! To Whom Provided: Joseph Murphy of the Nuclear Regulatory Commission,

{
(apparently part of a group assembled for the emergency).

i When Provided: Initial telephone conversations on Sunday night, April 1.
'I Data sought on Monday, calculations made and results telephoned on Tuesday

(4/3)
:

U Results: At the time of this inquiry by NRC, there was presumed to be a
1000 cu. ft. " bubble" of hydrogen at the top of the reactor, in solubility-

-: equilibrium with recirculating water. In order to dissipata the bubble, it
A was believed possible to draw off 20 gpm of water (through a cooler, let-down

orifices, filters) and spray it into the makeup storage tank at about 1a

atmosphere pressure. Dissolved hydrogen was expected to come out of solution,

%.!
whereupon it would be discharged to the containment; the water would be pumped
back into the reactor primary system. The questions were: What is the

,1 solubility of hydrogen at 1050 psia in water at 280 F, and how long will the
l .H removal take?2

The most probable value for the solubility of H2 at 1050 psia in water at
280 F was judged to be 1600 ml H2 (S.T.P.)/kg water (Reactor Handbook, 2nd

. Ed. , Vol.1, p. 851, Interscience Publishers, N.Y. :. ). Furthermore, as
the water temperature fell during passage through the cooler, the solubilitya

would fall to about 1300 ml H (S.T.P.)/kg water at 120'F.2

At the 1600 ml/kg value, 20 gpm of water (75 kg/ min) would carry 120 liters
H (S.T.P.)/ min, or 0.09 cu. ft./ min at 1050 psia and .200 F, to the disen-2,

H gagement vessel. If it is assumed that the returned water saturates with
; hydrogen again in the reactor, the 20 gpm purge will have to continue for

about a week (.1000 cu. f t. = 11000 min) to remove the 1000 cu. ft. bubble.
0.09 cu. ft./ min

: After the bubble is gone, purging should continue in order to remove most of
the large armount of H2 in solutign. The relationship for this falling-4

M in b , where M is the mass of water in the
concentrationperiodist=7000kg),qisthepumpingrate(75kg/ min),and

;
Eprimary system (taken as 230

Co/c is the ratio of initial H2 concentration to tb . desired final concentra-
tion (taken as 1600/10). The time for this phase ci purging is about 11
days.

,

i If, as suggested by NRC, only half the H2 disengages during spraying (?)
I both times will be doubled.

h 1915 353
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,; Department of Energy
,| Richland Operations ORice

P.O. Box D50'

g
, Richland, Washington 99352 NAY 2 51973.P

f

l,

5 R. L. Ferguson, Program Director
|g Office of Nuclear Energy Programs, HQ,

f'e INFORMATION REQUESTED BY THE PRESIDENT'S COMMISSION ON THREE MILE
ISLAND.

s
1- As requested by your TWX to A. G. Fremling, Man.ager of RL, on May 15,

1979, subject as above, information on RL or RL contractor assistancet -,

to the NRC. State of Pennsylvania, or to the utility company following:-;

IW the Three Mile Island Accident is provided in the enclosure to this
e memorandum. While RL and RL contractors have received numerous contacts,

from DOE, NRC and the utility company, to discuss Hanford capabilities,'

the only actual assistance provided this far is as noted in the enclo-"

I have established a single point of contact at RI. (J. D. White)
. sure.
b to coordinate any new or continuing activities related to the Three Mile
},; Island accident and we have advised our prime contractors of this action.

3-
.s -

.y .,

T'

I ?- F. R. Standerfer, Assistant Manager
NFCP:JDW for Technical Operations -

.y
5' Enclosure

! - H. Feinroth, ET-HQ,' cc:
3, w/ encl.,

c,;
y

|
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ASSISTANCE PROVIDED BY RL AND RL CONTRACTORS TO THE NRC, STATE

[g.w OF PENNSYLVANIA, OR THE UTILITY COMPANY FOLLOWING THE ACCIDENT

S
- AT THREE MILE ISLAND (TMI)

t?:
EZ.
f,1 Provision of Air Distribution Manifolds
W" 1. Two breathing air distribution manifolds, plus extra filters and
"''

. spare parts, were provided to Metropolitan Edison Company on
l'' April 17. 1979. The estimated value of the equipment was $1000.
'S The utility company ag. reed to reimburse DOE for the cost.
wW 2. The manifolds were requested on the afternoon of April 17, 1979,
[ and were shipped air freight, by 10:00 p.m. on April 17, 1979.

[Vr, 3. Personnel and organizational contacts were as follows:
.. '

N e On April 17, 1979, R. L. Ferguson called R. P. Fasulo, (RL) and'"- requesteo tnat we prov1de fresh air breathing equipment to TMI." J. L. Tew was the DOE contact; he put us in direct contact

{a.7
with Joe Barrett of Metropolitan Edison Company.

:
''' s The Metropolitan Edison Company's request was for standard MSA
** multiport breathing air supply manifolds.
Q".

~

e Two manifolds were provided by Hanford Engineering Development
h Laboratory (HEDL). W. C. Cravens, Nuclear Facilities Adminis-
"7 trator, Chemical Engineering Department, was the shipment
if coordinator.
I,7

The manifolds were shipped to Metropolitan Edison Company at TMI.
-

'; e
2n

_

4. .This activity was completed on April 17, 1979.
W
g. Reactor physics Calculations

1. Battelle's. Pacific Northwest Laboratory (PNL), under existing Re-
quest for Services agreement with NRC, performed physics calcu-'

".~ lations for NRC following the accident at TMI. Calculations were ,
F performed to estimate the amount of core blockage which had occurred,
l' using temperature data provided'by NRC.
V:b 2. The calculations were requested by Sol Levine, Director of the
f' ' _ Office of Regulatory Research, NRC. through. the home office of

,

i'. Battelle Memorial Institute. PNL contact was Dr. D. S. Trent, e
'

.[[ Manager of the Fluid and Thermal Engineering Section.
M
M l
y- I

$p!:
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3. Calculational results were provided to NRC at TMI. NRC should
L

be contacted for information on results.
U

4. Work has been completed, except for final documentation, which ?
5is currently being prepared for transmittal to NRC.
i
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suasscr: Analysis of Three-Mile Island Charcoal Filter Samples

To: John M. Deutch, Acting Assistant Secretary -

for Energy Technology
..

'

NRC recently requested the assistance of Dr. V. Dietz, Nava'TErfsTch'
Laboratory, in analyzing samples of charcoal filter media from Three-
Mile Island. This.l.imited'liff6'Ft, short-tern work rel-ates to work~

Dr. Dietz has done under an ETW/P supported contract. The necessary
arrangements were made and the analyses are underway (no impact on
ETW/P program). We will receive a copy of the NRL report prepared
for NRC.

The attached memorandum to me from Goetz Oertel provides additional
information.

We are notifying you of this because of your interest in DOE support
efforts related to Three-Mile Island.

'

Original signed by,
ShEDON EU:RS

Sheldon Meyers, Program Director
Office of Nuclear Waste Management

. Attachment

cc: B. Ferguson, Dir., ETN, w/ attach.

.

'

.

~
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REPt.Y TO
ATTN oF: ET-952

SUBJE CT: ETW/NRC Cooperation on Three-Mile Island Iodine Release Measurements

TO: Sheldon Meyers, Frogram Director
Office of Nuclear Waste Management

Informal discussions with NRC personnel at Three-Mile Island (TMI) have
determined that much of the iodine leakage during and af ter the accident
was due to faulty charcoal filter media (KIx i: pregnated activated char-
coal). It passes the current NRC ef ficiency te st satisfactorily, but
the organic iodine bleeds off slowly after the initial capture, a phenom-
enon which the test does not measure.

This phenomenon was revealed in an ETW/P-supported paper presented by
Dr. V. Deitz (NRL) at the August 1978 "15th DOE Nuclear Air Cleaning
Conference." The responsible NRC staff participated in this Conference.
NRC recently asked us to permit Dr. Deit: to car. ' out iodine " bleed off"
tests on samples of the TMI charcoal. Results to m te confirm previous
results, i.e., they do bleed off as much as 70-80% of the organic iodinc
initially absorbed.

Backup beds impregnated with TEDA (a proprietary amine compound patented
in England), now in place at TMI, are retaining the iodine satisfactorily.

It is our understanding that most power reactors now in service also
utili=e the KIx charcoal.
DOE has used the TEDA treated media at SR for several years. About three
years ago our legal department received a request from Sutteliffe-Speakman
(a UK charcoal company) indicating they were the sole licensee of Harwell
and requesting an exorbitant license fee. At that time, we embarked on

a program -- also with Dr. Deit: -- to find a competitive product. Another
amine compound m!IA proved adequate and it cost less, as well. This new
product (a DOE patent is in place) may now find wide-scale use.

Y
- _ =4

Goet K. Certel, Director

Division of Waste Products

cc John Whitsett, ID

,

.
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Titles of TMI related Activities at
Los Alamos Scientific Laboratory (LASL) and Sandia

Los Alamos:

"Resperative Studies for NRC" (NRC contract #A7005)

" TRAC Code Applications" (NRC contract #A7049)

" Fuel Pin Transient Behavior Modeling and Analysis" (NRC
contract #A7046)

. " Accident Delineation" (NRC contract #A7014)

" Source Terms for Decay Heat Calculation" (DOE)

Sandia:

" Accident Energetics" (NRC contract #A1016)

" Systems Interaction Metnodology Applications" (NRC contract #A1113)

" Physical Protection for Nuclear Facilities" (NRC contract *A106d)

" Development and Analysis for Vent Filtered Containment Conceptual
Design" (NRC contract 7A1220)

gg\S
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!?M. | INFO REQUESTED BT THE PRESIDENT'S COMMISSION ON THREE M111I ISLAND.
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TO TOUE TEI OT 5/I5/79:h, ~ ~

A LIST OT EACE ACTIVITY OE TTFE Of ASSISTANCE PROVIDED:IM , 1.
V'.L%

;

A EAD10 LOGICAL ASC ~ STANCE TEAM CONSISTINC OF SIIINRCL? a.;

[4;g ; h (NORSAETO RESEARCB CORP.) PEOPLE AND EQUIPMENT WAS
'
.. -

h '. M DISPATCHED TO ASSIST AND COMPLEMEET THE RADIOLOG1 CAL
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.x, m,
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W AND LOWELL C. BOPEIES. ALL EMPLOYED BT NEC.-

~. h. 315

h' D D 0 V b
DATE: MARCE 30 AND 31, 1979

2(Wh![[[
NAME: CARL T. SEAVRAI, NEC e3- -

#eo

y$p; "Ia 3. TEI RESULTS OF ANY WORI 3@31. INCLUDIEG RESULTS OF ANALTSES.?

"4 }
.n

DATA FROM PETSICAL SAMPLES, ETC.

[' a. THI MOUND EADIOLOGICAL ASSISTANCE TEAM PLACED DOSIMETER
} BADCES IK A TWENTY-KILE RADIU5 A10DHD THE TREEE MILEv.1

| " ,1 ISLAND REACTOR FOR TEE PURPOSE OT ASSESSING POTENTIAL.

'

;,,9 EIFOS011 LEVELS. TEE DOSIMETERS WERE ROI COLLECTED,

hh " F10 CESSED DE ANALTZED BT NOUND PERSONNEL.
. c.-- -

6 b. THE MOUND ERS WAS ON STANDBT AND WAS NOT ACTCALLI USED

{/F ET EG&C PERSONNEL.

h@e
4. INFORMATIOE OE TEE ORGA311ATIOF ARD INDIVIDUALS TO WHOM THI

_' ' i. RESULTS WERE COMMURICATED--

~

,
a. THE ROURD RADIOLOGICAL ASSISTAECE TEAM SERVED AS A COM-

Ti-~ FLEMENT TO THE DDE CHICJ.G0 OPERATIONS OFFICE TEAM AND,

m .

-3@ ]; EEPORTED ALL ACTIVITIES AND RESULTS TO EDWARD J.
--

e (?! j JASCEUSE.T AND FAUL 5IES05' 0F DOE /CE. THE MOUND TEAM
-

4

<!b; EAS ASSIGNED TO ASSIST THE C. S. FOOD & DRUC ADMINISTRA-y :*

q;/ TION (TDA) IN PLACER!ENT OF DOSIMETER BADCES TE A 20-MILE
[. '

RADIUS AROUND THE REACTOR AND REPORTED ON THIS ACTIVITY-u_,

ciff TO RICHARD GROSS 07 731 FDA.
,' f 5. INF01HATION ON ANT ASSISTANCE THAT IS STILL CONTINUIBG:-

Q - ;. MODED PERSONNEL ARE ROT CURRENTLY PROVIDING ASSISTANCEw. . .
3

2( } TO ANY ORGARIEATIOK CONCERNED VITE TEE THREE MILE ISLAND
-

12- INCIDENT.,

. q

THE EEQUESTS 'ROR NOUND RADIOLOCICAL ASSISTANCE TEAM PERSONNEL CANE.e a.

'il.. FROM E. J. JASCHWSET OF CE. AND THE REQUEST FOR MANNIEC THE ERS
x ,.

A .| CAME PRON THE EDC AT HEADQDARTE23. THEREFORE. 30TE ACTIONS ARIm..

}. f PROBAELT REIEC REFORTED BT THE EACI. HOWEVER, ACCORDIEC TO A

M, .nj," ' J. TELECON RITE E. F1 INROTE, EE PREFEES TO HAVE THIS INFORMATION

23}-{
AVAILAELE, TO ASLURE A 07MFLETE REP 0KT.

!.,w 4 -
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EtersutENCE TIER 1351?41 DIU 1517415 Mkr 19, 70!AONINC INFCEtMkTIOgl

CONClugeS ASSIETNICE PROVIDED ST 222. IN RESPGISE TO THE TfgtBE MIIE Imramrn

REACTOR ACCIDSIT.

ACTIVITY cit TYPE OF ASSISTNGCE PRDVIDED - THE AT90SPEERIC.

anr.sgEE ADFISGtt OLPABILITY (ARAC) M48 ACTT1R4TED DENLDIG THE PERIOD 28

3GERCE,1979 Tint 0DGE 18 APRIL 1979 FOR THE PURPOSE OF PSDVIDING REP.L-TIME

ASN ADFISOItIES CONCERIEDIG TEE A19CSPEERIC RELERSES OF

3MDICIEUCLIDEB.

2. DATE AIED 35W6BS OF INDIVIDUALS AllD ORGANIIATIosts PEDVIDING THE

ASSIS1NOCE.

INDIv7 DUAL, ORGANIIATION MAR 28-31 (DAYS) APR I-28 (DAYS)

DIClautSOtt, M.H., PETSICS DEPT. 3 7

ELLIS, J.S. 2 13
"

mr.rAAESSint, N.W. 4
" -

CREENLY, C.D. 3 12"

GUDIESDI, P.B. 1 12"

. 3 DOE, J.B. 1.5 6
"

IANCE, R. 3 13
*

MhCIAACEEN, M.D. 2 4
*

PE2T:3tS0tt, E.R. 3 13"

BODRICUEE, D.J. * 3 13

SHERMAN, C.A. 3 13"

SUILIVfut, T.J. 3 12*

TUERPE, D.R. 2 12*

VEITH, C.R. * 1 13

1916 003
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_IMDIVIDUAL, CRCMtISATION MAR 29-3I (DAYS) APR 1-18 (DAYS)

Mr.IROI, J.J. 1 3
"

MEICEEL, F.L. "
2-

M CEEL, R.L. 2 9
"

etmet, 3.8., COMPUm710s3 Eurr. 3-

NII&, K.L. "
13-

IANSON, L.A. 3 12
"

LICUAMAN, A.R. " -
4

MALKER, H. 2 12
*

AIRON, M.S., ELECTRICAL ENCR. DEPT. 3 13

CASSARD, E.8. 2 13
*

FAULKRER, D.F. 2
'

*
13

CREEN, T.J. 2 13
*

IANVER, B.S. * 2 12

OBERNAN, A.A. "
1-

BARBER, L.M., BAZARDS CoutTICL DEPT. 1-

CIasate, T.A. 6" ~

RANKINS, D.E. 1" -

MfERS, D.S. 2" -

POttEt&, T. 2
* -

_

SMITH, T.H., MECEANICAL ENCR. DEPT. 5-

1916 004
3. DURING THE INCIDENT, TEE REAL-TIM ARAC CONCENTRATI0st

.

CALCUIATI0ttS MERE USED TO (A) DEPIDf ENCUND SAMPLING TEAMS, (B) ESTIRTE

THE soURCs TERM (IN CORENCTION Wits THE RELICOPTER MEASUREMENTS), (C)

PROvlos EsTImTEs or INTacRATED ExposaaE ANo (n) amovIon sue rAA wItu

.
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I N REERING Ca 3033I3g2 MANGES IN FI.IGNF CONRI!XNts MERR tur

M ISBURG AIRPORT.

N N W QLWIATIONS MERE 333r 10 (A) DOE CODORND
*

NTIONS CENIER (BCC), (C) 35tC ECC AND 35tC EING'

OF PflDSSIA, PEfti.

S. 3D FI3tTWER ACTIVITIES AT 3 mis T135

.

O

e

1916'005
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P 2 4225C MAY 79

FM USDOE MAHLON E GATES M3R NV00 LAS VEGAS NV

TO BHEGGT..N/USDOE ROB. E..RT L.. FERGUSON OFF -OF'NUC ENERGY PROGS GTN/ (ET)7.- . .- . -- - . . . . , . .

'

I NFO RHEGG TN/USDOE R SHULL ?!A HQ GTN (DP-292)
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UNCLASSIFIED /N O N W D/NARR
'

SUBJ .1HREE MILE ISLAND (TMI) SUPPORT. THE FOLLOWI NG I NFORMATION IS
.,

PROVIDED IN RESPONSE TO YOUR TVX OF MAY 15, SAME SUBJECT. ALL
T

ASSISTANCE PROVIDED IN SUPPORT OF THE TMI ACCIDENT BY NV AND ITS

CONTRACTORS WAS IN DIRECT SUPPORT OF THE EMERGENCY ACTION

COORDINATION TE/.i (EACT) . IT IS NV'S UNDERSTANDING THAT DETAILED

INFORMATION ON TilIS SUBJECT HAS BEEN ASSEMBLED BY EACT.
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