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Witness Panel: D2O Project 


AMPCO Interrogatory #131 1 
 2 
Interrogatory 3 
 4 
Reference: Ex D2 T2 S10 Appendix 2k 5 
 6 
In December 2004, Kinectrics Inc. completed a study “Strategic Option Study or OPG 7 
Heavy Water Storage and Drum Handling.”  In April 2006, Kinectrics Inc. was 8 
contracted by this Project to further investigate the issues at Darlington and Pickering 9 
and to develop options that would address OPG’s D2O management needs. 10 
 11 
Please provide copies of all reports prepared by Kinectrics Inc. related to D2O storage. 12 
 13 
 14 
Response 15 
 16 
Please see Attachments 1 to 7, for a copy of the reports prepared by Kinectrics Inc. 17 
related to D2O Storage Project. Additionally, please see Ex. L-D2-02-AMPCO-137, 18 
Attachments 107 and 116, for two additional reports prepared by Kinectrics Inc. related 19 
to D2O Storage Project.  20 
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SUMMARY 


 
As part of the decommissioning plans for OPG’s nuclear facilities, cost estimates for storing all 
heavy water used in the primary heat transport and moderator systems have been prepared.  
The storage will be handled by dedicated on-site facilities at the five nuclear sites: Darlington A, 
Pickering A and B, Bruce A and B.  The heavy water storage facility is a stand alone building 
utilizing 100 and 150 Mg stainless steel tanks.  The different costing scenarios utilize either all 
Class 3 tanks or a combination of Class 3 and Class 6 tanks.  The total storage capacity for 
each nuclear site ranges from 6,332 to 13,113 Mg dependent on the number of storage tanks 
utilized.   
 
The estimated cost for the storage facilities utilizing Class 3 tanks range from a low of 23 M$ 
(Darlington A, 4 tanks) to a high of 65.9 M$ (Darlington A, 31 tanks).  In the case of a mixture of 
Class 3 and Class 6 tanks the cost estimates range from 22.2 M$ (Darlington A, 4 tanks) to 
60.4 M$ (Darlington A, 31 tanks).  
   
The estimates include design, procurement, construction, equipment installation and 
commissioning activities. The construction cost estimate does not include pricing specific to the 
nuclear site location.  The stand alone storage facility location within the site is undefined. 
Additionally, the estimates apply to construction outside the protected area.  The soil at each 
site is assumed to be ready for construction and detailed soil analysis has not been conducted 
for this study.  Preliminary engineering identified the processes and components associated 
with a heavy water storage facility.  Supplier quotes were obtained for a significant number of 
components. 
 
An order of magnitude estimate has been performed for the dismantling of the heavy water 
storage facilities at the end of life; the costs range from 1.3 to 4.2 M$ for the 4 and 31 tank 
facilities respectively.  The cost estimate excludes working in a protected area with its 
associated radioactive work practices, decontamination, and nuclear waste disposal 
(packaging, transportation, final storage).  The amount of conventional waste generated from 
the dismantling of the facility ranges from 6500 to 14000 m3 while the nuclear waste volume 
varies from 670 to 4200 m3.   
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DISCLAIMER 
 
Kinectrics Inc. has prepared this report in accordance with and subject to the Master Services 
Agreement (MSA) between Kinectrics Inc. and Ontario Power Generation Inc. (OPG).  
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1. BACKGROUND 
 
 
At the end of life for OPG’s nuclear generating stations, all heavy water used in the primary heat 
transport and moderator systems is required to be removed from the units and stored in 
dedicated on-site storage facilities as part of decommissioning activities.  In order for OPG to 
update their decommissioning plans for its nuclear facilities and consider financial obligations, 
cost estimates have been produced by Kinectrics for construction and dismantling of the heavy 
water storage facilities for various storage scenarios. 
 
Cost estimates have been produced for heavy water storage facilities using storage capacity 
scenarios forecast by OPG for each of their nuclear sites. These storage capacities, which 
depend on the availability of existing storage tanks for each site, range from 6,332 to 13,113 Mg. 
Separate heavy water storage facilities are required for each of the five (5) nuclear sites. 
 
The construction cost estimates include design, procurement, construction, equipment 
installation and commissioning activities. Stand alone buildings containing an array of heavy 
water storage tanks, with individual capacities of 100 and 150 Mg, complete with features such 
as containment dikes, heavy water transfer equipment and facilities, building ventilation and 
tritium monitors. Although the intent is to detritiate all heavy water before storage, the cost 
estimates also consider cases having Class 3 storage tanks required for tritium concentration in 
heavy water exceeding 2 Ci/kg. Preliminary engineering has been performed to the extent 
necessary to produce this level of cost estimates.  
 
The construction cost estimate does not include labour pricing specific to the nuclear site 
location.  The stand alone storage facility location within the site is undefined. Additionally, the 
estimate applies to a construction outside the protected area.  Other key assumptions that 
impact project costs are identified in Section 3. 
 
 
2. OPG REFERENCES 
 
 
Kinectrics has produced the cost estimates based on the following OPG reference documents: 
 


i. Specification #2010419- Production of Cost Estimates for the Construction of Heavy 
Water Storage Facilities. 


ii. Appendix A- Storage of Heavy Water Following Unit Shut Down 
iii. Appendix B- Specifications- Heavy Water Storage Facility 
iv. Appendix C1- Project Cost Estimate- Construction 
v. Appendix C2- Project Cost Estimate- Dismantling 
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3. SCOPE OF COST ESTIMATES 
 
 
Cost estimates have been produced based on the various heavy water storage capacity options 
specified by OPG in Table 1.  
 
 
Table 1:  Heavy Water Storage Options  
 
Site Heavy Water Storage Capacity (Mg) 
 Option 1 Option 2 Option 3 Option 4 
PA 1994 1994 1869 1504 
PB 1989 1989 1864 1499 
DA 3282 1582 799 415 
BA 2918 2118 1652 1196 
BB 2930 2930 2329 1728 
PA – Pickering Nuclear A side, PB- Pickering Nuclear B side, DA – Darlington Nuclear 
BA – Bruce Power A side, BB – Bruce Power B side 
 
(Source: OPG Specification #2010419) 
 
 
The actual storage capacities shall be at least 110% of the storage capacities quoted above.  
 
In addition, space is provided in each facility option for up to two (2) extra 100 Mg tanks. For 
storage layout options having up to eleven (11) tanks, space is provided for one (1) extra 100 Mg 
storage tank. 
 
For equipment requiring replacement during the 50 year lifetime of the facility, additional labour 
and replacement equipment costs are considered.  The items requiring replacement and the 
replacement intervals are provided in Table 2.  The costs of these interval replacements are 
included in the total project cost. 
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Table 2: Replacement Intervals 
 


Item Expected Life 
(years) 


Number of 
Installations 


Tank Level Indicators  15 4 
Beetles 15 4 
Radiation Monitors 15 4 
Sump Pump 15 4 
Canned Pump (transfer pump) 10 5 
Hoses  15 4 
Class 3 Vent Condenser for Cover Gas System 25 2 
Silica Gel Trap for Cover Gas System 20 3 
Misc. Mechanical Fasteners 25 2 
Building Roof 15 4 
Ventilation System (HVAC) 15 4 
Water Heater 15 4 
Instrument Air Compressor and Dryer 15 4 
Breathing Air System (compressor/pumps) 15 4 
Fire Protection Sprinkler System Pumps 15 4 
 
Cost estimates are covered for two (2) separate cases for each option: 
 
Case A:  100% of tanks are Class 3 tanks 
 
Case B:  Approximately 50% of tanks are Class 3 and remaining 50% of tanks are Class 6.  
 
The ancillary building is considered identical for all storage options. The ancillary building houses 
facilities outside the storage tanks area (i.e. transfer bay, drum transfer area, laboratory, office, 
storage area washrooms and equipment penthouse).  
 
Key items excluded from the cost estimate: 
 


• Preparation of the building site and all facilities external to the  building (e.g. roadways, 
lighting, fencing)  


• Laboratory analytical equipment and facilities,  


• Taxes, interest on borrowed funds, bonds, permits, etc,  


• Cost of OPG site supervision during construction and commissioning activities, 


• Building security, external radiation monitoring facilities, drum storage area, drum 
cleaning facility, change rooms and showers, overhead crane.  


• Cost of decontamination and waste disposal. 
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The full list of assumptions made in preparing this cost estimate is provided in Appendix C.  The 
key assumptions impacting cost are summarized in Table 3.   
 
Table 3: Key Assumptions Impacting Cost 
 


No. Assumption 
1 The storage facilities are stand-alone facilities which are not required to interface 


with other facilities. 
2 During construction, a construction island separated from the nuclear site, shall 


be temporarily erected. Within this construction island, controlled by the general 
contractor, construction work proceeds as if it is a general commercial building. 


3 Being a new facility, no engineering change (ECC) process is applied to the 
design and construction activities. 


4 Local work force assumed (no per diem expenses). 
 
Additionally, the following guidelines provided by OPG impact on the costing exercise: 
 
1) No site visits or detailed investigation of site conditions for building.  
2) Site will be ready for construction. 
3) Site will be serviced (basic service only).  
4) Specific location on site for the storage facility location is undefined. 
5) All approvals are in place.  
6) Construction to be done as per an “owner only” contract – OHSA rules apply. 
 
 
Kinectrics has produced the cost estimates in accordance with our ISO 9001 quality program. 
 
 
4. STORAGE FACILITIES DESCRIPTION 
 
 
Layout sketches of the heavy water storage facilities have been produced based on the 
preliminary design.  Layouts are shown in the Appendix A for the reference case facility (18 
tanks) and the eight (8) storage building footprints. 
 
Based on preliminary design, key features of the storage facilities are as follows: 


• Stand alone storage facility for each nuclear site, 


• Storage of heavy water for a minimum nominal period of 50 years, 


• Array of storage tanks enable segregation of contents according to tritium activity and 
isotopic content. 


• Use of tritium compatible equipment and materials for heavy water handling systems, 


• 300 series stainless steel tanks and process equipment, 
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• Heavy water is stored in 100 Mg tanks or 150 Mg tanks, 


• Approximately 50% of volume is stored in 100 Mg tanks, the remainder is stored in 150 
Mg tanks, 


• Heavy water storage tanks and transfer bay containment dikes to contain heavy water 
spills and enable recovery, 


• Means of tank contents sampling and analysis, 


• Tank cover gas system equipped with heavy water vapour recovery system, 


• Common headers are used on the pump discharge and pump suction to enable the 
transfer of heavy water between any set of tanks, 


• Tank recirculation and heavy water transfer using Class 3 pumps, 


• Storage tanks are arranged in rows of three (3) for all facility options, 


• Catwalks are situated near the top of the storage tanks for inspection and maintenance 
access, 


• Tanks (150 Mg)  are spaced 2 m apart for supports loading,  


• Horizontal distance from tank wall to containment dike is at 0.9 m, 


• Manual isolation valves are used to direct the flow of heavy water,   


• Heavy water loading/ unloading bay for Multi-Purpose Transportation Package (MPTP), 
tanker and drums, 


• No automatic controls are applied to process equipment, 


• The building is equipped with a ventilation system that meets all requirements relating the 
storage of tritiated heavy water within a Zone 3 designated area, 


• Ventilation designed for a minimum of 4 air changes per hour in heavy water handling 
areas (high speed fan operation triggered by area tritium monitors),  


• Building maintained at slightly negative pressure with respect to ambient, 


• Building is equipped with electrical space heating equipment (i.e. no air conditioning), 


• Back-up diesel generator for operation of building ventilation fans, process 
instrumentation and tritium monitors, 


• Active drainage system for lab and drum transfer area floor drains, 


• Heavy water spill recovery equipment including building sumps, 


• Tritium in air monitoring (one monitor each 3 rows of tanks, plus 2 in transfer bay/drum 
transfer area), 


• Tritium stack monitor, 


• Breathing air manifolds for use of plastic suits, 
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• Heavy water emissions collection bed (silica gel), 


• A full service air set-up and an air compressor is provided. 


• The superstructure of the building is braced steel frame resting on concrete structure, the 
building is not seismically qualified, 


• Combination of 100 Mg and 150 Mg tanks, with no single tank exceeding a storage 
capacity of 150 Mg (options for Class 3 and Class 6 tanks to be considered), 


• Interconnect piping to permit isolation and transfer of contents to any other storage tank 
within the storage facility utilizing manually operated isolation valves, 


• Building height to the underside of the roof is 18 m (includes 2 meter truss height 
allowance). Height of transfer bay is 12 m. 


• Capability to ship, receive, transfer, drain, fill and transfer heavy water, 


• Use of instrument air for pressurizing heavy water drums, transport packages and tanker 
for transfer of heavy water to the storage tanks, 


• Tank cover gas system (instrument air) for tank venting with tank over-pressure 
protection and tank under-pressure protection, 


• Monitoring and alarm capabilities are provided to ensure regulatory requirements are 
satisfied with respect to environment emissions and hazards to personnel, 


• Sampling laboratory (with floor area of ~50 sq. m) with future provisions for connections 
to active ventilation and active drainage systems.  


• Measure of storage tank level and pressure featuring both local and remote displays and 
alarms, 


• Determination of heavy water inventory using tank level transmitters no sight glasses or 
weigh tank provided), 


• Beetles are situated on the floor below each storage tank to provide indication of spills of 
heavy water, 


• The building sub-structure and tank containment dikes are seismically qualified to DBE 
category D, 


• Buildings meet the requirements of a Zone 3 area, the National Building Code of Canada 
(2005), the National Fire Code of Canada (2005), CSA N293-07-Fire Protection for 
CANDU Nuclear Power Plants and all federal, provincial and local regulations. 
 
 


5. METHODOLOGY 
 
 
The cost estimates and estimate of waste volume were produced by Kinectrics according to the 
following plan: 
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• Produce preliminary engineering design concepts for process equipment and buildings, 
• Presentation of guiding assumptions and draft facility layout to OPG, 
• Obtain supplier quotations for basis of major equipment facility cost estimates, 
• Estimate process equipment and materials and labour costs,  
• Materials and labour estimated per tank basis for reference case facility (18 tanks), 
• Subcontract cost estimates for building structural, HVAC, utilities and conventional 


facilities to The Walter Fedy Partnership, 
• Produce high level estimates of dismantling cost and waste volume, overview of 


preliminary design and major equipment costs with CPUS subject matter expert, 
• Follow-up sessions with OPG as required. 


 
The preliminary engineering was performed by applying generally accepted practices for nuclear 
facilities designed for handling and storage of tritiated heavy water. The basis for costing the 
majority of building and facilities items was the RSMeans Building Construction Cost Data Book 
(33rd annual ed., 2010), an industry accepted reference for cost estimates. 
 
The facilities utilize 100 Mg and 150 Mg storage tanks with the intent to have approximately 50% 
of the water volume for each facility stored in 100 Mg tanks and the remaining volume stored in 
150 mg tanks for storage flexibility. For the design of heavy water handling and storage 
equipment, a reference design case was developed based on a storage capacity of 2,200 Mg 
heavy water in eighteen (18) tanks.  This represents the middle range of all specified storage 
capacity options.   
 
Process equipment construction and dismantling cost estimates were produced by breaking 
down costs on a per tank basis plus costs which are fixed for all facility options. This allows the 
cost estimate for any facility option to be calculated for any combination of storage tank capacity 
or code classification.  
 
Building structure, utilities, facilities and dismantling cost estimates were produced for each of 
eight (8) storage building footprints according to the total number of storage tanks as follows: 
 


• 4 tanks, 
• 8 tanks, 
• 11 tanks, 
• 14, 15 & 16 tanks 
• 17, 18 & 19 tanks, 
• 21 tanks, 
• 27 tanks, 
• 31 tanks. 


 
As building equipment, such as heating ventilation and air conditioning systems, does not scale 
by the number of storage tanks, cost estimates and dismantling estimates for the building 
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facilities and support systems were produced for each one of these eight building footprints. A 
layout drawing showing these options is included in the appendices. 
 
During the production of this cost estimate no site visit specific to this project were undertaken.  
 
Supplier quotations were obtained for the following equipment: 
 


• 100 Mg tanks, Class 3 and Class 6 (quotes received from two suppliers) 
• 150 Mg tanks, Class 3 and Class 6 (quotes received from two suppliers) 
• Transfer pumps (canned pumps), 
• Process isolation valves, Class 3 and Class 6, 
• Heavy water loading arms, 
• Process piping, Class 3 and Class 6, 
• SAM monitor, 
• HVAC equipment, 
• Electrical components (transformers, switch gear) 
• Mobile crane for tanks installation, dismantling, 
• Instrument air and breathing air system components. 


 
Copies of quotations for major equipment, such as the storage tanks and valves, are included in 
Appendix B. 
 
Note:  tank quotes are on a per tank basis.  A 7% discount was quoted for quantity greater than 
4 tanks by one of the storage tank suppliers. This discount has not been considered in the cost 
estimates. 
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6. RESULTS 
 
6.1 SUMMARY OF COST ESTIMATES 
 
The following is a summary of the construction and dismantling costs estimates.  Detailed results 
are shown Appendix C and the associated costing spreadsheet (MS Excel file) provided to OPG 
with this report. 
 
Table 4: Cost Estimate Summary for CASE A: 100% Class 3 Tanks 
 


CASE A- 100% Class 3 Tanks 
  #Tanks Construction Dismantling Conventional Nuclear 
  Class 3 Cost Estimates Cost Waste Waste 
  100 Mg 150 Mg Total (M$) (M$) (m3) (m3) 
Option 1               


PA 10 8 18 46.1 2.8 9,507 2,575 
PB 10 8 18 46.1 2.8 9,507 2,575 
DA 20 11 31 65.9 4.2 14,021 4,209 
BA 16 11 27 60.3 3.8 13,146 3,756 
BB 16 11 27 60.3 3.8 13,146 3,756 


Option 2               
PA 10 8 18 46.1 2.8 9,507 2,575 
PB 10 8 18 46.1 2.8 9,507 2,575 
DA 7 7 14 40.0 2.4 8,777 2,075 
BA 10 9 19 47.7 2.9 9,508 2,733 
BB 16 11 27 60.3 3.8 13,146 3,756 


                
Option 3               


PA 10 7 17 44.5 2.7 9,506 2,417 
PB 10 7 17 44.5 2.7 9,506 2,417 
DA 5 3 8 28.9 1.7 7,319 1,170 
BA 8 7 15 41.4 2.5 8,778 2,184 
BB 11 10 21 49.2 3.1 11,688 3,019 


                
Option 4               


PA 9 5 14 40.0 2.4 8,777 1,976 
PB 9 5 14 40.0 2.4 8,777 1,976 
DA 2 2 4 23.0 1.3 6,589 670 
BA 6 5 11 33.8 2.0 8,048 1,612 
BB 9 7 16 42.0 2.6 8,779 2,292 
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Table 5: Cost Estimate Summary for CASE B: 50% Class 3 Tanks, Remainder Class 6 
Tanks 
 
CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks 
  Class 3 Class 6 Class 3 Class 6   Construction 
  100 Mg 100 Mg 150 Mg 150 Mg Total  Cost Estimates 


Option 1           (M$) 
PA 5 5 4 4 18 42.7 
PB 5 5 4 4 18 42.7 
DA 10 10 6 5 31 60.4 
BA 8 8 6 5 27 55.4 
BB 8 8 6 5 27 55.4 


Option 2             
PA 5 5 4 4 18 42.7 
PB 5 5 4 4 18 42.7 
DA 4 3 4 3 14 37.6 
BA 5 5 5 4 19 44.2 
BB 8 8 6 5 27 55.4 


              
Option 3             


PA 5 5 4 3 17 41.5 
PB 5 5 4 3 17 41.5 
DA 3 2 2 1 8 27.7 
BA 4 4 4 3 15 38.6 
BB 6 5 5 5 21 45.4 


              
Option 4             


PA 5 4 3 2 14 37.6 
PB 5 4 3 2 14 37.6 
DA 1 1 1 1 4 22.2 
BA 3 3 3 2 11 32.0 
BB 5 4 4 3 16 39.3 


 
 
The level of uncertainty in the major cost categories are presented in Table 6. The labour effort 
is believed to have the highest level of uncertainty followed by electrical materials.  In most 
projects electrical and instrumentation is a large risk factor.  Material costs uncertainties are 
generally lower due to availability of manufacturer quotes.  Design has the lowest level of 
uncertainty because the building and process are straightforward and are not integrated with 
other facilities. 
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Table 6: Level of Uncertainty in the Cost Estimates 
 


Level of Uncertainty in the Cost Estimate 
  Design Materials Labour 
   Building Structural Electrical Mechanical D2O Tanks Building Process
Low (%) -10 -10 -15 -10 -15 -20 -25 
High (%) +15 +25 +35 +20 +20 +50 +50 
 
 
6.2 CONSTRUCTION COST ESTIMATES 
 
 
The construction cost estimates were produced using a spreadsheet program. 
 


• All cost estimates are in Canadian dollars (2010), 


• As imperial units are commonly used as the basis for costing and materials estimating in 
the construction industry, conversions have been made for reporting in metric units, 


• The assumptions are specified on a worksheet in the spreadsheet, 


• Workflow process is shown on the Costing Overview worksheet, 


• Process equipment costs are determined using a combination of costs dependent on the 
number of tanks and costs independent of number of tanks to allow scaling of process 
equipment costs for number of tanks,  


• Building costs are shown for each of eight (8) building footprints covering all storage 
facility options. 


 
6.3  FACILITY DISMANTLING ESTIMATES 
 
 
High level estimates were produced for cost and resultant waste volume at the end of life for 
each facility option.  Results are shown in the costing spreadsheet provided to OPG with this 
report. 
 
Equipment and materials are categorized as either nuclear waste or conventional waste 
depending upon its function and potential exposure to tritiated water. To reduce the volume of 
nuclear waste due to the high cost of disposal, it is assumed equipment and materials in this 
category are packaged with a higher degree of care compared to conventional waste. 
 
At the end of facility life, equipment and materials assumed to be nuclear waste includes: 
storage tanks, heavy water process equipment, piping and instruments, tank vent piping, 
containment dikes, active drainage system, sump pumps, sumps and the top 10 cm layer of 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 18 of 87







 


Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00


OPG Purchase Order 4400032110
 
 


 


 
Confidential & Proprietary to KINECTRICS INC. 
WWW.KINECTRICS.COM 


 
Page 19 of 87 


 


 


 


concrete slab. Conventional waste includes components and materials such as: building 
envelope components, building structural steel, catwalks, stairways, electrical equipment, HVAC 
system, tritium area monitors and the cover gas supply system. 
Volume minimization has not been considered.  For example, it is estimated the resultant volume 
per tank would be 15% of original volume, if compacted. The effort of cutting tanks into smaller 
pieces has not been considered in the cost estimates. 
The cost estimate excludes working in a protected area with its associated radioactive work 
practices, decontamination, and nuclear waste disposal (packaging, transportation, final 
storage).   
To reduce the volume of nuclear waste, contaminated components can be placed into opened 
storage tanks for disposal or alternatively the storage tanks and other equipment can be 
compacted. Compaction has not been considered in the overall waste volume estimates.   


 
 
7. COST COMPARISON 
 
 
A previous construction cost estimate produced by Kinectrics for addition of four (4), Class 3, 
100 Mg tanks at Darlington in an extension to the Heavy Water Management building was 27.1 
M$ (2006)1. If costs for interest, OPG field management and OPG project management costs 
are excluded the total cost estimate of construction for this project was ~21 M$ (2006). This cost 
estimate included additional costs for engineering changes to an existing facility.  
The cost estimate produced in 2006 is in the same vicinity of the construction cost estimate 
produced herein for a four (4), Class 3, tank storage facility consisting of two (2), 100 Mg tanks 
and two (2), 150 Mg tanks (Option 4- DA, Case A) of 23 M$ (2010).  


                                                           
1 Kinectrics Report K-012667-001-RA-0001-R01, March 2007, OPG Heavy Water Storage Management 
and Drum Handling – Study of Preferred Solution. 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 19 of 87







 


Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00


OPG Purchase Order 4400032110
 
 


 


 
Confidential & Proprietary to KINECTRICS INC. 
WWW.KINECTRICS.COM 


 
Page 20 of 87 


 


 


 


APPENDICES 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 20 of 87







 


Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00 


OPG Purchase Order 4400032110
 


 


 
Confidential & Proprietary to KINECTRICS INC. 
WWW.KINECTRICS.COM 


 
                                                                                   Page  21 of 87 


 


  


 


 


APPENDIX A- LAYOUT SKETCHES 


 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 21 of 87







 


Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00


OPG Purchase Order 4400032110
 
 


 


 
Confidential & Proprietary to KINECTRICS INC. 
WWW.KINECTRICS.COM 


 
Page 22 of 87 


 


 


 


 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 22 of 87







 


Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00 


OPG Purchase Order 4400032110
 


 


 
Confidential & Proprietary to KINECTRICS INC. 
WWW.KINECTRICS.COM 


 
                                                                                   Page  23 of 87 


 


  


 


 


APPENDIX B - COSTING ASSUMPTIONS 
 
 
I. General 
1 The storage facilities are stand-alone facilities which are not required to interface with other systems or 


structures at site. 
2 During construction, a construction island separated from the site, shall be temporarily erected. Within this 


construction island, controlled by the general contractor and not OPG, construction work proceeds as if it is a 
general commercial building. 


3 Being a new facility, no engineering change (ECC) process is applied to the design and construction activities. 
4 Local work force assumed (no per diem expenses) 
5 The storage facilities are to be equipped with the following facilities:  
  ·         Building floor sumps, 
  ·         Heavy water loading/ unloading bay for tanker truck, drums, TDO packages and ISO containers, 
  ·         Drum handling facility for loading /unloading, 
  ·         Cover gas system equipped with vent condenser for vapour recovery, 
  ·         Tritium in air monitoring and tritium stack monitoring, 
  ·         Active drainage system, 
  ·         Heavy water spill recovery equipment (i.e. sumps, pumps, and hoses), 
  ·         Hand and foot radiation monitors and a small article monitor (SAM), 
  ·         Storage cabinets for PPE and supplies, 
  ·         Washrooms and emergency shower 
6 The storage facilities do not include the following:  
  ·         External monitoring (e.g. environmental, well monitoring), 
  ·         Drum storage area, 
  ·         Drum cleaning facility, 
  ·         Dryers for building atmosphere detritiation, 
  ·         Change rooms and showers, 
  ·         Building security, 
  ·         Loading dock, 
  ·         Ground water monitoring wells in the vicinity of the heavy water storage facilities. 
    


II. Facilities 
1 As storage and handling of heavy water within the facilities is at ambient temperature, no pipe lagging is 


required.  
2 Entire storage building is zone 3 area. 
3 A 3.5 m corridor is provided around the storage tanks containment dike for equipment access. 
4 Catwalks are used to provide access to the top of tanks for inspection and maintenance of equipment located 


above the level of the storage tanks (e.g. vent recovery condenser and instruments).  


5 No overhead crane is required. Catwalks and mobile cranes (rental) are used for maintenance. 
6 Analytical Laboratory fume hoods, analysis equipment for tritiated heavy water is the responsibility of OPG. The 


lab has been costed as unfinished space. The cost of analytical equipment is not included in this estimate. A 500 
sq ft laboratory space with ventilation for two (2) fume hoods will be provided.  


7 All drum handling is performed using a dolly or forklift truck. Cranes are not used. 
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8 The drum transfer area is equipped to unload up to four (4) drums at once.  A ventilation hood is provided in this 
area. 


9 The storage tanks containment dike shall have sufficient capacity to contain the heavy water stored in one tank 
of the highest storage capacity, 


10  The containment dike is subdivided into up to 3 parts to reduce the spread of contamination in the event of a 
spill. 


11 A 10 cm high containment dike surrounds the transfer bay. 
12 Ventilation system would be sized to provide minimum of 4 air changes per hour for the storage tanks, transfer 


bay and drum transfer area. 
13 Buildings are maintained at slightly negative pressure (-50 Pa) with respect to ambient 
14 Make up air unit fan and exhaust fan are 2 speed fans. Low speed to be for normal operation (No leak situation) 


as required by ASHRAE 62, high speed would be for leak situation (High speed would be activated by tritium 
monitors signal to provide 4 ACH). 


15 Ventilation to the storage building consists of make-up air unit (100% outside air) located in the penthouse and 
ducted to the storage. Exhaust air distribution system in the storage building connected to an exhaust fan 
located in the penthouse  that exhaust air to the outside thru a stack. 


16 Building designed to climatic data as per clause 1.1.3 NBC (2005) geotechnical parameters not known.   
17 Assumed bearing capacity of 150 kPa for design of footings.  
18 Underside of all footings assumed 1.2 m deep below grade for frost protection.  
19 Reference ground condition used for determination of seismic hazard for design of building and foundation 


(excludes tank foundation)  is site class C (NBC 2005 Clause 4.1.8.4) 


20 The building height of the storage tanks containment dike is 700 mm for all storage options. 
21 The building height to the underside of the transfer bay roof truss is 12 m 
22 The height to the underside of the storage area roof truss is 16 m 
23 Materials and labour for the shared support for the transfer bay and storage tank area is tabulated under the 


ancillary building  
    


III. Heavy Water Storage Tanks 
1 Singly contained storage tanks are used for storage of heavy water. 
2 Storage tanks are vertical orientation. 
3 All storage tanks are located on a single level. 
4 Storage tanks are required to be seismically qualified.  
5 For each facility option, ~50% of heavy water is stored in 100 Mg tanks, the remainder is stored in 150 Mg tanks.  
6 Class 3 valves are used for instrument isolation on class 3 tanks. 
7 Class 6 valves are used for instrument isolation on class 6 tanks. 
8 Installed storage capacity for each facility includes 10% surplus capacity.  
9 No volume discount on tank prices are assumed for multiple tanks. 
10 No sight glasses are provided on storage tanks. 
11  A beetle to detect heavy water spills is positioned beneath each tank. 
12 Heavy water inventory is determined by the level transmitters. An intermediate weigh tank is not required. 
13 Space to be allowed for up to two (2) 100 Mg storage tanks for each facility option. Facilities having up to 11 


tanks will have space for one (1) extra 100 Mg tank. 


    
IV. Process Equipment 
1 Isolation valves on heavy water process piping are class 3 valves. 
2 No radiation shielding is required on any equipment. 
3 Drip pans to be used for drum transfers and D2O sampling to contain small spills.  
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4 Heavy water is sampled from the discharge header of the transfer pumps. 
    


V. Utilities and Auxiliary Systems 
1 Electrical power is provided by the grid during construction and operation 
2 Back-up power for storage facility ventilation, compliance monitors and instrumentation supplied by diesel 


generator. 
3 Electric heating equipment is used for space heating of buildings. 
4 Ventilation to the storage building consists of make-up air unit (100% outside air) located in the penthouse and 


ducted to the storage area and transfer area, drum type diffusers capability of long throw of air to be mounted on 
the side of the duct (Two runs of ducts). Exhaust air distribution system in the storage building connected to an 
exhaust fan located in the penthouse that exhausts air to the outside thru a stack.  One run of exhaust duct 
located in the middle of the storage room.  


5 ventilation ducting is stainless steel 
6 Breathing air system is required for use of plastic suits during maintenance and spill clean-up.  
7 The active drainage system is provided for the lab floor drain, lab sink and drum transfer area floor drain. 
8 A silica gel drum trap is used to determine heavy water emissions from the cover gas system. 
    


VI. Storage Facility Dismantling 
1 At the end of life, dismantling includes removal of all equipment and buildings. All equipment and material will be 


waste and will not be salvaged.  


2 Waste volume estimates are high level approximations 
3 Piping will be chopped up into reasonably straight sections during dismantling to reduce the volume of waste. 
4 All necessary decontamination has been performed by OPG prior to dismantling equipment and facilities 
5 Top 10 cm of concrete slab in dike containment, transfer bay and drum transfer facility and all containment dike 


materials is considered nuclear waste 


6 All D2O storage and handling equipment (i.e. wetted by D2O) is considered nuclear waste 
7 Waste categorized as nuclear waste will be deposited into waste containers with some degree of care to 


minimize volume 
8 All decontamination has been performed by OPG prior to dismantling. 
9 All equipment and material will be waste and will not be salvaged.  
10 An option is to place all process equipment categorized as nuclear waste in open end of storage tanks, 


remaining tanks can be compacted  
11 In the event storage tanks are compacted for volume reduction,  estimated resultant volume per tank is 15% of 


original volume 
12 Dismantling costs does not include a premium for working within the OPG security fence and contaminated 


facility, factor of 2 to be applied 
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


Construction Dismantling Conventional Nuclear 
Cost Estimates Cost Waste Waste


100 Mg 150 Mg Total ($M) ($M) (m3) (m3)
Option 1


PA 10 8 18 46.1 2.8 9,507 2,575
PB 10 8 18 46.1 2.8 9,507 2,575
DA 20 11 31 65.9 4.2 14,021 4,209
BA 16 11 27 60.3 3.8 13,146 3,756
BB 16 11 27 60.3 3.8 13,146 3,756


Option 2
PA 10 8 18 46.1 2.8 9,507 2,575
PB 10 8 18 46.1 2.8 9,507 2,575
DA 7 7 14 40.0 2.4 8,777 2,075
BA 10 9 19 47.7 2.9 9,508 2,733
BB 16 11 27 60.3 3.8 13,146 3,756


Option 3
PA 10 7 17 44.5 2.7 9,506 2,417
PB 10 7 17 44.5 2.7 9,506 2,417
DA 5 3 8 28.9 1.7 7,319 1,170
BA 8 7 15 41.4 2.5 8,778 2,184
BB 11 10 21 49.2 3.1 11,688 3,019


Option 4
PA 9 5 14 40.0 2.4 8,777 1,976
PB 9 5 14 40.0 2.4 8,777 1,976
DA 2 2 4 23.0 1.3 6,589 670
BA 6 5 11 33.8 2.0 8,048 1,612
BB 9 7 16 42.0 2.6 8,779 2,292


Class 3 Class 6 Class 3 Class 6 Construction
100 Mg 100 Mg 150 Mg 150 Mg Total Cost Estimates


Option 1 ($M)
PA 5 5 4 4 18 42.7
PB 5 5 4 4 18 42.7
DA 10 10 6 5 31 60.4
BA 8 8 6 5 27 55.4
BB 8 8 6 5 27 55 4


CASE A- 100% Class 3 Tanks
#Tanks
Class 3


CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks
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Construction Cost Estimates - Case A


Option 1 Option 2 Option 3 Option 4
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Construction Cost Estimates - Case B


Option 1 Option 2 Option 3 Option 4


Summary


BB 8 8 6 5 27 55.4
Option 2


PA 5 5 4 4 18 42.7
PB 5 5 4 4 18 42.7
DA 4 3 4 3 14 37.6
BA 5 5 5 4 19 44.2
BB 8 8 6 5 27 55.4


Option 3
PA 5 5 4 3 17 41.5
PB 5 5 4 3 17 41.5
DA 3 2 2 1 8 27.7
BA 4 4 4 3 15 38.6
BB 6 5 5 5 21 45.4


Option 4
PA 5 4 3 2 14 37.6
PB 5 4 3 2 14 37.6
DA 1 1 1 1 4 22.2
BA 3 3 3 2 11 32.0
BB 5 4 4 3 16 39.3


Notes:
Case A- 100% class 3 tanks
Case B-~50% class 3, ~50% class 6 tanks
All costs expressed in 2010 $CAN
Case B dismantling is identical to Case A


Summary
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
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Kinectrics Project Number: K-015634


Linkage of all the workbook sheets
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‐ Construction Cost Estimate
‐ Storage Facilities Dismantling 
Cost Estimate


Cost BreakDown


Process Equipment 
Summary


Tank Qty


Building Summary


Individual Tank 
Layouts


Dismantling Costs


Assumptions


Cost Summary
‐ Construction Cost Estimate
‐ Storage Facilities Dismantling Cost 
Estimate


Cost BreakDown


Process Equipment 
Summary


Tank Qty


Building Summary


Individual Tank 
Layouts 


Dismantling Costs


Assumptions


Costing OverviewCosting Overview
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


DESIGN Labour Total TOTAL PROJECT COST Construction Labour
100 Mg 150 Mg Total Total Design Building Structural Electrical Mechanical D2O Tanks Total Materials Building Labour Process Labour (hours)


Option 1
PA 10 8 18 $3,391,009 $3,922,839 $3,016,996 $8,246,060 $14,175,000 $29,360,895 $5,701,377 $7,641,623 $13,343,000 $46,094,904 150,264
PB 10 8 18 $3,391,009 $3,922,839 $3,016,996 $8,246,060 $14,175,000 $29,360,895 $5,701,377 $7,641,623 $13,343,000 $46,094,904 150,264
DA 20 11 31 $3,811,283 $4,856,415 $3,733,073 $11,647,028 $23,415,000 $43,651,516 $6,976,152 $11,487,782 $18,463,934 $65,926,733 204,129
BA 16 11 27 $3,712,019 $4,664,121 $3,432,128 $10,594,749 $20,895,000 $39,585,997 $6,682,939 $10,293,714 $16,976,653 $60,274,670 188,737
BB 16 11 27 $3,712,019 $4,664,121 $3,432,128 $10,594,749 $20,895,000 $39,585,997 $6,682,939 $10,293,714 $16,976,653 $60,274,670 188,737


Option 2
PA 10 8 18 $3,391,009 $3,922,839 $3,016,996 $8,246,060 $14,175,000 $29,360,895 $5,701,377 $7,641,623 $13,343,000 $46,094,904 150,264
PB 10 8 18 $3,391,009 $3,922,839 $3,016,996 $8,246,060 $14,175,000 $29,360,895 $5,701,377 $7,641,623 $13,343,000 $46,094,904 150,264
DA 7 7 14 $3,282,142 $3,682,770 $2,787,143 $7,172,806 $11,305,000 $24,947,720 $5,365,203 $6,447,556 $11,812,759 $40,042,621 134,290
BA 10 9 19 $3,391,009 $3,922,839 $3,043,396 $8,500,428 $15,155,000 $30,621,663 $5,701,377 $7,936,300 $13,637,677 $47,650,349 153,260
BB 16 11 27 $3,712,019 $4,664,121 $3,432,128 $10,594,749 $20,895,000 $39,585,997 $6,682,939 $10,293,714 $16,976,653 $60,274,670 188,737


Option 3
PA 10 7 17 $3,391,009 $3,922,839 $2,990,596 $7,991,692 $13,195,000 $28,100,127 $5,701,377 $7,346,946 $13,048,324 $44,539,459 147,268
PB 10 7 17 $3,391,009 $3,922,839 $2,990,596 $7,991,692 $13,195,000 $28,100,127 $5,701,377 $7,346,946 $13,048,324 $44,539,459 147,268
DA 5 3 8 $2,934,825 $2,865,381 $2,545,669 $5,485,150 $6,125,000 $17,021,200 $4,304,730 $4,679,495 $8,984,226 $28,940,251 103,747
BA 8 7 15 $3,282,142 $3,682,770 $2,909,543 $7,427,174 $11,935,000 $25,954,488 $5,365,203 $6,757,593 $12,122,796 $41,359,425 137,286
BB 11 10 21 $3,511,779 $4,168,107 $2,745,853 $9,017,136 $16,765,000 $32,696,097 $4,584,330 $8,448,854 $13,033,183 $49,241,059 157,727


Option 4
PA 9 5 14 $3,282,142 $3,682,770 $2,787,143 $7,172,806 $11,305,000 $24,947,720 $5,365,203 $6,447,556 $11,812,759 $40,042,621 134,290
PB 9 5 14 $3,282,142 $3,682,770 $2,787,143 $7,172,806 $11,305,000 $24,947,720 $5,365,203 $6,447,556 $11,812,759 $40,042,621 134,290
DA 2 2 4 $2,819,811 $2,569,355 $2,411,692 $4,458,420 $3,255,000 $12,694,467 $3,945,813 $3,500,788 $7,446,601 $22,960,879 87,459
BA 6 5 11 $3,080,337 $3,195,595 $2,270,617 $6,335,234 $8,715,000 $20,516,446 $4,748,145 $5,502,086 $10,250,231 $33,847,013 117,992
BB 9 7 16 $3,282,142 $3,682,770 $2,455,943 $7,681,542 $12,565,000 $26,385,256 $5,365,203 $6,975,470 $12,340,672 $42,008,070 140,282


CASE A- 100% Class 3 Tanks
CAN $ 2010 


CONSTRUCTION LABOUR
#Tanks
Class 3 MATERIALS


Cost Breakdown


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 29 of 87







  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
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Kinectrics Project Number: K-015634


Class 3 Class 6 Class 3 Class 6 DESIGN CONSTRUCTION LABOUR Labour Total TOTAL PROJECT COST Construction Labour
100 Mg 100 Mg 150 Mg 150 Mg Total Design Building Structural Electrical Mechanical D2O Tanks Total Materials Building Labour Process Labour (hours)


Option 1
PA 5 5 4 4 $3,391,009 $3,922,839 $3,016,996 $6,484,580 $12,610,000 $26,034,415 $5,701,377 $7,598,855 $13,300,232 $42,725,656 148,857
PB 5 5 4 4 $3,391,009 $3,922,839 $3,016,996 $6,484,580 $12,610,000 $26,034,415 $5,701,377 $7,598,855 $13,300,232 $42,725,656 148,857
DA 10 10 6 5 $3,811,283 $4,856,415 $3,733,073 $8,613,368 $21,000,000 $38,202,856 $6,976,152 $11,416,502 $18,392,654 $60,406,793 186,866
BA 8 8 6 5 $3,712,019 $4,664,121 $3,432,128 $7,952,529 $18,720,000 $34,768,777 $6,682,939 $10,231,938 $16,914,877 $55,395,674 186,704
BB 8 8 6 5 $3,712,019 $4,664,121 $3,432,128 $7,952,529 $18,720,000 $34,768,777 $6,682,939 $10,231,938 $16,914,877 $55,395,674 175,195


Option 2
PA 5 5 4 4 $3,391,009 $3,922,839 $3,016,996 $6,484,580 $12,610,000 $26,034,415 $5,701,377 $7,598,855 $13,300,232 $42,725,656 148,857
PB 5 5 4 4 $3,391,009 $3,922,839 $3,016,996 $6,484,580 $12,610,000 $26,034,415 $5,701,377 $7,598,855 $13,300,232 $42,725,656 148,857
DA 4 3 4 3 $3,282,142 $3,682,770 $2,787,143 $5,802,766 $10,230,000 $22,502,680 $5,365,203 $6,419,044 $11,784,247 $37,569,069 133,352
BA 5 5 5 4 $3,391,009 $3,922,839 $3,043,396 $6,641,088 $13,590,000 $27,197,323 $5,701,377 $7,893,532 $13,594,909 $44,183,241 151,853
BB 8 8 6 5 $3,712,019 $4,664,121 $3,432,128 $7,952,529 $18,720,000 $34,768,777 $6,682,939 $10,231,938 $16,914,877 $55,395,674 175,195


Option 3
PA 5 5 4 3 $3,391,009 $3,922,839 $2,990,596 $6,328,072 $11,880,000 $25,121,507 $5,701,377 $7,308,930 $13,010,308 $41,522,823 146,017
PB 5 5 4 3 $3,391,009 $3,922,839 $2,990,596 $6,328,072 $11,880,000 $25,121,507 $5,701,377 $7,308,930 $13,010,308 $41,522,823 146,017
DA 3 2 2 1 $2,934,825 $2,865,381 $2,545,669 $4,702,270 $5,670,000 $15,783,320 $4,304,730 $4,649,879 $8,954,610 $27,672,755 103,278
BA 4 4 4 3 $3,282,142 $3,682,770 $2,909,543 $5,959,274 $10,740,000 $23,291,588 $5,365,203 $6,708,969 $12,074,172 $38,647,901 136,191
BB 6 5 5 5 $3,511,779 $4,168,107 $2,745,853 $6,962,076 $14,950,000 $28,826,037 $4,584,330 $8,478,134 $13,062,463 $45,400,279 156,163


Option 4
PA 5 4 3 2 $3,282,142 $3,682,770 $2,787,143 $5,802,766 $10,230,000 $22,502,680 $5,365,203 $6,419,044 $11,784,247 $37,569,069 133,352
PB 5 4 3 2 $3,282,142 $3,682,770 $2,787,143 $5,802,766 $10,230,000 $22,502,680 $5,365,203 $6,419,044 $11,784,247 $37,569,069 133,352
DA 1 1 1 1 $2,819,811 $2,569,355 $2,411,692 $4,066,980 $2,920,000 $11,968,027 $3,945,813 $3,475,924 $7,421,737 $22,209,575 87,147
BA 3 3 3 2 $3,080,337 $3,195,595 $2,270,617 $5,258,774 $7,890,000 $18,614,986 $4,748,145 $5,539,766 $10,287,911 $31,983,233 117,210
BB 5 4 4 3 $3,282,142 $3,682,770 $2,455,943 $6,115,782 $11,370,000 $23,624,496 $5,365,203 $7,003,646 $12,368,848 $39,275,486 139,187


MATERIALS


CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks
CAN $ 2010 #Tanks


Cost Breakdown
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


System Installation Total Material Installation Total 
(total effort) Cost Cost Cost


(hours) ($) ($) ($)


COST DEPENDENT ON # TANKS


Class 3 Tank Cost (per tank)
D2O Tanks


100 Mg Class 3 Tanks (inc. shipping) 160 630,000$          12,800$        642,800$        
150 Mg Class 3 Tanks (inc. shipping) 160 980,000$          12,800$        992,800$        


Seismic Design Charge (per tank design) 35,000$            35,000$          
Contingency 32 -$                 2,560$         2,560$           


Tank Valves
All valves 252 135,000$          20,160$        155,160$        


Contingency 50 27,000$           4,032$         31,032$         
Process Piping


All piping 273 27,300$            21,840$        49,140$          
Contingency 55 5,460$             4,368$         9,828$           


Process Instrumentation
Tank level&Beetles 120 22,000$            9,600$          31,600$          


Contingency 24 4,400$             1,920$         6,320$           


Commissioning
Cost per tank 48 3,840$              3,840$         7,680$            
Contingency 10 768$                768$            1,536$           


Total Installation Effort per Class 3 tank 1126
Total Cost of Aux. per Class 3 tank 225,768$         74,717$        300,485$       


Class 6 Tank Cost (per tank)
D2O Tanks


100 Mg Class 6 Tanks (inc. shipping) 160 510,000$          12,800$        522,800$        
150 Mg Class 6 Tanks (inc. shipping) 160 730,000$          12,800$        742,800$        


Seismic Design Charge (per tank design) 35,000$            -$              35,000$          
Contingency 32 -$                 2,560$         2,560$           


Tank Valves
All valves 220 55,400$            17,600$        73,000$          


Contingency 44 11,080$           3,520$         14,600$         
Process Piping


All piping 260 25,350$            20,800$        46,150$          
Contingency 52 5,070$             4,160$         9,230$           


Process Instrumentation
Tank level & Beetles 120 22,000$            9,600$          31,600$          


Contingency 24 4,400$             1,920$         6,320$           


Commissioning
Cost per tank 48 3,840$              3,840$          7,680$            


Contingency- 10% 10 768$                768$            1,536$           
Total Installation Effort per Class 6 tank 970
Total Cost of Aux. per Class 6 tank 127,908$         69,965$        197,873$       


Area Tritium Monitors
Area tritium monitor 160 80,000$            12,800$        92,800$          


Contingency 32 16,000$           2,560$         18,560$         
Total area tritium monitors /array of tanks rows 192 96,000$           15,360$        111,360$       
On Site Variable Costs


Installation QA/scaffolding/crane 1496 44,000$            119,680$      163,680$        
Contingency 374 11,000$            29,920$        40,920$          


Process Equipment Summary
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


COST INDEPENDENT OF # TANKS


Instrumentation
All Instrumentation 2253 942,040$          180,260$      1,122,300$     


Contingency 451 188,408$         36,052$       224,460$       
D2O spill recovery system


Sumps/valves/piping 3516 54,400$            281,280$     335,680$        
Contingency 703 6,880$             56,256$       63,136$         


D2O Transfer pumps
Pumps, piping, valves 4238 1,170,200$       339,040$      1,509,240$     


Contingency 848 234,040$         67,808$       301,848$       
D2O Transfer- package & drums


Facility/piping/hosing/loading arm/fittings/supports 2918 421,100$          233,440$      654,540$        
Contingency 424 52,220$           33,888$       86,108$         


Cover gas system
Valves, piping,condensor, vapour trap, valves 2224 411,300$          177,920$      589,220$        


Contingency 315 56,260$           25,184$       81,444$         


Miscellaneous
Mechanical equipment, fasteners 4000 200,000$          320,000$      520,000$        


Contingency 800 40,000$           64,000$       104,000$       


Commissioning 960 -$                 76,800$        76,800$          
QA 800 -$                 64,000$        64,000$          


Contingency (Commissioning & QA) 352 -$                 28,160$       28,160$         


Site clean-up/ waste disposal
Total (24 weeks) 740 20,000$            59,200$        79,200$          


Contingency 148 4,000$             11,840$       15,840$         
Total Fixed Cost Tasks 29218 $3,800,848 $2,260,641 $6,061,489
Labour-Process Equipment Quantity Cost


(hours) ($)
Engineering Design Cost


Total 5625 $703,125
Instrumentation & Control&Elect Design


Total 1025 $128,125
Drafting & Sketches


Total 1000 $125,000


QA- design (10% of total design) 750 93,750$          
Procurement (10% of total design) 750 93,750$          
Project Management (10% of total design+QA+Procurement) 915 114,375$        


Contingency on QA/Procurement/PM) 2013 251,625$       


Total Design & Procurement Costs 12,078         1,509,750$     
Total Fixed Costs 7,571,239$     
Notes
All costs in 2010 CAN$
Estimated number of installations (major equipment only) during 50 year design life  of the facility
Maintenance costs and spares not included
Installation effort includes NDE
Procurement includes incoming inspection of materials and equipment
Assumed labour rate of $80/h 
Assumed professional rate of $125/h


Process Equipment Summary
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


OPG Heavy Water Storage Facilities 


Site Estimated Storage Storage Capacity No. Tanks No. Tanks No. Tanks Total Volume Total Volume Total Storage Excess Excess No. 
(inc. 10% surplus) 100 Mg 150 Mg Total 100 Mg tanks 150 Mg tanks Capacity Capacity % class 3 class 6 class 3 class 6 Area Tritium


(Mg) (Mg) (Mg) (Mg) (Mg) (Mg) 100 Mg 100 Mg 150 Mg 150 Mg Monitors


PA 1994 2193 10 8 18 1000 1200 2200 206 10% 5 5 4 4 5
PB 1989 2188 10 8 18 1000 1200 2200 211 11% 5 5 4 4 5
DA 3282 3610 20 11 31 2000 1650 3650 368 11% 10 10 6 5 6
BA 2918 3210 16 11 27 1600 1650 3250 332 11% 8 8 6 5 5
BB 2930 3223 16 11 27 1600 1650 3250 320 11% 8 8 6 5 5


PA 1994 2193 10 8 18 1000 1200 2200 206 10% 5 5 4 4 5
PB 1989 2188 10 8 18 1000 1200 2200 211 11% 5 5 4 4 5
DA 1582 1740 7 7 14 700 1050 1750 168 11% 4 3 4 3 4
BA 2118 2330 10 9 19 1000 1350 2350 232 11% 5 5 5 4 5
BB 2930 3223 16 11 27 1600 1650 3250 320 11% 8 8 6 5 5


PA 1869 2056 10 7 17 1000 1050 2050 181 10% 5 5 4 3 5
PB 1864 2050 10 7 17 1000 1050 2050 186 10% 5 5 4 3 5
DA 799 879 5 3 8 500 450 950 151 19% 3 2 2 1 3
BA 1652 1817 8 7 15 800 1050 1850 198 12% 4 4 4 3 4
BB 2329 2562 11 10 21 1100 1500 2600 271 12% 6 5 5 5 5


PA 1504 1654 9 5 14 900 750 1650 146 10% 5 4 3 2 4
PB 1499 1649 9 5 14 900 750 1650 151 10% 5 4 3 2 4
DA 415 457 2 2 4 200 300 500 85 20% 1 1 1 1 3
BA 1186 1305 6 5 11 600 750 1350 164 14% 3 3 3 2 4
BB 1728 1901 9 7 16 900 1050 1950 222 13% 5 4 4 3 4


Notes
1 Storage capacity represents 110% of estimated heavy water storage requirements for each facility
2 Number of tanks determined to attain ~50% volume in 100 Mg tanks, remainder in 150 Mg tanks


50% Class 3, 50% Class 6 tanks


Option 4


Option 3


Option 2


Option 1


Tank Quantity


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 33 of 87







  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


Construction Costs


4 $1,310,061 9,926,319$          4,670,445$        3,945,813$  46258
8 $1,425,075 10,777,432$        5,047,626$        4,304,730$  50561
11 $1,570,587 11,871,597$        5,552,865$        4,748,145$  55819


14, 15, and 16 $1,772,392 13,385,643$        6,248,048$        5,365,203$  63128
17, 18 and 19 $1,881,259 14,197,062$        6,614,425$        5,701,377$  67119


21 $2,002,029 15,113,552$        8,527,193$        4,584,330$  65594
27 $2,202,269 16,605,414$        7,720,207$        6,682,939$  78628
31 $2,301,533 17,366,918$       8,089,233$       6,976,152$ 82036


Dismantling Costs


4 351,640$             70,328$               281,312$           3516
8 394,027$             78,805$               315,221$           3940
11 440,878$             88,176$               352,702$           4409


14, 15, and 16 530,131$             106,026$             424,105$           5301
17, 18 and 19 572,523$             114,505$             458,018$           5725


21 619,379$             123,876$             495,503$           6194
27 704,179$             140,836$             563,343$           7042
31 746,552$             149,310$            597,241$          7466


Notes
1.  Per diem for site work not included
2.  Dismantling costs does not include a premium for working within the OPG security fence and contaminated facility, factor of 2 to be applied


Labour Value Labour 
(hours)


Number of tanks
Total 


Construction 
Value


Material Value Labour 
Value


Construction 
Labour (hours)


Number of tanks
Total 


Construction 
Value


Total Design


Material Value


Building Summary
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 4 Tank Layout 
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 1,296
General Requirements $461,058 $230,578 $230,480 3,073
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $344,457 $103,337 $241,120 3,215
Concrete Floor Finishing $237,004 $71,101 $165,903 2,212
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $485,583 $364,187 $121,396 1,619
Miscellaneous Metals $254,962 $191,221 $63,740 850
Steel Deck $34,867 $26,150 $8,717 116
Rough & Finish Carpentry $33,749 $6,750 $27,000 360
Architectural Woodworks $0 $0 $0 0
Siding $603,320 $301,660 $301,660 4,022
Fireproofing $52,030 $34,860 $17,170 229
Roofing $193,497 $129,643 $63,854 851
Re-Roofing - 15 Year Life Cycle $241,871 $162,053 $79,817 1,064
Re-Roofing - 30 Year Life Cycle $241,871 $162,053 $79,817 1,064
Hollow Metal Supply $26,272 $26,272 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $23,750 $23,750 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $238,289 $119,144 $119,144 1,589
Paint $88,431 $44,215 $44,215 590
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $3,974,831 $2,234,222 $1,740,610 23,208
Mechanical 1 110 042$ $670 042 $440 000 5 500


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


4 Tank Layout 


Mechanical 1,110,042$        $670,042 $440,000 5,500
Electrical 1,163,085$        $688,386 $474,699 5,233
Commissioning $62,480 $0 $62,480 658
SUBTOTAL $6,310,438 $3,592,650 $2,717,788 34,599
DESIGN CONTINGENCY (15%) $946,566 $538,897 $407,668 5,096
CONSTRUCTION CONTINGENCY (15%) $946,566 $538,897 $407,668 5,096
TOTAL COST OF THE WORK $8,203,569 $4,670,445 $3,533,124 44,791
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $8,203,569 $4,670,445 $3,533,124 44,791
GC/CM FEE (10%) $820,357 $0 $820,357 6,563
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $9,023,926 $4,670,445 $4,353,481 51,353
ARCHITECTURAL/ENGINEERING FEES (10%) $902,393 $0 $902,393 7,219
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $9,926,319 $4,670,445 $5,255,874 58,573


Dismantling Costs $351,640 $70,328 $281,312 3,516
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


4 Tank Layout 
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 8 Tank Layout
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 1,444
General Requirements $495,839 $236,549 $259,290 3,457
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $373,925 $112,177 $261,747 3,490
Concrete Floor Finishing $277,055 $83,117 $193,939 2,586
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $577,489 $433,117 $144,372 1,925
Miscellaneous Metals $312,580 $234,435 $78,145 1,042
Steel Deck $38,854 $29,141 $9,714 130
Rough & Finish Carpentry $35,342 $7,068 $28,274 377
Architectural Woodworks $0 $0 $0 0
Siding $648,774 $324,387 $324,387 4,325
Fireproofing $59,008 $39,535 $19,473 260
Roofing $218,826 $146,614 $72,213 963
Re-Roofing - 15 Year Life Cycle $273,533 $183,267 $90,266 1,204
Re-Roofing - 30 Year Life Cycle $273,533 $183,267 $90,266 1,204
Hollow Metal Supply $26,847 $26,847 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $25,150 $25,150 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $286,138 $143,069 $143,069 1,908
Paint $93,301 $46,650 $46,650 622
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $4,430,016 $2,491,636 $1,938,380 25,845
Mechanical 1 134 092$ $678 092 $456 000 5 700


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


8 Tank Layout 


Mechanical 1,134,092$        $678,092 $456,000 5,700
Electrical 1,219,570$        $713,061 $506,508 5,610
Commissioning $67,837 $0 $67,837 714
SUBTOTAL $6,851,514 $3,882,789 $2,968,725 37,869
DESIGN CONTINGENCY (15%) $1,027,727 $582,418 $445,309 5,566
CONSTRUCTION CONTINGENCY (15%) $1,027,727 $582,418 $445,309 5,566
TOTAL COST OF THE WORK $8,906,968 $5,047,626 $3,859,342 49,002
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 25,845
CONTINGENCY AND HST (0%) $8,906,968 $5,047,626 $3,859,342 49,002
GC/CM FEE (10%) $890,697 $0 $890,697 7,126
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $9,797,665 $5,047,626 $4,750,039 56,128
ARCHITECTURAL/ENGINEERING FEES (10%) $979,767 $0 $979,767 7,838
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $10,777,432 $5,047,626 $5,729,806 63,966


Dismantling Costs $394,027 $78,805 $315,221 3,940
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


8 Tank Layout 
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 11 Tank Layout 
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 1,608
General Requirements $527,629 $239,529 $288,100 3,841
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $392,516 $117,755 $274,761 3,663
Concrete Floor Finishing $329,302 $98,790 $230,511 3,073
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $708,843 $531,633 $177,211 2,363
Miscellaneous Metals $350,002 $262,501 $87,500 1,167
Steel Deck $43,262 $32,446 $10,815 144
Rough & Finish Carpentry $37,437 $7,487 $29,949 399
Architectural Woodworks $0 $0 $0 0
Siding $711,027 $355,514 $355,514 4,740
Fireproofing $66,721 $44,703 $22,018 294
Roofing $246,508 $165,160 $81,348 1,085
Re-Roofing - 15 Year Life Cycle $308,135 $206,450 $101,684 1,356
Re-Roofing - 30 Year Life Cycle $308,135 $206,450 $101,684 1,356
Hollow Metal Supply $27,422 $27,422 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $26,550 $26,550 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $339,027 $169,514 $169,514 2,260
Paint $99,257 $49,629 $49,629 662
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $4,935,592 $2,778,778 $2,156,814 28,758
Mechanical 1 257 727$ $753 727 $504 000 6 300


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


11 Tank Layout


Mechanical 1,257,727$        $753,727 $504,000 6,300
Electrical 1,279,063$        $738,929 $540,133 5,984
Commissioning $74,724 $0 $74,724 787
SUBTOTAL $7,547,105 $4,271,434 $3,275,671 41,828
DESIGN CONTINGENCY (15%) $1,132,066 $640,715 $491,351 6,142
CONSTRUCTION CONTINGENCY (15%) $1,132,066 $640,715 $491,351 6,142
TOTAL COST OF THE WORK $9,811,237 $5,552,865 $4,258,372 54,111
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 28,758
CONTINGENCY AND HST (0%) $9,811,237 $5,552,865 $4,258,372 54,111
GC/CM FEE (10%) $981,124 $0 $981,124 7,849
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $10,792,361 $5,552,865 $5,239,496 61,960
ARCHITECTURAL/ENGINEERING FEES (10%) $1,079,236 $0 $1,079,236 8,634
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $11,871,597 $5,552,865 $6,318,732 70,594


Dismantling Costs $440,878 $88,176 $352,702 4,409
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


11 Tank Layout
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 15 & 16 Tank Layout 
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 1,920
General Requirements $570,803 $253,893 $316,910 4,225
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $419,689 $125,907 $293,782 3,917
Concrete Floor Finishing $394,660 $118,398 $276,262 3,683
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $823,035 $617,276 $205,759 2,743
Miscellaneous Metals $404,342 $303,257 $101,086 1,348
Steel Deck $51,658 $38,744 $12,915 172
Rough & Finish Carpentry $41,539 $8,308 $33,231 443
Architectural Woodworks $0 $0 $0 0
Siding $832,565 $416,283 $416,283 5,550
Fireproofing $81,415 $54,548 $26,867 358
Roofing $296,527 $198,673 $97,854 1,305
Re-Roofing - 15 Year Life Cycle $370,659 $248,342 $122,318 1,631
Re-Roofing - 30 Year Life Cycle $370,659 $248,342 $122,318 1,631
Hollow Metal Supply $28,572 $28,572 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $29,350 $29,350 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $439,783 $219,892 $219,892 2,932
Paint $110,763 $55,381 $55,381 738
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $5,679,840 $3,202,409 $2,477,432 33,032
Mechanical 1 362 482$ $818 482 $544 000 6 800


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


14, 15, 16 Tank Layouts


Mechanical 1,362,482$        $818,482 $544,000 6,800
Electrical 1,383,051$        $785,300 $597,750 6,615
Commissioning $84,254 $0 $84,254 887
SUBTOTAL $8,509,627 $4,806,191 $3,703,436 47,334
DESIGN CONTINGENCY (15%) $1,276,444 $720,929 $555,515 6,944
CONSTRUCTION CONTINGENCY (15%) $1,276,444 $720,929 $555,515 6,944
TOTAL COST OF THE WORK $11,062,515 $6,248,048 $4,814,467 61,222
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 28,807
CONTINGENCY AND HST (0%) $11,062,515 $6,248,048 $4,814,467 61,222
GC/CM FEE (10%) $1,106,252 $0 $1,106,252 8,850
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $12,168,767 $6,248,048 $5,920,718 70,072
ARCHITECTURAL/ENGINEERING FEES (10%) $1,216,877 $0 $1,216,877 9,735
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $13,385,643 $6,248,048 $7,137,595 79,807


Dismantling Costs $530,131 $106,026 $424,105 5,301
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


14, 15, 16 Tank Layouts
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 17,18,19 Tank Layout
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 2,068
General Requirements $605,510 $259,790 $345,720 4,610
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $441,503 $132,451 $309,052 4,121
Concrete Floor Finishing $434,526 $130,358 $304,168 4,056
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $800,008 $600,006 $200,002 2,667
Miscellaneous Metals $510,340 $382,755 $127,585 1,701
Steel Deck $55,646 $41,735 $13,912 185
Rough & Finish Carpentry $43,233 $8,647 $34,586 461
Architectural Woodworks $0 $0 $0 0
Siding $888,889 $444,444 $444,444 5,926
Fireproofing $88,394 $59,224 $29,170 389
Roofing $321,860 $215,646 $106,214 1,416
Re-Roofing - 15 Year Life Cycle $402,325 $269,557 $132,767 1,770
Re-Roofing - 30 Year Life Cycle $402,325 $269,557 $132,767 1,770
Hollow Metal Supply $28,572 $28,572 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $29,350 $29,350 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $487,638 $243,819 $243,819 3,251
Paint $116,016 $58,008 $58,008 773
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural/Civil $6,069,954 $3,411,164 $2,658,790 35,451
Mechanical 1 426 988$ $866 988 $560 000 7 000


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


17,18,19 Tank Layouts


Mechanical 1,426,988$        $866,988 $560,000 7,000
Electrical 1,439,165$        $809,867 $629,298 6,959
Commissioning $89,361 $0 $89,361 941
SUBTOTAL $9,025,469 $5,088,020 $3,937,449 50,350
DESIGN CONTINGENCY (15%) $1,353,820 $763,203 $590,617 7,383
CONSTRUCTION CONTINGENCY (15%) $1,353,820 $763,203 $590,617 7,383
TOTAL COST OF THE WORK $11,733,109 $6,614,425 $5,118,684 65,115
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 30,841
CONTINGENCY AND HST (0%) $11,733,109 $6,614,425 $5,118,684 65,115
GC/CM FEE (10%) $1,173,311 $0 $1,173,311 9,386
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $12,906,420 $6,614,425 $6,291,995 74,502
ARCHITECTURAL/ENGINEERING FEES (10%) $1,290,642 $0 $1,290,642 10,325
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $14,197,062 $6,614,425 $7,582,637 84,827


Dismantling Costs $572,523 $114,505 $458,018 5,725
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


17,18,19 Tank Layouts
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 21 Tank Layout 
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 2,232
General Requirements $596,356 $250,636 $345,720 4,610
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $458,543 $137,563 $320,980 4,280
Concrete Floor Finishing $477,966 $143,390 $334,576 4,461
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $943,011 $707,259 $235,753 3,143
Miscellaneous Metals $455,140 $341,355 $113,785 1,517
Steel Deck $60,054 $45,041 $15,014 200
Rough & Finish Carpentry $45,554 $9,111 $36,443 486
Architectural Woodworks $0 $0 $0 0
Siding $951,141 $475,570 $475,570 6,341
Fireproofing $96,108 $64,392 $31,715 423
Roofing $349,544 $234,195 $115,350 1,538
Re-Roofing - 15 Year Life Cycle $436,930 $292,743 $144,187 1,922
Re-Roofing - 30 Year Life Cycle $436,930 $292,743 $144,187 1,922
Hollow Metal Supply $29,722 $29,722 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $32,150 $32,150 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $540,533 $270,267 $270,267 3,604
Paint $122,123 $61,061 $61,061 814
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $6,445,624 $3,624,441 $2,821,183 37,616
Mechanical 1 457 920$ $873 920 $584 000 7 300


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


21 Tank Layout 


Mechanical 1,457,920$        $873,920 $584,000 7,300
Electrical 1,609,432$        $922,613 $686,819 7,471
Commissioning $95,130 $0 $95,130 1,001
SUBTOTAL $9,608,107 $5,420,975 $4,187,132 53,388
DESIGN CONTINGENCY (15%) $1,441,216 $813,146 $628,070 7,851
CONSTRUCTION CONTINGENCY (15%) $1,441,216 $813,146 $628,070 7,851
TOTAL COST OF THE WORK $12,490,539 $7,047,267 $5,443,272 69,090
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 33,006
CONTINGENCY AND HST (0%) $12,490,539 $7,047,267 $5,443,272 69,090
GC/CM FEE (10%) $1,249,054 $704,727 $544,327 4,355
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $13,739,592 $7,751,994 $5,987,599 73,445
ARCHITECTURAL/ENGINEERING FEES (10%) $1,373,959 $0 $1,373,959 4,790
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $15,113,552 $8,527,193 $6,586,359 78,235


Dismantling Costs $619,379 $123,876 $495,503 6,194
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


21 Tank Layout 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-131 


Attachment 5 
Page 40 of 87







  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 27 Tank Layout
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 2,528
General Requirements $628,212 $253,682 $374,530 4,994
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $513,921 $154,176 $359,745 4,797
Concrete Floor Finishing $548,944 $164,683 $384,261 5,123
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $1,060,918 $795,689 $265,230 3,536
Miscellaneous Metals $526,420 $394,815 $131,605 1,755
Steel Deck $68,031 $51,024 $17,008 227
Rough & Finish Carpentry $49,387 $9,877 $39,510 527
Architectural Woodworks $0 $0 $0 0
Siding $1,063,787 $531,894 $531,894 7,092
Fireproofing $110,068 $73,745 $36,322 484
Roofing $400,217 $268,146 $132,072 1,761
Re-Roofing - 15 Year Life Cycle $500,272 $335,182 $165,090 2,201
Re-Roofing - 30 Year Life Cycle $500,272 $335,182 $165,090 2,201
Hollow Metal Supply $30,872 $30,872 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $34,950 $34,950 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $636,262 $318,131 $318,131 4,242
Paint $132,930 $66,465 $66,465 886
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural/Civil $7,219,283 $4,055,757 $3,163,526 42,180
Mechanical 1 526 620$ $918 620 $608 000 7 600


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


27 Tank Layout


Mechanical 1,526,620$        $918,620 $608,000 7,600
Electrical 1,706,102$        $964,243 $741,859 8,110
Commissioning $104,520 $0 $104,520 1,100
SUBTOTAL $10,556,525 $5,938,620 $4,617,905 58,991
DESIGN CONTINGENCY (15%) $1,583,479 $890,793 $692,686 8,659
CONSTRUCTION CONTINGENCY (15%) $1,583,479 $890,793 $692,686 8,659
TOTAL COST OF THE WORK $13,723,483 $7,720,207 $6,003,276 76,308
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $13,723,483 $7,720,207 $6,003,276 76,308
GC/CM FEE (10%) $1,372,348 $0 $1,372,348 10,979
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $15,095,831 $7,720,207 $7,375,625 87,287
ARCHITECTURAL/ENGINEERING FEES (10%) $1,509,583 $0 $1,509,583 12,077
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $16,605,414 $7,720,207 $8,885,208 99,363


Dismantling Costs $704,179 $140,836 $563,343 7,042
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


27 Tank Layout
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  Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110


Kinectrics Project Number: K-015634


PROJECT NAME: Kinectrics OPG Estimating - 31 Tank Layout 
PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10


GROSS FLOOR AREA Sq. m 2,676
General Requirements $660,993 $257,653 $403,340 5,378
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $494,688 $148,407 $346,282 4,617
Concrete Floor Finishing $589,025 $176,708 $412,318 5,498
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $1,024,772 $768,579 $256,193 3,416
Miscellaneous Metals $594,130 $445,597 $148,532 1,980
Steel Deck $72,018 $54,013 $18,004 240
Rough & Finish Carpentry $51,533 $10,307 $41,227 550
Architectural Woodworks $0 $0 $0 0
Siding $1,120,111 $560,055 $560,055 7,467
Fireproofing $117,044 $78,419 $38,624 515
Roofing $428,540 $287,122 $141,418 1,886
Re-Roofing - 15 Year Life Cycle $535,675 $358,902 $176,773 2,357
Re-Roofing - 30 Year Life Cycle $535,675 $358,902 $176,773 2,357
Hollow Metal Supply $32,022 $32,022 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $37,750 $37,750 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $684,096 $342,048 $342,048 4,561
Paint $138,483 $69,241 $69,241 923
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $7,530,374 $4,222,970 $3,307,404 44,099
Mechanical 1 556 887$ $948 887 $608 000 7 600


Material Value Labour Value Labour Hours (Hrs)


CAPITAL COST ESTIMATE


TRADE OR ACTIVITY Total Construction 
Value


31 Tank Layout


Mechanical 1,556,887$        $948,887 $608,000 7,600
Electrical 1,844,061$        $1,050,630 $793,430 8,671
Commissioning $109,313 $0 $109,313 1,151
SUBTOTAL $11,040,635 $6,222,487 $4,818,147 61,520
DESIGN CONTINGENCY (15%) $1,656,095 $933,373 $722,722 9,034
CONSTRUCTION CONTINGENCY (15%) $1,656,095 $933,373 $722,722 9,034
TOTAL COST OF THE WORK $14,352,825 $8,089,233 $6,263,592 79,588
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $14,352,825 $8,089,233 $6,263,592 79,588
GC/CM FEE (10%) $1,435,282 $0 $1,435,282 11,482
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $15,788,107 $8,089,233 $7,698,874 91,070
ARCHITECTURAL/ENGINEERING FEES (10%) $1,578,811 $0 $1,578,811 12,630
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON  FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $17,366,918 $8,089,233 $9,277,685 103,701


Dismantling Costs $746,552 $149,310 $597,241 7,466
Notes:


2.  Costs are determined using 2010 Canadian Dollars.
3.  No 'Nuclear Factors' have been applied.
4.  Soils have been assumed to be uniform throughout the three locations.  Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
5.  Lab spaces have been assumed unfinished space.
6.  Exterior road and security fencing have not been allowed for.


Scope of Work:  Construction of a new heavy water storage facility.


Additional Scope:  The above estimate does not include for dismantling costs at the end of building life cycle.


1.  Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not 
included in the above estimate.


31 Tank Layout
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Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
Kinectrics Report K-015634-REP-0001-R00 


OPG Purchase Order 4400032110
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1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6 


T (905) 827-2600  TF (888) 252-6179  F (905) 827-1600 


Web www.hooperwelding.com 


 
 


Established 1952 


November 25, 2010 


 


KINECTRICS, INC. 


800 Kipling Avenue 


Toronto, Ontario, 


CANADA   M8Z 6C4 


 


ATTN:  Andy Heics 


               


RE:      Inquiry – OPG/Darlington Storage Tanks             


                


REF:       10-312-382 R.2 – REVISED SIZING 
 


 


Thank you for the opportunity to quote your requirements.  Should you have any questions, feel free to 


contact our offices toll free 1-888-252-6179.  


 


ITEM  FABRICATION DETAIL UNITS BUDGET ONLY 


PRICE/ UNIT 


1 150 m 3 STORAGE TANKS (VERTICAL) 


Estimated Weight: 75,000 lbs. 


ASME CLASS 3 NUCLEAR 


 


Design 30 PSI @ 150 F 


Shell & Head Material SA240 304L 


Shell 168”OD x 360”t/t x 3/8”thk. 


Heads (2) 2:1 Semi-Ellip. 168”OD x 0.32”min. 


 


Support Skirt constructed Material SA516-70 


c/w Base Ring and Accesses as required 


 


HWE providing design, engineering, material, 


labour, rolling, welding and final assembly. 


 


Budget Nozzles and Manways Assumption 


(2) 18” 150# RFWN Manways 


1 $ 950,000.00 


Nuclear 


 


$ 700,000.00 


Non-Nuclear 
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1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6 


T (905) 827-2600  TF (888) 252-6179  F (905) 827-1600 


Web www.hooperwelding.com 


 
 


Established 1952 


(2) ¾” 150# RFWN 


(4) 2” 150# RFWN 


(2) 3” 150# RFWN 


 


Designed & Manufactured to ASME Section III, 


Class III 


 


All Design for HWE to evaluate ‘best design’ 


‘Seismic Design not included’ 


 


Certified to N285.0 Section III, Class III 


 


 


1 100 m 3 STORAGE TANKS (VERTICAL) 


Estimated Weight: 60,000 lbs. 


 


Design 30 PSI @ 150 F 


Shell & Head Material SA240 304L 


Shell 144”OD x 384”t/t x 5/16”thk. 


Heads (2) 2:1 Semi-Ellip. 144”OD x 0.25”min. 


Internal Head 143.25”OD x 0.56”min. 


 


Support Skirt constructed Material SA516-70 


c/w Base Ring and Accesses as required 


 


HWE providing design, engineering, material, 


labour, rolling, welding and final assembly. 


 


Budget Nozzles and Manways Assumption 


(2) 18” 150# RFWN Manways 


(2) ¾” 150# RFWN 


(4) 2” 150# RFWN 


(2) 3” 150# RFWN 


 


 


Designed & Manufactured to ASME Section III, 


Class III 


 


1 $ 600,000.00 


Nuclear 


 


 


$ 480,000.00 


Non-Nuclear 
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1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6 


T (905) 827-2600  TF (888) 252-6179  F (905) 827-1600 


Web www.hooperwelding.com 


 
 


Established 1952 


All Design for HWE to evaluate ‘best design’ 


‘Seismic Design not included’ 


 


Certified to N285.0 Section III, Class III 


 


 Cost Adder for Seismic Design 


 


 $35,000.00 per 


Design 


 


 


Notes: 


• NDE per code 


• History docket and MTR to be provided 


for material provided by HWE 


• Design Report and Drawings be HWE to 


be approved before fabrication  


• HWE reserves the right to review any 


new specifications and design changes 


for cost or schedule impact 


 


 


 


 


DELIVERY: 


• Design and Engineering 4-5 weeks ARO 


• Material 12-16 weeks ARO 


• Fabrication 16-20 weeks after receipt of material 


 


BID VALIDITY: 


• Bid is budget only, no validity 


 


LIQUIDATED DAMAGES: 


• There shall be NO Liquidated Damages for Late Delivery 


 


TERMS: 


• 10% After Submission of Design Report & Drawings 


• 45% After Receipt of Major Material (Defined as Shell Plate) 


• Balance per Unit Shipped 


• NET 30 
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1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6 


T (905) 827-2600  TF (888) 252-6179  F (905) 827-1600 


Web www.hooperwelding.com 


 
 


Established 1952 


 


 


 


CANCELLATION CLAUSE: 


In the event of contract cancellation, Buyer shall be responsible to pay HWE the following.  The dates are 


based on Week 1 – Placement of Purchase Order  


• Week 0-1 – 5% of P.O. Value 


• Week 2-3 - 15% of P.O. Value 


• Week 4 - 25% of P.O. Value 


• Week 4 – Material Procured  


• Week 5-8 - 40% of P.O. Value 


• Week 9-10 - 60% of P.O. Value 


• Week 11-14 - 65% of P.O. Value 


• Week 15-20 - 75% of P.O. Value 


• Week 21-25 - 80% of P.O. Value 


• Week 26-30 - 90% of P.O. Value 


• Week 31+ - 100% of P.O. Value 


 


F.O.B.: 


• HWE - Oakville, Ontario 


 


 


Should you have any questions, feel free to contact our offices toll free 1-888-252-6179. Thank you.  


 


Sincerely, 


 


 


Chris L. Hooper 


Vice President, Sales & Marketing 
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
   Generation Life Cycle Management 


 
  
  


 


Quotation 
DATE Nov 30, 2010 


YOUR 
DOCUMENT 
NUMBER 


e-mail inquiry 


OUR 
REFERENCE 
NUMBER 


10-746 R1 


Page 1 of 8 


� Edmonton � Toronto � Orillia � U.S.A. � Montreal


Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION 


1.0 Preamble 
 
1.1 This quotation covers the design, document preparation, fabrication and assembly, testing, inspection, 


preparation for shipment, supply, and warranty for one (1) CCI Model # PVV144360E030 N285 Class 3, one 
(1) CCI Model # PVV144360E030 ASME VIII-1 and one (1) CCI Model # PVV168360E030 N285 Class 3 and 
one (1) PVV168360E030 ASME VIII-1.  


1.2 This quotation is in general compliance with the supplied specifications with comments to the specifications as 
detailed in Appendix B.  For reference, a summary of the quotation sections and appendices is detailed below. 


 
Summary of Quotation 
Section Description 
1.0 Preamble 
2.0 Description and Price 
3.0 Delivery & Production Schedule 
4.0 Payment 
5.0 Cancellation Charges 
6.0 Storage Instructions 
7.0 Start-up Assistance 
8.0 Closing 
  
Appendix  
A Equipment Summary Sheets 
B Comments to Specifications 
C Quality Control Certificates 
D Terms and Conditions 
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
   Generation Life Cycle Management 


 
  
  


 


Quotation 
DATE Nov 30, 2010 


YOUR 
DOCUMENT 
NUMBER 


e-mail inquiry 


OUR 
REFERENCE 
NUMBER 


10-746 R1 


Page 2 of 8 


� Edmonton � Toronto � Orillia � U.S.A. � Montreal


Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION 


2.0 Description and Price 
2.1 A brief description of the equipment offered and its pricing is provided in the table below.  Please refer to 


Appendix B for the equipment data sheets and detailed description. 


Item Description - Vessel Qty 
Unit 
Price 
(CDN $) 


Price 
(CDN $) 


1 


CCI Model # PVV144360E030 (100m
3
 capacity), 304 Stainless Steel 


Material vertical vessel configuration on skirt support. N285 Class 3, 


“U” Stamped and CRN registered. Mill finish exterior and interior. No 


level gauges or transmitters are included in the base quote. Design 


reports, including seismic, will use Finite Element. 


1 $674,750 $674,750 


2 


CCI Model # PVV144360E030 (100m
3
 capacity), 304 Stainless Steel 


Material vertical vessel configuration on skirt support. ASME VIII-1, 


“U” Stamped and CRN registered. Mill finish exterior and interior. No 


level gauges or transmitters are included in the base quote. Seismic 


and code calculations performed using conventional ASME VIII-1 


code calculation software (COMPRESS). 


1 $471,750 $471,750 


3 
 


CCI Model # PVV144360E030 (150m
3
 capacity), 304 Stainless Steel 


Material vertical vessel configuration on skirt support. N285 Class 3, 


“U” Stamped and CRN registered. Mill finish exterior and interior. No 


level gauges or transmitters are included in the base quote. Design 


reports, including seismic, will use Finite Element. 


1 $792,250 $792,250 


4 


CCI Model # PVV144360E030 (150m
3
 capacity), 304 Stainless Steel 


Material vertical vessel configuration on skirt support. ASME VIII-1, 


“U” Stamped and CRN registered. Mill finish exterior and interior. No 


level gauges or transmitters are included in the base quote. Seismic 


and code calculations performed using conventional ASME VIII-1 


code calculation software (COMPRESS). 


1 $550,250 $550,250 


2.2 All prices are net prices in CDN dollars, valid for 30 days. 
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
   Generation Life Cycle Management 


 
  
  


 


Quotation 
DATE Nov 30, 2010 


YOUR 
DOCUMENT 
NUMBER 


e-mail inquiry 


OUR 
REFERENCE 
NUMBER 


10-746 R1 


Page 3 of 8 


� Edmonton � Toronto � Orillia � U.S.A. � Montreal


Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION 
2.3 Freight, Taxes and Duty Extra 


2.4 FCA Oakville, Ontario 


3.0 Delivery 
 
3.1 Please allow 8 weeks for N285 and 2 weeks VIII after receipt of order for engineering and 22 weeks after 


receipt of approved drawings for procurement and fabrication. This applies to the initial order, for consequent 
orders a schedule will be arranged. 


3.2 Preliminary production schedule is as follows: 


a) Engineering and Approval drawing preparation – 2 weeks 


b) Customer review and approval – 1 week 


c) Procurement  and delivery of major material – 6 week 


d) Fabrication and Packaging – 16 weeks 


4.0 Payment 
 
Net 30 days. 
 


5.0 Cancellation Charges 
 
In the event the order must be cancelled by the purchaser the following schedule of charges would apply: 


1) 15% if cancelled prior to return of all data/drawings submitted for review; 
2) 20 % if cancelled once ordering of materials has commenced plus: 


a) direct costs of material order cancellations plus 10% 
b) direct costs of material consumed plus 10% 
c) direct costs of labour and overhead plus 10% 


3) The maximum cancellation charge under this schedule shall not exceed 75% of the contract value provided 
the order is not complete 


4) Once complete the cancellation charge is 100% 
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
   Generation Life Cycle Management 


 
  
  


 


Quotation 
DATE Nov 30, 2010 


YOUR 
DOCUMENT 
NUMBER 


e-mail inquiry 


OUR 
REFERENCE 
NUMBER 


10-746 R1 


Page 4 of 8 


� Edmonton � Toronto � Orillia � U.S.A. � Montreal


Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION 


6.0 Storage Instructions 
 
Goods shall be stored within a fire-resistant, weather-tight and well-ventilated building or equivalent enclosure.  
Precautions shall be taken against vandalism.  This area shall be situated and constructed so that it will not be 
subject to flooding; the floor shall be paved or equal and well drained.  Goods shall be placed on pallets or shoring 
to permit air circulation.  The area shall be provided with uniform heating and temperature control or its equivalent to 
prevent condensation and corrosion.  The minimum temperature shall be 40


o
F (5


o
C), and the maximum temperature 


shall be 140
o
F (60


o
C). 


 


7.0 Start-up Assistance 
 


Start-up service at site by manufacturer is normally not required for this type of equipment as the customer can 
follow the straight forward procedures according to the IOM manual shipped with the equipment.  However, if it 
is insisted, we can provide the supervision service by our specialist on request based on the following charges. 
 
1. The round trip business air-ticket between Toronto-Canada and the international airport of the site located 


country; billed at cost plus 10%. 
2. CDN$1,800 per 8-hours day including waiting, stand-by and traveling time.  For overtime and work on 


public holidays, the hourly rate is CDN $300 for maximum 10 working hours per day. 
3. CDN$ 350 accommodations per day. 
4. Local transportation between airport, hotel and working site to be provided by the purchaser or billed at cost 


plus 10%. 
 


8.0 Closing 
 
We would like to thank you for the opportunity to quote on this project and trust that you will find our offer 
acceptable.  If you have any questions, comments or would like to discuss this quotation, please do not hesitate to 
call or email the undersigned. 
 
 
Sincerely, 
Robert Simmons 
Applications Specialist 
PH:  905-829-4422 
Email:  rsimmons@ccithermal.com 
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
   Generation Life Cycle Management 


 
  
  


 


Quotation 
DATE Nov 30, 2010 


YOUR 
DOCUMENT 
NUMBER 


e-mail inquiry 


OUR 
REFERENCE 
NUMBER 


10-746 R1 


Page 5 of 8 


� Edmonton � Toronto � Orillia � U.S.A. � Montreal


Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


 


APPENDIX A  
Equipment Summary Sheets 


 
Please refer to attached data sheet for additional information. 
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Page 7 of 20


Unit Of Measure: Imperial


(a) PROJECT DATA


Customer: Project:


Project No: Tag No:  CCI Quote No: 10-746


Qty: 1
(b) PROCESS DATA


Process Fluid: Contamination:
Fluid Condtion: Capacity: 100 m3


Op Temp: 120 °F Op Pressure: 5 psig


(c) FILTER MEDIA DATA


1st Stage: Description of Media:


Qty: Recommended Media ∆P: psig


2nd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


3rd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


(d) VESSEL DATA


Pressure Int: Design psig Temperature Int: Design °F


Pressure Ext: Design psig Temperature Ext: Design °F


Allowable Clean ∆P: psig Allowable Dirty ∆P: psig


Corrosion: Shell " Corrosion: Nozzles "


Configuration: Support Type:


 Top Closure Style:  Top Gasket Type:


 Top Head Lift:  Top Gasket Matl:


 Btm Closure Style:  Btm Gasket Type:


 Btm Head Lift:  Btm Gasket Matl:


(e) MATERIAL DATA


Shell: Head:


Nozzles: Flanges:


Couplings: Bolting:


Supports: Insulation:


Internals: 


(f) FINISHES


External - Vessel: Support:


Internal - Vessel:


(g) CODE REQUIREMENTS


Service:


PWHT : °F Hold Time: min


Code: Edition Addenda:


Canadian Registration Number (CRN):


Province of Registration:


ASME Code Stamp:


National Board Registration:


(h) TESTING REQUIREMENTS


 Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min


Radiography: Long: Circular:


Ultrasonic Testing (UT): UT of what Areas:


Liquid Penetrant Test (LP): LP of what Areas:


Magnetic Partical Testing (MT): MT of what Areas:


Positive Matl Identification (PMI): PMI of what Areas:


Impact Testing: Impact Test of:


Pedestal/Skirt


Non-Lethal


Shot Blast


Yes


No


Yes


No


Yes


SA-182 F304/304L


None


SA-193, Gr B8 / SA-194, Gr 8


CSA N285.0 CL3


Shot Blast


No


Latest Latest


0


0


CCI Thermal 


Model No:


n/a


PVV144360E030


Liquid


Vertical


30


0


SA-240 304/304L


F & D Head


F & D Head


0


150


n/a n/a


Ontario / Quebec


None


None


Full Full


Clean and Dry


SA-312 TP304/304L SMLS


SA-240 304/304L


SA-182 F304/304L


SA-240 304/304L


None


None


Specification Data Sheet version 2.0 Sep 11th 2009


n/a


None


D2O Storage TanksKinetrics


D2O


None


No


Clear Inputs
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Specification Data Sheet version 1.0 Aug. 16th 2006


CONNECTIONS


N1 3" 150# n/a n/a n/a 1


N2 3" 150# n/a n/a n/a 1


N3 to N6 2" 150# n/a n/a n/a 4
N7 to N8 ¾" 3000# n/a n/a n/a 2


Vessel Total Height: 445¾" (Shell Length 360")


Vessel Diameter: 144" OD x ½" wall thickness


Inlet


Outlet


Level Sensors
Temperature Gauge


Mark # QtyPurpose GasketsNutsSize Class Bolting
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Page 11 of 20


Unit Of Measure: Imperial


(a) PROJECT DATA


Customer: Project:


Project No: Tag No:  CCI Quote No: 10-746


Qty: 1
(b) PROCESS DATA


Process Fluid: Contamination:
Fluid Condtion: Capacity: 100 m3


Op Temp: 120 °F Op Pressure: 5 psig


(c) FILTER MEDIA DATA


1st Stage: Description of Media:


Qty: Recommended Media ∆P: psig


2nd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


3rd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


(d) VESSEL DATA


Pressure Int: Design psig Temperature Int: Design °F


Pressure Ext: Design psig Temperature Ext: Design °F


Allowable Clean ∆P: psig Allowable Dirty ∆P: psig


Corrosion: Shell " Corrosion: Nozzles "


Configuration: Support Type:


 Top Closure Style:  Top Gasket Type:


 Top Head Lift:  Top Gasket Matl:


 Btm Closure Style:  Btm Gasket Type:


 Btm Head Lift:  Btm Gasket Matl:


(e) MATERIAL DATA


Shell: Head:


Nozzles: Flanges:


Couplings: Bolting:


Supports: Insulation:


Internals: 


(f) FINISHES


External - Vessel: Support:


Internal - Vessel:


(g) CODE REQUIREMENTS


Service:


PWHT : °F Hold Time: min


Code: Edition Addenda:


Canadian Registration Number (CRN):


Province of Registration:


ASME Code Stamp:


National Board Registration:


(h) TESTING REQUIREMENTS


 Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min


Radiography: Long: Circular:


Ultrasonic Testing (UT): UT of what Areas:


Liquid Penetrant Test (LP): LP of what Areas:


Magnetic Partical Testing (MT): MT of what Areas:


Positive Matl Identification (PMI): PMI of what Areas:


Impact Testing: Impact Test of:


None


No


Specification Data Sheet version 2.0 Sep 11th 2009


n/a


None


D2O Storage TanksKinetrics


D2O


None


None


Clean and Dry


SA-312 TP304/304L SMLS


SA-240 304/304L


SA-182 F304/304L


SA-240 304/304L


Ontario / Quebec


None


None


Full Full


0


150


n/a n/a


Liquid


Vertical


30


0


SA-240 304/304L


F & D Head


F & D Head


CCI Thermal 


Model No:


n/a


PVV144360E030


0


0


Yes


SA-182 F304/304L


None


SA-193, Gr B8 / SA-194, Gr 8


ASME VIII-1


Shot Blast


No


Latest Latest


Pedestal/Skirt


Non-Lethal


Shot Blast


Yes


No


Yes


No


Clear Inputs
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Specification Data Sheet version 1.0 Aug. 16th 2006


CONNECTIONS


N1 3" 150# n/a n/a n/a 1


N2 3" 150# n/a n/a n/a 1


N3 to N6 2" 150# n/a n/a n/a 4
N7 to N8 ¾" 3000# n/a n/a n/a 2


Vessel Total Height: 445¾" (Shell Length 360")


Vessel Diameter: 144" OD x ½" wall thickness


NutsSize Class BoltingMark # QtyPurpose Gaskets


Outlet


Level Sensors
Temperature Gauge


Inlet
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Page 15 of 20


Unit Of Measure: Imperial


(a) PROJECT DATA


Customer: Project:


Project No: Tag No:  CCI Quote No: 10-746


Qty: 1
(b) PROCESS DATA


Process Fluid: Contamination:
Fluid Condtion: Capacity: 150 m3


Op Temp: 120 °F Op Pressure: 5 psig


(c) FILTER MEDIA DATA


1st Stage: Description of Media:


Qty: Recommended Media ∆P: psig


2nd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


3rd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


(d) VESSEL DATA


Pressure Int: Design psig Temperature Int: Design °F


Pressure Ext: Design psig Temperature Ext: Design °F


Allowable Clean ∆P: psig Allowable Dirty ∆P: psig


Corrosion: Shell " Corrosion: Nozzles "


Configuration: Support Type:


 Top Closure Style:  Top Gasket Type:


 Top Head Lift:  Top Gasket Matl:


 Btm Closure Style:  Btm Gasket Type:


 Btm Head Lift:  Btm Gasket Matl:


(e) MATERIAL DATA


Shell: Head:


Nozzles: Flanges:


Couplings: Bolting:


Supports: Insulation:


Internals: 


(f) FINISHES


External - Vessel: Support:


Internal - Vessel:


(g) CODE REQUIREMENTS


Service:


PWHT : °F Hold Time: min


Code: Edition Addenda:


Canadian Registration Number (CRN):


Province of Registration:


ASME Code Stamp:


National Board Registration:


(h) TESTING REQUIREMENTS


 Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min


Radiography: Long: Circular:


Ultrasonic Testing (UT): UT of what Areas:


Liquid Penetrant Test (LP): LP of what Areas:


Magnetic Partical Testing (MT): MT of what Areas:


Positive Matl Identification (PMI): PMI of what Areas:


Impact Testing: Impact Test of:


None


No


Specification Data Sheet version 2.0 Sep 11th 2009


n/a


None


D2O Storage TanksKinetrics


D2O


None


None


Clean and Dry


SA-312 TP304/304L SMLS


SA-240 304/304L


SA-182 F304/304L


SA-240 304/304L


Ontario / Quebec


None


None


Full Full


0


150


n/a n/a


Liquid


Vertical


30


0


SA-240 304/304L


F & D Head


F & D Head


CCI Thermal 


Model No:


n/a


PVV168360E030


0


0


Yes


SA-182 F304/304L


None


SA-193, Gr B8 / SA-194, Gr 8


CSA N285.0 CL3


Shot Blast


No


Latest Latest


Pedestal/Skirt


Non-Lethal


Shot Blast


Yes


No


Yes


No


Clear Inputs
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Specification Data Sheet version 1.0 Aug. 16th 2006


CONNECTIONS


N1 3" 150# n/a n/a n/a 1


N2 3" 150# n/a n/a n/a 1


N3 to N6 2" 150# n/a n/a n/a 4
N7 to N8 ¾" 3000# n/a n/a n/a 2


Vessel Total Height: 449¾" (Shell Length 360")


Vessel Diameter: 168" OD x ½" wall thickness


NutsSize Class BoltingMark # QtyPurpose Gaskets


Outlet


Level Sensors
Temperature Gauge


Inlet
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Page 19 of 20


Unit Of Measure: Imperial


(a) PROJECT DATA


Customer: Project:


Project No: Tag No:  CCI Quote No: 10-746


Qty: 1
(b) PROCESS DATA


Process Fluid: Contamination:
Fluid Condtion: Capacity: 150 m3


Op Temp: 120 °F Op Pressure: 5 psig


(c) FILTER MEDIA DATA


1st Stage: Description of Media:


Qty: Recommended Media ∆P: psig


2nd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


3rd Stage: Description of Media:


Qty: Recommended Media ∆P: psig


(d) VESSEL DATA


Pressure Int: Design psig Temperature Int: Design °F


Pressure Ext: Design psig Temperature Ext: Design °F


Allowable Clean ∆P: psig Allowable Dirty ∆P: psig


Corrosion: Shell " Corrosion: Nozzles "


Configuration: Support Type:


 Top Closure Style:  Top Gasket Type:


 Top Head Lift:  Top Gasket Matl:


 Btm Closure Style:  Btm Gasket Type:


 Btm Head Lift:  Btm Gasket Matl:


(e) MATERIAL DATA


Shell: Head:


Nozzles: Flanges:


Couplings: Bolting:


Supports: Insulation:


Internals: 


(f) FINISHES


External - Vessel: Support:


Internal - Vessel:


(g) CODE REQUIREMENTS


Service:


PWHT : °F Hold Time: min


Code: Edition Addenda:


Canadian Registration Number (CRN):


Province of Registration:


ASME Code Stamp:


National Board Registration:


(h) TESTING REQUIREMENTS


 Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min


Radiography: Long: Circular:


Ultrasonic Testing (UT): UT of what Areas:


Liquid Penetrant Test (LP): LP of what Areas:


Magnetic Partical Testing (MT): MT of what Areas:


Positive Matl Identification (PMI): PMI of what Areas:


Impact Testing: Impact Test of:


Pedestal/Skirt


Non-Lethal


Shot Blast


Yes


No


Yes


No


Yes


SA-182 F304/304L


None


SA-193, Gr B8 / SA-194, Gr 8


ASME VIII-1


Shot Blast


No


Latest Latest


0


0


CCI Thermal 


Model No:


n/a


PVV168360E030


Liquid


Vertical


30


0


SA-240 304/304L


F & D Head


F & D Head


0


150


n/a n/a


Ontario / Quebec


None


None


Full Full


Clean and Dry


SA-312 TP304/304L SMLS


SA-240 304/304L


SA-182 F304/304L


SA-240 304/304L


None


None


Specification Data Sheet version 2.0 Sep 11th 2009


n/a


None


D2O Storage TanksKinetrics


D2O


None


No


Clear Inputs
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Specification Data Sheet version 1.0 Aug. 16th 2006


CONNECTIONS


N1 3" 150# n/a n/a n/a 1


N2 3" 150# n/a n/a n/a 1


N3 to N6 2" 150# n/a n/a n/a 4
N7 to N8 ¾" 3000# n/a n/a n/a 2


Vessel Total Height: 449¾" (Shell Length 360")


Vessel Diameter: 168" OD x ½" wall thickness


Inlet


Outlet


Level Sensors
Temperature Gauge


Mark # QtyPurpose GasketsNutsSize Class Bolting
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KINECTRICS Inc. 
800 Kipling Avenue, Unit 2, KR312 
Toronto, ON M8Z 6C4 
 
Attention: Ruth Burany, PhD 


   Senior Scientist, Nuclear Waste & Tritium Solutions 
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Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252


5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240


Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141


T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com
1-800-661-8529 1-877-325-3473 info@ccithermal.com


 


APPENDIX B 
Comments to the Specifications 


 
CCI Thermal Technologies is in general compliance with the specifications provided. 
 
As stated above the N285 Class 3 vessels pricing includes Design Reports and Finite Element 
Analysis for seismic calculations. On a single vessel the Engineering Cost associated with 
producing Design Reports and Seismic FEA is 2.1%. On multiple vessel purchases this would 
be prorated over the quantity. The VIII-1 vessel seismic analysis and code calculations will be 
performed using commercially available software, specifically COMPRESS. 
 
On qty purchased greater than 4 vessels CCI Thermal Technologies can offer a 7% discount. 
 
Please note CCI Thermal Technologies considers this to be a budgetary quotation. 
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APPENDIX C 
Quality Certificates 


 


Refer to attached document. 
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APPENDIX D 
Terms and Conditions 


 
Please refer to attached CCI Thermal Technologies standard Terms & Conditions 
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TERMS and CONDITIONS of SALE and QUOTATION  
 
 
1. Warranty 
 


1.01 CCI Thermal Technologies Inc., a body 
corporate with an office in the Town of Oakville in the province of 
Ontario (hereinafter referred to as "the Company"), covenants with 
the Purchaser with regard to the item(s) or system(s) purchased by 
the Purchaser from the Company (hereinafter referred to as "the 
Article") that, for a period of eighteen (18) months from the date of 
delivery or twelve (12) months from the date of start of operation 
(whichever occurs first), the Company will repair or replace at the 
shop facility of the Company the Article or part thereof which has 
been found to be defective as the result of the utilisation of improper 
materials in the manufacturing or construction process by the 
Company. 
 


1.02 The Purchaser acknowledges that the 
decision as to whether the defective Article or part thereof shall be 
replaced, repaired or modified shall be made by the Company in its 
sole discretion. 
 


1.03 The Purchaser acknowledges that the 
Warranty described as aforesaid in 1.01 offered by the Company to 
the Purchaser is subject to the following conditions: 
 


(a) that the Purchaser notified the Company in 
writing of the defect immediately upon discovery by the Purchaser or 
so soon thereafter as it is practicable. 
 


(b) that the defect in the Article is not due to an 
act or omission by the Purchaser, its agents, servants or independent 
contractors which for greater certainty, but not so as to limit the 
generality of the foregoing, includes physical, chemical or mechanical 
abuse, accident, improper installation of the article, improper storage 
and handling of the article, improper application or the misalignment 
of parts. 
 


(c) that the defect in the Article or part thereof is 
not the result of vibration, radiation, erosion, corrosion, process 
contamination, abnormal process conditions, temperature and 
pressures, unusual surges or pulsation, fouling, ordinary wear and 
tear, incorrectly applied utilities such as voltage, air, gas, water, and 
others or any combination of the aforementioned causes not 
specifically allowed for in the design conditions. 
 


(d) that the Article has not been altered or 
modified in any respect by the Purchaser, or any one of his servants, 
agents, independent contractors, private or public carriers after 
delivery of the Article to the Purchaser or his designated agent unless 
the alteration or modification has been specifically agreed to in writing 
by the Company. 
 
 


1.04 The Purchaser agrees that all warranty work 
required after the initial commissioning of the product will be provided 
only if the Company has been paid by the Purchaser in full 
accordance with the terms and conditions of the contract. 
 


2. Limitations of the Obligations of the Company 
 


2.01 The Purchaser acknowledges that the liability 
of the Company for any defective Article or part thereof shall be 
strictly limited to the remedies set forth in Paragraph 1 herein, subject 
to the restrictions set forth in the agreement herein. 
 


2.02 The Purchaser agrees that the Company shall 
not be liable for damages of any sort whatsoever arising from a 
defect contained in the Article or any part thereof which for greater 
certainty, but not so as to limit the generality of the foregoing, shall 
include damages arising from lack of use, business interruptions or 
any other consequential damages. 
 


2.03 The Purchaser covenants with the Company 
not to seek damages from the Company of the nature set forth in 
paragraph 2.02 contained herein. 


 
 


 


3. Waiver of Expressed or Implied Warranty 
 


3.01 The Purchaser agrees that the Company 
makes no warranty or guarantee, express, implied or statutory, 
(INCLUDING ANY WARRANTY OF MERCHANTABILITY OR 
WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE) 
written or oral, of the Article or incidental labour, except as is 
expressed or contained in the agreement herein. 
 


4. Entire Agreement 
 


4.01 The Purchaser acknowledges that this 
instrument covers all agreements between the parties hereto relative 
to the conditions of sale and accordingly the parties hereto shall not 
be bound by any representations or promises made by any person 
relative to these conditions of sale unless made in writing by the duly 
authorised representatives of the parties and attached to the 
schedule of this agreement. 
 


4.02 For greater certainty, an authorised 
representative of the Company means an officer, director or sales 
representative of the Company. 
 
 


5. Articles Not Manufactured by the Company 
 


5.01 The Purchaser acknowledges that the 
Warranty set forth in Paragraph 1 contained herein shall not apply to 
items of equipment or accessories incorporated in, or attached to, the 
Article which are not manufactured by the Company, except where 
the selection of the said items of equipment or accessories are 
improper for the intended purpose of the said equipment or 
accessories. 
 


5.02 The Purchaser acknowledges that the items of 
equipment or accessories described in Paragraph 5.01 are 
purchased subject onto the warranty of the actual manufacturer, if 
any, and no other.  The Company agrees that it will use its best 
efforts to pass on to the Purchaser any warranty of the actual 
manufacturer, if any. 
 


5.03 The Purchaser acknowledges the right of the 
Company to provide these Articles manufactured by a different 
vendor to that named in the quote providing that the substituted 
product is equal to or greater than the product quoted. 
 


6. Specifications Provided by Purchaser 
 


6.01 The Purchaser acknowledges that it warrants 
the accuracy of calculations, sizing, specification and/or designs 
provided by the Purchaser, its servants, agents or independent 
contractors to the Company pertaining to any Article manufactured by 
the Company. 
 


6.02 The Purchaser acknowledges that the 
Company shall bear no legal responsibility for any defect in any 
Article or part thereof where such defect was occasioned in whole or 
in part by the supply of inaccuracies, described particularly in 
Paragraph 6.01 herein, by the Purchaser, its servants, agents or 
independent contractors. 
 


7. Service Call Indemnity 
 


7.01 The Purchaser covenants with the Company 
to reimburse the Company for all expenses incurred by the Company 
when its representative(s) are dispatched to the field location of the 
Purchaser to inspect the Article for an alleged defect where the 
representative(s) of the Company determine in their sole discretion 
that the defect is not covered by the Warranty set forth in Paragraph 
1 herein. 
 


7.02 The Purchaser agrees to pay for any and all 
additional commissioning, start up assistance and training which may 
be required after the initial on site work has been completed by the 
Company.  These services will be provided at the Purchaser’s 
request.  The Company’s price to provide these additional services is 
as defined on the Company’s offer.. 
 


8. Unauthorised Repairs 
 


8.01 The Purchaser acknowledges that the 
Company shall not be responsible to reimburse the Purchaser for any 
expenditures made by the Purchaser with respect to any defective 
Article or part thereof where the written authorisation of the Company 
was not firstly obtained. 
 


8.02 For greater certainty, but not so as to limit the 
generality of the foregoing, such unauthorised expenditures shall 
include transportation, service and labour costs. 
 


9. Payment of Purchase Price 
 


9.01 The Purchaser covenants with the Company 
to pay the full purchase price of the Article to the Company as defined 
on the payment terms described in the Company’s offer 
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9.02 The Purchaser agrees to pay interest on the 
balance of the unpaid purchase price of the Article outstanding after 
thirty (30) days to the Company at the rate of two per cent (2%) per 
month compounding. Purchaser shall be liable to Company for all 
costs of collection including, but not limited to, reasonable attorneys’ 
fees, court costs and other miscellaneous litigation costs. 
 


9.03 The title and right of possession of the 
material and equipment covered by this agreement shall remain with 
the Company until full payment thereof in cash shall have been 
made.  In event of default in any payment, the Company may 
repossess such material and equipment and all additions thereto, 
wherever found, free from all claims whatsoever, or assert a 
mechanics lien with respect thereto, and the Company shall not be 
held liable for such repossession nor for repayment of any money 
which may have been paid by the Purchaser in part payment for such 
materials or equipment.  The Company shall have the right to elect to 
assert our claim of a mechanics lien against the real estate upon 
which the material or equipment is placed and may waive our right to 
repossession at any time before the expiration of the time fixed by 
law for filing a mechanics lien. 
 
10. Change in Prices 
 


10.01 The Purchaser acknowledges that all prices 
offered by the Company are free on board the shop facility of the 
Company unless otherwise specifically stated in the Company's offer. 
 


10.02 The Purchaser acknowledges that the prices 
offered by the Company to the Purchaser are subject to change by 
the Company prior to the acceptance of the Company's offer by the 
Purchaser.  Once the offer is accepted by the Purchaser, the prices 
will remain firm, unless the scope of the work changes whereby the 
prices will be adjusted accordingly. 
 


11. Sales Tax, Customs Duty 
 


11.01 Unless otherwise noted, any applicable sales 
tax (federal, provincial or state), or customs duty shall be extra to the 
prices quoted and shall be the responsibility of the Purchaser. 
 


11.02 The Purchaser covenants with the Company 
to indemnify and save harmless the Company from all customs duty, 
taxes, interest, penalties, fines or any costs whatsoever arising from a 
determination by the applicable authorities that the purchase of the 
Article by the Purchaser is not exempt from such charges, provided 
that the said duties, taxes, interest, penalties, fines or other such 
costs do not arise from the Company having incorrectly specified 
categories or classifications for tax and duty purposes. 
 


12. Purchaser's Right of Inspection 
 


12.01 The Company acknowledges the right of the 
Purchaser to dispatch its representative(s) to inspect the Article 
during the course of manufacture during normal business hours. 
 


13. Modification or Cancellation of the Purchase Order 
 


13.01 The Purchaser acknowledges that no 
purchase order made by the Purchaser to the Company may be 
cancelled in whole or modified in any respect without the written 
consent of the Company having been firstly obtained. 
 


13.02 The Purchaser agrees to indemnify forthwith, 
upon demand by the Company, the Company from any loss or 
damages incurred by the Company of any sort whatsoever 
occasioned by the cancellation or modification of a purchase order by 
the Purchaser or preparation by the Company of a change order as 
requested by the Purchaser. 
 


13.03 The Purchaser acknowledges the amount of 
loss or damage referred to in Paragraph 13.02 herein shall be 
determined by the Company in its sole discretion or as defined in the 
cancellation schedule in the Company’s offer. 
 


14. Subsequent Technological Improvement Made by the 
Company 


 


14.01 The Purchaser acknowledges that the 
Company shall be free to make changes in the design or 
improvements of its products from time to time. 
 


14.02 The Purchaser acknowledges that the 
Company shall not be obligated to modify those Articles 
manufactured before the formulation of the changes in design or 
improvements of the products by the Company. 
 


15. Delivery Schedule 
 


15.01 The Purchaser acknowledges that the 
schedule of delivery set forth in the offer made by the Company shall 
be an approximation only and not a term or condition of the 
agreement herein. 
 


15.02 The Company, however, covenants with the 
Purchaser to take all reasonable measures to ensure that the Article 
is ready for delivery to the Purchaser on a date within reasonable 
proximity to the delivery date set forth in the offer. 
 


15.03 Delivery schedules shall not go into effect until 
signed/dated approval drawings have been returned to and accepted 
by the Company and until all other terms or provisions have been 
satisfied as set forth in this agreement. 
 


15.04 The Purchaser agrees that the Company shall 
not be liable for damages of any sort whatsoever arising from late 
delivery of the Article or any part thereof which for greater certainty, 
but not so as to limit the generality of the foregoing shall include 
damages arising from lack of use, business interruptions or any other 
consequential damages. 
 


16. Force Majeure 
 


16.01 The Purchaser acknowledges that the 
Company shall not be liable to the Purchaser for any loss or damage 
of any sort whatsoever occasioned by the delay or failure to deliver 
the Article if the said delay or failure is the result of fire, labour 
disputes, wars, insurrections, riots, or the actions of any duly 
constituted governmental authority or any other cause whatsoever 
which is beyond the control of the Company. 
 


17. Headings 
 


17.01 The Purchaser acknowledges that the 
headings of the paragraphs of the Terms and Conditions contained 
herein have been inserted as a matter of convenience and for 
reference only and in no way define, limit, or enlarge the scope or 
meaning of these terms and conditions or any provisions hereof. 
 


18. Legal Jurisdiction 
 


18.01 The Purchaser acknowledges that this 
agreement shall be interpreted pursuant to the provisions and laws of 
the Province of Alberta. In the event litigation results, the prevailing 
party shall be entitled to recover all of its litigation costs and attorney 
fees. 
 


19. Severability 
 


19.01 The Purchaser acknowledges that the 
provisions contained herein are severable. 
 


19.02 The Purchaser acknowledges that the finding 
that any paragraph or portion of a paragraph contained herein is 
invalid, illegal, or unenforceable does not in itself affect the validity, 
legality or enforceability of the remaining portions of the agreement 
herein. 
 


20. Exclusive Use 
 


20.01 Any information obtained from the Company 
or its authorised representative(s) transmitted via written agreement, 
informational drawing, facsimile, telephonic communication or by any 
other means, remains the exclusive property of the Company. 
Drawings and specifications relating to this agreement are loaned to 
the Purchaser for information purposes only and are subject to recall 
at any time prior to acceptance by the Company of the Purchaser’s 
written purchase order for the work of this contract.  Reproduction or 
copies of this agreement, drawings and specifications shall not be 
used in any way prejudicial to the interests of the Company. 
 


21. Specific Purchaser Responsibilities: 
 


Unless otherwise noted the following shall be Purchaser’s 
responsibility 
 


21.01 Assume all risk of loss or damage to the 
Article detailed in this agreement at the F.O.B. point detailed in the 
agreement. 
 


21.02 Assume all charge(s) for any changes 
requested after signed approval drawings have been returned and 
accepted by the Company. 
 


21.03 Unload all Articles from the carrier, uncrate, 
inspect for damage and locate Articles to a stage indoor storage site 
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or installation location.  Notify the Company in case of damage to 
shipped Articles. Any outdoor storage of the Article detailed in this 
agreement shall void any warranties extended. 
 


21.04 Site preparation including all foundation work 
and levelling of any flooring where the Article is to be installed.  Any 
existing structural modifications of any kind required to complete 
installation should be made prior to installation personnel arrival to 
eliminate unnecessary delays. 
 


21.05 Removal of any existing equipment where 
Article is to be installed.  Provide an area clean and free from any 
obstacles that may hamper or delay installation personnel. 
 


21.06 Provide utilities as required to the location(s) 
detailed in the approval drawings.  It shall be the responsibility of the 
Purchaser to insure adequate utilities are available to allow proper 
operation of the Article. 
 


21.07 Provide all roofing work including penetrations 
and curbing as required for proper equipment installation. 
 


21.08 Locate Article at the equipment installation 
site.  Any equipment required to position, locate or elevate Article or 
personnel shall be provided by the Purchaser unless otherwise 
requested.   In the event that the Company agrees to perform such 
work, it is the responsibility of the Purchaser to provide a smooth and 
structurally adequate surface over which the Article may be moved. 
 


21.09 Any equipment transfer or unloading charges 
will be the responsibility of the Purchaser. 
 


21.10 Any costs or charges related to shipment, 
crating or special packaging or handling of any equipment detailed in 
this agreement shall pass to the Purchaser. 
 


21.11 Provide safety interlocks beyond standard 
safeties included in this agreement as required by local, provincial, 
state or national codes including fire suppression system(s) either dry 
chemical/water sprinkler or other. 


 


21.12 Provide any ductwork, ventilation or other 
equipment and connections for same not detailed or included in this 
agreement but necessary to complete installation.  
 


21.13 Any labor included in this agreement is based 
on installation occurring Monday through Friday during the hours 7 
a.m. to 5 p.m.  Holidays, weekends and hours prior to or later than 
the hours detailed in the affirmation statement will be billed separately 
on a detailed basis at a rate to be agreed upon in writing by the 
Company and the Purchaser and shall become permanent part of this 
agreement.  The installation price(s) included in this document have 
been based upon the Company’s personnel having free and 
unencumbered access to the Article and installation site addressed in 
this agreement.  Any delays in completion of installation due to no 
fault of the Company may be billed to cover lost time at the quoted 
rates.  If installation is occurring during non-standard hours (standard 
hours are considered to be 7 a.m. - 5 p.m. Monday through Friday) or 
holidays or weekends an hourly premium will be substituted in lieu of 
the standard hourly rate provided for in this agreement. 
 


21.14 Obtain and pay for any permits required to 
transport, construct, install or operate any equipment provided for in 
this agreement. 
 


21.15 Insure that all and any national, state, 
province, county or local/municipal code requirements are met unless 
otherwise agreed to in writing by an authorised employee of the 
Company.  Without limiting the generality of the foregoing, this would 
include requirements for spill containment and waste disposals. 
 


21.16 Submit any requests for additions to, or 
changes to any equipment, terms, conditions or services provided for 
in this agreement to the Company in writing.  These must be agreed 
to in writing by an authorised employee of the Company.  No other 
person or company has the right to modify or alter this agreement 
after it has been submitted.  No extra or additional work will be 
carried out by the Company without the Purchaser’s written 
instruction or purchase order, which must clearly show the price for 
such work. 
 


21.17 Should testing be a requirement prior to 
purchase, any freight charges or special transportation costs incurred 
to transport products to be tested to the test location, and returned 
from the test location, shall be the sole responsibility of the 
Purchaser. 


 
 


21.19 Where required by the Company, review and 
approve drawings for the work submitted to the Purchaser for this 
purpose.  The equipment manufacture will not commence until such 
approval is received by the Company. 
 


21.20 Provide all necessary information relating to 
the desired Article location.  A site survey is not included in the price 
and will be charged extra to the Purchaser by the Company. 
 


21.21 Provide a minimum of fourteen (14) days 
notice to the Company that installation, start up or training services 
are required. 
 


21.22 Provide and pay for the following equipment 
services or work if required for the Article being supplied by the 
Company: 
 


(a) Concrete. 
(b) Mechanical. 
(c) Electrical. 
(d) Plumbing  
(e) Ventilation. 
(f) Fire suppression. 
(g) Piping. 
(h) Insulation. 
(i)  Instrumentation. 
(j) Any other work not specified in the Company’s 


agreement. 
 
 


 
21.23 Article malfunction or breakdown due to use of 


incorrect or non-specified spare parts shall be the responsibility of the 
Purchaser. 
 


22. Modifications 
 


22.01 The Company reserves the right to modify or 
alter the design as quoted in this agreement provided that such 
modification or alteration does not lessen the overall performance of 
the Article or services as quoted in this agreement or deviates from 
the Purchaser specifications. 
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HEICS Andy


From: Baranack, Greg [gbaranack@curtisswright.com]
Sent: Wednesday, November 24, 2010 4:51 PM
To: BURANY Ruth
Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve 


Ruth, 


 A 3" 150# Commercial Grade, non-nuclear, diaphragm valve, SS, BW, with HWO would be 
approximately $2,600 each with an 8-10 week delivery.  


 


Greg Baranack 


 


Proposals Manager 


Enertech, a business unit of Curtiss-Wright Flow Control Company 2950 Birch St. Brea, CA  


92821 


Office: (714) 528-2301 Ext. 214 


Cell:  (714) 253-2269 


Fax:  (714) 528-0128 


E-mail: gbaranack@curtisswright.com  
 


 


-----Original Message----- 


From: BURANY Ruth [mailto:Ruth.BURANY@kinectrics.com]  


Sent: Wednesday, November 24, 2010 1:12 PM 


To: Baranack, Greg 


Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve  


 


Hi Greg; Would you be able to provide the differential if it was designated as non-nuclear?   


Ruth 


 
-----Original Message----- 


From: Baranack, Greg [mailto:gbaranack@curtisswright.com]  


Sent: Wednesday, November 24, 2010 4:07 PM 


To: BURANY Ruth 


Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve  


 


Class 6?  Does this refer to the leakage criteria?  ASME Code Section III, Class 1 (NB), 


Class 2 (NC), or Class 3 (ND) are the only ASME Code classes that I am aware of.  Please 


advise what the class 6 refers to.  Thanks. 


 


Greg Baranack 
 


Proposals Manager  


Enertech, a business unit of Curtiss-Wright Flow Control Company 


2950 Birch St. Brea, CA  92821 


Office: (714) 528-2301 Ext. 214 


Cell:  (714) 253-2269 


Fax:  (714) 528-0128 


E-mail: gbaranack@curtisswright.com  


 


 
-----Original Message----- 


From: BURANY Ruth [mailto:Ruth.BURANY@kinectrics.com]  


Sent: Wednesday, November 24, 2010 11:58 AM 


To: Baranack, Greg 
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Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve  


 


Thanks Greg; this is great. 


What would be the order of magnitude cost difference if the valve was 


class 6?  


 
Thanks, 


Ruth 


-----Original Message----- 


From: Baranack, Greg [mailto:gbaranack@curtisswright.com]  


Sent: Wednesday, November 24, 2010 12:20 PM 


To: BURANY Ruth 


Subject: Budgetary Estimate for 3" 150# SS Diaphragm Valve  


 


Ruth, 


        Attached is an ITT Drawing for a 3" 150# SS Diaphragm Valve with 


Buttweld End Connections and Handwheel Operated.  The budgetary 
(non-binding) estimate for this ASME Section III, Class 3 valve is 
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1. Executive Summary 
 
At OPG, issues with heavy water and drum management coupled with the low reliability of the 
Darlington Tritium Removal Facility (TRF) over the last number of years has focused attention on 
improving the storage and segregation needs of the OPG Heavy Water Inventories.   
 
In 2004, a strategic study was commissioned to develop an OPG Heavy Water Storage and Drum 
Handling strategy (Kinectrics Report : K-011043-001-RA-0001-R00A, December 2004).  The 
major conclusions of the study were: 
 


• Lack of operational flexibility during Station and TRF outages 
• Lack of adequate bulk storage for reactor grade and downgraded heavy water 
• Inability to empty out, clean and dispose of surplus drums  


 
On the basis of this study a preliminary project scope was developed leading to, in November 
2005, the project charter (N-PCH-03800-10000).  The present work, as part of the project 
definition phase, examines in detail the heavy water and drum management issues.  Through the 
gathering of detailed operational information, interviews with stakeholders, review of outage 
schedules, review of OPG strategy documents and business plans, options for dealing with the 
issues are identified.  For each option the pros and cons, risks and benefits are presented and 
discussed.   The costs and schedules for implementation of the various options are provided.  
Analysis of the heavy water storage and drum handling needs for Darlington, Pickering and OPG 
as a whole leads the study to recommend the following preferred options.   
 


• At Darlington Nuclear a 12 x 26 m2 extension to the Heavy Water Management 
building to accommodate 400 m3 of additional heavy water storage tanks and 
improved drum handling facilities and drum storage space. 


 
• At Pickering Nuclear an additional 97 m3 of downgraded heavy water storage in 


addition to a drum cleaning facility. 
 
Implementation of the preferred options is estimated to cost: 
 


• $27.1 million at Darlington Nuclear and, 
• $12.7 million at Pickering Nuclear. 


 
The costs estimates include all materials, engineering, installation, commissioning, OPG project 
coordination, and interest on capital with an overall contingency of 25%.   
 
The schedule for implementation of the preferred options estimates project completion to occur 
in, 
 


• late 2010 at Darlington Nuclear and, 
• mid-2010 at Pickering Nuclear. 


 
Benefits from the additional storage at DND are: 
 


• Improved operational flexibility by mitigating dependence on a functioning TRF 
• Ability to accommodate up to an 18 month TRF outage. 
• Eliminates the need for off-site shipments during planned moderator drains (high risk 


that space may not be available externally because of competing storage demands 
at external sites). 


• Avoids Outage extension due to limited PHT storage capability (medium risk of 
outage extension due to D2O storage shortfall) 
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• Eliminates use of reactor grade storage tanks for contingency downgraded D2O 
recovery storage (medium risk of a major downgrading event whenever reactor grade 
tanks are used for downgraded storage).  


• Avoids increasing PHT tritium concentration by being able to segregate PHT and 
moderator recoveries during extended TRF outages. 


• Allows SCO and VBO outage requirements to be met. 
• Accommodates an Upgrader outage of 8 weeks 
• Enhances the ability to pursue external commercial opportunities thereby maximizing 


OPG’s revenue potential, estimated up to $10 million/yr.  
• Permits an increase in TRF throughput 
• Can provide  heavy water storage relief for PND during its outages 


 
Benefits from additional storage and drum cleaning at PND are: 
 


• Corrects the lack of ‘recovery’ storage issue which contributes to growing drum 
problem and the depletion of D2O from circulation, 


• Mitigates the risk of an Upgrader failure to meet operational requirements, 
• Improves performance of the Clean Up System by providing flexibility to manage the 


various qualities of downgraded water, 
• Improves PND’s flexibility to detritiate by allowing more inventory to be available  


(instead of being stored in drums) in the detritiation cycle between PND and TRF, 
• Provides DND with drum cleaning service, 
• Controls the growing drum problem which has drawn scrutiny from the CNSC, 


improves housekeeping and worker’s safety. 
 
The risks associated with the DND option are: 
 


• Failure to recover cost of investment due to sales benefits not materializing, 
• Higher costs from discovery work during detailed design, 
• Continuing unreliability of the TRF negating the benefits provided by the increased 


storage and negatively impacting cost recovery through external sales, 
• Disruption of HWMB operations during construction and commissioning. 


 
The recommended option for PND carries the following risks: 
 


• Failure to recover the cost of investment in the remaining life of PNDB (earliest end of 
life 2014) 


• UPPB performance degradation continues unabated, 
• Higher costs from discovery work during detailed design, in particular, additional work 


required to address seismic requirements. 
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2. Background – Heavy Water Management at OPG 
 
According to the Project Charter, N-PCH-03800-10000R00, “Ontario Power Generation (OPG), at 
its Pickering (PND) and Darlington (DND) sites, needs to improve its overall ability to manage its 
Heavy Water (HW) inventories to support continuous station operations in a safe and cost 
efficient manner.”   
 
Improvements are needed in the: 
 


• detritiation process to support continuous station operation 
• flexibility to segregate different heavy water (HW) streams for normal station operation 


and during an outage 
• utilization of the Darlington Tritium Removal Facility (TRF) 
• management of its inventory of drums 


2.1. Improving Detritiation  
 
Tritium in the Moderator and PHT systems is required to be controlled in order to: 
 


• Meet regulatory limits for allowable concentrations in Moderator and Heat Transport 
Systems 


• Maintain tritium emissions to the environment as low as reasonable achievable (ALARA); 
minimizing public health and safety risks and environmental impacts, 


• Minimize worker dose; maintaining a safe and healthy working environment. 
 
Tritium is constantly being produced at the CANDU plants and must be removed on a regular 
basis; this is the function of the TRF.  In order to accomplish the tritium removal, heavy water at 
the stations is required to be transported to the TRF for processing.  Thus, detritiation of the 
heavy water requires management of the heavy water inventories.  In order to effectively manage 
the heavy water inventories sufficient storage capacity, outside of the reactors, is required.   
 
Two approaches to detritiation are practiced: on-line (bleed and feed) and off-line (moderator 
swap).  The on-line detritiation technique involves replacing of a volume of high Curie moderator 
water with an equal amount of low Curie (maybe higher isotopic) water while the Unit is operating.  
Off-line detritiation also replaces high Curie with low Curie water but it is performed during an 
outage when a Unit moderator has been drained.  These techniques perform the same function, 
that is, replace high Curie heavy water with low Curie heavy water.  Each technique has its pros 
and cons as highlighted below.  Appendix A provides a detailed example of the effects of one 
technique versus the other.   
 


2.1.1. On-line Detritiation (Bleed and Feed) 
 
On-line detritiation has the following benefits: 
 


• Performed while the unit is running. 
• Does not create a heavy water stream which needs quarantining; no gadolinium in heavy 


water due to unit shutdown. 
• No need to treat water prior to shipment to TRF. 
• Moderator isotopics may improve since the water used in the swap is often upgraded 


product 
• Is not dependent on the outage schedule 
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The negatives of on-line detritiation are: 
 


• For an equivalent volume of heavy water exchanged it less effective than off-line swaps 
due to mixing of the TRF product with the moderator inventory. 


 


2.1.2. Off-line Detritiation (Moderator Swap) 
 
Off-line detritiation has the benefit of: 
 


• Performed during an outage when the unit is shutdown.  Detritiation can be scheduled to 
coincide with moderator drains performed for system maintenance.  


• Moderator isotopics may improve since the water used in the swap is often upgraded 
product 


• For an equivalent volume of water swapped achieves a larger detritiation (this is also true 
for moderator isotopic improvements) 


 
The negatives of off-line detritiation are: 
 


• The drained heavy water may have to be quarantined because of gadolinium (Gd) 
present in the water due to shutdown procedures (eg. PND-B) and this reduces 
availability of S&I storage. 


• Additional processing of water may be required to remove Gd prior to processing by the 
TRF; increased resource usage. 


• Must be completed within a short duration (ie. 5 days) in order not to threaten the outage 
schedule 


• Must be approved by CNSC since the gadolinium content in the moderator water must be 
controlled 


• Monitoring of the mixing conditions must be done to prevent undesired flux tilts; large 
amount of sampling must be done during process to ensure reactor safety 


 


2.2. Improve flexibility to segregate different heavy water (HW) 
streams 


 
Sufficient heavy water storage is required for the proper segregation of different streams of D2O 
so that a station can effectively operate during normal operations and during outages.  
Segregation of different quality waters are based on: 
 


• Tritium concentration – e.g. low tritium concentration for PHT make-up versus high tritium 
concentration for moderator; TRF grade D2O (outside of virgin heavy water lowest tritium 
concentration heavy water), 


• Isotopic concentration – e.g. reactor grade versus downgraded, 
• System chemistry – e.g. lithiated PHT D2O cannot be sent to the moderator system since 


this would pose a risk of Gd precipitation, 
• Cleanliness –e.g. downgraded, oily or high TOC versus clean downgraded water, 
 


The management of these different qualities of water of different volumes requires flexibility in the 
heavy water management system.  A main component in the heavy water management system 
that determines flexibility is the storage capacity of the heavy water management system.  If the 
water storage capacity is insufficient then the system will impact station operations and station 
outages.  Since station operation and maintenance are critical, work arounds (non-standard 
procedures) are often found on order to meet the needs. 
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2.3. Tritium Removal Facility Operation Not Optimized 
 
The continuing poor reliability of the TRF brings into question the feasibility of the current 
detritiation plan which requires high availability of the TRF operating at 60% capacity factor over 
the next 5 years. The average lifetime capacity factor of the TRF is about ~60%. However, the 
capacity factor is inconsistent from year to year due to unpredictability of forced outages that the 
TRF has experienced; this is shown in Figure 1 below: 
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Figure 1.  TRF historical throughput. 
 
The TRF has limited storage capacity in the product and feed side of the process as a result, for 
effective detritiation, the TRF has to operate efficiently and at a 60% capacity factor.  Based on 
recent history, there is a risk of not being able to meet the current strategy. 
 
Furthermore, optimum usage of the TRF requires: 
 


• A steady feed from DND, PND and from external sources (eg. contractual obligation with 
Bruce Power) and, 


• High tritium concentration in the feed. 
• Effective coordination between sites to transport heavy water between stations. 


 
The reliability and performance of the TRF reflects its age, the condition of the facility and lack of 
redundancy in its original design.  The difficulty in meeting contractual requirements (detritiation 
services for Bruce Power) and the rising tritium levels in the OPG heavy water system (eg. PND-
B) is indicative of a lack of flexibility within the OPG Heavy Water Management system to 
manage TRF outages.  Increasing the available heavy water storage will mitigate (decouple) the 
strong dependence on an unpredictable TRF and improve the utilization of the DTRF when it is 
operating. 
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2.4. Lack of Drum Handling Facilities 
 
At present there are a large number of drums (empty and filled) at the stations, in particular, PND 
which has over 3000 drums.  Permanent storage of heavy water in drums is not an option.  The 
large number of drums poses the following problems: 
 


• Occupies valuable station space, 
• Increases the risk of worker injury from the man-handling of the drums, 
• Increases the risk of heavy water spills, 
• Increases the risk of worker dose. 
• Removes valuable D2O inventory from normal circulation 


 
Additionally, at PND the lack of drum cleaning facilities leads to: 
 


• Re-usage of dirty drums to store relatively clean downgraded heavy water (ie. cross-
contamination), 


• Further increases the number of drums on site, 
• Complicates the disposal of drums to Nuclear Waste Management 


 
At DND commercial opportunities utilizing drums are restricted because of: 
 


• Lack of drum pressure testing capabilities.  A drum prior to re-use for D2O shipment 
requires to be pressure tested. 


• Improper facilities to receive third party shipments (eg. unloading ISO containers and 
drums). 


• Lack of drum storage space limiting the size of drum shipments. 
 
Facilities to handle, clean, pressure test and store drums is needed to allow stations to recover 
valuable space, reduce safety hazards and generate external revenue. 


2.5. Heavy Water Cycle 
 
There are two main components of heavy water management at OPG: 
 


• Heavy Water Recovery, Cleanup, Upgrading and Detritiation 
• Heavy Water Storage and Handling 


 
A schematic of the heavy water management cycle is shown in Figure 2. This figure shows that 
the feed to the TRF is taken from the moderator system via water swaps. The general intent is to 
make up for losses in the PHT via the TRF product and to improve the isotopic of the Moderator 
via the Upgrader product. However, the system has to be necessarily flexible to balance the 
losses and meet OP&P limits. Therefore, both TRF and Upgrader product can go to the 
Moderator or PHT. The separate Heavy Water make-up input indicates the heavy water required 
to make-up for the net losses from the system via virgin (undesirable) or external heavy water 
sources. 
 
Under normal operations heavy water needs to be managed because of leaks in the PHT and 
Moderator systems to the station and external environment which results in: 
 


• downgraded (lower isotopic and tritium concentrations) heavy water which requires 
storage, clean-up and upgrading, 


• heavy water inventory losses which requires storage of the replacement water. 
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Additionally, tritium concentrations in the system need to be maintained to the set targets. 
 
Under outage situations heavy water requires managing to permit the maintenance of systems 
via draining of the systems.  Drained water requires storing and in some cases isolation (eg. 
gadolinium containing moderator water).  Under outage situations the heavy water system 
undergoes shrinking or swelling which requires additional volumes of HW to be stored. 
 


 


 
Figure 2.  Schematic of Heavy Water Cycle in a CANDU station. 


3. Preferred Options Study Objectives 
 
A study to examine Heavy Water (HW) management at Pickering and Darlington was conducted 
by “Kinectrics Inc” (Kinectrics Report : K-011043-001-RA-0001-R00A) in December 2004.  The 
study identified a number of modifications to improve OPG’s management of its heavy water 
(D2O) inventory.  The option recommended by the study was to install additional D2O storage at 
Pickering and Darlington sites. The option included drum cleaning and testing facilities.  This 
recommended option has been designated as the preliminary project scope. 
 
In November 2005 a project charter was issued (N-PCH-03800-10000).  As part of the initiation 
phase (Project Management Life Cycle, N-INS-00120-10013) this “Preferred Options” study was 
conducted to better define the heavy water storage and drum handling needs within OPG.   The 
study assesses various options that will address OPG’s long-term needs in heavy water 
management and not its short term operational issues.  The study defines the preferred options 
for the various OPG sites.  In addition the study identifies the pros and cons, risks and benefits of 
each option while providing the cost and schedule for implementation.  
 
The preferred options will be evaluated with respect to providing augmented storage capacity to 
improve the following: 
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• The detritiation process to enable continuous station operation within the approved OP&P 
tritium concentration limits 


 
• Improve operational flexibility in heavy water management during normal operation and 


during outages 
 


• Reduce bottlenecks to optimization of the usage and efficiency of the Tritium Removal 
Facility 


 
• Improve drum handling capability, safety and inventory 


4. Scope of Work 
 
The scope of work for the study is as follows [7]: 
 


• Perform plant walkdowns, interview pertinent station stakeholders and review OPG 
documentation 


• Define OPG’s long term heavy water storage and drum handling requirements 
• Conduct study, analyze all pertinent data and information. Provide options that can 


support the above objectives. Each option to include the following: 
 
- Assumptions made to substantiate the option 
- Identification and explanation of “wants versus needs”, “pros versus cons”, 


benefits and risks 
- Conceptual cost estimate 
- Schedule estimate for execution 
- Breakdown of the estimates including removal of existing equipment, tie-ins to 


interfacing systems, commissioning, etc. 
- Proposed locations for major equipment and associated layout sketches 


 
• Present and justify the “preferred Option” 
• Support the Project in presenting and obtaining acceptance of the preferred option to 


senior management 
• Support the review of the cost estimate to be performed by OPG or its independent 


reviewer 
• Support OPG’s needs analysis challenge meeting 
• Assist in the completion of OPG’s Design Scoping Checklist 


5. Methodology 
 
Kinectrics’ approach to the study consisted of four main phases: an exploratory phase, analysis 
and options development phase, a costing phase based on the developed options and a reporting 
phase. 
 
In the exploratory phase information on the present status of the system was gathered.  
Stakeholders and individuals from the following areas were contacted for information and 
definition of needs.  The information was exchanged by way of emails, documents or meetings 
with the following groups: 
 


• Common Services Operations  
• Common Services Engineering 
• ALARA  
• Outages 
• System Engineering  
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• Design Engineering  
• Performance Engineering 
• Civil Maintenance 
• Field Engineering 
• Isotope Sales and Heavy Water Programming 
• Construction 


 
Multiple field walkdowns were performed both at Darlington and Pickering examining potential 
locations for increased storage and/or drum handling facilities. 
 
Assumptions for each site were developed, reviewed and agreed upon with the stakeholders over 
several meetings during the month of May.  These assumptions were the basis for the 
development of the options.  Many documents were reviewed during the development of the 
options. 
 


• OPG general reports 
• Meeting notes 
• OPEX 
• OPG strategic reports 
• Outage schedules 


 
The information examined was in the areas of: 
 


• heavy water storage capacity,  
• heavy water inventory,  
• heavy water practices during operations and outages,  
• drum usage and handling practices, 
• drum inventory 
• space availability to accommodate additional tanks and drum facility 
• systems classification 
• seismic requirements within PND and DND 
• financial impact of inadequacies in HW Management 


 
The collected information was analyzed for the purpose of developing options which addressed 
the defined needs.  Subsequently costs and schedule for the implementation of the options were 
produced.  
 
This report presents the assumptions, the analysis leading to the options, the costs and schedule 
for implementation of the options.  The defined options are discussed in terms of meeting the 
needs, the benefits arising from their implementation and the risks associated by moving forward 
with the options. 
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6. OPG’s Long Term Heavy Water Storage and Drum Handling 
Requirements 


 
As the study began collecting information assumptions were developed which defined OPG’s 
long term operational and maintenance needs. These assumptions were developed through the 
consultation of OPG strategy documents, future outage schedules and stakeholders.  The 
assumptions once identified were reviewed and agreed upon with the stakeholders.  The agreed  
upon assumptions for PND and DND are presented in Tables 1 and 2 respectively. 
 


Table 1.  Pickering Assumptions Used to Develop Options for Heavy Water Storage and 
Drum Handling Long Term Needs 


1 Present drum backlog and dirty water in drums dealt with separately; out of this scope 


2 Disposal or storage of drums not in scope 
3 1000 drums per year required for operations 


4 
One (1) unit moderator volume and one PHT VLLDS volume simultaneous drain per year 
(250 Mg &100 Mg respectively) 


5 


A drum cleaning facility capable of processing 10 drums/day would be sufficient.  Cleaning 
of legacy drums of ~2500 to be reviewed as incremental cost to proposed facility.  
Anticipated 5 to 10% of 2500 drums may be disposed off as waste. 


6 
Drums are utilized to facilitate transportation of recovered heavy water from its collection 
point to the clean-up system 


7 Storage of cleaned, downgraded, HW from UPPA and drums out of scope 


8 
 ~160 Mg of clean, upgraded water recovered from oily drums and ~30 Mg from UPPA in 
scope 


9 Nuclear Units operate to planned life 
10 TRF operates to planned life 
11 Moderator 3.5 Ci/kg/yr increase with no detritiation 
12 PHT 0.05 Ci/kg/yr increase with no detritiation 


13 Capability to perform moderator swaps of 100 to 150 Mg during moderator drains 
14 D2O management during VBO is not an issue as per Kickoff meeting 
15 Detritiation by bleed and feed (on-line swap) 
16 TRF to meet PND's operational needs 
17 Maximum TRF outage of 6 months 
18 HW turbidity no impact on storage or drum requirements 


19 PHT water from units 2 and 3 not in scope (~280 Mg).  Presently 200 Mg is in circulation. 
20 UPPA tanks are carbon steel, and are not suitable for long term storage of D2O 
21 HW losses out of system ~25 Mg/yr   
22 Permanent Gd removal capabilities at S&I tanks available (ECR) 
23 UV oxidation system operational  


24 UV oxidation because of downgrading can process both Hi and Low Ci IXCU trains 
25 No return of UV oxidation product to IXCU for further cleanup 
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26 IXCU processing of ~150 kg/hr for oily water, non-oily at ~400 kg/hr (confirm) 
27 70% of IXCU load from PHT, 30% from Moderator 
28 Longest upgrader outage 1 month 


29 
Present efficiencies and throughputs of upgraders to remain constant (Sulzer - 110 kg/hr, 
UPPB - 150 kg/hr) 


30 
Control, maneuver and segregation will be performed as per the current mode of 
operation 


31 Sampling and analyzing of contents prior to storage or clean-up is to be done manually. 
 
 


Table 2.  Darlington Assumptions Used to Develop Options for Heavy Water Storage and 
Drum Handling Long Term Needs 


1 The cleanup, disposal, processing and storage of the backlog of legacy drums at DNGD 
are not part of the scope of this project. 


  
2 The normal, yearly usage of drums at DNGD is as follows: 
  
  (a) ~ 40 drums to support station operational needs 
  (b) 25  ~ 30 drums for boiler lancing (whenever required, i.e. these are not 


required on a regular basis) 
  (c) 30 drums recovered during moderator heat exchanger maintenance  
  (d) 30-50 drums of high TOC downgraded D2O collected during feeder 


maintenance 
  (e) 5  ~ 6  drums for PHT transmitter calibration (drums not required to be 


cleaned or pressure tested) 
  (d) 20  ~ 30 drums for downgraded D2O from station 
  (e) 3  ~ 4 drums for virgin D2O (drum cleaning not required) 
  
3 DND cleaning requirements are for less than 170 drums/year. DND requires a drum 


cleaning facility with a capacity of less than 1 drum/day. 
  
4 The bulk storage design for supporting ongoing operation will be based on 


accommodating the complete drain of one Moderator (345 Mg) and the drain to the low-
level state of 1 PHT system (130 Mg) 


  
5 DND will share a Drum Cleaning Facility with PND if it is installed at PND 
  
6 DND will require pressure tested drums to be used for shipping D2O off-site 
  
7 DND will have on site on an ongoing basis  ~150 drums for operational needs and on an 


occasional basis to handle an additional two ISO containers of 96 drums from external 
sales.  Consideration should be given in any new design to maximizing the space 
available for drum storage and handling.  


  
8 DND and TRF to operate to design life. 
  
9 A planned TRF outage of up to 6 months will not raise tritium concentrations beyond the 


OP&P limits for Moderator and PHT systems. 
  
10 On-line Moderator Feed and Return simultaneously is used for detritiation. Bulk swaps 


are not used. 
  
11 Segregation of HW is required, based on tritium concentration, during an extended TRF 
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outage (similar to the current TRF outage) since low-Ci HW can only be used for PHT 
make-up. 


  
12 HW losses from the 4 units at DND are ~ 10 Mg/year 
     
13 DNGD has no permanent Gd removal capability for the S & I tanks. Capability is 


available for downgraded HW.  
  
14 DNGD UV Oxidation system is Class 6 and is limited to less than 10 Ci/kg HW 


concentration. 
  
15 DNGD UV product needs to be recycled  for further IXCU treatments.  Lack of storage of 


UV product is an issue.  
  
16 DNGD IXCU is not used for removing bulk oil contamination. This is accomplished by 


settling in a tank and subsequent decanting of the oil. 
  
17 A normal upgrader outage is 8 weeks duration 
  
18 DNGD upgrader efficiencies and throughputs (to be confirmed): 
    (a) Recovery high Isotopics 160 Kg/h 
    (b) Recovery low Isotopics 200Kg/h 
    (c) On-line 260 Kg /h   
  
19 Additional Heavy Water storage will tie in to existing control system 
  
20 The system will maintain the current mode of operation 
  
21 Sampling and analyzing of contents prior to storage or clean-up is to be done manually 
  
22 SCO and VBO requirements are in scope combined with a PHT low level drain and 


Moderator drain 
 (a) 2003 SCO – 430 Mg of PHT D2O available prior to the outage 
 (b) The low level drain can be accommodated through coordination between the 


station and HWMB – the original transfer from the HWMB to the station to 
accommodate shrinkage will free up tank space to allow a 1 unit low level 
drain. 


 (c ) During SCO and VBO outage the TRF will be shut down due to no available 
steam 


 (d) The SUP will be operating on backup steam 
  
23 The total inventory of D2O outside the reactor units prior to the current TRF outage was 


420 Mg (320 Mg of PHT D2O and 100 Mg of Moderator D2O).  This number can be 
used in all scenarios. 


  
24 DND currently has 430 Mg PHT storage capacity (class 6) and 360 Mg Moderator 


capacity (class 3) 
  
25 The HWMB must maintain 210 Mg of PHT D2O to be available to the station to 


accommodate the shrinkage during a 4 unit shutdown. 
  
26 Recovery water isotopic is 27% - Based on 2003 and 2004 Upgrader and Heavy 


Management reports the total amount of recovery water was 1100 Mg – from this a total 
of ~ 300 Mg of 100% D2O was recovered.  From these numbers the average isotopic of 
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the recovery water is 27%. 
27 The split between Moderator and PHT recovery water is 50/50 – this is based on the 


latest trends that the HWMB is seeing and through confirmation with the SRE that it will 
continue.   


28 A planned 18 month TRF outage is to be considered.  From the D&D report # 91705 
(April 1991) it was determined that the TRF availability is 35% or 3 months/year and 
unavailable for 9 months/year.  If two 9 month outages were to occur back to back the 
TRF would effectively have an 18 month outage. 


29 SUP would operate during the entire 18 month TRF outage. 
30 When switching the SUP between processing PHT and Moderator D2O it is understood 


that 25 to 30 Mg of downgraded low Curie feed must be processed to flush the SUP 
before the Curie content would be low enough for PHT makeup. 


31 The tritium content in the PHT system increases approximately 0.1 Ci/kg/yr if no 
detritiation is performed. 


32 The tritium content in the Moderator system increases at 4 to 4.5 Ci/kg/yr if no 
detritiation is performed. 


33 The tritium level in the Moderator can be lowered ~ 1 Ci/kg using an online swap of 40 
mg of 3 Ci/kg D2O 


34 All tanks are assumed filled to 90% capacity. 
 


7. Present Heavy Water Management Situation 
 
This section reviews the status of the heavy water management system at DND and PND at the 
time of this study.  This information was gathered in the fashion outlined in section 5.  The various 
subsections cover the following topics: 
 


• Heavy water storage capacity for each site. 
• Assessment of the HW storage needs during each outage situation, during normal 


operations and for collection and processing of downgraded water. 
• Identification of issues and problems associated with a lack of storage capacity. 
• Actions taken to deal with the issues and problems and the costs incurred to do so. 


 
A discussion of the drivers for increased heavy water storage and drum facilities follows and the 
needs for various options are defined.  


7.1. Darlington Nuclear  
 
Sufficient storage is required at Darlington to meet operational needs during normal operation as 
well as during station outages. The Heavy Water management cycle at Darlington is different 
than at Pickering (or other CANDU stations) due to the presence of a single, mixed recovery 
Upgrader; this makes for situations unique to DND.  Upgrader product is utilized as make-up to 
the Moderator system and is useful in keeping the isotopics in the Moderator system at a very 
high level (approx. 99.98% D2O).  The TRF is integrated into the heavy water management cycle 
at Darlington and is used to produce low-Curie make up to compensate for PHT losses, thus, 
removing the requirement to segregate recoveries during normal operation of the TRF. When the 
TRF is down, recoveries must be segregated imposing additional storage requirements.   
 
The existing storage capacity available at Darlington is summarized in Tables 3 and 4 below and 
schematically represented in Figures 3, 4 and 5. 
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Table 3.  Existing Reactor Grade D2O Storage Tanks at Darlington 


Purpose Capacity: m3


PHT S&I tanks 4x100 
PHT Weigh Tank 1x30 
Moderator S&I Tanks 3x100 
Moderator Storage 1x47 
Moderator Weigh Tank 1x10 
Upgrader Product Tank 2x12 
Upgrader On-Line Feed Tank 1x9 
TRF Feed Day Tanks 2x10 
TRF Product Day Tanks 2x10 
TRF External Feed Tank 1x53 
TRF External Product tanks 2x25 
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Figure 3.  Visual representation of Reactor Grade Storage and Inventory at DND 
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Table 4.  Existing Downgraded D2O Storage Tanks at Darlington 


Purpose Capacity: m3 
Downgraded Dirty Tanks 2x25 
Downgraded Clean Tanks 2x50 
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Figure 4.  Visual representation of downgraded storage capacity at DND. 


 


 
Figure 5.  Visual representation of TRF storage capacity at DND. 
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7.1.1. DND Storage Requirements during Normal and Outage 
Situations 


 
Various scenarios are examined and the heavy storage needs identified.  The scenarios 
examined are: 
 


• Normal Operations 
• Outage plus a moderator drain 
• Outage plus a moderator drain and a Low Level Drain State (LLDS) for the PHT 


system 
• Station Containment Outage (SCO) or Vacuum Building Outage (VBO) plus a 


moderator drain and LLDS 
• 6 and 18 month TRF outage  
• 8 week Upgrader outage 
• Meeting external contractual obligations 


 
Normal Operation 
 
During normal operation, the following inventories are held in the S&I system (Assumption 23): 
 
PHT S&I Tanks and Weigh Tank: 
 


• 210 Mg PHT D2O minimum for shrinkage requirement 
 


• 110 Mg PHT D2O  
  - 30 Mg for Deuteration 
  - 80 Mg for leakage make-up 
 
MOD S&I Tanks: 
 


• 100 Mg Mod D2O is held as operating reserve 
 
During normal operations there is adequate S&I heavy water storage at DND.  At IXCU there is 
sufficient storage unless there is a high TOC (Total Organic Carbon) event which then forces the 
IXCU into recycle and potentially places the Upgrader into reflux. 
 
Scenario A: Outage + Moderator Drain 
 
During a moderator drain 347 Mg of storage space is required utilizing the four Moderator S&I 
tanks; thus, the 100 Mg D2O held as operating reserve requires alternate storage.  Therefore, 
there would be a periodic need to move this inventory out of the S&I tanks during planned or 
forced moderator drains. To accomplish this, other temporary storage on-site (e.g. DIOTS  tank or 
external TRF Feed Tank) would need to be utilized or water shipped off-site. If on-site tankage 
was used, during this time, the TRF would not be available to process water from Bruce, 
Pickering or external customers.  This situation would compromise the ability to generate external 
revenue, unless the 100 Mg of moderator operating reserve was moved to the PHT tanks after 
detritiation through the TRF in preparation for the Outage. It is clear that all this would require 
scheduling, planning to meet OPG’s obligations and inefficient use of the TRF. Therefore, in case 
of a forced moderator drain, there is a high risk that the Outage could be delayed. 
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Scenario B: Outage + Moderator Drain + LLDS for PHT 
 
This Scenario considers Scenario A together with the requirement to take the PHT system to a 
Low Level Drain State (LLDS). All of the above considerations in Scenario A would apply, 
together with the following additional impacts: 
 
The PHT S&I normal inventory of 320 Mg would be reduced to 230 Mg due to shrinkage. It would 
then increase to 360 Mg due to the addition of 130 Mg due to the LLDS.  Therefore, 70 Mg of 
space would still remain in the PHT S&I tanks after the LLDS. Therefore, there is no incremental 
impact from this scenario. 
 
Scenario C: SCO or VBO + Moderator Drain + LLDS  
 
During an SCO (every 6 yrs, one planned for 2009) or VBO, the requirement is to store 430 Mg of 
PHT D2O (480 Mg preferred, if possible) prior to the start of the Outage to address the 4-Unit 
shrinkage requirements during cool down. In addition there is a need to store the complete drain 
of one Moderator (345 Mg) and the drain to the low-level state of 1 PHT system (130 Mg) during 
the outage (see Assumption 4). 
 
Therefore, a pre-requisite for the VBO or SCO is to increase the PHT inventory in the S&I system 
from 320 Mg to 430 Mg, i.e. to completely fill the S&I tanks. The 110 Mg of extra PHT inventory 
will have to be borrowed or accumulated from the TRF product (approximately 12 days of TRF 
operation).Therefore, there will be no tolerance in the S&I system to handle unit upsets (swells) 
before a VBO/SCO. There may be a risk of isotopic or chemistry upset if other tanks are used to 
accommodate any PHT swell during the preparation for a VBO/SCO.  
 
During the VBO/SCO, the TRF will be out of operation. The S&I inventory will decrease from 430 
Mg to 70 Mg due to shrinkage in 4 units and increase to 200 Mg due to the LLDS in 1 Unit. As 
Units are brought back up, the following space will be needed in the PHT S&I due to swell 
requirements: 
     Space Required 
 
4 Units down + LLDS   200 Mg 
3 Units down + LLDS   290 Mg 
2 Units down + LLDS   380 Mg 
1 Unit Down + LLDS   470 Mg 
 
The storage requirements caused by the swelling of the units during restart leads to inadequate 
storage space in the S&I system to re-start the 3rd Unit while 1 Unit is in LLDS. So, there would 
be a risk of Outage extension due to limited PHT storage capability (medium risk of outage 
extension due to D2O storage shortfall) since the 3rd Unit cannot be started up until the LLDS in 
one Unit is over so that more space is freed up in S&I. Note that prior to the 2003 SCO, 480 MG 
of PHT grade water was requested [11], later reduced to a requirement of 430 Mg of PHT grade 
water available on-site. If the TRF’s feed and product tanks are used for temporary storage, the 
productivity of the TRF will be negatively impacted and the possibility of isotopic degradation, 
cross-contamination will occur.  
 
The issues with the Moderator drain are the same as those outlined for Scenario A, i.e. moderator 
S&I tank space needs to be cleared prior to the drain by shifting the 100 Mg of operating reserve 
to other storage. During the VBO/SCO, it is assumed that the Upgrader will be operating and that 
the recoveries would be segregated. The bounds of this particular issue are covered in Option D, 
below. 
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Scenario D: 6  or 18-Month TRF Outage (Assumption 28) 
 
A normal, planned TRF outage is expected to be about 6 months duration and an extended TRF 
outage is from >6 months up to 18 months.  The normal way to produce low-Ci product during a 
TRF outage is to segregate high-Ci and low-Ci D2O recoveries and process them separately in 
batches through the single IXCU and Upgrader.  In a 6 month TRF outage an alternative to 
segregation is to store  ~100 Mg (100% D2O) of PHT make-up water in the S&I tanks prior to 
start of the TRF Outage, and an equivalent amount of High-Ci S&I storage space at the end of 
the 6 month outage.  The risk in this approach is a lack of PHT ready water if the outage exceeds 
the 6 month. 
  
An 18 month TRF outage would require operating the Upgrader in segregated mode as the heavy 
water recoveries are estimated to be around 630 Mg of 100% D2O (315 Mg high Curie, 315 Mg 
low Curie).  With the existing amount of downgraded storage space the impact on heavy water 
storage and inventory requirements as a result of operating the Upgrader in segregated mode is 
reviewed in Table 31 of AppendixD.   Table 31 illustrates that the Upgrader would need to be 
switched from Hi-Ci to Lo-Ci feeds every 23 days beginning on day 68.  In this example, for every 
50 Mg batch (27% isotopic) of Low-Ci feed processed, only 20 Mg (27% isotopic) of Low-Ci 
product is produced, and 30 Mg (27% isotopic) of mixed–Ci flush water would be collected when 
switching from Hi-Ci to Lo-Ci feed. Using the schedule presented in Table 31 the volume of 
mixed-Ci product generated, which needs to be stored, and the extra Low-Ci products inventory 
required before an 18 month TRF outage can be calculated. 
 
Also using segregation to process the downgraded water during this extended TRF outage with 
existing recovery storage has the following characteristics and issues: 
 


• The system will operate in 2 parallel trains, one train consisting of a dirty & clean DG 
Tank collecting Hi-Ci water and the other collecting low-Ci. 


• With the existing tank capacity, in this scenario, about 17-20 Mg of downgraded water 
has to be moved to other storage (See Table 31, Appendix D) but only once during the 
Outage. After this, the cycle is self repeating and no more  water has to be put into other 
storage  


• There is no flexibility for acute recoveries or high TOC conditions in the  above scenario 
• Filling up the Clean Tanks and feeding the Upgrader from a full Clean tank is key to this 


mode of operation - because this minimizes the amount of mixed-Ci water generated and 
optimizes segregation efficiency as compared to feeding partly-filled tanks.  


• If a Clean Downgraded tank is not full and analysed (i.e. ready to feed the Upgrader), the 
Upgrader can go on total reflux or go on "on-line moderator Upgrading" mode to improve 
isotopic. This happens from time-to-time. 


 
Another constraint is when a full Downgraded Clean Tank has TOC> 1ppm or higher conductivity 
than the feed specification. A full tank in this condition cannot be fed to the Upgrader and needs 
to be recycled through the Clean Up System. If the Dirty Tanks happen to be full, this water has 
to be stored in drums, totes or in the TRF Product Tanks (2x25 Mg). Such a scenario is 
undesirable since it can lead to potential downgrading of reactor grade water and also affect TRF 
receiving/shipping water to external customers. 
 
The calculation shown in Table 31 cannot be an exact calculation as there will be the following 
uncertainties present in practice: 
 


• The Upgrader feed can vary between 160 kg/h to 200 kg/h depending on the feed 
isotopic 


• The feed isotopic is assumed to be 27% as an average, but in reality will vary from 
summer to winter, being lower in summer than in the winter due to ambient humidity 
levels 
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• The D2O collection rate will vary in practice, depending on maintenance activities in the 
Units and the weather 


• Most importantly, it has been assumed that the D2O Clean Up System will work 
perfectly, and will not require recycling through the system to deal with high TOC levels. 
If this turns out to be the case, then the Upgrader may not be able to process all of the 
recoveries and temporary storage of downgraded water may be required in totes or 
drums.   


 
During the 18-month Outage, approximately 2333 Mg (27% isotopic) of downgraded water would 
be processed resulting in about 180 Mg of 100% isotopic (22 flushes x 30 Mg/flush x 27% 
isotopic) of mixed-Ci product requiring storage. In addition, about 180 Mg (100% isotopic) of PHT 
make-up at < 1 Ci/kg would need to be obtained to compensate for PHT losses during this period.  
The mixed-Ci product can be used to displace Moderator water and thereby mitigate the growth 
in Moderator tritium to some extent. It is estimated that displacement by 180 Mg of mixed-Ci 
water will reduce Moderator concentration by about 2 Ci/kg (i.e. net growth of 4 Ci/kg instead of 6 
Ci/kg during the 18 month outage).  
 
Note that this is contingent upon the D2O Clean-Up System working perfectly and not requiring 
recycling through the system to deal with high TOC levels. If this turns out to be the case, then 
the Upgrader may not be able to process all of the recoveries and temporary storage of 
downgraded water may be required. The only choice is to store the downgraded water in drums, 
in plastic totes or to utilize reactor-grade storage. Each of these options has its own disadvantage 
as outlined in the next section. If High TOC water is recovered during a period requiring 
segregation, there may be a need to circulate several times through the D2O Clean-Up System. 
Because storage capacity has been compromised by segregation requirements, the Upgrader 
may have to go on total reflux because of lack of feed.  
 
In summary, as shown in Appendix D, there is a requirement to bring in 100-200 Mg of low-Ci 
D2O depending on the length of the TRF outage to provide PHT make-up, and the recovered 
D2O (mixed Ci) will be used to displace the High-Ci D2O from the moderator to avoid exceeding 
the moderator OP&P limit; its concentrations would increase at a rate of approximately 4-4.5 
Ci/kg/a during this period. This in turn creates a need for storage of 100-200 Mg of high-Ci 
displaced moderator water, further challenging storage capacity. 
 
 
Scenario E: 8-week Upgrader Outage 
 
The current recovery tank capacity is incapable of supporting a typical Upgrader outage of 8 
weeks. Based on current projections, there is a need to store approximately 237 Mg 
(=1540x8/52) of downgraded recoveries during this period. There is only 150 Mg of total storage 
capacity available in the Downgraded Dirty and Clean Tanks combined.. The only choice is to 
store the shortfall of 87 Mg of capacity in drums, in plastic totes or to utilize reactor-grade storage. 
Each of these options has its own disadvantage as outlined in the next section.  However, both 
MOD and PHT escape will need to be compensated by make-up. Assuming 50% for each, 
conservatively, there will be a need for 237 x 0.5 x 0.27 = 32 Mg to be available on stand-by in 
the S&I tanks as a minimum for MOD make-up and 32 Mg of TRF product for PHT make-up. 
 
Scenario F: Meeting External Business Needs 
 
There may be a significant cost of lost opportunity due to the unavailability of storage volume to 
receive and store feed from external customers and return with TRF product. This has been 
estimated as $3 million/year.  
Without additional storage space available, drums coming to the TRF from overseas cannot be 
emptied out into the processing streams quickly.  They would continue to be stored in corridors 
etc., utilizing space not designed or designated for storage. This presents a housekeeping issue 
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as well a hazard during operation and limits the ability for Isotope Sales to pursue new business 
because of limited receiving and handling capability. 
 


 
Summary:  
Examination of the various heavy water storage scenarios as well as drum needs has identified 
the following issues:    
 


• During outages, there is not enough space in the S&I tanks for a full moderator drain. To 
create this space, the operating inventory held in the S&I tanks has to be moved to 
temporary storage or off-site. 


 
• If TRF feed and products tanks are utilized then shipping and receiving of tritiated heavy 


water is impeded. 
 


• During a 6-month TRF outage: 
 


• About 100 Mg (100%D2O) Low-Ci inventory have to be stored before the outage and 
an equivalent amount of empty High-Ci S&I storage space available at the end of the 
outage. 


 
• No flexibility in the system if downgraded water has to be recycled through the IXCU 


because of high TOC.  This high TOC water would also have to be moved to 
temporary storage.  Such is the situation presently where ~50 Mg of heavy water are 
in drums because of difficult to destroy TOC. 


 
• The mixed Curie product from the Upgrader can be used to displace Moderator water 


and thereby mitigate the growth in Moderator tritium to some extent.  Around 100 Mg 
of Moderator water will require storing until the end of the outage. 


 
 
• During an 18-month TRF Outage: 


 
• About 180 Mg (100% D2O) Low-Ci inventory needs to be stored before the outage, 


and an equivalent amount of empty High-Ci S&I storage space available at the end of 
the outage. 


 
• Around day #36, about 17-20 Mg of downgraded recovery water has to be moved 


into temporary storage once, either in drums or in reactor grade tanks.  
 


• There is no flexibility in the system if downgraded water has to be recycled through 
the IXCU because of high TOC. This water also has to be moved to temporary 
storage. The latter is likely to cause downgrading of reactor grade water when 
switching back to normal mode. It takes a long time to clear up downgraded back log 
due to limitations of the recovery storage and clean up systems. 


 
• The mixed-Ci product from the Upgrader can be used to displace Moderator water 


and thereby mitigate the growth in Moderator tritium to some extent. The Moderator 
S&I tanks will be almost full at the end of the TRF Outage due to holding the 
operating reserve, the 180 Mg of moderator displaced water from the Outage and 
any resin-deuteration reserve in storage. 


 
• The in-station inventory of D2O will increase by at least 180 Mg, which will need to be 


processed by the TRF at the end of the Outage. 
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• Up to 180 Mg of PHT make-up will be required. This can come from the operating 
reserve, depending on the quality and quantity of water held in storage. 


 


• During an 8-week Upgrader Outage, there is a shortfall in storage for downgraded 
recovery.. The only choice is to store the shortfall of 87 m3 of capacity in drums, in plastic 
totes or to utilize reactor-grade storage. Each of these options has its own disadvantage.  


• There may be a significant cost of lost opportunity due to the unavailability of storage 
volume to receive and store feed from external customers and return previously stored 
TRF product.  


 


7.1.2. Darlington Nuclear: Discussion of Drivers for Increasing 
Storage Capacity 


 
 
Reactor Grade D2O Storage 
 
The OP&P limits on tritium concentration at Darlington are as follows: 
 


Moderator PHT  
OP&P Limit   15 Ci/kg 1.2 Ci/kg 
 
These OP&P limits are tighter than at other Stations and make Darlington less tolerant to TRF 
outages.  An internal administrative limit on the Moderator concentration is placed at ~13.5 Ci/kg 
to allow for some inaccuracy in analysis, and provide some time for corrective action. Currently 
(as of June 21, 2006), Darlington has an average Moderator concentration of 10.7 Ci/kg as a 
result of the TRF being in a planned outage for the previous 5 months. During a TRF outage, 
moderator concentrations are estimated to increase at about 4-4.5 Ci/kg/a, and may require 
partial displacement of the moderator inventory to keep concentrations under the OP&P limit. 
 
Moderator D2O S&I storage capacity is required to accommodate the complete drain of a 
poisoned moderator system during a single unit outage. A moderator D2O drain requires the use 
of all moderator S&I storage (347 m3) available. The 10 m3 weigh tank is also reserved for 
contingency. Segregation of the different grades of reactor D2O is still required during the drain. 
During normal operation, a 100 m3 D2O Supply and Inventory (S&I) moderator storage tank is 
used to store high isotopic (>99.98 % D2O), high curie (>1.2 Ci/kg) reactor grade D2O (Upgrader 
product) to be held as an operating reserve and for making up losses in the moderator system.  
 
A moderator drain requires the emptying out of this operating reserve from the S&I system. In the 
past, it has been possible to temporarily store D2O at Bruce A & B. With the lease of the stations 
to Bruce Power, this is no longer a reliable option since Bruce Power is a business competitor 
and is itself in the process of adding heavy water storage.  AECL sites such as La Prade are not 
suitable for moderator water because of its tritium concentration restriction (1 Ci/kg).  Also, the 
TDO’s would be tied up for about 20 shipments (10 to transport water from Darlington and 10 
shipments to bring water back) thus further impacting the capability to service external customers.  
An alternative method is to temporarily store the moderator make-up water in the DIOTS tanks or 
in drums prior to the unit outage.  This method impedes the normal operation of the TRF.  
Assuming two Outages and Moderator drains per year the lost TRF productivity, by utilizing 
DIOTS to store the operating reserve, is estimated to be 40 days, that is, 11% of TRF capability. 
 
Utilizing DIOTS or other tanks to store the operating reserve has the potential of downgrading the 
moderator quality water. There is OPEX that re-upgrading had cost about $1.5 million for a 3-
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week Upgrader run.  Downgrading of some of the moderator quality water can also lead to 
increase fuel burn-up.  
 
During a Unit outage recovery rates of downgraded water are expected to increase.  Any 
upgrader product during this period has to be returned to operating Units or held in the SUP 
product tanks.  There is a lack of flexibility in the heavy water storage capacity during a moderator 
drain.  If an acute recovery event occurs, filling the SUP product tanks (30 Mg), the Upgrader may 
have to be placed in reflux.   
 
During an SCO (every 6 yrs, one planned for 2009) or VBO Outage, the requirement is to store 
430-480 Mg of PHT D2O prior to the start of the Outage to address the 4-Unit shrinkage 
requirements during cool down and in addition to store the complete drain of one Moderator (345 
Mg) and the drain to the low-level state of 1 PHT system (130 Mg) during the outage (see 
Assumption 4).  
 
During the SCO or VBO, the TRF is not available due to unavailability of high pressure steam, 
this further increases the requirement to store more Low-Ci D2O for PHT make-up as the 
segregation method will not be applied at the upgrader for such a short duration to recover 
downgraded water.  As a result, all the downgraded D2O will be recovered as mixed Curie D2O.  
This mixed Curie D2O will need to be stored in the moderator S&I tanks if not already being 
occupied by the moderator drain, or stored temporarily in the DIOTS’s feed tanks, or the small 
upgrader product tanks (2x12Mg) which can impede the upgrader operation when they are full.  
 
During an extended TRF outage, the preferred method to recover downgraded water is to 
segregate and to process high-Ci and low-Ci recoveries separately.   In the recent TRF outage, it 
has been observed that the segregation of High-Ci and Lo-Ci D2O has not worked well. There 
has been some cross-contamination so that quality of the Lo-Ci water collected was poor, at a 
concentration of about 1-1.2 Ci/kg instead of 0.7 Ci/kg. So this water is not quite suitable for PHT 
make-up. 
 
Execution of the recent SCO in 2003 has demonstrated that it would be impossible to satisfy the 
demand for a complete moderator drain with the existing storage capacity in the HWMB. 
Therefore, other temporary storage on-site (e.g. DIOTS tank or external TRF Feed Tank) would 
need to be utilized or water shipped off-site.  During this time, the TRF would not be available to 
process water from Bruce, Pickering or external customers, thus compromising the ability to 
control reactor tritium levels or generate external revenue. 
 
It is not clear to where this D2O could be moved. The availability of storage at the Bruce site 
cannot be assumed, since they are a competitor and are also building additional storage for their 
own use- indicating a shortfall of storage for their own needs. The La Prade site belongs to AECL 
and is used to store AECL’s heavy water inventory.  Additionally, this was the site of an intended 
heavy water production facility and is only licensed for a maximum of 1 Ci/kg of tritium 
concentration.  Furthermore, the requirements for shipment of D2O in drums have become more 
restrictive recently with the requirement of overpacks.  Note that although La Prade could 
theoretically accept PHT grade water there is a need to store 430 Mg of PHT water at DND prior 
to the start of an SCO and not at some external location.  
 
A minimum inventory of PHT D2O needs to be maintained in the PHT storage tanks to satisfy the 
shrinkage requirement during simultaneous cool down of all four units in the event of a four unit 
trip. This quantity was established to be 210 Mg as a result of a study conducted by Nuclear 
Safety, Heavy Water Management and the PHT group in preparation for the 1997 Vacuum 
Building Outage (VBO). During a 4-Unit shutdown (SCO or VBO) the total shrinkage requirement 
is estimated to be as much as 360 Mg.  
 
A small quantity (typically 30 – 50 Mg) of “multi-purpose” D2O (TRF product with an isotopic 
>99.98 % D2O and <1 Ci/kg) is required to be used for deuteration of both moderator and PHT 
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purification systems ion-exchange resins. This is normally kept on stand-by in the 30 m3 PHT 
weigh tank or in the 47 m3 moderator storage tank, thus impacting the available capacity of the 
S&I system.  
 
The initial demand to satisfy the 2003 SCO requirements was for 480 Mg of PHT quality D2O 
prior to the start of the outage. This demand was later reduced to 420 Mg, due to the extended 
shutdown of the TRF in 2003. This requirement could only be met in 2003 by a lease of 77 Mg 
from AECL, a loan of 60 Mg from Bruce Power and a shipment of 40 Mg from PND. The 
remaining requirements were met from DND’s inventory of Darlington Tritium Removal Facility 
product. The actual cost of the HW lease from AECL was $656,000 [29], because the HW was 
leased for as short a time as practicable.  This heavy water was shipped without overpacks in 
drums. This was a one-time exception only with special permission from the Vice President of the 
Nuclear Waste Management Division; in the future this may not be possible.  Current regulations 
require an overpack for each drum. Borrowing of water from Bruce Power may not be possible 
today.  The lease of 137 Mg of D2O today would be difficult because of the requirement of 
overpacks and therefore, would be much more expensive. The drums that would require to be 
returned (685 drums + their overpacks), would need to be stored in the interim and segregated to 
ensure that the same drums were to be used to return the water and hence avoid pressure 
testing requirements. Pressure testing of drums cost ~$250 per drum.  There is an additional risk 
imposed on operations during drum handling and an additional administrative and engineering 
resource load. Overall, it is estimated that the total cost of such a lease of heavy water would be 
about $2.5 million.  
 
During an unplanned, forced, moderator drain (Guaranteed Moderator Drain State) there is also 
storage capacity required for approximately 100 Mg since the S&I system normally stores up to 
100 Mg of high curie Upgrader product for make-up. In this case, there is a high probability of 
downgrading of a portion of the Moderator system that could not be stored in the S&I system. The 
cost of the cleanup and upgrading of this water is estimated as $1.5 million [8]. 
 
Loss of Sales Revenue 
 
Although this is not the main driver for increased storage, there are significant revenue 
opportunities from increased flexibility in the Darlington TRF/HW management systems. It has 
been previously estimated that financial benefits could exceed $9 million/year from increased 
sales of surplus HW and added business from improved use of the TRF and Upgrader [43]. 
 
There are contractual agreements with Bruce Power, for example, which provide ongoing 
revenue from detritiation. Provision of larger feed and product tanks for the TRF will allow TRF to 
receive and store feed from Bruce Power while the TRF is in an outage and enable previously 
stored product to be returned to Bruce Power. The cost of “missed opportunity” due to the TRF’s 
inconsistent reliability has been estimated as $3 million. With the additional flexibility created by 
adding storage volumes, revenues have the potential to increase by $7-8 million. Therefore, there 
is potential net achievable benefit of $10 million. 
 
In summary, provision of additional reactor grade storage may: 
 


• Eliminate the need to ship 100 Mg or more of reactor grade water off-site for temporary 
storage and prevent potential cross contamination and mixing of Moderator and PHT 
grade water.  The estimated costs savings are summarized in Table 5. 
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Table 5.  Estimated costs savings associated with reactor grade water if additional 
reactor grade storage is provided 
Description Cost / year 


($M) 
Comment 


Ship Moderator D2O off site 0.75 1.5M once every 2 years 
Downgrading D2O Event 0.33 1.5M/event  


2 events in 10 years 
Borrow Low Ci D2O 0.28 2.5M every SCO/VBO 
Operator time lost due to shuffling 
drums 


0.05 ½ FTE (full time equivalent) / 
year 


Cost to pressure test drums 0.05 $250/drum 
200 drums/year 


Total 1.46  
 
 


• Provide additional storage capacity for TRF product which may result in significant 
financial benefits of up to $10 million/yr due to improved sales of detritiation services and 
also may avoid the need borrow or lease PHT make-up water from external sources. 


• TRF product can be accumulated in bigger volume and help PND detritiation program by 
alleviating its reliance on shipping/receiving capability.  (see section 8.5 for detailed 
discussion). 


• The additional storage space can provide some storage relief for PND during its outages 
(see section 8.5 for detailed discussion) 


 
Downgraded D2O Storage 
 
Existing downgraded D2O storage capacity in the HWMB consists of 2 x 25 m3 downgraded dirty 
tanks and 2 x 50 m3 downgraded clean tanks which also serve as the feed tanks for the 
Upgrader. The downgraded recovery and clean-up system configuration allows for segregation of 
recoveries based on tritium concentration.  
 
The storage capacity at the Units consists of small D2O recovery tanks (2 X 1 m3 tanks in each 
unit) which are used to collect downgraded PHT and moderator D2O. This is then pumped to the 
central processing area in the HWMB where the water is cleaned up in the IXCU followed by UV 
Oxidation, and then is sent through the Upgrader to produce reactor grade water which is used 
primarily for moderator make-up..  
 
Upgrader product is stored in 2 x 12 m3 product tanks before it is returned to the moderator 
system or reserved in one of the moderator or PHT S&I storage tanks for use in future moderator 
on-line transfers. Normally all Upgrader product is returned to the moderator system and TRF 
product is the source of make-up to the PHT system.    
 
Downgraded D2O storage capacity at Darlington is marginal at best and is inadequate to support 
segregated recovery during TRF outages and there is no spare capacity to deal with acute spills: 
 
• During periods of high TOC in recovered water, the UV oxidation system imposes a 


restriction to Upgrader feed since the UV Oxidation system product has high conductivity and  
needs to be recycled to the feed tanks (2x25 Mg). This can cause the Upgrader feed to be 
restricted and the Upgrader to be placed into total reflux due to the limited storage capacity in 
the dirty tanks and the lack of on-line analysis of the clean product of the IXCU. If the TOC 
level in a Clean Tank is above spec, it is circulated through the UV oxidation system in a 
closed loop until the TOC is fully converted. This can take from 2 days to a week or longer 
depending on the nature of the TOC. After this, the tank contents have to be recycled through 
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the dirty tanks and IXCU to remove conductivity. Sometimes, for example, if a stable organic 
compound like ethylene glycol has been used in the reactors (for feeder inspections) then 
TOC is very difficult to remove. If a clean tank is locked up for feeding the SUP and the 
second one is on recycle through UV oxidation, it would be beneficial to have spare Clean 
Tank(s), which can still accept downgraded feed through the IXCU. 


 


• During an extended TRF Outage of 6 months or up to 18 months (Assumption 28), recoveries 
have to be segregated so that high-Ci and low-Ci recoveries can be processed in batches 
through the Upgrader. This is normally the way of producing low-Ci product required for PHT 
loss make-up. As an option, PHT make-up water can be stored in the S&I tanks prior to start 
of the Outage (100 Mg for a 6-month Outage), thus avoiding the need to operate in 
segregated mode. With the existing downgraded storage, the Upgrader has to be cycled 
nominally every 23 days between processing low-Ci and high-Ci recoveries. In addition, 
operation in segregated mode with the existing storage necessitates the storage of about 17-
20 Mg of downgraded recovery water in storage such as drums or reactor grade tanks (e.g. 
the TRF Product Tanks), because the Dirty Tanks cannot cope with the incoming recovery 
water (see calculation in Appendix D). This has occurred in the recent TRF Outage, where 
recovery water had to be stored in the TRF Product Tanks. Subsequently, these tanks were 
flushed twice with reactor grade water at 99.95% isotopic, and resulted in downgrading of the 
2 batches to about 99% isotopic. 


• Further evidence of shortage of storage is that backlog of downgraded water that cannot be 
dealt with.  For example, approximately 70-80 Mg of downgraded water stored in the resin 
de-watering tanks has not been upgraded because downgraded storage has not been 
available during the recent TRF outage, yet the Upgrader has been on total reflux during this 
time – cost of upgrading of this water is estimated as $1 million.  Hence this can be viewed as 
lost productivity of the Upgrader. 


• During an 8-week Upgrader Outage (Assumption 17), 237 Mg of downgraded recoveries 
would have to be stored. The existing storage capacity of 150 m3 would result in a shortfall of 
87 m3 of capacity. The only option is to store this in drums, in plastic totes or to utilize reactor-
grade storage. Temporary storage in drums presents a risk to personel during drum handling 
and challenges the existing space in the HWMB. Storing in totes has been ruled out 
previously due to leakage issues. Storage in reactor-grade tanks is undesirable since past 
history indicates the possibility of downgrading of reactor-grade water (SCR D-2003-06816, 
D-2003-06812).   


• During a single Unit normal Outage, downgraded D2O recovery rates can be expected to 
increase, but the existing storage capacity is usually adequate as long as there is sufficient 
TRF product available to replace PHT losses, ie. the TRF and Upgrader are operating. 


• During a 4-Unit Outage, such as a VBO or SCO, the TRF may be  shut down if an auxiliary 
source  of high pressure steam is not available. This situation was experienced during the 
2003 SCO when high rates of moderator recoveries were experienced coincident with a TRF 
outage. This resulted in utilization of the 2 x 25 m3 TRF product return tanks for storage of 
downgraded D2O, storage of downgraded D2O in 12 x 1 m3 plastic totes and in drums The 
totes were procured on the understanding that they had undergone qualification via leak 
testing. However, while storing downgraded D2O, leaks were experienced from 4 totes from 
the threaded joints near the bottom. These totes are not an approved container for tritiated 
D2O. In addition, there is uncertainty about tritium absorption into the walls of the plastic 
totes. As a result, it has been decided that these kind of totes will not be used again for 
tritiated D2O storage.  A D2O S&I storage tank was also downgraded during this period and it 
is thought that the downgrading was a result of activities related to transferring of the 
downgraded D2O to reactor grade storage tanks 
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In summary, provision of additional downgraded storage will: 
 


• Eliminate or reduce the possibility of extensive downgrading of reactor-grade water 
due to cross-mixing by eliminating the need to store downgraded recoveries in 
reactor grade tanks 


• Improve the capability for segregation and reduce the heavy water storage needs 
during an extended 18-month TRF Outage 


• Improve the Upgrader capacity factor by allowing for circulation through the D2O 
Clean Up System while still maintaining capability to feed the Upgrader , thereby 
improving isotopics or eliminating downgraded backlogs. 


• Improve the capability to process TOC without impeding the entire system operation. 
 


7.1.3. Discussion of Drivers for Increasing Drum Storage 
Capacity 


 
The drum handling requirements at DND are based on the assumption that DND will have on site 
on an ongoing basis  ~150 drums for operational needs and on an occasional basis will require to 
handle an additional two ISO containers of 96 drums from external sales.  Therefore, at any given 
time, the 350 drums will be the maximum to be handled or stored on a temporary basis. From 
external customers 200-300 drums/year are expected to be received, emptied and returned on an 
ongoing basis for the next few years in batches of 96 drums.  
 
The HWMB was not designed for storage of drums. Temporary storage of these external drums 
challenges the available space in the HWMB and results in drums being stored in corridors, under 
stairs and in other inconvenient locations [4]. 
 
The additional drum storage space provided in Darlington will improve efficiency and safety. The 
personnel risks associated with handling drums will be reduced.  Operational efficiency will 
improve due to drums not being stored in the corridors and various rooms of the HWMB, in some 
cases resulting in impeded access. Although difficult to quantify, these are tangible benefits. 
 
Any drum shipped off-site has to be pressure tested to ensure its integrity.  In the past, for 
example, drums have been shipped to Kinectrics for testing at a cost of ~$250 per drum. This will 
be avoided by having an on-site pressure testing facility.  
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7.2. Pickering Nuclear 
 
Existing D2O Supply & Inventory storage capacity available to support reactor unit operation and 
unit outages are shown in Table 6 and schematically presented in Figures 6 and 7. 


 
Table 6.  Existing Reactor Grade D2O Storage Tanks at Pickering 


Purpose Capacity (Mg) 
PHT S&I tanks 2x100 
Moderator S&I Tanks 2x150 
Upgrader (UPP-B) Product Tank 2x5.4 
Upgrader (Sulzer-B) Product Tank 2x2.1 
PIOTS Receiving Tank 1x29.8 
PIOTS Shipping Tank 1x21.4 
PIOTS Surge Tank 1x11.3 


 
 
Eleven stainless steel tanks, with a total capacity of approximately 570 Mg are provided for 
storage. The two 150 Mg tanks are for moderator (MOD) heavy water and the other two 100 Mg 
tanks are for primary heat transport (PHT) heavy water.  The MOD tanks are used for Pickering B 
drains (Pickering A has MOD dump tanks).  The PND assumptions indicate that presently there is 
about 200 Mg of heavy water inventory the tanks have to hold. 
 


TK1
150 Mg


TK2
150 Mg


TK3
100 Mg


TK4
100 Mg


PHT 
S&I Tanks


Low Ci


Moderator 
S&I Tanks


High Ci


UPPB 
Product Tank


Low Ci 34610-TK1&2
5.4 Mg each


Sulzer
Product Tank


High Ci 34930-TK22 &23
2.1 Mg each


 
Figure 6.  Visual representation of the reactor grade storage at PND. 
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3834-TK19
29.8 Mg 


3834-TK18
21.4 Mg 


3834-TK17
11.3 Mg 


PIOTS Tankage


 
Figure 7.  Visual representation of tankage storage capacity in PIOTS. 
 


Leakage or spills of D2O from the Primary Heat Transport (PHT) or Moderator systems are 
recovered by Vapour Recovery Dryers, collected from the Building Liquid Recovery System via 
floor drains, or collected via the various D2O collection systems. Particularly in the Building Liquid 
Recovery system, “recovered”, downgraded D2O is not only radioactive but also contaminated 
with emulsified oil and other organics.  Oil in the recovered heavy water is a result of the usage of 
hydraulic fluid in the fueling machines.  Note, the new reactors use pneumatically operated 
fuelling machines. The recovered water is normally cleaned up and upgraded to reactor grade for 
re-use.  


Existing downgraded D2O storage capacity at Pickering consists of 7x 6.8 m3 D2O recovery tanks 
(4 Low Curie, 3 High Curie) at the IXCU that are used to collect downgraded PHT and moderator 
D2O. The recovered water is then processed at the IXCU with the product water being stored in 
2x5.5 m3 tanks ready to be processed through the Upgrader. There are nine 50 m3 feed tanks in 
the UPP (5 in UPP-A and 4 in UPP-B) and five feed tanks at Sulzer-A and Sulzer-B, 1 x 1 m3 and 
4x15 m3, respectively..   Sulzer-A and UPP-A are no longer in service.  However, the UPP-A feed 
tanks are currently utilized to vent off volatile organic carbon from downgraded water containing 
less than 5 Ci/kg tritium.  Furthermore, these feed tanks are made of carbon steel, which are not 
suitable for long-term storage of D2O.  Table 10 summarizes the existing storage capacity for 
downgraded D2O at PND while Figure 8 presents the tankage visually. 
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Table 7.  Existing Storage Tank and Capacity for Downgraded D2O at Pickering 


Purpose Capacity (Mg) 
D2O Recovery Tanks (at IXCU) – 
High Curie Oily  


2.3 


D2O Recovery Tanks (at IXCU) - High 
Curie 


3x6.8 


D2O Recovery Tank (at IXCU) – Low 
Curie Oily 


2.3 


D2O Recovery Tanks (at IXCU) - Low 
Curie 


4x6.8 


IXCU Product Tanks – High Curie 2x2.7 
IXCU Product Tanks – Low Curie 2x5.5 
UPPB Feed Tanks 4x50 
Sulzer B Feed Tanks 4x15 


 


IXCU


Lo Ci 
Sarex


2.3 Mg
Oily
Tank


Hi Ci 
Sarex2.3 Mg


Oily
Tank


Hi-Curie IXCU Feed Tanks 3 – 6.8 Mg


34960-TK2, TK3, TK4 & TK5


34970-TK1


34970-TK2


Lo-Curie IXCU Feed Tanks 4 – 6.8 Mg


IXCU


 
Figure 8.  Visual representation of the storage capacity at the front end of the IXCU 
process. 
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IXIXFR


IXIXIXFR


Lo-Curie IXCU Product Tanks 2 – 5.5 Mg


Hi-Curie IXCU Product Tanks 2 – 5.5 Mg


34970-TK3 & TK4


34970-TK7A & TK7B


 
Figure 9.  Visual representation of the storage capacity at the back end of the 
IXCU process. 


 
Lo-Curie UPPB Feed Tanks 4 – 50 Mg


Hi-Curie Sulzer B Feed Tanks 4 – 15 Mg


34620-TK1, TK2, TK3 & TK4


34930-TK13, TK14, TK15 & TK16
 


Figure 10.  Visual representation of the storage capacity to the Upgraders. 
Product from the UPP-B and Sulzer-B upgraders are stored in 2x5.4 and 2x2.1 Mg product tanks, 
respectively, (see Table 8) before being returned to the moderator system or reserved in one of 
the moderator or PHT S&I storage tanks for use in future moderator on-line transfers.  Normally 
all Upgrader product is returned to the moderator system and TRF product is the source of make-
up to the PHT system.    
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7.2.1. PND Storage Requirements during Normal and Outage 
Situations 


D2O storage requirements are driven by several different demands. These demands include HW 
storage capacity to support the reactors during normal operation and during outages; make-up 
water for system losses, water for detritiation, water for improvement of system isotopics and 
water drained from systems undergoing maintenance. An additional demand on the storage 
capacity is made by the need to segregate heavy water of varying qualities. 
 
Various scenarios are examined and the heavy storage needs identified.  The scenarios 
examined are: 
 


• Normal Operations 
• PNDB Outage plus a moderator drain 
• PNDA Outage plus a moderator drain 
• Very Low Level Drain State PHT system 
• PNDB Outage plus a moderator drain and a VLLDS for the PHT system 
• PNDA Outage plus a moderator drain and a VLLDS for the PHT system 
• 6 month TRF outage  
• 4 week Upgrader outage 


 
Normal Operation 
 
Presently, the existing reactor grade heavy water inventory in the PND S&I tanks is approximately 
200 Mg of various qualities.  The operating manual defines the following minimum reactor grade 
water to be held in Storage and Inventory for operating system makeup: 
 


• 33 Mg PHT make-up 
• 20 Mg high Curie for Moderator make-up 


 
The state (quality) of the remaining reactor grade water is dependent on the needs of the station; 
for example, TRF product for PHT make-up and low Curie product for detritiation and isotopic 
improvement. 
 
During normal operations there is adequate S&I heavy water storage at PND.  On-line detritiation, 
which bleeds high Curie Moderator water out of the running unit and feeds low Curie water, can 
be performed with no additional reactor grade storage requirements.  During the period of on-line 
detritiation, because high Curie is fed to the S&I tanks through the high Curie side (TK1/TK2) and 
low Curie fed from the low Curie side (TK3/TK4), upgrader product cannot be received.  On-line 
detritiation using a 90 Mg swap can be performed over a 48 hr time period [12].  Segregation by 
Curie content is performed by sending Sulzer product to the high Curie TK2 tank, TRF product to 
the low Curie TK3 tanks and UPPB product to the low Curie TK4 tank. 
 
During normal operations the Clean Up System (IXCU) suffers from the following: 
 


• Not enough storage capacity to contain existing recovery rates (see calculations in 
Appendix C) leading to: 


o High drum usage (3000 drums scattered throughout the station) 
o Contamination of relatively clean vapour recovery water with oil 


• Not enough segregation capacity for efficient use of the IXCU system as a result of: 
o Downgraded D2O containing oil from fuelling machines 
o Downgraded D2O containing high “total organic carbon” (TOC) from lubricants 


used in the inspections of reactor components and organic solvents in reactor 
building 
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• Inability to clean drums leads to using dirty drums to collect clean water 
 


Oil leaking from fuelling machines leads to an oily water inventory which is beyond the present 
storage capacity and decanting capabilities.  When the oily tank is full, the waters are transferred 
to tanks that are designated to contain only clean water, thereby making these tanks oily as well.  
As a result, the IXCU cannot run as efficiently as originally designed since oily water requires 
more passes through the charcoal and ion exchange columns.   
 
The increase in inspections of feeders and other reactor components uses a lot of organic 
compounds.  Solvents used in the reactor building are often of an organic nature, which causes 
the recovered water to contain high amounts of organic carbon; this TOC is difficult to remove.   
 
The upgraders have a specification (<1 ppm) on TOC to prevent degradation of the upgrader.   
PND has been unable to achieve this target due to the high oil and TOC in the downgraded 
heavy water. 
 
PNDB outage plus Moderator drain 
 
During a Moderator drain 250 Mg of Gd (gadolinium) containing reactor grade water requires to 
be stored in the S&I system.  In order to do this both S&I TK1 and TK2 (300 Mg total) need to be 
emptied prior to the outage to accommodate the gadolinium containing Moderator water.  The 
existing high Curie inventory in TK1 or TK2, will have to be converted to low Curie via the TRF to 
be moved to the low Curie tanks (TK3/TK4).  Once tanks TK1 and TK2 are occupied by the 
drained Moderator water, they are isolated from the other reactor grade water due to the 
gadolinium making the remaining free volume of 50 Mg in TK2 unusable.   This leaves the 200 
Mg of the low Curie tanks (TK3 and TK4) as available space.   
 
The existing inventory of 200 Mg will occupy both TK3 and TK4 leaving no space for receiving the 
products of the two Upgraders (low and high Curie) with the likely possibility that the Upgraders 
may be placed into a reflux mode.  Under this scenario there is a possibility of mixing TRF 
product with UPPB Upgrader product.  In mixing the UPPB and TRF product the effectiveness of 
TRF product to maintain or lower PHT tritium concentrations is reduced due to the larger tritium 
concentration of the combined waters   
 
The Sulzer product (medium Curie) can be stored in PIOTS tank TK18 for shipment to the TRF.  
Approximately 16 Mg of high Curie product is expected during a 30 day period, see Appendix C.  
Since TK18 can hold around 21 Mg the expectation is that the Sulzer upgrader will not require 
being placed into reflux.  If the tank approaches the full state then a shipment of water to the TRF 
will be required. 
 
In this scenario UPPB product, estimated at ~28 Mg during the outage period (see Appendix C), 
cannot be accommodated in TK3 or TK4.  The upgrader product is either placed in PIOTS TK19 
(capacity of 29 Mg) or UPPB is placed into reflux.  If the PIOTS tank is utilized receipt of TRF 
product is not possible.    
 
If the TRF is down during this outage scenario then the situation described is aggravated further 
as the TRF may not be in a position to receive water. 
 
No detritiation of other units are possible during this scenario as there is no space to receive the 
high Curie water.  There is a lack of flexibility in the overall S&I storage system under this 
scenario.  Any additional requirements of the heavy water system would require operator work 
arounds.  Segregation of the different qualities of heavy water is difficult. 
 
Offline detritiation of the unit in the outage mode can be performed during this scenario.  Since a 
minimum of 53 Mg must be kept in TK3 and TK4 the largest swap size for detritiation would be in 
the order of 140 Mg. 
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PNDA outage plus Moderator drain 
 
PNDA have Moderator dump tanks thereby eliminating the need to use S&I TK1 and TK2 to store 
the moderator water.  Detritiation via bulk swap (offline) is possible during this time period.  Space 
is available in S&I high Curie tank (TK2) and the low Curie tanks (TK3 and/or TK4) to receive low 
and high Curie Upgrader product during this time period. 
 
Very Low Level Drain State of PHT System 
 
In this scenario 100 Mg of low Curie S&I storage will be required.  Tank TK3 will require emptying 
as it will hold the 100 Mg of lithiated PHT water.  TK4 will contain the required low Curie make-up 
plus any other low Curie water.  Any TRF product being held in TK3 will have to be mixed with 
UPPB product in TK4 reducing the effectiveness of the TRF product in maintaining or lowering 
PHT tritium.  Low Curie water in excess of 100 Mg will require additional storage.  Low Curie 
upgrader product during this time (calculated to be ~28 Mg, CB) cannot be stored in TK3 or TK4 
and can either be stored in PIOTS or in TK2.  Storage in PIOTS will limit shipping and receiving  
of heavy water to and from the TRF.  Storing the low Curie product in the high Curie tank will 
defeat the segregation philosophy and make it unusable for the PHT system but can be utilized 
for detritiation. 
 
PNDB Outage plus a moderator drain and a Low Level Drain State (VLLDS) for the PHT 
system 
 
The heavy water storage system is the most stressed under this scenario.  In the case of a PNDB 
unit moderator drain the total storage requirement on the S&I system is 350 Mg (250 Mg for the 
Moderator and 100 Mg for the PHT system).  The S&I high Curie tanks (TK1 and TK2) will be 
occupied and isolated while TK3 will have 100 Mg of lithiated heavy water from the PHT system.  
Any high Curie water in tanks TK1 and TK2 will have to be relocated prior to the outage as will 
any low Curie water in TK3.  With approximately 200 Mg of heavy water in the S&I system prior to 
the outage, 100 Mg will be kept in TK4 and the other 100 Mg will require additional storage. 
 
If the PIOTS tanks are utilized to provide some of the necessary storage then no shipping or 
receiving to the TRF is possible.  Even with these tanks additional storage for ~50 Mg of heavy 
water will be required either externally or internally.  
 
Because of the full utilization of the S&I tanks UPPB and Sulzer upgraders will be required to be 
placed into reflux.  During a 40 day outage the systems are expected to be drained for 30 days 
meaning that ~127 Mg of low Curie and ~69 Mg high Curie downgraded water will be generated 
(no acute downgraded events assumed) which will require storage at IXCU, see Appendix C for 
calculation.  The Upgrader feed tanks (200 Mg – UPPB  and 60 Mg – Sulzer) would have enough 
storage capacity to accommodate the downgraded collection. 
 
Offline detritiation is limited to ~40 Mg volume swap; the remaining water in TK4 that is not 
required for makeup. 
 
There is no flexibility in the S&I system during this scenario.  IXCU may also backup because the 
Upgraders are in reflux mode.  If an acute downgraded event occurs there is no choice but to 
utilize drums. 
 
PNDA Outage plus a moderator drain and a Low Level Drain State (VLLDS) for the PHT 
system 
 
The moderator dump tanks of PNDA makes this scenario less stressfull on the S&I system.  TK1 
can now be utilized for offline detritiation (~100 Mg); that is, receive 100 Mg of PNDA moderator 
water.  Low curie, TRF product, water stored in TK3 can be used with any high Curie water in 
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TK2 to produce the swap volume.   TK3 once drained can hold the 100 Mg of lithiated PHT water.  
TK4 will hold UPPB product. 
 
There will be no flexibility in the S&I system to hold Upgrader product during this period (~28 Mg 
low Curie and ~16 Mg high Curie).  If the PIOTS tanks are utilized there will be no ability to ship 
or receive to the TRF.  If PIOTS are not utilized the Upgraders may have to be placed into reflux 
placing the additional storage requirements on IXCU (127 Mg fluid of low Curie and 69 Mg fluid 
D2O of high Curie, see Appendix C).  The Upgrader feed tanks (200 Mg – UPPB  and 60 Mg – 
Sulzer) would have enough storage capacity to accommodate the downgraded collection. 
 
6 month TRF outage 
During a 6 month TRF outage PND requires at minimum make-up water (-15 Mg [1]) for PHT 
system losses.  This PHT loss make-up would have to be brought in prior to the TRF outage.  
Any detritiation performed during this time period will require ~100 Mg of low Curie water 
availability in the S&I system.  The heavy water in the S&I will require managing prior to the TRF 
outage to insure enough low Curie water is available. 
 
Offline detritiation, performed during a scheduled Unit outage, is less flexible in scheduling than 
online detritiation; hence, during a 6 month TRF outage detritiation is most likely to be performed 
online. 
 
Present TRF feed and product storage capacity at DND may make preparation for the outage 
difficult.  
 
4 week Upgrader outage 
 
During a 4 week Upgrader outage there will be a need to store recovered downgraded water.  
Appendix C estimates that 127 Mg of low Curie downgraded water would be required to be stored 
if UPPB was in an outage situation and 69 Mg of high Curie downgraded water if Sulzer was in an 
outage.  UPPB has feed tank storage capacity of 200 Mg hence a 4 week outage would not be an 
issue.  Sulzer has 60 Mg of storage capacity on the feed size.  A Sulzer outage would most likely 
lead to a situation where drums would have to be utilized to hold the extra water that the feed 
tanks could not contain. 
 
Any water in the upgrader feed tanks will require processing prior to the outage to maximize the 
storage capability during the outage. 
 
Any acute recovery events during an Upgrader outage will most likely lead to drumming of heavy 
water. 
 
Summary 
 
The review of heavy water storage needs under various scenarios has identified the following 
issues:  
 


• a lack of flexibility in the Storage and Inventory system to accommodate the needs of 
operating units during system drains (Moderator, PHT)  
 
•little tolerance in PND Heavy Water System to handle erratic TRF performance when 
preparing for moderator/PHT drains 


 
•insufficient storage capacity in S&I to accommodate a simultaneous PNDB moderator 
and PHT VLLDS drain situation 
 
•insufficient storage capacity for downgraded water recovery rates 
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•insufficient storage capacity at the Clean Up system to handle the high oil and high TOC  
water recovery rates resulting in a poorer performance of the Ion Exchange Clean-Up 
System 
 
•Inability to clean contaminated drums resulting in further downgrading of relatively clean 
recovery water  
 
•large number of drums occupying station real estate (>3000) as a result of inadequate 
storage capacity at IXCU 
 
•difficulty in adhering to segregation philosophy of different quality waters due to 
insufficient storage (on occasion applies to S&I but generally to IXCU) 


 


7.3. Discussion of Drivers for Increasing S&I Storage Capacity 
 
One of the driving arguments for increasing S&I storage capacity at PND is the ability to detritiate 
the units more effectively through the off-line detritiation technique.  Section 2.1 and Appendix A 
discuss and review the two methods of detritiation: online and offline.  Appendix A demonstrates 
that offline detritiation is indeed more effective.  For similar 100 Mg swaps of 1 Ci/kg water into a 
moderator with a tritium concentration of 17 Ci/kg the resulting tritium concentration at the end of 
the swap is 11.3 Ci/kg for offline and 12.2 Ci/kg for online.  The cause of this difference is the 
mixing of the swap and moderator waters while the online detritiation is proceeding.  This mixing 
leads to some of the swap water being bled out with the moderator water resulting in a less 
effective detritiation effort.  In either technique large volume swaps are more effective than small 
volume swaps.  PND in its present detritiation plan [12] calls for large on-line swaps of 90 Mg  
along with an off-line swap of 80 Mg. 
 
PNDB can be detritiated via either technique while PNDA because of logic control issues can only 
be detritiated via the off-line technique [30].  OPEX indicates that on-line detritiation of PNDB 
units is restricted to the quiet periods such as weekends or on overtime.  PNDA (Units 1 and 4) 
have only recently began operating again (P1 – Nov 2005, P4 – Sept 2003) since being layed up 
in 1997.  Their average tritium concentration at the beginning of 2006 was 8.35 Ci/kg [12]. Review 
of the 2004 Heavy Water Management report [1] shows that since 1997, when PNDA was layed 
up, the tritium concentrations in the PNDB units have been steadily climbing while the isotopics 
steadily declining.  In January 2006 the average moderator tritium concentration for PNDB was 
17.0 Ci/kg (target 10 Ci/kg) while the average isotopic was at 99.88% (target 99.94%) [12].  The 
OP&P limit for the tritium concentration at PND is 25 Ci/kg.  What is clear from this report is that 
detritiation has not been performed often enough.  PND Common Services indicates that on 
average there has been a 187 Mg shortfall in shipments of water to the TRF for detritiation; 
Appendix Q breakdowns the shortfall over the years.  Such a shortfall would help in explaining 
the trends presented in the Heavy Water Report. 
 
This shortfall and therefore difficulties in executing detritiation over the years are attributed to a 
host of reasons [30]: 
 


1. Extended TRF outages (2003 and 2006) limiting the amount of TRF product 
2. Moderator S&I tank (TK1) occupied with Gd containing water, a result of a previous 


detritiation effort via the off-line technique   
3. Before 2002, D2O from the Unit 4 shutdown was stored in S&I tanks to allow 


maintenance preventing on-line detritiation of PND-B units for 13 months 
4. Procedural issues with safe execution of on-line swaps.  Resolution took 6 to 9 


months. 
5. Planning/resource/schedule/co-ordination problems in shipment of heavy water to 


and from the TRF 
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6. Can only be performed during quiet times (weekends or by utilizing overtime) 
 
The above points reinforce some of the present issues with the heavy water storage system: a 
lack of storage (items 2 and 3) and a lack of TRF reliability (item 1).  Other items (4, 5 and 6) 
appear not to be associated with a lack of storage.   
 
Item 1 is an indication of a lack of sufficient storage to deal with the uncertain TRF performance.  
However, the lack of TRF reliability can be addressed in a number of ways.  One, the reliability of 
the TRF itself can be improved or two, heavy water TRF product buffers (requiring extra storage) 
can be built up at DND, PND or both.  If a buffer is to be available at Pickering then additional 
storage capacity at S&I is required. OPG solutions to mitigate TRF reliability are discussed in 
section 8.5 “Heavy Water Storage at OPG” which argues additional storage at DND can aid 
Pickering in dealing with an unreliable TRF without adding extra S&I storage at PND.  
 
Item 2 is discussed further because it highlights other issues pertaining to off-line detritiations and 
IXCU.  A PND-B operating unit is shut down by poisoning the moderator with gadolinium (Gd).  In 
the case of an off-line detritiation the moderator water is over poisoned to compensate for the 
lack of Gd in the swap water.  The moderator water when drained must be segregated because 
the Gd in the water can precipitate and form a gel-like material when the pH of the moderator 
water goes alkaline as it mixes with the PHT lithiated water.  The precipitate can plug up system 
process lines, valves and tanks.  [It is highlighted that PND-A does not suffer from this issue 
because it does not poison the moderator for shutdown although on occasion Boron is used.]  
The net effect of a PND-B moderator drain is to occupy the two 150 Mg MOD S&I tanks as 
previously discussed in section 7.2.1.  The volume of Gd containing moderator water left in S&I 
after the swap cannot be shipped to the TRF until the Gd is removed; such was the case in the 
event that left Gd containing water in TK1 (item 2).  The water would have been sent to IXCU to 
remove the Gd but the IXCU is overtaxed (see section 7.4 below) and could not handle this 
water.  Furthermore, during cleanup the good isotopic water would be downgraded and then 
upgraded again through the Sulzer upgrader wasting energy, resources and money.  The result 
was the Gd containing moderator water remained in TK1 and impeded S&I utilization because of 
the need to segregate this water from the rest of the reactor grade water.  To address this issue 
an engineering change (EC 88224) was initiated and recently completed.  The EC resulted in the 
addition of a permanent ion exchange clean up system to the moderator S&I tanks (TK1 and 
TK2).  This change now permits Gd containing water to be cleaned at S&I prior to sending to the 
TRF.  Thus, the impediment to S&I utilization by this scenario cannot occur again because of the 
permanent ion exchange clean up system at S&I. 
 
On-line detritiation does not suffer from the problem presented in item 2 as no Gd is present. 
 
The previous off-line detritiation uncovered complexities associated with the off-line technique: 
 


• Detritiations must be completed within 5 days in order not to threaten the outage 
schedule.  A complete moderator drain and refill can take up to 8 days to complete. 


• Must be approved by the CNSC since the Gd content in the water returned to the 
moderator must be controlled. 


• The mixing conditions have to be frequently monitored to prevent undesired flux tilts.  
Monitoring involves frequent sampling through the swap process to ensure reactor safety.  
More chemicals will be required and more waste will be generated. 


 
Item 3, although it is illustrative of a lack of storage capacity, is outside the scope of this study; 
nonetheless, it is a reality.   Refurbishment activities, as was the case with Unit 4, are not normal 
operation or scheduled maintenance outages.  If future refurbishment activities take place at PND 
this will require additional heavy water storage as the present S&I system does not have sufficient 
capacity. 
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To summarize thus far, the inability to detritiate or improve moderator isotopics effectively over 
the last 10 years at PNDB cannot be solely tied to a lack of storage capacity at S&I.   In times 
where a lack of storage capacity has caused stress to the S&I system other solutions are possible 
(improve TRF reliability) (section 8.5) or are not in the scope of this study (refurbishment).  
 
Operational Performance Reporting was approached to determine if a lack of heavy water 
storage had impacted outages either in scheduling or duration; the response was that to date 
there had been no impacts [34]. 
 
When reviewing the demands on the heavy water storage at S&I during a simultaneous 
moderator drain and a VLLDS PHT drain it is clear additional storage is required.  Assumption #4 
indicates that in the long term such a scenario is expected.  However, to date such a scenario 
has not occurred although the schedule for outage P671 shows an overlap of one day during 
which time the moderator is nearing the end of a refill while a PHT drain is set to begin [47].  
Common Services has asked DND to withhold 100 Mg of TRF product in order to accommodate 
this scenario [49].  Again, in the case of PND-A the scenario is different because of the moderator 
dump tanks to accommodate the drain. 
 
Presently, for PND-B a simultaneous Mod and VLLDS PHT drain of the same Unit cannot be 
performed within a 40 day outage because of heat sink issues [44].   As OPG moves to a 40 day 
outage schedule, Outages [44] indicates that the simultaneous drain of the two systems, for the 
same unit, is possible once the heat sink issue is resolved.  In the present outage template a 
moderator drain will not occur in the same window as a PHT drain [44].  There is no clear 
indication that in the future there will be a simultaneous drain of two systems thus the need for 
additional S&I storage driven by this scenario is in question.  On the other hand, by not increasing 
S&I storage, the availability to perform simultaneous drains is severely restricted. 
 
Additional information from Outages [50] indicates two outages per year for PND-B and one 
outage per year for PND-A.  However, according to the approved schedule every outage does not 
have a moderator drain associated with it.  For PND-B one moderator drain per year is planned 
which means only one offline detritiation opportunity per year.  Additionally, no PHT LLDS are 
presently planned for PND-B beyond 2007.   
 
This study deals with planned scenarios but in operating nuclear plants there are unplanned 
scenarios, such as, outage P751 which originally was planned for 40 days but now extended to 
55 days.  Since the state of heavy water storage capacity is always in flux it is difficult to say with 
certainty what will be the future needs suffice to say that PND does not have a great deal of 
flexibility in its S&I storage which increases the risk of operator workarounds during unplanned 
scenarios.   Common Services indicates the time spent on operator workarounds is equal to 2 full 
time equivalent positions [Appendix Q].  
 
In summary, the lack of sufficient S&I storage has impacted PND at present.  Had sufficient 
storage been available the Gd contaminated water would not have impacted detritiation of PND 
units.  Had sufficient S&I storage been present the water from Unit 4 (undergoing reburbishment) 
would not have impacted detritiation.  Had sufficient S&I storage with detritiated water been 
available the extended TRF outages would not have impacted PND.  However, a permanent IX 
clean up system attached to S&I MOD tanks eliminates the Gd problem.  Unless PND goes 
forward with future refurbishments there will be no S&I storage impacts from such activities in the 
future; and increased storage at DND would be more beneficial to OPG in dealing with TRF 
outages than increased storage at PND (section 8.5).  PND under the various scenarios utilizing 
heavy water storage (section 7.2.1) does suffer from a lack of flexibility in the system; however, it 
has dealt with this most of its operational life.  Section 8.5 discusses how adding more storage at 
DND will help mitigate storage issues at PND.  Section 9 indicates that increased S&I storage will 
require until late 2010 to implement.  By 2014 most of PND-B units may be shutdown and the 
requirement on the S&I system will greatly diminish.   
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At present, the case for additional S&I storage at PND is not clearcut.  Add to this the limited 
lifespan remaining in the station (all 4 PNDB units shutdown by 2016 with three units in 2014) 
with the expected implementation date for additional storage of 2010 (see section 9) leads  the 
study to recommend not adding additional tankage for S&I at PND.  Section 8.4 outlines the risks 
associated with this recommendation.  These risks can be mitigated by going forward with the 
storage recommendations at DND.  The remainder of this section captures some of the costs 
associated with high tritium concentrations and low isotopics in the moderator. 
 
The above recommendation must be reconsidered if OPG decides to refurbish the operating units 
at PND.  Presently, OPG under directions of the Government of Ontario is investigating new build 
or refurbishment of existing units.  During refurbishment, systems will be drained for extended 
periods of time which, if no additional storage is provided, will utilize the present S&I system and 
will significantly impact operations, tritium concentrations, moderator isotopics and potentially 
outages at PND.   
 
Costs Associated with High Tritium Concentrations and Low Isotopics in PND Moderators 
 
The higher than target tritium concentrations in the moderators have an impact; specifically, the 
high tritium concentrations in PNDB units are: 
 


• in conflict with OPG’s ALARA philosophy (~733 Curies emitted to the air per (Ci/kg) 
increase in moderator tritium concentrations) ,  


• impacting worker dose, and 
• sending the wrong message to the public and regulatory body. 


 
References [32, 41] provide a relationship for total dose as a function of PHT and Moderator 
tritium concentrations associated with PND-B, 
 
Dose (rem/a) = 100 x PHT (Ci/kg) + 4 x MOD (Ci/kg)  
 
and for PND-A, 
 
Dose (rem/a) = 200 PHT (Ci/kg) + 20 MOD (Ci/kg) 
 
Presently, PND average PHT concentration is 1.1 Ci/kg and 17 Ci/kg [35] for the Moderator.  At a 
value of $25,000 per rem [33] the increased cost, associated with dose, to operate the PNDB 
moderators above the target concentration is 0.1M$/annum/(Ci/kg above the target); that is, 
operating with the PND-B units at the present tritium concentration versus the target values 
results in a cost associated with dose of 0.7 M$/a.  PNDA at present is near the target tritium 
concentration. Appendix A refines this cost, calculating what the costs savings to PND would be if 
additional storage at S&I was implemented.  The savings, due to dose reduction, would be $2.5M 
over the remaining life of PND.   
 
Environmentally there is no direct cost associated to tritium emissions but it is likely to impact 
public and regulatory opinion.  Tritium emissions to air increase at approximately 730 Curies per 
annum per Ci/kg increase in average tritium concentration in the PNDB moderators [1]. 
 
Presently, moderator isotopics are lower than target values.    Low isotopics increase fuel burn-up 
resulting in higher fuel costs.  For PND [51] the cost of system isotopic on fuel burn-up is ~37.9 
k$/0.01% isotopic/unit/a.  Presently PND-B average isotopic is 99.88% [12]; the target is 99.94% 
[12].  The cost to PND of the lower than target moderator isotopics is estimated to be (99.94-
99.88) x 39 x 4  = $936,000/a.  Appendix A refines this cost, calculating what the costs savings to 
PND would be if additional storage at S&I was implemented.  The savings, due to improved 
isotopics, would be $0.71M over the remaining life of PND. 
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The low isotopics at PND-B is linked to the lack of detritiation of the units; however, it is pointed 
out that it is not because of lack of TRF product as system isotopics are improved via the 
upgraders and not the TRF.  Much like in the case of detritiation discussed previously, isotopic 
improvement is most effective when employing large volume swaps, see Appendices A and B for 
example calculations.  This swapping of large volumes of moderator water is done during 
detritiation.  In other words, if you have the capability to swap large volumes of moderator water it 
is most efficient to increase isotopics while simultaneously detritiating.  Because detritiation of the 
PND-B was limited over the past ten years the isotopics in the PND-B units have suffered which 
has resulted in greater costs due to enhanced fuel burnup.  


7.4. Discussion of Drivers for Increased Storage Capacity at IXCU and 
Drum Cleaning Capabilities 


 
The previous study [4] indicated the need for additional downgraded D2O storage capacity to 
address segregation requirements of PHT and moderator recoveries (oily and non-oily) and to 
reduce the number of drums at PND. This segregation is required to ensure that the UPPB 
Upgrader can be used to produce low curie D2O suitable for use as PHT make-up, in the event of 
an extended, unplanned shutdown of the TRF.  
 
Presently, the IXCU system at PND is suffering from the following symptoms:  
 


• increased usage of drums and number of drums (presently over 3000 drums), 
• slower throughput in the processing of the dirty, downgraded, water,  (150 kg/hr 


versus capability of around 400 kg/hr) 
• difficulty in meeting Upgraders feed water specifications (TOC > 1 ppm typically 3 to 


4 ppm), 
• degradation of upgrader throughput, particularly UPPB, due to higher TOC in 


feedwater provided by IXCU system, 
• oil contamination of all feed tanks to the IXCU. 
• difficulty in segregating dirty, downgraded water.  
• loss of heavy water inventory into drums and UPPA.   Approximately 190 Mgs D2O of 


dirty downgraded water occupy drums and tanks in the UPPA (no longer operational) 
waiting to be cleaned and upgraded. 


 
These symptoms are indicative of an overloaded, overtaxed IXCU.  The cause of the overload is 
inadequate storage capacity in the feed tanks.  Appendix C, utilizing historical recovery rates and 
operational experience from Common Services, calculates the required tank sizes.  The 
calculated sizes for the required tanks support the statement that there is inadequate storage 
capacity in the Clean Up system.  The calculations illustrate an inconsistency in the holding 
capacity among the tanks utilized for each quality of water (oily low and high Curie, non-oily low 
and high Curie).  For example, the low Curie oily tank has a holding capacity for a quarter of a 
week of generation while the non-oily, high Curie can hold a week’s worth of downgraded water.  
The lack of appropriate storage heavily restricts the ability to segregate the downgraded water 
slowing down processing throughput.  The slower processing throughput further backs up the 
Clean Up system requiring greater storage capacity.  The lower processing rates for downgraded 
water versus design are attributable to: 


 
1. High levels of oil in the downgraded water; an unavoidable result of using hydraulic 


fluid in the fueling machines. 
2. High TOC in downgraded water [45].  Possibly a direct result of the solvents and 


lubricants utilized during outages or of oil contamination of all IXCU feed tanks. 
3. Oil contamination of all IXCU feed tanks as a result of incompatibility of the heavy 


water storage capacity with the downgraded water generation and the IXCU 
processing throughput. 
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4. Lack of drum cleaning capability leading to re-use of oil contaminated drums leading 
to the cross contamination of relatively clean water with oily water. 


5. Inadequate oil decanting/removal system. 
 
The first item is unavoidable at PND and deficiencies at IXCU will have to be addressed to deal 
with it.  The second item requires changes in the solvents and lubricants used during outages; 
this may not be possible.  The third item can on occasion be addressed by cleaning the tanks.  
The fourth item requires a drum cleaning facility that PND or DND is lacking.  Lastly, the fifth item 
can only be addressed by additional storage capacity. 
 
The unavoidability of items 1 and possibly 2 drives the need to increase storage capacity at IXCU 
for downgraded water.  To prevent spreading of oil/TOC contamination through the re-utilization 
of dirty drums a drum cleaning facility is essential.  A drum cleaning facility would have the 
additional benefit of preventing further buildup of drums while, potentially, reducing the total 
number of drums.  Hence the study recommends additional storage at IXCU and the placement 
of a drum cleaning facility at PND. 
 
From PND Assumption # 5 a drum cleaning facility is required to be able to process a minimum of 
10 drums/day.   This number is consistent with the derived recovery rates calculated in Appendix 
C (7 drums for non-oily downgraded water and 3 drums for oily downgraded water).  Additional 
throughput for the drum cleaning facility is placed upon it by the desire to have the historical 
number of drums (~2000) cleaned either for re-use or disposal.  
 
Over the years the following actions have taken place to deal with the symptoms experienced by 
the IXCU system: 
 


• Addition of a  UV Oxidation system at IXCU.  The system is presently being tested. 
This system once installed will aid in reducing the TOC in the Upgrader feed water.  
Common Services Operations suggests the system may not be sufficient for the 
following reasons: the very high TOC at PND; has to serve both the high and low 
Curie trains and the process rate is too slow [46].  There is a possibility that the UV 
system may increase water residence time within IXCU. 


• Use of additional charcoal columns [45]. 
• TOC sampling on recovery from units to allow segregation [45]. 
• Flushing of heavily contaminated tanks (0-3496-TK1 and 018-3496-TK6/7) to 0-3497-


TK1/2 [45] 
• Cleaning of oily IXCU feed tanks [26]; recently completed. 
• Purchase of additional drums. 
• Additional Clean Up process utilizing UPPA feed tanks for volatile carbons that are 


difficult to remove via the IXCU charcoal columns.  UPPA tanks in conjunction with a 
temporary IXCU system is used to circulate the high TOC water (5 ppm) to reduce 
the TOC down to 3 ppm.  Prior circulating the high TOC water is left to sit in the 
tanks.  It is believed that the venting of the tanks naturally allows the volatile TOC to 
dissipate [53]. 


• Two campaigns utilizing external contractors to clean the segregated high TOC, high 
oil water: Pacific Nuclear and presently, Westinghouse. 


The above actions have resulted in the following non-recoverable costs to OPG. 
 


• 2000 more drums at PND than required (PND Assumption 3 & 5).  Presently, closed 
top stainless steel drums can be purchased for $800 [52].  In the past drums have 
been purchased from AECL at $500 [52].  Thus, 2000 extra drums represent an 
additional cost of 1 to 1.6 M$.   


• Extra handling of these extra drums is estimated to cost $360,0001. 


                                                 
1 3 hrs/drum x $60/man x 2000 = $360,000 [30] 
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• Installation of a UV Oxidation System at a cost of approximately $2 million [48]  
• Clean up of all the oily IXCU feed tanks, presently underway, is estimated to cost 


$105,000 [26]. 
• Cleaning up of segregated high TOC/oily water - $350,000 (Pacific Nuclear) and 


$700,000 (Westinghouse) 
• A significant amount of high TOC/oily water has been segregated (not been utilized 


for operations) (~190 Mg D2O).  If not for the shutdown of Units 2 and 3 PND would 
have obtained replacement water from external sources.  The shutdown units 
provided HW management at PND with the required replacement water. 


 
Intangibles or potential future costs are captured in the Table below. 
 


Table 8.  Potential Future Costs due to Insufficient Storage at PND IXCU 


 
 


8. Options to Address OPG’s Long Term Heavy Water Storage and 
Drum Handling Requirements 


 
The collected information (strategy documents, OPEX, outage schedules, system flowsheets, 
notes of meetings etc.) was scrutinized in order to understand present heavy water management 
practices and resources.  The future needs as defined by the assumptions were compared to the 
present practices and resources.  Where deficiencies presented themselves heavy water storage 
options are defined to address the deficiencies.  Criteria were defined to aid in judging potential 
heavy water storage options.  These criteria are presented below. 


Description Cost ($/yr) Comments 
Continued degradation of UPP 
packing with the potential that the 
Upgrader will no longer meet station 
demands.  Pickering Common 
Services estimates that by 2010 the 
UPPB upgrader will no longer be 
able to meet the operational needs 


Potentially millions 
of dollars after 


2010. 


See Appendix Q.  PND will have 
various options to deal with this: 
purchase of external upgrading 
services, cleaning the upgrader 
packing (if deemed to be the 
problem), repacking the upgrader 
or building a new upgrader. 


Additional efforts by Common 
Services to meet operational 
requirements; that is, operator 
workarounds 


264,000 2 FTE per yr at 1650 hrs/yr at 
$80/h (OT rate) 


Replacement of ‘lost’ water due to 
the inability to process the oily water.  
Assumes 10% of oily drums 
unprocessable.  


28,700 0.1x2.7drums/day x 365 days/yr x 
230 kg/drum x 0.23 (isotopic) x 
5.5 cents/day/kg x 0.01 $/cent 


Purchase of more drums 14,000 20 drums/yr x $700/drum 
More external contracts to clean up 
segregated high TOC/oily water 


350,000 $700,000 (Westinghouse 
campaign)/2yr 


Cleaning of oily IXCU tanks  52,500 $105,000 (present clean up 
campaign) every 2 yrs. 


Disposal of drums 9,200 Drums disposed as solid waste 
(internal sludge solidified in-situ) 
0.23 m3 x 10 drums/yr x 
$4000/m3 (cost to external OPG 
customers) 


Total 718,400 Excludes potential costs 
associated with Upgraders 
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Potential options, exclusive of the maintaining status-quo option, are judged by applying the 
following criteria. 
 


• Are all the requirements outlined in the assumptions met? 
• Is it flexible; that is, does the option provide a flexible storage system which can be 


adapted for differing requirements from time to time while still preserving the principle of 
segregation based on isotopic and tritium content of heavy water? 


• Is the additional storage defined by the option the minimum required to address the 
requirements? 


• Are the functional requirements met for segregation of D2O based on: 
 


 a)  isotopic concentration –e.g. reactor grade vs downgraded.  
 b) tritium content – Low tritium for PHT make-up vs high tritium for moderator. 
 c)  system chemistry – for example, lithiated PHT D2O cannot be sent to the 


moderator system since this would pose a risk of Gd precipitation. 
 


• Are impacts to operations during implementation minimized; that is, will it require a unit(s) 
shutdown? 


• Are OPG operational and design philosophies maintained (segregation, ALARA, etc.)? 
• Is it the most cost efficient? 
• Are there impediments preventing implementation? 
• Do the risks and cons exceed the benefits and pros? 
• Does it meet the physical constraints of the sites? 
• Does it allow for easy tie-ins to existing heavy water and supporting systems (i.e. 


consider the ease of connecting to existing services or use of existing services). 
 
The developed options are further scrutinized in order to select a preferred option. The preferred 
option for DND and PND is judged on: 
 


• Is it the benefit maximized for the cost expended? 
• Based on the operational life of the station is there sufficient time for cost recovery? 
• Are the risks associated with the preferred option less than the other options? 
• Do the pros of the preferred option outweigh the cons? 


 


8.1. Heavy Water Storage Options at DND  
 
Within this section the heavy water storage and drum handling options for DND are presented 
and discussed.  The heavy water storage and drum issues at DND reviewed in Section 7 involved 
three systems; Storage and Inventory (reactor grade water), Ion Exchange Clean-Up 
(downgraded water recovery and Upgrading) and the Tritium Removal Facility (detritiation of 
OPG reactor grade water).  All three systems are housed in the Heavy Water Management 
Building at Darlington.  The previous section examined the issues and demonstrated that 
increasing storage capacity for heavy water will benefit Darlington and OPG.  The vision of a 
drumless Darlington station has not been the case and will not be the case so physical space is 
required to meet the needs of handling drums.   
 
Two options have been identified for Darlington; one, maintain the status quo and two, meet all 
the requirements of the three systems identified above.  Option two, requires a building addition 
to the existing Heavy Water Management Building to house 400 m3 of additional heavy water 
storage.   
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Other possibilities were examined in which additional heavy water storage could be provided 
within the existing station structures bypassing the need for a building extension.  Once a building 
extension or new building is required, the incremental costs associated with the heavy water 
tanks are minor and the various options of providing additional storage for only one or two 
systems were deemed unnecessary. 
 
Prior to presenting the two viable options a discussion ensues as to how space available within 
the pre-existing structures was deemed inadequate for meeting the needs of additional heavy 
water storage defined in previous sections of this report.  This is followed by presentation of the 
two options where the various pros, cons and risks are identified and a recommendation is made 
to proceed with one of the options. 
 
Provision of Additional Storage at each Unit and in the Off Gas Management 
System Room 


Basis:  Provide one 50 m3 tank located at each Reactor Unit (provide 4x50 m3 tanks in 
total) supplemented by additional storage in the Off Gas Management Room 


 
Following a walkdown, it has been noted that there is space available at each Unit to install a 50 
m3 tank. This would enable inventory of PHT water to be stored close to the Units and thereby 
meet the requirements of shrink and swell of the PHT system during cool down and heating up. 
This will also resolve the issue of increasing the transfer rate of PHT D2O from the HWMB to the 
Unit (a project to implement this is being considered). 
 
Addition of storage at the Units will free up approx. 200 m3 of available space in the PHT S&I 
tanks to be used for other purposes. However, the existing PHT tanks, 0-38110-TK7 to 0-38110-
TK10 are built to ASME Section VIII (CSA Class 6). Therefore, these tanks cannot be used to 
store moderator drains or high-Ci Upgrader product. They can only be used for storing low-Ci 
Upgrader product and TRF Product. 
 
The 4 new storage tanks at the Units would be connected to the inter-unit reactor grade header 
and would be dedicated to storing PHT water alone (see Assumption 20: the system will maintain 
the current mode of operation). Therefore, there is no flexibility in usage of the additional tanks in 
this design. In addition, installation of these tanks could only be performed during unit outages 
and would present a risk of outage extension. 
 
In conclusion, additional tanks at each Unit would not meet the additional storage requirements. 
 
Basis:  Locate Additional Tanks in the Off Gas Management System (OGMS)  Room 
 
This site has the advantage that all services are currently available in this Room, and the floor 
drains in the Room are also connected to the D2O Collection System. Furthermore, the walls of 
the room are adjacent to the S&I tank room and appear to be seismically qualified, at least on one 
side. However, the OGMS Room currently contains 4 large, vertical Carbon Steel Tanks (<. 2m 
diameter) containing activated charcoal. The Off Gas Management System (OGMS) equipment 
contained in the HWMB is no longer required and is intended to be permanently removed from 
service and declared redundant. These tanks would have to be dismantled, removed and sent to 
the Bruce Waste Management Site or scrapped for disposal, if they are contamination free, in 
order to free up space for the new tanks. The dismantling and disposal of the existing tanks from 
within the HWMB has never been attempted previously.  The risks associated with such an 
activity are presently unknown.  
 
This option is judged to be not feasible for the following reasons: 
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• This room is approx 7m x 16m and is only accessible via a stairwell and through a small 
hatch (2.2m x 2m) in the ceiling (94m El).  To access this hatch would require removing a 
section of concrete floor from the 100m El and removing the steel ceiling and I-beams below 
this floor.   


 
• A seismically qualified pit would need to be constructed in this room [9], further reducing the 


available space. Seismically qualifying the room, located in the middle of the HWMB, is not 
feasible because it would require re-evaluation and assessment of the foundation design, 
reinforcement to current standards where required and construction of a seismic pit. 


 
• Most importantly, the OGMS room could only accommodate a 100 m3 tank or about 8 x 20 m3 


tanks. These tanks are too large to be moved into the OGMS room through the access hatch. 
The tank sections would have to be prefabricated then welded piece by piece in-situ.  Such a 
fabrication and testing process is not permitted as per the requirements of the ASME Section 
III code. 


 
• Moving tanks in and out of this room would cause a significant disruption to ongoing 


operations and would essentially make the truck loading bay at El 100m inaccessible for 
about 6 months. 


 
• If prefabricated and assembled tanks are to be moved into this room, then they would be 


restricted to about 1.6 m diameter and a capacity of about 10 m3 per tank. At the most, 8-10 
tanks could be moved into place in this room, i.e. a maximum of 100 m3 capacity would be 
provided. 


 
Hence, the provision of additional bulk storage in the OGMS room is judged to be not a viable 
option leaving only the possibility of installing 4 x 50 m3 tanks in the Units. This leaves the 
following requirements unmet because of lack of flexibility in this design: 
 


 
Capacity m3 Purpose 
2 x 50 m3 TRF Feed Tank/Moderator Drain Tank 
2 x 50 m3 Downgraded Dirty Tank/Drum Emptying Tank 
2 x 50 m3 Downgraded Clean Tanks 


 
Also, the requirement for additional storage area for drums is not addressed . 
 
On this basis, locating additional heavy water storage or space for drums in pre-existing 
structures is deemed inadequate and options arising from this are not developed further. 
 


8.1.1. Option 1:Maintain Status Quo 
 
 
This is the “Do Nothing” option. Therefore, in this option, Darlington will carry on with “business as 
usual” and undertake contingency measures during planned or forced outages, such as those 
taken in the past to resolve the shortage of storage (for example, during the 2003 SCO). In order 
to avoid implementing similar contingency measures during the 2009 SCO, the implementation 
schedule outlined in this report would have to be fast tracked by OPG to place early orders for 
long lead items, obtaining quick project approval and starting detailed design quickly.  
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• Pros 
 
The obvious advantage of adopting this course of action for the future is that there are no 
incremental expenditures of capital involved and no implementation required, that is, continue 
operating in the same manner 
 


• Cons 
 
The cons or negatives have been identified and discussed in the previous sections 7.1.2 and 
7.1.3 and are only summarized here. 


 
• Cannot support a moderator drain without associated cost of using DIOTS or offsite 


storage  
• Cannot support SCO/VBO w/LLD  
• Risk of downgrading moderator grade D2O 
• Lack of flexibility and storage in the event of an unplanned outage 
• Difficulty in dealing with high TOC events 
• Increased planning and scheduling for water movement  
• Inefficient use of Operators to move drums 
• Inadequate space for storing drums 
• Inefficient use of the TRF  
• Inability to meet contractual detritiation obligations  
• Continue to send drums off site for pressure testing 
• Limited ability to pursue potential external sales 


 


• Risks 
 
The risks to DND and OPG by maintaining the status quo at DND are associated with the Cons 
listed above. 
 


• Risk of lack of available offsite storage 
• Risk of outage extension during SCO/VBO 
• Increased risk of downgrading D2O 
• No flexibility in the system to deal with risk of upsets during an outage 
• Drum storage issues getting worse due to increased drumming at the station 
• Increase risk of health and safety issues related to drum handling 
• Costs incurred to borrow Low Ci D2O 
• Continued increase in OPG tritium concentrations possibly exceeding OP&P limits 


 
The estimated cost to DND of maintaining the status quo is $1.46 million/yr together with the risk 
of losing up to $10 million/yr of external business, see Table 5 and section 7.1.2. 
 


8.2. Option 2  Additional Storage in an extension to the Heavy Water 
Management Building – PREFERRED OPTION 


 
The study recommends this option for DND as it meets all the requirements identified by the 
Project, provides flexibility and will lead to improved efficiency.  The option is to build a 12x12m2 
extension to the West end of the HWMB to house four 100 Mg, class 3 tanks and 12x14 m2 of 
space to house drums and a drum pressure testing facility.  Each 100 Mg tank is to be subdivided 
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into two internal compartments of 50 Mg capacity each.  Drum cleaning services is recommended 
to be performed by PND, see section discussing PND options and section 8.5.   
 
Each 100 m3 capacity double-tank is 4.25 m in diameter and 8.5 m long. Therefore, a total of 8 x 
50 m3 is provided to be allocated as follows: 


 


Table 9.  Recommended additional heavy water storage capacity at DND 


Tag No. Capacity m3 Purpose 
TK1-A,B 2 x 50  TRF Feed Tank/Moderator Drain Tank 
TK2-A,B 2 x 50  TRF Product Tank/Upgrader Product tank 
TK3-A,B 2 x 50  Downgraded Dirty Tank/Drum Emptying Tank 
TK4-A,B 2 x 50  Downgraded Clean Tanks 


 
The recommended additional storage provides a flexible design which meets the functional 
requirements of HW storage as well as maintaining the required segregation in terms of isotopic, 
chemistry and tritium concentration.  
 
The additional reactor grade storage tanks, TK1-A,B and TK2-A,B will provide storage for a total 
of 220 Mg of D2O due to the specific gravity of  heavy water. In addition, all of the tanks will be 
provided with a volumetric design margin of 10% so that they are only filled to a nominal 90% of 
capacity. 
 


A summary of the existing and proposed additional storage capacity is shown in Tables 9 and 10 
below: 


  Table 10.  Existing and Proposed Additional Reactor Grade Storage Capacity at DND 


Existing Reactor Grade D2O Storage 
Tanks 


Proposed Additional Reactor 
Grade Storage 


Purpose Capacity: 
m3 


Purpose Capacity: 
m3 


PHT S&I tanks 4x100 TRF Feed Tank/Moderator Drain 
Tank, TK1-A,B 


2 x 50 


PHT Weigh Tank 1x30 TRF Product Tank/ Upgrader 
Product tank, TK2-A,B 


2 x 50 


Moderator S&I Tanks 3x100   
Moderator Storage 1x47   
Moderator Weigh Tank 1x10   
Upgrader Product Tank 2x12   
Upgrader On-Line Feed Tk 1x9   
TRF Feed Day Tanks 2x10   
TRF Product Day Tanks 2x10   
TRF Product Return Tanks 2x25   
TRF External Feed Tank 1x57   


 
 
TK1-A,B and TK2-A,B are provided for storing reactor grade D2O while TK3-A,B and TK4-A,B are 
allocated to storing downgraded D2O.  
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For TK1 and TK2, the full 100 m3 capacity is available to be used for either assigned duty if 
required, e.g. for TK1-A,B, 100 m3 could be made available for moderator drains or could be 
scheduled to store external TRF feed during normal operation of the Station .  
 
TK2-A,B during normal operation would allow for the segregation of reactor grade TRF product 
and Upgrader Product based on tritium concentration, hence allowing TRF product to be sent to 
the PHT system and the Upgrader product to be sent to the Moderator system. During an outage 
requiring a PHT drain, these tanks could be utilized for storing up to 100 m3 of PHT water 
temporarily. 
Table 11.  Existing and Proposed Additional Downgraded D2O Storage Capacity at DND 


Existing Downgraded D2O Storage 
Tanks 


Proposed Additional Downgraded D2O 
Storage Tanks 


Purpose Capacity: 
m3 


Purpose Capacity: 
m3 


Downgraded Dirty Tanks 2x25 Downgraded Dirty Tanks, TK3-
A,B 


2 x 50 


Downgraded Clean Tanks 2x50 Downgraded Clean Tanks/ 
Downgraded D2O from Emptied 
Drums,  TK4-A,B 


2 x 50 


 
 
TK3-A,B and TK4-A,B arrangement allows for segregation of downgraded dirty and clean D2O 
based on tritium concentrations. In addition, TK3-A,B can also be used to store the contents of 
drums which may be emptied into either tank based on tritium content. If the drums are known to 
contain clean D2O, then they could be emptied into TK4-A,B. In the proposed design, there is  
more Clean Downgraded Tank Capacity than Dirty Downgraded Tank Capacity. The reason for 
this is that during a TRF or Upgrader Outage, we need to store some or all of the recoveries. 
During this time, the IXCU can keep operating to produce clean downgraded water stored and 
ready for processing once the Outage is completed. 
 
Appendix D demonstrates how the additional tankage can be utilized during the following 
scenarios: 18 month TRF outage, SCO and outage with moderator and PHT drain.  In particular, 
during an 18 month TRF outage the additional tankage will reduce the number of flushes required 
after high Curie downgraded water processing resulting in ~120 Mg less of mixed Curie water 
generation with an equivalent reduction in the amount of PHT ready water required prior to the 
outage. 
 
The primary functional interface requirements are: 
 
To receive D2O from and supply D2O to the following systems: 
  


(1) D2O Upgrader (38430) 
(2) D2O Clean-up System 
(3) D2O Collection System 
(4) Moderator System (32100) 
(5) PHT System 
(6) Tritium Removal Facility (39000) 


 
 
Seismic Qualification Requirements  
 
The level of seismic qualification required for the additional storage will only be finalized once the 
CNSC classification approval process is completed. This approval is usually sought during the 
detailed design phase.  
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For the existing systems, most of the storage tanks are in a tank pit that is seismically qualified to 
contain a spill following an earthquake. It is very likely that the same level of requirement will be 
imposed for equipment that performs a similar, but increased capacity, function. It is reasonable 
to expect that either the new equipment will itself need to be seismically qualified or a similar 
alternative pit type arrangement will need to be provided. Currently, the pit housing the S&I tanks 
is qualified to DBE category 'A', which means that it will not incur increased leakage during and 
following a seismic event. The piping in the D2O management building is not seismically qualified. 
The additional storage recommended for this study will be assumed to have the same seismic 
requirements [9]. 
 
 
S&I Tank Requirements 
 
• All storage tanks added must have level instrumentation that displays on the HWMB Control 


Computer System 
• All existing S& I level and weight instrumentation should also be displayed on the HWMB 


Control Computer System 
• The building that houses this facility must tie-in to the existing HWMB D2O liquid recovery 


system or have its own liquid recovery system. 
• The building that houses this facility must tie-in to the existing HWMB D2O ventilation system 


or have its own ventilation system. 
• The storage tanks added must tie-in to the existing HWMB D2O vent and cover gas system or 


have its own D2O vent and cover gas system. 
• An equipment vent dryer is required if the facility is to be housed in a new building. 
• Tritium monitors are required to be located strategically in the building. 
• New PHT S&I transfer pumps are to be installed with a design flow rate of 8 l/s and the same 


head capacity requirements as the existing units 
• The storage tanks will have associated valves and pumps to transfer D2O as required to their 


respective tie-in systems. Capability to transfer water from existing tanks to the new storage 
tanks and from the new storage tanks to existing tanks is required. 


• The existing pit where the D2O S&I storage tanks are housed is seismically qualified. 
Consideration of seismic qualification requirements for the additional storage area is required, 
since some of the new tanks will be used for storage of high tritium D2O. 


• A radiological dose assessment will be required to cover loss of the complete inventory of 
these tanks, similar to what was completed as part of the original design of the D2O S&I 
system.   


 


• Pros 
 
The pros of moving forward with this option are: 
 


• Supports Moderator drains and eliminates the need for off-site shipments during planned 
moderator drains  


• Avoids Outage extension due to limited PHT storage capability  
• Creates the flexibility and storage requirements to meet the requirements of an 


unplanned outage and operational upsets during an outage 
• Able to support VBO/SCO with LLD 
• Provides sufficient downgraded storage to minimize the risk of downgrading D2O  
• Avoids increasing PHT tritium concentration by being able to segregate PHT and 


moderator recoveries during extended TRF outages. 
• Minimize the risk of having to borrow Low Curie D2O 
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• Improves the storage capacity available to manage an acute leak event resulting in high 
recovery rates for a short period 


• Improves ability to empty drums from outside customers quicker so drums can be 
returned sooner and more space available for more drum shipments 


• Ability to pressure test drums in house on as needed basis 
• Minimize health and safety issues related to drum handling 
• Improve operator efficiencies 
• Increases flexibility in the TRF to: 


o Help meet contractual detritiation obligations 
o Allows Isotope Sales to pursue new business opportunities 
o Increase the efficiency of the TRF 
o  Allow OPG to meet tritium concentration OP&P limits 


• Permit cost recovery through increased D2O external services 
• Additional storage space can provide some relief for PND during its outages mitigating 


some of the storage issues at PND, see section 8.5 
 


• Cons 
 


• There is a significant capital expenditure of $27 million, see section 9 
• It is estimated to require 4 years to install and commission 


• Risks 
 


• Failure to recover cost of investment - The benefits from execution of this project are 
made up of some items where the benefits are quantifiable and also other items where 
the benefits are more intangible. For example, there will be operational improvements 
and increased efficiencies as a result of installing additional storage. The con of investing 
about $27 million in additional storage facilities can be weighed against the potential 
revenue from improved external sales alone. This indicates a payback period of about 3 
years, which is favourable. Therefore, the risk of the additional sales benefits not 
materializing should be evaluated.  


 
• Higher costs due to discovery work during detailed design - This risk has been mitigated 


by including a 25% contingency in the overall estimate. However, there still remains a risk 
that some discovery work during detailed design or execution of the project will result in 
an increase in the estimated cost. 


 
• Unreliable TRF - The rate of return on investment through external sales is dependent on 


the TRF operating reliability as per the operational plan.  Although increased heavy water 
storage will mitigate the effects of an unreliable TRF, a period of reliable TRF operations 
is required once the extra storage is in place in order to create the necessary low Curie 
heavy water buffers. 


 
• During construction and commissioning there is a potential to disrupt HWMB operations. 


 
 
 In summary, provision of additional reactor grade storage will: 
 


• Eliminate the need to ship 100 Mg or more of reactor grade water off-site for temporary 
storage during a complete Moderator drain and prevent potential cross contamination 
and mixing of Moderator and PHT grade water 
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• Provide additional storage capacity for TRF feed and product to support OPG detritiation 
needs 


 
• Provide additional storage capacity for TRF product with potential for significant financial 


benefits due to improved sales of detritiation services and avoiding the need to borrow or 
lease PHT make-up water from external sources. With the additional flexibility created by 
adding storage volumes, revenues have the potential to increase by $7-8 million. 
Therefore, there is potential net achievable benefit of $10 million. 


 
• Provide additional storage capacity for TRF feed and product with the potential to 


mitigate the reactor grade storage requirements at PND during its outages. 
 


 
Provision of additional downgraded storage will: 
 


• Eliminate  the need to store downgraded water in reactor grade storage tanks and 
thereby eliminate  the possibility of extensive downgrading of reactor-grade water due to 
cross-mixing, thus allowing isotopics to improve by better utilization of the Upgrader 


 
• Improve the capability for segregation, produce less mixed-Ci water and reduce the need 


for storage by more than 100 Mg  during an extended TRF Outage 
 
• Improve the Upgrader capacity factor by allowing for recirculation through the D2O Clean 


Up System while still maintaining capability to feed the Upgrader  
 


The additional drum storage space provided in Darlington will improve efficiency and safety. An 
on-site pressure testing facility will improve the ability to ship drums off-site. 
 


8.2.1. Possible Locations of Additional Storage 
 
The above arrangement is expected to provide the required flexibility while reducing costs 
compared to dedicating 750 m3 of additional storage to specific duties as recommended in the 
previous report[4].  
 
There are various sites for locating the additional tanks in the vicinity of the HWMB 
 
Location A: New Extension to the Heavy Water Management Building (HWMB) – preferred 
location 
 
An extension to the HWMB would be constructed to the west of this building. This will be an 
industrial building with approximate floor area of 12m by 26m, see Appendix F for sketches of the 
proposed extension building extension. 
 
The design of the building will be such that ISO Container and drum unloading will be on the 
ground floor so that trucks could park by the loading door.  
 
The required area for building extension shall include the dismantling of the existing truck loading 
bay and its loading deck/receiving area housing/office. The loading bay would be filled in and 
leveled.  A new truck receiving door shall be built on the receiving bay. Also the 
docking/receiving/drums loading bay shall be provided with a ramp to allow a forklift to access the 
truck and lift out a palleted drum from an opened ISGHWP container.  
 
During construction of the HWMB extension, the existing loading dock would be unavailable for 
receiving ISO containers and unloading of drums from ISGHWP customers. During this period, it 
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is recommended that as a temporary measure, ISO container unloading should be performed in 
the TDO loading/unloading bay. This would need to be scheduled and planned so that it does not 
interfere with the arrival of TDO shipments. 
 
The building height on the receiving/drum loading areas shall be restricted a few feet below the 
fresh air intake louver (107.8m El.) on the adjacent building, but beyond the louver, the building 
height shall be constructed to house the tall vertical tanks. 
 
The existing S&I tanks in the HWMB are currently below grade and are gravity fed from the Units, 
due to design constraints.  If new tanks are built above the ground, the ability to pump D2O from 
the station to the new tanks would need to be confirmed. 
 
The bottom section of the proposed HWMB extension would form a seismically qualified, leak 
tight enclosure, constructed from reinforced concrete of the appropriate thickness. This is 
intended to contain the entire inventory of the storage tanks in case the tanks were to rupture and 
release their contents into the building. It is expected that this seismically qualified section would 
be approximately 12m by 12m by about 4-6 m high. The pumps associated with these storage 
tanks would be located outside of this area, in an adjacent, existing room of the HWMB to make 
maintenance access easier and to prevent submersion in the event of loss of D2O containment. 
 
It has been determined that no building can be within 9m of the fuel oil tanks for the Auxiliary 
Steam Generators which are located to the west of the HWMB [10]. The current proposal for the 
HWMB extension is located approx 24m from the fuel tanks so this will not be an issue 
 
Construction Issues 
 
There are existing services buried underground in the area where the HWMB extension is 
proposed. A walkdown was conducted and the following are the preliminary findings. 
 
There are buried services which would add to the construction costs.  Concerns are regarding a 
helium supply line, pressure switch indication cable to the helium supply tank, fire lines, storm 
sewer lines, roof drains, buried electrical cables to supply the temporary trailers across the road, 
and station ground cables. 
 
An existing storm drain running down the middle of the proposed extension site would have to be 
re-routed. There are electrical power lines running west of the HWMB to the trailers. These would 
also need to be re-routed. 
 
The details of these services are found in drawing NK38-D1H-10249-1343 which indicates the 
specific helium piping, fire lines, roof drains, and storm sewer lines.  If further digging was 
required, there are buried lines under the middle of the road for steam, condensate return, air, 
and water that need to be addressed. 
 
Detail of Helium Supply can be shown on drawings: 
NK38-D1S-57500-0030 
NK38-D1S-67554-0001 
NK38-D2S-67554-5002 
 
 
Standby Generator Equipment does not appear to be a problem but the following drawings 
show the service locations: 
NK38-D0S-57500-0018  cable duct to storage tanks 
NK38-D0S-57500-0004  tunnels servicing SG's 1&2 
NK38-D1H-10249-1342  SG oil storage tank oil and fire water lines 
 
Station Grounding 
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NK38-D0S-57684-0002  D2O Bld 87 el 
NK38-D0S-57684-0004  D2O Bld 100 el 
NK38-D0S-57600-0002  site layout 
 
Telephone 
NK38-D5F-57304-0265 site layout shows no trunk cables but the walk down observed a phone 
on the wall of the loading dock building and lines buried under the road to service the temporary 
trailers. 
 
Lighting 
NK38-D0S-56102-0051 street lights with wiring across the road so it is not a problem 
NK38-D0S-56184-0003  el 100 lighting for inside and outside D2O management Bld 
 
Truck Ramp Snow Melting 
NK38-D0S-56384-0001  heating cable layout 
NK38-D2S-53348-0001  600 volt panel 
 
Temporary Trailer Wiring 
 
This would likely require a more detailed field walk down to determine the location of telephone 
wiring.  However, at this time it was observed from the previous walk down that there are 5 
conduits trenched under the road to service the temporary trailers fed from the D2O management 
building.  The conduits would contain electrical power, LAN connection, and telephone. 
 
Pros 
 
There are many advantages to Location A, which will make it the lowest cost location of all that 
are considered here. Besides being the lowest cost feasible option, it has also operational 
advantages being in the vicinity of the HWMB. For example, services for the extension can also 
be extended from the existing services in the HWMB, particularly for D2O Collection, ventilation, 
stack monitoring, etc. Personnel working in the HWMB will find it easy and efficient to carry out 
required duties in the extension. Movement of heavy water will require minimal holdup in piping, 
and the philosophy of centralized Heavy Water Management will be maintained. Overall, this is 
judged to be the most effective location for the additional storage to be provided at Darlington. 
 
Cons 
 
The available space is constrained by the roadway to the west and the HWMB to the East. 
However, it has been demonstrated that the requirements for additional Heavy Water storage can 
be met in this location, both for ongoing operational needs but also for the SCO, VBO outages, 
for an 18 month TRF outage and for an 8 week Upgrader outage. The requirements imposed by 
life extension or retubing of the reactors are not part of the Scope of this study. However, their 
impact is being considered below and a means of accommodating these requirements is 
discussed. 
 
Location B: Locate Tanks in a New Building east of Unit 4 
 
In this site, a new building would be constructed east of Unit 4 to house the additional storage 
tanks as well as to provide a drum unloading and storage facility for drums received by ISG from 
offshore. 
 
Tie-ins from this building would be provided to the inter-unit reactor grade D2O header. The use 
of the existing header would avoid the installation of additional piping to cover the large distance 
from this location to the HWMB. Similarly, there is a downgraded header which could be utilized 
for transporting downgraded water to the HWMB. 
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Pros 
 
An advantage of this location is that there will be room to expand easily to take care of future 
needs for storage, e.g. for re-tubing. The space is not as restricted as in the other two options.  
It is also possible that at this new location, fewer services are buried underground than in the 
proposed Location A near the HWMB. 
 
Cons 
 
There are many significant disadvantages to this location rendering it undesirable, both for 
supporting ongoing HWMB operations and for future life extension needs. Stored D2O 
transported in the headers crossing all 4 Units make the Units more vulnerable to an operator 
error leading to downgrading or cross-contamination. Such a possibility is eliminated if the 
storage is located next to the HWMB. To avoid cross-contamination, four new headers, running 
the length of the 4 Units may be needed. This would add significantly to project costs. 
 
In addition, it would not be feasible to provide additional feed storage to the IXCU from this 
location. To facilitate recycling when required, these storage tanks should be close to the IXCU 
(this is required as per Assumption 15). The amount of holdup in the piping makes recycling from 
the IXCU impractical. Larger feed tanks for the TRF should also be located close to the TRF 
ideally, in order to avoid dilution of the feed tritium concentration via the reactor-grade headers. 
 
Services provided in the HWMB – e.g. ventilation, stack monitoring etc cannot be shared 
increasing the cost of the new building as compared to the HWMB extension. 
 
The large distance from the HWMB will also consume more operator time in traveling back and 
forth when required  consuming additional human resources. 
 
It is not clear whether all of the various grades of D2O could be transported economically from 
east of the reactor building to the HWMB. For example, D2O received from off-shore by ISGHWP, 
may be at a lower concentration than the PHT or Moderator D2O at Darlington. Thus it could not 
be transferred via the reactor grade header and may be too high in concentration to transport via 
the downgraded header. Hence, segregation of D2O would be compromised by this location. 
Downgrading of reactor grade water is not an option. An alternative is to build a new header 
crossing all 4 units. Retrofitting of this header with its supports is expected to be very expensive 
and disruptive. Seismic qualification of the piping will likely be a requirement.  
 
Therefore, the study concludes that the new extension to the HWMB, Location A, represents a 
more economical and less disruptive option.    
 


8.3. Consideration of Reactor Life Extension or Reactor Re-tubing 
 
Although consideration of Life Extension of DND units is not within the scope of this study, it is 
anticipated that the Government of Ontario may make a decision on refurbishment of existing 
reactors within the lifetime of this project. This could result in a quick change of direction for this 
project. Therefore, the impacts of life extension have been considered here and a possible 
location of the additional storage that would be required has been identified. 
 
During the re-tubing of a Unit, it is expected that the Moderator and PHT will need to be drained, 
causing an additional storage need for 750 m3 of heavy water over and above the requirements 
outlined in this study. The current footprint available for the HWMB extension is constrained. 
There are two options for accommodating the 750 m3 of heavy water storage required for re-
tubing of a reactor: 
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• Design and build the HWMB extension with a lower basement level approximately 9 m below 


grade. This additional level will then be designed to house tanks capable of storing 750 m3 of 
heavy water, say in 4 tanks of 200 m3 each. It is more cost effective to plan and include the 
space requirements for the storage needs associated with Life Extension during the 
implementation of the present project. This would require a space approximately 29m long, 
10m wide and 10m deep. This is proposed to be located below grade, directly below the 
proposed HWMB extension. In order to enable access to the underground space for future 
installation of tanks, a removable 6.5m by 6.5m hatch should be considered in the design, to 
be provided at ground level in front of the drum handling area. However, it is anticipated that 
modifying the scope of the current project to accommodate life extension requirements may 
complicate and possibly delay the approvals process for the project.  


 
• Build the future storage tanks for life extension of DNGS directly to the South of the proposed 


extension to the HWMB. This would require the relocation of some existing gas services 
being supplied from this area (liquid nitrogen, helium). The tanks would be located 3-4 m 
below ground level, so that a seismically qualified pit would be available to contain the 
contents of the tanks in case of a leak.  


 
At this time, a cost estimate of the full basement is out of the scope of this study. However, any 
future assessment of utilizing the proposed site to accommodate life extension must consider the 
following issues: 
 


• The possibility of being below the water table and the need to address waterproofing . 
• The construction of a reinforced concrete pit may become more complicated and more 


costly. 
• The need to conduct soil characterization.  The nature of the soil can significantly impact 


excavation machine requirements and progress. 
• Potential soil contamination (radionuclides, chemicals, metals) requiring the soil to be 


shipped off-site at a significant cost. This issue cannot be addressed until soil 
characterization is completed. 


• How far away from the existing wall foundation  can the pit be built without affecting the 
soundness of the existing building structures and wall footing clearance? This requires 
the assessment of a civil engineer. 
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8.4. Heavy Water Storage Options at PND 
 
PND issues involve two of the HW systems, Clean up (IXCU) and ‘Storage and Inventory’.  
Although the issues with drums fall under the IXCU it also can stand on its own.  Various storage 
options present themselves for PND but only one addresses all the requirements defined by the 
assumptions.   A significant factor in the assessments of options for PND is the remaining lifetime 
of the PND-B units that are scheduled to begin shutdown as early as 2014 and end by 2016.  Any 
defined option has to be balanced out by the anticipated date of implementation, the estimated 
cost, the potential savings to PND within the remaining lifetime of PND-B or the potential risks 
associated with not implementing the recommended option.  The announcement made by the 
provincial government, near the end of this study, that life extension at PND is under 
consideration may alter the considerations given to the recommendation made.   


8.4.1. Option 1 – Maintain Status Quo 
 
With this option business as usual continues.  In this option all the deficiencies in the heavy water 
management system are known and Common Services will continue to find ways to work around 
them, as they have so far.  There will continue to be cost penalties associated with this option 
some quantifiable and others not.  The quantifiable costs resulting from the system deficiencies 
have been previously discussed. 
 


• Pros 
 
With this course of action there are no additional expenditures of capital or resources.  
 


• Cons 
 
All shortcomings covered previously in this report will continue with potential to further aggravate 
the situation: 
 


• Little tolerance at PND to deal with erratic TRF performance which impacted its 
detritiation performance. 


• The moderator tritium concentrations will, most likely, continue to be above target 
resulting in higher tritium emissions to the environment and higher worker dose.   


• The system isotopics will, most likely, continue to be low resulting in larger fuel burn-
up. 


• Limited flexibility in dealing with competing heavy water requirements negatively 
impacting the segregation philosophy for different quality waters. 


• Overlapping Moderator drain (PND-B) and PHT VLLDS, regardless of the length of 
the outage, cannot be accommodated without operator work-arounds and the 
shipment of heavy water offsite. 


• Drum numbers at PND will continue to climb further clogging station real estate and 
increasing the risk to health and safety of workers.  


• Large number of drums will continue to attract CNSC attention with potential direct 
impact to operations.   


• The ability to segregate oily downgraded water from non-oily downgraded water will 
continue to be limited, defeating the efforts of the present campaign to clean up IXCU 
feed tanks of oil. 
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• Clean up system throughput, expected to go up when the oily feed tanks are 
cleaned, will again become contaminated reducing IXCU processing throughput. 


• Upgrader performance, particularly UPPB, will continue to degrade. 
 


• Risks 
 
The risks associated with this option are: 
 


• Use of non-standard procedures (work-arounds) to maneuver existing S&I 
inventories to accommodate a simultaneous moderator drain and VLLDS from a 
single unit can increase PND operational risks such as:   
o Outage duration can be extended by at least the number of days overlapped 


between moderator drain and PHT VLLDS, if an alternate mitigating method is 
not found or acceptable.  The cost penalty of an outage delay can be as high as 
$1M/day per unit; 


o Possibility in downgrading valuable TRF product by mixing with lower grade PHT 
product or Sulzer product.  


o Possibility that there is no available direct storage for one or both upgraders’ 
product, and will have to resort to using drums or placing upgraders into reflux.  
This can increase labour costs, negatively impact housekeeping worker safety 
and ALARA. 


• Use of non-standard procedures to deal with the limited flexibility in the S&I system 
may lead to outage delays ($1M/day) or downgrading of TRF or UPPB product. 


• Tritium concentration OP&P limits for the moderator may be exceeded. 
• Degradation of the Upgraders, to the point they can no longer meet operational 


requirements – potential cost in the millions of dollars to address shortcomings 
[Appendix Q, 54]. 


• Further overtaxing of the IXCU to the point that: 
o Drums become an unmanageable problem 
o Operational demands for upgraded clean water not met without external heavy 


water 
 
The estimated cost to PND of maintaining the status quo is $0.72 million/yr, see Table 8, section 
7.4.  This cost excludes the potential millions of dollars per year costs that is anticipated due to 
the continued degradation of the UPPB Upgrader. 
 
Based on the potential costs associated with the major risks this course of action is not 
recommended. 


8.4.2. Option 2 – Increased S&I storage, increased IXCU storage 
and Drum Facility –  


 
This option addresses all the requirements defined by the PND Assumptions.  The requirements 
are driven by deficiencies in three areas: drum handling, clean up system and the Storage & 
Inventory system.  How the option addresses the three areas is discussed.  The Pros and Cons, 
benefits and risks of implementing the option are presented.   Appendix C – Rationalization for 
Storage Options at PND demonstrates how the recommended storage capacity increase 
addresses the needs defined by the PND Assumptions. 
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• Drum Cleaning Facility 
 
This option provides PND with a much needed drum cleaning facility.  The recommendation is for 
this drum cleaning facility to service both PND and DND as Darlington’s drum needs are one-
tenth that of PND [PND Assumption 5 and DND Assumption 3]. 
 
Appendix E summarizes the nature of dirty drums and the different levels of cleanliness of drums 
required by the intended end use.  A drum cleaning facility can be purchased as a complete 
automated unit from a drum cleaning equipment supplier.  The general features of a drum 
cleaning facility for PND are similar as that supplied by the equipment supplier, what varies 
maybe the nature of the cleaning solution.  The minimum cleaning approach would be to use 
pressurized hot water or steam. 
 
An example of drum cleaning equipment is Model DW55 from Drumbeaters of America; it has the 
capability to process 30 drums/day.  The facility can be self-enclosed and ventilated, eliminating 
the need for a separate fumehood.  In removing the drum bungs in preparation for cleaning a 
separate, articulated, trunk line can be made available as local ventilation.   
 
The recommended location for a drum cleaning facility is at elevation 254’ in the Service Area.  
The location is presently identified as the ‘Liquid Radioactive Waste Facility’ in drawing NK30-
DFA-24000-0003-R19.  In the aforementioned drawing the location is defined by Lines 189 and 
191 and Rows O and Qy; see Appendix G – Proposed Location of Drum Cleaning Facility. The 
area has sufficient space to accommodate the number of drums to be processed that day plus 
the previous day’s cleaned drum allotment.   
 
The proposed location for the drum cleaning facility is next to D2O drum storage facilitating the 
movement of drums to and from the cleaning facility.  Additionally, for drums requiring disposal 
the facility is close to the solid waste handling area.  Also, the location has many of the required 
services (power, instrument air, active drain liquid drain). 
 


• Increased Storage at IXCU 
 
Table 12 captures the proposed increase in storage capacity at IXCU.  The largest change is in 
the storage capacity for oily downgraded water (low and high Curie) from the present two tanks of 
2.3 m3 for low and high Curie.  This represents a significant increase but historical data supports 
the recommended change, see Appendix C.  Additional storage capacity of 16 Mg is 
recommended for the low Curie and high Curie, oily, recovered water.   
 


Table 12.  Recommended Additional Storage Capacity at PND IXCU 


Purpose Capacity (Mg) 
Low-Ci, oily, water 16 
Low-Ci vapour recovery 46 
High-Ci, oily, water 16 
High-Ci vapour recovery 19 
 
For non-oily, low Curie, downgraded water an additional 46 Mg of storage capacity is 
recommended.  While 19 Mg of additional storage for the non-oily, high Curie, downgraded water 
is considered sufficient. 
 
The proposed additional storage capacities are calculated quantities from the rates of 
downgraded water production.  Appendix C presents the appropriate calculations substantiating 
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the recommended increases in storage proposed in Table 12. The recommended increase in 
storage capacity provides contingency for acute recovery rates. A preliminary review of 
architectural drawings indicates the 50 m3 tank proposed by ECN 963 may not fit through the 
corridors and corners so a 46 Mg tank may also have difficulty fitting.  ECN 963 was a previous 
engineering change package that proposed additional storage tanks for IXCU.  Solutions to this 
potential dilemma are: using two smaller tanks (sitting vertically) with the same overall capacity, 
building the tank in-situ or scaling down the size requirements.  As Appendix C illustrates the 
sizing of the tanks was driven by consistency in capacity among the various holding tanks and 
their ability to handle acute recovery events.  An arbitrary period of 2 weeks of holding capacity 
under acute conditions was chosen to allow flexibility in the system.  This flexibility can be relaxed 
by 10% (~7 Mg) if needed in order to permit a tank in the proposed location. 
 
The increased storage is proposed to be located in the area previously recommended by ECN 
963.  This area is next to IXCU at the 274’ location in the Reactor Auxiliary Bay (RAB) east of Unit 
1 in Pickering A. The closeness of the tanks to IXCU is a strong positive.  Appendix H shows the 
proposed location of the additional tanks.  The area is defined on drawing NA44-06-21002-00058 
by lines H and O and rows 8 and 10.    
 
The Pickering A RAB structure was assessed to be seismically adequate [22].  The impact of 
additional reinforcements required to deal with the extra weight of the tanks may require further 
seismic assessments resulting in extra costs. Detailed design will indicate the necessary 
reinforcements required.  
 
Appendix M identifies potential installation risks in adding tanks to this area. 
 


• Increased Storage at S&I 
 
The existing S&I storage capacity is  


Table 13.  Existing Reactor Grade D2O Storage at PND 
Purpose Capacity (m3) 
PHT  2x100 
Moderator 2x150 
UPPB upgrader (low-Ci) product 2x5.5 
Sulzer upgrader (high-Ci) product 2x2.1 
PIOTS receiving 1x29.8 
PIOTS shipping 1x21.4 
PIOTS surge  1x11.3 
 
The total capacity of the system is 570 m3.   
 
The following additional storage capacity is proposed, see Table 14.  It is recommended that two 
100 Mg capacity, class 3, tanks be subdivided into 50 Mg capacity tanks and interconnected to 
the PHT and Moderator S&I tanks utilizing a double block and bleed arrangement.  The double 
block and bleed arrangement will provide maximum flexibility in the utilization of the storage 
space while preventing cross-contamination.  Appendix C demonstrates how the added tankage 
provides the flexibility needed at S&I to accommodate a simultaneous moderator and VLLDS 
PHT drain. 
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Table 14.  Additional Tanks and Capacity for Reactor Grade D2O Storage at PND 
Purpose Capacity (Mg) 
Moderator/PHT 2x50 (as one 100 Mg unit) 
Moderator/PHT 2x50 (as one 100 Mg unit) 
  


 
It is proposed to place the additional S&I tanks in room S668, located on elevation 277’-4” and 
currently containing obsolete HVAC equipment (reference drawing NK30-D5A-24000-0053).  This 
is the recommended location for additional S&I tanks.  The HVAC equipment enclosure is 
constructed on top of the Solid Waste Handling Facility.  The facility was constructed to the 
following seismic requirement [20]: 
 
“Except for the siding on the South side, the building structure does not need to be seismically 
qualified.  The south wall siding shall be seismically qualified for design basis earthquake (DBE) 
[19].  The structure shall not produce negative impact on the seismic capability of the pressure 
relief duct (PRD).” 
 
Appendix I is a sketch of the proposed additional S&I tank location within the HVAC room.  This 
room has sufficient space to accommodate even more tanks.  Presently the area is Zone 2.  The 
equipment within the room is not commissioned and is expected to be non-radioactive.  The 
equipment will require removal and scrapping.  It is anticipated that after scanning for 
radioisotopes that it will be confirmed to be non-radioactive and can be disposed of to 
conventional land fill.   
 
To facilitate the movement of the removed equipment and insertion of the S&I tanks removal of a 
portion of the ‘seismic’ south wall is envisioned.  The south wall being an external wall facilitates 
removal of part of the wall.  Reinforcement of the floor to accommodate the additional weight and 
meet seismic requirements is expected.  Reinforcement of the floor is expected to be difficult due 
to the present floor having been built approximately 4 feet higher than the old roof; that is, there 
exist a crawl space of approximately 3 to 4 feet in height between the old roof and the new floor. 
 
Any work performed in this location will require a Green person or rezoning during the course of 
construction. 
 
Optional Location for S&I tanks – UPPA 
 
The UPPA Upgrader is no longer in operation.   All the equipment in the area except for certain 
piping and feed tanks is no longer in use.  The area is defined in reference drawing NA44-EMG-
34600-0004 by lines A to D and columns 1 to 4.  Appendix J is a sketch of the proposed tank 
locations.  The location could accommodate even more tanks if required. 
 
The design manual [21] does not stipulate any seismic requirements.  Also the building is not in 
the seismic success path evaluated in reference 22.  Because S&I tanks are part of the D2O 
Safety System as described in the previous sections a seismically qualified dyke will be required 
to surround the tanks.  Additional seismic assessments to be performed during the design phase 
are viewed as less onerous than for the Obsolete HVAC area because the tanks would be 
located on grade level.  The appropriate seismic response spectra for this area are documented 
in references 22 and 23. 
 
This location is a significantly distant from the present S&I tanks.  Pipes connecting to the main 
heavy water S&I headers in the station will likely be required to be seismically qualified to DBE A.  
Flow diagram NK30 F0H 38210 0001 and Design Manual NK30-38210 for D2O Supply System 
indicate: 
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• The D2O supply system is seismically qualified for a DBE category A 
• Seismic qualification DBE category A shown on equipment data sheets (tanks and 


relief valves) in the design manual. 
• System Classification List for CNSC approval of Code Classification also shows 


system and tanks to seismic qualification DBE A 
 
The location of the UPPA site versus present S&I tanks and the higher costs (~2.5 M$ versus 
HVAC room) associated with this option led to the HVAC room being chosen as the preferred 
location.  
 


• Pros of Implementing PND Option 2 
 
Implementation of this option have the following pros: 
 
Drums 
 


o Reduction in the number of drums at PND 
o Improved operations at IXCU by balancing the downgraded water creation rates, 


processing rates and feed storage, 
o Reduction in the number of drums purchase, 
o Freeing up of station floor station presently occupied by drums 
o Ability to adhere to segregation philosophy for different quality waters 
o Clean drums available to deal with acute recovery events or to temporarily store 


reactor grade water 
 
IXCU Storage 
 


• Reduce the number of drums. 
• Improve or slow down the rate of deterioration of the performance of the upgraders 


and this may benefit OPG in considering PND’s life extension. 
• Improve overall water management by allowing recovered water to return to the units 


within its normal cycle instead of storing in drums which make the inventory not 
readily available.  This may also reduce or eliminate the need to purchase or borrow 
further water inventory to replenish water being stored in drums.   


• IXCU will have the required flexibility to support various operational and outage 
scenarios, including acute recoveries. 


• Permit segregation of the different qualities of downgraded water to be processed 
effectively. 


• Handle the variation in downgraded heavy water production rates. 
• Reduce the number of drums being recycled for collecting downgraded dirty water by 


allowing more drums to be emptied.  Emptying more drums, cleaning them and 
recycling them quicker will reduce the total number of drums. 


• Less drums will reduce dose to workers and the risk of injury to workers.   
 
S&I 
 


• Reduction in tritium concentration in moderators 
• Increase in isotopics in moderators 
• Detritiation of PND-B can easily be performed via bulk swap during a unit outage and 


moderator drain, 
• Receive TRF product at any time, 
• Ship heavy water to the TRF at any time, 
• Enhancement of moderator isotopics, 
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• Accomodation for moderator drains and a VLLDS PHT drain from two units 
(Pickering A and Pickering B) 


• Flexibility in storage system to handle unplanned events 
• Permit the segregation of different quality waters 
• Improve the ability to handle erratic TRF performance even 18 month outages 


 
The proposed 50 Mg capacity tanks are the same capacity as the TRF’s bottom product tanks.  
This similarity in tank capacities means that two of the four 50 Mg capacity tanks can be utilized 
as transitional tanks to support shipment between TRF and PND, thus, minimizing the risk of 
mixing other products from PND or of downgrading the received TRF products.  The stored TRF 
product can be utilized to support PND detritiation program or even external sales.   


• Cons of Implementing PND Option 2 
 
The maximum expenditure of capital, approximately $23 million, is with this option.   
 
With an estimated end date for the execution of this option of late 2010 (see costing Section 9) 
and with the first PND Units reaching end of life 2014 (no life extension considered) there is a 
short time frame for a return on investment.  Additionally, by the end of the estimated project 
completion date of late 2010, PND will have dealt with all the aforementioned shortcomings for 
most of its operational life.  As the units are retired the demands on the heavy water management 
system, from an operational point of view, will decrease; however, they may be a need to hold the 
heavy water from the shut down units. 
 
Drums 
 
Additional resources will be required to operate the drum cleaning facility.  Automated drum 
cleaners are available but still require drums be manually placed into the drum cleaner and then 
taken out.  Day to day maintenance of the drum cleaning facility will be required (extraction of oil 
from collection tanks, filter changes, washing solution changes, movement of dirty drums in and 
clean drums out of drum cleaning facility.  Shipping of dirty and clean drums between PND and 
DND will require resources for the physical shipment and for tracking.  OPG finance suggests to 
cover the above a cost of $50/drum be utilized; thus, for 10 drums per day x 365 days = $182,500 
(see Appendix Q). 
 
There will be potential tritium emissions to the environment which will require managing. 
 
A drum cleaning facility will require removal of pre-existing equipment.  The cost for removal of 
the old equipment (estimated to be ~160 k$) is higher than the drum cleaning equipment (<100 
k$).  The emptied room will require: an exhaust line to a chiller or dryer because of the presence 
of tritiated water vapour, local monitoring due to the potentially high MPCa of tritium within the 
drums and a shower station. 
 
IXCU storage 
 
The negatives in increasing storage capacity for IXCU are: 
 


• Costs to remove existing equipment (~840 k$) 
• Seismic assessment required 
• Reinforcement of pre-existing structures needed 
• Significant capital expenditure (~11 M$) 


   


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 70 of 171







K-012667    


    62


  
S&I Storage 
 
In order to increase the S&I storage significant capital expenditures have to be incurred (~13 M$).  
The costs will not only include equipment and materials but the need for structural reinforcements 
of existing structures.  Major interruptions to the operations, such as, an outage of the generating 
units are not foreseen.   
 


• Risks 
 
The single largest risk in implementing this option is financial, approximately $23 million, which 
isrecoverable if PND receives a life extension.  Expenditures associated with adding a drum 
cleaning equipment and extra storage at IXCU has some strong quantifiable cost savings and will 
mitigate the major risk to the systems (Upgraders).  The cost savings associated with dose and 
isotopics although significant may be achievable without increasing S&I tank capacity.   
 
Drums 
 
The manufacturer [28] assures that the typical dirty drums created at the station can be cleaned 
by their equipment with their recommended cleaning approach.  However, given the additional 
considerations that dirty drums at the nuclear station present, such as, radionuclides, MISA and 
MOE discharge restrictions and active liquid drain constraints, the cleaning solution ultimately 
utilized may not be that recommended by the drum cleaning equipment manufacturer.  The 
impact of this might be less than ideal drum cleaning or additional equipment to process the wash 
water (eg. reverse osmosis for salt removal). 
 
To overcome this risk a staged approach is recommended.  The first stage would involve 
quantitatively defining a typical dirty drum and creating surrogate dirty drums (no radionuclides).  
The surrogate dirty drums would be shipped to the drum cleaning equipment supplier for cleaning 
at their facility utilizing a variety of cleaning solutions.  The information gained from the exercise 
would define the nature of the drum cleaning facility waste stream and the anticipated level of 
cleanliness achieved by the various cleaning solutions.  This information supplemented by 
operational experience from the petrochemical, food and bio-medical industries would constitute 
stage two.  In the third stage the information gained through stages 1 and 2 will be utilized by the 
design team to tailor fit a drum cleaning facility to meet the needs of the nuclear station.  Failure 
to do this will increase the risk that any drum cleaning equipment purchased which satisfies the 
effluent discharge criteria might not effectively clean the drums. 
 
Storage at IXCU and S&I 
 
The recommended increase in S&I storage volume and the benefits gained from it are contingent 
on having an efficient, well-managed TDO transportation system.  Detritiation of nuclear stations 
outside of DND is dependent on the shipments of TRF feed and product from DND via the TDO 
transportation system; it is critical that sufficient TDO packages, trailers and resources be 
available.  A factor in the inability to detritiate PND-B has been resource issues with the TDO 
transportation packages; this should be examined.  Once the buffer heavy water volumes of TRF 
product have been created the dependence on the TDO transportation and an unreliable TRF is 
reduced. 
 
If segregation of the different qualities of water is not practiced then adding more storage to the 
feed tanks at IXCU will not change the present situation except to have more oily tanks.  If IXCU 
encounters downgraded heavy water it cannot clean, the usage of drums to store this water is 
anticipated leading to similar problems faced today.  The recommendation for no additional 
storage at IXCU with a drum cleaning facility is based on the fact that the majority of drums are 
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presently dirty.  If no drum cleaning is available then the segregation of different water varieties 
will not be possible.  The net effect of the inability to segregate would be to contaminate the new 
tanks returning the present situation but on a larger scale.  Conversely, segregation could be 
practiced with additional storage by buying new drums further exacerbating the present drum 
problem.  
 
There is a risk that improvements in the TOC contamination of the upgrader feed may not 
materialize even after having increased the storage capacity at IXCU.   
 
Seismic assessment during design phase may identify the need for additional reinforcements and 
further costs. 
 
The Engineering Design Guide [19] indicates the D2O Supply System (SCI 38200) has to be DBE 
“A” qualified.  This means the D2O Supply System has to be seismically qualified to the extent 
that there will be no loss of inventory from the bulk storage tanks.  Reinforcement of floors to 
support the additional weight of the tank and water will not be sufficient.  A seismic assessment 
will be required to be performed during the design phase to insure the seismic integrity of the 
system.  Although a seismically qualified dyke surrounding the D2O supply system would satisfy 
the requirement, the impact of surrounding structures on the integrity of the dyke during a seismic 
event will have to be examined.  The impact of this might be additional costs above those 
discussed in the Costing Section. 


8.4.3. Option 3 – Drum Facility with increased storage at IXCU – 
PREFERRED OPTION 


 
The study does not recommend increased storage for S&I.  The rationale for this has been 
presented in section 7.3.  This option considers additional storage at IXCU and the addition of a 
drum cleaning facility (DCF).   
 


• Pros and Cons of Implementing PND Option 3 
 
The Pros and Cons of a Drum Facility and increased IXCU have been presented in Option 2.  
However, it is strongly recommended that no additional storage at IXCU be added unless a Drum 
Cleaning Facility is installed.  This recommendation is made for the following reasons: 
 


• A lack of drum cleaning equipment will continue to lead to situations where oil 
contamination of “clean” water will occur increasing the risk of contaminating the 
increased IXCU storage capacity.  This scenario returns PND to the present situation 
but with larger storage capacity. 


• The issues with IXCU are storage and drum cleaning, they are intimately tied they 
should be addressed as such to maximize the benefits. 


• Risks 
 
Outside of the risks outlined in Option 2 there is the financial risk of failing to recover the $12.7M 
expenditure.  


8.4.4. Additional Considerations for dealing with Storage 
Requirements at PND 


 
Although not part of the scope of this work the following options should be given consideration: 
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• Improvements to the PND Clean Up system, 
• Use of the Heavy Water from PND-A laid-up Units 2 and 3. 


 
This study examines adding extra storage capacity to address the issues in the Clean Up 
System.  The recommended additional storage addresses the slower throughput of the Clean Up 
System due to the high levels of oil and volatile organics.  It addresses this by balancing the 
storage capacity of the feed tanks with the present throughput of the system.  Consideration 
should be given to improving the throughput capabilities of the IXCU.  The cost of such an 
improvement may remove or significantly reduce the need for additional storage at IXCU while 
simultaneously improving the quality of the water fed to the Upgraders. 
 
The heavy water (hundreds of Mg) removed from laid-up units 2 and 3 of PND-A is available for 
use.  OPG should consider utilization of this inventory of heavy water.  Usage of this water can 
benefit OPG in many ways: 
 


o As feed for the TRF.  If TRF is lacking product the heavy water can be shipped to 
TRF for detritiation and the product returned to the same tanks.   


o As a huge reservoir of TRF product (built up over time) available for use by PND, 
DND or IS&HWP for detritiation, loss make-up or external sales.  This is dependent 
on resolving issues with filling and emptying TDO packages at PND. 


o Eliminate the need for additional S&I storage capacity.  If the tanks into which Unit’s 2 
and 3 moderator and PHT water will be stored at are interconnected to the S&I 
headers they can become additional S&I tanks. 


 
Utilization of this water in the fashion presented will give the heavy water management system 
more flexibility by having a large reservoir of reactor grade water, as additional product and feed 
tanks for the TRF and allowing the overall system to withstand a prolonged TRF outage. 
 
A drum cleaning facility on its own has minimum impact on the overall PND Heavy Water 
management system.  As such, drum cleaning was not considered as its own option.  Drum 
cleaning will improve to some extent downgraded water segregation; however, the overall drum 
problem at PND will still be present if the Clean Up system does not allow emptying of the drums.  
Only by emptying and stacking the drums will less real estate be used for drum storage.  Disposal 
of the drums given the cost associated with them is not an option although resale, if a customer 
could be found, would be an option. 
 


8.5. Heavy Storage and Drum Cleaning Options for OPG 
 
In previous sections options for heavy water storage and drum cleaning have been presented for 
PND and DND.  Here the options are discussed as to an OPG solution.  In discussing an OPG 
solution the following assumptions are made: 
 


• PIOTS at PND will always be available except possibly during outages with system 
drains, 


• Resources required to fill and empty TDO packages will be available at PND and DND, 
• Resources for the transportation of drums between PND and DND are available, 
• Transportation officers for TDO packages will be available at PND and DND, 
• TDO shipment may increase to a range of 3 to 7 shipments per week during times of 


need, 
• 10 Mg of heavy water per TDO shipment, 
• The additional storage at DND will be available when DND is not in an outage situation. 
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Drum Cleaning Facility: 
 
Drums are utilized throughout OPG to temporarily store and move heavy water.  PND has the 
largest number of drums within a station and more importantly a large number of dirty drums.  
PND, as discussed previously, has a strong need for a drum cleaning facility.  The study has 
recommended that a drum cleaning facility be located at PND to address their needs and DND’s.  
Dirty drums at DND don’t have to contend with oil as does PND.  In discussions with the 
stakeholders at DND and PND it has been determined that DND will generate 1/10th the number 
of dirty drums that PND will.  On this basis the drum cleaning facility has been recommended to 
be at PND serving OPG as a whole.  The facility will have sufficient capacity to deal with PND 
and DND’s drum cleaning needs.  
 
Heavy Water Storage: 
 
This study recommends the installation of additional reactor grade heavy water storage at DND 
but not PND, see the sections 7.1 and 7.2.  Although additional heavy water storage at PND’s 
S&I is not recommended, the study realized that the additional storage installed in DND can 
mitigate heavy water S&I storage issues at PND, and below is the explanation. 
 
The basis for the mitigation is allowing some of PND’s present D2O inventory to be temporally 
relocated to the extra capacity installed at DND to support PND’s operation when circumstances 
arise.   Section 7.2 has revealed various extra reactor grade heavy water storage needs at PND 
S&I tanks during normal and outage situations.  Assuming the nominal D2O inventory in PND S&I 
tanks is about 200Mg (150Mg Lo-Ci & 50Mg Hi-Ci), the table below summarizes the needs: 
 


Table 15.  Extra S&I Storage Requirements at PND for various Scenarios 


Scenarios Hi-Curie  
(In addition of Tk1 & 2) 


Lo-Curie 
(In addition of Tk 3 & 4) 


1. Normal Operation 0 0 
2. PB Moderator Drain >30Mg (mod make-up) +  


>14Mg (Sulzer Product) 
0 


3. PA Moderator Drain 0 0 
4. VLLDS 0 >50 to 100Mg (PHT make-up) 


(Note: PHT make-up may be 
temporally stored in Tk1 & 2 if 
required) 


5. PB Mod Drain + 
VLLDS 


>30Mg (mod make-up) + 
>14Mg (Sulzer Product) 


>28Mg (UPP Product) + 
>50 to 100Mg (PHT make-up) 


6. PA Mod Drain + 
VLLDS 


 >28Mg (UPP Product) + 
>50 to 100Mg (PHT make-up) 
(Note: PHT make-up may be 
temporally stored in Tk1 & 2 if 
required). 


7. 6 month TRF outage 0 0 
 
A study of the above table reveals that scenario #5 is the worst scenario, but it is unlikely to occur 
in a 40-days outage.  However, even with scenario #5, if 50Mg of Lo-Curie D2O and ~ 50Mg of 
Hi-Curie D2O can be relocated to DND so that both Tk1 & 2 are emptied for the moderator drain, 
and one of the Lo-Curie Tank 1 or 2 is emptied out for the VLLDS, then a PB moderator drain and 
a VLLDS can occur simultaneously without impacting outage schedule.  The most likely and 
frequent scenario is scenario #2 which can occur twice a year.  In this scenario, if about 50Mg of 
Hi-Curie D2O can be shipped to DND, and returned as TRF product, then a moderator drain and 
an off-line detritiation can be performed in the same outage 
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The other side of the equation to this approach is DND’s availability and capability to receive D2O 
from PND for temporary storage.  Table 16 below summarizes the extra capacity (after the new 
addition of 400Mg of storage capacity – DND Option 2) that can be available at DND to support 
PND under each of the DND’s scenarios discussed in section 7.1, with the following assumptions:  
o Nominal D2O inventory in DND’s S&I tanks is 390Mg (290Mg of Lo-Curie D2O, and 100Mg 


Hi-Curie D2O),  
o 100Mg of the additional 400Mg storage space is always reserved for the downgraded water 


process; 
o 100Mg of the additional 400Mg storage space is normally assigned to support DIOTS, but 


can used for temporary storage as required. 
o Only the new tanks or the existing Hi-Curie tanks can be used to temporally store PND’s 


water. 
 


Table 16.  Extra S&I Storage Available at DND under DND Option 2 
Scenarios New Storage  


(Total Capacity = 
200Mg) 


Hi-Ci  
(Total capacity = 
400Mg) 


Lo-Ci 
(Total capacity = 400Mg) 


1.) Normal 
Operation 


200Mg 300Mg 110Mg 


2.) Moderator 
Drain 


100Mg 0 110Mg 


3.) Moderator 
Drain + 
LLDS 


50Mg 0 10Mg 


4.) SCO/VBO + 
Moderator 
Drain + 
LLDS 


0 0 30Mg 


5.) 6 month TRF 
outage 


100 300 10 


6.) 18 month 
TRF outage 


140 300 50 


 
Examination of Table 16 indicates that only scenario #4 prevents temporary storage of PND’s 
water.  However, this scenario occurs only once every 6 years, and is a planned outage.  
Therefore, it is predicted that under normal circumstances, the additional tanks installed at DND 
will have no difficulty temporarily storing 50Mg to 100Mg of PND’s water. 
 
When temporary storage is not required, this additional storage space plus the 50Mg already 
assigned for DIOTS can be used to accumulate TRF product to support ongoing PND's 
detritiation program or external sales. 
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9. Cost Estimates for Implementation of Options 
 
Costs for the implementation of the various options have been developed.  In order to develop the 
costs assumptions, presented below, have been made. 
 


9.1. General Assumptions: 
  
• All cost estimates given in 2006 dollars. 
 
• Cost estimates subject to applicable taxes, duties, shipping costs, and fluctuations in supplier 


prices and labour rates. 
 
• Costs associated with work at the site are included in cost estimate. 
 
• Components are assumed to be designed, fabricated, and tested in accordance with the 


requirements of CSA N285.0/ASME Section III, and in compliance with Canadian Standards 
Association Quality Assurance Program CSA-Z 299.3, or equivalent. 


  
  


9.2. Assumptions Associated with Drum Cleaning facility (DCF), 
Drum Pressure Testing facility (DPTF) and Additional HW 
storage: 


 
General: 
  
• Cost estimate for Drum Cleaning application is based on commercial equipment, and not to 


any pressure vessel code requirements. 
 
• Cost estimate assumes coolant water activity is less than 2 Ci/kg.  Therefore, treated water 


activity is also assumed to be less than 2 Ci/kg. 
  


Heavy Water Tanks and Equipment: 
 
• Cost estimate based on 304L or 316L stainless steel tanks which can withstand the following 


design parameters:  Pressure = 200 kPa; Temperature = 38oC. 
 
• All tanks are per CSA N285.0, Class 3  
 
• Tanks located within containment dyke, seismically  qualified (DBE.A) 
 
• All tanks based on a volumetric design margin of 10% so they are only filled to 90% of 


capactiy eg. Defining a 100 m3 storage tank implies the tank is capable of holding 110 m3 or 
110 Mg of HW (specific density of D2O – 1.1) 


 
Piping, Valves, Hangers and Supports: 
 
• Cost estimate based on Class 3, 304  or 316  stainless steel for Heavy Water Tanks piping. 
• Cost estimate based on Class 3, 304  or 316  stainless steel valves  
• Cost estimate based on Class 3, carbon steel hangers and supports. 
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 Utilities: 
  
• Cost estimate based on carbon steel materials for utility piping designed to the following 


parameters:  Pressure = 200 kPa; Temperature  = 38oC. 


9.3. Cost Estimating Methodology 
 
A bottom-up budget cost estimate has been developed with consideration of each individual 
component and task. 
 
The hourly rates for various categories have been assumed as follows: 
 


(1) trades $ 80 per hour 
(2) engineers $100 per hour 
(3) project manager $ 140 per hour 
 
All engineering administration support costs have been included in the above rates. 
 


Budget cost estimates for the time required to complete each item listed in the activities, are 
based on past OPG design and installation experience. A few cost estimates for removing and 
cleanup of existing equipment in rooms for installation of the storage tanks are provided by OPG 
[36, 37]. OPG has also provided some budget cost estimates on the total labour hours required to 
complete the conceptual installation [38]. 
 
All major equipment budget cost estimates have been obtained from equipment suppliers. Minor 
items are based on past experiences. Instrumentation, controls and electrical cost estimates are 
based on assuming 25% of mechanical costs as standard practice. 
 
OPG Projects cost is the cost associated with Projects and Modifications carrying the 
recommended options for PND and DND through to completion.  This cost has been developed 
with the help of OPG Projects and Modifications team.  The total estimated project cost of 2.57 
M$ has been split between PND and DND.  If, for example, DND option proceeds but none of the 
PND options go forward then the full amount is envisioned transferred to DND; that is, OPG 
projects costs for DND would go up an additional 2.57/2 = 1.287 M$. 
 
OPG Contract Management represents OPG’s cost to manage the various trades; it is a 
percentage of the estimated trade labour costs.  Similarly, Field Engineering costs are in addition 
to the Contract Management portion; it also is applied to the cost of associated with utilization of 
various trades. 
 
The contingency of 25% for this stage of the project is intended to cover design and installation 
changes to take the project to completion.    This contingency is not expected to cover major 
changes in the project scope.  The contingency does not cover the implementation risks identified 
in the report and highlighted below. 


9.4. Major Risks to Cost Estimates  
 
The following risks are identified that can significantly impact estimated costs: 
 


• Limited labour force.  With major work moving forward in the Canadian Nuclear Industry 
the labour required to perform some of the work associated with this project may be in 
short supply potentially delaying the project and affecting costs. 
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• Meeting seismic requirements.  The costs covers seismic analysis associated with 
implementation of the various options.  Additional discoveries during the seismic analysis 
phase may require further reinforcements with potential schedule delay and cost 
increases. 


• Unforeseen CNSC requirements or above normal level of effort for regulatory matters 
typically expected with this type of work. 


• Discoveries during a geotechnical analysis of the soil may impact implementation of DND 
option. 


• Escalation of costs (materials and labour).
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9.5. Project Schedules 
 
The schedules presented here are a projection of the various stages of the heavy water project.  This schedules covers all the preferred options 
for PND and DND. 
 


 
Figure 11.  Estimated Schedule for the Implementation of Preferred Option at DND.  


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 79 of 171







K-012667    


    71


 
Figure 12.  Estimated Schedule for the Implementation of Preferred Option at PND  
 
 


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 80 of 171







K-012667    


    72


9.6. Costs of Implementation of DND Preferred Option 
 


Table 17.  DND Cost of Preferred Option. 


A. Bulk Storage  Estimated Cost (M$) 
Equipment and Materials 4.60 
Installation 3.16 
Engineering 1.82 
Subtotal 9.58 
  
B. HWMB Building Extension  
Materials 1.45 
Engineering  0.15 
Labour 2.56 
Site Preparation (movement of existing 
services, temporary services) 


2.90 


Subtotal 7.06 
  
C. Drum Pressure Testing  
Materials 0.013 
Labour 0.064 
Subtotal 0.077 
  
Subtotal A+B+C 16.72 
OPG Projects 1.29 
Contract Management (15% of Trades) 1.20 
Field Engineering (15% of Trades) 1.20 
Contingency (25%) 4.17 
Cost of Borrowing 2.47 
  
Total 27.05 
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9.7. Costs of Implementation of Various PND Options 
 
Table 18.  Estimated Costs of PND Option 2 - Drum Cleaning, Bulk Storage in IXCU and S&I 


Drum Pressure Cleaning Estimated Cost (M$) 
Drum Cleaning Definition and Testing 0.05 
Equipment and Materials 0.125 
Installation 0.264 
Site Preparation (removal of equipment) 0.160 
Subtotal 0.599 
  
Bulk Storage (IXCU)  
Equipment and Materials 2.23 
Installation 1.82 
Site Preparation  
 Removal of Equipment 0.84 
Building Reinforcement  
 Materials 0.10 
 Labour 0.27 
Subtotal 5.26 
  
Bulk Storage (S&I) – HVAC room 277’  
Equipment and Materials 2.42 
Installation 2.76 
Site Preparation  
 Removal of Equipment 0.63 
Building Reinforcement  
 Materials 0.20 
 Labour 0.34 
Subtotal 6.35 
  
Engineering 1.99 
Subtotal 14.20 
  
OPG Projects 1.29 
Contract Management (15% of Trades) 1.07 
Field Engineering (15% of Trades) 1.07 
Contingency (25%) 3.55 
Cost of Borrowing 2.13 
  
Total 23.31 
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Table 19.  Estimated Costs for the Implementation of PND Option 3 (Preferred Option)- 
Drum Pressure Cleaning Estimated Cost (M$) 
Drum Cleaning Definition and Testing 0.05 
Equipment and Materials 0.125 
Installation 0.264 
Site Preparation (removal of equipment) 0.160 
Subtotal 0.599 
  
Bulk Storage (IXCU)  
Equipment and Materials 2.23 
Installation 1.82 
Site Preparation  
 Removal of Equipment 0.84 
Building Reinforcement  
 Materials 0.10 
 Labour 0.27 
Subtotal 5.26 
  
Engineering 1.39 
Total  7.25 
  
OPG Projects 1.29 
Contract Management (15% of Trades) 0.51 
Field Engineering (15% of Trades) 0.51 
Contingency (25%) 1.81 
Cost of Borrowing 1.17 
  
Total 12.54 
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11. APPENDIX A – On-line versus Off-line Detritiation 
 
Two approaches to detritiation are practiced: on-line (bleed and feed) and off-line (moderator 
swap).  The on-line detritiation technique involves replacing of a volume of high Curie moderator 
water with an equal amount of low Curie (maybe higher isotopic) water while the Unit is operating.  
Off-line detritiation also replaces high Curie with low Curie water but it is performed during an 
outage when a Unit moderator has been drained.  These techniques perform the same function, 
that is, replace high Curie heavy water with low Curie heavy water.  Each technique has its pros 
and cons as highlighted in section 2.1.   
 
Off-line detritiation is dilution (in the case of tritium) or enhancement (in the case of isotopics) by 
bulk volume replacement.  Assume a volume Vo of tritium reduced or isotopically rich heavy 
water is replaced in a Moderator volume of Vm.  The resulting tritium concentration is, 
 


( )
m


oromi
o V


VCVVC
C


+−
=


)(
 


Where Ci, Co and Cr are the tritium concentrations in the moderator prior to the swap, after the 
swap and in the water used for the swap respectively.  For example, if the Ci = 17 Ci/kg and Cr = 
1 Ci/kg and a 100 Mg swap is done at PND-B where Vm = 280 Mg the resulting Co is 11.3 Ci/kg.  
A similar relationship exists for the improvement in isotopic where the tritium concentrations in the 
equations are replaced by the respective isotopic ratios. 
 
On-line swapping final tritium concentration is determined by solving the simple ordinary 
differential equation, 
 


TCCF
dt


dC
V mr


m
m +−= )(  


 
where Cm is the tritium concentration in the moderator (Ci/Mg) , F the flow rate of water into the 
moderator during the on-line swap(Mg/hr) and T the rate of tritium production (3.5 Ci/annum at 
PND.  During the course of a on-line swap it is assumed T is zero.  Using the same values as in 
the off-line swap yields a tritium concentration in the moderator after an online 100 Mg swap of 
12.2 Ci/kg.  Online swapping is less effective because as the TRF water is fed into the moderator 
it dilutes the tritium concentration in the moderator.  The result is a decreasing tritium 
concentration in the heavy water bled out.  With offline detritiation the extracted water has a 
constant tritium concentration.  Furthermore, the online technique results in a less efficient 
utilization of the TRF because the TRF feed concentration decreases with time.  In contrast, 
offline detritiation results in a constant tritium concentration in the TRF feed. 
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12. APPENDIX B - Calculations in Cost Savings in Dose and Fuel Cost 
through the implementation of Option 2 for PND 


 
Tables 20 to 24 in the following pages defines what the tritium concentrations, the isotopic levels 
and what their associated cost savings would be in the  PND units if PND implements option 2 
(see section 8.4).  These tritium concentration and isotopic values are compared to the situation if 
PND maintains the status quo.  In calculating the tables the following assumptions have been 
made. 
 
1. All units start at 17 Ci/kg and 99.88% isotopic 
2. Rate of tritium growth is 3.5 Ci/kg/unit 
3. Based on the 5 year plan the average water shipment to the TRF from PND is 629 Mg 


(ref C. Foster) 
4. In the status quo scenario there will be an average shortfall of 187 Mg [Appendix Q]; thus 


without S&I increased storage the available water for detritiation is 629-187 Mg = 442 
Mg. 


5. PNDA can only be detritiated by volume swap during an outage which is taken to be 
every two years for a given unit. 


6. PNDB units can be detriated via offline or online bulk swaps.  At every outage a bulk, 
offline, swap is performed.  During years of non-outage the heavy water swap is taken to 
be via the online technique. 


7. In order to exceed the tritium growth a minimum swap size of 120 Mg is taken for PNDA 
detritiation leaving 442-120 = 322 Mg for detritiation of PNDB. 


8. The water used for the volume swap is considered to have a 1 Ci/kg tritium concentration 
and an isotopic of 99.94%. 


9. The water available to detritiate PNDB units 5 to 8 is 442-120=322 Mg; averaged over 4 
units this becomes this becomes 322/4~80 Mg until 2015 when 3 PNDB units are down 
then the swap size is 100 Mg. 


10. With increased S&I storage there is no shortfall which allows for an average swap size of 
629/4 ~ 126 Mg for all units. 


11. When the 3 PND-B units are down the swap size for the remaining units is taken to be 
150 Mg. 


12. The dose associated with the tritium concentration for PNDA (all four units) is DA 
(rem/annum) = 200 PHT (Ci/kg) + 20 MOD (Ci/kg) (Ontario Hydro Report CNS-IR-03850-
1, 1980) 


13. The dose associated with the tritium concentration for PNDB (all four units) is DB 
(rem/annum) = 100 PHT (Ci/kg) + 4 MOD (Ci/kg) (Ontario Hydro Report CNS-IR-03850-
1, 1980) 


14. Cost associated with dose is $25,000 per rem (J. Wigglesworth, June 9, 2006) 
15. Average fuel cost for PND is $37940/0.01%isotopic/unit/annum (F. Fusca, Sept 13, 


weighted average values) 
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The schedule for outages is, 
 


Table 20. Heavy Water Swap Schedule for Dose/Fuel Burnup Costs Calculations 


  year  2010 2011 2012 2013 2014 
201
5 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 


  Unit                     
PNDB 5  OFF ON OFF ON SD SD SD SD SD SD SD SD SD SD SD SD SD SD 


  6  OFF ON OFF ON SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
  7  ON OFF ON OFF SD SD SD SD SD SD SD SD SD SD SD SD SD SD 


  8   ON OFF ON OFF ON offline SD SD SD SD SD SD SD SD SD SD SD SD 
PNDA  1  OFF none OFF none OFF none OFF none OFF none OFF none OFF none OFF SD SD SD 


  4  none OFF none OFF 
non
e OFF none OFF none OFF none OFF none OFF none OFF none SD 


Notes        


3 units 
PND-B 


shutdown  


last PND-
B unit 
shutdown 


        


1 PNDA 
unit 


shutdown  


2nd 
PNDA unit 
shutdown  


  OFF refers to offline detritiation  
  ON refers to online detritiation  
  SD means the unit has been shutdown 


 
A moderator drain is assumed during every PND outage although the present outage schedule does not support this. 
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Table 21.  Calculated Tritium Concentrations (Ci/kg) using Swap Schedule defined in Table 20. 
OPTION 2 - Increased S&I storage NO SHORTFALL 
                                


year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 
Unit                    


5 17 13.3 12.34 10.74 10.7 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
6 17 13.3 12.34 10.74 10.7 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
7 17 14.7 12.04 11.54 10.3 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
8 17 14.7 12.04 11.54 10.3 9.94 8.65 SD SD SD SD SD SD SD SD SD SD SD SD 
1 17 13.3 16.8 13.2 16.7 11.79 15.29 11.14 14.64 10.83 14.33 10.69 14.19 10.62 14.12 10.59 SD SD SD 
4 17 20.5 15.23 18.73 14.25 17.75 12.28 15.78 11.36 14.86 10.94 14.44 10.74 14.24 10.65 14.15 10.61 14.11 SD 
                    


OPTION 1 - STATUS QUO, SHORTFALL                
                    


year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 
Unit                    


5 17 15.93 15.72 15.01 15.03 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
6 17 15.93 15.72 15.01 15.03 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
7 17 16.52 15.59 15.46 15.37 SD SD SD SD SD SD SD SD SD SD SD SD SD SD 
8 17 16.52 15.59 15.46 15.37 14.55 13.21 SD SD SD SD SD SD SD SD SD SD SD SD 
1 17 13.65 17.15 13.73 17.23 12.04 15.54 11.25 14.75 11.07 14.57 10.8 14.3 10.68 14.18 10.62 SD SD SD 
4 17 20.5 15.64 19.14 14.87 18.37 12.56 16.06 11.49 14.99 11 14.5 10.77 14.27 10.66 14.16 10.61 14.11 SD 


 
 
The tritium concentrations are calculated by solving the two equations presented in Appendix A .  The generation of tritium over one year is 
included in the above calculations. 
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Table 22.  Calculated Moderator Isotopics following Swap Schedule of Table 20 


OPTION 2 - Increased S&I storage NO SHORTFALL         
year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 
Unit              


5 99.88 99.907 99.919 99.928 99.932 SD SD SD SD SD SD SD SD 
6 99.88 99.907 99.919 99.928 99.932 SD SD SD SD SD SD SD SD 
7 99.88 99.902 99.919 99.927 99.933 SD SD SD SD SD SD SD SD 
8 99.88 99.902 99.919 99.927 99.933 99.936 99.938 SD SD SD SD SD SD 
1 99.88 99.907 99.907 99.922 99.922 99.932 99.932 99.936 99.936 99.938 99.938 99.939 99.939 
4 99.88 99.88 99.907 99.907 99.922 99.922 99.932 99.932 99.936 99.936 99.938 99.938 99.939 
              


OPTION 1 - STATUS QUO, SHORTFALL         
              


year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 
Unit              


5 99.88 99.897 99.908 99.917 99.923 SD SD SD SD SD SD SD SD 
6 99.88 99.897 99.908 99.917 99.923 SD SD SD SD SD SD SD SD 
7 99.88 99.895 99.908 99.916 99.923 SD SD SD SD SD SD SD SD 
8 99.88 99.895 99.908 99.916 99.923 99.928 99.932 SD SD SD SD SD SD 
1 99.88 99.906 99.906 99.921 99.921 99.931 99.931 99.936 99.936 99.938 99.938 99.939 99.939 
4 99.88 99.88 99.906 99.906 99.921 99.921 99.931 99.931 99.936 99.936 99.938 99.938 99.939 


 
 
The costs savings associated with implementing Option 2 versus maintaining the status quo is presented in the subsequent tables.  For a given 
year the difference between the two options is utilized to calculate the savings.  For example, taking the year 2011 for unit 5, Table 21 gives 
calculates a tritium value of 15.93 Ci/kg for Option 1 and 13.3 Ci/kg for Option 2.  The savings due to dose is calculated utilizing equation of 
assumption 13 for the two cases, subtracting the difference and dividing by four (the equation applies to all of PNDB); that is, 
(15.93-13.3)x$25,000=$65,750.  Similar type of calculation follows for the savings associated with fuel savings utilizing the calculated isotopic 
values. 
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Table 23.  Calculated Costs Associated with Dose 


                   


physical 
year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
Unit                  


5 -$65,750 -$84,500 -$106,750 -$108,250 SD SD SD SD SD SD SD SD SD SD SD SD 
6 -$65,750 -$84,500 -$106,750 -$108,250 SD SD SD SD SD SD SD SD SD SD SD SD 
7 -$45,500 -$88,750 -$98,000 -$126,750 SD SD SD SD SD SD SD SD SD SD SD SD 
8 -$45,500 -$88,750 -$98,000 -$126,750 -$115,250 -$114,000 SD SD SD SD SD SD SD SD SD SD 
1 -$43,750 -$43,750 -$66,250 -$66,250 -$31,250 -$31,250 -$13,750 -$13,750 -$30,000 -$30,000 -$13,750 -$13,750 -$7,500 -$7,500 -$3,750 SD 
4 $0 -$51,250 -$51,250 -$77,500 -$77,500 -$35,000 -$35,000 -$16,250 -$16,250 -$7,500 -$7,500 -$3,750 -$3,750 -$1,250 -$1,250 $0 


subtotal -$266,250 -$441,500 -$527,000 -$613,750 -$224,000 -$180,250 -$48,750 -$30,000 -$46,250 -$37,500 -$21,250 -$17,500 -$11,250 -$8,750 -$5,000 $0 
                   
Total costs associated with dose due to shortfall in TRF shipments  -$2,479,000            
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Table 24.  Calculated Costs Associated with Fuel Burn 


physical 
year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 
Unit              


5 -$37,940.00 -$41,734.00 -$41,734.00 -$34,146.00 SD SD SD SD SD SD SD SD 
6 -$37,940.00 -$41,734.00 -$41,734.00 -$34,146.00 SD SD SD SD SD SD SD SD 
7 -$26,558.00 -$41,734.00 -$41,734.00 -$37,940.00 SD SD SD SD SD SD SD SD 
8 -$26,558.00 -$41,734.00 -$41,734.00 -$37,940.00 -$30,352.00 -$22,764.00 SD SD SD SD SD SD 
1 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
4 $0.00 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 -$3,794.00 $0.00 $0.00 $0.00 $0.00 $0.00 


subtotal ($132,790.00) ($174,524.00) ($174,524.00) ($151,760.00) ($37,940.00) ($30,352.00) ($3,794.00) $0.00  $0.00  $0.00  $0.00  $0.00  
               
Total costs associated with fuel costs due to shortfall in TRF shipments ($705,684.00)        
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13. APPENDIX C - Rationale for Storage Needs at PND 
 
Rationale for Additional S& I Storage 
 
Allowing for flexibility during the period of highest storage demand will accommodate other station 
needs during normal operations.  The highest demand for reactor grade water storage is during 
an outage under the following scenario: 1 unit moderator drain, 1 unit PHT drain to a very low 
level drain state (VLLDS) and a 6 month TRF outage with 5 operational units.  The upgraders 
continue to operate during this time period.  The outage is for 40 days. 
The amount of heavy water in the PND system at the time of this report is captured in the Table 
25.   
 


Table 25.  Heavy Water in the PND system 


 
 


Purpose Volume (Mg) 
High Curie Mod/D2O/TRF make-up#  53 
PHT ready water# 138 
TRF product scheduled for return 20 
Recoverable water from UPPA + drums $ 190 
To be returned to U2/U3 $ (200) 
  
Total 201 
  
# - PND D2O Management Summary – April 3, 
2006 


 


$ - PND assumptions  
 
PND Assumption 4 requires storage capacity for a simultaneous Moderator drain (250 Mg) and a 
very low level drain state (VLLDS) drain of the PHT system (100 Mg).  The combined volume of 
heavy water requiring storage is 201+250+100 = 551 Mg. 
 
At present there exists two 100 m3 PHT S&I tanks and two 150 m3 S&I tanks for moderator ready 
water.  The total storage volume for the S&I tanks is 500 m3 insufficient to house the 551 Mg.  
Thus, accommodation of this scenario requires additional S&I storage. 
 
Adding two new S&I tanks of 100 m3 (split 50/50) will increase the storage capabilities to the point 
the above scenario can be accommodated.  Additionally, separating the tanks with double block 
and bleed piping and valve arrangement will gave the new S&I more flexibility by making them 
open to storing PHT or Moderator water.  With the addition of these two new tanks (TK-5A/B, TK-
6A/B) the storage utilization during the outage, both moderator and PHT (VLLDS) drained, is 
expected to look like that presented in Table 26. 
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Table 26. Distribution of Different Qualities of Reactor Grade Water during Combined 
Moderator and VLLDS PHT drain Scenario 
 
Type Volume Comments TK1 TK2 TK3 TK4 TK5


A/B 
TK6
A/B 


   150 150 100 100 50/5
0 


50/5
0 


Low Curie 138 UPPB Product   100  38  
High Curie 53 Sulzer Product      43* 
TRF 20 PHT ready     20  
Drums/UPPA 190        
P2/P3 Water (200) Return to P2/P3       
PHT Drain 100 Lithiated    100   
Mod Drain 250 Gd bearing 100 150     
Sum   100 150 100 100 58 43 
* - 10 Mg has been subtracted to capture the net movement of water to P2/P3 after the water 
from UPPA/drums is accounted for 
 
 
With additional tank storage volumes an off-line Moderator swap of 100 to 150 Mg is easily 
accommodated.  Water for the 100 Mg swap would be pulled in from the UPPB product in TK3.  
On-line detritiation of the other units would not be conducted during this time period but would be 
possible when the PND station outage was over.  At the end of the outage 350 m3 of free space 
would be available.  If a swap of 150 Mg is desired an additional 50 Mg would be required to be 
brought in from the TRF (or P2/P3) and located in the empty 50 Mg of TK6.  A permanent 
modification (EC #88224), allowing for the removal of Gd from either TK1 or TK2 has now being 
implemented.  This change allows the Gd to be removed in-situ permitting the direct shipment of 
this heavy water to the TRF without having to go through the Clean up system. 
 
Rationale for Increased Storage at IXCU 
 
The following assumptions are taken in calculating the required additional feed tank storage for 
the High and Low Curie clean up systems. 
 


• The ratio of oily downgraded water to the total downgraded water is 0.252.  This value is 
consistent with operational data [42].   


 
• The ratio of high Curie downgraded to total downgraded water is taken as 0.35 [2]3 .   


 
• Recovery rate for low Curie water is 1247 Mg fl/a [2], only 2 units operating at PND-A.  It 


includes a 20% contingency to cover variability in recoveries.  Pickering CS Operations4 
indicates the OPEX does not support a 42% isotopic for the recovered water from PND-A 
used in reference 2.  PND CS Operations suggests an isotopic more in range of 20 to 
25%.  The same isotopic as PND-B (23%) is utilized for PND-A.  An additional 30% is 
added to capture acute recovery events.  The modified recovery rate for low Curie water 
is 1528x1.5/1.2 = 1910 Mg fl/a.. 


 


                                                 
2 Meeting February 6, 2006 Project Building A 
3 Consistent with calculated average of IXCU drum processing performance for period January 2005 to 
March 2006 
4 Meeting June 8, 2006, F. Drepaul office  
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• Recover rate for high Curie water is 823 Mg fl/a [2] modified as indicated in previous 
bullet, only 2 units operating at PND-A  It includes a 20% contingency to cover variability 
in recoveries.  An additional 30% is added to capture acute recovery events.  Thus the 
recovery rate for high Curie water used for calculation purposes is 823x1.5/1.2 =  1029 
Mg fl/a. 


 
• The upgrading capacity for UPPB is 224 kg/hr [2], operating at 80% capacity.  PND 


assumption 29 indicates the UPPB present throughput is 150 kg/hr. 
 


• The upgrading capacity for Sulzer (Moderator) is 120 kg/hr [2], operating at 80% 
capacity.  PND assumption 29 indicates the Sulzer throughput is presently 110 kg/hr. 


 
• Approximately 20% of all downgraded water is drummed5 


 
 


Table 27 presents the calculated heavy recoveries estimated from the above information; for 
example, low Curie oily is 0.25x1910=478 Mg fl/a.  Because all oily water once it is processed 
enters the Low Curie, non-oily, train it’s recovery rate is added to the calculated non-oily recovery 
rate. 
 


Table 27.  Estimated Heavy Water Recoveries 


 
Water quality Annual 


recovery 
(Mg fl/a) 


Weekly 
recovery 
(Mg fl/wk) 


Weekly 
recovery 


drummed (Mg 
fl/wk) 


# of drums 
utilized per 


week 


     
Low Curie, oily 478 9.2 1.8 9 
Low Curie, non-oily 1432 27.5+9.2 = 


36.7 
7.3 37 


High Curie, oily 257 5 1 5 
High Curie, non-oily 772 14.9 +5 = 


19.9 
4 20 


 
 
The present tank capacity at the IX Clean Up system is shown in Table 28 
 


Table 28.  Feed Tank Capacity at the IX Clean Up System 
 


Water quality Capacity (Mg) 
Low Curie, oily 2.3 
Low Curie, non-oily 27.2 (4 x 6.8) 
High Curie, oily 2.3 
High Curie, non-oily 20.4 (3 x 6.8) 
  
 
 
Examination of Tables 27and 28 reveals the following; 
 


• there is about 1/4 of a week holding capacity for low Curie, oily 
• there is about 1/2 of a week holding capacity for high Curie, oily 


                                                 
5 IXCU drum processing performance for period January 2005 to March 2006 
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• there is about 3/4 of a week of holding capacity for low Curie, non-oily 
• there is about 1 week of holding capacity for high Curie, non-oily 


 
To be consistent it is recommended that all tanks hold sufficient capacity to accommodate 
recovery for a similar period of time.  To provide flexibility to IXCU for maintenance and to prevent 
buildup of drums a period of 2 weeks is arbitrarily chosen.  Table 29 presents the recommended 
increase in storage capacity for the IX Clean Up System.  For example, low Curie, oily for a two 
week period would require 2x9.2 = 18.4 Mg capacity.  Subtracting the present capacity of 2.3 
yields, 18.4-2.3 = 16.1.  
 


Table 29.  Recommended increase in Feed Tank Capacity at the Clean Up System 


 
Water quality Capacity (Mg) 
Low Curie, oily 16 
Low Curie, non-oily 46 
High Curie, oily 8 
High Curie, non-oily 19 


Capacity has been round off to the nearest whole number 
 
 
Common Services OPEX [Appendix L] indicates the oily, high Curie, recoveries are larger than 
the above calculations suggests, the recommendation is to make the oily, high Curie, tank 
equivalent in size to the oily, non-Curie.  Based on this OPEX the low Curie and high Curie, oily, 
tanks are recommended to be of 16 Mg capacity. 
 
Requirements during Upgrader Outage 
 
During Upgrader outage of one month (PND Assumption # 28) there will continue to be a need to 
store recovered water.  Table 30 summarizes the monthly recoveries anticipated during the 
outage. 
 
 


Table 30.  Proposed IXCU Volumes compared to Water Recovery during an Upgrader 
Outage of 1 Month 
 
Purpose Upgrader Feed 


Tank Capacity 
(Mg) 


Recovered 
volume (Mg)@ 


   
Low Curie (yearly recovered 
water 1524 Mg) 


200 127 


   
High Curie (yearly recovered 
water 828 Mg) 


60 69 


@ - calculated using the lower estimated recovery (20% contingency vs 
50%) and not the higher recovery rates used in the above calculation.  In the 
event the recovery rates are acute during the upgrader outage there is still 
ample storage for UPPB while falling short for the Sulzer unit; not all the 
recovered high Curie water would be processed.  Storage in the IXCU feed 
tanks and possibly drums may will be required. 
 
No additional storage to accommodate an Upgrader outage is recommended. 
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An operating UV oxidation system is expected to deal with the high TOC water and hence 
eliminating the need for additional storage volume for high TOC water as identified in Kinectrics 
report K-011043-001. 
 
It is anticipated that the IXCU will function more efficiently and increase its throughput if the 
additional storage defined above is introduced at IXCU.   
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14. APPENDIX D - Tank Utilization at DND with Additional Storage 
 
 
TRF Outage of 18 Months No Additional Storage 
 
2003, 2004 Average Recoveries, 100% D2O = 75 Mg/U/a 
 
Total = 300 Mg/a for 4 Units or 1111 Mg/a at 27% isotopic 10 
 
Previously, 20-30% of recoveries were assumed to be from Moderator system. Now, from 2005 
onwards, Moderator is leaking more and 50% of recoveries are estimated to be from the 
Moderator. 
 
Therefore, total recoveries will be higher = 1111 x0.7/0.5 = 1555 Mg/a, or 4.3 Mg/d feed to the 
Upgrader . This is within the capability of the Upgrader. 
 
PHT & MOD Recoveries 
 
In an 18 month TRF outage the Upgrader will be required to operate in a segregated mode, that 
is, process the high and low Curie water independently versus the mixed mode operation when 
the TRF is operating.  Operating in this mode requires utilization of some of the low Curie 
downgraded water (30 Mg at 27% isotopic) to flush the Upgrader of the high Curie water in the 
system.  This downgraded low Curie water is effectively lost to the PHT system, requires 
additional high Curie S&I storage and results in the need to store an equivalent 100% D2O 
amount of <1Ci/kg heavy water prior to the TRF outage (30 x 27% = 8.1 Mg 100%D2O).  The 
less number of flushes required the less pressure there is on heavy water storage requirements, 
downgraded and reactor grade.  Below the schedule describing how the Upgrader would be 
operated during the extended TRF outage is presented and the amount of mixed Curie, flush, 
water is calculated. 
 
Presently the DND HW storage system has,  
2x25 Mg of Dirty Downgraded Tanks 
2x50 Mg of Clean Downgraded Tanks. 
 
During the TRF Outage, the MOD recoveries will be cleaned up utilizing one set of dirty/clean 
tanks and the PHT recoveries the other set.  When one of the 50 m3 Upgrader feed tank 
becomes full with either high or low Curie water then the Upgrader processes that water while the 
other 50 m3 feed tank is filled with the opposing Curie downgraded water.  This cycle continues 
until the TRF outage is over.  An outage of 18 months (548 days) results in having to process 
1555x1.5 = 2333 Mg of downgraded water.  The Upgrader can process at 5 Mg/d thus 50 Mg 
would require 10 days to process.  The rate of downgraded water generation is slower (4.3 Mg/d) 
which results in having to store 17 Mg of high Curie downgraded water in the TRF product tank or 
drums in order to set up the processing schedule presented in Table 31.   
 
DND indicates that a flushing of the Upgrader after processing high Curie water will require ~30 
Mg of low Curie downgraded water. Table 31 presents the schedule under Option 1, that is, 
maintaining the status quo; no additional heavy water storage provided.  The calculations shown 
in Table 31 indicate that ~170 Mg (100%D2O) of mixed Curie heavy water will be created 
requiring a similar quantity of <1 Ci/kg water prior to the start of the TRF outage.  Additionally, this 
170 Mg will be required to be stored in the high Curie S&I tanks. 
 
After day 44 the schedule repeats itself until the end of the 18 month TRF outage.  The switching 
between high and low Curie processing is done after every 23 days. 
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The total value processed is 2200 Mg with 67 Mg still left to process at the end of the TRF 
outage.  Add to this 17 Mg of high Curie water stored again and a total of 2200+67+17 = 2274 of 
downgraded water has been processed.  The difference between this number and the 2333 Mg is 
due to the rounding off error. 
 
   
Table 31.  Downgraded water,  segregated processing with existing storage; that is, 
maintaining the status quo. 
Dirty Tanks: 2x25 m3
Clean Tanks: 2x50 m3
Collection Rate 2.1 Mg/d Hi-Ci, 2.1 Mg/d Lo-Ci
Upgrader Throughput 5 Mg/d


Day #
Hi-Ci Dirty 
Inv


Lo-Ci 
Dirty Inv


Hi-Ci 
Clean Inv


Lo-Ci 
Clean Inv


Hi/Mixed 
Ci UG 
Prod


Lo-Ci UG 
Prod


Total Collected + 
Processed = 
Daysx4.2


0 0 0 0 0 0 0
24 0 0 50 50 0 0 100
34 21 21 50 0 0 50 142 Lo-Ci clean Tk locked out for processing 
36 25 0 40 25 10 50 150 See Note 1; Hi-Ci clean Tk locked out for processing
44 25 0 0 42 50 50 184 See Note 1; Hi-Ci clean Tk locked out for processing
48 0 0 33 50 50 50 200
58 4 21 50 0 80 70 242 Lo-Ci clean Tk locked out for processing 
68 25 0 0 42 130 70 284 Hi-Ci clean Tk locked out for processing 
72 0 0 33 50 130 70 300
82 4 21 50 0 160 90 342 Lo-Ci clean Tk locked out for processing 
92 25 0 0 42 210 90 384 Hi-Ci clean Tk locked out for processing 
96 0 0 33 50 210 90 400


pattern from day 72 to 96 repeats itself until end of outage


Note 1 On day 36, the Hi-Ci Dirty Tank is full and cannot accept more recoveries. 
Between days 36-44, 17 Mg of Hi-Ci recoveries have to be stored in TRF Product Tank, drums, etc.


Total includes 17 Mg which is in Other Storage
Full tank is locked up and being fed to Upgrader in next 10 days
Flush occurred, & 30Mg Lo-Ci product converted to mixed-Ci product due to switching


 
TRF 18 month Outage with Additional Storage – DND Option 2 
 
Table 32 presents a similar schedule to Table 31 but for the case where DND implements Option 
2; 400 Mg of additional heavy water storage. 
 
The table illustrates that the pattern between days 184 and 256 repeats itself at 72 day intervals.  
This repeating pattern continues until the end of the outage (~day 550).  The following 
observation are made from the schedule: 
 


• Before day 200 only two (2) low Curie flushes are required, 
• After day 200, flush occurs every 72 days. 
• For a 6 month TRF outage this means 2x30x0.27=16Mg (100% D2O) of mixed Curie 


product requiring storage and an additional 16 Mg of PHT grade water required prior to 
the outage. 


• For an 18 month TRF outage this schedule leads to `~7 flushes (7x30x0.27 = 57 Mg of 
100%D2O) producing 57 Mg of mixed Curie D2O requiring storage and and additional 57 
Mg of PHT grade water required prior to the outage. 
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It is noted that the additional storage reduces the overall quantity of mixed Curie water generated 
because of Upgrader flushing (170 Mg – Option 1, 57 Mg – Option 2).  The amount of PHT grade 
water required prior to the outage is also reduced when additional storage is available. 
 
Note that throughout the outage 50 Mg of storage space, Tk(2), is always available to deal with 
high TOC events. 
 


Table 32.  Downgraded segregated processing with additional storage – DND Option 2 
Collection Rate 2.1 Mg/d Hi-Ci, 2.1 Mg/d Lo-Ci
Upgrader Throughput 5 Mg/d


Day #


Hi-Ci Dirty 
Inv(1)
(25Mg)


Hi-Ci Dirty 
Inv(2)
(50Mg)


Hi-Ci 
Clean Inv 
(1)


Hi-Ci 
Clean Inv 
(2)


Lo-Ci 
Dirty 
Inv(1)
(25Mg)


Lo-Ci 
Dirty 
Inv(2)
(50Mg)


Lo-Ci 
Clean Inv 
(1)


Lo-Ci 
Clean Inv 
(2)


Hi/Mx-Ci 
UG Prod


Lo-Ci UG 
Prod


Total Collected 
and Processed 


= Daysx4.2


0 0 0 0 0 0 0 0 0 0 0
24 0 0 50 0 0 0 50 0 0 0 101
34 0 0 50 21 0 0 0 21 0 50 143
49 1 0 50 50 1 0 0 50 0 50 206
59 22 0 50 50 0 0 22 0 0 100 248
69 25 17 0 50 0 0 43 0 50 100 290
79 18 0 50 0 0 0 50 14 100 100 332
89 0 0 0 39 0 0 50 35 150 100 374
99 0 0 10 50 6 0 0 50 180 120 416


109 0 0 31 50 0 0 27 0 180 170 458
119 2 0 50 50 0 0 0 0 180 197 500
129 23 0 50 0 0 0 48 0 230 197 542
139 0 0 0 44 0 0 50 19 280 197 584
149 0 0 15 50 0 0 0 40 310 217 626
154 0 0 25 50 0 0 0 50 310 217 647
164 0 0 46 50 0 0 21 0 310 267 689
174 15 0 50 0 0 0 42 0 360 267 731
184 0 0 0 36 0 0 50 13 410 267 773
191 0 0 0 50 0 0 50 27 410 267 802
201 0 0 21 0 0 0 50 48 460 267 844
211 0 0 42 0 19 0 0 50 490 287 886
221 0 0 50 13 0 0 40 0 490 337 928
226 0 0 50 23 0 0 50 0 490 337 949
236 0 0 50 44 0 0 0 21 490 387 991
246 15 0 0 50 0 0 0 42 540 387 1033
256 0 0 36 0 0 0 13 50 590 387 1075
262 0 0 50 0 0 0 27 50 590 387 1100


Period require Lo-Ci flushing


Observations:
1.  Before Day 200, only 2 flushes are req'd;
2.  After Day 200, flush repeats every 72 days (ref: Note on day#256) until outage ends
3.  Therefore, for 6 months TRF outage, only 2 flushes need to be performed.  So, Lo-Ci water needs to stored = 60Mg x 27% = 15Mg; 
4.  For 18 mths TRF outage, there will be 2 flushes before day 200, & about 5 flushes from day 200 to day 550.  Total 7 flushes req'd.
   So, Lo-Ci water needs to be stored = 210Mg x 27% = 60Mg
5.  50Mg Dirty Tk(2) will always be available on each stream to deal with Hi-TOC.


 
 
Tank Utilization with Additional Storage during non-TRF outages – DND Option 2 
 
Tables 33 and 34 illustrate how the heavy water would be distributed among the present heavy 
water storage tanks and the new tanks under the following scenarios: SCO outage and normal 


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 100 of 171







K-012667    


    92


outage with MOD and PHT drain.  Refer to sections  7.1.1 and 7.1.2 for understanding of the 
heavy water storage needs during various Scenarios. 


Table 33.  DND Tank Inventories during Normal Operation and SCO Outages with 
Additional Storage – DND Option 2 


Tank 
Volume 


(m3) 


Content prior 
to SCO 


Outage (Mg) 


PHT Content 
During SCO 
Outage (Mg) 


MOD Content 
Added During 
Outage (Mg) 


Spare 
Capacity 
Available 


(Mg) Comment 
              


PHT-1 100 100 40   0 


During SCO Outage, 
360 Mg removed due to 
shrinkage, 130 Mg 
added due to LLD of 1 
Unit 


PHT-2 100 100 30   0   
PHT-3 100 100 70   0   


PHT-4 100 100 60   0   


PHT Weigh Tank 37 30     0   
              
MOD-1 100 0   100 0   
MOD-2 100 0   100 0   
MOD-3 100 0   100 0   
MOD-4 47 0   47 0   
MOD Weigh Tk 10           
              
TK1-A 50 50   50 50 MOD Operating Reserve 
TK1-B 50 50   50 50 MOD Operating Reserve 
TK2-A 50 0   0 50 Contingency 
TK2-B 50 0   0 50 Contingency 
              
Total 994 530 200 447 200   
              


 


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 101 of 171







K-012667    


    93


 


Table 34.  DND Tank Inventories during Normal Operation and Normal Outages with 
Additional Storage – DND Option 2 


Tank 
Volume 


(m3) 
Content prior to 


Outage (Mg) 


PHT Content 
Added during 
Outage (Mg) 


MOD Content 
Added 
During 


Outage (Mg) 


Spare 
Capacity 
Available 


(Mg) Comment 
              
PHT-1 100 100         
PHT-2 100 100         
PHT-3 100 20 80       


PHT-4 100 100       


100 Mg reserve for 
PHT make-up during 
TRF Outage 


PHT Weigh Tk 37       37   
              
MOD-1 100     100     
MOD-2 100     100     


MOD-3 100 80     20 
80 Mg OPGN 
operating Reserve 


MOD-4 47 25     22 
25 Mg for Upgrader 
Outage of 6 weeks 


MOD Weigh Tk 10       10   
              
TK1-A 50   50   0   
TK1-B 50     50     
TK2-A 50     50     
TK2-B 50     47 3   
              
Total 994 425 130 347 92   
              


 
 
Upgrader Outage of 8 Weeks with Additional Storage 
 
Need to store downgraded recoveries during this period. 
 
i.e. 1540x8/52 = 237 Mg of fluid will need to be stored. This can be cleaned up and stored in the 
Downgraded Clean Tanks. There is not enough capacity just in the Clean Tanks for this. 
Therefore, 37 Mg will be stored in the Dirty Tanks and 200 Mg in the Clean tanks; Table 35 
illustrates this visually. 
 
During this period, it is assumed that the TRF is working and PHT make-up is not an issue and is 
available. 
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Table 35.  DND Downgraded Inventories during 8 week Upgrader Outage with Additional 
Storage – DND Option 2. 


Tank 
Volume 


(m3) 


Content prior 
to Outage 


(Mg) 


Mixed Content 
Added during 
Outage (Mg) 


Spare Capacity 
Available (Mg) Comment 


            
DG Dirty 25 25       
DG Dirty 25 12   13   
DG Clean 50   50     
DG Clean 50   50     
TK3-A Dirty 50     50   
TK3-B Dirty 50     50   
TK4-A Clean 50   50     
TK4-B Clean 50   50     
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15. APPENDIX E - Drum Cleaning 


Drums are used at the nuclear stations for the movement of downgraded heavy water from 
collections points to the clean up systems and subsequent upgrading to reactor grade water.  
Additionally, drums may are used to store reactor grade water during times of need   Typical 
drums utilized are stainless steel in nature with 2 and ¾ inch bungs.  The following conditions 
typify the drums requiring cleaning: 
 


• Only the internal surfaces of the drum are required to be cleaned 
• Drums are empty minus a heel of no more than 100 ml of heavy water 
• Residual tritium present within drum 
• Oil film within drum possible 
• Volatile organics carbons within drum possible 
• Soil, particulates and dissolved impurities within drum possible 
• Hydrocarbon , oil, heel is possible (oil presence at PND is due to the use of hydraulically 


operated fueling machines) 
 
Carbon steel drums, with epoxy coatings, are the exception.  Drums containing fission products, 
activated particles, metal fillings, corrosion products and large objects are considered the 
exception and will be dealt with separately.   
 
Drums once cleaned will be re-utilized to collect downgraded (oily and non-oily) heavy water or 
store reactor grade water. Five (5%) percent of the drums containing historical contaminated 
heavy water will, upon emptying, contain: sludge, oil, charcoal, resins and maybe silica sediment.  
In some cases the sludge maybe  5 to 6 inches deep. 
 
IP2 drums, utilized for external sales of heavy water, will require pressure testing to 5 psig. 
 
The end use of cleaned drums are: 
 


1. Disposal to waste site (less stringent of cleaning criteria) 
2. Re-use for oily, downgraded, heavy water (less stringent of cleaning criteria) 
3. Re-use for non-oily, downgraded, heavy water (higher level of cleanliness) 
4. Re-use for reactor grade heavy water storage (highest level of cleanliness) 


 
Disposal to the Western Waste Management Facility has to satisfy the criteria imposed by the 
Waste Management.  The criteria require that no free liquid be present in the drum while 
restricting the level of radioactive contamination.  An oil film on the internal surfaces will not be a 
deterrent to disposal and neither will it be a deterrent to re-issue of this drum for oily, 
downgraded, heavy water.  Use of drums to transfer, non-oily, downgraded heavy water is not 
expected to be significantly impacted by a fine oil film on the inner drum surfaces.  The highest 
level of cleanliness is reserved for temporary storage of reactor grade water.  Here no oil film is 
desired as are no particulates or VOC. 
 
Review of methodologies used by drum cleaning equipment suppliers indicates the use of 
detergents, surfactants, caustic or acidic media for effective cleaning of drums.  The use of 
surfactants to emulsify the oils is unavoidable.  Drum cleaning is used extensively in the 
pharmaceutical, food and petroleum industries.  The petroleum industry is expected to be the 
most similar to the situation at Pickering as they deal with heavy crude oils and ragging (the 
presence of ultra fine particles).  Drum cleaning equipment developed specifically for the 
petroleum industry uses a proprietary surfactant with salt water (specifically sea water) to perform 
the cleaning [28]. 
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Bruce Power at one time had drum cleaning capabilities which utilized an industrial cleaner and in 
some situations hydrochloric acid (rust removal)6.   
 
The choice of drum cleaning approaches at PND will be dependent on level of cleanliness sought 
and the disposal pathways of cleaning solutions.  The equipment in the market is general enough 
to utilize different cleaning solutions (surfactants, pressurized hot water etc).  What the drum 
cleaning equipment supplier may not guarantee is the effectiveness of the drum cleaning if their 
approach (ie. cleaning solutions) are not utilized.    
 


 
 


                                                 
6 Ontario Hydro procedure , “Active Drum Cleaning” CVP-78130-1 
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16. APPENDIX F – Sketches of Proposed HWMB extension at DND 
 


 
Figure 13.  Sketch illustrating site location of proposed Heavy Water Management Building 
extension. 
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Figure 14.  Detailed sketch illustrating changes to present Heavy Water Management Building. 
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Figure 15.  Sketch illustrating size of extension to Heavy Water Management Building and the location of the additional heavy water 
storage tanks and new drum loading and handling facility. 
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Figure 16.  Sketch illustrating east view of proposed extension to Heavy Water Management Building. 
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Figure 17.  Sketch illustrating south view of proposed extension to Heavy Water Management Building. 
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Figure 18.  Sketch illustrating access to tank pit from present Heavy Water Management Building to proposed extension. 
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17. APPENDIX G – Sketch of Proposed Location of Drum Cleaning 
Facility at PND 
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18. APPENDIX H – Sketch of Proposed Location of IXCU Additional 
Storage at PND 
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19. APPENDIX I – Sketch of Proposed Location of Additional Storage S&I 
Storage at PND: HVAC Room 
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20. APPENDIX J – Sketch of Proposed Location for Additional S&I 
Storage at PND – UPPA  
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21.  APPENDIX K – DND Plant Walkdowns and Interviews 
 
At least two walkdowns of the TRF/HWMB were conducted to review the current layout of 
equipment and explore possible locations for new tankage and drum handling/cleaning facility. 
Following the first walkdown, a meeting was held with attendees to review the walkdown and 
discuss any further D2O storage and drum handling issues. 
 
WALKDOWN 
1) Access way (D112) 
This access way sometimes is full with heavy water drums arriving from overseas sources, e.g. 
Japan. Drums have to be stored here since every other available space is deemed to be used up. 
This is creating an access hazard. 
 
2) D2O Clean-Up Room (D103)  


a) This room housed the D2O Clean-Up IXCU equipment and TK12/13 tanks. Drums in this 
room are currently all from DND. This room is fully occupied. There is no additional space 
available for any other use. 


 
3) Drum Handling Room (D107)   


a) Drums are filled in this area for external sales. 
b) The UV equipment is set up in this room.  


i) One of the operational issues is that after water has been treated by the UV system it 
may need to go back to the downgraded dirty tanks for re-processing through the IX 
columns to remove impurities that are created during the UV oxidation process.  This 
can cause a bottle neck in the system if space is not available. 


ii) A small separate IX column dedicated to this process could eliminate this issue (this 
is outside the scope of this project) 


c) Fume hood and emergency shower and eye washer basin is also available in this room. 
d) There is a possible space available for drum cleaning up equipment to be located in this 


room, next to the door, leading to the loading bay.   
e) There may be other areas in this room for drum cleaning equipment, but it involves 


relocating some equipment.   
f) There is a mechanical storage room within this room, which can be used for housing the 


drum cleaning equipment, if this room is available.  
 
4)  Loading/Unloading area (D108) 


a) This area is always used for drum holdup storage, which blocks normal access 
loading/unloading purpose.  


 
5) Upgrader Tower Area (D111) 


a) This area housed the upgrader towers, there is a small space accessible inside this area, 
which is required for access and maintenance purpose.  


b) This space is currently used for temporary drums storage use. 
 
6) Access way (D021) 


a) This area is also fully loaded with temporary drums. 
 
7) Off Gas Recombiner area (010) 


a) This room is very small, and very little practical use. This room is not in service. 
 
8) D2O Supply Tanks Area (D001) 


a) These are seismic qualified tank floor. There is no more room for any additional use. 
 
9) Off Gas charcoal tanks basement, El 87m (D002) 
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a) This room approx 7m x 16m and is only accessible via a stairwell and through a small 
hatch (2.2m x 2m) in the ceiling (94m El).  To access this hatch would also require 
removing a section of concrete floor from the 100m El and removing the steel ceiling and 
I-beams below this floor.   


b) There may be room for one 100 to 150 m3 tank. But it would be costly to dismantle and 
remove the existing carbon steel tanks and costly to install new tanks.  New tanks must 
be prefabricated then re-installed and welded piece by piece in-situ since this room is not 
accessible for a complete tank assembly due to  the small access way.  This also means 
that this area can not be used for Class 3 tanks due to the fabrication and testing 
requirements of class 3 tanks.  Working conditions would be difficult and it may be hard 
to find a manufacturer willing to do it. Also need to check with civil about the floor design 
loading.   


 
10) Extension of the West end of the HWMB next to the Loading/Unloading Bay  


a) This area provides a possible extension to the existing HWMB. The required area for 
building extension must include the dismantling of the existing truck loading bay and its 
loading deck/receiving area housing/office.  


b) For new truck receiving door, the door front shall be facing at angle (approx 30 to 40 
degree to north) to ease truck decking with the receiving bay. Also the 
decking/receiving/drums loading bay shall be provided with hydraulic lifting platform/or 
lifting devices to haul the ISO from the truck to the receiving floor. 


c) The building height on the receiving/drum loading areas shall be restricted a few feet 
below the fresh air intake louver (107.8m El.) on the adjacent building, but beyond the 
louver, the building height shall be constructed to house the tall vertical tanks. 


d) The number of the tanks to be determined upon the confirmed total storage requirements 
from DNGS.   


e) S&I tanks are currently below grade and gravity fed from the plant, due to design 
constraints.  If new tanks are built above ground we would need to confirm the ability to 
pump D2O from the station to the new tanks. 


f) Installing new tanks below grade would require extensive excavation immediately next to 
the current HWMB foundation.  Construction issues would have to be further 
investigated. 


 
MEETING 
 
The notes of the meeting are as follows: 
 
2) PHT D2O storage requirements. 


a) With all units running 210Mg of HT quality D2O required to be in storage. 
b) Can this D2O be stored at each unit, i.e. 55 Mg storage tank at each unit? 


 
3) Project scope reviewed 


a) Aileen Sullivan has the action to confirm whether the D2O storage requirements to 
support SCO (2008 and/or future SCOs) are included in the scope of the project, and to 
provide the rationale and valid data to support this requirement for each SCO. 


b) Mario has confirmed that Station Life Extension and Decommissioning are not part of the 
scope of this project. 


c) Is Re-Tube considered Life Extension or is it part of the DND plan to meet expected plant 
life? 
i) DND is planning on completing Re-tube in 10 to 12 years.  DND personnel believe 


that D2O storage requirements to accommodate the Re-Tube of 1 unit at a time 
should be considered as part of the scope of this project.  This requirement is approx. 
700 Mg (plus the requirements to keep 3 other units running) 
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22.  APPENDIX L - Meeting with Common Services Operations 
 
Attendees: 
CS OPS:  F.Drepaul (for D.Topolnisky); G.Kaulessar; G.Walker 
Projects: E.Wong; T.Leung 
Kinectrics: A.Antoniazzi 
Sponsor:  C.Foster 
 
Date:  June 8, 2006 
 
Hi-Lites: 
1. Additional IXCU Tanks: 
a. Obtained agreement that the increased capacity at IXCU for Low 
Ci (both oily & non-oily) are adequate; 
b. G.Kaulessar advised the project that the additional capacity 
proposed at IXCU for Hi Ci (both oily & non-oily) are inadequate.  He indicated that the 
information from N-REP-03861-10000 "Upgrading Capability in OPGN" used by Kinectrics to 
calculate the additional capacity is too conservative, and did not take into consideration the 
following OPEX, even though such OPEX were not documented.  His advise 
is to use the OPEX to further increase Hi-Ci capacity by 30%.    
* The "acute" (either volumetrically & qualitatively) water 
recovered are normally drummed, and were not documented as part of the present total annual 
water recovered. 
* The % isotopic in the recovered water is recently at 20% to 25% 
vs 33% as indicated in the report. 
* Presently, drumming of downgraded Hi-Ci water will start to 
occur if Sulzer is shutdown by 1 wk.  This indicates more leakage is occurring from the moderator 
than what was indicated in previous reports.  
c. Discussed various cost benefits & justification for the 
additional tankage at IXCU, and obtained consensus that enough "quantitative" information are 
available. 
2. New Drum Cleaning Facility: 
a. Discussed various cost benefits & justification for the new Drum 
Cleaning Facility at PND, and obtained consensus that enough "quantitative" information are 
available. 
3.  Additional S&I Tanks: 
a. CS Ops agreed that the "quantitative" cost justifications for 
new S&I tanks are not readily available, and project may have to use the "qualitative" reasoning 
as business drivers. 
b. Following potential cost benefits were discussed, but are 
inconclusive as to whether they can be used as business driver(s): 
* The benefits in shortening outages with the capability to 
simultaneously drain the moderator & PHT from the same unit are indeterminable as this scenario 
had never been tried, and may not be feasible due to heat sink concerns. 
* Similarly, the benefits to shorten outages with the capability 
to simultaneously drain the moderator from a PB unit & PHT drain from a PA unit are 
indeterminable as this scenario had never been tried. 
* The present mode of detritiation using on-line swap is 
inefficient & costly, and the station is always firefighting to keep the tritium level in all its units to 
be within spec.  This is because on-line swap can only be performed in quiet mode, usually over 
week ends or utilize overtime.  There will be certain amount of OM&A savings if this is changed to 
off-line swap. 
* The additional tanks will provide the flexibility to perform 
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off-line swap.  The cost benefit can be from OM&A savings as mentioned above, ALARA & fuel 
burn-up.  However, calculations of the ALARA savings from reduction of tritium level inside the 
reactor are not available yet, and the savings from fuel burn-up due to improved isotope are still 
required to be calculated.    
(Note:  CS OPS also indicated that with the additional tanks, the off-line swap can be achieved 
within the "40 days outage", which otherwise will not be achievable.)  
 
 
Actions: 
1. Issue email & obtain agreement from G.Kaulessar to document the 
revise assumptions for Hi Ci downgraded water. 
* Actioned:  A.Antoniazzi TCD=June 13, 06  
2. Provide historical yearly consumption rate for resin & NUPAC. 
* Actioned: G.Walker TCD=June 13, 06 
3. Provide upgraders' unit cost (ie: $/Kg-fluid processed) so that 
the reduction of upgraders' efficiency can be used to calculate cost benefit.  
* Actioned:  G.Walker TCD=June 13, 06 
4. Provide unit cost benefit from detritiation via ALARA & emission 
(ie: $ savings to production/outage per Ci/Kg reduction) . 
* Actioned: F.Drepaul TCD=June 13, 06 
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23. APPENDIX M – PND Walkdown Notes 
 
The following are locations within PND review as potential locations for additional tank storage 
and drum cleaning facilities.  The notes are a summary of walkdowns performed on April 7, 2006 
and April 25, 2006. 
 
1st Location (potential tank storage): 
 
‘Obsoleted’ HVAC Rm –274’ behind south CM Shop 
Area approximately defined by rows O and Qy and lines 189 to 192 on drawing NK30-D5A-
24000-0053 (35 x 84 sq. ft, height ~17.5 ft) 
 
• Full of specially constructed HV systems to be removed.  It can be done in small sections 


using present door otherwise one wall will required opening.   
• Equipment removal (paperwork) should be easy because never commissioned 
• Will need reinforcement to floor and structure to accommodate extra HW storage 
• Small heating/ventilation will be required (add/or modify to provide coverage for room) 
• Will have to temporarily remove bean by double door to have equipment access 
• Active drainage system available for this area and the area below 
• 7’ wide door 
• tank(s) will require to be laid on side 
• south wall can be removed for tank access 
• up to 3 100 m3 tanks could be accommodated 
 
2nd Location - Insulation shop – 274’ (potential tank storage).  Area is east of the present S&I 
tank locations in Reactor Auxiliary Bay near Unit 5.  In reference drawing NK30-DFA-22000-0006 
the area is defined by lines L to O and columns 184 and 191. 
 
• next to S&I tanks 
• have to investigate floor loadings and structure requirements 
• present equipment easy to remove, very little fixed equipment 
• active drainage required? 
• have to add wall to separate from office side 
• one 100 m3 could be accommodate on its side 
 
3rd location - Visited S&I tanks on 254’ elevation. 
 
• 2 x 150 Mg 
• 2 x100 Mg 
 
4th location  (potential drum facility) - PIOTS and Solid Waste Handling  
 
• power available 
• remove present system, not used 
• is their active drain? 
• Excellent place for drum facility 
• Air available 
• Door available to separate from solid waste handling 
• Obtain dimensions from drawings 
 
5th Location  - Space below HVAC shop 
 
• Ceiling will require reinforcement 
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• No trucks drive in  
• What is below floor? 
• What is present floor loading capacity? 
 
6th Location - Decontamination Shops (N&S) (possible drum facility) 
 
• Jay Joyce (ext 5332) contact person 
• Approved for 0.5M$ in modifications 
• Runs 7 days wk with overtime to keep up 
• Would need a separate work group for drums 
• Extension to RV shop  
• Space utilization varies but significant activity 
• Not a practical place for drum facility 
 
9th Location - Area by NUPAC (potential tank(s) location) 
 
• Below IXCU 
• Slur pump out - have to maintain access 
• HX501 location need to leave room for maintenance and replacement of components 
• Has bay doors to let tanks in 
• At ground level 
• Have to move resin container (NUPAC?) back away from bay doors to free up space 
• Intake channel underneath where is it?  Need drawings 
• Possible to locate a 100m3 tank in this location with little modifications 
• Active drainage? 
 
10th Location - IXCU (potential tank location) – 274’ 
 
• ECN 963 was set to go in 1991, project ~3/4 done, tanks no longer available, all 


documentation not present, package outdated and has to be re-done 
• 2x19 m3, 1x50 m3 and 1x25 m3 tanks were to go in 
• floor loading needs to be looked at 
• good site 
• area approximately defined by lines H and O and 8 and 10 on drawing NA44-06-21002-0058 
 
Risks: 
 


• Possible interferences for ECN 963 recommended tanks 018-34970-TK-9 and 018-34960 
TK11 


o Fire hose cabinet (1-71410-FHC 62)  [would be blocked by proposed TK9] 
o Door 0-24165-RAB 204 [would be blocked by proposed TK11] 
o Piping and Valves belonging to SCI 34970 [would be blocked by proposed TK9] 
o Existing 6” pipe at running from between 0-34970-TK3 and TK4 through the walls 


east of the proposed TK9 
o Tygon hoses (for venting) that are tied onto the aforementioned 6” pipe 
o Existing D2O Transfer Lines at 286’-6” [north of proposed TK9] 
o Fume Hood, (not shown on drawings), located north of double doors leading into 


the IXCU room. 
o The corridor between the Reactor building and the west wall of the IXCU and 


Resin deuteration area is a seismic route, marked on the floor with grey paint 
 The proposed tank location for TK 8 and TK 10 will sit right on top of the 


seismic route 
• Not a big issue, since drawings will only show the seismic route 


as a straight line leading out the door at Line O-8.  We can just 
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repaint the seismic route after the installation and move it over 
for about 1 to 1.5 feet. 


 
• Possible interferences for ECN 963 recommended tanks 018-34970-TK-8 and 018-34960 


TK10 
o TK 10 is 34’-2” in length.  It may have difficulty clearing the corners of the 


corridor. 
o The location of proposed tanks is currently taken up by drums to be processed 


by IXCU, forklifts, and a Herfurth monitor.  We would need to find an alternate 
location for these in order to use this space. 


o 018-34970-TK8 is right beside MCCs. 
 Must have reviews to make sure any accident scenario at the tanks will 


not impact the MCCs 
 During the transport of tanks into their proposed locations (especially 


TK10), care must be taken to not hit the MCCs 
 
Other Installation Risks Identified 
 


• The closest hatch is at Unit 1, 274’, the crane can lift up to 30 tonnes at Grid H22 
• A lifting beam (adjustable) maybe required to lift tanks horizontally from 254’ to 274’ 
• To move tanks from the horizontal position to the vertical position (as required) a lifting 


beam and hoist may need to be installed on 274’ at each tank location. 
• May not have the clearance to lift into the vertical position for the proposed TK 8 and TK 


9 
• Depending on the weight of the tanks, the floor on-route [from the hatch the to the IXCU 


area] may have to be reinforced 
o The floor on-route may be peeled if the tanks are too heavy 


 May need a ¼” plate on the floor to prevent floor peeling 
• Reinforcement of the floor of 274’ at IXCU is required 


o Scaffolding is required at 254’ to reinforce the floor of 274’ (increased costs) 
• Work area may interfere the Equipment cage belonging to John Weigand’s group and the 


NUPAC tank (collects spent resin) 
 Need to coordinate work activities with Maintenance and Operations 


• The location of TK8 is currently in the Zone 2 area [boundary at K-line].  If ECN 0963 
were to be installed, Zone 3 will have to be extended to between the H-Line and the K-
Line. 


 Need Radiation Protection’s concurrence 
 
11th Location - Off Gas Building (potential tank location) 
 Located in the unzoned area at elevation 254’.  The building has never been commissioned.  The 
reference drawing is NK30-DFH-79320-00001.   
 
• pipes already running from U2 to off gas building via vacuum building 
• piping maybe carbon steel will need upgrading to stainless steel 
• building not being used 
• non-radioactive building in unzoned space 
• 7 carbon steel tanks presently in there need to be removed 
• wall will require breaking to move tanks in 
• heating and ventilation appear present 
• floor drains appear to go to a ditch in the surrounding yard. 
• Could probably place 1x150Mg tank 
• Ground floor no problem with loading 
• Non-operational area, least impact 
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Additional Notes:  Earthquake loading was never considered according to Design Manual NK30-
291000 (Off-gases Building and Service Duct, 1977).  Some minimal earthquake resistance is 
considered to exist. 


General discussions while in Off Gas Building 
 
East Annex discussed 
• Ventilation problems 
• FM want the area 
• IMS using part of it 
 
West Annex discussed 
• U2&U3 staging area 
• Heavily utilized 
• Two active drain tanks 
 
Drum Facility 
- Drum cleaning makes sense to have on 274’.  Most drums handled in 274’. 
 


Visit to drum storage area 
 
Most dirty drums contaminated by maintenance, operations.  Drum cleaning facility would not 
have alleviated most of the dirty drum/water problem. 
IXCU problem – inability to handle high Toc, detergents 
 
12th Location - UPPA/UPPB  (potential storage tank location) 
 
• 5x50Mg carbon steel tanks for dirty, downgraded water  
• floor area may need reinforcement 
• will need containment dike 
• first impression – last option for additional tank storage 
• UPPA area asbestos present 
• Has active drainage 
• Services, power, heating /ventilation available, also stack monitor 
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24.  APPENDIX N – PND Stakeholder Meeting Notes 
 
Date: April 11, 2006 
Time: 9:30 am 
Location B2 Projects Building PND 
Attendees:  James Bryant, Ghaman Kaulessar, Glenn Walker, Armando Antoniazzi, 
Edmond Wong, Tracy Leung 
 
General comment was provided that Pickering not doing well managing its heavy water 
inventories due to the lack of storage and drum cleaning facilities.  With Units 2 and 3 shutdown, 
operationally managing the heavy water anticipated to be easier but there is still the need to 
accommodate the heavy water. 
 
There are three areas in HW management that need help: IXCU, S&I and drums. 
 
A past engineering change notice, ECN 963, went into great detail into these heavy water 
management problems. The ECN 963 package was ready for field execution. It is the general 
feeling of Operations and Engineering that the recommended heavy water storage volumes 
outlined in ECN 963 for the IXCU would, if implemented, be sufficient to address their needs (one 
– 50 Mg, one – 25 Mg, two – 19 Mg).  In the period of 1993 to 1995 because of priority setting 
and financial restrictions the ECN was cancelled. 
 
There are now over 3000 drums at PND.  The lack of HW storage capacity at the IXCU has led to 
an increasing number of drums being utilized for downgraded, dirty, water.  Additionally, the lack 
of HW storage at the IXCU prevents the proper segregation of oily downgraded water from 
vapour recovery water subsequently reducing the throughput of the IXCU system.  The slower 
throughput of the IXCU system further exacerbates the storage problem resulting in additional 
storage utilizing drums; at times dirty drums.  The lack of drum cleaning services results in the re-
usage of dirty oily drums for storage of downgraded vapour recovery.  The reduced throughput of 
the IXCU, due to the need to process downgraded oily water, limits maintenance on the IXCU 
feed, storage, tanks.  Having never been cleaned all the IXCU feed tanks are oily.  Even if the 
one of the tanks was cleaned the lack of storage will inevitably lead to oily HW been pumped into 
the clean tank.  This inability to segregate downgraded oily water from vapour recovery water 
results in poorer performance of the IXCU system, lost revenue by having to clean oily vapour 
recovery water, increased labour and worker dose associated with drumming and efforts to find 
storage were ever possible, inability to perform system maintenance which will ultimately force an 
unscheduled system shutdown, and threatening the performance of the upgrader.  The high TOC 
water entering the upgrader leads to the degradation of the upgrader packing and subsequently 
the efficiency.  The upgrader packing is very expensive to the extent it was suggested that a 
whole new upgrader be built. 
 
Oily water at Pickering is inevitable because of oil used in the fuelling machines. 
 
The collapse of 0-34970-TK1 (Hi-Ci oily tank 2.3 Mg) is attributed to the plugging of the vent 
system by charcoal and resin (P-2006-01032).  The contribution factor was the inability to perform 
maintenance on the system due to the lack of storage capacity.  (is this correct?) 
 
IXCU is capable of processing at 400 kg/hr versus the present rate of ~150kg/hr (confirm both 
numbers).  The lower processing rate is due to the oily nature of the feed water which consumes 
resin and charcoal at a much higher rate. 
 
In 1991 PND was restricted to a 6 month operating license.  The #5 item on the list of reasons 
why was the number of drums at the station.  The lack of storage at IXCU is one of the reasons 
why there exists a large number of drums.  A report which looked at the minimization of HW 
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drumming at PND-A was identified, CNS-IR-38000-14, 1987.  Drum cleaning is essential in order 
to prevent vapour-recovery water from becoming oily when the lack of storage at IXCU forces 
usage of drums for storage.  This has happened where downgraded, non-oily, water has been 
placed into oily tanks.  The result is the extra processing time and materials costs for removal oil 
from the HW which wasn’t there when collected. 
 
It was indicated that a drum cleaning capable of processing 10 drums/day would be sufficient for 
PND needs.  PND envisions a drum inventory of about 1000/yr will be required for operational 
needs. 
 
Contact Jack Page for information on dose to station personnel from drums. 
 
Glen Walker can provide information of HW recovery rates. 
 
Storage and Inventory has three objectives: one, water make-up for units; two, maintain quality 
(tritium and isotopic) and three, support outages.  The systems have been designed to hold HW 
from 1 unit’s PHT and 1 unit’s Moderator.  The system was not designed to support outage and 
normal operations concurrently. 
 
To date there has been no impact on outages in terms of delay or extension because work 
arounds when there is a lack of S&I storage but other activities have suffered; for example, 
maintenance and TRF shipments.  Two years ago the lack of S&I storage came close to 
postponing an outage.  Valves passing increases storage to S&I tanks. 
 
Three outages per year is expected to be case for the future with moderator drain and 
simultaneous HT drain to LLDS. 
 
A simultaneous moderator and heat transport drain and the requirement to distribute water 
among S&I tanks, because of the lack of storage, to accommodate the needs increases the risk 
of mixing gallodinium containing moderator water and lithium containing heat transport water.  
The result of the mixing would lead to the production of a polymer which would plug up equipment 
and pipes. 
 
Storage of PHT HW from Unit 2 and 3 in spent resin tanks unlikely because of potential for leaks 
and no means of monitoring.  The result is this water will have to be accommodated somewhere 
(~280 Mg) 
 
TDO shipments cost around $2500 per shipment.  PND targets for TDO shipments is 3 shipments 
out and three shipments in per week.  This target cannot be met during an outage because of 
lack of S&I storage. 
 
Maximum benefit to worker dose and associated cost is the detritiation of the HT system because 
this is where the majority of the leaks arise from. 
 
The administrative limit for PHT ready water on stand-by is 33 Mg (assumes a certain size gross 
leak plus normal leakage) 
 
Recovery of HW presently in drums is estimated to be about 160 Mg while from UPPA around 30 
Mg. 
 
A low level drain state (LLDS) for the HT system requires about 100 Mg of storage and from a 
moderator system around 250 Mg. 
 
There is no capacity in Unit 3 for storage but some capacity in Unit 2 (~95 Mg). 
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It was pointed out that doing a total volume of the water presently in the system and looking at the 
available storage volume leads to the erroneous conclusion that enough storage space is 
available.  The reason for the incorrect conclusion is attributed to ignoring the fact that the HW 
with in the storage system is not all of the same quality (reactor grade, HT grade, Gd containing 
moderator HW, Li containing PHT HW).  For example, once a storage tank is filled with Gd 
containing moderator HW the space is no longer available for usage.  Or if HT ready water 
occupies 30% of the volume it can no longer be used for moderator water storage. 
 


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 126 of 171







K-012667    


    118


25. APPENDIX O – Seismic Requirements of Various Systems at PND 
 
Below are the seismic requirements identified [39] during a preliminary review.  A list of reference 
documents that govern the seismic qualification of systems, structures and components in 
Pickering A and B are also included at the end of the summary.   
 
 (1)  East of D2O Supply Tanks   (PB) 
 Elevation: 254'-0" (tanks are 20 ft in height) 
 Potential Tank Area: The area east of the supply tanks.  [Line L to Line O, Between 
column 184 and column 185] 
 Note: The area cannot be impeding the D2O tankers that will come in through the loading 
area S559. 
 Reference Drawing: NK30-DFA-22000-0005 
 
 This location is in the PB  Reactor Auxiliary Bay.  According to [R-12] and [R-13], the 
RAB structure was deemed seismically adequate. 
Seismic demand response spectra for PB are documented in Ref. [R-11]. 
 
 (2)  Ventilation Equipment Room   (PB) 
 Elevation: 277'-4"  
 Potential Tank Area: Room S668 
 Note: Currently containing obsolete HVAC equipment 
 Reference Drawing: NK30-D5A-24000-0053 
 
 This ventilation equipment enclosure is constructed on top of the solid waste handling 
facility, which was constructed to the following seismic requirements: 
 Ref.:  Design Manual NK30-24000, Addition to Service Wing for Solid Waste Handling 
Facility.  Section 5.0 Seismic Requirements: 
 Except for the siding on the South side, the building structure does not need to be 
seismically qualified.  The south wall siding shall be seismically qualified for design basis 
earthquake (DBE) [R-11].  The structure shall not produce negative impact on the seismic 
capability of the pressure relief duct (PRD). 
 
 Seismic demand response spectra for PB are documented in Ref. 
[R-11]. 
 
 (3)  IXCU Area   (PA) 
 Elevation: 274'-0"  
 Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and K to  Line O, 
column 6 to Column 9] 
 Note: Cancelled ECN 0963 
 Reference Drawing: NA44-0G-21002-00058 
 
 This location is in the PA Reactor Auxiliary Bay (RAB). 
According to [R-3], the PA  RAB structure was assessed to be to be seismically adequate.  It 
should be noted that masonry walls (a typical seismic liability) in the vicinity of any structures, 
systems or components (SSC's) on the success path were evaluated and upgraded if necessary.  
The same needs to be followed for new SSC's.  Seismic demand for PA is characterized by the 
floor response spectra in Ref. [R-6] and [R-3]. 
 
 
 (4)  UPP- A   (PA) 
 Elevation: 274'-0"  
 Potential Tank Area: Line A to D, Columns 1 to 4 
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 Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not 
in use, and can be removed. 
 Reference Drawing: NA44-EMG-34600-00004 
 
 Ref. Design Manual NA44-29800, Heavy Water Upgrade Plant Building, Nov. 1971. 
 This design manual does not stipulate any seismic requirements. 
The building is not on the success path evaluated in Ref. [R-3]. 
 Seismic demand response spectra for PA are documented in Ref. 
[R-6] and [R-3]. 
 
 
 (5) Off-Gas Building  (PB) 
 Elevation: 254'-0"  (outside the plant) 
 Potential Tank Area: Entire Building 
 Note: This building has never been commissioned. 
 Reference Drawing: NK30-DFH-79320-00001 
 
 According to  Design Manual NK30-29100 (Off-Gasses Building and Service Duct, April 
1977), earthquake loading was considered in design. 
No details are available on the extent or the level of seismic loading and according to Operations, 
the building was never commissioned.  It would be conservative to assume that the building has 
some inherent minimal earthquake resistance (as per the National Building code at the 
time,1965).  But since the building was never commissioned, seismic evaluation will have to be 
conducted based on PB  DBE according to Ref. 
[R-11].   
 References 
 [R-1]  Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N  
Procedure N-PROC-MA-0031. 
 Pickering A  
 [R-2]  Engineering Direction on Evaluation Methodology for Seismic Impact of Plant 
Modifications, NA44-CORR-03652-0073548, January 30, 2004. 
 [R-3]  Seismic Assessment of Pickering 'A' Nuclear Generating Station, NA44-REP-
02004-0073, Feb. 1998. 
 [R-4]  Administrative Controls for Seismic Qualification, NA44-REP-03650-00002. 
 [R-5]  Seismic Capacity Preservation, Pickering 'A' Return to Service, AECL 
Implementation Guide No.  44RS-03650-IG-002 R02,  December 2000. 
 [R-6]  Floor Response Spectra (FRS), Pickering 'A' Return to Service, AECL 
Implementation Guide No.  44RS-20090-IG-001 R01,  April 1999. 
 [R-7]  Pickering A Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic 
Qualification and Classification, 
NA44-SR-01320-00001 R11, July 2003. 
 [R-8]  Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N  
Procedure N-PROC-MA-0031. 
 [R-9]  Abnormal Incident Manual,  Common Mode Events, NA44-014-09013-6. 
 Pickering B 
 [R-10]  Pickering B Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic 
Qualification and Classification, 
NK30-SR-01320-00002 R01, June 2003. 
 [R-11]  Safety Systems Engineering Design Guide No. 
DG-30-68000-2, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems. 
 [R-12]  Safety Systems Engineering Design Guide Supplement No. 
DG-30-68000-006, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems: Reactor 
Auxiliary Bay Structure/2/21441/21451, Oct. 
1980. 
 [R-13]  Email from. C. Alexander to P.J. Armstrong Re: PB Seismically Qualified 
Structures,  NK30-CORR-67100-0084852 
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Additional information on seismic systems [40]. 
 
If the modification is part of 38210 system, then the system shall be seismically qualified to meet 
(1) and (2). If modification involves containment penetration, then the lines and valves must also 
be seismically qualified to maintain contain boundary integrity. The services (e.g. instrument air, 
power for MV) to operate a seismically qualified valve during or after a seismic event must also 
be seismically qualified. 
 
1. Engineering Design Guide DG-30-68000-2 Seismic Qualification of Safety Related 
Systems specifies: 
* 38200 D2O Supply System qualified to DBE "A". 
* Note 13 stated "The D2O supply system is to be seismically 
qualified only to the extent that there will be no loss of inventory from the bulk storage tanks." 
 
2. Flow diagram NK30 FDH 38210 0001 and Design Manual NK30-38210 for D2O Supply 
System state: 
* The D2O supply system is seismically qualified for a DBE 
Category A. 
* Equipment Data Sheets (tanks and relief valves) in the design 
manual also show seismic qualification to DBE A. 
* System Classification List for CNSC approval of Code 
Classification also shows system and tanks to seismic qualification DBE A. 
* Notes on piping drawings do not specifically state seismic 
requirements. If the relief valves are seismically qualified, it is most likely that the piping is also 
seismically qualified. 
 
3. 34960 - D2O Transfer System: 
* Flow diagram NK30-FFH-34960-0001 marked seismic requirements for 
specific section (containment penetration) of the drawing. 
* Design manual NK30-34960 states D2O transfer lines that 
penetrates RB wall and containment are seismically qualified to DBE A, isolation valves 
seismically qualified to DBE B. 
 
4. 34970 - Moderator D2O Ion Exchange Cleanup System: 
* No seismic requirements marked on flow 
diagramNK30-FFH-34970-0001. No seismic requirements stated in design manual NK30-34970. 
* Equipment data sheet for strainer in design manual stated 
seismic qualification not required. 
 
5. 38340 - 30TF-38340 Pickering Incoming/outgoing D2O Transfer System 
(PIOTS) 
* Design Manual 30TF-38340 stated PIOT system is not seismically 
qualified. 
* Seismically qualified dike is provided around tanks and pumps to 
contain a limited spill of tritiated D2O, but not a full tank. 
* PIOTS tanks's supports are designed to withstand seismic loads 
equivalent to DBE A to prevent toppling of the tanks in the seismically qualified dike. 
* PIOTS tank room wall are designed to withstand DBE A. 
* Pickering B containment isolating valves are seismically 
qualified to DBE A or B. 
* Pickering A containment isolating valves are NOT seismically 
qualified. 
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26. APPENDIX P – Personal Communications Emails 
 
EMAIL 1. 
 
From: BREMNER Shawn -NUCLEAR [shawn.bremner@opg.com] 
Sent: Friday, May 19, 2006 2:28 PM 
To: ANTONIAZZI Armando; LEE David Tw -DARLINGTON; SOOD Sav -
DARLINGTON 
Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR; THAM Stephanie -
NUCLEAR 
Subject: SG fuel storage tanks 
FYI 
  
Dragana has done some research and determined that no building can be within 9m of the SG 
tanks, our current proposal is approx 24m from the fuel tanks so this will not be an issue.  
Dragana will issue an official memo by May 30th (she is on holidays next week) 
  


Cheers  
Shawn Bremner - OPG PNGS  
Design Projects  
905-839-1151 ext 2070  
Pager 416-237-2802  
  


 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED 
RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, 
PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc.  
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EMAIL 2.  
 
From: WONG Edmond -NUCLEAR [edmond.wong@opg.com] 
Sent: Friday, June 16, 2006 4:31 PM 
To: ANTONIAZZI Armando 
Cc: LEUNG Tracy -NUCLEAR; BREMNER Shawn -NUCLEAR; THAM Stephanie 
-NUCLEAR 
Subject: Reasons for Lack of De-Tritiation Effort in PND. 
 
Armando, 
 
Here are some of the reasons Glenn gave me in regard to why PND was having problem to 
execute the "on-line" de-trit plan in the last few years.... 
1. Extended TRF outage (ie: in Y2003) & now; 
2. S&I tanks occupied by moderator drains in PB units in the last 
few yrs preventing on-line swap; generally last about 6 wks per outage; 
3. Before 2002, U4 moderator D2Or stored in S&I tanks to allow 
maintenance works to support PARTS.  This lasted 18 mths, and prevented on-line swap. 
4. There were some procedure issues that prevented "on-line swap" 
to be executed safely.  This resolution took about 6 to 9 mths; 
5. At times, there were planning (IOP) / resource (OPS & inventory) 
/ schedule / co-ordination problems that prevented on-line swap; 
 
I am a little troubled by what Sav said that DND has only 1 viable 
option to resolve the charter's objectives.   I imagine other people 
could be troubled too.  Example, just off the cuff, why can't the status quo of drumming or using 
external storage to support outages (such as SCO/VBO which occur every 6 yrs) as viable 
options, if it is cost effective. 
 
Edmond    
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 3. 
 
From: WONG Edmond -NUCLEAR [edmond.wong@opg.com] 
Sent: Thursday, June 08, 2006 6:25 PM 
To: TOPOLNISKY Dave -PICKERING; DREPAUL Fred -PICKERING; KAULESSAR 
Ghaman -PICKERING; ANTONIAZZI Armando; THAM Stephanie -NUCLEAR; LEUNG 
Tracy -NUCLEAR; FOSTER Charles -NUCLEAR; CORNACCHIA Mario -NUCLEAR; 
WALKER Glenn -PICKERING 
Subject: Minutes & Actions: PND D2O Project - Cost Benefits 
 
Attendees: 
CS OPS:  F.Drepaul (for D.Topolnisky); G.Kaulessar; G.Walker 
Projects: E.Wong; T.Leung 
Kinectrics: A.Antoniazzi 
Sponsor:  C.Foster 
 
Date:  June 8, 2006 
 
Hi-Lites: 
1. Additional IXCU Tanks: 
a. Obtained agreement that the increased capacity at IXCU for Low 
Ci (both oily & non-oily) are adequate; 
b. G.Kaulessar advised the project that the additional capacity 
proposed at IXCU for Hi Ci (both oily & non-oily) are inadequate.  He indicated that the 
information from N-REP-03861-10000 "Upgrading Capability in OPGN" used by Kinectrics to 
calculate the additional capacity is too conservative, and did not take into consideration the 
following OPEX, even though such OPEX were not documented.  His advise 
is to use the OPEX to further increase Hi-Ci capacity by 30%.    
* The "acute" (either volumetrically & qualitatively) water 
recovered are normally drummed, and were not documented as part of the present total annual 
water recovered. 
* The % isotopic in the recovered water is recently at 20% to 25% 
vs 33% as indicated in the report. 
* Presently, drumming of downgraded Hi-Ci water will start to 
occur if Sulzer is shutdown by 1 wk.  This indicates more leakage is occurring from the moderator 
than what was indicated in previous reports.  
c. Discussed various cost benefits & justification for the 
additional tankage at IXCU, and obtained consensus that enough "quantitative" information are 
available. 
2. New Drum Cleaning Facility: 
a. Discussed various cost benefits & justification for the new Drum 
Cleaning Facility at PND, and obtained consensus that enough "quantitative" information are 
available. 
3.  Additional S&I Tanks: 
a. CS Ops agreed that the "quantitative" cost justifications for 
new S&I tanks are not readily available, and project may have to use the "qualitative" reasoning 
as business drivers. 
b. Following potential cost benefits were discussed, but are 
inconclusive as to whether they can be used as business driver(s): 
* The benefits in shortening outages with the capability to 
simultaneously drain the moderator & PHT from the same unit are indeterminable as this scenario 
had never been tried, and may not be feasible due to heat sink concerns. 
* Similarly, the benefits to shorten outages with the capability 
to simultaneously drain the moderator from a PB unit & PHT drain from a PA unit are 
indeterminable as this scenario had never been tried. 
* The present mode of detritiation using on-line swap is 
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inefficient & costly, and the station is always firefighting to keep the tritium level in all its units to 
be within spec.  This is because on-line swap can only be performed in quiet mode, usually over 
week ends or utilize overtime.  There will be certain amount of OM&A savings if this is changed to 
off-line swap. 
* The additional tanks will provide the flexibility to perform 
off-line swap.  The cost benefit can be from OM&A savings as mentioned above, ALARA & fuel 
burn-up.  However, calculations of the ALARA savings from reduction of tritium level inside the 
reactor are not available yet, and the savings from fuel burn-up due to improved isotope are still 
required to be calculated.    
(Note:  CS OPS also indicated that with the additional tanks, the off-line swap can be achieved 
within the "40 days outage", which otherwise will not be achievable.)  
 
 
Actions: 
1. Issue email & obtain agreement from G.Kaulessar to document the 
revise assumptions for Hi Ci downgraded water. 
* Actioned:  A.Antoniazzi TCD=June 13, 06  
2. Provide historical yearly consumption rate for resin & NUPAC. 
* Actioned: G.Walker TCD=June 13, 06 
3. Provide upgraders' unit cost (ie: $/Kg-fluid processed) so that 
the reduction of upgraders' efficiency can be used to calculate cost benefit.  
* Actioned:  G.Walker TCD=June 13, 06 
4. Provide unit cost benefit from detritiation via ALARA & emission 
(ie: $ savings to production/outage per Ci/Kg reduction) . 
* Actioned: F.Drepaul TCD=June 13, 06 
 
 
 
 
 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 4. 
 
From: WIGGLESWORTH J J -NUCLEAR [john.wigglesworth@opg.com] 
Sent: Friday, June 09, 2006 11:23 AM 
To: ANTONIAZZI Armando 
Cc: DREPAUL Fred -PICKERING 
Subject: RE: questions pertaining to tritium emissions from nuclear 
stations 
 
Currently < 20 % of outage dose is attributed to internal tritium uptakes. The recommended 
monetary value for a rem saved is now $25,000 
(#3 below).  
 
The other part is complicated to explain. The Heat Transport system is a high pressure high 
temperature system which leads to more leaks as opposed to the lower temperature lower 
pressure moderator system. The Curie content in the HT is ~ 1.15 Ci/kg vs ~ 18.5 Ci/kg 
moderator systems. Our cold fingers give us approximate values of the %HT in the stack which is 
drawing on the air in accessible areas of the Reactor Buildings. Although are emissions are vary 
low the % of HT D2O going out to atmosphere is 96 %. During outages work is completed on 
both systems in a ratio of 90 % HT systems to 10 % moderator work. We assume that 90 
- 95 % of our uptakes are due to HT system Curie content. 
 
If 30 Megagrams (~ capacity of 6 boilers) of 1.1 Ci/kg Heat Transport D2O is replaced by 0.5 
Ci/kg D2O this will reduce the net Curie content in the Heat Transport by 10%. This would save ~ 
2.5 rem over the next year which is a net savings of $62,500 for the one outage. Since two 
outages occur per year this would save $125,000.  
 
Outage dose is in the range of 20 to 30 rem for each of the past few outages. 
 
Hope this helps, John. 
 
-----Original Message----- 
From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com] 
Sent: Thursday, June 01, 2006 11:46 AM 
To: WIGGLESWORTH J J -NUCLEAR 
Subject: FW: questions pertaining to tritium emissions from nuclear stations 
 
 
John, 
 
I have not heard from you on my original inquiry, see below.  Should I 
address the questions I posed to you to someone else?   
 
Thanks for your help. 
 
Armando 
 
Dr. Armando B. Antoniazzi 
Nuclear Waste and Tritium Solutions 
Kinectrics Inc. 
800 Kipling Ave 
Toronto, Ontario 
Canada M8Z 6C4 
 
ph: 416-207-6000 ext 6680 
fax: 416-207-6094 


Filed: 2021-04-19, EB-2020-0290 
Exhibit L-D2-02-AMPCO-131 


Attachment 6 
Page 134 of 171







K-012667    


    126


email: armando.antoniazzi@kinectrics.com 
 
 
-----Original Message----- 
From: ANTONIAZZI Armando  
Sent: Thursday, May 18, 2006 5:13 PM 
To: 'WIGGLESWORTH J J -NUCLEAR' 
Cc: 'LEUNG Tracy -NUCLEAR'; WONG Edmond -NUCLEAR; 'BREMNER Shawn 
-NUCLEAR' 
Subject: RE: questions pertaining to tritium emissions from nuclear 
stations 
 
John, 
 
Could you answer some further questions? 
 
During an outage dosage to personnel is estimated and eventually actual 
doses are measured.  In general most of the dose is associated with 
tritium; is this correct?  Is there a relationship utilized to calculate 
anticipated worker tritium dose that ties the dose to the tritium levels 
in the PHT and/or moderator systems.  I know you can calculate the dose 
to a person from the MPC of tritium in the work area.  Is there a tie to 
the Ci/kg in the PHT or Moderator system. 
 
Specifically, I am looking to utilize the cost provided in #3 below.  I 
would like to estimate the cost associated with worker dose (tritium 
related) received during outage work and whether that dose can be 
correlated with the tritium concentration in the operating systems. 
Also, what is the average total dose of all personnel(tritium related) 
during outages? 
 
Help on this would be appreciated.  Thank-you. 
 
Armando 
 
Dr. Armando B. Antoniazzi 
Nuclear Waste and Tritium Solutions 
Kinectrics Inc. 
800 Kipling Ave 
Toronto, Ontario 
Canada M8Z 6C4 
 
ph: 416-207-6000 ext 6680 
fax: 416-207-6094 
email: armando.antoniazzi@kinectrics.com 
 
 
-----Original Message----- 
From: WIGGLESWORTH J J -NUCLEAR [mailto:john.wigglesworth@opg.com]  
Sent: Monday, April 10, 2006 10:51 AM 
To: ANTONIAZZI Armando 
Subject: RE: questions pertaining to tritium emissions from nuclear 
stations 
 
#3. $10,000 / rem. 
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#4. Related to health effects of radiation and replacement cost for 
another worker to be trained up if the first worker approaches a dose 
limit and is restricted from doing radioactive work. 
 
John. 
 
-----Original Message----- 
From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]  
Sent: Friday, March 31, 2006 7:24 AM 
To: WIGGLESWORTH J J -NUCLEAR 
Cc: THAM Stephanie -NUCLEAR; WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
Subject: questions pertaining to tritium emissions from nuclear stations 
 
 
John, 
  
My name is Armando Antoniazzi and I work for Kinectrics.  We have been 
contracted by OPG to examine the options for heavy water storage and 
drum handling.  Would you be able to answer questions related to those 
issues that lead to tritium emissions to the environment and to worker 
dose.  Specifically, 
  
 
  
1. What is financial impact to OPG of increase or decrease in 
tritium emissions? 
2. What is non-financial impact to OPG of increase or decrease in 
tritium emissions? 
3. What is the dollar value associated with dose?  
4. Is this value related to lost worker hours or health? 
 
I will follow up with a telephone call to you.   
 
Thank-you for your time. 
 
Armando 
 
Dr. Armando Antoniazzi 
 
Nuclear Waste and Tritium Solutions 
 
Kinectrics Inc. 
 
800 Kipling Ave 
 
Toronto, Ontario M8Z 6C4 
 
ph: 416-207-6000 ext. 6680 
 
email: armando.antoniazzi@kinectrics.com 
 
 
 
------------------------------------------------------------------------ 
-------- 
This transmission contains information which may be confidential and 
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which may also be privileged.  It is intended for the named addressee 
only.  Unless you are the named addressee, or authorized to receive it 
on behalf of the addressee, you may not copy, use, or disclose it to 
anyone else.  If you have received this transmission in error, please 
contact the sender.  Thank you for your cooperation.  
------------------------------------------------------------------------ 
-------- 
Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada  M8Z 6C4 
 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc. 
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EMAIL 5. 
 
From: ALY Nasser -NUCLEAR [nasser.aly@opg.com] 
Sent: Friday, May 19, 2006 3:19 PM 
To: WONG Dominic -NUCLEAR 
Cc: LEUNG Tracy -NUCLEAR; WONG Edmond -NUCLEAR; ANTONIAZZI Armando 
Subject: Preliminary Seismic review of Potential Locations for D2O Tank 
Installation 
 
 Dominic, 
 
 As discussed during the project meeting, I conducted a preliminary review on the seismic 
requirements for potential locations for D2O storage tanks (locations identified in an email by 
Tracy, attached below).  The findings are summarized below.  A list of reference documents that 
govern the seismic qualification of systems, strcutres and components in Pickering A and B are 
also included at the end of the summary.  This information should assist Kinectrics with their 
conceptual/costing study. 
 
 (1)  East of D2O Supply Tanks   (PB) 
 Elevation: 254'-0" (tanks are 20 ft in height) 
 Potential Tank Area: The area east of the supply tanks.  [Line L to Line O, Between 
column 184 and column 185] 
 Note: The area cannot be impeding the D2O tankers that will come in through the loading 
area S559. 
 Reference Drawing: NK30-DFA-22000-0005 
 
 This location is in the PB  Reactor Auxiliary Bay.  According to [R-12] and [R-13], the 
RAB structure was deemed seismically adequate. 
Seismic demand response spectra for PB are documented in Ref. [R-11]. 
 
 (2)  Ventilation Equipment Room   (PB) 
 Elevation: 277'-4"  
 Potential Tank Area: Room S668 
 Note: Currently containing obsolete HVAC equipment 
 Reference Drawing: NK30-D5A-24000-0053 
 
 This ventilation equipment enclosure is constructed on top of the solid waste handling 
facility, which was constructed to the following seismic requirements: 
 Ref.:  Design Manual NK30-24000, Addition to Service Wing for Solid Waste Handling 
Facility.  Section 5.0 Seismic Requirements: 
 Except for the siding on the South side, the building structure does not need to be 
seismically qualified.  The south wall siding shall be seismically qualified for design basis 
earthquake (DBE) [R-11].  The structure shall not produce negative impact on the seismic 
capability of the pressure relief duct (PRD). 
 
 Seismic demand response spectra for PB are documented in Ref. 
[R-11]. 
 
 (3)  IXCU Area   (PA) 
 Elevation: 274'-0"  
 Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and K to  Line O, 
column 6 to Column 9] 
 Note: Cancelled ECN 0963 
 Reference Drawing: NA44-0G-21002-00058 
 
 This location is in the PA Reactor Auxiliary Bay (RAB). 
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According to [R-3], the PA  RAB structure was assessed to be to be seismically adequate.  It 
should be noted that masonry walls (a typical seismic liability) in the vicinity of any structures, 
systems or components (SSC's) on the success path were evaluated and upgraded if necessary.  
The same needs to be followed for new SSC's.  Seismic demand for PA is characterized by the 
floor response spectra in Ref. [R-6] and [R-3]. 
 
 
 (4)  UPP- A   (PA) 
 Elevation: 274'-0"  
 Potential Tank Area: Line A to D, Columns 1 to 4 
 Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not 
in use, and can be removed. 
 Reference Drawing: NA44-EMG-34600-00004 
 
 Ref. Design Manual NA44-29800, Heavy Water Upgrade Plant Building, Nov. 1971. 
 This design manual does not stipulate any seismic requirements. 
The building is not on the success path evaluated in Ref. [R-3]. 
 Seismic demand response spectra for PA are documented in Ref. 
[R-6] and [R-3]. 
 
 
 (5) Off-Gas Building  (PB) 
 Elevation: 254'-0"  (outside the plant) 
 Potential Tank Area: Entire Building 
 Note: This building has never been commissioned. 
 Reference Drawing: NK30-DFH-79320-00001 
 
 According to  Design Manual NK30-29100 (Off-Gasses Building and Service Duct, April 
1977), earthquake loading was considered in design. 
No details are available on the extent or the level of seismic loading and according to Operations, 
the building was never commissioned.  It would be conservative to assume that the building has 
some inherent minimal earthquake resistance (as per the National Building code at the 
time,1965).  But since the building was never commissioned, seismic evaluation will have to be 
conducted based on PB  DBE according to Ref. 
[R-11].  It is noted that earlier effort pointed to total lack of seismic resistance for this building, 
however, further investigation concludes some seismic strength exists as mentioned above.   
 References 
 [R-1]  Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N  
Procedure N-PROC-MA-0031. 
 Pickering A  
 [R-2]  Engineering Direction on Evaluation Methodology for Seismic Impact of Plant 
Modifications, NA44-CORR-03652-0073548, January 30, 2004. 
 [R-3]  Seismic Assessment of Pickering 'A' Nuclear Generating Station, NA44-REP-
02004-0073, Feb. 1998. 
 [R-4]  Administrative Controls for Seismic Qualification, NA44-REP-03650-00002. 
 [R-5]  Seismic Capacity Preservation, Pickering 'A' Return to Service, AECL 
Implementation Guide No.  44RS-03650-IG-002 R02,  December 2000. 
 [R-6]  Floor Response Spectra (FRS), Pickering 'A' Return to Service, AECL 
Implementation Guide No.  44RS-20090-IG-001 R01,  April 1999. 
 [R-7]  Pickering A Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic 
Qualification and Classification, 
NA44-SR-01320-00001 R11, July 2003. 
 [R-8]  Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N  
Procedure N-PROC-MA-0031. 
 [R-9]  Abnormal Incident Manual,  Common Mode Events, NA44-014-09013-6. 
 Pickering B 
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 [R-10]  Pickering B Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic 
Qualification and Classification, 
NK30-SR-01320-00002 R01, June 2003. 
 [R-11]  Safety Systems Engineering Design Guide No. 
DG-30-68000-2, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems. 
 [R-12]  Safety Systems Engineering Design Guide Supplement No. 
DG-30-68000-006, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems: Reactor 
Auxiliary Bay Structure/2/21441/21451, Oct. 
1980. 
 [R-13]  Email from. C. Alexander to P.J. Armstrong Re: PB Seismically Qualified 
Structures,  NK30-CORR-67100-0084852 
 
 Regards, 
 
 Nasser  Aly,  M.Eng., P.Eng., P.E. 
 Senior Design Engineer 
 Engineering Services Division 
 Ontario Power Generation - Nuclear 
 889 Brock Road, Pickering, Ontario  Canada L1W 3J2 
 T.  905.839.6746  x. 5216 
 E.  nasser.aly@opg.com 
 OPG Building Code P82 5D1 
 Internal  702+5216 
 
 -----Original Message----- 
 From: LEUNG Tracy -NUCLEAR  
 Sent: Tuesday, May 09, 2006 2:55 PM 
 To: WONG Dominic -NUCLEAR 
 Cc: WONG Edmond -NUCLEAR; BREMNER Shawn -NUCLEAR; LEUNG Tracy -
NUCLEAR 
 Subject: Re: Potential Locations for D2O Tank Installation  
  
 Dominic, 
 As per our conversation today, you need a list of proposed locations to speak to the 
Structural Analysis expert about the seismic issues that the D2O storage project may encounter. 
Here is the list, and the reference drawings for the locations. Please contact me if you need more 
information. Thanks. 
 1. East of D2O Supply Tanks 
 Elevation: 254'-0" (tanks are 20 ft in height) 
 Potential Tank Area: The area east of the supply tanks. [Line L to Line O, Between 
column 184 and column 185] 
 Note: The area cannot be impeding the D2O tankers that will come in through the loading 
area S559. 
 Reference Drawing: NK30-DFA-22000-0005  
 Drawing Link: 
http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro 
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW 
ARC%20NK30-DFA-22000-
0005%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2 
0%20%20%20%20&ShortCut=Y 
 2. Ventilation Equipment Room 
 Elevation: 277'-4"  
 Potential Tank Area: Room S668 
 Note: Currently containing obsolete HVAC equipment 
 Reference Drawing: NK30-D5A-24000-0053 
 Drawing Link: 
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http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro 
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW 
ARC%20NK30-D5A-24000-
0053%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2 
0%20%20%20%20&ShortCut=Y 
 3. IXCU Area 
 Elevation: 274'-0"  
 Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and K to Line O, 
column 6 to Column 9] 
 Note: Cancelled ECN 0963 
 Reference Drawing: NA44-0G-21002-00058 
 Drawing Link: 
  
http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro 
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW 
LOC%20NA44-0G-21002-
00058%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2 
0%20%20%20%20&ShortCut=Y 
 4. UPP-A 
 Elevation: 274'-0"  
 Potential Tank Area: Line A to D, Columns 1 to 4 
 Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not 
in use, and can be removed. 
 Reference Drawing: NA44-EMG-34600-00004 
 Drawing Link: 
  
http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro 
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW 
MAD%20NA44-EMG-34600-
00004%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20% 
20%20%20%20&ShortCut=Y 
 5. Off-Gas Building 
 Elevation: 254'-0" (outside the plant) 
 Potential Tank Area: Entire Building 
 Note: This building has never been commissioned. 
 Reference Drawing: NK30-DFH-79320-00001 
 Drawing Link: 
  
http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro 
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW 
MAD%20NK30-DFH-79320-
0001%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2 
0%20%20%20%20&ShortCut=Y 
 Tracy Leung  
 Assistant Technical Officer  
 Design Projects, Pickering A  
 Phone No.: (905) 839-1151 ext. 2767  
 Pager: 416-390-4746  
 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
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communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 6. 
 
From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com] 
Sent: Tuesday, May 30, 2006 3:10 PM 
To: ANTONIAZZI Armando 
Subject: FW: Review of Seismic Requirements for D2O Storage and Transfer 
Systems 
 
 
 
Tracy Leung 
Assistant Technical Officer 
Design Projects, Pickering A 
Phone No.: (905) 839-1151 ext. 2767 
Pager: 416-390-4746 
 
-----Original Message----- 
From: WONG Dominic -NUCLEAR 
Sent: Tuesday, May 30, 2006 2:23 PM 
To: LEUNG Tracy -NUCLEAR 
Cc: WONG Edmond -NUCLEAR 
Subject: Review of Seismic Requirements for D2O Storage and Transfer Systems 
 
The following is a review of the seismic requirements of various systems. 
 
If the modification is part of 38210 system, then the system shall be seismically qualified to meet 
(1) and (2). If modification involves containment penetration, then the lines and valves must also 
be seismically qualified to maintain contain boundary integrity. The services (e.g. instrument air, 
power for MV) to operate a seismically qualified valve during or after a seismic event must also 
be seismically qualified. 
 
1. Engineering Design Guide DG-30-68000-2 Seismic Qualification of Safety Related Systems 
specifies: 
* 38200 D2O Supply System qualified to DBE "A". 
* Note 13 stated "The D2O supply system is to be seismically 
qualified only to the extent that there will be no loss of inventory from the bulk storage tanks." 
 
2. Flow diagram NK30 FDH 38210 0001 and Design Manual NK30-38210 for D2O Supply 
System state: 
* The D2O supply system is seismically qualified for a DBE 
Category A. 
* Equipment Data Sheets (tanks and relief valves) in the design 
manual also show seismic qualification to DBE A. 
* System Classification List for CNSC approval of Code 
Classification also shows system and tanks to seismic qualification DBE A. 
* Notes on piping drawings do not specifically state seismic 
requirements. If the relief valves are seismically qualified, it is most likely that the piping is also 
seismically qualified. 
 
3. 34960 - D2O Transfer System: 
* Flow diagram NK30-FFH-34960-0001 marked seismic requirements for 
specific section (containment penetration) of the drawing. 
* Design manual NK30-34960 states D2O transfer lines that 
penetrates RB wall and containment are seismically qualified to DBE A, isolation valves 
seismically qualified to DBE B. 
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4. 34970 - Moderator D2O Ion Exchange Cleanup System: 
* No seismic requirements marked on flow 
diagramNK30-FFH-34970-0001. No seismic requirements stated in design manual NK30-34970. 
* Equipment data sheet for strainer in design manual stated 
seismic qualification not required. 
 
5. 38340 - 30TF-38340 Pickering Incoming/outgoing D2O Transfer System 
(PIOTS) 
* Design Manual 30TF-38340 stated PIOT system is not seismically 
qualified. 
* Seismically qualified dike is provided around tanks and pumps to 
contain a limited spill of tritiated D2O, but not a full tank. 
* PIOTS tanks's supports are designed to withstand seismic loads 
equivalent to DBE A to prevent toppling of the tanks in the seismically qualified dike. 
* PIOTS tank room wall are designed to withstand DBE A. 
* Pickering B containment isolating valves are seismically 
qualified to DBE A or B. 
* Pickering A containment isolating valves are NOT seismically 
qualified. 
 
Dominic. 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 7. 
 
From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com] 
Sent: Thursday, May 25, 2006 8:54 AM 
To: ANTONIAZZI Armando; KAULESSAR Ghaman -PICKERING 
Cc: THAM Stephanie -NUCLEAR; WONG Edmond -NUCLEAR; BREMNER Shawn 
-NUCLEAR 
Subject: FW: D2O Storage - FLR Losses 
 
Armando and Ghaman, 
 
   FYI, info from Operational Performance Reporting.  Thanks. 
 
Tracy Leung 
Assistant Technical Officer 
Design Projects, Pickering A 
Phone No.: (905) 839-1151 ext. 2767 
Pager: 416-390-4746 
 
-----Original Message----- 
From: WONG Edmond -NUCLEAR 
Sent: Thursday, May 25, 2006 8:48 AM 
To: LEUNG Tracy -NUCLEAR 
Subject: RE: D2O Storage - FLR Losses 
 
Tracy, 
Pls forward to Armando & Ghaman, & cc Stephanie. 
Thx.. Edmond 
 
  Tracy Leung 
  Assistant Technical Officer 
  Design Projects, Pickering A 
  Phone No.: (905) 839-1151 ext. 2767 
  Pager: 416-390-4746 
 
  -----Original Message----- 
  From: SWANN Brenda -CORP FINANCE  
  Sent: Wednesday, May 24, 2006 3:23 PM 
  To: LEUNG Tracy -NUCLEAR 
  Cc: NOONAN Karen -CORP FINANCE 
  Subject: D2O Storage - FLR Losses 
 
  Tracy, 
 
  I spoke with a couple of engineers (& the station generation contact) regarding 
your query as to whether we have had outages or extensions due to lack of D2O storage.  The 
concensus is that it would be highly unlikely that we would have outage or outage extension as a 
result of this.   
 
  To verify that, I checked our NUGEN database for the past 3 years and there are 
no charges against the USIs you provided. 
 
  Sorry I wasn't able to help. 
 
  Thx/Brenda 
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  Brenda Swann 
  Cost & Schedule Analyst 
  Operational Performance Reporting 
 
  Phone:  702-4099 
  Bell Line:  (905) 839-6746 x 4099 
  *:  brenda.swann@opg.com 
 
 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 8. 
 
MessageFrom: WALKER Glenn -PICKERING [glenn.walker@opg.com] 
Sent: Friday, August 11, 2006 9:38 AM 
To: WONG Edmond -NUCLEAR; ANTONIAZZI Armando 
Cc: LEUNG Tracy -NUCLEAR 
Subject: RE: S&I 
 
You could install valves and probably some piping that would allow a transfer but consider the 
following. If we had high curie water in TK1 that was being sent to the TRF or as in our current 
situation with gad in TK1, why would we you want to contaminate good lower ci water? Another 
point which I missed. Let's assume we are receiving TRF product. We are placing it in TK3 
because we like to segregate by Ci content, and we are using TK4 for UPP product storage. In 
order to accommodate the swap using higher Ci water,  we now need to transfer TK3 containing 
TRF product into TK4 with the Upgrader product, (assuming there is sufficient room in TK4). 
You've now reduced the effectiveness of TRF product for the purpose of maintaining/lowering 
PHT tritium. With additional storage this wouldn't be a concern. This condition will also exist when 
HT drains are performed, as will be the case for U7. We need TK3 empty to accept HT drain 
water. TK4 will contain UPP product so I have asked TRF to withhold 100+ Mgs of TRF product. 
(I know the 40 day outages preclude HT drains and you can't accommodate for all scenarios, but 
in my 14 years in this position I have scene things change quickly. Discovery work during outages 
can require draining on very short notice). 
 
I apologize if I seem a little short. I struggle with these types of issues on a regular basis and I'm 
not getting a warm fuzzy feeling that we are going to get what we feel we need. Oh well, only 
1377 more days to go! 
 
Glenn 
  -----Original Message----- 
  From: WONG Edmond -NUCLEAR  
  Sent: Friday, August 11, 2006 8:32 AM 
  To: WALKER Glenn -PICKERING; 'ANTONIAZZI Armando' 
  Cc: LEUNG Tracy -NUCLEAR 
  Subject: RE: S&I 
 
 
  Glenn, 
 
  I am not cleared whether the root cause of this problem ----a “valve configuration” issue or 
“tankage issue”?  Please elaborate. 
 
  Edmond 
 
 
 
  -----Original Message----- 
  From: WALKER Glenn -PICKERING  
  Sent: Friday, August 11, 2006 8:26 AM 
  To: 'ANTONIAZZI Armando' 
  Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
  Subject: RE: S&I 
 
 
 
  This prevents us from transferring any upgrader product into any of the S&I Tanks and have in 
past been required to place an upgrader on Total Reflux. This in turn can lead to increased 
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backlog in IXCU. Frequently we will use Moderator Upgrader product for swaps as the tritium 
concentration is considerably lower compared to the units. This means we are putting Hi Ci water 
into the low Ci side of S&I. This doesn't impact operations but does increase the risk of potentially 
contaminating the HT make-up.  
 
 
 
  Glenn 
 
  -----Original Message----- 
  From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]  
  Sent: Thursday, August 10, 2006 4:37 PM 
  To: WALKER Glenn -PICKERING 
  Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
  Subject: S&I 
 
    Glenn, 
 
 
 
    Another point requiring clarification.  One of Ghaman’s comments was that during an on-line or 
off-line moderator swap PND can only feed from the low Ci side (TK3/4) and receive into HiCi 
(TK1/2) side of S&I.  Can you explain to me how this impacts Operations during a swap. 
 
 
 
    Thanks, 
 
 
 
    Armando 
 
 
 
    Dr. Armando B. Antoniazzi 
 
    Nuclear Waste and Tritium Solutions 
 
    Kinectrics Inc. 
 
    800 Kipling Ave 
 
    Toronto, Ontario 
 
    Canada M8Z 6C4 
 
 
 
    ph: 416-207-6000 ext 6680 
 
    fax: 416-207-6094 
 
    email: armando.antoniazzi@kinectrics.com 
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---------------------------------------------------------------------------- 
 
    This transmission contains information which may be confidential and which may also be 
privileged.  It is intended for the named addressee only.  Unless you are the named addressee, or 
authorized to receive it on behalf of the addressee, you may not copy, use, or disclose it to 
anyone else.  If you have received this transmission in error, please contact the sender.  Thank 
you for your cooperation.  
 
 
---------------------------------------------------------------------------- 
 
    Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada  M8Z 6C4  
 
 
 
-------------------------------------------------------------------------------- 
 
 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc. 
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EMAIL 9. 
 
From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com] 
Sent: Tuesday, October 10, 2006 4:15 PM 
To: ANTONIAZZI Armando 
Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
Subject: Re: Outage info confirmation 
 
Armando, 
 
 
 
    From information on both the Pickering A and Pickering B outage websites, your original 
assumptions were correct. 
 
 
 
For Pickering B: Assume two outages per year.  Each unit will go into outage every other year.  
 
For Pickering A: Assume one outage per each.  Each of unit 1 and unit 4 will go into outage every 
other year. 
 
 
 
For Pickering A, there’s no indication that PHT drains are performed.  However, PHT system 
maintenance is required every year.  There’s also a bleed cooler inspection call-up every ten 
years.  In either cases, I do not believe that the entire system needs to be drained.  This probably 
needs confirmation from Glenn Walker or James Bryant. 
 
 
 
For Pickering B, I’ve found the following information from the Outage website.  Moderator drains 
are not schedule in every outage, nor are they scheduled with PHT drains for outages past 2007.  
Please see the following: 
 
 
 
Copied from File “PB 2006 June Tri-annual Review Outage Overview APPROVED Web Copy 04 
August 2006” Posted on OPG Outage website (Aug 23, 2006, 2:19 pm) 
 
 
 
      Miscellaneous 
     Project # 
     P671 
     P751 
     P761 
     P881 
     P871 
     P951 
     P961 
     P1081 
     VBO 
     P1051 
     P1061 
     P1071 
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     P1072 
     P1151 
     P1161 
     P1281 
     P1271 
      
      Moderator Drain 
      
     Yes 
     No 
     Yes 
     Yes 
     No 
     Yes 
     No 
     No 
     Pick "A" 
     None 
     None 
     None 
     TBD 
     No 
     TBD 
     TBD 
     TBD 
      
      HP Service Water Outage 
      
     Yes 
     Yes 
     Yes 
     Yes 
     None 
     None 
     None 
     None 
     Pick "A" 
     None 
     None 
     None 
     TBD 
     TBD 
     TBD 
      
      
      
      LP Service Water Outage 
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     Pick "A" 
     None 
     None 
     None 
     TBD 
     TBD 
     TBD 
      
      
      
      Electrical Mtce 
      
     Type C/D 
     Type E 
     Type E 
     Type E 
     Type E 
     Type F 
     Type F 
     Type F 
     Pick "A" 
     None 
     None 
     None 
     Type F 
     ?? 
     ?? 
      
      
      
      PHT Low Level Drain State 
      
     2 Loops 
     2 Loops 
     South Loop 
     None 
     None 
     None 
     None 
     None 
     Pick "A" 
     None 
     None 
     None 
     None 
     TBD 
     TBD 
      
      
      
      PHT Quadrant Mtce - Major (11 days) 
      
     All 
     Minor 
     NE & SE 
     NE & SE 
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     NE & SE 
     NW & SW 
     NW & SW 
     NW & SW 
     Pick "A" 
     None 
     None 
     None 
     NW & SW 
     NE & SE 
     NE & SE 
      
      
      
      PHT Quadrant Mtce - Minor (6 days) 
      
     All 
     All 
     NW & SW 
     NW & SW 
     NW & SW 
     NE & SE 
     NE & SE 
     NE & SE 
     Pick "A" 
     None 
     None 
     None 
     NE & SE 
     NW & SW 
     NW & SW 
      
      
      
      Shutdown Cooling Loop 
      
     All 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     Pick "A" 
     None 
     None 
     None 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
     SDC Loop 1,2,3,4 
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Please let me know if you need additional information.  Thanks. 
 
Tracy Leung  
Assistant Technical Officer  
Design Projects, Pickering A  
Phone No.: (905) 839-1151 ext. 2767  
Pager: 416-390-4746  
 
 
 
 
 
-------------------------------------------------------------------------------- 
 
 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc. 
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EMAIL 10. 
 
From: WONG Edmond -NUCLEAR [edmond.wong@opg.com] 
Sent: Wednesday, September 13, 2006 9:07 AM 
To: ANTONIAZZI Armando; BREMNER Shawn -NUCLEAR; THAM Stephanie -NUCLEAR; 
LEUNG Tracy -NUCLEAR 
Subject: FW: Fuel Burnup Savings 
 
Fyi.... 
 
-----Original Message----- 
From: FUSCA Frank 
Sent: Wednesday, September 13, 2006 8:39 AM 
To: WONG Edmond -NUCLEAR 
Cc: LEUNG Tracy -NUCLEAR; FUREY Patrick -NUCLEAR; KALYANAM Kaly -NUCLEAR 
Subject: RE: Fuel Burnup Savings 
 
Hi Edmond, 
 
The fuel burnup savings for PN are shown in the table below: 
 
PNA and PNB System Isotopic Marginal Fuel Cost Savings 
Year Marginal Fuel Savings (k$/0.01%/Unit/a)  
 PNA PNB  
 Mod PHT Mod PHT  
2006 33.81 0.94 40.09 1.12  
2007 32.99 0.92 39.12 1.09  
2008 33.55 0.94 39.78 1.11  
2009 34.22 0.96 40.58 1.13  
2010 34.22 0.96 40.58 1.13  
 
These data are based on a Capacity Factor of 80% for the PN generating Units. The Nuclear 
Finished Fuel Prices are from 2005 and have not been updated for 2006. This may cause a little 
variance in the numbers. Like in the DND report, the above Fuel Burnup Savings for PNA and 
PNB are the dollar savings in the finished fuel costs only and do not include cost savings resulting 
from irradiated (spent) fuel handling, storage, disposal, decreased fueling operations, etc.   
Please let me know if you have any questions. Thanks, Frank 
 
  -----Original Message----- 
 From:  WONG Edmond -NUCLEAR   
 Sent: Tuesday, September 12, 2006 12:53 PM 
 To: FUSCA Frank 
 Cc: LEUNG Tracy -NUCLEAR 
 Subject: Fuel Burnup Savings 
 
 Frank, 
        
        
We are in the conceptual phase of D2O Storage Project, and is trying to justify the expense by 
crediting additional D2O storage can improve isotopes & thus can save $ via the fuel burnup 
savings. 
 
In your recent  << OLE Object: Forms.HTML:Hidden.1 >>  << OLE Object: 
Forms.HTML:Hidden.1 >>  << OLE Object: Forms.HTML:Hidden.1 >> 
N-REP-03861-10001 <javascript:showDoc(%220%22,576,%22a0%22);> 
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"Comparison Of The Present And Proposed Upgrading And Detritiation Strategies At DND", you 
had shown some fuel burnup savings data from DND.  I am wondering whether you can provide 
us with similar data from PND for each 0.01% isotope improvement in each of PND's moderator 
& PHT systems. 
 
Thx.. Edmond   
 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 11. 
 
From: WESTON E H -PICKERING [e.weston@opg.com] 
Sent: Friday, June 16, 2006 1:09 PM 
To: WONG Edmond -NUCLEAR; WOODS Steve -PICKERING 
Cc: THAM Stephanie -NUCLEAR; ANTONIAZZI Armando; LEUNG Tracy -NUCLEAR; 
BREMNER Shawn -NUCLEAR 
Subject: RE: LLDS in 40 days outage. 
 
Correct 
 
>  -----Original Message----- 
> From:  WONG Edmond -NUCLEAR   
> Sent: Friday, June 16, 2006 11:52 AM 
> To: WESTON E H -PICKERING; WOODS Steve -PICKERING 
> Cc: THAM Stephanie -NUCLEAR; 'ANTONIAZZI Armando'; LEUNG Tracy 
> -NUCLEAR; BREMNER Shawn -NUCLEAR 
> Subject: RE: LLDS in 40 days outage. 
>  
> For 3-ways communication..... 
>  
> Your reply indicated to me that  
>  * With the present outage template, a moderator drain can 
> occur within the 40 days outage window, but a PHT LLD will not occur  
> in the same window. 
>  * In the future, there may be a chance that PHT LLD can 
> occur together with a moderator drain within the 40 days outage window  
> when a new alternate heatsink procedure is approved (at least 1 yr  
> away). 
>  
> Thanks, 
> Edmond 
>  
>   -----Original Message----- 
>   From: WESTON E H -PICKERING  
>   Sent: Friday, June 16, 2006 11:35 AM 
>   To: WONG Edmond -NUCLEAR; WOODS Steve -PICKERING 
>   Cc: THAM Stephanie -NUCLEAR 
>   Subject: RE: LLDS in 40 days outage. 
>  
>   Correct...Per our discussion,  the current 40 Day Outage Template  
> Does Not include a LLD, however,  a Mod Drain may or may not be  
> included depending on specific Unit Moderator Maintenance 
> requirements.....NOTE:  The  currently approved Heat Sink  ( HS #9) 
> supporting LLD,  can only be credited after Day 38.   In a Standard 40 
> Day Outage , this obviously doesn't fit.   Reactor Safety  is 
> reviewing alternate Heat Sink configurations /entry conditions  
> specific to LLD which, if approved,  may change the conditions as  
> stated above... (  Recommendations/approvals at least 1 year  
> away)...Hope this helps 
>  
>     -----Original Message----- 
>    From:  WONG Edmond -NUCLEAR   
>    Sent: Wednesday, June 14, 2006 2:27 PM 
>    To: WESTON E H -PICKERING; WOODS Steve 
> -PICKERING 
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>    Cc: THAM Stephanie -NUCLEAR 
>    Subject: LLDS in 40 days outage. 
>  
>    Herb, 
>  
>    As I explained to you earlier that the "D2O Project" was advised to  
> consider additional S&I Tanks storage capacity in PND's to accommodate  
> an outage scenario that drains both moderator 
> & PHT to low level (LLDS) from the same unit.   After our discussion, 
> please confirm my understanding is correct that the present "40 days  
> outage" template does not include a LLDS scenario as this will require  
> longer (>40 days) outage duration to achieve. 
>  
>    Thanks. 
>  
>    Edmond 
 
----------------------------------------- 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review, 
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this 
communication is strictly prohibited. If you are not the intended recipient and have received this 
message in error, please notify me by return e-mail and delete this message from your system. 
Ontario Power Generation Inc. 
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EMAIL 12. 
 
MessageFrom: WALKER Glenn -PICKERING [glenn.walker@opg.com] 
Sent: Thursday, August 10, 2006 11:47 AM 
To: ANTONIAZZI Armando 
Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
Subject: RE: UPPA tanks and high TOC 
 
You're right, the questions are all inter-related. I hope my response answers your questions 
without confusing the issue. Let me know if further explanation is required. 
 
Glenn 
  -----Original Message----- 
  From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]  
  Sent: Thursday, August 10, 2006 10:54 AM 
  To: WALKER Glenn -PICKERING 
  Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
  Subject: UPPA tanks and high TOC 
 
 
  Glenn, 
 
 
 
  I am revising our report and I need a clarification on the use of UPPA tanks.  In our original 
report of 2004 we noted that, 
 
 
 
  “The TOC spec of 1 ppm required by the Upgraders and the TRF is difficult to achieve with the 
IXCU.  Normally the TOC level can be reduced to about 3-4ppm.  Even for this, the UPPA 
storage tanks are utilized together with a temporary IXCU on recirculation to bring the TOC levels 
down from 5ppm to 3ppm.”   
 
 
 
  I gather, as our previous report states, the 5ppm water sits in the UPPA tank(s) allowing venting 
of volatile TOC prior to using a temporary IXCU to clean up this water.  The further clean up is 
needed because of rust, conductivity, pH issues arising from the usage of the carbon steel UPPA 
tanks.  This information came from a meeting with you.   
 
 
 
  Can you clarify for me several things: 
 
 
 
    1.. Is the procedure described above in addition to the use of external contractors (Pacific 
Nuclear, Westinghouse) to clean the water; that is, PND personnel perform the above work using 
some of the UPPA tanks and the external contractors deal with the really high TOC water in other 
UPPA tanks?  This procedure is how Pickering has been attempting to deal with the high TOC 
water. It was our intention to clean up the really high TOC water ourselves but in the last 6 
months or so the use of Westinghouse has been developed, so yes the procedure will be in 
addition to the use of external contractors. (The value of 5 ppm is somewhat low. We typically 
deal with water which is several times higher than that.)   
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    2.. Are the UPPA tanks used strictly for storage of low Curie (high TOC) water awaiting some 
future treatment or a combination of storage and additional IXCU help as described above?  We 
initially were using UPP-A tanks strictly as storage for the high TOC water. One tank contained 
some low curie high TOC water which we were able to clean up at over a period of time at IXCU. 
Our plan was to then use temporary columns and UV oxidation to pass the water from one tank to 
the empty tank eliminating the need to recirculate the water. Constant TOC problems with our 
recovery water have however continually forced use to send water to UPP-A for recirculating 
through the temporary columns and take the pressure off IXCU. As such we haven't had the 
opportunity to deal with the water Westinghouse has been looking at. As for the term low Curie, 
that depends on how you look at it. We normally consider water which is < 2 Ci/Kg as low curie 
water. All the water we have been processing, (other than that original low Ci tank mentioned 
above), has been > 2 Ci/kg but relatively low in comparison to the units. Most of the water has 
been between 2 and 5 Ci/kg, good for detriatiation purposes once upgraded.  
    3.. Venting off volatile TOC can be done in any vented vessel but the UPPA tanks are (were?) 
used to do this because of the limited storage capacity at IXCU?  Yes, without the use of UPP, 
IXCU would be shutdown and unable to accept water from the units, (forcing the units to drum).  
 
 
  The questions deal with the same issues but looked from different perspectives. 
 
 
 
  Thanks, 
 
 
 
  Armando 
 
 
 
 
 
  Dr. Armando B. Antoniazzi 
 
  Nuclear Waste and Tritium Solutions 
 
  Kinectrics Inc. 
 
  800 Kipling Ave 
 
  Toronto, Ontario 
 
  Canada M8Z 6C4 
 
 
 
  ph: 416-207-6000 ext 6680 
 
  fax: 416-207-6094 
 
  email: armando.antoniazzi@kinectrics.com 
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------------------------------------------------------------------------------ 
  This transmission contains information which may be confidential and which may also be 
privileged.  It is intended for the named addressee only.  Unless you are the named addressee, or 
authorized to receive it on behalf of the addressee, you may not copy, use, or disclose it to 
anyone else.  If you have received this transmission in error, please contact the sender.  Thank 
you for your cooperation.  
------------------------------------------------------------------------------ 
  Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada  M8Z 6C4  
 
 
-------------------------------------------------------------------------------- 
 
 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc. 
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EMAIL 13. 
 
MessageFrom: WONG Edmond -NUCLEAR [edmond.wong@opg.com] 
Sent: Friday, September 22, 2006 6:21 PM 
To: JAHANGIR Nimun -PICKERING; LEUNG Tracy -NUCLEAR 
Cc: KAULESSAR Ghaman -PICKERING; THAM Stephanie -NUCLEAR; BREMNER Shawn -
NUCLEAR; TOPOLNISKY Dave -PICKERING; ANTONIAZZI Armando 
Subject: RE: Upgrader degradation Improvement mechanism 
 
Nimun, Ghaman, 
 
 
 
This is to document your conclusion that the natural degradation rate for the upgraders is around 
15% to 17% when calculation is based on the “do-nothing” option (note: the 25% normal 
degradation rate previously provided was based after the exclusion of UV improvement).    
 
 
 
The 35% improvement of upgraders rate of degradation after installing UV is also calculated 
based on “do-nothing” option.  Therefore, the resultant from the normal degradation (15%) and 
the improvement from UV (35%) yields a net improvement to the degradation rate of 50% by 
IXCU alone. 
 
 
 
The technical justification for this rate of improvement by IXCU alone has been provided below. 
 
 
 
Edmond 
 
 
 
 
 
 
 
-----Original Message----- 
From: JAHANGIR Nimun -PICKERING  
Sent: Friday, September 22, 2006 1:28 PM 
To: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR 
Cc: KAULESSAR Ghaman -PICKERING; THAM Stephanie -NUCLEAR; BREMNER Shawn -
NUCLEAR; TOPOLNISKY Dave -PICKERING 
Subject: RE: Upgrader degradation Improvement mechanism 
 
 
 
Hi : 
 
 
 
Attached is the response of the actions from the minutes of the Meeting held on September 20 th. 
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Please also find the explanation on how & what contribute to the improvement on the “rate of 
degradation” of the upgraders packing after installing the IXCU tanks. 
 
 
 
·         As calculated (Kinterics report), IXCU is grossly undersized for incoming recoveries. 
 
·         Currently, oil decanting/removal process is in adequate 
 
·         With one UV unit servicing both Hi Ci/ Low Ci trains, there is not enough tank space to 
allow further TOC reduction for the current 3 ppm to 1 ppm. In other words, the UV unit will 
increase the residence time of water in IXCU. The benefit of the UV unit is to ensure we meet the 
TOC spec; less usage of charcoal and possibly reducing the TOC from 3 ppm to 1 ppm. 
Additional feed tank will allow for the additional residence time to clean up water down to TOC = 
1 ppm via the UV unit. 
 
·         One of the major benefits of the increased tankage is the improvement of the oil removal 
process in IXCU. Currently this process is grossly inadequate and consequently oil from IXCU is 
shipped to the upgrader feed tanks (UPP/Sulzer feed tanks currently contain oil). This oil is 
eventually fed to the distribution columns and gradually coats the packing. 
 
 
 
Thanks  
 
Nimun A Jahangir  
Common Services - Engineering  
Ontario Power Generation   
Tel:  905 839 1151 X 6041  
Pager: 416 541 2387  
 
  -----Original Message----- 
  From: WONG Edmond -NUCLEAR  
  Sent: Thursday, September 21, 2006 9:09 AM 
  To: 'Nimun Akhter Jahangir'; KAULESSAR Ghaman -PICKERING 
  Cc: LEUNG Tracy -NUCLEAR; THAM Stephanie -NUCLEAR; BREMNER Shawn -NUCLEAR; 
'ANTONIAZZI Armando' 
  Subject: Upgrader degradation Improvement mechanism 
 
 
 
  Ghaman, Nimun, 
 
 
 
  Per my phone message this morning.  Please provide some explanation on how & what 
contribute to the improvement on the “rate of degradation” of the upgraders packing after 
installing the IXCU tanks.  Since we are using this as a cost benefit, we need to explain in both 
the report & BCS, what the mechanism is causing such an improvement.  Note:  The success of 
such improvement may even require to be listed as an item in the PIR “Post Installation Review” 
section in the BCS, & be tested after the project is complete. 
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  Your latest instructions & tables indicated that the rate of degradation of upgraders packing will 
be improved by 35% after UV Oxidation System is installed, 40% after IXCU tanks are installed, 
and final 25% will remain as natural degradation. 
 
 
 
  We understand how UV can improve the rate of degradation by reducing or maintaining the 
TOC of the feed stock to the upgraders to about 1 ppm from nominal 3 to 5 ppm.   However, we 
don’t understand via what mechanism can IXCU contribute to such improvement of up to 40% 
(note:  this improvement is even better than UV). 
 
 
 
  Edmond 
 
 
 
 
 
 
 
-------------------------------------------------------------------------------- 
 
 
THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR 
CONFIDENTIAL. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, dissemination, distribution, 
copying, conversion to hard copy or other use of this communication is 
strictly prohibited. If you are not the intended recipient and have 
received this message in error, please notify me by return e-mail and 
delete this message from your system. Ontario Power Generation Inc. 
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27. APPENDIX Q – Cost Justification Information from PND Common Services Engineering 
 
Action No. Item Description  Information 


1 


Disposal of Drums : No of 


Drums 


 


Approximately 10 drums /year 


2 
Solid Content from Drums 


 


Approximately 2” – 5” from the bottom 


1.) Pls provide # of drums that contain such contents = Approximately 100 


2.) Project will use 3.5” of average content per drum.  Pls confirm acceptance of 


this assumption.  OK 


3 
Degradation Data of Upgraders


 


Predicting future performance is not simply linear progression. Feed performance due 


to packing degradation worsens at a faster rate from a certain point.   
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Degradation Data Prediction for UPP B
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Degradation Data Prediction for Sulzer
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As per minutes…. 


1.) Pls predict a date for packing replacement = 


UPP B : At the End of 2014  


Sulzer B : At the end of 2019 


[See the table below for clarification] 


2.) Pls predict a date that upgrader can no longer sustain normal operation, and 


provide mitigate actions & associated costs req’d at that point. 


UPP B: End of 2008 


Sulzer B; End of 2017 


Mitigate Action Required:  Buying Upgrading Services 


Cost Required: Please see the table below. 


 UPPB  


year Projected Feed rate 
External Upgrading 


Cost 
2006 180 -3942000 
2007 167.52 -2302128 
2008 155.04 -662256 
2009 142.56 977616 
2010 130.08 2617488 
2011 117.6 4257360 
2012 105.12 5897232 
2013 92.64 7537104 
2014 80.16 9176976 
2015 67.68 10816848 


 


 Sulzer  
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year Projected Feed rate 
External Upgrading 


Cost 
2006 140 -5256000 
2007 136.51752 -4798402.128 
2008 133.03504 -4340804.256 
2009 129.55256 -3883206.384 
2010 126.07008 -3425608.512 
2011 122.5876 -2968010.64 
2012 119.10512 -2510412.768 
2013 115.62264 -2052814.896 
2014 112.14016 -1595217.024 
2015 108.65768 -1137619.152 
2016 105.1752 -680021.28 
2017 101.69272 -222423.408 
2018 98.21024 235174.464 
2019 94.72776 692772.336 
2020 91.24528 1150370.208 
2021 87.7628 1607968.08 
2022 84.28032 2065565.952 
2023 80.79784 2523163.824 
2024 77.31536 2980761.696 
2025 73.83288 3438359.568 
2026 70.3504 3895957.44 


 


Reference Data :  


1. Required Feed Rate : 150 Kg/hr (UPPB) ; 100 Kg/hr (Sulzer) 


2. Per Kinterics Report, Packing Replacement is $10M 


3. External Upgrading Cost is $15/kg ( Per Charles Foster) 
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4 


TRF allotment and actual 


usage of TRF product 


 


See Attached E-mail from Charles Foster  
 


TRF Info


 


rptSummByYearA.rt
f


 
Per minutes… 


1).  Pls clarify what were the gaps from past yrs due to lack of storage. 


Year 
Gaps due to Lack Of 


Storage (Kg) 
2001 55100 
2002 372513 
2003 167254 
2004 215824 
2005 125310 


 


2).  Since project does not know what allotment are expected by PND from TRF beyond 


2011, Pls provide prediction of what this gap will be between 2011 to end of life.   


Predicted Avergae Gap per Year : 187200.2 kg 


6 
Upgrader Reflux Costs 


 


Reflux Cost for Sulzer :  $20,000 /day 


Reflux Cost for UPP :  $24,000 /day 


Year 2004 2005 2006 


UPP 7 15 22 


7 Duration of Upgrader Reflux 


 


Sulzer 5 9 0 
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Days on total reflux due to Bottom product can not be sent to S& I system. confirm 


following calculations are acceptable = OK 


1.) For UPP Reflux cost = 15 days average per yr x $24K/day ; 


2.) For Sulzer Reflux cost = 5 days average per yr x $20K/day 


8 
External D2O Storage Costs 


 
Cost born Internally 


9 
High Stack Losses 


 


See Attached E-mail from Steve Dickson  


FW: PND H3 
Emissions
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DISCLAIMER 


This report was prepared for Black and McDonald under the Kinectrics Inc ISO 9001 Quality Program 
Registered with QMI. Kinectrics Inc. takes reasonable steps to ensure that all work performed shall meet 
the industry standards, and that all reports shall be reasonably free of errors, inaccuracies or omissions. 
This report was prepared in accordance with Purchase Order Number 48005626 R001. 


© Kinectrics Inc, 2013 


iii 
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iv 
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/1'PGL Pottinger Gaherty 
Environmental Consultants Ltd. 
250 Water Street, Unit 102 
Whitby, ON Canada L 1 N OG5 
T 905.668.4908 


PGL File#: 


DATE: 


TO: 


FROM: 


F 905.668.4909 
www.pggroup.com 


3821-01.03 


September 16, 2013 


Ruth Burany, Kinectrics Inc. 


Archana Uprety, PGL 
Salima Jaffer, PGL 
Will Gaherty, PGL 


Memo 


Re: Heavy Water Management Building Project: Campus Plan F1 Background 
Groundwater Review - Ontario Power Generation - Darlington Nuclear 
(OPG-DN) 


PGL was retained by Black and McDonald to evaluate the existing groundwater condition in the wells near 
Campus Plan F1 area (F1) and develop a groundwater monitoring program to support the F1 soil management 
plan. 


1.0 INTRODUCTION 
F1 will receive soil excavated from the Protected Area during the excavation and construction work associated 
with the new 020 Heavy Water Management Building. A 2009 spill event in the Protective Area at the Heavy 
Water Management Building foot-print means excavated soil may be impacted with tritium. Therefore, OPG has 
requested the development of a groundwater monitoring program for F1. 


2.0 PURPOSE 
The purpose/objective of this memo is to: 


• Review existing reports provided by OPG to determine up and downgradient tritium concentration in 
groundwater at F1 ; 


• Review the reports to identify overburden and shallow bedrock groundwater-flow directions; 
• Identify gaps in available data provided by OPG; and 
• Develop a groundwater monitoring program to support the F1 soil management plan. 


Our technical memo presents a review of existing wells, results of the groundwater programs from existing reports 
provided by OPG and the proposed groundwater monitoring program. 


3.0 DATA 
PGL reviewed specific sections (groundwater flow direction and analytical data) of the below listed reports 
provided by OPG: 


• EcoMetrix Incorporated - Darlington Nuclear Generating Station Groundwater Monitoring Program Design, 
March 2012; 


• Genivar - OPG Darlington Nuclear Site Delineation of Areas of Elevated pH in vicinity of Former Truck Wash 
Area, August 2009. OPG File Number: NK38-REP-07010-0266518; and 
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September 13, 2013 
PGL File: 3821-01_03 


• CH2M HILL (Excerpt 3 pages)- Ontario Power Generation Inc. New Nuclear- Darlington Project Geological 
and Hydrogeological Environment Existing Environmental Conditions Technical Support Document, 2008. 
OPG File Number: NK054-REP-07730-00005. 


PGL reviewed data from 3 groundwater wells at F1 and 25 wells nearby to determine existing groundwater 
conditions. The groundwater wells that were selected for review based on groundwater-flow direction, and 
proximity to F1 (Figure 3 and 4.4). Results were compared to Ontario Regulation 153/04 Table 3 Standards. 


In aggregate, data was available from 17 of the 28 wells: 


1) EcoMetrix contained maximum values measured from 2008 to 2012 from 12 wells for benzene, toluene, 
ethylbenzene, and xylenes (BTEX), petroleum hydrocarbons (PHC) fractions F1 to F4, metals/ inorganics, 
volatile organic compounds (VOCs), tritium and gamma. 


2) Two wells were analyzed for tritium only in February and June 2008. 


3) Groundwater samples collected from the three wells at F1 were analyzed for dissolved metals and inorganic 
parameters in December 2008. 


There were exceedences of: 


• Chloride in two wells; 
• Selenium in one well; 
• PHC fraction F3 in one well which a had concentration of 522 µg/L; and 
• One well which had a concentration of 130Bq/L tritium, exceeding the F1 New Build limit of 1 00Bq/L. 


All analytical results in the remaining wells were below the Table 3 Standards (See Table A). 


Table A: Data Review 


Groundwater Wells (EcoMetrix, March 2012) 


Well ID Analyzed Parameters Exceedence 


MW010-18 - NA 
MW011-31 - NA 
MW012-5 - NA 


MW044-34 BTEX and PHC F1-F4, Metals/lnorganics, voe, None Tritium and Gamma 


MW045-10 BTEX and PHe F1-F4, Metals/lnorganics, voe, None Tritium and Gamma 


MW046-6 BTEX and PHe F1-F4, Metals/lnorganics, voe, None Tritium and Gamma 


MW047-92 BTEX and PHe F1-F4, Metals/lnorganics, voe, Chloride (37.2 M µg/L) exceeds the Table 3 
Tritium and Gamma Standards (2.3 M µg/L) 


MW048-31 BTEX and PHe F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


MW049-20 - NA 
MW050-7 - NA 
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Table A: Data Review (continued) 


September 13, 2013 
PGL File: 3821-01_03 


Groundwater Wells (EcoMetrix, March 2012) 


Well ID Analyzed Parameters 


MW052-15 BTEX and PHC F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


MW053-31 BTEX and PHC F1-F4, Metals/lnorganics, VOC, 
Tritium and Gamma 


MW054-20 -
MW0SS-14 -


MW056-85 BTEX and PHC F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


BTEX and PHC F1-F4, Metals/lnorganics, voe, MW057-27 Tritium and Gamma 


MW058-6 BTEX and PHC F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


MW059-12 BTEX and PHC F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


MW063-98 No analytical 


MW064-40 BTEX and PHC F1-F4, Metals/lnorganics, voe, 
Tritium and Gamma 


MW065-25 -
MW066-8 -
MW106-29 -
Groundwater Wells (C2M HILL, 2008) 


MW051-7 Tritium 


MW105-6 Tritium 


Groundwater Wells at F1 (Genivar, August 2009) 


MW08-12 Metals and inorganics 


MW08-13 Metals and inorganics 


MW08-14 Metals and inorganics 


Notes: NIA= Not applicable 
- = Not analyzed 
M = Millions 
Results evaluated against Ontario Regulation 135/04 Table 3 


Exceedence 


Tritium (130 Bq/L) exceeds the F1 New Build 
limit of 100 Bq/L 


PHC F3 (522µg/L) exceeds the Table 3 
Standards (S00µg/L). 


NA 
NA 
Chloride (15.3M µg/L) exceeds the Table 3 
Standards (2.3M µg/L) 


Chloride (5.29M µg/L) and Selenium 
(234.7µg/L) exceed the Table 3 Standards 
(2.3M µg/L, 63µg/L, respectively) 


None 


None 


NA 


None 


NA 
NA 
NA 


None 


None 


None 


None 


None 


Last set of numbers in MW notation refer to depth of well in meters_ For example, MW10-1 8 is 18 meters deep_ This does not apply 
to the three wells at F1 
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GROUNDWATER FLOW DIRECTION 


September 13, 2013 
PGL File: 3821-01_03 


Based on the EcoMetrix report, overburden groundwater-flow direction is towards the southeast and the shallow 
groundwater-bedrock flow is towards the south. 


3.1 DATA GAPS 
PGL reviewed groundwater data from 28 wells; 11 wells did not have any analytical results available and 3 of the 
wells (at F1) were only analyzed for metals and inorganics. Therefore, a total of 14 wells did not have background 
tritium results available for review. The groundwater wells with no tritium results include the following wells: F1 
wells (MW08-12 to MW08-14 ), and 11 downgradient wells (MW0 10-18, MW011-31, MW012-5, MW49-20, 
MW050-14, MW054-20, MW055-14, MW063-98, MW065-25, MW066-8, and MW106-29). 


4.0 PROPOSED GROUNDWATER MONITORING PROGRAM 
As part of the long-term strategy for groundwater protection at F1 , PGL recommends a groundwater-monitoring 
and sampling program. No new wells are required. Eight existing groundwater wells were selected for the 
monitoring program which includes existing wells near and downgradient of F1 and wells with limited or no 
available analytical results. This includes the following wells: 


• One upgradient well (MW105-6); 
• Three F1 wells (MW08-12 to MW08-14); and 
• Four downgradient wells (MW0S0-14, MW0S 1-7, MW058-6, and MW059-12). 


PGL recommends that the wells selected for the monitoring program that do not have baseline tritium results 
(MW08-12 to MW08-14, and MW050-14) be sampled for tritium before any soil is staged at F1. 


PGL recommends quarterly monitoring and sampling as presented in Table B. The monitoring and sampling will 
begin approximately four months after F1 is in use and will be continued for as long as soil is staged at F1. 


Table B: F1 Groundwater Monitoring program 


Objective Monitor tritium concentrations in wells in close proximity to F1. 


Monitoring Well Frequency Analysis Parameter Considerations 


MW08-12 Quarterly Tritium At F1 


MW08-13 Quarterly Tritium At F1 


MW08-14 Quarterly Tritium At F1 


MW050-14 Quarterly Tritium South Site Boundary 


MW051-7 Quarterly Tritium South Site Boundary 


MW058-6 Quarterly Tritium Southeast Site Boundary 


MW059-12 Quarterly Tritium Southeast Site Boundary 


MW105-6 Quarterly Tritium North Site Boundary 


Method detection limit for tritium: 100 Bq/L 
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5.0 STANDARD LIMITATIONS 


September 13, 2013 
PGL File: 3821-01_03 


PGL prepared this memo for our client and its agents exclusively. PGL accepts no responsibility for any damages 
that may be suffered by third parties as a result of decisions or actions based on this report. The memo's purpose 
is to transmit and interpret monitoring data and so will need to be used in conjunction with previous reports by 
PGL or others. As is true for all environmental investigations, potential remains for the presence of unknown, 
unidentified, or unforeseen surface or subsurface contamination. More or different investigation may be required if 
other risks are identified. The data presented in this report is valid for the date of sampling, but site conditions 
may change with time. 


The findings and conclusions are Site-specific and were developed in a manner consistent with that level of care 
and skill normally exercised by environmental professionals currently practicing under similar conditions in the 
area. Changing assessment techniques, regulations, and site conditions means that environmental investigations 
and their conclusions can quickly become dated, so this memo is for use now. The memo should not be used 
after that without PGL review/approval. 


'fhe project has been conducted according to our instructions and work program. Additional conditions and 
limitations on our liability are set forth in our work program/contract. No warranty, express or implied, is made. 


Attachments: Figure 3 - Genivar - Groundwater Monitoring Wells Locations 
Figure 4.4 - EcoMetrix - Groundwater Monitoring Wells Locations 
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Witness Panel: D2O Project 


AMPCO Interrogatory #132 1 
 2 
Interrogatory 3 
 4 
Reference: Appendix 2p - 2015 Superseding Release Execution BCS P17 5 
 6 
The 2015 Superseding Release Execution BCS shows a project variance of $270.9 7 
million. On page 19, OPG provides a Change Summary.  These items are included in 8 
the table below. 9 
 10 
Ref: Appendix 2q - 2018 Superseding Release Execution BCSD 11 
 12 
The 2018 Superseding Release Execution BCS shows a project variance of $117.4 13 
million.    14 
 15 
Please modify and complete the attached table to summarize the key drivers of the 16 
increase in costs at the 2015 provide Superseding Release Execution BCS, the 2018 17 
Superseding Release Execution BCS and at project completion. 18 
 19 
D2O Storage Project Cost Variance Drivers 20 
 21 
Events Variance $M 2015 BCS Variance $M 20158 BCS 
The relocation of the 
building 7 metres to the 
west 


  


Increased materials 
quantities for piping, 
valves and equipment 


  


Requirement to have 
process piping run in a 
pipe chase/tunnel buried 7 
metres below grade 


  


Design Scope growth 
required to meet design 
requirements 


  


OPG Requested Scope 
Changes 


  


Environmental 
Requirements  


  


Under estimate of effort    
Dewatering Requirements   
Client Requested 
Changes 
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Witness Panel: D2O Project 


Schedule Extension   
Schedule Acceleration   
EPSCA   
   
   
   
TOTAL   


 1 
 2 
Response 3 
 4 
Both the 2015 Superseding Release Execution BCS (Ex. D2-2-10, Attachment 2p, 5 
p.19) and the 2018 Superseding Release Execution BCS (Ex. D2-2-10, Attachment 6 
2q, pp. 3) detail major project events that led to increased costs. Each of these events 7 
caused OPG to incur additional costs across numerous individual work packages. 8 
Because the project tracked costs at the work package level, and not by event, OPG 9 
is generally unable to attribute precise costs to the listed events, beyond what is 10 
provided in Ex. L-D2-02-Staff-162 and in Ex. D2-2-10, Attachments 2m -2q.  11 
 12 
Also, the following events had been wholly completed prior to the execution of the 2018 13 
Superseding Release Execution BCS and therefore contributed no amount to any 14 
variance as between the 2015 and 2018 Superseding Release Execution BCSs: 15 


• “The relocation of the building 7 metres to the west” 16 
• “Requirement to have process piping run in a pipe chase/tunnel buried 7 metres 17 


below grade” 18 
• “Dewatering Requirements” 19 
• “Environmental Requirements” 20 


 21 
Finally, the total cost of the D2O Storage Project is $510M and therefore there was no 22 
overall variance against the estimate of $510M (including management reserve) in the 23 
2018 Superseding Release Execution BCS. 24 
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Witness Panel: Darlington Refurbishment Program 
 


AMPCO Interrogatory #133 1 
 2 
Interrogatory 3 
 4 
Reference: Ex D2 T2 S11 Attachment 1 P28 5 
 6 
Burns & McDonnell/Modus were contracted to perform independent updates on Unit 2 7 
execution that were reported to the Darlington Refurbishment Committee (DRC) of the 8 
OPG Board. This group was also requested by the DRC to perform an evaluation of 9 
the process used by OPG in developing the control budget and schedule for Unit 3, 10 
which was completed in November 2019. 11 
 12 
Please provide the November 2019 report. 13 
 14 
 15 
Response 16 
 17 
The referenced report was provided with OPG’s pre-filed evidence at Ex. D2-2-7, 18 
Attachment 3. 19 
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Witness Panel: Darlington Refurbishment Program 


AMPCO Interrogatory #134 1 
 2 
Interrogatory 3 
 4 
Reference: Ex D2 T2 S11 Attachment 1 Page 70 5 
 6 
a) Please provide a copy of No. NK38-NR-PLAN-09701-1000. 7 
 8 
b) Please provide a copy of Ontario Power Generation, Darlington Refurbishment 9 


Program Assurance Program Management Plan, Doc. No. NK38-NR-PLAN-09701-10 
10001, Sheet No. 0011, Rev. 003, June 29, 2018. 11 


 12 
c) Please provide a copy of Ontario Power Generation, Darlington Refurbishment 13 


Project Assurance: 2020 Update & 3-Year Outlook, November 11, 2020. 14 
 15 
 16 
Response 17 
 18 
a) NK38-NR-PLAN-09701-1000 is not a valid OPG document number. No document 19 


is provided. 20 
b) Please see Attachment 1 for a copy of NK38-NR-PLAN-09701-10001, Sheet No. 21 


11, Rev. 003, June 29, 2018. 22 
c) Please see Attachment 2 for a copy of The Darlington Refurbishment Project 23 


Assurance: 2020 Update & 3-Year Outlook, November 11, 2020. The Attachment 24 
is marked confidential but OPG has determined it is non-confidential in its entirety. 25 
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Revision 
Number Date Comments 


R003 2018-06-29 Updated to reflect latest organizational changes and related processes. Includes 
the transfer of Program Assurance Group accountabilities to Nuclear Oversight. 


R002 2016-02-15 General update to reflect latest organizational structure and processes. 
Program Assurance Group (PAG) model updated to match PAG framework. Added 


R001 2015-09-01 
definition for Oversight from INPO 09-002. Added refere(Jce to Refurbishment 
Construction Review Board (RCRB). 
Added process Support document framework in Appendix B. 
This document supersedes NK38-PLAN-09701-10067 Sheet 0011. The changes 
between NK38-PLAN-09701-10067 Sheet 0011 and this document are as follows: 


• The document number has been changed to meet the requirements of NK38-
ROOO 2014-01-31 NR-MAN-09701-10001, 


• The security classification has been removed so that the document can be 
submitted to the CNSC, and 


• References have been updated . 
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1.0 PURPOSE AND SCOPE 


The purpose of this document is to explain how assurance is achieved in the 
Darlington Refurbishment Program (DRP). Assurance for the purpose of this 
document is defined as a set of tools, organizations, and processes that have been 
implemented to ensure that all DRP business objectives are achieved. 


The scope of this document is for the DRP only. This program management plan 
takes its authority from the D-PCH-09701-10000, Darlington Refurbishment Project 
Charter. 


The flow of information and the organizational hierarchy of oversight and assurance 
providers are captured in Figure 1 below. The details of the role of each of the 
oversight and assurance providers are available in Appendix A. In addition, roles and 
accountabilities of the Nuclear Projects organization are described in NK38-REF-
09701-10006, Nuclear Refurbishment Division of Responsibility. 
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Figure 1 - Hierarchy of Oversight and Assurance Providers 
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2.0 PROGRAM REQUIREMENTS 


As per Institute of Nuclear Power Operations (INPO) 11-007 Principles for Strong 
Governance and Oversight of Nuclear Power Organizations, Oversight is defined as 
" ... the verification that the standards, expectations, and goals established through 
governance of the organization are met ... ; [all employees] identify performance gaps 
for corrective actions, monitor the effectiveness of corrective actions, and escalate 
issues to higher levels of line management when necessary. Oversight-through its 
fundamental elements of audit, evaluation, monitoring, inspection, and investigation-
enhances organizational effectiveness, productivity, and integrity." 


DRP Assurance is comprised of four main separate elements: External Assurance, 
Internal Assurance, Project Assurance, and Contractor's Program Assurance, see 
Figure 2. Each element plays an important role in providing assurance to the 
stakeholders that the project is being executed safely, to the required quality, on time, 
and on budget. 
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Figure 2 - Darlington Refurbishment Program Assurance Model 
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The DRP Assurance Model, by design, incorporates multiple layers of oversight to 
support building and maintaining internal and external confidence. The intent of the 
Assurance Model is to ensure the DRP (1) meets all safety, quality, cost, and schedule 
expectations; (2) that any issues will be identified and resolved expeditiously; and (3) 
that transparent and accurate information flows up to the Board in a way that supports 
Board oversight effectiveness ;and decision making. The following sections explain 
key requirements the DRP which focus to establish consistency in oversight across the 
program. 


2.1 External Assurance 
2.1.1 Nuclear Oversight(NO) 


NO's audit mandate includes audit of the Darlington Refurbishment Project. The role of 
this group is to audit the OPG Management System to ensure that it meets the 
requirements of N286 and N-CHAR-AS-0002, Nuclear Management System. The 
audit results are shared with the OPG Darlington Refurbishment Management Team 
and when required, the results are escalated to the Senior Management Team. 


2.1.2 Internal Audit (IA) 


IA's audit mandate is to ensure that the risks for the company are being adequately 
managed through proper planning, cost control and schedule adherence. This group 
audits Enterprise Risk Management processes in accordance with the Strategic Audit 
Plan approved by the Board. This audit plan includes risk-based audits aligned with 
the top strategic and enterprise risks per the assurance section in OPG-PROG-0004, 
Enterprise Risk Management. In addition periodic audits of business processes are 
also petformed. 


2.1.3 Darling Refurbishment Committee (DRC) Independent Oversight 


Reporting directly to the DRC, a sub-committee of the Board of Directors (BoD), Burns 
& McDonnell independently assess and evaluate the accuracy and completeness of 
project information provided by the Refurbishment management team. They evaluate 
the robustness of internal oversight and assurance and identify high-level risks to the 
project that could impact the high confidence schedule and budget, are identified. 


2.1.4 Independent Oversight 


A Ministry of Energy (MoE) appointed person has been embedded in the DRC. This 
individual monitors and reports on the progress and performance of the DNR project 
on a confidential basis to the MoE. 


2.1.5 Refurbishment Construction Review Board (RCRB) 


The RCRB advi~es OPG on overall project management, as well as management of 
specific projects within the DRP. The RCRB makes impartial assessments to help 
ensure that the project teams' actions are meeting expectations, and that 
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commitments and industry-proven project management practices are in place in all 
areas of safety, human performance, cost, schedule, and quality. 


The RCRB is comprised of external members who have expertise in nuclear plant 
operations, regulatory matters, and construction mega-projects. It conducts multiple 
site visits per year and reports on the results of its assessments to management, 
including recommendations on actions for improving performance. The Chair o.f the 
RCRB presents a summary of findings to the Darlington Refurbishment Committee 
annually. 


2.1.6 Auditor General 


The Auditor General is responsible for auditing the Province of Ontario's finances and 
also have authority to carry out "value for money" audits of provincial agencies such as 
OPG, including DNR. 


2.1.7 Industry and other Oversight 


Industry regulatory and oversight bodies, including Canadian Nuclear Safety 
Commission (CNSC) and World Association of Nuclear Operators (WANO) perform 
routine audits, assessments, and inspections of the Darlington Nuclear Generating 
Station (DNGS) performance. As the DR Project progresses, these reviews will 
include insights into the project's compliance with our Power Reactor Operating 
License (PROL) and WANO best practices. The Ministry of Environment and Climate 
Change and the Ministry of Labour may also provide oversight during the Darlington 
Refurbishment Project as required. 


2.2 Internal Assurance 


2.2.1 Project Assurance Analysis 


Performance monitoring and reporting are key components ofJhe assurance model 
and process controls. Regular performance reviews and status meetings are held to 
ensure processes are implemented as designed, results are achieved as anticipated, 
and corrective actions are identified where results are not meeting expectations. A 
variety of performance reports are provided to all levels of the organization and the 
stakeholders to assist in executing oversight roles. Program Management Plans for 
each function provide more detail on specific metrics being tracked. 


The Project Assurance organization establishes and maintains the DNR assurance 
model and ensures its ongoing adequacy at covering the management system and 
four project pillars: safety, quality, schedule and cost This includes reporting on the 
results of both internal and external assurance, co-ordinating all external oversight 
assurance activities, and providing a ucheck and adjuse function to ensure effective 
oversight and assurance is in place, with a focus on key risk areas. 


Trends are identified, and all planned internal and extern.al assurance activities are 
captured, in a storyboard and accompanying heat map which is presented on a 
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quarterly basis to the Nuclear Projects Executive Team by the Project Assurance 
group. 


2.2.2 Self-Assessment and Benchmarking 


Self-assessments and benchmarking are an element of the DRP Assurance. Self-
assessments place an increased emphasis on individual accountability and robust 
management systems. Self-assessments and benchmarking evaluations provide a 
structured method to compare performance with management expectations, industry 
standards of excellence, and regulatory requirements to identify areas that require 
improvement. Self-assessments and benchmarking are conducted in accordance with 
N-PROC-RA-0097, Self-Assessment and Benchmarking. 


2.3 Project Assurance 


2.3.1 Project Management 


Each Project has matrixed resources who are equipped with the expertise to provide 
clarity around the contracted requirements, and who are able to judge the competency 
of the Contractor's resources. Project Management is the day to day interactions of 
the project and removal of barriers when required to progress work. The focus of this 
layer is to keep the projects moving while ensuring that they meet the quality 
requirements within contract cost and timing. 


2.3.2 Project Oversight 


Project oversight principles and requirements are applicable to all projects initiated and 
executed within OPG. Oversight is the independent assessment necessary to ensure 
OPG and project objectives are achieved. 


Project Oversight Plans (POP) are developed in accordance with OPG-STD-0148, 
Project Management Standard. The POP outlines the strategy for oversight activities. 
Guidance for POPs is provided in N-MAN-00120-10004 Sht OS-PLAN, Project 
Oversight Planning and Implementation. The oversight results, performance metrics, 
Station Condition Records (SCR), and trends may be reviewed to determine if there is 
an unidentified risk or opportunity surfacing across the projects. This may result in 
changes to the POPs. 


Project oversight activities and findings are recorded in the RMO database. 


2.3.3 In Process Quality Control 


One of the assurance elements is the In Process Quality Control (QC) for Engineering, 
Procurement and Construction. OPG has stipulated in the Contractor Owner Interface 
Requirements (COJR) a number of quality hold points to confirm that the products 
meet all requirements before advancing to the next stage. The hold points are based 
on OPEX along with Lessons Learned from working with contractors over the years. 
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2.3.4 Quality Surveillance (QS) 


The last layer of Project Assurance is Quality Surveillance (QS). Project personnel 
conduct surveillances on the Contractor's QC activities to verify the integrity of the 
Contractor's QC process. This is an important process to verify that the Contractor's 
resources are adhering to their own QC processes and are identifying areas which 
have failed within their corrective action program. 


2.4 Contractor's Program Assurance 
2.4.1 Contractor's Assurance Program 


Each of the contracts requires that the prime contractors and their sub·contractors 
have a Quality Program which complies with Canadian Standards Association (CSA) 
N286, Management System Requirements for Nuclear Power Plants. It is a 
contractual requirement that the Contractor's Quality Organization will provide 
sufficient oversight to confirm that their management system is rigorously followed and 
that all deficiencies are documented in their corrective action system. It is further 
expected that the Contractor Quality organization is independent of production 
pressures. 


This layer of assurance reviews all Contractors' and Subcontractors' Management 
Systems to ensure they meet the requirements of CSA N286. The audits look for 
programmatic issues that could negatively impact the success of the overall project. 


2.4.2 Supplier Audits & Quality Performance 


2.4.2.1 Approved Supplier List Audits 


Supply Chain (SC) is accountable for the Approved Supplier List (ASL) for OPG. 
Supplier qualification is established by a graded approach for each type and scope of 
item or service based on Codes, Standards, and OPGN Design and Quality 
requirements. Supply Chain shall not be permitted to place a purchase order with any 
supplier requiring a Quality Program until an acceptable qualification status has been 
established by Supplier Audits & Quality Performance (SA&QP). Requirements of N· 
PROC-MM-0010, Establishing and Maintaining OPG ASL apply to both Safety Related 
and Augmented Quality items and services suppliers. 


2.4.2.2 Quality Engineering & Supplier Performance Management 


Supply Chain is accountable for measuring and managing supplier's quality 
performance, investigation and management of supplier corrective actions related to 
SCR and Operating Experience (OPEX), reduction of initial receipt inspection material 
quarantine, management of suppller reported non-conformances and development of 
suppliers. This includes maintaining ASL Critical Supplier List, Quality Key 
Performance Indicators, ASL Critic;al Supplier Quality Health Index, and supplier 
quality escalation process per N·PROC-MM-0041, Quality Engineering and Supplier 
Performance Management. 
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2.4.3 Supplier Inspection and Oversight 


The Supplier Inspection and Oversight group supports the project teams with oversight 
of all procurement related quality activities. These oversights provide key inputs to 
NSC ASL Audit Group and Quality Engineering and Supplier Performance. 


2.5 Nuclear Projects Executive Team (NPET) 
NPET meetings provide a cross-project and cross-functional forum to discuss cognitive 
trends and determine whether appropriate assurance coverage is in place for the 
DNR. This review is typically held quarterly. 


2.6 Corrective Action Program 
DRP follows N-PROG-RA-0003, Corrective Action Program (CAP). OPG and each of 
its Engineer Procure Construct (EPC) contractors have requirements to address 
adverse conditions that trigger the use of OPG's, and/or EPC contractors' CAP 
Programs. These requirements are documented in NK38-NR-PLAN-09701-10001 
Sheet 0010, Nuclear Projects Over_sight Program Management Plan and N-GUID-
00120-10012, Use of OPG Contractor Corrective Action Program vs OPG CAP for 
further details. 


3.0 ROLES AND ACCOUNTABILITIES 


Refer to Appendix A for details. 


4.0 DEFINITIONS & ACRONYMS 


4.1 Definitions 


4.2 


Oversight: Oversight is the accountability to critically monitor, assess, and evaluate 
the conduct of the project managers and their organizations. This includes the review 
of action plans that-address gaps between current performance and governance 
standards, as well as the independent analysis of trends, data, and performance 
information that provides assurance that functional outcomes are achieved and policy 
boundaries are being respected.2 


Acronyms 
ASL 
BoD 
CAP 
CEO 
CNSC 
CRO 
CSA 
DRC 
DRP 


Approved Supplier List 
Board of Directors 
Corrective Action Program 
Chief Executive Officer 
Canadian Nuclear Safety Commission 
Chief Risk Officer 
Canadian Standards Association 
Darlington Refurbishment Committee 
Darlington Refurbishment Program 


2 INPO 09-002 - Excellence in Nuclear Project Management; Section 19.1.9 Integrated Process Control 
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EPC 
IA 
INPO 
MoE 
NO 
NSC 
POP 
PROL 
QC 
QS 
RMO 
RRB 
SA&QP 
SCR 
WANO 


Engineer Procure Construct 
Internal Audit 
Institute of Nuclear Power Operations 
Ministry of Energy 
Nuclear Oversight 
Nuclear Supply Chain 
Project Oversight Plans 
Power Reactor Operating License 
Quality Control 
Quality Surveillance 
Risk Management and Oversight database 
Refurbishment Construction Review Board 
Supplier Audits & Quality Performance 
Station Condition Record 
World Association of Nuclear Operators 


N-TMP-10010-R010 (Microsoft®2007) 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L D2-02-AMPCO-134 
Attachment 1 


Page 11 of 14







Doc""''"'' N•m»e<; U••B• CTassifloatioo: 


Plan NK38-NR-PLAN-09701-10001 Information 
Shoe! NumbeF. I R01i N•m••~ 


pago: 


0011 12 of 14 
Tlllo: 


DARLINGTON REFURBISHMENT PROGRAM ASSURANCE PROGRAM MANAGEMENT 
PLAN 
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11) N-PROC-MM-0010, Establishing and Maintaining Ontario Power Generation 


Approved Suppliers List 
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Appendix A: Organizational Accountabilities 


Vendor Quality 
Assurance Program 


Contractor Executive 
Steering Committees 


Project Management 
(Execution) 


Engineering Oversight 


Procurement Oversight 


Field Construction 
Oversight 


Quality Management 


Project Planning & 
Controls 
Project Assurance & 
Contract Management 


Vendors follow their own approved Quality Management programs 
{required to be on the OPG Approved Supplier List). This includes but 
not limited to processes for the following: 
• Sub-contractor oversight 
• Equipment and materials 
• Drawings 
• Inspection and Test Plans (ITPs) 
• Comprehensive Work Packages {CWPs) 
• History Dockets {HDOCs) 


Established for each major vendor to address any emerging issues, 
ensure issues are escalated, ensure ongoing dialogue at all levels, and 
share oversi ht findin s, 


Oversees project deliverables and the day-to-day progress of the 
projects, removing barriers to expedite the work and ensuring that quality 
requirements are achieved on time and on budget. Project Managers 
maintain specific metrics for safety, quality, cost and schedule and 
promptly document and escalate any significant performance shortfalls. 
Engineering reviews of Comprehensive Work Packages {CWPs), 
Inspection & Test Plans (ITPs) before releasing to the field for execution. 
Adds OPG hold and witness points as required. 
Provides oversight on vendor engineering activities, including OPG 
acceptance of Non-Conformance Reports (NC:Rs). Confirms complianc_e 
to RD369 including tracking of Integrated Implementation Plan 
commitments. 
Pertorms oversight on manufacturing, final inspection and storage of 
materials, including review of History Dockets (HDOCs), 
Pertorms oversight on health and safety activities, including Foreign 
Material Exclusion (FME), Work Protection, Space Allocation and 
Transient Material (SATM), material movement/housekeeping, and 
hoisting and rigging. 
Through direct detailed assessments and intervention (both project 
vertical slice and program horizontal slice), conducts reviews on 
Engineer, Procure, Construction (EPC) documentation to confirm that 
contractors, sub-contractors, and suppliers are meeting quality and 
regulatory requirements. 
Ensures cost and schedule compliance and complete and accurate 
metrics and reports. 
Periorms oversight of the vendors' corrective action programs, oversees 
the DRP management system. Manages, reports, and analyzes all 
assurance activities across the Darlington Refurbishment Project (DRP). 
Provides commercial support for contracts used for Darlington 
Refurbishment 
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Nuclear Oversight 


Nuclear Safety Review 
Board 
Canadian Nuclear Safety 
Commission 
World Association of 
Nuclear Operators 


Executive Leadership 
Team Reviews 


Refurbishment 
Construction Review 
Board 
Supplier Audits & 
Quality Performance 


Internal Audit 


Burns & McDonriell 


Ministry of Energy's 
Independent Advisor 


Conducts audits, surveillances, and assessments to ensure that the DRP 
meets the requirements of the Nuclear Management System (N286). 
Provides independent assessment of continued safe operation of the 
units, and the safe Return to Service (RTS) of the units. 
Performs inspections to ensure licence conditions (N286) are met. 


Provides assistance in risk significant areas (e.g. RTS) to help the team 
understand the current state of performance to industry standards and 
helps develop gap closure plans. 


Reviews the performance of the DRP on a quarterly basis, including: 


• SVP Nuclear Projects review on safety, quality, schedule and cost 
(monthly to ELT and DRC) 


• Chief Financial Officer report on financial controls 
• Chief Risk Officer report on risks 
• General Council report on legal and ethics issues 
• People & Culture report on staffing, training and safety 
Independent oversight of the project by industry experts with regulatory, 
mega-project, and nuclear experience. Provides recommendations 
based on strong industry operating experience (OPEX). 
Performs periodic Engineer, Procure, Construct (EPC) implementation 
audits on all EPC vendors to qualify and maintain vendors on the 
Approved Supplier Ust {ASL). 


Verifies management has designed and operated processes and controls 
to meet project and enterprise objectives. Includes strategic risk based 
audits aligned with top risks and objectives identified by managerhent. 
Independently assesses and evaluates the accuracy and completeness 
of information provided by the Refurbishment management team to the 
Board. Evaluates robustness of internal oversight and assurance, and 
identifies high-level risks to the project that could impact the high 
confidence schedule and budget. 


·.: ..... --- ·.: .. 
Retained individual through Infrastructure Ontario who routinely monitors 
and reports on progress of the project and has full access to all 
documents and project meetings. Reports on status, performance and 
risk, on a confidential basis exclusively to the Ministry of Energy and 
Infrastructure Ontario. 
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 FOR INFORMATION to the Darlington Refurbishment Committee 
   _________________________________________________________________________________ 


 
 November 11, 2020 


 
DARLINGTON REFURBISHMENT PROJECT ASSURANCE: 2020 UPDATE & 3-YEAR OUTLOOK 


 
REASON FOR REPORT    
 
This report provides an update to key elements of the oversight and assurance structure for the Darlington 
Refurbishment Program (DRP), and outlines the 3-year oversight and assurance outlook, including key 
areas of risk that will be assessed and monitored. This Project Assurance outlook should be considered 
a ‘living plan’ that evolves with project risks and lessons learned. 
 
CONCLUSIONS 
 


The Project Assurance framework and plan continue to ensure that: 
 


1) The processes and controls are in place to optimize safety, quality, schedule, and cost 
performance throughout the planning and execution of the remaining unit refurbishments; 


2) Issues are identified and resolved expeditiously; and 
3) Transparent and accurate information is reported up through Management and to the Board for 


effective oversight and decision-making. 
 


HIGHLIGHTS 
 
1. Key Updates to Assurance Roles and Accountabilities 
 
The oversight and assurance structure, by design, incorporates multiple layers of oversight to support 
building and maintaining internal and external confidence in DRP performance. This structure is provided 
in Appendix 1.  
 
Each layer of the assurance structure continues to be constructed in a manner that avoids supplanting 
the management decision-making process, and that reinforces accountability for identifying and fixing 
problems at the lowest applicable organizational level. These successive layers of oversight focus on 
evaluating the effectiveness of subordinate programs, and on testing the accuracy and completeness of 
information. Appendix 2 provides additional detail on the respective accountabilities and reporting by the 
Board of Directors, Chief Project Officer (CPO), the Chief Nuclear Officer (CNO), and the Chief Executive 
Officer (CEO) and Enterprise Leadership Team (ELT) in discharging their oversight and assurance 
responsibilities. 
 
The changes to the oversight and assurance structure for Unit 3 are as follows: 
 


i) Board of Directors Independent External Oversight Advisor 
 
Following the conclusion of arrangements with Burns & McDonnell / Modus, the 
Refurbishment Construction Review Board (RCRB) has been appointed to the role of 
Independent Oversight, reporting to the Darlington Refurbishment Committee (DRC). In this 
function, the RCRB will conduct independent assessments approximately 3-4 times per year 
of project performance, risks, and opportunities, and provide observations and 
recommendations to the DRC. 
 


ii) Chief Project Officer (CPO) & Enterprise Projects Oversight Resource 
 
With the appointment of the RCRB as the Independent External Oversight Advisor reporting 
to the DRC, Management has reviewed the existing assurance structure to identify any areas 
that may require adjustment. Considering the lessons learned from the successful execution 
of Unit 2, along with the increased maturity and confidence on subsequent units, 
Management has determined the existing oversight structure of both internal and external 
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assurance providers (detailed in Appendix 1) to be both robust and sufficient to support 
Management’s needs to oversee and optimize project performance. 
 
Should there be a specific need for additional oversight in specific areas, either at the request 
of DRP or OPG Executive Management, the following external agencies are able to provide 
the required services based on their expertise and/or direct experience in consulting on 
discrete aspects of the DRP: 
 


• High Bridge Associates Inc., IEDG Infrastructure & Energy, World Association of 
Nuclear Operators (WANO), CANDU Owners Group (COG), Modus Strategic 
Solutions, and independent peer reviews conducted by industry experts. 


 
 
2. Project Assurance 3-Year Outlook 


 
As events, trends, and risks are identified, the Assurance team collaborates with accountable project/line 
owners and all internal and external assurance providers to prioritize oversight activities. This includes 
identifying the appropriate scope for project self-assessments, Nuclear Oversight, Internal Audit, WANO 
support missions, and other external reviews as requested by management. This agile “check and adjust” 
cycle ensures activities evolve to meet project demands and enhance performance.
 
The 2020-2021 Integrated Assurance Plan can be found in Appendix 3, and outlines the assurance 
activities currently planned for Unit 3. Plans are subject to change as project risks evolve; as such, 
the integrated plan will be continually assessed and adjusted as needed. 
 
The following key areas will be prioritized over the next three years: 


• Turbine Generator (TG) Controls Upgrade: the TG Controls upgrade will be performed for the 
first time on Unit 3; therefore, additional oversight on this project has been planned. For 
example, in addition to the WANO Member Support Mission conducted in October 2019, 
Internal Audit performed a Unit 3 TG readiness audit in Q1 2020, identifying opportunities for 
improvement in baseline schedule development. 
  


• Resourcing and Management of Unit Overlap: the simultaneous refurbishment of multiple 
units will present new risks including in the areas of resource management, scheduling, and 
work management. A divisional self-assessment focusing on the overlap between Units 3 and 
1 is currently scheduled for Q1 2021 to help identify and mitigate the risks. 


 
• Implementation of COVID-19 Defence Protocols: the implementation of the COVID-19 


protective measures in March 2020 and the possibility of continued future project impacts 
created a need for an assessment of the protocols implemented to protect the safety of 
workers and maintain project work. These areas will be a focus of internal self-assessments, 
as well as external oversight bodies such as Nuclear Oversight and Internal Audit. 


 
• Incorporation of Lessons Learned and Key Performance Metrics: early indication of project 


performance will be key in confirming that the Unit 2 lessons learned that have been 
incorporated into the Unit 3 schedule are generating the expected results. This will be a focus 
of internal self-assessments, as well as external oversight bodies. 
 


Submitted by:  
 
 
_________________________  
Dietmar Reiner  
SVP, Refurbishment Transition  
 
APPENDICES  
 


1. Darlington Refurbishment Project Assurance Model  
2. Detailed Accountabilities and Reporting 
3. 2020-2021 Integrated Assurance Plan 
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Appendix 1: Darlington Refurbishment Project Assurance Model  
 


  


Filed: 2021-04-19, EB-2020-0290 
Exhibit L D2-02-AMPCO-134 


Attachment 2, Page 3 of 7







 


Appendix 2:  Detailed Accountabilities and Reporting  
 
1. Board of Directors – Accountabilities and Reporting 


i) Board Independent Resources 
To assist the Board in maintaining the capability to independently test the effectiveness of 
programs, and to confirm the accuracy and completeness of Program information provided 
by Management, the Board will continue to retain independent resources and receive 
reports from the assurance bodies identified in the table below. 
 


Board of Directors 
Independent External 
Oversight Advisor 


The Board of Directors, through the Darlington Refurbishment 
Committee (DRC), has retained the Refurbishment 
Construction Review Board (RCRB) to provide independent 
assessments approximately 3-4 times per year of Program 
performance, risks, and opportunities, and provide observations 
and recommendations to the DRC. 


Minister of Energy’s 
Independent Oversight 
Resource 


The Minister of Energy continues to retain an expert that 
regularly reports on the health of the Program to the Minister.  
This expert has unfettered access to all Program information 
and to the Program management team, and also participates on 
the DRC in an “ex-officio” capacity, co-reporting to the Minister 
with the Chair of the Darlington Refurbishment Committee. 


Internal Audit The Internal Audit team’s responsibilities remain unchanged, 
and they continue to maintain functional independence from 
management. Audit results regarding key gaps in meeting 
operational, compliance, or regulatory objectives are reported 
quarterly to the Board. 


Nuclear Safety Review 
Board (NSRB) 


NSRB accountabilities remain unchanged. It continues to 
provide an annual presentation to the Board regarding their 
independent view of Darlington Nuclear plant operations, and 
any impact the Program may have on the operating units. 


 


ii) Board Reporting 
Given the impact of the Program on OPG’s finances and operations, reporting to the Board 
continues to occur across a number of Board committees: 
 


Darlington Refurbishment 
Committee 


Focus: Execution performance of the Program  
Principle ELT Rep: Chief Project Officer (CPO) 
External Input: Insights provided by RCRB; Minister of Energy’s 
Independent External Oversight Resource 
Audit Feedback: Audit results both from Internal Audit and 
Nuclear Oversight applicable to the Program 


Generation Oversight 
Committee  


Focus: Potential impacts of Refurbishment on operating unit 
safety, the health of training programs needed to support 
Refurbishment activities. 
Principle ELT Rep: Chief Nuclear Officer (CNO) 
External Input: Insights provided by the NSRB, WANO / INPO, 
Canadian Nuclear Safety Commission (CNSC) 
Audit Feedback: Audit results both from Internal Audit and 
Nuclear Oversight applicable to Nuclear Operations 


Audit and Risk Committee Focus: Application of internal control environment, financial 
implications of Refurbishment, impact on cash flow and 
financing and financial implications of cost recovery 
Principle ELT Rep: Chief Financial Officer 
External Input: External Auditor; specialized resources as 
needed. 
Audit Feedback: Performance and setting of Strategic Audit 
Plan and internal audits related to the Program 
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Compensation, Leadership 
and Governance Committee 


Focus: Succession planning, compensation, incentives and 
retention in support of the Program, internal and external 
communications, stakeholder relations, and reputation 
management strategies, plans and metrics 
Principle ELT Rep: SVP, Human Resources; SVP, Corporate 
Affairs 
External Input: Management’s compensation advisors (presently 
Willis Towers Watson), independent compensation advisors 
(presently Hugessen Consulting) 
Audit Feedback: Results applicable to succession planning and 
Human Resource policy application to the Program 


 


2. Chief Executive Officer and Enterprise Leadership Team (ELT) – Accountabilities and Reporting 
The Chief Executive Officer (CEO) is accountable for providing robust oversight to ensure 
that the CPO and CNO are effectively finding and correcting issues that carry implications 
for the Program and OPG. The CEO utilizes the broader ELT to ensure that the company’s 
financial, risk, legal, human resources and ethics programs and standards are properly 
applied to the Refurbishment Program, as well as ensures timely and complete reporting to 
the Board: 


 
Enterprise Leadership Team 
Quarterly Review 


Reviews the performance of the Darlington Nuclear 
Refurbishment Program on a quarterly basis, including: 


• CPO report on Program status including safety, quality,  
schedule and cost 


• Chief Financial Officer report on financial controls 
application, and other financial implications 


• Chief Risk Officer report on enterprise risks that stem 
from or impact the Program and on the effectiveness of 
the risk management program 


• General Counsel report on legal and ethics issues 
• Human Resources report on staffing, training, and safety 


performance 
• Internal and external audit and assessment reports 
• Insights provided by the RCRB 


Internal Audit Internal Audit verifies that management has designed and 
operated robust processes and controls to meet Program and 
enterprise objectives.  The Strategic Audit Plan includes risk-
based audits aligned with the Program top risks and objectives.  
Management reviews and acts to resolve the findings and 
recommendations resulting from the Strategic Audit Plan. 


 


3. Chief Project Officer – Accountabilities and Reporting 
The CPO and Enterprise Projects Executive Team are accountable for execution of a robust 
set of oversight and assurance programs to ensure that issues are identified, reported, 
evaluated and corrected. These programs and structures look at all elements of the 
Darlington Nuclear Refurbishment Program and report up to the Chief Executive Officer: 
 


Enterprise Projects 
Executive Team 


Actively monitors and assesses project performance to 
determine if activities are progressing on plan and that safety, 
quality, schedule and cost requirements are being met. 


Project Planning & Controls 
Organization 


Establishes cost and schedule baselines, and maintains 
controls for changes to the baselines.  Ensures cost and 
schedule compliance, and complete and accurate metric and 
progress reports. 
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Commercial Management & 
Project Assurance 
Organization 


Oversees the multi-layered Program Assurance framework, 
manages the Program Management System, conducts 
surveillances of projects and contractors, and raises any gaps 
promptly.  Provides support for management of contracts used 
in execution of the Program. 


Project Management, 
Execution, and Support 


Oversees project deliverables executed by OPG and contracted 
vendors, and the day-to-day progress of the projects.  Removes 
barriers to expedite the work and ensures that quality 
requirements are achieved on time and on budget.  Project 
Managers maintain specific metrics for safety, quality, schedule, 
cost, and promptly address and escalate performance gaps. 


Quality Management 
Organization 


Through direct assessment and intervention confirms that 
contractors, subcontractors and suppliers are meeting quality 
expectations and that all needed regulatory documentation is 
being created and maintained.  Performs specialized and 
regulatory required quality inspections. 


Contractor Executive 
Steering Committees 


Steering committees have been established for each major 
supplier to ensure key issues and oversight findings are 
escalated and addressed expeditiously. 


Contractors / Vendors During contract formation, provisions were included that require 
implementation, oversight and assurance processes on the part 
of each contractor.  Contractors are responsible for establishing 
and executing these programs to ensure that their activities, and 
those of their subcontractors, meet requirements.  OPG 
continues to monitor contractor compliance in this area. 


 


4. Chief Nuclear Officer and Nuclear Management System – Accountabilities and Reporting 
The CNO, through the Nuclear Management System and the Nuclear Executive Committee, 
is accountable for execution of robust operations, oversight and for ensuring that established 
programs are implemented in accordance with the Nuclear Management System: 
 


Nuclear Executive 
Committee 


Provides assurance that project performance is following the 
Nuclear Management System and that corrective actions are 
taken when issues cross from the Project into the Nuclear 
Management System. 


Regulatory Affairs Manages interfaces with external regulators such as the 
CNSC, Ministry of Labour, Ministry of Energy, and performs 
assessments of compliance. OPG anticipates and addresses 
issues in a way that maintains and builds regulatory 
confidence. 


Industry Assistance and 
Assessment (WANO / INPO) 


Nuclear industry organizations are utilized by Management to 
provide assistance in significant risk areas to help understand 
the current state of performance relative to industry standards 
and to help develop gap closure plans. They periodically 
evaluate corporate and station performance; comparing 
performance to established industry standards and highlighting 
significant gaps. The results of these evaluations are reported 
to the CNO and CEO who direct the development and 
implementation of plans addressing the areas for improvement.  
This information is shared with the Board of Directors. 


Nuclear Safety Review 
Board (NSRB) 


Provides independent assessment of continued safety of 
operating units, application of the Nuclear program, quality 
assurance, and the safe return to service of units. 


Nuclear Oversight 
Organization 


Conducts audits and assessments to ensure that the Program 
meets the requirements of the Nuclear Management System.  
The findings are reported to the CNO and CPO for action, and 
are shared with the NSRB and the Generation Oversight and 
Darlington Refurbishment Committees of the Board. 
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Appendix 3:  2020-2021 Integrated Assurance Plan        
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Witness Panel: Darlington Refurbishment Program 


AMPCO Interrogatory #135 1 
 2 
Interrogatory 3 
 4 
Reference: Ex D2 T2 S11 Attachment 1 P28 5 
 6 
At the end of 2019, the contract with Burns & McDonnell/Modus was mutually agreed 7 
to expire and the Board moved the role of the Refurbishment Construction Review 8 
Board (RCRB) to the role of Independent Oversight. OPG will continue to utilize other 9 
oversight groups (e.g. Internal Audit) as appropriate. 10 
 11 
a) Please provide all Burns & McDonnell/Modus reports between 2016 and the end 12 


of 2019, not filed with the application. 13 
 14 
b) Please provide all internal audits of the DRP. 15 
 16 
 17 
Response 18 
 19 
a) All Burns & McDonnell / Modus reports completed since EB-2016-0152 are 20 


provided as Attachments to Ex. L-D2-02-SEC-084. 21 
 22 


b) A summary of Findings and Management actions and their current status resulting 23 
from Internal Audits pertaining to the DRP completed since EB-2016-0152 is 24 
provided in Ex. L-D2-02-SEC-084, Attachment 11. 25 








Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
D2-02-AMPCO-136 


Page 1 of 2 
 


Witness Panel: D2O Project 


AMPCO Interrogatory #136 1 
 2 
Interrogatory 3 
 4 
Reference: Ex D2 T2 S11 Attachment #3 5 
 6 
Bates White compares the D2O Storage Project to the Salt Waste Process Facility 7 
(SWPF), located at the Savannah River Site in Aiken, South Carolina, as a means to 8 
test the reasonableness of Bates White’s  estimate for the D2O Storage Project.   9 
 10 
D2-AMPCO-137_Attachment A provides the US Department of Energy (DOE) 11 
February 2020 project management dashboard for the SWPF which shows the cost 12 
has soared from $900 million to $2.3 billion and start-up has been delayed since 2013.  13 
 14 
a) Please explain why Bates White selected the SWPF project as a comparator. 15 
 16 
b) Please provide the decision criteria used to select comparator projects. 17 
 18 
c) Please provide other projects considered as comparators but not selected and 19 


indicate why. 20 
 21 
d) Please confirm the $2.3 billion costs for the SWPF doesn’t include other operating 22 


costs. 23 
 24 
 25 
Response 26 
 27 
The following responses were prepared by Bates White: 28 
 29 
a) and b)  30 


 31 
In evaluating projects as potential comparators for the D2O Storage Project, Bates 32 
White used several criteria to determine whether projects would be comparable. 33 
These criteria included the following: Was the project, (1) a liquid radioactive 34 
material processing facility; (2) of relatively similar size and complexity; (3) like the 35 
D2O project, at or near completion; and (4) described in sufficient detail in publicly 36 
available information. SWPF met these criteria.  37 


 38 
c)  We note that the Integrated Waste Treatment Unity (“IWTU”) was also used as a 39 


comparator for the D2O Storage Project. Although we considered other potential 40 
comparators, none met the criteria described in the above response as clearly as 41 
these two projects.  42 


 43 
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Witness Panel: D2O Project 


d)  The $2.3 billion figure represents the agreed-upon construction costs for SWPF; 1 
the construction contractor was awarded a separate USD$380 million contract for 2 
the commissioning and one year of demonstration operation of the SWPF.     3 





