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1.0 INTRODUCTION 

1. 1 Background 
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The TMI-2 accident resulted in the production of large volumes of 
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 �f river water through the reactor building air coolers. 
In 1980, an agreement was executed between the City of Lancaster, 
Pennsylvania, GPU Nuclear Corporation, and the Nuclear Regulatory 
Commission (NRC) which prevented discharge or disposal of this 
accident generated water, 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 through the Submerged Demineralizer System (SDS) and EPICOR II 
System was begun. Since 1981, the total inventory of this accident 
generated water has increased to the current volume of 2.15 million 
gallons due to continued additions from defueling and decontamination 
activities and condensation from the reactor building air coolers. 
With the projected additions to this volume of water through the end 
of the defuelfng and decontamination of the facility, the total 
volume of water that will require disposal is anticipated to be about 
2.3 million gallons. Most 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 continuously recycled for use in cleanup activities and is 
subsequently reprocessed. Some of the water, such as the approximate 
volume of 66, 000 gallons in the reactor coolant system, will require 
some form of processing prior to disposal. The method of disposal 
that is proposed is to process the water through a closed cycle 
evaporator, reheat the purified distillate, and discharge it as a 
vapor containing essentially all of the tritium and a small fraction 
of the particulate contamination to the atmosphere in a controlled 
and monitored manner via a 100 ft. high exhaust stack. The remaining 
particulate contamination will be concentrated in the evaporator 
bottoms, collected, and further concentrated to a dry solid that can 
be shipped off-site for disposal by burial at a commercial low level

· 

radioactive waste facility. 

1. 2 Purpose and Scope 

The purpose of this report is to provide a description of the 
processed water disposal system and its 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 
Disposal System does not constitute an unreviewed safety question and 
that the system can be operated as designed without undue risk to the 
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public health and safety. Further, it concludes that the 
environmental impacts of the system operation and potential accidents 
involving the system fall within the bounds of activities previously 
evaluated by the NRC staff in their Programmatic Environmental Impact 
Statement and its supplements. 

2.0 SYSTEM DESCRIPTION 

2.1 General 

The processed water disposal system consists of: (1) a vapor 
recompression distillation unit (main evaporator) that will distill 
the processed water feed in a closed cycle process and collect the 
purified distillate for subsequent release by vaporization; (2) an 
auxiliary evaporator that will further concentrate the bottoms from 
the main evaporator; (3) a flash vaporizer unit that will heat and 
vaporize the purified distillate from the other evaporation and 
drying systems and release the vapor to the atmosphere in a 
controlled and monitored manner; (4 ) a waste dryer that will further 
evaporate water from the concentrated waste and produce a dry solid; 
and (5) a packaging system that will prepare the dry solid waste in 
containers acceptable for shipment and for burial in a commercial low 
level radioactive waste disposal site. A block diagram of the 
process is shown in Figure 1. 

2.2 Main Evaporator 

The main, or VC-300, evaporator is a vapor recompression type 
distiller that can be operated in either a climbing film or spraying 
film mode. The heating section consists of a horizontal shell and 
tube type heat exchanger that is 24 inches in dia�eter and 120 inches 
long. The heat exchanger is of a patented design known as a Bayonet 
Augmented Tube (BAT) heat exchanger. 

The evaporator feed enters the bottom of the heat exchanger shell 
where it is heated to boiling by steam condensing in the tubes. The 
heated vapors along with a significant quantity of entrained liquid · 

exits the shell 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 separ�tor. 
The remainder of the entrained liauid 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 is 
drawn off by a pump along with a portion of the liauid from the heat 
exchanger section 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 
recompressor. The compressor will increase the temperature and 
pressure of the steam and discharge it to the tube side of the heat 
exchanger in the evaporator heating section. The vapor condenses in 
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the tubes. giving up its superheai and latent heat to the boiling 
liquid in the shell. The condensate, or distillate, is removed from 
the tubes by a vacuum eductor and dischargPd to the VC-300 distillate 
tank. 

The system is designed to operate under a Vi\cuum and �111 boil the 
feed liquid at a temperature of about 1so• F. The mechanical vapor 
recompressor �ill raise the temperature of the vapor to about 
170• F. The compressor �ill supply 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 cycle is basically a r efrigeration cycle as 
employed in conventional heat pumps. but it uses �ater as the heat 
transfer fluid. The heat nQcessary for system start-up is supplied 
in the form of steam from the auxiliary evaporator �hich is described 
in Sec··.lon 2.3. 

Processed water will be fed to the VC-300 concentrate tank at a rate 
of no more than 5 gpm. The liQuid is �ved by vacuum from the 
concentrate tank to the evaporator heat exchanger shell at a rate of 
about double the evaporation rate. The excess feed is carried over 
with the vapor, removed in the vapor separator section, and returned 
along with a portion of the concentrated liQuid from the heat 
exchanger shell to the concentrate tank for recycle. The liQuid 
level in the heat exchanger shell is maintained high enough to cover 
about one third of the heat exchanger tubes. The vigorous foaming 
action during boiling, which is typical of waste water streams, �ill 
ensure continuous wetting of the rest of the tubes to provide good 
heat transfer characteristics, while the low liQuid level in the 
shell provides a tow hydrostatic head. If the foaming action is 
insufficient to adequately wet the tubes, the system can be operated 
in a spraying film mode. In the spraying film mode, a portion of the 
feed enters the top of the heat exchanger shell and is sprayed over 
the tubes to provide a constantly wetted film on the heat transfer 
surfaces. 

A small flow, on the order 0.5 gpm for a 5 gpm evaporator feed rate, 
of the concentrated liQuid gravity drains from the VC- 300 concentrate 
tank to the auxiliary (C- 30) evaporator concentrate tan� . lr further· 

concentration and processing. When the VC-300 evaporate� 1s supplied 
with processed water containing about 3,000 ppm boron, it will 
produce a concentrated solution of about 30,000 ppm boron. The 
concentration of other soluble and particulate contaminants, 
including radionuclides, will be increased by the same proportion. 
The final concentration ratios can be varied to suit the processing 
needs or to optimize the process as experience dictates. The 
purified di stillate will contain nearly all of the tritiated water 
but will be essentially free of other contaminants since less than 
0.1� of the soluble and particulate conta�inants in the processed 
water will be carried over in the VC-300 distillate. The distillate 
wi ll be collected in the distillate tank for further staging in an 
on-site storage tank or for direct feed to the flash vaporizer. 
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The auxiliary (C-30) evaporator is similar in design to the VC-300 
evaporator, but it is smaller and does not use a vapor recompressor. 
The heating section is a 6 inch diameter horizontal shell and tube 
heat exchanger and the separator section is 8 inches in diameter. 
The auxiliary evaporator is fed by recirculation from its concentrate 
tank (C-30 concentrate tank) and will further concentrate the 30,000 
ppm discharge from the main evaporator to a concentration of between 
30 and 50 percent total solids, depending on operational needs. The 
C-30 evaporator heat exchanger operates on the submerged tube 
principle with liq�id level being maintained by an overflow weir in 
the discharge end of the shell. 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 110•F. It 
flows to the tube side of the shell and tube heat exchanger portion 
of the auxiliary evaporator where it heats the boiling liquid on the 
shell siae. The distillate then exi�s 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 up and in operation, 
a valve in the vapor line to the main evaporator is closed and the 
vapors are routed to the auxiliary condenser. The condensate is 
removed from the condenser by an eductor and discharged to the C-30 
distillate tank. It is then transferred by pump to the VC-300 
concentrate tank for reprocessing. A portion of the concentrated 
liquid is pumped from the C-30 concentrate tank to the blender/dryer 
transfer tank for subsequent drying and packaging. 

2.4 Flash Vaporizer 

The flash vaporizer will perform the final evaporation of the 
purified distillate and will release the resultant vapor to 
atmosphere through a 100 foot high exhaust 3tack. Distillate will be 
pumped to the system at a rate of no more than 5 gpm. It will enter. 
the system flow stream at the suction of a 500 gpm recirculation 
pump. The recirculation pump forces water through three 300 KW 
electric heaters where the temperature and pressure are raised to 
about 240• F and 10 psig respectively. The heated water discharges 
through a bleed/orifice valve into the 24 inch diameter by 60 inch 
high cylindrical flash tank where the reduced pressure results in 
immediate vaporization of a portion of the heated water. The vapors 
exit the 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 
the atmosphere. A small amount of liquid will be drained from the 
flash tank as a continuous blowdown and returned to the VC-300 
concentrate tank. Any condensate that forms in the exhaust stack 
will be drained through a steam trap to the VC-300 distillate tank. 
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The blender/dryer will receive the liquid or slurry product from the 
auxiliary evaporator at a concentration of 30 to SO percent total 
solids, evaporate the remaining water, and produce a dry solid 
waste. The water removed by the dryer in the form of vapor will be 
condensed in a heat exchanger and returned to the VC-300 concentrate 
'··nk for reprocessing. The body of the dryer consists of a 
cy.1ndrical horizontal vessel that is about 10 feet long by 3 feet in 
diameter with a holding capacity of 50 cubic feet. It is equipped 
with three sets of electrical strip heaters (100 KW per set) in 
direct contact with the outside surface of the shell. The outside of 
this heated surface is covered with a layer of insulating material. 
The inside surface of the dryer is continuously scraped by a rotating 
helical ribbon agitator that removes and mixes the material that 
dries on the inside surface of the shell. The liquid or slurry is 
pumped into the dryer in batches through two (2) 2 inch feed 
connections located on the dryer side near each end of the unit. 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, ft will be discharged through a four inch 
pneumatically operated ball valve into the blender/dryer discharge 
hopper. 

2.6 Packaging System 

The dry solid waste from the blender/dryer discharge hopper is 
tra�sferred by a fully enclosed screw conveyor to the pelletizer feed 
hopper. T�e pelletizer is a standard Model 200 Blount/Ferrel-Ross 
laboratory pellet mill. The dry product flows by gravity from the 
feed hopper into the center of a cylinderical extrusion die. The 
product which enters as a powder is pressed or extruded through 
radial holes in the die, forming a compacted solid material. As it 
exits the die. the material will be cut off to pellets about 3/8 inch 
in diameter and about 1/2 in�h long. The pellets then drop through � 
shroud into a DOT Specification 17-C shipping container. The 
pelletizer is integrally mounted on top of an enclosure around the 
DOT Specification 17-C container. A ventilation blower, which 
discharges to the building atmosphere, draws a constant suction 
through a H EPA filter on the enclosure to ensure that the enclosure 
and the pellet mill are maintained under a negative pressure while in 
use. This will prevent leakage of material that could cause an 
airborne radioactivity problem in the building. All handling of the 
open solid waste containers such as installation of lids and wiping 
of the exterior surfaces will be performed with the drum in the 
ventilated drum enclosure. 
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The entire processed water disposal system will be enclosed in 
a modular building 26'X30'X14' high located as shown on 
Figure 2. The primary purpose of the building is to shfeld 
the eQuipment and operators from the environment and to 
contain the process liquid in the extremely unlikely event of 
catastrophic failure of the system tanks or piping. The 
building is constructed of pre-fabricated interlocking panels 
that lock together with hook devices. The panels are 
laminated construction consisting of an insulating foam 
material sandwiched between sheet metal. The panels are 
painted on their fnterfor and exterior surfaces for easy 
cleaning. Attached to the building is 10'X12' office area 
that will serve as an operating control point. In addition, 
it will provide a controlled point of entry fnto the eQuipment 
building which will be a radiologically controlled area. The 
building will be placed on·a poured, reinforced foundation and 
slab which will be curbed to contain any liquid spilled, and 
sloped to channel spilled liQuid to a sump. The curbing is of 
sufficient size to contain the entire volume of liQuid that 
could be contained in the system. The foundation and slab 
will be coated wi th an epoxy base sealant to facilitate 
decontamination, as needed. 

The building will be provided with the necessary lig�ting and 
telephone communication to facilitate efficient operation. In 
addition, portable heaters can be installed if needed during 
periods of shutdown if cold weather presents a possibility of 
freezing. 

The building will be ventilated by an exhaust fan that will 
provide 2,500 CFM air flow out through the building exhaust. 
This will provide about 15 air exchanges per hour. 

An ambient air sampler will be operated within the evaporator 
building to evaluate airborne radiological conditions. 
Airborne radiological concentrations will be controlled to 
less than or eQual to 25 percent of Maximum Permissible 
Concentration (MPC) to personnel. 

If airborne concentrations exceed 25 percent of MPC to 
personnel, decontamination or other radiological condition 
improvements will be made within 1 hour, during which time 
period the airborne r�diological concentration will not exceed 
25 percent to 50 percent HPC. If after 1 hour, mitigation of 
the release is not achieved, the evaporator building exhaust 
will be shut down, and evaporator operations will be 
terminatej until acceptable radiological conditions can be 
restored. 
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If operating experience shows that airborne concentrations of 
less than 25 percent of MPC +o personnel cannot be achieved 
through radiological controls. then engineered controls 
including a building exhaust monitor, will be instituted. 

2. 7.2 Cooling Water System 

Cooling water for the processed water disposal system will be 
supplied from and returned to a closed cycle chilled water 
system. ThP. self contained chiller and chilled water system 
will be located adjacent to the evaporator building and will 
provide about 20 gpm of cooling water at a temperature of 
about so• F to the C-30 condenser and the main evaporator 
compressor oil cooler. 

2. 7.3 Electrical System 

The evaporator system requires a 480V. 3 phase, 60 Hz 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 transformer 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 switchgear is 
supplied by the evaporator vendor as part of the system. 

2.7.4 Plant System Tie-ins 

Operation of the evaporator system requires connection to 
existing plant systems for various service needs. These plant 
ti e-ins are shown schematically in Figure 3. The figure shows 
the connections to the contractor supplied evaporator system 
as well as the modifications to the existing systems necessary 
to facilitate the tie-ins. 

The existing Processed Water Storage Tanks (PWSTs} will be 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. The Auxiliary Building Emergency Liquid 
Cleanup System CALC } will be modified to allow using the 
existing 85, 000 gallon CC-T-1 in the EPICOR I I  system 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. Cross connect 
valves between the source tanks and the evaporator and 
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vaporizer feed connections are capable of being locked closed 
to prevent inadvertently feeding raw water to the vaporizer. 
They will be locked and controlled per GPUN procedures. In 
addition, the tie-ins are designed so that any tank being used 
to feed the system will 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 will be isolated from any other sources of water. 

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

Service air is supplied to the evaporator building from the 
existing plant Instrument Air (IA) System. It supplies the 
air driven building sump pump, the blender/dryer transfer 
pump, and the air operated blender/dryer discharge valve. 

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

2. 7.5 Fire Protection 

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

3.0 SYSTEM oPERATION AND CONTROL 

3.1 General Operation 

The processed water disposal system is designed to operate at a 
steady state feed rate of no more than 5 gpm. The currently 
projected disposal program will process the entire 2.3 million 
gallons of water over a period of two years with about half of the 
total inventory being processed in each of the two years. The 
projection of 1.15 million gallons per year is based on current 
estimates of water a vailability and estimated system down time. If 
operational availability of the evaporator system permits, a nd 
progress of defueling, decontamination, and preprocessing of water 
improves the availa bility of water, it is feasible to dispose of the 
entire 2.3 million gallons of accident generated water in as little 
as 16 months. This estimate is based on operating the evaporator 
7 days per week with 25 percent down time. Regardless of the overall 
length of the operating program, the system will be operated a nd 
controlled in such a manner that the environmental impacts of the 
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project will be no more than the minimal impacts projected and 
evaluated in the N� St�ff's Programmatic Environmental Impact 
Statement. Supplement 2. This section of the report describes the 
modes of operation of the system. the instrumentation and controls 
used in the system, and describes the basis for the operating limits 
imposed on the 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 a s  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 a tmospheric discharge. When 
decoupled, the evaporator and vaporizer are operated separately with 
the vaporizer influent independent of the evaporator effluent. The 
distillate from the evaporator is pumped to a separate staging tank 
and the feed to the vaporizer is supplied from an independent staging 
tank. These modes are described in detail in Sections 3.2.1 
and 3. 2.2. 

Operation of the processed water disposal system will be under direct 
control and supervision of GPU N operations staff. The personnel 
performing the operation will be contractor personnel provided by 
Pacific Nuclear Incorporated, the vendor and owner of the system. 
These personnel will receive the training required by plant 
procedures for access to the facility's protected area and radiation 
work permit areas and will perform all operations under the control 
of GPU N approved operating procedures. Radiological controls. 
chemistry, and effluent sampling and analysis needed to support 
system operation will be provided by GPUN staff. 

3.2.1 Coupled Operation 

In th1s configura tion the evaporator and vaporizer will be 
coupled and operated as a continuous cycle system. The 
primary control over environmental effluents will be 
established by strict control over the process influents. The 
body of water to be processed will be isolated from all other 
possible sources of contamination, the source tank will be 
recirculated to assure homogeniety, and then sampled. A 
chemical and radiochemical analysis for the principal 
radionuclides will be performed as presently done on-site and 
the analytical results compared to the influent criteria 
discussed in Section 3.3. Once conformance to the influent 
criteria is confirmed, water may be processed. Water will be 
supplied at a rate of no more than 5 gpm to the VC-300 
concentrate tank from where it is fed and recirculated through 
the main evaporator. The main evaporator will increase the 
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concentration of dissolved sol ids. incl uding the particulate 
radionuc11des, by a factor of about 10. The concentrated 
l iquid is continuously drawn from the VC-300 concentrate tank 
and sent to the C-30 evaporator. The C-30 evaporator will 
produce a further concentrated liquid that is about 30 to 50 
percent dissolved solids. The purified distill ate from the 
VC-300 evaporator is continuously discharged to the VC-300 
distillate tank. The C-30 distillate is first col l ected in 
the C-30 distillate tank and then pumped back to the VC-300 
concentrate tank for reprocessing. VC-300 distil l ate is 
continuousl y recircul ated by the main distill ate pump, P-5, 
and the C-30 evaporator heating l oop pump, P-4. Heating l oop 
pump, P-4, circulates distillate from the YC-300 distill ate 
tank as cooling water through the blender/dryer vapor 
condenser, then through the two 30 KW electric heaters to the 
C-30 evaporator as its heat source. From the C-30 evaporator 
heating section it returns to the VC-300 distill ate tank. 
Distillate pump, P-5, pumps from the VC-300 distillate tank 
through a recirculation loop that· supplies clean water to the 
desuperheater nozzles in the vapor recompressor suction, hot 
water as a heat source to the feed preheater, seal water to 
the VC-300 vacuum pump, P-6, and motive force to the VC-300 
eductors, E-1 and E-2. The water to the desuperheater, vacuum 
pump, and eductors is subseQuently returned to the distill ate 
tank. A side stream is discharged from this loop through 
letdown valves that ope· lte automatically to provide l evel 
control for the distillate tank. When operating in the 
coupled mode, which is expected to be the normal mode of 
operation, the letdown flow from the distill ate loop will be 
discharged directly to the vaporizer. The distillate will 
pass through a radiation monitor and enter the vaporizer 
recirculation loop as described in Section 2.4. During 
operation, samples will be obtained periodically from the raw 
feed to the evaporator and from the distillate feed to the 
vaporizer. Later analyses of these samples in the site 
laboratory will confirm that the evaporator influent quality 
had been within the required specifications during the 
previous operating period and tha t the evaporator produced a 
decontamination factor of at least 1000. If these two 
criteria are met, the environmental release from the system 
wil l have been within the limits discussed in Section 3.3. I f  
either of these criteria have not been met, the system will be 
shutdown and corrective action will be taken. When tankage is 
available, an alternative to full system shutdown will be to 
terminate the release from the vaporizer and return the 
evaporator distillate to an interim staging tank. This will 
allow adjustments to the process to restore its operation to 
within the specifications without a ful l system shutdown. 
System instrumentation will provide a continuous indication 
that the environmental releases are within the limits required 
by the TMI-2 Technical Specifications. If sample ana lyses 
show that the environmental release rates have been higher 
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than those stated in Section 3.3, influent limits will be 
adjusted for subseQuent operating periods to ensure 
confonmance to the.average Quarterly limits discussed is 
Section 3.3. 

Operation in the coupled mode will not occur until sufficient 
data has been obtained from system testing to verify that the 
design decontamination factor are achieved. 

3.2.2 Decoupled Operation 

In the decoupled mode of operation, the evaporator and 
vaporizer are operated as separate units with the vaporizer 
feed independent of the evaporator distillate discharge. The 
source tank to be processed is isolated, recirculated, 
sampled, and analyzed for conformance to the criteria in 
Section 3.3. In decoupled operation, the evaporator influent 
criteria are based on assuring that the solid waste form 
produced meets the reQuirements for an LSA, Class A waste. In 
coupled mode operation , the evaporator influent criteria are 
based on assuring that the environmental releases from the 
system are within the established specifications and the solid 
waste produced meets the reQuirements for LSA, Class A waste. 
Slightly different influent criteria are imposed because in 
the decoupled mode, the evaporator does not discharge its 
distillate directly to the vaporizer for release to the 
environment. This is discussed further in Section 3. 3. Water 
from the source tank is fed to the system as fn coupled 
operation. The evaporator operation is identical except that 
the distillate letdown is pumped to a holding tank rather than 
being fed directly to the vaporizer. The water will be held 
until analysis shows it is acceptable for release. If the 
water meets the established effluent criteria, it may be later 
pumped directly to the vaporizer for vaporization and release 
to the atmosphere. If it �oes not meet the release limits it 
will be held and later reprocessed through the evaporator. 
This option allows using the evaporator as a preprocessing 
system for water sources that do not meet the criteria for 
discharge by direct coupled operation. Higher activity waters 
may be processed 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 wilt confirm that cross contamination has not 
occurred. 
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As previously stated, the primary method for control of the effluent 
from the evaporator or vaporizer is by establishing strict controls 
on the process influent characteristics. The effluent liquid quality 
from the evaporator is dependent upon the decontamination factor, or 
Of, achieved by the process. The DF is defined as the concentration 
of contaminants in the system influent divided by the concentration 
of contaminants in the effluent. The LICON evaporator has been 
designed to provide a decontamination factor of at least 1000 for 
particulates. In other words, less than one one-thousandth or 0.1 
percent of the particulate radionuclides present in the evaporator 
influent will be carried over with the purified distillate. Further, 
99.9 percent of the particulate radionuclides will be collected in 
the dry solid waste that will be packaged for disposal. This OF of 
1000 for particulates will be verified by a series of tests performed 
by the vendor prior to delivery of the system to the TMI site. These 
tests will involve full flow operation-of the system using liquid 
solutions that are very close in composition to th� TMI-2 processed 
water but contain no radioactive material. After demonstration of 
satisfactory evaporator performance, the system will be assembled at 
the TMI site. It will again undergo a test run using a 
non-radioactive surrogate solution. The evaporator OF will be 
verified by chemical ana1ysis of the feed solutions and purified 
distillates. Once the system is placed in service, the OF will be 
periodically verified by laboratory analyses of the influent and 
effluent. The system is also provided with instrumentation that will 
detect upset conditions that may affect the effluent Quality. This 
instrumentation is discussed in Section 3.4. 

The influent quality must be controlled to assure achieving two 
effluent results. First, the purified distillate will be released to 
the environment via the vaporizer. Essentially all of the 
contaminants contained in the distillate will be vented into the 
atmosphere. The level of contaminants released must be kept low 
enough to assure minimal environmental impacts. Second, at least 
99.9 percent of the contaminants contained in the evaporator influent 
will be collected as dry solid waste. This waste will be packaged 
on-site and transported for burial in a commercially operated 
radioactive waste disposal facility. The waste form produced must be 
suitable for transportation and burial in accordance with the 
regulations of the U.S. Department of Transportation and the U. S. 
Nuclear Regulatory Commission. GPUN has chosen to process the waste 
to a form that meets the transportation requirements for Low Specific 
Activity (LSA) radioactive material. In addition it will conform 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 disposal. 
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The water to be d i sposed 1 s  1 n  storage i n  va rious tanks around the 
s i te ,  some of wh i c h  1 s  sti l l  1 n  use for c l ean-up acti v i t i e s .  Some o f  
th i s  wate r has a l ready rec e i ved f i na l  proc ess i ng through the 
s ubmerged Oemi nera l i ze r  System (SOS) and E P I CO� 11. About 40 percent 
o f  the 2 . 3  mi l l ion ga l l on i nventory wi l l  requ i re s ome fonm of 
preproc ess i ng before b e i ng proc essed for d i sposal by the evaporator 
system i n  a coup l ed mod e .  Tab l e  1 ,  Col umns 1 and 2 show the 
projected average acti v i ty l ev e l s  for the total 2 . 3  mi l l i on ga l l ons 
of acc i dent generated water a s sumi ng preproc ess i ng of about f o rty 
percent of the tota l i nventory. T h i s  data appears i n  the NRC sta f f's 
Prog rammati c  Envi ronmenta l Impact Statement (PE IS)  Suppl ement 2 
( NUREG-0683, Supp 2)  i n  Tab l e  2 . 2  and i s  i d enti f i ed as •ease Case• 
wate r .  These acti v i ty l ev e l s  formed the b a s i s  for the NRC staf f's 
analysis of the envi ronmenta l i mpacts of evaporator d i scharges . The 
acti v i ty rel eases occu rri ng from evaporator d i scharges o f  •ease Case• 
water resu l t  in releases that a re a sma l l  f raction of the releases 
permi s s i b l e  by e x i sting regul atory requ i rements . Even though h i gher 
re leases are l ega l l y  acc eptabl e and o r  very minor envi ronmenta l 
consequen c e ,  the proc essed water d i sposal system wi l l  be operated i n  
such a manner that the PElS proj ecti ons o f  envi ronmental impact a re 
not exceeded . Since the PElS ana l ys i s  a s s umed proc e s s i ng •ease Case• 
water with a vaporizer d i scharge to the atmosphere conta i n i ng 0 . 1  
percent o r  the rad i oa ct i ve part i c u l ates f rom the i n f l uent , that va l ue 
wi l l  be used as the system operating l imit . Therefore , when 
operating the processed water d i s posa l system i n  the coupled mode , 
the volume o r  water being proc essed wi l l  be i so l ated from a l l  sources 
of contami nation . The conc entrations o f  the pri n c i pa l  rad i onuc l i d e s  
wi l l  b e  veri f i ed b y  on-s ite ana l ys i s  t o  b e  with i n  l i mits s o  that 
quarte rly average concentrations or a l l  water processed in th i s  mode 
wi l l  be no greater than the c oncentrations l i sted i n  Tab l e  1 ,  C o l umn 
2 .  When proc e s s i ng water through the vapo rizer i n  the decoupled 
mod e ,  the quarte r l y  average vaporizer i n f l uent concentrations wi l l  be 
no greater than 0 . 1  percent of the val ues i n  Ta b l e  1 ,  Col umn 2 .  
These l imits equate to an atmospher i c  re l ea s e  rate for part i c u l ate 
rad i onuc 1 1 des of 8 . 2£-5 �Ci per sec�nd i f  proces s i ng water 
conta i n ing t ? maximum l im i ts at a rate of 5 gpm . These l imits a re 
s ho�n 1 n  lab � 2 .  

The evaporator i n f l uent l i mit for coupled mode operations assumes a 
OF of 1 000 for part i c u l ates . I f  system testing and operational 
experience demonstrate with reasona b l e  c on f i dence that the system 
a c h i eves a h i gher OF . the evaporator i n f l uent l i mit for coup l ed mode 
operation wi l l  be i nc reased accord i ng l y .  

When proc e s s i ng water 1 n  the decoup l ed mode ,  the evaporator wi l l  not 
d i sc harge the d i sti l l ate d i rectly to the envi ronment s i nc e  the 
d i sti l l ate i s  c o l l ected and stored 1n an on-s i te staging tank . I t  
wi l l  be held for f uture d i sc harge d i rectly through the vapo r i z e r ,  
f i nal process i ng through the evaporator a n d  vaporizer i n  coup l ed 
mod e .  or further preproc e s s i n g  through the evaporator i n  decoup l ed 
mod e ,  depend i ng upon 1ts rad 1 onuc l id e  content . There f9re , the 
evaporator i n f l uent l i mits 1n the decoup led mode are based on 
assuring an ac c epta b l e  f i na l waste form. 

0225H/1 3H 



TER 3232-019 Rev. 0 
Page 18 of 38 

The major constituent of the processed water that contributes to the 
final solid waste is ortho-boric acid (H3B03) which has been used 
th�oughout the cleanup program for criticality control. The current 
processed wate� inventory of 2.15 million gallons contains an average 
concentration of boron from boric acid additions of about 3500 parts 
per million (ppm) but can range as high as 6000 ppm in some of the 
sources. Sodium hydroxide (NaOH) has been added to the water for 
control of pH and has an average concentration of about 700 ppm 
sodium ions in the 2.15 million gallons. As the water is evaporated, 
the NaOH and H3B03 will combine to yield sodium borate salts in 
the form of Naz0·2B20J (Sodium Tetra-Borate) and 
Na20·B203 (Sodium Meta-Borate) . The remainder of the 
H3B03 will crystallize as ortho-boric acid. At the current 
averages of 3500 ppm Boron and 700 ppm Sodium, the 2.15 million 
gallons of processed water contain about 179 tons of boric acid and 
about 11 tons of sodium hydroxide. This material fs 
non-radioactive. In contrast to this, .Table 1, Columns 3 and 5 show 
the specific activity of the radionuclides present in the processed 
water and the resultant total Quantity of each in 2.3 million gallons 
of "Base Case" water. It shows that the total weight of radioactive 
material present with the 190 tons of boric acid and sodium hydroxide 
is less t�an one pound. Therefore, the predominant material present 
in the solid waste is bor ; acid and its sodium salts. The projected 
weight of boric acid and sodium hydroxide shown here are based, as 
previously stateo, on the current inventory of 2.15 million gallons 
and average boron and sodium concentatfons of 3500 ppm and 700 ppm 
respectively. The increase in the inventory to 2.3 million gallons 
projected between now and the end of the project is not expected to 
require any furth�r boron additions. Therefore, the total projected 
weight of boric acid is not expected to change. Likewise, the weight 
of sodium hydroxide in the processed water is based on current 
inventories. The final amount in the projected 2.3 �fllion gallons 
will depend upon processing reQuirements for pH adjustment and the 
amount of sodium removal that occurs in ion exchange preprocessing. 
These weights differ from the values given in the PElS. The values 
used by the NRC in preparing the PElS were based on data provided by 
GPU Nuclear in July 1986. (i.e., 2.1 million gallons, 3000 ppm 
Boron, and 700 ppm Sodium.) Since submission of that data, addition� 
of boric acid and inventory changes have increased the values to the 
current 2.15 million gallons, 3500 ppm Boron, and 700 ppm Sodium. 

To determine the transportation category. each radionuclide present 
in the waste is assigned an A-2 value which is the number of curies 
of that nuclide that may be shipped in a Type A container. The A-2 
values are obtained from the applicable DOT and NRC regulations and 
are shown in Table 1, Column 4. From the A-2 values, a permissibl� 
LSA concentration is determined. The LSA concentrations are the 
maximum concentrations in m111icuries per gram that may be packaged 
in a strong tight container and shipped in an "exclusive use" veh�cle 
as Low Specific Activity (LSA) material. Calculations show that 
processed water containing 3000 ppm Boron and the radionuclide 
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concentrations of Table 1, Column 2, will yield an LSA waste when 
evaporated. The waste wil� be shipped in DOT Specification 17-C 
containers. These containers exceed the minimum requirements for 
"strong tight containers". 

To determine the burial category of the waste, similar calcul�t1ons 
are done to compare the waste to criteria in 10 CFR 61. Calculations 
show t�lt processing of water with Table 1, Column 2 concentrations 
of rad1onuclides and 3000 ppm Boron will result in a Class A waste 
form. 

Boron concentrations higher than 3000 ppm will yield larger 
quantities of solids and resultant lower activity concentrations fn 
the final waste form. Similarly, higher activity concentrations in 
the source water produce higher concentrations in the final waste 
form. Therefore, when processing water with activity levels higher 
than those shown in Table 1, Column 2, or eoron concentrations of 
less than 3000 ppm calculations will be performed and documented in 
accordance with a GPU Nuclear approved process control plan to 
determine the transportation and disposal categories of the final 
waste form. Only water that will yield an LSA, Class A waste form 
will be processed through the evaporator. 

3.4 System Instrumentation and Control 

As previously discussed, the primary control on effluent QUality from 
the evaporator is an operating program that places strict controls on 
the influent or raw feed quality. The system is designed to operate 
with minimal manual control by the operator even though an operator 
will be present during �ystem operation. The automatic controls and 
instrumentation incorporated in the processed water disposal system 
are discussed in this section. 

3.4.1 LiQuid Level Controls 

Raw feed from the plant source tank is either pumped �r 
gravity flowed to the evaporator depending upon level in the 
source tank. The feed enters the VC-300 concentrate tank 
through a solenoid operated valve with a manual bypass valve. 
The manu�l bypass valve will be adjusted to maintain a nearly 
constant level in the VC-300 concentrate tank with the 
solenoid valve open. The tank is provided with three sonic 
level switches. If the level in the tank varies, the top 
sonic switch closes the solenoid operated feed valve, the 
middle switch opens the valve, and the lower switch actuates a 
low level alarm and deenergizes the evaporator causing a 
system shutdown. In addition. a High-High level switch will 
actuate an alarm and shut the main feed valve to the system 
and the C-30 distillate tank discharge valve to prevent 
overflow of the tank. Similarly the feed rate to the VC-300 
evaporator shell is set manually and the recycle rate back to 
the concentrate tank is controlled by an electric motor 
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operated recycle valve in parallel with a manual valve. The 
solenoid valve is cycled open and closed by a sonic level 
detector on the evaporator shell. The C-30 concentrate tank 
is supplied by the concentrate drain from the VC-300 
concentrate tank. The gravity flow line is provided with a 
similar arrange.ent of a manual valve and a solenoid valve in 
parallel, with the solenoid valve being controlled by level 
switches in the C-30 concentrate tank. The low level alarm 
switch causes an alarm, deenergizes the evaporator system and 
trips the pump to the blender/dryer transfer tank. Discharge 
from the two distillate tanks is controlled in a similar 
manner. The level in the vaporizer flash tank is controlled 
by three sonic level switches. The top switch opens a 
solenoid valve in the blowdown line, the middle switch closes 
the valve, and the bottom switch actuates an alarm and trips 
the vaporizer circulation pump and electric heaters causing an 
automatic shutdown of the vaporher. 

The VC-300 and C-30 evaporator vapor domes and the vaporizer 
flash tank have liquid level gauge glasses for visual 
indication of liquid level. 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. They also deenergize the evaporator causing a 
system shutdown. The sonic level controls chosen for this 
system are widely used throughout the industry to control 
liquid levels in hostile environments. They have no moving 
parts, are unaffected by changes in dielectric constants, 
perform well in high density slurries, and work well 
throughout a large range of viscosities. 

3.4.2 Flow Measurement 

A water flow meter is installed on the evaporator feed line to 
keep track of total volume of raw processed water sent to the 
evaporator. It is a turbine type flow meter with a 
totalizer. Si•ilar flow meters are installed in the system 
distillate discharge line and in the distillate line from the. 
C-30 distillate tank. These will provide data for performance 
of the system �ss flow balances. Flowrate meters are 
installed in the desuperheat line, both evaporator recycle 
lines and the vaporizer blowdown line. These meters provide 
on-line indication of process conditions and provide no 
automatic control functions. 

3.4.3 Conductivity Monitors 

An effective measure of the amount of dissolved material in 
water fs its conductivity. Four conductivity monitors are 
installed in the system to detect trends or upset conditions 
during processing. There is a monitor in the distillate lines 
from both the VC-300 evaporator and C-30 distillate tank 
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d i scharg e .  These mon i tors wi l l  g i ve i nd i c a t i on o f  exces s i ve 
ca rryover from the evaporators o r  o f  unexpected tube l eakage 
in the evaporator heat exchangers . Monitors are i ns ta l l ed i n  
both the vapori zer and evaporator feed l i nes . These wi l l  
p rovide a n  i nd i c a t i on o f  any unpl anned upset that may degrade 
the i n f l uent water qua l i t y .  Each of these mon i toring poi nts 
i s  a l s o  equi pped with a samp l e  station for extrac tion of 
process f l u i d s  for c hemi c a l  and rad i ochemi c a l  ana l y s i s .  
Opera t i onal  experi ence and an accumulated data base acc rued 
d u ri ng actual  evaporator ope rati ons wi l l  provide a sound bas i s  
f o r  c ompa ri ng these two methods o f  analys i s ,  i . e . , l aboratory 
a na l y s i s  and steady state conduc t i v i ty monitori ng.  After 
adequate demonstrat i on o f  compa rabl e  a na l yt i c a l  res u l t s  and 
conduct i v i ty data , opera t i onal  p rocedures ma y  be mod i f i ed to 
re l y  more extens i v e l y  on the steady state conduc t i v i ty 
i nstrumentat i on .  However. unt i l  a data base can be comp i l ed 
based on actual  system opera t i ons . the control method u t i l i zed 
i n  procedures and opera t i ng programs wi l l  be the phys i c a l  
samp l i ng and laboratory a na l ys i s  o f  process l i quids  i n  
conjunc t i on with c onduc t i v i ty monitoring.  

3 . 4 . 4  Rad i at i on Mon i tor 

A gamma rad i a t i on detec tor i s  i n sta l l ed in the vapori zer feed 
l i ne and i s  i ntended to detect gross upsets in the system 
operat ion. The primary means o f  moni toring and contro l l i ng 
the envi ronmenta l re l eases o f  part i c u l ate rad i oa c t i ve mate r i a l  
wi l l  be l i mi t i ng the rad i onuc l i d e  c oncentrat i ons in the system 
i n f l uents and by peri od i c  samp l i ng and rad i oc hemi c a l  
ana l yses . The rad i a t i on moni tor wi l l  detect major devi a t i ons 
in the proc ess and wi l l  cause a termina t i on o f  the releases to 
the envi ronment i f  upsets occur.  I t  wi l l  a l a rm  and cause an 
automa t i c  shutdown before the envi ronmenta l re l ease rate 
exc eeds the part i c u l ale re l ease l im i t  of the TMI-2 Techn i c a l  
Spec i f i cati ons . The detector i s  c a l i brated to the . 661 MEV 
gamma ray emitted by the Ces i um- 1 3 7 /Ba rium 137m decay c ha i n .  
The a l a rm  i s  set to a concentra t i o n  i n  the l i q u i d  wh i c h  
c orresponds to a part i c u l a te re l ea s e  rate o f  
7 . 5E -2 pCi /sec . T h i s  represents 2 5  percent o f  the 
i nstantaneous part i c u late re l ease rate l im i t  of the TM I -2 
Techn i c a l  Spec i f i cati ons . The a l a rm set poi nt corresponds to 
a Cesi um-1 37 re l ease rate o f  l . l E -2 pC1 /sec a s sumi ng the 
i s otop i c  d i stri bution o f  Tab l e  1. C o l umn 2 .  T h i s  corre lates to 
a Ces i um-1 37 concentation in the vapo r i ze r  feed o f  3 . 5E-5 
pC i /ml wh i c h  1 s  very nea r l y  equa l to the coupled mode 
evaporator i n f l uent l i mi t .  T hu s ,  the detector a l a rm  wou l d  
a l so prov ide a warning that t h e  evaporator had been 
i nadvertent l y  bypas sed . 

The h i g h  l evel a l a rm  s i gna l on the rad i at i on mon i tor wi l l  
cause an aud i b l e  a l a rm .  t r i p  the vapori zer rec i rc u l a t i on pump , 
and deenerg i ze the vapori zer heaters . Th i s  wi l l  e f fect i ve l y  
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tenminate the release of rad i oact i ve materia l  at a l eve l be l ow 
the Tec h n i c a l  Spec i f i ca t i on i nstantaneous release l i m i t .  The 
monitor c hosen for t h i s  system i s  a Nuc l ea r  Research 
Corpora t i on Mode l  4 P I -3 samp l e r .  I t  uses a Sod i um I od i de 
c rystal a s  a gamma s c i nt i l lation detector. It has a 
moni toring sens i t i v i ty o f  1 £-7 �Ci /ml o f  Ces i um-1 3 7  a t  a 
9 9  percent c o n f i dence l e ve l .  

3 . 4 . 5  Other I ns trumentation 

In add i t i on to the i n s t rumentat i on and contro l s  d i scussed 
above , a dd i t i ona l features support the sys tem and enhanc e the 
ease o f  operation and system re l i abi l i ty .  

Fu l l  v i ew s i ght windows o n  t h e  evaporator s he l l s  and v i ew i ng 
windows on the vapor dome� a l low the operator t o  see the 
process a s  concentra t i o n  progre s s e s  . .  They provide easy 
a s s essment of too Much or too l i tt l e  foaming in the ev�porator 
and p rovide a means of i mmedi ate c on f i rma t i on of any 
carry-over f rom the separators 1 f  i n d i cated by the 
conduc t i v i ty mon i tors . 

The d i s t i l l ate pumps , P-3 and P-5 , are equi pped with d i s c ha rge 
pressure swi tc hes that provide a s s u rance �f s uf f i c i ent 
pressure for operation of the condensate eductors . Low 
pres sure wou l d  cause the eductors t o  bac k - f i re and the system 
wou l d  operate errat i c a l l y .  I f  press ure f a l l s  be l ow 35 p s 1 g ,  
the pres sure switches a ctuate a system shutdown by 
deenerg 1 z i ng the electri c a l  system. 

Pressure swi tches are provided 1n the vapori zer heat i ng l oop 
and i n  the C -30 evaporator heat ing l oop to deenerg i ze the 
heaters in the event o f  i n s u f f i c i ent water f l ow through the 
heaters . These loops a re a l s o  equi pped with h i gh temperature 
shut-orr swi tches . 

The transfer s k i d  ho l d i ng tank wh i c h  rece i ves conc entrated 
1 1 q u 1 d  f rom the C -30 concentrate tank for feed to the 
b l ender/dryer 1 s  equ i pped with a c onductance type l evel  
contro l . A h i g h  level wi l l  shut-off the transfer pump and a 
l ow l evel  wi l l  deenerg i z e  the tank heat e r .  

The b l ender/dryer d i s c harge hopper h a s  a n  R F  capac i tance l evel 
control wh i c h  wi l l  automat i ca l l y  c l ose the b l ender/dryer 
d i scharge va l ve on h i gh leve l .  The p e l l et mi l l  feed hopper 
has an u l trason i c  type l evel control to prevent overf i l l i ng of 
the hoppe r .  I t  wi l l  automat i ca l l y  t r i p  t h e  trans fer conveyo r .  

T h e  drum f i l l i ng enc l o s u re i s  equi pped with a t hru-scan L E D  
photoc e l l  that wi l l  moni tor t h e  drum f i l l i ng opera t i o n .  I f  
the drum overf l ows , the photoc e l l  c i rc u i t  w1 1 1  shutdown the 
pe l l et mi l l .  
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4 . 0  TECHNICAL EVALUATION 

The purpose of this section is to describe the engineering specifications 
to which the processed water disposal system has been built, and to discuss 
the applicable codes, standards, and regulatory requirements imposed on its 
design, fabrication, and assembly. This section will further discuss the 
technical features of the system that make failures unlikely and that 
mitigate the safety impacts of postulated system failures. 

4 . 1  Codes,  Standards, and Engineering Specifications 

The vendor supplied evaporator components are classified as I mportant 
To Safety (ITS) per the GPU Nuclear Recovery Quality Assurance Plan 
for TMl -2. Equip�nt and hardware procured and installed on-site 
which is required to maintain the pressure boundary for radioactive 
fluids are also classifi ed as ITS. Process instrumentation, 
including the power and signal cabling, which is required to ensure 
that releases from the system are maintained within the design 
specification are ITS. All remaining components are classified as 
Not Important To Safety (NITS) . 

The system design and its intended operations have been classified 
under the standards of Quality Group 0 per the recommendations of NRC 
Regulatory Guide 1 .26, "Quality Group Classifications and Standards 
for Water, Steam, and Radioactive Waste Containing Components of 
Nuclear Power Plants". Conformance to these standards is shown in 
the discussions that follow. 

The system was reviewed for conformance to the guidance of NRC 
Regulatory Guide 1 . 143, "Design Guidance for Radioactive Waste 
Management Systems, Structure, and Components Installed in 
Light-Water-Cooled Nuclear Power Plants" . Although this guide is 
applicable to permanently installed radwaste treatment systems rather 
than temporary removable systems, we have determined that the 
evaporator system does in general conform to Regulatory Guide 1 . 143 
with the following exceptions: 1 )  The piping system and the building 
foundation and walls are not designed to the specified seismic 
response criteria. The seismic design criteria, however, were 
specifically exempted for recovery systems in the NRC approved 
Recovery Quality Assurance Plan; 2) The requirement to have a dike or 
retention pond around outside tanks as stated by regulatory position 
1 .2.5 is not met. The only outside tanks associated with the system 
are the Processed Water Storage Tanks. These tanks are atmospheric 
storage tanks built to the standards of API-650. They are fabricated 
of ASHE SA 285 grade C carbon steel with an epo�-phenolic type 
interior lining. The tanks were built and are operated under the 
provisions of an NRC approved plan for storage of proce$sed water. 

The VC-300 and C-30 evaporators. are engineered in conformance with 
the ASHE Code, Section VIII, for unfired pressure vessels and to TEMA 
(Tubular Exchanger Manufacturers Association) standards where 
applicable. The shells are made of 31 6 stainless steel. The VC-300 
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heat exchanger i s  a Bayonet Augumented Tube (BAT) type wi th both the 
tubes and bayonets built of ti tani um. The C-30 i s  also a BAT type 
heat exchanger with titanium ·tubes and chlorinated polyvi nyl chlori de 
bayonets. The C-30 condenser i s  si mi lar i n  constructi on with a 316 
stai nless steel shell, titanium tubes, and polyvi nyl chlori de 
bayonets. 

The support bui lding foundation and floor slab are bui lt to ACI 
Standard 318-83,  "Building Code ReQui rements for Rei nforced 
Concrete" . The floor i s  sealed with an epoXY based coati ng and the 
structure i s  curbed to provi de sufficient retention volume to contai n  
the entire l i qui d contents of the system i n  the event of catastrophi c 
system fai lure. 

The support bui ldi ng i s  a prefabricated structure that conforms to 
the Uni form Building Code of the I nternati onal Counci l of Bui lding 
Offi cials. 

All four atmospheri c tanks i n  the system are fabri cated of stai nless 
steel and conform to ASHE Code Section IX and V.  The tanks have the 
followi ng capaciti es: VC-300 Concentrate Tank, 75 gallons; C-30 
Concentrate Tank, 6 0  gallons; VC-300 Di sti llate Tank, 90 gallons; and 
C-30 Disti llate Tank, 34 gallons. The tanks are provi ded with sealed 
lids eQui pped with an atmospheri c vent that di scharges to the 
bui l di ng atmosphere through a HEPA fi lter. 

The electri cal system i s  protected by sui tably si zed wi ri ng, 
hardware, and c i rcuit breakers per NEC 1987. All electri cal juncti on 
boxes and enclosures are NEMA 4 or equivalent and all motors are 
TEFC. All equi pment i s  grounded th�ough the swi tchgear ground bus 
which i s  connected to the GPUN grounding system. 

All process pi ping i n  the system i s  304 stai nless steel and conforms 
to the requi rements of the ASHE Code for Pressure Pi pi ng, ANSI 831 . 1, 
"Power Pi pi ng" . Tank overflow lines and system drai ns are routed to 
the building sump using flexible hose. These are non-pressure 
retai ning components and conform to ANSI 831 . 1, Section 105.3(C} . 

The following i s  a li st of the engineering speci fi cati ons on major 
system components not previ ously di scussed. 

- Vapor Compressor: 

- Vaporizer Reci rculation 
Pump, P-7: 

Roots rotary lobe model 1039 
compressor, 4100 CFM at 1400 RPM, 
driven by a 125 HP TEFC motor. 

Goulds Model 3196 MT ,  Size 4X 6-10, 
SOOGPM at 40ft TDH, driven by a 7-1!2 
HP TEFC motor, 1150 RPM. 
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- VC-300 Concent rate Pump, 
P-1 : 

- C-30 Concent rate Pump, 
P-2 : 

- VC-300 D i s t i l l at e  Pump, 
P-5: 

- C-30 D i s t i l l ate Pump , 
P-3 : 

- Vacuum Pump , P-6 : 

- Conduc t i v i ty Monitors : 

- Son i c  Lev�l Sensors : 

- Bl ender Dryer T ransfer 
Skid Level Contro l : 

- B l ender Dryer D i s c harge 
Hopper Leve l : 

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

- Drum Enc l osure F i l l i ng 
Mon itor:  
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Corcoran Series 2000 DH, with doub l e  
mechan i c a l  s ea l s ,  1 0  GPH a t  50 f t  TDH,  
d r i ven by a 3 . 4  HP TEFC moto r ,  3500 
RPM . 

Same as P-1 except with a cut down 
i �pe l l er t o  g i ve 3 GPH at 60 f t  TDH . 

Grundfos Model CR4-50N , mu l t i  stage , 
3 5  GPM a t  1 1 0  f t  TDH , d ri ven by a 2 HP 
TEFC motor a t  3500 RPM. 

Grundfos Hodel CR2-30N, mul t i  stage , 
1 0  GPM at 1 1 0  f t  TDH, d r i ven by a 3/4 
HP TEFC motor at 3500 RPH .  

A t l ant i c  F l u i d i c  Hodel A-1 0 ,  rotary 
l i quid r i ng pump/compressor, d ri ven by 
a 1 . 5 HP TEFC motor at 3500 RPM .  The 
pump wi l l  evacuate 1 4  CFH at 25 i nches 
Hg vacuum. 

Series BOO, HK 8 1 7 ,  Wet Tap 
a s s emb l i e s .  Sta i n l es s  steel hou s i n g ,  
2 . 0  c e l l constant , range 0 t o  2 5 , 000 
"'S/Cm. 

SONARSW I TCH Hodel 700 , 3 1 6  Sta i n l e s s  
steel , NEHA 7 enc l osure , . 03 inch 
repeatabi l i t y .  

8/W contro l , Series 1 ,  Hodel 1 E 1 C4 .  

Penberthy Hodel 801 1 32-1 , RF 
capa c i tance l e vel contro l . 

B 1 n d i cator Breakdata 2200, u l trason i c  
l ev e l  contro l . 

H i c roswitc. ,  Model FE-LP,  thru scan LED 
photoc e l l .  
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As shown in the previous section, the processed water disposal system 
f s  designed and built to sufficient industrial codes and standards to 
assure a high standard of quality. The system is designed and built 
to such quality standards to minimize system fail ures. However 
unlikely, the system design has been evaluated to assure safe and 
environmental ly sound response to a number of abnormal conditions. 

4 . 2. 1  Loss of El ectrical Power 

All el ectrical ly operated valves in the system are energized 
to open and are spring l oaded to close when deenergized. Upon 
loss of el ectrical power, feed water to the evaporator 
building wil l be automatical ly secured by closure of the feed 
valves. A l l  heaters wil l shutdown securing the heat source to 
the vaporizer and the C-30 evaporator. The vapor compressor 
will shut down securing the heat source to the main 
evaporator. The bl ender/dryer wil l shutdown and all 
electrical ly driven pumps wil l trip. Thus, all evaporator and 
drying processes terminate and the system becomes stagnant. 
The only adverse consequence of this event is possibl e 
precipitation of dissolved solids from the concentrate as the 
system cool s. If pl ugging of piping or heat exchanger tubes 
occurs, the precipitate can be redi ssolved by dil ution of the 
l iquid with clean water. If necessary, the system is designed 
for relatively easy removal of the tube bundles for cl eaning. 

4 . 2 . 2  Loss of Service Air 

Service air i s  supplied
.
to the processed water disposal system 

from the plant instrument air system. It is used to power the 
air driven pump in the buil ding sump, the air driven diaphragm 
pump on the blender/dryer transfer tank, and the air operated 
discharge valve on the blender/dryer. Loss of service air 
pressure will result in the blender/dryer discharge valve 
failing cl osed and shutdown of the transfer pump. Thus, 
material wil l not be able to be transferred into or out of the 
blender/dryer. The heaters can be secured if necessary and · 

the m3terial a llowed to remain in the vessel until service air 
can be restored. Thus, l oss of service air supply will not 
resul t in a major upset condition for the overall process and 
will not hinder an orderly system shutdown if necessary. 

4 . 2. 3  Tank or Pipe Rupture 

Tank or pipe ruptures are considered to be of extremely smal l  
probabil ity because of the system design and fabrication and 
pressure conditions to which the system will be exposed. But 
in the very unlikely event of such an occurrence, l ow l evel 
sensors on the tanks wil l cause a system shutdown by 
deenergizing the electrical system. The building is designed 
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to conta i n  the ent i re v o l ume of l i qu i d  that c o u l d  be present 
in the system i f  comp l et e l y  f l oode d ,  s o  s p i l lage of 
rad i oact i ve l i quids to the envi ronment wi l l  not occur.  Hi nor 
sp i l l s  occurring duri ng sys tem samp l i ng or as a resu l t  o f  
sma l l  l eaks are s imi l a r l y  o f  l i t t l e  consequenc e .  Standard 
rad i o l og i c a l  control p ra c t i c es wi l l  as sure minimal spread o f  
contami nat i o n .  · I n  add i t i o n ,  t h e  bui l d i ng f l oor i s  s l oped to 
c hannel water to the bui l d i ng s ump and i t  i s  sea l ed with an 
epoxy c oa t i ng for easy c l eanup and decontamina t i on . I f  a 
s p i l l  o f  d ry s o l i d  waste occurs outside o f  the vent i l ated d rum 
enc l osure , the area wi l l  be contro l l ed t o  prevent the spread 
of contami nat i on unt i l  c l eanup i s  comp l e t e .  T h i s  wi l l  prevent 
unpl anned envi ronmenta l re l ease of a i rborne rad i oactive 
mater i a l . 

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

The evaporator bui l d i ng i s  d e s i gned to the Un i form Bu i l d i ng 
Code and wi l l  prov ide a secure protec t i ve enc l osure around the 
system under a l l  norma l l y  expected cond i t i ons . I f  severe 
weather or envi ronmental c ond i t i ons e x i s t  that wou l d  res u l t  i n  
dec l a ration o f  a n  Unusual Event a s  spec i f i ed i n  the GPU 
Nuc l ea r  Emergency P l a n ,  the proces sed water d i sposa l system 
wi l l  be shutdown . Therefore, severe natura l phenomenon that 
may resu l t  i n  damage or destruc tion of the bui l d i ng wi l l  not 
cause uncontro l l ed re l ease of rad i oact i ve mate r i a l  f rom 
evaporator opera t i o n .  

S . O  Envi ronment a l  and Rad i o l ogi c a l  Asse ssment 

The purpose of t h i s  sec t i on i s  to present an eva l uat i on of the 
envi ronmenta l and rad i o l og i c a l  e f f ec t s  of proc e s s i ng 2 . 3  mi l l i on ga l l ons o f  
water meeting the i n f l �ent and e f f l uent c r i teria d i sc ussed 1 n  Sec t i on 3 . 3 ,  
and d i scharging the e f f l uent d i rec t l y  to the atmosphere. 

5 . 1  Envi ronmenta l Asses sment 

The processed water d i sposal sys tem wi l l  p roduce envi ronmenta l 
re l eases of trit i um ,  part i c u l a te rad i onuc l i des , and boric a c i d  and 
sod i um borate s a l t s . 

The 2 . 3  mi l l i on ga l l ons o f  processed water conta ins about 1 020 curies 
of t r i t i um as reported 1n  the PE l S .  A l l  of  this  t r i t i um wi l l  be 
re l eased to the envi ronment through the vapori zer s i nc e  the 
evaporator system wi l l  not remove i t .  Tri t i um has a spec i f i c  
acti v i ty o f  9 . 7 E +3 curies per gram whi c h  c orresponds t o  a total 
quant ity 0 . 1 05 grams of t r i t i um in the 2 . 3  mi l l i on ga l l ons of wat e r .  
I f  a l l  of t h e  t r 1 t 1 um i n  t h e  proc essed water i s  i n  t h e  f o rm  o f  
t r i t i ated water ( H -T-0 ) , t h 1 s  equates t o  0 . 7  mi l l i l i ters o f  H-T-0 i n  
the 2 . 3  mi l l i on ga l l ons . T h i s  t r i t i um wi l l  be re l eased at an average 
rate of 37 �Ci per second during evaporator opera t i o n .  S i n c e  no 
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convent ional waste treatment proc esses wi l l  a f fect the t r i t i um 
content of the water. the re l ea s e  ratP o r  t r i t i um to the envi ronment 
wi l l  vary depending upon the water source be i ng processed and the 
vaporizer proce s s i ng rate .  Tri t i um concentra t i ons i n  the source 
tanks range from as l ow as 1 . 4E -5 pC i /ml to as h i gh as 0 . 31 
pC i /ml . T h i s  corresponds to envi ronmenta l re l ea s e  rates rang i ng 
f rom 4(-3 to 9 8  �Ci per second at a 5 GPM proc ess i ng rat e .  The 
cont i nuous t ri t i u.n re l ease rate i s  l i mi ted by the c u rrent 
Envi ronmenta l Techn i c a l  Spec i f i c a t i ons , Sect i on 2 . 1 . 2 C .  The rel ease 
rate l im i t  for a ground l evel re l ease that i s  deri ved from that 
spec i f i ca t i on i s  570 pC 1 /sec . Thus . the average and ma x i mum 
releases that wi l l  resu l t  f rom evaporator operation are a sma l l  
f raction of the re l eases permi tted by the fac i l i ty l i cense. 

The processed water d i sposal system wi l l  c ause sma l l  envi ronmental 
re l eases of part i c u l ate radionuc l i des . The re l ease rate is dependent 
upon the part i c u l ate concentra t i ons i n  the i n f l uent and upon the Of 
achi eved by the evaporator. The m i n i mum OF that the evaporator w i l l  
achi eve i s  1 000 . The ma x i mum i n f l uent concentra t i ons that wi l l  be 
fed to the evaporator i n  coupl ed mode are as s hown i n  Tab l e  1 ,  
Col umn 2 .  I n c l uded i n  the tab l e  i �  I od i ne-1 2 9 .  I t  i s  expected that 
Iod i ne i s  present i n  the c hemi c a l  form of Ces i um Iod ide or other 
a l k a l i �eta l i od i d e .  I n  t h i s  form. t h e  i od 1 ne ' wi l l  b e  removed b y  t h e  
evaporator 1 n  the same proport i ons as t h e  other part i c u l ates . 
However, i n  the very un l i k e l y  event that i t  i s  present i n  the 
e l emental form. 1t wi l l  volat i l i ze and be carried over with the 
d i s t i l l ate . For conservat i sm i n  project ion of envi ronmenta l 
rel ease s ,  i t  wi l l  be assumed that a l l  of t he 1 -1 29 i s  re l eased to the 
atmosphere. ( Note that i n  c a l c u l a t i ng the nuc l i de content of the 
sol id waste . it is assumed that a l l  of the 1 -1 29 1s present a l s o  i n  
the evaporator bottoms . )  T h i s  y i e l d s  a concentra t i on o r  pa rt i c u l ates 
and 1 -1 29 i n  the d i st i l late of 8 . 6 [ - 7  �C 1 /ml and an atmospheric 
release rate o r  2 . 7 E -4 �C 1 /sec . T h i s  1s c omprised of 8 . 2E-S 
�(1 /sec of pa rt i c u l a tes . predominant l y  Cs-1 37 , Sr-90. and C-1 4 ;  
p l us 1 . 89l-4 �Ci /sec of 1 -1 2 9 .  T h i s  i s  a sma l l  f ra c t i on o f  the 
conti nuous part i c u late re l ea s e  rate of 2 . 4 ( -2 �C1 /sec permi tted by 
the c u rrent Techn i c a l  Spec i f i c a t i ons . 

The rad i a t i on exposure to the publ i c  f rom re l eases of t h i s  magni tude 
were ana lyzed and eval uated by the NRC Sta r r  i n  NUKEG-0&83 , 
Suppl ement No.  2 .  and found to have no s i gn i f i c ant a f fect on the 
human envi ronment . 

I n  add i t i on t o  the radionuc 1 1des rel eased . the processed water 
d i spos a l  system wi l l  a l s o  re l ease sma l l  quant i t i e s  of boric a c i d  and 
sod i um borate s a l ts to the atmosphe re . Ba sed on a OF of 1 000, no 
more than 0 . 1  percent or the c hemi c a l  const i tuents or the processed 
water w1 1 1  be rel eased . For conserva t i sm, a tota l re l eased quan t i t y  
o f  0 . 2  tons was used i n  t h e  f o l l ow i ng envi ronmental a na l ys i s .  

I f  the re l ea s e  1 s  averaged over the 2-year projected t i me span for 
the evaporator proj e c t ,  i t  g i ves a n  average re l ease rate of 
0 . 0028 g/sec of part i c u lates . Applying the annual average d i spers 1 on 
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factor of 2 x l o-6 sec/m3 c i ted 1 n  the
.

THI Of f-s i te Dose 
C a l c u l at i on Manual ( ODCH) , the average concentration of the chemi c a l  
const i tuents o f f - s i te wi l t  b e  appro x i mate l y  6 x l o-3 �g/m3 . 
App l y i ng the worst case d i spers i on factor o f  6 x l 0-4 sec/m3 ( based 
on the TMI -2 FSAR acc ident d i spers i on factor) , the worst case 
o f f -s i te concentra t i on o f . part i c u l ates wi l l  be approximately 2 
�gtm3 . Nei ther of these concentra t i ons i s  a threat to the 
publ i c ,  p l ant nor a n i ma l  communi t 1 � s  as shown i n  the fol l owing 
c ompa ri sons . 

o The thres hold l imit va l u e ,  or TlV,  ( i . e . ,  e i ght-hour t i me  
weighted average concentra t i o n )  for nui sance part i c u l a tes , 
inc l ud i ng boron o x i d e , recommended for the human envi ronment 
1 s  l x t o4 �g/m3 . The c a l c u l ated average part i c u l ate 
concentra t i on o f  6 x l o-3 �g/�3 and the c a l c u l ated worst 
case pa rt i c u l ate concentrat i on of 2 �gtm3 res u l t ing f rom 
the proposed evapora t i on process a re more than 1 . 5 mi l l i on and 
5000 t i mes sma l l e r ,  respec t i v e l y ,  than the recommended T L V .  

o Ac cord i ng to stud i e s  doc umented by the NRC i n  NUREG/CR -3585 , 
the typ i c a l  nui sance dust concentra t i o n  i n  the Centra l 
Atlantic  States i s  258 �gtm3 . T h i s  i s  over 4 0 , 000 t i mes 
greater than the projected average concentration res u l t i ng 
f r om the evaporator. I t  i s  a l so more than 1 25 t i me greater 
than the concentra t i on which wou l d  res u l t  f rom the evaporator 
dur1ng the worst c a s e  atmospheri c  c ond 1 t 1 ons wh i c h  are not 
c ommon and of only very short dura t i o n .  

o The NRC ad vi ses , 1 n  Regul atory Guide 4 . 1 1 ,  Rev1 s 1 on 1 ,  1 9 7 7 ,  
that chemi c a l  stud i es o r  c oo l i ng tower d r i f t  a re usua l l y  not 
needed when a l l  or the f o l l owing a p p l y :  1 )  the dominant s a l t s  
a re harmless mixtures o f  b i o l og i c a l  nutrient s ,  2 )  t h e  ex pected 
peak depo s i t 1 on beyond the s i t e boundary is l es s  than 20 
kg/hec tare - year of m1 xed s a l t s ,  and 3 )  the d r i f t  does not 
conta i n  tox i c  e l ements or compounds in an�unts that c o u l d  be 
hazardous to p l ants or anima l s  e i ther by d i rect or i nd i rec t 
exposure over the expected 1 1 fet 1me o f  the fac i l i t y .  

Comparing t h e  f i rst guid e l 1 ne ,  t h e  evaporator emi ss i ons w1 1 1  
depos i t  sod i um borate . Sod i um and c a l c i um borate s a l t s  are 
typ i c a l l y f ound in nature . The e l ement boron i s  a m i c ro 
nutri ent wh i c h  i s  essen t i a l  to the nutri t i on of h i gher 
p l a n t s .  I t  1 s  common prac t i c e  t o  add boron t o  agri c u l tura l  
f i e l d s  a s  a supp l emen tal nutri ent . The h i ghest annua l 
depos i t i on fac tor or 6 . Sx l o-8tm2 , c i ted i n  tht THI ODCH , 
can be appl i �d to compare the second NRC g u i de l i ne to the 
evaporator emi s s i ons . The res u l tant tota l s o l ids depo s i t i on 
wou l d  be l e s s  than 6 x t o-2 kg/hectare - yea r .  T h i s  
concentrat i on i s  approx imately 300 t i mes lower than the NRC 
guide l i ne .  The t h i rd guide l i ne regards tox i c  e l ements or 
c ompound s .  The evaporator emi s s i on wou l d  not conta in tox i c  
sub�tanc e .  Boron compounds a re typ i c a l l y  found i n  soi l s  a t  an 
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average concentrat ion of 50 ppm and rang ing up to 1 50 ppm. 
The tota l sol i d s  f rom the evaporator �re conserva t i v e l y  
est imated to b e  0 . 25 ppm i f  they a c c umulated i n  t h e  f i rst i n c h  
o f  s o i l over t h e  two yea r period . Boron ex i sts i n  river and 
l ake waters at c oncentra t i ons avera g i ng 0 . 1  mg/L but rang in� 
as h i g h  as 5 mg/l . A conserva t i v e  e s t i mate o f  the 
concentra t i on o f  tota l sol i ds f rom the evaporator wou l d  be 
b e l ow 0 . 5  mg/L if  they a c c umu l ated 1n s ha l l ow  depths of  
wa ter . The EPA l imits boron concentrat i on s  to 0 . 7 5  mg/L for 
l ong-term i rrigation on sens i t i ve c rops { Qua l i ty Criteria for 
Water ,  1 986 EPA 440/5-86-QOl ) .  The examp l e  o f  sens i t i ve c rops 
g i ven by the EPA is c i t rus p l ants and those p l ants a re not 
produced i n  the TMI v i c i n i t y .  Rega rd i ng an i ma l  l i f e ,  1n the 
d a i ry Ct�, 16 t o  20 g/day o f  bor i c  acid for 40 days produce no 
i l l  e f f  cts { E PA 440/5-86-001 ) .  A l s o ,  the m i n i mum l et h a l  dose 
for mi nnows exposed t o  bor i c  a c i d  was reported t o  be 
1 8 , 000 mg/l ( E PA 440/5-86-001 ) .  Thus , the emi s s i ons f rom the 
evaporator proc ess fa l l  we l l  be l ow the guide l i ne advi sed by 
the NRC requ i r i ng a c hemi c a l  study. 

o With regard to impact on p l ant spec i e s ,  the A i r  Po l l u t i on 
Control Assoc i a t i on { 1 970) documents the fol l owing : 
•Part i c u late emi s s i ons are not genera l l y  cons i dered harmful to 
vegetation unless they a re h i g h l y  c a u s t i c  or heavy depos i ts 
occu r" . As s hown i n  the previous c ompari sons , the depo s i t i ons 
resu l t i ng f rom the proposed evapora t i on proc ess are neither 
" h i g h l y  caust t c •  nor w1 1 1  they res u l t  in "heavy• depos i t i on .  
Furthe r .  the e l ement boron , as d i s c ussed i n  NUREG/CR-3332 , i s  
re l a t i v e l y  immob i l e  1 n  olant s .  

5 . 2  Rad i o l og i c a l  Asses sment 

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

Doses were c a l c u lated u s i ng the Meteoro l o g i c a l  I n format i on and 
Dose Assessment System ( M I DAS) wh i c h  1 s  used by THI 
Envi ronmenta l Co�t ro l s  for quarte r l y  and semi -annual do�e 
asses sments wh i c h  a re submitted to the NRC with T H I - 1  and 
TM I -2 e f f l uent reports . M I DAS uses hourly averages of on-s i te 
meteoro l og 1 c a l  data to c a l c u l ate a n  i ntegrated d i sper s i on for 
the period of i nterest . I t  i ntegrates the d i spers i on over 
eac h hour i nto each of s i xteen sectors at ten d i s tances . The 
l oc a t i on or the f i ve nearest vegeta b l e  gardens l a rger than 500 
square feet , and the l oc a t i on of the nearest mi l k  cow, mi l k  
goa t ,  meat ani ma l , and res i dence i n  each o f  the s i xteen 
sectors , 1 s  used to eva l uate seven a i rborne pathways : p l ume 
e x posure , d i rec t dose f rom ground depos i t i o n ,  i n ha l a t i o n ,  and 
the consumpt i on of mea t ,  cow mi l k ,  goat mi l k .  and vegetabl es . 
The ma x i ma l l y e x posed hypothet i c a l  i n d i v i d ua l  i s  
conserva t i v e l y  taken to be that person i n  the ma x i mum 
1 nha l at 1 on l oc a t i on and i s  a s s umed to c onsume meat , 
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vegetab l es ,  and mi l k  f rom each of the other ma x i mum 
l ocati ons . These c a l c u l at i ons are performed i n  accordance 
with Regu l a tory Gu i d e  1 . 1 09 and are i d ent i c a l  to those used 
for sem1-annual and quart e r l y  e f f l uent/dose reports . The 
meteoro l og i c a l  data f rom 1 �85 was used to c a l c u l ate annual 
d i spers i on i nto the atmosphere . There i s  good conf i dence that 
the d i spers i on res u l t i ng f rom the 1 985 data i s  s 1 m1 l a r  to 
annua l d i spers i on in recent years . 

U s i ng the re l eases proj ected i n  Sect i on 5 . 1 ,  the dose estimate 
for the ma x ima l l y  exposed i n d i v i d u a l  f o r  the duration o f  the 
proj ect 1 s  2 . 0  mrem tota l body and 3 . 6  mrem to the bone . 
Since the expected duration o f  the proj ect i s  two yea rs ,  the 
annual exposure t o  the ma x i ma l ly ex posed i n d i v i dual 1 s  
one-ha l f  of thi s .  

! o  estimate the popu l a t i on dose MI DAS was aga i n  ut i l i zed . The 
affected popu l at i on is c on s i dered t o  be the popu l a t i on 
surround i ng TMI -2 out to a d i stance of 50 mi l e s . The 
popu l at i on a f f ec ted by the atmos phe r i c  re l ease a s soc i ated w i t h  
t h e  evaporation o r  the proc essed water i s  est imated to b e  2 . 2  
mi l l i on peop l e .  The dose pat hways i nc l ude i nha l a t i o n ;  mi l k ,  
meat , and vegetab l e  c onsumpt i o n ;  p l ume expos ure ; and d i rect 
dose f rom ground depos i t i o n .  T h 1 s  y i e l ds a tota l popu l a t i on 
dose o r  1 8  person -rem total body and 25 person- rem to the bone 
and an average exposure to a member or the popu l a t i on or 0 . 008 
mrem tota l body and 0 . 0 1 1  mrem to t he bon e .  

5 . 2 . 2  On-s i te Oc c upat i ona l Exposure 

Personnel exposure res u l t i ng f rom evaporator operation wi l l  be 
primari l y  due to amb i ent rad i a t i on i n  the v i c i n ity or the 
evaporator and f rom packag i ng o f  the d ry sol i d s .  S i nc e  the 
proposed i n f l uent c r i t e r i a  are such that on l y  water that wi l l  
produce an LSA, C l ass A waste wi l l  be proces sed , the 
radionuc l i de c oncentrat i ons even in the c oncentrated 
evaporator bottoms , w1 1 1  be re l a t i v e l y  t ow .  T h e  max imum dose 
is conserva t i ve l y  est imated to be 23 person-rem. T h i s  i s  
based on 1 6 , 000 person-hours r o r  the evaporation proc ess i n  a 
rad iat i on f i e l d  or 0 . 6  mrem/h r ,  about 3500 person hours for 
pac kag i ng o r  the d ry sol ids 1n a rad i a t i on f i e l d  or 
2 . 5  mrem/h r ,  and preproc ess i ng ope rati ons for about 40 percent 
of the tota l i nventory. 

In the un l i k e l y  event o r  a n  on - s i te a c c i dent i nvo l v i ng the 
rupture and spi l t  o r  a drum f u l l  o r  d ry s o l i d  wa ste , the dose 
to the on-s i te worker wou l d  be f rom a sp i l l ed quant i ty o f  LSA 
materia l .  The dose f rom such an acc i dent i s  bounded by 
previous ana l ys i s  of on-site s p i l l s  or rad i oac t i ve materi a l s .  
The dose t o  the on - s i t e worker wou l d  be n o  more than the 
perm1 ssab t e  dose to a member o f  the pub1 1 c  f rom a 
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t ransportation acc i dent i nvo l v i ng LSA material  as used i n  IAEA 
Safety Series 37 i n  the devel opment of A-2 quant i t i es for 
rad i oactive waste s h i pments . 

6 . 0  SAF ETY EVALUATION 

1 0  CFR , Paragraph 50 . 5 9 ,  permits the holder o f  a n  opera t i ng l i cense t o  make 
c hanges to the fac i l i ty o r  perform a test or experiment , wi thout p r i o r  
Commi s s i on approva l ,  prov ided t h e  c ha ng e ,  t es t ,  o r  experiment does not 
i nvol ve a c hange i n  the Techn i c a l  Spec i f i ca t i ons i n corporated i n  the 
l i c ense, and i t  does not i nvol ve an unrevi ewed s a fety que s t i o n .  

D i sposal o f  proc essed water does not requ i re a Techn i c a l  Spec i f i c a t i on 
change . NRC approval of the d i sposa l opt i on sel ected by GPU Nuc l ea r  i s  
requi red by Techn i c a l  Spec i f i c a t i on 3 . 9 . 1 3 ; a c c o rd i ng l y ,  t h i s  eva l ua t i or i s  
submitted t o  obta i n  that approva l .  I n  add i t i o n ,  at the request o f  the NRC 
sta r r  and to c l a r i f y  the c u rrent l i cense cond i t i ons , Techn i c a l  
Spec i f ication Change Request number 5 6  has been submitted t o  d e l ete the 
proh i b i t i ons on d i sposa l of the AGW as present l y  stated in  
Spec i f i c a t i on 3 . 9 . 1 3 .  f u rther,  the e f f l uent re l ea s e  �na l yses performed i n  
support of t h i s  eva l uation demonstrate that the ef f l uents f rom the proposed 
proc ess water d i sposa l system a re we l l  w i t h i n  the l im i ts imposed by 
Append i x  8 to the THI -2 Tec h n i c a l  Spec i f i ca t i ons . Therefore ,  no c hanges t o  
the TMI -2 Techn i c a l  Spec i f i cat i ons are requ i re d .  

1 0  C F R  50, Paragraph 50 . 59 ,  states a proposed c hange i nvo l ves a n  unre v i ewed 
safety ques t i on i f :  

a .  The probabi l i ty of occu rrence or the consequence or an a c c i dent o r  
ma l func t i on o r  equ i pment Important To Sa fety previ ous l y  eval uated i n  
the safety ana l ys i s  report may be i nc reased ; o r  

b .  T h e  poss i b i l i t y  for an a c c i dent o r  ma l f unc t i on or a d i f ferent type 
than any eva l uated prev i o u s l y  i n  the safety ana l ys i s  report may be 
c reated ; or 

c .  The marg i n  of safety, as def i ned i n  the ba s i s  for any techn i c a l  
spec i f i c a t i o n ,  i s  red uced . 

Al though the d i sposal system out l i ned t n  t h i s  report i s  d i f ferent f rom the 
d i sposal opti ons for l i q u i d  waste out l i ned i n  the FSAR , the consequences of 
these act i v i t i e s  are bounded by ana l yses provi ded i n  the FSAR . 

The d i sposa l system proposed does not i nc rease the proba b i l i t y  o r  an 
a c c i dent o r  ma l func t i on of equ i pment important to safety. The opera t i o n  
and c ontrol of t h e  system wi l l  b e  governed b y  procedures prepared and 
approved pursuant to Sec t i on 6 . 8 . 1 , 6 . 8 . 2  and 3 . 9 . 1 3  of the TH l -2 Techn i c a l  
spec i f i c a t i ons and wi l l  be des i gned t o  mi n i m i ze the poten t i a l  f o r  an 
i nadvertent re l ease and , therefore,  reduce the probab i l i ty of an acc i dent . 
Add i t i ona l l y ,  the consequences of any acc i dent a s soc i a ted with the d i sposal 
system wou l d  be bounded by the eva l ua t i ons g i ve n  in the TMI-2 FSAR f o r  a 
post u l ated fa i l ure of the Borated Water Storage Tank ( BWST ) .  
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Suppl ement 2 of the TM I -2 FSAR eval uated the postul ated f a i l ure of the 
BWST . The eval uat i on as sumed that the BWST contai ned •des ign bas i s •  
rad i o i sotop i c  c oncent rat i o n .  The mi x o f  rad i o i s otopes , i n  t h e  FSAR 
eva l uation , i s  vas t l y  d i f ferent f rom the m i x  of rad i oi sotopes i n  the 
processed water. However, the res u l t i ng �oses f rom the release of the BWST 
contents i nto the Susquehanna R i ve r  c a n  be compared to the expected doses 
resu l t i ng f rom a hypothe t i c a l  release t o  the r i ve r  o f  a l l  of the proce s s ed 
water. The doses c a l c u l ated be l ow a re for i l l ustra t i ve purposes only and 
show that the hypothetcal re l ea s e  of a l l  of the processed water i s  bounded 
by a previ ous l y  revi ewed a c c i dent e va l ua t i o n .  Tab l e  1 1 n  Supp l ement 2 
( page S2-1 3C )  o f  the FSAR , presents the resu l t ing concentra t i ons i n  the 
ri ver from the pos t u l a ted f a i l ure o f  the BWST . For thi s mi x of  
rad i o i sotopes , the rad i o l ogica l l y s i gn i f i cant rad i o i sotopes are Cs-1 34 , 
C s - 1 3 6 ,  and Cs-1 3 7 .  U s i ng the con:entra t i ons g i ven i n  Tab l e  1 o f  
Supplement 2 f o r  t h e  east s i de of t h e  i s l and a n d  the dose methodology g i ven 
in Regulatory Guide 1 . 1 0 9 ,  an adu l t  i s  e s t i mated to rec e i ve a dose of 7 . 8  
rem to the l i ve r  f rom the consumpt i on of one k i l ogram o f  f i s h  res i d i ng i n  
the east s i d e  of the i s l and . The l i ve r  i s  the l i mi t i ng organ for exposure 
to c e s i um .  

For compara t i ve purposes , Sec t i on 7 . 2 . 4  o f  t h e  NRC ' s  PE l S  ( NUREG-0683 o r  
March 1 981 ) presents ana l yses or va ri ous acc i dents i nvol v i ng rupture o f  a 
processed water storage tank ( PWSl ) .  The resu l t i ng doses eva l uated i n  the 
PE l S  for these acc idents are s i gn i f i c ant l y  l es s  and bounded by the dose 
consequences for the postu l ated f a i l ure of the BWSl presented in the FSAR . 

The d i sposa l system being proposed wou l d  not c reate an acc ident or 
ma l func t ion or a d i f ferent type . Pos t u l ated acc idents as soc i ated with 
processed water d i sposa l wou l d  c ons i s t  o f  l i ne breaks or tank ruptures for 
wh i c h  the bound i ng a c c i dent has been eva l uated above . The d i sposal of the 
processed water does not reduce any ma rg i n  of s a f ety as d e f i ned in the 
ba s i s  for any techn i c a l  spec i f i c a t i o n .  The d i spos a l  system has been 
eva l uated t o  detenmi ne the contro l s  necessary to ensure, by c omp l i ance with 
governing procedures , that the opera t i on o r  the system wi l l  c omp l y  with 
app l i c a b l e  tec h n i c a l  spec i f i c a t i ons . Comp l i ance with the appl i c a b l e  
techn i c a l spec i f i c a t i ons ensures that pub l i c  exposure f rom t h e  p l anned 
gaseous or l i quid d i scharges 1 s  we l l  wi t h i n  the objec t i ves of 10 C F R  50,  
Append i x  1 .  

I n  conc l u s i o n ,  the d i sposa l of the proc essed water does not i nvo l ve an 
unrevi ewed saf ety quest i on .  
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Nuc l i des 

Ces 1 um-1 37 
Ces 1 um-134 
Stront1 um-90 
Ant imony-1 25/ 
T e 1 1 u r 1 um-125m 
Carbon -14 
Technet i um-99 
I ron-55 
Coba 1 t-60 
Iodi ne-1 29 
Cerium-144 
Manganese-54 
Coba l t-58 
N i c k e l -63 
l i nc-65 
Rutheni um-l Ob/ 

Rhod i um-l Ob 
S i l ver-1 1 0m 
Prometh 1  um -147  
Europi um-1 52 
E u ropi um-1 54 
Europi um-1 55 
Ura n i um-234 
Urani um-235 
U ra n i um-238 
P l utoni um-238 
P l uton i um-239 
P l ut o n 1 um-240 
P l uton 1 um-24 1 
Amer1 c 1 um-241 
Curi um-242 

Tota l 

TABLE 1 
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I D E N T I F I CATION OF RADIONUCLIDES IN PROCESSED WATER 

C o l umn 1 Col umn 2 Col umn 3 Col umn 4 Col umn 5 

C u r i e s  Concentrat 1 o n  Spec 1 f 1 c  Tota l Grams 
Present 1 n  1 n  "C1 /ml Act 1 v 1 ty 1 n  A-2 Present 1 n  

2 . 3  MGAL 1 n  2 . 3  MGAL C 1 /gram Va l u e  2 . 3  MGAL 
I 

3 . 2[-1 3 . 7 £ -5 9 . 8£+1 1 0  I 3 . 7 £ -3 
7 . 66E-3 8 . 8[-7 1 . 2E+3 1 0  I 6 . 38[-6 
9 . 6£ - 1  1 . 1 £-4 1 . 5£+2 0 . 4  I 6 . 4 £ -3 
2 . 0£-2 2 . 3 £ -6 1 . 4[+3 25 I 1 . 43£-5 

1 . 8£+4 1 00 I 
8 . 7 [-1 1 . 0£ -4 4 . 6  60 I 1 . 8 9 £ -2 
8 . 7[-3 1 . 0£-6 1 .  7 £ -2 25 I 5 . 1 2 £ -1 
4 . 2£-3 4 . 8[-7 2 . 2£+3 1 000 I 1 . 9 1 £-6 
4 . 2[-3 4 . 8[-7 1 . 1 [+3 7 l 3 . 82 £ -6 

< 5 . 2£-3 <6 . 0£-7 1 . 6[-4 2 <3 . 25£+1 
<1 . 4 £-2 <l . BE-6 3 . 2[+3 7 <4 . 38[-6 
<3. 5 £ -4 <4 . 0[ -8 8 . 3[+3 20 <4 . 2 £ -8 
<3 . 5[-4 <4 .0[-8 3 . l E +4 20 <1 . 1 3£ -8 
<5. 2[-3 <6 . 0[ - 7  4 . 6[+1 1 00 <1 . 1 £ -4 
<B. 5£-4 <9. 8[-8 8 . 0£+3 30 <1 . 06£-7 
<2 . 9[ -3 <3 . 3£-7 3 . 4[+3 1 <8 . 53£-7 

<4 . 9 £ -4 < 5 . 6£-B 4 . 7 ( +3 1 <1 . 04 l -7 
<4 . 2(-2 <4 . 8£ -6 9 . 4[+2 25 <4 . 4 7[-5 
<3 . 3( -6 <3 . 8£ - 1 0  1 . 9[+2 1 0  <1 . 7 4 [ -8 
<3 . 8£-4 <4 . 4 [ -8 1 . 5[+2 5 <2 . 53£-6 
<9 . 6£ -4 <l . l E -7 1 . 4 [+3 60 <6. 86£-7 
<8 . 7 [-5 < l . OE -8 6 . 2£ - 3  0 . 1  <1 . 40£-2 
< 1 .0[-4 <1 . 2[ -8 2 . 1  E -6 0 . 2  <4 . 76E+l 
<1 . 0£ -4 <1 . 2[ -8 3 . 3[ - 7  U n l imi ted <3 . 03[+2 
<1 . 0£-4 <1 . 2£ -8 1 . 7 [ +1 I . 003 <5 . 88£-6 
<1 . 2£ -4 <1 . 4£ -8 6 . 2£ -2 I . 002 <1 . 94 £-3 
<1 . 2£-4 <1 . 4[ -8 2 . 3 [-l  I . 002 <5 . 22[-4 
< 5 . 7[-3 <6 . 5 £-7 1 . 1 E+2 I 0 . 1  <5 . 1 8[-5 
<l . OE-4 <1 . 2[ -8 3 . 2  I .008 < 3 . 1 3 [ -5 
<8 . 7£ -4 < l . OE-7 3 . 3£+3 I 0 . 2  <2 . 64£-7 

I I 
<2 . 2 7 C i  <2 . 6[-4 "C1 /ml I 1 <384 . 66 grams 

I I I 
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TA8LE � 

PROCESSED WATER DISPOSAL SYSTEM I NFLUENT L I M I TS IN uC i /ml 

AND THE RESULT I NG ENVI RONMENTAL RELEASE RATES IN uCi /ml 

Cons t i tuent 

Ces1 um- 1 3 7  
Ces 1 um-1 34 
Stront1 um-90 
Antimony- 1 2.5/ 
Te l l uri um-1 25m 
Carbon-14 
Technet1 um-99 
I ron-55 
Coba l t -60 
I od i n e - 1 29 
Ceri um-1 44 
Manganese-54 
Coba l t -58 
N i c ke l -63 
Z i nc -65 
Rutheni um-106/ 

Rhod i um-106 
S i l ver-1 1 0m 
P rometh i um-147 
Europi um-1 52 
Europ i um- 1 54 
E.uropium-1 5 5  
Ura n i um-?34 
Uran i um-235 
Urani um-238 
P l utoni um-238 
P 1 utoni um-239 
P l uton i um-240 
P 1 uton 1 um-241 
Amer 1 c 1 um-241 
Curium-242 

Coupl ed Mode 

Evaporator 
I n f l uent L 1 m 1 t  

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

1 . OE -4 
1 . OE -6 
4 . 8£ -7 
4 . 8£-7 

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

<5 .6£-8 
<4 . eE. -6 
< 3 . 8£ - 1 0  
<4 . 4 £ -8 
<1 . H -7 
< l . OE-8 
<1 . 2£ -8 
<1 . 2£ -8 
<1 . 2£-8 
<1 .4[-8 
< 1  .4£-8 
'6 . 5£-7 
<1 . 2 £ -8 
< 1 .0£-7 

Resu l t i ng 
Vapo r i z e r  L i m i t  

3 . 7 E -8 
8 . 8 E - 1 0  
1 . 1 £ -7 
2. . 3£-9 

1 . OE-7 
1 • OE -9 
4 . 8£ - 1 0  
4 . 8 £ - 1 0  

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

<5 . 6£ -1 1 
<4 . 8£ -9 
<3 . 8£ - 1 3 
<4 . 4 £ - 1 1 
<1 . l E - 1 0  
<1 . 0£ -1 1  
<1 . 2£ - 1 1  
<1 . 2 £ -1 1  
<1 . 2£ - 1 1  
<1 . 4 £ - 1 1 
<1 . 4 £-1 1 
<6 . 5£ - 1 0  
<1 . 2£ - 1 1 
<l . OE -1 0  

Decoupl ed Mode 
Envi ronmental 

Vapori zer Release Rate 
I n f l uent l 1 m1 t Limit  
I 

3 . 7 E -8 3 . 7 E -8 
8 . 8 £ - 1 0  8 . 8 £ - 1 0  
l . l E- 7  1 . 1 £-7 
2 . 3£-9 2 . 3£ -9 

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

<6 . 0 £ - 1 0  <6 . 0£ - 1 0  
<1 . 8£ -9 <1 . 8£ -9 
<4 . OE-1 1 <4 . OE-1 1 
<4 . 0£ - 1 1 <4 . OE - 1 1  
<6 . 0£ - 1 0  <6 . 0 £ - 1 0  
< 9  . 8£ - 1 1 <9 . 8 £ - 1 1 
<3 . 3£. - 1 0  <3 . 3£ - 1 0  

< 5 . 6£ - 1 1 <5 . 6£ - 1 1 
<4 . 8£-9 <4 . 8 £ -9 
< 3 . 8 £ - 1 3  < 3 . 8 £ - 1 3  
<4 . 4 £ - 1 1 <4 . 4 £ - 1 1 
<1 . l E - 1 0  <l . H -1 0 
<1 . OE -1 1 <l . OE-1 1 
<1 . 2£ -1 1  <1 . 2£ - 1 1 
<1 . 2£ - 1 1  <1 . 2£ - 1 1  
< 1 . 2 £-1 1 <1 . 2£ - 1 1  
< 1  . 4 £ -1 1 <1 . 4 £ - 1 1 
< 1 . 4 £.- 1 1 <1 . 4 £ -1 1 
<6 . 5 £ - 1 0  <6 . 5£ - 1 0  
< 1  . 2 £ -1 1 <1 . 2£ - 1 1 
<1 . 0 £ - 1 0  <1 . 0£ - 1 0  

L i m i t s  a s  spec 1 f 1 ed are averaged over a c a l endar qua rter.  

0225H/1 3H 



PROCESSED WATER DISPOSAL SYSTEM 
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L I ST OF S PECIAL I TY SYMBOLS F i gure 4a 

Level Alarm Hi9h 6 Level Swi tch H i gh 

Leve l Al a rm  Low 0 level Swt tch Low 

level Control 8 level Gauge 

Tempera ture Indicator 0 Pressure Ind icator 

Thermal Wel l 8 D i fferent f a l  Pressure 
Gauge 

Fl ow Meter 0 Compound Ga u ge 

Press ure Switch jcoNo I Conduct i v i ty Meter 

Tempera ture Swi tch � or 0 Thormostat 

S i ght Fl ow Gauge � Flow Indi cator 

Term i nal Connect ion r=Jt:::l Eductor 

F l ow Stra i ner 

Hea t Exchanger. 
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