
&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ iIssue 22
Issue 22  Spring / Summer 2021

U.S. Army Nuclear and Countering WMD Agency

Issue 21

Countering WMD

Spring / Sum
m

er 2021
Countering W

M
D Journal

OURNALJOURNAL



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ ii Issue 22

3XEOLVKHG E\ WKH 
8QLWHG 6WDWHV $UP\ 1XFOHDU DQG &RXQWHULQJ :0' $JHQF\ �86$1&$�

Director
&2/ %HQMDPLQ 0LOOHU

Editor
0$- 7KRPDV +DOYHUVRQ

Editorial Board
0U� 7KRPDV 0RRUH� 'HSXW\ 'LUHFWRU

&2/ 3DXO 6LJOHU� &KLHI� &:0' 	 &%51 'HIHQVH 'LYLVLRQ
'U� 5REHUW 3ULQV� &KLHI� 6XUYLYDELOLW\ 	 (ႇHFWV $QDO\VLV 'LYLVLRQ

'U� 'RQQD :LOW� &KLHI� 1XFOHDU (ႇHFWV IQWHJUDWLRQ 	 3URSRQHQF\ 'LYLVLRQ

Assistant Editor / Journal Designer
0U� 7KRPDV $UULQJWRQ� &75� 6HQLRU &:0' 3ROLF\ 6SHFLDOLVW� 6$I&

Countering WMD J
U.S. Army Nuclear and Countering WMD Agency

OURNAL

Disclaimer� 7KH Countering WMD Journal LV 
SXEOLVKHG VHPL�DQQXDOO\ E\ 86$1&$�  7KH 
YLHZV H[SUHVVHG DUH WKRVH RI WKH DXWKRUV� 
QRW WKH 'HSDUWPHQW RI 'HIHQVH �'R'� RU LWV 
HOHPHQWV�  Countering WMD Journal’V FRQWHQWV 
GR QRW UHÀHFW RႈFLDO 8�6� $UP\ SRVLWLRQV DQG GR 
QRW VXSHUVHGH LQIRUPDWLRQ LQ RWKHU RႈFLDO $UP\ 
SXEOLFDWLRQV�

Distribution�  8�6� $UP\ RUJDQL]DWLRQV DQG 
DFWLYLWLHV ZLWK &:0'�UHODWHG PLVVLRQV� WR 
LQFOXGH FRPEDW DQG PDWHULHO GHYHORSHUV DQG 
XQLWV ZLWK FKHPLFDO DQG QXFOHDU VXUHW\ SURJUDPV� 
DQG )XQFWLRQDO $UHD �2 �)$�2� RႈFHUV�

Distribution Statement A�  $SSURYHG IRU SXEOLF 
UHOHDVH� GLVWULEXWLRQ LV XQOLPLWHG�

The Secretary of the Army KDV GHWHUPLQHG 
WKDW WKH SXEOLFDWLRQ RI WKLV SHULRGLFDO LV 
QHFHVVDU\ LQ WKH WUDQVDFWLRQ RI WKH SXEOLF 
EXVLQHVV DV UHTXLUHG E\ ODZ�  )XQGV IRU SULQWLQJ 
WKLV SXEOLFDWLRQ ZHUH DSSURYHG E\ WKH 6HFUHWDU\ 
RI WKH $UP\ LQ DFFRUGDQFH ZLWK WKH SURYLVLRQV RI 
$UP\ 5HJXODWLRQ 2�����

Article Submission�  :H ZHOFRPH DUWLFOHV IURP 
DOO 8�6� *RYHUQPHQW DJHQFLHV DQG DFDGHPLD 
LQYROYHG ZLWK &RXQWHULQJ :0' PDWWHUV�  $UWLFOHV 

DUH UHYLHZHG DQG PXVW EH DSSURYHG E\ WKH 
Countering WMD Journal (GLWRULDO %RDUG SULRU 
WR SXEOLFDWLRQ�  6XEPLW DUWLFOHV LQ 0LFURVRIW :RUG 
ZLWKRXW DXWRPDWLF IHDWXUHV� LQFOXGH SKRWRJUDSKV� 
JUDSKV� WDEOHV� HWF� DV VHSDUDWH ¿OHV� 3OHDVH 
FDOO RU HPDLO XV IRU FRPSOHWH GHWDLOV� 7KH 
HGLWRU UHWDLQV WKH ULJKW WR HGLW DQG VHOHFW ZKLFK 
VXEPLVVLRQV WR SULQW�  )RU PRUH LQIRUPDWLRQ� VHH 
WKH LQVLGH EDFN�FRYHU VHFWLRQ �6XEPLW DQ $UWLFOH 
WR Countering WMD Journal� RU YLVLW RXU ZHEVLWH 
DW KWWS���ZZZ�EHOYRLU�DUP\�PLO�XVDQFD��

Mailing Address:
'LUHFWRU� 86$1&$� ���� ��WK 6WUHHW %XLOGLQJ 
2��� )RUW %HOYRLU� 9$ 22�����2���

Telephone� �����������2� )D[ ������������� 
'61 �����2��������2�� 

Electronic Mail� XVDUP\�EHOYRLU�KTG�GFV�J���
����PE[�XVDQFD�SURSRQHQF\�GLYLVLRQ#PDLO�PLO
6XEMHFW OLQH� $771� (GLWRU� &:0' -RXUQDO 
�HQWHU VXEMHFW�

About the cover:  2I' 6ROGLHUV PRYLQJ WKURXJK 
D VLPXDWHG &:0' FRQWDPLQDWHG HQYLURQPHQW�  
3LFWXUH IURP -RLQW 3URJUDP ([HFXWLYH 2ႈFH IRU 
&KHPLFDO� %LRORJLFDO� 5DGLRORJLFDO DQG 1XFOHDU 
'HIHQVH�-3(2�&%51'  



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 1Issue 22

Inside the Journal
3

7

21

27

36

45

52

56

74

80

86

95

Director Notes
&2/ %HQMDPLQ 0LOOHU

COVID-19: A Case for Bioterrorism Awareness
&37 0DWWKHZ (� %HUWUDP

How Does COVID-19 Impact State Biological Warfare Program 
Strategy?
7KHRGRUH 5� 3ODVVH DQG 5DQpH .� 5RWWHU

Consideration of Carfentanil as a Weapon of Mass Destruction
/7& 0RKDPHG %� 0DVVDTXRL

Operation Nittany Lion: Creative Mission Planning and Execution 
during the COVID-19 Pandemic
0$- 6WDFH\ 0� <DUERURXJK� 0$- 0DUN 6� 4XLQW� &37 %HQMDPLQ &� 7UR[HOO

Development of a Criticality Safety Standard Operating Proce-
dure for Nuclear Disablement Teams
0$- 5LFKDUG (� 6KDZJHU

A Survey of Portable Counter-Proliferation Technologies
&37 *UDQW 9� 0DOODOLHX

Application of Path Planning Algorithms to Robot Navigation in 
Radiation Plumes and Fields
0$- 2PROROX 0DNLQGH� 6KHOO\ %DJFKL� &KULVWLDQ +� 5DPRV� &KULVWRSKHU :KHDWOH\

Application of Domain-Aware Artificial Intelligence with Combat 
Power on the Nuclear Battlefield
0$- $GDP 6H\EHUW DQG 'U� 5REHUW 3ULQV

Next-Generation Artificial Intelligence to Meet CWMD Challenges 
across the Four Cs
0V� $QJHOD 6KHႈHOG

Tactical Nuclear Wargaming: An Innovative Approach to Conven-
tional Nuclear Integration Techniques
0LOHV 3DFD� 0DWWKHZ 0DKRQH\� 'U� 6KDUDp 0HUHGLWK� 'U� -RKQ %ULWWLQJKDP� 5REHUW 
3ULWFKDUG� *UHJ /RXGHQ

Six Myths About Nuclear Weapons
.HLWK 6ORDQ



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 2 Issue 22

100

106

114

121

138

144

149

155

Electromagnetic Pulse Preparedness – Homeland Security Chal-
lenges and DoD Opportunities
0$- *HUDOG %� 3RSNR

A Union of Pariahs - A Downside of the NPT
0DMRU &KULVWRSKHU 0LKDO

The North Korean Nuclear Program
&'7 -XVWXV *� (� 5REHUWVRQ

Reconciling Conflicting Estimates of the Beirut Explosion Yield 
and Mushroom Cloud Height: Effects of an Aqueous Near Source 
Environment
3HWHU *ROGVWHLQ

Nuclear Deterrence in the Face of Political Instability and Budget 
Cuts - Opinion
0$- -DPHV -� 5RZODQGV

CBRN Vignette 20-1 “Contaminated Convoy”
/7& 'DQLHO 3� /DXUHOOL

CBRN Vignette 21-1 “Division Brief”
/7& 'DQLHO 3� /DXUHOOL

A Review of Research Conducted by FA52 Students during 2020
0$- -RVKXD ' )UH\



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 3Issue 22

Director Notes
&2/ %HQMDPLQ 0LOOHU
'LUHFWRU� 86$1&$

6LQFH RXU ODVW SXEOLFDWLRQ RI &RXQWHULQJ :0' -RXUQDO� 86$1&$ KDV PDGH VLJQL¿FDQW 
SURJUHVV RQ D QXPEHU RI LPSRUWDQW HႇRUWV WR LPSURYH WKH DELOLW\ RI WKH $UP\� WKH &:0' 
&RPPXQLW\� DQG XOWLPDWHO\� WKH -RLQW )RUFH WR GHWHU DGYHUVDULHV DQG� ZKHQ QHFHVVDU\� 
¿JKW DQG ZLQ RXU 1DWLRQ¶V ZDUV�  I DP SURXG RI WKH SURJUHVV ZH KDYH PDGH�

Conventional Nuclear Integration (CNI)
$V WKH )RUFH 0DQDJHPHQW 3URSRQHQW IRU DOO WKLQJV QXFOHDU� 86$1&$ LV OHDGLQJ $UP\ 

HႇRUWV WR UHIRUP ¿YH DUHDV� IRFXVHG RQ WKH KXPDQ GLPHQVLRQ� RI $UP\¶V UHDGLQHVV WR 
FRQGXFW RSHUDWLRQV LQ DQG WKURXJK D QXFOHDU HQYLURQPHQW�  7KHVH DUHDV DUH GRFWULQH� 
HGXFDWLRQ� WUDLQLQJ� SODQQLQJ� DQG H[HUFLVHV�  IPSOHPHQWLQJ WKHVH UHIRUPV DUH SDUW RI WKH 
ODUJHU FRPSOH[ SUREOHP RI PRGHUQL]LQJ DQG UHDG\LQJ WKH $UP\ WR ¿JKW DQG ZLQ RQ WKH 
QXFOHDU EDWWOH¿HOG�  %\ OHYHUDJLQJ ZKDW WKH $UP\ GRHV HYHU\ GD\ ± WUDLQ IRU ZDU ± ZH ZLOO 
DSSO\ WKH $UP\¶V FRUH FRPSHWHQFLHV WR SUHSDUH OHDGHUV DQG XQLWV WR RSHUDWH XQGHU WKH 
WKUHDW RU HPSOR\PHQW RI QXFOHDU ZHDSRQV�  

$QWLFLSDWHG ODWHU WKLV VXPPHU LV WKH WDFWLFDO�OHDGHU IRFXVHG $73 ���2 0XOWL�6HUYLFH 
773V IRU 2SHUDWLRQV LQ D 1XFOHDU (QYLURQPHQW SXEOLFDWLRQ�  IQ SDUWQHUVKLS ZLWK RXU VLVWHU 
VHUYLFHV� 86$1&$ ZLOO FRQWLQXH WR OHDG DQG VXSSRUW DGGLWLRQDO GRFWULQH GHYHORSPHQW�  
7KLV VSULQJ� 86$1&$ ZLOO LQLWLDWH ZLWK 75$'2& D FURVV�$UP\ ZRUNLQJ JURXS WR SURGXFH D 
&1I WUDLQLQJ VWUDWHJ\ DV LQSXW WR WKH $UP\ 7UDLQLQJ DQG /HDGHUVKLS 'HYHORSPHQW 6WUDWHJ\� 
7KH ZRUNLQJ JURXS ZLOO SURGXFH HGXFDWLRQ HQDEOLQJ DQG OHDUQLQJ REMHFWLYHV� DV ZHOO DV 
XSGDWH H[LVWLQJ WUDLQLQJ WR UHÀHFW WKH FXUUHQW QXFOHDU WKUHDW�  7KH SURGXFW ZLOO DOVR LQIRUP 
WKH 5H$500 SURFHVV� ZKLFK LV FULWLFDO WR HQVXULQJ WKH $UP\ PHHWV LWV UHVSRQVLELOLW\ WR 
SURYLGH WUDLQHG DQG UHDG\ IRUFHV IRU MRLQW RSHUDWLRQV�  /DWHU WKLV VXPPHU� WKH $UP\ LV 
SODFLQJ 86$1&$ 1XFOHDU DQG &:0' 3ODQQHUV �)$��2V� DW 86&(17&20� 86$53$& 
DQG 86$5(85�$)�  7KLV ZLOO QRW RQO\ DGG FDSDFLW\ WR WKHVH FRPPDQGV¶ QXFOHDU SODQQLQJ 
WHDPV� EXW DOVR HQDEOH UDSLG LQWHJUDWLRQ RI $UP\ HTXLWLHV ZLWK WKHDWHU QHHGV�  )LQDOO\� 
86$1&$ DQG RWKHU $UP\ VWDNHKROGHUV DUH ZRUNLQJ WR HYDOXDWH &1I WDVNV LQ $UP\ 
DQG MRLQW H[HUFLVHV�  7KH JRDO LV WR LQFOXGH &1I WUDLQLQJ REMHFWLYHV IRU RSHUDWLRQDO DQG 
WDFWLFDO XQLWV WKURXJK :DU¿JKWHU 77;V DQG &7&�-50& H[HUFLVHV� DV ZHOO DV IRU VWUDWHJLF 
SODQQLQJ WKURXJK 7$$ DQG RWKHU FRQFHSW YDOLGDWLRQ H[HUFLVHV�  7KLV ZLOO HQDEOH WKH $UP\ 
WR GHPRQVWUDWH LWV QXFOHDU ZDU¿JKWLQJ SUR¿FLHQF\ WR RXU $OOLHV DQG 3DUWQHUV� DQG WR UH¿QH 
RXU WUDLQLQJ REMHFWLYHV LQ PXOWL�QDWLRQDO H[HUFLVHV�
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Biological Defense
7UDGLWLRQDOO\� $UP\ ELRORJLFDO GHIHQVH KDV IRFXVHG RQ ELRORJLFDO ZDUIDUH DQG KDV EHHQ 

WKH UHVSRQVLELOLW\ RI WKH &%51 GHIHQVH DQG PHGLFDO FRPPXQLWLHV� ZLWK PLQLPDO GHPDQG 
VLJQDO JHQHUDWHG E\ RSHUDWLRQDO FRPPDQGHUV� $V WKH &29I'��� SDQGHPLF GHPRQVWUDWHG� 
ELRORJLFDO ULVNV WR WKH $UP\¶V PLVVLRQ GR QRW FRPH VROHO\ IURP PDQ�PDGH WKUHDWV� EXW FDQ 
DOVR LQFOXGH QDWXUDOO\ RFFXUULQJ RXWEUHDNV RI GLVHDVH�  

%HFDXVH RI WKH FRPSOH[LW\ DVVRFLDWHG ZLWK UHVSRQGLQJ WR ERWK PDQ�PDGH DQG QDWXUDOO\ 
RFFXUULQJ WKUHDWV� 86$1&$� LQ FRQMXQFWLRQ ZLWK RWKHU SDUWQHU RUJDQL]DWLRQV� GHYHORSHG 
WKH $UP\ %LRORJLFDO 'HIHQVH 6WUDWHJ\ �$%'6� 2�2�� ZKLFK ZDV VLJQHG LQWR SXEOLFDWLRQ 
LQ 0DUFK�  7KH SXUSRVH RI WKH $%'6 LV WR PDLQWDLQ WKH $UP\¶V FDSDELOLW\ DQG FDSDFLW\ 
WR DFFRPSOLVK LWV PLVVLRQ DQG WR HQVXUH UHDGLQHVV LQ WKH IDFH RI ELRORJLFDO WKUHDWV DQG 
KD]DUGV WR VXSSRUW WKH 'HSDUWPHQW RI 'HIHQVH �'2'� DQG WKH 1DWLRQ�  7KH $%'6 FUHDWHV 
VWUXFWXUHV� SURFHVVHV DQG SROLFLHV WR GULYH $UP\ LQYHVWPHQW� SODQQLQJ� DQG SUHSDUDWLRQ WR 
HQDEOH 0XOWL�'RPDLQ 2SHUDWLRQV LQ WKH IDFH RI ELRORJLFDO WKUHDWV DQG KD]DUGV�

*RLQJ IRUZDUG� D 7UDQVLWLRQ 7HDP ZLWK EURDG SDUWLFLSDWLRQ IURP PHPEHUV WKURXJKRXW 
+HDGTXDUWHUV 'HSDUWPHQW RI WKH $UP\ ZLOO ZRUN WR EHJLQ LPSOHPHQWDWLRQ RI WKH VWUDWHJ\ LQ 
RUGHU WR PHHW REMHFWLYHV FRQWDLQHG ZLWKLQ WKH $UP\ &DPSDLJQ 3ODQ�  $GGLWLRQDOO\� WKH $UP\ 
ZLOO ZRUN ZLWK WKH 2ႈFH RI WKH 'HSXW\ $VVLVWDQW 6HFUHWDU\ RI 'HIHQVH IRU &KHPLFDO DQG 
%LRORJLFDO 'HIHQVH WR IDFLOLWDWH WKHLU HႇRUWV DQG HQVXUH V\QFKURQL]DWLRQ DV WKH\ GHYHORS D 
ELRORJLFDO GHIHQVH VWUDWHJ\ WKDW ZLOO DSSO\ 'R'�ZLGH�

Survivability
&KLHI RI 6WDႇ 3DSHU �� �$UP\ 0XOWL�'RPDLQ 7UDQVIRUPDWLRQ� �� 0DUFK 2�2�� 

GHVFULEHV WKH DV\PPHWULF DGYDQWDJHV RI ODQG IRUFHV ZLWK WKH DELOLW\ WR PDQHXYHU DQG 
FRPPXQLFDWH UDSLGO\� VWULNH DW UDQJH� DQG VXUYLYH LQ FRPSOH[ WHUUDLQ�  $ ODQGSRZHU IRUFH 
ZLWK VXFK DELOLWLHV HQDEOHV JUHDWHU GHFLVLRQ GRPLQDQFH DQG RYHUPDWFK�  $UP\ IRUFHV 
FDSDEOH RI VXUYLYLQJ DGYHUVDU\ FRXQWHUVWULNHV FUHDWH RYHUPDWFK E\ WKHLU DELOLW\ WR DWWDFN 
WKURXJKRXW WKH GHSWK RI WKH EDWWOHVSDFH�  7KH $UP\ LQFUHDVHV UHDGLQHVV DJDLQVW QHDU�
SHHU DGYHUVDULHV SRVVHVVLQJ &%51 WKUHDWV ZKHQ WDFWLFDO DQG RSHUDWLRQDO IRUPDWLRQV DUH 
FDSDEOH RI ¿JKWLQJ� VXUYLYLQJ� DQG ZLQQLQJ RQ WKH IXWXUH EDWWOH¿HOG�  

2SHUDWLRQDO VXUYLYDELOLW\ �PDWHULHO DQG SHUVRQQHO� RQ WKH EDWWOH¿HOG LV D ODUJH HႇRUW�  
7KH $UP\ DFNQRZOHGJHV WKLV EURDG HႇRUW ZLOO UHTXLUH ZRUNLQJ ZLWKLQ 'R' �H�J� 'HIHQVH 
7KUHDW 5HGXFWLRQ $JHQF\ DQG 'HIHQVH IQWHOOLJHQFH $JHQF\� DQG LQWHUDJHQF\ SDUWQHUV�  
IPSRUWDQWO\� WKH $UP\ UHFRJQL]HV WKDW FDSDELOLWLHV� FKDUDFWHULVWLFV� DQG DELOLWLHV RQFH 
LQKHUHQW ZLWKLQ RXU VWUXFWXUH GXULQJ WKH &ROG :DU KDYH DWURSKLHG DQG ZLOO QHHG WR EH 
UHHQHUJL]HG�  86$1&$ LV WDNLQJ DFWLRQ WR DGGUHVV RSHUDWLRQDO VXUYLYDELOLW\ ZLWKLQ GRFWULQH 
DQG VXEVHTXHQW LPSOHPHQWDWLRQ LQ D QXFOHDU DQG &%5 HQYLURQPHQW�  86$1&$¶V DFWLRQV 
ZLOO FRQWULEXWH WR WKH XQGHUVWDQGLQJ RI RSHUDWLRQDO VXUYLYDELOLW\ DV D FKDUDFWHULVWLF RI WKH 
¿HOGHG PDWHULHO DQG VROGLHU FDSDELOLWLHV�  IQ WKLV PDQQHU� FRPPDQGHUV DW HFKHORQ FDQ 
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EHWWHU DVVHVV DYDLODEOH FRPEDW SRZHU IROORZLQJ DQ HQJDJHPHQW ZKHUH ZHDSRQV RI PDVV 
GHVWUXFWLRQ DUH XVHG�  7KH ODQGSRZHU FRPSRQHQW LV D FULWLFDO SDUW RI RXU 1DWLRQ¶V GHWHUUHQFH 
DQG LQFUHDVHV WKH QDWLRQDO DQG FROOHFWLYH DOOLHG VWUHQJWK WR D OHYHO ZKHUH DGYHUVDULHV ZLOO 
HLWKHU FRPSHWH ZLWK OHVV DPELWLRXV DLPV RU IRUHJR FRPSHWLWLRQ DOWRJHWKHU �&KLHI RI 6WDႇ  
3DSHU �2� 7KH $UP\ LQ 0LOLWDU\ &RPSHWLWLRQ� � 0DUFK 2�2���

Diversity and Inclusivity
$OWKRXJK WKH DERYH LQLWLDWLYHV DUH YLWDO WR RXU SUHSDUHGQHVV� WKHVH UHIRUPV DORQH ZLOO 

QRW ZLQ RXU 1DWLRQ¶V ZDUV��RXU SHRSOH DUH RXU JUHDWHVW VRXUFH RI VWUHQJWK�  $ GLYHUVH� 
LQFOXVLYH $UP\ LV RXU PRVW OHWKDO ZHDSRQ V\VWHP�  7R WKLV HQG� ZH KDYH DOVR UHFHQWO\ 
GHYHORSHG D VWUDWHJ\ WR IXOO\ HPEUDFH D GLYHUVLW\ RI EDFNJURXQGV� H[SHULHQFH� DQG WKRXJKW 
DFURVV WKH )XQFWLRQDO $UHD �2 �)$�2� FRPPXQLW\� IRU ZKRP 86$1&$ VHUYHV DV WKH 
SURSRQHQW� 7KLV LQLWLDWLYH GUDZV RQ WKH VWUHQJWKV RI D GLYHUVH 2ႈ  FHU &RUSV LQ DQ LQFOXVLYH 
HQYLURQPHQW E\ LQYHVWLQJ LQ DQG PDQDJLQJ WDOHQW� YDOXLQJ LQGLYLGXDOV� DQG GHYHORSLQJ 
Rႈ  FHUV ZKR HQKDQFH WKHLU RUJDQL]DWLRQV DQG DUH SUHSDUHG IRU WKH KXPDQ GLPHQVLRQ RI 
OHDGHUVKLS� :H ZLOO HVWDEOLVK D 'LYHUVLW\ &RPPLWWHH WR DVVHVV WKH FXUUHQW HQYLURQPHQW 
LQ WHUPV RI GLYHUVLW\ DQG LQFOXVLRQ� LGHQWLI\ DFWLRQV WR SURSDJDWH GLYHUVLW\ DQG LQFOXVLRQ 
DFURVV WKH )$�2 IRUFH� DQG DGYLVH )$�2 VHQLRU OHDGHUV� 2QH RI WKH QHDU�WHUP JRDOV LV 
WR IRFXV )$�2 UHFUXLWLQJ DFWLRQV WR LQFUHDVH WKH QXPEHU RI IHPDOH DQG PLQRULW\ Rႈ  FHUV 
LQ WKH )$�2 ZRUN IRUFH� 7KH EHQH¿ WV RI WKH )$�2 GLYHUVLW\ Hႇ RUWV DUH PDQ\� LQFOXGLQJ WKH 
RSSRUWXQLW\ WR EHWWHU XQGHUVWDQG RXU $UP\¶V LQFUHDVLQJO\ GLYHUVH SRSXODWLRQ DQG DWWUDFW WKH 
EHVW DYDLODEOH WDOHQW WR MRLQ WKH )$�2 UDQNV� 7KH PDQ\ GLႇ HUHQW DWWULEXWHV DQG H[SHULHQFHV 
RI D GLYHUVH )$�2 ZRUNIRUFH ZLOO HQKDQFH RXU DELOLW\ WR RSHUDWH JOREDOO\ LQ VXSSRUW RI $UP\� 
MRLQW� DQG LQWHUDJHQF\ RUJDQL]DWLRQV�   

I KRSH \RX HQMR\ RXU 22QG LVVXH RI &RXQWHULQJ :0' -RXUQDO�  I HQFRXUDJH HDFK RI 
RXU UHDGHUV WR VSUHDG WKH ZRUG WKDW 86$1&$ LV DOZD\V VHDUFKLQJ IRU IXWXUH FRQWULEXWLRQV 
WR RXU SXEOLFDWLRQ�  $OVR� SOHDVH NHHS DQ H\H RQ 86$1&$¶V SURJUHVV DQG VWD\ FRQQHFWHG 
WR WKH &RXQWHULQJ :0' &RPPXQLW\ E\ IROORZLQJ XV RQ /LQNHGIQ� DW KWWSV���ZZZ�OLQNHGLQ�
FRP�FRPSDQ\�XVDQFD�� 
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7KH 1HJDWLYHO\ 3UHVVXUL]HG &21(; /LWH V\VWHP LV SODFHG LQVLGH DQ $LU )RUFH &���� +HUFXOHV� 
7KH V\VWHP LV GHVLJQHG IRU WUDQVSRUWLQJ &29I'��� GLDJQRVHG DQG V\PSWRPDWLF ZDU¿JKWHUV RXW 

RI IRUZDUG LQVWDOODWLRQV DQG RQ WR PHGLFDO IDFLOLWLHV�  3LFWXUH E\ '(9&20 &%&

7KH LQVLGH RI WKH 13&�/LWH LQFOXGHV DPEXODWRU\ SDWLHQW VHDWLQJ �OHIW� DQG OLWWHUV ZLWK PHGLFDO 
HTXLSPHQW �ULJKW�
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COVID-19: A Case for Bioterrorism 
Awareness

&37 0DWWKHZ (� %HUWUDP
�VW $UPRUHG %ULJDGH &RPEDW 7HDP� �VW &DYDOU\ 'LYLVLRQ

CPT Matthew E. Bertram is the Brigade Chemical, Biological, Radiological, and Nuclear Officer 
in Charge (CBRN OIC) at the 1st Armored Brigade Combat Team, 1st Cavalry Division, in Fort 
Hood, Texas.  He has a B.S. in Biology with a focus in Microbiology and Immunology from Virginia 
Tech, and a M.S. in Defense and Strategic Studies with a focus in Countering Weapons of Mass 
Destruction from Missouri State University.  He was previously assigned as a Battalion CBRN 
OIC at 2-3IN BN, a Platoon Leader of a Hazard Assessment Platoon, and then Company Executive 
Officer while at 110th CBRN BN based out of Joint Base Lewis-McCord. His email address is 
matthew.e.bertram.mil@mail.mil.

7KH &RURQD 9LUXV 'LVHDVH �&29I'���� SDQGHPLF GHPRQVWUDWHV WKH GHYDVWDWLRQ D ELRORJ�
LFDO DJHQW FDQ KDYH RQ D JOREDOL]HG� PRGHUQ VRFLHW\� 7KH UHFHQW RXWEUHDN RI &29I'��� 
KLJKOLJKWV WKH LPSDFW ELRZHDSRQV KDYH RQ VWUDWHJLF DVVHWV DQG DFFHQWXDWHV WKH VKRUWFRP�
LQJV RI WKH 8�6� ELRGHIHQVH VWUDWHJ\ DQG '2' �8�6� 'HSDUWPHQW RI 'HIHQVH� UHVSRQVH� 
7KLV SDSHU ZLOO GHVFULEH &29I'��� LPSDFWV HFRQRPLFDOO\ DQG WR WKH 8�6� PLOLWDU\� H[DPLQH 
JDSV LQ WKH 8�6� %LRGHIHQVH SODQ� DQG RXWOLQH WKH VLPLODULWLHV RI &29I'��� WR HPHUJLQJ 
VHFRQG JHQHUDWLRQ V\QWKHWLF ELRORJLFDO WKUHDWV� 7KH FRQFOXVLRQ RႇHUV WKUHH DUHDV XSRQ 
ZKLFK WR IRFXV IXWXUH SROLFLHV� OHDGHUVKLS� ELRVXUYHLOODQFH� DQG KRPHODQG SUHSDUHGQHVV

Introduction:
/DWH LQ 2���� D QRYHO YLUXV RXWEUHDN ZDV GLVFRYHUHG LQ :XKDQ� &KLQD� &ORVHO\ UHVHPEOLQJ 
6HYHUH $FXWH 5HVSLUDWRU\ 6\QGURPH � $VVRFLDWHG &RURQD 9LUXV �6$56�&R9�� WKLV QHZ 
YLUXV ZDV WLWOHG 6$56�&R9�2� ZLWK DQ DVVRFLDWHG GLVHDVH WHUPHG &29I'����ï  6LQFH WKH 
¿UVW NQRZQ QDWLRQDO FDVH LQ :DVKLQJWRQ LQ -DQXDU\�ð  &29I'��� KDV UHVXOWHG LQ PRUH WKDQ 
HLJKW PLOOLRQ FRQ¿UPHG FDVHV DQG RYHU 2������ GHDWKV LQ WKH 8QLWHG 6WDWHV DV RI 2FWREHU 
2�2�ñ� IQ DGGLWLRQ WR FDXVLQJ PHGLFDO FDVXDOWLHV WKH &29I'��� SDQGHPLF KDV FDXVHG DQ 
HFRQRPLF GRZQWXUQ� GHFUHDVHG PLOLWDU\ UHDGLQHVV DQG GHSOR\DELOLW\� DQG KDV EHHQ GHWUL�
PHQWDO WR PDQ\ PDQXIDFWXULQJ LQGXVWULHV GLUHFWO\ UHODWHG WR QDWLRQDO GHIHQVH� &29I'��� 
KDV VKRZQ WKH ZRUOG WKH OLPLWHG SUHSDUHGQHVV RI WKH 8QLWHG 6WDWHV DQG RWKHUV WR GHDO ZLWK 
D ELR�DJHQW RXWEUHDN RQ D QDWLRQDO OHYHO�

&29I'��� LV D GLVHDVH SULPDULO\ VSUHDG YLD UHVSLUDWRU\ GURSOHWV EHWZHHQ SHUVRQV LQ FORVH 
FRQWDFW DQG KDV D JOREDO PRUWDOLW\ UDWH �GHDWK SHU FRQ¿UPHG LQIHFWLRQ� RI DSSUR[LPDWHO\ 
2����຾  $OWKRXJK D ORZ PRUWDOLW\ UDWH FRPSDUHG WR VRPH RWKHU YLUXVHV� VXFK DV (EROD �DS�
SUR[� ����຿� WKH LQIHFWLRQ UDWH RI &29I'��� LV KLJK GXH WR WKH PHFKDQLVP RI WUDQVPLVVLRQ� 
7KLV LV ZKDW GULYHV WKH H[WHQVLYH SRVLWLYH FDVH QXPEHUV DERYH� 7KH &29I'��� SDQGHPLF 
ZDV FDXVHG E\ D QDWXUDOO\ RFFXUULQJ YLUXV� 7KLV RXWEUHDN KDV SURYHQ WKH FDWDVWURSKLF 
HႇHFWV DQG ODVWLQJ GHYDVWDWLRQ WKDW ZRXOG WUDQVSLUH LI D PDQ�PDGH� HQJLQHHUHG SDWKR�
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YLHZ RI WKH 8�6� HFRQRP\ LW GRHV WHQG WR 
SURYLGH D UHDOLVWLF UHSUHVHQWDWLRQ RI JHQHUDO 
HFRQRPLF WUHQGV� 7KH 1DWLRQDO %XUHDX RI 
(FRQRPLF 5HVHDUFK �1%(5� FRQGXFWHG D 
VWXG\ LQ $SULO 2�2� WR DVFHUWDLQ WKH LPSDFW 
&29I'��� KDG RQ WKH 8�6� VWRFN PDUNHW� 
7KH 1%(5 IRXQG ³QR SUHYLRXV LQIHFWLRXV 
GLVHDVH RXWEUHDN� LQFOXGLQJ WKH 6SDQLVK )OX� 
KDV LPSDFWHG WKH VWRFN PDUNHW DV IRUFHIXOO\ 
DV WKH &29I'��� SDQGHPLF�´๤  7KH 1%(5 
VWXG\ IRFXVHG RQ PDUNHW ÀXFWXDWLRQV DV DQ 
LQGLFDWRU RI LQVWDELOLW\ DQG ODFN RI FRQ¿GHQFH 
LQ WKH 8�6� HFRQRP\� 

(FRQRPLVWV KDYH LGHQWL¿HG PXOWLSOH IDF�
WRUV IRU WKH ÀXFWXDWLRQV RI WKH VWRFN PDU�
NHW GXULQJ WKLV SDQGHPLF GLUHFWO\ UHODWHG 
WR &29I'���� 7KH PRVW SURPLQHQW IDFWRU 
LV WKDW &29I'��� LV KLJKO\ WUDQVPLVVLEOH 
LQ D SXEOLF VHWWLQJ� 8QOLNH RWKHU UHFHQW RXW 
EUHDNV VXFK DV =LND RU (EROD� ZKLFK IXQF�
WLRQ YLD GLႇHUHQW PHFKDQLVPV RI WUDQVPLV�
VLRQ� &29I'��� FDQ EH SDVVHG YLD D VLPSOH 
LQ�SHUVRQ FRQYHUVDWLRQ� 7KH 8�6� HFRQRP\ 
KDV DOVR VKLIWHG RYHU WLPH WRZDUGV FRQ�
VXPHU DQG EXVLQHVV VHUYLFHV� ZKLFK RIWHQ 
LQYROYH IDFH�WR�IDFH LQWHUDFWLRQV LQ FORVH 
SK\VLFDO SUR[LPLW\�ເ  7KLV KDV OHG WR YROXQ�
WDU\ LVRODWLRQ DQG D GHFUHDVHG SDUWLFLSDWLRQ 
LQ WKH VHUYLFH HFRQRP\� 

$QRWKHU UHDVRQ IRU PDUNHW YRODWLOLW\ KDV EHHQ 
WKH LPSOHPHQWDWLRQ RI QRQSKDUPDFHXWLFDO 
SROLF\ LQWHUYHQWLRQV �13IV�� 7KHVH SROLFLHV 
LQFOXGH OLPLWLQJ RU SUHYHQWLQJ LQWHUQDWLRQDO 
WUDYHO DQG PDQGDWRU\ FORVXUH RI QRQ�HVVHQ�
WLDO EXVLQHVVHV� $V LPSOHPHQWDWLRQ RI WKHVH 
SROLFLHV WRRN HႇHFW LQ 0DUFK DQG $SULO 2�2� 
WKHUH ZDV D QRWLFHDEOH LQFUHDVH LQ PDUNHW 
ÀXFWXDWLRQV�ແ  

8QHPSOR\PHQW KDV DOVR VSLNHG GXULQJ WKH 
RXWEUHDN� WRSSLQJ DQ HVWLPDWHG �� PLOOLRQ 
FODLPV IRU XQHPSOR\PHQW VLQFH -DQXDU\ 
2�2��๥  3ULRU WR WKH &29I'��� SDQGHPLF 
WKH KLJKHVW QXPEHU RI LQVXUDQFH FODLPV LQ 
RQH ZHHN ZDV ��� WKRXVDQG FODLPV LQ ���2� 
6WDUWLQJ LQ 0DUFK 2�2�� WKHUH ZHUH 2� FRQ�

JHQ ZDV UHOHDVHG� 0RGHUQ GD\ VFLHQFH KDV� 
WKHRUHWLFDOO\� PDGH LW SRVVLEOH WR JHQHUDWH D 
ELRZHDSRQ WKDW SDLUV WKH WUDQVPLVVLRQ UDWH 
RI &29I'��� ZLWK WKH PRUWDOLW\ UDWH RI (EROD� 
IQVWHDG RI 2������ GHDWKV LQ WKH 8�6�� WKH 
QDWLRQ ZRXOG EH IDFLQJ PRUH WKDQ IRXU PLO�
OLRQ GHDG� KRVSLWDO DQG PRUWXDU\ VHUYLFHV 
ZRXOG EH RYHUZKHOPHG� DQG D JUHDWHU GHJ�
UDGDWLRQ WR QDWLRQDO VHFXULW\ ZRXOG RFFXU� 

)RU WKH SXUSRVHV RI WKLV SDSHU� WKH DVVXPS�
WLRQ LV PDGH WKDW DOO QDWLRQV DQG QRQ�VWDWH 
DFWRUV KDYH WKH ³ZLOO WR XVH´ ELRDJHQWV� 7KH 
IRFXV ZLOO EH RQ LGHQWLI\LQJ LPSDFWV WR QD�
WLRQDO VHFXULW\� FXUUHQW DQG HPHUJLQJ ELR�
WKUHDWV� FXUUHQW ELRGHIHQVH YXOQHUDELOLWLHV 
&29I'��� KDV H[SRVHG� DQG KRZ OHVVRQV 
OHDUQHG IURP &29I'��� FDQ EH XVHG WR LP�
SURYH SROLFLHV WR EHWWHU SUHSDUH DJDLQVW DQG 
GHWHU ELRZDUIDUH DQG ELRWHUURULVP WKUHDWV LQ 
WKH IXWXUH� 

$OO VRXUFHV XVHG IRU WKH FRQVWUXFWLRQ RI WKLV 
SDSHU DUH XQFODVVL¿HG DQG DYDLODEOH RQ 
RSHQ VRXUFH PHGLD� &29I'��� LV DQ RQJR�
LQJ SDQGHPLF DQG QXPEHUV DUH FKDQJLQJ 
GDLO\� $OO PHWULFV� SURMHFWLRQV� DQG GDWD XVHG 
LQ WKLV SDSHU DUH FXUUHQW DQG DFFXUDWH DV RI 
2FWREHU 2�2�� 

COVID-19 Impacts:
IQ DGGLWLRQ WR WKH ZHOO GRFXPHQWHG FDVXDO�
WLHV� &29I'��� KDV GLUHFWO\ LPSDFWHG PXO�
WLSOH DVSHFWV RI 8�6� QDWLRQDO VHFXULW\� DQ 
HFRQRPLF GRZQWXUQ� GHFUHDVHG PLOLWDU\ 
UHDGLQHVV� VWUHVV RQ QDWLRQDO PHGLFDO DV�
VHWV� DQG DQ LQDELOLW\ WR DVFHUWDLQ ZKR PD\ 
EH LQIHFWHG� $OO WKH DERYH FRXOG EH VWUDWHJLF 
JRDOV RI DQ DGYHUVDU\¶V ELRZDUIDUH SURJUDP� 

(FRQRPLF IPSDFW 
$OWKRXJK VWLOO IXQFWLRQLQJ� DQG UHFRYHULQJ� 
WKH 8�6� VWRFN PDUNHW DQG HPSOR\PHQW 
UDWHV ZHUH DGYHUVHO\ DႇHFWHG E\ &29I'���� 
7KH '2: DORQH SOXPPHWHG E\ ��� EH�
WZHHQ )HEUXDU\ �2 DQG 0DUFK 2� RI 2�2��� 
� :KLOH WKH VWRFN PDUNHW LV QRW D KROLVWLF 
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VHFXWLYH ZHHNV RI RYHU RQH PLOOLRQ LQVXU�
DQFH FODLPV D ZHHN���  

%HWZHHQ XQHPSOR\PHQW� PDUNHW ÀXFWXD�
WLRQV� DQG ORVV RI OLIH� WKH WRWDO FRVW RI WKH 
&29I'��� SDQGHPLF IURP -DQXDU\ 2�2� 
WKURXJK 2FWREHU 2�2� LV HVWLPDWHG DW PRUH 
WKDQ ��� WULOOLRQ� DSSUR[LPDWHO\ ��� RI WKH 
DQQXDO JURVV GRPHVWLF SURGXFW RI WKH 8QLW�
HG 6WDWHV���  7KLV LV D QXPEHU GHULYHG IURP 
OHVV WKDQ RQH \HDU XQGHU &29I'��� FRQGL�
WLRQV� ZLWK QR )'$ DSSURYHG YDFFLQH LQ SUR�
GXFWLRQ� 7KH ORVV RI QHDUO\ ��� RI *'3 LV D 
JUDYH QDWLRQDO VHFXULW\ ULVN� OLPLWLQJ DELOLW\ WR 
WUDGH LQ D JOREDO PDUNHW� SURGXFH DQG PRG�
HUQL]H WKH PLOLWDU\ ÀHHW� DQG PDLQWDLQ 8�6� 
SUHVHQFH DQG VXSSRUW RYHUVHDV� 

0LOLWDU\ 5HDGLQHVV 
IGHQWLI\LQJ WKH WUXH UHDGLQHVV RI WKH 8�6� PLO�
LWDU\ UHTXLUHV GHOYLQJ LQWR FRQ¿GHQWLDO VWDWLV�
WLFV RU VHQVLWLYH GDWD� $VVXPSWLRQV FDQ EH 
PDGH EDVHG RQ SXEOLF UHOHDVHV DQG GHYL�
DWLRQV IURP SUHYLRXV RSHUDWLQJ SURFHGXUHV 
DQG URXWLQHV� 7KH LQIHUHQFHV LQ WKLV SDSHU 
DUH EDVHG VROHO\ RQ ZKDW LV SXEOLFO\ DYDLO�
DEOH DQG PD\ QRW UHSUHVHQW WKH ³JURXQG 
WUXWK´ LGHQWL¿HG LQ RWKHU FODVVL¿HG PHGLXPV� 

7KHUH KDYH EHHQ IRXU PDMRU LPSDFWV WR PLO�
LWDU\ UHDGLQHVV ZLWK WKH ULVH RI &29I'���� 
��� WKH GLUHFW FDVXDOWLHV DQG GHDWKV� �2� WKH 
UHGXFWLRQ DQG SURKLELWLRQ RI WUDYHO� ��� WKH 
GHOD\ DQG HOLPLQDWLRQ RI ODUJH FROOHFWLYH 
WUDLQLQJ H[HUFLVHV� DQG ��� WKH GLYHUVLRQ RI 
UHVRXUFHV DQG SHUVRQQHO WR &29I'��� UH�
VSRQVH� 

7KHUH KDYH EHHQ RYHU ������ FRQ¿UPHG 
&29I'��� FDVHV DPRQJ VHUYLFH PHPEHUV 
DFURVV DOO EUDQFKHV RI WKH PLOLWDU\ VLQFH WKH 
EHJLQQLQJ RI 2�2�� LQFOXGLQJ VHYHQ GHDWKV��2  
$OWKRXJK D IUDFWLRQ RI WKH WRWDO PLOLWDU\ 
�URXJKO\ 2� SRVLWLYLW\ UDWH���  DUH FRQWUDFWLQJ 
&29I'���� LW LV LPSRUWDQW WR UHFRJQL]H WKH 
VWUDLQ WKLV SXWV RQ WKH LQGLYLGXDO XQLWV ZKHQ 
SHUVRQQHO EHFRPH QRQ�GHSOR\DEOH� 0DQ\ 

PLOLWDU\ XQLWV DUH QRW VWUXFWXUHG WR KDYH UH�
GXQGDQW SRVLWLRQV �L�H� RQH SLORW SHU SODQH� 
RQH GULYHU SHU WDQN� WKLV PHDQV WKH ORVV RI 
RQH VHUYLFH PHPEHU FDQ HTXDWH WR WKH ORVV 
RI D ZKROH ZHDSRQ V\VWHP� 6XEVHTXHQWO\� 
ZKDW DSSHDUV WR EH RQO\ D 2� GHJUDGDWLRQ 
RI PDQQLQJ UDSLGO\ LQFUHDVHV WR XSZDUGV RI 
��� RI V\VWHPV EHLQJ QRQ�PLVVLRQ FDSDEOH 
ZLWKRXW WKH DSSURSULDWH SHUVRQQHO�

7KH 'HSDUWPHQW RI 'HIHQVH �'R'� LVVXHG D 
VWRS PRYH HDUO\ GXULQJ WKH SDQGHPLF� WKLV 
UHVWULFWLRQ VWUHWFKHG WKURXJK WKH VXPPHU 
WUDQVLWLRQ PRQWKV���  7KH VWRS PRYH ZDV DQ 
DWWHPSW WR VWRS &29I'��� IURP VSUHDGLQJ� 
DV LQGLYLGXDOV ZRXOG QHHG WR FRQGXFW WUDY�
HO DFURVV VWDWH DQG LQWHUQDWLRQDO ERXQGDU�
LHV� 7KLV VWRS PRYH DႇHFWHG ERWK GHSOR\LQJ 
XQLWV DV ZHOO DV LQGLYLGXDO VHUYLFH PHPEHUV� 
7KH SROLF\ UHVXOWHG LQ D GLUHFW GHJUDGDWLRQ 
RI QDWLRQDO VHFXULW\ DV XQLWV FRXOG QRW GH�
SOR\ IRUZDUG DQG XQLWV DOUHDG\ IRUZDUG GH�
SOR\HG FRXOG QRW UHFHLYH LQERXQG VROGLHUV 
IRU D SHULRG RYHU VL[ PRQWKV� 

IQ RUGHU WR SUHYHQW ODUJH ³VSUHDGHU´ HYHQWV 
RI &29I'���� WKH 'R' KDV OLPLWHG DQG UHRU�
JDQL]HG WUDLQLQJ DW WKH ³FROOHFWLYH´ OHYHO� &RO�
OHFWLYH WUDLQLQJ UHIHUV WR DQ\ WUDLQLQJ DERYH 
D SODWRRQ VL]HG HOHPHQW� DSSUR[LPDWHO\ �� 
LQGLYLGXDOV�  8QGHU &29I'��� FRQGLWLRQV 
WKH $UP\ KDV FDQFHOHG PRUH WKDQ WKUHH 
1DWLRQDO 7UDLQLQJ &HQWHU �17&� URWDWLRQV� 
DV ZHOO DV PXOWLSOH RWKHU &RPELQHG $UPV 
7UDLQLQJ &HQWHU �&7&� URWDWLRQV���  7KH 
17& IUHTXHQWO\ KRVWV WKH FXOPLQDWLQJ WUDLQ�
LQJ H[HUFLVH DV XQLWV SUHSDUH WR GHSOR\� LW 
LV WKH FORVHVW VLPXODWLRQ RI DFWXDO FRPEDW 
RSHUDWLRQV WKH 8QLWHG 6WDWHV PLOLWDU\ FDQ 
DFKLHYH� :LWK WKH LQDELOLW\ WR WUDLQ DW WKHVH 
HYHQWV� HOHPHQWV DFURVV DOO EUDQFKHV RI WKH 
PLOLWDU\ FDQQRW LQWHJUDWH DQG WUDLQ WRJHWKHU� 
7KH ODFN RI WUDLQLQJ YDVWO\ GHJUDGHV FRPEDW 
UHDGLQHVV� &RQVHTXHQWO\ OHVVRQV WKDW FRXOG 
EH OHDUQHG DW 17& ZRXOG QRZ KDYH WR EH 
OHDUQHG LQ ZDU LI D FRQÀLFW ZHUH WR DULVH� 
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6WRFNSLOH���  7KLV GHSOHWLRQ RI WKH VWRFNSLOH 
SUHVHQWV PXOWLSOH ULVNV WR QDWLRQDO VHFXULW\ 
DQG GHJUDGHV WKH 8QLWHG 6WDWHV DELOLW\ WR 
UHVSRQG WR QDWXUDO GLVDVWHUV� VXEVHTXHQW 
GLVHDVH RXWEUHDNV� RU RWKHU PLOLWDU\ UHTXLUH�
PHQWV  LQ DQ HႈFLHQW PDQQHU� 

'LVHDVH 7UDFLQJ 
&29I'��� KDV H[SRVHG GH¿FLWV LQ WKH ELR�
VXUYHLOODQFH SURJUDPV RSHUDWLQJ ZLWKLQ LQ 
WKH 8QLWHG 6WDWHV� 7ZR PDLQ GH¿FLHQFLHV 
ZHUH LGHQWL¿HG� WKH LQDELOLW\ WR UDSLGO\ FRQ�
WDFW LGHQWL¿HG FDVHV DQG WKH IDLOXUH WR DF�
FXUDWHO\ DJJUHJDWH GDWD WR UHSUHVHQW WKH 
WUXH UHDOLW\ RI &29I'��� VSUHDG� 7KH GH�
OD\V DQG LQFRPSOHWH UHSRUWLQJ RI &29I'��� 
FDVHV OHG PDQ\ QHZV RXWOHWV DQG SROLF\ 
PDNHUV WR XVH DOWHUQDWLYH VRXUFHV RXWVLGH 
WKH &'& �&HQWHUV IRU 'LVHDVH &RQWURO DQG 
3UHYHQWLRQ�� L�H� -RKQ +RSNLQV 8QLYHUVLW\�2�  
2XWGDWHG WHFKQRORJ\ DW DOO HFKHORQV RI OR�
FDO� VWDWH� DQG IHGHUDO RUJDQL]DWLRQV ZHUH 
VKRZQ WR SURKLELW D UDSLG VXUYHLOODQFH SUR�
JUDP FDSDEOH RI WUDFNLQJ SRVLWLYH FDVHV DQG 
FRQWDFWLQJ WUDFH SHUVRQQHO RQFH LGHQWL¿HG�2�  
7KLV VKRUWFRPLQJ KDV DOORZHG WKH YLUXV WR 
FRQWLQXH WR VSUHDG� LQFUHDVLQJ WKH RYHUDOO 
VXVFHSWLELOLW\ RI WKH QDWLRQ WR D SDQGHPLF 
DQG PDJQLI\LQJ DOO WKH WKUHDWV WR QDWLRQDO 
VHFXULW\ OLVWHG DERYH�

Bioagent Threats:
7HFKQRORJ\ LQ WKH ELRORJLFDO VHFWRU LV HYHU 
FKDQJLQJ� $GYDQFHV KDYH VSUXQJ LQQRYD�
WLRQV WKDW ULG WKH ZRUOG RI VRPH DLOPHQWV �L�H� 
VPDOOSR[� ZKLOH YDVWO\ UHGXFLQJ WKH PRU�
WDOLW\ RI RWKHUV� VXFK DV $I'6 DQG YDULRXV 
IRUPV RI FDQFHU� 7KHVH JURZLQJ DGYDQFHV 
KDYH DOVR DOORZHG QDWLRQV DQG QRQ�VWDWH 
DFWRUV WR KDUQHVV VRPH RI WKH ZRUOG¶V GHDG�
OLHVW GLVHDVHV DQG WR[LQV IRU XVH LQ ELRORJL�
FDO ZDUIDUH� %LRDJHQWV VXFK DV ZHDSRQL]HG 
DQWKUD[� ERWXOLQXP WR[LQ� DQG ULFLQ KDYH DOO 
EHHQ XWLOL]HG� 7HFKQRORJ\ LV QRZ DGYDQFLQJ 
WR D SRLQW ZKHUH WKRVH ZKR ZLVK WR FDXVH 
KDUP FDQ PRGLI\ DOUHDG\ H[LVWLQJ SDWKRJHQV 
WR RYHUFRPH QDWXUDO LPPXQLW\ RU HYHQ GUXJ 

%H\RQG WKH LPSDFW RI LQWHQWLRQDO FDQFHOODWLRQ 
RI WUDLQLQJ� WKH PLOLWDU\ KDV DOVR EHHQ FDOOHG 
XSRQ WR VXSSRUW WKH QDWLRQDO &29I'��� 
UHVSRQVH� 7KLV VXSSRUW KDV EHHQ ERWK UH�
VRXUFH DQG SHUVRQQHO LQWHQVLYH� GUDZLQJ 
RQ DFWLYH� UHVHUYH� DQG QDWLRQDO JXDUG VHU�
YLFH PHPEHUV DQG VXSSOLHV� 7KH $UP\ DQG 
$LU 1DWLRQDO *XDUG KDYH VHQW PRUH WKDQ 
������ WURRSV DFURVV WKH QDWLRQ WR DVVLVW 
HႇRUWV WR UHVSRQG� PLWLJDWH DQG FRQWURO WKH 
&29I'��� SDQGHPLF���  7KH 8QLWHG 6WDWHV 
1DY\ KDV GHSOR\HG WZR KRVSLWDO VKLSV DQG 
DVVRFLDWHG FUHZV WR SURYLGH PHGLFDO VXS�
SRUW LQ ERWK 1HZ <RUN DQG &DOLIRUQLD���  IQ 
DGGLWLRQ WR WKHVH HႇRUWV� VHUYLFH PHPEHUV 
KDYH EHHQ WDVNHG ZLWK VDQLWL]DWLRQ RI LQVWDO�
ODWLRQ IDFLOLWLHV� FRQGXFWLQJ FRQWDFW WUDFLQJ� 
DQG WUHDWPHQW RI ERWK PLOLWDU\ DQG FLYLOLDQ 
SHUVRQQHO RQ 'R' LQVWDOODWLRQV� 

:KLOH DOO &29I'��� VXSSRUW LV QHFHVVDU\ 
DQG DVVLVWV WKH QDWLRQ LQ FRQWUROOLQJ WKH SDQ�
GHPLF� LW VWLOO GHJUDGHV PLOLWDU\ UHDGLQHVV� 
6XSSRUWLQJ WKHVH DGGLWLRQDO PLVVLRQ VHWV 
WDNHV WUDLQLQJ WLPH� SHUVRQQHO� DQG PDWHUL�
DOV DZD\ IURP WKH PLOLWDU\ EUDQFKHV¶ SULPDU\ 
PLVVLRQ DQG GHFUHDVHV RYHUDOO PLOLWDU\ FD�
SDELOLW\ DQG UHDGLQHVV�

1DWLRQDO 0HGLFDO 6WRFN 
7KH 8QLWHG 6WDWHV IXQGV DQG PDLQWDLQV D 
VWUDWHJLF QDWLRQDO VWRFNSLOH RI PHGLFDO VXS�
SOLHV� YDFFLQHV� DQG HTXLSPHQW� 7KURXJK 
WKH FRXUVH RI WKLV \HDU WKDW VWRFNSLOH ZDV 
HPSWLHG RU VHYHUHO\ GHSOHWHG LQ PDQ\ DU�
HDV� ³IQ WKH HDUO\ VWDJHV RI WKH &29I'��� 
UHVSRQVH� PDQ\ VWDWHV� ORFDO SXEOLF KHDOWK 
GHSDUWPHQWV� DQG KRVSLWDOV ZHUH VLPSO\ XQ�
DEOH WR SXUFKDVH SHUVRQDO SURWHFWLYH HTXLS�
PHQW DQG WHVWLQJ VXSSOLHV�´�� 

7KLV PDQXIDFWXUHU VKRUWFRPLQJ OHG WR PDVV 
UHTXHVWV RI IHGHUDO DLG WKURXJK WKH QDWLRQ�
DO VWRFNSLOH� 7KH PHGLFDO VXSSO\ QHHGV 
IRU WKH LQLWLDO SKDVHV RI WKH &29I'��� UH�
VSRQVH IDU H[FHHGHG WKH IHGHUDO UHVHUYH RI 
PHGLFDO VXSSOLHV LQ WKH 6WUDWHJLF 1DWLRQDO 
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WKHUDSLHV�22  7KHUH H[LVW WZR PDLQ ELRORJL�
FDO DJHQW FRQFHUQV� WKH ZHDSRQL]DWLRQ RI D 
QDWXUDO SDWKRJHQ DQG WKH JURZLQJ WKUHDW RI 
V\QWKHWLF ELRORJ\�

�VW *HQHUDWLRQ 
:HDSRQL]DWLRQ RI QDWXUDO SDWKRJHQV KDV D 
ZHOO�GRFXPHQWHG KLVWRU\� (DUO\ H[DPSOHV RI 
ZHDSRQL]HG ELRORJLFDO DJHQWV LQFOXGH WKH 
GLVWULEXWLRQ RI VPDOOSR[ EODQNHWV WR 1DWLYH 
$PHULFDQV E\ WKH %ULWLVK DQG WKH WHVWLQJ RI 
PXOWLSOH ELRORJLFDO DJHQWV RQ WKH &KLQHVH 
SRSXODWLRQ E\ WKH -DSDQHVH IPSHULDO $UP\ 
LQ :RUOG :DU 7ZR �::II�� 3RVW ::II ELR�
DJHQWV KDYH EHHQ PRUH IUHTXHQWO\ WDUJHWHG 
DW WKH FLYLOLDQ SRSXODWLRQ� DV RSSRVHG WR D 
VWUDWHJLF WDUJHW RQ WKH EDWWOH¿HOG� 0RGHUQ 
DWWDFNV LQFOXGH WKH 6DOPRQHOOD SRLVRQLQJ 
LQ 2UHJRQ DWWULEXWHG WR WKH 5DMQHHVKHH FXOW 
LQ ����2� DQG WKH PRUH UHFHQW 2��� ³$PHU�
LWKUD[´ DWWDFN� GLVVHPLQDWLQJ ZHDSRQL]HG 
DQWKUD[ WKURXJK PXOWLSOH 8QLWHG 6WDWHV 
3RVWDO 6HUYLFH ORFDWLRQV HQ�URXWH WR HOHFWHG 
RႈFLDOV�2�  

$V GHVFULEHG LQ WKH ERRN %LRKD]DUG� WKH 
6RYLHWV XQGHU GLUHFWRU .HQ $OLEHN SURGXFHG 
WKHVH �VW JHQHUDWLRQ ELRDJHQWV LQ PDVV� 7KH 
6RYLHWV ZHDSRQL]HG DQWKUD[� VPDOOSR[� DQG 
ERWXOLQXP WR[LQ� DPRQJ RWKHUV�2�   7KURXJK 
WKH FRXUVH RI $OLEHNV¶ WLPH� WKRXVDQGV RI 
SRXQGV RI ELRDJHQWV ZHUH SURGXFHG� VRPH 
RI ZKLFK VWLOO UHPDLQ XQDFFRXQWHG IRU IROORZ�
LQJ WKH IDOO RI WKH 8665�2�  7KHVH ELRDJHQWV 
UHPDLQ D WKUHDW IDFLQJ WKH 8QLWHG 6WDWHV� 
ZKHWKHU LW EH WKH 5XVVLDQ PLOLWDU\ ZLHOGLQJ 
WKHP RU D QRQ�VWDWH DFWRU ORRNLQJ WR GHSOR\ 
LW LQ D 8�6� WHUULWRU\� 

2QG *HQHUDWLRQ 
8QOLNH ¿UVW JHQHUDWLRQ ELRWKUHDWV ZKLFK DUH 
ZHDSRQL]HG QDWXUDOO\ RFFXUULQJ SDWKRJHQV� 
VHFRQG JHQHUDWLRQ ELRWKUHDWV DUH FUHDWHG 
XVLQJ V\QWKHWLF ELRORJ\� 6HFRQG JHQHUDWLRQ 
WKUHDWV ORRP DV D YHU\ UHDO SRVVLELOLW\� HYHQ LI 
QRQH KDYH EHHQ HPSOR\HG DJDLQVW WKH 8�6� 
WR GDWH� 6\QWKHWLF ELRORJ\ ORZHUV WKH EDUUL�

HUV IRU GHYHORSPHQW RI ELRDJHQWV� SXWWLQJ 
WKHP ZLWKLQ UHDFK RI OHVV UHVRXUFHG DFWRUV�2�  
8QOLNH ¿UVW�JHQHUDWLRQ ELRDJHQWV ZKHUH WKH 
FRQFHUQ OLHV ZLWKLQ RUJDQL]DWLRQV DFTXLU�
LQJ VWRFN PDWHULDO WR VHHG WKHLU ZHDSRQV� 
VHFRQG�JHQHUDWLRQ WKUHDWV UHYROYH DURXQG 
WKH DELOLW\ WR DFTXLUH DQG XVH WKH DGYDQF�
LQJ ELRWHFKQRORJ\ FXUUHQWO\ DYDLODEOH� )URP 
WKLV WHFKQRORJ\ WKH 1DWLRQDO $FDGHPLHV RI 
6FLHQFH� (QJLQHHULQJ� DQG 0DWKHPDWLFV 
�1DWLRQDO $FDGHPLHV� LGHQWL¿HG WKUHH PDMRU 
FDWHJRULHV RI ELR�WKUHDWV� SDWKRJHQ UHODWHG 
WKUHDWV� WKH SURGXFWLRQ RI ELRFKHPLFDOV� DQG 
ELRDJHQWV FDSDEOH RI DOWHULQJ WKH KXPDQ 
KRVW�2�  )RU WKH SXUSRVHV RI WKLV SDSHU WKH 
IRFXV ZLOO EH RQ WKRVH WKUHDWV UHODWHG WR 
SDWKRJHQV� VLPLODU WR &29I'���� 3DWKRJHQ 
UHODWHG WKUHDWV FDQ IXUWKHU EH EURNHQ GRZQ 
LQWR IRXU VXEVHWV� UH�FUHDWLQJ NQRZQ YLUXV�
HV� UHFUHDWLQJ NQRZQ SDWKRJHQLF EDFWHULD� 
PRGLI\LQJ H[LVWLQJ SDWKRJHQV� DQG FUHDWLQJ 
QHZ SDWKRJHQV� 

IQ DQ HႇRUW WR DGYDQFH KHDOWKFDUH DQG LP�
SURYH YDFFLQH SURJUDPV� PDQ\ NQRZQ YLUXV 
'1$ VHTXHQFHV KDYH EHHQ PDGH SXEOLFO\ 
DYDLODEOH RQ GLJLWDO GDWDEDVHV� IQ GHFDGHV 
SDVW� LW ZDV GLႈFXOW WR ³DVVHPEOH´ '1$ IURP 
VFUDWFK LQ D VSHFL¿F VHTXHQFH� :LWK DGYDQF�
HV LQ ELRWHFKQRORJ\ LW LV QRZ SRVVLEOH WR DV�
VHPEOH ODUJHU DQG ODUJHU YLUDO JHQRPHV� )RU 
H[DPSOH� KRUVHSR[� D YLUDO JHQRPH ODUJHU 
WKDQ 2�� WKRXVDQG EDVH SDLUV� ZDV FRQ�
VWUXFWHG LQ 2��� DQG VXJJHVWV WKDW YLUWXDOO\ 
DQ\ YLUXV� ZLWK D NQRZQ VHTXHQFH� FDQ EH 
FRQVWUXFWHG ZLWK QR ³VWRFN YLUXV´ QHHGHG�2�  
)RU UHIHUHQFH� (EROD YLUXV LV �� WKRXVDQG 
EDVH SDLUV DQG 6$56�&R9�2 LV VOLJKWO\ ODUJ�
HU DW �� WKRXVDQG EDVH SDLUV��� 

$OWKRXJK QRW FXUUHQWO\ DYDLODEOH� VLPLODU WHFK�
QRORJ\ LV LQ GHYHORSPHQW WR SURGXFH NQRZQ 
SDWKRJHQLF EDFWHULD� %DFWHULDO JHQRPHV 
DUH ODUJHU DQG FDQ IUDJPHQW ZKHQ KDQGOHG 
GXULQJ QRUPDO ODERUDWRU\ SURFHGXUHV� IQ DG�
GLWLRQ WR IUDJPHQWDWLRQ� EDFWHULDO JHQRPHV 
QHHG WR EH ³VHHGHG´ LQWR DQ H[LVWLQJ FHOOX�
ODU VWUXFWXUH ZKLFK IXUWKHU FRPSOLFDWHV WKH 
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$JDLQ� FORVH PRQLWRULQJ RI WKLV WHFKQRORJ\ 
LV QHFHVVDU\ WR UH�HYDOXDWH WKUHDW OHYHOV DV 
GHVLJQ SURFHVVHV FRQWLQXH WR GHYHORS� 

Current Mitigation:
&XUUHQW ELRZDUIDUH SROLFLHV DQG SUHYHQWLRQ 
PHDVXUHV LQ WKH 8QLWHG 6WDWHV DUH EDVHG 
ODUJHO\ RQ DQG H[SDQG XSRQ WKH ���2 8QLW�
HG 1DWLRQV %LRORJLFDO :HDSRQV &RQYHQ�
WLRQ �%:&�� 7KHUH KDYH EHHQ HLJKW UHYLHZ 
FRQIHUHQFHV RI WKH %:&� ZLWK WKH PRVW UH�
FHQW RFFXUULQJ LQ 2������  7KH RULJLQDO %:& 
IRFXVHG RQ WKH GLVDUPDPHQW DQG UHGXFWLRQ 
RI ELRORJLFDO ZHDSRQV VWRFNSLOHV� 7KH %:& 
KDV VLQFH H[SDQGHG WR VWDWH�

³8QGHU WKHVH DJUHHPHQWV� WKH 6WDWHV 3DU�
WLHV XQGHUWRRN WR SURYLGHG DQQXDO UHSRUWV 

± XVLQJ DJUHHG IRUPV ± RQ VSHFL¿F DFWLY�
LWLHV UHODWHG WR WKH %:& LQFOXGLQJ� GDWD 
RQ UHVHDUFK FHQWUHV DQG ODERUDWRULHV� LQ�
IRUPDWLRQ RQ YDFFLQH SURGXFWLRQ IDFLOLWLHV� 
LQIRUPDWLRQ RQ QDWLRQDO ELRORJLFDO GHIHQFH 
UHVHDUFK DQG GHYHORSPHQW SURJUDPPHV� 
GHFODUDWLRQ RI SDVW DFWLYLWLHV LQ RႇHQVLYH 
DQG�RU GHIHQVLYH ELRORJLFDO UHVHDUFK DQG 
GHYHORSPHQW SURJUDPPHV� LQIRUPDWLRQ RQ 
RXWEUHDNV RI LQIHFWLRXV GLVHDVHV DQG VLP�
LODU RFFXUUHQFHV FDXVHG E\ WR[LQV� SXEOL�
FDWLRQ RI UHVXOWV DQG SURPRWLRQ RI XVH RI 
NQRZOHGJH DQG FRQWDFWV� LQIRUPDWLRQ RQ 
OHJLVODWLRQ� UHJXODWLRQV DQG RWKHU PHD�
VXUHV�´��  

7KLV FRQYHQWLRQ OD\V WKH IRXQGDWLRQ RI KRZ 
WKH 8�6� PDLQWDLQV DZDUHQHVV RI SRVVLEOH 
ELRDJHQW SURGXFWLRQ DPRQJ WKRVH FRXQ�
WULHV FRVLJQHG RQ WKH %:&� 7KH GUDZEDFN 
LV PDQ\ FRXQWULHV� LQFOXGLQJ IUDT DQG 5XV�
VLD� KDYH FRQWLQXHG WR SURGXFH DQG HQ�
KDQFH ELRORJLFDO DJHQWV LQ GLUHFW YLRODWLRQ 
RI WKH %:&� 9LRODWLRQV RI WKLV WUHDW\ DUH 
ZHOO GRFXPHQWHG RYHU WLPH� LQFOXGLQJ LQ 
ERWK SXEOLFDWLRQV� Germs37 DQG Biohaz-
ard���  3URGXFWLRQ DQG HQKDQFHPHQW PHWK�
RGV UHO\ PRVWO\ RQ VHOI�UHSRUWLQJ� :KLOH LQ�
VSHFWLRQV DUH DLPHG DW LGHQWLI\LQJ NQRZQ 

GHVLJQ SURFHVV���  $V DGYDQFHV FRQWLQXH LW 
LV LPSRUWDQW WR PRQLWRU DQG UH�HYDOXDWH WKH 
IHDVLELOLW\ RI UH�FUHDWLQJ SDWKRJHQLF EDFWHULD 
DV LW ZLOO UHPDLQ D QDWLRQDO VHFXULW\ ULVN� 

:LWK FXUUHQW WHFKQRORJ\ LW LV SRVVLEOH WR HQ�
KDQFH SDWKRJHQLF SURSHUWLHV RI ERWK EDF�
WHULD DQG YLUXVHV JLYHQ WLPH� WHVWLQJ DELOLW\� 
DQG FRUUHFWO\ WUDLQHG VXEMHFW PDWWHU H[SHUWV� 
IQ PDQ\ ZD\V� PRGLI\LQJ D NQRZQ YLUXV LV 
PRUH FRPSOLFDWHG WKDQ VLPSO\ UHFUHDWLQJ 
WKH YLUXV LWVHOI� 7KH ODUJHVW URDGEORFN LQ 
WKLV SURFHVV LV WKH PRGL¿FDWLRQ RI WKH YL�
UDO JHQRPH� 7KLV PRGL¿FDWLRQ FDQ RIWHQ 
NQRFNGRZQ RU UHPRYH RWKHU YLWDO FRPSR�
QHQWV RI WKH JHQRPH VSHFL¿F WR WKDW YLUXV¶ 
VXFFHVV��2  %DFWHULDO PRGL¿FDWLRQ LV D EHWWHU 
XQGHUVWRRG DQG PRUH UHOLDEOH SURFHVV� IW 
KDV EHHQ VKRZQ DFURVV D PXOWLWXGH RI SUR�
FHGXUHV WKDW VFLHQWLVWV KDYH EHHQ DEOH WR 
DOWHU EDFWHULDO JHQRPHV WR HQKDQFH WKLQJV 
VXFK DV GUXJ UHVLVWDQFH DQG WR[LQ SURGXF�
WLRQ���  %RWK YLUDO DQG EDFWHULDO PRGL¿FDWLRQV 
SUHVHQW D VLJQL¿FDQW ELRDJHQW WKUHDW DV RXU 
XQGHUVWDQGLQJ RI JHQRPHV DQG '1$ PDQLS�
XODWLRQ FRQWLQXH WR DGYDQFH� 

7KH ODVW VXEVHW RI VHFRQG�JHQHUDWLRQ ELRD�
JHQW WKUHDWV LV WKH FUHDWLRQ RI QHZ RU QRY�
HO SDWKRJHQV� $OWKRXJK WKH OHDVW OLNHO\ WR 
RFFXU RI DOO WKH WKUHDWV GLVFXVVHG� LQ PDQ\ 
ZD\V D QRYHO SDWKRJHQ ZRXOG EH WKH PRVW 
GDQJHURXV RXWFRPH� $ QRYHO� HQJLQHHUHG 
SDWKRJHQ ZRXOG EH FRQVLGHUDEO\ GDQJHU�
RXV GXH WR WKH GLႈFXOW\ RI LQLWLDOO\ LGHQWLI\LQJ 
LW� WKH ODFN RI HႇHFWLYH SURSK\OD[LV RU PHGL�
FDO FRXQWHUPHDVXUHV DYDLODEOH� DQG WKH H[�
WHQGHG WHVWLQJ DQG SURGXFWLRQ WLPH UHTXLUHG 
IRU DQ\ QHZ YDFFLQH� 7KH FUHDWLRQ RI D QHZ 
SDWKRJHQ ZRXOG UHTXLUH LQ�GHSWK VFLHQWL¿F 
NQRZOHGJH� WUDLQLQJ� DQG DQ H[WHQGHG SHUL�
RG IRU WHVWLQJ� 7KH WHFKQRORJ\ LV FXUUHQWO\ 
SUHVHQW WR SURGXFH VXFK SDWKRJHQV� LW LV WKH 
NQRZOHGJH RI JHQRPH YLDELOLW\ DQG VWDELOLW\ 
WKDW LV ODFNLQJ� 7R GDWH� WKH FORVHVW UHSOLFD�
WLRQ RI D QHZ YLUXV KDV EHHQ WKH FUHDWLRQ RI 
D QXFOHRFDSVLG �D SURWHLQ FDSDEOH RI SDFN�
DJLQJ LWV RZQ JHQHWLF PDWHULDO� LQ 2������  
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SDWKRJHQ VWRFNSLOHV� WKHUH LV OLWWOH WKDW DG�
GUHVVHV WKH WKUHDWV FUHDWHG E\ DGYDQFLQJ 
ELRWHFKQRORJ\�

6LQFH WKH 2��� ³$PHULWKUD[´ DWWDFN� WKH 
8�6� KDV DOORFDWHG DGGLWLRQDO IXQGLQJ DQG 
FUHDWHG SROLFLHV ZKLFK DGGUHVV WKH JURZLQJ 
WKUHDW RI ELRWHUURULVP���  IQ 2���� HPSKDVLV 
ZDV SODFHG RQ ELRVXUYHLOODQFH� LQFOXGLQJ 
WKH 3UHVLGHQW¶V %LR�6XUYHLOODQFH 3URJUDP 
IQLWLDWLYH� 7KH SXUSRVH RI ZKLFK LV WR LGHQ�
WLI\ RXWEUHDNV DV VRRQ DV SRVVLEOH WR OLPLW 
WKH VSUHDG ZKLOH VLPXOWDQHRXVO\ FROOHFWLQJ 
GDWD WR DVVLVW LQ WUHDWPHQW DQG SUHYHQWLRQ� 
7KH VHFRQG QRWDEOH RXWFRPH RI WKH $PHU�
LWKUD[ DWWDFN ZDV WKH %LR�VKLHOG $FW� DJDLQ 
DOORFDWLQJ DGGLWLRQDO IXQGLQJ IRU ELR�GHIHQVH 
DQG GULYLQJ WKH FUHDWLRQ RI DGGLWLRQDO YDF�
FLQH VWRFNSLOLQJ ZKLOH DOORZLQJ IRU WKH XVH 
RI D QRQ�)'$ DSSURYHG YDFFLQH LI GHHPHG 
FULWLFDO WR QDWLRQDO VHFXULW\���  

7KH PRVW UHFHQW 1DWLRQDO %LRGHIHQVH 6WUDW�
HJ\ �2���� SODFHV HPSKDVLV RQ WKH IROORZ�
LQJ ¿YH JRDOV� HQDEOH ULVN DZDUHQHVV WR 
LQIRUP GHFLVLRQ PDNLQJ DFURVV WKH ELRGH�
IHQVH HQWHUSULVH� HQVXUH ELRGHIHQVH HQWHU�
SULVH FDSDELOLWLHV WR SUHYHQW ELRLQFLGHQWV� 
HQVXUH ELRGHIHQVH HQWHUSULVH SUHSDUHG�
QHVV WR UHGXFH WKH LPSDFWV RI ELRLQFLGHQWV� 
UDSLGO\ UHVSRQG WR OLPLW WKH LPSDFWV RI ELR�
LQFLGHQWV� DQG IDFLOLWDWH WKH UHFRYHU\ WR UH�
VWRUH WKH FRPPXQLW\� WKH HFRQRP\� DQG WKH 
HQYLURQPHQW DIWHU D ELRLQFLGHQW���  $OWKRXJK 
WKH DERYH JRDOV IRFXV RQ SUHYHQWLQJ WKH 
DFTXLVLWLRQ DQG VSUHDG RI NQRZQ ELRDJHQWV� 
WKHUH LV OLWWOH WR QR DUFKLWHFWXUH IRU PRQLWRU�
LQJ DGYDQFLQJ WHFKQRORJLHV DQG FDSDELOLWLHV� 

6KRUWFRPLQJV RI 8�6� %LRGHIHQVH 
II &29I'��� KDV VKRZQ DQ\WKLQJ� LW LV WKDW 
WKH 8QLWHG 6WDWHV ZDV QRW SUHSDUHG IRU D 
QRYHO SDWKRJHQ RQ WKH VFDOH RI D JOREDO 
SDQGHPLF � 7KHUH DUH QDWLRQDO GLVHDVH UH�
VSRQVH UHODWHG SROLFLHV DQG SUDFWLFHV WR EH 
FRUUHFWHG� 0DQ\ RI WKHVH FRUUHFWLRQV FDQ 
EH H[SDQGHG WR SUHSDUH DJDLQVW ELRZDUIDUH 

DQG ELRWHUURULVP� QRW MXVW QDWXUDOO\ RFFXU�
ULQJ GLVHDVHV� 

6KRUWFRPLQJV RI WKH 8QLWHG 6WDWHV %LR�
GHIHQVH 6WUDWHJ\ ZHUH LGHQWL¿HG SULRU WR 
&29I'��� GXULQJ DQ H[DPLQDWLRQ E\ WKH 
*RYHUQPHQW $FFRXQWDELOLW\ 2ႈFH �*$2� 
LQ )HEUXDU\ 2�2�� 7KHVH ÀDZV LQFOXGHG D 
ODFN RI SODQQLQJ DQG JXLGDQFH WR VXSSRUW 
D ZKROH IHGHUDO JRYHUQPHQW DSSURDFK� D 
QHHG IRU JXLGDQFH DQG PHWKRGV WR PHDQ�
LQJIXOO\ DQDO\]H WKH GDWD UHJDUGLQJ H[LVWLQJ 
IHGHUDO ELRGHIHQVH SURJUDPV DQG DFWLYLWLHV� 
DQG D QHHG WR FODULI\ WKH GHFLVLRQ�PDNLQJ 
SURFHVVHV� UROHV� DQG UHVSRQVLELOLWLHV�  IQ 
HVVHQFH� *$2 LGHQWL¿HG WKH 2��� ELRGH�
IHQVH VWUDWHJ\ DV QREOH DVSLUDWLRQV ZLWK OLW�
WOH JXLGDQFH RQ KRZ WR DFFRPSOLVK WKH WDVN� 

7KH &ULPVRQ &RQWDJLRQ )XQFWLRQDO ([HU�
FLVH 6HULHV ZDV D WZR�\HDU H[DPLQDWLRQ RI 
RXU KHDOWKFDUH UHVSRQVH WR DQ HSLGHPLF� 
FXOPLQDWLQJ LQ $XJXVW 2���� 7KLV H[HUFLVH 
KLJKOLJKWHG PDQ\ VKRUWFRPLQJV WKDW ZHUH 
DOVR HYLGHQW GXULQJ WKH UHDO ZRUOG UHVSRQVH 
WR &29I'���� )LUVW� LW ZDV LGHQWL¿HG WKDW WKH 
8�6� PDQXIDFWXULQJ LQGXVWU\ DQG VXSSOLHV 
ZRXOG QRW VXSSRUW JOREDO GHPDQGV GXULQJ 
D SDQGHPLF� 6HFRQG� WKH GHSDUWPHQW RI 
+HDOWK DQG +XPDQ 6HUYLFHV �++6�� WKH RU�
JDQL]DWLRQ QDPHG LQ WKH ELRGHIHQVH DFW DV 
OHDG� GRHV QRW KDYH WKH ¿QDQFHV� UHVRXUF�
HV� QRU WKH DXWKRULW\ WR HႇHFWLYHO\ UHVSRQG 
ZLWKRXW VXEVHTXHQW DXWKRUL]DWLRQV IURP 
&RQJUHVV� /DVWO\� SROLFLHV GR QRW FXUUHQWO\ 
VSHOO RXW GLUHFWHG UROHV DQG UHVSRQVLELOLWLHV 
DFURVV RUJDQL]DWLRQV VXFK DV )(0$ �)HG�
HUDO (PHUJHQF\ 0DQDJHPHQW $JHQF\� DQG 
WKH &'&� 7KLV KDV OHG WR GXSOLFDWH HႇRUWV 
DQG FRQÀLFWLQJ LQIRUPDWLRQ EHWZHHQ JRYHUQ�
PHQW RUJDQL]DWLRQV�  

)XQGLQJ DQG UHVHDUFK KDYH DOVR VXႇHUHG 
RYHU WKH ODVW GHFDGH� /RRNLQJ DW WKH IHGHUDO 
EXGJHW VLQFH 2���� ERWK WKH SXEOLF KHDOWK 
HPHUJHQF\ IXQG DQG KRVSLWDO SUHSDUHGQHVV 
SURJUDP KDYH VWHDGLO\ UHFHLYHG FXWV� IQ 
2���� WKH WZR IXQGV FRPELQHG IRU MXVW RYHU 
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����� PLOOLRQ 86' DQQXDOO\� E\ 2�2� WKDW 
QXPEHU KDG EHHQ FXW WR ��� PLOOLRQ 86' 
DQQXDOO\� 7KH ODFN RI IXQGLQJ KDV GLUHFWO\ 
DႇHFWHG PHGLFDO VXSSOLHV DYDLODEOH DV SDUW 
RI WKH QDWLRQDO VWRFN� PLUURULQJ WKH GHFOLQH 
LQ IHGHUDOO\ IXQGHG UHVHDUFK LQWR SDWKRJHQV�  
7KH 8QLWHG 6WDWHV QHHGV WR FRQWLQXH LQQR�
YDWLYH UHVHDUFK LQ ELRWHFKQRORJ\ LI IXWXUH 
ELRDJHQW WKUHDWV DUH WR EH PLWLJDWHG� 

7ZR DGGLWLRQDO VKRUWFRPLQJV RI 8�6� ELR�
GHIHQVH SUHSDUGQHVV ZHUH LGHQWL¿HG LQ 
3&$67¶V �3UHVLGHQW
V &RXQFLO RI $GYLVRUV 
RQ 6FLHQFH DQG 7HFKQRORJ\� 2��� OHWWHU WR 
WKH 3UHVLGHQW� 7KH ¿UVW EHLQJ WKDW WKH 2��� 

³ ZDWFKOLVW´ DQG YDFFLQH GHYHORSPHQW OLVW LV 
RUJDQL]HG DURXQG DSSUR[LPDWHO\ �� SDWKR�
JHQV�   $GYDQFLQJ ELRWHFKQRORJ\ DQG WKH 
DELOLW\ WR FRQVWUXFW ERWK QRYHO YLUXVHV DV 
ZHOO DV UH�FUHDWH SDWKRJHQV ZLWKRXW VHHG 
VWRFN FUHDWHV FKDOOHQJHV ZLWK KDYLQJ DQ HI�
IHFWLYH ZDWFK OLVW� II QR VHHG VWRFN LV QHHGHG� 
LW HOLPLQDWHV WKH DELOLW\ IRU LQWHOOLJHQFH RUJD�
QL]DWLRQV WR ÀDJ LQGLYLGXDOV LQ WKH DFW RI DF�
TXLULQJ WKH NQRZQ VXEVWDQFH� EHFDXVH WKH\ 
FDQ QRZ PDNH WKHLU RZQ ZLWK QR SDSHU WUDLO� 

$ VHFRQG VKRUWFRPLQJ LGHQWL¿HG WKDW ELR�
VXUYHLOODQFH VKRXOG FRYHU ERWK QDWLRQDO DQG 
LQWHUQDWLRQDO DUHDV RI FRQFHUQ DQG WUDFH 
VSUHDG� :LWK &29I'���� WKH 8�6� ZDV QRW 
DEOH WR LGHQWLI\ WKH WKUHDW SULRU WR DUULYDO 
ZLWKLQ WKH VWDWHV� 2QFH WKH SDWKRJHQ VWDUW�
HG VSUHDGLQJ� WKH 8�6� ELRVXUYHLOODQFH SUR�
JUDP ZDV XQDEOH WR WUDFH DQG TXLFNO\ LGHQ�
WLI\ FDVHV RU SHUWLQHQW GDWD� 7KLV SURJUDP 
ZLOO QHHG WR EH ERRVWHG ERWK QDWLRQDOO\ DQG 
JOREDOO\ LQ RUGHU WR HႇHFWLYHO\ DQG UDSLGO\ 
LGHQWLI\ DQG WUDFH QDWXUDO RU V\QWKHWLF ELRD�
JHQWV� :KLOH QRW DEOH WR SLFN XS D WUXO\ FODQ�
GHVWLQH ELRDJHQW SURJUDP� LI LPSURYHG� WKH 
ELRVXUYHLOODQFH SURJUDP PD\ LGHQWLI\ SRVVL�
EOH WHVWLQJ RI ELRDJHQWV� DQG�RU SUHYHQW WKH 
GLVHDVH IURP VSUHDGLQJ RXWVLGH D ORFDO DUHD 
E\ HDUO\ LGHQWL¿FDWLRQ DQG DFFXUDWH WUDFLQJ 
RI FRQWDFWV�

:K\ 8VH &29I'��� DV D &RPSDULVRQ" 
%HVLGHV WKH REYLRXV IDFW WKDW ERWK HYHQWV LQ�
YROYH D SDWKRJHQ� &29I'��� VKDUHV PDQ\ 
SURSHUWLHV RI OLNHO\ HPHUJLQJ ELRDJHQWV� )LUVW�
O\� LW LV D QRYHO GLVHDVH� SUHYLRXVO\ XQNQRZQ 
WR WKH VFLHQWL¿F FRPPXQLW\� 7KH EDVH DUFKL�
WHFWXUH RI &RURQD YLUXV ZDV SUHYLRXVO\ LGHQ�
WL¿HG LQ 6$56� EXW WKLV SDUWLFXODU YDULDQW KDG 
QRW EHHQ VWXGLHG� 7KLV LV OLNHO\ WR RFFXU ZLWK 
HPHUJLQJ ELRWKUHDWV� 6LPLODUO\� WKH 8QLWHG 
6WDWHV PD\ KDYH WR UHVSRQG WR DQ XQNQRZQ 
RXWEUHDN DQG TXLFNO\ DVVHVV V\PSWRPV DQG 
VKDUHG LQGLFDWRUV ZLWKRXW IXOO\ XQGHUVWDQGLQJ 
WKH SDWKRJHQ LW IDFHV� 
6HFRQGO\� WKH GLVHDVH WUDYHOHG IURP RXW�
VLGH RXU ERUGHUV� 8QOLNH VRPH FRQYHQWLRQDO 
ZHDSRQV WKDW ZRXOG QHHG WR EH EURXJKW LQ 
DQG DVVHPEOHG RU GHSOR\HG KHUH LQ WKH 8QLW�
HG 6WDWHV� SDWKRJHQV FDQ EH IXOO\ GHYHORSHG 
DQG UHOHDVHG RXWVLGH RXU ERUGHUV ZLWK QR 
FKDQFH IRU LQWHUGLFWLRQ ZLWKLQ 8�6� MXULVGLFWLRQ� 

7KLUGO\� WKHUH ZDV QR SUHYLRXVO\ H[LVWLQJ 
YDFFLQH� SURSK\OD[LV� RU LGHQWL¿HG HႇHFWLYH 
DQWLYLUDO WUHDWPHQW IRU 6$56�&R9�2� 7KLV LV 
D GHVLUDEOH WUDLW IRU WKRVH ZLVKLQJ WR FDXVH 
KDUP ZLWK PRGHUQ ELRWHFKQRORJ\� II SRVVLEOH� 
ELRDJHQWV ZRXOG EH GHVLJQHG WR UHVLVW WKHUD�
SHXWLFV DQG HYDGH QDWXUDO LPPXQLWLHV� %RWK 
WUDLWV ZRXOG DOORZ IRU JUHDWHU YLUXOHQFH DQG 
LQFUHDVHG FDVXDOWLHV� 

/DVWO\� &29I'��� KDV D UHODWLYHO\ KLJK LQIHF�
WLRQ UDWH FRPSDUHG WR RWKHU GLVHDVHV�  :KHQ 
GHVLJQLQJ ELRDJHQWV� WKHUH ZLOO EH DQ HP�
SKDVLV RQ FUHDWLQJ D SDWKRJHQ ZLWK YLUXOHQFH 
KLJK HQRXJK WR FDXVH DQ RXWEUHDN� IW GRHV 
QR JRRG IURP D ELRWHUURULVP VWDQG SRLQW WR 
UHOHDVH DQ DJHQW WKDW VWUXJJOHV WR HႇHFWLYHO\ 
LQIHFW LQGLYLGXDOV�

)RU DOO WKH DERYH UHDVRQV WKH DVVXPSWLRQ FDQ 
EH PDGH WKDW LI D PRGHUQ HQJLQHHUHG ELRDJ�
HQW ZDV XWLOL]HG DJDLQVW WKH 8QLWHG 6WDWHV LW 
ZRXOG � DW D PLQLPXP � EH DV GHWULPHQWDO WR 
VWUDWHJLF DVVHWV DV WKH &29I'��� SDQGHPLF�
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Conclusion:
IW LV LPSHUDWLYH WKH 8QLWHG 6WDWHV ORRNV WR 
OHVVRQV OHDUQHG GXULQJ WKH &29I'��� SDQ�
GHPLF DQG DGMXVW WKH 1DWLRQDO %LRGHIHQVH 
6WUDWHJ\ DFFRUGLQJO\� 7KH GHJUDGDWLRQ WR 
PLOLWDU\ UHDGLQHVV DGGUHVVHG DERYH LV D GL�
UHFW UHVXOW RI WKH LQDELOLW\ WR SURSHUO\ PDQDJH 
RU SUHYHQW DQ RXWEUHDN� :LWK D PRUH UREXVW 
ELRGHIHQVH SODQ WKHVH LPSDFWV DQG GHJUD�
GDWLRQ WR QDWLRQDO VHFXULW\ PD\ EH OHVVHQHG 
RU DYRLGHG DOO WRJHWKHU� $V PRUH WHFKQROR�
J\ EHFRPHV DYDLODEOH� SDWKRJHQV EHFRPH 
PRUH FXVWRPL]DEOH DOORZLQJ IRU WKH FUHDWLRQ 
RI D ELRDJHQW WKDW GRHV QRW WDUJHW WKH RUJD�
QL]DWLRQ UHOHDVLQJ LW� 'XH WR WKLV DGYDQFLQJ 
WHFKQRORJ\� WKH UHOHDVH RI D ELRDJHQW FDQ EH 
D VWUDWHJLF WRRO WR EH XWLOL]HG DJDLQVW ZKROH 
QDWLRQV�  $V VXFK� WKHUH DUH WKUHH UHFRP�
PHQGHG SROLF\ IRFXV DUHDV ZKLFK VKRXOG EH 
DGGUHVVHG� OHDGHUVKLS� ELRVXUYHLOODQFH� DQG 
KRPHODQG SUHSDUHGQHVV�

)LUVW� DV QRWHG DFURVV PXOWLSOH H[HUFLVHV� 
HYDOXDWLRQV� DQG GXULQJ WKH &29I'��� UH�
VSRQVH� WKHUH KDV EHHQ LQFRQVLVWHQW 8�6� 
QDWLRQDO UHVSRQVH OHDGHUVKLS DQG HYHU 
FKDQJLQJ UROHV DQG UHVSRQVLELOLWLHV ZLWK UH�
JDUGV WR ELRGHIHQVH DQG GLVHDVH UHVSRQVH� 
0RYLQJ IRUZDUG WKHUH QHHGV WR EH D SHUPD�
QHQW� FRQVROLGDWHG� ELRGHIHQVH DUP RI WKH 
'HSDUWPHQW RI +RPHODQG 6HFXULW\� QRW MXVW 
D VWHHULQJ FRPPLWWHH DV FXUUHQWO\ IRUPDWWHG� 
$Q RႈFH FRXOG HLWKHU VWDQG XS XQGHU WKH 
FXUUHQW &RXQWHULQJ :HDSRQV RI 0DVV 'H�
VWUXFWLRQ RႈFH RU DFW XQGHU D QHZ DVVLVWDQW 
VHFUHWDU\ SRVLWLRQ� IQ HLWKHU VWUXFWXUH� LWV 
SXUSRVH ZRXOG QHHG WR H[SDQG WR LQFOXGH 
SDQGHPLF UHVSRQVH DQG PRQLWRULQJ� 7KLV 
VXEVHW RI WKH '+6 ZRXOG EH D PRUH ÀH[L�
EOH HQWLW\ ZLWK JUHDWHU VFRSH WKDQ WKH VPDOO 
&�:0' VHFWLRQ DV LW LV GUDIWHG FXUUHQWO\� 
IPSRUWDQWO\� LW ZRXOG EH JUDQWHG LQWHUDJHQF\ 
FRQWURO QRW UHOLDQW RQ UHSHDWHG UHTXHVWV IRU 
FRQJUHVVLRQDO DXWKRULW\ DW HYHU\ VWHS� 7KH 
RUJDQL]DWLRQ ZRXOG EH FDSDEOH RI SODQQLQJ 
DQG FRRUGLQDWLQJ DFURVV PXOWLSOH DJHQ�

FLHV LQFOXGLQJ WKH &'&� )(0$� '+6� ++6� 
1%$&& �1DWLRQDO %LRGHIHQVH $QDO\VLV DQG 
&RXQWHUPHDVXUHV &HQWHU�� 1I+ �1DWLRQDO 
IQVWLWXWHV RI +HDOWK�� DQG 'R'� 7KLV '+6 
SURJUDP ZRXOG EH PDQQHG E\ DVVLVWDQW 
VHFUHWDULHV RI WKH DIRUHPHQWLRQHG RUJDQL�
]DWLRQV ZKR KDYH EHHQ HPSRZHUHG WR UH�
DOORFDWH DQG JUDQW DFFHVV WR UHVRXUFHV UH�
TXLUHG IRU IXOO ELRGHIHQVH SUHSDUHGQHVV DQG 
UHVSRQVH� 

7KLV RႈFH ZRXOG EH UHVSRQVLEOH IRU PRQL�
WRULQJ SRVVLEOH RXWEUHDNV� GLUHFWLQJ LQWHOOL�
JHQFH FROOHFWLRQ RI ELRDJHQWV� DGPLQLVWHULQJ 
DOORFDWHG ELRGHIHQVH IXQGV� DQG KHDGLQJ 
WKH QDWLRQ¶V UHVSRQVH WR QDWXUDOO\ RFFXUULQJ 
RU PDQ�PDGH SDWKRJHQV� IQ DGGLWLRQ WR WKH 
DERYH� WKLV HQWLW\ ZRXOG UHFRPPHQG ELRGH�
IHQVH UHVHDUFK UHTXLUHPHQWV DQG PHGLFDO 
VWRFN XSGDWHV EDVHG RQ WKH IHHGEDFN RI 
ELRVXUYHLOODQFH DQG LQWHOOLJHQFH FROOHFWLRQ� 

6HFRQG� WKH 8QLWHG 6WDWHV QHHGV WR H[SDQG 
DQG LPSURYH WKH ELRVXUYHLOODQFH SURJUDP� 
7KH SURJUDP QHHGV DQ LQFUHDVHG IRFXV RQ 
PRQLWRULQJ LQWHUQDWLRQDO GLVHDVH RXWEUHDNV 
DQG ELRDJHQW WHFKQRORJ\ DFTXLVLWLRQ� ZKLOH 
KHDOWK GDWD FROOHFWLRQ HႇRUWV DW KRPH QHHG 
WR EH V\QFKURQL]HG� $GGLWLRQDO IXQGLQJ 
QHHGV WR EH SURYLGHG WR VWDQGDUGL]H DQG 
PRGHUQL]H VWDWH DQG ORFDO OHYHO FROOHFWLRQ 
DVVHWV� HQVXULQJ WKH FDSDELOLW\ RI IHHGLQJ D 
ODUJHU QDWLRQDO QHWZRUN� 7KLV XSGDWHG SUR�
JUDP ZLOO HOLPLQDWH FRQÀLFWLQJ UHSRUWV DQG 
DJJUHJDWH GDWD LQ D ZD\ LW FDQ EH UDSLGO\ 
DVVHVVHG DQG DFWHG XSRQ� 7KH DGYDQFHV LQ 
ERWK FRPSXWHU VFLHQFHV DQG ELRWHFKQRORJ\ 
VKRXOG HQKDQFH WKH DELOLW\ WR ÀDJ SDWWHUQV 
DQG IHHG PHGLFDO FRXQWHUPHDVXUHV� IQ DG�
GLWLRQ WR QDWLRQDO ELRVXUYHLOODQFH� WKH 8�6� 
QHHGV WR H[SDQG WKLV SURJUDP IRU JOREDO 
LQSXWV� :LWK FXUUHQW JOREDOL]DWLRQ DQG HDVH 
RI WUDYHO� DQ RXWEUHDN UHPRWH LQ $IULFD PD\ 
VRRQ WUDYHO YLD DLUFUDIW WR WKH KHDUW RI WKH 
8QLWHG 6WDWHV� 7KLV ZDV PDGH HYLGHQW ZLWK 
WKH (EROD RXWEUHDN� 7KH RQO\ ZD\ WKH 8�6� 
FDQ WUXO\ SUHSDUH DQG SUHYHQW VSUHDG RI DQ 
RXWEUHDN LV LGHQWL¿FDWLRQ SULRU WR ODQGIDOO� 
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7KH ELRVXUYHLOODQFH SURJUDP ZRXOG DOVR DFW 
DV D FRXQWHUPHDVXUH DJDLQVW PDQXIDFWXUHG 
ELRDJHQWV� II VHQVLWLYH HQRXJK� WKH SURJUDP 
ZRXOG EH DEOH WR DVFHUWDLQ SRVVLEOH WHVW 
SRSXODWLRQV DQG DQ\ QRYHO SDWKRJHQV LQWUR�
GXFHG WR WKH HQYLURQPHQW� 

7KH IRFXV RI GDWD FROOHFWLRQ QHHGV WR VKLIW 
DZD\ IURP VROHO\ LGHQWLI\LQJ NQRZQ SDWKR�
JHQV DQG PRYH WRZDUGV SODWIRUP DQG 
NQRZOHGJH EDVHV� IGHQWLI\LQJ NH\ LQGLFD�
WRUV DQG SHUVRQQHO ZLOO VRRQ EH PRUH FULWL�
FDO WKDQ LGHQWLI\LQJ LQGLYLGXDO RUJDQLVPV RU 
FRQWUROOHG VXEVWDQFHV� 

7KLUG� WKH QHHG IRU KRPHODQG SUHSDUHG�
QHVV LPSURYHPHQWV DUH WZRIROG� 2QH� WKH\ 
UHGXFH WKH FDVXDOWLHV DQG VWUDWHJLF GHWUL�
PHQWV LGHQWL¿HG LQ WKH ¿UVW SDUW RI WKLV SD�
SHU� OHDGLQJ WR DQ LQFUHDVH LQ PLOLWDU\ UHDGL�
QHVV ZKLOH GHFUHDVLQJ WKH GLVHDVH VXSSRUW 
UHTXLUHPHQWV RI PLOLWDU\ XQLWV ZLWKLQ WKH 
8QLWHG 6WDWHV� 7ZR� LW DFWV DV D IRUP RI GH�
WHUUHQFH WR ELRWHUURULVP� II LW LV NQRZQ WKDW 
SROLFLHV� SURFHGXUHV� DQG VDIHW\ SURWRFROV 
DUH LQ SODFH WR SUHYHQW D ZLGHVSUHDG HSL�
GHPLF� DGYHUVDULHV PD\ GHHP LW QR ORQJHU 
FRVW HႇHFWLYH WR XWLOL]H ELRDJHQWV DJDLQVW 
WKH 8QLWHG 6WDWHV�

7KHUH DUH WKUHH PDMRU SUHSDUHGQHVV LP�
SURYHPHQWV QHHGHG� 7KH ¿UVW LV WR SXVK 
DGGLWLRQDO PHGLFDO VWRFNSLOHV WR VWDWH MX�
ULGLFWLRQV� ZKLOH PDLQWDLQLQJ WKH QDWLRQDO 
VWRFNSLOH� IW ZDV LGHQWL¿HG GXULQJ &29I'��� 
WKDW FXUUHQW VWRFNSLOHV DUH LQVXႈFLHQW DQG 
GHOD\V LQ WUDQVSRUWDWLRQ OHDG WR OLYHV ORVW� $Q 
LQFUHDVH WR RYHUDOO VWRFNSLOHV RI 33( DQG 
PHGLFDO FRXQWHUPHDVXUHV� KHOG DW ERWK WKH 
VWDWH DQG QDWLRQDO OHYHO� ZLOO DOOHYLDWH WKLV 
VKRUWFRPLQJ� 6HFRQG� DGGLWLRQDO UHVRXUF�
LQJ RI PHGLFDO FRXQWHUPHDVXUH UHVHDUFK LV 
QHHGHG� 7KLV UHVHDUFK VKRXOG EH IRFXVHG 
RQ SODWIRUP WHFKQRORJ\ UDWKHU WKDQ LQGLYLG�
XDO YDFFLQH UHVHDUFK IRU VSHFL¿F SDWKRJHQV� 
7KH GHYHORSPHQW RI D ³SOXJ DQG SOD\´ SODW�
IRUP ZKLFK FDQ JHQHUDWH YDFFLQHV RU RWKHU 
PHGLFDO FRXQWHUPHDVXUHV EDVHG RQ LQSXW 
IURP DQ\ SDWKRJHQ LV FULWLFDO ZKHQ WKH QH[W 
ELRWHUURULVP DWWDFN PD\ LQFRUSRUDWH D ELRD�
JHQW QHYHU EHIRUH VHHQ� /DVWO\� FRQWLQXH WR 
LQFUHDVH IXQGLQJ LQWR V\QWKHWLF ELRWHFKQROR�
J\ UHVHDUFK� II WKH 8�6� FDQ GHYHORS IXUWKHU 
DSSUR[LPDWLRQV RI ZKDW WKH QH[W WKUHDW PD\ 
ORRN OLNH� WKH ELRGHIHQVH HQWHUSULVH LV RQH 
VWHS FORVHU WR FRPEDWLQJ LW DQG HPSODFLQJ 
HႇHFWLYH GHWHUUHQFH PHDVXUHV�

We now have an obligation to learn from this experience 
and take decisive steps to better prepare for the future… 

Because — like all previous pandemics — COVID-19 too 
will shift from center stage. The public will have had their 

fill. The danger will seem removed.”42 

Former Majority leader, Senator William Frist, M.D.
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1RWHV
�� :RUOG +HDOWK 2UJDQL]DWLRQ� ³:+2 

&RURQDYLUXV 'LVHDVH �&29I'���� 
'DVKERDUG�´ :RUOG +HDOWK 2UJDQL]D�
WLRQ� :RUOG +HDOWK 2UJDQL]DWLRQ� 2�2�� 
$FFHVVHG 2FWREHU ��� 2�2�� KWWSV���
FRYLG���ZKR�LQW�"JFOLG &M�.&4MZ��Q�
�%5'2$5IV$$PJ3PI2EJE&SQ+6Q�
4SV�P42&%&E.VRD4\KNB�HI=-�Y�6H�
-9�+1DB=�;-RD$LSS($/ZBZF%�

2� %DNHU� 0LNH� ³:KHQ 'LG WKH &RURQDYL�
UXV $UULYH LQ WKH 8�6�" +HUH
V D 5HYLHZ 
RI WKH (YLGHQFH�´ 7KH 1HZ <RUN 7LPHV� 
7KH 1HZ <RUN 7LPHV� 0D\ ��� 2�2�� 
KWWSV���ZZZ�Q\WLPHV�FRP�2�2��������
XV�FRURQDYLUXV�¿UVW�FDVH�VQRKRP�
LVK�DQWLERGLHV�KWPO�

�� -RKQV +RSNLQV 8QLYHUVLW\� ³&29I'��� 
0DS�´ -RKQV +RSNLQV &RURQDYLUXV 
5HVRXUFH &HQWHU� 2�2�� $FFHVVHG 2F�
WREHU ��� 2�2�� KWWSV���FRURQDYLUXV�MKX�
HGX�PDS�KWPO� 

�� :RUOG +HDOWK 2UJDQL]DWLRQ� ³:+2 
&RURQDYLUXV 'LVHDVH �&29I'���� 
'DVKERDUG�´

�� :RUOG +HDOWK 2UJDQL]DWLRQ� ³(EROD 
9LUXV 'LVHDVH�´ :RUOG +HDOWK 2UJDQL]D�
WLRQ� :RUOG +HDOWK 2UJDQL]DWLRQ� 2�2�� 
$FFHVVHG 2FWREHU ��� 2�2�� KWWSV���
ZZZ�ZKR�LQW�QHZV�URRP�IDFW�VKHHWV�
GHWDLO�HERODYLUXV�GLVHDVH�

�� %DNHU� 6FRWW� 1LFKRODV %ORRP� 6WHYHQ 
'DYLV� .\OH .RVW� DQG 0DUFR 6DPPRQ� 
:RUNLQJ SDSHU� 7+( 8135(&('(17�
(' 672&. 0$5.(7 I03$&7 2) 
&29I'���� &DPEULGJH� 0$� 1DWLRQDO 
%XUHDX RI (FRQRPLF 5HVHDUFK� 2�2�� 
KWWSV���GRL�RUJ�-(/ 1R� (���*�2�� ��

�� %DNHU� 6FRWW ��
�� %DNHU� 6FRWW �2�
�� &XWOHU '0� 6XPPHUV /+� 7KH 

&29I'��� 3DQGHPLF DQG WKH ��� 7ULO�
OLRQ 9LUXV� -$0$� 2�2���2����������±
����� GRL���������MDPD�2�2�������� ��

��� &XWOHU� ��

��� &XWOHU� ��
�2� &RUUHOO� 'LDQD 6WDQF\� ³�WK 86 6HUYLFH 

0HPEHU +DV 'LHG IURP &29I'����´ 
0LOLWDU\ 7LPHV� 0LOLWDU\ 7LPHV� 6HSWHP�
EHU �� 2�2�� KWWSV���ZZZ�PLOLWDU\WLPHV�
FRP�QHZV�\RXU�PLOLWDU\�2�2���������WK�
XV�VHUYLFH�PHPEHU�KDV�GLHG�IURP�
FRYLG������ ��

��� $GDPF]\N� (G� ³8�6� 0LOLWDU\ 6XUSDVV�
HV ������ &29I'��� &DVHV�´ 83I� 83I� 
$XJXVW �� 2�2�� KWWSV���ZZZ�XSL�FRP�
'HIHQVH�1HZV�2�2��������86�PLOL�
WDU\�VXUSDVVHV�������&29I'����FDV�
HV�����������2����� 2�

��� *DUPRQH� ³'2' 2ႈFLDOV 8QYHLO 
&29I'�5HODWHG 3HUVRQQHO� 0RYH 
*XLGDQFH�´ 8�6� '(3$570(17 
2) '()(16(� 2�2�� KWWSV���ZZZ�
GHIHQVH�JRY�([SORUH�1HZV�$UWLFOH�
$UWLFOH�2�������GRG�RႈFLDOV�XQ�
YHLO�FRYLG�UHODWHG�SHUVRQQHO�PRYH�JXLG�
DQFH��  ��

��� &ODUN� &ROLQ� ³$UP\ /RVW � 17& 7UDLQ�
LQJ 5RWDWLRQV 7R &29I'� )256&20 
&XUEV 3DFH 1H[W <HDU 7RR�´ %UHDNLQJ 
'HIHQVH� $ERYH WKH /DZ� 2FWREHU 
��� 2�2�� KWWSV���EUHDNLQJGHIHQVH�
FRP�2�2�����DUP\�ORVW���QWF�WUDLQLQJ�
URWDWLRQV�WR�FRYLG�IRUVFRP�FXUEV�SDFH�
QH[W�\HDU�WRR��� ��

��� 5HHG� -LP� *UHWFKHQQ 'X%RLV� 1D�
WLRQDO *XDUG $VVLVWV 5HVSRQVH WR WKH 
&29I'��� 3DQGHPLF� 2�2�� KWWSV���
ZZZ�QFVO�RUJ�UHVHDUFK�PLOLWDU\�DQG�YHW�
HUDQV�DႇDLUV�QDWLRQDO�JXDUG�DFWLYDWLRQ�
LQ�HYHU\�VWDWH�DVVLVWLQJ�UHVSRQVH�WR�
WKH�FRYLG����SDQGHPLF�DVS[�� ��

��� &URQN� ³8616 0HUF\� 8616 &RP�
IRUW 5HFHLYLQJ 3DWLHQWV LQ /$� 1HZ 
<RUN &LW\�´ 8�6� '(3$570(17 2) 
'()(16(� 2�2�� KWWSV���ZZZ�GH�
IHQVH�JRY�([SORUH�1HZV�$UWLFOH�$UWL�
FOH�2�������XVQV�PHUF\�XVQV�FRPIRUW�
UHFHLYLQJ�SDWLHQWV�LQ�OD�QHZ�\RUN�FLW\�� 

��� $OH[DQGHU� /DPDU 6HQ� �5�71�� ³3UH�
SDULQJ IRU WKH 1H[W 3DQGHPLF´ D :KLWH 
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2�� 1DWLRQDO $FDGHPLHV ���
��� %DU�2Q� <LQRQ 0 HW DO� ³6$56�&R9�2 

�&29I'���� E\ WKH QXPEHUV�´ H/LIH YRO� 
� H������ 2 $SU� 2�2�� GRL���������
H/LIH������� )LJXUH ��

��� 1DWLRQDO $FDGHPLHV� ���
�2� 1DWLRQDO $FDGHPLHV� ���
��� 1DWLRQDO $FDGHPLHV� ���
��� 1DWLRQDO $FDGHPLHV� ���
��� 8QLWHG 1DWLRQV� ³:0' ± 812'$�´ 

8QLWHG 1DWLRQV� 8QLWHG 1DWLRQV� 2�2�� 
$FFHVVHG 2FWREHU ��� 2�2�� KWWSV���
ZZZ�XQ�RUJ�GLVDUPDPHQW�ZPG�� 

��� 8�1� � :0'
��� 0LOOHU� -XGLWK� 6WHSKHQ (QJHOEHUJ� DQG 

:LOOLDP -� %URDG� *HUPV� %LRORJLFDO 
:HDSRQV DQG $PHULFD
V 6HFUHW :DU� 
:DWHUYLOOH� 0(� *�.� +DOO� 2��2� 

��� $OLEHN
��� 3&$67� ��
��� *UHJJ� -XGG� ³6��� � ���WK &RQ�

JUHVV �2����2����� 3URMHFW %LR6KLHOG 
$FW RI 2����´ &RQJUHVV�JRY� -XO\ 
2�� 2���� KWWSV���ZZZ�FRQJUHVV�JRY�
ELOO����WK�FRQJUHVV�VHQDWH�ELOO����

��� 'HSDUWPHQW RI +RPHODQG 6HFXULW\� ³1D�
WLRQDO %LRGHIHQVH 6WUDWHJ\´ 7KH 2ႈFH 
RI WKH 3UHVLGHQW RI WKH 8QLWHG 6WDWHV� 
2����� ���

�2� $OH[DQGHU� ��
��� =DUUROL� -LP� ³6WRFNV 2�2�� $ 6WXQQLQJ 

&UDVK� 7KHQ $ 5HFRUG�6HWWLQJ %RRP 
&UHDWHG &HQWLELOOLRQDLUHV�´ 135� 135� 
'HFHPEHU ��� 2�2�� KWWSV���ZZZ�QSU�
RUJ�2�2���2������22������VWRFNV�
2�2��D�VWXQQLQJ�FUDVK�WKHQ�D�UHFRUG�
VHWWLQJ�ERRP�FUHDWHG�FHQWLELOOLRQDLUH� 
$FFHVVHG $SULO ��� 2�2��

3DSHU� 86 6HQDWH &RPPLWWHH RQ 
+HDOWK (GXFDWLRQ /DERU DQG 3HQVLRQV� 
-XQH � 2�2�� $FFHVVHG 2FWREHU ��� 
2�2��� 2��

��� $OH[DQGHU 2��
2�� $OH[DQGHU� 2�� 
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2�� 9RJHO� .DWKOHHQ 0� �3DWKRJHQ 3UROLIHU�
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$FFHVVHG 2FWREHU ��� 2�2�� KWWS���ZZZ�
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2�� 7KH 1DWLRQDO $FDGHPLHV RI 6FLHQFHV� 
(QJLQHHULQJ� DQG 0HGLFLQH� %LRGHIHQVH 
LQ WKH $JH RI 6\QWKHWLF %LRORJ\� :DVK�
LQJWRQ� '&� 7KH 1DWLRQDO $FDGHPLHV 
3UHVV� 2����� ����

2�� 1DWLRQDO $FDGHPLHV� ����  
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How Does COVID-19 Impact State Biological 
Warfare Program Strategy?

7KHRGRUH 5� 3ODVVH DQG 5DQpH .� 5RWWHU
'HIHQVH 7KUHDW 5HGXFWLRQ $JHQF\ 5'&;4 � 8662&20 &:0' 6XSSRUW 

3URJUDP

7KH &29I'��� SDQGHPLF SURYLGHV UHDO�WLPH LQVLJKW LQWR VWDWH DQG VRFLHWDO YXOQHUDELOLWLHV 
DQG SUHSDUHGQHVV IRU D FRQWDJLRXV GLVHDVH RXWEUHDN� 7KH HႇHFWV RI WKH &29I'��� 
SDQGHPLF KDYH QRW \HW EHHQ IXOO\ UHDOL]HG� DV WKH ZDYHV RI LQIHFWLRQV EHJLQ WR GHFOLQH� 
WKH VRFLRHFRQRPLF LPSDFWV DUH VZHOOLQJ� 6HYHUDO SURMHFWLRQV LQGLFDWH WKDW WKH SDQGHPLF 
ZLOO FDXVH SROLWLFDO LQVWDELOLW\ LQ VRPH FRXQWULHV ZLWK WKH SRWHQWLDO IRU IXUWKHU GLVUXSWLRQ 
DFURVV WKH ZRUOG� IW LV D UHDVRQDEOH DVVXPSWLRQ WKDW VWDWH UHVSRQVHV DUH EHLQJ DQDO\]HG 
E\ DGYHUVDULHV WR DVVHVV ZD\V WR H[SORLW H[SRVHG YXOQHUDELOLWLHV DQG VWUHQJWKV� IW LV DOVR 
SODXVLEOH WKDW D VWDWH� ZLWK RU ZLWKRXW D %LRORJLFDO :DUIDUH �%:� SURJUDP� LV H[DPLQLQJ 
WKH SDQGHPLF DQG DVVHVVLQJ WKH HႇHFWV LQ FRQWH[W RI GHYHORSLQJ DQG GHSOR\LQJ ELRORJLFDO 
ZHDSRQV�  

+RZ PLJKW WKH &29I'��� SDQGHPLF DႇHFW D VWDWH¶V LQWHUHVW LQ %:" 7UDGLWLRQDO VWDWH %: 
SURJUDPV� ZKLFK JHQHUDOO\ EHJDQ DURXQG WKH 6HFRQG :RUOG :DU� IRFXVHG RQ GHJUDGLQJ WKH 
HQHPLHV¶ DELOLW\ WR HQJDJH RQ WKH EDWWOH¿HOG� :LWK WKDW REMHFWLYH� PRVW FRXQWULHV GHYHORSHG 
ZHDSRQV FDSDEOH RI GLVVHPLQDWLQJ ELRORJLFDO DJHQWV RYHU D ODUJH DUHD SRSXODWHG ZLWK D 
FRQFHQWUDWLRQ RI WURRSV WR FDXVH D OHWKDO RU LQFDSDFLWDWLQJ HႇHFW �2ႈFH RI 7HFKQRORJ\ 
$VVHVVPHQW 8QLWHG 6WDWHV &RQJUHVV ������ %HFDXVH RI WKH ULVN SRVHG WR WKH GHSOR\LQJ 
FRXQWU\� SURJUDPV IURP WKLV HUD UDUHO\ KDG LQWHUHVW LQ DJHQWV ZLWK VLJQL¿FDQW KXPDQ�WR�
KXPDQ WUDQVPLVVLELOLW\� $V WKH &ROG :DU FDPH WR DQ HQG� WKH QDWXUH RI ZDUIDUH FKDQJHG� 
7KH %LRORJLFDO DQG 7R[LQ :HDSRQV &RQYHQWLRQ �%7:&� KDV HႇHFWLYHO\ VROLGL¿HG WKH PRUDO 
UHSURDFK DJDLQVW ELRZHDSRQV WKRXJK VHYHUDO VWDWHV DUH VXVSHFWHG RI UHWDLQLQJ RႇHQVLYH 
%: SURJUDPV� $V D UHVXOW RI WKH &29I'��� SDQGHPLF� LW LV SRVVLEOH WKDW RWKHU FRXQWULHV 
PD\ KDYH D UHQHZHG LQWHUHVW LQ GHYHORSLQJ RႇHQVLYH %: SURJUDPV� 
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SARS-CoV-2 Virus

6$56�&R9�2 LV WKH FDXVDWLYH DJHQW RI
&29I'���� WKH YLUXV LV D PHPEHU RI WKH 

FRURQDYLUXV IDPLO\� 6HYHQ VWUDLQV RI FRUR�
QDYLUXVHV DUH NQRZQ WR LQIHFW KXPDQV� VL[ 
FDXVH FRPPRQ FROGV� DQG WKH RWKHU WKUHH 
FDXVH VHULRXV UHVSLUDWRU\ GLVHDVHV� LQFOXG�
LQJ &29I'���� &RURQDYLUXVHV ORRN OLNH 
VSKHUHV FRYHUHG ZLWK VSLNHV� WKH VSLNHV 
DUH SURWHLQV WKDW ELQG LQWR KXPDQ HSLWKHOLDO 
FHOO UHFHSWRUV WR UHSOLFDWH� 2QFH WKH 6$56�
&R9�2 YLUXV EHJLQV UHSOLFDWLQJ� LW LQFUHDVHV 
YLUXOHQFH E\ SURGXFLQJ D VXEVWDQFH OLNH 
OLTXLG VRDS IXUWKHU VSUHDGLQJ WKH LQIHFWLRQ 
GHHS LQWR WKH OXQJV� IQ WKH ZRUVW FDVHV� WKH 
LPPXQH V\VWHP JRHV LQWR K\SHUGULYH WR ULG 
WKH OXQJV RI WKH GLVHDVH EXW FDXVHV VLJQLI�
LFDQW GDPDJH WR WKH OXQJV LQ WKH SURFHVV� 
/XQJ OHVLRQV IURP &29I'��� LQIHFWLRQV 
UDQJH LQ VL]H IURP D JUDSH WR D JUDSHIUXLW 
�1HXPDQ 2�2���

What Adversaries Have Learned from the COVID-19 Pandemic Response
&RQVLGHULQJ WKH KLJKO\ YLVLEOH LQWHUQDWLRQDO UHVSRQVH WR WKH &29I'��� SDQGHPLF� ZKDW 
NQRZOHGJH KDV EHHQ JDLQHG E\ VWDWHV WKDW PD\ LQÀ XHQFH WKHLU SHUVSHFWLYH RQ GHYHORSLQJ� 
UHVWDUWLQJ� RU VWUHQJWKHQLQJ DQ Rႇ HQVLYH %: SURJUDP" +LVWRU\ KDV SURYHQ WKDW VWDWH DQG 
QRQ�VWDWH JURXSV JDLQ FULWLFDO LQVLJKW E\ ZDWFKLQJ UHVSRQVHV WR QDWXUDO GLVDVWHUV DQG GH�
OLEHUDWH DWWDFNV� 7KH NQRZOHGJH JDLQHG IURP REVHUYLQJ UHVSRQVHV PD\ VKDSH DGYHUVDU\ 
IXWXUH VWUDWHJLF DQG RSHUDWLRQDO GHFLVLRQV WR H[SORLW LGHQWL¿ HG YXOQHUDELOLWLHV RU VWUHQJWKV� 
:H LGHQWL¿ HG VHYHUDO OHVVRQV DQG SRWHQWLDO UHVXOWV IRU FRQVLGHUDWLRQ� KRZHYHU� LW LV QRW DQ 
H[KDXVWLYH OLVW� 2XU LGHDV DUH IRFXVHG RQ VWDWH HQWLWLHV� 5HFRJQL]LQJ WKHUH LV D GHJUHH RI 
FURVVRYHU� ZH EHOLHYH WKH XQLTXH DWWULEXWHV RI QRQ�VWDWH HQWLWLHV ZDUUDQW VHSDUDWH FRQVLG�
HUDWLRQ�
Lesson #1 ± $ +LJKO\ &RQWDJLRXV 3DWKRJHQ &DQ 5DSLGO\ 6SUHDG 7KURXJKRXW WKH *OREH�

5HVXOW 'HOLEHUDWH GHSOR\PHQW RI D KLJKO\ FRQWDJLRXV OHWKDO SDWKRJHQ �+&/3� ZLOO DOVR 
LQIHFW WKH GHSOR\LQJ VWDWH� WKHUHIRUH� LW LV XQOLNHO\ WR EH GHYHORSHG�

5HVXOW IQWHUQDWLRQDO UHVSRQVH WR GHOLEHUDWH GHSOR\PHQW RI DQ +&/3 ZRXOG OLNHO\ LQFOXGH 
VHYHUH VDQFWLRQV DQG SXQLVKPHQW RI WKH GHSOR\LQJ VWDWH¶V OHDGHUV�
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5HVXOW 7KH GHSOR\LQJ VWDWH FRXOG SUH�YDFFLQDWH D SDUWLFXODU VHJPHQW RI WKHLU SHRSOH DQG 
DOORZ HQRXJK RI WKHLU SRSXODWLRQ WR EHFRPH LQIHFWHG WR GHÀHFW UHVSRQVLELOLW\� 7KLV 
FRXOG VXSSRUW GRPLQDQFH RQ WKH RWKHU VLGH RI WKH SDQGHPLF� (YHQ ZLWK D YDFFLQH 
DQG LQRFXODWLRQ LQIUDVWUXFWXUH� GHSOR\LQJ DQ +&/3 LV DQ DOO�RU�QRQH SURSRVLWLRQ� 
WKH VSUHDG PD\ QRW EH FRQWUROODEOH�

5HVXOW 7KH GHSOR\LQJ VWDWH FRXOG GHYHORS WKHUDSLHV DQG RWKHU PHDQV WR EROVWHU LPPXQH 
UHVSRQVH WR ORZHU LQWHUQDO YXOQHUDELOLW\ SULRU WR GHSOR\PHQW� 7KH UDSLG GHYHORS�
PHQW RI FDSDELOLWLHV FRXOG DOVR EH XVHG WR HVWDEOLVK VFLHQWL¿F GRPLQDQFH DQG 
H[SORLWHG DV D YDOXDEOH FRPPRGLW\ ZLWKLQ WKH LQWHUQDWLRQDO FRPPXQLW\ ± LQIHFW WKH 
ZRUOG FODQGHVWLQHO\� WKHQ VDYH WKH ZRUOG SXEOLFO\ ZLWK D TXLFNO\ GHYHORSHG� DQG 
KLJKO\ SUR¿WDEOH� WKHUDSHXWLF�

5HVXOW 'HYHORSLQJ %: FDSDELOLW\ PD\ EH DQ DႇRUGDEOH DQG DWWDLQDEOH GHWHUUHQW IRU VWDWHV 
ZLOOLQJ WR ULVN GLVHDVLQJ WKHLU FLWL]HQV� ORVV RI DOO\ VXSSRUW� RU LQWHUQDWLRQDO FRQGHP�
QDWLRQ�

Lesson #2 ± $ 3DQGHPLF &DQ &DXVH 7UHPHQGRXV 6RFLDO DQG (FRQRPLF 'LVDVWHU�   
5HVXOW 7KH DELOLW\ WR GLVUXSW VWDWH VRFLRHFRQRPLF VWUXFWXUH LV SRZHUIXO DQG LV OLNHO\ WR 

PRWLYDWH VWDWH LQWHUHVW LQ +&/3 DV %:�

5HVXOW 6WDWHV IRFXVHG RQ GHYHORSLQJ +&/3 %: ZLOO ZHLJK WKH FKDOOHQJHV RI FRQWUROOLQJ 
DQG UHVWULFWLQJ WKH UDQJH RI LQIHFWLRQ ZLWK DJHQW GHSOR\PHQW� 7KH SDQGHPLF 
GHPRQVWUDWHV WKDW WKH DJHQW PXVW VSUHDG HDVLO\ WR FDXVH ODUJH�VFDOH UHVWULFWLRQV 
DQG IHDU� 7KH ULVN RI LQWHUQDO VRFLRHFRQRPLF GHYDVWDWLRQ PD\ GHWHU GHYHORSPHQW 
RI +&/3 %:�

Lesson #3 ± 7KH 3XEOLF +HDOWK IQIUDVWUXFWXUH RI 0RVW 'HYHORSHG 1DWLRQV IV 1RW $GHTXDWH 
WR 5HVSRQG WR D 3DQGHPLF�
5HVXOW +&/3 %: DJHQWV PD\ EH FRQVLGHUHG DV DQ LQLWLDO VWHS LQ DQ RYHUDOO VWUDWHJ\� 

VXႈFLHQWO\ ZHDNHQLQJ D FRXQWU\ WKXV UHGXFLQJ WKHLU DELOLW\ WR UHVSRQG WR DQRWKHU 
IRUP RI DJJUHVVLRQ��

5HVXOW 6WDWHV PD\ FRQVLGHU DQ RႇHQVLYH %: SURJUDP DV DQ HFRQRPLF ZD\ WR 
FUHDWH VWURQJ GHWHUUHQFH� LW LV UHODWLYHO\ LQH[SHQVLYH WR GHYHORS \HW FUHDWHV 
WKH SRZHU WR GHVWDELOL]H QDWLRQV�

5HVXOW +&/3V WKDW KDYH QR SULRU YDFFLQDWLRQ LPSOHPHQWDWLRQ KLVWRU\ ZLOO KDYH D OHQJWK�
LHU WKHUDSHXWLF GHYHORSPHQW SKDVH FRPSDUHG WR QRYHO VWUDLQV RI SDWKRJHQV 
ZKHUH YDFFLQH GHYHORSPHQW VWUDWHJLHV DUH DOUHDG\ LQ SODFH� )RU H[DPSOH� WKH 
WLPH WR D YDFFLQH IRU D QRYHO LQÀXHQ]D VWUDLQ LV OLNHO\ PXFK VKRUWHU GXH WR PXOWL�
SOH GHFDGHV RI YDFFLQH GHYHORSPHQW FRPSDUHG WR FRURQDYLUXVHV ZKHUH WKHUH LV 
QR YDFFLQH KLVWRU\�
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Lesson #4 ± 0LVLQIRUPDWLRQ &DQ 6SHHG WKH 6SUHDG RI D &RQWDJLRQ DQG IPSDFW WKH 5H�
VSRQVH LQ D 0DQQHU 7KDW )RVWHUV 'LVHDVH 3URSDJDWLRQ�
5HVXOW IQFRUSRUDWLQJ VWUDWHJLF GHFLVLRQV� VXFK DV XQGHUUHSRUWLQJ VWDWLVWLFV DQG SURYLG�

LQJ IDOVH LQIRUPDWLRQ DERXW GLVHDVH WUDQVPLVVLRQ� FDQ DPSOLI\ WKH LPSDFW LI GH�
SOR\LQJ DQ +&/3 %:�

Lesson #5 ± IQFRUUHFW 'DWD 6NHZV WKH 0RGHOV 8VHG E\ &RXQWULHV DV D )RXQGDWLRQ LQ 
5HVSRQVH 'HFLVLRQ 0DNLQJ�
5HVXOW 'HSOR\LQJ VWDWHV UHSRUW GDWD WKDW ZLOO NQRZLQJO\ VNHZ WKH PRGHOV WR JDLQ VWUD�

WHJLF DGYDQWDJH� PDQLSXODWLQJ LQLWLDO UHVSRQVHV XQWLO DႇHFWHG FRXQWULHV REWDLQ 
HQRXJK LQWHUQDO GDWD WR FRUUHFW LQSXW WR PRGHOV�

5HVXOW 'HSOR\LQJ VWDWHV PD\ VHHN WR GHYHORS F\EHU�LQWUXVLYH PHDQV WR PDQLSXODWH 
PRGHOV� WR LQFOXGH LQWUXVLRQ RI GDWD UHSRUWLQJ V\VWHPV� GDWD SRROV� RU GDWD DQDO\�
VLV V\VWHPV WR JDLQ DGYDQWDJHV WKURXJK WKH PDQLSXODWLRQ RI UHVSRQVH GHFLVLRQV�

Lesson #6 ± &RXQWULHV ZKLFK DUH UHVLOLHQW� DQG ZLOOLQJ WR DGKHUH WR JRYHUQPHQW UHVWULF�
WLRQV� DFFHSW DHJDWLYH HFRQRPLF FRQVHTXHQFHV� DQG DFFHSW WHPSRUDU\ ORVV RI IUHHGRP LQ 
2UGHU WR 6DYH /LYHV�
5HVXOW *LYHQ UHVLOLHQF\� VWDWHV FRQVLGHULQJ WKH XVH RI +&/3 %: ZLOO DOVR GHYHORS ZD\V 

WR EUHDN DOWUXLVWLF VSLULW E\ FUHDWLQJ IHDU RI SHUVRQDO ORVV WKDW SHRSOH DUH ZLOOLQJ 
WR WXUQ RQ IHOORZ FLWL]HQV�

5HVXOW 6WDWHV FRQVLGHULQJ GHYHORSPHQW� RU XVH� RI +&/3 %: PD\ UHWUHDW EHFDXVH LQ�
WHUQDWLRQDO UHVLOLHQFH DQG VROLGDULW\ LV VWURQJHU WKDQ SUHYLRXVO\ EHOLHYHG�

Lesson #7 ± :HDNQHVVHV DQG 6WUHQJWKV LQ 6XSSO\ &KDLQV %HFDPH +LJKO\ 9LVLEOH LQ WKH 
&29I'��� 3DQGHPLF 5HVSRQVH�
5HVXOW 'HSOR\LQJ VWDWHV PD\ VHHN ZD\V WR GLVUXSW WKH VXSSO\ FKDLQ LQ RUGHU WR IXUWKHU 

LQWHQVLI\ WKH LPSDFW RI DQ RXWEUHDN�

5HVXOW 'HSOR\LQJ VWDWHV PD\ VHHN ZD\V WR OHYHUDJH DVSHFWV RI WKH VXSSO\ FKDLQ WKDW 
DUH XQGHU LWV FRQWURO �H�J�� FULWLFDO OLIHVDYLQJ WKHUDSHXWLFV� DFWLYH SKDUPDFHXWLFDO 
LQJUHGLHQWV� DQG RWKHU PHGLFDO FRXQWHUPHDVXUHV VXFK DV SHUVRQDO SURWHFWLYH 
HTXLSPHQW�� 

Lesson #8 ± 6KLSV $UH (VSHFLDOO\ 6XVFHSWLEOH WR WKH 6SUHDG RI +LJKO\ &RQWDJLRXV 'LV�
HDVH�
5HVXOW 'HSOR\LQJ VWDWHV PD\ VHHN WR GLVDEOH QDYDO GHIHQVH E\ DWWDFNLQJ QDYDO YHVVHOV�

5HVXOW 'HSOR\LQJ VWDWHV PD\ IRFXV RQ FUXLVH VKLSV DV DQ HႇHFWLYH PHDQV RI %: WUDQV�
PLVVLRQ�
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5HVXOW 'HSOR\LQJ VWDWHV PD\ IRFXV RQ LQIHFWLQJ FUHZV RQ FDUJR VKLSV LQ RUGHU WR GLVUXSW 
WKH LQWHUQDWLRQDO VXSSO\ FKDLQ �H�J�� PHGLFDWLRQV� PHGLFDO VXSSOLHV� IRRG GLVWUL�
EXWLRQ� DQG RLO VXSSO\��

Lesson #9 ± 3DQGHPLFV &DQ 'LVUXSW (OHFWLRQ 3URFHVVHV�
5HVXOW 6WDWHV PD\ GHYHORS DQ RႇHQVLYH +&/3 %: FDSDELOLW\ IRU FRQVLGHUDWLRQ DV D 

PHDQV E\ ZKLFK WR VKDSH LQWHUQDWLRQDO HOHFWLRQV WR IDYRU WKH GHSOR\LQJ VWDWH�

Lesson #10 ± 3DQGHPLFV FDQ $ႇHFW 6HJPHQWV LQ 6RFLHW\ LQ 'LYHUJHQW :D\V�
5HVXOW 'HSOR\LQJ VWDWHV FRXOG H[SORLW VRFLRHFRQRPLF ¿VVXUHV UHVXOWLQJ IURP WKH SDQ�

GHPLF WR FUHDWH XQUHVW DQG JDLQ OHYHUDJH LQ VWUDWHJLF FRXQWULHV� 

What Might Be Next?
7KHVH WHQ OHVVRQV KDYH WKH SRWHQWLDO WR UHQHZ LQWHUHVW LQ VPDOO�VFDOH FODQGHVWLQH ELRORJL�
FDO ZHDSRQV SURJUDPV E\ VWDWHV ZLWKLQ WKH %7:& UHJLPH� 7KHVH SURJUDPV ZRXOG QRW EH 
RQ WKH OHYHO RI 6RYLHW�VW\OH ODUJH�VFDOH SURJUDPV� IQVWHDG� WKH\ ZRXOG FRQVLVW RI YHU\ VPDOO 
RSHUDWLRQV WKDW FRXOG VWDQG XS LQ H[LVWLQJ VWDWH IDFLOLWLHV RU EH GLVJXLVHG ZLWKLQ ELRSKDUPD�
FHXWLFDO GXDO�XVH IDFLOLWLHV� 7KH JRDO RI WKHVH SURJUDPV ZRXOG EH WR XVH QRQ�DWWULEXWDEOH 
%: DJHQWV WR GLVUXSW D FRXQWU\¶V VRFLRHFRQRPLF VWUXFWXUH� 1R ORQJHU ZLOO WKH IRFXV EH WR 
JDLQ PLOLWDU\ VXSUHPDF\ E\ WDUJHWLQJ VROGLHUV� LQVWHDG� WKH VWUDWHJ\ ZLOO EH WR PDQLSXODWH 
HQYLURQPHQWV WR WKH GHSOR\LQJ WKH VWDWH¶V DGYDQWDJH� 

IW LV XQOLNHO\ WKDW VWDWHV ZRXOG XVH WUDGLWLRQDO ELRORJLFDO DJHQWV OLNH WKRVH RQ WKH ³6HOHFW 
$JHQW /LVW´� UDWKHU� WKH\ ZLOO H[SORLW QHZ DQG HPHUJLQJ LQIHFWLRXV GLVHDVHV ZLWK SURSHUWLHV 
VXLWDEOH WR FUHDWH D SDQGHPLF� )XUWKHU� HႇRUWV DUH XQOLNHO\ WR IRFXV RQ JHQHWLFDOO\ PRGL�
I\LQJ DQ DJHQW EHFDXVH WKLV FRXOG OHDG WR DWWULEXWLRQ RU VXVSLFLRQ RI LQWHQWLRQDO XVH� 7KH 
&29I'��� SDQGHPLF SXEOLFO\ UHYHDOHG PLFURELDO IRUHQVLF FDSDELOLWLHV WKURXJK QHZV DERXW 
JHQHWLF PRGL¿FDWLRQ DVVHVVPHQWV� 7R RYHUFRPH WKH FKDOOHQJH RI OLPLWLQJ� SUHYHQWLQJ� RU 
FRQWUROOLQJ WKH GDPDJH WR WKHLU RZQ QDWLRQ ZKLOH FUHDWLQJ WKH GHVLUHG OHYHO RI GHYDVWD�
WLRQ H[WHUQDOO\� VWDWHV PD\ FRQVLGHU UHVHDUFKLQJ ELRORJLFDO DJHQWV ZLWK VHDVRQDO F\FOHV 
EHFDXVH WKH\ PD\ KDYH HႇHFWLYH WHVWLQJ SURWRFROV DQG WKH JUHDWHU RXWEUHDN SODXVLELOLW\ 
SURYLGHV DGYDQWDJHV� $SSO\LQJ WKLV FRQFHSW WR WKH &29I'��� SDQGHPLF� GHSOR\PHQW LQ 
FRXQWULHV ZLWK KLJK LQIHFWLRXV GLVHDVH EXUGHQV²WR LQFOXGH HQGHPLF UHVSLUDEOH GLVHDVHV 
VXFK DV WXEHUFXORVLV²FRXOG KDYH H[SRQHQWLDOO\ ZRUVH KHDOWK RXWFRPHV�

$WWULEXWLRQ IRU WKLV W\SH RI DWWDFN ZRXOG EH FRQVLGHUDEO\ GLႈFXOW LI D QHZ RU HPHUJLQJ LQ�
IHFWLRXV GLVHDVH LV HPSOR\HG� HVSHFLDOO\ JLYHQ KRZ TXLFNO\ RXU JOREDO HFRQRP\ VXSSRUWV 
WKH VSUHDG RI GLVHDVH DQG WKDW PDQ\ GHYHORSHG QDWLRQV DUH QRW FDSDEOH RI HႇHFWLYHO\ 
FRQWDLQLQJ DQ RXWEUHDN� 7KHUHIRUH� D UHQHZHG LQWHUHVW LQ ELRORJLFDO ZHDSRQV� VSHFL¿FDOO\ 
QRQ�WUDGLWLRQDO %: GHYHORSPHQW� LV D OLNHO\ UHVXOW RI WKH &29I'��� SDQGHPLF� )XUWKHU� WKH 
&29I'��� SDQGHPLF PD\ KDYH ORZHUHG WKH WKUHVKROG IRU XVH RI QRQ�WUDGLWLRQDO %: ZKHQ 
WKH WDUJHW LV VRFLRHFRQRPLF DQG ZLOO FUHDWH DPELJXRXV FLUFXPVWDQFHV WKDW DUH LQKHUHQWO\ 
GHQLDEOH�

7KH WLPLQJ RI D SRVW�&29I'��� SDQGHPLF DWWDFN LV DQ LPSRUWDQW FRQVLGHUDWLRQ� /HVVRQV 
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OHDUQHG E\ VWDWHV DႇHFWHG IURP WKH SDQGHPLF DUH OLNHO\ WR LPSURYH UHVSRQVHV WR D QHZ 
HPHUJLQJ SDWKRJHQ LQ WKH QHDU WHUP� +RZHYHU� HYLGHQFH LQ WKH JOREDO UHVSRQVH WR WKH 
&29I'��� SDQGHPLF LQGLFDWHV WKDW OHVVRQV IURP WKH SDVW PD\ GLPLQLVK RYHU WLPH DQG WKDW 
VWDWHV PD\ VWUXJJOH WR PDLQWDLQ FRQVWDQW YLJLODQFH WR UHVSRQG WR DOO WKUHDWV� $VVHVVPHQW RI 
WLPLQJ LQ UHODWLRQVKLS WR QDWXUDOO\ RFFXUULQJ GLVHDVH HYHQWV PD\ LPSDFW WKH HႇHFWLYHQHVV 
RI GHSOR\LQJ D QRQ�WUDGLWLRQDO %:�
7KH DIWHUPDWK RI WKH &29I'��� SDQGHPLF ZLOO SURYLGH YDOXDEOH LQIRUPDWLRQ WR VWDWHV DERXW 
WKH UHVLOLHQF\ RI D WDUJHW DQG WKH W\SHV RI RXWFRPHV D VWDWH FDQ DQWLFLSDWH ZKHQ RSWLQJ WR 
GHSOR\ DQ +&/3 %:� IW LV LPSRUWDQW WKDW WKH 8�6� QDWLRQDO VHFXULW\ FRPPXQLW\ LV PLQGIXO RI 
WKH NQRZOHGJH WKDW DGYHUVDULHV KDYH JDLQHG IURP D VSHFL¿F 8�6� UHVSRQVH DV ZHOO DV IURP 
KRZ RXU DOOLHV KDYH UHDFWHG WR WKH &29I'��� SDQGHPLF� +LVWRU\ FRQVLVWHQWO\ FRQYH\V RXU 
HQHPLHV DUH OHDUQLQJ IURP RXU DFWLRQV WR PDNH FDOFXODWHG UHVRXUFH LQYHVWPHQW GHFLVLRQV 
WR GHIHDW WKH 8QLWHG 6WDWHV�
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Introduction 

7KH 1DWLRQDO 6HFXULW\ 6WUDWHJ\ RI WKH 8QLWHG 6WDWHV �166� OLVWV :HDSRQV RI 0DVV 'HVWUXF�
WLRQ �:0'� DV WKH KLJKHVW SULRULW\ WKUHDW WR WKH 8�6� +RPHODQG�� :LWKLQ WKDW WKUHDW� WKH 
166 SULPDULO\ IRFXVHV RQ FRQYHQWLRQDO EDOOLVWLF PLVVLOH QXFOHDU DWWDFNV IURP VWDWH DFWRUV� 
ZLWK DGGLWLRQDO FRQVLGHUDWLRQ JLYHQ WR FKHPLFDO ZHDSRQV �&:� DQG ELRORJLFDO ZHDSRQV 
�%:� DWWDFNV E\ ERWK VWDWH DQG QRQ�VWDWH DFWRUV�  $V HQHPLHV RI WKH 8QLWHG 6WDWHV DFWLYHO\ 
VHHN QHZ :0' WHFKQRORJLHV WR KDUP $PHULFD DQG LWV LQWHUHVWV� VRPH VXEVWDQFHV DQG 
DJHQWV DUH FXUUHQWO\ DYDLODEOH ZKRVH OHWKDOLW\ PDWFKHV WUDGLWLRQDO :0'V EXW DUH QRW FRQ�
VLGHUHG :0'V�  2QH VXFK VXEVWDQFH LV &DUIHQWDQLO� DQ ³XOWUD�SRWHQW´ V\QWKHWLF RSLRLG WKDW 
LV DYDLODEOH WKURXJK LOOLFLW GUXJ PDUNHWV RU HDVLO\ V\QWKHVL]HG SULYDWHO\�ð   &DUIHQWDQLO LV VR 
SRWHQW WKDW� LQ 2���� WKH 'UXJ (QIRUFHPHQW $GPLQLVWUDWLRQ �'($� LVVXHG D SXEOLF ZDUQLQJ 
VWDWLQJ WKDW RQO\ SURSHUO\ WUDLQHG DQG SURWHFWHG ODZ HQIRUFHPHQW SHUVRQQHO VKRXOG KDQGOH 
VXEVWDQFHV VXVSHFWHG WR EH &DUIHQWDQLO�ñ  :LWK DQ RQJRLQJ RSLRLG FULVLV� FRXSOHG ZLWK 
SHUVLVWHQW JOREDO :0' WKUHDWV� WKHUH DUH VXႈFLHQW JURXQGV IRU DWWHQWLRQ WR EH JLYHQ WR D 
SRVVLEOH WKUHDW SRVHG E\ &DUIHQWDQLO�

7KH SXUSRVH RI WKLV UHVHDUFK� WKHQ� LV WR LQYHVWLJDWH &DUIHQWDQLO¶V SRWHQWLDO IRU FRQVLG�
HUDWLRQ DV D :0'�  $ VHULHV RI DQDO\VLV EDVHG RQ 'HSDUWPHQW RI 'HIHQVH �'2'� -RLQW 
'RFWULQH� 8�6� QDWLRQDO :0' SROLF\� DQG WKH 2UJDQL]DWLRQ IRU WKH 3URKLELWLRQ RI &KHPLFDO 
:HDSRQV �23&:� &KHPLFDO :HDSRQV &RQYHQWLRQ �&:&� ZLOO EH XVHG WR DFFRPSOLVK 
WKLV LQYHVWLJDWLRQ�  )LUVW� WKLV VWXG\ FRQGXFWV D TXDQWLWDWLYH DQDO\VLV RI &DUIHQWDQLO E\ LWV 
FRPSDULVRQ WR WKH FKDUDFWHULVWLFV RI WUDGLWLRQDO FKHPLFDO ZHDSRQV XVLQJ GH¿QLWLRQV DQG 
GDWD IURP 23&: )DFW 6KHHWV� WKH &:&� DQG '2' -RLQW 3XEOLFDWLRQV� 1H[W� D TXDOLWD�
WLYH DQDO\VLV ZLOO DVVHVV DQ DFWRU¶V FDSDELOLW\ WR GHYHORS &DUIHQWDQLO LQWR D :0' WKUHDW 
XVLQJ '2'¶V :HDSRQV RI 0DVV 'HVWUXFWLRQ $FWLYLW\ &RQWLQXXP�  )LQDOO\� WKLV VWXG\ XVHV 
D VFHQDULR DQDO\VLV WKDW DSSOLHV D ORJLF SURFHVV WR '2'¶V -RLQW 3ODQQLQJ 3URFHVV �-33� 
WR FRQFHSWXDOL]H WKH SRVVLEOH HPSOR\PHQW RI &DUIHQWDQLO DV D :0'�  7KHVH DQDO\VHV ZLOO 
FXOPLQDWH LQ QHDU�WHUP UHFRPPHQGDWLRQV IRU WKH -RLQW )RUFH DQG 8�6� SROLF\ PDNHUV LQ 
FRQVLGHUDWLRQ RI FODVVLI\LQJ &DUIHQWDQLO DV D :0' WKUHDW�
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&DUIHQWDQLO DOVR VKDUHV WKH UHVSRQVLELOLW\ IRU 
WKH GHDWKV RI RYHU ��� SHRSOH LQ D VLQJOH� 
GHOLEHUDWH LQFLGHQW�  IQ 2FWREHU 2��2� �� 
WHUURULVWV� SURWHVWLQJ 5XVVLD
V RFFXSDWLRQ 
LQ &KHFKQ\D� VWRUPHG D WKHDWHU LQ 0RVFRZ 
WDNLQJ ��� KRVWDJHV���   $IWHU WKUHH GD\V 
RI QHJRWLDWLRQV DQG VNLUPLVKHV� 5XVVLDQ 
6SHW]QD] �6SHFLDO )RUFHV�� XVHG WKH WKH�
DWHU
V YHQWLODWLRQ V\VWHP WR GLUHFW DQ XQ�
NQRZQ DHURVRO LQWR WKH DXGLWRULXP� $FFRUG�
LQJ WR ¿UVW UHVSRQGHU UHSRUWV� �2� KRVWDJHV� 
VXFFXPEHG WR XQFRQVFLRXVQHVV DQG GHDWK 
ZLWKRXW VWUXJJOH ZLWKLQ VHFRQGV���  :KLOH 
WKH 5XVVLDQ JRYHUQPHQW QHYHU GLVFORVHG 
WKH VXEVWDQFH UHOHDVHG LQWR WKH WKHDWHU LQ�
GHSHQGHQW VWXGLHV RI VXUYLYRUV UHYHDOHG 
WKDW WKH DHURVRO FRQWDLQHG DW OHDVW WZR )HQ�
WDQ\O DQDORJXHV LQFOXGLQJ GLUHFW HYLGHQFH RI 
&DUIHQWDQLO���  7KLV SXEOLF LQFLGHQW KLJKOLJKW�
HG WKH SRVVLEOH HPSOR\PHQW RI &DUIHQWDQLO 
DV DQ DHURVRO DQG GHPRQVWUDWHG LWV OHWKDO 
FDSDFLW\ DW VFDOH�

Quantitative Analysis of Carfentanil 
as a Chemical Weapon

7KH &:& GH¿QHV &: LQ WKUHH SDUWV� �� WR[LF 
FKHPLFDOV DQG WKHLU SUHFXUVRUV� 2� PXQLWLRQV 
DQG GHYLFHV XVHG WR NLOO RU LQMXUH KXPDQV 
WKURXJK WKHLU GHOLYHU\ RI WR[LF FKHPLFDOV DQG 
WKHLU SUHFXUVRUV� DQG� ��  DQ\ HTXLSPHQW 
XVHG WR EXLOG WKRVH PXQLWLRQV DQG GHYLFHV���  
$V RQH RI ��� VLJQDWRULHV RI WKH &:&� WKH 
8QLWHG 6WDWHV� DQG E\ H[WHQVLRQ WKH '2'� 
FODVVL¿HV FKHPLFDO DJHQWV LQWR IRXU FDWHJR�
ULHV EDVHG RQ WKHLU SK\VLRORJLFDO HႇHFWV RQ 
WKH ERG\� FKRNLQJ� EOLVWHU� EORRG� DQG QHUYH 
DJHQWV� '2' IXUWKHU VSHFL¿HV FKHPLFDO 
DJHQWV E\ W\SH� WUDGLWLRQDO� QRQ�WUDGLWLRQDO� 
WR[LF LQGXVWULDO� DQG ULRW FRQWURO DJHQWV� )L�
QDOO\� ERWK 23&: DQG '2' FKDUDFWHUL]H 
&: E\ WKHLU UDWH RI DFWLRQ� OHWKDO DPRXQW� 
WKH IRUP RI GLVSHUVDO� URXWHV RI HQWU\� DQG 
SHUVLVWHQF\���   %DVHG RQ WKHVH GH¿QLWLRQV 
DQG FKDUDFWHULVWLFV� D FRPSDUDWLYH PRGHO RI 
WKH PRVW OHWKDO &: DJHQWV FDQ EH GHULYHG� 
DV SUHVHQWHG LQ 7DEOH ��

Background
CDUIHQWDQLO LV D V\QWKHWLF RSLRLG GHYHORSHG 
LQLWLDOO\ LQ ���� E\ -DQVVHQ 3KDUPDFHXWLFD 
WR EH D ODUJH DQLPDO WUDQTXLOL]HU�຾  &DUIHQW�
DQLO LV DQ DQDORJXH RI )HQWDQ\O� DQ DQDOJH�
VLF XVHG WR WUHDW FKURQLF SDLQ�຿  )HQWDQ\O KDV 
DQ LQWHUQDWLRQDO GHVLJQDWLRQ DV DQ HVVHQWLDO 
GUXJ IRU FDQFHU SDLQ PDQDJHPHQW� IQ FRQ�
WUDVW� &DUIHQWDQLO� ZKRVH FRPPHUFLDO PDQ�
XIDFWXUH FHDVHG LQ 2���� LV QRZ FRQWUROOHG 
E\ UHJLVWUDWLRQ WKURXJK WKH 'UXJ (QIRUFH�
PHQW $JHQF\ �'($��� �  &DUIHQWDQLO LV KLJKO\ 
SRWHQW� LW LV ������ WLPHV PRUH SRWHQW WKDQ 
PRUSKLQH DQG ��� WLPHV WKDW RI )HQWDQ\O�ແ  
7ZR PLOOLJUDPV RI &DUIHQWDQLO DFFLGHQWDOO\ 
LQJHVWHG RU FRQWDFWLQJ WKH VNLQ FDQ FDXVH 
OHWKDO UHVSLUDWRU\ DUUHVW ZLWKLQ PLQXWHV�๥   
1DOR[RQH �NQRZQ FRPPHUFLDOO\ DV 1DUFDQ� 
FDQ UHYHUVH WKH HႇHFWV RI &DUIHQWDQLO RYHU�
GRVH� EXW PXOWLSOH GRVHV PD\ EH UHTXLUHG WR 
FRXQWHUDFW WKH SRWHQF\ RI &DUIHQWDQLO���

/LNH RWKHU V\QWKHWLF RSLRLGV� &DUIHQWDQLO LV 
D KLJKO\ VRXJKW DIWHU GUXJ LQ LOOLFLW PDUNHWV� 
'HVSLWH UHFHQW LQWHUQDWLRQDO HႇRUWV WR FXUE 
DFFHVV WR LWV FRPSRQHQW VXEVWDQFHV �SUH�
FXUVRUV�� &DUIHQWDQLO LV VWLOO DYDLODEOH LOOLFLW�
O\� DQG SURGXFHUV DGG VPDOO DPRXQWV RI WKH 
GUXJ WR KHURLQ� PDULMXDQD� DQG FRFDLQH WR 
ERRVW WKHLU SRWHQF\���   7KLV DFWLYLW\ KDV UH�
VXOWHG LQ DQ H[SRQHQWLDO ULVH LQ RYHUGRVH 
GHDWKV DWWULEXWHG WR &DUIHQWDQLO�  IQ D 2��� 
&HQWHUV IRU 'LVHDVH &RQWURO UHSRUW� RYHU 
��2�� GHDWKV ZHUH GXH WR &DUIHQWDQLO RYHU�
GRVH EHWZHHQ -XO\ 2��� DQG -XQH 2���� 
ZLWK D ��� LQFUHDVH LQ GHDWKV LQ WKH ODVW VL[ 
PRQWKV RI WKH VWXG\��2   5HSRUWLQJ DQG VWD�
WLVWLFV RQ &DUIHQWDQLO VHL]XUHV� KRZHYHU� DUH 
XQUHOLDEOH� :KHQ ODZ HQIRUFHPHQW DJHQFLHV 
�/($V� VHL]H )HQWDQ\O DQG LWV DQDORJXHV� 
LQ PRVW FDVHV� WKH VHL]XUHV DUH JHQHUDOO\ 
FODVVL¿HG DV ³)HQWDQ\O´ ZLWKRXW WKH VSHFL¿F 
DQDO\VLV WR GHWHUPLQH LI DQ\ RI WKH GUXJV DUH 
&DUIHQWDQLO���
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7KHUH LV D VFLHQWL¿F SUHFHGHQW IRU FRPSDU�
LQJ GLVVLPLODU :0' DJHQWV WR &: DJHQWV�  
IQ ³7R[LQV DV :HDSRQV RI 0DVV 'HVWUXFWLRQ�´ 
'U� -DPHV 0DGVHQ� D &OLQLFDO &RQVXOWDQW DW 
WKH 8QLWHG 6WDWHV $UP\ 0HGLFDO 5HVHDUFK 
IQVWLWXWH RI &KHPLFDO 'HIHQVH� FRPSDUHV 
WR[LQV �SRLVRQV SURGXFHG E\ OLYLQJ RUJDQ�
LVPV� WR FKHPLFDO DQG ELRORJLFDO ZHDSRQV 
DFURVV VHYHUDO FKDUDFWHULVWLFV� WR LQFOXGH 
WR[LFLW\� URXWH RI HQWU\� DQG SHUVLVWHQFH���  
:KLOH &DUIHQWDQLO  ZDV QRW H[SUHVVO\ GH�
YHORSHG IRU XVH DV D &:� WKH &:& DOORZV 

IRU LWV FRQVLGHUDWLRQ DV D &:�  8QGHU WKH 
&:&¶V JHQHUDO�SXUSRVH FULWHULRQ DQ\ WR[LF 
FKHPLFDO RU LWV SUHFXUVRUV FDQ EH FRQVLG�
HUHG D &: GHSHQGLQJ RQ LWV LQWHQGHG SXU�
SRVH�2�   6LQFH WKH &:& RQO\ GH¿QHV ZKLFK 
XVHV IRU WR[LF FKHPLFDOV DQG WKHLU SUHFXU�
VRUV DUH SURKLELWHG� FRQVLGHULQJ &DUIHQWDQLO 
DV D FKHPLFDO :0' ZRXOG EH DSSURSULDWH 
VKRXOG DQ DFWRU FKRRVH WR HPSOR\ LW WR NLOO 
RU LQMXUH RWKHUV� 7KXV� WKH &: FRPSDUDWLYH 
PRGHO XVHG HDUOLHU FDQ LQFOXGH &DUIHQWDQLO 
IRU DQDO\VLV� DV GHSLFWHG LQ 7DEOH 2�

7DEOH �� &RPSDUDWLYH 0RGHO RI &KHPLFDO :HDSRQV $JHQWV�

7DEOH 2� &RPSDUDWLYH 0RGHO RI &KHPLFDO :HDSRQV $JHQWV DQG &DUIHQWDQLO�
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%\ REMHFWLYH FKDUDFWHULVWLFV� &DUIHQWDQLO LV 
FRPSDUDEOH WR QHUYH &:V�  /LNH 6DULQ DQG 
6RPDQ� &DUIHQWDQLO FDQ EH GLVSHUVHG DV DQ 
DHURVRO WR DFKLHYH D YHU\ UDSLG UDWH RI DFWLRQ 
�ZLWKLQ PLQXWHV��  6LPLODU WR 9;� &DUIHQWDQLO 
LV YHU\ SHUVLVWHQW� DV HYLGHQFHG E\ LWV UHVL�
GXH EHLQJ SUHVHQW RQ WKH FORWKLQJ RI VXUYL�
YRUV RI WKH 5XVVLDQ WKHDWHU KRVWDJH FULVLV 
WZR GD\V DIWHU WKH VLHJH HQGHG�2� $GGLWLRQ�
DOO\� OLNH DOO RI WKH SUHYLRXVO\ PHQWLRQHG &: 
DJHQWV� D OHWKDO GRVH RI &DUIHQWDQLO PD\ EH 
DEVRUEHG WKURXJK WKH VNLQ�

&DUIHQWDQLO� KRZHYHU� LV QRW D WUDGLWLRQDO &: 
DJHQW �FKRNLQJ� EOLVWHU� EORRG� RU QHUYH��  %\ 
'2' GH¿QLWLRQ� VLQFH &DUIHQWDQLO LQWHUIHUHV 
ZLWK WKH SURSHU IXQFWLRQ RI WKH FHQWUDO QHU�
YRXV V\VWHP �&16�� DQG DEXVHG DV DQ LOOLFLW 
GUXJ� LW ZRXOG EH FRQVLGHUHG D QRQWUDGLWLRQ�
DO LQFDSDFLWDQW�22 6SHFL¿FDOO\� DV D V\QWKHWLF 
RSLRLG DQDOJHVLF &DUIHQWDQLO LV D FDOPDWLYH 
WKDW GHSUHVVHV QRUPDO UHVSLUDWLRQ�  7KLV UH�
VSLUDWRU\ GHSUHVVLRQ LV WKH SULPDU\ SK\VLR�
ORJLFDO HႇHFW WKDW FDXVHV GHDWK IURP &DUIHQ�
WDQLO RYHUGRVH�2�   7KHUHIRUH� E\ WKH &:& 
DQG '2' GH¿QLWLRQV� &DUIHQWDQLO DV D FDOP�
DWLYH �LQFDSDFLWDWLQJ� DJHQW FDQ EH FRQVLG�
HUHG D FKHPLFDO :0'�

Qualitative Analysis of Carfentanil 
as a WMD Threat

II &DUIHQWDQLO LV FRQVLGHUHG D &:� WKHQ LW 
FRXOG DOVR EH FRQVLGHUHG D :0' WKUHDW�  $F�
FRUGLQJ WR WKH '2'� D &: EHFRPHV D WKUHDW 
ZKHQ LQWHQW MRLQV WKH FDSDELOLW\ WR GHYHORS 
&:V�2�   7KH 166 HVWDEOLVKHV WKH LQWHQW WR 
GHYHORS :0'V WR DWWDFN WKH 8QLWHG 6WDWHV 
DQG LWV LQWHUHVWV�  7KH 166 HPSKDVL]HV WKDW 
VWDWH DQG QRQ�VWDWH DFWRUV DUH DFWLYHO\ VHHN�
LQJ ZHDSRQV DQG WHFKQRORJLHV WR DWWDFN WKH 
8�6� KRPHODQG�2�   )RU WKHVH DFWRUV� &DUIHQ�
WDQLO UHSUHVHQWV D UHDG\ RSSRUWXQLW\ WR DFW 
DJDLQVW WKH 8QLWHG 6WDWHV�  7KH FDSDELOLW\ WR 
GHYHORS &DUIHQWDQLO LQWR D :0' FDQ EH HV�
WDEOLVKHG XVLQJ '2'¶V :0' $FWLYLW\ &RQWLQ�
XXP� DV VHHQ LQ )LJXUH ��

7KH :0' $FWLYLW\ &RQWLQXXP LV D SURFHVV 
XVHG WR LGHQWLI\ VL[ NH\ DFWLYLWLHV DQG GHFLVLRQ 
SRLQWV XVHG E\ D VWDWH RU QRQ�VWDWH DFWRU WR 
GHYHORS DQG HPSOR\ D :0'�2�   &DUIHQWDQLO LV 
XQLTXH LQ WKDW WKH ÀXLG QDWXUH RI WKH LQWHUQD�
WLRQDO LOOLFLW GUXJ WUDGH FRXOG FRPSOHWHO\ HQDEOH 
LWV DFTXLVLWLRQ DQG SUROLIHUDWLRQ�  7KHUHIRUH� DV 
WKH\ UHODWH WR &DUIHQWDQLO¶V SRWHQWLDO DV D &:� 
DFWLYLWLHV RQ WKLV FRQWLQXXP DUH HLWKHU DFFHOHU�
DWHG RU PDGH LUUHOHYDQW GXH WR WKH SHUVLVWHQFH 
RI LOOLFLW DFWLYLWLHV�

&RQFHSWXDOL]DWLRQ �DFFHOHUDWHG��  %HWZHHQ WKH 
5XVVLDQ WKHDWHU KRVWDJH FULVLV �DHURVROL]HG 
&DUIHQWDQLO�� LQFLGHQWV RI DFFLGHQWDO VNLQ FRQ�
WDFW E\ ODZ HQIRUFHPHQW RႈFHUV �SRZGHUHG 
&DUIHQWDQLO�� DQG IRUPDO VWXGLHV WHVWLQJ DHUR�
VROL]HG &DUIHQWDQLO RQ ODE DQLPDOV� DQ DFWRU 
GRHV QRW KDYH WR EH FUHDWLYH WR FRQFHSWXDOL]H 
&DUIHQWDQLO DV D FKHPLFDO :0'�  (DFK LQFL�
GHQW LQYROYLQJ D OHWKDO GRVH RI &DUIHQWDQLO LV D 
SURRI RI FRQFHSW RI LWV SRWHQWLDO XVH DV D &:�

IQIUDVWUXFWXUH DQG ([SHUWLVH 'HYHORSPHQW �LU�
UHOHYDQW��  $FFRUGLQJ WR 'U� 0XQGHU =DJDDU� D 
QHXURSKDUPDFRORJLVW DW 7H[DV 6RXWKHUQ 8QL�
YHUVLW\� PLQLPDO H[SHUWLVH RU LQIUDVWUXFWXUH LV 
UHTXLUHG WR V\QWKHVL]H &DUIHQWDQLO� 3UHFXU�

�)LJXUH �� :HDSRQV RI 0DVV 'HVWUXFWLRQ 
$FWLYLW\ &RQWLQXXP��
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VRUV DUH DYDLODEOH RQ WKH LQWHUQHW DQG FDQ EH 
VKLSSHG WR ³FODQGHVWLQH´ ODERUDWRULHV ZKHUH D 
FKHPLVW FDQ HDVLO\ PDQXIDFWXUH &DUIHQWDQLO 
IRU LOOLFLW GLVWULEXWLRQ DQG XVH�2�

3URGXFWLRQ �LUUHOHYDQW��  7KH LOOLFLW GUXJ WUDGH 
KDV PDGH &DUIHQWDQLO DQG LWV SUHFXUVRUV UHDG�
LO\ DYDLODEOH YLD WKH LQWHUQHW�  6KRXOG DQ DFWRU 
ZDQW WR IRUHJR V\QWKHVL]LQJ &DUIHQWDQLO WKHP�
VHOYHV� WKH\ FRXOG RUGHU RQH NLORJUDP �2�2 
SRXQGV� RQOLQH UHSUHVHQWLQJ HQRXJK &DUIHQ�
WDQLO WR NLOO ������� SHRSOH�2�

:HDSRQL]DWLRQ �DFFHOHUDWHG��  $V SUHVHQWHG 
LQ WKH SUHYLRXV VHFWLRQ RI WKLV VWXG\� &DUIHQ�
WDQLO� DV QRUPDOO\ V\QWKHVL]HG� LV DV OHWKDO DV 
WKH PRVW SRWHQW WUDGLWLRQDO QHUYH DJHQWV� $V 
WKH IRUPHU $VVLVWDQW 6HFUHWDU\ RI 'HIHQVH IRU 
1XFOHDU� &KHPLFDO DQG %LRORJLFDO 'HIHQVH 
3URJUDPV� $QGUHZ :HEHU VWDWHG VLPSO\ RI 
&DUIHQWDQLO� ³IW¶V D ZHDSRQ�´2�

'HSOR\PHQW �DFFHOHUDWHG��  7KH DYDLODELOLW\ 
DQG OHWKDOLW\ RI &DUIHQWDQLO EOXU WKH OLQH EH�
WZHHQ LWV FRQFHSWXDOL]DWLRQ DQG SRVVLEOH GH�
SOR\PHQW DV D &:�  $V '2' QRWHV� WKH SHU�
YDVLYHQHVV RI WKH DYDLODELOLW\ RI D FKHPLFDO 
ZHDSRQ PDNHV DWWULEXWLRQ WR D VSHFL¿F DFWRU 
YHU\ GLႈFXOW��� 7KXV� DQ DFWRU� ZKR QRZ KDV 
OLWWOH FRQFHUQ ZLWK EHLQJ LGHQWL¿HG� QHHGV RQO\ 
WR GHFLGH KRZ EHVW WR GLVWULEXWH DQ DPRXQW RI 
&DUIHQWDQLO WR DFKLHYH D PDVV FDVXDOW\� :0' 
HႇHFW �

8VH �DFFHOHUDWHG��  6HYHUDO FRXQWULHV� LQFOXG�
LQJ WKH 8�6�� KDYH LQYHVWLJDWHG WKH XVH RI 
FDOPDWLYH DJHQWV IRU ULRW FRQWURO���   IQ WKH FDVH 
RI &DUIHQWDQLO� LWV WKHUDSHXWLF LQGH[ �WKH PHD�
VXUH EHWZHHQ D VXEVWDQFH¶V WKHUDSHXWLF GRVH 
DQG WR[LF GRVH� LV VR QDUURZ� WKDW WKH ULVNV RI 
IDWDOLWLHV RXWZHLJK D EHQH¿FLDO RXWFRPH��2   $Q 
DFWRU SXUVXLQJ WKLV OHYHO RI OHWKDOLW\� KRZHYHU� 
RQO\ QHHGV D GDWH DQG D ORFDWLRQ WR GHSOR\ D 
&DUIHQWDQLO ZHDSRQ�

3ODFLQJ &DUIHQWDQLO ZLWKLQ WKH FRQWH[W RI WKH 
166 DQG WKH '2'¶V :0' $FWLYLW\ &RQWLQX�
XP PDNHV WKH WKUHDW RI LWV XVH DV D &: PRUH 

DSSDUHQW�  &:V� LQ JHQHUDO� SURYLGH D FRVW�HI�
IHFWLYH PHDQV IRU DQ DFWRU WR DWWDFN D ODUJH� 
GHQVHO\ SRSXODWHG DUHD���   &DUIHQWDQLO� KRZ�
HYHU� JLYHV DFWRUV ZLWK LOO�LQWHQW� QRW MXVW WKH 
FDSDELOLW\ WR GHYHORS� EXW UHDG\ DFFHVV WR DQ 
XOWUD�SRWHQW FDOPDWLYH DJHQW WKURXJK WKH LOOLFLW 
GUXJ PDUNHW�  %\ WKHVH TXDOLWDWLYH VWDQGDUGV 
&DUIHQWDQLO FDQ EH FRQVLGHUHG D :0' WKUHDW�

Discussion: Scenario Analysis of 
Carfentanil as a WMD

'HVSLWH WKH TXDQWLWDWLYH DQG TXDOLWDWLYH DQDO\�
VLV SUHVHQWHG� WKUHH FRXQWHUDUJXPHQWV FDQ EH 
PDGH WR VXSSRUW WKH DVVHUWLRQ WKDW &DUIHQWDQLO 
VKRXOG QRW EH FRQVLGHUHG D FKHPLFDO :0'� 
)LUVW� WKHUH DUH WUDGLWLRQDO &:V WKDW DUH ZLGH�
O\ DFFHVVLEOH WKURXJK OLFLW PHDQV�  $ SULPDU\ 
H[DPSOH LV WKH FKRNLQJ DJHQW FKORULQH� XV�
LQJ FKHPLFDOV DYDLODEOH LQ PRVW KRXVHKROGV� 
DQ DFWRU FDQ SURGXFH WKH VDPH FKORULQH JDV 
XVHG WR OHWKDO HႇHFW LQ :RUOG :DU I��� 6HFRQGO\� 
ZKLOH LW LV GHDGO\ LQ VPDOO DPRXQWV WR KXPDQV� 
&DUIHQWDQLO LV VWLOO XVHG DQG WLJKWO\ UHJXODWHG 
DV D ODUJH DQLPDO WUDQTXLOL]HU�  7KLV SUDFWL�
FDO DQG UHVSRQVLEOH XVH RI &DUIHQWDQLO FRXOG 
SUHFOXGH LWV FRQVLGHUDWLRQ DV D :0'�  /DVWO\� 
WKHUH LV WKH JHQHUDO QRWLRQ WKDW DQ\ GUXJ� LQ 
DQ H[FHVVLYH DPRXQW� FDQ EH SRLVRQRXV WR 
WKH KXPDQ ERG\�  7KLV DUJXPHQW VXSSRUWV WKH 
LGHD WKDW HYHQ LQQRFXRXV GUXJV �H�J�� DVSL�
ULQ� LEXSURIHQ� LQ VXႈFLHQW DPRXQWV� FRXOG EH 
ZHDSRQL]HG�

7KH REMHFWLYH UHDOLWLHV RI WKH DFFHVVLELOLW\ 
DQG SRWHQF\ RI &DUIHQWDQLO� KRZHYHU� QHJDWH 
WKHVH FRXQWHUDUJXPHQWV�  8QOLNH &DUIHQWDQLO� 
&:V V\QWKHVL]HG ZLWK OHJDO SUHFXUVRUV� UH�
TXLUH PHWULF WRQV RI FRPSRQHQW FKHPLFDOV WR 
DFKLHYH D ³VXႈFLHQWO\ ODUJH UHOHDVH�´��   $G�
GLWLRQDOO\� GHVSLWH VWULFW UHJXODWLRQV OLPLWLQJ LWV 
DYDLODELOLW\� &DUIHQWDQLO DQG LWV SUHFXUVRUV DUH 
DYDLODEOH LOOLFLWO\� FLUFXPYHQWLQJ UHVWULFWLRQV 
RQ LWV SURFXUHPHQW�  )LQDOO\� WKH DPRXQW� E\ 
ZHLJKW� RI RYHU�WKH�FRXQWHU DQDOJHVLFV QHFHV�
VDU\ WR DFKLHYH D OHWKDO HႇHFW LQ RQH KXPDQ� 
H[FHHGV WKDW RI &DUIHQWDQLO E\ VHYHUDO RUGHUV 
RI PDJQLWXGH �H�J�� !������������ PJ RI IEX�
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SURIHQ� FRPSDUHG WR 2 PJ RI &DUIHQWDQLO���� 

&RQWH[W� WKHUHIRUH� LV SDUDPRXQW LQ FRQVLGHU�
DWLRQ RI &DUIHQWDQLO DV D :0'� &RQFHSWXDO�
L]LQJ FLUFXPVWDQFHV WKDW HPSOR\ &DUIHQWDQLO 
DV D :0' LV D QHFHVVDU\ H[HUFLVH WR LQFOXGH 
LQ WKLV UHVHDUFK�  7KH '2' XVHV VFHQDULRV WR 
FRQFHSWXDOL]H DQ DGYHUVDU\¶V FDSDELOLWLHV LQ 
LWV -33���   3KHQRPHQD FDQ EH FODVVL¿HG DV D 
VFHQDULR XVLQJ D VL[�TXHVWLRQ ORJLFDO SURFHVV 
RႇHUHG E\ 0DWWKHZ 6SDQLRO DQG 1LFKRODV 
5RZODQG���

��  $UH WKH HYHQWV IXWXUH�RULHQWHG"
2�  IV WKHUH DQ H[WHUQDO FRQWH[W"
��  'RHV WKH HYHQW KDYH D QDUUDWLYH GHVFULS�
WLRQ"
��  IV WKH HYHQW SODXVLEO\ SRVVLEOH"
��  $UH WKH HYHQWV SDUW RI D V\VWHPL]HG VHW"
��  $UH WKH HYHQWV FRPSDUDWLYHO\ GLႇHUHQW"

$V WKH\ DSSO\ WR WKH GHYHORSPHQW &DUIHQWDQ�
LO�UHODWHG VFHQDULRV IRU WKH -RLQW )RUFH� WKH 
DQVZHUV WR WKUHH RI WKHVH TXHVWLRQV DUH DG�
GUHVVHG LQ WKH &RXUVH RI $FWLRQ �&2$� $QDO�
\VLV DQG :DUJDPLQJ VWHS RI WKH -33 �6WHS ���  

$ QDUUDWLYH FDQ EH XVHG WR GLVSOD\ ZDUJDPLQJ 
UHVXOWV EDVHG RQ DQ DGYHUVDU\¶V GHFLVLRQV� 
ZKLFK EXLOGV H[WHUQDO FRQWH[W �H�J�� LGHQWL�
I\LQJ DFWRUV ZLWK WKH LQWHQW DQG FDSDELOLW\ WR 
GHYHORS D &: WR NLOO RU KDUP RWKHUV WKURXJK 
LOOLFLW PHDQV����   &RRUGLQDWLQJ FULWLFDO HYHQWV 
RI &: VFHQDULRV LQ D V\QFKURQL]DWLRQ PDWUL[ 
�GDWH� WLPH� ORFDWLRQ IRU PD[LPXP HႇHFW�� FUH�
DWHV V\VWHPL]HG VHWV RI DGYHUVDULDO &2$V�  
7KH WKUHH UHPDLQLQJ TXHVWLRQV RI WKLV ORJLFDO 
SURFHVV SURYLGH DQ RSSRUWXQLW\ IRU DGGLWLRQDO 
GLVFXVVLRQ RQ WKH WKUHDW RI D &DUIHQWDQLO &: 
DWWDFN�

$UH WKH HYHQWV IXWXUH�RULHQWHG"  7KH IXWXUH LV 
UHODWLYH ZKHQ FRQVLGHULQJ WKH SRWHQWLDO ZHDS�
RQL]DWLRQ RI &DUIHQWDQLO�  $V HVWDEOLVKHG HDUOL�
HU LQ WKLV UHVHDUFK� WKH LQWHQW DQG FDSDELOLW\ WR 
GHYHORS &DUIHQWDQLO LQWR D &: SUHVHQWO\ H[LVW�  
)XWXUH�RULHQWHG VFHQDULRV RI SRVVLEOH &DUIHQ�
WDQLO &: DWWDFNV DUH QRW RQO\ DSSURSULDWH WR 
FRQVLGHU� EXW QHFHVVDU\ IRU FRQWLQJHQF\ SODQ�
QLQJ HႇRUWV�

IV WKH HYHQW SODXVLEO\ SRVVLEOH"  7DEOH �� EH�
ORZ� KLJKOLJKWV HOHPHQWV IURP SUHYLRXV WHUURU 
DWWDFNV�

�7DEOH �� (OHPHQWV RI 1RWDEOH 7HUURULVW IQFLGHQWV��

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 33Issue 22

%HIRUH WKH H[HFXWLRQ RI HDFK RI WKH HYHQWV LQ 
WKH WDEOH DERYH� SRVVLEOH SODXVLELOLW\ ZRXOG 
KDYH EHHQ GLႈFXOW WR HVWDEOLVK� SDUWLFXODUO\ 
LQ WKH FDVH RI DFWRUV LQGHSHQGHQWO\ V\QWKH�
VL]LQJ VDULQ RU DWWDFNHUV FUDVKLQJ SDVVHQJHU 
SODQHV LQWHQWLRQDOO\ LQWR VN\VFUDSHUV�  &RQ�
VWUXFWLQJ SRVVLEOH VFHQDULRV URRWHG LQ PHWK�
RGV DQG WHFKQLTXHV XVHG LQ SUHYLRXV HYHQWV 
OHQGV ZHLJKW WR WKH IXUWKHU FRQVLGHUDWLRQ RI 
&DUIHQWDQLO DV D SRVVLEOH :0'�
$UH WKH HYHQWV FRPSDUDWLYHO\ GLႇHUHQW"  
(DFK HYHQW LQ 7DEOH � LQFRUSRUDWHV GLႇHU�
HQFHV LQ ORFDWLRQV WDUJHWHG DQG WKH QXPEHU 
RI DWWDFNHUV�  8VLQJ &DUIHQWDQLO DV D &:� 
WKHVH GLႇHUHQFHV FRXOG UHVXOW LQ D VLJQL¿FDQW 
FKDQJH LQ WKH PDJQLWXGH RI WKH QXPEHU RI 
OLYHV ORVW�  II DQ DFWRU IXOO\ XQGHUVWDQGV KRZ� 
ZKHQ� DQG ZKHUH WR HPSOR\ D &DUIHQWDQLO 
&:� DQ\ RI WKHVH VFHQDULRV FRXOG GZDUI WKH 
OHWKDOLW\ RI SUHYLRXV WHUURULVW HYHQWV�

Recommendations
0DQDJH 5LVN  0DQDJLQJ ULVN IRU D SRWHQWLDO 
&: ZKRVH DYDLODELOLW\ LV YHU\ KLJK� DV LQ WKH 
FDVH RI &DUIHQWDQLO� ZRXOG EH H[WUHPHO\ GLI�
¿FXOW�  $ SULPDU\ UHFRPPHQGDWLRQ ZRXOG EH 
D ZKROH RI JRYHUQPHQW DSSURDFK WR WKH FRQ�
VLGHUDWLRQ RI &DUIHQWDQLO DV D :0'�  7KLV HQ�
WLUH VWXG\ ZDV FRQGXFWHG XVLQJ RSHQ VRXUFH 
UHIHUHQFHV DQG LQSXW IURP VXEMHFW PDWWHU 
H[SHUWV� $ :KROH�RI�*RYHUQPHQW �:2*� 
DSSURDFK FRXOG OHYHUDJH VKDUHG FRQFHUQV 
E\ LPSURYLQJ &DUIHQWDQLO LQWHUDJHQF\ WKUHDW 
DZDUHQHVV �LQFOXGLQJ� EXW QRW OLPLWHG WR 
'2'� 'HSDUWPHQW RI -XVWLFH >'2-@� DQG 
'HSDUWPHQW RI +RPHODQG 6HFXULW\ >'+6@�� 
FRXQWHU WKUHDW DFWLYLWLHV� DQG IRFXVHG FRQWLQ�
JHQF\ SODQQLQJ IRU D &DUIHQWDQLO�UHODWHG &: 
HYHQW�

'HYHORS &RQVHQVXV IRU &KDQJH  $V GHWDLOHG 
LQ WKH TXDOLWDWLYH DQDO\VLV HDUOLHU� &DUIHQW�
DQLO FUHDWHV XQFHUWDLQW\ LQ WKH :0' $FWLY�
LW\ &RQWLQXXP�  6WDWH DQG QRQ�VWDWH DFWRUV 
DOLNH KDYH DFFHVV WR &DUIHQWDQLO QRZ� RQO\ 
SODQQLQJ D UHVSRQVH WR D SRVVLEOH &DUIHQW�
DQLO DWWDFN DFNQRZOHGJHV WKH GDQJHU ZLWKRXW 

PLWLJDWLQJ WKH WKUHDW LWVHOI�  IQ WKLV FDVH� FRQ�
VHQVXV VKRXOG QRW EH GLႈFXOW WR EXLOG�  *RY�
HUQPHQW DJHQFLHV DUH IDPLOLDU ZLWK WKH QDU�
URZ WKHUDSHXWLF LQGH[ RI FDOPDWLYH DJHQWV 
OLNH &DUIHQWDQLO WKURXJK OHVVRQV OHDUQHG 
IURP WKHLU VHDUFK IRU HႇHFWLYH ULRW FRQWURO 
DJHQWV��� 7KLV NQRZOHGJH PXVW EH SDUOD\HG 
LQWR DQ DFWLYH FDPSDLJQ WR LQFRUSRUDWH LOOLFLW 
FDOPDWLYH DJHQWV LQWR EURDGHU :0' SUHYHQ�
WLRQ DQG SURWHFWLRQ HႇRUWV�

8QGHUVWDQG WKH )XWXUH  7KH &DUIHQWDQLO 
DWWDFN VFHQDULRV GLVFXVVHG HDUOLHU YLYLGO\ 
GHPRQVWUDWH KRZ SDVW HYHQWV FDQ SURYLGH 
SUHFHGHQW DQG FRQWH[W IRU WKH IXWXUH�  +RZ�
HYHU XQOLNHO\� UHOLJLRXV IDQDWLFV V\QWKHVL]HG 
VDULQ JDV ZLWKRXW JRYHUQPHQW DVVLVWDQFH� 
WHUURULVWV XVHG FRPPHUFLDO DLUFUDIW DV EDO�
OLVWLF PLVVLOHV� DQG QRQ�VWDWH DFWRUV FRXOG 
HPSOR\ LOOLFLW &DUIHQWDQLO DV FKHPLFDO :0'� 
'LVDEOHPHQW �HႇRUWV WR H[SORLW DQG GRZQ�
JUDGH DW�ULVN FRPSRQHQWV RI D :0' SUR�
JUDP� RI ZHDSRQL]HG &DUIHQWDQLO VKRXOG 
EHFRPH D FRQVLGHUDWLRQ� LI QRW D SULRULW\� RI 
GHIHQVH FRQWLQJHQF\ SODQQHUV DQWLFLSDWLQJ 
IXWXUH WKUHDWV IURP KDUPIXO VWDWH DQG QRQ�
VWDWH DFWRUV���

 0RQLWRU 3URJUHVV  $ UHFHQW VWXG\ RI V\QWKHW�
LF RSLRLG RYHUGRVH GHDWKV LQ )ORULGD¶V 0L�
DPL�'DGH FRXQW\ UHYHDOHG WKDW RI ��� GHDWKV 
LQLWLDOO\ DWWULEXWHG WR )HQWDQ\O� &DUIHQWDQLO 
FDXVHG ��� ����� RI WKRVH GHDWKV��2   IQ IDFW� 
DFFRUGLQJ WR 0U� .LP .HLVOLQJ� D 6HQLRU IQWHOOL�
JHQFH $QDO\VW DW -RLQW 7DVN )RUFH�1RUWK� WKH 
XQGHUUHSRUWLQJ RI V\QWKHWLF RSLRLG GHDWKV� WR 
LQFOXGH &DUIHQWDQLO� PD\ EH D FRQVHTXHQFH 
RI HPHUJHQF\ RYHUGRVH WUHDWPHQW� ³IQ DQ HI�
IRUW WR GHFUHDVH WKH RYHUGRVH VWDWV DQG SHU�
FHSWLRQV� PD\RUV LQ µFULPH�LQIHVWHG¶ FLWLHV 
UHTXLUH SROLFH DQG ¿UVW UHVSRQGHUV WR FDUU\ 
DQG DGPLQLVWHU QDOR[RQH� :KLOH WKLV VDYHV 
OLYHV� LW PDNHV WDEXODWLRQ PXFK PRUH GLႈ�
FXOW�´��  IQ HႇHFW� ZKLOH &DUIHQWDQLO LV NQRZQ 
WR EH DYDLODEOH LOOLFLWO\� GHGLFDWHG DQDO\VLV WR 
GLႇHUHQWLDWH )HQWDQ\O DQDORJXHV DUH QRW URX�
WLQHO\ XVHG���   7KH XWLOLW\ RI VXFK DQDO\WLFDO 
VSHFL¿FLW\ LV DSSDUHQW� %\ GHGLFDWLQJ PRUH 
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UHVRXUFHV WR WKH GHWHFWLRQ RI &DUIHQWDQLO� 
WUHQG DQG SUHGLFWLYH DQDO\VLV FRXOG EH XVHG 
WR SUHYHQW WKH GHYHORSPHQW RI &DUIHQWDQLO 
DV D FKHPLFDO :0'�

Conclusion
7KH JRDO RI WKLV UHVHDUFK ZDV WR GHWHUPLQH 
LI &DUIHQWDQLO� DQ ³XOWUD�SRWHQW´ GUXJ UHDGLO\ 
DYDLODEOH LQ LOOLFLW PDUNHWV� FRXOG EH FRQVLG�
HUHG D :0' WKUHDW�  7KH FRQFOXVLRQV RI WKH 
WKUHH DQDO\VHV FRQGXFWHG DUH�
�� IQ D TXDQWLWDWLYH DQDO\VLV EDVHG RQ WKH 
&:& DQG '2' GH¿QLWLRQV� &DUIHQWDQLO ZDV 
GHWHUPLQHG WR EH D QRQ�WUDGLWLRQDO FDOPDWLYH 
DJHQW� ZLWK FKDUDFWHULVWLFV FRPSDUDEOH WR 
WKDW RI WKH GHDGOLHVW WUDGLWLRQDO QHUYH DJHQWV�
2� 7KURXJK D TXDOLWDWLYH DQDO\VLV VFRSHG E\ 
WKH 166 DQG WKH '2'¶V :0' $FWLYLW\ &RQ�
WLQXXP� &DUIHQWDQLO FRXOG EH FRQVLGHUHG D 
:0' WKUHDW ZKHQ WKH LQWHQW DQG WKH FDSD�
ELOLW\ WR GHYHORS D &: DUH GHWHUPLQHG�
�� IQ D VFHQDULR DQDO\VLV WKDW DSSOLHG D 
VL[�TXHVWLRQ ORJLF SURFHVV WR -33 &2$ DQDO�
\VLV DQG ZDUJDPLQJ� QRW RQO\ LV D QHDU�IX�
WXUH LQFLGHQW LQYROYLQJ D &DUIHQWDQLO ZHDSRQ 

³SODXVLEO\ SRVVLEOH�´ EXW GHSHQGLQJ RQ WKH 
FRPSDUDWLYH GLႇHUHQFHV LQ D JLYHQ VFHQDU�
LR �PHWKRG RI DWWDFN� WLPH RI DWWDFN� DQG 
QXPEHU RI DWWDFNHUV� WKH VFDOH RI WKH FRQVH�
TXHQFHV RI DQ DWWDFN FRXOG UDQJH IURP D UHO�
DWLYHO\ LQHႇHFWLYH DWWHPSW WR D FDWDVWURSKLF 
PDVV FDVXDOW\ HYHQW�
%DVHG RQ WKH UHVXOWV RI HDFK RI WKHVH DQDO�
\VHV� &DUIHQWDQLO VKRXOG EH FRQVLGHUHG D 
FKHPLFDO :0'�  7KH UHFRPPHQGDWLRQV RI�
IHUHG DW WKH HQG RI WKLV UHVHDUFK DUH DQ LQYL�
WDWLRQ� QRW MXVW WR WKH -RLQW )RUFH� EXW WR /($V� 
PHPEHUV RI DFDGHPLD� DQG SROLF\PDNHUV WR 
UHYLHZ� UH¿QH� RU YDOLGDWH WKH FRQFOXVLRQV 
PDGH LQ WKLV ZRUN� II WKH 1DWLRQDO 'HIHQVH 
6WUDWHJ\ �1'6� LV FRUUHFW DQG WKH $PHULFDQ 
+RPHODQG WUXO\ LV ³QR ORQJHU D VDQFWXDU\�´ 
WKHQ &DUIHQWDQLO VKRXOG EH UHJDUGHG DV VHUL�
RXVO\ DV WUDGLWLRQDO FKHPLFDO� ELRORJLFDO� UD�
GLRORJLFDO� DQG QXFOHDU :0' WKUHDWV���

Notes
�� 7KH :KLWH +RXVH� ³1DWLRQDO 6HFXULW\ 

6WUDWHJ\ RI WKH 8QLWHG 6WDWHV RI $PHULFD 
�166��´ �2����� ��

2�  $QWRQ\ *HRUJH� -HQQ\ /X� 0DWWKHZ 3LVD�
QR� -HVVLFD 0HW]� DQG 7LPRWK\ (ULFNVRQ� 

³&DUIHQWDQLO� DQ XOWUD SRWHQW RSLRLG�´ $PH�
ULFDQ -RXUQDO RI (PHUJHQF\ 0HGLFLQH 2�� 
QR� � �2����� ����

�� 8QLWHG 6WDWHV 'UXJ (QIRUFHPHQW $GPLQL�
VWUDWLRQ �'($�� ³'($ IVVXHV &DUIHQWDQLO 
:DUQLQJ 7R 3ROLFH $QG 3XEOLF�´ DFFHVVHG 
2FWREHU 2�� 2�2�� KWWSV���ZZZ�GHD�JRY�
SUHVV�UHOHDVHV�2�������22�GHD�LVVX�
HV�FDUIHQWDQLO�ZDUQLQJ�SROLFH�DQG�SXEOLF�

�� :RUOG +HDOWK 2UJDQL]DWLRQ �:+2�� ³&DU�
IHQWDQLO &ULWLFDO 5HYLHZ 5HSRUW�´ �2����� ��

��  8�6� 1DWLRQDO /LEUDU\ RI 0HGLFLQH 1DWL�
RQDO &HQWHU IRU %LRWHFKQRORJ\ IQIRUPD�
WLRQ �3XE&KHP�� ³&RPSRXQG 6XPPDU\ 
&DUIHQWDQLO�´ DFFHVVHG 2FWREHU 2�� 2�2�� 
KWWSV���SXEFKHP�QFEL�QOP�QLK�JRY�FRP�
SRXQG��2���� 

��  :+2� ³:RUOG +HDOWK 2UJDQL]DWLRQ 0RGHO 
/LVW RI (VVHQWLDO 0HGLFLQHV�´ �2����� 2�

��  *HRUJH� HW� DO�� ����
��  *HRUJH� HW� DO�� ����
��  6HH QRWH � DERYH� 
���  6HH QRWH � DERYH�
���  (ULND .LQHW] DQG 'HVPRQG %XWOHU� ³&KHPL�

FDO ZHDSRQ IRU VDOH� &KLQD¶V XQUHJXODWHG 
QDUFRWLF�´ DFFHVVHG 2FWREHU 2�� 2�2�� 
KWWSV���DSQHZV�FRP��F��FGD����H��I�D�
�EH��D���I�2�H��

�2� -XOLH 2¶'RQQHOO� 5� 0DWWKHZ *ODGGHQ� 
&KULVWLQH 0DWWVRQ� DQG 0EDED]L .DULLVD� 
³2YHUGRVH 'HDWKV ZLWK &DUIHQWDQLO DQG 
2WKHU )HQWDQ\O $QDORJV 'HWHFWHG ² �� 
6WDWHV� -XO\ 2���±-XQH 2����´ &HQWHUV 
IRU 'LVHDVH &RQWURO DQG 3UHYHQWLRQ �&'&� 
0RUELGLW\ DQG 0RUWDOLW\ :HHNO\ 5HSRUW ��� 
QR� 2� �2����� ����
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��� .LP .HLVOLQJ� HPDLO PHVVDJH WR DXWKRU� 
$XJXVW �� 2����

���  -DPHV 5LFKHV� 5REHUW 5HDG� 5RELQ %ODFN� 
1LFKRODV &RRSHU DQG &KULVWRSKHU 7LPSHU�
OH\� ³$QDO\VLV RI &ORWKLQJ DQG 8ULQH IURP 
0RVFRZ 7KHDWUH 6LHJH &DVXDOWLHV 5H�
YHDOV &DUIHQWDQLO DQG 5HPLIHQWDQLO 8VH�´ 
-RXUQDO RI $QDO\WLFDO 7R[LFRORJ\ ��� �2��2�� 
����

���  6HH QRWH �2 DERYH�
��� 5LFKHV� HW� DO�� ����
��� 2UJDQL]DWLRQ IRU WKH 3URKLELWLRQ RI &KH�

PLFDO :HDSRQV �23&:�� ³)DFW 6KHHW �� 
:KDW LV D &KHPLFDO :HDSRQ"´ �2����� 2�

��� '2'� ³-RLQW 3XEOLFDWLRQ ���� �-3 ����� 
&RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWL�
RQ�´ �2����� II���

��� -DPHV 0DGVHQ� ³7R[LQV DV :HDSRQV RI 
0DVV 'HVWUXFWLRQ� $ &RPSDULVRQ DQG 
&RQWUDVW ZLWK %LRORJLFDO :DUIDUH DQG 
&KHPLFDO :DUIDUH $JHQWV�´ /DERUDWRU\ $V�
SHFWV RI %LRZDUIDUH 2�� QR� �� �2����� ��2�

2�� 23&:� 2�
2�� 5LFKHV� HW� DO�� ����
22� -3 ����� II���
2�� 0DULDQ 'DJJHWW� ³3KDUPDFRORJLFDO 2YHU�

YLHZ RI &DOPDWLYHV�´ DFFHVVHG 2FWREHU 
2�� 2�2�� KWWS���ZZZ�QFVWO�RUJ�HYLGHQW�
-XO\��'DJJHWW3KDUPDFRORJLFDO�2�2YHU�
YLHZ�2�RI�2�&DOPDWLYHV�

2�� -3 ����� II���
2�� 166� ��
2�� -3 ����� II��2�
2�� 0XQGHU =DJDDU� HPDLO PHVVDJH WR DXWKRU� 

$XJXVW �� 2����
2�� 6HH QRWH �� DERYH�
2�� IELG�
��� 6HH QRWH 2� DERYH�
��� =RVLD .PLHWRZLF]� ³'RFWRUV FRQGHPQ XVH 

RI GUXJV DV ZHDSRQV�´ DFFHVVHG 2FWREHU 
2�� 2�2�� KWWSV���ZZZ�QFEL�QOP�QLK�JRY�

SPF�DUWLFOHV�30&���������
�2� 6HH QRWH 2� DERYH�
��� .� *DQHVDQ� 6� 5D]D� DQG 5� 9LMD\DUDJKD�

YDQ� ³&KHPLFDO ZDUIDUH DJHQWV�´ DFFHVVHG 
2FWREHU 2�� 2�2�� KWWSV���ZZZ�QFEL�QOP�
QLK�JRY�SPF�DUWLFOHV�30&�����2���

��� %HQMDPLQ %URGVN\� �IQGXVWULDO &KHPLFDOV 
DV :HDSRQV� &KORULQH�´ DFFHVVHG 2FWREHU 
2�� 2�2�� KWWSV���ZZZ�QWL�RUJ�DQDO\VLV�DU�
WLFOHV�LQGXVWULDO�FKHPLFDOV�ZHDSRQV�FKOR�
ULQH��

��� IELG�
��� 8�6� 1DWLRQDO /LEUDU\ RI 0HGLFLQH� 1DWLR�

QDO /LEUDU\ RI 0HGLFLQH �3XE&KHP�� ³&RP�
SRXQG 6XPPDU\ IEXSURIHQ�´ DFFHVVHG 
2FWREHU 2�� 2�2�� KWWSV���SXEFKHP�QFEL�
QOP�QLK�JRY�FRPSRXQG����2�VHFWLRQ 7R�
[LFLW\� 

��� '2'� ³-RLQW 3XEOLFDWLRQ ��� �-3 ���� -RLQW 
3ODQQLQJ�´ �2����� 9����

��� 0DWWKHZ 6SDQLRO DQG 1LFKRODV 5RZODQG� 
³'H¿QLQJ 6FHQDULR�´ )XWXUHV )RUHVLJKW 
6FLHQFH �� QR� �� �2����� ���

��� -3 ���� 9����
��� 6HH QRWH �� DERYH�
��� -3 ����� 9����
�2� (OLVD 6KRႇ� (OL]DEHWK =DQH\� -RVHSK .DKO� 

*HRUJH +LPH� DQG 'LDQH %RODQG� ³4XD�
OLWDWLYH IGHQWL¿FDWLRQ RI )HQWDQ\O $QDORJV 
DQG 2WKHU 2SLRLGV LQ 3RVWPRUWHP &DVHV 
E\ 8+3/&�IRQ 7UDS�06Q�´ -RXUQDO RI $QD�
O\WLFDO 7R[LFRORJ\� QR� ��� �2����� ����

��� 6HH QRWH �� DERYH�
��� IELG�
��� '2'� ³6XPPDU\ RI WKH 1DWLRQDO 'HIHQVH 

6WUDWHJ\ RI WKH 8QLWHG 6WDWHV�´ �2����� ��
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0$- 6WDFH\ 0� <DUERURXJK LV WKH 'HSXW\ 7HDP &KLHI IRU 1XFOHDU 'LVDEOHPHQW 7HDP � DW WKH 2�WK &%51( 
&RPPDQG� LQ $EHUGHHQ 3URYLQJ *URXQG� 0'� 6KH KDV D %�$� LQ %LRORJ\ IURP %XFNQHOO 8QLYHUVLW\� D 0�6� 
LQ (QYLURQPHQWDO 0DQDJHPHQW IURP :HEVWHU 8QLYHUVLW\� DQG D 0�6� LQ 1XFOHDU (QJLQHHULQJ IURP WKH 
8QLYHUVLW\ RI 7HQQHVVHH� 6KH ZDV SUHYLRXVO\ DVVLJQHG DV D &KHPLFDO 2ႈFHU LQ VHYHUDO GLႇHUHQW XQLWV� +HU 
HPDLO DGGUHVV LV VWDFH\�P�\DUERURXJK�PLO#PDLO�PLO�

0DMRU 0DUN 6� 4XLQW LV WKH 6HFUHWDU\ RI WKH *HQHUDO 6WDႇ DW WKH 2�WK &%51( &RPPDQG� LQ $EHUGHHQ 
3URYLQJ *URXQG� 0'�  +H KDV D %�6� LQ 0HFKDQLFDO (QJLQHHULQJ IURP WKH 8QLWHG 6WDWHV 0LOLWDU\ $FDGHP\� 
DQG D 0�6� 1XFOHDU (QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI 7HQQHVVHH� 0RVW UHFHQWO\� KH VHUYHG DV WKH 'HSXW\ 
7HDP &KLHI IRU 1XFOHDU 'LVDEOHPHQW 7HDP �� +H ZDV SUHYLRXVO\ DVVLJQHG DV D )LHOG $UWLOOHU\PDQ LQ 
VHYHUDO GLႇHUHQW XQLWV� +LV HPDLO DGGUHVV LV PDUN�V�TXLQW�PLO#PDLO�PLO�

&37 %HQMDPLQ &� 7UR[HOO LV WKH $VVLVWDQW 1XFOHDU 2SHUDWLRQV 2ႈFHU IRU 1XFOHDU 'LVDEOHPHQW 7HDP � 
DW WKH 2�WK &%51( &RPPDQG� LQ $EHUGHHQ 3URYLQJ *URXQG� 0'� +H KDV D %�6� LQ 3K\VLFV IURP WKH 
8QLWHG 6WDWHV 0LOLWDU\ $FDGHP\ DW :HVW 3RLQW DQG D 0�6� LQ 1XFOHDU (QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI 
7HQQHVVHH� +H ZDV SUHYLRXVO\ DVVLJQHG DV DQ IQIDQWU\ 2ႈFHU LQ VHYHUDO GLႇHUHQW XQLWV� +LV HPDLO DGGUHVV 
LV EHQMDPLQ�F�WUR[HOO�PLO#PDLO�PLO�

Operation Nittany Lion: Creative Mission 
Planning and Execution during the COVID-19 

Pandemic
0$- 6WDFH\ 0� <DUERURXJK� 0$- 0DUN 6� 4XLQW� DQG &37 %HQMDPLQ &� 7UR[HOO

1XFOHDU 'LVDEOHPHQW 7HDP �� 2�WK &%51( &RPPDQG

1XFOHDU 'LVDEOHPHQW 7HDP � �1'7���� DVVLJQHG WR 2�WK &%51( &RPPDQG LQ $E�
HUGHHQ 3URYLQJ *URXQG �$3*�� 0'� LV RQH RI WKUHH 1'7V LQ WKH 86 $UP\� 7KHVH 
6ROGLHUV DUH WDVNHG ZLWK GHSOR\LQJ DQG FRQGXFWLQJ UDGLRORJLFDO DQG QXFOHDU DV�
VHVVPHQWV DQG FKDUDFWHUL]DWLRQ RSHUDWLRQV WR ORFDWH� H[SORLW DQG� ZKHQ GLUHFW�
HG� GLVDEOH QXFOHDU RU UDGLRORJLFDO :0' LQIUDVWUXFWXUH�ï 0LVVLRQ (VVHQWLDO 7DVNV 
�0(7V� DQG RQ�VLWH DFWLYLWLHV VXSSRUW WKH RYHUDOO 1'7 FRPSHWHQF\ RI VLWH H[SORLWD�
WLRQ� ZKLFK LQFOXGHV ORFDWLQJ� VHFXULQJ� H[SORLWLQJ� UHSRUWLQJ� DQG HYDFXDWLQJ RU GH�
VWUR\LQJ FDSWXUHG HQHP\ PDWHULDO�ð

7KH 1'7 PLVVLRQ LV EURDG DQG FRPSOH[� UHTXLULQJ D YDULHW\ RI XQLTXH WUDLQLQJ VROX�
WLRQV WR DFKLHYH PLVVLRQ REMHFWLYHV� HQVXUH UHDGLQHVV� DQG PDLQWDLQ WHFKQLFDO SUR�
¿FLHQF\� *HQHUDOO\� 1'7 WUDLQLQJ H[HUFLVHV OHYHUDJH SDUWQHUVKLSV ZLWK WKH 'HSDUW�
PHQW RI (QHUJ\ �'R(� DQG XVH 'R( 1DWLRQDO /DERUDWRU\ IDFLOLWLHV� +RZHYHU� GXULQJ 
WKH &29I'��� SDQGHPLF� WUDLQLQJ DW 'R( IDFLOLWLHV ZDV FRQVWUDLQHG WR SURWHFW WKHLU 
DW�ULVN SRSXODWLRQV DQG PLQLPL]H YLUXV VSUHDG� 'HWHUPLQHG WR PDLQWDLQ SUR¿FLHQF\ 
DQG GHSOR\DELOLW\ ZKLOH DGKHULQJ WR &29I'��� UHVWULFWLRQV� 1'7�� VHDUFKHG IRU 
VROXWLRQV RXWVLGH WKH QRUP�
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Mission Planning and Preparation
3ODQQLQJ DQG SUHSDUDWLRQ IRU 2SHUDWLRQ 1LW�
WDQ\ /LRQ EHJDQ HDUO\ LQ 2�2�� ZKHQ XQLW 
OHDGHUVKLS GLUHFWHG WKDW WKH 1'7V WHVW WKHLU 
GHSOR\PHQW GLVFLSOLQH SURJUDP WR YHULI\ WKHLU 
DELOLW\ WR VXSSRUW D PDQHXYHU FRPPDQG�
HU JLYHQ OLPLWHG QRWLFH� 1'7��� OHG E\ /7& 
&KULVWLQD 'XJDQ� DFFHSWHG WKLV FKDOOHQJH� 
$Q 1'7 FRQVLVWV RI 6ROGLHUV RI YDU\LQJ VSH�
FLDOWLHV� ZLWK D KLJK OHYHO RI IRUPDO HGXFDWLRQ 
DQG H[SHULHQFH� D +HDOWK 3K\VLFLVW 2ႈFHU 
DQG 1&2� &%51 6SHFLDOLVWV� DQ (2' 2ႈ�
FHU� DQG 1XFOHDU DQG &RXQWHU :HDSRQV RI 
0DVV 'HVWUXFWLRQ �)$ �2� 2ႈFHUV� UDQJLQJ 
IURP &37 WR /7&� 'XH WR WKH XQLTXH PLVVLRQ 
VHW RI WKH 1'7V� WKH\ PXVW EH UHDG\ WR GH�
SOR\ RQ VKRUW QRWLFH� :KLOH WKH PRYHPHQW 
RI D VPDOO WHDP PD\ DSSHDU WR EH DQ HDV\ 
WDVN� WKH 1'7¶V UREXVW HTXLSPHQW SDFNDJH� 
LQFOXGLQJ PXOWLSOH OHYHOV RI VSHFLDOL]HG SUR�
WHFWLYH DQG GHWHFWLRQ HTXLSPHQW� LQFUHDVHV 
GHSOR\PHQW FRPSOH[LW\�

IQLWLDO JXLGDQFH GLFWDWHG WUDLQLQJ H[HUFLV�
HV EH FRQGXFWHG ZLWKLQ ��� PLOHV RI $3*� 
0DU\ODQG� LQ RUGHU WR UHGXFH H[SRVXUH WR 
&29I'��� IURP WUDYHO RXWVLGH WKH ORFDO UH�
JLRQ� %DVHG RQ WKLV JXLGDQFH� WKH WHDP LGHQ�
WL¿HG WKH %UHD]HDOH 1XFOHDU 7HVW 5HDFWRU RQ 
WKH 3HQQV\OYDQLD 6WDWH 8QLYHUVLW\ FDPSXV 
LQ 6WDWH &ROOHJH� 3$ DV D SRWHQWLDO WUDLQLQJ 
ORFDWLRQ� $V WKH FRXQWU\¶V ¿UVW OLFHQVHG� SUL�
YDWH QXFOHDU UHDFWRU� WKH %UHD]HDOH 1XFOHDU 
5HDFWRU LV XVHG E\ VWXGHQWV DQG IDFXOW\ IRU 
D YDULHW\ RI UHVHDUFK SURMHFWV� +RZHYHU� IRU 
WKLV H[HUFLVH� 1'7�� WUHDWHG WKH UHDFWRU DQG 
LWV LQIUDVWUXFWXUH DV DQ XQNQRZQ WDUJHW� ZLWK 
WKH PLVVLRQ RI FRQGXFWLQJ UHFRQQDLVVDQFH� 
FKDUDFWHUL]LQJ WKH IDFLOLW\� DVVHVVLQJ LWV FD�
SDELOLWLHV� DQG UHSRUWLQJ ¿QGLQJV WR WKH FRP�
PDQGHU RI WKH -RLQW 7DVN )RUFH�(OLPLQDWLRQ 
�-7)�(��

7R PD[LPL]H WUDLQLQJ YDOXH� 1'7�� WRRN RQ 
WKH DGGLWLRQDO FKDOOHQJH RI H[HFXWLQJ DQ 
HYDOXDWHG 'HSOR\PHQW 5HDGLQHVV ([HUFLVH 

� /HYHO III �'5( III�� $V RXWOLQHG LQ $5 �2��
��� D '5( III LV WKH KLJKHVW OHYHO RI HYDOX�
DWHG GHSOR\PHQW UHDGLQHVV DQG LQFOXGHV DOO 
WDVNV RI ORZHU�OHYHO '5( DFWLYLWLHV SOXV DQ 
HYDOXDWLRQ RI D XQLW¶V DELOLW\ WR FRQGXFW VWUD�
WHJLF PRYHPHQW E\ DLU �675$7$I5��ñ 7R IXO�
¿OO WKLV UHTXLUHPHQW� WKH 2�WK &%51( &0' 
FRRUGLQDWHG 675$7$I5 WKURXJK $LU 0RELOL�
W\ &RPPDQG �$0&�� $YDLODELOLW\ RI DLUFUDIW 
GHWHUPLQHG WKDW WKH WHDP ZRXOG FRQYR\ WR 
6WDWH &ROOHJH� 3$� EXW UHWXUQ WR $3* DIWHU 
À\LQJ WR 'RYHU $)%� '( YLD 675$7$I5 IURP 
:LOOLDPVSRUW 5HJLRQDO $LUSRUW� 3$� 7KH WHDP 
UHTXLUHG RQH &��� *OREHPDVWHU III WR PRYH 
DOO DVVRFLDWHG YHKLFOHV DQG HTXLSPHQW� IQ 
DGGLWLRQ WR RUJDQLFDOO\ DVVLJQHG 6ROGLHUV� 
WKH 1'7 ZDV UHLQIRUFHG ZLWK VXSSRUW SHU�
VRQQHO�  )RU WKLV WUDLQLQJ H[HUFLVH� WKH WHDP 
ZDV DFFRPSDQLHG E\ 63& 1HVWHU +HUQDQ�
GH]JRQ]DOH] �ZKHHOHG YHKLFOH PHFKDQLF�� 
&:2 $DURQ .D]HU �2�WK &%51( *� PRELO�
LW\�� 6*0 *HUDOG +XJKHV �2�WK &%51( *� 
2SHUDWLRQV�� DQG 0$- -RVKXD 0DVKO �2�WK 
&%51( *�� 3ODQV� 2SHUDWLRQV DQG 7UDLQ�
LQJ��

Establishing Communications
$ NH\ WUDLQLQJ REMHFWLYH RI WKH H[HUFLVH ZDV 
WHVWLQJ PXOWLSOH FRPPXQLFDWLRQ SODWIRUPV 
DQG HVWDEOLVKLQJ FRPPXQLFDWLRQV ZLWK WKH 
-RLQW 7DVN )RUFH�(OLPLQDWLRQ �-7)�( 2�WK 
&%51( +4�� 2SHUDWLRQ 1LWWDQ\ /LRQ DO�
ORZHG 1'7�� WR H[HUFLVH LWV FRPPXQLFDWLRQV 
VXLWH RYHU D ODUJH SRUWLRQ RI WKH HOHFWURPDJ�
QHWLF VSHFWUXP� 7KH UHJLRQV RI LQWHUHVW ZHUH 
+LJK )UHTXHQF\� 9HU\ +LJK )UHTXHQF\ DQG 
8OWUD +LJK )UHTXHQF\� 1'7V DUH HTXLSSHG 
ZLWK WKH FDSDELOLW\ WR XWLOL]H HDFK RI WKHVH 
UHJLRQV WR WDNH DGYDQWDJH RI HDFK UHJLRQV¶ 
VWUHQJWKV� $W OHDVW RQH FRPPXQLFDWLRQ V\V�
WHP ZDV HPSOR\HG SHU UHJLRQ KLJKOLJKWLQJ 
WKH H[WHQVLYH FRPPXQLFDWLRQV VXLWH RI WKH 
1'7V� )$ �2V� FKHPLFDO� DQG (2' 6ROGLHUV 
PXVW OHDUQ WR HPSOR\ DOO V\VWHPV LQ DGGLWLRQ 
WR WKHLU SULPDU\ PLVVLRQ�
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)LJXUH �� 6LJQDO WR 1RLVH 5DWLR �615� DV D )XQFWLRQ RI )UHTXHQF\ LQ 0+] YV� 7LPH RI 'D\຾

 7KH ¿UVW DQG ORZHVW HQHUJ\ UHJLRQ� +)� HQDEOHG RYHU WKH KRUL]RQ FRPPXQLFDWLRQ� 7KH 
EHQH¿W RI WKLV FRPPXQLFDWLRQ V\VWHP ZDV LW HQDEOHG 1'7�� WR FRPPXQLFDWH ZLWK LWV 
KHDGTXDUWHUV DW $3*� 0'� ZKLOH GHSOR\HG WR 6WDWH &ROOHJH� 3$� 2�� NP ZLWKRXW WKH XVH 
RI VDWHOOLWHV� ZKLFK PD\ QRW EH DFFHVVLEOH DIWHU D QXFOHDU GHWRQDWLRQ� 

+) LV GLUHFWLRQDO DQG UHTXLUHV DQ H[WHUQDO 
SRZHU VRXUFH WR FRPPXQLFDWH RYHU KXQ�
GUHGV WR WKRXVDQGV RI NLORPHWHUV� 7KH UHVXOW 
LV D KLJKO\ UHVLOLHQW� H[WUHPHO\ ORQJ GLVWDQFH 
PHDQV RI FRPPXQLFDWLRQ� 0$- 1LFKRODV 
$QWRQLR DQG &37 %HQMDPLQ 7UR[HOO WUDQVPLW�
WHG IURP 3HQQ 6WDWH 8QLYHUVLW\ ZKLOH &37 
$GDP +XQWHU DQG 6)& $QWKRQ\ 3DROXFFL 
HVWDEOLVKHG WKH WUDQVPLVVLRQ VLWH DW $3*� 
%RWK WHDPV XWLOL]HG WKH $1�35&�����9� UD�
GLR� ����ZDWW SRZHU VXSSO\� DQG D 9�VKDSHG 
GLSROH DQWHQQD DW WKHLU UHVSHFWLYH VLWHV�
7KH SULPDU\ PHDQV RI FRPPXQLFDWLRQ� WKH 
9+) EDQG� ZDV XWLOL]HG IRU LQWHUQDO FRQYR\ 
RSHUDWLRQV DQG GXULQJ VLWH H[SORLWDWLRQ� 9+) 
FRPPXQLFDWLRQ SODWIRUPV SURSDJDWH PDLQ�
O\ E\ OLQH�RI�VLJKW �/26�� KHQFH DUH OLPLWHG 
LQ WKHLU DSSOLFDWLRQ� +RZHYHU� WKH EHQH¿W RI 
9+) LV OHVV DWPRVSKHULF QRLVH DQG LQWHUIHU�
HQFH IURP HOHFWULF HTXLSPHQW WKDQ +)� 7KH 
UHVXOW LV 9+) FDQ EH XVHG DW DOO WLPHV RI GD\ 

IRU FRPPXQLFDWLRQ LI /26 LV QRW DQ LVVXH�
 7KH SULPDU\ UDGLR XVHG IRU 9+) ZDV WKH 
$1�35&����� DOVR NQRZQ DV WKH 0%I75� 
7KH 0RWRUROD 65;22�� ZDV D VHFRQGDU\ 
PHWKRG RI /26 FRPPXQLFDWLRQ XWLOL]HG 
GXULQJ FRQYR\ RSHUDWLRQV DQG ZLWKLQ WKH VLWH 
IRU FKDUDFWHUL]DWLRQ DQG H[SORLWDWLRQ� +RZ�
HYHU� WKH 0RWRUROD 65;22�� IDOOV LQWR WKH 
ORZ HQG RI 8+) FRPPXQLFDWLRQ� 7KH 8+) 
UDQJH DJDLQ LV OLPLWHG WR /26 FRPPXQLFD�
WLRQ DQG XQOLNH +) KDV OLWWOH WR QR UHÀHFWLRQ 
IURP WKH LRQRVSKHUH� 7KH PDLQ EHQH¿W RI 
8+) FRPPXQLFDWLRQ LV LWV DELOLW\ WR SHQH�
WUDWH IROLDJH DQG EXLOGLQJV� $V VXFK� LW ZDV 
XWLOL]HG DW 3HQQ 6WDWH 8QLYHUVLW\� HVWDEOLVK�
LQJ DQ RQVLWH :L�)L QHWZRUN�
%\ HPSOR\LQJ D :L�)L QHWZRUN� WKH WHDP 
UHPRWHO\ FROOHFWHG DQG PRQLWRUHG VHQVRUV 
ZLWKLQ WKH IDFLOLW\ ZLWKRXW WKH QHHG RI FRQWLQ�
XRXV H[SRVXUH RI DQ LQGLYLGXDO WR D UDGLDWLRQ 
¿HOG� 7KLV V\VWHP UHTXLUHV QHWZRUN QRGH 
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HPSODFHPHQW� $V D IRUP RI QRQLRQL]LQJ UD�
GLDWLRQ� DQ\ IDFLOLW\ VKLHOGHG DJDLQVW JDP�
PD�UDGLDWLRQ ZLOO EH XQUHDFKDEOH E\ 8+)� 
7KH SULPDU\ URXWHU XWLOL]HG IRU 8+) ZDV WKH 
5DMDQW %UHDG&UXPE�
$V ZLWK DOO PLOLWDU\ RSHUDWLRQV� FRPPXQLFD�
WLRQ LV NH\� *LYHQ WKH XQLTXH PLVVLRQ VHW RI 
WKH 1'7V� LW LV HVVHQWLDO WKDW DOO FRPPXQL�
FDWLRQV V\VWHPV EH H[HUFLVHG GXULQJ HDFK 
WUDLQLQJ HYHQW� WR FRQWLQXH WR LPSURYH FDSD�
ELOLWLHV� *LYHQ WKDW WKH 1'7V¶ PLVVLRQV DUH 
KLJKO\ LQWHJUDWHG ZLWK WKH 'HSDUWPHQW RI 
(QHUJ\� DQG RWKHU VWDNHKROGHUV� WKH FRP�
PXQLFDWLRQV SODQ LV FRQWLQXDOO\ HYDOXDWHG 
VR WKDW YRLFH DQG GDWD FRPPXQLFDWLRQV ZLWK 
DOO DJHQFLHV LV SRVVLEOH� $V QHZ HTXLSPHQW 
DQG WHFKQRORJLHV HPHUJH� WKH 1'7V FRQWLQ�
XH WR WHVW SRWHQWLDO SODWIRUPV DQG UH¿QH WKHLU 
FRPPXQLFDWLRQV SODQ�

Site Entry and Characterization

 :LWK WKH HVWDEOLVKPHQW RI D VPDOO FRP�
PDQG SRVW �&3� RXWVLGH WKH UHDFWRU EXLOG�
LQJ� WKH WHDP EHJDQ RQ�VLWH RSHUDWLRQV� 
7KH 1'7 &3 FRQVLVWHG RI D FHQWUDO WHQW IRU 
RSHUDWLRQV� D GUHVV�RXW DUHD� DQG D GHFRQ�
WDPLQDWLRQ OLQH� %HIRUH RSHUDWLRQV EHJDQ� 
WKH WHDP ZHQW WKURXJK D GHWDLOHG FKHFN�
OLVW DQG VHWXS SURFHGXUHV VXFK DV WRSSLQJ 
Rႇ WDQNV LI QHHGHG� $V HDFK WHDP PHPEHU 
VWDJHG WKHLU SHUVRQDO SURWHFWLYH HTXLSPHQW� 

WKH\ DOVR FKHFNHG DOO GHWHFWRUV IRU SURSHU 
FDOLEUDWLRQ DQG VXႈFLHQW SRZHU OHYHOV� 5D�
GLDWLRQ EDFNJURXQG VSHFWUD ZHUH WDNHQ ZLWK 
HDFK GHWHFWRU� $OO WHDP PHPEHUV XQGHU�
ZHQW EDVLF PHGLFDO PRQLWRULQJ LQ DGGLWLRQ 
WR &29I'��� WHPSHUDWXUH VFDQV� HVWDEOLVK�
LQJ D PHGLFDO EDVHOLQH� $Q\RQH GRQQLQJ D 
6&%$ �6HOI�&RQWDLQHG %UHDWKLQJ $SSDUD�
WXV� RU RWKHU UHVSLUDWRU UHFHLYHG KRPH�VWD�
WLRQ WUDLQLQJ DQG D UHTXLUHG RFFXSDWLRQDO 
KHDOWK SK\VLFDO� LQ DGGLWLRQ WR SRVW�XVH PHG�
LFDO PRQLWRULQJ�

IQ WKH PLVVLRQ EULH¿QJ� IROORZLQJ HTXLSPHQW 
FKHFNV� WKH FRPPDQGHU¶V DQG WHDP FKLHI¶V 
JXLGDQFH LV LVVXHG� LQFOXGLQJ NQRZQ LQIRU�
PDWLRQ� DQG WKH GHVLJQDWLRQ RI HQWU\ DQG 
UHVFXH WHDPV� IW ZDV GHWHUPLQHG EHIRUH�
KDQG DOO WHDPV ZRXOG HQWHU ZHDULQJ /HYHO $ 
RU % SURWHFWLYH VXLWV� ZLWK 6&%$� IRU WUDLQLQJ 
SXUSRVHV� )ROORZLQJ HDFK WHDP¶V GHEULHI�
LQJ� WKH WHDP ZLOO UHDVVHVV PLVVLRQ UHTXLUH�
PHQWV EDVHG RQ WKH UHFHQWO\ JDWKHUHG GDWD� 
$LU TXDOLW\ FRQFHUQV� VLJQL¿FDQW VDIHW\ KD]�
DUGV� DQG JUHDWHU ¿GHOLW\ RI VLWH DVVHVVPHQW 
GULYHV WKH PLVVLRQ WLPHOLQH� WKH QXPEHU RI 
UHTXLUHG IROORZ�RQ WHDPV� WKH DELOLW\ WR VDP�
SOH DQG GLVDEOH�

3LFWXUH �� 1'7 &RPPDQG 3RVW

3LFWXUH 2� IQLWLDO (QWU\ 7HDP 'UHVV 2XW
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6LWH H[SORLWDWLRQ EHJDQ ZLWK H[WHUQDO UDGLD�
WLRQ UHDGLQJV DQG YLVXDO LQVSHFWLRQ RI WKH ID�
FLOLW\¶V H[WHULRU� 7KH ¿UVW WHDP GHVLJQDWHG WR 
HQWHU WKH IDFLOLW\ ZDV WKH IQLWLDO (QWU\ 7HDP 
�I(7�� FRQVLVWLQJ RI &37 'HUHN :KLSNH\� 
(2'� DQG 63& %HQMDPLQ 0RX� ��'� 7KH 
I(7¶V UROH LQ VLWH H[SORLWDWLRQ LV WR FRQGXFW 
DQ DOO�KD]DUGV DVVHVVPHQW RI WKH LQWHULRU 
DQG H[WHULRU RI WKH EXLOGLQJ� 7KLV LQFOXGHV 
KD]DUGV WKDW PD\ SUHYHQW UHGXFLQJ SUR�
WHFWLRQ OHYHOV� VXFK DV DLU TXDOLW\ FRQFHUQV 
�VXFK DV +) JDV� DQG DUHDV RI HOHYDWHG UD�
GLDWLRQ� 7KH I(7 FDUULHV PXOWLSOH GHWHFWRUV 
WR DGGUHVV WKH PXOWLSOH SRWHQWLDO KD]DUGV�

)RU WKLV H[HUFLVH� WKH I(7 FDUULHG WZR +RQ�
H\ZHOO 0XOWL5$( 3UR *DV 0RQLWRUV� WZR 
7KHUPR�6FLHQWL¿F %2��(5 FRQWDPLQDWLRQ 
PRQLWRUV �DOSKD� EHWD� DQG JDPPD�� WKH 
7KHUPR�6FLHQWL¿F 35'�(5 JDPPD UD�
GLDWLRQ PRQLWRU� WKH )/I5 LGHQWL)I1'(5 
�QHXWURQ DQG LVRWRSH LGHQWL¿FDWLRQ�� WKH 
7KHUPR�6FLHQWL¿F 5DG (\H *1� UDGLDWLRQ 
GHWHFWRU �JDPPD DQG QHXWURQ�� DQG D GLJLWDO 
FDPHUD� IQ DGGLWLRQ WR GHWHFWLRQ HTXLSPHQW� 
ERWK I(7 PHPEHUV ZRUH HOHFWURQLF SHUVRQ�
DO GRVLPHWHUV �(3'�� 0RWRUROD 5DGLRV� DQG 
/HYHO�$ SURWHFWLYH VXLWV ZLWK 6&%$� 7KH LQL�
WLDO UHDGLQJV DQG DVVHVVPHQW RI WKLV WHDP 
GURYH WKH SULRULWLHV RI WKH IROORZ�RQ FKDUDF�
WHUL]DWLRQ WHDPV�

7KH I(7 VXUYH\HG WKH %UHD]HDOH 5HDFWRU¶V 
PDLQ EXLOGLQJ XVLQJ JDPPD DQG QHXWURQ 
UDGLDWLRQ GHWHFWRUV� DQG WKH 0XOWL5$( JDV 
PRQLWRU� 2XWVLGH RI WKH PDLQ UHDFWRU EXLOG�
LQJ� WKH I(7 QRWHG HOHYDWHG JDPPD UDGLD�
WLRQ OHYHOV� 8VLQJ WKH )/I5 LGHQWL)I1'(5� 
WKH WHDP UHFRUGHG D SUHVXPSWLYH LGHQWL¿FD�
WLRQ RI &R���� (QWHULQJ WKH EXLOGLQJ RQ LWV 
ORZHU OHYHO� WKH I(7 FRYHUHG ERWK ÀRRUV RI 
WKH EXLOGLQJ� IQ WKH ¿UVW URRP WKH\ REVHUYHG 
WZR VKLHOGHG KRW FHOOV ZLWK HOHFWUR�PHFKDQ�
LFDO PDQLSXODWRUV� DV ZHOO DV D ODUJH ZKLWH 
FRQWDLQHU� 7KH FRQWDLQHU DSSHDUHG WR EH 
SULPDULO\ VKLHOGLQJ DURXQG D VPDOO WXEH� DQG 
SURGXFHG VLJQDWXUH JDPPD UD\V RI ���� 

DQG ���2 NH9� LQGLFDWLYH RI D VLJQL¿FDQW &R�
�� VRXUFH� $QRWKHU DUHD RI LQWHUHVW ZDV D 
FOHDU SRRO RI ZDWHU RI VLJQL¿FDQW GHSWK ZKLFK 
KRXVHG D &R��� JDPPD UDGLDWLRQ VLJQDWXUH� 
$IWHU GHSDUWLQJ WKLV URRP� WKH I(7 DVFHQG�
HG VWDLUV WR WKH ODUJH 7UDLQLQJ� 5HVHDUFK� 
IVRWRSHV� *HQHUDO $WRPLFV �75I*$� UHDFWRU 
SRRO� 7KH WHDP UHFRUGHG GHWHFWDEOH� EXW QRW 
FRQFHUQLQJ� OHYHOV RI JDPPD DQG QHXWURQ 
UDGLDWLRQ� 7KH\ GLG QRW GHWHFW DQ\ DLU TXDO�
LW\ FRQFHUQV� RU KLJK UDGLDWLRQ DUHDV LQ WKH 
IDFLOLW\� $OO DUHDV ZHUH FOHDQ� RUJDQL]HG� DQG 
ZHOO�PDUNHG ZLWK JHQHUDO VDIHW\ DQG UDGLD�
WLRQ VLJQV�

3LFWXUH �� &KDUDFWHUL]DWLRQ RI 5HDFWRU 3RRO

)ROORZLQJ WKHLU UHWXUQ� WKH I(7 GHEULHIHG WKHLU 
¿QGLQJV� 7KH H[SORUHG DUHD ZDV WKHQ GLYLG�
HG LQWR VHFWLRQV DQG DVVLJQHG WR FKDUDFWHU�
L]DWLRQ WHDPV� (DFK FKDUDFWHUL]DWLRQ WHDP 
FRQVLVWHG RI WZR )$��2 RႈFHUV UHVSRQVLEOH 
IRU FROOHFWLQJ GHWDLOHG PHDVXUHPHQWV DQG 
SRVVLEOH LQIRUPDWLRQ RI YDOXH ZLWKLQ WKHLU DV�
VLJQHG ]RQH� *LYHQ WKH ZHLJKW RI WKH FDUULHG 
HTXLSPHQW� ���) ZHDWKHU� DQG WKH 6&%$� 
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3LFWXUH �� &KDUDFWHUL]DWLRQ RI 5HDFWRU 3RRO 
ZLWK 2UWHF 'HWHFWLYH�'; ���7�

HDFK WHDP ZDV HVWLPDWHG WR KDYH �� WR �� 
PLQXWHV WR REVHUYH WKHLU SRUWLRQ RI WKH EXLOG�
LQJ UHFRUGLQJ DV PXFK FULWLFDO LQIRUPDWLRQ DV 
SRVVLEOH�

0$- -RKQ 3HWHUV DQG &37 %HQMDPLQ 7UR[�
HOO PDGH XS WKH ¿UVW FKDUDFWHUL]DWLRQ WHDP� 
IPPHGLDWHO\ XSRQ HQWU\� WKH WHDP LGHQWL�
¿HG WKH WZR KRW FHOOV� 0$- 3HWHUV DQG &37 
7UR[HOO VSHQW DSSUR[LPDWHO\ �� PLQXWHV FRO�
OHFWLQJ VZDE VDPSOHV DQG FRQGXFWLQJ JDP�
PD VSHFWURVFRS\ RI WKH KRW FHOOV DQG WKH 
VXUURXQGLQJV� 7KH WHDP FDUULHG WZR (3'V� 
WZR 7KHUPR�6FLHQWL¿F 5DG (\H *1�� WZR 
7KHUPR�6FLHQWL¿F %2��(5� DQG RQH )/I5 
LGHQWL)I1'(5�

7KH )/I5 IGHQWL)I1'(5 ZDV XVHG WR FROOHFW 
GHYLFH VSHFWUD Rႇ RI D GU\ &R��� LUUDGLDWRU 
GLVFRYHUHG E\ WKH LQLWLDO HQWU\ WHDP LQ SUR[�
LPLW\ WR WKH KRW FHOOV� 'HVSLWH WKHLU QDPH� 
WKH KRW FHOOV GLG QRW HPDQDWH DQ\ UDGLDWLRQ 
DERYH EDFNJURXQG� IQVWHDG� WKH RQO\ VRXUFH 
RI UDGLDWLRQ ZLWKLQ WKH LPPHGLDWH DUHD ZDV 
WKH GU\ &R��� LUUDGLDWRU ZKLFK JDYH Rႇ D 
VXUIDFH GRVH UDWH RI DSSUR[LPDWHO\ ���� 
PLOOLUHP SHU KRXU� 7KH WHDP FROOHFWHG VZDE 
VDPSOHV RI WKH KRW FHOOV DQG VXUURXQGLQJV LQ 
DGGLWLRQ WR FROOHFWLQJ WKH VSHFWUD RI WKH LUUD�
GLDWRU� 7KHVH VZDE VDPSOHV ZHUH DQDO\]HG 
DIWHU WKH WHDP H[LWHG WKH IDFLOLW\� 1RQH RI WKH 
VDPSOHV FROOHFWHG H[KLELWHG UDGLRDFWLYH PD�
WHULDO � D VLJQ RI JRRG KRXVHNHHSLQJ ZLWKLQ 
WKH IDFLOLW\�

$IWHU FKDUDFWHUL]DWLRQ RI WKH KRW FHOOV� WKH 
WHDP PRYHG XSVWDLUV� 7KH\ HQWHUHG DQ RI�
¿FH VSDFH ZLWK YDULRXV H[SHULPHQW QRWHV� 
$ORQJ WKH ZD\ WKH\ QRWLFHG D WKLFN FRQFUHWH 
ZDOO ZKLFK WKH\ LGHQWL¿HG DV WKH UHDFWRU 
SRRO� $W WKLV SRLQW WKH WHDP ZDV UXQQLQJ ORZ 
RQ DLU DQG DIWHU �� PLQXWHV ZLWKLQ WKH IDFLO�
LW\ WKH\ H[LWHG WR UHSRUW WKHLU ¿QGLQJV� $IWHU 
EHLQJ GHEULHIHG� 0$- 0DUN 4XLQW DQG 0$- 
6WDFH\ <DUERURXJK SUHSDUHG WR HQWHU WKH 
IDFLOLW\ DV WKH VHFRQG FKDUDFWHUL]DWLRQ WHDP�

2QFH WKH VHFRQG FKDUDFWHUL]DWLRQ WHDP HQ�
WHUHG WKH IDFLOLW\� WKH\ PRYHG LPPHGLDWHO\ WR 
WKH XSSHU ÀRRU� WR FKDUDFWHUL]H WKH PDLQ UH�
DFWRU SRRO DQG UHDFWRU FRQWURO URRP� 8VLQJ 
WKH 2UWHF 'HWHFWLYH�'; ���7� WKH WHDP FRO�
OHFWHG D VSHFWUXP RI JDPPD�UD\ HQHUJLHV 
QHDU WKH SRRO� %DVHG RQ WKH VSHFWUXP SHDNV� 
WKH 2UWHF 'HWHFWLYH JDYH D SUHVXPSWLYH 
LGHQWL¿FDWLRQ RI ORZ HQULFKHG XUDQLXP �/(8��

0$- 4XLQW DQG 0$- <DUERURXJK GHWHFWHG 
QHXWURQV DURXQG WKH SRRO� DQG IURP ZDWHU 
FLUFXODWLRQ SLSHV� %HVLGHV WKH SRRO� PDQ\ 
H[SHULPHQWDO VHWXSV ZHUH REVHUYHG� 2QH 
EDUUHO RI LQWHUHVW ZDV PDUNHG 6SHFLDO 1X�
FOHDU 0DWHULDO �610�� :LWKLQ WKH SRRO� DORQJ 
WKH LQQHU ZDOOV� PHWDO URGV LQ VWRUDJH UDFNV 
ZHUH REVHUYHG� WKRXJK QR SOXWRQLXP VLJQD�
WXUH ZDV GHWHFWHG� 7KH UHDFWRU SRRO ZDWHU 
ZDV YHU\ FOHDU� LQGLFDWLQJ YHU\ JRRG ZDWHU 
FLUFXODWLRQ DQG ¿OWHULQJ� IQVLGH WKH FRQWURO 
URRP� DOO UHDFWRU RSHUDWLRQV DSSHDUHG QRU�
PDO� 5HDFWRU SRZHU LQGLFDWRUV GLVSOD\HG 
2�� NLORZDWWV WKHUPDO� $IWHU ¿QLVKLQJ WKH 
URRP VNHWFK DQG QRWHV� FKDUDFWHUL]DWLRQ 
WHDP WZR UHWXUQHG IRU GHEULH¿QJ�
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$IWHU HDFK FKDUDFWHUL]DWLRQ WHDP FROOHFWV 
GDWD DQG SLFWXUHV� WKH 1'7 FRQGXFWV DQ 
DVVHVVPHQW WR GHWHUPLQH WKH SRWHQWLDO DF�
WLYLWLHV WKH\ REVHUYHG� 7KLV LV VLJQL¿FDQW WR 
GHWHUPLQH LI DQ\ LOOLFLW DFWLYLWLHV DUH EHLQJ 
FRQGXFWHG DQG DVVLVW ZLWK LQWHOOLJHQFH FRO�
OHFWLRQ� )RU WKH %UHD]HDOH 1XFOHDU 5HDF�
WRU� 1'7�� DVVHVVHG D SRWHQWLDO IRU 3X�2�� 
EUHHGLQJ GXH WR RQ�VLWH 610 VWRUDJH� UDGLR�
FKHPLVWU\ ODEV DQG KRW FHOOV� KRZHYHU� QR 
GLUHFW REVHUYDEOHV WR VD\ WKLV LV RFFXUULQJ� 
7KH WHDP VXEPLWWHG D VLWH H[SORLWDWLRQ UH�
SRUW WR -7)�(�

IQ RUGHU WR SURYLGH DQ DVVHVVPHQW RQ WKH 
WHDP¶V VLWH FKDUDFWHUL]DWLRQ UHSRUW� WKH 
WHDP LV DEOH WR WRXU WKH IDFLOLW\ DQG FRPSDUH 
WKHLU ¿QGLQJV� 7KH 'LUHFWRU RI WKH 5DGLDWLRQ 
6FLHQFH DQG (QJLQHHULQJ &HQWHU �56(&�� 
DQG WKH $VVRFLDWH 'LUHFWRU IRU 2SHUDWLRQV 
DQG $VVRFLDWH 5HVHDUFK� IDFLOLWDWHG WKH WRXU� 
7KH JURXS WRXUHG WKH UHDFWRU FRQWURO URRP 
DQG SRRO� DQG ZHUH SHUPLWWHG WR REVHUYH 
D UHDFWRU SXOVH� 7KH GHVLJQ DQG VSHFL¿FV 
RI D 75I*$ UHDFWRU PDNH LW RQH RI WKH IHZ 

LQ WKH ZRUOG ZKHUH UHDFWLYLW\ FDQ EH DGGHG� 
PDNLQJ WKH UHDFWRU SURPSW VXSHUFULWLFDO DQG 
HPLWWLQJ D EOXH ÀDVK� ZLWKRXW ULVN RI FRUH 
PHOWGRZQ RU RWKHU VDIHW\ LVVXHV� 7KH UHDF�
WRU FRUH� ZKLFK ¿UVW ZHQW FULWLFDO LQ ����� LV 
ORFDWHG LQ D 2��IRRW SRRO ZLWK DSSUR[LPDWH�
O\ ������ JDOORQV RI GHPLQHUDOL]HG ZDWHU 
DQG IHDWXUHV D SQHXPDWLF WUDQVIHU V\VWHP�� 

8QLTXH WR WKH %UHD]HDOH 5HDFWRU LV LWV DELOLW\ 
WR PRYH LWV FRUH� ZKLOH RႉLQH� EHWZHHQ WZR 
VHFWLRQV RI WKH SRRO� DOORZLQJ IRU D JUHDWHU 
YDULHW\ RI UHVHDUFK WR EH FRQGXFWHG� EXW RI 
QRWH LV DOVR D SUROLIHUDWLRQ FRQFHUQ� IQ DG�
GLWLRQ WR WKH 75I*$ UHDFWRU� WKH %UHD]HDOH 
5HDFWRU EXLOGLQJ KDV DQ LUUDGLDWRU SRRO DQG 
D GU\ LUUDGLDWRU� HDFK ZLWK D &R��� VRXUFH� 
IRU JDPPD UDGLDWLRQ H[SHULPHQWV�� 7KH KRW 
FHOOV� REVHUYHG E\ HDFK WHDP XSRQ HQWU\� 
ZHUH QRW FXUUHQWO\ LQ XVH GXH WR SODQQHG 
UHIXUELVKPHQW� :KHQ RSHUDWLQJ� WKH 56(& 
+RW &HOO /DERUDWRU\ �+&/� LV FDSDEOH RI 
KDQGOLQJ ��� WR ��� FXULHV RI DFWLYLW\� DQG 
GLUHFW WUDQVIHU IURP WKH UHDFWRU SRRO DQG EH�
WZHHQ WKH FHOOV�� 7KH %UHD]HDOH UHDFWRU LV 
WUXO\ XQLTXH LQ LWV GHVLJQ DQG FDSDELOLWLHV�

3LFWXUH �� %UHD]HDOH 5HDFWRU 7RXU
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Exercise Transportation

2QFH FRPSOHWHG� WKH WHDP SDFNHG XS DQG 
SUHSDUHG IRU WKH ¿QDO SDUW RI WKH H[HUFLVH� 
WKH ÀLJKW WR 'RYHU $)%� 0RYHPHQW WR 3HQQ 
6WDWH 8QLYHUVLW\ FDPSXV ZDV FRQGXFWHG 
YLD JURXQG FRQYR\� 7KH WHDP VDIHO\ DQG 
VXFFHVVIXOO\ FRQYR\HG IURP $3*� 0'� WR 
:LOOLDPVSRUW� 3$� RQ 6HSWHPEHU ��� 2�2�� 
7KDQNV WR VXSSRUW IURP WKH 3$ $LU 1DWLRQ�
DO *XDUG� 1'7�� ZDV SHUPLWWHG WR VHFXUH 
DOO PLOLWDU\ HTXLSPHQW ZLWKLQ WKH JDWHV RI 
WKH ���UG $LU 2SHUDWLRQV *URXS DLU VWDWLRQ 
LQ 6WDWH &ROOHJH� 3$� IQ DGGLWLRQ� WKH 3$ 
$51* )LHOG 0DLQWHQDQFH 6KRS �2� SURYLG�
HG JURXQG UHFRYHU\ FDSDELOLWLHV ZKLOH WKH 
FRQYR\ WUDYHUVHG 3$� 1'7�2 IURP $3*� 0'� 
SURYLGHG JURXQG UHFRYHU\ FDSDELOLWLHV ZKLOH 
WUDYHUVLQJ 0DU\ODQG� 7KH IROORZLQJ GD\ WKH 
WHDP HVWDEOLVKHG WKHLU &3 DW 3HQQ 6WDWH¶V 
%UHD]HDOH 1XFOHDU 5HDFWRU� 7KH FRQYR\ 
WHVWHG ERWK WKH SHUVRQQHO DQG DGPLQLVWUD�
WLYH FDSDFLW\ RI WKH 2�WK &%51(� &29I'��� 
WHVWV� UHKHDUVDOV� UHFRYHU\ WHDP FRRUGLQD�
WLRQ� DQG EDWWOH WUDFNLQJ ZHUH DOO SDUW RI WKH 
OHDG XS WR WKH VHYHQ�KRXU FRQYR\ WKDW FKDO�
OHQJHG WKH YHKLFOHV DQG GULYHUV LQ D ZD\ 
WKDW FRXOG QRW KDYH EHHQ WHVWHG RWKHUZLVH�

$IWHU FRPSOHWLQJ WKHLU DVVHVVPHQW� WKH 
WHDP FRQGXFWHG D ¿IW\�PLOH FRQYR\ IURP 
6WDWH &ROOHJH� 3$ WR :LOOLDPVSRUW� 3$ IRU 
WKHLU UHWXUQ ÀLJKW WR 'RYHU� '(� 7KH 1'7 
DQG WKH 86 $LU )RUFH -RLQW IQVSHFWLRQ �-�I� 
WHDP FHUWL¿HG WKH YHKLFOHV DQG HTXLSPHQW 
IRU DLU ORDG� 2Q 6HSWHPEHU ��WK� WKH &��� 
ZDV ORDGHG DQG UHGHSOR\HG WR 'RYHU $)%� 
'(� 7KH KLJKOLJKW RI WKLV SKDVH RI WKH RS�
HUDWLRQ ZDV WKH ORDG RXW RI WKH &��� LQ OHVV 
WKDQ �� PLQXWHV� $ ODUJH SDUW RI WKH VXFFHVV 
RI WKH 675$7$I5 PRYHPHQW LV DWWULEXWHG WR 
WKH &��� FUHZ IURP +DZDLL DQG WKH VXSSRUW 
SURYLGHG E\ WKH UDPS RSHUDWLRQV SHUVRQQHO 
DVVLJQHG WR WKH ���WK $HULDO 3RUW 6TXDGURQ�

Lessons Learned

7KLV H[HUFLVH KLJKOLJKWV WKH XQLTXH RSSRU�
WXQLW\ DQ 1'7 SRVLWLRQ SUHVHQWV WR )$��2 
RႈFHUV� DV LW LV D SRVLWLRQ ZLWKLQ WKH IXQF�
WLRQDO DUHD ZLWK DQ RSHUDWLRQDO PLVVLRQ� %H�
FDXVH 1'7 RႈFHUV PXVW EH DEOH DGGUHVV 
QRYHO SUREOHPV DQG SUHSDUH IRU XQH[SHFWHG 
HYHQWV� 1'7 6ROGLHUV DUH DW WKH IRUHIURQW 
RI VWDQGDUG RSHUDWLQJ SURFHGXUH �623� 
DQG GRFWULQH GHYHORSPHQW� ([HUFLVHV VXFK 
DV 2SHUDWLRQ 1LWWDQ\ /LRQ EHVW HQDEOH WKH 
1'7V WR DFFRPSOLVK WKLV GDXQWLQJ WDVN�

2SHUDWLRQ 1LWWDQ\ /LRQ HPSKDVL]HG WKH LP�
SRUWDQFH RI SUH�LQVSHFWLRQV DQG SULRU FR�
RUGLQDWLRQ� 7KH WHDP¶V VXFFHVV LQ SDVVLQJ 
WKH $LU )RUFH -RLQW IQVSHFWLRQ �-�I� LV GLUHFW�
O\ DWWULEXWDEOH WR WKH SUH�LQVSHFWLRQV FRQ�
GXFWHG E\ $3*¶V LQVWDOODWLRQ WUDQVSRUWDWLRQ 
RႈFH� WKH VXSSRUW RI $0&� DQG WKH 2�WK 
&%51( *�� 6LQFH WKH XVH RI 675$7$I5 UH�
TXLUHV RႈFHUV WUDLQHG LQ WKH WUDQVSRUWDWLRQ 
RI KD]DUGRXV PDWHULDOV� DLU ORDG SODQQLQJ� 
DQG XQLW PRYHPHQW� WKH H[HUFLVH HPSKD�
VL]HG WKH LPSRUWDQFH RI GHSWK LQ DGGLWLRQDO 
GXWLHV WR HOLPLQDWH VLQJOH SRLQWV RI IDLOXUH� 
7KH H[HUFLVH KLJKOLJKWHG WKH VWUHQJWKV DQG 
VKRUWFRPLQJV LQ WKH 1'7�� LQLWLDO HQWU\ DQG 
FKDUDFWHUL]DWLRQ 623V DQG OHG WR WKHLU UH�
¿QHPHQW� :LWK WKH H[HUFLVH RI WKH FRPPX�
QLFDWLRQV SODWIRUPV� 1'7�� ZDV DOVR DEOH WR 3LFWXUH �� &��� /RDGRXW
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UH¿QH WKHLU FRPPXQLFDWLRQV SODQ DQG UHSRUWLQJ SURFHVV LQ DFFRUGDQFH ZLWK RXU KLJKHU 
FRPPDQG¶V JXLGDQFH� 2YHUDOO� WKH WUDLQLQJ H[HUFLVH WUDLQHG QHZ WHDP PHPEHUV� HYDOXDW�
HG 623V� LQFUHDVHG WKH WHDP¶V UHDGLQHVV� DQG LPSURYHG WKH WHDP¶V RYHUDOO FRQ¿GHQFH LQ 
FRQGXFWLQJ VKRUW�QRWLFH GHSOR\PHQWV�

Conclusion

7KH H[HUFLVH FRQFOXGHG WKH IROORZLQJ PRUQLQJ DIWHU D 2�KRXU FRQYR\ EDFN WR $3*� 0'� DQG 
D ZHOFRPH KRPH SLFQLF KRVWHG E\ WKH XQLW FKDSODLQ� 2YHUDOO� WKH PLVVLRQ ZDV VXFFHVVIXO� 
DQG DOO PHPEHUV RI 1'7�� GHPRQVWUDWHG WKH\ DQG WKH 2�WK &%51( &RPPDQG DUH SUH�
SDUHG WR FRQGXFW D OLPLWHG�QRWLFH GHSOR\PHQW DQG FKDUDFWHUL]H DQ XQNQRZQ QXFOHDU IDFLO�
LW\� :KLOH &29I'��� FDQFHOOHG RU VLJQL¿FDQWO\ DOWHUHG PDQ\ PLOLWDU\ WUDLQLQJ HYHQWV� ZKDW 
XQLWV FRXOG DFFRPSOLVK ZLWKLQ JXLGHOLQHV KDG DQ HQRUPRXV YDOXH� *LYHQ WKH PLVVLRQ RI WKH 
1'7� WKH\ FDQ QRZ� ZLWK FRQ¿GHQFH� VWDWH WKDW WKH\ DUH UHDG\ WR GHSOR\ JOREDOO\ RQ VKRUW 
QRWLFH� $GGLWLRQDOO\� WKH WHDPV LGHQWL¿HG DUHDV RI LPSURYHPHQW LQ RUGHU WR SUHSDUH IDVWHU 
DQG HDVLHU LQ WKH IXWXUH� ³2SHUDWLRQ 1LWWDQ\ /LRQ SURYLGHG 1'7�� UHDOLVWLF PLVVLRQ�IRFXVHG 
WUDLQLQJ�´ VWDWHG /7& &KULVWLQD 'XJDQ� ³7KH WHDP
V UHDGLQHVV PXOWLSOLHG WKURXJK LQFUHDV�
LQJ RXU GHSOR\PHQW UHSHWLWLRQV DQG V\QFKURQL]LQJ ZLWK RXU $LU )RUFH SDUWQHUV�´ 7KH VXF�
FHVV RI 2SHUDWLRQ 1LWWDQ\ /LRQ FDQQRW EH DWWULEXWHG WR DQ\ RQH SHUVRQ RU RUJDQL]DWLRQ� LW LV 
DQ H[DPSOH RI H[FHSWLRQDO WHDPZRUN DFURVV D YDVW QHWZRUN RI SURIHVVLRQDOV� DOO ZRUNLQJ 
WRJHWKHU WR DFFRPSOLVK D PLVVLRQ�

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 45Issue 22

Major Richard Shawger is a Nuclear Operations Officer of the Nuclear Disablement Teams at the 
20th CBRNE Command, U.S. Army, at Aberdeen Proving Ground, MD.  He has a B.S. in Mathematics 
from Muskingum University and a M.S. in Nuclear Engineering from The Ohio State University.  He 
was previously assigned as the Course Director for NE300: Fundamentals of Nuclear Engineering 
at the United States Military Academy.  His email address is richard.e.shawger.mil@mail.mil. 

Development of a Criticality Safety 
Standard Operating Procedure for Nuclear 

Disablement Teams
0$- 5LFKDUG (� 6KDZJHU

8QLWHG 6WDWHV $UP\� 2�WK &%51( &RPPDQG
Introduction

TKH 1XFOHDU 'LVDEOHPHQW 7HDPV¶ �1'7� PLVVLRQ LV WR FKDUDFWHUL]H� VDPSOH� DQG GLVDEOH 
QXFOHDU LQIUDVWUXFWXUH� 7KLV PLVVLRQ LV YDVW DQG FRPSOH[� UHTXLULQJ DQ DUUD\ RI QLFKH� WHFK�
QLFDO NQRZOHGJH DQG KDQGV�RQ H[SHULHQFH LQ PDQ\ DUHDV WKURXJKRXW WKH QXFOHDU IXHO 
F\FOH� 7KH VDPSOLQJ DQG KDQGOLQJ RI ¿VVLOH PDWHULDOV LV DW WKH FUX[ RI WKLV PLVVLRQ� 7KXV� 
FULWLFDOLW\ VDIHW\ SRVHV RQH RI WKH JUHDWHVW FKDOOHQJHV IRU WKH 1'7V LQ DFFRPSOLVKLQJ WKHLU 
PLVVLRQ VDIHO\� 7KH KLVWRU\ RI NQRZQ FULWLFDOLW\ DFFLGHQWV SURYLGHV HQRXJK HYLGHQFH WR 
ZDUUDQW H[WUHPH FDXWLRQ ZKHQ FRQGXFWLQJ RSHUDWLRQV ZLWK ¿VVLOH PDWHULDOV� IQ RUGHU WR PLW�
LJDWH WKH ULVN RI D FULWLFDOLW\ DFFLGHQW� WKH 'HSDUWPHQW RI (QHUJ\ 1XFOHDU &ULWLFDOLW\ 6DIHW\ 
3URJUDP¶V &ULWLFDOLW\ 6DIHW\ (QJLQHHU �&6(� &RXUVH SURYLGHG WKH UHTXLUHG NQRZOHGJH WR 
HGXFDWH WKH 1'7V RQ FULWLFDOLW\ VDIHW\� $V D UHVXOW� DQ RSHUDWLRQDO FULWLFDOLW\ VDIHW\ 6WDQGDUG 
2SHUDWLQJ 3URFHGXUH �623� ZDV GHYHORSHG� 

Education
7KH &6( &RXUVH FRQVLVWV RI WZR ZHHNV RI WUDLQLQJ� D ZHHN RI HGXFDWLRQ DQG D ZHHN RI 
KDQGV�RQ WUDLQLQJ LQ FULWLFDOLW\ VDIHW\� 3DUWLFLSDQWV PXVW SDVV D WHVW HDFK ZHHN ZLWK D 
VFRUH RI ��� RU KLJKHU LQ RUGHU WR UHFHLYH WKHLU &6( &HUWL¿FDWH� 7KH ¿UVW ZHHN RI WKH &6( 
&RXUVH SURYLGHV LQ GHSWK VWXG\ RI FULWLFDOLW\ VDIHW\ WR LQFOXGH $PHULFDQ 1DWLRQDO 6WDQGDUGV 
IQVWLWXWH �$16I� DQG $PHULFDQ 1XFOHDU 6RFLHW\ �$16� FULWLFDOLW\ VDIHW\ SROLF\� $16I�$16 
VXEFULWLFDO OLPLWV� DQG PHWKRGV RI PDNLQJ VXEFULWLFDO FDOFXODWLRQV� 7KH ¿UVW ZHHN RI WUDLQLQJ 
FXOPLQDWHV ZLWK WKH GHYHORSPHQW RI D FULWLFDOLW\ VDIHW\ HYDOXDWLRQ� VLPLODU WR D 623� ZKLFK 
RXWOLQHV WKH HQJLQHHULQJ DQG DGPLQLVWUDWLYH FRQWUROV QHFHVVDU\ WR NHHS D ¿VVLOH PDWHULDO 
RSHUDWLRQ VXEFULWLFDO� 'XULQJ WKH VHFRQG ZHHN� SDUWLFLSDQWV FRQGXFW FULWLFDOLW\ H[SHULPHQWV 
LQ DFFRUGDQFH ZLWK FULWLFDOLW\ VDIHW\ HYDOXDWLRQV�  

7KH PDLQ WDNHDZD\ IURP WKH &6( &RXUVH LV WKDW D FULWLFDOLW\ VDIHW\ HYDOXDWLRQ PXVW HQVXUH 
D SURFHVV UHPDLQV VXEFULWLFDO XQGHU QRW RQO\ QRUPDO RSHUDWLQJ FRQGLWLRQV� EXW DOVR DQ\ 
DQG DOO FUHGLEOH� DEQRUPDO FRQGLWLRQV� 7KXV� WKH ZRUVW�FDVH FUHGLEOH DEQRUPDO FRQGLWLRQV 
GULYH VXEFULWLFDO OLPLWV� IQ RUGHU WR HQVXUH WKHVH FRQGLWLRQV DUH PHW� WKH FULWLFDOLW\ VDIHW\ 
HYDOXDWLRQ¶V VXEFULWLFDO OLPLWV DQG SURFHGXUHV PXVW EH ERXQGHG E\ H[SHULPHQWDO GDWD DQG�
RU YDOLGDWHG E\ D FULWLFDOLW\ FRPSXWHU FRGH OLNH 0RQWH &DUOR 1�3DUWLFOH �0&13�� WUDQVSRUW 
FRGHï� 
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Scope of the NDT Criticality Safety SOP
IQ WKH FRXUVH RI H[HFXWLQJ WKH 1'7 PLVVLRQ� WKH JUHDWHVW ULVN RI D FULWLFDOLW\ DFFLGHQW LV 
GXULQJ WKH YDULRXV SKDVHV RI VDPSOH FROOHFWLRQ� :KLOH WKH VSHFL¿ FV RI D 1'7 PLVVLRQ LV 
ODUJHO\ XQNQRZQ SULRU WR HQWU\� WKH 1'7V DQWLFLSDWH WDNLQJ VDPSOHV IURP HQULFKPHQW� UHSUR�
FHVVLQJ� ¿ VVLOH PDWHULDO VWRUDJH� ¿ VVLOH PDWHULDO IDEULFDWLRQ� RU H[SHULPHQWDO ODE IDFLOLWLHV� 
:LWKLQ WKHVH IDFLOLWLHV VROLG DQG�RU VROXWLRQ VDPSOHV PD\ EH WDNHQ� 7KXV� WKH 623 IRFXVHV 
RQ OLNHO\ VDPSOLQJ VFHQDULRV� SURYLGLQJ VXEFULWLFDO OLPLWV� DGPLQLVWUDWLYH DQG HQJLQHHULQJ 
FRQWUROV� DQG VDPSOLQJ SURFHGXUHV IRU FULWLFDOLW\ VDIHW\ GXULQJ PLVVLRQV� 7KLV DUWLFOH RQO\ 
IRFXVHV RQ WKH GHYHORSPHQW RI WKH VXEFULWLFDO OLPLWV IRU WKHVH RSHUDWLRQV� 
� $SSURDFKLQJ ¿ VVLOH PDWHULDOV
� 6WRULQJ ¿ VVLOH PDWHULDO VDPSOHV LQ D 6XEFULWLFDO $UUD\ �6&$�
� 6DPSOLQJ ¿ VVLOH PDWHULDOV
� 7UDQVSRUWLQJ ¿ VVLOH PDWHULDOV
� 3DFNDJLQJ ¿ VVLOH PDWHULDOV IRU VKLSPHQW

Facts and Assumptions in the SOP
7KH IRXQGDWLRQ RI WKH 623 LV WKH VLQJOH�SDUDPHWHU VXEFULWLFDO OLPLWV IRU XQLIRUP DTXHRXV 
VROXWLRQV RU PHWDO XQLWV DV HVWDEOLVKHG E\ $16I�$16ð� IW LV LPSRUWDQW WR QRWH WKHVH OLPLWV 
DVVXPH IXOO ZDWHU UHÀ HFWLRQ� 

7DEOH �� 6LQJOH�SDUDPHWHU VXEFULWLFDO OLPLWV IRU XQLIRUP DTXHRXV VROXWLRQV RI ¿ VVLOH QX�
FOLGHV� ([WUDFWHG IURP $PHULFDQ 1DWLRQDO 6WDQGDUG $16I�$16�����2��� �52���� ZLWK 
SHUPLVVLRQ RI WKH SXEOLVKHU WKH $PHULFDQ 1XFOHDU 6RFLHW\�
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7DEOH 2� 6LQJOH�SDUDPHWHU VXEFULWLFDO OLPLWV IRU PHWDO XQLWV� ([WUDFWHG IURP $PHULFDQ 1D�
WLRQDO 6WDQGDUG $16I�$16�����2��� �52���� ZLWK SHUPLVVLRQ RI WKH SXEOLVKHU WKH $PHUL�
FDQ 1XFOHDU 6RFLHW\�

7KHVH OLPLWV DUH XVHIXO ZKHQ DSSURDFKLQJ D 
SRWHQWLDO ¿ VVLOH PDWHULDO LQ ZKLFK WKH PDVV� 
JHRPHWU\� RU YROXPH LV NQRZQ RU FDQ EH 
HDVLO\ GHWHUPLQHG WKURXJK PHDVXUHPHQW� 
+RZHYHU� WKH 1'7V FDQQRW DQWLFLSDWH RU 
NQRZ WKH UHTXLUHG GHWDLOV DERXW D VDPSOH 
IRU VDIH VXEFULWLFDO OLPLWV VXFK DV� WKH ¿ VVLOH 
LVRWRSH� WKH HQULFKPHQW RI WKH ¿ VVLOH LVRWRSH� 
WKH FRQFHQWUDWLRQ RI WKH ¿ VVLOH LVRWRSH LQ D 
VROXWLRQ� RU WKH PDVV RI WKH VDPSOH� 7KHUH�
IRUH� WKH 623 XVHG WKH PRVW FRQVHUYDWLYH 
VXEFULWLFDO OLPLW DYDLODEOH IRU VROLG RU OLTXLG 
VDPSOHV� 7KXV� WKH IROORZLQJ DVVXPSWLRQV 
ZHUH PDGH WR GHYHORS WKH 623� 
� 7KH 1'7V ZLOO QRW HQFRXQWHU 2��8�
� $OO PHWDO LV FRQVLGHUHG WR EH Į�SKDVH�

���� 2��3X ZLWK D GHQVLW\ RI ����2 J�
FPñ >6HH HQGQRWHñ@

� $OO PHWDO WR EH VDPSOHG LV FRQVLGHUHG
WR EH VSKHULFDO LQ VKDSH DQG IXOO\ ZDWHU
UHÀ HFWHG�

� $OO VROXWLRQV DUH FRQVLGHUHG WR EH�
2��UO๜)๜� VSKHULFDO LQ VKDSH� DQG IXOO\
ZDWHU UHÀ HFWHG�

� 7KH KDQG FDOFXODWLRQ IRUPXOD WR GHWHU�
PLQH WKH VDPSOH FHQWHU�WR�FHQWHU VSDF�
LQJ IRU WKH PRVW GDQJHURXV FULWLFDOLW\
VFHQDULR LV WKH 6XUIDFH 'HQVLW\ 0HWK�
RG຾� 7KLV PHWKRG DVVXPHV WKH 6&$ LV
D WZR�GLPHQVLRQDO LQ¿ QLWH DUUD\� ZKLFK
SURYLGHV D FRQVHUYDWLYH VSDFLQJ OLPLW�
0&13� YDOLGDWHG DOO 6&$ FDOFXODWLRQV�

� 7KH 6&$ ZLOO EH QR ODUJHU WKDQ D � [ �
DUUD\   2� VDPSOHV�

The Development of Subcritical Limits in 
the SOP
:LWK WKHVH DVVXPSWLRQV PDGH� 1'7 PLV�
VLRQV ZHUH DQDO\]HG ZLWK UHVSHFW WR WKH 
SDUDPHWHUV WKDW Dႇ HFW FULWLFDOLW\ WR GHYHORS 
WKH VXEFULWLFDO OLPLWV IRU WKH YDULRXV SKDVHV 
RI VDPSOH FROOHFWLRQ� 7KHVH FULWLFDOLW\ SD�
UDPHWHUV DUH� PDVV� DEVRUSWLRQ� JHRPHWU\� 
LQWHUDFWLRQ� FRQFHQWUDWLRQ�GHQVLW\� PRGHU�
DWLRQ� HQULFKPHQW� UHÀ HFWLRQ� DQG YROXPH 
�0$*I&0(59�� 7KH RQO\ PLVVLRQ LQ ZKLFK 
WKH VXEFULWLFDO OLPLWV FRXOG EH GHWHUPLQHG 
HDVLO\ ZLWKRXW FDOFXODWLRQ ZDV DSSURDFKLQJ 
¿ VVLOH PDWHULDOV� 7KLV ZDV SRVVLEOH E\ XVLQJ 
VWDQGRႇ  PHDVXUHPHQW WHFKQLTXHV WR GHWHU�
PLQH D VLQJOH FULWLFDOLW\ SDUDPHWHU RI D ¿ V�
VLOH PDWHULDO DQG XVLQJ WKH VLQJOH�SDUDPHWHU 
VXEFULWLFDO OLPLWV SUHYLRXVO\ PHQWLRQHG� 

7KH LQWHUDFWLRQ SDUDPHWHU ZLWK UHJDUG WR WKH 
PLVVLRQ RI VWRULQJ VDPSOHV LQ D 6&$ ZDV 
FRPSOH[� UHTXLUHG VLJQL¿ FDQW PRGHOLQJ� DQG 
ZDV SDUDPRXQW LQ GHWHUPLQLQJ DOO RWKHU 
VDPSOH OLPLWV WKDW ZRXOG UHPDLQ VXEFULWLFDO 
XQGHU ERWK QRUPDO DQG FUHGLEOH� DEQRUPDO 
FRQGLWLRQV� 8QGHU QRUPDO FRQGLWLRQV WKH 
VDPSOH WHDP RQO\ FROOHFWV DQG WUDQVSRUWV 
RQH VDPSOH DW D WLPH� 7KLV HOLPLQDWHV WKH 
RSSRUWXQLW\ RI WZR VXEFULWLFDO VDPSOHV LQWHU�
DFWLQJ DQG EHFRPLQJ VXSHUFULWLFDO� 7KXV� DV 
VHHQ LQ )LJXUH �� WKH � NJ RI 2��3X VHHPV 
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OLNH a reasonable subcritical mass limit for 
� ssile metals.  However, under the credible,
abnormal condition of a person tripping
and/or dropping a sample in the SCA where
it lands next to another sample, will the two
samples together remain subcritical? No, 
they will not. � us, the subcritical mass lim-
it for a metal sample must be less than 5kg.
Hence, the sample limit, for the SCA, deter-
mines the subcritical limits for all other mis-
sions except approaching a � ssile material.

MCNP6 determined the mass of a single sphere 
of 239Pu to be 3 kg, where two identical, touch-
ing spheres, fully re� ected remained subcritical. 
� e Surface Density Method, as seen below, was 
used to determine the subcritical center-to-cen-
ter spacing between samples in the SCA.

σ0 = density of fi ssile material*infi nite 
refl ected slab of fi ssile material
f  = mass fraction<.73: ratio of the fi ssile 

mass of a unit in the array to the crtical 
mass of the unrefl ected sphere of the 
same fi ssile material

7KH FDOFXODWHG FHQWHU�WR�FHQWHU VSDFLQJ 
ZDV GRXEOHG IRU DGGLWLRQDO VDIHW\ E\ OLPLW�
LQJ WKH LQWHUDFWLRQV EHWZHHQ VDPSOHV� IW 
DOVR PDGH WKH VSDFLQJ PRUH SUDFWLFDO WR 
ZDON EHWZHHQ LQ WKH DUUD\ DQG PDGH WKH DU�
UD\ VSDFLQJ DQ HDV\ QXPEHU WR UHPHPEHU� 
0&13� PRGHOHG WKH 6&$ JHRPHWU\ ZLWK �� 
FP FHQWHU�WR�FHQWHU VSDFLQJ DQG FDOFXODWHG 
WKH 6&$¶V PXOWLSOLFDWLRQ IDFWRU� N�Hႇ HFWLYH 
�NHႇ �   ��2��� ��� ������� 

n = 1;thus,a 2 dimensional criticality 
safe array

m = fi ssile material mass per array unit 
(g)  

Thus, substituting the values for a 3kg 
sphere of 239Pu, the spacing is found to be: 

)LJXUH �� 0&13� PRGHO RI IXOO 6&$
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 7KH PRVW GDQJHURXV VFHQDULR XQGHU QRUPDO RSHUDWLQJ FRQGLWLRQV RFFXUV LQ D IXOO DUUD\ 
ZLWK D SHUVRQ UHWULHYLQJ WKH FHQWHU VDPSOH� $ FURXFKLQJ SHUVRQ ZDV PRGHOHG DV D ��FP 
[ ��FP [ ���FP UHFWDQJXODU SULVP� 7KLV SURYLGHV PXFK PRUH UHÀ HFWLRQ DQG PRGHUDWLRQ 
WKDQ DQ DFWXDO KXPDQ� PDNLQJ WKH HVWLPDWH SUXGHQW� 7KH UHVXOWLQJ NHႇ    ������ ��� ������� 
$V H[SHFWHG� D SHUVRQ LQ WKH 6&$ VLJQL¿ FDQWO\ LQFUHDVHG NHႇ �

7KHUHIRUH� WR VHH LI VSDFLQJ RI WKH DUUD\ DGHTXDWHO\ QHXWUDOL]HV WKH LQWHUDFWLRQ EHWZHHQ 
VDPSOHV� WKH IXOO DUUD\ ZDV À RRGHG ZLWK ZDWHU� 7KLV UHVXOWHG LQ WKH VDPH NHႇ   ��������� 
������� EXW ZLWK RQO\ VOLJKWO\ JUHDWHU XQFHUWDLQW\� 7KLV FOHDUO\ GHPRQVWUDWHG WKDW WKH DUUD\ 
VSDFLQJ HVVHQWLDOO\ LVRODWHV HDFK VDPSOH IURP DQRWKHU DQG YDOLGDWHG WKDW WKH 6&$ UH�
PDLQV VXEFULWLFDO XQGHU QRUPDO RSHUDWLQJ FRQGLWLRQV� 

IQ RUGHU IRU WKH VXEFULWLFDO OLPLWV WR EH ¿ QDOL]HG� WKH 6&$ KDG WR EH WHVWHG XQGHU FUHGLEOH� 
DEQRUPDO FRQGLWLRQV� 7KH PRVW GDQJHURXV FUHGLEOH� DEQRUPDO FRQGLWLRQ RFFXUV LQ D IXOO 
DUUD\� ZKHQ D SHUVRQ UHWULHYHV WKH FHQWHU VDPSOH ZKHQ LW KDV EHHQ GURSSHG QH[W WR DQ DG�
MDFHQW VDPSOH� 7KXV� WKH WZR VSKHUH V\VWHP LV IXOO\ UHÀ HFWHG DQG NHႇ  LQFUHDVHV WR ������ 
��� ������� ZKLFK LV EHORZ WKH NHႇ    ������ RI WKH XSSHU VXEFULWLFDO OLPLW IRU IXOO\ UHÀ HFWHG 
2��3X PHWDOເ� 7KHUHIRUH� WKH VXEFULWLFDO OLPLWV XQGHU FUHGLEOH� DEQRUPDO FRQGLWLRQV ZHUH 
YDOLGDWHG� 2QFH DJDLQ� WKH DUUD\ ZDV À RRGHG ZLWK ZDWHU� XQGHU FUHGLEOH� DEQRUPDO FRQGL�
WLRQV� ZKLFK \LHOGHG D NHႇ  ��������� ������� GHPRQVWUDWLQJ DQG UHLQIRUFLQJ WKH VDIHW\ RI 
WKH VXEFULWLFDO PDVV OLPLW DQG WKH �� FP VSDFLQJ RI 6&$� 

)LJXUH 2� 0&13� PRGHO RI SHUVRQ UHWULHYLQJ FHQWHU VDPSOH IURP D IXOO 6&$

)LJXUH �� 0&13� PRGHO RI FUHGLEOH� DEQRUPDO FRQGLWLRQ� 
KXPDQ UHWULHYLQJ GURSSHG VDPSOH LQ IXOO 6&$
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:LWK WKH YDOLGDWLRQ RI WKH 6&$ UHPDLQLQJ 
VXEFULWLFDO XQGHU QRUPDO DQG FUHGLEOH� DE�
QRUPDO FRQGLWLRQV WKH VXEFULWLFDO OLPLWV IRU 
VROLG VDPSOHV FRXOG EH ¿QDOL]HG� )RU OLTXLG 
VDPSOHV� D VXEFULWLFDO OLPLW ZDV GHWHUPLQHG 
VXFK WKDW WKH 6&$ VSDFLQJ RI �� FP ZRXOG 
EH YDOLG IRU DQ\ FRPELQDWLRQ RI PHWDO RU 
OLTXLG VDPSOHV� 7KH YDOLGDWLRQ RI WKH OLTXLG 
YROXPH VXEFULWLFDO OLPLW DQG 6&$ VSDFLQJ IRU 
DQ\ VDPSOH ZDV VLPLODU WR WKH DQDO\VLV IRU 
GHWHUPLQLQJ WKH VROLG VXEFULWLFDO OLPLWV� 7KH 
¿QDO VXEFULWLFDO OLPLWV RI WKH 623 DUH VKRZQ 
EHORZ� 
� 0HWDO 0DVV OLPLW �GXULQJ DSSURDFK�� ���

NJ �2�� FPñ� >6HH HQGQRWH�@
� 0HWDO 0DVV OLPLW �VDPSOH�� ��� NJ ����

FPñ�
� 0D[ 6ROXWLRQ 9ROXPH OLPLW �GXULQJ DS�

SURDFK�� ��� O >6HH HQGQRWH�@

� 0D[ 6ROXWLRQ 9ROXPH OLPLW �VDPSOH��
��� O

� 6ROXWLRQ F\OLQGHU PD[ GLDPHWHU� ����
FP ���� LQ� >6HH HQGQRWH��@

� 6ROXWLRQ VODE PD[LPXP WKLFNQHVV� ���
FP ���� LQ� >6HH HQGQRWH��@

� 7KH VXEFULWLFDO FHQWHU WR FHQWHU VSDFLQJ
IRU WKH VDPSOH VWRUDJH 6&$ LV �� FP�

IQ FRQFOXVLRQ� WKH 1'7 &ULWLFDOLW\ 6DIHW\ 
623 SURYLGHV WKH 1'7V ZLWK WKH QHFHVVDU\ 
VXEFULWLFDO OLPLWV� FRQWUROV� DQG SURFHGXUHV 
WR VDIHO\ DSSURDFK� FROOHFW� WUDQVSRUW� VWRUH� 
DQG SDFNDJH ¿VVLOH PDWHULDO VDPSOHV LQ RU�
GHU WR DFFRPSOLVK LWV PLVVLRQ RI DVVHVVLQJ� 
FKDUDFWHUL]LQJ� DQG GLVDEOLQJ QXFOHDU LQIUD�
VWUXFWXUH� 7KH 623 SDLUHG ZLWK WUDLQLQJ LQ�
FUHDVHV WKH PLVVLRQ UHDGLQHVV RI WKH 2�WK 
&%51( &RPPDQG¶V 1'7V�

Notes

�� 7� *RRUOH\� HW DO�� �IQLWLDO 0&13� 5H�
OHDVH 2YHUYLHZ�� 1XFOHDU 7HFKQRORJ\� 
���� �'HFHPEHU 2��2��  2�������

2� $16I�$16�����2���� ³1XFOHDU &ULWLFDOL�
W\ 6DIHW\ LQ RSHUDWLRQV ZLWK ¿VVLRQDEOH 
PDWHULDOV RXWVLGH UHDFWRU�´ $PHULFDQ 
1XFOHDU 6RFLHW\� /D *UDQJH 3DUN� IOOL�
QRLV� �� 7DEOHV � 	 �� 

�� $16I�$16�����2���� �� 7DEOH ��
�� '� *� %RZHQ DQG 5� '� %XVFK� ³+DQG 

&DOFXODWLRQ PHWKRGV IRU &ULWLFDOLW\ 
6DIHW\ � $ 3ULPHU�´ /RV $ODPRV 1DWLRQDO 
/DERUDWRU\ UHSRUW /$���2���0� �1R�
YHPEHU 2����� ���

�� +� &� 3D[WRQ� -� 7� 7KRPDV� '� &DOODK�
DQ DQG (�%� -RKQVRQ� ³&ULWLFDO GLPHQ�
VLRQV RI 6\VWHPV &RQWDLQLQJ 82��� 
3X2��� 82��� ���� 5HYLVLRQ´ /RV 
$ODPRV 6FLHQWL¿F /DERUDWRU\ UHSRUW /$�
������06� �-XO\ ������ ���

��  5� '� &DUWHU� *� 5� .LHO� DQG .� 5� 
5LGJZD\� ³&ULWLFDOLW\ +DQGERRN 9RO� I� 
II� DQG III�´ $WODQWLF 5LFK¿HOG +DQIRUG 
&R� 5HSRUW $5+���� ������� 9RO� II� 
III�$���2�

�� -� /� $OZLQ DQG 1� =KDQJ� ³3OXWRQLXP 
&ULWLFDO 0DVV &XUYH &RPSDULVRQ WR 
0DVV DW 8SSHU 6XEFULWLFDO /LPLW �86/� 
8VLQJ :KLVSHU�´ /$�85����2����� 
�6HSWHPEHU� 2����� ���

�� $16I�$16�����2���� �� 7DEOH �� 
�� $16I�$16�����2���� �� 7DEOH ��
��� $16I�$16�����2���� �� 7DEOH ��
��� $16I�$16�����2���� �� 7DEOH ��
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+XQW ���� H[HUFLVH DW %XUEDQN� &D�  �8�6� $UP\ SKRWR E\ 6SF� -RVHSK )ULHQG�

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 52 Issue 22

A Survey of Portable Counter-Proliferation 
Technologies”

&37 *UDQW 9� 0DOODOLHX
(LJKWK 8QLWHG 6WDWHV $UP\ 

CPT Grant V. Mallalieu is the Deputy Army Theater Counterintelligence Coordinating Authority 
on the Eighth U.S. Army staff in Camp Humphreys, Korea.  He has a B.S. in nuclear engineering 
with a minor in grand strategy from the U.S. Military Academy at West Point. He was previously 
assigned as an infantry Platoon Leader at 1st Battalion, 4th Infantry Regiment in Germany. His 
email address is grant.v.mallalieu.mil@mail.mil.

Introduction

PRUWDEOH FRXQWHU�SUROLIHUDWLRQ WHFKQRORJLHV KDYH HYROYHG IURP VLPSOH VHQVRUV WKDW 
GHWHFW WKH SUHVHQFH RU DEVHQFH RI QXFOHDU PDWHULDO WR PRUH VRSKLVWLFDWHG GHYLFHV 
WKDW FDQ GHWHUPLQH WKH PDVV� LVRWRSLF FRPSRVLWLRQ� HQULFKPHQW� DQG HYHQ JHRPH�

WU\ RI DQ\ QXFOHDU PDWHULDO LQ TXHVWLRQ� 7KLV DUWLFOH DGGUHVVHV RQO\ SRUWDEOH GHYLFHV DQG 
WKHLU UHODWLRQVKLS WR RWKHU FRXQWHU�SUROLIHUDWLRQ PHDVXUHV� LQFOXGLQJ ¿[HG VHQVRUV DQG 
WDPSHU�LQGLFDWLQJ HQFORVXUHV WKDW DOVR HQVXUH WKDW QXFOHDU IDFLOLWLHV FRPSO\ ZLWK LQWHUQD�
WLRQDO ODZ�� (TXDOO\ LPSRUWDQW DUH VWDWLRQDU\ GHYLFHV ZKLFK DUH LQVWDOOHG WKURXJKRXW WKH 
ZRUOG DW VXFK FULWLFDO MXQFWXUHV DV DLUSRUWV� ERUGHU FURVVLQJV� DQG EULGJHV� +RZHYHU� EH�
FDXVH WKH LQWHUQDWLRQDO FRPPXQLW\ KDV FKDUJHG WKH IQWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ 
�I$($� ZLWK WKH GXW\ WR FRQGXFW LQ VLWX DVVHVVPHQWV RI WKH ���� 1RQ�3UROLIHUDWLRQ 7UHDW\ 
�137� VLJQDWRU\ VWDWHV¶ QXFOHDU IDFLOLWLHV� WZR PRELOH WHFKQRORJLHV DUH RI SDUWLFXODU LQWHU�
HVW LQ WKH JOREDO FRXQWHU�SUROLIHUDWLRQ UHJLPH� 7KLV DUWLFOH ZLOO SURYLGH VRPH EDFNJURXQG 
RQ WKH GLSORPDWLF DQG UHJXODWRU\ IUDPHZRUN ZLWKLQ ZKLFK SRUWDEOH FRXQWHU�SUROLIHUDWLRQ 
WHFKQRORJLHV DUH HPSOR\HG� DV ZHOO DV D VXUYH\ RI UHFHQW GHYHORSPHQWV LQ WKLV ¿HOG�

Background

IW LV ¿UVW QHFHVVDU\ WR XQGHUVWDQG IRU ZKDW SXUSRVH DQG XQGHU ZKDW FRQVWUDLQWV SRUWDEOH 
FRXQWHU�SUROLIHUDWLRQ WHFKQRORJLHV DUH GHYHORSHG� 7KH I$($ LV FKDUJHG ZLWK LQVSHFWLRQ 
RI JOREDO QXFOHDU IDFLOLWLHV WR HQVXUH WKDW HDFK VLJQDWRU\ QDWLRQ LV LQ FRPSOLDQFH ZLWK WKH 
137� +RZHYHU� DV D VXEVLGLDU\ RUJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV� WKH I$($ GRHV QRW 
KDYH GLUHFW HQIRUFHPHQW FDSDELOLWLHV LQ�KRXVH� 7KH I$($ IXUQLVKHV WHFKQLFDO H[SHUWLVH 
DQG SURYLGHV UHFRPPHQGDWLRQV WR SROLF\ PDNHUV �H�J� WKH 81 6HFXULW\ &RXQFLO� FRQFHUQ�
LQJ ZKHWKHU D SDUWLFXODU FRXQWU\¶V DFWLYLWLHV FRQVWLWXWH D QXFOHDU SUROLIHUDWLRQ ULVN� 7KLV 
LV VLJQL¿FDQW EHFDXVH WKH I$($ LV QRW DXWKRUL]HG RU HPSRZHUHG WR XVH IRUFH WR FRQGXFW 
LWV LQVSHFWLRQV DQG PXVW UHO\ XSRQ WKH JRRG IDLWK RI WKH QDWLRQV LW LQVSHFWV� 0RVW I$($ 
LQVSHFWLRQV DUH URXWLQH DQG DQQRXQFHG �DOEHLW RIWHQ ZLWK OHVV WKDQ �� KRXUV DGYDQFH 
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QRWLFH�� WKRXJK PDQ\ 137 VLJQDWRU\ VWDWHV 
DOVR KDYH DJUHHPHQWV WKDW DXWKRUL]H WKH 
I$($ WR VHQG LQ D PRELOH WHDP WR FRQGXFW 
XQDQQRXQFHG LQVSHFWLRQV� IQVSHFWLQJ DW 
LUUHJXODU LQWHUYDOV HQVXUHV WKDW WKH IDFLOL�
W\ GRHV QRW KDYH WLPH WR DOWHU RU REVFXUH 
ODUJH VFDOH QXFOHDU RSHUDWLRQV� WKRXJK DQ\ 
DGYDQFH QRWLFH PD\ SURYLGH D IDFLOLW\¶V 
SHUVRQQHO D KHDG�VWDUW LQ KLGLQJ D YLRODWLRQ� 
7KXV� WR EH HႇHFWLYH� D FRXQWHU�SUROLIHUD�
WLRQ WHFKQRORJ\ RXJKW WR GHWHFW HYHQ VPDOO 
DPRXQWV RI QXFOHDU PDWHULDO� ZKLFK PD\ 
DOVR EH KLGGHQ DQG�RU VKLHOGHG�

7KH SROLWLFDO LPSOLFDWLRQV RI DQ I$($ LQ�
VSHFWLRQ FDQ EH LPPHQVH� 7KH I$($ 
PDLQWDLQV D SXEOLF OLVW RI QDWLRQV ZKLFK DUH 
HVWDEOLVKHG DV YHUL¿HG DGKHUHQWV WR WKH 
137� D VWDWXV ZKLFK VLJQDOV WR WKH LQWHUQD�
WLRQDO FRPPXQLW\ WKDW D VLJQDWRU\ QDWLRQ LV 
FRPSO\LQJ ZLWK WKH 137 LQ JRRG IDLWK� 7KH 
UHPRYDO RI WKLV VWDWXV �HYHQ WKRXJK WKH 
UHPRYDO PD\ RႈFLDOO\ GHQRWH DPELJXLW\ 
RI FRPSOLDQFH� DQG QRW WKDW D FRXQWU\ LV 
ZHDSRQL]LQJ SHU VH� FDQ KDYH HQRUPRXV 
GLSORPDWLF LPSOLFDWLRQV� VR WKH UHVXOWV RI 
DQ LQVSHFWLRQ RXJKW WR EH EDVHG XSRQ WKH 
PRVW VRSKLVWLFDWHG DQG UHOLDEOH WHFKQROR�
JLHV DYDLODEOH�

7KH WHFKQLFDO UHTXLUHPHQWV RI SRUWDEOH 
FRXQWHU�SUROLIHUDWLRQ WHFKQRORJLHV UHSUH�
VHQW D GHOLFDWH EDODQFH� LQ ZKLFK WKH I$($ 
PXVW REWDLQ HQRXJK LQIRUPDWLRQ DERXW D 
QXFOHDU IDFLOLW\ WR FRQ¿UP 137 FRPSOLDQFH 
ZLWKRXW JRLQJ VR IDU DV WR FROOHFW GDWD 
ZKLFK D FRXQWU\ PD\ ULJKWIXOO\ UHJDUG DV 
SURSULHWDU\� VHQVLWLYH� RU FODVVL¿HG� 7KH 
JROG VWDQGDUG LV WR FRQGXFW DQ LQVSHF�
WLRQ XVLQJ PHWKRGV ZKLFK IDOO H[FOXVLYHO\ 
XQGHU WKH FDWHJRU\ RI 1RQ�'HVWUXFWLYH 
$VVD\ �1'$�� VRPHWLPHV DOVR UHIHUUHG 
WR DV 1RQ�'HVWUXFWLYH $QDO\VLV� WKRXJK 
PRUH LQYDVLYH PHWKRGV PD\ EH QHFHVVDU\ 
LQ VRPH FDVHV� 1'$ PHWKRGV FRQVWLWXWH 
DQ\ GHWHFWLRQ WHFKQLTXHV ZKLFK GR QRW 
LQYROYH WKH SK\VLFDO GHVWUXFWLRQ� DOWHUDWLRQ� 
RU GLVDVVHPEO\ RI WKH QXFOHDU DSSDUDWXV�

HV XQGHU FRQVLGHUDWLRQ� 1'$ WHFKQLTXHV 
DUH PRUH OLNHO\ WR EH DFFHSWDEOH WR WKH 
VLJQDWRU\ VWDWH EHFDXVH WKH\ DUH IDU OHVV 
H[SHQVLYH �EHFDXVH WKH VWDWH ZLOO QRW KDYH 
WR UHDVVHPEOH FRPSOH[ QXFOHDU V\VWHPV� 
DQG GR QRW DOORZ WKH LQVSHFWRUV WR GLUHFWO\ 
DFFHVV FODVVL¿HG GHYLFHV RU LQIRUPDWLRQ� 
1'$ PHWKRGV KDYH HYROYHG WUHPHQGRXVO\ 
RYHU WKH GHFDGHV LQ ZKLFK I$($ KDV EHHQ 
FRQGXFWLQJ LQ VLWX LQVSHFWLRQV DQG QRZ 
HQFRPSDVV DQ DUUD\ RI FDSDELOLWLHV ZKLFK 
LQFOXGH GHWHUPLQDWLRQ RI VRXUFH LVRWRSH 
DQG HQULFKPHQW� GHWHUPLQDWLRQ RI VRXUFH 
JHRPHWU\ DQG ORFDWLRQ� DQG TXDQWL¿FD�
WLRQ RI VRXUFH PDVV� 7KH FXUUHQW VWDWH RI 
UHVHDUFK RI HDFK RI WKHVH ZLOO EH H[SORUHG 
EHORZ�

Current Detection Techniques

IQ EURDG WHUPV� WKH ¿HOG RI SRUWDEOH FRXQW�
HU�SUROLIHUDWLRQ WHFKQRORJLHV KDV EHHQ 
WUDQVIRUPHG RYHU WKH SDVW IHZ GHFDGHV� 
QRW E\ DGYDQFHV LQ EDVLF VFLHQFH� EXW  
WKURXJK D KRVW RI VRIWZDUH DGYDQFHPHQWV 
ZKLFK KDYH DOORZHG HQJLQHHUV WR H[WUDFW 
PRUH LQIRUPDWLRQ IURP WKH VLJQDWXUH 
HPLWWHG E\ D UDGLRDFWLYH VRXUFH� 2I DOO 
FRXQWHU�SUROLIHUDWLRQ WHFKQRORJLHV� VRXUFH 
GHWHFWLRQ LV WKH VLPSOHVW� DV LW LV IDLUO\ 
VWUDLJKWIRUZDUG WR GHWHFW ZKHQ DQ DUHD 
KDV VLJQL¿FDQWO\ JUHDWHU UDGLRDFWLYH ÀX[ 
WKDQ WKDW DWWULEXWDEOH WR WKH H[SHFWHG 
EDFNJURXQG UDGLDWLRQ� )RU WKDW UHDVRQ� WKLV 
SDSHU ZLOO QRW GLVFXVV VRXUFH GHWHFWLRQ 
VSHFL¿FDOO\� DV LW LV DQ LQKHUHQW SDUW RI DOO 
W\SHV RI GHWHFWRUV�

IVRWRSLF &RPSRVLWLRQ DQG (QULFKPHQW
'HWHUPLQLQJ WKH LVRWRSLF FRPSRVLWLRQ 
DQG HQULFKPHQW RI WKH VRXUFH LV IDU OHVV 
VWUDLJKWIRUZDUG� 7KH UHVW RI WKLV GLVFXV�
VLRQ SULPDULO\ SHUWDLQV WR JDPPD�HPLWWLQJ 
LVRWRSHV �H�J� XUDQLXP VRXUFHV�� DV D 
WKRURXJK H[DPLQDWLRQ RI SRUWDEOH QHX�
WURQ�HPLWWLQJ VRXUFH GHWHFWLRQ �IURP D 
ZHDSRQV JUDGH SOXWRQLXP VRXUFH� IRU 
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H[DPSOH� ZRXOG UHTXLUH D VHSDUDWH DUWLFOH  
� )RU QHXWURQ�HPLWWLQJ VRXUFHV� RQO\ 1HX�
WURQ &RLQFLGHQFH &RXQWLQJ �1&&� ZLOO EH 
GLVFXVVHG� DV LW LV DPRQJ WKH PRVW ZLGHO\ 
XVHG DQG HႇHFWLYH PHWKRGV IRU LGHQWLI\LQJ 
QHXWURQ�HPLWWHUV�

2QH PHWKRG IRU LGHQWLI\LQJ WKH LVRWRSLF 
FRPSRVLWLRQ DQG HQULFKPHQW RI D VXV�
SHFWHG XUDQLXP VRXUFH LQYROYHV D V\VWHP 
WKDW LQFRUSRUDWHV 0XOWL�*URXS $QDO\VLV IRU 
8UDQLXP �0*$8�� 7KLV WHFKQRORJ\� SUR�
GXFHG E\ &DQEHUUD� SURYLGHV ³VRSKLVWLFDW�
HG DQDO\VLV XVLQJ PXOWLSOHW GHFRQYROXWLRQ 
>ZKLFK@ HOLPLQDWHV WKH QHHG IRU HႈFLHQF\ 
FDOLEUDWLRQ EDVHG RQ PDWUL[ GHQVLW\� PDWUL[ 
W\SH� RU FRQWDLQHU FKDUDFWHULVWLFV�´� 7KLV LV 
D XVHIXO IHDWXUH IRU DQ LQVSHFWLRQ WHDP RQ 
D VWULFW WLPHOLQH� DV LW OLPLWV WKH DPRXQW RI 
WLPH VSHQW LQ FDOLEUDWLQJ WUDGLWLRQDO GHWHF�
WRUV EDVHG RQ VRXUFHV RI NQRZQ DFWLYLW\� 
0*$8 XVHV WKH UHODWLYH UDWLRV RI JDPPD 
SHDNV �NQRZQ DV WKH SHDN UDWLR PHWKRG� 
WR GHWHUPLQH WKH LVRWRSLF FRPSRVLWLRQ RI D 
VRXUFH EDVHG RQ LWV NQRZQ JDPPD VLJ�
QDWXUH� DQG� E\ H[WHQVLRQ� LWV HQULFKPHQW� 
6RIWZDUH FRQGXFWV WKLV SDWWHUQ�PDWFKLQJ 
QHDUO\ LQVWDQWO\�

$QRWKHU PHWKRG LV 1DI*(0  � ZKLFK DXJ�
PHQWV D WUDGLWLRQDO VRGLXP LRGLGH GHWHFWRU 
ZLWK VRIWZDUH WKDW SURYLGHV JHQHUDOO\ VLP�
LODU UHVXOWV WR 0*$8� 7KH NH\ GLႇHUHQFH 
EHWZHHQ WKH WZR WHFKQRORJLHV LV LQ WKH VWD�
WLVWLFDO PHWKRGV E\ ZKLFK WKH\ DUULYH DW D 
GHWHUPLQDWLRQ RI WKH LVRWRSLF LGHQWL¿FDWLRQ 
DQG HQULFKPHQW� 1DI*(0 XVHV WKH SHDN ¿W�
WLQJ PHWKRG WR PDNH WKHVH GHWHUPLQDWLRQV� 
ZKLFK PD\ UHWXUQ GLVWRUWHG UHVXOWV LI WKH 
VRXUFH LV ZHOO�VKLHOGHG� +RZHYHU� 1DI*(0 
LV PRUH DFFXUDWH WKDQ 0*$8 IRU UHODWLYHO\ 
XQVKLHOGHG VRXUFHV �DV WKH JDPPD VLJQD�
WXUHV DUH EHWWHU SUHVHUYHG� RQH FDQ ORRN 
DW WKH JDPPDV DEVROXWH DEXQGDQFHV� DQG 
QRW MXVW WKHLU UDWLRV��

:LQ82�� LGHQWL¿HV WKH LVRWRSLF FRPSR�
VLWLRQ DQG HQULFKPHQW RI D VXVSHFWHG 

XUDQLXP VRXUFH� :LQ82�� XVHV WKH HQ�
ULFKPHQW PHWHU PHWKRG� ZKLFK KDV SURYHQ 
UHPDUNDEO\ DFFXUDWH LQ GHWHUPLQLQJ WKH 
HQULFKPHQW RI ODUJH XUDQLXP VRXUFHV� 
+RZHYHU� LQ RUGHU IRU WKH :LQ2�� VRIWZDUH 
WR SURYLGH DQ DFFXUDWH UHVXOW� LW DVVXPHV 
WKH XUDQLXP VRXUFH WR EH ³LQ¿QLWHO\ WKLFN�´ 
IRU DOO HႇHFWLYH SXUSRVHV� 8UDQLXP KDV D 
YHU\ KLJK FURVV VHFWLRQ ZLWK UHVSHFW WR WKH 
HQHUJHWLF JDPPDV LW HPLWV� VR DQ ³LQ¿QLWHO\ 
WKLFN´ XUDQLXP VRXUFH QHHG EH OHVV WKDQ D 
PLOOLPHWHU WKLFN WR VDWLVI\ WKLV UHTXLUHPHQW� 
$ YHU\ WKLQ VRXUFH� KRZHYHU� ZRXOG KDYH D 
VOLJKWO\ GLႇHUHQW JDPPD VLJQDWXUH� DV WKH 
JDPPD UD\V ZLOO QRW KDYH LQWHUDFWHG ZLWK 
�L�H� VFDWWHUHG Rႇ RI� WKH VXUURXQGLQJ XUDQL�
XP QXFOHL LQ WKH H[SHFWHG PDQQHU�

$ ¿QDO PHDQV RI LVRWRSLF LGHQWL¿FDWLRQ� DV 
PHQWLRQHG DERYH� LV 1HXWURQ &RLQFLGHQFH 
&RXQWLQJ� D PHWKRG ZKLFK KDV EHHQ 
GLVFXVVHG VLQFH DW OHDVW WKH ����V�� EXW 
ZKLFK KDV PDGH JUHDW VWULGHV LQ UHFHQW 
\HDUV� 7KLV PHWKRG LV GLVWLQFW LQVRPXFK 
DV LW UHOLHV XSRQ WKH IDFW WKDW VSRQWDQHRXV 
¿VVLRQ QHXWURQV DQG SURPSW QHXWURQV DUH 
HPLWWHG YLUWXDOO\ VLPXOWDQHRXVO\ IURP D 
QHXWURQ�HPLWWLQJ VRXUFH �VXFK DV SOXWRQL�
XP�� VR WKH FRXQWHU FDQ LGHQWLI\ SDLUV RI 
UDGLDWLRQ LQFLGHQWV ZKLFK DUH ³FRLQFLGHQW´ 
WR GHWHUPLQH ZKHWKHU WKRVH SDUWLFOHV GHULYH 
IURP D QHXWURQ HPLWWLQJ VRXUFH� 7KH H[�
DFW WLPLQJ RI WKHVH LQFLGHQFHV FDQ IXUWKHU 
FODULI\ ZKDW LVRWRSH RI QHXWURQ HPLWWHU LV 
SUHVHQW�

6RXUFH *HRPHWU\
7KH IQ 6LWX 2EMHFW &RXQWLQJ 6\VWHP 
�I62&6� LV D VRIWZDUH WRRO WKDW FDQ DGMXVW 
LWV RXWSXW EDVHG RQ WKH H[SHFWHG JHRPHWU\ 
RI D VRXUFH KLGGHQ LQVLGH DQRWKHU REMHFW� 
VXFK DV D PHWDO FDVLQJ� I62&6 DOORZV WKH 
LQVSHFWRU WR LQSXW D ³JXHVV´ RI DERXW 2� 
FRPPRQ JHRPHWULHV IRU D VRXUFH DQG FDQ 
XVH WKLV LQIRUPDWLRQ WR SURYLGH D PRUH DF�
FXUDWH FDOLEUDWLRQ RI WKH JDPPD VLJQDWXUH 
LW UHFHLYHV� 1RWDEO\� I62&6 GRHV QRW UHO\ 
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XSRQ DQ DVVXPSWLRQ RI DQ LQ¿QLWHO\ WKLFN 
XUDQLXP VRXUFH �L�H� I62&6 GRHV QRW PDNH 
DVVXPSWLRQV DERXW WKH VRXUFH¶V LQWHUQDO 
VKLHOGLQJ�� VR LW FDQ SURYLGH DQ DFFXUDWH 
UHVXOW LQGHSHQGHQW RI WKH VRXUFH¶V JHRPH�
WU\� $OVR RI QRWH LV WKH IDFW WKDW WKLV PHWKRG 
JHQHUDOO\ WDNHV TXLWH D ZKLOH WR SURYLGH D 
PHDVXUHPHQW �XVXDOO\ DW OHDVW �� PLQXWHV� 
GHSHQGLQJ RQ VRXUFH LQWHQVLW\� VR LW GRHV 
KDYH DQ LPSRUWDQW OLPLWDWLRQ� HVSHFLDOO\ 
ZKHQ RSHUDWLQJ ZLWKLQ D IDFLOLW\ WKDW PD\ 
UHTXLUH PDQ\ PHDVXUHPHQWV�

0DVV 'HWHUPLQDWLRQ
$FWLYH :HOO &RLQFLGHQFH &RXQWHUV �$:&&�� 
DORQJ ZLWK RWKHU DFWLYH LQWHUURJDWLRQ PHWK�
RGV� DUH WKH SULPDU\ PHDQV RI GHWHUPLQLQJ 
WKH PDVVHV RI XUDQLXP LVRWRSHV SUHVHQW 
LQ D VDPSOH� 7KH\ ZRUN E\ XVLQJ D QHXWURQ 
HPLWWLQJ VRXUFH �RIWHQ DPHULFLXP�OLWKLXP� 
WR ¿OWHU WKURXJK WKH VXVSHFWHG XUDQLXP 
VRXUFH� ZLWK D GHWHFWRU RQ WKH RSSRVLWH 
VLGH RI WKH VXVSHFWHG VRXUFH UHJLVWHULQJ 
WKH VLJQDWXUH RI WKH UDGLDWLRQ DIWHU LW SDVV�
HV WKURXJK� 7KH H[DFW SUR¿OH RI WKH QHX�
WURQV HPLWWHG IURP WKH $P�/L VRXUFH FDQ EH 
FRPSDUHG �YLD VRIWZDUH� DJDLQVW UHIHUHQFH 
YDOXHV WR GHWHUPLQH WKH TXDQWLW\ DQG LVRWR�
SLF FRPSRVLWLRQ RI XUDQLXP WKURXJK ZKLFK 
WKH $P�/L¶V UDGLDWLRQ SDVVHG�

Future Research and Conclusions
$ KRVW RI QHZ SRUWDEOH WHFKQRORJLHV KDYH 
EHHQ GHYHORSHG WR FRQIURQW WKH SUROLIHUD�
WLRQ WKUHDW� EXW JUHDWHU UHVHDUFK LV QHHGHG� 
$OPRVW DV TXLFNO\ DV FRXQWHU�SUROLIHUDWLRQ 
WHFKQRORJLHV FDQ EH ¿HOGHG� QHZ PHWKRGV 
RI PDVNLQJ QXFOHDU PDWHULDOV DUH EHLQJ GH�
YHORSHG� DQG WKH VRSKLVWLFDWLRQ RI LQWHUQD�
WLRQDO VPXJJOLQJ DQG SUROLIHUDWLRQ QHWZRUNV 
LV D FRQVWDQW WKUHDW� 6RIWZDUH LQQRYDWLRQV 
HQDEOH UHJXODWRU\ DJHQFLHV WR XSGDWH WKHLU 
FRXQWHU�SUROLIHUDWLRQ WHFKQLTXHV PRUH 
TXLFNO\� RIWHQ ZLWKRXW KDYLQJ WR UHSODFH 
H[SHQVLYH OHJDF\ KDUGZDUH� 1XFOHDU GHWHF�
WLRQ LV QRW WKH RQO\ WRRO LQ WKH FRXQWHU�SUROLI�
HUDWLRQ ¿JKW �WUDFLQJ ¿QDQFLDO VXSSO\ FKDLQV 

LV DQRWKHU PHWKRG� IRU H[DPSOH�� EXW WKH 
DIRUHPHQWLRQHG FRXQWHU�SUROLIHUDWLRQ WHFK�
QRORJLHV SOD\ DQ LPSRUWDQW UROH LQ IXO¿OOLQJ 
WKH I$($¶V PDQGDWH WR SURPRWH ³$WRPV IRU 
3HDFH�´

Notes

�� IQWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\� 
³6DIHJXDUGV IPSOHPHQWDWLRQ 3UDFWLFHV 
*XLGH RQ )DFLOLWDWLQJ I$($ 9HUL¿FDWLRQ 
$FWLYLWLHV�´ ������ KWWSV���ZZZ�SXE�
LDHD�RUJ�07&'�3XEOLFDWLRQV�3')�696�
��BZHE�SGI

2� *HRUJH %XQQ� ³7KH 1XFOHDU 1RQ�
SUROLIHUDWLRQ 5HJLPH DQG IWV +LVWRU\´� 
�%URRNLQJV� 2���� ����2��

�� &DQEHUUD IQGXVWULHV� ³0XOWL�*URXS $QDO�
\VLV IRU 8UDQLXP´� :HE� KWWSV���ZZZ�
FDQEHUUD�FRP�IU�SURGXLWV�ZDVWHBVDIH�
JXDUGBV\VWHPV�V\VWHPV�VRIWZDUH�KWPO

�� 5�/� &DOGZHOO HW DO� ³&RPELQDWLRQ 1HX�
WURQ ([SHULPHQW IRU 5HPRWH $QDO\VLV´� 
6FLHQFH ��2���2� �������� �����
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Application of Path Planning Algorithms to 
Robot Navigation in Radiation Plumes and 
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Introduction

7KH QXFOHDU LQGXVWU\ FDQ EH GLYLGHG LQWR IRXU PDMRU ¿HOGV RI HPSOR\PHQW� QDPHO\� QXFOHDU 
SRZHU� QXFOHDU PHGLFLQH� QXFOHDU UHVHDUFK DQG QXFOHDU ZHDSRQV� $OO FRPSRQHQWV RI WKHVH 
¿HOGV XVH IDFLOLWLHV DQG IXHO JHQHUDWHG IURP WKH QXFOHDU IXHO F\FOH� 6LQFH WKH GHYHORSPHQW 
RI WKH ¿UVW DWRPLF ZHDSRQ DQG H[HFXWLRQ RI WKH 7ULQLW\ 7HVW� FKDUDFWHUL]LQJ WKH UDGLDWLRQ 
FRQWDPLQDWLRQ ¿HOG KDV EHHQ D VFLHQWL¿F DQG RSHUDWLRQDO FKDOOHQJH�  

7KH UHDFWRU PHOWGRZQ DW 7KUHH 0LOH IVODQG �70I� ZDV WKH ¿UVW VSXU LQ URERWLF GHYHORSPHQW 
LQ WKH QXFOHDU ¿HOG� $W WKH WLPH� WKH URERWLFV LQGXVWU\ ZDV OHVV WKDQ 2� \HDUV ROG� ZLWK OLWWOH 
WR QR DGYDQFHV LQ FRPSXWHU YLVLRQ� FRQWUROV WKHRU\ RU SODQQLQJ� DQG ZLWK EXON\ KDUGZDUH 
>�@� 7KH DFFLGHQW OHG WR DQ DFFHOHUDWLRQ LQ UHVHDUFK DQG GHYHORSPHQW RI URERWV IRU QXFOHDU 
SRZHU SODQWV� +RZHYHU� URERWV WKDW FRXOG FRQGXFW DXWRQRPRXV RU VHPL�DXWRQRPRXV WDVNV 
LQ GDQJHURXV HQYLURQPHQWV ZHUH MXVW EHLQJ FRQFHSWXDOL]HG�  

7KH 70I DFFLGHQW OHG WR WKH H[WHQVLYH XVH RI IRXU URERWV� QDPHO\ 6I6I� 5RVD� 5RYHU DQG 
)UHG� IRU UHPRWH VXUYHLOODQFH� FRUH GHIXHOLQJ DQG GHFRQWDPLQDWLRQ >�@� :H NQRZ WKDW 
GXULQJ QXFOHDU LQFLGHQWV OLNH 70I� &KHUQRE\O� RU )XNXVKLPD� WKHUH LV DQ XUJHQW QHHG WR 
FKDUDFWHUL]H VLWH FRQGLWLRQV DV VRRQ DV SRVVLEOH >2@� 5HVHDUFK LQ URERWLFV IRU WKH QXFOHDU 
LQGXVWU\ JHQHUDOO\ VXUURXQG GHYHORSPHQW RI PDWHULDOV DQG EXLOGLQJ DXWRPDWHG FRPSR�
QHQWV WKDW FDQ VXUYLYH WKH KDUVK UDGLDWLRQ HQYLURQPHQW� $SSOLFDWLRQ RI GHYHORSPHQW LQ WKH 
¿HOG IRU VXUYH\LQJ KD]DUGRXV HQYLURQPHQWV IRFXVHV RQ PDWHULDO DQG VKLHOGLQJ VROXWLRQV� 
VRIWZDUH DQG DOJRULWKPV FDQ DOVR SOD\ D YLWDO UROH�  

7KLV SDSHU ORRNV DW WKH 2��� UHYLHZ RI JURXQG�EDVHG URERWLF V\VWHPV IRU WKH FKDUDFWHUL�
]DWLRQ RI QXFOHDU HQYLURQPHQWV >�@ DQG VKRZV KRZ WKH DGGLWLRQ DQG UH¿QHPHQW RI VHDUFK 
DOJRULWKPV FDQ LPSURYH WKH SODQQLQJ DQG H[HFXWLRQ SURFHVVHV IRU HDUO\ FKDUDFWHUL]DWLRQ 
RI WKH UDGLDWLRQ ¿HOG�

Related Work

8QOLNH PRVW LQGXVWULHV WKDW XVH URERWV RXW RI D GHVLUH WR LPSURYH SURGXFW TXDOLW\ RU JDLQ 
D FRPSHWLWLYH HGJH� WKH XVH RI URERWV LQ WKH QXFOHDU LQGXVWU\ LV LPSHUDWLYH WR UHGXFH WKH 
KD]DUGV WR KXPDQV DVVRFLDWHG ZLWK ZRUNLQJ LQ KLJK UDGLDWLRQ ¿HOG�

+HQFH WKHUH LV D ODUJH ERG\ RI ZRUN UHODWHG WR GHYHORSPHQW RI URERWV HTXLSSHG ZLWK DUPV 
DQG FDPHUDV WR PRYH REMHFWV� /LNH URERWLF SODWIRUPV GHYHORSHG IRU 70I FOHDQ�XS >�@� 8Q�
PDQQHG $HULDO 9HKLFOHV �8$9V� DUH DOVR EHLQJ GHYHORSHG IRU UDGLDWLRQ GHWHFWLRQ� 7KHVH 
8$9V FDQ PDS DQ DUHD ZLWKRXW WKH ULVN RI H[SRVLQJ KXPDQV WR UDGLDWLRQ�

IQ WKH DIWHUPDWK RI WKH )XNXVKLPD 'DLLFKL UHDFWRU DFFLGHQW RI 2���� VKRUWIDOOV LQ URERWLFV IRU 
QXFOHDU SRZHU SODQW DFFLGHQWV EHFDPH HYLGHQW >�@� 7KH LQWHUQDWLRQDO FRPPXQLW\ OHDUQHG 
WKDW QRQH RI WKH WHFKQRORJ\ GHYHORSHG DW WKDW WLPH FRXOG ZLWKVWDQG WKH DFFXPXODWHG GRV�
HV UDGLDWLQJ IURP D FRUH EUHDFK ZLWKRXW VLJQL¿FDQW FRROLQJ WLPH� 0DMRU GHYHORSPHQW HႇRUWV 
DUH FXUUHQWO\ XQGHUZD\ WR GHYHORS URERWV DQG UDGLDWLRQ�KDUGHQHG HOHFWURQLFV WKDW ZRXOG 
VROYH WKLV SUREOHP >2@�
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7DEOH � VKRZV WKH IDLOXUH GRVHV IRU URERWV GHYHORSHG IRU WKH )XNXVKLPD 'DLLFKL DFFLGHQW 
>2@� 1RQH RI WKHVH URERWV DUH FDSDEOH RI FRQGXFWLQJ DUHD UDGLDWLRQ FKDUDFWHUL]DWLRQ DW 
UDGLDWLRQ OHYHOV WKDW ZRXOG KDYH EHHQ VHHQ LPPHGLDWHO\ DIWHU WKH DFFLGHQW� KRZHYHU� LQWH�
JUDWLQJ SDWK SODQQLQJ LQWR WKH URERW SURJUDPPLQJ FDQ KHOS ¿ QG WKH IDVWHVW SDWK WR FKDUDF�
WHUL]LQJ DQ DUHD DQG UHWXUQLQJ WKH URERW SULRU WR UHFHLYLQJ D FDWDVWURSKLF WRWDO GRVH�

Models
5DGLDWLRQ )LHOG 0RGHOOLQJ
7KH 'HIHQVH /DQG )DOORXW IQWHUSUHWLYH &RGH �'(/)I&� )DOORXW 3ODQQLQJ 7RRO PRGHO D ��2NW 
QXFOHDU GHWRQDWLRQ LQ &ROOHJH 3DUN 0DU\ODQG� )LJXUH � VKRZV WKH SOXPH IURP WKH PRGHO�

Table 1:  Partial performance parameters of response robots for Fukushima 
'DLLFKL DFFLGHQW 

)LJXUH �� '(/)I& SOXPH IRU ��2NW GHWRQDWLRQ DW &ROOHJH 3DUN� 0'
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+RZHYHU� GXH WR UHOHDVH UHVWULFWLRQV� IXUWKHU GHWDLOV RI WKH PRGHO FDQQRW EH XVHG IRU FXU�
UHQW DQDO\VLV� IQVWHDG� D VHW RI HTXDWLRQV DUH XVHG WR PRGHO WKH H[SRVXUH UDWH 2� KRXUV 
DIWHU WKH LQFLGHQW� 7KH GHWRQDWLRQ LV PRGHOOHG DV D SRLQW LVRWURSLF VRXUFH RI FHVLXP ��� 
UDGLRQXFOLGH HPLWWLQJ ����� 0H9 JDPPD FKDUDFWHULVWLF HQHUJ\ LQ GU\ DLU QHDU VHD OHYHO� 
([SRVXUH DV D IXQFWLRQ RI GLVWDQFH� DQG REVWDFOH DUH FDOFXODWHG ZLWK HTXDWLRQV LQ )LJXUH 
2 DQG FRPSDUHG WR YDOXHV LQ 7DEOH 2�

7DEOH 2� ([SRVXUH UDWHV IURP '()/I&

)LJXUH 2� ([SRVXUH IRU 3RLQW LVRWURSLF VRXUFH PDWKHPDWLFDO PRGHO

6DPSOLQJ�%DVHG 3ODQQLQJ $OJRULWKPV
7KH PHWKRGV LPSOHPHQWHG IRU WKLV SUREOHP LQFOXGH WZR VWDWH�RI�WKH�DUW VDPSOLQJ�EDVHG 
SODQQLQJ DOJRULWKPV� 5DSLGO\�([SORULQJ 5DQGRP 7UHHV �557� DQG 557
�  557 ZDV GHYHO�
RSHG LQ 2��� E\ /D9DOOH DV D PRWLRQ SODQQLQJ DOJRULWKP ZKLFK GULYHV PDS H[SORUDWLRQ YLD 
PRYHPHQW WRZDUGV UDQGRPO\ DSSHDULQJ QRGHV RQ WKH PDS� 2QH QRWDEOH IHDWXUH RI WKLV 
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PHWKRG� ZKLFK PDNHV LW XVHIXO IRU H[SORUDWLRQ ZLWKLQ D UDGLDWLRQ ¿ HOG� LV WKH FRVW IXQFWLRQ� 
7KLV FRVW IXQFWLRQ FDQ EH WDLORUHG EDVHG RQ KHXULVWLFV WKDW DUH VSHFL¿ F WR WKH SUREOHP RI 
LQWHUHVW�  )RU WKLV WRSLF� WKH SULPDU\ PHWULFV RI FRQFHUQ DUH GLVWDQFH �IURP FXUUHQW QRGH WR 
UDQGRP VDPSOH� DV ZHOO DV H[SRVXUH UDWH RQ WKH PDS DW WKH ORFDWLRQ RI WKH FXUUHQW QRGH�  
IQ WKLV FDVH� WKH GLVWDQFH DOUHDG\ WUDYHOOHG �FRVW2FRPH� LV QRW RI FRQFHUQ DQG WKXV LV QRW 
LQFRUSRUDWHG LQWR WKH 557 FRVW IXQFWLRQ� 7KH GULYHU IRU WKHVH PRGL¿ FDWLRQV LV GXH WR WKH 
JRDO RI REWDLQLQJ D IHDVLEOH SDWK SODQ IURP VWDUW WR JRDO� ZKHUH VKRUWHVW�GLVWDQFH LV WKH SUL�
PDU\ IDFWRU XQWLO WKH URERW HQWHUV D UHJLRQ RI KLJK UDGLDWLRQ H[SRVXUH� DW ZKLFK SRLQW VKRUW�
HVW�GLVWDQFH EHFRPHV LUUHOHYDQW DQG ORZHVW�H[SRVXUH SDWKV EHFRPH PXFK PRUH KHDYLO\ 
IDYRUHG�

)LJXUH �� 6DPSOH RI 557 $OJRULWKP 6HDUFK 6SDFH�

)LJXUH � VKRZV D VDPSOH LPSOHPHQWDWLRQ RI 557� 1RWH WKDW 557 GRHV QRW QHFHVVDULO\ 
SURYLGH WKH RSWLPDO RU µEHVW¶ VROXWLRQ� IQ WKLV FDVH� DQ ³RSWLPDO´ SDWK LV QRW WKH GHVLUHG JRDO� 
LQ WHUPV RI VKRUWHVW GLVWDQFH� 7KH JRDO IRU 557� DV LW DSSOLHV WR H[SORUDWLRQ RI UDGLRDFWLYH 
RXWGRRU HQYLURQPHQWV� LV WR REWDLQ D IHDVLEOH SDWK SODQ ZKLFK IDFWRUV LQ ERWK VKRUWHVW�GLV�
WDQFH DV ZHOO DV H[SRVXUH�  )DFWRULQJ LQ H[SRVXUH� HVSHFLDOO\ LQ QRWDEO\ KLJK UDGLRDFWLYH 
ORFDWLRQV RQ WKH PDS� ZLOO FDXVH H[SORUDWLRQ WR YHQWXUH LQ D ZD\ WKDW LV QRW DOZD\V RI VKRUW�
HVW GLVWDQFH� EXW UDWKHU LQ VXFK D ZD\ WKDW DWWHPSWV WR FLUFXPYHQW�DYRLG UHJLRQV RI KLJK 
H[SRVXUH XQWLO D VXႈ  FLHQWO\ KLJK QXPEHU RI UDQGRP VDPSOHV IRUFHV WKH H[SDQGLQJ 557 
JUDSK WR FRQWLQXH H[SORULQJ XQWLO WKH JRDO LV UHDFKHG�   

557
 ZDV ODWHU GHYHORSHG E\ .DUDPDQ DQG )UD]]ROL DV D YDULDQW RI 557 ZKLFK UHWXUQV D 
SUREDEO\ RSWLPDO SDWK �DVVXPLQJ RQH LV DYDLODEOH� >�@�  7KH 557
 SVHXGRFRGH FDQ EH VHHQ 
LQ )LJXUH �� 7KLV SDSHU DSSOLHV DGYDQWDJHV RI 557 DQG 557
 WR WZR VHSDUDWH VFHQDULRV�
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Methods
6FHQDULR �� $XWRQRPRXV 6HDUFK DQG 3ODQQLQJ LQ DQ 2XWGRRU 5DGLDWLRQ )LHOG
7KH JRDO RI 6FHQDULR � LV WR GHPRQVWUDWH WKH XVH RI D VDPSOLQJ�EDVHG VHDUFK DOJRULWKP 
WR SURYLGH D SDWK ZLWK WKH OHDVW WRWDO DFFXPXODWHG H[SRVXUH� 7KH VFHQDULR LV PRGHOOHG WR 
UHSUHVHQW UHVLGXDO JDPPD UDGLDWLRQ 2� KRXUV DIWHU D ��2 NW QXFOHDU ZHDSRQ GHWRQDWLRQ�  
IW LQYROYHV UDGLDWLRQ ¿ HOGV LQ D ZLGH RXWGRRU DUHD� VXUURXQGHG E\ D ¿ HOG RI GHEULV� :LWKLQ 
WKLV HQYLURQPHQW LV D UDGLDWLRQ VRXUFH WKDW QHHGV WR EH LGHQWL¿ HG� FKDUDFWHUL]HG� DQG�RU 
UHFRYHUHG�  

7KH VRXUFH XVHG IRU PDWKHPDWLFDO FDOFXODWLRQ LQ WKLV VFHQDULR LV D &HVLXP���� UDGLRQX�
FOLGH HPLWWLQJ ��� [ ���� SDUWLFOHV DV DQ LVRWURSLF UDGLDWLQJ SRLQW VRXUFH LQ DLU� 3DUWLFOHV 
PRYH UDGLDOO\ RXWZDUG XQWLO LQWHUDFWLRQV ZLWK GHEULV ZKLFK DUH VKRZQ DV EXLOGLQJV DQG 
YHKLFOHV LQ )LJXUH �� 7KH H[SRVXUH DW DQ\ SRLQW S LV WKHQ FDOFXODWHG E\�  

:KHUH� 
63   QXPEHU RI SDUWLFOHV HPLWWHG DW WKH VRXUFH SHU XQLW WLPH� 

 LV WKH SKRWRQ H[SRVXUH UHVSRQVH IXQFWLRQ IRU 
 HQHUJ\ (   ����2 0H9�  

6FHQDULR � FRQVLGHUV UDGLRDFWLYH H[SRVXUH DV WKH SULPDU\ GULYHU IRU PDS H[SORUDWLRQ�  ([�
SRVXUH LV FDOFXODWHG DW HYHU\ SRLQW ZLWKLQ WKH ���P [ 2�2P PDS VSDFH �XVLQJ ��P JULG 
UHVROXWLRQ�� 7KLV VFHQDULR DVVXPHV WZR REVWDFOH W\SHV� EXLOGLQJV DQG YHKLFOHV�  %XLOGLQJV 
DUH DVVXPHG WR EH FRPSRVHG HQWLUHO\ RI FRQFUHWH DQG YHKLFOHV DUH DVVXPHG WR EH PDGH 

)LJXUH �� 557
 SVHXGRFRGH >�@�

 LV WKH SKRWRQ H[SRVXUH UHVSRQVH IXQFWLRQ IRU 
 HQHUJ\ (   ����2 0H9�  
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RI VWHHO DQG FKURPLXP�  7KH FKURPLXP FRPSRQHQWV RI WKH YHKLFOHV DUH PRGHOOHG DV DQ 
LUUDGLDWLRQ RI FKURPLXP �� WR SURGXFH FKDUDFWHULVWLF FKURPLXP �� ZLWK ���2� 0H9 JDPPD 
UD\ IURP QHXWURQ DFWLYDWLRQ�  )LJXUH � VKRZV D WRS�GRZQ YLHZ RI WKH 6FHQDULR � PDS� D 
VRXWKHUQ VHFWLRQ RI WKH 8QLYHUVLW\ RI 0DU\ODQG �&ROOHJH 3DUN� ZLWK SLQN SRO\JRQV UHSUH�
VHQWLQJ EXLOGLQJV �FRQFUHWH REVWDFOHV� DQG JUHHQ SRO\JRQV UHSUHVHQWLQJ YHKLFOHV �FKURPL�
XP�VWHHO VRXUFHV��

IQ WKLV VFHQDULR� WKH 5I&$ URERW LQ )LJXUH � ZLOO EH XVHG WR VHDUFK WKH DUHD LQ D VLPXODWHG 
HQYLURQPHQW�  5I&$ LV D URERW GHYHORSHG IRU UDGLDWLRQ ¿ HOGV� DQG LQFRUSRUDWHV D VWXUG\ 
PHWDO ERG\� WDQN�WUHDG EDVHG GLႇ HUHQWLDO GULYH IRU RXWGRRU QDYLJDWLRQ� DQG JDPPD FDP�
HUDV �IRDQQLV 7VLWVLPSHOLV 2����� )RU WKLV VLPXODWLRQ LW ZDV DVVXPHG WKDW WKH 5I&$ URERW 
FRXOG H[SORUH DQ\ WHUUDLQ EHVLGHV EXLOGLQJV DQG SDUNLQJ ORWV�

)LJXUH �� *RRJOH (DUWK DHULDO YLHZ RI VHDUFK DUHD 

)LJXUH �� 5I&$ 5RERW >�@
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7KH URERW ZLOO LQFRUSRUDWH H[SRVXUH UDWH ZLWK ORFDWLRQ GDWD WR VHDUFK WKURXJK WKH ¿ HOG 
XVLQJ UDSLGO\�H[SORULQJ UDQGRP WUHHV �557�� 7KH 557 DOJRULWKP ZLOO ¿ QG D SDWK IURP D 
VWDUW SRLQW WR D JRDO SRLQW E\ D FRQVWDQW HYDOXDWLRQ RI WKH QHDUHVW XQH[SORUHG QRGH� IQ WKLV 
FRQWH[W� µQHDUHVW QRGH¶ LQGLFDWHV WKH H[LVWLQJ QRGH RI ORZHVW WRWDO FRVW�  (DFK QRGH N RQ 
WKH PDS LV HYDOXDWHG XVLQJ WKH IROORZLQJ WRWDO FRVW IXQFWLRQ� 

7RWDO &RVWN   Z๛
�&RVW2*RN� �  Z๜
�([SRVXUH 5DWHN� �(T 2�  

:KHUH�  
&RVW2*R (XFOLGHDQ GLVWDQFH IURP FXUUHQW QRGH WR UDQGRP VDPSOH �P� 
([SRVXUH 5DWH �(T ��   6XP RI WKH WRWDO UDGLDWLRQ H[SRVXUH UDWH DW FXUUHQW QRGH ORFDWLRQ 
�5RHQWJHQ�KU�� LQÀ XHQFHG E\ WKH PDLQ VRXUFH DV ZHOO DV VXUURXQGLQJ REVWDFOHV 
Z�� Z2   :HLJKWV HVWDEOLVKHG YLD WULDO DQG HUURU GXULQJ DOJRULWKP LPSOHPHQWDWLRQ� 

)LJXUH � VKRZV H[SRVXUH UDWH LQ DLU UHSUHVHQWHG DV D KRPRJHQHRXV PHGLXP IURP WKH 
&HVLXP���� SRLQW VRXUFH� 7KH VRXUFH LV ORFDWHG DW WKH WRS ULJKW FRUQHU RI WKH PDS� ZLWK 
WKH FRORXU JUDGLHQW IURP \HOORZ WR EOXH UHSUHVHQWLQJ WKH LVRWURSLF UDGLDWLRQ IURP WKH VRXUFH�

)LJXUH �� 0$7/$% PRGHO RI VHDUFK DUHD ZLWK SRLQW VRXUFH LQ 
KRPRJHQHRXV PHGLXP �DLU�

7R VLPXODWH WKH RSHUDWLRQV RI WKH 5I&$ URERW LQ WKLV UDGLDWLRQ ¿ HOG� WKH PDS VSDFH ZLOO EH 
GH¿ QHG LQ 0$7/$% WR SURYLGH H[SRVXUH UDWHV DW HDFK SRLQW RQ WKH PDS� 7KH SUH�FRP�
SXWHG UDWHV ZLOO EH VXSSOLHG LQWR WKH 557 DOJRULWKP DV SDUW RI WKH FRVW LQ HDFK QRGH� $Q 
DEVWUDFWHG EUHDNGRZQ RI WKH 557 VHDUFK DOJRULWKP LV RXWOLQHG LQ WKH À RZFKDUW LQ )LJXUH ��
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6FHQDULR 2� 2SWLPDO 3DWK LQ :HVWLQJKRXVH &RPPHUFLDO +RW &HOO
$OO QXFOHDU SURFHVVHV WKDW KDSSHQ EH\RQG D UHDFWRU UHTXLUH D KRW FHOO�  +RW FHOOV DUH 
KHDYLO\ VKLHOGHG URRPV ZLWK WHOH RSHUDWRUV SRVLWLRQHG RXWVLGH� DURXQG D VSHFLDO OD\HU RI 
OHDG�VKLHOGHG JODVV�  :RUNHUV EULQJ DUWLFOHV LQWR WKH FHOO YLD VKLHOGHG SRUWV� FUDQHV� DQG 
PDQLSXODWRUV�  9LVLRQ LQ KRW FHOOV LV RIWHQ OLPLWHG GXH WR GHJUDGDWLRQ LQ WKH JODVV SDQHV 
RYHU \HDUV RI RSHUDWLRQ�  $OVR� GDPDJH WR WKH IDFLOLW\ GXH WR HTXLSPHQW PDOIXQFWLRQV RU 
QDWXUDO GLVDVWHUV FDQ UHQGHU WKH WHOHRSHUDWLRQ XQXVDEOH�  5HFRYHU\ DQG KRW FHOO FOHDQ�XS 
LV DQ H[WUHPHO\ KD]DUGRXV HQGHDYRU WKDW FRQVLVWV RI HLWKHU PDQLSXODWLQJ ODUJH VKLHOGHG 
SDUWLWLRQV WR JHW WR WKH VRXUFH LQ WKH URRP� RU ZDLWLQJ \HDUV IRU DFFHSWDEOH UDGLDWLRQ OHYHOV 
LQ WKH URRP�  

6LQFH WKHUH LV SULRU NQRZOHGJH RI WKH HQYLURQPHQW LQ D KRW FHOO� RQH FDQ VHQG D VPDOO UR�
ERW LQWR WKH URRP ZLWK D FDPHUD LQ WKH FDVH RI ORVV RI YLHZLQJ FDSDELOLWLHV LQ WKH ZLQGRZV�  
+RZHYHU� EH\RQG D YHU\ VKRUW SHULRG� PRVW FDPHUDV FDQQRW ZLWKVWDQG WKH KLJK JDPPD 
UDGLDWLRQ IURP VSHQW IXHO WKDW LV XVXDOO\ EHLQJ SURFHVVHG LQ D KRW FHOO� WKXV� WKH URERW PD\ 
QRW EH IXQFWLRQDO E\ WKH WLPH LW UHDFKHV LWV JRDO� DQG DOVR PD\ QRW EH UHWULHYDEOH�  IQ WKLV 
FDVH� ZH LQWHQG WR XVH 7XUWOHERW 2 GXH WR WKH VPDOO IRUP IDFWRU DQG ORZ FRVW WR GHWHUPLQH 
KRZ IDU D URERW FDQ JR LQVLGH WKH FHOO JLYHQ DQ RSWLPDO SDWK IURP D VWDUW WR D JRDO SRLQW�  
7KLV SDSHU ZLOO XVH WKH 577
 DOJRULWKP WR ¿ QG WKH VKRUWHVW QDYLJDEOH SDWK WR WKH VRXUFH� 
7KH WRWDO H[SRVXUH IRU WKLV SDWK LV WKHQ FDOFXODWHG DW HDFK SRLQW WR GHWHUPLQH ZKHUH WKH 
HTXLSPHQW IDLOXUH ZLOO RFFXU� $QRWKHU DSSOLFDWLRQ RI WKH RSWLPDO SDWK WKURXJK WKH FHOO ZRXOG 
EH WR GHWHUPLQH WKH ULVN RI FULWLFDOLW\ LI D PRGHUDWLQJ HOHPHQW OLNH D KXPDQ PRYHV DORQJ WKH 
SDWK� 7KLV LV XVHIXO EHFDXVH LQ VLWXDWLRQV ZKHUH WKH UDGLDWLRQ VRXUFH LV ¿ VVLOH RU ¿ VVLRQ�
DEOH� IQWURGXFWLRQ RI D PRGHUDWHG QHXWURQ FRXOG FDXVH WKH HQYLURQPHQW WR FKDQJH IURP 

)LJXUH �� 5DSLGO\�H[SORULQJ UDQGRP WUHHV �557� DOJRULWKP À RZ FKDUW�
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VXEFULWLFDO WR FULWLFDO WKHUHE\ VWDUWLQJ D FKDLQ UHDFWLRQ� &ULWLFDOLW\ FDOFXODWLRQ LV DQ H[WUHPHO\ 
VSHFL¿ F DQG QXDQFHG ¿ HOG RI QXFOHDU HQJLQHHULQJ WKDW LQYROYHV VROYLQJ WKH GLႇ XVLRQ WUDQV�
SRUW HTXDWLRQ IRU VSHFL¿ F JHRPHWULHV� 7KH NH\ IDFWRUV LQ DQ\ FULWLFDO V\VWHP LV WKH JHRPH�
WU\ RI DOO ERGLHV� FRPSRVLWLRQ RI ¿ VVLRQ UDGLRQXFOLGH� DQG PRGHUDWRU� IQ D VLWXDWLRQ ZKHUH D 
URRP FRPSRVHG RI ¿ VVLOH PDWHULDO LV FXUUHQWO\ QRW FULWLFDO� D FKDQJH LQWR WKH HQYLURQPHQW 
E\ DGGLQJ KXPDQ EHLQJV ZRXOG FKDQJH WKH QXFOHDU PRGHUDWLRQ DQG FRXOG OHDG WR D FULWL�
FDO FRQ¿ JXUDWLRQ� .QRZLQJ WKH RSWLPDO SDWK WKURXJK VXFK DQ DUHD FDQ DOORZ IRU FULWLFDOLW\ 
FDOFXODWLRQV DW HDFK SRLQW RQ WKH SDWK WR GHWHUPLQH WKH FKDQFH RI FULWLFDOLW\ DORQJ WKDW SDWK�  
7KH KRW FHOO XQGHU FRQVLGHUDWLRQ LV D :HVWLQJKRXVH FRPPHUFLDO KRW FHOO� VKRZQ LQ )LJXUH ��

)LJXUH �� 2XWVLGH D :HVWLQJKRXVH &RPPHUFLDO SODQW KLJK�OHYHO FHOO�

7KH KRW FHOO LV PRGHOOHG LQ 3\WKRQ LQ DQ RSHQ FRQ¿ JXUDWLRQ ZLWK WKUHH VRXUFHV ORFDWHG 
QH[W WR UHVSHFWLYH VKLSSLQJ FDVNV� &DVNV DUH PRGHOOHG DV OHDG VKLHOGV� 7KH FHOO LV UDWHG 
DW ���� 5�KU� WKHUHIRUH WKH FRPELQHG H[SRVXUH UDWHV IURP WKH VRXUFHV LV OLPLWHG WR WKLV 
PD[LPXP�  7KH HTXDWLRQV LQ )LJXUH 2 DUH XVHG WR FDOFXODWH H[SRVXUH UDWH DW HDFK SRLQW 
IURP DOO WKUHH VRXUFHV� FRPELQHG ZLWK VKLHOGLQJ IURP HDFK VWRUDJH FDVN� )LJXUH �� VKRZV 
WKH VLPXODWHG URRP FRQ¿ JXUDWLRQ SORWWHG RYHU D KHDW PDS RI WKH VRXUFHV¶ H[SRVXUH UDWHV 
LQ D KRPRJHQHRXV PHGLXP RI DUJRQ�  7KH OHDG�VKLHOGHG FDVNV DUH VKRZQ LQ ZKLWH DQG D 
ZRUNEHQFK LV LQ SXUSOH� 

)LJXUH ��� +RW FHOO REMHFWV VKRZQ RYHU H[SRVXUH UDWH KHDW PDS LQ 3\WKRQ�
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7KH 557
 VDPSOLQJ PHWKRG LV XVHG WR VHDUFK WKH FHOO� IW XWLOL]HV D WUHH�EDVHG DSSURDFK� 
ZKLFK LV VXPPDUL]HG LQ WKH À RZ FKDUWV LQ )LJXUH ���

)LJXUH ��� 557
 À RZ FKDUWV�

Robot and Environment Simulation
6FHQDULR ��  0$7/$% DQG &RSSHOLD6LP
6FHQDULR � LPSOHPHQWV WKH 557 DOJRULWKP� ZULWWHQ LQ 0DWODE� DQG WHVWHG ZLWK D SURRI�RI�
FRQFHSW �' VLPXODWLRQ LQ &RSSHOLD6LP �SUHYLRXVO\ NQRZQ DV 9�5(3� WKH 9LUWXDO 5RERW 
([SHULPHQWDWLRQ 3ODWIRUP��  )RU WKH VLPXODWLRQ� EXLOGLQJV LQ WKH DUHD DUH PRGHOOHG DV 
DEVRUELQJ FRQFUHWH SRO\JRQV DQG VKRZQ LQ VROLG ZKLWH� &DUV DUH PRGHOOHG DV DFWLYDWHG 
FKURPLXP SRO\JRQV DQG VKRZQ LQ D JURXSLQJ �H�J� SDUNLQJ ORW DUHD� ZLWK GDVKHG ERUGHUV� 
+HQFH� FDUV ZLOO DGG VPDOOHU� ORFDOL]HG VRXUFHV�

)LJXUH �2� &RQFUHWH 2EVWDFOH $WWHQXDWLRQV
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)LJXUH �2 VKRZV D FORVH�XS� WRS�GRZQ YLHZ RI VRPH RI WKH FRQFUHWH REVWDFOHV DWWHQ�
XDWLQJ WKH UDGLDWLRQ H[SRVXUH�  7KH DWWHQXDWLRQV DUH HVWLPDWHG DV KHPLVSKHUHV LQ WKH 
RSSRVLWH GLUHFWLRQ RI WKH VRXUFH WR PRGHO KRZ WKH EXLOGLQJV ZLOO SURYLGH VRPH VKLHOGLQJ� 
L�H� ORZHU�H[SRVXUH UHJLRQV�  $GGLWLRQDOO\� D OLJKWHU UHJLRQ FDQ EH VHHQ DURXQG WKH GLD�
PRQG�VKDSHG SDUNLQJ ORW REVWDFOH� ZKLFK DEVRUEV DQG UH�HPLWV D ORZ DPRXQW RI UDGLDWLRQ� 
DV RSSRVHG WR WKH DWWHQXDWLQJ FRQFUHWH�  9HKLFOHV ZLWKLQ WKH SDUNLQJ ORW DUH DVVXPHG WR 
EH FRPSRVHG RI FKURPLXP PHWDO� 

7KH FRVW IXQFWLRQ IURP (T� 2 LV XVHG IRU 557 VDPSOLQJ RI WKH DUHD�  7KH ZHLJKWV ZHUH 
GHWHUPLQHG E\ WULDO DQG HUURU DIWHU H[DPLQLQJ WKH VLPXODWHG H[SRVXUH YDOXHV� 7KH LPSOH�
PHQWHG ZHLJKW IRU UDGLDWLRQ H[SRVXUH FRQVLGHUDWLRQ �Z2� LV �������� DQG WKH LPSOHPHQW�
HG ZHLJKW IRU GLVWDQFH FRQVLGHUDWLRQ �Z�� LV ���������  7KH UHVXOW RI WKLV FRQ¿ JXUDWLRQ 
OHDGV WR WKH 557 DOJRULWKP KHDYLO\ IDYRXULQJ VKRUWHVW�GLVWDQFH H[SORUDWLRQ LQ DUHDV RI ORZ 
UDGLDWLRQ H[SRVXUH� UHODWLYH WR WKH VRXUFH VWUHQJWK� DQG KHDYLO\ IDYRXULQJ ORZHVW�H[SRVXUH 
H[SORUDWLRQ LQ DUHDV RI KLJK H[SRVXUH� 7KLV LV WKH LGHDO DSSURDFK VLQFH WKH 5I&$ URERW LV 
QRW QRWDEO\ VHQVLWLYH WR UDGLDWLRQ H[SRVXUH DFURVV WKH PDS� H[FHSW IRU DUHDV QHDUE\ WKH 
JRDO VRXUFH� 

6FHQDULR � LV PRGHOHG DVVXPLQJ GLႇ HUHQWLDO GULYH FRQVWUDLQWV� PHDQLQJ HDFK ZKHHO FDQ 
GULYH ZLWK LQGLYLGXDO 530V� )RU H[DPSOH� LI WKH XVHU LQSXWV 530V RI >����@ DW WKH VWDUW RI 
WKH VLPXODWLRQ� WKHQ WKH IROORZLQJ ZKHHO VSHHG FRQ¿ JXUDWLRQV DUH DYDLODEOH IRU SHUIRUPLQJ 
557 �IRU >/HIW :KHHO 530� 5LJKW :KHHO 530@�� >���@� >���@� >���@� >���@� >����@� >�����@� 
>����@� >����@�   

)URP H[SHULPHQWDWLRQ� LW ZDV GHWHUPLQHG WKDW 557 H[SORUDWLRQ EHFRPHV LQIHDVLEOH LI 
530V JUHDWHU WKDQ � 530 DUH XVHG�  7KLV LV EHFDXVH� JLYHQ WKH VPDOO GLPHQVLRQV DQG 
ZKHHO VHSDUDWLRQ RI WKH 5I&$ URERW� WKH URERW ZLOO WHQG WR PRYH LQ FLUFXODU ORRSV LI VXႈ  �
FLHQWO\ KLJK 530V DUH EHLQJ LPSOHPHQWHG�  0D[LPXP ZKHHO 530V RI � DUH DVVXPHG IRU 
WKH UHPDLQGHU RI WKLV DQDO\VLV� DV LW DOORZV IRU IUHHGRP WR H[SORUH WKH PDS� EXW DOVR \LHOGV 
D IHDVLEOH�UHDOLVWLF SDWK SODQ ZLWKRXW UHFXUVLYH ORRSLQJ�  )LJXUH �� FRPSDUHV KRZ WKH H[�
SORUDWLRQ WUHH H[SDQGV ZLWK GLႇ HUHQW 530 DVVXPSWLRQV�  1RWH WKDW 530V HYHQ DV KLJK 
DV �2 UHVXOW LQ UHFXUVLYH ORRSLQJ� DQG 530V RI QR JUHDWHU WKDQ � DOORZ IRU WKH IUHHGRP WR 
SHUIRUP XVHIXO�IHDVLEOH DFWLRQV ZLWKRXW PRYLQJ EDFNZDUGV� 

)LJXUH ��� 7UHH ([SDQVLRQ 5HVXOW IRU 'Lႇ HUHQW 530V
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6FHQDULR 2�  3\WKRQ DQG 526�*D]HER 
6FHQDULR 2 LPSOHPHQWV WKH KRW FHOO PDS LQ 3\WKRQ ���� ZLWK D �' VLPXODWLRQ LQ 526�*D]H�
ER�  7KH 2' VLPXODWHG HQYLURQPHQW LV VKRZQ LQ )LJXUH ��� ZLWK WKH KHDW PDS RI H[SRVXUH 
YLVXDOL]HG LQ ORJ�VFDOH� ZLWK VKLHOGLQJ IURP OHDG FDVNV DQG ZRUNEHQFK LQ WKH URRP� 

7KH 557
 DOJRULWKP ZDV XWLOL]HG IRU WKLV VFHQDULR DV SUHYLRXVO\ PHQWLRQHG�  7KH FRVW IXQF�
WLRQ XVHG ZDV WKH VXP� FRVW   FRVW2FRPH � FRVW2JR�  7KLV SURYLGHV WKH URRP RSHUDWRUV 
WKH IDVWHVW SDWK IURP RQH SRLQW LQ WKH KRW FHOO WR DQ\ RWKHU SRLQW� 7KLV VLPXODWHV D VLWXDWLRQ 
ZKHUH WKH DFWXDO H[SRVXUHV DUH NQRZQ E\ WKH SODQQHU� DQG WKH H[SRVXUH OLPLW IRU D FDP�
HUD RU DQRWKHU WRRO LV NQRZQ� %\ VXPPLQJ H[SRVXUHV DORQJ WKH RSWLPDO SDWK WKH SODQQHU 
NQRZV ZKHQ DQG ZKHUH WKH FDPHUD RU WRRO ZLOO PRVW OLNHO\ PDOIXQFWLRQ� 

$QRWKHU LQVWDQFH ZKHUH WKH RSWLPDO SDWK FRXOG EH DSSOLHG LQ KRW FHOOV� LV WKH SUHGLFWLRQ 
RI FULWLFDOLW\� II WKH VRXUFH LQ WKH FHOO ZDV D ¿ VVLOH PDWHULDO OLNH VRPH LVRWRSHV RI 8UDQLXP 
DQG 3OXWRQLXP� WKH RSWLPDO SDWK JHQHUDWHG E\ 557
 WKHQ UHSUHVHQWV WKH SDWK WR PRYH 
PDWHULDO WKURXJK WKH VSDFH ZLWK WKH OHDVW DPRXQW RI FKDQJH WR WKH HQYLURQPHQW FRQ¿ JX�
UDWLRQ� 8VLQJ FRGHV WKDW VROYH WKH GLႇ XVLRQ WUDQVSRUW HTXDWLRQ� SODQQHUV FDQ FKHFN HDFK 
SRVLWLRQ WR GHWHUPLQH ³N Hႇ HFWLYH´ �PHDVXUH RI FULWLFDOLW\ RI D V\VWHP� ZKHQ DQ REMHFW LV LQ 
WKDW SRVLWLRQ�  
7KH QXPEHU RI VDPSOHV� D XVHU�GHWHUPLQHG SDUDPHWHU IRU 557
� DOORZV WXQLQJ RI WKH DOJR�
ULWKP IRU D WUDGHRႇ  EHWZHHQ UXQWLPH DQG DFFXUDF\ � RSWLPDOLW\ >�@�  )URP H[SHULPHQWDWLRQ� 
��� VDPSOHV ZHUH XVHG WR SURYLGH D VXႈ  FLHQWO\ GLUHFW SDWK� 

7KH 7XUWOHERW 2 ZDV UHSUHVHQWHG LQ WKH QRQ�KRORQRPLF HQYLURQPHQW E\ XWLOL]LQJ 'XELQV 
&XUYHV >��@� 7KH 'XELQ &DU DSSURDFK FRQVLVWV RI PRGHOLQJ WKH URERW DV D FDU WKDW FDQ 
RQO\ PRYH IRUZDUG ZLWKLQ QRQ�KRORQRPLF FRQVWUDLQWV >��@� 7KHUHIRUH� 'XELQ &XUYHV PDNH 
XVH RI D PD[LPXP WXUQLQJ UDWH WR GHWHUPLQH WKH PLQLPXP WXUQLQJ UDGLXV WKH URERW WUDYHOV 
DV D SDWK LV JHQHUDWHG IURP RQH QRGH WR WKH QH[W� 'XELQ &XUYHV DUH EDVHG RQ JHRPHWULF 
DQDO\VHV DQG XVH WKUHH EDVLF PRYHV� /HIW �/�� 5LJKW�5� DQG 6WUDLJKW�6�� WR JHQHUDWH WKH 
IROORZLQJ VL[ FRPELQDWLRQV RI PRYHPHQWV�  �/6/ � 565� 56/� /65� 5/5� DQG /5/�� 7KHVH 
PRWLRQV DUH FRQVLGHUHG ZKHQ LPSOHPHQWLQJ WKH 557
 DOJRULWKP IRU WKLV VFHQDULR� >�2@�  

)LJXUH �� VKRZV WKH UHSUHVHQWDWLRQ RI WKH ZRUOG EXLOW LQ 526�*D]HER�  7KH 7XUWOHERW 2 FDQ 
EH VHHQ LQ WKH FHQWHU RI WKH VFHQH�

)LJXUH ��� 6FHQDULR 2 ZRUOG EXLOW LQ *D]HER�)LJXUH ��� 6FHQDULR 2 ZRUOG EXLOW LQ *D]HER�
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Results
6FHQDULR � 5HVXOWV 
$ VDPSOH 557 UHVXOW FDQ EH VHHQ LQ )LJXUH ��� DORQJ ZLWK WKH H[SORUDWLRQ JUDSK�WUHH�  
1RWH WKDW� SHU WKH ZHLJKWV DVVLJQHG ZLWKLQ WKH FRVW IXQFWLRQ� WKDW WKH SDWK WHQGV WR SUHIHU 
H[SORUDWLRQ ZLWKLQ WKH DWWHQXDWLRQ UHJLRQV FUHDWHG E\ WKH FRQFUHWH REVWDFOHV �L�H� WKH KHPL�
VSKHULFDO UHJLRQV DGMDFHQW WR HDFK EXLOGLQJ REVWDFOH��  +RZHYHU� H[SORUDWLRQ EHFRPHV 
PXFK PRUH HYDVLYH DV WKH H[SORUDWLRQ JUDSK DSSURDFKHV WKH UDGLDWLRQ VRXUFH� 7KLV LV E\ 
GHVLJQ VXFK WKDW WKH URERW EHFRPHV PXFK PRUH FDUHIXO ZKLOH H[SORULQJ DURXQG WKH VRXUFH� 
DQG FRQVLGHUV DUHDV RI ORZ H[SRVXUH UDWKHU WKDQ H[SORULQJ WKH VKRUWHVW GLVWDQFH LQ WKH 
GLUHFWLRQ RI UDQGRP VDPSOHV� 

)LJXUH ��� 6FHQDULR � 557 ([SORUDWLRQ DQG )LQDO 3DWK ([DPSOH
7KH ¿ QDO SDWK LV WKHQ SURMHFWHG RQWR WKH UHDO�ZRUOG PDS VLPLODU WR )LJXUHV � DQG ��� 557 
LV QRQGHWHUPLQLVWLF� WKHUHIRUH LW GRHV QRW JXDUDQWHH WKH VDPH SDWK RYHU PXOWLSOH UXQV� 0XO�
WLSOH UXQV DUH QHHGHG WR ¿ QG WKH ORZHVW�H[SRVXUH SDWK RSWLRQ�  
)LJXUH �� EHORZ VKRZV D WUDFH RI WKH VDPH 557 PRWLRQ SODQQLQJ H[DPSOH H[FHSW LQ D 
95(3 VLPXODWLRQ HQYLURQPHQW� $OO REVWDFOHV ZHUH GHULYHG DQG FRQVWUXFWHG IURP SULPLWLYH 
�' VKDSHV VXFK DV FXERLGV�  $ �' PRGHO RI WKH 5I&$ URERW ZDV QRW UHDGLO\ DYDLODEOH DW 
WKH WLPH RI WKLV DQDO\VLV� VR D 3LRQHHU 3�'; URERW ZDV XVHG LQVWHDG GXH WR LWV VLPLODU GL�
PHQVLRQDOLW\ WR WKH 5I&$ URERW� 

)LJXUH ��� 6FHQDULR � 557 ([SORUDWLRQ DQG )LQDO 3DWK ([DPSOH�
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6LQFH 557 LV D QRQ�GHWHUPLQLVWLF PRWLRQ SODQQLQJ PHWKRG� D SRVW�DQDO\VLV RI PXOWLSOH UH�
VXOWLQJ SDWKV LV QHHGHG ZKHQ GHYLVLQJ D IHDVLEOH SODQ�  )LJXUH �� LOOXVWUDWHV WKH EHVW SDWK 
IRU ¿ YH VHSDUDWH VLPXODWLRQ LWHUDWLRQV ZKHUH WKH URERW VWDUWV LQ WKH ERWWRP�ULJKW FRUQHU RI 
WKH PDS� DQG ZKHUH WKH JRDO VRXUFH LV LQ WKH WRS�OHIW FRUQHU RI WKH PDS�  7KH GLႇ HUHQWLDO 
GULYH SDUDPHWHUV GR QRW H[FHHG � 530 IRU DQ\ RI WKHVH VLPXODWLRQV� 

7KH PRVW IHDVLEOH SODQ LQ WKLV FDVH ZRXOG EH WKH JUHHQ SDWK� VLQFH LW SRVVHVVHV WKH ORZHVW 
DFFXPXODWHG UDGLDWLRQ H[SRVXUH WKURXJKRXW LWV WUDQVLW�  9LVXDOO\ WKLV PDNHV VHQVH JLYHQ 
WKH JUHHQ SDWK PDLQWDLQV WKH JUHDWHVW FOHDUDQFH IURP WKH SDUNLQJ ORW REVWDFOH DQG JLYHQ 
WKDW LW DSSURDFKHV WKH VRXUFH IURP WKH VRXWK� VKLHOGLQJ LWVHOI EHKLQG REVWDFOHV XQWLO DUULY�
LQJ DW WKH VRXUFH�  7KH F\DQ OLQH SRVVHVVHV WKH KLJKHVW DFFXPXODWHG UDGLDWLRQ H[SRVXUH� 
ZKLFK PDNHV VHQVH JLYHQ WKDW LW DSSURDFKHV WKH VRXUFH LQ D µ]LJ�]DJ¶ PRWLRQ�  7KLV EHKDY�
LRU LOOXVWUDWHV KRZ WKH DOJRULWKP DWWHPSWHG WR FLUFXPYHQW H[SORUDWLRQ QHDU WKH VRXUFH� EXW 
DFWXDOO\ UHVXOWHG LQ WKH URERW H[SORULQJ WKH KLJKHVW�H[SRVXUH DUHD IRU D ORQJHU GXUDWLRQ RI 
WLPH�  7DEOH � VKRZV WKH OLVW RI DFFXPXODWHG H[SRVXUH UDWHV �LQ 5�KU� IRU HDFK RI WKH ¿ YH 
QRQ�GHWHUPLQLVWLF SDWK SODQV WKDW ZHUH DVVHVVHG IRU GLႇ HUHQWLDO�GULYH 557�   

IQ D UHDO�ZRUOG LPSOHPHQWDWLRQ� D IHDVLEOH SDWK SODQ ZRXOG EH GHWHUPLQHG E\ HYDOXDWLQJ 
PDQ\� PDQ\ PRUH SDWK SODQQLQJ UHVXOWV�  )URP WKHVH SODQV� WKH PHDQ DQG VWDQGDUG GH�
YLDWLRQ RI WRWDO H[SRVXUH UDWH FDQ EH FDOFXODWHG LQ WKH FRYDULDQFH PDWUL[�  7KLV DQDO\VLV 
ZRXOG EH XVHIXO LQ DSSUR[LPDWLQJ WKH ORZHU DQG XSSHU OLPLWV RQ H[SRVXUH LQ WKH VLWXDWLRQ� 
DQG GHWHUPLQLQJ ZKHWKHU WKH URERW RU KXPDQ FDQ EH VDIHO\ VHQW LQ� 

)LJXUH ��� 9LVXDOL]DWLRQ RI � 1RQ�'HWHUPLQLVWLF 3DWK 3ODQV IRU 'Lႇ HUHQWLDO
'ULYH 557 �RQ /DWLWXGH�/RQJLWXGH 0$7/$% 3URMHFWLRQ��

7DEOH �� ([SRVXUH UDWH UHVXOWV IURP � UXQV RI 557
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6FHQDULR 2 5HVXOWV
$ SHUIRUPDQFH FRPSDULVRQ ZDV GRQH IRU 557 YV 557
 WR MXVWLI\ XVH RI WKH KHDYLHU DOJR�
ULWKP�  7DEOH � VKRZV WKH WRWDO GLVWDQFH RI SDWKV DFKLHYHG IURP HDFK DOJRULWKP �ZLWK RQO\ 
RQH UXQ RI 557�� ZKLOH 7DEOH � VKRZV WKH UXQWLPH RI WKH VDPH WHVW UXQV�

7DEOH �� 7RWDO SDWK GLVWDQFH IURP 557 96 557


7DEOH �� $OJRULWKP UXQWLPH IRU 557 96 557


$V H[SHFWHG� 557
 \LHOGV D PXFK VKRUWHU�GLVWDQFH SDWK� EXW WDNHV VLJQL¿ FDQWO\ ORQJHU WR 
FRPSXWH�  7KLV LV DFFHSWDEOH LQ WKH KRW FHOO VFHQDULR VLQFH WKH PDS LV DYDLODEOH DKHDG RI 
WLPH DQG WKH XVH LV IRU SRVW FRPSXWDWLRQDO DQDO\VLV RI Hႇ HFWV RI WKH HQYLURQPHQW RQ HTXLS�
PHQW XVLQJ WKH SDWK� RU WKH Hႇ HFW RI PRGHUDWRUV RQ WKH SDWK�

)LJXUH ��� 9LVXDOL]DWLRQ RI 557 DQG 557
 H[SORUDWLRQ LQ WKH KRW FHOO
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)LJXUH �� VKRZV WKH UHVXOWLQJ H[SORUDWLRQ IURP WKH FRPSDUDWLYH WHVWV� ZLWK 557
 RQ WKH 
OHIW DQG 557 RQ WKH ULJKW�  7KH 557
 SDWKV FDQ EH VHHQ WR EH PRUH GLUHFW DQG FRQWDLQ 
OHVV ORRSV�  +RZHYHU� ERWK UHVXOWV ZRXOG QHHG WR EH VPRRWKHG DQG RSWLPL]HG IRU SUDFWLFDO 
XVDJH�

Conclusions & Future Work
7KH RXWFRPHV IURP 6FHQDULR � VKRZ WKDW SDWK SODQQLQJ FDQ SURYLGH VHYHUDO XVHIXO RXW�
FRPHV LQ WKH FDVH RI D UDGLDWLRQ GHWRQDWLRQ HYHQW�  $V GHPRQVWUDWHG� D URERW FRXOG EH 
WDVNHG WR ¿QG WKH UDGLDWLRQ VRXUFH DQG FUHDWH D UXGLPHQWDU\ PDS RI WKH H[SRVXUH LQ WKH 
DUHD�  7KH URERW FRXOG DGGLWLRQDOO\ EH WDVNHG WR ¿QG D VSHFL¿F ORFDWLRQ LQ WKH DUHD� SR�
WHQWLDOO\ IRU VHDUFK�DQG�UHVFXH RU UHWULHYDO RI LPSRUWDQW RU GDQJHURXV LWHPV�  )LQDOO\� WKH 
UHVXOWLQJ SDWK FDQ EH XVHIXO IRU KXPDQV WR HQWHU WKH UDGLDWLRQ DUHD ZKLOH OLPLWLQJ WKHLU H[�
SRVXUH WR D VDIH OHYHO LI SRVVLEOH� 
6FHQDULR 2 SURYLGHV D VROXWLRQ IRU UDGLDWLRQ ¿QGLQJ DQ RSWLPDO SDWK WKURXJK DQ LQGRRU 
UDGLDWLRQ ¿HOG E\ XVLQJ WKH SDWK JHQHUDWHG WR GHWHUPLQH WKH HႇHFWV RI H[SRVXUH RQ LWHPV 
WUDYHOLQJ WKURXJK WKH SDWK IW DOVR SURYLGHV WKH FULWLFDOLW\ HQJLQHHU D WRRO WR XVH WR GHWHU�
PLQH HႇHFWV RI LWHPV PRYLQJ WKURXJK D VXEFULWLFDO QXFOHDU V\VWHP� 7KH H[WUHPH H[SRVXUH 
LQ WKLV VLWXDWLRQ DQG GLႈFXOW\ RI WHOHRSHUDWLRQ PDNHV DXWRQRPRXV QDYLJDWLRQ D QHFHVVLW\�  
$OWKRXJK WKH OHYHOV RI H[SRVXUH PD\ UHVXOW LQ IDLOXUH RI WKH URERWLF V\VWHP� D SDUWLDO SODQ 
FDQ EH DFKLHYHG DQG SLFNHG XS ODWHU RQ E\ D VHFRQG PRELOH SODWIRUP�  6RPH KRW FHOOV� LQ�
FOXGLQJ WKH :HVWLQJKRXVH FHOO GLVFXVVHG DERYH� DOVR LQFOXGH HTXLSPHQW VXFK DV LQGXVWULDO 
URERW DUPV�  7KHVH FRXOG SRWHQWLDOO\ EH XVHG WR VZDS SDUWV RQ WKH URERW PRGHO DV WKH\ IDLO� 
$V IXWXUH ZRUN� 6FHQDULR � FDQ EH LPSURYHG WKURXJK LPSOHPHQWDWLRQ RI D SDWK�FRUUHFWLRQ 
RU RSWLPL]DWLRQ DOJRULWKP �VXFK DV 557
 RU 557 60$57��  7KH ¿GHOLW\ RI WKH 6FHQDULR � 
PRGHO FDQ EH LPSURYHG DV ZHOO� QDPHO\ LQ UHJDUGV WR GH¿QLQJ WKH UDGLDWLRQ�H[SRVXUH ¿HOG 
DFURVV WKH PDS�  &XUUHQWO\� DWWHQXDWLRQ UHJLRQV H[LVW DV VHPLFLUFOHV� ORFDWHG ��� GHJUHHV 
RSSRVLWH WKH GLUHFWLRQ RI JRDO�VRXUFH�  7KHVH UHJLRQV UHSUHVHQW DUHDV RI WKH PDS WKDW DUH 
VKLHOGHG IURP VRXUFH UDGLDWLRQ�  IQ UHDOLW\� WKHVH UHJLRQV H[LVW PRUH VR DV FRQLF VHFWLRQV 
WKDW WUDLO Rႇ DV WKH\ PRYH IDUWKHU DZD\ IURP WKH VRXUFH�  IQ WKH IXWXUH� WKH ¿GHOLW\ RI WKLV 
PRGHO FDQ EH LPSURYHG E\ LPSOHPHQWLQJ WKHVH PRUH DFFXUDWH JHRPHWULHV�  $QRWKHU LP�
SURYHPHQW WR WKH PRGHO ZRXOG EH WR XWLOL]H WKH '(/)I& WRRO IRU PRUH DFFXUDWH H[SRVXUH 
UHDGLQJV� 
IQ IXWXUH ZRUN� 6FHQDULR 2 ZRXOG EH PRGL¿HG WR FRQVLGHU WKH SDUWLFOH WUDQVSRUW HTXD�
WLRQV XVLQJ 0RQWH &DUOR�  7KLV ZRXOG LPSOHPHQW WKH PRUH DFFXUDWH VWRFKDVWLF YHUVLRQV RI 
WKH H[SRVXUH IRUPXODV� UDWKHU WKDQ WKH GHWHUPLQLVWLF DSSUR[LPDWLRQV XVHG IRU VLPSOLFLW\ 
LQ WKHVH VLPXODWLRQV�  )XUWKHU� FULWLFDOLW\ SUHGLFWLRQV FRXOG EH LQFRUSRUDWHG LQWR WKH SODQ�
QLQJ DOJRULWKP�  7KLV ZRXOG DOORZ XV WR GHWHUPLQH ZKHWKHU D KXPDQ FDQ SRWHQWLDOO\ PRYH 
WKURXJK WKH FHOO ZLWKRXW FDXVLQJ D QXFOHDU FKDLQ UHDFWLRQ�  )LQDOO\� VLPXODWLQJ WKH VZDS RI 
URERWV DQG�RU SDUWV LQ WKH KRW FHOO FDQ SURYLGH D PRUH DFFXUDWH UHSUHVHQWDWLRQ RI WKH ZKROH 
VFHQDULR�
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Application of Domain-Aware Artificial 
Intelligence with Combat Power on the 

Nuclear Battlefield
0$- $GDP 6H\EHUW DQG 'U� 5REHUW 3ULQV

8�6� $UP\ 1XFOHDU DQG &RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWLRQ $JHQF\ 
�86$1&$�

Combat Power on the Modern Battlefield

$W LWV PRVW EDVLF GLVWLOODWLRQ� VXFFHVV LQ EDWWOH VWHPV IURP DPDVVLQJ SRZHU DQG OHYHUDJ�
LQJ LW LQWR DQ DGYDQWDJH DJDLQVW \RXU HQHP\� $V &2/ +XED :DVV GH &]HJH DVVHUWHG� 

FRPEDW SRZHU LQÀXHQFHV WKH RXWFRPHV RI EDWWOHV ZKHQ FRPPDQGHUV EULQJ WKHLU VWUHQJWK 
DQG UHVRXUFHV DJDLQVW WKH HQHP\ DW WKH GHFLVLYH SODFH DQG WLPH�i  $V VXFK� FRPEDW SRZHU 
LV QRW D VWDWLF TXDQWLW\� UDWKHU D PHDVXUH UHODWLYH WR DQ HQHP\� &RPEDW SRZHU UHOLHV XSRQ 
D FRPPDQGHU¶V XVH RI OHDGHUVKLS DQG LQIRUPDWLRQ WR OHYHUDJH D XQLW¶V FROOHFWLYH FDSD�
ELOLWLHV� PRYHPHQW DQG PDQHXYHU� LQWHOOLJHQFH� ¿UHV� VXVWDLQPHQW� FRPPDQG DQG FRQ�
WURO� DQG SURWHFWLRQ�ii  &ROOHFWLYHO\ UHIHUUHG WR DV ZDU¿JKWLQJ IXQFWLRQV� WKHVH FDSDELOLWLHV 
UHSUHVHQW D XQLW¶V SRWHQWLDO� 6NLOOHG OHDGHUV PXVW SRVVHVV WKH DELOLW\ WR WXUQ WKLV �FRPEDW 
SRWHQWLDO´ LQWR HႇHFWLYH ³FRPEDW SRZHU�� 
$VVHVVLQJ FRPEDW SRZHU LV PRUH WKDQ MXVW FRPSDULQJ UHODWLYH TXDQWLWDWLYH IRUFH UDWLRV �H�J� 
IRUFH UDWLRV ��� IRU RႇHQVLYH RSHUDWLRQV� ��� IRU GHIHQVLYH RSHUDWLRQV��iii  &RPPDQGHUV DQG 
WKHLU VWDႇV PXVW XVH DOO DYDLODEOH LQIRUPDWLRQ WR DQDO\]H ERWK TXDOLWDWLYH DQG TXDQWLWDWLYH 
IDFWRUV LQ WKH RSHUDWLRQV HQYLURQPHQW DQG ¿QG RSSRUWXQLWLHV WR H[SORLW HQHP\ ZHDNQHVV� 
$V $'3 ��� KLJKOLJKWV� VXFFHVV GHSHQGV RQ WKH HႈFLHQF\ ZLWK ZKLFK FRPPDQGHUV FDQ 
XQGHUVWDQG� YLVXDOL]H� DQG GHVFULEH WKHLU HQYLURQPHQW� %\ EHLQJ DEOH WR FROOHFW� RUJDQL]H� 
DQG SURFHVV LQIRUPDWLRQ TXLFNO\ DQG DFFXUDWHO\� WKH\ DUH EHWWHU SUHSDUHG WR GLUHFW� OHDG� 
DQG DVVHVV WKHLU IRUFHV�LY  $V %R\G H[SODLQV� ³7KH DELOLW\ WR RSHUDWH DW D IDVWHU WHPSR RU 
UK\WKP WKDQ DQ DGYHUVDU\ HQDEOHV RQH WR IROG WKH DGYHUVDU\ EDFN LQVLGH KLPVHOI VR WKDW 
KH FDQ QHLWKHU DSSUHFLDWH QRU NHHS XS ZLWK ZKDW LV JRLQJ RQ�´Y 
+RZHYHU� WKH PRGHUQ EDWWOH¿HOG LV D SDUWLFXODUO\ FKDOOHQJLQJ HQYLURQPHQW WR DVVHVV� &RQ�
WDLQLQJ D GLYHUVH FROOHFWLRQ RI FRPEDW V\VWHPV� ERWK FUHZ�VHUYHG DQG DXWRQRPRXV� FRP�
PDQGHUV UHO\ RQ D PDVVLYH ÀRZ RI LQIRUPDWLRQ QHHGHG IRU UHDO�WLPH RSHUDWLRQDO FKDUDFWHU�
L]DWLRQ� $UWL¿FLDO IQWHOOLJHQFH �$I� V\VWHPV FDQ DႇRUG PLOLWDU\ SODQQHUV GLVWLOOHG� UHOLDEOH� DQG 

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 75Issue 22

VSHFL¿FDOO\ DSSOLFDEOH LQIRUPDWLRQ� WKHUHE\ 
LQFUHDVLQJ WKH VSHHG RI GHFLVLRQ DQG DFWLRQ� 
:KHWKHU LW LV ¿OWHULQJ UHOHYDQW GDWD EDVHG 
RQ WKH FRPPDQGHU¶V FULWLFDO LQIRUPDWLRQ 
UHTXLUHPHQWV RU KLJKOLJKWLQJ DQRPDOLHV� $I 
FDQ KHOS FODULI\ RSSRUWXQLWLHV WR DGGUHVV 
EDWWOH¿HOG WKUHDWV� $I LV D IRUFH PXOWLSOLHU� IW 
DVVLVWV PRGHUQ OHDGHUV WR LQWHJUDWH D KRVW 
RI GDWD FRQFXUUHQWO\ FROOHFWHG DFURVV WKH 
EDWWOH¿HOG DQG WR GHYHORS VLWXDWLRQDO DZDUH�
QHVV ZLWK ZKLFK WKH FRPPDQGHU FDQ WKHQ 
DSSO\ WKHLU ULJRURXV GHFLVLRQ ORJLF� 
&RQÀLFWV ZLWK QHDU�SHHU DGYHUVDULHV ZLOO 
DUJXDEO\ IRUFH OHDGHUV WR RSHUDWH LQ ERWK 
FRQYHQWLRQDO DQG QXFOHDU HQYLURQPHQWV«
VRPHWLPHV VLPXOWDQHRXVO\� )LJKWLQJ LQ DQG 
WKURXJK FRQYHQWLRQDO�QXFOHDU EDWWOH¿HOGV 
SUHVHQWV FRPSRXQGLQJ FKDOOHQJHV DQG DGGV 
FRPSOH[LWLHV LQ WKH GHFLVLRQ�PDNLQJ SURFHVV� 
7KH GHVWUXFWLYH FDSDELOLWLHV RI QRQ�VWUDWHJLF 
QXFOHDU ZHDSRQV SUHVHQW WKH SRWHQWLDO IRU 
GHVWUXFWLRQ DW ERWK ORFDO DQG UHJLRQDO VFDOH� 
$GGLWLRQDOO\� QXFOHDU ZHDSRQ HႇHFWV SRVH 
ERWK VKRUW DQG ORQJ�WHUP SUREOHPV WKDW D 
FRPPDQGHU PXVW IDFH WR DFKLHYH VXFFHVV� 
6HFRQG RUGHU HႇHFWV� VXFK DV QRQ�WDQJLEOH 
SV\FKRORJLFDO LPSDFWV RQ XQLW FRKHVLRQ DGG 
WR DOUHDG\ GHJUDGHG PDWHULHO DQG SHUVRQQHO 
SHUIRUPDQFH� IQ VKRUW� WKH QXFOHDU EDWWOH�
¿HOG LQFOXGHV GLVSDUDWH DQG GLYHUVH WHFK�
QLFDO GDWD UHTXLULQJ FRPPDQGHUV WR PDNH 
GHFLVLRQV ZLWK FRQVLGHUDWLRQV IRU ERWK VKRUW 
DQG ORQJ WLPHVFDOHV�  
:KLOH PLWLJDWLQJ WKH SK\VLFDO DQG SV\�
FKRORJLFDO HႇHFWV RI WKH FRQYHQWLRQDO�QX�
FOHDU EDWWOH¿HOG ZLWK WUDLQHG DQG SURSHUO\ 
HTXLSSHG WURRSV� WKH LQIRUPDWLRQ GHPDQG 
UHTXLUHG WR ¿JKW LQ WKHVH HQYLURQPHQWV ZLOO 
EH D FKDOOHQJH IRU HYHQ WKH PRVW ZHOO SUH�
SDUHG XQLWV� 6SHFLDOL]HG &%51 SHUVRQQHO 
KHOS ZLWK WKH DQDO\VLV� EXW ZLWK OLPLWHG SHU�
VRQQHO SHU XQLW� LW LV HDV\ WR VHH VLWXDWLRQV 
LQ ZKLFK WKHVH SHUVRQQHO FDQQRW NHHS SDFH 
ZLWK WKH DQDO\WLFDO GHPDQGV UHTXLUHG� $I 
DSSOLFDWLRQV SUHVHQW DQ RSSRUWXQLW\ WR ¿OO 
WKHVH JDSV� KRZHYHU� DQ\ DSSOLFDWLRQ PXVW 
EH UREXVW� UHOLDEOH� DQG DFFXUDWH� 7KHVH 

DSSOLFDWLRQV� ZKHQ ULJRURXVO\ GHYHORSHG� 
SURYLGH LQIRUPDWLRQ WR WKH FRPPDQGHU ZLWK 

³MXVWL¿HG FRQ¿GHQFH�´YL  $ VSHFL¿F ¿HOG RI 
$I� GRPDLQ�DZDUH $I� RႇHUV WKH EHQH¿WV RI 
LQWHUSUHWDELOLW\ DQG GHIHQVLELOLW\� ZKLOH VWLOO 
DGGLQJ HႈFLHQF\ WR WKH VWDႇ DQG FRPPDQG�
HU¶V GHFLVLRQ�PDNLQJ SURFHVV�

Domain Aware Artificial Intelligence

$V KLJKOLJKWHG E\ $QJHOD 6KHႈHOG LQ WKH 
SUHYLRXV &:0' -RXUQDO LVVXH �)DOO 2�2��� 
1DWLRQDO 1XFOHDU 6HFXULW\ $GPLQLVWUDWLRQ¶V 
�116$� 2ႈFH RI 'HIHQVH 1XFOHDU 1RQSUR�
OLIHUDWLRQ 5HVHDUFK DQG 'HYHORSPHQW �'11 
5	'� FRQWLQXHV WR PDNH VLJQL¿FDQW SURJ�
UHVV LQ EXLOGLQJ $I V\VWHPV WR GHWHFW YHU\ 
HDUO\ LQGLFDWRUV RI IRUHLJQ DFWLYLWLHV WR GH�
YHORS QXFOHDU ZHDSRQV�XVDEOH FDSDELOLWLHV�
YLL  (DUO\ LQGLFDWRUV SURYLGH FULWLFDO FRQWH[WX�
DO LQIRUPDWLRQ DFURVV WKH P\ULDG RI &KHP�
LFDO� %LRORJLFDO� 5DGLRORJLFDO� DQG 1XFOHDU 
�&%51� SUHFXUVRU DFWLYLWLHV� 
7KH PDMRU FKDOOHQJH ZLWK WKH XVH RI FRP�
PHUFLDO�Rႇ�WKH�VKHOI �&276� $I WRROV IRU GH�
IHQVH DSSOLFDWLRQV LV VXLWDELOLW\ LQ VLWXDWLRQV 
ZLWK OLPLWHG GDWD RU WRROV WKDW LJQRUH WKH ODZV 
RI SK\VLFV LQ PDNLQJ SUHGLFWLRQV� 7KHVH 

³EODFN�ER[´ PHWKRGV PD\ GR ZHOO DW SUHGLF�
WLRQ� EXW ZLWKRXW DQ XQGHUVWDQGLQJ RI ³ZK\´ 
WKH V\VWHP PDGH WKH SUHGLFWLRQ� UHVXOWV 
PD\ QRW EH DFWLRQDEOH� 7KH '11 5	' ZRUN 
IRFXVHV RQ DSSO\LQJ QRQ�SUROLIHUDWLRQ GR�
PDLQ�NQRZOHGJH WR RYHUFRPH WKH OLPLWDWLRQV 
RI WUDGLWLRQDO $I� IQ DGGLWLRQ WR H[SHUW NQRZO�
HGJH� GRPDLQ�DZDUH $I DOVR XVHV V\QWKHWLF 
GDWD JHQHUDWLRQ DQG SK\VLFV�EDVHG ORJLF IRU 
PRGHO GHYHORSPHQW� 7KHVH GRPDLQ�DZDUH 
PHWKRGV SURGXFH WUDFHDEOH SUHGLFWLRQV DQG 
DFWLRQDEOH GHFLVLRQV�     
IQ PDQ\ ZD\V� WKH SXUVXLW RI HDUO\ SUROLIHU�
DWLRQ GHWHFWLRQ PLUURUV WKH KXQW IRU UDSLG 
SRVW�GHWRQDWLRQ FKDUDFWHUL]DWLRQ PHWKRGV 
IRU '2' GLUHFW�VXSSRUW� IRUFH HPSOR\PHQW� 
DQG 'HIHQVH 6XSSRUW WR &LYLO $XWKRULWLHV 
�'6&$�� :KLOH HDUO\ SUROLIHUDWLRQ GHWHFWLRQ 
UHVXOWV LQ D UHGXFHG WKUHDW RI VWUDWHJLF VXU�
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SULVH� HDUO\ IDOORXW FKDUDFWHUL]DWLRQ UHGXFHV 
ULVN WR ¿ UVW UHVSRQGHUV GXULQJ FRQVHTXHQFH 
PDQDJHPHQW RSHUDWLRQV DQG DOORZV JUHDWHU 
RSHUDWLRQDO IUHHGRP RI PRYHPHQW IRU IRUFHV 
RQ D SRWHQWLDO &%51 EDWWOH¿ HOG� +RZHYHU� 
VRUWLQJ WKURXJK XVHIXO LQIRUPDWLRQ FRQWLQ�
XHV WR FKDOOHQJH HYHQ WKH PRVW NQRZOHGJH�
DEOH SHUVRQ ZKHQ SUHVHQWHG ZLWK WKH VKHHU 
YROXPH RI DYDLODEOH KHWHURJHQHRXV GDWD� 
VRXUFHV� DQG IRUPDWV� $SSO\LQJ WKH VDPH 
GRPDLQ�DZDUH DQG WUDFHDEOH $I WHFKQRO�
RJLHV XVHG IRU HDUO\ GHWHFWLRQ RI QXFOHDU 
ZHDSRQV GHYHORSPHQW WR SRVW GHWRQDWLRQ 
QXFOHDU PRGHOLQJ ZLOO EULGJH WKH JDS LQ GDWD 
GLVFULPLQDWLRQ� 7KHVH PHWKRGV DOVR SURYLGH 
UH¿ QHG DQDO\VLV� HQDEOLQJ PRUH LQIRUPHG 
DQG UDSLG RSHUDWLRQV LQ D FRQWDPLQDWHG 
EDWWOHVSDFH� 'RPDLQ�DZDUH DSSOLFDWLRQ UH�
GXFHV GHFLVLRQ VXSSRUW WLPHOLQHV IRU FULWLFDO 
FRQVHTXHQFH PDQDJHPHQW DQG FRQWDPLQD�
WLRQ DYRLGDQFH PLVVLRQV�       

'RPHVWLF &%51 RSHUDWLRQV UHTXLUH LQ�
GHSWK PRGHOLQJ DQG HQYLURQPHQWDO PHD�
VXUHPHQWV WR HVWDEOLVK VLWXDWLRQDO DZDUH�
QHVV DQG VXSSRUW IQFLGHQW &RPPDQG �I&� 
GHFLVLRQ�PDNLQJ �)LJXUH ��� $ VLPLODU SDUD�
GLJP H[LVWV RQ WKH QXFOHDU EDWWOH¿ HOG� &RP�
PDQGHUV DQG VWDႇ V PXVW TXLFNO\ TXDQWLI\ 
DQG FKDUDFWHUL]H &%51 Hႇ HFWV� XQGHUVWDQG 
WKH DVVRFLDWHG FRQWH[WXDO LPSOLFDWLRQV� DQG 
PDNH GHFLVLRQV WR PLWLJDWH IROORZ�RQ WKUHDWV 
ZKLOH RSHUDWLQJ DW WKH VSHHG RI ZDU� 7KH 
WHFKQRORJLHV IRU PHDVXULQJ DQG PRGHOLQJ 
&%51 Hႇ HFWV FRQWLQXH WR JURZ PRUH VR�
SKLVWLFDWHG� WKHUHE\ UHGXFLQJ WDFWLFDO ULVNV 
LQ WKH HDUO\ UHVSRQVH WLPHOLQH�YLLL  +RZHYHU� 
WKH GHFLVLRQ�PDNLQJ SURFHVV IRU UHVSRQVH 
DQG UHFRYHU\ UHPDLQV FXPEHUVRPH ZLWK WKH 
PDVVLYH LQÀ X[ RI DYDLODEOH GDWD IURP VHQ�
VRUV� PRGHOV� DQG JURXQG UHSRUWV� $GYDQF�
HV LQ GRPDLQ�DZDUH $I ZLOO JUHDWO\ HQKDQFH 
FRPPDQG GHFLVLRQ PDNLQJ�   

)LJXUH �� /DFN RI DFFXUDWH VHQVRU GDWD SUHVHQWV WDFWLFDO ULVN IRU HDUO\ &%51 DVVHVVPHQW� 
/DWHU LQ WKH UHVSRQVH� GDWD À RZ FDQ H[FHHG I& SURFHVVLQJ FDSDELOLWLHV²KLQGHULQJ UH�
VSRQVH DQG UHFRYHU\ GHFLVLRQ�PDNLQJ� �)LJXUH JHQHUDWHG E\ DXWKRU�
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7KH GHYHORSPHQWDO VFRSH IRU D ZKROH�RI 
�JRYHUQPHQW &%51 GLVDVWHU UHVSRQVH VROX�
WLRQ LV EH\RQG WKH FDSDELOLWLHV RI DQ\ VLQJOH 
JRYHUQPHQW DJHQF\� EXW SUHYLRXV UHVRXUFH 
LQYHVWPHQWV GHYHORSHG DSSURSULDWH SLHFHV 
RI WKH UHVSRQVH VROXWLRQ� 5HVHDUFK DQG GH�
YHORSPHQW Hႇ RUWV IXQGHG WKURXJK 116$¶V 
2ႈ  FH RI 1XFOHDU IQFLGHQW 5HVSRQVH GHYHO�
RSHG KLJK ¿ GHOLW\ UHVRXUFHV IRU UHVSRQVH 

SODQQLQJ�L[  )LJXUH 2 VKRZV DQ H[DPSOH RI 
WKH IPSURYLVHG 1XFOHDU 'HYLFH &LW\ 3ODQ�
QLQJ 5HVRXUFH �L&35�� 6LPLODUO\� WKH 'H�
SDUWPHQW RI +RPHODQG 6HFXULW\ LQYHVWHG 
KHDYLO\ LQ GHFLVLRQ VXSSRUW WRROV IRU GLVDVWHU 
UHVSRQVH SODQQLQJ�[  7KHVH UHVRXUFHV DUH 
HVVHQWLDO IRU UHVSRQVH SODQQLQJ� KRZHYHU� 
FDSDELOLWLHV IRU UHDO�WLPH UHVSRQVH PDQDJH�
PHQW DUH VWLOO OLPLWHG�

)LJXUH 2�  6FUHHQVKRW RI WKH IPSURYLVHG 1XFOHDU 'HYLFH &LW\ 3ODQQHU 5HVRXUFH 
�L&35�� 8VHUV FDQ YLHZ WKH H[WHQW RI WKH SRWHQWLDO GDPDJH� DQG H[SORUH NH\ UH�
VRXUFHV DQG FULWLFDO LQIUDVWUXFWXUH�[LLL

7KH &%51 UHVSRQVH FRPPXQLW\ GHYHO�
RSHG UHVRXUFHV IRU XQGHUVWDQGLQJ WKH VFDOH 
RI &%51 HYHQWV� '2'� IHGHUDO� DQG VWDWH 
DJHQFLHV KDYH WRROV DQG GDWD UHSRVLWRULHV 
IRU WKHLU WKUHDW DVVHVVPHQWV�[L  +RZHYHU� WKH 
RXWSXWV DUH RIWHQ KLJKO\ WHFKQLFDO� UHTXLULQJ 
H[WHQVLYH H[SHUW WUDQVODWLRQ DQG DQDO\VLV 
WR VXSSRUW FRPPDQG�OHYHO GHFLVLRQ PDN�
LQJ� 7KH UHVXOW RI XVLQJ GRPDLQ�DZDUH $I 
LQ WKLV PLVVLRQ VSDFH ZRXOG SURYLGH D XQL�
¿ HG FDSDELOLW\� FROOHFWLYHO\ DQDO\]LQJ &%51 

WKUHDWV� LQIUDVWUXFWXUH� DQG DYDLODEOH UH�
VRXUFHV IRU $I�JHQHUDWHG GHFLVLRQ�PDNLQJ 
SURGXFWV �)LJXUH ��� $ XQL¿ HG FDSDELOLW\ 
FRXOG LQFOXGH $I�HQKDQFHG WHUUDLQ PRGHOV 
IRU &%51 PRGHOLQJ� WKUHDW�DZDUH QDYLJD�
WLRQ� DQG GDWD�IXVLRQ IRU UHVRXUFH DOORFDWLRQ� 
$GGLWLRQDOO\� WUDFHDEOH $I PHWKRGV ZRXOG 
GHFUHDVH PRGHOLQJ WLPH ZLWKRXW VLJQL¿ FDQW�
O\ GHFUHDVLQJ DFFXUDF\ DQG ZRXOG LQFUHDVH 
WKH UHVSRQVLYHQHVV RI '2' '6&$ IRUFHV� 

Current State of the Art
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Domain Aware Artifi cial Intelligence Op-
portunities 
([LVWLQJ GRPHVWLF VXSSRUW RSHUDWLRQDO 
WRROV FDQ DOVR PLWLJDWH 8�6� IRUFH ULVNV LQ 
KRVWLOH &%51 HQYLURQPHQWV� &%51 WKUHDW�
DZDUH QDYLJDWLRQ WRROV ZLOO DOORZ '2' IRUF�
HV IUHHGRP�RI�PRYHPHQW HYHQ LQ WKH PRVW 
DXVWHUH &%51 HQYLURQPHQWV� +RZHYHU� IRU 
D QDYLJDWLRQ VSHFL¿ F DSSOLFDWLRQ� FRPPHU�
FLDO�Rႇ �WKH�VKHOI �&276� $I DOJRULWKPV PD\ 
EH LQVXႈ  FLHQW� 7KH $I WRRO PXVW EH DZDUH 
RI WKH GRPDLQ LPSOLFDWLRQV RI PLVVLRQ YDUL�
DEOHV �PLVVLRQ� HQHP\� WHUUDLQ DQG ZHDWK�
HU� WURRSV DYDLODEOH� WLPH DYDLODEOH� DQG 
FLYLOLDQ FRQVLGHUDWLRQ� LQ DGGLWLRQ WR WKH 
&%51 WKUHDWV ZKHQ RSWLPL]LQJ URXWHV� )RU 
H[DPSOH� D QRQ�DZDUH $I WRRO PD\ URXWH DOO 
XQLWV WKURXJK WKH VDPH FKRNH SRLQW ZLWKRXW 
FRQVLGHUDWLRQ RI WKH QHJDWLYH LPSDFW RI WKLV 
FKDQQHOLQJ�

&%51 WKUHDW�DZDUH UHSRUWLQJ ZLOO DOVR UH�
TXLUH PDQ\ RI WKH VDPH $I DGYDQFHV WKDW 
IHHG HDUO\ GHWHFWLRQ RI LOOLFLW QXFOHDU PDWH�
ULDO� 0DQ\ RI WKH KLJK�¿ GHOLW\ &%51 PRGHO�
LQJ WRROV DYDLODEOH WR WKH '2' UHTXLUH �' 
WHUUDLQ GHWDLOV� :KLOH PXFK RI WKLV GDWD LV 
UHDGLO\ DYDLODEOH� WKHUH LV RIWHQ VLJQL¿ FDQW 

H[SHUW�OHYHO SUH�SURFHVVLQJ UHTXLUHG IRU 
XVH LQ WKH PRGHOLQJ WRROV� $SSOLFDWLRQ RI 
GRPDLQ�DZDUH $I ZLOO HQDEOH UDSLG SUH�SUR�
FHVVLQJ RI WHUUDLQ DQG XUEDQ EXLOGLQJ GDWD 
LQWR WKH H[DFW IRUPDW QHHGHG IRU WKH PRG�
HOLQJ WRROV� 7KH LQFUHDVHG Hႈ  FLHQF\ RI GDWD 
DQDO\VLV DOORZV H[SHUWV WR IRFXV RQ PRGHO 
SRVW�SURFHVVLQJ ZLWK DVVRFLDWHG KLJKHU 
TXDOLW\ GHFLVLRQ�VXSSRUW SURGXFWV� +LJKHU 
TXDOLW\ SURGXFWV GLUHFWO\ VXSSRUW WKH FRP�
PDQGHU¶V LQIRUPDWLRQ QHHGV IRU UDSLG DQG 
KLJK�TXDOLW\ OHDGHUVKLS GHFLVLRQV� 
Conclusion
2SHUDWLRQDO $I HQDEOHV Hႈ  FLHQW LQIRUPDWLRQ 
GLVFULPLQDWLRQ ZLWKLQ WKH FRQWH[W RI XQNQRZQ 
DQG XQNQRZDEOH VLWXDWLRQV ZKLOH SULRULWL]LQJ 
LQVLJKW RYHU LQIRUPDWLRQ��2  IQVLJKW OHDGV WR 
D EHWWHU XQGHUVWDQGLQJ RI WKH HQYLURQPHQW 
DQG FOHDU PLOLWDU\ DGYDQWDJH� 7KH XVH RI $I 
LV FULWLFDO LQ FKDUDFWHUL]LQJ D FRQWDPLQDWHG 
HQYLURQPHQW DFURVV WLPH DQG VSDFH ZKLOH 
SUHFLVHO\ UHSUHVHQWLQJ UHDVRQDEOH GDWD� 
'11 5	'¶V DGYDQFHPHQW RI GRPDLQ�DZDUH 
$I ZLOO \LHOG D FROOHFWLRQ RI PHWKRGV DQG 
WRROV WKDW DUH QRW MXVW UHOHYDQW IRU QRQ�SUR�
OLIHUDWLRQ� EXW DOVR IRU WKH IXOO VSHFWUXP RI 
FRXQWHULQJ :0' DFWLYLWLHV� 7KH $UP\¶V XVH 

)LJXUH �� &RQFHSWXDO )UDPHZRUN IRU XVLQJ &%51 WKUHDW DQG GDPDJH DVVHVVPHQW LQIRU�
PDWLRQ WR DLG GHFLVLRQ PDNLQJ GXULQJ '6&$ RSHUDWLRQV� &RQWLQXRXV WKUHDW DVVHVVPHQW 
SDLUHG ZLWK PXOWLVRXUFH LQIUDVWUXFWXUH GDWD ZLOO UHVXOW LQ GHFLVLRQ DLGV IRU URXWH SODQQLQJ� 
FULWLFDO LQIUDVWUXFWXUH LGHQWL¿ FDWLRQ� DQG DXWRPDWHG UHVRXUFH WDVNLQJ� �)LJXUH JHQHUDWHG 
E\ DXWKRU�
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RI GRPDLQ�DZDUH $I PHWKRGV ZLOO LGHQWLI\ 
DQG DSSO\ VSHFL¿F GDWD QHHGHG LQ VXSSRUW 
RI WKH LQVWLQFWXDO OHDGHUVKLS WHFKQLTXHV HP�
SOR\HG E\ WKH EDWWOH¿HOG FRPPDQGHU�  
8OWLPDWHO\� FRPPDQGHUV FRQWLQXDOO\ DQDO\]H 
FRPEDW SRZHU GHVFULEHG E\ WKH FRXUDJH 
DQG FRPSHWHQFH RI WKHLU 6ROGLHUV� H[FHO�
OHQFH RI WKHLU WUDLQLQJ LQ DOO &%51 HQYLURQ�
PHQWV� VXUYLYDELOLW\ RI HTXLSPHQW ZLWKLQ WKH 
HQYLURQPHQW� VRXQGQHVV RI GRFWULQH� DQG 
TXDOLW\ RI XQLW OHDGHUVKLS� 'RPDLQ�DZDUH $I 
LQFUHDVHV FRPPDQGHU GHFHQWUDOL]DWLRQ RI 
GHFLVLRQ�PDNLQJ RQ WKH &%51 EDWWOH¿HOG E\ 
LQFUHDVLQJ GDWD GLVFULPLQDWLRQ DQG FKDUDF�
WHUL]LQJ WKH UHDO�WLPH HQYLURQPHQW�  
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Next-Generation Artificial Intelligence to 
Meet CWMD Challenges across the Four Cs

0V� $QJHOD 6KHႈHOG� 6HQLRU 3URJUDP 0DQDJHU� 'DWD 6FLHQFH DQG 
$UWL¿FLDO IQWHOOLJHQFH �$I�

'HSDUWPHQW RI (QHUJ\ �'2(�� 1DWLRQDO 1XFOHDU 6HFXULW\ $GPLQLVWUDWLRQ �116$�

LHYHUDJLQJ WKH H[SHUWLVH RI WKH '2(¶V 1DWLRQDO /DERUDWRU\ &RPSOH[� 116$¶V 2ႈFH 
RI 'HIHQVH 1XFOHDU 1RQSUROLIHUDWLRQ 5HVHDUFK DQG 'HYHORSPHQW �'11 5	'� GULYHV WKH 
GHYHORSPHQW RI QH[W�JHQHUDWLRQ DUWL¿FLDO LQWHOOLJHQFH �$I� PHWKRGV DQG WHFKQRORJLHV WR 
WUDQVIRUP 8�6� QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ� :LWKLQ '11 5	'� WKH 1H[W�*HQHUDWLRQ $I 
SRUWIROLR ZRUNV FORVHO\ ZLWK 8�6� JRYHUQPHQW SDUWQHUV� LQFOXGLQJ WKH 'R'� WR DGYDQFH WKH 
VWDWH�RI�WKH�DUW LQ $I IRU QDWLRQDO VHFXULW\ DQG WUDQVLWLRQ $I�HQDEOHG WHFKQRORJLHV WKDW HQ�
KDQFH 8�6� FDSDELOLW\ DQG UHDGLQHVV WR PHHW QXFOHDU QRQSUROLIHUDWLRQ GHPDQGV� 1H[W�JHQ�
HUDWLRQ DUWL¿FLDO LQWHOOLJHQFH PHWKRGV GHYHORSHG IRU QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ FDQ 
EH OHYHUDJHG E\ WKH 8�6� $UP\ WR DFFHOHUDWH PRGHUQL]DWLRQ DQG UHDGLQHVV LQ WKH &:0' 
PLVVLRQ VSDFH� VSHFL¿FDOO\ UHODWHG WR FRPSHWLWLRQ DQG FKDQJH�

�Ready for what?”
0RGHUQ GHPDQGV RQ WKH 8�6� $UP\ DUH IDU PRUH WKDQ MXVW FRQÀLFW� IQ KLV DUWLFOH ³7KH 4XHV�
WLRQ DW WKH &HQWHU RI $UP\ 5HDGLQHVV� 5HDG\ IRU :KDW"´� 8�6� $UP\ 'HSXW\ &KLHI RI 6WDႇ� 
*������� /LHXWHQDQW *HQHUDO &KDUOHV )O\QQ GHVFULEHV D QHZ IUDPHZRUN WKDW HQFRPSDVVHV 
WKH WRWDOLW\ RI GHPDQGV RQ WKH $UP\� LQ DGGLWLRQ WR FRQÀLFW� WKLV IUDPHZRUN LGHQWL¿HV FRP�
SHWLWLRQ� FULVLV� DQG LPSOHPHQWLQJ WUDQVIRUPDWLRQDO FKDQJH� 7RJHWKHU� WKHVH ³�&V´ FKDUW 
WKH 8�6� $UP\¶V SDWK WRZDUG PHHWLQJ PXOWL�GRPDLQ FKDOOHQJHV� LQFOXGLQJ WKRVH SRVHG E\ 
:0'�FDSDEOH DGYHUVDULHV� 
7KH PLVVLRQ RI WKH 8�6� $UP\ KDV WUDGLWLRQDOO\ EHHQ GH¿QHG DV SUHSDULQJ IRU DQG ZLQQLQJ 
LQ FRQÀLFW� +RZHYHU� UHFHQW HYHQWV� LQFOXGLQJ WKH FRURQDYLUXV SDQGHPLF DQG QXFOHDU PRG�
HUQL]DWLRQ HႇRUWV� KLJKOLJKW DGGLWLRQDO GHPDQGV IRU ZKLFK WKH 8�6� $UP\ PXVW EH UHDG\� IQ 
DGGLWLRQ WR FRQÀLFW� WKHVH GHPDQGV LQFOXGH ORQJ�WHUP VWUDWHJLF FRPSHWLWLRQ ZLWK 5XVVLD� 
&KLQD� DQG HPHUJLQJ JOREDO SRZHUV� UHVSRQVH WR GRPHVWLF DQG RYHUVHDV FULVHV� DQG LP�
SOHPHQWLQJ WUDQVIRUPDWLRQDO FKDQJH WR PRGHUQL]H WKH IRUFH� 7KLV QHZ IUDPHZRUN H[SDQGV 
UHTXLUHPHQWV IRU UHDGLQHVV DQG PRGHUQL]DWLRQ DFURVV WKH IXQFWLRQV RI WKH 8�6� $UP\� LQ�
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FOXGLQJ &:0'� $V WKH $UP\ LPSOHPHQWV 
WKH �&V ZLWKLQ WKH &:0' PLVVLRQ VSDFH� LW 
FDQ OHYHUDJH FDSDELOLWLHV DQG DSSURDFKHV 
GHYHORSHG WR VXSSRUW RYHUODSSLQJ PLVVLRQV 
ZLWKLQ WKH 8�6� QXFOHDU HQWHUSULVH� LQFOXGLQJ 
QXFOHDU QRQSUROLIHUDWLRQ�
:RUNLQJ ZLWK DOOLHV DQG SDUWQHUV DURXQG WKH 
JOREH� WKH 8�6� HPSOR\V QXFOHDU QRQSUROLI�
HUDWLRQ PHDVXUHV DQG SURJUDPV WR FRQWURO 
WKH VSUHDG RI QXFOHDU ZHDSRQV�XVDEOH FD�
SDELOLWLHV� OLPLW WKH SURGXFWLRQ� VWRFNSLOLQJ� 
DQG GHSOR\PHQW RI QXFOHDU ZHDSRQV� DQG 
GHFUHDVH PLVSHUFHSWLRQ DQG PLVFDOFXODWLRQ 
WR DYRLG GHVWDELOL]LQJ QXFOHDU DUPV FRPSHWL�
WLRQ� 7KURXJK PHDVXUHV LQFOXGLQJ GLSORPDF\� 
SROLFLHV DQG WUHDWLHV� WKUHDW UHGXFWLRQ DVVLV�
WDQFH� DQG H[SRUW FRQWUROV� QXFOHDU QRQSUR�
OLIHUDWLRQ VHHNV WR GLVVXDGH RU SUHYHQW VWDWH 
DQG QRQ�VWDWH DFWRUV IURP SUROLIHUDWLQJ QX�
FOHDU�ZHDSRQV XVDEOH FDSDELOLWLHV RU PDNH 
PRUH FRVWO\ WKHLU DFFHVV WR VHQVLWLYH WHFK�
QRORJLHV� PDWHULDO� DQG H[SHUWLVH� 
&HQWUDO WR QXFOHDU QRQSUROLIHUDWLRQ DUH WHFK�
QRORJLHV DQG VFLHQFH�EDVHG DSSURDFKHV WR 
GHWHFW QXFOHDU SUROLIHUDWLRQ DFWLYLWLHV DQG 
SUHGLFW DQG FKDUDFWHUL]H WKH FDSDELOLWLHV RI 
H[LVWLQJ DQG HPHUJLQJ QXFOHDU ZHDSRQV 
SURJUDPV EDVHG RQ REVHUYDEOH VLJQDWXUHV 
DQG LQGLFDWRUV� 1XFOHDU SUROLIHUDWLRQ GH�
WHFWLRQ WHFKQRORJLHV SURYLGH LQIRUPDWLRQ WR 
DQDO\VWV DQG GHFLVLRQ PDNHUV WR HQDEOH QX�
FOHDU QRQSUROLIHUDWLRQ SURJUDPV DQG VWUDWH�
JLHV IRU LQWHUYHQWLRQ� 3UROLIHUDWLRQ GHWHFWLRQ 
LV QRWRULRXVO\ FKDOOHQJLQJ� IQGLFDWRUV DUH 
VSDUVH DJDLQVW D FRPSOH[ DQG QRLV\ EDFN�
JURXQG� 0HWKRGV PXVW EH H[WHQVLEOH WR QHZ 
WKUHDWV DQG VXLWDEOH IRU XQFRRSHUDWLYH HQYL�
URQPHQWV� ZKLFK UHTXLUH FOHYHU DSSURDFKHV 
DV DVVXPSWLRQV UHTXLUHG IRU WUDGLWLRQDO GDWD 
DQDO\VLV PHWKRGV GR QRW KROG� 
$GYDQFHV LQ $I�HQDEOHG WHFKQRORJLHV DQG 
WKH DYDLODELOLW\ RI QHZ GDWD VRXUFHV SUHVHQW 
QHZ RSSRUWXQLWLHV WR WUDQVIRUP 8�6� QXFOHDU 
SUROLIHUDWLRQ GHWHFWLRQ� +RZHYHU� $I DQG DQ�
DO\WLFV WHFKQRORJLHV GHYHORSHG E\ WKH FRP�
PHUFLDO VHFWRU DQG FODVVLFDO GDWD�GULYHQ 
DSSURDFKHV� LQFOXGLQJ PDFKLQH DQG GHHS 

OHDUQLQJ� DUH LQVXႈFLHQW IRU QXFOHDU QRQSUR�
OLIHUDWLRQ� '11 5	' LV GULYLQJ WKH GHYHORS�
PHQW RI WKH QH[W JHQHUDWLRQ RI $I PHWKRGV 
DQG WHFKQRORJLHV WR EXLOG $I DQG DQDO\WLFV 
V\VWHPV WKDW DUH VXLWDEOH IRU WKH FKDOOHQJHV 
DQG UHTXLUHPHQWV RI QDWLRQDO VHFXULW\ PLV�
VLRQV� 
'11 5	'¶V 1H[W�*HQHUDWLRQ $I SRUWIROLR 
SXUVXHV FRPSOH[� PXOWLGLVFLSOLQDU\ UHVHDUFK 
WR DGYDQFH WKH PDWK DQG VFLHQFH RI DUWL¿FLDO 
LQWHOOLJHQFH DQG GHYHORS DQDO\WLFV VXLWDEOH 
IRU QDWLRQDO VHFXULW\ PLVVLRQV� 5DWKHU WKDQ 
D VLQJOH DSSURDFK RU WHFKQRORJ\� WKHVH 
PLVVLRQV GHPDQG LQQRYDWLYH PHWKRGV DQG 
KLJKO\ VSHFLDOL]HG $I V\VWHPV� '11 5	' 
LV GHYHORSLQJ G\QDPLF FDSDELOLWLHV WKDW SUR�
YLGH PRUH DFFXUDWH LQIRUPDWLRQ WR RSHUDWRUV� 
DQDO\VWV� DQG GHFLVLRQ PDNHUV WR H[SDQG 
VLWXDWLRQDO DZDUHQHVV� HQKDQFH VHQVHP�
DNLQJ� DQG HQDEOH GDWD�GULYHQ GHFLVLRQV� 
7KHVH FRPSXWDWLRQDO WHFKQRORJLHV UHGXFH 
WKH KDQGV�RQ WLPH DQG HႇRUW UHTXLUHG E\ DQ 
RSHUDWRU RU DQDO\VW� SURYLGLQJ WKHP PRUH 
WLPH WR VXSSRUW RWKHU PLVVLRQ GHPDQGV�
:LWKLQ WKH 8�6� QXFOHDU QRQSUROLIHUDWLRQ DQG 
QXFOHDU VHFXULW\ HQWHUSULVH� QXFOHDU SUROLIHU�
DWLRQ GHWHFWLRQ UHTXLUHPHQWV RYHUODS ZLWK 
WKH GHPDQGV RI 8�6� $UP\ &:0' PLVVLRQV� 
:LWKLQ WKHVH DUHDV RI RYHUODS� 1H[W�*HQHU�
DWLRQ $I WHFKQRORJLHV DQG DSSURDFKHV GH�
YHORSHG IRU QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ 
FDQ EH OHYHUDJHG WR VXSSRUW WKH 8�6� $U�
P\¶V &:0' UHDGLQHVV� SDUWLFXODUO\ LQ :0' 
FRPSHWLWLRQ DQG DV WKH 8�6� $UP\ FKDQJHV 
WR PRGHUQL]H LWV &:0' IRUFH�

Competition in the CWMD Domain
&RPSHWLWLRQ UHFRJQL]HV WKDW GHPDQG IRU 
8�6� $UP\ UHDGLQHVV LV GULYHQ E\ ORQJ�WHUP� 
VWUDWHJLF FRPSHWLWLRQ ZLWK &KLQD DQG 5XV�
VLD� :LWKLQ H[LVWLQJ QRQSUROLIHUDWLRQ DQG 
FRXQWHUSUROLIHUDWLRQ SURJUDPV� WKH 8�6� LP�
SOHPHQWV SROLFLHV� SURJUDPV� DQG DFWLYLWLHV 
WR HQVXUH FDSDELOLW\ DQG LQÀXHQFH UHODWLYH 
WR &KLQD DQG 5XVVLD DQG LGHQWLI\ HPHUJLQJ 
:0' SURJUDPV� )RU H[DPSOH� SURFXUHPHQW 
LQWHUGLFWLRQ SURJUDPV LPSRVH HQWLW\� DQG 
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WUDQVDFWLRQ�OHYHO FRVWV RQ DGYHUVDULHV ZKLOH 
PHDVXUHV OLNH HFRQRPLF VDQFWLRQV� SROLFLHV� 
DQG WUHDWLHV DSSO\ ORQJ�WHUP� VWUDWHJLF GLV�
UXSWLRQ WR WKHLU :0' SURJUDPV� 7KH 8QLWHG 
6WDWHV LPSOHPHQWV SURJUDPV OLNH WKH PLG�
2�WK FHQWXU\ $WRPV IRU 3HDFH DQG PRG�
HUQ�GD\ VFLHQWL¿F H[FKDQJHV ZLWK 6RXWK 
.RUHD DQG -DSDQ WR EXLOG LQWHUQDWLRQDO DO�
OLDQFHV DQG VWUHQJWKHQ $PHULFDQ LQÀXHQFH 
IRU QXFOHDU DQG :0' VFLHQFH DQG VHFXULW\� 
1H[W�*HQHUDWLRQ $I WHFKQRORJLHV PD\ HQ�
DEOH GHWHFWLRQ RI VWUDWHJLF FKDQJHV LQ WKH 
LQWHQW RI IRUHLJQ QXFOHDU SURJUDPV HDUOLHU 
WKDQ KDV HYHU EHHQ SRVVLEOH WR LQIRUP 8�6� 
FRPSHWLWLRQ ZLWK 5XVVLD DQG &KLQD� 7KH\ 
DOVR UHYHDO LQVLJKWV DERXW WKH VRSKLVWLFDWLRQ 
DQG FDSDELOLW\ RI IRUHLJQ QXFOHDU ZHDSRQV 
SURJUDPV WR VWUHQJWKHQ 8�6� &:0' PLV�
VLRQV LQ FRQÀLFW� :KHUH SRVVLEOH� WKH 8�6� 
$UP\ VKRXOG OHYHUDJH LQVLJKWV SURYLGHG E\ 
1H[W�*HQHUDWLRQ $I PHWKRGV DQG WHFKQROR�
JLHV WR JXLGH &:0' UHDGLQHVV DQG PRG�
HUQL]DWLRQ IRU FRPSHWLWLRQ ZLWK &KLQD DQG 
5XVVLD� 

1H[W�*HQHUDWLRQ $I IRU &RPSHWLWLRQ
0DQ\ QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ WHFK�
QRORJLHV FXUUHQWO\ XVHG E\ WKH 8QLWHG 
6WDWHV PRQLWRU IRU WKH XVH RI VSHFLDOL]HG 
QXFOHDU PDWHULDO DQG HTXLSPHQW XQLTXH WR 
QXFOHDU ZHDSRQV GHYHORSPHQW� /HYHUDJLQJ 
DGYDQFHV LQ GDWD VFLHQFH DQG FRPSXWLQJ 
DV ZHOO DV QHZ GDWD VRXUFHV� '11 5	'¶V 
1H[W�*HQHUDWLRQ $I SRUWIROLR LV GHYHORSLQJ 
LQQRYDWLYH� $I�HQDEOHG WHFKQLTXHV WR UHYHDO 
DGGLWLRQDO LQGLFDWRUV RI QXFOHDU SUROLIHUDWLRQ� 
7KHVH QH[W�JHQHUDWLRQ PHWKRGV UHYHDO VXE�
WOH FOXHV WKDW PD\ LQGLFDWH FKDQJH LQ FDSD�
ELOLW\ RU VWUDWHJLF LQWHQW RI IRUHLJQ QXFOHDU 
ZHDSRQV SURJUDPV� 
IQ RQH H[DPSOH� 1H[W�*HQHUDWLRQ $I WHFK�
QRORJLHV GHYHORSHG E\ WKH PXOWL�ODERUDWRU\ 
$GYDQFHG 'DWD $QDO\WLFV IRU 3UROLIHUDWLRQ 
'HWHFWLRQ �$'$3'� SURMHFW WUDFN WKH SURJ�
UHVV RI IRUHLJQ VFLHQWLVWV HQJDJLQJ LQ QXFOH�
DU ZHDSRQV�UHODWHG UHVHDUFK WR UHYHDO LQGL�

FDWRUV RI FKDQJH LQ FDSDELOLW\ HDUOLHU WKDQ 
KDV HYHU EHHQ SRVVLEOH� 7KLV LQVLJKW� UH�
YHDOHG GXULQJ FRPSHWLWLRQ UDWKHU WKDQ FRQ�
ÀLFW� DႇRUGV WKH 8QLWHG 6WDWHV PRUH RSWLRQV 
IRU LQWHUYHQWLRQ DQG UHDGLQHVV�
IQ DQRWKHU H[DPSOH� 3DFL¿F 1RUWKZHVW 1D�
WLRQDO /DERUDWRU\ LV GHYHORSLQJ DQ $I V\V�
WHP WR DQDO\]H D YDVW GDWDVHW IURP PXOWL�
SOH DJHQFLHV WR GLVFRYHU LOOLFLW SURFXUHPHQW 
E\ IRUHLJQ FRPSDQLHV WUDႈFNLQJ QXFOHDU 
ZHDSRQV�XVDEOH HTXLSPHQW WR LQIRUP 8�6� 
UHVSRQVH DQG LQWHUGLFWLRQ ZLWKLQ WKH JOREDO 
FRPPHUFLDO VHFWRU� 7KLV PRGHUQL]HG FDSD�
ELOLW\ HQDEOHV DQDO\VWV WR H[SORLW LQWHOOLJHQFH 
DW D VFDOH SUHYLRXVO\ RXW RI UHDFK DQG KDV 
UHYHDOHG NH\ OHDGV PRQWKV HDUOLHU WKDQ H[�
LVWLQJ DSSURDFKHV� 

6HHLQJ 7KURXJK WKH )RJ RI &RPSHWLWLRQ
5HDGLQHVV IRU WKH GHPDQGV RI FRPSHWLWLRQ 
UHTXLUHV DFFXUDWH DVVHVVPHQW DQG FRQWLQX�
LQJ UHDVVHVVPHQW RI DQ DGYHUVDU\¶V DELOL�
WLHV� FDSDELOLWLHV� DQG YXOQHUDELOLWLHV DQG WKH 
UHODWHG HႇHFWLYHQHVV RI 8�6� FDSDELOLWLHV� 
D QRWRULRXVO\ FKDOOHQJLQJ WDVN� :LWKLQ WKH 
&:0' PLVVLRQ VSDFH� WKHUH DUH YHU\ IHZ 
REVHUYDEOH LQGLFDWRUV RI FKDQJH ZLWKLQ DQ 
HPHUJLQJ RU VRSKLVWLFDWHG QXFOHDU SURJUDP� 
6LJQDWXUHV RI WKHVH LQGLFDWRUV DUH IDLQW 
DJDLQVW D FRPSOH[ DQG QRLV\ EDFNJURXQG� 
$GYHUVDULHV GLVJXLVH WKHLU DFWLYLWLHV WR DG�
YDQFH RU H[SDQG WKHLU FDSDELOLW\ RU LQÀXHQFH�
5HVHDUFK ZLWKLQ WKH 1H[W�*HQHUDWLRQ $I 
SRUWIROLR LV IRFXVHG RQ DGYDQFLQJ WKH PDWK�
HPDWLFV DQG VFLHQFH WR DVVHVV DGYHUVDU\ 
FDSDELOLW\ GHVSLWH WKH FKDOOHQJHV RI WKH 
FRPSHWLWLRQ UHJLPH� 7KH 1H[W�*HQHUDWLRQ 
$I SRUWIROLR LV GHYHORSLQJ ÀH[LEOH WHFKQLTXHV 
WR FRPELQH KHWHURJHQHRXV GDWD VRXUFHV� 
PRGHOHG SUHGLFWLRQV� DQG PDFKLQH OHDUQ�
LQJ WR LQFUHDVH VHQVLWLYLW\ WR IDLQW VLJQDOV RI 
LQWHUHVW DQG DXJPHQW VSDUVH GDWDVHWV� $G�
GLWLRQDOO\� WKH SRUWIROLR LV GHYHORSLQJ WHFK�
QLTXHV WR OHYHUDJH DGYDQFHV LQ GDWD VFL�
HQFH DQG QHZ GDWD VRXUFHV WR UHYHDO HDUO\ 
LQGLFDWRUV RI QXFOHDU SUROLIHUDWLRQ IURP ODUJH 
DQG XQVWUXFWXUHG GDWD�
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7KH PRVW VXFFHVVIXO FDSDELOLWLHV GHYHORSHG 
E\ WKH 1H[W�*HQHUDWLRQ $I SRUWIROLR DUH QRW 
VWDWLF WHFKQRORJLHV� 7KH\ DUH V\VWHPV RI 
PRGHOV DQG DGYDQFHG GDWD DQDO\VHV WKDW 
DUH HPSOR\HG G\QDPLFDOO\ E\ RSHUDWRUV 
DQG DQDO\VWV� 7KH\ DUH UHVSRQVLYH WR QHZ 

WKUHDWV� H[WHQVLEOH WR HPHUJLQJ LVVXHV� DQG 
VXLWDEOH IRU WKH IRJ RI FRPSHWLWLRQ� 2QH VLQ�
JOH $I WHFKQRORJ\ RU DQDO\WLF WHFKQLTXH ZLOO 
QHYHU DGGUHVV WKH IXOO UDQJH RI GDWD VRXUF�
HV DQG RSHUDWLRQDO GHPDQGV LQ WKH &:0' 
PLVVLRQ VSDFH� 

)LJXUH �� $GYDQFHV LQ $I�HQDEOHG WHFKQRORJLHV DQG WKH DYDLODELOLW\ RI QHZ GDWD 
VRXUFHV SUHVHQW QHZ RSSRUWXQLWLHV WR EURDGHQ 8�6� QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ� 
HQDEOLQJ HDUO\ GHWHFWLRQ RI HPHUJLQJ QXFOHDU ZHDSRQV WKUHDWV DQG UHYHDOLQJ LQ�
VLJKWV DERXW WKH VRSKLVWLFDWLRQ DQG FDSDELOLW\ RI H[LVWLQJ IRUHLJQ QXFOHDU ZHDSRQV 
SURJUDPV WR VWUHQJWKHQ 8�6� FDSDELOLW\ LQ competition DQG conflict. 

Change: Accelerating CWMD Modernization and Readiness
7KH PHWKRGV DQG WHFKQRORJLHV GHYHORSHG 
E\ WKH '11 5	' 1H[W�*HQHUDWLRQ $I SRUW�
IROLR DUH ZHOO�DOLJQHG WR WKH QHHGV RI D PRG�
HUQ 8�6� $UP\ &0:' IRUFH� 6SHFL¿FDOO\� 
WKHVH WHFKQRORJLHV FDQ EH OHYHUDJHG WR 
LQIRUP FDOLEUDWHG IRUFH SRVWXUH DQG GHYHO�
RS LQWHJUDWHG V\VWHPV VXLWDEOH IRU PXOWL�GR�
PDLQ RSHUDWLRQV� /HYHUDJLQJ WKH FDSDELO�
LWLHV GHYHORSHG E\ WKH 1H[W�*HQHUDWLRQ $I 
SRUWIROLR ZLOO DFFHOHUDWH WKH $UP\¶V FKDQJH 
WR EH UHDG\ IRU WKH IXWXUH� UHDOL]LQJ UHDGL�
QHVV VRRQHU DQG PRUH HႈFLHQWO\� 
1H[W�*HQHUDWLRQ $I IRU &DOLEUDWHG )RUFH 
3RVWXUH
$I DQG DQDO\WLFV DUH SDUDPRXQW WR DFKLHYH 
FDOLEUDWHG IRUFH SRVWXUH� *HQHUDO )O\QQ H[�
SODLQV WKDW FDOLEUDWHG IRUFH SRVWXUH LV DQ 
HVVHQWLDO HOHPHQW RI 0XOWL�'RPDLQ 2SHUD�
WLRQV WKDW HQVXUHV WKH $UP\ LV LQ WKH FRUUHFW 
SRVLWLRQ WR PHHW VLPXOWDQHRXV GHPDQGV WR 
FRPSHWH ZLWK DGYHUVDULHV� UHVSRQG WR FUL�
VHV� DQG ZLQ LQ FRQÀLFW� 7KH UHTXLUHPHQWV 
IRU $I V\VWHPV IRU FDOLEUDWHG IRUFH SRVWXUH 
DUH VLPLODU WR WKRVH IRU QXFOHDU SUROLIHUDWLRQ 
GHWHFWLRQ� %RWK UHTXLUH FDSDELOLWLHV WKDW SUR�

GXFH PRUH DFFXUDWH DQG KLJKHU�UHVROXWLRQ 
LQIRUPDWLRQ WKDQ H[LVWLQJ PHWKRGV� 7KH\ 
PXVW EH H[WHQVLEOH WR QHZ WKUHDWV� VXLWDEOH 
IRU XQFRRSHUDWLYH HQYLURQPHQWV� DQG SHU�
IRUP SUHGLFWDEO\ LQ XQFKDUDFWHUL]HG VHWWLQJV� 
7KH\ UHTXLUH WHFKQLTXHV WR VXSSRUW GHFLVLRQ 
PDNLQJ ZLWK TXDQWL¿DEOH XQFHUWDLQW\� IQ GH�
YHORSLQJ PHWKRGV DQG WHFKQLTXHV WKDW PHHW 
WKH GHPDQGV RI QXFOHDU SUROLIHUDWLRQ GHWHF�
WLRQ� WKH 1H[W�*HQ $I SURJUDP KDV GHYHO�
RSHG FDSDELOLWLHV WKDW ZLOO HQDEOH FDOLEUDWHG 
IRUFH SRVWXUH GXULQJ FRPSHWLWLRQ DQG FRQ�
ÀLFW� 
)RU H[DPSOH� WKH PXOWL�/DERUDWRU\ $'$3' 
SURMHFW LV GHYHORSLQJ QHZ WHFKQLTXHV WR 
DQDO\]H SDWWHUQ�RI�OLIH GDWD DQG GDWD IURP 
IRUHLJQ QXFOHDU ZHDSRQV WHVWV WR GHWHUPLQH 
WKH VRSKLVWLFDWLRQ RI WKH QXFOHDU ZHDSRQV 
SURJUDPV� 7KHVH WHFKQLTXHV PD\ UHYHDO 
LQVLJKWV LQWR D FRXQWU\¶V QXFOHDU GRFWULQH 
DQG WR LQIRUP WKH SRVWXUH RI WKH 8�6� $UP\¶V 
IRUFHV LQ FRPSHWLWLRQ�
IQ DQRWKHU H[DPSOH� 6DQGLD 1DWLRQDO /DER�
UDWRU\ GHYHORSHG D FXVWRP $I IUDPHZRUN WR 
FKDUDFWHUL]H GHWRQDWLRQV LQ GHQLHG�DFFHVV 
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ORFDWLRQV� 0DWKHPDWLFDOO\� PRGHOLQJ DQG 
DGYDQFHG GDWD DQDO\VLV PHWKRGV VXLWDEOH 
IRU FRQWHVWHG HQYLURQPHQWV UHTXLUH HQWLUHO\ 
GLႇHUHQW DSSURDFKHV WKDQ WUDGLWLRQDO DSSOL�
FDWLRQV� 7KLV WHFKQLTXH SURGXFHV PRUH DF�
FXUDWH DVVHVVPHQWV DQG UHTXLUHV D IUDFWLRQ 
RI WKH GDWD UHTXLUHG E\ FXUUHQW PHWKRGV� 
GHPRQVWUDWLQJ WKH SRWHQWLDO H[WHQVLELOLW\ RI 
WKLV PHWKRGRORJ\ WR LQIRUP FDOLEUDWHG IRUFH 
SRVWXUH DQDO\VHV LQ FRQÀLFW� 7KLV WHFKQROR�
J\ WUDQVLWLRQHG WR D 'R' PLVVLRQ SDUWQHU�

1H[W�*HQHUDWLRQ $I IRU 0XOWL�'RPDLQ 
2SHUDWLRQV
(QKDQFHPHQW WR QXFOHDU SUROLIHUDWLRQ GHWHF�
WLRQ UHTXLUHV PXOWL�GRPDLQ DSSURDFKHV� 7KH 
PHWKRGV GHYHORSHG E\ '11 5	' OHYHUDJH 
GDWD� LQIRUPDWLRQ� DQG PLVVLRQ FDSDELOLWLHV 
IURP PXOWLSOH GRPDLQV� 7KHVH WHFKQLTXHV 
ZLOO SURYLGH VROXWLRQV WKDW HQDEOH UDSLG DQG 
FRQWLQXRXV LQWHJUDWLRQ RI PXOWL�GRPDLQ GDWD 
IRU D UDQJH RI &:0' PLVVLRQV� 
6HQVRU GDWD IXVLRQ UHTXLUHV VRSKLVWLFDWHG 
PDWKHPDWLFDO DQG FRPSXWHU VFLHQFH DS�
SURDFKHV� &XUUHQW PHWKRGV DUH W\SLFDOO\ 
QRW UHXVDEOH� '11 5	'¶V 1H[W�*HQHUD�
WLRQ $I SRUWIROLR LV EXLOGLQJ RXW WKH VFLHQFH 
RI GDWD IXVLRQ DQG SLORWLQJ QHZ SURFHGXUHV 
IRU SURGXFLQJ DQG PDQDJLQJ VHQVRU GDWD 
WKDW LV VXLWDEOH IRU D PXOWL�GRPDLQ WDVN IRUFH� 
ZKHUH VHQVRU IXVLRQ LV WKH QHZ SDUDGLJP�
)RU H[DPSOH� UHVHDUFKHUV IURP DFURVV WKH 
/DERUDWRU\ &RPSOH[ DUH GHYHORSLQJ WHFK�
QLTXHV WR IXVH GDWD IURP DLU�� ODQG�� PDUL�
WLPH�� VSDFH�� DQG F\EHUVSDFH�EDVHG VHQ�
VRUV WR SURYLGH LPSURYHG DVVHVVPHQWV RI 
DGYHUVDU\ RSHUDWLRQV RI :0' FDSDELOLWLHV� 
7KH\ KDYH DOVR GHYHORSHG SURFHGXUHV DQG 
GDWD PDQDJHPHQW V\VWHPV WR IDFLOLWDWH 
PXOWL�PRGDO GDWD IXVLRQ DV ZHOO DV PDWKH�
PDWLFDO DQG HQJLQHHULQJ WHFKQLTXHV WR V\Q�
FKURQL]H GDWDVHWV FROOHFWHG IURP PXOWLSOH 
VRXUFHV�

&RQYHUJHQFH� 7DNLQJ WKH 5HVHDUFK WR WKH 
0LVVLRQ
7KH GHYHORSPHQW RI $I V\VWHPV WR WUDQVIRUP 

8�6� QXFOHDU SUROLIHUDWLRQ GHWHFWLRQ UHTXLUHV 
IRFXVHG UHVHDUFK LQ WKH WRXJKHVW DUHDV RI 
VFLHQFH ZLWK WLJKW DOLJQPHQW WR PLVVLRQ GH�
PDQGV� 7KLV LV PRUH WKDQ D SKLORVRSK\ ± LW 
GH¿QHV WKH '11 5	'¶V 1H[W�*HQHUDWLRQ 
$I VWUDWHJ\ DQG GD\�WR�GD\ UHVHDUFK DQG 
GHYHORSPHQW DJHQGD� '11 5	' ZRUNV 
FORVHO\ ZLWK SDUWQHUV LQ WKH 8�6� &:0' 
HQWHUSULVH� LQFOXGLQJ WKH 8�6� $UP\� WR XQ�
GHUVWDQG QHHGV DQG RSHUDWLRQDO FRQVWUDLQWV 
WR DGYDQFH WKH ULJKW VFLHQFH DQG GHYHORS 
LQQRYDWLYH FDSDELOLWLHV� 1H[W�*HQHUDWLRQ $I 
SRUWIROLR SURMHFW WHDPV XQGHUVWDQG PLVVLRQ 
SDUWQHUV¶ UHTXLUHPHQWV IRU QHZ WHFKQROR�
JLHV DQG KRZ RSHUDWRUV DQG DQDO\VWV ZLOO 
XVH WKHP WR GHVLJQ UHOLDEOH DQG LQWHURSHU�
DEOH V\VWHPV� 
7KLV SDUWQHUVKLS H[WHQGV WKURXJKRXW WKH 
OLIHF\FOH RI WKH SURMHFW WR VXSSRUW PLVVLRQ 
SDUWQHUV¶ WUDQVIRUPDWLRQ IURP FXUUHQW FDSD�
ELOLW\ WR D PRGHUQL]HG IRUFH� IQ IQWHUDJHQF\ 
IRUXPV DQG ZRUNLQJ JURXSV� WKH 1H[W�*HQ�
HUDWLRQ $I SRUWIROLR DGYDQFHV WKH SUDFWLFH 
RI DQDO\WLFV IRU QDWLRQDO VHFXULW\ DQG LQ�
IRUPV 8�6� SROLF\ RQ &:0' DQG HPHUJ�
LQJ WHFKQRORJLHV� $GGLWLRQDOO\� '11 5	'¶V 
1H[W�*HQHUDWLRQ $I SRUWIROLR LPSOHPHQWV WKH 
SUDFWLFH RI HDUO\ DQG LQFUHPHQWDO GHOLYHU\ RI 
QHZ WHFKQRORJLHV� :KLOH WKHVH WHFKQROR�
JLHV DUH RQO\ FRPSRQHQWV RI WKH IXOO V\VWHP� 
LQFRUSRUDWLQJ WKHVH FRPSRQHQWV LQFUHPHQ�
WDOO\ RYHU WLPH DFFHOHUDWHV FKDQJH WKURXJK 
PRGHUQL]DWLRQ WR DQ $I�HQDEOHG DQG UHDG\ 
IRUFH FDSDEOH RI PHHWLQJ IXWXUH FKDOOHQJHV 
LQ FRPSHWLWLRQ� FRQÀLFW� DQG FULVLV� 

Conclusion
$V SDUWQHUV ZLWKLQ WKH 8�6� &:0' HQWHU�
SULVH� '11 5	'¶V 1H[W�*HQHUDWLRQ $I SRUW�
IROLR DQG 'R' &:0' IRUFHV DUH DOLJQHG WR 
WKH VDPH DLP SRLQW� :KLOH WKH FDSDELOLWLHV 
GHYHORSHG E\ WKH 1H[W�*HQHUDWLRQ $I SRUW�
IROLR DUH IRFXVHG RQ QXFOHDU QRQSUROLIHU�
DWLRQ� WKH 8�6� $UP\ FDQ GLUHFWO\ OHYHUDJH 
WKHVH PHWKRGV DQG WHFKQRORJLHV WR DGGUHVV 
&:0' GHPDQGV ± DQG 8�6� $UP\ PLVVLRQV 
PRUH EURDGO\� 7KH 8�6� $UP\ VKRXOG GUDZ 
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RQ WKH WHFKQRORJLHV DQG VWUDWHJLHV GHYHORSHG E\ '11 5	'¶V 1H[W�*HQHUDWLRQ $I SRUWIROLR 
WR DGGUHVV GHPDQGV LQ FRPSHWLWLRQ DQG WR DFFHOHUDWH UHDGLQHVV DV WKH IRUFH FKDQJHV WR 
WKH IXWXUH RSHUDWLQJ FRQFHSW� 0XOWL�'RPDLQ 2SHUDWLRQV�
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Tactical Nuclear Wargaming: An Innovative 
Approach to Conventional Nuclear 

Integration Techniques
0LOHV 3DFD� &37 8�6� $UP\ 1DWLRQDO *XDUG

5HVHDUFK 6FLHQWLVW I� *HRUJLD 7HFK 5HVHDUFK IQVWLWXWH �*75I�

0DWWKHZ 0DKRQH\
'HIHQVH 7KUHDW 5HGXFWLRQ $JHQF\ 5HVHDUFK DQG 'HYHORSPHQW

 � 1XFOHDU 7HFKQRORJLHV $VVHVVPHQWV �'75$ 5'�17$�

6KDUDp 0HUHGLWK� 3K'
6HQLRU 5HVHDUFK (QJLQHHU� *75I

-RKQ %ULWWLQJKDP� &'5 8615� 3K'
3ULQFLSDO 5HVHDUFK (QJLQHHU� *75I

5REHUW 3ULWFKDUG� /W&RO 860&5 �5HW�
5HVHDUFK (QJLQHHU II� *75I

*UHJ /RXGHQ� /7& 86$ �5HW�
3ULQFLSDO 5HVHDUFK (QJLQHHU� *75I 

Introduction and Background of Conventional Nuclear Integration Wargaming   

TKH FXUUHQW UHTXLUHPHQWV IRU &:0' SUHSDUHGQHVV DFURVV DOO OHYHOV RI WKH -RLQW )RUF�
HV KDYH OHG WR IRFXVHG LQLWLDWLYHV LQ WKH UHDOP RI QXFOHDU ZHDSRQV GHIHQVH SODQQLQJ� 

WUDLQLQJ DQG H[HUFLVH��  7HFKQLTXHV OLNH PLOLWDU\ ZDUJDPLQJ IRU SXWWLQJ VXFK LQLWLDWLYHV LQWR 
DFWLRQ DUH RI FULWLFDO LPSRUWDQFH WR DGGUHVVLQJ WKH FHQWUDOL]HG FRQFHSWV RI QXFOHDU GHIHQVH 
DQG GHWHUUHQFH�  &RQYHQWLRQDO 1XFOHDU IQWHJUDWLRQ �&1I�� D FRQFHSW UHIHUULQJ WR WKH VLGH�
E\�VLGH RSHUDWLRQ RI QXFOHDU DQG FRQYHQWLRQDO IRUFHV UHIHUHQFHG E\ .LQPDQ2� LV D ¿HOG RI 
QXFOHDU GHIHQVH VWUDWHJ\ WKDW LQFOXGHV QXFOHDU ZHDSRQV HPSOR\PHQW RQ WKH EDWWOH¿HOG�  
7KRXJK QRW DOZD\V H[SUHVVO\ JURXSHG XQGHU WKH XPEUHOOD RI &1I� PLOLWDU\ ZDUJDPH H[�
HUFLVHV ZKLFK FRXOG EH FRQVLGHUHG ZLWKLQ WKH VXEVHW RI &1I KDYH SURYLGHG LQVLJKWV LQWR 
RSHUDWLRQV RQ WKH QXFOHDU EDWWOH¿HOG VLQFH WKH &ROG :DU HUD�  

0RVW RIWHQ� WKH WHUP ³QXFOHDU ZDU´ HOLFLWV LPDJHV RI ODUJH�VFDOH QXFOHDU ZHDSRQV GHOLYHUHG 
IURP LQWHUFRQWLQHQWDO�UDQJH ZHDSRQV DJDLQVW VWUDWHJLF WDUJHWV�  7KRXJK KLJKO\ EHQH¿FLDO WR 
H[DPLQH WKHVH NLQGV RI FRQÀLFWV LQ D ZDUJDPH� WKHVH DUH QRW H[FOXVLYHO\ WKH RQO\ NLQGV RI 
QXFOHDU FRQÀLFW WKH 8QLWHG 6WDWHV DQG LWV DOOLHV FRXOG IDFH�  1RQ�6WUDWHJLF 1XFOHDU :HDS�
RQV �161:� � DOVR NQRZQ DV WDFWLFDO QXFOHDU ZHDSRQV � DUH D EURDG FODVV RI ZHDSRQV QRW 
ZHOO GH¿QHG EXW JHQHUDOO\ FDWHJRUL]HG DV ³VKRUW�UDQJH GHOLYHU\ V\VWHPV ZLWK ORZHU�\LHOG 
ZDUKHDGV WKDW PLJKW DWWDFN WURRSV RU IDFLOLWLHV RQ WKH EDWWOH¿HOG´��  'HOLYHU\ V\VWHPV OLNH 
WDFWLFDO PLVVLOH ODXQFKHUV FDSDEOH RI GHOLYHULQJ 161:¶V DUH JHQHUDOO\ RXWVLGH WKH UHJX�
ODWRU\ VFRSH RI QXFOHDU DUPV FRQWURO�� DQG WKH UHFHQWO\ H[WHQGHG 1HZ 67$57 7UHDW\ EH�
WZHHQ WKH 8�6� DQG 5XVVLD FXUUHQWO\ RQO\ UHJXODWHV I&%0V� 6/%0V DQG KHDY\ ERPEHUV� 
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0LOHV 3DFD LV D 5HVHDUFK 6FLHQWLVW I *HRUJLD 7HFK 5HVHDUFK IQVWLWXWH LQ $WODQWD� *$� +H KDV D %�6� LQ 
%LRORJ\ IURP *HRUJLD 7HFK�  +LV HPDLO DGGUHVV LV PLOHV�SDFD#JWUL�JDWHFK�HGX� 

0DWWKHZ 0DKRQH\ LV 6HQLRU 7HFKQLFDO 0DQDJHU DW WKH 'HIHQVH 7KUHDW 5HGXFWLRQ $JHQF\� LQ )RUW %HOYRLU� 
+H KDV D %�6� LQ 0HFKDQLFDO (QJLQHHULQJ IURP 9LUJLQLD 7HFK� 0�6� LQ 2SHUDWLRQV 5HVHDUFK IURP *HRUJH 
0DVRQ 8QLYHUVLW\�  +H ZDV SUHYLRXVO\ DVVLJQHG DV D 6HQLRU &RQVXOWDQW DW 'HORLWWH &RQVXOWLQJ�  +LV HPDLO 
DGGUHVV LV PDWWKHZ�M�PDKRQH\���FWU#PDLO�PLO

'U� 6KDUDp 0HUHGLWK LV D 6HQLRU 5HVHDUFK (QJLQHHU�DW *HRUJLD 7HFK 5HVHDUFK IQVWLWXWH LQ $WODQWD� *$�

'U� -RKQ 0� %ULWWLQJKDP LV D 3ULQFLSDO 5HVHDUFK (QJLQHHU DW *HRUJLD 7HFK 5HVHDUFK IQVWLWXWH LQ $WODQWD� 
*$� +H KDV D %�6� LQ 3K\VLFV IURP <DOH 8QLYHUVLW\� D -XULV 'RFWRU IURP 8QLYHUVLW\ RI 0HPSKLV� DQG D 3K�'� 
LQ 1XFOHDU (QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI 7HQQHVVHH�  +LV HPDLO DGGUHVV LV MRKQ�EULWWLQJKDP#JWUL�
JDWHFK�HGX�

5REHUW 3ULWFKDUG LV WKH :DUJDPLQJ /HDG LQ WKH $QDO\WLFV DQG :DUJDPLQJ %UDQFK DW WKH *HRUJLD 7HFK 
5HVHDUFK IQVWLWXWH �*75I� LQ $WODQWD� *$�  +H KDV D %�6 LQ $HURVSDFH (QJLQHHULQJ IURP WKH 8�6� 1DYDO 
$FDGHP\�  +H ZDV SUHYLRXVO\ DVVLJQHG DV D -RLQW &HOO 2ႈFHU DQG ([HUFLVH &RQWURO 2ႈFHU DW WKH 0DULQH 
&RUSV 7DFWLFV DQG 2SHUDWLRQV *URXS �0&72*�� 7ZHQW\QLQH 3DOPV� &$�  +LV HPDLO DGGUHVV LV UREHUW�
SULWFKDUG#JWUL�JDWHFK�HGX�

*UHJRU\ /RXGHQ /7& �5HW��  LV WKH IQWHULP &KLHI  RI  $GYDQFHG :DU¿JKWLQJ 7HFKQRORJLHV 'LYLVLRQ DW *75I 
LQ $WODQWD *$�  +H KDV D %�6� LQ 0HFKDQLFDO (QJLQHHULQJ IURP *HRUJLD IQVWLWXWH RI 7HFKQRORJ\�  +H ZDV 
SUHYLRXVO\ DVVLJQHG DV D� )$�2 'I$� -RLQW 6WDႇ� '75$� 86).�  +LV�KHU HPDLO DGGUHVV LV BBJUHJRU\�
ORXGHQ#JWUL�JDWHFK�HGX

OHDYLQJ D FULWLFDO JDS RI XQUHJXODWHG QXFOHDU DUPV��  6HYHUDO DGGLWLRQDO ³QHDU SHHU´ VWDWHV 
DUH NQRZQ WR SRVVHVV VLJQL¿FDQW WDFWLFDO QXFOHDU ZHDSRQ DUVHQDOV� DQG HႇRUWV DUH EHLQJ 
PDGH E\ UHJLRQDO SRWHQWLDO WKUHDW QDWLRQV WR GHYHORS WDFWLFDO QXFOHDU ZHDSRQV SURJUDPV�� 
IQ -DQXDU\ 2�2� 1RUWK .RUHDQ GLFWDWRU .LP -RQJ 8Q VWDWHG� ³:H PXVW GHYHORS WDFWLFDO 
QXFOHDU ZHDSRQV WKDW FDQ EH DSSOLHG LQ GLႇHUHQW PHDQV LQ WKH PRGHUQ ZDU GHSHQGLQJ RQ 
WKH SXUSRVH RI RSHUDWLRQDO PLVVLRQV DQG WDUJHWV´�� 

&OHDUO\� WKH WKUHDW RI WDFWLFDO QXFOHDU ZHDSRQV HPSOR\PHQW RQ D EDWWOH¿HOG LV D FRQVLGHU�
DWLRQ WKDW PXVW EH WDNHQ LQWR DFFRXQW�  $OOLHG -RLQW )RUFHV PXVW EH SUHSDUHG WR FRQGXFW 
RSHUDWLRQV LQ D QXFOHDU FRQWHVWHG HQYLURQPHQW DQG WR PLWLJDWH WKH HႇHFWV RI QXFOHDU ZHDS�
RQV RQ VXFK RSHUDWLRQV DFURVV DOO OHYHOV RI ZDU�  7KLV DOVR LPSOLHV WKDW QXFOHDU ZHDSRQV 
XVH PXVW QRW EH FRQVLGHUHG D JDPH�HQGLQJ HYHQW LQ VLPXODWLRQV DQG WDFWLFDO H[HUFLVHV�  
8QLTXH VWUDWHJLHV OLNH &1I ZDUJDPHV WR WUDLQ FRPPDQGHUV DQG VWDႇV WR UHVSRQG WR D QX�
FOHDU GHWRQDWLRQ �18'(7� PXVW EH LPSOHPHQWHG LQ RUGHU WR HQVXUH WKH 8�6� LV SUHSDUHG WR 
VXFFHHG LQ WKH QXFOHDU RSHUDWLRQDO HQYLURQPHQW�

:LWK WKHVH FRQVLGHUDWLRQV� WKH 'HIHQVH 7KUHDW 5HGXFWLRQ $JHQF\ �'75$� KDV SXUVXHG 
&1I LQLWLDWLYHV WKURXJK FROODERUDWLRQ DPRQJ PXOWLSOH RUJDQL]DWLRQV ZLWK FULWLFDO FDSDELOLWLHV 
UHODWHG WR &%51(� 7KH '75$ 5HVHDUFK DQG 'HYHORSPHQW �5'� 'LUHFWRUDWH LV ZRUNLQJ 
ZLWK RUJDQL]DWLRQV VXFK DV WKH *HRUJLD 7HFK 5HVHDUFK IQVWLWXWH �*75I�� )HGHUDOO\�)XQGHG 
5HVHDUFK DQG 'HYHORSPHQW &HQWHUV �))5'&V�� DQG LQGXVWU\ WR FRQGXFW IRFXVHG UHVHDUFK 
UHJDUGLQJ QXFOHDU ZHDSRQV HႇHFWV DQG WKHLU LPSOLFDWLRQ RQ WKH EDWWOH¿HOGV RI WKH IXWXUH� 
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7KDW UHVHDUFK LQFOXGHV LQWHJUDWLRQ ZLWK RUJDQL]DWLRQV VXFK DV WKH 86 $UP\ 1XFOHDU DQG 
&RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWLRQ $JHQF\ �86$1&$�� -RLQW 3URJUDP ([HFXWLYH 
2ႈFH IRU &KHPLFDO� %LRORJLFDO� 5DGLRORJLFDO DQG 1XFOHDU 'HIHQVH �-3(2�&%51'�� DQG 
3URJUDP ([HFXWLYH 2ႈFH 6LPXODWLRQ� 7UDLQLQJ DQG IQVWUXPHQWDWLRQ �3(2 675I�� DPRQJ 
RWKHUV�  IQ -XQH 2�2�� *75I ZDV WDVNHG WR SURYLGH '75$ ZLWK WKH QXFOHDU WHFKQRORJLHV 
WHFKQLFDO VXSSRUW WR UHFRPPHQG WKH FRQGLWLRQV WR LQVWLWXWLRQDOL]H &1I DFURVV WKH MRLQW IRUF�
HV ± VSHFL¿FDOO\ ZLWK UHVSHFW WR ZDUJDPLQJ DW WKH WDFWLFDO OHYHO IRU JURXQG PDQHXYHU IRUFHV 
LQ WKH $UP\ DQG 0DULQH &RUSV�  7KLV OHG *75I WR EHJLQ GHYHORSPHQW RI D JURXQG�EDVHG 
ZDUJDPH IRU UH¿QLQJ WHFKQLTXHV DQG DSSURDFKHV WR &1I ZDUJDPLQJ� *75I EHJDQ WKH 
HႇRUW E\ IRFXVLQJ RQ EDVHOLQH GHYHORSPHQW ZLWK WKH 2QH 6HPL�$XWRPDWHG )RUFHV �2QH�
6$)� VLPXODWLRQ� 

CNI Wargame Development 
IQ WKH ¿UVW LWHUDWLRQ RI ZDUJDPH GHYHORSPHQW� *75I PDGH VWULGHV ZLWK WKH DLG RI DFWLYH 
GXW\ 8�6� $UP\ FROODERUDWRUV WR GHYHORS D XVHIXO VFHQDULR WKDW DGGUHVVHG DQG LQWHJUDWHG 
WKH WDFWLFV� WHFKQLTXHV DQG SURFHGXUHV �773¶V� XVHG DW D WDFWLFDO OHYHO ± VSHFL¿FDOO\� WR 
¿JKW WKURXJK D QXFOHDU RSHUDWLRQDO HQYLURQPHQW �2(��  7KH FRPPDQGHU DQG VWDႇ IURP 
D 8�6� $UP\ 6WU\NHU IQIDQWU\ %DWWDOLRQ SDUWLFLSDWHG UHPRWHO\ LQ D YLUWXDO ZDUJDPH ZLWK 
WKH FRPPDQGHU DQG HDFK RI WKH VWDႇ VHFWLRQV SHUIRUPLQJ WKHLU UHVSHFWLYH UROHV LQ H[�

)LJXUH �� $UWLVWLF 5HQGLWLRQ RI 7DFWLFDO 1XFOHDU :HDSRQ¶V IPSDFW RQ 0DQHXYHU :I)
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HFXWLQJ WKH RSHUDWLRQV SURFHVV RI D PRYH�
PHQW�WR�FRQWDFW PLVVLRQ WKDW ZDV FRQVLVWHQW 
ZLWK WKH 0LVVLRQ (VVHQWLDO 7DVN /LVW �0(7/� 
IRU WKLV PDQHXYHU EDWWDOLRQ� 
7KH VFHQDULR IRFXVHG RQ WKH FRQGXFW RI D 
ODUJH�VFDOH JURXQG FRPEDW RSHUDWLRQ ZLWK 
NH\ REMHFWLYHV DQG D VSHFL¿HG HQG VWDWH�  
7KH SDUWLFLSDQWV WRRN WKH UROH RI ³EOXH IRUFHV´ 
DQG ZHUH FKDOOHQJHG ZLWK WKH 0LVVLRQ� (QH�
P\� 7HUUDLQ 	 :HDWKHU� 7URRSV DQG 6XSSRUW 
$YDLODEOH� 7LPH DQG &LYLO &RQVLGHUDWLRQV 
�0(77�7&� FRQVLVWHQW ZLWK DQ (DVWHUQ 
(XURSHDQ FRQÀLFW LQ WKH %DOWLFV� 2SSRVLQJ 
WKH %/8( )RUFH ZDV D OLYH� WKLQNLQJ ³5(' 
IRUFH´ IDPLOLDU ZLWK WKH GHSOR\PHQW� ZHDS�
RQ V\VWHPV� WDFWLFV� DQG HPSOR\PHQW RI 
WKUHDW IRUFHV� 7KH 5(' IRUFHV UHSOLFDWHG 
D QHDU�SHHU FRPSHWLWRU�  ³5(' IRUFHV´ KDG 
WKHLU RZQ VHW RI REMHFWLYHV DQG D FOHDU HQG 
VWDWH WRZDUGV ZKLFK WKH\ ZHUH ZRUNLQJ� FXU�
UHQW DQG IRUPHU DFWLYH GXW\ PDQHXYHU OHDG�
HUV SHUIRUPHG WKHVH UROHV�  $ ³:+I7( FHOO´ 
VHUYHG DV D UHIHUHH� DQ RSHUDWRU�FRQWUROOHU 
IRU VLPXODWLRQ LQSXWV� DQG DV UROH�SOD\HUV RI 
WKH %/8( )RUFH %DWWDOLRQ¶V KLJKHU� DGMDFHQW� 
DQG VXERUGLQDWH XQLWV IRU NH\ VFHQDULR LQ�
MHFWV LQWR WKH ZDUJDPH�  7KH EHQH¿W RI WKLV 
IRUPDW ZDV WKDW LW UHSOLFDWHG WKH W\SH RI ZDU�
JDPH VHWXS ZLWK ZKLFK SDUWLFLSDQWV ZHUH ID�
PLOLDU� HQDEOHG WKH IRFXV RQ VSHFL¿F REMHF�
WLYHV UHODWHG WR QXFOHDU HႇHFWV� DQG HOLFLWHG 
WKH RSHUDWLQJ IRUFHV¶ DFWLYH SDUWLFLSDWLRQ LQ 
WKH H[SHULPHQW�
3ULRU WR WKH VWDUW� SDUWLFLSDQWV ZHUH JLYHQ D 
SUH�PLVVLRQ VFHQDULR IUDPHZRUN DQG EULHI�
LQJV RQ ³5RDG WR :DU´� D &RQFHSW RI WKH 
2SHUDWLRQV �&21236�� DQG 1XFOHDU :HDS�
RQV (ႇHFWV�  7KH &21236 EULHI LQFOXGHG 
VSHFL¿F HOHPHQWV IURP WKH 0LOLWDU\ 'HFLVLRQ 
0DNLQJ 3URFHVV �0'03� ZKLFK KDG EHHQ 
FRPSOHWHG SULRU WR WKH HYHQW E\ H[HUFLVH 
VXSSRUW VWDႇ� 7KHVH &21236 LQFOXGHG WKH 
SODQQLQJ SURFHVV GHULYHG PLVVLRQ DQG ³WDVN 
DQG SXUSRVH´ IRU H[HFXWLQJ WKH RSHUDWLRQV 
SURFHVV DW WKH EDWWDOLRQ HFKHORQ RI FRP�
PDQG� 7KH EDWWDOLRQ FRPPDQGHU DQG VWDႇ 
ZHUH HTXLSSHG ZLWK WKH VWDQGDUG 7DEOH RI 

2UJDQL]DWLRQ DQG (TXLSPHQW �72	(� IRU 
D WDVN RUJDQL]HG 6WU\NHU IQIDQWU\ EDWWDOLRQ 
H[HUFLVLQJ FRPPDQG DQG FRQWURO �&2� RYHU 
VXERUGLQDWH XQLWV RQ WKH EDWWOH¿HOG� FRRU�
GLQDWLQJ ¿UHV� DQG VHL]LQJ NH\ REMHFWLYHV�  
7KH FKDOOHQJH RI WKH ZDUJDPH ZDV WR DV�
VHVV KRZ WKH LQWHJUDWLRQ RI QXFOHDU ZHDS�
RQV HႇHFWV FRXOG LPSDFW WKH H[HFXWLRQ RI 
WKH PLVVLRQ DQG WR LQWURGXFH D QHZ OHYHO RI 
FRPSOH[LW\ WR JURXQG PDQHXYHU RSHUDWLRQV�  
)RU FODUL¿FDWLRQ RI WKHVH HႇHFWV� EOXH IRUFH 
SDUWLFLSDQWV UHFHLYHG D SUH�ZDUJDPH EULHI 
RQ WKH LPSDFW RI QXFOHDU ZHDSRQ HႇHFWV E\ 
D VXEMHFW�PDWWHU H[SHUW DQG ZHUH DGYLVHG 
RI WKH UDQJH RI SRVVLEOH LPSDFWV RI QXFOH�
DU WKUHDWV SUHVHQW LQ WKH JDPH�  7KLV EULHI 
IRFXVHG RQ WKH LPPHGLDWH DQG PLG�WHUP HI�
IHFWV WKDW ZRXOG EH H[SHULHQFHG E\ D XQLW 
DW D FORVH� LQWHUPHGLDWH� DQG ORQJ�UDQJH 
GLVWDQFH IURP D WDFWLFDO 18'(7� 7KH IRFXV 
FHQWHUHG RQ WKH LPSDFW XSRQ RSHUDWLRQDO GH�
FLVLRQ PDNLQJ IRU XQLWV DQG SHUVRQQHO ZKLFK 
ZHUH DW D VXUYLYDEOH GLVWDQFH IURP JURXQG 
]HUR� 7KH EULHI FRPSDUHG YDULRXV \LHOGV IRU 
EHWWHU XQGHUVWDQGLQJ RI WKH UHODWLYH SRZ�
HU RI D QXFOHDU ZHDSRQ RQ WKH EDWWOH¿HOG 
�HVSHFLDOO\ LQ FRPSDULVRQ WR FRQYHQWLRQDO 
ZHDSRQV�� LQFOXGLQJ WKH IDOORXW KD]DUGV DQG 
UDGLDWLRQ HႇHFWV RQ SHUVRQQHO� 
7R HQDEOH D WDFWLFDO ZDUJDPH ZLWK QXFOHDU 
ZHDSRQV� WKH ZDUJDPH PXVW LQFRUSRUDWH 
WKH HႇHFWV RI D 18'(7 ZLWK VXႈFLHQW ¿�
GHOLW\ WR SURYLGH UHDOLVWLF RXWFRPHV EDVHG 
RQ IDFWRUV VXFK DV WKH W\SH RI ZHDSRQ� WKH 
KHLJKW RI EXUVW� WKH W\SH RI HTXLSPHQW� DQG 
WKH GLVWDQFH RI WKH HTXLSPHQW IURP JURXQG 
]HUR� 'HWDLOHG HTXLSPHQW YXOQHUDELOLW\ DQDO�
\VHV PD\ H[LVW IRU WKH HTXLSPHQW LQ TXHV�
WLRQ� KRZHYHU� WKHVH YXOQHUDELOLW\ DQDO\VHV 
DUH JHQHUDOO\ FODVVL¿HG DQG PD\ QRW EH 
DYDLODEOH IRU D ZDUJDPH FRQGXFWHG DW WKH 
XQFODVVL¿HG OHYHO� :KLOH FODVVL¿HG PRGHOV 
PD\ LQFUHDVH ¿GHOLW\ DQG PD\ EH QHFHV�
VDU\ GHSHQGLQJ RQ WKH ZDUJDPH¶V SXUSRVH� 
WKLV OHYHO RI DFFXUDF\ DQG ¿GHOLW\ GRHV QRW 
FRQVWLWXWH D SUHUHTXLVLWH WR ZDUJDPLQJ WKH 
WDFWLFDO QXFOHDU EDWWOH¿HOG HႇHFWLYHO\� *H�
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QHULF QXFOHDU GHYLFHV DQG D KLHUDUFK\ RI 
HTXLSPHQW VXUYLYDELOLW\ FDQ VXEVWLWXWH IRU 
WKHVH GHWDLOHG PRGHOV� UHO\LQJ RQO\ RQ XQ�
FODVVL¿HG PRGHOV DQG LQIRUPDWLRQ IRXQG LQ 
SXEOLFDWLRQV VXFK DV *ODVVWRQH DQG 'RODQ�� 
8VLQJ WKH SK\VLFDO SDUDPHWHUV IURP *ODV�
VWRQH DQG 'RODQ� FRPELQHG ZLWK VLPSOL¿HG 
VXUYLYDELOLW\ DVVXPSWLRQV� WKH ZDUJDPH FDQ 
SURFHHG HႇHFWLYHO\�
7KH SULPH IDFWRU WKDW HQDEOHV HႇHFWLYH ZDU�
JDPLQJ ZLWK ³JRRG HQRXJK´ PRGHOV OLHV LQ 
WKH SK\VLFV LQKHUHQW LQ WKH SURSDJDWLRQ RI 
SURPSW QXFOHDU HႇHFWV VXFK DV DLU EODVW� 
WKHUPDO UDGLDWLRQ� DQG SURPSW LRQL]LQJ UD�
GLDWLRQ WKURXJK WKH HQYLURQPHQW� $V WKHVH 
HႇHFWV VSUHDG IURP WKH SRLQW RI EXUVW� WKHLU 

VWUHQJWK ZLOO GHFUHDVH ERWK GXH WR WKH GLVSHU�
VLRQ RI WKH HႇHFWV �H�J�� LQYHUVH VTXDUH ODZ� 
DQG GXH WR WKH DWWHQXDWLRQ RI WKH HႇHFWV LQ 
WKH DWPRVSKHUH �H�J�� GXH WR VFDWWHULQJ DQG 
DEVRUSWLRQ RI WKH UDGLDWLRQ�� &RQVHTXHQWO\� 
WKH GLVWDQFH EHWZHHQ SRLQWV LQ VSDFH ZKHUH 
WKH SUREDELOLW\ RI VXUYLYDO IURP WKH SURPSW 
HႇHFWV LV DOPRVW QLO WR SRLQWV ZKHUH VXUYLYDO 
LV QHDUO\ FHUWDLQ LV W\SLFDOO\ OHVV WKDQ D IHZ 
KXQGUHG PHWHUV� )LJXUH 2 VKRZV WKH UHOD�
WLYH VWUHQJWK RI WKH HႇHFWV IURP D �N7 DQG 
�� N7 WDFWLFDO QXFOHDU ZHDSRQ DV D IXQFWLRQ 
RI GLVWDQFH IURP JURXQG ]HUR� LOOXVWUDWLQJ WKH 
UHODWLYHO\ VKRUW GLVWDQFH RYHU ZKLFK WKH HI�
IHFWV ZLOO GLPLQLVK�

Figure 2: Example of Prompt Radiation Dose Calculation for Dismounted Personnel for Near-Sur-
face Fission Weapon Burst

$V D UHVXOW RI WKHVH PRGHOLQJ FRQVLGHUDWLRQV� WKH *75I SURMHFW WHDP ZDV DEOH WR LPPHUVH 
WKH %/8( IRUFH SDUWLFLSDQWV LQWR D VHULHV RI WDFWLFDO FKDOOHQJHV DJDLQVW D IUHH SOD\LQJ 5(' 
IRUFH ZLWK UHDOLVWLF WDFWLFDO QXFOHDU ZHDSRQV HႇHFWV�
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 CNI Wargame Execution
:LWK D GXUDWLRQ RI DSSUR[LPDWHO\ WZR KRXUV� 
H[HFXWLRQ RI WKH ZDUJDPH FRQVLVWHG RI FRQ�
WLQXRXV SOD\ EHWZHHQ RSSRVLQJ 5(' DQG 
%/8( IRUFHV LQ VLPXODWLRQ ZLWK SDUWLFLSDQWV 
QRWLI\LQJ WKH :+I7( FHOO UHJDUGLQJ WDFWLFDO 
GHFLVLRQV WR LQSXW LQWR WKH 2QH6$) VLPXOD�
WLRQ�  7KH GHVLJQ RI WKH ZDUJDPH DOORZHG DOO 
PHPEHUV RI WKH XQLW¶V VWDႇ WR H[HUFLVH WKHLU 
UHVSHFWLYH IXQFWLRQV DQG HQJDJH D VXEVHW 
RI WKHLU VWDႇ EDWWOH GULOOV DQG G\QDPLF GHFL�
VLRQ�PDNLQJ ZKLOH RQ WKH QXFOHDU EDWWOH¿HOG�  
7KLV RSHQ ORRN DW WKH VWDႇ SURFHVVHV DQG 
GHFLVLRQV DGGHG D NH\ IXQFWLRQDOLW\ WR WKH 
ZDUJDPH DQG JDYH UHVHDUFKHUV YDOXDEOH LQ�
VLJKW LQWR WKH RSHUDWLRQV� LQWHOOLJHQFH� SODQ�

QLQJ� ORJLVWLFV� SHUVRQQHO DQG FRPPXQLFD�
WLRQV FRQVLGHUDWLRQV DQG FKDOOHQJHV WKDW 
JURXQG PDQHXYHU IRUFHV IDFH LQ D QXFOHDU 
2(�
$V WKH VLPXODWLRQ LQWURGXFHG QXFOHDU HႇHFWV 
LQWR WKH HQYLURQPHQW� SDUWLFLSDQWV ZHUH 
FKDOOHQJHG WR DVVHVV DQG UHVSRQG WR UHVXO�
WDQW KD]DUGV�  /HDGHUV ZHUH SUHVHQWHG ZLWK 
VLWXDWLRQV UHTXLULQJ WKHP WR DGGUHVV WKH 
FRQVHTXHQFHV RI QXFOHDU GHWRQDWLRQ DQG LWV 
LPSDFW RQ RSHUDWLRQV�  $V WKH VWDႇ HQJDJHG 
LQ EDWWOH PDQDJHPHQW SURFHVVHV� DQDO\VLV 
FRXOG EH IRFXVHG RQ WKH DUHDV RI PRVW VLJ�
QL¿FDQFH WR JURXQG PDQHXYHU ZDUIDUH WR 
IDFLOLWDWH GHYHORSPHQW RI WKH WHFKQLTXHV IRU 
V\VWHPL]DWLRQ RI &1I ZDUJDPLQJ� 

Figure 3: Example CONOP of CNI Wargame (notional, for training and analysis only)

7R DLG WKH VLWXDWLRQDO DZDUHQHVV DQG PRGHOLQJ RI QXFOHDU HYHQWV� WKH &%51 :DUQLQJ 
DQG 5HSRUWLQJ 6\VWHP �&%51:56� ZDV LQWHJUDWHG LQWR WKH %/8( IRUFH¶V FRPPRQ RS�
HUDWLQJ SLFWXUH DV D OD\HU RI WHFKQLTXH GHYHORSPHQW�  5DSLG UHSRUWLQJ RI D QXFOHDU HYHQW 
DQG PRGHOLQJ RI WKH UHVXOWDQW KD]DUG DUHD LV FULWLFDO WR HQVXULQJ WKH VDIHW\ RI SHUVRQQHO 
DQG FRQWLQXHG RSHUDWLRQV� IQWHJUDWLRQ RI WKH &%51:56 DOORZHG UHVHDUFKHUV WR VWXG\ 
WKH FRPPDQGHU DQG VWDႇ¶V DELOLWLHV WR TXLFNO\ SURFHVV DQG LQWHUSUHW &%51 UHSRUWV DQG WR 
UHFRJQL]H WKH V\VWHPV DQG DSSURDFKHV RI &%51 FRQVHTXHQFH PDQDJHPHQW�  7KH EDW�
WDOLRQ FRPPDQGHU ZDV DEOH WR XVH LQIRUPDWLRQ IURP WKH &%51:56 WR H[HFXWH LQIRUPHG 
GHFLVLRQ�PDNLQJ DQG GLUHFW &%51 UHVSRQVH DFWLYLWLHV�  
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2EVHUYDWLRQ RI WDVNV VXFK DV UDGLRORJLFDO 
UHFRQQDLVVDQFH� GHFRQWDPLQDWLRQ� DQG 
HYDFXDWLRQ RI UDGLDWLRQ H[SRVHG SHUVRQQHO 
SURYLGHG UHVHDUFKHUV DQG VXEMHFW�PDWWHU 
H[SHUWV D FOHDUHU XQGHUVWDQGLQJ RI WKH GHFL�
VLRQ GULYLQJ SRLQWV� PRWLYDWLRQV DQG WKRXJKW 
SURFHVVHV FRPPDQGHUV XWLOL]H WR UHDFK WKH 
GHVLUHG HQG VWDWH DQG DFKLHYH RXWFRPHV LQ 
D QXFOHDU 2(�  'XH WR D ODFN RI DWWHQWLRQ 
JLYHQ WR QXFOHDU WKUHDWV DW WKH WDFWLFDO OHYHO 
LQ PDQ\ \HDUV� WKLV YLHZ RI WKH RSHUDWLRQDO 
GHFLVLRQ�PDNLQJ SURYLGHG YDOXDEOH LQIRUPD�
WLRQ DQG LQVLJKW RQ FRPPDQGHU DQG VWDႇ UH�
DFWLRQ WR DGYHUVDULDO HPSOR\PHQW RI QXFOHDU 
ZHDSRQV RQ WKH EDWWOH¿HOG�  &1I :DUJDPH 
GHVLJQHUV H[SHFW WR XWLOL]H WKH DQDO\VLV RI 
WKHVH GHFLVLRQV DQG FDSWXUH RI WKH UHVXOWV 
LQ D GDWD UHSRVLWRU\ WR VXEVHTXHQWO\ VXS�
SRUW GHYHORSPHQW RI LPSURYHG &:0' GHFL�
VLRQ�PDNLQJ SURFHVVHV DQG UHVSRQVH PHWK�
RGRORJLHV�

CNI Wargame Data Analysis
5HVHDUFK FRQWLQXHV DIWHU WKH ZDUJDPH ZLWK 
WKH DQDO\WLFDO HYDOXDWLRQ RI LQIRUPDWLRQ FRO�
OHFWHG IURP WKH HYHQW�  'HWDLOV HPHUJH LQ 
WZR IRUPV� ��� FDSDELOLWLHV�OLPLWDWLRQV RI WKH 
VLPXODWLRQ HQYLURQPHQW� DQG �2� WKH LPSDFWV 
RQ GHFLVLRQ PDNLQJ WKDW DUH XQLTXH WR WKH 
QXFOHDU 2(�  
IW LV LPSRUWDQW WR KDYH D VREHU DQG KHDOWK\ 
XQGHUVWDQGLQJ RI WKH FDSDELOLWLHV DQG OLPLWD�
WLRQV RI WKH VLPXODWLRQ HQYLURQPHQW EHFDXVH 
LW KDV D GLUHFW LPSDFW RQ WKH GHFLVLRQ�PDN�
LQJ SURFHVV�  :LWKRXW D SURSHU UHIHUHQFH� LW 
LV HDV\ WR EH OHG DVWUD\ E\ WKH DQDO\WLFV RI 
WKH SRVW�SURFHVVHG GDWD WKDW WHQGV WR KDYH 
D KHDY\ HPSKDVLV RQ WKH RXWFRPH RI WKH 
HYHQW�  7KHUHIRUH� DV WKH ZDUJDPH LV SHU�
IRUPHG� HYDOXDWLRQV DQG DVVHVVPHQWV DUH 
PDGH EDVHG RQ SDUWLFLSDQW REVHUYDWLRQV 
DQG IHHGEDFN�  7KLV KLJKOLJKWV WKH VLJQLI�
LFDQFH RI KDYLQJ LQGLYLGXDOV UHSULVH UROHV 
ZLWKLQ WKH VLPXODWLRQ HQYLURQPHQW WKDW DUH 
FRQVLVWHQW ZLWK WKHLU PLOLWDU\ GXWLHV�  6XFK 
LQGLYLGXDOV DUH DEOH WR SURYLGH LQVLJKW RQ WKH 
H[SHFWDWLRQV RI DYDLODEOH DQG UHWULHYDEOH 

GDWD GXULQJ RSHUDWLRQV RQ ZKLFK WKH\ UHO\ 
WR PDNH VRXQG GHFLVLRQV DQG MXGJHPHQWV�  
)XUWKHUPRUH� WKHLU LQSXW LGHQWL¿HV OLPLWD�
WLRQV LQ WKH VLPXODWLRQ HQYLURQPHQW WKDW PD\ 
VNHZ SHUFHSWLRQ RI WKH QXFOHDU 2(� JHQHU�
DWLQJ D IDOVH QDUUDWLYH�  7KLV LV D FULWLFDO SRLQW 
RI FRQVLGHUDWLRQ ZKHQ HYDOXDWLQJ WKH YLDELO�
LW\ RI WKH VLPXODWLRQ IUDPHZRUN�  
7KH VHFRQG DVSHFW RI GDWD DQDO\VLV IRFXV�
HV RQ WKH GHFLVLRQ�PDNLQJ UHTXLUHG WR FRP�
SOHWH D PLVVLRQ REMHFWLYH�  7KH GHJUDGDWLRQ 
RI FRPEDW SRZHU� GHWHULRUDWLRQ RI VXSSOLHV� 
DQG LPSDFW RI UDGLRORJLFDO KD]DUGV DOO SUR�
YLGH D FRQFHSWXDO YLHZ RI WKH VWDWH RI WKH 
³%/8(´ DQG ³5('´ IRUFHV LQ WKH PLGVW RI D 
ZDUJDPH�  &RXSOLQJ WKHVH GHWDLOV WHPSR�
UDOO\ SURYLGHV D WLPHOLQH WKDW GRFXPHQWV 
WKH GHFLVLRQV PDGH DQG WKH FRUUHVSRQGLQJ 
RXWFRPH�  4XDQWLWDWLYH PHDVXUHV RI WKH 
ZDUJDPH HQDEOH GLDJUDPV DQG FKDUWV WR EH 
JHQHUDWHG WKDW VKRZ WUHQGV RI ZKHUH VSHFLI�
LF GHFLVLRQV KDYH DQ LPSDFW ZLWKLQ DQ HYHQW�  
IW LV WKURXJK GDWD DQDO\WLFV RI WKHVH ¿QGLQJV 
WKDW WDFWLFDO GHFLVLRQ�PDNLQJ FDQ EH RSWL�
PL]HG WR LQFUHDVH WKH SUREDELOLW\ RI VXFFHVV 
RI D PLVVLRQ ZLWKLQ D GH¿QHG HQYLURQPHQW�  
IQFUHDVLQJ WKH QXPEHU RI LWHUDWLRQV RI WKDW 
HYHQW� ZKHUH D GH¿QHG VHW RI YDULDEOHV LV 
GLDOHG XS RU GRZQ WR JHQHUDWH RSHUDWLRQDO 
FKDQJHV LQ D VFHQDULR� ZLOO SURYLGH D JUHDWHU 
WHFKQLFDO HQYHORSH RI PHDVXUHG GDWD�  6WD�
WLVWLFDO DQDO\VHV DUH SHUIRUPHG WR GHWHUPLQH 
VWUHQJWKV� YXOQHUDELOLWLHV� DQG RSSRUWXQLWLHV 
IRU LPSURYHPHQW ZKHQ HYDOXDWLQJ WKH GHFL�
VLRQ PDNLQJ LQ WKH QXFOHDU 2(�  :LWK WKH WZR 
GH¿QHG DSSURDFKHV IRU GDWD DQDO\VLV� *75I 
LV DEOH WR SURYLGH '75$ ZLWK PHDVXUHV RI 
HႇHFWLYHQHVV DQG SHUIRUPDQFH RI ERWK WKH 
VLPXODWLRQ HQYLURQPHQW DQG WKH ZDUJDPLQJ 
WHFKQLTXHV�   
8VLQJ WKLV HႇRUW DV D EDVHOLQH VWHS� '75$ 
DQG *75I SODQ WR FUHDWH DQ LQFUHDVHG OHYHO 
RI TXDQWLWDWLYH DVVHVVPHQW DQG YLVXDOL]D�
WLRQ LQ WKH VHFRQG DQG VXEVHTXHQW LWHUDWLYH 
GHYHORSPHQW F\FOHV LQ QXFOHDU ZHDSRQV 
HႇHFWV EDVHG ZDUJDPLQJ� 7KLV SURFHVV RI 
GHYHORSPHQW ZLOO DOORZ UDSLG� PHDQLQJIXO� 
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DQG DFFXUDWH LQIRUPDWLRQ WR EH GHOLYHUHG WR 
SDUWLFLSDQWV RI IXWXUH ZDUJDPHV UHJDUGLQJ 
WKH HႇHFWV JHQHUDWHG E\ D WDFWLFDO QXFOHDU 
ZHDSRQ� 7KLV LQIRUPDWLRQ ZLOO EH LQWHJUDW�
HG LQWR WKH &2 SURFHVV WR EH WUDQVIRUPHG 
LQWR XQGHUVWDQGLQJ WKDW ZLOO HQDEOH EHWWHU LQ�
IRUPHG GHFLVLRQ�PDNLQJ LQ WKH QXFOHDU 2( 
E\ WKH FRPPDQGHUV DQG VWDႇV DW WKH YDUL�
RXV HFKHORQV RI FRPPDQG DW WKH WDFWLFDO WR 
RSHUDWLRQDO OHYHO�

CNI Wargame Conclusions

'LVFXVVLRQV IURP WKH DIWHU�DFWLRQ UHYLHZ 
EURXJKW RXW NH\ OHVVRQV OHDUQHG DQG HOLF�
LWHG GLDORJXH DPRQJ VROGLHUV LQ WKH YLUWXDO 
FRPPDQG SRVW DQG WKH ZDUJDPH GHVLJQ�
HUV� IDFLOLWDWRUV� DQG 60(V�  3DUWLFLSDQWV 
LQGLFDWHG WKDW DV D UHVXOW RI WKH ZDUJDPH 
WKH\ ZHUH PRUH LQIRUPHG DERXW WKH QXFOH�
DU RSHUDWLQJ HQYLURQPHQW DQG WKH LPSDFW 
RI QXFOHDU ZHDSRQV HႇHFWV XSRQ WKHLU RS�
HUDWLRQV SURFHVV� 7KH GLDORJXH HQDEOHG E\ 
WKH ZDUJDPH KLJKOLJKWHG WKH UHOHYDQFH RI 
WKH '75$�OHG HႇRUW WR LQVWLWXWLRQDOL]H DQ XQ�
GHUVWDQGLQJ RI &1I DFURVV WKH -RLQW )RUFH� 
$GGLWLRQDOO\� WKH LPPHUVLRQ RI WKH RSHUDWRUV 
LQWR WKH VLPXODWLRQ�EDVHG QXFOHDU EDWWOH¿HOG 
ZLWKLQ WKH FRQWH[W RI D IRUFH�RQ�IRUFH ZDU�
JDPH IDFLOLWDWHG E\ VXEMHFW PDWWHU H[SHUWV 
HOLFLWHG WKH GHVLUHG IRFXV RQ WKLV SUREOHP 
VHW WKURXJKRXW WKH IRXU KRXUV RI WKH &1I 
HYHQW� IQ SDUWLFXODU� SDUWLFLSDQWV FRPPHQWHG 

RQ WKH LQIRUPDWLYH QDWXUH RI WKH QXFOHDU HI�
IHFWV EULHI E\ VXEMHFW�PDWWHU H[SHUWV� IHZ RI 
WKH VWDႇ KDG EHHQ WUDLQHG RQ WKHLU HႇHFWV LQ 
WKH FRQWH[W RI RSHUDWLRQDO PDQHXYHU�  7KLV 
SRLQW EULQJV WR OLJKW D NQRZQ NH\ VKRUWIDOO 
LQ FXUUHQW PLOLWDU\ HGXFDWLRQ � DV GLVFXVVHG 
E\ .LQPDQ � DQG RႇHUV D SDWK IRU WDUJHWLQJ 
SRWHQWLDO VROXWLRQV WR WKLV LVVXH2� IQ WKH ORQJ�
WHUP DSSURDFK WR &1I� QXFOHDU ZDUJDPLQJ 
VKRXOG EH FRQVLGHUHG D YLDEOH WRRO IRU HGX�
FDWLQJ -RLQW )RUFHV UHJDUGLQJ WKH GHFLVLRQV 
DQG FKDOOHQJHV IDFHG IRU RSHUDWLRQDO PD�
QHXYHU LQ D QXFOHDU HQYLURQPHQW�
)ROORZLQJ WKH H[HUFLVH FRQGXFWHG ZLWK WKH 
8�6� $UP\ 6WU\NHU IQIDQWU\ %DWWDOLRQ DQG 
¿UVW SKDVH RI GHYHORSPHQW� VHYHUDO UH¿QH�
PHQWV ZHUH LPSOHPHQWHG WR WKH ZDUJDPH 
WHFKQLTXH�  &%51 FDSDELOLWLHV EULHIV ZHUH 
DGGHG WR JLYH QRQ�&%51 VSHFLDOW\ SDUWLFL�
SDQWV D VWURQJHU XQGHUVWDQGLQJ RI &%51 
RSHUDWLRQV�  :DUJDPH GHVLJQHUV UH¿QHG WKH 
SUH�PLVVLRQ EULH¿QJV WR PLUURU PRUH FORVHO\ 
WKH 0'03 SURFHVV DQG PRGHO SUH�VFHQDULR 
EULHIV VLPLODU WR WKRVH EULH¿QJV JLYHQ LQ 8�6� 
$UP\ EDWWOH ODEV�  1XFOHDU ZHDSRQV HႇHFWV 
DQG UDGLDWLRQ KD]DUG GLVSHUVLRQ PRGHOV 
ZHUH XSGDWHG LQ 2QH6$) XVLQJ WKH +D]DUG 
3UHGLFWLRQ $VVHVVPHQW &DSDELOLW\ �+3$&� 
WR JHQHUDWH D PRUH UHDOLVWLF QXFOHDU KD]DUG 
YLVXDOL]DWLRQ�  *UDSKLF RYHUOD\V RI WKHVH 
PRGHOV ZLOO EH DYDLODEOH WR SDUWLFLSDQWV LQ 
IXWXUH H[SHULPHQWV�
)RUWKFRPLQJ LWHUDWLRQV RI &1I ZDUJDPH GH�
YHORSPHQW ZLOO H[SORUH D JUHDWHU GHJUHH RI 
LQWHJUDWLRQ RI GDWD DQDO\VLV LQWR WKH VLPX�
ODWLRQ DQG ¿QH�WXQLQJ RI WKH YLVXDOL]DWLRQ RI 
HႇHFWV RI QXFOHDU ZHDSRQV ZLWKLQ WKH JDPH�  
6HYHUDO SURFHVV UH¿QHPHQWV ZLOO EH PDGH 
VLPLODU WR SURFHVVHV HPSOR\HG E\ 'R' EDW�
WOH ODEV� VXFK DV WKH 8�6� $UP\ 0DQHXYHU 
%DWWOH /DE DW )7 %HQQLQJ� *$�� ZKLFK XWLOL]H 
ZHOO GHYHORSHG PHWKRGRORJLHV IRU H[SHUL�
PHQWDWLRQ DQG SUREOHP DQDO\VLV XVLQJ WKH 
ODWHVW YHUVLRQV RI FXUUHQWO\ HPSOR\HG 0RG�
HOLQJ DQG 6LPXODWLRQ WRROV�� 6LPLODUO\� WKHVH 
H[SHULPHQWDO FRQFHSWV KDYH EHHQ GHPRQ�
VWUDWHG LQ QXFOHDU ZDUJDPHV� VXFK DV 6I*�

)LJXUH �� $FWLYH 8�6� $UP\ %DWWDOLRQ 6WDႇ 3HU�
VRQQHO 3DUWLFLSDWLQJ LQ WKH :DUJDPH 6LPXODWLRQ
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1$/� ZKLFK TXDQWLWDWLYHO\ DQDO\]HV QXFOH�
DU GHFLVLRQ PDNLQJ DW WKH VWUDWHJLF�OHYHO��� 
:KLOH GDWD DQDO\VLV LQ ZDUJDPLQJ KDV FOHDU�
O\ SURYHQ XVHIXO HOVHZKHUH� WKH FRQFHSW RI 
TXDQWLWDWLYH ZDUJDPLQJ DW WKH WDFWLFDO OHYHO 
LV VWLOO DQ DUHD UHTXLULQJ PXFK GHYHORSPHQW�  
IQ�GHSWK DQDO\VHV RI TXDQWLWDWLYH GDWD IURP 
VLPXODWLRQV ZLOO HQDEOH JUHDWHU LQVLJKW LQWR 
NH\ GHFLVLRQV DQG SURFHVVHV WKDW JHQHUDWH 
XVHIXO RXWFRPHV IRU UHVHDUFK DSSOLFDWLRQ�  
'75$ DQG *75I� E\ FRQWLQXHG DQG H[SDQG�
HG LQWHJUDWLRQ DFURVV WKH UHOHYDQW &%51 
DQG 0	6 RUJDQL]DWLRQV� LQFOXGLQJ 'R'�86 
$UP\� ))5'&V� DQG LQGXVWU\� H[SHFW WR HQ�
JDJH D ZLGHU DXGLHQFH RI -RLQW )RUFH PD�
QHXYHU XQLWV WR H[SDQG VFHQDULRV DQG DG�
GUHVV WKH LVVXH RI GHFLVLRQ�PDNLQJ ZLWKLQ 
D QXFOHDU 2(�  IQ OLJKW RI WKH FXUUHQW WKUHDW 
RI WDFWLFDO QXFOHDU ZHDSRQV RQ WKH EDWWOH�
¿HOG DQG WKH 'R'¶V VKLIWHG IRFXV WRZDUGV 
&1I� LW LV SUXGHQW WR EHJLQ H[SORULQJ WKH DS�
SURDFKHV DQG WHFKQLTXHV WR SDVV DORQJ YLWDO 
NQRZOHGJH RI YDULRXV DVSHFWV RI QXFOHDU LQ�
WHJUDWLRQ WR WKH QH[W JHQHUDWLRQ RI ZDU¿JKW�
HUV� 7KURXJK IDFLOLWDWHG ZRUN ZLWK JURXQG 
PDQHXYHU FROODERUDWRUV� RXU WUDMHFWRU\ LV 
DLPHG DW UH¿QLQJ WKH GHYHORSPHQW RI WKHVH 
WHFKQLTXHV WR IXOO\ VXSSRUW WKH LQVWLWXWLRQDO�
L]DWLRQ RI &1I DFURVV WKH -RLQW )RUFHV�  
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Six Myths About Nuclear Weapons
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:LWK WKH UHOHDVH RI WKH 2��� 1XFOHDU 3RVWXUH 5HYLHZi DQG 6HFUHWDU\ RI 'HIHQVH �6HF 
'HI� SURQRXQFHPHQWV GHFODULQJ WKH 1XFOHDU (QWHUSULVH WKH WRS SULRULW\ IRU '2'ii� QXFOHDU 
ZHDSRQV KDYH UDSLGO\ UHWXUQHG WR WKH FHQWHU VWDJH RI GHEDWH RQ VHFXULW\�  +RZHYHU� UHFHQW 
GLVFXVVLRQV RI QXFOHDU ZHDSRQV SROLF\ DUH ULGGOHG ZLWK HUURU�  0\WKV DQG PLVFRQFHSWLRQV 
IXHOHG E\ �� \HDUV RI SRS FXOWXUH DERXQG� VHULRXVO\ XQGHUPLQLQJ D WUXH XQGHUVWDQGLQJ RI 
WKHVH ZHDSRQV� WKHLU HႇHFWV� WKHLU SODFH LQ VWUDWHJ\� DQG LPSOLFDWLRQV IRU QDWLRQDO VHFXULW\ 
LQ WKH SRVW�&ROG :DU ZRUOG�  7KLV DUWLFOH VHHNV WR GLVSHO WKH PRVW VLJQL¿FDQW� ZLGHVSUHDG� 
DQG SHUVLVWHQW PLVFRQFHSWLRQV VXUURXQGLQJ QXFOHDU ZHDSRQV LQ RUGHU WR OD\ D EHWWHU IRXQ�
GDWLRQ IRU WKH DQDO\VLV RI QXFOHDU LPSOLFDWLRQV IRU PRGHUQ ZDUIDUH�  IW LV QRW LQWHQGHG DV DQ 
DGYRFDF\ SLHFH EXW UDWKHU WR OHYHO WKH SOD\LQJ ¿HOG RI NQRZOHGJH WR EHWWHU LQIRUP IXWXUH GH�
EDWH�  I GLVFXVV WKHVH VL[ SHUVLVWHQW P\WKV DQG PLVFRQFHSWLRQV ZKHQ WHDFKLQJ WKH 'R'¶V 
RQO\ MRLQW WUDLQLQJ FRXUVH IRFXVHG RQ QXFOHDU RSHUDWLRQV LQ D WKHDWHU FRQWH[W� 
&XUUHQW 8�6� QXFOHDU SROLF\ VWDUWV ZLWK WKH EDVLF DVVXPSWLRQ WKDW WKH PRVW OLNHO\ XVH RI D 
QXFOHDU ZHDSRQ LV DV D UHVXOW RI HVFDODWLRQ LQ D UHJLRQDO FRQÀLFW� UDWKHU WKDQ WKH FODVVLFDO 

³PDVVLYH H[FKDQJH´ VFHQDULR RI WKH &ROG :DU�  IQGHHG� WKH FXUUHQW HUD GRHV QRW PDS ZHOO 
WR WKH &ROG :DU�  IQVWHDG� WKH 8QLWHG 6WDWHV DQG LWV DOOLHV DQG SDUWQHUV DUH IDFHG ZLWK 
UHJLRQDOO\ IRFXVHG DGYHUVDULHV �5XVVLD� &KLQD� DQG 1RUWK .RUHD� WKDW DUH QXFOHDU�DUPHG 
DQG ZLWK ZKRP WKH WKUHDW RI IXWXUH FRQÀLFW H[LVWV�  IQ WKH HYHQW RI D UHJLRQDO FRQÀLFW ZLWK 
D QXFOHDU�DUPHG VWDWH� WKHUH H[LVWV D QRQ�WULYLDO FKDQFH WKDW RQH �RU ERWK� VLGHV PLJKW 
HPSOR\ QXFOHDU ZHDSRQV WR DFKLHYH D PLOLWDU\ RU RWKHU DGYDQWDJH�  6XFK XVH RI QXFOHDU 
ZHDSRQV ZRXOG QRW HQG WKH XQGHUO\LQJ UHJLRQDO FRQÀLFW EXW ZRXOG PHUHO\ FRPSOLFDWH LW�  
)RU LQVWDQFH� LI 5XVVLD ZHUH WR LQYDGH WKH WHUULWRU\ RI D 1$72 QDWLRQ� WKH $OOLDQFH¶V JRDO 
ZRXOG EH WR H[SHO WKH LQYDGHUV�  II 5XVVLD ZHUH WR XVH D QXFOHDU ZHDSRQ LQ VXFK D FRQÀLFW� 
WKH JRDO RI H[SHOOLQJ 5XVVLD IURP 1$72 WHUULWRU\ ZRXOG QRW IXQGDPHQWDOO\ FKDQJH� LW ZRXOG 
DVVXUHGO\ EHFRPH D PRUH FRPSOH[ SUREOHP�  7KLV XQGHUO\LQJ DVVXPSWLRQ KDV QXPHURXV 
LPSOLFDWLRQV IRU WKH P\WKV WR EH DGGUHVVHG�
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0\WK ��� 1XFOHDU ZHDSRQV ZLOO QHYHU EH 
XVHG LQ ZDUIDUH�  1XFOHDU ZHDSRQV KDYH� RI 
FRXUVH� EHHQ XVHG LQ ZDUIDUH EHIRUH�  +RZ�
HYHU� WKHUH LV D SHUFHSWLRQ WKDW WKLV ZLOO QHY�
HU RFFXU DJDLQ� HVSHFLDOO\ LQ WKH FRQWH[W RI 
D ³OLPLWHG´ UHJLRQDO FRQÀLFW EHFDXVH RI WKH 
GDQJHUV RI XQFRQWUROOHG HVFDODWLRQ�  $QG LI 
WKHUH LV OLWWOH OLNHOLKRRG RI QXFOHDU XVH� ZK\ 
ERWKHU ZLWK SUHSDULQJ IRU LW LQ WKH ¿UVW SODFH"  
7KDW PLQGVHW LV QRW WKH SHUFHSWLRQ RI SRWHQ�
WLDO DGYHUVDULHV�  5XVVLD� LQ SDUWLFXODU� KDV 
PDGH LW FOHDU WKDW WKH\ ZRXOG FRQVLGHU QX�
FOHDU ZHDSRQV XVH WR HQG D FRQÀLFW RQ WKHLU 
WHUPV� VRPHWLPHV UHIHUUHG WR DV HVFDODWH 
WR GHHVFDODWH�iii  IQGHHG� 5XVVLD FRQWLQXHV 
WR WUDLQ LWV IRUFHV WR RSHUDWH RQ D QXFOHDU 
EDWWOH¿HOG� DV ZLWQHVVHG E\ LWV H[WHQVLYH 
*URP�2���LY H[HUFLVH� ZKLFK LQFOXGHG VLP�
XODWHG QXFOHDU VWULNHV E\ DOO WKUHH OHJV RI 
5XVVLD¶V QXFOHDU WULDG DV ZHOO DV QRQ�VWUDWH�
JLF QXFOHDU IRUFHV� VLJQL¿FDQW JURXQG IRUFH 
SDUWLFLSDWLRQ� DQG WKH GLUHFW LQYROYHPHQW RI 
9ODGLPLU 3XWLQ�Y  &OHDUO\� 5XVVLD YLHZV WKLV 
DV D SRVVLELOLW\� JLYHQ LWV H[WHQVLYH LQYHVW�
PHQWV LQ QXFOHDU DUPV DQG ZLOOLQJQHVV WR 
VSHQG SUHFLRXV UHVRXUFHV RQ WUDLQLQJ IRU 
LW�  5XVVLD DOVR VHHPV WR GLႇHUHQWLDWH EH�
WZHHQ VWUDWHJLF XVH RI QXFOHDU ZHDSRQV DQG 
WKHDWHU XVH�YL VRPHWKLQJ WKH 8QLWHG 6WDWHV 
WHQGV QRW WR GR�  1RUWK .RUHD¶V SROLF\ LV OHVV 
FOHDU� EXW WKH IDFW WKH\ KDYH EXLOW D FUHGL�
EOH QXFOHDU SURJUDPYLL XQGHU FRQGLWLRQV RI 
HFRQRPLF DXVWHULW\ FHUWDLQO\ ZRXOG VHHP WR 
LQGLFDWH WKDW WKH\ ZRXOG XVH VXFK ZHDSRQV 
LQ D FRQÀLFW� DV WKH\ ZRXOG OLNHO\ YLHZ DQ\ 
FRQÀLFW DV D WKUHDW WR UHJLPH VXUYLYDO�  
0\WK �2� 8�6� FRPPDQGHUV ZRXOG QHY�
HU IHHO WKH QHHG WR XVH D QXFOHDU ZHDSRQ 
GXH WR 8�6� FRQYHQWLRQDO VXSHULRULW\�  :KLOH 
SRWHQWLDO DGYHUVDU\ ¿UVW XVH LV WKH XVXDO 
H[SHFWDWLRQ� WKH SRVVLELOLW\ DOVR H[LVWV WKDW 
D 8�6� FRPPDQGHU PLJKW EH IDFHG ZLWK D 
QHHG WR UHTXHVW DQ HႇHFW WKDW UHTXLUHV D 
QXFOHDU ZHDSRQ LQ H[WUHPH FLUFXPVWDQFHV� 
SULRU WR DQ\ DGYHUVDU\ XVH RI VXFK D ZHDS�
RQ�  :KLOH WKH 8QLWHG 6WDWHV GRHV KDYH D 
VLJQL¿FDQW FRQYHQWLRQDO VXSHULRULW\� WKRVH 

IRUFHV PD\ QRW EH PDVVHG LQ WKH ORFDWLRQ 
RI D UHJLRQDO FRQÀLFW�  IQ WKH HYHQW RI UH�
JLRQDO FRQÀLFW� WKH 8QLWHG 6WDWHV DQG LWV 
DOOLHV ZRXOG GHIHQG ZLWK WKH IRUFHV DOUHDG\ 
SUHVHQW ZKLOH WKH 8QLWHG 6WDWHV ZRXOG ÀRZ 
IRUFHV WR WKH WKHDWHU WR EXLOG FRPEDW SRZHU 
RYHU WLPH LQ SUHSDUDWLRQ IRU VKLIWLQJ WR WKH 
RႇHQVLYH�  3RWHQWLDO DGYHUVDULHV UHDOL]H WKLV 
DQG ZLOO FHUWDLQO\ WU\ WR SUHYHQW WKH 8QLWHG 
6WDWHV IURP PRYLQJ IRUFHV LQWR WKHDWHU�  7KLV 
FRXOG OHDYH WKRVH OLPLWHG IULHQGO\ IRUFHV IDF�
LQJ DGYHUVDULHV ZLWK UHJLRQDO FRQYHQWLRQDO 
VXSHULRULW\�  IQ H[WUHPLV� D 8�6� FRPPDQGHU 
FRXOG DVN IRU DQ HႇHFW WKDW ZRXOG UHTXLUH D 
QXFOHDU ZHDSRQ WR SUHYHQW D XQLW IURP EH�
LQJ DQQLKLODWHG E\ DQ DGYHUVDU\�  7KHUH LV D 
UHDVRQ WKDW WKH 8QLWHG 6WDWHV GRHV QRW KDYH 
D ³QR ¿UVW XVH´YLLL SROLF\�  7KH PRVW UHFHQW 
1XFOHDU 3RVWXUH 5HYLHZ H[SOLFLWO\ VWDWHV 
WKDW WKH 8QLWHG 6WDWHV PLJKW UHVSRQG WR D 
QRQ�QXFOHDU VWUDWHJLF DWWDFN ZLWK QXFOHDU 
ZHDSRQV�L[ 
0\WK ��� II QXFOHDU ZHDSRQV DUH XVHG� WKH\ 
ZRXOG UDSLGO\ WHUPLQDWH RU QHJDWH WKH UH�
JLRQDO FRQÀLFW�  7KLV LV WKH ³HDV\ EXWWRQ´ WKDW 
SODQQHUV DQG VWDႇ KDYH SXVKHG IRU GHFDGHV 
ZKHQ H[HUFLVLQJ VFHQDULRV WKDW LQYROYHG QX�
FOHDU XVH�  II D QXFOHDU ZHDSRQ LV XVHG E\ 
DQ DGYHUVDU\ LQ D UHJLRQDO FRQÀLFW� PDQ\ 
EHOLHYH WKDW WKH UHVSRQVH ZRXOG EH RZQHG 
E\ 8�6� 6WUDWHJLF &RPPDQG ZLWK WKH WKHDWHU 
FRPPDQGHUV PRUH RI D VSHFWDWRU DV ZRXOG 
RFFXU LQ D ³PDVVLYH H[FKDQJH´ VFHQDULR�  
%XW� DV VWDWHG DERYH� WKH WUXWK LV WKDW WKH 
XQGHUO\LQJ UHJLRQDO FRQÀLFW GRHV QRW HQG 
DQG WKH WKHDWHU FRPPDQGHU¶V REMHFWLYHV 
UHPDLQ� DOEHLW FRPSOLFDWHG�  0DQ\ KLVWRULF 
8�6� H[HUFLVHV DQG ZDUJDPHV LQWURGXFH D 
QXFOHDU GHWRQDWLRQ DQG WKH H[HUFLVH HQGV�  
7KDW OHDYHV WKH 8QLWHG 6WDWHV DQG LWV DOOLHV 
DQG SDUWQHUV XQSUHSDUHG IRU ZKDW FRPHV 
DIWHU WKH DFWXDO HYHQW�  $GGLWLRQDO DQG PRUH 
IUHTXHQW H[HUFLVHV LQFOXGLQJ ³ZKDW QH[W´ DV�
SHFWV LQ UHVSRQVH WR DQ DGYHUVDU\ QXFOHDU 
ZHDSRQ XVH RU QRQ�QXFOHDU VWUDWHJLF DWWDFN� 
LQFOXGLQJ FRQWLQXHG RSHUDWLRQV LQ D QXFOH�
DU HQYLURQPHQW� HVFDODWLRQ FRQWURO� SROLWLFDO 
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UDPL¿FDWLRQV� DQG WKH OLNH ZRXOG DLG LQ UHDG�
LQHVV DJDLQVW D QXFOHDU�DUPHG DGYHUVDU\�
0\WK ��� 1XFOHDU ZHDSRQV ZLOO UHVXOW LQ 
FORXGV RI UDGLDWLRQ WKDW ZLOO PDNH ODUJH DU�
HDV XQLQKDELWDEOH IRU FHQWXULHV DQG XQ�
VXLWDEOH IRU FRQWLQXHG PLOLWDU\ RSHUDWLRQV�  
7KHUH LV D SHUFHSWLRQ WKDW DQ\ QXFOHDU H[�
SORVLRQ ZLOO UHVXOW LQ ODUJH TXDQWLWLHV RI UD�
GLRDFWLYH IDOORXW� EXW WKLV LV QRW QHFHVVDULO\ 
WUXH�  1XFOHDU GHWRQDWLRQV ZKHUH WKH ¿UH�
EDOO GRHV QRW WRXFK WKH HDUWK� UHIHUUHG WR 
DV DLU EXUVWV� UHVXOW LQ UHODWLYHO\ PLQLPDO 
TXDQWLWLHV RI UDGLRDFWLYH PDWHULDO� FHUWDLQO\ 
OHYHOV IDU EHORZ ZKDW ZRXOG LPSDFW PLOLWDU\ 
RSHUDWLRQV�  (YHQ ZLWK VWULNHV WKDW SURGXFH 
IDOORXW� WKDW UDGLRDFWLYH PDWHULDO GHFD\V WR 
OHYHOV EHORZ ZKDW ZRXOG EH FRQVLGHUHG 
PLOLWDULO\ VLJQL¿FDQW LQ D PDWWHU RI GD\V� QRW 
FHQWXULHV�  $ JRRG H[DPSOH RI DQ DLUEXUVW 
ZRXOG EH +LURVKLPD� ZKLFK UHFRYHUHG LQ D 
IHZ \HDUV[ DQG KDV EHHQ D WKULYLQJ FLW\ IRU 
PDQ\ GHFDGHV QRW XQOLNH FLWLHV ¿UHERPEHG 
ZLWK FRQYHQWLRQDO PXQLWLRQV�  IQ 1HYDGD� 
WKH 8QLWHG 6WDWHV GHWRQDWHG QHDUO\ D WKRX�
VDQG ZHDSRQV[L ± LW LV SHUIHFWO\ VDIH WR ZDON 
DURXQG PRVW ORFDWLRQV WKHUH WRGD\ ZLWK QR 
UDGLDWLRQ FRQFHUQV ZKDWVRHYHU�  5HODWHG 
WR WKLV LV D SHUFHSWLRQ WKDW WKH GHVWUXFWLRQ 
IURP D QXFOHDU VWULNH DJDLQVW PLOLWDU\ IRUFHV 
ZRXOG EH YDVW�  7KLV LV WUXH ± LI WKH WDUJHW�
HG IRUFHV DUH FRQFHQWUDWHG JHRJUDSKLFDOO\�  
%XW RQ D PRGHUQ EDWWOH¿HOG� GLVSHUVLRQ LV 
FUXFLDO IRU VXUYLYDO DJDLQVW LQWHJUDWHG FRQ�
YHQWLRQDO ¿UHV� DV KDV EHHQ REVHUYHG LQ WKH 
5XVVLD�8NUDLQH FRQÀLFW�[LL 6XFK GLVSHUVLRQ 
PLWLJDWHV QXFOHDU HႇHFWV� DV ZHOO� 
0\WK ��� 7KH 8QLWHG 6WDWHV LV DGHTXDWHO\ 
SUHSDUHG WR ¿JKW RQ D QXFOHDU EDWWOH¿HOG�  
:LGHVSUHDG DFFHSWDQFH RI WKH SUHYLRXV 
P\WKV KDV UHVXOWHG LQ D 8�6� PLOLWDU\ WKDW 
LV XQGHUSUHSDUHG WR ¿JKW DJDLQVW D QXFOH�
DU�DUPHG DGYHUVDU\ RQ ZKDW FRXOG EHFRPH 
D QXFOHDU EDWWOH¿HOG�  )RU H[DPSOH� WKH ODVW 
WLPH GRFWULQH IRU RSHUDWLRQV XQGHU QXFOH�
DU FRQGLWLRQV ZDV XSGDWHG ZDV ���� DQG 
ZKLOH WKH GRFWULQH H[LVWV LQ DUFKLYH� LW LV QRW 
FRQVLGHUHG FXUUHQW�  'RFWULQH GULYHV WUDLQ�

LQJ DQG H[HUFLVHV PHDQLQJ 'R' KDV OLPLWHG 
WUDLQLQJ DQG H[HUFLVH RSSRUWXQLWLHV WR WHDFK 
DQG HYDOXDWH LWV DELOLW\ WR RSHUDWLQJ RQ D QX�
FOHDU EDWWOH¿HOG�  3URIHVVLRQDO 0LOLWDU\ (GX�
FDWLRQ �30(� RQ QXFOHDU WRSLFV DOVR QHHGV 
LPSURYLQJ�[LLL  7KH IDFW WKDW DGYHUVDULHV OLNH 
5XVVLD LQWHQVLYHO\ SUHSDUH IRU RSHUDWLQJ RQ 
D QXFOHDU EDWWOH¿HOG ZKLOH WKH 8QLWHG 6WDWHV 
DQG LWV DOOLHV GR QRW FRXOG VHUYH WR LQFHQWLY�
L]H DGYHUVDU\ QXFOHDU ZHDSRQV XVH LQ D OLP�
LWHG UHJLRQDO FRQÀLFW�  5HDGLQHVV WR ¿JKW RQ 
D QXFOHDU EDWWOH¿HOG VXSSRUWV 8�6� QXFOHDU 
GHWHUUHQFH SRVWXUH�
0\WK ��� 1XFOHDU ZDU¿JKWLQJ LV WKH SURYLQFH 
RI VSHFLDOW\� &%51 IRUFHV�  2SHUDWLQJ RQ D 
QXFOHDU EDWWOH¿HOG LV D ZKROH RI VWDႇ SURE�
OHP DQG QXFOHDU HႇHFWV LPSDFW HYHU\ VWDႇ 
VHFWLRQ�  IW LV QRW IRU &%51 VSHFLDOLVWV WR 
DVVHVV RU PDQDJH LPSDFWV WR VXVWDLQPHQW 
RU I65� IRU LQVWDQFH�  5DWKHU� DOO VWDႇ VHF�
WLRQV PXVW XQGHUVWDQG QXFOHDU LPSDFWV WR 
WKHLU IXQFWLRQV�  $V D FRUROODU\� QXFOHDU UHDG�
LQHVV LV D ZKROH RI 6HUYLFH SUREOHP� DV ZHOO�  
5HDGLQHVV FDQQRW EH UHOHJDWHG WR D VLQJOH 
EUDQFK RU VSHFLDOW\� EXW WKH LPSOLFDWLRQV RI 
QXFOHDU ZDU¿JKWLQJ PXVW EH LQFRUSRUDWHG 
WKURXJKRXW HYHU\ 6HUYLFH� IURP EDVLF WUDLQ�
LQJ� WR 30(� SODQQLQJ� WUDLQLQJ� H[HUFLVLQJ� 
HWF�  7KH $LU )RUFH� IRU LQVWDQFH� KDV UHF�
RJQL]HG WKDW WKH\ DUH VHULRXVO\ ELIXUFDWHG 
EHWZHHQ D ³QXFOHDU $LU )RUFH´ DQG D ³FRQ�
YHQWLRQDO $LU )RUFH�´  7KLV ELIXUFDWLRQ UHVXOWV 
LQ LQWHJUDWLRQ FKDOOHQJHV DW RSHUDWLRQDO DQG 
WDFWLFDO OHYHOV�  $W ¿UVW SXEOLFDWLRQ� WKH 8�6� 
$UP\¶V FHQWHUSLHFH FRQFHSW� 0XOWL�'RPDLQ 
2SHUDWLRQV �0'2��[LY LQFOXGHG D VWDWHPHQW 
WKDW 0'2 ZDV QRW DSSOLFDEOH LQ D FRQÀLFW 
ZKHUH QXFOHDU ZHDSRQV DUH XVHG�  7KDW 
VWDWHPHQW KDV VLQFH EHHQ FRUUHFWHG LQ IRO�
ORZ�RQ H[SODQDWLRQV RI WKH FRQFHSW�  :KHQ 
¿JKWLQJ D QXFOHDU DUPHG DGYHUVDU\� WKH 
WKRXJKW WKDW WKH FRQÀLFW ZLOO UHPDLQ HLWKHU 
FRQYHQWLRQDO RU RQFH LW JRHV QXFOHDU� VWD\ 
QXFOHDU� LV QR ORQJHU D YDOLG ZD\ RI WKLQNLQJ�  
1XFOHDU�FRQYHQWLRQDO LV QRW DQ HLWKHU�RU UH�
ODWLRQVKLS� &RQYHQWLRQDO�QXFOHDU LQWHJUDWLRQ 
�&1I�� LV DQ LPSRUWDQW SULRULW\ IRU WKH 6HU�
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YLFHV DQG WKH -RLQW )RUFH�  
7KHVH VL[ P\WKV UHPDLQ HQGHPLF DFURVV WKH -RLQW )RUFH�  +RZHYHU� WKH SUREDELOLW\ RI QX�
FOHDU ZHDSRQV XVH RQ WKH EDWWOH¿HOG LV D UHDOLW\ WKDW FDQ QR ORQJHU EH LJQRUHG�    IJQRULQJ 
SRVVLEOH QXFOHDU ZHDSRQV XVH DQG LWV LPSOLFDWLRQV FDQ RQO\ KXUW WKH 8QLWHG 6WDWHV DQG LWV 
DOOLHV LQ D FRQÀLFW DJDLQVW D QXFOHDU DUPHG DGYHUVDU\ E\ OHDGLQJ WR XQLQIRUPHG GHFLVLRQ 
PDNLQJ� FRQIXVLRQ� DQG SDUDO\VLV�  1RW SUHSDULQJ� SHUYHUVHO\� FRXOG OHDG WR WKH XVH RI VXFK 
ZHDSRQV E\ DQ DGYHUVDU\ WR FRXQWHU 8�6� FRQYHQWLRQDO VXSHULRULW\ ZLWK WKH LQWHQW WR H[�
SORLW SHUFHLYHG ODFN RI 8�6� UHDGLQHVV WR RSHUDWH LQ WKDW HQYLURQPHQW�  ([SHQVLYH PDWHULDO 
VROXWLRQV KDYH EHHQ GHEDWHG DQG DUH ODUJHO\ EHLQJ IXQGHG�[Y  EXW DOVR QHHGHG LV LQFUHDVHG 
IXQGLQJ DQG� PRVW LPSRUWDQWO\� HPSKDVLV WR DGYDQFH OHVV WDQJLEOH �DQG OHVV H[SHQVLYH� 
VROXWLRQV RI HGXFDWLRQ DQG WUDLQLQJ�
$V '2' PRGHUQL]HV LWV QXFOHDU HQWHUSULVH DQG UHDGLHV IRUFHV WR GHDO ZLWK WKH HPSOR\PHQW 
RI QXFOHDU ZHDSRQV RQ WKH EDWWOH¿HOG� UHVRXUFLQJ DQG SULRULW\ GHFLVLRQV QHHG WR EH JURXQG�
HG LQ D VROLG XQGHUVWDQGLQJ RI QXFOHDU ZHDSRQV� WKHLU HႇHFWV� DQG WKH LPSOLFDWLRQV RI WKHLU 
XVH LQ D WKHDWHU FRQÀLFW�  $ZDUHQHVV� HGXFDWLRQ� DQG WUDLQLQJ DUH WKH VWDUWLQJ SRLQWV IRU 
FKDQJH�  )RUWXQDWHO\� WKH DXWKRU LV ZLWQHVVLQJ D VORZ DZDNHQLQJ DFURVV 'R'�

Notes

L� 2��� 1XFOHDU 3RVWXUH 5HYLHZ� KWWSV���GRG�GHIHQVH�JRY�1HZV�6SHFLDO�5HSRUWV��2��B
QSU�

LL� &� 7RGG /RSH]� ³(VSHU� 1XFOHDU 7ULDG 0XVW 5HPDLQ (ႇHFWLYH� 5HOLDEOH� &UHGLEOH�´ 
'HIHQVH 1HZV�  KWWSV���ZZZ�GHIHQVH�JRY�([SORUH�1HZV�$UWLFOH�$UWLFOH�2�������HV�
SHU�QXFOHDU�WULDG�PXVW�UHPDLQ�HႇHFWLYH�UHOLDEOH�FUHGLEOH�

LLL� .HYLQ 5\DQ� ³IV 
(VFDODWH WR 'HHVFDODWH
 3DUW RI 5XVVLD¶V 1XFOHDU 7RROER["´ 5XVVLD 
7RGD\� � -DQXDU\ 2�2�� KWWSV���ZZZ�UXVVLDPDWWHUV�RUJ�DQDO\VLV�HVFDODWH�GHHVFD�
ODWH�SDUW�UXVVLDV�QXFOHDU�WRROER[

LY� ³5XVVLD¶V *URP�2��� VWUDWHJLF QXFOHDU H[HUFLVH�´ IQWHUQDWLRQDO IQVWLWXWH IRU 6WUDWHJLF 
6WXGLHV� 'HFHPEHU 2���� KWWSV���ZZZ�LLVV�RUJ�SXEOLFDWLRQV�VWUDWHJLF�FRPPHQWV�2����
UXVVLDV�JURP2����VWUDWHJLF�QXFOHDU�H[HUFLVH

Y� 9ODGLPLU IVDFKHQNRY� ³:DU JDPHV� 3XWLQ GLUHFWV H[HUFLVH RI 5XVVLDQ QXFOHDU IRUF�
HV�´ :DVKLQJWRQ 7LPHV� �� 2FW 2���� KWWSV���ZZZ�ZDVKLQJWRQWLPHV�FRP�QHZV�2����
RFW����YODGLPLU�SXWLQ�GLUHFWV�H[HUFLVH�UXVVLD�QXFOHDU�IRU�

YL� 0DUN %� 6FKQHLGHU� ³6D\ :KDW" :K\ 5XVVLD .HHSV 3UDFWLFLQJ 1XFOHDU :DU�´ 7KH 1D�
WLRQDO IQWHUHVW� � 'HF 2���� KWWSV���QDWLRQDOLQWHUHVW�RUJ�EORJ�EX]]�VD\�ZKDW�ZK\�UXV�
VLD�NHHSV�SUDFWLFLQJ�QXFOHDU�ZDU���2�22

YLL� 1RUWK .RUHD� 1XFOHDU 7KUHDW IQLWLDWLYH� 2FWREHU 2�2�� KWWSV���ZZZ�QWL�RUJ�OHDUQ�FRXQ�
WULHV�QRUWK�NRUHD�

YLLL� 3DXO 6RQQH� *RUGRQ /XEROG� DQG &DURO (� /HH� ³µ1R )LUVW 8VH¶ 1XFOHDU 3ROLF\ 3URSRVDO 
$VVDLOHG E\ 8�6� &DELQHW 2ႈFLDOV� $OOLHV�´ :DOO 6WUHHW -RXUQDO� �2 $XJXVW 2���� KWWSV���
ZZZ�ZVM�FRP�DUWLFOHV�QR�¿UVW�XVH�QXFOHDU�SROLF\SURSRVDO�DVVDLOHG�E\�X�V�FDELQHW�RI�
¿FLDOV�DOOLHV�������2���

L[� 5LFKDUG 6LVN� ³86 0D\ &RQVLGHU 1XFOHDU 5HVSRQVH WR 
([WUHPH
 1RQ�1XFOHDU $WWDFN� 
'R'�´ 0LOLWDU\�FRP� 2 )HEUXDU\ 2���� KWWSV���ZZZ�PLOLWDU\�FRP�GDLO\�QHZV�2�����2��2�
XV�PD\�FRQVLGHU�QXFOHDU�UHVSRQVH�H[WUHPH�QRQ�QXFOHDU�DWWDFN�GRG�KWPO
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[� IQWHUYLHZ ZLWK $NLR 1LVKLNLRUL� ³5HEXLOGLQJ +LURVKLPD ± $NLR 1LVKLNLRUL� $WRPLF %RPELQJ 
6XUYLYRU� $UFKLWHFW�´ $QW�+LURVKLPD 1HZV� 2� 0D\ 2���� KWWS���DQWQHZV�KLURVKLPD�QD�
JDVDNL�QHW�UHEXLOGLQJ�KLURVKLPD�DNLR�QLVKLNLRUL�DWRPLF�ERPELQJ�VXUYLYRU�DUFKLWHFW

[L� ³1HYDGD 7HVW 6LWH�´ $WRPLF +HULWDJH )RXQGDWLRQ� XQGDWHG� KWWSV���ZZZ�DWRPLFKHULWDJH�
RUJ�ORFDWLRQ�QHYDGD�WHVW�VLWH

[LL� $PRV )R[� ³7KH 5XVVLDQ±8NUDLQLDQ :DU� 8QGHUVWDQGLQJ WKH 'XVW &ORXGV RQ WKH 
%DWWOH¿HOG�´ 0RGHUQ :DU IQVWLWXWH� �� -DQXDU\ 2���� KWWSV���PZL�XVPD�HGX�UXV�
VLDQ�XNUDLQLDQ�ZDU�XQGHUVWDQGLQJ�GXVW�FORXGV�EDWWOH¿HOG�

[LLL� %UDG +DUG\� ³$Q $SSHDO IRU D 1XFOHDU 3HUVSHFWLYH LQ $UP\ (GXFDWLRQ�´ :DU RQ WKH 
5RFNV� � 0D\ KWWSV���ZDURQWKHURFNV�FRP�2�������DQ�DSSHDO�IRU�D�QXFOHDU�SHUVSHF�
WLYH�LQ�DUP\�HGXFDWLRQ� 2���� 

[LY�  ³7KH 8�6� $UP\ LQ 0XOWL�'RPDLQ 2SHUDWLRQV 2�2��´ 8�6� $UP\ 7UDLQLQJ DQG 'RFWULQH 
&RPPDQG� 75$'2& 3DPSKOHW �2������ � 'HF 2���

[Y� $QNLW 3DQGD� ³8�6� 1XFOHDU :HDSRQV 0RGHUQL]DWLRQ�´ &RXQFLO RQ )RUHLJQ 5HODWLRQV� � 
)HEUXDU\ 2�� KWWSV���ZZZ�FIU�RUJ�EDFNJURXQGHU�XV�QXFOHDU�ZHDSRQV�PRGHUQL]DWLRQ��

+DUGWDFN � 2DN��2. ZDV FRQGXFWHG 2� -XQ���� LQ YHU\ VKDOORZ ZDWHU ��2 IHHW��  7KLV ERPE GH�
VLJQ ZDV ODWHU GHYHORSHG LQWR WKH � 0W :�0N��� ZDUKHDG GHSOR\HG RQ WKH 7LWDQ II PLVVLOH DQG WKH 
0N��� VWUDWHJLF ERPE� 7KLV ODVW YHUVLRQ UHPDLQHG LQ DFWLYH VHUYLFH XQWLO HDUO\ ����� PDNLQJ LW WKH 
ROGHVW DQG KLJKHVW \LHOG ZHDSRQ LQ WKH 8�6� VWRFNSLOH� �3KRWR SURYLGHG E\ /RV $ODPRV 1DWLRQDO 
/DERUDWRU\ +LVWRULFDO 'HSDUWPHQW��

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 100 Issue 22

MAJ Gerald Popko is an instructor in the Department of Electrical Engineering and Computer 
Science and a researcher in the Photonics Research Center at the United State Military Academy 
at West Point, NY.  He has a B.S. in Physics from the Virginia Military Institute and a M.S. in 
Electrical and Computer Engineering from the Georgia Institute of Technology.  He was previously 
assigned as a Fire Support Officer, Field Artillery Platoon Leader, and Battery Executive Officer 
in the 10th Mountain Division and an Intelligence Officer in the 3rd Infantry Division. His email 
address is gerald.popko@westpoint.edu.

Electromagnetic Pulse Preparedness – 
Homeland Security Challenges and DoD 

Opportunities
0$- *HUDOG %� 3RSNR

8QLWHG 6WDWHV 0LOLWDU\ $FDGHP\
7KH WKUHDW IURP KLJK�LQWHQVLW\� HOHFWURPDJQHWLF GLVWXUEDQFHV ± FRPPRQO\ UHIHUUHG WR DV 
HOHFWURPDJQHWLF SXOVHV �(03� ± LV QRW QHZ� 0RGHUQ REVHUYDWLRQV RI QDWXUDOO\ RFFXUULQJ 
(03V GDWH DV IDU EDFN WR WKH VR�FDOOHG ³&DUULQJWRQ (YHQW´ RI ���� ZKHQ D QDWXUDOO\ RFFXU�
ULQJ FRURQDO PDVV HMHFWLRQ �&0(� LQGXFHG LQWHQVH WHUUHVWULDO HOHFWURPDJQHWLF ¿HOGV DQG 
GLVUXSWHG ZKDW OLWWOH HOHFWULFDO GHYLFHV H[LVWHG ± WHOHJUDSKV�ï  0DQPDGH (03V DUH DOVR 
QRW QHZ� 7KH ���2 8�6� QXFOHDU WHVW NQRZQ DV 6WDU¿VK 3ULPH LOOXPLQDWHG WKH SKHQRPH�
QRQ E\ XQDQWLFLSDWHGO\ GLVUXSWLQJ FLYLOLDQ DQG PLOLWDU\ HOHFWURQLFV LQ +DZDLL� RYHU ����� NL�
ORPHWHUV DZD\�ð  +RZHYHU� ZKDW KDV FKDQJHG VLQFH WKHVH HYHQWV LV WKH XELTXLW\ RI FLYLOLDQ 
DQG JRYHUQPHQW GHSHQGHQFH RQ HOHFWURQLFV� 7R WKLV HQG� WKH 8�6� PLOLWDU\ KDV DVVHVVHG 
WKH WKUHDW RI (03 HႇHFWV DJDLQVW PLOLWDU\ WDUJHWV IRU VHYHUDO GHFDGHV�ñ  2YHUORRNHG LQ WKLV 
DQDO\VLV LV WKH 8�6� PLOLWDU\¶V LQFUHDVLQJ GHSHQGDQFH RQ FLYLOLDQ LQIUDVWUXFWXUH ZKLFK SUHV�
HQWV QHZ (03 UHODWHG KRPHODQG VHFXULW\ FKDOOHQJHV� 7KHUHIRUH� ZKLOH DQ (03 SRVHV D 
FOHDU KRPHODQG VHFXULW\ WKUHDW� LW LV LQ WKH LQWHUHVW RI WKH 'HSDUWPHQW RI 'HIHQVH �'R'� WR 
SURPRWH KRPHODQG (03 UHVLOLHQF\ WR SUHVHUYH LWV RZQ VWUDWHJLF UHDGLQHVV� 3XW DQRWKHU 
ZD\� D GRPHVWLF (03 HYHQW SUHVHQWV DQ LPPLQHQW KRPHODQG VHFXULW\ WKUHDW ZKRVH VHF�
RQG DQG WKLUG RUGHU HႇHFWV PD\ FRPSURPLVH WKH 'R'¶V DELOLW\ WR H[HFXWH QDWLRQDO GHIHQVH 
DW KRPH DQG DEURDG�

Background
7KRXJK DOO QXFOHDU ZHDSRQ GHWRQDWLRQV SURGXFH (03V� VHFXULW\ UHVHDUFKHUV ODUJHO\ 
FODVVLI\ D KLJK�DOWLWXGH QXFOHDU GHWRQDWLRQ� DOVR FDOOHG D KLJK�DOWLWXGH (03 �+(03�� DV 
WKH PRVW SHUYDVLYH PHDQV WR ZHDSRQL]H DQ (03�຾  (03 HႇHFWV DUH PRVWO\ OLQH�RI�VLJKW� 
WKHUHIRUH� DV D QXFOHDU ZHDSRQ¶V GHWRQDWLRQ DOWLWXGH LQFUHDVHV DERYH WKH HDUWK¶V VXUIDFH� 
VR WRR GRHV WKH JURXQG IRRWSULQW RI (03 HႇHFWV�຿  &RUUHVSRQGLQJO\� D QXFOHDU GHWRQDWLRQ 
ZLWK DQ DSSUR[LPDWH ��� NLORPHWHU KHLJKW RI EXUVW �+2%� FRXOG SURSDJDWH HႇHFWV DFURVV 
WKH HQWLUH FRQWLQHQWDO 8QLWHG 6WDWHV� DOEHLW� WKH HQHUJ\ RI WKH HOHFWURPDJQHWLF ¿HOG VWLOO 
GHFD\V H[SRQHQWLDOO\ ZLWK LWV SURSDJDWLRQ GLVWDQFH�๤  6LPLODUO\� D +(03¶V KLJK�DOWLWXGH 
EXUVW PLWLJDWHV WKH FDVXDOW\ SURGXFLQJ HႇHFWV RI WKH QXFOHDU ZHDSRQ �EODVW� WKHUPDO� DQG 
LRQL]LQJ UDGLDWLRQ� UHDFKLQJ WKH HDUWK¶V VXUIDFH� ZKLFK ODUJHO\ LVRODWHV WKH (03 HႇHFWV RI 
WKH ZHDSRQ� +RZHYHU� VHFXULW\ UHVHDUFKHUV DUH DOVR SRLQWLQJ WR D SRVVLELOLW\ RI DOWHUQD�
WLYH (03 ZHDSRQL]DWLRQ YLD FRQYHQWLRQDO H[SORVLYHV RU PLFURZDYH HPLWWHUV�ເ  7KHUHIRUH� 
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ZKLOH SRVVLEOH EDOOLVWLF PLVVLOH�GHOLYHUHG 
(03 WKUHDWV E\ &KLQD� 5XVVLD� 1RUWK .R�
UHD� DQG IUDQ PD\ EH GLVVXDGHG E\ QXFOHDU 
GHWHUUHQFH VWUDWHJ\� D GLUHFWHG HQHUJ\ (03 
VWULNH PD\ EH VHHQ DV DQ LQFUHDVLQJO\ YLD�
EOH DOWHUQDWLYH WR D QXFOHDU ZHDSRQ�ແ  
$OWHUQDWLYHO\� &0(V DUH VRXUFHV IRU QDWX�
UDO JHRPDJQHWLF GLVWXUEDQFHV �*0'� WKDW 
DOVR SURGXFH (03 HႇHFWV� :KLOH VFLHQWLVWV 
JHQHUDOO\ FDWHJRUL]H *0'�LQGXFHG (03V 
DV SRWHQWLDOO\ OHVV GHVWUXFWLYH WKDQ +(03V� 
&0(V DUH HႇHFWLYHO\ XQDYRLGDEOH� ZLWK 
WKH TXHVWLRQ UDWKHU EHLQJ µZKHQ DQG KRZ 
VWURQJ"¶๥  (OHFWULFLW\�HUD VRFLHW\ KDV ZLW�
QHVVHG PDQ\ *0'V� ZLWK QRWDEOH HYHQWV 
RFFXUULQJ LQ ����� ��2�� DQG PRUH UHFHQWO\ 
LQ ���� ZKLFK OHIW RYHU � PLOOLRQ FXVWRPHUV 
ZLWKRXW HOHFWULFLW\ LQ 1RUWK $PHULFD���  
IQ HLWKHU FDVH �PDQ�PDGH RU QDWXUDO�� 
(03¶V SULPDULO\ DႇHFW HOHFWULFDO GHYLFHV E\ 
FRXSOLQJ SRWHQWLDOO\ GHVWUXFWLYH HOHFWURPDJ�
QHWLF ¿HOG HQHUJ\ LQWR FLUFXLWV� ZKLFK PD\ 
GDPDJH RU GHVWUR\ FRPSRQHQWV LQFDSDEOH 
RI FRQWHQGLQJ ZLWK WKH LQGXFHG FXUUHQWV� 
(03V SDUWLFXODUO\ DႇHFW ORQJ�OLQH SRZHU 
GLVWULEXWLRQ� EXW FDQ DOVR GHVWUR\ VHQVLWLYH 
HOHFWURQLFV VXFK DV FRPSXWHUV� WHOHFRP�
PXQLFDWLRQV HTXLSPHQW� DQG 6XSHUYLVRU\ 
&RQWURO DQG 'DWD $FTXLVLWLRQ �6&$'$� V\V�
WHPV� DPRQJ RWKHUV���  7KH LPSDFW WR HOHF�
WURQLFV LV W\SLFDOO\ VXVWDLQHG ZLWKLQ PLQXWHV� 
LI QRW QHDU LQVWDQWDQHRXV WR WKH RQVHW RI DQ 
(03��2  :KLOH WKH LPSDFW WR HOHFWULFDO GH�
YLFHV LV TXLFN� WKH VHFRQG DQG WKLUG RUGHU 
FRQVHTXHQFHV RI ZLGHVSUHDG HOHFWURQLF IDLO�
XUH RQ WKH HFRQRP\� EDVLF QHFHVVLWLHV� DQG 
KHDOWKFDUH JLYH ULVH WR ORQJ�WHUP FDVXDOW\ 
HVWLPDWHV DV KLJK DV QLQH RXW RI WHQ $PHU�
LFDQV GHDG LQ WKH \HDUV IROORZLQJ D VHULRXV 
(03 HYHQW���  $V D UHVXOW� ZKLOH (03 HYHQWV 
SUHVHQW LPPLQHQW VHFXULW\ WKUHDWV� WKHLU SUR�
ORQJHG LPSDFW SUHVHQW ORQJ WHUP VWUDWHJLF 
FKDOOHQJHV IRU KRPHODQG VHFXULW\� 

Homeland Security Challenges
IQ WKH 8QLWHG 6WDWHV� DQ (03 HYHQW XQLTXH�
O\ FKDOOHQJHV WKH 'R' DQG LWV SDUWQHUV 

DFURVV WKH VSHFWUXP RI KRPHODQG VHFXULW\ 
RSHUDWLRQV� &RQVLGHULQJ WKH VLPLODULWLHV LQ 
GHOLYHU\ RI DQ LQWHUFRQWLQHQWDO VXUIDFH VWULNH 
QXFOHDU ZHDSRQ DQG D +(03� WKH 'R'¶V 
KRPHODQG GHIHQVH PLVVLRQ RI PLVVLOH ZDUQ�
LQJ LV ODUJHO\ VLPLODU� +RZHYHU� EHFDXVH 
HႇHFWLYH +(03V GR QRW UHTXLUH VLJQL¿FDQW 
UHHQWU\� DGYHUVDULHV KDYH ORZHU WHFKQLFDO 
EDUULHUV IRU HPSOR\PHQW ZKHQ FRPSDUHG 
WR VXUIDFH VWULNH PLVVLOHV� PLVVLOH GHIHQVH 
ZDUQLQJ V\VWHPV KDYH FRPSDUDWLYHO\ VKRUW�
HU ZDUQLQJ WLPHV� DQG PLVVLOH ZDUQLQJ FDQ 
EH IXUWKHU FKDOOHQJHG E\ WKH SRVVLELOLW\ RI 
D VDWHOOLWH�ERUQH GHOLYHU\���  )ROORZLQJ DQ 
(03� KRPHODQG VHFXULW\ UHVSRQVHV DOVR 
GLႇHU IURP VXUIDFH QXFOHDU ZHDSRQ VWULNHV� 
&%51 FRQVHTXHQFH PDQDJHPHQW LV OHVV 
FRQFHQWUDWHG ZKLOH WKH SRWHQWLDO IRU ZLGH�
VSUHDG FRPPXQLFDWLRQV IDLOXUH PDNHV LQLWLDO 
UHVSRQVH GLႈFXOW� &RPPXQLFDWLRQ IDLOXUHV 
ZLOO FRPSOLFDWH ORFDO� VWDWH� DQG QDWLRQDO 
OHDGHUVKLS HႇRUWV WR GHYHORS WKH VLWXDWLRQ 
DQG FRRUGLQDWH D UHVSRQVH WKXV VWUDLQLQJ 
UHVRXUFLQJ DQG XQLW\ RI HႇRUW� )XUWKHUPRUH� 
EH\RQG ¿UVW UHVSRQVH� FRQVHTXHQFH PDQ�
DJHPHQW IDFHV D SURWUDFWHG UHFRQVWUXFWLRQ 
SHULRG� )RUPHU :KLWH +RXVH VFLHQFH DQG 
WHFKQRORJ\ DGYLVRU 'U� -RKQ +ROGUHQ HV�
WLPDWHG UHFRQVWUXFWLRQ IURP D VLJQL¿FDQW 
*0' WR EH RQ WKH RUGHU RI WULOOLRQV RI 8�6� 
GROODUV ZLWK UHFRYHU\ VSDQQLQJ XSZDUGV RI 
IRXU WR WHQ \HDUV���  $V D UHVXOW� HYHQ LI FULWL�
FDO GHIHQVH LQIUDVWUXFWXUH LV (03 KDUGHQHG� 
WKH SXEOLF EXUGHQ PD\ FKDOOHQJH WKH 'R' WR 
VXVWDLQ SURWUDFWHG 'HIHQVH 6XSSRUW WR &LYLO 
$XWKRULWLHV �'6&$� PLVVLRQV GXULQJ UHFRY�
HU\� 
/LNHZLVH� ZKLOH WDFWLFDO PLOLWDU\ HTXLSPHQW 
PD\ RU PD\ QRW EH (03 KDUGHQHG� WKH FLYLO�
LDQ LQIUDVWUXFWXUH WKH 'R' UHOLHV RQ LV ODUJH�
O\ YXOQHUDEOH���  7KH 'R'¶V GHSHQGHQFH 
RQ FLYLOLDQ LQIUDVWUXFWXUH LQ WKH FRQWLQHQWDO 
8�6� �&2186� FDQ EH LQIHUUHG E\ FRQVLGHU�
LQJ WKH 'R'¶V UHOLDQFH RQ WKH FLYLOLDQ SRZHU 
JULG IRU QHDUO\ ��� RI LWV HOHFWULFDO SRZHU���  
3HUKDSV PRUH FRQFHUQLQJ� D GRPHVWLF (03 
HYHQW FRXOG GLVUXSW IRRG GLVWULEXWLRQ� WUDQV�
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SRUWDWLRQ� ZDWHU LQIUDVWUXFWXUH� HPHUJHQF\ 
VHUYLFHV� IRVVLO IXHOV LQGXVWULHV� DQG VSDFH 
V\VWHPV UHJLRQDOO\ RU HYHQ JOREDOO\���  :KLOH 
GLVUXSWLRQV RI WKHVH LQGXVWULHV LPPHGLDWH�
O\ LPSDFW WKH 8�6� FLYLOLDQ SRSXODWLRQ� WKH 
'R' LV ODUJHO\ UHOLDQW RQ WKHVH LQGXVWULHV¶ 
SURVSHULW\ IRU VWUDWHJLF OHYHO ORJLVWLFV DQG 
PDLQWDLQLQJ IRUFH UHDGLQHVV���  $V D UHVXOW� 
ZLGHVSUHDG GLVUXSWLRQV WR EDVLF QHFHVVLWLHV 
ZLWKLQ &2186 KDYH WKH SRWHQWLDO WR GHJUDGH 
WKH 8�6� PLOLWDU\¶V VXVWDLQHG UHDGLQHVV DQG 
WKHLU DELOLW\ WR FRQGXFW RYHUVHDV RSHUDWLRQV� 
ZKHWKHU WKDW EH IRU D FRQWLQJHQF\ UHVSRQVH 
WR DQ (03 VWULNH RU WR FDUU\ RXW HQGXULQJ 
QDWLRQDO VWUDWHJ\ DEURDG� 7KHUHIRUH� LW LV LQ 
WKH 'R'¶V LQWHUHVW WR QRW MXVW FRQVLGHU (03 
UHVLOLHQF\ IURP D VWDQGSRLQW RI SUHVHUYLQJ 
VKRUW�WHUP FRPEDW SRZHU� EXW HTXDOO\ DV 
LPSRUWDQW WKDW WKH 'R' VXSSRUW KRPHODQG 
VHFXULW\ LQLWLDWLYHV WR KDUGHQ FLYLOLDQ LQIUD�
VWUXFWXUH WR VXVWDLQ VWUDWHJLF UHDGLQHVV� 
1RQHWKHOHVV� VHYHUDO FKDOOHQJHV H[LVW WKDW 
PD\ LQKLELW KRPHODQG VHFXULW\ SUHSDUHG�
QHVV IRU DQ (03 HYHQW� 
7KH 8�6� JRYHUQPHQW¶V FRQWHPSRUDU\ XQ�
GHUVWDQGLQJ RI (03 YXOQHUDELOLWLHV IRUPV 
RQH FKDOOHQJH WR KRPHODQG VHFXULW\� :KLOH 
WKH 'R' DQG 'HSDUWPHQW RI (QHUJ\ �'R(� 
KDYH FRQGXFWHG (03 DQDO\VHV IRU VHYHU�
DO GHFDGHV� UDSLG FKDQJHV LQ WHFKQRORJ\ 
FKDOOHQJH WKH LQIHUHQFH RI WKHVH VWXGLHV WR 
HPHUJLQJ HOHFWURQLFV DQG VHFXULW\ FODVVL¿�
FDWLRQV IXUWKHU OLPLW WKH DELOLW\ WR VKDUH FODV�
VL¿HG ¿QGLQJV WKURXJK DOO OHYHOV RI JRYHUQ�
PHQW SDUWQHUV�2�  5HFHQWO\� ([HFXWLYH 2UGHU 
����� ± &RRUGLQDWLQJ 1DWLRQDO 5HVLOLHQFH 
WR (OHFWURPDJQHWLF 3XOVHV ± KDV UHQHZHG 
QDWLRQDO VHFXULW\ IRFXV WR DVVHVV (03 YXO�
QHUDELOLWLHV DQG DWWHPSWV WR DFKLHYH XQLW\ RI 
HႇRUW ZLWK WDVNV WR WKH 'HSDUWPHQWV RI 6WDWH� 
&RPPHUFH� 'HIHQVH� DQG +RPHODQG 6HFX�
ULW\ WR FRQGXFW YXOQHUDELOLW\ DVVHVVPHQWV�2�  
+RZHYHU� WKH HႇHFWLYHQHVV RI VXFK PHD�
VXUHV UHPDLQV XQFHUWDLQ� SDUWLFXODUO\ ZKHQ 
FRQVLGHULQJ WKH IDLOXUH RI ODUJHU QDWLRQDO 
OHJLVODWLRQ WR HႇHFWXDWH (03 SUHSDUHGQHVV� 
VXFK DV WKH 2��� 6HFXUH +LJK�9ROWDJH IQ�

IUDVWUXFWXUH IRU (OHFWULFLW\ IURP /HWKDO 'DP�
DJH �6+I(/'� DQG 2��� *ULG 5HOLDELOLW\ DQG 
IQIUDVWUXFWXUH 'HIHQVH �*5I'� $FWV ZKLFK 
&RQJUHVV GLG QRW SDVV LQWR ODZ�22  1RQHWKH�
OHVV� WKH 'R' VKRXOG FRQVLGHU KRZ WR VKDUH 
LWV FXUUHQW XQGHUVWDQGLQJ ZLWK JRYHUQPHQW 
DQG SULYDWH SDUWQHUV WR EXLOG QDWLRQDO (03 
UHVLOLHQFH�  
3XEOLF DQG SULYDWH SDUWQHUVKLS SRVH DQRWKHU 
FKDOOHQJH WR (03 KRPHODQG VHFXULW\ SUH�
SDUHGQHVV� 8S IURQW� SXEOLF�SULYDWH SDUWQHU�
VKLSV DUH FULWLFDO IRU KDUGHQLQJ SRZHU GLV�
WULEXWLRQ GXH WR ODUJH SULYDWH LQYHVWPHQW LQ 
WKH 8�6� SRZHU JULG�2�  $GGLWLRQDOO\� VHFRQG 
RUGHU HႇHFWV WR WKH DJULFXOWXUH� ¿QDQFLDO� 
WHOHFRPPXQLFDWLRQV� HQHUJ\� DQG WUDQVSRU�
WDWLRQ LQGXVWULHV UHTXLUH HႇHFWLYH XQLW\ RI 
HႇRUW WR PLWLJDWH (03 HႇHFWV EH\RQG JRY�
HUQPHQW UHJXODWHG FULWLFDO LQIUDVWUXFWXUH� 
7KHUHIRUH� ZKLOH VXFK GRFXPHQWV OLNH WKH 
2��� 1DWLRQDO 6HFXULW\ 6WUDWHJ\ RXWOLQH WKH 
LPSRUWDQFH RI KDUGHQLQJ NH\ LQIUDVWUXFWXUH 
WR ZHDSRQV RI PDVV GHVWUXFWLRQ� LW DOVR XQ�
GHUVFRUHV WKH LPSRUWDQFH RI SUHSDULQJ UHVLO�
LHQW FRPPXQLWLHV WKDW DUH FDSDEOH RI FRSLQJ 
ZLWK GLVDVWHU�2� 

DoD Opportunities
7KH FKDOOHQJHV PHQWLRQHG DERYH EULQJ 
XQLTXH RSSRUWXQLWLHV IRU WKH 'R' WR VXSSRUW 
(03 KRPHODQG VHFXULW\ SUHSDUHGQHVV SUL�
RU WR H[HFXWLQJ PLVVLOH GHIHQVH DQG '6&$ 
UHVSRQVHV� 2Q D ODUJHU VFDOH� WKH 'R' KDV 
GHFDGHV RI UHVHDUFK DQDO\]LQJ LWV RZQ &RP�
PDQG DQG &RQWURO �&2� V\VWHPV WKDW FDQ 
EH DSSOLHG WRZDUG DVVHVVLQJ YXOQHUDELOLWLHV 
WR 6&$'$ DQG WHOHFRPPXQLFDWLRQV LQGXV�
WULHV�2�  %XW DOO RSSRUWXQLWLHV PD\ QRW UHTXLUH 
VLJQL¿FDQW WHFKQLFDO SDUWQHUVKLS� 7KH 'R' 
FDQ RႇHU XQLTXH WDFWLFDO H[SHULHQFHV WR 
)HGHUDO (PHUJHQF\ 0DQDJHPHQW $JHQF\ 
�)(0$� UHVSRQGHUV� :KLOH WKH 1DWLRQDO 5H�
VSRQVH )UDPHZRUN LGHQWL¿HV XQLTXH WHFKQL�
FDO VNLOOV WKDW WKH 8�6� PLOLWDU\ FDQ SURYLGH 
WR KRPHODQG VHFXULW\ UHVSRQVHV� VXFK DV 
FRPPXQLFDWLRQV VNLOOV� WKH 8�6� PLOLWDU\¶V 
IUHTXHQW WUDLQLQJ LQ GHJUDGHG� ³DQDORJ´ HQ�
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YLURQPHQWV FRXOG SURYLGH DGGLWLRQDO YDOXDEOH OHVVRQV IRU FLYLOLDQ SDUWQHUV LQ KRPHODQG VH�
FXULW\ FRQGXFWLQJ (03 UHVSRQVHV ZLWKRXW VLJQL¿FDQW HOHFWURQLF VXSSRUW�2�  $V D UHVXOW� WKH 
'R' VKRXOG QRW MXVW FRQVLGHU ODUJH�VFDOH� KLJK�GROODU FROODERUDWLRQ WR HQDEOH KRPHODQG 
VHFXULW\ SDUWQHUV� EXW LW VKRXOG DOVR FRQVLGHU VKDULQJ WDFWLFV� WHFKQLTXHV� DQG SURFHGXUHV 
WKDW PD\ HQDEOH KRPHODQG VHFXULW\ SDUWQHUV WR RSHUDWH LQ GHJUDGHG HQYLURQPHQWV� 

Conclusion
(03V SRVH D XQLTXH KRPHODQG VHFXULW\ WKUHDW� 0DQPDGH (03V KROG ODUJH GHVWUXFWLYH 
SRZHU EXW PD\ EH FRQVLGHUHG RI OLPLWHG YLDELOLW\ IRU DQ DGYHUVDU\� ZKLOH QDWXUDO (03�FDXV�
LQJ HYHQWV DUH SRWHQWLDOO\ OHVV GHVWUXFWLYH� EXW HႇHFWLYHO\ XQDYRLGDEOH� IQ HLWKHU FDVH� WKH 
KRPHODQG VHFXULW\ UHVSRQVH FRXOG EH SURWUDFWHG DQG ZLGH UHDFKLQJ� $V D UHVXOW� DQ (03 
HYHQW KDV WKH SRWHQWLDO WR FKDOOHQJH WKH QDWLRQ¶V KRPHODQG VHFXULW\ DSSDUDWXV DFURVV WKH 
FRQWLQXXP RI RSHUDWLRQV IURP PLVVLOH GHIHQVH WR FRQVHTXHQFH PDQDJHPHQW� +RZHYHU� 
WKH 'R' PXVW DOVR FRQVLGHU LWV UROH EH\RQG SUHSDULQJ LWVHOI E\ ZRUNLQJ ZLWK KRPHODQG 
VHFXULW\ SDUWQHUV WR KDUGHQ QDWLRQDO LQIUDVWUXFWXUH DQG WR WUDLQ IRU RSHUDWLRQV IROORZLQJ DQ 
(03 HYHQW� %\ VHHNLQJ WKHVH RSSRUWXQLWLHV WR SUHSDUH FLYLOLDQ LQIUDVWUXFWXUH� WKH 'R' FDQ 
PXWXDOO\ VXSSRUW LWV UROH LQ KRPHODQG VHFXULW\ ZKLOH DOVR LQYHVWLQJ LQ SUHVHUYLQJ LWV UHDGL�
QHVV IRU GHIHQVH DEURDG� 

Notes

�� 7RQ\ 3KLOOLSV 7UXG\ (� %HOO� �$ 6XSHU 6RODU )ODUH�� 1DWLRQDO $HURQDXWLFV DQG 6SDFH 
$GPLQLVWUDWLRQ� ODVW PRGL¿HG 0D\ �� 2���� DFFHVVHG -XO\ ��� 2�2�� KWWSV���VFLHQFH�
QDVD�JRY�VFLHQFH�QHZV�VFLHQFH�DW�QDVD�2������PD\BFDUULQJWRQÀDUH�

2�  �� -8/< ���2 
67$5)I6+ 35I0(
� 287(5 63$&(�� &RPSUHKHQVLYH 1XFOH�
DU�7HVW�%DQ 7UHDW\ 2UJDQL]DWLRQ� DFFHVVHG -XO\ ��� 2�2�� KWWSV���ZZZ�FWEWR�RUJ�VSH�
FLDOV�WHVWLQJ�WLPHV���MXO\����2VWDU¿VK�SULPH�RXWHU�VSDFH�

�� 8�6� 'HSDUWPHQW RI (QHUJ\� (OHFWURPDJQHWLF 3XOVH 5HVLOLHQFH $FWLRQ 3ODQ �:DVKLQJ�
WRQ� '&� '2(� -DQXDU\ ��� 2����� �� ���

�� 1DWLRQDO 5HVHDUFK &RXQFLO� (YDOXDWLRQ RI 0HWKRGRORJLHV IRU (VWLPDWLQJ 9XOQHUDELO�
LW\ WR (OHFWURPDJQHWLF 3XOVH (ႇHFWV� $ 5HSRUW� E\ &RPPLWWHH RQ +DUQHVVLQJ /LJKW 
�:DVKLQJWRQ '&� 7KH 1DWLRQDO $FDGHPLHV 3UHVV� ������ �� � ��� �� � ���

�� 7KUHDW 3RVHG E\ (OHFWURPDJQHWLF 3XOVH �(03� WR 8�6� 0LOLWDU\ 6\VWHPV DQG &LYLO 
IQIUDVWUXFWXUH� &RPPLWWHH RQ 1DWLRQDO 6HFXULW\� 0LOLWDU\ 5HVHDUFK DQG 'HYHORSPHQW 
6XEFRPPLWWHH �:DVKLQJWRQ� '&� ������ �� � ���

�� IELG�
�� (OHFWURPDJQHWLF 3XOVH �(03�� 7KUHDW WR &ULWLFDO IQIUDVWUXFWXUH� 2QG HG�� 6XEFRP�

PLWWHH RQ &\EHUVHFXULW\� IQIUDVWUXFWXUH 3URWHFWLRQ� DQG 6HFXULW\ 7HFKQRORJLHV RI WKH 
&RPPLWWHH RQ +RPHODQG 6HFXULW\ �:DVKLQJWRQ '&� 8�6� *RYHUQPHQW 3ULQWLQJ 2ႈFH� 
2����� ���

�� 6WUDWHJLF 3ULPHU� (OHFWURPDJQHWLF 7KUHDWV �:DVKLQJWRQ '&� $PHULFDQ )RUHLJQ 3ROLF\ 
&RXQFLO� 2����� �� � ���

��  �(OHFWURPDJQHWLF 3XOVH �(03�� 7KUHDW WR &ULWLFDO IQIUDVWUXFWXUH�� �� � ���
��� -RKQ .DSSHQPDQ� �$ 3HUIHFW 6WRUP RI 3ODQHWDU\ 3URSRUWLRQV�� I((( 6SHFWUXP� ODVW 

PRGL¿HG -DQXDU\ 2�� DFFHVVHG -XO\ ��� 2�2�� KWWSV���VSHFWUXP�LHHH�RUJ�HQHUJ\�WKH�
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VPDUWHU�JULG�D�SHUIHFW�VWRUP�RI�SODQHWDU\�SURSRUWLRQV�
��� (DUO *MHOGH -RKQ 6� )RVWHU� :LOOLDP 5� *UDKDP� 5REHUW -� +HUPDQQ� +HQU\ 0� .OXHS�

IHO� 5LFKDUG /� /DZVRQ� *RUGRQ .� 6RSHU� /RZHOO /� :RRG� -RDQ %� :RRGDUG� 5HSRUW 
RI WKH &RPPLVVLRQ WR $VVHVV WKH 7KUHDW WR WKH 8QLWHG 6WDWHV IURP (OHFWURPDJQHWLF 
3XOVH �(03� $WWDFN� &ULWLFDO 1DWLRQDO IQIUDVWUXFWXUHV �2����� ��� 2� � ��� ���

�2� 8�6� 'HSDUWPHQW RI (QHUJ\� (OHFWURPDJQHWLF 3XOVH 5HVLOLHQFH $FWLRQ 3ODQ �:DVKLQJ�
WRQ� '&� '2(� -DQXDU\ ��� 2����� ��

���  �(OHFWURPDJQHWLF 3XOVH �(03�� 7KUHDW WR &ULWLFDO IQIUDVWUXFWXUH�� �2�
��� 6WUDWHJLF 3ULPHU� (OHFWURPDJQHWLF 7KUHDWV� ���
��� -RKQ %HGGLQJWRQ -RKQ 3� +ROGUHQ� �&HOHVWLDO 6WRUP :DUQLQJV�� 1HZ <RUN 7LPHV� 

ODVW PRGL¿HG 0DUFK ��� 2���� DFFHVVHG � -XO\� 2�2�� KWWSV���ZZZ�Q\WLPHV�
FRP�2����������RSLQLRQ���LKW�HGKROGUHQ���KWPO�

��� 6WUDWHJLF 3ULPHU� (OHFWURPDJQHWLF 7KUHDWV� �� � 2��
���  �(OHFWURPDJQHWLF 3XOVH �(03�� 7KUHDW WR &ULWLFDO IQIUDVWUXFWXUH�� ��
��� IELG�� �2�
��� 'HSDUWPHQW RI 'HIHQVH� -3 ���� -RLQW /RJLVWLFV �:DVKLQJWRQ� '&� *RYHUQPHQW 3ULQW�

LQJ 2ႈFH� � 0D\ 2����� I�2 � I���
2�� 8�6� 'HSDUWPHQW RI (QHUJ\� (OHFWURPDJQHWLF 3XOVH 5HVLOLHQFH $FWLRQ 3ODQ �:DVKLQJ�

WRQ� '&� '2(� -DQXDU\ ��� 2����� ��
2�� 3UHVLGHQW RI WKH 8�6�� ([HFXWLYH 2UGHU ������ &RRUGLQDWLQJ 1DWLRQDO 5HVLOLHQFH WR 

(OHFWURPDJQHWLF 3XOVHV �:DVKLQJWRQ '&� :KLWH +RXVH� 2�����
22� 6WUDWHJLF 3ULPHU� (OHFWURPDJQHWLF 7KUHDWV� 2��
2��  �(OHFWURPDJQHWLF 3XOVH �(03�� 7KUHDW WR &ULWLFDO IQIUDVWUXFWXUH�� ��
2�� 3UHVLGHQW RI WKH 8�6�� 1DWLRQDO 6HFXULW\ 6WUDWHJ\ RI WKH 8QLWHG 6WDWHV RI $PHULFD 

�:DVKLQJWRQ� '&� 7KH :KLWH +RXVH� 2����� �� �� ���
2�� 8�6� 'HSDUWPHQW RI (QHUJ\� (OHFWURPDJQHWLF 3XOVH 5HVLOLHQFH $FWLRQ 3ODQ �:DVKLQJ�

WRQ� '&� '2(� -DQXDU\ ��� 2����� ��
2�� 'HSDUWPHQW RI +RPHODQG 6HFXULW\� �WK (GLWLRQ� 1DWLRQDO 5HVSRQVH )UDPHZRUN 

�:DVKLQJWRQ� '&� 2FWREHU 2�� 2����� �2�
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&\EHUVHFXULW\� IQIUDVWUXFWXUH 3URWHFWLRQ� DQG 6HFXULW\ 7HFKQRORJLHV RI WKH &RPPLWWHH RQ 
+RPHODQG 6HFXULW\� :DVKLQJWRQ '&� 8�6� *RYHUQPHQW 3ULQWLQJ 2ႈFH� 2����
8�6�� 8�6� 'HSDUWPHQW RI (QHUJ\� (OHFWURPDJQHWLF 3XOVH 5HVLOLHQFH $FWLRQ 3ODQ� :DVK�
LQJWRQ� '&� '2(� -DQXDU\ ��� 2����
6WUDWHJLF 3ULPHU� (OHFWURPDJQHWLF 7KUHDWV� :DVKLQJWRQ '&� $PHULFDQ )RUHLJQ 3ROLF\ 
&RXQFLO� 2����
8�6�� 'HSDUWPHQW RI 'HIHQVH� -3 ���� -RLQW /RJLVWLFV� :DVKLQJWRQ� '&� *RYHUQPHQW 
3ULQWLQJ 2ႈFH� � 0D\ 2����
1DWLRQDO 5HVHDUFK &RXQFLO� (YDOXDWLRQ RI 0HWKRGRORJLHV IRU (VWLPDWLQJ 9XOQHUDELOLW\ WR 
(OHFWURPDJQHWLF 3XOVH (ႇHFWV� $ 5HSRUW�&RPPLWWHH RQ +DUQHVVLQJ /LJKW� �����
-RKQ 3� +ROGUHQ� -RKQ %HGGLQJWRQ� �&HOHVWLDO 6WRUP :DUQLQJV�� 1HZ <RUN 7LPHV� 
/DVW PRGL¿HG 0DUFK ��� 2���� 2���� $FFHVVHG � -XO\� 2�2�� KWWSV���ZZZ�Q\WLPHV�
FRP�2����������RSLQLRQ���LKW�HGKROGUHQ���KWPO�
-RKQ 6� )RVWHU� (DUO *MHOGH� :LOOLDP 5� *UDKDP� 5REHUW -� +HUPDQQ� +HQU\ 0� .OXHS�
IHO� 5LFKDUG /� /DZVRQ� *RUGRQ .� 6RSHU� /RZHOO /� :RRG� -RDQ %� :RRGDUG� 5HSRUW RI 
WKH &RPPLVVLRQ WR $VVHVV WKH 7KUHDW WR WKH 8QLWHG 6WDWHV IURP (OHFWURPDJQHWLF 3XOVH 
�(03� $WWDFN� &ULWLFDO 1DWLRQDO IQIUDVWUXFWXUHV� 2����
.DSSHQPDQ� -RKQ� �$ 3HUIHFW 6WRUP RI 3ODQHWDU\ 3URSRUWLRQV�� I((( 6SHFWUXP� /DVW 
PRGL¿HG -DQXDU\ 2�� 2��2� $FFHVVHG -XO\ ��� 2�2�� KWWSV���VSHFWUXP�LHHH�RUJ�HQHUJ\�
WKH�VPDUWHU�JULG�D�SHUIHFW�VWRUP�RI�SODQHWDU\�SURSRUWLRQV�
3UHVLGHQW RI WKH 8�6� 1DWLRQDO 6HFXULW\ 6WUDWHJ\ RI WKH 8QLWHG 6WDWHV RI $PHULFD� :DVK�
LQJWRQ� '&� 7KH :KLWH +RXVH� 2����
3UHVLGHQW RI WKH 8�6� ([HFXWLYH 2UGHU ������ &RRUGLQDWLQJ 1DWLRQDO 5HVLOLHQFH WR (OHF�
WURPDJQHWLF 3XOVHV� :DVKLQJWRQ '&� :KLWH +RXVH� 2����
7UXG\ (� %HOO� 7RQ\ 3KLOOLSV� �$ 6XSHU 6RODU )ODUH�� 1DWLRQDO $HURQDXWLFV DQG 6SDFH $G�
PLQLVWUDWLRQ� /DVW PRGL¿HG 0D\ �� 2���� 2���� $FFHVVHG -XO\ ��� 2�2�� KWWSV���VFLHQFH�
QDVD�JRY�VFLHQFH�QHZV�VFLHQFH�DW�QDVD�2������PD\BFDUULQJWRQÀDUH�
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A Union of Pariahs
$ 'RZQVLGH RI WKH 137

0DMRU &KULVWRSKHU 0LKDO
116$ $OEXTXHUTXH &RPSOH[

7KH 7UHDW\ RQ WKH 1RQ�SUROLIHUDWLRQ RI 1XFOHDU :HDSRQV �137� KDV EHHQ D EHGURFN RI 
QXFOHDU QRQ�SUROLIHUDWLRQ HႇRUWV VLQFH LWV LQFHSWLRQ LQ ����� +RZHYHU� OLNH DQ\ LQWHUQDWLRQ�
DO DJUHHPHQW� LW LV FHUWDLQO\ QRW D SHUIHFW GRFXPHQW� DQG LW KDV OHG WR VHYHUDO XQIRUHVHHQ 
FRQVHTXHQFHV WKDW KDYH EHFRPH V\VWHPLF LQ WKH LQWHUQDWLRQDO VFHQH� IQLWLDO 8�6� IRUHLJQ 
SROLF\ ZDV GULYHQ QDLYHO\ ZLWK WKH 8�6� $WRPV IRU 3HDFH SURJUDP� ZKLFK SURYLGHG QXFOHDU 
SRZHU WHFKQRORJ\ WKDW ZDV WKHQ XVHG IRU ZHDSRQV SURJUDPV GHVSLWH ZULWWHQ GLSORPDWLF 
DVVXUDQFHV IURP UHFLSLHQW FRXQWULHV WKDW VDLG UHDFWRUV ZRXOG RQO\ EH XVHG IRU SHDFHIXO 
SXUSRVHV� 7KLV LQ WXUQ OHG WR WKH GHYHORSPHQW RI WKH 137 WR GHWHU ZRXOG�EH SUROLIHUDWRUV 
DQG QDVFHQW QXFOHDU ZHDSRQV SURJUDPV� 7KH 137 SURKLELWV VLJQDWRULHV IURP WKH VDOH DQG 
WUDQVIHU RI PDWHULDO�NQRZOHGJH WR QRQ�137 VWDWHV� *RYHUQPHQWV WKDW GHI\ WKLV UXOH IDFH 
UREXVW VDQFWLRQV� EXW WKLV KDG WKH XQH[SHFWHG VLGH HႇHFW RI IRUFLQJ QRQ�137�FRPSOLDQW 
VWDWHV WR WXUQ WR RQH DQRWKHU RU WKH EODFN PDUNHW DV WKH\ FDQQRW WUDGH OHJLWLPDWHO\ ZLWK 
PRVW RI WKH LQWHUQDWLRQDO FRPPXQLW\� &DVK�VWUDSSHG QDWLRQV WKDW FDQQRW OHJLWLPDWHO\ WUDGH 
ZLOO LQVWHDG VHOO EODFN PDUNHW LWHPV WR JHQHUDWH FDSLWDO� (YHU\ VLQJOH QDWLRQ WKDW KDV GHYHO�
RSHG QXFOHDU ZHDSRQV VLQFH WKH 137 KDV KDG VRPH GHJUHH RI RXWVLGH DVVLVWDQFH� IURP 
IQGLD¶V H[SORLWDWLRQ RI WKH 8�6� $WRPV IRU 3HDFH LQLWLDWLYH WR GHWRQDWH LWV 6PLOLQJ %XGGKD 
GHYLFH LQ ����i  WR WKH H[WHQVLYH DLG &KLQD DQG 3DNLVWDQ KDYH SURYLGHG WR 1RUWK .RUHD�LL� LLL  
)XUWKHUPRUH� WKH SUHVHQFH RI QXFOHDU VPXJJOLQJ RSHUDWLRQV LQ PDQ\ RI WKH 137�VLJQDWRU\ 
FRXQWULHV JLYH SDULDK QDWLRQV H[WHQVLYH VXSSRUW LQ GHYHORSLQJ WKHLU ZHDSRQV SURJUDPV� 
DQG RUJDQL]HG FULPH V\QGLFDWHV DUH RQ WKH ORRNRXW IRU QXFOHDU PDWHULDO IURP IDLOHG RU IDLO�
LQJ VWDWHV WR VHOO WR WKH KLJKHVW ELGGHU�LY

:KLOH WKH 137 KDV KDG FRQVLGHUDEOH VXFFHVV LQ OLPLWLQJ WKH QXPEHU RI QXFOHDU SRZHUV 
EH\RQG WKH RULJLQDO ¿YH ± 8�6�� 5XVVLD� 8QLWHG .LQJGRP� )UDQFH DQG &KLQD ± WKH ZD\ LQ 
ZKLFK WKH ¿YH DGGLWLRQDO QXFOHDU QDWLRQV WKDW DUH QRW FRPSOLDQW ZLWK WKH 137 DFTXLUHG 
QXFOHDU ZHDSRQV WHFKQRORJ\ LQGLFDWHV VLJQL¿FDQW RႈFLDO DQG XQRႈFLDO FRYHUW VXSSRUW WR 
WKHLU SURJUDPV�  7KH ¿YH QDWLRQV WKDW DFTXLUHG QXFOHDU ZHDSRQV VLQFH WKH VLJQLQJ RI WKH 
WUHDW\ DUH IQGLD� 3DNLVWDQ� 6RXWK $IULFD� 1RUWK .RUHD DQG IVUDHO �RႈFLDOO\ XQFRQ¿UPHG 
EXW ZLGHO\ OHDNHG GXH WR ZKLVWOHEORZLQJ HႇRUWV RI IVUDHOL QXFOHDU VFLHQWLVW 0RUGHFKDL 9D�
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QXQX��Y  IW LV LPSRUWDQW WR QRWH WKDW WKHUH 
DUH WZR FRPSRQHQWV WR QXFOHDU SUROLIHUD�
WLRQ� 7KH ¿UVW SUROLIHUDWLRQ FRPSRQHQW LV WKH 
DFWXDO QXFOHDU ZDUKHDG LWVHOI� ZKHWKHU RI D 
JXQ�W\SH RU LPSORVLRQ�W\SH ERPE� ZKLOH WKH 
VHFRQG LV D GHOLYHU\ V\VWHP IRU WKH ZDUKHDG� 
W\SLFDOO\ LQ WKH IRUP RI D EDOOLVWLF RU FUXLVH 
PLVVLOH GHVLJQ� 6RPH SUROLIHUDWRUV� VXFK 
DV &KLQHVH DLG WR 3DNLVWDQ� SURYLGHG ERWK 
WHFKQRORJLHV�YL  ZKLOH VRPH IRFXVHG RQ RQH 
RU WKH RWKHU� VXFK DV $XVWULDQ FRQVWUXFWLRQ 
RI IUDT¶V FDOXWURQ PDJQHWV IRU XUDQLXP HQ�
ULFKPHQW�YLL  IW LV DQ XQIRUWXQDWH IDFW RI WKH 
JOREDO ¿QDQFLDO V\VWHP WKDW VRPH LQGLYLG�
XDOV� FRPSDQLHV� DQG QDWLRQV ZLOO DOZD\V 
SODFH PRQHWDU\ JDLQ RYHU QRUPV LPSRVHG 
E\ LQWHUQDWLRQDO WUHDWLHV�
7KHUH DUH PDQ\ URXWHV DYDLODEOH IRU D QD�
WLRQ VHHNLQJ DLG WR LWV QXFOHDU ZHDSRQV 
SURJUDP� 6RPHWLPHV QXFOHDU FRPSRQHQWV 
DUH REWDLQHG LOOHJDOO\� VXFK DV 6RXWK $IUL�
FD¶V WKHIW RI *HUPDQ 85(1&2 FHQWULIXJH 
GHVLJQV�YLLL  6RPHWLPHV WKH\ ZHUH WKH ZRUN 
RI D VLQJOH HPSOR\HH LQ D FRPSDQ\� VXFK 
DV DQ HPSOR\HH RI WKH *HUPDQ /H\EROG 
FRPSDQ\ ZKR VROG RYHU ������� LWHPV WR 
QXPHURXV FRXQWULHV LQFOXGLQJ IUDQ� 1RUWK 
.RUHD� DQG RWKHU ZRXOG�EH QXFOHDU QDWLRQV 
WKURXJK KLV RZQ SHUVRQDO IURQW FRPSDQ\L[�  
)LQDOO\� VRPHWLPHV LW LV WKH HQWLUH FRPSDQ\ 
LWVHOI LQYROYHG LQ FRUUXSWLRQ� VXFK DV 6ZLVV 
HQJLQHHULQJ ¿UP $%% VHOOLQJ QXFOHDU WHFK�
QRORJ\ WR 1RUWK .RUHD�[  &RPSOLFDWLQJ HI�
IRUWV WR FXUE QXFOHDU SUROLIHUDWLRQ LV WKH ZLGH 
YDULDWLRQ LQ ODZV LQ GLႇHUHQW FRXQWULHV� LQ 
WKH DIRUHPHQWLRQHG *HUPDQ FDVH LQYROYLQJ 
/H\EROG� WKH LQGLYLGXDO LQ TXHVWLRQ FRXOG QRW 
EH SURVHFXWHG RQ D WHFKQLFDOLW\� EXW UDWKHU 
ZDV ³SHUVXDGHG´ WR UHWLUH DQG FORVH KLV IURQW 
FRPSDQ\ ZLWK D JHQHURXV VHYHUDQFH SDFN�
DJH�
7KHUH KDYH EHHQ WKUHH SULPDU\ QDWLRQ�EDVHG 
SDULDK QHWZRUNV LQYROYHG LQ QXFOHDU SUROLIHU�
DWLRQ RYHU WKH \HDUV� WKH $4 .KDQ QHWZRUN� 

EDVHG RXW RI 3DNLVWDQ� ZKLFK LQ LWVHOI ZDV 
SDUWLDOO\ DQ RႇVKRRW RI &KLQHVH SUROLIHUD�
WLRQ HႇRUWV WR 3DNLVWDQ DQG HOVHZKHUH� D 
QRZ�GHIXQFW )UHQFK�IVUDHOL�6RXWK $IULFDQ 
QH[XV� DQG 1RUWK .RUHDQ HႇRUWV WR VSUHDG 
QXFOHDU ZHDSRQV� ERWK IRU KDUG FXUUHQF\ 
XQDYDLODEOH HOVHZKHUH DQG WR VXSSRUW DQ�
WL�8�6� UHJLPHV LQ FRXQWULHV VXFK DV IUDQ�[L� 

[LL  $ IRXUWK XQLQWHQGHG SUROLIHUDWLRQ QHWZRUN� 
EH\RQG WKH VFRSH RI WKLV SDSHU� ZDV WKH 8�6� 
$WRPV IRU 3HDFH IQLWLDWLYH� ZKLFK SURYLGHG 
UHDFWRUV VXEVHTXHQWO\ XVHG WR NLFN�VWDUW IQ�
GLDQ� IUDTL� 3DNLVWDQL� IVUDHOL DQG 6RXWK $IUL�
FDQ QXFOHDU ZHDSRQV SURJUDPV�[LLL  $OO RI WKH 
QDWLRQV ZLWK VLJQL¿FDQW QXFOHDU ZHDSRQV 
SURJUDPV GHYHORSHG WKHP RZLQJ WR SHU�
FHLYHG WKUHDWV� 3DNLVWDQ DQG IQGLD GHYHO�
RSHG QXFOHDU ZHDSRQV GXH WR IHDU RI HDFK 
RWKHU� 1RUWK .RUHD GHYHORSHG WKHLU SURJUDP 
WR GHWHU WKH 8QLWHG 6WDWHV LQ WKH .RUHDQ 
SHQLQVXOD� ZKLOH IVUDHO¶V SURJUDP� DQG WKH 
VWUDWHJLF DPELJXLW\ VXUURXQGLQJ LW� DUH GH�
VLJQHG WR GHWHU $UDE DQG IUDQLDQ DJJUHVVLRQ� 
IUDQ VHHNV D ERPE WR FRXQWHU IVUDHO DQG GH�
WHU 8�6� LQWHUIHUHQFH LQ WKH UHJLRQ� DQG� ¿�
QDOO\� DSDUWKHLG�HUD 6RXWK $IULFD VRXJKW QX�
FOHDU ZHDSRQV DV D WUXPS FDUG DJDLQVW WKH 
6RYLHW 8QLRQ� &XED� DQG WKH P\ULDG $IULFDQ 
UHVLVWDQFH PRYHPHQWV 6RXWK $IULFD EDWWOHG 
LQ WKH GHFDGHV�ORQJ %RUGHU :DU� *LYHQ QR 
UHFRXUVH WR DFTXLUH WKHVH ZHDSRQV IURP 
FRXQWULHV WKDW DUH VLJQDWRULHV WR WKH 137� 
WKHVH QDWLRQV EHJDQ FRYHUW SURJUDPV RU 
EHJDQ WR DVVLVW RQH DQRWKHU� FUHDWLQJ VRPH 
VWUDQJH EHGIHOORZV LQGHHG�
7KH PRVW LQIDPRXV� WKRXJK QRW WKH RQO\� QX�
FOHDU SUROLIHUDWRU LV 3DNLVWDQL VFLHQWLVW $4 
.KDQ� ZKR VROG WHFKQRORJ\� LQFOXGLQJ ZHDS�
RQV EOXHSULQWV� WR /LE\D� IUDQ� 1RUWK .RUHD� 
DQG HYHQ 3DNLVWDQ¶V PRUWDO HQHP\ IQGLD�[LY  
IW VHHPV WKDW $4 .KDQ¶V VPXJJOLQJ FDUHHU 
EHJDQ DV D VWDWH�VDQFWLRQHG SURMHFW E\ 3D�
NLVWDQ� EXW RYHU WLPH .KDQ EHFDPH LQFUHDV�
LQJO\ URJXH� OHDGLQJ WR KLV DUUHVW� $ UDLG E\ 
0RVVDG LQ 2��� UHYHDOHG IUDQ SRVVHVVHG DQ 
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LPSORVLRQ�ZHDSRQ GHVLJQ SUREDEO\ OLQNHG 
WR .KDQ� DV ZHOO DV FHQWULIXJH�DVVLVWDQFH 
DQG LQVWUXFWLRQV RQ FDVWLQJ XUDQLXP PHW�
DO ZHDSRQV FRPSRQHQWV GH¿QLWHO\ OLQNHG 
WR .KDQ�[Y  .KDQ¶V VPXJJOLQJ QHWZRUN KDG 
RSHUDWLYHV LQ RYHU 2� FRXQWULHV�[YL  LQFOXGLQJ 
WKH 8QLWHG .LQJGRP� 0DOD\VLD� 6ZLW]HUODQG� 
IQGLD� 6RXWK $IULFD� 6UL /DQND� DQG *HUPD�
Q\� DPRQJ RWKHUV�[YLL  .KDQ¶V QHWZRUN HYHQ 
LQFOXGHG IRUPHU XQHPSOR\HG DQG GLVJUXQ�
WOHG 6RXWK $IULFDQ VFLHQWLVWV ZKR PD\ KDYH 
MRLQHG .KDQ¶V QHWZRUN RU ZHQW WR ZRUN IRU 
IUDQ�[YLLL� [L[  D FXULRXV LQYHUVLRQ JLYHQ WKHLU 
FRXQWU\¶V SUHYLRXV VXSSRUW IURP IVUDHO�[[  
:KLOH LQLWLDOO\ LW VHHPHG .KDQ ZDV PRWLYDW�
HG E\ IVODPLF VROLGDULW\� LQ WKH HQG KH SODFHG 
PRQHWDU\ JDLQ DQG SHUVRQDO QRWRULHW\ DERYH 
DOO HOVH� KLV RYHUWXUHV WR IQGLD OLNHO\ DVVLVWHG 
LQ 3DNLVWDQ VXSSRUWLQJ KLV GRZQIDOO�[[L  .KDQ 
ZDV OLQNHG WR D VHL]HG VKLSPHQW RI FHQWUL�
IXJHV WR /LE\D LQ 2���� DQG KH FRQIHVVHG 
WR KLV UROH LQ QXFOHDU SUROLIHUDWLRQ� FDXJKW 
UHG�KDQGHG� 3DNLVWDQ KDG QR FKRLFH EXW WR 
DUUHVW KLP�[[LL 

3ULRU WR VLJQLQJ WKH 137 LQ ���2� WKH )UHQFK 
JDYH H[WHQVLYH VXSSRUW WR IVUDHO WR GHYHORS 
LWV SOXWRQLXP�VHSDUDWLRQ QXFOHDU UHDFWRU DW 
'LPRQD LQ WKH ����V[[LLL  DQG SURYLGHG WKH 
0'���� PLVVLOH� ZKLFK WKH IVUDHOLV ZRXOG 
FRQYHUW LQWR WKH -HULFKR PLVVLOH�[[LY  7KH -HU�
LFKR PLVVLOH ZDV LQ WXUQ SURYLGHG WR 6RXWK 
$IULFD� ZKHUH LW EHFDPH WKH EDVLV RI WKH 
56$�� DQG 56$�2 PLVVLOHV� DQG IVUDHO DQG 
6RXWK $IULFD MRLQWO\ ZRUNHG RQ WKH VSDFH�FD�
SDEOH 56$�� XQWLO SUHVVXUH IURP WKH 8QLWHG 
6WDWHV IRUFHG FDQFHOODWLRQ RI WKH SURJUDP�
[[Y�  $OWKRXJK PXFK GRFXPHQWDWLRQ ZDV GH�
VWUR\HG IROORZLQJ 6RXWK $IULFD¶V GLVPDQWOH�
PHQW RI LWV ZHDSRQV SURJUDP� DFFHVVLRQ WR 
WKH 137� DQG JRYHUQPHQW WXUQRYHU WR WKH 
$IULFDQ 1DWLRQDO &RQJUHVV �$1&�� WKHUH LV 
H[WHQVLYH HYLGHQFH RI FRRSHUDWLRQ EHWZHHQ 
IVUDHO DQG 6RXWK $IULFD¶V QXFOHDU ZHDSRQV 
SURJUDPV�  :KLOH 6RXWK $IULFD VROHO\ GH�
YHORSHG JXQ�W\SH ZHDSRQV� 6RXWK $IULFD 

DSSDUHQWO\ WUDGHG VHYHUDO KXQGUHG WRQV RI 
XUDQLXP LQ H[FKDQJH IRU �� JUDPV RI WULWLXP� 
D FRPSRQHQW RI PRUH DGYDQFHG WKHUPRQX�
FOHDU ZHDSRQV�[[YL  7KLV FRUUHVSRQGV WR HYL�
GHQFH WKDW 6RXWK $IULFD SODQQHG WR H[SDQG 
LWV QXFOHDU DUVHQDO VL]H DQG FDSDELOLW\ WR 
IRXUWHHQ ZHDSRQV� LQFOXGLQJ WKUHH ³ERRVW�
HG´ ZHDSRQV IRU XVH RQ PHGLXP UDQJH EDO�
OLVWLF PLVVLOHV�[[YLL  XQWLO LW EHFDPH FOHDU WKH 
$1& ZRXOG FRPH WR SRZHU LQ 6RXWK $IULFD� 
ZKHUHXSRQ WKH SURJUDP ZDV FDQFHOOHG DQG 
HYLGHQFH RI LW GHVWUR\HG� 7KH UDSLG QDWXUH 
RI WKH GLVPDQWOHPHQW DQG DSSDUHQW XQVDWLV�
IDFWRU\ QDWXUH RI WKHLU WHUPLQDWLRQ OHG WR DQ 
XQNQRZQ QXPEHU RI 6RXWK $IULFDQ QXFOHDU 
VFLHQWLVWV ZRUNLQJ IRU YDULRXV 0LGGOH (DVW�
HUQ QDWLRQV DQG SRVVLEO\ WKH .KDQ QHWZRUN�
[[YLLL

7KH ¿QDO SULPDU\ SUROLIHUDWLRQ UHJLPH LV WKDW 
RI 1RUWK .RUHD� 1RUWK .RUHDQ OHDGHU .LP 
-RQJ�8Q KDV SXUVXHG D SROLF\ NQRZQ DV 
E\XQJMLQ� RU ³SDUDOOHO GHYHORSPHQW�´ VWUHVV�
LQJ QXFOHDU ZHDSRQV DQG HFRQRPLF GHYHO�
RSPHQW�[[L[  )XUWKHUPRUH� WKH 1RUWK .RUHDQ 
&RQVWLWXWLRQ KDV EHHQ DPHQGHG WR UHIHU WR 
LWVHOI DV KDHNSR\XJXN� RU DV D QXFOHDU VWDWH� 
UHÀHFWLQJ WKDW WKH GHFLVLRQ WR KDYH D QXFOHDU 
ZHDSRQV SURJUDP VHHPV WR EH SHUPDQHQW�
[[[  1RUWK .RUHD¶V QXFOHDU SURJUDP EHQH¿WHG 
JUHDWO\ IURP -DSDQHVH QXFOHDU SUROLIHUDWLRQ� 
ZLWK PDQ\ FRPSRQHQWV LQ 1RUWK .RUHDQ UH�
DFWRUV EHLQJ WUDFHG WR -DSDQHVH VXSSOLHUV� 
PRVW RI ZKRP GLG VR LOOHJDOO\ WR SUR¿W GH�
VSLWH VDQFWLRQV�[[[L  1RUWK .RUHDQ QXFOHDU 
WUDႈFNLQJ LV DOVR JUHDWO\ DLGHG E\ &KLQHVH 
FRPSDQLHV ZKLFK� OHJDOO\ RU LOOHJDOO\� SUR�
YLGH IURQWV WR REVFXUH WKH WUXH GHVWLQDWLRQ 
RI WKH WHFKQRORJ\ 1RUWK .RUHD LV DFTXLULQJ�
[[[LL  'XH WR FUXVKLQJ LQWHUQDWLRQDO VDQFWLRQV� 
1RUWK .RUHD KDV SXUVXHG D SROLF\ RI LQWHU�
QDWLRQDO WKHIW� KDFNLQJ� DQG EODFN�PDUNHW 
DFWLYLW\� LQFOXGLQJ VHOOLQJ QXFOHDU DQG EDO�
OLVWLF PLVVLOH WHFKQRORJ\ ZRUOGZLGH� 1XFOHDU 
WUDGLQJ SURYLGHV ERWK FDSLWDO DV ZHOO DV QX�
FOHDU FRPSRQHQWV QHLWKHU HDVLO\ REWDLQDEOH 
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QRU SURGXFLEOH LQ 1RUWK .RUHD� WKH ODWWHU LV 
FRQVLGHUHG D VLJQ RI 1RUWK .RUHDQ DQG IUD�
QLDQ FRRSHUDWLRQ IRU PXWXDO GHYHORSPHQW RI 
WKHLU ZHDSRQV SURJUDPV�[[[LLL  
1RUWK .RUHD KDV SUROLIHUDWHG QXFOHDU WHFK�
QRORJ\ WR 0\DQPDU�[[[LY 6\ULD� DQG 3DNL�
VWDQ�[[[Y DQG DW RQH SRLQW� LW ZDV WKH IRUH�
PRVW EDOOLVWLF PLVVLOH H[SRUWHU LQ WKH ZRUOG� 
VHOOLQJ EDOOLVWLF PLVVLOHV WR IUDQ� 8QLWHG $UDE 
(PLUDWHV� 9LHWQDP� /LE\D� 3DNLVWDQ� (J\SW� 
IUDT� 6\ULD� DQG <HPHQ�[[[YL� [[[YLL� [[[YLLL  8QOLNH 
PRVW RWKHU FRXQWULHV� 1RUWK .RUHD LV ZLOO�
LQJ WR VHOO FRPSOHWH EDOOLVWLF PLVVLOHV UDWKHU 
WKDQ LQGLYLGXDO FRPSRQHQWV DQG IXOO DVVHP�
EO\ OLQHV IRU VXFK ZHDSRQV� LOOXVWUDWHG PRVW 
JUDSKLFDOO\ ZKHQ WKH 1RUWK .RUHDQ IUHLJKWHU 
.XZROVDQ ZDV VHL]HG E\ IQGLDQ DXWKRULWLHV 
FDUU\LQJ DQ HQWLUH IDFWRU\ DVVHPEO\ OLQH 
IRU 6&8' PLVVLOHV GHVWLQHG IRU /LE\D�[[[L[  
1RUWK .RUHD¶V ZLWKGUDZDO IURP WKH 137 DQG 
QRQ�DFFHVVLRQ WR DQ\ VLJQL¿FDQW H[SRUW FRQ�
WURO RU QRQSUROLIHUDWLRQ LQLWLDWLYH[O LV D JUHDW 
GDQJHU WR LQWHUQDWLRQDO RUGHU� :LWK WKH GH�
PLVH RI WKH .KDQ QHWZRUN DQG WKH GLVPDQ�
WOHPHQW RI WKH IVUDHOL�6RXWK $IULFDQ QH[XV� 
1RUWK .RUHD LV QRZ SHUKDSV WKH JUHDWHVW 
QXFOHDU DQG PLVVLOH WHFKQRORJ\ SUROLIHUDWRU 
LQ WKH ZRUOG�
)RU SDULDKV WKDW ZRXOG OLNH WR DFTXLUH QX�
FOHDU ZHDSRQV ZLWK HYHQ IXUWKHU VHFUHF\� 
RUJDQL]HG FULPH VPXJJOLQJ QHWZRUNV DOVR 
H[LVW� WKRXJK WKH ULVN RI ZRUNLQJ ZLWK VXFK 
XQVFUXSXORXV ¿JXUHV LV WKDW WKH\ PD\ VHOO 
RQH WKLQJ ZKLOH FODLPLQJ LW LV DQRWKHU� 7KH 
PRVW IDPRXV RI WKHVH LQFLGHQWV ZDV LQ 
���� ZKHQ %RVQLDQ 6HUE OHDGHU 5DGRYDQ 
.DUDG]LF� WKH ZDU FULPLQDO UHVSRQVLEOH 
IRU WKH 6UHEUHQLFD PDVVDFUH� SXUFKDVHG 
DQ HOLSWRQ ERPE SRZHUHG E\ UHG PHUFXU\ 
LQ WKH EHOLHI WKDW VXFK D ZHDSRQ RI PDVV 
GHVWUXFWLRQ ZRXOG WLS WKH UHJLRQDO SRZHU 
VFDOHV LQ 6HUELD¶V IDYRU� )RUWXQDWHO\� QHLWKHU 
WKH HOLSWRQ ERPE QRU UHG PHUFXU\ DFWXDOO\ 
H[LVW� DQG .DUDG]LF UHFHLYHG D FRQYHQWLRQDO 

ERPE ZLWK UDQGRP FKHPLFDOV DFFRPSDQ\�
LQJ LW LQVWHDG� .DUDG]LF SDLG �� PLOOLRQ RXW 
RI D SURPLVHG ��� PLOOLRQ EHIRUH UHDOL]LQJ 
KH KDG EHHQ GXSHG�[OL  'HVSLWH WKLV� RUJD�
QL]HG FULPH VPXJJOLQJ RI QXFOHDU PDWHULDOV� 
ZKLOH QRW DV SUHYDOHQW DV LQ LWV KH\GD\ IRO�
ORZLQJ WKH FROODSVH RI WKH 6RYLHW 8QLRQ LQ 
WKH ����V� SHUVLVWV� :KHQ WKH 6RYLHW 8QLRQ 
FROODSVHG� RXW�RI�ZRUN QXFOHDU VFLHQWLVWV 
VROG QXFOHDU PDWHULDO WR WKH KLJKHVW ELGGHU 
WR IHHG WKHLU IDPLOLHV LQ VRPH LQVWDQFHV� 
ZLWK WKH ODUJHVW DWWHPSW DW VPXJJOLQJ EHLQJ 
DOPRVW � NLORJUDPV RI ZHDSRQV�JUDGH XUDQL�
XP LQ WKH &]HFK 5HSXEOLF LQ �����[OLL  
:KLOH WKHUH LV VRPH VWDWH�OHYHO FRRUGLQD�
WLRQ ZLWK RUJDQL]HG FULPH WR DFTXLUH QXFOHDU 
PDWHULDO� YLROHQW H[WUHPLVW RUJDQL]DWLRQV DUH 
HYHQ PRUH H[WUHPH YHUVLRQV RI LQWHUQDWLRQ�
DO SDULDKV� DQG WKXV KDYH PXFK PRUH RIWHQ 
ZRUNHG ZLWK EODFN PDUNHWHUV� ERWK RUJD�
QL]HG FULPH DQG LQGHSHQGHQW FULPLQDOV� WR 
DFTXLUH QXFOHDU ZHDSRQV EHFDXVH SDULDK 
VWDWHV DUH XQOLNHO\ WR ZRUN ZLWK WKHP� 7KH 
-DSDQHVH $XP 6KLQULN\R FXOW� UHVSRQVLEOH 
IRU WKH 7RN\R VXEZD\ VDULQ JDV DWWDFNV� 
DWWHPSWHG WR SXUFKDVH QXFOHDU ZHDSRQV 
IURP 5XVVLDQ LQWHUPHGLDULHV� LQ SDUWLFXODU 
GLVJUXQWOHG 5XVVLDQ VFLHQWLVWV� DQG HYHQ 
PLQHG WKHLU RZQ XUDQLXP� WKRXJK DEDQ�
GRQHG WKHLU QXFOHDU ZHDSRQ DVSLUDWLRQV LQ 
IDYRU RI FKHPLFDO DQG ELRORJLFDO ZHDSRQV� 
$XP 6KLQULN\R VRXJKW WR EULQJ DERXW $UPD�
JHGGRQ YLD :0' DWWDFNV RQ 8�6� DQG -DS�
DQHVH EDVHV DQG FLWLHV� IRUWXQDWHO\� QXFOHDU 
ZHDSRQV SURYHG WRR GLႈFXOW IRU WKHP WR RE�
WDLQ RU PDQXIDFWXUH WKHPVHOYHV�[OLLL  IQ DQRWK�
HU LQVWDQFH� D 5DQG VWXG\� FLWLQJ D 0RQWHUH\ 
IQVWLWXWH RI IQWHUQDWLRQDO 6WXGLHV UHSRUW� LGHQ�
WL¿HG IRXU VHSDUDWH DWWHPSWV E\ $O 4DHGD WR 
DFTXLUH QXFOHDU PDWHULDO RQ WKH EODFN PDU�
NHW�[OLY  I6I6 UHSHDWHGO\ DWWHPSWHG WR DFTXLUH 
UDGLRDFWLYH PDWHULDO� WKRXJK PRUH OLNHO\ IRU 
D GLUW\ ERPE WKDQ DQ DFWXDO QXFOHDU ZHDSRQ� 
$ 0ROGRYDQ FULPH V\QGLFDWH ZDV DUUHVWHG 
WU\LQJ WR VHOO FHVLXP WR UHSUHVHQWDWLYHV WKH\ 
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WKRXJKW ZHUH IURP I6I6 LQ 2����[OY  IWDOLDQ 
RUJDQL]HG FULPH V\QGLFDWHV ZHUH FDXJKW 
UHG�KDQGHG WU\LQJ WR VHOO QXFOHDU PDWHULDO 
VPXJJOHG IURP =DLUH �QRZ WKH 'HPRFUDWLF 
5HSXEOLF RI WKH &RQJR� WR XQLGHQWL¿HG 0LG�
GOH (DVWHUQ EX\HUV LQ ����� DQG WKH\ ZHUH 
NQRZQ WR KDYH FRQWDFWV ZLWK 3RUWXJXHVH 
DQG %HOJLDQ EXVLQHVVPHQ DV ZHOO�[OYL  :KLOH 
RUJDQL]HG FULPH QHWZRUNV UDUHO\ DFTXLUH 
PDWHULDO VXLWDEOH IRU QXFOHDU ZHDSRQV� WKH 
QXFOHDU PDWHULDO WKH\ GR VHOO PD\ EH XVHG 
LQ GLUW\ ERPEV RU IRU RWKHU SXUSRVHV� 9LJL�
ODQW LQWHUQDWLRQDO FRRSHUDWLRQ DQG SHQHWUD�
WLRQ RI WKHVH QHWZRUNV LV YLWDO WR SUHYHQW DQ\ 
GLVVHPLQDWLRQ RI QXFOHDU PDWHULDO WR UDGLFDO 
JURXSV VXFK DV I6I6�
:KDW LV PRVW GLႈFXOW DERXW WKHVH SUROLIHU�
DWLRQ QHWZRUNV LV WKDW� XQWLO D VWDWH¶V JRY�
HUQPHQW GHFLGHV LW LV QR ORQJHU WKUHDWHQHG 
RU ZKHQ LW LV UHSODFHG�RYHUWKURZQ� VWDWHV 
ZLOO FRQWLQXH WR SXUVXH QXFOHDU WHFKQRORJ\� 
6RXWK $IULFD DQG 1RUWK .RUHD DUH SHUIHFW 
H[DPSOHV RI FRXQWULHV XQGHU H[WUHPH LQWHU�
QDWLRQDO LVRODWLRQ ZKR QHYHUWKHOHVV GHYHO�
RSHG WKHVH ZHDSRQV� SDUWLDOO\ GXH WR GHG�
LFDWLRQ DPRQJVW LWV RZQ VFLHQWLVWV� 6RXWK 
$IULFD RQO\ UHOLQTXLVKHG LWV ZHDSRQV ZKHQ 
WKH %RUGHU :DU HQGHG DQG LW ZDV FOHDU WKDW 
WKH DSDUWKHLG UHJLPH¶V GD\V ZHUH RYHU� IUDQ 
RQO\ VXVSHQGHG LWV SURJUDP ZLWK WKH VLJQ�
LQJ RI -RLQW &RPSUHKHQVLYH 3ODQ RI $FWLRQ 
�-&32$� DQG UHOLQTXLVKPHQW RI VDQFWLRQV� 
DOWKRXJK DV VRRQ DV WKH 8QLWHG 6WDWHV ZLWK�
GUHZ IURP WKH DJUHHPHQW DQG UHLPSRVHG 
WKRVH VDQFWLRQV� IUDQ EHJLQ HQULFKLQJ XUDQL�
XP RQFH PRUH� 
1XFOHDU ZHDSRQV DUH YLHZHG DV LQWULQVLF WR 
D UHJLPH¶V VXUYLYDO E\ PDQ\ SDULDKV� LQGHHG� 
1RUWK .RUHD KDV SODFHG DOO LWV EHWV RQ QX�
FOHDU ZHDSRQV PDLQWDLQLQJ WKH .LP UHJLPH 
LQ SRZHU� 7KH IDWH RI 0XDPPDU *DGGD¿� YL�
ROHQWO\ RYHUWKURZQ DQG PXUGHUHG IROORZLQJ 
UHOLQTXLVKPHQW RI KLV QXFOHDU ZHDSRQ DV�
SLUDWLRQV� KDV UHYHUEHUDWHG WKURXJKRXW WKH 

ZRUOG� 8NUDLQH LV DQRWKHU JUDSKLF H[DPSOH 
RI WKLV� 8NUDLQH KHOG RQH�WKLUG RI WKH IRUPHU 
6RYLHW 8QLRQ¶V QXFOHDU ZHDSRQV IROORZ�
LQJ GLVVROXWLRQ�[OYLL EXW YROXQWDULO\ GHVWUR\HG 
WKHP DIWHU VLJQLQJ WKH %XGDSHVW 0HPRUDQ�
GXP RQ 6HFXULW\ $VVXUDQFHV� ZKHUHE\ WKH 
8QLWHG 6WDWHV� 5XVVLD DQG 8QLWHG .LQJGRP 
DVVXUHG WKH\ ZRXOG UHIUDLQ IURP WKH XVH RI 
IRUFH LQ 8NUDLQH DQG SURYLGH DVVLVWDQFH 
LI 8NUDLQH EHFDPH WKH YLFWLP RI DQ DFW RI 
DJJUHVVLRQ�[OYLLL  8QIRUWXQDWHO\� WKHVH DV�
VXUDQFHV KDYHQ¶W SUHYHQWHG 5XVVLD¶V VORZ 
GLVPHPEHUPHQW RI 8NUDLQH E\ RFFXS\LQJ 
&ULPHD DQG LQYDGLQJ WKH 'RQEDV UHJLRQ� 
VRPH 8NUDLQLDQ SROLWLFLDQV VWDWH WKLV ZRXOG 
QRW KDYH KDSSHQHG LI WKH\ KDG NHSW WKHLU 
QXFOHDU ZHDSRQV�[OL[  7KHVH H[DPSOHV PD\ 
KDYH XQLQWHQWLRQDOO\ GULYHQ RWKHU DXWKRULWDU�
LDQ UHJLPHV� VXFK DV IUDQ� WR KDVWHQ HႇRUWV 
WR EHFRPH D QXFOHDU SRZHU� %UHDNLQJ WKHVH 
SDULDK QHWZRUNV LV GLႈFXOW� EXW ZRUNLQJ WR 
HQFRXUDJH QRUPDOL]DWLRQ RI UHODWLRQV ZLWK 
WKHVH FRXQWULHV FDQ VKULQN WKH QHWZRUNV 
DQG FORVH RXWOHWV IRU FDSLWDO DQG QXFOHDU 
WHFKQRORJ\� 0\DQPDU¶V PRYH WR GHPRFUDF\ 
HQGHG LWV QXFOHDU SURJUDP� DQG VLPLODU LQL�
WLDWLYHV PD\ EHDU IUXLW RWKHUZLVH� 9LROHQFH 
WHQGV WR SXVK LVRODWHG H[WUHPHV WR GHVLUH 
QXFOHDU ZHDSRQV PRUH� WKH IVUDHOL VWULNH RQ 
WKH 2VLUDT UHDFWRU ZDV FLWHG DV WKH SULPD�
U\ PRWLYDWLRQ IRU 6DGGDP +XVVHLQ WR EHJLQ 
HQULFKLQJ XUDQLXP� IRU LQVWDQFH�l  3URYLGLQJ 
LQFHQWLYHV IRU FRXQWULHV WR DFFHGH WR WUHD�
WLHV WKH\ KDYH QRW ± DV 6RXWK $IULFD GLG ZLWK 
WKH 137 ± FRXOG OHDG WR IXUWKHU DUPV UHGXF�
WLRQV DQG QXFOHDU SURJUDP GLVPDQWOHPHQW� 
/HYHUDJLQJ UHJLRQDO SRZHUV ± &KLQD DQG 
5XVVLD LQ WKH FDVH RI 1RUWK .RUHD� 7XUNH\ 
LQ WKH FDVH RI IUDQ� DV H[DPSOHV ± PD\ EH 
WKH EHVW ZD\ WR VWULNH WKH QHWZRUNV IURP WKH 
WRS�GRZQ� %RWWRP�XS VWULNHV ZLOO UHTXLUH ODZ 
HQIRUFHPHQW DQG FXVWRPV RႈFLDOV WR EH YLJ�
LODQW RQ QXFOHDU VPXJJOHUV DQG WR PRQLWRU 
FRPSDQLHV WKDW PDQXIDFWXUH GXDO�XVH WHFK�
QRORJLHV FORVHO\� 2QO\ D PXOWLIDFHWHG� LQWHU�
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QDWLRQDO DSSURDFK ZLOO DGHTXDWHO\ FRXQWHU 
DQG SUHYHQW IXUWKHU QXFOHDU SUROLIHUDWLRQ�

Notes

L� 3HUNRYLFK� *HRUJH� IQGLD¶V 1XFOHDU 
%RPE� 7KH IPSDFW RQ *OREDO 3UROLIHU�
DWLRQ� 8QLYHUVLW\ RI &DOLIRUQLD 3UHVV� 
����� SDJH ���

LL� .KDQ� )HUR] +DVVDQ� (DWLQJ *UDVV� 
7KH 0DNLQJ RI WKH 3DNLVWDQL %RPE� 'HY 
3XEOLVKHUV DQG 'LVWULEXWRUV� 2���� SDJH 
2���

LLL� 0LW]HU� 6WLMQ DQG 2OLHPDQV� -RRVW� 7KH 
$UPV )RUFHV RI 1RUWK .RUHD� 2Q WKH 
3DWK RI 6RQJXQ� +HOLRQ 	 &RPSDQ\ 
/LPLWHG� 2�2�� SDJH ����

LY� =DLWVHYD� /\XGPLOD DQG +DQG� .HYLQ� 
³1XFOHDU 6PXJJOLQJ &KDLQV� 6XSSOL�
HUV� IQWHUPHGLDULHV DQG (QG�8VHUV�´ LQ 
$PHULFDQ %HKDYLRUDO 6FLHQWLVW ��� QR� �� 
2���� SDJH ����

Y� +RXQDP� 3HWHU� 7KH :RPDQ IURP 0RV�
VDG� 7KH 6WRU\ RI 0RUGHFKDL 9DQXQX 
DQG WKH IVUDHOL 1XFOHDU 3URJUDP� 9LVLRQ 
3DSHUEDFNV� ����� SDJH 2�

YL� .KDQ� (DWLQJ *UDVV� SDJHV �� DQG ����
YLL� 9HQWHU� $O� IUDQ¶V 1XFOHDU 2SWLRQ� 7HK�

UDQ¶V 4XHVW IRU WKH $WRP %RPE� &DVH�
PDWH 3XEOLVKLQJ� 2���� SDJH ����

YLLL� $OEULJKW� 'DYLG� 3HGGOLQJ 3HULO� +RZ WKH 
6HFUHW 1XFOHDU 7UDGH $UPV $PHULFD¶V 
(QHPLHV� IQVWLWXWH IRU 6FLHQFH DQG IQ�
WHUQDWLRQDO 6HFXULW\� 2���� SDJH ����

L[� IELG� SDJH 2���
[� )HLQVWHLQ� $QGUHZ� 7KH 6KDGRZ :RUOG� 

IQVLGH WKH *OREDO $UPV 7UDGH� 3LFDGRU 
%RRNV� 2��2� SDJH 2���

[L� *RUGRQ� 0LFKDHO DQG 9RO]� 'XVWLQ� 
³1RUWK .RUHD 5DLVHV 0LOOLRQV 7KURXJK 
+DFNLQJ� 6PXJJOLQJ� 8�1� 5HSRUW 
)LQGV�´ LQ 7KH :DOO 6WUHHW -RXUQDO� �� 
$SULO 2�2�� DFFHVVHG DW KWWSV���ZZZ�

ZVM�FRP�DUWLFOHV�QRUWK�NRUHD�UDLVHV�PLO�
OLRQV�WKURXJK�KDFNLQJ�VPXJJOLQJ�X�Q�
UHSRUW�¿QGV������������

[LL� %URDG� :LOOLDP -�� *ODQ]� -DPHV DQG 
6DQJHU� 'DYLG (�� ³IUDQ )RUWL¿HV LWV 
$UVHQDO ZLWK WKH $LG RI 1RUWK .RUHD�´ 
LQ 7KH 1HZ <RUN 7LPHV� 2� 1RYHPEHU 
2���� DFFHVVHG DW KWWSV���ZZZ�Q\�
WLPHV�FRP�2�������2��ZRUOG�PLGGOHH�
DVW�2�PLVVLOHV�KWPO 

[LLL� 9DUQXP� -HVVLD� ³�� <HDUV RI $WRPV IRU 
3HDFH�´ LQ 1XFOHDU (QJLQHHULQJ IQWHU�
QDWLRQDO� 2� -DQXDU\ 2���� DFFHVVHG 
DW KWWSV���ZZZ�QHLPDJD]LQH�FRP�
IHDWXUHV�IHDWXUH���\HDUV�RI�DWRPV�IRU�
SHDFH��������� 

[LY� 3ROODFN� -RVKXD� ³7KH 6HFUHW 7UHDFKHU\ 
RI $4 .KDQ�´ LQ 3OD\ER\� -DQXDU\�)HE�
UXDU\ 2��2� DFFHVVHG DW KWWSV���FDUQHJ�
LHHQGRZPHQW�RUJ�¿OHV�7KHB6HFUHW�2�
7UHDFKHU\�2�RI�2�$4�2�.KDQ�SGI 

[Y� $UQROG� $DURQ HW DO�� ³7KH IUDQ 1XFOHDU 
$UFKLYH� IPSUHVVLRQV DQG IPSOLFDWLRQV�´ 
LQ %HOIHU &HQWHU 5HSRUW� $SULO 2���� 
DFFHVVHG DW KWWSV���ZZZ�EHOIHUFHQWHU�
RUJ�VLWHV�GHIDXOW�¿OHV�¿OHV�SXEOLFDWLRQ�
7KH�2�IUDQ�2�1XFOHDU�2�$UFKLYH�
SGI 

[YL� 0DF&DOPDQ� 0ROO\� �$�4� .KDQ 
1XFOHDU 6PXJJOLQJ 1HWZRUN�� -RXU�
QDO RI 6WUDWHJLF 6HFXULW\ �� QR� � 
�2����� �������� '2I� KWWS���G[�GRL�
RUJ�����������������2��������� DF�
FHVVHG DW KWWSV���VFKRODUFRPPRQV�XVI�
HGX�MVV�YRO��LVV��� 

[YLL� 9HQWHU� $OODK¶V %RPE� SDJH ���
[YLLL� 9HQWHU� $O� +RZ 6RXWK $IULFD %XLOW 

6L[ $WRP %RPEV DQG WKHQ $EDQGRQHG 
LWV 1XFOHDU :HDSRQV 3URJUDP� $VKDQ�
WL 3XEOLVKLQJ� 2���� SDJH ���

[L[� 9HQWHU� $O� $OODK¶V %RPE� 7KH IVODPLF 
4XHVW IRU 1XFOHDU :HDSRQV� /\RQV 
3UHVV� 2���� SDJH ����

[[� 7HOHJUDP� 86 'HIHQVH IQWHOOLJHQFH 
$JHQF\� ³6RXWK $IULFD� 1XFOHDU 3UR�
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JUDP LQ 7XUPRLO�´ �� $SULO ����� DF�
FHVVHG DW :LOVRQ 'LJLWDO $UFKLYH DW 
KWWSV���GLJLWDODUFKLYH�ZLOVRQFHQWHU�RUJ�
GRFXPHQW����22� 

[[L� 3HUNRYLFK� *HRUJH� ³7KH $�4� 
.KDQ 1HWZRUN DQG LWV )RXUWK &XV�
WRPHU�´ >9LGHR@� 2� -DQXDU\ 2��2� 
DFFHVVHG DW KWWSV���FDUQHJLHHQ�
GRZPHQW�RUJ�2��2����2��D�T��
NKDQ�QHWZRUN�DQG�LWV�IRXUWK�FXV�
WRPHU�HYHQW�������a�WH[W 7KH�2�
$�4��2�.KDQ�2�1HWZRUN��$�2�
'XULQJ�2�KLV�2�WHQXUH�2�
DW�WR�2�QXPHURXV�2�LQWHUQDWLRQ�
DO�2�EX\HUV�2&�2�LQFOXGLQJ�2�
IUDQ�2&�2�1RUWK�2�.RUHD�2& 

[[LL� &ROOLQV� &DWKHULQH DQG )UDQW]� 
'RXJODV� ³7KH /RQJ 6KDGRZ RI $�4� 
.KDQ�´ LQ )RUHLJQ $ႇDLUV� �� -DQX�
DU\ 2���� DFFHVVHG DW KWWSV���ZZZ�
IRUHLJQDႇDLUV�FRP�DUWLFOHV�QRUWK�NR�
UHD�2����������ORQJ�VKDGRZ�DT�NKDQ 

[[LLL�   .DUSLQ� 0LFKDHO� 7KH %RPE LQ WKH 
%DVHPHQW� +RZ IVUDHO ZHQW 1XFOHDU 
DQG ZKDW WKDW 0HDQV IRU WKH :RUOG� 
6LPRQ 	 6FKXVWHU 3DSHUEDFNV� 2���� 
SDJH ����

[[LY� IELG� SDJHV 2���2���
[[Y� 9HQWHU� +RZ 6RXWK $IULFD %XLOW 6L[ 

$WRP %RPEV� SDJHV �����22
[[YL� ³6� $IULFDQ RႈFLDO ERXJKW QXFOHDU 

WULJJHU IURP IVUDHO LQ ��V´ LQ <1(7 
1HZV� � $SULO 2���� DFFHVVHG DW 
KWWSV���ZZZ�\QHWQHZV�FRP�DUWL�
FOHV��������/������������KWPO 

[[YLL� 9RQ :LHOOLJQ� 1LF DQG YRQ :LHO�
OLJK�6WH\Q� /\GLD� 7KH %RPE� 6RXWK 
$IULFD¶V 1XFOHDU :HDSRQV 3URJUDPPH� 
/LWHUD 3XEOLFDWLRQV� 3UHWRULD� 2���� 
SDJH ����

[[YLLL� -RQHV� 5RGQH\ :�� 0F'RQRXJK� 
0DUN *�� 'DOWRQ� 7RE\ )� DQG .REOHQW]� 
*UHJRU\ '�� 7UDFNLQJ 1XFOHDU 3UROLI�
HUDWLRQ� $ *XLGH LQ 0DSV DQG &KDUWV� 

����� &DUQHJLH (QGRZPHQW IRU IQ�
WHUQDWLRQDO 3HDFH� :DVKLQJWRQ� '�&�� 
����� SDJH 2���

[[L[� 6Q\GHU� 6FRWW $�� ³7KH 0RWLYD�
WLRQV %HKLQG 1RUWK .RUHD¶V 3XUVXLW RI 
6LPXOWDQHRXV (FRQRPLF DQG 1XFOH�
DU 'HYHORSPHQW�´ LQ $VLD 8QERXQG� 
DFFHVVHG DW KWWSV���ZZZ�FIU�RUJ�EORJ�
PRWLYDWLRQV�EHKLQG�QRUWK�NRUHDV�SXU�
VXLW�VLPXOWDQHRXV�HFRQRPLF�DQG�QX�
FOHDU�GHYHORSPHQW 

[[[� (DVOH\� /HLI�(ULF� ³1RUWK .RUHDQ 
IGHQWLW\ DV D &KDOOHQJH WR (DVW $VLD¶V 
5HJLRQDO 2UGHU�´ LQ -DSDQ DQG $VLD¶V 
&RQWHVWHG 2UGHU� 7KH IQWHUSOD\ RI 
6HFXULW\� (FRQRPLFV� DQG IGHQWLW\� HG� 
6RKQ� <XO DQG 3HPSHO� 7�-�� 3DOJUDYH 
0DFPLOODQ 3UHVV� 2���� SDJH �2��

[[[L� 7RNL� 0DVDNR DQG /LHJJL� 6WHSKDQLH� 
³-DSDQ¶V VWUXJJOH WR OLPLW LOOHJDO GX�
DO�XVH H[SRUWV�´ %XOOHWLQ RI WKH $WRPLF 
6FLHQWLVWV :HE (GLWLRQ� � 6HSWHPEHU 
2���� DFFHVVHG DW KWWSV���WKHEXOOHWLQ�
RUJ�2�������MDSDQV�VWUXJJOH�WR�OLPLW�LO�
OHJDO�GXDO�XVH�H[SRUWV� 

[[[LL� /LHJJL� 6WHSKDQLH� 6KDZ� 5RE�
HUW DQG 7RNL� 0DVDNR� ³7DNLQJ 
&RQWURO� 6WRSSLQJ 1RUWK .RUHDQ 
:0'�5HODWHG 3URFXUHPHQW�´ LQ 
%XOOHWLQ RI WKH $WRPLF 6FLHQWLVWV� 
9RO ��� IVV �� 2���� DFFHVVHG DW 
KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL�
SGI����������������2�������� 

[[[LLL� ³1RUWK .RUHD¶V 1XFOHDU ([SRUWV� 
2Q :KDW 7HUPV"´ LQ �� 1RUWK 6SHFLDO 
5HSRUW �� �� 2FWREHU 2���� DFFHVVHG 
DW KWWSV���ZZZ���QRUWK�RUJ�ZS�FRQWHQW�
XSORDGV�2���������1RUWKB65�B3RO�
ODFN2�SGI 

[[[LY� 6FLXWWR� -LP� ³0\DQPDU¶V 6HFUHW 
1XFOHDU 3URJUDP 5HYHDOHG�´ LQ 
$%& 1HZV� � -XQH 2���� DFFHVVHG 
DW KWWSV���DEFQHZV�JR�FRP�*0$�
0HGLD�QRUWK�NRUHD�KHOSLQJ�P\DQ�
PDU�VHFUHW�QXFOHDU�SURJUDP�VWR�
U\"LG ���2���� 

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 113Issue 22

[[[Y� ³1RUWK .RUHD¶V 1XFOHDU ([SRUWV�´
[[[YL� ³1RUWK .RUHD 7RSV /LVW RI %DOOLVWLF 

0LVVLOH ([SRUWHUV�´ LQ 1XFOHDU 7KUHDW 
IQLWLDWLYH� 2� 2FWREHU� 2���� DFFHVVHG 
DW KWWSV���ZZZ�QWL�RUJ�JVQ�DUWLFOH�QRUWK�
NRUHD�WRSV�OLVW�RI�EDOOLVWLF�PLVVLOH�H[�
SRUWHUV� 

[[[YLL� ³1RUWK .RUHD¶V 1XFOHDU ([SRUWV�´
[[[YLLL� 0LW]HU DQG 2OLHPDQV� 7KH 

$UPV )RUFHV RI 1RUWK .RUHD� SDJH 
2���

[[[L[� *RUPOH\� 'HQQLV 0�� 0LVVLOH &RQWD�
JLRQ� &UXLVH 0LVVLOH 3UROLIHUDWLRQ DQG 
WKH 7KUHDW WR IQWHUQDWLRQDO 6HFXULW\� 
1DYDO IQVWLWXWH 3UHVV� 2���� SDJH ���

[O� ³$UPV &RQWURO DQG 3UROLIHUDWLRQ 3UR�
¿OH� 1RUWK .RUHD�´ LQ $UPV &RQWURO 
$VVRFLDWLRQ )DFW 6KHHWV DQG %ULHIV� 
ODVW UHYLHZHG -XQH 2���� DFFHVVHG 
DW KWWSV���ZZZ�DUPVFRQWURO�RUJ�IDFW�
VKHHWV�QRUWKNRUHDSUR¿OH�([SRUW 

[OL� )HLQVWHLQ� 7KH 6KDGRZ :RUOG� SDJH 
���

[OLL� /HH III� 5HQVVHODHU :� 6PXJJOLQJ 
$UPDJHGGRQ� 7KH 1XFOHDU %ODFN 0DU�
NHW LQ WKH )RUPHU 6RYLHW 8QLRQ DQG 
(XURSH� 6W� 0DUWLQ¶V 3UHVV� 1HZ <RUN� 
����� SDJH ���

[OLLL� 1HKRUD\Rႇ� $QGUHD� $VK� %HQMDPLQ 
DQG 6PLWK� 'DQLHO 6�� ³$XP 6KLQUL�
N\R¶V 1XFOHDU DQG &KHPLFDO :HDS�
RQV 'HYHORSPHQW (ႇRUWV�´ LQ -RXUQDO 
RI 6WUDWHJLF 6HFXULW\� 9RO �� 1XP �� 
6SULQJ 2���� SDJHV ������ DFFHVVHG 
DW KWWSV���VFKRODUFRPPRQV�XVI�HGX�MVV�
YRO��LVV���� 

[OLY� 'DO\� 6DUD� 3DUDFKLQL� -RKQ DQG 
5RVHQDX� :LOOLDP� ³$XP 6KLQULN\R� $O 
4DHGD� DQG WKH .LQVKDVD 5HDFWRU� 
IPSOLFDWLRQV RI 7KUHH &DVH 6WXGLHV IRU 
&RPEDWLQJ 1XFOHDU 7HUURULVP�´ 5DQG 
'RFXPHQWHG %ULH¿QJ� 2���� DFFHVVHG 
DW KWWSV���ZZZ�UDQG�RUJ�FRQWHQW�
GDP�UDQG�SXEV�GRFXPHQWHGBEULHI�
LQJV�2����5$1'B'%����SGI 

[OY� :LOOLDPV� 3HWH� ³6PXJJOHUV 7ULHG WR 
6HOO 1XFOHDU 0DWHULDO WR I6I6�´ LQ 1%& 
1HZV� � 2FWREHU 2���� DFFHVVHG DW 
KWWSV���ZZZ�QEFQHZV�FRP�VWRU\OLQH�
LVLV�WHUURU�VPXJJOHUV�WULHG�VHOO�QX�
FOHDU�PDWHULDO�LVLV�DS�LQYHVWLJD�
WLRQ�Q������ 

[OYL� 'DO\ HW DO�� ³$XP 6KLQULN\R�´ SDJH 
���

[OYLL� 1RUULV� 5REHUW 6�� ³7KH 6RYLHW 
1XFOHDU $UFKLSHODJR�´ LQ $UPV &RQWURO 
7RGD\� YRO� 22� QR� �� /RRVH 1XNHV 
6SHFLDO IVVXH -DQXDU\�)HEUXDU\ ���2� 
SDJH 2��

[OYLLL� 8QLWHG 1DWLRQV 6HFXULW\ &RXQFLO� 
0HPRUDQGXP RQ 6HFXULW\ $VVXUDQFHV 
LQ &RQQHFWLRQ ZLWK 8NUDLQH¶V $FFHV�
VLRQ WR WKH 7UHDW\ RQ WKH 1RQ�3UROLIHU�
DWLRQ RI 1XFOHDU :HDSRQV� 8QLWHG 1D�
WLRQV� �� 'HFHPEHU ����� DFFHVVHG 
DW XQ�RUJ�HQ�JD�VHDUFK�YLHZBGRF�
DVS"V\PERO $������� 

[OL[� 'RUHOO� 2UHQ� ³8NUDLQH 0D\ +DYH WR 
JR 1XFOHDU� 6D\V .LHY /DZPDNHU�´ LQ 
86$ 7RGD\� �� 0DUFK� 2���� DFFHVVHG 
DW KWWSV���ZZZ�XVDWRGD\�FRP�VWRU\�
QHZV�ZRUOG�2����������XNUDLQH�QXFOH�
DU��2������ 

O� 9HQWHU� IUDQ¶V 1XFOHDU 2SWLRQ� SDJH 
����
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The North Korean Nuclear Program
&'7 -XVWXV *� (� 5REHUWVRQ

8QLWHG 6WDWHV 0LOLWDU\ $FDGHP\

Introduction
7KH 'HPRFUDWLF 3HRSOH¶V 5HSXEOLF RI .RUHD �'35.� KDV QRW SXEOLVKHG DQ RႈFLDO QXFOHDU 
GRFWULQH WR GDWH� 7KLV DUWLFOH VHUYHV WR SURYLGH DQ LQIRUPDO GRFWULQH E\ DQDO\]LQJ RႈFLDO 
VWDWHPHQWV PDGH E\ PHPEHUV RI WKH .LP 5HJLPH ����� � �� SDVW DVVHVVPHQWV RI '35. 
QXFOHDU GRFWULQH� DQG SXEOLF JHQHUDO FRQVHQVXV RQ JRYHUQPHQW RUJDQL]DWLRQV� QRQJRYHUQ�
PHQW RUJDQL]DWLRQV� WKH 8QLWHG 6WDWHV� DQG RXU SDUWQHU QDWLRQ LQWHOOLJHQFH FRPPXQLWLHV�

Background
7KH '35. PDLQWDLQV LQWHUQDWLRQDO QRWRULHW\ PDNLQJ XVH RI QXFOHDU UKHWRULF DQG DFWLYHO\ 
GHYHORSLQJ D QXFOHDU DUVHQDO� 7KH SXUSRVH RI WKLV DJJUHVVLYH EHKDYLRU LV IRXQGHG LQ WKH 
GHVLUH WR PDLQWDLQ WKH OHJLWLPDF\ RI DQG WR SURWHFW WKH .LP 5HJLPH IURP IRUHLJQ WKUHDWV� 
7KH RULJLQ RI WKLV SHUFHLYHG QHHG IRU D QXFOHDU GHWHUUHQW FDQ EH FRQVLGHUHG D UHVSRQVH WR 
IRUPHU 8QLWHG 6WDWHV 3UHVLGHQW 7UXPDQ¶V ���� SXEOLF VWDWHPHQW DGPLWWLQJ WR FRQVLGHULQJ 
WKH HPSOR\PHQW RI QXFOHDU ZHDSRQV LQ HQGLQJ WKH .RUHDQ :DU�ï .LP IO 6XQJ ZDV GULYHQ WR 
VHL]H SRZHU DQG VHFXUH KLV UHJLPH WKURXJK D VWURQJ PLOLWDU\� 7KLV DPELWLRQ ODWHU WUDQVODWHG 
WR KLV VRQ� .LP -RQJ IO� ZKR SULRULWL]HG WKH GHYHORSPHQW RI QXFOHDU FDSDEOH LQWHUFRQWLQHQ�
WDO EDOOLVWLF PLVVLOHV �I&%0V� DV D PHDQV RI VHFXULQJ WKH UHJLPH IURP IRUHLJQ SRZHUV� .LP 
-RQJ IO LPSDUWHG KLV YLVLRQ XQWR KLV VRQ� HQVXULQJ JHQHUDWLRQDO LQKHULWDQFH RI KLV QXFOHDU 
DJHQGD�

Nuclear Weapons Development
5RGRQJ 6LQPXQ¶V²WKH QHZVSDSHU RI WKH &HQWUDO &RPPLWWHH RI WKH :RUNHUV¶ 3DUW\ RI 
.RUHD �:3.�²2��� DUWLFOH ³0DNLQJ 1XFOHDU :HDSRQV 6PDOOHU� /LJKWHU� 0RUH 'LYHUVL¿HG� 
DQG 0RUH 3UHFLVH�´ RXWOLQHG WKH OLQHV RI HႇRUW LQ ZRUNLQJ WRZDUGV D PRUH VRSKLVWLFDWHG 
QXFOHDU SURJUDP� LQFUHDVLQJ WKH FUHGLELOLW\ RI 1RUWK .RUHD¶V QXFOHDU IRUFH DQG H[SDQGLQJ 
RSWLRQV IRU ÀH[LEOH QXFOHDU UHVSRQVHV�ð 7KHVH REMHFWLYHV IROORZ WKH SHUFHLYHG OLPLWDWLRQV 
SUHYHQWLQJ WKH UHJLPH IURP GHYHORSLQJ QXFOHDU DUPDPHQWV DQG GHOLYHU\ V\VWHPV FDSDEOH 
RI UHOLDEO\ GHOLYHULQJ QXFOHDU SD\ORDGV YDU\LQJ LQ VL]H DQG GHOLYHU\ V\VWHP UDQJH� 'H¿QHG 
SUHUHTXLVLWH JRDOV LQFOXGH PLQLDWXUL]DWLRQ� HPSOR\LQJ OLJKWHU�ZHLJKW PDWHULDOV� GLYHUVLI\LQJ 
WKH QXFOHDU DUVHQDO� DQG LQFUHDVLQJ SUHFLVLRQ�ñ
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0LQLDWXUL]DWLRQ
1RUWK .RUHD GH¿QHV PLQLDWXUL]DWLRQ DV ³WKH 
PDQXIDFWXULQJ RI D QXFOHDU ZHDSRQ ZLWK 
H[SORVLYH SRZHU XQGHU �� NLORWRQV�´຾ 7KH 
HPSKDVLV RQ GHYHORSLQJ VPDOOHU QXFOHDU 
ZDUKHDGV ZRXOG HTXLS WKH '35. ZLWK WKH 
FDSDFLW\ WR PDNH LWV DUUD\ RI GHOLYHU\ V\V�
WHPV QXFOHDU�FDSDEOH� 7KLV EURDGHQV 1RUWK 
.RUHD¶V QXFOHDU DQG PLVVLOH SURJUDPV E\ 
RSWLPL]LQJ WKH QXFOHDU \LHOG RI WKHLU ZDU�
KHDGV� 7KLV SHUPLWV WKH QXFOHDUL]DWLRQ RI 
VPDOOHU PLVVLOH V\VWHPV� DQG SURGXFWLRQ 
RI ZDUKHDGV UHTXLULQJ OHVV ¿VVLOH PDWHUL�
DO²LQFUHDVLQJ WKH HႈFDF\ RI '35. QXFOHDU 
GHYHORSPHQW� DV PRUH ZDUKHDGV FRXOG EH 
SURGXFHG SHU \HDU� 'HYHORSPHQW RI WKHVH 
VPDOOHU ZDUKHDGV DOVR HQDEOHV WKH '35. 
WR FRQGXFW VFDODEOH QXFOHDU UHVSRQVHV²
VPDOOHU \LHOG GHWRQDWLRQV RQ WDUJHW DQG WKH 
HVWDEOLVKPHQW RI PRUH HFRQRPLFDO QXFOHDU 
ZHDSRQV SURGXFWLRQ�
5HGXFLQJ :HLJKW RI 1XFOHDU :HDSRQV
1RUWK .RUHD EHOLHYHV WKDW WKH ZHLJKW RI LWV 
GHOLYHU\ V\VWHPV LV KLQGHULQJ WKHLU FDSDELO�
LW\ WR WUDYHO ORQJHU GLVWDQFHV� 7R VROYH WKLV 
SUREOHP� LW DFWLYHO\ FRQGXFWV UHVHDUFK RQ 
YLDEOH DOWHUQDWLYHV WR FXUUHQW FRQVWUXFWLYH 
PDWHULDOV WR GHYHORS FDSDFLW\ WR UDQJH DG�
GLWLRQDO FRXQWULHV�຿
'LYHUVL¿FDWLRQ RI 0LVVLOH 6\VWHPV
7KH '35. JXLGHV LWV ZHDSRQV GHYHORSPHQW 
ZLWK DQ DLP WRZDUGV ³>W@KH PDQXIDFWXULQJ 
RI YDULRXV W\SHV RI QXFOHDU ZHDSRQV ZLWK 
WKH DLP RI VXFFHVVIXO DWWDLQPHQW RI D ZLGH 
UDQJH RI PLOLWDU\ REMHFWLYHV�´๤ 7KH PHDQV 
E\ ZKLFK 1RUWK .RUHD FODVVL¿HV QXFOHDU 
ZHDSRQV DUH E\ WKH QXFOHDU FRUH UHDFWLRQ� 
SRZHU DQG UDQJH� DQG WDUJHW GHWRQDWLRQ DO�
WLWXGH� 7KH WKRURXJK FODVVL¿FDWLRQ SURFHVV 
GHPRQVWUDWHV WKH VRSKLVWLFDWLRQ WKH QXFOH�
DU SURJUDP LV DVSLUHG WR DFKLHYH� &DWHJR�
UL]LQJ PLVVLOH V\VWHPV E\ UDQJH VXJJHVWV 
WKDW WKH '35. DUH VHHNLQJ WR GHYHORS WKHLU 

VKRUWHU�UDQJH PLVVLOH V\VWHPV DORQJVLGH 
WKHLU ORQJ�UDQJH V\VWHPV� 1RUWK .RUHD KDV 
GHPRQVWUDWHG YDULHG SK\VLFDO VWUXFWXUHV RI 
PLVVLOHV� ZKLFK LQ WKH DEVHQFH RI FRQFUHWH 
VSHFL¿FDWLRQV� VXJJHVWV DQ DUUD\ RI SRWHQ�
WLDO FDSDELOLWLHV� 2QH VXFK YDULDWLRQ WR WKH 
SK\VLFDO FRQVWUXFWLRQ RI WKHLU GHOLYHU\ V\V�
WHPV LV LQ WKH UHHQWU\ YHKLFOH RI WKH .1�22 
I&%0� ZKLFK KDG D EOXQWHG QRVH FRPSDUHG 
WR WKH SRLQWHG WLS VHHQ LQ SUHYLRXVO\ GHYHO�
RSHG GHOLYHU\ V\VWHPV�ເ 7KLV FKDQJH FRXOG 
VXJJHVW WKH LPSOHPHQWDWLRQ RI DOWHUQDWH 
SD\ORDGV� ODUJHU SD\ORDGV�ແ DQG PRUH OLNHO\� 
D IRUZDUG�VHDWHG SD\ORDG� ZKLFK ZRXOG LQ�
FUHDVH VWDELOLW\ GXULQJ UHHQWU\� 7KH '35.¶V 
GHPRQVWUDWHG DOWHUDWLRQV WR WKHLU GHOLYHU\ 
V\VWHPV LV UHSUHVHQWDWLYH RI DQ LQFUHDVLQJO\ 
VRSKLVWLFDWHG PLVVLOH SURJUDP� ZKLFK SUH�
FHGHV DQG VXJJHVWV HTXDO VRSKLVWLFDWLRQ RI 
WKH '35. QXFOHDU SURJUDP� 1RUWK .RUHDQ 
LPSOHPHQWDWLRQ RI VROLG DQG OLTXLG SURSHO�
ODQWV DQG GLႇHUHQW ÀLJKW FRQWURO PHFKDQLVPV 
�MHW YDQHV� JLPEDOHG WKUXVW� HWF�� GHPRQ�
VWUDWH D IRFXV RQ YDULDEOH WHVWLQJ FRQGXFLYH 
WR FRQWLQXHG JURZWK ERWK LQ UDQJH DQG DFFX�
UDF\ RI WKHLU GHOLYHU\ V\VWHPV�
3URSXOVLRQ
'35. PDLQWDLQV IDFLOLWLHV FDSDEOH RI GR�
PHVWLFDOO\ PDQXIDFWXULQJ ERWK OLTXLG DQG 
VROLG SURSHOODQWV IRU XVH LQ WKHLU GHOLYHU\ 
V\VWHPV��� ��  7KH XVH RI OHVV�VRSKLVWLFDWHG 
SURSHOODQWV VXJJHVWV WKDW 1RUWK .RUHD KDV 
QRW UHVHDUFKHG DQG GHYHORSHG WKH IDFLOLWLHV 
QHFHVVDU\ WR UHOLDEO\ VWRUH DQG WUDQVSRUW 
PRUH HႈFLHQW �DQG YRODWLOH� SURSHOODQWV� 7KH 
GHYHORSPHQW RI ZKLFK ZRXOG LQFUHDVH WKH 
UHDFK RI HDFK '35. PLVVLOH V\VWHP E\ LQ�
FUHDVLQJ WKH EXUQ UDWH�� RI SURSHOODQWV XVHG� 
PDLQWDLQLQJ WKUXVW IRU D JUHDWHU GXUDWLRQ�
Current Nuclear Inventory Assessment

IQ -DQXDU\ RI 2���� DQDO\VWV DW 5DQG &RU�
SRUDWLRQ FUHDWHG SURMHFWLRQV IRU WKH '35.¶V 
QXFOHDU LQYHQWRU\ LQ 2�2�� 7KH\ DVVHVVHG 
WKDW 1RUWK .RUHD FRXOG SRVVHVV EHWZHHQ �� 
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± ��� QXFOHDU ZHDSRQV��2 7KHVH DVVHVVHG 
YDOXHV KLQJH XSRQ WKH EHOLHI WKDW WKH '35. 
SRVVHVVHG EHWZHHQ �� ± �� QXFOHDU ZHDS�
RQV DW WKH WLPH RI SXEOLVKLQJ�  7KH 1DWLRQDO 
&RPPLWWHH RQ 1RUWK .RUHD DVVHVVHG LQ $SULO 
RI 2��� WKDW WKH '35. SRVVHVVHG HQRXJK 
SOXWRQLXP WR SURGXFH � WR �� ZDUKHDGV��� 
'XH WR WKH '35.¶V VHFUHWLYH QDWXUH UHJDUG�
LQJ LWV QXFOHDU SURJUDP� WKHVH SUHGLFWLRQV 
DUH VSHFXODWLYH DQG IRU WKDW UHDVRQ YDU\ 
VLJQL¿FDQWO\� 7KH DERYH DVVHVVPHQWV ZHUH 
WDNHQ DW GLႇHUHQW WLPHV� DW GLႇHUHQW VWDJHV 
RI QXFOHDU GHYHORSPHQW� DQG XVHG GLႇHUHQW 
FULWHULD WR SURMHFW IXWXUH ZDUKHDG LQYHQWRU\ 
VL]HV� 7KH DVVHVVPHQW SURYLGHG E\ 5DQG 
&RUSRUDWLRQ LV PRUH WKDQ OLNHO\ WKH PRVW DF�
FXUDWH SUHGLFWLRQ RI WKH VL]H RI WKH FXUUHQW 
'35. QXFOHDU LQYHQWRU\ DV WKLV DVVHVVPHQW 
ZDV FRQGXFWHG RQ D PRUH GHYHORSHG '35. 
QXFOHDU SURJUDP DQG SUHGLFWV WRWDO LQYHQWR�
U\ D VPDOO SHULRG RI WLPH IURP WKH WLPH RI 
DVVHVVPHQW� $GGLWLRQDO IDFWRUV DႇHFWLQJ WKH 
'35.¶V SRVVLEOH UDWH RI SURGXFWLRQ RI QX�
FOHDU ZDUKHDGV DUH WKH FRQYHUVLRQ RI FLYLO 
QXFOHDU HQULFKPHQW IDFLOLWLHV� WKH DPRXQW 
RI ¿VVLOH PDWHULDO H[SHQGHG SHU WHVW GHWR�
QDWLRQ��� DQG WKH VL]H RI QXFOHDU ZDUKHDGV 
EHLQJ SURGXFHG�
5HVLOLHQF\ RI &RXQWHUVWULNH &DSDELOLW\
7KH '53. OLNHO\ UHOLHV RQ WKH FDSDELOLW\ WR 
UDSLGO\ UHORFDWH� VWDJH� DQG ¿UH WKHLU ORQ�
JHU�UDQJH GHOLYHU\ V\VWHPV WR SURYLGH WKH 
FDSDELOLW\ WR HYDGH DQG UHVSRQG WR LQFRP�
LQJ QXFOHDU WKUHDWV� 7KH QHHG IRU WKLV FD�
SDELOLW\ VWHPV IURP WKH '35.¶V UHOLDQFH 
RQ WKHLU QXFOHDU SURJUDP WR GHWHU IRUHLJQ 
DJJUHVVLRQ� DV DQ\ ORVVHV RI QXFOHDU DUPV 
WKURXJK IRUHLJQ VDERWDJH RU SURDFWLYH GH�
VWUXFWLRQ ZRXOG UHVXOW LQ D ZHDNHU DELOLW\ WR 
SURWHFW WKH .LP 5HJLPH� 7KH '35. FHQWHUV 
LWV QXFOHDU HPSOR\PHQW VWUDWHJ\ DURXQG DV�
VXUDQFH RI D VHFXUH VHFRQG�VWULNH FDSDELOLW\� 
HQVXULQJ WKDW WKH '35. UHPDLQV QXFOHDU FD�
SDEOH IROORZLQJ QXFOHDU VWULNH�V� DJDLQVW LWV 

KRPHODQG� 7KH FXUUHQW PHDQV RI SURWHFWLQJ 
QXFOHDU ZHDSRQV LV E\ VWRULQJ WKHP LQ XQ�
GHUJURXQG IDFLOLWLHV �8*)V� WR SURWHFW WKHP 
IURP VXFK VWULNHV DQG WR SUHYHQW GHWHFWLRQ 
DQG GH¿QLWLYH LGHQWL¿FDWLRQ RI WKH VL]H RI 
WKH '35. QXFOHDU DUVHQDO� IW DOVR HPSOR\V 
WUDQVSRUWHU HUHFWRU ODXQFKHUV �7(/V� WR UHOR�
FDWH DQG ¿UH IURP YDU\LQJ ORFDWLRQV� WKH XVH 
RI FDPRXÀDJH VLWHV WR FRYHUWO\ VWDJH DQG 
VWRUH QXFOHDU ZHDSRQV� DQG DERYHJURXQG 
GHOLYHU\ V\VWHPV��� 7KH HQWLUH '35. PLV�
VLOH DUVHQDO LV FDSDEOH RI EHLQJ RXW¿WWHG WR 
D 7(/ RU WUDQVSRUWHG E\ PXOWLSOH VXSSRUW 
YHKLFOHV IRU VWDJLQJ DW VHYHUDO HVWDEOLVKHG 
ODXQFK ORFDWLRQV� 7KH IRFXV RQ PLVVLOH PR�
ELOLW\ LQVWHDG RI WKH PLVVLOH ODXQFK IDFLOLWLHV 
PDLQWDLQHG E\ ODUJHU FRXQWULHV UHÀHFWV WKH 
UHOLDQFH RQ WKH QXFOHDU DUVHQDO IRU SURWHF�
WLRQ�

Nuclear Use Scenarios
+LVWRULFDOO\� .-8¶V RႈFLDO VWDWHPHQWV DQG 
WKHLU WLPLQJ VXJJHVW WKDW WKH '35. ZRXOG 
FXUUHQWO\ XVH WKHLU QXFOHDU DUVHQDO RQO\ LQ 
WKH HYHQW RI D JURXQG LQYDVLRQ RI 1RUWK .R�
UHD RU D UHJLPH FROODSVH� .-8 KDV WKUHDW�
HQHG WR XVH QXFOHDU ZHDSRQV DV D PHDQV 
RI OLIWLQJ VDQFWLRQV HPSODFHG RQ WKH UHJLPH 
DQG WR GHWHU SHUFHLYHG WKUHDWV LQ WKH IRUP 
RI UHGLVWULEXWLRQ RI IRUHLJQ IRUFHV WRZDUGV 
WKH '35. ERUGHU RU WKH FRQGXFW RI PLOLWDU\ 
H[HUFLVHV LQ SUR[LPLW\ WR WKH '35. �52. 
RU '35. HFRQRPLF ]RQHV�� 7KH '35. KDV 
WKUHDWHQHG QXFOHDU DFWLRQ DQG KLQWHG DW ZLOO�
LQJQHVV WR WDNH QXFOHDU DFWLRQ LQ UHVSRQVH 
WR PDQ\ LVVXHV���� �� VXJJHVWLQJ WKDW WKH 
'35. UHOLHV KHDYLO\ RQ YLUWXDO GHWHUUHQFH� LQ 
ZKLFK WKH DPELJXLW\ RI WKH FRQGLWLRQV XQGHU 
ZKLFK WKH '35. ZRXOG DFWXDOO\ XVH QXFOHDU 
ZHDSRQV SURYLGHV DGGLWLRQDO VHFXULW\��� WKH 
DEVHQFH RI DQ RႈFLDO QXFOHDU GRFWULQH IXU�
WKHU UHLQIRUFHV WKLV IRUP RI GHWHUUHQFH� 7KH 
YLDEOH XVH VFHQDULRV DUH WLJKWO\ FRQVWUDLQHG 
DV WKH '35.� D JURZWK�RULHQWHG FRXQWU\� 
FDQQRW \HW DႇRUG WR GUDZ H[FHVVLYH QRWRUL�
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HW\ EH\RQG ZKDW LV FDSWXUHG E\ WKHLU DOUHDG\ 
KRVWLOH UKHWRULF� (QJDJLQJ LQ XQQHFHVVDU\ 
FRPEDW RU LQVWLJDWLQJ IXUWKHU VDQFWLRQV 
ZRXOG LPSHGH UDSLG JURZWK RI WKHLU QXFOH�
DU SURJUDP� $OWKRXJK WKHVH VDQFWLRQV KDYH 
QRW EHHQ ODUJHO\ HႇHFWLYH²DV WKH FRQWLQ�
XHG GHYHORSPHQW RI WKH '35. QXFOHDU SUR�
JUDP ZRXOG LQGLFDWH� WKH\ GR UHGXFH WKH 
DYDLODELOLW\ RI PDWHULDOV QHHGHG DQG DUH D 
WUDGHRႇ WKH .LP UHJLPH PXVW DFFHSW ZKHQ 
LVVXLQJ KRVWLOH UKHWRULF RU WDNLQJ KRVWLOH DF�
WLRQV� 7KH EHORZ QXFOHDU XVH VFHQDULRV DUH 
WKDW DXWKRU¶V DVVHVVHG UHVSRQVHV �EDVHG 
RQ RSHQ�VRXUFH DQDO\VLV� WR D JURXQG LQYD�
VLRQ RI 1RUWK .RUHD�
5HDFWLYH /DXQFK
IQ WKH HYHQW RI D JURXQG LQYDVLRQ DLPHG DW 
XQVHDWLQJ WKH .LP UHJLPH IURP SRZHU� .-8 
ZRXOG OLNHO\ FRQGXFW PHDVXUHG QXFOHDU 
VWULNHV� PLQLDWXUL]HG ZDUKHDGV ZLWK VPDOOHU 
\LHOGV� DJDLQVW LQYDGLQJ IRUFHV ZKLOH WKUHDW�
HQLQJ FRXQWHUYDOXH �VLJQL¿FDQW QRQ�PLOLWDU\ 
WDUJHWV� PRVW OLNHO\ GHQVHO\ SRSXODWHG FLWLHV� 
VWULNHV WR GHWHU IXUWKHU DGYDQFH LQWR 1RUWK 
.RUHD� 7KUHDWHQLQJ ODXQFKHV RQ FRXQWHU�
YDOXH WDUJHWV SURGXFHV D VLJQL¿FDQW PRUDO 
GLOHPPD WR WKH DJJUHVVLQJ QDWLRQ�V� DV IXU�
WKHU DJJUHVVLYH DFWLRQV ZLOO LQFXU PXOWLSOH 
PDVV FDVXDOW\ LQFLGHQWV� WKH VHFRQG�RUGHU 
HႇHFWV RI ZKLFK ZRXOG OLNHO\ EH PDVV FLYLO 
XQUHVW ZLWKLQ WKH DႇHFWHG FRXQWULHV ZLWK WKH 
LQWHQW RI FRPSHOOLQJ WKH LQYDGLQJ FRXQWULHV 
WR ZLWKGUDZ IRUFHV IURP WKH SHQLQVXOD� II WKLV 
PRUDO GLOHPPD GRHV QRW GHWHU D FRQWLQXHG 
LQYDVLRQ DQG D VL]HDEOH WKUHDW WR WKH UHJLPH 
LV H[SHFWHG²OLNHO\ GXH WR KRVWLOH HQFURDFK�
PHQW RQ 3\RQJ\DQJ� WKH '35. ZRXOG OLNH�
O\ RႇHU D ¿QDO XOWLPDWXP RU EDUJDLQ� II WKLV 
IDLOV WR GLႇXVH WKH VLWXDWLRQ WKH '35. ZRXOG 
OLNHO\ ODXQFK DOO SRVWXUHG PLVVLOHV DW D FRP�
ELQDWLRQ RI FRXQWHUYDOXH DQG FRXQWHUIRUFH 
�PLOLWDU\ WDUJHWV� OLNHO\ FHQWHUV RI FRPPDQG 
DQG FRQWURO DQG VWRUDJH IDFLOLWLHV� WDUJHWV�  
%\ H[SHQGLQJ DOO QXFOHDU PXQLWLRQV� .-8 

ZRXOG HQVXUH LQYDGHUV RU WKHLU DOOLHV LQFXU 
PD[LPXP ORVVHV DW KRPH DQG DEURDG ZKLOH 
GHQ\LQJ VHL]XUH RI '35. QXFOHDU ZHDSRQV� 
7KLV FRXUVH RI DFWLRQ LV VXSSRUWHG E\ WKH 
SUHFHGHQW HVWDEOLVKHG E\ SDVW HVFDODWLRQ RI 
QXFOHDU WHVWLQJ DQG KRVWLOH UKHWRULF GXULQJ 
RSHUDWLRQV .H\�5HVROYH DQG )RDO�(DJOH��� 
7KLV UHVSRQVH LV D SURGXFW RI WKH '35.¶V 
EHOLHI WKDW WKH GULOO LV FRQGXFWHG LQ SUHSDUD�
WLRQ IRU DQ LQYDVLRQ RI 1RUWK .RUHD�2�� 2�

5DQG &RUSRUDWLRQ DVVHVVHV WKDW� LQ WKH 
HYHQW RI D VDOYR ODXQFK� URXJKO\ KDOI RI QX�
FOHDU ODXQFKHV FRQGXFWHG ZRXOG EH DLPHG 
DW FRXQWHUIRUFH WDUJHWV� ZKLOH WKH UHPDLQGHU 
ZRXOG EH UHVHUYHG WR WKUHDWHQ FRXQWHUYDOXH 
VWULNHV ³DJDLQVW FLWLHV LQ 6RXWK .RUHD� -D�
SDQ� &KLQD� 5XVVLD� DQG²LI WKH\ GHYHORS 
WKH GHOLYHU\ PHDQV²WDUJHWV LQ WKH 8QLWHG 
6WDWHV�´22 
'HIHQVLYH 'HWRQDWLRQV
$OWHUQDWHO\� WKH '35. FRXOG UHORFDWH QXFOH�
DU ZDUKHDGV FXUUHQWO\ VWRUHG LQ 8*)V VRXWK 
WRZDUGV WKH '0= IRU UHPRWH� RQ�VLWH GHWR�
QDWLRQ� 7KH SUHUHTXLVLWHV IRU WKLV QXFOHDU 
XVH VFHQDULR DUH WKH '35. QRW SRVVHVVLQJ 
WKH FDSDELOLW\ WR UDSLGO\ H[SHQG DOO QXFOH�
DU PXQLWLRQV RU WKH '35. ODFNLQJ PHDQV 
RI UHOLDEO\ UDQJLQJ LQWHUFRQWLQHQWDO WDUJHWV� 
$ UHJLPH DVVHVVPHQW WKDW WKH 7HUPLQDO 
+LJK $OWLWXGH $LU 'HIHQVH �7+$$'� EDWWHU\ 
HPSODFHG LQ 6RXWK .RUHD RU DQ\ DGGLWLRQ�
DO DLU GHIHQVH V\VWHPV HPSODFHG LQ RWKHU 
RYHUÀLJKW FRXQWULHV ZLOO LQWHUFHSW D PLVVLOH 
PLG�ÀLJKW FRXOG EH D FRPSHOOLQJ UHDVRQ WR 
GHFLGH DJDLQVW PLVVLOH ODXQFK DQG UDWKHU 
RQ�VLWH GHWRQDWLRQ� 5HVHDUFK FRQGXFWHG E\ 
WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI +HDOWK 	 
+XPDQ 6HUYLFHV DVVHVVHV WKDW I1'V DUH 
FDSDEOH RI SURGXFLQJ SRFNHWV RI UDGLDWLRQ 
IRU H[WHQGHG SHULRGV�2� I1'V DUH OHVV VR�
SKLVWLFDWHG WKDQ PLVVLOH ZDUKHDGV E\ QD�
WXUH DQG WKH '35.²SRVVHVVLQJ D JURZLQJ 
QXFOHDU SURJUDP IRU RYHU WHQ \HDUV� VKRXOG 
EH PRUH WKDQ FDSDEOH RI PDWFKLQJ RU H[�
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FHHGLQJ WKH DUHD GHQLDO FDSDELOLWLHV RI I1'V� 
.-8 FRXOG SUHYHQW DQG GHWHU D FRQWLQXHG 
LQYDVLRQ E\ DGRSWLQJ D QXFOHDU GHQLDO VWUDW�
HJ\� GHJUDGLQJ WKH DJJUHVVLQJ IRUFH¶V UDWH 
RI PDUFK WKURXJK 1RUWK .RUHD ZKLOH SXU�
FKDVLQJ WKH WLPH QHFHVVDU\ IRU WKH '35. 
WR EDUJDLQ DQG QHJRWLDWH D WUXFH WR SUHVHUYH 
WKH UHJLPH� $GGLWLRQDOO\� VKRUWHU�UDQJH QX�
FOHDU PLVVLOH V\VWHPV FRXOG EH ODXQFKHG 
DW WDUJHWV ZLWKLQ 1RUWK .RUHD WR HVWDEOLVK 
FRQWDPLQDWHG DUHDV DV QHFHVVDU\ WR IXUWKHU 
GHOD\ IULHQGO\ IRUFH ÀRZ ZLWKLQ WKH .RUHDQ 
3HQLQVXOD� 7KLV VFHQDULR KLQJHV RQ WKH DV�
VHVVPHQW WKDW .-8 LV ZLOOLQJ WR LQFXU ORVVHV 
FDXVHG E\ GHWRQDWLRQV DQG PDVV GLVSODFH�
PHQW RI 1RUWK .RUHDQV UHVXOWLQJ IURP WKH 
HPSODFHPHQW RI QXFOHDU ZHDSRQV WR SUH�
VHUYH WKH .LP UHJLPH�

Nuclear Proliferation Risk Factors
7KH '35. KDV ORVW WKH PDMRULW\ RI LWV RႈFLDO 
WUDGH UHODWLRQVKLSV GXH WR 8QLWHG 1DWLRQV 
VDQFWLRQV� 5HVXOWLQJ VDQFWLRQV HPSODFHG 
E\ SDUWQHU QDWLRQV KDYH OHIW WKH '35. ZLWK 
IHZ SDUWQHUV IRU PLVVLOH FRPSRQHQW VDOHV� 
7KH '35.¶V UHPDLQLQJ HQGHDYRU LV FROODE�
RUDWLYH PLVVLOH GHYHORSPHQW ZLWK IUDQ DQG 
6\ULD�2� 3\RQJ\DQJ¶V QHHG IRU FDSLWDO WR 
FRQWLQXH WR UHVHDUFK DQG SURGXFH QXFOHDU 
ZDUKHDGV DQG GHOLYHU\ V\VWHPV FRXSOHG 
ZLWK WKH SUHFHGHQW RI SDUDOOHO PLVVLOH GH�
YHORSPHQWV EHWZHHQ IUDQ DQG 1RUWK .RUHD 
VXJJHVWV D ZLOOLQJQHVV WR VHOO GHYHORSHG 
QXFOHDU WHFKQRORJLHV WR IUDQ�ð຿ 1RUWK .RUHD 
KDV DOVR EHHQ FRQWUDFWHG E\ 6\ULD WR FRQ�
VWUXFW D QXFOHDU UHDFWRU� HVWDEOLVKLQJ SUHF�
HGHQW IRU VKDULQJ QXFOHDU WHFKQRORJ\ ZLWK 
RWKHU QDWLRQV�2� 1RUWK .RUHD SRVHV D VLJQLI�
LFDQW WKUHDW WR SUROLIHUDWH QXFOHDU UHVHDUFK 
DV WKH\ SRVVHVV WZR YLDEOH PDUNHWV WKURXJK 
ZKLFK WR SUROLIHUDWH� 7KH '35. LV XQOLNHO\ 
WR VHOO DQ\ ZHDSRQV IURP LWV SUL]HG QXFOHDU 
SURJUDP EXW ZRXOG OLNHO\ VHOO QXFOHDU DQG 
PLVVLOH WHFKQRORJLHV WR FRQWLQXH IXQGLQJ 
QXFOHDU UHVHDUFK DQG GHYHORSPHQW�  3UR�

OLIHUDWLRQ ZRXOG IUXVWUDWH QRQSUROLIHUDWLRQ 
DQG FRXQWHUSUROLIHUDWLRQ HႇRUWV PDGH E\ 
WKH 8QLWHG 1DWLRQV� IXUWKHU GHVWDELOL]LQJ WKH 
JOREDO QXFOHDU HQYLURQPHQW DQG SRWHQWLDOO\ 
DႇRUGLQJ 1RUWK .RUHD GLVWUDFWLRQ IURP WKHLU 
QXFOHDU GHYHORSPHQW HႇRUWV�
IQ WKH HYHQW RI D UHJLPH FROODSVH� WKHUH LV D 
VLJQL¿FDQW ULVN RI QXFOHDU SUROLIHUDWLRQ� 1X�
FOHDU VFLHQWLVWV ZRXOG OLNHO\ ÀHH SHUVHFXWLRQ 
RU VHHN HPSOR\PHQW ZLWKLQ RWKHU QDWLRQV� 
EULQJLQJ ZLWK WKHP DOO QXFOHDU UHVHDUFK� 
7KLV LV HVSHFLDOO\ LQMXULRXV VKRXOG WKH VFLHQ�
WLVWV WUDYHO WR FRXQWULHV WKDW KDYH QRW \HW GH�
YHORSHG QXFOHDU FDSDELOLWLHV� 7KH DUULYDO RI 
WKH '35. VFLHQWLVWV ZRXOG HVWDEOLVK WKH UH�
FHLYLQJ FRXQWULHV DV YLDEOH QXFOHDU WKUHDWV 
DV WKH\ QRZ KDYH LQGLYLGXDOV FDSDEOH RI 
UHSURGXFLQJ QXFOHDU ZHDSRQV SURYLGHG WKH 
UHFHLYLQJ VWDWHV FRXOG SURGXFH WKH PDWHUL�
DOV QHHGHG� 
$GGLWLRQDOO\� WKH DEVHQFH RI D GHVLJQDWHG 
VXFFHVVRU RXWVLGH RI WKH .LP IDPLO\ ZRXOG 
FUHDWH D SRZHU YDFXXP� GXULQJ ZKLFK LQÀX�
HQWLDO PLOLWDU\ RႈFLDOV DQG DGYLVRUV WR WKH 
ODWH 6XSUHPH /HDGHU ZRXOG HQJDJH LQ WKH 
HQVXLQJ SRZHU VWUXJJOH� 'XULQJ WKLV WLPH� 
WKH 1RUWK .RUHDQ SRSXODWLRQ²ODFNLQJ DQ\ 
RႈFLDO OHDGHUVKLS DQG DJJUDYDWHG E\ WKHLU 
QRZ ZDU�WRUQ FRXQWU\ DQG GLVSODFHPHQW 
IURP WKHLU KRPHV ZRXOG OLNHO\ VWDUW ULRWV 
WKURXJKRXW WKH FRXQWU\� 7KH FKDRV FUHDWHG 
ERWK LQ WKH JRYHUQPHQW DQG FLYLO VHFWRUV 
FUHDWHV D UHDO ULVN IRU WKH DFTXLVLWLRQ RI QX�
FOHDU ZHDSRQV E\ QRQ�VWDWH DFWRUV RU JRY�
HUQPHQW RႈFLDOV VHHNLQJ WR LPSRVH WKHLU ZLOO 
RYHU WKHLU FRPSHWLWLRQ� FUHDWLQJ D PRUH YROD�
WLOH QXFOHDU HQYLURQPHQW�
$FNQRZOHGJHPHQW�  7KLV DUWLFOH ZDV ZULWWHQ 
LQ IXO¿OOPHQW RI D 1(��� 1XFOHDU (QJLQHHU�
LQJ IQGHSHQGHQW 6WXG\ FRXUVH DW 860$� 
7KH DXWKRU ZRXOG OLNH WR WKDQN WKH 1XFOHDU 
6FLHQFH DQG (QJLQHHULQJ 5HVHDUFK &HQ�
WHU �D ¿HOG RႈFH RI '75$�5'�17 ORFDWHG 
DW :HVW 3RLQW� 1<� DQG 0$- -LOO 5DKRQ IRU 
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LQSXWV DQG PHQWRUVKLS ZKLOH ZULWLQJ WKLV DU�
WLFOH�   

Notes

�� 86 'HSDUWPHQW RI 6WDWH� ³)RUHLJQ 
5HODWLRQV RI WKH 8QLWHG 6WDWHV� ����� 
.RUHD� 9ROXPH 9II�´ 2ႈFH RI WKH +LV�
WRULDQ� 86 'HSDUWPHQW RI 6WDWH� KWWSV���
KLVWRU\�VWDWH�JRY�KLVWRULFDOGRFXPHQWV�
IUXV����Y���G���

2� 0DQVRXURY� $OH[DQGUH (� ³0DNLQJ 
1XFOHDU :HDSRQV 6PDOOHU� /LJKWHU� 
0RUH 'LYHUVL¿HG� DQG 0RUH 3UHFLVH�´ 
5RGRQJ 6LQPXQ� 2�0$<2���� 1DXWLOXV 
IQVWLWXWH IRU 6HFXULW\ DQG 6XVWDLQDELO�
LW\� ³.LP -RQJ 8Q¶V 1XFOHDU 'RFWULQH 
DQG 6WUDWHJ\� :KDW (YHU\RQH 1HHGV 
WR .QRZ�´ KWWSV���QDXWLOXV�RUJ�QDSVQHW�
QDSVQHW�VSHFLDO�UHSRUWV�NLP�MRQJ�XQV�
QXFOHDU�GRFWULQH�DQG�VWUDWHJ\�ZKDW�HY�
HU\RQH�QHHGV�WR�NQRZ��BHGQ��

�� 0DQVRXURY�

�� 0DQVRXURY�

�� 0DQVRXURY�

�� 0DQVRXURY�

�� (OOHPDQ� 0LFKDHO� ³7KH 1HZ 
+ZDVRQJ��� I&%0� $ 6LJQL¿FDQW 
IPSURYHPHQW 7KDW 0D\ EH 5HDG\ DV 
(DUO\ DV 2����´ ��1RUWK� ��1292���� 
KWWSV���ZZZ���QRUWK�RUJ�2�������PHOOH�
PDQ�������

�� (OOHPDQ�

�� %UDHXQLJ� 5REHUW $� ³5RFNHW 3URSHO�
ODQWV�´ 5RFNHW 	 6SDFH 7HFKQRORJ\� 
2���� KWWS���EUDHXQLJ�XV�VSDFH�SURSHO�
KWP

��� %HUPXGH]� -RVHSK� ³1RUWK .RUHD¶V 6RO�
LG�3URSHOODQW 5RFNHW (QJLQH 3URGXF�
WLRQ IQIUDVWUXFWXUH� 7KH 1R� �� )DFWRU\ 
LQ +DPKXQJ�´ ��1RUWK� ��-$12���� 

KWWSV���ZZZ���QRUWK�RUJ�2�������QR�
��IDFWRU\�������

��� /HH DQG %XUFK¿HOG� ³6ROLG 3URSHOODQW 
5RFNHW 0RWRU 3HUIRUPDQFH &RPSXWHU 
3URJUDPV 8VLQJ WKH *URXS 7UDQVIRUPD�
WLRQ 0HWKRG�´ 1DWLRQDO $HURQDXWLFV DQG 
6SDFH $VVRFLDWLRQ� 0DQQHG 6SDFH�
FUDIW &HQWHU� 2&7����� KWWSV���QWUV�
QDVD�JRY�DUFKLYH�QDVD�FDVL�QWUV�QDVD�
JRY�������2��2��SGI�

�2� *HQWLOH� &UDQH� 0DGGHQ� %RQGV� %HQ�
QHWW� 0D]DUU� DQG 6FREHOO� ³)RXU 3URE�
OHPV RQ WKH .RUHDQ 3HQLQVXOD� 1RUWK 
.RUHD¶V ([SDQGLQJ 1XFOHDU &DSDELOL�
WLHV 'ULYH D &RPSOH[ 6HW RI 3UREOHPV�´ 
5DQG &RUSRUDWLRQ� -$12���� KWWSV���
ZZZ�UDQG�RUJ�SXEV�WRROV�7/2���KWPO

��� :HUW]� 0F*UDWK� DQG /D)R\� ³1RUWK 
.RUHD¶V 1XFOHDU :HDSRQV 3URJUDP�´ 
1&1.� $352���� KWWSV���ZZZ�QFQN�
RUJ�UHVRXUFHV�SXEOLFDWLRQV�'35.�1X�
FOHDU�:HDSRQV�IVVXH�%ULHI�SGI

��� :HUW]� 0F*UDWK� DQG /D)R\�

��� 5RVHQDX� :LOOLDP� 6SHFLDO 2SHUDWLRQV 
)RUFHV DQG (OXVLYH (QHP\ *URXQG 
7DUJHWV� /HVVRQV IURP 9LHWQDP DQG WKH 
3HUVLDQ *XOI :DU� 6DQWD 0RQLFD� &$� 
$UOLQJWRQ� 9$� 3LWWVEXUJK� 3$� 5$1' 
&RUSRUDWLRQ� 2����  ZZZ�MVWRU�RUJ�VWD�
EOH�����2���PU����DI

��� %RQG� &KDUORWWH� 1RUWK .RUHD IVVXHV 
:DUQLQJ WR 8QLWHG 6WDWHV� µ5HIUDLQ 
)URP &DXVLQJ D 6WLQN�¶ 'DLO\:LUH� 
��0$52�2�� KWWSV���ZZZ�GDLO\ZLUH�
FRP�QHZV�QRUWK�NRUHD�LVVXHV�ZDUQLQJ�
WR�XQLWHG�VWDWHV�UHIUDLQ�IURP�FDXVLQJ�D�
VWLQN

��� 2¶1HLO� $QGUHZ� &RPPDQG :LWKRXW 
&RQWURO" 1XFOHDU &ULVLV IQVWDELOLW\ RQ 
WKH .RUHDQ 3HQLQVXOD� 1RUWK .RUHDQ 
5HYLHZ� 9RO� ��� 1R� �� 0F)DUODQG 	 
&RPSDQ\� 2���� KWWSV���ZZZ�MVWRU�RUJ�
VWDEOH�������2�
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��� 3DUDFKLQL� +DUROG� *HQWLOH� *URVVPDQ� 
.LP� 0D� 0D]DUU� DQG 5RELQVRQ� 1RUWK 
.RUHDQ 'HFLVLRQPDNLQJ� (FRQRPLF 
2SHQLQJ� &RQYHQWLRQDO 'HWHUUHQFH� 
%UHDNGRZQ� DQG 1XFOHDU 8VH� 6DQWD 
0RQLFD� &$� 5$1' &RUSRUDWLRQ� 2�2�� 
S� ��� KWWSV���ZZZ�UDQG�RUJ�SXEV�UH�
VHDUFKBUHSRUWV�55$������KWPO

��� .LP� -RQJ�8Q� ³6WDWHPHQW RI &KDLUPDQ 
RI 6WDWH $ႇDLUV &RPPLVVLRQ RI '35.�´ 
1DWLRQDO &RPPLWWHH RQ 1RUWK .RUHD� 
226(32���� KWWSV���ZZZ�QFQN�RUJ�UH�
VRXUFHV�SXEOLFDWLRQV�NMXBVWDWHPHQWBWRB
WUXPS�SGI�¿OHBYLHZ

2�� .RUHDQ &HQWUDO 1HZV $JHQF\ ³)RU�
HLJQ 0LQLVWU\ 6D\V '35. 5HDG\ IRU 
'LDORJXH DQG :DU�´ ��0$52���� 
KWWSV���NFQDZDWFK�RUJ�QHZ�
VWUHDP����������������2�����IRU�
HLJQ�PLQLVWU\�VD\V�GSUN�UHDG\�IRU�GLD�
ORJXH�DQG�ZDU�

2�� .RUHDQ &HQWUDO 1HZV $JHQF\� ³'35. 
IV )XOO\ 5HDG\ IRU 'LDORJXH DQG :DU� 
)0 6SRNHVSHUVRQ�´ 2�)(%2��2� 
KWWSV���NFQDZDWFK�RUJ�QHZ�
VWUHDP�������2��������������GSUN�
LV�IXOO\�UHDG\�IRU�GLDORJXH�DQG�ZDU�IP�
VSRNHVPDQ�

22� *HQWLOH� &UDQH� 0DGGHQ� %RQGV� %HQ�
QHWW� 0D]DUU� DQG 6FREHOO�

2�� 86 'HSDUWPHQW RI +HDOWK 	 +XPDQ 
6HUYLFHV� ³1XFOHDU 'HWRQDWLRQ� :HDS�
RQV� IPSURYLVHG 1XFOHDU 'HYLFHV�´ 86 
'HSDUWPHQW RI +HDOWK 	 +XPDQ 6HU�
YLFHV� 5DGLDWLRQ (PHUJHQF\ 0HGLFDO 
0DQDJHPHQW� 2�$352�2�� KWWSV���ZZZ�
UHPP�QOP�JRY�QXFOHDUH[SORVLRQ�KWP

2�� 3ROODFN� -RVKXD� ³7KH (YROXWLRQ RI 
1RUWK .RUHD¶V %DOOLVWLF 0LVVLOH 0DUNHW�´ 
1RQSUROLIHUDWLRQ 5HYLHZ� 9RO� ��� 1R� 2� 
-8/2���� KWWSV���ZZZ�QRQSUROLIHUDWLRQ�
RUJ�ZS�FRQWHQW�XSORDGV�QSU�QSUB���
2BSROODFNBEDOOLVWLF�WUDMHFWRU\�SGI

2�� 5DPDQL� 6DPXHO� ³$ &ORVHU /RRN DW 
IUDQ DQG 1RUWK .RUHD¶V 0LVVLOH &RRS�
HUDWLRQ�´ 7KH 'LSORPDW� ��0$<2���� 
KWWSV���WKHGLSORPDW�FRP�2�������D�FORV�
HU�ORRN�DW�LUDQ�DQG�QRUWK�NRUHDV�PLV�
VLOH�FRRSHUDWLRQ�

2�� 5DPDQL� 6DPXHO� ³1RUWK .RUHD¶V 
6\ULDQ &RQQHFWLRQ�´ 7KH 'LSORPDW� 
2�)(%2���� KWWSV���WKHGLSORPDW�
FRP�2�����2�QRUWK�NRUHDV�V\ULDQ�FRQ�
QHFWLRQ�

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 121Issue 22

Peter Goldstein, Ph.D. is a Physicist at the National Atmospheric Release Advisory Center 
(NARAC) at the Lawrence Livermore National Laboratory (LLNL), in Livermore, California.  His 
current work focusses on the development of capabilities for modeling atmospheric dispersion 
of hazardous materials and radioactive fallout. He has prior experience with explosions while 
working in the fields of seismology and shock wave physics.  He has a B.S. in Physics from the 
University of Massachusetts and a Ph.D. in Physics from University of California at Santa Barbara.  
Prior to joining LLNL he spent one year as a National Research Council Fellow at the United 
States Geological Survey in Menlo Park, California.  His email address is goldstein1@llnl.gov.

Reconciling Conflicting Estimates of the
Beirut Explosion Yield and Mushroom Cloud 

Height: Effects of an Aqueous Near 
Source Environment

3HWHU *ROGVWHLQ
1DWLRQDO $WPRVSKHULF 5HOHDVH $GYLVRU\ &HQWHU �1$5$&�

/DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ �//1/�
Summary 

IQLWLDO HVWLPDWHV IRU WKH H[SORVLYH \LHOG RI WKH $XJXVW �� 2�2� %HLUXW H[SORVLRQ YDULHG 
ZLGHO\ DQG� LQ VRPH FDVHV� ZHUH LQFRQVLVWHQW ZLWK ZKDW ZRXOG EH H[SHFWHG EDVHG RQ 

WKH DPRXQW RI DPPRQLXP QLWUDWH UHSRUWHGO\ VWRUHG DW WKH %HLUXW KDUERU�  )XUWKHUPRUH� 
LQLWLDO HVWLPDWHV IRU FUDWHU VL]H� VHLVPLF PDJQLWXGH� DQG PXVKURRP FORXG KHLJKW DOVR 
VHHPHG WR EH LQ FRQÀLFW ZLWK RQH DQRWKHU DQG WKH UHSRUWHG DPRXQW RI DPPRQLXP QLWUDWH�  
IQ WKLV DUWLFOH� I GHVFULEH P\ HႇRUWV WR XQGHUVWDQG DQG UHFRQFLOH WKHVH GLVFUHSDQFLHV E\ 
WDNLQJ WKH QHDU VRXUFH HQYLURQPHQW LQWR DFFRXQW�  

I XVH FUDWHU GLPHQVLRQV WR HVWLPDWH WKH \LHOG RI WKH $XJXVW �WK� 2�2� %HLUXW H[SORVLRQ WR 
EH HTXLYDOHQW WR DSSUR[LPDWHO\ ��� NLORWRQV RI 717 ZLWK D ORZHU ERXQG RI DERXW ��� NLOR�
WRQV�  %DVHG RQ WKH PDVV RI DPPRQLXP QLWUDWH UHSRUWHG WR KDYH EHHQ VWRUHG DW WKH %HLUXW 
KDUERU� I DVVXPH DQ XSSHU ERXQG IRU WKH \LHOG RI 2��� NLORWRQV� +RZHYHU� LW LV KLJKO\ OLNHO\ 
WKDW WKH \LHOG ZDV OHVV WKDQ 2��� NLORWRQV� VLQFH UHSRUWHG YDOXHV RI 717 HTXLYDOHQW PDVV 
RI DPPRQLXP QLWUDWH H[SORVLRQV DUH W\SLFDOO\ PXFK OHVV WKDQ RQH KXQGUHG SHUFHQW RI WKH 
PDVV RI WKH H[SORVLYH� 7KH FUDWHU�VL]H EDVHG \LHOG HVWLPDWHV DUH EDVHG RQ FUDWHU UDGLXV 
HVWLPDWHV IURP VDWHOOLWH LPDJHU\ DQG HPSLULFDO FXUYHV DQG GDWD IRU VFDOHG FUDWHU UDGLXV 
IURP SDVW FKHPLFDO DQG QXFOHDU H[SORVLRQV�  I SUHVHQW HYLGHQFH WKDW VXJJHVWV WKDW WKH 
UHODWLYHO\ ODUJH FUDWHU UDGLXV LV GXH WR D KLJK GHJUHH RI FRXSOLQJ RI VKRFN ZDYH HQHUJ\ WR 
WKH VXUURXQGLQJ PHGLXP DQG D UHGXFWLRQ RI WKH HႇHFWLYH VWUHVV EHFDXVH RI D KLJK OHYHO RI 
VDWXUDWLRQ RI WKH JHRORJLF PHGLD EHQHDWK WKH H[SORVLRQ� I SURYLGH \LHOG HVWLPDWHV EDVHG 
RQ VHLVPLF ERG\�ZDYH PDJQLWXGH DQG FUDWHU GHSWK DV FRUURERUDWLQJ HYLGHQFH�  

I FRPSDUH SUHOLPLQDU\ HVWLPDWHV IRU WKH PD[LPXP GHEULV FORXG KHLJKW� EDVHG RQ FHOO 
SKRQH YLGHRV�LPDJHV� ZLWK SUHGLFWHG PD[LPXP KHLJKWV IRU WKLV \LHOG UDQJH IURP HPSLULFDO 
IRUPXODV DQG QXPHULFDO FORXG�ULVH PRGHOV� %DVHG RQ D SUHOLPLQDU\ DQDO\VLV RI FHOO SKRQH 
IRRWDJH� WKH REVHUYHG PD[LPXP FORXG KHLJKW LV HVWLPDWHG WR EH DSSUR[LPDWHO\ ���� P� 

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 122 Issue 22

7KLV LV PXFK ORZHU WKDQ WKDW SUHGLFWHG XVLQJ VWDQGDUG HPSLULFDO IRUPXODV DQG EXR\DQW 
FORXG ULVH PRGHOV�  
I SUHVHQW UHVXOWV IURP D PRGL¿HG EXR\DQW FORXG ULVH PRGHO WKDW PRUH DFFXUDWHO\ SUHGLFWV 
WKH PD[LPXP FORXG KHLJKW E\ DOORZLQJ IRU WKH LQFOXVLRQ RI D ¿[HG DPRXQW RI DLU DQG�RU 
ZDWHU LQWR WKH ¿UHEDOO DW WKH VWDUW RI FORXG ULVH�  7KH DPRXQW RI DLU RU ZDWHU WKDW QHHGV WR 
EH DGGHG DW WKH VWDUW RI WKH H[SORVLRQ� WR UHSURGXFH WKH REVHUYHG PD[LPXP FORXG KHLJKW� 
LV UHODWLYHO\ VPDOO FRPSDUHG WR WKH WRWDO PDVV RI DLU H[SHFWHG WR EH  HQWUDLQHG GXULQJ FORXG 
ULVH�  $ PXFK JUHDWHU DPRXQW RI GU\ DLU RU GHEULV LV UHTXLUHG� UHODWLYH WR ZDWHU� IRU DQ HTXLY�
DOHQW UHGXFWLRQ LQ PD[LPXP FORXG KHLJKW�  7KH DPPRQLXP QLWUDWH LV RQH SRVVLEOH VRXUFH 
IRU ZDWHU LQ WKH ¿UHEDOO VLQFH LW ZDV EHLQJ VWRUHG LQ D YHU\ KXPLG HQYLURQPHQW DQG DPPR�
QLXP QLWUDWH LV NQRZQ WR EH K\JURVFRSLF�  7KH JURXQG EHQHDWK WKH H[SORVLRQ� HVSHFLDOO\ LI 
LW ZHUH VDWXUDWHG� DQG WKH QHDUE\ KDUERU FRXOG DOVR KDYH EHHQ VRXUFHV IRU ZDWHU RU GHEULV 
LQ WKH ¿UHEDOO� 

Figure 1� %HIRUH �OHIW� DQG DIWHU �ULJKW� LPDJH RI WKH FUDWHU FDXVHG E\ WKH $XJXVW 
�WK� 2�2� %HLUXW H[SORVLRQ �86$ 7RGD\� $XJXVW �WK� 2�2���

7KH GHYHORSPHQW RI DFFXUDWH PRGHOV IRU 
SUHGLFWLQJ HႇHFWV RI ODUJH H[SORVLRQV UH�
TXLUHV DQ XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS 
EHWZHHQ WKH H[SORVLYH \LHOG DQG HႇHFWV OLNH 
FUDWHU VL]H� EODVW ZDYH GDPDJH� VHLVPLF 
REVHUYDWLRQV� DQG WKH DPRXQW RI FORXG ULVH� 
7KLV LV DOVR LPSRUWDQW IRU WKH GHYHORSPHQW 
RI DFFXUDWH PRGHOV RI WKH KD]DUG IURP WKH 

WUDQVSRUW RI GHEULV WR VXUURXQGLQJ DUHDV�  
&RQ¿GHQFH LQ WKH UHOLDELOLW\ RI VXFK PRGHOV 
LV FULWLFDO IRU HPHUJHQF\ UHVSRQVH SODQQLQJ 
WR PLWLJDWH SRWHQWLDO FRQVHTXHQFHV IURP DF�
FLGHQWV VXFK DV WKH %HLUXW H[SORVLRQ RU GH�
OLEHUDWH DFWV WKDW FRXOG LQYROYH LPSURYLVHG 
QXFOHDU GHYLFHV RU UDGLRDFWLYH GLVSHUVDO GH�
YLFHV� 

Introduction
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([WHQVLYH ZRUN KDV EHHQ GRQH RQ WKH UHOD�
WLRQVKLS EHWZHHQ FUDWHU GLPHQVLRQV DQG H[�
SORVLYH \LHOG DQG PXFK RI WKDW ZRUN FDQ EH 
IRXQG LQ WKH LPSDFW DQG H[SORVLRQ FUDWHULQJ 
OLWHUDWXUH �H�J�� 5RGG\ HW DO�� ������  3ULRU 
ZRUN RQ WKH UHODWLRQVKLS RI FORXG ULVH WR H[�
SORVLYH \LHOG LV DOVR H[WHQVLYH�  0XFK RI WKH 
HDUO\ ZRUN UHODWHG WR QXFOHDU H[SORVLRQ \LHOG� 
FUDWHU UDGLL DQG FORXG ULVH FDQ EH IRXQG LQ 
*ODVVWRQH DQG 'RODQ ������� 5HFHQW ZRUN 
E\ 6SULJJV HW DO�� �2���� 2�2�� LV LQFUHDVLQJ 
RXU XQGHUVWDQGLQJ RI WKHVH SKHQRPHQRORJ\ 
VXEVWDQWLDOO\� 
2EVHUYDWLRQV RI WKH $XJXVW �WK� 2�2� H[SOR�
VLRQ DW WKH %HLUXW KDUERU SURYLGH D XQLTXH 
RSSRUWXQLW\ WR LQYHVWLJDWH VXFK PRGHOV�  )RU 
H[DPSOH� 'LD] �2�2�� XVHG 7D\ORU¶V PHWKRG 
������ DQG REVHUYDWLRQV RI WKH %HLUXW H[SOR�
VLRQ ¿UHEDOO UDGLXV DV D IXQFWLRQ RI WLPH WR 
HVWLPDWH D \LHOG IRU WKH %HLUXW EODVW RI DS�
SUR[LPDWHO\ RQH�NLORWRQ�  $ VLPLODU SUHOLPL�
QDU\ DQDO\VLV E\ 5LJE\ HW DO�� �2�2�� XVHG 
HPSLULFDO ¿UHEDOO UDGLXV YV WLPH FXUYHV RI 
.LQJHU\ DQG %XOPDVK ������ WR HVWLPDWH D 
\LHOG RI ��� NLORWRQ ZLWK DQ XSSHU ERXQG RI 
��� NLORWRQV� 7KHVH HVWLPDWHV RYHUODS ZLWK� 
EXW DUH D ELW ORZHU WKDQ WKRVH IRXQG LQ WKLV 
SDSHU� +RZHYHU� WKHVH HVWLPDWHV GR QRW DF�
FRXQW IRU SRWHQWLDO HႇHFWV WKDW ZDWHU HQWUDLQ�

PHQW DQG WKH KLJK UHODWLYH KXPLGLW\ LQ WKH 
%HLUXW KDUERU FRXOG KDYH KDG RQ WKH VKRFN 
ZDYH� 7KLV SDSHU SURYLGHV VRPH HYLGHQFH 
WKDW VXJJHVWV WKDW WKHUH PD\ KDYH EHHQ VLJ�
QL¿FDQW ZDWHU HQWUDLQHG LQ WKH ¿UHEDOO DQG 
WKDW WKLV HQWUDLQPHQW OHG WR ZHDNHU FORXG 
ULVH DQG SUHVXPDEO\ D ZHDNHU VKRFN ZDYH�  
)XUWKHUPRUH� ZRUN E\ +XDQJ HW DO�� �2����� 
DQG PDQ\ RI WKH UHIHUHQFHV WKH\ FLWH� VXJ�
JHVW WKDW WKH KLJK KXPLGLW\ LQ %HLUXW ZRXOG 
DOVR KDYH ZHDNHQHG WKH VKRFN IURQW DQG 
UHGXFHG WKH VKRFN ZDYH VSHHG� $W ¿IW\ SHU�
FHQW KXPLGLW\ +XDQJ HW DO� VHH UHGXFWLRQV LQ 
SHDN VKRFN ZDYH VSHHG RQ WKH RUGHU RI WHQ 
RU PRUH SHUFHQW� DQG WKH KXPLGLW\ LQ %HLUXW 
LV VLJQL¿FDQWO\ KLJKHU WKDQ ¿IW\ SHUFHQW�  7KH 
LPSOLFDWLRQ LV WKDW WKHVH DUULYDO�WLPH EDVHG 
PHWKRGV FRXOG VLJQL¿FDQWO\ XQGHUHVWLPDWH 
WKH \LHOG�  $GGLWLRQDO ZRUN WR SUHGLFW WKH HI�
IHFWV RI ZDWHU HQWUDLQPHQW DQG�RU KXPLGLW\ 
RQ WKH VKRFN ZDYH VWUHQJWK DQG DUULYDO�WLPH 
VHHP ZDUUDQWHG EXW DUH EH\RQG WKH VFRSH 
RI WKLV SDSHU�  
IQ WKLV SDSHU� I LQYHVWLJDWH WKH UHODWLRQVKLS 
EHWZHHQ \LHOG� FUDWHU VL]H� VHLVPLF PDJQL�
WXGH� DQG FORXG ULVH DQG UHFRQFLOH ZKDW LQL�
WLDOO\ DSSHDUHG WR EH GLVFUHSDQFLHV EHWZHHQ 
WKHVH REVHUYDWLRQV DQG YDULRXV HVWLPDWHV 
IRU WKH \LHOG�  

Yield estimate based on prior scaled crater radius data 

(VWLPDWHV RI WKH FUDWHU GLDPHWHU RI WKH %HL�
UXW H[SORVLRQ KDYH EHHQ REWDLQHG IURP 6DW�
HOOLWH LPDJHU\ DQG YDOXHV DUH SURYLGHG LQ 
PXOWLSOH QHZV PHGLD UHSRUWV �H�J�� )LJXUH �� 
ZLWK W\SLFDO YDOXHV UDQJLQJ EHWZHHQ �2� P 
DQG ��� P �UDGLXV EHWZHHQ �� P DQG �� P��  
8VLQJ WKLV FUDWHU UDGLXV UDQJH DQG SULRU H[�
SORVLRQ VFDOHG FUDWHU UDGLXV PHDVXUHPHQWV 
DV D IXQFWLRQ RI GHSWK LQ ZHW DQG GU\ PHGLD 
�)LJXUHV 2 DQG ��� I HVWLPDWH D \LHOG RI ��� 
NLORWRQV ZLWK D UDQJH EHWZHHQ ��� DQG 2��� 
NLORWRQV RI 717 �7DEOH ���  

I XVH D \LHOG YDOXH EDVHG RQ WKH VFDOHG FUD�
WHU UDGLXV LQ ZHW PHGLD ���� NLORWRQV� DV P\ 
SUHIHUUHG \LHOG EHFDXVH LW VHHPV OLNHO\ WKDW 
WKH PHGLD EHORZ WKH H[SORVLRQ ZDV KLJKO\ 
VDWXUDWHG GXH WR LWV SUR[LPLW\ WR WKH KDU�
ERU�  )XUWKHUPRUH� WKH \LHOG UDQJH EDVHG RQ 
SUHYLRXV HVWLPDWHV RI FKHPLFDO H[SORVLRQ 
VFDOHG FUDWHU�UDGLXV YDOXHV LQ GU\ PHGLD 
DUH ZHOO DERYH WKH OLNHO\ PD[LPXP \LHOG RI 
2��� NLORWRQV ZKLFK LV EDVHG RQ WKH UHSRUWHG 
DPRXQW RI DPPRQLXP QLWUDWH VWRUHG DW WKH 
%HLUXW KDUERU� 2��� WRQV� DQG D 717 HTXLY�
DOHQFH RI ���� �7DEOH ��� 
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IQ WKLV VHFWLRQ� I H[SODLQ KRZ I HVWLPDWHG 
WKH VFDOHG FUDWHU UDGLXV IRU D ODUJH VXU�
IDFH FKHPLFDO H[SORVLRQ RYHU ZHW VRLO�  
8QIRUWXQDWHO\� WKHUH LV OLPLWHG LI DQ\ GDWD 
IRU VXFK H[SORVLRQV�  $V DQ DOWHUQDWLYH� I 
XVHG VFDOHG FUDWHU�UDGLXV GDWD IRU FKHPL�
FDO H[SORVLRQV LQ GU\ PHGLD �1RUG\NH DQG 
:LOOLDPVRQ� ����� )LJXUH 2�� DQG HVWLPDWHV 
IRU WKH UHODWLRQVKLSV EHWZHHQ VFDOHG FUD�
WHU�UDGLL LQ ZHW DQG GU\ PHGLD EDVHG RQ RE�
VHUYDWLRQV RI QXFOHDU H[SORVLRQ LQ ZHW DQG 

GU\ PHGLD LQ 1RUG\NH ������ DQG 3DWWHVRQ 
������� )LJXUH �� 
)LJXUH 2 VKRZV WKH DSSDUHQW FUDWHU UDGLXV 
IURP VHYHUDO FKHPLFDO DQG QXFOHDU H[SOR�
VLRQV LQ GU\ DOOXYLXP�  7KHVH GDWD VXJJHVW 
WKDW D VXUIDFH FKHPLFDO H[SORVLRQ LQ GU\ DO�
OXYLXP ZRXOG SURGXFH D VFDOHG FUDWHU UDGL�
XV RI URXJKO\ ��P�NW����� DQG WKDW WKH UDQJH 
ZRXOG OLNHO\ EH EHWZHHQ DERXW 2� P�NW����� 
DQG �� P�NW������ 

Table 1. %HLUXW H[SORVLRQ FUDWHU�VL]H DQG \LHOG�  7KH UDWLR RI WKH \LHOG WR 2��� NLORWRQV RI 
717 LV JLYHQ LQ WKH IDU�ULJKW FROXPQ� 

Figure 2. 6FDOHG FUDWHU UDGLXV YV GHSWK RI EXUVW LQ GU\ PHGLD� 7KH VFDOHG UDGLXV IRU D FKHPLFDO 
VXUIDFH EXUVW �\�D[LV LQWHUFHSW RI GDVKHG FXUYH� LV DSSUR[LPDWHO\ �� P�NW����� ZLWK VFDWWHU LQ WKH GDWD 
VXJJHVWLQJ DQ DSSUR[LPDWH UDQJH EHWZHHQ 2� DQG �� P�NW����� �1RUG\NH DQG :LOOLDPVRQ� ������  
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)LJXUH � �1RUG\NH� ����� 3DWWHVRQ� ����� 
LQFOXGHV DGGLWLRQDO GDWD RQ FUDWHU UDGLXV YV 
\LHOG IURP H[SORVLRQV LQ RU QHDU KLJKO\ VDWX�
UDWHG PHGLD�  7KLV GDWD DQG PDQ\ RI WKH RE�
VHUYDWLRQV LQ 1RUG\NH ������ DQG 3DWWHVRQ 
������ VXJJHVW WKDW DQ H[SORVLRQ LQ VDWXUDW�
HG PHGLD LV OLNHO\ WR SURGXFH D PXFK ODUJ�
HU FUDWHU�  %DVHG RQ WKHVH GDWD� 3DWWHVRQ 
VXJJHVWV WKDW� RQ DYHUDJH� WKH VFDOHG FUDWHU 
UDGLXV RI H[SORVLRQV LQ ZHW VRLO DUH DSSUR[L�
PDWHO\ ��� WLPHV WKRVH LQ GU\ VRLO�  7KH VXU�
IDFH H[SORVLRQ VFDOHG FUDWHU UDGLXV YDOXHV 
RQ WKH ULJKW�KDQG�VLGH LQ )LJXUH � VXJJHVW 
D ZHW�WR�GU\� VFDOHG FUDWHU UDGLXV UDWLR RI 
DERXW ��� ZLWK D ORZHU ERXQG RI DERXW ����  
7KH GDWD DOVR VXJJHVW DQ XSSHU ERXQG RI 
DERXW 2��� EXW WKDW YDOXH LV EDVHG RQ YHU\ 
ODUJH� PHJDWRQ H[SORVLRQV ZKHUH WKH FUDWHU 

ERXQGDU\ ZDV PXFK PRUH GLႈFXOW WR GHWHU�
PLQH DQG ZDV RIWHQ DႇHFWHG E\ SKHQRPHQD 
WKDW DUHQ¶W SUHVHQW DW WKH VXE���� NLORWRQ 
UDQJH WKDW ZH DUH LQWHUHVWHG LQ �3DWWHVRQ� 
������ I XVH D UDWLR RI WKH VXUIDFH YDOXHV 
IURP WKH 3DWWHVRQ¶V ������ FXUYHV� ���� WR 
FDOFXODWH WKH SUHIHUUHG \LHOG� ���� DQG ORZHU 
ERXQG� ���� LQ 7DEOH ��  6ZLWFKLQJ WR 3DW�
WHVRQ¶V DYHUDJH YDOXH RI ��� ZRXOG FKDQJH 
P\ SUHIHUUHG \LHOG DQG ORZHU ERXQG WR 2�� 
DQG ��� NLORWRQV� UHVSHFWLYHO\�  8VLQJ DQ XS�
SHU ERXQG IRU WKH ZHW�WR�GU\ VFDOHG FUDWHU 
UDGLXV UDWLR RI 2�� ZRXOG FKDQJH WKH SUH�
IHUUHG \LHOG DQG ORZHU ERXQG WR ��� DQG ��� 
NLORWRQV� UHVSHFWLYHO\�  +RZHYHU� WKLV ODUJHU 
VFDOLQJ IDFWRU LV EDVHG RQ PHJDWRQ H[SOR�
VLRQV DQG SUREDEO\ GRHV QRW DSSO\ KHUH� 

Figure 3. 6FDOHG FUDWHU UDGLXV YV GHSWK RI EXUVW LQ ZHW DQG GU\ PHGLD� $W WKH VXUIDFH� WKH 
ZHW PHGLD FUDWHU UDGLL DUH URXJKO\ D IDFWRU RI ��� WLPHV WKRVH IRU GU\ PHGLD �1RUG\NH� ����� 
3DWWHVRQ� ������   

:KHQ HVWLPDWLQJ WKH \LHOG� I DOVR DFFRXQW 
IRU WKH XQFHUWDLQWLHV LQ WKH REVHUYHG FUDWHU 
GLDPHWHU VKRZQ LQ )LJXUH ��  7KH SULPDU\ 
XQFHUWDLQW\ LV FDXVHG E\ LWV HOOLSWLFDO VKDSH�  
I XVH W\SLFDOO\ UHSRUWHG YDOXHV ��2� WR ��� 

P� IRU WKH FUDWHU GLDPHWHU UDQJH DQG XVH 
WKH PLGSRLQW RI WKHVH YDOXHV DV WKH SUH�
IHUUHG HVWLPDWH�  (VWLPDWHV IRU WKH \LHOG DQG 
LWV UDQJH� EDVHG RQ WKHVH YDOXHV DQG WKH 
DERYH YDOXHV IRU VFDOHG FUDWHU UDGLXV� DUH 
SURYLGHG LQ 7DEOH �� 
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7KHUH LV OLPLWHG DQG FRQÀLFWLQJ LQIRUPDWLRQ 
RQ WKH GHSWK RI WKH %HLUXW H[SORVLRQ FUDWHU�  
'DGRXFK �2�2�� UHSRUWV D FUDWHU GHSWK RI 
DERXW �� \GV ��� P� DQG PXOWLSOH VRXUFHV 
UHSRUW D GHSWK RI �� P �:LNLSHGLD� 2�2��� 
'DGRXFK¶V �2�2�� YDOXH LV SUREDEO\ WKH 
PRUH DFFXUDWH RQH VLQFH WKH ODUJHU GHSWK� 
�� P� ZRXOG LPSO\ D YHU\ ODUJH \LHOG �DS�
SUR[LPDWHO\ �� NLORWRQV� EDVHG RQ WKH SULRU 

FUDWHU�GHSWK VFDOLQJ GDWD�  7KH ODUJHU YDOXH 
SUREDEO\ VKRXOG KDYH EHHQ UHSRUWHG DV IHHW 
UDWKHU WKDQ PHWHUV�  II VR� ERWK YDOXHV ZRXOG 
EH YHU\ VLPLODU�  
8QIRUWXQDWHO\� VFDOHG FUDWHU�GHSWK GDWD 
IURP ODUJH FKHPLFDO H[SORVLRQ LV DOVR OLP�
LWHG� DQG DV LQGLFDWHG E\ 1RUG\NH ������� 
KLJKO\ YDULDEOH�  'DWD IURP QXFOHDU H[SOR�
VLRQV LQ 3DWWHVRQ ������ DSSHDU WR EH PRUH 
UHOLDEOH �)LJXUH ���  

Yield estimate based on prior scaled crater depth data 

Figure 4. 6FDOHG FUDWHU GHSWK YV KHLJKW RI EXUVW LQ ZHW DQG GU\ PHGLD �3DWWHVRQ� ������  
7KH LQWHUFHSW RI WKH GU\ DQG VDWXUDWHG PHGLD FXUYHV ZLWK WKH YHUWLFDO D[LV DW D KHLJKW RI 
EXUVW RI ]HUR �VXUIDFH EXUVW� DUH JLYHQ LQ PHWHUV LQ 7DEOH 2�

([FOXGLQJ WKH YHU\ ODUJH QXFOHDU WHVWV� WKHVH 
GDWD VXJJHVW VFDOHG FUDWHU�GHSWKV UDQJLQJ 
IURP ��� WR ��� P�NW ��� ZLWK WKH ODUJHU YDOXH 
DSSO\LQJ WR H[SORVLRQV LQ ZHW VRLOV�  I XVH 
WKHVH YDOXHV WR HVWLPDWH DQ HTXLYDOHQW QX�

FOHDU \LHOG DQG DSSO\ D VFDOH IDFWRU EDVHG 
RQ REVHUYDWLRQV E\ *OHQQ DQG *ROGVWHLQ 
������ DQG *ROGVWHLQ DQG -DUSH ������ WR 
FRQYHUW WKHP WR HTXLYDOHQW FKHPLFDO H[SOR�
VLRQ \LHOGV �7DEOH 2��  

Table 2. %HLUXW H[SORVLRQ FUDWHU�GHSWK DQG \LHOG�  7KH DGMXVWPHQW WR FRUUHFW IRU GLႇHUHQFHV 
LQ FKHPLFDO DQG QXFOHDU H[SORVLRQ VFDOHG FUDWHU GHSWKV LV H[SODLQHG LQ WKH WH[W� 7KH UDWLR 
RI WKH FKHPLFDO H[SORVLRQ \LHOG WR 2��� NLORWRQV RI 717 LV JLYHQ LQ WKH IDU�ULJKW FROXPQ�
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IQ WKH UHPDLQGHU RI WKLV SDSHU� I XVH WKH 
\LHOG EDVHG RQ WKH FUDWHU UDGLXV DV P\ SUH�
IHUUHG \LHOG� I SURYLGH DGGLWLRQDO HVWLPDWHV 
RI \LHOG IURP FUDWHU GHSWK PHDVXUHPHQWV 
DQG VHLVPLF PDJQLWXGH HVWLPDWHV IRU FRP�
SDULVRQ EXW SUHIHU WKH FUDWHU UDGLXV�EDVHG 
HVWLPDWH EHFDXVH I EHOLHYH WKH %HLUXW H[SOR�
VLRQV FUDWHU GLDPHWHU PHDVXUHPHQWV DQG 
VFDOHG UDGLXV HVWLPDWHV DUH UHOLDEOH DQG 
OHDG WR \LHOG HVWLPDWHV ZLWK OHVV XQFHUWDLQW\ 
WKDQ WKH RWKHU PHWKRGV�  0\ SUHIHUUHG HVWL�
PDWH IRU WKH \LHOG� ��� NLORWRQ� LV DERXW ��� 
RI ZKDW ZRXOG EH H[SHFWHG IURP 2��� NLOR�
WRQV RI 717 �7DEOH ���  7KLV YDOXH IRU 717 
HTXLYDOHQFH LV FRQVLVWHQW ZLWK WKH UDQJH RI 
W\SLFDO YDOXHV FLWHG IRU DPPRQLXP QLWUDWH 
�H�J�� 7RURN DQG 2]XQX 2����� 
7KHUH DUH PDQ\ IDFWRUV WKDW FRXOG KDYH 
DႇHFWHG WKH \LHOG HVWLPDWH�  )RU H[DP�
SOH� LW LV OLNHO\ WKDW WKH DPPRQLXP QLWUDWH 
DEVRUEHG D VLJQL¿FDQW DPRXQW RI ZDWHU 
ZKLOH LW ZDV VWRUHG IRU VHYHQ \HDUV LQ WKH 
KLJK KXPLGLW\ HQYLURQPHQW RI %HLUXW KDUERU 
�W\SLFDO $XJXVW KXPLGLW\ RI ��� � KWWSV���
ZHDWKHU�DQG�FOLPDWH�FRP�DYHUDJH�PRQWK�
O\�+XPLGLW\�SHUF�%HLUXW�/HEDQRQ��  IW DOVR 
VHHPV OLNHO\ WKDW WKHUH ZHUH RWKHU HQHU�
JHWLF PDWHULDOV LQ WKH YLFLQLW\ RI WKH DP�
PRQLXP QLWUDWH�  IQ IDFW� PDQ\ VPDOO ¿UH�
ZRUNV�OLNH H[SORVLRQV ZHUH VHHQ LQ YLGHRV 
RI WKH HYHQW �*DPEUHOO DQG )HGHUPDQ� $3 
QHZV� $XJXVW �� 2�2�� KWWSV���DSQHZV�
FRP�DUWLFOH�LVUDHO�DS�WRS�QHZV�LQWHUQDWLRQ�
DO�QHZV�PLGGOH�HDVW�OHEDQRQ�FEHE�2��G�

�IF��D��D����I���H�2��E� SULRU WR WKH 
PDLQ EODVW�  $V VXJJHVWHG HDUOLHU� WKH PHGL�
XP EHQHDWK WKH H[SORVLRQ FRXOG KDYH EHHQ 
KLJKO\ VDWXUDWHG DQG PDQ\ RWKHU VWUXFWXUDO 
DQG JHRORJLF IHDWXUHV FRXOG KDYH DႇHFWHG 
WKH H[SORVLRQ� 1RUG\NH ������ GHVFULEHV 
H[DPSOHV ZKHUH VKDUS WUDQVLWLRQ IURP VRIW 
DOOXYLDO OD\HUV WR KDUG URFN OD\HUV FDQ KDYH 
VLJQL¿FDQW HႇHFWV RQ FUDWHU GLPHQVLRQV�  
6XFK WUDQVLWLRQV FDQ WUDS HQHUJ\ LQ WKH VXU�
IDFH OD\HUV DQG GLUHFW LW ODWHUDOO\ HQKDQFLQJ 
FUDWHU IRUPDWLRQ� 6XFK IHDWXUHV DOVR FRXOG 
KDYH FRQWULEXWHG WR WKH HOOLSWLFDO QDWXUH RI 
WKH FUDWHU�  $GGLWLRQDO LQIRUPDWLRQ RQ WKH 
XQGHUO\LQJ JHRORJ\ DQG PRUH VRSKLVWLFDWHG 
PRGHOLQJ �H�J�� 0RUULV HW DO� 2�2�� 2�2�� LV 
QHHGHG WR HYDOXDWH WKLV SRVVLELOLW\� 
7KH FRQ¿JXUDWLRQ RI WKH H[SORVLYHV DQG WKH 
FRQ¿QHPHQW RI WKH H[SORVLRQ E\ LWV VXU�
URXQGLQJV PD\ KDYH DOVR SOD\HG D UROH LQ 
FUDWHU IRUPDWLRQ�  7KH FRQVLVWHQF\ EHWZHHQ 
WKH VKDSH DQG RULHQWDWLRQ RI WKH YLVLEOH FUD�
WHU ULP DQG WKH ZDUHKRXVH WKH H[SORVLYH 
ZDV VWRUHG LQ SULRU WR GHWRQDWLRQ SURYLGHV 
VRPH HYLGHQFH WKDW WKH H[SORVLRQ FRQ¿JX�
UDWLRQ DQG VXUURXQGLQJ PDQ�PDGH RU JHR�
ORJLF VWUXFWXUHV PD\ KDYH SOD\HG VRPH UROH�  
7KH ODFN RI FUDWHU ERXQGDU\ RQ WKH KDUERU 
VLGH RI WKH FUDWHU LV HYLGHQFH RI WKLV�  +RZ�
HYHU� WKH ODFN RI VLJQL¿FDQW DV\PPHWU\ LQ 
WKH GLUHFWLRQ SHUSHQGLFXODU WR WKH KDUERU 
VXJJHVWV WKH LQÀXHQFH RI WKH KDUERU ZDV 
SUREDEO\ VPDOO�   

Crater-size yield estimate summary  

Constraints on the yield from seismic body wave magnitudes  

6HLVPLF PDJQLWXGHV DUH DQRWKHU PHDVXUH 
WKDW LV IUHTXHQWO\ XVHG WR HVWLPDWH H[SORVLRQ 
\LHOGV DQG VLJQL¿FDQW ZRUN KDV EHHQ GRQH 
WR GHYHORS PDJQLWXGH�\LHOG UHODWLRQVKLSV 
IRU H[SORVLRQV �H�J�� 0XHOOHU DQG 0XUSK\� 
������  +RZHYHU� WKHUH LV D KLJK GHJUHH RI 
XQFHUWDLQW\ DVVRFLDWHG ZLWK FKHPLFDO H[SOR�

VLRQ PDJQLWXGH�\LHOG UHODWLRQVKLSV GXH WR 
D YDULHW\ RI IDFWRUV LQFOXGLQJ YDULDWLRQV LQ 
QHDU�VRXUFH DQG QHDU�UHFHLYHU JHRORJLHV� 
DQG WKH H[SORVLRQ HPSODFHPHQW FRQGLWLRQV 
LQFOXGLQJ WKH GHSWK RI WKH H[SORVLYH� LWV VSD�
WLDO GLVWULEXWLRQ� LWV ¿ULQJ VHTXHQFH� DQG WKH 
OHYHO RI PHGLD VDWXUDWLRQ �H�J�� .KDOWXULQ HW 
DO�� ������  
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(VWLPDWLQJ \LHOG IRU ODUJH FKHPLFDO H[SOR�
VLRQV LV SDUWLFXODUO\ FKDOOHQJLQJ EHFDXVH 
WKH\ RFFXU UHODWLYHO\ LQIUHTXHQWO\ DQG� DV LQ 
WKH FDVH RI WKH %HLUXW H[SORVLRQ� WKHLU \LHOGV 
FDQ EH DႇHFWHG E\ D YDULHW\ RI IDFWRUV LQ�
FOXGLQJ HPSODFHPHQW FRQGLWLRQV DQG ¿ULQJ 
VHTXHQFH�  +RZHYHU� PHWKRGV IRU HVWLPDW�
LQJ PDJQLWXGH DQG LWV OLPLWDWLRQV DUH ZHOO 
GRFXPHQWHG DQG XQGHUVWRRG� )XUWKHUPRUH� 
WKHUH DUH UHDGLO\ DYDLODEOH PDJQLWXGH HVWL�
PDWHV IRU WKH %HLUXW H[SORVLRQ IURP UHOLDEOH 
VRXUFHV �H�J�� WKH 8�6� *HRORJLFDO 6XUYH\� 
86*6� PE ���� WKH *HUPDQ 5HVHDUFK 
&HQWUH IRU *HRVFLHQFHV� *)=� PE ���� 
DQG WKH 8& %HUNHOH\ 6HLVPRORJ\ /DERUD�
WRU\� PE �����  7KHVH PDJQLWXGHV SURYLGH 
DQ DGGLWLRQDO REVHUYDWLRQ WKDW FDQ EH XVHG 
WR FRPSDUH ZLWK P\ FUDWHU�VL]H EDVHG \LHOG 
HVWLPDWHV�  
0\ VHLVPLF \LHOG HVWLPDWH LV EDVHG RQ SUL�
RU REVHUYDWLRQV IURP QXFOHDU H[SORVLRQV 
WKDW FDXVHG FUDWHULQJ�  I DFFRXQW IRU WKH 
ZHOO GRFXPHQWHG V\VWHPDWLF GLႇHUHQFH LQ 
WKH PDJQLWXGHV H[SHFWHG IURP FKHPLFDO 
DQG QXFOHDU H[SORVLRQV �H�J�� *OHQQ DQG 
*ROGVWHLQ� ���� DQG *ROGVWHLQ DQG -DUSH� 
������  /DUJH� VSDWLDOO\ ORFDOL]HG FKHPLFDO 
H[SORVLRQV KDYH EHHQ VKRZQ WR JHQHUDWH 
VHLVPLF VLJQDOV WKDW DUH URXJKO\ D IDFWRU RI 
WZR JUHDWHU WKDQ WKRVH IURP D VLPLODU \LHOG 
QXFOHDU H[SORVLRQ� 7KHVH GLႇHUHQFHV DUH 
ODUJHO\ GXH WR WKH VLJQL¿FDQW DPRXQW RI QX�
FOHDU H[SORVLRQ HQHUJ\ WKDW JRHV LQWR UDGL�
DWLRQ� 
)RU PDJQLWXGH� I XVH WKH PHGLDQ RI WKUHH 
HVWLPDWHV IURP WKH 86*6 �PE ����� *HU�
PDQ\
V *)= �PE ����� DQG WKH %HUNHOH\ 
VHLVPRORJLFDO ODERUDWRU\ �PE ���� EHFDXVH 
WKHVH RUJDQL]DWLRQV URXWLQHO\ HVWLPDWH PDJ�
QLWXGHV IURP PDQ\ HYHQWV DQG WKHLU HVWL�

PDWHV DUH FRQVLGHUHG WR EH UHOLDEOH E\ WKH 
VHLVPLF FRPPXQLW\� 
IQ WKH IROORZLQJ� I FRPSDUH WKH PHGLDQ VHLV�
PLF ERG\�ZDYH PDJQLWXGH HVWLPDWH ZLWK 
YDOXHV IRXQG IRU SULRU QXFOHDU H[SORVLRQV 
WKDW FDXVHG FUDWHULQJ �5RGHDQ� ������  0\ 
DQDO\VLV RI WKHVH PHDVXUHPHQWV DQG WKHLU 
UHODWLRQVKLS WR WKH \LHOG LV QRW LQWHQGHG WR 
EH SUHFLVH VLQFH WKHUH DUH PDQ\ IDFWRUV WKDW 
LQWURGXFH VLJQL¿FDQW XQFHUWDLQWLHV�  0\ SUL�
PDU\ LQWHUHVW LV WR VHH LI D VHLVPLF PDJQL�
WXGH�EDVHG HVWLPDWH LV FRQVLVWHQW ZLWK WKH 
FUDWHU�VL]H EDVHG \LHOG HVWLPDWHV�   
$ PRGL¿HG YHUVLRQ RI 5RGHDQ¶V GDWD LV 
VKRZQ LQ )LJXUH ��  I IRFXV P\ DWWHQWLRQ RQ 
WKH GDWD IRU H[SORVLRQV LQ DOOXYLXP DQG KDYH 
GUDZQ D OLQH WKURXJK WKH GDWD WR DSSUR[L�
PDWH WKH RYHUDOO WUHQG� I KDYH LJQRUHG WKH 
GDWD SRLQWV IRU WKH 6HGDQ� )LVKHU DQG +D\�
PDNHU H[SORVLRQV EHFDXVH WKHVH H[SORVLRQV 
ZHUH EXULHG DW VLJQL¿FDQW GHSWKV FRPSDUHG 
WR QHDU VXUIDFH GHWRQDWLRQV�  I KDYH SODFHG 
D UHG FLUFOH DW WKH HVWLPDWHG PDJQLWXGH� ���� 
RQ WKH WUHQG OLQH DQG DGGHG D KRUL]RQWDO OLQH 
FRUUHVSRQGLQJ WR D PDJQLWXGH RI ��� DQG D 
YHUWLFDO OLQH WKURXJK WKH %HLUXW H[SORVLRQ WR 
IDFLOLWDWH UHDGLQJ WKH FRUUHVSRQGLQJ HTXLYD�
OHQW QXFOHDU \LHOG�  
7KH HTXLYDOHQW QXFOHDU \LHOG LV D OLWWOH OHVV 
WKDQ � NLORWRQV�  $IWHU FRUUHFWLQJ IRU WKH 
GLႇHUHQFH EHWZHHQ FKHPLFDO DQG QXFOH�
DU H[SORVLRQV �*OHQQ DQG *ROGVWHLQ� ����� 
*ROGVWHLQ DQG -DUSH� ����� WKH ERG\�ZDYH 
PDJQLWXGH VXJJHVWV D FKHPLFDO H[SORVLRQ 
\LHOG RI URXJKO\ 2 NLORWRQV�  *LYHQ WKDW XQ�
FHUWDLQWLHV LQ 6HLVPLF \LHOG HVWLPDWHV DUH 
OLNHO\ WR EH DW OHDVW D IDFWRU RI WZR �.KDOWXULQ 
HW DO�� ������ WKLV UHVXOW LV FRQVLVWHQW ZLWK 
WKRVH REWDLQHG XVLQJ WKH FUDWHU�VL]H PHD�
VXUHPHQWV�  
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7KLV VHFWLRQ XVHV FUDWHU VL]H WR SURYLGH D 
URXJK HVWLPDWH RI WKH XSSHU ERXQG IRU FUDWHU 
PDVV WKDW FRXOG EH HQWUDLQHG E\ WKH %HLUXW 
H[SORVLRQ GHEULV FORXG�  IQ VXEVHTXHQW VHF�
WLRQV I IRFXV RQ WKH HႇHFW WKDW WKLV HQWUDLQ�
PHQW FRXOG KDYH RQ WKH GHEULV FORXG KHLJKW�  

I WUHDW WKH FUDWHU DV WKH ORZHU KDOI RI DQ HOOLS�
VRLG ZLWK D YROXPH� 

:KHUH 5D� 5E� DQG 5F DUH WKH UDGLL RI WKH 
HOOLSVRLG DORQJ LWV WKUHH D[HV�  8VLQJ WKH 
SUHYLRXVO\ VWDWHG ERXQGV RQ WKH FUDWHU UD�
GLXV ��2� DQG ��� P� DQG D GHSWK RI �� P 

�'DGRXFK� :DVKLQJWRQ 3RVW� $XJXVW ��WK� 
2�2�� WKH FUDWHU YROXPH LV URXJKO\ �î��� 

P��  II ZH DVVXPH DQ DYHUDJH GHQVLW\ RI 
2��� NJ�P�� �0DQJHU� ����� WKH WRWDO FUDWHU 
PDVV LV DERXW ��2�î��� NJ�   7KLV VXJJHVWV 
WKDW FUDWHU GHEULV FRXOG DFFRXQW IRU D VLJQL¿�
FDQW DPRXQW RI DQ\ HQWUDLQHG PDVV�  
IQ KLJKO\ VDWXUDWHG PHGLD URXJKO\ KDOI WKH 
YROXPH RI WKH PHGLXP FDQ EH ZDWHU �ZDWHU 
DYDLODELOLW\ IDFW VKHHW� KWWS���ZZZ�VRLOTXDOLW\�
RUJ�DX�IDFWVKHHWV�ZDWHU�DYDLODELOLW\�� (YHQ 
LI WKH SRURVLW\ RI WKH FUDWHU UHJLRQ LV UHODWLYH�
O\ ORZ� VD\ ���� WKDW ZRXOG VWLOO FRUUHVSRQG 
WR URXJKO\ �î��� P� RU �î��� NJ� UHVSHF�
WLYHO\�  I ZLOO UHWXUQ WR WKLV SRLQW ODWHU ZKHQ 
GLVFXVVLQJ GHEULV FORXG KHLJKW� 

Figure 5�  6HLVPLF PDJQLWXGH YV \LHOG IRU QXFOHDU H[SORVLRQV WKDW FDXVHG FUDWHULQJ DQG WKH 
%HLUXW H[SORVLRQ�  7KH %HLUXW H[SORVLRQ LV VKRZQ DV D UHG FLUFOH�  7KH LQIHUUHG QXFOHDU \LHOG 
ZRXOG EH DSSUR[LPDWHO\ � NW�  7KH HTXLYDOHQW FKHPLFDO \LHOG LV DERXW 2 NW�

Constraints on the potential amount of debris entrainment using crater size  

Comparison of empirical and numerical predictions with the observed 
debris cloud height  

IQ WKLV DQG WKH IROORZLQJ VHFWLRQV I IRFXV RQ 
HPSLULFDO DQG QXPHULFDO HVWLPDWHV RI PD[L�
PXP GHEULV FORXG KHLJKW DQG VKRZ WKDW WKH 
HQWUDLQPHQW RI D ¿[HG DPRXQW RI PDVV DW 
WKH EHJLQQLQJ RI WKH H[SORVLRQ FDQ H[SODLQ 
WKH UHODWLYHO\ ORZ PD[LPXP FORXG KHLJKW� 

DSSUR[LPDWHO\ ���� P� WKDW ZDV REVHUYHG�  
I ¿QG WKDW HQWUDLQPHQW RI D UHODWLYHO\ PRGHVW 
DPRXQW RI ZDWHU� SRVVLEO\ IURP WKH DPPR�
QLXP QLWUDWH� FDQ H[SODLQ WKH ORZHU�WKDQ�H[�
SHFWHG FORXG KHLJKW� $OWHUQDWLYHO\� D ODUJHU 
DPRXQW RI GU\ DLU�GHEULV RU D FRPELQDWLRQ RI 
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ZHW DQG GU\ GHEULV� SRVVLEO\ IURP WKH FUDWHU� 
FDQ DOVR H[SODLQ WKH REVHUYHG FORXG KHLJKW�   
0\ HVWLPDWH IRU WKH REVHUYHG FORXG KHLJKW 
LV EDVHG RQ LPDJHV RI WKH ODWH�WLPH GHEULV 
FORXG LQ SRVW H[SORVLRQ YLGHR IRRWDJH �H�J�� 
)LJXUH ��� 7KH KHLJKW RI WKH FORXG UHODWLYH 
WR WKH EXLOGLQJV LQ WKH LPDJH RQ WKH OHIW 
VXJJHVW D FORXG KHLJKW WKDW LV RQO\ VHYHQ 
RU HLJKW WLPHV WKH KHLJKW RI WKH WDOOHVW EXLOG�
LQJ� %DVHG RQ GDWD IURP :LNLSHGLD�  KWWSV���
HQ�ZLNLSHGLD�RUJ�ZLNL�/LVWBRIBWDOOHVWBEXLOG�
LQJVBLQB/HEDQRQ� WKH WDOOHVW EXLOGLQJ LQ 
%HLUXW LV DSSUR[LPDWHO\ ��� P� OLPLWLQJ WKH 

PD[LPXP KHLJKW RI WKH GHEULV FORXG WR QR 
PRUH WKDQ DERXW ���� P� 7KH LPDJH RQ WKH 
ULJKW LV SDUW RI D ORQJHU ODVWLQJ YLGHR ZKHUH 
WKH KHLJKW RI WKH GHEULV FORXG KDV UHDFKHG 
LWV PD[LPXP� 7KH VLPLODULW\ RI FORXGV LQ 
WKHVH LPDJHV VXJJHVWV WKH LPDJH RQ WKH 
OHIW DOVR FRUUHVSRQGV WR D WLPH ZKHUH WKH 
FORXG LV FORVH WR RU DW LWV PD[LPXP�  (YHQ 
LI I LQFUHDVH WKLV FORXG KHLJKW E\ 2�� WR DF�
FRXQW IRU XQFHUWDLQWLHV LQ P\ HVWLPDWH� WKH 
PD[LPXP FORXG KHLJKW ZRXOG EH QR PRUH 
WKDQ 2��� P� 
7DEOH � FRPSDUHV FORXG ULVH SUHGLFWLRQV 

Figure 6.  /DWH�WLPH FHOO SKRQH LPDJHV RI $XJXVW �WK� 2�2� %HLUXW H[SORVLRQ GHEULV FORXG� 
1RWH WKH PD[LPXP FORXG KHLJKW LV DERXW � RU � WLPHV WKH PD[LPXP KHLJKW RI WKH EXLOGLQJV 
RQ WKH VN\OLQH LQ WKH LPDJHV RQ WKH OHIW�  �IQVWDJUDP� $XJXVW �WK� 2�2�� <RX7XEH� $XJXVW 
��WK� 2�2���

IURP WKUHH PRGHOV�  &KXUFK¶V ������ HP�
SLULFDO UHODWLRQVKLS EHWZHHQ WKH PD[LPXP 
FORXG KHLJKW DQG \LHOG RI D FKHPLFDO H[SOR�
VLRQ �+ ��:
��2�� : LQ SRXQGV DQG + LQ 
P� VXJJHVW ZH VKRXOG KDYH VHHQ D PD[L�
PXP FORXG KHLJKW RI DSSUR[LPDWHO\ ���� P 
IRU RXU SUHIHUUHG \LHOG RI ��� NLORWRQV� URXJK�
O\ WZLFH P\ HVWLPDWH IRU WKH PD[LPXP FORXG 
KHLJKW�  6LPLODUO\� ODUJH YDOXHV DUH IRXQG 

XVLQJ D QXFOHDU H[SORVLRQ EDVHG HPSLULFDO 
PRGHO �+DUYH\ HW DO�� 2���� WKDW SUHGLFWV 
D PD[LPXP KHLJKW RI DSSUR[LPDWHO\ ���� 
P �7DEOH ���  (YHQ WKH ORZHU ERXQG \LHOG 
OHDGV WR FORXG KHLJKWV ZHOO DERYH ZKDW ZDV 
REVHUYHG�  +RZHYHU� PRVW RI WKH GDWD XVHG 
WR FDOLEUDWH WKHVH PRGHOV ZHUH IURP H[SOR�
VLRQV LQ GU\ PHGLD DQG LQ DULG FRQGLWLRQV�  
)XUWKHUPRUH� WKH FRPSDULVRQ ZLWK WKH QX�
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FOHDU H[SORVLRQ EDVHG HPSLULFDO PRGHO PD\ 
QRW EH MXVWL¿HG�  
6LPXODWLRQV ZLWK LQWHJUDO FORXG ULVH PRGHOV 
VXFK DV '(/)I& �1RUPHQW� ������ 38)) 
�%RXJKWRQ DQG 'H/DXUHQWLV� ������ DQG 
%XEEOH �6SULJJV� 2���� DOVR SURGXFHG PD[�
LPXP FORXG KHLJKWV WKDW ZHUH PXFK JUHDWHU 
WKDQ WKRVH REVHUYHG�  $ SRWHQWLDO DGYDQWDJH 
RI WKH LQWHJUDO FORXG ULVH PRGHOV RYHU WKH 
HPSLULFDO PRGHOV LV WKDW WKH\ FDQ DFFRXQW 
IRU DWPRVSKHULF FRQGLWLRQV VXFK DV UHODWLYH 
KXPLGLW\�  +RZHYHU� WKH KLJK UHODWLYHO\ KX�
PLGLW\ LQ %HLUXW H[DFHUEDWHV WKH GLႇHUHQFH 
EHWZHHQ WKH REVHUYHG DQG SUHGLFWHG PD[L�
PXP FORXG KHLJKW EHFDXVH WKH ZDWHU YDSRU 
LQ WKH FORXG FRQGHQVHV DV LW ULVHV UHOHDV�
LQJ ODWHQW KHDW ZKLFK ZDUPV WKH FORXG DQG 
FDXVHV LW WR ULVH KLJKHU�  
%XR\DQW FORXG ULVH PRGHOV FDQ DOVR DF�
FRXQW IRU HႇHFWV RI WKH DPRXQW DQG HQHUJ\ 
UHOHDVHG E\ WKH H[SORVLYH PDVV DQG HQWUDLQ�
PHQW RI DPELHQW PDWHULDO GXULQJ FORXG ULVH� 
I K\SRWKHVL]H WKDW WKH %HLUXW H[SORVLRQ ¿UH�

EDOO HQWUDLQHG ZDWHU� DLU� DQG GHEULV IURP WKH 
VRXUFH DQG�RU WKH QHDU VRXUFH HQYLURQPHQW 
VKRUWO\ DIWHU LW GHWRQDWHG DQG WKDW WKH ZD�
WHU RU GHEULV FRROHG WKH ¿UHEDOO VLJQL¿FDQW�
O\ FDXVLQJ WKH ORZHU�WKDQ�H[SHFWHG PD[L�
PXP FORXG KHLJKW�  I WHVWHG WKLV K\SRWKHVLV 
E\ PRGLI\LQJ %RXJKWRQ DQG 'H/DXUHQWLV¶V 
������ EXR\DQW FORXG ULVH PRGHO �38))� IRU 
FKHPLFDO H[SORVLRQV�  I PRGL¿HG WKHLU DOJR�
ULWKP WR DOORZ IRU WKH LQLWLDO HQWUDLQPHQW RI D 
¿[HG DPRXQW RI PDVV �GU\ DLU RU ZDWHU� DQG 
LPSOHPHQWHG WKH DELOLW\ WR VSHFLI\ WKH SUR�
SRUWLRQ RI WKDW PDVV WKDW ZDV ZDWHU�  
I XVH WKLV FDSDELOLW\ WR FRQVLGHU WZR FDVHV� 
RQH ZKHUH WKH LQLWLDO LQMHFWHG PDVV LV DOO 
GU\ DLU DQG WKH RWKHU ZKHUH LW LV DOO ZDWHU�  
)RU GU\ DLU I ¿QG WKDW I QHHGHG WR LQMHFW DS�
SUR[LPDWHO\ ���î��� NJ RI PDVV WR SURGXFH 
D FORXG KHLJKW RI DSSUR[LPDWHO\ 2��� P�  I 
¿QG WKDW PRUH WKDQ DQ RUGHU RI PDJQLWXGH 
OHVV PDVV LV UHTXLUHG LI I LQMHFW ZDWHU LQWR WKH 
¿UHEDOO LQVWHDG RI GU\ DLU RU GHEULV �7DEOH ���  
7KH DELOLW\ WR VLJQL¿FDQWO\ UHGXFH WKH PD[�

Table 3. &RPSDULVRQ RI WKH REVHUYHG PXVKURRP FORXG KHLJKW� OHVV WKDQ 2��� P� DQG 
HPSLULFDO DQG QXPHULFDO PRGHO SUHGLFWLRQV RI WKH PXVKURRP FORXG KHLJKW�  +HLJKWV EDVHG 
RQ VWDQGDUG HPSLULFDO DQG QXPHULFDO PRGHOV DUH PXFK JUHDWHU WKDQ WKH KHLJKW I HVWLPDWHG 
EDVHG RQ YLVXDO REVHUYDWLRQV �FHOO SKRQH LPDJHV��  0RGL¿FDWLRQV RI D EXR\DQW FORXG�ULVH 
PRGHO WKDW DFFRXQWV IRU HQWUDLQPHQW RI ZDWHU RU RWKHU GHEULV DW WKH VRXUFH ORFDWLRQ FDQ 
H[SODLQ WKH GLVFUHSDQF\ EHWZHHQ WKH REVHUYHG DQG SUHGLFWHG FORXG KHLJKWV� 

LPXP FORXG KHLJKW� WR D OHYHO WKDW LV FRQ�
VLVWHQW ZLWK WKH REVHUYDWLRQV� E\ HQWUDLQLQJ 
D UHODWLYHO\ VPDOO DPRXQW RI ZDWHU LV VXS�
SRUWLYH RI WKH K\SRWKHVLV WKDW WKH HDUO\ HQ�
WUDLQPHQW RI ZDWHU FDXVHG WKH UHODWLYHO\ ORZ 
PD[LPXP FORXG KHLJKW�  7KH DPPRQLXP 
QLWUDWH H[SORVLYH PD\ SURYLGH WKH VLPSOHVW 

H[SODQDWLRQ IRU HQWUDLQHG ZDWHU VLQFH LW LV 
NQRZQ WR EH K\JURVFRSLF� DQG LW VDW LQ WKH 
KLJK KXPLGLW\ HQYLURQPHQW RI %HLUXW KDUERU 
IRU DERXW VHYHQ \HDUV�  2WKHU IDFWRUV WKDW 
DUH FRQVLVWHQW ZLWK WKLV K\SRWKHVLV LQFOXGH 
WKH H[SORVLRQV SUR[LPLW\ WR WKH KDUERU� D SR�
WHQWLDO VRXUFH IRU WKH ZDWHU�  6LPLODUO\� WKH 
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JURXQG EHQHDWK WKH H[SORVLRQ PD\ KDYH EHHQ D VRXUFH RI ZDWHU LI LW KDG EHFRPH VDWXUDWHG 
EHFDXVH RI LWV SUR[LPLW\ WR WKH KDUERU�  
Additional visual evidence that may be helpful in constraining the Beirut source
$ XQLTXH DVSHFW RI WKH %HLUXW H[SORVLRQ ZDV WKH UDSLG DYDLODELOLW\ RI VDWHOOLWH GDWD DQG WKH 
ODUJH DPRXQW RI FHOO SKRQH YLGHRV DQG LPDJHV� 7KHVH GDWD PD\ SURYLGH XVHIXO FRQVWUDLQWV 
RQ WKH VRXUFH DQG WKH QHDU VRXUFH HQYLURQPHQW�  IQ SULRU VHFWLRQV� VDWHOOLWH DQG FHOO SKRQH 
LPDJHV KDYH EHHQ XVHG WR FRQVWUDLQ SRVW�GHWRQDWLRQ FUDWHU VL]H DQG PD[LPXP GHEULV 
FORXG KHLJKW�  7KH\ FDQ DOVR SURYLGH LQIRUPDWLRQ DERXW WKH VRXUFH DQG QHDU VRXUFH HQYL�
URQPHQW SULRU WR DQG GXULQJ WKH HDUO\ SDUW RI WKH H[SORVLRQ� 
)RU H[DPSOH� WKHUH DSSHDUV WR EH D ZHOO�GH¿QHG GHEULV FORXG IURP JURXQG VKRFN �D EDVH 
VXUJH FORXG� UXQQLQJ DKHDG RI WKH ¿UHEDOO LQ HDUO\ LPDJHV RI WKH ODUJHU H[SORVLRQ �)LJXUH ���  
'LUHFWO\ DERYH DQG EHKLQG WKLV FORXG DSSHDUV WR EH WKH VWDUW RI D FRQGHQVDWLRQ FORXG DQG 
SRVVLEO\ VRPH DHURVROL]HG GHEULV�  IW VHHPV SODXVLEOH WKDW VRPH RI WKLV GXVW DQG GHEULV 
PLJKW HYHQWXDOO\ EH HQWUDLQHG E\ WKH GHEULV FORXG�  II VR� WKLV FRXOG DOVR EH D VRXUFH RI 
PDWHULDO WKDW FRXOG EH HQWUDLQHG E\ WKH ¿UHEDOO�  

)XWXUH DQDO\VLV RI HDUO\ LPDJHV RI WKH ¿UHEDOO �)LJXUH �� PD\ SURYLGH DGGLWLRQDO FRQVWUDLQWV 
RQ WKH H[SORVLYH VRXUFH DQG WKH HႇHFWV RI WKH QHDU VRXUFH HQYLURQPHQW� VXFK DV� DQ\ HI�
IHFWV RI QHDUE\ VWUXFWXUHV VXFK DV WKH JUDLQ VLORV DW WKH ORZHU OHIW LQ WKH ¿JXUH RU WKH KDUERU 
�QRW YLVLEOH LQ WKHVH SKRWRV� RU WKH HႇHFWV RI WKH DV\PPHWULF GLVWULEXWLRQ RI WKH H[SORVLYH LQ 
WKH HORQJDWHG UHFWDQJXODU ZDUHKRXVH ZKHUH LW ZDV VWRUHG� 7KH LPDJH RQ WKH OHIW LQ )LJXUH 

Figure 7. (DUO\�WLPH LPDJH RI WKH ODUJH SDUW RI WKH %HLUXW H[SORVLRQ�  1RWH ZKDW DSSHDUV WR 
EH D YLVLEOH FORXG RI GHEULV DORQJ WKH JURXQG� VRPH RI ZKLFK PLJKW HYHQWXDOO\ EH HQWUDLQHG� 
WKDW LV SUHVXPDEO\ JHQHUDWHG E\ WKH DGYDQFLQJ VKRFN IURQW�  
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� VXJJHVWV WKDW WKH JUDLQ VLORV PD\ KDYH EORFNHG VRPH RI WKH YHU\ HDUO\ WLPH HႇHFWV IURP 
WKH H[SORVLRQ�  3HUKDSV SURWHFWLQJ VRPH UHVLGHQWV RI %HLUXW�  6RPH DV\PPHWULHV LQ WKH 
H[SORVLRQ DUH GLVFHUQLEOH LQ WKH LPDJH RQ WKH ULJKW� 

)LJXUH � LV IURP D FHOO SKRQH YLGHR WKDW VKRZV ZKDW DSSHDUV WR EH D ODUJH FRQGHQVDWLRQ 
FORXG� DOVR NQRZQ DV D :LOVRQ FORXG �:DOW]� ������ WKDW IRUPHG VKRUWO\ DIWHU WKH GHWRQD�
WLRQ RI WKH ODUJHU H[SORVLRQ� 7KHRUHWLFDO DUJXPHQWV E\ :DOW] LQGLFDWH D PLQLPXP UHODWLYH 
KXPLGLW\ RI DSSUR[LPDWHO\ ��� LV QHHGHG WR IRUP WKH :LOVRQ FORXG� FRUURERUDWLQJ WKH HV�
WLPDWHG QHDU VXUIDFH UHODWLYH KXPLGLW\ XVHG WR PRGHO FORXG ULVH�  

Figure 8� (DUO\ LPDJHV RI WKH %HLUXW H[SORVLRQ ¿UHEDOO� 7KH YHU\ HDUO\ WLPH LPDJH RQ WKH 
OHIW VHHPV WR VXJJHVW WKDW WKH ODUJH JUDLQ VLORV PD\ KDYH EORFNHG VRPH RI WKH HႇHFWV IURP 
WKH H[SORVLRQ�

Figure 9.  $ ODUJH FRQGHQVDWLRQ FORXG IRUPV VKRUWO\ DIWHU WKH PDLQ EODVW LQ WKH %HLUXW H[�
SORVLRQ�  �IQVWDJUDP� $XJXVW �WK� 2�2�� <RX7XEH� $XJXVW ��WK� 2�2��� 
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Conclusions  

I KDYH XVHG HVWLPDWHV RI FUDWHU UDGLXV IURP VDWHOOLWH LPDJHU\ WR HVWLPDWH WKH \LHOG RI WKH 
$XJXVW �WK� 2�2� %HLUXW H[SORVLRQ WR EH DSSUR[LPDWHO\ ��� NLORWRQV ZLWK D ORZHU ERXQG 
RI ��� NLORWRQV�  7KLV HVWLPDWH LV VLPLODU WR EXW VOLJKWO\ ODUJHU WKDQ WKRVH REWDLQHG E\ 'LD]� 
2�2�� DQG 5LJE\ HW DO�� 2�2� ZKR XVHG VKRFN ZDYH DUULYDO WLPHV WR HVWLPDWH WKH \LHOG�  I 
VXJJHVW WKDW DFFRXQWLQJ IRU HQWUDLQPHQW RI ZDWHU DQG�RU WKH UHODWLYH KXPLGLW\ LQ WKH %HLUXW 
HQYLURQPHQW FRXOG LQFUHDVH WKHVH DUULYDO�WLPH EDVHG \LHOG HVWLPDWHV VLJQL¿FDQWO\� (VWL�
PDWHV IURP PHDVXUHPHQWV RI FUDWHU GHSWK DQG VHLVPLF PDJQLWXGH DUH DOVR FRQVLVWHQW ZLWK 
P\ FUDWHU�VL]H EDVHG \LHOG HVWLPDWHV� 
I KDYH H[SODLQHG KRZ WKH FUDWHU UDGLXV DQG GHEULV FORXG KHLJKW RI WKLV H[SORVLRQ PD\ KDYH 
EHHQ DႇHFWHG E\ WKH HQYLURQPHQW DW WKH VRXUFH DQG�RU LQ LWV YLFLQLW\� I SUHVHQWHG YLVXDO HY�
LGHQFH RI D PD[LPXP FORXG KHLJKW ����� P� WKDW LV PXFK OHVV WKDQ SUHGLFWHG E\ VWDQGDUG 
FORXG ULVH PRGHOV�  I PRGL¿HG D EXR\DQW FORXG ULVH PRGHO WR DOORZ IRU WKH HQWUDLQPHQW RI 
ZDWHU RU GU\ DLU DW WKH VWDUW RI FORXG ULVH DQG XVHG WKLV PRGL¿HG FORXG ULVH PRGHO WR VKRZ 
WKDW WKH HQWUDLQPHQW RI D UHODWLYHO\ PRGHVW DPRXQW RI ZDWHU DW WKH VWDUW RI WKH H[SORVLRQ 
FDQ H[SODLQ WKH REVHUYHG GLႇHUHQFH LQ PD[LPXP FORXG KHLJKW�  I VXJJHVW WKDW HQWUDLQHG 
ZDWHU FRXOG KDYH FRPH IURP WKH DPPRQLXP QLWUDWH H[SORVLYH� WKH VRLO EHQHDWK WKH H[SOR�
VLRQ� RU WKH QHDUE\ KDUERU�  7KH K\JURVFRSLF QDWXUH RI DPPRQLXP QLWUDWH DQG WKH KLJK KX�
PLGLW\ HQYLURQPHQW LQ %HLUXW KDUERU VXJJHVW WKDW LW LV D OLNHO\ VRXUFH IRU ZDWHU HQWUDLQPHQW 
LQ WKH ¿UHEDOO�  7KH HDUO\�WLPH HQWUDLQPHQW RI D PXFK ODUJHU DPRXQW RI GU\ DLU RU GHEULV 
FRXOG DOVR H[SODLQ WKH GLႇHUHQFH EHWZHHQ WKH SUHGLFWHG DQG REVHUYHG FORXG KHLJKW�
0\ REVHUYDWLRQV RI WKH %HLUXW H[SORVLRQ GHPRQVWUDWH WKH SRWHQWLDO LPSRUWDQFH RI WKH QHDU�
VRXUFH HQYLURQPHQW RQ D YDULHW\ RI H[SORVLRQ UHODWHG SKHQRPHQD�  $Q LPSURYHG XQGHU�
VWDQGLQJ RI WKH %HLUXW H[SORVLRQ FDQ KHOS LPSURYH RXU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS 
EHWZHHQ H[SORVLRQ \LHOG� EODVW ZDYH GDPDJH� FUDWHU IRUPDWLRQ� HQWUDLQPHQW� DQG FORXG 
ULVH DQG VKRXOG KHOS XV GHYHORS EHWWHU PRGHOV IRU WKH WUDQVSRUW� GHSRVLWLRQ� DQG PLWLJDWLRQ 
RI GHEULV IURP H[SORVLRQV�     
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8QLWHG 6WDWHV 'HSDUWPHQW RI 'HIHQVH DQG (QHUJ\ 5HVHDUFK DQG 'HYHORSPHQW $GPLQ�
LVWUDWLRQ� WKLUG HG� ����� KWWSV���ZZZ�DPD]RQ�FRP�(ႇHFWV�1XFOHDU�:HDSRQV�*ODVV�
WRQH�'RODQ�GS�%���)==�9�

+XDQJ� -�&�� 5�I� *DXOW� (� %HQDUG� 6� 5DJKXQDWKDQ� ³(ႇHFW RI +XPLGLW\ RQ 7UDQVRQLF 
)ORZ�´ -RXUQDO RI $LUFUDIW� YRO ��� QR� �� S2��2�2���� 2���

7ZLWWHU SRVW E\ $ELU *KDWWDV� ³$QRWKHU 9LGHR IURP WKH 6HD �/HEDQRQ�´ $FFHVVHG -DQXDU\ 
2� 2�2�� KWWSV���WZLWWHU�FRP�$ELU*KDWWDV�VWDWXV��2������������������

.LQJHU\� &�1�� *� %XOPDVK� ³$LUEODVW SDUDPHWHUV IURP 717 VSKHULFDO DLU EXUVW DQG KHPL�
VSKHULFDO VXUIDFH EXUVW�´ 7HFKQLFDO 5HSRUW $5%5/�75��2���� 86 $UP\ %5/� $EHUGHHQ 
3URYLQJ *URXQG� 0'� 86$� �����

0DQJHU� *�(� ³3RURVLW\ DQG %XON 'HQVLW\ RI 6HGLPHQWDU\ 5RFNV�´ 8�6� *RYHUQPHQW 
3ULQWLQJ 2ႈFH� IVVXH ����� ����� �� 

0RUULV� -�� $� 6KHVWDNRY� $� 1LFKROV� %� IVDDF� DQG .� .QLJKW� ³&KDOOHQJHV LQ 6LPXODWLQJ 
*URXQG IQWHUDFWLQJ 1XFOHDU ([SORVLRQV�´ &RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWLRQ -RXU�
QDO� 2�� 6XPPHU�)DOO 2�2�� �2����2� 

0RUULV� -�3�� $�/� 1LFKROV� -�%� IVDDF� %� &ODU\� &�'� 'HFNHU� <� .DQDUVND� $� 6KHVWDNRY� 
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*� 6SULJJV� .� .QLJKW� ³7KH IQÀXHQFH RI &RXSOHG 7KHUPDO DQG *HRPHFKDQLFDO 3URFHVV�
HV 8SRQ 3RVW�'HWRQDWLRQ )LUHEDOO (QWUDLQPHQW´� 3DSHU SUHVHQWHG DW WKH ��WK 8�6� 5RFN 
0HFKDQLFV�*HRPHFKDQLFV 6\PSRVLXP� +RXVWRQ� 7H[DV� 86$� 2��2� -XQH 2�2�� 

0XHOOHU� 5� $�� DQG -�5� 0XUSK\�  ³6HLVPLF &KDUDFWHULVWLFV RI 8QGHUJURXQG 1XFOHDU 
'HWRQDWLRQV� 3DUW I� 6HLVPLF 6SHFWUXP 6FDOLQJ�´ %XOOHWLQ RI WKH 6HLVPRORJLFDO 6RFLHW\ RI 
$PHULFD� ��� 'HFHPEHU ����� ����±���2�

1RUG\NH� 0� '� ³1XFOHDU &UDWHULQJ ([SHULPHQWV� 8QLWHG 6WDWHV DQG 6RYLHW 8QLRQ�´ IQ IP�
SDFW DQG ([SORVLRQ &UDWHULQJ� 3ODQHWDU\ DQG 7HUUHVWULDO IPSOLFDWLRQV� 3URFHHGLQJV RI WKH 
6\PSRVLXP RQ 3ODQHWDU\ &UDWHULQJ 0HFKDQLFV� (G� '� 5RGG\ DQG 5� 3HSLQ� )ODJVWDႇ� 
$UL]�� 6HSWHPEHU ��±��� ����� �$�������� ������ 1HZ <RUN� 3HUJDPRQ 3UHVV� ����� 
���±�2�� 

1RUG\NH� 0�'� DQG 0� 0� :LOOLDPVRQ� ³7KH 6HGDQ (YHQW�´ 31(�2�2)� 1XFOHDU ([SOR�
VLRQV ± 3HDFHIXO $SSOLFDWLRQV� /DZUHQFH 5DGLDWLRQ /DERUDWRU\� 8QLYHUVLW\ RI &DOLIRUQLD� 
/LYHUPRUH� &DOLIRUQLD������ ���

3DWWHVRQ� ³:7����� 2SHUDWLRQ +DUGWDFN� $SULO±2FWREHU ����� 3K\VLFDO &KDUDFWHULVWLFV RI 
&UDWHUV IURP 1HDU�6XUIDFH 1XFOHDU 'HWRQDWLRQV�´ $UPHG )RUFHV 6SHFLDO 3URMHFW� +HDG�
TXDUWHUV )LHOG &RPPDQG� 'HIHQVH $WRPLF 6XSSRUW $JHQF\� $OEXTXHUTXH� 1HZ 0H[LFR� 
0D\ ��� ����� 

6� (� 5LJE\� 7�-� /RGJH� 6� $ORWDLEL� $�'� %DUU� 6�'� &ODUNH� *�6� /DQJGRQ� $� 7\DV� ³3UH�
OLPLQDU\ \LHOG HVWLPDWLRQ RI WKH 2�2� %HLUXW H[SORVLRQ XVLQJ YLGHR IRRWDJH IURP VRFLDO 
PHGLD�� 6KRFN :DYHV �2�2��� KWWSV���GRL�RUJ���������V�������2��������]

5RGG\� '�-�� 5�2� 3HSLQ� DQG 5�%� 0HUULOO� ³IPSDFW DQG ([SORVLRQ &UDWHULQJ� 3ODQHWDU\ 
DQG 7HUUHVWULDO IPSOLFDWLRQV�´ 3URFHHGLQJV RI WKH 6\PSRVLXP RQ 3ODQHWDU\ &UDWHULQJ 
0HFKDQLFV� )ODJVWDႇ� $UL]RQD� 6HSWHPEHU ��±��� �����

6RLOTXDOLW\�RUJ�DX� ³)DFW 6KHHW� :DWHU $YDLODELOLW\�´ +HDOWK\ 6RLOV IRU 6XVWDLQDEOH )DUPV 
3URJUDP� DQ LQLWLDWLYH RI WKH $XVWUDOLDQ *RYHUQPHQW¶V 1DWXUDO +HULWDJH 7UXVW� $FFHVVHG 
2�2��2�  KWWS���ZZZ�VRLOTXDOLW\�RUJ�DX�IDFWVKHHWV�ZDWHU�DYDLODELOLW\� 

6SULJJV� *� ³1XFOHDU ([SORVLRQV� 3UHVHUYLQJ LPDJHV RI 7HUULI\LQJ� 6ZLIW 3RZHU�´ &%6 
1HZV� 0DUFK �� 2���� $FFHVVHG 2�2��2�2� KWWSV���ZZZ�FEVQHZV�FRP�QHZV�QXFOHDU�H[�
SORVLRQV�ODZUHQFH�OLYHUPRUH�QDWLRQDO�ODERUDWRU\�¿OP�SUHVHUYDWLRQ�� 

6SULJJV� *�� 6� 1HXVFDPPDQ� -�6� 1DVVWURP� DQG .�%� .QLJKW� ³)DOORXW &ORXG 5HJLPHV�´ 
&RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWLRQ -RXUQDO� 2�� 6XPPHU�)DOO 2�2�� �������

7D\ORU� *�I� ³7KH IRUPDWLRQ RI D EODVW ZDYH E\ D YHU\ LQWHQVH H[SORVLRQ� I� 7KHRUHWLFDO 
GLVFXVVLRQ�� 3URF� 5� 6RF� /RQG� $2��� �������� �����

7RURN� =� DQG $� 2]XQX� ³+D]DUGRXV 3URSHUWLHV RI $PPRQLXP 1LWUDWH DQG 0RGHOLQJ RI 
([SORVLRQV 8VLQJ (TXLYDOHQF\�´ (QYLURQPHQWDO (QJLQHHULQJ DQG 0DQDJHPHQW -RXUQDO� 
YRO���� QR� ��� 1RYHPEHU 2���� 2���±2����

:DJQHU� ' DQG *� 3HWUDV� ³0DVVLYH ([SORVLRQ 5RFNV %HLUXW� %HIRUH DQG $IWHU IPDJHV 
6KRZ ([WHQVLYH 'DPDJH�´ 86$ 7RGD\� $XJXVW �� 2�2�� $FFHVVHG $XJXVW ��� 2�2� 
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KWWSV���ZZZ�XVDWRGD\�FRP�LQ�GHSWK�QHZV�2�2��������PDVVLYH�H[SORVLRQ�URFNV�EHLUXW�
KRZ�GLG�KDSSHQ�EHIRUH�DIWHU��2����������

:HDWKHU�DQG�FOLPDWH�FRP� ³$YHUDJH +XPLGLW\ LQ %HLUXW �0RXQW /HEDQRQ��� $FFHVVHG 
2FWREHU 2�� 2�2� KWWSV���ZHDWKHU�DQG�FOLPDWH�FRP�DYHUDJH�PRQWKO\�+XPLGLW\�SHUF�%HL�
UXW�/HEDQRQ� 

:LNLSHGLD� ³2�2� %HLUXW ([SORVLRQ�´ $FFHVVHG 2FWREHU �� 2�2� KWWSV���HQ�ZLNLSHGLD�RUJ�
ZLNL�2�2�B%HLUXWBH[SORVLRQ�FLWHBQRWH�FUDWHU�GHSWK���2

:LNLSHGLD� ³/LVW RI 7DOOHVW %XLOGLQJV LQ /HEDQRQ�´ $FFHVVHG 2FWREHU 2�� 2�2� KWWSV���
HQ�ZLNLSHGLD�RUJ�ZLNL�/LVWBRIBWDOOHVWBEXLOGLQJVBLQB/HEDQRQ�

<RX7XEH� ³%HLUXW ([SORVLRQ 6HHQ IURP 1HDUE\ %RDW�´ $FFHVVHG 6HSWHPEHU ��� 2�2� 
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 'Z5)�OL7*%��
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Nuclear Deterrence in the Face of Political 
Instability and Budget Cuts - Opinion

0$- -DPHV -� 5RZODQGV
8QLWHG 6WDWHV $UP\ 7UDLQLQJ DQG 'RFWULQH &RPPDQG $GYDQFHG &LYLO 6FKRROLQJ ± 

*HRUJHWRZQ 8QLYHUVLW\

MAJ. James J. Rowlands is a Nuclear and Countering Weapons of Mass Destruction Officer 
completing a master’s degree in Applied Intelligence at Georgetown University. He has a B.A. in 
Sociology from Bloomsburg University and a Master of Public Policy & Management from the 
University of Pittsburgh.  Prior to arriving at Georgetown, he served as an MX400 instructor at the 
United States Military Academy.  His email address is james.j.rowlands.mil@mail.mil

'XULQJ WKH ¿UVW WKUHH PRQWKV RI 2�2�� LW ZDV GLႈFXOW WR IROORZ WKH QHZV ZLWKRXW KHDULQJ 
RU UHDGLQJ RSLQLRQV DERXW ZKDW WKH QHZ %LGHQ DGPLQLVWUDWLRQ RXJKW WR GR UHJDUGLQJ 

QXFOHDU ZHDSRQV DQG QXFOHDU GHWHUUHQFH SROLF\�  1HDUO\ DOO WKHVH RSLQLRQV WRRN SRVLWLRQV 
WKDW DUH GHFLGHGO\ GDQJHURXV DQG DQWL�QXFOHDU�  I DP RႇHULQJ WKH RSSRVLQJ YLHZ� I DP QRW 
ZULWLQJ WKLV SXUHO\ WR YRLFH P\ RSLQLRQ� UDWKHU I KRSH WR VWDUW D GLVFRXUVH WKDW WUDQVFHQGV 
WKH &RXQWHULQJ :HDSRQV RI 0DVV 'HVWUXFWLRQ FRPPXQLW\�   I NQRZ WKDW PDQ\ RI WKLV MRXU�
QDO¶V UHDGHUV DUH KDYLQJ WKHVH FRQYHUVDWLRQV� EXW I KRSH WR H[SDQG LWV UHDFK WR RXU IULHQGV� 
IDPLOLHV� DQG IHOORZ $PHULFDQV ± WKH RQHV ZKR YRWH IRU WKH FRQJUHVVLRQDO DQG VHQDWRULDO 
OHDGHUV WKDW HQDFW� DQG IXQG� SROLFLHV� II ZH LQ WKH FRPPXQLW\ DUH QRW HGXFDWLQJ RXU IHOORZ 
$PHULFDQV� WKH PHGLD ZLOO�
7KHUH LV VSHFXODWLRQ� DQG VRPH SURGGLQJ� DPRQJVW WKH PHGLD WKDW WKH LQFRPLQJ DGPLQLV�
WUDWLRQ ZLOO GUDVWLFDOO\ FXW WKH QXFOHDU PRGHUQL]DWLRQ EXGJHW�  :KLOH WKHUH KDV QRW \HW EHHQ 
DQ RUGHU WR FRQGXFW D IXOO 1XFOHDU 3RVWXUH 5HYLHZ� 'HSXW\ 6HFUHWDU\ RI 'HIHQVH .DWKOHHQ 
+LFNV VWDWHG WKDW D UHYLHZ LV OLNHO\�L�LL  $QDO\]LQJ PHGLD FRYHUDJH UHYROYLQJ DURXQG WKH 
EXGJHW H[SHQGLWXUHV RQ QXFOHDU PRGHUQL]DWLRQ� D EHY\ RI DUWLFOHV HPHUJH WKDW DWWHPSW WR 
XQGHUVFRUH ZK\ WKH LQFRPLQJ DGPLQLVWUDWLRQ VKRXOG FXUWDLO QXFOHDU PRGHUQL]DWLRQ LQYHVW�
PHQWV � WKHUH LV D SUHSRQGHUDQFH RI DUWLFOHV DJDLQVW QXFOHDU PRGHUQL]DWLRQ�iii  -RXUQDO�
LVWV� RIWHQ ZLWKRXW WKH UHTXLVLWH H[SHUWLVH� DUH SHQQLQJ RSLQLRQ SLHFHV PHDQW WR HOLFLW IHDU�  
7KHVH DUWLFOHV EHFRPH D FRQVLGHUDEOH GULYLQJ IRUFH IRU RXU SRSXODFH DQG FRQJUHVVLRQDO 
OHDGHUV�
$ FKDOOHQJH WR WKH 8QLWHG 6WDWHV ZLOO FRPH IURP RQH RU PRUH RI LWV QXFOHDU�FDSDEOH DGYHU�
VDULHV�   $QDO\VWV FDQ GHEDWH ZKHQ DQG KRZ� EXW KHGJLQJ QXFOHDU PRGHUQL]DWLRQ EHWV RQ 
ZKHWKHU WKH WKUHDW PDQLIHVWV ODWHU WKDQ VRRQHU LV VWUDWHJLFDOO\ LUUHVSRQVLEOH�  7KH 8QLWHG 
6WDWHV FDQQRW DVVXPH WKDW LW ZLOO KDYH DPSOH ZDUQLQJ WR DGMXVW WR DQ DGYHUVDU\¶V SRVWXUH� 
QRU VKRXOG LW SUHVXPH WR KDYH WKDW OX[XU\�  1XFOHDU PRGHUQL]DWLRQ LV QRW DQ RYHUQLJKW HQ�
GHDYRU WKDW WKH 8QLWHG 6WDWHV FDQ LQLWLDWH ZKLPVLFDOO\ ³DV QHHGHG´ WR PHHW D WKUHDW�  7KH 
QDWLRQ PXVW QRW DEDQGRQ QXFOHDU PRGHUQL]DWLRQ LQ IDYRU RI VKRUW�WHUP EXGJHW VROXWLRQV RU 
SROLWLFDO DSSHDVHPHQWV�  
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&RQVLGHULQJ GHHS SROLWLFDO GLYLGHV ZLWKLQ WKH 
86 *RYHUQPHQW� D GHFLVLRQ HLWKHU LQ IDYRU 
RI RU DJDLQVW IXUWKHU PRGHUQL]DWLRQ LV D WLJKW�
URSH WKH QHZ DGPLQLVWUDWLRQ PXVW ZDON�  7KH 
SUHVVXUH WR UHYHUVH WKH SUHYLRXV DGPLQLV�
WUDWLRQ
V SXVK IRU QXFOHDU PRGHUQL]DWLRQ LV 
SROLWLFDO� ¿VFDO� DQG UHPDLQV KLJK�LY�Y  7KH 
JRYHUQPHQW FDQ DQG VKRXOG UHGXFH XQQHF�
HVVDU\ H[SHQGLWXUHV� EXW GHFUHDVLQJ WKH QX�
FOHDU PRGHUQL]DWLRQ EXGJHW EURDGO\ LV D EDG 
SROLF\�  7KH 8QLWHG 6WDWHV¶ PDLQ FRPSHWLWRUV� 
5XVVLD� DQG &KLQD DUH PRGHUQL]LQJ WKHLU 
UHVSHFWLYH QXFOHDU HQWHUSULVHV�  $VVXPLQJ 
WKH 8QLWHG 6WDWHV FDQ VLPSO\ ³FDWFK XS´ WR 
D QHDU�SHHU DGYHUVDU\¶V PRGHUQL]DWLRQ HI�
IRUWV ODWHU� RU WKDW OHJDF\ V\VWHPV DUH ³JRRG 
HQRXJK´ SODFHV WKH FRXQWU\ DW D GLVWLQFW 
ORQJ�WHUP GLVDGYDQWDJH�  1XFOHDU GHWHU�
UHQFH LV DV LPSRUWDQW WRGD\ DV LW ZDV DW WKH 
KHLJKW RI WKH &ROG :DU�   
IQ WKH 8QLWHG 6WDWHV� WKH $PHULFDQ SHRSOH 
JHW D VD\ LQ KRZ WKHLU JRYHUQPHQW RSHUDWHV�  
7KH $PHULFDQ H[SHULPHQW SURGXFHG WKH 
JUHDWHVW� PRVW SURVSHURXV QDWLRQ LQ KLVWR�
U\� EXW LWV V\VWHP RI JRYHUQDQFH SODFHV LW DW 
D VWUDWHJLF GLVDGYDQWDJH DJDLQVW FRXQWULHV 
ZLWK OHDGHUV ZKR GR QRW DQVZHU WR WKH SHR�
SOH RU ZRUU\ DERXW UH�HOHFWLRQ�  5XVVLD DQG 
&KLQD FDQ HQDFW DQG LPSOHPHQW ORQJ�WHUP 
VWUDWHJLHV ZLWKRXW IHDU RI SROLWLFDO IDOORXW�  
2XU FXUUHQW SROLWLFDO WXUPRLO DQG QDWLRQDO GL�
YLVLRQ ± VRPH RI ZKLFK RXU DGYHUVDULHV DUH 
UHVSRQVLEOH IRUYL ± LV QRW QHFHVVDULO\ HQRXJK 
WR LQYLWH WKH ³¿UVW SXQFK�´ EXW LW LV HQRXJK 
IRU WKHP WR JURZ PRUH DQG PRUH SURYRFD�
WLYH LQ WKHLU UHVSHFWLYH VSKHUHV RI LQÀXHQFH�
YLL   0RUHRYHU� LI WKH GLYLGH SURYHV ORQJHU DQG 
GHHSHU ZLWKLQ WKH 8QLWHG 6WDWHV� HVSHFLDOO\ 
LI DGYHUVDULDO IQIRUPDWLRQ 2SHUDWLRQ &DP�
SDLJQV FRQWLQXH WR VXFFHHG LQ DLGLQJ WKH 
GLYLVLRQ� FKDOOHQJLQJ 86 GRPLQDQFH LQ RWK�
HU FRQWHVWHG GRPDLQV EHFRPHV PRUH OLNH�
O\�  7KH JUHDW SRZHU FRPSHWLWLRQ LV ZHOO XQ�
GHUZD\� LW LV QRW D VWUHWFK WR VD\ WKH 8QLWHG 
6WDWHV LV DOUHDG\ ORVLQJ LQ WKH F\EHU�GRPDLQ 
� LW VKRXOG QRW DOORZ DGYHUVDULHV WR EULGJH WKH 
JDS LQ DQRWKHU GRPDLQ�  

3UHVLGHQW %LGHQ SUHYLRXVO\ VWDWHG KH HQYL�
VLRQV D ZRUOG ZLWKRXW QXFOHDU ZHDSRQV� EXW 
WKDW KH DOVR XQGHUVWDQGV WKDW WKH 8QLWHG 
6WDWHV QHHGV D VWURQJ QXFOHDU GHWHUUHQW 
DJDLQVW DGYHUVDULHV¶ QXFOHDU FDSDELOLWLHV�YLLL  
$OWKRXJK KH VWDWHG WKDW IRXU \HDUV DJR� SR�
OLWLFDOO\ LW PLJKW DV ZHOO KDYH EHHQ �� \HDUV 
DJR�  +H LV XQGHU WUHPHQGRXV SUHVVXUH� 
ERWK ¿VFDOO\ DQG SROLWLFDOO\ ZLWK ORRPLQJ 
EXGJHW GHFLVLRQV IRUWKFRPLQJ�L[ 
3ROLWLFDOO\� WKH QHZ DGPLQLVWUDWLRQ FDQ VFRUH 
SRLQWV ZLWK LWV PRUH OLEHUDO EDVH RQ WZR 
IURQWV�  *HQHUDOO\� WKH SROLWLFDO OHIW LV OHVV LQ�
FOLQHG WR IDYRU QXFOHDU XVH LQ DQ\ IRUP DQG 
FDQFHOLQJ D ELJ�WLFNHW LWHP OLNH WKH *URXQG�
%DVHG 6WUDWHJLF 'HWHUUHQW �*%6'�� WKH 
0LQXWHPDQ III UHSODFHPHQW� ZLOO PDNH KHDG�
OLQHV� 6HFRQG� LW XQGHUVFRUHV D VWDQFH WKDW 
LV ³DQWL�7UXPS´ ZKLFK LV DOVR VLJQL¿FDQW IRU 
KLV EDVH�  &RQYHUVHO\� LQLWLDWLQJ GHHS FXWV 
ZLOO RSHQ WKH QHZ DGPLQLVWUDWLRQ WR VFUXWL�
Q\ IURP WKH SROLWLFDO ULJKW WKDW ZLOO HVVHQWLDO�
O\ DFFXVH KLP RI FHGLQJ WR WKH DQWL�QXFOHDU 
SURSRQHQWV DQG VHQGLQJ WKH ZURQJ PHV�
VDJH WR RXU DGYHUVDULHV�[   
7KH 8QLWHG 6WDWHV PXVW ORRN DW RXU PRGHUQ�
L]DWLRQ HႇRUWV IURP RXU DGYHUVDULHV¶ SRLQWV 
RI YLHZ DQG QRW WKH FKDQJLQJ SROLWLFDO WLGHV 
DW KRPH�  %HVLHJLQJ FRPPRQ VHQVH WR VHL]H 
WKH PRUDO KLJK JURXQG LJQRUHV RXU DGYHUVDU�
LHV¶ FXUUHQW SRVWXUH WRZDUGV WKH IXWXUH�  :H 
VKRXOG QRW EH VR P\RSLF WR WKLQN RXU ELJ�
JHVW WKUHDWV YLHZ PRUDOLW\ WKURXJK D :HVW�
HUQ OHQV�  +LVWRU\ XQGHUVFRUHV RXU IDLOXUHV LQ 
IUDT DQG $IJKDQLVWDQ EHFDXVH ZH IDLOHG WR 
XQGHUVWDQG WKHLU UHVSHFWLYH FXOWXUHV ZKLOH 
FUDIWLQJ ORQJ�WHUP VWUDWHJLHV�  
7KH UHDOLW\ ZH IDFH DV D QDWLRQ RYHU WKH QH[W 
IHZ \HDUV¶ EXGJHW F\FOHV LV WKDW FXWWLQJ H[�
SHQVLYH� ORQJ�WHUP SURMHFWV ZLOO ORRN DSSHDO�
LQJ WR SROLWLFLDQV VHHNLQJ WR UHSOHQLVK WKH 
FRႇHUV GHSOHWHG E\ &29I'����  )XQGLQJ IRU 
WKH 1DWLRQDO 1XFOHDU 6HFXULW\ $GPLQLVWUD�
WLRQ¶V QXFOHDU PRGHUQL]DWLRQ DFWLYLWLHV �)< 
2�2��2�2�� LV ��� ELOOLRQ[L DQG ODZPDNHUV 
KDYH DOUHDG\ EHJXQ VXEPLWWLQJ ELOOV WR GLYHUW 
QXFOHDU PRGHUQL]DWLRQ PRQLHV WR &29I' UH�
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OLHI DQG YDFFLQH GHYHORSPHQW�[LL 
7R EH FOHDU� HVFKHZLQJ QXFOHDU PRGHUQL]D�
WLRQ LV D PLVWDNH WKDW RXU DGYHUVDULHV DUH 
QRW PDNLQJ�  2QO\ QRZ LV WKH PLOLWDU\ EHJLQ�
QLQJ WR PDNH XS WKH FRQYHQWLRQDO PRGHUQ�
L]DWLRQ JURXQG ORVW WR RXU QHDUHVW FRPSHWL�
WRUV GXULQJ WKH *OREDO :DU RQ 7HUURU ± WKH 
8QLWHG 6WDWHV FDQQRW DႇRUG WR OHW 5XVVLD 
DQG &KLQD RXWSDFH XV DV WKH\ PRGHUQL]H 
WKHLU UHVSHFWLYH QXFOHDU FDSDELOLWLHV�[LLL  %XG�
JHW ZRHV DUH OLNHO\ WR DႇHFW HDFK VHUYLFH LQ 
PDQ\ DUHDV� EXW ZKHUH DQG KRZ WKH FXWV 
PDQLIHVW PXVW EH VWUDWHJLF DQG QRW SROLWLFDO�  
5HFHQWO\� 86 6WUDWHJLF &RPPDQG¶V &RP�
PDQGHU� $GPLUDO �$GP� &KDUOHV 5LFKDUG 
JDYH VHYHUDO LQWHUYLHZV VWUHVVLQJ WKH LP�
SRUWDQFH RI QRW FDQFHOLQJ WKH *%6' EH�
FDXVH WKH 0LQXWHPDQ III LV SDVW WKH SRLQW RI 
OLIH H[WHQVLRQ�[LY  $GP� 5LFKDUG IXUWKHU XQ�
GHUVFRUHG WKDW 1XFOHDU &RPPDQG� &RQWURO� 
DQG &RPPXQLFDWLRQV �1&�� LQYHVWPHQWV 
DUH MXVW ³«DV LPSRUWDQW WR WKH VWUDWHJLF GH�
WHUUHQFH PLVVLRQ DV WKH GHOLYHU\ V\VWHPV 
DQG WKH ZHDSRQV FRPSOH[ DQG ZH DUH LQ 
HTXDO QHHG WR UHFDSLWDOL]H LW DORQJVLGH WKH 
GHOLYHU\ V\VWHPV�´[Y   
7KH 1&� LV D FRPSOH[ V\VWHP ZLWK PDQ\ 
PRYLQJ SDUWV� EXW EHFDXVH LW ODFNV WKH KLJK 
SUR¿OH RI WKH *%6' LW LV LQ PDQ\ ZD\V PRUH 
VXVFHSWLEOH WR XQGHUIXQGLQJ�  &RQVLGHU�
LQJ RXU FXUUHQW DQWLTXDWHG 1&� V\VWHP LV 
VXVFHSWLEOH WR LQWUXVLRQ IURP RXU DGYHUVDU�
LHV¶ F\EHU�FDSDELOLWLHV� XSJUDGLQJ RXU 1&� 
V\VWHP LV SDUDPRXQW WR WKH RYHUDOO VXFFHVV 
RI RXU QXFOHDU GHWHUUHQFH� II VRPH RI WKH 
PRVW FXUUHQW V\VWHPV IDLO XQGHU GHGLFDWHG 
F\EHU�DWWDFNV IURP DGYHUVDULHV KRZ FDQ 
ZH H[SHFW &ROG :DU�HUD UHOLFV WR VWDQG D 
FKDQFH ZKHQ LW PDWWHUV WKH PRVW"
1XFOHDU GHWHUUHQFH SUHYHQWV RXU QHDU�SHHU 
DGYHUVDULHV IURP WKURZLQJ WKH SURYHUELDO 

³VXFNHU SXQFK´ DQG WKH QXFOHDU HQWHUSULVH 
GHWHUV RXU OHVVHU DGYHUVDULHV IURP XVLQJ 
QXFOHDU ZHDSRQV�  %RWK 3XWLQ DQG ;L DUH 
SUDJPDWLF� UDWLRQDO OHDGHUV RI WKHLU UHVSHF�
WLYH FRXQWULHV�  1HLWKHU ZLOO HVFDODWH WR QX�

FOHDU XQOHVV WKH\ EHOLHYH WKH\ KDYH PRUH WR 
JDLQ WKDQ WKH\ ULVN ORVLQJ� :H DGGUHVV WKLV 
E\ �� LPSRVLQJ XQDFFHSWDEOH FRVWV ± PDLQ�
WDLQLQJ WKH DELOLW\ WR FRXQWHU�VWULNH DQG 2� 
GHQ\LQJ EHQH¿WV ± GHIHQGLQJ LQ D PDQQHU 
WKDW PDNHV WKH DGYHUVDULHV TXHVWLRQ ZKHWK�
HU WKH DWWDFN ZRXOG DFKLHYH WKHLU GHVLUHG 
REMHFWLYHV� 
7KLQN DERXW WKLV� &RQYHQWLRQDOO\� WKH 8QLW�
HG 6WDWHV FDQ ¿JKW 5XVVLD RU &KLQD DQG 
ZLQ�  $ FRQÀLFW ZLWK HLWKHU FRXQWU\ ZRXOG EH 
FRVWO\ LQ ERWK OLYHV DQG GROODUV� EXW WKH OLNH�
OLKRRG RI YLFWRU\ UHPDLQV KLJK�[YL  7KH 8QLWHG 
6WDWHV FDQQRW ¿JKW 5XVVLD DQG &KLQD DQG 
ZLQ� KRZHYHU�  :KLOH 5XVVLD DQG &KLQD 
DUH QRW FXUUHQWO\ IRUPDO PLOLWDU\ DOOLHV� WKHLU 
FRRSHUDWLYH PLOLWDU\ HQJDJHPHQWV KDYH LQ�
FUHDVHG LQ VL]H DQG VFRSH RYHU WKH ODVW IHZ 
\HDUV�  $GYHUVDULHV RI WKH 8QLWHG 6WDWHV DUH 
DOVR H[SORULQJ OLPLWHG QXFOHDU RSWLRQV[YLL� [YLLL 

DQG RXU DELOLW\ WR ¿JKW DQG ZLQ VWDUWV ZLWK 
HQVXULQJ RXU 1&� V\VWHPV DQG HTXLSPHQW 
DUH DGHTXDWH WR DOORZ WKH 8QLWHG 6WDWHV 0LO�
LWDU\ WR VKRRW� PRYH� DQG FRPPXQLFDWH LQ D 
QRQ�SHUPLVVLEOH QXFOHDU HQYLURQPHQW�  
2XU QXFOHDU GHWHUUHQW VWUDWHJ\� RU FRQYHQ�
WLRQDO VWUDWHJ\ IRU WKDW PDWWHU� FDQQRW EH D 

³RQH VL]H ¿WV DOO DSSURDFK�´  :KDW GHWHUV 
5XVVLD PD\ QRW GHWHU &KLQD DQG YLFH YHUVD�  
7R ERUURZ D WHUP IURP ER[LQJ� VW\OHV PDNH 
¿JKWV�  2Q SDSHU� D FKDOOHQJHU PD\ ORRN 
OLNH WKH OHVVHU RSSRQHQW� EXW WKHLU XQLTXH 
VW\OH PD\ SUHVHQW D FKDOOHQJH IRU WKH IDYRU�
LWH�  $WWHPSWLQJ WR PDQ� WUDLQ� DQG HTXLS WKH 
PLOLWDU\ LQ WKH VDPH ZD\ IRU DOO RSSRQHQWV 
OHDYHV WKHP VXVFHSWLEOH WR WKH XQRUWKRGR[ 
FKDOOHQJHU WKH\ IDLOHG WR DQWLFLSDWH�  
7KH IDFW UHPDLQV WKDW D FKDOOHQJH WR 86 
GRPLQDQFH ZLOO HYHQWXDOO\ FRPH�  :KDW LV 
XQNQRZQ LV ZKHWKHU WKDW ¿JKW ZLOO EH SXUH�
O\ FRQYHQWLRQDO� QXFOHDU� RU OLPLWHG�QXFOHDU 
LQ VFRSH DQG DERYH DOO� LI WKH 8QLWHG 6WDWHV 
ZLOO EH ³UHDG\´ IRU LW�  $V WKH 86 $UP\ EH�
JLQV SRVWXULQJ WRZDUGV IXWXUH FRQÀLFWV� 86 
QXFOHDU GHWHUUHQW FDSDELOLWLHV NHHS WKH QD�
WLRQ¶V DGYHUVDULHV DERXW DV KRQHVW DV WKH\ 
DUH HYHU JRLQJ WR EH�  $Q DGYHUVDU\ ZLOO 

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 141Issue 22

VWULNH WKH 8QLWHG 6WDWHV ZKHQ WKH\ EHOLHYH WKH\ DUH UHDG\�  7KH RQO\ XQNQRZQ LV ZKR DQG 
ZKHWKHU LW LV DQ DQWLFLSDWHG ¿UVW SXQFK RU D VXFNHU SXQFK WKDW FDWFKHV WKH 8QLWHG 6WDWHV 
ÀDW�IRRWHG�  7R EH FOHDU� 1RUWK .RUHD DQG IUDQ DUH WKUHDWV DV ZHOO WKDW WKH 8QLWHG 6WDWHV 
FDQQRW LJQRUH� EXW WKH\ DUH QRW ³SDFLQJ´ WKUHDWV OLNH 5XVVLD RU &KLQD�  
7KH 8QLWHG 6WDWHV ZLOO QRW KDYH WKH OX[XU\ RI SRVWSRQLQJ FRQÀLFW XQWLO LW GHFLGHV LWV UHDGL�
QHVV LV RQ SDU ZLWK WKDW RI LWV HQHPLHV�  IQYHVWLQJ LQ WKH PRGHUQL]DWLRQ RI LWV QXFOHDU DUVH�
QDO VHQGV D FOHDU PHVVDJH WR DQ\ DGYHUVDU\ WKLQNLQJ WKH\ PD\ EH UHDG\ WR WXVVOH ZLWK WKH 
8QLWHG 6WDWHV RI $PHULFD�  +RZ WKH 8QLWHG 6WDWHV DSSURDFKHV QXFOHDU PRGHUQL]DWLRQ ZLOO 
OLNHO\ GHWHUPLQH KRZ LWV DGYHUVDULHV RSHUDWH LQ RWKHU FRQWHVWHG GRPDLQV�  1XFOHDU PRG�
HUQL]DWLRQ VKRXOG QRW EHFRPH SROLWLFDO IRGGHU� EXW UDWKHU VHUYH WR HQVXUH RXU IUHHGRPV DQG 
WKH $PHULFDQ ZD\ RI OLIH�  

Notes
L� %HQGHU� %U\DQ� ³+LFNV 5DLVHV 3URVSHFW RI 'HIHQVH &XWV�´ )HEUXDU\ �� 2�2�� 7KHUH 

KDV DOVR EHHQ VRPH VSHFXODWLRQ WKDW LI D QHZ DGPLQLVWUDWLRQ XQGHUWDNHV DQ 135 WKDW 
LW PD\ RQO\ EH WDUJHWHG DQG QRW IXOO VFRSH LQ QDWXUH�  

LL� 5HLI� .LQJVWRQ� ³$UPV &RQWURO 7RGD\�´ 3HQWDJRQ 5HYLHZV 1XFOHDU %XGJHW _ $UPV 
&RQWURO $VVRFLDWLRQ� $SULO 2�2��

LLL� 7KLV VWDWHPHQW UHJDUGV ³PDLQVWUHDP´ SULQW PHGLD�  1HDUO\ DOO ZLGHO\ FLUFXODWHG SULQW 
PHGLD RXWOHWV KDYH SHQQHG DUWLFOHV DJDLQVW QXFOHDU PRGHUQL]DWLRQ� VDYH IRU D IHZ 
FRQVHUYDWLYH RXWOHWV�  

LY� (YHUVWLQH� %ULDQ� ³675$7&20 :HOFRPHV 1XNH 5HYLHZ EXW 6D\V 0LQXWHPDQ III /LIH 
([WHQVLRQ 6KRXOG 1RW %H &RQVLGHUHG�´ $LU )RUFH 0DJD]LQH� -DQXDU\ �� 2�2�� 

Y� *RUGRQ� 0LFKDHO 5� ³%LGHQ WR 5HYLHZ 8�6� 1XFOHDU�:HDSRQV 3URJUDPV� :LWK (\H 
7RZDUG &XWV�´ 7KH :DOO 6WUHHW -RXUQDO� 'RZ -RQHV 	DPS� &RPSDQ\� 'HFHPEHU 2�� 
2�2�� 

YL� ³86 (OHFWLRQ 2�2�� &KLQD� 5XVVLD DQG IUDQ 
7U\LQJ WR IQÀXHQFH
 9RWH�´ %%& 1HZV� 
%%&� $XJXVW �� 2�2�� 

YLL� &KLQD LV LQFUHDVLQJ SURYRFDWLRQ LQ WKH 6RXWK &KLQD 6HD� DQG UHFHQWO\ 5XVVLD KDV 
EHJXQ PDVVLQJ RQ WKH 8NUDLQLDQ ERUGHU�  1HLWKHU FRXQWU\ WKXV IDU KDV IDFHG DQ\ UHDO 
GLVLQFHQWLYH WR VWRS�  0LGGHQGRUI II� -� :LOOLDP� ³&KLQD DQG 5XVVLD� 7ZR %LJ 7KUHDWV 
WKH 8�6� 0LOLWDU\ &DQ
W IJQRUH�´ 7KH +HULWDJH )RXQGDWLRQ� )HEUXDU\ 2� 2�2��

YLLL�  ³5HPDUNV E\ WKH 9LFH 3UHVLGHQW RQ 1XFOHDU 6HFXULW\�´ 1DWLRQDO $UFKLYHV DQG 5H�
FRUGV $GPLQLVWUDWLRQ� 1DWLRQDO $UFKLYHV DQG 5HFRUGV $GPLQLVWUDWLRQ� -DQXDU\ �2� 
2���� 

L[� 7KH GHIHQVH EXGJHW LV H[SHFWHG WR EH UHYHDOHG 0D\ �UG�  5HLI� .LQJVWRQ� ³$UPV 
&RQWURO 7RGD\�´ 3HQWDJRQ 5HYLHZV 1XFOHDU %XGJHW _ $UPV &RQWURO $VVRFLDWLRQ� $SULO 
2�2��

[� %RWK VFHQDULRV DUH FXUUHQWO\ SOD\LQJ RXW LQ FRQJUHVV DORQJ SDUW\ OLQHV�  .KHHO� 5H�
EHFFD� ³/DZPDNHUV *LUG IRU 6SHQGLQJ %DWWOH RYHU 1XFOHDU :HDSRQV�´ 7KH +LOO� 7KH 
+LOO� 0DUFK �� 2�2��

[L�  1DWLRQDO 1XFOHDU 6HFXULW\ $GPLQLVWUDWLRQ� IQIRUPDWLRQ RQ WKH )LVFDO <HDU 2�2� %XG�
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JHW 5HTXHVW DQG $ႇRUGDELOLW\ RI 1XFOHDU 0RGHUQL]DWLRQ $FWLYLWLHV� *$2�2�����5� �3� 
��

[LL� 7ZR VHSDUDWH ELOOV KDYH EHHQ VXEPLWWHG E\ 'HPRFUDWLF ODZPDNHUV�  2QH DLPV WR 
FXUWDLO VHD�EDVHG FUXLVH PLVVLOH GHYHORSPHQW DQG WKH RWKHU DLPV WR KDOW PRGHUQ�
L]DWLRQ RI WKH 0LQXWH 0DQ III UHSODFHPHQW�  *RXOG� -RH� ³/DZPDNHUV $LP WR 3UHYHQW 
6HD�%DVHG 1XFOHDU &UXLVH 0LVVLOH�´ 'HIHQVH 1HZV� 'HIHQVH 1HZV� 0DUFK �� 2�2�� 
	 IQVLQQD� 9DOHULH� ³$ 1HZ %LOO :RXOG 'HIXQG 1HZ I&%0V WR 3D\ IRU &RURQDYLUXV 
9DFFLQH 5HVHDUFK�´ 'HIHQVH 1HZV� 'HIHQVH 1HZV� 0DUFK 2�� 2�2�� 

[LLL� +LWFKHQV� 7KHUHVD� ³2�2�� $LU )RUFH
V 1XNH 0RG (ႇRUWV 6HUYLFH
V %LJJHVW &KDO�
OHQJH�´ %UHDNLQJ 'HIHQVH� $ERYH WKH /DZ� 'HFHPEHU ��� 2�2��

[LY� (YHUVWLQH� %ULDQ� ³675$7&20 :HOFRPHV 1XNH 5HYLHZ EXW 6D\V 0LQXWHPDQ III /LIH 
([WHQVLRQ 6KRXOG 1RW %H &RQVLGHUHG�´ $LU )RUFH 0DJD]LQH� -DQXDU\ �� 2�2��

[Y� 86675$7&20 LQWHUYLHZ ZLWK $GP� 5LFKDUG� ³IQWHUYLHZ ZLWK WKH 'HIHQVH :ULWHUV 
*URXS � $GP� &KDUOHV 5LFKDUG� &RPPDQGHU 8�6� 6WUDWHJLF &RPPDQG�´ 8�6� 6WUDWH�
JLF &RPPDQG� -DQXDU\ �� 2�2�� 

[YL� 7KLV VWDWHPHQW DVVXPHV WKDW LQ WKH HYHQW RI D FRQÀLFW ZLWK HLWKHU 5XVVLD RU &KLQD 
WKH 86 ZRXOG KDYH WKH ZLOO WR VHH LW WKURXJK�  :DU LV D FRQWHVW RI ZLOOV� DQG LQ HLWKHU 
VFHQDULR WKH 86 ZRXOG KDYH WR EH ZLOOLQJ WR VHH LW WKURXJK� 

[YLL� /LPLWHG 1XFOHDU 2SWLRQV LV D PLOLWDU\ VWUDWHJ\ IURP WKH &ROG :DU WKDW HQYLVLRQHG D 
GLUHFW FRQIURQWDWLRQ EHWZHHQ WKH WZR QXFOHDU VXSHUSRZHUV �L�H�� WKH 6RYLHW 8QLRQ 
DQG WKH 8QLWHG 6WDWHV� WKDW GLG QRW QHFHVVDULO\ HQG LQ HLWKHU VXUUHQGHU RU PDVVLYH 
GHVWUXFWLRQ DQG WKH ORVV RI PLOOLRQV RI OLYHV RQ ERWK VLGHV� 7KH OLPLWHG QXFOHDU RSWLRQV 
�/12� DSSURDFK DOORZHG D FRXQWU\¶V PLOLWDU\ FRPPDQGHUV WR VKLIW WKH WDUJHWLQJ RI 
QXFOHDU PLVVLOHV IURP HQHP\ FLWLHV WR HQHP\ DUP\ LQVWDOODWLRQV� WKHUHE\ OLPLWLQJ WKH 
HႇHFWV RI VXFK D ZDU� ³/LPLWHG 1XFOHDU 2SWLRQV�´ (QF\FORSHGLD %ULWDQQLFD� (QF\FOR�
SHGLD %ULWDQQLFD� LQF�

[YLLL� 1XFOHDU SRVWXUH UHYLHZ 2���� S ��

References
%%& 1HZV ³86 (OHFWLRQ 2�2�� &KLQD� 5XVVLD DQG IUDQ 
7U\LQJ WR IQÀXHQFH
 9RWH�´� %%&� 
$XJXVW �� 2�2�� KWWSV���ZZZ�EEF�FRP�QHZV�HOHFWLRQ�XV�2�2������2��2�
%HQGHU� %U\DQ� ³+LFNV 5DLVHV 3URVSHFW RI 'HIHQVH &XWV�´ )HEUXDU\ �� 2�2�� KWWSV���ZZZ�
SROLWLFR�FRP�QHZVOHWWHUV�PRUQLQJ�GHIHQVH�2�2���2����KLFNV�UDLVHV�SURVSHFW�RI�GHIHQVH�
FXWV��������
(YHUVWLQH� %ULDQ� ³675$7&20 :HOFRPHV 1XNH 5HYLHZ EXW 6D\V 0LQXWHPDQ III /LIH 
([WHQVLRQ 6KRXOG 1RW %H &RQVLGHUHG�´ $LU )RUFH 0DJD]LQH� -DQXDU\ �� 2�2�� KWWSV���
ZZZ�DLUIRUFHPDJ�FRP�VWUDWFRP�ZHOFRPHV�QXNH�UHYLHZ�EXW�PLQXWHPDQ�LLL�OLIH�H[WHQVLRQ�
VKRXOG�QRW�EH�FRQVLGHUHG�� 
*RUGRQ� 0LFKDHO 5� ³%LGHQ WR 5HYLHZ 8�6� 1XFOHDU�:HDSRQV 3URJUDPV� :LWK (\H 7R�
ZDUG &XWV�´ 7KH :DOO 6WUHHW -RXUQDO� 'RZ -RQHV 	 &RPSDQ\� 'HFHPEHU 2�� 2�2�� KWWSV���
ZZZ�ZVM�FRP�DUWLFOHV�ELGHQ�WR�UHYLHZ�X�V�QXFOHDU�ZHDSRQV�SURJUDPV�ZLWK�H\H�WRZDUG�
FXWV������������� 
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*RXOG� -RH� ³/DZPDNHUV $LP WR 3UHYHQW 6HD�%DVHG 1XFOHDU &UXLVH 0LVVLOH�´ 'HIHQVH 1HZV� 
'HIHQVH 1HZV� 0DUFK �� 2�2�� KWWSV���ZZZ�GHIHQVHQHZV�FRP�FRQJUHVV�2�2��������ODZ�
PDNHUV�DLP�WR�SUHYHQW�VHD�EDVHG�QXFOHDU�FUXLVH�PLVVLOH��
+LWFKHQV� 7KHUHVD� ³2�2�� $LU )RUFH
V 1XNH 0RG (ႇRUWV 6HUYLFH
V %LJJHVW &KDOOHQJH�´ 
%UHDNLQJ 'HIHQVH� $ERYH WKH /DZ� 'HFHPEHU ��� 2�2�� KWWSV���EUHDNLQJGHIHQVH�
FRP�2�2���2�2�2��DLU�IRUFHV�QXNH�PRG�HႇRUW�ELJJHVW�FKDOOHQJH�� 
IQVLQQD� 9DOHULH� ³$ 1HZ %LOO :RXOG 'HIXQG 1HZ I&%0V WR 3D\ IRU &RURQDYLUXV 9DFFLQH 
5HVHDUFK�´ 'HIHQVH 1HZV� 'HIHQVH 1HZV� 0DUFK 2�� 2�2�� KWWSV���ZZZ�GHIHQVHQHZV�
FRP�VPU�QXFOHDU�DUVHQDO�2�2�����2��D�QHZ�ELOO�ZRXOG�GHIXQG�QHZ�LFEPV�WR�SD\�IRU�
FRURQDYLUXV�YDFFLQH�UHVHDUFK��

³IQWHUYLHZ ZLWK WKH 'HIHQVH :ULWHUV *URXS � $GP� &KDUOHV 5LFKDUG� &RPPDQGHU 8�6� 6WUD�
WHJLF &RPPDQG�´ 8�6� 6WUDWHJLF &RPPDQG� -DQXDU\ �� 2�2�� KWWSV���ZZZ�VWUDWFRP�PLO�
0HGLD�6SHHFKHV�$UWLFOH�2�������LQWHUYLHZ�ZLWK�WKH�GHIHQVH�ZULWHUV�JURXS�� 
.KHHO� 5HEHFFD� ³/DZPDNHUV *LUG IRU 6SHQGLQJ %DWWOH RYHU 1XFOHDU :HDSRQV�´ 7KH +LOO� 
7KH +LOO� 0DUFK �� 2�2�� KWWSV���WKHKLOO�FRP�SROLF\�GHIHQVH��������ODZPDNHUV�JLUG�IRU�
VSHQGLQJ�EDWWOH�RYHU�QXFOHDU�ZHDSRQV"UO ��

³/LPLWHG 1XFOHDU 2SWLRQV�´ (QF\FORSHGLD %ULWDQQLFD� (QF\FORSHGLD %ULWDQQLFD� LQF� $F�
FHVVHG 0DUFK �� 2�2�� KWWSV���ZZZ�EULWDQQLFD�FRP�WRSLF�OLPLWHG�QXFOHDU�RSWLRQV� 
0LGGHQGRUI II� -� :LOOLDP� ³&KLQD DQG 5XVVLD� 7ZR %LJ 7KUHDWV WKH 8�6� 0LOLWDU\ &DQ
W 
IJQRUH�´ 7KH +HULWDJH )RXQGDWLRQ� )HEUXDU\ 2� 2�2�� KWWSV���ZZZ�KHULWDJH�RUJ�GHIHQVH�
FRPPHQWDU\�FKLQD�DQG�UXVVLD�WZR�ELJ�WKUHDWV�WKH�XV�PLOLWDU\�FDQW�LJQRUH�
1DWLRQDO 1XFOHDU 6HFXULW\ $GPLQLVWUDWLRQ� IQIRUPDWLRQ RQ WKH )LVFDO <HDU 2�2� %XGJHW 5H�
TXHVW DQG $ႇRUGDELOLW\ RI 1XFOHDU 0RGHUQL]DWLRQ $FWLYLWLHV *$2�2�����5� 3XEOLVKHG� -XO 
��� 2�2�� 3XEOLFO\ 5HOHDVHG� -XO ��� 2�2�� KWWSV���ZZZ�JDR�JRY�DVVHWV�JDR�2�����U�SGI
1XFOHDU 3RVWXUH 5HYLHZ� 2����  2))I&( 2) 7+( 6(&5(7$5< 2) '()(16(� )HEUX�
DU\ 2���� KWWSV���PHGLD�GHIHQVH�JRY�2����)HE��2�2�����2������������2����18&/($5�
326785(�5(9I(:�)I1$/�5(3257�3')
2EDPD )DLOV $PHULFD RQ 1XFOHDU $UPV� 6HQDWH 5HSXEOLFDQ 3ROLF\ &RPPLWWHH� 0DUFK 
�2� 2��2� KWWSV���ZZZ�USF�VHQDWH�JRY�SROLF\�SDSHUV�REDPD�IDLOV�DPHULFD�RQ�QXFOH�
DU�DUPV��a�WH[W 3UHVLGHQW�2�2EDPD�(2������V�2�FRPPLWPHQW�2�WR�2�QXFOH�
DU�2�PRGHUQL]DWLRQ�2�ZLOO�2�DIIHFW�DJUHHPHQWV�2&�2�VXFK�2�DV�2�WKH�2�
&RPSUHKHQVLYH�2�7HVW�2�%DQ�2�7UHDW\� 
5HLI� .LQJVWRQ� ³$UPV &RQWURO 7RGD\�´ 3HQWDJRQ 5HYLHZV 1XFOHDU %XGJHW _ $UPV &RQ�
WURO $VVRFLDWLRQ� $SULO 2�2�� KWWSV���ZZZ�DUPVFRQWURO�RUJ�DFW�2�2�����QHZV�SHQWDJRQ�UH�
YLHZV�QXFOHDU�EXGJHW� 
³5HPDUNV E\ WKH 9LFH 3UHVLGHQW RQ 1XFOHDU 6HFXULW\�´ 1DWLRQDO $UFKLYHV DQG 5HFRUGV $G�
PLQLVWUDWLRQ� 1DWLRQDO $UFKLYHV DQG 5HFRUGV $GPLQLVWUDWLRQ� -DQXDU\ �2� 2���� KWWSV���
REDPDZKLWHKRXVH�DUFKLYHV�JRY�WKH�SUHVV�RႈFH�2��������2�UHPDUNV�YLFH�SUHVLGHQW�QX�
FOHDU�VHFXULW\� 
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CBRN Vignette 20-1 “Contaminated Convoy”
/7& 'DQLHO 3� /DXUHOOL

8QLWHG 6WDWHV $UP\ 1XFOHDU DQG &RXQWHULQJ :0' $JHQF\ �86$1&$�

LTC Daniel Laurelli is a Countering Weapons of Mass Destruction (CWMD)/ Chemical, Biological, 
Radiological, and Nuclear Defense (CBRND) Officer at the US Army Nuclear and Countering WMD 
Agency (USANCA), in Fort Belvoir, VA. He has a B.A. in Biochemistry from Ithaca College, and a 
M.S. in Environmental Management from Webster University. He was previously assigned as a
Chemical Officer at the 55th Medical Group, 101st Chemical Company, 3rd Infantry Division (M)
Aviation Brigade, US Environmental Protection Agency (EPA) in Region 7, US Army CBRN School,
and the Defense Threat Reduction Agency (DTRA). His email address is daniel.p.laurelli.mil@mail.
mil.

Author’s Solution:

Background:
$W WKH UHTXHVW RI WKH 7UDQVLFDQ JRYHUQPHQW� WKH 8QLWHG 6WDWHV GHSOR\HG -RLQW 7DVN )RUFH 
�-7)� 3URWHFWRU WR DVVLVW LQ VWDELOL]LQJ WKH QDWLRQ RI 7UDQVLD� 7KH 7UDQVLFDQ PLOLWDU\� ZLWK 
DVVLVWDQFH RI QDWLRQDO SROLFH IRUFH DQG ORFDO PLOLWLDV� UHFHQWO\ SUHYDLOHG IURP D YLROHQW FLYLO 
ZDU� FXOPLQDWLQJ LQ D PDMRU IRUFH�RQ�IRUFH HQJDJHPHQW� $V D UHVXOW� WKH QDWLRQ¶V PLOLWDU\ 
DQG LQIUDVWUXFWXUH ZDV KHDYLO\ GDPDJHG� -7) 3URWHFWRU ZDV GHSOR\HG DW WKH UHTXHVW RI 
WKH 7UDQVLFDQ JRYHUQPHQW WR SURYLGH KXPDQLWDULDQ DVVLVWDQFH WR FLYLOLDQ SRSXODWLRQ DQG 
PLOLWDU\ DVVLVWDQFH WR WKH EDWWHUHG 7UDQVLFDQ PLOLWDU\ DQG ORFDO SUR�JRYHUQPHQW PLOLWLDV�  

Situation: <RX DUH WKH &RPPDQGHU RI WKH ��WK &KHPLFDO &RPSDQ\ �$UHD 6XSSRUW� LQ 
VXSSRUW RI -7) 3URWHFWRU� 'XH WR WKH KLJK GHPDQG IRU FRQYR\V WR JRYHUQPHQW IULHQGO\ 
SRSXODWLRQ FHQWHUV� \RX ZHUH SODFHG LQ FKDUJH RI &RQYR\ �� WR UHVXSSO\ WKH YLOODJH RI 
7UDEyN XVLQJ 0DLQ 6XSSO\ 5RXWH �065� 5HG� IW LV FULWLFDO WKH ZDWHU DQG FDUJR UHDFKHV LWV 
GHVWLQDWLRQ�

Friendly Forces: 7KH WKUHH 'HFRQWDPLQDWLRQ 3ODWRRQV ZHUH GHWDFKHG IURP WKH ��WK 
&KHPLFDO &RPSDQ\ �&6� WR VXSSRUW /RJLVWLFV %DVH �/2*%$6(� :ROYHULQH ORFDWHG HDVW RI 
)LJXUH � �&RQYR\ �� 0DS DQG 2YHUOD\��  )RU DGGLWLRQDO VHFXULW\ DERYH WKH WZR RSHUDWLRQDO 
1XFOHDU� %LRORJLFDO DQG &KHPLFDO 5HFRQQDLVVDQFH 9HKLFOH �1%&59� 6WU\NHUV� WKH �WK IQ�
IDQWU\ 'LYLVLRQ �I'� DWWDFKHG WZR LQIDQWU\�FRQ¿JXUHG 6WU\NHUV� ZLWKRXW WKHLU GLVPRXQWV� )RU 
WUDQVSRUWLQJ VXSSOLHV� &RQYR\ �� LV FRPSRVHG RI D FDUJR WUXFN SODWRRQ ZLWK � FDUJR +HDY\ 
([SDQGHG 0RELOLW\ 7DFWLFDO 7UXFN �+(077� DQG D ZDWHU WUXFN SODWRRQ ZLWK � SRWDEOH ZDWHU 
+(077 WDQNHUV �7DEOH � ± &RQYR\ �� /D\GRZQ DQG )LJXUH 2 ± &RQYR\ �� 2UJDQL]DWLRQ�� 
7KH ORFDO PLOLWLD 7UDQVLDQ �SUR�JRYHUQPHQW� IQIDQWU\ %DWWDOLRQ LV VHFXULQJ WKH YLOODJH� EXW LW 
LV QRW ZHOO�WUDLQHG RU VXSSOLHG� 7KH YLOODJH LV XQGHU KDUDVVPHQW IURP LQVXUJHQW FHOOV�
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Figure 1 – Convoy 55 Map and Overlay
Enemy Forces: -7) 3URWHFWRU $UHD RI 5HVSRQVLELOLW\ �$25� RI 7UDQVLD KDV VLJQL¿FDQW 
LQVXUJHQW HOHPHQWV �XS WR WHDP VL]H�� $V D UHVXOW RI WKH ORVV RI WKH IRUFH�RQ�IRUFH EDWWOH� 
VRPH HOHPHQWV RI WKH RSSRVLQJ IRUFH KDV WDNHQ WR LQVXUJHQF\ WDFWLFV� 7KHVH LQVXUJHQW 
HOHPHQWV RSHUDWH WKURXJKRXW WKH FRXQWU\VLGH UHGXFLQJ IUHHGRP RI PRYHPHQW EHWZHHQ 
SRSXODWLRQ FHQWHUV� 8QFRQ¿UPHG LQWHOOLJHQFH UHSRUWV �ORZ FRQ¿GHQFH� VWDWH VRPH LQVXU�
JHQFH HOHPHQWV KDYH DFTXLUHG D VPDOO VWRFNSLOH RI XQ�ZHDSRQL]HG �EXON� +' PXVWDUG 
DJHQW LQ DQRWKHU 'LYLVLRQ¶V $25� 7KH -7) 3URWHFWRU 6�2 �IQWHOOLJHQFH 6HFWLRQ� GHWHUPLQHG 
LI UHSRUWV DUH WUXH� WKH LQVXUJHQF\ ODFNV WUDQVSRUWDWLRQ DVVHWV WR PRYH LW LQWR WKH �WK I' 
$25 RU WKH &%51 H[SHUWLVH WR HPSOR\ LW�

Incident: &RQYR\ �� GULYHV WKURXJK +' 0XVWDUG DJHQW GXPSHG RQ WKH URDG E\ WKH LQVXU�
JHQWV� &RQYR\ ��¶V PLVVLRQ WR YLOODJH RI 7UDEyN LV FULWLFDO� 7KHUH LV QR IULHQGO\ IRUFHV LQ WKH 
$25� H[FHSW IRU WKH ORFDO PLOLWLD VHFXULQJ WKH YLOODJH� &RQYR\ �� KDOWHG MXVW QRUWK RI 065 
5HG DW ���22�� ZLWK UHSRUWV RI XQXVXDO VPHOOV� LUULWDWLRQ RQ H[SRVHG VNLQ� VFUDWFK\ WKURDWV 
DQG EXUQLQJ H\HV� 7KH XQGHUFDUULDJHV DQG WLUHV RI DOO FRQYR\ YHKLFOHV DUH FRQWDPLQDWHG� 
&RQYR\ SHUVRQQHO KDYH WKHLU SURWHFWLYH PDVNV EXW RQO\ RQH VHW RI 0LVVLRQ 2ULHQWHG 3UR�
WHFWLYH 3RVWXUH �0233� JHDU� 7KH LQVXUJHQW WHDPV LQFUHDVH WKHLU SDWUROV IRU PLOLWLD� FRQ�
YR\V� DQG VXSSOLHV DW QLJKW� 1R IULHQGO\ IRUFHV DUH DYDLODEOH XQWLO WKH QH[W GD\ WR SURYLGH 
DVVLVWDQFH� 7KH WZR LQIDQWU\ 6WU\NHU YHKLFOHV LGHQWL¿HG DW OHDVW WZR LQVXUJHQW WHDPV XVLQJ 
PRXQWDLQV WR PDQHXYHU FORVHU WR WKH VWRSSHG FRQYR\�

Weather: IW LV D FROG )HEUXDU\ LQ 7UDQVLD ZLWK D KLJK RI �� GHJUHHV )� 7KH VXQ VHWV DW ���� 
DQG SURMHFWHG QLJKWWLPH ORZ RI �� GHJUHHV ) ZLWK SRVVLELOLW\ RI OLJKW UDLQV DIWHU PLGQLJKW�
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Figure 2 – Convoy 55 Organization

Table 1 – Convoy 55 Laydown

Commander, Convoy 55:
Mission: &RQYR\ �� GRQV 0233 �� FRQGXFWV LQGLYLGXDO�FUHZ GHFRQWDPLQDWLRQ DW FXUUHQW 
ORFDWLRQ� WKHQ PRYHV WR YLFLQLW\ ���2�� WR FRQGXFW DG KRF RSHUDWLRQDO GHFRQWDPLQDWLRQ WR 
UHGXFH FRQWDPLQDWLRQ RQ YHKLFOHV SULRU WR FRQWLQXLQJ WR WKH YLOODJH RI 7UDEyN�

Intent: 0\ LQWHQW LV IRU DOO SHUVRQQHO QRW LQ RYHUSUHVVXUH V\VWHPV LQ &RQYR\ �� WR GRQ 
0233 � WKHQ FRQGXFW LQGLYLGXDO�FUHZ GHFRQWDPLQDWLRQ WR SURWHFW WKH VROGLHUV IURP FRQ�
WLQXHG H[SRVXUH� :KLOH DW WKH ¿UVW ORFDWLRQ� I ZLOO VHQG &%51 � UHSRUW WR /RJLVWLF %DVH 
�/2*%$6(� :ROYHULQH DQG WKH 0LOLWLD %DWWDOLRQ +HDGTXDUWHUV DW WKH YLOODJH RI 7UDEyN� I 
ZLOO UHTXHVW 7UDEyN SUHSDUH IRU PHGLFDO WUHDWPHQW DQG GHFRQWDPLQDWLRQ DV QHHGHG DW D 
UHFHSWLRQ SRLQW RXWVLGH WKH YLOODJH EXW ZLWKLQ WKH PLOLWLD SHULPHWHU� 7KH 6WU\NHUV� ZLWK WKHLU 
RYHUSUHVVXUH V\VWHPV� DUH XVHG WR PDLQWDLQ VLWXDWLRQ DZDUHQHVV DQG VHFXULW\ DJDLQVW LQ�
VXUJHQFH WHDPV�  $GGLWLRQDOO\� WKH 6WU\NHUV ZLOO OHDG WKH &RQYR\ DW EHVW SRVVLEOH VSHHG WR 
7UDEyN� &RQYR\ �� PRYHV WR FURVVURDGV WR FRQGXFW D KDVW\ RSHUDWLRQDO GHFRQWDPLQDWLRQ 
RI WKH XQGHUFDUULDJHV RI WKH +(077 DQG +00:9V� XVLQJ DV OLWWOH ZDWHU DV SRVVLEOH DQG 
SRWHQWLDOO\ DOORZLQJ GULYHUV WR UHPRYH PDVNV LI QHHGHG ZKLOH GULYLQJ� 2QFH GHFRQWDPLQD�
WLRQ LV FRPSOHWH� WKH 6WU\NHU YHKLFOHV ZLOO OHDG WKH FRQYR\ DV TXLFNO\ DV SRVVLEOH WR WKH 
RXWVNLUWV RI 7UDEyN WR FRRUGLQDWH FRQWDFW ZLWK WKH 7UDQVLDQ PLOLWLD�  2QFH ZLWKLQ WKH VHFXULW\ 
SHULPHWHU� &RQYR\ �� SHUVRQQHO ZLOO FRQGXFW WKRURXJK GHFRQWDPLQDWLRQ RSHUDWLRQV DQG 
HQVXUH DOO SHUVRQQHO UHFHLYH PHGLFDO WUHDWPHQW� I ZLOO UHSRUW VWDWXV RI &RQYR\ �� WR /2*�

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 147Issue 22

%$6( :ROYHULQH DQG KDYH FDUJR YHKLFOHV XQORDGHG DQG VHFXUHG WR UHGXFH DQ\ DGGLWLRQDO 
VSUHDG RI FKHPLFDO DJHQWV DQG Rႇ�JDVVLQJ�

Tasks: 
7DVN� IQVWUXFW SHUVRQQHO WKDW GLG QRW H[LW YHKLFOHV ZLWK RYHUSUHVVXUH V\VWHPV �6WU\NHUV� 
WR QRW H[LW YHKLFOHV
3XUSRVH� 7R UHGXFH FRQWDPLQDWLRQ DQG SURWHFW VROGHUV IURP IXUWKHU FRQWDPLQDWLRQ

7DVN� 'LUHFW SHUVRQQHO QRW LQ 6WU\NHU YHKLFOHV WR GRQ 0233 � DQG FRQGXFW LQGLYLGXDO�
FUHZ GHFRQWDPLQDWLRQ
3XUSRVH� 7R UHGXFH FRQWDPLQDWLRQ DQG SURWHFW VROGHUV IURP IXUWKHU FRQWDPLQDWLRQ

7DVN� &RQWLQXH PRYLQJ RQ 065 5HG WR YLFLQLW\ ���22� QHDU FURVV URDGV
3XUSRVH� 7R PRYH DZD\ IURP LPPHGLDWH LQVXUJHQW WKUHDW

7DVN� :DWHU 7UDQVSRUW SODWRRQ VHW XS DQ DG KRF RSHUDWLRQDO GHFRQWDPLQDWLRQ VLWH DW 
YLFLQLW\ ���22�
3XUSRVH� 7R UHPRYH JURVV FRQWDPLQDWLRQ IURP WKH +(077 DQG +00:9V XQGHUFDU�
ULDJHV

7DVN� 1%&59V PDUN GHFRQWDPLQDWLRQ VLWH SULRU WR GHSDUWLQJ WKH DUHD
3XUSRVH� 7R SUHYHQW VSUHDG RI FKHPLFDO DJHQW DQG FRQWDPLQDWLRQ RI RWKHU SHUVRQQHO 
DQG YHKLFOHV

7DVN� &RQYR\ �� FRQWLQXHV PRYHPHQW WR RXWVNLUWV RI 7UDEyN IRU PHGLFDO WUHDWPHQW 
DQG GHFRQWDPLQDWLRQ
3XUSRVH� 7R UHPRYDO DV PXFK FRQWDPLQDWLRQ DV SRVVLEOH DQG DOORZ WKH FDUJR YHKL�
FOHV WR EH XQORDGHG ZLWK ORZHU ULVN WR SHUVRQQHO

7DVN� 6HJUHJDWH YHKLFOHV LQ 7UDEyN XQWLO DGGLWLRQ JXLGDQFH DQG IRUFHV DUH DYDLODEOH
3XUSRVH� 7R PLQLPL]H VSUHDG RI FKHPLFDO DJHQWV DQG Rႇ�JDVVLQJ

Rationale:
�� 7KH FRQYR\ FRPPDQGHU¶V LPPHGLDWH QHHG LV WR SURWHFW SHUVRQQHO IURP +' H[SRVXUH 
DQG XVH DQ\ RUJDQLF DVVHWV WKH FRQYR\ KDV WR GHFRQWDPLQDWH SHUVRQQHO DQG YHKLFOHV WR 
SUHYHQW VSUHDG RI WKH FKHPLFDO DJHQW�

2� 7KH FRQYR\ FRPPDQGHU QHHGV WR UHSRUW WKH VLWXDWLRQ DQG SURYLGH D &%51�� UHSRUW WR 
/RFDO 0LOLWLD DW 7UDEyN DQG KLJKHU KHDGTXDUWHUV DW /2*%$6( :ROYHULQH� +LJKHU KHDG�
TXDUWHUV ZLOO EH DEOH WR DVVHPEOH D WDVN IRUFH WR GHFRQWDPLQDWH WKH WHUUDLQ� VHFXUH WKH 
065 IURP LQVXUJHQWV� WUHDW�UHFRYHU WKH FDXVDOLWLHV� DQG WKRURXJKO\ GHFRQWDPLQDWLRQ FRQ�
YR\ YHKLFOHV� 
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�� 7KH UHFRQ WHDP PXVW EH VHQW WR PDUN WKH DUHD WR SUHYHQW RWKHUV IURP HQWHULQJ WKH FRQ�
WDPLQDWHG DUHD� IRU ERWK WKH DGGLWLRQDO UHOLHI FROXPQV DQG IRU DQ\ ORFDOV� 

�� :KLOH WKH XVH RI SRWDEOH ZDWHU IURP WKH WUDQVSRUW SODWRRQ LV D FRPPDQGHU¶V FDOO DQG ZLOO 
FUHDWH DQ DUHD RI FRQWDPLQDWLRQ� LW LV FULWLFDO WR UHPRYH DV PXFK FRQWDPLQDWLRQ DV HDUO\ DV 
SRVVLEOH WR UHGXFH SRWHQWLDO H[SRVXUH DQG VSUHDG RI WKH DJHQW WR WKH VROGLHUV DQG GULYLQJ 
FDELQV� /RZHULQJ WKH FRQWDPLQDWLRQ OHYHO ZLOO VSHHG XS WKH ZHDWKHULQJ HႇHFW RI WKH DJHQW 
EHIRUH UHDFKLQJ WKH YLOODJH SHULPHWHU� UHGXFLQJ WKH SRWHQWLDO WR VSUHDG FRQWDPLQDWLRQ IXU�
WKHU� 8VLQJ WKH VLGH URDG DQG KLOO DW YLFLQLW\ ���22�� QHDU WKH FURVVURDGV� WR HVWDEOLVK DQ 
Rႇ�URDG GHFRQWDPLQDWLRQ VLWH ZLOO IXUWKHU UHGXFH WKH ULVN RI FRQWDPLQDWLRQ�

Sources:
$73 ������2 0XOWL�6HUYLFH 7DFWLFV� 7HFKQLTXHV� DQG 3URFHGXUHV IRU &KHPLFDO� %LRORJLFDO� 
5DGLRORJLFDO� DQG 1XFOHDU 3DVVLYH 'HIHQVH
$73 ������� 0XOWL�6HUYLFH 7DFWLFV� 7HFKQLTXHV� DQG 3URFHGXUHV IRU 7DFWLFDO &RQYR\ 
2SHUDWLRQV
$73 ���� $UP\ 0RWRU 7UDQVSRUW 2SHUDWLRQV
)0 ���� &%51 2SHUDWLRQV
&%51 5HSRUWLQJ *7$
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CBRN Vignette 21-1 “Division Brief”
/7& 'DQLHO 3� /DXUHOOL

8QLWHG 6WDWHV $UP\ 1XFOHDU DQG &RXQWHULQJ :0' $JHQF\ �86$1&$�

LTC Daniel Laurelli is a Countering Weapons of Mass Destruction (CWMD)/ Chemical, Biological, 
Radiological, and Nuclear Defense (CBRND) Officer at the US Army Nuclear and Countering WMD 
Agency (USANCA), in Fort Belvoir, VA. He has a B.A. in Biochemistry from Ithaca College, and a 
M.S. in Environmental Management from Webster University. He was previously assigned as a
Chemical Officer at the 55th Medical Group, 101st Chemical Company, 3rd Infantry Division (M)
Aviation Brigade, US Environmental Protection Agency (EPA) in Region 7, US Army CBRN School,
and the Defense Threat Reduction Agency (DTRA). His email address is daniel.p.laurelli.mil@mail.
mil.

7KLV &%51 YLJQHWWH LV SDUW RI DQ RQJRLQJ VHULHV RI VFHQDULRV GHYHORSHG DV D WUDLQLQJ WRRO 
IRU GHFLVLRQ PDNHUV DW DOO OHYHOV ± WDFWLFDO WR VWUDWHJLF� 7KH JRDO LV WR IRVWHU ERWK WKRXJKW 
DQG GLVFXVVLRQ� DQG WR VXSSRUW WUDLQLQJ� 5HDGHUV DUH HQFRXUDJHG WR VHQG SRVVLEOH VROX�
WLRQV WR WKH &RXQWHULQJ :0' -RXUQDO DV D PHDQV RI LQWHUDFWLRQ ZLWK WKH &%51 FRPPXQLW\� 
7KH DXWKRU¶V VROXWLRQ� DORQJ ZLWK VHOHFWHG UHDGHUV¶ VROXWLRQV� ZLOO EH SXEOLVKHG LQ IXWXUH 
MRXUQDO LVVXHV�

Background:
7KH 8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ GHSOR\HG WR WKH QDWLRQ RI 7UDQVLD DV SDUW RI &RP�
ELQHG -RLQW 7DVN )RUFH �&-7)� )UHHGRP ZLWK WKH PLVVLRQ WR FRQGXFW RႇHQVLYH RSHUDWLRQV 
DJDLQVW WKH IRUFHV RI 'RQRYLD�  7KH �VW �)UHQFK� $UPRUHG 'LYLVLRQ LV WR WKH QRUWK DQG �UG 
�8QLWHG .LQJGRP� $UPRUHG 'LYLVLRQ LV WR WKH VRXWK RI WKH 8�6� $UP\ �WK 0HFKDQL]HG 'L�
YLVLRQ� 7KH 8�6� $UP\ �UG IQIDQWU\ 'LYLVLRQ LV VWDJHG LQ WDFWLFDO DVVHPEO\ DUHDV �7$$V� WR 
WKH ZHVW�

Situation:
IW LV �2 $SU 2�2� DQG \RX DUH WKH QHZ &%51 RႈFHU IRU WKH 8�6� $UP\ �WK 0HFKDQL]HG 
'LYLVLRQ GHSOR\HG WR 7UDQVLD� +DYLQJ MXVW DUULYHG� \RX DUH GLUHFWHG WR DWWHQG WKH GLYLVLRQDO 
RSHUDWLRQV RUGHU EULHI� ZKLFK LV DERXW WR VWDUW� 7KH GLYLVLRQ VWDႇ LV EULH¿QJ WKH &RPPDQGHU� 
8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ �0DMRU *HQHUDO 6P\WK� WKH SODQ WR FRQGXFW RႇHQVLYH 
RSHUDWLRQV� $V \RX WDNH D VHDW� WKH *�2 �LQWHOOLJHQFH RႈFHU� EHJLQV ZLWK WKH HQHP\ VLWXD�
WLRQ IROORZHG E\ WKH *�� �RSHUDWLRQV RႈFHU�� WKH ZHDWKHU RႈFHU� WKH ¿UHV RႈFHU� DQG WKH 
VXVWDLQPHQW RႈFHU �*����

G-2 (Intelligence):
7KH HQHP\ IRUFHV �'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ� DUH LQ WKH 8�6� $UP\ �WK 0HFKD�
QL]HG 'LYLVLRQ DUHD RI UHVSRQVLELOLW\ �$25� DQG SRVVHVV D �QHDU SHHU� FUHGLEOH WKUHDW� 7KH
'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ KDV WZR RUJDQLF DUWLOOHU\ EDWWHULHV ��2 [ �22PP DQG
� [ ��2PP SHU EDWWHU\�� 7KH QDWLRQ RI 'RQRYLD SRVVHVVHV FKHPLFDO ZHDSRQV DQG KDV
D SROLF\ IRU XVH DV D GHIHQVLYH FRPEDW PXOWLSOLHU� $W WKH GLYLVLRQ OHYHO� 'RQRYLDQ 7DFWLFV�
7HFKQLFV� DQG 3URFHGXUHV �773V� LQFOXGH WDUJHWLQJ PDQHXYHU HOHPHQWV LQ WKH RSHQ DQG
DV ¿QDO SURWHFWLYH ¿UH �)3)� LQ RUGHU WR DOORZ EULJDGHV HQJDJHG LQ FRPEDW WR IDOO EDFN WR

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 150 Issue 22

DOWHUQDWLYH ¿JKWLQJ SRVLWLRQV� 7KH 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ LV DVVHVVHG DV 
SUR¿FLHQW LQ FRQGXFWLQJ RSHUDWLRQV LQ D FKHPLFDOO\ FRQWDPLQDWHG HQYLURQPHQW� WR LQFOXGH 
GHFRQWDPLQDWLRQ �7DEOH �� 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ�� IQWHOOLJHQFH FRQ¿UPHG 
WKDW HDFK EDWWHU\ KDV VHYHUDO FKHPLFDO PXQLWLRQ DPPXQLWLRQ YHKLFOHV LQ VWDJLQJ DUHDV� 
HDFK HTXLSSHG ZLWK VLJQL¿FDQW FKHPLFDO PXQLWLRQV �PXVWDUG DQG QHUYH DJHQW�� $GGLWLRQ�
DOO\� WKHUH DUH WKUHH FKHPLFDO PXQLWLRQ VWRUDJH VLWHV LQ WKH $25 FRQWDLQLQJ PXQLWLRQV 
ZLWK PXVWDUG DQG QHUYH DJHQW �7DEOH 2� &KHPLFDO 0XQLWLRQ 6WRUDJH 6LWHV�� (DFK ��WK 
0HFK�$UPRU 'LYLVLRQ %ULJDGH LV FRPSRVHG RI WZR PHFKDQL]HG EDWWDOLRQV DQG RQH DUPRU 
EDWWDOLRQ� %ULJDGH 2 KDV EHHQ UHLQIRUFHG ZLWK DQ DGGLWLRQDO PHFKDQL]HG EDWWDOLRQ DQG DQ 
DUPRU EDWWDOLRQ �6HH )LJXUH 2� 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ� 

Table 1: Donovian 46th Mech-Armor Division

Chemical Site Locations: 7KH 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ PDLQWDLQV WKUHH 
FKHPLFDO PXQLWLRQ VWRUDJH VLWHV� 7KH 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ &KHPLFDO &RP�
SDQ\ LV FRPSRVHG RI WZR FKHPLFDO PXQLWLRQ WUDQVSRUWDWLRQ SODWRRQV DQG WKUHH KHDY\ GH�
FRQWDPLQDWLRQ SODWRRQV� 

&KHPLFDO 6LWH � LV D EDFN�XS FKHPLFDO ZHDSRQV VWRUDJH VLWH IRU WKH 'RQRYLDQ ��WK 
0HFK�$UPRU 'LYLVLRQ� IW LV FRPSRVHG RI ��� ZHOO FDPRXÀDJHG PXQLWLRQ EXQNHUV� 7KH 
EXQNHUV DUH UDWHU IRU SURWHFWLRQ IURP VPDOO DUPV ¿UH� $ FKHPLFDO PXQLWLRQV DQG VHFXULW\ 
XQLW PDLQWDLQV WKH VLWH�

&KHPLFDO 6LWH 2 LV WKH PDLQ FKHPLFDO ZHDSRQ VWRUDJH VLWH IRU WKH 'RQRYLDQ ��WK 0HFK�$U�
PRU 'LYLVLRQ� $ FKHPLFDO PXQLWLRQV DQG VHFXULW\ XQLW PDLQWDLQV WKH VLWH� 7KH VLWH LV VSOLW 
LQWR WZR DUHDV� 6LWH $ LV ��� DPPXQLWLRQ EXQNHUV� DEOH WR SURWHFW PXQLWLRQV IURP PRVW DU�
WLOOHU\ DWWDFNV� $UHD % LV D WHPSRUDU\ VWRUDJH DUHD� ZKLFK LV D IRRWEDOO ¿HOG VL]HG DUHD ZLWK 
D EHUP DQG ��IRRW IHQFH� ZKHUH WKH FKHPLFDO PXQLWLRQV XQLW SUHSDUHV WR URXQGV IRU WUDQVIHU 
WR WKH 'RQRYLDQ FKHPLFDO DUWLOOHU\ XQLWV�

&KHPLFDO 6LWH � LV D VPDOO IRUZDUG EDVH IRU WKH 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ� 7KH 
FKHPLFDO PXQLWLRQV DORQJ ZLWK FRQYHQWLRQDO PXQLWLRQV DUH VWRUHG LQ D ODUJH ZDUHKRXVH 
ZLWK D SHULPHWHU GHIHQVH DQG EHUP� 7KH VLWH LV VHFXUHG E\ ORFDO SROLFH� 
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Table 2: Chemical Munition Storage Sites

Table 2: Chemical Munition Storage Sites

G3 (Operations):1

0LVVLRQ� $W ������$SU2�2� WKH 8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ ZLWK WKUHH 
$UPRUHG %ULJDGH &RPEDW 7HDPV �$%&7� DWWDFN IURP OLQH RI GHSDUWXUH SKDVH OLQH 
�3/� )RUG ZLWK D OLPLW RI DGYDQFH RI 3/ 'RGJH LQ RUGHU WR GHVWUR\ WKH 'RQRYLDQ 
��WK 0HFK�$UPRU 'LYLVLRQ DQG HVWDEOLVK D FRYHULQJ IRUFH 1/7 ����2� $SU2�2� LQ 
WKH 8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ $UHD RI 2SHUDWLRQV �$2� VHFXUH WKH WHUUDLQ 
ZHVW RI 3/ 'RGJH� (VWDEOLVK $UHD GHIHQVH DORQJ 3/ 'RGJH� 2Q RUGHU� 8�6� $UP\ 
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�WK 0HFKDQL]HG 'LYLVLRQ ZLOO FRQGXFW IRUZDUG SDVVDJH RI OLQHV IRU WKH 8�6� $UP\ 
�UG IQIDQWU\ 'LYLVLRQ �)LJXUH �� 86 �WK 0HFKDQL]HG 'LYLVLRQ 2SHUDWLRQDO 6NHWFK� WR 
FRQWLQXH RႇHQVLYH RSHUDWLRQV�

Figure 2: U.S. Army 5th Mechanized Division Operational Sketch (not to scale)

Task Organization:

Figure 3: U.S. Army 5th Mechanized Infantry Division
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Commander’s intent: 
6ZLIWO\ DWWDFN WR GHVWUR\ WKH 'RQRYLDQ ��WK 0HFK�$UPRU 'LYLVLRQ WR 3/ 'RGJH� HVWDE�
OLVKLQJ D DUHD GHIHQVH WR IDFLOLWDWH IRUZDUG SDVVDJH RI OLQHV RI WKH 8�6� $UP\ �UG IQIDQWU\ 
'LYLVLRQ 1/7 2�����$SU2�2�� :H ZLOO DYRLG FKHPLFDO ZHDSRQ XVH E\ VXSSUHVVLQJ HQHP\ 
¿UHV ZLWK 8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ )LUHV %DWWDOLRQ� VZLIWO\ FORVLQJ DQG GHVWUR\�
LQJ 'RQRYLDQ FRPEDW HOHPHQWV� E\ SDVVLQJ XUEDQ DUHDV WR PDLQWDLQ RSHUDWLRQDO WHPSR 
DQG VHFXULQJ FKHPLFDO PXQLWLRQ VWRUDJH VLWHV IRU IROORZ�RQ GHVWUXFWLRQ� 7KH 8�6� $UP\ �WK 
0HFKDQL]HG 'LYLVLRQ HQG VWDWH LV WKH VHFXUH WKH WHUUDLQ ZHVW RI 3/ 'RGJH DQG SUHSDUHG 
WR FRQGXFW IRUZDUG SDVVDJH RI OLQHV� 

Task to subordinate units:
�VW %&7 ZLWK WKH ��WK &KHPLFDO &RPSDQ\ ���� $V VXSSRUWLQJ HႇRUW� DGYDQFH RQ WKH QRUWK�
HUQ D[LV DV WKH PDLQ DWWDFN E\ HQJDJLQJ DQG GHVWUR\LQJ WKH 'RQRYLDQ ��WK 0HFK�$UPRU 
'LYLVLRQ �%ULJDGH �� LQ WKHLU D[LV RI DGYDQFH HQ URXWH WR 3/ 'RGJH�
2QG DQG �UG %&7� $V WKH PDLQ HႇRUW� DGYDQFH DORQJ WKH VRXWKHUQ D[LV DV WKH PDLQ HႇRUW 
WR HQJDJH DQG GHIHDW WKH ��WK 0HFK�$UPRU 'LYLVLRQ �%ULJDGH 2� DQG WKH ��WK 0HFK�$UPRU 
'LYLVLRQ &RPPDQG 3RVW �&3�
&RPEDW $YLDWLRQ %ULJDGH� 3URYLGH WZR DWWDFN �$+���'� FRPSDQLHV WR PDLQ HႇRUW� RQH 
DWWDFN �$+���'� FRPSDQ\ WR VXSSRUWLQJ HႇRUW� DQG NHHS RQH DWWDFN �$+���'� FRPSDQ\ 
DV GLYLVLRQ UHVHUYH�
�WK 0HFKDQL]HG 'LYLVLRQ )LHOG $UWLOOHU\ %DWWDOLRQ� &RQGXFW FRXQWHU ¿UH� ORQJ UDQJH SUHFL�
VLRQ ¿UHV DQG FORVH FRPEDW RSHUDWLRQV�
��WK &KHPLFDO &RPSDQ\ �1%&59V�� 3URYLGH RYHUZDWFK WR WKH PDLQ HႇRUW DQG EH SUH�
SDUHG WR PDUN ODQHV FOHDU RI FRQWDPLQDWLRQ LQ VXSSRUW RI 2QG DQG �UG %&7V�

Division Fires:
$V SDUW RI WKH SUHSDUDWRU\ ¿UHV ����� ± ���� �� $SU 2�2��� WKH 8�6� $UP\ �WK 0HFKDQL]HG 
'LYLVLRQ 0XOWLSOH /DXQFK 5RFNHW 6\VWHP �0/56� DQG ���PP EDWWHULHV SULRULWLHV RI HႇRUW 
is:

�� 'RQRYLDQ DUWLOOHU\ EDWWHULHV� 
2� 'RQRYLDQ FKHPLFDO WUDQVSRUWDWLRQ PXQLWLRQ WUXFNV� 
�� &KHPLFDO PXQLWLRQV VWRUDJH VLWHV� DQG 
�� ��WK 0HFK�$UPRU 'LYLVLRQ &RPPDQG 3RVW� 

$W ���� WKH 0/56 DQG RQH ���PP EDWWHU\ SULRULW\ RI ¿UHV LV 2QG %&7 DV OHDG HOHPHQW� 
IROORZHG E\ �UG %&7� 2QH ���PP EDWWHU\ SULRULW\ RI ¿UHV LV �VW %&7�

Division Weather: 
7UDQVLD LV LQ LWV GU\ VHDVRQ ZLWK QR UDLQ SUHGLFWHG DQG OLWWOH FORXG FRYHUDJH �7DEOH �� :HDWK�
HU )RUHFDVW�� 2Q WKH PRUQLQJ RI WKH RႇHQVLYH� WKH WHPSHUDWXUH LV IRUHFDVWHG WR EH �� GH�
JUHHV )� ��� KXPLGLW\� DQG VWHDG\ ZLQG IURP WKH HDVW DW �� NSK�

Table 3: Weather Forecast
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G-4 (Sustainment Officer): 7KH 8�6� $UP\ �WK 0HFKDQL]HG 'LYLVLRQ 6XVWDLQPHQW %UL�
JDGH ZLOO SURYLGH DOO FODVVHV RI VXSSO\ WR WKH GLYLVLRQ ZLWK SULRULW\ WR WKH WKUHH $%&7V� IRO�
ORZHG E\ WKH ¿UHV EULJDGH� DQG WKH DYLDWLRQ EULJDGH� 7KH PDQHXYHU FRPSDQ\ VXSSO\ WUDLQV
DUH UHVSRQVLEOH IRU WKH VHFRQG &%51 SURWHFWLRQ JHDU VHW� ZLWK WKH VXVWDLQPHQW EULJDGH
PDLQWDLQLQJ DGGLWLRQDO &%51 SURWHFWLRQ JHDU DQG GHFRQWDPLQDWLRQ VXSSOLHV DW 7DFWLFDO
$VVHPEO\ $UHD �7$$� :ROYHULQH�

Requirement: 
$IWHU UHYLHZLQJ WKH VLWXDWLRQ� ZULWH D SRLQW SDSHU WR WKH 'LYLVLRQDO &RPPDQGHU DERXW WKH 
GLYLVLRQDO RႇHQVLYH SODQ� DV EULHIHG� 5HDGHUV ZDQWLQJ WR VXEPLW VROXWLRQV FDQ VHQG WKHP 
WR 86$1&$ FDUH RI GDQLHO�S�ODXUHOOL�PLO#PDLO�PLO�

References: 
$UP\ 'RFWULQH 3XEOLFDWLRQ �$'3� ���� 2ႇHQVH DQG 'HIHQVH� �� -XO\ 2���
75$'2& 3DPSKOHW �2����� 8�6� $UP\ )XQFWLRQDO &RQFHSW IRU 0RYHPHQW DQG 0DQHXYHU 
�$)&�00� 2�2� � 2���� )HE 2���
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A Review of Research Conducted by FA52 
Students during 2020

0$- -RVKXD ' )UH\
8QLWHG 6WDWHV $UP\ 6WXGHQW 'HWDFKPHQW

(YHU\ \HDU� WKH 8�6� $UP\ 1XFOHDU DQG &:0' $JHQF\ �86$1&$� VXSSRUWV 
)$�2 RႈFHUV SXUVXLQJ JUDGXDWH VWXGLHV WKURXJK WKH $UP\¶V $GYDQFHG &LY�

LO 6FKRROLQJ SURJUDP� 7KHVH VWXGLHV DUH DQ LPSRUWDQW VWDJH LQ WKH SURIHVVLRQDO 
GHYHORSPHQW DQG EURDGHQLQJ RI QHZO\ DVVHVVHG )$�2V DQG SURYLGH D FRPPRQ 
JURXQGLQJ H[SHULHQFH LQ DQ DFDGHPLF GLVFLSOLQH UHODWHG WR :0' VFLHQFH RU SROLF\� 
:KLOH WKH IXWXUH FDUHHU SDWK RI WKHVH RႈFHUV PD\ RU PD\ QRW EH UHODWHG WR WKHLU 
FKRVHQ ¿HOG RI UHVHDUFK� WKHLU HႇRUWV WR LPSURYH WKH FRPPRQ XQGHUVWDQGLQJ RI 
SK\VLFDO SKHQRPHQD ZLWKLQ RXU XQLYHUVH� DV ZHOO DV WKH VRFLDO DQG SROLWLFDO LQWHUDF�
WLRQV WKDW DႇHFW RXU QDWLRQDO VHFXULW\� DUH LPSRUWDQW DQG FDQQRW EH GLVPLVVHG� 

7KH SXUSRVH RI WKLV DUWLFOH LV WR SURYLGH D VKRUW VXPPDU\ RI WKH ZRUN FRPSOHWHG 
RYHU WKH SDVW \HDU E\ )$�2 VWXGHQWV� IURP WKH 0DUFK 2�2� WKURXJK 0DUFK 2�2�� 
7KH DEVWUDFWV IRU WKHLU WKHVHV� GLVVHUWDWLRQV� RU FDSVWRQH SURMHFWV DUH JURXSHG E\ 
VXEMHFW PDWWHU� 5HVHDUFK GLUHFWO\ UHODWHG WR 1XFOHDU 6FLHQFH DQG (QJLQHHULQJ DUH 
¿UVW� IROORZHG E\ UHVHDUFK IRFXVHG RQ &KHPLFDO DQG 0DWHULDOV 6FLHQFH� WKHQ UH�
VHDUFK LQ WKH %LRORJLFDO 6FLHQFHV� DQG ¿QDOO\ UHVHDUFK LQ 3ROLF\ DQG IQWHUQDWLRQDO 
5HODWLRQV� )LQDOO\� WKLV DXWKRU WDNHV QR FUHGLW IRU WKH ZRUN RI WKH RႈFHUV ZKRVH 
DEVWUDFWV DSSHDU LQ WKLV DUWLFOH DQG DSSUHFLDWHV WKHLU DVVLVWDQFH LQ SURYLGLQJ WKHLU 
DEVWUDFWV DQG WKH 85/V IRU WKHLU WKHVHV DQG MRXUQDO DUWLFOHV� 7KRVH RႈFHUV ZKRVH 
H�PDLOV DUH OLVWHG PD\ EH FRQWDFWHG GLUHFWO\ ZLWK TXHVWLRQV UHJDUGLQJ WKHLU UHVHDUFK�

)$�2 RႈFHUV JUDGXDWLQJ GXULQJ 2�2� IURP $&6� 6$06� RU RWKHU DFDGHPLF SUR�
JUDPV ZLWK D UHVHDUFK FRPSRQHQW DUH LQYLWHG WR VHQG WKLV DXWKRU D 2���ZRUG DE�
VWUDFW DQG D 85/ WR WKHLU GRFXPHQW IRU  IXWXUH HGLWLRQV RI WKLV DUWLFOH�
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Fieldable Neutron Imaging System: 
Simulation and Experimentation into the 
Viability of Associated Particle Imaging 

in Austere Field Environments
&37 %HQMDPLQ 7UR[HOO

EHQMDPLQ�F�WUR[HOO�PLO#PDLO�PLO
7KLV WKHVLV LV WKH FXOPLQDWLRQ RI DQ HႇRUW WR 
GHYHORS D SRUWDEOH IDVW QHXWURQ UDGLRJUDSK\ 
GHYLFH FDSDEOH RI JHQHUDWLQJ LPDJHV RI WKH 
LQWHUQDO VWUXFWXUH RI KLJK = REMHFWV QRQ�LQ�
WUXVLYHO\ LQ DXVWHUH ¿HOG HQYLURQPHQWV� 7KLV 
ZRUN UHSUHVHQWV WKH ¿UVW DGYDQFHPHQW WR 
WKLV HQG IRU WKH )LHOGDEOH 1XFOHDU 0DWHULDOV 
IGHQWL¿FDWLRQ 6\VWHP �)10I6�� 7KH HႇRUW 
ZDV WZR SURQJHG LQ LWV DSSURDFK� )LUVW� D 
SK\VLFDO V\VWHP ZDV FRQVWUXFWHG DQG WHVW�
HG LQ DQ HႇRUW WR UHGXFH VL]H DQG RYHUDOO 
V\VWHP ZHLJKW� 6LPXOWDQHRXVO\� D QHZ VLP�
XODWLRQ ZRUNVSDFH ZDV GHYHORSHG WR WHVW 
REMHFWV XQDYDLODEOH IRU SK\VLFDO LPDJLQJ� 
7KH SK\VLFV RI WKH VLPXODWLRQ ZHUH PRGHOHG 
XWLOL]LQJ WKH ODWHVW YHUVLRQ RI 0RQWH &DU�
OR 1�3DUWLFOH 7UDQVSRUW �0&13� ��2� 3RVW 
SURFHVVLQJ DQG LPDJH UHFRQVWUXFWLRQ ZHUH 
FRPSOHWHG XWLOL]LQJ 3\WKRQ ��� HPSOR\LQJ 
WKH PFQSWRROV PRGXOH WR VWXG\ WKH FRQWHQW 
RI 0&13¶V SDUWLFOH WUDFN �375$&� ¿OH� $V 
SDUW RI WKLV VLPXODWLRQ SURFHVV� D QHZ EHDP 
FKDUDFWHUL]DWLRQ SUR¿OH IRU WKH 5XVVLDQ I1*�
2� '7 JHQHUDWRU KDV EHHQ GHYHORSHG� 7KH 
UHVXOW LV D GRXEOH JDXVVLDQ ¿W FRPSDUDEOH WR 
WKH FKDUDFWHUL]DWLRQ RI WKH 7KHUPR 6FLHQWLI�
LF $3I��2� V\VWHP� $ VHULHV RI REMHFWV DQG 
PLVDOLJQPHQW H[SHULPHQWV ZHUH FRQGXFWHG� 
7KH UHVXOW RI WKLV ZRUN LV DQ DJUHHPHQW EH�
WZHHQ WKH UHVXOWV RI VLPXODWLRQV DQG WKRVH 
RI WKH ODERUDWRU\ PHDVXUHPHQWV� 6LJQL¿FDQW 
DGYDQFHV LQ VHWXS WLPH� DOLJQPHQW WHFK�
QLTXHV� DQG UHTXLUHG WLPH RI H[SRVXUH ZHUH 
DOO PDGH DV SDUW RI WKH FRQVWUXFWLRQ SURFHVV� 
7KLV ZRUN SDYHV WKH ZD\ IRU WKH DSSOLFDWLRQ 
RI QHXUDO QHWZRUNV WR LPSURYH PLVDOLJQPHQW 
DVVHVVPHQW DQG LPDJH TXDOLW\�
K W W S V � � � W U D F H � W H Q Q H V V H H � H G X � X W N B
JUDGWKHV������

Effects of Water Entrainment on Shock 
Propagation from a Nuclear Detonation

0$- 7UHQWRQ )UHHPDQ
)LOPV UHFRUGHG GXULQJ WKH SHULRG RI DWPR�
VSKHULF QXFOHDU WHVWLQJ LQ WKH 8QLWHG 6WDWHV 
UHPDLQ RQH RI WKH RQO\ VRXUFHV RI GDWD JDWK�
HUHG GXULQJ QXFOHDU WHVWLQJ�  2YHU ������ 
¿OPV DUH EHLQJ VFDQQHG DQG GLJLWL]HG DW 
/DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ IRU 
PRUH WKRURXJK DQDO\VLV ZLWK PRGHUQ LPDJH 
SURFHVVLQJ WHFKQLTXHV LQ DQ DWWHPSW JDLQ D 
PRUH FRPSUHKHQVLYH XQGHUVWDQGLQJ RI YDUL�
RXV QXFOHDU SKHQRPHQD�  7KLV UHVHDUFK OHY�
HUDJHG KLVWRULF QXFOHDU WHVW ¿OPV GHWRQDWHG 
IURP EDUJHV LQ WKH 3DFL¿F 2FHDQ WR TXDQWLI\ 
KRZ ZDWHU HQWUDLQPHQW� HQHUJ\ WUDQVPLV�
VLRQ� DQG GUDJ HႇHFWV LPSDFW VKRFN ZDYH 
SURSDJDWLRQ IURP WKH WLPH RI GHWRQDWLRQ WR 
WKH WLPH RI ¿UVW WKHUPDO PLQLPXP� WPLQ�  7KH 
UDGLXV DQG KHLJKW RI WKH VKRFN ZDYH GXULQJ 
WLPHV RI LQWHUHVW ZDV LGHQWL¿HG WKURXJK GLJ�
LWDO LPDJH SURFHVVLQJ WHFKQLTXHV� DQG FXEH 
URRW VFDOLQJ ODZV ZHUH DSSOLHG WR GHWHUPLQH 
WKH DSSDUHQW \LHOG ORVW DQG SHUFHQWDJH RI 
\LHOG ORVW DW WKH ZDWHU¶V VXUIDFH IURP WKH FX�
PXODWLYH HႇHFWV RI WKH ORVV WHUPV LGHQWL¿HG 
DERYH�  )LQDOO\� D KLJK�¿GHOLW\ PXOWL�SK\VLFV 
VRIWZDUH SDFNDJH SDUWLFXODUO\ DSSURSULDWH 
IRU VROYLQJ SUREOHPV UHODWHG WR KLJK�H[SOR�
VLYH DQG QXFOHDU GHWRQDWLRQV LQ WZR DQG 
WKUHH GLPHQVLRQV NQRZQ DV 6+$05& RU 
6HFRQG�2UGHU� +\GURG\QDPLF� $XWRPDWLF 
0HVK 5H¿QHPHQW &RGH ZDV XVHG WR VLPX�
ODWH D QXFOHDU GHWRQDWLRQ ZLWK D VLPLODU \LHOG 
WR D KLVWRULF WHVW WR GHWHUPLQH KRZ ZHOO FXU�
UHQW PRGHOV LQFRUSRUDWH ZDWHU HQWUDLQPHQW� 
HQHUJ\ WUDQVPLVVLRQ� DQG GUDJ HႇHFWV�

$YDLODEOH DW KWWSV���GLVFRYHU�GWLF�PLO�

Nuclear Science and Engineering
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Decoupling of Underground Nuclear 
Detonations

0$- /DZWRQ 'UDNH
7KH DELOLW\ RI D QDWLRQ WR GHYHORS D FODQGHV�
WLQH ZHDSRQV SURJUDP H[LVWV ZKHQ WKDW QD�
WLRQ GHYHORSV WKH FDSDELOLW\ WR GHVLJQ ORZ�
\LHOG GHYLFHV WKDW DUH DEOH WR EH GHWRQDWHG 
XQGHUJURXQG ZKHUH WKH VHLVPLF VLJQDOV DUH 
PLWLJDWHG WKURXJK WKH VXUURXQGLQJ JHRORJ�
LF PHGLXP� IQ WKLV H[SHULPHQW D ���� NLOR�
WRQ ERRVWHG ¿VVLRQ GHYLFH ZDV GHYHORSHG 
EDVHG XSRQ NQRZQ SULQFLSOHV DQG SODFHG LQ 
DQ DLU FDYLW\ VXUURXQGHG E\ D VDOW GRPH VLP�
LODU LQ GHVLJQ WR WKH 6DOPRQ�6WHUOLQJ HYHQW 
FRQGXFWHG QHDU +DWWLHVEXUJ� 0LVVLVVLSSL� 
7KH UHVXOWLQJ SUHVVXUH DQG HQHUJ\ ZDYHV� 
2���� 0EDU� DQG����H� 0EDU�FP�� UHVSHF�
WLYHO\� ZHUH PHDVXUHG DJDLQVW D XQLIRUP VDOW 
PHGLXP DQG LWV HODVWLF OLPLWV� 7KH PHDVXUHV 
ZHUH IRXQG QRW WR H[FHHG WKH HODVWLF OLP�
LWV RI WKH VDOW PHGLXP ZKLFK YDOLGDWHV WKH 
WKHRU\ RI GHFRXSOLQJ QXFOHDU H[SORVLYHV LQ 
OLJKWHU WKDQ KHDY\�URFN PHGLXPV� %DVHG 
XSRQ WKHVH OLPLWV� WKH SUHVVXUH ZDYHV ZHUH 
PHDVXUHG DJDLQVW NQRZQ VHLVPLF QHWZRUNV� 
QDPHO\� WKH :RUOG�:LGH 6WDQGDUGL]HG 6HLV�
PRJUDSK 1HWZRUN� ZKLFK ZDV GHYHORSHG 
RXW RI WKH ���� *HQHYD &RQIHUHQFH DQG SXW 
LQWR VHUYLFH LQ ����� 7KLV QHWZRUN LV DEOH 
WR SRVLWLYHO\ LGHQWLI\ HDUWKTXDNHV RI PDJQL�
WXGH ����� ZKLFK LV URXJKO\ HTXLYDOHQW WR D 
2��NLORWRQ GHYLFH� IDU EHORZ WKH WKUHVKROG 
FUHDWHG E\ D ���� NLORWRQ GHYLFH� 7KHUH�
IRUH� LW FDQ EH VKRZQ WKDW D ERRVWHG ¿VVLRQ 
ZHDSRQ ZLWK D \LHOG RI ���� NLORWRQV ZRXOG 
EH DEOH WR HVFDSH GHWHFWLRQ E\ NQRZQ VHLV�
PLF V\VWHPV WKURXJK WKH XVH RI GHFRXSOLQJ 
PHWKRGV�

Isolation, Characterization and Analysis 
of BOMARC Accident Debris

0$- $DURQ +HႇHO¿QJHU
$FFLGHQWV LQYROYLQJ QXFOHDU ZHDSRQV� VXFK 
DV WKH %RHLQJ 0LFKLJDQ $HURQDXWLFDO 5H�
VHDUFK &HQWHU �%20$5&� DFFLGHQW LQ ����� 
DOZD\V SRVH D VLJQL¿FDQW ULVN RI DOORZLQJ 
SDUWLFOHV FRPSRVHG RI QXFOHDU PDWHULDOV WR 
HQWHU WKH HQYLURQPHQW� 7KHVH SDUWLFOHV RIWHQ 
GLႇHU LQ FKDUDFWHULVWLFV DQG FDQ EH RI JUHDW�
O\ YDU\LQJ VL]HV� VRPH DUH ODUJH HQRXJK 
WR VHH ZLWK WKH QDNHG H\H DQG RWKHUV DUH 
VR VPDOO WKH\ SRVH D VXEVWDQWLDO LQKDODWLRQ 
ULVN� :KLOH QXPHURXV JRYHUQPHQW DJHQFLHV 
KDYH FRQGXFWHG VRLO UHPHGLDWLRQ�VXUYH\V 
DW WKH %20$5& VLWH� UDGLRLVRWRSHV UHPDLQ 
EHKLQG LQ WKH VRLO� *DPPD UD\ DQDO\VLV ZDV 
FRQGXFWHG RQ WKH VRLO VDPSOHV DQG FDOFX�
ODWLRQV EDVHG RQ WKH SUHVHQFH RI 2��$P 
FRQ¿UPHG WKH SUHYLRXVO\ GHWHUPLQHG ZHDS�
RQV JUDGH SOXWRQLXP DFWLYLW\ ZLWKLQ WKH HQ�
YLURQPHQWDO VDPSOH� :KLOH WHVWLQJ WZR YHU\ 
GLႇHUHQW QRQ�GHVWUXFWLYH PHWKRGV IRU WKH 
VHSDUDWLRQ RI KRW SDUWLFOHV� WKLV UHVHDUFK 
LVRODWHG �� DFWLQLGH SDUWLFOHV UDQJLQJ LQ GL�
DPHWHU IURP � WR �� �P IURP D VDPSOH UH�
VXOWDQW IURP WKH FRQÀDJUDWLRQ RI D QXFOHDU 
ZHDSRQ DQG VXEVHTXHQW ¿UH¿JKWLQJ� 7KHVH 
SDUWLFOHV XQGHUZHQW VLJQL¿FDQW DQDO\VLV WKDW 
LQFOXGHG ERWK PRUSKRORJLFDO DQG HOHPHQWDO 
FKDUDFWHUL]DWLRQ� 0RUSKRORJLFDO WUHQGV LQ�
GLFDWHG SDUWLFOHV DFURVV WKH IRXU HYDOXDWHG 
VL]H GLVWULEXWLRQV KDG VLPLODU FLUFXODULW\ DQG 
IRXQG WKUHH PDMRU SDUWLFOH W\SHV SUHVHQW 
EDVHG RQ VKDSH� DQJXODULW\� DQG VXUIDFH 
IHDWXUHV� (OHPHQWDO DQDO\VLV LQGLFDWHG WKH 
SUHVHQFH RI XUDQLXP LQ DOO �� SDUWLFOHV DQG 
LGHQWL¿HG WUHQGV RI RWKHU PDMRU DQG WUDFH HO�
HPHQWV ZLWKLQ WKHVH SDUWLFOHV�

3HQGLQJ DYDLODELOLW\ DW KWWSV���VFKRODU�D¿W�
HGX�
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Effective Dose Calculations for Weap-
ons Disassembly Procedures via MCNP  

&37 6HDQ )LW]SDWULFN
IQ WKH SURFHVV RI GLVPDQWOLQJ ZHDSRQ SLWV 
IURP UHWLUHG QXFOHDU ZHDSRQV� SHUVRQQHO 
DW /RV $ODPRV 1DWLRQDO /DERUDWRU\ �/$1/� 
KDYH EHHQ UHFHLYLQJ GRVH EH\RQG WKHLU DO�
ORZHG OLPLWV� 8VLQJ WKH 0RQWH &DUOR 1 3DU�
WLFOH �0&13��2� FRGH� PRGHOV RI WKH GLVDV�
VHPEO\ SURFHVV ZHUH FUHDWHG WR DVVHVV WKH 
HႇHFWLYH GRVH UDWH D ZRUNHU PD\ UHFHLYH 
DQG SURYLGH UHFRPPHQGDWLRQV IRU SURFH�
GXUDO DQG VKLHOGLQJ YDULDWLRQV WKDW FRXOG 
OLPLW WKH HႇHFWLYH GRVH RQ WKHVH ZRUNHUV� 
7KHVH PRGHOV LQFOXGHG GLႇHUHQW FRQ¿JXUD�
WLRQV RI WKH JHQHULF SOXWRQLXP ZHDSRQ SLW� 
YDULDWLRQV RI VKLHOGLQJ DUUDQJHPHQWV DQG 
PDWHULDOV� DQG D VLPSOL¿HG UHSOLFDWLRQ RI 
D KXPDQ WRUVR IRU GRVH FDOFXODWLRQV� 7KLV 
ZRUN DOVR SURYLGHV D PHWKRG WR LQFUHDVH 
WKH ¿GHOLW\ RI WKH UDGLDWLRQ VRXUFH WHUPV 
E\ DFFRXQWLQJ IRU WKH LQJURZWK RI GDXJKWHU 
DQG GHFD\ SURGXFWV LQ WKHVH GHFDGHV ROG 
PDWHULDOV YLD 6&$/( VRIWZDUH� 7KH UHVXOWV 
UHYHDO D SUHYLRXVO\ RYHUORRNHG VWURQJ LQÀX�
HQFH RQ WKH HႇHFWLYH GRVH IURP QHXWURQ DF�
WLYLW\� 5HFRPPHQGDWLRQV DUH WKHQ SURYLGHG 
IRU SURFHGXUDO DQG VKLHOGLQJ YDULDWLRQV WKDW 
FRXOG OLPLW WKH HႇHFWLYH GRVH RQ ZRUNHUV 
EDVHG RQ WKHVH QHZ LQVLJKWV�

3HQGLQJ DYDLODELOLW\ DW KWWSV���VFKRODU�D¿W�
HGX�

Characterizing Variance in Fallout Com-
position Due to Uncertainty in Thermo-

dynamic Models of Fractionation
0$- -DPHV *LႇRUG

7KLV GLVVHUWDWLRQ SURSRVHV D UDSLG� LQ�VLWX 
KLJK UHVROXWLRQ JDPPD VSHFWURVFRS\ WHFK�
QLTXH WR LGHQWLI\ WKH ¿VVLOH PDWHULDO DQG 
QHXWURQ VSHFWUXP RI D QXFOHDU H[SORVLYH 
ZLWKLQ KRXUV RI FROOHFWLQJ IDOORXW SDUWLFOHV� 
7KH 'HIHQVH /DQG )DOORXW IQWHUSUHWLYH &RGH 
�'(/)I&� ZDV XVHG WR VLPXODWH D QXFOHDU 
GHWRQDWLRQ LQ FRQMXQFWLRQ ZLWK WKH .RUWV DQG 
1RUPDQ WKHUPRG\QDPLF PRGHO RI IDOORXW 
IRUPDWLRQ� 7KLV WKHUPRG\QDPLF PRGHO KDV 
��� LQSXW SDUDPHWHUV� +HQU\¶V /DZ FRHႈ�
FLHQWV� DQG GLႇXVLRQ FRHႈFLHQWV ZKLFK KDYH 
IHZ� LI DQ\� PHDVXUHG YDOXHV DW H[WUHPH 
WHPSHUDWXUHV DQG XQNQRZQ XQFHUWDLQWLHV� 
8VLQJ VHQVLWLYLW\ DQDO\VLV� WKH QXPEHU RI 
VLJQL¿FDQW WKHUPRG\QDPLF LQSXW SDUDPH�
WHUV ZDV UHGXFHG IURP ��� WR OHVV WKDQ ��� 
$SSO\LQJ DFWLYH VXEVSDFH GHFRPSRVLWLRQ� 
D UHGXFHG�RUGHU PRGHO ZLWK RQO\ � LQSXW 
GLPHQVLRQV ZDV GHYHORSHG WR UHSODFH WKH 
FRPSXWDWLRQDOO\ H[SHQVLYH '(/)I& FDOFXOD�
WLRQV WR HQDEOH GLUHFW VDPSOLQJ XQFHUWDLQW\ 
SURSDJDWLRQ� $ ODUJH UDQJH RI DVVXPHG XQ�
FHUWDLQW\ IRU WKH VLJQL¿FDQW WKHUPRG\QDPLF 
SDUDPHWHUV ZDV HPSOR\HG WR LGHQWLI\ WKH 
XQFHUWDLQW\ LQ WKH SUHGLFWLRQV RI IDOORXW FRP�
SRVLWLRQ� 7KLV ZRUN VKRZHG WKDW LW LV SRVVL�
EOH WR GHWHUPLQH WKH ¿VVLOH PDWHULDO DQG QHX�
WURQ VSHFWUXP RI D QXFOHDU H[SORVLYH XVLQJ 
PXOWLSOHV LQ IDOORXW SDUWLFOHV ZLWK WKHUPRG\�
QDPLF FRHႈFLHQW XQFHUWDLQWLHV DV ODUJH DV � 
��� RI WKHLU QRPLQDO YDOXHV� 7KLV ZRUN DOVR 
LGHQWL¿HG WKH VLJQL¿FDQW WKHUPRG\QDPLF SD�
UDPHWHUV LQ IDOORXW IRUPDWLRQ WKDW PXVW EH 
PHDVXUHG ZLWK JUHDWHU SUHFLVLRQ WR UHGXFH 
XQFHUWDLQW\ LQ SK\VLFDO IDOORXW PRGHOV� 7KH 
HOHPHQWV EHWZHHQ DUVHQLF DQG WHOOXULXP DUH 
WKH PRVW LQÀXHQWLDO WKHUPRG\QDPLF SURSHU�
WLHV IRU IDOORXW IRUPDWLRQ DQG VKRXOG EH WKH 
IRFXV RI IXWXUH WKHUPRG\QDPLF FRHႈFLHQW 
PHDVXUHPHQWV�
K W WSV � � � UHSRV L WR U\� O LE �QFVX �HGX�KDQ�
GOH������2�������
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Characterization of Transport Equations 
with Forensic Applications (Nuclear and 

Social)
/7& 1LFNRODV 'XQFDQ

&RQYHFWLRQ DQG GLႇXVLRQ SURFHVVHV DUH 
XVHG WR XQGHUVWDQG WUDQVSRUW LQ D ZLGH 
UDQJH RI FRQWH[WV LQFOXGLQJ WKH VSUHDG RI 
GLVHDVHV� WKH DGRSWLRQ RI LGHDV ZLWKLQ SRS�
XODWLRQV� DQG WKH FODVVLFDO DSSOLFDWLRQV WR 
KHDW DQG PDVV WUDQVIHU� :KLOH PXFK DWWHQ�
WLRQ LV W\SLFDOO\ SDLG WR IRUPXODWLQJ WKH DS�
SURSULDWH HTXDWLRQV WR DFFXUDWHO\ FDSWXUH 
WKH XQGHUOD\LQJ SURFHVVHV� WKH SDUDPHWHUV 
WKDW JR LQWR WKHVH PDWKHPDWLFDO PRGHOV DUH 
HTXDOO\ LPSRUWDQW DQG UHFHLYH IDU OHVV DWWHQ�
WLRQ� 7KH 6$56�&R9�2 HPHUJHG LQ ODWH 2��� 
DQG FDXVHG D ZRUOGZLGH SDQGHPLF� (SLGH�
PLRORJLFDO PRGHOV DUH SOD\LQJ D NH\ UROH LQ 
JXLGLQJ SXEOLF KHDOWK LQWHUYHQWLRQV� 7KH 6I5 
PRGHO �VXVFHSWLEOH� LQIHFWHG� UHFRYHUHG� 
LV XVHG WR SUHGLFW WKH QXPEHU RI LQIHFWLRQV 
RYHU WLPH� 7KHLU DELOLW\ WR DFFXUDWHO\ SUHGLFW 
WKH QXPEHU RI SHRSOH ZKR ZLOO EHFRPH LQ�
IHFWHG GHSHQGV RQ LQSXW SDUDPHWHUV WKDW 
DUH SRRUO\ XQGHUVWRRG� +HUH WKH HႇHFWV 
RI XQFHUWDLQW\ RQ SUHGLFWHG RXWFRPHV DUH 
H[SORUHG� 7KH GLႇXVLRQ RI LGHDV RQ VRFLDO 
PHGLD LV DOVR VWXGLHG LQ WKLV FRQWH[W� +RZ 
LGHDV SURSDJDWH FDQ DႇHFW VRFLHWDO WUHQGV� 
QRUPV� EHKDYLRUV� LQÀXHQFH PDUNHWV DQG 
WKH RXWFRPHV RI HOHFWLRQV� 7KH 6I5 PRGHO 
LV DJDLQ XVHG� EXW KHUH LQ FRPELQDWLRQ ZLWK 
VHQWLPHQW DQDO\VLV WR XQGHUVWDQG WZHHW 

EHKDYLRU� 'LႇHUHQW VHQWLPHQW PHVVDJHV 
VSUHDG DW GLႇHUHQW UDWHV WKURXJK VRFLDO PH�
GLD� 3DUDPHWHU HVWLPDWLRQ LQ WKH FODVVLFDO 
GRPDLQ LV FRQGXFWHG KHUH WR XQGHUVWDQG 
VXEVXUIDFH WUDQVSRUW PRGHOV WKDW DUH XVHG 
IRU SRVW GHWRQDWLRQ QXFOHDU IRUHQVLFV� 6XE�
VXUIDFH JDV WUDQVSRUW GHSHQGV RQ DFFXUDWH�
O\ HVWLPDWLQJ WKH GHSWK RI WKH XQGHUJURXQG 
H[SORVLRQ DV ZHOO DV WKH JHRORJ\ WKDW VXU�
URXQGV WKH H[SORVLRQ� 7KH VLWH RI WKH H[SOR�
VLRQV DUH OLNHO\ WR EH GHQLHG DFFHVV VLWHV 
DQG SDUDPHWHU HVWLPDWLRQV PXVW EH GRQH 
UHPRWHO\� 7KH GHSWK DW ZKLFK D WHVW RFFXUV 
LV NQRZQ WR EH D FULWLFDO SDUDPHWHU� DႇHFW�
LQJ QRW RQO\ WKH PLJUDWLRQ WLPH IRU JDVHV WR 
UHDFK WKH VXUIDFH EXW DOVR WKHLU VXEVHTXHQW 
LVRWRSLF UDWLRV� %D\HVLDQ GDWD V\QWKHVLV FDQ 
LPSURYH GHSWK RI EXUVW HVWLPDWHV E\ FRQVLG�
HULQJ ORFDO WRSRORJ\� JHRORJ\� WKH SUHVHQFH 
RI VXUIDFH GHIRUPDWLRQ� \LHOG� DQG D VDIH�
W\ IDFWRU �IRU 8�6� WHVWV�� +HUH D PHWKRG LV 
GHYHORSHG WR FKDUDFWHUL]H IUDFWXUH ZLGWK� 
VSDFLQJ� WRUWXRVLW\� SHUPHDELOLW\ DQG SRURV�
LW\ DW D GHQLHG DFFHVV VLWH� )UDFWXUHV DUH 
WUHDWHG DV IUDFWDOV ZLWK WKHLU UHVSHFWLYH IUDF�
WDO GLPHQVLRQV GHWHUPLQHG XVLQJ VXUIDFH 
LPDJHV� 7KH LQSXW SDUDPHWHUV ZHUH DSSOLHG 
WR D VXEVXUIDFH JDV WUDQVSRUW PRGHO IRU VL[ 
XQGHUJURXQG QXFOHDU H[SORVLRQV FRQGXFWHG 
E\ WKH 'HPRFUDWLF 3HRSOH¶V 5HSXEOLF RI .R�
UHD �'35.��
K W W S V � � � P R X Q W D L Q V F K R O D U � R U J � K D Q �
GOH����2��������
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Analysis of the Correlation Between 
Rhenium Filament Surface Features and 

TIMS Performance
0$- &KULVWRSKHU 0LKDO

7KHUPDO IRQL]DWLRQ 0DVV 6SHFWURPHWU\ 
�7I06� LV DQ LQYDOXDEOH WRRO LQ QXFOHDU IR�
UHQVLFV DV LW HQDEOHV LVRWRSLF DVVD\V RI DF�
WLQLGHV WR EH PHDVXUHG� SHUPLWWLQJ DQDO\VLV 
WR LQFOXGH VSHFLDO QXFOHDU PDWHULDO LVRWRSLF 
DVVD\V� QXFOHDU UHDFWRU PRQLWRULQJ� DQG 
WUHDW\ YHUL¿FDWLRQ�  IQ RQH PHWKRG RI PHD�
VXUHPHQW IRU WKH 7I06 V\VWHP� VDPSOHV 
DUH GHSRVLWHG LQ VROXWLRQ IRUP RQ KLJK�SX�
ULW\ UKHQLXP ¿ODPHQWV�  7KH ¿ODPHQWV DUH 
KHDWHG WR HYDSRUDWH WKH VROYHQW� DQG WKHQ 
IXUWKHU KHDWHG WR FDXVH VDPSOH LRQL]DWLRQ� 
SHUPLWWLQJ WKH VDPSOH WR EH WUDQVPLWWHG 
WKURXJK D PDJQHWLF ¿HOG ZKLFK VHSDUDWHV 
LRQV EDVHG RQ PDVV WR FKDUJH UDWLR LQWR 
GHWHFWRUV IRU FRXQWLQJ�  +HDYLHU LRQV ZLOO EH 
GHÀHFWHG OHVV E\ WKH PDJQHWLF ¿HOG WKDQ 
OLJKWHU LRQV ZLWK HTXLYDOHQW FKDUJHV�  &ULW�
LFDO WR WKH IXQFWLRQ RI 7I06 LV WKH UKHQLXP 
¿ODPHQWV WKHPVHOYHV� DQ\ YDULDELOLW\ WKDW 
VXSSUHVVHV LRQL]DWLRQ RI WKH VDPSOHV FDQ 
OHDG WR UHGXFWLRQ LQ WKH QXPEHU RI LRQV GH�
WHFWHG� 7KLV UHVHDUFK H[DPLQHV WZHQW\�IRXU 
¿ODPHQWV XWLOL]HG LQ 7I06 IRU DFWLQLGH DQDO�
\VLV� ZLWK YDU\LQJ GHJUHHV RI LRQL]DWLRQ Hႈ�
FLHQF\�  %\ H[DPLQLQJ WKH VXUIDFH RI WKH ¿O�
DPHQWV XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ 
�6(0�� HQHUJ\�GLVSHUVLYH [�UD\ VSHFWURV�
FRS\ �('6�� RSWLFDO PLFURVFRS\ DQG HOHF�
WULFDO FRQGXFWLYLW\ DQDO\VLV� WKLV UHVHDUFK 
GHWHUPLQHG WKDW WKHUH ZDV QR FRUUHODWLRQ 
EHWZHHQ PLFURVFRSLF VXUIDFH IHDWXUHV DQG 
UHSRUWHG ¿ODPHQW HႈFLHQF\�  

KWWSV���VFKRODU�D¿W�HGX�HWG��2���

Countering Proliferation: Carbon Fiber 
Characterization Through Nano-Me-

chanical Measurements with Peakforce 
QNM

0$- /RULQ 9HLJDV
7KH SXUSRVH RI WKLV ZRUN LV WR GHYHORS D WHFK�
QLTXH WR TXDQWLWDWLYHO\ PHDVXUH PHFKDQLFDO 
SURSHUWLHV RI PLFURVFRSLF VDPSOHV RI FDU�
ERQ ¿EHUV WR GHWHUPLQH WKH SUROLIHUDWLRQ ULVN 
DV D GXDO�XVH PDWHULDO� 0HDVXUHPHQWV RI 
WKH WUDQVYHUVH HODVWLF PRGXOXV RI ¿YH W\SHV 
RI FDUERQ ¿EHU ZHUH WDNHQ XVLQJ 3HDN)RUFH 
TXDQWLWDWLYH QDQR�PHFKDQLFDO PDSSLQJ 
�410� DWRPLF IRUFH PLFURVFRS\ �$)0�� 7KH 
WUDQVYHUVH PRGXOXV ZDV WKHQ FRPSDUHG WR 
WKH ORQJLWXGLQDO PRGXOXV RI PDFURVFRSLF ¿�
EHUV SURYLGHG E\ WKH PDQXIDFWXUHU WR SURYH 
WKH LQYHUVH UHODWLRQVKLS WKDW H[LVWV EHWZHHQ 
WKH PRGXOL� 'HPRQVWUDWLRQ RI WKH LQYHUVH UH�
ODWLRQVKLS EHWZHHQ PRGXOL HQDEOHV WKH H[�
WUDSRODWLRQ IURP WKH PHFKDQLFDO SURSHUWLHV 
RI PLFURVFRSLF VDPSOHV WR WKH FRUUHVSRQG�
LQJ EXON PDWHULDO SURSHUWLHV� 'HWHUPLQDWLRQ 
RI WKH ORQJLWXGLQDO PRGXOXV FDQ WKHQ EH 
XVHG IRU GHWHUPLQLQJ LI D JLYHQ PDWHULDO LV 
H[SRUW FRQWUROOHG XQGHU IQWHUQDWLRQDO $WRPLF 
(QHUJ\ $JHQF\ �I$($� VDIHJXDUGV� WKHUHE\ 
LGHQWLI\LQJ SRWHQWLDO SUROLIHUDWLRQ FRQFHUQV�

Materials Science and Instrumental Techniques
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Error Reduction for the Determination 
of Transverse Moduli of Single-Strand 

Carbon Fibers via Atomic Force Micros-
copy

0$- -RVKXD )UH\
MRVKXD�G�IUH\��PLO#PDLO�PLO
MRVKXD�IUH\#ZHVWSRLQW�HGX

3HDN)RUFH $WRPLF )RUFH 0LFURVFRS\ �$)0� 
4XDQWLWDWLYH 1DQRPHFKDQLFDO 0HDVXUH�
PHQW �410� LV XWLOL]HG WR PHDVXUH WKH WUDQV�
YHUVH ¿EHU PRGXOXV RI VLQJOH VWUDQG FDUERQ 
¿EHUV WR OHVV WKDQ �� HUURU IRU �� W\SHV RI 
FDUERQ ¿EHU ZLWK ORQJLWXGLQDO PRGXOL EH�
WZHHQ �2��2�� *3D LQFOXGLQJ H[SRUW�FRQ�
WUROOHG ¿EHUV� $ SRVLWLYH OLQHDU FRUUHODWLRQ 
EHWZHHQ WKH ORQJLWXGLQDO DQG WUDQVYHUVH 
PRGXOXV ZLWK DQ 52 ���� LV IRXQG� 6WDWLVWL�
FDO PHWKRGV DUH HPSOR\HG WR LPSURYH TXDO�
LW\ RI GDWD WR H[FOXGH RXWOLHU PHDVXUHPHQW 
SRLQWV LQ DQ LPDJH EDVHG RQ WKH SHDN IRUFH� 
DGKHVLRQ IRUFH� DQG LQGHQWDWLRQ GHSWK� 6WD�
WLVWLFDO DQG SK\VLFDO FULWHULRQ DUH DOVR GHYHO�
RSHG WR H[FOXGH RXWOLHU LPDJHV ZLWKLQ WKH 
VDPSOH VHW�  7KUHH DOWHUQDWLYH PHWKRGV IRU 
FDOFXODWLQJ WKH WUDQVYHUVH PRGXOXV XVLQJ 
WKH UDZ LQVWUXPHQW GDWD ZHUH DOVR VWXGLHG� 
7KHVH LQFOXGH DSSUR[LPDWLRQ RI WKH LQGHQ�
WDWLRQ IRUFH FXUYH XVLQJ WKH SHDN IRUFH DQG 
DGKHVLRQ IRUFH YDOXHV� DSSUR[LPDWLRQ RI WKH 
LQGHQWDWLRQ IRUFH FXUYH XVLQJ WKH SHDN IRUFH 
DQG QHW IRUFH ]HUR SRLQW� DQG D OLQHDU ¿WWLQJ 
RI WKH PHDVXUHG LQGHQWDWLRQ IRUFH FXUYHV DW 
HDFK LQGHQWDWLRQ SRLQW� 3LWFK�EDVHG ¿EHUV 
DUH IRXQG WR H[KLELW ORZHU PHDVXUHPHQW HU�
URU WKDQ SRO\DFU\ORQLWULOH�EDVHG �3$1� ¿EHUV� 
$GGLWLRQDOO\� 3$1 ¿EHUV H[KLELWHG QR DSSDU�
HQW PRGXOXV FRUUHODWLRQ ZKHQ WKH 3LWFK ¿�
EHUV DUH H[FOXGHG� 8QGHUO\LQJ UHDVRQV IRU 
WKLV ODFN RI FRUUHODWLRQ DUH H[SORUHG� ZLWK WKH 
PRVW OLNHO\ UHDVRQV EHLQJ WKH GLႇHUHQFH LQ 
ORQJ�UDQJH RUGHU LQ WKH ¿EHU PLFURVWUXFWXUH 
DQG DJLQJ HႇHFWV GXH WR WKH GLႇHUHQW VRXUF�
LQJ PHWKRGV XVHG WR DWWDLQ WKH 3$1 ¿EHUV�

3HQGLQJ DYDLODELOLW\ DW KWWSV���VFKRODU�D¿W�
HGX�

Development of a Magnetic Confine-
ment Attachment for Signal Enhance-

ment in Handheld Laser Induced Break-
down Spectroscopy (HH-LIBS) Soil 

Analysis
/7& $OIUHG $QGHUVRQ 

 )LHOG WHFKQLTXHV IRU FKDUDFWHUL]LQJ ORZ 
OHYHOV RI KHDY\ HOHPHQWV RI OHVV WKDQ ��� 
SDUWV SHU PLOOLRQ LQ VRLOV WHQG WR EH XQUHOL�
DEOH EHFDXVH RI WKH UHODWLYHO\ ZHDN VLJQDO 
RI WKHVH HOHPHQWV DQG WKH ODUJH� YDULDEOH 
EDFNJURXQG LQKHUHQW WR DQDO\]LQJ VRLOV ZLWK 
PLQLPDO VDPSOH SUHSDUDWLRQ� 7R HQKDQFH 
WKH GHWHFWLRQ DQG DQDO\VLV FDSDELOLW\ RI D 
KDQGKHOG ODVHU�LQGXFHG EUHDNGRZQ VSHF�
WURVFRS\ �/I%6� LQVWUXPHQW� WKLV ZRUN LQ�
YHVWLJDWHV WKH HႇHFWV RI D XQLTXH PDJQHWLF 
FRQ¿QHPHQW DSSDUDWXV RQ VLJQDO LQWHQVLWLHV� 
IRFXVLQJ RQ ¿YH LURQ OLQHV DV ZHOO DV WKRVH 
IURP DFWLQLGHV LQ �� VRLO VDPSOHV� 7KH SUR�
SRVHG PDJQHWLF FRQ¿QHPHQW DSSDUDWXV 
DFKLHYHG RYHU � N* EXW GLG QRW DPSOLI\ WKH 
HOHPHQWV
 SHDN LQWHQVLWLHV RI WKH VDPSOHV 
HTXDOO\� 6RPH SHDN LQWHQVLWLHV GHFUHDVHG 
ZLWK PDJQHWLF FRQ¿QHPHQW� 7KH GLႇHUHQFH 
LQ WKH LQWHQVLW\ LV DWWULEXWHG WR HOHPHQWDO 
FRPSRVLWLRQ RI WKH VRLO VDPSOHV� 7KH SHDN 
LQWHQVLW\ LQFUHDVHV ZHUH DWWULEXWHG WR LQ�
FUHDVHG SODVPD GHQVLW\ XQGHU PDJQHWLF 
FRQ¿QHPHQW� ZKLFK LQFUHDVHG WKH UDWH RI 
UHFRPELQDWLRQ DV WKH SODVPD FRROHG� 7KH 
PDJQHWLF FRQ¿QHPHQW DSSDUDWXV ZDV GH�
VLJQHG IRU XVH ZLWK WKH 6FL$SV=��� KDQG�
KHOG /I%6 EXW FDQ EH HDVLO\ DGDSWDEOH WR 
RWKHU PRGHOV� 7KLV QRYHO DSSURDFK SURYLGHV 
D VLPSOH� ¿HOG�H[SHGLHQW PHDQV RI LPSURY�
LQJ KDQGKHOG /I%6 SHUIRUPDQFH�

3HQGLQJ DYDLODELOLW\ DW KWWSV���VFKRODU�D¿W�
HGX�
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The Effect of Ferrofluid on a Dilatant 
Fluid’s Intrusion Resistance

0$- -RVKXD 6WUDGHU
:KHQ VPDOO� PDFURVFRSLF� VROLG SDUWLFOHV �OLNH 
JODVV EHDGV RU JUDLQV RI VWDUFK� DUH LPPHUVHG 
LQ 1HZWRQLDQ ÀXLGV �OLNH ZDWHU RU JO\FHURO�� WKH 
UHVXOWLQJ PDWHULDO GHPRQVWUDWHV VROLGL¿FDWLRQ 
XQGHU VXGGHQ GULYLQJ� OLNH IURP LQWUXVLRQ RI DQ 
REMHFW DERYH D WKUHVKROG YHORFLW\� 7KH SK\VLFDO 
PHDQV IRU WKLV HႇHFW DUH QRW IXOO\ XQGHUVWRRG� 
2QH PHFKDQLVP WKDW KDV EHHQ SURSRVHG LQ�
YROYHV K\GURG\QDPLF SUHVVXUH� WKH ÀXLG PXVW 
ÀRZ WKURXJK WKH SRUH VWUXFWXUH EHWZHHQ SDU�
WLFOHV DV WKH PDWHULDO GHIRUPV� &RQVLVWHQW 
ZLWK WKLV SLFWXUH� WKH YLVFRVLW\ RI WKH ÀXLG KDV 
EHHQ LGHQWL¿HG DV D FRQWULEXWLQJ IDFWRU WR WKLV 
UHVLVWDQFH� 7KH DELOLW\ WR FRQWURO WKH YLVFRVLW\ 
LQ UHDO WLPH ZRXOG DOORZ IRU PD[LPXP UHVLV�
WLYH SUHVVXUH ZKHQ QHHGHG DQG WKHQ IRU ORZ 

The Effect of Aeration Rate and 
Free-Floating Carrier Media on the Emis-
sion of Bacillus Globigii in Bioaerosols: 

Kinetics and Spore Properties
0$- $QGUHZ 2ZHQV

$HURVROV SURGXFHG E\ WXUEXOHQW PHFKDQLFDO 
PL[LQJ DQG EXEEOH DHUDWLRQ DW :DVWH :DWHU 
7UHDWPHQW 3ODQWV �::73V� EHFRPH ELRDHUR�
VROV ZLWK WKH HQWUDLQPHQW RI ELRORJLFDO PDWHUL�
DOV� %LRDHURVROV EHFRPH D SXEOLF KHDOWK ULVN 
ZKHQ KXPDQ SDWKRJHQV DUH SUHVHQW� 7KLV 
VWXG\ HYDOXDWHG ELRDHURVROV FRQWDLQLQJ %DFLO�
OXV JORELJLL �%*� VSRUHV DQG WKH HႇHFWV WKDW 
DHUDWLRQ UDWH DQG WKH DGGLWLRQ RI )UHH�)ORDWLQJ 
&DUULHU 0HGLD �))&0� KDG RQ WKH DPRXQW RI 
%* FROOHFWHG IROORZLQJ DHURVROL]DWLRQ� $ VHULHV 
RI ODERUDWRU\�VFDOH H[SHULPHQWV LQYHVWLJDW�
HG WZR GLႇHUHQW VL]HV RI ÀRDWLQJ SRO\VW\UHQH 
VSKHUHV DV ))&0 DQG IRXU GLႇHUHQW DHUDWLRQ 
UDWHV� $ UHODWLYHO\ ZHDN FRUUHODWLRQ ZDV UHSRUW�
HG EHWZHHQ LQFUHDVLQJ WKH DHUDWLRQ UDWH IURP 
���� WR ���� /�PLQ� DOWKRXJK WKH RYHUDOO SHU�
FHQW FKDQJH RI %* VSRUHV FDSWXUHG LQFUHDVHG 
EHWZHHQ ������ DQG ��2����� 7KH DGGLWLRQ 

RI ))&0 RI ERWK VL]HV UHGXFHG WKH DPRXQW RI 
%* VSRUHV FDSWXUHG ZKHQ FRPSDUHG WR WKH 
FRQWURO� 6PDOOHU VSKHUHV ����2 FP GLDPHWHU� 
FRQVLVWHQWO\ DWWHQXDWHG %* ELRDHURVRO HPLV�
VLRQV PRUH HႇHFWLYHO\ WKDQ WKRVH ZLWK ODUJHU 
����� FP� GLDPHWHUV� ZLWK D PHDQ FRQWURO HI�
¿FLHQF\ RI ������ FRPSDUHG WR ������� 6WD�
WLVWLFDO DQDO\VLV VKRZHG D VLJQL¿FDQW LQFUHDVH 
LQ WKH DELOLW\ RI VPDOOHU GLDPHWHU ))&0 WR DW�
WHQXDWH ELRDHURVRO SURGXFWLRQ DW WKH WZR KLJK�
HU LQYHVWLJDWHG DHUDWLRQ UDWHV� 7KLV VWXG\ ZDV 
WKH ¿UVW� WR WKH DXWKRU¶V NQRZOHGJH� WR LQYHVWL�
JDWH PXOWLSOH HႇHFWV RQ ELRDHURVRO SURGXFWLRQ 
ZKHUH WKH DHURVRO FRQWDLQHG VWULFWO\ EDFWHULDO 
HQGRVSRUHV� $V D SDUW RI D ODUJHU LQYHVWLJD�
WLRQ LQFOXGLQJ ODERUDWRU\ VFDOH DQG SLORW�VFDOH 
::73 UHVHDUFK� WKLV VWXG\ LV WKH ¿UVW LQ D 
VHULHV RI VWXGLHV LQWHQGHG WR LQYHVWLJDWH WKH 
HႇHFW RI H[SHULPHQWDO VFDOH RQ ELRDHURVRO 
SURGXFWLRQ� 5HVXOWV UHODWHG WR HႇHFWV GXH WR 
VFDOH FDQ EH DSSOLHG WR EHWWHU SUHGLFW ELRDHUR�
VRO EHKDYLRUV LQ RSHUDWLQJ WUHDWPHQW SODQWV�
KWWSV���VFKRODU�D¿W�HGX�HWG��2���

Biological Sciences

UHVLVWDQFH LQ EHWZHHQ SHULRGV RI KLJK GULYLQJ� 
2QH SRVVLELOLW\ IRU DFFRPSOLVKLQJ WKLV LV XVLQJ 
IHUURÀXLGV� )HUURÀXLGV FRQWDLQ PROHFXOHV RI 
LURQ FRDWHG LQ D VXUIDFWDQW DQG VXVSHQGHG LQ 
D VROYHQW� 7KLV PL[WXUH LV FDSDEOH RI FKDQJLQJ 
LWV YLVFRVLW\ ZKHQ D PDJQHWLF ¿HOG LV SUHVHQW� I 
ZLOO H[SORUH WKH PHFKDQLFDO SURSHUWLHV� LQFOXG�
LQJ WKH LPSDFW UHVLVWDQFH� ZKHUH WKH VLPSOH 
1HZWRQLDQ ÀXLG LV UHSODFHG ZLWK D IHUURÀXLG� 
I FRPSDUH WKLV ZLWK H[LVWLQJ GDWD LQ OLWHUDWXUH 
DQG IURP SUHYLRXV SURMHFWV LQ RXU JURXS� I ¿QG 
WKDW WKH H[SHULPHQWDO UHVXOWV PDWFK SUHGLFW�
HG WKHRU\ WR D SRLQW DQG WKHQ GDWD VXJJHVWV 
WKDW RWKHU IRUFHV FRXQWHUDFW WKHVH SUHGLFWLRQV� 
I ¿QG WKDW IHUURÀXLGV DUH FDSDEOH RI FUHDWLQJ 
D WXQDEOH FRPSOH[ ÀXLG PL[WXUH DQG ZDUUDQW 
IXUWKHU UHVHDUFK�

KWWSV���FDOKRXQ�QSV�HGX�KDQGOH����������2�
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Characterizing the Porcine Adaptive 
Immune Response to Homologous/
Heterologous Porcine Reproductive 

and Respiratory Syndrome Virus Type 2 
(PRRSV-2) Strains
/7& $QGUHZ 5� .LFN

DQGUHZ�NLFN#ZHVWSRLQW�HGX
DQGUHZ�U�NLFN�PLO#PDLO�PLO

3RUFLQH 5HSURGXFWLYH DQG 5HVSLUDWRU\ 
6\QGURPH 9LUXV �35569� LV WKH SUHYDLOLQJ 
GLVHDVH DႇHFWLQJ WKH 86 SRUN LQGXVWU\� IQ 
&KDSWHU �� ZH SURSRVH WHVWDEOH LPPXQH 
FRUUHODWHV RI SURWHFWLRQ IRU 35569 UHVHDUFK� 
IQ &KDSWHUV 2 WKURXJK �� ZH FKDUDFWHUL]H 
WKH DGDSWLYH LPPXQH UHVSRQVH �7 FHOO DQG 
KXPRUDO� WR KRPRORJRXV DQG KHWHURORJRXV 
35569 VWUDLQV� :LWKLQ 35569 UHVHDUFK� 
ZH SURYLGH WKH PRVW LQ�GHSWK DQDO\VLV WR 
GDWH IRU WKH VSHFL¿F 7�FHOO UHVSRQVH WR KR�
PRORJRXV DQG KHWHURORJRXV 35569 VWUDLQV 
DV ZHOO DV FKDUDFWHUL]DWLRQ RI WKH GHYHO�
RSPHQW RI QHXWUDOL]LQJ DQWLERGLHV DJDLQVW 

GLႇHUHQW 35569 VWUDLQV LQ \RXQJ SLJV DQG 
WKRVH WUDQVIHUUHG WKURXJK PDWHUQDOO\�GH�
ULYHG LPPXQLW\� 7KH PDLQ FRQFOXVLRQ� 7KH 
7 FHOO UHVSRQVH WR 35569 LV FURVV�UHDFWLYH 
DFURVV 35569 VWUDLQV HQDEOLQJ EURDGHU 
SURWHFWLRQ ZKLOH WKH KXPRUDO LPPXQH UH�
VSRQVH �QHXWUDOL]LQJ DQWLERGLHV� WHQGV WR EH 
VWUDLQ VSHFL¿F DQG H[KLELWV OHVV FURVV�UHDF�
WLYLW\ EHWZHHQ VWUDLQV� IQ &KDSWHU �� XVLQJ 
-RLQW 3XEOLFDWLRQ �-3� ���� ZH GHVFULEH WKH 
SKDVLQJ RI RSHUDWLRQV DQG WKH ULVN DW RSHUD�
WLRQDO WUDQVLWLRQV DQG DSSO\ WKLV FRQFHSWXDO 
PRGHO WR WKH 35569 LPPXQH UHVSRQVH LQ 
RUGHU WR SRVH IXWXUH LPPXQRORJ\ UHVHDUFK 
TXHVWLRQV�  &ROOHFWLYHO\� WKLV GLVVHUWDWLRQ 
SURYLGHV QRYHO DQG IRXQGDWLRQDO GLVFRY�
HULHV RI WKH DGDSWLYH LPPXQH UHVSRQVH WR 
35569 DQG JHQHUDWHV QXPHURXV UHVHDUFK 
TXHVWLRQV IRU WKH IXWXUH� 

KWWSV���UHSRVLWRU\�OLE�QFVX�HGX�ELWVWUHDP�
KDQG OH ����� �2� ����2� �H WG �SG I"VH �
TXHQFH �

Other Publications

7KH 7�&HOO 5HVSRQVH WR 7\SH 2 3RUFLQH 5HSURGXFWLYH 
DQG 5HVSLUDWRU\ 6\QGURPH 9LUXV �35569�

KWWSV���ZZZ�PGSL�FRP�������������������

0DWHUQDO $XWRJHQRXV IQDFWLYDWHG 9LUXV 9DFFLQDWLRQ 
%RRVWV IPPXQLW\ WR 35569 LQ 3LJOHWV

KWWSV���ZZZ�PGSL�FRP�2�������;���2����

Table of Contents



&඗uඖගeකඑඖඏ :0' -඗uකඖඉඔ 164 Issue 22

Deterrence in the Danger Zone: How the 
United States Can Deter Russian Gray 

Zone Conflict
0$- :KLWQH\ / &LVVHOO

ZKLWQH\�FLVVHOO#XVVSDFHFRP�PLO
ZKLWQH\�O�FLVVHOO�PLO#PDLO�PLO

IQ UHFHQW \HDUV� DGYHUVDULHV RI WKH 8QLWHG 
6WDWHV KDYH EHFRPH LQFUHDVLQJO\ PRUH DG�
HSW DW RSHUDWLQJ LQ WKH JUD\ ]RQH� ZKLFK VLWV 
DERYH QRUPDO VWDWHFUDIW DQG EHORZ DUPHG 
FRQÀLFW� IQ 2���� 5XVVLD XVHG F\EHU�HVSLR�
QDJH DQG FRYHUW LQÀXHQFH RSHUDWLRQV WR VRZ 
GLVFRUG DPRQJ WKH $PHULFDQ SRSXODWLRQ DQG 
LQWHUIHUH LQ WKH GHPRFUDWLF SURFHVV RI WKH 
8�6� SUHVLGHQWLDO HOHFWLRQ� 7KLV DWWHPSW ZDV 
EXW RQH SDUW RI D EURDGHU 5XVVLDQ JUD\ ]RQH 
VWUDWHJ\ LQ ZKLFK LW XVHV QRQ�PLOLWDU\ PHDQV 
WR DFKLHYH LWV QDWLRQDO REMHFWLYHV DQG JDLQ LQ�
ÀXHQFH ZKLOH DYRLGLQJ D SRZHUIXO UHVSRQVH 
IURP HLWKHU WKH 8QLWHG 6WDWHV RU 1$72� IQ WKLV 
VSKHUH� QRQ�GHPRFUDWLF DGYHUVDULHV RI WKH 
8QLWHG 6WDWHV DUH DW DQ DGYDQWDJH DV WKH\ 
DUH RIWHQ PRUH DJLOH DQG H[SHGLWLRXV DW LQWH�
JUDWLQJ DOO HOHPHQWV RI VWDWH SRZHU� HVSHFLDOO\ 
HFRQRPLF SRZHU DQG LQIRUPDWLRQDO ZDUIDUH� 
7KLV WKHVLV GUDZV RQ LQWHUYLHZV ZLWK VXEMHFW 
PDWWHU H[SHUWV WR H[SORUH KRZ WKH 8QLWHG 
6WDWHV FDQ EHVW GHWHU WKHVH JUD\ ]RQH DFWLRQV 
DQG VWUDWHJLHV LQ WKH IXWXUH� IQ GRLQJ VR� LW SUR�
YLGHV D VWUDWHJLF DVVHVVPHQW RI 5XVVLD DV D 
VWDWH DFWRU� 8�6�±5XVVLDQ UHODWLRQV� DQG 5XV�
VLD¶V XVH RI WKH JUD\ ]RQH� $GGLWLRQDOO\� LW DQ�
DO\]HV WKH WUDQVSRVLWLRQ RI GHWHUUHQFH WR WKH 
VXE�FRQYHQWLRQDO OHYHO� )LQDOO\� LW LOOXVWUDWHV 
ZD\V LQ ZKLFK WKH 8QLWHG 6WDWHV FDQ GHWHU 
SDUWV RI 5XVVLD¶V JUD\ ]RQH VWUDWHJ\� 2YHUDOO� 
WKLV UHVHDUFK ¿QGV WKDW LW LV GLႈFXOW EXW SRVVL�
EOH WR GHWHU 5XVVLDQ JUD\ ]RQH FRQÀLFW�
KWWS���KGO�KDQGOH�QHW������������

A Tale of Two Treaties: The Rise and Fall 
of Nonproliferation Agreements in North 

Korea and Iran
0$- $OH[ /DQGUXP

DOH[DQGHU�N�ODQGUXP�PLO#PDLO�PLO
6LQFH WKH ¿UVW XVH RI QXFOHDU ZHDSRQV LQ WKH 
VHFRQG :RUOG :DU� SUHYHQWLQJ WKHLU VXEVH�
TXHQW SUROLIHUDWLRQ DQG XVH EHFDPH DPRQJ 
WKH JUDYHVW SXUVXLWV RI LQWHUQDWLRQDO IRUHLJQ 
SROLF\� $W WKH VDPH WLPH� VWDWHV OLNH IUDQ DQG 
1RUWK .RUHD� RQ WKH IULQJHV RI WKH LQWHUQDWLRQ�
DO FRPPXQLW\� SXUVXH DFTXLVLWLRQ RI QXFOHDU 
ZHDSRQV EDVHG RQ GLYHUVH VHWV RI LQGLYLGXDO 
REMHFWLYHV DQG PRWLYDWLRQV� 7R VWDYH Rႇ WKHVH 
DVSLUDWLRQV DQG VKRUH XS WKH QRQSUROLIHUDWLRQ 
UHJLPH� WKH 8QLWHG 6WDWHV HQGHDYRUHG WR HV�
WDEOLVK QHJRWLDWHG DUUDQJHPHQWV� ¿UVW LQ ���� 
ZLWK WKH $JUHHG )UDPHZRUN ZLWK 1RUWK .RUHD� 
DQG ODWHU LQ 2��� ZLWK WKH -RLQW &RPSUHKHQ�
VLYH 3ODQ RI $FWLRQ �-&32$� ZLWK IUDQ� %RWK 
DJUHHPHQWV IROORZHG DQ LQWHQVLYH H[FKDQJH 
RI QHJRWLDWLRQV WKDW DUULYHG DW RSWLPLVWLF DQG 
DPLFDEOH VROXWLRQV \HW ZHUH XOWLPDWHO\ XQ�
DEOH WR VHFXUH WKHLU ORQJ�WHUP QRQSUROLIHUDWLRQ 
REMHFWLYHV� 7KH IDLOXUH RI WKH $JUHHG )UDPH�
ZRUN WR SUHYHQW WKH QXFOHDUL]DWLRQ RI 1RUWK 
.RUHD HVWDEOLVKHV DQ DODUPLQJ SUHFHGHQW DV 
WKH -&32$ DSSHDUV WR IROORZ DQ DQDORJRXV 
DUF LQ WKH VDPH GLUHFWLRQ� 7KH LPSOLFDWLRQV RI 
WKH H[DPSOHV RI WKH $JUHHG )UDPHZRUN DQG 
-&32$ KLJKOLJKW WKH GLPLQLVKLQJ XWLOLW\ RI QH�
JRWLDWHG VHWWOHPHQWV WKDW IDLO WR IXOO\ DFFRXQW 
IRU WKH UHDOLVW G\QDPLFV WKDW XQGHUSLQ QXFOHDU 
SUROLIHUDWLRQ�

&DSVWRQH UHVHDUFK SDSHU DYDLODEOH GLUHFWO\ 
IURP DXWKRU�

Policy Studies

Other Publications

:K\ &DQ¶W :H %H )ULHQGV"� $Q $VVHVVPHQW RI 8�6��5XVVLD 5HODWLRQV DQG 'HWHUUHQFH
KWWSV���ZZZ�QHF�EHOYRLU�DUP\�PLO�XVDQFD�&:0'-RXUQDO�&:0'�2�-RXUQDO�2�1R2��
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How to Submit an Article to the 

Countering WMD Journal

The Countering WMD Journal LV SXEOLVKHG VHPL�DQQXDOO\ E\ WKH 8QLWHG 6WDWHV $UP\ 1XFOHDU 
DQG &RXQWHULQJ :0' $JHQF\� :H ZHOFRPH DUWLFOHV IURP DOO 8�6� *RYHUQPHQW DJHQFLHV DQG 
DFDGHPLD LQYROYHG ZLWK &:0' PDWWHUV� $UWLFOHV DUH UHYLHZHG DQG PXVW EH DSSURYHG E\ WKH 
Countering WMD Journal (GLWRULDO %RDUG SULRU WR SXEOLFDWLRQ� 7KH MRXUQDO SURYLGHV D IRUXP IRU 
H[FKDQJLQJ LQIRUPDWLRQ DQG LGHDV ZLWKLQ WKH &:0' FRPPXQLW\� :ULWHUV PD\ GLVFXVV WUDLQLQJ� FXUUHQW 
RSHUDWLRQV DQG H[HUFLVHV� GRFWULQH� HTXLSPHQW� KLVWRU\� SHUVRQDO YLHZSRLQWV� RU RWKHU DUHDV RI JHQHUDO 
LQWHUHVW WR &:0' SHUVRQQHO� $UWLFOHV PD\ VKDUH JRRG LGHDV DQG OHVVRQV OHDUQHG RU H[SORUH EHWWHU 
ZD\V RI GRLQJ WKLQJV� 6KRUWHU� DIWHU DFWLRQ W\SH DUWLFOHV DQG UHYLHZV RI ERRNV RQ &:0' WRSLFV DUH 
DOVR ZHOFRPH�

$UWLFOHV VXEPLWWHG WR Countering WMD Journal PXVW EH DFFRPSDQLHG E\ D ZULWWHQ UHOHDVH IURP 
WKH DXWKRU¶V DFWLYLW\ VHFXULW\ PDQDJHU EHIRUH HGLWLQJ FDQ EHJLQ� $OO LQIRUPDWLRQ FRQWDLQHG LQ DQ DUWLFOH 
PXVW EH XQFODVVL¿HG� QRQVHQVLWLYH� DQG UHOHDVDEOH WR WKH SXEOLF� IW LV WKH DXWKRU¶V UHVSRQVLELOLW\ WR 
HQVXUH WKDW VHFXULW\ LV QRW FRPSURPLVHG� LQIRUPDWLRQ DSSHDULQJ LQ RSHQ VRXUFHV GRHV QRW FRQVWLWXWH 
GHFODVVL¿FDWLRQ� 7KH Countering WMD Journal LV GLVWULEXWHG WR PLOLWDU\ XQLWV DQG RWKHU DJHQFLHV 
ZRUOGZLGH� $V VXFK� LW LV UHDGLO\ DFFHVVLEOH WR QRQJRYHUQPHQW RU IRUHLJQ LQGLYLGXDOV DQG RUJDQL]DWLRQV� 
$ ¿OODEOH VHFXULW\ UHOHDVH PHPRUDQGXP LV SURYLGHG DW KWWS���ZZZ�EHOYRLU�DUP\�PLO�XVDQFD�� 

7KH Countering WMD Journal LV SXEOLVKHG WZLFH D \HDU� 6XPPHU�)DOO �DUWLFOH GHDGOLQH LV �� 
6HSWHPEHU� DQG :LQWHU�6SULQJ �DUWLFOH GHDGOLQH LV �� 0DUFK�� 6HQG VXEPLVVLRQV YLD HPDLO WR XVDUP\�
EHOYRLU�KTGD�GFV�J�������PE[�XVDQFD�SURSRQHQF\�GLYLVLRQ#PDLO�PLO� RU DV D 0LFURVRIW :RUG 
GRFXPHQW RQ D &' YLD PDLO� WR� (GLWRU� &:0' -RXUQDO� ���� ��WK 6WUHHW� %XLOGLQJ 2��� )RUW %HOYRLU� 
9$ 22���������

$V DQ RႈFLDO 8�6� $UP\ SXEOLFDWLRQ� Countering WMD Journal LV QRW FRS\ULJKWHG� 0DWHULDO 
SXEOLVKHG LQ Countering WMD Journal FDQ EH IUHHO\ UHSURGXFHG� GLVWULEXWHG� GLVSOD\HG� RU UHSULQWHG� 
KRZHYHU� DSSURSULDWH FUHGLW VKRXOG EH JLYHQ WR Countering WMD Journal DQG LWV DXWKRUV�

<RX FDQ JHW PRUH LQIRUPDWLRQ DERXW VXEPLWWLQJ DQ DUWLFOH WR WKH Countering WMD Journal� 
GRZQORDG DQ DUWLFOH IRUPDW� RU YLHZ DQG GRZQORDG GLJLWDO YHUVLRQV RI WKH Countering WMD Journal 
DW RXU ZHEVLWH KWWS���ZZZ�EHOYRLU�DUP\�PLO�XVDQFD��
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