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1.0 INTRODUCTION 

1.1 Background 
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The TMI-2 accident resulted i n  the production of large volumes o f  
contaminated water. Direct releases of reactor coolant during the 
accident filled the reactor building basement to a depth of about 
3-1/2 feet. In the two years following the accident, additional 
water was added to this inventory by primary coolant leakage and 
inleakage of river water through the reactor building air coolers .  
In 1980, an agreement was executed between the City o f  Lancaster, 
Pennsylvania, GPU Nuclear Corporation, and the Nuclear Regulatory 
Commission (NRC) which prevented discharge or disposal of this 
accident generated water to the Susquehanna River, even after 
treatment to reduce its radionuclide content to within regulatory 
limits, prior to an environmental evaluation by the NRC. In· mid 
1981, treatment of this water using the Submerged Demineralizer 
System (SDS) and EPICOR II System was begun. Since 1981, the total 
inventory of this accident generated water had increased to a volume 
of 2 . 3  million gallons due to continued additions from dofueling and 
decontamination activities and condensation from the reactor 
building air coolers. Host of this accident generated water has 
already been processed to very low levels of radionuclide 
contamination and is commonly referred to as Processed Water. This 
water is recycled for use in cleanup activities and is subsequently 
reprocessed. some of the water, such as that removed from the 
reactor coolant system, will require some form of processing prior 
to disposal. The method of disposal in use i s  to process the water 
through a closed cycle evaporator, reheat the purified distillate, 
and discharge it as a vapor containing essentially all of tho 
tritium and a small fraction of tho particulate contamination to the 
atmosphere in a controlled and monitored manner via a 100 ft. high 
exhaust stack. The remaining particulate contamination is 
concentrated in the evaporator bottoms, collected, and further 
concentrated to a dry solid that is shipped off-site for disposal by 
burial at a commercial low level radioactive waste facility. Water 
that requires processing to reduce its radionuclide concentrations 
prior to disposal may be processed by ion exchange, filtration, or 
distillation. This pre-processing can be accomplished using the 
existing EPICOR system, using the evaporator operating in a closed 
cycle mode, or by using other temporary ion exchange systems as 
conditions warrant. 

1 . 2  Purpose and Scope 

The purpose of this report is to provide a description of the 
Processed Water Disposal system (PWDS) and ito interfaces with other 
plant systems; to provide a technical evaluation of the system's 
conformance to applicable codes, standards, and regulatory 
requirements; and to provide a safety evaluation of the system and 
its operation. This report concludes that the Processed Water 
Dioposal System does not constitute an unreviewed safety question 
and that the oystem can be operated ao designed without undue risk 
to tho public health and oafoty. Further, it concludeD that tho 
environmental impacts of the syotem operation and potential 
accidents involving the oyotem fall within the bounds of activitioa 
previously evaluated by the NRC staff in their Programmatic 
Environmental Impact Statement (NUREG-0683) and its supplemonta. 



2.0 SYSTEM DESCRIPTION 

2 . 1  General 
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The processed water disposal system consists of: ( l )  a vapor 
recompression distillation unit (main evaporator) that distills the 
processed water in a closed cycle and collects the purified 
distillate for subsequent release by vaporization; (2) an auxiliary 
evaporator that further concentrates the bottoms from the main 
evaporator; ( 3 )  a flaah vaporizer unit that heata and vaporizes the 
purified distillate from the main evaporator and release& the vapor 
to the atmosphere in a controlled and monitored manner; ( 4 )  a waate 
dryer that further evaporate& water from the concentrated waate and 
produces a dry aolid; and (S) a packaging ayatem that prepares the 
dry solid waste in containers acceptable !or shipment and for burial 
in a commercial low level radioactive waste disposal site. A block 
diagram of the proceoa is shown in Figure l. 

2 . 2  Main Evaporator 

The main, or VC-300, evaporator ia a vapor recompreasion type 
distiller. The heating section conaiots of a horizontal shell and 
tube type heat exchanger that is 24 inchea in diameter and 120 
inches long. The heat exchanger is of a patented design known aa a 
Bayonet Augmented Tube (BAT) heat exchanger. 

The evaporator feed enters the horizontal heat exchanger shell 
through two bottom feed connections and eight top spray connection& .  
There, i t  is heated to boiling by steam condensing in the tubea . 
The vapor ex ito tho shell, along with a significant quantity of 
entrained liquid, through two 12 inch diameter vapor risers and 
enters the separator/vapor dome section. The majority of the 
entrained liquid is collected in the bottom of the 24 inch diameter 
separator. The remainder of the entrained liquid is removed from 
the vapor as it rises into the vapor dome through two stages of 
woven wire demister screens. The liquid collected in the bottom of 
the vapor dome io drawn off by a pump along with a portion of the 
liquid !rom the heat exchanger section shell and returned to the 
main (VC-300) concentrate tank. The dried vapors exit the vapor 
dome through a 14 inch steam line and enter the suction side of a 
motor driven mechanical vapor compressor. The compressor increases 
the temperature and pressure of the steam and discharges it to the 
tube side of the heat exchanger in the evaporator heating section. 
The vapor condenses in the tubea, tranaferring its heat to the 
boiling liquid in tho shell. Tho condensate, or distillate, io 
removed from the tubeo by a vacuum eductor and discharged to the 
VC-300 distillate tank . 

The aystem is deoignod to operate under a vacuum and boilo the feed 
liquid at a temperature of about l60°F. The mechanical vapor 
recompreasor raises the temperature of the vapor to about 180°F. 
The compressor aupplies all the heat needed for steady state 
operation, operating on the principal of continuous reclamation and 
reuse of the latent heat of vaporization of the steam produced by 
evaporation. The heat necessary for system start-up io aupplied in 
the form of otoam from the auxiliary evaporator which is described 
in Section 2 . 3 .  
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I n  order t o  prevent overheating of the vapor compressor discharge 
due to excessive superheating of the vapors, a water spray is 
injected into the compressor auction duct. This water spray is 
supplied from both tho vc Dist i l late tank and tho C-30 Distillate 
tank to provide desuperheat and a liquid seal around the compressor 
lobes. Excess water i s  removed from the low point of the compressor 
discharge duct by a vacuum eductor and/or a liquid ring mechanical 
vacuum pump. Since thio liquid may be contaminated by volatilized 
boric acid quenched from the vapor stream by the deauperheat spray, 
it i s  diocharged into the contaminatej diotillate tank. Tho water 
in the contam1nated distil late tank, which is supplemented by the 
overflow from the c-30 diotil late tank (discussed later), is sprayed 
through two reflux spray noz:z;les into the main evaporator vapor 
dome. The spray i s  introduced between the two stages of demister 
screens. S ince boric ac.Ld io volatile in oteam, nome of i t  
vaporiz;os along with the steam. The reflux sprays, having a very 
low boric acid concentration, quench moat of the boric acid vapor 
and return it to the boil ing l iquid. 

· 

Processed water is fed to the VC-300 concentrate tank at a nominal 
rate of 3 to S gpm. The liquid is moved by vacuum from the 
concentrate tank to the evaporator heat exchanger shell at a rate of 
about 6 to 8 gpm. The excenn feed in carried over with the vapor, 
removed in the vapor separator section, and pumped along with a 
portion of the concentrated liquid from the heat exchanger she l l  to 
the concentrate tank by the VC Concentrate pump. The liquid level 
in the heat exchanger she l l  is normally mainta ined high enough to 
cover about one third to two thirds of the heat exchanger tubes. A 
portion of the feed enters the top of the heat exchanger shell and 
is sprayed over the tubes to provide a constantly wetted f i l m  on the 
heat transfer ourfaces. 

Both ends of the evaporator heat exchanger are equipped with clear 
plexiglass viewing w indows which a l low the operator to see the 
boiling l iquid level and degree of foaming so that level adjustments 
can be made as needed. In addition, the drain from the vapor dome 
to the recycle pump auction is provided with a sight flow indicator 
a llowing the operator to visually assess the amount of entrained 
l iquid ent�ring the vapor dome with the steam. 

About 1 gallon per m inute of the main evaporator concentrate recycle 
is discharged through a side stream fr�� the vc Concentrate pump to 
the aux i l iary (C-30) evaporator concentrate tank for further 
concentration and processing. When the VC-300 system is supplied 
with processed water contain ing a total oolids concentration of 1 . 8  
to 2 . 0\, i t  produces a concentrated solut ion o f  about 6 t o  8\ total 
dissolved solids (i.e. , about 10,000 to 14, 000 ppm boron) • The 
concentration of other soluble and particulate contaminants, 
including radionucl iden, in increased by the same proportion. Tho 
final concentration ratios can be varied to suit the processing 
needo or to opt imize thP proceso as experience dictates. The 
pur if ied dint i l late contains nearly all of the trit iated water but 
io cosent ially free of other contaminants s ince a very nmall 
percentage of the soluble and part iculate contaminants in the 
processed water is carried over in tho VC-300 diotil late. The 
distil late 1s collected in the diotillate tank for further staging 
in an on-site storage tank or for direct feed to the f lash 
vaporizer. 



2 . 3  Auxiliary Evaporator 
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The auxiliary (C-30) evaporator i s  similar in design to the VC-300 
evaporator, but it is omaller and does not use a vapor compressor . 
The heating section is a 6 inch diameter horizontal shell and tube 
heat exchanger and the separator section is 8 incheo in diameter . 
Tho auxiliary evaporator is fed by recirculation from ita 
concentrate tank (C-30 concentrate tank) and further concentrates 
the discharge from the main evaporator to a concentration of about 
10 percent total solids. This final concentration may be varied 
depending upon the chemistry of the batch being processed and 
operational needs. The heat source to the auxiliary evaporator is 
waste heat from the hot distillate in the vc-300 distillate tank 
supplemented by two thermostatically controlled 30 KW electric 
heaters. Distillate is pumped from the VC-300 distillate tank 
through the electric heaters which heat it to about 170°F . It flows 
to the tube side of the shell and tube heat exchanger portion of the 
auxiliary evaporator whore it heats the boiling liquid on the shell 
aide. The distillate then exits the tubes and returns to the VC-300 
distillate tank. During system start-up, vapor from the auxiliary 
evaporator is used to provide a heat source to the main evaporator. 
Once the main evaporator is heated and in operation, a valve in the 
vapor line to the main evaporator is closed and the vapors are 
routed to the auxiliary condenser. Tho condenoate is removed !rom 
the condenser by an eductor and discharged to the c-30 distillate 
tank which then overflown to the contaminated diotillate tank. 
Water in the c-30 distillate tank io pumped through a recirculation 
loop by the c-30 distillate pump, P-3. This loop supplieo the 
motive force for tho distillate eductor, E-3. A sidestream from 
this loop oupplies the seal water to the VC-300 and C-30 concentrate 
pumpo and an additional sideotroam can oupply an alternate or 
supplemental source to the VC-300 desuperheating sprays. 
Concentrated solution from the c-30 evaporator is discharged at a 
rate of 0 .  4 to 0 .  7 gpm to the blender/dryer transfer tank for 
suboequent drying and packaging. 

2 . 4  Flash Vaporizer 

The flash vaporizer performs the final evaporation of the purified 
diotillate and releases the resultant vapor to atmosphere through an 
exhaust stack. Distillate is pumped to tho vaporizer flash tank at 
a rate of about 3 to S gpm. A 500 gpm recirculation pump forces 
water from the flash tank through throe 300 KW electric heaters 
where the temperature and preooure are rained to about 240°F and 8 
poig respectively. Tho heated water discharges through a butterfly 
valve into the 24 inch diameter by 60 inch high cylindrical Clash 
tank where the reduced prooouro results in immediate vaporization of 
a portion of the heated water. Tho vapors exit tho top of the tank 
through a 10 inch thick demister screen into a 3 inch diameter by 
100 foot high exhaust stack and are released to tho atmosphere. A 
small amount of liquid io drained from the flash tank as a 
continuous blowdown and returned to the VC-300 concentrate tank. 
Condenoato that forma in the exhauot stack io drained through a 
steam trap to the contaminated diatillate tank. Any condensate 
carried up the otack io removed at the otack diocharge point by a 
cyclonic moisture oeparator and drains back to the dintillate tank. 
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The blender/dryer receives the liquid or slurry product from the 
auxiliary evaporator at a concentration of 10 to 12 percent total 
solids, evaporates the remaining water, and produces a dry solid 
waste. The body of the dryer consists of a cylindrical horizontal 
vessel that is about 8 feet long by 30 inches in diameter with a 
holding capacity of about 35 cubic feet . 

The shell of the blender/dryer is jacketed with heat for the drying 
operation that is provided by steam supplied to the jacket by an 
electrically heated boiler. The boiler produces steam at a pressure 
of 10-13 paig. Condensate from the jacket is collected in a 30 
gallon tank and returned to the boiler as feedwater. The water 
evaporated from the waste product is removed from the blender/dryer 
shell through a condenser by a vacuum eductor. It is discharged 
into a 168 gallon holding tank where it io recirculated by a pump to 
provide the motive force for the eductor. A oide stream from the 
recirculation path is discharged to the VC-300 concentrate tank for 
reprocessing through the evaporator. The recirculation loop i s  
equipped with a heat exchanger t o  cool the water t o  assure proper 
performance of the eductor . 

The inside surface o! the dryer is continuously scrape<' :.,y a 
rotating helical ribbon agitator that removes and mixeo the material 
that dries on the inside surface of the shell. The liquid or slurry 
is pumped into the dryer in batches through a 1/2 inch feed 
connection located on the dryer side. As the material comes in 
contact with the heated shell surface, the remaining water is 
evaporated. The rotating helical ribbon agitator scrapes the dried 
material from the surface, continually blends the material, and 
conveys it toward the center of the dryer body. When a batch has 
been dried, it is discharged through a ·six inch pneumatically 
operated ball valve into the packaging system. 

2 . 6  Packaging system 

The dried solid waste from the process is packaged in DOT 
Specificat ion 17-C containers. A container, which is dimensionally 
the same as a standard 55 gallon drum, is placed inside of a 
ventilated sheet metal enclosure directly below the blender/dryer 
discharge valve. The drum rests on a small movable platform that 
can be raised and lowered . When ready for filling, the drum is 
raised inside the enclosure so that it seats tightly against a 
gaoketed sealing surface on the top of the enclosure and the 
enclosure door is latched closed. The dried waste is discharged 
from tho blender/dryer and flows downward through a flexible boot 
seal into the waste container. As the drum is filling, a small 
blower draws a auction through a connection on the top of the 
enclosure from the open drum. This removes any fine dust that might 
create an airborne dust problem and maintains a slight negative 
pressure in the drum. Any material that is entrained in the air 
flow from the blower is collected in a water filled trap and the air 
is exhausted to the building atmosphere through a HEPA filter. The 
drum filling operation is visually monitored through a clear 
plexiglass viewing window. This allows !or manual control of the 
drum level. When a drum is filled, the blender/dryer discharge 
valve is closed and the small drum suction blower may be secured. 
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Tho enclosure door is then opened causing an automatic start of a 
larger ventilation blo�er. This blower, which takes a suction on 
the enclosure, produces sufficient air flow through the open door to 
enoure that any material that becomes airborne during drum handling 
is drawn into the enclosure. The air is exhausted by the blower 
from the enclosure to the building atmosphere through a HEPA filter. 
The packaging system is instrumented to provide indication of tho 
negative pressure in the enclosure and differential pressures across 
the HEPA filters. 

2.7 Tank Vent System 

All of the tanks on the evaporator skid and transfer skid are closed 
at the top with gasketed plexiglass covers equipped with two inch 
vent connections. The vents are routed via flexible hose to a 
manifold mounted in the building ceiling. The manifold discharges 
through a condenser to a HEPA filter that exhausts to the building 
atmosphere. The condenser removes moisture and steam vented from 
the tanks and drains the condensate to the blender/dryer transfer 
tank. This protects the HEPA filters from excessive moisture. The 
HEPA removes particulate matter from the vent stream before it 
diochargeo to the building atmoophoro. 

2.8 Ancillary Equipment 

2.8.1 Enclosure Bu1lding 

The entire processed water dispooal system is enclosed in 
a modular building 26'X30'Xl4' high located ao shown on 
Figure 2. The primary purpose o! the building is to 
ohiold tho equipment and operators from the environment 
and to contain the process liquid in the extremely 
unlikely event of catastrophic failure of the system tanka 
or piping. Tho building is constructed of pre-fabricated 
interlocking panels. The panels are laminated 
construction consisting of an insulating foam material 
sandwiched between sheet metal and are painted on their 
interior and exterior ourfacos to facilitate cleaning. 
Attached to the building is a 10'Xl2' office area that 
serves as an operating control point. In addition, it 
provides a controlled point of entry into the equipment 
build1ng which is a rad1oloqlcally controlled area. The 
buLlding is placed on a poured, reinforced foundation and 
olab which is curbed to contain any liquid spilled, and 
sloped to channel spilled liquid to a sump. The curbing 
is of sufficient si�c (about 2200 gallonn) to contain tho 
entire volume of liquid that could be contained in the 
system. The foundation and olab La coated with an epoxy 
base sealant to facil�tatc decontamination, as needed. 

The building is provided wi�h thQ nccosoary lighting and 
telephone communicllt.ion !or normal operation. In 
addition, port.able hoatoru can be tnstallod i! ncodod 
during pcriodo of ohutdown i! cold weather prooonts a 
poooibility of fr�ozing. 
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The building i s  ventilated b y  a n  exhaust fan that provides 
up to 15 air exchanges per hour. The fan draws air from 
the southwest corner of the building via a pre-filter and 
a HEPA filter and dischargeo to atmosphere through an 
exhaust stack above the Unit 1/Unit 2 corridor roof. The 
fan and filters are contained in a portable unit located 
in an enclosure against the corridor wall. It is 
connected by sheet�tal duct to an opening in the 
evaporator building wall. The discharge is provided with 
an isokinetic probe through which the exhaust is sampled. 

An ambient air sampler is operated continuously within the 
evaporator building to evaluate airborne radiological 
conditions during proceosing. The monitor hao a strip 
chart recorder and is set to alarm at 25 percent of 
Maximum Permissible concentration (HPC) to personnel. The 
monitor with its strip chart recorder is used to monitor 
for trends in the building airborne radioactivity levels. 
Reaching levels of 25 percent of HPC is extremely unlikely 
due to the low specific activity of the radioactive 
material being handled. 

In the event the sampler becoroes inoperable, operation of 
the PWDS may continue for up to one week provided high 
volume air samples are obtained in the building every four 
hours. 

Because of the nature of the contaminants in the 
processing stream, primarily boric acid and borate salts, 
material leakage and spills in the building will result in 
airborne dust ha:ards before the airborne radioactivity 
reaches a level of concern. The building atmosphere is 
periodically monitored for respirable dust and workers are 
required to use respiratory protection if airbo�e 
concentrations of boric acid and berates exceed 1 mg/m • 

In the unlikely event that acceptable radiological or 
nonradiological working conditions cannot be achieved in 
the evaporator building, action will be initiated to 
protect the operators, the system will be placed in a safe 
shutdown condition, and all processing activities will be 
terminated until the problem is corrected. In addition, 
the building ventilation will be shutdown when necessary 
to terminate any unplanned airborne radioactivity releases 
to the environment. 

In addition to monitoring �he airborne radiological 
working conditions inside the building, the continuouo air 
monitor is located so that its sampling point provides a 
sample that is generally representative of the air being 
discharged from the building ventilation exhaust. This 
provides a means of quantifying the material released from 
the building in the event of a apill of liquid or solid 
waste. Initially, the monitor was placed in the area that 
in tho judgement of the engineering staff would most 
likely be representative of the building atmosphere. 
After system startup, high volume air samples were 
obtained tt' confirm that the monitor location had been 
chosen properly. 1\ program has been established to 
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confirm quarterly that the continuous air monitor is 
placed in a location such that it provides an adequate 
indication of the radiological releases from the building 
exhaust . 

Cooling Water System 

Cooling water for the processed water disposal system is 
supplied by two self contained closed cycle chilled wator 
systems located outside adjacent to the evaporator 
building. One system consists of a 25 ton chiller and a 
1600 gallon chilled water surge tank. It provides cooling 
water to the c-30 evaporator condenser and to tho vapor 
compressor oil cooler . The second system consists of a 25 
ton and a 10 ton chiller operated in series along with a 
1100 gallon surge tank. The system provides cooling water 
to the blender/dryer vapor condenser, the eductor 
recirculation loop cooler, and to the tank vent condenser. 
In addition, immersed in the surge tank are two heat 
exchanger tube bundles that will serve as condensers to 
quench vapors discharged in the event of a steam release 
from the steam generator relief valve. 

Electrical System 

Tho evaporator system requires a 480V, 3 phase, 60Hz main 
power feeder capable of supplying 1600 KVA to the 
evaporator building switchgear. This is provided by a 
single 13 . 2  KV primary from an existing MET-ED junction 
pedestal at the NE end of the 230 KV substation. This is 
routed through existing underground duct banks to a 2500 
KVA step-down transformer ( 13 . 2  KV - 480V/277V). The 
step-down tranoformer is installed on a concrete pad 
adjacent to the evaporator building and is surrounded by 
a block wall to prevent the spread of possible fire due to 
a transformer oil leak. The switch�ear 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 volt 
emergency power feeder has been provided from the existing 
plant electrical distribution system. The power can be 
brought in from USS 2-48 through the normal power supply 
to the high pressure spray pump, TDW-P-1 (the NLB pump), 
via a normally locked open disconnect switch that has been 
added to the line aide o f  the NLB pump disconnect. This 
should provide power to sufficient loads in tho evaporator 
system to permit dilution and flushing o f  the evaporator 
to prevent solido precipitation and to keep tho 
blender/dryer operating without ita heaters until normal 
power can be restored . 

Plant System Tie-ins 

Operation of tho evaporator system requires connection to 
existing plant syotema for variouo oervice needo. These 
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plant tie-ina are shown schematically on CPI1N Drawing 
20-3185-1630. The drawing shows the connections to the 
contractor supplied evaporator system as well as the 
modifications to the existing systems necessary to 
facilitate tho tie-ina. 

The existing Processed Water Storage Tanka ( PWSTa) are the 
primary feed source to the evaporator. The tie-in to the 
PW system allows pumping from either of the 500,000 gallon 
PWSTs to the evaporator. Evaporator distillate can also 
be returned to either tank. Tho Borated Water storage 
Tank (BWST) recirculation system has been modified to 
permit feeding water from the BWST to the evaporator. The 
EPICOR II system was modified to allow using the existing 
85,000 gallon CC-T-1 as a distillate staging tank. This 
tank can receive distillate from the evaporator or it can 
transfer liquid as either feed to the vaporizer or feed to 
the evaporator. In addition, the connections to cc-T-1 
allow continuous recycling of evaporator distillate by 
simultaneously feeding relatively clean water from CC-T-1 
while evaporator distillate is returned to CC-T-1 .  The 
tie-ina are designed so that any tank being used to feed 
the system can be isolated from all sources that may add 
any water to that tank while in service as a feed source. 
Similarly, any tank used as a staging tank to receive 
distillate is isolated from any other sources o f  water. 
Isolation of tanks is controlled by GPUll procedures . 

Clean water is supplied to the evaporator system for 
equipment flushing and cleaning. It is supplied from 
either the plant Demineralized Water (DW) System or the 
plant Domestic Water (DO) System. 

Service air is supplied to the evaporator building from 
the existing plant Inatrumont Air ( IA) system. It 
supplies the blender/dryer transfer pump, the air operated 
blender/dryer discharge valve, and an air aparger on the 
transfer tank. 

All piping containing liquids that is outside the building 
is heat traced to prevent freezing in cold weather . 
Process connections to tho vendor supplied system from 
plant liquid systems are bolted flanged connections. 

Sodium hydroxide or other chemical additives may be 
supplied from self contained chemical metering pumps and 
storage reservoirs in the Unit 1/Unit 2 corridor. These 
pumps inject chemical additives through tygon tubing 
connections on tho various system tanka to control foaming 
or enhance system performance aa required . 

Fire Protection 

Fire protection ia provided by portable fire extinguishers 
installed in the building in accordance with National Fire 
Protection Association Codes and Standards and the Plant 
Fire Protect ion Plan. 



TER 3 2 32 - 019 Rev . 4 
Page 14 of 3 8  

3 . 0  SYSTEM OPERATION AND CONTROL 

3 . 1  General Operation 

The processed water disposal system is designed to operate at a feed 
rate of about 3 to 5 gpm. The currently projected disposal program 
will process the entire 2 . 3  million gallons of water over a period 
of about two years. This time frame is dependent upon operational 
availability of the evaporator system, and progress of 
decontamination and preprocessing of water. Regardless of the 
overall length of the operating program, the system is operated and 
controlled in such a m�nner that the environmental impacts of the 
project do not exceed the minimal impacts projected and evaluated in 
the NRC Staff's Programmatic Environmental Impact Statement, 
Supplement 2 .  This section of the report describes the modes of 
operation of tho system, the instrumentation and controls used in 
the system, and describes the basis for tho operating limits imposed 
on tho system to assure that the resulting environmental impacts are 
within those analyzed. 

3 . 2  Operational Modes 

The processed water disposal system is designed with the flexibility 
to operate the evaporator and vaporizer as a coupled unit or to 
separate the two units and operate them independently. In the 
coupled mode, the evaporator and vaporizer are operated in series in 
a continuous flow operation . The distillate from the evaporator is 
fed directly to the vaporizer for atmospheric discharge. When 
decoupled, the evaporator or the vaporizer is operated separately 
with the other unit shut down. The distillate from the evaporator is 
pumped to a separate staging tank and held for lat�r feed to the 
vaporizer or reprocessing through the evaporator. These modes are 
described in detail in Sections 3 . 2 . 1  and � . 2 . 2 .  

Operation of the processed water disposal system i s  under direct 
control and supervision of CPUN operations staff. Tho personnel 
performing the operation are cor'.3Ctor personnel provided by 
Pacific Nuclear Waote Serviceo Croup, the vendor and owner of the 
system. These personnel have received the training required by 
plant procedures !o: access to the facility's protected area and 
radiation work permit areas and will perform all operations under 
the control of CPU!I approved operating procedures. Radiological 
controls, chemistry, and effluent sampling and analysis needed to 
support system operation are provided by CPUN staff. 

3. 2. 1 Coupled Oper�tion 

In thin configuration the evaporator and vaporizer are 
coupled and operated as a continuous cycle system . The 
primary control over environmental effluents is 
established by strict control over the process influents . 
The body of water to be procosood lo ioolated from all 
other pooolble oources of contamination, the oource tank 
is recirculated to aooure homogeneity, and then oamplod. 
A chemical and radiochemical analyois for the principal 
radionuclldes La performed and the analyticlll resulto 
compared to the influent criteria discusoed in Section 
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3 . 3 .  Once conformance to the influent criteria is 
confirmed, water may be processed. Water is supplied at 
a rate of about 3 to 5 gpm to the VC-300 concentrate tank 
from where it is fed and recirculated through the main 
evaporator. The main evaporator increases the 
concentration of dissolved solids, including the 
particulate radionuclides, by a factor of about 3 to 4. 
The concentrated solution is continuously drawn from the 
VC-300 recycle line and pumped to the C-30 auxiliary 
evaporator. The C-30 evaporator produces a further 
concentrated solution that is about. 10 to 12 percent 
dissolved solids (significantly higher concentrations can 
be achieved for feed solutions containing · higher 
concentrations of sodium ion from the addition of sodium 
hydroxide). The purified distillate is continuously 
removed from the VC-300 tube bundle by eductor, E-2, and 
is discharged to the vc Distillate Tank. The water in the 
distillate tank is continuously recirculated by the main 
distillate pump, P-2, and the heating loop pump, P-1. The 
heating loop pump, P-1, circulates water from the VC 
distillate tank through two 30 KW thermostatically 
controlled electric heaters, through heat exchanger HX-3, 
and then to the tube bundle of the C-30 evaporator. The 
residual heat, supplemented by the electric heaters, 
provides the heat source to the C-30 evaporator. The 
water discharges from the c-30 tube bundle back to the VC 
distillate tank. The dutillate pump, P-2, supplies water 
to a recirculation loop that feeds clean water to the 
desuperheater spray nozzles in the vapor recompreaaor 
auction, motive force water to the VC-300 distillate 
eductor, E-2, and the evaporator distillate discharge. 
The discharge aideatream passes through the raw feed 
preheater, HX-2, and out through automatic letdown valves 
operated by level controls on the VC distillate tank. 
When operating in the coupled �e, which is expected to 
be the normal mode of operation, the letdown flow from tho 
distillate loop is discharged directly to the vaporizer. 
The distillate passes through a radiation monitor and an 
automatic liquid composite sampler and enters the 
vaporizer recirculation loop as described in Section 2.4. 
During operation, samples are obtained periodically from 
the raw feed to the evaporator, from the distillate feed 
to the vaporizer, and from the vaporizer discharge. 
Analyses of these samples in the aite laboratory confirms 
that the evaporator influent quality has been within the 
required specifications during th9 previous operating 
period and that the Processed Water Disposal system 
produced a decontamination factor of at least 1000. If 
these two criteria are met, the environmental releasee 
from the system have been within the limits discussed in 
Secti�n 3 . 3 .  The boron analysis is used t o  calculate a 
96-�our rolling average of the system OF. If the system 
average performance drops below a OF of 1000 over a 96 
hour period (except for periods of startup, shutdown, or 
short duration malfunctions) or if conditions should exist 
which, in the judgement of CPU Nuclear, is such that a 
96-hour average OF of 1000 cannot be re-established, 
releases to the environment through the vaporizer will be 
tor�inated, the system will be shutdown, and corrective 
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action will be taken. When tankage is available, an 
alternative to full oyotem shutdown will be to terminate 
tho release from the vaporizer and return the evaporator 
diotillate to an interim staging tank or recirculate it 
back to the VC-300 Concentrate Tank . Thio will allow 
adjustments to the process to restore ita operation to 
within the specifications without a full syotem shutdown. 
An in-line radiation monitor provides a continuous 
indication that the environmental releaoeo are within the 
limito required by the THI-2 Technical Specifications. If 
oample analyses show that the environmental release rates 
have been higher than those stated in Section 3 . 3, 
influent limits will be adjusted for subsequent operating 
periods to ensure conformance to the average quarterly 
limits discussed in Section 3 . 3 .  

Sufficient data was obtained during tho systom testing 
program to verify that the design decontamination factor � 
would be achieved during coupled mode operations .  

Decoupled operation 

In the decoupled mode of operation, the evaporator and 
vaporizer are operated as separate units. The source tank 
to be processed is isolated, recirculated, sampled, and 
analyzed for conformance to the criteria 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 distillate is discharged to a 
holding tank rather than being fed directly to the 
vaporizer. When the holding tank is filled, the 
evaporator is shutdown and the holding tank is sampled and 
analyzed. If the water is suitable for direct 
vaporization, it is fed to the vaporizer and discharged to 
the atmosphere. If it is not suitable for direct 
vaporization, it can be processed again through the 
evaporator in either coupled or decoupled mode depending 
upon ito contaminant concentration. This option allows 
using the evaporator as a preprocessing system for water 
sources that do not meet the criteria for diocharge by 
direct coupled operation • .  Higher activity waters may be 
proceooed in batches through the evaporator until it is 
suitable for final vaporization. When processing higher 
activity water, care will be taken to avoid cross 
contamination of later lower activity batches . Sample 
analysis will confirm that croso contamination has not 
occurred. 

In decoupled operation, the evaporator influent criteria 
are baaed on as9uring that the solid waste form produced 
meets the requirements for an LSA, Class A waste. In 
coupled mode operation, the evaporator influent criteria 
are baaed on assuring that the environmental releases from 
the system arc within the established specifications and 
the solid waste produced meets tho requirements for LSA, 
Class A waste. Slightly different influent criteria are 
imposed because in the decoupled mode, tho evaporator does 
not discharge ito distillate directly to the vaporizer for 
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release t o  the environment. This i s  discussed further in 
section 3.3. 

Final Waste Processing Operations 

The final processing of the evaporator bottoms is the same 
whether operating in the coupled or decoupled mode. 
concentrate is discharged from the c-30 evaporator at a 
rate of 0.4 to 0.7 gpm and collected in the 275 gallon 
transfer tank. The concentrate is transferred in batches 
from the transfer tank to the blender/dryer, steam is 
admitted to the blender/dryer jacket, and the temperature 
is raised to about 120•F. The liquid is boiled off under 
vacuum which is drawn by a vacuum eductor. The eductor 
also removes the boiled off vapors through a condenser, 
and discharges into a holding tank. The liquid is then 
pumped back to the VC-300 concentrate tank for 
reprocessing. The drying takes place at a pressure of 
about 22 to 29 inches Hg vacuum. Once drying haa started, 
concentrate is periodically pumped from the transfer tank 
to the blender/dryer in small batches as it accumulates 
until about 450 gallons have been placed in the 
blender/dryer. At this point, concentrate is held in the 
transfer tank until the blender/dryer contents are dried 
and packaged, at which time the cycle starts over again. 
During the final drying stage of a batch the temperature 
of the blender/dryer will increase to about 140•F. 

3.3 Influent Limits 

As previously stated, the primary method for control of the effluent 
from the evaporator or vaporizer ia by establishing strict controls 
on the process influent characteristics. The effluent liquid 
quality from the evaporator is dependent upon the decontamination 
factor, or DF, achiC'ved by the process. The System OF is defined as 
the concentration of contaminants in the system influent divided by 
the concentration of contaminants in the system effluent. The 
Processed Water Disposal System is intended to provide a 
decontamination factor of at least 1000 for particulates. In other 
words, leas than one one-thousandth or 0.1 percent of the 
particulato radionuclides preaent in the evaporator influent is 
carried over with the vapors discharged to atmosphere. Further, 
9 9 . 9 percent of tho particulate radionuclidea is collected in the 
dry solid waste that is packaged for disposal. This OF of 1000 for 
particulates has been verified by a series of testa performod both 
prior to delivery of the system to the THI site and after 
installation of the system at the site. These tests involved full 
flow operation of the system using liquid solutions that were very 
close in compositiun to the THI-2 processed water but contained no 
radioactive material. The evaporator DF was verified by chemical 
analysis of the feed solutions, the purified distillates, and the 
vapor discharged to atmosphere. 

The influent quality ruust be controlled to assure achieving two 
effluent results. First, the purified distillate is released to the 
environment via the vaporizer. The level o! contaminants released 
in the vapor muet be kept low enough to aseur� minimal environmental 

I 
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impacts . Second, a t  least 99.9 percent o f  the contaminants 
cont.ained in the evt.porator in! luent is collected a s  dry solid 
waste. 7his waste is packaged on-s1te and transported for burial i n  
a commercially operated radioactive waste disposal facility. The 
waste form produced must be suitable !or transportation and burial 
in accordance with the regulations of the u.s. Department o f  

Transportation and t h e  U .  s .  Nuclear Regu latory Commission. CPUN 
has choeen to pr�eso the waste to a form that meets the 
transportation requirements for Low Specific Activity (LSA) 
radioactive material. In addition it conforms to the burial 
requirements for Class A waste. In general, the criteria for LSA 
and Class A waste constitute the lowest level radioactive waste 
material originating from commercial nuclear power plants that are 
regulated for purposes of transportation and dispoeal. 

The water to be disposed io in etorage in various tanks around the 
site, some o! whtch is still in use for clean-up activities.  Some 
o! thie water hae already receLved final processing through the 
Submerged Demineralizer System (SDS) and EPICOR II. Some o f  the 
2.3 million gallon inYentory wil l require some form o( additional 
preproceso ing before being processed for disposal by the evaporator 
system tn a coupled mode. Table l ,  Columna 1 and 2 ehow the 
projected average activity levelo for the total 2.3 m i l l ion g a l l ons 
of accident generated water. Th1s data appears in the NRC sta!!'s 
Programma: ic En•Jl ronmenta l  Impact St atement (PE l S )  Suppl ement 2 
(�UREC-0683, Supp 2) in Table 2.2 and is identif ied as "Base Case" 
water. These act1vity levels formed the bao10 for the NRC staff's 
analysiG of thP. en\•ironmental im?act.s o !  evaporator diecharges. The 
activity releases occurring !-:om evaporation and vaporizer 
d ischarges o !  "Baoe case" water result in releaeee that are a sma l l  
! ractton of the releases �rm1ssible b y  exieting regulatory 
requ1rements. £ven though higher releases are perm i s s ible by 10 CFR 
20 and plant Tachn1cal Specification& and are of very minor 
en·Hron:nental conseq-:Jcnce, the processed water disposal syotem i s  
operated t n  such a manner that the PEIS projections o f  environmental 
�mpact arc not exceeded. S i nce the PE I S  analysis assumed proce ssing 
"Base Case"' water w1th a vaporizer dtscharge to the atmosphere 
conta�ning 0.1 percent of the radioactive particulates from the 
1nfluent. that value is used as the system operating l imit. 
Therefore, when operat1ng the processed water disposal system in the 
co�pled mode, the volume of water being processed is isolated !rom 
all sources of contam1nation. Tne concentrations of the principal 
rad1onuclideo are vorifi�d by analysio to be within limits so that 
quarterly average concentratlons of all water processed in this mode 
dre no grcat.er than the concentrat1ons l1sted in Table l ,  Column 2 .  
�hen processing water through the vaporLzer i n  the decoupled mode, 
the quarterly average vaporizer Ln! luent concentrations are no 
greatc.r th.ln 0.1 percent of the values in Table 1, Column 2. Those 
llmito equate to an atmospher ic release rate for particulate 
rad1on�clides of S.2F.-5 �C1 per second if processing water 
contaln1ng the max1mum ltrnito at a rate of 5 gpm. These limits are 
ehown 1n Tdblo 2. 

The �vaporator 1nfluont llrn1t for coupled mode operationo asoumcs a 
Of' of 1000 for parttculateo. lt ayntell'i testing .1nd operational 
c·�·cicn�� dencnotratP thdt a higher OF can be malnLalnod for tho 
part�c�lar ba tch of water belnq procesoed, tne evaporator influent 
���iL !or coupled �cde o�ration is increaoed accordingly. Further, 
:.f t.!oe OF .1ci1�P·Jpcl !or a ningl� nucl!.df• lo ohown to vary 
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s i g n i f icantly !rom OFs achi eved for other constituents, the i n f l uent 
l imit for that nucl ide i o  adjusted accord wg l y .  S i m i l a r l y ,  the 
vaporizer yields a measurable OF. The prev iously mentioned 1 n f l uent 
l imits for decoupled mode vaporizer operation are based on a O F  o !  
1 . 0 .  When testing and operational experience demonstrates that a 
higher vaporizer OF can be maintained, the vaporizer i n f l uent l im i t  
w i l l  be increased accord 1ngly. Operat1ng within these i n f l uent 
l imits ensures that the environmental release concentrat ions of 
particulate radionucl�des are within the l im i t  o f  0.1 percent o !  
base case concentrations on a quarterly average. 

When proces s i ng water in the decoupled mode, the evaporator does not 
discharge the dist i l l ate directly to the environment s i nce the 
d i st i l l ate is c o l lected and stored in an on-site staging tank. I t  
i s  h e l d  for future d i scharge directl�· through t h e  vaporizer, f i nal 
processing through the evaporator and vaporizer i n  coupled mode, or 
further preprocessing through the evaporator in decoupled mode, 
depending upon i t s  rad1onucl1de conten t .  Therefore, the evaporator 
i n f l uent limits 1 n  the decoupled mode are baaed on assuring an 
acceptable f i n a l  waste form. 

The major constituent of the processed water that contributes to the 
f i n a l  s o l i d  waste is ortho-boric ac1d (H B01 ) which has been used 
throughout the c l eanup program !or cr lt ica l i ty cont r o l .  The 
original processed water inventory o! 2 . 2 5 m i l l ion gal lons contained 
an average concentrat1on o f  boron from bor1c acid additions of about 
3500 parts per m i l l ion ( ppm )  but can range as high as 6000 ppm i n  
some o !  the sources. Sodium hydroxide ( t•aoH) had been added t o  the 
water for control of pH and had an average concentration of about 
700 ppm sodium ions in the 2 . 2 5 m i l l ion g a l l o n s .  As the water i s  
evaporated, the NaQH and H

1
BO

� 
combines to y i e l d  sodium porate s a l t s  

in t h e  form of Na,O 2 B101 ( soaium Tetra-Borate) and Na20 B,O (Sodium 
Meta-Borate ) .  Tne tetra-borate form predominates a s  very f i t t l e  i f  
any meta-borate i s  expected with a feed solution pH o f  less than 1 0 .  
The remainder o !  t h e  1\BO, crysta l l izes as ortho-boric acid. At the 
original averages o f  J S OO  ppm Boron and 7 0 0  ppm Sodium, the 2 . 2 5 
m i l l ion g a l lons of processed water contained about 179 tons of boric 
acid and about 11 tono o !  sodium hydrox ide. This materi a l  i s  
non-radioactive. I n  contrast t o  t h i s ,  Table l ,  Columns 3 and 5 show 
the spec i f ic activity o! the radionucl i deo present in the processed 
water and t�e resultant total quant i t y  of each in 2 . 3  mi l l io n  
g a l lons o f  "Base Case" water. It shows that the total weight of 
radioact1ve mater i a l  present with the 190 tons of boric �cid and 
sodium hydroxide is less than one pound. Therefore, the predominant 
material present i n  the s o l 1 d  waste 1s boric acid an( its sodium 
s a l t a .  The projctcted weight of boric a c i d  and sodi 1m hydroxide 
shown here are based, as previously statud, on �he ortginal 
inventory o !  2 .  2 5  m i l l  ion gal lo:1t. and average boron and sod1um 
concentrat iono of 3 500 ppm and 7 00 ppcn respec t i ve l y .  Since that 
projection, i ncreases in inventory have occurred ouch that the total 
vol ume of water to be d i sponed i s  about 2 . 3  m i l l ion g a l lono. The 
water added to 1nventory has not requ t red boron add1t ionu, thus the 
total projected weight of bortc actd in the AGW has not changed. 
Howeve r ,  the total weight of sodtum hydroxide w t l l  depend upon 
pt·ocesoing roqu1rementn for pH adju otml!nt and the amount of sodium 
removal that occuro in any ion exchange preproccsoing . Theoe 
weighto d i f fer f rom the values g1ven in the PE l S .  The v a l ues used 
by the IIRC in preparing the P E l S  w\!n.! based on dat,l prov1ded by GPU 
rluclear 1n J u l �·  1 9 8 6 .  ( 1 . 1'! . ,  2 . 1  mi l l ion gal lon n ,  .)000 ppm Boron, 

I 
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and 700 p pm  Sod ! U� . ) 5 1 nCe BUOmlOS LOn Of that data, add1t10ns O( 
b o r 1 c  a c 1 d  a n d  inventory changeo have 1ncreaood tho va l ueo to tho 
current 2 . 3  n i l l 1on gal lons, 3500 ppm Boron, and 700 ppm Sod1um. 

To determ1ne t he transportat ton category, each radlonuc l i de present 
1n t he waste 1 0  aso1gned an A-2 value which is the number of cu r ies 
o! that nuc l 1 de that may be sh tpped i n  a Type A conta i ner . The A-2 
values are obtained f rom the app l icabl e DOT and IIRC regu l At i ons and 
are sh�-n tn Table 1 ,  Column � .  From the A-2 va l ues , a permi s o i.ble 
LSA concentrat1on 1& determ1 ned . The LSA concentrations are the 
:nax 1mu:n concent rat 1onY 1n m d l icur1e& pe r  gram that may be packaged 
tn a strong t 1ght conta1ner .snd shi pped in an "exclusive use" 
velacle au Low Spec d ic Actl'Hty ( LSA) mater i a l . Ca l cu l at ions show 
t hat processed water cont a 1 n 1 ng 3000 ppm Boron and the rad 1 onuc l ide 
conccntratlono o! Tab le 1 ,  Colu�n 2 ,  w 1 l l  y 1 c l d an LSA waste when 
evaporated. The waste 1 s  sh1pped 1n DOT Speci f 1 cat ion 17-C 
cont a i ner s . Theoe containers exceed the m1n 1mum requ1 remento !or 
"ot ronq t 1ght cont a 1ner a " .  

To determine the bu r i a l  category o! the waote, B 1 m 1 l ar calculat ions 
are done t o  compare tho waste to cr1ter1a i n  10 CFR 6 1 .  
calculat Lons show that process1ng o !  water w 1 t h  Table 1 ,  Co l umn 2 
concent r at ions o! rad1onuc l 1des and 3000 ppm Boron w i l l  result 1n a 
C l as o A waste !crm. 

Boron concent rat1ons h1gher than 3000 ppm y 1 e l d  larger quant it i es of 
so l 1 ds and resultant 1�-er act 1 V l t y  concent rat 1 ons i n  the f 1n a l  
waatc Corm. S 1m i l a r l y ,  h:qher act 1 v 1 ty concentrations 1n t h e  oource 
water produce higher concent rat 1ono 10 the ! 1 n a l  waste Corm. 
Therefore, when proceos1nq wate r  wi th act i v it y levels higher than 
those snown i n  Table l ,  Col umn 2, or Boron concentrations of leso 
than JOOO ppo ca l cu lat 1ons are performed and documented in 
accordance ·- 1 t h  d CPU !luclellr approved process control p l a n to 
dt!term i ne t he tr anoporta t ion and d 1 spooal cat egories of the f i n a l  
waste Corm. O n l y  wl\t er that y 1elds a n  LSA, C l a s o  A waste form ie 
proc�ssed through the evaporator . 

3 . 4  System Inst rument at 1or. ar.d Control 

Ao previo�oly d i scus sed, the primary control on e ! ! l uent qua l 1 ty 
! rom the e•ntpordtor 1 o an ope rat 1 nq progra::� t hat places str 1ct 
cont r ol o on t he ir.! l uunt or raw feed qu.t l l t y .  Al t hough the oystem 
:o deo1gned . .., _ t h  !IOI!'e automat i c con t ro l o ,  an operator 1s present 

du r ing oyotem operat 1 o n .  The aut omat 1c controls and instrumentation 
1ncorpora t�d i n  the processed wilter diopo11al system are d 1 scussed in 
l h ! B  OCCtl.OO . 

J . .; . •  L:q� 1d LovPl Cont r o l s  

P a w  !<!ed t rom the p l  .tnt oou reo tank 10 pumped to the 
<>'lapor.ttor. Tho !Ped Pntcrs the VC-300 concent rate tank 
through a ooleno1d oper.stod ·1.t l vo w 1 t h  a manual bypaso 
valve ( 'J- S l  il nd V l :t ) .  Tho t <t n k  i o  prov ided w 1 t h  !our 
son i c ! e·1<> l o·.rlt ·noo. Ao thr; lPvcl i n  the tAnk v a r 1 e o ,  
the h11Jh l••v&l uonlc owncn c l oues t h e  solenoid operated 
� tted va:·1c, the low lP'ICl owitc:h opqnu the va l ve , 11nd the 
!o·.,-lc.w lf•V•• l  awttch actu.l:.ctJ a low l eve l a l arm and 
r!Per .... rg 1�PO L !i t' C''l•lf)<)r,ltC•r CiiUll i.n9 a systn.m shutdown . The 
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High-High level switch actuates a n  alarm light and ahuta 
the main feed isolation valve (V-62) to the ayatea� to 
prevent overflow of the tank. The aolenoid bypaaa valve 
may be throttled ao the cycling of the feed solenoid 
(V-51) ia reduced. The feed rate to the VC-300 evaporator 
shell ia set manually and the recycle rate back to the 
concentrate tank ia controlled by an electric motor 
operated recycle valve in para llel with a manual valve. 
The solenoid valve ia cycled open and closed by a sonic 
level detector on the evaporator shel l .  The . C-30 
concentrate tank is supplied by a aide atream d i scharge 
from the VC-300 recycle l ine. The concentrate flow from 
the VC-300 evaporator to the c-30 concentrate tank i s  
controlled by a similar arrangement o f  a manual valve and 
a solenoid valve in para l l e l .  The aolenoid valve i s  
controlled by two level awitchea in the c-30 concentrate 
tank. A third level switch in the C-30 concentrate tank 
causes a low level alarm, deenergizes the evaporator 
syst� and tripe the pump to the blender/dryer transfer 
tank. Di scharge from the VC dist i l l ate tank is controlled 
in a similar manner. The level in the vaporizer flash 
tank i a  controlled by throe sonic level switches. The top 
switch closes a solenoid valve (V-54) in the feed line, 
the middle switch opens the valve, and the bottom awitch 
actuates a low level alarm and trips the vaporizer 
circulation pump and electric heaters causing an automatic 
shutdown of the vaporizer. 

The VC-300 and c-JO evaporator vapor domes and the 
vapori zer flash tank have liquid leyel gauge glasses for 
visual indicat ion of liquid leve l .  The level gauges on 
the vapor domes are equipped with sonic level switches 
that actuate alarms to warn of excessive foaming or over 
feeding of the evaporator. The sonic level controls 
chosen for this system have no moving parts ,  are 
unaf fected by changes ln dielectric constants, are 
expected to perform we l l  i.n high density slurries, and 
work well throughout a large range of viscoaities. 

Flow Measurement 

Water meters with f low total izera are installed on the 
evaporator feed l ine and vaporizer feed line to keep track 
of total volume of water proceased. These provide data 
for the determination of the ayatem mass f l ow balances. 
Flowrate meters are installed in the deauperheat l ine, 
reflux spray line, both evaporator recycle feed linea and 
the vaporizer blowdown line. These meters provlde on-line 
indicat ion of process conditions and provide no automatic 

control functions. 

Conductivity Honitora 

Heaouromcnts of conduct ivity provide a relative indication 
of the amount of dissolved mater ial in water. Four 
conductivity monitors are installed in the system to 
detect trends or upoet condltiono during processing. 
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There is a monitor in the dist i l l ate l i nea from both the 
vc-300 evaporator and C-30 d i st i l l ate tank d i scharge. 
These monitors give indication of excessive carryover from 
the evaporators or of unexpected tube leakage in the 
evaporator heat exchangers .  Honitors are installed in 
both the vaporh.er and evaporator feed lines. These 
provide an indicat ion of any unplanned upset that =ay have 
degraded the inf luent water quality. Each o f  these 
monitoring pointe is also equipped with a sample station 
for extraction of process f l u ids for che=ical and 
radiocho=ical analysis. The control methods u t i l i zed in 
procedures and operating programs are the physical 
sampling and laboratory analysis of process liquids. The 
conductivity monitors provide only relative data for 
online assessment of trends in the process flow fluid 
quality. 

Radiation Hon1tor 

A gamma radiation detector is instal led in the vaporizer 
feed l ine and is intended to detect gross upsets in the 
system operat1on. The primary means of monitoring and 
control l in l  the environmental releases of. particulate 
radioactive material i s  by limit ing the radionuclide 
concentrations in the syste= influent• and by periodic 
sampling and radiochemical analyses. The radiation 
monitor w i l l  detect major deviations in the process and 
w i l l  cause a terminat10n of the releases to the 
environment i t  •Jpaets occu r .  It a larms and causes an 
automatic shutdown before the environmental release rate 
exceeds the particulate release limit of the THI-2 
Technical Specificat ions.. The detector ia calibrated to 
the . 661 MEV gamma ray emitted by the cesium- 137/Barium 
137m decay chain. The alarm is set to a concentration in 
the liquid which corresponds to a particulate release rate 
of 7 . SE-2 �Ci/sec. This represents 2 5  percent of the 
instantaneous particulate release rate limit of the THI-2 
Technical Specifications. The alarm set point corresponds 
to a Cesium- 137 releaoe rate of l . lE-2 �Ci/sec assuming 
the isotopic distr ibution of Table 1 ,  Column 2 .  This 
correlates to a Ceaium- 137 concentration in the vaporizer 
!eed of J . SE-5 �Ci/ml which is very nearly equal to the 
coupled mode evaporator inf luent limit. Thu s ,  tl • .t 
detector � ) a rm wou ld aluo provide a warning i f  the 
evaporator had been inadvertently bypassed. 

The high level 11larm signal on the radiation mon1 or 
causes audible and visible a l arms and deenergizea the 
vaporizer heaters. This wou l d  effectively ter=inate the 
release of radioactive material at a level below tho 
Techn ical Spec i f ication instant aneous reloaoe limit. The 
monitor chosen for this system is a Nucl•JJr Research 
Corporation Hode l 4PI-4A aampler. It uses a Hodel KD-51 
(V-7 ) high temperature, therm11 l ly insulated sc:Hum iodide 

cryutal as a gamma scintillation detector. It has a 
rr�nitoring ocno ltivity of 3 . 7£-7 �Ci/ml of ceaium-137 at 
a 95 porcen� conf idence leve l .  The system includes 
cont1nuous dig1tal readout and a strip chart recorder for 
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The vaporizer f l a s h  tank i s  protected from 
overpressur i zatlon by a rupture disk located on the vapor 
d i scharge l ine. The 2 inch rupture d i s k  is designed to 
rel ieve at a 15 psi d L f ferent1al pressure and discharge to 
atmosphere through a duct out through the evaporator 
building roof . 

The blender/dryer is protected froo overpressurization by 
a 15 psig relief valve on the steam generator. The relief 
valve rel ieves into two heat exchanger tube bundles in 
aeries that are immersed i n  the chilled water system ourge 
tank. The water voluroe serves as a heat sink to condense 
the vapors di scharged from the relief valve. The 
condensate from the tube bundles drains to a col lection 
drum inside the evaporator building. Any non-condens ible& 
are d i scharged from the heat exchanger tubes through the 
tank vent syotem HEPA f i lter inside the evaporator 
building. 

Other Instrumentat1on 

In addition to the instrumentation and contro l s  d iscussed 
above, additional features support the system and enhance 
the ease of operation and system re l iabi l i t y .  

Fu l l  view sight windows o n  the evaporator shells and 
viewing windows on the vapor domes al low the operator to 
see the process as concentration proqreases. They provide 
for assessment of too much or too l it t l e  foaming in the 
evaporator and provide a means of conf i rmation of any 
carry-over from the separators if ind icated by the 
conductivity monitors. 

The dist i l late pumps , P-2 and P - 3 ,  and the contaminated 
d i s t i l late pump, P-8, are oquipped with d iocharge pressure 
switches that provide assurance o f  su f f icient pressure for 
operation o f  the condensate eductors. Low pressure wou ld 
cause the eductors to back- fire and the &) stem wou ld 
operate errat ica l l y .  I f  pressure f a l l s  below 35 paig, the 
pressure switches actuate a system shutdown by t ripping 
their respect ive pumps whlch aubsequ�nt ly deenPrgi:es the 
electrical system. 

Preoaure switches are provided in the vaporizer heating 
loop and i n  the C-JO evaporator heatinq loop to deenergi:e 
the heaters in the event o! insuff icient water f l ow  
throuqh the heaters . These loops are also equipped with 
high temperature shut-off switches. 
Two float switches provide level control for the transfer 
okid holdinq tank wh1ch receivoo concentrated l iquLd from 
the C-JO concentrate tank !or !eed to the b l ender/dryer. 
A high level tr ips the transfer pump and a low level 
deenerq 1:ea the tank heat er. 
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To assure that 1n! ' uento and e ! ! luonta fr�� the PWDS a re w i t h i n  the 
opec 1 f 1cat �ons d 1 ocussed, a r1goroua oampl 1ng and anAlyol.o program 
10 procedura l l y implemented ao deocribed in t h i s  sect ion . 

Pr1or to !ced1nq water to the P��s !or d 1 opooa l ,  the source tank 
must be oarnpled to •ter dy that the water conforms to the appropr tate 
1nf luent l 1m 1 t 11  !or the i ntended operat ing modo . Whatever the 
source tank, 1 t  1 0  rec 1rcu l ated !or a min 1mum of three tank volumes 
pr1or to obta1n1nq a samp l e .  A samp le is obtained and analy�od for 
pH, conduct 1v 1 t y , boron conc�nt rat1on, and sod1um concentration. 
I t a  radionuc l i de concentration 1 0  determi ned by a gamma ocan, qrooo 
alpha count, and determ1nat1on of the concent rdt ton of strontl.um-90, 
carbcn - 1 4 ,  and t r i t 1um. '!'hose analyses are A prerequ i s it e  f or 
process1 ng a sou rce tank. Once procesa1nq has begun on A source 
tank, the tank is �ood 1c a l l y  resamplod to con! 1rm the o r i g i n a l  
analyses. The resa��:pl inq � a  performed after each 100,000 g a l lons 
has been proces sed .  These samp les are analyzed !or sodium, boron, 
pll, conduc t l.'l � t y , gross alpha, garm�a ocan, stront1um-90, carbon - 1 4 ,  
and t r 1 t 1.um. 

When operat.1ng 1� the coup led mode, the evaporator 
d i s t i l late/Yapo r i :er !eed t o  sdmpl�d every 1 2  !) hours and anal y�ed 
!or boron concentrat�on. !h�o analrBIO � s  uoed to detorm1.ne the 
dccontam1.nat10n !actor ach1.eved by the evaporator. I n  add l t 1o n ,  a 
sa:rp!c o! t h e  vapor1zer d 1 ucharge 1S obta1ned throuqh a sample 
condenser . Tl.l o oa."r.ple, co l lected every 12 !J hours, is .tna 1 yzed 
for boron concent rat ion and used to c a l c u l a t e  the vapor1zer 
decontam1nation !actor and the total system dccontam 1nat1on !actor. 
In add 1 t 1on, t he vapor 1 zer d i scharge oample 11!1 anA l y �ed !or groso 
beta ·gar�a conccn� rat�on. 

An auto�a t � c  c��pos 1te l iqu i d  sa�pler operates on the v.tpor1zer feed 
1 �ne wnene•ter e�·aporator d l & t 1 l l�tto or ot he r source o f  ACW is be1ng 
vapor1zed. i t  co l l ect s a compos i te sample o !  about 6-7 g a l l ons over 
a 48 � 1 2 hour per 1 od . Th 1 s  co.'!'lposlte sample l8 ana l yzed on s i t e  for 
boron concent rat �on and g� ACt1.v1ty ( 1ncl �d 1 ng Cesium 1 ) 7 ) ;  the 
Strcntlum-90 concentration is det orm1 nod by a qroo s beta-ga�m�a 
anol ! j'S l fl ,  r t  the source tank bc1ng proceooed has a Carbo n - 1 4  
concent ra• . . o! 5.0 £ S 1JCI/o1 or qreat e r ,  the 48 hour compo o l t e  
sa�p: es arM � . so anal yzed o n  1 1 te for Ca rbon- 1 4 concentration. In 
addltion, a v o ! ul'!e we1ght ed portion o f  each of those oampl eo i o  
reta 1ned to rteld a month l r  ccmpos 1te samp l e .  T h i s  mon t h l y  
c�pos 1. t e � o  spl . t  - � � h an o f ! - s lte l aborato ry a n d  anal yzed both on­
o t t� and o f !  81te for qar�a . gross alpha, qroos beta gamma, Ca rbon­
: � .  T r t t lum, and Strontlum-90. I n  the event the automatl.C oampler 
b••cO<t.es lnoPf>rdblo, cont. lOU(td operdt.lon of t he vapor 1 zer 1 8  
per�1ttud for u p  to oeven dayo wh 1. 1 e  grab samples o f  t h o  vapor1�er 
feed are obt � l nPd every four hou r s .  

: f  cpe ra t .ng the evaporator 1 n  tne decoup lud modo, the' i n it i a l 
oource tar.k qu a l 1 f lcat10n oamplo 1 0  ana l y zed aa prev 1ously 
d : oc:ussed. OncP procesou1g o f  tho tank hao begun, an <!vaporator 
d l s t. . � latc �amp.c IS obt � t ned every 12 � )  houro and annl y%cd for 
boron dOd qroo s beta-qa��a conccntrdtion. In addition t o  the 1 2  
hour a n a ! y o P o ,  t h e  d 1 nt 1 l l at e  sampl r, 1s ,, nai}• zcd every two dayo by 
p.·r!ormlng a q.:.=a oc"n and by c!PLe r:r. t n l ng t he grooo a l pha and 
aol 1 �m con-Qn• tattono. 

I 



TER 3 2 3 2 - 0 1 9  Rev . 4 
Page 2 5  of 3 8  

When operating the vapor1zer i n  the decoupled mode, the compoo ite 
samples are collected every 48 � 1 2  houro as pre v ious l y  descr ibed for 
quarterly e f f luent monitoring and the boron analyois on the 
d ischarge is done every 12 �3 hour s .  

4 . 0  TECittllCAL EVALUATION 

The purpooe of this section iS to describe the eng1neering spec l f 1cat1ona 
to which the proceosed water d1.sposal syotem has been bu i l t ,  and to 
discuss the appl icablo code s ,  standards, and regulatory requirement lll 
imposed on it a design, fabrication, and aosembl y .  This section w i l l  
further d i scuss the technical features o f  the system that make f a i lurea 
unl ikely and that mit igato the oa!ety impacts o f  pootul ated system 
! a l l u res . 

4 . 1  Code s ,  Standards, and Engineortng Speci!icat lons 

The vendor supplied evaporator c�ponenta are clao111 i f led as 
Important To Sa fet y  ( I TS) per tho CPU Nuc lear Recovery Qua l ity 
Assurance Plan for nn- 2 .  Equipment and hardware procured and 
inotal led on·s1.te which 10 requ u·ed to maintain the pressure 
boundary for rad1oact 1ve ! l u1ds arc a l s o  class 1 f ied as 1TS. Process 
1nst rument at1on, 1nclud1ng the power and s1gnal cabltng, which i s  
required t o  ensure that releases !rom tho system are ma1ntained 
w i t h i n  the destgn spec l f lcation are I T S .  Al l rema ining components 
are clasa1 ! ied a s tlot Important To Safety ( N I TS ) . 

The system deB19n and ita 1ntended operat ions have been c l a s s i f ied 
under the standards o! Qualtt.y Group D per the recornrr.endationa of 
NRC Regu latorr Cu1de 1 . 2 6 ,  "Qua l ity Croup C l as a i f 1cations and 
Standards for Water, Steam, and Rad1oact1ve Waste Containing 
Componento of r:uc lear Power Plants . "  

The vc-300 and c-30 evaporators are enq1 neered 1 n  conformance with 
the AS!-'.£ Code, Sect. ton V I  H ,  !or unf 1red prep sure vessel Ill and to 
TEHA ( Tubular Exchanger Manufacturers Aosoc lation) standards where 
appl1cable. The shel l s  are made o f J l 6  stainless stee l . The vc-JOO 
heat exchanger i s  a Bayonet Aug=ented Tube ( B�Tl t y pe  with both the 
tubes and boyonets bu 1 l t  of t itanium. The C-30 i s  aloo a BAT type 
heat exchanger w1 t.h t 1.tan tum tubes and chlor 1nated pol �·v inyl 
chloride bayonet s .  The c-JO condenser 1a a t m i l a r  1n construction 
w i t h  a 3 1 6  stainless steel she l l ,  t itanium tubes, and po l y v 1 n y l  
chlor1de bayoneto. 

The aupport building foundat ton and f l oor slab are bu i l t t o  ACI 
Stand ard 3 18-83. " Bu t l d lnQ Code Requ ue:nent.s !or RtHn forced 
Concreto . "  The f loor i.o oea lod w i t h  an epoxr based coatlng and the 
structure 18 C\lrbed to prov1de s u f t  lCU!nt retent.1on volume t o  
cont a 1 n  t h e  entire l l qutd contcnto o f  the ayutom in t h e  event or 
cataot roph : c  oyotem t a 1 lur�. 

The support bu i l dtng 1 s  a prc!abr tcatcd struct ure that conformo to 
the Unt !orm Bu t l d tng Code ot th� Internat.1onal Counc t l  of Hu t l dtng 
O! f tc i a l s .  

A l l  atmOophQr I C: l<tOltli Ill tho• llj'ill(.•m olrO ! abr lCdted of B t d  ln l esa 
st.c�l and ... ere bu i l t.  as nt.andard c:OITl!fe r c t a l  qu<t l t t.y vesse l s .  The 
t.llnlta h.we tho fo l low i ng capa c l l  i�w : vc-300 concuntrate Tank, 
15 qa l lonu;  C-:30 Concontr"tl.' Tan)<, ()0 qa l lono ; VC-300 0 1 Ut. 1 l l at.e 
Tank, SO gallon s ;  contil!TI� nut.Otl d t ot !. l l ate t.anl<, �0 gallono; C-JO 

'--------------------



TER 3 2 3 2 - 0 1 9  Rev. 4 
Page 2 6  o f  3 8  

01St 1 l l"te Tank. 34 g a l lono; blender/dryer transfer t ank, 2 7 5  
ga l lons; olender/dryer steam generator,  2 0  g a l lono; b l ender/dryer 
ste�� system co�densat� tank, JO g a l l ons; and blender/dryer waste 
condonsAt& tank, 168 ga l lono . Tho tanks arc prov1ded w 1 t h  oealcd 
l ids equ1pped w1th ctn at.mospheoc vent t.hat d 1 scharges to the 
hu 1 l d 1 ng at�oapherc through a HEPA ! 1 l ter . 

The elect:-1cal oystem u protected by su1tubly s 1 zed w 1 r 1 n g ,  
ha:-dware, 4nd c u : c u H  breakers pe r  NEC 1 98 7 .  A l l  electr1cal 
JUnCt 10n boxes and cnc l ooureo are !lEMA 4 or equ1valent and a l l  
motors are 7£FC. A l l  equ1pment 1 8  groundud through the ow1tchgear 
ground buo wh1ch 10 connected to tho CPUN g:-ound 1 nq oyotem. 

A l .  p:-oceoo p1p1ng 1n the oyotem 10 JO� o t a 1 n l o o o  otcel and con !ormo 
to the requ1rert�onto o !  ._he AS�E COdd !or Pn•oourc P 1p1ng , MlSl 
8 3 1 . 1 .  .. ?o ... -er P 1 p : nq . •· T..tni< ovc.-r! low hn�'l and syetern d r .nns are 
routed to t. h e  hu t l d1ng su�p us1ng ! lo�1b l e  hose. Theoo are 
non pressure re• a 1 n : ng co."rrpvro>n ._ •  Antl con!or:r t o  ANSI B J l . l . Sect 1on 
.os . 3 t C J . 

The !o! !ow1nq . 6  d l . s:. o� t.l.l! uuq:u�onnq spoc . :  �c"t.1ono on maJOr 
ttj· s· �-. cc�po;-;��!.. 9 r. ,. prf-- ·.- .ouR!y d � sc!.lss&d. 

Vapor Corr.pr�ssor : 

vc �oo �:u:. � : . � · �  r��p. 
p � . 

c- 1: O : e� : . �d�P ?-�p, 
;>-J 

C-.10 Cone�::· rd• •• i"�'ii)· 
i' .; 

�C-.:CO Car. �· · r�-� p .-; , 
P-5 

•/ , ;.  r l .!(H'" ?!!ClrC'U� a :. J !J:. 
tJ 4�i 1 p .. 7 :  

Roo• if r< :.o1r;• .o�e model 1030 
::c:-preeuo r ,  .; !00 c t r.  at 1400 RPI1, 
d r . ,·�r. oy t i � S  Hi' TEFC �to r .  

C : .ar.J t o s  I'!OJt• .  CR.; 20::, VC1t1Citl 
� - ! '- l  utuqe •cr.:. n !ug.1 l .  JO qpm at 
t.:: f t  1'0H, dnven Ly " J/.;  liP -:' £ F C 

•.o• v r ,  3:.00 RP�. 

Gt-:l d � c: s  HO<lc! cu.; SO!l, V('r't l c a l  
rn.: l :. l  ot.aqo centn!uga l ,  J5 9IA'l a t.  
! ! O ' t ._  T :> H ,  d o von b y  ct 2 HP TEFC 

�ct.or at. 3500 RPM. 

c.r ·�r.J !0o Hodel CP2·JON, 
ver:. 1�'"d. !"u . •  .-n:. .. qt> cen:. r d u')t\ ! ,  !0 

'lP" 1 :  : :� ! :  -:"i.lH, dnvon t>y a J/4 HP 
7£FL �·· - ct:. 1500 PPM. 

s,-,. �� ? � P�c�pt �1tn � cu� 
l wr .�,-,.. . .  <>r :.o pve 3 '}fC •lt bO t t  

:-:m. 

Ca:-cor1:1 s�·!"" . f'& .. v� OH, - :..t.h 
doub!t• :-e'"rtJ n .  A. llf'il .! J ,  �0 CJP" at '>0 

: ·  :-:m, 1:- . ·u•n by " J/.; HP n.t·c 
r:- • r ,  J L u J P?� . 

11 · , ) � •  ,(' r . .a.•:.c 1'!..-de! A 10, rotary 
• •  1·.a . J :-. n 1 �·wmp compreouor, drt ven 
t 1 " 1 .  < HP 7FFC �<i· r ttt J;OO Rt'M. 
T!:f• P'-.,..1 � • • •  cvo\cu«t•• 1 4  c t m  dt. 2':1 

• 1:  t.••a II '"I '.' • •• •• urr . 

G • •  h• � ;t'. J .. -' 1• tr:, S .. =-� • 
.;;-;1 • J , •,r � II-""' ,, . -10 i :.. :-nu. d r 1 '1<1n 
!1 • .  lli> ':!:.H.: :"'·t r ,  • •  Sv PP!-1. 

I 
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crundfou Hodel CR2-20N, 
vertical mult1 -stage cent r i f u g a l ,  6 
gpm at 80 ft TOH, driven by a 1/2 HP 
TEFC motor, 3500 RPM. 

Serieu 800, MK 8 1 7 , Wet Tap 
assemb l i e s .  Stainless steel housing, 
2 . 0  cell constant, range 0 t o  2 5 , 000 
mS/On. 

SONARS�tTCH Hodel 700, 3 1 6  Stainless 
ateel , tl£MA 7 enclosure, .03 inch 
repeatab i l i ty. 

4 . 2  System Response to Upset Cond i t ions 

The Processed Water Otopooal System has been designed t o  assure safe 
and env1r:>nment a l l y  sound response to a nu�t· of abnormal condlt1or:a. 

4 . 2 . 1  Loss of Flectrical P���r 

Al l solenoid operated valves i n  the system are energ1zed t o  
open and are opring loaded t o  close when deonergizod. Upon 
loss of electrical power, feed water to the evapora�or b u i lding 
iu automat ically accured by closure of the feed valves. A l l  
heaters shutdown securing �he hea� source t o  the vaporizer and 
the c-JO evaporator . The vapor compressor ahuta down securing 
the heat source to the main evaporator. The blender/dryer 
shutu down and a l l  electrica l l y  driven pumps �rip. Thuu, a l l  
evaporator and drying processes terminate and the syatem 
bec�es stagnan t .  The only adverse consequence of t h i s  even� 
is possible prec ipi�at ion of dissolved solids from th• 
concentrate as the system coo l s .  I f  plugging o f  p1ping or heat 
exchanger tubes occurs, the prec ipitate can be redissolved by 
d i lution of the l iquid wtth clean water. If necessary, the 
oya�em 18 designed !or removal of the tube bundlea for 
cleaning. 

4 . 2 . 2  Loes o f  Service A1r 

Serv1ce air 1s supplied to the processed water d1eposal system 
froo the plant inst rument a i r  system. It 111 used to power the 
a1r driven d1aphraqm pump on the bl ender/dryer transfer tank, 
the a1r operated d i ncharge val ve on the blender/dryer, and an 
air uparger on tho transfar tank. Loss of service a i r  pressure 
results 1n the blender/dryer d i scharge v a l ve f a i l ing c losed and 
shutdown of the transfer pump. Thus, material can not be 
trans !orred into or out o! the blender/dryer. The steam 
generator can be secured i f  necessary and the material a l l owed 
to rema 1n ;n the vessel unt i l  service a i r  can be restored. 
ThuB, looo o f  oerv1ce a 1 r  oupply dooa not result in a major 
upset cond1t 1on for the over a l l  process and does not h inder an 
orderly system uhut down tf necessary. 

I 
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Tank o r  p i pe  rupturco are considered t o  be o f  extremely oma l l  
probab 1 l ity because o !  the system design and fabricat1on and 
preooure cond 1tions to which the system is exposed. Further, 
hydrostatic testing, in-service leak testing, and 
preoperat1onal testing o f  the equipment w1th non-radioactive 
solut ions verif ied tho des1gnod lntPgrity o f  the system and 
component s .  But 1 n  the u n l 1 ke l y  event o f  a tank o r  pipe 
rupture, low level sensors on the tanka w i l l  detect auch a n  
occurrence and initiate system shutdown b y  deenerg i:ing the 
olectr leal system. The building is desi gned with a curb o f  
s u f f i c ient he1ght to cont a i n  the entire volume of l iquid that 
could be preaent i n  the syatem it completely f looded, so 
s pi l l age o f  rad1oactive l 1quids w i l l  be conta ined within the 
bu 1 l d inq. Minor apl l l o  occurring during system sampl ing or as 
a result of sma l l leaks are o f  l it t l e  consequence because o f  
the low spec 1 ! 1 c  activity o !  the mater i a l  being handled. 
Standard rad1olog1cal control practices assure min1mal spread 
of contarn1nat10n. In addit ion. the bu i l d ing floor i s  s loped to 
channel water to the bu1ld1ng sump and 1t is sealed with an 
epoxy coat1ng that f ac 1 l i tateo c l eanup and decontam1nation, it 
neceooary. I f  a spi l l  o !  dry sol1d waste occurs outs1de o f  the 
vent .i l ao::.ed druo enclosure, the area can be cont r o l l e d  to 
prevent the opread o !  contam1nat1on unt 1 l  c l eanup is complete. 
Th10 wou ld prevent unpl anned envi ronmental release o f  a i rborne 
rad1oact1ve mater 1 a l . 

4 . 2 . 4  Overconcentrat lon/Prec 1p1tat 1on 

I nadvertent crysta l l 1:At1on f rom overconcent rat 1on is possible 
ao a result o f  operator error or oqu1pment malfunction. Tho 
conoequencea o! such An �vent are r.u t 1gated by the thermal 
design o !  the system. The heat ing loop on the VC-300 generates 
excess heat which LS reJected to the VC-Oist i l late tank via the 
desuperheat spray. Th1o excess heat is the source of energy 
( aupple�ented by electric heaters) to the c-JO evaporator. The 
c-30 evaporator operates at a lower temperature and higher 
concentrat1on th4n the VC- 300. Thus, plugging o f  ! low path and 
!oul1nq o f  heat transfer aur!aces wou l d  occur f i rs t  1n the 
C-JO. As hedt trano!er ia reduced by foul1ng in the C-30, the 
VC-D 1 st i l late o::. ank teeperaturea would increase causing htgher 
temperctture water to the deauperheator sprays. This wou ld 
eventua l l y  lead to a h1gh temperature shutdown o f  the VC-300 
vapor cocnpressor. In add1t 1on, a s  the VC- O .i s t l l lato 
te:r.perature 1ncreases, the o f f  1c umcy o !  the eductora and 
v.acuuro pur:.p •o�ould de(;roaao a 1 nce the d 1 o t l l late 1 s  the motivo 
force �or the eductors and oeal water !or the 1 iqu1d ring 
vacuum p�p. Th 1 s  wou l d  laad to reduced vacuum, f looding o !  
the d 1 st 1 l l ate aide o f  th� VC-300 and resultant cesaat1on o! 
b0 1 l 1ng in the VC-300. I t  th1o occurred, the maJor plugging 
wou ld be 1n the o�a l l  c-30 oyotcm and wou l n  be on the s he l l  
s 1de o !  the heat exchanger rather than the tube side a s  i n  many 
cor.v&nt ion a 1 bor �c ac 1d evaporators . 

r !  �xtr>:rro pluc;<;pnq occuro, tho c-30 tube bundle can be 
rPmovcd, tho extor1or our !aces o! the tubes cleaned, and tho 
bundle relnO t d l l od .  It 1 0  u n l 1 k o l y . that s l q n t ! icant F l ugg1n9 
o r  ! ou l tng w � l  I nccur 1n tne VC 300. Shop tost lnq at thr 
manu!dcturer ' a  f dc • l l t y showed thdl prec •pitat 1on 1 n  the VC 300 
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does not impa i r  i t a  operation t o  any groat extent and tho 
precipitate is easily d i o oolved by d i l u t ion. A lthough 
considerably more d i f f icult and t ime consuming, the VC-300 tube 
bundle can also be removed for c l eaning i f  neceasary. 

If precipitat ion begins during processing, flush connections 
are provided a t  strategic po1nts in the C-30 evaporator. Hot 
d i st i llate from tho C-30 dist i l late tank or clean water from 
the plant support systems is injected to d i lute the process 
f luids and redissolve prec1pitates before plugging occurs. 

4 . 2 . 5  Severe Weather Condi t ione 

The evaporator building is des 1gnod to the Uni form Building 
Code and provides a secure protect ive enclosure around the 
system under a l l  norma l l y expected cond i t ione. If severe 
weather or environmental cond t t ions exist that wou ld result in 
declaration of an Unusual Event as spec i f ied 1n the CPU Nuclear 
Emergency Plan, the processed water dtsposal system would be 
shutdown. Therefore, severe natural phenomenon that m.y result 
in dumage or destructton of the building w i l l  not cause 
uncontrolled release of signif icant quant ities of radioactive 
material from evaporator operation. 

5 . 0  Environmental and Radiological Aaoeaament 

The purpose of t h i s  oectton 1& to present an evaluatton of the env1ronmental 
and radiological e f fect• of procesaing 2 . 3  m 1 1 1 1on gal lons o f  water meettng 
the inf luent and e f f luent crtteria di scussed 1n Section 3 . 3 , and d i scharging 
the e f f l uent d1rec l y  to the atmosphere. 

5 . 1  Enviro��ntal Aoseasmcnt 

The processed water disposal system produces environmental releases of 
t r i t ium, particulate radionuc l 1 dea, and boric acid and sodium borate 
s a l t a .  

I t  i s  conaecvat tvely est unated that the 2 .  J m 1 l hon gal lons o !  
proceaoed water cont ains about 1020 curies of t r i t ium a s  reported i n  
t h e  PE l S .  11 1 1  of thts t r:. t t ur:� w d l  be released t ,:,  t h e  environment 
through the vaportzer s ince the evaporator system wi l l  not remove i t .  
T r i t ium hao a opeclf t c  act1v1ty o f  9 .  7 £ + 3  curies pe r  gram which 
corresponds to a total quant ity of 0 . 105 grams of t r i t ium in the 2 . 3  
ml l l ion gallons o f  water . I f  a l l  of the trit ium 1n thct proceaaed 
water io in the torm of trit iated water (H-T-0 ) , this equates to 0 . 7  
mi l l i l l t ero o f  H-T-0 in tho 2 . 3  m i l l 1on gallona. This t r i t ium w i l l  bo 
released at an average rate of 3 7  �Ci per oecond during evaporator 
operation at 5 gpm. since no con�entional waste treat�nt processes 
wi l l  a f f ect the tr1t ium content o! the water, the release rate o f  
trit ium t o  the envt ror�nt w i l l  vary depending upon the water source 
be1ng proceaoed and the vapor1zer processtng rate. T r t t i um 
concentrations 1n the source tanka range from aa low as 1 . 4£ - 5  �Ci/ml 
to as htqh as 0 . 3 1  �Ci/ml . This correoponda to env1ronmental release 
rates rang1ng f rom 4 £ - 3  to 98 �Ci per second at a 5 gpm processing 
rato. The cont1nuouo trit ium release ratr 1 8  l 1m1ted by the current 
Envi ronmental Techn ical Spec t f 1cationa, Section 2 . 1 . 2 c .  The release 
ratr l l m1t for a ground level rrleaoe that t B  der t ved f rom that. 
specif tcat1on 10 570 �C t / oe�. Thuo, t.h� avcraq� and maximum releases 
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�hat �� l l  r�ou l t f rom evaporator operat10n are a sma l l  fract ion o f  the 
rel�anes per�ltted by the !ac 1 l 1 t y  l 1cenne. 

The procensud �ator d 1opooal system causes ama l l  environmental 
roleaneo o f  part1culate rad1onuc l 1des. Tho release rate is dependent 
upon the par�1culate concer.trat1ono tn t he i n f luent and upon tho OF 
<1Ch1oved by the e·Japorator. The m 1 n 1 mum OF that the system w 1 l l  
ach1evo 1 0  1000. &he max1mum 1 n f luent concentrations that w i l l  be fed 
to the evaporator 1n the coupl�d mode ( when achJeving the m 1 n i mum OF 
of 1000) are a s  ohown 1n &ab le 1 ,  Column 2 .  Included i n  the table i s  
Iodlne - 1 2 9 .  I t  1 s  expected that I od 1 ne 1 0  present i n  the chemical 
form o! Ceo1um Iod1de or other a l kal 1-meta1 1odide. In t h i s  form, the 
1od1nc w t l l  be removed by the evaporator in the same proportiono ao 
the other part1culateo. However ,  1n the very u n l ikely event that it 
10 present i n  t he e l emen t a l  form, 1t � t l l  volat 1 l i�e and be carried 

over w1th the d 1 o t 1 l l a t e .  For conservat 1 sm 1 n  t he i r proJection o f  
env1ronr!'ental releases, the NRC St a ! !  as sumed 1 n  the P E l S  t h a t  a l l  o f  
the 1 - 1 29 i a  released t o  the atmoophero. ( Note that 10 ca l cu l at ing 
the nuclH.!e conter.t. o! the oo . 1 d  waote, it 1 0  assu:ned that a l l  o f  tho 
1 - 1 2 9 10 also present 1n the evaporator bottom s . ) Thio y 1e lds a 
concentration o! part;co.ldtea p l u s  LLO I - 1 2 9  in the d 1 st i l l ato o !  
6 . 6E-7 �C1/ml ar.d a n  a:.:noopher1C r�lcase rate o !  2 . 7£-4 �C i/sec . T h � o  
1 9  comprlsed o! 8 . 2£-� �C�/sec o f  part1culates, predom�nant l y  Cs- 1 3 7 ,  
Sr-90. and C- 1 4 ;  p l u s  .. n LLO dt�rived 'lll l u� o f  1 . 89£-4 � c l /aec o !  
r - 1 2 9 .  7!\eo�rates arc baoed on a 5 q pm  proceoo �ng rate. Lower 
proce s s i n g  rates produce lower release rate o . T h : s  io a sma l l  
f r act1on of t h e  conttnuouo part 1 c u l atc rolcaoe rate of 2 . 4£-2 �C 1 / oec 
� rm � t ted by th� current Tecnn"cal SpPci. f 1cat 1ono. 

&he rad1at.�on exposurP to the pub l 1c f rom re lt :aoe s  o !  t h 1 s  maqn1tude 
were ana l y :cd a:'ld eva l � atod Dj' the ::i�C St a ! !  1n NUREC 068 J ,  Supplement 
No. 2 ,  and found to have no s 1 g n i . ! �ca:-�t a ! ! ect on the human 
cn'l l ronment. 

In add1t 1on to t.hP rad1onu c l 1 des re!eaocd, the processed water 
d t sposal oy stem d l so ruleases 11ma l l  quantnies o! bone acid and 
sodlum oor,l te srtlto to thf• at.:nosprwrt>. Based on a Of o! 1 0 0 0 ,  no more 
than O . l p.Jrcunt o !  the chem 1 c a l  conot1tuento o! the processed water 
w l l l  bt> rf'le.!sed. for cono£• rvl\t 1 DI'1 ,  a total rt!leaoed quant 1 ty of 0 . 2  
tons was used L n  the !o••ow:n? unvL ronmont a l  ar.a : yo 1 o .  

1 !  tne I"O.edoe 1 s  avez"d',il!d o�·or t he 2 year proJected t ime opan !or tho 
t·v.tporator pro;ect , 1 1.  q l 'Jf'D d:l tt"JCrdqc relettoe rc1t.e o! 0 . 0028 g/sec 
ot p.,rt 1CI' • .at\IB . App l y 1ng the annual avcrc1gc d 1 operoion factor o f  
2 x • o  scr - 1tod . n  tn�> -:'H! O f ! - s l tf' oose calcul<lt ton Hanual ( 0001 ) ,  
tno avcraqu nccnt ra· .on o !  the chem L c a l  conet1tuonts o ! f - o i t e  will 
!:>'> 'l>�·ro.nma • t• !.J 1>11!0 :c.qlr- . App ! y 1 ng the �orat cane d1aperston 
!actor o! 6 � . 0  · sec/" ( based on the THI 2 fSAR acc 1 dent d 1 opero10n 
!.tc•• r ) ,  t.he -o rst Cd8E> c ! ! - s .t�> c,_nc:c:�· ra• 1o n  o !  part 1culateo w i  11 be 
dpp:-ox .::dl c : i· � r:q/f'" ::c . � nr•r .t t hf'BP concnnt rat !ons 1 0  a threat t o  
• t:t! t-t-b• : c ,  f:o!a!'lt r. r an.n .. l c :m-un 1 t o. o s  d B  shown L n  the ! o 1 1ow1ng 
c >:ri"lrtaona: 

o 7ht> t : u·psho.d t 1:r. •  'td t ..  ... , cr ':'LV, ( 1 . t> . , e • ght hour t i.me 
·,..(� ._r:Jht e·J .,·:t•t' tit;(.) ,.. ):";tt•n t. r d •  i..:�n, tor nu :.a"ncu part t.culdtco, 
l n-ly1 . :l'J �� rrn r,.. ; d••, r<·t'•:-:-l':.dr-'i for hf• hu�"" Pnv1.romnent � ��  
l;!O � J f;" ':'rw c • I.  u . Jto•d a·, ... r,qo l·••n. 1 cu l atc concunt rat l o n  
,,.,� o Y l O  ::":/- anu !l.<• r1\ l c o.> l o' c<l ·..-o rol. c .. o,. particulate 
C"•a�•'!>' :-<�· .oa o !  rr.q/n rn�tJ : • I ng trom tho proposed 
�·� ll ., r ... : I'"' pr c. ... !\8 ar .. I!O rt• � t•·•�· I .  !i rr- 1 1 !  ton and 5000 ur�>n 
Or"' 1 .. ••r,. !"'(,.t1J" • t •;t•:·,, il Ht !..'t:t• t••CCf� •·:. tpj 7��J. 

I 
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o According to studies documented by the NRC in NUREG/CR-3585, 
the typical nuisancf dust concentration in the Central Atlantic 
States is 258 mq/m • This is over 40,000 times greater than 
the projected average concentration resulting from the 
evaporator. It is also more than 125 times greater than the 
concentration which would result frotn the evaporator during the 
worst case atmospheric conditions, which are not common and o f  
only very short duration. 

o The NRC advises, in Regulatory Guide 4 . 11 ,  Revision 1 ,  1977, 
that chemical studies of cooling tower drift are usually not 
needed when a l l  of the following apply: 1 )  the dominant salta 
are harmless mixtures of biological nutrients, 2 )  the expected 
peak deposition beyond the site boundary is leas than 
20 kg/hectare - year of mixed salta, and 3) the drift does not 
contain toxic elements or compounds in amounts that could be 
ha:ardous to plants or animals either by direct or indirect 
exposure over the expected lifetime of the facility. 

Comparing the first guideline, the evaporator emissions w i l l  
deposit sodium borate. Sodium and calcium borate salta are 
typically found in nature . The element boron is a micro 
nutrient which is essential to the nutrition of higher plants. 
It is common practice to add boron to agricultural fields as a 
supple�ent;a l  nutrient. The highest annual deposition factor o f  
6 .  5x 10 /m , cited in the TMI OOCM, can be applied to compare 
the second NRC guideline to the evaporator emissions. The 
resul$ant total solids deposition would be leas than 
6xlo·· kg/hectare - year . This concentration is approximately 
300 times lower than the NRC guideline. The third guideline 
regards toxic e lements or compounds .  The evaporator emission 
would not contain toxic substance s .  Boron compounds are 
typically found in soils at an average concentration of 50 ppm 
and ranging up to 150 ppm. The total solids concentration in 
the ooil resulting from the evaporator operations are 
conservat ively estimated to be 0 . 2 5  ppm if they accumulated in 
the first inch of soil over tho two year period. Boron exists 
in river and lake waters at concentrations averaging 0 . 1  mq/1 
but ranging as high as 5 mg/ 1 .  A conservative est imate of the 
concentration of total solids from the evaporator would be 
below 0 . 5  ��/1 if they accumulated in shallow depths of water. 
The EPA lim1ta boron concentrations to 0 . 7 5  mg/1 for long-term 
irr1gation on sensit ive crops (Qual ity Criteria for Water, 1986 
EPA 440/5-86-001 ) .  The example of sensit ive crops given by the 
EPA is citrus plants and those plants are not produced in the 
TMI vic1nity. Regarding animal life, in the dairy cow, 16 to 
20 g/day of bor ic acid for 40 days produce no i l l  e f fects 
(EPA 440/S-86-00 1 ) .  Also, tho minimum lethal dose for minnows 
exposed to boric acid was reported to be 1 8 , 000 mg / 1  
( EPA 440/S-86-001 ) .  Thuo, tho cmisoiono !rom the evaporator 
procetso ! a l l  wel l  below t.he guidel1ne adv1oed by the NRC 
requ1ring a chem1cal otudy. 

o W1th regard t.o impact on plant species, the Air Pollution 
control Assoc1at�on ( 1 970 ) documents the following: 
'"Part l.culato cmianions are not qenerall y considered harmful to 
vegetation unleos they are h1ghly caustic or heavy deposits 
occur '". As oho"n in the previous compar 1sono, the depositions 
reault.ing f rom t.he proposed evaporat1on process are neither 
''hi ghly cauot 1c" nor w l l l  they result in "heavy'" deposition. 
Further, the e l ement boron , as discusoed tn NUREG/CR-3332, is 

I 



relatively immobile in plants. 

5.2 Radiological Assessment 

5.2.1 Off-oite 
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Dooes were calculated using the Meteorological Information and 
Dose Aoseosment system (MIDAS) which has been used by THI 
Environmental Controls for quarterly and semi-annual dose 
assessments which were submitted to the NRC with THI-1 and 
THI-2 effluent reports. MIDAS uses hourly averages of on-site 
meteoro logical data to calculate an integrated dispersion for 
the period of interest. It integrates the dispersion over each 
hour into each of o ixtcen sectors at ten distances. The 
location of the five nearest vegetable gardens larger than 
500 square feet, and the location o f  the nearest milk cow, milk 
goat, meat animal, and residence in each of the sixteen 
sectors, i s  used to evaluate seven airborne pathways1 plume 
exposure, direct dose from ground deposition, inhalation, and 
the consumption of meat, cow milk, goat milk, and vegetables. 
The maximally exposed hypothetical individual is conservatively 
taken to be that person in the maximum inhalation location and 
i s  assumed to consume meat, vegetables, and milk from each of 
the other maximum locations. These calculations are performed 
in accordance with Regulatory Guide 1 . 109 and are identical to 
those used for semi-annual and quarterly eff luent/dose reports. 
The meteoro logical data from 1985 was usod to calculate annual 
dispersion into the atmosphere. There i s  good confidence that 
the disperoion resulting from the 1985 data is similar to 
annual dispersion in recent years. 

Using the releases projected in Section 5.1, the dose estimate 
for tho maximally expooed individual for the duration of the 
project ir. ! . 3  mrem total body and 0.4 mrom to the bone. S ince 
tho expected duration of the project i s  two years, the annual 
exposure to the maximally exposed individual is one-half of 
this. 

To est imate the population dose MIDAS was again u t i l ized. Tho 
af fected populat ion is considered to be the population 
surround1nq TMI-2 out to a distance of 50 mi les. The 
population af fected by the atmoopher ic release ausociatod with 
the evaporation of the processed water is est imated to be 
2 . 2  m i l l ion people. The dose pathways include inhalation; 
milk, meat, and vegetable consumpt ion; plume exposure.; and 
direct dooo from ground deposition. This yields a total 
populat1on dose of 12 person-rem total body and 2.4 person-rem 
to the bono and an average exposure to a member of tho 
population or 0.005 meum total body and 0 . 001 mrem to the bone. 

5.2.2 on-oitc occupational Exposure 

Peroonnel expooure reoulting from evaporator operation will  be 
prlmarily due to ambient radut.ion 1n the vicinity o !  the 
evaporator and ! rom packag1ng of the dry ool ids. Since the 
pror�oed i n f luent c r i t e r i a  ace such that only water that w i l l  
produce an LSA, Class A waste wi l l  be processed, the 
rddionuc l l de concentr<•t.�ono, even ln the concentrated 
evaporator bottoms , wi l l  be rcldt 1 Ve l y  low. Tho maximum done 
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i s  conservatively estimated to be 23 person-rem. This i s  baaed 
on 16 , 000 person-houro for the evaporation process i n  a 
radiation field of 0.6 mrem/hr, about 3500 person hours for 
packaging o f  the dry solids i n  a radiation field o f  
2 . 5  mrem/hr, a n d  preprocessing operations for about 40 percent 
of the total i nventory. 

I n  the unlikely event of an on-site accident i nvolving the 
rupture and spill of a drum full o f  dry sol i d  waste, the dose 
to the on-site worker would be from a spilled quantity o f  LSA 
material. The dose from · such a n  accident i s  bounded by 
previous analysis of on-site spi l l s  of radioactive materials. 
The dose to the on-site worker would · be no more than the 
permissible dose to a member of the publi c  from a 
transportation accident involving LSA material a s  used i n  IAEA 
Safety Series 37 in the development o f  A-2 quantities for 
radioactive wa ste shipments. 

6 . 0 SAFETY EVALUATION 

10 CFR, Paragraph 50. 59, permits the hol der o f  a n  o perating l i cense to make 
changes to the facil ity or perform a teat or experiment, without prior 
COIMiiasion approval ,  provided the change, teat, or experiment does not 
involve a change in the Technical Specifications incorporated i n  the 
license, and it does not involve an unrevi ewed safety question. 

Disposal of processed water does not require a Technical S pecification 
change. NRC approval of this disposal option was granted by License 
Amendment No. 35 as impl emented by Technical S pecification 3.9 . 13. Further, 
the effluent release analyoe& performed in support of this eval uation 
demonstrate that the eff luonta from the proposed process water disposal 
system are well within the l i mite imposed by Appendix B to the THI-2 
Technical Specifications. Therefore, no changeD to the THI-2 Technical 
S pecifications are required. 

10 CFR 50, Paragraph 50.59, states a propooed change i nvolves an unrevi ewed 
safety question if: 

a .  The proba bility o f  occurrence o r  the consequences of a n  accident or 
malfunction of equipment I mportant To Sa fety previously evaluated i n  
the safety analysis report ma y be increased1 or 

b. The possibility for an accident or malfunction of a different type 
than any evaluated previously in the safety analysis report may be 
created; or 

c. Tho margi n  of safety, as defined in the basis for any technical 
speci fi cation, io reduced. 

A l though the disposal system outlined in this report i s  different from the 
disposal options for liquid waote outlined in the nu-2 Final Safety 
Analysis Report ( FSAR ) , the consequences of these activities are bounded by 
anal yses provided in the FSAR. 

The dlspooal system proposed dooo not i nc reas e the probabi l i ty of an 
acc1dent or m a l function o f  equipment important to safety. The o peration and 
control o f  the syotem wi l l  bo governed by procedureo prepared and approved 
pursuant to Section 6. 8 . 1, 6 . 8 . 2 and J . 9 . 1 3  of the THI-2 Technical 
Specif ications and w i l l  be designed to minimi�e the pot entia l for an 
4nadvertent release and, therefore, ro duco the proba b 1 l i ty of an accident. 
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Additionally, the consequences of any acci dent associated with the disposal 
oystem would be bounded by the evaluations given in the TH I -2 FSAR for a 
postulated f a i lure of the Borated Water S torage Tank ( BWST) . 

S upplement 2 of the THI-2 FSAR evaluated the postulated failure of the BWST. 
The evaluation a ssumed that the BWST contained "design basis" radioisotopic 
concentration. The mix of radioi sotope s, i n  the FSAR evalua tion, i s  va stly 
di f f erent from the mix of radioi sotopeo in the processed water. However, 
the r esulti ng doses from tho release of the BWST contents into the 
S usquehanna River can be compared to the expected doses resulting from a 
hypothetical release to the r iver of all of the processed water. The doses 
calculated below are f or i lluotrative purposes only and show that the 
hypothetical release of all of the processed water i s  bounded by a 
previ ously reviewed acci dent evalua tion. Table 1 in Supplement 2 ( page 
S2-1JC) of the FSAR, presents the resulting concentrations in the river from 
the postulated f a i lure of the BWST. For this mix of radioi sotopes, the 
radi ologica lly signif i cant radioi sotopes are Cs-134, cs-136, and Cs-137. 
Using the concentrations given i n  Ta ble 1 of Suppl ement 2 for the east side 
of the i sland and the dose methodology given in Regulatory Guide 1 . 1 0 9 ,  an 
a dult is estimated to receive a dose of 7 . 8  rem to the liver from the 
consumption of one ki logram of f l sh resi ding i n  the east side of the i sland. 
The liver i s  the limiting organ f or exposure to cesium. 

For comparative purposes, S ection 7 .2 . 4  of the NRC ' s  PElS ( NUREG-0683 of 
March 1 9 8 1 )  presents analyses of various acci dents i nvolving rupture of a 
processed water storage tank ( PWST) . The resulting doses evaluated in the 
PElS f or these accidents are signi f i cantly less and bounded by the dose 
conseq uences for the postulated failure of the BWST presented i n  the FSAR. 

The disposal system being proposed would not create an accident or 
malfunction of a different type. Postula ted accidents aosor.iated with 
processed water disposal would consist of line breaks or tank ruptures for 
which the bounding acci dent hao been evaluated a bove . Tho di sposal of the 
processed water does not reduce any margi n  of safety a s  defined i n  the basis 
f or any technical speci f i cation. The di sposa l system has been evaluated to 
determine the controlo necessary to enoure, by compl iance with governing 
procedures, that the operation of the system will comply with applicable 
technical speci f i ca ti ons. Compliance with the applicable technical 
speci f i cations ensures that publ � c  exposure from the planned gaoeous or 
l1quid dis charges i s  well within the obJectives of 10 CFR 50, Appendix I .  

I n  concluo ion, the disposal of the procoosed water does not i nvolve a n  
unreviewed safety question. 

I 
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TABLE 1 

IDENTIFICATION OF RADIONUCLIDES IN PROCESSED WATER* 

Column 1 Column 2 column 3 Column 4 Column 5 
curies concentration Specific Total Grams 

Preoc:nt in in JJCi/ml Activity in A-2 Present in 
Nuclides 2 . 3  HGAL in 2.3 HGAL ci/gram Y!!!!.! 2.3 HGAL 

Ceaium-137 3 . 2!-1 3 .7£-5 9 . 8£+1 10 3 . 7!-3 
cesium-134 7 . 66£-3 8 . 8E-7 1 . 2£+3 10 6. 38£-6 
Strontium-90 9.6£-1 l . lE-4 1 . 5£+2 0 . 4  6 . 4£-3 
Antimony-125/ 2.0£-2 2 . 3£-6 1 . 4E+3 25 1 . 43B-5 
Tellurium-125m 1 . 8E+4 100 
Carbon-14 8 . 7E-l l . OE-4 4 . 6  60 1 . 898-2 
Technetium-99 8.7£-3 1 . 0£-6 1 . 7E-2 25 5 . 12B-1 
Iron-55 4.2E-3 4 . 8!-7 2 . 2£+3 1000 1.91£-6 
Cobalt-60 4.2E-3 4 . 8!-7 1 . 1E+3 7 3.828-6 
Iodine-129 <5.2£-3 <6.0E-7 1. 6£-4 2 <3.25£+1 
Cerium-144 <1. 4£-2 <l.SE-6 3.2£+3 7 <4.38£-6 
Manganese-54 <3.5£-4 <4.0£-8 8.3£+3 20 <4. 2£-8 
Cobalt-58 <3.5E-4 <4. 0£-8 3. 1E+4 20 <1. 13£-8 
Nickel-63 <5. 2£-3 <6. 0£-7 4.6£+1 100 <l. lB-4 
Zinc-65 <8. 5£-4 <9.8E-8 8.0E+3 30 < 1 . 06£-7 
Ruthenium- 106/ <2.9E-3 <3.3!-7 3 . 4E+3 7 <8.53£-7 

Rhodium-106 
Silver-110m <4.9E-4 <5. 6£-8 4 .7!+3 7 <1.04£-7 
Promethium-147 <4. 2£-2 <4. 8£-6 9.4E+2 25 <4. 47£-5 
Europium-152 <3.3£-6 <3. 8£-10 1.9E+2 10 <1.74!-8 
Europium-154 <3.8£-4 <4. 4E-8 1 . 5E+2 5 <2.531'!-6 
Europium-155 <9. 6£-4 < l . lE-7 1.4£+3 60 <6. 86£-7 
Uranium-234 <8.7£-5 < l . OE-8 6 . 2£-3 0 . 1  < 1 . 40£-2 
Uranium-235 <1.0£-4 < 1 . 2B-8 2.1!-6 0 . 2  <4.76£+1 
Uranium-238 < 1 . 0£-4 <1.2£-8 3 . 3£-7 unlimited <3.03!+2 
Plutonium-238 <l. OE-4 < 1 . 2E-8 1. 7E+l .003 <5.88£-6 
Plutonium-239 <1.2£-4 <1. 4£-8 6.2£-2 .002 <1.94£-3 
Plutonium-240 <1.2E-4 <1. 4E-8 2.3E-l .002 <5.22B-4 
P1utonium-241 <5.7£-3 <6.5£-7 1.1E+2 0.1 <5.18£-5 
Americium-24 1  <1. 0!-4 <1. 2E-8 3.2 . 008 <3. 13£-5 
CUrium-242 <8.7E-4 <l. OE-7 3 . 3E+3 0.2 <2.64£-7 

Total <2.27 Ci <2. 6E-4 
JJI':i/ml 384.66 grams 

*Total activity and concentration shown are for projected "Base Caoe" water. 

Note: Tritium io not included in this table s ince the system performs no removal o f  
tritium. Tritium releases from the system are d iscussed in Section 5 . 1 .  



Constituent 

Ceaium-137 
Cesium-134 
Strontium-90 
Antlmony-125/ 
Tellurium-125m 
Carbon-14 
Technetium-99 
Iron-SS 
Cobalt-60 
Iodine-129 
Cerium-144 
Manganese-54 
Cobalt-58 
Nickel-63 
Zinc-65 
Ruthenium-106/ 

Rhodium-106 
Silver-110m 
Promethium-147 
Europium-1 5 2  
Europium-154 
Europium-ISS 
Uranium-234 
Uranium-235 
Uranium-238 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 
Amoricium-241 
curiulll-242 
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PROCESSED WATER D ISPOSAL SYSTEM INFLUENT LIMITS IN pCi/ml 

AND THE RESULTING ENVIRONMENTAL RELEASE RATES IN pCi/ml 

Coupled Mode Oecoupled Mode 
Environmental 

Evaporator Resulting Vaporizer Release Rate 
Influent Limit VaE2rizer Limit Influent Limit Limit 

3 . 7£-S 3 . 7£-8 3 . 7E-8 3 . 7£-8 
8 . 8£-7 8 . 8E-1C 8 . 8£-10 8 . 8E-10 
1 . 1E-4 1 . 1E-7 l . 1E-7 1 . 1E-7 
2 . 3£-6 2 . 3£-9 2 . 3£-9 2 . 3E-9 

1 . 0£-4 l . OE-7 1 . 0£-7 l . OB-7 
1 . 0£-6 1 . 0£-9 l . OE-9 1 . 0£-9 
4 . 8£-7 4 . 8£-10 4 . 8£-10 4 . 8£-10 
4 . 8£-7 4 . 8£-10 4 . 8£-10 4 . 8£-10 

< 6 . 0E-7 <6.0£-10 <6. 0£-10 < 6 . 0£-10 
< 1 . 8£-6 <l. BE-9 < 1 . 8E-9 < 1 . 8£-9 
< 4 . 0E-8 <4.0£-11 <4 . 0E- 1 1  <4.0E-ll 
< 4 . 08-8 <4.0£-11 <4.0E-ll < 4 . 0£-11 
<6. 0£-7 <6. 0E-10 <6. 0£-10 <6. 0E-10 
<9. 8£-8 <9 . 8£-11 <9.8£-11 <9.8£-11 
<3. 3£-7 <3. 3£-10 <3. 3£-10 <3 . 31!!-10 

< S . 6E-8 < S . 6E - l l  <S. 6E-11 < S .  68-11 
<4 . 8E-6 <4 . 8£-9 <4 . 8£-9 <4 . 8£-9 
<3 . 8£-10 <3.8£-13 <3. 8E-13 < 3 . 8£-13 
<4 . 4£-8 <4 . 4E-ll <4. 4£-11 <4 . 4£-11 
< 1 . 1£-7 < 1 . 1E-10 < 1 . 1E-10 < 1 . 1£-10 
<1 .0E-8 < l . OE-11 < 1 . 0£-11 < l . OE-11 
< 1 . 2£-8 < 1 . 2£-11 < 1 . 2£-11 < 1 . 2£-11 
< 1 . 2£-8 < 1 . 2£-11 <1. 2£-11 < 1 . 2£-11 
< 1 . 2£-8 < 1 . 2£-11 < l . 2E-1 1  < 1 . 2£-11 
< 1 . 41'!-8 < 1 . 4£-11 < 1 . 4£-11 < 1 . 4E-ll 
< 1 . 4£-8 < 1 . 4£-11 < 1 . 4£-11 < 1 . 4E-ll 
<6. SE-7 <6 . 5£-10 <6. SE-10 <6. SE-10 
<1. 2£-8 < 1 . 2£-11 < 1 . 2E-11 < 1 . 2E-ll 
<1 .01'!-7 < 1 . 01'!-10 < 1 . 01!!-10 <l. OE-10 

Limits as specif ied are averaged over a calendar quarter. 

Note: Tritium is not included in thin table since the system performs no 
removal o f  tritium. T=itium roloaoeo from tho oyotcrn arc discuoocd in 
Section S . 1 .  
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Figure 2 :  Site plan showing location of the Processed water 
Disposal System 
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