
700 University Avenue, Toronto, Ontario tv15G 1X6 

August:23, 1994 

R. Gaghadar 
Ministry of Environment and Energy 
Economic Services. ' 
135 St. Clair Ave. W., 7th Floor 
Toronto, Ontario - 
M4V 1P5 

Re. 	Your Request of June 30, 1994 for Ontario Hydro 
Information Relevant to Assessing the Implications of 
ACES Recommendations on a New ODWO for Tritium 

Attached please find our submission on the potential impact of 
lowering the Ontario Drinking Water Objective (ODWO) for tritium. 
We have included data on tritium emissions to water from our 
nuclear power plant, data on the concentration of tritium at water 
supply plants near our nuclear stations and information on sources 
of tritium emissions within our stations. Also provided is an 
assessment of actions and technologies that - could be used to 
further reduce our tritium to water emissions, as well as their 
potential costs and feasibility for implementation. In many cases 
the information provided is not as detailed, complete or accurate 
as it could .be if we were given sufficient time to do a better 
study. 	We could augment the information in parts of this 
submission if the MOEE requires it and requests it. 

We completed our own.  brief analysis of the potential impact on 
Ontario Hydro of a lower ODWQ for tritium. We concluded that there 
would be no economic impact if the proposed level of 7,000 Bq/1 
were selected. However, the economic impact of attempting to 
comply with the levels recommended by ACES (100 Bq/1 immediately 
and 20 13q/1 after 5, years) was estimated to be very large, 
generally exceeding . a billion dollars. This was the case for both 
the recommended 100 Bq/1 and 20 Bq/1 levels. 

There is one variation of the ACES recommendations which appears to 
have no adverse economic impact on Ontario Hydro at all. This 
would be - a level . of 100 Bq/1 ,applied as an annual average 
concentration. The water supply plants near Ontario Hydro stations 
have already - met that criterion over the past 10 years However, 
this is not the complete scenario which must be evaluated. . 

The ACES report deals with the reduction of the ODWO for tritium in 
isolation , i.e. exposures from other radionuclides have not been • 
taken into account: It should be noted that exposure to tritium in 
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water-  ,is one of the lowest dose: impacts. from all radioactive 
.emissions from Ontario Hydro nuclear plants. - - ACES have proposed a • , 	• 

. new methodology be adopted for regulating radionuclides. They have 
proposed that guidelines for each radionuclide in each medium -
seParately -be based on a very low acceptable risk level of -between 
1 and 5 in a million. If the ACES recommendations were accepted, 

. then this methodology and risk basis would have to be applied to 
- other radionuclides in order to maintain a consistent rationale for 

the protection-of;-public -health. We have applied this methodology • _ 
to .other _radionuclides and in other media, ,and have concluded that 
there would be a significah:t - impact. :Having to meet the resultant 
lower .requirements would -plabe-.1 .-a- Very- heavy economic ..burden on - 	. 
Ontario Hydro. Thus, adopting a level of 100 Bg/.1 for tritium, 
averaged annually, would not have an immediate impact on Ontario 

• -Hydro but would inevitably lead to a Major.  financial impact.. In 
fact; since the plants were not originally designed to achieve zero 
"discharge, it may never be possible to modify them to achieve the . 
required reductions  

_ 	 . - 	• 
In conclusion, the ACES recommendations differ markedly from 
international practices for regulating exposure to radioactivity in 
drinking water and if adopted,- would place a heavy economic burden 
on Ontario Hydro for measures required to reduce its radioactive . 	 . 	. 	• 	- 	- 
'emissions. Remaining consistent:withqinternational standards for . 	 • 	, , 

- -'drinking.water-:would'have little economic , impact on Ontario Hydro. 

,Th.e,.attached,  Study dea1s -2'on1y-fWithl;-the costs of possible emission 
:•reduction measures.. We hope the data we have provided will be used 
in,rd.t:ccist benefit analysis.. Since we interpret the actual benefits 
which"; might be realized from adopting the ACES recommendations as 
being -._.very .low, we are looking - forward to discussing your 
interpretation of these benefits as applied to the cost benefit 
analy-Sis.• 

Please contact Me at 592-7456 if you require clarification of this 
material or any further information. 
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1.0 Introduction 

In - response to - recent changes in the maximum dose _ limits 
----recommended by the - -,International Commission on Radiological. 

	

:Protection (ICRP) •• (ref 1),; 	drinking water guidelines for 
radionuclides are 'being revised -downwards. 

MOEE staff have - recommended lowering the Ontario Drinking Water 
Objective (ODWO) for -tritium from the current_ level of 40,000 Bq/L 
to: 7,000 '--Bq/L (annual average) . 

	

_ 	- 	• 
Heal.th i-- Organization _has..=reco-mmended. 7,800 :Bq/L. 

•-
:report by. the Advisory Committee on Environmental Standards 

(ACES) 1as reeommendedanYimmediate "change .to 100Bq/L,'-a -,:further 
reduction to 20 Bq/L within 5, tyears, -... - and•: -further-- reductions 
thereafter toward natural background' levels of tritium. It was 

- 	reCOMmended,-,-"' that •-•rtheSe.•:-  levels-  • be —applied - on a _"never to - be - 
ek-cedded!'; basis.' 

This _document examines ,-the!„--,potential rimpacts on Ontario Hydro of 
lower ODWO' s for tritium. 	It attempts to provide as 'much .as 
possible - of the information requested - (Attachment -1) by the MOEE 
*(ref 	Gaghadar to Maruska-; =June :30;- -1994) . - However, only a 
liMited -amount= of- data and analysis has been possible because of 
he -Short--  time available for preparation. 

2.0 Ontario Hydro Tritium Emission Performance 

ontai-1.6 Hydro nuclear plant operation is regulated by the Atomic 
Energy ..Control Board (AECB) . 	AECB emission limits for 
radionuclides are based • on international standards - (±CRP 
recommendations). 	!annual' emission levels are expressed as 
DELs (derived 'emission limits) , in terms of the maximum allowable 
station release of tritium into.  water, and .reported in units of 
Curies(Ci) or -•BecquerelS. -- (Bq) per month,: 	Station operating 

- targetsaie to emit . less than r'1% of the current DEL .for tritium (on 
monthly average - basis)'. 

The. DELs for tritiumin ':water. for the different, nuclear' 'stations 
are -.shown in Table 1 in terms of Tbq/y.-  The tritium DEL limit can 
also be --USed -Ec.).- .c.iculate-  a Concentration limit for tritium in the , 

the maximum allowable release of tritium in 
TI3q/y:-••=diided by the tOtaI''cooling-*-Water flow from the station, for 
the 	year in litres. 	This is called . . the Derived Liquid 
Concentration (DLC) . The DLC values for each station are also 
shown in Table 11.: 



ctualT: plant-;:total triti.um  emissiOns,  to water.; over the last5 years 
are shown in graphical form in Figure 1: ONiei-  this period, 
DEL operating target has never been exceeded. 

- Actual measured concentrations .of tritium in drinking water at':- the 
'water ' supply plants (WSPs) near the nuclear stations for 
apprOxiMately the past 10 years . is shown in graphical --form in 
Figures 2 to 11_ i(weekly average) and •Figures 12 to 21 (annual 
average). From these data it -'can•be seen that: 

-• 'The annual average concentrations have been quite low,.ratiging 
•frait 7 to -4 0 Bq/L over the past 10 years for allWSPs7:ekcept 
for the Port -:  Elgin WSP (77.9....fig/L: in 1991) :and, theiAjax,,WSP 
(72.5,13q/L.in 1988). Also, in the past ...5 years (1989-  to :1993) 
concentrations -haver:dropped somewhat 	 .from 7 4 :to2,7:. 1 

* Bq/L*  except at Port Elgin (34.3-77.9 Bq/L) . 
' 

ritium,a-coiiCentratioils/ never:1-- 	 Bq/Llimit  - 
annual average 'or _weekly. average) 

'CoricePtrations.never _exceeded the proposed. 7000- Bq/L- •(an_nual 
'average, 'Weekly average or daily average) . Ontario -Hydro 
would require no further programs in addition to those already • . 	. 	. 	. 

,place • for reduction of tritium emissions.. 

Concentrations never exceeded 100 Bq/L on an annual average 
basis, but did exceeth-this,,level on a weekly average_ basis 
(shortest time period measured) as shown in Table .2, where the 
percentage of weeks exceeding 100 Bq/L is given. Ontario 
Hydro would require further _tritium reduction actions to meet 
this level as recommended by ACES (i.e. if it were not applied 
as an annual average). 

Tritium - levels frequently exceeded 20 Bq/L on an annual 
average basis or on a weekly average basis. Ontario Hydro 
would- require further tritium reduction measures on a broad 
scale to meet this proposed--limit, no matter what averaging . 	. 
period is applied. 

_ 	• 

The actual radiation dose from tritium in drinking water to the . 	 . 
most  affected -members of the public living near Ontario Hydro .„ 
nix-clear. stations is 'exceedingly small, typically, from 

.003-  to 0.8, uSv in 1993 (Ref 2,3,4,5,6 --Dose Summary reports for 
19891993 inclusive - see section on drinking water) . 



-; 0 _ :Tritium. Enti.ssion-iSources.: and:, Trends  

3.1 -,DIdentification,ftof1.- Kers.Sources' of Tr.i.tium-from,-Ontario,Hydro 
Nuclear 'Plants 

Tritium is .--_'produced'sfrom -neutron activation-of the heavy-water 
systems-  in -la .CANDT.J.-..reactor,_.i.e. the moderator- system (containing 

-10..-30 Ci of tritium per kg of D20) and the heat transport system (1- 
2 Ci/kg) . 	Tritium is an unavoidable byproduct of -reactor 
operation. See Figure 22 for a simplified CANDU power reactor flow 
diagram..  

..:I .s.'1. 7,14inor 	i:_?.14ziintenance: and • Housekeeping 
• C  
1714  ainount'-.:Of7-.-tritium...escapes.:fX1PW...1.1.0.,...:-.4 7sTY.:','.-via:_e_r,,..Syst.ems 

due to minor'equipment leakage duringnormal ope .ation and-from 

SySteiliher:e.-1,-.1-leakage •-:..,..'1WiTt..4 expected 	 is 
collectedpuriied,upgraded•-andt.: reU 	 i ye I Y 

:OM 	/ trit;iUit: losses from3.the upgraders  
• • 	 • , 

• 

The-;----rretainirig 1eakage=3-:sourees -.are fedf: 	-ithe 
system to the Active . Liquid Waste system. 	This System also 
collTctsScontaMiriateds;water- -from.:.a :.large,-;inumberF;,, of other 

--sdurces 	FIures23,124 .and 25 1are flow diagramsof;.-.the* active 
liquid waste (ALW): systems for PNGS, DNGS:.and.:.BNGS-TA: which-;  include 
a --list si:)f.  .the cOntri_bilting :minor sources. Although, these sources 
-are.-'identifiednot all are monitored individually because the 
.tritiuhl.-1..evels;4re,..-extremely low and further -monitoring is not 
warranted.-s:TTI- a-ggrega-Eed-iguid waste :.collected,-An;stliss-ALW system 

. tanks is sampled and analyzed, treated if necessary and then pumped 
out to 	lake;:via.'-the:CCW discharge. However, tritium cannot be 
removed by any.5-of this system'. s ...treatment methods ;(decay,.;tanks , 
filtration and ion exchange).. 	 - 	 . • 

Smaller amounts of tritium are releaseq, from housekeeping 
activities such as laundry and -tool decontamination. :These are 
also collected in the ALW system. 

_ 	. 
- 3. 1. 2 Ecuipment Failure 

- • • 	- 

- 	 'amounts of ...tritium may escape 	:"-eyent‘,  of 
D.,0- and: tritium to light -.water , 	 . 

systems (e.g. lake  cooling water). 

Some heat:.  eX6hang4,g..,.. 	 )7: thei*_..moderator.;,.:heat.reph.a.nger.„--are 
cooled direct1 by. lake water-...(service Water) 	 emissions . 
have occurred as a result of a heat echanger (HX)'ftube leak or  

has been monitored for. radioactivity 
- regularly. However, some  tritium has escaped from stations before . 	, 	.  - 



-the.  'faulty equipment -was.shirt.downE:-:-a:nd isolated. -.:_PNGS -- has•31-3.rery - 	 - 	 . 	.  
recently :improved their leak detection capability by 	 on- 
1ine-tritiummonitors in 

 
the'lr:• -•-freactcir' building' service wa-'Eer 

• (RBSW) effluent stream. 

Because of 'Station --design differences RBSW _ effluent at PNGS as a 
• separate discharge to the station Outfall while ,at BNGS-A; •:BNGS7B 
'andDNGS;':"-RB'SW 'effluent empties into the: CCW discharge before 

• laving the station 

Another key source of tritium via equipment failure is the boilers. 
Although not Cooled directly by lake :water, a tube leak (of heat 
transport iD20) in a boiler results, im-fccintamination,of the secondary. 
light water side. Boiler bloWdown is used to remove some of '- the 
edimehtS:-Vthat'-'1Duild•-•:-uP ,ort,,i5the i;nlight wateri,:,side, and boiler  
lowdown 	fdrained 7  :t o the • CCWrdischarge..,--1This..,:provides::  a.,,pathway 
otiEiuiiI from boiler tube :leaks to the lake Smal-L:Jboiler:itUbe 

,duringoperatIon,•but:•,4:5are monitoedfor 
-tritii.nlieM-iicinStO -ensure,: they remain,- 'below;'.  operating targets.:i  
Development :of a larger leak.: results in a /--eactar,-.- shutdpwrzArid' 

-b6j..ler.--,`:,repairs.  : to- eliminate' the . leak. 	Boiler problems 'hA*Ve 
•.,;:cOntriblited,;to 	 emissions ovér the 

• 
Sote 	 emissions': have -Ialsof-been•caused _by_ leaks from .other 
heat

„  
_exchangers ;-Containing :Era; ;;-.1;nit-.:i.the,  mbderator, heat exchangers 

andethe--1361.1eiSlhaVe - been ..th&I•Major-sources in the heat exchanger 
ategor 

'Data./Estimates of Tritium Releases from Rey Sources 

ritium -emission data for the _past 5 years (1989 to 1993) is 
-:?-includet15-7, in Table' 3. 	These -  data are the annual station total 
tritium emissions. More detailed data, providing weekly or monthly 
emission data and some providing discrete source data is included 
for the past 3 years (1991 to 1993) . 

.2.1 PliGS 

. Monthly data for tritium to water emissions for -PNGS• for 1991, 
-1992, 1993 and 6 months of -1994 are. given in Tables 4, 5 and 6. 
Tritium c-reini:§eions=- data for :::'-PNGS4.-A - are available for - several 
aura-6'S -.riamely• the CCW' effluent-;,.;RBSW, Upgrader, -effluent : (UPP.,..and 

Sulzer), sewage and Alixiliary.Irradiated_Euel Bay."(AIFB). effluent. 
Data 7,fcif.PNGS7B are only for CCW'effluent.and RBSW.. The upgraders, 
se.w44 i- Sr:stpm:and"A.IFB are all ,:•sharedl.:with..PNGS7A. 

°O .:1;n 'at the.combined •PNGS74::-.andAPNGS7.13,:itritium=emissionsi •-,--:the 
CCWàthwãy (e-Ssentialiy-AIN sySteitt,reteases) normally Contributes 

%-70%'.,of'-the total tritiumemissions, .with most • of the remainder 



from the - RBSW, effluent. •1992 RBSW emissions were unusually high as 
the result of a large singleevent release of tritium from a tube 
rupture inmoderator heat exchanger (August 1992). 

3.2.2 IINGS-A 
- 

Weekly data for tritium emissions to water are given for NGS-A for 
1991, -  1992 and 193 in Table 7. This data is not available broken 
down into component sources. 	However, • incidences of tritium 
emissions that were clearly higher than usual correlated with 
instances of equipment failures such as boiler or heat exchanger 
leaks. - 

-The' annual 'contributiory,,from :equipment-,leaks., was estimated as the 
.excess.:-tritium -::abovenormal emission,: leve.is-_,..when-:.'these leaks 

--ogourr'ed.- : -.• -Acccirding-.-t-o these -.estimates;:-the.rfcdntribUtion from 
operation without equipment failures was 29%- tof.7.1%-,:pfthe total (3 
year average.  47%) , while equipment failures (mostly .boiler leaks) 
contributed the remainder (3 year average 53%) . Better data could 
not be obtained-  in - the time 'period available. to prepare this 
report. 

-Weekly,:data_. for'..tritium emissions to,water-  are given for I3NGS-B for 
'1991';C 1992 (.'arid::-- 1993:-  --in- Table 8. 	No breakdown or estimate of . 	• 

- component -sources of tritium emissions is available for BNGS-B. 

-- 3 .2 .4 Darling-ton 

Monthly tritium emissions to water data are available for 1993 in 
-Table 9. No breakdown or estimate of component sources of tritium 
emissions is available for DNGS. 

.2 	Summary : 

A sum/nary of annual emissions from all stations is _given in Table 
10. 

Existing Programs and Initiatives that May Affect Future 
ritium Releases-  v 	 = 

here are no existing.  provincial -  programs which may affect future 
-tritium releases, except for the :potential 	 ,the :  MOEE • 
L-:"chooses., a new ODWO for.. tritium which is.: very- ,low. However, there 
are other provincial programs (MISA, Air Management Initiative, 
Phase Out of Ozone Depleting Substances)- which are placing a large 



cost burden on Ontario Hydro': 
_ 

There are no specific federal programsaffecting future tritium 
releases, other than the ongoing enforcement by the AECI3 of the 
ALARA principle (keep - emissions As Low As Reasonably Achievable, 
social and economic factors being taken into account) . This is a 
continuous process which may affect future emissions. 

- There are existing programs within Ontario Hydro which are intended 
to reduce future tritium emissions. 

• • 
-Specific programs are. now _in place _ for minimizing 
leakage/failur.es in the boilers -and major heat exchangers. 

The -boiler ,program iricludes--:,Amproved -.:chemical.,-:control, 
'--iii-k5,e -ati.ons, :water. lanaih4;--tube.7:plugging and electrosleeving 

development pioneered by Ontario Hydro 
foi.2-b

.
ti.p,er tube repair) - 1 	 _ 

2)- 	AgIng moderator heat exchangers 
and/or replaced. 

These programs should reduce 
higher than normal emissions. 

are-being inspected, repaired 

t e frequency 	occasional 

The existing tritiurcVmanagement...program .consists ,of sending 
D26:- from all--Ontario Hydro nuclear' stations to the Tritium 
Removal Facility located on the'Darlington..NGS site where the 
D2  0 is treated to 'remove much of the tritium and then returned • 
to the station of origin. 	The extracted tritium is 
immobilized as a metal hydride and stored safely on site. 
Without the TRF, equilibrium tritium concentrations would be 
about 40 Ci/kg of moderator D20 and 2 Ci/kg of ,heat transport 
D20 (ref .7) . The TRF is meant to achieve and maintain lower 
equilibrium tritium levels of about 15 Ci/kg moderator and 1 
Ci/kg heat transport. The 1993 average tritium concentrations 
were 13.99 Ci/kg moderator and 1.16 Ci/kg heat transport (ref . 
8) . This program reduces the impact of both the regular 
emissions from a large number of small sources - and the 
'occasional emissions from equipment failures. 

•Abatement Cost Functions 

Feasible Technologies and Actions that can Reduce Tritium by 
each Key Source 

- ALW..system-and major heat exchangers such as the boilers and 
_ 

, 
erator -heat exchangers have been identified as the key sources 

f tritium -emissions. 



4.1.1 Active Liguid,Waste Management System-  
. 	. 

• The :-.ALW system.- hold up- tanks.  contain •• a collection of waste light 
• - 	 water -  : 	 Of 

• • -radioactivity..: This waste water O-Oritesr from a large: number of smalls  
Sources.: 

. 1) Option One: Pollution Prevention Studies 

One option for 'reducing -  the tritium in the .ALWsystem is to 
: undertake a. large extensive :study and .monitoring ,-„program to 
characterize each of the sources-and, -pathwaysthat-,,  feeds the 
:ALW system, .- 	 number of'- sources may be : 
identified as the-maj.bri'doiitributo. rs-.::?..It may4kep1Ibej:,possible 
to reduce tritium Ilosses - from those. sources. - ;,,$uch , -a_ study 
would be required at each *Station because of differences in• 
design and operation. *: The :cost-_- Of-fhe:,-,-study,k0t4g.ht:-,bq .,0914 
$0.5 million,. but further work would be •.required.:.td-produce'fan 
estimate. However, : it .should-also:the,noted,:lthat-r..foliOTwing'fthe 
ALARA (as lbw as reasonably achievable) principle, .- emission 
source reduction . has-always l been-- a-- part J of -normal-operations 

It is:'unknovin.::-if-,,thetter,.:source.."characterization:::;:upStream,....of 
.z•-:-.the2."ALW.'sySteirtz-,'YoUld.-'464di,:to. any significant reduction...'--in 

emissions or what this:. would cost This 'type- Of . data , 	 . 
:notr.beemcolIebtethto5date:,thecaus e it was not: -heeded , i.e . 

the total -amount of -:tritiUM-:-..col-lected:',-in ALW from all'-sources 
c:':- --•.'-dombinedis2*-small::. 	 well below the operating: :target 

.1%- 	 : 	 'Furthermore, * . 	. 	 _ 
maintenance and .housekeeping procedures have always been in 
place to minimize the loss of D29 (and thus tritium) , not only 
to keep emissions low, but also for economic reasons as D20 is 
very-  costly ;,(nominally about --$.400 per. kg)  

2) Option 2: Detritiation of Waste Water 

Another option- is'...to rOnove::=the very•FlOw -concentration tritium 
from all the -Collected waste water in the, ALW system before it 
is released to the'lake":-.flThe;TRF is not suitable for treating 
leai-ge'-volumes -of.'water:.-with such - low tritium concentrations. 

-,The-only=feasibleciethod-of removing .this tritium: is by, vacuum 
distillation. The detritiation :factor -would, be about l000.to  
1. This process is a proven technology and is used at Ontario 
Hydro for upgrading heavy water - that:. is :contaminated--  with 
ordinary - water. 	 - 

7 	 ' 	- • 	̀ • 	• 	 - 	, 

	

S 	 LALW: volume is ,  ;about-id:2 0 ; 

	

C 11 	 feed rate 
of - 	ob 0 kgihr;-- ,.:-`7Thus;_the: - ALW:_,volume could be- handled=',.12y 

out is -such-units.. ,Based „- on the cost , of existing Ontario 
• - 
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Hydro equipment, ..the-. capital cost of .  such., a disti.11ation 
process to handle - the-,.:.ALW of all Ontario -.Hydro _nuclear 
stations would- be well :over $500 million. Operating costs 

- have not -beem.:twell estimated; .-. but are expected--  to ._..be7.--plany 
millions ofdollars because of the high energy usage :required 
by thissystem_.-,  .The total costof building and operating such 
detritiation units for all nuclear stations could, exceed a 
billion: dollar's. 

- 
Figure 26 shows a schematic of a proposed Waste Water 
Detritiation Process. 	It would _consist. of _a prefilter, 
evaporator, distillation-towers, reboilers, vacuum pumps, heat 
exchangers-and,,Storage tanks. The concentrated product can be 
immobi-lried fort low - :cost :storage, , or further ,- treated by 
electrolysis or cryogenic ,distillation..' 

••-__Improve7 Leak ,Detection 

e- option- 9.-minimize,ltritiuni.".:emisSions from equipment. •leaks and 
failures is to improve tritium detection and/or leak detection at 
appropriate location's in the plant This would allow _the faulty 
equipment - to-)z-loe.:.1O'Ckted and isolated 'more .quickly,...,thus.:reducing 

e amount of tritlum released:-. At present,-.,:-.PNGS is -reviewing 
eir - ,ttitium, :leak ....detection-. and response. capability for all 

- nuclear T,JDroces.'Systerds.. discharging to the ,lake. A new type of 
continuous on-line tritium monitor is being: tested at :..PNGS to 
aimPrcive the detectiori'„;:and -monitoring of tritium. in water. 	An 
estimate for the cost of,the study and the new tritium monitors is 

• not 'available at this time. 

The cost and effectiveness of implementing other leak 
detection/response measures will not be known until the PNGS study 
is completed. 

) Option 2: .Improve inspection and Maintenance 
• - 	, 	- 

-fAnother option to reduce tritium emissions from equipment leaks is 
tO.'ilinimize:cOrrosion:and to improve the _inspection and _maintenance 
programs .for such equipment.„,, .Such .-programs have already been 
implemented - and are ongoing. 

3) Option : Boiler Blowdown Recovery 

A third option_ would apply to the boilers. Tritium Which leaks to 
e light,,Water _side. ,of the boilers, is -released, to  .the 10..ke via 

boiler-- bloW.dOirn -; The; boiler bloWcidwnT, system -.could.;be modified s9 
thatit iS'a alOsed•-loOp system, thus .eliminating direct tritium 
releases to the, lake. However, it would result in a _buildup- of 
tritium.in  the boiler/feedwater/steam system.' This -would likely 



. • 	 • 

, 
-•increase emissions of tritium to •_*air : 	 tritium in this -. 

SyStem.̀:---Could:lpe.'remoyed (requireS-:.a. new Vacuum.  'distillation process 
;fdescribed ;:-J..aboVe). 	The cost ,:of modifying ther.  boiler blowdbwn 
systems of all - . nuclear plants has:: been:, estimated at about $150 
million 	- - 

4) Option 4: "Closed Loop Cooling for Heat Exchangers 

fourth -  option for tritium reduction is to provide another layer 
• • of ; containment for heat exchangers.; ie modify all heat exchangers 

that:-.-are'now cooled directly .by lake 'water -So - that they provide 
cloSed:loop\ -cooling..to-,,the -.nuclear :-...systems and „these closed loop 

- systems are in - turn !:7cooled by'_:lake.. water:: through --additional heat 	• 
exchangers. Again,-  without the elimination/-of ,:,.primary.!--equipmenti 

.;:i--lea:k -S.F.,-,- iicht-a'-_-:modification ;would ;.•-resultc:dn 'secondary light Water 
systems-_,7 contaminated with more ::,-tritium -and-would require eventual 

--.-?-fidptritlation:',-viaithe'..;vacpuM--.-.distillation„..r.:process-i..describpd above 
, - 	• --- 	- 	. 	 : 	 s. • 

Thecost of uodifying allheat .;eXchafigerS-1,3:cOi.:1•Ied„, direCtly-.-by -lake 
wate -T-Jandfadding.-- another. 	sYstem:.:..-t.or each was not,zestitated, 

, 	 ,were-even :feasible, :given - 
-:-tlie'aptiStfei6a1;:'_contz'arints 	 •7';' ' 

5) . Option .5: Replace Aging Equipment Sooner 
•-• 	 ' 	• 	- 	' 	• 	• 	' 

2-71i,--,flOii:rcip!tiOn to Minimize occasional unexpected ;equipment failures 
(and -thustritium emissions) -would be to ;,-replace :aging .--, eqUiPment. 

..:•1-, InliCII-4.'S.60017.1-ithancurrently. planned 	Considering the • cost .of major 
Ileatl-exCharigers. ,:and-L-boilers . (hundred's of 	-billions of 

- doi14!S)..;-4this--2Would ..be a prohibitively-. costly measure; • 
• 

5.0 Conclusions 	 _ 

Over the - past 5 years tritium levels at WSPs around Ontario Hydro 
nuclear .  stations normally range from 7 to .27 13q/L, with the Port 
Elgin WSP ...somewhat higher at 34 to 78 F3q/L. ' They .occasionally 
exceed . 100 13q/L (see Table 2. for . frequency of exceedance) on a 
weekly- average or shorter) basisi.caput- never on an annual, average 
basis The20Bq/L level is exceededfrequent1yfor all averaging 
periods; weekly, Monthly and annually. ' When the tritium emission _ 

dataSexamined, it' Lappears.,3at . first .2.glance-that normal:  station 
operatibwwould cause-jj•tritiliM at WSPs to exceed 20 Bq/L.: much of the 
time, -but that ...7instanCes :where aoo Bq/1.; is exceeded are caused by 
specific equipment 1eaks Or f ailures - - A..1..thpugh,-- this --may be . the _ 
case,wehave 	the timeLtodo--,,a.iprOPer-,canalysis.., to. Conf irm
this hypothesis 

 

13;';ed on the MOEE request to 'look . 	 Pbtpntial/ ....impact.-:o • . „ 
reducing tritium emissions, in relation . to lowering the ODWO for 

	

- 	. 	. 

tritium  to.  an as,  yet undetermined level-, we conclude the following: _ 



opwo .:;Weresetf=.4to:::.the;.fileVel recommendedbythe- World 
HeaitlizOrgaxiitation'::Or;-:MOEEstaff-,* namely.-3:800to7.0Bg/L', 
there would be JlittleeCcihoMid1::impaCt on ',Ontario:HydroThis 
conclusion 	-:.-based -'On'=:the:-::data for tritium in WSPs,,- .near. 
Ontario Hydro nuclear stations. The data show thatover,the - 
past 10 years ,tritium levels have never exceeded *7000 Bq/L 

If the ODWO were set to the level recommended by ACES, namely 
-.100 Bq/L ..on a "never-. to:. be exceeded" basis, there would be a 
heavy ' 	 impact - on. Ontario . Hydro . The _100 Bq/L level 
is -'exceeded regularly but not 'frequently, as can be --seen from 
examining the weekly.: aVerage..WSP ',tritium data .over. the past 10 
years...-_- Existing programs implemented at the nuclear stations 
will .:reduce 	 of failure of equipment containing heavy 

.,;.guarantee'-,thatthe".100.-1-Bq/L-.. .evell'if Would , „ 	 , . 
neVerbe-e. .e5cceeded...s.-; To Jftdo tlE4.'so would involve ::implementing , 	 . 	 . 	. 
extreme"-,measures,,such!j•as:theTektensive equipment modifications 

- described above; and the use of :a new detritiation 
The-cost :-Would be in the billions of 4o 	. :-•osFurthermore;-;Tif 
these.:'*:measUres-:-‘ weret',:indt2.:7:totally'..effective;'- .More:.;,:i:freqUent • 

. reactor shut,doWns 'would:33p .'„required to stay ,below4  the limit, 
resulting in increased 	 :from CO2 : and acid:: gases from 
the replacement fossil fired power generation. 

If .the '.ODWO were set to 1,20 Bq/L as recommended by -ACES, it 
WoUlCU---be necessary to implement a new vacuum distillation 
-detritiation-..-plaptfor: removing low tritium concentrations 
from large vo1umesof , F:waste - light water 	Significant 
equipment • 'Modifications °Ito'. avoid :D20/tritium I eaks_,.woUld also 
be required AS :described * above..-: Costs were estimated; at over 
a. billion dollar's foi-  ,each of these options. 

If ODWO. for tritium were set to:100 Bq/L annual: average , 
it - appears that there would be little additional economic. 
impact: On Ontario Hydro -HoWever, we are convinced that there 
will be a.  Very: large economic impact for the following 
reasons: 

This spcio-economic=:.study:•is .focusing on tritium . in drinking 
water :.only, to - the -exClusibn of all other radionuclides, in 
drinking water, and ignoring the exposure to residents near a 

• nuclear plant from all the.. plant's- 4- 	other -,-..radioactive 
emissions. If the 100 rBq/L limit -  is chosen for.. 	 and 
with it the L: risk basis of 5 in •:, a million, ....it' ,Would be 
inconceivable that the?, samei: risk basis should .not be, applied 

-'e 	r a di-onticlId 	ed 	The 'I.potential bealth., Fteffects 
from exposure to tr.itiUM • are :no di f f erent:,:7;than for.,.:other • 
radionuclides, . and the -;public would* expect- consistent-.  
i'sgUlat'ionS'''for-f -all' ei4SOS ur es 	- 	 _ 
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e, 5 in a million risk level were applied to all of our 
radioaptiveemissions; Ontario -Hydro ,would have to reduce.  its 
radioactive 7 emissions to air4  by up to ,:a..'factor‘iof about 7-
fold. Emissions of ;tritium, carbon-14 and radioactive noble 
gases to air -,-•would all .be affected., Table .11 firesents' the 
emission reduction factors which would be required to meet the 
lower ,  risk 'factors recommended by ACES. s̀, These factors are 
based on an analysis of Ontario Hydro measured dose impacts 
for 1993 (Ref. 6). There was insufficient time to extend this 
analysis back 5 years. Reductions would be required whether 
the risk factor were applied individually to each radionuclide 
for each pathway, or for multiple pathways. 

For, a7-lifetime risk factor of one in a million, reductions for 
emissions to Air would be required -for noble gases, carbon-14, 
tritium ahci._ particulates. *_ -The r-educ-eioii factors would be 
con-siderably. '.higliei-,,-  up to. 	factor Of .34; 	' 

_ For 	• I  ---the-"natural--backgroUnd 	 - -250 
• 

Bq/kg-C already exceeds the maximum -Concentration that would 
be allowed -fdr a -- lifetime risk level of -5 in a million for 
consuming milk, fruits and vegetables. For the risk level of 
one; in a million natural background , levels would exceed- lie 
maximum allowable concentrations for the consumption of milk, 
fruits, vegetables__and..fish.._ _ 

The economic iinpactz of ,having ___ to make these emission 
reductions has not been evaluated,-;-but is expected to be very 
large. 	Since the plants were -.never designed for -  zero 
discharge, it may never be possible to modify them to achieve 
the required reductions. A substantial amount of time and 
effort would be required to evaluate the feasibility and cdst 
of achieving these proposed lower emission limits. 



C )  s.' 	• or': 

TE.., ,.'.,,,I. ti. /NI
,
Orrnal,,:o)iera:tiiin,'.actual.,.c?:91ing:'wat41',i1:6w,:inay,b:e,loiVer:tbanthis'in;ici:mi  um value, 

roVidingl*aller-,iltiti6filaaor. • 	*' 	 • 	 • 	• 

Darlington  Bruce A Bruce B. 

EmmIgiv umlys FOR TR;TIIIMIN:  WATER 

Derived Emission Limit.  
(DBP;,Tpqty 

' ,8.4E+05 

(P?:c*:1,991) 

•(p' 	4991 
* 	:••:+ 

, 1.7E+06 3.0E+06 

gyrating Target, TBqly - 
(based on,l% 

ccw full power cooling 
* 

Derived Liquid 
eOnce'ntration, Bq/L.  

6.1E+03 

1.7E+04 3.0E+04 

4.8E+09 4.9E+09 

3.5E+05 6.1E+05 



528 Kincardine WSY,.‘  

Pt. Elgin WSP 73:7 

_ 19.5 

0.3 15.3 

Table/ 

Weekly Average Tritium Concentration Frequency Chart 

• Weekly Average .Tritium Concentration : 
Frecitien4, Chart (%) 

Bowmanyille WSP• 

• 

0.4 12.3 

• 
ewca.stle:-W -14.3-- 

528 0.2 11.4 

i 1.9 528 0.4 

Ajax WSP '•45Q 45.3 4.9 

528 30.7 1.7 

0.5 

RC 	WSP:1  

•ScartiordughcW§15  

Oshawa WSP 

Whitby WSP •10.6 - 216 

Icri3 
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years) tritium releases from the key sources identified in (a). This Will 
define "base .Case pollution level" from which technologies Will. reduce - 
pollutant releases.7..„ 

What provincial, federal and external programs -and initiatives exist-  that 
may effect future tritium releases 

DENTE-Lop  ABA IEMENT COST FUNCTIONS 

.Intent:berive abatement cost functions for speCific key sources and aggregate: to get cost ftinction 
for:all sources... The range of optioris should include at least two polar sCenarios - Do nothing 

-- and the maximum technically feasible degree of control. 

• Define feasible technologieS and actions that calf reduce fritiiim'by 'each 
key source. Note .compatibilities Of.  technologies :among sources for 
combining them into "technology 'trains". 	A Technology/Action 
combination that aan be installed at a source is called an '“Abatement 
Program". 

b. 	For each Abatement Program, develop estimates of: 

Intent: 

ATTACHMENT I. 
INFORMATION NEEDS TO:''REVIEW'Ir 

o
LI

: 
 C
w
ATION OF 

" COMMENDATIONS'. 	ON A 
	

oiFORTRITIUM  

IDENTIFY SOURCES AND TRENDS OF.  POLLUTANTS 

Identify key sources of tritium in the relevant plants 

	

Key Tasks: a. 	Cafi you identify key sources of tritium from.  yOur plants? 

	

b. 	Please assemble data/estimates of past and present r(over. the _past five 

7 
	 Tritium reduction efficiencies and discharge reductions, 

ii. Capital and operating cots of application to specifiC sources in .Ontario  
iii. Potential for inter-media contaminant transfers: 
iv. Range of uncertainty for estimates. 

Menu of Abatement Programs for all---solirces will be Used to generate 
aggregate abatement cost functions that will' be used to evaluate range of 
potential Provincial standards. - 
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Tritium in Water Etnission,Trends 1989 to 1993 

ACtUal Einissions (113q/y) 
• :Year.  Pickering A . ..Picketing 	, • • sP.iCketing Darlington 

3.0E+03 3.1E+03 4.9E+01 .1992 

• 3..9E+ 01 

2.1E4.00 

1.3E+01 

7.1E+01 

5.8E+02 

3.9E+02 

4.0E+02 

1989 

1990 

1991 

Bruce A .!Brute B 

03 

1,2E+03 

3.2E+03 

1..7E+03 • 

1.5E+03 

4.4E+02 

.4.9E+02 

4.1E:1-02 

6.7E4-02 



Tritium 
Avg 
uCt/m1 

max con 
uCi/m1 

j3•9/11: 
. Total Act 

Ci/mtfn th:  
Vol - 
m3/rnth 

	

9101 1.01E-05 	 1.73E+03 _ 

	

9102• 1.28E-06 	 2.24E+02 . 

	

9103 3.11E-06 	 4.90E+02 ' 

	

9104 7.95E-06 	 9.29E+02 

	

9105 3.69E-06* 	 4$4E+02 - 

	

9106 1.54E-06 	 - 3.38E+02 

	

9107 1.79E-06 	 .-" 3.70E402 
• 9108 127E-06 	 2.95E+02 
• 9109 3,00E-06 	 .7.98E+02 

	

9110 6.55E-06 	 951E402 . 

	

9111 138E-06 	 2.76E+02 

	

9112 1.85E-06 	 .- 3.79E+02 

	

3.64E-06 	 6.03E+02 2.23E+13 
7.23E+03 

CCIAleMuent 
• 

tJPP-A Effluent  
9101 6.04E-06 
9102 5.74E-06 
9103 6.39E-06 
9104 1.49E-05 

.9105 7.07E-06 
9106 5.09E-06- 
9107 7.69E-06 
•9108 422E-06 
9109 8.01E-06 
9110 539E-06 
9111 1.40E-06 
9112 1.72E-05 

avg 	 7.43E-06 

• 6.91E+00 
6.56E+00 
9.13E+00 
1.71E+01 
8.08E+00 
7 28E+00 

' 6 79E+00 • , 
- 4.82E+00 

1.14E+01 
6.16E+00, 
1.60E+00 
2.46E+01 
9.37E+00 3.47E+11 
1.12E+02 

Pickering A NGS Tritium .Releases 9101 to 9112  

UPP-:8 Effluent  
9101 3.62E-06 
9102 6.24E06 
9103 4.19E-06 
9104 1.34E-05 
9105 5.19E-06 

• 9166 _3.67E06 
9107 • '3.89E-05 
9108 :4.91E-05 
9.109 1.78E-05 

• 9110 •2.55E-05 
9111 T.-  3.89E-05 
9112 6.61E-06 

avg 	 1.78E-05 
sum 

1.31E+00 
2.26E+00 
1.90E4-00 
4.89E+00 
1.88E+00 
1.66E+00 
1.41E+61 

-1:78E+01 
' 8.11E+00 

9.27E+00 
-1.41E+01 
2.11E-05 
6.44E+00 2.38E+11 
7.73E+01 

.1 	• 	• 
ownshrp Sewage ' 	• 

9101 3.53E-05 
9102 ••2.34E-05 
9103 1:61E-05 
9104 • 1.47E-05 

-; 9105., 2.74E05. 
9106 	.09E:4:NI,: • 

- . 91071.1.73:71E05 
91013 	Lo6 

- §-fps 2.07E+05: . 
-9110 :17 3 ..0E105, ••: 
6111 - -1.14E05 

, . 
2.96E+01,, 
1.96E-01' 
1.70E-01 
.1.23E-01 - 
',.2.30E-01 

-.3,12E-01" 

• '-2.17E-61 

'.61E-02 
S '  A4  



9101 0.00E+00 
9102 8:74E-06 

'.9103. 1.39E-06 
'. 9104.,--2.74E-06 

9105 0.C)0E+00 
9106 1.14E-05 

• 9107 ,• 2.74E-06 
9108 0.0CiE+00 

• 9109 0.00E+00 
9110 4.07E-06 
9111 4.93E-06 
9112 2.14E-05 

4.78E-06 

L,E Lt- 

3.04E-05 

Av 

9101 9.17E-06 
9102 ' 6.49E-06 
9103 ,2.10E-05 
9104 1:39E-05 
9105 2.99E-06 
9106 0.00E+00 
9107 0.00E+00 
9108 2.02E-06 
9109 9.75E-06 
9110 1.18E-05 
9111 123E-05 
9112 1.47E-05 

8.68E-06 

.0.09E+00'. 
, 

56E01: 
0.00E+00 
:1.06E+00 ' . 	. 
.. 2:49E-01: , 
o.odt+oo. 
000E4-00, 
4,51E-61 
5.25E-61 

3.11E+00 
5.97E01 2.21E+10 
7.17E+00 • 

avo 
• suin 

RBSW Effluent 

• c)(ICS 
wi\-T-ER 

- 2.72E+00 -1:01E+11 
- . ,3.27,E+01: 

2, CC.;, •. 	. 

"2.46E+02 - 
-. :1.7.4E+02 . 

7,06E4;02: 
-•3:76E+02 

8,05E+61  
0.00E+00 
0.00E+60 . 

• 5.43E+01 . 
3.27E+02 
3.17E+02 
3.25E+02 
4.96E+02 
•258E+02. 9.56E+12 
3.10E+03 

Sulzer A SW Effluent  
9101 9.88E-05 
9102 2.44E-06 
9103 2:61E-06 
9,104 4.49E-06 
9105 6.62E-06 
9106 0.00E+00 
9107 •3.12E-05 
9108 3.49E-06 
9109 5.92E-06 
9110 5.32E-05 
9111 2.34E-05 
9112 4.21E-05 

2.29E-05 

Sulzer 	B SWEffluent 
'..:.',.'91O1 3:37E-0-4 : 

9102 '9:99E-05 
9103 .:.3.62E-05: 
9164:- • 2.69E-05 . 

• 

:9107 
fl .1 (1 12 	 C 

3.68E+00 
9.13E-02 - 
A.22E-01 . 
1.67E-01 
246E-01 
0.00E+00 
1.16E+00 • • 
1.30E-01 
2.76E-01 
1,98E+60 
8.74E-01 
1.96E+00 
8.91E-01 , 3.29E+10 

1.07E+01 

7:-6.p.pE4O . 	, 
:.1 93E+431 
;314E+60 

7  
L:e:P7E;s4tici' z  

325E+00'  



4.03E+11 • avg 
sum 

• 6109 4.08E-06 • 
9110 1.21E-05 
9111 	1.07E-05 
9112 213E-05 

-" • 5.36E-05 

9.98E-.0l; 
" -2.37E+00 

2,10E+00 
521E+00 
1.09.E+01 
1.31E+02 

Li 	P Ra•c-: P 	Er`*NtSS I ors.S 	1 • 
TRVr1k3r,N 

Totallt: sum 	 - 106E4104 

Pickering 8 91 

 

TritG1- 
Avg , . 	max con 
bairn! 	• uCi/m1 

-9101 1.05E-08 
9102 .1.07E-07 
9103 126E-07 
9164 0.00E:1-00 

•. 9105 _0.00E+00 
• 3•9106 0.00E+00 

9107 --,-0.190E•Kk 
: 9.108 4.11:0.05606 
9109 6.66600 

' 9110
•  
	32.4-5e-07 

9111 _ , 3.32E-07 
9112 :0.00E40 

:159E-07 

Total Act 
Ci 

Vol . 
r03/mth 

CCW *effluent  

avg.  
sum 

2.45E+02 
2.05E4-01 
3.60E+01 
0.09E+op 

• b.00E+oo 
000E+00 

'0.00E+00 
- 0.00E+09  

• 

•  578E401 	' 
- 0.00E+00 . 
342E+01 ":•• 1'27E+12 

7:411E+02 

 

RBSW Effluent  

avg 
sum . 

9101 
9102 

• 9103 
• 9104 

9105 
9106 
9167 
9108 
9109 
9110 
9111 
9112 

3.74E-06 
1.49E-06 
• 1.39E-06 
1.74E-06 

0.00E4-00 
2.39E-06 

0.00E+00 
0.00E+00 
100E-06 

0.00E+00 
2.COE-06 
1.16E-06 
124E-06 

1.00E+02' 
4.02E+01 
4.70E+01 

	

4.70E+01 	• 

0.00E+00 
8.05E+01 
0.00E+00 - 
0.00E+00 

" 3.36E+01: 
0.00E+00 
5.37E+01 

	

3.92E4-01 	3 
3.68E+01 1.36E+12 
4.41E+02' • 

91 sum 8,52E+02 

Total Grand, 91 sum..  1.14E+04 

Ols/MAPL\I c3A-- -Total.oniannual repot (70•.%.71ur-f• 1.10E4-04 Average ov 
.C.CW  2.83E+14 7.64E+03 6.69E+01 T.7230. *: 2.90E+14. -. 
RBW 1.31E4-.14 3.54E+63 3.10E+01. - , 1.00E+15 

Rci- UppB Effluent 2.86E+12 
4.16E+12 

7.73E+01 
1:12E+02 • 

6.76E-01 
9.84E-01 

. '1.76E+13 	- 

• Sewage 	- 1.21E4-12 . i,:•5:79E*1.1 
.A1F8 2.65E+11 - 7.17E+00 627E-02' :3•1"‘i:,. 
Sulzer A- .95E+11 1.07E+01 .9:35E-02 1.43E+12 

- ,4.83E+12 1.31E4-02 1:14E+00 _.:t.:".•••-• 2.99E+12 
1 61E-02 

Ci/a 	-%:of fortalt- , 



UPP-8 Eff 	
- 

luent 	, 
9201,"_5.90E-05 1.38E-04 
9202 262605 5.29E-05 
9203 1:04E-04 -324E-04 
9204 ' 422E-04 5.306-04 
9205 • 2.92E-04 3.22E-04 

- 9206 •:8.65E-05 1.76E-04 
9207 C 6.936.05 • 1.63E-04 
9208 1.90E-04 3.30E-04 
9209 9.82E-05 1.72604 
9210 6.306.05 9.58E-05 
9211 • 4.11E-05 5.64E-05 
9212 7.67E-05 1.25E-04 

1.27E-0-4 

.L.IPP-A Effluent  
9201 3.686.05 7.90E-05 

1.37E-04 1.726.04 
1.59E-04 2.45E-04 
3.92604 4.82E-04 
2.81E-04 4.53E-04 
6.11E-05 1.06E-04 
5.356.05 1.57E04 
9.08E-06 1223E-04 
5.4E-05 7.68E-05 

3.30E-05 6.24E-05 
2.74605 4.936.05 
2.71E04 6.30E-05 
1.26E-04 

Township $evrage-: 
• -.9201 2.77E05 
• 9202 *1.57E-05 

9203 6.05E-04 
9204 _2.00E-05 

,9205 -.1-.82605 . • 
• 9206"; .1.75E-05 • 
9207 1.44E-05 
9208 . 6.91605 _ 
.9209 • 2,31E104 - 

•• 9210 - 4.13605 
9211 1.81E-05 

9202 
9203 
9204 
9205 
9206 

• 9207 
9208 
9209 
9210 
9211 
9212 

9.51 6•1:00,:;- 

1.53E,02 

-- 
:6.91E+91 
4.45E+01 
228E+01 

• .1.49E4:01 
3.47E+01 

.4.89E+01 1.81E+12 
5.87E+02 
	; 

1.32E-01 
6.35E-01 
1.681::  

3.21(J31 
•2.12E01 

E+100 
?.425E-4:00 

2:61E-Of 

421E+01 
1.56E+02 
2.27E+02 
4.48E+02 
321E+01 
8.73E+01 

' 6.12E+01 • 
1:03E+01 
7.71E+01 
3.77E+01 
3.14E+01 
3.87E+01 
1.04E+02 3.85E+12 
125E+03 • , 

S 	 c'•-\ 1 SS ko 	 k 

Pickering A NGS Tritium Releases 9201 9212 
• 

..',Tritium 
.7: 	:VW9 	max con f3q/1_ 

uCilmI 	uCi/m1 
CCW effluent 	. 	' 

9201 325E-06 5.41E-04 
9202 2.81E-06 7.84E-04 
9203 4.78E-06 3.87E-04 
9204 1.41E-06 4.97E-05 
9205 2.14E-06 4.10E-04 
9206 2.88E-06 3.65E-04 
9207 :8.30€-07'2.12E-O5 .  
9208 7.74E-06 1.35E-03 
9209 3.91E-06 2.09E-04 
9210 1.68E-06 8.99E-05 
9211 5.78E-05 3.45E-04 
9212 1 5/1F05 1.94E-03 

avg 	 8.75E-06.  
SUIT.1 

- 5.52E+02 
4.7.4E+02 
1.04E+03 
2.46E+02 
3.73E+02 
6.28E+02 
1.45E+02 

_1.29E+03 _ 
6.96E+02 
2.46E+02 
8.42E+02 
2.98E403 - 
7.93E+02 2.93E+13 
9-51E+03 -. 

9.06E+07 



rotos1 Ad. fr,o,.x. co\c... 

1 rc11-1 Q.,4L c:iv-t• 11 
RBSW 	Effluent /4: 'i0 1,  

• 9201 1.19E-05 2.24E-05 	3.20E+02 
9202 8.54E-06 2.01E-05 	2.29E+02 
9203 224E-05 4.02E-05 	•7.52E+02 
9204 3.71E-05 4.26E-05 	9.98E+02 
9205 4.09E-05 4.81E-05 	1.10E+03 
9206 3.62E-05 4.90E-05 	1.21E+03 
9207 4.90E-05 4.28E-05 	1.07E+03 
9208 227E-03 9.06E-03 	6.10E+04 Nod Leaky . 
9209 3.85E-05 7.89E-05 	1.29E+03 
9210 3.54E-05. 6.94E-05 	9.52E+02 

.9211 5.62E-06. 1.29E-05 	1.51E+02 
9212 1.51E05 3.83E-05 	5.09E+02 

avg 	 2.14E-04 	 5.80E+03 2.15E+14 
sum 	 6:96E+04 	- 

AIFB Effluent  
9201 8.50E-05:. - 1.00E+00 .... - 

9202 0.00E+00 . 	 0.00E+00 • , 
9203 0.00E+00 	 0.00E+00 
9204 0.00E+00 • 	 0.00E+00 
9205 0.00E+00 	 0.00E+00 ' 
9206 0.00E+00 . 	 • 	 0.00E+00 
9207 1_59E-06 	 2.54E-01 
9208 0.00E+00 	 0.00E+00 
9209 1.01E-06 ' 	 2.31E-01 
9210 1.99E-06 	 3.42E-01 
9211 0.00E+.00 	 • 	 0.00E+00 
9212 1.96E-06 	 44-6E-01 

avg 	 7.63E-06 	• 	 1.89E-01 7.01E+09 
sum 	 2.27E+00 

Sulzer A SW Effluent 
9201 6.47E-05 	 2.41E+00 
9202 3.70E-05 	 1.38E+00 
9203 0.00E+00 	 • 0.00E+00 
9204 2.43E-04, ' 	 9.06E+00 
9205 5.18E-04 	 1.93E+01 
9206 1.11E-04 	 5.21E+00 
9207 5.38E-05 	 2.00E+00 
9208 2.47E-04 	 • 	 9.23E+00 
9209 9.00E-05 	 4.19E+00 
9210 7.52E-05 	 2.80E+00 
9211 1.58E-03 ' 	 5.89E+00 

• 9212 2.35E-04 	 1.09E+01 
avg 	 2.71E-04. 	 6.03E+00 2.23E4-11 
sum 	

•
7.24E+01 

Sutzer B SW Effluent  - 	•• 
- • .201 3.48E-05:r 

:9202 '1:61E-05. 
9203 .. 1:12E-04 ;•• 

_9244 1.24E4 
9205.  : 6.64E-05 

:9206 r 6.33E-05 
9207 • 292E-05 - 
ar-,r\s, 	et 71F --0-9 

.6,.81E+00 
3.15E+00 
525E+00 
2.43E4-01' 
1.29E+01 
1.5.4E+01 ' 

• 5.71E+00 
8.2 7E -01 



9209 4.56E-05 1.11E+01 
9210 3.46E-05 6.76E+00 
9211 4.24E-06 8.30E-01 
9212 0.00E+00 •0.09E+00 

4.45E-05 ' 7.75E+00 2.87E4:11 
9:30E+01 

Total 92 sum . 

avg 
sun.' 

8.10E+04 

f\SI.LE S 	 c,./v\\ssNQN)3 
	

( PO4'1) 

Pickering 892 

Tritium 	. 	 Total Act 	 Vol 
Avg 	max con filq/t. 	Ci/mth 	 m3/mtin 
uCi/m1 	uCi/m1 

CCW effluent  

	

9201 0.00E+00 	 0.00E+00 

	

9202 0.00E+00 	 0.00E+00 

	

9203 0.00E+00 	 0.00E+00 - 

	

9204 0.00E+00 	 0.00E+00 
• 9205 0_00E+00 	 0.00E+00 

	

9206 1).00E+00 	 0.00E+00 
9207 1.58E-07 	 2.75E+01 

	

9208 0.00E+00 	 0.00E+00- 

	

9209 0.00E400 	 0.00E+00 

	

9210 0.00E+00 	 0.00E+00' 

	

9211 0.00E4-00 	 0.00E+00 - • 

	

9212 0.00E+00 	 0.00E4-00 . 

	

avg 	 1.32E-08 	 2.29E+00 • 8.48E+10 

	

sum 	 2.75E+01 

Rf3SW EfflUent  
• 9201 3.39E-06 	 9.11E+01 

	

• • 9202 1.34E-06 	 3.61E+01 

	

9203 0.00E+00 	 0.00E+00 

	

9204 4.73E-06 	 1.27E+02 
• 9205 3.85E-06 	 1.03E+02 

	

9206 411E-06 	 .1.38E+02 

	

9207 2.39E-05 	 6:43E+02 

	

9208 1.84E-06 	 4.96E+01 

	

9209 0.00E+00 	 0.00E+00 

	

9210 0.00E+00 	 0.00E+00 

	

9211 0.00E+00 	 0.00E+00 • 

	

9212 0.00E+00 	 0.00E+00 
avg 	 3.60E-06 	 9:90E+01' • 3.66E+12 

	

sum 	 • 1.19E+03 

, . 92 sum 	 1.22E+03 

•-:3j o -1-O'rAL 'Kt.c‘ 	TOtal Grind 92 SUM 
	

8.22E+04 

Et-NI 	tA.S , - Total on annual report. 
3.53E+14 9.54E+03 

-RBSW- 2.62E+15 -7.08E+04 
UPpf3 Effluent 2.17E+13 5.87E+02 

A.Effluent 4.62E+13 1_25E+03 
• . Sewage 2.99E+11 8.09E+00. 

AIFF3 • 8.41E+10 2.27E+00 
A ,Sulzer 2.68E+12 7.24E+01 

•••Sut±er8 - 3.44E4-12 9.30E+01 

92 

8.20E+04 

	

1.16E+01 	/2 
8.61E+01  

. 7.14E41 

	

-1.52E+00 	/ • 
9.83E-03 
2.76E-03 
8.80E-02 _ 
1.13E01- t 

- • 	- 	1.00E+02 .t.; 

	

Gila 	% o( total 



( 

Tot; I Act' 	 Vol 
Ci/mth 	 .m3fmth 

• 
- " 	 • 

. 3.72E4-02 	 1.67E+06: 
337E+02 	• ..s.2.28E+08 
1.31E4-03 • 	227E+08 " 

	

3.47E+02 	 2.08E+08-'s 

	

3.70E+02 	 2..72E+08 ' 

	

6.30E+02 7- 	1.74E+08 " 

	

9.95E+02 	 1.91E+06 

	

6.75E+02' 	 2 .90E+08 ' 
3.11E+02 , 	• ' 	2.27E+08 
1.81E+02, 	- -1223E+08 

	

3.12E+02 	' 	2:18E4-08-  t: 

	

3.70E+02 	 2.00E+08 - 
1.85E+02 •. 	2.63E+08 

	

7.54E+02 	•• , • 2.50E+08 

	

2.02E+02- 	 -2.00E+08" ". 

	

2.64E4-02 	-• 2.34E+08 ; 

	

7.72E+02 	 2.90E+08.: 

	

5.8564-02 " ' 	- 2.32E+08' - 
4.98E+02 1.84E+13 • 222E+08 • 

8.97E+03 
, - 	7 	, : 

	

-4,96E+01 	• • -,*; 3.63E+052--:: 

	

- - 4.54E+05 	' 

	

6.11E+01 	• • 
2.43E...01 	• 3.63E+05-2 
322E+01 	•• .4.54E+05 	' 
.1:99E+01 	3'; 	3.63E405 -:. 

	

5.02E+61 	 3.64E+65 
7 • 	- 4.53E+05 

3.51E+01- • 	• 3.63E+05 

	

7.64E+012_ 	 3.64E+05 

	

1.53E402 	 -.1.10E+06 ••: . 

	

9.87E+01 	. :3.63E4-05 

	

7.71E+02 	' 	• 3.64E+05-f 

	

5.24E4-02 	 4.56E+05 	• 
2.60E+132 . 	- 3:62E+05 • 
2.47E+02 • '. 	*, 3.63E+05 
2.78E+02 • •••• 4.54E+05 • 

	

7.89E401 	• '23.64E+05 - 
1_59E+62 5.67E+12. 4.06E+05 

-1-C1,1*rt si 

Pickering A NGS ALW 9301 to 9466' 

;:tritium  

,  XCOrsi BcjAS 
• - 	uCi/m1 

CCW ertlikint 	- -• 	•-•-;feC- 	s 
9301,.- 223E-06:-. 
9302 ;-=‘.1:48E-06i.  639E-05 '7 	• 

:9303 576E-06 2:12E-04,  
9304 1:67E-06 2.06E-644 
9305 1.36E-06 8.85E:05 
9306. , 3.626.06 1.59E-04 •••• 	, 
93071 .  522E-06 1 1.14E-03 
9308 _ _2.33E-06 5.07E-04 ,-„Th• 
9309 1.37E-06 6.90E-05 • _ • 	. 
9310 8:11E-07 2.06E-05 	: • 
9311 ;.1.43E-06 5.29E:05 

5.42&•05'- 
9401 .  9.12E-07,  3.18E-05 

• 9402 3102E:06. 5.06E:04 : " 
9403:. 1.61E-06 2.70€-OS -. 
9404 113E-06 . 2,41E-05 = 
9405 :2.666-06 	 '- 
9406 2.52E-06 -.2

- 
 , 1E-04 ; • 	*. 

224E-06 ; 	.. • 	8.30E+01 

939-4Stirtf.:i5;"; ;.;:*• . 	: - 	't , 	. 	. 
'tiPPLB Effluent  

" 	 +. 2.17E-04;114.:=--;•:""; 
432:696-04 	 : 

9303 1.68t-04 • . 2 49E-04 
• 936-4 6.7ot-05. -1 
• 9305.. 710€-OS '1  1.03E-04 • 

9306 -5:48E-05:-.  6,02E-65-:.' ' 
• 9307:1.38E-04••*: 	 • 
9308 8.086.05:  1:61 	 4 

9309 " 9:67E-05 • 1.46E4- 
9310 :2,10E-0.4, 323E-04

• 	
- 

9311.,-.11139E-04 	 '? r  : 

• 9401:-212E--03 3.20E03 
9402' ',I:15E-03;12.68E-03 	• : 
9403'5.53E-O4 6.86E-04 ' 	= 
9404." 6.80E-04 " 1.19E-03 

• 94051' .6.13E-04 • ::1:02E-03 	. • 
• 9406 • 2.176.04.2.92-O4 :  
a;,tg 	-3.91E-04 	•'• 

• . • 

I JPP-A• Effluent • 	• •' . ' 	- 	' 	- 	 : -:  9301 1 5.49E-05 7.13E-05 ' : -.. 	• 6.28E+01 1 	1.14E+06 . 
9302: 8.87E-05.;  -1.76E-04 ... ' • 7 .. 1 26E+02 	• ' • 1.42E+06 	- 
9303 7.66E-05 1.06E-04 '....- • 	:-

• 
8:75E+01 	 1.14E+06 ; 	' 

9304 5.31E-05 8.70E-05 ' 	6.66E+01 	 1.14E+06 	' 
9305 4.99E-05 1.14E-04 	 7.13E4-01 	. 	1.43E+06 
9306 :.6:54E-O5 8.82E-05 7..: . 	7.47E+01 	• ' .1.14E+06 
9307 - .1:84E-05 5.02E-05 '.:".... : : ' -... -2.10E+01 ' 	: i 	. '1.14E+06 7 	. 
9308 :: 4.54E-05 . 8.37E-05. "": : 	_ • 6.49E+01 ' - 	1.43E+06' 
9309 :^1:37E-05 .' 3.71E-05 -'.."  • -7-  • 	, 1.50E+01 '• 	--- .: -:.:: . 	114E+06'; 
9310 .1'. 4.9X-05 120E-04 0' t :. - .. 5.66E4-01 '. . ' '.' ".• 	'..

• 	
. 1.14E406.... 

9311 • 1:14E-04 ' 3.07E-04 :".74"..`..' • : ' , 1.63E+02 -1 : . ..- .. '.•• 1.43E+66 ' 
9312 •6.40E-05 1.02E-04 p-'--- 	7.31E4-01 . - • 	1.14E+06 . - ' 

' . .9401 -.1.86E-04 '3.176-04 -,-..- -'• . 	2.12E+02 	• „ . • 	• 1.14E+06 
• 9462 :1.04E-04 1.28E-94 •::: : .. • • 1.48E+02 : .:::.. :. 	1.42E+06 

, 	9403 ::: 9.40E-05 , 1.82E-04, 2.1 • ...' . '. 1.07E+02 '-_, •".:..f-  •:. : 	1.14E+06 _ 

	

3.5005. .7.83E-05 .....7.,.;:-. ••:• ,.. - ..- i: 4.00E+01: -"- -; "....•. '..- 	1.14E4-06 . : : • 
9405 •-•::,*5.40E-05 „6.30E-05 .: 5-i .7.; .' ''-, 7.71E+01 .-•,:" .-- 	': 	1.43E406 

" . 	9406 '.75.56E-05 	1.44E-04 .(,---:::::'.,....:-..'i- 6.35E+01 	-= : • ... ...: : •' ,1.1 ,1E+06 f-  • - 4. 
•,. 	',: : ..,:-. 6.79E-05 , ": ':' .....-..:-.!......:.....4.2.51E+.03 8,47E+01 : 313E+12 .425E+06 .•...- ---• - 
93 sum .:•-,,-.T,'-s.',",12i";•,'F. '... 	• : 	" 	- %.:::::-..-.4.7,...i 8.77E4-02 ....4•-:".:.:i".:•:.,_::•.?:, 	..-...-:.::....r.'. *,;.•• -.. :;.:":,-?. 	: _ 	, .-., 	. , 	. 

- 	9394 surii2,,:"'.:, ,.1;,". :--: 	 ._f...', -  1,52E+03 2, 	- 
T'Qyniship Siiira.gel. - .. 1 . •_ , 	 ,-,,,i':-... .• . ',:, -'. ..* r!e•.; ,,....1-..-%-r: -.. 	. ,_ 	.. 	', ;, •.- ..., 

_ 	: ...:..., 9301.;;; 3.85E-05 '.•;,, 9.27E 	.ic.,-Tr.-- "- 5.66E01 	 •1.47E+.04 ;,....-::..•..,-,,- 
• : 	,9302 ....;:124€-OS ...r3 :30E-05 -. ,.... 	--lR t 2286.01: * - ... :: : ... : .11•64E+o.4 	'..--;,•: ,-...,•-,•. 

9303 - 23E-05-966E-05 	.: " 6.22E-01 	 1.47E+0:4  

• _9304 .  . 1.53E-05 - r1.76E-05 . 	I 1.96E-01 	• 

• -,.. :.,.,", 9305 .:', ... 1.64E05 .. 252E-65: :: 	; 342E-01 - 	'.7:.1.8-4E.-04•„.,:";-..*:--.-,•:::, 
..,...: 

 
9306 309€-OS : .-.6.7E--rji:...: 	: 4 .54E-01 ' :: 	'1:475404.  

. 	1. •.-.- 93074,;-1,532,05 ,-, .8.59E-cps...,..,.., 	-.,.- 7.82E-01, 	 :. 1A7E4-64 - "•,.. 
• : ::. 9308 ,--:, 5.64E-05 ,:-.8A8E-05 f.•...f., .-:::, 	. .. '1.03E+00. ' 	, '1 :6E+04 

9369 	3.96E::05.,:7,..69E-05..: :",',..i 	'..;":,. 5-.66E-b1" :., 	•...:1;A7E:4-04, ,i;.•7.-;;,.., _-:. .., 
•:.- '1  9316•-.1=c-4:59E-C6L',',":-.,j140E,i.34,...:.: ,::, 	,'-!-6.75E01' ' ' 	1,1 :47E404 .7'.7 --;4,..-';4 ,-....,,... 

9311 :'-3:15E;05 *:' 9.06E-i3 	5.80E201 : • 	' ' - 60'4'; -i::;.•-:t,..F_:.,,  . 	, . , . 	, 	,„ 	, 	.  
0117 	q 31E-06 	1.70E-05 	' 	--: 1 37E-01 	' -' -- ' 1-.47E+04 -:•?::....,:. , , 
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114.1"C t 	 \j, 	s2(--.1'••• 

	

9309 0.00E+00 0.00E+00 , 	0.00E+00 	 0.00E+00  

	

9310 3.68E-05 .1.00E-04' 	- 7.20E4-00 	 1.96E+05 

	

93.11 1.696-05 3.61E-05 	4.15E+00 	 2.46E+05 

	

9312 1.84E-05 2.68E05 - 	3.59E-4-00 	 1_95E+05 

	

9-401 0_00E+00 0.00E400 - 	- -_-0.00E+00 	 0.00E4-00 . 

	

9-402 4.24E-06 1.50E-05 	1.03E+00 • 	2.43E+05 
. .9403 4.16E-05 1.66E-04 	8.15E+00 	 1.96E1-05 
-, 9404 0.00E4-00 0.00E+00 	0.00E+00 	 0.00E4-00 

	

, 9405 1.68E-06 8.42E06 	 4.11E-01 	 2.45E+05 
•.9406 0.00E4-00 0.00E4-00 	0.00E+00 	 0.00E+00 

evg 	- 7.61E-06 	-1 i 2.82E+02 1.59E+00. 5.87E+10 2.0.11F+05 
93 sum 	 1.89E+01 
9394 sum 	 2.85E+01 
Total 93 sum- 	 1.39E+04 
Total 9394sum 	 2.09E+04 

Pickering 6 NGS ALW 9301 to 9406  

tritium 	 :. - 	Total Act 	 Vol = Avg 	max con . act& 	Ci 	 m3/mth 
uCliml 	uCiiml 

CCW 	effluent 	 . 
.- 9301 0.00E+00 0.00E+00 	0.00E+00 
• 9302 0.00E+00 0.00E4-00 	0.00E4-00 

	

9303 4.28E-07 7 70E-05 - 	.7.45E+01 . 	• 

	

9304 0.00E4-00 0.00E+00 	0.00E+00 

	

9305 '.0.00E+00 0.00E+00 	. 0.00E+0.0 	 0.00E+00 
_ 9306 0.00E+00 • 0.00E+00 	.. 0.00E4-00 	 0.00E+00 

•:9307, 0.00E+00 0.00E+00 ' 	0.00E4-00 	 0.00E+00 

	

-- 	a• 	-- ' 

	

9308 0.00E4-00 0.00E+00_ 	0.00E+00 	 0.00E+00 

	

9309 1181607 - 7.37E06. 	•-•3.92E+01 	 217E+08. • 

	

9310 2.40E08 337E296, 	* 5.57E+00 	 232E+08 ... 

	

. 9311 1.51608 2.27E-06 H 	4.38E+00 	 . 2.90E+08 

	

9312 1.78607 ..7.£38E-06 	3.59E+01 	 2.02E4-08 
.9401 0.00E+00 0.00E+00- . 	0.COE+00 	 0.00E4-00 

•.9402 3.62608, 1.04E-05: . 	2.62E+00 	 7.24E4-07 
9.403 2.07E-08 2A3E-06- 	4.81E+00 	• 2.32E+08 

• 9404 .0.00E4-00 0.00E+00 	0.00E+00 	_, 0.00E+00 
,9405 0.00E4-00 0.00E+00, 	0.00E+00 	' 0.00E+00 

	

.. 9406 0.00E+00 0.00E+00-, 	' 0.00E+00 	 0.00E+00 
.aVg • - . 4.91E-08 6.15606 1.82E+00 9.28E+00 3.43E+11 1.89E+08 . 
93 sum 	- • • ,, 	 - 	1.60E+02 

- 9394 sum 	 1.67E+02 
RBSW Effluent 	 , 

9301 0.00E+00 0.00E+00 7 	' i.  0.00E+00 , 	- 0.00E+00 
• 9302 0.00E+00 •0.00E+00 	'0.00E+00 t 	" 0.00E+00 
9303 3.87E-06 9.21E-06 - - 	=1.04E+02 - 	 2.69E+07 
9304 0.00E+00 0.00E4-00 	0.00E+00 	' 0.00E+00 

	

-- 9305 0.00E+00 0.60E+00 	0.00E4-00 	 0.00E+00 
9306 2.99E-06 '.1.19E-OS 	8.04E+01 	 2.69E+07 
9307 0.00E+00 0.00E+00 	0.00E+00 	 0.00E+00 
9308 1.25E-06 627606 	4.21E4-01 	 3.37E4-07 
9309 0.00E+00 0.00E+00 	0.00E+00 	 0.00E+00 
9310 2.06E-05 4.94E-05 	5.5-4E+02 	 2.69E4-07 

• 9311 1.73E-06 8.66E-06 	5.82E+01 	 3.36E+07 
9312 1.51E-06 6.04E-06 	4.06E+01 	 2.69E+07 
9401 1.47E-06 5.88E-06 ' 	3.95E+01 	 2.69E+07 
9.402 8.59E-06 1.65E-05 	2.88E+02 	 3.35E+07 
9403 6.35606 1.08E-05 	1.70E4-02 	 2.68E+07 
9404 128E-05 3.51E-05 	3.44E+02 	 2.69E+07 
9405 0.00E+00 0.00E+00 .. 	0.00E+00 	 0.00E+00 
9406 ' 0.00E+00 0.00E4-00 	0.00E4-00 	 0.00E+00 

avg . 3.406-06 	 126E+02 9.56E4-01 3.54E+12 2.81E+07 
93 sum 	• 	 • 8.79E+02 
9394.surn . 	. 	 1.72E+03 
Total Grand 93 sum 	 1.49E+04 • 
Total Grand 9394 sum 	 2.28E+04  
Total on annual report •(11'13) ,. 	1.4-4E+04 
CCW % 	 2.36E+14 637E-+-034.27E+01 4.01E+01 

• RESW 	- 2.54E+14 6.88E+03 4.61E+01 - 4.04E+01 
UppB Effluent 	2.81E+13 7.59E-4-02 5.08E-4-00 .1,25E+01 

	

- UPP A Effluent 	• 3.25E+13 8.776402-5.88E+00 6.68E+00 
- 	Sewage 	_ 2.2861-1 1 - 6.16E+00 .4.12E-02 4.08E01 

•AWS 	 2.09E+1 1 -.5.65E4-00 3.79E-02 6.01601 
Sulzer A 	• 1.22E+12." 3.30E+01 2.21E-01 	2.41E-01 
Sulzer B 	. 7.01E+11 1.89E+01 1.27E-01 	1.25E-01 
Total , 	• 5.53E+14 	_ -1.00E+02 1.01E+02_ 

	

aq/a •" 	• Cifa 	% of total % 'of total 
93 	939-4 

• , 

0.00E+00 
• 0.00E+CO 

1.7461-08 
. '.0.00E4-00 



ThlivTA 1),) 

Bruce A 93 weekly report Trrtium Releases' 	 ,Bruce  A 92 we,ekty report 	Bruce A 91 '.'eey report 
- ALW a/v.4c •. _ 

930106 	 272 
930113 	 894 . 
930120 	 _ 283: • -... 

	

930127 	 3-43 

	

930203 	 239 ....., 

	

'.930210 	 622 " 

	

' 930217 	 256 

	

930224 	 945 

	

930303 	 268 
• 930310 	- 224 

	

930317 	 33 

	

930324 	 602 

	

930331 	 319 

	

930407 	 328 

	

930414 	 332 

	

930421 	 489 
930428 	 659 
930505. 	1221 

	

. 930512 	 359 

	

930519 	 784 

	

930526 	 228 

	

930602 	 824 

	

930609 	 663 

	

930616 	 86 

	

930623 	 275 

	

930630 	 6305 

	

_930707 	 4457 
• 930714 	 715 

	

930721 	 723 

	

930728 	 568 

	

930804 	 906 

	

.. 930811 	 587 

	

930818 • 	 907 

931215 	 158 
931222 	 323 

93 @ sum 	 40470 	--'3S72.5 
931229 	 868 

, 	. 

252 	. 
251 

920122 1389. 
920129 1038 

773 
238 
185 
595 

. 357 
507 
568 
374 
451 

181. 384 
-1131. 372 
1131. 325 
181 449 
181, 268 
181. 353 
181. 518 
181 548 
181 403 
1BL 581 • 
181 689 
BL 451 
BL 520 	. 
Eil__ 772 	• 
BL 535 , 
1 BL 920722 1252 
1 BL 369 ' 
'1 8l_ • 453 : 	• 
1381. 920812 1540 . . 
1,3 81. 914 -- 

355 - 
712 

320 -' 
884 
609, 
461 

. 335 	• 
' 570 	. 

376 
473 

921111 2163 
921118 2503 
921125 2757 
921202 2927 	12942 
921209 3973 

1, 3 boiler teak 921216 5655 
387 . 

1 BL 619 
92 @ sum 45192 	3766 

r..329 BL 
,.509 BL 

,-,..-.::,„,245 4 81 
-,--, 358 	• 

288 4 Bl... 
T.724 _,. 
---- 670 481.  ..... , 

910306 - : 2369 4 BL 
:. 
	252 481. 	" 

910313 	1475 
- ... 646 

910327 .,2114 

' 	- 267 
. 223 

.684 
- 273 BL 

702 
467 81 

910522 1123 1 BL 
910529 2186 1 BL 
910605 • '2078 1 BL 

- 	_ '.-386 
. , ---342 
-.:-,. 5-43 

1863 2 01 
......_317 1,2 81. 

- -910814 54613 1,2481 
910807 ;-1773 1,2,481. .- ., _ 

-,.7-287 1,2 BL 

-910828 495417 1,2,481 
910904 : 35581,4 BL 13320 
910911 .3806 1,4 BL 
910918 -15286 BL 

' 670 
911002 :4353 St. 	14254 13838 5.1E+14 - 	. 
911009 4724 BL 

.9110,16:12768  1 BL 
.911023 	2314 
911030. .13095 
911106 I 2266 1 81. 	9573 
911113 -4949 1 BL 
911120 2074 1 BL 

911204 .1292 
911211 1914 
911218 	1014 

-.. 326 
: 252 

78872 6572.7 

181 
1 81. 
1 81-. 

. 1,3.481 
13.48L 
1,3,4 BL 
1:3,481 

1,3;4 BL . 

1 BL 
1,3 boiler leak 
1, 3 poiter leak 
1, 3 boiler leak 
'1,3 boiler leak. 
1,-3 boiler leak . 

• 930825 	 588 

	

930901 	 892 

	

.930908 	 945 

	

.930915 	• • 832 

	

930922 	 832 
•  

	

930929 	 804 

	

931006 	 964 

	

931013 	 689 	 1,3,481•  

	

931020 	 743 	. 
• 931027 	 801 

	

931103 	 904 

	

931110 	 1445 

	

931117 	 163 

	

. 931124 	 139 

	

931201 	• 	649 
• 931208 	 1015 

.. 
Estimation 	 • • -,  1993 	• 1992 	' 	- 1991 	 Average over three years .Regular discharge ALW (a/a) 	

• 28795. 	24756 	21662 	 25071.  • • . ' ' 	• .• - Ci/mth • • 	 2400 - 	-' 2063 	1805 	 •2089 '7.7E+13 Bg/mth .Irregular discharge (Ci/a). 	 11674 . 	20436 	54116 	• 	28742 	- . - 	- 

	

, , 	... ' 	Ci/mth • 	 . . 973, . • 	, 1703 	r  . 4510 1.7E+14 	2395 8.9E+13 tuvrnth 

	

4E+13 . 	 . ... - 	. 



Bruce 8 weekty'report ' 	. Tritium Releases 	'Bruce 892 Tritium Pei Bruce B 91 tritium release  

	

- - 	Liquid Effluent Oh* 	 ..- 172 
' 930106 	--.260 	 106 ' 	 190. : 
:93113, -. 	- -215 -  
-930120 ".- i 	91 	 "' ., 46'-::'.!-- 	: r'-'-• 	:._ '108  
930127 ' ' '370 ' 	 - 4. 3 . p 	.' 	 759 
936203 .• 	• 395 	 • ' 54 ., 	 902 

' 930210 . 	T321 	
...  
- • 183 - 

	

930217 	741 	 91,..;‘. 	 :122 -1 .. 

	

930224 	' 329, 	 _ .7:-.212 - 

	

930303 	108 	 86 .."'„ , 	 1.861 . 

	

' -930310 	135 	 128.-'' -; '- 

	

. 930317 	115 	 .70-...T.: '-'.--- 	- --..-102 

	

' 930324 	266 	 • 1;102 . 

	

930331 	142 	 so:- . — 	 -237 , 
930407 . 	207. 	 92 	' 	• 	2440 - 

	

930414 	334 	 124 `1.. 	 ".:‘,152 

	

930421 	283 	 -265 
• 930428 	' 168 	 8341 ' 	

. 
120 

	

. 930505 ' 222 	 408  

	

930512 	388 	 638 	 - .^.... .159 
.930519 • 	164 	-110...-,  	 ..:193 

	

.930525 	206 . 	 112 :• ., 	 - • 67 

	

930602 	• 215 	 1105. •:- - 	 -214.. 
• 930609 	.275 ' • 	 , 259 	 213 

	

930616 	187: 	 208 . 	 162 

	

930623 . ' 268. 	 .133- 	 389 
.930630: - 	244 • 	 261 	 1420 

	

- .930707-- -• 181 	 342 ._ 	 493 

	

. - 930714 -  - ' 110 . 	 -290 	
•

. :291- 

	

' 930721 	— 335' 	S 	 -1:207. 	 •. .322.- 
. .930728.: .. 	330 	 . 183 	 199 

	

-. '93080-4: ' • - 348 . 	 ' 325 	 ,. 149 
936811 . 	353-- 	 -296 -. 	 367 

. 	930818 	• ' 374 	 .362 .' 	 267 

	

930825 	. 290 	 418 	 167 

	

-9,30901 	257 	 . • 414 	 170 

	

, 930908 	. 280 . 	 380 	 445 
930915 ' 	282. 	 279 - 	 . 648 

• 930922 	391 	 303 	 317 

	

930929 	347 	 349 	 . 99 
- -931006 ' 	.271 	 ' •53 	 12:4 

	

' 1931013 	. - 383 	 223 	 .. 376 
: • 	.:931020 - 	: - 214 	 159 	 - 413 

	

. • 931027. 	.1940% 	 • 148. - 	 . 285 

	

-931103. „ 1231 	 187 	 ' 399 

	

931110- 	1254, 	 134 	 77 

	

- 931117 	-485 ' 	 -174 , 	 314 

	

931124 ' 	.403 	 188 	 148 

	

931201 	345 	 .136 	 289 

	

9312081 	146 	 91 	 215 

	

931215 	198 . 	 47 	 99 

	

931222 	162 	 .193.. 95 
• .931229 	175: . 	 146 	 152 

@>sum 	' ' 	17784 	1482 Ci/mth 	, 11141.6 	928:5 	15564.2 	1297.0 Ci/mth 

Estimation 	1993 	1992 	1991 aver_a.ge 

Regutar discharge ALW 	14176 	- 11141 	15564 13627 

i/ th 	 1181 	928 	. 1297 	1136 '4.2E+13  
Irregular discharge 	- 3607 
Ci/rnth 	 ' 301 

1.1E+13 • 



-TpLy3-  pine\ 	\,,A-1-ER, 

'Darlington Tritium Release  
yitium in liquid emission 
ALW 	CCW 

9301 4.97E+01 0.00E+00, 
9302 1.89E+02 , 0.00E+00 
9303 1.95E+02 • 0.00E+00 
9304 6.62E+01 0.00E+00 
9305 5.01E4-01 0.00E+00 
9306 . 4.31E+01 3.70E-01 
9307 1.75E4-02 0.00E+00 
9308 1.83E+02 0.00E+00 
9309 3.57E+01 0.00E+00 
9310 1.03E+02 0.00E+00 
9311 1.73E+02 0.00E+00 
9312 2.85E+02 0.00E+00 

@sum 	1.55E+03 3.70E-01 1548.2 129.01 Ci/mth 



2.8E+02 66.2% 
2.9E+00 :0.7% 
4.2E+00 1'.0% 
1.2E+00 0.,3% 
1.3E+02,.30.6%  
2.7E-01 
4.0E-01 0.1% 
4.8E+00 1.1% 
4.3E+02 100.0% 

t-,  
TABLE 10 

; .(1M111..A0 OF TR1TIUM EMISSIONS TO WATER 
TBqIy ?4!,  

1993 
. TOTAL.  % OF TOTAL-, 

:1992 
TOTAL., % :OF TOTAL 

2.4E+02 
• 2.8E+01 

43.1% 
5.0% 

3.5E+02 
2.2E+01 

11.6% 
0.7% 

3.3E+01 5.9% 4.6E+01 1.5% 1 
2.3E-01 0.9% 3.0E-01. 0.0% 
2.5E+02 45.6% 2.6E+03 86.0% 
2.1E-01 0.0% 8.4E-02 
1.2E+00 
7.0E-01 

0.2% 
0.1% 

	

2.7E+00 	• 

	

0.1% -
3.4E+00 	0.1% 

5.6E+02 100.0% 3.0E+03 100.0% 

PICKERING'A+ 

CCW 

SEVAGE 
RBSW,  

SULZER=A 
SULZER-I§ 
TOTAL.  

, 
BRUCE A.  

; 

REGULAR 
• IRREGULAR 
TOTAL 

.,BRIICE 

• REGULAR 
• IRREGULAR 

TOTAL 

DARLINGTON 
TOTAL 

• 
1.1E+03 
	

71..2% 
4.3E+ 02 
	

28.8% 
1.5E+03 
	

100.0% 

1991 
TOTAL % OF TOTAL 

' 9.2E+02 54.8% 8.0E+02 28.6% 
7.6E+02 45.2% 

•
2.0E+03 71.4% 

1.7E+03 100.0% 2.8E+03 100,0% 

5.8E+02 100.0% 

, 5.8E+02 100.0% 

•5.3E+02 	79.7% 

	

1.3E+02 	20.3% 

	

6.6E+02 	100.0% 

5.7E+01 



TABLE 11 

IMPACT OF APPLYING 5E-6.0R 1E-6 RISK LIMITS TO ALL ONTARIO HYDRO RADIOACTIVE EMISSIONS 

BASED ONLY ON 1998 DATA 

Radidnucl,ide/ 	(S)ingle or 
ErnisSion. 	 (M)ultiple 
Pathway,- 	 Pathway 

Emission Reduction Factor 
Required for Risk = 5E-6 
DNGS PNGS BNPD 

• Emission ReduCtion Factor 
Required for Risk = 1E-6 
DNGS 	PNGS I BNPD 

: Noble.Gas/air 	 S 

.C414/A11R! 	 S 
Fit6/41R.: .„ 	 S 
H-3/WiestEh 	 s 
PARTICULATE/AIR 	S 
PARTI-PULA:  7E/WATER 	S 

Noble:Gas: 	
NA 

 
C-1tV 	 M 
H-3' '‘'.,,. 	 M 
PARTICULATE , 

NA 	6.7 	1.5 	 4.5 	34 

NA' 	2.2 	NA 	 1.6 	11 
NA 	t8 . 	1.2 	 NA 	9 
NA 	NA 	NA 	 NA 	NA 
NA 	NA 	NA 	 NA 	NA 
,NA 	NA 	NA"o. , 	 NA 	NA 

"NA 	6.7 	1.5 	 4.6 	34 
NA 	2.2 	NA 	 2.2 	11 	4, 
NA • 	2.3 	2.1 	 1.4 	12 	10.4 
NA 	NA 	NA ., 	 NA 	NA 	2.4' 

Note: The above factors assume that background radioactivity is not included. 
If lpackground is included (as required for drinking water), these factors will increase. 

For 0-14, the natural background level of about 250 Bq/kg-C already exceeds 
the maximum concentration that would be allowed for a lifetime risk level of 5E-6 for milk, 
fruits and vegetables. For the risk level of 1E-6, natural background would exceed the maximum 
concentrations for Milk, fruits, vegetables and fish, 



I 	ti 	I 	i., 
83 1984 1985 1986?t, 	8 19891 990 1991 1992 11993 

WEEKLY AVERAGE VALUES 











.ifi 	a •,::. 
1983 1984.1985' 1986 1- 987:1 .988 1 

*rc 

WEEKLY AVERAGE VALUES 



III I 1111. m1.111111111 H11111111111 
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 

WEEKLY AVERAGE VALUES 



, 	
1. 	11111 	H 1 	 Illi il'i 1 II 	I 1.01111111,:1,1,1 !Illy111..111, 

II 	 , 	. ., .,  

8..3.: .9841985:19361.98. 	,... .8.:,:1..9,. 	 1 1992.19...  

...WEEKLYh.:.AVERAGE:.VALUES 





1984 1985 1986 1987:198%.  
WEEKLY AVERA  

°61  i3 

I

11 

0 1991 1992 1993 
ES 

DRIN KING  

2 

• 

dom.. 



I 
I 1 

I 	11 111 1 11  118111111141061111111111111111111011111111101111111111111111111111111144111411i1;11111.11111111111111111111111111111111K1111011111111111011111111=1111111111111111111 	  

1983, 	1984-  19851-9864987 	 991 1992'1993 
WEEKLY. AVERAGE.,VALU ES 









1983. 	.1.984 1985-. .19.8.6.1987•1..988.:1:,939:::.1.990...1.991 1992:1993: 
YEPSRLY:AYFRAQVALUE-S' 



1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
YEARLY AVERAGE VALUES 



wr•tra. 



90 1991 
LUES 









SEPARATOR • SAFETY ANDSTEAM RELEASE VALVES 

2,930,000 kgihr. 252°C 	4.1 MPa 
(6,460,0001W/0 (485°F) 1593 psia/  .RE-(EATER 

- 

HIGH ::12-7  
PRESSURE  LO"''''vv_PWE"SSORETIRIBilN)E::) 
TURBINE: 	 1-4  

5 Pa absolute (1.5,,tn.Hg) 

COOLING WATER', ROM LAKE 

-H  WE 

8 PUMPS 

9.7 MPa 
(1406 piia) 

:-...16-1,000 1,6 
11) -  hrt ,566Ft 3 LOW PRESSURE 

HEATERS 

2 HIGH 
PRESSURE 
HEATERS II'. 

	oil , 	 

• ,101.-74 ,it  
FUELLING 
MACHINE 

. 	• . . 

HELIUM COMPRESSORS 

DEUTERIUM AND 
•JAYGEN RECOMBINERS 

COOLANT 	I 
HEAVY 
WATER 

MODERATOR 

n n  
COOLANT TUBES 

1 . 	I 
NATURAL 
WATER 

HELIUM GAS 

• STEAM 

CONDENSATE 

.17M1 •LAKE WATER 

go,tLEA 

' 

cSlc.Hka.c,E 

;-• 
	MODERATOR HEAT EXCHANGER 

S FVE 

• f-kcsr--;, .umkE. 

I tsiNi)LAclE0 	CP1t 3  t) 

ikVkC.:CoN, flow .11 P,G,ckAr,(• 

7: 	c--(t..) 	Is c.i•koka...c,E 
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S.OU ACE OF ‘;').4STE 
.• 	, 

Wrsi Annex -• 
Decontaniintlion Centre 

7\ Ht Acllvily 

TK2 

10 rn'. 
•-• Chemical Conti°, Lab Sinks, ' 

Control Maintenance Shop Stnkt 

• 

CleontamlnationCenter,Oreinsge 

and Chit:MM.  Lehi Sink( 
1.SFCITP Annex Building 	 , 

.1 .eketive Liquid With Mantgement Syttem .  

• • Solfd Waste Build1n2 Slurry Water ••••••• 

.•±Ne.tX Fuelling Mc tine Serrkci Area Clusinsgs 
:MedicalOcotamlnation Shower . 

units 1-:4 Flistlo, • 

• eulldloOs sod Reams 
Auxiliary Bay Sumps ;.• 

Auxiliary teridia ted FuslB,•. 
Drainage.  
Moderator llogradir • • 
Tower Orainagt 	• • .. •, 

' 	 M(nagirnent,Area Drainage 

TK3 l%3 m' 

(Holdup) 

, 
ColionS and PIsHics Lstsn .dry: 

..• With Water 

TKO 227 rn1, 
:(Holdup) 

TK4 227 rn)  

(Holdup) 

• tiia.n.E t ching. Column and.:  
- 	Punt Or tinkoc : • 	r  

Spent Fltlin Slurry Water 

...Cot.tont•Laundie 'Rime Witte 

11(9' 54 rn)  

• 114oldvo) 

KS 227 m1  

IHoldup) 

,Biological Posey Lab Sinks 

Orainage 

• 

11(14 227 rn7 
10tcoy Si 	• 

-Tit stmenil 

TK10 &4m' 

(Holdup) 

11(I3 227m1  

(Holdup) 

Ion 

Exchange 

11(11 ((3m' 

• (Holdup) 

.andfleacior Atixiliery Bey., 

TK13 227 ri"0 

(Holdup) 

TKI2 227m' 

Ibecey) 

To Unit 1 and 

Unit 2 

CCW Dischargt 

LioXiliti Waste 
Managernent - 

Atep Sump • 

f/',€!3 ./1-7/0,16 	Activ'e Liquid'  Waste 'Handling and Treatment - Flow Diagram 



• 

'Qasti rOOrnc  

Active  
'Floor Drains'. 

Sump Sump 

To 'Card Driinage 

0 	Active 
Drains 

1 
Washrooms 

To Lake Condenser Coaling 
' Water Duct • 

Reactor Buildings (Typical) 

• Service Building 

Al Washrooms Inactive 
Drains 

Showers 
Activity , 
Monitor 

Moderator 
Upgrader 
Discard 

f i!ters & Spent 11 es, n 
to RiClioactive 

. Waste Storage Site 

	

E 	Ouelling 
Machine - 

Shop Drrains, 
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