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Nuclear Criticality Experiments Research Center 
(NCERC) Formerly Criticality Experiments Facility (CEF)

 Four Critical Assemblies
• Planet
• Comet
• Flattop
• Godiva IV

 Subcritical Measurements
• Radiation Test Objects
• Subcritical Benchmarks

Planet

Comet

Flattop

Godiva IV
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Planet

 Stationary platform
 Moveable platen
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Comet

 Larger lift capacity than Planet
 Zeus series of experiments
 Vary Graphite/Uranium Ratio
 Poly, Iron also used

 Foil Irradiations
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Flattop

 Spherical, reflected fast system
 1000 kg natural uranium reflector

 500 kg hemisphere
 Two 250 kg quarter-sphere safety 

blocks
 Glory hole for mass adjustment, 

samples, activation foils, etc.
 Interchangeable U-235 and Pu-239 

cores.
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Godiva IV

 Cylindrical uranium metal 
fast burst assembly

 65 kg, 93% enriched
 7-inch diameter (17.8 cm), 

6-inch tall (15.2 cm)
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NCERC Count Room

 Multiple electrically-cooled HPGe systems

 Alpha spectrometer for U/Pu/Rn determinations

 Autoradiography system

 Automated sample changer

 Room for user systems (e.g., PNNL coincidence counter)
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Godiva Startup Timeline

 Godiva IV was built in 1967 and operated at TA-18 until…

 July 2004—Last Prompt Burst

 August 2004—Last Critical Operation

 July 2005—Godiva was disassembled…

 April 2012—Godiva assembled—ANSI/ANS-series 8

 October 2012—First Critical at DAF—ANSI/ANS-1

 September 2013—First Prompt at DAF—ANSI/ANS-14.1
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Criticality Safety

 Fire suppression system shall be disabled during assembly 
operations.

 Fire suppression efforts or agents of any type are NOT allowed.

 Table positioned ≥ 3 feet from any concrete surface.

 Demarcated 3-inch buffer boundary.
 Full core must be in the hydraulic 

press or within the buffer boundary.

 Maximum of 2 personnel may be 
within 2 feet of the full core when the 
Saturn ring is off.  

 Assembly table height ≥ 41 inches
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Install Control Rods, Burst Rod, and Safety Block

Measured position of top of 
control elements relative to top 
of Godiva stand at both out 
and in positions. 
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Upper Fuel Assembly

Thicker shim ring constructed to 
compensate for fuel lost over time.



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

UNCLASSIFIED

LA-UR-12-26527
Slide 12

Stack the Lower Core

Alignment of 
grooves absolutely 
essential
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Place Upper Fuel on Lower Fuel

Audible indication of 
increased multiplication 
as upper assembly is 
lowered onto stack.

Upper assembly 
lifted by crane 
and lowered 
onto lower 
stack.
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Install the C-Clamps

First clamp is easiest.
 Iterate to get all 
clamps seated 
satisfactorily.
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Install the Saturn Ring

Bolts are tensioned outward. Measuring and adjusting for 
equal distance to ensure 
even tension.
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Install the Core

Table is rolled next to stand.
Core lowered carefully over protruding 
control rods.
Brackets are bolted on.
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Set the Safety Block Gap

Use combinations of shims placed on top of 
Safety Block to measure gap distance
Adjust Safety Block Position with spacer
Repeat to measure gap distance.

Final gap distance is 0.0145” - 0.0175”

Gap distance is between the thickness of 
shims where Safety Block will drop out and 
next smaller amount of shims where Safety 
Block will not drop out.

shims

Adjustment 
spacer
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Approach to Critical

 1/M on Sum of Control 
Rod positions

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0.00.51.01.52.02.53.0

Position 
(in)

Total 
Counts 1/M M

Predicted 
Critical

2.47 52091 1.00 1.00 -
2.06 62355 1.20 0.84 0.02
1.56 84252 1.62 0.62 0.14
1.07 134989 2.59 0.39 0.24

 Excess reactivity $1.07 compared to $1.23 prior to disassembly
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• Remote Approach-to-Critical
• Delayed Critical and Excess Reactivity
• Burst Rod Worth Estimate
• Reproducibility of Control Elements
• Safety Block Rate of Shutdown
• Control Rod Calibration
• Reactivity Quenching (Temp. Coefficient)
• Approach-to-Prompt Critical
• Burst Reproducibility
• Burst Operations

Experiment Plan for Godiva Characterization

Fulfilling requirements of ANSI/ANS-14.1
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Reproducibility of Control Elements

 Insert CR 1

 Find DC with CR 2

 Record CR 2 position

 Remove CR 2

 Repeat

 Establish positive period

 Measure period 

 Remove SB

 Insert SB

 Repeat

 Insert BR

 Establish positive period

 Measure period

 Remove BR

 Repeat

Control Rod Safety Block Burst Rod

0.250 ± 0.001 in

± 0.04 ¢

45.07 ± 0.59 sec

± 0.15 ¢

21.34 ± 0.41 sec

± 0.29 ¢

 Comparable to values measured during 1993 restart
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Safety Block Rate of Shutdown
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Safety Block Rod Drop Measurement

 Shutdown Rate is approx. -$10/s
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Control Rod Calibration
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Burst Operation 
1. Move Control Rod 2 to 0.250” 
2. Find DC with Control Rod 1
3. Insert (or remove) burst increment with Control Rod 2 
4. Retract safety block 2-5 inches
5. Wait 15-20 minutes for delayed neutron decay
6. Insert safety block 
7. Immediately insert burst rod (requires both crew members)

1, 2
3

4

5

6, 7
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Approach-to-Prompt

90

91

92

93

94

95

96

97

98

99

100

-350 -300 -250 -200 -150 -100 -50

R
ea

ct
iv

ity
 (c

en
ts

)

Burst Increment (mils)

 Perform successively larger bursts
 Most accurate determination of rod worth
 Demonstrates process
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Burst Reproducibility

 Establish DC

 Remove burst increment

 Remove SB

 Wait

 Insert SB 

 Insert BR/burst

 BR out

 Repeat

 Establish DC

 Remove burst increment

 Remove SB

 Wait

 Insert SB 

 Insert BR/burst

 BR out

 Repeat

90.69 ± 0.13 ¢ 90.19 ± 0.03 ¢
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First Super-Prompt Burst at DAF, September 2013

On September 10, 2013,                      
Godiva IV burst for the first time in 

Nevada.

Burst #1963 had a temperature rise of 
60º C and a reactivity of $1.03.

Three more bursts of increasing size 
followed over the next two days.
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Dosimetry

X1

X5

X7 X3

X14

Gamma Dose 
(rem)

Neutron Dose 
(rem)

Total Dose 
(rem)

X1 6 169 175
X3 7 134 141
X5 13 330 343
X7 17 272 288
X14 0 .1 .1

$1.03/60º Burst
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T1: Ring 104

T2: Safety Block

T5: Ambient

 Three bursts in one day

Data – January 14, 2014
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Photomultiplier and photodiode setup and checkout continue

Data – February 25, 2014 – 68º burst
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Available Burst Sizes and Specifications

Delta T  (C) Mini-burst 70 degree 150 degree 250 degree
Reactivity $0.993 $1.04 $1.07 $1.10
Initial Period 15 msec 30 µsec 18 µsec 11 µsec
alpha 66/sec 33000/sec 55000/sec 91000/sec
FWHM N/A 100 µsec 55 µsec 33 µsec
# fissions 1 E 16 2 E 16 4 E 16
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Maraging Steel 
Compression Ring

Maraging Steel Clamp

RTD

Locking Bolt

Steel Support Pad

Support Leg

RTD
Safety block 
mandrel

Upper Support Plate

Steel Loading Ring

Burst Rod

Safety 
Block

Anti-Rotation Bolt
9/16” X 4 3/8” Glory 
Hole Mandrel

Attachment Bolts



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

UNCLASSIFIED

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

LA-UR-14-21824
Slide 32

Acknowledgements

This work was supported by the DOE Nuclear Criticality Safety 
Program, funded and managed by the National Nuclear Security 
Administration for the Department of Energy.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


