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1 .0 I NTRODUCT I ON 

1 . 1 Background 
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The TMI-2 acc i dent res u lted in the product i on of l a rge vol umes of 
contaminated water. D i rect re l eases of reactor coolant during the 
acc i dent fi l led the reactor bui l d i ng basement to a �epth of about 
3-1 /2 feet . I n  the two years fol lowi ng the acc i dent , add i ti ona l 
water was added to t h i s  i nventory by primary coolant l eakage and 
i n l eakage of r i ver water through the reactor bui l d i ng a i r  cool ers . 
I n  1 980, an agreement was exacuted between the C i ty of Lancaster. 
Pennsyl vania. GPU Nuclear Corpora t i on. and the Nuc lear Regul atory 
Commi s s i on ( NRC) whi ch prevented d i scharge or d i sposa l of t h i s  
acc ident generated water. even after treatment t o  reduce i ts 
rad1onuc 1 1de content to w i t h i n  regulatory 1 1m1 ts. p r i o r  to an 
envi ronmenta l eva l ua t i on by the NRC . I n  mi d 1 98 1 , treatment of t h i s  
water u s i ng the Submerged Demi nera l 1 ze r  System (SOS) and E P ICOR I I  
System was begun . S i nce 1 98 1 , the tota l i n ventory of t h i s  acc i dent 
generated water has i nc reased to the c urrent vol ume of 2 . 25 mi l l i on 
ga l l ons due to conti nued add i t i ons from defuel i ng and decontamination 
a c ti v i ties and condensation from the reactor bu i ld i ng a i r  coo l e rs . 
With the projected Jddi t 1 ons to t h i s  vol ume of water through the end 
of the defuel i ng and decontami nat i on of the fac i l i ty. the total 
vol ume or water that wi l l  req ui re d i sposal  i s  ant i c i pated to be about 
2 . 3  mi l l i on ga l lons. Most of t h i s  accident generated water has 
a l ready been processed to very l ow l evel s  of radi onuc l id e  
contamina t i on and i s  commonl y  referred to a s  Processed Water. T h i s  
water i s  recyc led for use i n  c l eanup acti v i t iP.s and i s  subsequently  
reprocessed . Some of the water, such a s  the approximate vol ume of 
66, 000 ga l l ons i n  the reactor coolant system, w1 1 1  requi re some form 
of process i ng prio r  to d i sposa l .  The method o f  d i sposa l that i s  
proposed i s  to process the water through a c losed cyc l e  evaporator, 
reheat the puri f i ed d i s t i l l ate , and d i s charge i t  a s  a vapor 
conta i n i ng essent i a l l y  a l l  of the t ri t i um and a sma l l  fraction of the 
part i c u l ate contamination to the atmosphere i n  a contro l l ed and 
moni tored manner v i a  a 1 00 ft . h i g h  exhaust stac k .  The rema i n i ng 
part i c ul ate contamination wi l l  be concent rated 1 n  the evaporator 
bottoms , col l ected , and further concentrated to a d ry sol i d  that can 
be shi pped off- s i te for d i sposal  by buri a l  at a commerc i a l  l ow l evel 
rad i oac t i ve waste fac i l i ty .  Water that requ i res processi ng to reduce 
i ts rad1onuc l ide concentra t i ons prior  to d i sposal may be processed by 
i on exchange, fi l t ra t i o n ,  or d 1 s t 1 1 1 a t 1 o n .  Systems presentl y  
ava i l a b l e  to perform such process i ng i nc l ude the Defucl i ng Water 
C l eanup System, E P I COR , and the proposed evaporator oparated i n  
c l osed cyc l e .  

1 . 2 Purpose and Scope 

The purpose of t h i s  report 1 s  to provi de a descript ion of the 
Processed Water D i s posal System (PWDS) and i ts i nterfaces with other 
p l ant systems; to provide a techn i c a l  evaluat ion or the systern's 
conformance to app l i ca b l e  codes , standards ,  and regul atory 
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requ i rements: and to provi de a safety eva l ua t ion of the system and 
i ts operation.  T h i s  report conc l udes that the Processed Water 
D i s posal System does not consti tute an unreviewed safety ques t i on and 
that the system can be operated as des i gned wi thout undue r i s k  to the 
pub l i c  heal th and safety. Further ,  i t  conc l udes that the 
envi ronmental impacts of the system operation and potent i a l  acc i dents 
i nvol v i ng the system fa l l  within  the bounds of a c t i v i t i es previ ous l y  
eva l uated b y  the NRC sta f f  i n  thei r Programmat i c  Envi ronmental Impac t  
Statement ( NUREG-0683) and i t s  supp l ements . 

2 . 0  SYSTEM DESCRI PT I ON 

2 . 1  General 

The processed water d i sposal system cons i st s  of: ( 1 )  a vapor 
recompre s s i on d i st i l lation u n i t  ( ma i n  evaporator) that wi l l  d i st i l l  
the processed water i n  a c l osed cyc l e  and c o l lect the puri f i ed 
d i st i l late for subsequent release by vapori zati on; ( 2 )  an  auxi l ia ry 
evaporator that w11 1  f u rther concentrate the bottoms f rom the ma i n  
evaporator; ( 3 )  a flash -vaporizer u n 1 t  that wi l l  heat and vapo r i ze 
the pur i f i ed d i s t i l l ate f rom the ma i n  evaporator and release the 
vapor to the atmosphere i n  a contro l l ed and moni tored manner; ( 4 )  a 
waste dryer that wi l l  further evaporate water f rom the concentrated 
waste and produce a d ry sol i d; and ( 5 )  a packag ing system that wi l l  
prepare the d ry sol i d  waste i n  conta i ners accepta b l e  for s h i pment and 
for bur 1 a l  i n  a commercial l ow l evel  rad i oa c t i ve waste d i sposa l 
s i te .  A b l oc k  d i agram of the process 1 s  shown i n  F i gure 1 .  

2 . 2  Ma1 n  Evaporator 

The ma 1 n ,  or VC-300, evaporator i s  a vapor recompre s s i on type 
d i st i l l e r  that can be operated in e i ther a c l imbi ng f i lrn mod e ,  a 
spraying f 1 1m mode , or a comb i nat ion of these two modes . The heat t ng 
sec t ion consi sts of a horizontal  she l l  and tube type heat exchanger 
that i s  24 i nches in d i ameter and 1 20 :nches long . The heat 
exchanger i s  of a patented des tgn known as a Bayonet Augmented Tube 
( BAT ) heat exchanger. 

The evaporator feed enters the bottom of the heat exchanger shell 
where i t  1 s  heated to boi l l ng by s team conden s i ng in the tubes . The 
vapor exi t s  the shel l ,  a l ong with a s igni f i cant quant i ty of entra i ned 
l iq u i d ,  through two 1 2  i nc h  d i ameter vapor r i s ers and enters the 
separator/vapor dome sec t ion. The majority of the entra i ned l iq u i d  
i s  col l ected 1 n  the bottom o f  the 2( 1nch  d iameter separa tor.  The 
rema i nder of the entra i ned 1 1 qu 1 d  i s  removed from the vapor as i t  
r i ses 1 nto the vapor dome through two stages o f  woven w i re dem i s ter 
s c reen s .  The l iq u i d  c o l l ec ted 1 n  the bottom o f  the vapor dome t s  
d rawn off b y  a pump a l ong w i t h  a port ion of the l i q u i d  from the heat 
exchanger sec t i on she l l and returned to the ma i n  ( VC -300) concentrate 
tank . The d ried vapors ex i t  the vapor dome through a 1 4  i nc h  steam 
l i ne and enter the suc t t on s i de of a motor dri ven mechanica l  vapor 
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compressor. The compressor increases the temperature and pressure of 
the s team and discharges it to the tube side of the heat exchanger in 
the evaporator heating section. The vapor condenses t n  the tube s ,  
giving u p  its superheat and l atent heat t o  the boiling liquid 1 n  the 
shel l .  The condensate , o r  distil late , is removed f rom the tubes by a 
va�uum eductor and discharged to the VC-300 distil late tank . 

The system is designed to operate under a vacuum and w1 1 1  boil the 
feed 1 1 qu1d  at a temperature of about 160°F . The mechanica l  vapor 
recompressor wi l l  raise the temperature of the vapor to about laO•f. 
The compressor wi l l  supp l y  a l l  the heat needed for steady state 
operation. operating on the principal of continuous rec lamation and 
reuse of the latent heat of vaporization of the steam produced by 
evaporation. The heat necessary for system start-up 1s supp l ied in 
the fonm of steam f rom the auxiliary evaporator which is described in 
Sec t t on 2 . 3 .  

I n  order to prevent overheating o f  the vapor compressor discharge due 
to excessive superheating of the vapors . a water spray is injected 
into the compressor suction d uc t .  This water spray i s  supp l ied f rom 
the VC Distil l ate tank and provides desuperheat and a liquid sea l 
around the compressor l obes . Excess water is removed from the low 
point of the compressor discharge duct by a vacuum eductor and/or a 
liquid ring mechanica l  vacuum pump. Since this liquid may be 
contaminated by volatil ized boric acid quenched f rom the vapor s t ream 
by the desuperheat spray noz z l e s ,  it is.discharged t nto the 
contaminated disti l l ate tank . The water in the contaminated 
distil late tank , which 1 s  suppl emented by the overflow f rom the C-30 
distil l ate tank ( discussed later) , 1 s  sprayed through two ref l ux 
spray nozzles  1 nto the main evaporator vapor dome . The spray is 
introduced between the two stages of demister s c reens . Since boric 
a c 1 d  is volati l e  t n  steam, a portion of it wi l l  be mixed with the 
steam in a vapor phase . The ref l ux sprays , having a very low boric 
ac t d  concentra tion. wil l  quench most of the boric acid vapor and 
return 1 t  to the boiling liquid . 

Processed water wt l l  be fed to the VC -300 c oncentrate tank at a 
nomina l rate of 5 gpm. The liquid is moved by vacuum f rom the 
concentrate tank to the evaporator heat exchanger she l l at a rate of 
about doubl e  the evaporation rate.  The excess feed is  carried over 
with the vapor, removed in the vapor separator section , and pumped I 
a l ong with a portion of the concent rated liquid f rom the heat 
exchanger she l l  to the concent rate tank by the VC Concentrate pump. I 
The l iquid l evel 1 n  the heat exchanger shel l 1 s  mainta 1ned h1gh 
enough to cover about one third to two thirds of the heat exchanger 

I tubes . The foaming action d u r 1 ng boi l ing , which 1 s  typica l  of waste 
water s t reams , w1 1 1  ensure continuous wetting of the rest of the 
tubes to provide good heat transfer characteristic s , whi l e  the low 
l iquid level i n  the she l l  provides a l ow hydrostatic head . l f  the 
foaming ac tion is insufric t ent to adequate l y  wet the tubes , the 
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system can be  operated i n  a spraying f i lm mod e .  I n  the spraying f i lm 
mode, a portion of th� feed enters the top o f  the heat exchanger 
she l l  and i s  sprayed over the tubes to provide a constantly wetted 
f i lm on the heat transf�r s u rfaces . I f  necessary ,  sma l l  amounts of 
detergent can be added to the feed stream to enhance the foaming 
a c t i on to ensure adequate wet t i ng of the heat exchanger tubes . 

Both ends of the evaporator heat exchanger are equi oped with c l ear 
p l exig l as s  v i ewi ng wi ndows whi c h  a l l ow the operator to see the 
boi l i ng l iq u i d  l evel and degree of foaming so that l evel adj ustments 
can be made as needed . In  add i ti o n ,  the d ra i n  from the vapor dome to 
the recyc l e  pump suc t i on i s  provided with a s i ght f l ow i nd i cator 
a l lowing the operator to v i s ua l ly assess the amount o f  entra i ned 
l iq u i d  entering the vapor dome with the s t ream. 

About 1 ga l lon per mi nute of th� ma i n  evaporator concentrate recyc l e  
1 s  d 1 s c harged through a s i de s t ream from the VC Concentrate pump to 
the auxi l ia ry ( C-30) evaporator concentrate tank for f u rther 
concentration and processing.  When the VC-300 system i s  supp l i ed 
w1th processed water conta i n i ng a tota l sol i d s  concentration of 1 . 8 
to 2 . 0% ,  i t  wi l l  produce a concentrated sol u t i on of about 1 0% total 
d i ss o l ved sol i d s . The concentra t i on of other sol uble  and part i c u l ate 
contaminant s ,  i nc l ud i ng radionuc11des , wi l l  be i nc reased by the same 
proporti o n .  The f i nal concentration rat i os can b e  varied t o  s u i t  the 
process i ng needs or to opt imize the process as experience d i c tates . 
The puri f i ed d i s t i l late wi l l  conta i n  nearly  a l l  of the t r i t iated 
water but wi l l  be essent i a l l y  free of other contaminants s i nce a very 
sma l l  percentage of the s o l u b l e  and part i c u l ate contaminants i n  the 
processed water wi l l  be carried over in the VC-300 d i s t i l late . The 
d i st i l late wi l l  be co l l ected in the d i s t i l l ate tank for further 
stagi ng i n  an on-site storage tank or for d i rect feed to the f lash  
vaporizer.  

2 . 3  Aux i l i a ry Evaporator 

The aux i l i a ry ( C -30) evaporator I s  simi l a r  i n  design to the VC-300 
evaporator, but I t  i s  sma l l er and does not use a vapor recompressor. 
The heat ing sec t i on i s  a 6 inch d i ameter horizonta l she l l and tube 
heat exchanger and the separator sect i on 1 s  8 I nches 1n d i ameter.  
The aux i l i a ry evaporator is  fed by rec i rc u l a t i on f rom i ts concentrate 
tank ( C-30 concentrate tank ) and wi l l  further concentrate the 
d i scharge f rom the ma i n  evaporator to a concentrat ion of between 20 
and 25 percent tota l so l i d s ,  depend ing on opera t i onal  needs . The 
heat source to the auxi l i a ry evaporator i s  waste heat f rom the hot 
d i st i l late I n  the VC-300 d i s t i l late tank supp l emented by two 
thermosta t i ca l ly contro l l ed 30 KW e l ectric  heaters . D i s t i l l ate i s  
pumped from the VC-300 d i st i l late tank through the e l ec t r i c  heaters 
wh i c h  heat it to about 1 70•f. l t  f l ows to the tube s ide of the she l l  
and tube heat exchanger portion o f  the aux i l ia ry evaporator where It  
heats the bo1 1 1 ng l i q u i d  on the shell s i de .  The d i s t i l l ate then 
exi ts the tubes and returns to the VC-300 d i s t i l l ate tank . During 
system start-up , vapor from the aux i l i a ry evaporator i s  used to 
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provide a heat source t o  the main evaporator. Once the main 
evaporator is heated and in operation , a va l ve in the vapor line to 
the main evaporator is c l osed and the vapors are routed to the 
auxiliary condenser.  The condensate is removed from the condenser by 
an eductor and discharged. to the C-30 disti l l ate tank which then 
overf l ows to the contaminated disti l l ate tank . Water in the C-30 
disti l l ate tank is pumped through a recircu l ation l oop by the C-30 
distil l ate pump, P-3 . This loop supp l ies  the motive force for the 
distil l ate eductor, E-3. A sidestream from this l oop suppl ies the 
seal water to the VC-300 and C-30 concentrate pumps and an additional 
sidestream can supp l y  an a l ternate source to the VC-300 
dcsuperheating sprays . Concentrated sol ution from the C-30 
evaporator is discharged at a rate of 0 . 3  to 0. 5 gpm to the 
bl ender/dryer transfer tank for subsequent d rying and packaging . 

2 . 4  F l ash Vaporizer 

The f l ash vaporizer wil l  perform the final evaporation of the 
purified distil l ate and wi l l  release the res u l tant vapor to 
atmosphere through an exhaust stac k .  Disti l l ate wi l l  be pumped to 
the vaporizer f l ash tank at a rate of about 5 gpm. A 500 gpm 
recirc u l ation pump forces water from the f l ash tank through three 300 
KW e l ectric heaters where the temperature and pressure are raised to 
about 240° F and 1 0  p s 1 g  respective l y .  The heated water discharges 
through a b leed/orifice valve into the 24 inch diameter by 60 inch 
h1gh cylindrical f l ash tank where the reduced pressure res u l t s  in 
1mmed 1 ate vaporization of a portion 9f the heated water. The vapors 
exit the top of the tank through a 1 0  inch thick demister s c reen into 
a 3 inch diameter by 1 00 foot high exhaust stack and are released to 
the atmosphere . A sma l l  amount of liquid wi l l  be drained from the 
f l ash tank as a continuous b l owdown and returned to the VC-300 
concentrate tank. Any condensate that forms in the exhaust stack 
wil l  be drained through a steam trap to the c ontaminated distil l ate 
tank . 

2 . 5  Bl ender/Dryer 

The b l ender/dryer wil l  receive the l iquid or s l u rry product from the 
auxiliary evaporator at a concentration of 20 to 25 percent total 
solids , evaporate the remaining water , and produce a dry s o l id 
waste . The water removed by the dryer in the form of vapor wi l l  pass 
through a condenser and be returned to the VC-300 concentrate tank 
for reprocessing . The body of the dryer consists of a c y l indrical 
horizontal vessel that 1s about 1 0  feet long by 3 feet 1n d iameter 
with a holding capacity of 50 c ubic feet. It is equipped with three 
sets of e l ectrical strip heaters ( 1 00 KW per set ) in direct contact 
with the outside surface of the she l l  which is covered with a layer 
of insu l ating material . The inside surface of the d ryer is 
continuous ly  sc raped by a rotating he lical ribbon agitator that 
removes and mixes the material that dries on the inside surface of 
the shel l .  The liquid or slurry is pumped into the dryer in batches 
through a 1 /2 1 nc h  feed connection locatPd on the dryer sid e .  As the 
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mate r 1 a l  comes 1n contact w1th the heated s h e l l surface , the 
rema 1 n1ng water 1 s  evaporated . The rotating he l ica l ri bbon agi tator 
scrapes the d r i ed materia l from the surface , cont inua l l y b l ends the 
materia l ,  and conveys 1t toward the center of the dryer body. When a 
batch has been d r t ed ,  t t  wt l l  be d i scharged through a four inch 
pneuma t i ca l ly operated ba l l  va l ve i nto the b l ender/dryer discharge 
hopper .  As the s o l i d s  exi t the b l ender d ryer, they pass  through a 
rol l er  mi l l ,  or  •de- l umper• , that assures any l a rge chunks a re 
reduced 1 n  s t ze to preclude p l uggi ng of the down stream hand l i ng 
equi pment .  

2 . 6  Packag ing System 

The dry s o l i d  waste f rom the bl ender/dryer d i scharge hopper i s  
transferred by a f u l l y  enclosed screw conveyor to the pe l l et1zer feed 
hopper. The pe l l et t zer 1 s  a standard Model 200 Bl ount/Ferre l -Ross 
l a boratory pe l l et m 1 1 1 .  The dry product f l ows by g ra v t ty f rom the 
feed hopper into the center or a cyl i nd rica l extrus i on d i e .  The 
product which enters as a powder 1 s  pressed or extruded through 
rad i a l  ho l es i n  the d i e ,  fonmlng a compacted s o l i d  materia l .  As i t  
ex1 ts the die , the materia l wi l l  be cut off  to pe l l ets about 3/B i nch 
in d i ameter and about 1 /2 1 nch l ong . The pel lets are discharged tnto 
a DOT Spec 1 f 1 cat1on 1 7 -C s h i pping container .  A sma l l  e l ectri ca l l y  
powered steam generator supp l i es moisture 1 nto the pe l l et mil l  to 
serve as a b i nder and assure sta b l e  pe l l ets . The steam generator is 
fed f rom the C-30 d i st l l late tank at a rate o r  about 0 . 1 gpm. 

The pel leti zer i s  integra l l y mounted on top of an enc losure a round 
the DOT Spec i fication 1 7-C conta i ner. A ventilation b l ower ,  whtch 
discharges to the bu t l d t ng atmosphere , d raws a constant suct i on 
through a HEPA f i lter  on the enc l osure to ensure that the enc losure 
and the pe l let mi l l  a rc rna1 nta 1ned under a negative pressure whil e  i n  
use . This w1 1 1  prevent l eakage o r  material that cou l d  cause an 
a l rborne rad t oactlv t ty prob lem in the building . Al l hand l ing or the 
open s o l i d  waste conta iners wi l l  be performed w1th the drum 1ns 1de 
the ventilated drum enc losure. 

2 . 7  lank Vent System 

Al l or the tanks on the evaporator s k i d  and transfer skid are cl osed 
at the top w1th gasketed p l exig lass covers equipped with two i nch 
vent connections . The vent� are routed via f l exi b l e  hose to a 
mantr o 1 d  mounted t n  the building ce 1 1 1 ng . The man t r o l d  d l scharges 
through a condenser to a IlEPA f 1 1 ter  that exhausts to the bu 1 1 d 1 ng 
atroosphere. The condenser removes any moi s ture or  steam vented f rom 
the tanks and d ra i ns the condensate to - the blender/dryer trans fer 
tank . l h l s  protects the HEPA f i lters from excess l ve mois ture. The 
HEPA removes any part l cu late matter f rom the vent st ream before I t  
discharges to the bulld l ng atmosphere . 
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The ent i re processed water d i sposal  system wi l l  be enc l osed I n  
a modu l a r  bui ld ing 26•xJo•xJ4• h i gh located a s  s hown on 
F i gure 2 .  The pri �ry purpose o r  the b u i l d ing i s  to s h i e l d  
the equipment and operators from the envi ronment and to 
contai n  the process l iq u i d  i n  the extreme ly unl i ke l y  event of 
catastroph i c  fa i l ure of the system tanks or p i p i n g .  The 
b u i l d i ng i s  constructed or pre-fabricated i nterl ock i ng 
pane l s .  The pane l s  are lami nated construct i on cons i s t ing of 
an i ns u l a t i ng foam materi a l  sandwiched between sheet metal  and 
a re pa i nted on the i r  i nterior and exterior surfaces for easy 
c l eaning.  Attached to the bui l d i ng is  a 1 0•x12• off i c e  area 
that w1 1 1  serve as an  operat i ng contro l poi nt .  l n  add i t i on. 
i t  wi l l  provi de a control led point of entry i nto the equi pment 
bui ld i ng wh ich w1 1 1  be a rad iologica l l y  control led a rea . The 
bui l d i ng wi l l  be placed on a poured , rei nforced foundat ion and 
s l ab wh i c h  wi ll be c u rbed to contdin any l iq u i d  s p i l l ed , and 
s l oped to channe l spi l l ed l i qu i d  to a sump . The c urbi ng i s  of 
suffi c i ent s i ze ( about 2200 g a l lons ) to conta i n  the ent i re 
vol ume of l i q u i d  that could be contdi ned In the system . The 
foundat i on and s l ab wi l l  be coated with an epoxy base sea lant 
to fac i l i tate decontami nat ion , as needed . 

The bui ld i ng wi l l  be provided w1th the necessary l i gh t i ng and 
t e l ephone commun i cat ion to fac i l i tate eff i c i ent opera t i o n .  I n  
add i t i on. porta b l e  heaters c a n  b e  i nsta l l ed i f  �eeded d u ri ng 
periods of shutdown i f  c o l d  weather presents a pos s i b i l i ty of 
f ree z i n g .  

The bu i ld i ng wi l l  b e  vent i l ated b y  a variable speed exhaust 
fan that wi l l  provide 625 to 2 , 500 CFH a i r  flow out through 
the bui ld ing exhaust . T h i s  wi l l  provide up to 15 a i r  
exchanges per hour.  

An  amb i ent a i r  samp l e r  wi l l  be  operated cont inuou s l y  within  
the evaporator bui l d i ng to  eva l uate a i rborne rad iolog i c a l  
cond i t i ons . The mon i tor wi l l  be provided with a strip  chart 
recorder and wi l l  be set to a l a rm  at 25 percent of Maximum 
Permi s s i b l e  Concent rat i on (HPC) to personne l .  The monitor 
with i ts strip chart recorder wi l l  be used to mon itor for 
trends In the bui l d i ng a i rborne radi oact i v i ty leve l s . 
Reach i ng leve l s  of 25 percent or  HI'C 1!. extreme l y  unl i k e l y  due 
to the l ow spec i f i c  act i v i ty of the rad i oact ive mater i a l  b e i ng 
hand led.  

I n  the event the samp l er becomes I nopera b l e. con t i nued 
operat ion or the PWOS wi l l  be perm\tted for up to one week 
provided h1gh vol ume a\r samp les are obt a t ned 1 n  th� bui l d i ng 
every four hours . 
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Because of t h e  nature o f  the contaminants i n  the proce s s i ng 
stream, primari l y  bori c  a c i d  and borate s a l ts , materia l  
l eakage and s p i l l s i n  the bui l d i ng wi l l  resu l t  i n  a i rborne 
dust hazards before the a i rborne rad i oa c t i v i ty reaches a level 
of concern . The bui ld i ng atmosphere wi l l  be period i c a l l y  
moni tored for respi ra b l e  dust and workers wi l l  be requi red to 
use respi ratory protect i on i f  a i rborne concentrations of boric 
a c i d  and borates exceed 1 mg/m3 . 

In the unl i ke l y  event that accepta b l e  rad i ol o g i c a l  or 
nonrad i o l og i c a l  work i ng cond i t i ons c annot be achi eved in the 
evaporator bui l d i ng , a c t ion wi l l  be i n i t iated to protect the 
operators , the system wi l l  be p l aced i n  a safe shutdown 
cond i tion,  and a l l  processing act i vi ties wi l l  be terminated 
unt i l  the problem i s  corrected . I n  add i t i on ,  the bui l di ng 
vent i l a t i on wi l l  be shutdown when necessary to terminate any 
unplanned a i rborne radioac t i v i ty rel eases to the envi ronment . 

I n  add i t ion to mon i toring the a i rborne rad i ol og i c a l  working 
cond i t ions i ns i d E  the bui l d i ng ,  the continuous a i r  mon i tor 
wi l l  be located so that i ts samp l ing point provides a samp l e  
that i s  genera l l y representa t i ve o f  the a i r  being d i scha rged 
f rom the bui l d i ng vent i lat ion exhaus t .  Th i s  wi l l  provide a 
means of quant i fying the mate r i a l  re l eased f rom the bui ld i ng 
i n  the event of a spi l l  of l i quid o r  sol i d  waste . Ini t i a l l y ,  
the mon i tor wi l l  b e  p l aced i n  the area that i n  the j udgement 
of the engineering sta f f  i s  most l i ke l y  to be representa t i ve 
of the bui ld i ng atmosphere. After system startup, h i gh vol ume 
a i r  samp l es wi l l  be obta i ned to con f i rm  that the moni tor 
l ocation has been chosen prope r l y .  A program wi l l  be 
esta b l i shed to con f i rm  quarterly that the cont inuous a i r  
moni tor i s  placed i n  a location such that i t  provi des an 
adequate i nd icat ion of the rad i o l og i c a l  releases f rom the 
bui ld i ng exhaust.  

2 . 8 . 2  Coo l i ng Water System 

Coo l i ng water for the processed water d i sposa l system wi l l  be 
supp l i ed f rom and returned to two c l osed cyc l e  c h i l l ed water 
systems . The sel f conta ined chi l lers and c h i l l ed water system 
wi l l  be located adjacent to the evaporator bui ld i ng and each 
wi l l  prov i de about 20 gpm of coo l i ng water at a temperature of 
about 50° F to the evaporator bu i l d i ng .  One chi l l e r ,  supp l i ed 
by GPUN , prov ides cool ing water to the C-30 condenser and the 
mai n  evaporator compressor oi l cool e r .  The other uni t ,  
provided by the vendor ,  supp l i e s  c oo l i ng water to the 
b l ender/dryer exhaust cond�nser and to the tank vent condenser .  
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The evaporator system requires a 480V, 3 phase, 60 H z  main 
power feeder capab l e  of suppl ying 1 600 KVA to the ev�porator 
bui l ding switchgear .  This i s  provided b y  a sing l e  13 . 2  KV 
primary from an existing HET-EO j unction pedestal at the HE 
end of the 230 KV substation. This is routed through existing 
underground duct banks to a 2500 KVA step-down transfonmer 
(13 . 2  KV - 480V/277V) . The step-down transfonmer is insta l led 
on a conc rete pad adjacent to the evaporator building and is 
surrounded by a bl ock wa l l  to prevent the spread of possible 
fire due to a t ransfonmer o11 leak . The switchgear is 
supplied by the evaporator vendor as part of the system. 

In the unlikely event of fai l u re of the 13 . 2KV power feeder o r  
the 2500KVA step-down transfonmer,  a 200 amp, 480 volt 
emergency power feeder has Deen provided from the existing 
plant e l ec t rica l  distribution system. The power can be 
brought in from USS 2-48 through the nonmal power supp l y  to 
the high pressure spray pump, TDW-P-1 ( the NLB pump) via a 
norma l l y  l ocked open disconnect switch that has been added to 
the line side of the NLB pump disconnec t .  This shou l d  provide 
power to sufficient l oads in the evaporator system to permit 
d 1 1ut1on and flushing of the evaporator to prevent solids 
precipitation and to keep the bl end e r/dryer operating without 
1 ts heaters until norma l power can be restored . 

2 . 8 . 4  Plant System Tie-ins 

Operation of the evaporator system requires connection to 
existing plant systems for various service need s .  These plant 
tie-1ns a re shown schematic a l l y  on GPUN Drawing 20-3 1 85 - 1 630. 
The d rawing shows the connections to the contractor supplied 
evaporator system as wel l  as the modifications to the existing 
systems necessary to facilitate the tie-ins . 

The existing Processed Water Storage Tanks ( PWSfs)  wi l l  be the 
primary feed source to the evaporator .  The tie - 1 n  to the PW 
System a l l ows pumping from either of the 500 ,000 ga l l on PWSTs 
to the evaporator. Evaporator disti l late can a l so be returned 
to either tank . The E P I COR I I  System wi l l  be modified to 
a l l ow using the existing 8 5 , 000 ga l lon ��-T-1 as a dis til late 
staging tank . This tank can receive disti l l ate from the 
evaporator o r  it can transfer liquid as either feed to the 
vaporizer or feed to the evaporator. Cross connect va l ves 
between the source tanks and the evaporator and vaporizer feed 
connections are capabl e  of being l oc ked c l osed to prevent 
inadvertently  feeding raw water to the vaporizer .  They wil l  
be c on t rol led per GPUN procedures . In  addition , the tie-ins 
a re dcsiqned so that any tank being used to feed t he system 
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wi l l  b e  i sol ated from a l l  sources that may add any water to 
that tank wh i l e  in serv i c e  as a feed sourc e .  S i mi l a r l y ,  any 
tank used as a stagi ng tank to rece i ve d i s t i l l ate w1 1 1  be 
i so l ated f rom any other sources of water. 

Domest i c  water i s  supp l ied to the evaporator system for 
equi pment f l ushing and c lean ing . It Is supp l i ed f rom the 
plant Domest i c  Water ( DO) System. 

Serv ice a i r  i s  suppl i ed to the evaporator bui l d i ng from the 
e x 1 s t 1 ng plant Instrument A i r  ( lA)  System. It supp l i es the 
b l ender/dryer t ransfer pump, the a i r  operated bl ender/dryer 
d i scharge va l ve ,  a vi brator on the b l ender/dryer d i scha rge 
hopper ,  and an a i r  sparger on the t ransfer tan k .  

A l l  p 1 p 1 ng conta i n ing l iquids  that 1 s  outs ide the bui l di ng i s  
heat traced to prevent f reez i ng i n  c o l �  wea ther. Process 
connect i ons to the vendor supp l ied system f rom p l ant l iq u i d  
s�stems wi l l  b e  bol ted f langed connections.  

2 . 8 . 5  F i re Protec t ion 

F 1 re protect ion wi l l  be provided by porta b l e  f i re 
ext ingui shers i nstal led i n  the bui ld i ng 1 n  accordance with 
National F i re Protec t ion Assoc i ation Codes and Standards and 
the Pl ant f i re Protec t i on P l a n .  

3 . 0  SYSTEM OPERATION AND CONTROL 

3 . 1  General Opera t i on 

The processed water d i sposal  system I s  desi gned to operate at a 
steady state feed rate of about 5 gpm. The c u rrent l y  projected 
d i sposal  program wi l l  process the ent i re 2 . 3  mi l l ion gal lons of water 
over a period of two years w1th about ha H of the tota 1 i nventory 
being processed i n  each of the two yea rs . rhe project ion or 1 . 1 5 
mi l l ion ga l l ons per year Is based on current est imates of water 
ava 1 1 ab 1 1 1 ty and est imated system down t ime . If opera t i onal 
ava 1 1 a b 1 1 1 ty of the evaporator system permi ts , and progress of 
defue l i ng ,  decontami nation, and preprocess i ng of water improves the 
ava i lab1 1 1 ty of water, 1 t  Is fea s i b l e  to d i spose of the ent i re 
2 . 3  mi l l ion g a l lons of acc ident generated water In as l i ttle as 
14 month s .  fh 1 s  est imate I s  based o n  opera t i ng the evaporator 7 days 
per week with 25 percent down time . Regard less of the overa l l  l ength 
of the operat ing program, the sys tem wi l l  be operated and control led 
In such a manner that the envi ronmenta l impacts of the proj ec t w1 1 1  
be no more than the min i ma l  Impacts projected and eva l uated 1 n  the 
NRC Sta ff's Programmat ic lnv1 ronmenta 1 impact Sta tement ,  
Suppl ement 2 .  Th i s  sec t i on o f  the report desc r i bes the modes of 
operat ion of the system, the t nst rumentatlon and contro l s  used I n  the 
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system, and desc r i bes the basts for the operating l i mi ts imposed on 
the system to assure that the resul t i ng envi ronmenta l impacts are 
wi t h i n  those ana lyzed . 

3 . 2  Opera tional Hodes 

The processed water d i sposal system i s  desi gned with the f l exi b i l ity  
to  operate the evaporator and vapori zer as a coup l ed u n i t  or to 
separate the two un i ts and operate them i ndependent l y .  I n  the 
coup led mode,  the evaporator and vapo r i zer a re operated i n  series in  
a conti nuous f l ow opera t i o n .  The d i s t i l l ate f rom the evaporator i s  
fed d i rectly  t o  the vapo r i zer for atmospher i c  d i scharge. When 
decoup l ed ,  the evaporator and vaporizer a re operated separately with 
the vapori ze r  i n f l uent i ndependent of the evaporator e f f l uent. The 
d i s t i l l ate f rom the evaporator i s  pumped to a separate stag i ng tank 
and held for later fe�d to the vaporizer or reproc e s s i ng through the 
evaporator .  These modes are descri bed i n  deta i l  i n  Sec t i ons 3 . 2 . 1  
and 3 . 2 . 2 .  

Opera t i on o f  the processed water d i sposal  system wi l l  be under d i rect 
control and superv i s ion of GPUN opera t i ons sta f f .  The personnel 
performing the opera t i on w111 be contractor personnel provided by 
Nuc l ear Packaging Serv i ces I ncorporated , the vendor and owner of the 
system. These personnel w111 rec e i ve the t ra in i ng requ i red by plant 
procedures for access to the fac11i ty•s protected a rea and rad i a t i on 
work permi t areas and wi l l  perform a l l  opera t i ons under the control 
of GPUN approved operat i ng procedures . Rad i o l og i c a l  contro l s ,  
chemi stry, and ef f l uent samp l ing and ana l ys i s  needed to support 
system operat ion wi l l  be provided by GPUN staff . 

3 . 2.1 Coupled Opera t i on 

I n  t h i s  con f igurat ion the evaporator and vapo r i zer wi l l  be 
coup l ed and operated as a conti nuous cyc l e  system. The 
primary control over envi ronmenta l e f f l uents wi l l  be 
esta b l i shed by strict control over the process i n f l uents . The 
body of water to be processed wi l l  be i solated f rom a l l  other 
pos s i b l e  sources of contaminat ion,  the source tank wi l l  be 
rec i rc u l ated to assure homogen1ety, and then sampled.  A 
chemi c a l  and rad i ochemi c a l  ana l ys i s  for the princ i pa l  
rad i onuc l 1 des wi l l  be perfonned a s  p resen t l y  done on-s i te and 
the ana l yt i c a l  resu l ts compared to the i n f l uent c r i teria 
d i scussed i n  Sect i on 3 . 3 .  Once conformance to the i n f l uent 
cri teria Is conf i rmed , watt·r may be processed . Water wi l l  be 
supp l i ed at a rate or about 5 gpm to the VC-300 concentrate 
tank from where i t  i s  fed and rec i rc u l ated through the ma i n  
evaporator. The ma i n  evaporator wi l l  i nc rease the 
concentra t i on or d i ssolved sol i d s ,  i n c l ud i ng the part i c u l ate 
rad ionuc 1 1des , by a factor of about 5 .  The concentrated 
solut ion i s  continuou s l y  d rawn from the VC-300 recyc le l i ne 
and pumped to the C-30 auxi l i ary evaporator. The C -30 
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evaporator wi l l  produce a further concentrated solut i on that 
1 s  about 20 to 25 percent d i ss o l ved sol id s .  The puri f i ed 
d i s t i l late i s  conti nuous l y  removed f rom the VC-300 tube bundl e  
by eductor, E-2 , and i s  d i sc harged t o  the V C  D i st i l late Tan k .  
The water 1 n  the d i st i l l ate tank i s  conti nuous l y  rec i rc u lated 
by the ma i n  d i st ill ate pump, P-2 , and the heati ng l oop pump, 
P-1 . The hea t i ng l oop pump, P-1 , c i rcu l a tes water f rom the vc 
d i st i l l ate tank through two 30 KW thermosta t i ca l l y  control led 
e l ectric  heaters , through heat exchanger HX-3 , and then to the 
tube bundl e  of the C-30 evaporator. The resi dual hea t ,  
suppl emented b y  the e l ec tric heaters , provides the heat source 
to the C-30 evaporator. The water d i scharges f rom the c-30 
tube bund l e  back to the VC d i s t i l l ate tank . The d i st i l late 
pump, P-2 , supp l i es water to a rec i rc u l at i on l oop that feeds 
c l ean water to the desuperheater spray noz z l es i n  the vapor 
recompressor suction , moti ve force water to the VC-300 
d i s t i l l ate eductor, E-2 , and the evaporator d i s t i l late 
d i scharge. The d i scharge s i destream passes through the raw 
feed preheater, HX-2 , and out through automa t i c  l etdown va l ves 
operated by level contro l s  on the VC d i st i l l ate tan k .  When 
opera t i ng 1n the coup l ed mode ,  whi c h  i s  expected to be the 
nonma l mode of opera t i on ,  the l etdown f l ow from the d i st i l late 
loop wi l l  be d i sc harged d i rectly  to the vapor i zer.  The 
d i st i l l ate wi l l  pass through a rad i a t i on moni tor and enter the 
vapo r i zer rec i rc u l a t i on l oop as desc r i bed i n  Sect ion 2 . 4 .  
During operation,  sampl es wi l l  be obtai ned periodi ca l l y  f rom 
the raw feed to the evaporator, f rom the d i s t i l l ate feed to 
the vaporizer,  and from the vapori zer d i scharge. Later 
ana l yses of these samp l e s  i n  the s i te l aboratory wi l l  con f i rm 
that the evaporator i nf1uent qua l i ty had been within  the 
requi red spec i f i ca t i ons during the previous opera t i ng period 
and that the Processed Water Di spos a l  System produced a 
decontami na t i on factor of at least 1 000 . I f  these two 
c r i teria are met ,  the envi ronmenta l re l ease f rom the system 
wi l l  have been wi thi n  the l imits d i s c ussed in Sect ion 3 . 3 .  
l he boron analys i s  wi l l  be used t o  c a l c u l ate a 96-hour rol l i ng 
average or the system OF. I f  the system average perfonmance 
drops below a DF of 1 000 over a 96 hour period ( except for 
periods of startup , shutdown , or short durat i on ma l func tions)  
or 1 f  cond i t i ons shoul d  e x i st whi c h ,  i n  the j udgement o f  
GPU Nuc lear,  i s  such that a 96-hour average O F  of 1 000 cannot 
be re-esta b l i shed , releases to the envi ronment through the 
vapo r i zer wi l l  be terminated , the sys tem wi l l  be shutdown , and 
correc t i ve a c t i on will  be taken . When tankage i s  ava i l a b l e ,  
a n  a l ternat ive t o  fu l l  system shutdown wi l l  be t o  terminate 
the re l ease f rom the vapori zer and return the evaporator 
d i st i l l ate to an i nterim stag i ng tank or rec i rcu late i t  back 
to the VC-300 Concentrate Tank . Th i s  wi l l  a l l ow adju�tments 
to the process to restore 1 ts opera t i on to with i n  the 
spec i f i c a t i ons without a f u l l  system shutdown . System 
I nstrumenta tion wi l l  provide a conti nuous i nd i cat i on that the 
envi ronmenta l re l eases are wi th i n  the l imHs requi red by the 
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THI-2 Techni c a l  Spec i f i ca t i ons . If samp l e  ana l yses show that 
the envi ronmental rel ease rates have been h igher than those 
stated i n  Sect i on 3 . 3 ,  i n f l uent l im i ts wi l l  be adjusted for 
subsequent opera t i ng periods to ensure conformance to the 
average quarter l y  l imits d i scussed i s  Sec t ion 3 . 3 .  

Opera t i on i n  the coupl ed mode wi l l  not occur unt i l  s u f f i c i ent 
data has been obta i ned f rom system testing to veri fy that the 
des i g n  decontamlnatfpn factor 1 s  ach i eved . 

3 . 2 . 2  Decoupled Opera t i on 

In the decoupled mode of opera t i o n ,  the evaporator and 
vapo r i zer are operated as separate uni ts . The source tank to 
be processed i s  i so lated , rec i rculated , samp l ed ,  and ana l yzed 
for conformance to the c r i teria 1 n  Sec t ion 3 . 3 .  The water i s  
fed f rom the source tank t o  the evaporator. The evaporator 
operates as desc ri bed i n  sec t i on 3 . 2 . 1  with the except ion that 
the disti l l ate i s  d i scharged to a hol d i ng tank rather than 
bei ng fed d i rect l y  to the vaporizer.  When the hol d i ng tank i s  
f i l l e d ,  the evaporator i s  shutdown and the hold i ng tank i s  
sampled and ana l yzed . If the water i s  s u i ta b l e  for d i rect 
vapor i zation,  1 t  i s  fed to the vapori zer and d i scharged to the 
atmosphere . If i t  i s  not s u i ta b l e  for d i rect vapori zation , i t  
can be processed aga i n  through the evaporator i n  e i ther 
coup l ed or decoupled mode depend i ng upon i ts contaminant 
concentra t i o n .  Thi s  opt i on a l l ows u s i ng the evaporator as a 
preproce s s i ng system for water sources that do not meet the 
c r i teria for d i scharge by d i rect coupled opera t i o n .  H i g her 
act i v i ty waters may be processe� in batches through the 
evaporator unt i l  i t  i s  s u i ta b l e  for f i na l  vapo r i za t i o n .  When 
proces s i ng h igher �ct tv i ty water, c a re wi l l  be taken to avo i d  
c ross contamination of l ater l ower a c t i v i ty batches . Samp l e  
ana l ys i s  wi l l  con f i nm  that c ross contami nat i on h a s  not 
occurred . 

In decoupled operatfon , the evaporator i n f l uent c r i te r i a  a re 
based on assurirJ that the sol i d  waste fonm produced meets the 
requi rements fo,· an LSA , C l a s s  A was t e .  I n  coup l ed mode 
opera t i o n ,  the evaporator i n f l uent c r i teria are based on 
assuri ng that the envi ronmenta l rel eases f rom the system a re 
with i n  the estab l i shed spec i f i ca t i ons and the sol i d  waste 
produced meets the requi rements for LSA , C la�s A waste . 
S l i ght l y  d i fferent i n f l uent c r i teria are imposed because i n  
the decoupled mod e ,  the evaporator does not d i scharge i ts 
d i s t i l late d i rec t l y  to the vapori zer for re lease to the 
envi ronment . Thi s  i s  d i scussed further i n  Sect i on 3 . 3 .  
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The f i na l  proces s i ng o f  the evaporator bottoms i s  the same 
whether opera t i ng i n  the coupled or decoupled mode .  
Concentrate 1 s  d i scharged a t  a rate o f  about . 4  t o  . 5  gpm from 
the C-30 evaporator and pumped to the 2 7 5  ga l l on t ransfer 
tan k .  The concentrate i s  then fed in 90 ga l lon batches t o  the 
b l ender/dryer .  The f i rs t  batch ma y  b e  � 0  t o  1 60 ga l l ons 
depend ing upon the volume ava i l a b l e  i n  the transfer tank . 
After the transfer of the f i rs t  1 80 ga l l ons , the b lender/dryer 
1 s  heated to about 3 7 5°F and i t s  pressure a l l owed to bui l d  to 
about 8 ps i g .  A vacuum pump then d raws the pressure down to 
about 1 0  i nches of water and a l l ows the pressure to cyc l e  
between these two points . The vapor 1 s  d i scharged by the 
vacuum pump through a condenser to the VC concentrate tan k .  
Succes s i ve 9 0  ga l lon batches are cha rged t o  the b lender/dryer 
unt i l a total of about 450 g a l lons of concentrate has been 
added . After the f i na l  batch has been added , the mate r i a l  i s  
d ri ed to the des i red mo i sture content and then d i scharged to 
the d i scharge hopper. The d ried materia l  i s  then fed to the 
pel l et i zer as desc ri bed i n  sec t i on 2 . 6 .  

3 . 3  Inf l uent limits  

As previous l y  stated , the primary method for control of the e f f l uent 
from the evaporator or vapori zer i s  by esta b l i sh i ng s t ri c t  contro l s  
on the process i n f l uent character i s t i c s .  The e f f l uent l i quid  qua l i ty 
from the evaporator i s  dependent upon the decontamination factor, or 
OF , achi eved by the process .  The System OF 1 s  def i ned as the 
concentration of contaminants in the system i nf l uent d i vided by the 
concentration of contaminants in the system e f f l uent. The Processed 
Water D i sposa l System i s  i ntended to provi d e  a decontamina t i on factor 
of at least 1 000 for part iculates . I n  other word s ,  less than one 
one-thousandth or 0 . 1  percent of the part i c u l ate radionuc l i des 
present i n  the evaporator i n f luent w1 1 1  be c a rried over with the 
vapors d i scharged to atmosphere. Further, 9 9 . 9  percent of the 
pa rticulate radi onuc l i des wi l l  be col lected in  the d ry sol i d  waste 
that wi l l  be packaged for d i sposa l .  Thi s  OF of 1 000 for part iculates 
wi l l  be veri f i ed by a series of tests perfonmed both prior to 
del i very of the system to the l H l  s i te and a fter i nsta l l a t i on of the 
system at the s i te .  These tests wi l l  i nvol ve ful l f l ow operat ion of 
the system using l i quid  solut i ons that are very c l ose in compos i t ion 
to the THl-2 processed water but conta i n  no rad i oac t i ve materia l .  
The evaporator OF w1 1 1  be ver i f i ed by chem i c a l  ana l y s i s  of the reed 
solutions,  the puri f i ed d i st illates, and the vapor d i scharged to 
atmosphere. Once the system i s  pl aced i n  serv i c e ,  the OF wi l l  be 
period i ca l l y  ver i f i ed by laboratory ana lyses of the i n f l uent and 
e f f l uent. The system is a l so provided with instrumentation that wi l l  
detect upset cond i t ions that may af fect the e f f l uent qua l i ty .  Th i s  
i nstrumenta tion i s  d i s cussed i n  Sec t ion 3 . 4 .  
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The i nf l uent qua l i ty must be control l ed to assure achieving two 
e f f l uent res u l ts . Fi rs t ,  the puri f i ed d i st i l l ate wi l l  be released to 
the envi ronment v1a  the vapori zer. The l evel  o f  contaminants 
rel eased 1n the vapor must be kept low enough to assure minimal 
envi ronmental impact s .  Second , at l east 99 . 9  percent o f  the 
contaminants contai ned in the evaporator i nfl uent wi l l  be col lected 
as dry sol i d  waste . Thi s  waste wi l l  be packaged on-s i te and 
transported for buri a l  in a commerc i a l l y  operated rad i oa c t i ve waste 
d i sposa l fac i l i ty .  The waste form produced must b e  s u i ta b l e  for 
t ransportation and burial  in accordance with the reg u l a t i ons of the 
U . S .  Department of Transportati on and the U .  S. Nuc l ea r  Regu latory 
Commi s s i o n .  GPUN has chosen to process the waste to a form that 
meets the transportat i on requi rements for Low Spec i f i r.  Act i v i ty ( LSA) 
rad i oa c t i ve materi a l .  l n  add i t i on i t  wi l l  conform to the buri a l  
requi rements for C l a s s  A waste . l n  genera l ,  the c ri teria for lSA and 
C'ass A waste consti tute the lowest l evel radioac tive \laste material  
origi nating from commerc i a l  nuc l ear power p l ants that a re regulated 
for purposes of transportation and d i sposa l . 

The water to be d i sposed i s  1 n  storage i n  various  tanks around the 
s 1 t e ,  some of whi c h  i s  s t i l l  1 n  use for c l ean-up a c t i v i ties . Some of 
t h i s  water has a l ready recei ved f 1 na l  proc e s s i ng through the 
Submerged Dem1nera l i zer System ( SDS) and E P l COR 11. Some or the 
2 . 3  mi l l i on ga l lon i nventory w111 requi re s ome form of add i t i ona l 
preprocessing before being processed for d i sposa l by the evaporator 
system 1 n  a coupled mode .  Tabl e  1 ,  Col umns 1 and 2 show the 
projected average a c t i v i ty l evel s  for the tota l 2 . 3  mi l l ion ga l l ons 
of acc i dent generated water of the total i n ventory. Thi s  data 
appears 1 n  the NRC staf f's Programmat i c  Envi ronmenta l Impact 
Statement ( PE lS )  Supp lement 2 ( NUREG-0683 , Supp 2 )  i n  Tab l e  2 . 2  and 
1 s  ident i f i ed as •ease Case• water .  These a c t1 v 1 ty l evel s  formed the 
bas i s  for the NRC staf f's ana l ys 1 s . of the envi ronmenta l i mpacts  of 
evaporator d i scharges . The a c t i v i ty rel eases occu�ri�g f rom 
evaporation and vapori zer d i scharges of •ease Case• water resu l t  i n  
re l eases that a re a sma l l  f ract ion o f  the rel eases permi s s i b l e  by 
e x 1 s t 1 ng regulatory requi rements . Even though h igher rel eases are 
permi s s i b l e  by 10 CFR 20 and p lant Techni ca l Spec i f i ca t i ons and of 
very minor envi ronmenta l consequence ,  the processed water d i sposal 
system wi l l  be operated in such a manner that the PElS project ions of 
env1 ronmenta l impact a re not exceeded . Since the PE I S  ana l ys i s  
assumed process i ng •ease Case• water w1th a vapori zer d i s c harge to 
the atmosphere c�nta 1 n 1 ng 0 . 1  percent of the rad ioac t i ve part i c u lates 
f rom the i n f l uent . that va l ue w1 1 1  be used as the system operat ing 
1 1m1t . Therefore, when opera t i ng the processed water d i sposa l system 
1n the coupled mod e ,  the vol ume of water be i ng processed w1 1 1  be 
i so l ated f rom a l l  sources of contdm l nation . The concentrations of 
the pri nc ipa l  radionuc 1 1 des wi l l  be veri f i ed by on-s ite ana ly s i s  to 
be w1th1n 1 1m1ts so that quarterly average concentrations or a l l  
water processed 1 n  t h i s  mode wi l l  be no greater than the 
concentrations l i sted 1n Table 1 ,  Col umn 2 .  When processing  water 
through the vapori zer in the decoupled mode , the quarterly average 
vaporizer inf l uent concentrat ions w1 1 1  be no greater than 0 . 1  percent 
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of th� va l ues in Tab l e  1 ,  Col umn 2 .  These l imits equate to an 
a t�jpheric rel ease rate for partic u late radionuc l ides o f  
8 . 2E-5 pCi per second if processing water conta i ning the maximum 
l imits at a rate of 5 gpm. These limits a re shown in Tabl e  2 .  

The evaporator i n f l uent l imit for coupled mode operations assumes a 
Of of 1 000 for partic u l ates .  If system testing and operational 
experience demonstrate with reasona b l e  confidence that the system 
achieves a higher Of, the evaporator 1nf l uent l imit for coupl ed mode 
operation wi l l  be increased accordin g l y .  Further,  i f  the O f  achieved 
for a partic u l a r  nuc l ide can be shown to vary significantl y  from Of's 
achieved for other constituents , the infl uent l imit for that nuc l ide 
wil l  be adjusted accordingly.  

When processing water in the decoupled mode ,  the evaporator wil l not 
discharge the disti l l ate direc t l y  to the environment since the 
distil late is col l ected and stored in an on-site staging tank. It 
w1 1 1  be held for future discharge direct l y  through the vaporizer ,  
fina l processing through the evaporator and vaporizer 1 n  coup l ed 
mode ,  or further preprocessing through the evaporator in decoupled 
mode , depending upon its radionuc l ide conte n t .  Therefore , the 
evaporator infl uent 1 1m1ts in the decoupled mode a re based on 
assuring an acceptable final w�ste form. 

The major constituent or the processed water that contributes to the 
fina l solid waste is ortho-boric acid ( H3so3) which has been used 
throughout thP. c l eanJp rrogram for c ritic a l ity control . The current 
processed water inventory of 2 . 25 mil l ion ga l l ons contains an average 
concentration of boron from boric acid additions of about 3500 parts 
per mil lion ( ppm) but can range as high as 6000 ppm in some of the 
sources . Sodiu� hydroxide ( HaOH) has been added to the water for 
control of pH and has an average concentration of about 700 ppm 
sodium ions in the 2 . 25 mil l ion ga l l on s .  A s  the water 1 s  evaporated , 
the HaOH and H3so3 wil l  combine to yie ld sodium borate s a l ts in 
the form of Ha2o.zs2o3 ( Sodium Tetra-Borate) and 
Na2o. a2o3 ( Sod i um Heta-Borat�) . The tetra-borate form wi l l  
predominate a s  very l it t l e  if any meta-borate is expected with a reed 
solution pH of less than 1 0 .  The remainder o f  the H3so3 w1 1 1  
c rysta l l ize a s  ortho-boric acid .  At the c u rrent averages of 3500 ppm 
Boron and 700 ppm Sodium, the 2 . 25 mil lion gal lons of processed water 
contain about 1 79 tons of bor i c  acid and about 1 1  tons of sodium 
hydroxide . This materia l 1 s  non -radioac tive.  In contrast to this , 
Tabl e  1, Col umns 3 and 5 show th� specific activity o r  the 
radionuc l ides present 1n the processed water and the res u l tant total  
quantity of  each in 2 . 3  mil lion ga l l ons of •ease Case•  water. It 
shows that the total weight or radioactive materia l present with the 
1 90 tons of boric acid and sodium hydroxide is l ess  than one pound . 
Therefore, the predominant materia l present in the solid waste 1 s  
boric acid and 1 ts sodium �·l t s . The projected weight of boric acid 
and sodium hydroxide sho�� tere are based , a s  previous l y  stated , on 
the current inventory or ·s mil l ion ga l lons and average boron and 
so�ium concentrations of J.dO ppm and 700 ppm res�ec tive l y .  The 
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i nc rease i n  the i nventory to 2 . 3  m1 1 1 1 on ga l lons projected between 
now and the end of the project i s  not expected to req u i re any further 
boron add i t i ons . Therefore , the total projec ted wei ght of boric a c 1 d  
1 s  not expected t o  change . L i kewi s e ,  the wei ght of sod i um hydrox ide 
in the processed water i s  based on c urrent i nventories . l he f i na l 
amount i n  the projected 2 . 3  mi l l i on ga l l ons wi l l  depend upon 
proces s i ng requ i rements for pH adjustment and the amount or sod i um 
removal that occurs i n  any i on exchange preprocess ing . These wei ghts 
d i f fer f rom the va l ues g i ven in the PE l S .  The va lues used b y  the NRC 
i n  preparing the PE l S  were based on data provided by GPU Nuc lear i n  
J u l y  1 986. ( 1 . e . ,  2 . 1  mi l l i on ga l lons , 3000 ppm 8oron , and 700 ppm 
Sod i um. ) S i nce submiss ion of that data , add i t i ons of boric ac id  and 
i nventory changes have i nc reased the va l ues to the c u rrent 
2 . 25 mi l l i on gal lons , 3500 ppm Boron , and 700 ppm Sod i um. 

To determine the transportat i on category, each radionuc l ide present 
i n  the waste 1 s  ass i gned an A -2 va lue whi c h  i s  the number of curies  
of t�at nuc l i de that may be shi pped i n  a Type A conta i ne r .  The A-2 
val ues are obta i ned from the app l i cable  DOT and NRC reg u l a t i ons and 
are shown 1n Tab l e  1 ,  Col umn 4 .  From the A-2 va l u�s . a permi s s i b l e  
LSA conc��trat1on i s  determi ned . The lSA concentra t i ons are the 
ma x i mum concentra t i ons in mi l l icuries  per g ram that may be packaged 
1 n  a strong t ight conta iner and shi pped i n  an •exc l u s i ve use• veh i c l e  
a s  low Spec i f i c  Act 1 v 1 ty ( LSA) materi a l . C a l c u l a t i ons show that 
processed water conta i n i ng 3000 ppm Boron and the radionuc l ide 
concentrations o f  Tab l e  1 ,  Col umn 2,  w1 1 1  y 1 e l d  an LSA waste when 
evaporated . The waste wi l l  be shi pped i n  DOT Spec i f i ca t i on 1 7 -C 
conta i ners . These conta i ners exceed the mi n imum requi rements for 
•strong t i ght contai ners • .  

To determine the bur i a l  category of the was t e ,  s i m i l a r  c a l c ulat ions 
a re done to compare the waste to c r i teria i n  1 0  CFR 6 1 . Ca l c u l a t i ons 
show that process i ng of water w1th 1able  1 ,  Col umn 2 concentra t i ons 
of rad i onuc l ides and 3000 ppm Boron wi l l  resul t  i n  a Class  A waste 
form. 

Boron concentra t i ons h igher than 3000 ppm wi l l  y i e l d  larger 
quan t i t i es of sol i d s  and r�s u l tant lower a c t i v i ty concentra t i ons i n  
the f i n a l  waste form. Simi l a r l y ,  h igher a c t i v i ty concentra t i ons i n  
the source water produce h igher concentra t i ons i n  the f i nal  waste 
form . Theref,re , when proces s i ng water w i t h  act i v i ty leve l s  h igher 
than those shown 1n Tab l e  1 ,  Col umn 2, or Boron concentra t i ons of 
less than 3000 ppm c a l c u l a t ions wi l l  be performed and documented i n  
accordance with a GPU Nuc lear approved process contro l p l a n  to 
determine the transportat ton and d i sposa l categories of the f i nal 
waste form. On l y  water that w1 1 1  y i e l d  an LSA , C l a s s  A waste form 
wi l l  be processed through the evaporator. 
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As prev iousl y  d i sc ussed , the primary control on e f f l uent qua l i ty f rom 
the evaporator i s  an opera t i ng program that places s t r i c t  contro l s  on 
the i n f l uent or raw feed qua l i ty .  The system i s  desi gned t o  operate 
with mi n i ma l  manua l control by the operator even though an operator 
wi l l  be present duri ng system opera t i on .  The automa t i c  contro l s  and 
i nstrumentati on i ncorporated in the processed water d i sposa l system 
are d i sc ussed in thi s section.  

3 . 4 .1 Liquid  Level Contro l s  

Raw feed from the plant source tank i s  e i ther pumped o r  
gravity f l owed to the evaporator dependi n g  upon l evel i n  the 
source tank . The reed enters the VC-300 concentrate tank 
through a solenoid operated va l ve with a manua l bypass va l ve 
( V- 5 1  and V-1 2 ) .  The manual bypass va l ve wi l l  be adj usted to 
ma i nta in a nea r l y  constant l eve l i n  the VC-300 concentrate 
tank with the solenoid va l ve open . The tank i s  provided with 
four son i c  l evel swi tches . As the l evel in the tank va ries , 
the high  l evel son i c  swi tch c loses the soleno i d  operated reed 
va l v e ,  the l ow l evel swi tch opens the va lve,  and the low-low 
l evel swi tch actuates a low l evel a l a rm  and deenergi zes the 
evaporator causing a system shutdown . The H i gh-High l evel 
swi tc h  wi l l  actuate an a l a �  l i ght and shut the ma i n  reed 
va l ve ( V-62) to the system to prevent overf l ow of the tank . 
The feed rate to the VC-300 evaporator she l l  i s  set manua l l y  
and the recyc l e  rate back to the concentrate tank i s  
contro l l ed by an e l ec t r i c  motor operated recyc l e  va l ve i n  
para l l e l  with a manual va l ve .  The s o l enoid va l ve i s  cyc l ed 
open and c l osed by a son i c  l eve l detector on the evaporator 
shel l .  The C-30 concentrate tank i s  supp l i ed by a s ide stream 
d i scha rge f rom the VC-300 recyc l e  l i ne .  The concentrate f l ow 
f rom the VC-300 evaporator to the C-30 concentrate tank i s  
control l ed by a s i mi l a r  a rrangement of a manual va l ve and a 
s o l enoid va l ve i n  para l l e l . The sol enoid va l ve i s  control led 
by two l evel swi tches in the C-30 concentrate tank . A thi rd 
l evel swi tch 1 n  the C-30 concentrate tank causes a low l evel 
a l arm, deenerg i zes the evaporator system and trips the pump to 
the bl ender/dryer transfer tank . D i s c harge f rom the VC 
d i st i l late tank i s  contro l l ed in a s im i l a r  manner. The l evel 
i n  the vapo r i zer f l ash tank i s  contro l l ed by three son i c  l evel 
swi tches . The top swi tch c l oses a s o l enoid va l ve ( V-54) i n  
the feed l i ne ,  the midd l e  swi tch opens the va l ve ,  and the 
bottom switch ac tuates a low level a l a rm and trips  the 
vapori zer c i rc u l a t ion pump and e l ec t r i c  heaters caus i ng an 
automa t i c  shutdown of the vapo r i zer.  

The VC-300 and C-30 evaporator vapor domes and the vapori zer 
f l ash tank have l i qu i d  l evel gauge g l asses for v i sual 
i nd i cat ion of l i q u i d  level . The leve l gauges on the vapor 
domes are equi pped with son i c  l eve l switches that ac tuate 
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a la rms to warn of  excessive foaming or over feed i ng of  the 
evaporato r .  The son i c  l evel c ontro l s  c hosen for t h i s  system l 
are widely used throughout the i ndus try to  control l i quid 
l evel s  in  hos t i l e  envi ronments . They have no moving parts , 
are unaf fected by changes i n  d i el e c t r i c  constant s ,  perform 
we l l  i n  high dens i ty s l urries , and work wel l  throughout a 
large range of vi scos i t i es .  

3 . 4 . 2  F l ow Measurement 

Water meters w i th f l ow tota l i zers a re i nsta l led on the 
evaporator feed l i ne and vapori zer feed 1 1 ne to keep track  of 
tota l vol ume of  water processed . These wi l l  provide data for 
the determi nat i on of the system mass f l ow bal ances . F l owrate 
meters a re i nstal l ed in the desuperheat l i ne , ref lux spray 
t i ne ,  both evaporator recyc l e  feed l i nes and the vapori zer 
b lowdown l i ne .  These meters provi de on- l i ne indication o f  
process c ond i t i ons and provide n o  automat i c  control funct ions . 

3 . 4 . 3  Conduc t i v i ty Mon i tors 

Measurements of  conduc t i v i ty provi de a rel a t i ve i nd i c a t i on or 
the amount or  d i ssol ved mate r i a l  in water .  Four conduc t i v i ty 
moni tors are insta l l ed in  the system to detect trends or  upset 
cond i t i ons during proces s i ng .  The.re 1 s  a mon i tor i n  the 
d i s t  1 1 1ate l i nes f rom both the VC-300 evaporator and C -30 
d i s t i l late tank d i scharge . These moni tors wi l l  g i ve 
i nd i ca t ion o r  excessive c arryover f rom the evaporators or  of  
unexpected tuje l eakage in  the evaporator heat exchangers . 
Moni tors are i nsta l l ed i n  both the vaporizer  and evaporator 
feed l ines . These w1 t l  provide an i nd i ca t i on of any unplanned 
upset that may have degraded the i n f l uent water qua l i t y .  Each 
of  these mon i to r i ng points is a l s o  equi pped with a samp l e  
station f o r  extraction of  process f l u i d s  for  chemi c a l  and 
radiochemi cal  analys i s .  Opera t i onal  exper i ence and an 
accumu lated data base acc rued during actual evaporator 
opera t i ons wi l l  provi de a �ound bas i s  for c ompar i ng these two 
methods or ana l ys t s ,  1 . e . , laboratory ana lys i s  and steady 
state conduc t i v i ty mon i toring . After adequate demonstra t i on 
or compara b l e  ana lyt i c a l  res u l ts and c onduc t i v i ty data , 
opera t i onal  procedures may be mod i f i ed to rel y  more 
extens i ve l y  on the conduc t i v i ty i ns t rumenta t i o n .  However,  
unt i l  a data base can be  compi l ed based on  actua l system 
operat i ons , the control method u t i l i zed i n  procedures and 
opera t i ng programs wi t t  be the phys i c a l  samp l i ng and 
laboratory ana l y s i s  of process l iquids  I n  conjunc t t on with 
conduc t i v i ty mon i to r i ng . 
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A gamma rad i a t ion detector is  i nsta l led i n  the vaporizer feed 
l i ne and i s  i ntended to detect gross upsets i n  the system 
operation.  The  primary means of  mon i toring and contro l l i ng 
the envi ronmenta l releases of  part i c u late rad ioact i ve mater i a l  
wi l l  b e  1 1m i t f ng the rad1onuc l ide concentra t i ons f n  the system 
i n f l uents and by peri od i c  sampl i ng and rad i ochemic a l  
analyses . The rad i at i on mon i tor wi l l  detect major dev i a t i ons 
1n the process and wi l l  cause a termination of  the rel eases to 
the envi ronment i f  upsets occ u r .  I t  w1 1 1  a l a rm  and cause an 
automa t i c  shutdown before the envi ronmenta l rel ease rate 
exceeds the pa rt i c u l ate release l imi t of the TM I-2 Techni c a l  
Spec i f i c a ti ons . The detector I s  c a l i brated t o  the . 661  HEV 
gamma ray emitted by the Ces i um- 1 3 7/Ba r i um 1 37m decay cha i n .  
The a la rm  1 s  set to a concentration 1 n  the l iq u i d  whi c h  
corresponds to a part i c ulate rel ease rate of  
7 . 5E-2 pC i /sec . T h i s  represents 25 percent of the 
i nstantaneous part i cu late re l ease rate l im i t  of the TMl-2 
Techni c a l  Spec i f i ca t i ons . The a l a rm  set point corresponds to 
a Ces1 um-1 37  rel ease rate of  l . l E -2 pCi /sec assuming the 
i sotopi c  d i stri but i on of Tab l e  1 ,  C o l umn 2. Th i s  correlates to 
a Cesi um-1 37 concentra t ion in the vaporizer feed of  
3 . 5E-5 pCi /ml wh i c h  is  very nea r l y  equal to the coupled mode 
evaporator i n f l uent l im i t .  Thus , t h e  detector a la rm  would 
a l so provide a warn ing i f  the evaporator had been 
i nadverten t l y  bypassed . 

The high  l evel a larm s i gnal  on the rad iation mon i tor wi l l  
cause an aud i b l e  a la rm ,  tri p the vapori zer rec i rc u l at i on pump , 
and deenergi ze the vapor i zer heaters . T h i s  wi l l  e f fectively 
terminate the re lease of  rad i oar.t i ve mate r i a l  at a l evel below 
the Techn i c a l  Spec i f ication i nstantaneous re l ease l im i t .  The 
moni tor chosen for thi s  system i s  a Nuc l ear Research 
Corporat i on Model 4 P l -4A samp l e r .  I t  uses a Model MD-51 ( V- 7 )  
high  temperature, thenma l l y  i ns u l ated sodi um i odide crysta l a s  
a gamma s c i nt i l lat ion detector. It has a mon i toring 
sensi t i v i ty of  3 . 7E-7 pC i /ml of  Ces l um- 1 37 a t  a 95  percent 
conf idence l evel . The system i nc l udes cont inuous d i g i ta l  
readout and a strip  chart recorder f o r  cont inuous mon 1 to�1ng . 

3 . 4 . 5  Overpressure Protec t i on 

The vapori zer f lash tank 1 s  protected from overpressuri zat l on 
by a rupture d i sk l ocated on the vapor d i scha rge l i ne . The 
2 i nch rupture d i sk i s  �es l gned to re l i eve at a 1 5  p s i  
d i f feren t i a l  pres�ure and d i scharge to atmosphere through a 
duct out through the evaporator bui ld ing roo f .  
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The b lender/dryer she l l  i s  protected f rom overpressuri za t i on 
by a rupUJre d i s k  and f rom an over vacuum cond i t i on by a 
vacuum rel i ef  va l ve .  The 1 5  p s i  rupture d i sk rel i eves i nto a 
header that d i sc�arges i nto the bui ld i ng sump. The 1 3  psid 
vacuum re l ief  va l ve a l lows a i r  f rom the b u i l d i ng atmosphere to  
rel i eve i nto the b l ender/dryer shel l .  

Other Instrumentation 

In  add i t �on to the i nstrumentat ion and contro l s  d i scussed 
above , add i t i onal features support the system and enhance the 
ease of opera t i on and system re l iabi l i ty .  

Fu l l  v i ew s i ght wi ndows o n  the evaporator she l l s  and v i ewi ng 
windows on the vapor domes a l l ow the operator to· see the 
process as concentrat i on progresses . They provide easy 
assessment of too much or  too l i tt l e  foaming i n  the evaporator 
and provide a means of i mmedi ate c on f i rma t i on of any 
carry-over f rom the separators i f  i n d i cated by the 
conduc t i v i t y  moni tors . 

The d i st i l late pumps , P-2 and P-3 , and the contaminated 
d i s t i l late pump, P-8, a re equi pped w i t h  d i scharge pressure 
switches that provi de assurance of  suff i c i ent pressure for  
opera t i on of  the condensate eductors . Low pressure woul d  
cause the eductors t o  bac k -f i re and the system woul d  operate 
erratica l ly .  I f  pressure fa l l s  below 3 5  p s i g ,  the pressure 
switches actuate a system shutdown by tri pping the i r  
respect i ve pumps whi c h  subsequent l y  deenerg1 zes the e l ectri c a l  
system. 

Pressure swi tches a re provided i n  the vapori zer heating loop 
and i n  the C-30 evaporator heating l oop to deenergi ze the 
heaters i n  the event of  i ns u f f i c i ent water f l ow through the 
heaters . These l oops a re a l so  equi pped with h i gh temperature 
shut-off swi tches . 

Two f l oat swi tches provi de l evel contro l  for the trans fer s k i d  
hol d i ng tank whi c h  rec e i ves concentrated l iq u i d  f rom the C-30 
concentrate tank for feed to the bl ender/dryer. A h i gh l eve l 
wi l l  shut-o f f  the trans fer pump and a l ow l evel wi l l  
deenergi ze the tank heater. 

The bl ender/dryer d i scharge hopper has an RF capac i tance level 
control wh i c h  wi l l  automa t i ca l l y  c lose the b l ender/dryer 
d i scharge va l ve on h i gh leve l . The pe l l et mi l l  feed hopper 
has an u l trason i c  type l evel control to prevent overf i l l i ng of 
the hopper. I t  wi l l  automat i ca l ly t r i p  the transfer conveyor. 

The drum f i l l ing enc l osure 1 s  equi pped with a thru-scan LED 
photoce l l  that w1 1 1  mon 1tor the drum f 1 1 1 1 ng operation.  I f  
the drum overf l ows , the photoc e l l c 1 rc u 1 t  w1 1 1  shutdown the 
pe l l et m1 1 1 .  
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To assure that i n f l uents and e f f l uents from the PWDS a re w i th i n  the 
speci f i cations d i scussed , a ri gorous samp l i n g  and ana l ys i s  program 
w1 1 1  be procedura l l y  impl etnented as descri bed i n  t h i s  section . 

Prior to feed i n g  water to the PWDS for d i sposa l , the source tank must 
be sampled to veri fy that the water conforms to the appropriate 
i n f l uent l i mi ts for the i ntended opera t i ng mode.  Whatever the source 
tan k ,  i t  wi l l  be rec i rc ulated for a minimum of three tank vol umes 
prior to obta i n i ng a samp l e .  A samp l e  wi l l  b e  obta i ned and analyzed 
for pH , conduct i v i ty ,  boron concentra t i o n ,  and sod i um concentration.  
I t s  rad ionuc l ide concentra t i on wi l l  be  determined by a gamma scan , 
gross a l pha count , and determina t i on o f  the concentra t i on o f  
stron t i um-90 , carbon-1 4 ,  and tri t i um. These ana l yses wi l l  be 
performed on s i te and are a prerequi s i te for process i ng a source 
tank . Once proces s i ng has begun on a source tank , the tank wi l l  be 
period i ca l ly resatnpled to conf i nm the origi na l  ana l yses . The 
resatnp l 1 ng wi l l  be performed a fter eac h  1 00 , 000 ga l l ons has been 
processed when a PWST 1 s  the source tank . When u s i ng a sma l l er 
source tan k ,  the resamp l i ng wi l l  be perfonmed a fter each 20 percent 
of the tank ' s  f u l l  volume has been processed , but not more f requen t l y  
than dai l y .  These samp l es wi l l  b e  anal yzed f o r  sodium, boron , pH, 
conduc t i vi ty ,  gross a l pha , gamma scan , and s t ronti um-90. 

When opera t i ng i n  the coup l ed mode,  the evaporator d i st i l l ate/ 
vapori zer feed wi l l  be samp l ed every 1 2  hours and anal yzed for boron 
concentration.  T h i s  ana lys i s  wi l l  be  used to  determine the 
decontami nation factor achi eved by the evaporator. In  add i t i o n ,  a 
samp l e  o f  the vapor i ze r  d i sc harge wi l l  be obta ined through a samp l e  
condenser. T h i s  samp l e ,  c o l l ected every 1 2  hours , wi l l  b e  anal yzed 
for boron concent rat ion and used to c a l cu l a te the vapori zer 
decontami nation factor and the tota l sys tem decontamina t i on factor. 

An automa t i c  compo s i te sampler wi l l  be opera t i ng on the vapori zer 
feed 1 1 ne.  l t  w1 1 1  c o l l ec t  a s i x  ga l l on compos i te samp l e  over a 48 
hour peri od , opera t i ng on e i ther a t i me-based or f l ow-based automa t i c  
contro l ler.  The samp l e  obta i ned wi l l  be  ana lyzed for stronti um-90,  
carbon -1 4 ,  and ces i um- 1 3 7 .  Further ana lyses of these compos t te 
samples  w1 1 1  be performed to obta 1 n  the necessary data for quarterly 
eff l uent report 1 n g .  I n  t h e  event the automat ic sampler becomes 
1 noperab l e ,  conti nued operation or the vapor1 zer wi l l  be penn1tted 
for up to seven days wh i l e g rab samples  or the vapor i zer feed a re 
obta i ned every four hours . 

I f  operating the evaporator or vaporizer 1 n  the decoupled mode , the 
source tank w1 1 1  be sampled as desc r i bed previ ous l y .  When operating 
the evaporator in  the decoupled rnode ,  the d i s t i l late wi l l  be  sampled 
and analyzed for boron every 1 2  hou r s .  When operating the vapori zer 
in the decoupled mod e ,  the co1nposite samp l e s  wi l l  be col lec ted every 
48 hours as prev i ous l y  descri bed for quarterly  e f f l uent mon i tor1ng 
and the boron ana l ys i s  on the d i scharge w t l l  be done every 1 2  hours . 
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The purpose of t h i s section i s  to desc r i be the engi neering spec i f i ca t i ons 
to whi c h  the processed water d i s posal system has been bui l t ,  and to d i scuss  
the app l i ca b l e  code s ,  standard s ,  and regulatory requi rements imposed on  i ts 
des i g n ,  fabricati o n ,  and a ssemb l y .  Th) s sec t i on wi l l  f u rther d i scuss the 
techni c a l  features of  the system that make fai l ures unl i ke l y  and that 
mit i gate the safety impacts of  postulated system fa i l u re s .  

4 . 1  Codes , Standard s ,  and Engi neering Spec i fi ca t i ons 

The vendor supp l i ed evaporator components a re c la ss i fi ed a s  Important 
To Safety ( I TS) per the GPU Nuc l ear Recovery Qua l ity Assurance Plan  
for THI-2.  Equi pment and hardware procu red and i nsta l l ed on-s i te 
whi c h  i s  requ i red to ma i nta i n  the pressure boundary for rad i oa c t i ve 
f l u i d s  are a l so c la ss i f i ed as I T S .  Process i nstrumenta t i o n ,  
i n c l ud i ng the power and s i gnal c ab l i ng ,  whi c h  i s  requi red to ensure 
that rel eases from the system are ma i ntai ned wi t h i n  the design 
spec i fi cation are ITS.  A l l  rema i ni ng components are c lass i f i ed a s  
Not Important T o  Safety ( NI TS ) . 

The system desi g n  and i ts i ntended opera t i ons have been c l a ss i f ied 
under the standards of Qua l i ty Group 0 per the recommendat i ons of NRC 
Regulatory Guide 1 . 2 6 ,  •Qua l i ty Group C l a ss i fi cati ons and Standards 
for Water, Steam, and Rad i oact i ve Waste Contai n i ng Components o f  
Nuc l ea r  Power Plants • .  

The VC-300 and C-30 evaporators a re engi nee-red i n  conformance with 
the ASHE Code , Sec t i on V l l l ,  for unfi red pressure vess e l s and to TEHA 
( Tubular Exchanger Manufacturers Assoc i at i on)  standards where 
app l i ca b l e .  ThP she l l s  are made of 3 1 &  sta i n l ess  steel . The VC-300 
heat exchanger 1 s  a Bayonet Augumented Tube ( BAT) type wi th both the 
tubes and bayonets bui l t  of t i ta n i um. The C -30 i s  a l s o  a BAT type 
heat exchanger with t i ta n i um tubes and chlorinated polyvi nyl  c h l oride 
bayonets . The C-30 condenser i s  s i mi l a r  i n  constructi on with a 3 1 6  
sta i nl e s s  steel she l l ,  t i ta n i um tubes , and polyvinyl c h l oride 
bayone t s .  

The support bui l d i ng foundat i on and f l oor s lab  are bui l t  to AC l 
Standard 31 8-83 , •au i ld i ng Code Requi rements for Reinforced 
Concrete• . The f l oor i s  sea l ed with an epoxy based coa t i ng and the . 
structure i s  curbed to prov i de s u f f i c i ent retent i on vol ume to  conta i n  
the ent i re 1 1qu1d  contents o r  the system i n  the event o f  catastrophi c  
system fai l ure . 

The support bu i ld i ng i s  a prefabri cated s t ructure that conforms to 
the Uni form Bui l d i ng Code of  the Interna t i onal Counc i l  � f  Bui l d i ng 
Of f i c i a l s .  
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Al l atmospheric tanks in  the system a re fabricated of  sta i nless  stee l 
and conform to ASHE Code Sec t i on I X  and V .  The tanks have the 
f o l l owi ng capac i ti es : VC-300 Concentrate Tan k ,  7 5  ga l lons ; C-30 
Concentrate Tan k ,  60 gal l ons ; VC-300 D i sti l late lank , 50 ga l lons ;  the 
contaminated d i s t 1 1 1ate tank , 40 gal lons C-30 D i sti l late Tan k ,  
3 4  ga l l ons ; and the blender/dryer trans fer tank , 2 7 5  ga l l ons . The 
tanks are provided w1th sea l ed l ids equ i pped with an atmospheric vent 
that d i scharges to the bui ld i ng atmosphere through a HEPA f i l ter.  

The electri cal  system 1s  protected by s u i ta b l y  s hed w i r i n g ,  
hardware , and c i rc u i t  breakers per N E C  1 987 . Al l electri c a l  j unction 
boxes and enc l osures are NEMA 4 or equi va l ent and a l l  motors are 
TEFC . Al l equi pment i s  grounded through the switchgear ground bus 
wh 1ch  1 s  connected to the GPUN ground i ng system. 

Al l process p i p i ng i n  the system i s  304 sta i nless  steel and conforms 
to the requi rements of the ASHE Code for Pressure P i p i n g ,  ANSI 831 . 1 ,  
• Power P i p 1 ng • .  Tank over f l ow 1 1 nes and system dra i ns are routed to 
the bu1 1 d 1 ng sump u s 1 ng f l exi ble  hose .  These a re non-pressure 
reta i n i ng components and conform to ANSI 831 . 1 ,  Sec t i on 1 05 . 3( C ) . 

The f o l l owing i s  a l i st  of  the eng i neeri ng spec i f i cati ons on major 
system components not previ ous l y  d i scussed . 

- Vapor Cpmpressor: Roots rotary lobe model 1 030 
compressor,  4 1 00 CFM at 1 400 RPM, 
dri ven by a 1 25 HP TEFC motor. 

Heating loop Pump , 
P-1 : Grundfos Model CR4-20N, vert ical  

mul t i -stage centri fuga l ,  30  gpm a t  
6 0  f t  T D H ,  dri ven b y  a 3/4 HP TEFC 
motor, 3500 RPM. 

- VC-300 D 1 st1 t t ate Pump, 
P-2 : Grundfos Model CR4-50N , vert i c a l  

mu l t i -stage centri fuga l ,  3 5  gpm a t  
1 1 0 f t · TDH,  d r i ven b y  a Z HP TEFC 
motor at 3500 RPH. 

- C-30 D i st i l l ate Pump , 
P-3 :  Grundfos Hodel CR2-JON, verti c a l  

mu l t i -stage centri fuga l , 1 0  gpm a t  
1 1 0 ft TDH , dri ven b y  a 3/4 H P  TEFC 
motor at 3500 RPH . 

- C-30 Concentrdte Pump, 
P-4 : Same as P-5 except wi th a cut  down 

impe l l er to g i ve 3 GPH at 60 ft  TOH . 
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- VC-300 Concentrate Pump , 
P-5 : 

- Vacuum Pump , P-6 : 

- Vapori ze r  Rec i rc u l a t i on 
Pump , P-7 :  

Contaminated D i s t i l l ate 
Pump , P-8 : 

- Conduc t i v i ty Moni tors : 

- Son i c  Level Sensors : 

- B l ender/Dryer D i scharge 
Hopper Leve l : 

- Pe l l et Hi l l  feed Hopper 
Leve l : 

- Drum Encl osure F i l l i ng 
Moni to r :  
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Corcoran Seri es  2000 DH, with doubl e  
mecha n i c a l  sea l s ,  1 0  gpm a t  50 f t  TOH, 
d ri ven by a 3 . 4  HP TEFC motor, 3500 
RPM. 

Atlant i c  F l u i d i c  Hodel A-1 0 ,  rotary 
1 i quid ring pump/compressor,  d r i ven by 
a 1 . 5  HP TEFC motor at 3500 RPH . The 
pump wi l l  evacuate 14 CFH at 25 i nches 
Hg vacuum. 

Gou l d s  Hodel 3 1 9 &  HT , S i ze 4X6-1 0 ,  
500 gpm a t  4 0  f t  TDH , d ri ven b y  a 
7 - 1 /2 HP  TEFC motor, 1 1 50 RPH .  

Grundfos Hodel CR2-20N, vert i ca l  
mul t i -stage centri fuga l ,  6 gpm at 
80 f t  TDH,  d r i ven by a 1 /2 HP  TEFC 
motor, 3500 RPH. 

Series 800 , HK 81 7 ,  Wet Tap 
assemb l i e s .  S ta i n l ess  steel hous i ng ,  
2 . 0  c e l l constant , range 0 to  2 5 , 000 
pS/Cm. 

SONARSWITCH Hodel 700 , 31 6 Sta i n l ess  
steel , NEHA 7 encl osure ,  .03 1 nc h  
repeatabi l i ty .  

Penberthy Hodel 801/32- 1 , RF  
capa c i tance l evel contro l .  

8 1 nd 1 cator Breakdata 2200, u l t rasonic 
l evel contro l . 

H 1 c roswi tch Hodel FE-L P ,  thru scan LEO 
photocel l .  

4 . 2  System Response to Upset Cond i t i ons 

As shown in the previ ous section, the processed water d i sposa l system 
1 s  desi gned and bu i l t  to s u f f i c i ent i ndustr i a l  codes and standards to 
assure a high  standard of  qua l i ty and to m i nimi ze the poten t i a l  for 
system fai l ures .  However unl i ke l y ,  the system design has been 
eva l uated to a s sure safe and envi ronmenta l ly sound response to a 
number of abnormal cond i t i ons . 
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A l l  s o l enoid operated val ves in the system are energ i zed to 
open and are spri ng l oaded to c l ose when deenerg 1 zed . Upon 
l oss  or electrical  power ,  feed water to the evaporator 
bui l d i ng w1 1 1  be automati c a l l y  secured by c l osure o f  the feed 
va l ve s .  A l l  heaters wi l l  shutdown securing the heat source to  
the vapor i zer and the C-30 evaporator. The vapor compressor 
wi l l  shut down securing the heat source to the ma i n  
evaporator. The b l e nder/dryer w1 1 1  shutdown and a l l  
e lectri ca l l y  d r i ven pumps wi l l  tri p .  Thus , a l l  evaporator and 
dry i ng processes terminate and the system becomes stagnant . 
The onl y  adverse consequence of  t h i s  event i s  pos s i b l e  
prec i p i ta t i on o f  d i ssolved s o l i ds f rom the concentrate a s  the 
system cool s .  I f  p l uggi ng of  p i p i ng or heat exchanger tubes 
occurs , the prec i p i tate can be red i s s o l ved by d i l ut i on of the 
l iquid with c l ean water. I f  necessary, the system i s  des i gned 
for remova l of the tube bund les for c l eaning.  

4 . 2 . 2  Loss of  Service Ai r 

Serv i c e  a i r  i s  supp l i ed to  the processed water d i sposal system 
from the p lant i nst rument a i r  system. It i s  used to  power the 
a 1 r  d r i ven d iaphragm pump on the b l e nder/dryer transfer tank , 
the a i r  operated d i scharge va l ve on the bl ender/dryer ,  a 
v ibrator on the blender/dryer d i scharge hopper, and an a i r  
sparger on the transfer tank . Loss o f  servi ce  a i r  pressure 
w1 1 1  resu l t  in the blender/dryer d i scharge va l ve fa i l ing 
c l osed and shutdown o f  the transfer pump. Thus , materia l  wi l l  
not be a b l e  to be t ransferred i nto o r  out o f  the 
b lender/dryer .  The heaters c a n  b e  secured i f  necessary and 
the mater i a l  a l l owed to remai n  in the vessel  unti l serv i ce a 1 r  
can be restored . Thus , l os s  o f  serv i c e  a i r  supp l y  wi l l  not 
res u l t  i n  a major upset cond i t i on for the overa l l  process and 
w1 1 1  not h i nder an orderly system shutdown 1 f  necessary. 

4 . 2 . 3  Tank or P 1 pe Rupture 

Tank or p i pe ruptures are consi dered to be of extreme l y  sma l l  
probab 1 1 1 ty because o f  the system des i gn and fabric a t i on and 
pressure cond i t ions to whi c h  the sys tem wi l l  be exposed. 
Further, hydrostatic tes t i n g ,  i n -servi c e  leak testing , and 
preoperat i onal test ing of the equ i pment with non -rad i oac t i ve 
sol ut ions wi l l  veri fy the des i gned i ntegrity of  the system and 
components . But 1n the un l i ke l y  event. or a tank or p i pe 
rupture , l ow leve l  sensors on the ta nks wi l l  detect such an 
occurence and 1 n 1 t l ate system shutdown by deenerg 1 z lng the 
e l ectri c a l  system. The b u i l d i ng is desi gned with a c u rb of 
suf f 1 c t ent height to conta in  the ent ire vo l ume or l i quid that 
c ould  be present in  the system i f  completely f l ooded , so 
sp i l lage or rad i oact i ve l i qu i ds w1 l l  be conta i ned wi th i n  the 
bu i ld i n g .  Hi nor spi l l s  occurring during system samp l i ng or as 
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a res u l t  o f  smal l  leaks a re of  l i tt l e  consequence because o f  
the l ow spec i f i c  acti v i ty of  the material  being handled.  
Standard radi ological  control pract i c es wi l l  assure minimal 
spread of  contami nat ion.  In  add i tion , the bui lding  f l oor i s  
s l oped to channel water t o  the bui l d i ng sump and i t  1 s  sea led 
with an  epoxy coating that w1 1 1  faci l i tate c l eanup and 
decontaminat i o n ,  i f  necessary.  If  a spi l l  of  d ry sol i d  waste 
occurs outsi de of the venti l ated drum enc l osure , the a rea wi l l  
be control l ed to prevent the spread o f  contami nation unti l  
c leanup 1 s  complete . Th i s  wi l l  prevent unplanned 
envi ronmenta l release of a i rborne rad i oactive materi a l . 

4 . 2 . 4  Overconcentration/Prec i p i tation 

I nadvertant c rysta l l i zation f rom overconcentra t i on is poss i b l e  
a s  a resul t  of  operator error o r  equ i pment ma l function.  The 
consequences of such an event a re m i t igated by the thenmal 
des ign of the system. The hea t i ng l oop on the VC-300 
generates excess heat whi c h  1 s  rejected to the VC-Di s t i l late 
tank via the desuperheat spray Thi s excess heat i s  the 
source of energy ( supplemente� by e l ectric  heaters)  to the 
C -30 evaporator.  The C-30 evaporator operates at a l ower 
temperature and h i gher concentra t i on then the VC-300. Thus , 
p l uggi ng o f  f l ow path and fou l i ng o f  heat transfer surfaces 
wi l l  occu r  f 1 rs t  in the C-30 . As heat transfer 1 s  reduced by 
foul i ng 1n the C-30 , the VC-D i s t i l late tank temperatures wi l l  
i nc rease causi ng h igher temperature water t o  the desuperheater 
sprays . T h i s  wi l l  eventua l l y  lead to  high temperature 
shutdown of the VC-300 vapor compress o r .  I n  aad i t io n ,  a s  the 
VC-D i s t i l late temperature i ncreases , the e f f i c i ency of  the 
eductors and vacuum pump wi l l  decrease s i nce the d i st i l late i s  
the moti ve force for the eductors and seal water for the 
l i quid r i ng vacuum pump. Th i s  could l ead to reduced vacuum, · 
f looding of  the d i s ti l l ate s i de of  the VC-300 and res u l tant 
cessation of  boi l i ng in the VC-300. I f  t h i s  occurred , the 
major p l ugging would  be in the smal l  C-30 system and would be 
on the she l l  side of  the heat exchanger rather than the tube 
side as i n  many conven t i onal boric a c i d  evaporators . 

I n  the ur. l i ke l y  event that extreme p l ugging d i d  occu r ,  the 
C-30 tube bund l e  can be eas i ly removed , the exterior surfaces 
of  the tubes c l eaned , and the bundl e  rei n s ta l l ed .  I t  i s  
un l i ke l y  that s i g n i f i cant p l uggi ng o r  fou l i ng would occur i n  
the VC-300. Shop test i ng at the manufacturer ' s  fac i l i ty 
showed that prec 1 p 1 tat1on 1 n  the VC-300 does not impa i r  i ts 
operat t on to any great extent and the prec i p i tate i s  eas i l y  
d 1 ssol ved by d i l ut i o n .  Al though consi dera b l y  more d i f f i c u l t  
and t ime consumi ng , the VC-300 tube bund l e  can a l so be removed 
for c l ea n i ng 1 f  necessary. 
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The evaporator bui ld i ng is  desi gned to  the Uni form Bui l d i ng 
Code and wi l l  provide a secure protect i ve encl osure around the 
system under a l l  nonma l l y  expected cond it i on s .  I f  severe 
weather or envi ronmenta l cond i t i ons exi s t  that would resu l t  i n  
dec l arat i on o f  a n  Unusua l Event a s  s pec i f i ed i n  the GPU 
Nuc l ea r  Emergency P l a n ,  the processed water d i sposa l system 
wi l l  be shutdown . Therefore , severe natura l phenomenon that 
may res u l t  i n  damage or destruct i on of the bui l d i ng wi l l  not 
cause uncontro l l ed re l ease of  s igni f i cant quan t i t i es 
rad i oa c t i ve mater i a l  f rom evaporator opera t i on .  

5 . 0  Envi ronmenta l and Rad i o l ogi c a l  Assessment 

The purpose of t h i s  sec t i on 1 s  to present an eva l uation of the 
envi ronmenta l and rad i o l o g i c a l  effects of  proces s i ng 2 . 3  mi l l ion ga1 1ons of 
water meet ing the i n f l uent and ef f l uent c r i teria  d i scussed i n  Sect i on 3 . 3 ,  
and d i scharg i ng the e f f l uent d i rect l y  to the atmosphere . 

5 . 1  Envi ronmental Assessment 

The processed water d i sposa l system wi l l  produce envi ronmenta l 
releases or t r i t i um, part i c u l a t e  radionuc l i des , and boric a c i d  and 
sod i um borate sa l t s .  

I t  i s  conserva t i ve l y  est imated that the 2 . 3  mi l l ion  ga l l ons o r  
processed water conta ins  about 1 020 c uries o f  tri t i um a s  reported i n  
the P E l S .  A l l  of th i s  t r i t i um wi l l  be released to the envi ronment 
through the vapori zer s i nce the evaporator system wi l l  not remove 
1 t .  Tri t i um has a spec i fi c  act i v i ty of  9 . 7 E +3 curies  �er  gram whi c h  
corresponds t o  a tota l quant i ty 0 . 1 05 grams of  t r i t i um 1 n  the 2 . 3  
mi l l i on ga l l ons o f  water .  I f  a � l  of  the t r i t i um � n  the processed 
water i s  i n  the form of t r i t i ated water ( H- T-0) , t h i s  equates to 0 . 7  
mi l l i l i t e rs o r  H-T-0 1 n  the 2 . 3  mi l l i on gal l ons . Th i s  tri t i um wi l l  
be re l eased at an average rate of 37  pCi per second duri ng 
evaporator operation.  S i nce no  convent i ona l waste treatment 
processes wi l l  af fect the t r i t i um content o f  the wate r ,  the rel ease 
rate or tri t ium to the envi ronment wi l l  vary depend i ng upon the water 
source being processed and the vapori zer proces s i ng rate.  Tri t i um 
concentra t i ons i n  the source tanks range from a s  l ow as 1 . 4E-5 
pCi /ml to as high as 0 . 3 1  pC i /ml . Thi s corresponds to 
envi ronmental re l ease rates ranging f rom 4 E -3 to 98 pCi  per second 
at � 5 GPH proces s i ng rate. The cont inuous t r i t i um re lease rate 1 s  
l i mi ted by the current Envi ronmenta l t echn i c a l  Spec i f i ca t i ons , 
Sect ion 2 . 1 . 2  C .  The release rate l imit  for  a ground l evel release 
that ts deri ved f rom that spec i f icat ion is 570 pCi /sec . t h u s ,  the 
average and maximum releases that wi l l  res u l t  f rom evaporator 
operat i on are a sma l l  f ract i on or the rel ea ses permi tted by the 
fac i l ity  l i cens e .  
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The processed water d i sposal system wi l l  cause sma l l  envi ronmental 
releases of part i c ul ate rad i onu c l ides . The rel ease rate i s  dependent 
upon the pa rticu late concentra t i ons i n  the i n f l uent and upon the OF 
achieved by the evaporato r .  l he minimum OF that the system wi l l  I · achi eve i s  1 000 . The maximum i n f l uent concentra t i ons that wi l l  be 
fed to the evaporator i n  coup l ed mode a� a s  shown i n  Tabl e  1 ,  
Col umn 2 .  I n c l uded i n  the tab l e  1 s  Iod i ne- 1 29 .  I t  i s  expected that 
I od i ne 1 s  present i n  the chemi c a l  form of  Ces i um I odide or other 
a l ka l i -metal i o d i d e .  In t h i s  form, the i od i ne wi l l  be removed by the 
evaporator in the same proport i ons as the other part i cu l a tes . 
However, 1 n  the very unl i k e l y  event that i t  i s  present 1 n  the 
e l emental form, i t  wi l l  volat i l i ze and be c a rr i ed over with the 
d i s t i l l ate . For conserva t i sm, 1 n  the i r project i on of  envi ronmental 
rel eases , the NRC Staf f  a s sumed i n  the PE l S  that a l l  of  the 1 - 1 29 i s  
released to the atmosphere. ( Note that i n  c a l c u l at i ng the nuc l i d e  
content of  the sol i d  waste,  i t  i s  assumed t h a t  a l l  of  the 1-1 29 i s  
present � l so  i n  the evaporator bottoms . )  Thi s  yields  a concentration 
of  part i c u lates p l us llD 1 - 1 29 1 n  the d i sti l l ate of  8 . 6£-7 pC1/ml 
and an atmosphe r i c  re l ease rate of 2 . 7 E -4 pCi /sec . Th i s  1 s  
compri sed o f  8 . 2£-5 .,Ci /sec o f  part j c u lates , predomi nantl y  Cs-1 3 7 ,  
S r-90 , and C-1 4 ;  p l us a n  llO deri ved value o r  1 . 89£-4 .,C1 /sec of  
I -1 2 9 .  This  1 s  a sma l l  f raction o r  the c on t i nu·ous pa rt i c ul ate 
re l ease rate of  2 . 4 £ -2 .,ci /sec permitted by the c urrent Techn i c a l  
Spec H i  c a t  t ons . 

The rad i a t i on exposure to the pub l ic f rom re l eases of  t h i s  magni tude 
were anal yzed and eval uated by the NRC Sta f f  1 n  NUREG-0683 , 
Suppl ement No . 2 ,  and found to have no s i gn i f i cant a f fect on the 
human envi ronment . 

I n  add i t i on to the radionuc l ides rel eased , the processed wa ter 
d i sposa l system wi l l  a l so rel ease sma l l  quant i ti e s  of boric ac i d  and 
sod i um borate sa l ts to the atmosphere . Based on a OF of 1 000, no 
more than 0 . 1  percent of the chemic a l  cons t i t uents of the processed 
water wi l l  be released . For conserva t i sm. a tota l re l eased quan t t ty 
of  0 . 2  tons was used 1 n  the fo l lowi ng envi ronmenta l analys i s .  

I f  the release i s  averaged over the 2-year projected t i me span for 
the �vapora t o r  project ,  1t g i ves an average release rate of  
0 . 0028 g/sec of part i c u l a tes . Applying  the annual average d i spers i on 
factor of  2xlo-6 sectm3 c i ted 1 n  the THI O f f - s i t e  Dose 
Ca l c ulat ion Manual (OOCH) , the average concentrat ion of the chemi c a l  
consti tuents off-s i te wi l l  b e  approximately 6xl o-3 pg/m3 . 
Applying the worst case d i spersion factor o f  6xl o-4 sec/m3 ( based 
on the THI-2 FSAR acc ident d i spers i on facto r ) . the worst case 
o f f - s i te c oncentration of part i c u lates wi l l  be approx imate l y  
2 �gtm3 . Nei ther o r  these concentra t 1 ons 1 s  a threat to the 
publ i c , pl ant nor animal commun i t ies as shown in the fol l owing 
c ompari sons . 
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o The thresho ld l im t t  va l u e ,  or TLV, ( 1 . e . , e i ght-hour t i me 
weighted average concentra t i on )  for nui sance parti c u l a tes , 
i nc l ud i ng boron oxi d e ,  recommended for  the human envi ronment 
i s  1 xt o4 pg/ml . The c a l c ul ated average parti c u l ate 
concentra t i on of 6xto-3 pg/m3 and the c a l c u l ated worst 
case part i c u late concentrat ion of 2 pg/m3 res u l t i ng f rom 
the proposed evaporation process a re more than 1 . 5  mi l l i on and 
5000 times sma l le r ,  respect i ve l y ,  than the recommended TLV. 

o Accord i ng to stud i e s  documented by the NRC i n  NUREG/CR-3585,  
the typ i c a l  nui sance dust  concentra t i on in  the Centra l 
Atlant i c  States i s  258 pg/m3 . Thi s  i s  over 40,000 t i mes 
greater than the projected average c oncentra t t on res u l t i ng 
f rom the evaporato r .  I t  i s  a l s o  more than 1 25 times greater 
than the concentration whi c h  woul d  resul t  f rom the evaporator 
during the worst case atmospher i c  cond i t i ons , whi c h  a re not 
common and of o n l y  very short dura t t on .  

o The NRC advises , i n  Reg u l atory Guide 4 . 1 1 ,  Rev i s i on 1 ,  1 9 7 7 ,  
that chemic a l  studies of  c oo l i ng tower dri ft  a re usua l l y  not 
needed when a l l  of the fol l owi ng app l y :  1 )  the dominant sa l ts 
are hanmless mixtures of  b i o l og i c a l  nutrients , 2 )  the expected 
peak deposi t i on beyond the s i te boundary i s  tess  than 
20 kg/hectare - year of mi xed sa l t s , and 3 )  the d r i ft  does not 
conta i n  tox i c  e l ements or compounds i n  amounts that could be 
ha1.ardous to p l a nts  or a n i ma l s  e i ther by d i rect or i n d i rect 
exposure over the expected l i fet ime of  the fac i l i ty .  

Compa ring the f i rst  guide l i n e ,  the evaporator emi s s i ons wi l l  
depos i t  sod i um borate . Sodium and c a l c i um borate s a l ts are 
typica l l y  found i n  nature . The e l ement boron i s  a mi c ro 
nutri ent wh i c h  i s  essent i a l  to  the nut r i t i on of  h igher 
plants . It  i s  common pra c t i c e  to add boron to  a g r i c u l tural 
f i e l d s  as a supp l emental nutri ent . The h ighest annual 
depo s i t i on factor of  6 . 5x t o-Btm2 , c i ted i n  the THI OOCH,  
can be  app l i ed to  compare the second NRC g u i de l i ne to  the 
evaporator emi s s i ons . The resu l tant tota l sol i d s  depos i t i on 
wou ld be t ess  than 6x1 o-2 kg/hectare - year .  Th i s  
c oncent ra t i on i s  approximately 300 t i mes l ower thaq the NRC 
guide l i n e .  The th i rd guide l i ne regards tox ic e l ements or  
compounds .  The evaporator emi s s i on wou ld not conta i n  tox i c  
substance s .  Boron c ompounds are typi c a l l y  found i n  soi l s  a t  
a n  average concentra t i on o f  5 0  ppm and rang i ng u p  t o  1 50 ppm. 
The tota l sol i ds concentra t i on i n  the soi l res u l t i ng f rom the 
evaporator opera t i ons are conserva t i ve l y  est imated to be 
0 . 25 ppm i f  they accumulated i n  the f i rst  i nc h  of soi l over 
the two year period . Boron exi sts i n  r i ver and lake waters at 
concentra t i ons averaging 0 . 1  mg/1 ·but ranging a s  h i gh as 
5 mg/1 . A conserva t i ve est imate o f  the concentra t i on of tota l 
s o l i d s  f rom the evaporator would be b e l ow 0 . 5  mg/1 i f  they 
accumulated in sha l l ow depths of  water.  The EPA l imi ts boron 
concentra t i ons to 0 . 75 mg/1 for l ong -term i rr t gat l on on 
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sens i t i ve c rops ( Qua l i t y  Cri teria f o r  Water, 1 986 
EPA 440/5-86-00 1 ) .  The examp l e  o f  sens i t i ve c rops g i ven by 
the E PA i s  c i trus p lants and those p lants are not produced i n  
the TMI v i c i ni ty .  Regard i ng a n i ma l  l i fe ,  i n  the dai ry cow, 
1 6  to  20 g/day of  boric a c i d  for 40 days produce no i l l  
ef fects ( E PA 440/5-86-001 ) .  A l s o ,  the m i nimum l ethal dose for  
minnows exposed to bori c  acid  was reported to be  1 8 ,000 mg/1 
( EPA 440/5-86-001 ) .  Thus , the emi s s i ons f rom the evaporator 
process fa l l  wel l  below the guide l i ne advi sed by the NRC 
requi r i ng a chem i c a l  study. 

o With regard to  i mpact on p l an t  spec i e s ,  the Ai r Pol l ut i on 
Control Assoc iation ( 1 970) documents the fol l ow i n g :  
• Pa r t i c u l ate emi s s i ons a re not general l y considered harmful to  
vegeta t i on unless they a re h i gh l y  caustic  or  heavy depos i ts 
occur• . As shown i n  the previ ous compa r i s ons , the depos i ti ons 
res u l t i ng f rom the proposed evapora t i on process are nei ther 
• h i g h l y  caust i c •  nor wi l l  they res u l t  in •heavy• depos i ti o n .  
Furthe r ,  the e l ement boron , a s  d i s cussed i n  NUREG/CR-3332, i s  
relatively  immobi l e  i n  p lants . 

5 . 2  Rad i ol o g i c a l  Assessment 

5 . 2 . 1  O f f -s i te 

Doses were c a l c u lated u s i ng the Meteoro l o g i c a l  I n fo rma t i on and 
Dose Assessment System (MI DAS) whi c h  i s  used by TMI 
Envi ronmenta l Contro l s  for quarte r l y  and semi -annual dose 
assessments wh i c h  are submi tted to  the NRC with TMI -1 and 
l MI-2 e f f l uent reports . M I DAS uses hou r l y  averages o f  on-si te 
meteoro l og ic a l  data to c a l c u l ate an i ntegrated d i spers ion for 
the peri od of  i nterest .  I t  i ntegrates the d i spers i on over 
each hour i nto each or s i xteen sectors at ten d i stances . The 
l oc a t i on of the f i ve nearest vegeta b l e  gardens l a rger than 
500 square fee t ,  and the l oc a t i on of the nearest mi l k  cow, 
mi l k  goa t ,  meat a n ima l ,  and res i denc e i n  each of the s i xteen 
sectors , i s  used to eva l uate seven a i rborne pathways : p l ume 
exposure ,  d i rect dose f rom ground depos i t ion,  i nha l a t i o n ,  and 
the consumpt i on of mea t ,  cow mi l k ,  goat mi l k ,  and vegeta b l e s .  
The ma x i ma l l y exposed hypothet i c a l  i nd i vidual  i s  
conserva t i ve l y  taken to be that person 1 n  the ma x i mum 
i nhalation l oc a t i on and i s  assumed to  consume mea t ,  
vegeta b l es , and mi l k  f rom each of the other ma x i mum 
l ocati ons . These c a l c u l a t i ons a re performed i n  accordance 
with Regul atory Guide 1 . 1 09 and a re i dent i c a l  to those used 
for semi -annual and quarterly e f f l uent/dose reports . The 
meteoro l og i c a l  data f rom 1 985 was used to c a l c ul ate annual 
d i spers i on into the atmosphere. There i s  good con f i dence that 
the d i spers i on res u l t i ng f rom the 1 985 data i s  s i mi l a r  to 
annua l d i spers ion 1n recent yea rs . 
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Us i ng the releases projected i n  Sec t i on 5 . 1 .  the dose estimate 
for the ma x ima l l y  exposed i nd i v i dua l for the dura t i on o f  the \ project i s  1 . 3 mrem total body and 0 . 4  mrem to the bone. 
S i nce the expected dura t i on of the proj ec t  i s  two yea r s ,  the 
annua l exposure to the maxima l l y  exposed i nd i v i dual i s  
one-ha l f  of thi s .  

To estimate the population dose MI DAS was aga i n  uti l i zed . The 
a f fected popu lation i s  considered to be the popul at i on 
surroundi ng THI-2 out to a d i stance of 50 mi l e s .  The 
population a ffected by the atmospheric release assoc i a ted with 
the evaporation of the processed water i s  est imated to be 
2 . 2  mi l l i o n  peop l e .  The dose pathways i nc l ude inha l ation;  
mi l k ,  mea t .  and vegeta b l e  consumption ; p l ume exposure ; and 
d i rect dose f rom ground deposi tion.  Thi s  y i e lds  a total 
populat i on dose of 1 2  person-rem tot a l  body and 2 . 4  person-rem 
to the bone and an average exposure to a member o f  the 
populat ion of 0 . 005 mrem tota l body and 0 . 001  mrem to the bone. 

5 . 2 . 2  On-s ite Occ upat i onal Exposure 

Personnel exposure res u l t i ng f rom evaporator operation wi l l  be 
primari l y  due to ambient rad i at i on i n  the v i c i n i ty of the 
evaporator and f rom packagi n g  of the dry sol ids . Since the 
proposed i n f l uent c ri teria  are such that only water that wi l l  
produce an LSA . C l a s s  A waste wi l l  be processed , the 
radionuc l i de concentrations , even i n  the concentrated 
evaporator bottoms , wi l l  be rel at i v e l y  low.  The maximum dose 
i s  conservatively  est imated to be 23 person-rem. Th i s  i s  
based on 1 6 ,000 person-hours for the evaporation process i n  a 
radi a t i oft f i el d  of 0 . 6  mrem/hr, about 3500 person hours for 
packag i ng of the dry sol i ds in a rad i ati on f i e l d  of 
2 . 5  mrem/hr ,  and preprocessing operations for about 40 percent 
of the total i nventory. 

In the unl i k e l y  event of an on-si te acc ident i nvol ving  the 
rupture and spi l l  of a drum f u l l  of d ry sol i d  waste , the dose 
to the on-s i te worker woul d  be f rom a s p i l l ed quant ity of LSA 
materia l .  The dose f rom such an acc i dent 1 s  bounded by 
previ ous and lys i s  of on-s i te spi l l s  of rad i oa c t i ve mater i a l s .  
The dose to the on- s i te worker woul d  be no more than the 
permi ssable dose to a member of the pub l i c  f rom a 
t ransportation acc ident i nvolving LSA materi a l  a s  used i n  IAEA 
Safety Series 37 i n  the devel opment of  A-2 quant it i es for 
radi oa c t i ve waste s h i pments .  
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6 . 0  SAFETY EVALUAT I ON 

1 0  CFR , Paragraph 5 0 . 5 9 ,  permi ts  the holder or  an  operating l icense to make 
changes to the fac i l i ty or perform a test or experimen t ,  wi thout prior 
Commi s s i on approva l ,  provided the change,  tes t .  o r  experiment does not 
i nvol ve a change i n  the Techni c a l  Spec i f i cations i ncorporated i n  the 
l i cens e ,  and i t  does not i nvolve an unrevi ewed sa fety quest ion.  

Di sposal  of processed water does not requ i re a Techn i c a l  Spec i f i cat ion 
change . NRC approval of the d i sposa l opt ion selected by GPU Nuc l ea r  i s  
requi red by Techni c a l  Spec i f i c a t ion 3 . 9 . 1 3 ;  accord i n g l y ,  this  eva l uat ion i s  
submi tted to obta i n  that approva l .  In  add i ti on ,  a t  the request or the NRC 
staff  and to c lari f y  the c urrent " i cense cond i ti on s ,  Techn i c a l  
Spec i f i ca t i on Change Request number 5 6  has been s ubmitted t o  del ete the 
proh i b i t ions on d i s posa l of the AGW as presen t l y  stated i n  
Spec i f i ca t i on 3 . 9 . 1 3 .  Further, the e f f l uent rel ease anal yses performed i n  
support of  th i s  eva l uat ion demonstrate that the e f f l uents f rom the proposed 
process water d i sposal  system are we l l  wi th i n  the l imits imposed by 
Appendi x  B to the THI -2 Techn i c a l  Spec i f i ca t i ons . Therefore, no changes to 
the THI -2 Techn i c a l  Spec i f icat ions are requ i red . 

1 0  CFR SO , Paragraph 5 0 . 5 9 ,  states a proposed change i nvo l ves an unrevi ewed 
sa fety quest ion i f :  

a .  The probabi l i ty of occurrence o r  the consequence o r  an acc ident or 
ma l func t i on of  equi pment Important To Safety previ ous l y  eva l uated i n  
the sa fety ana l ys i s  report ma y  b e  increased ; or 

b .  The pos s i bi l ity for an acc ident o r  ma l func t i on o f  a d i f f erent type 
than any eva l uated prev ious l y  In the sa fety ana l ys i s  report may be 
c reated ; or 

c .  The ma rg i n  of safety , as def i ned i n  the bas i s  for any techn i c a l  
spec i fi cation,  i s  reduced . 

Al though the d i sposa l syst�m out l i ned i n  t h i s  report i s  d i f ferent f rom the 
d i sposa l opt ions for l iq u i d  waste outl ined i n  the FSAR , the consequences of 
these act i v i t i es are bounded by ana l yses provided in the FSAR. 

The d i spos a l  system proposed does not I n c rease the probabi l i ty of  an 
acc i dent or ma l func t ion or equi pment important to safety. The operat ion 
and control or the system wi l l  be governed by procedures prepared and 
approved pursuant to Sec ti on b . B . l ,  6 . 8 . 2  and 3 . 9 . 1 3  or the TH l -2 Tec h n i c a l  
spec i f icat ions and wi l l  b e  des igned t o  min imize  t h e  poten t i a l f o r  a n  
i nadvertent re l ease and ,  therefore , reduce the probabi l ity or an acc i dent . 
Add i ti ona l ly ,  the consequences of any acc i dent a s soc i ated with •he d i sposa l 
system wou l d  be bounded by the eva l ua t i ons g i ven i n  the TH I - 2  FSAR for a 
postu lated f a i l ure of the Borated Water Storage rank ( BWST ) .  
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Supplement 2 of the TMl-2 FSAR eva l uated the postu l ated fai l ure or the 
BWST.  The eva l uat i on assumed that the BWST contai ned •des ign bas i s •  
rad i o isotop i c  concentra t i on .  The m i x  of rad i o i sotopes , 1 n  the FSAR 
eva l uation,  i s  vast l y  d i f ferent from the m i x  of rad i o i sotopes i n  the 
processed water.  Howeve r ,  the resu l t i ng doses f rom the release of the BWSl 
contents i nto the Susquehanna R i ver can be compared to the expected doses 

' res u l t i ng f rom a hypothet i c a l  rel ease to  the river of a l l  of the processed 
water. The doses c a l c u l ated below are for i l l us t ra t i ve purposes only and 
show that the hypothe t i c a l  release of a l l  or the processed water i s  bounded 
by a previous l y  revi ewed acc i dent eva l ua t ion.  Tabl e  1 i n  Suppl ement 2 
( page S2- 1 3C )  of the FSAR , presents the res u l t ing concentra t i ons i n  the 
ri ver f rom the pos tulated fa i l ure or the BWS l . For t h i s  mix of 
rad i o i sotopes , the rad iologica l l y  s i gni f i cant rad i o i sotopes a re C s - 1 34 ,  
Cs-1 3 6 ,  and Cs-1 3 7 .  U s i ng the concentra t i ons g i ven i n  Tab l e  1 of 
Suppl ement 2 for the eas t  s i de of the i s land and the dose methodology g i ven 
in Regul a tory Guide 1 . 1 09 ,  an adu l t  i s  estimated to rece i ve a dose or 
7 . 8  rem to the l i ver f rom the consumpt ion of one k i l ogram of f i sh res i d i ng 
i n  the east s i de of the i s land . The l i ver i s  the l im i t i ng organ for 
exposure to c e s i um. 

For compara t i ve purposes , Sec ti on 7 . 2 . 4  of the NRC ' s  PE l S  ( NUREG-Ob83 or 
March 1 981 ) presents anal yses of various acc i dents i nvo l v i ng rupture of a 
processed water storage tank ( PWS T ) . The res u l t i ng doses eva l uated i n  the 
P E l S  for these acc i dents a re s i gn i f i cantly  l es s  and bounded by the dose 
consequences for the pos t u l ated fa i l ure of the BWST presented in the FSAR . 

The d i spos a l  system be i ng proposed wou ld not c reate an acc ident or 
ma l func t i on of a d i f ferent type . Postulated acc i dents assoc i a ted wi th 
processed water d i sposa l wou l d  cons i s t  o r  l i ne breaks or tank ruptures for 
whi c h  the bound i ng acc i dent has been eva l uated above . The d i sposal  or the 
processed water does not reduce any marg i n  of safety as def i ned in the 
bas i s  for any techn i c a l  spec i f i c a t i on .  The d i sposal  sys tem has been 
eva l ua ted to determine the controls  necessary to ensure, by comp l iance w i th 
govern i ng procedures , that the operat ion of the system wi l l  comply with  
app l i ca b l e  tec hn i c a l  spec i f i c a t i ons . Comp l i ance with the app l i c a b l e  
techn ica l spec i f icat ions ensures that pub l ic exposure f rom the p lanned 
gaseous or l iquid  d i sc harges 1 s  we l l  with in  the objec t i ves or 1 0  C�R 50 , 
Append ix I .  

In conc l u s ion , the d i spos a l  of the processed water does not I nvol ve an 
unrevi cwed safety quest ion . 

0725H/ I JH 



• 

Nuc l ides 

Ces i um-1 37 
Ces1 um-134 
Stron t 1 um-90 
Antirnony-1 25/ 
Tel l urium-1 25m 
Carbon-14  
Technet l um-99 
t ron-55 
Cobal t -GO 
l od 1 ne-129 
Cer1 um-144 
Manganese-54 
Coba l t -58 
N i c k e l -63 
Z1 nc-65 
Ruthen1 urn-1 06/ 

Rhod 1 um-1 06 
S i l ver-1 1 0m 
Promethi um-1 47  
Europ i um-1 52 
Europ1 um-1 54 
Europ 1 um-1 55 
Uran1 um-234 
Uran1 um-235 
Urani um-238 
Pl uton 1 um-238 
P l uton1 um-239 
Pl uton1 um-240 
Pl uton1 um-241 
Amer1 c 1 um-24 1 
Curi um-242 

Total  

TABLE I 

TER 3232-01 9  Rev. 1 
Page 39 of 4 2  

I DENT I F I CATION O F  RAOIONUCI I DES  I N  PROCESSED WATER* 

Col umn 1 

Curies 
Present 1 n  

2 . 3  HGAL 

3 . 2( - 1  
7 . 66E-3 
9 . 6[-1 
2 . 0E -2 

8 . 1 E-1 
8 . 7 E -3 
4 . 2E-3 
4 . 2E-3 

< 5 . 2E-3 
<1 . 4 E -2 
<3 . 5E-4 
<3 . 5E -4 
< 5 . 2E-3 
<B . SE-4 
<2 . 9 E -3 

<4 . 9 E -4 
<4 . 2E -2 
<3 . 3£-6 
<3 . 8[-4 
<9 . 6 E -4 
<8 . 7E-5 
<1 .OE -4 
<l . OE-4 
<l . OE -4 
< 1 . 2E -4 
<1 . 2E -4 
< 5 . 7 E -3 
<1 . O E -4 
<8 . 7£ -4 

<2. 27 C 1  

Col umn 2 

Concentra t i on 
i n  pCi /ml 

i n  2 . 3  HGAL 

3 . 7 E -5 
8 . 8(-7 
l . l E -4 
2 . 3 E -b 

1 .OE -4 
l .O E -6 
4 . 8E - /  
4 . 8[-7  

<6. 0 E -7 
<1 . 8[-b 
<4 .OE -8 
<4 . 0E -8 
<b . O E -7 
<9 .8E-8 
<3 . 3[-7 

<5 . 6E-8 
<4 . 8[-6 
< 3 . 8E - 1 0  
<4 . 4 E -8 
<1 . 1 E -7 
<l . OE -8 
<1 . 2E -8 
<1 . 2E -8 
<1 . 2E-8 
<1 . 4[-8 
<l .4E-8 
<6 . 5[-7 
< 1 . 2[ -8 
<1 . OE -7 

Col umn 3 

Spec i f i c  
Act 1 v 1 ty i n  

C 1 /gram 

9 . 8[+1  
1 .  2E +3 
1 .  SE +-2 
l • 4E +-3 
l . 8E +-4 
4 . 6  
1 .  7 E  -2 
2 . 2 E  +-3 
1 • 1 E t-3 
1 .  6E -4 
3 . 2E +3 
8 . 3[ t-3 
3 . 1 [ +-4  
4 .  6E +I  
B . OE+3 
3 . 4[+3 

4 .  7E+3 
9 .4 E +2 
I .  9E +-2 
1 .  5E t-2 
1 .4 E t-3 
6 .  2 E -3 
2 . 1  E -6 
3 . 3[ -7 
I . 1l +- 1 
6 . 2E -2 
2 . 3E -l 
1 . H+2 
3 . 2  
3 .  3E +3 

<2 . bE -4 pC 1 /ml 
I 

Co l umn 4 

A-2 
Va l ue 

1 0  
1 0  

0 . 4  
25 

1 00 
60 
25  

1 000 
I 
2 
7 

20 
'20 

1 00 
30 

7 

1 
25 
1 0  

5 
60 

0 . 1  
0 . 2  

Unl imi ted 
I . 003 
I . 002 
I . 002 
I o .  1 
I . ooa 
I 0 . 2  
I 
I 
I 

Col umn 5 

Tota l Grams 
Present i n  

2 . 3  HGAL 

3 . 7E-3 
b . 38 E -b 
6 . 4 E -3 
1 . 43E-5 

1 .89£-2 
5 . 1 2£-1  
1 .  9 1 E  -6 
3 . 82[ -6 

<3 . 25E+1 
<4 . 38[-6 
<4 . 2 [ -8 
<1 . 1 3 E -8 
<1 . 1 £ -4 
<1 . 06E -7 
<8. �3£-7 

<1 . 04 £ -7 
<4 . 4 7 E -5 
<1 . 74 £ -8 
<2 . 53[ ·6 
<6 . 86E-7 
<1 .40£ -2 
<4 . 7b E H  
<3 . 03 £ +-2 
<5 . 88[-b 
<1 . 94 [ -3 
<5 . 22E -4 
<5 . 1 8E - 5  

I <3. 1 3E -5 
I <2 . M E -7 
I 
l <384 . bb g rams 
I 

*Tota l a c t 1 v 1 ty and concent rat i on shown are for projec ted •ease Case• water.  

Not e :  T r i t i um 1 s  not i nc l uded 1 n  t h i s  t a b l e  s 1 nce  the system performs n o  remova l o f  
t r i t i um. T r i t i um rel eases f rom the system are d i scus sed 1n Sec t i on 5 . 1 .  
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TABLE 2 

PROCESSED WATER D ISPOSAL SYSTEM I NFLUENT L I MI TS I N  MC1 /ml 

AND THE RESULT I NG ENVI RONMENTAL RELEASE 

Coupled Hode 

RATES I N  pC 1 /m1 

Oecoupl ed Hode 

1 

Env1 ronmenta l 
Evaporator Res u l t i ng Vapori zer Re l ease Rate 

Const 1 tuent n f l uent L 1mi t VaQori zer L1mi t l n f l  uent L1m1 t Limit  
I I 

Ces 1 um-1 37 3 . 7 £ -5 I 3 .  "/E-8 I 3 . 7£ -B 3 . 7 [ -8 
Ces1 um-1 34 B . 8E-7 I 8 . B E - 1 0  I B . 8E- 1 0  8 . 8 £ - 1 0  
Stron t i um-90 1 . l E -4 I l . l E -7 I 1 . 1 £-7  1 . 1 E -7 
Ant 1rnony-1 25/ 2 . 3[-6 I 2 . 3[-9 I 2 . 3[-9 2 . 3[ -9 
Te l l ur i um-1 25m I I 
Carbon-1 4 1 .OE-4 I 1 . 0E-7 I 1 . OE -7 1 .  OE -7 
Technet1 um-99 1 . 0E-6 I 1 . OE -9 I 1 .OE -9 1 .OE-9 
I ron-55 4 . 8E-7 I 4 . 8[ - 1 0  I 4 . BE-10  4 . 8E - 1 0  
Coba l t -60 4 . BE ·7 I 4 . B E - 1 0  I 4 . 8[-10  4 . 8E - 1 0  
I od 1 ne- 1 29 <o.OE-7 I <6 .0£-10  I < b . OE - 1 0  <6 . 0£ - 1 0  
Cer1 um- 1 44 <1 . 6E -6 I < 1 . 6E-9 I < l . BE -9 < 1 . 8E-9 
Manganes e-54 <4 . 0[-6 I <4 .OE-1 1 I <4 . 0£-1 1 <4 . 0E - 1 1  
Coba l t-58 <4 . 0£ -8 I <4 . OE - 1 1 I <4 . 0E - 1 1 <4 .OE - 1 1  
H1cke1 -63 <6.0£-7 I <b . OE - 1 0  I < b . O E - 1 0  <6 . 0 E - 1 0  
Z 1 n c -65 <9 . 8 E -B I <9 .8£-1 1 I < 9 . 8 [ - 1 1 <9 . 8 £ - 1 1 
Rutheni um - 1 06/ <3 . 3[-7  I < 3 . 3 £ - 1 0  I <3 . 3£ - 1 0  <3 . 3E -1 0  

Rhod 1 um-1 06 I I 
S1 1 ver-l 1 0m <S . bE-8 I < S . bE - 1 1  I < 5 . 6£- 1 1  <!» . 6E - 1 1  
Prometh 1 um-1 4 7 <4 . 8E -& I <4 .6E-9 I <4 . 8[-9 <4 . 8 E -9 
Europ1 um-1 52 <3 . BE - I O  I <3 . RE - 1 3  I < 3 . 8E - 1 3  <3 . 6E - 1 3  
Europi um-1 54 <4 . 4 ( -8 I <4 . 4 E - 1 1  I <4 . 4 [  - 1 1 <4 .4E  -1 1 
Europi urn-1 55 <1 . 1 E -7 I < 1 . 1 £ - 1 0  I < 1  . lE. - 1 0  <l . l E - 1 0  
Ura n 1 um-234 <1 . 0E -8 I < 1 .0£-1 1 I < l .OE -1 1 <1  .OE - 1 1  
Uran1 um-235 <1 . 2[ -6 I <1 . 2E -1 1 I < 1 . 2£- 1 1  < 1 . 2E - 1 1 
Ura n 1 u m-238 <1 . 2£-8 I < 1 . 7£ - l l I < 1 . 2( - 1 1 <1 . 2£ -1 1 
Pl uton1 um-23B <1 . 2[ -8 I <1 . 2£ - 1 1  I < 1 . 2[ -1 1 < 1 . 2( - 1 1  
P 1 uton1 urn-239 <1 . 4£-8 I <1 . 4 E- 1 1  I < 1 . 4E - I l  < 1  . 4 [ - 1 1  
P l uton1 um-2'10 < I  . 4 [ -6 I <1  . 4 [ - 1 1  I < 1 .4[-1 1 < 1 . 4 [ - 1 1 
P 1 uton 1 um-24 1 <6. SE-7 I < G . SE - 1 0  I <G . Sl - 1 0  <6 . 5£ - 1 0  
Amer1c 1 um-24 1 < 1 . 2 E -8 I < 1 . 2( -1 1 I < 1 . 2£ - 1 1  <1 . 2E - I l 
Cur1 um-242 < l . OE-7 I < l . O E - 1 0  I < 1  . OE - 1 0  <1 .0E - 1 0  

I I 

L imits a s  spec i f i ed a re averaged over a c a l endar qua r t e r .  

Note : T r i t i um i s  not i nc l uded i n  t h i s  ta b l e s 1 nc e  t h e  sys tem performs no 
remova l of t r t t l um .  Tr1 t i um re l eases f rom t he sys tem a rc d i s c ussed i n  
Sec t I on S . l .  
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