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The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current. /1/
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for the design of petroleum fuel
facilities.

Note that this document does not constitute a detailed technical design,
maintenance or operations manual, and is issued as a general guide to the
considerations associated with design of economical, efficient, and environmentally
acceptable petroleum fuel facilities.

1-2 APPLICABILITY. This UFC applies to all DoD service elements and
contractors; Army service elements should also use the references cited in paragraph 1-
3 below.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-3 REFERENCES. The following Tri-Service publications have valuable
information on the subject of this UFC. When the full text UFC is developed for this
1-1
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subject, applicable portions of these documents will be incorporated into the text. The
designer is encouraged to access and review these documents as well as the
references cited in Appendix A.

1. US Army Corps of Engineers USACE ETL 01-15, Programming Fuels
Commander Projects
USACE Publication Depot 05 June 2001
ATTN: CEIM-IM-PD
2803 52nd Avenue
Hyattsville, MD 20781-1102
(301) 394-0081 fax: 0084
karl.abt@hqg02.usace.army.mil
http://www.usace.army.mil/inet/usace-docs/

1-1
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ABSTRACT

Basi ¢ gui dance is provided to professional facility planners,
engi neers, and architects for use in designing liquid fueling
and di spensing facilities, liquefied petroleumgas facilities,
and conpressed natural gas facilities. Included are basic
requi renments for the design of fueling systenms; the design of
recei ving, dispensing, and storage facilities; ball ast
treatment and sludge renoval; corrosion and fire protection;
and environnental requirenments. It will serve as guidance for
i ndi vi dual project planning and for preparing engineering and
construction docunentati on.
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FOREWORD

Thi s handbook was devel oped to provide gui dance on the

pl anni ng, engi neering, and design of liquid fueling and

di spensing facilities; liquefied petroleumgas facilities; and
conpressed natural gas facilities. Unless otherw se noted,

t hi s handbook uses national professional society, association,
and institute standards in accordance with the appropriate
service policy. Do not deviate fromthis handbook w t hout
prior approval of Service Headquarters.

Recommendati ons for inprovenents are encouraged and shoul d be
furni shed on the DD Form 1426 provi ded inside the back cover
and forwarded to: Commandi ng Officer, Southern Division, Naval
Facilities Engi neering Command., Code 076(DPD), P.O. Box
190010, North Charl eston, SC 29419-9010; tel ephone comerci al
(803) 820-7458, facsimle machi ne (803) 820-7304.

DO NOT USE THI S HANDBOOK AS A REFERENCE | N A PROCUREMENT
DOCUMENT FOR FACI LI TIES CONSTRUCTION. |IT IS TO BE USED I N THE
PURCHASE AND PREPARATI ON OF FACI LI TI ES PLANNI NG AND

ENG NEERI NG STUDI ES AND DESI GN DOCUMENTS USED FOR THE
PROCUREMENT OF FACI LI TI ES CONSTRUCTI ON ( SCOPE, BASI S OF

DESI GN, TECHNI CAL REQUI REMENTS, PLANS, SPECI FI CATI ONS, COST
ESTI MATES, REQUEST FOR PROPOSALS, AND | NVI TATI ON FOR BI DS) .

DO NOT REFERENCE I'T IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR
OTHER PROCUREMENT DOCUMENTS.
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Section 1: | NTRODUCTI| ON

1.1 SCOPE. This mlitary handbook, M L-HDBK-1022A,
contains general criteria and standard procedures for the
design and construction of mlitary |and-based facilities

whi ch receive, store, distribute, or dispense liquid fuels.
It is also applicable to the handling of liquefied petrol eum
gases (LPG and conpressed natural gas (CNG. It provides
gui dance on the rehabilitation, deactivation, or closure of
fueling facilities. Support facilities are also included.
Facility Plate No. 001 provides assistance in identifying
handbook section nunbers for specific fueling conponents.

1.2 USE OF HANDBOOK. The gui dance contained in this
handbook is intended for use by facility planners, engineers,
and architects for individual project planning and for
preparing engi neering and constructi on docunentation. In
addition, it is intended for use by operations and mai ntenance
personnel as a gui dance docunent for facility design,

modi fi cations, and inprovenents.

1.3 PURPOSE OF CRI TERIA. These criteria, except

Sections 12, 13, and 14 of this handbook, are intended for new
construction only and do not apply retroactively to facilities
existing at the tinme this handbook was issued. However, these
criteria, including Sections 12, 13, and 14, are applicable
when noderni zi ng or expanding existing facilities if the

i nprovenents can be justified in ternms of obsol escence,
expanded operational requirements, safety, environnental
conpliance, or excessive maintenance costs.

1.4 CANCELLATI ON. Thi s handbook, M L-HDBK-1022A, dated
01 Novenber 1999, cancels and supersedes M L-HDBK-1022 dat ed
30 June 1997.

1.5 DEPARTMENT OF DEFENSE (DOD) FUELS FACILITY
ENG NEERI NG PANEL. Thi s handbook establishes the DOD Fuel s
Facility Engi neering Panel. This ad hoc group is to be an

associ ation of recogni zed petroleum oils, and lubricants
(POL) experts, primarily fromthe engineering community, to
advi se the Services on ways to provide safe, operationally
effective, and econom c fueling systenms. The panel wll

i nvestigate, devel op, and recomend standardi zati on of
facilities, equipnment, and procedures for storage,

di stribution, and dispensing systens for aircraft, marine, and

1
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ground fuels. The panel will investigate the use of facility
conponent parts on DOD installations and will serve as a pool
of expertise to assist in resolving systemc POL facility
problens. It will also serve as a forumto update nenbers on
new equi pment, DOD or service-specific progranms, and changes
affecting the fuels maintenance/repair comunity.

1.6 APPROVALS. It is recognized that the policies,
obligations, and responsibilities of the mlitary branches may
vary on sone mnor points. Therefore, consult the appropriate
Servi ce Headquarters for interpretation.

The appropriate Service Headquarters are defined as
fol |l ows:

a) Arny - Headquarters Corps of Engineers - CEWMP-ET

b) Air Force - The Air Force Fuels Engineer (HQ
AFCESA/ CESM t hrough the applicabl e Maj or Command ( MAJCOV)
Fuel s Engi neer

c) Navy/ Marine Corps -Naval Facilities - NFESC 57
Appl i ed Technol ogy Divi sion

d) Defense Energy Support Center (DESC) - DESC
Facility Engi neer

1.7 WAl VERS. For specific interpretations or waivers,
contact the appropri ate Service Headquarters. Substantive
devi ations fromthis handbook nust be approved by the DOD
Fuel s Facility Engi neering Panel, preferably in a norm
meeting. Where tinme does not permt, approval may be obtained
by polling the voting nenbers. The DOD Fuel Facility

Engi neeri ng Panel consists of nenbers fromthe above service
headquarters/

1.8 RELATED CRI TERIA. O her sources for criteria
related to petroleum fuel facilities are identified in the

Ref erences section at the end of this docunent. Any reference
noted is the |latest edition unless otherw se stated.

1.9 POLI CY. Design petroleumfuel facilities to neet
t he operational and managenent requirenents of the command in
which the facility is |ocated, as well as to neet all
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applicable |l ocal, state, and federal regulations concerning
envi ronnental, health, safety, and fire protection issues.

1.10 PROQIECTS OUTSI DE OF CONTI NENTAL UNI TED STATES

1.10.1 NATO St andards. For fueling projects outside of the
continental United States (CONUS) and in a NATO (North
Atlantic Treaty Organi zation) country, review and conply with
al |l appropriate NATO docunents.

1.10.2 Non- NATO Projects. For fueling projects |ocated
outside of the CONUS and not in a NATO country, use this
handbook, applicable Service policy, and host-nation standards
(if nore stringent).

1.11 REFERENCED STANDARDS. The design agency issuing a
contract for design services will provide direction for
obt ai ning required Standard Desi gn, guide specifications,
and/ or definitive drawings. |In other situations where these
standards are not readily avail able, contact appropriate
Servi ce Headquarters for assistance in obtaining these
docunent s.
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Section 2: GENERAL DESI GN | NFORMATI ON

2.1 OPERATI ONAL CAPABI LI TI ES. Design fuel facilities
for continued operation using energency or tenporary

expedi ents despite the | oss of one or nobre conponents of the
fuel receiving and/or dispensing system by eneny action or

ot her factors. For tactical or mssion-rel ated fuel
facilities, provide an alternative source of fuel supply to
the fuel facility to ensure energency operation under the nost
adverse conditions, including back-up power (energency
generators). Maintain consistency with prescribed criteria in
appropriate directives, instructions, and standard designs

(i ncl udi ng NATO St andar ds) .

2.2 FUEL SPECI FI CATIONS. The follow ng specifications
apply to the various petroleum fuels that my be addressed:

a) M L-DTL-5624, Turbine Fuels, Aviation, G ades
JP-4, JP-5, and JP-5/JP-8 ST.

b) M L-DTL-38219, Turbine Fuel, Low Volatility,

JP-7.

c) ML-DTL-83133, Turbine Fuels, Aviation, Kerosene
Types, NATO F-34 (JP-8), and NATO F- 35.

d) M L-DTL-25524, Turbine Fuel, Aviation, Thernally
Stable (JPTS).

e) ASTM D1655, Avi ation Turbine Fuels.

f) CID A-A-52557, Fuel O I, D esel for Posts, Canps
and Stations.

g) ML-F-16884, Fuel, Naval Distillate.

h) ASTM D3699, Kerosene.

i) ASTM D4814, Autonotive Spark-lgnition Engine

Fuel .

2.3 FUEL PROPERTIES AND ADDI TIVES. |In addition to the
fuel specifications, refer to Coordi nating Research Council
Inc. (CRC), Handbook of Aviation Fuel Properties, for
addi ti onal fuel properties. The follow ng paragraphs |ist

4
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properties of various grades of fuel and

additives which would affect the design of a petrol eum fuel
The NATO designation is shown in brackets.

facility.
2.3.1

2.3.1.1

volatility,

Mot or Gasoline (Mogas) [F-46] [ ASTM D4814]

Speci al Precautions for Mbgas. Because of its high

ordi nary tenperatures.
at liquid tenperatures above 20 degrees F (-7 degrees C), the
vapor space is normally too rich to be explosive. At
tenperatures 20 degrees F (-7 degrees C) or |less, vapor spaces
above gasoline my be in the explosive range. One gallon

(3.785 L) of

VWhen

gasol i ne produces | arge anounts of vapor at

confined in a tank or contai ner

| i qui d gasoline when vaporized will occupy about

25 cubic feet of space (0.7 nf), and if permitted to escape
and becone diluted with air,

a design that

sanitary sewers.

2.3.2

2.3.2.1

it is highly flanmable. Provide

precl udes di sposing of Mbgas into storm or

Avi ati on Turbi ne Fuel s

Physi cal Properties of Aviation Turbine Fuels

a) Relative Density (Specific Gravity)

JP-4 [F-40]
JP-5 [F-44]
JP-7

JP-8 [F-34]
JP-10

JP-TS

Jet A

Jet A-1 [F-35]

Hydr azi ne

57
(0.
48
(0.
50.
(0.
51
(0.
20
(0.
53
(0.
51
(0.
51
(0.

degrees to 45 degrees API
751 to 0.802)

degrees to 36 degrees API
788 to 0.845)

1 degrees to 44 degrees API
779 to 0.806)

degrees to 37 degrees API
775 to 0.840)

degrees to 18.5 degrees API
935 to 0.943)

degrees to 46 degrees API
767 to 0.797)

degrees to 37 degrees API
775 to 0.840)

degrees to 37 degrees API
775 to 0.840)

9 degrees APl (1.007)
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b) True Vapor Pressure at 100 degrees F (38
degrees C), psia (kPa)

JP- 4 [F-40] 2 to 3 (13.8 to 20.7)
JP-5 [F-44] 0.04 (0. 3)

JP-7 < 0.1 (0.7)

JP-8 [F-34] 0.05 (0. 3)

JP-10 0.11 (0.8)

JP-TS 0.11 (0.8)

Jet A 0.029 (0.2)

Jet A-1 [F-35] 0.05 (0. 3)

c) Flash Point, degrees F (degrees C

JP-4 [F-40] -20 (-29)
JP-5 [ F-44] 140 (60)
JP-7 140 (60)
JP-8 [ F-34] 100 (38)
JP-10 67 (19)
JP-TS 110 (43)
Jet A 100 (38)
Jet A-1 [F-35] 100 (38)
Hydr azi ne 126 (52)

d) Viscosity (kinematic) at 60 degrees F (16
degrees C), ft%s (cSt)

JP-4 [F-40] 0.9 x 10°° (0.8)
JP-5 [ F-44] 1.6 x 107° (1.5)
JP-7 2.0 x 10° (1.9)
JP-8 [ F-34] 1.9 x 10°° (1.8)
JP-10 3.4 x 10° (3.2)
JP-TS 1.3 x 107° (1.2)
Jet A 1.6 x 10°° (1.5)
Jet A-1 [F-35] 1.6 x 10°° (1.5)

e) Freeze Point, degrees F (degrees C), nmaxinmum

JP-4 [F-40] -72 (-58)
JP-5 [F-44] -61 (-52)
JP-7 - 46 (-43)
JP-8 [F-34] -53 (-47)
JP-10 -110 (-79)
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JP-TS -64 (-53)
Jet A -40 (-40)
Jet A-1 [F-35] -53 (-47)

2.3.2.2 Special Precautions for Aviation Turbine Fuels.
Because of the serious consequences of a turbine engine
failure and the nature of the fuel systenms in turbine engines,
provi de designs which include means to prevent contam nation
of aviation turbine fuels by dirt, water, or other types of
fuels. Solid contam nants are generally those which are

i nsoluble in fuel. Mst conmon are iron rust, scale, sand,
and dirt. Iron rust contam nates aviation turbine fuel, and
carbon steel contact degrades thermal stability. Speci al
filtration is required for receiving aviation turbine fuel
into bul k storage and ready issue (operating storage) to
renove contam nants before the fuel is delivered to aircraft.
To preserve fuel quality, Iimt materials in contact with the
fuel to stainless steel, non-ferrous, or coated carbon steel
for aircraft fueling systens. Do not use zinc, copper, and
zinc- or copper-bearing alloys in contact with aviation
turbine fuels, including pipe, valves, equipnent, and
accessories. The maximum al |l owabl e aircraft servicing use
limts of solids is 2.0 ng/L and the maxi mum al | owabl e
aircraft servicing use limts of free water is 5 ppm Provide
a design that precludes disposing of aviation turbine fuels
into stormor sanitary sewers.

2.3.3 Kerosene [ ASTM D3699]
2.3.3.1 Physical Properties of Kerosene

a) Relative Density

APl Gravity 51 degrees to 37 degrees API
Specific Gavity 0.775 to 0.840
b) Reid Vapor Pressure 0.5 psia (3.5 kPa)

(maxi mum at 100 degrees F (38 degrees Q))

c) Flash Point (mnimm 100 degrees F (38 degrees
0

d) Viscosity at 104 degrees F (40 degrees C) 1 to 2
x 10° ft?s (0.9 to 1.9 cSt)
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e) Freezing Point

(maxi mum
2.3.3.2 Speci al Precautions for Kerosene.
separate systens for
contam nation. Provide a design that

kerosene into stormor sanitary sewers.

-22 degrees F (-30 degrees QO

Desi gn
kerosene to avoid discoloration caused by
precl udes di sposi ng of

2.3.4 Di esel Fuels
2.3.4.1 Physical Properties of Diesel Fuels
Aut onoti ve DF-2 Di esel Fuel
[ F- 54] Mari ne [ F-76]
(a) Relative Density
APl Gravity, °API 40 to 34 39 to 33
Specific Gravity 0.825 to 0.855 0.830 to
0. 860
(b) Reid Vapor Pressure 0 (0) 0 (0)
at 100 °F (38 °C),
psia (kPa)
(c) Flash Point, °F (°C) 131 (55) 140 (60)
(d) Viscosity at 104 °F | 2 to 4.4 x 10° | 1.8 to 4.6 x
(40 °C) (1.9 to 4.1) 10°°
ft?s (cSt) (1.7 to 4.3)
(e) Pour Point, °F (°C) 10 (-12) 20 (-7)
Notes: JP-8 is currently used as arctic grade diesel fuel

(DFA) in the Arctic and Antarctic for heating fuel. The
gross heating value of JP-8 is 18,400 Btu/lb (42 800

kJ/ kg) .

DF-1, wi nter grade diesel fuel, has a flash point of 100
degrees F (38 degrees C) and a viscosity of 1.4 to 2.6 X
10° ft¥s (1.3 to 2.4 cSt) at 104 degrees F (40 degrees
(@)
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Precautions for
as with aviation turbine fuels,
are subject to damage by dirt and water
contam nation by dirt and water

Di esel

Fuel s. VWhi |l e not as
di esel fuel systens
in the fuel. Avoid

or dilution by lighter fuels.

In cold climtes, provide designs that will prevent “gelling.”
Provi de a design that precludes disposing of diesel fuels into
stormor sanitary sewers.
2.3.5 Burner Fuel Qs
2.3.5.1 Physical Properties of Burner Fuel Qs

Grade Number

1 2 4 5 Light 5 Heavy 6
Rel ative 48 to 36 40 to 28 |30 to 15|22 to 14 23 to 8 22 to 7
Density
°API
Specific 0.786 to 0.825 to | 0.876 to|0.922 to 0.913 to 0.922 to
Gravity 0. 843 0. 877 0.966 0.972 1.017 1.022
Rei d Vapor < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Pressure at 100 | (< 0.7) (< 0.7) (< 0.7) (< 0.7) (< 0.7) (< 0.7)
°F (38 °0),
psia (kPa)
M ni num Fl ash 100 (38) 100 (38) | 130 (54) | 130 (54) 130 (54) 150 (66)
Point, °F (°C)
Aver age Vi scos- 1.5to0 2.4 |12to 3.3 [(11.3 to 70 to 215 323 to 969 | 208 to
ity at (1.4 to (1.9 to 70 (65 to (300 to 807
100 °F (38 °C), 2.2) 3.1) (10.5 to | 200) 900) (193 to
ft?/s x 10° 65) 750)
(cst)
Pour Poi nt, -10 (-23) |-5(-21) |21 (-6) |20 to 30 20 to 30 30 to 70
°F (°C) (-7 to -1) | (-7 to -1) | (-1 to

21)

Gross Heat 19, 765 19, 460 18, 840 18, 560 18, 825 18, 200
Val ue, (45 973) (45 264) | (43 820) | (43 171) (43 787) (42 333)
Btu/lb (kJ/kg)
2.3.5.2 Special Precautions for Burner Fuel Ols. Wen the
anbi ent tenperature of the burner fuel oil is Iess than

20 degrees F (11 degrees C) above the pour
needs to be heated.

t he burner

fuel

oi |

fuel

poi nt tenperature,
At the burner
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oil’s pour point tenperature, the fuel oil has reached a gel-

li ke state and would be difficult to punp. 1In nearly all
cases, No. 6 fuel oil requires heating to be punped. In sone
cases, No. 4 and No. 5 burner fuel oils will require heating.
2.3.6 Li quefied Petrol eum Gas (LPG

2.3.6.1 Physical Properties of LPG LPGis conposed

predom nantly of propane and propylene with m nor anmounts of
but ane, i1sobutane, and butylene. It is odorless, colorless,
and non-toxic. To reduce the danger of an expl osion from
undet ected | eaks, comrercial LPG usually contains an odori zing
agent which gives it a distinctive pungent odor. LPGis a
vapor at atnospheric conditions. It is normally stored as a
liquid at a storage pressure of 200 psia (1400 kPa). LPG has
the follow ng properties:

a) Freezing Point, degrees F (degrees C) -305 (-187)

b) Relative Density (Specific Gravity) 147 degrees
APl (0.588)

c) Vapor Pressure at 100 degrees F (38 degrees O,
175.8 (1212) psi (kPa)

d) Heat Content, Btu/lb (kJ/kg) 21,591 (50 221)

2.3.6.2 Special Precautions for LPG

a) Store LPG under pressure in appropriate pressure-
rated tanks.

b) The potential for fire and expl osion presents
extrene hazards to |ife and property. Provide adequate relief
venting and additional fire protection in accordance wth NFPA
58.

c) Provide tank spacing in accordance with the
requi renments of Section 10 of this handbook.

2.3.7 Conpressed Natural Gas (CNG

2.3.7.1 Physical Properties of CNG  Appendix A to NFPA 52,
Conmpressed Natural Gas (CNG) Vehicul ar Fuel Systens, defines
certain CNG properties. Natural gas is a flammable gas. It

10
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is colorless, tasteless, and non-toxic. It is a light gas,

wei ghi ng about two thirds as nuch as air. It tends to rise
and diffuse rapidly in air when it escapes fromthe system
Natural gas burns in air with a [um nous flane. At

at nospheric pressure, the ignition tenperature of natural gas
m xtures has been reported to be as |ow as 900 degrees F

(482 degrees C). The flammble Iimts of natural gas-air

m xtures at atnospheric pressure are about 5 percent to 15
percent by volume of natural gas. Wiile natural gas consists
principally of nmethane, it also contains ethane, small anounts
of propane, butane, and hi gher hydrocarbons and may contain
smal | anmounts of nitrogen, carbon di oxi de, hydrogen sulfide,
and heliumwhich will vary fromzero to a few percent
dependi ng upon the source and seasonal effects. As
distributed in the United States and Canada, natural gas al so
contains water vapor. This “pipeline quality” gas can contain
7 pounds or nore of water per mllion cubic feet of gas (112
kg/ 10° n?). Sone constituents of natural gas, especially
carbon di oxi de and hydrogen sulfide in the presence of liquid
wat er, can be corrosive to carbon steel, and the corrosive
effect is increased by pressure. The pressures used in CNG
systens covered by NFPA 52 are substantial and well above
those used in transm ssion and distribution piping and in

ot her natural gas consum ng equi pment. As excessive cOrrosion
can |l ead to sudden explosive rupture of a container, this
hazard nust be controlled. Pressures in CNG fueling stations
are typically less than 5,000 psi (35 000 kPa).

2.3.7.2 Special Precautions for CNG

a) Provide venting for safety relief in areas where
CNG is to be stored.

b) CNG is a highly flammabl e substance. Therefore,
in design of facilities, use the follow ng precautions to
prevent fires from becom ng uncontrol |l abl e:

(1) Do not directly extinguish fires with
wat er .

(2) Do not extinguish |arge fires.
(3) Allow | arge fires to burn while cooling

adj acent equi pment with water spray.

11
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(4) Shut - of f CNG source, if possible.
(5) Extinguish small fires with dry chem cal s.

c) CNG is non-toxic but can cause anoxia
(asphyxi ation) when it displaces the normal 21 percent oxygen
in a confined area wi thout adequate ventil ati on.

d) Because of corrosion problens, water in
Departnment of Transportation (DOT) certified tanks is |imted
to 0.5 pounds per mllion cubic feet (8 kg/10 °® n7).

2.3.8 OTTO Fuels Information on OITO fuels is contained
i n NAVSEA 56340- AA- MVA- 010, Techni cal Manual for OITO Fuel |
Safety, Storage, and Handling Instructions, published by
direction of Commander, Naval Sea Systens Comrand.
Distribution of this docunment is restricted and Naval Sea
Systens Command handl es requests for informtion.

2.3.9 Fuel Additives

2.3.9.1 Fuel Systemlcing Inhibitor (FSII), H gh Flash,
[ M L-DTL-85470] (diethylene glycol nmononethyl ether (DI EGVE))

a) Used in aviation turbine fuels to prevent the
formation of ice crystals fromentrapped water in the fuel at
freezing tenperatures. In addition, it has good bioci dal
properties, preventing growh of nicroorganisns in the fuel.

b) Avoid water entry/bottonms in storage tanks

because the additive will dissolve in the water, reducing the
concentration of additives left in the fuel.

12
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c) FSIl injection rates are:
Al | owabl e Range

Fuel (% Vol une)
JP-4 0.10 to 0.16
JP-5 0.15 to 0.20
JP-7 0.10 to 0.15
JP-8 0.10 to 0.15
Jet A 0.10 to 0.15

Jet A-1 0.10 to 0.15

d) Consult |ocal, state, and federal regulations for
appropri ate di sposal nethods.

2.3.9.2 Corrosion Inhibitor/Lubricity Inprover (Cl),
[ M L-DTL-25017]

a) Used in aviation turbine fuels (JP-5/JP-8). Also
recommended for | ow sulfur diesel fuel to correct lubricity
defi ci enci es.

2.3.9.3 Static Dissipater Additive. Static dissipater
additi ve (SDA) enhances safety during handling and flight by
reduci ng static discharge potential in the vapor space above
the fuel. SDA increases the conductivity of the fuel, thus
decreasing the electrostatic charge relaxation time (the rate
of which a charge dissipates or travels through the fuel)

whi ch decreases the potential for ignition fromstatic
charges. The actual proportion is in accordance with the
specific fuel mlitary specification. For fuel system design
pur poses, assune a lower |imt of 50 picosienens per neter in
the determ nation of relaxation requirenents. |In general,
this means that JP-5, which does not contain SDA, will require
additional relaxation tinme while JP-8, which contains SDA,

w il not.

2.3.10 Lubricating Qs

13
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2.3.10.1 Steam Turbine Lubricating G ls [0-250]
[ M L- PRF- 17331]

a) For use in main turbines and gears, auxiliary
turbine installations, certain hydraulic equipnent, general
mechani cal lubrication, and air conpressors.

b) Physical Properties:

(1) Flash Point: 400 degrees F (204 degrees C)
M ni mum

(2) Pour Point: 20 degrees F (-6 degrees O
maxi mum

(3) Viscosity at 104 degrees F (40 degrees QO),
80 to 104 x 10> ft?s (74 to 97 x 10°° nf/s)

2.3.10.2 Lubricating Gls [0-278], [M L-PRF-9000]. For use
i n advanced desi gn hi gh-out put shipboard main propul sion and
auxiliary diesel engines using fuel conformng to ML-F-16884.

2.3.10.3 Special Precautions for Lubricating Ols. To punp
the oil when the anbient tenperature of the lubricating oil is
| ess than 20 degrees F (11 degrees C) above the pour point
tenperature, heat the lubricating oil. At the pour point
tenperature, the oil becones gel-like and is difficult to

punp.
2.3.11 Hydrazi ne - Water (H-70) [M L-PRF-26536]

2.3.11.1 Physical Properties of H70. This fuel is a mxture

of 70 percent hydrazine and 30 percent water. It is a clear,
oily, water-like liquid with a fishy, amonia-Ilike odor. It
is stable under extremes of heat and cold; however, it wll
react with carbon dioxide and oxygen in the air. It my

i gnite spontaneously when in contact with nmetallic oxides such
as rust.

2.3.11.2 Special Precautions for H 70. Keep working and
storage areas clean and free of materials that may react with
hydrazine. Provide only stainless steel in areas where
extended contact is possible. Areas where incidental contact

14
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is possible should be kept free of rust. Ensure the design
does not allow the discharge of H-70 into stormor sanitary
sewers.

2.4 PRODUCT SEGREGATI ON

2.4.1 Product Grades. Except as otherw se approved by
Servi ce Headquarters, provide separate receiving and
distribution piping for the different products as follows:

a) Mbgas.

b) Diesel fuel and distillate type burner fuels
(No. 1, No. 2, and kerosene).

c) Aviation turbine fuel, separate systens for each

gr ade.

d) Residual type burner fuels (No. 4, No. 5, and
No. 6).

e) LPG

f) CNG.

g) OITO fuel s.
2.4.2 Exceptions. Designs for different products using

the sanme piping my be approved for |ong receiving lines such
as froma tanker or barge pier or a cross-country pipeline to
a storage facility. \Where such common use occurs, nake

provi sions for receiving and segregating the interface between
two products. Consider the use of spheres or pigs to separate
batches. Exceptions will not be approved for compn systens
to carry both clean and residual type fuels.

2.5 TRANSFER FLOW RATES. Table 1 shows the recommended

range of design flowrates. |In sone cases, greater rates my
be needed to neet the operational requirements of a particular
facility.

2.6 PROTECTI ON AGAI NST DAMAGE. Pl an and design fuel
facilities with the goal of protecting the fuels, storage, and
transfer capability fromeneny attack, terrorists, sabotage,

15



MIL-HDBK-1022A

fire, seismc activity, and other damaging influences. In
hi gh threat areas, nore extensive protection may be required.
Consult appropriate Service Headquarters for guidance.

2.6.1 Degree of Protection. The specified degree of bl ast
and damage-resi stance capability will vary w th geographi cal

| ocations, site conditions, mi ssions, and strategic inportance
of activities. NATO projects have their own specific criteria
whi ch govern protection |level requirenents.

2.6.2 Design Criteria. In general, design fuel facilities
in accordance with M L-HDBK-1013/1 or Corps TM 5-853-3.
Consult appropriate Service Headquarters for appropriate
directives and instructions.

2.7 COMMUNI CATI ONS. Provi de tel ephone conmmuni cati ons
(direct line for Air Force projects only) between separated
areas such as receiving, dispensing, punp stations, and
storage to coordinate operations involved in fuel transfer.
Refer to M L-HDBK-1004/1 or Corps TM 5-811-09.

2.8 VAPOR RECOVERY. Provi de vapor recovery where
required by local, state, or federal regulations (40 CFR 60
Subpart XX) or other sections of this handbook. Refer to
paragraph on air quality control in this section of the
handbook.

2.9 WORKER SAFETY. Design facilities to conply with the
nost stringent of the Occupational Safety and Health Act
(OSHA) or the host nation standards. Also, ensure that design
conplies with service-specific occupational safety and health
criteria.

2.10 ELECTRI CAL DESI GN

2.10.1 Area Classifications. Classify all fuel facilities,
except as nodified by this handbook, in accordance with APl RP
500, NFPA 30, NFPA 70, and ANSI C2. These practices may be
nodi fi ed where unusual conditions occur, where |ocations
contai n hazardous atnmospheres classified other than G oup D
(as defined by NFPA 70), or where equi pnent mal function nay
cause hazardous situations. Use sound judgnent in applying
these requirenments. Specify a higher classification wherever
necessary to maintain safety and continuity of service. Treat

16
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conbusti bl e |Iiquids under pressure as flammble |iquids.
Ensure design is in accordance with the requirenents
designated in NFPA 70 for the specific division and cl ass.

2.10.1.1 Class |, Division 1. Class |, Division 1 |ocations
i ncl ude:

a) Qutdoor |ocations and those indoor |ocations
havi ng positive mechanical ventilation that are within 3 feet
(0.9 m of the fill openings or vents on individual containers
to which flammble |iquids are being transferred. Provide
al arm devices on all ventilation systens.

b) OQutdoor l|ocations within 5 feet (1.5 nm) of open
end of vents and openings on flammble |iquid storage tanks.

c) Entire pit, sunp, open trench, or other
depression, any part of which is within a Division 1 or 2
| ocation and is without mechanical ventil ation.

d) Locations within and on exterior walls of API
separat ors.

e) Locations at fuel dispensers.

f) Locations within 3 feet (0.9 m of vent,
extending in all directions, when |oading a truck through the
bott om connecti on.

g) All punp houses handling aviation turbine fuels.

h) Any area containing electrical equipnent that is
or may be exposed to atom zed fuel and where the anbient
tenperature can at any tine be above the flash point of the
fuel .

2.10.1.2 Class |, Division 2. Class |, Division 2 |locations
i ncl ude:

a) Adequately ventilated indoor locations within 5
feet (1.5 m of the surface of punps, air relief valves,
withdrawal fittings, meters, valves, screwed fittings,
flanges, and simlar devices that are |located in pipelines
handl i ng fl ammabl e and conbusti bl e Iiquids under pressure
except as nodified by the above paragraph on punp houses

17
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handl i ng avi ation turbine fuels. Class I, Division 2

| ocations extend 25 feet (7.6 m horizontally from any surface
of the device and upward 3 feet (0.9 m above grade |evel.
Provi de al arm devices on the ventilation systenms for products
with a flash point below 100 degrees F (38 degrees C) (e.qg.
Class | liquids).

b) Qutdoor |ocations and those indoor |ocations
havi ng positive nmechanical ventilation that are between 3 feet
(0.9 mM and 8 feet (2.4 m, extending in all directions, to

fill openings and vents on individual containers to which
fl anmabl e and combusti ble |iquids are being transferred.
Class I, Division 2 |ocations extend to 3 feet (0.9 m above

grade and between 3 feet (0.9 m) and 10 feet (3 m
horizontally to Division 1 zones.

c) OQutdoor | ocations between 5 feet (1.5 m and 10
feet (3 m of the Division 1 zones at vents and openi ngs, or
fl anmabl e or conbustible |iquid storage tanks.

d) Entire pit, sunp, open trench, or other
depression, any part of which is within a Division 1 or 2
| ocation and is provided with mechanical ventil ation.

e) OQutdoor l|ocations within 3 feet (0.9 m of the
exterior surface of punps, air relief valves, w thdrawal
fittings, meters, and simlar devices that are |located in
pi pel i nes handling flanmabl e or conbustible |iquids under
pressure. Class |, Division 2 locations extend upward 18
i nches (450 nm above grade |level and within 10 feet (3 m
horizontally from any surface of the device.

f) Locations within and extending upward to the top
of the di kes that surround aboveground tanks contai ni ng
fl anmabl e or conbustible liquids and within 10 feet (3 m,
extending in all directions of the tank shell, ends, or roof.

g) Locations extendi ng upward 18 i nches (450 nm
above grade level within 50 feet (15.2 m horizontally from
any surface of APl separators, whether installed indoor or
out door s.

18
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Table 1
Desi gn Fl ow Rates
Avi ation
Servi ce’ Tur bi ne Di esel Fuel Bur ner Fuel Mbgas
Fuel Ols
Bet ween storage tanks, 600 to| 600 to 1,200( 600 to 1,200| 600 to 1,200
gpm (L/s) 1, 200 (38 to 76) (38 to 76) (38 to 76)
(38 to 76)

Tank car unloading to 300 to 600 300 to 600 300 to 600 300
storage (per car), gpm | (19 to 38) (19 to 38) (19 to 38) (19)
(L/s)
Tank truck unloading to| 300 to 600 300 to 600 300 to 600 300 to 600
storage (per truck), (19 to 38) (19 to 38) (13 to 38) (19 to 38)
gpm (L/s)
Gravity receipt tank to 600 600 600 600
storage gpm (L/s) (38) (38) (38) (38)
Storage to tank 300 or 600 300 or 600 300 or 600 300 or 600
truck/refuel er |oading (19 or 38) (19 or 38) (19 or 38) (19 or 38)
(per truck), gpm (L/s)
Delivery fromdirect
fueling stations to Vari es? N A N A N A
aircraft, gpm(L/s)
Delivery fromdirect
fueling stations to
hel i copters, Vari es? N A N A N A
gpm (L/s)
Bet ween super tanker 16, 800 16, 800 16, 800 16, 800
and storage, gpm (L/s) (1060) (1060) (1060) (1060)
Bet ween regul ar tanker 7,000 7,000 7,000 7,000
and storage, gpm (L/s) (442) (442) (442) (442)
Bet ween barge and 2,800 2, 800 2,800 2, 800
storage, gpm (L/s) (177) (177) (177) (177)
To fleet oilers, gpm 3,500 3, 500
(L/s) (221) (221) N A N A
To ACEs, gpm (L/s) 7,000 7,000

(442) (442) N A N A
To carriers, gpm(L/s) 2,450 2,450

(155) (155) N A N A
To average cruisers, 700 1, 400
gpm (L/s) (44) (88) N A N A
To average destroyers, 700 1, 400
gpm (L/s) (44) (88) N A N A
Storage to tank car 300 or 600 300 or 600 300 or 600 300 or 600
| oadi ng (per car), gpm | (19 or 38) (19 or 38) (19 or 38) (19 or 38)
(L/s)
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Tabl e 1 (Conti nued)
Desi gn Fl ow Rates

At dockside, deliveries fromtankers should be assumed to be
at a pressure of 80 to 100 psig (600 to 700 kPa), and
deliveries to tankers to be at 60 psig (400 kPa). Rates to
ot her ships are maxi muns based on fueling at sea capacities.
Lesser rates for fueling at piers can be used if nore
practical. Loading rates are based on 40 psig (300 kPa)
maxi mum per hose at ship connections.

See appropriate Service Headquarters for actual fueling
rates for aircraft for which design applies.

h) Locations 25 feet (7.6 m horizontally in all
directions on pier side fromportion of hull containing cargo
and fromwater level to 25 feet (7.6 m above cargo tank at
hi ghest point.

i) Area between 3 feet (0.9 m and 10 feet (3 m
extending in all directions fromvent when |oading a truck.
Al so upward 18 inches (450 nm above grade and within 10 feet
(3 m horizontally fromthe truck | oad connecti on.

2.10.1.3 Non-Cl assified Locati ons. Non-cl assified | ocati ons
i ncl ude:

a) Qutdoor |ocations having closed piping systens
handl i ng fl anmabl e or conmbustible |iquids that have no punps,
air relief valves, withdrawal fittings, valves, screwed
fittings, flanges, neters, or simlar devices which create
joints in piping.

b) Office buildings, boiler roons, control roonmns,
and simlar locations that are outside the limts of hazardous
| ocations, as defined above, and are not used for transferring
fl anmabl e or conbustible |iquids or containers for such
i quids.

c) Areas in which flammble and conbustible |iquids

are stored in accordance with NFPA 30, outside the limts of a
classified |l ocation, and the |liquids are not transferred.
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2.10.2 I1lum nation. Unless otherwi se directed by Service
Headquarters, illum nate all working areas for night
operations to the mnimumintensity reconmended in Table 4 of
APl RP 540. For facilities within the jurisdiction of the U.
S. Coast CGuard under 33 CFR Part 154, illum nate to the
mnimumintensity required by that regulation. Provide
security lighting in accordance with M L-HDBK-1013/ 1A for the
Navy, Corps TM 5-811-1 for the Arny, and AFMAN 32- 1080 and
AFOSH St andard 91-38 for the Air Force. |If local or state
regul ati ons exist, follow the nost stringent requirenents.

2.10.3 Groundi ng and Bonding. The foll owi ng references
apply to grounding and bondi ng systens:

a) ANSI/|EEE 142-91
b) NFPA 70

c) NFPA 77

d) NFPA 780

e) APl RP 540

f) APl RP 2003

g) | EEE 1100

h) NFPA 407

2.10.3.1 Gounding Requirements. Gound the following itens
in accordance with Article 250 of NFPA 70:

a) Motor, generator, and transfornmer franes.

b) Non-current-carrying netallic parts of electrical
equi pnent and installations, such as encl osures for
panel boards, swi tchgear, and notor control centers.

c) Metallic nessengers of self-supporting cables.

d) Exposed conductive materials enclosing electrical
conductors, such as metallic conduit, metallic tubing,
metallic arnmoring, sheaths and shields, cable troughs, trays
and racks, w reways, and busways.
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2.10.3.2 Current and Lightning Protection. Provide |ightning
protection in accordance with Corps TM 5-811-3, AFMAN 88-09,
NFPA 780, M L-HDBK-1004/6, and local installation

requi renments. For fault current protection and |ightning
protection, ground the follow ng itenms through ground rods or
beds or bond to a grounded network. Provide ground for these
items as required by the above references.

a) Substation fences.

b) Lightning arrestors and |ightning shield conductors.

c) Operating nechanisnms of overhead airbreak sw tches.

d) Canopi es.

e) Aboveground storage tanks.
2.10.3.3 Static Electricity Prevention. To prevent static
electricity, ground the following itens directly through
ground rods or beds or bonded to a grounded network. Do not
exceed 10, 000 ohnms of resistance to ground for the foll ow ng
items:

a) Tanks, vessels, stacks, heat exchangers, and sim| ar
equi pnment not directly supported or bolted to a grounded

supporting network.

b) Pipe support colums at intervals normally not
exceeding 75 feet (23 m.

c) Aircraft direct fueling stations.
d) Hydrant pits.

e) Internal floating pans bonded to the storage tank

shel | .

f) Aboveground portions of electrically isolated piping
at truck, rail, and marine | oading and unl oadi ng stations.
2.10.3.4 Installation. |Isolate grounding systens for

i nstrunentation, instrunent control boards, and el ectronic
equi pnrent from all other ground systens. Additional grounding
is not required for overhead el ectrical equipnent bolted
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directly to grounded netallic structures. Where feasible,
separate the conductor connecting a lightning rod to the
groundi ng el ectrode from ot her groundi ng conductors. Route
with a mni mum of sharp bends and in the nost direct manner to
t he grounding el ectrode. Do not use this electrode in |ieu of
groundi ng el ectrodes which may be required for other systens.
This provision does not prohibit the required bonding together
for grounding el ectrodes of different systens.

2.11 SECURITY. Unless otherw se directed by Service
Headquarters, provide security fencing around all petroleum
facilities to ensure safety and inhibit sabotage, theft,

vandal ism or entry by unauthorized persons. Install a 7-foot
(2.1 m fabric height fence of chain-link type with three-
strand barbed wire outriggers on top or its equivalent. Ensure
fencing and gates are in accordance with M L-HDBK-1013/10 or
Corps TM 5-853-3. Contact the Installation Security

Organi zation for additional requirenments.

2.12 CATHODI C PROTECTION. Obtain the services of a Nationa
Associ ation of Corrosion Engi neers (NACE)-certified Corrosion
Speci alist or Cathodic Protection Specialist or a registered
pr of essi onal Corrosion Engineer to performall cathodic
protection design and testing. For Arnmy and Air Force
designs, conply with the current Engi neering Technical Letters
in addition to the follow ng requirenents. For Navy designs,
conply with NAVFAC | etter 11012 046C/ cmm

2.12.1 Tanks. For all underground steel tanks and tank
bottonms of aboveground vertical tanks, provide cathodic
protection in accordance with M L-HDBK-1004/10, API RP 651
40 CFR Part 280, Corps TM 5-811-7, UL 1746, and AFMAN 85- 16.
For additional information on cathodic protection, refer to
NAVFAC MO- 230 and AFl 32-1054. Current tank design
configuration electrically isolates the tank bottom from
surroundi ng earth. Therefore, install cathodic protection
bet ween the liner and the tank bottom

2.12.2 Piping. For all carbon steel and stainless steel

under ground and underwat er piping, provide cathodic protection
in accordance with M L-HDBK-1004/10, Corps TM 5-811-7, and 40
CFR Part 280 for piping associated with underground storage
tanks. For additional information on cathodic protection,
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refer to NAVFAC MO 230, NACE Control of Pipeline Corrosion,
and 49 CFR 195. Buried stainless steel corrodes and,
therefore, must be cathodically protected.

2.12.3 Structures. QObtain the services of a NACE-certified
engi neer to evaluate the need for cathodic protection on steel
portions of fueling support facilities. Conply with

M L- HDBK- 1004/ 10 or Corps TM 5-811-7.

2.13 ENVI RONMENTAL PROTECTI ON

2.13.1 General Policy. It is the firmpolicy of the
Departnent of Defense to design and construct fueling
facilities in a manner that will prevent damage to the

envi ronnent by accidental discharge of fuels, their vapors or
resi dues. Designs must conply with foreign governnent,
national, state, and |l ocal environnental protection

regul ations that are in effect at a particular facility.

2.13. 2 Regul ati ons
2.13.2.1 Wthin US.A Wthin the jurisdiction of the United
St ates, adhere to the follow ng environnental protection

regul ati ons:

a) National Environnental Policy Act (NEPA), 42 USC
4321.

b) U S. Coast Guard Regul ations, 33 CFR Part 154.

c) Environnmental Protection Agency Regul ations,
40 CFR Part 60.

d) Environnmental Protection Agency Regul ations, 40
CFR Part 112.

e) Environnental Protection Agency Regul ations,
40 CFR Part 122.

f) Environnmental Protection Agency Regul ations, 40
CFR Part 280.

g) Environmental Protection Agency Regul ations, 40
CFR Part 281.
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h) Departnment of Transportation Regul ations, 49 CFR
Part 195.

i) Obtain additional data on anti-pollution
regul ations for specific |ocations from Servi ce Headquarters
Envi ronment al Support O fi ce.

2.13.2.2 CQutside U S. A At facilities in other countries,
consult appropriate service environnmental directives, DODD
Overseas Environnental Baseline Guidance Doctrine, and for
Navy, OPNAVI NST 5090. 1.

2.13.3 Transfer of Fuel at Ports

2.13.3.1 Bulk Transfer. Conpliance with 33 CFR Part 154 is

required for each fixed facility capable of transferring fuel
in bulk to or froma vessel with a capacity of 10,500 gall ons
(39 700 L) or nore. These facilities are required to have an

oper ati ons manual approved by the Captain of the Port. 1In the
operations manual, include the requirenent for the follow ng
systens:

a) Hose assenblies
b) Loadi ng arms
c) Closure devices
d) Monitoring devices
e) Small discharge contai nment
f) Di scharge renoval
g) Di scharge contai nnent equi pnent
h) Enmergency shut down
i) Communi cati ons
j) Lighting
2.13.3.2 Vapor Collection. For facilities that collect vapor

fromvessel cargo tanks, ensure that the requirenents of 40
CFR Part 60 for the following itens are net:
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a) Vapor |ine connections

b) Vessel liquid overfill protection

c) Vessel vapor overpressure and vacuum protection
d) Fire, explosion, and detonation protection

e) Detonation arrestors, flane arrestors, and fl ane
screens

f) Inerting, enriching, and diluting systens
g) Vapor conpressors and bl owers
h) Vapor recovery and vapor destruction units

2.13.4 Air Quality Control

2.13. 4.1 Design Requirenments. Regulatory requirenments
pertaining to air quality control will vary according to

| ocality and to type and size of the petrol eum vapor source.
Petrol eum storage and di spensing facilities are common sources
of air pollution. Their em ssions are typically restricted

t hrough requirenents in state and | ocal regulations. Federal
regul ati ons (40 CFR 60 Subparts Kb and XX) may al so apply
dependi ng on the product handl ed and size of the tank or
facility being constructed.

2.13.4.2 Aboveground Storage Tanks. Federal regulation 40
CFR 60 Subpart Kb requires that tanks used for the storage of
fuel with a design capacity greater than 19,000 gall ons

(72 000 L) having a true vapor pressure greater than 0.75 psia
(5 kPa) at operating tenperature nust be equi pped with either:
1) a fixed roof in conmbination with an internal floating pan;
2) an external floating roof equipped with a dual seal closure
devi ce between the wall of the tank and the roof edge; or 3) a
cl osed vent system designed to collect all volatile organic
conpound (VOC) vapors and gases di scharged fromthe tank and a
control device designed to reduce VOC em ssions by 95 percent
or greater. It is the design intent that nopst vertical
aboveground tanks will have internal honeyconb floating pans
with foamfilled fabric seals (primry and secondary) and that
vapor recovery will be used only if required by federal,

state, or local regulations for the type of fuel and type of
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tank proposed, except as specifically required by another
section of this handbook. Refer to Section 8 of this handbook
for specific requirenments for floating pans.

2.13.4.3 Truck and Rail Loading Facilities. Tank truck and
tank car |l oading facilities constructed or nodified after
Decenmber 17, 1980 which |oad an annual average of nore than
20,000 gallons (76 000 L) per day of fuel having a true vapor
pressure (TVP) of 0.75 psia (5 kPa) or greater nust discharge
t he vapors resulting fromsuch operations into a closed
system Ensure this systemleads to a vapor recovery or

di sposal system which is capable of renoving 95 percent of the
petrol eum vapor before final discharge into the atnosphere.
Equi p bul k gasoline termnals (handling fuels with TVP &~
4.003 psia or 27.60 kPa) with a vapor collection system
designed to collect total organic conpound (TOC) vapors

di spl aced fromtank trucks during |oading. Em ssions fromthe
vapor control system due to |oadi ng nmnust not exceed 35 ng of
TOC per liter of gasoline |oaded. For facilities with an

exi sting vapor processing system the TOC em ssions nust not
exceed 80 ng of TOC per liter of gasoline | oaded (40 CFR 60
Subpart XX).

2.13.4.4 Permt Requirenments. Air quality pernmts are
typically required for the construction of petrol eum storage
and di spensing facilities. It is essential for designers to
review regulatory requirenments to ensure incorporation of
proper environnental controls. State and |ocal regul ations
are primary sources for air quality requirenments, but for
particularly large facilities, it is also beneficial to confer
with the EPA regional office. The permt review and air
quality controls will further depend on whet her the
construction site is |ocated in an attainnent or non-

attai nment area for ozone. Different permt prograns apply in
t hese areas, but they can both yield strict control

requi renents depending on the air quality of the area. An

em ssions offset analysis may be necessary before any
construction permt can be granted. This analysis wl]l
requi re and denonstrate a reduction in VOC em ssions from

ot her sources in the locality where the new source
construction is to take place. The offset can be obtained by
provi di ng new or better controls or otherw se decreasing

enm ssions from an existing source.

2.13.5 Water Quality Control
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2.13.5.1 Design Requirenents. Protection of the natural
wat ers agai nst pollution from discharge of petroleumis
achi eved by conplying with federal, state, and | ocal
regul ati ons.

2.13.5.2 Spill Prevention. 1In general, 40 CFR Part 112
requires the preparation of a Spill Prevention Control and
Count erneasure (SPCC) Plan for facilities that may di scharge
fuel into navigable waters of the United States. Specific
design features are necessary to neet the SPCC objectives at
all facilities. The SPCC plan nust denonstrate that the fuel

facility will be designed and constructed in a manner that
wi Il prevent spillage, and should such a spillage occur
prevent the spill fromleaving the property and entering a

wat erway. Review APl Bull D16 to assist with conformance to
regul ations. Refer to 33 CFR Part 154 for small discharge
cont ai nment .

2.13.5.3 Leak Detection. Install |eak detection on
aboveground tank bottons, underground storage tanks, and
under ground piping. Ensure |eak detection neets all the
requi renments of 40 CFR 280, 40 CFR 281, 49 CFR 195, and state
and | ocal regul ations.

2.13.5.4 Stormwater Discharge. A National Poll utant

Di scharge Elim nation System (NPDES) Permt, 40 CFR Part 122,
may be required for the discharge of stormmvater. A review of
Federal, State, and local stormmater regulations is required
prior to design and construction. Discharge of stormwater

i ncl udes:

a) Controlled drainage from storage tank areas with
i npermeabl e di ked encl osures or drainage systens |eading to
i npoundnent s.
b) Drainage fromtreatnment systens.
c) Drainage fromfacility transfer operations,
punpi ng, and tank car and tank truck | oadi ng/ off-I| oading
ar eas.

d) Drainage from equi pment/vehi cl e mai nt enance
ar eas.
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2.13.5.5 OIl/Water Separators. Pass water from stornmwvater
drai nage systens through a gravity type oil water separator.
Check with [ ocal environnental authorities, select either a
conventional rectangular APl type or one with inclined
paral l el plates. Where possible, design the separator as a
rectangul ar vessel with a fully open top with |id for ease of
i nspection and cl eani ng.

a) Design and construct the separator in accordance
with the foll ow ng:

(1) NAVFAC DM 2. 04, M L-HDBK-1002/1 and
M L- HDBK- 1002/ 2.

(2) NAVFAC P-272.
(3) Appropriate service guide specification.
(4) Arny Corps of Engineers ETL 1110- 3-466.

(5) APl Manual on Disposal of Refinery Wastes,
Chapters 3 and 5.

(6) APl 421, Design and Operation of OI-Wter

Separ at or s.

b) Consider the following itens in sizing the
oi | /wat er separ at or

(1) Anticipated inlet flowrate of a 5-year, 1-
hour duration storm event.

(2) Type of fuel.
(3) Specific gravity and viscosity of fuel.

(4) Specific anbient and product tenperature
ranges.

(5) Product storage capacity required.
(6) Possible contam nants present.

(7) Operating paraneters®intermttent or
conti nuous.
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c) Require parallel plates to be constructed from
non-ol eophilic materials such as fiberglass. Arrange the
plates in either a downflow or crossflow node so that the oi
collects in the high point of the corrugations and rises to
the top without clogging fromsettleable solids.

2.13.5.6 Dewatering. Where dewatering is necessary and
contam nation is suspected, test the groundwater prior to
construction to determ ne the extent of contam nation. |If the
groundwater is, or has the potential to be, contam nated with
petrol eum products, review state and | ocal regulations for
acceptable treatnment nmethods. Pernits may be required for
treat ment and/or disposal of the water. Sone possible

treat ment nethods are:

a) Of-site disposal at an industrial wastewater
facility.

b) On-site treatnment with a portabl e groundwat er
treatment system and di scharge to surface or groundwater.

c) Discharge to a sanitary sewer system Treatnent
t hrough an oil/water separator may be required by the owner of
the sanitary system

2.13.5.7 Wastewater Disposal. Provide a holding tank for
wast ewater. Wastewater is any water which has been in contact
with significant quantities of fuel such as water coll ected
fromtank sunps, equi pnent drains, and equi pnment sunps.

Ensure that tank construction conforns to federal and state
envi ronnental requirenments. Provide a nmeans to renove

wast ewater for off-site disposal

2.13.6 Under ground Storage Tanks

2.13.6.1 Design Requirenents. All underground and cut and
cover storage tanks are to be double wall type. For

under ground storage tanks |larger than 110 gallons (420 L), the
following are required by 40 CFR 280:

a) Corrosion protection for tanks and associ at ed
under ground pi pi ng.

b) H gh level alarm
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c) Spill and overfill protection.
d) Rel ease detection.

2.13.6.2 Oher Criteria. |If tank is to be installed in a

| ocale or state with nore stringent criteria, use the nore
stringent criteria. |If tank is to be installed in a NATO
country other than the CONUS, follow the nost stringent of

| ocal regulations or NATO Airfield Standard Design - Jet Fuel
St orage and Di spensi ng Systens.

2.14 FI RE PROTECTI ON

2.14.1 General Requirenents. Design all petrol eum fuel
storage, handling, transportation, and distribution facilities
with full consideration of the hazardous nature of the fuels
to be handled and their vapors. Ensure conpliance with

M L- HDBK- 1008.

2.14.2 Protection of Aboveground Storage Tanks

2.14.2.1 Fire Protection Water Systens. Provide fire
protection water nmains, hydrants, valves, punps, and
application devices to permt control of brush and grass fires
and cooling of storage tanks in the event of a fire exposure.
Provide a m ninmum of two hydrants. Locate hydrants and val ves
out side of diked areas. Locate hydrants so that protected
exposures can be reached t hrough hose runs not exceedi ng 300
feet (90 m. Conply with all requirements of M L-HDBK-1008
for water supply.

2.14.2.2 Fire Protection Foam Systens. Wth the use of the
full contact, alum num honeyconb floating pans in fuel tanks,
foam systens are not required.

2.14.3 Protection of Tank Truck and Tank Car Facilities.

For facilities (such as |loading stands) used for the transfer
of flammbl e or conbustible liquids to or fromtank truck,
refuelers, tank cars, drunms, or other portable containers,
provi de portable dry chem cal extinguishers of appropriate
size, nunber, and |ocation for the exposure. Were foam
systenms exist for the protection of other exposures (such as
storage tanks), consider extending the foamsystemto hydrants
or monitors located within range of the | oading or off-1|oading
facility.
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2.14. 4 Protection of Aircraft Fueling Facilities. At al
ranps and aprons used for fueling aircraft, excluding hot
fueling stations, provide portable fire extinguishers in
accordance with NFPA 407. For hot fueling stations, provide a
twin agent unit (TAU) at each station, unless prohibited by
specific service policy. A TAU is a dual agent extinguisher
consisting of one dry chemcal filled tank for knocki ng down a
t hree-di nensional flowing fuel fire and an aqueous film
form ng foam (AFFF) filled tank for snothering and

extingui shing a pool fire. For Navy and Marine Corps
projects, use NAVAIR criteria. For MLCON projects, include
the TAU as part of the project.

2.14.5 Protection of Support Facilities. Conply with
M L- HDBK- 1008 for fire protection of support facilities.

2.14. 6 Protection of Fuel Piers. Provide protection for
piers with fixed piping systens used for the transfer of

fl anmabl e or conbustible liquids in accordance with the
fol |l ow ng:

a) M L- HDBK- 1008

b) M L- HDBK- 1025/ 1, 1025/2, and 1025/ 6
c) NFPA 30

d) NFPA 30A

e) NFPA 307 (If liquids are handled in bul k
guantities across general purpose piers and wharves.)

2.14.6.1 Fire Protection Water Systens. Use fire water
systenms with hydrants | ocated so that vessels al ongside can be
reached t hrough hose |ines not |onger than 300 feet (90 m).

I n general, use dry pipe sprinkler systens under piers in
areas subject to freezing tenperatures. Consult M L-HDBK-1008
to determ ne total water demands for piers based on an extra
hazard occupancy cl assification.

2.15 ELECTROVAGNETI C RADI ATI ON HAZARDS. Pot ent i al
ignition hazards to petrol eum storage, dispensing, or handling
facilities may be created by em ssions from el ectromagnetic
devi ces such as radio and radar. Beanisignal strength has
been known to cause ignition of flammble vapor-air m xtures
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frominductive electrical heating of solid materials or from
el ectrical arcs or sparks from chance resonant connections.
For additional information, refer to ML-STD-461D and NFPA
407. Incorporate the foll owi ng specific precautions and
restrictions in the design of petroleumfuel facilities:

a) Locate the radio transmtting antennas as far as
practically possible fromfuel storage or transfer areas.

b) Do not | ocate the fuel storage or transfer
facilities closer than 300 feet (90 m fromaircraft warning
radar antennas.

c) Do not locate fuel storage or transfer facilities
cl oser than 500 feet (150 m from airport ground approach and
control equi pnent.

d) Do not l|locate fuel storage or transfer facilities
cl oser than 300 feet (90 m) from areas where airborne
surveill ance radar nay be operated.

e) Do not locate fuel storage and transfer
facilities closer than 100 feet (30 m from airport surface
det ecti on radar equi pment.

2.16 | DENTI FI CATION. ldentify all pipelines and tanks as
to product service by col or codi ng, banding, product nanes,
NATO desi gnation, and directions of flow in accordance with

M L- STD 161F. Mark val ves, punps, neters, and other itens of
equi pnent with easily discernible painted nunbers or nunbered
corrosion-resistant nmetal or plastic tags attached with a
suitabl e fastener. Ensure nunbers correspond to those on the
schematic flow di agrans and ot her draw ngs for the

install ation.

2.17 ANTI STATI C DESI GN. Consider static build-up in the
design. Refer to CRC Report No. 346 and No. 355,

El ectrostatic Discharges in Aircraft Fuel Systens; APl RP
2003; and NAVFAC MO 230. Because of the nmany vari abl es

i nvol ved, such as properties of fuels and geonetry of

equi pnment | ayouts, no specific limts are established for
design factors such as flow velocities.
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2.17.1 Pi ping I nl et Connections. Design connections to
tanks for reduced velocity and to prevent splashing by use of
di ffusers. Fuel products are not permtted to free fall under
any circunmstances. Position inlet as close to the tank fl oor
as possible to limt free fall.

2.17.2 Encl osed Vapor Spaces. Spaces above fl ammbl e or
conbusti bl e hydrocarbons in tanks or other liquid containers
must not have any pointed projection or probes which could be
focal points for static electricity discharges.

2.17.3 Filter/ Separators and Fuel Quality Monitors. The
heavi est el ectrostatic charges are usually devel oped in
filtering elements of this equipment. The design should
attempt to reduce such charges before fuel is transferred into
storage tanks, vehicle tanks, or any equi pment containing
vapor spaces.

a) By neans of residence tinme in piping or in a
rel axati on tank, provide 30 seconds relaxation tinme between
this equi pment and di scharging into a tank or vehicle. The
only fuel currently in the inventory that requires rel axation
time is JP-5.

b) Relaxation time is not required for projects
handling only fuels containing a static dissipated additive
t hat provides a conductivity |level greater than 50
conductivity units (50 picosienens per neter) at the fuel
tenperature of the operations. Exanples of this are JP-4 and
JP- 8.

c) Prevent static build-up during filling of
filter/separators by providing a nmeans to slowfill the
vessels. Refer to Standard Design AW 78-24-28.

2.17.4 Aircraft Direct Fueling Stations. JP-5 requires a
30-second residence tinme in the piping or in a relaxation
tank before being discharged into the aircraft to all ow
separate charges generated by the filtering elenents to
reconbi ne and neutralize thenselves. Where possible, design
the piping layout to provide the required 30-second rel axation
time without use of a relaxation tank.
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2.17.5 Truck Bottom Loading. Provide facilities only
capabl e of bottom | oading of trucks. Arny facilities that
routinely handle trucks that are not capable of bottom | oadi ng
must obtain approval for the addition of top | oading
capability fromthe Arnmy Service Headquarters. Refer to NFPA
77 and APl RP 2003 for additional information and
requirenents.

2.18 OPERATI ON AND MAI NTENANCE DOCUMENTATI ON

2.18.1 Equi pnent Operation and Mai ntenance Docunent ati on.
In all construction and procurenent contracts, require
operation and mai ntenance data for pieces of equi pment which
requi re mai ntenance and/ or which require setting, adjusting,
starting, stopping, calibrating, and sim | ar operational
activities.

2.18.2 Operation and Mi ntenance Support Information
(OMSl). The determ nation to include a requirenment for a
conplete OMSI for new facilities or a major rehabilitation
wi Il be made by the appropriate Service Headquarters.

2.19 PROTECTI ON AGAI NST SEI SM C ACTIVITY. Design fuel
facility buildings and structures in accordance wth NAVFAC
P- 355, AFMAN 88-3, Chapter 13, and Corps TM 5-809-10. Design
aboveground vertical storage tanks in accordance with APl Std
650, Appendix E, utilizing an inmportance factor of | = 1.25
for new tanks. Analyze flexible aboveground pipelines using
techni ques to account for harnonic response.

2.20 STRUCTURAL DESI GN. Design all buildings and
structures in accordance with M L-HDBK-1002 series or for
Cor ps of Engi neer projects, EI 015010, Corps TM 5-809-2, Corps
TM 5-809-3, Corps TM 5-809-6, Corps TM 5-809-10, Corps TM 5-
809-10-1, and Corps TM 5-809-10- 2.

2.21 Al RFI ELD/ Al RSPACE REQUI REMENTS. | ncor porate
requirenents for airfield and airspace cl earances into al
construction documents for work near an airfield. Verify
conpliance with M L-HDBK-1021/1.
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2.22 PERM TS. The planner, programmer, and desi gner
shoul d give consideration to required permts (dredging, air
em ssions, water discharges, etc.). Considerations are cost

of permt, cost inpact of project to nmeet pernmit requirenents,
schedul e i npact of permt, who is to obtain permt, and at
what tinme in the project schedule should application be made.
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Section 3: BULK FUEL STORAGE FACI LI TI ES

3.1 | NTRODUCTI ON. This section provi des gui dance for

t he design of bulk fuel storage facilities, including those
conponents normally located within a typical conpound. These
conponents include pipeline receiving facilities, tank truck
and tank car receiving facilities, pipeline dispensing
(pumping) facilities, tank truck and tank car | oadi ng
facilities, and all related piping and equi pnment. Fuel
storage tanks are discussed in Section 8 and piping systens in

Section 9 of this handbook. Support facilities, which are
di scussed in Section 11 of this handbook, are often collocated
within bulk facilities. Installation pipelines connecting

bulk facilities with marine receiving and di spensi ng
facilities, aircraft fueling facilities, and ground vehicle
fueling facilities, as well as interterm nal pipelines are
di scussed in Section 6 of this handbook. |If fuel can be
punped directly froma tank into an aircraft, direct fueling
systemor a refueler, it is an operating storage tank
regardl ess of size and | ocation and must neet the applicable
requi renments for aviation turbine fuel operating tanks.

3.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformation, contains inmportant information on fueling
facilities. Do not begin the design of any fueling system
wi thout first becomng conpletely famliar with Section 2 of
t hi s handbook.

3.3 RECEI VI NG FACI LITIES. Fuel is normally received at
bul k fuel storage facilities by pipeline, tank truck, tank
car, barge, or ship. In many cases, the fuel is punped by

pi peline fromthe marine receiving facility to the bulk
storage facility. Marine receiving facilities are addressed
in Section 5 of this handbook. Service Headquarters, with
concurrence fromthe Defense Fuel Supply Center, will
determ ne the appropriate type of delivery nethod based on
m ssion requirenments and an econom ¢ analysis. A secondary
met hod of delivery is normally required for aviation
activities.

3.3.1 Pi peline Receiving Facilities
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3.3.1.1 General Criteria. Petroleum fuels may be supplied
to bul k fuel storage tanks by interterm nal pipelines which
may be dedicated to serving the particular facility or may be
commerci al pipelines handling a nunber of types or grades of
fuel for nore than one user. |In sone cases, the pipeline wll
be an installation pipeline. |If different fuel types are
used, separate each type within the receiving facility.
Exercise extrenme care to avoid designing a systemthat could
create damgi ng surges in the pipeline created by quick

cl osi ng val ves.

3.3.1.2 Equi pnent Required

a) Provide pressure-regul ating valves to reduce
pi peline pressures to the design pressure of the facility’s
pi ping and equi prent. Provide a bl ock valve at both the
upstream and downstream si de of each pressure-regul ating
valve. Prior to designing any features into the system which
m ght affect the flow froma pipeline, contact the operator of
the pipeline to ascertain the current operating conditions,
eval uate the use of regulating valves, conduct a surge
anal ysis of the pipeline, and determ ne whether the use of
regul ati ng val ves i s appropri ate.

b) Provide a nmeter at the receiving end of the line
to nmeasure quantities of fuel received. Turbine-type neters
are commonly used for pipeline receipt. However, positive
di spl acenent neters are acceptable if available at the
required flow rate. Consider also the use of alternative
meter technol ogi es such as ultrasonic neters. Conpensate for
fuel tenmperature at the point of custody transfer. Provide a
strainer on the upstream side of the meter and connections for
proving the neter with a portable prover. A neter prover
connection consists of a valve in the main pipeline with a tee
on both the upstream and downstream si des of the valve. The
branch of each of the tees has a valve and a hose connecti on.
The master nmeter can be attached to the hose connections.

c) Provide a neans for sanpling each pipeline
product at a breakout nanifol d.

d) Provide provisions for a contractor to bolt pig
| aunchers and receivers to the system for pigging. Arrange
pi g receiving connections to avoid introducing pipeline sludge
and sedinent into the tanks. Pig launching and receiving
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provisions are required for intertermnal (cross-country) and
installation (as described in Section 6 of this handbook)
under ground pi pel i nes.

e) Provide an interface tank to receive m xed fuels
at the beginning and end of a shipnment unless the conmerci al
pi peli ne conpany can provide this service satisfactorily.

f) Provide a breakout tank only if pipeline flow
cannot be stopped due to pipeline operational requirenents.
Provi de valves to divert the flow of fuel froma receipt tank
to the breakout tank in the event fuel transfer is bl ocked by
a manual or automatic valve within the fuel facility system
such that the fuel facility system would be overpressurized
fromtransient surge or high pressure from deadheadi ng a
pi peli ne supply punp. Provide appropriate breakout tank
overfill alarms and al arm breakout operation so fuel facility
operators can take necessary steps to stop pipeline flow
Provi de neans of transferring fuel out of breakout tank back
to fuel systens after a breakout event. Conduct a thorough
review with the pipeline operator and performa transient
surge analysis to determne if surge pressure reduction
met hods are required to avoid danage to the pipeline.

g) Provide neans of inbound filtration for al
products. The selection of filtration depends on antici pated
inpurities, the source of fuel, and the shipping nethods. For
aviation turbine fuels, refer to “Special In-Bound Filtration”
par agraph of Section 4 of this handbook. Consider the use of
mcronic filters, cyclonic filters, and haypack filters as
possible filtration/pre-filtration devices. Avoid the use of
wat er slugs or other rapid-closing valves on pipeline receipt
facilities.

3.3.2 Tank Truck and Tank Car Off-loading Facilities

3.3.2.1 General Criteria. Bulk fuel storage facilities my
be supplied with fuel by tank truck or tank car or both. At
facilities with pipeline or water transport as their principal
supply source, provide tank truck or tank car deliveries as a
secondary supply source. Tank truck deliveries are the nobst
common net hod. However, special transportation considerations
or changi ng circunstances may nake the use of rail facilities
desirable. Therefore, at an activity with railroad service,
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lay out a tank truck receiving facility so that the system can
be easily and econom cally extended to the existing rail spur.
See Facility Plate Nos. 002 through 004.

a) Do not |ocate tank truck or tank car receiving
facilities closer than 50 feet (15 m from buil di ngs,
aboveground storage tanks, overhead power |ines, or public
r oads.

b) Provide an adequate nunmber (m ni mum two) of
positions to off-load the daily fuel requirements of the
facility in an eight-hour period w thout causing detention or
denmurrage of delivery conveyances.

c) Provide separate off-I|oading connections for each
type of fuel to be handled. To facilitate the use of tank
trucks with nmultiple independent conpartnents, provide a hose
mani fold with a m ni num of two connections per tank truck. A
mani fold with hose connections equal to the nunber of truck
conpartnents is recomended for quick turnaround. If |ess
than five connections are provided, |eave a blind flange on
the end of the manifold to acconmopdate additional connections.

d) At each off-1loading position, provide an
i nperneabl e retention and controll ed drai nage system | eadi ng
to a contai nnment or treatnent system Pave the spaces between
i slands, and on each side of the outer islands, with concrete
pi tched a m ni mum of one percent toward catch basins or trench
drains. Design containnment per the nost stringent of
I nternati onal Conference of Building Oficials (I1CBO, UBC
902; Building Oficials and Code Adm nistrators International,
I nc. (BOCA) F2315; and state and |ocal regul ations. Provide
contai nnent with capacity equal to the larger of the vol une of
the | argest tank truck or tank car conpartnent to be off-
| oaded or the runoff froma rainfall of intensity equal to a
5-year expectancy, 1-hour duration storm Provide a normally
cl osed valve on the drain systemto allow for containnment
during fueling operations and which can be opened to drain
when necessary. This valve may be notor-operated with the
concurrence of Service Headquarters. Tank trucks can be as
| arge as 10,000 gallons (38 000 L) in capacity and tank cars

as |l arge as 40,000 gallons (151 000 L). If a canopy, which is
designed to preclude rain fromthe contained areas, is
installed, reduce the sizing for rainfall, accounting only for

wi nd- bl own rain. Consider conbining the containnment with
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ot her contai nnents or treatnment facilities on-site. However,
take the | evel of contam nation in each contai nnment area into
consideration. Do not use asphalt within a contai nnent area.

e) For off-loading tank trucks, arrange the fl ow of
traffic to permt continuous forward movenment of tank trucks
at all tinmes. Commercial tank trucks off-load on the
passenger si de.

f) To determ ne the nunber of connections needed for
of f-1 oadi ng tank cars, consult with Service Headquarters and
consider mnim zing tank car novenents, tank car shi pping
schedul es, conveyance turn-around tines, |local rail swtching
capabilities, and quantity of fuel needed for one day’ s fuel

supply.

g) Provide an electrical design that neets the
m ni mum requi rements of NFPA 70, NFPA 77, and NFPA 780. Treat
conbusti ble liquids under pressure as flanmable |iquids.

h) When aut hori zed by Service Headquarters, protect
the off-loading rack by a weather cover designed for severe
weat her conditions. The weather cover nust be justified by
severe environnmental conditions inmpacting operations, |ow
tenperature, and snow or econom cally justified by reducing
stormwat er runoff and elim nating the need for stormnater
collection and treatment. |If the protective structure is
included in the design, ensure that the underside of the roof
is high enough to provide operator head room when wal ki ng on
top of the truck or for access to rail car donmes. Ensure
structural design is in accordance with the Arnmy Corps of
Engi neers Architectural and Engi neering Instruction (AElI) and
M L- HDBK- 1002/ 3.

i) Provide for egress and entrance of energency
response vehicl es.

j) Provide a nmeans of inbound filtration for all
products. For aviation turbine fuels, this is normally a
filter/separator, as described in Section 4 of this handbook.
Provide two sets of horizontal filter/separators installed in
parallel, each vessel designed to handl e 150 percent of nornal
off-loading flowrate (in the 1200 gpm size, only vertical f/s
may be available). Provide each vessel with a feature to
automatically switch the fuel streamto the other vessel when
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the differential pressure across the vessel reaches a preset
l[imt. Require a warning signal to alert the operator that
the switching operation has occurred. |In cases of energency,
include the capability to bypass the inlet filter separator
bank. For other types of fuels, the selection of filtration
depends on anticipated inpurities, the source of the fuel, and
the shipping nmethod. Consider the use of mcronic filters,
cyclonic filters, and haypack filters as possible filtration
devi ces.

3.3.2.2 Of-Loading Drop Tanks. The introduction of air
into a fuel receiving system poses extrene hazards which can
result in fire and/or explosion. Hazards are conpounded when
an air/fuel mxture is passed through receipt
filter/separators where static electricity is generated and
ignition can occur. For facilities with the capability to off-
| oad several tank trucks at once or where newer tank trucks
with multiple hoses are connected to nultiple isolated
conpartnents, consider providing an underground, gravity-type,
receiving tank with subnersible transfer punps and | evel
controls. For smaller systems of one or two tank trucks,
consider a |ow profile, aboveground, receiving tank with a
centrifugal transfer punp. For either case, provide |evel
sensors to control the flow See Facility Plate No. 005.

3.3.2.3 Equi pment Required

a) Where tank trucks or tank cars are off-|oaded
i nto aboveground tanks, provide centrifugal punps configured
to provide automatic air elimnation as shown on Facility
Plate No. 003. Provide one punp for each tank truck or tank
car that is to be off-1oaded sinultaneously, at an average
capacity of 300 gpm (19 L/s). Centerline height of suction
line frommanifold to punp should not exceed 23.25 inches
(591 mm) above truck unl oadi ng, parked position. Were punps
are required, provide at |east two punps to all ow continued
operations if one is out of service. Where tank trucks or
tank cars are off-loaded into underground tanks, punps wl|
not normally be required. When direct punmp off-1oad of trucks
is provided, the preferred punp location is at the off-Ioad
poi nt, as opposed to a renote | ocation.

b) Provide 4-inch (100 nm dianmeter by 10-foot (3 m
| ong i ghtwei ght reinforced vacuumrated off-| oadi ng hoses and
covered hose storage racks for each off-I|oading position.
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El i m nate covered hose storage rack if off-load rack is to be
covered. Ensure that all sw vels are non-lubricated al um num
or stainless steel in-line repairable type. Consult with
activity to verify the need for hoses. At sonme activities,

t he fuel hauling contractor provides the hoses.

c) Equip each tank truck off-loading position with
an automatic, self-nonitoring ground verification unit with a
| ockabl e bypass. If grounding is not verified and there is an
of f -1 oadi ng punp dedicated to that position, ensure the unit
prevents the punp fromstarting. |[If the punp is not
dedi cated, ensure an alarm sounds if the off-loading valve is
opened prior to grounding verification. Include a separate
groundi ng reel to accommodate vehicles w thout grounding
equi pnent. (This unit is optional on Air Force projects.
Contact the Service Headquarters.)

d) Provide fuel sanpling connections for collecting
test sanpl es.

e) Provide pressure gauges on both sides of al
strainers or a differential type gauge across the strainer.
Where a strainer is upstream of a punp, the punp suction gauge
may function as the strai ner downstream gauge.

f) Provide a conpound (pressure/vacuunm gauge on the
inlet side of punps and a pressure gauge on the outl et side of

punps.

g) If the systemis for JP-5 or other fuel that does
not have a static dissipater additive which provides a
conductivity | evel greater than 50 conductivity units (50
pi cosi enens per neter), and a 30-second retention tinme is not
provi ded between filter/separator and receiving tank, provide
a relaxation tank downstream of filter/separator to ensure a
conbi ned 30-second retention time (time in the tank and tinme
in the piping).

h) Provi de basket strainers upstream of punps,
except positive displacenent punps.

i) Provide a conbination flow control and non-surge

check valve on all off-load punps except positive displacenent
types. Provide flow control through a hydraulically operated
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di aphragm control valve. If a bulk air elimnator with
automatic air release head is included, provide block function
with an electric (solenoid) swtch.

J) Provide a positive displacenent or turbine neter
and nmeter proving connections. Provide a strainer on the
upstream si de of the neter

k) On the off-loading riser, install a visual fuel
flow i ndi cator (maxinmum pressure 275 psi (1900 kPa) at 100
degrees F (38 degrees C), Seals Viton maxi mum tenperature 350
degrees F (177 degrees C)). This will allow visual quality
assurance and provide the operator with a backup systemto
shut off the punps when off-loading is conplete to prevent air
buil d-up in the receipt |ines.

3.4 DI SPENSI NG FACI LI TIES. Fuel is normally dispensed
froma bulk facility via an installation pipeline,
intertermnal pipeline, tank truck, or tank car.

3.4.1 Pi pel i ne Punping Facilities

3.4.1.1 General Criteria. As discussed in Section 6 of this
handbook, pipelines are either interterm nal pipelines or

installation pipelines. Installation pipelines are comonly
used to transfer fuel to an aircraft fueling facility or a
mari ne dispensing facility. Interterm nal pipelines are

cross-country between installations. However, since pipeline
punping facilities are typically at a bulk fuel storage
facility, they are covered in this section.

3.4.1.2 Equi pnent Required

a) Centrifugal punps conplying with APl Std 610 with
adequat e head and capacity. Al ways provide one additional
punp as back- up.

b) Turbine or positive displacenent meter with
provi ng connections. Consideration can also be given to
alternative neter technol ogi es such as ultrasonic neters.
Conpensate for fuel tenperature at custody transfer point.

c) Provide fuel sanpling connections for collecting
test sanple.
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d) Pig | aunching and receiving capability for
intertermnal and installation pipelines.

e) Strainer on the upstream side of the neter.

f) Manual double seated plug val ves where tota
i solation is required.

g) Pressure gauges on both sides of the strainer or
a differential pressure type gauge across the strainer.

h) Conpound (pressure/vacuum gauges on the inlet
si de of punps and pressure gauges on the outlet side of punps.

i) Strainers upstream of punps.

] ) Non-surge check valve with rate of fl ow control
on punp di scharge.

3.4.2 Tank Truck and Tank Car Loading Facilities

3.4.2.1 GCeneral Criteria. This section applies to
facilities required for | oading over-the-road tank truck
transports or rail tank cars used for the bulk transfer of
fuel. A typical application is the transfer by tank truck
froma storage termnal to secondary storage, such as a
filling station or a heating plant. In many cases, the
receiving and loading facilities are conbined. In these
cases, both receiving and loading facility requirements nust
be addressed. This section does not include facilities for

| oading aviation refuelers for direct issue to aircraft. This
process requires special design considerations as discussed in
Section 4 of this handbook. See Facility Plate Nos. 002

t hr ough 004.

a) Determ ne the volunme of fuel and number of tank
trucks or tank cars to be handl ed by an operational analysis
with assistance from Service Headquarters.

b) Conmply with NFPA 30 for separation between tanks,
bui | di ngs, roads, and property lines; however, provide a
m ni mum separation fromany of these facilities of 50 feet
(15 m. Assune that the property line is the fuel farm fence.
Use the criteria for Class | |iquids regardl ess of product and
do not take a reduction for fixed fire protection. Do not
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| ocate a tank truck loading facility closer than 100 feet (30
m froma railroad track (or spur) or rail siding for
| oadi ng/ of f -1 oadi ng of fuel.

c) Bottom |l oading is the only acceptabl e nethod of
| oadi ng tank trucks. Bottom |l oading results in increased
saf ety, manpower savings, quality control of product, and area
cleanliness. At non-U S. l|locations where only contracted top
| oadi ng tank trucks are available, install a top |oading rack
with perm ssion of Service Headquarters. |In this event,
provide future bottom | oading capabilities.

d) Vhen authorized by Service Headquarters, protect
the | oading rack by a weather cover designed for severe
weat her conditions. The weather cover nust be justified by
severe environnmental conditions inpacting operations (low
tenperature and snow) or economically justified by reducing
stormwat er runoff and elimnating the need for stormnater
collection and treatment. |If the protective structure is
included in the design, ensure that the underside of the roof
is high enough to provide operator head room when wal ki ng on
top of the truck and for access to rail car dones. Ensure
structural design is in accordance with the Arnmy Corps of
Engi neers AElI and M L- HDBK- 1002/ 3.

e) Provide separate piping, punps, |oading
connections, and controls for each different type and grade of
fuel .

f) Arrange | oading rack with a row of islands with
sufficient clearance between to allow easy access to all parts
of the tank trucks when parked. Arrange islands and
approaches in a manner that allows forward notion for all tank
trucks at all times with anple roomfor turning. Space and
arrange bottom | oadi ng islands to accommodate one tank truck
only on the side adjacent to the tank truck’ s liquid
connections, usually the passenger side of the tank truck.

g) Provide for entrance and egress of energency
vehi cl es.

h) At each | oading position, provide an inperneable
retention and controll ed drai nage systemleading to a
contai nnent or treatnment system Pave the spaces between
i sl ands, and on each side of the outer islands, with concrete
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pitched a m ni num of one percent toward catch basins or trench
drains. Design containnments to the nost stringent of Federal,
State, or local regulations. Provide containnment with
capacity equal to the larger of the volune of the |argest tank
truck or tank car conpartnent to be | oaded or the runoff from
a rainfall of intensity equal to a 5-year expectancy, 1-hour
duration storm Provide a normally closed valve on the drain
systemto allow for containment during fueling operations and

whi ch can be opened to drain the area when necessary. |If a
canopy, which is designed to preclude rain fromthe contained
area, is installed, reduce the sizing for rainfall, accounting

only for wind-blown rain. Consider combining the contai nnent
with other containnents or treatnent facilities on-site.
However, take the | evel of contam nation of each contai nnent
area into consideration. Do not use asphalt within a
cont ai nnent ar ea.

i) If top loading is required for tank cars
(normally only when commerci al contract | eaves no ot her
choi ce) and approved by Service Headquarters, provide a
typical tank car loading rack with an elevated steel platform
consisting of a wal kway, 4 feet (1.2 m) w de, 10.5 feet (3.2
m above the top of the rails, and the full length of six tank
cars. Ensure that the centerline of the structure is 10.5
feet (3.2 m above the centerline of the tracks. Equip the
platformw th a counterwei ghted or spring-loaded tilting
bridge to connect to the tank car dome at each | oading
station. Design so that when released fromthe horizontal
position, the bridge wll automatically nove and |lock in an
upright position away from any part of the tank car under al
weat her conditions. Refer to NAVFAC Draw ng No. 14039809.
Ensure conformance with M L-HDBK-1002/1 and Arny Corps of
Engi neers AEl requirenents. Platformis not required on Air
Force projects.

j) Pave with concrete or otherw se provide
contai nnent for an area extending from5 feet (1.5 m outside
of each outer rail and extending longitudinally 15 feet (4.6
m each way fromthe center of each |oading position. Slope
t he paved area to a catchnent or treatnment facility as
descri bed previously in Item (h).

3.4.2.2 Tank Truck Fillstand Equi prent Required
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a) Provide a positive displacenent or turbine neter
for each tank truck/car fill connection. Protect each neter
with an upstream strainer. Include tenperature conpensation if
rack is to be point of custody transfer.

b) Provide fuel sanpling connections for collecting
test sanpl es.

c) Provide pressure gauges on both sides of the
strainer or a differential pressure type across the strainer.

d) Provide fusible link safety valves as the first
pi ece of equipnment (in the direction of the flow) on the
| oadi ng position. (Valve is not required on Air Force
pr oj ects.)

e) Provide hand-held deadnman to control starting and
stopping of loading fuel. Ensure deadman interlocks to system
to prevent unattended |oading of fuel. |If electrical, use
intrinsically safe type only.

f) Make provisions to start and stop the punps for
each fill position. Include punmp status indicator |ight on
control box.

g) Equip each fill position with a self-checking,
automati c high-1level shutoff system Include an el ectronic
ground detector connected to an electrically controlled bl ock
val ve or punp so that the valve cannot remain open or the punp
cannot operate if the tank truck conpartnment is full or the
tank truck is not grounded. Ensure the systemis conpatible
with both electronic and fiber optic sensors with manual - keyed
bypass. (May require a parallel effort beyond the project
scope to ensure that all trucks using the facility have
conpati bl e connections.) (This unit is optional on Air Force
projects. Contact the Service Headquarters for guidance.)

h) Equip liquid connections to tank trucks for
bottom | oading with drybreak couplers in accordance with API
RP 1004.

i) Refer to Section 2 of this handbook for

gui del i nes on vapor collection and recovery or disposal
systens.
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J) Provide heaters and insul ated, heated pipelines,
as required, where viscous fuels are to be |oaded to maintain
the tenperature of the fuel at its m nimum punpi ng
t enperat ure.

k) Stainless steel or alum num | oading arns
(pant ograph, w thout hoses) equipped with non-1|ubricated
swivel s may be used instead of hoses, if approved by Service
Headquarters. Ensure all swi vels are non-lubricated al um num
or stainless steel in-line repairable type.

) Provide nmeter proving connections, unless |ocal
procedure provides an alternative.

m Provide a two-stage flow control valve with
openi ng/ cl osi ng speed control, pressure regulating, check, and
flow control features. For Air Force projects, the control
val ve usual ly has an opening and cl osing speed control only,
instead of the two-stage flow control.

n) Rel axation tank or piping configuration wth
sufficient capacity to retain the maximum fl ow of the | oading
station for 30 seconds fromthe tinme the fuel |eaves the | ast
pi ece of filtration equipnment to the fuel reaching the | oading
nozzle. Applies only to JP-5 or other fuels which do not have
a static dissipation additive that provides a conductivity
| evel greater than 50 picosienens.

o) Strainer.
p) Shutoff valves for servicing equi pnent.

gq) & oundi ng/ bonding reel (provided as an integral
part of the high |evel shutoff system).

3.4.2.3 Tank Car Loading Station Equi pnmrent Required

a) Provide a positive displacenent or turbine neter
for each tank truck/car fill connection. Protect each neter
with an upstream strainer. Include tenperature conpensation if
rack is to be point of custody transfer.

b) Provide fuel sanpling connections for collecting
test sanpl es.
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c) Provide pressure gauges on both sides of the
strainer or a differential pressure type across the strainer.

d) Provide fusible link safety valves as the first
pi ece of equipnment (in the direction of the flow) on the
| oadi ng position. (Valve is not required on Air Force
pr oj ects.)

e) Provide | oading connections, controls, valves,
etc., on one or both sides of the |oading platform as
specified by Service Headquarters. Load tank cars fromthe
bottom usi ng count erbal anced, articulated tank car | oadi ng
assenbl i es.

f) Provide a portable liquid |level sensor wth
adj ust abl e hei ght at each |oading rack. Wre the sensor so
that it plugs into a rack-nmounted control unit that nonitors
the |l evel of fuel in the tank and stops the flow of fuel to
prevent an overfill. Provide capability to connect the ground
verification rack to the rail tank car frane.

g) Provide a systemto connect a self-checking
el ectrical bond between the rack and the tank car. Ensure
that all wiring fromthe fill control system and the ground
control systemis intrinsically safe and approved for use in
hazardous | ocations. Ensure that |oading valves are self-
cl osi ng.

h) Provide a two-stage flow control valve with
pressure regul ating, check, and flow control features. For
Air Force projects, the control valve usually has an opening
and cl osi ng speed control instead of the two-stage fl ow
control.

3.5 Pl PI NG SYSTEMS. Refer to Section 9 of this
handbook.
3.6 EQUI PMENT DESCRI PTI ONS. The appropriate guide

specification and/or standard design provides specific
information for equi pnent selection. Make provisions to drain
equi pnent for maintenance. Acconplish this wi th hard-pi ped
drai ns only when the equi pnment holds nore than 5 gallons (19
L) of fuel or when a pipe which drains to the product recovery
tank is within 12 ft (3.7 m.
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3.6.1 Bulk Air Elimnators. Use flange-connected, steel
bodi ed bul k air elimnator of the desired pressure and fl ow
rating for the applicable service requirenent. Include an

automatic air release head and interlock the equi pment with a
fl oat or sol enoi d-operated hydraulically operated di aphragm
control valve. Provide discharge piping to the product
recovery system or other safe nmeans of containnment.

3.6.2 Meters - Positive Displacenent. Require flange-
connected, cast steel bodied positive displacenent neters of
the desired pressure and flow rating for the applicable
service requirenments. Ensure neter has tenperature-
conpensation (if custody transfer), adjustable calibration,
regi ster and pre-set capabilities. Ensure neter accessories
are conpatible with either the nmechanical or electronic
support equi pnment selected. Provide an accuracy of plus or
m nus 0.5 percent when used for custody transfer. Consult the
appropriate Service Headquarters for requirements for the
nmeter to conmmunicate to a renote | ocation or equipnent.

Consi der the use of a card-operated or key-operated data
acquisition system Refer to “Card and Key Locks” under
“Control s” paragraph of this section.

3.6.3 Meters - Turbine. Use flange-connected, steel
bodi ed turbine neters of the desired pressure and flow rating
for the applicable service requirenment. Ensure neter has

t enper at ur e- conpensati on and adj ustabl e calibration. Provide
an accuracy of plus or mnus 0.5 percent when used for custody
transfer. Ensure all supporting equipnment for nmeter is
conpatible with the turbine nmeter selected. Consult the
appropriate Service Headquarters for requirenments for the
meter to communicate to a renote |ocation or equipnent.

Consi der the use of a card-operated or key-operated data
acquisition system Refer to “Card and Key Locks” under
“Control s” paragraph of this section.

3.6.4 Meters - Orifice. Use this type of nmeter only where
custody transfer or accounting/inventory control is not
required. Provide with flange connecti ons.

3.6.5 Pressure or Pressure/Vacuum Gauges. Use |iquid-
filled gauges of range and dial size, as necessary, but not
less than O to 160 psig (O to 1100 kPa) pressure range and
4-inch (100 nm dianeter dial. Gauges to be of all stainless
steel construction, with black graduations on a white face.
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For extrene tenperature environnments, consult Service
Headquarters for direction on the possible use of air-filled
gauges.

a) Consider the location, year-round weat her
condi tions, and service requirenments for the type of liquid
filling to be used.

b) Gauge |iquids and service ranges.

Li qui d Range

d ycerin 0 °F to 400 °F
(-18 °Cto 204 °C

Silicone -40 °F to 600 °F
(-40 °Cto 316 °C

c) Provide a | ever handl e gauge cock and pressure
snubber in each pressure gauge connecti on.

d) Provide indicating and recording pressure gauges
on suction and discharge lines for interterm nal pipeline
punpi ng stations and on the incomng |line at the delivery
term nal of each such pipeline, if required by Service
Headquarters.

3.6.6 Strai ners

a) Use flanged strainers constructed of steel and
fitted with renovabl e baskets of fine Monel nmetal or stainless
steel mesh with large mesh reinforcenents. Provide quick
opening, single screw type with drain connection in bottom

b) Provide a fine screen nmesh as follows:

Mesh Si ze of Opening
Punp sucti ons 7 0. 108 inch
(Centrifugal) (2.74 mm
Punp sucti ons 40 0. 016 inch
(Rot ary) (0.40 mm
Meter inlets 40 0. 016 inch
(0.40 mMm
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c) In all cases, ensure the effective screen area is
not less than three tinmes the cross sectional area of the

pi pe.

3.6.7 Surge Suppressors. Every effort should be nade to
control hydraulic surge or shock to acceptable limts by the
desi gn of the piping systemrather than by the use of surge
suppressors. \Where this is not possible or becones extrenely
i npractical, a surge suppressor(s) may be incorporated. Use
t he di aphragm or bl adder type equipped with a top-nmounted
liquid-filled pressure gauge, isolation valve, and drain.
Locate surge suppressors as close as possible to the point of
shutoff that is expected to cause the shock. Provide wafer
check valve at the bottomw th adjustable pin steps to permt
controll ed bl eed back of the surge suppresser w thout
reboundi ng.

3.6.8 Punps

3.6.8.1 Design Requirenents. Design punps to deliver the
full range of operating conditions anticipated at any facility
with flow rates as presented in Section 2 of this handbook.
Ensure punps devel op sufficient head to overcone the friction
and static head losses in the systemat the rated flow.

Consi der the specific gravity, tenperature, viscosity, vapor
pressure, corrosive, and solvent properties of the fuel. If a
range is given for the specific gravity, etc., in par. 2.3,
use the | arger value for the purpose of calculations. For any
single grade of fuel, connect punps in parallel. Select
according to the type nost suitable for the particul ar
application. Do not use positive displacenment or

reci procating punps for product issue or pipeline transfer.
Provi de enough punps to allow the systemto operate at full
capacity with the | argest punp out-of-service.

3.6.8.2 Centrifugal Punps. Use API Std 610 centrifugal
punps to punp from aboveground tanks with continuously fl ooded
sucti ons.

3.6.8.3 Vertical Turbine Punps. Use APl Std 610 verti cal
turbi ne punps to punp from underground tanks. Do not use
hori zontal transfer punps in a pit alongside the underground
tank as an alternative.
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3.6.8.4 Rotary Punps. Use sliding vane positive

di spl acenent punps or self-primng centrifugal punps for
applications such as stripping pipelines or simlar service
where the pump may frequently lose its prinme. For these
punps, provide a pressure relief valve on the discharge side
of the punps. Use rotary punps for punping viscous |iquids
where there is no reliable heat source. Consider requiring a
si ngl e-speed solid state starter with variable frequency drive
for positive displacenent punps to gradually bring the punp to
normal operating speed.

3.6.8.5 Drivers. Drive permanently installed punps by an
electric nmotor which is properly classified in accordance with
NFPA 70. Size to be non-overloading at any point on the
curve.

3.6.8.6 Materials of Construction. Use carbon steel or
nodul ar iron casings and conponents. Refer to Section 4 of
t hi s handbook for aviation turbine fuels requirenents.

3.6.8.7 Installation. Mount permanently installed punps on
substanti al foundations of reinforced concrete designed in
accordance with Hydraulic Institute Standards. Provide drain
pi ping for punp and notor base, punp gland, or seal |eakage
and vent valve. When the punp is in a punp house or punp
shel ter, connect drains to an oil-water separator or waste
tank with piping which includes a vertical liquid trap.

3.6.9 Val ves

3.6.9.1 WMaterials of Construction - General. Use carbon
steel bodi es and bonnets on all valves except for aviation
turbine fuels. Internally epoxy-coated valves are acceptable

for general services but not as a substitute for a non-ferrous
valve. Do not use alum num valves within a contai ned area.

Do not furnish nor install cast iron or bronze-bodi ed val ves
in liquid petroleum service.

3.6.9.2 Special Consideration for Aviation Turbine Fuels.
Provide all valves in non-corrosive aviation turbine fuel
systenms with alum num or stainless steel bodies and not with
zinc, zinc-coated, copper, or copper bearing materials in
contact with the fuel. Electroplated nickel is permtted for
doubl e seated plug valves and on nodul ar iron or cast steel
hydraulically operated di aphragm control valves within the
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tank di ke area. Carbon steel valves are permtted, provided
they are internally plated with chromum El ectrol ess nickel
plating is al so acceptabl e.

3.6.9.3 Types

a) Gate valves are not allowed on systens covered by
this section.

b) Valves for quick or frequent opening may be one
of the follow ng:

(1) Ball valves designed so that if synthetic
seating material is burned out in a fire exposure, a netal-to-
metal seat will remain to affect closure and conply with
APl Std 607. Require synthetic seals or seating material to
be of Teflon or viton. Where line pigging is required or if
within ten pipe dianmeters upstream and/or five pipe dianeters
downstream of flow or pressure control valves or a flow
sensi ng device such as a venturi, use full port ball valves.
Val ves should comply with APl Std 608.

(2) High-performance wafer trunion (butterfly)
val ves. Use Teflon or viton synthetic seals or seating
material. Design the valve so that if the synthetic seating
material is burned out in a fire, a metal-to-netal seat wll
remain to affect closure. Use valves of high-performnce type
with eccentric disc shaft and clanping action for bubbl e-tight
shutoff. Do not use these valves on Air Force projects. On
ot her service projects, use only as operating valves and not
where isolation or absolute closure is required, such as on
tanks. Their use is discouraged outside of fillstands and
aircraft direct fueling stations.

(3) Provide Teflon-sleeved nonl ubricated plug
val ves.

c) Use check valves to prevent backfl ow t hrough
punps, branch lines, meters, or other |ocations where runback
or reverse flow nust be avoided. Check valves may be of the
swi ng di sk, spring-loaded poppet, ball, or diaphragm actuated
types. Use swi ng checks of soft-seated non-slammng type with
renewabl e seats and di sks. Use di aphragm non-surge check
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valves with flow control feature on the discharge of all
centrifugal type punps. Ensure check valves conformto the
requi rements of API Spec 6D.

d) Use doubl e-seated, tapered lift, plug valves with
an automati c body bl eed between the seats (double bl ock and
bl eed) for separation of product services, on tank shell
connecti ons, when piping goes bel ow ground, between pier and
tank storage, and other locations critical to pressure-testing
of piping. Do not use |lubricated plug valves. Include body
cavity thermal pressure relief feature.

e) Provide at inlet to truck fill stand (Army and
Navy projects only) fusible link valve high-performnce wafer
trunion (butterfly) fire-safe with coil spring and fusible
link to release at 165 =F (74 =C).

3.6.9.4 Valve Operators. Mnually operate val ves not
specified for renote, automatic, or energency operation. Use
geared operators for gate valves larger than 6 inches (150
mm). Use geared operators for ball and plug val ves | arger
than 6 inches (150 mm. Gate, ball, and plug valves specified
for renote, automatic, or energency service my have el ectric
not or operators, if approved by Service Headquarters.

Consi der the use of |ocking tabs on valves to allow padlock to
be used to | ock out the valves during maintenance.

3.6.9.5 Locations. Provide valves in piping systens to
control flow and to permt isolation of equipnment for

mai nt enance or repair. Provide additional valves at |ocations
necessary to conduct a valid hydrostatic test. Require
manual | y operated val ves, except where notor operators are
specifically authorized by applicable standard draw ngs or
technical specifications. As a mninmumrequirenent, provide
bl ock valves at the followi ng | ocations:

a) Where piping goes underground or cones
aboveground and requires periodic pressure testing.

b) At all subsurface and aboveground pi ping
connections to storage tanks.

c) On each branch line at the point of connection to
t he mai n product pipeline or header.
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d) On the product pipeline or header just before the
line | eaves a punpi ng station.

e) On the suction side and discharge side of each
punpi ng unit, except the suction side of vertical centrifugal
punps installed in underground tanks.

f) On the upstream and downstream si de of each |ine
blind at connections to cross country pipelines.

g) On the inlet and outl et connection of each |ine
strainer, filter/separator, meter, automatic val ve, and ot her
equi pnment that requires periodic servicing. One inlet valve
and one outlet valve may be used to isolate nore than one
pi ece of adjacent equi pnment which are connected in series.

h) On each main distribution pipeline imediately
downstream of the branch connection to each existing or future
operating storage facility served by the pipeline.

i) On the aboveground piping at each tank car or
tank truck off-loading connection. This requirenment does not
apply to gravity off-loading |ines unless block valves are
specifically called for on applicable standard draw ngs.

j]) On the aboveground piping at each tank car and
tank truck | oadi ng connecti on.

k) At critical roadway, runway, and taxiway
crossi ngs, consider isolation valves on both sides of
runway/taxiway to facilitate hydrostatic testing and
i sol ati on.

3.6.9.6 Valve Pits. Provide fiberglass or concrete pits
with a rolling or hinged cover designed in accordance with the
Air Force Standard Design AW 78-24-28 for all valves installed
in non-traffic areas on underground fuel systens.

3.6.10 Hydraul ically Operated Di aphragm Control Val ves.

Di aphragm oper ated gl obe val ves are used extensively in
fueling systens as control valves. These valves consist of a
mai n valve and a pilot control system The main valve
consists of a body, diaphragm and cover and is operated by
varying the anount of pressure above the diaphragm Since the
chanmber above the di aphragm exposes a greater area of the
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di aphragm t o chanmber pressure than the area of the disc
exposed to line pressure, an equal pressure in the chanmber and
pi peline results in a greater force being applied to the top
of the disc. This forces the disc against the seat, thus
closing the valve. By selecting the proper pilot control
system these valves can be used in numerous ways to control
flow, pressure, and |level within fueling systens.

3.6.10.1 Open/Close Operation. This is the nost basic
function of hydraulically operated di aphragm control val ves.
The operation is acconplished by applying pressure above the
di aphragmto cl ose the valve and relieve that pressure to
allow line pressure to open the valve. The pilot trimused to
performthis operation is a three-way val ve which can be
controlled by a sol enoid, hand, pressure, pressure
differential, or a float.

3.6.10.2 Throttling. This is the other main nethod of
controlling the hydraulically operated di aphragm control
valve. In this case, the valve nodul ates to any degree of
opening, in response to changes in the throttling control.
The throttling control reacts to a pressure differenti al
across the main valve or across an orifice plate to regul ate
the position of the disc in the main valve. For proper
operation these valves should be installed with straight pipe
on both sides of the valve. Ten pipe dianeters on the
upstream side and five diameters on the downstream side is
sufficient.

3.6.10.3 Check Valve Function. This is a unique function of
a control valve. In this case, the main valve outlet pressure
is connected to the diaphragm cover. Therefore, if the
downstream outl et pressure exceeds the inlet pressure (which
normal |y holds the valve open), the valve will close and
prevent backflow. Note: |In order for the valve to close it
nmust backflow, sonetinmes for a substantial anmount of tine.
Consi der putting a regular check valve in series with this
valve in cases where this is a concern

3.6.10.4 Two-Stage Flow Control Valves. Use flange-
connected, two-stage flow control valve of the desired
pressure and capabl e of slowi ng and stopping the flow
delivered by connection to a preset device, in accordance with
the applicable service requirenents. Use a diaphragmtype
with a high flow and a low flow pilot valve. Equip the high
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flow pilot with an adjustable tine delay relay arranged so
that the high flow wll not open for a period of 1 to 2

m nutes after the start of flow and will stop the flowwith a
high flow, |ow flow sequence. On Air Force projects, use a
di aphragm control val ve which has only opening and cl osing
speed control.

3.6.10.5 Renobte Operations. Hydraulically operated diaphragm
control valves can be operated renmotely. This is acconplished
by installing tubing fromthe point of pressure sensing to the
val ve or by using renpte-controlled solenoids within the trim

3.6.10.6 Materials of Construction. Use stainless steel or
al um num (in non-contained areas) pilot control valves and
stai nl ess steel tubing. Use bodies, bonnets, and covers nade
of alum num stainless steel, internally plated (chrom um
cast steel, or internally plated (nickel) nodular iron.
Provide viton or Buna-N di aphragm and disc ring. Enclose al
el ectrical apparatus according to classification of the area
in which they are installed. Provide a neans to wire seal al
adj ustable pilots. Do not use alum num val ves and tubing
within an area that may coll ect flammbl e or conbusti bl e

i quids.

3.6.10.7 Applications. For fueling systens, use
hydraulically operated di aphragm control valves in the
following applications (also refer to specific sections for
applications):

a) Water slug shutoff.

b) Rate of flow control.

c) Pressure reduction.

d) Pressure relief.

e) Liquid level control

f) Non-surge check control.

g) Deadman control

h) Electrical block control.
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3.6.10.8 Conbinations. A conbination of these controls is
al so possible. A typical use of these controls is on a
filter/separator for water slug shutoff and rate of flow
control.

3.6.11 Thernoneters. Provide thernmonmeters in Burner Fuel
No. 5 and No. 6 distribution piping systens at each | oading
and receiving point and on the inlet and outl et of each
heat er.

3.6.12 Fuel Hoses. Provide pressurized | oadi ng hoses and
connections conplying with APl Bull 1529. Provide

i ghtwei ght, flexible, non-pressurized off-I|oading hoses
constructed of nitrile rubber, rigid polyvinyl chloride (PVC
hel i x, synthetic braiding, snooth bore, and corrugated outer
di ameter. Provide non-pressurized hoses with a 65 psi (450
kPa) rating at 72 degrees F (22 degrees C) and 27 in Hg

(90 kPa) vacuumrating. Use sizes as required for design flow
rates. For hose flanges and ni pples, use carbon steel or
brass, except at aviation turbine fuel issue points use brass,
stainl ess steel, or alum num where netal parts contact the
fuel .

3.7 CONTROLS

3.7.1 Desi gn Requirenments. Automatic controls at any
facility may include tenperature, pressure, fuel |evel and
punp controls, automatic flow controls, alarmand [imt
switches, nmotor- and pilot-operated val ves, and renpte system
condition indicators. Other fornms of automatic controls are
renote neter indication, electronic access control, data

| oggi ng, and application of conputer techniques. Base the
sel ection of advanced automation and telenetry systens on a
study of the particular application with consideration of
possi bl e econom c justification, operational, and security
requi rements.

3.7.2 Fl ow Controls. Where it is possible to achieve flow
rates whi ch exceed equi pnent ratings, provide an adjustable
flow control valve on the outlet connection of each neter or

filter/separator. Use a self-actuating hydraulically operated
di aphragm control valve controlled by the pressure
differential across an orifice or a venturi in the main |ine.
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3.7.3 Punp Controls. Where necessary, provide renote-
operated val ves on storage tank inlet and outlet |ines,
suction and di scharge of transfer punps, and transfer |ines at
fuel piers and other |ocations. Operation of punp suction and
di scharge valves may be a part of the automatic sequence for
the starting of a centrifugal punmp and for shutting it down,
renotely, locally, or by a protective shutdown device.
Renot e- oper at ed val ves can be either notor-operated or the

sol enoid pilot-type, hydraulically operated di aphragm control
val ves. Equip these valves with green and red (open and
closed) indicating lights at their pushbutton control

| ocati ons.

3.7.3.1 Al Punps. Provide the follow ng controls:

a) A stop-lockout button at each renotely operated
punp for nmaintenance operation.

b) Indicator lights at the control station to give
positive indications both when a punp is operating and when it
is not energized. Use the "push-to-test" type.

c) A signal light or alarmto indicate punp failure
when a punp is controlled automatically.

d) Reduced voltage starting if required by electric
utility supplier or in all cases for punp notors greater than
50 horsepower (37 kW and all vertical punps.

e) Enmergency fuel shut-off (EFSO) buttons with |ock-
key reset at all punp locations and at the central supervisory
control station.

3.7.3.2 Transfer Punps. Transfer punps are used to supply
fuel to a tank truck loading facility, tank car | oading
facility, or transfer fuel from one place on the installation
to another (e.g., bulk facility to ready issue tank). |If

t hese punps exceed 150 horsepower (112 kW, conply with
Paragraph 3.7.3.3 of this handbook. 1In addition to
requirements in Paragraph 3.7.3.1 of this handbook, provide
transfer punps with push button start/stop stations. \Were

t hese punps are used for truck and/or car | oading, provide
push button controls adjacent to the punps and at each | oading
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station. Use programmble |ogic controllers (PLC) where
mul ti pl e punps supply header | oading nmultiple trucks or cars
to obtain desired flow rate to each | oading station.

3.7.3.3 Pipeline Punps. For punps over 150 horsepower (112
kW, provide protective shutdown devices with alarm at centra
supervisory control station in the event of the foll ow ng:

a) Hi gh punp case tenperature due to bl ocked
di schar ge.

b) Excessive punp vibration.
c) Mechanical seal or packing gland failure.

d) Hi gh discharge pressure or | oss of discharge
pressure.

e) Excessive notor vibration.
f) H gh notor w nding tenperature.

g) Electrical interlocks which will prevent starting
a pump if certain key valve settings are not correct and which
wi |l cause a punp shutdown if a key valve setting is changed.

h) Loss of punp suction pressure.

i) H gh bearing tenperature and/or |oss of cooling
wat er flow.

3.7.4 Tenperature Controls. Provide tenperature controls
at all fuel oil heaters to control the outlet oil tenperature
within safe limts. Use controls in which each consists of a
sensing element in the fuel outlet |ine which activates a
thernostatic valve or switch in the heating medi um supply
connection to the heater. Use a self-actuating control valve
that requires no external power for closure. Use a nmanually
adj ustabl e set point for each tenperature variable over the
desired tenperature range. Provide a bypass around the
control valve with a V-port gl obe or ball valve for nmanual
oper ati on.
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3.7.5 Card and Key Locks. Consider the possible economc
and operational advantages of using an electronic card or key
system which permts 24-hour unmanned operation of the
facility. These types of systens are conprised of a card/key
reader which is |located near the service punp. The reader is
activated by a card or key and accunul ates i ssues and custoner
data which is downl oaded to a central conputer on a periodic
basis. Activities with capitalized fuel, that is petrol eum
product owned by Defense Logistics Agency (DLA)/DESC, are
eligible for projects to install automated card/key | ock
systens. Activities with capitalized fuel report inventories
of these products to DESC t hrough a system call ed Fuel

Aut omat ed System (FAS). Automated systens to contro
capitalized inventories nust be able to interface with the
FAS. These types of automated systens are nmanaged under the
automated fuel service station (AFSS) program by DESC. It
shoul d be noted that AFSS equi pnment is used to control issues
of product and is not an automated tank gauging system
Further information on AFSS systens and fundi ng prograns may
be obtai ned by contacting DESC- FE.

3.8 FUEL ADDI TIVES. |If directed by DESC, provide bulk
storage facilities which store aviation turbine fuels with the
equi pment to inject fuel additives. This will require
proportional injectors, storage of additives, and capability
of recirculating tanks through piping with injectors. If the
additives have a corrosive characteristic, construct the
system including storage tanks, tank appurtenances, punps if
requi red, piping and associated fittings, valves, and injector
assenbl i es of stainless steel conponents. Additive injection
is not normally performed at the installation |evel.
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Section 4: Al RCRAFT FUELI NG FACI LI TI ES

4.1 | NTRODUCTI ON. This section provi des gui dance for
the design of aircraft fueling facilities, including those
conponents normally located within a typical conpound. These
conponents include pipeline receiving facilities, tank truck
and tank car receiving facilities, refueler truck fill stands,
aircraft direct fueling systens, and associ ated pi ping and
equi pnment. Fuel storage tanks are discussed in Section 8 and
pi pi ng systens in Section 9 of this handbook. Pipelines that
transport fuel from offbase and pipelines between bul k tanks
and operating storage tanks are discussed in Section 6 of this
handbook.

4.1.1 Speci al Considerations. If fuel can be punped
directly froma tank to an aircraft, to an aircraft direct
fueling system or directly into a refueler truck, treat the
tank as an operating storage tank in conpliance with Section 8
of this handbook.

4.1.2 Function. Aircraft fueling facilities, as discussed
in this section, are designed for ground fueling of fixed and
rotary wing aircraft. Two nmethods are used for refueling

aircraft: refueler trucks and direct fueling systens (e.qg.,
hydrant system). The preferred nethod of fueling used at nost
Navy, Marine Corps, and Arnmy small aircraft bases is by
refueler trucks. For Air Force transport, tanker, cargo,
bonmber, and other large aircraft, the preferred nethod of
fueling is by hydrant system where the aircraft are fueled on
the apron in their parked positions. \here
operational /m ssion requirenments dictate a quick return to the
air, small-frame aircraft, both fixed and rotary wi ng, are
refueled with the engines running via direct fueling systens
under a "gas and go" concept. Install direct fueling systens
only when specifically authorized by Service Headquarters.

4.1.3 Avi ation Turbine Fuels. The fuels covered in this
section are JP-4, JP-5, JP-7, JP-8, JP-TS, Jet A, and Jet A-1.
Because of the critical nature of the end use of the fuel,
protection of fuel quality, dependability of the system and
safety are very inportant. Refer to Section 2 of this
handbook for information on fuel properties.
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4.1.4 Speci al Precautions for Aviation Turbine Fuel
Quality. Take extra care to prevent the contam nation of
aviation turbine fuels by dirt, water, and other fuels. For
additional information, refer to Section 2 of this handbook.
Aircraft fueling system nmust be designed with capability to
generate turbulent flow to flush sedi ment and condensed wat er
fromall piping systens. Refer to Section 9 of this handbook
for fuel velocity criteria.

4.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformati on, contains information on fueling facilities. Do
not begin the design on any fueling systemwthout first
becom ng conpletely famliar with Sections 2 and 9 of this
handbook and with the airfield clearance requirenments found in
M L- HDBK- 1021/ 1.

4.3 RECEI VI NG FACI LI TIES. Fuel deliveries to a mlitary
aviation activity are normally made by tank truck, railroad

tank car, barge, or pipeline. A secondary nethod of delivery
is normally required. Service Headquarters, with concurrence
fromthe DFSC, will determ ne the appropriate type of delivery
met hod based on m ssion requirenments and an econoni ¢ anal ysi s.

4.3.1 Pi peline Receiving Facilities

4.3.1.1 General Criteria. Petroleumfuels my be supplied
to aviation turbine fuel storage tanks by interterm nal or
installation pipelines. Interterm nal pipelines may be

dedi cated to serving the particular facility or may be
commerci al pipelines handling a nunber of types or grades of
fuel for nore than one user. Installation pipelines wll
normal ly be a pipe fromthe bulk facility to the aircraft
fueling facility. Provide for separate receiving and

di stribution piping for each grade of aviation turbine fuel
unl ess ot herwi se approved by Service Headquarters. Exercise
extreme care to avoid designing a systemthat could create
damagi ng surges in the pipeline created by quick closing

val ves.

4.3.1.2 Equi pnment Required

a) Provide pressure-regulating valves to reduce
pi peline pressures to the design pressure of the facility’s
pi pi ng and equi pment. Provide a block valve at both the
upstream and downstream si de of each pressure-regul ating
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valve. Prior to designing any features into the system which
m ght affect the flow froma pipeline, contact the operator of
the pipeline to ascertain the current operating conditions,
eval uate the use of regulating val ves, conduct a surge

anal ysis of the pipeline, and determ ne whet her the use of
regul ati ng val ves is appropriate.

b) Provide a neter at the receiving end of the |ine
to nmeasure quantities of fuel received. Turbine-type neters
are commonly used for pipeline receipt. However, positive
di spl acenent meters are acceptable if available at the
required flow rate. Consider the use of alternative neter
t echnol ogi es such as ultrasonic neters. Conpensate for fuel
tenperature at the point of custody transfer. Provide a
strainer on the upstream side of the meter and connections for
proving the neter with a portable prover. A neter prover
connection consists of a valve in the main pipeline with a tee
on both the upstream and downstream si des of the valve. The
branch of each of the tees has a valve and a hose connecti on.
The master neter can be attached to the hose connections.

c) Provide a nmeans for sanpling each pipeline
product at a breakout nmanifol d.

d) Provide provisions for a contractor to bolt pig
| aunchers and receivers to the system for pigging. Arrange
pi g receiving connections to avoid introducing pipeline sludge
and sedinent into the tanks. Pig launching and receiving
connections are required for intertermnal (cross-country) and
installation (as described in Section 6 of this handbook)
under ground pi pel i nes.

e) Provide an interface tank to receive m xed fuels
at the beginning and ending of a shipnment unless the
commer ci al pi peline conpany can provide this service
satisfactorily.

f) Provide a breakout tank only if pipeline flow
cannot be stopped due to pipeline operational requirenents.
Provi de valves to divert the flow of fuel froma receipt tank
to the breakout tank in the event fuel transfer is blocked by
a manual or automatic valve within the fuel facility system
such that the fuel facility system would be overpressurized
fromtransient surge or high pressure from deadheadi ng a
pi peline supply punp. Provide appropriate breakout tank
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overfill alarms and al arm breakout operation so fuel facility
operators can take necessary steps to stop pipeline flow
Provi de neans of transferring fuel out of breakout tank back
to fuel systens after a breakout event. Conduct a thorough
review with the pipeline operator and performa transient
surge analysis to determne if surge pressure reduction

met hods are required to avoid damage to the pipeline.

g) Provide a neans of inbound filtration. This is
normal Iy a horizontal filter/separator

4.3.1.3 Special In-Bound Filtration. \Where fuel is
transferred to the base fuel system operating tanks from
barges or directly fromthe supplier (off base) by a pipeline
whi ch handl es nore than one product, pass the fuel through at
least two filtrations. Align equipnment to allow gross
filtration before fine filtration, in the direction of flow
The initial filtration may be a prefilter or coal escer for
renoval of solids or water or both. Prefilters are normally
used for solids renoval. A micronic filter is normally used
for renmoval of fine solids. A cyclonic filter is typically
used if a gross anmpunt of particulates is predicted to be
present. Coal escers are normally used to renpve noderate
slugs of water fromthe fuel. A hay pack coal escer is used to
renmove | arge slugs of water. A two-stage coal escer is
typically used to renove very fine particul ates, as well as
sone water. The second filtration is by a horizontal
filter/separator placed downstream of the pre-filter. It
renoves dirt and free water down to the very |low |l evels
required for aircraft operations. Were the pre-filters have
renovabl e el enents such as the mcronic filters, provide two
sets of pre-filters in parallel. Provide two sets of

hori zontal filter/separators installed in parallel, each
vessel designed to handl e 150 percent of normal off-1oading
flowrate. Provide each vessel with a feature to
automatically switch the fuel streamto the other vessel when
the differential pressure across the vessel reaches a preset
limt. Require a warning signal to alert the operator that
the switching operation has occurred. |In cases of energency,
include the capability to bypass the inlet filter separator
bank. Avoid the use of water slug valves in pipeline in-bound
filter/separator

4.3.2 Tank Truck and Tank Car Off-Loading Facilities
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4.3.2.1 Ceneral Criteria. Fuel system operating tanks may
be supplied with fuel by tank truck or tank car or both. At
facilities with pipeline or water transport as their principal
supply source, provide tank truck or tank car deliveries as a
secondary supply source. Tank truck deliveries are the nobst
common net hod. However, special transportation considerations
or changi ng circunstances may nake the use of rail facilities
desirable. Therefore, at an activity with railroad service,
lay out a tank truck receiving facility so that the system can
be easily and econom cally extended to the existing rail spur.
See Facility Plate Nos. 002 through 004.

a) Do not l|locate tank truck or tank car receiving
facilities closer than 50 feet (15 m from buil di ngs,
aboveground storage tanks, overhead power |ines, or public
r oads.

b) Provi de an adequate nunmber (m ninmum two) of
positions to off-load the daily fuel requirenments of the
facility in an 8-hour period w thout causing detention or
denmurrage of delivery conveyances.

c) Provide separate off-l|oading connections for each
type of fuel to be handled. To facilitate the use of tank
trucks with nmultiple i ndependent conpartnents, provide a hose
mani fold with a m ninmum of two connections per tank truck. A
mani fold with hose connections equal to the nunber of truck
conpartnents is recomended for quick turnaround. If |ess
than five connections are provided, |eave a blind flange on
the end of the manifold to acconmopdate additional connections.

d) At each off-1loading position, provide an
i npermeabl e retention and controll ed drai nage system | eadi ng
to a contai nment or treatnent system Pave the spaces between
i slands, and on each side of the outer islands, with concrete
pi tched a m ni mum of one percent toward catch basins or trench
drains. Design containnent in accordance with the nost
stringent of |1CBO UBC 902, BOCA F2315, and state and | ocal
regul ati ons. Provide containnent with capacity equal to the
| arger of the volune of the l|argest tank truck or tank car
conpartnent to be off-loaded or the runoff froma rainfall of
intensity equal to a 5-year expectancy for a 1-hour duration.
Provide a normally closed valve on the drain systemto allow
for containment during fueling operations and which can be
opened to drain the area when necessary. This valve may be
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nmot or - operated with the concurrence of Service Headquarters.
Tank trucks can be as |arge as 10,000 gallons (38 000 L) in
capacity and tank cars as |arge as 40,000 gallons (151 000 L).
| f a canopy, which is designed to preclude rain fromthe
contained area, is installed, reduce the sizing for rainfall,
accounting only for wind-blown rain. Consider conbining the
contai nment with other containments or treatnment facilities
onsite. However, take the level of contam nation in each
contai nnent area into consideration. Do not use asphalt
within a contai nnent area.

e) For off-loading tank trucks, arrange the flow of
traffic to permt continuous forward novenment of trucks at al
times. Commercial tank trucks off-load on the passenger side.

f) To determ ne the nunmber of connections needed for
of f-1oading tank cars, consult with Service Headquarters and
consi der tank car shipping schedules, conveyance turn-around
times, local rail switching capabilities, and quantity of fuel
needed for one day’s fuel supply.

g) Provide an electrical design that neets the
m ni mum requi rements of NFPA 70, NFPA 77, and NFPA 780. Treat
conbusti ble liquids under pressure as a flammable |iquid.

h) When aut horized by Service Headquarters, protect
the off-loading rack by a weather cover designed for severe
weat her conditions. The weat her cover nust be justified by
severe environnmental conditions inmpacting operations (|low
tenperature and snow) or economcally justified by reducing
stormvat er runoff and elimnating the need for stornmwater
collection and treatment. |If the protective structure is
included in the design, ensure that the underside of the roof
is high enough to provide operator head room when wal ki ng on
top of the truck or for access to rail car domes. Ensure
structural design is in accordance with M L-HDBK-1002 series
and the Arny Corps of Engineers AEl or M L-HDBK-1002/ 3.

i) Provide for egress and entrance of energency
response vehicl es.

J) Provide in-bound filtrations. This is normally a
hori zontal filter/separator
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4.3.2.2 O f-Loading Drop Tanks. The introduction of air
into a fuel receiving system poses extrenme hazards which can
result in fire and/or explosion. Hazards are conpounded when
an air/fuel mxture is passed through receipt
filter/separators where static electricity is generated and
ignition can occur. For facilities with the capability to

of f-1 oad several tank trucks at once or where newer tank
trucks with nmultiple hoses are connected to nultiple isolated
conpartnents, consider providing an underground, gravity-type,
receiving tank with deepwell turbine transfer punps and | evel
controls. For smaller systems of one or two tank trucks,
consi der providing a |low profile, aboveground, receiving tank
with a centrifugal transfer punp. For either case, provide

| evel sensors to control the transfer rate. See Facility

Pl ate No. 005.

4.3.2.3 Equi pnent Required

a) Where tank trucks or tank cars are off-|oaded
i nto aboveground tanks, provide centrifugal punps configured
to provide automatic air elimnation, one for each tank truck
or tank car that is to be off-|oaded sinmultaneously, at an
average capacity of 300 gpm (19 L/s). OFf-loading systens
desi gned in accordance with NAVFAC Drawi ng No. 1404005, i.e.
with a receiving vessel and variable rate punp flow control
can off-load at rates up to 600 gpm \Vhere punps are
required, provide at least two punps to allow continued
operations if one is out of service. Where tank trucks or
tank cars are off-loaded into underground tanks, punps wll
not normal ly be required.

b) Provide 4-inch (100 nm dianmeter by 10-foot (3 m
| ong I'i ghtweight reinforced vacuumrated off-| oadi ng hoses and
covered hose storage racks for each off-Ioading position.
Ensure that all sw vels are non-lubricated al um num or
stai nless steel in-line repairable type.

c) Equip each tank truck off-loading position with
an automatic, self-nonitoring ground verification unit with a
| ockabl e bypass. If grounding is not verified and there is an
of f-1 oadi ng punp dedicated to that position, ensure the unit
prevents the punp fromstarting. |[If the punp is not
dedi cated, ensure an alarm sounds if the off-loading valve is
opened prior to grounding verification. |Include a separate
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groundi ng reel to accommpdate vehicles w thout grounding
equi pnent. (This unit is optional on Air Force projects.
Contact the Service Headquarters for guidance.)

d) Provide fuel sanpling connections at each
position for each product line for collecting test sanples.

e) Provide pressure gauges on both sides of the
strainer or a differential type gauge across the strainer.

f) Provide a conpound (pressure/vacuunm gauge on the
inlet side of the punps and a pressure gauge on the outl et
si de of punps.

g) If systemis for JP-5 or other fuel that does not
have a static dissipation additive which provides a
conductivity level greater than 50 picosienens, and a 30-
second retention tinme is not provided between filter/separator
and receiving tank, provide a relaxation tank downstream of
filter/separator to ensure a conbined 30-second retention tinme
(time in the tank and tine in the piping).

h) Provide seven nesh (0.108 inch (2.74 nm
openi ng), quick opening, single screw, basket strainers
upstream of punps, except positive displacenent types.

i) Provide hydraulically operated di aphragm
conbi nation fl ow control and non-surge check val ves on al
of f-1 oadi ng punps, except positive displacenent punps.

j) Provide parallel dual horizontal
filter/separators, conplying with APl Publ 1581, to filter
fuel before it enters the storage tank.

4.4 DI SPENSI NG FACI LI TI ES
4.4.1 Ref uel er Truck Fill Stands. M ssi on and turn-around
times will establish the nunmber of fill positions, with two

being the m nimum  Service Headquarters can assist in
determ ning the nunber. See Facility Plate Nos. 006 and 007
for general design guidance and al so NAVFAC Draw ng No.
1404004. Provide a separate |oading system for each grade or
type of fuel to be handl ed.

4.4.1.1 General Criteria
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a) Locate the refueler loading facility as cl ose as
practical or permssible to the |ocation of the aircraft to be
fuel ed but not less than 75 feet (23 m fromthe nearest
aboveground storage tank, building (except punp house may be
50 feet (15 m), overhead power line, or public road.

b) For aircraft direct fueling systens, the fuel
supply piping to the refueler truck loading facility nmay be a
non-ferrous spur or extension fromthat system In this case,
the filter/separator and fuel quality nmonitor (for JP-5
systens) are not required since they are provided as part of
the aircraft direct fueling system \ere filtration is
downstream of the punp house and the spur connects prior to
the filtration equipnment, a filtered lateral is required.
Arrange fuel |oading equi pment on one or nore concrete islands
configured for refueling on one side only. Make the direction
of traffic appropriate for the |ocation of the | oading
connections on the refueler, |located on the driver's side.
When nore than one island is required because of the volume or
nunber of fuel grades to be handl ed, arrange themin a
parall el fashion with approximtely 15 feet (4.6 m between
adj acent sides. When nore than one type of aviation turbine
fuel is being issued through standard aircraft refueling
nozzl es, use selectivity rings to prevent |oading the wong
fuel. Arrange the islands and approaches to allow forward
notion for all trucks at all tinmes with anple room for
turning. Allow for egress and entrance of enmergency response
vehi cl es.

c) At each | oading position, provide an inperneable
retention and controll ed drainage systemleading to a
contai nnent or treatnment system Pave the spaces between
i sl ands, and on each side of the outer islands, with concrete
pi tched a m ni mum of one percent toward catch basins or trench
drains. Design containnments to the nost stringent of Federal,
State, or local regulations. Provide containnent with
capacity equal to the larger of the volunme of the | argest
refueler to be | oaded or the runoff froma rainfall of
intensity equal to a 5-year expectancy for a 1-hour duration.
Provide a normally closed valve in the drain systemto allow
for containnment during fueling operations and whi ch can be

opened to drain the area when necessary. |f a canopy, which
is designed to preclude rain fromthe contained area, is
installed, reduce the sizing for rainfall, accounting only for

wi nd- bl own rain. Consider conbining the containnment with
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ot her contai nnments or treatnment facilities onsite. However,
take the | evel of contam nation in each contai nnment area into
consideration. Do not use asphalt within a contai nnent area.

d) Load aircraft refueler trucks by bottom | oadi ng
only. Top |loading of any refueler truck is not permtted.

e) When authorized by Service Headquarters, protect
t he loading rack by a weat her cover designed for severe
weat her conditions. The weather cover nust be justified by
severe environnental conditions inpacting operations (l|ow
tenperature and snow) or econonically justified by reducing
stormnvat er runoff and elim nating the need for stormnater
collection and treatnment. |If the protective structure is
included in the design, ensure the underside of the roof is
hi gh enough to provi de operator head room when wal ki ng on top
of the truck and for access to rail car donmes. Ensure
structural design is in accordance with the Arny Corps of
Engi neers AEl and M L- HDBK- 1002/ 3.

f) Design all electrical systens and apparatus for
use in Class I, Division 1, G oup D hazardous areas in
accordance with NFPA 70, regardless of the type of fue
di spensed.

4.4.1.2 Equi prment Required. Provide separate piping, punps,
| oadi ng connections, and controls for each different type or

grade of fuel. Provide an individual block valve for each
fill connection. Include the follow ng equipnent in each
refueler truck fill stand:

a) Self-closing enmergency valve with 165 =F (74 =C)
fusible I'ink (except for Air Force projects).

b) Shut off val ves for servicing equi pnent.

c) Horizontal filter/separator conform ng to API
Publ 1581, unless fill stand is supplied froma direct fueling
systemvia a non-ferrous branch connecti on downstream of the
issue filter/separator

d) Fuel quality nonitor downstream of

filter/separator (Navy and Army projects only). Include
differential reading pressure gauge.
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e) Positive displacenent or turbine nmeter with rated
capacity equal to the maxi mum fl ow of the | oading station and
the follow ng accessories:

(1) |If custody transfer point, a conbination
ticket printer and | arge nuneral zero reset counter with self-
cl osi ng weat her proof cover. Ticket printer not required on
Army nor Air Force projects.

(2) Pulse transmtter of the photoelectric, high
resolution type required for projects which enploy electronic
data acquisition systens.

(3) Tenperature conpensation if a custody
transfer point.

f) Relaxation tank or piping configuration with
sufficient capacity to retain the maxi mum flow of the | oading
station for 30 seconds fromthe tine the fuel |eaves the | ast
pi ece of filtration equipnment to the fuel reaching the | oading
nozzle. Applies only to JP-5 or other fuels which do not have
a static dissipation additive that provides a conductivity
| evel greater than 50 picosienens per neter

g) A hydraulically operated di aphragm control valve
with the follow ng functions (care nust be taken to sel ect
equi pnment which is conpatible with electronic or mechani cal
nmet er stacks):

(1) Adjustable rate of flow control if fill stand
is on a branch line froma direct fueling system or other
mul ti pl e punp arrangenment which could result in issue
exceedi ng 600 gpm (38 L/s).

(2) Adjustable tinme delay for opening speed
control.

(3) Control valve to close in the event of
di aphragm fail ure.

(4) Thermal pressure relief.

(5) Position indicator.
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(6) Deadman control, electronic for Arny, Navy,
and Marine Corps. projects and hydraulic for Air Force
pr oj ect s.

(7) Conpatibility with signal from el ectronic,
sel f checking high-level shutoff device. (This unit is
optional on Air Force projects. Contact the Service
Headquarters for gui dance.)

h) Mechanical |oading arm The preferred device is
an alum num or stainless steel counterbal anced nechani cal
| oading arm As an option, with the approval of Service
Headquarters, use a | oading hose approximtely 10 feet (3 m
long, 3 or 4-inch (75 or 100 nm nom nal dianeter, and neeting

requirements of API. A spiral protective device (slinky) my
be installed around the hose. House the hose in a covered
hose tray to protect fromultraviolet danage. Install with a

stainless steel in-line repairable swvel.

i) Dry-break fueling nozzle of size and type
conpati ble with truck-Ioadi ng connections (coded for product
use, if nmore than one type of fuel is issued).

j) Non-lubricated alum num or stainless steel inline
repairable swivel if hose is used.

k) Sanple outlet with a 3/8-inch (10 nm dianeter
sanpl e point with probe, ball valve, and quick disconnect at
each position for each product |ine.

) A self-nonitoring, automatic, high-Ilevel shutoff
systemwi th a | ockabl e bypass. Provide a single cable
connection to the refueler, which incorporates overfill
shut of f, bondi ng, groundi ng, deadman control, and groundi ng
verification. (This unit is optional on Air Force projects.
Contact the Service Headquarters for guidance.)

m Low-intensity area lighting, in accordance with
APl RP 540, to permt full visibility of all equipnment and
controls during night operations.

n) Refer to Section 2 of this handbook for

i nformation on vapor collection and recovery or disposal
syst ens.
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0) On/off station for punps, if punps are dedi cated
to fill stand. Provide a light to indicate on/off status.

p) Emergency fuel shutoff stations. For fill stands
with multiple positions, an energency fuel shutoff station may
not be required for each position. Design in such a manner
t hat activation of the emergency stop will shutoff all fueling
at that punp house.

g) G ounding reel (if bonding through an automatic
hi gh-1evel cutoff systemis not provided).

r)y Strainer with differential pressure gauge on a
configuration where a filter/separator is not provided at the
| oad rack.

s) Pressure gauge.

t) Mai ntenance drains.

u) Vents.

v) Surge arrestors (if required).

w) Meter-proving connections, unless |ocal procedure
provi des an alternative.

4.4.2 Aircraft Direct Fueling Systems. Direct fueling
systens are fuel systens that deliver fuel directly into an
aircraft and require additional fueling hardware, such as a
hydrant hose truck, pantograph, or hydrant hose cart. These
may be hydrant systems for portable pantograph connections or
hard pipe with fixed pantographs, which is usually the case
for in-shelter fueling and hot fueling stations. \While

i ndi vi dual conponents may vary slightly between the various
aircraft fueling systens, the basic philosophy foll owed by al
the services is the sane. The systens are configured in a

| oop with no dead ends. The |loop is made up of the
supply/return piping separated by a fl ushi ng/ back-pressure
control valve that maintains a constant pressure on the supply
side piping and relieves excess fuel not taken on by the
aircraft(s) into the return portion of the piping and back to
the tank. The |lead punp is turned on either automatically by
a drop in the system pressure or manually by an on/off switch
at each direct fueling station. A venturi in the supply

76



MIL-HDBK-1022A

pi pi ng senses flowrate in the |loop and works in conjunction
with a venturi in the return | oop. Depending on the flow
demand, the return venturi turns on/off additional punps as
required. If return flowis below a preset limt (indicating
that fuel is being dispensed), a low flowis sensed and
addi ti onal punp(s) are turned on, one at a tine, until a
steady flow condition is reached. Conversely, if the return
flow is above a preset limt (indicating |ess fuel is being

di spensed), the return venturi senses high flow conditions and
turns the punp(s) off, one at a tinme, until the systemis
brought to rest. The continued circulation of the fuel not
only provides a self-cleaning action but when properly
adjusted, the systemis able to nore closely match the varying

fuel filling rates of aircraft. This provides snooth
operation and elim nates surge pressure spi kes that have been
so destructive to aircraft fueling systens of the past. In

order to ensure the highest quality of fuel, contact with bare
carbon steel is limted to an absolute m nimum prior to
filtration and is not permtted downstream of the issue
filter/separators, unless specifically authorized by Service
Headquarters.

4.4.2.1 Ceneral Requirements. Install aircraft direct
fueling systens only when specifically authorized by Service
Headquarters. Service Headquarters or Air Force MAJCOVs
assist in determning the nunber and type of stations required
by the activity and with |locating hydrant pits in aircraft
parking ranps. Construct new facilities only for issuing

avi ation turbine fuels through pressurized single point and
closed circuit fueling nozzles. Locate fueling stations at
the edge of the aircraft parking apron or taxiways or at apron
parking spots for large frame aircraft. Size and configure

t hese systens based on the types of aircraft to be refuel ed,
aircraft fuel capacity, and the nunber and types of aircraft
to be sinmultaneously refueled. It is inportant to ensure a
firmaircraft parking plan has been established before
proceeding with the hydrant pit |ayout design. Sonme aircraft,
such as fighters and sone helicopters, may be refueled with
engi nes or support equi pnent running. See Facility Plate Nos.
008 through 010. For additional guidance on Air Force
projects, refer to AFH 32-1084.

4.4.2.2 Fixed-Wng Small-Frame Aircraft. Locate aircraft
direct fueling stations for small-frame aircraft (carrier
aircraft, patrol aircraft, fighter aircraft, and smal
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transports) along the edge of designated access ranps, aprons,
or fueling lanes with easy access by aircraft and as close to
their normal taxi routes as practical while still neeting
centerline clearance requirements. Provide facilities for
fueling aircraft with engines or support equi pnent running.
These systenms are installed where the m ssion dictates a
continuing need for rapid turnaround w thout shutting engines
down and are |ocated to permt quick return to the runway.
Configure taxi patterns to and fromfueling stations to keep
jet blast away from people. Refer to Standard Design AW
78-24-29 for Air Force projects and NAVFAC Draw ng Nos.
1404000, 1404001, 1404002, and 1404003 for Navy projects. Use
the follow ng design criteria:

a) Qutside of the limts prescribed for clear areas
by M L-HDBK-1021/2, TM 5-803-7, and AFMAN 32-1013, | ocate the
equi pnent aboveground on a concrete slab adjacent to the edge
of an access ranp, apron, or fueling |ane. Ensure that the
wi dth of the slab and | ocation of the equipnent, including the
pant ogr aph when retracted, with respect to the ranp, apron, or
fueling | ane, does not interfere with any part of the aircraft
on its approach to or departure fromthe fueling station.
Equi p Army and Navy hot fueling stations with an energency dry
br eakaway coupling.

b) Limt the height of the equipnment, including
lighting, on the slab to no nore than 36 inches (900 nm above
the el evation of the concrete pad.

c) Provide a nomnal maxinmum flow rate for each
direct fueling station of 600 gpm (38 L/s). However, design
the systemto deliver 400 gpm (25 L/s) with a nozzle pressure
of 35 psig (240 kPa). Further design consideration is that
the system nust be capable of delivering 600 gpm (38 L/s)
wi t hout damagi ng the punmps. (In general, systens designed to
deliver 400 gpm at 35 psig have been shown to be fully capable
of delivering 600 gpmwith a nozzle pressure reading of 10 to
20 psig.) Actual fueling rates for small-frame aircraft range
from 250 to 550 gpm (16 to 35 L/s). Since the actual flow
rate will vary as the nozzle back pressure varies, it is
necessary to limt the maxi mum nozzle pressure to 55 psig (380
kPa) at the skin of the aircraft to protect the aircraft. The
i ssue venturi in a pantograph is a critical conponent of the
direct fueling systemand nust be able to correctly sinulate
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nozzl e pressure and conpensate for all pressure losses up to
and including the fueling nozzle. Use maximumrates and the
nunmber of required sinmultaneous refuelings for system sizing.

d) Design fueling systens for Air Force tactical
aircraft and in-shelter systens in accordance with Standard
Desi gn AW 78-24-29, Type IV and Type V, respectively.

e) Provide at least two fueling stations, with the
system sized for a mnimumflow rate of 1,200 gpm (76 L/s).
Where nore than two fueling stations are required, increase
the total systemrate by 600 gpm (38 L/s) for every three
additional fueling stations. Do not exceed 2,400 gpm
(152 L/s) total capacity.

f) The Air Force has two standard direct fueling
systens for fixed-wing small-frame aircraft. They are the
Type |V and Type V systens.

(1) The Type IV fueling system commonly called
“hot pit refueling,” is simlar to the Type Il system except
it is primarily used to refuel Air Force fighter aircraft with
engi nes running along the apron, ranmp, or in specially
configured fueling areas. The nost significant difference
between it and the Type IIl systemis the configuration of the
| oops. Refer to Standard Design AW 78-24-29 for Type IV
hydrant systens.

(2) The Type V fueling systemis comonly
referred to as in-shelter refueling. It is simlar to the
Type IV system except that aircraft are refueled in shelters.
This system has been primarily constructed in Europe and the
Paci fic although there are Type V systens in the CONUS. Refer
to Standard Design AW 78-24-29 for Type V hydrant systens.

4.4.2.3 Large-Frame Aircraft. Locate aircraft direct
fueling stations for large aircraft (transports, cargo pl anes,
t ankers, |ong-range patrol planes, and bonbers) adjacent to
their normal parking positions. Use the follow ng design
criteria:

a) Individually determ ne the number of fueling
stations required for each activity. This depends on the
nunber of large aircraft based at the activity or the nunber
of aircraft that will need refueling as transients. To
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accommpdate the fueling of a nunmber of aircraft within a given
time span without noving them nore fueling stations are
normal Iy required than would actually be used at one tine.

b) Provide a flowrate criteria for each fueling
station of 600 gpm (38 L/s) or 1,200 gpm (76 L/s) at 45 psig
(310 kPa) nozzle pressure. The selection of 600 gpm (38 L/s)
or 1,200 gpm (76 L/s) is based on aircraft. Call MAJCOM f or
gui dance. Size conbined systemrequirenents in nultiples of
600 gpm (38 L/s), starting at a mninumflow rate of 1,200 gpm
(76 L/s) up to a maximum flow rate of 2,400 gpm (152 L/s).

c) Design the piping, hydraulics, materials, and
punps in accordance with other paragraphs in this section.

d) Large aircraft such as transports and cargo
pl anes can be fueled from flush-munted hydrant pits
(preferred nmethod for Air Force projects). Flush-nounted
hydrant pits are required to conformto Standard Design AW
78-24-28 for Type Ill hydrant systens. Pantographs can be
used where normal aircraft parking positions can be |ocated
adj acent to edge of the ranp (fixed |ong-reach pantographs
have a maxi mum reach of 135 feet (41 m)).

e) Use self-propelled hydrant hose trucks, Type II
hydrant hose carts, or detachabl e pantograph assenblies to
provi de the connection fromthe flush-munted hydrant pits to
the aircraft and the necessary controls. Provide a hydrant
control valve that is hydraulically actuated and operated.

f) Equi p pantographs in accordance with Navy
definitive draw ngs or Air Force standard designs. Wen
i ncorporating the detachabl e pantograph into the design,
fol | ow USAFE/ NATO specifications in which the sw vels contain
in-line repairable roller bearings. |In addition, include the
pant ograph(s) as part of the construction project. Nornally,
t he nunber of pantographs required equals the nunber of
si mul taneous refuelings to be perfornmed.

g) The Air Force large-frame aircraft direct fueling
systemis referred to as a Type Il pressurized fueling
system The Type 11l fueling system or the constant pressure
system is the standard hydrant fueling systemfor |arge-franme
aircraft. It is conprised of two operating storage tanks, a
punphouse, a hydrant | oop, and hydrants at each parking
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position. The systemis controlled by two redundant PLCs and
is constantly pressurized when in operation. Fuel is punped
fromthe tanks, through filter separators and a supply venturi
into the hydrant loop. It flows through the appropriate
hydrant val ve, through a hydrant servicing vehicle or nobile
pant ograph, into the aircraft if refueling is underway. A
backpressure control valve keeps system pressure at a pre-set
| evel and a return venturi measures flow back to the storage
tank. Working in conjunction with the return venturi, punps
are turned on and off depending on refueling requirenents.
This systemis sized in 600 gpm (38 L/s) increnments up to
2,400 gpm (152 L/s). Issue punps are sized to provide a

m ni mrum of 100 psi (690 kPa) at the outlet of the npbst distant
hydrant adapter. Each hydrant pit control valve is equipped
with a pressure control and surge shutdown pilot. These pil ot
controls are set at 45 psig (310 kPa) and 50 psig (345 kPa),
respectively. The hydrant control valves allow flow rates up
to 600 gpm (38 L/s) using a 4-inch valve and flow rates up to
1200 gpm (76 L/s) using a 6-inch valve. Contact Service
Headquarters for specific guidance and sizing of the hydrant
control valve. Refer to Standard Design AW 78-24-28 for Type
11 hydrant systens.

4.4.2.4 Helicopters. Use the follow ng design criteria for
direct fueling systens for helicopters:

a) Design piping, punps, controls, accessories, and
auxiliary systenms in accordance with other applicable
par agraphs of this section. For each direct fueling station,
provi de a nom nal maxi mrum fl ow of 300 gpm (19 L/s). Design
systemto be capable of delivering 275 gpm (17 L/s) at 35 psig
(240 kPa) nozzle pressure. Make the m nimum size system 600
gpm (38 L/s) with at |least two fueling stations. For
di versity usage, increase by 300 gpm (19 L/s) for every three
addi tional fueling stations. At outlying fields and with
Servi ce Headquarters’ approval, a single fueling station may
be used.

b) Provi de aboveground direct fueling stations
equi pped identical to fixed-wing small-frame aircraft fueling
stations. Design the horizontal position and vertical
projection of fueling equipnment to avoid interference with the
hel i copters' blades when in the drooped attitude.

c) Coordinate type of pressure nozzle with user
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4.4.2.5 Surface-Effect Hovercraft. Turbine-powered,
surface-effect hovercraft can be fueled on the parking apron
with aircraft direct fueling systens. Use 200 gpm (13 L/s)
maxi mum fueling rate at 30 psig (207 kPa) nozzle pressure.

The fueling hardware conponents are simlar to those required
for aircraft direct fueling with JP-5, except the fue

contam nation nonitor may be omtted. Orient fueling stations
so that the blast generated fromthe turbine engine does not
damage the direct fueling station conponents.

4.5 READY- | SSUE ( OPERATI NG STORAGE) TANKS. Refer to
Section 8 of this handbook for information and guidelines
regardi ng operating storage tanks.

4.6 Pl PI NG SYSTEMS. Refer to Section 9 of this
handbook.

4.7 EQUI PMENT DESCRI PTI ONS. The appropriate guide
specifications and/or standard design will provide specific

information for equi pment selection. Make provisions to drain
equi pment for maintenance. Provide hard piped drains when the
equi prent holds nore than 5 gallons (19 L) of fuel or when a
pi pe which drains to the product recovery tank is within 12
feet (3.7 m.

4.7.1 Fuel Hoses. Ensure pressure hose connections

bet ween the transfer piping and tank cars, trucks, and vessels
conformto APl Bull 1529. Use sizes as required for design
flow rates. For hose flanges and ni pples, use carbon steel,
except at aviation turbine fuel issue points, use brass,
stainless steel, or alum num where netal parts contact the
fuel .

4.7.2 Met er s

4.7.2.1 Positive Displacenent. Use flange-connected, cast
steel bodied (except alum num or stainless steel if after the
issue filter/separator) positive displacenent neters of the
desired pressure and flow rating for the applicable service
requi renments. Ensure neter has tenperature-conpensation,

adj ustabl e calibration, register and pre-set capabilities.
Ensure nmeter accessories are conpatible with either the
mechani cal or electronic support equi pnent selected. Provide
an accuracy of plus or mnus 0.5 percent when used for custody
transfer. Consult the appropriate Service Headquarters for
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requi renments for the neter to comunicate to a renote | ocation
or equi pnment. Consider the use of a card-operated or key-
operated data acquisition system Cards or keys, as
appropriate, are coded to identify the receiver of the fue

and to all ow access to the fuel. The quantities taken are
transmtted to a data-receiving device by electronic pul se
transmtters nmounted on each neter, and each transaction is
automatically recorded.

4.7.2.2 Turbine. Use flange-connected, stainless steel-
bodi ed turbine nmeters of the desired pressure and flow rating
for the applicable service requirenment. Ensure neter has

t enper at ur e- conpensati on and adj ustable calibration. Ensure
all supporting equipment for neter is conpatible with the
turbine neter selected. Provide an accuracy of plus or m nus
0.5 percent when used for custody transfer. Consult the
appropriate Service Headquarters for requirenents for the
meter to communicate to a renote [ ocation or equi pnent.

Consi der the use of a card-operated or key-operated data
acquisition system Cards or keys, as appropriate, are coded
to identify the receiver of the fuel and to allow access to
the fuel. The quantities taken are transmtted to a data-
recei ving device by electronic pulse transmtters nounted on
each nmeter, and each transaction is automatically recorded.

4.7.3 Pressure Gauges. Use liquid-filled gauges of range
and dial size, as necessary, but not less than 0 to 160 pounds
per square inch (0O to 1100 kPa) pressure range and 4-inch

(100 mm) dianeter dial. Gauges to be of all stainless steel
construction, with black graduations on a white face. For

| ocati ons where the tenperature exceeds 100 degrees F

(38 degrees C), consult Service Headquarters for direction on
t he possible use of gas-filled gauges.

a) Consider the location, year-round weat her

condi tions, and service requirenents for the type of liquid
filling to be used.
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b) Gauge |iquids and service ranges:

Li qui d Range
d ycerin 0 °F to 400 °F

(-18 °C to 204 °C)

Silicone -40 °F to 600 °F
(-40 °C to 316 °C)

c) Provide a | ever handl e gauge cock and pressure
snubber in each pressure gauge connecti on.

d) Provide indicating and recordi ng pressure gauges
on suction and discharge lines for interterm nal pipeline
punpi ng stations and on the incomng line at the delivery
term nal of each such pipeline.

4.7.4 Strainers. Require a strainer to protect
centrifugal punps, unless it precludes neeting the net
positive suction head of the punp. \Wether or not strainers
are installed on the suction side of centrifugal punps,
require a spool piece so that tenporary strainers can be
installed during startup of the system Strainers are
required on the suction side of all positive displacenent
punps and nmeters. Strainers are not required upstream of
filter/separators or hydraulically operated di aphragm contr ol
val ves, except upstreamof filter/separators which are
upstream of operating storage tanks. Also:

a) Use flanged strainers constructed of steel and

fitted with renpvabl e baskets of fine Mnel nmetal or stainless

steel nesh with |arge nmesh rei nforcenents.



MIL-HDBK-1022A

b) Provide a fine screen nesh as follows:

Mesh Si ze of Opening

Punp suctions 7 0.108 inch (2.74 mm
(Centrifugal)

Pump suctions (Rotary) 40 0.016 inch (0.40 nmm

Meter inlets (unless 40 0.016 inch (0.40 mm
downstream of a

filter/separator in

I ssue facility)

c) In all cases, ensure the effective screen area is
not less than three tinmes the cross sectional area of the

pi pe.

4.7.5 Surge Suppressors. Every effort should be made to
control hydraulic surge or shock to acceptable limts by the
design of the piping systemrather than by the use of surge
suppressors. Life cycle cost analysis which mght lead to
smal | er sized pipe with surge arrestors is discouraged. \Were
this is not possible or beconmes extrenely inpractical, a surge
suppressor(s) may be incorporated. Use the diaphragm or

bl adder type equipped with a top-mounted liquid-filled
pressure gauge, isolation valve, and drain. Locate surge
suppressors as close as possible to the point of shutoff that
Is expected to cause the shock. Provide a check valve at the
bottomw th a weep hole in the clapper.

4.7.6 Filter/ Separators. The common avi ation turbine fuel
contam nants are water, solids, surfactants, m cro-organisns,
and m scel |l aneous contam nants. Solid contam nants are
generally those which are insoluble in fuel, npbst conmon are
iron rust, scale, sand, and dirt. However, netal particles,
dust, lint fromfilter material and rags, gasket pieces, and
even sludge produced by bacterial action are included. The
maxi mum amount and size of solids that an aircraft can
tolerate vary by aircraft type and fuel system Cl ose

tol erance nmechanisns in turbine engines can be damaged by
particles as small as 1/20th the diameter of a human hair.
Filter/separators continually renove dirt and free water from
aviation turbine fuels. Ensure that the design requires two
separate filtrations prior to the fuel reaching the aircraft.
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4.7.6.1 Design Requirenments. All aviation turbine fuels
punped i nto an operating tank rmust pass through a
filter/separator. Provide a horizontal filter/separator on
the discharge line fromthe operating storage tank.
Filter/separators are required for all aviation turbine fuel
systenms in facilities where the fuel is dispensed directly to
aircraft or is |loaded on refuelers that eventually di spense
the fuel to aircraft. As a mnimumfor such facilities,

provi de horizontal filter/separators as foll ows:

a) Design and construct horizontal filter/separators
in accordance with APl Pub 1581

(1) Class A - Use at points where fuel is
received from barges, tankers, pipeline, rails, and trucks.
At these points, the fuel will be expected to have higher
|l evels of dirt and water. Consider the use of cyclonic
separators or pre-filters (mcronic filters) upstream of the
filter/separator. (Note: APl 1581, Filter/Separators in the
1,200 gpm range may only be available in the verti cal
configuration.)

(2) Class B - Use in the refueler supply piping,
truck recei pt piping, supply piping to fuel hydrant systens,
and in operating tanks.

b) Design and construct horizontal filter/separators
in accordance with the American Society of Mechani cal
Engi neers (ASME) Code for Unfired Pressure Vessels. Construct
nmetal parts which will be in contact with the fuel, including
the shell, head, and internal attachnments of 3003 or 5083
alum numalloy. (The Air Force also allows interior epoxy-
coated carbon steel.) Include the follow ng accessories:

(1) Piston-type differential pressure gauge with
1 psi (5 kPa) graduations across the el enents.

(2) Sight glass on the water sunp.
(3) Hydraulically operated di aphragm contr ol
valve in the main discharge piping with rate of flow and water

slug features. Include a manual check mechani sm external to
the filter/separator to check the float. (The water slug
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feature nmust not be included on pipeline and barge receipt
lines. In those cases, use a differential pressure alarm and
a differential pressure-actuated bypass val ve.)

(4) Only at barge-receiving |locations or where
| arge quantities of water are expected, automatic water drain
val ve connected to the bottom of the water sunp. Automatic
wat er drain valves are permtted on APl Publ 1581 Class A
applications only.

(5) Manual water drain valve fromthe bottom of
the water sunp.

(6) Pressure-relief valve.
(7) Automatic air release with check val ve.

(8) Strainers upstreamof filter/separators when
the filter/separator is upstream of operating storage tanks.

(9) Connect automatic water drains, manual
drai ns, pressure-relief valves, and air releases to a
permanently installed fuel recovery system

(10) Visual sight gauges (sight flow indicators)
on drain piping and pressure relief valve where there is
cl osed pi pi ng.

(11) Fuel sanple points upstream and downstream

c) Provide a neans to slowfill the vessel. This is
necessary to avoid static buildup during the filling of the
filter/separator. Standard Design AW 78-24-28 gives details
for this design feature.

4.7.6.2 Arrangenent. Arrange the system piping so that fuel
fromthe discharge side of the fueling systemtransfer punps
can be recircul ated back through the inlet filter/separators
into the operating storage tank. |Inlet filter/separators my
serve nore than one operating storage tank. 1In aircraft
direct fueling systems on the downstream si de of operating

st orage tanks, arrange the piping so that the fuel can be
circulated fromthe operating storage tanks, through the
filter/separators, to each aircraft fixed fueling station and
back through the inlet filter/separators to the operating
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storage tanks. Provide dispensing filter/separators of the
sane nunber and capacity as the transfer punps; that is, for
three 600 gpm (38 L/s) punps, provide three 600 gpm (38 L/s)
filter/separators.

4.7.7 Fuel Quality Monitors. The primary purpose of fuel
quality nonitors is to detect water that bypasses the
filter/separator and provide an indication that the
filter/separator is not working correctly. Fuel quality
monitors will detect the presence of free water in the fue
and positively shut off the flowif the |evel of water is
unacceptable. Fuel quality nonitors absorb and retain free
and enul sified water wi thout being affected by surfactants or
additives in the fuel and serve to filter particulate matter.
As the fuel quality nonitor senses that the fuel has
unacceptable | evels of water, the nonitor will absorb the
water. As water absorption continues the absorbent materi al
swel |l s, causing the pressure drop across the vessel to
gradually increase until the flowis finally stopped. Provide
cartridge-type fuel quality nmonitors i medi ately downstream of
all issue filter/separators in JP-5 systens. In JP-8 systens,
use only where directed by Service Headquarters.

4.7.8 Punps

4.7.8.1 Design Requirements. Design punps to deliver the
full range of operating conditions anticipated at any facility
with flow rates as presented in this section. Ensure punps
devel op sufficient head to overcone the friction and static
head | osses in the systemat the rated flow. Consider the
specific gravity, tenperature, viscosity, vapor pressure,
corrosive, and solvent properties of the fuel. Provide at

| east two punps for each aviation turbine fueling system For
any single grade of fuel, connect punps in parallel. Select
according to the type nost suitable for the particul ar
application. Do not use positive displacenment or

reci procating punps for product issue or pipeline transfer.
Provi de separate punps for each type of aviation turbine fuel.
Provide at | east two transfer punps, each capabl e of
delivering the required system capacity.

4.7.8.2 Centrifugal Punmps. Use API Std 610 centri fugal
punps to punp from aboveground tanks with continuously fl ooded
sucti ons.
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4.7.8.3 Vertical Turbine Punps. Use APl Std 610 verti cal
turbi ne punps to punp from underground tanks. Do not use
hori zontal transfer punps in a pit alongside the underground
t ank.

4.7.8.4 Rotary Punps. Use sliding vane positive

di spl acenment punps or self-primng centrifugal punps for
applications such as stripping pipelines or simlar service
where the pump may frequently lose its prime. For these
punps, provide a pressure relief valve |ocated on the

di scharge side of the punps. Note: These are considered
safety relief valves, not operating valves. Use of the relief
val ve to nodul ate the punp output voids the punp warranty. A
vari abl e speed notor can be used on positive displacenent
punps to gradually bring the punp to normal operating speed.

4.7.8.5 Drivers. Drive permanently installed punps by an
electric notor which is properly classified in accordance with
NFPA 70. Drivers should be sized to be non-overloading at any
poi nt on the curve.

4.7.8.6 Materials of Construction. For aviation turbine
fuels, require cast steel or nodular iron casings and
stainless steel inpellers and trim

4.7.8.7 Installation. Munt permanently installed punps on
substanti al foundations of reinforced concrete, designed in
accordance with Hydraulic Institute Standards. Provide drain
pi ping for punp and notor base, punp seal |eakage, and vent
valve. VWhen the punp is in a punp house or punp shelter
connect drains to an oil-water separator or waste tank with
pi ping which includes a vertical liquid trap.

4.7.9 Val ves

4.7.9.1 WMaterials of Construction. Require all valves in

avi ation turbine fuel systens to be alum num or stainless
steel bodies and do not allow zinc, zinc-coated, copper, or
copper bearing materials in contact with the fuel. Allow only
corrosion resistant valves such as al um num or stainless steel
for aviation turbine fueling systens between the operating
tank outlet and the |ast fuel discharge point, the return
lines, circulating lines, or filter/separators. Electroplated
nickel is permtted for doubl e-block and bl eed val ves and on
nodul ar iron hydraulically operated di aphragm control val ves
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within the tank di ke area. Carbon steel valves are permtted,
provided they are internally plated with chrom um

El ectrol ess nickel plating is also acceptable. Internally
epoxy-coated val ves are acceptable for general services but do
not use as a substitute for a non-ferrous valve. Do not use
al umi num val ves within a di ked area. Do not furnish nor
install cast iron or bronze-bodied valves in |liquid petrol eum
service. Use only APl fire-safe valves for fuel service.

4.7.9.2 Types

a) Gate valves are not allowed on systems covered by
this section.

b) Valves for quick or frequent opening my be one
with the follow ng types:

(1) Ball valves designed so that if the synthetic
seating material is burned out in a fire, a netal-to-netal
seat will remain to affect closure and conply with APl Std
607. Where line pigging is required or if within ten pipe
di anmeters upstream and/or five pipe dianmeters downstream of a
flow control valve, pressure control valve, or a flow sensing
devi ce such as a venturi, use full port ball valves. Valves
should conply with API Std 608.

(2) High-performance wafer trunion val ves
(butterfly). Use Teflon or viton synthetic seals or seating

material. Require valves that are designed so that if the
synthetic seating material is burned out in a fire, a netal -
to-netal seat will remain to affect closure. Use valves of

hi gh- performance type with eccentric disc shaft and cl anpi ng
action for bubble-tight shutoff. Do not use these val ves on
Air Force projects. On projects for other services, use only
as operating valves and not where isolation or absol ute
closure is required, such as on tanks. Their use is

di scouraged outside of aircraft direct fueling stations and
fill stands with fusible |inks.

c) Use check valves to prevent backfl ow t hrough
branch lines, neters, or other |ocations where runback or
reverse flow nust be avoided. Check valves may be of the
swi ng di sk, spring-loaded poppet, ball, or diaphragm actuated
types. Use swi ng checks of soft-seated non-slammng type with

90



MIL-HDBK-1022

renewabl e seats and di sks. Ensure check valves conformto API
Spec 6D. Use di aphragm non-surge check valves with flow
control feature on the discharge of all punps.

d) Use doubl e-seated, tapered lift, plug valves with
an automati c body bl eed between the seats (doubl e bl ock and
bl eed) for separation of product services, on tank shell
connections, when piping goes above or bel ow ground, between
pi er and tank storage, and other locations critical to
pressure-testing of piping. Do not use |ubricated plug
val ves.

e) At inlet to truck fill stand and on supply and
return risers at aircraft direct fueling stations (Arny and
Navy projects only), provide fusible link valve high-
performance wafer trunion (butterfly) fire-safe with coi
spring. Use fusible link set to release at 165 =F (74 =QC).

4.7.9.3 Valve Operators. Provide nanually operated val ves
not specified for renote, automatic, or energency operation.
Use geared operators for ball and plug valves |larger than 6
inches (150 nm. Ball and plug val ves specified for renote,
automatic, or enmergency service may have el ectric notor
operators, if approved by Service Headquarters. Provide

| ocking tabs on valves to all ow padlock to be used for | ock-
out during mai ntenance.

4.7.9.4 Locations. Provide valves in product piping systens
to control flow and to permt isolation of equipnment for

mai nt enance or repair. Provide additional valves at required
| ocati ons necessary to conduct a valid hydrostatic test.
Provi de manual | y operated val ves, except where notor operators
are specifically authorized by applicable standard draw ngs or
technical specifications. As a mninmumrequirenent, provide
bl ock valves at the followi ng | ocations:

a) Provide double bl ock and bl eed val ves where
pi pi ng goes bel ow aboveground and requires periodic pressure
testing.

b) At all subsurface and aboveground pi pi ng
connections to storage tanks.

c) On each branch line at the point of connection to
t he main product pipeline or header.
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d) On the product pipeline or header just before the
line | eaves a punpi ng station.

e) On the suction side and discharge side of each
punpi ng unit, except the suction side of vertical centrifugal
punps installed in underground tanks.

f) At all aircraft fuel dispensing points.

g) On the inlet and outl et connection of each |ine
strainer, filter/separator, neter, automatic val ve, and ot her
equi pnent that requires periodic servicing. One inlet valve
and one outlet valve may be used to isolate nore than one
pi ece of adjacent equi pnent which are connected in series.

h) On the aboveground piping at each tank car or
tank truck off-I|oading connection. This requirenment does not
apply to gravity off-loading |ines unless block val ves are
specifically called for on applicable draw ngs.

i) On the aboveground piping at each refueler
| oadi ng connecti on.

J) At critical points where pipes cross runways,
roads, and taxiways.

4.7.9.5 Valve Pits. Provide fiberglass or concrete pits
with a rolling or hinged cover designed in accordance with the
Air Force Standard Design AW 78-24-28 for all valves installed
in non-traffic areas on underground fuel systens.

4.7.10 Hydraulical ly Operated Di aphragm Control Val ves.

Di aphragm oper at ed gl obe val ves are used extensively in
fueling systens as control valves. These valves consist of a
mai n val ve and a pilot control system The valve is operated
by varying the amobunt of pressure above the diaphragm Since
t he chanmber above the di aphragm exposes a greater area of the
di aphragm t o chanmber pressure than the area of the disc
exposed to line pressure, an equal pressure in the chanmber and
pi peline results in a greater force being applied to the top
of the disc. This forces the disc against the seat, thus
closing the valve. By selecting the proper pilot control
system these valves can be used in numerous ways to control
flow, pressure, and |level within fueling systens.
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4.7.10.1 Open/Close Operation. This is the nost basic
function of hydraulically operated di aphragm control val ves.
The operation is acconplished by applying pressure above the
di aphragmto close the valve and relieve that pressure to
allow line pressure to open the valve. The pilot trimused to
performthis operation is a three-way val ve which can be
controll ed by a sol enoid, hand, pressure, pressure
differential, or a float.

4.7.10.2 Throttling. This is the other main nmethod of
controlling the hydraulically operated diaphragm contr ol
valve. In this case, the valve nodul ates to any degree of
opening, in response to changes in the throttling control.
The throttling control reacts to a pressure differential
across the main valve or across an orifice plate to regul ate
the position of the disc in the main valve. For proper
operation these valves should be installed with straight pipe
on both sides of the valve. Ten pipe dianeters on the
upstream side and five dianmeters on the downstream side is
sufficient.

4.7.10.3 Check Valve Function. This is a unique function of
a control valve. |In this case, the main valve outlet pressure
is connected to the diaphragm cover. Therefore, if the
downstream out | et pressure exceeds the inlet pressure (which
normal |y holds the val ve open), the valve will close and
prevent backflow. Note: In order for the valve to close, it
nmust backfl ow, sonetinmes for a substantial anount of tine.
Consi der putting a regular check valve in series with this
valve in cases where this is a concern.

4.7.10.4 Renote Operations. Hydraulically operated di aphragm
control valves can be operated renotely. This is acconplished
by installing tubing fromthe point of pressure sensing to the
val ve or by using renote-controlled solenoids within the trim

4.7.10.5 Materials of Construction. Use stainless steel or
al um num (in non-contained areas) pilots and stainless steel
tubi ng. Use bodies, bonnets, and covers nmade of al um num
stainless steel, or internally plated (chrom um or nickel)
cast steel. Provide viton or Buna-N di aphragm and di sc ring.
Encl ose all electrical apparatus according to classification
of the area in which they are installed. Provide a neans to
wire seal all adjustable pilots. Do not use al um num val ves
within a contained area.
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4.7.10.6 Applications. For fueling systens, use
hydraulically operated di aphragm control valves in the
following applications (also refer to specific sections for
appl i cations):

a) Water slug shutoff.

b) Rate of flow control.

c) Pressure reduction.

d) Pressure relief.

e) Liquid level control

f) Non-surge check control.
g) Deadnman control

h) El ectrical block control.

4.7.10.7 Conmbinations. A combination of these controls is
al so possible. A typical use of these controls is on a
filter/separator for water slug shutoff and rate of flow
control.

4.8 CONTROLS

4.8.1 Desi gn Requirements. Automatic controls at any
facility may include tenperature, pressure, fuel |evel and
punp controls, automatic flow controls, alarmand [imt

swi tches, nmotor- and pil ot-operated val ves, and renpte system
condition indicators. Oher fornms of automatic controls are
renote neter indication, electronic access control, data

| oggi ng, and application of conputer techniques. Base the
sel ecti on of advanced automation and telenetry systens on a
study of the particular application with consideration of
possi bl e econom c justification, operational, and security
requi rements.

4.8.2 Fl ow Controls. Where it is possible to achieve flow
rates which exceed equi pnment ratings, provide an adjustable
flow control valve on the outlet connection of each nmeter or
filter/separator. Use a self-actuating hydraulically operated
di aphragm control valve controlled by the pressure
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differential across an orifice plate in the valve or a venturi
in the main |ine. Where necessary, provide renote-operated

val ves on storage tank inlet and outlet |ines, suction and

di scharge of transfer punps, and transfer lines at fuel piers
and ot her |ocations.

4.8.3 Punp Controls. Operation of punp suction and

di scharge valves may be a part of the automatic sequence for
the starting of a centrifugal pump and for shutting it down,
renotely, locally, or by a protective shutdown device.
Renot e- oper at ed val ves can be either notor-operated or the
sol enoid pilot-type, hydraulically operated di aphragm control
val ves. Equip these valves with green and red (open and
closed) indicating lights at their pushbutton control

| ocations. Consider the use of PLCs on nore conplicated
systens.

4.8.3.1 Transfer Punps. Parallel transfer punps supplying
an issuing facility with varying demand flow rates nust be
sequenced automatically by flow sensing sequence equi pment.
Lead punmps can be started by a pushbutton at an issuing
facility, or automatically by a pressure switch actuated by a
decrease in system pressure as m ght be caused by opening a
valve at the issuing facility. This nmethod requires the
systemto be pressurized at all tinmes and is normally
incorporated in the Type IIl hydrant system design.

I ncorporate the follow ng control features:

a) Automatically controlled punps with energency
stop buttons with lock-key reset at issuing stations and at
the central supervisory control station.

b) Automatic shut-off of transfer punps on |oss of
suction or no flow for nore than 3 mnutes. Upon automatic
shut-off, a corresponding alarmat the central supervisory
control station is activated.

4.8.3.2 Al Punps. Provide the follow ng controls:

a) A stop-lockout button at each renotely operated
punp for maintenance operation.

b) Indicator lights at the control station to give
positive indications both when a punp is operating and when it
is not energized. Use the "push-to-test" type.
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c) Asignal light or alarmto indicate punp failure
when a punp is controlled automatically.

d) Reduced voltage starting if required by electric
utility supplier or, in all cases, for punp notors greater
than 50 hp (37 kW and all vertical punps.

e) EFSO buttons with | ock-key reset at all punp
| ocations and at the central supervisory control station.

4.8.3.3 Pipeline Punps. For punps over 150 horsepower (112
kW, provide protective shutdown devices with alarm at centra
supervisory control station in the event of the foll ow ng:

a) Hi gh punp case tenperature due to bl ocked
di schar ge.

b) Excessive punp vibration.
c) Mechanical seal or packing gland failure.

d) Hi gh discharge pressure or |oss of discharge
pressure.

e) Excessive notor vibration.
f) H gh notor w nding tenperature.

g) Electrical interlocks which will prevent starting
a pump if certain key valve settings are not correct and which
w |l cause a punp shutdown if a key valve setting is changed.

h) Loss of punp suction pressure.

i) Hi gh-bearing tenperature and/or |oss of cooling
wat er fl ow.

4.9 FUEL ADDI TI VES. Provide storage facilities which
store aviation turbine fuels with the equi pment to inject fue
additives if directed by Service Headquarters. This wll
require proportional injectors, storage of additives, and
recircul ation of tanks through piping with injectors. If the
additives have a corrosive characteristic, construct the
system including storage tanks, tank appurtenances, punps if
required, piping and associated fittings, valves, and injector
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assenbl i es of stainless steel conponents. Additive injection
is not normally perfornmed at the installation |evel. Consult
Servi ce Headquarters for guidance as to which additives nust
be i ncl uded.

4.9.1 Plus 100 Additive. Additive packages to raise the
auto ignition point of jet fuel by 100 degrees F also act as
surfactants which will disarmthe filter/separators. There,

it is inportant this additive package is introduced only at
refueler fill stands, downstream of the filter/separator,

prior to entering the truck. |In addition, care nust be taken
to ensure there is no capability in the design for plus 100
fuel to be introduced back into storage. Because the plus 100
fuel is being used on a limted basis at designated air
stations, the command fuels engineer will provide direction as
to locations where it is permtted.

4.10 DEFUELI NG SYSTEMS. Because of degradation of flash
poi nt, ensure that JP-5 direct fueling systens are not capable
of defueling an aircraft back into operating storage.
Acconpl i sh defuel by the use of tanker vehicles or dedicated
defuel tanks. Provide JP-8 hydrant systens wi th def uel
capability.
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Section 5: MARI NE RECEI VI NG AND DI SPENSI NG FACI LI TI ES

5.1 FUNCTI ON. Design nmarine fuel receiving and
di spensing facilities for the purpose of receiving fuel and/or
| oadi ng fuel aboard ships and boats for consunption or as

cargo. |In many cases, the marine receiving and di spensing
facilities will be conbined.
5.2 FUEL PI ERS AND WHARVES. Ensure that the structural

design of fuel piers and wharves is in accordance with

M L- HDBK- 1025 series or Arny Corps of Engineers AEl, as
applicable. Wen required and approved by the appropriate
Servi ce Headquarters, design fuel piers for dispensing and
receiving fuel. Ensure that the size of the facility is
conpatible with the fuel requirenents of the activity and the
nunmber of sinultaneous | oadings and of f-|oadings to be
accommodat ed. For di spensing of fuel, consider the nunber,
type, and size of vessels to be fueled or | oaded to provide
the required nunber and | ocations of fuel outlets. |In nost
cases, use dedicated fuel piers and wharves for fuel receipt.
I nclude in the design an energy absorbing fender system
Refer to NAVFAC Definitive Drawi ngs 1403995 t hrough 1403999.

5.3 BERTHI NG PIERS. In sonme cases, permanent fuel

pi pi ng and equi prent may be installed on berthing piers which
were not primarily designed for handling fuel. Design such
piers in accordance with M L-HDBK-1025 series or Arny Corps of
Engi neers AEI. These facilities are normally used only for

di spensing fuel to surface conbatants for consunption.
Operational requirenents usually dictate a clear berthing pier
surface area. This inposes restrictions on the use of | oading
arns and above deck piping. For these areas, bel ow deck and
trench-contai ned pi ping may be considered. Prior to designing
facilities on berthing piers for receiving and/ or dispensing
of bulk fuel for transport, review plans with appropriate port
oper ati ons agency.

5.4 OFFSHORE MOORI NGS. \When operations of an activity
do not warrant construction of fuel piers, provide offshore
nmoorings for vessels to discharge or receive fuel through
underwat er pipelines connecting to the shore facility.
Clearly mark the noorings so that the vessel, when noored,
will be in the proper position to pick up and connect to the
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underwat er connection. Coordi nate of fshore noboring systens
with Naval Facilities Engineering Service Center, Ccean
Construction Division (NFESC- OCD)

5.5 GENERAL REQUI REMENTS. Section 2, General Design

| nformati on, of this handbook contains inportant infornmation
on fueling facilities. Do not start the design of any fueling
system wi thout first becom ng conpletely famliar with

Section 2 of this handbook. In particular, refer to Section 2
for guidance on spill prevention, air quality control, and

ot her environnental, safety and fire protection issues.

5.6 GENERAL LAYOUT. Provide pier |oading and off-

| oadi ng connections, with cap and plug valve, at the pier edge
for each product to be transported. The intent is for a

| oading armmanifold with a separate shutoff plug valve for
each product connection. This will allow simultaneous | oading
and of f-1oading of different products, each through a
dedicated arm Use the following criteri a:

a) Provide each branch line to the pier edge with a
val ve |l ocated at the main |ine.

b) Do not provide a gauge outboard of the hose
connection shut off valve because hose nmovenment will indicate
t he presence or absence of pressure in the hose.

c) If required, provide one or nore |oading arns at
each station.

d) Provide a liquid-filled pressure gauge for each
| oading arm | ocated to be easily read fromthe operator
position. This gauge is provided because the drybreak check
valve at the end of the loading armand the rigid piping wll
not intuitively indicate the presence or absence of pressure
at the | oading arm

e) Provide for venting and drai ning of the branch
lines and | oading arm mani folds. Provide for manual venting
of the branch lines, connect the vents to the oil waste |ine,
simlar to a sanitary vent systemto avoid spillage. When
pier drain |lines cannot be sloped back to the pierhead
stripping punps, a design including separate oil waste drain
i nes, holding tank, and dedicated stripping punp is a viable
al ternative.
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f) Provide segregated handling of nmultiple products
t hrough the |l oading arnms, while allow ng easy sel ection of the
products to be transported. Double block and bl eed val ves can
be used for this application.

g) Provide a separate pipe and connection for
bal | ast water or offspec fuel if the size of the facility and
| evel of activity warrants it.

h) Provi de each hose handling and | oading arm area
with fixed spill containnment as defined in 33 CFR 154.

5.7 Pl PI NG SYSTEMS. Refer to Section 9 of this
handbook.
5.7.1 Pi ping Arrangenent. In addition to conplying with

Section 9, use the following criteria:

a) Where sinultaneous deliveries of the same fuel
may be made by nore than one vessel, size fuel headers and
rel ated equi pnent for the total flow rates of all vessels
di scharging into the headers. Ensure that flow rates are in
accordance with Section 2 of this handbook.

b) Pl ace pier piping above the pier deck. Slope
pi ping toward shore to permt stripping. Use gratings as
required to allow access across the piping.

c) Provide flexibility in the piping between the
pier and the shore to allow for small novenent of the pier
relative to the shore. Use a suitable pipe bend or offset
configuration, preferably in a horizontal plane, that wll
all ow three-di nensi onal novenent. |If vertical bends are used,
install vents and drains.

d) Include in the pier facilities, pipe manifolds
for each fuel type arranged parallel to the face of the pier.

5.8 EQUI PMENT DESCRI PTI ONS

5.8.1 Loadi ng/ O f -1 oading Arns. Provide articul at ed

mari ne | oading arnms for receiving and shi pping fuel cargoes so
that the connected vessel can nove 15 feet (4.6 nm forward,
15 feet (4.6 mm aft, and 10 feet (3 m off the face of the
pi er and vertically as caused by | oading or off-1oading of the
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vessel and tidal changes, wi thout damage to the arm Provide
a hydraulic power assist system for operating |oading arns

| arger than 8-inch (200 nm nom nal size. Equip the end of
the | oader to be connected to the ship’s manifold with an

i nsul ati ng section, a standard ANSI forged steel flange, and a
steel quick coupling device, manually or hydraulically
operated. Refer to NAVFAC Drawi ng No. 1403997. Consi der

br eakaway couplings for |ocations with strong current.

5.8.2 Fuel Hoses. Loading/off-1oading arnms are the
preferred nmethod to be used. Provide a facility for storing
and protecting the hose as near as practical to the pier if
hose is provided in lieu of |oading/off-I|oading arm

5.8.3 Submari ne Fuel Hoses. Provide submarine fuel hose
where of fshore noorings are used. Use heavy duty, snooth
bore, oil and gasoline, marine cargo, discharge hose rated for
a wor king pressure of not |ess than 225 psig (1550 kPa) and
built-in nipples with Class 300 flanges with stainless stee
bolts and Monel nuts. Hoses should be U S. Coast CGuard
certified.

5.8.4 Meters. Provide a turbine or positive displacenent
meter for each dispensing outlet that m ght be used

simul taneously. Wth the approval of the appropriate Service
Headquarters, use portable neters where fueling operations are
intermttent. Also consider the use of alternative

t echnol ogi es such as ultrasonic neters. Require tenperature
conpensation feature at each neter used for custody transfer.

5.8.4.1 Positive Displacement. Require flange-connected,
cast steel bodied positive displacenent neters of the desired
pressure and flow rating for the applicable service

requi renents. Ensure nmeter has tenperature-conpensation,

adj ustabl e calibration, register and pre-set capabilities.
Ensure nmeter accessories are conpatible with either the
mechani cal or el ectronic support equi pnent selected. Provide
an accuracy of plus or mnus 0.5 percent when used for custody
transfer. Consult the appropriate Service Headquarters for
requi renents for the meter to communicate to a renote | ocation
or equi pnent. Consider the use of a card-operated or key-
operated data acquisition system Cards or keys, as
appropriate, are coded to identify the receiver of the fue

and to allow access to the fuel. The quantities taken are
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transmtted to a data-receiving device by electronic pul se
transmtters nmounted on each nmeter, and each transaction is
automatically recorded.

5.8.4.2 Turbine. Use flange-connected, steel bodied turbine
neters of the desired pressure and flow rating for the
applicable service requirenent. Ensure neter has tenperature-
conpensation and adjustable calibration. Ensure all
supporting equi pnment for neter is conpatible with the turbine
nmet er selected. Provide an accuracy of plus or mnus 0.5
percent when used for custody transfer. Consult the
appropriate Service Headquarters for requirenments for the
meter to conmmunicate to a renote | ocation or equipnent.

Consi der the use of a card-operated or key-operated data

acqui sition system Cards or keys, as appropriate, are coded
to identify the receiver of the fuel and to allow access to
the fuel. The quantities taken are transmitted to a data-
recei ving device by electronic pulse transmtters nounted on
each neter, and each transaction is automatically recorded.

5.8.5 Strainers. Require a strainer to protect
centrifugal punps, unless it precludes neeting the set
positive suction head of the punp. \Whether or not strainers
are installed on the suction side of centrifugal punps,
install a spool piece so that tenporary strainers can be
installed during startup of the system Strainers are
required on the suction side of all positive displacenent
punps and nmeters. Strainers are not required upstream of
filter/separators or hydraulically operated di aphragm contr ol
val ves, except they are required upstreamof filter/separators
whi ch are upstream of operating storage tanks. Al so:

a) Use flanged strainers constructed of steel and

fitted with renmpvabl e baskets of fine Monel netal or stainless
steel mesh with |large nmesh reinforcenents.
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b) Unl ess otherw se specified, provide a fine screen
mesh as foll ows:

Mesh Si ze of Opening
Pump sucti ons 7 0.108 inch (2.74 nmm
(Centrifugal)
Pump sucti ons 40 0.016 inch (0.40 nmm
(Rot ary)
Meter inlets 40 0.016 inch (0.40 nmm

c) In all cases, ensure the effective screen area is
not less than three times the cross sectional area of the

pi pe.

5.8.6 Surge Suppressors. Every effort should be nmade to
control hydraulic surge or shock to acceptable limts by the
design of the piping systemrather than by the use of surge
suppressors. \Where this is not possible, or becones extrenely
i mpractical, a surge suppressor(s) may be incorporated. Use

t he di aphragm or bl adder type equi pped with a top-nmounted
liquid-filled pressure gauge, isolation valve, and drain.
Locate surge suppressors as close as possible to the point of
shutoff that is expected to cause the shock. Provide a check
valve at the bottomw th a weep hole in the clapper.

5.8.7 Val ves

5.8.7.1 Mat erials of Construction. Use carbon steel bodies
and bonnets for valves at marine receiving and di spensing
facilities. Do not furnish or install cast iron or bronze-
bodi ed valves in |iquid petrol eum service.

5.8.7.2 Types and Locations

a) Provide a block valve on each line at the shore
end. For piping used only for receiving fuel, also provide a
check valve at the shore end. Use double block and bl eed
type, which may be notor-operated with renote control. To
m nimze surge potential, use a slow-closing speed, if
possi bl e.
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b) I'n piping used for off-1oading only, provide a
non-surge check val ve near the base of the marine | oading arm
to mnimze |oss of fuel in case of damage to the | oading arm
I n piping used for both | oading and of f-1oadi ng, equip the
check valve with a manual override.

c) Provide block valves on the aboveground piping at
each barge or tanker off-1oading and | oadi ng connecti on.

d) Provide block val ves near the shoreline of a
subnmerged pipeline to offshore noorings.

e) Provide block valves on the inlet and outl et
connection of each line strainer, filter/separator, neter,
automati c val ve, and other equi pment that requires periodic
servicing. One inlet valve and one outlet valve may be used
to isolate nore than one piece of adjacent equi pnent which are
connected in series.

f) Provide thermal relief valves around all block
and check valves that can isol ate a section of piping.

g) Do not use gate valves in fueling systens.

5.8.8 Pressure or Pressure/Vacuum Gauges. Use glycerin-
filled or silicone-filled pressure gauges of range and di al
Size, as necessary, but not less than O to 160 psig (0 to
1100 kPa) pressure range and 4-inch (100 mm dianmeter dial
Al so:

a) Use pressure gauges upstream and downstream of
strainers, filters/separators, and cartridge-type fuel quality
monitors. A differential pressure gauge nay be used in lieu
of gauges on each side.

b) Install conpound (pressure/vacuunm) gauges on the
suction side of each punp at fuel storage tanks.

c) Provide a | ever handl e gauge cock and pressure
snubber in each pressure gauge connecti on.

d) Provide a pressure gauge on each side of the
pi peli ne shutoff valve at the shore end of each pier-nounted
pi peline. Provide the indicating pointer with a high-
pressure-reading tell-tale indicator suitable for reporting
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t he hi ghest pressure experienced since |last reset. Provide
for non-contact resetting of the tell-tale by means of a snal
magnet .

e) Provide a pressure gauge on each branch |ine at
each fueling station on each pier-nounted pipeline. Ensure
that the pressure gauge is legible fromthe fuel hose
connection array and fromthe pantograph | oading arm | ocati on
(i f provided).

f) Provide a pressure gauge on each marine | oadi ng
arm assenbly (if provided). Ensure that the gauge is visible
by the operator.

5.8.9 Stripper Punps. Provide positive displacenent
stripper punps for enptying | oading arnms, hoses, and

mani fol ds. Provide a stripper punp to reclaimeach clean
product from each main product line, or connect the product
lines to the oil waste drain line. Conduct an econom c

anal ysis of the two alternatives to determ ne the appropriate
choice. Larger, longer, or nmore frequently drained lines wll
favor the stripper punp choice. Use a stripper punp on
mul ti pl e product |ines, but do not exceed acceptable linmts of
cross contam nation. Provide a dedicated stripper punp to
each sensitive product |ine, such as aviation turbine fuels.

5.8.10 Excess Flow Sensors. In piping used for both

| oadi ng and of f-1oading, provide a sensor to detect excess
flow that m ght occur in the event of a line break. This is
acconmplished with a di aphragm valve with an excess fl ow
feature. Design the excess flow sensor to close a renote-
oper ated bl ock val ve.

5.8.11 Solid Cyclonic Separators. In facilities which
recei ve product by tankers or barge, consider the use of solid
separators in the receiving lines to renove gross inpurities

fromthe incom ng product. In systens equipped wth
filter/separators in the receiving lines, |ocate strainers or
cyclonic separators upstream of the filter/separator. Ensure

that there is no slug valve feature on the filter/separator
Consi der the use of automatic water drains.
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5.8.12 Clay Filters. |If tankage is not avail able for
handl i ng of surfactant contam nated fuels at nmarine receiving
facilities, consider providing clay filters in addition to
other filtration equi pment sel ected.

5.8.13 Speci al Considerations for Aviation Turbine Fuels.
Provi de a neans of inbound filtration for aviation turbine
fuel. This is normally a filter/separator as described in

Section 4 of this handbook. However, the selection of
filtration depends on anticipated inpurities. Consider the
use of prefilters, mcronic filters, cyclonic filters, and
haypack filters as possible filtration devices.

5.9 WEATHER SHEDS. Provi de adequate shelter for
personnel, as well as for spill containnent booms, absorbent
mat erial, and other weather-sensitive equi pment.

5.10 SAFETY SHOWERS AND EYE- WASH FOUNTAI'NS.  Provi de
manual shutoff valves on the potable water branch to the
safety shower and eye-wash fountain. Provide a neans to sea
shutoff valve in the open position. This will ensure
operation in an enmergency, yet allow for servicing a single
shower wi thout shutting off potable water to the whole pier.
Design for freeze protection in climtes subject to freezing.
Install safety showers and eyewash fountains in accordance

wi th ANSI Z358. 1.

5.11 TRAFFI C BOLLARDS. Provide traffic bollards to
protect fueling piping and equi pment on piers and wharves.
Utilize concrete-filled steel pipe of mninmm4-inch (100 mm)

di ameter and 4-foot (1.2 m height, enbedded in concrete or
wel ded to a steel plate nmounted on the structure.

5.12 SPECI AL DRAI NAGE FOR FUELI NG PI ERS

a) Provide an intercept systemto collect oi
spills. Place pipes on piers in a containnment trench with a
drain system i ndependent of the deck drainage. Provide
contai nnment also for |oading arnms and risers. Provide |ocking
valves in normally closed positions on all containnment areas
al ong with sunp punps or other neans of renoving the spilled
fuel to a collection point or tank.
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b) In cases where the stornwater collected in the
i ntercept systemis contam nated, the water/fuel m xture

shoul d be treated as an oil spill as described previously.
5.13 BALLAST TREATMENT AND SLUDGE REMOVAL
5.13.1 Bal | ast Receiving and Treatnent Facilities

5.13.1.1 Design Requirements. It is the policy of the United
States that there should be no discharge of oil or hazardous
substances into or upon the navigable waters of the United

St ates, adjoining shorelines, or into or upon the waters of
the contiguous zone. Petroleumfuel facilities, which
transfer fuel by barge or tanker, or which fuel |arge ships,
require ballast water collection and treatnment facilities to
receive and treat oily ballast fromcargo or fuel tanks.

Al so:

a) Blend the fuel oil which has been reclainmed from
the ballast water during the collection and treatnment process
with boiler fuel oil for use in shoreside boilers. Performa
qual ity assurance check on the reclainmed fuel oil to ensure
that it neets the m nimum requirenents for shoreside boiler
fuel. Dispose of sludge accunul ated during the collection and
treatnment of ballast water in accordance with applicable
hazardous waste managenent di sposal procedures.

b) Select and design the appropriate treatnment
system based on an eval uation of the types of oil/water
m xtures that may be encountered at the particular facility.
| f possible, base the evaluation on sanples of typical ball ast
wat er recei pts and tank washi ngs i ncluding the foll ow ng:

(1) Whether they are sinple m xtures, sinple
gravity suspensions, or chem cally stable enul sions.

(2) The specific gravity and viscosity of the oil
in the m xture.

(3) Whether other substances, such as chenicals
or bacteria, in the m xtures nust be renoved.
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(4) The general condition of the ship s tanks
expected to be discharged (e.g., new, clean, coated, well
mai nt ai ned, or dirty and normally full of sludge, scale, and
rust).

(5) Whether ballast water is clean sea water or
pol | uted harbor water.

(6) Whether the treatnment system proposed
(“ship’s waste off-1oad barge” or fixed shore-based
facilities) neets the standards of effluent water quality
establi shed by | ocal environmental regulations.

c) If it is determ ned that both sinple m xtures and
emul si ons are present, consider the possibility of using two
segregat ed separate systens, one for gravity separation and
the other for breaking emul sions. Avoid nixing the two types
of suspensi ons when possible. For bilge water and ot her
contam nated oily wastes which require additional treatnent,
refer to M L-HDBK-1005/9, Industrial and O |y Wast ewat er
Control or for Arnmy and Air Force projects M L-HDBK-1005/17,
Nondonmesti c WAst ewater Control and Treat ment Design.

d) For typical schematic arrangenment of ball ast
wat er treatnent and di sposal systens, refer to NAVFAC P-272.

5.13.1.2 Receiving and Settling Tanks. The m niml ball ast
water receiving facility usually requires two storage tanks,
usual ly of equal capacity, to be used alternately as receiving
and settling tanks. |If these tanks are sized to allow 4 to 5
days undi sturbed settl enent, separation of sinple suspensions
of light oils in water can be achieved. Use wel ded st eel
vertical aboveground storage tanks desi gned and constructed in
accordance with Section 8 of this handbook. |In addition to
conplying with Section 8 of this handbook for construction
appurtenances, provide the following fittings and
appurtenances:

a) An automatic float gauge suitable for use with
transmtting device for renote readout.

b) One cabl e-operated swi ng-line assenbly on the oil
out | et pi pe.

c) One shell fill nozzle.
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d) Val ved sanple connections in the shell, having
nonfreezing-type valves in cold climtes, every 2 feet (0.6 m
vertically, easily accessible fromthe | adder or stairway.

e) VWhen chem cal feed is provided, a chem cal feed
inlet valve, to be nonfreezing type in cold climtes.

f) When air blowing is provided, a perforated pipe
air sparger for mxing. Mke the perforations in the sides of
the pipe to avoid plugging by settling solids. Use
nonfreezing-type air inlet valve(s) in cold climtes.

g) Sight glass or | ook box on oil outlet |ine.
h) Sight glass or | ook box on water outlet |ine.
i) Ol sunmp tank with high-level alarm

j) Water and oil punps as required to nove fl uids
fromreceiving tanks or fromoil sunp tanks. For transfer of
oily water, use |ow speed-type punps to mnimze
enul sification.

k) If heaters are required to reduce oil viscosity
and pronote separation, use either tank wall heaters or
internal pipes. Keep internal pipes at least 2 feet (0.6 m
above the tank fl oor.

) I'nsulation for tanks that will be regularly
heat ed.

m Provide automatic tenperature controls and
thermonmeters for all heated tanks.

5.13.1.3 GO |/ Water Separators. Separate water/fuel m xtures
fromstorage or settling tanks with an APl oil/water
separator. Recycle the fuel portion and pass the water
portion to another treatnent process. Do not discharge water
drawn fromtanks to surface water w thout additional treatnent
and pernmits. Section 2 of this handbook contains design
information for an API oil/water separator

5.14 SLUDGE REMOVAL SYSTEMS
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5.14.1 Design Requirenents. |Install sludge renoval systens
where the accunul ati on of sludge in substantial quantities is
likely to occur on a regular basis. Sources of such sludge
are a ballast water treatnent system a contam nated fuel
recovery system or frequent cleaning of shore or ships’
tanks. If routine cleaning of clean product storage tanks
occurs on an irregul ar basis, sludge renpval systens are not
required.

5.14.2 Sl udge Di sposal

a) Where possible, provide punps, tanks, and piping
to return sludge containing recoverable oil to the
contam nated oil recovery system If this is not possible,
consider transferring the sludge to a refinery or waste oi
treatment facility. For additional details, refer to
M L- HDBK- 1005/ 8 or for Arny projects, Corps TM 5-814-3.

b) Provide a tank or tanks with transfer punp(s) for
punpabl e sl udges that are unreclainmable. |nclude piping for
recei ving sludge and for m xing other | ow viscosity waste oils
for thinning as required. Ensure that tanks are di ke-encl osed
and have cone bottons.

c) Provide tank heating where climte conditions
prove necessary.

d) Coordi nate sludge di sposal nethod and design with
facility environmental office.

e) Encl ose the sludge disposal facility with a
security fence to prevent unauthorized entry. Do not use this
facility for disposal of sand, gravel, rust scale, or other
solid nonpunpable matter found on tank bottoms. For further
di scussi on of disposal methods, refer to NAVFAC MO 230.

5.14.3 Pi ping Materials. Refer to Section 9 of this
handbook.
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Section 6: | NTERTERM NAL AND | NSTALLATI ON PI PELI NES

6.1 | NTRODUCTI ON. This section provi des gui dance for

t he design of pipelines. Mlitary pipelines are typically
either interterm nal pipelines which are cross country and
connect governnent installations, or installation pipelines
whi ch connect POL facilities within an installation. The
primary differences are that interterm nal pipelines cross
public and private properties, streets, highways, railroads,
and utility rights-of-way, whereas installation pipelines do

not. Interterm nal pipelines my be dedicated |ines
connecting two or nore facilities or privately owned comopn
carrier lines serving several comrercial or mlitary shippers.

In sone cases, the shipping facility nmay consist of a
relatively short spur which delivers the fuel to the suction
side of a punping station which is part of the main |ine of a
| arger pipeline system Pipeline receiving and di spensing
facilities are normally part of a bulk fuel storage facility,
whi ch is discussed in Section 3 of this handbook.

6.2 GENERAL REQUI REMENTS. Section 2, General Design

| nf ormati on, contains inportant information on fueling
facilities. Do not start the design of any fueling system
w t hout first becom ng conpletely famliar with Section 2 of
t hi s handbook.

6.3 DESI GN REQUI REMENTS

6.3.1 Fuel Segregation. Clean products, such as diesel
fuel and distillate-type burner fuels, may be shipped in the
sane system wi t hout segregation. Batches are separated by

pi peline balls or pigs. Separate piping systens are required
for residual fuels. For DOD projects, provide a dedicated

pi peline for aviation turbine fuels.

6.3.2 I nterterm nal Regul ations. The U.S. Departnment of
Transportation regul ates the design, construction and
operation of interterm nal pipelines for liquid petroleum
Requi rements are given in 49 CFR Part 195.

6.3.3 Sanmpling. Provide a neans for taking sanples of the
products shi pped.

6. 4 Pl PI NG SYSTEMS. Refer to Section 9 of this
handbook.
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6.4.1 | nterstate Requirenments. Provide piping systemin
accordance with 49 CFR Part 195, as well as any applicable
| ocal or state regulations for environnental protection.

6.5 EQUI PMENT. Equip all pipelines with neters,
strainers, and capability of installing a proving neter.

6.5.1 Meters. Equip pipelines which include one or nore
wat er crossings 200 feet (60 m or nore from bank to bank and
other critical areas with at |east two neters, one on either
side of the crossing(s). Use neters with an accuracy plus or
m nus 0.5 percent for custody transfer and as required by
appl i cabl e codes when used for |eak detection. Technol ogies
other than the two |isted bel ow are acceptabl e when neeting

t he accuracy requirenents.

6.5.1.1 Positive Displacenent. Require flange-connected,
cast steel bodied positive displacenent neters of the desired
pressure and flow rating for the applicable service

requi renments. Ensure that nmeter has tenperature-conpensation
(where there is a custody transfer), adjustable calibration,
regi ster and pre-set capabilities. Ensure meter accessories
are conpatible with either the mechanical or electronic
support equi pnent selected. Consult the appropriate Service
Headquarters for requirenments for the neter to communicate to
a renote | ocation or equipnment.

6.5.1.2 Turbine. Use flange-connected, steel bodied turbine
nmeters of the desired pressure and flow rating for the
appl i cabl e service requirenment. Ensure neter has tenperature-
conpensati on and adjustable calibration. Ensure all
supporting equi pnent for neter is conpatible with the turbine
nmeter selected. Consult the appropriate Service Headquarters
for requirements for the neter to conmunicate to a renote

| ocation or equipnent. Consider the use of a card-operated or
key-operated data acquisition system Cards or keys, as
appropriate, are coded to identify the receiver of the fue
and to allow access to the fuel. The quantities taken are
transmtted to a data-receiving device by electronic pul se
transmtters nmounted on each neter, and each transaction is
automatically recorded.

6.5.2 Manual Val ves. Consider the use of full port valves
on pipelines to all ow pigging.
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6.5.2.1 Locations. Provide valves in product piping systens
to control flow and to permt isolation of equipnent for

mai nt enance or repair. Provide additional valves at required
| ocati ons necessary to conduct a valid hydrostatic test.
Provi de manual |y operated val ves, except where notor operators
are specifically authorized by applicable standard draw ngs or
technical specifications. As a mninmumrequirenent, provide
bl ock valves at the foll owi ng | ocations:

a) On each branch line at the point of connection to
the main product pipeline or header.

b) On the product pipeline or header just before the
line | eaves a punpi ng station.

c) On the inlet and outl et connection of each |ine
strainer, filter/separator, nmeter, automatic valve, and other
equi pnment that requires periodic servicing. One inlet valve
and one outlet valve may be used to isolate nore than one
pi ece of adjacent equi pnent which are connected in series.

d) On the upstream and downstream si de of each l|ine
blind at connections to cross country pipelines.

e) On each main distribution pipeline imediately
downstream of the branch connection to each existing or future
operating storage facility served by the pipeline.

f) At internediate points of approximately 10 m | es
(16 km) in cross country distribution pipelines to facilitate
i solation of a section of the line for maintenance and repair.

g) On each side of water crossing exceeding 100 feet
(30 M in width, and near the shoreline of a subnmerged sea
pi peli ne.

h) Do not use gate valves in fueling systens, except
where pipeline is piggable and absolute shut-off is not
required such as item (d) above.

i) At critical points where pipes cross under
runways, taxiways, and roadways.

j) For |ow-point drains and hi gh-point vents.
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6.5.2.2 Mat erials of Construction. Use carbon steel or
nodul ar iron bodi es and bonnets for all pipeline valves. Do
not furnish nor install cast iron or bronze-bodi ed valves in
i quid petrol eum servi ce.

6.5.2.3 Types

a) Provide ball valves where quick or frequent
opening or closing is required. Require synthetic seals or
seating material of Teflon or viton. Use valves that are
designed so that if synthetic seating material is burned out
in a fire exposure, a netal-to-nmetal seat will remain to
affect closure and conply with APl Std 607. \Where line
pigging is required or if within ten pipe diameters upstream
of flow or pressure control valves or flow sensing devices
such as venturis, use full port ball valves. Valves shoul d
conply with APl Std 608.

b) Use check val ves to prevent backflow through
branch |lines, nmeters, or other |ocations where runback or
reverse flow nust be avoided. Check valves may be of the
swi ng di sk, spring-|oaded poppet, or ball types. Use sw ng
checks of soft-seated non-slamm ng type with renewabl e seats
and di sks. Conform check valves to APl Spec 6D

c) Use | ockable, double-seated, tapered lift plug
valves with an automatic body bl eed between the seats (double
bl ock and bl eed) for separation of product services, when
pi pi ng goes above or bel ow ground, between pier and tank
storage, and other |ocations critical to pressure-testing of
pi ping. Do not use lubricated plug val ves.

6.5.2.4 Valve Operators. Provide manually operated val ves
not specified for renote, automatic, or energency operation.
Use geared operators for gate valves larger than 6 inches (150
mm). Use geared operators for ball and plug val ves | arger
than 6 inches (150 mm. Gate, ball, and plug val ves specified
for renote, automatic, or energency service my have el ectric
not or operators with suitable torque limting controls if
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approved by Service Headquarters. Consider using |ocking tabs
on valves to allow padl ocks to be used to |lock out valves
duri ng mai ntenance.

6.5.3 Hydraulically Operated Di aphragm Control Val ves.

Di aphragm oper at ed gl obe val ves are used extensively in
fueling systens as control valves. These valves consist of a
mai n val ve and a pilot control system The valve is operated
by varying the ampunt of pressure above the diaphragm Since
t he chanber above the di aphragm exposes a greater area of the
di aphragm to chanber pressure than the area of the disc
exposed to line pressure, an equal pressure in the chamber and
pi peline results in a greater force being applied to the top
of the disc. This forces the disc against the seat, thus
closing the valve. By selecting the proper pilot control
system these valves can be used in numerous ways to control
flow, pressure, and level within fueling systens. Use extrene
care when including these valves on pipelines as they can
significantly contribute to surge potential, if closing tinme
is too short. When properly adjusted, they can reduce surges.

6.5.3.1 Open/Close Operation. This is the nost basic
operation of hydraulically operated di aphragm control val ves.
The operation is acconplished by applying pressure above the
di aphragmto close the valve and relieve that pressure to
allow line pressure to open the valve. The pilot trimused to
performthis operation is a three-way val ve which can be
controll ed by a sol enoid, hand, pressure, pressure
differential, or a float.

6.5.3.2 Throttling. This is the other nmain nethod of
controlling the hydraulically operated di aphragm control
valve. In this case, the valve nodul ates to any degree of
opening, in response to changes in the throttling control.
The throttling control reacts to a pressure differential
across the main valve or across an orifice plate to regul ate
the position of the disc in the main valve.

6.5.3.3 Check Valve Function. This is a unique function of

a control valve. |In this case, the main valve outlet pressure
is connected to the diaphragm cover. Therefore, if the
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downstream outl et pressure exceeds the inlet pressure (which
normal Iy holds the val ve open), the valve will close and
prevent backfl ow.

6.5.3.4 Renote Operation. Hydraulically operated di aphragm

control valves can be operated remotely. This is acconplished
by installing tubing fromthe point of pressure sensing to the
val ve or by using renote-controlled solenoids within the trim

6.5.3.5 Materials of Construction. Use stainless steel or

al um num (in non-contained areas) pilots and tubing. Use

bodi es, bonnets, and covers made of al um num stainless steel,
or internally plated (chrom um or nickel) cast steel. Provide
viton or Buna-N di aphragm and disc ring. Enclose electrical
apparatus according to classification of the area in which
they are installed. Provide nmeans to wire seal adjustable
pilots. Do not use alum num valves within a contained area.

6.5.3.6 Applications. For pipeline systems, use
hydraul i cally operated di aphragm control valves in the
foll ow ng applications:

a) Rate of flow control.
b) Pressure reduction.
c) Pressure relief.

d) Excess fl ow shut down.

6.5.3.7 Conbi nations. A conbination of these controls is
al so possible. Typical use of these controls is on a
filter/separator for water slug shutoff and rate of flow
control.

6.5.4 Surge Suppressors. |If used, provide surge
suppressors of the diaphragm or bl adder type; equipped with a
top-nounted liquid-filled pressure gauge, isolation valve,
limted bl eed-back check val ve, and drains; and |ocated as

cl ose as possible to the point of shutoff that is expected to
cause the shock. Provide a check valve at the bottomwth a
weep hole in the clapper. Surge suppressors can reduce shock
pressure but will not elimnate it entirely. The preferred
solution to hydraulic shock is conservative piping design, use
of | oops, and sl ow cl osing val ves.
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6.5.5 Pi ggi ng Equi pnment. Equip all pipelines with outlets
to allow the connection of pig |aunchers and traps. Design
the outlets so that they can accommodate i nternal
nondestructive inspection trains. Provide sufficient
curvature of bends in the pipeline to permt free passage for
such equi pnment. Consider the installation of tees with

i nternal guide bars at branch connecti ons.

6.5.6 Punps. Primary punping facilities are discussed in
Section 3 of this handbook. |If nmultiple punp stations are
required to keep pipeline pressure within safe limts, provide
t hem at appropriate |ocations. Section 3 also provides

gui dance for those punping facilities.

6.5.7 Sampl i ng Connections. Provide connections for
sanpling fuels on each section of a fuel transfer piping
system Install sanpling and testing connections at receiving

poi nts, tank outlets, inlet and outlet sides of
filter/separators and fuel nonitors, fuel dispensing points,
and between bl ock val ves so that remaining fuel in each
portion of a fuel transfer pipeline can be sanpled. \Where
possi bl e, install sanpling connections in vertical runs.
Provide a 1/4-inch (6 nm diameter sanple point with a probe,
bal | val ve, and qui ck di sconnect wth dust cap.

6.6 SPECI AL CALCULATI ONS. Cal cul ate pi peline
filling/venting times and draining/stripping tines. The

| arger and the longer the pipeline, the greater the vol ume of
fuel required to fill the line and, therefore, the greater the
volune of air required to be vented. Undersized vent |ines
will delay filling the lines and del ay changeover of products
in multiproduct lines. Size vent lines to allow filling of
the line at not nmore than four tinmes the design transit tine
of the Iine. Connect vent line to the drain line to avoid
spills to the environnent. Check vent line air velocity,

whi ch must not exceed the allowable air velocity to avoid

el ectrostatic buildup, in accordance with APl RP 2003. Vent
rate nmust be not | ess than the | owest all owabl e punping rate
from ship or shore. Vent rate nust be |l ess than the design

transit velocity to mnim ze hydraulic shock.
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Section 7: GROUND VEHI CLE FUELI NG FACI LI TI ES

7.1 | NTRODUCTI ON. This section provi des gui dance for

t he design of ground-based vehicle fueling facilities. Only
governnment vehicle filling stations are included. Private
vehicle filling stations, such as exchange service stations,
are not incl uded.

7.1.1 Types of Facilities. The followi ng three types of
filling stations may be required (see Facility Plate Nos. 011
t hrough 013):

a) Afacility for dispensing gasoline and diesel
into comercial type sedans, vans, and small trucks.

b) Afacility for dispensing gasoline and diesel
into tactical vehicles.

c) Afacility for dispensing gasoline and diesel
into tactical refueler vehicles.

7.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformati on, contains inmportant information on fueling
facilities. Do not start design of any fueling system w thout
first becom ng conpletely famliar with Section 2 of this
handbook.

7.3 DESI GN REQUI REMENTS

7.3.1 Fuel Segregation. Provide separate storage and

di spensing facilities for each grade or type of fuel to be

di spensed. In the CONUS, use APl color coding. |In non-CONUS
facilities, use host nation standard if it is different than
APl. Use APl if no other standard is in effect.

7.3.2 Facility Size. In each filling station, provide one
commerci al -type di spensing unit which displays volune only for
each 100 vehicles assigned to the activity. The total anpunt
of storage capacity in each station should be approxi mtely
twice the capacity of all vehicle fuel tanks, by grade or type
of fuel, assigned to the activity. M ninmum storage capacity
for any grade or type of fuel is 5,000 gallons (19 000 L)

unl ess approved by Service Headquarters.
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7.3.3 Facility Configurations. 1In general, for control

and safety, separate the three types of filling stations. For
a relatively small installation or one on which there is a
limted amount of activity expected at one tine, it may not be
practical to provide totally separate facilities. |In those
cases, separate the functions as nmuch as possible to m nim ze
m xing traffic of comrercial-type vehicles fromtactica
vehi cl es and, nore inportantly, from m xing refuel ers which
are being loaded with relatively |large quantities of fuel from
ot her vehicles which are being fueled for their own engine.

7.3. 4 Shelters. For staffed facilities, provide a shelter
for personnel, records, and tools.

7.3.5 Regul ations. Design nust conply with NFPA 30, NFPA
30A, and API RP 1615.

7.3.6 Bottom Loadi ng. The bottom | oadi ng of refuelers is
required if the refuelers are equipped for it. However, there
are refuelers which are not equi pped for bottom | oadi ng and
which will be in inventory for several years. Therefore,
consult Service Headquarters to determine if tactical refueler
fill stands should be designed for top |oading, bottom

| oadi ng, or both.

7.4 STORAGE TANKS. Section 8, Atnospheric Storage
Tanks, contains information on aboveground and under ground
storage tanks. For filling station facilities underground,

hori zontal tanks are preferred. However, if |ocal
envi ronnental requirenments or other mtigating circunstances
preclude them aboveground tanks are all owed.

7.5 Pl PI NG SYSTEMS. Refer to Section 9 of this
handbook.

7.6 EQUI PMENT DESCRI PTI ONS

7.6.1 Consunptive Use Filling Stations

7.6.1.1 Fuel Dispensers. Use a comrercially avail able
di spenser with a self-contained electric notor and punping
unit or a renote punping type where the punp and notor are

| ocated in the storage tank. If an in-tank type of punp is
used, ensure that it is equipped with a reduced start vol une
as a |leak check. Provide a neter for each dispenser. Flow
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rates for passenger vehicles are 10 gpm (0.6 L/s). Flow rates
for trucks and buses are approximtely 25 gpm (1.6 L/Ss).
Di spensing systemw || include managenent control system

printers, conputers, and m croprocessors. Equip fuel
di spensers with an inline filtration system capabl e of
sedi ment renoval to 10 ng/L or |ess.

7.6.1.2 Card and Key Locks. Consider the possible econonc
and operational advantages of using an electronic card or key
system which permts 24-hour unmanned operation of the
facility. These types of systens are conprised of a card/key
reader which is |ocated near the service punp. The reader is
activated by a card or key and accunul ates i ssues and custoner
data which is downl oaded to a central conputer on a periodic
basis. Activities with capitalized fuel, that is petrol eum
product owned by DLA/ DFSC, are eligible for projects to
install automated card/key | ock systenms. Activities with
capitalized fuel report inventories of these products to DFSC
t hrough a systemcalled FAS. Automated systens to control
capitalized inventories nust be able to interface with the
FAS. These types of automated systens are managed under the
AFSS program by DFSC. It should be noted that AFSS equi pnent
is used to control issues of product and is not an autonmated
tank gaugi ng system Further information on AFSS systenms and
fundi ng prograns may be obtained by contacting DFSC-FE.

7.6.2 Tactical Refueler Fill Stands. Equip simlar to
truck loading facilities covered in Section 3 of this handbook
except provide a grounding reel in lieu of the high-I|evel
shut of f/ ground detecting system Verify the type of nozzle
requi red by the user.

7.7 DRAI NAGE. Surround fueling islands with a concrete
slab graded at a m ninmum of 1 percent towards a drai nage inlet
connected to a containment or treatnent facility. Provide
contai nnent and drai nage for tactical refuelers at the sane

| evel of protection as in Section 4 of this handbook for

avi ation refuel er | oading.

7.8 VAPOR RECOVERY. Provide vapor recovery in
accordance with guide specifications unless there are nore
stringent local, state, or federal codes or regul ations. Some
requi renments are in 40 CFR 60 Subpart XX. If gasoline is
bei ng handl ed, provide, as a mninmum Stage | vapor recovery
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and the piping for Stage Il. |If Stage Il is not required at
time of installation, cap the vapor return pipe at the
di spenser.
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Section 8  ATMOSPHERI C STORAGE TANKS

8.1 | NTRODUCTI ON. This section provi des gui dance for

t he design of bulk storage tanks, Ready-lssue (operating)
storage tanks, ground vehicle fueling tanks, m scell aneous use
tanks, contam nated fuel storage tanks, and jet engine test
cell fuel storage tanks. Design guidance on issues related to
st orage tanks such as protection, |ocation, coatings, product
recovery, and dikes are also covered in this section. Ball ast
wat er storage tanks are covered in Section 5 and pressurized
tanks for storage of LPG are covered in Section 10 of this
handbook.

8.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformati on, contains inportant information on fueling
facilities. Do not start design of any fueling system w thout
first becom ng conpletely famliar with Section 2 of this
handbook.

8.3 GENERAL CRITERIA. Design liquid fuel storage tanks
to comply with the operational requirenments of the particul ar
conmand having jurisdiction of the facility. Ensure that the
design is appropriate for the mssion of the facility.

Consi der the operational requirenents of the users of the
fuel .

8.3.1 Protection. Provide protection to preserve product
gquality and ensure mnimal |osses by evaporation, dilution,

| eakage, substitution, theft, contam nation, attack, sabotage,
fire, and damage to the environnent. Use aboveground st eel
tanks unless the mssion of the facility or other practical
consi derations dictate that underground tanks be used. Cut
and cover (buried vertical) tanks are not normally used in the
CONUS. Cut and cover tanks nmay be required if the dispensing
systemis |ocated in clear zones or explosive cordon area.
Conduct econom c, operational, and nmechani cal anal yses of
renotely locating the punphouse/system fromthe hydrant system
versus constructing cut and cover tanks.

8.3.2 Desi gn Requirenents. Fuel storage facilities
provi de an operating and reserve supply of fuel. The types
and sizes of storage tanks depend on safety, econom cs,
terrorist activity, locality, and intended service. Provide
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separate storage for each type and grade of fuel. For
aviation activities, provide a mninmumof two tanks for each
type of fuel

8.3.3 Storage Capacity. The capacity or size of each fuel
storage tank is based upon the |ogistical requirenents for the
facility and any other facility to be supported fromit. For

a stated vol une of each fuel, fewer tanks of larger size wl
result in maxi num econony. The appropriate Service
Headquarters with DFSC/ DLA approval will determ ne the nunber
and size of tanks required. Rule of thunmb gui dance for
operating storage and bul k storage capacity is available in
Navy P-80. Provide a m ninmum of two tanks at aviation
activities for each type of aviation turbine fuel to receive
and isolate new receipts until tested and checked for quality
and quantity while the facility continues to function with

stocks on hand. 1In general, capacities of individual tanks
shoul d not exceed 50 percent of the total storage vol une
required for each type and grade of fuel. Do not provide

tanks with capacities greater than 100,000 barrels (16 000 n?)
except when | arger tanks are specifically authorized by
Servi ce Headquarters.

8.3.4 Tank Spaci ng

8.3.4.1 Vertical Tanks. Provide a m ninmum di stance between
the shells of vertical tanks, both aboveground and
under ground, of not |ess than one diameter of the |arger tank.

8.3.4.2 Horizontal Tanks. Provide a m ninum clearance

bet ween shells of adjacent horizontal underground tanks of 3
feet (0.9 m. Provide a m ninmum cl earance between aboveground
hori zontal tanks with capacities 40,000 gallons (151 400 L) or
under as foll ows:

a) Arrange tanks in pairs with a mninmum of 5 feet
(1.5 m between tanks in each pair and 10 feet (3 m between
adj acent tanks of two pairs in the sanme row.

b) Space adjacent groups of nore than two pairs in a
single rowwith at |east 20 feet (6 nm) between the nearest
tanks of the groups.

c) Provide a m ninmum end-to-end spaci ng between
tanks in |ongitudinal rows of 20 feet (6 m.
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8.3.4.3 Aboveground Concrete-Encased Tanks. Provided the
concrete encasenment neets or exceeds the definition of fire-
resistant or vaulted tanks as stated in NFPA 30A, use the
spacing criteria for aboveground horizontal tanks and reduce
by 50 percent.

8.3.5 Di stance From Buil di ngs and Property Lines. Locate
tanks a sufficient distance from buil dings and property |lines
to prevent the ignition of vapors fromthe tank and to protect
bui | di ngs and their occupants or contents from danmage by a
tank fire. Assunme that the maxi numinternal pressure in a
fire exposure will not exceed 2.5 psig (17 kPa). As a

m nimum conply with requirenents of the foll owi ng paragraphs.

8.3.5.1 Underground Tanks. Locate underground tanks with
respect to buildings or simlar structures so that the soi
pressure created by the building foundations wll not be
transmtted to the tank. Punping facilities which are often
| ocated directly above underground tanks are excepted. Locate
hori zontal cylindrical tanks not over 12 feet (3.7 m in

di ameter and not less than 10 feet (3 m fromthe nearest
poi nt of an adjacent building or property |line except punping
facilities. Locate vertical underground tanks at |east 25
feet (7.6 m fromthe nearest point of an adjacent buil ding
and 50 feet (15 m fromthe nearest property |line except
punping facilities.

8.3.5.2 Aboveground Tanks. Locate aboveground tanks with
consideration of fire safety. The first consideration is to
prevent the ignition of vapors fromthe tank, and the second
consideration is to protect the building and its occupants or
contents from damage by a tank fire. As a protective neasure,
provide all aboveground tanks with some form of enmergency
relief venting for fire exposure in accordance with NFPA 30.
In the followng, it is assuned that all tanks are constructed
or equi pped so that the maximuminternal pressure in a fire
exposure wll not exceed 2.5 psi (17 kPa). Recommended

m ni mum di st ances for aboveground tanks from buil di ngs and
property lines are as foll ows:

a) Tanks, all sizes and types, containing petroleum

fuels with a flash point |ess than 100 °F (38 °C) - 100 feet
(30 m or one tank dianeter, whichever is greater.
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b) Tanks containing petroleumfuels with a flash
point of 100 °F (38 °C) or greater in accordance with the
foll ow ng:

M ni mum Di st ance from
Property Line or

Tank Capacity Near est Buil di ng
gal l ons (L) Feet (m

275 or less (1040 or |ess) 5 (1.5)

276 to 750 (1041 to 2800) 10 (3.0)

751 to 12,000 (2801 to 45 400) 15 (4.5)

12,001 to 30,000 (45 401 to 20 (6.0)

113 500)

30,001 to 50,000 (113 501 to 60 (18)

189 000)

50,001 to nore (189 001 or 100 (30)

nor e)
8.3.6 Di stance From Roadway, Railroads, and Power Lines.
M ni mum di stances of storage tanks from adjacent roadways,
rai l ways, railroads, and electric power |lines are as foll ows:

8.3.6.1 Underground Tanks

a) A mninmmof 25 feet (7.6 m fromregularly
travel ed roads and hi ghways, not including tank farmutility
and fire access roads.

b) 25 feet (7.6 m fromrailroad spur tracks not
used for through traffic.

c) 100 feet (30 m frommain railroad tracks
carrying through traffic.

d) 50 feet (15 m fromelectric power transm ssion
and distribution wres.

8.3.6.2 Aboveground Tanks
a) The greater of 100 feet (30 m or one tank

di ameter fromregularly travel ed roads and hi ghways, not
including tank farmutility and fire access roads.
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b) 50 feet (15 m fromrailroad spur tracks not used
for through traffic.

c) 200 feet (60 m frommain railroad tracks
carrying through traffic.

d) 50 feet (15 m fromelectric power transm ssion
and distribution wres.

8.3.7 Interior Coatings. To extend the life of steel
st orage tanks, coat new tanks according to the follow ng
gui del i nes.

a) Vertical tanks

(1) Aviation, diesel fuel marine (DFM,
additive, and |lube oil tank interiors should be 100 percent
coated, including floor, shell, and underside of the roof.

(2) Other products coat the floor, the underside
of the roof, and bottom 40 inches (1000 nm of the tank shell
Addi ti onal coating of up to 100 percent requires econonic
justification and Servi ce Headquarters approval .

b) Coat all carbon steel piping, interior and
exterior (inside of tank) and steel appurtenances inside all
t anks.

c) Horizontal tanks coat the bottom 20 inches

(500 mMm of the tank shell. For aviation tanks coat 100
percent.
8.3.8 Exterior Coatings

a) Protect the exterior surface of all aboveground
steel tanks by coating in accordance with appropriate Service
Headquarters requi rements.

b) Protect the exterior surfaces of all underground

hori zontal steel tanks with a factory-applied coating
specified in the appropriate gui de specifications.
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c) For concrete-encased tanks, with exterior steel
cont ai nment, consider exterior fiberglass cladding for
extremely corrosive atnospheres or seaside |ocations.

8.3.9 Fill Piping. Size the pipe so that the velocity
does not exceed 12 feet (3.7 m per second at maxi num fl ow
rate. Provide a neans for reducing the velocity of flowto 3
feet (0.9 m per second until the filling inlet nozzle is
conpl etely submerged and/or the floating pan has |lifted off
its legs. This may be done by a properly sized diffuser
within the tank.

8.3.10 Vapor Em ssion Control Systens. Provide a vapor

em ssion control system for tanks that store products having a
true vapor pressure of 0.75 psia (5 kPa) or nore and | ocat ed
in air pollution control areas in which the di scharge of
petrol eum vapors is controlled or prohibited. Ensure that the
system has sufficient capacity to control the vapor discharged

fromthe tank vents at maximum filling rate in confornmance
with local air quality regulations. At a mninum provide
Stage | with piping for Stage Il for all horizontal tanks
storing gasoline. |If required by |ocal or state regul ations,
provide a conplete Stage Il system |If not required at tine
of construction, connect the Stage Il piping to the tank and

cap it at the dispenser.

8.3.11 Strappi ng Tables. Provide API MPMS 2 certified
strapping tables for all tanks. Use 1/8-inch (2 mm
increments reading in gallons (litres). Provide electronic
media data files. Determ ne strapping table volunes using
physi cal nmeasurenments, not cal cul ated val ues.

8.3.12 Product Recovery Systems. Provide punps, piping,

val ves, and tanks to collect and store usable aviation turbine
fuel which would otherw se becone waste from operational or

mai nt enance activities. Include a tank(s) to collect

fuel /water m xtures fromtank and equi pnment sunps, equipnment
drai ns, product saver tanks, high point vents, |ow point
drains, and any other equi pnent from which fuel/water m xtures
can be collected. Separate the fuel and water portions.

Filter the fuel portion and return to bul k storage tanks. Do
not di scharge the water portion to surface water without
additional treatnment and permts or treat the water portion as
wast ewater. Refer to Section 2 of this handbook for

i nformation on handling of wastewater. Refer to Standard
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Design AW 78-24-28. These systens are standard with the
hydrant and aircraft direct fueling systens. |In addition to
the product recovery tank(s) for the facility, provide a
product saver tank with electric punp for each verti cal
storage tank storing aviation turbine fuel. A product saver
tank is a small (less than 100 gallons (380 L)) aboveground

t ank pi ped and valved to allow drawi ng water from the bottom
of the storage tank and returning the product after the water
has separated and been sent to the product recovery tank.

8.3.13 Regi stration. Register all tanks with the
appropriate state and | ocal agencies as required.

8.4 ABOVEGROUND HORI ZONTAL STORAGE TANKS

8.4.1 General Design Considerations. |If small factory-
built aboveground storage tanks are required, use horizontal
tanks. Limt tank diameter to 12 feet (3.7 m or |less and
capacity to less than 1,200 barrels (191 n?). Require tank to
be of wel ded steel construction in accordance with UL 142.
Steel tanks with steel outer wall containnment are permtted if
installed in conformance with NFPA 30 and | ocal/state
regul ati ons.

8.4.2 I nstall ati on

a) Install the tank so that the bottom sl opes
downward toward one end at a slope of 1 percent. Locate
transfer punps or suction piping at the I ow end of the tank.

b) Provide protective bollards for tanks not
surrounded by a dike.

c) Provide sunps, drain |lines, and water drawoff
lines in each tank. For aviation fueling systenms, arrange
pi ping so that the fuel in the tanks nmay be recircul ated
t hrough the filter/separators.

d) Provide steel tanks with steel saddles or skids
in accordance with UL 142. Limt the height of steel skids or
saddles to 12 inches (300 mm in height to avoid the need for
fireproofing. Munt steel supports on a reinforced concrete
f oundat i on.
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8.5 ABOVEGROUND SECONDARY CONTAI NMENT ( VAULTED) TANKS

8.5.1 General Design Considerations. Wen snal

aboveground storage tanks are required (250 to 12,000 gallon
(900 to 45 000 L) capacity) and there are clearance or fire
exposure problens and the additional cost can be justified,
consi der the use of concrete-encased storage tanks. The nmain
advant ages of vaulted tanks over the single wall steel tanks
are that a separate dike (containnment) may not be required and
the vault system provi des an added nmeasure of fire protection.
NFPA 30 and 30A have specific criteria for omtting di kes when
using this type of tank. AlIl of the criteria in the NFPA
regul ati ons for the appropriate application nmust be net before
this type of tank is used without a dike. Additional benefits
i nclude added protection fromballistic and vehicul ar i npact
and reduced evaporation of volatile fuels in warm cli nates.
Require tanks to be factory-constructed with a UL 142 wel ded
steel primary tank, generally |ow profile and rectangular in
design. Tanks may be used in applications where, in addition
to the above considerations, construction of a separate dike
for secondary contai nnment purposes would have a negative

i mpact on operations and/or aesthetics. Tanks |ocated cl ose
to buildings or with integral fuel dispensers nust be UL-

i sted secondary contai nnent tanks, utilizing steel inner and
outer tanks that can provide interstitial containment which is
both pressure testable and verifiable. Such tanks usually
have a fill of regular or insulating concrete. Ensure the
two-hour fire rating neets or exceeds all requirenments of NFPA
30A for “fire resistance” tanks, nmeets the requirenents of

| CBO UFC Articles 52 and 79, and provides a m ni num 2- hour
fire rating in accordance with | CBO UFC, Appendi x Standard A-
I1-F and UL 2085.

8.5.2 Install ati on

a) For flammable liquid installations, require
addi ti onal curbing containnment based on tank filling rates if
there is a chance of a fuel spill entering a critical area.

b) For applications not requiring secondary
cont ai nnent, such as residential heating oil tanks where
aesthetics may be the prinme concern, consider concrete
encased, exposed aggregate, vault tanks with a UL 2085
secondary contai nment protected rating w thout the outer steel
| acket.
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c) For aviation turbine fuel applications, require a
primary tank of stainless steel construction.

d) For applications other than aviation turbine fuel
(500 gallons (2000 L) and above), coat the floor and | ower 20
inches (500 mm) of carbon steel tanks with a service-approved
coating. A primary tank of stainless steel can be allowed as
an option to coated steel for all applications where
econom cally justified.

e) Require a reinforced concrete slab foundati on and
sl ope tank to the water draw off.

f) Require support channels wth anchor holes for
eart hquake/ hurricane restraint tie down.

g) Require steel to be a m ninmumthickness of 3/16-
inch (5 mm for the interior carbon steel tank.

h) Require protective bollards in traffic areas.

i) Require the tank to be pressure-tested after
installation.

8.6 ABOVEGROUND VERTI CAL STORAGE TANKS

8.6.1 General Design Considerations. Provide cylindrical
single-wall steel aboveground vertical storage tanks neeting
one of the following criteria (as approved by Service
Headquarters):

a) Factory-fabricated tanks conplying with UL 142
criteria. The dianmeter of the tanks is limted by
transportation restrictions. Although these tanks are
fabricated in sizes up to 1,200 barrels (191 n?), they becone
quite tall due to the dianmeter limtation. G ve specia
consi deration to height/dianeter ratio to ensure tank
stability.

b) Field-erected tanks not requiring an internal pan
follow API Std 650 configured as required by this handbook
Prohibit the use of exterior wind girders, unless required to
neet abnormal | ocal conditions.
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c) Field-erected tanks requiring an internal pan
conply with Standard Design AW 78-24-27. The standard design
i ncl udes tanks ranging in capacity from 2,500 barrels (400 nt)
t hr ough 50, 000 barrels (8000 nt) with internal pan and
requires site-adapting by the design team For tanks | arger
t han 50, 000 barrels (8000 n?), use the nulticolum APl 650
design. Prohibit the use of exterior wind girders, unless
required to neet abnormal |ocal conditions.

8.6.2 Tank Roofs. For tanks with internal floating pans,
design the roofs in conformance with Standard Desi gn AW
78-24-27, which uses truss-supported cone roofs to elimnate
colums in tanks | ess than 50,000 barrels (8000 n?). For

tanks | arger than 50,000 barrels (8000 n?), use an
intermediate nulticolum (steel pipe as colums) roof support
desi gn.

8.6.3 I nternal Floating Pans. Provide a honeyconb cell
floating pan constructed of honeyconb al um num for al
aboveground vertical storage tanks storing Class | liquids or
Class Il mssion critical fuels (e.g., JP-4, JP-5, JP-8, and
di esel fuels used for shipboard readiness) or fuels with a
true vapor pressure of 0.75 psig (5 kPa) or higher at
operating tenperature. Class | and Class Il are as defined by
NFPA 30. In the handbook, the term®“internal floating pan”
wll be used to identify the specific type described herein.
It is acknow edged that in APl Std 650 and NFPA 11, “interna
floating roof” is used in a broader sense.

a) Provide a seal between the internal floating pan
and the tank shell. The primary and secondary seals should be
a flexible w per squeegee sealing device. This device should
be attached in such a manner that they nmay be repl aced
manual ly fromthe top of the pan. The seals should be vapor
mount ed, function above the liquid |evel and be free draining
wi thout trapping liquid. Provide seals around all stationary
devi ces which penetrate the internal floating pan. The type
of seal should not damage the tank shell coating. Ensure the
seal tightness conplies with API 650 Appendi x H, 40 CFR
Subpart 60Kb, and State and | ocal regul ations, whichever is
more stringent. The seal should be designed to accommmopdate
plus or mnus 4 inches (100 nm of |ocal deviation between the
floating pan and tank shell.
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b) For cone roof tanks with floating pans, provide
roof vent/inspection hatches in the fixed roof and overfl ow
port/vents near the top of the shell near a device(s) in the
floating pan which is (are) sized by the manufacturer to
evacuate air and gases from underneath the pan when the pan is
on its supports during filling operations.

c) Provide groundi ng bonds between the floating pan
and shell as follows:

(1) Two lengths of bare, 3/16-inch (5 nmm
di ameter, stranded, extra-flexible, stainless steel wire rope,
each extending fromthe top of the floating pan to the
undersi de of the fixed roof.

(2) Attach two of the wires near the tank
peri phery, 180 degrees apart. Attach the third wire to the
fl oating pan manhol e cover.

(3) Securely connect the wires to the pan and
extend vertically to the tank roof. Ensure wires are
accessi ble for inspection.

(4) Ensure wires are |ong enough to accommpdate
the full travel of the pan. Locate wires to mss all interior
t ank appurtenances and structure.

d) Provide antirotation cable in accordance with
St andard Design AW 78-24-27.

e) For cone roof tanks with floating pans, provide
gauge and sanpling hatches as described for cone roof, except
t hat on each hatch provide a gauge well which penetrates the
floating roof through seal ed openings and is arranged so that
gaugi ng and sanpling can be acconplished fromthe top of the
tank. Provide a separate well for ATG extending through the
floating pan having the sanme datum plane as the manual gauge

well. Provide full length slotted stilling well with internal
floating seal and hand operated lifting wi nch. Construct
stilling wells of alum num or stainless steel for tanks

storing aviation turbine fuels.

f) Provide a 36-inch (900 mm di aneter covered
manhol e in the floating pan.
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8.6.4 Tank Bottons. Slope the tank bottons downward from
the shell toward a sunp at the center. A slope of 5 percent
is required for positive drainage and self-cleaning action for
tanks storing aviation turbine fuels. After the tank
hydrostatic test, test the tank bottom by a helium| eak
detection identification nmethod in accordance with the Air
Force standard design prior to tank coating. Conduct al

tests recomrended by APl Std 650.

8.6.5 Foundations. Design tank foundations on the basis
of a soils exploration programincluding prelimnary
exploration as a mni num and detail ed exploration and testing,
if existing soil data is not available and/or inadequate.
Refer to NAVFAC DM 7.01 and Arny Corps of Engi neers AEI

Anal yze the results of the exploration programto determ ne

t he nost practical and econom cal design to provide a stable
foundation for the tank. See Facility Plate No. 014. As a

m ni mum use the following criteria for all tank designs:

a) Prevent external corrosion of tank bottons by
| ocating the tanks well above the general tank field grade,
provi de adequate tank field drainage away fromthe tank, and
construct the foundation pad of clean, free-draining granul ar
material. If sand is used, ensure a mninmm el ectrical
conductivity of 50,000 ohmcm Foundation material should be
neutral or alkaline with a pH greater than 6.5, a chloride
concentration |l ess than 300 ppm and a sulfate concentration
|l ess than 1,000 ppm as specified by API RP 651. The sand nay
be washed and the pH may be raised to neet the requirenents.
| ncl ude cathodic protection to prevent external corrosion of
the tank bottoms. Do not use oil in the sand under the tank,
unl ess | ocal and state regulations concur with its use. Do not
use dredge material or beach sand.

b) Provi de good drai nage under the tank.

c) Provide a reinforced concrete ringwall foundation
and secondary containnment. Locate the tank bottom a m ni num
of 12 inches (300 nm above the di ke basin.

d) Cover the area beneath the tanks with a dike
fuel -inpernmeable liner conplying with Standard Design AW
78-24-27 and neeting local and state requirenments. |Install
all liners according to the manufacturer's requirenents.
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e) Over the liner, provide a m nimum of 6 inches
(150 mm) of conpacted clean sand or simlar material as
descri bed above. Securely attach and seal the liner to the
inside of the concrete foundation ring wall beneath the tank
shel | .

f) Install pipe or pipes through the concrete
foundation ring wall as a telltale for tank bottom | eaks.
These pipes will also permt water beneath the tank to escape
by gravity. In addition, provide a |l eak detection system for
the tank bottom

g) Perform subsurface investigation in sufficient
detail to determne if any conpressible, weak, organic, or
ot herwi se objectionable soils exist within a distance of two
tank di aneters bel ow ground surface.

h) Estimate the magni tudes and rates of settlenent
(uniform differential, and seism c induced) as part of the
design. Provide adequate flexibility in piping,
appurtenances, and other systens to accommpdate antici pated
settlenments. Acconplish flexibility by using pipe offsets or
ball joints. Do not use corrugated or bellows type expansion
conpensators. Do not exceed differential settlenment val ues
gi ven in NAVFAC DM 7. 01.

i) Where objectionable materials exist or magnitudes
of anticipated settlenent are sufficient to cause damage or
unacceptabl e distortion, consider subsurface inprovenent.
Potenti al inprovenent techniques may include renoval of
obj ectionable materi als and repl acenent with cl ean conpacted
granular fill, preloading or surcharging in conjunction with
drai nage w cks, deep dynam c conpaction, vibroconpaction,
stone col ums, conpaction grouting, or simlar techniques.

j) Where justified by subsurface conditions and
econom cs, consider using deep foundations such as driven
piling or drilled shafts. Design foundation in accordance
wi t h NAVFAC DM 7. 02.

8.7 UNDERGROUND HORI ZONTAL STORAGE TANKS
8.7.1 General Design Considerations. Where underground

storage tanks of 1,200 barrels (191 n?) or |ess capacity are
required, use factory-built horizontal cylindrical doubl e-wall
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tanks (wel ded steel or fiberglass reinforced plastic (FRP)).
Ensure that contract requires the design and installation in
accordance with 40 CFR 280 or any nore stringent state or

|l ocal criteria. Require separation of exterior tank walls from
the interior walls with standoffs, thus creating an open

space, or interstitial, for nonitoring of leaks. This is
called a Type Il tank. Do not exceed 12 feet (3.7 m in

di ameter for tanks. Limt tank length to six times the
diameter. Ensure that factory-fabricated tanks conmply with UL
58 criteria.

8.7.2 I nstall ati on

a) Install tanks in accordance with NFPA 30 and al so
in strict accordance with the manufacturer's install ation
i nstructions.

b) Install the tank so that the bottom sl opes
downward toward one end at a slope of 1 percent. Locate
transfer punmps and suction piping at the | ow end of the tank.

c) Provide straps and anchors designed to prevent
flotation of tanks located in areas wi th high groundwater
| evel s or subject to flooding. Provide electrical isolation
strips between hol d-down straps and netal tanks. Anchors may
be a concrete anchor slab under the tank or concrete deadnen.

d) Place tanks on a uniform bed of honpbgeneous
granular material at least 6 inches (150 mm thick for steel
tanks and 12 inches (300 nm thick for fiberglass tanks. |If a
concrete anchor slab is used, place a mninmum of 12 inches
(300 mm) of beddi ng between the tank and the concrete anchor
slab. Do not use bl ocks, chocks, or rocks.

e) Ensure that tank is installed by state-certified
contractor if state has a certification program

8.8 UNDERGROUND VERTI CAL STORAGE TANKS. Cut and cover.
8.8.1 CGeneral Design Considerations. Underground verti cal
storage tanks are steel-lined reinforced concrete with an

interstitial space and | eak nonitoring capability. These
tanks may be conpletely buried, surface-constructed and then
covered with enmbanknment, or any variation in between;
cont ai nnent nust be provided for the volune of the tank above
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the ground level. They are only required in high threat areas
within the explosive cordon area or clear zone, Europe, and
the Pacific Region. They are not intended for use in the
CONUS. Design underground vertical steel storage tanks in
accordance with M L-HDBK-1002/3, except as nodified herein.
These standards include tank sizes of 10,000 through 100, 000
barrels (1600 nt through 16 000 n?) capacity. |In general, do
not exceed 100, 000 barrels (16 000 nt) capacity. Alternative
desi gns using prefabricated/ pre-stressed tank sections nust be
approved by the appropriate Service Headquarters. For

Eur opean/ NATO, Pacific Air Force (PACAF), and CONUS projects,
use the USAFE/ NATO standard design, except use doubl e wall
design w thout fiberglass |iner. Review host nation

requi rements to determne if deviations are required. \Where
circunstances, such as hillside installation, would permt
gravity flow fromthe underground tank to the point of

di scharge, provide a gravity discharge connection. This
option requires approval fromthe appropriate Service
Headquarters and nust include adequate neans for stopping flow
in emergency conditions such as fire, power failure,

eart hquakes, etc.

8.9 APPURTENANCES. Tabl e 2 describes appurtenances for
at nospheric storage tanks and identifies the type of tank to
whi ch they should be nounted. The foll owi ng abbreviations are
used:

V-A = Vertical Aboveground Storage Tank

H-A = Horizontal Aboveground Storage Tank

H-U = Horizontal Underground Storage Tank

C-E = Aboveground Concrete Encased Storage Tank
V-U = Vertical Underground Storage Tank

Full seal weld all tank attachnments to prevent
noi sture/water from corroding the tank shell and attachnents.

8.10 HEATERS

8.10.1 General Design Considerations. Provide tank heaters
and controls for tanks intended for storage of high viscosity
products, such as |ube oils, or burner fuels No. 4, No. 5, and
No. 6, in climtes where the anmbient tank tenperature would be
| ess than 20 degrees F (11 degrees C) above the fuel’s pour
poi nt tenperature. Heat heavy burner fuel oils and |ube oils
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to a tenperature of 20 degrees F (11 degrees C) above the
fuel’s pour point prior to punping. Use one of the types of
heaters |isted bel ow.

8.10.2 Heating Medium Use the appropriate heating nedi um
for the particular application based on tenperature, pressure,
and availability. Saturated steamis the preferred heating
medi um but consider using hot oil, hot water, and electric
heati ng where steamis not available from existing sources.

8.10.3 Convecti on-Type. Use convection-type heaters
installed inside a storage tank and capabl e of passing through
a 36-inch (900 mm dianmeter manhole with a capacity to raise
the tenperature of a full tank of burner fuel oil

approxi mately 60 degrees F (33 degrees C) in 24 hours. The
appropriate Service Headquarters and/ or DLA/ DFSC wi | |
determne if the capacity of the heater could be reduced if it
is not necessary to heat a full tank of fuel within 24 hours.

8.10.4 I n-Li ne Type. In-line heaters consist of two
general types: tank suction and straight tube. AlIl in-line
heaters are of the shell and tube construction. A tank
suction or suction in-line heater is installed inside the tank
on the tank issue line. The fuel oil enters the exchanger at
the end within the tank and exits at the opposite end outside
of the tank. The steam or other heating nediumenters and
exits the exchanger at the end outside of the tank. A
straight tube or pipe in-line heater is installed directly
into the pipeline. The fuel oil enters the exchanger at one
end and exits fromthe other. The entry and exit points for
the steam side can vary. The following criteria applies to
in-line heaters:

a) Capabl e of heating fuel oil passing through them
fromthe anbient tank tenperature to a m ni mum of 20 degrees F
(11 degrees C) above the fuel oil’s pour point tenperature at
required flow rate.

b) If installed in tanks, allow renoval of heater
t ube bundl es wi thout enptying the tank.

c) If multipass in-line heaters are used, do not

allow the oil tenperature rise to exceed 30 degrees F
(17 degrees C) per pass.
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d) Use carbon steel shells designed for a m ninmum
175 psig (1210 kPa) cold working pressure on both steam and
oi | sides.

e) Do not exceed 0.2 psig (1.4 kPa) for the pressure
drop on the oil side of punp suction |line nor exceed 10 psig
(70 kPa) of pressure drop for heaters installed on punp
di schar ge.

8.10.5 | nsul ati on and Tracing. |In cases where fuels are
heat ed, exan ne the possi ble econom c incentives for
i nsul ati ng heated storage vessels and piping. |n many cases,

pi ping carrying heated products nust be heat traced to prevent
possi bl e solidification of the fuel during a shutdown peri od.
| nsul ate traced |ines. Consider possible incentives for
installing a condensate collection and return system If a
condensate return systemis installed, include a nonitor to
detect oil in the condensate.

8.11 TANK ENCLOSURES

8.11.1 General Design Considerations. Provide diked

encl osures to prevent spilled petroleumfrom |l eaving the
property for all aboveground tanks. Provide drainage
structures to i nmpound escaping fuel where rupture of an
underground tank in a hillside |ocation would endanger ot her
activities and structures at elevations |ower than the tank.
Subdi vi de each di ked area containing two or nore tanks by
intermedi ate curbs to prevent spills from endangering adj acent
tanks within the diked area. Designer can take advantage of

t he exception granted for concrete-encased tanks by NFPA 30 or
NFPA 30A if the provisions of that docunent are net and | ocal
and state regulations permt.

8.11.2 Capacity. Comply with NFPA 30 for capacity of diked
encl osures except where NFPA 30 makes reference to volunetric
capacity of tank or tanks, add volune for 5-year, 1-hour
duration stormor one foot (0.3 m freeboard, whichever is
greater. Use |local or state criteria if they are nore
stringent. Individual tanks |arger than 10,000 barrels (1600
') in capacity should be enclosed in an individual dike.
Groups of tanks with 10,000 barrels (1600 n?) or |ess capacity
and not exceeding 15,000 barrels (2400 n?) in aggregate
capacity may be enclosed in a single dike. Wen subdividing
is required, use internediate dikes not |ess than 18 inches
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(450 mm in height. |In appropriate environnental climates,
consi der snow and ice accurulation as well. Limt dike
heights to 6 feet (1.8 m or |ess.

8.11.3 Eart hen Di kes. Construct di kes of earthen materials
with reinforced concrete cover, if acceptable with state and

| ocal environnental regul ations. Where space is a prem um
eart hen di kes are not the best choice. Make the m ni mum

di stance fromthe toe of the dike to the tank foundation 5
feet (1.5 m. Provide a flat surface on the top of the dike
at least 3 feet (0.9 m wi de. Do not make sl opes steeper than
1 vertical to 1-1/2 horizontal. Cover the sides and top of
the di ke and the basin floor around the tank with one of the
following materials (see Facility Plate No. 020):

a) A mnimmof 3 inches (75 mm) of concrete paving
reinforced with woven wire fabric. Provide expansion and
contraction joints as necessary. Ensure joint material is
i npervious to the fuel. If required by |ocal or state
regul ati ons, provide a fuel-resistant seal er on concrete dike
surfaces. As a mninmum spray concrete with a noisture
seal ant. Consider potential weight when sizing concrete and
rei nforcenment.

b) A fuel inperneable liner. |If liner is exposed,
t he exposed areas nust be resistant to the effects of direct
sunlight and to wind uplift. For covered |iners, cover the
liner with gravel or other suitable material. Follow the
| iner manufacturer’s recommendations for protecting the |iner
by the use of geotextile cover or other recommended neans.
Assune the covered liner is resistant to wind uplift. 1In
ei ther case, provide a hard surface for personnel access to
the tank and for work areas around tank manhol es and val ves.
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Table2
APPURTENANCES
| tem| Appur t enance | VVA| HA| HU| CGE | V-U
Manhol e
a A 30-inch (750 mm) diameter manhole, a mini mum v v v v
of one manhol e for tanks between 1,000 gallons
(4000 L) and 5,000 gallons (19 000 L)
capacity, and a m ni num of two manhol es (at
| east one 36 inch (900 nm), for tanks |arger
t han 5,000 gallons (19 000 L) capacity.
b A dedi cat ed manhol e, other than required v
above, as the primary point for piping
penetrations into a tank (my be as small as
22 inches (559 mm)).
c Cont ai nnent sunps and extensi on nmanhol e. 4
d Roof manhol es in accordance with APl Std 650. v
A m ni num of four 24-inch (600 nm square
i nspection hatches on fixed roof tanks with
floating pans and two hatches on all other
tanks. Locate the roof manhol es near the
perimeter of the roof at opposite ends of a
di anet er and approxi mately 90= fromthe shell
manhol es.
e Shell manhol es in accordance with APl Std 650. v
Two 36-inch (900 mm) shell manhol es 180
degrees from each other. Align shell manhol es
parallel with prevailing wind direction.
Hi nge- mount ed shell manhol e covers.
f A bolted cover in the roof for installation v
and renoval of the internal floating pan as
required by the tank supplier based on the pan
manuf acturer.
Ladder/ Stairs
g Internal |adders (in accordance with OSHA 4 4 4 4 v
criteria) for tanks of 5,000 gallons (19 000
L) or larger.
h An external |adder and platformwi th safety v v
railing for gauging and sanpling in accordance
with 29 CFR 1910.23 (if height justifies it).
LEGEND: 140
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Table?2
APPURTENANCES

Appurt enance

H A

Item

Ladders, railings, toeboards, a spiral
stairway, top platform and handrail in
accordance with APl Std 650 and OSHA

requi renments. Provide stairways to access
hi gh |l evel shut-off and al arns.

Level

Al ar ns

An individual automatic |level alarm system

i ndependent of the gaugi ng device or system
for each tank. [Include high, high-high, and
low | evel alarnms. On aboveground tanks: a
manual tester for all floats to ensure system
operability without a full tank; locate |eve
al arm equi pnment for ready access from
stairways and platfornms; and high-level wll
be 95 percent and high-high will be 98
percent. For underground tanks, high and

hi gh-high will be 90 and 95 percent,
respectively. Provide both audible and
visible alarms. Set |ow | evel alarm such that
air is not allowed into the system In
deternmining the low | evel, consider the tine
it would take for the punp or systemto shut
down. Review facility size and operating
nmethod to determ ne the nost audi bl e and

vi sible location of alarns, usually in the
tank farmand in the operations building.
Connect to stop issue punp on low level alarm
and receipt punp (if in facility) on high

l evel alarm Conply with nost stringent of

| ocal, state, or federal regulations.

*

*

Vent s

LEGEND: 141
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Table?2

APPURTENANCES

Item

Appurt enance V- A H A H U CE

Open at nospheric vents with weat her hoods and 4 4 4 4

bird screens for tanks to be used for products
with true vapor pressure of 0.75 psia (5 kPa)
or less. For higher vapor pressure, or if a
vapor recovery systemis used, provide
pressure/vacuum vents in |ieu of open vents.
Consi der using pressure/vacuumvents if
product quality is at risk by blow ng sand,
dust, or snow. Conply with NFPA 30, host
nati on requirenments, Section 2 of this
handbook, API Std 650, APl Std 2000, 29 CFR
Part 1910.106, and Standard Desi gn AW 78-24-
27, where applicable. Do not use flame

arrestors.

Emergency relief venting with capacity in v v v

accordance with NFPA 30 and UL 142, as
applicable. For vertical
weakened roof-to-shell seam as specified in
APl Std 650, may be used to fulfill energency

relief requirenments.

aboveground tanks, a

*NOTE

val ues of high |evel

si ze,

and time needed.

:  Because horizontal tanks will fill extremely fast int he |last 5 percent,
al arm posi tions should be chosen based on filling rate,

t ank

Gauge/ Gauge Hatch/ Stilling Wells

m

A liquid | evel gauge calibrated in 1/16-inch v v v 4

(2 mm) graduations nounted for eye-Ilevel

readi ng fromthe ground.

LEGEND:

V-A
H-A
H-U
C-E
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Vertical Aboveground Storage Tank
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Horizontal Underground Storage Tank
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Table?2
APPURTENANCES

Item

Appurt enance

Aut omati ¢ Tank Gaugi ng (ATG for all tanks
with fuel managed through the Fuel s Automated
System (FAS) (as described later in this
section), that conplies with APl MPMS 3. Key
features include: neasures fluid level to
+0.05 inch (1 nm; measures standard vol une
+0.1 percent; neasures average product
tenperature 1 =F (0.5 =C); neasures product
density 1 percent; neasures water |evel from
datum plate £1/4 inch (6 mm; converts vol unme
to APl standard conditions; |ocal tank
readout; provi des backup alarms for high,

hi gh-high, low, and low |l ow | evel conditions;
American Standard Code for Information

I nterchange (ASCI1) interface.

A 4-inch (100 mm gauge hatch with drop tube
to within 3 inches (75 mm of the bottom of

the tank.” A second 4-inch (100 nm opening
wi t hout a drop tube or gauge hat ch.

One 8-inch (200 mm flange nozzle for ATG
(pl anned or future) near the edge of the roof
for ready access fromthe stairway platform

One 8-inch (200 mm gauge hatch for water
bottom sanpling, as close to the tank center
as possible. See Plate No. 015.

One 8-inch (200 mm) gauge hatch with stainless
steel, or fully coated, slotted stilling well
extended to within 3 inches (75 nm of the
bottom of the tank® for gaugi ng and sanpling.
A datum plate to establish a gauging zero

poi nt .

Pi pin

g Connecti on

S

Inlet fill connection. See Plate No. 016,
018, and 019, as applicable.

Mai n suction and | ow suction. See Plate No.
017.

LEGEND: 143
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APPURTENANCES

Item

Appurt enance

H A

Inlet fill pipe with horizontal exit

perpendi cular to a tank radial. Discharge is
approximately 4 inches (100 nm above tank
floor and enlarged to reduce fuel velocity.
An inverted trap is placed in the line to
serve as a liquid lock to prevent entry of
fire or an explosion fromoutside the fil

pi pe.

owest point in the tank not the sunp

ill Protection

Overfill protection with a hydraulically
oper at ed di aphragm control valve. Tanks
connected to conmercial pipelines or marine
of fl oad systens with restrictions on shut-off
may require diversion to additional tankage.
On aboveground tanks, ensure valve closes no
[ ater than on high-high |evel. For

under ground tanks, conply with NFPA 30 by
automatically shutting off the flowinto the
tank when the tank is no nore than 95 percent
full. Conply with npst stringent of |ocal
state, or federal regulations. For Navy and
Arny systems, include a solenoid on the
control valve to close the valve as a backup
Use APl RP 2350 to establish the proper
overfill level setting. On gravity drop
fills, replace valve with an integral high

| evel shut-off valve in the drop tube. Prior
to designing automatic valve closure features,
conduct a surge analysis on pressure filled
systenms. See Plate Nos. 018 and 019.

* |f pressure-filled.

v *

A | ockabl e, wel ded steel overfill protection
box (15 gallon (60 L) mnimum and a nmanua
drain valve to return spills to the inner tank
(omt the drain feature on aviation turbine
fuel tanks).

LEGEND: 144
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APPURTENANCES

Item

| Appur t enance

| VVA| HA| HU| CGE | V-U

Wat er

Dr awof f

w

A 1-inch (25 nm antifreeze-type, |ockable,
wat er drawoff valve with internal poppet at
the low end of the tank, unless tank contains
aviation turbine fuels with icing hibitors.

In those cases, the water drawoff valve may be
a ball valve.

Wat er drawoff connections. See Plate No. 017.

A 1-inch (25 mm connection fromthe [ ow end
of the tank to approximately 3.5 feet (1.1 m
above the ground and equi pped with a positive
di spl acenment -t ype, hand- operated punp for

wat er drawoff. For Air Force projects, use
el ectrical punps only.

A water renmoval suction tube at | ow end of
tank with connection for water renoval by
truck. Consider installing a fixed, hand-
operated punp as an alternative.

A central sunp punp.

Bal |

Joints

aa

Ball joints on pipes to relieve strain caused
by tank settling or seismic activity. Ensure
that contract specifications do not allow

pi pi ng connections to be made until after the
tank has been conpletely tested and allowed to
settle. As an alternative, settlenent

cal cul ations can be nmade and pi pi ng
flexibility can be designed to account for
settling. In this case, pipe can be connected
prior to testing.

* May be required on tanks 25,000 gallons (94
600 L) and | arger.

Ther noneter Wells

LEGEND: 145
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APPURTENANCES

Item

Appurt enance

H A

bb

Two thernonmeter wells (except on Air Force
projects) in accordance with Standard Design
AW 78-24-27 not nore than 18 inches (450 mm
apart in each tank. For unheated tanks,
provide a 5 inch (125 nm, bi-metallic, any-
angle dial thernmoneter with 1-degree divisions
and a range of 0 ®=F to 150 =F (-18 =C to 66
=C). The second well acconmpdates

t enper at ure-sensi ng bul bs for renote reading
tenperature systens or tenperature control
devi ces, which are to be provided only when
specifically authorized by SERVI CE
HEADQUARTERS. Do not provide any thernoneter
wells in tanks with floating pans.

Cabl e Supports

ccC

On the fixed roof of all tanks, provide two
scaffol d cabl e supports in accordance with API
Std 650. Locate the supports near the center
of the tank so that supported cables will have
maxi mum range and flexibility of operation
with mnimuminterference with other tank
fittings.

Strik

er Plates

dd

Striker plates under all openings used for
manual gauging in steel tanks and all openings
in fiberglass tanks.

Moni t

oring Port

ee

A 2-inch (50 mm) nonitoring port including a
tube which provides a neans to detect product
| eakage fromthe primary tank into the
secondary tank.

LEGEND: 146
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c) Wthin the dike wall, consider a hybrid,
primary/ secondary system for |arge area di ke contai nnents.
The primary contai nnment consists of a concrete work area
around the tank, curbed with independent, curbed concrete
drai nage |l eading to the main di ke area drain. Experience has
shown that such an area could probably handle 99.9 percent of
all spills. The surroundi ng secondary contai nnent area woul d
be made up of |ess expensive systens that would provide
i npervi ous containnment in the rare event of a catastrophic
tank failure but where the curbing would prevent smaller, nore
common type spills fromreachi ng and causi ng
cl eanup/ contam nati on problens. Secondary areas could be pea
gravel /i npervious liners or coated asphalt. The secondary
contai ned area would also drain to the main dike collection
drain and oil/water separator.

d) Do not use Bentonite or a Bentonite conposite
material in the construction of dikes or basins.

8.11. 4 Rei nforced Concrete Di kes. Design reinforced
concrete (prefabricated or cast-in-place) dikes and their
foundations to resist and contain the full hydrostatic |oad
when filled to capacity. Consider the use of reinforced
concrete blocks with or wi thout exterior earth nounding. Use
vertical reinforced concrete di kes where space is a prem um
Seal all concrete surfaces with a flexible, UV-resistant,

fuel -resistant coating if required by local or State
regulations. As a mninum spray all concrete surfaces with a
noi sture seal ant .

8.11.5 Conbi nation Di kes. A vertical concrete wall backed
by an external earthen berm may be used. Design the conbi ned
earthen and concrete unit and its foundation to resist and
contain the full hydrostatic |oad when filled to capacity.

The di ke fl oor could be either concrete or liner as described
above.
8.11.6 Renmot e Cont ai nment/ | npoundnment Spill Col |l ection

Systens. As an alternative to di ke enclosures, use a spil
coll ection system consisting of a series of drains |eading
from storage tank areas to a renote contai nment or inpoundnment
desi gned to prevent the accidental discharge of petroleum
This is not the preferred nethod and requires approval of
Service Headquarters. Generally, this systemis used for

147



MIL-HDBK-1022

tanks on a hillside. Use M L-HDBK-1005/3, |CBO UBC 902, and
BOCA F2315, as well as the following criteria for spil
col |l ection systens:

a) Construct the drains of petroleumresistant,
fire-resistant, inpervious materi al.

b) Construct the inpoundnent as generally described
for di ked encl osures and make the volunmetric capacity not |ess
than 110 percent of the full content of the l|argest tank which
is tributary to the drainage system The contai nment nust be
able to contain the flow of the fire protection system for a
peri od of 20 m nutes.

c) Follow the requirenents of M L-HDBK-1005/3 and
ensure the capacity of the drai nage system and i nmpoundnment is
sufficient to contain the stormrunoff fromthe entire
tributary area for rainfall froma 5-year, 1-hour duration
storm

d) Slope the area within the di ke basin at no | ess
than 1 percent to carry drainage away fromthe tank to a sunp
| ocated at the | ow point of the enclosure.

e) Control drainage fromthe sunp to the outside of
t he enclosure by a | ockable knife gate valve with indicator
post | ocated outside of the enclosure in an area that will be
safely accessible during a fire.

f) Do not allow fuel to run off or escape fromthe
di ked area under any circunstances. Provide neans for
treating or disposing of contanmi nated water fromthe dike to
meet the nost stringent of applicable federal, state, or | ocal
requi rements.

8.11. 7 St ormvat er Col | ection Systens. Design a stornmwater
collection systemto contain, transport, treat, and discharge
any stormwater that collects in the tank enclosure. Refer to
Section 2 of this handbook for information on design and
sizing of oil/water separators. Review state and | oca
regul ati ons for design requirenments and permtting of
stormnat er treatnment systens.
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8.11.8 Di ke Access. Provide concrete, steel, or alum num
steps with pipe handrails for passage across a dike. Steps
and handrails nust conply with 29 CFR 1910.36. Include a
renovabl e section of the handrail to provide access to the
flat top of earthen dikes. |If steel steps are used, they
shoul d be hot-di pped gal vani zed after fabrication. Provide
enough access | ocations for safe enmergency egress and for
normal operation. This will normally include steps over the
di kes separating adjacent tanks, as well as on one wall

wi t hout an adj acent tank. Locate steps at the npbst accessible
poi nts, preferably on the sane side as the access stairs to a
tank roof. For tanks over 50,000 barrels (7900 nt), consider
providing earth-filled ranps to permt passage of vehicles
over the dike. In such cases, provide a concrete paved road
or other means of providing vehicle travel-ways. A renovable
st eel bul khead section nay be a cost-effective nmethod to
provi de access for dikes with vertical reinforced concrete
wal | s.

8.12 M SCELLANEOUS USE TANKS. Thi s section provides
desi gn guidance for small m scell aneous use tanks. These
tanks are typically less than 550 gallons (2100 L) in
capacity. Check state and |l ocal regul ations before begi nning
desi gn.

8.12.1 Installation. Install the tank in conformance with
the requirements of NFPA 30. The exception allowed for the
del eti on of di ke containnent is acceptable if all of the
criteria associated with that exception are met. Provide
contai nnent for all tanks, regardl ess of size, except snal
residential heating oil tanks, by conplying with Paragraph
8.11 of this handbook or by using properly installed
aboveground concrete-encased tanks in accordance with

Par agraph 8.5 of this handbook.

8.12.2 Heating O | Tanks. Conply with NFPA 31

8.12.3 Emer gency Generator Fuel Tanks. Conmply with NFPA
31, NFPA 37, and NFPA 110.

8.12. 4 Fire Pump Fuel Tanks. Conply with NFPA 20, NFPA 30,
and NFPA 31.
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8.12.5 Waste O | Tanks. Check local and state
envi ronnmental regulations for any additional requirenents for
storage of waste oil.

8.12.6 Contai nment. As discussed previously in this
section, provide containnent, under and around all aboveground
t anks except hone heating oil tanks.

8.12.7 Under ground Tanks. Ensure all underground tanks are
doubl e-wal | ed and have overfill protection, as described
previously in this section.

8.13 SHI PBOARD OFF- LOAD FUEL STORAGE TANKS

8.13.1 Function. |In addition to regul ar storage, consider
a storage tank for fuel removed from ships that my be off-
specification or otherwi se not satisfactory for its intended
use. This fuel may be downgraded to heating oil or diesel
fuel marine.

8.13.2 General Design Considerations. Determne the volune
requi renments of the contam nated fuel storage tank by an
activity survey. Provide bottomloading facilities for tank
truck | oading and off-1oadi ng of contam nated fuel.

8.13.3 Locations. Locate the contam nated fuel storage
tank(s) in or near the facility tank farm Clearly mark the
tank(s) as to the type or grade of fuel.

8.14 JET ENG NE TEST CELL FUEL STORAGE TANKS. Design jet
engi ne test cell fuel storage and issue systens to the sane
st andards as ready issue fuel systens (e.g., high level

al arms, gauging, shut-offs, etc.). Normally, tanks are
refilled using station aircraft refueling trucks through
aircraft single-point refueling adaptors.

8.15 FUELS AUTOVATED SYSTEM The FAS is an Aut omat ed

| nformati on System (AI'S) designed to support the DFSC and the
Mlitary Services in performng their responsibilities in fuel
managenent and distribution. FAS is a nulti-functional AI'S
whi ch provides for point of sale data collection, inventory
control, finance and accounting, procurenent, and facilities
managenent. FAS is conposed of an integrated set of COTS

sof tware applications, based around an oracle RDBMS, which is
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hosted on comercially avail able conputer hardware. The
systemw || provide interfaces to existing |ogistics/financial
AlS s or to be used only when directed by DLA/ DFSC.
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Section 9: PIPING SYSTEMS

9.1 | NTRODUCTI ON. This section provi des gui dance for
t he design of the piping portions of fueling systens, as

di scussed in other sections of this handbook. The criteria
provided is intended to be general in scope except where
specific criteria is necessary for given situations.

9.1.1 Desi gn Requirenments. Ensure that piping design,
materials, fabrication, assenbly, erection, inspection, and
pressure tests for fuel piping systems are in accordance with
ANSI / ASME B31. 3 and/ or ANSI/ASME B31l.4, as applicable
according to the application. Follow appropriate guide
specifications for piping design and materials sel ection. Use
the follow ng design criteria for piping systens:

a) Unl ess otherw se specified by Service
Headquarters, provide underground piping systenms in and around
areas subject to aircraft ground nmovenents. |f approved by
Service Headquarters, install piping in concrete trenches.
When trenches are enployed, conmply with NFPA 415. The use of
common trenches for nmore than one utility is prohibited.
Fuel i ng equi prent may be aboveground where it does not
interfere with aircraft or service vehicle novenments. Design
all clearances in accordance with M L-HDBK-1021/1,

M L- HDBK- 1021/ 2, and St andard Desi gn AW 78-24-28.

b) I'n other cases, aboveground piping is preferred
where it is not aesthetically objectionable or not exposed to
acci dent al danmage, vandalism blast damage, or sabot age.

c) The preferred nethod of routing aboveground
pi ping out of a diked area is over the top of the dike.
However, avoid creating an inverted “U on the suction side of
a punp to avoid an air trap.

d) Hydrostatically test new piping systens in
accordance with APl RP 1110. During testing, disconnect
system conmponents such as storage tanks or equi pment which
were not designed for the piping test pressure or protect them
agai nst damage by over-pressure. Hydrostatically test systens
to the lesser of 1.5 tinmes the operating pressure or 275 psig
(1900 kPa) maximum  Test hydrant and direct aircraft fueling
systens and installation fuel pipelines with fuel. For al
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ot her systens, test with water. Ensure that all water is
removed from piping by either pigging the lines or subsequent
flushing with fuel

e) Lay out piping between piers and storage tanks,
cross-country pipelines, and between bul k storage and
operating tanks to accommpdate pigging operations. Use |ong
radi us heads, full port valves, and provisions for the
connection of tenporary |aunchers and receivers. Refer to
Corps TM 5-803-7 and AFMAN 32-1013 for design guidance. G ve
speci al consideration to smart pigging for single wall
pi pel i nes.

f) VWhen laying out piping for single wall A/C
hydrant systens, consider smart pigging/pigging in the design.
For systenms with required piping slopes and high and | ow | evel
drai ns, provide long radius turns, and provi de spool pieces
for tenporary pig |aunchers and receivers. Ensure valves are
accessi ble for renoval and replacenent wi th spool pieces.
Where it is nmore econom cal or practical to |lay hydrant piping
flat (slope less than .2 percent), provide the capability to
rapidly clean the lines with a pig or to |launch a smart pig.
This includes providing long radius turns, full port valves,
and pig | aunchers and receivers.

g) Refer to Corps TM 5-852 series for construction
of aboveground and underground piping in arctic and subarctic
condi ti ons.

9.1.1.1 Hydraulic Design. In general, provide a hydraulic
design with a velocity of 7 to 12 feet per second (2.1 to 3.7
ms) on punp discharge and 3 to 5 feet per second (0.9 to 1.5
ms) on punp suction at full flow. |If project-specific
conditions make it advisable to exceed these values, consult
t he appropriate Service Headquarters. Design suction piping
to ensure that the net positive suction head required by the
punps i s avail able under all conditions of operation.

Consider the following factors in selecting pipe sizes:

a) Operating requirenents of the facility to be
served.

b) Capital cost of the pipe.
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c) Capital cost of punping stations and attendant
facilities.

d) Operating cost of the system

e) Harnful effects of excessive velocity of flow
i ncludi ng hydraulic shock and static generation.

f) Fatigue failure caused by cyclic | oading.

9.1.2 Pi pi ng Arrangenent. \Wherever possible, arrange
piping in parallel groups to facilitate nultiple use of
supports, to mnimze the amunt of trenching for underground
pi ping, and to mnim ze the nunber of steps or stiles needed
across pipe runs. For underground applications, consider
constructability when determ ni ng anount of spacing between
pi pes. Use the following criteria:

a) Provide | ooped piping systens whenever practical.
Loops add to the flexibility and reliability of the system
contribute to product cleanliness by making circul ation
possi bl e, and can be used to reduce the nmagnitude of hydraulic
shock. Sectionalize |oops by double block and bl eed val ves to
provide verifiable isolation and to facilitate pressure
testing.

b) Between mains, install cross connections for
flexibility of operation and as an auxiliary means of
conti nuous operation in energency situations. |In addition,
permt the use of |ine blinds where space limtations preclude
the use of renovabl e pipe sections or fittings. Provide a
separate piping system for each grade of fuel to be handl ed.
Do not provide cross connections between grades.

c) For short runs, provide a |line slope of at | east
0.2 percent. For long runs, nake line slope sufficient to
establish positive drainage by gravity, but w thout excessive
bury depth. Mke gradi ents uniform between high and | ow
poi nts. Traps are undesirabl e because they provide a place
for water and sedinent to accumulate. Install drains at |ow
points to allow renoval of any water from condensation. These
| ow point drains also provide the capability to renove fue
for line maintenance. |f slope is not possible, design the
system to accommodat e pigging by providing flange connections
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for pig launchers/receivers, long curvature fittings, and full
port valves. Install high point vents to renove trapped air.
Low point drains are not required on interterm nal pipelines.

9.1.3 Surge Anal ysis. Conduct a conplete surge anal ysis of
system operation using a conputer sinulation programfor all
systenms with quick closing valves and for aircraft hydrant and
direct fueling systems with nore than two outlets. G ve full
consideration to the causes and effects of hydraulic shock.
This is especially inportant in closed fueling systens such as
aircraft fueling systens where the receiving tanks or

di spensi ng equi prent may be danaged by shock pressure. Reduce
the possibility of shock by limting flow velocity and

avoi ding the use of quick opening/closing val ves except where
required for system operation such as hydrant pit val ves.
Every reasonabl e effort must be nmade to control hydraulic
surge or shock within acceptable limts by the design of the
pi pi ng systemrather than by the use of surge suppressors.
Surge suppressors are strictly a last resort solution and
require the approval of Service Headquarters prior to
designing into a system For all aircraft direct

fueling/ hydrant system designs, the |oop backpressure contro
valve is critical in preventing excessive hydraulic shock.

Use the foll owing design criteria:

a) For all conplex piping systens (nmain header,
several |aterals, nobile equipnent), enploy conputer nodeling
techni ques to determine if surge suppression is required.
Conduct a run at steady state flow conditions to establish
systemflow rates for the scenario being nodeled. After that,
conduct a transient surge analysis inposing worst-case
operating conditions on the system For hydrant systens
i ncorporating the use of a back pressure control valve,
simul ate this valve as an active nodul ating valve. If
accept abl e peak pressures are exceeded, discuss the results
with the Service Headquarters fuels engineer to review
paraneters used and consider alternatives. |If this
consul tati on produces no workabl e solution, performa second
surge analysis to nodel the use of surge suppressors in the
system This analysis mnmust indicate that damagi ng peak
pressures are not exceeded. Do not use nmanual surge
cal cul ati ons, except as found under (c) bel ow, because they do
not account for danpening effects of the systemand yield
overly conservative results.
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b) Most systens designed in accordance with this
manual wi Il have ANSI Cl ass 150 flanges and a maxi num
al | owabl e wor ki ng pressure of 285 psig (2000 kPa) at 100
degrees F (38 degrees C) for carbon steel and 275 psig (1900
kPa) at 100 degrees F (38 degrees C) for stainless steel
systens. This nmeans that the total pressure including surge,
punp shutoff pressure, and static pressure in any part of the
system shoul d never exceed those maxi mum al | owabl e wor ki ng
pressures. O her equipnent itenms such as tank trucks,
aircraft fuel tanks, or shipboard fuel tanks which may be
damaged by shock pressures may require | ower maxi mum surge
pressure. Assume a near instantaneous shut-off by the
aircraft in the design of aircraft hydrant systens.

c) Do not use manual cal cul ations instead of
conput er nodel i ng when system surge pressures are crucial and
the piping systemis conplex. However, for sinple piping
systens that operate under 80 psi (550 kPa), use the foll ow ng
cal culations to ascertain if surge is a problem

(1) Determine the critical time of the system
This is defined as the tine it takes for the first increnent
of the pressure wave to travel upstream reflect, and return
to the valve. Use the foll owing equation:

EQUATION: Te = 2L/ a (1)
wher e:

Tc = critical closure tinme of system(s)
L = Ilength of pipe (ft or m

a = surge pressure wave velocity (fps or ms)
Val ues for “a” for liquid petroleumin schedule 40
steel pipe are as follows. These values are based on
hydrocarbons with a specific gravity of 0.8 at a tenperature
of 68 degrees F (20 degrees O):
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Surge Pressure
Nom nal Pipe Size Wave Vel ocity,

i nches (nmm “a”
ft/s (ms)
2 (50) 3,771 (1149. 4)
3 (75) 3,763 (1147.0)
4 (100) 3,736 (1138.7)
6 (150) 3,692 (1125.3)
8 (200) 3,663 (1116.5)
10 (250) 3,639 (1109. 2)
12 (300) 3,599 (1097.0)

(2) If valve closure tinme (T) is less than Tg, it

is equivalent to instantaneous closure and will result in
maxi mum sur ge pressure. The equation used to cal cul ate surge
pressure rise for this situation is:

EQUATION: P, - P = [(V1 - Vo) xwxa]/ (Cxg) (2)
wher e:
P1 = maximum pressure (psig or Pa)
P = punp shutoff pressure (psig or Pa) (equal to
system static pressure)
\1 =initial velocity (fps or ms)

Vo = final velocity (fps or m's)

specific weight of the fluid (Ibmft’ or kg/m)

gravitational constant (32.2 ft/s® or 9.81 nis%
unit constant (144 in?ft? 0.101 (kg/nf)/Pa
surge pressure wave velocity (fps or ms)

(3) For exanple, a fuel storage facility has a
truck |loading rack |ocated 2,000 feet (610 m away. The | oad
rack is fed by a 600 gpm (38 L/s) punmp | ocated at the storage
facility. The load rack is equipped with a deadman appar at us
which is tied to a hydraulically operated di aphragm contr ol
valve at the rack. The valve has a closure time of 1.0
seconds. The pipe is 6-inch (150 nm dianeter carbon steel
Schedul e 40, with Class 150 flanges. The punp shut of f
pressure is 60 psig (410 kPa). Find the critical tinme of the
systemif the |oading rack control valve closes.
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Tc = 2L/a = 2x2,000/3,692 = 1.08 seconds

Fromthe table of values for “a”, the surge pressure
wave velocity (a) is 3,692 fps (1125.3 m's). The maxi num
pressure in any pipeline occurs when the total discharge is
stopped in a period of tine equal to or less than the critical
time. Since the valve will theoretically close prior to this,
Equation (2) should be used to determ ne the pressure rise.

In this case, the final velocity (V,) will be assuned to be
zero because the critical time is greater than the valve
closure tine.

P1- P = (Vixwxa)/ (144xQ)
= (6.81x51.5x3,692)/(144x32.2) = 279 psig (1925
kPa)

P{ = P+273 = 60+279 = 339 psi (2337 kPa)

Initial velocity (Vi) was found by dividing the given
flow rate of 600 gpm (38 L/S) by the cross sectional area of
the 6-inch (150 mm dianeter, Schedule 40 pipe.

Consi derations will have to be made for this systemto dea
with the maxi num predi cted pressure.

(4) When the valve closure time is |onger than
the critical time, the surge will be |ess than predicted by
Equation (2). The equation used to calculate surge pressure
rise for this situation is:

EQUATION: P; - P = [2xLxw (Vi - Vo ]/ (CxgxT"? (3)
wher e:

P, = maxi mum pressure (psig or Pa)

P = punp shutoff pressure (psig or Pa) (equal to
system static pressure)

L = Ilength of pipe (ft or m

Vi = initial velocity (fps or nis)

Ve = velocity at Tc (fps or ms)

w = specific weight of the fluid (lbmft® or kg/n?)

g = gravitational constant (32.2 ft/s® or 9.81 ms?

C = wunit constant (144 in%ft? 0.101 (kg/nf)/Pa

a = surge pressure wave velocity (fps or nis)

T = wvalve closure tinme (sec)
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Determ nation of Vcis too conplex for sinple calculation.
Therefore, for the conditions where T > T, use a computer
nodel i ng program

9.2 ABOVEGROUND PI PI NG.  Support aboveground piping so
that the bottom of the pipe is a mninmum of 18 inches (450 mm
above the ground surface or higher if required to service

val ves and equi pment. |In areas subject to flooding, greater
cl earance may be desirable. At intersections wth roadways,
al | ow enough cl earance for the passage of tank trucks, cranes,
and sim | ar heavy vehicles. In areas subject to seismc
activity, provide the piping configuration and support in
accordance with the seismc design criteria in Arnmy Corps of
Engi neers Tl 809-04, Seism c Design for Buildings. Refer to
Corps TM 5-852 series for considerations in extrenely cold
climte. \Wherever possible, arrange piping in parallel groups
to facilitate nultiple use of supports, to mnim ze the anpunt
of trenching for underground piping, and to mnimze the
nunber of pipe stiles needed. Consider constructability and
mai nt enance i n spaci ng of piping.

9.2.1 | dentification. Ildentify piping in accordance with
Section 2 of this handbook. In addition, mark fuel |ines at
head of fueling pier near val ves.

9.2.2 Pi pe Supports. Rest piping on supports, both

i nsul ated and uni nsul ated, on a steel shoe welded to the
bottom of the pipe. Leave the shoe free to nove on the
support. Construct the portion of pipe supports in contact
with the ground with concrete. Facility Plate Nos. 021 and
022 show the design of typical “slide/guide” pipe supports.
Ensure that support material is the sane as the pipe material.
Do not weld a shoe to Schedule 10 stainless steel pipe. O her
support configurations are acceptable provided the support
does not contain rollers and does not all ow novenment of the
pi pe on a netal surface. Design pipe supports to neet the
appl i cabl e requirenments of ANSI/ASME B31.3 or ANSI/ASME B31. 4.

9.2.3 Arrangement. Arrange pipes to provide for expansion
and contraction caused by changes in anbient tenperature.
Wher e possi bl e, accommpdat e expansi on and contraction by
changes in direction in piping runs, offsets, |oops, or bends.
Where this nmethod is not practical, use flexible ball joint

of fsets. Provide sliding pipe supports or other nethod of

mai ntai ning alignnment on each side of the expansion joint. Do
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not use expansion devi ces which enpl oy packings, slip joints,
friction fits, or other non-fire resistant arrangenents. Use
bal |l -type offset joints to accomopdate possible settlenment of
heavy structures such as storage tanks, if piping design
cannot provide enough flexibility. Design expansion bends,

| oops, and offsets within stress [imtations in accordance

wi th ANSI/ASME B31.3 and ANSI/ASME B31l. 4.

9.2.4 Anchors. Anchor aboveground piping at key points so
expansion will occur in the desired direction. Anchors and
gui des nmay al so be required to control nmovenent in [ ong runs
of straight pipe or near a connection to fixed equi pnent such
as a punp or filter. See Facility Plate Nos. 023 and 024.
Space anchors to provide maxi nrum anount of straight runs of

pi ping from expansi on points to the anchors. In general,

pl ace anchors at all points of the system where only m ni mum
pi pi ng novenent can be tolerated, such as at branch
connections and equi pnment connections. Key locations are punp
houses or ot her buildings, manifolds, at changes of direction
if not used as an expansion joint, at points where the pipe
Size is drastically reduced rel ated to adj acent piping, and at
all termnal points. Limt the use of anchors to the
situations descri bed above. \Where an anchor is wel ded
directly to a pipe, ensure that the anchor material is
conpatible with the pipe material. Do not all ow wel ding of
Schedul e 10 stainless steel pipe to an anchor.

9.2.5 Rel i ef Valves. Provide relief valves to relieve
excessive pressures caused by thermal expansion of the liquid
in the pipe between shutoff points. The coefficient of
expansion of liquid petroleumin the range of 35 degrees to 60
degrees API (0.8498 to 0.7389) at 60 degrees F (16 degrees Q)
is 0.0005 inch per inch per degree F (0.0009 mm per mm per
degree C). Provide line valves with relief valve bypasses to
relieve increased pressures caused by solar or other heating
of static fluids in closed-off pipe segnents and equi pnent.
For renotely controll ed val ves, | ocated where excessive bonnet
pressure can devel op when in the closed position, provide
relief valves on the bonnets. Ensure relief valves do not

di scharge to grade or to a stormwater drainage system A
relief valve should ideally discharge directly into a storage
or holding tank at atnospheric pressure. Alternatively, any
relief valve may be connected to discharge to tankage through
one or nore successive adjacent pipe segnents. Use extrene
care when following this nmethod to verify that the total
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relief pressure created by the additive effect of these delta
pressure-type val ves does not exceed the maxi num pressure
rating of the system conponent with the | owest pressure
rating. See Facility Plate Nos. 026 through 029. |If the
additive effects of cascading pressure relief valves produce
excessive pressure, consider using a series of ball check

val ves around each shutoff valve to relieve thermal expansion
back to storage. For any isolated pipe segment on which the
relief valve discharge cannot be connected as descri bed above,
provi de a vented aboveground or bel ow ground sunp tank of

sui tabl e capacity which is equi pped to be enptied by nmeans of
a portable punp. Equip the sunp tank with sel f-checking high
| evel alarnms and containment. Provide valves used for relief
of thermal expansion of not |ess than 3/4-inch (20 mm) nom na
pi pe size. Require valves to be set to open at a pressure
approxi mately 10 percent above the operating pressure of the
line. Use a ball valve with handl e renmoved on both inlet and
outl et sides. Provide visual sight glass downstream of al
pressure relief valve piping discharging to a recovery tank or
a return line. Locate relief valves and sight glass between
ball valves with renovabl e handl es.

9.3 UNDERGROUND PI PI NG.  Provi de underground pi ping

whi ch passes under public roadways or railroad tracks in
accordance with Departnment of Transportation regul ations

49 CFR 195 and API RP 1102. Refer to Section 2 of this
handbook for corrosion protection and for environmental
protection. Before installing underground pipelines, review
all local, state, and federal regulations for double wall

pi pe, | eak detection, and corrosion protection requirenents.

9.3.1 Depth of Cover. Use the following criteria for
depth of cover over buried fuel pipelines:

a) Locate top of lines bel ow design frostline and at
a mninmumof 3 feet (0.9 m, except that |ess cover is
perm ssible for occasional stretches where overriding
conditions exist, such as the need to pass over a |arge
cul vert or beneath drainage ditches. At such |ocations, build
sufficient slack into the line to allow for vertical and
| ateral movenent due to frost heave. Refer to Corps TM 5-852
series for additional guidance. Protective nmeasures, such as
the installation of reinforced concrete slabs above the pipe,
may al so be required where depth is | ess than required under
Par agraph (b) bel ow.
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b) Subject to Paragraph (a), provide m nimum dept hs
in accordance with 49 CFR 195. Under roadways and shoul ders
of roadways, provide a m ninmmdepth of 4 feet (1.2 m.

9.3.2 Parall el Pipes. Provide a m ninmum clearance of 12
inches (300 nm between the outer wall of any buried pipe and
the extremty of any underground structures including other
underground pipe. In areas where nultiple utilities are
routed in the same area (e.g., a utility corridor), make sure
el ectrical and comuni cati on ducts/conduits are kept a m ni mum
of 36 inches (900 mm fromall other underground utilities
especially fuel, steam and high-tenperature water pipes.
Refer to ANSI C2, ANSI/ASME B31l.4, and 49 CFR 195 for

addi tional requirenents. For pipes in concrete trenches,
provide a m ni mum cl earance of 6 inches (150 nm between
flanges and the trench wall and between adj acent flanges. |If
there are no flanges, provide a mninmumof 8 inches (200 nm
bet ween the pipe and the trench wall and between adj acent

pi pes within the concrete trench.

9.3.3 Casing Sleeves. Use steel casing sleeves only for

t hose crossings where sl eeves are required by authorities
having jurisdiction, where it is necessary to bore under the
roadway or railroad tracks to avoid interference with traffic,
or where boring is the mobst econom cal construction nethod.
When pl anni ng constructi on of open trench crossings, consider
t he econom cs of installing spare casing sleeves to elimnate
excavating for future fuel lines. Ensure that the design

i solates fuel-carrying pipes fromcontact with the casing

pi pes. Require a seal of the annul ar space at each end of the

casing. Include a vent on the higher end of each casing.
Locate crossings at a m ni num depth of 36 inches (900 mm
beneath the bottom of drainage ditches. [If this depth cannot

be obtai ned, install above, but not in contact with, the
casing or pipe, a 6-inch (150 mm thick reinforced concrete
sl ab of adequate length and width to protect the casing or
pi pe from danmage by equi pment such as ditch graders and
nmowers. Refer to API RP 1102 for additional information.

9.3.4 Li ne Markers. Except where prohibited by national
security considerations, install line markers over each buried
line and all ow for maintenance provisions in accordance wth
49 CFR 195.
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9.3.5 War ni ng Tapes. Provide buried warning tape for al
under ground pi pelines as required by the appropriate guide
speci fication.

9.3.6 Doubl e-Wal | Piping. Provide doubl e-wall piping for
Ground Vehicle Fueling Facilities. For other applications,
provi de doubl e-wall piping only when required by state or

| ocal regulations, or if specifically approved by DLA/ DFSC.

9.3.7 Single-Vall Piping. As a mnimm for all single-
wal | buried pipe, provide capability for future nonitoring by
installing a perforated PVC pipe in trench with fuel pipe or
with some other system approved by Service Headquarters.

Provi de 4-inch (100-mm slotted PVC pipe in the same trench as
the fuel pipe and no greater than 3 feet (0.9 m above the top
of the fuel pipe. Provide ASTM F758 pipe, type PS46 with
circunferential slots 1/32 to 1/8 inches (0.8 to 3 mm and not
| onger than 1-1/4 inches (32 nm with maxi mnum open area of 0.5
square inches/linear feet/1060 sq. mmm. Wap pipe in a
geotextil e of nonwoven pervious polyneric material with an
apparent opening size (U S. Sieve) of 70. Provide access
riser with cup every 100 feet al ong perforated PVC pipe.

9.4 UNDERWATER PI PING. To receive fuel fromoffshore
noori ngs, provide one or nore underwater pipelines fromthe
shore facility to the nmooring. Limt the design of these
systens to engineers with this type of experience.

9.4.1 Speci al Arrangenents. At the nooring end of each

pi peline, provide | engths of submarine fuel hose equal to 2.5
times the depth at high water. At the pipe end of the hose,
provi de a flanged renovabl e section of hose 10 feet (3 m

long. At the free end of the hose, provide a steel valve with
a marker buoy attached to a cable or chain which has
sufficient strength and suitable fittings for the vessel to
lift the hose and val ve aboard.

9.4.2 Connections. Lay out nmultiple fuel lines and

connections so that they correspond to the |layout of the
ship’s di scharge mani fol d.
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9.4.3 Uni que Consi derations. |In piping design, consider
fuel characteristics as they may be affected by the sea water
tenperature, particularly in cold water. For diesel fuel,
aviation turbine fuel, or other light fuels, small individual

lines are preferable as foll ows:
a) M ni mum nom nal pipe size of 6 inches (150 nm).

b) For transfers of fuels exceeding 3,000 gpm (189
L/s), use 12-inch (300 nm to 16-inch (400 nm di ameter pipe.

c) Instead of pipes larger than 16 inches (400 mm
in dianeter, consider using two smaller pipes.

d) At an accessible upland |location, as close to the
water entry as practical, provide a double block and bl eed
val ve and a manual |y operated check val ve or bypass to allow
reversal of flow when required.

e) Provide a dependabl e neans of conmuni cation
bet ween the vessel in the offshore berth and the shore
facility.

9.4.4 Corrosion Protection. Wap, coat, and cathodically
protect underwater pipelines in accordance with Section 2 of
t hi s handbook.

9.4.5 Depth of Burial. Provide sufficient burial depth of
underwat er pipelines to prevent danage by dredging of the
wat er way, by ships’ anchors, trawls, or by scouring action of
the current. Specifically, ensure depth conforns to the

requi rements of 49 CFR 195. Where lines cross ship channels
or anchorages, ensure the top of the pipe is at |east 12 feet
(3.7 m below the theoretical, present or planned future
bottom el evati on, whichever is deeper. Recommended backfill
in such areas is 2 feet (0.6 m of gravel directly over the

pi pe, followed by stones weighing 50 to 60 pounds (23 kg to 27
kg) up to the bottom el evati on.

9.4.6 Pi pe Thi ckness and Weight. Provide sufficient pipe
wal | thickness to keep stresses due to maxi mum operating
pressure and other design |loads within design limts. 1Include
full consideration to extra stresses which may occur in |aying
the pipe. It is common practice to use heavier wall pipe for
wat er crossings of nore than 200 feet (60 m from bank to bank
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at normal water level. This affords greater stiffness and
resi stance to buckling during handling of the assenbl ed
crossing pipe and requires |less weighting material to obtain
t he necessary negative buoyancy to keep the line in place
while enpty or containing a light product. Reinforced
sprayed-on concrete is an acceptable weighting materi al .
Hydrostatically test assenbl ed crossing pipe before placing,
unl ess crossing pipe is too long for prior assembly in one

segnent. In this case, separately test each segnent as
descri bed.

9.5 Pl PI NG MATERI ALS

9.5.1 Non- Avi ati on Systens. Use carbon steel piping

material for interterm nal pipelines (regardless of product)
and for all portions of non-aviation turbine fuel systens,
except FRP may be used for underground pipe (not in concrete
trenches) in ground vehicle fueling facilities. The
appropriate service guide specification includes the necessary
requi renents.

9.5.2 Avi ation Systens. For new systens, use stainless
steel or alum num pi ping downstream of the |ast issue
filter/separator. Limt alumnumto aboveground pipes of 12

inches (300 nm or |less nom nal pipe size. G ve specia
consideration to the pressure rating of both the pipe and
fittings to ensure adequacy to accommodate surge pressure. Do

not all ow copper, copper alloys, light nmetal alloys containing
nore than 4 percent copper, zinc or zinc alloys, cadm um or
| ead or lead alloys in components exposed to the fuel. Brass

hose couplers are permtted. Metals are restricted to protect
the thermal stability property of aviation turbine fuels. See
Facility Plate No. 025 for piping material options.

9.6 VELDI NG CRI TERIA. Ensure that the contract requires
wel di ng and wel di ng i nspections in accordance with appropriate
gui de specifications and/or standard design. Use 100 percent
radi ographed weld joints nmeeting the standards for severe
cyclic service contained in ANSI/ASME B31.3 for piping
downstream of the punp in hydrant systens. For all other
under ground steel pipes, use 100 percent radi ographed wel d
joints neeting the requirenments of ANSI/ASME B31. 4.

9.7 Pl PI NG CONNECTI ONS
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a) For steel piping systens, use weld neck forged or
rolled steel flanges with raised faces having a nodified
spiral serrated gasket surface finish.

b) Do not use cast iron flanges.

c) Do not use grooved pipe type couplings or simlar
fittings in permanent fixed piping systens.

d) Do not direct bury flanges, valves, nechani cal
couplings, threaded fittings, or any nechanical equipnment. |If
t hey must be used in an underground system enclose themin an
accessible pit.

e) Use wel ded connections for joining steel pipe.
Use flange connections for joining pipe to equipnent. Use
t hreaded connections only where unavoi dable such as on
differential pressure gages, pressure snubbers, and fuel
sanpl e points.

f) In steel piping systens, use socket weld joints
on 2-inch (50 nm dianeter nom nal size and smaller pipe.

g) Make branch connections with butt wel ded tees
except where the branch is at | east two pipe sizes smaller
than the run, in which case the branch connection can be made
with a forged or seam ess branch outlet fitting, which is
designed in such a way that the connection can be
radi ographed.

h) Do not use wrinkle bends or mtered bends for
changes in direction.

i) Do not use threaded joints in alum num piping
syst ens.

] ) Except for unions and control tubing couplings,
do not use threaded joints in stainless steel systens.
Socket-wel d stainless steel drain, vent, and pressure relief
valve lines 2-inch (50 mm in dianeter or less. |If
aboveground, flanges may be used.
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k) Join glass FRP piping by bell and spigot joints
seal ed with adhesive, except use FRP flanges for connections
to flanged equi pment such as punps or valves. Ensure that no
| oadi ng can be transferred from steel piping to FRP piping.

) Make fittings and flanges for alum num piping of
the same material as the pipe.

9.8 | NTERI OR PI PE COATI NGS. To protect aviation fue
quality and extend the life of the piping, mnimze bare
carbon steel piping (except interterm nal pipeline) which
cones in contact with aviation turbine fuels especially
downstream of initial filtration equi pnent and maxim ze the
use of internally coated pipe. This is not intended to allow

the use of lined carbon steel piping as a substitute for areas
requiring non-ferrous piping. Conply with other paragraphs of
this section for material selection. Interior pipe coating is

not required on non-aviation piping except for carbon steel
pi ping within the | ower 36 inches (900 nm) of aboveground
vertical storage tanks, and ballast |ines on piers.

9.9 EXTERI OR PI PE COATI NGS

a) Protect the exterior surfaces of all underground
steel piping systems with a continuously extruded pol yet hyl ene
coating system

b) Protect the exterior surfaces of all aboveground
carbon steel piping systens by coating in accordance with
appl i cabl e service requirenment.

c) Coat underwater piping with the same material s
used for underground pi ping.

9.10 SAMPLI NG FACI LI TIES. Provide connections for
sanpling fuels on each section of a fuel transfer piping
system Install sanpling and testing connections at receiving

points, tank outlets, inlet and outl et sides of
filter/separators and fuel nmonitors, all fuel dispensing

poi nts, and between bl ock valves so that the remaining fuel in
each portion of a fuel transfer pipeline can be sanpl ed.

Where possible, install sanpling connections in vertical runs.
Provide a 1/4-inch (6 nm diameter sanple point with a probe,
ball val ve, and quick disconnect with dust cap.
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Section 10: ALTERNATE POL FACI LI TIES

10.1 | NTRODUCTI ON. This section provi des gui dance for
design of alternate POL facilities. The alternate fuels

di scussed are: LPG CNG, hydrazine, and OTTO fuel. This
section contains information on products which are unique.
Therefore, sonme special considerations are discussed, in
addition to information provided in Section 2, General Design
| nformati on, which contains inportant information on fueling
facilities. Do not start the design of any fueling system

wi thout first becom ng conpletely famliar with Section 2 of
t hi s handbook.

10. 2 LI QUEFI ED PETROLEUM GAS (LPG)

10.2.1 Uses. The uses for which LPG fuel is procured and
the nethods of transportation of the fuel are as foll ows:

a) LPG fuel is used for general heating, netal
cutting and brazing, and in |aboratories. LPGis procured in
cylinders or for bulk storage by tank car or tank truck
Cylinders usually contain 100 pounds (45 kg) of gas, in a
liquid state.

b) Fuel supply for firefighting trainers and crash
and rescue training facilities.

c) VWhere economcally justified, LPG facilities
suppl ement utility-supplied gas systens for neeting peak | oads
and as a standby where interruption to a supply is possible.

(1) Standby LPG facilities serving |arge capacity
equi pnment, such as boilers of 200,000 British thermal units
(Btu's) per hour (58 000 W and above, nmay consist of a
separate gas systemto an alternate set of burners on the
equi pnent .

(2) For a gas systemserving nmultiple smal
appl i ances, provide the standby equi pmrent with nmeans for air
mxing to dilute the LPG with the proper anount of air to
mat ch conmbustion characteristics of either natural or
manuf actured gas serving the systemin place of the utility-
supplied gas, or in conjunction with it to reduce utility peak
| oads.
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10.2.2 CGeneral Design Considerations. LPGis odorless,

col orl ess, non-toxic, heavier than air, and explosive. To
permt easier |eak detection, an artificial odor may be

i ntroduced when shipped froma refinery. Under standard

at nospheric conditions, LPGis in a vapor phase, but it is

i quefied under noderate pressure for shipping and storage.
The maxi mnum vapor pressure for LPG design is 215 psig (1480
kPa) at 100 degrees F (38 degrees C). All LPG purchased by
the mlitary should emt a distinct odor at a concentration
requi red by NFPA 58. See Facility Plate Nos. 030 through 033.

10.2.2.1 Fire Hazards. |In the vapor phase, LPGis a hazard
conparable to flammbl e natural or manufactured gas. The
expl osive range is 2.16 to 9.6 percent by volunme of air-gas
m xture.

a) Provide ventilation in accordance with NFPA 58.

b) In the liquid phase, LPGis a highly volatile,
flammable |iquid. Because of rapid vaporization, an LPG fire
is basically a gas fire. Therefore, in the event of a fire,
provi de nmeans to automatically shut off the LPG supply feeding
the fire.

c) Provide emergency shut-off consisting of the
conbi nati on of three nodes: manual shut-off, renote shut-off,
and thermal shut-off. Renpte shut-off normally consists of a
nitrogen systemwth plastic tubing at the controlled point so
that the pressure holds open the valve. The plastic tubing
acts as a fusible link. Provide a cable release shut-off with
renote shut-off for conbination shut-off. Refer to M L-HDBK-
1027/ 1 and APl Std 2510.

d) Provide | eak detection in accordance w th NFPA
59.

e) For LPG equi pnment | ocated inside buildings where
there is a potential for |oss of LPG provide an
al arm detection systemw th | ocal and renote al arnms (audible
and visual), high and I ow ventilation, doors with panic
hardware, a |eak detector readout with the readout outside,
and a |l eak detector kit |ocated outside.
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10.2.2.2 Refrigerating Effects. At nornmal atnospheric
pressure, the boiling point of propane is -45 degrees F
(-43 degrees C). Propane in a liquid state and open to the
at nosphere will evaporate (not boil).

a) Provide neans to address operational concerns as
described in the follow ng paragraph. Wen LPG is expanded
t hrough a regulator fromits vapor pressure to normal service
pressures, the cooling effect my freeze the regulator if
water is present in the LPG  Freeze-up can al so occur on
equi pnment whi ch accunul ates water such as strainers and
control valves. The freezing effect can also result in
exterior ice formations which disrupts the val ve operator.
Freeze-ups can be avoi ded by cl eaning and nitrogen-purging the
system

b) Although it is dehydrated at the refinery,
provi de a neans to keep LPG dry.

c) In flashing to vapor fromthe |liquid phase, the
refrigerating effect can be severe if an abrupt pressure drop
occurs. Therefore, design a system which provides neans to
avoid this problem

10.2.2.3 Design Standards. Use the follow ng references for
general design and safety standards for all LPG facilities.
(Follow particul ar sections of standards applicable to types
of facilities. Where conflicts occur, use the nore stringent
requirenents.) Appropriate standards are as foll ows:

a) NFPA 54, NFPA 58, and NFPA 59.

b) APl Std 2510.

c) Association of Anerican Railroads, Circulars No.
17D and 17E.

d) Federal Specification BB-G 110.

e) Federal Specification RR-C-910, Sections |ICC 4BW
| CC 4E, and | CC 4BA.

f) M L-HDBK-1027/1.
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g) Factory Miutual Engineering Corp. (FM, Loss
Prevention Data, Liquid Petroleum Gas, Section 7-55,12-28.

10.2.3 Receiving Facilities

10.2.3.1 General Design Considerations. LPG may be received
by truck, rail, or water for either cylinder (bottled gas) or
bul k systemns.

10.2.3.2 Transfer Methods. Design the facility to
accommodat e one of the follow ng transfer nethods:

a) No punping or pressurizing facilities are
required for small bulk systens utilizing truck delivery. Use
punpi ng equi pment provided on trucks instead of stationary

punps.

b) Provide LPG vapor piping, punps, and conpressors
for off-loading tank cars or waterborne LPG tanks to operate,
as foll ows:

(1) Provide conpressor and piping to take suction
fromthe vapor space of the storage tanks to be filled through
an equalizing line and pressurize the tank to be off-I|oaded.
This forces the LPG out through the liquid off-loading |ine
into the storage tank.

(2) Arrange the piping so that after all liquid
has been evacuated, the conpressor suction can be reversed to
punp the LPG gas fromthe delivery tank to the storage tank
t hrough a subsurface dip tube.

(3) Provide connections and valving to all ow
bl eedi ng of the liquid propane fromthe connection after
shutting off the valve at both the hose end and at the off-
| oading piping. This is done after off-loading the liquid
fromeither a transport truck or a tank car. Provide a bleed
attachnment built into the off-Ioading equipment for this
pur pose.

(4) See Facility Plate Nos. 030 through 033 for

typical installation. Provide |iquid punps as standbys for
conpr essors.
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C) Provide the transfer point fromtrucks or
tank cars with a substantial concrete bul khead. Anchor the
pi ping in the bul khead. Do not use pipe sleeves. Provide
with the bul khead hose or sw vel-type piping connections. The
bul khead provi des a breakaway point if the truck or tank car
noves away W thout first disconnecting the hoses. Also
provi de energency shut-off and excess flow valves. Refer to
NFPA 58 and M L-HDBK-1027/1 for additional information.

10.2.3.3 Flow Rates. Use the following flow rates:

a) Provide flow rates commensurate with the storage
capacity and the size of punps, conpressors, and | oading
devi ces.

b) Provide flow rates that all ow operators adequate
time to shut down facilities before tanks or trucks are filled
beyond maxi mnum al |l owable. Limt flowrates fromtanks by
setting excess flow val ves.

c) Provide off-loading I'ines with manual |y operated
throttle valves so operators can adjust flow rates to points
bel ow shut-off settings of excess flow val ves.

10.2. 4 Storage Facilities

10.2.4.1 Types of Storage. Types of storage facilities
i nclude cylinders or bul k storage tanks.

a) Provide cylinders or containers conformng with
ASME and/or DOT criteria as described in guide specifications.
Used tanks are not allowed. The nunber of cylinders at a
facility depends on the maxinumrequired flow rate and the
vapori zation rate per cylinder at the m ninum operating
t enper at ur es.

b) Provide bul k storage tanks as foll ows:

(1) For storage tanks up to 30,000 gallons
(114 000 L) capacity, use horizontal steel tanks.

(2) For storage tanks above 30,000 gall ons
(114 000 L) capacity, use spherical or spheroidal steel tanks.

(3) Do not use underground tanks for LPG
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10.2.4.2 Nunber and Size of Bulk Tanks. Storage capacity
depends on requirenents, frequency of deliveries, and
dependability of supply. Consider a nmultitank system for nore
dependability.

10.2.4.3 Design Requirenents. Design requirenments are as
fol |l ows:

a) Tanks and tank appurtenances require conformance
with NFPA 58 and APl Std 2510. Design LPG tanks for a m ni num
wor ki ng pressure of 250 psig (1700 kPa).

b) Tank spacing requires conformnce with
M L- HDBK- 1027/1 and FM criteria. See Facility Plate Nos. 032
and 033.

c) Provide sufficient flexibility in piping
connections to tanks to allow for differential settlement of
tank and equi pnent.

d) Provide cathodic protection in accordance with
Section 2 of this handbook.

e) If using conpressor transfer systens, fit tanks
with dip pipes a mninmumof 3/4 inches (20 mm dianeter, and
gas inlet lines fromconpressors, so that gas punped into
storage tanks fromenpty delivery vessels is bubbled through
liquid LPG to prevent overpressuring tanks.

f) Provide float-actuated high-level alarnms set at
maxi mum perm ssible filling | evel of 80 percent on all tanks
of 3,000 gallon (11 000 L) capacity and above.

g) If using installed transfer systems, provide
pressure switches on tanks set to open at pressures 5 psig (35
kPa) bel ow set pressures of safety valves to stop conpressor
punps transferring LPG to tanks.

h) Ensure that tanks are ASME coded and have the
ASME national registration nunber.

i) Size storage tanks for 120 percent of required
st orage vol une.

J) Electrically ground all storage tanks.
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10.2.4.4 Inspection, Testing, and Certifications. Inspect,
test, and certify all new unfired pressure vessels prior to
pl acing into operation. Do not operate the unfired pressure
vessel (UPV) without a valid certificate. Performthe
following tests on the UPV:

a) A general UPV site inspection

b) An external UPV inspection

c) An internal UPV inspection

d) A hydrostatic test (strength and tightness tests)
e) An operational test

The inspector nust be registered by the National
Board of Boiler and Pressure Vessel Inspectors (NBBI) and nust
possess a Certificate of Conpetency and a NBBI National Board
| nspection Code (NBIC) Commi ssion. Upon conpletion and
passing of the inspections and tests, the tank will be
certified. Post a current, valid certificate on or near the
UPV under a protective coating.

10.2.5 Distribution Facilities. See Facility Pl ate Nos.
030 t hrough 033.

10.2.5.1 General Design Considerations. The follow ng
di stribution systemrequirenents apply to the transfer of both
the gas and liquid phases of LPG

a) Lay all distribution piping underground when
practicabl e.

b) Provide the required flow rates.

c) Install electrical equipnment in accordance NFPA
70 and APl RP 500. Use only equi pnent approved for each
classified area. Ensure electrical design conforms to APl RP
540.

d) Gound and bond all piping, tanks, and equi pment

in accordance with APl RP 2003, APl Std 2510, APl RP 540, and
NFPA 70.
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e) Refer to Section 2 of this handbook for corrosion
protection requirenents of underground pipe.

10.2.5.2 Piping Materials. Provide pipe, valves, and
fittings in accordance with applicable sections of APl Std
2510. Use Schedule 80 wel ded carbon steel. Threaded
connections are only allowed for valves and equi pnment.

Provi de design characteristics and features for gas and liquid
pi pelines in accordance with Section 9 of this handbook. The
m ni mum desi gn pressure for liquid LPG piping is 350 psig
(2400 kPa) as required by NFPA 58. Use Class 300 ANSI fl anges
as a mni mum

10.2.5.3 Accessories

a) Provide totalizing-type nmeters, pressure gauges,
t hernonmeters, strainers, and surge suppressors.

b) Ensure that nmeters are turbine-type with pressure
and tenperature conpensati on and have el ectronic/digital
readout capability.

c) Install meters, if required, in accordance wth
requi renments of API MPMS 5.

d) Provide pressure gauges of suitable range on al
tanks, on suction and di scharge of punps and conpressors, on
inlet and outl et of vaporizers and on downstream of throttle
val ves.

e) Provide thernmonmeters on all tanks, in all
transfer lines for both liquid and gas, and on inlet and
outl et of vapori zers.

f) Provide strainers in conpressor suctions,
upstream of neters and control val ves.

g) Provide surge suppressors on liquid lines, if
required.

h) Provi de knock-out druns or scrubbers of suitable
capacities in suction lines of conpressors to renove entrained
liquid. Provide drums with high | evel, shut-down devices,
automatic liquid drainers, glass gauges, and drains.
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i) Ensure all valves are UL |listed or FM approved
for LPG service. At a mnimm use Cl ass 300 val ves.

j) Provide equipnent to inject alcohol into the LPG
off-loading line. Provide equi pment capable of injecting
al cohol at a rate of 1:800 al cohol to LPG by vol une.

10.2.5.4 Punps and Conpressors. Design and install punps and
conpressors in accordance with APl Std 2510 and NFPA 58.

10.2.5.5 Vaporizers. Provide vaporizing equipnment for
distribution facilities as foll ows:

a) Provide vaporizers at |ocations where |liquid
tenperatures are too |low to produce sufficient vapor pressure
to nmeet the maxinumrequired flow rate.

b) Use vaporizers that are indirect fired-type
utilizing steam or hot water as a heating medium or direct
fire waterbath-type.

c) Size vaporizers to provide at |east 125 percent
of expected peak | oad.

d) Design and install vaporizers in accordance wth
NFPA 58.

e) Use waterbath vaporizers approved by Factory
Mut ual .

f) Space waterbath vaporizers in accordance with FM
Section 7-55,12-28, except provide a mninmum of 75 feet (23 m
bet ween truck off-load stations and tank storage. Where space
is limted, provide a blast wall at the truck off-I oad
stati ons.

g) When using waterbath vaporizers, provide fire-
safe fusible link shut-off valves in LPG supply piping at the
vapori zers. Provide renote shut-off capability and 24-hour
renpte nonitoring.

h) When using wat erbath vaporizers, provide an
automati c excess flow emergency shut-off valves in LPG supply
lines to vaporizers. Use a hydraulically operated di aphragm
control valve and | ocate at tank storage.
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10.2.5.6 Controls. Provide the follow ng controls.

a) Use punps and/or conpressors that can be started
and stopped by manual pushbutt on.

b) Provide automatic limt switches as foll ows:

(1) Pressure switches on storage tanks set 5 psig
(35 kPa) below relief valve settings.

(2) Liquid level switches on storage tanks set at
maxi mum filling | evels.

(3) Liquid level switches on knock-out druns set
to shut off conpressor at high liquid |evels.

(4) High pressure switches in conpressor
di scharges to shut off conpressor at safe pressure |evels.

c) Provide manually operated throttle valves in
liquid off-loading lines to adjust flow rates bel ow excess
fl ow val ve settings on delivery tanks.

d) Provide a sight flowindicator in liquid lines
near throttle val ves.

e) Provide automatic tenperature, pressure, and
l[imt controls on vaporizers in accordance with NFPA 58.

10. 2.6 Air Mxing Facilities

10.2.6.1 Pressure Controls. Provide pressure control valves
in both air and gas lines to air m xing equipnent. Provide a
| ow pressure alarmin both lines to shut-off air and gas in
the event of | ow pressure.

10.2.6.2 Volunetric Controls. Provi de volunmetric controls at
all distribution facilities as foll ows:

a) Provide displacenent-type or flowtype neters in

both air and gas lines to maintain a proportional flow of air
and gas.
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b) Use a venturi-type proportioner where the
variation in demand flow rate does not exceed the limted
range of the venturi proportioner. \Where the demand flow rate
vari es excessively, use a venturi-type proportioner in
conjunction with a downstream storage tank, if economcally
justified. The storage tank will permt a varying rate of
flowto the systemwhile being filled continually or
intermttently at a constant rate of flow through the
proportioner.

10.2.6.3 Specific Gravity Indication. Provide a specific
gravity indicator and recorder with high and lowlinit
switches to sound an alarmif the variation of specific
gravity of an air-gas m xture exceeds acceptable limts of the
system For air mxing systens using LPG with a propane
content of 90 percent and above, the specific gravity of the
air-gas mxture is a sufficiently accurate index of its Btu or
joule (J) content, so calorinetric controls and indication are
not required.

10.2.6.4 Calorinmetric Controls. \Where economcally
justified, provide an automatic calorineter to indicate and
record the Btu or J content of the air-gas m xture. Provide
high- and low-limt switches to calorineter to sound an al arm
if the variation of Btu content exceeds acceptable limts of
the system

10. 3 COVPRESSED NATURAL GAS (CNG). Design CNG storage
and di spensing facilities to conply with NFPA 52 and
appropriate sections of NFPA 55.

10.3.1 Uses. CNGis primarily used as an alternative fuel
in light duty vehicles although it and its cryogenic
counterpart liquid natural gas are gaining acceptance in heavy

duty applications. Energy policy has mandated with certain
reservations that by fiscal year 2000, 75 percent of the
i ght-duty vehicles purchased by the government will use
alternative fuels. Therefore, there will be a significant
increase in alternative fuel consunption.

10.3.2 General Design Considerations

10.3.2.1 System Sizing. To size the system determ ne the
total daily fuel consunption of base |iquid natural gas

vehi cl es. Based on daily mles driven, determ ne the nunber
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to be refuel ed each day. The nunber of vehicles refuel ed

during surges |limts the capacity of nost fast fill (3 to 6
m nut es) operations. Scheduling vehicles to refuel through
the day will effectively increase system capacity. Use a

conputer programto size the system because nmanua

cal cul ations usually result in larger systens than needed.
Refer to the Institute of Gas Technology in the References
section of this handbook for ordering information of one
possi bl e program Use the | atest version.

10.3.2.2 Future Requirenments. Anticipate future requirenments
when sizing the systembut normally Iimt the project to 100
to 150 standard cubic feet per mnute (scfm (47 to 71 L/s).

| f additional capability will be needed in the future, plan a
second system | ater or consider other options such as slow
fill systenms for overnight fueling. This will provide

redundancy and reduce initial cost. Usually, surge

requi rements drive machi ne size and can be controll ed by
managenent actions. Additionally, boosters operating from
system pressure or special control systens may increase surge
handl i ng capacity (e.g., 25 to 30 percent of the gas in a
cascade systemis available for fast fill operations. A
booster or special control system can increase it to 60
percent.) The conbination of these actions could del ay
installing a second system many years at nost installations.

10.3.2.3 Pressures. Most vehicle conversions use 3,000 psig
(21 000 kPa) storage systens while original equipnent

manuf acturers use 3,600 psig (25 000 kPa) systens. The
conpressors should operate up to 5,000 psig (35 000 kPa) to
refuel at either pressure.

10.3.2.4 Connections. Design the systens to be skid-nounted
with conpressor system cascade storage, and controls. Limt
field tie-ins to connecting electricity and high and | ow
pressure gas.

10.3.2.5 Conpressors. Use crosshead gui de type conpressors
for CNG service. Although nore expensive, the design |life of
these units is significantly |longer. Another option is a
conventional style conpressor designed specifically for CNG
service. Do not use nodified air conpressors. Choose the
type conpressor after conparing maintenance and reliability
data. Test all conpressors at the factory with natural gas
bef ore shi ppi ng.
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10.3.2.6 Conpressor Drives. Use either electric or engine-
driven conpressor drives. Gas engine drives are |ess
expensive to operate, but maintenance costs are higher. Use a
life cycle cost analysis to determ ne which conpressor drive
is best. Although an engine-driven conpressor is nore
expensive than an electric nmotor, electrical upgrade costs my
be reduced. It also may be able to operate during power

out ages.

10.3.2.7 Conpressor Inlet Pressure. Suction pressure is a

key factor in selecting a conpressor. Use high pressure gas
mai ns to reduce both initial and operating costs. Avoid
pressures |l ess than 20 psig (140 kPa). If high and | ow

pressure lines are near each other and the pressure
differential is at |east 150 psig (1030 kPa), 250 psig (1720
kPa) is preferred, and the | ow pressure |ine has a continuous
| oad, a system can be installed and powered by the
differential pressure. Such systens are extrenely effective
and have low initial and operating costs. \Were a high
pressure differential exists, another option is a turbine to
drive the conpressor

10.3.2.8 Storage. Install a cascade system using ASME
vessels; either tubes or spheres. Avoid banks of DOT
cylinders since they nust be inspected every 5 years.

10.3.2.9 Controls. Use either pneumatic or el ectronic
controls depending on |ocal practices. Electronic controls
are preferred in nobst areas because they provide nore accurate
conpensation for tenperature effects. Pneumatic controls are
sinpler, but do not fill tanks to their limts. Normally,
this is not a problem since base vehicles do not normally
operate to their maxi mumrange in one day. Since vehicle tank
pressures are rated at 70 degrees F (21 degrees C), tanks will
fill to a higher pressure when outside tenperatures are warner
and to a | ower pressure when tenperatures are cooler

10. 3.2.10 Di spensers. Al though nore expensive, provide
conventional rather than post style dispensers. To reduce
installation costs, use dispensers with the electronics
internally nounted and calibrated at the factory. A dispenser
makes CNG refueling simlar to conventional refueling.
Dependi ng on funds, a post style dispenser is an option.
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10.3.2.11 Nozzles. Use the industry standard nozzle. It

cones in three pressure ranges: 2,400 psig (16 500 kPa),
3,000 psig (21 000 kPa), and 3,600 psig (25 000 kPa). These
nozzl es are designed so that a fill system cannot connect to a
vehicle tank with a | ower pressure rating, yet it can connect
to vehicle tanks with higher ratings.

10.3.2.12 Envi ronnment al Consi der ati ons

a) The conmpressor unit’s receiver is usually bl own-
down automatically, releasing about 0.06 gallons (0.2 L) of
oil to the base and subsequently the ground. Discharges from
ot her conponents, such as intercoolers, add to the
contam nation. Therefore, drip gutters with drains are
required at each corner of the base. Develop a neans of
collection and retention of these wastes. Deactivating the
automatic dunp features and manually draining is an
alternative to a collection system

b) Provide gas recovery system as part of the
compressor package to recover gas into an ASME recapture tank
when off-Iloading the conpressor.

c) At the dispenser, provide a vent 8 feet (2.4 m
to 10 feet (3 m above ground level to discharge vent gas from
di spenser hoses. Oversize the conduit fromthe dispenser to
the cascade for a vent line to a future gas recovery system

d) Locate units with care because of noise. Use
| andscaping to conceal units and attenuate the sound.

e) Natural gas engine drives, if used, may require
an air emssions permt.

10.3.2.13 Weather. As a mninum protect conpressor units
fromthe weather with a canopy. |In colder climtes, use a
heat ed shelter/enclosure with sound attenuation. Some vendors
have encl osures as normal options. Costs vary wi dely
dependi ng on the degree of protection. Enclosures may require

ventilation and Class |, Division 1 classified electrical
conponents. They should al so be accessi ble by inspectors and
servicing personnel. In lieu of a heated facility/enclosure,

crankcase heaters and/or circul ating block heaters nay be
suitable in noderately cold climtes.
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10. 3. 2. 14 Coatings. The CNG equi pnent cones factory-painted.
Specify special coatings where climatic conditions warrant.
Sel ect a color fromthe base color scheme. Light beige is a
practical choice. Wite is a poor choice since the heat of
operation discolors it. Storage containers nmay have to be
painted white with blue letters to neet codes.

10. 3.2.15 Water Content. Water content in natural gas varies
with region. Gas in the Southeast United States is usually
dry, while gas fromWest Virginia is very wet. Provide dryers
to dry the gas to a pressure (storage pressure) dew point
(PDP) at |east 10 degrees F (6 degrees C) below the winter
design dry bulb tenperature.

10. 3.2.16 Design Standards. Design CNG systens to NFPA 52.
Use NFPA 54 for the gas supply to the conpressor. Use the
ASME Code for Unfired Pressure Vessels for cascade storage.
El ectrical work nust conformto NFPA 70. Where collocating
CNG and gasoline stations, also use NFPA 30A.

10. 3.3 Warning. During peak demand periods, sonme suppliers
m x propane air mxtures with natural gas. When the anpunt
added exceeds 10 percent by volume, the CNG produced fromthis
gas will normally not perform properly in CNG vehicles because
propane becones a permanent liquid in storage tanks. Oxygen
sensors can be installed to shut down the station during such
periods. Installations with this situation should use dual
fuel vehicles.

10. 4 HYDRAZI NE STORAGE AND SERVI CI NG FACI LI TI ES

10.4.1 Uses. A blend of 70 percent hydrazine and 30

percent water, known as H- 70 fuel, is used to operate the F-16
enmergency power unit (EPU). The F-16 H-70 tank carries 56
pounds (25 kg) of fuel and requires servicing after the fuel
has been used. The H-70 tanks are renoved fromthe aircraft
when the fuel is depleted below a | evel specified by the using
activity. The tanks are delivered to the servicing facility
where any remaining fuel is drained into a closed 55-gallon
(210 L) stainless steel drum The aircraft H-70 tank is
filled using a closed system charging unit and is either
returned to the aircraft or placed in a handling/storage
container for future use. The bulk H-70 storage tank is a 55-
gallon (210 L) stainless steel drum containing approxi mtely
51 gallons (190 L) of H-70. Nitrogen gas is used as an inert
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pressure head in the bulk drumto transfer H 70 to the
charging unit. The charging unit is 75 inches (1900 nmm | ong
by 36 inches (900 nm w de by 92 inches (2340 mm high and

wei ghs approxi mately 475 pounds (216 kg). An F-16 tacti cal

Wi ng i s expected to use approximately 100 gallons (380 L) of
H-70 per 20,000 flight hours with an additional m ninmm of 150
gallons (570 L) held in reserve to handl e depl oynent/safety
stock requirenents.

10.4.2 Gener al Design Considerations

a) H- 70 carries the conpatibility group designation
of Group C.

b) Separate H 70 fuel storage and |iquid/gaseous
oxygen storage in accordance with AFMAN 91-201. Locate the
facility a m ni mumof 50 feet (15 m) from aboveground
expl osi ve storage in accordance with AFMAN 91-201

c) Locate the facility a m ninum of 100 feet (30 m
from public highways; civilian or governnent |iving areas;
public facilities such as schools, churches, clubs, sewage
treatment plants; or rivers, |akes, or streans because of bio-
envi ronment al consi derati ons.

d) Segregate the servicing and storage facility from
| arge popul ation concentrations within the confines of a
mlitary installation and subject to the criteria stated
above.

e) Store 55-gallon (210 L) druns of hydrazine in
facilities no less than 80 feet (24 m apart. The spacing is
al so subject to the other criteria stated in this section.
This criterion is limted to ten 55-gallon (210 L) druns and
20 EPU tanks (provided the tanks are stored inside an approved
shi ppi ng cont ai ner).

f) Refer to Army Corps of Engineers TO 42B1-1-18 and
TO 42B1-1-18S-1 for additional information.

10.4.3 Construction Concepts. Provide the H 70 facility
with space for tank servicing, storage, and personnel hygiene.

10.4.3.1 Access
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a) Provide security fencing with a vehicle entrance
gate surrounding the facility to restrict access.

b) Provide a doorway |eading into storage areas to
allow for forklift access.

10.4.3.2 Architectural

a) The total area recomrended for the facility is
783 square feet (73 nf) with H-70 and N, bul k storage occupying
210 square feet (20 nf), a servicing and storage area of 449
square feet (42 nf), and a personnel area of 124 square feet

(12 nf).

b) Provide ceiling height of 12 feet (3.7 m in
storage and servicing areas and 8 feet (2.4 m in personnel
ar eas.

c) Provide hollow, netal, exterior and interior
doors with panic hardware and automatic closure. Provide
doubl e doors, 6 feet (1.8 m wide to allow for equipnment
novenent. Ensure single doors are standard size.

d) Provide a rack in the servicing and storage area
for vertical drum storage (bung side up) to allow for drainage
of flush water. Construct storage rack of hydrazine
conpati ble materials such as stainless steel, plastic, or
hi gh-density pol yet hyl ene ( HDPE)

e) Design floors to permt drainage and prevent
coll ection of |iquids on any floor surface.

10.4.3.3 Fire Protection Systens. A wet pipe sprinkler
systemis recomended. Consider above-ceiling detectors, as
wel |l as room detectors. Provide fire extinguishers of a type
approved for use in combating hydrocarbon fuel fires in

regul ated areas. Use AFFF or water. Do not use hal ogens or
CO, extinguishers. Refer to Arny Corps of Engineers TO

00- 25-172.

10.4.3.4 Spill Contai nnent
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a) Provide spill containnment in the H-70 storage
area with a capacity equal to the larger of 110 percent of the
| argest drum present or 10 percent of the total vol unme
present.

b) Spill containment for facilities which store only
one or two druns of H-70 can be individual containers for each
drum

c) Provide a diked containnment area for facilities
whi ch store multiple drunms of H-70.

(1) Provide ranps for vehicle access.

(2) Provide a coating or liner for concrete
contai nnent areas. Do not all ow exposed iron or rebar in the
cont ai nnent ar ea.

10.4.3.5 Floor Drains

a) Provide a concrete floor in the regul ated areas,
sloped to floor drains which lead to a collection tank.

b) Provide a floor trench drain 18 inches (450 mm
wi de by 6 inches (150 mm deep by 9 feet (2.7 m |ong, covered
with an open stainless steel grate in the H 70 fuel tank
servicing area. The trench is required to contain any
possi bl e H-70 spillage and periodic draining of the H-70
servicing stand. Construct the trench parallel to the wall
separating the storage area fromthe servicing area. Locate
the servicing stand so the drain spigot fromthe scrubber is
in-line with the trench drain. A polypropyl ene or
pol yet hyl ene el bow connection directly fromthe drain spigot
to the trench drain is required.

c) Ensure deluge shower and eyewash units in the
servicing area drain into the contai nnent tank.

d) Ensure industrial sink in the protective
equi pment room drains into the contai nment tank.

e) Equip drains leading to the containment tank with
traps to prevent vapors from contam nating the area.
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f) Provide access to the sanitary sewer for both
cl ean change room and shower facilities.

g) Construct floor drains which are subject to
carrying H 70 residue of polypropyl ene or polyethylene.

10.4.3.6 Collection Tank and Pi pi ng

a) Provide a collection tank and piping of materials
conpati ble with hydrazine, water, and neutrali zer.

b) Size the collection tank to contain 100 tines the
maxi mum quantity of H- 70 that could spill wth a m nimum
capacity of 1,000 gallons (4000 L).

c) Provide piping of 304 stainless steel, HDPE, or
to alimted extent, gal vanized steel.

d) Provide gaskets of suitable materials such as
Vi t on.

e) Test the system annually with water.

10.4.3.7 Gounding. In the storage area, provide a ground
strap or grounding point systemto ground each drum of H- 70.
Locate the grounding strap around the interior walls of the
storage room 54 inches (1370 nm above the floor. The
groundi ng system nust have a resistance of 25 ohns or |ess.
The facility must al so have an approved lightning protection
system

10.4.3.8 Hygi ene Support Criteria

a) Provide lavatory washing facilities in a non-
regul ated area close to the exit fromthe regul ated area and
contiguous to the clean change room

b) Provide shower facilities for each 10 or |ess
wor kers.

c) Provide a clean change room Provide a separate

area for the renoval of contam nated clothing to prevent the
spread of potential contam nation fromthe regul ated area.
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d) Provide toilet facilities if the H-70 facility is
i solated from other buildings where toilet facilities are
avai | abl e.

e) Post signs which state that consunption of food,
beverages, cosnetics, tobacco products, and chewing materials
are prohibited.

10.4.3.9 Lighting. Provide lighting intensities of 50
footcandl es (540 lux) in the servicing area and 30 footcandl es
(320 lux) in the remainder of the facility. Provide exterior
lighting at all entrances and security |lighting as required.

10.4.3.10 Safety

a) Provide vapor sniffers for use in the H 70 fue
drum storage area and servicing area to alert personnel to
excessive levels of H 70 fuel vapors. Provide sniffers
capabl e of detecting 10 ppb of H- 70.

b) Afacility respirator air systemis recomended.

c) Provide an explosion proof observation w ndow (4
feet (1.2 m by 4 feet (1.2 m) between the H-70 fuel drum
storage area and the tank servicing area.

d) Al lighting fixtures, electrical outlets, and
el ectrical conponents |ocated within the storage and servicing
area shoul d be expl osion proof.

e) Provide eyewash fountains and del uge shower units
within sight of and on the sanme |evel as |ocations where
direct exposure to H-70 m ght occur. Pipe eyewash and showers
to the H-70 coll ection tank.

f) Post signs at entrances to all areas. Signs
shoul d warn personnel that “H 70 is a cancer suspect agent,”
“Aut hori zed Personnel Only,” and “No Snoking.”

g) Al tools and equi pmrent rnust be constructed of
hydrazi ne conpatible, rust-free, corrosion-resistant
materi al s.

10.4.3. 11 Utilities
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a) For electricity, provide 120-VAC, 60-Hz, single
phase, three-wire, 20 anperes, duplex convenience outlets in
each area of the facility (mnimmsix outlets). Two-way

switching is preferred to control lighting in the H-70 fue
drum storage area fromthe H 70 fuel tank servicing area.
Provi de explosion proof, Class I, Division 2, Goup C

electrical fixtures.

b) Provide 15 gpm (1.0 L/s) hose bibb water outlets
wi th backflow prevention. Size hose bibb for standard | awn
hose connections. Locate the hose bibb to provide water to
service stand on the inside of the exterior wall, on the
center of the servicing trench, about 2.5 feet
(0.8 m above the finished floor (below the 4-inch (100 nm
pi pe sleeve). Water with a reduced pressure-type backfl ow
preventor will also be required for the fire suppression
system and potabl e water systens.

10.4.3.12 Ventil ati on

a) Segregate nechanical ventilation for regul ated
versus non-regul ated areas. Exhaust regul ated areas through a
common mani fold. Evaluate the need for an air pollution
control system on a case-by-case basis and consi der | ocal,
state, or federal em ssions criteria applicable to the
construction | ocation.

b) Design ventilation systenms for regulated areas to
mai ntain a negative pressure of 0.05 to 0.1 inches of water
(12 to 25 Pa) with respect to adjacent non-regul ated areas.

c) Design ventilation for servicing and storage
areas to provide a mnimum of 20 air changes per hour.

d) Design the ventilation system for autonmatic
shutdown in the event of a fire within the facility.

e) Use flexible exhaust vent of the “el ephant trunk”
type to exhaust vapors that are rel eased when full hydrazine
druns are opened. Design for air flow at the vent nozzle to
be approximately 150 cfm (71 L/s). Refer to Anmerican
Conference of Governnental Industrial Hygienists (ACG H),
Design of Industrial Ventilation Systens.
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f) Place exhaust ports at approximtely 18 inches
(450 mm above the floor. To avoid exhausting H- 70 vapors
into areas where personnel are present, such as wal kways or
escape paths, consider placing exhaust ports above the roof
i ne.

g) Place a switch on the outside of the building,
near an entrance that will all ow personnel to turn on al
exhaust fans prior to entering the facility This will purge
the facility of any H 70 vapors that may have collected in the
facility while not in use.

h) Maintain tenperature in regul ated areas bel ow
120 degrees F (49 degrees C). Provide environnental controls
consistent with ventilation for personnel confort.

10. 4. 3. 13 Wast e Product Di sposal

a) Add water to H-70 spills in a 100 to 1 ratio to
reduce the H 70 concentration to |l ess than 1 percent. Size
coll ection tank accordingly.

b) Use neutralizers, such as 65 percent granul ar
cal cium hypochlorite (HTH), 14 percent bleach, and 5 percent
bl each to stabilize the H 70/ water m xture.

c) Provide storage for HTH away from hydrazi ne and
ot her potentially reactive materials. HIH is extrenely
corrosive.

d) Consult with | ocal base bio-environnental
engi neer as to procedures for enptying the collection tank.

10.5 OITO FUELS. Information on OTTO fuels is contained

i n NAVSEA 56340- AA- MVA- 010. Distribution of this docunment is
restricted. Requests for information are handl ed by Naval Sea
Systens Conmand. Refer to Section 2 of this handbook for

addi tional information.
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Section 11: SUPPORT FACILITIES

11.1 | NTRODUCTI ON. This section provides design criteria
for facilities which may be required to support fueling
activities. Specifically, operations buildings, contam nated
fuel recovery systenms, roads, utilities, and aircraft refueler
parking areas are detailed in this section.

11.2 OPERATI ONS BUI LDI NG. Review the fueling activity to
establish a need for each conponent of this building. Factors
which will affect these reviews are nunber of people required

for fueling activity, level of activity, types of fuels

handl ed, on-site quality control, availability of replacenent
parts, availability of maintenance support, and |evel of
training required.

11. 2.1 Desi gn Standards. The building design criteria wl
be the building code in effect at the facility. Automatic
sprinkler protection in accordance with M L-HDBK-1008 is
required regardl ess of building code requirenent if a water
supply is avail able.

11.2.2 Fuel Office. Provide a fuel office with sufficient
space to performthe necessary planning, admnistrative, and
managenent functions associated with the acconplishnent of the
fuel division’s mssion. Refer to AFH 32-1084 for size on Air
Force projects.

11.2.3 Tr ai ni ng/ Conference Room Provide a nultipurpose
roomwi th equi pment for training, conferences, and briefings.
Design this roomto accommodate furniture and have built-in
features such as markerboard, tack board, book shel ves,
screen, clock, coat hooks, and storage cabinets.

11.2. 4 Fuel Workshop. Equip the fuel workshop with an
adequately sized and conveni ent work bench with conpressed air
and electrical outlets available. Provide slip and fuel-
resistant floor, emergency shower/eye wash, and adequate
storage space adjacent to the workbench for frequently used
tools, spare hardware itens and accessories. |If facility is

| arge enough and ni ssion warrants, consider overhead crane,

| aundry facility, and shower facility. Refer to Section 2 of
t hi s handbook for electrical hazard classification and

requi rements and NFPA for ventilation requirenents.
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11.2.5 Storeroom Provide an adequate storeroom for spare
hoses, nozzles, filter and nonitor elenments, special tools,
special clothing, test equipnment, and fuel spill clean-up
equi pmrent. Determ ne size and | ocation of each facility to
provi de sufficient space for orderly storage and | ocation for
ready access to needed material by fuels division personnel.

11.2.6 Laboratory. The fuel |aboratory size and associ at ed
equi pnent depend on the scope of the quality surveillance and
testing program performed. Design the |aboratory in
accordance with applicable NFPA and CFR codes. Review NFPA 45
for applicability. However, for nost facilities and nost
fuels covered in this handbook, it wll not apply. M ninmm

| aboratory requirenents are as foll ows:

a) Lighting and fixtures in accordance with NFPA 70.

b) Sink with running hot and cold water. Include
hot water heater capable of providing water at 130 degrees F
(54 degrees C) for cleaning |laboratory gl assware.

c) Work bench(s) or counter(s) of sufficient size to
accommodate and maintain all required test equipnment in a
ready-to-use position. Conpose countertops of a non-perneable
material suitable for working with petroleumfuels. Ensure
that | aboratory flooring nmaterial is inperneable and suitable
for a fuels |aboratory.

d) Storage cabinets for test equi pnent support
items; for exanple, bottles, drying rack, and spare mllipore
pads.

e) Funme hood, conply with 29 CFR 1910. 1450, Appendi x
A

f) Enmergency eyewash/ shower.

g) Qutward opening doors with panic bars. Miltiple
doors may need to be provided in accordance with NFPA 45.

h) Portable firefighting equipnment.
i) Tel ephone.

J) Fire alarm box.
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k) A waste tank or neans to dispose of fuel sanples.
) Lighted exit signs.

m Capabilities to maintain |aboratory at 73
degrees F (23 degrees C) plus or mnus 5 degrees F (3
degrees C). (Required to protect |aboratory equi pnment.)

n) Bondi ng and grounding of all netal working
surfaces and el ectrical equipnent. Also, provide a comon
static grounding strap or approved groundi ng points readily
accessible to all fixed working surfaces and al ongsi de
entrance doors.

0) Recessed floor to prevent spilled fuel from
flow ng into adjacent areas.

p) W ndows constructed of fireproof materials.
Draperies and curtains are prohibited. |[If interior w ndows
are provided, use translucent reinforced safety gl ass.

g) An HVAC system designed so that air fromthe
| aboratory does not recirculate to other portions of the
bui | di ng.

r) Floor drains.

s) Interior separations from other portions of the
building with a partition rated for fire separation as
requi red by NFPA 45.

t) Type “N’ unprotected non-conbusti bl e
constructi on.

11.2.7 M scel | aneous Safety Equi pnment. Provide
firefighting, fire alarm and energency eyewash/ shower
equi pnent .

11.2.8 Control Room \Where conputerized control equi prment
is anticipated, provide a control room of adequate size and
with a maxi mum vi ew of outside activities. Allow extra space
al ong

192



MIL-HDBK-1022A

the ceiling/wall interface for future installation of security
monitors. Consider electrical receptacles and data outlets
for future use.

11.2.9 M scel | aneous Spaces. Provide toilets, shower
facilities, |ockers, dressing roons, nechanical room

el ectrical room janitor closet, break room etc. based on the
size of the facility and the planned activities.

11.2.10 Communi cations. Make provisions for tel ephone, data
transm ssi on, and ot her planned comruni cati ons equi pnent.

11.3 ROADS. Design roads within a fueling facility to
accommodat e mai nt enance activities, operations personnel, and
fuel delivery and/or issues. In addition, evaluate the roads

leading to the facility for their adequacy of w dth, access,
geonetrics, and weight restrictions. Refer to AFMAN 88-7,
Chapter 5 (al so known as Corps TM 5-822-5) for design

gui dance.

11. 4 UTILITIES. In nost cases, a fueling facility
requires water (donestic and fire protection), sanitary sewer,
storm sewer, and electricity.

11.5 Al RCRAFT REFUELER PARKI NG

11.5.1 General. Ensure aircraft refueler parking areas
nmeet the followng criteria at a mninum For additional
desi gn gui dance, refer to NAVAIR 00-80T-109 and Arny Corps of
Engi neers TO 00- 25-172.

11.5.2 Cl ear ances

a) Provide a m ninmumof 25 feet (7.6 m between the
centerlines of adjacent refueler trucks when in the parked
position or 10 feet (3 m mnimum of clear space between
par ked trucks, whichever is greater

b) Provide a m ninmumof 50 feet (15 m between a
refuel er parking area and the foll ow ng:

(1) Uninhabited building for new projects.

(2) Punp house or filter/separator building.
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(3) Taxiing aircraft.

(4) Fence, if space is alimtation (100 feet
(30 m, if space is avail able).

(5) Roads outside of a security fence.

(6) Overhead power and conmuni cation |ines.

(7) Pad-nounted transformers.

(8) Parked aircraft.

(9) Any building other than maintenance buil di ng.

c) Provide a m ninmm of 100 feet (30 m between a
refuel er parking area and the foll ow ng:

(1) Inhabited buildings.

(2) Truck or tank car off-1loading station.

(3) Truck fill station.

(4) Property lines.

(5) Highways.

(6) New POL Operations Building.

(7) Airport surface detection radar equi pnent.

d) Provide a m ninmum of 300 feet (90 m between
refuel er parking areas and the foll ow ng:

(1) Aircraft warning radar antennas.

(2) Areas where airborne surveillance radar may
be operat ed.

e) Provide a m ninmum of 500 feet (150 m between

refuel er parking areas and airport ground approach and control
equi prment .

194



MIL-HDBK-1022A

f) Provide a distance as great as practically
possi bl e between refueler parking areas and radio transmtting
ant ennas.

g) Contact the installation safety office to obtain
di stance criteria fromaircraft refueler parking areas to
aircraft carrying explosive materi al s.

11.5.3 Arrangenent. The preferred arrangenent is parallel
positions, but “front-to-back” and variations of the two are
acceptable. Provide “front-to-back” clearance between
vehi cl es such that the refueler in the “back” position woul d
not have to back-up to pull out of the parking position. This
di stance will vary according to the turning radi us of each
refueler. Arrangenent should satisfy functional requirenents
of users and provide for safe operation and efficient use of
avai |l abl e space. Provide for parking of all refueling
vehi cl es expected to use this facility and include
identification of positions.

11.5.4 | ngress/ Egress. Provide for “drive-ahead” notion of
vehicles at all stages to avoid backing up vehicles under
normal circunstances. Provide for snmooth and efficient
movenent fromthe refueler fill stand area to the parking
positions and fromthe parking positions to the aircraft
apron. \Where necessary, provide adequate markings to ensure
safe and efficient vehicle novenments. At a mninmm provide
two nmeans of ingress/egress.

11.5.5 Pavi ng. Use concrete pavenent, capable of

wi t hst andi ng desi gn vehicle wheel |oads. Seal joints with
fuel-resistant materials. For circulation pavenents, provide
bi tum nous fl exi ble pavenents unl ess an econom c anal ysi s
shows rigid concrete is nore cost-effective. Use concrete
pavement in refuel er parking areas.

11.5.6 Dr ai nage. Provide an inperneable retention and
control |l ed drai nage system |l eading to a contai nnent or
treatnment system Pave the area with concrete sl oped a

m ni mum of 1 percent toward catch basins or trench drains.
Desi gn contai nnment in accordance with the nost stringent of

| CBO UBC 902, BOCA F2315, and state and | ocal regulations.
Provi de contai nment with capacity equal to the larger of the
volunme of the largest refueler truck to be parked or the
runoff froma rainfall of intensity equal to a 5-year
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expectancy, 1-hour duration storm Consider conbining the
contai nment with other containments or treatnment facilities
on-site. Do not use asphalt within a containnment area.

Desi gn ranmps over contai nment curbs to slope no nore than 2
percent to avoid damage to the refuel ers.

11.5.7 Fire Protection. Refer to Section 2 of this
handbook for fire protection requirenents.

11.5.8 Security. Provide fencing and lighting for security
as required in Section 2 of this handbook.

11.5.9 Lighting. Provide 1-footcandle (10 lux) lighting to
ensure that a fuel leak fromthe refueler is seen.

11.5. 10 Bl ock Heat er Connecti ons. At facilities where

refuel ers have bl ock heaters, provide connections for those
heat ers.
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Section 12: MAJOR REHABI LI TATI ON

12.1 | NTRODUCTI ON.  Deci si ons concerni ng maj or
rehabilitation will be nade by Service Headquarters/DFSC based
on econonmi cs, mssion, safety, or environnental factors. It

is not the intent of this section to mandate rehabilitation
but only to provide guidance if the decision is made. The
nost conmon reasons for rehabilitation are to neet

envi ronnental needs or to extend the usable life of the
facility. |If a tank or mmjor conponent is taken out of
service for rehabilitation, review other sections of this
handbook. However, consider each change based on its nerits
and its conpliance with this handbook. It is not the intent
of this handbook to initiate changing and upgradi ng of
existing facilities. Before initiating a facility inprovenent
or major rehabilitation fuel project, it is recomended that a
Physi cal Condition Survey be conducted to survey the condition
of the facility with the goal of identifying nmajor
deficiencies and prioritizing the work required. Contact the
appropriate Command Fuel s Engi neer, Engineering Field

Di vi sion, Engineering Field Activity, or Army Corps of

Engi neers regional design office. For Naval Air Stations and
Marine Corps Air Stations, include a representative from
NAVAI R on the survey team |In npost cases, coordinate ngjor
rehabilitation proposals with the base master plan.

12.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformation, contains inmportant information on fueling
facilities. Do not begin the design or nodification of any
fueling system w thout first becom ng conpletely famliar with
Section 2 of this handbook.

12. 3 ABOVEGROUND FUEL STORAGE TANK REHABI LI TATI ON.

Exi sti ng aboveground storage tanks can be nodified to neet
fuel quality standards, safety requirenments, and environnmenta
regul ations. To maintain the structural integrity of
aboveground storage tanks and to ensure a conpl ete and usabl e
facility, ensure all designs are acconplished by an

engi neering firmregularly engaged in tank nodification or
have all plans and specifications reviewed by an API Std 653
certified inspector. Conplete all tank nodifications,
repairs, alterations, or inspections in accordance with API
Std 653 and APl Std 650. Require a new strapping table after
any maj or tank rehabilitation.
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12. 3.1 | ncrease Manhol e Sizes. Many ol der aboveground
vertical tanks have inadequately sized shell manholes. The
ventil ation and equi pnent requirenments for maintenance have
created a need for 36-inch (900 mm dianmeter manholes. |If
t hey do not exist, consider rehabilitation. Provide in
accordance with Section 8 of this handbook.

12.3.2 Repl ace Tank Floors. Replace existing tank floors
only when an APl Std 653 inspection (including a magnetic flux
| eakage test) indicates that the useful |life of the bottom has
expired, if the tank is |leaking, or if significant fuel
quality problenms due to ponding water exist. Conduct an

anal ysis of the existing tank and | ocal conditions to
determ ne the nost desirable approach. The type of new bottom
to be installed depends upon a nunber of factors, including:
condition of the existing bottom tank foundation, shell
condition, and amount of tank capacity which can be “lost.”

I nstall doubl e bottons or replacement bottons in accordance
with APl Std 653. Install sloped bottonms (3 to 5 percent)

ei ther above the existing bottomif the user can accept the
resulting loss in tank capacity or renove the existing bottom

and install a new sloped bottomin its place. |If conditions
and cost make the recommended sl ope inpractical, provide a
m ni mrum sl ope of 2 percent. |n either case, install an

i mperneabl e liner in accordance with Standard Design AW 78-24-
27, as well as |eak detection between the two floors. The
technol ogy exists and it nay be cost effective to raise the
tank off its foundation to acconplish under tank nodifications
or repairs (e.g., adding containnment liner/tell-tale system
cat hodic protection, ringwall, etc.).

12.3.2.1 Double Bottom Wth Washed Sand Layer and Liner.

Cl ean and repair the existing tank bottom install a liner on
top of the existing tank bottom add a 4- to 6-inch (100 to
150 mm) silica sand layer on top of the liner, and install the
new steel tank bottomon top of the sand layer. Refer to
Section 8 of this handbook for suitable sand criteria. Leak
detection consists of tell-tale slotted PVC pipes within the
sand |l ayer at regularly spaced intervals and extendi ng out

t hrough the outer shell of the tank. Provide cathodic
protection by sacrificial anodes or inpressed current close to
the liner to all ow maxi mnum cl earance fromthe new tank bottom
| nstal | adequate nunbers of a cathodic protection reference
cells between the two bottons.
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12.3.2.2 Double Bottom Wth Concrete Layer and New Stee
Bottom Clean and repair the existing tank bottom install a
liner on top of the existing tank bottom pour 4 to 6 inches
(100 to 150 nm of fiber reinforced (low slunp mx - typically
3,000 psig (21 000 kPa)) concrete over the liner and existing
bottom shape the concrete to provi de adequate sl ope, and
install the new steel tank bottom on top of the concrete.

Sl ope the concrete towards a sunp and formwith a series of
grooves along the top surface to collect any product which my
| eak through the new bottom Slope the channels to a

coll ection point with a pipe extending to an observation well.
Provi de concrete with an alkalinity of 13 or higher.

12.3.2.3 Double Steel Bottom Clean and repair the existing
tank bottom place a structural support systemon top of the
exi sting tank bottom and install the new tank bottom Design
the structural support systemto prevent excessive deflections
resulting fromloads on the primary (new) tank bottom Allow
for an interstitial space between the two tank bottons to
detect and collect any product froma | eak. Purge the
interstitial space between the two bottons with nitrogen to
renove the oxygen, thus creating a non-corrosive, non-
conmbusti bl e environnment. The elim nation of condensation and
oxygen within the space provides cathodic protection for the
upper (new) bottom  Provide | eak detection with sensors which
can detect pressure changes within the space. A pressure
increase results froma leak in the upper tank bottom as
product enters the space. A decrease in pressure indicates a
| eak or steel failure has occurred in the | ower tank bottom

12.3.2.4 Single Bottom Wth Liner. Renpve the existing tank
bott om and prepare the sub-base for bearing capacity. Place
sand | ayer on the sub-base to support the primary tank bottom
install a liner with a slope to a center |iner sunp, place a
m ni mum 12-inch | ayer of sand on top of the liner, and install
a new tank bottomon top of the sand layer. The liner sunp is
the collection point for any |eaks fromthe bottom and
consists of a drain pipe |leading to an observation well. An
alternative nmethod is to use tell-tale slotted PVC or
stainless steel pipes in accordance with Standard Design AW
78-24-27. Provide cathodic protection by sacrificial anodes or
i npressed current close to the liner to allow maxi num

cl earance fromthe new tank bottom Install adequate nunbers
of a cathodic protection reference cells between the two
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bottons. Place cathodic protection in the sand | ayer
approximately 6 inches (150 mm bel ow the new tank bottom and
above the liner.

12.3.3 Aboveground Vertical Tank Inspections. Prior to

nodi fyi ng the tank, conduct a thorough inspection consistent
with the requirenents of API Std 653. This inspection wl|l
reveal any repairs that need to be made in order to conply
with current regulations. Wile the APl 653 tank inspection
is a “dry” inspection and nmust be coordinated with the station
fuels division, technology exists to conduct prelimnary tank
cl eaning and bottom scanni ng via robot, w thout renoving tank
from service.

12. 3.4 Repl ace Fl oating Roof Tanks Wth Fixed Roofs. If a
floating roof requires significant repair work, is corroded
beyond economi c repair, or for any reason is considered
unservi ceable (by an API Std 653 inspection), consider
replacing it with a fixed cone roof or geodesic done and

i nternal seal ed honeyconb cell (non-perforated) floating pan.
When an al um num donme is added to an existing tank, the roof
manuf acturer and the desi gner must determ ne that the tank has
sufficient strength to support the new roof. |Install
structurally supported al um num donme roofs in accordance with
APl Std 650 and 653. In general, all open top, floating roof
t anks containing aviation fuel should be programmed to receive
a cover as should all tanks in northern climtes where snow
and ice is a problem

12.3.5 Product Recovery Systens. Provide storage tanks
with punps, piping, valves, and tanks to collect, recover, and
return usable aviation turbine fuel which would otherw se
become waste. Include a tank(s) to collect fuel/water

m xtures fromtank and equi pnent sunps, equi pnent drains, high
poi nt vents, |ow point drains, and any other equipnent from
whi ch fuel /water m xtures can be collected. Separate the fue
and water portions. Filter the fuel portion and return to
bul k storage tanks. Do not discharge the water portion to
surface water w thout additional treatment and permts or
treat the water portion as wastewater. Refer to Section 2 of
t hi s handbook for information on handling of wastewater.
Design in accordance with Standard Design AW 78-24-27.
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12.3.6 Coatings. In tank coating projects, mnimze the
generation of hazardous waste associated with coating renoval.
Sone alternatives to traditional sand blasting include shot
“blasting”, chem cal stripping, high pressure water, carbon

di oxi de, or chem cal stabilizer additive process. Designs for
mai nt enance painting, both interior and exterior, should be
based on a coating condition survey, as discussed in the notes
to NFGS-09971, Exterior Coating for Wel ded Steel Petrol eum
Storage Tanks. An evaluation of shell coating should be based
not only on condition but on the need for coating the shel

and an eval uati on of apparent corrosion pressures on the
shell. Corrosion pressure on shell coatings is generally
fairly low, therefore, there is not the sane need for coating
t hi ckness and integrity that is required for floors and
ceilings. Refer to Section 8 of this handbook for additional
information on interior and exterior coatings for storage
tanks. Re-coat the portion of the tank that is already
coated. \When tanks are taken out of service for inspection or
repairs, inspect the underside of the roof for rust. |If
conditions nerit, coat the underside of the roof in
conformance with Section 8 of this handbook.

12.3.7 | sol ation Valves. Require tank isolation valves to
prevent the accidental release of fuel into the environnent.
Provi de doubl e bl ock and bl eed tank shell valves | ocated

bet ween the tank shell and the high | evel shut-off valve.

12.3.8 Al arms and Hi gh Level Shut-off Valves. Equip
storage tanks with a neans to prevent accidental overfill.
Design in accordance with Standard Design AW 78-24-27. Refer
to Section 8 of this handbook for applicable requirenents for
al arm and val ve installation.

12. 4 UNDERGROUND OPERATI NG TANKS. |If major
rehabilitation is required, upgrade existing underground
operating tanks to conformwith 40 CFR 280 and 40 CFR 281 and
applicable state and | ocal underground storage tank
regulations. As a mninum provide |eak detection, cathodic
protection, and overfill protection. Careful study of cut and
cover tanks is necessary since construction features my nake
it inpossible to conmply.

12. 4.1 Manhol es. Provide a 36-inch (900 mm di aneter
manhol e for tanks. Extension necks and internal |adders are
required for cleaning and inspection. Provide a nm ninmum of
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one manhol e for tanks between 1,000 gallons (4000 L) and 5,000
gallons (19 000 L). Provide a m nimmof two manhol es for
tanks |l arger than 5,000 gallons (19 000 L). Provide nmanhol e
cont ai nnent sunps for all manhol es.

12.4.2 Interior Coatings. Coat underground operating tanks
in accordance with Section 8 of this handbook.

12.5 HYDRANT SYSTEMS. Deci sions concerni ng maj or
rehabilitation of existing direct aircraft refueling systens
will be made by Service Headquarters. This paragraph

addresses existing direct aircraft refueling systens (Type |
and Type I1) which can be rehabilitated or modified to neet
fuel quality standards, safety requirenments, m ssion

requi renments, and environnmental regulations. All designs
shoul d be acconplished by an engineering firmregularly
engaged in the design of direct aircraft fueling systens. The
provi sions of Section 4 of this handbook are applicable.

12.5.1 Punps. Repair or replace existing punps to neet

i ncreased fuel demands. Rebuild punps including conplete
bearing replacenent, additional bowl s or increased inpeller
size, replacenent of mechanical seals, shaft | engthening or
shortening to match repl acenent tanks, etc. |In sonme cases,
addi ti onal capacity can only be achieved by total punp

repl acenment or rearrangenment of piping. Consider punp

repl acenent where, due to equi pment age or condition, it is
nmore econom cal to replace than to rebuild. Punmp and notor
repl acement may al so result in higher efficiency units with
| ower power demands and i ncreased spare part availability.

12.5.2 Filter/ Separators. Existing filter/separators nust
be capabl e of neeting requirenents of API Publ 1581. API
filters provide superior filtration and water renoval required
of high performance aircraft. A majority of existing
filter/separators can be upgraded to the APl el enents.

Consi der vessel replacenment if the existing unit cannot be
converted to APl elements or if the unit (with APl el ements)
fails to neet quality standards. |Issue filter/separators
shoul d be given priority for upgrade on a stand-al one project.
Upgrade of all filter/separators is mandatory on any mgj or
rehabilitation project.
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12.5.3 Control Systens. Punp houses and hydrant systens
typical of the Panero (circa 1952) and Pritchard (circa 1958)
designs utilize hard-wired, high-voltage nechanical relays.
Control systens installed fromthe punp house to the | ateral
control pits, energency stops, and pit activation switches are
typically high voltage. Age, elenents, and exposure to fuels
may deteriorate control systemw ring and render it no | onger
reliable or safe to operate. Consider control system

repl acenent whenever a significant portion of the punp house
is repaired or when fire, safety, or electrical codes indicate
a hazard exists. Generally, hard-wired relay |ogic systens
are expensive to build and maintain and do not offer the
flexibility of PLC based systenms. Control systens shoul d be
of | ow voltage design incorporating industry standard PLCs.

If control facilities are isolated fromthe punp house (not
subject to atom zed fuel) and the facility has positive
ventilation, then non-explosion proof fixtures may be

i ncorporated into the design. Existing control wring has
probably deteriorated and nunerous conduits are no | onger
intrinsically safe. Replace control wiring and wherever

possi ble run control wiring in overhead conduit. |If
necessary, replace kill switch and emergency stop circuits as
part of the punp house rehabilitation. Cable wiring systens
are easier to install and troubl eshoot and shoul d be

consi dered whenever the wiring to hydrant systemis replaced.

12.5.4 El ectrical Systens. Replace secondary el ectrical
systens, including lighting and notor conductors and notor
control centers, as part of punp house repairs. Ensure
circuits within the punp house, exposed to the possibility of
atom zed fuel, conply with the provisions of NFPA 30 and are
classified Class I, Division 1. |If the notor control center
is isolated fromthe punp house (not subject to atom zed fuel)
and the facility has positive ventilation, then the area may
be derated and non-expl osion proof lighting fixtures may be

i ncorporated into the design. Existing secondary wiring has
probably deteriorated and nunerous conduits are no | onger
intrinsically safe. Replace motor wiring and wherever
possi bl e run control wiring in overhead conduit.

12.5.5 Lateral Control Pits. Lateral control pits are
typically concrete structures with heavy netal - hinged |ids
cont ai ni ng val ves, punps, filters, and piping associated with
t he supply of fuel froma punp house to a hydrant outlet.
Repair or replace pits to prevent the accidental release of
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aviation turbine fuel to the environnent and water
infiltration. Slope pit floors to a sunp and provide manual ly
operated sunp punps to aid in water renoval. Use either
rolling or light-weight hinged alum numpit lids with a water-
tight design. Conmply with Standard Design AW 78-24-28.

12.5.6 Distribution Piping. Mnimze the use of unlined
carbon steel pipe, especially with jet aircraft. A number of
alternatives exist which reduce the exposure of aviation
turbine fuel to unlined carbon steel pipe. One option is to
internally coat existing systenms wi thout pipe renmoval. In-
situ coatings can prevent fuel degradation; however, final
filtration nmust still be provided at the aircraft by either a
nobil e or fixed filter/separator. Another option is to sleeve
the piping with a non-ferrous material (stainless steel).
Consider this option if reduced flow rates are acceptable.

12.5.7 Control Valves. Consider reusing existing control
val ves wherever possible. Control valves can typically be
refurbi shed by either the original manufacturer or by a
factory authorized repair facility for less than the

repl acenent cost. Ensure refurbishers nodify or replace pilot
assenblies, tubing, and solenoids to nmeet specifications as
outlined in Standard Design AW 78-24-28. As a m ni num
replace non-ferrous pilot tube assenblies with either alum num
or stainless steel units. Provide stainless steel control
tubi ng and replace all internal valve conmponents. If the

val ve body is carbon steel, request Service Headquarters to
determne if the val ve body should be sand-bl asted and cl eaned
or replaced. Coat or electro-nickel plate carbon steel bodies
to neet Standard Design AW 78-24-28.

12.5.8 Hydrant CQutlets. Renmove and repl ace existing
hydrant outlets and connections (e.g., Buckeye) with API
adapters. Conversion to APl adapters ensures conpatibility
with all refueling equipnment. |f adequate pressure control
(regulating and surge) in accordance with Standard Design AW
78-24-28 does not exist at the hydrant pit or at the | ateral
control pit, then install a control valve at either | ocation.

12.6 DI KES, LI NERS, AND BASI NS. | f dikes, liners, and
basins do not conply with the requirements of this handbook,
40 CFR 112, state, or local spill containnment regul ations and
the potential for accidental fuel discharges exists, repair or
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replace the existing structures. The provisions of Sections 8
of this handbook are applicable. 1In general, if the dike does
not retain rainwater, inprovenments are necessary.

12.7 LEAK DETECTI ON. When rehabilitating fuel
facilities, install |eak detection, if necessary, as detailed
in Section 2 of this handbook.

12.8 CATHODI C PROTECTI ON. When rehabilitating any fuel
facility, install or upgrade cathodic protection. Ensure

cat hodi c protection systens are designed by a NACE certified
Corrosi on Specialist or Cathodic Protection Specialist or a
regi stered professional Corrosion Engineer. lInstall cathodic
protection on all steel structures including, but not limted
t o, aboveground storage tanks, underground storage tanks, and
under ground pi ping systens. The provisions of Sections 2 and
8 of this handbook are applicable.

12.9 | SOLATI ON VALVES. To elimnate the need for costly
system down-tinme, install double block and bl eed val ves for

i sol ati ng conmponents requiring maintenance and portions of
transfer and hydrant system piping. Install blind flanges to
conduct periodic hydrostatic testing. Conply with Standard
Desi gn AW 78-24-28 and the provisions of Sections 2, 3, and 4
of this handbook. Before adding isolation valves, evaluate
pi ping system and nake nodifications to prevent pressure
bui | dup created by thermal expansion. Review paragraph on
relief valves in Section 9 of this handbook.

12. 10 SO L AND GROUNDWATER REMEDI ATI ON. Mbnitor, store,
and di spose of petrol eum contam nated soil disturbed during
rehabilitation in accordance with state and | ocal

envi ronnental regulations. Collect, test (if appropriate),
and treat petrol eum contam nated groundwater renoved during
dewat eri ng by one of the foll ow ng nethods:

a) Of-site disposal at an industrial waste
facility.

b) On-site treatment with a portabl e groundwater
treat ment system

c) Treatnent through an oil/water separator

d) Treatnent through the sanitary sewer.
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Prior to selecting a treatnent nmethod, review state
and | ocal environnmental regulations and consult the facility
for acceptable alternatives and permts required for on-site
treatment and di sposal.

12. 11 LI QUEFI ED PETROLEUM GAS (LPG) FACILITIES. When
rehabilitating an LPG facility, back weld (seal weld) al
exi sting threaded piping.

12. 12 Pl PELI NE | NSPECTI ON

12.12.1 Inspection. Conduct pipeline inspections in
accordance with API 570.

12.12.2 Smart Pigging. To determne if or how a pipeline
requires rehabilitation, information on the pipeline’s
structural integrity is essential. One nethod to survey the
condition of the pipeline is to use smart pigs.

12.12. 2.1 General. A “smart” or “intelligent” pig is one of a
variety of instrumented tools using one or nore physical or

el ectro-nmechani cal principles for recording and measuring
information for positioning and relative severity of anonalies
in a pipeline. Smart pigs can detect cracks, nmetal |oss, and
curvature/ bends. Oher types avail able can map and profile

pi pe, detect | eaks, perform photographic inspection, and
sanpl e product. Use of smart pigs may require nodifying the
pi peline to increase the radius of sharp el bows and elimnate
obstructions caused by valves that are not full port type.

12.12. 2.2 Types. The three basic types of smart pigs are

ul trasonic, magnetic flux | eakage (MFL), and eddy current.

U trasonic, ML, and eddy current pigs can be used in liquid
pi pelines. An alternative formof ultrasonic inspection is an
el ectromagneti ¢ acoustic transducer (EMAT). An EMAT can be
used in either a liquid or gas pipeline. MWL can also be used
in gas pipelines. Prior to choosing a smart pig, consider
expected results, cost of various options, and expected

pi peline condition.

12. 13 CHECKLI ST. The following is a checklist of items to
be considered in a mpjor rehabilitation.

a) Aboveground storage tank rehabilitation

206



MIL-HDBK-1022A

(1) APl Std 653 inspection.

(2) 36 inch (900 mm dianeter manhol es for
mai nt enance.

(3) Add double bottom

(4) Repair and slope tank floor.

(5) Repair or replace floating roof.

(6) Product recovery system

(7) Internal and external coating systens.
(8) Tank isolation valves.

(9) Fill and overfill protection.

(10) Corrosion protection to tank bottom
(11) Leak detection.

(12) Autonmatic tank gaugi ng system

(13) Thermal expansion relief.

b) Under ground storage tank rehabilitation
(1) 36 inch (900 mm diameter manhol e(s).
(2) Leak detection.

(3) Corrosion protection.
(4) Overfill protection.
(5) Interior coating.

c) Hydrant systemrehabilitation

(1) Repair or replace punps to APl Std 610.

(2) Upgrade filter separators to conply with API
Publ 1581.
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(3) Renopbve automatic water drains fromfilter
separators.

(4) Repair or replace control systens.
(5) Repair or replace electrical systens.

(6) Repair or replace lateral control valve pits
and lids, including an inpervious |liner.

(7) Internal coating to carbon steel distribution
pi pe.

(8) Refurbish control valves.
(9) Hydrant outlets to APl adapters.

(10) Replace lubricated valves and swivels with
non- | ubri cat ed.

d) Truck fill/off-1load stands
(1) Deadman and high |evel shut-off systens.

(2) Pantographs - convert from 3-inch to 4-inch
(75 mMmto 100 mm).

(3) Low profile filters.

(4) Thermal |ink shut-off valves (Arnmy and Navy
pr oj ects).

(5) Piping of pressure reliefs to contained tank.
(6) Updated neters and nmeter control val ves.

(7) Adequacy of piping and system groundi ng.

(8) Adequacy of spill collection and contai nment.
(9) Upgrade mlitary specification filter

separators to conply with APl 1581 elenents. (Issue filters
have priority over receipt filters.)
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(10) Renobve automatic water drains on
filter/separators and ensure that any |liquid drained from
separators is properly handl ed.

e) Add isolation valves and blind flanges throughout
system

f) Use smart pigging to determ ne the condition of
the distribution piping.

g) Monitor, renove, and di spose of petrol eum
contam nated soil and groundwat er.

h) Spill Containment and Col | ecti on.

(1) Concrete contai nnent areas for dikes,
equi pnment pads, fill stands, etc.

(2) Inpervious |lining system for dikes,
cont ai nnent areas, and catch basins.

(3) G l/water separators for treatnment of
stormwat er di scharges from containnent areas (e.g., dike
areas, fill stands, equipnent pads, etc.). Refer to Section 2
of this handbook for additional informtion.

209



MIL-HDBK-1022A

Section 13: FUELING FACI LI TY TEMPORARY DEACTI VATI ON

13.1 | NTRODUCTI ON. Fol l ow the nore stringent of |ocal,
state, or applicable guidelines of this section during the
initial deactivation of a fueling facility. Follow the
appl i cabl e subsection when tenporarily deactivating a fueling
facility for three nonths or nore. For continuing maintenance
i ssues and reactivation of a deactivated facility, refer to

M L- HDBK- 1130. Additional guidelines for the deactivation of
storage tanks and pipes are provided in APl Std 2610 and NFPA
30, Appendix C. Federal regulations addressing out-of-service
underground storage tank systenms are in 40 CFR 280.

13.2 GENERAL REQUI REMENTS. Section 2, General Design

| nformati on, contains inportant information on fueling
facilities. Do not begin the design of any deactivation plan
wi thout first becom ng conpletely famliar with Section 2 of
t hi s handbook.

13. 3 FUEL STORAGE AND DI STRI BUTI ON FACI LI TI ES

13.3.1 Tanks. The following itens apply to deactivation of
all tanks in general.

a) Enmpty and cl ean tanks in accordance with of API
Std 2015.

b) Provide water ballast with a copper sul phite
solution (1 part copper sulphite to 3 mlIlion parts water) to
di scourage organic growh. Verify conpatibility with
envi ronnental regulations prior to enploying this solution.

c) Follow the procedures of MO 230 and 29 CFR 1910
when entering tanks or perform ng mai ntenance on tanks.

d) For tanks equi pped with cathodic protection
systens, i1nspect for proper operation and repair if necessary.
For tanks not equi pped with cathodic protection systens,
investigate the econom c trade-offs of installing those
systens at deactivation versus the associ ated caretaker
mai nt enance costs and various environnmental protection
concerns.
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e) Mark each tank clearly with its status. Place a
warning sign on the tank to indicate its current and fornmer
cont ents.

f) If required by state or |ocal regulatory
agenci es, submt required docunentation for “out-of-service”
st orage tanks.

13.3.1.1 Aboveground Tanks

a) Enpty and eval uate for hazardous at nosphere as
defined by 29 CFR 1910. 146.

b) Wash and dry tank interior until visibly clean in
accordance with APl Std 2015.

c) Physically disconnect all fuel connections.

d) Treat the interiors of tanks that have been used
to store fuel oil with a corrosion-preventive conpound. For
all other steel tanks, coat the unpainted interior surfaces
with a preservative lubricating oil.

e) Close vents on lubricating oil tanks. Vents on
ot her tanks shoul d remai n open.

f) Partially fill tanks subjected to high winds to
prevent overturning. Use water except where there is the
possibility of it freezing and rupturing the tanks. 1In those

envi ronments, use kerosene. Add caustic soda to the water to
obtain a pH of 10 or a corrosion inhibitor. Determ ne the
anmount of liquid ballast required based on the expected w nds,
size of the tank, and specific gravity of the |iquid used.

g) Conply with APl Std 2015.

h) Conply with state and | ocal environnenta
requi rements.

13.3.1.2 Underground Tanks
a) Enpty, evaluate for hazardous atnosphere as

defined by 29 CFR 1910. 146, and cl ean underground netal and
concrete tanks.
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b) Partially fill tanks insufficiently anchored
against flotation with water to prevent buoyancy. Provide
adequat e safeguards where there is danger of the water
freezing.

c) Provide a mninmum of 12 inches (300 mm of water
in rubber-lined concrete tanks.

d) Leave vent |ines on underground tanks open and
make sure the vents are adequately screened.

e) Tightly cap or plug all other tank openi ngs after
renmoval of equi pnent.

f) Provide rel ease detection where fuel is left in
t he tank.

g) Conply with 40 CFR 280 and any applicable state
and | ocal environnmental regul ations.

13.3.1.3 Tank Level Controls

a) Renove controls such as float control valves,
fl oat - operated gauges, |low | evel cutoffs, water detector
| ocks, and probes fromtanks.

b) Clean, treat with corrosion-preventive conpound,
and store controls in a dry place.

13.3.2 Pi pel i nes

a) Drain and vacuum extract all fuel fromthe
pi pel i ne.

b) If possible, pig the pipeline to renove any
resi dual fuels.

c) Blind all flange connections and vents.
d) Charge the line with nitrogen gas.

e) Continue to provide cathodic protection and
mai ntai n the nitrogen charge.
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f) Externally coat unpainted and unwrapped |ines
exposed to the weather with a corrosion-preventive conpound.

13.3.2.1 Pipeline Equipnent

a) Renove, clean, coat inside and outside with a
light oil, and reinstall strainers.

b) Renove, clean, treat with corrosion-preventive
conpound, and store meters in a dry place.

c) Keep gaskets tight to prevent dirt and water from
entering.

d) Renove, clean, grease, and store hydraulically
oper ated di aphragm control valves in a dry place.

e) Paint exterior or treat with a corrosion-
preventive conpound and | eave all other valves, such as plug
val ves and check val ves in place.

f) Lubricate plug valves and | eave in an open
position.

g) Renpbve, tag, date, and store hoses in dry
st or age.

13.3.2.2 Fueling Pits
a) lInspect, tag, and secure fueling pits.
b) Make provisions for punping pits dry.
13. 4 FACI LI TI ES
13.4.1 General Considerations

a) Make arrangenents to retain the m ni mum amount of
mai nt enance equi pnent.

b) Check and | abel all keys to all doors, gates,
hat ches, and other noving itens.
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c) Clean and repair as necessary all storm sewers,
drai nage ditches, and other drainage structures to prevent
fl ooding and storm damage to roads, runways, tracks, and
structures.

13.4.2 Fenci ng

a) Tighten connections at gates, posts, braces,
guys, and anchorages to ensure stability and correct
al i gnment.

b) Clean and lubricate all hinges, |atches, |ocking
devices, and all other alignnent hardware.

c) Confine painting to those parts of fences and
gates that show signs of corrosion.

13.4.3 Paved Surf aces
a) Unpaved shoul ders
(1) Provide unpaved shoulders with only the
repairs necessary to ensure positive drainage of surface water

fromthe adjoining pavement.

(2) Fill holes and ruts and bl ade ridges to
elimnate standi ng water.

(3) Backfill depressions when the underm ning of
pavenment is threatened.

(4) When possible, retain existing ground cover.
b) Concrete pavenents
(1) Repair concrete pavenents only as required to
perform service activities and to prevent severe
di si ntegrati on.
(2) Patch bitum nous surfaces of depressed or
broken sl abs to prevent ponding of water and the resultant

saturation of the subgrade.

(3) Seal joints and cracks in concrete pavenent
with bitum nous materi al .
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c) Bitum nous pavenents
(1) Limt surface repairs of bitum nous pavenents
to the repair of holes, raveled areas, edge failures, and open
cracks.

(2) Repair unused surfaces only as necessary to
mai ntai n drai nage and to prevent the ponding of surface water.
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Section 14: FUELING FACI LI TY CLOSURE

14. 1 CLOSURE REQUI REMENTS. Follow the nore stringent of
| ocal, state, or applicable guidelines in this section when
permanently closing a fuel facility or a portion of a fuel
facility. Additional guidance on closure and disposal of
storage tanks is available in Appendi x C of NFPA 30 and API
Std 2610.

14.1.1 Aboveground Tanks
a) Physically disconnect all fuel connections.
b) Renmove fuel.
c) Clean tank in accordance with APl Std 2015.
d) Dismantle the tank and di spose of as scrap steel.
e) Conply with APl Publ 2202.

f) Conply with state and | ocal environnental
requirenents.

14.1.2 Under ground Tanks

a) Performa soil and groundwater analysis to
determine if a fuel rel ease occurred.

b) Review and conmply with 40 CFR 280 and any
applicabl e state and | ocal environnental regul ations.

c) I'f allowed by federal, state, and | ocal
regul ati ons, performclosure in place, as outlined in API RP
1604. However, this alternative nay be nore expensive than
renoval for small volunme tanks. Abandoning in place also
i npedes soil clean-up and future | and use.

d) If renoval is required, excavate and di spose of
the tank in accordance with APl RP 1604.

e) Conply with applicable guide specifications and
EM 1110- 3-178.
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14.1.3 Pi pel i nes

a) Physically disconnect the pipeline from any
active fuel systens.

b) Renmove all fuel and pig to renmove any residua
fuel .

c) Purge the pipeline to renove all vapors. Do not
use water as flushing nedia.

d) Excavate the line only if required by federal,
state, or local regulations or if deenmed necessary by Service
Headquarters for | and reuse.

e) Report any contam nated soil or groundwater
di scovered during excavation to the appropri ate state and
| ocal environmental authorities.

f) If excavation is not perforned, fill the pipeline
with cellular concrete or other acceptable inert solid
material allowed by regul ations requiring the filling.

Consi der the | owest cost fromthe acceptable materials |ist.

14. 2 GENERAL REQUI REMENTS. Section 2, General Design

| nf ormati on, contains inmportant information on fueling
facilities. Do not begin the design or nodification of any
closure plan wi thout first becoming conpletely famliar with
Section 2 of this handbook.

14. 3 I NVENTORY. Prepare an inventory of val uable
fueling hardware which could be easily salvaged and reused at
anot her base. Equi pment such as pantographs, control valves,
punps, and filtration equi pment are always in demand. Submt
list to your command fuels engi neer.
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PETROLEUM FUEL FACI LI TI ES

FACI LI TY PLATES

Pl at e No. Title Page No.
001 Handbook Section ldentification Plan 219
002 Tank Truck and Car Facilities Tank

Truck Layout Pl an 220
003 Tank Truck and Car Facilities Tank Truck

Equi pment Pl an 221
004 Tank Truck and Car Facilities Tank Car

Layout and Equi pnent Pl an 222
005 Tank Truck and Car Facilities Air

El i m nati on Drop Tank 223
006 Refuel er Truck Facilities Layout Plan 224
007 Refuel er Truck Facilities Equi pnrent Pl an 225
008 Aircraft Direct Fueling Systems Large

Frame Aircraft On-Apron Fueling Positions 226
009 Aircraft Direct Fueling Systenms Small Frame

Aircraft Fueling Lane and Apron Edge 227
010 Aircraft Direct Fueling Systens Small Frane

Aircraft In-Shelter Fueling Positions 228
011 Ground Vehicle Fueling Facilities GOV

Fueling Station Plan 229
012 Ground Vehicle Fueling Facilities Tacti cal

Refueler Fill Stand Pl an 230
013 Ground Vehicle Fueling Facilities Tactica

Refuel er Equi pment Pl an 231
014 Aboveground Vertical Storage Tanks Tank

Foundation Section 232
015 Aboveground Vertical Storage Tanks Center

Sump Layout 233
016 Aboveground Vertical Storage Tanks Inl et

Fill Connection 234
017 Aboveground Vertical Storage Tanks Punp

Suction and Water Drawoff Connections 235
018 Hori zontal Under ground Storage Tanks I nl et

Fill Connection 236
019 Hori zontal Aboveground Storage Tanks |nl et

Fill Connection 237
020 Eart hen Di kes 238
021 Pi ping Systens Sliding Pipe Support 239
022 Pi ping Systens Sliding Pipe Support 240
023 Pi pi ng Systens Anchor Pi pe Support 241
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Pl at e No. Title Page No.
024 Pi pi ng Systems Anchor Pi pe Support 242
025 Avi ation System Filtration Location and

Pi ping Materials 243
026 Thermal Relief Piping Systens |Integral Valve

and Conventi onal 244
027 Thermal Relief Piping Systens Equi pnent

Punphouse or Pads 245
028 Thermal Relief Piping Systenms Tank Truck and

Ref uel er Racks 246
029 Thermal Relief Piping Systens Storage Tanks 247
030 Li quefi ed Petroleum Gas Facilities Snal

Vol ume Facility for Trucks and Cylinders 248
031 Li quefi ed Petroleum Gas Facilities Large

Vol ume Facility for Tank Cars and Water

Vessel s 249
032 Li quefied Petroleum Gas Facilities Tank

Spaci ng Requirenents 250
033 Li quefi ed Petrol eum Gas Facilities Tank

Spaci ng Requirenments 251
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Dnublfrwnu Turbine Enclagure
Fuel Storage ubmersible: Pump
Tanl

UNDERGROTND DROP TANK
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{II Requived)
\Strujncry

== |.| — g =" -
a \— Hater
Fuaible Link Sefoty
Valve {Wot Raquired g:ﬂ::'ul
On 4ir Fores Projects)

Crounding Verificatlon
And Owerbill Pretscticon
Equiproent (OpHenal em

Relexption Chamber

Alr Force Projecta)
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f With Laading
{When Required) Homzls
Filter Heparator Card Readar
_1\ [Dpticnel)

Gronnding Rg..:_-].

—x
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Motor Driven
Eetroctar)

||_ LH&W
F‘unbla Link ﬂa.fﬂty
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Nat to Bpele 0f Tha Facility}
TITLE DATE FACILITY FLATE
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REFERENCES

NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI S
HANDBOOK TO THE EXTENT SPECI FI ED HEREIN. USERS OF THI S
DOCUMENT SHOULD REFER TO THE LATEST REVI SI ONS OF CI TED
DOCUMENTS UNLESS OTHERW SE DI RECTED.

FEDERAL/ M LI TARY SPECI FI CATI ONS, STANDARDS, BULLETI NS,
HANDBOOKS, USAFE/ NATO STANDARD DESI GNS, AND NAVFAC GUI DE
SPECI FI CATI ONS:

Unl ess otherwi se indicated, copies are available fromthe

St andar di zati on Docunent Order Desk, Building 4D, 700 Robbi ns
Avenue, Phil adel phia, PA 19111-5094. For account and order

i nformation, the phone nunber is (215) 697-2179/ 2667 or DSN
442-2179/2667. Mlitary Handbooks are al so avail able on CD
ROM from the National Institute of Building Sciences, 1201 L
Street NW Suite 400, Washington, D.C. 20005-4024, Phone
Number: (202) 289-7800.

FEDERAL SPECI FI CATI ONS

BB-G 110 But ane, Propane, and Butane- Propane
M xt ures
RR- C-910 Cylinders, Conpressed Gas

M LI TARY SPECI FI CATI ONS

M L-F- 16884 Fuel, Naval Distillate

M L- DTL- 85470 Fuel System Icing Inhibitor, H gh Flash
Poi nt

M L- PRF- 25017 | nhi bitor, Corrosion, Fuel Soluble

M L-PRF- 17331 Lubricating O, Steam Turbine and Gear,
Moder ate Service

M L- PRF- 9000 Lubricating O, Shipboard Internal
Conbusti on Engi ne, Hi gh Qutput Diesel

M L- PRF- 26536 Hydr azi ne
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M L- DTL- 5624

M L- DTL- 25524

M L-DTL-38219

M L- DTL-83133

STANDARD DESI GNS

AW 78-24-27

AW 78-24- 28

AW 78-24- 29

HANDBOOKS

M L- HDBK- 1002/ 1

M L- HDBK- 1002/ 2

M L- HDBK- 1002/ 3

M L- HDBK- 1004/ 1

M L- HDBK- 1004/ 6

M L- HDBK- 1004/ 10

M L- HDBK- 1005/ 8

M L- HDBK- 1005/ 9

MIL-HDBK-1022A

Tur bi ne Fuel s,
JP-5,

Avi ati on,
and JP-5/JP-8 ST

Gr ades JP-4,

Tur bi ne Fuel ,
(JPTS)
Tur bi ne Fuel ,

Avi ation, Thermally Stable

Low Vol atility, JP-7
Tur bi ne Fuel s, Aviation, Kerosene Types,
NATO F-34 (JP-8), and NATO F- 35.

St andard Fueling Systens; Aboveground
Vertical Steel Tanks with Floating Pan
and Fi xed Roofs

Pressuri zed Hydrant
1]

Fueling System Type

Aircraft Direct Fueling System Type IV
and V
Structural Engi neering General

Requi rement s
Loads
Steel Structures

El ectri cal Engi neering;
Desi gn Consi derations

Prelim nary

Li ghtni ng Protection

El ectrical
Pr ot ecti on

Engi neering Cat hodi c

Donesti ¢ Wast ewat er Cont r ol

| ndustrial and O ly Wastewater Control
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M L- HDBK- 1005/ 17 Nondonesti c Wast ewater Control and
Treat ment Desi gn

M L- HDBK- 1008 Fire Protection for Facilities
Engi neering, Design, and Construction

M L- HDBK- 1013/ 1 Design Gui delines for Physical Security
of Facilities

M L- HDBK- 1013/ 10 Desi gn Gui delines for Security Fencing,
Gates, Barriers, and Guard Facilities

M L- HDBK- 1021/1 Airfield Geonetric Design

M L- HDBK- 1021/ 2 General Concepts for Airfield Pavenment
Desi gn

M L- HDBK- 1025/1 Piers and Warves
M L- HDBK- 1025/ 2 Dockside Utilities for Ship Service

M L- HDBK- 1025/6 General Criteria for Waterfront
Construction

M L- HDBK- 1027/ 1 Firefighting School Facilities
M L- HDBK- 1130 I nacti vati on, Caretaker M ntenance,
Reacti vati on, and Cl osure of Shore

Facilities

NAVFAC GUI DE SPECI FI CATI ONS

NFGS- 09971 Exterior Coating for Wl ded Steel
Petrol eum St or age Tanks
STANDARDS
M L- STD- 161F | dentification Methods for Petrol eum
Products Systens I ncludi ng Hydrocarbon
M ssil e Fuels
M L- STD- 461D Requi rements for the Control of

El ectromagnetic Interference
Em ssions and Susceptibility
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Al R FORCE HANDBOOKS
AFH 32-1084 Standard Facility Requirenments Handbook
Al R FORCE MANUALS ( AFM

AFMAN 32-1013 Airfield and Heliport Planning Design
Manual

AFMAN 32-1080 El ectric Power Supply and Distribution

AFMAN 85-16 Mai nt enance of Petrol eum Systens
AFMAN 88- 3, Sei sm ¢ Design for Buildings
Chapter 13
AFMAN 88- 7, CGeneral Provisions and Geonetric Design
Chapter 5 for Roads, Streets, Wl ks, and Open
St or age Areas
AFMAN 88-9 El ectrical Design
AFMAN 91- 201 Expl osi ves Safety Standards

OCCUPATI ONAL SAFETY AND HEALTH

AFOSH 91- 38 Hydr ocar bon Fuel s Gener al
| NSTRUCTI ONS
AFl 32-1054 Corrosi on Control

NATO STANDARD
Airfield Standard Design - Jet Fuel
St orage and Di spensi ng
Syst ens

U.S. ARMY CORPS OF ENGI NEERS

Unl ess otherw se indicated, copies are available fromthe U S
Arnmmy Corps of Engineers, Washington, D.C. 20314-1000.
Techni cal manual s are al so available on CD-ROM from t he
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National Institute of Building Sciences, 1201 L Street NW

Suite 400, Washi ngton,

289-7800.

TECHNI CAL MANUALS

Cor ps

Cor ps

Cor ps
Cor ps

Cor ps

Cor ps

Cor ps

Cor ps

Cor ps

Cor ps

Cor ps
Cor ps
Cor ps

Cor ps

Cor ps

Tl

™

™

™

™

™

™

™

™

™

™

™

™

™

™

809- 04

5-803-7

5-809-2

5-809-3

5-809-6

D.C. 20005-4024, Phone Nunber: (202)

Sei sm ¢ Design for Buildings

Airfield and Heliport Planning Design
Manual

Structural Design Criteria for Buil dings
Masonry Structural Design for Buil dings

Structural Design Criteria for
Structures Ot her than Buil di ngs

5-809-10 Seism c Design for Buildings

5-809-10-1Sei sm ¢ Design CGuidelines for

Essenti al Buil di ngs

5-809-10-2Sei sm ¢ Desi gn Guidelines for

5-811-1

5-811-3

5-811-7

5-811-9

5-814-3

5-822-5

5-852-1

Upgr adi ng Exi sting Buil di ngs
El ectric Power Supply and Distribution

El ectrical Design, Lighting, and Static
El ectricity Protection

El ectrical Design, Cathodic Protection
Voi ce/ Dat a Tel ephone Systens

Domesti c Wast ewat er Treat nment

General Provisions and Geonetric Design
for Roads, Streets, Wal ks, and Open

St or age Areas

Arctic and Subarctic Construction-
Gener al Provi sions
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Corps TM 5-852-3

Corps TM 5-852-4

Cor ps TM 5-852-5

Corps TM 5-852-6

Corps TM 5-852-7

Corps TM 5-852-9

Corps TM 5-853-3
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Arctic and Subarctic Construction - Site
Sel ecti on and Devel opnent

Arctic and Subarctic Construction -
Runway and Road Desi gn

Arctic and Subarctic Construction -
Foundati ons for Structures

Arctic and Subarctic Construction -
Utilities

Arctic and Subarctic Construction -
Cal cul ati on Met hods for Determ nation of
Dept hs of Freeze and Thaw in Soils

Surface Drai nage Design for Air Fields
and Heliports in Arctic and Subarctic
Regi ons

Arctic and Subarctic Construction -
Bui | di ngs

Security Engi neering

TO 42B1-1-18 (S-1) Quality Control of Fuels and

TO 00-25-172

DESI GN CRI TERI A

MANUAL

EM 1110-3-178

TECHNI CAL LETTER

ETL 1110- 3-466

Lubricants

Ground Servicing of Aircraft and Static
Gr oundi ng/ Bondi ng

Architectural and Engi neering
I nstructions (AEl)

Removal of Underground Storage Tanks

Sel ection and Design of Ol /Water
Separators at Army Facilities
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ENGI NEERI NG | NSTRUCTI ON

El 015010 Load Assunptions for Buil dings
NAVFAC
DEFI NI TI VE DRAW NGS

Nos. 1403985 and Aircraft Direct Fueling System

1403986
No. 1403989 Tank Car Loading Facility
Nos. 1403995 Non- Pol | uti ng Fuel Piers
thru 1403999
| NSTRUCTI ONS
OPNAVI NST 5090. 1 Envi ronment al and Nat ural Resources
Pr ogr am Manua
LETTERS

NAVFAC Letter 11012
04C/ cmm dtd 5/31/94 Cathodic Protection Systens, Interim
Techni cal Cui dance

NAVY DESI GN MANUALS, P-PUBLI CATI ONS, AND MAI NTENANCE AND
OPERATI ON_ MANUALS:

Avai |l abl e from Nati onal Technical Information Service (NTIS)
5285 Port Royal Road, Springfield, VA 22161, Attention:
Def ense Publicati ons.

DESI GN MANUALS

DM 2. 04 Concrete Structures
NAVAI R
00-80T- 109 Aircraft Refueling NATOPS Manual

NAVSEA 56340- AA- Techni cal Manual for OTTO Fuel |
MVA- 010 Safety, Storage, and Handling
| nstructi ons
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NAVFAC P- PUBLI CATI ONS

P- 80 Facility Planning Criteria for Navy and
Mari ne Corps Shore Installations

pP-272 Ol /wWater Separator G| Contam nated
WAt er Treat nent

MAI NTENANCE AND OPERATI ON MANUALS

MO- 230 Mai nt enance and Operati on of Petrol eum
Fuel Facilities

GENERAL SERVI CES ADM NI STRATI ON

COMMVERCI AL | TEM DESCRI PTI ON

Cl D A- A- 52557 Fuel G1, Diesel for Posts, Canps and
St ations

(Unl ess otherw se indicated, copies are available from GSA,
100 Penn Square East, Room 610, Phil adel phia, Pennsyl vania
19107.)

OTHER GOVERNMENT DOCUMENTS AND PUBLI CATI ONS:

CODE OF FEDERAL REGULATI ONS ( CFR)
29 CFR Part 1910 Occupational Safety and Heal th Standards

33 CFR Part 154 Facilities Transferring Ol or Hazardous
Material in Bulk

40 CFR Part 60 St andards of Performance for New
St ationary Sources

40 CFR Part 112 O Pollution Preventi on
40 CFR Part 122 EPA Adm nistered Permt Prograns:

Nati onal Pol |l utant Di scharge Elinm nation
Syst em ( NPDES)
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40 CFR Part 280 Technical Standards and Corrective
Action Requirenents for Owmers and
Operators of Underground Storage Tanks
(UST)

40 CFR Part 281 Approval of State Underground Storage
Tank Prograns

49 CFR Part 195 Transportation of Hazardous Liquids by
Pi pel i ne

(Unl ess otherwi se indicated, copies are available fromthe
Superintendent of Docunents, U.S. Governnment Printing Ofice
(GPO), Washington, D.C. 20402.)
UNI TED STATES CODE

42 USC 4231 Nati onal Environnmental Policy Act (NEPA)

NON- GOVERNMENT PUBLI CATI ONS

AMERI CAN CONFERENCE OF GOVERNMENTAL | NDUSTRI AL HYG ENI STS
( ACGl H)

- - Design of Industrial Ventilation Systens
(Unl ess otherwi se indicated, copies are available from
Ameri can Conference of Governnental I|ndustrial Hygienists
(ACGA H), 1330 Kenper Meadow Drive, Cincinnati, OH 45240.)
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI )/ AMERI CAN SOCI ETY
OF MECHANI CAL ENG NEERS (ASME) /| NSTI TUTE OF ELECTRI CAL AND
ELECTRONI CS ENG NEERS (| EEE)

ASME Code for Unfired Pressure Vessels

ANSI / ASME B31.3 Process Piping

ANSI / ASME B31.4 Liquid Transportation Systens for

Hydr ocar bons, Liquid Petrol eum Gas,

Anhydr ous Ammoni a, and Al cohol s

ANSI / | EEE 142-91 Groundi ng of Industrial and Conmerci al
Power Systens
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| EEE 1100

ANSI C2
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Poweri ng and Groundi ng Sensitive
El ectroni ¢ Equi pnent

Nati onal Electrical Safety Code

ANSI Z358. 1- 1990 Energency Eyewash and Shower Equi pnment

Anerican Nati onal
New Yor k,
Engi neers (ASME),
El ectrical
St andar ds,

APl 570

Bul | 1529

Bul | D16

MPMS 2

MPMS 3

MPMS 5

Publ 1581

Publ 2202

RP 500

RP 540

(Unl ess otherwi se indicated, copies are available fromthe
Standards Institute (ANSI), 11 West 42nd

NY 10036; Anerican Society of Mechani cal

22 Law Drive, Fairfield, NJ 07007-2900; and
and El ectronics Engineers (IEEE), Inc., |EEE

445 Hoes Street, Piscataway, NJ 08855-1331).

AMERI CAN PETROLEUM | NSTI TUTE ( API)

Pi pi ng I nspection Code: Inspection,
Repair, Alteration, and Rerating of In-
Service Piping Systens

Avi ati on Fueling Hose

Suggested Procedure for Devel opnent of
Spill Prevention Control and
Count er neasure Pl ans

Tank Cali bration

Tank Gaugi ng

Met eri ng

Speci fications and Qualification
Procedures for Aviation Jet Fuel
Filter/ Separators

Di smantling and Di sposing of Steel from
Aboveground Leaded Gasoline Storage
Tanks

Cl assification of Locations for

El ectrical Installations at Petrol eum

Facilities

El ectrical Installations in Petrol eum
Processing Plants
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RP

RP

RP

RP

RP

RP

RP

RP

Spe

Std

Std

Std

Std

Std

651

1004

1102

1110

1604

1615

2003

2350

c 6D

607

608

610

650

653

MIL-HDBK-1022A

Cat hodi ¢ Protection of Aboveground
Petr ol eum
St orage Tanks

Bott om Loadi ng and Vapor Recovery for
MC- 306 Tank Motor Vehicles

St eel Pi pelines Crossing Railroads and
Hi ghways

Pressure Testing of Liquid Petrol eum
Pi pel i nes

Renmoval and Di sposal of Used Underground
St orage Tanks

| nstall ati on of Underground Petrol eum
St or age Systens

Protection Against Ignitions Arising Qut
of Static, Lightning, and Stray Currents

Overfill Protection for Petrol eum
St orage Tanks

Pi peline Valves (Gate, Plug, Ball, and
Check Val ves)

Fire Test for Soft-Seated Quarter-Turn
Val ves

Metal Ball Valves - Flanged and Butt-
Wel di ng Ends

Centrifugal Punps for Petroleum Heavy
Duty Chem cal,
and Gas I ndustry Services

Wel ded Steel Tanks for O Storage

Tank | nspection, Repair, Alteration, and
Reconstruction
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Std 2000 Venting At nospheric and Low Pressure
St or age Tanks:
Nonrefri gerated and Refrigerated

Std 2015 Safe Entry and Cl eani ng of Petrol eum
St orage Tanks
Std 2510 Desi gn and Construction of Liquefied

Petrol eum Gas (LPG) Installations
Std 2610 Desi gn, Construction, Operation,
Mai nt enance, and
| nspection of Term nal and Tank
Facilities
Manual on Di sposal of Refinery Wastes:
Chpt 3 Col | ection and Treat nent
Chpt 5 O | Water Separator and Process Design
(Unl ess otherwi se indicated, copies are available fromthe
American PetroleumlInstitute (API) Headquarters, 1220 L Street
NW Washi ngton, DC 20005.)

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM D1655 Avi ation Turbine Fuels (DOD Adopt ed)
ASTM D3699 Ker osi ne

ASTM D4814 Aut onoti ve Spark-Ignition Engine Fuel
ASTM F758 Smoot h-Wal | Poly (Vinyl Chloride) (PVC

Pl asti c Underdrain
Systens for Hi ghway, Airport, and
Simlar Drainage (DOD

Adopt ed)

(Unl ess otherw se indicated, copies are available fromthe

American Society for Testing and Materials (ASTM, 100 Barr
Har bor Drive, West Conshohocken, PA 19428-2959.)
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ASSOCI ATI ON OF AMERI CAN RAI LROADS

Circul ar Nos. Recommended Practice for the Elimnation
of
17D and 17E El ectric Sparks

(Unl ess otherwi se indicated, copies are available fromthe
Associ ati on of Anerican Railroads, Publications, Central
Operations, 50 F Street NW Washington, D.C. 20001.)

BUI LDI NG OFFI CI ALS AND CODE ADM NI STRATORS | NTERNATI ONAL, | NC.
( BOCA)

BOCA F2315 Nati onal Fire Prevention Code
(Unl ess otherwi se indicated, copies are available fromthe
Building O ficials and Code Adm nistrators, 4051 W Fl ossnoor
Road, Country Club Hills, Illinois 60478.)
COORDI NATI NG RESEARCH COUNCI L, | NC. (CRC)

Report No. 530 Handbook of Aviation Fuel Properties

Report No. 346 El ectrostatic Discharges in Aircraft
and No. 355 Fuel Systens

(Unl ess otherwi se indicated, copies are available fromthe
Coordi nati ng Research Council, Inc., 219 Perineter Center
Par kway, Suite 400, Atlanta, GA 30346.)

FACTORY MUTUAL ENG NEERI NG CORP. (FM

Section 7-55,12-28 Loss Prevention Data, Liquid Petroleum
Gas

HYDRAULI| C | NSTI TUTE

- - | ndi vi dual Standards for Centrifugal,
Vertical, Rotary, and Reciprocating
Punmps, as well as General Guidelines for
Punps

(Unl ess otherw se indicated, copies are available fromthe

Hydraulic Institute, 9 Sylvan Way, Parsippany, New Jersey
07054-3802.)
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| NSTI TUTE OF GAS TECHNOLOGY
-- Cascade- Natural Gas Vehicle
Conmpr essor/ St orage Refueling Station
Denonstrati on Program
(Unl ess otherwi se indicated copies are available fromthe
Institute of Gas Technol ogy, 4201 West 36th Street, Chicago,
I[1l1inois 60632.)
| NTERNATI ONAL CONFERENCE OF BUI LDI NG OFFI CI ALS (I CBO)
UBC 902 Uni f orm Bui | di ng Code
UFC Uni form Fire Code
UFC Article 52 Mot or Vehicl e Fuel Dispensing Stations
UFC Article 79 FI ammabl e and Conbusti bl e Li qui ds
(Unl ess otherwi se indicated, copies are available fromthe
| CBO, 5360 South Workman M || Road, Whittier, California
90601.)

NATI ONAL ASSOCI ATI ON OF CORROSI ON ENGI NEERS ( NACE)
| NTERNATI ONAL

- - Control of Pipeline Corrosion
(Unl ess otherw se indicated, copies are available fromthe
Nat i onal Associ ation of Corrosion Engi neers ( NACE)
I nternational, P. O Box 218340, Houston, TX 77218-8340.)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 11 Low- Expansi on Foam Conbi ned Agent
Syst ens
NFPA 20 I nstallation of Centrifugal Fire Punps
NFPA 30 FI ammabl e and Conbusti bl e Li qui ds Code
NFPA 30A éggonntive and Marine Service Station
e
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NFPA 31 I nstallation of QI -Burning Equi pnent

NFPA 37 I nstallation and Use of Stationary
Conmbusti on Engi nes and Gas Tur bi nes

NFPA 45 Fire Protection for Laboratories Using
Chem cal s

NFPA 52 Conpressed Natural Gas (CNG Vehicul ar
Fuel Systens

NFPA 54 Nat i onal Fuel Gas Code

NFPA 55 Use and Handling of Conpressed and
Li quefi ed Gases in Portable Cylinders

NFPA 58 St orage and Handl i ng of Liquefied
Petr ol eum Gases

NFPA 59 St orage and Handl i ng of Liquefied
Petroleum Gases at Utility Gas Plants

NFPA 70 Nati onal El ectrical Code

NFPA 77 Static Electricity

NFPA 110 Emer gency and St andby Power Systens

NFPA 307 Construction and Fire Protection of
Marine Term nals, Piers, and Wharves

NFPA 407 Aircraft Fuel Servicing

NFPA 415 Aircraft Fueling Ranp Drai nage

NFPA 780 I nstal lati on of Lightning Protection
Syst ens

(Unl ess otherw se indicated, copies are available fromthe
National Fire Protection Association (NFPA), 1 Batterynmarch
Park, Quincy, MA 02269-9101.)
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UNDERWRI TERS LABORATORI ES, | NC. (UL)

UL 58

UL 142

UL 1746

UL 2085

Saf ety Steel Underground Tanks for
FI ammabl e and Conbusti bl e Li qui ds

Saf ety Steel Aboveground Tanks for
Fl ammabl e and Conbusti bl e Li qui ds

Safety External Corrosion Protection
Systens for Steel Underground Tanks

Saf ety I nsul ated Aboveground Tanks for
FI ammabl e and Conbusti bl e Li quids

(Unl ess otherw se indicated, copies are available fromthe
Underwriters Laboratories, Inc. (UL), 333 Pfingsten Road,

Nor t hbr ook,

60062- 2096. )
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GLOSSARY

ACG H.  Anerican Conference of Governnental |ndustria
Hygi eni st s.

Addi tive. Chem cal added in m nor proportions to fuels or

| ubricants to create, enhance or inhibit selected properties;
exanpl e, fuel systemicing inhibitor (FSII).

AEl . Architectural and Engi neering Instruction.

AFFF. Agueous filmform ng foam

AFSS. Automated fuel service station.

Al'S. Autonmated Infornmation System

Ambi ent. Enconpassing on all sides, as tenperature.

Anode. The positively charged el ectrode of an electrolytic
cell.

ANSI. Anerican National Standards |nstitute.
API . Ameri can Petrol eum | nstitute.

APl Gravity. Petroleumindustry scale for neasuring the
density of oils.

Aromati c Hydrocarbons. Hydrocarbons characterized by the
presence of the hexagonal benzene ring; also having an arons.

ASCI 1. Anerican Standard Code for Information |nterchange.
ASME. Anerican Society of Mechani cal Engi neers.

ASTM  American Society for Testing and Materials.

ATG.  Automatic tank gaugi ng.

At nospheric Pressure. The pressure exerted by the earth's

at nosphere, when neasured at sea | evel under standard
conditions is equal to 14.7 pounds per square inch (101 kPa).
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At nospheric Tank. Storage tank which operates at or near
at nospheric pressure (14.7 psi (101 kPa) at sea |evel).

Auto-ignition Tenperature. The tenperature at which a
substance will ignite without the further addition of energy
from an outside source.

Bal | ast Water. Water carried in ship's fuel tanks or cargo
tanks to inprove the vessel's stability when enpty of
petrol eum

Barrel. Measure of volume as used in the petrol eumindustry,
equi val ent of 42 U.S. gallons (0.16 n?).

Blind Flange. Piping flange with no passage through the
center.

Bl ock Valve. Valve which provides absolute closure such as a
ball valve or plug valve. (Also, refer to Electric Block
Val ve.)

BOCA. Building Oficials and Code Adm ni strators
I nternational, Inc.

Boiler Fuel OI. Fuel oil that is burned in furnaces to
create steam or hot water, also called burner fuel oil

Boiling Point. The tenperature at which the vapor pressure of
aliquidis equal to the pressure of the vapor above the
liquid, usually atnospheric pressure. The tenperature

i ncreases as the atnospheric pressure increases.

Bollard. A heavy solid post used to protect equipnent from an
i mpact. Also used on docks and shi ps for nooring.

Bond. Electrical connection between two objects which
equal i zes their potential.

Boom Flexible floating barrier consisting of |inked segnents
designed to contain free oil on the surface of a body of
wat er .

Booster Punp. Punp installed along the run of a | ong pipeline
for the purpose of increasing pressure.
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Bottom Loadi ng. Method of filling tank trucks or tank cars
t hrough a tight connection at the bottom

Br eakaway Coupling. Coupling designed to part easily with a
moderate pull with a dry-break from both directions.

Breat hing. The novenent of vapors into or out of a container
because of natural cyclical heating and cooling.

BS&W  Common abbrevi ation for bottom sedi nent and water as
found in the bottom of fuel tanks, also; a type of sanpling
pr ocedur e.

Bt u. British thermal unit.

Bul k Storage Tank. Storage tank for fuel normally received by
pi peline, tank truck, or tank car.

Bunkers. Common expression referring to heavy residual boiler
fuel .

Calibration. Adjustnent of the scale of a graduated device to
meet an established standard, especially applicable to the

adj ustment of neter registers to indicate true volune as
determ ned by a standard neasure.

Catal yst. A substance that provokes or accel erates chem cal
reactions without itself being altered.

Cat hodic Protection. A nethod for preventing the corrosion of
metal s by el ectrol ysis.

Centi stokes. A centistoke (cSt) is equal to 1 mllinmeter
squar ed per second.

Centrifugal Punp. A rotating device which noves |iquids and
develops liquid pressure by inparting centrifugal force.

Centrifugal Separator. A rotating device which separates
liquids of different density by centrifugal force, a form of
centrifuge.

CFR. Code of Federal Regul ations.

Cl. Corrosion inhibitor.
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Clarifier. Comonly used nanme for a mcronic filter.

Cl ean Product. Refined |ight petroleum products such as
gasoline or distillates, as differentiated fromresiduals or
bl ack oils.

Cl ear and Bright. Description of uncontam nated fuel
i ndicating a conpl ete absence of haze, free water or
particul ate matter.

Cl oud Point. The tenperature at which a fuel develops a
cl oudy or hazy appearance due to the precipitati on of wax or
moi sture. The condition developed is called tenperature haze.

CNG. Compressed Natural Gas.
C0,. Chemi cal notation for carbon dioxide, fire extinguishing
agent .

Coal escer. A filter designed to cause very small drops of
water to formlarger drops (coal esce) which will separate from
fuel by gravity.

Conmbustible Liquid. Any liquid having a flash point at or
above 100 °F (38 °C).

Conbusti bl e Vapor Indicator. Device which neasures the
guantity of conbustible vapor in the atnosphere; expl osion
met er.

Cont am nated Fuel. Petroleum fuel containing suspended or
emul si fied water, cleaning chem cals; or other foreign matter
such as iron scale, dust, or other solid particles; or
cont ai ni ng an unacceptabl e percentage of nonconpatible fuel or
other liquids; or containing nore than one, or all of these

cl asses of contam nants.

Cont am nation. The accidental addition to a petrol eum fuel of
sone foreign material (contam nant) such as dirt, rust, water
or accidental m xing with another grade of petroleum

CONUS. Conti nental United States.

Copper - copper Sul phate El ectrode. Reference electrode used to
measure structure-to-soil potentials for corrosion control; a
hal f cell.
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Corrosion. The process of dissolving, especially of netals
due to exposure to electrolytes.

COTS. Commer ci al -of f -t he-shel f.

Crude Ol. Petroleumin its natural state prior to refining
Cut and Cover. Refers to underground vertical storage tanks.
Dead-man Control. A control device, such as a swtch or

val ve, designed to interrupt flow if the operator |eaves his
station.

Defuel er. Tank vehicle used to renmove fuel fromaircraft.
Density. The mass per unit volume of a substance.
DFM Di esel fuel marine.

DFSC. Defense Fuel Supply Center.
DI EGVE. Diethylene glycol nmonomethyl ether.

Di ke. An enbanknent or wall, usually of earth or concrete,
surroundi ng a storage tank to i mpound the contents in case of
a spill.

Direct Fueling System  Method used to refuel aircraft. Also
known as hydrant system

Di ssol ved Water. Water which is in solution with fuel as
opposed to free water in suspension.

Distillate. Comon term for any of a number of fuels obtained
directly fromdistillation of crude petroleum wusually
i ncl udes kerosene, JP-5, light diesel, and |light burner fuels.

DLA. Defense Logistics Agency.
DOD. Departnment of Defense.

DOT. Departnent of Transportation.

Downgrade. To use a fuel for a |l esser purpose than originally
specified, often because of contam nation.
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Effluent. Stream fl ow ng; discharge.
EFSO. Energency fuel shut-off.

El ectrode. Electric conductor through which an electric
current enters or |eaves an electrolyte.

El ectrolysis. Chem cal change, especially deconposition,
produced in an electrolyte by an electric current.

El ectrolyte. A substance capable of form ng solutions with
ot her substances whi ch produce ions and thereby permt the
flow of electric currents.

El ectrical Block Valve. A diaphragm control valve which is
operated by an electric solenoid valve on the trim

El ectrical Conductor. A substance which permts the flow of
el ectric currents w thout permanent physical or chem cal
change; copper, al um num

EMAT. Electromagnetic acoustic transducer.

Emul si on. A suspension of small globules of one liquid in a
second liquid with which the first will not m x.

EPDM  Et hyl ene- propyl ene terpol yner.
Epoxy Coating. A coating of thernpbsetting resins having

strong adhesion to the parent structure, toughness, and high
corrosion and chemnmi cal resistance, also used as an adhesi ve.

EPU. Enmergency power unit.

Explosive Limts - (Upper and Lower). Limts of percentage
conposition of m xtures of conbustible vapors and air which
are capabl e of producing an explosion or conbustion when
ignited; also flanmable limt.

Expl osi on-proof. Classification of electrical enclosures for
use in hazardous areas designed to prevent the passage of
internal arcs, sparks or flanes.

FAS. Fuel Automated System
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Fender. Part of a pier structure designed to absorb the
i npact of a noving vessel.

Fi bergl ass. Conposite material consisting of glass fibers in
a matrix of resin such as epoxy.

Filter. A porous substance through which a liquid is passed
to remove unwanted particles of solid matter.

Filter/separator. A filter or conbination of filters designed
to renove particulate matter and al so coal esce entrai ned
wat er .

Fl ammabl e Liquid. Any liquid having a flash point bel ow 100
degrees F (38 degrees C) and a vapor pressure not exceedi ng 40
psia (275 kPa) at 100 degrees F (38 degrees C).

Fl ash Point. The tenperature at which a conbustible or
flanmabl e |iquid produces enough vapor to support conbusti on.

Fl oati ng Roof Tank. Petrol eum storage tank with a roof that
floats on the liquid surface and rises and falls with the
[iquid |evel.

Fl occul ation. A treatnent process in which waste waters are
clarified by the addition of chem cal coagulants to produce
finely divided precipitates which will agglonerate into |arger
particles.

Free Water. Undi ssol ved water content in fuel

Freeze Point. The tenperature at which wax crystals formin
distillate fuels and aviation turbine fuels.

FRP.  Fi berglass reinforced plastic.

ESI1. Fuel systemicing inhibitor.

Fuel O1l. See Boiler Fuel GOI.

Fuel Quality Monitor. A special type of filter designed to

interrupt the flow of fuel when dirt or water content becones
t oo great.
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Gal vani zi ng. Rust resistant zinc coating applied to iron and
st eel .

Gr ound. An el ectrical connection to earth.

Haypack Filter. A filter which uses hay, straw, or excelsior
as a filtering medium

Hazar dous Ar ea. El ectrical classification for areas where
fl ammabl e or conbustible |iquids or vapors may be present.

HDPE. Hi gh-density pol yet hyl ene.

Hot Refueling. Refueling of aircraft which have one or nore
engi nes runni ng.

HTH. Cal ci um hypochl orite.

Hydrant System Distribution and di spensing system for
aviation turbine fuels consisting of a series of fixed flush
type outlets or hydrants connected by piping.

Hydr ocarbon. A conmpound made up excl usively of hydrogen and
carbon in various ratios and nol ecul ar arrangenents.

Hydrostatic Head. Pressure caused by a colum of |iquid.

Hydrostatic Test. A test for leaks in a piping system using
liquid under pressure as the test nedi um

| CBO. International Conference of Building Oficials.

I gnition Tenperature. The mninmumtenperature required to
initiate or cause self-sustained conbustion independent of any
heati ng or heated el enent.

| nper vi ous. Not easily penetrated. The property of a

mat eri al that does not allow, or allows only with great
difficulty, the novenment or passage of a fluid. Also referred
to as inpernmeabl e.

| npressed Current System A cathodic protection system using
an outside source of electric power.
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| nert Material. Any solid, liquid, or gaseous substance not
conbusti ble or fire-produci ng when exposed to the atnosphere
under ordinary climatic conditions; it includes conmon netals,
packing materials, ceramc materials, construction materials
such as concrete, mneral aggregates, and nasonry.

I nstallation Pipelines. Pipelines which connect POL
facilities within an installation such as a barge pier to a
bulk facility and a bulk facility to an operating (ready-

i ssue) tank. These pipelines do not cross property lines and,
therefore, do not |eave the government facility and control

I nterterm nal Pipelines. Pipelines which connect two
governnment installations such as a Defense Fuel Supply Center
depot to a mlitary installation. These pipelines cross
property lines and cross public and/or private properties,
streets, highways, railroads, and utility rights-of-way.

JP Fuel. Mlitary designation applied to aviation turbine
fuels (e.g., JP-4, JP-5, and JP-8).

Kerosene. A general termcovering the class of refined
petrol eum whi ch boils between 370 degrees F and 515 degrees F
(188 degrees C and 268 degrees C). Mostly used in oil |anps
and cooki ng stoves.

Ker osene Type Avi ation Turbine Fuel. JP fuel derived from
kerosene without the addition of naphtha; characterized by a
flash point of 100 degrees F (38 degrees C) or nore.

Ki nematic Viscosity. The ratio of viscosity of a liquid to
its specific gravity at the tenperature at which the viscosity
i's neasured.

Lead Hazard. Poisonous contam nation of the atnosphere,
sl udge, or other surroundings, particularly in petroleum
storage tanks, -caused by tetraethyl lead or its residues.

Line Blind. A solid flat plate used to obtain absolute shut-
off of flow. Also, referred to as spectacle plates or
flanges, blinding plate, figure eights and paddl e blinds.

Litre (L). Equivalent to 0.001 n7.
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LPG. Abbreviation for |iquefied petrol eum gas; propane,
but ane.

Lube O I. Common contraction for lubrication oil; used to
reduce friction and cool machinery.

MAJCOM  Maj or Conmand.
MFL. Magnetic flux | eakage.

Mcron. A unit of length equal to one mllionth of a neter,
especially used as a neasure of the size of very fine
particles found as contam nants in fuel.

ML. Awunit of length equal to one thousandth of an inch,
especially used to neasure the thickness of paints and
coati ngs.

Mlitary Specifications. Guides for determning the quality
requirenments for materials and equi pment used by the mlitary
services (ML).

MLL Scale. A magnetic coating formed on the surface of steel
during processing in mlls.

Mogas. Common contraction of notor gasoline, referring to
fuel for |and vehicles.

NACE. National Association of Corrosion Engineers.

Napht has. Refined petrol eum which boils at 800 degrees F
(427 degrees C) to 4400 degrees F (2427 degrees C), used as a
conmponent of gasoline and sol vents.

NATO. North Atlantic Treaty Organi zati on.

NBBI . Nati onal Board of Boiler and Pressure Vessel
| nspectors.

NBI C. National Board Inspection Code.

NFESC- OCD. Naval Facilities Engineering Service Center, Ccean
Construction Division.

278



MIL-HDBK-1022A

NFPA. Abbrevi ation for the National Fire Protection
Associ ati on.

Ni pple. Short length of pipe, usually used to nake side
branch connecti ons.

Nondestructive Testing. A nethod of inspecting materials
wi thout cutting, drilling or otherw se destroying the
material; usually used to exam ne steel plates, pipes, and
wel ds.

Nozzle. A spout or connection, usually with a control valve
t hrough which fuel is discharged into a receiving container.

NPDES. National Pollutant Discharge Eli m nation System

Cct ane Nunmber. A nunerical measure of the antiknock
properties of autonotive gasoline as neasured agai nst standard
reference fuels, under controlled | aboratory conditions. |[so-
octane is a reference fuel whose octane nunber is given a

val ue of 100.

O f-Spec. Commonly used contraction for off-specification,
usually referring to fuel which is contam nated or otherw se
deficient in quality.

Ol /water Separator. A device used to separate m xtures of
oil and water, usually by the difference in specific gravity
and usually to protect the environnment from contam nation by
the oil.

Oly-water Mxture. Mxture in which water conprises nore
than half the total. Mst such untreated m xtures contain

| ess than 15 percent oil, sonme of which may be in emulsified
form

OMSI. Operation and mai ntenance support informtion.

Operating Storage Tank. Storage tank from which fuel is
issued directly to the final-use vehicle such as a ship or
aircraft, sonetinmes called day tanks or ready-issue tanks.
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Oifice Plate. A plate with a hole in the center held between
two flanges in a pipeline, used to create a drop in pressure
which is proportional to flow and can be used to neasure the
flow or to nmodul ate control devices.

OSHA. Occupational Safety and Health Act of 1970.
PACAF. Pacific Air Force.

Pant ograph. A series of pipes, joined by flexible joints,
used to connect fueling equipnent to aircraft.

Parall el Punps. Two or nore punps having common suction and
di scharge connecti ons.

Particulate Matter. Solid particles such as dirt, grit, and
rust, which contam nate fuel.

PDP. Pressure dew point.

pH. A nunber assigned to indicate whether a substance is
acidic or alkaline (pH 7 is considered neutral, less than 7 is
acidic and nore than 7 is al kaline).

Pigging. The use of cleaning devices, called pigs or go-
devils, to clean out the inside of pipelines.

Pig Trap. An arrangenent of valves and closure devices to
trap cleaning pigs at the end of their run through a pipeline.

Pile Cluster. A group of pilings driven close together and
usually wrapped with wire rope to act as fender or nooring for
smal | vessel s.

PLC. Progranmmble |logic controller.

POL. A comonly used abbreviation which broadly refers to al
petroleum, oils, and lubricants.

Pour Point. The |owest tenperature at which an oil will pour
or flow w thout disturbance.

Pont oon Roof. A type of floating roof for a storage tank
having |iquid-tight conpartments for positive buoyancy.
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Pressure Drop. The loss in pressure of a liquid fl ow ng
t hrough a piping system caused by friction of pipe and
fittings, velocity, and change in el evation.

PSI or PSIG  Abbreviation for pounds per square inch, the
unit of pressure neasurenment; gage pressure above atnospheric.

PSI A.  Pounds per square inch absolute; pressure above an
absol ute vacuum

PVC. Pol yvinyl chloride.

Radi ograph. An inmage produced on radi osensitive film by
i nvisible radiation such as X-ray, specifically the imge
produced by radi ographic inspection of welds and pl ates.

RDBMS. Rel ati onal Database Managenent System

Ready- | ssue Tank. Storage tank from which fuel is issued
directly to the final-use vehicle such as a ship or aircraft,
sonetimes called day tank or operating storage tank

Recoverabl e Fuel. That portion of the fuel oil which nmay be
separated and collected froma given |Iot of contam nated fuel,
by proper processing in the treating facility in question.

Recovered Ol. Used to denote untreated petrol eum fue
removed fromoil-water separators or picked up after being
spilled on land or water. Also used to nean oil which has
been separated from and collected froma given |ot of con-
tam nated fuel by processing in a treating facility.

Refuel er. Tank vehicles used to resupply aircraft with fuel.

Rei d Vapor Pressure. Vapor pressure measured under controlled
conditions with the liquid tenperatures at 100 °F (38 °C).

Resi dual Fuel O l. Topped crude petroleum fromrefinery
operations. Comrercial grades of Burner Fuel No. 5, No. 6,
and bunker fuels are residual fuel oils.

Rel axation Tank. Small tank in a fuel dispensing piping
system downstream of filter/separators or fuel quality
nonitors designed to renove static electricity fromthe Iiquid
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stream before discharge into a receiving tank.

Rotary Punp. A positive displacenent punp which operates in
rotary fashion such as a vane, gear, bucket, |obe, or screw
punp; not centrifugal, turbine, or propeller punps.

Rust. Ferric oxide, a reddish-brown scaly or powdery deposit
found on the surface of steel and iron as a result of
oxi dation of the iron.

SAE. Abbreviation for Society of Autonotive Engi neers, used
in conjunction with specification for viscosity of lubricating
oi | s.

Scraper. A type of cleaning pig used in pipelines.

Servi ce Headquarters. Defined as follows: Arny -
Headquarters Corps of Engineers - CEMP-ET; Air Force - The Air
Force Fuel s Engi neer (HQAFCESA/ CESM through the applicable
Maj or Command (MAJCOM) Fuel s Engi neer; Navy/ Marine Corps -
Naval Facilities - O fice of the Chief Engi neer (NAVFAC- OCCE);
and Defense Fuel Supply Center (DFSC) - DFSC Facility

Engi neer.

Ski mrer. A device used to collect thin |ayers of oil floating
on a body of water.

Slop GI. G or fuel which has beconme contam nated with
ot her oils or substances, often requiring separation or
treatment before it is fit for use.

Sl udge. Heavy viscous oily mass found in the bottom of
storage tanks and treatnent vessels, often contains rust,
scale, dirt, lead additives, wax, gum or asphalt.

SPCC. Spill prevention control and counterneasure.

Specific Gravity. The ratio of the weight in air of a given
vol une of a substance to the weight in air of an equal volune
of distilled water (62.4 Ib/ft®) (1000 kg/n?), both taken at

t he sane tenperature, usually 60 °F (16 °C).

SSPC. Steel Structures Painting Council.
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Static Electricity. Accunulation of electric charge on an
i nsul ated body; also the electrical discharge resulting from
such accunul ati on.

Strapping. The process of determ ning the volunme of a storage
tank or cargo hold by nmeasuring its |inear dinmensions.

Stripper Punp. A punp used to strip or renove the last bit of
liquid froma tank or pipe.

Sunp. A low area or depression which receives drainage.

Surge. Sudden increase in fluid pressure caused by sudden
stopping of a noving stream as by a quick closing val ve;
hydraul i ¢ shock

Surge Suppressor. Device designed to control or reduce
surges; hydraulic shock absorber

TAU. Twin agent unit.

Tol erance. An allowable variation froma specified standard
of measurenent, commonly applied to the accuracy of neters.

Top Loading. Method of filling tank cars and trucks through
an opening in the top.

True Vapor Pressure. Vapor pressure neasured at actual liquid
t enper at ur e.

UPV. Unfired pressure vessel.

Vapor Lock. Malfunction of an engine fuel systemor of a
punpi ng system caused by vaporization of the fuel, usually
associ ated with gasoline.

Vapor Pressure. Internal pressure of vapor in a liquid
usually in pounds per square inch; an indication of
volatility.

Vi scosity. Measure of the internal resistance of a fluid to
flow or novenent, nobst commonly neasured in centistokes.

VOC. Volatile organic conpound.

283



MIL-HDBK-1022A

Volatility. Measure of the tendency of a liquid to vapori ze;
vapor pressure.

Waste GI. QG fromwhich the water and ot her contam nants
cannot be renoved by the available treating facilities, and
hence is unfit for further use. This termis also |oosely
used for contam nated oil which may contain recoverable fue
collected at facilities having no treatnment facility for fuel
reclamation.

Wat er Bottom Free water which has settled to the bottom of a
st orage tank.

Water Drawoff. A valve or simlar device used to renove water
fromthe bottom
of a tank.

Water Slug Shutoff. A valve in the discharge piping froma
filter/separator which closes automatically when the water in
the unit rises above a set |evel.

Wax. Viscous or solid high nolecular weight hydrocarbon
subst ance; paraffin.

Weat her proof. Type of enclosure for electrical apparatus for
out door service in nonhazardous areas.

Wharf. A |anding place where vessels tie up to | oad or
unl oad; pier.
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