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1. W O N S  FOR THE WORKSHOP 

The Advanced Neutron Source ( A N S )  Conceptual Design Report (CDR) and its subse uent 
updates provided definitive design, cost, and schedule estimates for the entire A N S  Project. 142 

A recent update to this estimate of the total project cost for this facility was $2.9 billion, as 
specified in the Ey 1996 Congressional data sheet, reflecting a line-item start in Ey 1995. 

a research facility based on ANS which could bc considered during FY 1997 budget deliberations 
if DOE or Congressional planners wished. A cost reduction for ANS of about $1 billion was 
desired for this new option. 

It was decided that such a cost reduction could be achieved only by a significant reduction in 
the A N S  research scope and by maximum, cost-effective use oE existing High Flux Isotope 
Reactor (HFIR) and Oak Ridge National Laboratory (ORNL) facilities to  minimize the need for 
new buildings. However, two central missions of the ANS-neutron scattering research and 
isotope production-were to be retained. 

Research (HFIR-CNR) because of the project’s maximum use of existing HFIR facilities and 
retention of selected, central A N S  missions. Assuming this shared-facility requirement would 
necessitate construction work near H n R ,  i t  was specified that HFTR-CNR construction should 
not disrupt normal operation of HFIR. 

Additional objectives of the study were that it be highly credible and that any material that 
might bc needed for US. Department or Energy (DOE) and Congressional deliberations be 
produced quickly using minimum project resources. This requirement made it necessary to rely 
heavily on the A N S  design, cost, and schedule baselines. A workshop methodology was selected 
because assessment of each cost andlor scope-reduction idea required nearly continuous 
communication among project personnel to ensure that all ramifications of proposed changes 
were properly considered. 

In December 1994, A N S  management decided to prepare a significantly lowcr-cost option for 

The title selected €or this new option was High Flux Isotope Reactor-Center for Neutron 

* A N S  provided the full research capability requested by the scientific community as specified in the Scitz-Eastman 
report, repeated reports from the Baric Energy Sciences Advisory Committee, the Kohn panel, and the Natianal Steering 
Committee for the Advanced Neutron Source. The ANS design maximized performance of the research tool; that is, i t  
provided the highest flux possible to the scientific instruments and facilities, while still meeting safety and availability 
requirements. Also, ANS was an entirety new facility lccated nmr but not dependent on the existing HFIR facility. 





2 PURPOSE AND SOOPE OF THE WORKSHOP 

21 PURPOSE 

A primary purpose of this study was to  provide a feasible design, schedule, and cost estimate 
for the HFIR-CNR that meets the assumptions and requirements in Sect 2.2. Results reported 
here may be used €or comparison with a later, more detailed conceptual design and associated, 
bottom-up cost and schedule estimate. 

The central mission of the ANS was retained. That is, HFIR-CNR should be a worldtlass 
neutron research facility that could support hundreds of "small science" users annually. It should 
provide a smooth and successful transition of research capabilities now present at HFIR and the 
High Flux Beam Reactor at Brookhaven National Laboratory. In addition, HFIR-CNR should 
represent a premier center for research using neutron beams, as well as for research using slow 
positron and radioactive ion beams. Specific requirements for research capabilities included the 
following: 

9 The world's most powerful source of steady-state cold neutron beams derived from a high- 
powered research reactor. 

Unique capabilities for thermal neutron research using supermirror guide systems. 

Production capabilities to meet the national need for 252Cf, a portable neutron source with 
many industrial, medical, and security applications. 

A high-flux facility for materials irradiation studies. 

Hydraulic t u b e  facilities for the production of key medical and industrial isotopes. 

Activation analysis facilities with an unprecedented thermal neutron flux 

* A positron research facility with a positron beam intensity substantially greater than any other 
available in the world. 

The necessary support facilities and staff to serve as a true user facility. 

In addition to those requirements, some baseline assumptions were established. All costs were 
estimated from those presented in the A N S  Ey 1996 Congressional data sheet. Cost estimates 
included second-order effects as much as possible to help ensure the completeness of the 
estimate. The methodology used for estimating Cost differences from an established baseline was 
developed in a previous cost-reduction trade study.3 

The reactor power was established as 125 MW (9 compared with the A N S  basetine value of 
330 MW(f). T h e  m r e  design was essentially the same as the three-element care recently adopted 
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for A N S .  A minimum core life of 17 days and refueling time of 4 days were retained. Availability 
and predictability goals of the ANS were also retained. 

Stringent core and safety parameter requirements were established to enhance licensability: 

* The temperature of the fuel plate surfaces will be less than the saturation temperature of the 
cooling water (TwIII < T=,) for all anticipated occurrences (Le., occurrence frequency greater 
than or  equal to events per year). 

* The critical heat flux condition is not exceeded, even assuming that normal heat transfer is 
lost on one  side of a fuel plant, thereby forcing reliance upon single-sided fuel plate cooling. 
The  goal here is no propagation of damage from plate to plate in the unlikely event of hot 
spot fuel damage. 

0 Aluminum structural components are kept below 100°C. 

A 2-year compression of the A N S  project schedule is desired, which would be feasible since 
1e.s construction of buildings is required. A guest facility to be supplied by the state of Tennessee 
will house many of the users. This cost  of this facility, estimated at $6 million, was not included in 
the cost estimate. Finally, i t  was assumed that the soil conditions, seismic conditions, and building 
foundation specifications are the same as for ANS. 

23 APPROACH 

The A N S  staff WM assembled and the goals, objectives, and constraints for the workshop 
wcre presented. Bascd upon this initial information, requirements for the HFTR-CNR were 
determined. Specific reference was made to the differences between this new facility and the ANS 
in generating requirements and engineering specifications. 

To carry out the assignment, personnel responsible for each work breakdown structure 
(WBS) level-three element of the project documented design, cost, schedule, and project risk 
information consistent with the study objectives and new facility requirements. This material was 
compiled into the design report which, along with backup information, was transmitted as record 
material for traceability of the workshop study.' This transmitted design material formed the basis 
for the remainder of this report. 

The  first task was to determine the extent to which existing HFIR facilities could be used. A 
site plan for the facility was generated using the A N S  principles of user-friendly research facilities 
and separation of research from operation and support facilities. 



3. THE HFIR-CNR FACILITY 

, 
This section presents a summary of the site plan, facility design, cost, and schedule for the 

HFIR-CNR. Section 3.1 presents the overall site plan and indicates how HFIR facilities are  
expected to  be used. Section 3.2 discusses the major design features of HFIR-CNR. In many 
instances, material in this section is presented in itemized form for clarity and ease of traceability. 
For those desiring more design details, a comparison of the HFIR-CNR facility with the A N S  
facility is presented in Appendix A and additional engineering and design details are in ref. 4. 

detailed cost and schedule information is presented in Appendix B and Appendix C, respectively. 
Scientific instruments included in HHR-CNR are listed in Appendix D. Major contributors to the 
workshop are listed in Appendix E. 

Summary cost and schedule information is presented in the remainder of this section. More 

3.1 GENERAL SIIZ AND €3-INGS 

The HFIR-CNR would be located next to (west OF) the present HFIR and Radiochemical 
Engineering Development Center (REDC) Eompiex so that maximum use may be made of 
existing facilities and infrastructure. The  site and building arrangements remain user-friendly and 
include features similar to features in the A N S  design. A layout for the site is shown in Fig. 1. 
This layout allows for growth of HFIR-CNR and replacement of HFiR facilities in a logical and 
organized manner. The  HFIR-CNR complex includes the following buildings and features: 

A 30-mdiameter reactor containment building that houses the WRR-CNR reactor, the 
primary cooling system, the fuel handling and wet storage systems, and tbe cold source 
system. One year ol  spent fuel storage will be retained inside containment. Consistent with 
the ANS,  a dry fuel storage facility with nominal 40-year capacity is not included, but space is 
available for it. Lower cost options for spent fuel storage may be considered. 

* A guide hall housing the cold neutron guides and instruments. (See Fig. 2 for a layout of one 
guide hall and Appendix D for a list of instruments. Note that Fig. 1 shows the full 
complement of guide halls, and Fig. 2 shows only those included in the  initial WFXR-CNR 
cost estimate.). 

A thermal guide hall housing thermal neutron scattering instruments. (See Fig. 2 for a layout 
of one  guide hall and Appendix D for a list of instruments. Note that Fig. 1 shows the full 
complement of guide halls, and Fig. 2 shows ody those included in the initial €FIR-CNR 
cost estimate. ). 

A research support facility housing laboratories and shops needed to support research 
operations. 

A reactor support building housing equipment needed to operate the reactor and the  
refrigeration system needed to operate the cold source. 

* An interface building used €or access control, health physics monitoring and control, and 
security control. 

5 
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Fig- 1. A layout for the High Flux Isotope Reactor-Center for Neutron ReYearch site. 
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Process and service buildings that house the heavy water upgrade and detritiation process 
equipment. 

Cooling towers, electrical substations, and other structures not available in t h e  existing H E R  
and R E D C  complex. 

Existing buildings in the HFIR and R E D C  complex are used to house the operations, 
maintenance, technical, quality, security, and health physics staff. 

Existing buildings in the HFIR and REDC complex provide the shops and warehouses 
needed to support HFIK-CNR operations and to house the HFIR-CNR mockup and other 
training facilities. 

In developing this site plan, it was concluded that Buildings 7920, 7930, and adjoining 
structures, as well as the new office building under construction to the north of buildings 7914 
and 7915, are not part of the HFIR complex and therefore cannot be used for HFIR-CNR. All 
research facilities are constructed northwest of the existing HFIR facility in what is now the 
parking lot area of H R R  outside t h e  fence. The two guide halls and adjoining research support 
building will be included within the research zone. A small interface building of approximately 
5400 ft’ Will include essential security and health physics monitoring and a general reception area. 
It was assumed that an adjoining $6 million facility will be funded by the state of T e n n w e e  (and 
therefore not included in the design and cost summary), as was the case for ANS. This structure, 
a guest/user facility, will be a combination of oflice/dormitory wing, library and computers, lounge, 
break room, and user liaisonhandling offices. 

in ANS plans, only a portion of the dividing fence will be a perimeter intrusion detection and 
assessment system (PIDAS) because the areas enclosed by the PIDAS will be limited to the 
reactor building, reactor support building, and primary and secondary substations. 

will be constructed west of the Molten Salt Reactor Experiment Building, over an existing service 
road. Some radiation clean-up work will be required, and underground piping will have to be 
displaced. 

The new employee/guest parking lots will accommodate 205 new spaces for HFIR-CNR and 
80 for analytical chemistry personnel. The initial estimate of personnel needed for HHR-CNR is 
320, based on personnel estimates of 559 for A N S  and a present I-IFIR staff of 189. 

The HFIR-CNR is divided into two distinct security zones, as was the case €or A N S .  Unlike 

The present HFIR access road will be a utility service road. A new road for general access 

3 2  SUh4MARY SYSIEM DESCRlPTIONS 

3 2 1  Reactor, Reactor Cooling System, and Containment 

The HFIR-CNR neutron source is based on a 125 MW (0, heavy-water-cooled and 
-moderated, compact core reactor with the following features: 

@ A three-element core using Iow-or-medium-enriched uranium fuel, in the chemical form of 
U,Si,, within an aluminum matrix. The fuel is in the form of thin, curved plates that span 
between two concentric sideplates. Nominal values for a r e  parameters include a fuel plate 
thickness of 1.27 mm, aluminum clad thickness of 0.254 mm, coolant channel gap of 1.27 rnm, 
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0 

0 

0 

0 

heated length of 418 mm, coolant velocity of 15 ds, inlet pressure of 2.335 MPa, outlet 
pressure of 1.8 MPa, and maximum core inlet temperature of 45°C. 

A large heavy water reflector vessel that transports thermal neutrons to beam and irradiation 
facilities. 

A liquid deuterium cold source that slows the thermal neutrons down to low energies for 
transport in a cold neutron guide system to a guide hall located outside the reactor 
containment. Provisions are made in the design €or adding a second cold source after the 
HFIR-CNR is constructed. 

Five containment penetrations for thermal guide systems that transport thermal neutrons to 
instruments in an experiment hall located outside the reactor containment. 

A reactor design that meets all Nuclear Regulatory Commission requirements for a licensed 
facility, in accordance with reactor safety requirements established by DOE. 

A reactor protection system that is redundant, diverse, and fully responsive to all challenges, 
including single-failure criteria and anticipated transients without scram of the primary 
shutdown system. 

Systems to  refuel and maintain the reactor while maintaining barriers between light and 
heavy water. 

A cooling system that incorporates passive and inherent safety features. These include 
coolant upflow through the core, decay heat transport by natural circulation, passive 
accumulators for inventory control and to maintain pressure during postulated transients, and 
no reliance on electrical power for decay heat removal. 

A double-walled reactor containment structure with a filtered annulus. T h e  design of the 
containment system is integrated with emergency planning activities so that realistic 
evacuation times are  provided for occupants of the Oak Ridge Reservation, including ORNL, 
and no "immediate notification" of off-site residents is required after a postulated severe 
accident. 

3 2 2  &cam, Xnshument, Irradiation, and User Support Facilities 

A layout of the guide hall is shown in Fig. 2 Tbe HFIR-CNR complex provides the following 
research facilities: 

0 O n e  cold source, seven cold guides with two or more split guides, five thermal guides, one 
remotely-operated thermal beam, and one slant beam tube. A second cold source and 
associated guides can be added later. 

* Seven thermal and eieven cold neutron scattering instruments. 

0 A precision gamma-ray bolometer for nuclear physics. There is the potential to  add a beam 
station and a radioactive ion beam facility in the future. 
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Thirty target positions and a hydraulic rabbit tube for producing transuranic isotopes, 
especially 252Cf. 

Five instrumented and five noninstrumented materials irradiation targets in a hard spectrum, 
with the necessary hot cell facilities to support their operation. 

Three hydraulic rabbit tube facilities for producing key medical and industrial isotopes, along 
with the necessary hot cell facilities to support their operation. 

Prompt gamma analysis and neutron depth profiling facilities on cold guides and four 
pneumatic rabbit tubes for activation analysis. Counting rooms, laboratories, and sample 
storage facilities needed to support the activation analysis facilities are also provided. 

A positron source and beam system based on irradiation of coppcr targets using a dedicated 
hydraulic rabbit tube. 

Facilities for instrument setup and maintenance, sample preparation, and data collection. 

User support facilities, including offices and temporary lodging, to be provided in a separate 
building to be constructed by the state of Tennessee. 

3.31 Plant systems 

HFIK-CNK plant systems include the following: 

reliable electrical power systems; 

heating, ventilation and air conditioning systems that maintain habitability and that control 
tritium and other types of contamination; 

plant water, services, fire protection and waste systems, including the cryogenic helium 
refrigerator necessary for the operation of the cold source; 

a heavy water processing plant that removes tritium produced in the reactor heavy water and 
cold source deuterium and that removes light water contamination from all heavy water 
supplies; 

advanced control, data and communications systems, including a digital control morn, a 
comprehensive data network, and a complete electronic technical and business data system. 

Costs were developed using well-documented A N S  cost estimates. Risks unique to  HFIR- 
CNR that could increase i ts  costs are documented in ref. 4. If thew unique risks are avoided, then 
the accuracy of the HFIR-CNR cost estimate is similar to the accuracy of the A N S  estimate. 
Remaining uncertainties in HER-CNR costs and in risks associated with its design, licensing, and 
construction have been adequately investigated and documented during the A N S  conceptual 



design. Thus, the contingency percentages used for t h e  HFIR-CNR were similar to those for 
ANS.  Total project costs are summarized in Tables 1 and 2. Annual operating costs are 
summarized in Table 3. 

3.4 SCHEDULE FOR CON!ZXWCTION 

The project schedule is success oriented, as was that of the A N S  conceptual design. The  most 
challenging schedule item is obtaining review and approval from DOE (or other regulating 
bodies) of environmental, safety, and licensing documentation in a timely manner. While we 
recognize that this may be difficult, we believe that if the project, DOE and the  licensing body 
work as a team, the HER-CNR can be constructed on the schedule shown. 

The following are  key schedule dates: 

. 

Project authorization/begin Title I 
Industry team in place 
National Environmental Policy Act 
Record of deckion issued 
Issue preliminary safety analysis report 
Begin early Title I1 design 
Start non-nuclear construction 
First nuclear concrete 
Complete Title XI 
h u e  final safety analysis report 
Initial core load 
Initial criticality 
Project cornpJete 

October 1995 
October 1995 

August 1997 
October 1997 
December 1996 
December 1997 
November 1998 
December 1999 
January 2001 
February 2002 
May 2002 
September 2002 

35 METHOD OF ACCOMPLISHMENT 

Both programmatic direction and funding from DOE will be provided by the Office of 
Energy Research, as is the case for their other large scientific facility projects (e.g., the Advanced 
Photon Source, the Relativistic Heavy Ion Collider). The project will be managed by Lockheed 
Martin Energy Systems. Industrial participation (architect engineer, reactor manu€acturer, and 
construction manager) will be obtained and managed directly by tockheed Martin Energy 
Systems. 
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Table 1. Total project cost for thc High Elux lsotopc Rcactor-Ccater 
for Ncutron Rescarch (all types of funding included) 

Fy 1992 dollars As-spent dollars 
W S  element (W (W 

1.1 Research and development 138,870 171,866 

1.2 Project support 179,426 231,493 

1.3 Reactor systems 1 14,226 144,768 

1.4 Experiment systems 154,938 200,588 

1.5 Site and buildings 188,590 239,015 

1.6 Plant systems 32 1,082 415,277 

1.7 Operations 128,660 178,727 

1.8 DOE support 5,478 7,087 

'rota1 HFR-CNR project cost'' 1,23 1,270 1,568,82 1 

This figure does not include casts for the heavy water upgrade and dctritlation facility (listed in 
TaMe 2). 

Tablc 2 Total project cmt for the High Flux Isotope Rmdor-Ccnter for Neutron 
Rescarch hcavy water upgrade and dctritiation faality 

(all types of funding included) 

WBS element FT 1992 dollars As-spent dollars 
(SK) (SK) 

Detritiation buildings 

Detritiation process 

Total D,O upgrade and detritiation 
project cost 

7,165 

55,701 

62,866 

9,081 

72s 10 

81,191 
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Table 3. Annual operating cmts for the High Flux Isotope Reactor-Center for N u d m  
Rgearcb (HFIR-) and for the hmvy water apgradc and detrilhtion 

Edulity (thousands of FY 1995 dollars). 

20% enrichment 35% enrichment 

HFIR-CNR reactor and plant operating wst 47,796 54,056 

HFIR-CNR research staff cost 13,556 13,556 

Total HFIR-CNF! operations and research costs 61,352 67,612 

Dettitiation faciliry operating uxt 1,671 1,739 
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Appendix A 

COMPARISON OF THE HFIR-CNR AND A N S  FACILITIES 

A I  COMPARISON OF CAPABn_sTzEs 

1. The neutron flux distribution of the HFIR-CNR reactor is generally similar to that of 
the ANS reactor, but it is lower by the ratio of the fission power of the two designs. The  
power of the HFIR-CNR reactor, and therefore the flux available at most beam stations 
and irradiation facilities, is about 40% that of the corresponding A N S  facility. In many 
cases, the research capability of the facility is directly proportional to the flux In some 
cases, the lower flux may preclude certain types of experiments. The performance of 
some irradiation facilities (especially the transuranium production facilities) is 
proportional to the flux raised to some power above one, and thus the perh-mance is 
reduced further than the simple ratio of flux. 

2. The following neutron scattering instruments in the A N S  complement, and their 
associated costs, have not been included in HRR-CNR, The method of funding in the 
A N S  Project cost estimate is also indicated. Instruments to be procured with fine item 
funds were to be designed and installed as part of the ANS Project, whereas those 
procured with operating funds  were in many cases to be dcsigned and installed by other 
research organizations. 

L 5  Wigh resolution powder diffractometer 
T-6 Diffuse scattering time-of-flight spectrometer 
T-7 Diffuse scattering time-of-flight spectrometer 
T-8 Time-of-flight spectrometer 
D-1 Multichopper time-of-flight spectrometer 
L A  Time-focusing time-of-flight spectrometer 
H-4 Triple-axis spectrometer 
D-11 Triple-axis spectrometer 
L-9 Triple-axis spectrometer 
G11 Double crystal small angle neutron scattering (SANS) 
D-5 SANS40m 
L-2 SANS20rn 
D-6 SANS2Um 
H-2 General purpose liquids diffractometer 
D-10 3ackscattering spectrometer 
V-1 Very cold neutron optical bench 
U-1 Ultracold neutron turbine 
C-1 Slant cold neutron station 

Operating 
Line item 
Operating 
Line item 
Line item 
Operating 
Line item 
Operating 
Operating 
Operating 
Operating 
Operating 
Operating 
Line item 
Operating 
Operating 
Line item 
Operating 

3. The following nuclear and fundamental physics instruments in the ANS complement. 
have not been included (the method of funding in the ANS Project is also indicated). 

T-9 Through-tube loading station 
T-10 Ultrahigh resolution gamma spectroscopy 

Line item 
Line item 

A- 1 



A-2 

D-8 Weak interaction physics 
G12 Parity violation 
D-14 Nuclear structure 
D-15 Nuclear spectroscopy 
T-13 Isotope separation on-line 

Operating 
Line item 
Operating 
Operating 
Line item 

4. The two slant materials irradiation facilities included in t h e  ANS design have been 
deleted. 

5. The four vertical isotope production facilities included in the A N S  design have been 
deleted. 

6. Three of the seven pneumatic rabbit tubes provided for activation analysis in the A N S  
design have been deleted. The support facilities for activation analysis have been reduced 
by a corresponding amount. 

7. Laboratories and shops that support research operations have been reduced in 
proportion to the number of instruments. 

The design and estimate for HHR-CNR was generated using the exceptionally detailed {and 
independently verified) conceptual design and cost information developed for A N S .  In using the 
A N S  design information to generate the design and estimate for HFIR-CNR, the following 
changes were made to the A N S  data: 

A22 Reactor, Reactor Cooling, and Containment Syskms 

The reflector vcssel design is simplified with respect to the A N S  design by the reduction in 
the number of beam and irradiation facility penetrations. This effect is offset by complications 
resulting from combining the primary and reflector cooling systems. 

Because of the lower flux and heating rates in the HFIR-CNR reactor, a zirconium alloy is 
used for the core pressure boundary tube and possibly the beam tubes. Although this may 
increase the direct cost of the reactor components, it  increases reactivity and core life and 
decreases the operating cost. 

Because the reactor power is reduced considerably, many accident scenarios are less 
challenging for the HFIR-CNR reactor. Thus the required control rod response speed is less 
than in the ANS design, and the reactor control system costs are somewhat lower. 

One primary and one  secondary cooling system loop have been deleted. These loops were 
used as an on-line spare in the ANS design. 

Cooling of the HFIR-CNR reflector is accomplished using the primary cooling loops. Thus 
the separate reflector cooling loops provided in the ANS design arc deleted. 
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6. Plate heat exchangers are used instead of shell and tube designs to reduce the cost and size 
of the primary cooling loops in this lower pressure system. 

7. Pony motors and separate emergency hcat exchangers are not needed for the HFIR-CNR 
cooling systems. 

8. kll primary and secondary cooling system components are reduced in size and cost using 
appropriate power scaling factors. 

9. The basic design of the reactor containment sp tem remains the same. However, because of 
the lower power level of the HFIR-CNR, the containment structure is half the diameter of 
and somewhat lower in height than the A N S  design. This reduces the size and cost of the 
containment ventilation and filtration systems. The containment is not normally occupied 
during operation; the size, number, and cost of airlocks bas been reduced. The number of 
other penetrations in the containment has also been reduced. The reduced reactor power 
level [I25 vs 330 MW (0) allows reduction OF the containment volume without an increase in 
the primary containment wall thickness. Thus the HFIR-CNR preserves the containment 
capability of the A N S  conceptual design. 

k22 Research Facilities and User Support 

1. One  cold source and its associated cold neutron guides were deleted; but provision is made 
for adding them later, after operations have begun and the first guide hall is saturated. 

2. Twenty-fivc beam instruments were deleted, as described under research capabilities. 

3. Two slant materials irradiation facilities, four vertical isotope facilities, and three pneumatic 
tubes were deleted, as described under research capabilities. 

4. Laboratories and shops needed to support research operations were scaled with the number 
of instruments. A research support structure enckcles the thermal instrument room outside 
containment. User support is provided in a building that it is assumed will be built by the 
state of Tennessee. 

A23 Site, Buildings, and Plant Syskems 

1. The reactor containment building will have a diameter half that of the corresponding ANS 
building. 

2. The  reactor support building will be half the size of the corresponding A N S  building. 

3. The guide hall will be 60% of the size of the ANS guide hall, Provision will be  made for the 
construction of a second guide hall at a later time. 

4. The  office building has been eliminated; many of its functions will be provided by a guest 
facility expected to  be constructed by the state of Tennessee, and the rest will be provided by 
an interface building (see next item). 



5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

A new interface building has been added. This new 5400 ft2 building replaces some of the 
functions of the A N S  office building. 

Operations support has been eliminated (existing HFIR facilities arc to be used instead) 

The mockup building has been eliminated (existing HFIR facilities are to be used instead) 

The research support building will be 62% the size of the corresponding ANS building. 

The  detriiiation buildings will be 80% of the size of the corresponding A N S  buildings. The 
detritiation buildings are costed separately, so that the decision to construct the detritiation 
facility can be made separately from the decision to build HFIR-CNR. 

The positron facility will be 34% of the size of the corresponding A N S  building. 

Most plant systems that support reactor operations are reduced in cost using an appropriate 
power scaling factor (See ref. 4). 

The two independent 161-kV lines supplying the site with electrical power in the ANS design 
have been deleted. A second 13.S-kV line is brought to the HFIR site to improve the 
reliability of the existing HFIR power supply. 

Emergency power loads have been greatly reduced, so Class 1E standby diesel generators are  
deleted; Class-1E battery systems will power the remaining emergency loads. Commercial 
grade standby generator sets have been added to supply non-Class 1E power during loss of 
off-site power. Emergency cooling of the main control room is provided by a passive design 
similar to that used in the A N S .  

A processing plant is provided to remove tritium and light water contamination from the 
HFIR-CNR heavy water inventory. This plant will have other uses in the DOE complex as 
well. The  detritiation process is costed separately so that the decision to construct the 
detritiation facility can be made separately from the decision to build KFLR-CNR. 

The scope and thus cost of the plant control simulator has been reduced. 

Since each fuel element cannot become supercritical as a result of any upset during refueling, 
the instrument and control equipment for refueling will not be Class ZE. 

A24 Project k t  

1. Research and development costs are reduced because of a substantial increase in thermal 
margins, the elimination of the hot source, the elimination of the need for neutron poisons in 
the refueling process, and numerous other simplifications in the reactor design. 

2. Other project support cost elements (e.g., administration, quality assurance) have been 
reduced as appropriate to correspond to the 2-year reduction in the project schedule. 
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A-23 Summary Oxst Estimates 

Costs for H E R - C N R  were generally estimated by reviewing the A N S  cost estimate data and 
changing costs to reflect the specific differences between A N S  and HFIR-CNR. The key 
assumptions and methodology used are described in Ref. 4. The spreadsheet format developed to 
display the A N S  costs over time were then used to summarize costs for HFIR-CNR. A summary 
of the escalated costs for A N S  and HFIR-CNR, and the difference between them, is included in 
Tables A1 and A2. 

A3 COMPARISON OF S C X E D m  

T h e  schedule for HFIR-CNR is 2 years shorter than €or the much larger A N S  Project. A key 
element of this shortened schedule is the assumption that the DOE office responsible for 
certification of HFIR-CNR will provide a staff co-located with the design team starting October 1, 
1995, to ensure early and ongoing interaction and continual review of the design and safety 
program. I t  is also assumed that the certifylng DOE office will take no more than one whole year 
to review the preliminary safety analysis report and one whole year to review the final safety 
analysis report. 

Key schedule d a t a  in the A N S  and HFIR-CNR schedules compare as foilows. 

Project aut  horiza t ionbegin Tit le I 
Industry team in place 
Issue NEA record of decision 
Issue preliminary safety analysis report 
Begin early Title XI design 
Start non-nuclear construction 
First nuclear concrete 
Complete Title I1 
Issue final safety analysis report 
Initial core load 
Initial criticality 
Project complete 

A N S  s c h e m  
October 1995 
October 1995 
November 1996 
October 1997 
October 1997 
December 1997 
November 1998 
October 2001 
January 2003 
March 2004 
April 2004 
September 2004 

WFIR-CNR schedule 
October 1995 
October 1995 
August 1997 
October 1997 
December 1% 
December 1997 
November 1998 
December 1999 

February 2002 
May 2002 
September 2002 

January 2001 
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Table Al. Comparison of total costs for the Advanced Neutron Source and €€FIR-CNRa projects 
(all types of funding included; escalated to year spent) 

A N S  cost HFIR-CNR Cost reduction 

WBS element ($K) ($K) (SK) 

1.1 Research Rr development 
~ ~- 

21 1,113 
.~ 

39,247 

1.2 Project support 342,036 231,493 1 10,543 

1.3 Reactor systems 178,497 144,768 33,729 

1.4 Experiment systems 343,480 200,588 142,892 

1.5 Site and buildings 502,695 239,015 263,680 

1.6 Plant systems 792, 412 4 15,277 377,135 

1.7 Operations 321,537 176,727 142,8 10 

1.8 DOE support 9,120 7,087 2,033 

Total project cost 2,700,8906 1,588,821' 1,122,069 

High Rux Isotope Reactor-Center for Neutron Rescarch 
* Docs not include casts of the heavy w t c r  upgradc and dctritiation facility or funds prcviousty spcnt on thc 

Advanced Neutron Source research and development and design. When heavy water upgrade and dctritiation costs 
(S123 million) and prior year costs (5102 million) arc added to the A N S  Project c M t ,  the total A N S  c a t  comes to 
$2,925 million. 

Does no[ include heavy water upgrade and dctritiation casts (listed in Table h 2 ) .  

Table A-2 Cornparison of total casts for the ANS and HFIR-CNR hcavy water npgradc and 
dctritiation facilities (all typa of funding included; escalated lo year spent) 

A N S  cost HFIR-CNR Cost reduction 
WBS element (W (SKI (SKI 

Detritiaiion buildings 

Detriliation process 

9,504 

113,191 

9,m 1 

72,110 

423 

41,081 

Total project  COS^ 122,695 81,191 4 1,504 
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To simplify the task of developing a cast estimate for an upgraded HFTR, the present ANS 
WBS was used as a starting point. The ANS c o s t  estimate baseline that is the basis for the FY 
1996 Congressional data sheet (FT 1995 line-item start) was used as a starting point for 
evaluating and establishing cost estimates for activities, components, systems, subsystems, and/or 
structures. The estimating activities used FY 1992 constant year dollars, which are the basis for 
the A N S  CDR and all other cost estimates since that time. Alter an estimate was established in 
fixed dollars, the estimate was spread in time based on the HFIR-CNR schedule for the activity 
using standard bell distributions or "S" curves, and then escalated from FY 1992 to actual year 
dollars. 

The cost estimate for the HFIR-CNR was developed at W S  Level 3 and rolled up to 
establish the total estimated construction cost and total project cost. This established the line item 
construction budget, the operation expense budget for research and development and operations 
support, and the capital equipment budget that supports the research and development and 
operations activities. 

The estimates were established by evaluating assumptions, scaling down or e h i n a t i n g  
elements of the estimated cost, and comparing A N S  function and HFIR-CNR function for all 
systems. Costs  werc developed through 

* 

Eliminating an item, system or function entirely. 
Scaling down in area or size, which would then scale down the cost in a somewhat linear 
fashion. 
Scaling down a.. a function of the power: (P2/PJo6 
where 

P, is the ANS power, 330 MW, and 
P, is t h e  HFIR-CNR power, 125 MW. 

(See ref. 3 for more information on this expression.) 

* Reducing level-of-effort activities by the ratio of the duration of the A N S  schedule for the 
activity to the duration of the HFIR-CNR schedule for the activity 

Four tables are presented in this appendix (total project costs, pages B-3 to B-5; line item or 
capital costs, pages B-6 to 3-8; operating expenses, pages B-9 to B-11; and capital equipment, 
pages 3-12 to €3-14). Costs are  arranged by level 3 WBS numbers. 
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~ .- - I___-~ ~ _ _ ~  ~~~ 

_ _ _ ~  ______ Distribution of Costs by Year 
Actual Year $k 

- - = - ~ ~ % & : ~ .  LINE ITEM 
,As Spcnl fk 

W 3 S  TITLE , Total Total j FY 1996 FY 1997 1 FY 1998 FY 1999 FY 2000 1 FY 2001 FY 2002 TOTAL 

April 1994 Baseline 

!- 

1.7.1 Administrative Support .___ 1 I 0 
-Management & Planning I O i  

I l 0 1.7.3 Maintenance 
I 1.7.4 Heal~h&Safety 0 

- 
! I 

4 1 --+- 
_. I .7.5 Training - 

1.7.6 Q A  
11.7.7 Utilities 
~ 1.7.8 Fuel 
1.7.9 Replacing Equipr &Mods 
1.7.10 Security 
1.7.1 1 Reactor Operations 
1.7.12 Rsrch Operations 
I .7.13 Initial Purchases 8,256 7,020 285 142 0 639 
1.7 Operations 8,256 7,020 285 142 0 639 

! 0 
0 
0 
0 

0 
0 
0 

2,655 2,065 3,426 9,211 

~~ 01 

2,655 2,065 3,426 9,217 

1.8. I DOE Support Subcontrcmg 
I .8 DOE Support 

6,530 5,079 I 133 504 1,029 1,609 1,780 l,23 1 290 6.575 
6,530 5,079 I 133 504 1,029 1,609 1,780 1.23 1 290 6,575 

I 1 





-.__-___ _.__I_ 

1.4 Experimenl Sysiems 30,755 113 I 30 ' 4 54 345 1 0 .____ 13 51 104 I43 
I i I I I 

I 
1.5. I Land Improvements 
1.5.2 Renclor Building 
1.5.3 ReadOpns Suppt 
1.5.4 GHall/Res Suppt 
1.5.5 OficelInterface Bldg 

~ ~ _ _ _ _ _  d-, I 

- ~ _ _ _ _ _ _ I ~  _ _  

- 

1.5.6 Detritiation Buildin 
Other Structures 

I 

i 
~ ~ I _ _ _  

I 
1.5 Site & Buildings 

I -___ ~ _____ 

1.6.0 Plant Systems Integration 

1.6.2 Elec & Comm Systems 
1.6.1 Rmctor Water Systems 

1.6.3 Environniental Systems 

! 
__I______ . 

I 
j 

i 
i 

I 
1.6.4 Plant Water Systems 
1.6.5 Plant Service Systems 
1.6.6 Plant Fire Protection 
1.6.7 Plant Waste Systems 
1.6.8 Heavy Water Dtrn & Upgd 1 
1.6.9 Plant I, C & Data Systems 19,914 
1.6.10 Maintenance 8 GPE 
1.6 Plant Systems 19,914 

~ 

11,116 1 1,037 4.229 6,377 2,390 14,034 

11,116 I 0 1,037 I 4,229 6,377 2,390 0 0 14,034 





1.2.4 Envrt & Waste Mgrnt 
1.2.5 Quality Assurance 
1.2.6 Training I i l  
1.2.7 Test & Evaluation 
1.2 Project Support 

1.3.1 Reactor Assembly 
1.3.2 Refueling 
1.3.3 Reactor I&C 
1.3.4 Fuel 
1.3.5 Reactor Mockup 
1.3.6 Maintenance 
1.3 Reactor Systems 

I 

~ I _ _ _ _  ~~ ~ L----t-- I I -_ 
1 

1 I 

1 

I 

1 1 





1.8. I DOE Support Subconlrctng 43  4 3  24 26 
1 1.8 DOE Support 43  43 23 0 26 0 0 0 

TOTAL 21,561 17,935 1,626 3,989 7,670 _. 5,546 1,539 936 999 

I 

-- .- 
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HFIR-CNR SCHEDULE 

Individual systems were evaluated for the effect on the schedule of the following: 

reducing the plant power, 
reducing the number of experirncnts, and 
eliminating severai facilities such as the office building, the maintenance support building, and 
the mockup building. 

The project milestones and the schedule by WBS level 3 are indicated in thc schedule in this 
appendix. Reducing the main plant schedule by approximately 25% is appropriate, based on 
reducing the size of the major facility approximately 33%. Specific reductions and assumptions are  
summarized in Appendix A. 

Other schedule considerations: 

1. Regulatory restrictions on the schedule were eliminated b a x d  on  establishing a close working 
relationship and continuous oversight rather than summary reviews at the end of the design. 

2. Schedule ties between the main facility and the reactor mockup have been broken because 
the mockup will not be used to validate reactor vessel components before plant start-up. (It 
will not be used to validate the reflector vessel configuration; rather, i t  will be fabricated to 
the design and the mockup built in parallel for configuration validation after installation of 
the vessel.) 

3 .  Schedule ties between the main facility and the detritiation facility have been broken because 
the heavy water will be processed at a non-ANS facility and provided "clean" to A N S .  

4. Any contamination on the site or relocation of the waste line will be assumed to be cleaned 
up by another project before site clearing. 
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Appendix D 

. 

Scientific instruments included in the HFIR-CNR are listed in Table D.1 by WBS number. 
Also shown is the  funding category associated with each instrument. The distribution is consistent 
with the capabilities of the facility and input from the scientific community. 

D.1. Experiment systems instrument list/funding catcgory 
Instrument Funding 

Instrument Number category 

1.4.2 Neutron scattering instruments 

1.4.2.1 Single-crystal instruments 

Single-crystal diffractometer 

Single-crystal diffractometer 

Polarized single-crystal diffractometer 

Protein crystal diffractometer 

High-resolution powder diffractometer 

High-intensity powder diffractometer 

1.4.2.3 Time-of-flight (TOF) spectrometers 

Time-focusing TOF spectrometer 

1.4.2.4 Triple-axis spectrometers 

Triple-axis spectrometer 

Triple-axis spectrometer 

Trip le-axis spectrometer 

Triple-axis spectrometer 

SANS-10 m 

SANS-20 m (biology) 

SANS40  m 

1.4.2.2 Powder diffractorneters 

1.4.2.5 Small-angle neutron scattering ( S A W S )  

1.4.2.7 High-resolution spectroscopy 

Neutron spin echo spectromeler 

Backscattering spectrometer 

Interferometer 

Reflectometer 

1.4.2.8 Neutron optical instruments 

1.4.2.9 Ultracold neutron (UCN) facilities 

T- 1 

T-2 
T-3 

L-10 

T-4 
T-5 

D -9 

T-11 

T- 12 
D-12 

L8 

L-1 

D-3 
D-4 

D-2 
LA 

L 7  
D-13 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 

Line item 
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Instrument Funding 
Instrument Number category 

UCN turbine converter 

Neutron storage bottle 

Neutron microscope 

Electric dipole moment 

UCN station 

1.4.2.10 Development scattering instruments 

1.4.3 Nuclear and fundamental physics instruments 

General purpose area detector 

1.4.3.2 Polarized nuclear physics 

Precision gamma-ray bolometer 

1.4.7 Analytical chemistry facilities 

1.4.7.1 Materials analysis facilities 

Prom p t -g a mm a act iva t ion an a 1 ys is m ul ti beam 
facility 

Neutron depth profiling facility 

Gamma irradiation facility 

Positron detectors 

v-2 

u-2 

u-3 

u -4 
u-5 

L-3 

D-7 

D-16 

C-2 

Line item 

Operating expense 

Operating expense 

Operating expense 

Operating expense 

Operating expense 

Line item 

Line item 

Line item 

Operating expense 

Operating expense 



. 
1. Overall guidance and direction 

1.2 Scientific requirements 
1.2 Design summary 

2. Overall requirements and key design parameters 
2.1 Plant design requirements 
2.2 Core design parameters 

3. Reactor systems 
3.1 Reactor assembly 
3.2 Refueling and maintenance 
3.3 Reactor control 
3.4 Fuel element assemblies 

4. Experiment systems 
4.1 Neutron beam transport 
4.2 Neutron scattering instruments 
4.3 Nuclear and fundamental physics instruments 
4.4 Transuranium production 

4.5 Materials irradiation 

4.6 Isotope production 
4.7 Analytical chemistry and positron research 
4.10 Cold source 

5. Site and buildings 
5.1 General site and buildings 

5.2 Positron spectroscopy facility 

6. Plant systems 
6.1 Reactor water systems 
6.2 Electrical and communication systems 
6.3 Environmental control 
6.4 Plant water systems 
6.5 Plant service systems 
6.6 Fire protection 
6.7 Plant waste systems 
6.8 Heavy water detritiation and upgrade facility 
6.9 Instrumentation and data systems 

7. Operations 

C. D. West/J. E. Cleaves 
J. B. Hayter 
F. J. Pererz 

R. S .  Booth 
D. L SelbyiG. L Yoder 

C. C. Queen Jr. 
K IC Chipley 
R. E. Battle 
C. C. Queen Jr. 

T. J-McManamy 
T. J. McManamy 
T. J. McManamy 
T. 1. McManamy 
A E. Williams 
T. J. McManamy 
A E. Williams 
C. C. Eberle 
C. C. Eberle 
k LucasD. €3. Vandergriff 

€3. Et. Shapira 
W. W. BowmadN. E. Stone 
C. C. Eberle 

G. R. McNutt 
M. E. MathewsIJ. T. Cleveland 
C. W. Parker 
J. P. Schubert 
J. P. Schubert 
J. P. Schubert 
J. R. JopliW. R. Reed 
J. R. DeVore 
J. E Cleaves 

M. M. HouserW. E. Hill 
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8. Research and development 

9. Safety and regulatory compliance 

10. Quality assurance 

11. Summary cost estimate 

12. Summary schedule 
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D. L. Sclby 

D. L. MosesR. M. Hamngton 

M. L. Gildner 

R. L. Johnson 

R. A Brown 
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35 D. H. Vandergriff 
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37. A E. Williams 
38. ORNL Patent Office 

41. Y-12 Technical Library 

4.4. Laboratory Records (RC) 

39-40. Document Research Library (2) 
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