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1 . 0  I NTRODUCT ION 

1 . 1  Background 
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The TMI-2 acc i dent resul ted i n  the product i on of l arge vol umes of 
contami nated water. D i rect rel eases of reactor coo l ant during the 
acc i dent f i l l ed the reactor bu i l d i ng basement to a depth of about 3-1/2 
feet.  In  the two years fol lowing the acc i dent , add i t i onal water was added 
to t h i s  i nventory by primary coo lant l eakaye and i n l eakage of r i ver water 
through the reactor bu i l d i ng a i r  cool ers . I n  1980, an agreement was 
executed between the C i ty of lancaster , Pennsy l vani a, GPU Nuc l ear 
Corpora t i on ,  and the Nuc l ear Regul atory Comm i s s i on (NRC) which prevented 
d i scharge or d i sposal of th i s  acc i dent generated water, even after 
treatment to reduce i ts rad i onuc l i de content to w i th i n  regu l atory l im i t s ,  
prior t o  an env i ronmental eval uat ion by the NRC. I n  m id  1981, treatment 
of t h i s  water us i ng the Submerged Dem inera l i zer System ( SDS) and EP1COR 11 
System was begun .  S i nce 1981 , the total i nventory of th i s  acc i dent 
generated water had i ncreased to a vol ume of 2 . 3  m i l l i on gal l ons due to 
cont i nued add i t i ons from defue l i ng and decontam i nation act i v i t i es and 
condensat i on from the reactor bui l d i ng a i r  cool ers . Most of t h i s  
acc i dent generated water has a l ready been processed t o  very l ow leve l s  of 
rad i onuc l i de contami nat i on and i s  common ly  referred to as Processed Water. 
Thi s  water i s  recyc l ed for use i n  c l eanup· act i v i t i es and i s  subsequent ly  
reprocessed . Some of the water, such as  that rema i ning in  the reactor 
cool ant system, wi l l  requ i re some form of proces s i ng pr ior to d i sposa l . 
The method of d i sposal i n  use i s  to process the water through a c l osed 
cyc l e  evaporator, reheat the puri f i ed d i st i l l ate,  and d i scharge i t  as a 
vapor contai n i ng essent i a l ly  a l l of the t r i t i um and a sma l l frac t i on of 
the part i cu l ate contam inat ion to the atmosphere i n  a contro l l ed and 
mon i tored manner v i a  a 100 ft .  h i gh exhaust s tac k .  The rema i n i ng 
part i c u l ate contami nat i on i s  concentrated i n  the evaporator bottoms, 
col l ected, and further concentrated to a dry sol i d  that i s  s h i pped 
off-s i te for d i sposal by bur i 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 process i .tg to reduce i ts rad i onuc l i de 
concentra t i ons prior to d i sposal may be processed by i on exchange , 
f i l t rat i on ,  or d i st i l l at i on . T h i s  pre-process i ng can be accomp l i shed 
us i ng the ex i st i ng EPICOR system, us i ng the evaporator opera t i ng i n  a 
c l osed cyc l e  mode, or by us ing other temporary ion exchange systems as 
cond i t i ons warrant .  
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The purpose of this  report i s  to prov ide a descript i on of the Processed 
Water D i sposa l  System ( PWDS) and i ts  i nterfaces wi th other p l ant systems ; 
to prov ide a techn ica l  eva l uat ion of the system ' s  conformance to 
appl i cabl e codes , standards ,  and regu-l atory requi rements ; and to prov ide a 
safety eva l ua t i on of the system and i ts opera t i on. This  report conc l udes 
that the Processed Water Di sposal System does not const i tute an unrevi ewed 
safety ques t i on and that the system can be operated as des igned wi thout 
undue r i s k  to the publ i c hea l th and safety. Further, i t  conc l udes that 
the env i ronmenta l  impacts _of the system operat i on and potent i a l  acc i dents 
i nvolv i ng the system fa l l  w i th i n  the bounds of act i v i t i es prev iously 
eval uated by the NRC staff ir. the i r  Programmat i c  Env i ronmental Impact 
Statement ( NUREG-0683) and i ts  suppl ements . 

2 . 0  SYSTEM DESCR I PT ION 

2. 1 General 

The processed water d i sposa l system cons i sts of : ( 1 )  a vapor 
recompress i on d i s t i l l a t i on uni t (ma i n  evaporator) that d i st i l l s the 
processed water in a c l osed cycle and col l ects the pur i f i ed d i s t i l l ate for 
subsequent rel ease by vapori zat i on ;  (2 )  an aux i l i ary evaporator that 
further concentrates the bottoms from the main evaporator; ( 3 )  a fl ash 
vapori zer un i t  that heats and vapori zes the pur i f i ed d i s t i l l ate from the 
ma in  evaporator and rel eases the vapor to the atmosphere i n  a contro l l ed 
and mon i tored manner ;  ( 4 )  a waste dryer that further evaporates water from 
the concentrated waste and produces a dry sol i d ;  and ( 5 )  a packaging 
system that prepares the dry sol id  waste in conta iners acceptab le  for 
shipment and for bur i a l  i n  a commerc i a l  l ow l evel rad i oact i ve waste 
d i sposa l s i te .  A b l ock  d i agram of the process i s  shown in F i gure 1. 

2 . 2  Ma in  Evaporator 

The ma i n ,  or VC-300, evaporator is a vapor recompress i on type d i st i l l er. 
The heat ing sec t i on cons i sts of a hor izontal she l l  and tube type heat 
exchanger that is 24 inches in d i ameter ar.d 120 i nches l ong. The heat 
exchanger i s  of a patented des i gn known as a Bayonet Augmented Tube ( BAT) 
heat exchanger.  

The evaporator feed enters the horizontal heat exchanger she l l through two l 
bottom feed connect i ons and e i ght top spray connect i ons. There, i t  i s  
heated to bo i l i ng by steam condens ing i n  the tubes. The vapor ex i ts the 
shel l ,  a l ong wi th a s i gn i fi cant quant ity of entra ined l i qu i d ,  through two 
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12 i nch d i ameter vapor ri sers and enters the separator/vapor dome sec t i on .  
The maj or i ty of the entra ined l i quid  i s  col l ected i n  the bottom of the 24 
i nch d i ameter separator. The rema i nder of the entrai ned l iqu id  i s  removed 
from the vapor as i t  ri ses i nto the vapor dome through two stages of woven 
wi re demi ster screens . The l iqu id  col l ected i n  the bottom of the vapor 
dome i s  drawn off by a pump a long wi th a port ion of the l i qu id  from the 
heat exchanger sect i on shel l and returned to the ma in  (VC-300) concentrate 
tank. The dried vapors ex i t  the vapor dome through a 14 i nch steam l i ne 
and enter the suc t i on s i de of a motor driven mechan ica l  vapor compressor. 
The compressor i ncreases the temperature and pressure of the steam and 
d i scharges i t  to the tube s i de of the heat exchanger i n  the evaporator 
heat ing sect i on .  The vapor condenses i n  the tubes ,  transferring i ts heat 
to the boi l i ng l i quid  in the shel l .  The condensate , or d i st i l l ate ,  i s  
removed from the tubes by a vacuum eductor and d i scharged to the VC-300 
d i st i l l ate tank . 

The system i s  des igned to operate under a vacuum and boi l s  the feed l i qu id  
at  a temperature of  about 160°F .  The mechan ical  vapor recompressor rai ses 
the temperature of the vapor to about 180°F. The compressor suppl i es a l l 
the heat needed for steady state operat ion ,  operat i ng on the princ i pa l  of 
conti nuous rec l amat i on and reuse of the l atent heat of vapori1.ation of the 
steam produced by evapora t i on .  The heat necessary for syste1n s tart-up i s  
suppl i ed i n  the form of steam from the aux i l i ary evaporator wh i ch i s  
descri bed i n  Sec t i on 2 . 3 .  

I n  order t o  prevent overheati ng of the vapor compressor d i scharge due to 
excess i ve superheat ing of the vapors , a water spray i s  i njected i nto the 
compressor suc t i on duct. Th i s  water spray i s  suppl i ed from both the VC 
D i s t i l l ate tank and the C-30 Di st i l l ate tank to prov i de desuperheat and a 
l i qu id  seal around the compressor l obes .  Excess water i s  removed from the 
l ow poi nt of the compressor d i scharge duct by a vacuum eductor and/or a 
l i qu id  r i ng mechanical  vacuum pump. S i nce th i s l i qu id  may be contami nated 
by vol at i l ized bori c  ac i d  quenched from the vapor stream by the 
desuperheat spray, i t  i s  d i scharged i nto the contaminated d i s t i l l ate tank.  
The water in the contaminated d i s t i l l ate tan k ,  whi ch i s  suppl emented by 
the over� l ow from the C-30 d i st i l l ate tank ( d i scussed l ater} , i s  sprayed 
through two refl ux spray nozzles i nto the mai n  evaporator vapor dome. The 
spray i s  i ntroduced between the two stages of demi ster screens. S i nce 
bori c  ac i d  i s  vol at i l e i n  steam, some of i t  vaporizes a l ong w i th the 
steam. The ref l ux sprays ,  hav i ng a very l ow bori c  ac i d  concentrat ion ,  
quench most of the bori c  ac i d  vapor and return i t  to the boi l i ng l i qu id. 

Processed water i s  fed to the VC-300 concentrate tank at a nominal  rate of I 
3 to 5 gpm. The l i quid  i s  moved by vacuum from the concentrate tank to 
the evaporator heat exchanger she l l  at a rate of about 6 to 8 gpm. The 
excess feed is carried over w i th the vapor, removed i n  the vapor separator 
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sect ion ,  and pumped a l ong with  a portion of the concentrated l iq u i d  from 
the heat exchanger shel l to the concentrate tank by the VC Concentrate. 
pump. The l i quid  l evel i n  the heat exchanger she l l  i s  norma l ly  ma i nta ined 
h i gh enough to cover about one th ird to two th i rds of the heat exchanger 
tubes. A portion of the feed enters the top of the heat exchanger shel l 
and i s  sprayed over the tubes to prov i de a constant ly  wetted f i l m  on the 
heat transfer surfaces. 

Both ends of the evaporator heat exchanger are equ i pped w i th c l ear 
p l ex i gl ass v i ewing wi ndows wh ich  a l l ow the operator to see the boi l i ng 
l i qu id  l evel and degree of foaming so that l evel adj ustments can be made 
as needed. In add i t ion, the dra i n  from the vapor dome to the recycl e  pump 
suct i on i s  prov i ded wi th a s i ght f l ow i nd i cator a l l owing the operator to 
v i sual ly assess the amount of entra ined l i q u i d  entering the vapor dome 
with  the steam. 

About 1 g l l on per m inute of the main evaporator concentrate recyc l e  i s  
d i schargEJ through a s i de stream from the VC Concentrate pump t o  the 
auxi l i ary (C-30) evaporator concentrate tank for further concentrat ion and 
process i ng. When the VC-300 system i s  supp l i ed w ith  processed water 
contai n i ng a total sol ids concentrat i on of 1.8 to 2 . 0% ,  i t  wi l l  produce a 
concentrated so lut ion of about 6 to 8% tota l d i sso lved sol ids ( i . e . , about 
10,000 to 1 4 ,000 ppm boron) .  The concentrat ion of other so lub l e  and 
part i c u l ate contami nants ,  inc l ud i ng radionuc l ides , i s  i ncreased by the 
same proport ion. The f i na l  concentrat i on rat i os can be vari ed to su i t  the 
process i ng needs or to opt im ize the process as experience d i ctates. The 
pur i f i ed d i st i l l ate conta ins nearl y  a l l  of the tri t i ated water but i s  
essent i a l ly  free of other contaminants s i nce a very sma l l percentage of 
the soluble  and part i cu l ate contami nants i n  the processed �ater i s  carr ied 
over i n  the VC-300 d i s t i l l ate. The d i st i l l ate i s  col l ected i n  the 
d i st i l l ate tank for further staging in an on- s i te storage tank or for 
d i rect feed to the f l ash vapori zer. 

2.3 Aux i l i ary Evaporator 

The auxi l i ary (C-30) evaporator i s  s imi l ar i n  des i gn to the VC-300 
evaporator, but i t  i s  smal l er and does not use a vapor compressor. The 
heat ing sec t i on i s  a 6 i nch d i ameter hori zonta l  she l l and tube heat 
exchanger and the separator sect i on i s  8 i nches in d i ameter. The 
aux i l i ary evaporator i s  fed by rec i rcu l at i on from i ts  concentrate tank 
( C-30 concentrate tank) and further concentrates the d i scharge from the 
ma in  evaporator to a concentrat ion of about 10 percent total sol i ds . Th is  
f i na l  concentrat i on may be var ied depend ing upon the chemi stry of the 
batch bei ng processed and oper�t i onal needs. The heat source to the 
aux i l i ary evaporator i s  waste heat from the hot d i st i l l ate i n  the VC-300 
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d i s t i l l ate tank suppl emented by two thermostat i ca l l y  contro l l ed 30 KW 
e l ectr ic  heaters . D i s t i l l ate i s  pumped from the VC-300 d i s t i l l ate tank 
through the e lectric  h�aters wh ich heat i t  to about 1 70°F . I t  f l ows to 
the tube s i de of the she l l and tube heat exchanger port i on of the 
auxi l i ary evaporator where i t  heats the boi l i ng l i qu id  on the she l l  s i de. 
The d i s t i l l ate then ex i ts the tubes and returns to the VC-300 d i s t i l l ate 
tan k .  During system start-up, vapor from the aux i l i ary evaporator i s  used 
to prov ide a heat source to the ma i n  evaporator. Once the ma i n  evaporator 
i s  heated and i n  operat ion ,  a va lve i n  the vapor l i ne to the ma i n  
evaporator i s  c l osed and the vapors are routed to the aux i l i ary condenser. 
The condensate i s  removed from the condenser by an eductor and d i scharged 
to the C-30 d i s t i l l ate tank whi ch then overf l ows to the contaminated 
d i stil l ate tank .  Water in the C-30 d i st i l l ate tank i s  pumped through a 
rec i rc u l a t i on l oop by the C-30 d i st i l l ate pump, P-3 . Th i s l oop suppl i es 
the moti ve force for the d i s t i l l ate eductor, E-3 . A s i destream from thi s  
l oop suppl i es the seal water to the VC-300 and C-30 concentrate pumps and 
an add i t i onal s i destream can supply  an a l ternate or supplemental source to 
the VC-300 desuperheat ing sprays .  Concentrated sol u t i on from the C-30 
evaporator i s  d i scharged at a rate of 0 . 4  to 0 . 7  gpm to the b l ender/dryer 
transfer tank for subsequent drying and packaging.  

2 . 4  Fl ash Vapori zer 

The f l ash vapori zer performs the f i na l  evaporat i on of the puri f i ed 
d i s t i l l ate and rel eases the resul tant vapor to atmosphere through an 
exhaust stac k .  D i s t i l l ate i s  pumped to the vaporizer flash tank at a rate 
of about 3 to 5 gpm. A 500 gpm rec i rcu lat ion pump forces water from the 
fl ash tank through three 300 KW e lectric  heaters where the temperature and 
pressure are rai sed to about 240°F and 8 ps i g  respec t i ve l y .  The heated 
water d i scharges through a butterfly val ve i nto the 24 i nch d i ameter by 60 
i nch h i gh cyl i ndri cal f l ash tank where the reduced pressure res u l ts i n  
i mmed i ate vapori zat i on of a port i on of the heated water. The vapors ex i t  
the top of the tank through a 1 0  i nch t h i ck demi ster screen i nto a 3 i nch 
d i ameter by 100 foot h i gh exhaust stack and are rel eased to  the 
atmosphere. A sma l l  amoun� of l i qu i d  i s  drai ned from the f l ash tank as a 
conti nuous b l owdown and returned to the VC-300 concentrate tank . 
Condensate that forms i n  the exhaust stack i s  drai ned through a steam trap 
to the contaminated d i s t i l l ate tank . Any condensate carried up the s tack 
i s  removed at  the stack d i scharge poi nt by a cyc l oni c  moi sture separator 
and dra i ns back to the d i st i l l ate tank .  
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The b l ender/dryer receives the l iquid or s l urry product from the auxil iary 
evaporator at a concent ration of 10 to 12 percent total solids , evaporates 
the remaining water, and produces a dry solid waste.  The water removed by 
the dryer in the form of vapor passes through a condenser and is returned 
to the VC-300 concentrate tank for reprocessing . The body of the dryer 
consists of a cylindrical horizontal vessel that is about 10 feet l ong by 
3 feet in diameter with a hol ding capacity of 50 cubic feet .  I t  is  
equipped with three sets of  el ectrical strip heaters ( 100 KW per set )  in 
direct contact with the outside surface of the shel l .  The entire surface I 
of the unit is covered by a l ayer of insul ating materia l .  The inside 
surface of the dryer is continuously  scraped by a rotating helical  ribbon 
agitator that removes and mixes the material that dries on the inside 
surface of the shel l .  The l iquid or s l urry is pumped into the dryer in 
batches through a 1/2 inch feed connection l ocated on the dryer side. As 
the material comes in contact with the heated shel l surface , the remaining 
water is evaporated. The rotating helical ribbon agitator sc rapes the 
dried material from the surface, continua l ly bl ends the material , and 
conveys it toward the center of the dryer body . When a batch has been 
dried , it is discharged through a four inch pneumatica l ly operated ba l l  
va l ve into the packaging system. 

2 . 6  Packaging System 

The dried solid waste from the process is packaged in DOT Specification 
1 7-C containers . A container, which is dimensional ly the same as a 
standard 55 ga l l on drum, is pl aced inside of a ventil ated sheet meta l  
enc losure direct l y  bel ow the bl ender/dryer discharge va l ve .  The drum 
rests on a sma l l  movab l e  p latform that can be raised and l owered . When 
ready for fi l l ing , the drum is raised inside the enc l osure so that it  
seats tight l y  against a gasketed sealing surface on the top of the 
enc l osure and the encl osure door is l atched c l osed . The dried waste is 
discharged from the b l ender/dryer and f l ows downward through a f l exib l e  
boot seal into the waste container. As the drum is fi l l ing , a sma l l 
b lower draws a suction through a connection on the top of the enc l osure 
from the open drum. This removes any fine dust that might c reate an 
airborne dust problem and maintains a s l ight negative pressure in the 
drum. Any material that is entrained in the air f l ow from the bl ower is 
col lected in a water fil l ed trdp and the air is exhausted to the building 
atmosphere through a HEPA fil ter. The drum fil l ing operation is visual ly 
monitored through a c l ear p lexig l ass viewing window. This a l l ows for 
manual control of the drum level . When a drum is fil led ,  the 
bl ender/dryer discharge va lve is c l osed and the sma l l  drum suction b l ower 
may be secured . The encl osure door is lhen opened causing an automatic 
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start of a l arger venti l at i on b lower. Thi s b lower, wh i ch takes a suct i on 
on the encl osure , produces suff i c i ent a i r  flow through the open door to 
ensure that any mater i a l  that becomes a i rborne during drum handl i ng i s  
drawn i nto the enc l osure . The a i r  i s  exhausted by the b l ower from the 
enc l osure to the bui l d i ng atmosphere through a HEPA f i l ter. The packag i ng 
system i s  instrumented to prov i de i nd i cat i on of the negat i ve pressure i n  
the enc l osure and d i fferent ia l  pressures across the HEPA f i l ters . 

2. 7 Tank Vent System 

A l l of the tanks on the evaporator s k i d  and transfer s k i d  are c l osed at 
the top wi th gasketed p lex i g l ass covers equi pped wi th two i nch vent 
connect i ons. The vents are routed v i a  f l ex i b l e  hose to a man i fo l d  mounted 
i n  the bui l d i ng cei l i ng. The man i fo l d  d i scharges through a condenser to a 
HEPA f i l ter that exhausts to the bu i l di ng atmosphere. The condenser 
removes moi sture and steam vented from the tanks and drai ns the condensate I 
to the b l ender/dryer transfer tank .  Th i s  protects the HEPA f i l ters from 
excess i ve moi sture. The HEPA removes part i cu l ate matter from the vent I 
stream before i t  d i scharges to the bui l d i ng atmosphere. 

2 . 8  Anc i l l ary Equi pment 

2 . 8 . 1 Enc l osure Bui l d i ng 

The ent i re processed water d i sposal system i s  enc l osed i n  a modul ar 
bui l d i ng 26'X30'Xl4' h i gh l ocated as shown on F i gure 2 .  The 
primary purpose of the bui l d i ng i s  to sh ie ld  the equi pment and 
operators from the env i ronment and to conta in  the process l i qu i d  i n  
the extremely unl i kely event o f  catastrophi c  fai l ure o f  the system 
tanks or p ip ing. The bui l d i ng i s  constructed of pre-fabri cated 
i nterl oc k i ng pane�s . The panel s  are l ami nated construct i on 
consi st i ng of an i nsu lat i ng foam materi a l  sandwiched between sheet 
metal and are pai nted on the i r  i nteri or and exterior surfaces to 
fac iii tate c l eaning. Attached to the bu i l d i ng i s  a 10 'X l2 '  off i ce 
area that serves as an operat i ng control  point. I n  add i t i on ,  i t  
prov i des a control l ed point  of entry i nto the equ i pment bui l d i ng 
whi ch i s  a rad i ol og i ca l ly control l ed area . The bu i l d i ng i s  p l aced 
on a poured, rei nforced foundat i on and s l ab which  i s  curbed to 
contai n  any l i qu id  spi l led,  and s l oped to channel spi l l ed l i qu i d  to 
a sump. The curb ing i s  of suff i c i en t  s i ze ( about 2200 gal l ons)  to 
contai n  the enti re vol ume of l i qui d  that cou l d  be contai ned in the 
system. The founda t i on and s l ab i s  coated wi th an epoxy base 
seal ant to faci l i tate decontamination,  as needed . 
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The buil ding is provided with the necessary l ighting and tel ephone 
communication for normal operation . I n  addition , portabl e  heaters 
can be instal l ed if needed during periods of shutdown if cold  
weather presents a possibil ity of freezing . 

The buil ding is ventilated by an exhaust fan that provides up to 15 I 
air exchanges per hour .  The fan discharges to the atmosphere 
through an opening in the southwest corner of the buil ding . 

An ambient air samp ler is operated continuous l y  within the 
evaporator buil ding to eval uate airborne radiol ogical conditions 
during processing . The monitor has a strip chart recorder and is 
set to a l arm at 25 percent of Maximum Permissibl e  Concentration 
(MPC ) to personnel .  The monitor with its strip chart recorder is 
used to monitor for trends in the buil ding airborne radioactivity 
l evel s .  Reaching l eve l s  of 25 percent of MPC is extremel y  unlike ly  
due to the l ow specific activity of  the radioactive material being 
hand l ed .  

I n  the event the samp ler becomes inoperab l e ,  operation of the PWDS 
may continue for up to one week provided high vol ume air samp l es 
are obtained in the buil ding every four hours . 

Because of the nature of the contaminants in the processing stream, 
primarily boric acid and borate sal ts , material l eakage and spi l l s  
in the buil ding wil l  resul t in airborne dust hazards before the 
airborne radioactivity reaches a l evel of concern. The buil ding 
atmosphere is periodical l y  monitored for respirable  dust and 
workers are required to use respiratory protection if �irborne 
concentrations of boric acid and borates exceed 1 mg/m • 

In  the unl ikely event that acceptab l e  radiol ogical or 
nonradiol ogical working conditions cannot be achieved in the 
evaporator buil ding , action wil l  be initiated to protect the 
operators , the system wil l  be pl aced in a safe shutdown condition, 
and a l l processing activities wil l  be terminated until the probl em 
is corretted . I n  addition, the buil ding ventil ation wil l  be 
shutdown when necessary to terminate any unpl anned airborne 
radioactivity rel eases to the environment . 

In  addition to monitoring �he airborne radiol ogical working 
conditions inside the buil ding , the continuous air monitor is 
l ocated so that its sampling point provides a samp le  that is 
genera l ly representative of the air being discharged from the 
buil ding ventil ation exhaust .  This provides a means of quantifying ! 
the material rel eased from the buil ding in the event of a spil l of 
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l i qu i d  or sol id  waste. I n i t i a l l y ,  the mon i tor was pl aced in the 
area that in  the j udgement of the eng i neeri ng staff wou l d  most 
l i ke ly  be represent'at i ve of the bu i l d ing atmosphere. After system 
startup , h igh vol ume a i r  samp les were obtai ned to con f i rm  that the 
moni tor locat ion had been chosen properly . A program has been 
establi shed to conf irm quarterly that the cont inuous a i r  mon i tor i s  
pl aced i n  a locat ion such that i t  prov ides an adequate ind i cat i on 
of the rad iolog ical  releases from the bu i l d i ng exhaus t .  

2 . 8 . 2  Cooling Water System 

Cooli ng water for the processed water d i sposal system i s  supp l ied 
by two self contai ned closed cyc l e  chi l led water systems l ocated 
outs ide adjacent to the evaporator bu i l d i ng . One system cons i sts 
of a 25 ton chi l l er and a 1600 gallon ch illed water surge tank . I t  
prov ides cool i ng water to the C-30 evaporator condenser and to the 
vapor compressor o i l  cooler.  The second system cons i sts of a 25 
ton and a 10 ton chi l ler operated in series a l ong w i th a 1 100 
gallon surge tank. The system prov ides coo l i ng water to the 
b l ender/dryer vapor condenser and to the tank vent condenser.  I n  
add i t i on ,  immersed i n  the surge tank are two heat exchanger tube 
bundles that wi l l  serve a� condensers to quench vapors d i scharged 
i n  the ev�nt of a rupture of the bl ender/�ryer rupture d i s c .  

2 . 8 . 3  E l ectrical  System 

The evaporator system requ i res a 480V, 3 phase , 60 Hz ma in  power 
feeder capable of supply ing 1600 KVA to the evaporator bu i l d i ng 
swi tchgear. Th i s  is provi ded by a s i ngle 1 3 . 2  KV primary from an 
exi s t i ng MET EO junc t i on pedestal  at the NE end of the 230 KV 
substat i on .  T h i s  is routed through exist i ng underground duct banks 
to a 2500 KVA step-down transformer ( 13 . 2  KV - 480V/277V) . The 
step-down transformer i s  insta l led on a concrete pad adjacent to 
the evaporator bu i l d ing and is surrounded by a b l oc k  wa l l  to 
prevent the spread of poss ible f i re due to a trans former o i l  leak .  
The swi tchgear is  supplied by the evaporator vendor as part of the 
system. 

In the event of failure of the 1 3 . 2KV power feeder or the 2500KVA 
step-down transformer, a 200 amp, 480 vol t emergency power feeder 
has been provided from the exi s t i ng p l ant e l ectrica l  d i st r ibut i on 
system. The power can be brought i n  from USS 2-48 through the 
normal power supply  to the h i gh pressure spray pump , TOW-P-1  ( the 
NLB pump ) , v i a  a normally locked open disconnect swi tch that has 
been added to the l i ne s i de of the NLB pump d i sconnect . Th i s  
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shoul d  prov ide power to suff i c i ent l oads in the evaporator system 
to permi t  d i l ut i on and f l ush i ng of the evaporator to prevent sol ids 
prec i p i ta t i on and to keep the b l ender/dryer operat ing wi thout i ts 
heaters unt i l  normal power �an be restored . 

2 . 8 . 4  P l ant System T i e- i ns 

Opera t i on of the evaporator system reqci res connec t i on to ex i s t i ng 
p l ant systems for vari ous serv i ce needs . These p l ant t i e- i ns are 
shown schemat i ca l ly on GPUN Drawing 2D-3.d5- 1630. The drawing 
shows the connect ions to the contractor suppl i ed evaporator system 
as we l l  as the mod i f i cat ions to the exi s t i ng systems necessary to 
fac i l i tate the t i e- i ns .  

The ex i s t i ng Processed Water Storage Tanks ( PWSTs) are the primary 
feed source to the evaporator. The t i e- i n  to the PW System a l l ows 
pump ing from e i ther of the 500 , 000 gal l on PWSTs to the evaporator. 
Evaporator d i s t i l l ate can a l so be returned to e i ther tan k .  The 
EPICOR I I  System was modi f ied to a l l ow us i ng the ex i st i ng 85,000 
ga l l on CC-T- 1 as a d i s t i l l ate stag ing tank . Th i s  tank can recei ve 
d i stil l ate from the evaporator or i t  can transfer l i qu i d  as e i ther 
feed to the vapori zer or feed to the evaporator. The t i e- i ns are 
des i gned so that any tank bei ng used to feed the system can be 
i sol ated from a l l  sources that may add any water to that tank whi l e 
i n  serv ice as a feed source. Simi l ar l y ,  any tank used as a stag i ng 
tank to recei ve d i s t i l l ate i s  i sol ated from any other sources of I water. I so lat ion of tanks i s  control l ed by GPUN procedures . 

I n  add i t i on to us;,,g CC-T-1 and the PWSTs as stag i ng tanks , future 
changes can be made to the t ie- in  p ip ing to feed water to the 
evaporator d i rectly fr�m the Borated Water Storage Tank ( BWST ) .  
The BWST wi l l  be used as a stag i ng tank only after i t  i s  no l onger 
needed as a source of borated water to support other c l eanup 
act i v i t i es .  T i e- i n  to the BWST wi l l  be performed i n  such a manner 
to permi t i so l a t i on of the tank from sources of contaminat i on whi l e 
i t  i s  feed ing the PWDS. 

C l ean water i s  suppl ied to the evaporator system for equ i pment 
f l ush i ng and c l ean i ng .  �t i s  suppl ied from ei ther the p l ant 
Deminera l i zed Water (OW)  System or the p l ant Domest i c  Water (DO) 
System. 

Serv ice a i r  i s  suppl ied to the evaporator bu i l d i ng from the 
exis t i ng p lant Instrument Ai r ( lA )  System. I t  supp l i es the 
b l ender/dryer transfer pump, the bl ender/dryer vacuum pump, the a i r  I 



TER 3232-019  Rev . 3 
Page 15 of 43 

operated bl ender/dryer d i scharge v a l ve ,  and an a i r  sparger on the 
transfer tank . 

A l l p i p i ng conta in ing l iquids that i s  out s i de the bu i ld ing i s  heat 
traced to prevent freezi ng in cold weather. Process connect i ons to 
the vendor suppl i ed system from p lant l i qu id  systems are bolted I 
fl anged connect i ons . 

Sod i um hydrox ide or other chemical  add i t i ves may be suppl i ed from 
se l f  contai ned chemical  metering pumps and storage reservoi rs i n  
the U n i t  1/Un i t 2 corri dor. These pumps i nj ect  chemical  add i t i ves 
through tygon tub ing connect ions on the various system tanks to 
control foaming or enhance system performance as requi red. 

2 . 8 . 5  f i re Protect i on 

F i re protec t i on i s  provided by portable f i re ext i ngui shers 
insta l l ed i n  the bu i l d ing i n  accordance w i th Nati onal F i re 
Protect i on Assoc i a t i on Codes and Standards and the Pl ant F i re 
Protect i on P lan .  

3 . 0  SYSTEM OPERATION AND CONTROL 

3 . 1  General Opera t i on 

The processed water d i sposal system i s  des i gned to operate at a feed rate 
of about 3 to 5 gpm. The current ly  projected d i sposal program wi l l  
process the ent i re 2 . 3  mi l l i on gal l ons of water over a peri od of about two 
years . T h i s  t i me fr�me i s  dependent upon operat ional avai l ab i l i ty of the 
evaporator system, and progress of decontam i nati on and �reprocess i ng of 
water . Regard l ess of the overa l l  l ength of the operat i ng program, the 
system i s  operated and control l ed in such a manner that the env i ronmenta l  
impacts of  the project do not exceed the m in ima l  impacts projected and 
eval uated i n  the NRC Staff•s Programmatic  Envi ronmenta l  Impact Statement , 
Suppl ement 2 .  Th i s  sec t i on o f  the report descri bes the modes of operat i on 
of the system, the instrumentat i on and contro l s  used i n  the system, and 
descri bes the bas i s  for the operat ing l im its  imposed on the system to  
assure that the resu l t i ng env i ronmental i mpacts are w ith in  those anal yzed. 
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The processed water d i sposal  system is des i gned wi th the f l ex i b i l i ty to 
operate the evaporator and vaporizer as a coupled un i t  or to separate the 
two un i t s  and operate them i ndependent ly .  In  the coupled mode, the 
evaporator and vapori zer are operated in series in  a cont i nuous f low 
operat ion .  The d i s t i l l ate from the evaporator is  fed d i rect l y  to the 
vapori zer for atmospheric d i scharge. When decoupl ed ,  the evaporator or 
the vapori zer i s  operate� separate l y  with  the other un i t  shut down . The 
d i s t i l l ate from the evaporator is pumped to a separate stag i ng tank and 
he ld  for l ater feed to the vaporizer or reproces s i ng through the 
evaporator. These modes are descr ibed in deta i l  i n  Sec t i ons 3 . 2 . 1  
and 3 . 2.2 . 

Opera t i on of the processed water d i sposal system i s  under d i rect control 
and superv i s i on of GPUN operat i ons staff.  The personnel performing the 
operat ion are contractor personnel provi ded by Nuc l ear Packag i ng Serv i ces 
I ncorporated , the vendor and owner of the system. These personnel have 
recei ved the tra i n i ng requi red by p lant procedures for access to the 
faci l i ty ' s  protected area and rad i a t i on work permi t areas and wi l l  perform 
a l l  operat ions under the control of GPUN approved operat ing procedures .  
Rad i o l og i cal  contro l s ,  chemi stry,  and effl uent samp l i ng and ana l ys i s  
needed to support system operat ion are provided by GPUN staff.  

3 . 2 . 1 Coupled Operat i on 

In  t h i s  confi gurat i on the evaporator and vapori zer are coup l ed and 
operated as a cont i nuous cyc l e  system. The primary control over 
envi ronmental effluents i s  estab l i shed by strict  control over the 
process inf luents . The body of water to be processed i s  i so l ated 
from a l l  other poss i b l e  sources of contaminat i on ,  the source tank 
i s  rec i rcul ated to ass•rr� homogenei ty ,  and then samp led .  A 
chemical  and radi ochemical  ana l ys i s  for the princ i pal  rad i onuc l �des 
i s  performed and the ana l yt i cal resu l ts  compared to the i nf luent I 
c r i teria discussed i n  Sect i on 3 . 3 .  Once conformance t o  the 
i nf luent cri teri a i s  confi rmed , water may be processed . Water i s  
suppl i ed a t  a rate of about 3 to 5 gpm to the VC-300 concentrate 
tank from where i t  i s  fed and rec i rcul ated through the mai n  
evaporator. The ma i n  evaporator i ncreases the concentrat i on of 
dissol ved sol ids ,  i nc l ud i ng the part i cu l ate radi onuc l i des , by a 
factor of about 3 to 4 .  The concentrated sol ut i on i s  con t i nuou s l y  
drawn from the VC-300 recyc l e  l i ne and pumped to the C-30 auxi l i ary 
evaporator. The C-30 evaporator produces a further concentrated 
sol u t i on that i s  about 10 to 12 percent d i sso lved sol i ds 
( s i gn i fi cant l y  h i gher concentrat ions can be achi eved for feed 
sol ut ions conta i n i ng h i gher concentrations of sod ium i on from the 
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add i t i on of sod i um hydroxide) . The puri f i ed d i s t i l l ate i s  
cont inuously removed from the VC-300 tube bund l e  by eductor, E-2 ,  
and i s  d i scharged t o  the VC D i st i l l ate Tan k .  The water i n  the 
d i s t i l l ate tank i s  cont i nuously rec i rcul ated by the ma i n  d i s t i l l ate 
pump , P-2 , and the heat ing l oop pump, P-1 .  The heat i ng l oop pump, 
P- 1 ,  c i rcul ates water from the VC d i s t i l l ate tank through two 30 KH 
thermostat ical ly control l ed e lectric heaters, tnrough heat 
exchanger HX-3 , and then to the tube bund le of the C-30 evaporator. 
The res i dual heat,  suppl emented by the e lectric  heaters , prov i des 
the heat source to the C-30 evaporator. The water d i scharges from 
the C-30 tube bund l e  back to the VC d i st i l l ate tan k .  The 
d i s t i l l ate pump, P-2 , suppl ies water to a rec i rcu lat ion l oop that 
feeds c l ean water to the desuperheater spray noz z l es in the vapor 
recompressor suct ion,  mot ive force water to the VC-300 d i s t i l l ate 
eductor, E-2 , and the evaporator d i st i l l ate di scharge. The 
di scharge s i destream passes through the raw feed preheater, HX-2 , 
and out through automat i c  l etdown val ves operated by l evel contro l s  
on the VC d i st i l l ate tank .  When operat i ng i n  the coupl ed mode, 
which  i s  expected to be the normal mode of operat ion,  the l etdown 
f l ow from the d i st i l l ate l oop i s  d i scharged d i rect ly to the 
vaporizer. The d i st i l l ate passes through a rad i a t i on mon i tor and 
an automat i c  l i quid  compos i te sampl er and enters the vaporizer 
rec i rcu lat i on l oop as descri bed i n  Sect ion 2 . 4 .  Duri ng operat ion,  
samp les are obtai ned period ica l ly from the raw feed to the 
evaporator, from the d i st i l l ate feed to the vaporizer,  and from the 
vapori zer d i scharge. Analyses of these samp l es i n  the s i te 
l aboratory confi rms that the evaporator i nfl uent qua l i ty has been 
wi thin  the requi red spec i f icati ons duri ng the prev i ous opera t i ng 
period and that the Processed Water Di sposal System produced a 
decontamination factor of at l east 1000. If these two c riteri a are 
met , the environmental  releases from the system have been w ith in  
the l imi ts di scussed i n  Sect ion 3 . 3 .  The boron anal ys i s  i s  used to 
ca lcu l ate a 96-hour rol l i ng average of the system OF . I f  the 
system average performance drops below a OF of 1000 over a 96 hour 
period (except for periods of startup, shutdown , or short durat ion 
mal funct ions ) or i f  cond i t i ons shoul d  exi s t  which ,  i n  the j udgement 
of GPU Nuc l ear, i s  such that a 96-hour average OF of 1000 cannot be 
re-establ i shed , rel eases to the env i ronment through the vapori zer 
wi l l  be terminated, the system wi l l  be shutdown , and correc t i ve 
act i on wi l l  be taken . When tankage i s  ava i l ab l e ,  an a l terna t i ve to 
fu l l  system shutdown wi l l  be to termi nate the rel ease from the 
vapori zer and return the evaporator d i s t i l l ate to an i nterim 
stag i ng tank or rec i rculate it  back to the VC-300 Concentrate Tan k .  
Thi s wi l l  a l l ow adjustments t o  the process t o  restore i ts  operat ion 
to w ith in  the spec i ficat ions wi thout a ful l system shutdown . An 
i n-l i ne rad iat ion mon i tor prov ides a cont i nuous i nd icat ion that the 
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environmenta l  rel eases are within the l imits required by the TMI-2 
Technical Specifications . I f  samp le  analyses show that the 
environmental  rel ease rates have been higher than those stated in 
Section 3 . 3 ,  infl uent l imits wil l  be adjusted for subsequent 
operating periods to ensure conformance to the average quarterly 
l imits discussed in Section 3 . 3 .  

Sufficient data was obtained during the system testing program to 
verify that the design decontamination factor wou ld  be achieved 
during coupled mode operations .  

3 . 2 . 2  Oecoupl ed Operation 

I n  the decoupl ed mode of operation, the evaporator and vaporizer 
are operated as separate units .  The source tank to be processed is 
isol ated , recircul ated , sampled ,  and anal yzed for conformance to 
the c riteria in Section 3 . 3 .  The water is fed from the source tank 
to the evaporator. The evaporator operates as described in section 
3 . 2 . 1  with the exception that the distil l ate is discharged to a 
hol ding tank rather than being fed direct l y  to the vaporizer.  When 
the hol ding tank is fil l ed ,  the evaporator is shutdown and the 
hol ding tank is sampled and �nal yzed . I f  tbe water is suitabl e  for 
direct vaporization , it is fed to the vaporizer and discharged to 
the atmosphere. I f  it is not suitable for direct vaporization , it 
can be processed again through the evaporator in either coupled or 
decoupl ed mode depending upon its contaminant concentration . This 
option al l ows using the evaporator as a preprocessing system for 
water sources that do not meet the c riteria for discharge by direct 
coupl ed operation. Higher activity waters may be processed in 
batches through the evaporator until it is suitabl e  for final 
vaporization. When processing higher activity water, care wil l be 
taken to avoid cross contamination of l ater l ower activity batches. 
Samp le  ana lysis wil l confirm that c ross contam1nation has not 
occurred . 

I n  decoupled operation, the evaporator inf l uent criteria are based 
on assuring that the solid waste form produced meets the 
requirements for an LSA, C l ass A waste. In coup l ed mode operation , 
the evaporator inf l uent criteria are based on assuring that the 
environmental  rel eases from the system are within the establ ished 
specifications and the solid waste produced meets the requirements 
for LSA , C l ass A waste. S l ightly different inf l uent criteria are 
imposed because in the decoup led mode, the evaporator does not 
discharge its distil l ate direct ly  to the vaporizer for rel ease to 
the environment .  This is discussed further in Section 3 . 3 .  
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The f i na l  process i ng of the evaporator bottoms is the same whether 
operat ing i n  the coupled or decoupled mode. Concentrate i s  
d i scharged from the C-30 evaporator at a rate of 0 . 4  to 0 . 7  gpm and 
col l ected i n  the 275 gal l on transfer tan k .  The concentrate i s  
transferred i n  batches from the transfer tank to the b l ender/dryer, 
i t s  heaters are energ i zed ,  and i ts temperature ra i sed to about 
450°F .  As boi l i ng beg i ns ,  pressure i s  a l l owed to bu i l d up i n  the 
b l ender/dryer to a predetermined va lue where a vacuum pump starts 
automat i ca l ly .  The  pump removes the vapor from the b l ender/drye� 
shel l and d i scharges through a condenser to the VC-300 Concentrate 
Tan k .  The vacuum pump runs unt i l  a negat i ve pressure i s  drawn i n  
the b l ender/dryer shel l ,  then the cyc l e  i s  repeated . The setpoints 
for the cyc l i ng of the vacuum pump can be adjusted to opt im ize  the 
dry i ng proces s .  Once dry i ng has started , concentrate i s  
per iod i ca l ly pumped from the t ransfer tank to the b l ender/dryer i n  
sma l l  batches as i t  accumu l ates unt i l about 450 ga l l ons have been 
pl aced i n  the b l ender/dryer. At t h i s  poi n t ,  concentrate i s  he l d  i n  
the transfer tank unt i l the b l ender/dryer contents are dr ied and 
packaged , at which t i me the cyc l e  starts over aga i n .  

3 . 3  Inf l uent L im i ts  

As  prev i ous ly  stated , the primary method for control of the effl uent from 
the evaporator or vapori zer i s  by establ i sh ing str ict contro l s  on the 
process influent characteri s t i c s .  The effl uent l iqui d  qua l i ty from the 
evaporator i s  dependent upon the decontaminat i on factor, or or, achi eved 
by the proces s .  The System or i s  defi ned a s  the concentrat i on o f  
contaminants i n  the system infl uent d i v i ded by the concentrat i on of 
contami nants i n  the system effl uent . The Processed Water D i sposa l  System 
i s  i ntended to prov i de a decontaminat ion factor of at l east 1000 for 
part i cu l ates . I n  other words , l ess than one one-thousandth or 0 . 1 percent 
of the part i cul ate radi onucl i des present i n  the evaporator inf l uent i s  
carried over wi th the vapors d i scharged to atmosphere. further, 99 .9  
percent of  the part i cu l ate rad ionuc l i des i s  col l ected i n  the dry sol i d  
waste that i s  packaged for d i sposa l . Th i s  Of of 1000 for part icu l ates has 
been ver i f i ed by a series of tests performed both prior to del i very of the 
system to the TMI s i te and after i nstal l a t i on of the system at the s i te .  
These tests i nvol ved fu l l  f low operat i on o f  t�e system us ing l i qu id  
sol ut i ons that were very c l ose in  compos i t i on to  the TMI-2 processed water 
but contai ned no rad i oact i ve materi a l . The evaporator or was ver i f i ed by 
chemical  ana lys i s  of the feed so lut ions ,  the puri f ied d i st i l l ates , and the 
vapor d i scharged to atmosphere. 
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The i n f l uent qua l i ty must be contro l l ed to assure ach iev ing two effl uent 
resu l ts. F i rs t ,  the puri f ied d i s t i l l ate i s  rel eased to the env i ronment 
v i a  the vapori zer. The l evel of cont�minants re leased i n  the vapor must 
be kept l ow enough to assure m in imal env i ronmental impacts .  Second , at 
l east 99 . 9  percent of the contaminants conta i ned i n  the evaporator 
i n f l uent i s  col l ected as dry sol i d  was te. Thi s  waste i s  packaged on-s i te 
and transported for buri al  i n  a commerc i a l ly operated rad i oact i ve waste 
d i sposal fac i l i ty .  The waste form produced must be sui table  for 
transportat i on and buri a l  i n  accordance wi th the regul at ions of the U . S. 
Department of Transportat ion and the U. S .  Nuc l ear Regul atory Commi s s i on .  
GPUN has chosen to process the waste t o  a form that meets the 
transportat i on requi rements for Low Spec i fi c  Act i v i ty ( LSA) rad i oac t i ve 
mater i a l . I n  add i t i on i t  conforms to the bur i a l  requi rements tor C l ass A 
waste.  In  general , the cri ter ia  for LSA and C l ass A waste cons t i tute the 
l owest l evel rad i oact i ve waste materi a l  orig i nat i ng from commerc i al 
nucl ear power p l ants that are regul ated for purposes of transportat i on and 
d i sposa l.  

The water to be  d i sposed is  i n  storage i n  various tanks around the s i te ,  
some of wh ich  i s  s t i l l  i n  use for c l ean-up act i v i t i es. Some of t h i s  water 
has al ready recei ved f i nal  process i ng through the Submerged Oemi nera l i zer 
System (SDS) and EPICOR I I .  Some of the 2 . 3  mi l l i on gal l on i nventory wi l l  
requ i re some form of add i t i onal preprocess ing before being processed for 
d i sposal  by the evaporator system i n  a coupl ed mode. Tabl e  1 ,  Col umns 1 
and 2 show the projected average act i v i ty l evels  for the tota l  2 . 3  
mi l l i on ga l l ons of acc ident generated water. Th is  data appears i n  the NRC 
staff's Programma t i c  Env i ronmental  Impact Statement ( PElS) Suppl ement 2 
(NUREG-0683 , Supp 2 )  i n  Tabl e 2 . 2  and i s  i dent i f i ed as ''Base Case" water. 
These act i v i ty leve l s  formed the bas i s  for the NRC staff ' s  ana lys i s  of the 
env i ronmental  impacts of evaporator d i scharges. The act i v i ty rel eases 
occurring from evapora t i on and vaporizer d i scharges of "Base Case" water 
resu l t  i n  rel eases that are a sma l l  fract i on of the rel eases permi s s i b le  
by exi st ing regul atory requi rements . Even though h i gher rel eases are 
permi ss i b l e  by 10 CFR 20 and p lant Techn ica l  Spec i f icat ions and are of 
very mi nor env i ronmental consequence ,  the processed water d i sposal  system 
i s  operated i n  such a manner that the PElS proj ect i ons of env i ronmental  
i mpact are not exceeded. S i nce the PElS  anal ys i s  assumed process i ng "Base 
Case" water wi th a vapori zer d i scharge to the atmosphere conta i n i ng 0 . 1 
percent of the rad i oact i ve part i culates from the i n f l uent , that va lue i s  
used as the system operating l im i t .  Therefore, when opera t i ng the 
processed water d i sposal system i n  the coupled mode , the vol ume of water 
be i ng processed is i so l ated from a l l  sources of contami nat i on .  The 
concentrat i ons of the principal radi onuc l i des are ver i f i ed by ana lys i s  to 
be wi thi n l imits so that quarterly average concentrat i ons of a l l water 
processed i n  t h i s  mode are no greater than the concentra t i ons l i sted i n  
Table  1 ,  Co l umn 2 .  When process ing water through the vapor i zer i n  the 
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decoup led mode, the quarterly average vapori zer i n f l uent conce1trat i ons 
are no greater than 0 . 1 percent of the val ues in Tab l e  1 ,  Col u�n 2 .  These I 
l imits equate to an atmospheric rel ease rate for part icu l ate radi�nuc l ides 
of 8. 2E-5 pCi per second i f  process i ng water conta i n i ng the max imum l im i t s  
at a rate of 5 gpm. These l im i ts are shown in Tab l e  2 .  

The evaporator i nfl uent l i m it  for coupled mode opera t i ons assumes a OF of 
1000 for particul ates . I f  system test i ng and operat i onal experi ence 
demonstrate that a h i gher OF can be maintai ned for the part i cu l ar batch of 
water bei ng processed , the evaporator inf l uent l im i t  for coup l ed mode 
operat i on i s  increased accord ingly .  Further, if the OF achi eved for a 
s i ng l e  nuc l i de i s  shown to vary s i gni f icant ly from OFs achi eved for other 
cons t i tuents , the inf l uent l im i t  for that nuc l ide i s  adj usted accord i ng ly .  
S imi l ar ly ,  the vapori zer y i el ds a measurabl e  OF . The prev iously ment i oned 
i nf l uent l im its  for decoupled mode vapori zer opera t i on are based on a OF 
of 1 . 0 .  When tes t i ng and operat i onal experience demonstrates that a 
h i gher vapori zer OF can be ma intai ned , the vaporizer i nf l uent l im i t  will  
be i ncreased accordingl y. Operat i ng with in  these i nfl uent l im its  ensures 
that the envi ronmental  rel ease concentrat i ons of part icu l ate rad i onuc l i des 
are w i th in  the l imit�� 0 . 1 percent of base case concentrations on a 
quarterly  average. 

When processing water in the decoupled mode, the evdporator does not 
discharge the d i st i l l ate d i rect l y  to the envi ronment s i nce the d i s ti l late 
i s  col l ected and stored i n  an on-site stag i ng tan k .  I t  i s  he l d  for future ( 
discharge d i rect l y  through the vapor i zer, f i na l  process i ng through the 
evaporator and vapori zer in coupled mode , or further preprocess i ng through 
the evaporator i n  decoupled mode, depend ing upon i t s  rad i onuc l i de content . 
Therefore, the evaporator infl uent l im i ts i n  the decoupled mode are based 
on assur ing an acceptabl e  f ina l  waste form. 

The major cons t i tuent of the processed water that contributes to the f i na l  
sol i d  waste i s  ortho-bori c  ac i d  (H3B03) wh ich has been used throughout the 
c l eanup program for criti ca l i ty control . The ori g i na l  processed water I i nventory of 2 . 25 mi l l i on ga l l ons contained an average concentrat i on of 
boron from boric  ac i d  add i t i ons of about 3500 parts per mil l ion (ppm) but 
can range as high as 60�0 ppm in some of the sources . Sod i um hydrox ide 
(NaOH) had been added to the water for control of pH and had an average 
concentrat i on of about 700 ppm sod i um i ons i n  the 2 . 25 m i l l i on gal l ons. 
As the water i s  evaporated , the NaOH and H3Bo3 combines to y i e l d  sodi um I 
borate sa lts  i n  the form of Na20·2B2o3 (Sodi um Tetra-Borate) and Na�O·B203 
(Sod i um Meta-Borate) . The tetra-borate form predominates as very lttt le  
i f  any meta-borate is expected wit� a feed sol u t i on pH  of  l tss than 1 0 .  
The rema i nder of the H B03 c rystal l i zes as  orlho-bori c  ac i d .  At  the 
origi na l  averages of 3�00 ppm Boron and 700 ppm Sod i um,  the 2 . 25 mi l l ion 
gal l ons of processed water conta i ned about 179 tons of bor ic  ac i d  and 
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about 1 1  tons of sod i um hydroxide. Th i s  mater i a l  is non-rad ioac t i ve .  I n  
contrast t o  thi s ,  Tab le  1 ,  Col umns 3 and 5 show the spec i f i c  act i v i ty of 
the rad i onuc l i des present in  the processed water and the resu l tant total 
quant i ty of each i n  2. 3 mi  1 1  i on ga 1 1  ons of "Base Case" water. I t  shows 
that the tot�l wei ght o f  rad i oact i ve mater i a l  present w i th  the 190 tons of 
bor i c  ac id  and sod i um hydrox i de is  l ess than one pound. Therefore , the 
predomi nant mater i a l  present i n  the sol i d  w�� t �  I bor ic  ac i d  and i ts 
sod i um s a l t s .  The projected we ight o f  bo r i c  dcid and sod i um hydrox i de 
shown here are based , as previously stated ,  on the ori g ina l  i nventory of 
2 . 25 mi l l i on gal l ons and average boron and sod i um concentrat i ons of 3500 
ppm and 700 ppm respect i ve ly .  S i nce that project ion ,  i ncreases in  
i nventory have occurred such that the total vol ume of water to  be d i sposed 
i s  about 2 . 3  mi l l i on gal l ons .  The water added to  i nventory has not 
required boron add i t i ons , thus the total projected wei ght  of bor i c  ac i d  i n  
the AGW has not changed . However, the total we ight of sod i um hydrox i de 
wi l l  depend upon process i ng requirements for pH adj ustment and the amount 
of sod i um removal that occurs in any i on exchange preproces s i ng .  These 
we i ghts d i f fer from the val ues g i ven i n  the PEl S .  The val ues used by the 
NRC i n  prepari ng the PElS were based on data prov i ded by GPU Nuc l ear i n  
July 1986. ( i . e . , 2 . 1  mi l l i on gal l ons , 3000 ppm Boron , and 700 ppm 
Sod i um . )  S i nce subm i s s i on of that data , add i t i ons of bor i c  ac i d  and 
i nventory changes have increased the val ues to the current 2 . 3  mi l l i on 
gal l ons , 3500 ppm Boron, and 700 ppm Sodi um. 

To determine the transporta t i on category , each radi onuc l i de present in the 
waste is assi gned an A-2 va lue wh ich  i s  the number of curies of that 
nuc l i de that may be sh ipped in a Type A conta iner. The A-2 va lues are 
obtained from the appl i cable DOT and NRC regu l a t i ons and are shown i n  
Tab l e  1 ,  Col umn 4 .  From the A-2 va lues , a permiss ib le  LSA concentra t i on 
i s  determi ned . The LSA concentrat i ons are the max i mum concentrat i ons i n  
mi l l i curi es per gram that may be packaged i n  a strong t i ght contai ner and 
sh ipped i n  an "exc l us i ve use" veh i c l e  as Low Spec i f i c  Act i v i ty ( LSA) 
materi al . Calcu l at ions show that processed water conta i n i ng 3000 ppm 
Boron and the radi onuc l ide concentrat i ons of Tab l e  1 ,  Co lumn 2 ,  wi l l  y i e l d  
a n  LSA waste when evaporated . The waste i s  sh i pped i n  DOT Spec i fi cation I 
17-C conta i ners . These contai ners exc�ed the minimum requ irements for 
11Strong t i ght contai ners " .  

To determine the b�r i a l  category o f  the waste, s imi l ar ca lcu l a t i ons are 
done to compare the waste to cri ter i a  i n  10 CFR 6 1 .  Cal cu lat ions show 
that process i ng of water wi th Tab le  1 ,  Col umn 2 concentrat i ons of 
rad ionuc l i des and 3000 ppm Boron wi l l  res u l t  in  a C l ass A waste form. 

Boron concentrat i ons h igher than 3000 ppm y i e l d  l arger quant i t i es of 
sol ids and resul tant l ower act i v i ty concentrat i ons in  the f inal  waste 
form. Simi l ar ly ,  h i gher ac t i v i ty concentrat i ons i n  the source water 
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produce h i gher concentrat i ons in . the f i na l  waste form. Therefore , when 
process ing water wi th act i v i ty leve l s  h i gher than those shown 't l I ,  
Col umn 2 ,  or Boron concentr 1 t ions of l ess than 3000 ppm ca lcu lat 
performed and documented i n  accordance w i t h  a GPU Nuc l ear approv�u prates� 
control p lan to det ne the transportat ion 1d d i sposal categories of 
the f inal  waste form. On l y  water that y ie lds an LSA, C l ass A waste form 
i s  processed through the evaporator. 

3 . 4  System Instrumenta t i on and Control 

As prev i ous l y  d i scussed , the primary control on eff luent qua l i ty from the 
evaporator i s  an operat ing program that pl aces str ict contro l s  on the 
i n f l uent or raw feed qua l i ty .  Al though the system i s  des i gned wi th some 
automat ic  contro l s ,  an operator i s  present dur i ng system operat ion.  The 
automati c  control s  and i nstrumentat i on i ncorporated i n  the processed water 
d i sposa l  system are d i scussed i n  th is  sec t i on .  

3 . 4 . 1  L iqu id  Level Contro ls  

Raw feed from the p l ant source tank i s  pumped to the evaporator. 
The feed enters the VC-300 concentrate tank through a so lenoid 
operated val ve w i th a manual bypass v a l ve (V-51 _and V- 12 ) . The 
tank i s  prov i ded wi th four son i c  l evel swi tches . As the l evel i n  
the tank varies , the h i gh l evel son i c  swi tch c loses the solenoi d  
operated feed val ve ,  the l ow l evel swi tch opens the v a l v e ,  and the 
l ow-low l evel switch actuates a l ow l evel a l arm and deenerg i zes the 
evaporator cau s i ng a system shutdown . The H i gh-H igh l evel  swi tch 
actuates an a l arm l i ght and shuts the mai n  feed i so l a t i on val ve 
(V-62) to the system to prevent overfl ow of the tank . The solenoi d  
bypass val ve may be thrott l ed s o  the cyc l i ng o f  the feed solenoi d  
(V-5 1 )  i s  reduced . The feed rate t o  the VC-300 evaporator she l l  i s  
set manual l y  and the recyc l e  rate back t o  the concentrate tank i s  
control l ed by an e lectric motor operated recyc l e  val ve i n  para l l e l  
wi th a manual va lve .  The solenoi d  va l ve i s  cyc l ed open and c l osed 
by a soni c  l evel detector on the evaporator shel l .  The C-30 
concentrate tank i s  suppl i ed by a s i de stream d i scharge from the 
VC-300 recyc l e  l i ne. The concentrate f l ow from the VC-300 
evaporator to the C-30 concentrate tank i s  contro l l ed by a s i m i l ar 
arrangement of a manual va l ve and a so lenoi d  val ve i n  para l l el . 
The solenoid va l ve i s  contro l l ed by two l evel swi tches i n  the C-30 
concentrate tank .  A thi rd l evel swi tch i n  the C-30 concentrate 
tank causes a l ow l evel a larm,  deenerg i zes the evaporator sy� �em 
and tri ps the pump to the bl ender/dryer transfer tank . D i scharge 
from the VC d i s t i l l ate tank i s  control l ed i n  a s imi l ar manner. The 
l evel i n  the vapori zer f l ash tank i s  contro l l ed by three son i c  
l evel swi tches . The top switch c l oses a sol enoi d  v a l ve (V-54 ) i n  
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the feed l ine, the midd l e  switch opens the va lve ,  and the bottom 
switch actuates a l ow l evel a l arm and trips the vaporizer 
c ircu l at ion pump and el ectric heaters causing an automatic shutdown 
of the vaporizer. 

The VC-300 and C-30 evaporator vapor domes and the vaporizer f l ash 
tank have l iquid l evel gauge g l asses for v isual  indicat ion o f  
l iquid l evel . The l evel gauges on the vapor domes are equ ipped 
with sonic l evel switches that actuate a l arms to warn of excessive 
foaming or over feeding of the evaporator. The sonic l evel 
contro l s  chosen for this system have no mov ing parts , �re 
unaffected by changes in d ie l ectric constants ,  are expected to 
perform wel l  in h igh density s l urries , and work wel l  throughout a 
l arge range of v iscos it ies . 

3. 4 . 2  F l ow Measurement 

Water meters with f l ow total izers are instal l ed on the evaporator 
feed l ine and vaporizer feed l ine to keep track of total vol ume of 
water processed . These provide data for the determinat ion of the 
system mass f low ba l ances . F l owrate meters are insta l l ed in the 
desuperheat l ine , reflux spray l ine, both evaporator recyc l e  feed 
l ines and the vaporizer b l owdown l ine. These meters prov ide 
on- l ine indicat ion of process condit ions and provide no automatic 
control funct ions . 

3 . 4 . 3  Conduct iv ity Monitors 

Measurements of conductiv ity prov ide a rel a t ive indication of the 
amount of d issol ved material in water. Four conduct iv ity monitors 
are insta l l ed in the system to detect trends or upset cond itions 
during processing. There is a monitor in the d ist i l l ate l ines from 
both the VC-300 evaporator and C-30 d isti l l ate tank d isch�rge. 
These monitors g ive indicat ion of excessive carryover from the 
evaporators or of unexpected tube l eakage in the evaporator heat 
exchangers . Monitors are instal l ed in both the vaporizer and 
evaporator feed l ines . These prov i de an indicat ion of any 
unpl anned upset that may have degraded the inf l uent water qua l ity . 
Each of these monitoring points is a l so equ ipped with a samp le  
stat ion for extract ion of process f l u ids for chemical and 
rad iochemical ana l ys is . The control methods uti l ized in procedures 
and operat ing programs are the physical  sampling and l aboratory 
analysis of process l iquids.  The conduct iv ity monitors prov ide 
on ly re l a t ive data for onl ine assessment of trends in the process 
f l ow f l u id qua l ity. 
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A gamma rad i a t i on detector i s  i nsta l l ed i n  the vapori zer feed l i ne 
and i s  i ntended to detect gross upsets i n  the system operat ion .  
The primary means of moni toring and control l i ng the envi ronmental 
releases of parti c u l ate rad i oact i ve mater i a l  i s  by l im i t i ng the 
radi onuc l i de concentrat ions in the system i nf l uents and by per iod i c  
sampl i ng and radi ochemical  analyses . The rad i a t i on mon i tor wi l l  
detect major dev i at i ons i n  the process and wi l l  cause a termi nat i on 
of the rel eases to the env i ronment i f  upsets occur.  I t  a l arms and 
causes an automat ic  shutdown before the env i ronmental  rel ease rate 
exceeds the part i c u l ate re lease l im i t  of the TMI-2 Techni cal 
Spec i fi ca t i ons . The detector i s  cal i brated to the .661  MEV gamma 
ray emi tted by the Cesi um-137/Bari um 137m decay cha i n .  The a l arm 
i s  set to a concentrat ion i n  the l i qu i d  wh ich  corresponds to a 
part i c u l ate rel ease rate of 7 . 5E-2 pC i /sec . Th i s  represents 25 
percent of the i nstantaneous part i cu l ate rel ease rate l im i t  of the 
TMI-2 Techn ica'  Spec i fi cations . The a l arm set point corresponds to 
a Ces i um- 137 re l ease rate of l . lE-2 �Ci /sec assumi ng the i sotop i c  
d i stri but ion o f  Tab le  1 ,  Col umn 2 .  Thi s  correl ates t o  a Ces i um- 137 
concentrat ion in the vapori zer feed of 3 . 5E-5 pC i/ml  wh i ch i s  very 
nearly equal to the coupled mode evaporator influent l im i t .  Thus , 
the detector a l arm wou l d  a l so provide a warn i ng i f  the evaporator 
had been i nadvertently bypassed . 

The h i gh l evel a l arm s i gnal on the rad i a t i on mon i tor causes aud i b l e  I and v i si b l e  a l arms and deenergi zes the vapori zer heaters . Th i s 
wou l d  effect i vely termi nate the rel ease of rad i oact i ve materi a l  at 
a l evel bel ow the Techni ca l  Spec i f icat i on i nstantaneous rel ease 
l imi t .  The moni tor chosen for t h i s  system i s  a Nuc l ear Research 
Corporat i on Hodel 4P I-4A sampler.  I t  uses a Hodel M0-51  (V-7) h i gh 
temperature, thermal ly insul ated sod i um i od i de crystal  as a gamma 
sc int i l l a t i on detector. I t  has a mon i tori ng sens i t i v i ty of 3 . 7E-7 
pCi /ml of Ces i um- 137 at a 95 percent confi dence l evel . The system 
incl udes conti nuous d i g i tal  readout and a str ip  chart recorder for 
conti nuous moni tori ng . 

3 . 4 . 5  Overpressure Protec t i on 

The vapori zer f l ash tank i s  protected from overpressurizat i on by a 
rupture d i s k  l ocated on the vapor d i scharge l i ne .  The 2 i nch 
rupture d i sk is  des igned to rel i eve at a 1 5  ps i  d i fferent i al 
pressure and d i scharge to atmosphere through a duct out through the 
evaporator bu i ld i ng roof. 
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The b l ender/dryer shel l is protected from overpressurizat i on by a 
1 5  ps ig  rupture d i s k .  The rupture d i s k  re l i eves into two heat 
exchanger tube bund les i n  series that are i mmersed i n  the ch i l led 
water system surge tank .  The water vol ume serves as a heat s i n k  to 
condense the vapors d i scharged from the rupture d i s k .  The 
condensate from the tube bundl es dra i ns to  a col l ec t i on drum i ns i de 
the evaporator bu i l d ing.  Any non-ccndens i bl es are d i scharged from 
the heat exchanger tubes through the tank vent system HEPA f i l ter 
i n s i de the evaporator bu i l d ing .  

3 . 4 . 6  Other Instrumentat i on 

In  add i t i on to the instrumentat i on and contro l s  d i scussed above, 
add i t i onal features support the system and enhance the ease of 
operat ion and system rel i ab i l i ty .  

Fu l l  v i ew s i ght w indows on the evaporator shel l s  and v i ewing 
w i ndows on the vapor domes a l l ow the operator to see the process as 
concentrat ion progresses . They prov ide for assessment of too much 
or too l i t t l e  foaming i n  the evaporator and prov ide a means of 
confi rmation of any carry-over from the separators i f  i nd i cated by 
the conduct i v i ty moni tors. 

The d i st i l late pumps , P-2 and P-3 , and the contam i nated d i s t i l l ate 
pump, P-8 , are equi pped w i th d i scharge pressure swi tches that 
prov ide assurance of suff i c i ent pressure for opera t i on of the 
condensate eductors . low pressure wou l d  cause the eductors to 
back-f i re and the system wou l d  operate errat i ca l l y .  I f  pressure 
fal l s  be l ow 35 ps i g ,  the pressure swi tches actuate a system 
shutdown by tripp ing the i r  respect i ve pumps wh ich  subsequently  
deenerg i zes the e lectrical  system. 

Pressure swi tches are prov ided i n  the vapori zer heat i ng l oop and i n  
the C-30 evaporator heat ing loop t o  deenerg i ze the heaters i n  the 
event of i nsuff i c i ent water f low through the heaters . These l oops 
are a l so equi pped wi th h i gh temperature shut-off swi tches . 
Two f l oat swi tches prov ide l evel control for the transfer s k i d  
hol d i ng tank which  rece i ves �oncentrated l i qu i d  from the C-30 
concentrate tank for feed to the b lender/dryer.  A h i gh l evel  tr ips 
the trans fer pump and a low l evel deenerg i zes the tank heater. 

3 . 5  Sampl i ng and Ana lys i s  Program 

To assure that i nf luents and effl uents from the PWDS are w i th in  the 
spec i ficat i ons d i scussed , a ri gorous sampl i ng and ana lys i s  program i s  
procedu ral ly impl emented as descri bed i n  th i s  sect ion .  
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Prior to feedi ng water to the PWDS for d i sposa l ,  the source tank must be 
samp led to ver i fy that the water conforms to the appropriate i n f l uent 
l imi ts for the intended operati ng mode. Whatever the source tank , i t  i s  
reci rcul ated for a minimum of three tank vol umes prior t o  obta in ing a 
samp l e .  A samp l e  i s  obtai ned and analyzed for pH, conduc t i v i ty ,  boron 
concentration,  and sodium concentrat ion .  I ts radionucl ide concentrat i on 
i s  determi ned by a gamma scan , gross a l pha count , and determinat ion o f  the 
concentrat ion of stronti um-90, carbon- 1 4 ,  and t r i t ium. T hese analyses are 
a prerequi s i te for process ing a source tank .  Once process ing has begun on 
a source tank ,  the tank i s  periodica l l y  resampl ed to con f i rm  the ori ginal  
analyses . The resamp l ing i s  performed after each 100 ,000 gal l ons has been 
processed . These sampl es are analyzed for sodi um ,  boron , pH , 
conduct i v i ty ,  gross a l pha, gamma scan , stronti um-90, carbon- 1 4 ,  and 
tri t i um .  

When operating i n  the coupled mode, the evaporator d i s t i l l ate/vapori zer 
feed is sampled every 12 ±3 hours and analyzed for boron concentrat i on .  
T h i s  analysi s  i s  used t o  determine the decontaminat ion factor achi eved by 
the evaporator. I n  addi t i on ,  a samp le  of the vaporizer d i scharge i s  
obtained through a samp le  condenser . T h i s  samp l e ,  col l ected every 1 2  ±3 
hours , i s  analyzed for boron concentrat ion· and used to ca lcu l ate the 
vaporizer decontami nati on factor and the total system -decontaminat i on 
factor. In add i ti on ,  the vapori zer d i scharge samp le  i s  analyzed for gross 
beta-gamma concentrat ion.  

An automatic  compos i te l i quid samp l er operates on the vapori zer feed l ine 
whenever evaporator d ist i l l ate or other source of AGW is being vapori zed . 
I t  col l ects a composi t e  samp le  of about 6-7 gal l ons over a 48 t. 12 hour 
peri od .  Th is  compos i te samp le  is analyzed on s i te for boron concentrat i on 
and gamma acti v i ty ( i nc l ud ing Ces i um 137 ) ;  the Stronti um-90 concentrat i on 
i s  determi ned by a gross beta-gamma anal ys i s .  I f  the source tank bei ng 
processed has a Carbon- 14 concentration of 5 . 0  E-5 pCi/ml  or greater, the 
48 hour compos i te samples are a l so analyzed on s i te for Carbon- 1 4  
concentrati on .  In  ad�, tion,  a vol ume weighted porti on o f  each of these 
sampl es i s  retained to y ie ld  a monthly compos i te samp l e .  T h i s  month ly  
compos i te i s  spl i t  wi th an  off-s i te l aboratory and anal yzed both on-s i te 
and off-s i te for gamma, gross a lpha,  gross beta-gamma, Carbon- 1 4 ,  Tri t i um ,  
and Stronti um-90 . I n  the event the automatic  samp ler becomes inoperab l e ,  
cont i nued operation o f  the vaporizer i s  permi tted for u p  t o  seven days 
whi l e  grab samples of the vaporizer feed are obta i ned every fcur hours . 

I f  operat ing the evaporator in  the decoupled mode, the i n i t i a l  source tank 
qua l i fi cat ion samp le  i s  analyzed as previous ly  d i scussed. Once proces s i ng 
of the tank has begun, an evaporator d i s t i l l ate samp le  i s  obtai ned every 
12 ±3 hours and ana lyzed for boron and gross beta-gamma concentra t i on .  I n  
add i t i on to  the 1 2  hour analyses , the d i s t i l l ate samp l e  i s  analyzed every 
two days by performing a gamma scan and by determining the gross a l pha and 
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When opera t i ng the vaporizer i n  the decoupl ed mode, the compos i te samples 
are col l ected every 48 ±12 hours as pr�v i ou s l y  descr i bed for quarter ly  
effl uent moni tor ing and the boron ana l ys i s  on  the d i scharge is  done every 
12 ±3 hours . 

4 . 0  TECHNICAL EVALUATION 

The purpose of t h i s  sec t i on i s  to describe the eng i neeri ng spec i f icat i ons to 
wh ich  the processed water d i sposal system has been bui l t ,  and to d i scuss the 
appl i cabl e  codes , standards, and regul atory requi rements i mposed on i ts des i gn ,  
fabri cat i on ,  and assembly .  T h i s  sect i on wi l l  further d i scuss the techn i ca l  
features o f  the system that make fa i l ures unl i ke ly  and that m i t i gate the s afety 
impacts of postul ated system fa i l ures.  

4.1 Codes , Standards,  and Eng ineering Spec i fi ca t i ons 

The vendor supp l i ed evaporator components are c l ass i fi ed as Important To 
Safety ( I TS )  per the GPU Nuc l ear Recovery Qua l i ty Assurance P l an for 
TMI-2. Equi pment and hardware procured and insta l l ed on-s i t e  wh i ch i s  
requi red to mainta in  the pressure boundary for rad i oacti ve f l ui ds are a l so 
c l ass i f i ed as I TS .  Process instrumenta t i on ,  i nc l ud i ng the power and 
s i gnal cab l i ng ,  which  i s  requi red to ensure that rel eases from the system 
are maintai ned w ith in  the des ign spec i f icat i on are I T S .  A l l rema i n i ng 
components are c l ass i f i ed as Not Important To Safety ( N I TS ) . 

The system des i gn and i ts i ntended operat i ons have been c l a ss i fi ed under 
the standards of Qua l i ty Group 0 per the recommendations of NRC Regu l atory 
Gui de 1 . 26 , "Qua l i ty Group C l assi f i cat i ons and Standards for Water, Steam, 
and Rad i oact i ve Waste Contai n i ng Components of Nuc l ear Power P l ants . "  

The VC-300 and C-30 evaporators are engi neered i n  conformance wi th the 
ASME Code, Sect i on V I I I ,  for unfi red pressure vesse ls  and to TEMA ( Tubu l a r  
Exchanger Manufacturers Assoc i at i on)  standards where appl i cab l e .  The 
she l l s  are made of 3 16  stai n l ess steel . The VC-300 heat exchanger i s  a 
Bayonet Augmented Tube (BAT ) type wi th both the tubes and bayonets bu i l t 
of t i tan i um. The C-30 i s  a l so a BAT type heat exchanger wi th  t i tan i um 
tubes and ch lorinated polyv i ny l  chl�ride bayonets .  The C-30 condenser i s  
s imi l ar  i n  construct i on with  a 316  sta i n l ess steel shel l ,  t i tani um tubes , 
and polyv i ny l  ch lor ide bayonets .  

The support bu i l d ing foundat i on and f loor s l ab are bu i l t  to AC I Standard 
3 18-83 , "Bu i ld ing Code Requi rements for Re i nforced Concrete . "  The f loor 
is sealed wi th an epoxy based coat i ng and the structure i s  curbed to 
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prov ide suff i c i ent retent ion vol ume to conta in  the ent i re l i qu id  contents 
of the system i n  the event of .catastrophi c  system fai l ure. 

The support bu i l d i ng is a prefabri cated structure that conforms to the 
Uni form Bui l d i ng Code of the Internat ional Counci l  of Bu i ld i ng Off i c i a l s. 

A l l atmospher ic  tanks in  the system are fabri cated of stai n l ess steel and 
were bui l t  as standard commerc i al qua l i ty vesse l s .  The tanks have the 
fol l owing capac i t i es :  VC-300 Concentrate Tank ,  7 5  gal l ons;  C-30 
Concentrate Tank, 60 gal l ons ;  VC-300 D i s t i l l ate Tank ,  50 ga l l ons ;  the 
contaminated d i st i l l ate tank, 40 ga l l ons ; C-30 D i st i l l ate Tan k ,  
3 4  gal l ons ;  and the b l ender/dryer transfer tank,  275 gal l ons . The tanks 
are provi ded wi th sea led l ids equi pped wi th an atmospher i c  vent that 
d i scharges to the bu i l d ing atmosphere through a HEPA f i l ter .  

The e lectrical  system i s  protected by sui tably s i zed w i r i ng ,  hardware, and 
c i rcu it  breakers per NEC 1987 . A l l  e lectrical  junct i on boxes and 
enc l osures are NEMA 4 or equ i va l ent and a l l  motors are TEFC . A l l 
equi pment i s  grounded through the swi tchgear ground bus which i s  connected 
to the GPUN ground i ng system. 

Al l process p ip ing i n  the system i s  304 sta i n l ess steel and conforms to 
the requi rements of the ASHE Code for Pressure P i ping ,  ANSI B31 . 1 ,  "Power 
P i pi ng . "  Tank overflow l i nes and system dra ins are routed to the bu i l d i ng 
sump us ing f l ex i b le  hose.  These are non-pressure reta i n i ng components and 
conform to ANSI 83 1 . 1 ,  Sec t i on 105 . 3 (C ) . 

The fol l owing i s  a l i st  of the eng i neering spec i f icat i ons on major system 
components not prev i ously  d i scussed . 

- Vapor Compressor: Roots rotary l obe model 1030 compressor, 4 10D 
cfm at 1400 RPM , dri ven by a 125 HP TEFC 
motor. 

- Heat i ng Loop Pump , P-1 : Grundfos Model CR4-20N, vert i ca l  mul t i -stage 
centri fuga l , 30 gpm at 60 ft  TDH , dri ven by a 
3/4 HP TEFC motor, 3500 RPM .  

- VC-300 D i s t i l l ate Pump, Grundfos Model CR4-50N, vert ica l  mu l t i -stage 
P-2 : centri fuga l , 35 gpm at  1 10 ft TOH , dri ven by 

a 2 HP TEFC motor at 3500 RPM . 

- C-30 D i s t i l l ate Pump, Grundfos Model CR2-30N, vert ica l  mu l t i -stage 
P-3 centri fugal , 10 gpm at 1 10 ft TOH , dri ven by 

a 3/4 HP TEFC motor at 3500 RPM. 
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P-4 
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Same as P-5 except w i th a cut down i mpel l er 
to g i ve 3 gpm at 60 ft TDH . 

- VC-30D Concentrate Pump , Corcoran Seri es 2000 DH , w i th doubl e  
P-5 mechani ca l  seal s ,  10 gpm at 50 ft TDH , dr i ven 

by a 3/4 HP TEFC motor, 3500 RPM . 

- Vacuum Pump , P-6 :  

- Vapor i zer Rec i rcu lat ion 
Pump, P-7 :  

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

- Conduct i v i ty Mon i tors : 

- Son i c  Level Sensors : 

Atlant i c  F l u i d i c  Model A- 10,  rotary l i qu id  
r ing pump/compressor, dri ven by  a 1 . 5  HP  TEFC 
motor at 3500 RPM. The pump wi l l  evacuate 1 4  
cfm a t  2 5  i nches Hg Vacuum. 

Gou lds Model 3 196 MT ,  S i ze 4X6-10 ,  500 gpm at 
40 ft TDH , dri ven by a 7-1/2 HP TEFC motor, 
1 150 RPM. 

Grundfos Model CR2-20N , vert ica l  mul t i -stage 
centri fugal , 6 gpm at 80 ft TDH , dr i ven by a 
1/2 HP TEFC motor, 3500 RPM. 

Seri es 800 , MK 817 , Wet Tap assembl ies .  
Stai n less steel hous i ng ,  2 .0  cel l constant , 
range 0 to 25,000 mS/Cm. 

SONARSWI TCH Model 700 , 3 16 Sta i n l ess stee l , 
NEMA 7 enc l osure, . 03 i nch repeatabi l i ty .  

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

The Processed Water D i sposal System has been desi gned to assure safe and 
env i ronmenta l l y  sound response to a number of abnormal cond i t i ons . 

4 . 2 . 1 Loss of E l ectri cal Power 

Al l soleno i d  operated valves i n  the system are energ i zed to open 
and are spring l oaded to c l ose when deenerg i zed . Upon l oss of 
e lectrical  power, feed water to the evaporator bu i l d i ng i s  
automat i ca l l y  secured by c l osure o f  the feed val ves. A l l heaters 
shutdown securing the ·heat source to the vapori zer and the C-30 
evaporator.  The vapor compressor shuts down securing the heat 
source to the ma i n  evaporator. The b l ender/dryer shuts down and 
a l l e lectrica l ly  dri ven pumps tr ip .  Thus , a l l evaporator and 
dryi ng processes termi nate and the system becomes stagnan t .  The 
on l y  adverse consequence of th is  event i s  poss i b l e  prec i p i tat i on of 
d i ssol ved sol ids from the concentrate as the system coo l s .  I f  
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p l ugging of piping or heat exchanger tubes occurs , the prec i pitate· 
can be redissol ved by dilution of the l iquid with c l ean water . I f  
necessary ,  the system is designed for removal of the tube bund l es 
for c l eaning . 

4 . 2 . 2  Loss of Service Air 

Service air is suppl ied to the processed water disposal system from 
the p l ant instr�ment air system. I t  is used to power the air 
driven diaphragm pump on the bl ender/dryer transfer tank, the air 
operated discharge va lve on the b lender/dryer ,  and an air sparger 
on the transfer tank. Loss of service air pressure resu l ts in the 
b l �nder/dryer discharge va lve fail ing c l osed and shutdown of the 
t r�nsfer pump. Thus , material can not be transferred into or out 
of the b l ender/dryer. The heaters can be secured if necessary and 
the material a l l owed to remain in the vessel until service air can 
be restored. Thus,  l oss of service air supply  does not resu l t  in a 
major upset condition for the overa l l  process and does not hinder 
an orderly system shutdown if necessary.  

4 . 2 . 3  Tank o r  Pipe Rupture 

Tank or pipe ruptures are considered to be of extreme ly sma l l  
probabil ity because of the system design and fabrication and 
pressure conditions to which the system is exposed. Further,  
hydrostatic testing, in-service l eak testing , and preoperationa l 
testing of the equipment with non-radioactive sol u t i ons veri fied 
the designed integrity of the system and components . But i n  the 
unl ikely event of a tank or pipe rupture, l ow l evel sensors on the 
tanks wi l l  detect such an occurrence and in �tiate system shutdown 
by deenergizing the e l ectrical system. The buil ding is designed 
with a curb of sufficient height to contain the entire vol ume of 
l iquid that cou l d  be present in the system i f  compl etely fl ooded , 
so spil l age of radioactive l iquids wil l be contained within the 
building . Minor spil l s  occurring during system sampling or as a 
resu l t  of sma l l  l eaks are of litt le  consequence because of the l ow 
speci fic activity of the material being hand l ed .  Standard 
radio logical  control practices assure minimal spread of 
contamination. In  addition, the buil ding f l oor is s l oped to 
channel water to the bu i l ding sump and it is sea led with an epoxy 
coating that facilitates c l eanup �nd decontamination , if necessary . I 
I f  a spi l l of dry solid waste occurs outside of the ventil ated drum 
enc l osure, the area can be controlled to prevent the spread of I contamination until c l eanup is comp l ete . This wou l d  prevent 
unpl anned environmental release of airborne radioactive material .  
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I nadvertent crystal l i za t i on from overconcentrat i on i s  pos s i b l e  as a 
resul t  of  operator error or equi pment mal funct i on .  The 
consequences of such an event are m i t i gated by the thermal des ign  
of  the system. The heat ing l oop on the VC-300 generates excess 
heat whi ch i s  rejected to the VC-D i s t i l l ate tank v i a  the 
desuperheat spray . Th is  excess heat i s  the source of  energy 
( suppl emented by e lectric  heaters) to the C-30 evaporator. The 
C-30 evaporator operates at a l ower temperature and h i gher 
concentrat i on than the VC-300. Thus , p l ugg i ng of f l ow path and 
foul i ng of heat transfer surfaces woul d  occur f i rst  i n  the C-30 . 
As heat t ransfer i s  reduced by fou l i ng i n  the C-30 , the 
VC-Oi s t i l l ate tank temperatures woul d  i ncrease caus ing h i gher 
temperature water to the desuperheater sprays . T h i s  wou l d  
eventual ly l ead t o  a h igh  temperature shutdown of  the VC-300 vapor 
compressor. In add i t ion,  as the VC-O ist i l l ate temperature 
i ncreases , the eff i c i ency of the eductors and vacuum pump woul d  
decrease s i nce the d i st i l l ate i s  the motive force for the eductors 
and seal water for the l i qui d  r ing vacuum pump. Th i s wou l d  l ead to 
reduced vacuum, f l ood i ng of the d i st i l l ate s ide o f  the VC-300 and 
resu l tant cessat ion of boi l i n.g i n  the VC-300. I f  t h i s  occurred , 
the major p l ugg i ng wou l d  be i n  the sma l l  C-30 system and wou l d  be 
on the shel l s i de of the heat exchanger rather than the tube s ide 
as i n  many convent i onal bor ic  ac i d  evaporators . 

I f  extreme pl ugg i ng occurs , the C-30 tube bund l e  can be removed , 
the exteri or surfaces of the tubes c l eaned , and the bund l e  
rei ns ta l l ed .  I t  i s  unl i kely that s i gn i ficant p l uggi ng or foul i ng 
wi l l  occur i n  the VC-300. Shop tes t i ng at the manufacturer ' s  
fac i l i ty showed that prec i p i tat i on i n  the VC-300 does not i mpa i r  
i ts operat i on to any great extent and the prec i p i t ate i s  eas i ly 
d i ssol ved by d i l ut i on .  A l though cons i derably more d i f f i cu l t  and 
t i me consuming,  the VC-300 tube bundl e  can a l so be removed for 
c l ean ing i f  necessary . 

I f  prec i p i ta t i on beg i ns dur ing process i ng, f l ush connec t i ons are 
prov i ded at strateg i c  poi nts in the C-30 evaporator. Hot 
d i st i l l ate from the C-30 d i st i l l ate tank or c l ean water from the 
p l ant support systems i s  i njected to d i l ute the process f l u i ds and 
red i sso l ve prec ip i tates before p l uggi ng occurs. 

4 . 2 . 5  Severe Weather Cond i t i ons 

The evaporator bu i l d i ng i s  des i gned to the Uni form Bu i l di ng Code 
and prov ides a secure protect i ve enc l osure around the system under 
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a l l norma l ly expected cond i t i ons .  I f  severe weather or 
env i ronmental  cond i t i ons ex ist  that wou ld  resu l t  in dec l arat i on of 
an Unusual Event as spec i f ied in lhe GPU Nuc l ear Emergency P l an ,  
the processed water d i sposal syslem wou l d  be shutdown. Therefore, 
severe natural phenomenon that may resu l t  i n  damage or destruc t i on 
of the bu i l d i ng wi l l  not cause uncontrol l ed rel ease of s i gn i fi cant 
quant i t ies of rad i oact ive materi a l  from evaporator operat i on .  

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

The purpose of t h i s  sect ion i s  to present an eva l uat ion of the env i ronmenta l  and 
rad i o l og ica l  effects of process ing 2 . 3  mi l l i on ga l l ons of water meet i ng the 
i n f l uent and effl uent cri teria  d i scussed i n  Sect i on 3 . 3 ,  and d i scharg i ng the 
effl uent d i rect ly to the atmosphere. 

5 . 1  Env i ronmenta l  Assessment 

The processed water d i sposal system produces env i ronmental  releases of 
tri t i um,  part icul ate radionuc l i des , and bori c  ac i d  and sod i um borate 
s a l ts . 

l t  i s  conservat i vely est imated that the 2 . 3  mi l l i on gal l ons of processed 
water contai ns about 1020 curies of tri t i um as reported i n  the PE lS .  Al l 
of th i s  tri t i um wi l l  be rel eased to the env i ronment through the vapori zer 
s i nce the evaporator system wi l l  not remove i t .  Tri t i um has a spec i fi c  
act i v i ty of 9 . 7E+3 curies per gram which  corresponds to a total quant i ty 
of 0 . 105 grams of t ri t i um i n  the 2 . 3  mi l l i on gal l ons of water. I f  a l l  of f 
the tr i t i um i n  the processed water i s  i n  the form of tri t i ated water 
( H-T-0) , t h i s  equates to 0 . 7  mi l l i l i ters of H-T-0 i n  the 2 . 3  mi l l i on 
gal l ons . T h i s  tri t i um wi l l  be re leased at an average rate of 37 �C i per 
second during evaporator operat i on at 5 gpm. S i nce no convent i onal  waste 
treatment processes wi l l  affect the tri t i um content of the water, the 
re l ease rate of tri t i um to the env i ronment wi l l  vary depend i ng upon the 
water source being processed and the vapori zer process i ng rate . Tri t i um 
concentrat i ons i n  the source tanks range from as l ow as 1 . 4E-5 �C i /ml  to 
as h i gh as 0 . 3 1  pCi /ml . Th is  corresponds to env i ronmenta l  rel ease rates 
rangi ng from 4E-3 to 98 pCi per second at a 5 gpm process i ng rate. The 
conti nuous tri t i um re l ease rate i s  l imi ted by the current Envi ronmenta l  
Techni cal  Spec i f i cat i ons , Sec t i on 2 : 1 . 2  C .  The rel ease rate l im i t  for a 
ground l evel rel ease that i s  deri ved from that spec i f i ca t i on i s  570 
pCi /sec . Thus , the average and max imum rel eases that wi l l  res u l t  from 
evaporator operat ion are a sma l l  fract i on of the re l eases permi t ted by the 
fac i l i ty l i cense.  
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The processed water d i sposal sy$tem causes sma l l env i ronmental re l eases of 
part i c u l ate radionuc l i des . The rel ease rate i s  dependent upon the 
part icu l ate concentrat i ons in the inf l uent and upon the OF achi eved by the 
evaporator. The m in imum OF that the system wi l l  achi eve i s  1000. The 
max i mum i nf l uent concentrat ions that wi l l  be fed to the evaporator i n  the 
coupled mode (when achi ev i ng the min imum OF of 1000) are as shown in Tabl e  
1 ,  Col umn 2 .  Inc l uded in  the tab le  i s  l od ine- 129 . I t  i s  expected that 
I od ine is present i n  the chemical  form of Ces i um I od i de or other 
a l ka l i -meta l  iodide.  In  this  form, the i od i ne wi l l  be removed by the 
evaporator in the same proporti ons as the other part icu l ates . However,  i n  
the very unl i kely event that i t  i s  present i n  the e lemental  form, i t  wi l l  
vo lat i l i ze and be carried over w i th the d i s t i l l ate . For conservat i sm i n  
the i r  projec t i on o f  env i ronmental  rel eases ,  the NRC Staff assumed i n  the 
PE lS  that a l l of the 1 - 129 i s  rel eased to the atmosphere. {Note that i n  
c a l cu l at i ng the nuc l ide content o f  the sol i d  waste,  i t  i s  assumed that a l l  
of the 1 - 129 i s  a l so present in  the evaporator bottoms . )  Th i s  y i elds  a 
concentrat i on of part icu l ates p l us LLD I- 129 i n  the d i s t i l l ate of 8 .6E-7 
�C i/ml and an atmospheric rel ease rate of 2 . 7E-4 �Ci /sec . Th i s i s  
compri sed o f  8 . 2E-5 �Ci /sec of part icu l ates , predom i nant ly  Cs- 137 ,  Sr-90, 
and C-1 4 ;  p l us an LLO deri ved va lue of 1 .89E-4 �C i /sec of 1- 129 . These 
rates are based on a 5 gpm process i ng rate.  Lower proces� ing rates 
produce l ower rel ease rates . Th is  i s  a sma l l fract 1 on of the cont i nuous 
part i cu l ate rel ease rate of 2 . 4E-2 �Ci /sec permitted by the current 
Techni ca l  Spec i f i cat ions . 

The rad i a t i on exposure to the pub l i c  from rel eases of t h i s  magn i tude were 
analyzed and eval uated by the NRC Staff i n  NUREG-0683 , Suppl ement No.  2 ,  
and found t o  have no s i gni f i cant affect on the human env i ronment . 

I n  add i t i on to the radi onuc l i des rel eased , the processed water d i sposal  
system a l so re l eases sma l l quant i t i es of bori c  aci d  and sod i um borate 
sa l ts  to the atmosphere. Based on a OF of 1000, no more than 0 . 1  percent 
of the chemical  const i tuents of the processed water wi l l  be released . For 
conservat i sm,  a total rel eased quant i ty of 0 . 2  tons was used in the 
fol l owing env i ronmental  ana lys i s .  

I f  the rel ease i s  averaged over the 2-year projected t ime span for the 
evaporator proj ec t ,  i t  g i ves an average re l ease rate of 0 . 0028 g/sec gr 
part icu l ates . Appl y i ng the annual average d i spers i on factor of 2x10-

sec/m3 c i ted i n  the TMI Off- s i te Dose Ca l c u l at ion Manual (OOCM) ,  thr 
average concentrat ign of jhe chemical  const i tuents off-s i te wi l l  b� 
approx i matel� 6xl0- mg/m . Apply ing the worst case d i spers i on factor of 
6x10-4 sec/m { based on the TM I-2 fSAR acc ident d i spers i on factor) , the 
worst �ase off- s i te concentrat i on of part icu l ates wi l l  be approx imate ly  
2 mg/m • Nei ther of  these concentrat i ons i s  a threat to  the publ i c ,  p l ant 
nor animal commun i t i es as shown i n  the fol l owing compari sons . 
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o The threshol d  l im i t  va lue ,  or TLV, ( i . e . , e i ght-hour t ime weighted 
average concentrat i on )  for nui sance part i c u l ates , i n� l ud i ng boron 
ox ide,  recommended for the human env i ronment i s  1 x 10  mg/m . The 
calcu l ated average part i cu l ate concentrat i on of  6x1o-3 mg/m3 and 
the ca lcu lated worst case part i cu l ate concentrat ion of 2 mg/m3 

resu l t i ng from the proposed evaporation process are more than 1 . 5 
mi l l i on and 5000 t imes smal ler,  respect ive ly,  than the recommended 
TLV.  

o Accordi ng to studi es documented by the NRC i n  NUREG/CR-3585 , the 
typ ica l  nu i�ance dust concentrat ion i n  the Central At l ant ic  States 
i s  258 mg/m . T h i s  i s  over 40,000 t imes greater than the projected 
average concentrati on resul t i ng from the evaporator .  I t  i s  a l s o  
more than 125 t imes greater than the concentrat ion whi ch woul d  
resul t  from the evaporator dur i ng the worst case atmospher ic  
cond i t i ons,  which  are not common and of  only very short durat i on .  

o The NRC adv i ses , i n  Regul atory Gu i de 4 . 1 1 ,  Rev i s i on 1 ,  197 7 ,  that 
chemical  stud i es of cool ing tower dri ft are usua l ly not needed when 
a l l  of the fol l owing apply :  1 )  the dominant sal ts are harmless 
mixtures of b i o l og ica l  nutri ents , 2) the expected peak depos i t i on 
beyond the s i te boundary i s  l ess than 20 kg/hectare - year of  mi xed 
s a l t s ,  and 3 )  the dri ft does not conta in  tox i c  e lements or 
compounds i n  amounts that cou ld  be hazardous to p lants or anima l s  
e i ther by d i rect o r  ind i rect exposure over the expected l i fet ime of 
the fac i l i ty .  

Comparing the f i rst guidel i ne ,  the evaporator emi s s i ons wi l l  
depos i t  sod i um borate. Sodi um and cal c i um borate sal ts are 
typ ica l l y  found in nature. The e lement boron i s  a m icro nutrient 
whi ch i s  essent i a l  to the nutri t i on of h i gher p l ants . I t  i s  common 
prac t i ce to add boron to agricul tural f i e l ds as a suppl ementaJ nutri ent . The h i ghest annual depos i t i on factor of  6 . 5x l0-8/m , 
c i ted i n  the TMI ODCM, can be app l i �d to compare the second NRC 
gu idel i ne to the evaporator emi ss io2s .  The resu l tant total sol ids 
depos i t i on woul d  be l ess than 6x l0- kg/hectare - year. T h i s  
concentration i s  approx i mately 300 t i mes l ower than the NRC 
guidel i ne .  The thi rd guidel i ne regards tox i c  e l ements or 
compounds . The evaporator emi s s i on wou l d  not contai n  tox i c  
substances . Boron compounds are typica l ly found i n  soi l s  at an 
average concentrat i on of 50 ppm and rang i ng up to 150 ppm. The 
total sol ids concentrat i on in the soi l resu l t i ng from the 
evaporator operatior.s are conservati vely est imated to be 0 .25 ppm 
i f  they accumu l ated i n  the f i rst i nch of soi l over the two year 
per iod .  Boron ex i sts i n  r i ver and l ake waters at concentrati ons 
averag i ng 0 . 1  mg/ 1  but rang ing as h i gh as 5 mg/ 1 . A conservat i ve 
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est imate of the concentrat ion of total so l i ds from the evaporator 
wou l d  be be l ow 0 . 5  mg/ 1  i f  they accumu l ated i n  sha l l ow depths of 
water. The EPA l i mits boron concentrations to 0 . 75 mg/ 1  for 
l ong-term i rrigati on on sens i t ive  crops (Qua l i ty Cri ter ia  for 
Water, 1986 EPA 440/5-86-001 ) .  The examp l e  of sens i t i ve c rops 
g i ven by the EPA i s  c i trus p l ants and those p l ants are not produced 
in the TMI v i c i n i ty .  Regardi ng animal l i fe ,  i n  the du i ry cow, 
16 to 20 g/day of boric ac i d  for 40 days produce no i l l  effects 
(EPA 440/5-86-00 1 ) . Also,  the minimum l ethal dose for mi nnows 
exposed to boric ac i d  was reported to be 18,000 mg/ 1  
( EPA 440/5-86-001 ) .  Thus ,  the emi s s i ons from the evaporator 
process fa l l  wel l  below the guide l i ne adv i sed by the NRC requ i r i ng 
a chemi ca l  study . 

o W i th regard to impact on p l ant spec i es ,  the A i r  Pol l u t i on Control 
Assoc i at ion ( 1970) documents the fol l owing:  " Part icu l ate emi s s i ons 
are not general ly  consi dered harmfu l to vegetat ion unl ess they are 
highly caus t i c  or heavy depos i t s  occur" . As shown in the prev i ous 
compari sons , the depos i t i ons resu l ti ng from the proposed 
evaporat ion process are nei ther "highly caust ic"  nor wi l l  they 
resu l t  i n  "heavy .. depos i t ion .  F�rther, the e l ement boron , as 
di scussed i n  NUREG/CR-3332, i s  re l at i vely i mmobi l e  i n  p l ants .  

5 . 2  Rad i o l ogica l  Assessment 

5 . 2 . 1  Off-s i te 

Doses were ca lcu l ated us ing the Meteoro l og ica l  Informat ion and Dose 
Assessment System (M IDAS) which  has been used by TMI Envi ronmental 
Contro l s for quarterly and semi-annual dose assessments wh ich were 
submi tted to the NRC with TMI - 1  and TMI�2 eff l uent reports . M I DAS 
uses hourly averages of on-s i te meteoro l og ica l  data to ca lcu l ate an 
i ntegrated d i spersion for the period of i nterest .  I t  i ntegrates 
the d i spersion over each hour i nto each of s i xteen sectors at ten 
di stances . The l ocat ion of the f i ve nearest vegetabl e  gardens 
l arger than 500 square feet,  and the l ocat i on of the nearest mi l k  
cow, mi l k  goat , meat anima l , and res idence i n  each of the s i x teen 
sectors , is used to eval uate seven a i rborne pathways : p l ume 
exposure, d i rect dose from ground depos i tion ,  i nhal at i o n ,  and the 
consumpti on of meat , cow mi l k , goat mi l k ,  and vegetab les .  The 
max ima l l y  exposed hypothetica l  i nd i v i dua l i s  conservat i vely taken 
to be that person i n  the maximum i nha l a t i on l ocat i on and i s  assumed 
to consume meat , vegetabl es ,  and mi l k  from each of the other 
maximum l ocat i ons .  These cal cu lat ions are performed i n  accordance 
with Regul atory Guide 1 . 109 and are i dent ica l  to those used for 
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semi-annual and quarterly effl uent/dose reports . The 
meteoro l og ica l  data from 1985 was used to calcul ate annual 
d i spers i on i nto the atmosphere . There is good confi dence that the 
d i spers i on resu l t i ng from the 1985 data i s  s i mi l ar to annual 
d i spers i on in recent years . 

U s i ng the releases projected i n  Sec t i on 5 . 1 ,  the dose estimate for 
the max imal ly exposed ind i v i dual for the dura t i on of the project i s  
1 . 3 mrem total body and 0 . 4  mrem to the bone. S i nce the expected 
durat i on of the project is two years , the annual exposure to the 
max ima l ly exposed ind i v i dual i s  one-hal f of thi s .  

T o  est imate the popu lat i on dose MIOAS was aga i n  ut i l i zed . The 
affected popu l a t i on i s  cons idered to be the popu l a t i on surroundi ng 
TMI -2 out to a d i stance of 50 mi l es .  The popu l a t i on affected by 
the atmospheric  rel ease assoc i ated w i th the evapora t i on of the 
processed water i s  es t imated to be 2 . 2  mi l l i on peop l e .  The dose 
pathways i nc l ude i nha l at i on ; mi l k ,  meat , and vegetabl e  consumpt ion ;  
pl ume exposure; and d i rect dose from ground depos i t i on .  Thi s  
y i e l ds a total popu l at i on dose of 12 person-rem total body and 2 . 4  
person-rem to the bone and an average exposure t o  a member of the 
popu l a t i on of 0 .005 mrem tota l body and 0 .001  mrem to the bone. 

5 . 2 . 2  On-s ite  Occupat i onal Exposure 

Personnel exposure resul t i ng from evaporator operat i on wi l l  be 
primari l y  due to ambi ent rad i a t i on i n  the v i c i n i ty of the 
evaporator and from packag i ng of the dry so l i ds . S i nce the 
proposed i nf l uent cr iteria  are such that only water that wi l l  
produce an LSA, C l ass A waste wi l l  be processed , the rad ionuc l i de 
concentrat i ons , even i n  the concentrated evaporator bottoms , wi l l  
be rel a t i vely  l ow. The max imum dose i s  conservat i ve ly  est i mated to 
be 23 person-rem. T h i s  i s  based on 16 ,000 person-hours for the 
evaporat i on process in a rad i a t i on f i e l d  of 0 . 6  mrem/hr ,  about 3500 
person hours for packaging of the dry sol i ds i n  a rad i at i on f i e l d  
of 2 . 5  mrem/hr, and preprocess ing operat i ons for about 40 percent 
of the total i nventory . 

I n  the unl i kely  event of an on�s i te acc ident i nvol v i ng the rupture 
and spi l l  of a drum fu l l  of dry sol i d waste,  the dose to the 
on- s i te worker wou l d  be from a spi l l ed quan t i ty of LSA mater i a l . 
The dose from such an acc ident i s  bounded by prev i ous anal ys i s  of 
on-s i te spi l l s  of rad i oactive materi a l s .  The dose t o  the on-s i te 
worker wou l d  be no more than the permi ss i bl e  dose to a member of 
the pub l i c  from a transportat i on acc i dent i nvo l v i ng LSA mater i a l  as 
used i n  IAEA Safety Ser i es 37 i n  the devel opment of A-2 quant i t i es 
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10 CFR,  Paragraph 50 . 59 ,  permits  the ho l der of an operat i ng l i cense to make 
changes to the fac i l i ty or perform a test or experiment , wi thout prior 
Comm i s s i on approval , provi ded the change, tes t ,  or exper iment does not i nvo l ve a 
change i n  the Techn ical  Spec i fi cat i ons incorporated i n  the l i cense, and i t  does 
not i nvo lve an unrev iewed safety quest i on .  

D i sposal o f  processed water does not requ i re a Technical  Spec i f i ca t i on change. 
NRC approva l  of t h i s  d i sposal opt i on was granted by L i cense Amendment No. 35 as 
impl emented by Techn ica l  Spec i fi cat i on 3 . 9 . 1 3 .  Further, the effl uent re l ease 
analyses performed in support of th is  eval ua t i on demonstrate that the eff l uents 
from the proposed process water d i sposal system are we l l  w i th in  the l im its  
i mposed by Appendi x  B to the TMI-2 Techn ical  Spec i fi ca t i ons . Therefore , no 
changes to the TMI-2 Techn ica l  Spec i f i cat ions are requ i red . 

10 CFR 50, Paragraph 50 . 59 ,  states a proposed change i nvol ves an unrev i ewed 
safety ques t i on i f :  

a .  The probabi l i ty o f  occurrence o r  the consequences o f  an acc ident or 
ma l func t i on of equi pment Important To Safety prev i ous ly  eva l uated i n  the 
safety ana lys i s  report may be i ncreased; or 

b .  The poss i b i l i ty for an acc i dent o r  mal funct i on o f  a d i fferent type than 
any eval uated prev i ous ly  i n  the safety ana lys is  report may be c reated ; or 

c .  The marg i n  of safety , as defi ned i n  the bas i s  for any techn i ca l  
spec i f i ca t i on ,  i s  reduced . 

A l though the d i sposa l  system outl ined i n  t h i s  report i s  d i fferent from the 
d i sposal  opt i ons for l i quid  waste out l i ned in the TMI-2 F i na l  Safety Ana lys i s  
Report ( FSAR) , the consequences o f  these act i v i t i es are bounded by ana lyses 
prov i ded i n  the FSAR . 

The d i sposal system proposed does not increase the probabi l i ty of �n acci dent or 
mal funct i on of equ i pment important to safety. The opera t i on and control of the 
system wi l l  be governed by procedures prepared and approved pursuant to Sect i on 
6 . 8 . 1 ,  6 . 8 . 2  and 3 . 9 . 1 3  of the TMI-2 Technica l  Spec i fi cat i ons and wi l l  be 
des i gned to m in im i ze the potent ia l  for an i nadvertent rel ease and , therefore , 
reduce the probab i l i ty of an acci dent . Add i t i ona l ly ,  the consequences of any 
acc ident assoc i ated wi th the d i sposal  system woul d  be bounded by the eva l uat i ons 
g i ven i n  the TMI-2 FSAR for a postul ated fa i l u re of the Borated Water Storage 
Tank ( BWST ) .  
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Suppl ement 2 of the TMI -2 FSAR eva l uated the postul ated fai l ure of the BWST .  
The eva l uat i on assumed that the BWST contained Hdesign bas i s'' rad i o i sotopi c  
concentrat i on .  The m ix  of rad io i sotopes , i n  the FSAR eval uation,  i s  vas t ly  
d i fferent from the m ix  of  rad i oi sotopes i n  the processed water. However, the 
resu l t i ng doses from the rel ease of the BWST contents i nto the Susquehanna R i ver 
can be compared to the expected doses resul t i ng from a hypothet i ca l  rel ease to 
the r i ver of a l l of the processed water. The doses calcu l ated bel ow are for 1 
i l l ustrat i ve purposes only and· show that the hypothetical  rel ease of al l of the 
processed water i s  bounded by a prev i ously rev i ewed acci dent eval uat ion .  Tab l e  
1 i n  Suppl ement 2 ( page S2- 13C) of the FSAR, presents the resu l t i ng 
concentrat i ons i n  the r i ver from the postul ated fai l ure of the BWST .  For th i s  
m ix  of rad io i sotopes , the rad i ol og i ca l ly s i gn i f i cant rad i o i sotopes are Cs-134 , 
Cs-136 , and Cs-137 . Us i ng the concentrati ons g i ven i n  Tab l e  1 of Suppl ement 2 
for the east s i de of the i s l and and the dose methodol ogy g i ven i n  Regu l a tory 
Gu i de 1 . 109 ,  an adul t  i s  est i mated to receive a dose of 7 . 8  rem to the l i ver 
from the consumpt ion of one k i l ogram of f i sh res i d i ng in the east s i de of the 
i s l and . The l i ver i s  the l im i t i ng organ for exposure to ces i um .  

For comparat i ve purposes , Sec t i on 7 . 2 . 4  of  the NRC ' s  PE l S  ( NUREG-0683 of March 
198 1 )  presents analyses of vari ous acci dents i nvo l v i ng rupture of a processed 
water storage tank ( PWST) .  The resu l t i ng doses eva luated i n  the PE l S  for these 
acc i dents are s i gn i f i cant ly l ess and bounded by the dose consequences for the 
postul ated fai l ure of the BWST presented in the FSAR . 

The d i sposal system being proposed wou l d  not create an acc i dent or mal funct i on 
of a d i fferent type. Postul ated acci dents assoc i ated wi th processed water 
d i sposal  wou l d  cons i s t  of l i ne breaks or tank ruptures for whi ch the bound i ng 
accident has been eval uated above . The d i sposal of the processed water does not 
reduce any marg i n  of safety as defi ned i n  the bas i s  for any techni ca l  
spec i fi ca t i on .  The d i sposal system has been eval uated t o  determine the contro l s  
necessary t o  ensure , by compl i ance wi th govern ing procedures , that the operat i on 
of the system wi l l  comp ly wi th appl i cable  techni ca l  spec i fi cat i ons . Compl i ance 
wi th the appl i cable  techr. i cal spec i f i ca t i ons ensures that pub l i c  exposure from 
the pl anned gaseous or l i qu id  d i scharges i s  we l l  w ith in  the objec t i ves of 10 CFR 
50, Append i x  I .  

I n  conc l u s i on ,  the d i sposal of the processed water does not i nvol ve an 
unrev i ewed safety quest ion .  
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TABLE 1 

IDENT I F ICAT ION Of RADIONUCLIDES IN PROCESSED WATER* 

Col umn 1 Col umn 2 Col umn 3 Col umn 4 Col umn 5 
Curies Concentrat ion Spec i f i c  Total Grams 

Present i n  i n  �Ci/ml Act i v i ty i n  A-2 Present i n  
Nuc l i des 2 . 3  MGAL in 2 . 3  MGAL C i /gram Va l ue 2 . 3  MGAL 

Ces i um- 137  3 . 2£- 1 3 . 7£-5 9 .8£+ 1 10 3 . 7£-3 
Ces i um- 134 7 . 66£-3 8 . 8£-7 1 .2£+3 10 6 . 38£-6 
Stronti um-90 9 . 6£- 1 1 . 1£-4 l . SE+2 0 . 4  6 . 4£-3 
/\nt imony- 125/ 2 . 0£-2 2 . 3£-6 1 . 4E+3 25 1 . 43E-5 
Te 1 1  uri um- 125m 1 .8E+4 100 
Carbon- 14  8 . 7£-1 l . OE-4 4 . 6  60 1 . 89E-2 
Techneti um-99 8 . 7£-3 l . OE-6 1 .  7 E-2 25 5 . 12E-1 
I ron-55 4 . 2£-3 4 . 8£-7 2 . 2£+3 1000 1 .  9 1 £-6 
Cobal t-60 4 . 2 E-3 4 . 8£-7 1 . 1  E.,. 3 7 3 . 82E-6 
Iodi ne-129 <5 . 2E-3 <6 . 0E-7 1 .6E-4 2 <3 . 25E+1 
Ceri um- 144 < 1 .4E-2 <l .BE-6 3 .2E+3 7 <4 . 38E-6 
Manganese-54 <3 . 5E-4 <4 . 0E-8 8 .3E-+3 20 <4 . 2E-8 
Coba l t-58 <3. 5E-4 <4 . 0E-8 3 . 1 E+4 20 <1 . 13E-8 
N i ckel -63 <5 . 2£-3 <6 . 0E-7 4 .6E+1  100 <1 . I E-4 
Z i nc-65 <8. 5£-4 <� 8E-8 8 . 0£+3 30 < 1 . 06£-7 
Rutheni um-106/ <2 . 9£-3 <3 . JE-7 3 . 4£+3 7 <8. 53£-7 

Rhod i um-106 
S i 1  ver- l lOm <4 . 9£-4 <5 . 6E-8 4 . 7 E+3 7 <1 . 04£-7 
Promethi um-147  <4 . 2£-2 <4 .8£-6 9 . 4£+2 25 <4 .47£-5 
Europ i um- 152 <3 . 3E-6 <3 .8£- 10 1 .  9E+2 10 <1 . 74£-8 
Europi um-154 <3 . 8£-4 <4 . 4£-8 1 . 5£+2 5 <2 . 53£-6 
Europ ium- 155 <9. 6£-4 < 1 . 1 E-7 1 . 4E+3 60 <6 . 86£-7 
Urani um-234 <8. 7£-5 < 1 . 0£-8 6 .2£-3 0 . 1 < 1 . 40E-2 
Urani um-235 <l .OE-4 < 1 . 2£-8 2 . 1 £-6 0 . 2  <4 . 76E+ 1 
Urani um-238 < l .OE-4 < 1 .2E-8 3 . 3£-7 Unl im ited <3 . 03£+2 
Pl utoni um-238 < l . OE-4 <1 . 2E-8 1 . 7£+1 .003 <5 .88£-6 
Pl utoni um-239 < 1 .2£-4 < 1 . 4£-8 6 .2£-2 . 002 < 1 . 94[-3 
Pl utoni um-240 < 1 . 2E-4 < 1 . 4E-8 2 .3E-1 . 002 <5. 22£-4 
Pl utoni um-24 1 <5 . 7[-3 <6 . 5E-7 1 . 1 E+2 0 . 1 <5 . 18E-5 
Ameri c i um-24 1 < l . OE-4 <1 . 2E-8 3 . 2 . 008 <3 . 13E-5 
Curi um-242 <8. 7E-4 <1 .0E-7 3 . 3E+3 0 . 2  <2 . 64£-7 

Total  <2.27  Ci  <2 . 6E-4 
�C i /ml 384 . 66 grams 

•total act i v i ty and concentra t i on shown are for projected "Base Case" water. 

Note: Tri t i um is not i nc l uded i n  this  table s ince the system performs no removal of 
tri t i um. T ri t i um rel eases f rom the system are d i scussed in Sect ion 5 . 1 .  
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Consti tuent 

Ces i um- 137 
Ces i um- 134 
Stront i um-90 
Ant imony- 125/ 
Tel l ur ium- 125m 
Carbon- 1 4  
Techneti um-99 
I ron-55 
Coba i t-60 
I odi ne-129 
Ceri um- 144 
Manganese-54 
Cobal t-58 
N i c ke l -63 
Z i nc-65 
Rutheni um- 106/ 

Rhod i um-106 
S i l ver- 1 10m 
Prometh i um- 147 
Europium-152 
Europi um- 154 
Europi um- ISS 
Urani um-234 
Urani um-235 
Urani um-238 
P l utoni um-238 
P l utoni um-239 
P l uton i um-240 
P l utoni um-241  
Ameri c i um-24 1 
Curi um-242 

TABLE 2 
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PROCESSED WATER D ISPOSAL SYSTEM INF LUENT L I M I T S  IN pC i /ml  

AND THE RESULT I NG ENV I RONMENTAL RELEASE RATES IN  pC i/ml  

Coupl ed Mode 

Evaporator Resu l t ing 
Inf l uent l im it  Vapori zer l im it  

3 . 7£-5 
8 . 8£-7 
1 . 1E-4 
2 . 3E-6 

l . OE-4 
I .OE-6 
4 . 8E-7 
4 . 8E-7 

<6 . 0E-7 
<1 .8E-6 
<4 . 0£-8 
<4 . 0E-8 
<6 .0£-7 
<9 . 8E-8 
<3 . 3£-7 

<5 . 6£-8 
<4 .8£-6 
<3 . 8E-10 
<4 . 4E-8 
<l . l E-7 
<l .OE-8 
< 1 . 2E-8 
< 1 . 2E-8 
< 1 . 2E-8 
< 1 . 4E-8 
< 1 . 4E-8 
<6 . 5£-7 
< 1 . 2E-8 
<l .OE-7 

3 . 7E-8 
8 .8E-10 
l . lE-7 
2 .3E-9 

1 . 0£-7 
l . OE-9 
4 .8£- 10 
4 . 8£- 10 

<6 . 0£-10 
<1 .8E-9 
<4 . 0E- 1 1  
<4 . 0£- 1 1  
<6 .0£- 10 
<9.8E- 1 1  
<3 .3£-10 

<5.6£- 1 1  
<4 .8E-9 
<3 .8E- 13 
<4 .4£- 1 1  
< 1 . 1£-10 
<l .OE- 1 1  
<1 .2E- 1 1  
<1 .2£- 1 1  
<1 .2£- 1 1  
<1 . 4E- l l  
<1 .4£- 1 1  
<6 . 5£-10 
<1 .2£- 1 1  
<l .OE-10 

Decoupl ed Mode 
Envi ronmenta l  

Vaporizer Re l ease Rate 
Inf l uent l im it  l im it  

3 . 7E-8 
8 .8£-10 
l . l E-7 
2 . 3£-9 

1 . 0E-7 
l . OE-9 
4 . 8E-10 
4 . 8E-10 

<6 . 0E-10 
<l .BE-9 
<4 .0£- 1 1  
<4 .0£- 1 1  
<6 . 0£-10 
<9 .SE- 1 1  
<3 . JE- 10 

<5 . 6£- 1 1  
<4 .8E-9 
<3 .8E-13 
<4 .4E- 1 1  
<1 . 1 £- 10  
<l .OE- 1 1  
<1 .2£- 1 1  
<1 .2E- 1 1  
< 1 .2£- 1 1  
< 1 . 4£- 1 1  
< 1 . 4E- l l  
<6 .5E-10 
<1 . 2E- 1 1  
<l .OE- 10 

3 . 7£-8 
8 .8£- 10 
1 . 1£-7 
2 . 3E-9 

1 . 0E-7 
l .OE-S 
4 . 8£-10 
4 . 8£- 10 

<6 . 0E-10 
<1 .8£-9 
<4 .0£- 1 1  
<4 . 0E- l l  
<6 . 0£-10 
<9 . 8£- 1 1  
<3 .3E-10  

<5 .6E- l l  
<4 .8E-9 
<3 .8E- 13  
<4 . 4£- 1 1  
< 1 . 1£-10 
<l .OE- 1 1  
<1 . 2E- 1 1  
<1 . 2E- 1 1  
< 1 . 2E- l l  
<1 . 4£- 1 1  
<1 . 4E- 1 1  
<6 . 5£- 10 
<1 .2E- 1 1  
< l . OE-10 

limits as spec i f ied are averaged over a ca lendar quarter. 

Note : Tr i t i um i s  not i nc l uded i n  this  tab le  s i nce the system performs no 
remova l  of tri t i um .  Tr i t i um re leases from the system are di scussed i n  
Sect ion 5 .  1 .  
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