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1 Introduction

This document records the assumptions under which the Fuel Systems esti-
mates were prepared. The ITER cost estimating for the CDA phase of ITER
is required to be order of magnitude estimates. The term is understood as
follows [1]:
"A quick estimate of fixed investment obtained without flow sheet of detailed-
equipment analysis by applying factors, ratios, and escalation to the known
cost of an installation considered to be similar. This is the least accurate of
estimate types, on which no limits of accuracy can be placed."
The cost estimate for some Fuel Cycle Systems exceed the expected accu-
racy specified above.
Where costs are available in ECU, the exchange rate of 1.2 SUS per 1 ECU
has been used. The estimating basis is the year 1989.
The intent of the capital cost estimate is to include the following items:

1.1 Equipment Cost

1. Design

2. Procurement

3. Manufacturing(Construction at Supplier or on site fabrication)

4. Assembly at Manufacturers Facility

5. Commissioning and Testing at manufacturer's facility

6. Packaging

1.2 Installation Cost

1. Unpacking

2. Receiving Inspection

3. Transport to and Placement at Location

4. Fastening to Ready Foundation, Finishing Foundation

5. Connection of Utilities and Wiring

6. Installation of Process Lines and their Interconnection
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7. Installation of Local Control System and its Interconnection with
Central System

8. Calibration and Construction Alignment

9. Facility Clean-up, Ready for Commissioning

Commissioning - Operating Cost will not be included in the capital cost.
Transportation cost will be covered separately in the overall estimate for
the project.

2 Estimating Methodology

The author reviewed the individual estimates obtained from the authors
identified in the reference documents, some estimates were reviewed collec-
tively during the Fuel Cycle Systems workshop. Most helpful input and
review was obtained from D. Leger and D. Murdoch of the ITER. team and
W. Spears from the NET/ITER team. Earlier summaries by P. Dinner were
also considered. Alternative cost estimates were prepared where indicated.
These were heavily relying on actual costs of similar components. Final
choice of figures was made in order to obtain the best representative figures
for the designs described in the reference documents - the Preliminary De-
sign Descriptions. In general two types of cases can be recognized:

Type A - Engineered Processing Systems

These will be identified according to Cost Account Structure and were
estimated in the CDD's by scaling from available or similar .systems or ac-
cording to published procedures.

Type B - Modular Systems
These contain multiple, identical modules integrated into an overall system.

Type Bl - Modules (Pumps, Valves)
These will be estimated by developer of the module in cost/item for the
projected production figures.

Type B2 - Common Equipment for Integrating Modules



These will follow the same approach identified for Typo A.

The following processing steps were followed:

Step 1.
Estimation of capital cost by proponents for non-nuclear application.

Step 2.
Adition of installation/construction cost by proponent.

Step 3.
Discussion of the summary results during the summer workshop in August
1990.

Step 4.
More detailed analysis of the individual cost sources. The use of appropriate
multipliers suitable for nuclear applications was considered. This stop would
have been used separately for items Type A and B. However, since the ap-
plication of nuclear codes is unclear for the ITER machine, these were not
applied during this estimate. As described in paragraph 6 Nuclear Appli-
cations, only a very small portion of some of the Fuel Cycle Systems would
require nuclear upgrade. However, since the codes and regulations according
to which the systems would have to qualify are not known, any best meant
use of nuclear multipliers would lead to distortions of the estimation piocess.

3 ITER Fuel Cycle Cost accounts

The summary of results are given in Table 5. The following paragraphs doc-
ument the rationale used for individual cost accounts that were designated
to be used by the Fuel Cycle Systems:

3.1 D411 - Burn-Dwell High Vacuum P u m p s

The primary torus exhaust cryopumps are described in [2].
The CDD contains only the overall budget cost estimate for (lie enii

system 20 MECU, but there is no detailed cost breakdown. The followi



items are required and are understood to be included in the above estimate:

• 24 Ar Spray Compound Cryopumps.

• 24 Main Isolation valves on the torus side of the pumps
(1.5 m diameter).

• 24 Main Isolation valves on the backing pump header side
(0.2 m diameter).

• Cryogenic Distribution piping and valves.

The following items are also required but the cost estimate is not included
in the above number:

1. 16 Ducts and 8 suction manifolds.

2. Discharge headers. (Backing ring main).

3. Associated dedicated maintenance equipment.

It is estimated that the cost of items 1 to 3 is approximately 5 MS which
must be added to the 24 MS (20 MECU). Further it is proposed the addition
of 15% for control systems and 33% for construction to be added for a total
of 42.9 MS.

3.2 D412 - Roughing/Backing -Burn,Dwell Pumps

This system is a three stage cryo-transfer pumping system for removing Ar-
gon from the fuel recovered from regenerating the reference Argon spray
pumps. The system is described in [3], however, a cost estimate was not.
provided by the authors. It is estimated that this system will bo similar
in complexity to the FCU system and consequently the proposed estimated
cost for the instrumented and installed system is 6 MS.

3.3 D413 - Conditioning High Vacuum Pumps

One of the alternatives for this application is the use of turbo- molecular
pumps as proposed in [4]. There are 8 pumps required and each is estimated



to cost 1.3 M$. Including 15% for controls and 33% for installation the
overall package will cost 15.4 MS.

The additional incremental cost of piping and valving is estimated to be
approximately 4 MS for the overall cost of 19.4 M$.

3.4 D414 - Roughing/Backing -Conditioning Pumps

These mechanical roughing/backing pumps are described in reference [5].
The estimated cost based on 10 sets including pumps, valves, pipes and fit-
tings is 11.2 MECU or 13.44 MS. During the FCS workshop it was clarified
that only six sets would be needed and consequently the cost is reduced by
6/10 or to 8.06 MS. Additional cost of piping and valves has been estimated
4 M% and the subtotal is 12.06 MS. Addition of 15% for control systems
and 33% for installation the overall estimated cost is 17.9 MS.

3.5 D441 and D442, High and Ultra-high velocity Pellet in-
jection

Reference [6] produced the cost estimate for the pellet injection system as
seen in Table 1. The cost estimate was reviewed by P. Kupshus of JET
[7] who on the basis of his JET system design produced alternative figures
which are reproduced in Table 1 column P.K. These two estimates produced
virtually identical overall figures (27.8 vs 25 MS). During the FCS expert
meeting the capability of the system to meet the high (95%) reliability fig-
ures was questioned. At that time the application of additional redundant
components was considered but rejected. It was agreed that the additional
redundancy may be required in the form of spare parts which would not
be installed and would be acquired from the operational budget. It was
recommended that an additional 15 % would be added for the acquisition
of control systems costs since these were not included in the cost estimate.

The final additional equipment cost would be 24.2x 1.15 = 27.8 MS.

3.6 D443 - Gas puffing / Fast valves

The gas puffing system design is proposed in [8]. However, since the cost
estimate was not in the document, the cost was supplied orally during the
FCS workshop. It was estimated by the Japanese team (11. Yoshida) that
these would cost approximately 2 MS for the four unit required. In addition
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Figure 1 - Pellet Injector Cost Estimate
Systems contained

Final Design (engineering)
Pellet Inj. Line Vacuum System
Propellant Gas Storage/Compressor
Fuel Gas Storage and Loc. Process.
Moderate Velocity Injector (two)
High Velocity Injector
Pellet Injection Room Detrit.Syst.
PI Room Shielding
Installation
Total
Instrumentation 15% of total
New Total

Itef.
[M$]

4.0
2.0

0.35
0.5
7.0
5.0
1.5

0.35
3.5

24.2
3.6

27.3

P.K.
[MECU]

-
3.5
1.0

5.0
5.0

3.5
18.0
2.7

20.7

it was suggested that additional 15% for control systems and additional 33%
for installation cost be applied for a total addition of:
(0.33 + 0.15 -f 1.0)x2 = 2.96 or 3 MS.

3.7 D451 - Cryogenic Distillation (CD)

The cost estimate for the CD was extrapolated from actual costs Ontario
Hydro experienced during construction of their Darlington Tritium Removal
Facility (DTRF). A cost estimation correlation was developed on the basis
of competitive bidding and different sizes of the DTRF isotope separation
unit. Considering the then known cost of TSTA and also the projected
cost estimate of the smaller Atomic Energy of Canada Limited (AECL) tri-
tium extraction facility a respectable collection of costs contributed to the
best internal data base for this group of technologies. The cost estimate for
the water distillation equipment is derived from approximately eight heavy
water upgrading and four heavy water production units installed and coin-
missioned from approximately 1965 to 1985 in various Ontario Hydro and
AECL facilities. With such extensive cost database, with all costs translated
into present and appropriately adjusted for consistent content, the following
costs for the ITER system was estimated [9]:

1. Water Distillation columns: 14 MS



2. Vapour Phase Catalytic Exchange unit: 1 MS

3. Cryogenic Distillation cascade: 15 MS

It needs to be recorded that the cost for each of the three above items
is correlated to the mass throughput as follows:

1. Water distillation [costl/cost2=(internal reel/internal rec.2)07]; .
Where the internal circulation flow in the system costed above is 300 kmol/h.

2. VPCE [(flowl/now2)a7x number of stages];
Where the feed flow for the single stage unit costed above id 0.2 kmol/h.

3. CD [costl/cost2=(internal reel/internal rec.2)0-4];
Where the internal circulation flow in the system costed above is 7.5 kmol/h

There is a certain degree of conservatism in the CD estimate derived
from the assumptions that the unit will have its own distributed cryogenic
refrigerator system. For the ITER case, however, parasitic refrigeration will
be taken from the integrated site system. Under this new assumption the
full cost of a dedicated refrigeration system will have to be replaced with the
incremental cost of the additions to the site refrigeration system. There is
no cost break down for the dedicated system and also the incremental cost
of connecting with the site system is not known. Consequently, the cost
correlation for the complete system was used without the indicated adjust-
ments. It is believed that such cost uncertainties are much smaller than it
would be appropriate for the order of magnitude estimate required at the
CDA project phase. Each item in the table also includes additional 5 MS
each to cover construction cost which is approximately 1/3 of the cost for
the complete principal equipment assembly.

3.8 D452 - Fuel Storage and Management

The system is described together with the proposed cost estimate in [10]
and with some corrections (where identifies with *) in the estimate made
by the author is reproduced in table 2a. There are elements of the estimate
in table 2a which appear to the author and to other reviewers [11] to be
unrealistically low. For this reason an alternative estimate was mndc and
applied as the reference for this cost break down item. It is presented in



Table 2a - Fuel Storage Cost Accounts
Component (unit)
ZrCo material (kg)
60-mole beds
Gloveboxes for above
Dedicated Trit.Extr.Syst/GB
2000-mole Beds
Glove Boxes for above
Storage Tanks
Valves (6/bed)
Valves (6/tank)
Flowmeters (3/bed)
Flowmeters (2/tank)
Press. *Temp. Transducers
Computer
Sub Total
Design and installation
Sub Total
Adjustment - construction 20%

Cost/Item [k]
0.25

15.00
25.00
60.00
30.00
25.00
20.00
0.50
0.50
0.90
0.90
0.70

20.00

# Reqd.
4011

29
4
4

19
9

19
*288
*144

144
38

80+*40
1

Cost [MS]
1.003
0.044
0.100
0.240
0.570
0.225
0.380

(1)0.087
(2)0.051

0.130
(3)0.034

0.084
0.020
3.400
1.500
4.900
6.02S

table 2b:

The following rationale was considered during forming the alternative
and finally adopted cost estimate:
(1) Installed cost for a storage bed including additional piping and valving
etc. is estimated to be 100 kS/bed, which includes the well proven cost of a
typical bed which based on a high volume production is approximately 50
kS/bed. This cost is very insensitive to minor size changes.
(2) The total amount of tritium inventory is approximately 3.6 kg of which
the "mobile" portion of it is approximately 1.9 kg. However, the overall
design figure for tritium in the machine is 5 kg.
Assuming that under the most severe storage requirements where all the
tritium (mobile and immobile such as contained in the materials) is to be
stored and that 50 80% T in DT form and 50% in say 20 % T in DT form
an average bed would need to store 0.5 + 160x 0.5 = 40 g of tritium or 100
g/bed, the 3.6 kg would require 35 beds. If 5 kg of tritium is to be stored,
the average content in the beds including the large 1000 mol beds would



Table 2b - Fuel
Component (unit)
60-mole beds complete
Gloveboxes for above
Distr. Glove Box Clean.Syst.
1000-mole Beds
Glove Boxes for above
Storage Tanks
Flowmeters (2/tank)
Press. Temp. Loops
Analytical Mass.Spec.+Syst
Sub Total
Design
Installation 20%
Control system
Total

Storage Cost
Cost/Item [k]

(1)100.00
50.00
60.00

100.00
50.00
20.00

0.90
0.02

3

Accounts
# Iteqd.

(2)35
6
6

(3)10
2

19
38

80+40
1

Cost [MS]
3.5
0.30
0.36
1.0
0.100
0.380
0.034
2.4
3.0
10.6
1.0
2.2
1.6
15.4

have to be 5000/45 = 1 1 1 g/bed. This corresponds to an average tritium
concentration of 111/200 = 56% T in DT. with the large 1000 mol beds
filled only 3.7 % or for the maximum 200 g content to 7%.
(3) These large beds are designated for storing partially purified Deuterium.
Since there will be approximately 10000 mols of Deuterium it i.s estimated
that only 10 of 1000 mol/unit beds would be required for 1.0 MS.

3.9 D453 - Fuel Clean-up

The cost estimate for the Molecular sieve/permeator based fuel processing
system [12] is "about 4-6 million U.S S". Comparison with similar systems
have concluded that this figure is consistent with such actual costs. The
estimate was also produced with the TSTA experience in ha ml. ami conse-
quently recognized as a credible estimate. To this figure there is a need to
add 15% for control systems and approximately 15% on const ruction cost
which considers installation of assembled glove box units. From tin1 base
cost of 5.0 MS the final recommended cost is 6.5 MS.
A detailed cost estimate was produced also for the parallel Penneator-Water-
Gas-Shift reactor based system [13]. It was 2.98 MS and including the 15%
for Control Svstems and 33% for construction, brings the cost of this svstem



to 4.4 M$. Since this system is, in the present CDA phase of IT Kit, con-
sidered to be also needed, the final system cost will show the sum of both
figures or 4.4 + 6.5 = 10.9 M$.
The cost of other impurity processing systems such as the "Hitex" and In-
termetallic bed based process was not included at this time since these are
experimental processes which, if successful will eventually replace the pro-
cesses considered for the cost estimate. Including these processes in the
estimate would represent double accounting.

3.10 D454 - Blanket Tritium Recovery

Reference [14] offers cost estimate indicated in Table 3.
The following corrections to the original cost estimate were made:

• Additional MS Capacity. Review of the design discovered that
there is insufficient data base to justify concluding that the MS would
produce pure HT stream. According to the best interpretation of the
available database it was concluded that the DT stream would at best
have only 30-50% HT (70-50% He) as compared with the 100% as-
sumed in the reference design. This means that additional molecular
sieve beds and appropriate systems to form a second stage separation
need to be installed. The additional cost represents a very crude but
also optimistic correction. In the next phase of ITER alternative pro-
cesses will be considered to derive at a more representative process.
Alternatively the above deficiency could be corrected by installing ap-
propriate or expanding the available capacity or Distillation equipment
for He - HT separation or for a combination of both.

• Construction Cost There was no construction cost in the original
estimate. From similar systems a figure of 33% was applied (G MS)
but from this the cost item "miscellaneous" which was in the original
estimate was subtracted to obtain 5.5 MS.

• Control Systems Cost In view of the additions the original control
systems cost was inadequate.

3.11 D455 - Tritium recovery from Water

This cost correlation is discussed in the paragraph with Cryogenic Distilla-
tion.
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Table 3 - Blanket Tritium Extraction Cost Estimate
Systems contained
Multiplier Loop
Purge gas compressor
Cold Trap (two)
Electrolysis - Large
Mol. sieves for -196 C (two)
Mol. sieves for 25 C (two)
Breeder Loop
Purge gas Compressor (two)
Cold Trap (two)
Electrolysis-Small
Mol. sieves for -196 C (two)
Mol. sieves for 25 C (two)
Pd/Ag Diffuser
SAES Getter
Waste Tritium Recovery
Miscellaneous
Safety Controls
Instrumentation
Sub Total
Adjustments
Additional MS capacity
New subtotal
Installation 20% of above
Instrumentation 15% -2 in above
Total Corrected

[M$]

0.2
0.2
2.0
0.4
0.2

3.0
0.2
0.5
2.0
0.2
2.0
0.1
0.5
0.5
1.0
1.0

14.0

4.0
18.0
3.6
0.7

22.3

Source

TSTA ADS
Estimate
JAERI/TSTA
Estimate
Estimate

TSTA ADS
Estimate
JAERI/TSTA
Estimate
Estimate
JAERI Unit/Est.
Estimate
TSTA Scaling
Estimate
Estimate
Estimate

Analysis

Estimate
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3.12 D456 - Atmospheric Detritiation

The cost estimates for the Air Detritiation systems were based on the fol-
lowing sources:
1.
Cost of a 1000 scfm (1700 m3/h) air detritiation system for DTRF was 1.5
M$ in 1981. At 5% yearly escalation over 8 years and to a 2000 m3/h size,
the installed cost (for a skid mounted equipment the installation costs of
only 5% of the package cost were considered) of such unit is 2.6 MS 1989.
Assuming that there will be some 10% saving on a larger order (the systems
would be tendered as one large package) and further assuming that there
would be a 10% saving in productivity since 1981, the adjusted cost for the
2000 m3/h unit is estimated to be 2.2 MS.
The scaling factor for a larger size is: [costl/cost2 = (flowl/flow2)0"].
2.
Dombra [15] estimated the cost of a 4000 m3/h system to be 4.4 MS. Ap-
plying the above 20% saving due to the size of the order and productivity,
the cost would be 3.67 M%. Cost scaled from the actual figure above (from
2000 to 4000 m3/h) is 3.57 M%. The figure used in subsequent systems
break-downs for the 4000 m3/h unit is 3.6 M% .
3.
There is a cost history for 4 large (22000 m3/h each) driers which were
obtained for a total cost of 7 MS with a mid spending year approximately
1983. The escalated cost at 5%/a to 1989 is 9.4 or 2.35 MS/unit. Addition
of a recombiner will approximately double the cost to 4.7 MS for each unit.
Scaling cost from this size to a 9000 m3/h the cost of such unit would be 2.5
M/m3/h unit the cost of the 9000 m3/h unit would be 1.76x 3.6 - 6.3 MS.
However Dombra in [16] produced a detailed estimate for five 9000 ni3/h
units to be 15.1 M% or 3.2 MS/unit. It is recommended the figure of 5 MS/
be used for the 9000 m3/h unit since it is more realistic extrapolation con-
sistent with the actual costs scaled from the smaller units.

The Atmospheric Detritiation Systems for the Tokamak Building consist
of the following equipment:

3.12.1 Torus Maintenance Cover Gas Detritiation System

This will be a 2000 m3/h System of the Recombiner-Dryer type consisting
of:

12



1. Filter (first and second stage HEPA filter with a Charcoal Trap) and
blower package - skid.

2. Recombiner package.

3. 2 Drier Units.

4. Cryosorber Skid

The estimated installed cost with a dedicated control system is 2.2 MS and
with the addition of the filtration system (0.6 M$) is 2.8 MS.

3.12.2 Inert Atmosphere Detritiation System

This will be a 4000 m3/h System of the Recombiner-Dryer type consisting
of:

1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 3.6 MS.

3.12.3 Glove Box Detritiation System

This will be a 2000 m3/h System of the Recombiner-Dryer type consisting
of:

1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 2.2 MS.

3.12.4 Recirculation and Emergency Air Detritiation System

The total installed capacity of the detritiation system is proposed to be
4x 9000 m3/h with the emergency recirculation rate increase of 50% for 15
hours. This will secure cleaning a 200 g tritium spill into the crane hall
to 100 MPCa within 3 days. There will be four 9000 m3/h units of the
Recombiner-Dryer type each consisting of:
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1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 4 times 5
M$ or a total of 20 M$.

3.12.5 Exhaust Gas Detritiation System

This will be a 4000 m3/h System of the Recombiner-Dryer type consisting
of:

1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 3.6 MS.

The Atmospheric Detritiation Systems for the Fuel Cycle Building con-
sist of the following equipment:

3.12.6 Glove Box Detritiation System

This will be a 2000 m3/h System of the Recombiner-Dryer type consisting
of:

1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 2.2 MS.
alternatively there would be getter based Inert Atmosphere Detritiation sys-
tems which would be distributed adjacent to the individual or a group of
two glove boxes. The cost of such system is expected to be compatible with
the cost of the centralized system.

3.12.7 Emergency Air Detritiation System

This will be one 4000 m3/h System of the Recombiner-Dryer type which will
clean the largest CD room to 100 MPCa within 3 days. It will consist of:

14



1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 3.6 MS. A
10 % cost is added for securing high reliability and through appropriate re
dundancy of the system. The final cost is 4 MS.

3.12.8 Exhaust Gas Detritiation System

This will be one system rated 1.5% of the building content/hour or TOO m3/h
System of the Recombiner-Dryer type consisting of:

1. Recombiner Package

2. 2 Drier Units.

The estimated installed cost with a dedicated control system is 1.1 MS.
In addition there is a need to add approximately 2 M8 for interconnecting
ducts and isolation louvres. The total sum of the above costs for the package
is 41.5 MS.

3.13 D457 - Nuclear Building HVAC

The cost of the HVAC system is based on two independent figures:

1. general cost of 50 ECU/m3 for very large industrial buildings

2. cost of 120 to 160 FF(20-28 $) per m3fh of treated air for
industrial units in the 100000 m3 volume range.

Based on the first method, for the total volume of ITER buildings of ap-
proximately 1 million m3, the estimated overall cost for the HVAC system
is 50 MS.
According to the second method assuming two air exchanges per hour the
cost is (20 + 28)/2 x 106 = 48 MS. The figure of 50 M S is used for the
estimate.
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3.14 D459 - Tritium Monitors

The cost of tritium monitoring is estimated approximately 3.0 MS which
is consistent with recent similar applications but includes some technology
improvements to offset the higher complexity and number of units required.
This technology is under substantial development for fission applications
and is one of the few technologies fusion will benefit without direct research
and development.

3.15 Tritium Laboratory

This item was not included in the estimate since it is assumed that it will
be included in the operation budget.

3.16 Health Physics Labora tory

This item was not included in the estimate since it will be included in the
building cost estimate breakdown.
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Table 5 - Fuel Cycle Cost Accounts
Account

D411
D412
D413
D414
D441
D442
D443
D451
D452
D453
D454
D455
D456
D457
D459
Total

Systems contained

Burn-Dwell High Vacuum
Roughing/Backing -Burn,Dwell
Conditioning High Vacuum
Roughing/Backing -Conditioning
High velocity Pellet injection
Ultra-high velocity Pellet inj.
Gas puffing / Fast valves
Cryogenic Distillation
Fuel Storage and Management
Fuel Processing
Blanket Tritium Recovery
Tritium recovery from Water
Atmospheric Detritiation
Nuclear Building HVAC
Tritium Monitors

Home
[MS]

24

8.0
11.2

24.2
2.0

15.0

7-8
14.0
15.0

2.5

Ref.

2
3,5

4
4
6
6
8
9

10
12,13

14
9

15,16

-

Final
[MS]
42.9

6.0
19.4
17.9

27.8
3.0

20.0
15.4
10.9
22.3
20.0
41.5
50.0

3.0
300.1

4 Fuel Cycle Workshop Meeting

The cost estimates were discussed during the FCS workshop on two occa-
sions. All comments made during the first presentation were implemented.
The final recommendation was to include approximately 15% for dedicated
control systems for items where this cost was not included. This was done
as documented under individual cost items. The workshop also was given
an overview for applicability of items by VV. Spears. Since all the cost es-
timates were already included in the PDD's, the content corrections were
made where applicable in this estimate.

5 Nuclear Applications

The question of multipliers for nuclear application was discussed on several
occasions. However, during the 1990 winter session was decided that the
FCS design will proceed according to non nuclear applications and where



applicable such multipliers will be applied. A survey of reasonable multipli-
ers was undertaken and it was confirmed that there is no reliable method to
apply across the board. The following examples are offered to illustrate the
case:

The cost increase for going from Class 6 to Class 3 ie ASME Section
VIII to Section III Class 3, depends on the following variables:

1. Equipment Type

2. Availability of material or qualified equipment

3. Amount of applicable QA

4. Availability/guaranteed traceable mill run

5. Size of order

6. Standard vs. Special (one off) equipment

7. Engineering, Etc.

In general the increase in cost is primarily due to the increased QA
requirements imposed by the code, the requirements for material traccability
and history dockets. For small items, such as valves, the cost increase could
be two- to three-fold and exceptionally up to ten-fold. For larger items, such
as large vessels, the additional cost may be only be 25% to 50%. Average
figures provided by three home teams of the same company the following
figures were quoted for the overall ready to install engineered packages:

• QA department 25%

• Supply Division 100%

• Project department 80%

From a different source the following two extreme examples wore quoted:

• For unique mill runs for special materials multipliers by a
factor of 15x normal material cost were experienced.

• for bulk manufacturing costs the multiplier could be as low
as 1.15X normal manufacturing cost.
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It is recommended that for items or systems which would have to be
upgraded to the nuclear code the additional cost increase would be approx-
imately 80%. However, depending on the code qualification requirement
criteria of the place where the Fuel Cycle is to be built, only a small number
of components of a few portions of some systems would need to be upgraded.
For example the known incremental cost of upgrading standard non nuclear
designs to satisfy regulatory approvals for the Darlington Tritium Recovery
Facility in 1981 was 1.5 MS for the overall cost of the equipment packages of
approximately 40 MS or 3.7%. The upgrades consisted of additional stress
calculations, weld QA, and upgrading some component to ASME Section
III Class 3.
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