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 4 x 4  1 1-2  

0.9 1/32 fl. oz. 6 1 *  
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19 
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AMUTCD
 

 
A 

 
A

- 
 

A

A 
 

Ax
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aB30
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c MUTCD  
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CDOT 
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C

 
 

C

 
 

C
DOT  

 
C

 
 

C
 

 
C

 
 

a 

R 11-2  
 

b 
W20-3DNG-11WRN-24

MUTCDEP310-6-1a
 

 
 
 



EM 385-1-1 
 

 156 

 
- 

 
 

 
USACE 

   

   

   

 –
 

  

 
–

 

  

 

  

 

  

  



EM 385-1-1 
 

 
EM 385-1-1 Z 

157 

 
-  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



EM 385-1-1 
 

 158 

  

- 

 

   
-

–

USACE

 

 

 

-

 
 

 

 



EM 385-1-1 
 

 
EM 385-1-1 Z 

159 

  

- 

 

   
-

 

 

 

-

 

 

 

 

-

 

 

 

 

 
 

 



EM 385-1-1 
 

 160 

 
- 

 
 

  

 

 

.

 

 

 

 

 

 

. 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



EM 385-1-1 
 

 
EM 385-1-1 Z 

161 

- 

 

 

 

 



EM 385-1-1 
 

 162 

- 

 

B A 
 

1/2  8  3/4  1 1/4  
3/4  8  1 1/2 2  

1 1/4  12  2 1/2  6  
2 1/2  24  8  10  
2 1/2  32  10  
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A 
NFPA 241

19. A. 04 

a 

 

b

 

A 

 

A 
GDA

 

A GDA
CC 

A  

A 
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A 

 

A 
 

A 
DOT

.D 

A 

 

A 
3ft 

A 
 

A 
25 ft

 

A 
 

A  

aGDA   
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c 
 

d 
 

e 
09. K 

A 
 

A 
 

A  

GDA  

A 
IBC 

A 
 

A 
 

A  

a
 

b 
NEC 

c
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A 
 

A 
 

A 
 

A  

a
 

b 

 

c

 

d 

GDA 

e

 

 

A 
NFPA 
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ANFPA 
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B 

B 
NFPA 30NFPA 31

 

B

 

B  

a20. B. C.

 

b 40. 
B:C

 

B 
 

B 

 

B 100 °F (37.7 °C)
 

B 
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B 

 

a660 gal(2.4 m3)
CFR

U.S DOT
NFPA 386 

b
 ASTM F852 ASTM F 76 ANSI/UL 

1313 

c CFR
 

 

dNMFCUFC
2A3A3B-H3B-L4A

1 49 CFRU.S DOTDOT
 

• NMFC 
• UFC2A3A3B-H3B-L4A 

• 1 49 CFRU.S. DOT 
• DOT 

B 660 gal (2.4 m3)

psi(68.9 kilopascal (kPa))
 

a 6000 ft3 (170 
m3)5 psi (35 

kPa) 
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b 
300 °F (148.8 °C). 

c
300 °F (148.8 °C)

 

B 
NFPA 30 

B660 
)3m 2.5gal (- 

B 
NFPA 30

46 CFR 14746 CFR 92.05-10
 

B 
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- 

 

   
 

 

IA IB IC II III 

16 oz  
(473 mL) 

32 oz  
(946 mL) 

1gal  
(3.8 L) 

1 gal  
(3.8 L) 

1 gal  
(3.8 L) 

 

1 gal  
(3.8 L) 

5 gal  
(19 L) 

5 gal  
(19 L) 

5 gal  
(19 L) 

5 gal  
(19 L) 

 

2 gal  
(7.6 L) 

5 gal  
(19 L) 

5 gal 
 (19 L) 

5 gal  
(19 L) 

5 gal  
(19 L) DOT

 
8.1 ft3  
(0.23 m3) 

8.1 ft3  
(0.23 m3) 

8.1 ft3  
(0.23 m3) 

8.1 ft3  
(0.23 m3) 

8.1 ft3 

(0.23 m3) 
 

88.3 ft3  
(2.5 m3) 

88.3 ft3  
(2.5 m3) 

88.3 ft3  
(2.5 m3) 

88.3 ft3  
(2.5 m3) 

88.3 ft3  
(2.5 m3) 

 

1 gal  
(3.8 L) 

5 gal  
(19 L) 

5 gal  
(19 L) 

8.1 ft3  
(0.23 m3) 

8.1 ft3  
(0.23 m3)  

   8.1 ft3  
(0.23 m3) 

8.1 ft3  
(0.23 m3) 

DOT
1H1
DOT 
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      NMFC or UFC 
 2A  3A 3B-H  

3B-L  4A 

 

 

B 
 

B 
73 °F (23 °C)

 

B 

 

B 

 

B

40 CFR 112
 

B 
 

B 
 

B – 
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a

 DOT 

b

5 gal (18.9 L)
5 gal

 

c

 

d
5 gal (18.9 L)25 ft 

(7.6 m)

 

e
 

f 

g

 

h20 ft  
(6 m) 

B  
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a
 

 

b 55 gal (0.20 m3)

 

c
 

d
 

B  

a
 

b 
 

c

 

C LP 

CLPNFPA58
USCG  

C LP
 



EM 385-1-1 
 

 
EM 385-1-1 Z 

179 

C LP

LP  

C  LP
 

C  

a
5 ft 

(1.5 m) 

b5 ft 
(1.5 m)

 

c

 

C  

a
250 psi (1723.6 

kPa)LP 

b

 

C  

a
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b 

 

C LP

 

C LP 

C 

aLP 

b

 

c

 

C 

 

a 

 
b 

 
c 

- 
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- 

LP 

 

 LP 
0 ft  500 lb (227 kg) 

 
10 ft (3 m) 500 lb (227 kg) 

6 000 lb (2730 kg) 
20 ft (6 m) 6 000 lb (2730 kg) 

10 000 lb (4545 kg) 
25 ft (7.6 m)  10000 lb (4545 

kg) 
 

d
20-B:C 

C 

aLP

LP
LP

 

b
 

c

(13.6 kg) 30 lb4 ft (1.2 m) 
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d 

e
C:B-8 

f
 

gLP245 lb 
)(111.1 kg100 lb (45.3 kg) 

h
LP

2.5 lb (1.1 kg)

 

i
LP

250 psi (1723.6 kPa) 

j
 

k250psi1723.6kPa

 

D 

DGDA
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a 

b 

c 

d 

e 

f 

g 

 

D 

a 

b 

c 

d 

e 

f 

D
 

D- 

D
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D

 

D

 

D 

D
- 

- 

 

 
   

17.7 in (45 
cm) 

11.8 in (30 
cm) 

11.8 in (30 
cm) 

–
 

 
17.7 in (45 

cm) 
35.4 in (90 

cm) 
35.4 in (90 

cm) 
–

 

D
 

a
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b

I 

c

 

D
 

DCO 

aCO
CO

 

bCO25PPMTLV
CO

 

D

 

D

 

D
 

D
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D– 

a

 

b 

c

250 psi1723.6 kPa
1250 psi8618.4 kPa 

d
125 psi861.8 kPA

 

e

 

D
 

DLPC 

aLP
 

b

 

cLP50.000 Btu
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7500 Btu

 

d
LP 

e
LP

LP

LP
 

f

 

g

LP 

D 

a

 

b

 

E 

E-
NFPA10
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E 

a

 

 

 

 

 

 

 

 

 

 

 

 

- 
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A  B A  B A  B 
2-A 5-B or 

10-B(1) 
2-A 10-B or  

20-B 
4-A 40-B or 

80-B(2)  
3 000 ft2  

 
n/a 1500 ft2 n/a 1000 

ft2 
n/a 

A 
11 250 

ft2 
n/a 11 250 

ft2 
n/a 11 250 

ft2 
n/a 

 
75 ft 30 ft 

for 5-B 
50 ft 

for 10-
B 

75 ft 30 ft for 
10-B 

50 ft for 
20-B 

75 ft 30 ft for 
40-B 

50 ft for 
80-B 

 

 2 1/2 gal (9.5 L)
 

 AFFF2 1/2 gal (9.5 L)
 

 
 NFPA 10  

2-A
5 gal (18.9 L)
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b
 

c
 

d

 

E
 

E

 

a
 

b
 

E
 

E

 

E 

a
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b

 

c

 

d
30 

psi206.8 kPa
30 psi (206.8 kPa)125 psi (861.8 kPa) 

e

 

E
 

a
200 psi (1378.9 kPa)50 psi (344.7 kPa

150 psi (1034.2 kPa)
 

b200 psi (1378.9 kPa)

 

E 

a
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b
 

c

 

d

 

e
 

E
100 gal (0.37 m3) 

E

 

E

 

F 

FNFPA
 

F02-600-UFC 3O&M: 

 

F 
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F
 

F

 

F

 

F

 

F 

a
 

b
 

c
 

F 

a
 

b
 

F
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G 

GNFPAOSHA
 

G
 GDA  

G
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H 

HNFPA
OSHA 

H

 

H
 

a

 

b
 

d 
 

e 
 

H
 

H
 

H
 

H
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H
 

a
 

b
 

H
 

a
 

b 

c
 

I– 

I
NFPA 

I-
 

I
 

J 

J
 

J 
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J

 

KUSACE 

KUSACE
EP 

1130-2-540
 

aEP 1130-2-540
AHA

 

b 

c 

d
 

e
 

f
 

g
 

h
 

i
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j 

k 

lEP 1130-2-540 

K1143 NFP
 

a

 

b 

cPPE
1143NFPA 

A.6.2.4.1NFPA 1977
 

d

 

e
  

K1143NFPA  
 

K 
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EM 385-1-1 
 

 
EM 385-1-1 Z 

203 

 

 

A- 

 A-

 >
AIHA“

OEHS 

A-

 

A- 

a- 
 

b-ARC
 

A-

 

A-
 

A- 

a-
49 CFR 192 
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b

 

c

 

A-

GDA
WSA

AWS 
AWS 

A-

 

A
PPE

AHA
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205 

A-
ANSI

ANSZ49.1 

.B 

B

 

B- 

 

B-
 A

B 

B-

VI
A 

a

 

b VI
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cVI

 

dVI

 

eVI

OSHA’sVICFR 1926.1126
 

B
  

a
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b

 

B

 

B

   

C 

C-

 

C-
 

a 

b
; 

c 

C 

a 
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b

 

c
GDA

 

C

C
 

C

 

C
 

C

 

C

 

C
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C

 

C

NFPA326ANSI/AWS F4.1 

C

GDA 

C

 

C

 

D 

D
 

D 

a
 

b 
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D 

a 

b
 

c 

d

300 psi2068.4-kPa
 

e
 

f 

g

300 psi2068 kPa 

D 

a
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b 

 

c
 

d
 

D
 

D
 

D 

a
--

 

bNFPPA 
51 

D

CGA

 

D15psi
1.3.4 kPa 
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.E. 

ENEC 

E 

a

 

b

 

E 

a

 

b

 

c
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E
 

E 

E
 

E
 

E
 

E
 

E
 

E 

E
 

E 
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F 

F

 

F

 

F

 

F

VI

-
GMAWFCAW
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A 

A
Q 

a
 

bNESC
NECOSHAUSCG 

 c

 AHA 
 

USACE
USACE

 

 

A 

a
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b

 

c

GDANFPA 70E
 

 

 

 

 

 

PPE 

 

PPE
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d
 

e

 

f
 

A 

a
 

b

NEC 

c

 

d
AWG  NEC

 

e 
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f

 

A
ANSIASTM

.G. 

A
AHA

 

A
 

A

 

A

 

A
 

A 
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a
 

b

 

c

 
 
dNEMA

NEMA 
 
A 
 
a 

 
 

b 
 

c
 

 
AAHA

 

B 

B
NFPR 

70E
PPE

AHAAHA
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BPPE

PPE  

BPPEASTM F1506

 

B

 

B
 

B
 

B

 

B

PPE 
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C 

C 

a
 

b

NEC 430 

c

 

d
 

e

 

C 

a
 

b
 



EM 385-1-1 
 

 222 

c 

C 

a
 

b
 

C
 

C

 

D 

DNECNESC

 

a
NEC 25034

Dbc
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EM 385-1-1 Z 

 

b

 

 

 

c

 

 

 

 

D 

dNEC 250.34
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e

 

f

 

g

 

D 

a
 

b

 

c25 ohms
 

d

 

e
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225 
EM 385-1-1 Z 

fNEC 250 

D
 

a
 

b
 

c
 

d
 

D

 
 

D
GFCI

 
 

aGFCI
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bGFCI5 ma +/- 1 ma

UL 943GFCI
 

 
cGFCO

 
 

GFCI 
  

GFCI
 

 
GFCI  

 
d

GFCI
GFCI

GFCI 
 

AEGCED 

GFCI 
 

 
e

GFCIGFCI 
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227 
EM 385-1-1 Z 

fGFCINEC
NEC 

 
gGFCI

AEGCP
DGFCIAHA

 
 

 
 

 AEGCP 
 

AHAAEGCP
GDA 

E 

EGDA

GFCI
 

E 

a

GFCI 

b
DD
GDA 
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E
 

a 

b
 

c
 

d
 

E 

aUSACE
USACE

 

b
 

c

 

E 
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EM 385-1-1 Z 

E. 

a
 

b
 

c 

d

H 

E

 

ENEC
 

a
 

b
 NEC 

 

E
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F 

F
 

a 

b
E

 

c

NESC 

F

A 

F 

 

F
 

a
 

.b
-

1910269Ic
-
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- 

 

 

 
kV 

 
 

 10 ft (3 m) 
51 – 200 15 ft (4.6 m) 

201 – 350 20 ft (6 m) 
351  500 25 ft (7.6 m) 

501 - 650 30 ft (9.1 m) 
651 – 800 35 ft (10.7 m) 
801 – 950 40 ft (12.2 m) 

951 – 1100 45 ft (13.7 m) 
   

(Initial kV-50kV) x (4 in/10 kV) x (1 ft/12 in) =   10 
.     

F
 

F
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F
 

F

AC 

F 

a

 
 
b 
 

 
 

 

G 

G
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G
 

G 

a 

b
 

c
Bb

 

d
 

ePPEG  

f

 

G 

a
 

b 

c
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d
 

G 

GPPE
 

a 

b 

c 

d 

H 

H

-NEC
 

H

 

H
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H

 

a
 

b
 

  
 

III
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   - 

 

 
 
 
 
 
 

II 
EFG 

  

  

 
III 

H 

  

 
 

 
A  
B  
C - 
D  
E  
F  
G  
H  
I 105 OHM 

 

I 
ABCD 

  

 

 
(IEC Stds)      (IEC Stds) 
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I
 

IIIII
 

H

 

H
 

H
 

a
 

b
 

I   

I

 



EM 385-1-1 
 

 238 

I

 

a
 

b

 

c

 

d
 

Iab 

a
-
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EM 385-1-1 Z 

- 
 

AC 
 

 Kv 
 

 
  
(m) (ft-in) (m) (ft-in) 

  0 0.050  
  0.051 0.300  

0.31 1-0 0.31 1-0 0.301 0.750  
0.65 2-2 0.67 2-3 0.751 15  
0.77 2-7 0.86 2-10 15.1 36.0  
0.84 2-9 0.96 3-2 36.1 46  
1.003 3-33 1.20 3-11 46.1 72.5  
0.953 3-23 1.29 4-3 72.6 121  
1.09 3-7 1.50 4-11 138 145  
1.22 4-0 1.71 5-8 161 169  
1.59 5-3 2.27 7-6 230 242  
2.59 8-6 3.80 12-6 345 362  
3.42 11-3 5.50 18-1 500 550  
4.53 14-11 7.91 26-0 765 800  

 

 
  

46.1 72.5 kV --3 -1-
72.6 121 kV ----

-- 
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b-

- 

I

ag 

a
 

bGDA  
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c
 

 
 
d

 

e 

f

 

g

GDA
 

I

 

I
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a 

b

GDA
 

I 

a
. 

bNECNESC
 

c
 

 

-
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EM 385-1-1 Z 

d

 

e
25 ohms

NAC 250 

f
 

g
No.2 AWG 

I 

a

 

b

 

c

 

d
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IM 

a
. 

b

-
 

c

 

d
 

I
-

 

  .a 

  .b 

  .c 

  .d
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  I.1111.   

a 
 

b 

-

 

c 
 

I 

 

I 
 

I 
A

 

I 
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I 
 

I   

I 
 

I 
 

I 
 

I  

I 

 

I 

-

 

I 
 

I 
AHA

AHA 
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I  

a  

b  

c  

d  

e  

I 

 

I 

 

I 

 

I 
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I 
 

I 
 

I 

 

I
 

I
 

I
 

I
 

I

 

I
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I 

I 

I

IIII
 

I

 

I 

I
 

I

  

a  

b  
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  .c
 

I
 

I 

 

I 
 

a 
 

b 
 

I

 

I 
 

a  
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  .b
 

  .c 

I 

 

I 
 

I 
 

I 
 

I 
 

a 
 

b 
 

I 
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I 
 

I 

 

a  

b 
 

I
 

a 

 

b 
 

c 
 

I 

 

I -
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EM 385-1-1 Z 

a 

 

b 
 

c 
-

 

d 
-

 

e -

 

f  

I   

a 
 

b 
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I 
 

J   

J  

a 
 

b 
 

c 
 

J
 

J  

J
 

J 
 

J 
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J 
 

J 
 

K  

K GDA
 

K 
 

a  

b  

K I 

K 
A.A 

K 
 

K 
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K

 

K

 

K  
 

K 

 

L  

L 
 

L 
F 

L 
F
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A 

AHECP
ANSIZ244.1

44.ANSIA10USACE
HECPQA

 HECP 

AUSACE
31-1-ER 385HECP

 

A
USACE 

aGDA

HECPHEC

HECP
 

bHEC
HECPGDAHEC

HECP GDA
HEC
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A
HEC

Ac 

A
 

A

 

AGDA

 

aHECP

HECP 

bHECUSACE
USACE

 

A   

A
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A
 

A 

a 

b
 

cHEC
 

HEC 

 

 

AHECP 

aHECHECP 
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bHECP

 

 

HEC 
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B 

BHEC

HEC 

a

 

bHEC 

c
 

d
 

BHEC 

a
HEC

 

b
HEC 

B
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C 

CHEC
 

C
HEC

HEC
 

D 

D 

a
 

b 

DD
 

DD 

a 

b
 

c
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d
– 

E 

E

HEP 

E
 

E
HEC 

E
HEC
 

E

 

aHECP
 

b
HECP
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