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Charge Question #2

Has the design been shown to meet the requirements?
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Verifications increase confidence and 
reduce risk as the project progresses
• Requirements are verified across the project life to reduce risk

• Many requirements have several verifications from design to installation 

• Most requirements are verified at FDR & fabrication readiness (PRR)

• Many requirements cannot be ($) verified with physical hardware 
(seismic)

FAT = occurs at fabricator
• FAI (dimensional inspections)
• Leak test 
• Hold points, etc.

Installation testing  occurs at MUTS
• Leak testing
• Flow testing, blowdown, etc.
• Rotation test
• Maintenance plan
Talk by L. Bearden on MUTS testing

Integrated system test – In core vessel 
    !Not S.03.02 scope!
• Leak test
• Rotation test
• Maintenance demonstration
• Installation validation
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The Target Assembly Approach to requirements & verification

• Requirements were constructed to provide clarity 

• Clear requirements guide the work

• Clear requirements provide a clear “finish line” for the design

• Clarity can go beyond the intended scope ($$) of the project

• Verification was intentionally strict

• Requirement-by-requirement verification was performed and treated as hard thresholds. Near misses were not 
rounded into passes.  The near misses are captured for clarity.

• Not all “failures” are equal

• Localized technical shortfalls

• Maintainability/replacement time issues

• Transport/disposal issues
Arguably a  project GOAL with an overzealous 

deployment

Waste and transport agreements cannot be firmly 
negotiated (verified) 10+ years in advance

Near miss on a conservative requirement 
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S.03.02 - Target Assembly Verification Plan & Status
Item Target Assembly
WBS S.03.02
Lead Aaron Jacques

Date 8/5/2026 6/2/2000 8/13/2026 7/1/2024 8/13/2026 8/14/2026 8/14/2027 8/14/2026 8/14/2027 8/14/2026 8/14/2027 8/14/2026 8/14/2027

ID Name ID Method STATUS Date ID Method STATUS Date ID Method STATUS Date ID Method STATUS Date ID Method STATUS Date ID Method STATUS Date

10958 [S.03.02-10958] MAWP - Target Assembly - - - - 11184 Analysis PASSED 7/27/2026 11184 Analysis Not Run - - - - - 10981 Test Not Run - - - - -
10953 [S.03.02-10953] Assembly Blow Down Level - - - - 10974 Inspection PASSED 7/24/2026 10974 Inspection Not Run - - - - - - - - - 10986 Demonstra Not Run -
10948 [S.03.02-10948] Water Leak rate - - - - - - - - - - - - - - - - 10975 Test Not Run - - - - -
10947 [S.03.02-10947] Material radiation damage - - - - 10972 Analysis PASSED 7/24/2026 10972 Analysis Not Run - - - - - - - - - - - - -
10836 [S.03.02-10836] Permit MRA Vertical Removal - - - - 10935 Inspection PASSED 7/24/2026 10935 Inspection Not Run - - - - - 10985 Not Run - - - - -
10793 [S.03.02-10793] Upper Mounting point - Vertical - - - - - - - - - - - - - - - - 10976 Test Not Run - 10999 Not Run -
10792 [S.03.02-10792] Snubber Nominal Gap - - - - - 10918 Inspection PASSED 7/24/2026 10918 Inspection Not Run - - - - - - - - - - - - -
10791 [S.03.02-10791] Snubber Nominal Gap -Vertical - - - - 10918 Inspection PASSED 7/24/2026 10918 Inspection Not Run - - - - - - - - - - - - -
10735 [S.03.02-10735] Lower restraint - adjustment - - - - 10919 Inspection PASSED 7/24/2026 10919 Inspection Not Run - - - - - - - - - - - - -
10734 [S.03.02-10734] Mid-height location - Profile - - - - - - - - 10926 Inspection Not Run - - - - - - - - - - - - -
10733 [S.03.02-10733] Mid-Height locations - Radial - - - - 11185 Analysis PASSED 7/31/2026 11185 Analysis Not Run - - - - - 10990 Test Not Run - - - - -
10732 [S.03.02-10732] Foot location - Radial - - - - 11186 Analysis PASSED 7/31/2026 11186 Analysis Not Run - - - - - - - - - - - - -
10731 [S.03.02-10731] Foot location - Vertical - - - - 11187 Analysis PASSED 7/31/2026 11187 Analysis Not Run - - - - - - - - - - - - -
10713 [S.03.02-10713] Foot location - Radial - - - - 11188 Analysis PASSED 7/31/2026 11188 Analysis Not Run - - - - - - - - - - - - -
10702 [S.03.02-10702] Foot location - Vertical - - - - 11189 Analysis PASSED 7/31/2026 11189 Analysis Not Run - - - - - - - - - - - - -
10701 [S.03.02-10701] Foot location - Profile - - - - - - - - 10926 Inspection Not Run - - - - - - - - - - - - -
10699 [S.03.02-10699] Upper mounting point - - - - 1997 Inspection PASSED 7/24/2026 1997 Inspection Not Run - - - - - - - - - 10999 Not Run -
10698 [S.03.02-10698] Structural capacity during - - - - 11190 Analysis Not Run - 11190 Analysis Not Run - - - - - - - - - - - - -
10693 [S.03.02-10693] Mid-height locations - Radial - - - - 11191 Analysis PASSED 7/31/2026 11191 Analysis Not Run - - - - - - - - - - - - -
10677 [S.03.02-10677] Vertical Deflections During - - - - 11192 Analysis PASSED 7/31/2026 11192 Analysis Not Run - - - - - - - - - - - - -
10676 [S.03.02-10676] Radial Deflections During - - - - 11193 Analysis PASSED 7/31/2026 11193 Analysis Not Run - - - - - 10993 Test Not Run - - - - -
10674 [S.03.02-10674] Profile Tolerance - - - - 2049 Inspection PASSED 7/24/2026 2049 Inspection Not Run - - - - - 10993 Test Not Run - - - - -
10646 [S.03.02-10646] Upper mounting point - - - - - - - - - - - - - - - - - 10976 Test Not Run - - - - -
10213 [S.03.02-10213] Disposal Preparation & 1844 Closure PASSED 4/3/2024 - - - - - - - - - - - - - - - - - - - -
3727 [S.03.02-3727] Positive Engagement - - - - 3732 Inspection PASSED 7/24/2026 3732 Inspection Not Run - - - - - 10982 Demonstration Not Run - - - - -
3599 [S.03.02-3599] Homing Position - - - - 3730 Inspection PASSED 7/24/2026 3730 Inspection Not Run - - - - - 10989 Demonstration Not Run - - - - -
3598 [S.03.02-3598] Angular Resolution - - - - 3731 Inspection PASSED 7/24/2026 3731 Inspection Not Run - - - - - - - - - - - - -
3597 [S.03.02-3597] Start-up Time - - - - 3733 Analysis PASSED 7/24/2026 3733 Analysis Not Run - 10984 Demonstratio Not Run - 10984 Demonstration Not Run - - - - -
3198 [S.03.02-3198] Maintenance and Lifetime 3201 Closure PASSED 2/19/2024 - - - - - - - - - - - - 2087 Test Not Run - - - - -
3006 [S.03.02-3006] Design Loads and Acceptance - - - - 11209 Analysis PASSED 7/27/2026 11209 Analysis Not Run - - - - - - - - - - - - -
2078 [S.03.02-2078] Water Tube Spacing - - - - 2079 Inspection PASSED 7/24/2026 2079 Inspection Not Run - 10983 Inspection Not Run - - - - - - - - -
1965 [S.03.02-1965] Segment Rotation Sensor - - - - 1971 Inspection PASSED 7/24/2026 1971 Inspection Not Run - 3477 Demonstratio Not Run - 3477 Demonstration Not Run - - - - -
1695 [S.03.02-1695] Shaft Outline - - - - 2049 Inspection PASSED 7/24/2026 2049 Inspection Not Run - 2050 Test Not Run - 10980 Test Not Run - - - - -
1627 [S.03.02-1627] Isolation Jumper Position - - - - 1969 Inspection PASSED 7/24/2026 1969 Inspection Not Run - 1970 Demonstratio Not Run - 1970 Demonstration Not Run - - - - -
1566 [S.03.02-1566] Hot contact - - - - 1946 Analysis PASSED 7/24/2026 1946 Analysis Not Run - - - - - - - - - - - - -
1565 [S.03.02-1565] Blowdown Capability 1948 Closure PASSED 4/3/2024 - - - - - - - - - - - - 1947 Demonstration Not Run - - - - -
1564 [S.03.02-1564] Max Temperature without - - - - 3475 Analysis PASSED 7/24/2026 3475 Analysis Not Run - - - - - - - - - - - - -
1546 [S.03.02-1546] Shaft Extraction - - - - 1858 Inspection PASSED 7/24/2026 1858 Inspection Not Run - - - - - - - - - - - - -
1543 [S.03.02-1543] Spurious Stop Survival 1853 Closure PASSED 2/21/2024 - - - - - - - - - - - - 10988 Demonstration Not Run - - - - -
1499 [S.03.02-1499] Failure Indication 1821 Closure PASSED 2/21/2024 - - - - - - - - - - - - - - - - - - - -
1493 [S.03.02-1493] Coating Interface 1834 Closure PASSED 4/3/2024 - - - - - - - - - - - - - - - - - - - -
1490 [S.03.02-1490] Remote Handling Interface 1827 Closure PASSED 5/14/2024 - - - - - - - - - - - - - - - - - - - -
1489 [S.03.02-1489] Interface Flanges 1835 Closure PASSED 4/3/2024 - - - - - - - - - - - - - - - - - - - -
1487 [S.03.02-1487] Max Pressure drop - - - - 1829 Analysis PASSED 7/26/2026 1829 Analysis Not Run - - - - - 10979 Test Not Run - - - - -
1482 [S.03.02-1482] Imposed forces - - - - 11194 Analysis PASSED 7/27/2026 11194 Analysis Not Run - - - - - - - - - - - - -
1481 [S.03.02-1481] Interface Geometry 1840 Closure PASSED 5/14/2024 - - - - - - - - - - - - - - - - - - - -
1480 [S.03.02-1480] Leak Rate 1839 Closure PASSED 4/2/2024 - - - - - - - - 10987 Test Not Run - - - - - 10987 Test Not Run -
1455 [S.03.02-1455] Match Neutronic Model 3002 Inspection PASSED 7/24/2026 3002 Inspection PASSED 7/24/2026 - - - - - - - - - - - - - - - -
1454 [S.03.02-1454] Radiation Safety Geometry - - - - 1792 Inspection PARTLY 7/24/2026 1792 Inspection Not Run - - - - - - - - - - - - -
1452 [S.03.02-1452] Availability Goal 1790 Closure PASSED 2/19/2024 - - - - - - - - - - - - - - - - - - - -
1449 [S.03.02-1449] Disposal Path 1787 Closure PASSED 4/3/2024 3665 Analysis FAILED 8/5/2026 3665 Analysis Not Run - - - - - - - - - - - - -
1447 [S.03.02-1447] Operational Lifetime 1783 Closure PASSED 4/2/2024 - - - - - - - - - - - - - - - - - - - -
1446 [S.03.02-1446] Minimize Contamination 1782 Closure PASSED 2/22/2024 - - - - - - - - - - - - - - - - - - - -

Integrated System TestFDRSRR PRR FAT Installation Test
Reqmts Review In Core VesselMUTSVendorDwg releaseFinal Design Review
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Notes ID Text Evaluated as

1449 All items…. Replacement and disposal path Fail

The 3-60B “no sources of neutron radiation” needs to be clarified with 
Energy Solutions

Requirement cannot be fully retired at this phase of the project. 
Transportation should be negotiated as early as possible.  

ID Text Evaluated as

11214 Disposal Site Pass

10214 Transportation in 3-60B Fail

ID Text Evaluated as

11214 Disposal Site Pass

10222 Transportation in 3-60B Fail

Drive Requirements Segment Requirements
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Deflection
ID Text

10733

The outer profile of the target assembly (above the target) shall not deflect in 
the horizontal direction more than +/~-3mm during normal operation and 
pressure testing operations

Pass

10732 The outer boundary of the target assembly at the foot elevation shall deflect 
<0.25mm horizontally during the worst case combination of:

Pass

10731
The outer boundary of the target assembly at the foot elevation shall deflect 
in the vertical direction < 3.65mm (down) and <0.55mm (up) during a 
seismic vertical force.

Pass

10713
The outer boundary of the target assembly at the foot elevation shall deflect 
in the horizontal direction <0.25mm beyond any imposed displacements 
between mounting flange and lower extremity.

Pass

10702
The outer boundary of the target assembly at the foot elevation shall not 
deflect in the vertical direction more than 3.25mm (down) or more than 
0.25mm (up) during the worst case combination of:

Pass

10698
The target assembly shall be capable of maintaining structural integrity 
under a horizontal relative motion between base and lower extremity 
(snubber ring) of up to: 13mm.

Pass

10693

Any portion of the target assembly shall not deflect in the horizontal 
direction more than 5mm during a seismic lateral force; displacement is that 
beyond an +/~- 11mm relative displacement between mounting flange and 
lower extremity.

Pass

10677 The lower extremity shall deflect in the vertical direction <2mm (down) and< 
0.2mm (up) during the worst case combination of:

Pass

10676 The lower extremity (snubber) shall not deflect in the horizontal direction 
more than +/~-0.25mm during the worst case combination of:\\

Pass

10674 The profile tolerance of the lower target extremity (snubber) shall be radially 
within +/~-0.875mm from nominal.

Pass

In review:

Clearance budget (Calc)

Core Vessel 
Deflection & 

Structural  
Analysis

Target Deflection  
& Structural 

Analysis

Work In 
Progress

Shielding 
Deflection & 

Structural  
Analysis

Seismic forces by 
S.03.02

Seismic forces (by 
consultant)

Checked

The design meets the deflection requirements from the 
clearance budget.  Final verification closure requires analysis 

review and project approved seismic guidance.
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S.03.02.02 - Target Drive Verification Status



9

Notes

ID Text Evaluated as Comments
2998 The motor assembly shall be capable of replacement within 72 hours. Failed Estimated to take 90 hours (intent is met; within accuracy of estimate)

1622 The seal or drive bearing shall be capable of replacement within 72 hours. Failed Estimated to take 90 hours (intent is met; within accuracy of estimate)

Accept requirement as fulfilling the availability goal.

Replacement timeframes are acceptable to mee the “fast 
swap” intent met, 

Evaluations of swap times are rough (unchecked) 
estimates
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S.03.02.03 - Target Segment Verification Status
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Notes
ID Text Evaluated as Comments

3851 The sealing surface between the segment and the 
drive shall have a method of leak testing.

Fail Remove requirement or add feature

1574
Segment Fatigue margin shall be equal to or greater 
than 1 for a 10~-year operational life for all materials 
with the following load combinations:

Fail Weld fatigue margin is 0.92 at 10 year life (meets the intent 
of a 10 year target), weld quality improved by HIP

Accept fatigue life as-is
Accept visual leak 

checking as method

Presentation by  J. Tipton “Segment 
Thermostructural Analysis”
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S.03.02.04 - Target Shaft Verification Status & Plan

Not fully incorporated into structural 
analysis
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Future Verifications
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Factory Acceptance Testing - Drive

• Dimensional inspection of all 
fabricated components (all items 
on the Acceptance Criteria List)

• Weight accurate mass & inertia 
suspended below drive (or other 
emulator designed by shop)

• Vacuum enclosure for leak testing 
(does not need to enclose weight 
emulator)

• Water skid to flow water

• Bearing gas present

• Simple control system by shop

• Check ACL items

• Check for leaks & workmanship

• Rotate the system; ramp to full 
speed

• Check vacuum leak rates

• Check Water leak rates

• Perform basic maintenance on 
drive

• Ensure no workmanship issues arrive at ORNL
• Ensure any design issues are caught early 

(somewhere they can be fixed)
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Factory Acceptance Testing - Segment
• Dimensional inspection of all 

fabricated components (all items 
on the Acceptance Criteria List)

• Leak Testing (visual & leak down) • Ensure no workmanship issues arrive at ORNL

Factory Acceptance Testing - Foot
• Dimensional inspection of all 

fabricated components (all items 
on the Acceptance Criteria List)

• Measure items (welds, bonds & 
geometry) at hold points.

• First Article Destructive testing 
before production run

• Catch vendor process or design issues before 
significant investment

Presentation by  A. Jacques “Target 
Manufacturing Plan”
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Factory Acceptance Testing – Lower Shaft

• Dimensional inspection of all 
fabricated components (all items 
on the Acceptance Criteria List)

• Leak Testing

• Ensure no workmanship issues arrive at ORNL
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Summary of FDR verifications

Issue type Item Meaning Significance

Localized technical shortfall Weld fatigue 0.92 vs 1.0 Small local miss against 
strict criterion

Important, but bounded

Maintainability Replacement time > 
requirement

Serviceability/availability 
issue

Not mission-function failure

Transport/disposal 3-60B / disposal path Programmatic or 
acceptance-path issue

Real, but not operating-
performance issue

Not-yet-run planned tests FAT / MUTS / integrated 
tests

Scheduled later-phase 
verification

Expected at this stage

Assembly Drive Segment Shaft

Pass 33 36 28 23

Fail 1 3 3 1

Not Run 1 0 0 1

The design meets the requirements



18

ORNL IS MANAGED BY UT-BATTELLE LLC 
FOR THE US DEPARTMENT OF ENERGY


	Target Assembly�Verification Plan & Status
	Charge Question #2
	Verifications increase confidence and reduce risk as the project progresses
	The Target Assembly Approach to requirements & verification
	S.03.02 - Target Assembly Verification Plan & Status
	Notes
	Deflection
	S.03.02.02 - Target Drive Verification Status
	Notes
	S.03.02.03 - Target Segment Verification Status
	Notes
	S.03.02.04 - Target Shaft Verification Status & Plan
	Future Verifications
	Factory Acceptance Testing - Drive
	Factory Acceptance Testing - Segment
	Factory Acceptance Testing – Lower Shaft
	Summary of FDR verifications
	Slide Number 18

