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January 4, 1980
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Mr. John T. Collins
Deputy Director - T™I Support
Nuclear Regulatory Commission
Three Mile Island - Trailer #7 .
’
Middletown, Pennsylvania 17057
Dear Sir:
Thtee Mile Island Nuclear Station, Unit 2 (TMI=2)
License YNo. DPR-73
Docket No. 50-320
Reactor Containment Building Atmosphere Cleanup
Enclosed are the responses to the 33 questions raised in your letter of
Decenber 18, 1979. If you need further explanation of these responses to
complete your Environmental Assessment, please contact Mr. Ed Fuller at
(201) 263-6331. We would be pleased to meat with you to discuss our re-
sponses if that would expedite the NRC review and approval of our requests
to proceed with purging the TMI-2 Reactor Buildiang.
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Page 2, Section 1.4 paragraph l.

Justify why solvent extracticn process was not considered as one of the
f2asible methods.

The fluorocarbon solvent extraction systes was considered as a

pessitle Xrypton removal method {a the early evaluations conducted by

Metropelizan Tdison. After a preliminary review, the solvent extraction

process was determined to be izmpractical due to its developmental stage

and due to its unavailability cn a ccowmercial bdasis.
Subsequent to this initial conclusicn on the solvent extraction

process, Metropoli:tan Edison conducted a further review of the system

which included a trip to Oak Ridge to discuss possible use of the sys=-

tem with its developers at the Cak Ridge National laboratory. Our dis-
cussions with the cognizant perscnnel at Oak Ridge led Metropolitan

Edison to the conclusion that although the fluorocarbon solvent extrac-

tion process could be used at TMI, it could not be placed into cperation

at T™I for a significant period of time. The estimate of the time period
required %o place the system into operatiom at TMI, assuzing cocplete

.
licensing, qualification, and NRC interfacing during the design and con-
struction process was three to four years. This three to four year
period was the time frame estizmated by the personnel at Oak Ridge. Al-
though the time period to place a systex into operaticn that was fully
licensed and qualified was estizated to be three to four years, Oak Ridge
personnel indicated that this system could, if all licensing and quali-
fication requirements were eliminated, be in operation in the neighbor-
hood of one to two years. Using the information gathered {rom reports
prepared by Cak Ridge personnel and from our direct discussicn with the
people at Cak Ridge, Metropolitan Edison has concluded that a two year
time period for installation, start-up and test is optimistic and that
the solvent extraction process, therefore, presents unacceptable delays

{n treatzeat of the Krypton-35 in the contalnment building., These da2lays,
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(continued)

as discussed in our November 13 submittal, present risks which overshadow
the small doses associated with the controlled purge proposed by Metropoli-
tan Edison. Additionally, it should be noted that the system used at Qak
Ridge is a small (15 cfz) system which would not be suitable for use at
IMI. Although the cognizant Cak Ridge personnel indicate that the current
system could be scaled up, Metropolitan Edison coansiders that this scale
up would require extensive engineering evaluation work which would further
increase the time period required to place such a system in operaticm.
Oak Ridge personnel also questicned the prudence of storing the Rrypton-85
on site and could offer no sclution for ultizate disposal of the gas.

In summary, the solvent extraction process was not considered to be

on at ™

"
I

sufficiently developed o place into operat in
which would make the system useful as an alternate to the reactor building

purge.



Page 2, Section 1,4 paragraph 3.

Provide a technical evaluation which support yvour statezent that
is no assurance that containment integrity can be maintained {o
vears necessary to implament storage"”

Metropolitan Ediscn cannot guarantee containment integrity in the
long term due to: 1) The reactor building is not designed to be leak
tight. 2) Leakage control is currently maintained by keeping reactor
building pressure negative relative to ambient pressure so that leakage
occurs into the building rather than from the building. 3) The nega-
tive pressure in the building is dependent on reactor building cooling
which cannot be assured. Ihie reactor building allowable Technical
Specification leakage rate is 0.13 weight percent per day. The start-up
integrated leak rate test indicated that the upper confidence limit of
maximum leakage was approximately 0.095 weight percent per day. These figures show
that leakage through the reactor building should occur under normal com-
ditions if a pressure differentfal exists. The negative pressure differen-
tial can be maintained in the short term with the reactor building cooling system

-

cperation. Although no calculation can be made to determine when the

nt fail,

o

reactor building cooling fans (located inside the building) =i
it is prudent and necessary to assume that fan failure will occur in the future.
This fan failure is made more likely by the fact that the fans are operating

in a 100% humidity environment and that the fans are inaccessible for

normal maintenance such as lubrication. It should be noted that the re-~

actor build?ng cooling fans were cnly required to be qualified (by speci-
fication) for 3 to 4 hours of operation in a 100% h;midity environment, and that the
reactor building coecling fan manufacturer recommends lubrication of the
bearings on a yearly basis, Due to the above gualification and main atea~
ance requirements, the reactor buildiang cooling fans are already cperating

outside their normal operating range. Since the reactor building s not

air tight, it is reasonable to assume that a pressure buildup in the

1741 123
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{continued)

reactor building would cause leakage of Xrypten-85 gas from the reacter

b

building to the eavironzent. It is important to note that this ¢

occur without any detericration of the seals of the reactor building.
Although seal deterioration is not a preraquisite for leakage from

the reactor building, it is possible that the reactor building seals have

deteriorated since the start-up integrated leak rate test. Turther de-

terioration of the seals would increase the la2ak rate and increase the

dose consequences of uncontrolled leakage frcm the reactor bullding.

n the number 2 personnel air lock has already

High Krypton activity

been measured. This activity in the air lock could indicate =minor

el

leakage has already occurred from the containzent building into the

persennel air lock. In additien, Metrcpolitan Zdisom has performed pre-

=all inleakage of air isto

"n

iminary calculations which show that a very
the reactor building is occurring. Upon reversal of the pressure differ-
ential, Krypton could be expected to leak out of the building. Leakage

paths which exist include equipment hatch seals, number 1 air lock seals,

number 2 air lock seals, flanged penetrations which use seal gaskets, valves,

such as the large purge system butterfly valves, which are required to
seat tightly at their seats, valves which use diaphragms to prevent leak-

age around valve stems, and other leakage which may occur through pene-

trations and process systeas,
The above points justify Metropolitan Edison's lack of confidence

that lcag-term containment integrity can be guaranteed, A detailed tech-

nical evaluation which could quantify the exact leakage rates and risks

of reaching those leakage rates is not believed to be feasidble,

174" 124



3, Page 3, Ite3 4.

The NRC staff realizes that aisposal of Krypton-85 1o the Containzent

Buyilding is a prerequisite for RB decontasination. However, iu the
staff's opinion, the potential safety hazard and large increases in
radiation dose to the work force if delays ino cleanup are encounteread,

referenced im this section, should de quan:ified.

Disposal of Xrypton-85 in the Containment Building is a pre~

requisite ¢or Reactor 3u " 1.3 decontaminaction. delays in RB decontamina-

rion represent sotential safety hazards that cannot be quancified wizhout

a better understanding of the actual core configuratcion. The addizional

safety hazard arises from the increased potential for reactor core deteriora-
tion the longer che core remains im an unexamined state. The longer it takes

to gain access tO the Reactor Building and determine the tTue state of the

prizary coolant system, reactor prassure vessel, core iatervals and reactoet

€yel, the longer the uncertaintly remains as to what the ultimate risk is £

further releases of radicactive nuclides from the facility. Zven without

this quantified risk, however, it is believed that purging the Reactor

Suilding of Krypton-85 represents the most prudent ath to disposal of
P P

the Krypton-85 radicactive noble gas. The potential for delays represented

by the other options represent additional risks of core deterioration that

regardless of the magnitude, justify purging the reactor building atmesphere

as soon as scssible. The true answer to this question cannot be determined,

in fact, until the Kryptoa-85 is disposed of and access is gained to the

-~
reactor building. Only then can the true safety nazard and radiation cose

to the work force ve assessed. 1t is not prudent to velieve that the reactor

core will remain in 2 cafe condition indefinitely.

In addition to the safety hazard resulting from delay in cleanup

discussed above, delays in cleanup also will result in increased radiation

dose to the work £5rce, The man-red exposure f£or the cleacup cperaticn without

long delays has been estimated to be In the tens of thousands man-re3. Delays
represented by the alternatives to urging the RB atmospuere w41l substantially

increase this zan-ren exposure toO the work force. Wwith additional delays,

- — - .
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3. Page 3, Item 4.
The NRC staff realizes that disposal of Krypton-85 in the Containment
Building s 2 prerequisite for RB decontasination. However, in the
staff's opinion, the potential safety hazard and large increases in
radiation dose to the work force 4f delays in cleanup are encountered,
referenced in this section, should be quantified.

Disposal of Krypton-85 in the Containment Building is a pre-
requisite for Reactor Building decontamination. Delays in RS decontamina-
tion represent potential safety hazards that cannot be guantified without
a better understanding of the actual core configuration. The additional
safety hazard arises from the increased potential for reactor cove deteriora-
tion the “onger the core rezains in an unexazined state, The longer it takes
to gain access to the Reactor Building and Jetermine the true state of the
prizary coolieat system, reactor pressure vessel, core intervals and reacter
fuel, the longer the uncertainty remains as to what the ultimate risk is for
further releases of radicactive nuclides from the facility. Even without
this quantified risk, however, it is believed that purging the Reactor
Building of Krypton-85 represents the most prudent path to dispesal of
the Krypton-85 radicactive noble gas. The potential for delays represented
by the other options represent additional risks of core deterioration that
regardless of the magnitude, justify purging the reactor building atmosphere
as soon as possible, The true answer to this question cannot be dstermined,
in fact, until the Krypton-85 is dispcsed of and access is gained to the
reactor building., Only then can the true safety’ha:ard and radiation dose
to the work force be assessed. It is not prudent to believe that the reactor
core will remain 1; a safe conditicn indefinitely,

In addition to the safety hazard resu'® ..z from delay in cleanup
discussed above, delays in cleanup also will result in increased radiation
dose to the work force. The ran-rem exposure for the cleanup cperation without
long delays has been estimated to be in the tens of thousands man-rem. Delays

represented by the alternatives to purging the F3 atmosphere will substantially

increase this zan-rem exposure to the work force. With additicnal delays,

1747 126
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Page 6, Section 2.2.

(a) For current samples, provide references to procsdures used and other
available documentation that can serve as assurance for sample data.

(b) No SR-39/90 sample cata is shown in Table 2.1. Provide data to show
that these isotopes were not present. Provide data to show that
gross beta analysis were performed. No tndication was given that
shows that 1-129 was saspled for.

Reactor building air sampling takes place on a weekly Yasis usin
station procedure 1631.2. This procedure is used to routinely sample

for gas, particulate, iodine, and tritium. In addition, a gross deta

analysis is perfcrmed oo the particulate filter from the sa=zpling systed.

Reactor building air samples have not been analyzed for Strontiu=-89/90.

A method and procedure for perforzing this analysis is curreatly being

developed through subcontractors working at T™IL. Upen verification of

this method, a reactor building air sample will be analyzed for Strontium=~

36/90 and the results will be ¢orwarded to NRC. The gross bets nalysis

results on the reactor building air samples are as follows:

TMI-2 Reactor Building
Air Sample

Gross Beta Analysis

Sazmple ID No. Date of Sample Gross Beta Error +
v Ci/al Ci/al

1.40 E-10
1.04 E-10
S.44 E-10
1.33 E-9

8.77 E-10

2.48 E-9

24456 11/8/79 2,27
24459 11/8/79 8.98
27888 12/20/79 1.7

27889 12/20/79 1.33
28381 12/28/79 &. 71
28437 12/28/79 5.24

I
o

U
W0 0 rw

MmMmmMmMmmMmm

VI -

The above gross beta results indfcate that very little Strontiuz

1747 127
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4, (continued)

xe:topoli:aﬂ Edison has nct analyzed a reactor building air sample
for Todine-129. Calculations have been performed which show that Iodine-129
in the reactor building atzmosphere, if released at the rates contemplated
for the controlled purge program, would remaia less than the allowed un-
restricted area MPC off-site by approxizmately a factor of ten. This cal-
culation assumes a 1002 release of the core inventory of Iodine-129 and
Tellurium-129 into the reactor building and a partitioning of these iso-
topes such that 605 remains airborn and 40% is dissolved in the sump
water or plated out. The analysis also assumes that meteorolcgical con-

ditions specified in the Technical Specifications occurs, although Metro-

politas Edison intends to release the reactor building atmesphere only
uander conditions of favorable meteorology which provide much more diluticn
than that available from Technical Specification meteorological conditions.
Due to the above, Metropolitan Edison does not currently intend to sample

the reactor building atmosphere for Iodine-129.

1747 |28
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Page 6, Section 2.3,

A continuing sampling program should be in place to assure that the most
recent <ata bDase is available.

Metropolitan Edison has a weekly reactor building atmosphe

"

e sampling
program in place at TMI. This weekly sampling has provided a large data
base which is currently bSeing catalogued and evaluated by Metropolitanm

Edison. Upon completion of the evaluation, Metropolitan Ecisco intends

o

te document the sample dats in a technical data repor:t. This technical
data report will include all sample results since March 28th and should

be available in February. Although this technical data report has not

vet beea formally documented, Metropolitan Edison has thoroughly evaluated
information available to date and has concluded that the reactor building
air sampling results substantiate the contention that negligidle off-site

doses and radiclogical impact will occur as a result cf the prcposed com-

trolled reactor building purge.

1747 129
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(3

Ceneral Comments on Section 2.

No information was provided on the relative humidity on RB, High
relative humidity condition can cause problems in the HEPA filters
regardless of the disposal methods used. Since there are no Heaters
upstrean of the HEPA filters, provide an evaluation as o the poten~-
tial problems of moisture on the HEPA filters and what will be dcne
to handle this problem.

Table 2.1.

(a) No sample provided since September 1979,

(b) No gross beta analysis given.

(c) Sr-89/90 results not included.

Provide information relative to (a), (b), and (c) above.
Upon verifying that 100% humidity existed in the reactor building,

Metropolitan Edison conducted an evaluation of the effect of this high

n the reactor bdbuilding

[

humidity on performance of the HEPA filters
pufge system, The evaluation performed by Metropolitan Edison shows
that moisture formation oo the filter media and the filter plenum and
housing walls would only occur if the temperature of the surfaces was
below the dew point of the air drawn through the plenum. These tezpera-
tures can be sufficiently elevated to ensure against moisture formation
in the filter housing through the application of extermal heat. Metro-
politan Edison intends to add external heat through the addition of five
electric infrared type radiant heaters along the outside of the filter
plenum. Metropolitan Edison will have heaters in place and operable to

ensure that moisture formation does not decrease particulate removal

efficiency of the HEPA filters during reactor building purge.

See the answer to Question 4 above for the answer to the remainiog

questions raised in Question 6.
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7. Page 10, Section 3.1, Paragraph 1.

Provide a discussion as to what you zean by the statement, "radicactive

gases will be released from the plan:t vent stack at times when wind and
other metecrological conditions are most favorable for atmospheric dis-

persion.

The controlled purge of the reactor building atmosphere will be

LA

conducted in a zanner that provides for variable flow rate of the purge

system Irom zero o 1000 cfz depending on the radicactivity level of the

released gases and the site meteorological conditions. A aeteoroleogical

monitoring program is in place which allows hourly input ©

-

wind direction and temperature differential with al

o
LR
o
o
o.
m
.
L3
o
iy
"]
m
0
W
"
W
.

zeters are used to calculate each hour ia advance the atzospheric disper-

[*™

pooe

sion of the plant vent stack gas release to the environzent suTrTouncing

the plant site in accordance with Regulatory Guide 1.111 "Methods Tor
£stimating Atzmospheric Transport and Dispersion of Caseous Effluents in
Rout ine Releases From Light-Water-Cooled Reactors.” The purge flow rate
will be limited im each hour so that the peak off-site beta activity does
not exceed 0.1 mrem/hr. As shown in table 5.2-5 cases 19 and 21 for typical

October and November metecrologies, the total peak off-site beta skinm dese

1s on the order of 5 mrem for complete purging.

.

7
;i
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8.

Page 10, Section 3.1, Second Paragraph.

(a) Provide a description of the modifications needed to reroute flow
from the inlet of the supplementary vent fi{lter to the plant vent.

(b) From where is AH-V36 controlled?

monitored during

I

(c) Where is flow rate, temperature, and radiation lave
discharge?

(a) The flow from the inlet of the supplementary filters to the
plant vent will be rercuted in the following steps:
1. Recoumission the auxiliary building, fuel handling building,
This in-

and hydrogen control purge systems filter trains.

cludes ANSI N510 testing of the filter trainms.

nitor HPR=-21%9A.

O

2. Calibrate and reactivate stack =

3. Secure the supplementary filter traia by turning off the
supplementary fans and closing the isolation door from the
stack inlet plenum to the filters.

4. Uncap the stack by removing the existing cap.

(b) AH-V36 is being modified to allow remote control of the valve
from a location in the southeast cormer of the auxiliary building on the
328" level. The control station is located behind the shield wall just
nerth the stairway from the 305' elevation up to the 328' elevation
in the southeast corner of the auxiliary building. Sound power phone
cormunications will be provided from this remote control location to
the control room.

(¢) Hydrogen control purge system flow rate and temperature are
measured at the discharge of the hydrogen control fan and monitored inm
the control room on panel 25.

Radiatf{on level is monitored in the filtet‘housing and read out at
a local readout station near the filter housing on the 328' level of the
auxiliary Suilding. General area radiation levels around the filter

housing area will also be monitored by local rad{ation monitor HP-R-3136
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{continued)

(c) (continued)
which will Se located near the hydrogen control filter plenum. This
area radiation monitor has a local rezadout and a remote r2adout in the

control roca on panel 12.
It should be moted that general area radiation levels in the
vicinity of the filter housing are not expected to appreciably increase

during reactor building purge.

1747 133



Page 11, certiom 3.3, last paragraph.

There is no heater or demister in the exhaust systea design.

che expected relacive humidity of the 2B axhaust air to be?

high, what {mpact w{1l high relative humidity have on systes cperat
See the answer for Question 6 for steps beinz taken

moisture dbuildup from affecting operation of

other adverse effect or impact On systes operatiocn

the 100% humidity of the reacter suilding exhaust air.
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10. Page 12, Section 3.3.1, HEPA Filters.

Provide a commitment to in-place test the HEPA filters inm accordance
with ANSI N510.

Metropolitan Edison has cormitted to in-place test the HEPA filters
in accordance with ANSI N510. The proposed Technical Specifications for
Unit 2 currently under review by the NRC contain the followin Zénguage
under Surveillance Requirement 4.6.4.3c.

"The hydrogen purge cleanup system shall be demomstrated operable after
each complete or partial replacement of HEPA filter banks by verifying that
the HEPA filter banks remcve greater than or equal to 99.25% of the DOP when
they are tested in place in accordance with ANSI N3510-1975 while operating

the system at a flow rate of 1000 cfa + 10%."
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11.

Page 12, Section 3.3.1, Last Paragraph.

Provide information as to the type of impregnate for the charccal
adsorbers. Since there is essentially no iodine in the containment
csphere, why is it necessary to use charcoal adsorders?

-
-

"
n
"
P
ba
"
n
"
rr
"
14
P
o]

The charcoal filters in the hydrogen control pur
are impregnated with tertiary amine complex and potassium iodide by
Nuclear Consulting Services of Columbus, Chio.

Metropolitan Edison agrees that there is essentially no iodine
in the containment atmesphere and that it is not necessary to use
charcoal adsorbers. Metropolitan Edison believes, however, that no
detrimental effect accrues from the use of charccal f{lters in the

purge train. We have already replaced the charcoal and it will be in

service during purge.
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13.

Page 13, Section 3.3.1, Third Paragraph.
Provide the location of Panel No. 25.

Panel No. 25 is located in the control room. This panel is the
contrel and mcnitoring panel for the reactor building normal ventilatiom

and purge system and the hydrogen control purge system.
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Page 13, Section 3.3.1, First Paragraph, First Sentence.
Provide a description of the fire detection system in the filter housing.
The reactor building hvdrogen control purge filtar train is provided

with a deluge water spray svstem in accordance with NFPA-l

w
3
rt
w
2]
v
(1]
"
w
'

ture sensing detector inm the filter housing iz the vicinity of the char-
coal filter automatically operates the deluge systez. An alarz is sounded

in the control room and locally coincidental with operation of the deluge

system.
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14,

Page 15, Section 3.3.3., First Paragraph.
Provide a description of the radiation monitor.

HP-R-227 1is a sample panel, not a radiatiom menitsor, which allows
direct sampling of the reacter building atmosphere. The sample panel
can be used to fill a sample bozb for gas analysis, to perform a par-
ticulate analysis by drawing containment air through a filter, or to

perform a tritium analysis by using the installed bubbler. The attached

systex sketches provide details of the sazple system.
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Page 15, Sectiom 3.3.3, Second Paragraph.

Will gross beta analysis be done? If not, justify the reason why it
wi 11 not.

See the answer provided for Juestion &, During purge, particulate

samples will Se analyzed for gross beta.
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1¢.

Page 15, Section 13.3.3, Third Paragraph,

Will AH-V? be throttled to control the flow of replacement air in the
RB? If not, how will this flow be controlled!

AR-V7 will not be throttled to control the flow of replacexzent
air to the reactor duilding. Upon coumencement of reactor bullding
purge, the reactor building will be at a small negative pressure
relative to the auxilia;y building. This szall negative delta pressure
will cause air flow from the auxiliary building into the reactor
building through the AH-V7 replacesent air path. The flow from the
auxiliary building to the reactor duilding through this path will
cause a tendency for equalization of the pressures in the two build-
ings. However, the flow removed from the reactor building dy the
hydrogen control purge fan is expected to maintain a very small nega-
tive pressure in the duilding, without throttling of AH-V7, so that
flow will centinue from the auxiliary building to the reactor building.
If Krypton-85 should go from the reactor building into the auxiliary
building, existing radiation monitors in the auxiliary building would
detect cthe Krypton-82 in the auriliary building and alara in the control
room. By procedure, this alarm in the asuxiliary building will regquire
shutdown of the purge until the cause of the alarm is investigated and
understood. If this flow of Krypton-85 occcurs into the auxiliary build-
ing, the auxiliary building ventilation system will remove the Krypton-83
and discharge it to the stack so that the end result of this leakage will
be a discharge of the Krypton-85 through the stack.

Although AH-V7 is not throttled and is not controlled from the
control room, the ‘iner containment isclation valve AH-VIB can Se shut

from the control room if Krypton-85 leakage into the auxiliary building

is suspected.
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17.

-

Page 18, Section 3.10, Item Neo. 7.
Will this gasmma monitor alarz zause the exhaust fan %o trip?

The filter housing gamma sonitor probes will not alarm or cause the
exhaust fan to trip. The zamma monitor will be zonitored frequently,
and by procedure the reactor building purge would be terminated if con-
tact readings on the HEPA filter reaches a level of 1 rexz per hour.

It should be noted that the 1 rem per hour upper limit imposed
on the HEPA filter contact reading is an administrative limit
which has been imposed by Metropolitan Edison as a precautionary measure
only., If radiation levels higher than 1 rems per hour om centact with
the HEPA f{lters occur, radiation exposure to workers during filter
changeout should still be relatively small. Filter changeout can occur

at higher radiation levels on the filter surface, therefore strict

alara and shutdown measures for this reading are not required,
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18, Page 18, Section 3.10, Item No. 8.
What is the range of the HPR-229?
HPR-229, which is the radiation monitor co the discharge of the
hydrogen control fan is being modified to allow reading of Krypton-83
up to 1000 microcuries per cc. This modificzation is being accomplished

under an EQM at TMI,
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19. Page 24, Section 4.2.
This section should be revised to reflec:t the limiting conditions of
opezation set forth in NUREC-0472, Standavyd Radiological Elfluent
Techniral Specification for PWRs. aidditionmal guidance on implezenta~-
tion .of Appendix ! to 10 CFR Part 50 and 40 CFR 190 is ziven to
NUREG~-C133.
Although NUREC-0472 "Standard Radiological Effluent Technical
Specificaticns for PWRs" has not beem iacorporated iato the Eavirconzmental
Technical Specifications for TMI, this standard is consistent with the dis-

cussion of 1O CFR20 and 10 CFR 50 App. I given ia Sectiom 4.3 and 4.4 of

the Reactor Containment Building Atmosphere Cleanup Repcrt.
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20, Page 27, Section 4.5,

ince Appendix I dose design objectives are stated in terms of guarterly
and annual values, it is clear how you intend to limit the releases to
assure that these design objectives are not exceeded. Provide a dis-
cussion as to how you intend to izplement the requirements of 40 CFR 190
including the contribution from direct radiatiom.

10 CFR 50 Appendix I addresses gquarterly release limits in Sectiom IV.A

such that if cne~half the design objective annual exposure is exceeded in
any calander quarter, the licensee shall investigate, take corrective action,
and report to the NRC. We do not beljeve that the purge operation will
exceed one-half the annual design oblective exposure of 15 millirem skia
dose. Therefore, we will be within the quarterly allowable limit for 10 CFR
5C Appendix I. 1If the allowable conditions of Section IV.A are exceeded,
then the required corrective action and reporting will be completed in
accordance with this section.

40 CFR 190 requirements on direct radiation in paragraph 190.10 (a)
linit the annual dose equivalent to 25 millirems to the whole body, 75 nilli-
rems to the thyroid, and 25 millirems to any other organ of any member of

the public. These limits are greater than the limits allowed under 10 CFR

50 Appendix I.
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Page 59, Section 8.1, Paragraph 1,

Provide an analysis to justify the statement that "the risk %o the
entrant are quite high" 4f the containment i{s not purged prior tc entry.

Metropolitan Edison is still conducting experiments through various
penetrations and the air locks to quantify the exact exposures that would
occur inside the reactor bullding. Upon completion of all these experi-
ments, data gathered will be evaluated and hazards posed by the Krypten-83
atmosphere will be thorcughly evaluated.

It can be stated that radiation exposures as low as reasonably
achievadble can only be accomplished if the radiation exposure associated
with Krypton-85 is eliminated prior to entry. Although the additional
exposure caused by Krypton-85 should not cause significant risk to the
antry team, assuming that all beta doses are shielded through the wearing
of protective clothing, analyses have shown that a signification portion of
the whole body dose associated with the reactor building entry prior to
purge comes from radiation associated with the Krypton-85 in the atmos-
phere. Risk to the entry team does exist, however, due to the potential
for accidents which could cause loss of suit integrity. Tearing the
protective clothing or rezoving the face mask ({inadvertently or due to
ioss of breathing air) would cause addi:ional skin and internal exposure.

Metropolitan Edi{son has recently conducted experizents through pene-
tration R626 designed to determine the effectiveness of clothing material
to be worn by reactor building entry team zembers. The results of this
experiment are not yet completely understood, however, they do show that
the material is apparently effective in removing dose contribution from
betas ezitted by Krypton-85. The material did not, however, prevent
the Krypton-85 from penetrating the mat. rial and con tauinating the TLD
case and chip wrapped inside. Also, some of the real time radiation
measurement instruments were apparently affected by the presence of the
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27

{continued)

Present sampling indicates the concentraticn of Krypton-85 in the
T™I-2 containment building is approximately .8 -%#Ci/ecc. Without any
protective clothing, the resultant dose rate to the skin is calculated
to be 160 rem/hour. With protective clothing to reduce beta dose
(103 protection: 1.5 mm tissue equivalent material), the skin dese
rate can be reduced to 1.6 rem/hr. The whole body dose rate with or
without protective clothing would be calculated at 1.6 rem/hour.

This dose rate would limit stay time to approximately 108 minutes to

stay within the 10 CFR 20.101 dose limits assuming no other radiation

source.
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Page 69, Section 8.1, Secocnd Paragraph.

Provide or define in greater detail potential release points from
containment,

See the answer provided in Question 2.
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23. Page 69, Section 8.2, Current Noble Gas Activity

Provide in the design basis consideration for particulates, H-3
(Sr-89/90), and lodine.

Section 5.1 includes an analysis of allowable purge rates for the
particulate CS-137, and Iodine-131. These analyses demonstrate that the
Iodine and particulate contents are far below the Krypton-83 in
terms of limiting flow rates to meet 10 CFR 20 Appendix 3 limits. Therefore,
the system design basis does not address these potential radiocactive isotores.
Sr-89/90 is addressed in Question 4, From the gross beta activity samples,
it is not expected that airborne Sr-39/99 represents a sufficiently high con-
centration to be considered in the systems design basis for the noco-purge
alternates. Preliminary assessments of tritium level in the reactor tuilding
atmosphere indicate that tritium activity is sufficiently below Krypton=-85
acgivi:y that tritium need not be considered in the design basis for the

alternate system scoping studies.

t should be pointed out that from the standpoint of purging the
reactor building atmosphere Krypton-85 is by far the dominant ceontrolling
isotope for determining acceptable purge flow rates and expected off-site
dose consequences. If in the development of final designs for atmosphere
storage options additiocnal isotopes need to be considered, the effects will
be to add additional complexity, costs, and =i «s which all tend zo make the

urging option even more favorable,
purg P
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24. Page 70, Sectionm 8.2, Containment Volume,

If perfect mixing is not achieved, what would be the zaxizmuz voluze
to be processed?

The process volume is calculated based on perfect =zixing of a
continuous feed and bleed process to provide ultimate Jilution o
’ -S -
from L wCi/al to 1 x 10 “ACi/ml,

/

The average rate of change of concentration within containment can

be written as:

& cx®
TRt
where:

¢ = containment concentrltion};Ci/ml

F/V » Fraction of containment volume remcved per unit time
F = Discharge flow rate

V = Containment volura

t = time

This expression has the solution

F
. C=Coe v .

where Co is the initial concentration of lfnCi/ml, For a figal con-

; -5
centration of 10 “u Ci/m
C 10 ee 3 t, for perfect mixing.
ror less than perfect mixing, we can introduce a mixing facter, MF,

such that MF is theratio of peak concentration to average concentration and

c the limitinh concentration i{s given by

LO

c
—6—3-10’5-.0'; 7‘

Where M 2 1,

Solving for Ft, the number of containment vol.umes to be processed
v

-:—5-m105+:am-'

e« 1.5+ la MF 17‘1‘ ]52

For perfect nixing, MF = 1.0,

i



24, (continued)

I .q.s.
v

For a mixing factor as higl as five, or a peak concentration as

high as five times the average concentraticn, the process volume increases

to IE o 11,5 +1.6 = 13.1
v
6 &
or, additional processing of 3.2 x 10 cubic feet. For the purge cptiom,
this increases the process time by 2.2 days. The integrated dose conse~
quences would be unchanged.
For the process and storage options, the cozpression storage volume
increases by 14X and the charcoal storage volume increases by 14%. The cryo-
genic storage volume should be unchanged, because the total Xrypton-85 conteat

remains the same.
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Page 70, Section 8.2, Setsaic Design Category,

Provide justifi{carion for the statemen: that Regulatory Guide 1.143 is
not consicdered appropriate for the situation at T™I-2,

Metropolitan Zdison considers regulatory approval :» store the
Krypton-85 {n a vessel which s designed :o less stringent Tequirezents
than the current vesse., i.e. the containment building, is not likely to
be obtainable. As a result, Metropolitan Edison has concluded that at
least the Storage systems for the Krypton-85 would be required to zeet
seismic Category I and ASME code, Section II1, Division I, Class III
requirements., Since Regulatory Guide 1.143 impeses less stringent re-
quirenents on gaseous radicactive waste treatzent systems, Metropolitan
Edison concluded that 4 would not be prudent o invoke only those re-
quirements on the design of these Systems. Also, the hydrogen control
purge system is a safety grade system which does meet requirements nore
stringent than those imposed by Regulatory Guide 1.143,

In the answer o Questions 30, 32 and 33, Metropolitan
Edison did look at other désign requirements for the alternate systens.
The investigation of the time and aoney required to install these sys-
tems for the various design requirements scenarios showed that the
imposition of fequirements zore stringent than Regulatory Guide 1.143
did not significantly impact the amount of azoney or time required, and
therefore, was not a dajor factor in decisions Lo use the purge rather
than any of the alternate systenms,

If controlled venting is determined to be unacceptable, then the
design alternatives for R8 armosphere cleanup should Ye of sufficient {p-
tegrity that {nadvertent release is pretected against over the expected
duration of storage. This has been the basis for selection of the desizn
criteria for the alternatives examined. This dasis will Tequire more

stringent conditions than provided in Regulatory Guide 1.143.
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26. Page 70, Section 3.2, Design Code.
We do not agree that Regulatory GCuide 1.143 is inappropirate for the
design of altermative systems, irovide further justification %o support
your position.

See the answer provided to Question 25,
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27. Page 71, Section 8.2, Charcoal Adsorption.

Provide an analysis to show that it will take 11.5 tizes the reactor

building atmosphere volume to achieve MPC levels.

See answer to Question 24.
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Page 71, Section 8.3, Charcoal Adsorptien.

For the Adsorption and Storage System, where would the interface
point with containment be?

The interface point for all the systems (cryogenic treatment,
gas compression and charcoal adsorption) is the hydrogen control
purge duct, after the containment air passes through the hvérogen
control filter train. In other words, the existing HEPA filter sys-

tem would be the same on all systems.
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29. Page 7!, Section 8.3.1, System Descriptiom.
Provide the basis for the 134,000 tons of charcoal stated in this
section. Provide justification as to why it is necessary to design
and construct the tanks to Section III, Class 1.
Sufficient charcoal is required for processing 23 x 106 cudbic
feet of containment gas without the occurrence of "break-through,” i.e.,
without detecting signification Krypton-85 at the exit of the charcoal
beds.
From the 12th AEC Air Cleaning Conference, NEDO-12327, "Measurezent
of Dynamic Adsorption Coefficients for Noble GCases on Activated Carbem,”
D. P. Siegwarth, et. al., break-through occurs at scme fractiom of the zean
residence time, :m' of krypton in a charcoal bed. This is illustrated in
enclosed Figure 10 from NEDO-12327, which shows the ratio of bed output ac-
tivity to bed input activity as a function of time, given in dimensionless
units of t/tn.
The value of :-. in turm, is given by:
e o Sa M
F
Where:
t = mean residence time, minutes

o
K, = the dynamic adsorption coefficient for noble gas on charcoal

cc ? stp/gn
M = mass of charcoal, gm
F = carrier gas flow rate, cc/min
From Figure 10 of NEDO-12327, the time to "break-through,” :b'
is on the order of 0.7 e
Using a minimal amount of conservatism, let tb - 0'65‘ta:

tb = 0.65 kd x M

F
This expression is used to determine the required charcoal =ass.
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29. (Continued)

Convert the expressiom to more convenient units, {.e., express
M in tons of charcoal and F in scfm.

Therefore:

f‘/tOﬂ}
~ 3
0.65 x K, x M x 907.2 x 10
:b = d
Fx 2.832 x 10‘
W*J
{cc/f:3
20.8 K, x M
- d
F
or, Fx tb
3008 x R,
Fx tb egquals the total processed volume of 23 x 106 ftj.
Therefore:
ve 23x10°
: 0.5zK; 'O
d
. L1 x 10° tons
s

The supplier of the Oyster Creek charcoal system indicated that
the value éf Kd for Krypton using a coal base tvpe of activated
charcoal sperating at asbient temperature is 33 cc/gn.
Therefore: .

HNe 2.11 2 106

33
= 33,500 tons
T 34,000 tons
Also, the density of the charcoal used at Oyster Creek is 34 pounds
per cubiec foot. Based on discussions with a charcoal manufacturer, this
represents an upper limit to the charcoal density which can be achieved by
1747 140
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29, (continued)

- 34,000 x 2,000
34

a2 x 106 cubic feet

The charcoal storage tanks would be designed to meet ASME Sectiom
II1, Class 2 requirements in accordance with Table 1 of Regulatory Guide
1.143. Since these tanks would house Krypton-85 for
an indefinite time period, it is felt that the design cf these tanks should
be consistent with the existing containment vessel. As indicated in the re-
sponse to Questiom 25, Metropolitan Edison did look at other design re-
quirements including both less stringent and mcre stringent requirements.
The imposition of less stringent design requirements did not materially

affect the cost or schedule for implementing the alternative stcrage

options.
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30. Page 73, Section 8,3,3, Cost and Schedule Estimate.

Provide a detall breakdown to justify why 4t will take 30 to 40 conths
te design and construct this system.

Io order to evaluate the eifort required to place the altemnate
systems into operation, Metropolitan Edison performed a scoping evaluation
which included a preliminary system design for each alternate. These pre-
liminary systems were then evaluated by Metropolitan Edison's architect
engineer to determine schedule and costs for implementing the systems. The
schedule determined is as shown in the attached bar chart. Our architect
engineer used standard industry estimating and scheduling technigques to de-
teraine the times and costs presented., The cost and schedule estizates are
based on vears of expe ‘ence and considared judgement and are considered
adequate for use by Metropolitan Edison. A nore detailed estimate would
require greater design detail, which would impose additional, unwarranted
delays in solving the Xrypton-85 problem.

In order to complete the cost ard schedule estimates, the ar-
chitect engineer assumed as a base (or most probable) case that the build-
ings, equipment, piping, supports, and electrical service were seismic
Category I and that the piping design cocde was Asgz Section III, Divisien I,

ilass 3. The reascns for these assumptions are presented in the answer to

Question 25. Additionally, shortest schedule/least cost and lengest schedule/
maximum cost estimates were also made. For the shortest schedule evaluation,
buildings, equipment; piping, supports, and electrical service were non-seismic,
and the piping design code was ANSI B-31.1/ASME VIII. For the longest schedule
evaluation, the same seismic and code reguirenents as used for the most probable
case were used, but afreraft hardening for the building was alsc assumed, In
each case, the schedules and costs are considered to be the additional time/

cost required for the alternates as compared to the base case of performing a

controlled vent of the containment. '
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30. (continued)

The following additiocnal qualifications apply to the schedule

and direct cost estimates for all the alternative systems:

o All buildings are located at grade level,

o All structures are assumed to be located approximately 1,000
feet from the containment,

o Interccnnecting piping for containment atmosphere from the power
plant to the systens will be buried and encased in concrete.

o Cost of charcoal/HEPA filters are excluded since they are cozmon
to all svstems.

o All costs associated with the following items have been excluded

froe the estimate.

Security

Fire Protection

Demolition of facilities and salvage of equipment upon de-
mobilization of systems.

Major site work (excavatiofi, backfill, ete.)

Operation and maintenance of systems.

Licensing

Permits, fees and insurance.

Disposal of radicactive materials.

o Schedule is based on industry standards for lead :=imes and con-
struction methods and has not been optimized.

o Power supply will be from existing equipment in the plant.

0 All estimated costs are in present day dollars (Septe=ber 1979).

All allowance for contingency is i{ncluded at 33 percent.
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30. (continued)

For the cryogenic system, the following additional gqualifications

apply:

0 Cost for existing equipment procurement is for the specified
equipment (Specification 8031-M-95) delivered to the TMI site
in operating conditioan.

o Cryogenic equipment will be provided on skids with valves, controls
and instrumentation included.

o Product compressor is included with the existing equipment.

o Instrument air will de provided from local compressor.

o0 Cooling water and demineralized water will be provided Irom
existing equipment in the power plant,

© The utility costs are for operation phase cnly. Construction
and start-up utilities are excluded.

For the gas compression system, the following additional qualifi-

cations apply:

fications

0 36-inch pipe wall thickness is 3/8 inches.

o Pipe will be supported by a structural steel grid system.

o Pipe will be run in 200-foot lengths, capped at each and inter-~
connected with 4-inch pipe,

For the charcoal adsorption system, the following additional quali=-

apply:

o Tanks will be supported by building floor and roof truss system.

o Tanks are arrangd in 45 rows of 10 and are not staggered as
shown in sketch. ’

o All valves will be manually cperated at the valve.

o Tank orders to be i{ssued to several vendors to optimize production
time. ' 7‘ } ' ‘5

o Charcoal will be available at jcbsite as required for comstruction,

o Cost of storage and handling of charcoal at jobsite is excluded.

o In all cases (least cost, most prchadle cost, and zaximua cost),
$61.2 million for charccal {s included i{n the cost of components.
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30. ({(continued)

It should also bSe pointed out that only direct costs were shown
in the original submittal. Since cost considerations were not the major
determining factor im rejecting the slternates, other costs such as re-
placesent power and revecue losses were not included, Metropolitan Edison
did, however, evaluate all costs associated wi;h {zplementing the altemmative
systems. A tabulation of all these costs is attached. The following addi-
tional qualifications apply to these more detailed cost estimates.

© An escalation alowance of 7% per year compounded has been provided.
o AFUDC (incremental) of 12% per vear compounded has been used. It is assuded
the plant will be commissioned in 42 months after the working entry.
0 An allowance of 510 million per month has been included for replace-
ment power in 1979 dollars and has not been escalated.
o Credit for fuel has been provided at the rate of two mills per
KWHR based on historical fuel cycle costs. Plant rating of 959
Mde, along with 60% capacity factor, has been assumeé for this
calculation., TFuel costs are 1979 dollars not escalated.
o Differences in O&M costs have not been evaluated and are not
considered tc be significant at this time,
o loss of revenue due to T™MI-2 being cut the rate base is 38
nillion per month. This includes capital cost, deptéciation.

income tax, operations and maintenance costs and other taxes.
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! * i
, The resultant cost estimate ($ milllons) for the cryogenic treatment system are:

Addittonal
3.  (continued) : Replacement Fuel Revenue
Components Bullding Utilities Escalation AFUDC Power  Cost Loss Total
. Least (Zo-tl 5.2 4.8 0.4 0.6 7.0 200 (16.7) 160 361.3
!
Most Prob. Cost2 $.7 5.0 0.4 0.9 8.0 250 (20.8) 200 449.2
Max. Colt:, 3.7 M | 0.4 3.3 10.4 300 (25.0) 240 540.0
; 2 3,
; Twenty mouths Twenty-five months Thirty months
!
|
l The resultant cost estimates ($ millions) for the gas compression system are:
: Additional
Replacement Fuel Revenue
Components Bullding Utilities Escalation AFUDC  Power Cost  loss  Total
Least Coat1 43.1 12.4 -— 4.3 40.3 250 (20.8) 200 529.3
] Most Prob. Costz 53.6 13.0 —-— 6.3 52.0 320 (25.0) 240 639.9
Max. Cost3 22.7 26.2 —— 8.9 67.0 3150 (29.2) 280 7156.6
1 2 3
Twenty-five months Thirty months Thirty-five months
—
P
.
s The resultant cost estisates ($ millions) [or the charcoal adsorption system are:
f Additional
; Replacement Fuel Revenue
I~ Components Building Utilities Escalation AFUDC Power Cost  Loss Total
Least Coat.l 107.6 20.9 —-— 12.2 100, 3 300 (25.0) 240 71560
: Most. Prob. Costz 117.0 22.0 - 15.4 116.4 350 (29.2) 280 B71.6
i
' Max. Cost3 117.3 42.2 -— 20.4 143.2 400 (331 20 1009. 8
| ' 3 ,'|: wty mont ha
' Yhirer months thirty-five i



31. Page 76, Section B.4.1,

Provide additional detai{ls on the Compression and Storage System
evaluated. Provide {aterface information.

For interface information see the responses to Question 28. A
more detailed cost and schedules breakdown is given in the response to
Question 30. The conceptual design of the Compression and Storage Systes
is shown in Figures 8.4~1, 2, and 3. The Design Basis for this systez
is given in Section 8.2 and is the same as for the other alternate systems.
Adéditional details of the evaluation of selected storage pressure, re-
sulting storage volume, and length and weight of storage piping are given

below. Finally, details of the shielding evaluation are provided,

As a {irst approximation, the high pressure storage
system which would be most economical is the one which
contains th? smallest weight of metal. Accordingly,
the effect of the main system variable, i.e., storage
pressure, On storage vessel weight was evaluated as
follows.

For a c~ntainer initially filled with air at atmos-
pheric pressure, the storage vclume reguired is:

P
0
v = V -

s X

P
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{continued)

Where:
Vs = reguired storage volume, ft3
VP = processed volume = 23 X 106 523
Po = initial container pressure = 14.7 psia
P = storage pressure, psig
Therefore Vg = 23 x 10° x 14.7/7
The reguired container wall thickness, ¢, is given by:
¢« = B
Where:
R = container radius, in
o = allowable stress, psi

15,000 for a typical carbon steel
in accordance with the ASME Code,
Section III, Subsection NA

Neglecting the steel contained in the container ends,
which is reasonable for containers such as piping with

high length-

to-diameter ratio, the total container

stee? volume (Vo) is:

Vo =

*

wWhere L =

27R x L x ¢t

container length, in

; : i 3
required container volume, 1in

volume per unit length

23 x 10% x 14.7 1728
5 o




s § I {continued)

Accordingly, using t = PR/¢O

23 x 10% x 14.7 x 1728 PR

v = 27R Xx X —
0 PnR2 c
. 2% 23 x10% x 14.7 x 1728
15,000
6 .3

= 78 x 10" in
At 0.28 pounds per £t3, the weight = 22 x 10° pounds.
This evaluation shows

is independent of the storage pressure and also inde-
pendent of the specific container radius selected.

hat the total centainer weight
-

It is considered that standard wall piping would be
the type of storage ccmponent which could be most
readily obtained in a timely manner for the system.
Use cf 3€6-inch 0.D. standard wall piping (0.375-inch
thick) was selected tased on the following cénsidera-

tions:
o Use of a smaller diameter standard wall pipe
would result in a higher storage pressure,

which has a higher potential for inadvertent
system leakage. In additicn, while the total
volume of piping would decrease, the total length
of piping would iacrease. Accordingly, the number
of field welds which would be reguired would in-
crease.

. Use of a larger diameter standard wall pipe is
desirable in that the storage pressure and number
of field welds would be reduced. However, the
availability of piping decreases in the larger
sizes, and the difficulty of performing field
welds increases. .

. Accordingly, while not optimized, use of 36-inch
0.D. piping is considered a reasonable balance
between availability, storage pressure, and ease
of installation,
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31.

(continued)

Pertinent parameters for a system which employs 36-inch
standard wall piping are as follows:

Storace Pressure

In accordance with the ASME Code, Section III, Sub-
section ND, (Class 3 components), Paragraph ND-38640:
2 X S x Et
2 = —
a Do 2 yt
Where:
Pa = allowable pressure, gsig
[ = allowable stress
= 15,000 psig for typical carbon steel material
E = we)d joint efficiency
= 1, with 100% radiography and arc-welded
joints
t = wall thickness = 0,375 inch

= pipe cutside diameter = 36 inches

D
y = 4 for pipe with Do/t > 6

L 2 % 15,000 x 1 x 0.375
a 36 = & X & X U379

= 340 psig

torage Volume

From above:
23 x 10° x 14.7

Vg * P £e? '7‘1 '7'

23 x 10% x 14.7

B 340
= 0.994 x 10° £¢3
¥ 1.0 x 105 £2?



(continued)

Intesnal area = I (36 = 2 x 0.375)2
= 975,91 in2
= 6.78 £t°
Therefcre:
Required lengsh = =X 10 §t3
6.78 £t
= 147,000 feet

e

150,000 feet

Weight of Pipe

From ANSI B36.10-1975, the weight of standard wall
36-inch pipe is 142.68 lbs/ft. Therefore:
Pipe weight = 150,000 x 142.68

= 21.4 x 10° 1bs

Design Alternates

Parameters for various design alternates are defined
in this section including (1) use of higher pressure
Piping, (2) use of a single large container, and

(3) use of many standard gas stcrage bottles,

(1) Use of Higher Pressure Piping

The design pressure for 1.0-inch thick 36-inch
piping is, in accordance with the previous sec-
tion:

2 x 15,000 x 1.0
P = WeIxixl

= 1,070 psig - ]741 ]72



3l.

{continued)

(2)

(3)

The weight of such piping comp
wall piping would be propertional tc the wall
thickness and inversely proportional to the

design pressure, i.e.

& 1.0 340
0.375 1,070

Weight = 21.4 x 10

6 .
- 18.1 x 10" 1bs
Accordingly, there is no significant weight
savings associated with thicker walled piping.

Use of a Single Large Container

Assume a vessel equivalent in volume to the
existing containment vessel, i.e., 2 x 10° 2¢3,

In accordance with Section 3.a., the storage
pre-sur for such a container would be:
23 x 10°% x 14.7

>
2 x 10°

= 170 psig .

With a radius of about 60
wall thickness of such a
¢ v 170 x 720

15,000

= B,2 inches

feet (720 inches), the
container would be:

Such a container would likely be significantly
more costly and would take longer to construct
than a system which employs standard wall pipirg.

Use of Standard Gas Bottles

Standard high pressure gas storage bottles per
ICC-2265 have the following parameters:

" torage pressure: 2,500 psig
6 Hydro pressure: 5,000 psig
1747 173

°  Capacity: 277 £t° at sTP




31.

(:ontinued)

The reguirega number of suek bottles :ig therefore:

6
23 x 10
277

Or 83,000,

The pipe ang valve arrangement
L ]

&
for s
employed such bottles would be Very complex he-
cause of the large number of bottl z 1

Summary of RPesults

a. Desicn Parameters cf Basin Svstem

Pipe Size: 36-inch 0.D. Standars wall Pipe (0.375~inch
thick walls) .

Storage Pressure: 340 Psig

6 3

Storage Volume: 1 x 10~ f£¢

Length of Pipe: 150,000 £¢3
Weight of Pipe: 21,4 x 106 1bs

b. Use of Hicher Pressure Piping

Pipe Size: 3€-inch 0.D., 1.0-inech thick wall
Storage Pressure: 1,070 pPsig
Weight Savings: Negligible

- Use of a Sincle Large Cintainer

Container Volume: 2 x 106 ft3

Storage Pressurg: 170 psig

Reguired wal} Thickness (if carbon steel): >3 inches
d. Use of Standard Gas aottlgi

Number of bottles fequired: 83,000 '7‘] '74

Conclusions

Use of standarg wall piping, about 26-incn diameter, isg
considered the MOSt reascnable approach,




(continued)

snieidins tvalurtion

it T At

The shielding evaluation contains a term which
is related -y cecmetry %o the total zammas per sec
from Kr-85 disintegraticns, S.
For 1 uCi/ml of Xr-85 and 2 x 10° £t of containme
volume, the total curies of Kr-85, C, is:
c = 1x10°% x2x 10% x 2.832 x 10°
= 56.6 X 103 curies
; - 10 2 3 " '
With 3.7 x 10 disintegrations per second, and 0.01 A's
produced per disintegration:
3 10
S = 56.6 x 107 x 3.7 x 10 x 0.01
3
= 2.1 x 10%3 A's/sec

1747
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Ano-her

common term i
3 the dose received in R/hr as a result
fYux of 1 gamma per sguare centimeter per
For the 0.5 Mev gammas frcm Kr-85, Dp egqua

The subseguent evaluation is

physical parameters cont ine
»"2 Handbook of Radiation Shi
July, 1976, This is referre

following evaluation.

From Ref. 1, the dose for an infinitely long cylinder

ased on the

a the shielding evaluation is

of a gamma
sec nd
als 107°.

methods and

in ANS/SD-76/14,

n

d
elding uata,
a

o0 as "Ref.

2
- DR ® Sv X Ro X B
2 (a + 2)
Where:
sv = yolumetric sour
Ro = cylinder radius
B = buildup factor
F(n/2,b) = Siesvert's
a =
2 = effective cylind
self-shielding
?.'go
b = ut
¥ =
materials, cm~1
i = shielding mater

F (n/2,b)

ce, l's/cma-sec

integral (Ref.

(0]

er radius con

dated

1" in the

b

1, Page 2-9)

distance from outer surface to receptor

idering

for gas in 36-inch diameter pipe

attenuation coefficient for shielding

ial thickness, cm
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{continued)

(1)

High

g

ctivity Piping with Six-

s shewn in Fi
section of hi
the total high activity

sists of 20 § of the tot
the volume of these oute

=  B8/21 = 0.3 x VS

= 0.076 Vs

Where Vs = total storage volume

6 3

= 1 x 10" £t7 @ 340 psig

Alsc, the fraction of
activity removed from containment is:
 §
-V*/V
£ = [1-eV/V]

Where V1 = volume processed

0
(i

v = containment volume

Therefcre, the activity rem vedlby the
building pipe sections, where V* is (0
or 0.124 of the total process volume (
@ Stp) ’ iS:

6 6
£ = [1 - e~ (0.124 x 23 x 107/2 x 10 ))

= 0.76
When 20% of the total volume is processed:

s08 106
(1 - e~ (0:2 x 23 x 107°/2 x 10 )]

n
o
0
o

» the cutermost pi
5 t

ections conta
) or 0.14 of 3

al activity.

1747
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31. (continued)

The volume

- —

of these outer

e 0.076 x 1 x 106 ££3, or 2.15 x 10% nl. ,
et Thereiore: e Ll = =
TG gy e s B 0.14 x S
Sy 3
SRS . S T T &% i s - -
Lol i _ 0.14 x 2.1 x 1083 T S
B T L _..2.15 x 10° PRI T iy
— = 13.7 x 10 A's/ce-sec o Tt v -
y I i P R T TP L i P
L 2Z_=_ 30 = 1,5 feet____ __ __ ___._ .
T A e o e + a ‘=12 Jeet minimum e | ol
R el L a+2 = 3.5 feet = 107 em T
il - R T s T AR 1 2ty - LN STl
i Ry B ey o
==y .RO = 1.5 feet = 45.7 em 77
__ R 2 = 2., x 103 ot IO -8

AT

- - o e————— —— ———— § e — ———

it . ._The shielding consists of 0.375 inches cf carben
R ¥ __ . _ _steel pipe plus 6 inches of concrete, Lt
_..._.f._- PR U . ORI U [ A OO e - AU N -

F ek ot 1 “f’—‘ "7 u(0.5 Mev A's) =" 0.659 (Ref. 1, Page 5-10)
LI R e e s wan

¥~-— ' Coﬁcrete: fe e m e

3 i 7 T u(0.5 Mev A's) = 0,202 (Ref., 1, Page 5-11)

i € = 6x2.54 = 15.24 |
_ ' . 1741 178



31. {continued)

i R e e s Y i e Tl T B e
S SR S e S5 T ) =5 et A e L
555 . : :
e e W UGS 20,953 & 0,209 & 15,28 =it
A e T Y - S N 0 LI
e, ———_F(n/2, 3171) = 1.5 x 1072 (Ref.'1, Page 2-9) . .._
o ’ ! : g : -
| From Ref, 1, Page 5-22, B = 7.3. ;
— i DO - - '
1 : J
i) j Using values determined above:
o B ey =18® = 2.1 % 167 ey
107%x 13.7%x10° x 2.1 x 10° x 7.3 x 1.5 x 10 “
: - Dose = = '3
' : l ' ! : ) L _2_1 10 :
SRS SN SRR TR STl ¥ T .

o Ry T Y 27 1.5 mr/hr from a single pipe - :

| 1 | _There are seven rows of pipes at the outer face

: : of the building, the highest being approximately
"—*f—‘ - 7 -30 feet elevation. Accordingly, the total dose
—r————e e=-... wOuld be about eguivalent to that from three rows
£ -of pipes, or 4. g me/hr.

| ] M » » »
worich, L e S This is less than the dose for a radiation area
ot 5 mr/hr and is acceptable,

— — —— —

- .%_“_m;“(z) Low Activity Piping with No Concrete Shielding
_T‘"T‘j"f”j“r"As shown in Figure 8.4-3, the T
et~ - . Outermost sections of the low activity piping

EY f i contain 40% of the total processed volume, or

1 T o 400,000 £t3, This is the last gas processed.
il S L rhe fraction of total activity contazﬂed in other

: ' I ’ 1 .
e o) +- pipe sa2ctions is thu s: B e e

)

| : ‘ '

e S ._.'___;._.7.. ol i} 6 6 P
N T e _ e-(O.S x 23 x 107/2 x 10 )) Tt
o ‘ . o ey R ae w s we b R D i
.
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Accordingly, +he low activity piping contains
0.1% of the total activity.

3 %X 10-3 % B

v = v

s x 1077 x 2.3 ¥ 1070

400,000 x 2.832 x 10°

= 1.85 y's/cec-sec

LA 1)

The ratio of source s:trength from high and low

activity sections is:

13.7% 10

T = 740

The results in the previous section show that
with no concrete shielding, the dose would De
increased by a factor of 1/(B X F(r/2,b)), or:

A — = 9.1
7.3-% 1.5 % 19

Accordingly, the dose from 1o activity piping
1

W
will be less than 9.1/740 x 100

= 1.2% of high activity piping.

~
= 0.012 x 4.5 = 0.05 mr/hr which is acceptable,

174" 180




32.

Page 77, Sectiom 8.4.3, Cost and Schedule Estizate.

provide a derail breakdown O justify why 4z will take 25 to 35 months
to design ané construes this systes.

gur architect engineerl used standard industTy sstimating and
scheduling techniques t° determine the tizmes and costs presented.
The cost and schedule 2stimates are based on years of experience and
considered judgement and are considered adequate tor sse by MetTo<
politan tdison. A moTe detailed estimats would reguire greater
design detail, which would impose additicnal, unwarranted delays
in solving the Rrypcon-85 problem.

See the answer O cuestion 30 for additicnal details. .

1741 181
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Page 85, Section 8.5.3, Cost and Schedule Zstimates.

Provide a detail breakdown to justify why it will take 20 to 30 =zonths
to design and construct this systes.

Our archiresz: engineer used standard industry estimating and
scheduling techniques to determine the times and costs presented.
The cost and schedule estimates are based on years of experience
and considered judgement and are considered adequate for use by
Metropolitan Ediscn. A more detailed estimate would require greater
design detail, which would impose additionmal, unwarranted delays
in solving the Krypton-85 problem.

See the answer to Cuestion 30 for addizional details.

1747 182




