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In our letter, !tt 201, dated ��y 2, 1980, �e stated that backup support 
calculations for the SDS Technical Eval�ation Report �uld be sub�itted by 
!-%3y 23, 1980. 

Enclosed please find calculations that support statements m3de in the TER, 
Chapter 7, Accident Analysis. These calculations justify the state�cnts and 

·conclusions �de therein. 
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APPENDIX I 

ANALYSIS OF H�·PoT HC:T I CAL ACCIDENTS 

TECHNICAL EV.O.LUATION REPORT 

SUBi1ERGED DEM I NERf\L I ZER SYSTE�t 

r1AY 23, 193Q 



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 teal activity of concern is made up 

of the cesium isotopes 134 and 137. The reported concentration 

in the contaminated s�p is 40 uCi/ml of Cs-134 and 176 uCi/ml 

of Cs-137. 

3) Assume the volume of water in the fuel stora�e pool is 233,000 

gallons. 

Calculate the expected exposure rate for an individual on 

the walkway at a point 6 feed above the surface of the water. 

Concentration of isotopes in the fuel pool: 

1 450 gnl. 8 -3 Di ution Factor 233 ,450 gal. • 1.92 x 10 

Cs-134 

Cs-137 

40 uCi/ml x 1.928 x 10-3 
c 0.077 uCi/ml 

176 uCi/ml x 1.928 x 10-3 
• 0.34 uCi/rnl 

The total activity in the 233,000 gallon fuel pool is: 

Cs-134 0.077 �Ci/ml X 3.79 X 103 ml/gal x 2.33 X 10
5 

gal=68 Ci 

Cs-137 0.34 �Ci/ml X 3.79 x 103 ml/gal X 2.33 x 10
5 

galm300 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 follot.zing equation (Goldstein). 
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9p • sv �2 (bt) - Ez (b3U Zijs 
Where �p • flux at point P 

Sv • volume source strength 
�s • macroscopic cross section of source 
b3 = b1 + u5h 
b1 " �aa 
�a = macroscopic cross section of air 

Evaluate �a and :.:5 assu::�ing a 0.65 1·:e'/ photon for both isotop�s 

Water = 0.090 c�21s 
Air = 0.080 cm2;g 

Density 
Water = l.Og/c�3 

Air = 1.293 x 10·3 g/c�3 

u5 " (0.090 cm2/g}(1.0 g/c�3) = 0.09 cm-1 

t:a = (0.080)(1.293 x 10-3) = 1.0 x 10-4 cm-1 

b1 = �aa• a = 6 feet = 1Z3 c� 
b1 = (1.0 x 10-4 c�-1)(183 c�) 
bl " 1.83 X 10-z 

b3" �5h + b1 • h = 33 fe2: = 1.15 x 103 c� 
b3 = (0.09 cm-1) ( 1. 16 x 103 c�} + 1.83 x 10·2 
b3 = 104 

AI-2 



· s r J �p • (2)(0.09 cm-1) �2 (1.83 X 10-2) + E2 (104� 
From Goldstein's Fund�mentals of s�;elding 

E2 for 1.83 x 10-2 is 0.913 
E2 f�r 104 is less than 3.83 x 10-6 

�p • � (0.913) em 

Qp c 5.07 Sv em 

Calculate Sv, volume source str��c�� 
For Cs-137: 

• 1 S•1 ::: 0. 3.; �JCi/rr.i = !.26 J, 10" :1�.':--· s 
Pr.o::lni 0. 552 t·:e•,•, a� . 
E eff • 0.56 MeV/dis 
Sv = (1.26 x 104 dis/cm3• s)(0.55 :··:·:/cis) 
Sv • 7.06 x 103 HeV/cm�s 

For Cs-134: 

Sv ,. C.077 �Ci/ml = 2.85 x 103 C:is:':-;3• s 
Photons 0. 570 �leV 23:. 

0.610 MeV 98� 
0.796 MeV 99� 
1.370 l·leV 3.4', 
1.040 NeV 1.0', 
1.170HeV 1.9': 

E eff • 1.60 �leV/di·s 
Sv = (2.85 � 103 dis/em� s)(l.6� ��./dis) 
Sv • 4.56 x 103 MeV/cm3·s 

Total Sv 
Sv ., (7 .06 x 103 + 4:55 x 103� :·:e'.'/cm3• s 
Sv � 1.16 x 104 M:V/c�� S 
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�P ,. (5.07 em)( 1.16 x 104 MeV/c:::3• s) 
9p • 5.88 X 104 MeV/cm2•s 

Calculate-the exposure rate given the flux at point P. 

The mass-absorption coefficient for air for 600 Y.eV photons is c.:; 
cm2tg (Horgan and Turner, p. 108}. 

Exposure Rate {ER} at poin� ?. 

� 2 ' , 

B ::  {S.SS,.. 10., f·::::V/c-:-. . ;�r:.:; ;--.'o\�1.5 Y Hf� ��:'>/'·'"!.' 

ER = 3.22 x 10-S R/s 
ER = 116 mR/h 

c-- .• ..;/ • I • R 

NOTE: This a�posure rate �?.) is lower than the value 

of 430 mr/hr reportec in the TER. The lo�er val·.;e 

results froo a realistic approximation of acti·.-:!:::: 

levels, decayed to Occober 1, -1980, the an:ic!?a:e� 

date for initiation o: SDS operation. 



from Inadvertent ?umoin of Contain��nt �ater in�c the 

Assumptions: 

1) The isotopes of concern are Cs-134 �nd 137. 

2) The concentrations of Cs-134 is 0.077 llCi/ml and Cs-137 is 0.3.: :..Ci/:-:1. 

3) The distance to the closest off-site point is approxi�ately 2�� r.:::�s. 

4) The fuel pool is a point source for exposure estimates at a cista�:: 
of 200 meters. 

S) The�e is no source self·a�sor;�ic�. 

6) The fuel pool r.;n is ep�roxi:::!::1;: 1.5 rne:er.; tr.:::; c· :·�·:�7.: .. ::: 
concrete. 

7) The walls of the fuel handling building are approxi�atelv 1.5 �=::r5 thi:k 
of reinforced concrete. · 

Calculate the exposure 200 meters fro::: the source, assuming no shiei=ir.;. 

The g��a exposure factors for the cesiu� isotopes are (Radiolcsicai �:!it� · 
Hand�o�k, p. 131): 

Cs-134 
Cs-137 

0.87 R/hr • Ci at 1 meter 
0.33 R/hr • Ci at 1 meter 

The exposure at 200 meters fro� both isotopes is: 

(0.87 R/hr • Ci x 68 Ci) + (!J.33 R/hr • Ci x 3:)0 Ci) " .; x �:-� : . .':-.r 

(20v)2 

This exposure \·lill be greatly redu::ec by the two separate 1.5 r.e�er t!::::-;. 
shielcs of reinforced concrete. Tne standard ga�a absorption ec�a:i:� 
for wide-beam radiation will be utili::� to estimate this re:�::��� �=a:::i:;�:�l 
Health Handbook, p. 30). 
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I • BI0e·ux 
Where Io = original radiation exposure rate 

I = attenuated radiation exposure rate 
p = linear absorption coefficient 
x = absorber thickness 
B = ''buildup" factor 

JJ/p .. 0.03 cm2tg (f.torgan & Turner • p. 108) 

p "' 2.3 g/cm3 

x "'  3.0 m 
Io = 4 x 10·3 R/hr 

. 2 3 Find �: �/p = 0.03 em /g. p = 2.3 g/cm 

� � 0.03 cm2/g x 2.3 ;/c�3 

1.1 = 0.07 cm·l 

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

ux = 0.07 cm-1 x 300 em 

IJX ., 20.7 

The shielding pro?erties of concrete are similar to those of aluminum. 
From the tables, a 0.5 MeV photon and 20 relaxation lengths will yield 
a dose build-up factor of 141. This calculation.will assume a build-up 
factor of 150. 

= BI0e·u;.: 

I • (150)(4 x 10-J R/hr) e·0·07 X 300 

I "' 4.5 x 10·10 R/hr 

The direct dose to an individual at the site boundary from the inadvertert 
pumping of0containr.-�nt v1ater into the fuel storage pool will be approximately 
4.5 X 10-. R/hr. 
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t.irhorn• pff-Site Releasef fror.1 Inadvertent Purr.ping of Cooteinoont Hater 
into the uel Storace Poo 

Assumptions: 

1) Any activity spilled into the pool ,.,ill be evenly distributed 
irrr.:ed ia te 1 y. 

2) The _"Pool Clean-up Leakase Contain:;:ent Ion-Exchanger Syster.." ,.,;ll 
rer.:ove activity fro:� the fuel pool. This syste':l \·till treat the 
pool water at the rate of 100 G;:;.l. This flo:·t rate results in 
a turnover rate of once per Z3 hour period. 

3) The inventor}' of isotopes availabl e  to beco:::e air!>orne \'dtl not 
decrease for one \-teek. At the end of the one ,.,eek period. 
seven purification half lives have occurred and no activity 
remains to becor.:e air�orne. 

:: ·;; ih� ·.·o h .:-'! o; �r.= f��l c�o1 is �-�:;A 4J .. �:.::or.:. -:-.:s vc-1:;--� 
t.:��s c·:er tc !he s:..�·fa:� a: t-;= rc:� o• :h: · Ic�-:.T.:· .. !:-,;e:· 5.;'::��· 
(lGO GP;s is availa:�le for sus::n�ion). 

S) The entrainr:·.ent factor for ac:i\·i ty in ;-tater to be s�s�enc!ed in 
air is to-6. 

6} The air frc;:; the fuel pool bunc:ing �'lil! be filt�re� ty 2 banl.s 
of H�?A filters resulting in a 0� of 1c·. 

Calculate the a::-.o:.m� of activity for 0!'-2 isoto;:e that \·till .'>e r�1eas�?d in 
�ir during the one ,.,e�it pericd re�uire: to cle�n the pcol water. St!te it 
as a frac:ion of activit] releasee �yr�r.s no�!l SDS o�Er!�ion. 

The activity in the fuel poo1 for Cs-l�i fro� th�s inci�e�� has teen 
calculated to be 0.3� �Ci/�1. 

Calculate the 11ct.idty of Cs-137 reie!s:� cff-si:e in one \.�e;.,. 
t: 100 aal/cin. x 3725 el/�!l x C.!! �Cil-1 � 10-� (�r:'. 

102 (OF) 
0-s . 1.3 x l �Ci/�ln. x 6J �in./hr. 

L3x 

It 1-:as calcolati!d tha: 3J7 ;.:Ci of Cs - 1 37 :-:n� �!' rc1eH�:: f�-�� t�..� n:•-:-al 
c�erJLic� of the SnS. This incicen: c:�l: t�� 

X lC: ,. 3.;:, 

The a�ount of poten:fal air�erne ac:�vi:y release� off-site frc� t�i� 1n:\d��: 
is 3.7s·; of the a::-ount crojecte� fro� t!J'"' nor:-,� O;leratio:a �f th� S�S fcl' � 
year. The fraction 3.75� will hoid for t�e ot�er 1sct��!S as we11. 
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Pipe Rupture on Filter Inlet line (above water level) 

Assumptions: 

1) Cont11minated \'later sprays into the air from around the 
lead shielding. Approximately 675 gallons of \·tate1· is 
released into the pool and 75 gallons spreads onto a 
surface area of 200 ft.2 · 

2) It is assumed that the total activity of concern is 
made up of the cesium isotopes 134 and 137. The reported 
concentrations in the contaminated effluent is 40 �Ci/ml 
of Cs-134 and 176 �Ci/ml of Cs-137. 

Calculate the exposure rate on the �talkway six feet abo\·e the pool 
apl tne e��osure rJ:� :�ree f�et aJ:�! tne center of the cortl�inate� 
a;.:;. 

Calculation of the exposur� rate on the wal�way can be done by ratioing 
the volume of contaminated water released into t.he pool in the previous 
accident to the amount of �1ater released in this accident. Application 
of this ratio to the exposure rate calculated in the previo�s accident 
will yield the expected ex�osure rate from this accident. 

Ratio • 675 �allons = 1.50 
450 gallons 

Exposure Rate� (116 mR/h)(l.S�) 
Exposure ?.ate = 174 r1?./hr 

Calculation of the eaposur� rate t� ree feet a�ove the cen:er of t�e 
con�a�inated area can best be approai��ted by ass�ing the area is 
a ci rcle wfth an area of 2�0 ft� 

Area a zo� ft.2 a l.eo X 105 c�2 

Raciu; • 2�3.3 c� 

AporoA\-�tion of the e��O>Jre rlt� a� a poir.t �p" which is � distance 
'·!l a�J�� t�e surfac� �fa circJ1a� c·s� se�'te of r!�i!:i�� c�n b� 
calc�lJt�d fro� tr.e foll�tir.g equ��lo� (GJic��elr.). 

... • Sa J:: t t a ' - E • (· R.? • a 2 )! 
._. 2 _ .... .... I .; _. 

Where : � fl�• a: 'oi�: ? , S! • �rea source st��nj�� {Ci/:��� 1 � r lir��r a!���Ja:�c� C�!•1=:·��: (�-- ) 
a • distance fro� �ovrc: \��i 
P. • RadlJS of sourc� 

-·-· 
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For this calculation 

R • 243.3 em 
a • 91.4 em 

•. 

� • 1.05 x 10·4 cm-1, for 660 KeV photon in air 

Calculate Sa for both isotopes 
For Cs-137: 

Sa. (75 gals)(3785 ml�gal�(l76 cCi/ml) 
1.86 x 10 em 

sa , 263.5 uCi/c�2 = S.J3 x 105 �ij·��z. j 
i eff • 0.56 M�V/dis 
Sa • (9.93 x 106 dis/cm2• s)(0.56 HeV/dis) 
Sa • 5.55 x 106 �:eV/cm2• s 

F'or Cs-134: 
Sat (75 gals)(37S5 ml/oa1)(40 uCi/�1) 

1. 86 x 105 cm2 
Sa • 60.9 �Ci/cm2 • 22.59 x 105 dis/cm2• s 
£ eff • 1.6 MeV/dis 
Sa • (22.59 x 105 dis/cm2• s)(l.6 �:e'Ndis) 
Sa e 3.6 X 106 MeV/em2• s 

Tot!l Sa 
Sa • (5.55 X 106 + 3.6 x 106) Me'!/c-;.2• s 
Sa • 9. 15 x 106 He•: tcr:.2• s 

Al-9 
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Calculate E1 ( ) 

E1 (ua) • E1 (1.05 x 10·4 x 91.4) • E1 (9.6 x 10-3) 

El(�'2 + a2) = El (1.05 X Jo·4vl'c243.3)2 + (91.4)2) = El (2.73 X 10-2) 

From Goldstein's Fundamentals of Shieldina 
E1 for 9.6 x 10·3 is 4.04 
E1 for 2.73 x 10·2 is 3.08 

Calculate the flux 
! • �� !!.0� - 3.0�! -7 5 ' 
• (-10)1· • •  'f> ,._ •• ,, __ - 1 
• 

-
•- � ..... 1 j ' J •., j".-: • • ... 

.. 

• I 
¢ • 4. 38 x 10� 11.e':/cr..2• s 

Calculate !he exposure r��e given the flux at point P. 

The N55 J�sorpt1on coefficient for air f::J:- o�J Y.e'/ p�o!or.s is 
0.03 c�2;g (IJorgan and Turne-r, p. !J3�. 

E•posure Ra:e (ER} a! poir.t P. 

EQ a 2� X 1C(� 'ii./S 
ER • D.6� ?./h 

87.7 ert;s/g·P. 

• 



Off-Site Direct Dose from Pipe Rupture on Filter Inlet line (above water lev�l) 

Assumptions: 

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

2) The distance to the closest off-site point is ap�roxirnately 
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-absor�tion. 

5) The fuel pool wall is approxi�ately 1.5 meters thick of 
r�inf,r:e� :o�:r�:�. 

fJ Th� �all� of =�� f�e: han:i��; =��ljin? ere a�p�����at�l; 1.5 
me�ers thick of reinforced concrete. 

7) 675 gallons is spilled into the pool with concentrations for 
Cs-134 of 40 �Ci/rnl ana for Cs-1�7 of 176 uCi/m1. 

8) The 75 gallons spilled out of the fuel pool will be cleaned 
up immediately. 

Calculate the exoosure 200 meters fro� the �ource. 

This calculation will b� the sa� as for the inadverten: p�ping of 
containment water into the pool except for the quantities of water. 
The ratio of quantities of water spi1lec into the pool can be rnultiplyed 
by the off-site exposure rate calcula:e: for the previous accident 
to yield the eAposure rate froo this ir.cident. 

675 cal. • 1.5 
456 g�l. 

-'� Dose fro� previous incident • 4. 5 x 10 · R/hr. 

Tne direct �=>e t' en in�1vicu!� �t :��site boundary f�c� the pipe rupture 
on tr.e filter inle: line will De a��rv't�tely 6.75 x lo-10 �/hr. 
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Airborne Off-Site Releases from th� Pice Ruoture on Filter Inlet line 
(above water level) 

Ass �:opt ions: 

1) Any acti'li t: s�� lle:! int.c :t:� ;:::ci �·11l 1 be ev:�ly dist.ri:�:::o:! 
\r.:::e:liat�l:t. 

2) The "Pool Cle�n-up Le�ka;� Cc�:ain��n: Ion-Exchan�er Syst.��» will 
re.:-.o•1e activity fro::1 th� fu:l :�oi. This syst:::-t t·1il1 tre.H ti:e 
pool \'Jater at the rate of t::J G;::-i, This flo�' rate res:.s1 :.s in 
a turnc�er rate of or.ce per �3 ho�r period . 

3) The inventer�· of isot:;Jes �n!la!)le to beco:::e air!::lrne �·1ill nc: 
decrease fer one \·:e:<. ,;t -:. �; en:! of the:! or:e \·:::;: peri:: , 
seven purification half liv:s nav: oc:�rr�:! an� no activity 
r��!f�s : :  �!::-! air::���-

t;j j!';� v�:.;-e of :::� i;.:; �=j: �s z.::� ;( Dj �-=! :-:�3. Th;s 'IOl.;-;: 
turns over :o the surra::: as :�� ra:e of tne "Icn-Excha�;er Sys:e7u {lC::l Gr:t is availa�le for s��:ens�c.n). 

5) 

6) 

7) 

The en::-dr.7er.: fa:::t:lr fer a::i·:i t.y ir: \tater to be sus;::-.:::: i:o 
air is l0-5. 
T�e ai:- fr�� the fu�l p:ol t��i�ir.= will b: filter�� by 2 �a��s 
of HEr� f!i::rs res�lt1n: in a CF oi 10!. 

C�lculite the a�o�nt cf ac:ivi:y fer o�e isc:��e that will be re�e!s�i in 
air durirg tne c�e �e!� ��ric� re;�'�e: t� cle!n the �:o1 water. S:!:e it 
as .1 fr<!::::::ln of ac:l·:::./ r:1=�s:: c:.::-:; ncral SCS c;�:·aticn. 

Th1s calculation H!S r.erf'or·.-:ec for a S;lill of '5J gallc-:s ir.:o the :>c:i. 
By ratioing this a�oun: to the a�=��: s�illej in this inci�ent (575 ;:ll:�s} 
and �ul tipl:ting the ratio by the j:'re·:L::us result \till yielc! the rer:H.::-:! 
ro,. this incident. 

• 

675 cal;c�; = 1.5 
4:u gal io· s 

3.75: X 1.5: S.EZ: 
The ��'�nt of ootcn:ial a i rborne !c:lv!ty relc�sed off-site fro� :his 
incic�nt is 5.63. of the a"::un: Ci•·::;:c:.:� frc":! :he nor-�1 o;Jer�tiot" -::·· 
!1t� S:� f�s� cl j�JI·. i .. �? frJ::lO"t 5.:j.. �.��� nvl; fer t�e c:!":�r lSO:::-·�; 
as �·�� 11. 

AI-12 

-----�------....:...::;c.-...:l...-----



, . .. . . . '• 

. . 

Inadvertent lifting of prefilter above the pool surface 

Assumptions: 

1) A failure in .ne 
in the filter be' 

e� of the overhead crane syste� results 
4nsh1elded from the pool. 

2) The prefilter is lt. ... cd .. it!\ 1000 curies (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. 

5) There is no source self-absorption. 

Calculate the exposure rate fro� the pr!filter at a distance qf 4.57 �eters. 

��e g��.� exu�i�re fac:cPJ for th� cE�i�- i:o:c�es are �=�:i�1o�,=�l 
Heaitn Hanaoook. p. 131): 

Cs-134 
Cs-137 

0.87 R/hr • Ci at 1 r.eter 
0.33 R/hr • C1 at 1 �eter 

The number of curies for each isotope are: 

Cs-134. (1000 Ci)(0.18) • 180 Ci 
Cs-137, (1000 Ci)(0.82) • 82) Ci 

ihe exposure at 4.57 meters fro� both isotopes is: 

(0.87 R/hr • Ci x leO Ci) + (0.33 R/hr • Ci x 8?0 Ci) • 20.5 R/hr 
4.572 

A!-13 
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Off-s fte 01 rect Dose fro:n Inadvertent Lift i no of ?refilter :.bove 
the Pool Surface 

Assur:�ti�ns: 

1) A failure in the control systen of the overh�ad crane syst�::
results in the filter b�in� removed unshielded fro� the �oJl. 

2) The prefilter is loaded with 1000 curies (la� Cs-137, e2� Cs-:�7;. 

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

4) The distance to the closes� off-site point is approxir..at:l:: 
meters. 

5) The \olalls of the auxili ary !:luilding are ao:::roxkat:ly !.5 :-:::�s 
:�1:� cf re��f:#=�� ::�=��:�. 

? 
(0.87 R/hr • Ci x 18� Ci) + (O.j3 R/hr • Ci x 820 Ci) = !.C7 x !:-- =tnr 

20�2 

Utilizing the standard ;a:-;::;a a!ls�r:::1on equation for ... :ide-��;-; ra::::�:-: 
and the constants fro� a previo�� ca::ulation will rield tne ex,os��= �::: 
shielced by the wall. (�xce�tion, EE�J for �Y. of 10) . 

: eto e-�x 

I a (��;:1.07 x 10·2 R/hr)(e-0·�7 x 1::. 

IE �.:: x 10·5 R/hr 

The direct dose to an inc!ivicual a: �;,e site boundar/ fro; tne ina�·::r::-: 
lifting of a prefilter out of tne �:'1 will be approxi�ately 1.2 a :J-= : �r. 
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