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ANTICIPATED AliNUAL RELEASES OF RADICACTIVE MATERIALS
IN GASEOUS EFFLUENT PROM OCONEE NUCLEAR PONER STATION - UNITS 1, 2, & 3

(BASE) ON 60 DAYS HOLDUP)

Containment Purge Waste Gas System Waste Gas System Steam Air Ejectors Total

Units 1, 2, & 3* Units 1 & 2 Unit 3 Units 1, 2, & 3** Units 1, 2, i

Uuclides- (Ci/yr) (Ci/yr) (Ci/yr) (Ci/vr)

Kr-85 39.6 1465. 733. 6.63 2245.

8.73 8.9
Kr-87 0.12 --

27.9 23.8
Kr-8S 0.93 --

Xe-131m 29.7 48.2 24.1 10.6 113.

Xc-333 3078. 101. 50.3 2091 5320.

-- -- 9.66 10.7
Xc-135 1.05 .

'. 6.45 5.l00 ==
Xc-133 0.021 --

c3
o

-- 0.024 0.53
>" I-131 0.78 --

O
0.03 1.17N

I-133 1.14 ----

C3

D
W(yv * Ear.h unit will have a separate plant vent

** Each steam air ejector discharges to the individual plant vent

*
.
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RADWASTE SECTIONS FOR ENVIRONMENTAL STATEMENT
OCONEE NUCLEAR POWER STATION UNITS 1, 2 & 3 AT 100 PERCENT POWER

- Radioactive Waste-

~ The operation of a nuclear reactor results in the production of radioactive

. fission products, the bulk of which remain w ti hin the cladding of the fuel

,

. rods. During operation of the reactor, small amounts of fission products may

escape from the fuel cladding into the primary coolant; also, some radioactive

materials _ are produced as a result of neutron activation of corrosion _ products

in the coolant. - Some of these materials in low concentrations may ba released
.

into the atmosphere as gases or released in liquids tc the tailrace of the

Keowee liydroelectric Station which ultimately dis charges to the Keowee River

by controlled processes af ter appropriate monitoring, treatment and sampling.
.

The radioactive vaste treatment systems . presently incorporated in the

Oconee Nuclear Power Station are described in the Duke Power Company's Final

Safety Analysis Report' and the applicant's Environmental Report dated July 1970

including the Supplemental Report dated October 18, 1971 and Revision 1 to the

Supplemen(' dated November 2,1971. The radioactive waste handling and treatment

systems _ of ~ the Oconee Nuclear Power Station are designed to collect and process'

- the liquid, gaseous , and solid wastes that are byproducts of station operation

and that udght contain radioactive materials . The liquid waste treatment

' system is sized to accommodate ' the waste produced during simultaneous operation

of Units 1, 2 & 3 and 'is common to all three units. Units 1 and 2 will share

i .
;

_1

.
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a common gaseous waste trnatment system. Unit 3 will have a separate treat-'

'

mant-system which can be interconnected.'to the system for Units 1 and 2;
-

2:- - however, these systens will normally be- operated independently. The radio-
rp
} activity _ that may be. released during operation of Units 1, 2, and 3 at' full

' power will' be' as low as practicdble and in accordance with Commission regula-
'

L

tions,Las set forth in 10..CFR Part 20 and 10 CFR Part 50.

1
-

Caseous Waste ,

i. During power operation of the facilities , radioactive materials released

to the atmosphere in gaseous effluents include laa concentrations of fission
'

b.
product nobic gases (krypton and_ xenon) , halogens (mos tly iodines), tritium

contained in water vapor, and particulate material including both fission4

products and activated .,r.pr.rosion products.

1

The primary source of gaseous radioactive wastes is from the degassing of

the primary: coolant during letdown of the cooling water into the various .

~ holding tanks. Additional sources of gaseous waste activity include the

auxiliary building exhaust, spent fuel-area exhaust, the discharge from the
2

steam. jet' air ejectors, purging of the reactor contaminant building, and

ventil$ tion air exhausted from the turbine building. The gaseous waste .

: handling and treatment'systers for the.Oconee Nuclect Power Station are

shown schematically in Figure .

~ Components that can contain potentially radioactive gases will be

collected in a vent header. All liquid waste' tanks are vented' to the
.

- < gaseous waste vent header to providc .for filling sud er.ptyIng without
-

i
|
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overpressurization or creating a vacuum. The vent gases are subsequently

drawn from the vent header by one of two compressors or a waste gas exhauster.

The gas compressor discharges through a gas separator to one of two vaste gas

storage tanks (each system has two storage tanks with a unit capacity of

1,100 cubic feet at a pressure of 100 psig) where the gases will be held up

for radioactive decay. The operation of the waste gas storage tank is such

that it can function both as a surge and a storage decay tank. L?.ca filled,'

the storage tanks will be sampled and analyzed to deter.aine the release rate

or the need 'for additional holdup for radioactive decay. Table 1 is based on

a holdup time of 30 days. The gas storage tanks and the vaste exhauster will'

discharge to the unit vent af ter passing through a filter bank consisting of

a prefilter, high-cf ficiency particulate filter, and a charcoal adsorber. The

gas will. be further diluted by ventilation air from the various operating

areas prior to being released to the atmosphere through the unit vent 200 feet

dbove ground level. The waste gas exhaus ter normally will not operate and is

intended to be used when large volumes of gases contai..ing little or no radio-i

~ activity are availabic for release to the unit vent..

,

i

Radioactive gases may be released inside the reactor containment building |
|

when components of the primary system are opened to the building atmosphere

. for operational reasons or where minor Icaks occur in the primary system.

Prior to_ access, the reactor containment atmosphere will be purged through |

prSfilters ,' high-ef ficiency particulate filters , and diarcoal adsorbers and
|

1

|

i
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The purge equipment is sized
released to atmosphere through the unit vent. r

for' a flow rate of 50,000 CM1 providing approximately 1.5 air changes pe
Units 1, 2 & 3 will have a separate vent stack

hour in the reactor building.

from each reactor building.
building through

Radioactive gases may also be released to the auxiliary
Units 16 2 share a common building uhile Unit 3

Icaks an( open equipw nt.
To minimize the release of radio-

,

will have a separate auxiliary building.
d at negative pressure with

active materials, the buildings will be maintaine
Ventilation ai r will move from areas of low

respect to the outside pressure.
Lases purged from the auxiliary

potential towards areas of higher potential..

h re,

buildings will be continually nonitored and released to the atmosp e
A common fuel storage area vill serve

untreated through the unit vents.
ided for Unit 3.

Units 1 and 2 while a separate fuel storage area will be prov
h the

Ventilation air in these areas will be exhausted untreated throug
h it vents.

auxiliary building exhaust systems and discharged to t e un
fans.

The turbine building will be ventilated by 12 roof-mounted exhaust .
h d without

Ventilation air is pulled through outside air louvers and disc arge

treatment through the roof exhaust f ans.

h ha
Radioactive gases'which may enter the secondary coolant loop t roug

d from the steam system by
leak in the steam. generator tubes vill be remove

from the' monitored systems to the
-the air ejectors and .will be discharged

individual' unit. vents.

(

k
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Table 1 shows the anticipated annual release of radioactive materials in

gaseous effluent for each unit based on the sys tens as described in the

applicant's Final Safety Analysis Report and considers operation with 0.25

percent leaking fuel and a 20 gallon per day primary to secondary system

leak. rate. The applicant has considered additional modifications which

could theoretically further reduce radioactivity in the plant such as filters

and a cryogenic system; however, the applicant is convinced that such improve-

ments would be of negligible value in view of the already small quantities of

activity anticipated to be released from the station.

Liquid Was te

The liquid radioactive waste treatment system common to all three units

will consist of tanks , piping, pumps , evaporators, process equipoent and

instrumentation necessary to collect, process, store, analyze, monitor and

discharge potentially raf f onctive wastes from Units 1, 2, and 3. Treated liquid

wastes will be handled on a batch basis as required to permit optimum control

and reduce the diance for an inadvertent release of radioactive liquid. Prior

to release of any treated liquid wastes , sampics will be analyzed to determine,

the type and amount of radioactivity in a batch to assure conformance with

release limits. Liquid waste will be telcased through a single discharger |

header to the tailrace of the Kcowce Hydroelectric Station which ultimately f

discharges to the Keowee River. Releases will be controlled by radiation'

1
'

monitors which will automatically terminate liquid waste discharges if high

radiation levels are detceted in the d!r chrrge line. Nearly half the estinated '

t

i

.
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total radioactivity dischai red as liquid will . originate f rom system leakages ,
,.

which will be collected irf three _ different types of storage tanks (miscella-

-ncous waste, high-activit; unste and low-activity waste) and processed as shown

on the flow diagram in _ Figure Most of the rest of the activity will.

come from the reactor coolant b,leed treatment system. Both types of high-
,.-3-

activity liquids (from sys: r.1 nad reactor coolant) will normally be processed
es

through evaporators ; ' addit.ionally, in the reactor coolant bleed treatment -

system, the liquid will b piocessed through a demineralizer prior to evaporatione

Liquid wastes expected to have a low level of radioactivity will be
.

collected in the low-activity waste tank. Auxiliary building floor drains and

laundry wastes are expected te.make up the major fractions of these wastes.
;- .

Af ter sampling and analymin g these wastes will either be discharged directly
-

.

to the tailrace of the Keowee Hydroelectric Station or transferred to the

miscellaneous waste holdup tanks for further procersing.

Liquid wastes expected to have an intermediate level of radioactivity will

be collected in the highenttiv' v waste tank. Af ter sampling and analysis ,

the contents of this tarf" ' t1 be transferred either to the low-activity waste

tank for release to the tailrace or to the miscellaneous waste holdup tank

for further radioactive decay or to tho waste evaporator feed tank for proces-

- sing. Our evaluation assumed that most of this waste will be processed through

the waste evaporator, td ich will concentrate the impurities for disposal

through the solid waste druhming facility. The distillate from the evaporator

. -

. .

| _
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will be ' returned to the condensate test tanks , where it may be used as

reactor coolant makeup ~ or released to tailrace. Before being released to

the.tailrace, it is possible to purify the liquid waste through a polishing

- denincralizer to further reduce any _ activity present.

-Liquid wastes expected to have a high -level of radioactivity will be

collected in the misec11ancous waste holdup tank. From there, they will be

sent either to the low-activity tank for discharge (approximately 300,000
.

gallons / year) to the tailrace or to the miscellaneous waste evaporator feed

tank for processing as described previously .
.

The reactor coolant treatment system will purify the coolant, which is

the liquid of highest activity, in three different ways. Ordinarily , part

'

of the coolant will be circulated throudi demineralizers , which will remove

the ionic corrosion products and the fission products which may have leaked

-from the fuel elements. Af ter this purification, part of the coolant will

be bled fron.the system and_ fed to the reactor coolant bleed evaporator in

order to remove sore of the boric acid from the system. Reduction in boron

. concentration is accomplished primarily in the reactor coolant bleed evapora-~

tor; by using this evaporator most of the boric acid can be recovered from

the coolant and stored _in the concentrated boric acid storage tank (Fig. ).

.It is anticipated = that' approximately 3,000,000 gallons of reactor coolant

will be processed annually by the evaporator-when all three units are in

operation. -The distillate from the evaporator will be collected in the

|i
&

!
f. . .

,

.

?
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condensate' test tanks and either discharged to the tailrace or used as

makeup vater for the reactor coolant. If necessary, the condensate can

be. recycled through the evaporator to further reduce its activity. By

continuously b1 ceding some of the reactor coolant as feed to the -evaporator

and simultaneously adding {amineralized makeup water, the concentration of

boron in the: coolant can be lowered to the required concentration. The

reactor. coolant storage tanks for all three units are arranged so that they

can.be utilized to store liquid from the other units if needed. The reactor

! . coolant bleed evaporator is common f or all three units .

Small quantities of primr.cy coolant which leak into the steam generator
,

feedwater system should not result in any significant discharge of radio-

. activity to the environment, since full-flow demineralizers continuously

purify the steam generator feedwater and there.is no generator blowdown.

The applicant has estimated a leak rate of 10-20 gallons per minute of steam

generator feedwater from the secondary system into the turbine room sump.

MRds leakage would normally be discharged into Lake Keowee via the cooling

condenser discharge. However, if significant activity occurs in this liquid

.(as a result of a large leak from the primary coolant into the secondary

system)', provisions have been nmde for routing' this liquid into the radio-

active waste' treatment system for reuse.as coolant makeup or releara to the

itailrace. Before being released to the tailrace, it is possible to purify
-

-

.. ~

the 1iquid waste through a polishing demineralizer to further reduce any

activity present.

t.
.
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The radioactive liquid. waste released from the station will be from

either the low-activity waste tank or the condensate test tank. In order-

to achieve' highest o.'lution ratios, the applicant intends , where possible,
'

to coordinate the rel ases with the operation of the Kcowee Hydrolelectric

- i

- Station.. - Table 2 lists radioactive fission and corrosion products uhich are |

expected to~ be present in the reactor coolant system and the liquid waste

treatment system. Our estimates of anticipated annual releases are based on

the' assumption that all of the reactor coolant bleed will be released each

year af ter processing. Other conditions assumed include 0.25 percent 1 caking

fuel, a 30-day _ holdup in the letdown sys tem, a 10 decontamination f actor

(D.F.)' for both ' the vaste evaporator and the coolant bleed evaporator and a

D.F. of 10 for the demineralizers. Exceptions to the decontamination factors

for specific isotopes have been taken; for example, a tritium D.F. of 1 is

used for both evaporation and demineralization." No removal by demineralization

was considered for yttrium, molybdenum, and cesium. A decontamination factor
'

of 10 was.used for the evaporation of iodines.

Based on the assumptions noted above, the anticipated releases from the

primary souces- for normal operation were calculated to be a fraction of those

shown in Table 2. To compensate for treatment equipment downtime and expected

operational occurrences,' the values shown in Table 2 have been normalized to

1 curie per' year releas _com each unit.
,

I
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Solid Uastes ~

The ' sources of solid radioactive waste will be spent demineralizer resins,

filter and strainer elements, evaporator concentrates, and miscellaneous items ,

such as contaminated clothing, filters, rags, paper, gloves and shoc covers.

The spent resins will be slurried ' to the drumming facility from the spent-

resin storage tanks and collected in suitabic containers. These containers

will.bc equipped with filters to retain the solids and the liquid portion -

will be returned to the high-activity liquid waste tank. The evaporator< -

concentrates will be either stored and shipped as liquids or mixed with

vermiculite or concrete and shipped as solid unste. The applicant has not

- yet made a final decision regarding this matter. luscellaneous solid wastes

(clothing, rags, paper, etc.) will be hydraulically compressed in 55-gallon

steel drums. All solid radioactive waste will be packaged and shipped offsite

to a licensed burial ground in accordance with AEC and DOT regulations. The~

radioactivity to be shipped annually from the station has been estimated by the
5applicant to be 2 x 10 curies contained in 2,500 cubic feet of spent res ins .

It has also been estimated that about 100 55-gallon drums of low level con-

taminated solid waste will be produced annually from each unit. Die staff

concurs -in the applicant's estimate of the activity to be released in solid

was te.
+

,

.

:

.

6| .

e _

*

l'

4.



_ _ _ _ _ _ _ _ _ ._ _ _ . _ _ _ _ . _ - - - . _ _ _ _ . _ _ . _ _ . __

..
.

. >

-.

' v

e'' .

.

TABLE l-

ANTICIPATED ' ANNUAL RELEASES OF RADIOACTIVE MATERIALSIN : CASEOUS EFFLUENT FROM OCONEE NUCLEAR POWER STATION - UNITS 1, 2 AND 3
"

-POWER LEVEL 2452 MWt-
(BASED ON 30 DAYS _110LDUP).

TotalSteam Air Ejectors
Waste Cas System Units 1, 2,"& 3** Units 1, 2, & 3Waste Cas System

Containment Purge Unit 3Units 1.& 2 (Ci/yr). Units:1, 2, &_3* (Ci/vr)(Ci/vr) _

2257.(Ci/yr)Nuclides_. 5.73739.1478. .

34.2 8.8Kr-85 8.70
. --

-

'O.12 28.8~-

27.9Kr-87
-

-

Kr-88 I 0.93 477.9.54
147.294.26.6 ,"

1-[0. lj>780-Ke-131m
,[571.

le :j42
'~ .

., ' '10.7'

16.', '. . 9.66.;c-133 .

,

~ -

- -

1.05 6.47
-Xe-135 6.45

-
-

0.02 0.80
Xe-138 0.024

--
--

0.78 1.17
I-131 0.03

--

-

1.14I-133

E:.ch unit will have a separate plant vent
' Each steam air ejector discharges to the individual plant vent*

**

.

i

unw -e

L________._. _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _,
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TABLE 2
'

'

ARTICII'ATED f.NNUAL RELEASES OF RADIDACTIVE MATERI ALSIN LIQUID EFFLUENTS FROM OCOI;EE 1, 2, 3
PO'.1ER LEVEL 2452 Mit .

Liquid Waste
Reactor Coolant System'

Bleed (Ci /yr) __Nuclides* (Ci/yr)

0.006
0.002

St-89
0.034

0.14
Y-91

0.002
0.002

Y-90
0.004

0.018.

Mo-99
0.004

0.002
Tc-99m

0.042
0.018'

l'"' Tc-129m
0.04 2

0.018
Tc-129

0.14
0.06

1-131
0.44

0.19
Cs-134

0.042
O.022' '

Cs-136
0.0320.012

Cs-137
0.0320.012

Ba-137m
0.0020.002

La-140
0.0020.002

' B a-140
0.0060.022

Cr-51
0.010.048

Mn-54 ..

0.022,

0.102
Fe-55*

' O.0080.018
Fe-59

0.26
~1.1

Co-53
0.0080.048 1 3.04 1.14Co-60 N 1.84Total (Units 1,2,3) 3000 Ci/yrN

H-3 (Units 1,2,3)not listed are considered to bc < 0.002 Ci/yr.*!!ucl ide4
(

.
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REFEPINCES

OCONEE NUCLEAR POWER STATION - UNITS 1, 2 AND 3

1. Final Safety Analysis Report on Oconec Units 1, 2 and 3.

2. Environmental Quality' Features of Duke Pcuer Corspany's Keowce-
Toxavay Project, July 1970, Letter. to Dr. P. A. llorris from
A. C. - hies, Duke Power Company .

3. Duke Pcuer Company, " Supplement to Environmental Quality Features
' of Duke Power Company's Recucc-Toxtraay Project" October 18, 1971.

Letter to Dr. P. A. Morris f rom A. C. Eles , Duke Power Company .
.

4. Safety Evaluation by the Division of Reactor Licensing, USAEC, in
the Matter of Duke Power Company, Oconce Nuclear Station, Units 1,

,2, and 3, dat ed August 4,1967.

5. Draf t Detailed Statement on the Environmental Consideration by the
-USAEC, Division of Radiological and Environmental Protection, Related
to the Proposed Issuance of an Operating License to the Duke Power
Company for- the Oconce Nuclear S tation, Unit 1.

,

'6. Revision 1 to Supplemental Environmental Report, Letter to Dr. P. A.
Morris from A. C. Thics, Duke Pcwer Company, dated November 2,1971.

7. Statement by the applicant, Wny The Construction Permit Should Not
Be Suspended , October 18, 1971.
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TECllNICAL BACKGROUND

.- - OCOMEE' NUCLEAR POWER STATION UNITS 1, 2 & 3 - 100 PERCENT POWER

MDue following parameters were used in the calculation of estimmted relcases
" - from Oconce' Nuclear Power S tation, Units 1, 2 & 3 - 100 percent power:

Percent fuel leak -~ 0.25%

Power- 1cyci - 2,452~ 1Mt- (Ref. DRL Safety Evaluation)

~ Primary to secondary leakage.- 20 gal / day

LSteam generator bloudown - zero
.

' LContainment. purge - 12 ~ tines /yr-

D Decay time: Waste Gas Processing System - 30 days
Reactor Coolant Biced System - 30 days

1. Liquids'

4
A decontamination factor (D.F.) of 10 was assumed for both
the waste evaporator and the coolant bleed evaporator and
a D.F. of 10 for the demineralizers except for H-3 for which

- wc assumed a D.F. of 1 for evaporation - demineralization.

'

No -removal by denincralization was considered for yttrium,
molybdenum, and cesium. A. D.F. of'103 was used for the evapo-
ration of iodines.

Assured 255',160 gal /yr processed by the vaste disposal system
and'a 30 day holdup time. Assu: red 1,060,800 gal /yr processed .
by the rcactor coolant biced treatment system.

11. - Gas es

- Containment _ Purge: Releases;

Aspumed 12 purges annually. - We assumed a 120 gal / day leakage
into the containment building: and a D.F. of 10 for ' iodine
removal in -the ' charcoal; absorbers installed in the purge exhaust

sys tem.' ;)
i

Strip main coolant 12 times per year. Corbined fill-hold release j
timeL yicids 30. days decay.
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~ TECllNICAL BACKGROUND

AUXILIARY BUILDING LEAKAGE *

Nuclides- ' Units 1 & 2 Unit 3 Total

Kr-85: 1.6' .8 2.4

Kr-87 2.0 1.0 3.0

Kr-88 6.0 3.0 9.0

Xc-131' 2.0 1.0 3.0~.

Xc-133 ~475.0 237.5 713.0

- Xe- 135 2.0 1.0 3. 0
.

. Xc-138 1.5. .8. 2. 3

I-131 10~ -5 -45 x 10 -1.5 x 10

-
.

.

~* _ Assu=cs 5 gallon per day -Icak into the auxiliary building.
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