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GPU letter 4410-84-L0082, B. K. Kanga to B. J. Snyder, 
dated liay 31. 1984 
GPU letter 4410-84-L-0108, B. K. Kanga to B. J. Snyder, 
dated July 16, 1984 

This letter is in response to the letters t•eferenced above ira tthich you 
forwarded both a safety evaluation and an addendum describing add1tionul 
hanll·~are improvements to support the proposed operation of the lnterna 1 s Index 
Fixture Huter Processing Syst~m (IIFPS). Your safety eval uation assessed both 
the use of the IIFPS to process reactor coolant through the SOS ns well as its 
integriltion with ot.her systems through special instrumentation and controls. 
Interfacing systems include the RCS makeup und purification system, RCS level 
rnonitoriug system, RCS sampling system, liquid waste: disposal system and thP. 
fuel canal fill and drain system. Your safety evaluation specifically 
addressed core dPcay hec:t removal, boron dilution centrals and rcdiological 
considerations. 

The staff had reviewed your initiol safety evaluation (reference a) and 
detennined that additional system modifications were needed to detect 
potential borc.n dilution cvenls. Our reccmtr.endations for system modifications 
uere discussed in mee tings ~lith members of your staff, and, based on these 
di scw;s ions, sys terns have been li!Odificd to improve water inventory mC!asurement 
and cot·e samp 1 i ng capao i1 i ty. Baseo on yout· recent sub111itta 1 ( rt!fcrence b). 
l'lhich proposed tt.~ ust of a new RCS sampling system and improved water level 
indication in thE: reactor coolant bleed tanks, the staff concurs with your 
system modifications dOd proposed use of the IIF Hater processing system. The 
attached S;}fety evaludtion provides the basis for cur approvlll of your IIFPS 
plc1n and includes iln assessw.:nt of your Boron Dilution Controls,~st<:rn 
Perfonmance and Safety Controls, Radioloyical Controls and RCS lnte~y 
Vertfl<!.!ljion. fldditiorally. thP. stuff has reviewed your function31 testing of 
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the IIFPS, including the associated satcty interlocks, end deterr.1ined thE:rt! is 
reasonable assurance that the system ~li 11 pcrforn as designed. 

£\c1sed on the attached safety t.: Voluation, ue additionally \<till rt:quire that kCS 
lcuk rates i~asur··:t 11.nts be lako::n ov~r t! mi niri'llm f our hour p~ ri od t o insure 
<Jd~:quate mcasurcmt•nt sensitivity. Final approval of the operation of the 
IIFPS uill be Jli'OVidcd upon }cur sulJmitta 1 and uur revi~w of your de tc.il cd 
operating proccdurt:. 

cc: J. !l~rton 
K. Frct!rie rr.l'iu 
A. Hill er 
,1. Uyrne 
R. Hogen 
Sc rvicl! Oi s tributio11 Li s <. 

/.I/ 

Philip J. Grnnt 
Acting Oepu ty Pt·ogram Di r.:ctor 
TI:I l1rogram Office 
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PROCESS DESCRI PTIOfl 

The IIF processin£ system will be installed on the reactor vessel after head 
removal. The prin\try purpose of the 1 IF processing system is to remove 
radioactive contam··nation from the primary water following the head lift to 
minimize worker exposure. 

The IIF is a component supplied by the reactor manufacturer for use in 
aligning the plenum assembly during plenum movement into and out of the 
reactor vessel. The IIF is a six feet high cylinder designed to mate with the 
reactor vessel head flange. For reduction of radiation exposure levels, the 
IiF mating surface will be modified with a gasket to form a water seal which 
will allow reactor vessel water to be pumpid lnto the IIF to serve as a shield 
for radiation emitting from the plenum surface. To function as an effective 
shield, the water in the IIF will need to be processed periodically to remove 
radioactive contamination which will gradually enter the water from the core 
debris. 

The IIF processing system is designed to remove suspended and dissolved 
radioactive contaminants from the RCS. A subme~sible pump will be attached to 
the inside of the IIF. The pump will transfer RCS water from the IIF, through 
the submerged demineralizer system, to an empty reactor coolant bleed tank 
{RCBT). As water is pumped from the IlF, a normal plant waste water transfer 
pump will pump water from a full RCBT back to the reactor vessel through the 
normal makeup injection lines. Water level in the reactor vessel will remain 
constant throughout the process. 

The processing system is designed to operate in essentially a continuous mode. 
The process wil1 be halted periodically to sample and realign RCBT's and to 
measu re reactor coolant system leak rates. The syste~ is expected to operate 
at a flow rate of less than 15 gpm. The objective of the system is to 
maintain RCS wa~er con taminati on at 0.1 uCi/cc or less. 

SPECiFiC SYSTEM FEATURES 

Boron D1lution Monitoring 

Boron ailution of the RCS, if allowed to continue, could result in an 
inadvertent criticality. Safeguards have been establ1shed to prevent a 
dilutio~ event from occurring. In the unlikely event that dilution does 
occu~, the boron concen:ration in the RCS has been increased to 5050:100 ppm 
::c. ~rovide: a safety r.iargin above any boron levels r:h ich may rai£e criticality 
c~nce rns. Aooitionally, sampling techniques and water inventory accounting 
procedures have been established to provide early warning of a dilution event. 

Dilution safegua rds include procedural controls over all evolutions which 
1nvolve the RCS and a physical, t ~10 boundary, isolation of the RCS from all 
systems which may be potential dilution sources. Conservative analyses 
indiccte that criticality in the core wil l not occur if boron concentrations 
are ~aintained at 3500 ppm or higher. We conclude that a dilution event would 
be detected well before the boron concen~ration could decrease from the 
edsting level, 5050:100 ppm, to 3500 ppm. 
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Boron sampling is one of two methods available to oetect dilution. The 
initial GPU SER (reference a) proposed to periodically sample the IIF 
processing pump discharge to monitor for boron dilution. This concept was 
revis~o by the SER addendum (reference b) to be a more sensitiv~ sampling 
technique which included a separate sampling pump for obtaining a sample from 
the area irmedi::ely above the core rubble bed. A conservative sampling 
frequency (one~ per six hours) was established to ensure early detection of a 
dilution event. The sampling frequency may be modified in the future after 
core mixing data is collected and analyzed during the IIF processing. An 
on-line boron monitoring system is also being developed, and if successful, 
the sys tern may pro vi de a basis to reduce the samp 1 i ng requirements. 

A periodic mass balance to determine prir;;e:ry systen ~;cter inventory can also 
serve as a technique to detect a dilution inflow. GPU concluded that 12,480 
gallons of unborated water would be required to dilute the 36,000 gallon 
reactor vessel/liF volume frum 4950 ppm boron to 3500 ppm boron. The NRC 
staff performed a more conservative analysis by assuming that thP inflow of 
unborated water was restricted to the area outside the core barrel and to the 
lower hemisphere of the reactor vessel. This analysis was based on the 
concern that a critical fuel mass could have accumulated on the bottom 
hemisphere of ~ha reactor vessel and a dilution inflow could interact with 
this critical mass after only limited mixing in the vessel. Structural 
baffles inside the reactor vessel and the core debris physically segregate the 
incoming makeup flow from the main body of water in the vessel. A 14,000 
gallon water volume is formed outside the core region by this physical 
boundary. ~lore than 4500 gallons of unboratec water would be required to 
reduce the boron concentration in this region from 4950 ppm to 3500 ppm. 

Based on the more conservative dilution scenario, we feel that the IIF 
processing system water inventory detection system should be designed with 
sufficient sensitivity to aetect a 4500 gallon inflow of potentially unborated 
water. To achieve a total system sensitivity of 4500 gallons, each of the two 
kCb";"'s sf-tould include instrumentation capabie of cet~cting \-later inventory to 
at least :750 gallons. RCST sensitivity to :750 gallons would be required to 
include mass balance calculations as a viable technique for detecting dilution 
events. Inventory calculations 1\0uld need to be performed houl"ly to provide 
effecti\e d:lution detection . 

Based on the analysis descl"it>ed above, the RCBT inventory measuring capability 
was modified to increase tile sensitivity to at least :750 gallons." Hourly 
water inventory calculations are rr,quired by cperctir,g procedures. 

Tne boron dilution controls described above have been incorporated into the 
Ilf processing system ana provide a defense in depth which ~inimizes any 
potential for inadvertent criticality. The onsite r'RC staff will monitor IIF 
processing operations ana will confirm the bases for this evaluation as 
operating data become available. 

Svstcm Performance and Safety Controls 

The staff has reviewed the functional testino of the IIFPS and the associated 
safety controls. The system, as designee, will transfer recctor coo1ant fro~ 
the !IF, through the SOS, to a reactor coolant bleed holdup tank. The use of 
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the existing SDS flowpath through reactor building penetration R-626 and the 
two train zeolite vessel system to the receiving bleed holdup tank had 
previously been approved by the staff via letter NRC/Tf11 83-067 from L. H. 
Barrett to B. K. Kanga, dated flovember 8, 1983. Functional testing 
demonstrated the operation of the IIFPS including the safety interlocks 
associated with water level indicator (bubbler) high and low level alarm 
controls which automatically isolate makeup _(WDL-V40) and letdown (FCC-V003} 
and trip the IIF processing pump. This control will insure RCS level is 
maintained in an acceptable range and the IIF wiel not be overfilled. The 
physical location of the IIF processing pump intake will preclude the IIF 
water level from decreasing below 2! feet above the reactor vessel flange and 
this prevent s the potential loss of shielding and insures personnel exposure 
protect ion. • · 

During IIF processing, the return flowpath from the selected makeup bleed 
holdup tank to the RCS wi l l be vi a the existing plant system design which has 
been used frequentlY for normal RCS bleed and feed operations. In addition, 
the functional testing demonstrated that the water level bubbler system 
adequately controlled the makeup throttle valve (MU-V9) under the full range 
of potential water levels in the IIF. It is our understanding however, that 
t he makeup system wi ll be operated in manual mode to reduce the cycling of 
folU - V9. l-Ie have determined that manual operation provides added safety 
assurance because of both operator awareness and better sensitivity to unusual 
ma keup changes which may be assoc iated with potential boron dilution events. 
We conclude that adequate system controls exist to insure isolation at system 
tie-in points with the fuel transfer canal and reactor building sump systems. 
Based on the I IFPS safety features i n conj unct ion wi th both the Auxiliary and 
Fuel Handling Bu i lding ventilation and SOS off-gas and monitor system, we 
concl ude t hat reasonable assu rance exists to i nsure the IIFPS can be operated 
in a safe manner and adequa te prot ection exis ts for bot h the health and safety 
of the workers and t he public. 

Rad iolocical Control s 

The !IF pr0cessing system is designed to ma i ntain the radionuclide 
concentration in the RCS at a maximum of 0.1 uCi/ml. Additiona l radiati on 
protection wil l be provided by t he I!F cover which includes one inch of l ead 

.shie ldino. The combined effect of these t~1o fea tures i s exoected to reduce 
the dose-rates above the IIF t o nea r ambient levels . 

Reacto r Vessel lnteoritv Detection 

The G?U safety evaluation add ressed reactor vesse l 1 eak cetect ion and 
specified tha t iiF processing v.ould be stopped every 72 hours to measure 
leakage f rom t he reactor vessel. The reacto r vesse l l eakage wou ld be measured 
over a two or fou r nour period. Due to the sensi t ivity of the exist ing 
reactor vesse l level detectors, a leak check over a two hour period could fai l 
to detect leaks as large as 1.3 gpm. Since station procedures initia te 
err:eroe11cv c:ctio11s 1~hen leak rates reach 1 omr., ' '" fee l that t he fou r hour leak 
det~~tio~ period ~hould be used t o lowe r t~e leak detection t hreshold to below 
1 gpm. The NRC si te staff , by means of the no rmal pr'lcedure approval pr:.t.ess, 
wi 11 ensure that ~he leak checks are performed ove r a ~·:-.ur hour per i r:..i . 
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Conclus ion 

On the basis of our safety review, we conclude that the proposed IIF 
process i ng system can be operated without posing a significant r~sk to the 
occupatlonal work force or the offsit~ public. Additionally, the potential 
environmental impacts resulting from the system operation are minimal . The 
described activit ies fall well within the scope of those previously assessed 
in the staffs' Programmatic Environmental Impact Statement. Accordingly, we 
approve the operation of the IIF processing system subject to our approval of 
the associated operating procedures in accordance with Section 6.8.2 of the 
plant Technical Specifications. 
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