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The Bon-Bon Road to
Core Wall Neutron Flux Suppression to enable
A Homogenous Fast-MSR fueled by Spent Fuel 
& Depleted Uranium Wastes

http://www.youtube.com/watch?v=mMPT09lJjcE
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First, Some Predictions
Last Century was Iron & Steel Age, the 21st Century 
will be Graphite & Graphene Age

MSRs (LFTRs, ...) are all about the Plumbing

MSR cores are boring ...

What Salt? Graphite Moderator; yes or no? 

MSR “Action” is in the HX, Pumps, and Processing

Radioactive wastes will become resources (e.g., SF)
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Graphite

is key to what we want to do (MSRs)

is an Unknown that is becoming Known (Graphene)

is compatible with all molten Fluorides Salts (1889)

Highest? Melting Point (sublimes @ 3,825° C)

Gets stronger at higher temps (max @ 2,500° C)

Mixture of Strongest & Best Conductor with weak
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Graphite Compared

4
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Graphite Things

5
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Some basic Nuclear 
knowledge

Fission process

Criticality

Resonance Escape Probability

Inelastic collisions, especially Fluorine
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Pu-239 (Resonance Escape)
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Np-237 (Capture Escape)
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2 MCNP5 Blanket Modeling
Both simulations used 72% NaF - 
28% AcFx Fuel Salt

Both were 2.5m Dia x 2.5m High, 
homogenous cores

Both had 0.5m thick Blankets & 2 
Fuel Salt Returns

One had Bon-Bon type Blanket

Other had Graphite Blanket

9
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Core Wall Flux Suppression
Absorbs neutrons that are not Fast (> 100 keV)

Absorb slower neutrons in the Wall (e.g., ThF4) & in 
the Fuel Salt (e.g., Np-237) by partial C moderation

2 Graphs of 72% NaF-28% AcFx (UTRUNaF) Fast Salt
2.5 m Right Cylinder Core with 0.5 m thick Bon-Bons & 
Graphite Walls

Radial & Axial Flux graph in each MCNP Zone

Power Density graph in each MCNP Zone

10
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Fluxes in 2.5 m Right Cylinder Core surrounded by Bon-Bon Walls

Zone 1: Bon-Bon Center Core Flux (10cm x 10cm cylinder)

Zone 7: Bon-Bon Outer Core 10cm thick Cylindrical Shell FluxZone 8: Bon-Bon Inner Graphite Wall Flux (12.5 cm thick)

Wall Flux Suppression #1
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Zone 8: Bon-Bon Inner Graphite Wall Flux (12.5 cm thick)

Zone 7: Bon-Bon Outer Core 10cm thick Cylindrical Shell Flux

Zone 1: Bon-Bon Center Core Flux (10cm x 10cm cylinder)

Fluxes of 2 MSRs 2.5 m Right Cylinder Core surrounded by Bon-Bon or Graphite Walls

Zone 1: Graphite Center Core Flux (10cm x 10cm cylinder)

Zone 7: Graphite Outer Core 10cm thick Cylindrical Shell Flux

Zone 8: Graphite Inner Graphite Wall Flux (12.5 cm thick)

Wall Flux Suppression #1
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Cylindrical Core Fuel Salt Zone
1.25 m Radius x 1.25 m High

Power Generation in each Zone of Two MSRs; 2.5m Right Cylinder x 0.5 m thick Bon-Bon Walls

NOTE: These Zones are not equal distances apart!
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Bon-Bon Walls and replaced by pure Graphite Walls

3.7x higher Wall power
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Let’s become Paper Reactor 
Designers...

14
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MSRs give a designer too 
many choices ...

What salt?

What geometry?

What purpose? What market to sell to?

No Business model, no Reactor.

“Do Gooding” is not a business model

Tuesday, May 28, 13
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What molten salt?
To answer this, the last question must be answered!

Business I chose is:
‘Safely store abundant Spent Fuel and release it’s 
energy’. Why? Paying customers’ demand!

The USA has ~70,000 tonnes of Spent Fuel

USA also has ~700,000 tonnes of Depleted Uranium

The World has >250,000 tonnes of Spent Fuel growing 
at 4% per year.

http://www.fissilematerials.org/ipfm/site_down/ipfm-spent-fuel-overview-june-2011.pdf
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http://www.fissilematerials.org/ipfm/site_down/ipfm-spent-fuel-overview-june-2011.pdf
http://www.fissilematerials.org/ipfm/site_down/ipfm-spent-fuel-overview-june-2011.pdf


© May 2013 Bruce Hoglund

Spent Fuel and Casks
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Narrow down Choices
Salt should have significant amounts of uranium and 
plutonium to “store” Spent Fuel

The “Market” says:
Actinides and even “Fissile” (U-233, U-235, & Pu-239) 
are no longer resources, they are wastes!

Safe storage is what paying customers want

Energy (electricity) may help to pay for “storage”

Capital Costs must be kept low

Tuesday, May 28, 13
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Further narrowing the 
choices

Fuel Salt must have high U & TRU solubilities

Thermal Spectrum reactors have low fissile inventories 
& thus low Uranium and TRU storage ability

Fast Spectrum requires ~5x more fissile

Fast Spectrum “burns” SF’s actinides the best

Fast Spectrum is easier to “breed” (make new fissile)

Tuesday, May 28, 13
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Chloride vs. Fluoride Salts?
Chlorides allow a faster neutron spectrum --> Breeding 
may be better than Fast Fluorides. Proliferation?

Chlorides 1 advantage is not needed today, as the 
world is awash in fissile (excess military & commercial)

More Cl Negatives than Positives:
Cl Corrosion less known, Can’t be Thermal Spectrum, 
Cl-36 long lived waste, Lower Max Temperature, Higher 
vapor pressure, no Fluoride Volatility processing, & 
Electrochemical Separation may be worse

20
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Chlorides vs. Fluorides 
Electrochemistry

21

{"MOLTEN SALT FUELS FOR NUCLEAR WASTE TRANSMUTATION IN ACCELERATOR DRIVEN SYSTEMS"
V.V. IGNATIEV

URL: http://www.iaea.org/inisnkm/nkm/aws/fnss/fulltext/te_1365_11.pdf}
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Why no Th in the Fast Fuel 
Salts?

U-238 Fast Fissions 4-5x more than Th-232

Pu-U gives more neutrons in Fast than U-Th in Thermal

Thorium complicates salt processing, e.g., F2 Volatility

ThF4 has high melting point, & increases Fuel Salt MP.

2-5x more thorium in Blanket than uranium in core = 
(Geometry says, “More blanket than core volume”) + 
(Pure Fertile Salt)

22
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NaF - LiF - UF4 Phase 
Diagram

23
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Back to the Future CP-1!

24
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“Bon-Bon” Bricks

25

Graphite 
containers of
~90% ThF4
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Potential Bon-Bon Layouts
Graphite Decanters can be arranged like stacked 
bricks of original “Chicago Pile” (CP-1) Reactor
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Bon-Bons Fertile Salts’ 
Material Properties -

ThF4 MP 1,110° C, BP 1,680° C, Density 6.1 g/cc

UF4 MP 1,036° C, BP 1,417° C, Density 6.7 g/cc

ThF4 & UF4 form continuous solution

90% ThF4 + 10% UF4 ≈ 1,100° C MP

27
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Back to the Future with 
ORNL too:
2 Zone, not 2 Fluid

Liquid Fuel Salt
surrounded by

Solid Fertile Salt
Blanket

&
No Pipes:

HX is the “pipe”

Tuesday, May 28, 13
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Modify core to Homogenous

29

No:
Fuel Salt Pipes

High-Nickel Alloy (Hastelloy) core walls
Pumped blankets filled with diluted fertile
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Designing with factors to 
support my Business Issues!

Recapping my Business Model’s preferences:

High Actinide Storage capacity

Low Capital Costs

Fissile conservation unimportant today

Low waste production, Cheap Wastes and Low 
Toxicities, e.g., Tritium & K-40 are to be avoided, with 
easy processing (e.g., Fluoride Volatility, etc.)

Tuesday, May 28, 13
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Boring Core design work is 
done, now plumbing...

Reduce Piping & make it all out of Graphite!

Make Piping the HX

Make Piping the Pump too (via Gas Lift)

Keep Mechanicals out of Radiation Flux zones

Use Gas Lift for pumping

Aggressive Sparging removes Fission Products

Tuesday, May 28, 13
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Bon-Bons MSR Designs

Pipes
&

Pump
is the

HX

Core
&

Blanket

Pneumatic
Drain
Tank

Gas-Lift
Salt

Demister

Fast

HX

Thermal

32© Bruce Hoglund May 2013
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Bon-Bons Replacement

33
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Bon-Bons Reactor Layout
Modular & Small, and made out of small components

Salt Pumping aided by cold-hot density differences

Use “Off the Shelf” Gas Turbines & Steam Turbines

Pneumatic Fueling and Safety

Pump Choices - Gas Lift or Pump in Cooled salt

Reactor Core & Drain Tank Lifted Onto HX

Eases Reactor Core components replacement

34
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Cylindrical core 2.5m dia x 
2.5m high Fast-MSR results

12.5 m3 Core Vol w 0.5 m Bon-Bon Blanket (3.5m Dia)

72% NaF-28% AcFx Core BR = 0.92, Total BR = 1.14

3.75 Tonnes fissile, ~155 T Mass, 31 T U, & 62 T Th

Fission: 5% U235, 9% U238, 55% Pu239, 21% Pu241

35

Total Electric
MSR Core Salt Power Total Total Specific Power Fissile Ratio Installed Doubling Graphite
Type Density MWth/m^3 Power (MWth) Power (MWe) kWth / kg fissile over DMSR Power (GWe) Time (yrs) Lifetime (yrs)
DMSR 27 2,250 1,001 1,467 --- 411 ∞, not breeder 30

2.5 m Bon-Bon 50 826 413 220 6.66 69 84 41
2.5 m Bon-Bon 100 1,651 826 440 3.33 139 42 21
2.5 m Bon-Bon 150 2,477 1,238 661 2.22 208 28 14
2.5 m Bon-Bon 200 3,302 1,651 881 1.67 277 21 10
2.5 m Bon-Bon 250 4,128 2,064 1,101 1.33 347 17 8
2.5 m Bon-Bon 300 4,954 2,477 1,321 1.11 416 14 7
2.5 m Bon-Bon 207 3,418 1,709 912 1.61 287 20 10
2.5 m Bon-Bon 414 6,836 3,418 1,823 0.80 574 10 5
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2.5m Right Cylinder Core 
0.5 m Bon-Bon - Fast MSR

36

Actinide Isotope atom Destruction or Creation per Fission (D-Values)
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Bon-Bons’ Problems
Gas Lift pumping is less efficient

Gas Lift may not pump enough

Gas Lift large volume of hot, radioactive gas handling

Gas Lift off-gas has much entrained fission products

Need to design & test Very High Temperature Graphite 
components

Core & Tank - Jacket & Cooling engineering

37
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The Bon-Bon Road is the 
Fast-MSR Road to success

Bon-Bons solve the “Wall Problem” (lifetime issue)

Via Wall Neutron-Flux Suppression

Buoyant Bon-Bons create wall & floor, & terminate Flux

Gas Lift super-sparges & eliminates core mechanicals

Graphite HX offers high temperature and long life

Small, modular size & low mass of lower cost materials 
help keep Capital Costs low

38

Tuesday, May 28, 13



©May 2013 Bruce Hoglund

The Bon-Bon Road is the 
Fast-MSR Road to success

Store and destroy wastes (U, Pu, Np, Am, Th, & F)

SF wastes can support a Large Electrical Infrastructure

No Fuel Fabrication (e.g., MOX) necessary

No proliferation sensitive materials produced or needed

Low, cheap-graphite consumption (no expensive C)

Very High Temperature (700° - 1000° C) output

39
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Questions?

Bruce Hoglund

bhoglund@me.com

40
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Addendum

41
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Cylindrical core 2.5m dia x 
2.5m high Fast-MSR results

12.5 m3 Core Vol w 0.5 m Graphite Blanket (3.5m Dia)

72% NaF-28% AcFx Core BR = 0.84, Total BR = 0.84

3.00 Tonnes fissile, ~91 T Mass, 25 T U, & 0.2 T Th

Fission: 5% U235, 7% U238, 62% Pu239, 21% Pu241

42

Total Electric
MSR Core Salt Power Total Total Specific Power Fissile Ratio Installed Doubling Graphite
Type Density MWth/m^3 Power (MWth) Power (MWe) kWth / kg fissile over DMSR Power (GWe) Time (yrs) Lifetime (yrs)
DMSR 27 2,250 1,001 1,467 --- 411 ∞, not breeder 30

2.5 m Bon-Bon 50 826 413 275 5.33 87 -57 11
2.5 m Bon-Bon 100 1,651 826 551 2.66 174 -29 6
2.5 m Bon-Bon 150 2,477 1,238 826 1.78 260 -19 4
2.5 m Bon-Bon 200 3,302 1,651 1,102 1.33 347 -14 3
2.5 m Bon-Bon 250 4,128 2,064 1,377 1.07 434 -11 2
2.5 m Bon-Bon 300 4,954 2,477 1,652 0.89 521 -10 2
2.5 m Bon-Bon 56 925 462 308 4.76 97 -51 10
2.5 m Bon-Bon 112 1,849 925 617 2.38 194 -25 5
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2.5m Right Cylinder Core 
0.5 m Graphite - Fast MSR

43

Actinide Isotope atom Destruction or Creation per Fission (D-Values)

Tuesday, May 28, 13



© May 2013 by Bruce Hoglund

Graphite

44

http://www.sglgroup.com/cms/international/products/lexicon-of-materials/index.html?letter=G&__locale=en

http://www.sglgroup.com/cms/international/products/lexicon-of-materials/index.html?letter=C&__locale=en
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Graphite’s Biggest Problem

45
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Fluorine (Inelastic Collision)

46
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Subtle C-Moderator Issues
Nuclear Graphite is expensive due to purity requirement

Graphite moderated MSRs have ~80% of it’s core as C

Thus Graphite MSRs have <1/5 the Power / Volume

Graphite MSRs are thus at least 1.7x larger

Fuel Salt’s fissioning is physically close to Graphite

Fuel Salt Power Density is lower to reduce graphite 
damage

DMSR has Fuel Salt power density of ~27 kW/liter

Tuesday, May 28, 13
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My Graphite Conclusions:

Try to keep Graphite out of Neutron flux field

Use graphite as a container for fertile Th materials

Fuel Salt surrounds the Fertile “Bon-Bons”

Graphite Containers containing ThF4 salt

Recreate an “Atomic Pile” of Bon-Bons

48
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What is Spent Fuel?
What’s Spent Fuel?

Ignore the ~5-15% Fission Products & Structural

~99% Uranium (0.9% U235, 0.39% U236, 97.7%U238)

~1% TransURanics (TRUs)

0.95% is Plutonium (4% Pu238, 53% Pu239, 24%Pu240, 12%Pu241, 7%Pu242)

0.05% are “Minor Actinides” (MAs)
0.04% is Np237

0.01% are Am241, Am243, Cm242, Cm244, Cm245, Cm246, ...
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Moderator issues & my 
Business Model suggests...

Homogeneous MSRs, but Salt choice is still an issue

Reexamined some of the salts Oak Ridge National 
Laboratory (ORNL) examined in the 1950s - 1960s:

67% LiF - 33% BeF2 (FLiBe) {MP - 458° C}

53% NaF - 47% BeF (NaBe) {MP - 340° C}

73% LiF - 27% UF4 (UTRULiF) {MP - 490° C}

72% NaF - 28% UF4 (UTRUNaF) {MP - 620° C}

46.5% NaF - 26% KF  - 27.5% UF4 (NaKUF) {MP - 530° C}

?% NaF - ?% LiF - ?% UF4 (UTRULiNaF) {MP - 445° - 650° C}
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What Salt & Geometry?
Since we’re just starting... and don’t yet know salt

I did a Parametric Study like ORNL-2751
“Nuclear Characteristics of Spherical, Homogenous, Two-Region, Molten-Fluoride-Salt Reactors", Sep1959.

Change to a constant geometry of 2 meters diameter 
fuel salt sphere with a 0.5 m thick blanket

Vary both Fuel Salt & Blanket compositions

Measure neutron fluxes, graphite damage, isotopic 
parameters (capture, fission, etc.), leakage, etc...

Tuesday, May 28, 13
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FLiBe (LiF-BeF2) Phase 
Diagram

>MP x% ThF4 & UF4

~2% PuF3 @700° C

-63- 

ALL TEMPERATURES ARE IN "C 

E = EUTECTIC 

MOUNOLAB NO 
56-14-29 ( R E V )  

The System LiF-BeF2-UF4. 

52
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MCNP Tested 35 salts - 
basic (spherical) Geometries

53

Fuel
Salt

ThF4

Graphite

Initial
Geometry

Tests:
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Learned Some Basic Facts

ThF4 is a better blanket (less mass) than Thorium Metal

Th metal is the best Fast Reflector

Graphite Blankets / Reflectors leak a lot of neutrons

Graphite Blankets cause power spike along core wall

Increases fission neutron Wall flux, and thus damage

Reduces graphite Wall lifetime - “The Wall Problem”!

54
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Fuel Salt Matrix, No. 1

Salt: FLiBe
67LiF - 33BeF2

UTRUNaF
72NaF - 28AcFx

UTRULiF
73LiF - 27AcFx

Best MSR
Service

Thermal
Graphite & 

Homogenous (no C)
Fast-MSR Fast & 

Thermal

Pros
Well Studied

Good Moderator Salt
Best “Slow” (thermal) Salt

Best Heat Transfer

Cheap
Highest PuF3  solubility

Best Fast Salt
Good Heat Transfer?

490° C MP
Broad Applicability

Good Heat Transfer?

Cons
Cost - Isotopic Li7
Tritium production

Low PuF3 & AcFx solubility
BeF2 “Toxicity”

625° C MP
Na activation

Thermal spectrum?
No Bi ThF4 processing?

Cost - Isotopic Li7
Tritium production
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Fuel Salt Matrix, No. 2

Salt:
UTRULiNaF

36NaF-36LiF-28AcFx
24NaF-44LiF-32AcFx

47NaF- 26KF-28AcFx
NaBe

53NaF - 47BeF2

Best MSR
Service

Fast & 
Thermal? Fast-MSR Thermal & 

Fast?

Pros
Cheaper than “pure” LiF
Flexible AcFx amounts
Good Heat Transfer?
480° C & 445° C MPs

Cheap
Flexible AcFx amount

530° C MP

Cheap
340° C MP

Good moderation

Cons
Cost - Isotopic Li7
Tritium production

Na activation
No Bi ThF4 processing?

Na activation
K-40 production

High K neutron capture
No Bi ThF4 processing?

Little known salt
Na activation
BeF2 “toxicity”

No Bi ThF4 processing?
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Fuel Salt Matrix,  NO No. 2!

Salt:
UTRULiNaF

36NaF-36LiF-28AcFx
24NaF-44LiF-32AcFx

47NaF- 26KF-28AcFx
NaBe

53NaF - 47BeF2

Best MSR
Service

Fast & 
Thermal? Fast-MSR Thermal & 

Fast?

Pros
Cheaper than “pure” LiF
Flexible AcFx amounts
Good Heat Transfer?
480° C & 445° C MPs

Cheap
Flexible AcFx amount

530° C MP

Cheap
340° C MP

Good moderation

Cons
Cost - Isotopic Li7
Tritium production

Na activation
No Bi ThF4 processing?

Na activation
K-40 production

High K neutron capture
No Bi ThF4 processing?

Little known salt
Na activation
BeF2 “toxicity”

No Bi ThF4 processing?
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Fuel Salt Matrix, New No. 2

Salt:
UTRULiNaF

36NaF-36LiF-28AcFx
24NaF-44LiF-32AcFx

32NaF- 
29RbF-39AcFx

NaBe
53NaF - 47BeF2

Best MSR
Service

Fast & 
Thermal? Fast-MSR Thermal & 

Fast?

Pros
Cheaper than “pure” LiF
Flexible AcFx amounts
Good Heat Transfer?
480° C & 445° C MPs

Cheap?
Flexible AcFx amount

540° C MP

Cheap
340° C MP

Good moderation

Cons
Cost - Isotopic Li7
Tritium production

Na activation
No Bi ThF4 processing?

Na activation
Poor Heat Transfer?

High Rb neutron capture?
No Bi ThF4 processing?

Little known salt
Na activation
BeF2 “toxicity”

No Bi ThF4 processing?
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DMSR Reference
Design

Large (2,240 MWth) & ~10m x 10m

450 m3 core volume, 84.4 m3 Fuel Salt

~300 tonnes Reactor Grade Graphite

2 Zones

Core A: 20% Salt 3m x 3m Undermoderated

Core B: 13% salt outer 8.3m dia x 8.3m high

Radial Reflector 0.8m thick - Axial 0.65m thick

Salt Power Density ~27 MWth / m3

0.
25
4

0.254

0.051

0.051

0.
25

0.24
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Fluorides’ Potential on 
Various Cathodes
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{PDF page 85, of http://www.skb.se/upload/publications/pdf/TR-04-15webb.pdf}
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Fluorides’ Potential on 
Various Cathodes
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Thorium Cycle – Molten Salt Reactors  June 2008  

temperature of the traps decides which molecular species is caught. This technique also allows a 
selective desorption of UF6. Simultaneously Np and a significant fraction (~90%) of Pu are extracted 
as PuF6 [ORN68] and NpF6. By means of a H2 flux, UF6 NpF6, PuF6 are then reduced back to UF4, 
NpF3 and PuF3 which are further reintroduced into the fuel salt. 
 A difficulty of this method lies in that fluorine as well as UF6 (and most other gaseous reaction 
products) are very oxidizing species with a high corrosion potential. It becomes thus necessary to 
protect the vessel of the chemical reactor. The commonly used technique is that of the “frozen salt 
wall” [ORN66] in which the outside of the tank is cooled so as to generate an inside protective layer of 
crystallized salt with a width of approximately 1.5-2cm. The exothermic fluorination reaction takes 
place in the middle of the column. This technique is already used by AREVA at an industrial level.  

In view of the solid experience already gathered at ORNL giving strong evidence for the 
practicality and efficacy of the fluorination method, this stage 1 is not presently the subject of extensive 
studies by CNRS groups. 

V.B.2.b Stage 2 : Selective extraction of remaining actinide and lanthanides 
As part of the GEN-IV strategy towards sustainable nuclear energy, TMSR-NM is also designed 

to burn fissile or fertile elements resulting from capture-decay processes inside the reactor. Thus the 
salt processing should be able to extract all actinides in order to inject them back into the reactor and 
simultaneously make sure they don’t enter the operation waste stream. We have seen that fluorination 
is effective on U and Np and has a partial (~90%) efficiency regarding Pu extraction. The extraction of 
the remaining Pu and the heavier elements such as Am remains to be done. In addition within the Th-
U cycle itself, a decision has to be taken regarding the relatively long-lived (27d) 233Pa which ultimately 
will decay into 233U. Whether it should be separated specifically or whether some waiting period will be 
imposed before effecting a second fluorination (waiting period which will also influence other decays) 
will have to be decided when scientific information will be of sufficient quality.  

The CNRS teams have analyzed two options to separate FPs such as lanthanides and alkaline 
earths: electrolysis and/or reducing extraction. The experiments explore the electro-chemical 
behaviour of a LiF-ThF4 salt at 600°C in presence of lanthanides (we recall that safety constraints 
have led us to avoid the BeF2 used in the MSBR concept). The electro-activity domain of this salt is 
rather extended as a consequence of the strong solvatation of ThF4 by free fluorides (see left part of 
Fig. 11) [DPI07, DSS08]. As far as extraction on an inert electrode is concerned, this stability 
translates in a potential increase by about 260mV which allows the extraction of Nd.  

 

 
Fig. 11 Comparison between several redox potentials on a inert electrode (left) and on a liquid 

bismuth electrode (right). The figures also give the electro-activity domain in LiF-ThF4 at 600°C. (the 
calculations are performed with the software HSC Chemistry version 4.1). 

 
The scheme adopted as reference for the Stage 2 is shown in Fig.12. 
An analysis of the performance of reducing extraction in presence of a metal (Bi-Th) has led us 

to select this method for the reference scheme. It is indicated by the boxes labelled Stage 2.a and 

 16/29 

"Fig. 11 Comparison between several redox potentials on a inert electrode (left) and on a liquid bismuth electrode (right). The figures also give the electro-activity 
domain in LiF-ThF4 at 600°C. (the calculations are performed with the software HSC Chemistry version 4.1).", on PDF pg. 16 of 29, of "The CNRS Research Program 

on the Thorium cycle and the Molten Salt Reactors", Thorium Cycle – Molten Salt Reactors, June 2008.
URL: http://pacen.in2p3.fr/IMG/pdf/080607_CNRS_ThoriumMSR.pdf
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LiF - UF4 Phase Diagram
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NaF - UF4 Phase Diagram
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Th-232 neutronics
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U-238 neutronics
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U-233 neutronics
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U-235 neutronics
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Pu-239 neutronics
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Pu-241 neutronics
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Graphite’s Properties
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Dogfish Head Brewery:
World’s Largest Beer 

Vat made of Palo 
Santo Wood

Beer Vats’ Volume:
10,000 gallons
37,854 liters
37.8 cubic meters

1 GWth @ 27 kW / liter
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