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From: Commanding Officer, Naval Research Laboratory
To: Commander, Naval Sea Systems Command (Code 05R42 E. Minor)

Subj: )ATED RESULTS OF QUALIFICATION TESTING OF 3% BFC-3MS (LOT NUMBER
030403) AQUEOUS FILM-FORMING FOAM (AFFF) LIQUID CONCENTRATE FIRE 
EXTINGUISHING AGENT MANUFACTURED BY THE BUCKEYE FIRE EQUIPMENT 
COMPANY.

Ref: (a) NRL Itr 6180-0411 of 10 Sep 03
(b) NAVSEA Itr 05Q-2001/286 of 15 Nov 01

Enel: (1) Two copies o f subject report.

1. A previous Naval Research Laboratory (NRL) letter (reference (a)) contained incomplete information 
in Table 6 and an error in Table 7. This letter is a replacement for reference (a). All conclusions in 
reference (a) remain unchanged.

2. In accordance with reference (b), Buckeye Fire Equipment Company's 3% BFC-3MS AFFF (Lot 
Number 030403) was tested for compliance with Military Specification MIL-F-24385F (SH), 
Amendment 1, 5 August 1994. The material was received by the NRL from Buckeye Fire Equipment 
Company in March 2003, with fire performance testing initiated on 31 March 2003. Detailed results of 
these tests are forwarded for your review as enclosure (1).

3. Buckeye Fire Equipment Company’s 3% BFC-3MS (Lot Number 030403) AFFF as supplied by the 
manufacturer complied with the requirements o f the Military Specification MEL-F-24385F (SH), 
Amendment 1, 5 August 1994, except for the following:

•  Requirement S .l .l . le :  the color of the container was not green.
•  Requirement 5.1.1. If: The torque needed to open the 5 gallon containers exceeded 50 inch 

pounds.
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All other requests shall be forwarded to: Commanding Officer Naval Research Laboratory, Wash. DC. 
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Subj: UPDATED RESULTS OF QUALIFICATION TESTING OF 3% BFC-3MS (LOT NUMBER 
030403) AQUEOUS FILM-FORMING FOAM (AFFF) LIQUID CONCENTRATE FIRE 
EXTINGUISHING AGENT MANUFACTURED BY THE BUCKEYE FIRE EQUIPMENT 
COMPANY

4. Buckeye’s 3% BFC-3MS (Lot Number 030403) AFFF is recommended for inclusion in the 
Qualified Products List, QPL-24385-32,24 April 2002 when the discrepancies noted in the above 
paragraph are corrected.

5. The NRL technical point of contact is Dr. Ronald S. Sheinson, Code 6180, (202) 404-8101, email 
sheinson @ code6185.nrl.navy.mil.

WARREN W. SCHULTZ
By direction

Copy to:
COMNAVSEASYSCOM (SEA 05Q, Sandra Leach) 
COMNAVSEASYSCOM (SEA 05P4, D. Barylski)
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References

(a) NAVSEA ltr05Q -2001/286 of 15 Nov 01

(b) Military Specification, “Fire Extinguishing Agent, Aqueous Film-Forming Foam (AFFF) 
Liquid Concentrate, for Fresh and Seawater,” MDL-F-24385F, (SH) Amend. 1, 5 August 
1994.

(c) Qualified Products List, QPL-24385-32, 24 April 2002, which lists products that have 
been qualified in accordance with reference (b).

Introduction

1. Buckeye Fire Equipment Company submitted the subject 3% Aqueous Film Forming Foam Fire 
Extinguishing Agent to the Naval Research Laboratory (NRL) for qualification testing (reference 
(a) for compliance with the requirements of reference (b). Buckeye’s 3% AFFF, BFC-3MS met 
the criteria for qualification and inclusion in reference (c) required by reference (b), except for the 
2 requirements listed below. The material was received by NRL from Buckeye Fire Equipment 
Company in March 2003, with fire performance testing initiated on 31 March 2003. The results of 
the qualification testing are presented in Tables 1 through 7.

•  Requirement 5 .1 .l.le :  the color of the container was not green.
•  Requirement 5.1.1.If: the torque needed to open the 5 gallon containers exceeded 50 inch 

pounds.

2. The contents of each table are briefly outlined as follows. Results that did not meet the criteria are 
in bold and underlined type.

a. Table 1: Chemical and Physical requirements.

2
b. Table 2: 28 ft Fire Performance Test, fresh concentrate.

c. Table 3: 50 ft Fire Performance Test, fresh concentrate.

d. Table 4: Concentrate Stability 28 ft2 Fire Performance Test, aged concentrate.

e. Table 5: Solution Stability 28 ft2 Fire Performance Test, aged solution.

f. Table 6: AFFF Agents from the Qualified Products List (Reference c) used in the Compatibility Fire 
Performance Test.

g. Table 7: Agent Compatibility 28 ft Fire Performance Test, aged concentrates.
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Table 1. Chemical and Physical Requirements for Buckeye 3% AFFF Concentrates or Solutions
P ass  /  Fail B u ck ey e  B F C -3M S

R e q u ire m e n t Criteria R esults

R efractive  index, m inim um 1.363 1.46

V isco s ity  (C en tistok e)
M axim um  @ 5®C 2 0 19.4

M inim um  @ 2 5 °C 2 1 1.6

H y d ro g e n  Ion C oncentration  (pH ) 7 .0  to 8 .5 7 .6

Spread ing  C o e ff ic ie n t, d yn es/cm , m inim um 3 6

F ilm  Form ation and S ealab iiity N o  sustained N o  ignition
ign ition

F o a m a b ili ty :
F oam  E xpansion  R atio, m inim um 5 .0 :1

Fresh A gen t T est: Fresh W ater /  S ea  W ater 9 . 4 / 7 . 7
S tab ility  T est, concentrate: Fresh W ater /  S ea  W ater 8 .8  /  8 .3
S ta b ili ty  T est, so lu tion : Fresh W ater /  Sea W ater 8 . 6 / 9 . 7
C om p atib ility  T ests: F resh  W ater /  Sea W ater 8 .7  /  6 .9

F oam  2 5 %  D rainage T im e , m inutes, m inim um 2.5
Fresh A g e n t T est: Fresh W ater /  Sea W ater 6 :0 0 /5 :0 6
S tab ility  T est, concentrate: Fresh W ater /  S e a  W a te r 6 : 0 0 /5 : 1 5
S tab ility  T est, so lu tion : Fresh W ater /  Sea W ater 6 : 1 5 /4 : 2 5
C om p atib ility  T ests: Fresh W ater /  S ea  W ater 3 :4 7 /4 :1 3

C orrosion  R ate :
G eneral

C o ld  ro lled . L o w  carbon steel (U N S  GIOIOO)
m ili in /y r, m axim um 1.5 0 .8 2 5

C o p p er-N ick el (9 0 -1 0 )  (U S  C 7 0 6 0 0 )
m ili in/yr, m axim um 1.0 0 .0 2 4

N ick e l-C o p p er  (7 0 -3 0 )  (U S  N 0 4 4 0 0
m ili in /y r, m axim um 1.0 0 .0 1 2

B ro n ze  (U N S  C 9 0 5 0 0 ), m illigram s m axim um 100 0 .0 4 6
L o ca lized , c o rro s io n - re s is ta n t (C R E S ) stee l, U N S  S 3 0 4 0 0 ) N o  p its N o  p its

T ota l H a lid es, ppm  m axim um 5 0 0 3 3 2

D ry ch em ica l com p atib ility , bum  -back  resistan ce tim e 1 6 0 5 5 0
3 6 0  seco n d s m inim um

E nvironm ental im pact:
T o x ic ity , LC jo, m g/L , m inim um 5 0 0 1 0 0 0 >
C O D , m g /L , m axim um 1 ,0 0 0 ,0 0 0 7 9 3 ,9 0 0  m g /L
B O D jn m inim um 0 .6 5 0 .8 5
C O D

F luorine c o n te n t, m g/L
9 ,4 6 0  m g /L

S tra tif ic a t io n : S tab ility  T e s t N o n e N o n e
C om patib ility  T est N o n e N o n e

P recip itation , %  by V o lu m e: Stab ility  T est < 0 .0 5 < 0 .0 5
C om patib ility  T est, 1:1 R atio  M ix es < 0 .0 5 < 0 .0 5
C om patib ility  T e s t, A ll A gen t M ix < 0 .0 5 < 0 .0 5

C onta iner ca p  op en in g  torque (a v e ra g e ) 5 0  in /lb s max 5 4  lb s .
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Table 2. 28 ft2 Fire Performance Test Results: Buckeye 3% fresh concentrate.

P R O P E R T Y
M E A S U R E D

E X T IN G U IS H  
T IM E  C RITERIA

A C T U A L

T IM E S

B U R N B A C K  
T IM E  C RITERIA

A C T U A L
T IM E S

Fresh W ater  
F u ll Strength

3 0  S ec  (M ax) 30 3 6 0  S ec  (M in) 5 0 0

Fresh W ater
H a lf  S tren g th

4 5  S ec  (M ax)
41

3 0 0  Sec (M in) 3 9 0

S ea  W ater  
F u ll Strength

3 0  S ec  (M ax) 2 8 3 6 0  Sec (M in) 5 1 5

S ea  W ater  
H a lf Strength

4 5  S ec  (M ax) 44 3 0 0  Sec (M in) 4 5 0

Q uintuple Strength  
(1 5 % ) S ea  W ater

5 5  S ec  (M ax ) 43 2 0 0  Sec (M in) 4 2 0

Table 3. 50 ft2 Fire Performance Test Results: Buckeye 3% AFFF.

P R O PE R T Y
M E A S U R E D

E X T IN G U IS H M E N T  
T IM E  C R IT E R IA

A C T U A L
T IM E S

B U R N B A C K  
T IM E  C R IT E R IA

A C T U A L
T IM E S

4 0  S E C O N D  
S U M M A T IO N

A C T U A L
T O T A L

S e a  W ater  
F u ll Strength

5 0  S ec  (M a x ) 4 3 3 6 0  S e c  (M in ) 4 0 0 3 2 0  (M in ) 3 2 9

Table 4. 28 ft Fire Performance Concentrate Stabi i t y  Test Results: Buckeye

P R O P E R T Y
M E A S U R E D

E X T IN G U IS H M E N T  
T IM E  C R IT E R IA

A C T U A L
T IM E S

B U R N B A C K  
T IM E  C R IT E R IA

A C T U A L
T IM E S

Fresh W ater  
Full Strength

3 0  S ec  (M ax) 3 0 3 6 0  S ec  (M in) 4 6 0

Fresh W ater  
H a lf  Strength

4 5  S ec  (M ax) 41 3 0 0  S ec  (M in) 4 6 0

S ea  W ater  
Full Strength

3 0  S ec  (M ax) 3 0 3 6 0  S ec  (M in) 541

S e a  W ater  
H a lf Strength

4 5  S e c  (M ax ) 4 3 3 0 0  S ec  (M in) 3 9 0

5, 28 ft2 Fire Performance Solution Stability Test Results: Buckeye 3%

P R O P E R T Y
M E A S U R E D

E X T IN G U IS H M E N T  
T IM E  C R IT E R IA

A C T U A L
T IM E S

B U R N B A C K  
T IM E  C R IT E R IA

A C T U A L
T IM E S

Fresh W ater  
Full Strength

3 0  S ec  (M ax) 3 0 3 6 0  S ec  (M in) 4 8 0

S ea  W ater  
Full Strength

3 0  S ec  (M ax) 2 8 3 6 0  S ec (M in) 4 2 5

% AFFF.
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3. The AFFF agents from the QPL, reference (c), used for the Compatibility Tests were from NRL stock, and 
are listed in Table 6. The Buckeye 3% was mixed individually with each of the 4 concentrates in a 1:1 volume 
ratio, and with all the 4 concentrates in a 1:1:1:1 volume ratio. These concentrate mixtures were aged in 
accordance with reference (b) and then used to prepare the solutions used for fire performance testing.

Table 6. 3% AFFF Agents from the Qualified Products List used in the Compatibility Fire Performance Test.

Q U A L IF IE D
A G E N T M A N U F A C T U R E R

L O T /
B A T C H

D A T E  O F  
M A N U F A C T U R E

C -301 M S Chem guard 6 1 1 9 6 A June 11, 1996

3E M C hubb N ational Foam  (C N F ) 9 1 1 7 5 M ay 1991

A nsul A nsu lite  A F C -5 A X 2 7 0 0 I February 1987

F C -2 0 3 C E M in n e so ta , M ining  &  M anufacturing, C o ., (3 M )
501

M ay 1983

Table 7. 28 ft2 Fire Performance Concentrate Compatibility Test Results: 3% Aged Concentrates
I

Q U A L IF IE D  PR O PE R T Y  
A G E N T  M E A S U R E D

E X T IN G U ISH  
T IM E  C R IT E R IA

A C T U A L
T IM E S

B U R N B A C K  
T IM E  C R IT E R IA

A C T U A L
T IM E S

C -301  M S Fresh W ater 3 0  S ec  (M ax) - 25 3 6 0  S ec  (M in ) 4 9 0

C -301 M S S ea  W ater 3 0  S e c  (M ax ) 2 5 3 6 0  S ec  (M in ) 5 3 5

3E M Fresh W ater 3 0  S e c  (M ax) 2 8 3 6 0  S e c  (M in ) 5 1 0

3EM S ea  W ater 3 0  S ec  (M ax) 2 6 3 6 0  S e c  (M in ) 5 6 0

A F C -5 A Fresh W ater 3 0  S ec  (M ax) 2 5 3 6 0  S e c  (M in ) 4 8 5

A F C -5 A S ea  W ater 3 0  S ec  (M ax ) 2 7 3 6 0  S ec  (M in ) 5 3 0

F C 203C E Fresh W ater 3 0  S ec  (M ax ) 2 4 3 6 0  S e c  (M in ) 6 0 0

F C 2 0 3 C E S ea  W ater 3 0  S ec  (M ax ) 2 8 3 6 0  S e c  (M in ) 6 0 0

A ll o f  the A b o v e F re sh  W ater 3 0  S ec  (M ax ) 2 5 3 6 0  S ec  (M in ) 5 0 5

A ll o f  the A b o v e S ea  W ater 3 0  S ec  (M ax) 2 5 3 6 0  S e c  (M in ) 5 7 0

4. Buckeye 3% BFC-3MS AFFF, 030403 is recommended for inclusion in the Qualified Products List 
(reference (c)) when the two (2) discrepancies listed in Paragraph 1 have been corrected.
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