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1.0 Introduction 

1.1 General 

15737-2-G07-103 

This safety evaluation report (SER} addresses operation of the Internals 
Indexing Fixture (!IF) Processing System. 

After removal of the THI-2 reactor vessel head the liP will be placed on the 
vessel flange and the reactor coolant level will be raised to partially fill 
the liP. The IIF processing system is designed to provide reactor coolant 
water processing capability during the time between head removal and plenum 
removal. The need for the liP processing system is determined baaed on 
limited reactor coolant processing capability in the drained down condition 
and the desire to provide adequate water cleanup capacity to minimize 
radiation dose rates around the IIF. 

The purpose of this SER is to identify and evaluate safety issues relating 
to the operation of the IIF processing system to assure that this system may 
be operated without presenting undue risk to the health and safety of the 
public. 

1.2 Organization 

Section 2.0 of this SER provides a description of the IIF processing system, 
including a detailed system description, a physical description, and a list 
of major systems required to support the IIF processing system. Section 3.0 
addresses safety concerns including boron dilution potential and 
radiological considerations. Section 4.0 provides the lOCPR 50.59 
evaluation, Section 5.0 contains the summary and conclusions, and Section 
6.0 is a list of references. 

1.3 Conclusions 

Based on the evaluation of safety concerns given in this SER, it is 
concl�ded that the liP processing system does not constitute an unrevieved 
.afety question and may be operated without presenting undue risk to the 

health and safety of the public. 

2.0 Functioning of the System 

The IIF processing system is designed to use the tiUbmerged demineralizer system 
(SDS) and po�tioos of existing plant liquid radwaste disposal systems to 
decontaminate reactor coolant. The IIP processing system consists of a 
submersible pump located inside the liP vhich transfers water from the IIF through 
the SDS to a reactor coolant bleed holdup tank. Reactor coolant grade water is 
concurrently returned to the reactor vessel from a second bleed tank by a vaste 
transfer pump to maintain the RCS level. 

2.1 Detailed System Description 

The IIP processing system uses a commercially available, submersible pump 
(liP Processing Pump, DWC-P-1) to transfer reactor coolant from the IIP, 
through the SDS to a reactor coolant bleed holdup tank. This detailed 
system description assumes that reactor coolant bleed holdup tank A 
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(WDL-T-lA) is being used for makeup and that tank C (WDL-T-lC) is receiving 
let4own from the SDS. However the roles of these tanka may be reversed. 
The pump is supported from the IIF and takes auction approximately 2 1/2 
feet above the reactor vessel flange. 

The discharge of the pump connects to the fuel transfer canal drain manifold 
by means of a 1 1/2 inch ID rubber hose having quick-disconnect fittings 
with two-way shutoff at each end. The manifold serves as a tie-in point for 
three systems:' the reactor building basement pump system, the fuel transfer 
canal drain system, and the IIF processing system. Double isolation of the 
IIF processing system from these two systems is provided b� disconnection of 
the remaining two hoses from the manifold and by closure of the branch 
valves. From the manifold the system uses an existing flow path through 
reactor building penetration R-626, fuel handling building penetration 1551, 
and the SDS to WDL-T-lC. 

Makeup to the RCS is accomplished by transferring reactor coolant grade 
water to the reactor vessel by the normal makeup flow path: from WDL-T-lA 
via a waste transfer pump and an existing flow path through the liquid waste 
disposal and makeup systems to a cold leg of the reactor vessel. 

The IIF processing system may be operated continuously (exclusive of 
administrative requirements such as RCS leak rate checks) until bleed tank A 
is drained to the desired level. The roles of bleed tanka A and C may then 
be reversed by properly realigning valves. Before transferring water to the 
RCS, however, bleed tank C must be recirculated and sampled according' to 
plant operating procedures. Tank recirculation and sampling is assumed to 
take approximately 2 days which results in a maximum system availability of 
70%. No simultaneous transfer of water is permitted to the.bleed tank being 
used for RCS makeup. 

2.2 System Performance Characteristics 

The original goal of this system vas to achieve a flow rate of 30 gpm 
through the SDS (see Appendix 2 of Reference 1). Upon review of the SDS i t  
vas determined that this flow could not be practically obtained. Therefore, 
the IIF processing pump vas selected based on having a shutoff head 
approximately equal to the design pressure (150 paig) of the SDS with 
flow/head characteristics in the range of Q-30 gpm that vill maximize the 
flow through the SDS. It is expected that flow through the SDS will not 
exceed 15 gpm and will normally average 10-12 gpm. 

2.3 Instrumentation and Control 

The IlF processing system may be operated in either an automatic or a manual 
level control aode. 

RCS level monitoring for input to the IIF processing system operation is 
provided by the •bubbler• system described in Reference 2. The RCS level in 
the IIF can be maintained automatically by valve HU-V9. The control signal 
to valve MU-V9 is provided by the bubb�er system through proportional 
controller RC-LIC-102 which is located on control room panel SPC-PNL-3. 

-2-
Revision 0 
0023V 



. 
.. 

lS737-2-G07-103 

The IIF processing system may also be operated in the manual level control 
mode. In this mode the previously described flovpath will still be used. 
Hakeup flow will be manually balanced to match letdown flow to maintain RCS 
level. 

The bubbler also baa high and low level alarm points to prevent an 
unacceptable increase or decrease in the water level. In the event of a 
high or low level alarm, makeup and letdown are both automatically 
terminated by closure of valves WDL-V40 and FCC-VOOJ. Closure of valve 
FCC-V003 automatically trips the IIF processing pump. Level indication and 
high and low level audible and visual alarms are provided locally on the 
bubbler control panel as well as remotely on the SDS panel in the fuel 
handling building and on SPC-PNL-3 in the main control room. Emergency stop 
switches are provided at the IIF to close valves FCC-VOOJ and WDL-V40 
thereby stopping flow to and from the IIF. 

2.4 System Physical Arrangement 

The IIF pump is supported by the IIF and will be installed with the IIF. 
The fuel transfer canal drain manifold is located in the reactor building on 
the 347'-6• elevation near reactor building penetration R-626 location at 
the north end of the reactor building. Approximately SO feet of 1 112· inch 
rubber hose will connect the IIF pump to the manifold. The hose is routed 
along the edge of the fuel transfer canal at the 347'-6. elevation. 

2.S Normal Operation 

To start the IIF processing system the following conditions must be met: 
valves must be aligned to permit flow from a bleed tank through the waste 
transfer pump to a reactor vessel cold leg, the SDS must be configured for 
reactor coolant processing, the automatic trip switches must be in the 
not-blocked position, the basement pucp system and the fuel transfer canal 
drain system must be isolated by valve closure and nose disconnection at the 
fuel transfer canal drain manifold, and the bleed tank being used for makeup 
must contain reactor coolant grade water. 

IIF processing is begun by starting the vaste transfer pump and opening 
valve WDL-V40. Valve FCC-VOOJ ia opened fro• SDS control panel CN-PNL-1, 
vhich automatically starts the liP proceasing pump transferring water to the 
SDS. r:�v then vill be manually balanced or automatically controlled by 
HU-V9 tu maintain the RCS level in the liP. 

2.6 Additional Design Features 

The system has incorporated tvo hand switches (DWC-Hl5-1A and 
DWC-HIS-1266-1) which are located on SDS control panel CN-PNL-1 which can be 
used to block automatic shutdoWn of the system for high or low levels. 
ThL1� �Witches vill allov the operators to fill or drain the liP to the 
deaired water level as needed. These avitches must be in the not-blocked 
position for operation of the liP processing system in the automatic or 
aanual level control mode. 
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Relocation of the l!F pump within the IIF may be required to avoid 
interferences with post head re.ooval activities. By using flexible hose 
with two-way shutoff quick disconnect couplings on the puap discharge, and 
the overlapping hanger design for the pump support, movement of the pump can 
be accomplished using oyerhead material handling equipment. 

2 . 7  Systems Directly Supporting the IIF Processing System 

2. 7. 1  Fuel Transfer Canal Fill and Drain System (FCC system) 

The IIF processing system ties into the fuel transfer canal drain 
manifold inside the reactor building. Valve FCC-V003 terminates 
letdown from the IIF when closed manually or on alarm level signal 
from the bubbler system. Closure of valve FCC-V003 automatically 
trips the IIF processing pump. 

2.7.2 Hake Up and Purification System (HU system) 

The HU system provides the flow path froo the liquid waste disposal 
ayatem to the reactor vessel. For automatic level control makeup 
valve HU-V9 acta as the flow controller to maintain RCS level based 
on level indication from the bubbler system. Manual level control 
is achieved by positioning valves in the HU ayateo to ensure makeup 
flow matches letdown flow. 

2.7.3 Reactor Coolant Level Monitoring System (Bubbler system) 

The bubbler system provides RCS level indication and is required for 
operation of the IIF processing system. In the automatic level 
control mode flow to the IIF is automatically controlled based on 
IIF water level sensed by the bubbler. In both the automatic and 
manual level control mode the bubbler system will terminate supply 
and discharge flows automatically in the event of unacceptable water 
level in the IIF. The bubbler system will not initiate aakeup from 
a bleed tank, but will only adjust flow once the IIF processing 
system is operating. 

2.7.4 Reactor Coolant System (RCS) 

The IIF processing system transfers reactor coolant from the IIF to 
the SDS for decontamination. The safety function of the RCS is to 
aaintain a sufficient volume of adequately borated water for decay 
beat removal and for maintenance of subcriticality of the core. In 
addition the reactor coolant serves as a vater shield for the 
radiation sources inside the vessel. Tbe RCS level w111 be 
maintained within a controlled range during operation of the IIF 
processing system. 
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2.7.5 Submerged Demineralizer System (SDS) 

The liP processing system uses the SDS as the means of 
decontaminating the reactor coolant. The SDS is comprised of a 
liquid waste processing system, an off gas system, a monitoring· and 
sampling system, and a solid waste handling system. The liquid 
waste processing system uses sand type filters for the remuval of 
solids and a a eries of ion exchange columns for the removal of 
soluble contaminants. SDS effluent is returned to a bleed tank 
which is not being used for makeup. The off gas system collects, 
filters and absorbs radioactive gases during processing, sampling, 
dewatering and spent SDS liner venting. The saapling system 
provides the capability of obtaining samples of reactor coolant at 
several points in the processing stream. The solid waste handling 
system is provided for moving, dewatering, storing and loading of 
filters and demineralizer vessPls. The operation of the SDS is 
described in Reference 1. 

2.7.6 EPICOR 11 System 

The EPICOR II system will be used to remove antimony-125 from the 
reactor coolant if this isotope becomes a significant dose 
contributor for workers on the !IF. This system will be used for 
reactor coolant processing on a batch basis only. Water processed 

I 1 ·by EPICOR II will be chemically adjusted before being used as RCS 
makeup. 

2.7.7 Liquid.Waste Disposal System (WDL system) 

The WDL system components used to support the IIF processing system 
are the reactor coolant bleed holdup tanka, the waste transfer 
pumps, and the flow path from the bleed tanka to the makeup system. 
Valve WDL-V40 also provides automatic termination of makeup in the 
event of a high or low level alarm signal from the bubbler system. 

2.8 Other Systems Required to Suppott the IIF Processing System 

2.8.1 Mini-Decay Ileat Removal System (HDR system) 

During !IF processing system operation d�cay beat removal from the 
core will be by the loaa-to-ambient cooling mode. However, should 
forced circulation of reactor coolant through the core be required, 
the HDR system will provide this capability. In addition, the HDH 
system is capable of injecting borated water into the RCS to assure 
that the reactor coolant will be maintained within the required 
boron concentration lillita. 

2.8.2 Stan1by Reactor Coolant Pressure Control System (SPC system) 

During IIF processing system operation, the SPC system is capable of 
injecting borated water into the RCS to assure that reactor coolant 
will be maintained within the required boron concentration limits. 
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The liP processing system will be operated in accordance with detailed 
approved procedures. To assure that the system can be operated safely, an 
evaluation of safety considerations vas made. The safety issues identified 
were 

o decay heat removal 
o boron dilution 
o radiological considerations. 

These issues are discussed below. Safety issues related to the operation of 
the SDS are identified and evaluated in Reference 1. 

3.2 Decay Heat Recoval 

During operation of the liP processing system the RCS level will be 
maintained well above th� plenum cover plate elevation. In the past the 
bulk RCS temperature has been maintained at leas than lOOOF by the 
loss-to-ambient cooling mode with the water level below the plenum cover 
plate. Therefore no reduction in decay heat removal capability is expected 
during IIF processing system operation. 

In the event that the water level decreases and the low level alarm trip 
should fail, the RCS level could only be lowered to the pump suction point 
approximately 2 1/2 feet above th� plenua cover plate, vbicb is above the 
reactor vessel no�zlea. Adequate decay beat removal capability has been 
demonstrated for the RCS level lowered to the.nozzlea (Attachment 1 of Ref. 
2). Therefore it can be concluded that adequate decay heat removal 
capability will be available in the event of failure of level control and 
lov level trip. 

3.3 Boron Dilution 

The THI-2 core is maintained in ita safe shutdown condition by virtue of the 
soluble boron present in high concentrations in the reactor coolant. 
Conservative analyses have been perfor.ed which shov that a recriticality of 
the core is prevented by maintaining a boron concentration of 3500 ppa 
(Refs. 2 and 3). These analyses bound fuel configurations associated with 
planned vork activities and credible accidents during the period through 
head removal. These analyses should also bound any pouible configuration 
for the period of liP processing syste• operation. The evaluation of th� 
worst credible boron dilution event is therefore baaed on the assumption 
that 3500 ppm provides an adequate poisoning of the ayste• for criticality 
prevention for all activities during IIF processing system operation. Boron 
dilution concerns during operation of the liP processing system will require 
reevaluation if the lover boron concentration safety limit of 3500 ppa ia 
revised. 

To prepare for future defueling activities, the boron concentration ia being 
increased to an operating level of 5050 ! 100 ppm. This provides an even 
sreater .. rgin of safety during the period of liP proc:eaaing system 
operation. The reactor coolant tezaperature and c:hemiatry will be .. intained 
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within Technical Specification limits during IIF processing. The only 
credible way the RCS boron concentration could be changed in an uncontrolled 
manner during IIF processing system operation is by the dilution of the 
reactor coolant with water that is either unborated or borated below the 
operating level. 

To provide adequate assurance that a return to criticality of the fuel is 
precluded, measures have been taken to prevent the reduction of boron 
concentration, to detect a reduction in boron concentration, and to provide 
the capability to restore the reactor coolant to the operating boron 
concentration. 

A reduction in the RCS boron concentration could result if water containing 
leas than the operating boron limit were added to the RCS. The potential 
sources of this water are the various systems connected to the RCS, 
including the secondary system. Systems which potentially contain 
underborated water have been reviewed and isolated. Two isolation 
boundaries are provided for potential inleakage paths. An isolation 
boundary is defined as a closed tagged out valve, a removed spool piece, a 
beat exchanger tube boundary, or an electrically locked out pump. An 
electrically locked out pump may be considerP.d an isolation mechanism 
whenever the pump represents a pressure driving head. Where gravitational 
flov through a pump body has a potential for adding underborated water a 
minimum of two additional isolation boundaries are provided. 

Specific actions to prevent the addition of underborated water t� the RCS 
from the various systems are described in Reference 2. 

Operation of the IIF processing system present& additional potential 
deboratlon pathways and concerns, which are addressed in this SER. 

3 . 3 . 1  Operation o f  the IIF Processing System i n  the Automatic Level 
Control Hode 

During operation of the IIF proceasing system in the automatic level 
control mode the inadvertent addition of underborated water to the 
RCS is considered extremely unlikely, due to preventive measures 
taken. Potential flow paths of underborated water are double 
isolated, the position of isolation valves is confir.ed visually or 
administratively every 24 hours and the levels of t�s containing 
underborated water are logged every 24 hou�a. However, to further 
protect against a reduction of boron concentration several methods 
of detection of a deboration event are employed: a) RCS level 
monitoring, b) RCS S811pling, and e) RCS inventory IIODitoring. 

a) RCS Level Monitoring 

During this mode of operation of the IIF processing syste• the 
RCS level is automatically aaintained by valve HU-V9 which is 
controlled by the bubbler system. The level is aalntained at a 
given level and alarm points are set above and below tbe 
desired level to prevent an unacceptable increase or decrease 
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in the water level. If lhe RCS level reaches an alarm point, 
makeup and letdown are both terminated and alarms sound in the 
control room, at the IlF, and on the SDS panel in the fuel 
handllng building. 

Maximum letdown from the IIF through the SDS is calculated to 
be 15 gpm and normal flow rates are expected to be 10-12 gpm. 
Leakage into the RCS of flow rates greater than these will 
resUlt in an increase in liF level until the alarm point is 
reached, at which time the IIF processing system will be 
automatically shut down and the source of inleakage can be 
identified and terminated. Inleakage leas than 15 gpm may not 
be detected by the RCS level monitoring system. 

Normal plant RCS level monitoring, using level transmitter 
RC-LT-100, is also available and is also equipped with alarms 
in the main control room to signal unacceptable water levels. 
RCS level is monitored and logged regularly by control room 
operators. 

b) RCS Sampling 

RCS sampling is performed once per week while the RCS is in the 
normal drained down depressurized condition, that ia, the 
"level control aode." While the plant ia in this aode 
inleak.age into the RCS will cause an increase 1D RCS level,' 
which will be indicated in the control room by RC-LT-100. 
However during the operation of the IIF processing syatea in 
the automatic control aode the RCS level ia,automatically 
maintained without operator action. Any inleakage into the RCS 
from potentially underborated sources aay add to the aakeup 
flow. In this case the bubbler system may sufficiently 
throttle KU-V9 to permit the continued dilution without an 
observable increase in RCS level. Thus any inleakage into the 
RCS from potentially underborated sources aay be difficult to 
identify quickly by control rooa operators. The detection of 
any deboration event then must not depend on RCS level 
monitoring alone. 

By increasing the frequency of RCS sampling adequate detection 
capability can be provided. The frequency of sampling ia baaed 
on the time required for the boron concentration to be reduced 
from the operational level to the ainimu. level which has been 
shown to be adequate for the prevention of criticality for core 
configurationo postulated for the period through bead removal. 
These configurations should bound activities for the period 
until plenua removal. 

To define a sampling frequency baaed on noraal operation of the 
IIF processing ayatea the following iteaa are important. 

1. The greater the dilution flow rate the aborter the sampling 
frequency aust be. 
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2. The aaxi� letdovn.flov rate through the SDS dictates the 
aa�imum dilution flov rate, since greater dilution flov 
rates vill cause an RCS level increase. RCS level increase! 
can be identified by control room operators before 
significant dilution could take place. 

The calculation of the dilution time intervals for a range of 
SDS flov rates is performed using the following assumptions. 

1. The initial boron concentration i� 4950 ppm. This is the 
lover operational limit, vhere normal operations require 
5050 ! 100 ppm. 

2. The final boron concentration should be 3500 ppm. 

3. The coabined vater volume of the reactor vessel-IIF is 
36,000 gallons. No mixing of vater in the vessel legs is 
assumed. 

4. The dilution flow is unborated vater. 

5. A constant volume is assumed; that is, a feed and bl�ed 
condition exists. Instailtaneous, uniform mixing in the 
dilution voluae is assumed. 

To calculate the time interval required to dilute the 
vessel-IIF ��lume the following expression is used 

-(�)t 

vhere C1 • boron concentration at time t 
C0 • initial boron concentration 
Q • dilution flov rate 
V • vease1-IIF volume 

The folloving time intervals are calculated for several 
dilution flov rates. 

Dilution flov rate 

10 gpm 
12 gpm 
15 gpm 

time (ain) 

1248 
1040 

832 

time (bra) 

20.8 
17.3 
13.9 

The sampling frequency is then derived from the dilution time 
interval, vith the following considerations: 

1. Boron sample analysis normal turnaround time is assumed to 
be 4 hours. 

2. The extension of the aaapling interval of up to 25% of the 
interval aay be permitted. 
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3. The sampling frequency should be such that the worst case 
dilution event vlll be detected (i.e., sample analysis 
completed) before the reactor coolant concentration goes 
below 3500 ppm boron. 

Samping frequencies for a range of SDS flov rates are given 
belov based on a 4 hour turnaround time for sample results. 

SDS flow rate 

10 gpa 
12 gpm 
15 gpm 

sampling interval 

13 hours 
10 hours 

8 hours 

With the increase in sa�pling frequency, � method of sampling 
is needed that can be easily performed .thout requiring 
reactor building entry. Since the increased freq�ency !e 
required only during IIF processing system operation, it is 
moat convenient to obtain a sample in conjunction with ita 
operation. The SDS is equipped with sampling capability at 
various points in the process stream. The reactor coolant 
sample vlll normally be taken from the high rad filter glove 
box at sample point A. This location is upstream froo all 
filters and ion exchangers and allows a rapid transit time from 
the IIF to the sample point. Alternatively samples may be 
dravn from the intermediate level sample box, if required. 
This sample point is dovnatream of the filters and ion 
exchangers. This processing does not affect b�ron 
concentration in the reactor coolant. The transit time for a 
representative letdovn flow to reach this sample location is 
approximately 100 ainutea based on a 10 gpm flov �ate. 

Since the sample is taken at the IIF processing pump auction 
point, the sample comes directly from the water volume of the 
vessel and IIF. Baaed on experiments performed during feed and 
bleed operations with the RCS drained dovn, it vas concluded 
that there ia significant mixing of the total volume of water 
in the reactor vesael. It is judged that sufficient mixing of 
the reactor coolant in the veaael and liP will occur to provide I 1 
a reaaonably representative sample from the IIF system, and 

. that samples taken from the IIF will satisfactorily indicate 
any decrease in RCS boron concentration. 

c) RCS Inventory Honitoring 

To monitor the RCS inventory the following calculations are 
performed at given intervals. 

o Currently, procedures require that in the level control 
mode, an RCS leak rate check is performed every 24 hours for 
a period of four hours. During the four hour period all 
makeup and letdown to the RCS is aecured. During reactor 
coolant proceaaing leak rate checks are performed every 72 
hours for a period of two hours. During liP processing 
system operation, the RCS leak rate monitoring will be 
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perforaed every 72 hours. The monitoring period, however, 
may be increased to four hours if required to provide au 
adequate interval !or leak rate measurement in the 
unpressurized condition. 

o Boron aass balance calculations are currently performed once 
every 24 hours during normal processing with the RCS 
pressurized or in the level control mode. These 
calculations are used to assure an adequate boron 
concentration exists even assuming any inventory discrepancy 
is unborated water. The frequency of the boron mass balance 
calculation will remain the same during operation of the IIF 
processing system. 

o Using tank level checks, the bleed tanka being used for 
makeup and receipt of reactor coolant are checked fur any I 1 
discrepancy in RCS inventory. To reduce the reactor coolant 
boron concentration from 4950 ppm to 3500 ppm requires the 
addition of greater than 10,000 gallons of unborated water. 
Discrepancies greater than 10,000 gallons require a 
temporary termination of processing until the discrepancy 1a 
investigated. During operation of the IIF processing 
system, RCS inventory calculations will be performed at the 
same frequency as RCS sampling to provide a verification of 
the RCS inventory for detection of a boron dil;tion event. 

It is concluded that a recriticality due to a deboration event 
during operation of the IIF processing system has been precluded. 

o Adequate prevention of boron dilution has been provided by 
double isolation of potential pathways. 

o Adequate detection of a boron dilution event is possible by 
increased RCS sample frequency in conjunction with level 
monitoring and RCS inventory checks. 

o In the unlikely event that a boron dilution were to occur 
procedures require actions vhich provide the information needed 
to terminate the dilution transfer and will provide the 
mechanisms to return the RCS to the operating boron 
concentration. 

3.3.2 Operation of the IIF Processing System in the Manual Level Control 
I l Mode 

During manual level control operation of the IIF processing system 
the potential for boron dilution does not differ significantly from 
automatic level control operation. The sampling frequency and 
inventory calculation frequency during aanual operation is specified 
aa the same as that for automatic level control operation. 
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The installation of the IIF processing system introduces the 
following flow paths for the potential introduction of underborated 
water to the ltCS. 

o From the reactor building ba3ement pump system through the fuel 
transfer canal drain manifold to the discharge line of the liP 
processing pump to the IIF. 

o From the fuel transfer canal drain pump through the fuel 
transfer canal drain manifold to the discharge line of the IIF 
processing pump to the IIF. 

Both of these sources could contain underborated vater. To provide 
d�uble isolation, quick disconnect hoses and branch valves are 
provided at the fuel transfer canal drain manifold. When the IlF 
processing system is operating the tvo other branch hoses will be 
disconnected and the branch valves vill be closed. This will 
provide double isolation from these sources. In addition a check 
valve in the IIF processing system branch line at the manifold will 
provide added assurance that these tvo pathways are not credible 
sources for boron dilution. 

During the shutdown condition the configuration of the RCS is not 
significantly different than in the level control mode before head 
removal. Therefore those requirements for RCS sampling and 
inventory monitoring remain unchanged. These requirements are: 

o ltCS will be supled once per week. Sa1Dpling aay be performed 
using a dedicated remote sampling system. This system vill 
provide a means of obtaining a sample from outside the reactor 
building in the event that reactor building entry !a precluded 
or deemed undesireable. 

o ltCS leak rate determination v1ll be performed once every 24 
hours. 

3.4 Radiological Considerations 

3.4.1 Noraal Operations 

The IIF processing aystea ia deaisned to provide increased water 
processing capability during the period between bead removal and 
plenum removal. This increas�d capability is required to reduce 
radioactive contaainants in the RCS �d to thereby reduce radiation 
dose rates for work��• on and around the IIF. 

The ltCS level in the IIF will be aaintained above the control rod 
auide tubes to provide adequate shielding of the strong plenum 
source. Reducing the radioactivity in the water will further reduce 
dose rates for workers on the IIF. 
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Without RCS processing the concentration of radioactive contaminants 
in the coolant increases. The concentration of cesium-137 reached 
levels of 6-8 �Ci/ml after several months without processing with 
the RCS in the drained down condition. It is a goal to have reactor 
coolant concentrations at approximately 1 �Ci/ml at the time of 
bead removal. Based on the capability of the SDS with the IIF 
processing system operating at 10 gpm, reactor coolant 
concentrations of 0 . 1  �Ci/ml and lover may be achieved. This is 
based on a system availability of 70%, which accounts for bleed tank 
recirculation and sample time. 

Calculated radiation dose rates are used here to illustrate the 
benefits which may be attained by reducing the radioactive materials 
in · • coolant. Baaed on data from the underhead characterization 
program, the anticipated dose rate contribution from the plenum and 
the reactor coolant in the IIF have been calculated. The dose rate 
increases for workers on·tbe IIF cover were calculated assuming that 
the IIF cover holds l inch of lead shielding and that the water 
level in the IIF is .5' above the vessel flange . Note that 
decreasing the water level in the IIF decreases the shielding of the 
plenum and results in an increase in dose rate. The increases in 
general area dose rates were calculated for before the IIF 
processing system 1a available, i .e . ,  vith a reactor coolant (RC) 
concentration of l �Ci/ml, and after IIF processing has been 
operating, i . e . , with an RC concentration of 0 . 1  11Ci/ml. The 
contribution from the plenum vas based on the information contained 
in Reference 4. These dose rate increases are shown below. 

RC cesium-137 
concentrat ion 

0.1 �Ci/ml 
1 . 0  �Ci/L&l 

Dose rate on IIF cover 
(excluding background) 

S millirem/hr 
16 millirem/hr 

During plenum inspection tasks workers may remove shielding plates 
from the IIF cover to pr�vide tool and camera access into the 
vessel. Dose rates calculated as above , but assuming no shielding 
froa the IIF cover, are given below. 

RC ceaium-137 
concentration 

0 . 1  �Ci/ml 
1 . 0  �Ci/ml 

Dose rate above opening in liP 
cover (excluding background) 

120 millirem/hr 
610 llilllrem/br 

The entire IIF processing system has been examined for radiological 
impact to the reactor building environment. Considering the long 
hose lengths which will carry reactor coolant through the reactor 
building, the potential increase in general area dose rates due to 
this new source vas evaluated. The following dose rates were 
calculated and show that the increase in worker exposures due to the 
hose is negligible. 
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RC cealu:��-137 
concentration 

0.1 11Ci/ll1 
1.0 11Ci/ll1 

15737-2-G07-103 

Dose rAte 4' from hose 
(excluding background) 

0.1 aillirem/hr 
1. 0 lllillirem/hr 

Calculated dose rates do not consider any isotope in the reactor 
coolant except cesiuc-137. Other isotopes which may contribute 
significantly to gamma dos� rates are cesium-134 and antimooy-125. 
The cesium-134 concentration is normally an order of magnitude less 
than that of cesium-137. Antimony-125 is not removed from the 
coolant with a reliable decontamination factor by the SDS in its 
current configuration. However the dose rate for antimony-125 is 
less than that of cesium-137 for a given concentration. Current 
concentrations of antimony-125 are approximately 0.2 11Ci/ll1. In 
addition, if antimony-125 in the reactor coolant becomes a 
significant dose contributor to workers on the IIF cover, the llF 
�rocessing system may be used to transfer water to the EPICOR II 
system in a batch processing mode. EPICOR II will reaove the 
antimony-125 with a satisfactory decontamination factor. 

3.4.2 System Failures 

During normal operations the IIF processing system will function to 
reduce dose rates on the IIF cover to minimize worker exposures. 
However, to provide assurance that system failures will not resUlt 
in unacceptable radiological conditions, consequence& of syatem 
failures were examined. Failures which could potentially result in 
significant changes in radiological conditions are: 

o hose leakage 
o hose blockage 
o pump failure 
o bubbler failure 
o valve failure 

Hose breakage or leakage aay occur during II� proceasin& system 
operation. Hose ia routed in the refueling canal, along the edse of 
the canal at the 347'-6• elevation, and along the floor at the 
347'-6• elevation to the fuel transfer canal drain aanifold at the 
north end of the reactor building. From the •ao!fold, the hose 
leads a abort distance directly to the reactor building 
penetration. Leakage from hoee Unea would either collect in the 
refuelin& canal or on the floor at the 347'-6• elevation. 

To prevent possible leakase from the hoses all discharse bose and 
pipe will be leak tested in accordance vith ANSI B31.1. Periodic 
visual inspection of the hose will be used to assess ita condition. 
The pressure ratio& of the hose and couplings are higher than the 
IIF processing puap shutoff head (approsiaately 150 paig). An 
emergency ahutoff switch is located on the handrail next to the 
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bubbler panel in the reactor building, to atop the system in case of 
hose breakage. Although precautions to prevent hose leakage have 
been taken, it has been determined that even significant leakage of 
reactor coolant onto the floor or in the canal would not Jncreaae 
radiation dose rates �uough to prevent access to the area for 
cleanup of the spill. Conservative analyses have been done which 
indicate that large puddles of reactor coolant do not reault in 
large increases in general area dose rates around the spill. These 
analyses assume cesium-137 concentrations greater than 1 �Ci/ml. 

In the event the IIF discharge hose is blocked the effect would be 
similar to closing a valve downstream of FCC-V003. This would 
result in the pump either shutting down on thermal overload or on 
high level trip. In either case no unacceptable consequence results. 

The pump used in th� IIF processing system is a commercially 
available pump which has been shown to be highly reliable. It is 
expected that the IIF pump will operate successfully for the 
operational lifetime of the IIF processing system. However in the 
event of failure of the IIF pump the bubbler system will act to 
prevent overflow of the IIF as discussed previously. 

In addition the pump installation has been designed such that 
removal of the pump for repair on replacement can be easily 
accomplished while minimizing worker exposures. Specifically, steps 
to remove the pump are 

o Remove the IIF cover shield plate from above the pump location 
o Loosen a single hold down bolt on the pump 
o Lift the pump using overhead lifting equipment. 

In the event of pump failure the water processing capability would 
be greatly reduced, and some increase in radioactivity in the 
coolant may result. However, since the pump is easily removed and 
the pump is commercially available, this r�duction in water 
processing capability would be ainiaized. 

Bubbler system failures may cause one of two accident conditions: 
overflow of the IIF or reduction of the RCS level to the pump 
suction level. It should be noted that for the RCS level to go 
outside of the alarm aetpoint levels there must be tvo independent 
instrumentation failures in the bubbler system during the automatic 
level control mode. Baaed on the reliability of these instruments 
this is an eztremely unlikely event. 

The bubbler system is designed as an Important to Safety system. 
Testing of all components will be performed prior to installation in 
the reactor building. Inatrumen�tion is accurate to within 
+ 3 inches of water. Redundant level aonitoring instrumentation is 
available (RC-LT-100) and ia also equipped with aetpointa which will 
sound an alarm in the control room iu th� case of unacceptable water 
level. RC-LT-100 has no control function over the IIF processing 
pyatem, but will provide level indication in the control room and 
will alert operators to a potential overflow or low level condition. 
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Overflow of the IIF will not cause radiological conditions vhich 
would prevent access to the area for cleanup operations. All 
overflow from the liF would be contained in the refueling canal. If 
IIF overflou is indicated by level monitoring instrumentation. the 
canal area can be easily monitored by closed circuit TV from areas 
outside the reactor building. so that liP overflow could be verified 
and terminated. If a large overflow did occur. the fuel transfer 
canal drain system could be started to pump out the canal. Entry 
into the reactor building to connect the canal drain system to the 
manifold would not be precluded by reactor coolant in the canal. and 
airborne radioactivity would be no worse than that experienced when 
high ,ctivity water vas present in the reactor building basement. 

,An emergency stop switch located in the reactor building could be 
used to terminate overflow from the !IF. 

The pumping of the !IF dovn to the pump suction point would reduce 
the water shield over the tops of the control rud guide tubes. The 
top of the pump auction is located at approximately the 325'-4• 
elevation. The top of the control rod guide tubes is at 
approximately the 324'-4• elevation. Therefore there exists 
approximately 12 inches of water above the guide tubes. This 12 
inches of water along with the !IF cover. which consists of 3/4 
inches of steel and approximately 1 inch of lead, still provides 
adequate shielding of the plenum source to permit access to the IIF 
cover. 

Valves controlled by the bubbler system are HU-V9, used only during 
the automatic level control mode • WDL-V40 and PCC-V003. Failure of 
the controller valve HU-V9 may result in change of RCS level. 
However if an alarm lev•:l is reached the !IF processing system 
operation is automatically terminated. Valves FCC-V003 and WDL-V40 
will both fail closed on the loss of air·or electricity. Closure of 
valve FCC-V003 automatically trips the IIF processing pump, and the 
closure of WDL-V40 would siaply terminate makeup which would soon 
cause a lov level alarm condition and a termination of processing. 

3.4.3 Dose Assessment 

The dose assessement for operating the SDS in conjunction with the 
!IF processing system is aiven in Appendix 2 of Reference 1. No 
increase in release of airborne radioactivity to the reactor 
buildina atmosphere or from the reactor buildina to the environment 
from uce of the IIF processing system is expected. In fact. the IIF 
processing ayatem will help reduce the reactor coolant radioactive 
materials concentration which should lliniai&e any airborne 
radioactivity release froa the RCS in the reactor building. 

3.4.4 ALA1J.A 

A aajor goal in the design of the IIF processing system baa been t o  
assure that radiation exposure t o  workers i s  aaintained a s  lov a s  1a 
reasonably achievable. The purpose of the IIF processing system is 
to reduce radioactive aaterials in the reactor coolant and thereby 
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reduce radiation dose rates for workers on and around the IIF. 
Specific design features for the IIF processing system vere 
incorporated to implement the ALARA concept. These features have 
been discussed previously and are summarized belov. 

o The IIF pump is designed to be installed vith the liP 
immediately after head removal. This eliminates the need for 
personnel access to the liP cover for this purpose before 
reactor coolant cleanup .  

o Tbe liP pump is a commerciAlly available model, vhich requires 
short lead time if replacement becomes necessary, and thereby 
minimizes the amount ·of time vith reduced vater processing 
capability. 

o Tbe liP pump is equipped vith lifting eyes and a single hold 
down bolt to simplify removal or movement, vhich permits 
operational flexibility. 

o Sufficient hose to the pump is provided to allov relocation of 
the pump if post head reaoval activities require i t .  

o Evaluation of impact on reactor building dose rates due to the 
hose routing vas performed to assure minimal increase in the 
general area dose rates, and hoses vill be routed to mazimize 
distance to vorL areas and to take advAntase of existing 
structures for shielding aa much as possible. 

o Failures of the IIF processing system components vill not 
result in unacceptable radiological conditions for vorkera in 
the reactor building. 

All v�rk performed in the reactor building ia reviewed by the 
Radiological Controls Department and ia evaluated to assure that 
personnel radiation exposures are minimized according to established 
procedures .  

In-containment vork required by the operation of the IIF proce1aing 
eyatem involves hose disconnections at the fuel transfer canal drain 
manifold. Realignment of the flov path to the SDS is ezpected to be 
infrequent . All hose connections are equipped vith quick disconnect 
fittings to facilitate connection and dieconnection, vhich v1ll 
ainiaize time required. 

4.0 l0CPRS0.59 Evaluation 

According to 10CFR50, paragraph 50.59, the holder of an operating license may aake 
chanaea to the facility or perform a teat or experiment,  provided the change , teat 
or experiment doe• not involve a change in the plant technical specifications or 
an unrevieved safety question. A proposed change involves an unrevieved safety 
question a) if the probability of occurrence or the con1equences of an accident or 
malfunction of equipment important to safety previously evaluated in the safety 
analyeia report may be increased, or b) if a pos1ibility for an accident or 
malfunction of a different type than any evaluated previouely in the safety 
analysis report may be created , or c) if the marain of safety aa defined in the 
baeia for any technical specification ia reduced. 

-17-
Reviaion 0 
0023V 



15737-2-G07-103 

The operation of the llF processing system does not present an unreviewed safety 
question as discussed below. 

a) Accidents presented and analyzed in the THI-2 S afety Analysis Report, 
Technical Evaluation Reports, Systems Descriptions, and Safety Evaluation 
Reports address events which bound by a wide margin the potential 
consequences of any planned or postulated unplanned event that might occur 
in connection with the operation of the IIF processing system. Potential 
system failures and their consequences are diacussed in Section 3 . 0  of this 
report. 

b) The possibility of an accident or malfunction of a different type than any 
previously evaluated i n  the safety analyses is not created by the operation 
of the IIF processing system. The IIF processing system is essentially a 
liquid radioactive vaate system uaed to maintain the reactor coolant at low 
specific activitiea. Aa such the possibility of an accident or malfunction 
is of the same type as previously evaluated for other liquid radioactive 
waste systems, including the SDS. Since the potential source term in the 
RCS to be processed by th� llF processing aystem ia much sDaller than other 
liquid radioactive waste streams processed by SDS, any consequences of 
accidents or malfunctions would be bounded by a large ma rgin by other aafety 
analyses. 

c) Operation of the IIF processing system does not result in a reduction in the 
margin of safety as defined in the basis for any technical specification. 
Possible releases of radiocctive effluents to the environment will be 
bounded by a large margin by those resulting from the use of the SDS for 
cleanup of the reactor building basement water which was constrained by 
Appendix B of the Technical Specifications. 

Baaed on the above the operation of the IIF processing system does not 
present an unreviewed safety question. No change in plant technical 
a pecifications is required by operation of the IIF processing system. 

S.O Conclusions 

Baaed on the safety evaluations contained in this report the following provisions 
have been demonstrated. 

o Adequate measures for the prevention of an RCS boron dilution event v1ll be 
taken. 

o Adequate detection capability exists in the unlikely event that a boron 
dilution event does occur. 

o Subcriticality of the core will be aaintained. 

o Occupational exposures vill be maintained aa lov as is reasonably achieY&ble. 

o Radiological consequences of system failures are acceptable. 

o Activitier addressed do not present an unreviewed safety question. 
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In conclusion. the operation of the IIF processing system docs not present undue 
risk to the health and safety of the public. 
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