i

S tain ol o Lo i o

v e “(
ﬁnnﬁua:ﬁhuumnqﬂ?uﬂmaﬁrnuuuﬂrq§WﬁnTfaiwwﬂwaaﬂruﬁgmuwﬂ 600 LUNNZINA

. 4 : 4
unniﬂntﬁayaﬂ: Tugnr=hi futaTaand

N’ M ¢
UWEYTNY 91137 L19u

006343

P4 ' t i i
IundwusiliduaruvilavesnrsfnmmumangariFygadnons sumadaruiadioin

¢ i
woun3 st Lpdur inalulad

o

T INI3 Y ?ﬂﬁaanrmnuw3mnﬁéh

W.r. 2520

L 1814004 68



STUDY AND CALCULATION OF RADIOACTIVE WASTES FROM A 600 MWe PVR

IN NORMAL OPERATING CONDITION

Mr, Anurak Tansiriroj

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering
Department of Nuclear Technology
Graduate School
Chulalongkorn University
1977



vyﬂ a ¢ < . Y o o ar » o
W99V UWUD Anuauas Fusama Tuasda riisiun Teaeanl 79 Lidand el suay

v' e A i 4‘ J
JUAN 600 LUNNZANA WULWALLUaYRNT Tudanz N LAULATEY

Una
vl’ &
Tnu uwayiny 174811 19U
a A sy J
LUUN AT Miaaurivalul gy
(d'ﬂ ol . o o )
19 Ml TN UrWANINTINATY AT, TTTY quns

v a A o a o vvﬂ a (ugﬁ' 4‘
LUININL DY Yﬂﬁ@QﬂTmﬂuﬁQMUﬁﬂU 32ﬁ31“UU1WUﬁUWHﬁQDUul UAIUWUN

3 o \ Ky
gaam sAnEanmangasl Ty au it
S 3
,!J‘:qn.y. A
) A or o
...‘.....'..ﬁ.............?'..ﬁwnuﬂang“uqau

¢ e ?
(#1InTARATE AT, RS UTs9uLWAL)

¢
AREN T TUNA TR AL AUT

.O..lo..oooc-.l0.0.oc.ou.u..n.nﬂrz’ﬁquﬂrmnqr

7,%/ R

4 4 P ¢
(AENTA91TY 4ATT0  UBIINSGT)
.lll.'.@l..l...%.....u...t..ﬂsrunqr

vi & ‘

o o

(yzaufrdInT T AT, To9U qﬁﬂr)

0 9

.l.....ll.ol.(..l.. '...Q.-O.l..ﬂtmﬁqr

4
(219110 UTeq  naTayE)

- W )J i
.’...‘?’?‘:"‘"....'&?.?}3 .ﬂ.....ﬂrmnqt

aa

' 4
(DY TY VN Lnuqﬂw)

a 4' ~ a a - ~ o
ﬂﬂ%mﬁ%ﬁﬁﬂﬂ%ﬂﬁﬁﬂﬂaﬂ 2Wﬁ@0ﬂfﬂﬂ“ﬁ1ﬂﬂﬁﬁﬂ



¢

v v
© FgRaNuANNT Snsauaz AUt Tuasda stiniaufadean ra lvivand ol ruag

w’ A e | 4 = J
UMM 600 LUNNSINN HHUWﬁﬂlﬂ@gﬂﬁI Wuﬂnﬁqztﬂulh?aﬁ

Ung
4 ¢ ‘
aaUan unay 47871 19U
“f o v
2191 Tu M ThEA Umﬁﬂﬂﬂﬂﬂ?ﬁ?ﬁfu nT.J990 ﬂnwt
Y ) d' d
LEUNIEA uqtﬂanttwﬁTuﬁau
ﬂ <
NATHNYEA 2520

1
UNANLD

vy

quinqﬂruﬂmunu Pressurized Water Reactor (PWR) (Huuy o

v v | v

X
:*nﬁuﬁoﬁufauaaaqevr uwiuqev:ufnuﬂQﬁunungwuuqmr*nﬂUﬁaﬁuTdqunan-
4
twaouQLﬂaUT Aﬂquﬂ1ﬂnﬂutMl“u11UQQ?TMﬁﬂQMtﬂIﬂQUﬁﬂlﬂuﬁ (Steam Generator)
4 L4 ° o ° 4 ﬂ \’l ll 1
mannqﬂumumwnqq wwﬂuuwiur:unmaaqneﬂut U auw uatquu ﬂuuunquutwauaw

v 24 v
nrzua L uéQVﬂanQﬁuuaqiaﬁhv:gntﬂauunannﬁtﬂuuﬂanwﬁautnutmar Lav
[}

: o v = J ) ‘: :
92 TUAINL TIUNLATRIUAN Lavne LY

X
aﬂtnuuum:qia1u1ngLnﬂaﬁnﬂgnruq?amu (Fission Products) Tuise

lWﬁQﬂﬂ“MUﬁQﬂ?ﬂlﬂﬂ?ﬁﬂﬂﬂTaﬂﬂiﬂu (Corr051on Products) ﬂﬂﬁdﬁﬂdlﬁWUT”UU
v ] x
TTUNHANUTAU tuﬂumalﬁalwaquraﬁrﬂﬁ Fission Products ﬂlaﬂﬂﬂﬂﬂ@ﬂnﬂ
t

v v ll l v

ﬂuﬁiuuﬁﬂﬁﬁﬂMTQUQQWTuTﬁ ﬁﬁﬂﬁﬂ“ﬂﬁﬁﬂﬂﬂﬁ? UﬂﬂﬂﬁﬂuTﬂuﬂ@*1uﬁﬂﬁu1’nﬂﬂ§h

4
nqntwaﬂqnﬂu7~nunuuuﬂnﬂqu31uaqaru:n uavﬁqsnununraatuaquv*ﬁianq1

v

4
taﬂaanaanuﬁar.unr~uwua1ﬂurauqurmﬂaqTﬂwatuanraurqmmaiutﬁraquam1auﬁ

v

mdlBUQﬂlﬁﬂulﬂﬂﬁﬂﬂﬁdﬁTMQﬁﬂﬂ Qﬁﬁ?ﬂﬂﬂIﬂMMUﬂTdamﬂﬁu “Tﬂq“ﬁﬂﬂﬂgquuﬁ
1

4
r*uﬁuﬂqﬁurau qurwaaquu mwlﬁTnnnw:: uquaquuuqﬂaquwiutﬁraquaﬂiauﬁ
1 t

1ﬂa$.UUﬂ@nnqnmtﬂuﬁaqtuaq uanvﬁﬂu NANTD9LNAIANUNAINAY 9 1l 19

v v
o ° e
1wﬂ1 maanwuuw lmwwﬁqﬂuavaﬂﬂ CITAINANAATLANIANUBIVAADY  WAS



9

v 1 ! ! i

v v
o o [ o o or
Uﬁ?ﬁﬂﬁﬁfﬁﬁﬂﬂﬂﬂﬁﬂquiTﬁ1ﬂw1ﬂﬂﬂdﬂQUﬁuTuUUﬂ?ﬁﬂﬁﬂﬂdﬂﬁﬂﬁlﬁUlﬁU?ﬂu AILURD

MUﬂunﬁrmWﬂnwnuaquwnﬁﬂmnqw%? nnuqiﬂﬂﬁquTreiwwq%n ua.nqﬁmnﬁw1u%uaaaﬂn

v i ) 1 | I

nﬁrnrﬁnﬁanuaaoqﬁr~ﬂura%ﬂ19~mnﬂaauaanﬁuuaouﬂnquuan ﬂﬁurnaﬁrrq%ﬂtﬁu

1 ! v

unaw.nnuwaﬂnvﬂnr'nuﬁ Condenser Air Ejector tﬂﬂaalﬂﬁrvuumwﬂnwnﬁtﬂu

4
uwnd ﬁi%ﬁ“ﬁﬁ%%?ﬂﬂﬁﬂwlﬂuuﬂﬁ?ﬁﬂﬁﬁuﬂu 9 Md“ﬂﬂ T?NMQﬂﬂﬂﬂﬁT“Uﬂﬂquﬂﬁﬂﬂf
'

v
M9 9 MY unaﬁurqﬁaqa nnnnﬂuvunawaqrroﬁv aaquna1ﬁﬂu1ur nunw 41

[} v

unamﬁrq%ﬂﬂnaﬂvﬂaauaanaanwwuaﬂa@ﬁiﬂTnuUﬁulﬁraantaet%ﬂﬂau RIERL

v v

lmnmuma~nﬂ1ﬂvan~nnmvﬂnqnmeaﬂov unwwﬂutﬂuﬂaaquﬂurﬂ%twuq~ﬂumanﬁt

UTTWQQtWEUﬁ1ﬂlﬂU1UﬁQﬁUMtﬂﬂﬂﬂﬂﬂﬂ1ﬂ

uanqravu Tﬂuﬂnwuuﬂiuﬁtﬁatwaqunwrﬁo 1% ua*ﬁnﬁrraiuaﬁtﬂfae

v v

ddnleth 110 Younmod ﬂrﬁngaﬁﬂqwutwumumaaaﬁrrq%uma*muﬂiumaqLuqaﬁWﬂ

| SR T v v v v

ﬂﬁﬂﬂﬂﬁﬂﬁﬂﬁﬁﬁnl?ﬂﬁﬂﬂ#@ﬂﬂﬂﬂﬁuﬁTﬂﬂ ICRP NN aauﬂawutmuﬂuﬂaqaﬁrro%

v v v

v
aauqumﬂuunaﬁnqinatﬂﬂenraaonawﬂﬁwntwnmuﬂeaﬂtanuau UBN9N Xe 133 %q

v ¥ 1

EERRITE AT KSR tuaqunnqrﬁwvﬂ19ﬁnuqnﬂmwanrtnﬂmumaaawrrqﬁvumq
9ﬂﬁ9~ﬂ;auaanaanﬂwu1ﬂg£u15ﬁuu ﬁbuﬂ#e§1ﬂuﬁnwruurnr~w1uaxanr¢uqnﬁﬁ
nﬁuLﬂnuqrauﬂunﬂrﬂwuqmﬂan atele T2y wp L EUTUTRY Xe 133
anaaawwwﬁTQﬂaanwrLnunnunﬁivﬁur:u:taaﬁuuanauﬁa:ﬂaauuiﬂt%naﬂrﬂiuaﬂﬂq

] p v VB ] i
MRtz 1L 9099 UTDLIM I IBTINAL



Thesis Title Study and Calculation of Radioactive Wastes from

a 600 MWe PWR in Normal Operating Condition

Name Mr. Anurak Tansiriroj
Thesis Adviser Assistant Professor Dr. Tatchai Sumitra
Department Nuclear Technology
Academ?c Year 1977
ABSTRACT

In the PWR, there are two loops of cooling water. The
coolant in the primary loop is pumped under high pressure through
the reactor core where heat is transferred from the nuclear fuel.,
The reactor coolant passes to a steam generator where heat is
transferred to a low pressure secondary water system before
returning to the bottom of the reactor core. The secondary water
is boiled in the steam generator,\and the steam is passed\to the
turbine where electricity is generated. The steam is then condensed

in the condenser and returned to the steam generator.

The radioactive materials are mainly produced by fission
process in the fuel (Fission Products) and some are produced by
neutron bombardment of corrosion products in the primary coolant.
The fission products are normally retained entirely within the
fuel elements but they can occasionally escape into the reactor
coolant through cracks in the cladding. Reactor coolant quality

is usually maintained by passing a portion of the main coolant



through a bypass purification system. These radioactive materials
can escape to secondary loop only through leakages of the bubes in
the steam generator. Secondary water quality is maintained by
blowdown of the secondary side of the steam generator and processed
by the liquid waste system. Besides, the liquid wastes from all
sources including building floor drains and laundry drains are
collected and processed by the liquid waste system. The good
quality processed liquid is normally recycled to the condensate
storage tank or the reactor makeup water storage tank for rcuse.
The other sufficiently low activity liéuid is normally discharged
to the plant outfall. The radiocactive gases are removed from the
secondary loop mainly by condenser air ejector and are processed by
the gaseous waste system. The gaseous waste system collects and
processed radioactive or potentially radioactive waste gases from
all sources including building ventilations. High activity gas is
collected, compressed‘and stored in waste gas decay tanks. Sub=-
sequent to decay, the gas is discharged at a controiled rate to
the ventilation exhaust., Low activity gas is normally filtered
for particulates prior to discharge. The concentrated wastes from
both liquid and gaseous waste systems are sent to the solid waste
system for encapsulation and solidification and eventual shipment

to a disposal site.

At the end of the study, with the assumption of 1%
defective fuel and 110 lbs per day leak rate of coolant in the

steam generator, it has been found that at the release point the



specific activity of each nuclide selected in the liquid waste is
much less than MPC proposed by ICRP. Moreover, most of the
specific activity in discharged gas inventory are in the same order
of magnitude with MPC except Xe 133. For the scope of this study
is limited only to the plant boundary, so the effect of dilution by
atmosphere outside the plant is not considered. To reduce the
concentration of Xe 133% in the gasgous release to the environment
could be done by keeping the gaseous waste in a gas decay tank for
a period of time, allowing Xe 133 to decay away or increasing the
air flow-rate for dilution or the combination of both methods as

necessary.
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