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THI Progrnm Office 
Attn: Hr. John T. Collins, Deputy Director 
U. s. Nuclenr Renulntory Commission 
c/o TI1ree Mile Tslnnd Nuclear Station 
Middletown, Pennsylvnnin 17057 

Dcnr Slr: 

M�tropohun Eduon ComJN!ny 
Pou Olloce Box 480 
Modt.lletown, Pl-nmylv�no� 17057 
717 944-4041 

W•olor'l 0.JI'CI O.ot Number 

July 9 , 1980 
TLL 283 

Three Mile Island Nuclear Stntion, Unit 11 (THT-2) 
Operating l.icense No. DPR-73 

Dorket No. 50-320 
Submerged DC!IIIinernUzer Sy�tc..'lll Technlcnl Evnluntion Report 

Your letter NRC/THI-80-89, dated ��y 16, 1980, requested nddltionnl lnfo�1tlon 
to enable your evaluation of the �>ubjl'ct report. 

EnclosC'd please find our respon�es to yC\ur commt>ntn. We nrc prepared to •llncnss 
these responsP� \lith you or your clenlgnnted repr<'ncntnttvcs nt your convenience. 

CKII:UL:dnd 

Enclosures 

cc: B. J. Snyder 
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GENERAL COMMENTS 

.Q!!.ESTION 1 

Provide (1)  a complete set of piping and instrument drawings (P&ID) , (2) general 

arran�ement drawings, (3) zeolite, cation, and filter vessel internal drawings ,  

and (4) the system description document to the latest revision for SDS. 

RESPONSE 

Piping and instrument drawings (P&ID) and general arrangement (GA) drawings are 

enclosed in accordance with the attached listing of SDS drawing s .  This listing 

includes the current revision number. Zeolite vessel·internal drawings are 

enclosed. Both the zeolite and cation vessel internals are of the same design. 

The SDS system description document is ��rrently being internally reviewed. 

Upon completion of that review, on or about July 15, 1980, the SDS system 

description will be forwarded. 

----- ------

'---------------------------------·-·-·-- · -· ·-. · -. .  



527D-A-5001, 

527D-A-5002, 

527D-A-5003, 

527D-A-5004, 

527D-A-5005, 

5270-A-5006, 

527D-A-5007, 

5270-A-5008, 

5270-A-5009, 

527D-A-5010, 

I 527D-A-50 11, " i 527D-A-5012, 

527D-A-5013 

527D-A-5014, 

527D-D-5002, 

527D-D-5003, 

527D-D-5004, 

527D-D-5006, 

NOTE 1: 

NOTE 2: 

SUBHERC£0 DEHINERALtZER SYSTEM DRAWINGS 

Rev. OJ Supply Manifold, Submerge-t ton Exchanger P & to 

Rev. 02 Contaadnated Feedvater System P & ID 

Rev. 02 Monitoring Tank System P & ID 

Rev. 03 Off�ns and Liquid Separation Syste11 P & ID 

Rev. 01 Ion Exchange Flov Sheet 

Rev. 02 Intermediate Sampling System 

Rev. 00 Cenernl Layout Plan - Ion Exchange Equipment 

Rev. 00 Utility Flov Diagram 

Rev. 01 Beta �onitorin� ��nifold P & ID 

Rev. 00 Ion Exchanger Supporty Assembly 

Rev. 01 Dewatering Station P & ID 

Rev. 00 Pump Removal Instruction for Offgas Pump Feed System 

RCS Clean-up Manifold P & 1D (SEE NOTE 1) 

Rev. 00 Pool Floor EquipDent Base Location Installation Dimensions 

Rev. 01 Prefilter, 125 Micron 

Rev. 02 Final Filter, 10 Micron 

Rev. 00 Prefilter/Final Filter Details 

Rev. 00 ton Exchanger with Agitator (SEE NOTE 2) 

This drawing is currently in development and will be 

furnished when available. 

This drawing subject to change pending resolution of solidification 

requirements. 
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GENERAL COMMENTS 

QUESTION 2(a) 
Provide .a comple

.
te process Clov diagram indicating (a) expected radioactivity 

concentration (pCi/ml) in each process stream including the final processed vater 

for each radionuclide present • • •  

RESPONSE 

Oak Ridge National Laboratory has been tasked with the testing of the SDS process 

flov stream performance characteristics. These performance characteristics 

include the determination of process stream node point radionuclide concentrations. 

Attached to this response are the results of testing for the determination of 

rndionuclide concen�1tions at process stream node points as sub�ittcd to CPU 

by ORNL on April 3, 1980. These results characterize the SDS process stream as 

follovs: 

F - pre-filter and final filter 

Zl - first zeolite bed 

Z2 - second seolite bed 

Z3 - third zeolite bed 

Cl - cation bed 

C2, A, MB - polishing bed 

The model used for analysis of the pro�ess flov stream treats the polishing bed as 

though it is a combination of a separate cation bed, anion bed, and mixed resin bed. 

While it iR physically possible to provide final polishing of the effluent flov 

stream in this manner, there are many other methods that can be employed to accomplish 

the objective of the polishing bed. Present plans for the SDS polishing bed specify 

that the resins will be loaded into one vessel and that they will be "layered" to 

achieve the final polishing function. 

Radionuclide concen�rations at the defined node points, as determined during the 

testing program, are given. These results are based on preliminary testing and 

the final report from ORNL will be submitted to the NRC in August, 1980, depending 

on receipt by CPU by July 30, 1980. 

.... -·-.- ---- ....... .  -· .--... --·· . -- -- -- --· ·--- .__ ..• 
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FEED-� I :1. 
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i 1. 1.0 J 
60

co c 

89sr 5.3E-lb 

90sr 
' 

2.32
b 

95rlb · c 

103Ru c 
106R u  c 
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TABLE 4. EXPECTED ACTIVITY CONCENTRATIONS8 IN SDS PROCESS STREAMS 

1.0 

c 

5.2£-1 

2.26 

<C 

c 

c 

AFTER 200 BED VOLUME� THROUGH EACH ZEOLITE BED 

��· 0 PROD. COliC. 

0 0 5 0 0 0 X 10CFR20
f 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 333 

5 E-5 5 E-5 5 E-5 5 E-5 d 5 E-5 5 E-5 o. 1 

2.0£-3 2.2£-4 . 6.9E-5 5.9£-5 d 1.5£-5 l.lE-5 3.7 

8.6£-3 9.4E-4 3.0£-4 2.6£-4 d 6.7E-5 4.8£-5 160 

1. 9E-5 l.OE-5 l.OE-5 l.OE-5 d 1.0£-5 1.0£-5 0.1 

2.3£-5 1. SE-5 1.1£-5 l.OE-5 d 2.3£-6 l.SE-6 0.02 

2.1£-3 1.4£-3 l.OE-3 9.2£-4 d 2.1£-4 1.4£-4 14 . 
. 12s5b .. c c 1.9E-2 1. 9£-2 1.9£-2 1. 9£-2 d 1.9E-2

e 1.9E-2
e 192 

134
cs 2.62£+1 2.62£+1 2.9£-3 7.0£-6 6.6E-6 6.6£-6 d 6.6£-6 

137cs 1.56£+2 1. 56£+2· 1.7£-2 4.2£-5 3.9£-5 3.9£-5 d 3.9£-5 

144
ce c c 5.1E-4 3.9E-4 2.6£-4 1. 9E-4 d l.lE-4 

aln �Ci/ml as of
.
July 1, 1980. 

bDifference in strontium concentration based on e�timate of 1000 gal of solids in 650,000 gal of water. 
cNot detected. 

· 

d
Not yet determined. 

eConcentrat1on lower initially (until C1
.

and C2 beds became loaded with sodium). 
fHultiples of limits of l.OCFR20, Appendix 8, Tab1� II, Colur.tn 2. 

3.0£-6 0.03 

1.8£-5 0.9 

6.4E-5 6.4 
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GENERAL COMMENTS 

QUESTION 2(b) 
Provide a complete process flow diagram indicating (b) expPcted concentrations 

(ppm or ppb) of nonradioactive chemicals in e.,ch process stream. I nclude test 

results. references. and any supporting documents to support and substantiate 

the decontamination factors you assumed. 

RESPONSE 

Based on ORNL spark source mass analysis. the major nonradioactive chemicals in 

the SDS feed are estimated to be: 

B 

Cl 

2200 ppm 

15 ppm 

Ca 10 ppm 

Na 1200 ppm 

These concentrations will be present in the process stream at the influent to the 

bntion bed. Some Ca and Na will be removed by the cation mixed bed. Concentrations 

of these nonradioactive chemicals in the cation effluent/polisher influent will be: 

B 2200 ppm 

Cl 15 ppm 

Ca 0-10 ppm 

Na 0-1200 ppm 

The polishing unit will consist of anion. cation. and mixed resin. Bed loadings, 

yet to be determined. will not be designed to deionize the influent water. It  

should be noted that the SDS design has been performed with the primary objective 

of removal of t·adioactive contaminants from the process flow stream. Any non

radioactive element removal from the flow stream is incidental to the process. 

-: - -.,· 



GENERAL COMMENTS 

OUl!STION 3 

Provide expected radioactivity loading (Ci) and throughput (gallons) in each 

pre-filter, final filter , zeolite bed , cation bed, nnd polishing demineralizer .  

RESPONSE 

To bound the filter loading estimate, two approaches were considered. The first 

eAtimate (worst case) is based on ORNL report dated September 12, 1979. Thise case 

assumes thnt: (1) filter changeout occurs after 50, 000 gnllons throughput, 

(2) nll solids are loaded on one vessel, (3) no decay of Sr 89 since available 

data does not distinguish between Sr 89 and Sr 90 for solid&. The results of this 

approach indicates a worst case radioactivity loading of 554 curies on a vessel, 

of which 525 curies is Sr 89/90. The second estimate (realistic case) assumes 

that: (1) Strontium ratios in the solids are the same as in solution, (2) the 

feed (solids) would contain approximately 1 . 3  X 10-2 uCi/ml Sr 89 and . 18 uCt/ml 

Sr 90 as of October 1 ,  1980. These assumptions yield filter loadings of 2 . 5  

curies Sr 8 9 ,  34 curies Sr 90, 1.4 curies Cs 134, 14 curies C s  137, and 4 . 7  curies 

Sb 125. 

The zeolite beds are planned to be operated for approximately 200 bed volumes 

pri�r to changeout of the first bed and movement of beds 2 and 3 to positions 

1 nnd 2, respectively. This intended plan �f operation yields a bed throughput of 

approximately 12, 000 gallons, based on a bed volume or 8 ft
.3 . The TechnicAl 

Evaluation Report identifies that the zeolite bed volume is 7 ft3 . Recent testing 

has indicnted that optimum zeolite bed loading is achieved when the bed is filled 

with 8 ft3 of zeolite resins. 

Studies at ORNL have indicated e&sentially all the cesium will be deposited on the 

first and second zeolite beds. Utlizing concentrations of 28 and 160 uCi/ml for 

Cs 134 and Cs 137 respectively, the first bed would contain an estimated 1270 curies 

of Cs 134 and 7270 curies of Cs 137. Beds two and three would contain a slightly 

higher level of activity due to being in service for 400 and 600 bed volumes 

respectively. ORNL column tests indicated thnt if feed solution contains 5.2 X 

10-10 �Ci/ml and 2 . 26 uCi/ml of Sr 89 and Sr 90, respectively, the first bed will 

contain approximately 23 curies of Sr 89 and 102 curies of Sr 90. Smaller amounts 

of other isotopes such as Nb 95, Ru 106, and Ce 144, will also be present. 

.. 
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• Gl:NERAL CO!flENTS 

RESPONSE TO QUESTION 3 (cont'd.) 

Based on ORNL column testing, the cation bed in service will contain approximately 

3 mCi of Sr 89/90 per 15,000 gallons of processed water . The polishing unit is 

estiMated to contain the following per 15,000 gallons of process water: 

ISOTOPE mCi 

Sr 89 2.7 

Sr 90 12.0 

Ru 103 .48 

Ru 106 44.3 

Cs 134 .2 

Cs 137 1.2 

I t  should be noted that zeolite column loading is based on 8 ftl of zeolite 

resins in the column. 

- .. --'-·... ..� 



GENERAL COMMENTS 

QUESTION 4 

Provide expected solid loading capacity for pre and final filters and estimate 

number of spent filter vessels to be generated as a result of SDS operation. 

RESPONSE 

The design of the pre-filter requires the UDe of a 125 micron filter element with 

40 ft2 of filter area. The final filter design requires the use of a 10 micron 

filter element with 80 ft2 of filter area. Load testing to determine SDS filter 

loading has been performed by ACNS using a synthetic slurry similar to the con

tainment sump water. This testing confirmed that the majority of the solids 

will be deposited on the final filter with only minor pre-filter loading. Assuming 

that the final filter loading is 1/2 pound per square foot and a total of 1000* 

pounds of filterable solids pass through these filters, it is expected that approxi

mately twenty-five final filters will be expended. �t is 3lso probable that one 

pre-filter will be replaced after the initial startup of the SDS in order to main

tain a lower DP across the two filters. 

* NOT£: nte 1000 pounds of filterable solids is based on 

10 percent of the estimated solids on the reactor 

building containment floor being processed by the SDS. 
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GENERAL COMMENTS 

QUESTION 5 

Provide expected number of spent resin vessels (zeolite, cation, and pool 

purification mixed-bed) to be generated during operation of the SOS. 

RESPONSE 

Assuming that 200 bed volumes, approximately 15,000 gallons will be processed 

prior to zeolite bed removal and rotation, 67 zeolite beds will be expended 

to process 1,000,000 gallons of containment sump water. Based on column 

teRting, ORNL has estimated that SDS operation would generate approximately 

1,000 gallons of cPtion resin. This would expend approximately 17 cation 

beds, Assuming normal leakage, 2 to 4 pool purification vessels are anticipated 

to be utilized. 



CEN"f:RAL COM!iENTS 

OUESTION 6 

Describe process flov and method for processing the reactor coolant through the 

SDS and/or EPICOR-Il. 

RESPONSE 

The SDS is currently designed to interface vith the Reactor Coolant System through 

the HDHR system. The processing method to be used for the decontamination of 

RCS vater is similar to that method planned for the containment sump vater. 

The processing of reactor coolant system water by EPICOR-Il is specifically pro

hibited by the Memorandum and Order issued by the Nuclear Regulatory Commission 

on October 16, 1979. However, NUREG 0591, Environmental Assessment on the Use of 

EP1COR-I1 at TMI-11, states, "Was�e water that in acceptable for processing in the 

EPICOR-II system is that which has 1odine-131 and Cesium-137 concentrations of 

less than 100 uCi/ml (intermediate level waste)". Because the RCS water has 

Cesium-137 concentrations that are below the maximum permissible EPICOR-II influent 

concentrations, we are evaluating the use of the EPICOR-11 system for processing 

RCS waste wster. 

. . 
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GENERAL COMMENTS 

QUESTION 7 

Describe the design and operational features of SDS polishing demineralizer. 

RESPONSE 

The design and operational features of the SDS polishing demineralizer has been 

identified as proprietary information under the provisions of 10 CFR 2 . 790. 

Chem-Nuclear Systems, Inc. will forward design details under separate cover. 

·-:-:------· -·-'- -·-· 

L-----�-'-----------------------------------------------



' CBfERAL COMMENTS 

QUESTION 8 

Provide the maximum expected tritium concentration in the THI-II fuel 

pool vater vith anticipated routine leakage (coupling and decoupling operations 

of filter and resin vessels) as a result of SDS operation. 

RESPONSE 

Recent testina on the 1�" "Hanson" connectors had indicated that a maxi.mum 

of 100 ml of liquid vill escape during the uncoupling operation. The estimated 

contribution of tritium in the pool is calculated to be 1 x 10-� �Ci/ml 

utilizing the following assumptions: 

1. Pool volume - 233,450 gallons 

2. Leakage tritium concentration - 1 �Ci/ml 

3. Three zeolite beds and one cation are uncoupled each 15,000 gallons 

4. TWo filters are uncoupled each 50,000 gallons 

5.  Three disconnects per vessel are required 

6. Containment waste water is 1 , 000,000 gallons 

The above calculations assume that processed water from the monitoring tanks 

is utilized for the flush sequence prior to disconnect. 

Furthermore, it is anticlpated that the spent fuel pool will be initially filled 

vith processed vater that contains a tri.tium concentration of approximately 1 \ICi/ml. 

The contribution to existing pool tritium concentrations from uncoupling operations 

is insignificant. 



·. 
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• CENbAL COMMDrrS 

QUESTION 9 

Provide expected fuel pool water te.mperature, water volume. evaporation rate. 

and area ventilation flow rate, and resulting airborne tritium concentration 

in the THt;I and THl-II Fuel Handling Areas during operation of the SDS. 

RESPONSE 

If all the Cs 134 and Cs 137 contained in 1,000,000 gallons of containment 

water were deposited in vessels and stored in the "B" pool, and all decay t:nergy 
is released to the pool. the rate of energy r.elease is approximately 4000 watts. 

Therefore, the pool temperature is estimated to be appro�imately ambient building 
air temperature, 80°F. 

The pool water volume is approximately 233,000 gallons and will have an estimated 

evaporation rate between 25 to 50 gallons per day. 

The Fuel Handling Building exhaust rate is 36.000 cfm. 16,200 cf'm are exi,austed 

from the fuel storage pool area. 

CAlculations have shown that if processed water containing 1 �Ci/ml tritium is 

used to fill the pool. the resulting airborned tritium concentrations could range 

between 3 X l0-10 �Ci/ml to 6 X 10-10 �Ci/ml. As indicated in question B. the 

additional tritium losses to the pool due to uncoupling operations would 

contribute an insignificant amount to increased spent fuel tritium. and therefore, 

will not significantly increase airborne tritium concentrations. 

It is to be noted that the indicated airborne concentrations will exist only on 

the THt-II aide of the Fuel Handling Area. The THt-I and THt-II Fuel &ndling 

areas will not communicate as a result of modifications being performed to accomplish 

unit separation prior to restart of THl-I. 



GENERAL COMMENTS 

OUEST!ON 10 

ne.cribe the provisions provided for the removal of spent resin from the SDS 

polishing unit demineralizer. 

RESPONSE 

The SDS polishin� unit demineralizer is a disposable unit. Our present intention 

is to dispose of the polishing unit at a shallow-land burial site in accordance 

with applicable regulations. 

-
�·�· · ·  .-.: ·� · --- --- -

. . 
-----·--. . . 
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• SPECIFIC COMMENTS 

QUESTION 1 

State if apecific process features include processing of rinse vater through 

the SDS. If so, estimate the vol� and radioactivity concentration of rinse 

water. 

RESPONSE 

Flush linea on each of the submerged SDS components are connected to a drain 

header as indlcated on P & ID 527D-A-5001. This drain line is connected to 

a shielded mist eliminator tank that drains to the offgas pump standpipe. 

An offgaa bottoms pump is utilized to transfer liquid back to t�e SDS feed 

standpipe for reprocessing. 

Concentrations within the mist eliminator tank vill vary from a small fraction 

of, to nearly equivalent to, the SDS feed stream depending on operating conditions. 

lt is eatimated that approximately 200 gallons of flush water per submerged vessel 

will be utilized during a flush sequence. 

.. 
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SPECIFIC COMMENTS 

QUESTION 2 

Based on past experience, project the Reactor Building water level for the next 

two years and list the critical instruments that may be affected by the water 

level you projected. 

RESPONSE 

2.1 The projected water level in the Reactor Building for July 1, 1982 is 

291. 7 feat or a depth of 9.2 feed from the RB floor. This projection is 

based on the current water depth of 7.7 feet (as of Kay 15, 19GO) with 

an inflow leakage of� 0 . 1  gpm from the Reactor Coolant Syste� (RCS) . This 

inflow leakage rate has been detected during the period of time that the 

RCS has been maintained at a pressure of� 100 psi (DVM). 

As a bounding (worst case) estimate - a higher leak rate was also studied. 

An inflow leakage of 0.2 gpm was indicated from sump level measurements 

during the time that the RCS was maintained at � 300 psi. Thus, an upper 

elevation of the water depth could be 10.7 feet by July 1982 should the 

RC� pressure be returned to 300 psi. The projected depth at the 

postulated leakage rate of 0.2 gpm would be 293 .2 feet. 

A plot of the measured Reactor Building water level indicates that a 

fluctuation can be expected from deactivation of the Reactor Building 

Cooling Water, This type of action allows the R.B. humidity level to 

approach 100%. As condensation occurs on all components that are cooler 

than air, the sump water is transferred to higher elevation collection 

areas. When these collection areas become saturated or filled, the accumul�tion 

rate in the sump resumes at a rate matching tha inflow leakage rate. When 

the RB cooling water is activated the collected water evaporates due to the 

lower humidity and is returned to the sump by condensing at the cooling 

coils which are drained into the sump. The type of water accumulation 

fluctuation shown by this figure is expected to occur seasonally, thus, 

the projected straight line increase of 0.1  gpm will fluctuate depending 

on RB Cooling System operation, but the averaRe leakage from the 

RCS will be 0 . 1  gpm. 

2.2 The equipment that is located within the projected water level band which 

' . .  .,l • •  -·--·· ----·- • ·-. 
. . .. 

:.. 



2'. 2 Con' t. 

is required to operate are redundant valves DHVl or DHV171. These valves, 

when opened or operated will allow the RCS isolation boundaries to be 

moved to valve DHVJ which is located outside of the Reactor Building. The 

bottom of the operators for these valves is located at approximately 

292.5 feet while the valve bodies are at 291.0 feet. 

Containment penetration R-4Q1 is currently be1n& used to aeasure the RB 
water level. Water level above the 291.8 feet elevation will allow 

sump water to fill the penetration sleevp. The measurement system installed 

through this renetration will still function with proper sealing of the 

penetrating ins�umentation probes. 

A list of all electrical e�uipment whose operability would be affected by 

water up to elevation 293.2 is tabulated and is attached. The listed items 

are not considered critical for use in plant operation. the �intenance of 

the safe shutdown of the reactor. However, DH-V-1 and DH-V-171 are critical 

components necessary for SDS processing of reactor coolant. 

--.-· · 
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CR.D Outlet llDR Flow IC-10-DPT --· -- -·---·· . ·-· -·· . . ... .. ...... --------·-·-
R.C Temp Hot tes Rc-4A-TE 2 

--- -·---------·-
RC Temp Hot Leg RC-4B-TB 3 

·--·-- --· -- ·- -
Pressurizer Relief Outlet Temp RC-lD-TE 2, 3 

·-
-

-
-

-· 

-
II If " " RC-10-TE 1 

---- - . .  -·· . ...... . .... ________ .. .. --- ·------- ·----· 
Pressurizer Spray Line Temp RC-11-TE 

.... -
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- - - · · 
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PENE'l'RATIOII 
NUHUER ELF.VATION ELEVATIOII' ' 
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. 29110" RC Drain Tank High Level UDL-LS-1206 R-405 
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. --· " ..... -· - -- . -- ----------·- ·--· ... -- --·-·····-· ____ .. _ .. ·-·· ------ -- ____ .. 

---·---1 
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.� .. -.. -..... --. 
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Core Flooding Tank lA & lB Level CF-2-LT 1, 2 ·· 

--- --t---· -···--------··--·-.. - --
· 

---- --·----· 

RCP-lA, 2A, lB, 2D Motor Eccentricity 
RC-VE-7889 , 7890, 789 41 789 5, 789 9 ,  7900, 

7904 , 7905 

R-607 324'6 " 

R.-607 3281011 

·j .. .• .. . .. • • I . ------ ----· .. -··- .. . ------ , _.___ ·-----··--":'j"""' ------ -- -·. ··----___;"�' 
RCP-lA, 2B, lB, 2B Shaft Phase Reference ·. 
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' . . 

__ .... .. ·---
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SPECIFIC C� 

QUESTION 3 

You atate that the radiation dose at the surface of the sucp vater measures 

approxim4tely 120 Rlhr. State expected radiation dose rate at the same elevation 

after removing all vaste vater in the reactor building. 

ANSWER 

The activity present in the solids in the basement of the reactor building vill 

serve as the principle source vhen the vater is removed, The dose rates have been 

calculated to be between 2 and 10 R/hr. on contact. 

----··----�-----
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SPECIFIC CO�fENTS 

QUESTION 4 

You state that tbe construction of a waste storage facility would exceed two 

years. Describe the waste storage facility considered and state estimated 

radiation doses from that facility. 

RESPONSE 

For purpose� �f this study, the facility evaluated included the capability 

to store the radioactive liquid water in a long-term storage facility. This 

long-term storage facility would include not only the water retention capability 

but that shielding necessary to permit unlimited occupancy at the storage area 

boundary. 

Irrespective of whether the facility is designed as an above-ground fAcility 

with adequate building wall thickness for shield ing or the facility is an 

underground facility, it is estimated that design, construction and placing the 

facility into operation would require at least two years expenditure of effort. 

For this facility, a detailed design was not performed. Shielding requirements were 

not calculated . Therefore , radiation doses , as a result of the facility, are 

not available. 

Recently, AGNS has performed a detailed analysis of the cost and schedule 

associated with the design, procurement ,  and construction of a single intermediate 

level liquid waste ( ILLW) storage tank. This analysis was performed under 

contract to DOE; the results are reported in ACNS Report 35900-4 .2-26, dated 

November, 1979, ent!tled "Engineerin� Evaluations of Waste Handling and Storage 

Facilities". This report is based on the ILLW tank design basis of a single 

300,000 gallon tank manufactured of stainless steel enclosed in a stainless steel 

lined concr�te vaul t .  Applicable conclusions of the report are: 

1. Engineering, procurement ,  and construction for a single ILLW tank is 

projected to require 33 months to complete. 

2 .  Coats (in 1978 dollars) for a single lLLW tank is estimated to be 

$ 1 1 , 000,000. 

. .. 



SPECIFIC COMMENTS 

• QUESTION 4 (Cont 'd ,) 
3.  Average contained activity concentration in the tank is appr.,ximately 

123 lJCi/1111. 

Using tho results of the AGNS report for direct application to a TMI-II liquid 

waste storage facility, yields the following conclusions: 

1 .  Costs (in 1980 dollars) for a single IL�W tank (escalated at 10% per 

year) would be approximately $13,500,000. 

2. Ass�ing the requirement to construct and place into operation three 

ILLW tanks, proj ected costs would be $40,500,000. Supporting facilities 

(such as a transfer system) and tie-ins would impose additional costs, 

both monetary costs and schedule costs, on the construction of the 

facility. 

As a result of the foregoing discussion, the construction of a long-term storage 

facility to retain the containment sump water and the reactor coolant is not 

deemed to be a viable alternative for the following reasons : 

1 .  Th e  schedule for placing the facility into operation i s  not commensurate 

with the goal of expeditious decontamination of the THI-ll facility. 

2 .  Implementation o f  the long-term storage option does not provide for 

ultimate disposition of the contaminated wastes. 

3. Implementation of this option does not appear to have a distinct 

cost-benefit. 

· · .-. -- - -· .- ,- .... .... _ - - - · - -· 
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SPECIFIC COMMENTS 

QUESTION 5 

Include in your evaluation a solidification system that vould utilize a large 

liner for direct solidification of containment sump vaate vater. 

RESPONSE 

Alternative III is devoted t o  direct solidification and d isposal of reactor 

conta inment building vaters. 

A 55-gallon drum contains approximately 7 cubic feet of solidified material. 

Should the LL-5100 cask be used (vith a special liner), approxim�tely 1 30 

cubic feet of solidified material could be packaged. 

The folloving discussion revises the analysis presented as Alternative III 

of the SDS Technical Evaluation Report baaed on use of the LL-5100 cask. 

1. The construction of an on-site sol idification facility vould be 

required. 

2. Based on 1 , 000,000 gallons of contaminated vat.er to be processed, 

a 70 gallon availability of vater volume in a 130 cubic feet liner, 

70% availability of the solidification system, 24 hour/day operation, 

and a tvo-hour cycle time, the processing time may exceed 40 months. 

3. Based on 1,000,000 gallons of contaminated voter t o  be pt ocessed 

and a 70 gallon availability of water volume in a 1 30 cubic feet 

liner, the number of solidified liners that would be generated would 

exceed 14,285. Handling and transportation of this extremely large 

quantity of solidified waste would be prohibitive. 

4. The handling evolut ion required to solidify the contaminated water 

may involve substantial radiation exposure to personnel. 

5. The potential for leakage and contamination problems may be sub

stantial in operating a solidification facility for processing 

this contaminated vater in this manner. 

CONCLUSION 

Because of the potential for a relatively high occupat ional dose c ommitment, in 

addition to the extremely large number of radwaste shipments, this alternative 

course of act ion is not deemed to be feasible. Furthermore, because of the long 

time for processing, this alternative is not considered a viable one in terms of 

expeditious clean-up of the THI-ll facility • 

. ... . 
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SPECIFIC COMMENTS 

QUESTION 6 

What is the "desired bed loading" for the first zeolite bed. Discuss the �Danner 

in which the loading will be determined during operation. Also, discuss loading 

in terms of integrated dose rate limitations and the potenticl for gas �eneration 

while in store. 

RESPONSE 

The desired bed loading on the first zeolite bed is that resulting from processing 

approximately 15, 000 gallons . This yields an estimated deposition of 1590 curies 

Cs 134 and 9085 curies Cs 137 based on 10 cubic foot zeolite bed� . 

Bed loading will be calculated from the routine sample analyses results. Samples 

will be drawn from the Hi-Rad Feed and Intermediate Level Sample boxes , approximately 

once every four hours during system operation. Integration of influent radionuclide 

concentration minus effluent radionuclide concentration yields an accurate est!Date 

of bed loading. 

Zeolite is an inorganic material composed of a silicate of aluminum that poses no 

known limitation in te� of integrated dose or gas production. 

: .  ! -: . -- .  -· -
. .. · - - -- -
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SPECIFIC COMMENTS 

OUESTIOO 7 

Is it the intent to store the organic cation bed underwater in the storage rack? 

RESPONSE 

It is our intent to d ispose of the organic cation beds in accordance with applicable 

regulations. However, underwater temporary storage is available and vill be used as 
necessary. 

. - .. .. - ·----
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. SPECIFIC COHHEllTS 

' QUESTION 8 

You state that cation resin will be limited to leas than 75 Ci of strontium 

based on zeolite bed effluent monitoring. State strontium analysis capability 

at the TH1 site to sustain SDS process without delay. 

RESPONSE 

Radiochemical preparation areaa vill be installed in close proximity to the 

SDS operating area on the fuel handling floor. Reagents and apparatus 

necessary to perform strontium separations will be available for use. Following 

preparation for counting, samples will be analyzed for total strontium on gas 

flow or end window C-M equipment dedicated to support SDS operations. 

This analytical plan will provide accurate strontium results in a minimum time. 

In addition, the data gathered during initial operation may be compared to on-

line beta monitor readings to assure further control of cation bed strontium loading. 



SPECIFIC COMMENTS 

QUESTION 9 

Describe design and operational features of �eta monitors in detail. Are they 

designed for cesi� or strontium breakthrough? 

RESPONSE 

The beta monitors are end-window G-H tubes manufactured by LND, lnc. tube number 

7232. These tubes have a mica window of 1 . 5  - 2 . 0  mg/cm2 thickness and 

operate at approximately 1000 volts. Five tubes are mounted in beta monitoring 

manifold to view zeolite bed effluents as well as cation influent and cation 

effluent sample lines. The tubes are mounted in holders, and shielded to reduce 

background. The holde•!P are positioned to view thin wall sections of t:et lon tubing. 

The remaining monitors are mounted in line on the process input to the cation and 

the input to the leakage containment ion exchangers. They also view thin 

walled sections of process piping. Each detector is provided with an ASTON model 

205 CH tube Pulse Discr�ator to reduce false output pulse from low level noise. 

A cabine� will house the High Voltage power supply, Bertan Hodel 313A, liner 

\ atemeters, Hech-Tronics Nuclear Hodel 1254, and recorder Tracor �estronics Hodel 

MllE. In addition, a radiation alarm, Ronan Hodel No. Xl5-10015 is provided. 

The beta monitors are designed to provide assurance of proper bed function during 

initial operation and as a gross indicator of significant changes in process 

conditions. Correlation of beta monitor readings to analytical results from the 

sampling program will allow rapid estimates of process stream conditions so that 

SDS performance may be optimized and still assure that processed water i s  protected 

from recontamination in the event of an upset condition. 

. .. 
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SPECIFIC COMMENTS 

QUESTION 8 

You state that cation resin will be limited to leas than 75 Ci of strontium 

baaed on zeolite bed effluent monitoring. State strontium analysis capability 

at the THl site to sustain SDS process without delay. 

RESPONSE 

Radiochemical preparation areas vill be installed in close proximity t o  the 

SOS operating area on the fuel handling floor. Reagents and apparatus 

necessary to perform strontium separations will be available for use. Following 

preparation for counting, samples will be analyzed for total strontium on gas 

flow or end window G-H equipment dedicated to support SOS operations. 

This analytical plan vill provide accurate strontium results in a minimum time. 

In addition, the data gathered during initial operation may be compared to on-

line beta monitor readings to assure further control of cation bed strontium loading. 



SPECIFIC COMMENTS 

QUESTION 10 

At a loading of 75 curies of strontium on the cation bed, what is the expected 

cesium loading? What is the basis £or limiting integrated does rate to 101 rads? 

RESPONSE 

Based on ORNL column tests, Cs 134 and Cs 137 will not deposit in any significant 

amount on the organic cation beds. 

The integrated total dose of 10 1 rads for organic resin has been selected because 

radiation damage studies have indicated that degradation of resin may start to 
occur at higher total doses. 

_ _ __  .... , .. � ---- .. -- - 
. .  · - ·  



SPECIFIC COMMENTS 

QUESTION 1 1  

Provide estimates of the expected occupational exposures from the processing 

of sump and RCS vater, and handling of all generated solid vaste , including 

filters. Provide the basis for your estimates. 

RESPONSE 

The response to this question is currently being prepared. It vill be sub

mitted by July 31, 1980 • 

. ... 

... _ .. -.--.,.. ----- . � -·· 
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• SPECIFIC COMMENTS 

OUESTION 12 

Identify those components vhicb will require shielding , in addition to those in 

the fuel pool, to reduce dose rate to less than one (1) mR/hr. Also include 

components in the SDS offgas system. 

RESPONSE 

The SDS components above the spent fuel pool water level which are shielded are 

l isted below. The piring associated with these components is also shielded 

as neceaaaey. 

1. Filter, Beta Monitoring, RCS , Ion Exchange, and Feedpump Manifolds. 

2. High Rad Filter and High Rad Feed Sample boxes. 

In addition, the polisher unit will be mounted in a CNSl 195-H cask (lid removed} 

to minimize radiation levels during processing. 

The SDS offgas system is not shielded since only law radiation levels are 

expected. However, if required , temporary shielding will be added . The Mist 

Elimination tank and associated piping with its portion of the offgas system is 

mounted in the surge tank pot covered with a concrete slab (SEE DRAWING 527-A-5007) . 

.. ···-·- .. .. - -. . 



.SPECinC COMMENTS 

OUESTION 13 

Provide the basis for the 450 gallons vate� being released to the pool and 

for the 233, 000 gallons of additional contaminated vater. 

RESPONSE 

Paragraph 2 . 3  of the SDS Technical Evaluation Report provides a summary of the 

unexpected occurrences that are evaluated in Chapter 7, Accident Analysis. As 

presented in Chapter 7, 450 gallons of contaminated vater is released from the 

final filter effluent line at a rate of 30 gpm for 15 minutes. The vater leakage 

is released directly to the spent fuel pool, vhich has a capacity of 233,000 

gallons . It is assumed that the leakage vater mixes vith, and is uniformly 

dispersed in, the spent fuel pool vater. 

··-- · - """• 
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• SiECIFIC COMMENTS 

QUESTION 14 

You state. "It is possible that worke_rs could be contaminnted. however • prompt 

emergency decontamination procedures would prevent major radiation exposures". 

Elaborate this statement and describe the location and the method to be used 

for prompt emergency decontamination procedures . Provide the bnsis for the 

llR/hr. maximum exposure rate as�umed. 

RESPONSE 

Personnel decontamination that may occur in the unlikely event of this hypothetical 

acc ident . as with any other possible personnel contamination events. would be 

performed in accordance with the existing THI-II procedures for personnel decontami

nation. These procedures have been developed in accordance with the requirements 

of the THI-ll Radiation Protection Plan. Personnel decontamination would take place 

in the personnel decontamination area located within the THI-II Health Physics 

"rea. 

The basis for a radiation level of 11 R/hr. has been provided in our letter of 

May 27. 1980 (TLL 251). 

·------· -- . - - - .. . - ---
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• SiEClFlC COMMENTS 

QUESTION 14 

You atata, "It is possible that workers could be contaminated, hO\Iever, pro���pt 

emeraency decontamination procedures would prevent major radiation exposure•"· 

Elaborate this state=ent and describe the location and the method to be used 

for prompt emergency decon�ation procedures. Provide the basis for the 

l lR/hr. maxi.CIU11 expo'sure rate assumed . 

RESPONSE 

Personnel decontamination that may occur in the unlikely event of this hypothetical 

accident, as with any other possible personnel contamination events, would be 

performed in accordance with the existing THI-ll procedures for personnel decontami

nation. These procedures have been developed in accordance with the requirements 

of the THl-11 Radiat ion Protection Plan. Personnel decontamination �ould take place 

in the personnel deconta=ination area located within the TMI-II Health Physics 

The basis for a radiation level of 11 R/hr. has been provided in our letter of 

Kay 27, 1980 (TLL 251 ) .  
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Sl'E�FIC COMMENTS 

QUESTION lS 

Discuss utlimate disposition of generated solid radwaste in greater detail. 

Describe storage capability for spent liners, spent resin processing, cask 

availability for shipment ,  and acceptability of the processed wnste at a low

level was te burial facility. 

RESPONSE 

Storage capabilities for storage of spent vessels has been addressed in our 

response to Specific Comment 117. 

Our present plana identify the use of the CNSI 1-1lc casks for shipment of the 

zeolite and cation resina and the dewatered filters. Six of these casks are 

scheduled to be made available in January, 1981 for exclusive use by TH1 for 

disposal of SDS generated wastes. The CNSI 19SH cask will be used for shipment of 

dewatered polishing resins; two will be dedicated for exclusive THI use. 

Criteria which have been applied to all activities associated with the cleanup 

effort have included packaging of radioactive waste so that it can be transported 

to, and accepted by, waste disposal sites in compliance with existing regulations . 

We recognize the concerns Vhich exist as to the form, content and utlimate dis

posal of the material collected by the proposed operation of the SDS. We are also 

aware of the various proposals to modify the existing regulations . Because of 

these circumstances, we have made provisions, in the design of the SDS and the 

availability of interim on-site storage for contaminated resins , to permit pro

ceeding with the immobilization of the fission products without foreclosing future 

options for treatment to improve their suitability for long-term off-site storage 

or disposal. These features of our planning are key elements in our rationale 

for proceeding with the design, procurement ,  and installation of the SDS. 

Your letter indicates "further guidance" will be available concerning solid 

vaste disposal as work is pursued on the PEIS. We urge that resolution of these 

issues be given very high priority through hn interagency task force with repre

sentation from all the concerned federal agencies. 

�- ... _ -..-·---·· ,....--·· 
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SPECIFIC COMMENTS 

QUESTION 16 

You state that the results of recent experimental vork vith simulated and actual 

water samples f rom THI-II were u sed to support the selection of specific ion 

exchanger materials for the SDS. Provide a copy of such test results to the 
NRC for review. 

RESPONSE 

The attachMent to this response is extracted from a preliminary report generated 

by the Oak Ridge National Laboratory. This report is entitled "Post-Accident 

Cleanup of Radioactivity at the Three Mile Island Nuclear Power Station", ORNL/TM-7081 . 

This a ttachMent presents not only the report of specilic ion exchanger selection 

tests, but the development of the SDS processing scheme, The final report will 

be available in August. 1980. 

-- - - .. · - · --· _ .... _. . .  
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3 . 4  Treatment of High-Activity-level �ater 

The l argest vol ume of water generated from the accident can be 
regarded as high-ac t i v i ty-l evel water (HALW) .  which may be defined 
as ·water with a radionucl ide concentration in excess of 100 �Ci/ml 

=ba$ed on the 1 37cs content. 

3 . 4 . 1  quanti ty and characteristics 

�ater i n  this category i s  primarily frofol two major sources. The 
first source (90,opo gal ) 1 s  the water contai ned in the primary l oop 
coolant c i rcu i t  which i s  used to maintain the reactor in a safe condi
tion by removing heat in a natural convection mode. The second source 
(540,000 gal ) incl udes ( 1 )  the water contained in the reactor contain�ent 
structure which resulted from the release of water from the primary cool 
ing c i rcuit during the early phase of the accident. ( 2 )  the vol ume cf 
l i quid transferred i nto the bui l ding through the conta i nment spray syste�. 
and ( 3 )  a l arge vol ume of water which was released through mi scel l aneous 
equi��ent ( pump sea l s .  space cool ers , etc. ) during the post-accident 
period. Dependi ng on the f i s s ion product removal effi c i ency of the Epicor
J I  treatment system, the water in the three reactor coolant bleed tanks 
may be processed l ater, if necessary ,  in this  system. Table 2 outlines 
the vol umes of solution and concentrations of the primary radionucl i des 
contained i n  this  materi a l .  

l n  addi t i on t o  the increased radioact i v i ty contai ned i n  this water, 
the ionic contamination mandates that the water be given special t reatment. 
The major i onic constituent i s  boron . present a t  l evel s  up to approximately 
2600 ppm, which i s  used as a neutron poison in the coolant c i rcui t .  Jn 
addition to this  e l ement . sodium is a l s o  present as the result of spray 
activation with flaOH sol u t i on .  Table 3 presents s i gn i ficant information 
rela ted to the chemical and ionic characteristics of the HALW solution .  

_ 3. 4 . 2  Necess i ty for emergency tankaoe 

Soon after the acciden t ,  i t  was recognized that additional tankag! 
��ul d  be ; _qui red to receive the HAL� accumu l a t i ng in the Reactor Conta i n 
ment B u i l ding. There was consi derable concern that the water l evel i n  th� 

·-·-· ·.· -
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Table 2 .  Volumes o f  sol u t i on and concentra t i ons of principal nuc l i des 
contained i n  high-activity-level water and prec i p i tatea 

Primary 
l oopb 

Reactor Contai nment Bui l d i ng' 
Top Middle Botto� 

Volume, gal 90,000 ------- 540,000 ---------

Radionuc l i de content of �ater, 
1 37cs 90- 1 1 0  
1 3�cs 1 8-22 
s osr 1 7- 1 9  
e�sr 305-330 1 2 9 J 1 3 1 J 0. 5-0. 6 
1 � 0 Ba/l � Ola 4-5 
3H 
Gross � 

"C;fml 
1 76 

40 
2. 7 

4 3  
0 . 07 9d 
0.012 . 
0 . 09 
1 . 03 

3 . 4  ! l . 6e 

Radionuc l i de content of prec i p i tateJ "Ci/�l 
(on total ml of bottom sampl e ) T ,g 

95Nb 
9Szr 
l O�Ru 
l 291iiTe l 3 ) J 
l l"Cs 
l l7Cs 
l � D Ba/l " D La 
B9+ !!0Sr 

1 79 
40 

2 . 9  
4 1  

o. oaod 
0 . 01 2  
0. 078 
1 . 05 

1 . 2  � 1 . 3e 

1 74 
40 

2 . 8  
42 

0. 076d 
0 . 0 1 3  
0 . 1 �  
1 . 01 

5 . 4  : 2 . oe 

0. 1 3  
0.05 
0 . 06 . 
0 . 40(:. 0 .  1 7 )  
0 . 01 3  
0 . 01 5  
0 .  06� (:. o .  020) 
0. �/0. 1 1  
2 . 78 (one 

sampl e only) 

8Radionucl ide content of surface deposit on painted steel plug,  "Ci : 
l 3 1 J " - 0 . 3  
n�cs - 0 . 5  
l. �ics - 2 . 1  
1 '" � ce - 0 . 2  

9 5Nb - 1 . 7  l 2 5Sb - 0. 5 J O lRu - 0. 6 1 2 s�e - 0 . 5  
l 06Ru - 0. � l 2 7�e - 7 . 8  J l lSn - 0. 2 l 2 9mte - 2 3 . 6  

bAs o f  July 1 7 ,  1 979. 
cAs of August 2e , 1 979. Sampl es from top and middle--l i ght yel l ow sol ution; 

sample from bottom--green i s h  wi th di rty green prec i p i tate. Al l sa�p1es havt 
a similar radiat i on l evel ; pH i s  8 . 1  ( as measured i n  the top sampl e ) .  

d'lnits are "g/ml . 
�Units are dpm/ml . 
1Average of two sampl e s .  
gAs o f  August - 2 9 ,  1 979. 

- . .  · 
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Table 3 .  Chemical and ionic characteri stics of high-
acti v i ty-level waste sol u t i on and prec i p i tate 

Conta i nment vessel l igu i d  {�ool} 
1op Miaale El ement Bottom 

Sampl e concentration, �g/ml (ppm) 
A1 3 3 3 
a 1 950 2200 1 900 
Ca 1 0  1 0  8 
Cl 1 0  1 5  8 
Cs 0. 6a 0. 78 0. 78 

Cu �0. 2  �0.2 1 0  
Fe 0. 6 1 . 1 1 . 8 
K .t; 4 4 
Li  1 . 6b 1 . 6b 1 . 4b 

Na 1 080 1 200 1 200 
Ni  �0. 2  �0.2 3 
p 0 . 3  0. 3 0. 2 
Rb 0 . 3  0 . 3  0 . 3  
s 9 8 7 

Zn 0 . 5  0 . 5  0 . 4  
Pu O . Ol Oc O . Ol l c 0 . 033' 

u 7c 1 3c 28' 

Sol ids from bottom sample,  ug/m1 
(m1 of total bottom sampl e )  

In  0 . 1 6 
Cu 54 
Al 7 

Ca �2 

8Fiss ion product. 
bli • >99:; 7l i .  
'ppb, n21 �g/m1 . 

. . . 

·. 
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bui l ding might rise h i g h  enough to flood and thereby prevent operation 
of some of the v i tal i ns truments that mon i tor and control the reactor . 
These instruments had not been des i gned for operation i n  a hos t i l e  
envi ronment of h i g h  radiation fields a n d  submergence i n  l i qu ids.  Sub
sequently, a tank fanm was desi gned and i nstal l ed in the fue1 storage 
pool A contained in the Uni t  2 Fuel Hand l i ng Bui l d i ng. The original 
scheduled time for this project was go days; however, some accel eration 
of the schedule was required when the l eakage rate increased and i t  
a ppeared that 50,000 gal o f  primary coolant might have to be trans-
ferred to one of the primary coolant bl eed tanks. But , two major leaks 
were repa i red,  and this transfer of primary coolant was deemed unneces sary.  

The design of the tank fann i ncorporated s i x  tanks with a total capac
ity of 1 1 0 ,000 gal . Two 25,000-gal tanks were instal led near the bott�� of 
the pool and connected to each other with a standpipe for which devices were 
to be designed later for sampl ing and sol ution transfer. Fi gure 8 i s  a 
photograph of these tanks taken during insta l l at ion in the fuel storage 
pool . Four 1 5 ,000- gal tanks , instal l ed above the 25,000-gal vessel s ,  were 
connected to a second standpipe. Shielding for a l l  vessels was provided 
by insta l l ing concrete sl abs on the top of the pool structure. An inde
pendent off-gas treatment system was a l so insta l l ed on top of the tanl:s to 
deconta�in. te any gaseous effluent that might bP. evolved during tank operc
t i ons. 

Fortunately, the tank fanm system was not needed for i ts original 
purpose. This  el iminated the potent i a l  risk of transferring addi tional 
l i qu i d  out of the Containment Bui l d i ng ( into the tank fa�) and,  thereby ,  
increasing the i nventory o f  iodine i n  a structure external t o  the reactor 
system. The deci s i on had been made not to disturb the solution in con
t a i nment so the 8-day 1 3 1 1 could decay to safe l imits ( see Sect. 3 . 4 . 3 ) .  

The tank fanm wil l be util ized as  an integral part of the HAU: tn:�:
r.�ent system. 

3 . 4 . 3  Process ing just i fi cation 

In order to proceed with the recovery of the reactor system , the l iquid 
being held i n  the Contai nment 0 � i l d i ng wi l l  requi re removal and treatment. 
Currently, t h i s  l i quid i s  standing at a depth of approximately 7- 1 /2 to � ft 
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and i s  covering several components ,  including instruments. Although the 
leakage of water into the contain:•.lt a rea has been minimized, the pos
s i bi l i ty for increased l eakage co:�dn:.�es to exist.  I n  the early phases 
of the accident, the water in containment had 1 3 1 1 concentra tions esti
mated to be of the order of 1 04 �Ci /ml . Because of this factor, every 

: effort was made to avoid disturbing this  solution unt i l  the radioiodine 
. 

had been a l l owed to decay. Figure 9 shows the fiss ion product decay 
curves,  based on the a�alys i s  of primary coolant , for the radioactive 
nuc l i des that were or greatest concern with regard to treatment of the 
solution and indicates the most desi rabl e proces sing period. 

3.4.4 Fl owsheet development 

Because of the unique nature of the water to be decontaminated, cer
tain phases of the devel opment of a fl owsheet were requ i red. The first 
phase of the fl owsheet development work i nvolved the selection of a suit
abl e exchange medium for the process i ng of this solution. limited samples 
of actual TMl primary l oop water were tested in an 0Rill2 hot cel l to estab
l i sh the characteristics of sorbents bel ieved to be selective for the pre
dominant 134- 1 37cs and 89-90sr i sotopes. A total of seven �ateria l s ,  both 
organic and inorganic ion exchange sorbents , were tested (Table 4 ) .  
Re�ults from these tests establi shed that one of the zeol ites , A�-SOO (an 
inorganic exchanger) ,  was highly selective for the ces i um i sotopes under 
the conditions preva i l ing at THI and that Dow HCR·S, an organic res i n ,  
woul d  be suitabl e for selection o f  the strontium isotopes. Fol l owing 
these studies, a series of smal l -scale col umn runs was �� de to verify the 
number of column vol umes that could be expected from the various sorbents 
u s i ng sol utions adjusted to THI ' s  water conditions. Information resul tin� 
from these studies was then appl ied to a "scal e-up" co:nputer prograrn at 
the Savannah River Laboratory to provide information on design of the ion 
exchange columns. Pertinent information yielded by these studies is pre
sented i n  Figs.  1 0  and 1 1 .  

3 . 4 . S  Process des ign objectives and criteria8 

them-Nucl ea r  Systems , Incorporated ( CIISI ) .  was awarded a contract fro::
the General Publ ic Uti l i ti es Serv i ces Corporation to provide a fl o�:sheet for 

·--·-· - ·· ..... . 
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HCR-S 
Z-900 
AW-500 
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5 min 

so 
1 20 
-o 
-2 
22 
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20 
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55 
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Table 4.  Olsl ribullon coefficients tK4l for primary coolant 

Sr K4 Cs K4 

Second 
2 hr poss 5 mln 2 hr 

Second POU Final pH 

Primary •oter as received :- 960 ppm No 

2 30 20 3700 8700 >330 3,6 
290 2 8  85 200 250 8.3 

50 39 280 1800 1400 - -

100 -- 1 80 1 300 - - - -
96 1 30 1 35 990 3000 . 8.6 

250 54 1 60 440 400 8 . 6  
50 60 0 0.7 2 8.7 

Primary woler + 50•1. NaOH to c;alvt 4000 ppm No 

265 19 40 4 8  9000 8.5/3. 7 
- - - - - 1 40 - - - - - -

54 06 2 3 8  1400 2200 9.7 
4 2  40 75 400 1 300 1 0. 1  

270 3 8  70 350 3 2 0  10. 1 
4200 1 6  ') 2  70 70 1 0 . 1  

Phose 
ratio 

( ml/9) 

27 
71 

1 4 4  
1 36 

67 
68 
4 2  

56 
5 5  
5 4  
60 
56 
5 8  

N 
U1 
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COLUMN VOLUMES 
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the treatment of HALW. CNSI then employed Al l i ed-General rlucl ear Services 
to assist them in the des i gn of a sui table system. 

: 

A series of design objectives was drafted to provide a syste.m that 
1 .  was tota l l y  integrated and a s  i ndependent a s  possible from 

existing waste and off-gas systems at TM I , 
2.  could remove the fiss ion products i n  the water to a l evel that 

would meet desi gnated TMI release requirements . 
3.  could be operated with a minimum of exposure to pe;sonnel and a 

negl i g i b l e  risk  to the general publ i c ,  and 
4 .  would accompl i sh these object i ves i n  a timely . and cost-effective 

manner. 
The follo1·1ing design concepts were used in order to acco:npl i s h  these 

objecti ves : 
1 .  CUSJ has designated an ion exchange system for the re�oval of 

radionucl i des from the water. 
2 .  The ion exchange col umns are t o  b e  located underwater i n  the spent 

fuel pool . which wi l l  provide for containment and personnel shield
ing. 

3.  To the extent possible.  a l l -welded stainl ess steel construction i s  
spec i fied t o  minimize the potenti al for l eakage. 

'· Lead or equival ent shielding i s  provided for pi pes , va l ves , and 
vessels {except those l ocated underwa ter) that cou l d  ca rry cor.
taminated water. 

5.  Contt�inated water from the containment sum� is  to be f i l tered, 
col ' ected in one of two batch tanks, sa�pled , and then pumped 
cc tinuously to the i or. exchange sy�te�. 

6. Two para l l el f i l ters and i on exchar:ge systems are to be used to 
provide capaci ty and to ensure conti nuous operat iofi. 

1. Continuous effluent monitoring systems are to be prodded to ensure 
adequate control of the opera tion. 

8. The val v i ng systems are to be desi gned to minimize the impact o! 
operator erro!"'. 

9. The system is to be desi gned for a mi nimum of i years of service . 

.. . . --;:---------
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3 . 4 . 6  System and process description 

The conceptual system design cons i sts of the foll owing el ements: 
1 .  a feed f i l teri ng system; 
2.  

3.  

foar feed tanks with i ndependent mixing. sampl i ng .  lev�l -
measur ing.  and feed-pumping capabi l i ty ;  
two para l l e l  primary i o n  exchange trains . each comprised of 
three 7-ft3 beds of zeol i te exchange med i a ;  

4 .  t�o para l lel i on exchange beds containing organic cation resin 
.. 

for removal of strontium; 
5. a continuous moni toring system and sampler system for control of 

bed l oading; 
6. a secondary contai nment system for the f i l ters. primary and 

, ... 
cation beds . and radiation shielding for piping.  val ves . sam-
pl ers . and mon i tors ; 

7 .  a carbon-ca tion "fil ter" bed for removal o f  trace fiss ion products; 
6. a mixed-resin i on exchange pol i shing bed for removal of t�ace fis

s i on products that are not trapped on the primary or cation beds ; 
9. a 1 95-1t3 i on �xc hange bed for removal of boron (should this be 

requ i red ) ;  
10.  two monitoring tanks for col l ecting and sarr.pl ing  the treis"ted \-tater 

prior to di scharge and storage; 
1 1 .  an off-gas system for treating and fil tering gases and a i r  fro� 

the system; 
1 2 .  assoc i a ted piping,  valving . and structural ' supports requi red for 

pl acement of the system components ; and 
1 3 .  aux i l i a ry systems . including underwater ion exchange col umn stor

age, a col umn dewatering system. a system for sol i d i fying the 
resin beds with concrete. and analytical equipment. 

Feed fi l terina system. This system consists of two para l l el under
water fil ter units.  Each unit  is  a c l uster of 5-u  cartridge f i l ters pro-

- tected by perforated metal screens and contai ned i n  a 24-i n . -diam x 54 - i n . 
long col umn. Inl et .  outlet,  and vent connections are made with Hansen 
quick-release val ved coupl i ng s  whi c h  are remotely operated from the top 

.. 
About 90 to 95� of the strontium and essentially a l l  of the cesiu� will  be 
l oaded on the zeol i te .  

: .  9• - -- - ,_ · - - -4 · - · - .... --·-
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of the pool . A g dmma moni tor, located in a dry wel l adjacent to the 
filters , and i nl et and outlet pressure gauges are provided to monitor 
and control sol i ds l oading. load l imits wi l l  be based on avai l abl e 
s1stem pressure and/or the surface dose l imit for the fil ter ca�k. The 

_ capacity of each fil ter is about 1 5  gpm. Feed wi l l  be pumped from the 
reactor contai nment sump, through the f i l ters , and i nto the feed ta.nks 
on a batch bas i s .  

Feed tank system. This system consists of four of the 1 5 ,000-gal 
tanks located i n  the emergency tank fanm. Each tank wi l l  have an a i r 
l i ft system for c i rculating t h e  feed solution and for ra i sing i t  t o  a 
small  pump head tank (approximately 8 i n .  diam x 3 ft long ) .  A sampler 
wi l l  be provided on each tank to permit characterization of the feed 
prior to sending i t  to the ion exchange system. level-measurement in
struments are a l s o  provided. Feed wi l l  be  pumped to the ion  exchange 
columns using one of two seal -l ess , magnetically coupled pumps rated at 
approximately 1 5  gpm each. The sampl ers , headpots ,  and pumps wi l l  be 
l ocated in a shiel ded enclosure.  

Primary ion exchanQe col umns. Thi s sys tem cons ists of six under
water columns (24 i n .  diam x 54 i n .  long ) . each containing 7 ft3 of 
L i nde A�-500 zeol ite resin. Inlet, outl et , and vent connections are 
made with remotely operated Hansen coupl ings ( s imi l ar to the fi l ter con
nections ) .  The beds are arranged i n  two para l l el trains of three each, 
with piping and valves provided to operate ei ther train i ndividua l ly or 
both trains simul taneous ly. loading wi l l  be control l ed by feed batch 
size,  operating time ,  effluent sample ar.:�lyses, and continuous monitoring. 
Fl owmeters a re provided for the total feed stream and the individual feed 
streams to the two paral l el trains.  The maximum loading per col umn wi l l  
be 65 ,000 C i  (cask l imi t ) .  These col umns are expected t o  remove greater 
than 99� of the cesium and 90 to 95� of the strontium from the water. 
When the des i red bed l oading is achi eved on the first bed of the tra i n .  

- the flow t o  the t ra i n  wi l l  b e  stopped. The t reated water wi l l  then be 
disp1 aced with fresh water ( through the downstream beds ) ,  and the first 
bed wi l.l be di sconnected and moved to the storage rack using the pool area 
crane. The second bed wi l l  be di sconnected, moved to the first position, 
and reconnected. l i kewi se , the thi rd bed wi l l  be moved to the second 



. . 

= 

3 1  

position, and final ly a fresh bed wi l l  be placed i n  the thi rd position. 
(No:e: This a pproach is considered to be superior to a va l vi ng manifold 
which would permit rerouting of the streams because it minimizes the 

.Potent ial of a serious operator va l ving error. A valve switch�ng appro�ch 
was considered; however. a valving error could resul t in total ly bypass ing 

·the primary beds. The current design prevents this from occurring . ) 
Cation col umns. Two additional underwater col umns (of the same size 

and type a s  the primary columns) a re located immediately downstream. These 
coi umns are l oaded with organi c  cation resin (probably Dow HCR-S) for re
moval of residual strontium. Col umn l oading will  be l imited to 75 Ci of 
strontium based on primary col umn effluent monitoring and analys i s .  The 
col umns are arranged to be operated s i ngly or simul taneously i n  paral lel . 
The curie l imit  i s  based on restricti�� the integrated radiation dose to 
the resin to l ess than 1 08 rads. 

Sampl i na and monitoring system. As previously described, the feed 
wi l l  be col l ected in batches , sampled and analyzed, and fed continuously 
to the ion exchange system. Sampl ing l i nes are provided on the effluent 
streams of each of the primary beds and cation beds. A continuous sample 
flow from each opera ting bed effluent wi l l  be passed 'through a beta scin
t i l l ction monitor. A gamma monitor i s  located on the primary effl �ent 
l ine , and a local a rea rad iation monitor i s  located near the valve box. 
Each of the monitors wi l l  have an alarm system and a hi gh-radiation trip 
point which will c l ose an automatic valve of the main feed l ine, thereby 
stopping the operation i n  case of a l eak or a serious breakthrough. 
Shiel ded samplers are a l so provided to permit sampl ing at any time. Co�
tinuous sample effluent i s  routed to the off-gas separ�tor tank. 

Contai nment and shieldina.  The f i l ters , primary beds , cation beds , 
and the i r  associ ated remote connectors and flexible l i nes are contained 
in submerged boxes designed to confine any contaminated l eakage. Each box 
i s  connected to a pump manifol d ,  and e continuous flow of about 1 0  g� i s  
maintained through each box. The containment pump effluent i s  discharged 
to en additional mixed-bed resin col umn and i s  released back into the pool . 
A l arge , shiel dPd box i s  provided for the various val ves and piping which 
ore requi red for feeding,  flushing, and venting the col umns. This box wi l l  

. .  • 
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be l ocated on the edge of th.e pool , w·:th shiel ded 1 ines entering and 
exiting the box from the bottom. Valves w i l l  be operated manual ly 
using extension handles that penetrate the top of the box. The 
valves wi l l  a l so be serviced from the top o r  the box. A separate 
shielded box w i l l  be provided for the col umn sampl ers . Al l l ines which 

-are normal ly radioacti ve ,  or could potent i a l ly be radioactive, are to be 
shielded. Shiel�ing wi l l  be designed to l imit the operator dose to 1 
mrem/hr at contact. �herever pos s i bl e ,  pipe runs wi l l  be located under
water to minimize the nee� for l ead shielding .  

" F i l ter• berl. This is a l 0-ft3 ion exchange bed conta i n i ng carbon 
and ca t i on r � s i n .  T h i s  bed i s  i n tended t o  remove trace f i s s i on products 
from the �·a ter. load con!rol wi l l  be based on the cation effluent mon i 
tor and the column radiation l evel . 

Mixed-resin pol i shing system. Thi s system consists of a 1 95-ft3 bed 
of mixed anion and cat ion resins enclosed i n  a special shielded cask.  
This  uni t ,  which is a l so i ntended to re�ve trace f i s s i on products from 
the cat ion effluent, wi l l  be located above the water. load control w i l l  
be based on the c a t i on effluent analysis and the radiation level at the 
su rface of the container. 

Boron remova l  bed. lf desired, a 1 95-ftl resin bed, enclosed in  a 
shielded cas k ,  i s  provided for boron removal .  Effl uent sample analysis 
and surface rad i a t ion l evel monitoring will be used to control loading. 

Monitoring tank system. Two monitoring tanks of about 20,000-gal 
capac i ty w i l l  be provided for collecting and sampl ing the treated water 
prior to disposa l .  The tanks wi l l  be provided with mixing,  level -mea sur
i n g , .and sampl i ng systems , i n  add i t i on to transfer pumps. Piping w i l l  
a l so be provided for recyc l e  of the treated water i n  the event that i t  
does not meet d i s posal specifications. 

Off-aas system. The feed tank s ,  valve boxe s ,  moni toring tanks,  and 
col umn vents are connected to this system. The system con s i sts of a sepa-

-rator tank (which a l so serves as a sampl er effluent col l ector and valve-box 
dra i n  tank ) ,  a n  electric off-gas heater, a roughing f i l te r ,  a charcoal bed 
for iodine retent i on ,  two absolute (HEPA) f i l ters , and a centri fugal blower. 
The discharge of t hi s  blower w i l l  be monitored and routed to the reactor 
vent system. A pressure control system i s  provided for the bl ower to 
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position, and final ly a fresh bed w i l l  be pl aced in the third posi tion. 
(Note : Th i s  approach i s  consi dered to be superior to a val v i ng manifold 
which woul d permit rerouting of the streams because it minimizes the 

.Potential of a serious operator val ving error. A valve switch�ng approach 
was considered; however. a val ving error could resul t in totally bypassing 

·the primary beds. The current design prevents th i s  from occurring . )  
Cation columns. Two addit ional underwater columns (of the same sizE 

and type as the primary columns) a re l ocated immediately downstream. These 
col umns are l oaded with organic cation resin (probably Dow HCR-S) for re
moval of residual strontium. Col umn l oading will  be l imited to 75 Ci of 
strontium based on primary col umn effluent moni toring and analys i s .  The 
columns are arranged to be operated s ingly or s imultaneously in paral l el . 
The curie l imit  i s  based on restricti�� the integrated radiation dose to 
the resin to l ess than 1 08 rads. 

Sampl i ng and monitoring system. As previously described, the feed 
wi l l  be collec ted i n  batches , sampled and analyzed, and fed continuously 
to the i on exchange system. Sampl i ng l i nes are provided on the effluent 
streams of each of the primary beds and cation beds. A conti nuous sample 
flow from each operating bed effluent wi l l  be passed •through a beta scin
t i l l ation monitor. A gamma monitor i s  lo�ated on the primary effluent 
l ine , and a l ocal area radiation monitor i s  located n�ar the valve box . 
Each of the monitors wi l l  have a n  al arm system and a h i gh-radiation trip 
point which w i l l  close an automatic valve of the ma in feed l i ne, thereby 
stopping the operation i n  case of a l eak or a serious breakthrough. 
Shielded samplers are a l so provided to permit sampl ing at any time. Co�
ti nuous sample effluent i s  routed to the off-gas separ�tor tank. 

Contai nment and shielding. The f i l ters , primary beds, cation beds, 
and their associ ated remote connectors and flexible l i nes are contained 
in submerged boxes designed to confine any contaminated l eakage. Each bo>: 
i s  connected to a pump man i fol d ,  and a continuous flow of about 1 0  g� is 
maintained through each box. The containment pump effluent is  di scharged 
to an addi t i onal mixed-bed res i n  col umn and i s  released back into the pool . 
A large, shiel dPd box i s  provided for the various valves and piping wh i ch 
are requ i red for feeding , flushing , and venting the col umns. This box wi l l  

' . ... .... - - · - ·· .. -· . .  • 



� .  

. . 

= 

33 

regulate vent system pressure. The separator tank, which wi l l  be l ocated 
in the surge p i t  and covered with a concrete shi e l d ,  is equi pped with an 
automatic-l evel-control l ed pump routed back to one of the feed tanks. 

Pipi ng and equipment arranQement. The feed pumps , feed sampl ers , 
�nd head pots wi l l  be l ocated i n  shiel ded enclosures di rectly over the 
tank farm area . As previously desc ribed . the f i l ters , primary beds , and 

"
cation beds are to be l ocated underwater in special  conta inment boxes. 
These boxes and col umns are to be supported a l ong one s i de of the pool 
on a structural steel rack which hangs from the edge of the pool . Thi s  
rack, which a l so serves to support the system , wi l l  incl ude an operating 
platform from which the remote connectors are to be handled. 

Auxi l ia ry systems. A storage rack,  s ized to handle the projected 
number of fil te�s1and ion exchange beds required to treat the contai nment 
sump water, wi l l  be provided. A special rack wi l l  serve to displace the 
water from the columns and fil ters and to dry them prior to l oading 
into the transfer cask. This rack wi l l  be l ocated in the cask loading 
pool . A system for sol idifying the fil ters and ion exchange columns with 
concrete wi l l  also be provided. An additional system wi l l  be incl uded for 
analyzing feed and effluent sampl es.  Gamma and beta proportional counters 
and the necessary equi pment for boron and sodium analys i s  wil l be provided 
as a minimum. 

Fi gures 1 2- 1 5  show deta i l s  of the l i quid waste (HALW) decontaminatio� 
system. (The HALW treatment system i s  in no way related to either Epicor- 1 
or Epicor- J J . )  

... 
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SPECIFIC COMMENTS 

QUESTION 1 7  

You state that only 200 bed volumes (approximately 2000 cubic feet o r  15,000 

gallons) of waste water are a nticipated to be processed before the first zeolite 

bed is removed and replaced. 

This vill require more than 60 zeolite bed replacements (excluding the subsequent 

zeolite beds, cation beds, and filters) to process one million gallons of waste 

water through the SDS. Justify the storage capacity provided for only 40 spent 

vessels i n  the Zuel pool. 

RESPONSE 

At the time the SDS Technical Evalu&tion Report vas written, system design required 

the construction of facilities within the fuel pool or sufficient size to provide 

for the underwater storage of 40 spent vessels in the pool. 

Upon receipt of further guidance, a s  indicated in the NRC letter dated May 28, 1980 : 

H. R. Denton to R. C. Arnold, ve intend to process SDS resins such that resin 

disposition options are not foreclosed. These options are: 1 )  ship dewatered SDS 

resins, 2) transfer SDS resins for solidification. or 3) transfer the SDS resins to 

interim on-site dry storage. 



5?ECIFIC COHHENTS 

QUESTION 18 
Provide the flov capacity or the pool secondary containoent deaineralizers. 

RESPONSE 

The secondary containment demineralizers have a flow capacity of 50 gpo. 



SPECIFIC COMMENTS 

QUESTION 19 

Provide the administrative surface i.ose :ate limit for change �ut of the SUS 

filters. 

RESPONSE 

Calculations from the ANISN computer code have . indicated that contact surface 

exposure rates of 5000 R/hr on contact from Cs 134 and Cs 137 loaded on zeolite 

result in readings acceptable for shipment. In view of the fact that the major

ity of solids are Sr 89/90 beta emitters, surface exposure rates on filters should 

not become prohibitive before the maximum loading is reached. H��v�r , underwater 

monitors are located in close proximity to the roughing and final filters within 

the leakage containments. Administrative limits will be placed at a fraction of 

the above exposure rate to assure that spent filter vessels may be safely loaded 

in the CNSI 1-13c cask. 
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SPECIFIC COMMENTS 

QUESTION 20 

Describe hov the shipping cask and ita contained liner ��11 be drained prior 

to movecent out of the pool. 

RESPONSE 

The CNSI l-13C cask 1s designed for underwater loading of vessels . �ith the drain 

plug removed and the vent open. the cask will be lifted above :he pool surface and 

allowed to gravity drain. 

The contained liner will be dewatered at the SDS d��atering facility prior to 

insertion in the shipping cask. 
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SPECIFIC COM!iEN'I'S 

Describe hov spent SDS filters will be changed out and packaged for ultimate 

disposal. 

RESPONSE 

SDS prefilters and final filters are packaged in vessels which are s��lar 

in design to the ion exchange vessels. These vessels are of the identical 

physical r.ize and utilize Hanson quick disconnect fittings which allows the 

change out of vessels to be accomplished through the use of remote underwater 

handling tools similar to the tools used for the io01 exchan�e vessels. Once 

the filters are changed out, they will be dewatered in the dewatering station, 

(as depicted on CNSI drawing 5270-A-5011 ) .  After dewatering, the filter vessels 

vill be placed in the shipping cask (CNSl l-13C) underwater. The cask will 

then be decontaminated and prepared for shipment via truck to the disposal site. 

Additional studies of filter media and techniques are currently under investi

gation which could offer addition�l options for processing. 

The present technique is in compliance with existing Federal Regulations and the 

ability to adequately perform the dewatering task has been studied and t esting 

accomplished, with the results published in the attached ACNS document dated 

March 14,  1980, entitled, "Dewatering and Drying Tests of the CNSI-TMl Prefilter 

and Final Filter". 
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ABSTRAC'f 

The dewatering and drying tests were conducted on the Submerged Demin
eralization System (SDS) to determine if they could be successfully 
dried. Dewatering and drying is required in order to meet existing and 
future criteria for shipment and burial of vessels . The teats were 
started on February a. 19800 and concluded on February 29, 1980. 

This report contains an evaluation of test results and recommendations 
needed to satisfactorily meet drying criteria • 
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1 . 0  INTRODUCTION 

Commercial low-level waste burial site criteria requires that wastes be 
free cf liquids; that is for wastes received until January 1 .  198 1 .  the 
aaount of liquid allowed is less than 1% of the total volume. not co 
exceed one gallon and 0 . 5% of the total volume f o r  l i q u i d  waa t e s  
received after that date. Federal Transportation RegulAtions [ 49 CFi 
173 . 393(G)J require enough absorbent material to absorb at least twice 
the volume of liquids present in each package .  The present packaging 
design for spent Submerged Demineralization Syctem (SDS) pre f i l te r  and 
f inal filter vessels does not allow for the addition of Absorbent 
material ; therefore. the SDS f i l te r  vessel s must be d r y  p r i o r  to 
shipment . 

The purpose of these tests was to verify that the SDS prefilter and 
final filter vessels could be successfully dried ; an� that after drying. 
the SDS filter vessel& could be stored for short periods of time under 
water without any in-leakage of pool water. These testa also determined 
if any weight must be added to the dry oubmerged filter vessels to 
prevent them from floating. 

For these tests. each filter vessel was weighed empty and again after 
filling with water. To determine the length of time required to achieve 
dryness. the filters were blown down with dry air from 1 0  minutes to 
24 hours. After each blowdown. any water which had not been removed 
from the filter vessel or that bad drained back into the filter from the 
connecting piping was measured . After drying. the filter vessel was 
pressurized with air and stored in the pool to determine if there was 
any in-leakage of pool water. 

2.0 CONCLUSIONS AND RECOMMENDATIONS 

2 . 1  Conclusions 

( 1 )  The filters can be successfully dried and once dried can be stored 
for &hort periods of time under pressure without any in-leakage of 
water. 

(2) The dried filters require the addition of bal last to prevent them 
from becoming buoyant. 

2 . 2  Recommendations 

( 1 )  The specific ballast requirements for each type of filter will be 
calculated and incorporated in the design of the units. 

(2) To prevent in-leakage of pool water .  the male hansen connector on 
the pre f i lter inlet nozzle should be connected to i t s  female 
counterpart before attempting dewatering and drying. 

- 1 -
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l.O DESCRIPTION OF TEST 

Tvo mock-up f i l t e r  ve a a e l a  w e r e  f a b r i c a t e d  p e r  CNS I  Drawin g &  
(527-D-5010, Ion Exchange Hock-U p ;  527-D-5002, Prefilter-125 Micron; 
527-D-5003, Final F i l t e r - 1 0  Micron; and 527-D-500 4 ,  Pre f i l t e r/Final 
Filter Detail& ) ,  except that inatead of uaing dished heads oc the filter 
top head, flat plate vaa uaed and a pipe plug was inatalled in the bot
tea of tbe filter houaings. Plexiglas vaa uaed for the v e s s e l  val"la .  
The flat plate vaa uaed to reduce coat and fabrica tion time a ,  the plug 
vaa installed to allov for poatteat draining, and the Plexiglaa vaa uaed 
to allov inapection of tbe filter internal& (aee Figure& l and 4 ) .  

The volumetric capacity of each filter waa determined b y  meaauring the 
water needed to fill the filter to overflow. A veigh tank and scale vaa 
uaed for thia meaaurement. After filling, the filter inlet nozzle vaa 
connected to a dry air supply and the filter blowdowo nozzle vaa routed 
to the veigh tank. Dried compressed air vaa used for the �lowdown 
operation. Tbe air vaa regulated to 40 psig and 1 0  •�fm; the presaure 
waa limited by tbe Plexiglaa. 

After the initial amount of water vaa discharged , two blowdovna each at 
10 minute& , 2 houra , 4 hours , 8 houra , and 24 houra were performed. 
After each blowdowo, the vessel vas visually inspected f�r vetnesa and 
the plug was removed to collect anc! measure the remaining water. To 
simulate actual conditions, the f i l t e r  vessel vas tested at approxi
mately 20 feet below the weigh tank. A blowdown was also accompliahed 
underwater to simulate remote conditions . (Figure No . 1 shows details 
of setup . )  

After the filter unit was dried , lead was added for ballast .  The extra 
weight enabled the filter to remain submerged a f t e r  drying and added 
sufficient stability to the filter vess e l  to prevent it from shifting 
during hookup operations . The filter units were pressurized and sub
merged under approximately 20 feet of v&ter and stored for 48 houra . 
After storage, the filters were removed from the pool and inspected for 
water. 

4 . 0  TEST RESULTS AND EVALUATIONS 

Following blowdowns of 1 0  minutes through 8 hours , the surface of the 
filter& and the top and bot tom plates remained wet .  Liquid drained from 
the filters when the plug was removed. To achieve the dryness oecesaary 
to ship the filter vessels ,  blovdown times uf 16 hour& for the prefilter 
and 24 hours for the final filter are required. After the 16- and 
24-hour blowdowns , the filter internals were dry and no liquid waa 
detected when the drain plug was removed (see Tabla 2 ) .  

- 2 -
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Dry coapreued air at a temperature of approximately 68 •p vas used for 
theee testa. the air vas regulated to 40 paig and 10 scfm. Heated air 
and air at higher pressure and volume would enhance the drying . 
Increasing the pressure and heating the air could not be accomplished 
during these testa due to the pressure limitationa of the Plexiglas. 

The empty weight of the prefilter is 522 pounds and the final filter is 
678 pounds .  Extra ballast vas required to submerge both filter vessels ; 
in fact .  381 pounds of lead were added to the bottom skirt of each vee
eel. This addition•l weight allowed the vessel to be submerged and 
provided sufficient weight to prevent the veaaela from sbiftlns durin& 
hookup operations (see Table 1 ) .  

During the teat. it was found that the male hansen connectors would open 
when submerged to a depth of 10 feet or more allowing in-leakage of pool 
water. After dryins. the filters were pressurized to 1 5  psig and stored 
in the pool submerged under 20 feet of water. The filters were removed 
after 48 hours and no water was detected (see Table 1 ) .  Also, the check 
valves installed in the feed line of the prefilter will not bold pres
sure in the vessel and will allow in-leakage of vate� unless the plu11ed 
female hansen connector 11 installed. 

5.0 ATTACHMENTS 

Attachment 1 - CNSI-TP-2 , Hoek-Up Filter Ballast and Dryi.ng Teat 

Attachment 2 - Additional Instructions for CNSl-TP-0 2 ,  Hoek-Up Filter 
Ballast and Drying Test. 

- 3 -



-.;. � . .  -.. . . Dunt;cll Nuc]cir Fuel r�nt ATTACHMENT NO • 

PACE 1 OF 4 

NO I .,: I Do\� Of' 1HIS ·��\11. I ,.,.trAJICD rt lr.ct 
CNSI-TP-02 DAn Of' I'll tV, IUVt J .  Logue ., 
1nu . 

HOCK-UP FILTER BAl.LAST AN1) DRYINC TEST 

1 . 0  INTRODUCTION 

Contiudnated water at THI vill pnss through a aet of roughing and final filters, before 
final purification in the ion exchengcra. The filter unite , after loading up, vill be 
blown dry and shipped for burial. A mock-up filter unit viil be used to aimulate the 
dryin& proceaa. The mock-up units vlll be filled vith demin water and then blown dry. 
Data collected fro� this teat will determine the amount of time and air to accomplish 
dry�ns. • 

2 . 0  PURPOSE 

2 . 1  Thia procedure provides the i nALruct1pea to collect the data necessary to deter
mine the time and amount of air required to remove enough water, so that the 
filters are considered dry and ready for shipment. �dditional testing =ay be 
requind. 

2 . 2  Acceptance Criteria • 

2 . 2 . 1  This procedure will be cumplete vh�D all Gteps are signed off ; and 

2 . 2 . �  An evaluation is per!or�ed to determine if drying ia sufficient . 

3 . 0  SCOPE 

3 . 1  Equipment mockup prefilter �nd final filter. 

3.2 Area 

FRSS 

4 . 0  PREr.EQUISITES 

Pressure teet of moe� Cilters mu�t he performed before 
test co11pletc C'f 0 \.� ?../'i./t.O • 

Co'ilni:a�y:.•:;incer T/D . 

.S. 0 SA Fen' l'llf.CAUTIONS 

unita are used. Presaure 

5 . 1  FollO\Is instructinn,; ll& outUncd in the nNFP Inductrinl Safety •bnual. 

5 . 2  DO NOT l:XCEED 40 1'!:1 on filter unit. 

� 

l 
I . . 

i • 



• I • AITACliMENT NO. 1 

6 . 0  EKERCENCY_ ACTION 

Hone anticipated. 

7.0 TEST EQUil'HEUT 
7.1 3SO l& Scale 

7.2 55 Callon Drua 

7.3 Huatdity Testor 

7.4 Dry lee or Liquid Nitrogen 

8 . 0  PROCEDURE 

8 , 1  ,CALIBRATE 3SO Kg scales per S-COP-90�3. . . 
Operatc:'r 2?<5 T/D. _____ _ 

8.2 Weigh Mockup filter units. 
8.2.1 WEICH empty units. 

PACE 2 OF 4 

Prefilter '7 '.&, b . &  Xgs FinAl Filter �07. 4<\ Xgs Opera tor. ___ "-7$-==--
8 . 2 . 2  SUBHERC! filter u�it into east CUP onto THl test stand. 

8 . 2 . 3  NOTE any difficulty to submerse. 

Rem.11rka t'ldt•2d :.e, l  tb� ol' l�o.d 4u bo�"- (1 H�·, Opcrator'----'76::....:..:o_:::;;...._ 
'T., ..,;.o;bt"" «"'!jC• 

8.2.4 RDIOVE test unit from CUP. 

8 . 2 . 5  FI LL  UNIT's with water. 
8 . 2 . 5 . 1  ATTACH water bose to fill line. 

8 . 2 . 5 . 2  ATTACH hose to vent. 

8 . 2 . 5 . 3  FILL unit with voter until it comes out of vent and DETACB bose. 

8 , 2 , 6  WEICH filled units. ( "'-'"'�"'� or wo.\• ... 0"'1:.> ') 

PreU lter '2 74 • � J<gs Pinal Pll ter 'l 4 "5. I Kgs Oper�tor � 
8 . 3  SUBUERC:E filled CUter unit into c:nst CUI' onto TMt t c!;t stand. 

8 . 4  CONNECT rcculated junt:ruaent of r r:upply to nddition no1.zle and ROUTE di.sc:huce 
line froaa blovdcnm nc•�de to drum ond St'turc • 

.. 

.· 
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A.TTACltMENT NO. 1 
PACE 3 OF 4 -' 

8.5 START air to filter unit at A SCFK. (DO NOT EXCEED 40 PSI AP. r li'OIW> 
8.6 SIIUT OFF air -efter 5-•f:n11t.r. \0 P'\..,:> c.. C"-4c ... wa.-4•..- '�� C::o"''� M o C'  hc.v

. 

8. 7 VBICR water in dl'Ull. 

Prefilter '2.7.4. 77 � Final FUter�_'l_4..;.'2_._o_s_ .... �· . Operator,��"::pr.o@=-----
0 ��-t coo� 'lt•l� 1.8 REPEAT step B.S

. 
and measure humidity �c"'-

Prefiltu �� . Operator.._ ______ _ 

B.9 SHUT O�fter S minutes and leave 20 to 30 psig pressure in filter unit. 

� ?-t:dtltu pdg Final Fi.lter sig Opeutor. _______ _ 

8.10 �OVE hose from nozzles and remove filter test unit from CUP. 

8.11 INSPECT for water. 
, _.  8.11.1 VISUALLY INSPECT internals for water. � Operator 

'l. - Cf - h  
T/D 

8.11.2 REMOVE plug from test unit bottom and measure any liquid present. 

Amount������s�o�..;.��-'---------�--------������----��,�1�, j-D __ Operator T/D 

8.11.3 If unit appears to be dry. SET test unit aside for 48 hours and repeat 8.11.2. 
8.11.4 If unit contains water contact Cognizant Engineer for further instructions . 

Operator � T/D �J. /1/�o 
8.12 � drum per instructio�s of Shift Supervisor • .rev .4V ..... �....,. \r��; .. � qo� IJ./4/�o 8.13 REPEAT steps 8.2 thru �.12�r final filter. 

S ec hwR. ?looq l 1 4 q  I �  
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DATA TABLES 

TABLE 1 

WEIGHTS, CAPACITIES, AND DRY STORAGE TEST RESULTS 

Weight 
Filter Weights Required Dry Storage 
Vessel Empty Capacity_ for Ballast Time Pres a L�uid 

Pre 522 lba. 274.3 1 381 ( 1 ) 48 15 None 

Final 678 lba. 245.1 t 381 (1 ) 48 15 None 

( 1 ) Maximum Weight - Limited apace and weight configuration prevented 
adding additional weight. 

TABLE 2 

BLOWDOWN TIMES 

Volume Remaining 
Blowdown Prefilter Final Filter 

Time a Run 1 Run 2 

10 minutes 1350 1111(1 ) 290 1111 

2 houra 80 1111 70 1111 

4 houra 30 1111 22 1111 

8 houra 9 . 5  ml 13 ml 

16 houraC2) 0 0 

24 houra � � 

( 1 ) !lowdown waa done at 5 acfm. 

Run 1 Run 2 

2156 1111 1920 1111 

180 1111 175 1111 

153 1111 140 1111 

22 1111 31 1111 

� � 
0 0 

( 2 ) Visual inapection of the final filters during the 24-hour blowdovn 
indicated wetneaa of the filter after 16 hours. 
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SPECIFIC COMMENTS 

QUESTION 22 

I ,, 

The SDS feed tanks can be considered as one feed tank with a capacity of 60, 000 

gallons since there are no valves between these feed tanks and two conitor tanks, 

which receive processed waste water have a capacity of 1 9 , 000 gallons each. 

Describe the criteria for determining the hatch volume without risking radio

activity contamination of already processed water in the monitor tanks. The in-line 

monitors may not provide the sensitivity required to detect desired radioactivity 

breakthrough due to the radioactivity plateout and background radiation buildup. 

RESPONSE 

It is anticipated that 200 bed volumes (approximately 12 ,000 gallons) will be 

processed prior to zeolite bed removal and replacement .  Following SDS shutdown, 

the nearly filled monitoring tank will be isolated and the empty tank valved in 
prior to startup. 

The beta monitors will be monitoring the effluents of the first, second, and 

third zeolite beds. Additional monitors are provided for the cation influent 

and effluent as well as the in-line monitor before the polishing unit. These 

detectors coupled with the routine saMpling and analyses program will provide 

early detection of increasing levels at various points in the process stream. All 

beta monitors view a thin-walled section of piping that may be removed and replaced, 

should plateout restrict sensitivity. 

-- · ,  - .. • 
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SPECIFIC COMMENTS 

QUESTION 23 

Provide estimated contact dose on spent filter, zeol ite, and cation vessel 

cas�. 

RESPONSE 

Activity loadings of the filter units has been estimated based on the expected 

activity of filterable solids in the 125 micron and 10 micron range and includes 

the amount of residual liquid remaining after dewatering. The coarse filter has 

been estimated to have a contact dose reading of approximately 3 R/hr. and the 

final filter to have a contact dose reading of approximately 400 mr/hr . 

The contact dose rate on the zeolite bed has been estimated as 30, 000 R/hr . ,  

based on a loading of � 9400 Ci o f  Cesium. The zeolite bed will only be 

transferred with the shield ca3k in place. The contact dose rate on the shield 

cask is less than 1 R/hr. with the above curie loading. 

Column testing has indicated very little ion exchange of radionuclides on the 

cat ion bed, and, therefore, insignificant contact dose rates will be present. 
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SPECIFIC COMMENTS 

QUESTION 24 

You have provided an in-line monitor in a common recirculation line from all 

vessel containment boxes to the leakage containment ion exchangers. Describe 

leakage detection method to identify the source of leakage from each vessel 

containment box. 

Describe also how you would distinguish accidental leakage from the leakages 

resulting from routine connections and disconnections of vessels .  

RESPONSE 

As indicated on P & lD ' s  5270-A-5001 and 5002, each leakage containment is 

provided with an isolation valve on the exit line. In the event of a gross leak 

during system operation, the source may be isolated by selective valving and 

observation of the in-line monitor. 

This monitor was provided to detect significant leaks during system operation. 

I t  iR provided with an automatic time delay isolation of the SDS feed. In view 

of the fact that submerged components will be flushed prior to disconnect and 

the large leakage containment dilution flow, it is anticipated that this aoni

tor will be unaffected by vessel uncoupling • 

... 
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SPECIFIC COMMENTS 

QUESTION 25 

Describe leakage detection method provided within Hi-Rad Filter Glove Box, Hi-Rad 

Feed Sample Box, Intermediate Level Sampling Clove Box, and Beta Monitor Manifold, 

Describe (1) type of analysis to be performed on Hi-Rad samples, and (l) capability 

of such analyses on the THI site. 

RESPONSE 

The Hi-Rad Filter, Hi-Rad Feed , Intermediate Level Sampling boxes, as well as the 

Beta Manifold, are contained shielded enclosures that are connected to drains 

and the SDS offgas system. In view of the above, no leak detection system is 

provided. When the SDS is operating, the area vill be under constant surveillance 

and these enclosures may be visually inspected for leakage. In addition, a leak 

may also be indicated by a rise in the SDS offgas monitor .  Routine radiological 

surveillance, in addition to the installed instrumentation, will provide early 

detection of minor leakage. 

The types of analyses anticipated to be performed on Ri-Rad samples are as follows : 

1) Suspended solids 

2) Cross Beta 

3) Gamma spectral analyses 

4) Strontium 89 and 90 

5) pH 

6) Conductivity 

7) Specific ions 

Sufficient chemical equipment vill be installed to perform these studies within the 

shielded sample boxes. High level samples will also be diluted within the boxes 

prior to movement to chemical work areas for preparation of samples for counting. 

Counting equipment has been purchased for dedicated use in support o� SDS operation. 

These include gas flow counters , end window G-M' s ,  and a computerized Ce{Li) System. 



'SPEetFIC COMMENTS 

QUESTION 26 

-You state that the capability to solidify th� spent resin vessels generated 

by the operation of the SDS has been developed . Describe the capability and 

process involved in detail. 

RESPONSE 

The attached drawing number 527-D·S-1000, indicates the preliminary concepts for 

a l0ft 3 vessel solidification facility. Current plans are to install tbis facility 

in the loading dock area of the Fuel Handling Building truck bay. The cubicle will 

be provided with a filtered exhaust system that will be ducted to existing station 

ventilation. Additional f�-:tures include closed circuit TV cameras, radiation 

monitors, and a motor driven cask cart. 

A dewatered vessel will be loaded underwater in the CNSI 1-lJC cask and allowed to 

drain prior to movement to the solidification cubicl e .  When inside, the cask lid will 

be removed and the remote manipulator will be used to connect water, cement, and vent 

lines. The proper amount of water and dry cement will be �etered to the vessel and 

internal agitator blades will be rotated to assure proper �ng. Following remote 

disconnect ,  the cask lid will be installed and the cask will be �ved outside the 

cubicle for final preparation. 

Pending further guidance and criteria development for the ultimate disposal of 

spent ion exchange media by -he NRC, we have discontinued further �rk on the 

engineering design details and development of the SDS solidification facility. 

- -- -- ---·------· 
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SPECIFIC COMMENTS 

QUESTION 27 

Provide an estimate of dissolved KR-85 concentration and include it as part of 

the gaseous source term. 

RESPONSE 

Assumins the containment Kr-85 airborne concentration is 1 �Ci/ml, the resulting 

water concentration is approximately 5 X 10
- 2 �Ci/ml, the SDS process rate is 

10 gpm, and that all Kr-85 is released to the offgas system during processing, the 

resulting Kr-85 release rate would be 1 . 82 X 103 �Ci/minute. Including this 

contributor to the gaseous source term does not significantly alter the conclusions 

presented 1n Chapter 6 of the SDS TER. The maximally exposed individual vould 

receive an additional exposure to the lungs of 8 . 54 X 10
-� mrem per year and 

9 . 96 X 10
-2mrem per year to the skin, the critical organs for this isotope . 

Additional annual exposures to other organs , listed belov, are insignificant. 

Bone: 6 . 5  X 10
-' mrem 

Total Body: 5 . 6  X 10-' mrem 

Thyroid : 4 . 46 X 10-' mrem 

CI Tract: 4 . 42 X 10
-� mrem 
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SPECIFIC COMMENTS 

QUESTION 28 

. .. . . 

Wouldn't the compartment cleanup and monitoring system for the pool water indicate 

a leakage contamination problem long before area radia·tion monitors in the SDS 

area would detect such leakage? What level are these area monitor alarms set? 

Provide type, number, location, and setpoint for all area radiation monitors. 

RESPONSE 

It is agreed that the leakage containment system will observe in-leakage from the 

spent fuel pool to the containment boxes . However, in the event of a leak on 

the effluent line, the time response of this radiation monitor relative to other 

ance monitors is sensitive to the location of the assumed leak. 

The area monitor associated with the SDS which would detect an increase in spent 

fuel activity are listed below: 

INSTRUMENT 
NUMBER TITLE VENDOR RANGE 

CN-RE-lXOJ SDS Manifold General 
Area Radiation Element 

Ebcrline 1-10,000 mR/hr 

CN-RE-VA06 SDS Offgas Header Eberline . 01-100 mR/hr 
Influent Radiation Element 

CN-RE-LCOS SDS Leakage Containment LND-INC 101 - 105 CPS 
System Influent Radia-
tion Element 

The current plan is to set the alarm setpoints slightly above normal operational 

levels. 

··'- -. 
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SPECIFIC COMMENTS 

QUESTION 29 

State if the reactor building water pump and SDS feed pump are provided with 

automatic trip upon detection of a present high radiation level by in-line 

radiation monitor (RE 527-13) , fuel pool area monitors, and/or radiation monitors 

in the filter containment boxes . 

RESPONSE 

A high radiation indication at the in-line radiation monitor will cause valve 

VS27-2 1 to close. This valve isolates the feed to both ion exchanger trains . 

When this occurs, the SDS feed pump 527-G-01 goes into a bypass mode. The reactor 

building water pump (WCP-1) is not tied into the in-line radiation monitor 

RE-527-13. 

Fuel pool area monitors and filter containment box radiation monitors are alarmed 

only. 
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