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ABSTRACT: 

This test report examines the effects of firing 5.56mm M4A1 Carbine 
and M16A2 Rifles at a high rate of fire until the weapon is 
severely overheated and destroyed due to ruptures in the barrel. 

This test indicated the M4A1 Carbine performs as well as or better 
than the M16A2 Rifle with respect to barrel ruptures from 
overheating. 
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FIRE TO DESTRUCTION TEST OF 
5.56mm M4A1 CARBINE AND M16A2 RIFLE BARRELS 

16 SEPTEMBER 1996 

1.0 BACKGROUND;  Reports have been received of 5.56mm M4A1 
Carbine barrels rupturing.  These incidents have occurred in 
Special Forces units which have recently been fielded M4A1 
Carbines to replace their M16A2 Rifles (see Appendix A).  In the 
past, ruptured barrels have occurred in the M16 Series Rifles 
when the barrel was grossly overheated due to excessive firing 
rates.  Concern was expressed that the M4A1 Carbine may be more 
susceptible to the ruptured barrel problem at lower rates of 
fire.  Testing was conducted at Rock Island Arsenal to examine 
this issue. 

2.0 TEST PROCEDURE;  A test fixture was constructed which would 
hold the weapons during firing while protecting the shooter when 
the barrel ruptured.  Provisions were made in this test fixture 
for both remote firing of the weapon and remote operation of the 
charging handle.  Video cameras were set to show the barrel and 
ejection port.  The barrel was thermocoupled along its length 
(see Appendix B).  Photographs of the test fixture are shown in 
figures 1, 2, and 3.  The M16A2s were modified to fire full 
automatic by using M16A1 Rifle firing mechanism. The weapons were 
assembled into the test fixture and fired full automatic in 30 
round bursts (magazine changes approximately every 10 seconds). 

3.0 TEST RESULTS: 

3.1 M16A2 Rifle;  The M16A2 was fired continuously using 30 
rounds bursts.  Shown in table I are the rounds to failure, time 
to failure and maximum barrel temperature of the barrel.  Muzzle 
flash increased and there was a distinct change in the sound of 
the weapons firing approximately 30 rounds before the barrel 
ruptured.  There was also noticeable drooping (about 1 inch at 
the muzzle) of the barrel just prior to the barrel rupture.  The 
barrel ruptured at 491 rounds with an approximately 1/i  inch hole 
in the top of the barrel about 8 inches in front of the chamber. 
The barrel was bent approximately 5 degrees and bulged in several 
locations along its length (see figures 4, 5, and 6).  A plot of 
barrel temperature vresus time at each thermocouple location is 
shown in figure 7. 

3.2 M4A1 Carbine. Weapon 1;  The M4A1 Carbine was fired for 



540 rounds. It was thought the M4A1 barrel would rupture well 
before this point, therefore only 540 rounds were loaded for 
firing.  This weapons barrel was noticeably bent and bulged at 
the end of the test (see figure 8).  A plot of barrel 
temperature versus time at each thermocouple location is shown in 
figure 9. 

3.3 M4A1 Carbine. Weapon 2;  A second M4A1 Carbine was 
fixtured for testing and fired until barrel rupture.  Muzzle 
flash increased and there was a distinct change in the sound of 
the weapons firing approximately 30 rounds before the barrel 
ruptured.  There was also noticeable drooping (about 3/4 inch at 
the muzzle) of the barrel just prior to the barrel rupture.  The 
barrel was ruptured at the 12 o'clock position approximately 4 
inches in front of the chamber.  The rupture was approximately 
1V4 inches long and 5/8 inches wide.  The barrel around the 
rupture was bulged out about 30 percent larger than its normal 
diameter.  The barrel was bent at the hole approximately 3 
degrees (see figures 10 and 11).  A plot of barrel temperature 
versus time at each thermocouple location is shown in figure 12. 
There was an approximately 30-second delay in firing of this 
sequence which can be seen in the temperature plots.  This delay 
allowed additional cooling of the weapon and may have increased 
the number of rounds to rupture by 30 to 60 rounds. 

FIRE TO DESTRUCTION TEST RESULTS 

M16A2 Rifle     M4 Carbine      M4 Carbine: 
 (Weapon 1) (Weapon 2)  
Number of Rounds 
to Destruction: 491 540* 596 

Time to Destruction: 2:49 3:00* 3:32 
(min:sec) 

Max Barrel Temperature 
at Destruction: 1599°F 1712°F* 1639°F 

* Gunner ran out of ammunition before weapon's barrel was destroyed. 

TABLE I 

4.0 Metallurgical Evaluation;  The metallurgist report of the 
ruptured M4A1 Carbine barrel is in Appendix C.  The hardness plot 
of this report shows a change in hardness of the barrel three to 



five inches forward of the chamber. This analysis is consistent 
with the temperature plots in figure 13 which show this area of 
the barrel reaches the highest temperature during firing. The 
evaluation shows the chemical content and metallurgical structure 
of the barrel were acceptable before the rupture. 

5.0 ANALYSIS; 

5.1 Reviewing the results of Table I, the M16A2 Rifle failed 
at 491 rounds versus between 540 to 596 for the M4A1 Carbine. 
This indicates the M4A1 performs better with respect to barrel 
rupture that the M16A2 (firing full automatic). 

5.2 From the rupture, it may appear the bullet exits the 
side of the barrel, however this test showed no indication of the 
bullet exiting the side of the barrel on the plywood screens 
around the barrel.  Most likely the bullet exited the end of the 
barrel and the rupture in the side of the barrel was solely due 
to the high pressure gases within the barrel. 

5.3 The barrels were noticeably bent and bulged upon 
rupture.  This likely occurs just prior to the failure and 
accounts for the flash increase and sound change just prior to 
failure as gas blows by the bullet. 

6.0 CONCLUSIONS; 

6.1 The M4A1 Carbine performs well with respect to the 
number of rounds and firing schedules required to produce a 
barrel rupture.  The M4A1 Carbine is as good as or better than 
the M16A2 Rifle (firing full automatic) with respect to number of 
rounds required to rupture the barrel.  It is possible that the 
3-round burst mechanism standard in the M16A2 would reduce the 
probability of a ruptured barrel. 

6.2 The ruptured barrels received from the field were 
visually and metallurgically identical to the ruptured M4A1 
Carbine barrel fired during this test.  Therefore, it is 
concluded that the failure mode of the field weapons and the M4A1 
Carbine destroyed in this test is the same, i.e., overheating of 
the barrel due to severe firing schedules. 

7.0  OTHER RELATED REPORTS; 

a. External Barrel Temperature of the M16A1 Rifle, R-TR- 
75-045, July 1975, Rodman Laboratory, Rock Island Arsenal, IL. 

b. XM4 Carbine Development Program, AD-E401 627, Sept 
1987, Colt Firearms, Hartford, CT. 

c. External Barrel and Handguard Temperature of the 
5.56mm M4 Carbine, SMCAR-ES-94-1, Sept. 1994, Rock Island, IL. 

d. ARDEC Evaluation of Blown 5.56mm M4A1 Carbine Barrel, 



28 March 1995. 
e.  ARDEC Evaluation of Blown 5.56nun M4A1 Carbine Barrel, 

31 August 1996. 

ref £ windham 
General Engineer 
AMSTA-AR-ESW-S 
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M4 and M16A2 Barrel Burst Test 
peak temperatures (F) 

Distance M16 barrel M16 guard M4 barrel #1 M4 guard M4 barrel #2 
1.5 259 

1131 1279 1337 
2.5 230 

1713 283 1640 
1599 

5.5 1495 1483 
6.75 315 

8 1690 
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15 1161 
18 1159 
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APPENDIX A 
rM*     or 

^——^^— gQQ BUM ABDUl 

Peru IPST PT»R TEST AND LABORATORY RESULTS 
LA*. NUMMI 

96-1881 
CM NUMM* 

DATE tECEIVED: 

28  AUG   96 

PU»CMASE C«X» NUMM* ITIMNUMKfc 

EX. OtOH NUMIBI: KQN NUMIEI 

DATE: j _ 
3 

/T&Ul)j€7fl-/*47 
CMKX AmiCAHE U.OCK: 

D HitlClAATl 
CWTMIWUT04 D 

MATBBAL 

sat 

A7*V   W*£ 

OTT: S«CNUMiBfc «COFflOM: t*v/moNt 

sh=± kbllol- 

RESULTS: The test results are contained in Table I and Figures 1-3 

DISCUSSION: The hardness survey and microstructural analysis of the 
barrel indicates this barrel failed similar to previously examined 
barrels, lab reports 95-0879 and 96-1701. Since this barrel is known 
to have failed at 1700 deg. Fahrenheit it follows that the previously 
examined barrels would have also reached the same temperature, not 
the previously reported 1500 deg. F. 

v£>*ö^, V-cr^^Y«' 
Steve Countryman 
Metallurgist 
SIORI-SEM 

ELEMENT 

TABLE I 
CHEMICAL ANALYSIS 

REQUIREMENTS 

MIL-B-11595 
CR-MO-V 

CARBON 
MANGANESE 
PHOSPHORUS 
SULFUR 
SILICON 
CHROMIUM 

0.41 - 0.49 
0.60 - 0.90 
0.040 MAX 
0.040 MAX 
0.20 - 0.35T> 
0.80 - I."» c~" 

MOLYBDENUM 
VANADIUM 

0.30 - 0 
0.20 - 0 (>/ 

"»'carbon is within .test error. • -j—^ 

RES ULTS (X 

#1 

0. 50 * 
0 82 
0 018 
0 .027 
0 .23 
1 .06 
0 .37 
p .26 

« 

[~| R^d   y       '     ffilFof Information Only ■>- _. 

" ^yJijjR; RICHARD 4cW"^;PERRY 

(SIGNATUtt) 
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KPlACf S tOmON Of I HOV S3. WHKM WIU K VUO. 



v. 

-*■*■■■■   A'' ■B; •'^^iciS $\ 

riaunc   

*rrJ   14-    s.^-'-V   A «""^ 

SPECIMEN' NO.': /^I u/ MAGNIFICATION: £?,2*'Af 



.%: i- 
-L 

ÖW (j  CO 

SPECIMEN   NO. 
tf 

/-/ MAGNIFICATION:  «C^7-? QZHf^L ETCH: ßJ.'-fif 



& 

7^m 
V 

N3 
W 

ft 
w 

w 
ft 
« 

p- 

I3T-- 

-T5 . 

H- 

© 
in 

CD 
~J >- 

© 

•f-n 

© 

0 

=   ^ 

I © 
I ^ 

i tab 

! § 

V 

ouK)   ..:>..  IISKHDOX   'SSSWGKüH 



APPENDIX B 

ü 
i- 

o. 
3 
O T ^_ 
o ( ) <<— 
o 1- t= 

m 
ü CO 

Q) 
t rs 
[_ f i io 
IU l— 

CD 

< 

3 
O <_> o 
E 

tu 

ro 

LD 

LD 

m L^               iJD 
o 
l- LH 0) 

3 

«2 
ü 
1- 

^ «     t_ o 
h- 

in fö 

*-• t_ 

CD c 

ro 
ü 



met io 

APPENDIX C 

M-4A1 CANINE ACCIDENTS/COOK, npp- THCltiKirrx 

THIS IS ALL Tim INFORMATION AVAILABLE AT THE MOMENT. WE ARE ' 
TRACKING AN* AVAILABLE SOURCE FOR INFORMATION. OOR DCSLOG IS 

AWARE OF THK SITUATION. WE WILL BRIEF THE USASFC Cofl 

1<T?*199J:  The 10.SF?(A) "ported two incidents of -cook-off«- wir.n the M-4; no injuries. 

* September 1995: The l/let's'FG(A) reported problems with »r.ook- 
H  tL T    K?riOU! durabilifcy Problems during a training mission 
xn the Republic of Korea. Quality Deficiency Report's (QDR) 
submitted thru channels by unit.        , 

* May 1996: The 7th SFG(A) reported malfunction (weapon 
exploding) during training at Ft. Bragg, NC. 

rounoT^!961 ThS 3rd SPQ(A)."P°^ed a problem associated with 
rounds lodging m weapon causing destruction of weapon during a 
training mission in Africa. One soldier injured by shrapnel Lorn 
exploding weapon. Unit imposed a cease-fire until USAEUR 
personnel could investigate. The findings of the investigation 
are unknown however, the incident and continuation of the unit's 
self-imposed cease-fire caused an  excess of ammunition to be left 
over at the end of the mission. 

* August 1996: l/75th RGR: Unit reported cook-off during a live- 
fire ambush exercise. Soldier shot self in finger during recovery 
of equipment (magazines). Incident could result in a possible 
permanent partial disability (loss of finger). 

IA?
U
£!Ü "SV   (mOSt "cent incident) 5th SFG(A) reported an M- 

4A1 damaged by a cook-off during a live fire exercise at Ft 

thiS^ riJ- The 9°idier attemPted to cl**r the malfunction when 
the cook-off occurred. The cook-off damaged the upper receiver 
and ammed the bolt carrier to the rear. The report received 
mentioned a second weapon damaged in a separate incident (the 

LC9?ji03004ner 8USPended "* further firin* of a«™° Hot * 

USASOC safety office submitted a message to the field reference 
^ted20May 96 (201327Z May 96, subject: ESDSr^^iUJ^^& 

«aa«ixaa_to facilitate capturing any M-4A1 carbine incident. 
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We understand that Rock Island Arsenal ie studying the problem 
and we are trying to contact them to capture any initial 
findings. 

<'*.. 



SENT BY:  USASOC SAFETY; 8-22-98 16:59;      9104322130 -> ; #12/13 
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SERIOUS ZNCanHWRBPOKT 

1.   DATXHNI(aunZP;inilCZADOK 

5. FJC»S«CraA!n»»<2Vmi»OTn«VDMW 

4.   tmn-AfiSIGNIDAIIDtJCTriWKTJWCAT^ 
(ÜNn):»CO,WiwIPOCA) (WQiWJBOSBO 

s. ctAJgnrictfiONorAraDBrrAJaTOx^c^^ 

6. »tWCHCWtLIRVOLVIMWIllD; NODöURBS. 

a&sis BAHK 

HOWARD CÄUODL  HO 
STEVEN LKHMBTT  WOl (QIC OP KAMQB 52) 
JUCHAKP D> IIBHUNION  MHO atSOOFRANOESS) 

7. orromon,wmr;OKDUTY. 

L   WASACCBKNTDtJIlOTJUDCmft mrTOCCUREDDUSJHOTB* CONDUCT OF A 
MtCARUNBRANOB. 

9. ACTION BpygFCTTnavg) ATTaa OF Accmprn sso BARER WASFOUNOM» 
CAWnOWTfflAUIUMATOKfXBWBBNimBAWai^^ 

10. KTENTOTDUIIEWcafBOTATyDAMA«; THERE VEIEKD DOURER ONE M4 
CARB MB, IK wm 191, HAI BAKUtt, HAND GUARDS, AND QAl TUBS DAMAGED 
BBYmDJUtPAHL 

IL KAKSATZVXlJVOKrOrmOftCCMITAlfCSSOf THXACCBENT: SSOKDWARB 
C BAKER WAt CONDUCTWORANOB fllB USD» »ALL AMMUNITION ON RANOB 53, 
DONA ANA RAN« COMPLEX, FT. BUSS, TEXAS. WOl STEVEN L SCHMIDTWAS 
RANGE OIC, AMD MM RICHARD D. STBPSBX SON WAS RANGS R80, SSO BATER JBBD 
APPWBXIMATBLY IS ROUNDSF0RI8R0INO, 40 ROUND! PCROUAliFICATlOHAND 
TK3NTOOXA3ttOM&nnSBRRAKBErORSCO)mNUN0TOra& OVBRTHBNEXT 
30 MINVlS8,HBnRBDAlWOX»UTa.Y2W ROUNDS, BOW BMI AND PULL 
AUTOMATIC ATS3*DWDWANCT TARGETS. AITERANOTHBR»^ MD1UTE BREAK, 
8BFIRBDAmOX1MAmYa40RCWn»,UnN0«ROUNDAUIOMA^ AT 
KMOWNDOrtAMCSTAROBTB. AWE* !>UClNOAIlOTS»»^MD1UT* BEBAK. BB 
FIRED AlTRORTMAmYTWOMAflAZDra ON AtmBttn&UBNOS 
WHttB fmiNO A1H1RD MAQAZDB, EH BAIR8L 10JPTURED, SHATTEIiro THE HAND 
GUARDS AND BENDtNO TB» GAS TOBE. 8» DAfflDlATRLY POT THE WEAPON DOWN 
AND REMOVED TB1MAOA2KR, NOONBWASDOURED. TBBlNaDSNTOCCURKDAT 
U3110ZAVO96. 

THE ROUND BXDBD THE TOP PORTION Of THE BARREL AffROXD*ATSLY S DJCHBS 
rfJOMtBBCBAM«a,TaSTBlNKBfT»AJLrO»TfiBBA«lRL T£B ROUND RIPPED Al» 
WCHlX»*0»TWD^WB»RVITraBXNTi»BA»ÄEL. TB» CMS TO» WASMNT 
AKDlHBfiANDOUARDtDBSTBOYED. UPONPUJOTERDttWCTlON, WBNOTR3D 
TEAT THE TLASH füPPRBBSC» WAS LOOSE AND COULD »» UNSCREWED BY BAND. 

2'd Ö »A U**I0T    96, 6T 90b 
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tt. ACnOlöTAK«BTlHJBD,at«KCTOir. COMMAMmNÜll«Jil>2/5™8FC(A) 
AND DONA ANA ftANOB COKHOJU 

13. mniVIDUALIOWCOOTACTTDIORfimraOEIWOBM^ 

CTTnAV30M.WnTY       DONA ANA «A*OB     »««äSSS^       SSS2£5S 

S^^S^S^Fr.CAMPBBiFOIlFUHIÄXNSIBCn^ 

0»10WATOfcm<SBTHWJWiaiGBJL,M^t»^CKOJ«> . v_ 
^A^BYtDAVWKwnTr.crr^iP.coMMAioaNO^ sfc-J&t&r^ 

E'd W JUSS WditiBT    96, 6T 3Tb 
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USASFC(A)   STAFF ACTION SUMMARY SHEET 

fflBJSCTjL    M-4  RIFLE EXPLODED IN BOTSWANA PURIHÜ 
FLINTLOCK II B 

DATEi 12 AÜG 96 

pnr, OPPTCE. TEL #: 

CPT Daniele, 2-6107 

AOSO-GCO-A 

2. 

3. 

4 

PT7RP0SE:  To update the initial oprep-3 report on the 3rd SFG(A) M-4 
explosion incident during Flintlock II B in Botswana. 

msmsSTON:  MAJ DEGNON IMPOSED A CEASE FIRE ON *"•'"-«'• ™If 
FURTHER INSTRUCTIONS ARE RECEIVED.  THERE ARE 17000 RDS OF 5.56 
REMAINING FOR TRAINING.  MAJ DEGNON BELIEVES A ROUND WAS LODGED IN TE 
CHAMBER WHEN THE SECOND ROUND WAS FIRED CAUSING THE EXPLOSION. 

TAB Ä  Initial Oprep-3, 082200ZAUG96, Subject: 
Explosion/destruction of a M-4 Rifle, EXER//F1intlock 
TAB Bt Follow-up Oprep-3, 121350ZAUG96, Subject: Statement For 
Record, 3rdSFG(A) toUSASFC(A), EXER//Flintlock II »// 
TAB <4:  Follow-up Oprep-3, 121500ZAUG96, Sublet:  Statement For 
Record, USASFC(A) to USASOC, EXER//Flintlock II B// 

BESOTTFrF. IMPACT;— N/A 

p^^n^^yp&TTON:  For your signature, Sir 



^»■^■»^m-p^ÄJi wu L 

FOR OFFICIAL USE ONLY 

TON:  121500ZAUG96 „.„,.x 
POC:  CPT DANIELS, ACOM CHIEF USASFC(A) 
TELE:  (910) 432-6107 
FROM:  CDRUSASFC(A) FT BRAGG, NC//A0S0-GC0-A/7 
TO-  CDRUSASOC FT BRAGG, NC//AOOP-OP// 
SE FOLLOWING STATEMENT WAS PROVIDED BY 3RD SFG(A) ON THE 
EXPLOSION/DESTRUCTION OF THE M-4 RIFLE: 

STATEMENT FOR RECORD 

T «SG AUBREY R HAWKINS WAS AT THE RANGE FIRING MY M-4 AT 
I SSG AU^«fy R; ??"   - 7 AUG 96.  SSG MORGAN AND MYSELF 
W^RTFIS IT VARIOUS "TARGETS AND CYCLJC RATES.  I FIRED 
T^FIRSTMAGLI^ ON SEMI AUTOMATIC ^CHANGED «*»"»» 
2S FI^ED THE SECOND MAGAZINE ON SOMATIC  WHEN I 
COMPLETED FIRING THE SECOND MAGAZINE, I ^D& ™f»> 
MAGAZINE AND PLACED THE WEAPON ON SEMI  AND AIMED^     I HEARD 
^ntrTtnTTTm FIRE BUT  I  DID NOT THINK THAT THE ROUND EXITED 
ZM TTBL^L ^  LOWERED THE WEAPON TO PERFORM IMMEDIATE 
SSoJ^S WEAPON EXPLODED IN MY HANDS AND SENT 
SNDGUARD FRAGMENTS  INTO MY FACE AND HEM.     NOIN JURIES WERE 
SUSTAINED WHEN THE WEAPON EXPLODED       I  THEN ^J^^™ 
ACTION ON THE WEAPON AND CLEARED IT AND PUT J^™*™™ 
SSE       I  CALLED A CEASE FIRE AND MOVED BACK TO THE TENT 

AREA. 

WEAPON SERIAL NO. 306033 
NO OF ROUNDS FIRED BEFORE 60 
WHEN THE WEAPON WAS LAST FIRED THE JA^PR"* 
WHEN WAS THE WPN LAST CLEANED THE NIGHT PRIOR 

RATE OF FIRE LO941-006 606/M193 BALL 
LOT NO. OF AMMO TH£ BftKREL 
CAUSE IF KNOWN ROUKU UJLK*U 

FOR THE ACofS, G3: ■*■>' 

WERNER C KRUEGER 
LTC, GS 
Chief, Operations Division 



MEMORANDUM FOR RECORD. 13 MAY 1996 

SUBJECT:   MALFUNCTION REPORT. 

MALFUNCTION REPORTED BY:   Bill Bowden, TACOM-ARMAMENT LAR. 

A. LOCATION OF MALFUNCTION: Range 66F, Ft. Bragg, NC. 

B. IDENTIFICATION OF UNIT:   CCo,2dBn. 3d SFG, USASOC, fT. Bragg, NC. 

C. DATE AND TIME OF MALFUNCTION: 06 May 96, 1830 Hrs. 

D. IDENTIFICATION OF WEAPON/ AMMUNITION. 

WEAPON:   Carbine, 5.56mm M4A1, NSN: 1005-01-382-0953, SN: W305902. 
AMMUNITION: DODAAC #: A066, 5.56mm Ball, LOT NUMBER: LC95C0005-612. 

E  NUMBER OF FATALITIES/INJURIES: None. 

F. PROPERTY DAMAGE:    Barrel Assy,   PN: 9390009 
Guard Hand   2ea NSN: 1005-01-234-2297 
Gas Tube, 1 ea, NSN: 4710-01-233-8637 

G. DESCRIPTION OF MALFUNCTION:   The operator had been firing at a sustained rates of 
more then 300 rounds per minute. He was firing on his 4th 30 round magazine when a round 
blew out the left side of the barrel, approximately 4 3.4 inch forward of the breech 

H   OTHER INFORMATION CONSIDERED PERTINENT:   Inspection of the weapon by this 
LAR, show excessive heat to the point that the phosphate coating was discolored. The barrel was 
bent to the right about 5 to 10 degrees. The hole in the barrel was approximately 1 Vz inches long 
and 1 inches wide. The gas tube was bent upward and to the right. The top hand guard was 
broken in two places at the rupture point. The bottom handguard inner and outer liners was 
deformed „.• 

1. WAS ANY RADIATION DEVICES INVOLVED17   No 

2. NAME OF ITEM:   N/A 

3. IF SO WAS THE SOURCE DAMAGED?  N/A 

4. IF DAMAGED WAS A WIPE TEST PERFORMED? N/A 

_■_%•* M*I i 



I. DATE AND TIME OF REPORT PREPARATIONS:    15, May 1996,1700 EDT. 

J. SOURCE OF INFORMATION FOR TfflS REPORT:  Maj. Meddaugh, The Operator SFC 
Jones, C, Co, 2d Bn, 3d SFG, Mr. Al Whittekiend, USASOC Safety, Mr. Rock Robertos ' 
USASOC DCSLOG 

BiUBowden,TACOM-ARMAMENTLAR,lSTCOSCOMFT. BRAGG NC DSN 
236-0395, E-MAIL BBOWDEN. ' 




