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Basic Conclusions Provided by This Analysis

Iran Certainly Now Has Enough Enriched Uranium to Quickly Produce
Atomic Bombs Even If Almost All Centrifuges at Fordow Have Been Destroyed

The Massive Ordnance Penetrator is very Unlikely to do Significant Damage at
Fordow

US Strategy For Using the Massive Ordnance Penetrator is Very Unlikely to Have
Succeeded in Destroying Many, If Any, IR-6 Centrifuges at Fordow

The Israeli Government is Likely Now Under Significant and Increasing Domestic
Pressure Due to Highly Visible Damage Inflicted By Iranian Long-Range Missiles



Massive Ordnance Penetrator
Very Unlikely to Be Able to Do the Job at Fordow



Massive Ordnance Penetrator




Massive Ordnance Penetrator (MOP)

Retractable
guidance fins

20 FEET
5 INCHES

B-2
GBU-57 bomber

Source: Department of Defense
WILLIAM NEFF/THE WASHINGTON POST




How MOP bombs work

1. GBU-57 bombs are
-l 2o
Roughly Six
Massive Ordnance Projectile H
. (MOP) 2. An internal guidance ':
Holes Visible at Fordnow el
Enrichment Site {
3. The bomb uses kinetic i
energy to penetrate :
through concrete, .
rock and earth.
s
Above ground
~—— Up to 200 feet

4, The bomb can
penetrate up to 200 feet
underground. A fuse then
detonates a warhead,
causing an explosion.
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Note: Diagram Underground
5 conceptual,
not to scale
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target

5. Additional bombs can
be dropped on the
same target, allowing
subsequent munitions

AARON STECKELBERG/THE WASHINGTON POST to penetrate deeper.



Visible Results of US Attack on Fordow on June 15, 2025



Dropped By US B-2 Bombers
At Two Ground-Zero Locations
Diameter of Column of Rock that Might be Collapsed ~ 6-7 Meters

MAXAR

Two clusters showing new holes,
likely fram multiple bunker busters




Apparent Bombing Strategy
Was to Try to Damage Underground Structures
by Directing Shockwave through Apparent Venting Systems
or Collapsing Tunnels with Crushed Rock



Underground Blast Has Only Modest Potential to Cave In Cavity Below
(Assuming It is Placed Accurately and Penetrates Deep Enough)
Diameter of Column of Rock that Might be Collapsed ~ 6-7 Meters

Radius of Rock- Crushing
by About 20,000 Ib Detonation ~3 m
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Debris Blown Into Underground Cavern
by Collapsing Column of Crushed Rock
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Roughly Six Massive Ordnance Projectiles (MOP) Dropped By US B-2 Bombers
At Two Ground-Zero Locations
Diameter of Column of Rock that Might be Collapsed ~ 6-7 Meters

Approximate Region:of
UndergreundiDaimagen

/x,' If Target'is'Below
AND Shallow-Enough




Roughly Six Massive Ordnance Projectiles (MOP) Dropped By US B-2 Bombers
At Two Ground-Zero Locations
Diameter of Column of Rock that Might be Collapsed ~ 6-7 Meters

Vepi Structure?
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Heights Above Tunnel Entrance at Selected Locations on Mountain

~ 360 m Distance




Estimates of Explosive Cavity Sizes from Glasstone and Dolan’s Effects of Nuclear Weapons

Dense silicate rocks
(e.g., granite). . . . . . 35 feet/KT'3
Dense carbonate rocks

(e.g., dolomite, limestone)
.............. 25 feet/KT!3

35% (20 tons/1000 tons)"3 = 9.50 ft

Fordow Location: 34.8845°N 50.9981°E
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Unpredictable Deflections of the Massive Ordnance Projectile
from Inhomogeneous Layers in the Mountain Soil and Rock
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How Inhomogeneous Layering of Mountains Occurs by Uplifting from “Fault-Blocking”




Deflections of Ground-Penetrating Munition
Produced by Encountering An Inhomogeneous Ground-Layer
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Deflections of Ground-Penetrating Munition
Produced by Encountering An Inhomogeneous Ground-Layer

Vir
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Table 1. Experimental conditions and results.

Types of Target Plates Velocity of the .
Number (With or Without Diamond-Shaped Impact Position Projectile ki Peflection Angle
A (mm) (Degree)
Moving Target) (m/s)
1 without 2 393 >800 (pierce) 3.0
2 with 2 416 538 22,6
3 with 1 415 674 15.0
4 with 2 311 426 16.8
5 with 2 509 612 28.3
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Figure 10. Schematic diagram of experimental measurement. 21
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Concrete fixed target (CFT)

Diamond-shaped moving target (DSMT)
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What is Ultra-High-Performance Concrete?

= Fiber-reinforced, cementitious composite

Low w/cm (typically < 0.20)

Cement




What is PClI-Ultra-High-Performance Concrete?

= Characterized by:

= Higher compressive strength than currently in AASHTO LRFD-
BDS

High pre- and post-cracking tensile strength

~

= Ensured strain hardening to allow for exceptional flexural

. and shear behavior >

= Enhanced durability due to high density and discontinuous
pore structure




PCI-UHPC Mix Design Based on Local Materials

Type I/l Cement ~
&

Silica Fume

Supplementary powder (slag,
ground limestone, etc.)

Masonry Sand

Steel Fibers

High-range water reducer
Admixture to extend flowability




Deceptive Pentagon Briefing Providing
Misleading Evidence of Success at
Fordow Enrichment Site in Iran
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UNCLASSIFIED

June 25,2025  Fordow Fuel Enrichment Plant
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| VENTILATION SHAFTS:
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Data the US Already Has That Can Be Used to Assess
The Success of the GBU-57 Bombs Used Against Fardow
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Infrared Satellite Measurements of the
Brightness and Time-Evolution of Hot Explosive Gasses
Escaping from GBU-57 Strike Holes
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UNCLASSIFIED

June 25,2025  Fordow Fuel Enrichment Plant

Diagram ol L7 Dlagram of
First Ventilation Shalt N Second Ventilation Shaft ®SECOND VENTILATION SHAFT
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Location of Ventilation Shafts at Porto As Described in the Pentagon Briefing of June 26, 2025




Before and after Satellite Images of the First Ventilation Shaft

(1) FIRST VENTILATION SHAFT
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Misleading Pentagon Diagram that Suggests a Much Higher Target Vulnerability Than Should Be Expected

Diagram of
First Ventilation Shaft

Ventilation Shaft Inexplicably
Depicted to Directly Enter the
Uranium Enrichment Ballroom

Uranium Enrichment Ballroom
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Misleading Pentagon Diagram that Suggests a Much Higher arget Vulnerability Than Should Be Expected

Diagram of
First Ventilation Shaft

Explosion of
GBU-57

Primary Shock
from Explosion

Reflected Shock
from Ballroom Walls

Uranium Enrichment Ballroom

Superheated Bubble
of Luminous Gasses
from the Explosion
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Competently Designed Blast-Proof Ventilation Shaft Uses Multiple Techniques to Prevent Damage

Ventilation Shaft Designed to Attenuate and Stop Blast from Entering the Centrifuge Ballroom
As a Result is Explosive Gases Are Redirected Back to the GBU-57 Surface Entrv Point

Diagram of
First Ventilation Shaft

Baffles Designed to
Reflect Shock Back Towards
the Explosion Point

Blast-Proof
Uranium Enrichment Ballroom
Blast Protection
77,
>0

- / Door
ressure 1—

777, ,

\\>\\>\\> Relief

Cavity ™ | ‘
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Competently Designed Blast-Proof Ventilation Shaft Uses Multiple Techniques to Prevent Damage

Ventilation Shaft Designed to Attenuate and Stop Blast from Entering the Centrifuge Ballroom
As a Result the Explosive Gases Are Redirected Back to the GBU-57 Surface Entry Point

Diagram of
First Ventilation Shaft
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/\-\\/\—3}\ Blast-Wave and Superheated
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EXTREMELY IMPORTANT FOR THE CONGRESS

Ventilation Shafts Properly Designed to Attenuate and Stop Blast from
Entering the Centrifuge Ballroom will Cause the Explosive Gases to Be
Redirected Back to the GBU-57 Surface Entry Point.

The Hot Gases from the GBU-57 Detonation Can Be Easily Detected and
MEASURED by the Space Based Infrared (SBIRS) Satellites.

The Data on the Brightness, Wavelength, and Fireball Evolution-Time, In
Combination with Explosive Modelling Calculations, Makes It Possible to
Assess the Effectiveness of EACH GBU-57 Impact and Detonation.

If Congress Wants a Relatively Quick and Reliable Assessment of Each
GBU-57 Impact at Fordow, the Already In-Hand Data from SBIRS Should be
Briefed to Them.

There is NO Legitimate Security Reason to Deny This Information to Congress.
All of the Generally Known Capabilities of SBIRS Relevant to This Information Is
Already Publicly Known, Along with the Explosive Modelling Procedures.
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Some Characteristics of the Space-Based Infrared System
Relevant to Its Capabilities to Provide Detailed Information
About The Success or Failure of GBU-57 Strikes at Fordow
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Characteristics of Space-Based Infrared (SBIRS)
High-Altitude Ballistic Missile Warning
and Tracking Systems
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SBIRS-High and DSP Satellites Configuration for Tracking Launches

Geosynchronous
Orbits
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The Space-Based Infrared Satellite (SBIRS) Geosynchronous Spacecraft

S-Band Earth :
Antenna (Links 4) 2Bzat(t:§‘1}17 iLLE

Deployable
Light Shade

2-Panel Tri-Junction A
GaAs Solar Arrays l '
3
(Links 1, 2. 3)

' , Payload

\ Enclosure
3-Color IPR Payload; Short Schmidt

Telescopes with Dual Optical Pointing %pmli(is%ntg?na

(Scanner and Starer)

A Dual Band Gimbaled
Spot Beams
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Unctassified

Representative SWIR & STG Intensity

B _and Dur,ﬁ:on of IR Events
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SBIRS Transformational Capability
Col. Roger Teague

Commander, Space Group

Space Based Infrared Systems Wing

Space and Missile Systems Center

30 November 2006 7 1



Unclassified

T _nghnAltitude

"/ Astilery |
-Explosions

Apparent Intensity

Larga Fires: Forest,
Natural Gas, etc.

SBIRS High Starer Modes

SAM, AAM, ASM, Anti-Ship

~..Rocket Propelled Sustainer
AN p

Duration (Notional Scale)
= Step-Stare - Theater Major Regional Conflict {MRC)

» Step-Stare - Tl Fast Revisit Focused Area (FR FA)
* Dedicated Stare — Fast Frame Focused Area (FF FA)*
« Step-Stare - Tl High Sense Focused Area (HS FA) — not shown

Unclassined

Representative SWIR & STG Intensity
_and Duration of IR Events
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il sgIRS High Global

| %4 SBIRS High MRC
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] sBIRS High Global

' SBIRS High MRC

SBIRS High FR FA

SEIRS High FF FA-STG”
*Reai Time — Not Part of

Funded Program

72



The Space-Based Infrared Satellite (SBIRS) Geosynchronous Spacecraft




DSP-1 Satellite Prior to Final Integration — Probably Satellite 14
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Satellite Features

« A2100 derived spacecraft, 12-year design life, 9.8-year MMD
« ~10,000-Ib predicted wet weight at launch

« 3-axis stabilized with 0.05 deg pointing accuracy; solar flyer attitude control
« RH-32 rad-hardened single board computers with reloadable flight software
« ~2800 watts generated by GaAs solar arrays
* GPS receiver with Selected Availability Secure Anti-Spoof Module (SAASM)
* ~1000-Ib infrared payload: scanning and staring sensors
— 3 colors: short-wave, mid-wave, and see-to-ground sensor-chip assemblies
— Short Schmidt telescopes with dual optical pointing
— Agile precision pointing and control
— Passive thermal cooling
» Secure communications links for normal, survivable, and endurable operations

100 Mbs data-rate to ground
~500+ |b Infrared Sensor Payload: Scanning and Staring Sensors
SWIR~2.69-2.95 ym, MWIR~4.3 ym, and 0.5-2.2 ym (see-to-ground)
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Effects of Atmospheric Aerosol Load
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Photons are

- Observer /

At each event:

orward scattering
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Optical/Short Wave Infrared Observations of Missiles in Powered Flight
Above and Below Heavy Cloud Cover

Missile Above
Clouds

Missile
~ Contrail
Missile Below ' F .
Clouds =~ & 4

High Spatial Centroid Determination Achieved by Dithering and/or Pixel-to-Pixel Intensity Interpolation
Achievable Sensitivity Against Sun Backgrounds ~ 10-5to 10-6
Achieved by Frame-to-Frame Subtraction and by Temporal Signal Variations at Ignition and During Powered Flight
Even DSP Could Easily See Aircraft and SCUD Signals Against Backgrounds (~ 20 kW/sr in-band)
SBIRS Transformational Capability
Col. Roger Teague

Commander, Space Group
Space Based Infrared Systems Wing

Space and Missile Systems Center
30 November 2006 ? 8



Proceeding to a Bomb Not Easily Stopped
Enriched Uranium and Further Enrichment Capacity Already There
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Phase Diagram of Uranium Hexafluoride
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Iran’s Inventory of 60% Enriched Uranium Hexafluoride As of May 20, 2025




Iran’s Inventory of 60% Enriched Uranium Hexafluoride As of May 20, 2025




Toyota Prius Hatchback Compared with Uranium Hexafluoride Container

Standard Uranium

Hexafluoride
Container

Total Amount of 60% Enriched UFs Uranium is About 408 kg, see table below.
Standard Container Dimensions = 2.5 feet Diameter, 6.33 feet Long
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Iran’s Inventory of 60% Enriched Uranium Hexafluoride As of May 20, 2025

Table 1. Enriched Uranium Inventories,* including less than 5%, up to 20%, and up to 60%
enriched uranium (all quantities in uranium mass), as of May 17, 2025

Chemical Form 5/10/2024 | 8/17/2024 | 10/26/2024 | 2/8/2025 | 5/17/2025
UFs (kg) 5841.3 4951.1 5807.2 7464 8413.3
Uranium oxides and their intermediate products

(kg) 203.5 645.2 615.8 626.9 619.6
Uranium in fuel assemblies, rods and targets

(kg) 51.6 50.1 48.7 65.2 754
Uranium in liquid and solid scrap (kg) 104.9 105.4 132.7 138.3 139.3
Enrichment Level Subtotals

Uranium enriched up to 5 percent (kg) but more

than 2 percent, in UFs 2376.9 23215 2594.8 3655.4 5508.8
Uranium enriched up to 2 percent (kg), in UFs 2571 1651 2190.9 2927 22214
Uranium enriched up to 20 percent (kg), in UFs 751.3 813.9 839.2 606.8 274.5
Uranium enriched up to 60 percent (kg), in UFs

(including 6.5 kg that were dumped and are

likely far below 60 percent) 142.1 164.7 182.3 2748 408.6
Enriched Uranium in chemical forms other than

UFs with unspecified enrichment level (kg)

(including 60.6 kg up to 20% LEU and 2 kg up to

60 % HEU) 360 800.7 797.2 830.4 834.3
Totals of Enriched Uranium in UFg, <5 % (kg) 49479 3972.5 4785.7 6582.4 7730.2
Totals of Enriched Uranium in UFsg, including

near 20 % and near 60 % (kg) 5841.3 4951.1 5807.2 7464 8413.3
Totals of Enriched Uranium in all chemical

forms, <5 % <20 % and <60 % enriched 6201.3 5751.8 6604.4 8294 4 9247.6

* These totals do not include undisclosed stocks of enriched uranium exempted by the JCPOA Joint

Commission.
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Toyota Prius Hatchback Compared with Uranium Hexafluoride Container

Total Amount of 60% Enriched UFs Uranium is About 408 kg, see table below.

Standard Container Dimensions = 2.5 feet Diameter, 6.33 feet Long

Standard Uranium
Hexafluoride
Container

50% Full Uranium
Hexafluoride Container with
408 kg of 60% Enriched

90% Full Uranium
Hexafluoride Containers
with 408 kg of 60% Enriched
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Conceptual Picture of Enrichment Process
Increase in Concentration per “Step” Gets Significantly Larger as Each Enrichment Step Proceeds

Enrichment Steps
(Removal of 10 Units of U238) per Step

90 Units Removed
80 Units Removed

70 Units Removed

60 Units Removed

50 Units Removed

40 Units Removed

30 Units Removed

10 Units Removed 20 Units Removed

mnnnannussliiinennnnnnnn

Enrichment Percentage of U235 After Each Steps
(Removal of 10 Units of U28) per Step

10% Enriched 11% Enriched 14% Enriched 17% Enriched 20% Enriched 25% Enriched 33% Enriched 50% Enriched 100% Enriched
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Separative Work and Quantities of Uranium Required to Get to Various Levels of Enrichment

~ 3,200 kg of Natural Uranium
(-0711% U25)
Contains Roughly
25 Kilograms of 90% U2

Contains Roughly
25 Kilograms of 90% U2

3,500 SWU |

Total Amount of
3.5% Enriched Uranium
Containing Roughly
25 Kilograms of 90% U235

Roughly 25 Kilograms of
Weapons-Grade Uranium
Mixed in with U238

Total Amount of
Natural Uranium (.0711% U235)
Containing Roughly
25 Kilograms of 90% U2

~ 645 kg of 3.5% Enriched Uranium

Atomic Bomb
5,500 SWU

~ 112 kg of 20% Enriched Uranium  ~ 38 kg of 60% Enriched Uranium
Contains Roughly Contains Roughly
25 Kilograms of 90% U235 25 Kilograms of 90% U235

1,500SWU [T ] 3soswu [l 120swu [

Total Amount of Total Amount of 25 Kilograms of 90% U2%

20% Enriched Uranium 60% Enriched Uranium (Implosion Atomic Bomb)
Containing Roughly Containing Roughly
25 Kilograms of 90% U2% 25 Kilograms of 90% U235
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How Much Damage to Fardow Centrifuges Needed to Delay Production of Atomic Bombs?

Before Attack
10 Cascades of 174 IR-6 Centrifuges (1740 Centrifuges)

Centrifuge and Cascade Enrichment Capacity

IR-6 Centrifuge ~ 4.5 swu kglyr
4.5 swu kg/yr x174 Cascade of IR-6 Centrifuges = 783 swu kglyr per Cascade

Required Enrichment Capacity to Produce Atomic Bomb

120 SWU for 37.5 kg U235 of 60% Enriched to 25 kg 90% Enriched
500 SWU for 112 kg of 20% Enriched U234 to 25 kg 90% Enriched

Number of Atomic Bombs Producible from Available Uranium

Bombs per Year from 60% Enriched Uranium =
783 swu kg/yr per Cascade/120 SWU for 60% ~ 6.5 Bombs

In reality 6.5/1.5 = 4.35 (Convert from UFs to U23% Metal)
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Number of Iranian Enriching Centrifuges and Their Enrichment Capacities, As of May 2025

Number of centrifuges Enrichment capacity in swu/yr IR-1 equivalent
Natanz 14192 35993 39992
Fordow 2264 7345 8161
Natanz Above-Ground PFEP* 701 2964 3293
Natanz Below-Ground PFEP* 802 3821 4245
Total 17,959 50,123 55,691

* The values for IR-5 and IR-6s centrifuges at the PFEP areas are rough estimates based on the use of
estimated and measured values for the separative output of these centrifuges in cascades, as drawn from
IAEA and Iranian information.

Source: Institute for Science and International Security

Analysis of IAEA Iran Verification and Monitoring Report — May 2025
By David Albright, Sarah Burkhard, and Spencer Faragasso

June 9, 2025 8 9



How Iran’s Nuclear Enrichment Program Has Developed since 2018

Pre-2019
Iran adhered to nuclear deal limits for low enriched
uranium at 3.67%

2019
Iran incrementally violates nuclear deal restrictions by
exceeding stockpile limits and enriching up to 4.5%

2020
Stockpile grows, especially in production
of 4.5% enriched uranium

2021
Major escalation with 20% and 60% enrichment.
IAEA monitoring weakened. Biden takes charge.

2022
Iran grows 60% enriched uranium stockpile and
announces plans to expand a centrifuge facility

2023

The |AEA finds traces of 83.7% enrichnment. Iran says was
“unintended fluctuations” and the IAEA agrees Iran hasn't
enriched over 60%

2024
Iran’s stockpile of 60% enrichment and capacity
grew significantly

2025
Iran now has enough material for at least 10 nuclear
bombs if further enriched to 90%

Under 3.67% 3.67-5%

149kg
3.67%

213kg
3.67%

215kg
3.67%

560kg
2%

1,845kg
2%

1,217kg
2%

2,191kg
2%

2,221kg
2%

160kg
4.5%

2,228kg
4.5%

1,622kg
5%

1,030kg
5%

2,218kg
5%

2,595kg
5%

5,509kg
5%

20%

114kg
20%

386kg
20%

567kg

20%
839%g
20%

275kg
20%

‘ 128kg

Itl.BZkg

60%

18kg
60%

62kg

60%

60%

60%

409kg
60%
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Number of Installed Iranian Centrifuges by Date
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Iran: Total Installed Advanced Centrifuges By Date International Security

20000 —
15000 |—

10000 [—

Tetal Avanced Centrifuges

3y IR
186168

$95 517 571 528 512
B 26 47 4% 41 4% 41 40 41 4 40 AY A5 4B

«9 NI IR R I KK R R NIRRT R K e e AR AR RS S AR AP

W R P I A YT e wﬁiﬁ;’?ﬂwvﬁf AR R PR

Repor Date

01





