Metropolitan Edison Company
Post Office Box 480
Micdletown, Pennsylvania 17057
717 934.4041

Wiriter's Direct Dia! Number

May 27, 1980
TLL 251

TMI Program Office

Aten: J. T. Collins, Deputy Program Director
U. S. Nuclear Regulatory Comnission

c/o Three Mile Island Nuclear Station
Middletown, Pa. 17057

Dear Sir:

Tacez Mila-Isiand Huclear:Szazion, Unit TI- (AMI=D)
Gperating License No. DPR-73
Docket No. 50-320
Submerged Denineralizer Systen

In our letter, TLL 201, dated May 2, 1980, we stated that backup support
calculations for the SDS Technical Evaluation Report would be subaitted by
May 23, 1980.
Enclosed please find calculations that support statements made in the TER,
Chapter 7, Acciden:z Analysi{s. Thesc calculazions justify the stateaents and
-conclusions aade therein.

Sincerely,

/s/ G. K. Hovey

G. K. Hovey
Director, T™I-II

GXH:LJL:hah

Enclosure

cc: 8. J. Saycer THIS DOCUMENT COMTAMIS
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APPENDIX 1

ANALYSIS OF HYPGTHcTICAL ACCIDENTS

TECHNICAL EVALUATION REPORT
SUBMERGED DEMINERALIZER SYSTEM

MAY 25, 1930



Inadvertent pumping of containment water into the fuel storage pool.

Assumptions:

1) The effluent line from the final filter develops a leak
which is not detected immediately. Contaminated water is
released into the pool at a rate of 30 gpm for a period of
15 minutes (450 gallons) at concentrations present in the
containment sump.

2) It is assumed that the toal activity of concern is made up
of the cesium isotopes 134 and 137. The reported concentration
in the contaminated sump is 40 uCi/ml of Cs-134 and 176 uCi/ml
vf Cs5-137.

3) Assume the volume of water in the fuel storage pool is 233,000
gallons.

|
Calculate the expected exposure rate for an individual on f
the walkway at a point 6 feed above the surface of the water.

Concentration of isotopes in the fuel pool:

Dilution Factor 30 aéél = 1.928 x 1073 |

Cs-134 40 uCi/ml x 1.928 x 1072 = 0.077 uCi/ml
04137 176 40L nl %1928 % 10°5 =0 36 uCijnl

The total activity in the 233,000 gallon fuel pool is:
Cs-134 0.077 puCi/ml x 3.79 x 103 ml/gal x 2.33 x 10° gal=68 Ci
Cs-137 0.34 uCi/ml x 3.79 x 103 ml/gal x 2.33 x 10° gal=300 Ci

Approximation of the dose rate at a point "P" which is a
distance 'a' above the surface of an infinite slab of thick-
ness '"'h" can be calculated from the following equation (Goldstein).

AI-1




ép = Sv [E (b1) - E2 (b3)-!
p 73; 2 <%

Khere flux at point P
Sy ® volume source strength
B = macroscopic cross section of source
b3 B b1 + ush
b1 = B,
p. = macroscopic cross section of air

o
©
(]

Evaluate py 2nd u assuaing a 0.535 MeY photon for both isotop2s

Hass atienuazion coefiicians
Water = 0.09) cm?/g
Air = 0.08 cm?/g

(]

Density
hater = l.Og/cr.'.3

Air = 1.293 x 1673 g/c=>

ug = (0.090 cné/g)(1.0 g/en) = 0.09 en™!
by = (0.080)(1.225 x 1073) = 1.6 x 107% ™}

Calculate b, and 9y {same for boin isotopes)

b1 B Yady 3T 6 feet = 123 c=
by = (1.0 x 1074 e !)(123 =)
by = 1.83 x 107
by = uh + by, h = 33 feet = 1.15 19° ¢=

‘l ”~ 3 Y ‘2
b3 = (0.09 cm “){1.38 » 20" c-) + 1.83 x 10
by = 104



Sv &
% " 27009 cm-1) ’._52 (1.83 x 10°%) + & “Ml-l
from Goldstein's Fundamentals of Saielding

E, for 1.83 x 107 {5 0.913

E, for 104 s less than 3.83 x 107°

- OV
% " 0.18 (0.913) em

op e 5.07 Sv. ¢cm

Calculate Sv, volume spurce strancsw

For Cs-137: : :

Sy = 3.3+ uCi/mi = 1.25 . 187 zisi"es
Protons 0,852 MeV, 83

E eff = 0.56 MeV/dis

Sv = (1.26 x 10° dis/em’ 5)(0.56 Mz2/¢is)
Sv = 7.06 x 103 HeV/cm3-s

For Cs-134:

Sv = G.077 uCi/ml = 2.85 x 10° ¢issz=> s

Photons 0.570 Mev 233
0.610 MeV 98°.
0.796 MeV 93:,
1.370 MeV 3.6%
1.040 MeV 1.0%
1.170 MeV 1305

E eff = 1.60 Mev/dis
Sv = (2.85 x 10° disfcn s)(1.63 2.

f4is)
Sv = 4.56 x 10° MeV/cn: s
To%al Sv
: e
Sv = (7.06 x 10° + 4.35 x 107, *a¥/em".s

Sv= 1.16 x 10° May/c=d ¢

Al-3



& = (5.07 cm)(1.16 x 10° Hev/er™ )
°p = 5.88 x 104 MeV/cngos

Calculate the exposure rate givea the flux at point P.

The mass-absorption coefficient for 2ir for 600 YeV pnotons is €..3
cmZ/g (Morgan and Turner, p. 108;.

Exposure Rate (ER) at poin% P.

(13}

2 2 e : 5
E2 = (5,38 v 10 Koy oot M2 T =T la M6 10

. R

g

-

Ve

T
Ei 7 arss!

wy

3.22 x 1072 R/s
116 mR/h

ER
ER

(1]

“"

NOTE: This exposure rate (22) is lower than the valusz
of 430 mr/hr reported in the TER. The lower vzlue
results from a realistic approximation of activicy:
levels, decayed to October 1, 1980, the anticipezez
date for initiaticen of SDS operation.

3
—
]
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Off-Site Direct Dose from Inadvertent Pumning of Containrent kater insz tha

torage Pool.

Assumptions:

1) The isotopes of concern are Cs-134% and 137.

2) The concentrations of Cs-134 is 0.077 ®Ci/m) and Cs-137 is 0.3 *Ti/m).
3) The distance to the closest off-site point is approximately 202 r2:zrs,

4) The fuel pool is a point source for exposure ‘estimates at a Cistans:2
of 200 meters.

5) There is no source self-absarcticn.

6)  The Tu2) poal w3l) 15 esproxizitzia 1.5 meters tailh of a2l
concrete.

7) The walls of the fuel handling building are approxirately 1.5 r212r3 thic
of reinforced concrete.

Calculate the exposure 200 meters from the source, assuming no shigicinz.

The gamrma exposure factors for the cesium isotopes are (Radiolecical =z:izn
Handbock, p. 131):

Cs-134 0.87 R/hr - Ci at 1 meter
Cs-137 0.33 R/nr - Ci at 1 meter

The exposure at 200 meters from both isotopes is:

(0.87 R/hr - Ci x 68 Ci) + (5.23 R/hr . Ci x 320 Ci) = & x i27° %'ar
(209)°

This exposure will be greatly reduced by the two separate 1.5 rmetsr :' TER

shields of reinforced concrete. Tne stindard gam=a absorption ecuzti: :

for wide-beam radiation will be utilizad to estimats this reducticn i° :1:::;::31
Health Handbook, p. 30).

ll‘
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o=

= Blge HX

original radiation exposure rate
attenuated radiation exposure rate
linear absorption coefficient
absorber thickness

“buildup" factor

Where 1

DO & =0
HoHnwu

w/p = 0.03 cmzlg (Horgan & Turner, p. 108)
p=2.3 g/cm3
x=3.0m

lo =4 x 1073 R/hr
Find v: u/p = 0.03 cmzlg, p=2.3 g/cm3
v = 0.03 cmZ/g Xeons ;/cm3

u = 0.07 cm’1

The dose build-up factor (B) is found on page 145 of the Radiological
Health Handbook. The number of relaxation lengths is:

px = 0.07 em) x 390 cm

ux = 20.7
The shielding proserties of concrete are similar to those of aluminum.
From the tables, a 0.5 MeY photon and 20 relaxation lengths will yield

a dose build-up factor of 141, This calculation will assume a build-up
factor of 150.

I = one-ux
I = (150)(4 x 10°2 R/hr) e0:07 x 300
1=4.5x10%0 gsne
The direct dose to an individual at the site boundary from the inadvertert

pumping g{occntainrent water into the fuel storage pool will be approxirately
4.5 x 10 °7 R/hr.

Al-6



A = y from [nadver -ning of . -5 -
nto the Fuel Storace Poo

Assumptions:

1} Any activity spilled into the pool will be evenly distributed
imrediately.

2) The "Pool Clean-up Leakage Containzent lon-Exchanzer System" will
rerove activity froa the fuel pool. This system will treat the
pool water at the rate of 100 Grii. This flow rate results in
a turnover rate of once per 23 nour period.

J) The inventory of isotcpes available to become airborne will not
decrease for one week. At the end of the one week psriod,
seven purification half lives have occurred and no activity
remains to become airborne.

cH iy SR AT L £ A R L L ) e B G T e Vo e S E S T AR
CarASiCTEr NG tRn suRTacE a3 a8 et gt SR LA Eatnanger S tat
(1CGC GPif is avaflasle for suscznsion).

5) The entraintent factor for activity in water to be suspended in
afr is 10-6,

6) The air frco the fuel psol building will be filtered by 2 banks
of KIPA filters resulting in & OF o‘ 167,

Calculate the amount of activity for on2 fsotoze that will be relee
2ir during the one weex pericd reguirez to clezn the pool water. S
as a fraction of activity released curing nor=21 SDS operztioa.

sed in
t2te ¢

The activity in the fuel p59i for Cs-127 from this incicden: has teen
calculated to be 0.35 uCi/=1.

Calculate the activity of Cs-137 released cff-site in one wzel.

100 cal/ein. = 3725 £l/esl 5 0.2 oCi/m) « 105 fante. facs) = 1.3 x 1
102 (D7)

1.3 % 0°20CH/rin, % 60 Air.far. x-168 Br fuk. = 13.0 sCtisk.

It was calculatod that 337 Ci of Cs-i27 wils
cporaticn of the SDS.  This incicent couls aca

3.0 i
LA s T
d=i Ul

The arount of potential afrborn2 activity released off-gite from this 1nliden:

is 3.25% of the amount projected fro= tns nd™=c! operatien 5f the SCS for a
year. the fraction 3.73% will hoid for tne Othner tsClo7es 25 well,

Al-7




Pipe Rupture on Filter Inlet Line (above water level)

Assumptions:

1) Contaminated water sprays into the afr from around the
lead shielding. Approximately 675 gallons of water is
released into the pool and 75 gallons spreads onto a
surface area of 200 ft.

2) It is assumed that the total activity of concera is
made up of the cesium isotopes 134 and 137. The reported
concentrations in the contaminated effluent is 40 uCi/ml
of Cs-134 and 1786 uCi/ml of £s-137.

Calculate the exposure rate on the walkway six feet above the pool
273 N2 eURCSUre rate nrs3 et anoye inx cantar of the contanindied
a2z,

Calculation of the exposur2 rate on the walkw2y can be done by ratioing
the volume of contaminated water released into the pool in the previous
accident to the amount of water releas=d in tnis accident. Application
of this ratio to the expcsure rate calculated in the previous accident
vill yield the expected exposure rate from this accident.

Rasio = 675 ca2llons = 1.50
450 gallons

Exposure Rate = (116 mR/n}{1.53)
Exposure Pate = 178 n2/hr !

Caiculaticn of the exgsosure rate thre2 feat above the center of the
contawinated area can best be approximated by assuming tre area {s
a circle with an area of 200 fif

5 R 802
Area = 239 f:.' = .86 x 107 ¢

Radius = 233.3 C»

Aporoximation of tre es«posure rate 2t a point “P" which is & distence
Ta% alive the surface ol a cvrfular Ziskoscurce of radiatila can be
calculated from tre follanirg equation {Gsicstean).
£ e
srs Bl b @ . 2%y,
Where .3 flux at ooins ? 5
Sa 2 2rea source stresgth (Li/z2f) 2
5ot Tinear atieruacico coefficieas (=)
a % gistance from sourc2 (Cn)
P » Radius of source




For this calculation

R =243.3 cm
a=91.4cm
we1.05x10" em™l, for 660 Kev photon in air

Calculate Sa for both {sotopes
For Cs-137:

Saia (75 qals)(3785 ml/qal){176 uCi/ml)

1.86 x 107 cme

- A ~a

Sa » 263.5 ulifeml = 5.53 % 10° 2is’eal. o
t eff = 0.5 MaV/dis

Sa = (9.93 x 105 dis/cml. $)(0.56 Mev/dis)
Sa = 5.55 x 105 Mev/cn®. s

For Cs-124:
Sa = (75 gals){3765 m1/0al}(40 uCi/ml) =
1.86 x 10° em®
Sa = 60.9 uCi/em = 22.52 x 10° dis/cmé- s
£ of f = 1.6 MeV/dis
Sa = (22.59 x 10° dis/cm®. s)(1.6 ke¥/dis)
Sa = 3.6 x 106 MeV/cml. s

Total Sa
Sa =« (5.55 x 10° + 3.6 x 10°) wev/e=?.
Sa =9.15 x 106 He?/cmz- S

Al-5




Calculate E1 (E2)

€, (va) = £, (1.05 x 10™ x 91.4) = €, (9.6 x 1073)
EI(EEZ +af) = £; (105 x 107 /(243.3)% + (91.8)%) = ; (2.73 x 107%)

From Goldstein's Fundamentals of Shielding
E, for 9.6 x 1073 1s 4.04
E, for 2.73 x 1072 {5 3.08

Calculate the flux

RS T R Eet Bl A
) . [ )
L et B i SR T Ko [l

£ 2
o = 4.38 x 107 MeV/em©e s
Calculate the exposure rate given the flux at point P.

The mass absorption coefficient for 2ir £3r 600 eV prhoions is
0.03 cmzlg (Yorgen 2n2 Turner, p. 123).

Exposure Rate (ER} a2 point P,

ER = (2.38 x 10° Mev/em?. $)10.03 c2%/a){1.6 x 10°° ercs/vev)
87.7 ergs/g-?

ER = 24 x 10°° arss
ER = £.64 R/h

: L)
.-a
-
<o



Off-Site Direct Dose from Pipe Rupture on Filter Inlet Line (above water level)

Assumptions:
1) The isotopes of concern are Cs-134 and Cs-137.

2) The distance to the closest off-site point is approximately
200 meters.

3) The fuel pool is a point source for expcsure estimates at
a distance of 200 meters.

4) There is no source self-absorption.

5) The fuel ool wall is approximately 1.5 meters thick cf
rainforses sensreuia,

€) The walis ot tas fusl h2asiing suilding 2rz eoprosicetely 1.5
me%ers thick of reinforced concrete.

7) 675 gallons is spilled into the pool with concentrations for
Cs-134 of 40 ©Ci/ml ana for Cs-127 of 176 uwCi/mi.

8) The 75 gallons spilled out of tre fuel pool will be cleaned
up ifmmediately.

Calculate the expesure 200 meters froo the source.

This calculation will be the same as for the inadverten: pumping of
containment water into the pool except for the guantities of water.

The ratio of quantities of water spilleZ into the pool can be multiplyed
by the off-site exposure rate calcula:2: fer the previous accident

to vield the exposure rate from this incident.

675 cal. =1.5

330 gal.
=10
Dose from previous incident = 4.5 x i °° R/hr,
14
(1.6308.5 0 1070 ane) 2 £33 <1970 e

The direct dc3e t2 an fncCivicdual at tn2 s5ite boundary fraﬁnthe pipe rugture
on tre filter iniet line will be approrizately €.75 x 10-1C R/mr.




Airborne Off-Site Releases from the Pice Rupture on Filter Inlet Line
{above water level)

Assumptions:

1) Any activity spilled inte the 2221 will be evzsnly distritute?
irmediataly,

2) Th- "Pgol Clezn-up Lezkas2 (cntzin~2nt lon-Exchencer Systizm! wili

rezove activity from thz fuzl s20i. This systza will trezt te2
pool watar at the rate o7 123 5%H. This flow rate resuylis in
a turncver rate of once per 32 hour period.

3) The inventory of isotcpes available *o becore 2irbsrne will nct
decrease for one wesk., at 17z end of the one wisk perizs,
saven purificetion half livz: nave cc:urr- ans no ectivity
rz=2inz-%3:-%2is7e airiorn:

4} Thz vslum2 of tha fuslopasl 5 2.3 13% gaticas. This wols=:
turns over 20 the surfass 23 72 r2:2 of ine “len-Zuchencer System"
{100 GP:1 is avziledis for sutzansicn).

5) The entrairTanrt fector for azzivity in water to be suspzaia? in
air is 10-3,

6) Trke air fro- the fu2l psol kuiiding wil] bz fiiter2d by 2 tanis

o7 Hirx fiitzrs rasulting in 2 0F o7 18-,

7) The air flc.u 2cross tha fusl pogl is 5300 cfn.

Celcul:zte the arount of agt ‘~i./ S€r orz isciore thet will be relezses in
2ir durirg tne cr2 wesv paricd rajuicss t2 clean t“- c201 water, Szziz it

ascazfractsIn of dcs ity neteasetidding=rnormal=S0¢ c:era:icn.

Tais calculetion was ferforned for 2 s5i11 of £30 g2lls-s into the 2esi.
By ratioing this 2-ount to the arcunt spilled in this inciZeat (573 2z11:ns
and rul.rpl,tng the retio by the previcus result will yield the paercenczsz

for this ingident.

675-zalicns=2 155
450 gallore

S Sl Moo —RE o

‘The azount of potential airborne sciivity relezsad off-site from :dis
incfcont is 5.€3., of the amount preiecied frem tne nor-al operztion o
L0280 far—gnyears i TRe feactipn 33 withy hotd Tonithe cingr issteras

as w=ell,

Al-12




Jnadvertent 1ifting of prefilter above the pool surface

Assumptions:
1) A failure in tne :a~ of the overhead crane system results
in the filter be: .. unshielded from the pool.

2) The prefilter is louced with 1990 curfes (18% Cs-134, 82% Cs-137).
3) The activity in the prefilter is a point source.
4) The distance to the point of concern is 4.57 meters.
S) There is no source self-abscrption.
Calculate the expcsure rate from the prafilter at S distance of 4.57 meters.

xvssure facters for the c2sium {20top2s are (Fesislesised
Shes

Tha @
n Hancesook, p. 131;:

Cs-131 0.87 R/hr - Ci at 1 rater
Cs-137 0.33 R/hr . Ci at 1 reter

The number of curies for each isotope are:

Cs-134, (1000 C$)(0.18) = 127 Ci
Cs-137, (1000 Ci)(0.82) = 822 Ci

The exposure at 4.57 meters from both isotopes is:

(0.87 R/hr - Ci x 180 €i) + (0.33 R/hr - Ci x 820 Ci) = 20.5 R/hr
4,572

Al-13




Off-site Ofrect Dose from Inadvertent Lifting of Prefilter Above

the Pool Surface

Assu=ptions:

1) A failure in the control system of the overh2ad crane systia=
results in the filter b2ing removed unshielded fro= the odl,

2) The prefilter is loaded witrn 1000 curies (138% Cs-137, 82% Ts-1:7,.

3) The activity in the prefiiter is a point source.

4) The distance to the closest off-site point is approximetzly 2I1
meters,

5) The walls of the auxiliary building are aocrexizetzly 1.3 -z:zrs
hiRlEoTEratasn Ao adiesnstan S

calculate the exposura rate 2t 270 mztars frow ¢h2 source, =s33unins ns 3o
(0.87 R/hr . Ci x 180 Ci) + (0.33 R/hr . C€i x 820 Cf) = 1.67 x 1372 =

- 2

203

Utilizing the standard g2vma absorction eguation for wige-dez razZiztice
and the constants from e previous caiculation will yield tna exsosurs rits
shielzed by the wall. (Zxception, ££23 for uy of 10).
Bl e

o - -0.2 S5,
1= (63,1107 x 102 Ryhry(e 277 X 13-

(0 U eS|

I

The direct dose to an incividual a: %h2 site boundary fro-

tne inalv
11fting of a prefilter out 0f tnz 7251 will be approximateiy 1

Al-14
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