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N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document, write to the Secretary, Standards Council, National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 5 of the Regulations Governing 
Committee Projects shall not be considered the official position of NFPA or any of its Committees and shall not 
be considered to be, nor be relied upon as. a Formal Interpretation. 

Users of this document should consult apphcable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products 
of combustion in a fire environment. The Board has, therefore, asked all NFPA technical committees to review the 
docmnents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion. 

Licensing Provision This document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Reference--Publ ic  authorities and others are urged to reference this document in laws, 
ordinances, regulations, administrative orders, or similar instruments. Any deletions, additions, and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" means 
the citing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers only, upon 
written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free license to 
print and republish this document in whole or in part, with changes and additions, if  any, noted separately, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of law, provided that: (I) 
due notice of NFPA's copyright is contained in each law and in each copy thereof: and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jurisdiction's  lawmaking or rule-making process. 
B. Once this NFPA Code or Standard has been adopted into law, all printings of this document by public author- 
ities with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its 
contents as adopted by the jurisdiction in whole or in part, in any form, upon written request to NFPA (Attention: 
Secretary, Standards Council), will be granted a nonexclusive license to print, republish, and vend this document 
in whole or in part, with changes and additions, if any. noted separately, provided that due notice of NFPA's copy- 
right is contained in each copy. Such hcense shall be granted only upon agreement to pay NFPA a royalty. This 
royalty is required to provide funds for the research and development necessary to continue the work of NFPA and 
its volunteers in continually updating and revising NFPA standards. Under certain circumstances, public authori- 
ties with lawmaking or rule-making powers may apply for and may receive a special royalty where the public 
interest will be served thereby. 

3. Scope of License G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document. 

(For further explanation, see the Policy Concerning the Adoption, Printing, and'Publicat ion of NFPA 
Documents, which is available upon request from the NFPA.I 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, or for the 
completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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Origin and Development of  NFPA 1231 

This text originally was NFPA 25, Recommended Practices for lYater Supply Svstems for 
Ru~vd Fire Protection, and originally was developed by the Subcommittee on Water  Sup- 
ply Systems for Rural Fire Protection of the Committee on Rural Fire Protection and 
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advisory material. 
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1231-4 WATER SUPPLIES FOR SUBURBAN AND RUIL.kL FIRE FI(;HT1N(; 

NFPA 1231 

Standard on 

Water Supplies for 

Suburban and Rural Fire Fighting 

1993 Edition 

NOTICE: An asterisk (*) following the number or lener 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on retierenced publications can be tbund in 
Chapter 8 and Appendix H. 

Chapter 1 Administration 

1-1" Scope. This standard identifies minimum require- 
ments for water supplies fbr fire fighting purposes in rural 
and suburban areas in which adequate and reliable water 
supply systems for fire fighting purposes do not exist. 

1-2 Purpose. This standard specifies minimum require- 
ments for water supply for fire fighting purposes to protect 
property from fire in areas where water must be trans- 
ported from a river, lake, canal, bay, stream, pond, well, 
cistern, or other similar source of water that is available as 
suction supply for fire depar tment  use. Water obtained by 
methods outlined in this standard can be used to supple- 
ment water for fire fighting available fi-om hydrants on a 
traditional municipal-type distribution system. Likewise, a 
hydrant served by a water distribution system shall be per- 
mitted to be the source of supply for water that is trans- 
ported to the rural fire area. 

It is the intent of this standard to provide and maintain 
m i n i m u m  water suppl ies  for fire f ight ing pu rposes  
th rough  the es tab l i shment  of a cooperat ive working  
arrangement  among the authority having jurisdiction, the 
fire depar tment  having jurisdiction, and the property own- 
ers in the jurisdiction. 

This s tandard provides min imum requirements,  and 
noth ing  herein shall be in terpre ted  to mean that the 
authority having jurisdiction cannot exceed any or all of 
these requirements where, in the judgment  of such attthor- 
ity having.jurisdiction, additional protection is warranted. 

This s tandard  is restricted to identifying m i n i m u m  
requirements for water supplies for fire fighting purposes. 
Much information has been included in the appendixes of 
this standard concerning rural water supplies, hauling of 
water, t ransport ing water through large diameter hose, 
portable pumping  equipment,  automatic sprinkler protec- 
tion, and secondary water supply, any or all of which may 
comprise a rural "water system." 

1-3 General. 

1-3.1 The requirements of Chapters 5 and 6 are perfor- 
mance oriented and allow the authority having jurisdiction 
the option to specify how these water supplies are made 
available, thereby giving consideration to local conditions 
and need. 

1-3.2 Although the water requirements developed bv this 
standard are performance oriented, it must be emphasized 
that they are minimum in scope. The water available to the 
fire depar tment ,  which may come from a single water 
point or multiple water points, must be delivered to the 
fire scene. The authority having .jurisdiction shall be per- 
mitted to determine that additional water supplies are war- 
ranted.  Appendix  G contains secondary water supply 
requirements,  useful where the authority having jurisdic- 
tion determines additional water supplies are desirable. 

1-3.3 Fire appara tus  and associated e q u i p m e n t  are 
impor tant  components  of the water t ranspor t  process. 
Many alternative approaches to tulfilling this process are 
provided in Appendixes C, D, and E. 

Apparatus  shall meet the requ i rements  out l ined  in 
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 
and other applicable NFPA standards. 

1-3.4 Fire control and extinguishment is probable only 
where a prompt alarm notification initiates an immediate 
response, which in return results in eftective agent applica- 
tion confining the fire to the area o. origin. 

1-3.5 The effectiveness and reliability of fixed fire protec- 
tion systems is a documented fact. Serious consideration 
shall be given to installation of sprinkler systems as out- 
lined in NFPA 13, Standard for the h~stallation of Sprinkler 
Systems; NFPA 13D, Standard for the Installation of Sprinkler 
Systems in One- and Two-Family Dwellin U and Mobile Homes; 
and NFPA 13R, Standard for the Installation of Sprinkler Sys- 
tems in Residential Occupancies Up to and Including Four Sto- 
ries in Height. 

1-4 Definitions. 

Adequate and Reliable Water Supply. A water supply 
that is sufficient every day of the year to control and extin- 
guish anticipated fires in the municipality, particular build- 
ing, or building group served by the water supply. 

Approved. Acceptable to the "authority having juris- 
diction." 

NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installations, procedures, 
equipment, or materials nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on con> 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refer to the listings or label- 
ing practices of an organization concerned with product 
evaluations which is in a position to determine compliance 
with appropriate standards lot the current production of 
listed items. 

Authority Having Jurisdiction. "I'fie "authority having 
ju r i sd ic t ion"  is the organiza t ion ,  office or indiv idual  
responsible for "approving" equipment,  an installation or a 
procedure. 

NOTE: The phrase "authority having.jurisdiction" is used 
in NFPA documents in a broad manner since jurisdictions 
and "approval" agencies vary as do their responsibilities. 
Where public saf;ety is primary, the "authority having juris- 
diction" may be a tederal, state, local or other regional 
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STRUCILrRE SURVEYS 1231-5 

department or individual such as a fire chief, fire marshal, 
chief of a fire prevention bureau, labor department, health 
department, building official, electrical inspector, or others 
having statutory authority. For insurance purposes, an 
insurance inspection deparunen/, rating bureau, or other 
insurance company representative may be the "authority 
having jurisdiction." In many circumstances the property 
owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, 
the commanding officer or departmental official may be the 
"authority having jurisdiction." 

Automatic Aid. A plan developed between two or 
more tire departments tor immediate joint response on 
first alarms. 

Building.  Auy structure erected tot the support, shelter, 
or enclosure of persons, animals, or property of any kind. 

Construction Classification Number. A series of num- 
bers from 0.5 through 1.5 that are mathematical thctors 
used in a tormula to determine the total water supply 
requirements for this standard onlv. 

Dry Hydrant. A permanent  piping system, nornmlly a 
drafting source, that provides access to a water source 
other than a nmnicipal-type water system. 

Exposure Hazard. A structure within 50 ft (15.2 m) of 
another building and 100 fie (9.3 m'-') or larger in area. I ra  
structure is a Class 3 or Class 4 occupancy hazard, it is con- 
sidered an exposure hazard if within 50 fi (15.2 m) of 
another building, regardless of size. 

Fire Department  Having  Jur i sd ic t ion .  The  fire 
depar tment  serving the municipality, or any portion of the 
municipality, governed lay the authority having jurisdic- 
lion. The authority having jurisdiction and the fire depart- 
ment having jurisdiction can be the same agency. 

Labeled. Equipntent or materials to which has been 
attached a label, symbol or other identifying mark of an 
organization acceptable to the "authority having jurisdic- 
tion" and concerned with product ewduation, that main- 
talus periodic inspection of production of labeled equip- 
ntent or materials and by whose labeling the manufacturer 
indicates compliance with appropriate standards or pertbr- 
mance in a specified manner.  

Large Diameter Hose. Fire department  hose having an 
inside diameter of 31/,_, in. (89 ram) or larger. 

Listed. Equipnmnt or materials included in a list pub- 
lished by an organization acceptable to the "authority having 
jurisdiction" and concerned with product evaluation, that 
ntaintains periodic inspection of production of listed equip- 
ntent or materials and whose listing states either that the 
equipment or material meets appropriate standards or has 
been tested and found suitable fi)r use in a specilied manner. 

NOTE: The means tor identitymg listed equipment may, 
vary lot each organization conce,-ned with prodtlct evalua- 
tion, some of which do not recognize equipment as lisled 
unless it is also labeled. The "authority having jurisdiction" 
should utilize the system employed by the listing organiza- 
tion to identit}' a listed product. 

Minimum Requirements for Water Supply. The small- 
est quantity of water supply suggested tot any degree of 
[ire control. In some fires, this supply ntay be suitable flu 
protecting exposures truly. 

Mobile Water Supply. A vehicle designed primarily for 
t ranspor t ing  (pickup, t ranspor ta t ion,  and delivery) of 
water to fire emergency scenes to be applied by other vehi- 
cles or pumping  equipment. 

Municipal i ty .  A town, city, county, fire district, or 
community having powers of local self-government. 

Municipal-Type Water System. A system having water 
pipes serving hydrants and designed to furnish, over and 
above domestic consumption, a minimum flow of 250 gpm 
(946 L/nfin) and 20 psi (139 kPa) residual pressure for a 
2-hour duration. 

Mutual Aid. A plan developed between two or more 
departments  to render  assistance to the parties of the 
agreement. Often the request fbr such aid to be rendered 
comes only alter an initial response has been made and the 
fire scene status has been determined. 

Normal Living Area -- Dwelling. This area shall include 
typical rooms, such as living room, dining area, parlor', 
kitchen, bath, bedroom, halls, library, music room, family 
room, laundry room, etc., and includes an)' other areas that 
are normally heated or cooled plus attic-basement provisions, 
enclosed parking (garage), and storage areas. 

Occupancy Hazard Classification Number. A series of 
numbers fiom three through seven that are mathematical 
factors used in a tormnla to determine total water supply 
requirements of this standard only. 

Protected Property. Property protected by a water 
supply that is minimally adequate in volume and duration 
and by a fire depar tment  capable of using this water" sup- 
ply to suppress a possible tire within the property. 

Secondary (Design) Water Supply. The estimated rate 
of flow [expressed in gpm (L/rain) tot a prescribed time 
period] that is corrsidered necessary to control a ntajor fire 
in a building or structure. 

Shall. Indicates a mandatory requirement. 

Should. Indicates a recommendation or that which is 
advised but not required. 

Single Water Point. The point or site at which water 
supply, such as a pumper  with portable tblding tank or dry 
hydrant, etc., can be located to protect a cluster of build- 
ings, such as a subdivision or an estate. 

Tanker. See "Mobile Water Supply." 

Water Supply Officer (WSO). The fire depar tment  
officer responsible for providing water for fire fighting 
proposes. 

Water Tender. See "Mobile Water Supply." 

Chapter  2 Structure Surveys  

2-1 General. 
2-1.1" The fire departntent havingjurisdicti(m shall per- 
fi)rm an on-site survey of all buildings, including type of 
construction, occupancies, and exposures, within the appli- 
cable.jurisdictiun to obtain the turinmarion needed to com- 
pute the minimum water supplies required. At the time of 
the on-site survey, a record shall be prepared of available 
water supplies, q:his information shall be utilized for pre- 
tire planning purposes as well as by the WSO. 
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2-1.2 Areas specified in 5-2.1, 5-3.1, 5-4.1, 5-5.1, and 
5-6.1 can be surveyed as areas to determine the square 
lbotage or cubic footage and square meters or cubic meters 
of each structure and the distance to structural exposure  
hazards, but without a survey of contents. 

2-1.3 These surveys can be combined with fire preven- 
tion or prefire planning inspections. 

Chapter  3 Class i f icat ion o f  O c c u p a n c y  Hazard  

3-1 General. 

3-1.1 The fire depar tment  fiavingjurisdiction, upon coin- 
pleting the survey specified in Chapter  2, shall de termine  
the occupancy hazard  classification n u m b e r  f lom the 
appropr ia te  sections of  this chapter.  

3-1.2 Occupancy hazard classification numbers shall not 
be assigned to any structure not surveyed as specified in 
Chapter  2. 

3-1.3 An occupancy hazard classification number  shall 
not be assigned to any building where such building is 
protected by an automatic sprinkler  system installed in 
accordance with applicable NFPA standards. 

3-1.4" Storage of products that are potentially hazardous 
ti'om the standpoint of increased fire volume, or those having 
an explosive nature, exists at many rural locations, and such 
products can exist in sufficient quantities to increase the occu- 
pancy hazard classification number of tim building. 

3-2* Occupancy Hazard Classification Number. 

3-2.1 The  occupancies listed in each section are only 
examples of types of occupancies for the part icular classifi- 
cation, and these lists of examples shall not he in terpreted 
as being exclusive. Similar occupancies shall be assigned 
the same occupancy hazard classification number.  

3-2.2 Where more than one occupancy is present in a 
structure, the occupancy hazard classification number  tor 
the most hazardous occupancy shall be used lot tfic entire 
structure. 

3-2.3 Occupancy Hazard Classification 3. 

3-2.3.1 Occupancies in tiffs classification shall be consid- 
ered SFVFRE HAZARD OCCUPANCIES, where quantity 
and combustibility of  contents are very high. Fires in these 
occupancies can be expected to develop very rapidly and 
have high rates of heat release. (See 5-5.1.) 

3-2.3.2 Where  an exposing structure is of occupancy haz- 
ard classification 3, it shall be considered an exposure haz- 
ard if within 50 fi (15.2 m), regardless of size. 

3-2.3.3 Occupancy  haza rd  classif icat ion 3 examples  
include: 

(a) ,Mrcrafl Imngars 

(b) Cereal or flour mills 

(c) Chemical works and plants 

(d) Cotton picker and opening operations 

(e) Distilleries 

(t) Explosives and pyrotechnics manuthcturing and storage 

(g) Feed and grist mills 

(tl) Grain elevators and warehouses 

(i) Linseed oil mills 

(j) Lumberyards  

(k) Oil Refineries 

(1) Plastics manufacturing and storage 

(m) Saw mills 

01) Solvent extracting 

(o) Straw or hay in hales 

(p) Varnish and paint manufacturing.  

3-2.4 Occupancy Hazard Classification 4. 

3-2.4.1 Occupancies in this classitication shall be consid- 
ered HIGH HAZARD OCCUPANCIES,  where quanti ty 
and combustibility of  contents are high. Fires in these occu- 
pancies can be expected to develop rapidly and have high 
rates of' heat release. 

3-2.4.2 Where an exposing structure is of occupancy haz- 
ard classification 4, it shall be considered an exposure  haz- 
ard if within 50 ft (15.2 m), regardless of size. 

3-2.4.3 Occupancy  haza rd  classif icat ion 4 e x a m p l e s  
include: 

(a) Barns and stables (commercial) 

(b) Building materials 

(c) l )epar tment  stores 

(d) Exhibition halls, auditoriums,  and theaters 

(e) Feed stores (without processing) 

(t) Freight terminals 

(g) Mercantiles 

(h) Paper and pulp mills 

(i) Paper processing plants 

(j) Piers and wharves 

(k) Repair garages 

(1) Rubber products manufacturing and storage 

(m) Warehouses,  such as those used tbr: 

Furni ture  
General  storage 
Paint 
Paper 
Whiskey 

(n) Woodworking industries. 

3-2.5 Occupancy Hazard Classification 5. 

3-2.5.1 Occupancies in this classification shall be consid- 
e r ed  MODERATE HAZARD O(~CUPANCIES,  where  
quantity and combustibility of  contents are moderate  and 
stockpiles of combustibles do not exceed 12 ft (3.7 m) 
in height. Fires in these occupancies can be expected 
to develop quickly and have moderately high rates of  
heat release. 
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CI,ASSIFICATION OF CONSTRUCTION 1231-7 

3-2.5.2 Occupancy  hazard  classification 5 examples  
include: 

(a) Amusement  occupancies 

(b) Clothing manutacturing plants 

(c) Cold storage warehouses 

(d) Conlizctionery product warehouses 

(e) Farm storage buildings, such as: 

Corn cribs 
Dairy barns 
Equipment sheds 

(fl Hatcheries 

(g) Laundries 

(h) Leather goods manufacturing plants 

(i) Libraries (with large stockroom areas) 

(j) Lithography shops 

(k) Machine shops 

(1) Metalworking shops 

(m) Nm-series (plant) 

(n) Pharmaceutical manutacturing plants 

(o) Printing and publishing plants 

(p) Restaurants 

(q) Rope and twine manutacturing plants 

(r) Sugar refineries 

(s) Tanneries 

(t) Textile manutacturing plants 

(u) Tobacco barns 

(v) Unoccupied buildings. 

3-2.6 Occupancy Hazard Classification 6. 

3-2.6.1 Occupancies in this classification shall be consid- 
ered LOW HAZARD OCCUPANCIES, where quantity and 
combustibility of contents are moderate  and stockpiles of 
combustibles do not exceed 8 fi (2.4 m) in height. Fires in 
these occupancies can be expected to develop at a moder-  
ate rate and have moderate  rates of heat release. 

3-2.6.2 Occupancy  hazard  classification 6 examples  
include: 

(a) Armories 

(b) Automobile parking garages 

(c) Bakeries 

(d) Barber or beauty shops 

(e) Beverage manutacturing plants 

(f) Boiler houses 

(g) Breweries 

(h) Brick, tile, and clay product manufacturing plants 

(i) Canneries 

(j) Cement  plants 

(k) Churches and similar religions structures 

(1) Dairy products manufacturing and processing 

(m) Doctors' ollices 

(n) Electronics plants 

(o) Foundries 

(p) Fur processing plants 

(q) Gasoline service stations 

(1) (;lass and glass products manufacturing plants 

(s) Mortuaries 

(t) Municipal buildings 

(u) Post offices 

(v) Slaughterhouses 

(w) Telephone exchanges 

(x) Watch and jewehy manufacturing plants 

(y) Wineries. 

3-2.7 Occupancy Hazard Classification 7. 

3-2.7.1 Occupancies in this classification shall be consid- 
ered L I G H T  HAZARD OCCUPANCIES, where quantity 
and combustibility of contents are low. Fires in these occu- 
pancies can be expected to develop at a relatively low rate 
and have relatively low rates of heat release. 

3-2.7.2 Occupancy  hazard  classitication 7 examples  
include: 

(a) Apartments 

(b) Colleges and universities 

(c) Dormitories 

(d) Dwellings 

(e) Fire stations 

(t) Fraternity or sorority houses 

(g) Hospitals 

(h) Hotels and motels 

(i) Libraries (except large stockroom areas) 

(j) Mnseunls 

(k) Nursing and convalescent homes 

(1) Otfices (including data processing) 

(m) Police stations 

(n) Prisons 

(o) Schools. 

Chapter  4 Class i f icat ion o f  Cons truc t ion  

4-1 General. 

4-1.1 The  fire depar tment  having jurisdiction, upon com- 
pleting the survey specified in Chapter 2, shall determine 
the construction classification number  fronl the sections of  
this chapter. 

4-1.2 For the purpose of this standard, each building sur- 
veyed shall be classified as to type of construction and shall 
be assigned a construction classification number.  However, 
no dwelling shall be assigned a construction classification 
nmnber  higher" than 1.0. 
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1231-8 WATER SUPPIAES FOR SUBURBAN AND RURAL FIRE FIGIITING 

4-1.3 Construction classification numbers  shall not be 
assigned to any structure not surveyed, as specified in 
Chapter 2. 

4-1.4 Where more than one type of const ruct ion is 
present in a structure, the higher construction classification 
number  shall be used for the entire structure. 

4-1.5 Where a building is located within 50 ft (15.2 m) of 
the surveyed building and is 100 ti ~ (9.3 m '2) or greater in 
total area, the building shall be treated as an exposure, 
with the water requirement  as calculated in accordance 
with this standard nmhiplied by 1.5. 

4-2" Construction Classification Type. 

4-2.1 The construction classifications listed in this stan- 
dard have been simplified tor quick use. Where a more 
complete definition is needed, refer to NFPA 220, Stamlard 
on Types oJBuilding Construction, or the local building code. 

4-2.2 Type I (Fire-Resistive) Construction - -  Construc- 
tion Classification Number  0.5. A building constructed 
of noncombustible materials (reinforced concrete, brick, 
stone, etc., and having any metal members properly "fire- 
prootied") with major structural members designed to with- 
stand collapse and to prevent the spread of fire. 

4-2.3 Types  II and IV (Noncombustible)  and Heavy Tim- 
ber Construction --  Construction Classification Number 
0.8. A building having all structural members (including 
walls, floors, and roofs) of noncombustible materials and 
not quali~'ing as fire-resistive construction. 

Also, heavy t imber  construct ion in which walls are 
masonry, cohmms are 8-in. (20.3-cm) wood supports,  
floors are 3-in. (76-ram) tongue-and-grooved plank, and 
roof decks are 2-in. (51-mm) tongue-and-grooved plank. 
All wood beams and girders are 6 in. (15.2 cm) wide and 
10 in. (25.4 cm) deep. 

4-2.4* Type III (Ordinary) Construction --  Construction 
Classification Number 1.0. Any structure having exterior 
walls of masonry, or other noncombustible material, in 
which the other structural members are wholly or partly of 
wood or other combustible material. 

4-2.5* Type V (Wood Frame) Construction --  Construc- 
t ion Classif ication N u m b e r  1.5. Any structure, other 
than dwellings, in which the structural members are wholly 
or partly of wood or other combustible material and in 
which the construction does not quality, as ordinary con- 
struction. 

Where a dwelling is classified as wood frame construc- 
tion (that is, having structural members wholly 05 partly of 
wood or other combustible material), a construction classi- 
fication number  of 1.0 shall be assigned. 

Chap ter  5 D e t e r m i n i n g  M i n i m u m  Water  S u p p l i e s  

5-1 General. 

5-1.1 The fire depar tment  having jurisdiction for struc- 
tural surveys specified in Chapter 2, alter completing the 
survey and de te rmin ing  the construction classification 
number  and the occupancy hazard classification number,  
shall compute the minimum water supply, in gallons 

(liters), needed for tim structure under  its authority, eX.s the 
water supplies developed by this standard are minimum 
and in many cases are or will be suitable for exposure pro- 
tection only, the authority having jurisdiction shall review 
the calculations to see that adequate flows are available to 
meet the needs indicated by the preplans. 

5-2 Single Structures Without Exposure Hazards. 

5-2.1" For single structures with no portion of any unat- 
tached su'uctural exposure hazard within 50 ft (1.5.2 m), 
unless it is smaller than 100 It'-' (9.3 m'-'), the nfinimuna 
water supply, in gallons (liters), shall be determined by the 
total cubic tbotage (m :~) of the structure, including any 
attached structures, divided by the occupancy bazard clas- 
sification number  determined fiom Chapter 3, and multi- 
plied by the construction classification number  deternfined 
fiom Chapter 4; or Table 5-9(a) shall be referenced. 

MINIMUM WATER SUPPLY = 

Total ti ~ (m ~) of Structure 
Occupancy Hazard Classification No. 

x Construction Classihcation No. 

5-2.1.1 The nf in imum water supply required lot  any 
structure, without exposure hazards, shall not be less than 
2000 gal (7570 L). [See Table 5-9(b).] 

5-2.1.2 The min imum water supply, as determined fin, 
any structure specified in 5-2.1 and 5-2.1.1, shall be avail- 
able on the fireground at, and the fire depar tment  shall be 
capable of utilizing the total water supply at, the rates spec- 
itied in Table 5-9(c). 

5-3 Single Structures with Exposure Hazards. 

5-3.1" For all single structures with unattached structural 
exposure hazards closer than 50 fi (15.2 m) to any portion 
of the dwelling and larger than 100 fi'-' (9.3 me), the mini- 
mum water supply, in gallons (liters), shall be determined 
by the total cubic footage (m '~) of tile structure, including 
any attached structures, divided by the occupancy hazard 
classification number  determined fi'om Chapter 3, multi- 
plied by the construction classification number  determined 
by Chapter 4, and multiplied by 1.5; or Table 5-9(a) shall 
be retierenced. 

MINIMUM WATER SUPPLY - 

Total tt ~ (m ~) of Structm-e 
X (;onstruction Classification No. × 1.5 ()ccupancy | Iazard ('lassifi( ation No. 

5-3.1.1 The minimum water supply required ti)r a single 
structure with exposure hazards specified in 5-3.1 shall not 
be less than 3000 gal (11 355 L). [See Table 5-9(b).] 

5-3.1.2 The minimum water supply, as determined tot 
any structure specified in 5-3.1 and 5-3.1.1, shall be avail- 
abie on the fireground at, and tim fire depar tment  shall be 
capable of utilizing the Ininimunl  water supply at, tim rates 
specified in Table 5-9(c). 

5-4 Multiple Structures --  Single Water Point Without 
Exposure Hazards. 

5-4.1" For all nmhiple structures with no portion of any 
unattached structural exposure hazard within 50 ft (15.2 m), 
unless it is smaller than 100 It ~ (9.3 m'-'), the minimum 
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water supply, in gallons (liters), shall he de termined by the 
total cubic tootage (m :+) of  the structure,  including any 
attached structures, divided by the occupancy hazard clas- 
sification number  as determi, ted by Chapter  3, muhipl ied 
by the construction classitication nunfl)er de termined by 
(Shapter 4; or Table 5-9. l(a) shall he reti:renced. 

MINIMUM WATI'R SUPI)I+Y - 

"total II ~ (Ill ~) ol Structure 
Y (]OIIMI'IICIIOII (]l,l~,SitlCilllOn NO. 

()ccupanc) t la ]ard Classifi(:atioi1 N(). 

Where structures are close enough together  that they 
may be served fiom a single water p()int, the water supply 
shall be c()mputed from the structure having tile largest 
minimum water supply requirement.  

5-4.1.1 The  minimum water supply required tor nmltiple 
strnctures specitied in 5-4.1 shall not be less than 3000 gal 
(11 355 ly. [See Table 5-9(h).] 

5-4.1.2 The minimum water supply, as deternt ined for 
any structure specified in 5-4.1 and 5-4.1.1, shall be avail- 
able on the t i reground at, and the live departntent  shall be 
capable of  utilizing the minimtml water supply at, the rate 
specilied in Table 5-9(c)+ 

5-5 Multiple Structures --  Single Water Point with Expo- 
sure Hazards. 

5-5.1" For all muhiple strtlctures with unattached struc- 
tural ext)osure hazards within 5(1 fi (15.2 m) of any portion 
of the structure and larger than 100 ti e (9.3 m-'), the nfini- 
mum water supply, in gallons (liters), shall he de termined 
by the cubw tootage ( m )  of the structtue,  including any 
attached structures, divided by tile occupancy hazard clas- 
silication tmmber  determined fro,n Chapter  3, muhipl ied 
by the construction classification number  de termined fi+om 
Chapter  4, and multiplied by 1.5; or Table 5-9(a) shall be 
refi:renced. 

MINIMUM WATER SUI)PI?," 

"1 otal ti + (m ~) ()f Structure 
(X'(upancy 1 taeavd Clas~ihcation No. 

× C(mstruttion Classilitation No. x 1.5 

5-5.1.1 The  minimum water supply re(luired fi)r multiple 
structures specified in 5-5.1 shall not be less than 3(100 gal 
(11 355 L). [See Table 5-9(h).] 

5-5.1.2 The  minimuin water supply, as de termined tot  
any structure specitied in 5-5.1 and 5-5. I. l, shall be avail- 
able on the f ireground at, and the fire depar tment  shall be 
capable of utilizing the minimum water supply at, tile rate 
specified in Table 5-9(c). 

5-6 Special Fire Protection Problems. 

5-6.1" This s tandard is not intended t() provide details 
for calculating an adequate amount  of water tor large spe- 
cial lire protection problems, such as bulk flammable liquid 
storage, bulk flammable gas storage, large varnish and 
paint fhctories, some plastics ma,ndhcturing and storage, 

aircratt hangars, distilleries, refineries, lumheryards,  grain 
elevators, large chemical plants, coal mines, tunnels, sub- 
terranean structures, and warehouses using high rack s t o f  
age for tlammahles ()v pressurized aeros()ls. For suggested 
protection, consuh appropr ia te  NFPA standards.  

5-7 Structures with Automatic Sprinkler Protection. 

5-7.1" For any structure protected by. an aut()matic sprin- 
kler system that [ullv meets the requirements  of NFt)A 13, 
Standard /br the lu,~lallalion of Sprinkler S~',~tem.~; N FPA 13D, 
Standard ./or tile ln,~tallation ~![ sprinkler ~"~'.~letn,~ i~t Ot~e- and 
Two-Family Dwellings and Mobile ttome,s; or N FPA 13R, Stan- 
dard.lot the Installation ~4 Sprinkler Systems in Re.~Mential Occu- 
pam'ie.~ [rp to a)td Imhulmg Four ~torie.~ m tteight, the tire 
depar tment  having jurisdict ion shall he permit ted t() waive 
an)' requirement  tor additional water supply required bv 
this standard.  (See Appendix F.) 

5-7.1.1" The  water supply fi>r aut()matic sprinkler  sys- 
tems meeting the requirenmnts of NFPA 13, Standard./br 
the Installation o/ Sprinkler Sxstems, contemplates the use of 
outside hose lines; theretbre,  this water supply shall be 
available to the fire departxnent outside the structure lbr 
manual tire lighting Imrposes. 

5-7.1.2 Automatic sprinkler systems meeting the require- 
merits of NFPA 13, Standard/br the ht.~lallation o[ Sprinkler 
S~'stems, shall, in all cases, be provided with a tire depar t -  
ment connection as described in NFPA 13. 

5-7.2 For a structure protected by an automatic sprinkler  
system that does not fidly meet the requirements  of NFPA 
13, St,ndard ,/br the Installation ~!/ Sprinkler S~stems, and 
N F I'A 13 I), Sit nda rd/or the Installation ~/S'prinkler ,%~tems in 
One- and Two-Family, Dwellings and Mobile Homes, or NFPA 
13R, Standard ]br tlie Installation o[ Sprinkler Syslems in Resi- 
dential Occupancies Up to and Including Four Stories in Height, 
the tire depar tntent  having jurisdiction shall be permit ted 
to reduce the mininmm water supply required bv this stan- 
dard ,  tot fire fighting purposes, in Sections 5-2, 5-3, 5-4, or 
5-5, whichever is applicable. 

5-8* Structures with Other Automatic Fire Suppression 
Systems. For any structure fldly or partially protected by 
an automatic tire suppression system other than as speci- 
fied in 5-7.1, the fire depar tment  having jurisdict ion shall 
de termine  the minimum water supply required for fire 
lighting purposes. 

5-9 Precalculated Water Supply. Table 5-9(a) provides a 
quick method tot de termining the water requirements sug- 
gested by this s tandard tor structures without exposures.  
For structures with exposures, multiply tile water require- 
merits deveh)ped by-Fable 5-9(a) by 1.5. 

Example: A tarm storage building housing a barn (occu- 
pancy hazard classification 4) of  o rd inary  construct ion 
(construction classification number  1.0) with a cubic area of 
160,000 It:+ (4480 m :~) will produce,  nsing Table 5-9(a), a 
water reqtfirement of 40,000 gal (151 400 L). 
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T a b l e  5 -9 (a )  P r e c a l c u l a t e d  M i n i m u m  W a t e r  S u p p l i e s  by  O c c u p a n c y  H a z a r d  a n d  C o n s t r u c t i o n  C l a s s i f i c a t i o n  ( n o  e x p o s u r e s )  

O c c u p a n c y  
H a z a r d  

E l a s s i f i c a t i o n  3 4 5 6 7 

C o n s t r u c t i o n  
E l a s s i f i c a t i o n  0 .5  0 . 7 5  1.0 1.5 0 .5  0 .75  1.0 1.5 0 .5  0 . 7 5  1.0 1.5 0 .5  0 .75  1.0 1.5 0 .5  0 .75  1.0 1.5 

C u b i c  Fee t  G a l l o n s  G a l l o n s  G a l l o n s  G a l l o n s  G a l l o n s  

8,000 
12,000 
16,000 
20,000 
2-t.000 
28,000 
32,000 
36.000 
40,000 
4,t,000 
t8,000 
52,000 
56,000 
60,000 
64,0O0 
68,000 
72,000 
76,000 
80,0(}0 
84.000 
88,000 
92,000 
96,00O 

100,000 
104,000 
108,000 
112,001t 
116,001t 
120,000 
124,000 
128,000 
132,000 
136,000 
14(},000 
144.000 
1.t81}00 
152,000 
156,000 
16(},000 

2,000 2,667 4,(}00 
2,1)1}0 3,1}00 4,000 6,000 
2,667 4,000 5,333 8,000 
3,333 5,00(} 6,667 1(L00(1 
4,000 6,1}00 8,000 12,000 
4,667 7,000 9,333 14,(}0(} 
5,333 8,0(}0 10,667 16,000 
6,000 9,000 12,000 18,000 
6,667 10,0(~0 13,3:',3 20,000 
7,333 11,000 14,667 22,000 
8,000 12,000 16,000 2,t,000 
8,667 13,000 17,333 26,000 
9,333 14,000 18,667 28,000 

10,000 15,000 20,000 30,000 
10,667 16,000 21,333 32,000 
[ 1,333 17,000 22,667 34,000 
12,000 18,0011 24,000 36,000 
12.667 19,000 25.333 38.000 
13,333 20,00(I 26,667 40,000 
14,000 21,000 2~,000 42.000 
14,667 22,000 29,333 44,000 
15,333 23,00(} 30,667 46,000 
16,000 24,000 32,000 48.000 
1@667 25.000 33,333 50,000 
17,333 26.000 34.067 52,000 
18,000 27.000 36,000 5,t,000 
18,667 28,1100 37,333 56,000 
19,333 29,000 38,667 58,000 
20,000 3(1,0(}0 40,1}00 60,000 
20,667 31,000 41,333 62,000 
2 1,333 32,000 42.667 64,000 
22,000 33,/}(10 .t4,000 66,000 
22,667 34,()00 .t5,333 68,0(}0 
23,333 35,000 .t6,667 71),(}00 
24,000 36,000 48,01}0 72,000 
24,667 37,000 49,333 74,000 
25,333 38,000 50,667 76,000 
26,000 39,000 52,000 78,000 
26,667 -t0,000 53,333 80,000 

2,0o0 3,000 
2,250 3,(}011 4,5(}0 

2,000 3,000 4,000 6,000 
2,500 3,750 5,000 7,500 
3,000 4,500 6,000 9,000 
3,500 5,250 7,000 10,500 
4,000 6,00(} 8,000 12,000 
4,500 6,750 9,01}0 13,500 
5,000 7,500 10,000 15,01)0 
5,51111 8,250 I 13100 16,500 
6,000 9,000 12,000 18,000 
6,500 9,750 13,000 19,500 
7,000 10,500 14,000 21,000 
7,500 11,250 15,O00 22,500 
8,000 12,000 16,000 24,000 
8,500 12,751} 17,0(}0 25,500 
9,000 13,500 18,000 27,000 
9,500 14,251} 19,000 28,500 

10,000 15,(}01) 20,00(} 30,000 
10,500 15,751} 21,01)0 31,500 
11,000 16,51}1) 22,0(}0 33,1}00 
I 1.5110 17,250 23,000 34,500 
12,000 18,000 24.000 36,000 
12,500 18,750 25,001} 37,500 
13,000 19,500 26,000 39,000 
13,500 20,250 27,000 40,500 
14,000 21,000 28,000 42,000 
14,500 21,750 29,000 .t3,500 
15,000 22,500 30,1}00 ,t5,000 
15,500 23,250 31,000 4 6 5 0 0  
16,000 24,000 32,000 48,000 
t6,500 24,750 33,1}00 49,500 
17,0/10 25,5OO 34,0(}0 5l,(}00 
17,500 26,25O 35,000 52,500 
18,000 27.000 36,0011 54,000 
18.500 27,750 37,OOO 55,500 
19,000 28,500 3~,()00 57,000 
19,500 29,250 39,000 58,500 
20,000 30,01}0 40,0110 6O.000 

2,41111 
2,400 3,600 

2,400 3,20(I ,t,800 
2,000 3,000 4,000 6,000 
2,400 3,600 4,800 7,200 
2,800 4,200 5,601) 8,400 
:t,200 4,80(1 6,400 9,600 
3,600 5,400 7,200 10,800 
4,000 6A)00 8,(}0(} 12,000 
4,400 6,600 8,800 13,2(}0 
4,800 7,2110 9,60() 1,1,.t00 
5,200 7,81t0 l (1,,101) 15,(i00 
5,600 8.-t00 1 1,200 16,800 
6,000 9,000 12,000 18,000 
6,400 9,6011 l 2,800 19,200 
6,800 10,200 l 3,600 20,-100 
7,200 10,800 14,400 21,600 
7,600 11 ,-t00 15,200 22,800 
8,000 12,000 16,000 24,000 
8,400 12,600 16,800 25,200 
8,800 13.200 17,600 26,400 
9,200 13,800 18A00 27,600 
9,600 14A00 19,200 28,800 

10,000 15,000 2(1,000 30,000 
10,.t00 15,600 20,800 31,200 
t0 ,800 16,200 21,6(10 32,400 
I 1,200 16,800 22,-t/)0 33,600 
11,600 17,400 22L200 34,80(I 
12,0110 18,000 24,0(t(I 36.(10(I 
12,400 18,600 24,800 37,2O0 
12,800 19,200 25,600 38,400 
13,200 19,800 26,400 39,600 
13,600 20,400 27,200 40,8011 
14,000 21,000 28,000 t2,000 
14.400 21,6110 28,8110 43,20(I 
14,800 22,2110 29,600 4-t,400 
15,200 22,800 30,,t00 45,600 
15,600 25,400 31,200 46.800 
16,000 24,000 32.00o 48,000 

2,000 
2,000 3,000 

2,000 2,667 -t,000 
2,500 3,333 5,000 

2,000 3,000 4.0()0 6,01)0 
2,333 3,500 4.667 7.000 
2,667 4,11110 5,333 8,0110 
3,000 4,500 6,000 (.},000 
3,333 5,000 6,667 [ 0 ,000 
3,667 5,500 7,333 11,1)0t) 
4,000 6 ,011t )  8,000 12,000 
4,333 6,500 8,6(17 13,1)()0 
,t,667 7,000 9,333 I-1,000 
5,0110 7,500 10,000 15,000 
5,333 8,000 10,667 16,000 
5,667 8,500 t 1,333 17,0(111 
6,000 9,000 12,00(} 18,(100 
6,333 9,500 12,667 19,000 
6.667 10.000 13,333 20.000 
7,000 10,500 14,000 21,11/)(I 
7,333 11,000 14,667 22,000 
7,667 11,500 15,333 23,000 
8,000 12,000 16,000 24,000 
8,333 12,500 16.61;7 25,000 
8,667 13,000 17,333 26,000 
9,000 13,500 18,000 27,000 
9.333 14,000 18,667 28.000 
9,667 14,500 19,333 29,000 

111,000 15,000 20,011(1 30,1)(10 
10,333 15,500 20,667 31,000 
10,667 16,000 21,333 32,000 
t 1,000 16,500 22,00(J 33,000 
l 1,333 17,000 22,667 34,000 
1 1,667 17,500 23,333 35.000 
12,000 18,000 24,000 36,000 
12,333 t 8,500 24,667 37,000 
12,667 19,000 25,333 38,1)011 
13,000 19,500 26,000 39,000 
1';;.333 20,000 26,667 40,000 

2.571 
2,28(:, 3A2ti 

2,143 2.857 4.286 
2.571 3,429 5, l,t3 

2,000 3,000 4.0tl0 6.0(1(I 
2.286 3.42(} 4,571 6,857 
2.572 3,857 5,143 7,71,1 
2,857 4,286 5,714 8,571 
3,143 4,714 6,28(; 9,,t2~i 
3,429 5,143 6,857 10,286 
3,715 5.571 7.429 1 1.143 
.t,000 6,{)1)0 8,000 12,11t)11 
4.286 6,429 8.571 12,857 
,t,572 6.857 9,143 13,71 
4.857 7,286 9,714 14.571 
5 . [43  7,714 10.286 15,-t2~1 
5.429 8,143 10.857 16.286 
5.715 8.571 11.429 17,143 
6.()00 9,000 12,(100 18.00(I 
6.286 9,429 12.571 18,857 
6.572 9,857 13.143 19.714 
6.857 10.286 13,714 20,571 
7,143 10.714 14,286 2t,421] 
7,429 11,143 14,857 22,286 
7.715 11,571 15..t29 23.143 
8,000 12,000 16,1)00 24,0011 
8,286 12,429 16,571 2,t,857 
8,572 12,857 17,143 25,714 
8,857 13,286 17,714 26,571 
9.143 13,714 18,286 27, t2q 
9.429 14.143 18,857 28,28(] 
9,715 14,571 19,429 29.14t~ 

10,000 15.000 20.(100 30.00(I 
10,286 15, t29 20,371 30,857 
111,572 15.857 21.143 31,71.1 
10.857 16,286 21,71.t 32,57 I 
I 1,143 16.714 22.286 33.42g 
I 1.429 17,143 22,857 3.t.286 

Note: For s t ructures  with exposures ,  muhiply  results by 1.5 for water suppI) reqmrements .  

SI units: 1 gaI = 3.785 I.; 1 (u tt = (L028"~ mL 

I 
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Table  5-9(a) C o n t i n u e d  

O c c u p a n c y  
H a z a r d  

Class i f icat ion 3 4 5 6 7 

C o n s t r u c t i o n  
Class i f icat ion 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5 

Cubic  Feet Gal lons  Gal lons  Gal lons  Gal lons  Gal lons  

175,000 
200,000 
225,000 
250,0OO 
275,000 
300,000 
325,000 
35O,OO0 
575,000 
400,000 
425,000 
450,000 
-t75.000 
500,000 
525,000 
550,000 
575,000 
600,000 
625.000 
650,000 
675,000 
7O0,000 
725,000 
750,000 
775,0OO 
800,000 
825,000 
85O,0O0 
875,000 
90(1,000 
925,0(10 
950,000 
975,000 

1,000,000 

2(.t,167 43,750 58.333 87,500 
35,333 50.0O0 66,667 100.000 
57,500 56,250 75.000 t 12,500 
41,667 (i2,5(1(I 83,335 125,000 
45,K33 68,750 91,667 137,500 
50,000 75,00() 100,000 150,000 
5.t,167 81,25(I 108,333 162,500 
58,3"/3 87,500 11(1,667 175,000 
62,500 9"/,75(I 125,000 187,500 
66,667 100,000 153,33:1 200,000 
70,833 106,250 I-II,667 212,500 
75,000 I12,500 150,000 225,000 
79,167 I18,750 158,333 257,51)0 
83,333 125,000 166,667 250,000 
87,500 131,2")(I 175,000 262,500 
91,667 137,5(I(I 183,333 275,000 
95,X3"¢ 143.750 191,667 287,500 

100,000 150,000 200,000 3O0,000 
104,167 156,250 208,335 3[2 ,500 
108,3:f3 162,5(1(I 216,667 325,000 
112,50(I 168.750 225,000 357,500 
116,667 175,000 233 .333 :150 ,000  
120,833 181.25(I 241,667 562,500 
125,000 187,506 250,000 375.000 
12(`t,1(17 193,750 258,333 387,500 
133,333 200,000 266,667 100,000 
137,5(I(I 206,250 275,000 412,500 
141,667 212,500 283,333 425,000 
145,~33 218,750 291.667 437,500 
150,000 225.000 300,()00 .t50,000 
154,1(i7 231,250 5 0 8 , 3 3 5 - t 6 2 , 5 0 0  
158,333 237,500 ,'/16,667 ,t75,000 
162,500 243 ,750 :125 ,000  487,5(1() 
166,667 250,000 533,'/33 500,000 

21,875 32,813 43.750 65,625 
25,00(1 37,5(10 50,00(I 75,00(I 
28,125 42,188 56,25(I 84,375 
51,250 46.875 62.500 9.'/.75(I 
34,375 51,563 68,750 105,125 
37,500 5(i,250 75,(t00 t 12,500 
40,625 60,9"3~ 81,250 121,875 
43,75(t 65.625 87,500 131,250 
• t6,875 70,313 95,750 140,625 
50,000 75,000 I00,000 150,000 
53,125 79.688 106,250 159,375 
56,250 8,t,376 112,500 168,750 
59,375 89,063 118,750 178,125 
62,500 (`13,751 125,000 187,500 
65,625 (`)8,438 131,250 196,875 
68,750 105,126 137.500 206.25(I 
71,875 1(17,813 14.'/,75(I 215,625 
75,000 112.501 150,000 225,000 
78,125 117,188 156,250 234,375 
81,250 121,876 162,500 2,t3,750 
84,375 126,563 168.75(1 253,125 
87,500 131,251 175,000 262,500 
90,625 135,938 181,250 271,875 
93,750 140.626 187,500 281,25(1 
96,875 145,313 193,750 290,625 

100,000 150,001 200,000 300,000 
103.125 15.t,688 206,250 309,375 
106,250 159,376 212,500 318.750 
109,375 164,064 218,750 328,125 
112,500 168,751 225,000 337,500 
115,265 175,439 231,250 346,875 
118,750 178,126 257.500 356.250 
121,875 182,814 2.t3,750 565,625 
125,000 187,501 250.000 375,000 

17,500 26,250 35,0(10 52,500 
20.000 30,000 40.000 60,000 
22,500 33,750 45.000 67,500 
25,000 37,500 50,000 75,()0() 
27,50{) .t 1,25(I 55,000 82,50(I 
30,000 t5,000 6(1,000 9(I,000 
32,500 -t8,750 65,000 (`t7,50(I 
35,000 52.500 70,000 105,000 
37,500 56.250 75.000 112,500 
40,000 60,000 80,000 120,(100 
42,500 63,750 85,000 127,500 
45,000 67,5(1(I 90,000 135,000 
47,5(10 71,250 95,000 142,500 
5(I,0(1(I 75,000 100,000 150,000 
52,500 78,750 105.000 157,500 
55,000 82.500 110,000 165,000 
57,500 ~6,250 115,000 172,500 
60,000 90,000 120,O00 18(I,000 
(12,500 92/,75(I 125,000 187,500 
65.000 97,500 130,000 195,000 
67,500 101,250 135,000 202,500 
70,000 105,000 140,000 210,000 
72,500 108,750 145,000 217,500 
75,000 112,500 150,O00 225,000 
77,500 116,250 155,000 232,500 
XO,()O0 120,00(1 16(1,{)(1() 2-t0,000 
82,500 123,750 165,000 2,t7,500 
85.00(I 127,500 170,000 255,000 
87.500 1:/1.25(I 175,00() 262,500 
90,000 135,()0(1 180,000 270,000 
92,500 138,750 185,000 277,500 
95,000 142,500 190.000 2~5.000 
(.)7.500 1-t6,250 195,000 292,500 

100,000 150,000 200,000 300,000 

1.t,5~3 21,875 29.167 4 5 , 7 5 0  
16,667 25,000 33,533 50,0001 
18,75(I 28,125 57,500 5 6 , 2 5 0  
20,~33 31,25(I 41.667 62,5OO 
22,(`t 17 54.375 45,833 (i8,75(I 
25.O(tO 37,5(1(I 50,OOO 75,O00 
27,083 40.625 54,167 N 1,25(I 
29, t67 43,750 58,333 87,5(1(I 
31,25(I 46,875 62,500 93,75(I 
53,533 50,000 66,667 1/10,000 
35,417 53,125 70,~33 106,250 
37,5(1(I 56,25(I 75,000 112,500 
39,585 59,375 79,167 118,750 
• t l , 6 6 7  62,5(1(I 83,333 125,(1(10 
43,750 65,625 87,500 131,250 
45,8"t"/ 68,75(I 91,667 137,5(1(I 
47,(.t17 71,875 (.)5,833 143,75(I 
50,000 75,00() 100,000 150,000 
52,08:t 78,125 10,t,167 156,250 
54,167 81,250 1(18,333 1(i2,5(1(I 
56,250 84,375 112,5(10 168,750 
58.3.'/3 87,5(10 116,667 175,0110 
60A17  90,625 12(t,833 181.250 
62,5(10 93,75(I 125,000 187,500 
64,58:/ 96,875 12(.),1(i7 193,750 
66,667 10(1,00() 1;/3,333 200,000 
6~,750 103,125 137,506 206.25(1 
70,N'/3 106,250 1 t t , 667  212,5(1(I 
72,(.117 1(t9,375 145,833 218,750 
75,O00 112,500 150,000 225,000 
77,083 115,625 154,167 231,25(I 
7(.t, 167 118,750 158,333 237,500 
81,250 121.875 1(i2,500 243,750 
83,333 125.000 1(i6.667 250,000 

Note: For s t ructures  with exposures,  nmltiply results by 1,5 lbr  water supply requi rements .  

SI units: I gal = 3.785 L; 1 cu fi = (I.028.'t m ~. 

12.500 18,750 25,000 57,50( 
14,286 21,429 28,571 42,85] 
16,071 24,107 32 , t43  48,214 
17,857 2(i,786 35,71-t 53,571 
19,645 29,464 39,2X6 58,92.  ~ 
21,429 52,143 42,857 64,28( 
23,21 .t 5,t,821 46,42(.1 69,64.': 
25,O(}0 37,500 50,000 75,00( 
26,786 .40,179 53,571 80,35] 
28,571 42,857 57,143 85,71-t 
30,357 45,536 60,714 91,O71 
32,145 48,214 64,28(i 96,424 
33.929 50,893 67,857 101,78{ 
35,714 55.571 71,42(.) 107.14~: 
37,500 56,250 75,000 112,50( 
39,28(i 58,929 78,57t  117.85] 
41,(171 61,607 82,143 123,214 
42,857 64,286 85,714 128,571 
44,643 66,964 8(.t,286 133,92 ~. 
. t6,429 69,6.t3 92,857 139,28( 
48,214 72,321 96,429 144.6-t" 
50,000 75,0OO 100,O0(1 150,00( 
51,78(i 77,679 1(t3,571 155,35] 
53,571 80,357 107,143 160,71~ 
55,357 85,0;/6 110,714 166,071 
57,14.'/ 85,714 11.t,286 171,424 
58,929 88.393 117,857 176,78¢ 
60,714 91,071 121,-t2(.t 182,14" 
62,500 (.t:t,750 125,000 187,5(1( 
64,286 96,429 128,571 192,855 
66,O71 99,107 132,14"/ 198,214 
67,~57 1(tl,786 135,71,t 203.571 
69,643 IO4,464 139,286 208,92(` 
71,42(`t 1(17,143 1.t2,857 214,28{ 

7' 
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1231-12 WATER ,St'PPI.IES F()R St'BURB.\N ANt) RURAl. FIRI" FIt;HI IN(; 

Table 5-9(b) Minimum Water Requirements (Examples) 

Minimum Water 
Requirements 

Paragraph Type of Occupancy (gallons) 

5-2.1.1 Single Structures 2000 (7570 L) 
Without Exposure Hazards 

5-3. I. 1 Single ,~tl'tlt lures 3000 ( 11 335 l,) 
with Exposure ttazards 

5-4.1. I Muhiplc Structm'es 3000 ( 11 335 L) 
Single Water Point 

Withoul Exposure Hazards 

5-5.1.1 Multiple Strrlctures 3000 / 11 335 L) 
-- Singh' Water 

Poim ~ith Exposure 
llaz;u-ds 

6-3 Minimum Water Supply. The mininmm watcr sup- 
ply flom whatever source or combination of sources shall 
meet the requirements of Chapter 5. 

6-4" Accessibility. Water supplies ti)r fire lighting pur- 
poses shall he accessible to tire lighting equipment.  The 
tire department  having jurisdiction shall determine, as part 
of its property survey, maximt, m sali~ load limits of road- 
ways, laneways, and bridges, and determine accessibility 
dur ing  various climatic conditions. 

6-4.1 Any means of access shall he constructed in actor- 
dance wit]r NFPA 1141, Standard/br Fire l'rolechon iJt 
t'l<mned Building (hvups. 

6-5 Identification. :Ml appropriate sign shall he erected 
at each water point identifying the site for fire department  
emergency use. (See B-1.2.11.) 

Table 5-9(c) Minimum Capability of Fire Department to 
Transport and to Use Water 

Rate Water Is Available 
to Fireground and 
Fire Department's 

Total Water Supply Capability for 
Required Using Water 
(gallons) (gal/m) 

up t{} 2499 (9459 L) 
2500 to 9999 {9460 I. to 37 8,t9 L) 
10,000 [,> 19.999 (37 850 l. t{, 75 699 l.) 
20,000 or more (75 700 I,) 

250 (946 l/rain) 
500 ( 1893 L/min)  
750 (2839 L/mini 

1000 (3785 L/rain) 

Chapter 6 Water Supply 

6-1 Water Supply for Fire Fighting. The water supplies 
for tire fighting purposes, as specified in Chapter 5, can be 
supplied fiom natural hodies of water and constructed 
sources of water. Natural hodies of water are detined as 
bodies of water contained by earth only and include ponds, 
lakes, rivers, streams, bays, creeks, springs, artesian wells, 
and irrigation canals. Constructed sources of water include 
abovegrnund tanks, elevated gravity tanks, livestock water- 
ing tanks, cisterns, swimming pools, wells, quarries, mines, 
reserw)irs, aqueducts, mobile water supplies, and hydrants 
served by a water svstem. (See AppendL~c B.) 

6-1.1 The surlhce at the water access point shall be ade- 
quate to support heavv vehicles at all times of the year. 
Provisions shall be made so that such water suction points 
are visible and usable in all weather conditions, including 
heavy snow or brush conditions and mud slides. 

6-1.2 I r a  dry hydrant is located close to vehicular traffic, 
suitable harrims shall be constructed to protect fire fight- 
ers, equipn|ent ,  and the dry hydrant. 

6-2 Water Supply Transfer. The transtier of water fl-om a 
water" source to  t he  scene  of the fire can be done by a num- 
ber of dilti_'rent nmthods. These methods include mobile 
water supply shuttles, pumper  relays using large diameter 
[normally 31/,,-in. (89-mm) or greater] hose, p u m p e r  
relays, portable piping, irrigation piping and ditching, heli- 
copters, railroad tank cars, etc. (See Appendixes C, D, and E.) 

Chapter 7 Reports  and Records  

7-1 Plans for New Construction and Additions. 

7-1.1" Where tile appropriate governmental  entity has 
building laws that require plans to be submitted tor review 
betore building construction is started, the plans shall he 
subnfitted to the fire department  tot review and approval. 

7-1.2 Where no bui lding laws exist or plans are not 
required tot review, the fire department  shall request the 
cooperation of the property owner(s) in voluntary COml)li- 
ante  with provisions of this standard. 

7-2 Requirements for the Fire Department. 

7-2.1 The fire depamnen t  having jurisdiction fin prop- 
ertv surveys specified in Chapter 2, after completing the 
survey  and  c o m p u t i n g  the n l i n i m n m  water  s n p p h  
reqt|ired, shall not|t}', in writing, the authority having juris- 
diction of the results of the surveys and the min imum 
water supplies required. In all cases, the building(s) own- 
er(s) shall be advised of the m i n i m u m  water supply 
required. Fire department  personnel shall be available to 
citizens tbr appropriate consultation. 

7-3 Requirements for Property Owners or Occupants. 

7-3.1 The property owner shall not|t\ '  the authority hav- 
ing jurisdiction in writing before any structures are erected 
or any aherations are made to any existing structure that 
will increase the total cubic tootage (m ~) of the structure. 
The property owner shall provide the authority having 
jurisdiction with complete wriuen plans and drawings 
of any proposed structure, including all measurements,  
construction, in tended occupancy, and a description of 
contents. 

7-3.2 The property owner or occupant shall notify, in 
writ ing, the aut lmri tv  having jur i sd ic t ion  before any 
changes are made in ti~e contents o f a  structure or occu- 
pancy of a structure, other than residential occupancies, 
that would nmterially alliect the occupancy hazard class|f| 
cation number  as specified in Section 3-2. The property 
owner or occupant shall provide the authority having juris- 
diction with a complete written report of contents or occu- 
l)ancy changes. 

1993 Edition 
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REFERENCED PU BIA(;.sdI()NS/API'I~NDIX :\ 1231-13 

7-4 Smoke Detectors. 

7-4.1" Each family living unit shall be provided  with 
smoke detectors as required in NFPA 72, Natio;;al Fire 
:liar.; Code. 

7-5 Changes in Automatic Sprinkler Protection. 

7-5.1 The  proper ty  owner or occupant shall not!t\' the 
anthority having jurisdiction in writ ing whenever anv. alter- 
ations are made l i lat canse a n y  change I(t an automatic sprin- 
kler svstenl covered in Section 5-7. The property owner or 
occupant shall provide the authority havingjurisdic!io,1 with 
a complete written report  of aherati'ons to any existing sprin- 
kler system or of installation o t a  new sprinkler system. 

7-5.2" The property owner or occupant shall promptly 
notify the authority having jurisdict ion whenever ally a u t o -  

nlatic sprinkler  systeill or  other  autonla!ic snppression sys- 
tem or port ion ot  any system is sht, t off or is to he o n t o f  
service for any reast)n. 

7-6 Retention of Reports. The fire depar tment  shall file 
all plans, reports,  and surveys bv street address and shall 
retain a c o p ) o f  all reports specified in this standard. 

Chapter 8 Referenced Publ icat ions  

8-1 The  f;:lllowing documents  or porl ions thereof  are ref- 
erenced within !his s tandard and shall he considered part 
of tile requireinents  of this docunlent. The edition indi- 
tared for each re[erence is the current  edition as of tile 
date of tile NFPA issuance of this docuinent, 

8-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batierymarch Park, P.O. Box 9101, Quincy, MA 
02269-9 l 01. 

NI'PA 13, Sta,dard Jor the h;stallalio~ ~!/ sprinkler System.s, 
1991 edition. 

N F PA 13 D, Sla d a  rd./in the h;stallalio, ~{/,S'prinkler Svslem,~ 
in O~u >- a~d Tlvo-Familv Dz;,ellm U a~d Mobile ttomes, 1991 
edition. 

N FI'A 13R, ,'~'ladardJor tit*" ht,slallatio~# o/<Sprh;hler,~ ,~)'ste,ts 
i ,  Reside,tiM Ocr'ttpancies Up to attd l~uhuli;tg Foto Slorie.s i ,  
Heighl, 1991 edition. 

N FI'A 72, Nal i rnd  Fire ,4hlrm Code, 1993 edition. 
N FPA 220, Stmidard o~ l)'pe.~ r{/ Bttildtng (',on.~lrt,tiott, 

1992 edition. 
N FPA 1141, StmMard for Fire Protection i ,  P l a , , e d  Btdd- 

i ,g  (;rotlps, 1990 edition. 
N FPA 1903, Sta~ular(IJor Ahhile Il.T//er ,S'uppl_v Fire ,.l/q~aratlts, 

1991 edition. 

Append ix  A Explanatory Material 

Thi,~ ,'tppe~Mix ~,~ not a part o/the rfftmement~ ./lhi,~ NI:IJ,'I doctme~t, 
b~l t,~ ,~r'l,dd for tn/ormaho#~ pml*o~e~ <rely. 

A-l-1 In some areas, water supply systems have been 
installed for domestic water purposes only. These systems 
can be equipped with hydrants that might not he s tandard 
tire hwhants ,  with available volume, t)ressure, and dura-  
tion of  flow heing less than needed for adequate tire light- 
ing purposes. Where such conditions exist, this s tandard 
and appendix  should he applied in walcr supply niatters. 

A-2-1.1 lnfor inat ion needed to compute  the nl in in in in 
water snpplies that should be cMlected dnr ing  the building 
survey inch!des: 

(at Area of all floors, inchtding attics, hasemenis, and 
crawl spaces. 

(b) Height between ttoors or crawl spaces and in tile 
attics fionl floor to ridgepole.  

(c) Construction nlalerials used in each huilding, inchid- 
ing walls, floors, root~;, ceilings, interior partitions, stairs, etc. 

(d) Occupancy (occupancies) of huildings. 

(el Occupancy  (occupancies) of yard areas. 

(t) Exposures to hnildings and yard storage and dis- 
tances he!ween them. 

(g) Fire protection systems -- alitonla!ic and nlanual 
protection svsteillS, hvdr.illtS, yard inains,  and other  pro- 
tee!ion tacili{ies. 

(h) ()n-premises water supplies, including natural  and 
constrtlcted sources of  water. 

A-3-1.4 In addit ion to the storage o1 products  that are 
potentially hazardous t iom tile s tandpoint  of increased lire 
load, t~u-m propert ies  present certain inherent  dangers  to 
tile rural tire fighter that are not contemplated by the 
urban fire lighter. Storage o[ products that are potentially 
hazardous to fire fighters from tile standpoint of increased 
tire wJhune, explosion, and toxicity exists at/most rural lire 
locations. These hazards include: 

(at Bulk storage ot  p e t r d e m n  thels, more freqnently 
tuel oil, but often gasoline and propane.  While some tanks 
are  u n d e r g r o u n d ,  lnal ly  are  ahovegro t i i l d  and often 
located within 50 1i (15.2 m) of tarm buildiugs. 

(b) Many tin'reefs use and store blasting agents such as 
dynamite,  often extended with ammonium nitrate (the lat- 
ter of  greater  explosive impact per  unit weight). 

(c) Nearly all t~_lrms use and store ditti:rent pesticides. 
Some of tl{ese chemical toml~ounds give off very toxic 
tumes while burning.  Two cmnpotmds that are safe where 
used independent  of each other may be very hazardous to 
tile fire l ighter where mixed together in a fire situation. 

(d) I,ocalized p rd t l ems  also exist in corn growing areas; 
tot exanG)le, anhydrous  ammonia is stored and used in 
large an/onnts dur ing  the early growing season. 

The  rnra l  tire d e p a r t m e n t  needs to work with tile 
t iumer Io reduce tile lire and lili" potential hazard of these 
products tlv storing them said}. However, tire fighters of 
the rural fire depar tments  shonld know tile potential haz- 
ards presented by rite products and the appropr ia te  lire 
lighting precautions to he taken. The depar tment  menlher- 
ship should be aware of the ha~,ards listed in (at through 
(d) by means of the survey of the t~mn by tile WSO or other  
inspector, and apt)rotn'iate measures should be taken 
to protect /he membership  of tile depar tment  from polen-  
tial hazards. 

A-3-2 The  occupancy hazard classification nunlber  is a 
mathenlatical factor In he used in calculating mininmnl 
water supplies. The lowest occupancy hazard classification 
numhcr  is 3 and is assigned to the highest hazard group.  
The highest occupancy hazard classification numher  is 7 
and is assigned to the lowest hazard group. 
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1231-14  WAI ER StI'PI3ES FOR St I~,URB.\N ANI) RtIL\L FIRE FIGHTIN(. 

A-4-2 T h e  const ruct ion  classitication n m n b c r  is a mathe-  
matical factor to be used in calculat ing min imuln  water  
supplies.  T h e  "slowest b u r n i n g "  or  lowest hazard type of  
cons t ruc t i~n ,  f i re-resist ive,  is cons t ruc t ion  classification 
nunl lmr  0.5. T h e  fastest bu rn ing  or  highest  hazard type o f  
cons t ruc t ion ,  wood  f rame,  is cons t ruc t ion  classification 
n u m b e r  1.5. All dwellings should be assigned a construc-  
tion classification n u m b e r  of  1.0 or  lower where  construc-  
tion is noncombus t ib le  or  fire-resistive. 

A-4-2.4 1)ue to cost savings, many Tyl)e 111 (ordinary) and 
Type  V (wood fi'ame) constructed buildings can have wood 
trusses as a lightweight pre-engineered  t ianfing system used 
in the roof  and floors. ,~s long as the integrity ofai l  members  
of  tile unit is intact, the unit is a stable building item. l tow-  
ever, tiffs might  not be tim case if one ,d" the outer  members  
is de suoved  or  damaged.  If  this happens  dur ing  a live, the 
roof  or  floor suppor ted  bv the unit can be weakened to the 
point  where it will be t, nsatie to support  fire fighters. 

A n o t h e r  weak po in t  f o u n d  in t i le l i g h t w e i g h t  p re -  
eng inee r ed  truss d u r i n g  a fire is the jo in t  tb rmed  by metal  
gussets. T h e  use of  metal  gussets has reduced  the cost and 
increased p roduc t ion  of  wood trusses; however ,  the metal  
gussets might  not  retain their  s t rength  and inlegri ty where  
exposed  to heat  or  fire. 

There tore ,  dur ing  the survey of  the buildings for water 
requirements ,  tire prevention,  or  pre l i re  planning purposes,  
the fire depar tment  should be aware of  such structural fire 
fighting hazards, take appropr ia te  steps to make all fire fight- 
ers aware of  the condition, and plan ahernate  fire tactics. 

A-4-2.5 See :\-4-2.4. 

A-5-2.1 S ing le  Structures  Wi thout  E x p o s u r e  Hazards .  
Examples  of  calculat ing m i n i m u m  water  supply: 

Residential:  

Dwelling: 50 fi by 24 It; 2 stories, 8 ti each; p i tched roof; 
8 ft ti+om attic f loor to r idgepole :  w o o d  f rame construct ion.  

50 x 24 = 1200 (ti e ) 
Height  = 8 + 8 + 4* = 20 (ft) 
1200 x 20 = 24,000 (fi :~) 
( )ccupancy hazard classification n u m b e r  7 (See 3-2.7.) 
Const ruc t ion  classitication n u m b e r  1.0, f rame dwel l ing 

(See 4-2.5.) 
(24,000 + 7) × 1.0 = 3429 gal 
Min imum water  supply = 3429 gal 
F o r S l  Units: 1 fi = 0 . 3 0 5 m ;  1 fie = 0 .092me;  1 ti:; = 

(I.028 m:~; 1 gal = 3.785 L. 
*For pi tched roots, calculate half  the distance f iom attic 

floor to r idgepole .  
If  a s t ruc ture  is of  occupancy hazard classification num-  

ber  3 o r  4. it is cons ide red  an exposure  hazard if within 
50 tL regardless  of  size. (See 5-3.1.) For a dwelling,  the 
const ruct ion classification n tnnber  is no larger  than 1.0. 

( ;ommercia l :  

Farm e q u i p m e n t  shed: 125 f i x  100 fi; height  14 ft; 
1 story; fiat roof; noncombus t ib le  construct ion.  

125 x 100 = 12,500 (ft'-') 
Height  = 14 (It) 
12,500 x 14 = 175,000 (ff~) 
Occuf)ancy hazard classification n u m b e r  5 (See 3-2.5.5 
Const ruc t ion  classification n u m b e r  0.75 (See 4-2.3.) 
(175,000 + 5) × 0.75 = 26,250 

Minmnun  water  sut)ply = 26,250 gal 

F o r S l  Units: 1 ft = 0 . 3 0 5 m ;  1 f(-' = 0 .092me;  1 ft '~ = 
(I.028 m:~; 1 gal = 3.785 L. 

I f  a s t ruc ture  is of  occupancy hazard  classification num-  
ber  3 o r  4, it is cons idered  an exposure  hazard  if within 
50 fi, regardless  of  size. 

A-5-3.1 S ing le  Structures  wi th  E x p o s u r e  Hazards .  
Examples  of  calculat ing min inmnl  water  supply:  

Residential:  
Dwell ing 50 ft x 24 It; 1 story, 8 ft high; p i tched root;  

8 ft tronl attic f loor to r idgepole;  brick cons t ruc t ion  and 
exposed  on one  side by a f i ame  dwel l ing with a separa t ion  
of  less than 50 ft and with areas g rea te r  than  f 00 fie. 

50 x 24 = 12(10 (fi") 
He igh t  = 8 + 4* = 12 (It) 
1200 x 12 = 14,400 (ft:~5 
Occupancy hazard classification n u m b e r  7 (See 3-2.7.) 
Const ruc t ion  classifiication n u m b e r  1.0, brick dwell ing,  

(See 4-2.4.) 
(14,400 + 7) × 1.0 = 2057 
Since the dwel l ing is exposed  by a f rame dwell ing,  mul-  

tiply b y / h e  exposure  tactor o f  1.5 
2057 x 1.5 = 3086 

Min imum water  supply = 3086 gal 
F o r S l  Units: 1 fl = 0 . 3 0 5 m ;  1 ft '2 = 0.092 me; 1 ft ~ = 

0.028 m:+; 1 gal = 3.785 L. 
*For  pi tched roofs, calculate half  the dis tance fi 'om attic 

l loor to r idgepole .  

I f  a s t ructure  is of  occupancy hazard  classification nun>  
be t  3 or  4, it is cons idered  an exposu re  hazard  if w'ithin 
50 ft, regardless  o f  size. For  a dwell ing,  the const ruct ion  
classification n u m b e r  is no larger  than 1.0. 

A-5-4.1 Mul t ip le  Structures  - -  S ing le  Water Point  With-  
out  E x p o s u r e  Hazards .  Example  o f  calculat ing m i n i m u m  
water  supply: 

Assembly: 
Church:  130 ft x 60 ti; he ight  25 ti to r idgepo le  (15 ft 

f rom g r o u n d  to eaves, with p i tched r idgepo le  10 ft above 
the eavesS: brick const ruct ion  with fire-resistive cons t ruc ted  
office bui ld ing within 40 ft o f  church .  

130 x 60 = 7800 (fie) 

He igh t  = 15 + 10__~* = 20 ft 
2 

7800 x 20 = 156,000 (ft :~) 
Occupancy  hazard classification n u m b e r  6 (See 3-2.6.) 
Const ruc t ion  classification n u m b e r  1.0 (See 4-2.4.) 
(156,000 + 6) x 1.0 = 26,000 
As church  is exposed  by a brick office bui lding,  mult iply 

by the exposure  factor of  1.5 
26,000 x 1.5 = 39,000 
Minimutn  water  supply = 39,000 gal 
*For  p i tched roofs, calculate half  the dis tance fronl attic 

floor to r idgepole .  
T h e  fire-resistive office bui lding:  
Office bu i ld ing  is 175 ft x 100 ft: 2 stories, each floor 

10 ft; with a flat roof. 
175 × 100 = 17,500 (fte) 
He igh t  = 10 + 10 = 20 (It) 
17,5(10 x 2(} = 350,000 (ft:~5 
Occupancy  hazard classification n u m b e r  7 (See 3-2.7.5 
Const ruc t ion  classification 0.5 (See 4-2.2.5 
(350,000 + 7) x 0.5 = 25,000 
Min imum water  supply = 25,000 gal 
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APPENDIX A 1 2 3 1 - 1 5  

As this is a mul t iple  s t ructure  location served fi'om a sin- 
gle water point  with the supply computed  t iom the struc- 
tu re  hav ing  tile l a rger  water  supp ly  r e q u i r e m e n t ,  the 
church  will control  the water supply requ i rement .  

Water  supply lot  church = 39,000 gal 
Water  supply fbr office = 25,000 gal 

T h e r e l o r e ,  the  c h u r c h  has the l a rger  water  supp ly  
requ i rement .  

M i n i m u m  water supply for these mul t ip le  s t ructures  = 
39,000 gal 

F o r S I  Units: 1 ff = 0.305 m; 1 if-' =0 .092  me; 1 tt '{ = 
0.028 m:~; 1 gal = 3.785 I,. 

A-5-5 .1  M u l t i p l e  S t r u c t u r e s  - -  S i n g l e  W a t e r  P o i n t  w i t h  
E x p o s u r e  Hazards .  Example  of  ca lcu la t ing  m i u i m u m  
water supply: 

A row of live dwellings, identical to the residential occu- 
pancy in A-5-2.1, except one has a brick barn  measur ing  
80 ft by 40 ft located 35 ft from the dwelling. The  barn  is 
larger than 100 R e in area and is closer than 50 ft to the dwell- 
ing. Therefore, the min i mu m water supply for this dwelling 
(3429 gab should be multiplied by 1.5 ti)r the exposure. 

3429 x 1.5 = 5144 gal 

If  the dwellings and  ba rn  are to be protected by the 
same water supply,  as is likely, the water supply should be 
calculated on  the s t ructure  that requires the largest mini-  
m u m  water supply,  which is the ba rn  in this case. Thus ,  if 
the ba rn  has no hay storage and  is 25 ft in height  to the 
pi tched r idgepole,  and  the r idgepole is 10 tt above the 
eaves, the calculations would be as tollows: 

80 x 41) = 3200 (ti 2) 
Height  = 15 + 5* = 20  (ti) 
3200 x 20 = 64,000 (ft :~) 
Occupancy  hazard classitication n u m b e r  4, tot  the barn  

with no ha)' storage (See 3-2.4.) 
Const ruc t ion  classification n u m b e r  is 1.0 (See 4-2.4.) 
(64,000 + 4) x 1.0 = 16,000 
16,000 x 1.5 (fi)r exposure  hazard - the dwelling) = 

24,000 
M i n i m u m  water supply = 24,000 gal 

If  a s t ructure  is of  occupancy hazard classification nuln-  
ber  3 or  4, it is considered an exposure  hazard if within 
50 ft, regardless of size. 

F o r S I  Units: 1 ft = 0.305 m: 1 it ~ = 0.092 me; 1 ft :~ = 
0.028 m:~; 1 gal = 3.785 L. 

*For pi tched roofs, calculate half  the distance f iom attic 
floor to r idgepole.  

Farm equipment  shed, identical to commercial occupancy 
in A-5-2.1, except with a one-story, pi tched-roof dwelling 
measur ing 50 ft by 25 ft located 45 ft f iom the equipment  
shed. The  dwelling is larger than 100 if-' in area and  is closer 
than 50 ft to the equ ipment  shed. Therefore,  the m i n i n m m  
water supply tot  the equipment  shed (26,250 gall is multi- 
plied by 1.5. 

26,250 x 1.5 = 39,375 (gab 
M i n i m u m  water supply = 39,375 gal 
The  total water supply tbr the dwell ing is: 50 x 25 = 

1250 (ft 2) 
Height  = 8 + 4 = 12 (fi) 
1250 x 12 = 15,00(l (ft:) 
Occupancy  hazard classification n u m b e r  7 (See 3-2.7.) 
Const ruc t ion  classification n u m b e r  1.0 (See 4-2.5.) 
(15,000 + 7) x 1.0 = 2143 gal 

F o r S l  Units: 1 fi = 0.305 m; 1 tY-' = 0 .092m~: 1 fi:~ = 
0.028 m:~; 1 gal = 3.785 L. 

Since tile eqtf ipment  shed requires  tile larger m i n i m u m  
water supply, if these two hui ldings were to be protected by 
the  same water supply,  that m i n i n m m  water supply would 
be 39,375 gal. 

If a s t ructure  is of  occupancy hazard classilication n u m -  
ber  3 or 4, it is considered an exposure  hazard if within 
50 tL regardless of  size. For a dwelling, the const ruct ion 
classification n u m b e r  is no larger than 1.0. 

A-5-6.1 The  fire d e p m t m e n t  having jur isdic t ion should 
consider the n u m b e r  of fire streams needed  to control a 
potential fire in such an occupancy, muhiplying the estimated 
total application rate in gpm by a liberal estimate of the time 
in minutes (60 minutes or more) necessary to control and 
extinguish the fire. A review of appropriate  NFPA standards 
is suggested, as propert ies  having special fire protect ion 
problems are beyond the scope of this s tandard on rural  
water supplies. (See G-I Jbr additional i@)rmation on fire flows.) 

A-5-7.1 It is the intent  of N FPA 13D, Standard/br the lmtal- 
/a/ion of Sprinkler SWems in One- a~d Two-Family Dwelling and 
Mobile Home.s, and" NFPA 13R, Standard./or the lnstalhttion o/ 
Sprinkler Systems m Residential Occapa~cies up to and Im'luding 
f'oar Stories in Heig41t, to provide additional lift.- satety as the 
primary goal, with property protection as a secondary goal. 
NFPA, federal agencies, and private organizations are uni ted 
to provide the research and to develop sprinkler protection 
li)r residential occupancies at a low cost. Researchers have 
developed a new sprinkler head lot  the residential system 
that has a unifi)rm discharge density and  quick response 
capabilities. The  reports from those areas that have adopted 
NFPA 13D fi)r dwellings, apartments,  mobile homes, hotels, 
and  motels show promise. 

A-5-7.1.1 The  fire d e p a r t m e n t  s lmuld employ measures  
to supp l emen t  the spr inkler  system to ensure  adequate  
water and  pressure  tor efficient opera t ion  of the sprinklers  
and  should use care not  to "rob" water from the supply for 
the  sprinklers  to supply hand  lines. (See Appendix F.) 

A-5-8 Other  automat ic  suppression systems could include 
[barn, carbon dioxide, dry chemical, etc., installed in part  
or  in all of  the s tructure.  

A-6-4 Accessibility to water supplies should incorpora te  
whatever features necessary to ensure  tim ability for year- 
r o u n d  travel, taking into considerat ion local climatic condi-  
lions and  topography.  

The  slate Depa r tmen t  of  Transpor t a t ion  (DOT), in most 
cases, can provide tile fire d e p a r t m e n t  with a compute r  
p r in tou t  showing safe load limits for br idges located within 
tile boundar ies  of  any city, town, county,  or  fire district, 
etc. This  informat ion  i l ls  proved invaluable to a n u m b e r  of 
fire depa r tmen t s  in checking bridges used to carry fire 
equ ipment .  (See B-6 and B-7 ]br [urther i~!/brmation on access 
to water supplies.) 

A-7-1.1 Where  a subdivision or other  " 'p lanned bui ld ing  
group"  is proposed,  it should be in accordance with NFPA 
1141, S&mdard./or Fire Protection m Planned Building Groups. 

Fire and  munic ipa l  officials having jur isdic t ional  au thor -  
ity in areas  where  s t ruc tu res  in terface  with wi ld lands  
should establish and  entorce protective measures  in accor- 
dance with general ly accepted principles and  applicable 
NFPA standards.  
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1231-16 WATER SUPPIAES FOR SLIBURBAN ANI) RURAl. FIRE FI(;HT1NG 

A-7-4.1 Smoke detectors work and are needed. In any 
given year, statistics reveal that well over 50 percent  of  all 
persons killed by fire die in residential fires. The encore-  
aging news is that current  estimates indicate that smoke 
detectors are in approxinmtely 75 percent of the nation's 
homes. (See NFPA 72, National Fire Alarm Code.) The pri- 
mary concern of the s tandard is with liti: protection, and 
many water-hauling fire depar tments  have developed pro- 
grants to promote  the installation, maintenance, and test- 
ing of smoke detectors as a first step in saving life and 
proper ty  through early' detection. Early detection of a fire 
will go a long way toward reducing the water requirements  
needed for fire fighting purposes  and reducing the water 
necessary fbr a water-hauling fire depar tment  to transport .  

A-7-5.2 When the fire depar tment  is advised of  a sprin- 
kler system impairment ,  every effort should be made to 
restore the protection to service as quickly as possible. In 
some cases, the proper ty  owner might be able to provide a 
makeshift a r rangement  or  to secure a part  that will enable 
the restoration of the system, either completely or  with 
only' a very small number  of  sprinkler heads out of service 
dur ing  restoration. 

A p p e n d i x  B W a t e r  S u p p l y  

Thzs Appen&x i,s not a part of the requirement.~ of thi~ NFPA document, 
but is included fin mfinmation pulposes only. 

The tollowing number ing  system is not intended to cor- 
relate with the standard.  

B-1 Water Supply. 

B-I .1  Genera l .  The  fire f ighter  ope ra t ing  without  a 
water system with hydrants  (or with a very limited number  
of hydrants) has two means of getting water: (1) from 
supplies on the t i reground,  which may be constructed or 
natural, or (2) from supplies t ranspor ted to the scene. This 
a p p e n d i x  discusses the variety' and potent ia l  of  these 
s o u r c e ' s .  

B-1.2 Water Supply Officer (WSO). Many progressive 
rural  fire depar tments  depend  on a WSO. The  work of a 
properly' trained and equipped WSO makes it possible for 
tim officer supervising the actual fire attack to plan it on 
the basis of reliable water supply information, to coordi- 
nate the attack with the available water supplies, and to 
help prevent  the confusion inherent  in fighting a major 
fire when the chief officer at the scene nmst divert too 
nmch personal  attention fi'om the attack to the logistics of 
backing it up. 

B-1.2.1 Duties  o f  Water Supply Officer (WSO). The  
officer is designated to provide sufficient water at tim fire 
site, to plan availability, of additional water sources, and to 
determine  water requirements  at the various locations over 
the district. The  WSO should maintain and even carry a 
complete set of files, which should include cards showing 
water points and lists of  automatic and nmtual aid mobile 
water supply' apparatus  available. Modern technology in 
optics and computers  makes it feasible for even a relatively 
low-budget depar tment  to reduce this data to microfiche 
or photographic  slides, which can be maintained in the fire 

alarm communication center and taken to the scene of 
every fire and used on small, even hand-held,  viewers. The  
WSO is, basically, the individual who implements tile water 
supply prefire planning. 

As the WSO visits neighboring fire depar tments ,  a list of  
all apparatus,  equipment,  and personnel  available to tile 
officer's depar tment  should be developed.  At this time, 
ar rangements  can be developed where certain appara tus  
and personnel  will respond under  an automatic aid agree- 
ment  (first alarm response) or  a nmtual  aid agreement  
(called as needed),  depend ing  on the needs of  the depar t -  
ment. These needs will be dictated, of  course, by the nature  
of  the structure(s) involved. 

B-1.2.2 Duties  at Fi re .  At the  fire scene,  the  WSO 
becomes the rural  equivalent of the water depa r tmen t  rep- 
resentative who responds to major nmnicipal  fires. The  
WSO's duty' to maintain continuous fire streams in rural  
areas is frequently a very complicated task involving setting 
up several  water  hau l ing  facilities, assembl ing  water-  
carrying equipment  of  automatic and mutual  aid depar t -  
ments, calculating estimated arrival times of mobile water 
supply apparatus,  and having a thorough knowledge of  
available water supplies th roughout  a wide area of  fire 
depar tment  jurisdiction. 

B-1.2.3 Communicat ion Coordination. In water supply 
operations,  efficient radio communicat ion is absolutely nec- 
essary. To develop and sustain large fire flow requires the 
use of several water sources as well as several drop  tanks 
where water may be dmnped .  Theretore ,  good radio com- 
munication is necessary in readily directing mobile water 
supplies so that time is not lost at the fill and the dump 
points. To obtain this level of  mobile water supplies effi- 
ciency, a radio f iequency separate from that used for the 
fire g round  operations needs to be assigned to the WSO 
and the water supply site and the mobile water supply 
apparatus.  The  WSO also needs to have efficient connnu- 
nication with the incident commander .  

B-1.2.4 Duties Before the Fire. Before the fire, the WSO 
participates in the prefire planning and in calculating the 
fire flow requirements  |br  the various buildings in the area 
under  the depar tment ' s  jurisdiction. 

To satist~' these water requirements ,  the WSO should 
survey the district and the su r rounding  areas fbr available 
water for fire fighting purposes.  Water  snpplies might exist 
on the proper ty  to be protected or  might need to be trans- 
ported.  The  WSO should develop preplans  and see that 
the fire depar tment  is kept aware of all the water supplies 
available to the entire area. This means close coordination 
between the WSO and the fire depa r tmen t  training otficer 
and assistance in joint  water supply training sessions with 
ne ighbor ing  fire depar tments .  The  WSO should make 
periodic inspections of  all water supplies and structural 
changes in the depar tment ' s  jurisdiction.  

The  WSO or designee nmst meet with propert}, owners 
and secure their permission to use the water supply (see 
B-1.2.6), to develop an all-weather road to the suppl}' (see 
B-6) and to install dry hydrants  (see B-5). The installation of 
roads to or dry hydrants  in navigable water or wetlands 
might require a permit  f iom appropr ia te  local, state, or 
national agencies. Fire depar tments  should contact the,~e 
groups early in the planning process to avoid violations of 
the law. 
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If called upon, the WSO should be available to consuh 
with the owner in the design of a water source on a prop- 
erty to be protected. 

B-1.2.5 Water Source Cards. A recommended practice is 
to prepare individual water source cards fi)r each water 
point. This is a job that lends itself ideally to computers. 
There may be one or more water source appiicable to a given 
potential fireground. In addition to the computer, the water 
sources should be noted on a master grid map of the area. 
Thus, the grid map will show the index location of water 
source cards on which pertinent data will be noted. This data 
should include type of source (stream, cistern, domestic sys- 
tem, etc.), point of access [100 ft (30.5 m) north of barn, etc.], 
gallons available [flows minimum 250 gpm (946 L/rain), 
10,000 gal (37,850 L) storage, etc.], and any particular prob- 
lem such as weather condition or seasonal fluctuations that 
can make a source unusable. It is good practice to attach a 
photograph of the water point to the card. Also, it is advisable 
to note an alternate source. 

These water source cards should be used as the basis 
of regular inspections to make sure the source continues 
to be available and to note an t' improvement or deteriora- 
tion of its usefulness. A program to develop additional 
sources as needed, including water sources for new con- 
struction as it evolves, should be an ongoing program in an 
alert organization. 

B-1.2.6 Water Usage Agreement.  The WSO should 
make a r rangements  with the owner of water supplies 
befi)re a fire develops. Such agreements should be made in 
writing in close cooperation with the municipal, town, or 
county attorney. Also, it is highly desirable that the agree- 
ment be reviewed by a representative of the highway or the 
county road department  or other persons who will build, 
service, and maintain the access road to the supply, includ- 
ing such functions as snow plowing in certain areas of the 
country. The property owner also should have a copy of 
the agreement that has been used by several fire depart- 
ments with the approval of their county or town attorney. 
(See sample water usage agreement.) 

B-1.2.7 Water Map. Each WSO should maintain a map 
showing the location and amount  of water available at each 
water site. A cop)' of this map should be located in the fire 
alarm dispatcher's headquarters where such an alarm fhcil- 
it), is available and should be carried on at least one 
pumper  and the chiefs car and by the WSO. Any problems 
that are encountered at the supply should be recorded. 

B-1.2.8 Inspection of Water Supplies. It is the responsi- 
bility of the WSO to make inspections of all water sources 
available as often as conditions warrant and to note any 
changes in the fhcilities. This is particularly true dur ing 
adverse weather conditions, such as droughts, very wet 
periods, heavy freezing, and fi)llowing snowstorms. 

B-1.2.9 Reliability of  an Impounded Supply. For an 
impounded supply, cistern, tank, or storage facility, the 
quantity of water to be considered available is the mini- 
mum available [at not over 15-ft (4.6-m) lilt] dur ing  a 
drought  with an average 50-vear frequency (certified by a 
registered professional engineer). The maximum rate of 
flow is determined by testing, using the pumper(s), hose 
arrangement,  and dr)' hydrant normally used at the site. 

Sample 
Water Usage Agreement 

1, We the unders igned  owner(s) of a lake or pond 
located at 
do hereby grant the Anytown Fire Department permission 
to erect and maintain, at its expense, a dry hydrant and 
access roadway to said lake or pond to be utilized for emer- 
gency fire suppression purposes. 

All other uses of said pond or lake shall be after notifica- 
tion and permission of the owners. 

The Anytown Fire Department shall be responsible lot 
any and all damages to proper ty  resul t ing from fire 
department  exercises. 

This contract can be cancelled at any time by written 
notice thirty days in advance to the Anytown Fire Depart- 
ment located at Scott and College Road, ,~lytown, U.S.A. 

Owner Date President 
Anytown Fire 
Department 

Owner Date Secretary 
Anytown Fire 
Department 

Chief 
Anytown Fire 
Department 

B-1.2.10 Reliability of  a Flowing Stream. For a supply 
fiom a flowing stream, the quantity to be considered avail- 
able is the min imum rate of flow dur ing a drought  with an 
average 50-year frequency (certified by a registered profes- 
sional engineer). The maximmn rate of flow is determined 
by testing using the pumper(s), hose arrangement,  and dry 
hydrant normally used at this site. 

B-1.2.11 Sign. The WSO should ensure that an appro- 
priate sign is erected at each water point identifying the 
site ibr fire department  emergency use and including the 
name, or a number ,  for the water supply. Letters and num- 
bers should be at least 3 in. (76 ram) high, with a I/~-in. 
(13-ram) stroke and reflective. 

B-1.2.12 Water Operations. The WSO and the training 
officer, in conjunction with the fire chief, should develop 
standard operating procedures for hauling water to fires. 
The standard operating procedures should be put in motion 
for all structural fires; however, thev can be discontinued 
after the officer in charge has evaluated the fire and deter- 
mined that water hauling capabilities will not be needed. 

B-2 First-Aid Fire Protection Using On-Site Water Systems. 

B-2.1 General .  The individual domestic water supply 
system provided in many rural homes and business estab- 
li'shments, if properly equipped and maintained, is an 
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etfective "first-aid fire ext inguisher ."  For large establish- 
ments,  an elevated water storage tank or  reservoir con- 
nected to hydrants  and  s tandpipes  could provide substan- 
tial fire streams as well. 

B-2 .2  D o m e s t i c  Water  S y s t e m s .  In o rder  tot  domestic 
( f n m )  water systems to provide some degree of reliability 
in case of  fire, the p u m p  or p u m p s  should be placed in a 
lire-resistive location. T h e  electric power  supply should 
have the n m x i m u m  protect ion f-ore deenergiza t ion  b v / i r e  
or o ther  cause. In  some cases, s tandby power  and  p m n p s  
can be justified. 

B-2 .3  D e l i v e r y  o f  F irs t -Aid  Fire  Pro tec t i on .  For first-aid 
fire protect ion to be etf~ctive, every por t ion  of the dwell ing 
and  out lying bui ldings should be within reach of a hose 
s t ream.  This  migh t  r equ i r e  some add i t i ona l  p ipe l ines  
beyond  those needed  for o ther  purposes.  A garden  hose 
long enough  to reach any point  in a s t ructure  is often valu- 
able for fire f ighting use. Care should be taken so that 
water is d ra ined  fi'om hose or pipes that could be subject 
to f e e z i n g  weather.  

B-2 .4  I n - D e p t h  Fire  P r o t e c t i o n .  To provide fi)r in -depth  
fire protect ion,  three  types  of water supplies  might  be 
needed:  (1) first-aid via the domestic water svstem: (2) a 
bulk water supply at the proper ty ,  which may t'~e a stream, 
pond ,  elevated tank, ground- leve l  tanks, or cistern; or  (3) 
an area system of static water supplies with draf t ing points 
and  means  fbr t r anspor t ing  the water to the fire site. Alter- 
native power supplies should be considered.  

B-3 Natura l  Water  Sources .  

B-3.1 Streams.  Streams, inc lud ing  rivers, bays, creeks ,  
and  irr igation canals, can represent  a cont i lmouslv flowing 
source of substant ial  capacity. Where  cons ider ing  water 
f o m  flowing streams as potential  water sources, the fire 
d e p a r t m e n t  shoukl  consider  the following tactors: 

(a) Flowing Capacity. The  stream should deliver water 
in capacities compatible  with those out l ined in the water 
requi rements  of this s tandard .  (See Chapter 5.) 

(b) Climatic Characteristics. Streams that deliver water 
t h roughou t  the year and  are not  susceptible to d rough t  are 
desirable tot  fire protect ion.  However,  where such streams 
are not  available, a combina t ion  of supplies nfight be nec- 
essary. In  n lanv  sections of the country ,  streams cannot  be 
relied on d u r i n g  d rough t  seasons. I f  t f e  s tream is subject 
to f looding o1 fieezing,  special evolut ions nfight be neces-  
sary to make the s t ream usable u n d e r  such condit ions.  
Similar circumstances might  exist d u r i n g  wet periods or  
when the g r o u n d  is covered with snow. 

(c) Acce.v~ibilih'. A river or  o ther  source of water might 
not be accessibie u) the fire d e p a r t m e n t  for use d u r i n g  a 
fire. Distance and  te r ra in  f ' o m  the all-weather road to the 
source should be such as to make the water readily avail- 
able. In some cases, special e q u i p m e n t  should be used to 
obtain the water. (See B-6 a~d Appendix E, Portable Pump.~.) 
Where  roadways are provided to the water supply,  they 
should be cons t ructed  in accordance with B-6.2. 

(d) Calculating Flow o/ a Stream. A simple method  for 
est imating the flow of  water in a creek is to measure  tim 
width and  depth  of the creek. 

Drop a cork or any light floating object into the water, and 
determine the time [t takes the cork to travel 10 fi (3.1 In). 
To  obtain complete  accuracy, the sides of the creek should 
be perpend icu la r ,  the bot tom flat, and  the floating object 
should not be affected by the wind. Where  the sides and  
bot tom of the stream are not  uni form,  the width and  dep th  
can be averaged. 

Example:  A creek that is 4 fi (1.2 m) wide and  6 in. 
(15.2 cm) deep.  The  flow of water is such that it takes 
45 seconds tbr a cork to travel 1 ft (0.3 m). The re lb re :  

W x D × TD = cubic feet ft :~ (m :~) of water 

where:  
W = width = 4 f i ( l . 2 m )  
D = depth  = 6 in. (15.2 cm) = 1/2 it (0.15 m) 
TD = travel distance = 10 ft (3.1 m) 
T = t ime in seconds = 45 sec 
0.00223 ft:~/sec = 1 gal 

4 ( 1 . 2 m )  x I / e (0 .15m)  x 10(3.1 m) = 201t  :~(0.56m '~) 
of water 

The  cork takes 45 seconds to flow the 10-fi (3. l-m) distance. 

ft '~ of water/ t ime = ft:~/sec (m :~ water/ t ime = m:~/sec) 
20/45 = 0.444 it :~ of water/sec (0.558/45 = 0.0124 m :~ 

water/sec) 
0.444/0.00223 = 199 gpm flowing in the creek (0.0124/ 

0.00223 = 5.56 I jmin) .  
For assistance in more  accurately de te rn f in ing  s t ream 

flow, contact  the state Depa r tmen t  of  Natura l  Resources, 
Soil Conservat ive Service, or  county  agent .  

B-3 .2  P o n d s .  Ponds  can inc lude  lakes or  farm ponds  
used for water ing livestock, i rr igat ion,  fish cul ture,  recre-  
ation,  or o ther  purposes  while serving a secondary  func- 
tion for fire protect ion.  Valuable i n lo rma t ion  conce rn ing  
the design of ponds  can be ob ta ined  f iom county  agricul- 
tural  agents,  cooperat ive extens ion offices, county  engi- 
neers,  etc. Most of the factors listed in B-3.1 relative to 
streams are pe r t inen t  to ponds,  with the lbl lowing items to 
be considered:  

(a) M i n i m u m  a n n u a l  level  should be adequate  to m e e t  
water supply needs of tim fire p rob lem the p o n d  serves.  

(b) Freez ing  of  a s tat ionary water  st, pply,  cont ras ted  
with the flowing stream, presents  a greater  problem.  

(c) Silt and  debris  can accumula te  in a p o n d  or  lake, 
r educ ing  its actual capacity, while its surtace area and  level 
r emain  constant.  This  can provide  a deceptive impress ion  
of capacity and  calls for at least seasonal inspections.  

(d) Accessibility should always be considered. Many recre- 
ational lakes are provided with access by roads, driveways, 
and  boat launching ramps and  are available tot  fire depart-  
ment  use. Some large lakes, formed by a dana on a river, 
might have been constructed tot such purposes as to gener-  
ate power, tot  flood control, or  to regulate the flow of a river. 
Dur ing  certain periods of the },ear (droughts,  drawdowns,  
etc.), such bodies of water can have very low water levels. The  
water unde r  such condit ions might  not  be accessible to the 
tire depar tment  |br  drafting by the fire depa r tmen t  p u m p i n g  
unit, even where  a paved road, for boat launching,  has been 
provided and extended into the water at no lma l  water levels 
for several fleet or  meters.  U n d e r  such conditions, other  pro- 
visions should be made to make the water supply tully acces- 
sible to the fire depar tment .  
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B-3.3 Other  Natural  Sources .  These  might  inc lude  
sluings and artesian wells. Individual springs and occa- 
sional artesian water supplies exist in some areas and,  
again, while generally of more linfited capacity, can be use- 
lid fo r  water supply, subject to reasonable application of 
the factors listed tor ponds and streams. In ntany cases, it 
might be necessary to tornt a temporary  nattual  pool o1 
form a pond with a salvage cover, ti)r example,  tu collect 
water tot the use of  the fire d e p a m n e n t  where using a 
spring or an artesian well. 

B-4 Developed Sources of  Water. 

B-4.1 General .  The  develuped sunrces of water supplies 
adapted tor tire fighting are limited onh' to tile innovative 
nature of  the fire departntent .  They range t ium cisterns, 
swimnting pools, quarries, nfines, automatic sprinkler  sys- 
tem supplies ,  s ta t ionary  tanks,  dr iven  wells, and  dry  
hydrants,  to sitnations where tire l ighters have draf ted 
water out of the basement of a burning building into which 
it was pumped  only ntinutes betore to light the fire. 

B-4.2 Cisterns.  Cisterns are one of the oldest sources of 
e m e r g e n c y  wate r  supp ly ,  both  for fire l igh t ing  and  
drought  storage. They are very important  sources of  water 
tot fire lighting, domestic cousumption,  and drought  stor- 
age in many rural  and beach areas. 

Cisterns should  have a minimunl  usable voltune as 
de termined by the authori ty having jurisdiction,  using the 
methods desc~ibed in Chapter  5 of  this s tandard,  and there 
is no real limit to the maximum capacity. A cistern should 
be accessible to the fire apparatus  or uther pumping  device 
but should be located far enough [iom the hazard that 
personnel  and equipment  are not endangered.  

The  water level of  a cistern can be maintained by rain- 
tall, water pumped  from a well, water hauled by a mobile 
water supply, 1)1 by the seasonal high water of a stream or 
river. The cistern can present  a fieezing problent since its 
surtace is often relatively inaccessible and the water is stag- 
nant. One method for minimizing fieezing is to use a dry 
hwh'ant  p ro t rud ing  into the water at a point below the 
local fiost line. 

Cisterns should be capped t0r satety, but the',' should 
have upenings to perntit  inspections and use of suction 
hose when needed.  [See Figures B-4.6(e), B-4.6([), and 
B-4.6(g).] 

B-4.3 Protection from Freezing. 
If a dry hydran t  is not iustalled in a cistern, then, 

depending  on local conditions, a heavy pipe or a pike pole 
can be adequate  to break an ice tormation. In fact, the 
weight of the suction hose itself can be sufficient, provided 
there is no danger  of  damaging the strainer, the hose, or 
hose threads. 

There  are several methods of providing an ice-fiee sur- 
thee area in a cistern or  other  water source. These include, 
but are not limited to: 

(a) Floating a log or a bale of hay ur straw, etc., on the 
surtace of  the water. 

(b) Placing a partly filled, tloating harrel on the surface 
of the water. 

B-4.4 Guide to Cistern Capacity. A ready guide to the 
capacity of cisterns with vertical sides is provided in Table B-4.7. 

B-4.5 Construction of  Cisterns. Construction of cisterns 
is governed by local conditions of  soil and material avail- 
ability. Practical information can be obtained t1(7111 local 
governmental  depar tments  ,71 agricuht,ral  agencies. 

Some engineering considerations to be used in design- 
ing cisterns include: 

(a) Base, walls, and roof should be designed tot the pre- 
vailing soil conditions and for the loads encountered where 
heavy vehicles are parked ac!jacent. 

(b) I f  grot, ndwate r  condi t ions  are  high, the cistern 
should not tloat when empty. 

(c) Snctinu p ip ing  should  be des igned  to minimize 
whirllmoling. 

(d) Vent piping should be of  sutlicient size. 

Maintenance tactors to be considered by tile fire depar t -  
ment inch, de the danger  of sihing, evaporat ion or uther 
low water conditions, and the fleezing problems previously 
discussed. 

B-4.6 Cistern Specifications.  Some govern ing  bodies,  
where water systems are not available and water tot  water- 
hauling fire depar tments  is inadequate,  require developers 
to provide  cisterns with all subdivisions that are  con- 
strut ted.  As each cistern can provide fire protection for a 
number  of bnildings, the necessary capacity is ra ther  large 
and represents a substantial investment. The  fi)llowing are 
specifications tiw cistern desigu and construction used by 
one governing body. [See Figure,s B-4.6(a) through (h).] 

1. Cisterns should be located no more than 2200 teet 
(671 m) truck travel distance from the nearest lot line of 
the furthermost lot. 

2. The  design o f t  cistern should be trouble-fi 'ee and 
last a lifietime. 

3. The cistern capacity should be 30,000 gallons 
(113:550 L) minimum, available through the suction pip- 
ing system. 

4. The  suction p ip ing  system should be capable of  
delivering 1000 gpm (3800 L/min) tot three quarters  of  the 
cistern capacity. 

5. The design of the cistern should be subntitted to the 
authority having jurisdict ion tor approval  pr ior  to con- 
struction. All plans should be signed by an acceptable reg- 
istered prol~ssional engineer.  

6. [ h e  entire cistern should be rated tbr highway load- 
ing, unless specifically exempted by the authority having 
jurisdiction. 

7. All drawings are for estimating purposes only and 
are not intended for use as design. 

8. Each cistern should be sited to the part icular loca- 
tion by a registered engineer  and approved bv the author-  
ity having j tuisdiction.  

9. Cast - in-place  concre te  should achieve a 28-day 
strength of 3000 psig (20 700 kPag). It should be placed 
with a minimum of 4-in. (10.2-cnt) slump and vibrated in a 
prot~essional manner.  

10. The concrete should be ntixed, placed, and cured 
without the use of calcium chloride. Winter placement and 
cur ing should tollow the accepted American Concrete  
Institute (AC1) codes. 
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11. All suction and fill piping should be American Society 
fi)r Testing and Materials (ASTM) Schedule 40 steel. All vent 
piping should be ASTM Schedule 40 PVC with glued joints. 

1'2. All PVC piping should have glued joints. 

13. The 8 in. x 5 in. (20.3 cm × 12.7 cm) eccentric 
reducer  is available from suppliers. 

14. The  final suction connection should be a minilntml 
o|41/2 in. (11.4 cm). It should be capped. 

15. The filler pipe siamese should have '21/,2-in. (64-mm) 
National Standard temale threads with plastic caps. 

16. T h e  en t i r e  c i s te rn  shou ld  be c o m p l e t e d  and 
inspected betore any backfilling is done. 

17. ,MI backfill material  should be screened gravel with 
no stones larger than I l/,, in. (38 mm) and should be con> 
pacted to 95 percent  ASTM 1557. 

18. Bedding for the cistern should consist of a nfini- 
mum of 12 in. of :~/4-in. to 1 l/--in, crushed, washed stone, 
compacted.  No fill should be used under  stone. 

19. Filler pipe siamese should he 36 in. (91.4 cm) above 
tinal backfill grade. 

20. Suction pipe connection should be 20 in. to 24 in. 
(51 cm to 61 cm) above the level of the gravel where vehi- 
cle wheels will be located when cistern is in use. 

21. Snction pipe should be suppor ted  either to top of 
tank or  to a level below fiost. 

'2'2. Base should be designed so that cistern will not 
ttoat when empty. 

t) ,  _3. Per imeter  of  tank at tloor/wall jo in t  should be 
sealed with 8-in. (20.3-cnt) PVC waterslop. 

24. After backfilling, tank should be protected by fenc- 
ing or large stones. 

25. Backfill over the tank should he: 

(a) 4 ft (1.2 m) of  fill; or 

(b) The  top and highest 2 ft (0.6 m ) o f  sides of cis- 
tern shottld be insulated with vermiu-resistant foam insula- 
titm, and 2 ft (0.6 m) of  fill. 

(c) .M1 backfill should extend 10 fi (3.1 m) beyond 
the edge of the cistern, and then have a maximum 3:1 
slope, loamed and seeded. 

26. Bot tom of  suct ion p ipe  to p u m p e r  connec t ion  
should not exceed 14 t~ 9 (4._5 m) vertical distance. 

27. Pitch of  shoulder  and vehicle pad []om edge of  
pavement to p u m p e r  suction connection should be 1 to 6 
percent  downgrade.  

28. Shoulder  and vehicle pad should be of sufficient 
length to permit  convenient access to suction connection 
when pumper  is set at 45 degrees to road. 

29. All cons t ruc t ion ,  backfill,  and g r ad ing  mater ia l  
should be in accordance with p roper  construction practices 
and acceptable to the authori ty having jurisdiction. 

30. All horizontal suctitm piping should slope slightly 
uphill toward pumper  connection. 

31. Installer is responsible 1()1" completely filling cistern 
until accepted by the authori ty having jurisdiction. 

(Speci t ica t ions  f u r n i s h e d  by the New Boston Fire  
l )epar tment ,  New Boston, NH.) 

~ mm°n~2Og~t°f way I 
from cistern j 

0 O 0 0 0 0 0 0 O O 0 0 0 0  

o Io o ~ 

f oo 
© 

Oooooooooooooo ° 

Suction fitting ] 
22-24 ft from I 
pavement 

I 

Gravel 
shoulder 

Nearest 
edge 
of 
pavement 

Not to scale 

Figure B-4.6(a) Cistern site. 

DetailA Detail B Detail C Detail D 

go,000-gallon capacity 

See specifications and other 
drawings for details 

Not to scale - components shown 
for illustration only 

Detail E 
Min. 12 in. of 3/4- to 1 1/2- in. washed stone 
(compacted) as base under cistern 

Figure B-4.6(b) Cistern. 

This level 
36 in, above 
final grade 

? 

\ 

Bug screen within pipe 

8-in. Schedule 40 PVC 

24 x 24 x 1/4-in. steel plate 
_ anchored 4 corners 

PVC extends through concrete 
mortared in 

Not to scale 

Figure B-4.6(c) Detail A -- vent pipe. 

This level Ik,,_ ~ ] ~  Dbl 2 1/2-in. Narl Std Thread 
36 in. above clappered siamese (plastic cap) 
final grade 

4-in. Schedule 40 steel pipe 
24 x 24 x 1/4-m. 
steel plate anchored 
at corners Pipe welded to plate 

Pipe extends through concrete 
mortared in 

Figure B-4.6(d) Detail B -- fill pipe, 
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32-in. manhole 
with locking device 

Grade level . . . .  , , Padlockto be acceptable 
e department 

\ 
Not to scale 

Figure B-4.6(e) Detail C -- manhole. 

This level 
20-24 in. 
above road 
level at vehicle 
wheels when 
cistern in use 

Cap Fitting List from Cap 

4 1/2-in. Nat'l Hose Thread 
Adapter with cap 
15-in. min. 5-in. Schedule 40 nipple 
8 x 5-in. eccentric reducer 
8-in. welded 45 ~ elbow 

Piping 8-in. nipple as needed 
support 8-in. welded 45 ~ elbow 

~ _ _  All pipe Schedule 40 steel 

8- n. r ser clamp we ded to pipe 

Roof Not to scale 

Figure B-4.6(f) Detail D -- upper suction pipe. 

-in. Schedule 40 steel pipe 
Anchors to be set at 4 ~-. 
corners and to be min. 4 x 4-ft 1/4-in• 
1-in. threaded stock 

• steel anti-vortex plate 2 supports to be 1-in. [ "IX • 
stock and 6.10 in. from pipe I I 6 ,n.,off bottom 

I I weloed t0 pipe 

~ [ ~  ~ l  Pipe sleeve 

Floor ~ -  ~ m A n c h o r  ! L~ 

Support 
Not to scale 

Figure B-4.6(g) Detail E -- lower suction pipe. 

B-4.7 G u i d e  to  C i r c u l a r  C i s t e r n  C a p a c i t y .  A ready guide 
to the capacity of cisterns with vertical sides is provided in 
Table B-4.7. 

A fi)rmula fin" calculating the storage capacity of a rectan- 
gttlar cistern is the same as the tbrmula 1or "pool capaciLv." 
(See B-4.8.2.) 

Table B-4.7 Cistern Storage Capacity 

Ins ide  Diameter  in Feet Storage Capacity per  Foot o f  Depth 

6(1.8 m) 212 gal( 802 L) 
7 (2.l m) 288 gal (1090 I,) 
8 (2.4 m) 37ti gaI (1423 I,) 
9 (2.7 m~ 476 gal (1801 1.) 

10 (3.0 m) 588 gal (2226 l,) 

[ ;o l  S I  u n i t s :  I ti  ~ = 7. t S  g a l o t ' w a l t q ;  l t i '  = 0 . 0 2 8 3 2  m ~. 

, •  Lid handles 

/' 7 in. ~ O ~  2V2-in. Inspection 

\~Wr gil In Ifidr°f ~ -~n n P~eicast ' / 

Welded ell 

p - - - ,~ Local fire dept. hard 
Collar welded to ( ( 0 ~  suction threaded fitting 
pipe 3 in. overlap , ~ and cap 

Ground level n - - -  Iq Ground level 
. . . . .  L . . . . . . . . . .  J . . . . . . . .  

Well 25-30 ft deep 
generally dug with 
orange peel-type 6-in. lightweight well 
clam shovel casing, extended to 

within 18 in. of bottom 
of well 

Local conditions 
must b e  

considered in 
all clases. 

Inlet to be 
screened, 
if required 

° o O o  
O o  o 0 °  o o o o ~ 
o o o o ~ O o  o 

° o o o '1 / - - lO o 
o o 

0 o 0 o " - ~  o ° 0 
o - -~ (  o o o 

o o o o 
o 0 o o o o o o o 

• - - - - - -  6 in. min.-----------~ 

Bottom 10 ft of well to 
~ b e  perforated casing. 

No perforations for 
cisterns• 

_ Standard irrigation 
well casing 

Figure B-4.6(h) Typical well (cistern) with dry hydrant installed. Same 
design suitable for cistern if bottom of casing is not perforated. For usable 
water depth, see B-4.7 warning. 

WARNING: Refierence is ntade to water depths in 
cisterns, swinmting pools, streams, lakes, and other sources 
in a number  of places in this appendix. It should always be 
remembered that the depth with which the fire fighter is 
concerned is the us:~ble depth. In a cistern, a bottom bed of 
gravel protecting a dry hydrant inlet, for instance, reduces 
the usable depth of the area above the gravel. 

B-4.8 Swimming Pools. Swimming pools are an increas- 
ingly common source of water fin tire protection. Even in 
some areas with normally adequate hydrant water sup- 
plies, they have been a tactor in providing protection, such 
as in cases in which water demands have exceeded avail- 
ability because of wildiire disasters, etc. They provide an 
advanlage in that they are sources of clean water, but have 
major drawbacks due to the weight of fire depar tment  
vehicles and poor accessibility 1or large apparatus. There 
are some areas of lhe cotmtrv in which swimming pool dis- 
tribution is beuer  than hwtrant distribution. If the WSO 
intends to use a swimming pool as a supply of water, it is a 
good practice to develop these water sources through 
working with property owners and preplanning. 

B-4.8.1 Pool Accessibility. 1t tire department  accessibil- 
ity is considered with tile design of the pool, a usable water 
supply should be available to tile fire departnmnt tor sup- 
plying direct hose lines or a source of water for mobile 

1993 Edition 

Copyright 2015 National Fire Protection Association (NFPA). Licensed, by agreement, for individual use and download on February 3, 2015 to DAR AL HANDASAH. No other reproduction or transmission in any form
permitted without written permission of NFPA. For inquires or to report unauthorized use, contact licensing@nfpa.org.

{bb137d50-eae8-43dd-9170-478df5cc4e0f}



1231-22 WATER SLPPLIES FOR SUBURBAN AND RURA[. FIRE FIGHTING 

water supply filling. Most swimming pools are buih in areas 
requiring security fencing or  walls, and these can complicate 
accessibility. Fences and walls can be designed tor fire depart-  
ment use or, depending on construction, can be entered forc- 
ibly. In most cases, a solution to the problems of accessibility 
can be achieved through preplanning and might call for long 
lengths of  suction hose, por table  pumps,  dry hydrants ,  
syphon ejectors, or properly spaced gates. Portable (or float- 
ing) pumps designed for large w)lume delivery at limited 
pressures deliver water to portable folding tanks or  fire 
department  pumpers  and are frequently ideal where accessi- 
bility problems exist. (See E-1.2.6.) 

A swimming pool located virtually under  the eaves of  a 
burning house can be a very poor  location from which to 
pump if there are problems of  fire exposure to the work 
area, etc. Pumping fi-om a neighboring pool, if it is close 
enough,  or setting the water-hauling program in motion is 
frequently preferable to pumping  from the pool of  the 
burning house. (See Figure B-4.8.1.) 

Figure B-4.8.1 Pool accessibility. Where plans are made before a fire, it 
might not take elaborate preparation to use a swimming pool as a water 
supply. 

B-4.8.2 Pool Capacity. A short-form method of  estimat- 
ing pool capacity is: 

L x W x D x 7.5 gal (1000 L) = estimated capacity in 
gallons (litres). 

w h e r e :  

L = length in feet (m). 
W = width in feet (m). 
D = estimated average depth  in feet, fi-om water line in 
tieet (m). 

NOTE: These dimensions should be estimated or 
rounded off if pool is of stylized construction. 1 ft :~ water = 
7.5gal(1 m :~ = 1000L) 

Consideration should be given for providing more suction 
hose on fire apparatus responding in areas dependent  on 
swimming pools. Fast rigging of such suction hose demands 
special training. Using long lengths of hose over walls and 
other obstacles typical of  swimming pools demands  tech- 
niques other than those used fbr drafting from ponds or 
streams. Adequate prefire planning requires knowledge of 
individual pools so that the method of obtaining water at the 

property is known. Lightweight or flexible-type suction hose 
can be advantageous for this purpose. 

B-4.8.3 Care in Use of  Pools.  Care must be exercised to 
be sure structural damage will not be done to a pool and 
the sur rounding  area if the water is used for fire fighting. 
Lightly built cement,  Gunite ®, or  poured  concrete pools 
can present  danger  of structural damage,  cracking, or col- 
lapse when drained.  There  is a fur ther  possibility that a 
pool in extremely wet soil will tend to float upwards  when 
drained;  therefore,  it may be necessary to refill the pool as 
soon as the fire is under  control and mobile water supply 
appara tus  can be released from fire duties. 

Some pools are compacted earth covered by a plastic 
surtacing or l ight-gauge metal panels placed against such 
earth or  a special fill. Such pools can collapse internally if 
emptied.  It might be possible to use a limited por t ion of  
such water sources but not possible to use the entire depth  
apparent ly  available. It might be p ruden t  not to use these 
pools at all. 

Another  consideration is whether  the g round  sur round-  
ing a pool will suppor t  the weight of  a fire depa r tmen t  
vehicle without collapsing. The  WSO should study and 
know the various pool limitations within the area served by 
consulting with the builders and installers of  these pools. 

B-4.9 Livestock Watering Ponds  and Tanks.  Many 
farms have livestock water tanks and o ther  similar |~acilities. 
If  the owner is aware of  the water needs for the farm's 
buildings fbr fire fighting purposes,  such tanks and ponds 
should be so sized as to be adequate  in volume for both 
farm and fire depa r tmen t  use and so located as to be 
readily available to the fire depar tment .  Tanks should be 
placed on the edge of  the barnyard  and on a side accessi- 
ble to the fire depar tment ,  with the p u m p e r  or  pump tak- 
ing suction through a connection on the tank or  by suction 
hose. These watering tanks and ponds  are  often filled and 
maintained full by a pump operated by a windmill or  by an 
electric pump.  

Where  a well fitted with an electric pump  is used for 
irrigation or  industrial  use, the fuses can be pulled for peri- 
ods of  time when the farmer or  plant does not need the 
water supply. Therefore,  the fire depa r tmen t  should carry 
fuses for all of  the pumps in the district, and provisions 
should be made for an electrician or a power company 
e m p l o y e e  or  i nd iv idua l  k n o w l e d g e a b l e  o f  p u m p s  to 
respond on all alarms of  fire. 

B-4.10 Sprinkler Systems. In some rural areas, the only 
large water supply might be storage provided for use of a 
sprinklered building. The  supply might be from an under-  
ground water distribution system, a pond or suction tank 
with pumps, an elevated tank, or a combination of  these. In 
many cases, preplan arrangements can be made to use the 
water. This is particularly true if the property owner is con- 
tacted before installation of  sprinkler protection, as it might 
be necessary to increase the capacity of  the storage or  to 
install a hydrant that is accessible to the fire depar tment  and 
connected to the private yard distribution system. 

Extreme care should be exercised in the use of  water sup- 
plies provided for sprinkler protection. A certain amount  of  
water should be retained in these systems for minimum 
sprinkler protection. A careful study and preplan should be 
made to determine such use. 
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APPENDIX B 1231-23 

Some states and municipalities might have special ordi- 
nances requir ing sprinkler  protect ion for certain proper-  
ties such as nursing homes. Frequently,  the water supplies 
for these systems are minimal and are from pressure tanks 
of  limited capacity. Where  this is the case, it is suggested 
that the fire depar tment  not consider such supplies in their 
planning,  as the rural  fire depa r tmen t  should take care 
that it does not disrupt  the protection at such a property .  
(See Appendix F for additional information on sprinkler systems.) 

B-4.11 Driven Wells.  Wells and well systems are becom- 
ing increasingly popular  as water supplies for fire fighting 
purposes at industrial  propert ies,  shopping centers, subdi- 
visions, and farm houses located in rural  areas beyond the 
reach of  a municipal water distribution system. 

In areas with suitable soil conditions, for instance, those 
of  a very sandy nature,  it might be possible to use driven 
wells or  water je t ted  wells to obtain water for fire fighting. 
These wells are, in essence, pipes, usually with perforations 
about the base to permit  entry of  water, driven into the 
g r o u n d .  F rom the t h r e a d e d  p ipe  head  (or a f i t t ing 
at tached to the body of the pipe) a pump connection can 
be made to draft water much as from a well hydrant .  A 
high water table is a prerequisi te to using this method.  Fire 
fighting units in areas conducive to this technique should 
have the necessary equipment  for such installations. 

Some states and local governments  have regulations or 
licensing requirements  in o rder  to construct a well. Such 
restriction will probably increase in the future. 

B-5 Dry Fire Hydrants, 

B-5.1 Gene ra l .  As the  ins ta l la t ion  of  ru ra l  d ry  fire 
hyd ran t s  us ing cons t ruc ted  or  na tu ra l  water  sources  
increases, an unders tanding  of  the planning,  permitt ing,  
design criteria, and construction processes becomes evi- 
dent.  A strategically placed rural  dry fire hydrant  system, 
with all-weather road access, significantly reduces water 
point  set-up time and tu rna round  time to the f ireground,  
improves the life safety of  the fire fighter, and can reduce 
insurance costs. [See Figure B-5.1(a).] 
B-5.2 Planning and Permits. The planning, permitting, 
and design processes should be completed before the actual 
construction can begin. Planning should involve all affected 
agencies and private concerns so a coordinated effort can be 
undertaken. Some factors to consider in determining the need 
and locations for a dry fire hydrant system are: 

(a) Current  and future populat ion and building trends. 

(b) Property values protected.  

(c) Potential for loss. 

(d) Fire history of the area protected.  

(e) Current  water supply systems. 

(f) Potential water supply sources - -  constructed or natural. 

(g) Cost of project. 

(h) Other  factors of local concern. 

B-5.2.1 Permits .  Permits to install a dry fire hydran t  
should be obtained from the authorities having jurisdic- 
tion, which can include local, state, and federal agencies, 
such as zoning, water authority, environmental  protection, 
resource depar tments ,  agriculture and conservation dis- 
tricts, among others. 

Figure B-5.1(a) Dry hydrant. 

B-5.3 Dry Fire Hydrant Design. Local topography,  cli- 
matic conditions, and access to materials will, among other  
factors, de termine  the design characteristics of  each instal- 
lation. Distance to the water combined with the difference 
in elevation between the hydran t  head  and the water  
source, and the desired gpm (L/min) flow, will affect the 
pipe size that needs to be used. All installations should be a 
minimum of 6-in. (15.2-cm) pipe. With longer lateral runs 
and h igher  volume gpm (L/rain) flow, 8-in. or  10-in. 
(20.3-cm or  25A-cm) pipe sizes can become necessary. 
Local preferences and experience,  along with access to 
materials, will de termine  the type of pipe and fittings best 
suited for the job. In some parts of the country, brass and 
bronze caps and steamer connections, along with iron, 
steel, and bi tuminous cement  pipe and fittings are being 
used for hydrant  materials. [See Figure B-5.3(a).] However, 
in many parts of  the country, schedule 40 or 80 PVC pipe, 
fittings, and connections are becoming more common. [See 
Figure B-5.3(b).] Many fire service manufacturers are now 
offering p remade  and preassembled PVC suction screens, 
hydrant  heads, and supports  that come ready to attach to 
the pipe. [See Figure B-5.3(b).] Steamers should be fire 
depar tment ' s  hard suction hose size and thread type. 

B-5.3.1 Design Criteria. The design of  dry fire hydrant  
installations has been carefully planned to incorporate  sev- 
eral desirable advantages that tend to br ing the installation 
of the PVC dry fire hydrants within the personnel  and 
financial resources of a large number  of rural  fire depar t -  
ments or proper ty  owners. The  design criteria are listed 
here to simplify the unders tanding  of the design of the dry 
fire hydrant .  

Design Criteria for Dry Hydrants.  

(a) It is r ecommended  that all dry hydrants  be con- 
structed of 6-in. (15.2-cm) or larger pipe and fittings. 
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4W' Cap-steamer 
hose connection 

. ,, / Nipple 4W' steamer to 6" pipe thread 
A,,- Z , /  weather --r~m~m ~ ~ 6 "  elbow (90 ° or 45 °) 

road l l : 4 " ~  ~ , t _ / ~  6" or larger riser 

; /~] ~} Ground line 

120' maximum i "~.. 
|10' or less Frost-free depth "%. 
i preferred i \ " ~ , ,  Water level 

Thrust block ~ • - -  2' _ - 

Elbow j~'~[]H'I~ ~ \  
(90 ° or 45 °) 6" or larger pipe . / , 

6" screen 

Exploded view of dry hydrant construction 

Figure B-5.3(a) Dry fire hydrant construction using iron, steel, or PVC pipe. 

(b) Only schedule 40 or heavier PVC should be used in 
PVC systems. 

(c) MI exposed PVC or metal surfhces and all under-  
ground metal surfaces should be primed and painted to 
prevent deterioration of the material. 

(d) A minimum number  of 90-degree elbows, preferably 
no more than two, are suggested to be used in the total 
system. It might be desirable to have a wide-sweep elbow 
installed at the bottom of the riser where the lateral run 
connects. In the event of a broken-off hydrant connection, 
this could permit sections of 21/2-in. (64-mm) suction hose 
to be inserted down the 6-in. (15.2-cm) pipe to the water 
and would permit drafting to continue, although at a much 
reduced rate of flow. A wide-sweep elbow can be con- 
structed using two 45-degree elbows and a 2-fl (0.6-m) 
length of pipe. 

(e) MI connections should be clean and the appropriate 
sealing materials used according to manufacturer 's specifi- 
cations so as to ensure all joints are airtight. 

(f) Strainers or screens can be handmade by drilling 
1000, 5/16-in. (8-mm) holes in length of pipe and capping 
the end with a removable or hinged cover. Remember to 
leave a solid strip of pipe approximately 4 in. to 5 in. ( 10.2 cm 
to 12.7 cm) wide along one side to act as a hattie to prevent 
whirlpooling during periods of low water. 

(g) In areas where frost is a problem, the design should 
ensure that no frost will ever reach the water in the pipe. 
There are two ways to accomplish this: (11 bury the pipe 
below the frost line and mound up the soil over the pipe and 
around the rise; or (2) place an insulating barrier, such as 
styrofoam, between the pipe and the surtace to prevent the 
frost from reaching the water in the pipe. Placement of the 
suction screen in the body of water should be deep enough to 
ensure that ice will not reach the screen. In such cases, divers 
might be needed to assist in proper screen placement. 

(h) Thrust  blocks should be considered at the elbow 
joint  both to resist hydraulic tbrces and to steady the instal- 
lation in unstable soils. 

B-5 .3 .2  U s e f u l  D e p t h  o f  Water  S o u r c e s .  Careful note 
should be made of the fact that installation of dry fire 
hydrants, as noted in B-5, calls for care in measuring water 

Stainless 
steel 

Conical snap nng 
strainer 

~ Snap-on 
cap 

90° wire rope 

Dry hydrant head #227 
(Specify 90 °, 45 °, or straight and 41/2' ', 5", 

or 6" NH male thread) 

steel 

~ .D. pipe 

Strainer support 
clamp #230 

l'iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!!iiiil} ) 
6" PVC dry hydrant strainer 

#224 
(for horizontal installations) 

 iiiiiiiii!iiiiiiiiiiiiii  
6" barrel strainer 

#234 
(for vertical installations) 

Suction Hose Adapters 

Long-handle Long-handle Long-handle Reflective signs 
quick connect female to male double female 6" x 12" self- 

#225Q NST thread swivel adhesive 
(specify size #225FM NST thread label #229L 

4"-6") (specify size #225DF 12" x 16" 
2V2"-6") (specify size aluminum sign 

2W'-6") (less post) #2295 

llllllllllllllllllllllllli lllllllllllllllllllllll  
10 ft flex-suction hose (clear) #226 

(specify hose diameter 4", 5," or 6" and NH threads or quick-locking couplings) 

Figure B-5.3(b) Commercially available dry fire hydrant components. 
(Courtesy of WAcon~m Dept ~\~moal Revn~ esl 

storage capacities. The usethl depth of a lake with a dry fire 
hydrant  installation, for instance, is from the minimunl  
foreseeable low-water surface level to the top of the suction 
strainer, not to the bottom of the lake, and must be not less 
than 2 ft (0.6 m) of water. This becomes a very important 
point where hydrants are installed on a body of water 
aftected by tide or on a lake that is lowered to maintain the 
flow of a river dnr ing  drought  conditions, to generate 
power, oi  that fieezes over. Pump suction requires a sub- 
mergence below the water surface of 2 ft (0.6 m) or more, 
depending on the rate of pumping,  to prevent the forma- 
tion of a vortex or whirlpool. Baffle and antiswirl plates 
should be added to minimize vortex problems and allow 
additional water use. The vortex allows air to enter- the 
pump, which can cause the loss of the pump prime. There- 
fore, pumping  rates should be adjusted as the water level 
is lowered. This thctor should be considered by the water 
control officer when estimating the effective rate at which 
water can be drawn from all suction supplies. 
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APPENDIX B 1 2 3 1 - 2 5  

B-5.3.3 Design Worksheet and Charts for PVC Dry Fire 
Hydrant Installations. The following worksheet (see 
Figure B-5.3.3) and charts [see Figures B-5.3.3(a), (b), (c)] can 
be used to assist in the design of a dry fire hydrant instal- 
lation. These charts will help determine the size of pipe 
and fittings that will be needed to flow the capacity of the 
pumps being used at the hydrant  site. The charts are for 
PVC pipe. Charts are available for other types of pipe 
material. Some factors to consider in designing the dry fire 
hydrant are: 

(at Static lilt should not exceed 10 ft to 12 ft (3.1 m to 
3.7 m), if possible. This is dead lift and cannot be overcome 
by enlarging the pipe size. Keep the static lift as low as 
possible. 

(b) Total head loss should not exceed 20 ft (6.1 m), or 
the pump might not supply its rated gpm (L/min). If using 
portable pumps on the dry fire hydrant, keep total head 
loss as low as possible. 

How to use the charts: 

(a) Add the total length of straight pipe to be used at the 
site (screen + lateral run  + riser = STRAIGHT PIPE). 
Write this down on the design worksheet at step 1. 

(b) Using Figure B-5.3.3(a), add up the number  of leer 
of straight pipe equivalent for all fittings used to make up 
the hydrant  (elbows + hydrant  adapter + any reducers = 
STRAIGHT PIPE EQUIVALENT FOR FITTINGS). Write 
this down on the design worksheet at step 2. 

(c) Add the numbers tiom step 1 and step 2 together to 
obtain the TOTAL STRAIGHT PIPE EQUIVALENT of 
the hydrant. Write this figure down on the design work- 
sheet at step 3. 

(d) Determine  the desired max imum gpm (L/rain) 
hydrant  flow. Usually this would be the pumping  capacity 
of the pump or pumper  used at this hydrant. Write this 
figure down on the design worksheet at step 4. 

(e) Using Figure B-5.3.3(b), determine the head loss 
due to friction per 100 ft (30.5 m) of pipe (number flom 
step 3) based on the gpm (L/min) fiom step 4. If there is 
over or under  100 ft (30.5 m) of pipe equivalent (tiom step 
3), adjust head loss from the chart. Example: TOTAL 
ST1LMGHT PIPE EQLIIVALENT is 75 fi (22.9 m) and the 
desired volume is 1950 gpm (7441 L/rain) -- head loss 
t iom the chart is 20 fi/100 ft (6.1 m/30.5 m) of pipe. For 
this run,  there would be a head loss of 15 fl (4.6 m) [20 tt 
(6.1 m) x 75 fl/100 ft (22.9 m/30.5 m) = 15 ft (4.6 m)]. 
Write this figure down as HEAD LOSS FOR PIPE AND 
FITYINGS on the design worksheet at step 5. 

(t) From Figure B-5.3.3(c), figure the head loss due to 
friction in the suction hose to be used on the hydrant. 
Write this down on the design worksheet as SU(~TION 
HOSE HEAD LOSS at step 6. 

(g) Next, determine static lift. This is the vertical dis- 
tance fi'om the water's surface in the hydrant  pipe (use the 
lowest water level as it will represent the maxinmm lilt 
needed) and the pump or pumper  intake. Write this figure 
down on the design worksheet as STATIC LIFT at step 7. 
Try not to exceed 8 ft to 10 fi (2.4 m to 3.1 m) if possible. 

Remember --  this is a vertical measurement  and repre- 
sents "dead" lift. 

(h) Add the answers fi'om steps 5, 6, and 7 together on 
the design worksheet at step 8. This is the TOTAL HEAD 
LOSS. Do not exceed 20 t~ to 25 ft (6.1 m to 7.6 m) of total 
head loss at the pump intake; otherwise, all the pump 
capacity will be used for suction (or lilt), and the pump 
might not flow its rated capacity. 

Design Worksheet 

FIRE DEPARTMENT 
DRY FIRE HYDRANT LOCATION 

Step 1 
Screen length 
Lateral run  length 
Riser height 

Straight Pipe = 

Step 2 
Use Figure B-5.3.3(a) to fill in the following values: 

Hydrant  adapter. Reducer 

Elbow Elbow 

Elbow. Elbow 

Straight Pipe Equivalent tot Fittings = 

Step 3 
Straight Pipe + Straight Pipe Equivalent for Fittings = 

+ = Total Straight 
Pipe Equivalent 

Step 4 
Desired GPM flow = (Rated pump capacity) 

Step 5 
Using answers flom Steps 3 and 4, use Figure B-5.3.3(b) to 
determine Head Loss tor Pipe and Fittings. 
Head Loss for Pipe and Fittings = 

Step 6 
Using Figure B-5.3.3(c), deternfine suction hose head loss 
for length of suction hose used to connect the pump to the 
hydrant. Suction Hose Head Loss = 

Step 7 
Static Lift = 

Step 8 
Add the answers from Steps 5, 6, and 7 together to get 
total head loss. 
# 5  + # 6  + #7  = 
Total Head Loss 

If Total Head Loss is greater than 20 to 25 It, the pump 
might not be able to/tow its rated GPM. 

Figure B-5.3.3 Design worksheet. 
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1231-26 "0.'ATER SUPPLIES  FOR S U B U R B A N  AND RI_'R:kL FIRE F I G H T I N G  

PVC Pipe Diameter 2.5" 3.0" 4.0" 5.0" 6.0" 8.0" 10.0" 

90 ° Elbow, Standard 6.5 8.5 11.0 14.0 16.0 22.0 27.(t 

90 ° Elbow, Medium 
Sweep 5.5 7.0 9.5 12.0 14.0 18.0 22.0 

90 ° Elbow, Long 
Sweep 4.5 5.5 7.0 9.0 11.0 14.0 18.0 

45 ° Elbow 3.0 4.5 5.0 6.5 7.5 10.0 13.0 

Hydrant Connection 
(6" x 4.5") 2.5 

Reducer (8" x 6") 3.5 

Source: Hondboak o/PIT; Ptpe. 
For SI units: 1 in. = 2.54 cm; 1 ft = 0.305 m. 

Figure B-5.3.3(a) Straight pipe equivalents for fittings (in feet). 

P ipe  
Size 3" 4" 5" 6" 7" 8" 10" 

GPM 
100 2.4 0.6 0.2 0.1 

200 8.6 2.1 0.7 0.3 0.1 0.1 
250 13.0 3.2 1.1 0.5 0.1 0.1 

300 18.2 4.5 1.5 0.6 0.2 0.2 0.1 
350 24.2 6.0 2.0 0.8 0.3 0.2 0.l 

400 30.9 7.6 2.6 1.1 0.4 0.3 0.1 
500 46.8 11.5 3.9 1.6 0.8 0.4 0.1 
600 65.6 16.2 5.5 2.2 1.1 0.6 0.2 
700 87.2 21.5 7.3 3.0 1.4 0.7 0.2 
750 99.1 24.4 8.3 3.4 1.6 0.8 0.3 
800 111.7 27.5 9.3 3.8 1.8 0.9 0.3 

900 138.9 34.3 11.6 4.8 2.3 1.2 0.4 
1000 168.8 41.6 14.1 5.8 2.7 1.4 0.5 
1100 201.4 49.7 16.8 6.9 3.3 1.7 0.6 
1200 236.7 58.4 19.7 8.1 3.8 2.0 0.7 
1300 274.5 67.7 22.9 9.4 4.4 2.3 0.8 
1400 314.9 77.7 26.2 10.8 5.1 2.7 0.9 

1500 357.7 88.5 29.8 12.3 5.8 3.0 1.0 
1600 403.2 99.5 33.6 13.8 6.5 3.4 1.2 
1700 451.1 111.3 37.6 15.5 7.3 3.8 1.3 
1800 501.5 123.7 41.8 17.2 8.1 4.2 1.4 
1900 554.3 136.7 46.1 19.0 9.0 4,7 1.6 
2000 609.5 150.4 50.8 20.9 9.9 5.2 1.7 
2100 667.2 164.6 55.6 22.9 10.8 5.6 1.9 
2200 727.2 179.4 60.6 24.9 11.8 6.2 2.1 
2300 789.6 194.8 65.8 27.1 12.8 6.7 2.3 
2400 854.4 210.7 71.2 29.3 13.8 7.2 2.4 
2500 921.4 227.3 76.7 31.6 14.9 7.8 2.6 

2600 990.9 244.4 82.5 34.0 16.1 8.4 2.8 
2700 1062.6 262.1 88.5 36.5 17.2 9.0 3.0 
2800 1136.6 280.4 94.7 39.0 18.4 9.6 3.2 
2900 1213.0 299.2 101.0 41.6 19.7 10.3 3.5 

3000 1291.6 318.6 107.6 44.3 21.0 10,9 3.7 

For SI units:  I GPM = 0.0631 L/see. 

Figure B-5.3.3(b) Head loss (ft per 100 ft of PVC pipe). 

T h e  cha r t s  a re  for  PVC s c h e d u l e  40 pipe.  O t h e r  types  o f  
p ipe  mate r ia l  h av e  s imi lar  cha r t s  tha t  s h o u l d  be c o n s u l t e d  
w h e n  o t h e r  p ipe  is used .  

H o s e  
Size 1 k2" 

GPM 
100 84.1 
200 303.6 

250 459.0 
300 643.3 
350 855.9 

400 1096.0 
500 1656.9 
600 2322.4 
700 3089.7 
800 3956.6 
900 4921.0 

1000 5981.4 
I100 7136.1 
1200 8383.8 

1300 9723.5 
1400 11153.9 

1500 12674.2 
1600 14283.3 

1700 15980.5 

1800 17765.0 
1900 19635.9 

2000 21592.7 
2100 23634.7 
2200 25761.2 
2300 27971.7 
2400 30265.7 

2500 32642.5 
2600 35101.9 
2700 37643.1 

2800 40265.8 
2900 42969.6 
3000 45753.9 

21/2 '' 4" 4t/2 " 5" 6" 

7.0 0.7 0.4 0.2 0.1 
25.3 2.6 1.4 0.9 0.4 
38.2 3.9 2.2 1.3 0.5 

53.6 5.4 3.1 1.8 0.8 
71.3 7.2 4.1 2.4 1.0 
91.3 9.3 5.2 3.1 1.3 

138.0 14.0 7.9 4.7 1.9 
193.4 19,7 11.1 6.6 2.7 
257.3 26.1 14.7 8.8 3.6 
329.5 33.5 18.9 11.3 4.7 
409.9 41.6 23.5 14.1 5.8 
498.2 50.6 28.5 17.1 7.0 
594.4 60.4 34.0 20.4 8.4 
698.3 71.0 40.0 24.0 9.9 

809.9 82.3 46.4 27.8 11.4 
929.0 94.4 53.2 31.9 13.1 

1055.6 107.2 60.5 36.2 14.9 
1189.6 120.9 68.1 40.9 16.8 

1331.0 135.2 76.2 45.7 18.8 

1479.6 150.3 84.7 50.8 20.9 
1635.5 166.2 93.7 56.1 23.1 
1798.5 182.7 103.0 61.7 25.4 

1968.5 200.0 112.8 67.5 27.8 
2145.7 218.0 122.9 73.6 30.3 
2329.8 236.7 133.4 80.0 32.9 

2520.8 256.1 144.4 86.5 35.6 
2718.8 276.2 155.7 93.3 38.4 
2923.7 297.0 167.5 100.3 41.3 
3135.3 318.5 179.6 107.6 44.3 

3353.8 340.7 192.1 115.0 47.4 

3579.0 363.6 205.0 122.8 50.6 
3810.9 387.1 218.3 130.7 53.8 

Fur SI units: 1 GPM = 0.0631 L/see. 

Figure B-5.3.3(c) Head loss (ft per 100 ft of hard rubber suction hose). 

B - 5 . 3 . 4  S t e p - b y - S t e p  I n s t a l l a t i o n  P r o c e d u r e  f o r  a D r y  
F i r e  H y d r a n t .  

(a) C h e c k  for a ny  u n d e r g r o u n d  or  o v e r h e a d  uti l i t ies 
be fo re  d igg ing .  Con t a c t  the  a p p r o p r i a t e  au tho r i t i e s ,  e.g.,  
water ,  power ,  t e l e p h o n e ,  cable,  gas,  etc. 

(b) U s i n g  a b a c k h o e  or  e xc a va to r ,  d ig  in the  t r e n c h  
s t a r t i ng  at the  po in t  w h e r e  the  suc t ion  sc reen  will be  p laced  
in the  water .  

(c) Ma in ta in  a u n i f o r m  level t r e n c h  cu t  all t he  way f r o m  
the  sc reen  locat ion to the  po in t  w h e r e  the  r iser  beg ins .  

(d) A sse mb le  the  ho r i zon ta l  r u n  a n d  vert ical  r i ser  por -  
t ion o f  the  h y d r a n t  ( screen ,  la teral  r u n ,  a n d  r iser)  a n d  
place into the  t r e n c h  a n d  wa te r  sou rc e  as o n e  piece.  

(e) Sink the  sc reen  e n d  a n d  allow the  a s s e m b l y  to s ink 
into the  b o t t o m  o f  the  t r ench .  IT  IS C R I T I C A L  T H A T  A T  
N O  T I M E  S H O U L D  A N Y O N E  BE A L L O W E D  I N T O  O R  
C L O S E  T O  T H E  T R E N C H .  IT  IS N O T  NECESSARY.  

(D W h e n  cer ta in  the  suc t ion  sc reen  is p laced  correct ly ,  
s tar t  backfi l l ing the  t r e n c h  at the  r iser  ( k e e p i n g  the  r iser  
p ipe  vertical) a n d  backfill ou t  into the  water ,  b e i n g  carefu l  
no t  to cover  the  suc t ion  sc reen .  
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APPENDIX B 1231-27 

(g) Mound and tamp the dirt  slightly, as settling will 
occur over time. Mounding the dirt  will also help to keep 
frost away ti'nm the water in the pipe. 

(h) Place a cement block or  use a commercial or manu- 
[hctured strainer support  under  the suction screen to sup- 
port the screen off the bottom. If  the installation is in a 
last-moving waterway, several blocks or  supports  might 
have to be attached to the screen to prevent the current 
Dora moving the screen. The  pipe and screen will also have 
to have special protection from an t • debris washing down 
the stream and hitting the pipe or  screen. 

(i) Cut ott t tm vertical riser and attach the hydrant connec- 
tion, making sure that the top of the hydrant comaection is 
below the bottom of the pump intake. It is important that the 
pump intake renmin slightly above the hydrant connection to 
prevent an air lock in the suction line. 

(j) Set the guards  and hose supports.  Level, seed, and 
mulch the area to prevent erosion. 

(k) Test pump the hydrant .  

B-5.4 Maintenance of Dry Fire Hydrant. These facilities 
require  per iodic  checking, testing, and maintenance at 
least quarterly. Checking and testing by actual draft ing 
should be a part of fire depar tment  training and drills. 
Thorough  surveys should reveal any deter iorat ion in the 
water supply situation in ponds, streams, or cisterns. 

Part icular  a t tent ion should be given to streams and 
ponds.  They  might  need f requent  removal  of  debris ,  
dredging  or excavation of  silt, and protection t iom ero- 
sion. The  hydrants should he tested at least annually with 
a pumper .  [~,ack flushing, tolluwed by a test at a maximuna 
designed tlow rate, with records kept of each test, is highly 
desirable. Tests of this kind will not only verit}' p roper  con- 
dition hut also keep the line and strainer clear of silt and 
the water supply available tbr an t' fire emergency. 

The  pond  should  be ma in ta ined  as free of  aquatic 
growth as possible. At times it might be necessary to drain 

the pond to control this growth. Helptul inlbrmation is 
availahle from such sources as the county agr icuhura l  
extension agent or the U.S. I )epar tment  of Agricuhure.  

Inspect ions  should refit\" satL, ty p rocedures  such as 
posted warning signs and tla~" awfilability of li[~" preservers, 
ropes, etc. Particular attention should be given to Local 
authorities '  regulations governing such water points. 

It is important  to consider  appearance  of this water 
point .  Grass should  be kept t r i m m e d  and neat.  The  
hydrant  should be freshly painted as needed. The  cap can 
be painted a retlective material to improve visibility dnr ing  
emergencies. All identification signs should be approved by 
the Department  of Transporta t ion pr ior  to installation if 
the}' are to be located on the right-nf-way or are subject to 
state laws. Vegetation should be cleared R)r a mininmm 
3-fi (0.9-m) radius fiom around hydrants.  

B-5.4.1 Maintenance Record for Dry Fire Hydrant. It is 
suggested that a record of inspection be maintained with a 
separate card on each dry fire hydram.  (See Fzgure B-5.4.1.) 

B-5.4.2 Map and Location/Detail Drawing. An official 
record should be kept of all pert inent  intbrmation recom- 
mended  tbr each dry fire hydrant  area. An example of one 
t}'pe is Figure B-5.4,2. The  record will provide invaluable 
intormation whenever the need fin such is required.  

B-5.5 Pressurized Dry Fire Hydrant Sources. There  can 
be two types of pressurized dry fire hydrants-- those tlnwing 
through a dam (or dike) and those coming fi'om an t, phill 
water source emptying at a point downhill from the source. 
Ahhuugh the water source uphill can be of extreme advan- 
tage when flowed to a downhill source, a major disadvantage 
could lie in the burying of the pipe below the tiost level. For 
a pressure hydrant,  the pipe should be sloped downhill to the 
hydrant riser and be fitted with a gate valve. Where the sup- 
piy line passes through the {like of a pond, anti-seep collars 
should be attached to the pipe to prevent water from seeping 
and channeling beside the pipe. 
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1 2 3 1 - 2 8  WXIER SUPPIAES FOR SUBURBAN AND RURAL FIRE FI ( ; I ITING 

Loca t ion  a n d  Direct ions:  I ) e p t h  o f  W a t e r  A b o v e  I n t a k e  

[ )a te  

Date Depth  A m o u n t  
o f  o f  o f  Water 

Insp.  By Water t Available 2 
Condi t ion  
o f  Water s 

Dry H y d r a n t  

Weed 
Eros ion  4 Test  s F low 6 Control  7 

Road 
Condi t ion  s Sign s Remarks  1° 

Figure  B-5.4.1 Maintenance  record for dry fire hydrant .  

Depth of water [rom the sur|hce to top of strainer. 
Amount o[" water available calculated from surface to at least 2 li (0.61 Ill) above top of strainer. 
Condition of w:ater will cover any  t ime,  tile deterioration of which over a period ~I time will reduce the water availabk'. Spet ial attention should be given to 

such items as silting, debris, )quack growth, etc. 
* Erosion covers the area around the hydrant, access road, and bank of the water suppl). 

Test is recorded by noting pumper  used for the test, thereby indicating that t]le dry fire h~drant was back flushed and that tilt' end cap is in place, screen 
clear of any stoppage, and supports and;or gravel is in [)lace. An~, problems that had to he corrected are recorded under  "remarks."  

" Flow is the record of the actual test of the hydrant m g}nn ( l Jn l in)  following the department 's  standard operating p r o c e d t l r e  for testing dry fire ]lvdrants, 
Care should he taken to use the same test procedures during each test. 

7 Weed control should be according to the department 's  SOP. Grass should be Irmnned. Chemic als are not re~ ommended  tbr the (ontrol of weeds; however, 
where chemicals arc used, the records should be complete :is to the chemkals and prot ess used 

Road condition used to note condition ot roadway, drainage, etc. 
" Sign will show inh~rmation pertaining to accuracy, and clarity of inlbrmation on ~ign. Was it repainted , r  replaced? 
~" Remarks 1o be used to cove r  ,~ellel-al inibrmation abotlt tile dr~ fire hydrant as t~llnd at the time of inspection. 
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m 
Q. 

o 

F JL] 
N r " 

O,nVaughnhome 

General location Hydrant location 

105 

100 

95 

Quantity 

1 ea. 

1 ea. 
1 ea. 
1 ea. 
1 ea. 

70 L ft 
6 ea. 
1 ea. 

Bill of Materials 
Item 

Dry hydrant adapter-Schedule 40 PVC 
6-in. to 4V2-in. suction line 90 ~ bend 
Strainer with snap ring 
Hydrant cap 
6-in. x 3-ft 4-in. PVC strainer 
6-in. Schedule 40 PVC 90 ° bend 

6-in. Schedule 40 PVC pipe 
6-in. PVC couplings-Schedule 40 
Can PVC glue 

Quantities 

Source of water-pond and stream 
Size of normal pool-0.84 AC. 
Size of drought pool-0.38 AC. 
Minimum draw-6.5 ft 

~ r ] - - - ~  Maximum draw-11.5 ft 
! ' - ~  I Available water at normal level-993,778 gal. 

! 2 ft 6 n. ~ Available water at drought level-338,862 gal. 

~, ~ I Groundline I I 

11 ftOin. I ½ 1  4ftOin. 
E ~ , ~  El. 106.5 

~ . _ 4 ~  j El 104'0 8 ft ~ i n . [ ~  N°rmal water ; 
~ Natural ground 

- - 4  l ~ r ~ r  ~d d drought l eve ly  . ~ 3  ' t4 in.~l~ 

63 ft 10 in. - 

~ E I .  95.5 ..... ~ ' ~ - - - - E l .  95.0 Pipeline dimensions 

I i I I I I I 
0 10 20 30 40 50 60 

Profile of pipeline 

Figure B-5.4.2 Example map and location/detail drawing. 
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1231-30 WATER SUPI'LIES FOR SUBURBAN AND RURAl. FIRE FIGHTING 

B-5.6 Variations in Dry F i r e  H y d r a n t  D e s i g n .  There are 
numerous adaptations to the basic design of  a dry fire 
hydrant. These have been developed to overcome local or 
regional problems and can have applications over a large 
geographical area. [See Figures B-5.6(a) and (b).] 

Figure B-5.6(a) A dry fire hydrant innovation has eliminated the top 
90-degree or 45-degree elbow on each hydrant. (Photo I~v Nahunta Volunteer 
Fire Department, NC) 

possible injury. The air gauge should be checked periodi- 
cally to be sure the water remains displaced in the hydrant. 
[See Figure B-5.6(c).] 

:-i/i;: i....+;-;!:~ ii~: • 

~"  I=rost line .] ] i~ 

:i! i.ii.!i;ii:i-!i,::f.::i !i i)iii"::i[ ~ ...~ ~, r . . ~ .  o 8 

Figure B-5.6(c) Air injection frost-proofing system (developed by 
Wascott Volunteer Fire Department, WI). 

Install an air pressure gauge and air chuck in the cap of  
the hydrant  by drilling and tapping into the metal. The 
chain for the hydrant cap will have to be removed. Use 
Teflon ® tape on the threads of  the gauge and chuck. This 
method has the advantage that if the chuck or  gauge is 
damaged,  it will not effect the airtight integrity of  the 
hydrant  while drafting, because the cap is removed. [See 
Figure B-5.6(d).] 

Figure B-5.6(b) Hard suction hose Is connected to the pumper. The 
driver maneuvers the truck as the fire fighter walks the suction end of the 
hose to the dry fire hydrant. An "O" ring in the plastic "L" provides a 
right fit and allows the operator to draft. This is a quick and simple 
method to connect the pumper to a dry fire hydrant. It is critical that a 
good seal he obtained with the "O" ring to prevent any air leakage, or the 
pump will fail to prime. 

Dry fire hydrants can be installed in areas where the 
frost line would freeze the water in the hydrant pipe. This 
system was designed to inject air into the hydrant and dis- 
place the water to prevent ti'eezing. With the water dis- 
placed below the fiost line, the hydrant would be usable 
year-round ti)r drafting purposes. Air is injected into the 
hydrant until it bubbles out of  the suction screen, or the air 
pressure gauge no longer rises. This low-pressure air 
should not cause a safety problem, but all personnel should 
be advised to remove the hydrant cap slowly to prevent any 

Hydrant cap 

Pressure ga ~uge ~ Air chuck 

Figure B-5.6(d) Cap design for air injection system. 

Normal water level 
Suction 45 ° elbows screen 

~ - ~  Lateral pipe to 
12 hydrant riser and head 

Silt. muck. or 
sandy lake bottom 

Figure B-5.6(e) Offset screen installation (developed by Weyerhaeuser 
Volunteer Fire Department, WI). 
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AITENDIX B 1231-31 

B-6 Access to Water Supplies. 

B-6.1 Genera l .  T h e  fact that an adequa te  water  supply is 
in sight o f  the main road  does not  ensure  that the water  
can be used tot  fire f ight ing purposes .  Many times, it is 
necessary that a suitable approach  be p rovMed  to reach 
within 10 it (3.1 m) of  the water  supply.  This  should be 
done  and the d e p a r t m e n t  t ra ined in the use and lmtita- 
tions o f  the water  supply before  a fire occurs. A suitable 
approach  might  call tot  a roadway.  However ,  at some sites 
and in some areas of  the country ,  it might  not  be necessary 
that  a roadway  be cons t ruc ted ,  due  to soil condi t ions .  
O t h e r  sites might  a l ready have roadways p rov ided  or  pave- 
ment  installed, with the cons t ruc t ion  o f  an en t ranceway or  
a gate  necessary to p rov ide  access to the water  supply.  
O the r  sites can be reached  by foot only and can necessitate 
that  a path  be cons t ruc ted  and  main ta ined  so that por table  
p u m p s  can be carr ied  to the site. Each site should be ewd- 
uated by the WSO to d e t e r m i n e  the best way, within the 
fire depa r tmen t ' s  means,  fbr using the water  supply. 

B-6.2 Roadway Access. Most art if icial  lakes are  con-  
s t ructed with heavy ea r th -mov ing  equ ipmen t .  In o r d e r  to t  
the p rope r ty  owner  to construct  a roadway for fire depar t -  
m e n t  use, the WSO should  make  the p r o p e r t y  o w n e r  
aware of  the needs  of  the fire d e p a r t m e n t  while the heavv 
e q u i p m e n t  is still on the job.  Table  B-6.2 details consider-  
ations that  should be kept  in mind  when p lann ing  access. 

Table B-6.2 Recommendations for Roads to Water Supplies 

Width: Roadbed -- 12 ti (3.7 m) 
Tread -- 8 fi (2.4 m) 
Shoulders -- 2 it (0.6 m) 

Alignment: Radium centerline curvature -- 50 tt (15.2 m). 
Gradient: Maximum sustained grade -- 8 percent. 
Side Slopes: All CUt and fill slopes to be stable tot the soil 

involved. 
l)rainage: Bridges, culverts, or grade dips at all drainage- 

way crossings. Roadside ditches deep enough 
to provide drainage. Special drainage tacilities 
(tile, etc.) at all seep areas and high water- 
table areas. 

Surface: Treatment as required [or year-round travel. 
Erosion Control: Measures as needed to protect road ditches, 

cross drains, and cut and fill slopes. 
Turnaround: Turnaround should be designed to handle the 

equipment of the responding tire depart- 
ment with a minimum diameter ot + 90 It 
(27.4 m). 

Load Carrying Adequate t o  carry maximum vehicle load 
Capacity: expected. 

Condition: Suitable tbr all-weather use. 

B-6.2.1 While the roadway to the water supply is being 
developed,  consideration should lye given to providing a 90-ft 
(27.4-m) diameter  tu rna round  for the mobile water supply 
apparatus.  Where  conditions at the supply do not make a 
tu rna round  feasible, a large unde rg round  pipe transnfission 
line can be laid f iom the water supply to the highway and the 
mobile water supply apparatus filled on the highway rigfit-of- 
way. However ,  a tu rnaround  or  looped facility will still need 
to be provided at the fill point on the right-ot:way. 

B-6.2.2 Bridges Used as Water Points. In some states, a 
fire d e p a r t m e n t  cannot  use a br idge  to park a mobile  water  
supply while it is be ing  filled, thereby blocking traffic on a 
road. However ,  the lire d e p a r t m e n t  nfight lye able to use 
the water  source  by moving  the fill point  off  of  the br idge  
to the right-ot:-way. The re fo re ,  the d e p a r t m e n t  needs  to 
check with the state Depa r tmen t  of  T ranspor t a t i on  and 
abide by the app rop r i a t e  laws gove rn ing  the situation. 

B-6.3 Dry Fire Hydrant with Suction Line. In some  
cases, it may be desirable to install a dry fire hydran t  with 
a suction line in lieu of  an access road.  This  can be t rue  in 
marsh or  swamp areas. In this case, the fire depa r t l nen t  
will have access to the hydran t  f i om the shou lder  of  the 
main road.  So as not  to block the road  d u r i n g  p u m p e r  
operat ions ,  a suitable pa rk ing  area  on the shou lder  of  the 
road should be provided .  Basic r e c o m m e n d a t i o n s  in Table  
B-6.2 can be uselul in the design of  such an area  st) that  
puntpers  can be used etticientlv and safely. 

B-7 Bridges. 

B-7.1 Genera l .  It is expec ted  that  the genera l  condi t ion  
of  the br idges in most  states is poor .  A large n u m b e r  of  
these br idges  are  very old, and many. that were  built for 
f a r n > t o - m a r k e t - t y p e  use are  now in u r b a n  areas  with 
greatly increased traffic loads. 

T h e  condi t ion  o f  tim nation's  br idges  was b r o u g h t  to the 
public 's  a t tent ion in the late 1960s, when the collapse of  a 
large br idge  received headl ine  repor t ing  f i o m  the news 
services. F u r t h e r m o r e ,  it became ev ident  that many  of  the 
states did not  p rov ide  comple t e  b r idge  inspec t ion  and 
main tenance  p rograms .  

B-7.1.1 Federal Legislation. As a result  o f  this b r idge  
fhilure, the Federal  Highway Act of  1968 was passed, which 
requi red ,  a m o n g  o the r  things, that all states, counties,  and 
cities receiving federal  highway f imding  imp lemen t  a pro-  
g r a m  to inspect each br idge  in the tederal ly t u n d e d  system 
ever}' two years., Addi t iona l  b r idge  collapses p r o m p t e d  
a m e n d m e n t  of  this law in 1976 to include all br idges  on the 
public roads system. 

B-7.1.2 Bridge Inspection Programs. D u r i n g  the last 
few years, a n u m b e r  o f  states have set up br idge  inspect ion 
programs ,  and the cu r r en t  safe toxmage is being posted.  
Over  the ent i re  country ,  a large n u m b e r  of  br idges have 
been restr icted to below the legal weight  limit lo t  which the 
road and br idge  were  originally designed.  

One  state with over  15,000 br idges repor ts  that 50 per-  
cent of  all its br idges  are  now posted below the original  
max imun l  load limits, and 25 percent  of  these br idges  are  
unsaD tbr use bv a tully loaded school bus or  normal  fire 
d e p a r t m e n t  equ ipment .  

B-7.1.8 Repair Programs. t t i g h w a y  d e p a r t m e n t s  a re  
doing  what is possible with the money  available to improve  
br idge  safety. Priority is given to br idge  upkeep  on pri- 
mary  roads, with br idges  on less-traveled roads having to 
take what is left. Some highway depar tn ten ts  are  upgrad-  
ing or  raising the tonnage  on their  br idges as much  as pos- 
sible t h rough  repairs:  however ,  many cannot  be b rough t  
up to s tandard  without  comple te  rebuilding.  Most states do 
not have ntoney available for such an overhau l  p rogram.  
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In some states, the state highway department  has con- 
sulted fire officials, explained the situation, and required 
that the fire department  list the unsalie bridges in order  of 
their importance to the fire service. The highway depart- 
ments then attempt to upgrade these bridges on the hasis 
of fire depar tment  priority. 

B-7.1.4 Effect on the Fire Service. The long- range  
nature of the bridge problem makes it a matter for serious 
considerat ion when p l ann ing  purchases of apparatus.  
Mobile water supply size must be restricted to volumes that 
will not cause overloading. 

Whether or not a fire service is held tinanciallv respon- 
sible tot damage to a bridge depends on state law; how- 
ever, a good policy tot every rural fire department  is to 
check the bridge load restrictions betore purchasing a new 
piece of apparatus. The lighter the equipment,  the more 
bridges the department  can use. 

B-7.1.5 Fire Department Responsibility. The  fire 
depar tment  should check every bridge in its response dis- 
tricts, both primary response and mutual aid, to erasure 
that all bridges will safely carry the fire department  load. 
This might not be the overwhelming task it appears. In 
view of the current  use of computers by state highway 
departments to inventory their bridges, load limits should 
be readily available. 

The fire department  will need to make whatever special 
provision is indicated to protect an accessible area bv an 
unsafe bridge. For example, providing temporary staiion- 
to-house equipment  in the isolated area, using a pumper  
taking suction from the river to pulnp water across the 
bridge through large hose lines, or servicing the area from 
another station that has a safe bridge to the area or, even 
better, does not bare to use a bridge to respond. 

B-8 Preplanning Water Supply. 

B-8.1 Preplanning. Structures  within the district of 
responsibility of the fire depar tment  should be surveyed in 
accordance with Chapter 2. The water" requirement should 
be calculated, and the type and amount  of eqnipment  that 
should respond on frs t  Marm should be designated. The 
response of fire apparatus, in conjunction with capacity of 
mobile water supply apparatus,  travel distance to haul 
water, and the volume of water supply, can then be 
arranged so that a constant flow to equal the water flow 
requirements is obtained. The procedure should be veri- 
fied under  training conditions prior to a fire emergency. 
This training exercise should include the spotting of equip- 
ment to protect the fire property and the exposures, explo- 
ration of the water sources, designation of fire lanes or 
routes, and review and modification of the operations to 
meet nnusnal  conditions. 

Mrcrati and aerial photographs cart be very helptul in 
the survey of static water- availability. Such photographs are 
usually available flom the county agricultnre department  
or the county office of planning and zoning. Topographi- 
cal maps front the United States Geological Survey also can 
be of vahle in this survey. However, the value should he 
determined by the date tiaat the map was made or revised, 
since an out-of-date ntap can prove to he of little valne. 
Once sites are located, they need to be prepared tor use 
according to the recommei(dations of this section. 

Appendix C Water Haul ing 

This Appendix is ~ot a part of the requireme~tts o[ this Nk'IL~I docume~& 
hu! is included/or i~!/ormation purposes only. 

C-1 Moving Water by Mobile Water Supply. 

C-I.1 General.  The fire service has always experienced 
fire control difficulties in isolated areas. The difficuhies 
have been many and varied, but one of the big factors is 
the lack of an adequate water supply. An adequate amount  
of water for control and extinguishment is a major consid- 
eration of most rural fire chiefs and influences the major- 
it)' of their fire fighting decisions. A portion of the training 
of the rural fire depar tment  emphasizes the need for the 
conservation of the meager water supply that is available in 
nlany areas. 

A limited water supply condition at a working fire in a 
rural area challenges all phases of fire fighting. Therefbre, 
this appendix discusses the procedures for moving water in 
those areas where there are no municipal-type water distri- 
bution systems with fire hydrants. 

If the water supply is a dr)' fire hydrant,  a lake, a cistern, 
a swimming pool, etc., some means must be provided tot 
transporting the water flom the supply to the tire. Most 
fire departments use a fire depar tment  pumper  having a 
pump capacity of 750 gpm (2842 L/min) or more and hav- 
ing a nf ininmm 500-gal (1895-L) tank. 

As this vehicle is always assigned to the supply, some 
departments provide it with little equipment  beyond the 
pumps, the necessary hose tot loading, and some precon- 
net ted hand lines. 

Several departments report that they have developed 
water supplies where the pumper  is actually driven into 
shallow water at the water supply. Others have developed 
a trailer with a pump, and the trailer is pulled to the water 
supply. Still other departments have received good service 
fl'om a permanently installed pump at the supply. 

Over the years, rural departments depending  on hauled 
water have tended to utilize any means that will carry 
water and have exercised a great deal of ingenuity to make 
it work. Recently, there has been a trend in fire depart- 
ments in rural areas to use "s tandard"  pumpers  and 
mobile water snpply apparatus with tanks in the 1000- to 
1500-gal (3785- to 5678-L) range. Significant progress has 
been made in such mobile water supply apparatus tech- 
niques as loading, unloading, and maintaining a continu- 
ous fire stream, based on the fire flow study, dur ing  the 
entire fire fighting operation. 

Mobile water supply apparatus are necessary tbr most 
rural departments and can be a big asset to a depar tment  
having a weak municipal-type water system. While specially 
buih and designed mobile water supply apparatus are 
ideal, many fire chiefs are facing fires without adequate 
standard equipment.  Since the job of putt ing out fires will 
require, on occasion, water-carrying capacity far above 
normal capability, a sound nmtual  or automatic aid pro- 
gram is necessary and tar superior to makeshift equipment 
that is not designed tot emergency service and is unsati:. 

In building and buying nonstandard apparatus, utmost 
care should be exercised to consider satiety and serviceability 
of the equipment as well as the satiety of the membership 
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of  the depar t lnent .  A d e p a r t m e n t  that depends  on an 
assortment of mobile water supply appara tus  designed pri- 
marily for other" use might need exper t  assistance in check- 
ing the equipment  tor satety betbre put t ing it in service. 

If satisfactory service is to be obtained f iom mobile water 
supply apparatus ,  the size of chassis necessary to sately 
carry the load, the horsepower of  the engine necessary to 
perform on the road and at the fire site, the completed 
vehicle's weight distribution, and the gear train combina- 
tion best suited tor the operat ion in that specific locale are 
factors that should be carefully considered ira the purchase 
or construction of  the apparatus.  The  apparatus  compo- 
nents, such as bail:ling of tank and center of gravity, are 
just as important  as the engine, axles, and other  drive line 
components  and should not be overlooked. 

Some fire d e p a r t i n e n t s ,  where  the i r  p u m p e r s  a re  
equipped with large booster tanks, have retrofit ted these 
pumps with a dump system. 

C-1.2 Purchase or Construction of  a Mobile Water Supply 
Apparatus. In the purchase or construction of a mobile 
water supply apparatus,  it is necessary that careful atten- 
tion be given to ensure that engine, cimssis, baffling, cen- 
ter of gravity, and brakes of adequate  specifications are 
obtained. NFPA 1903, Standard /br Mobile Water Supply Fire 
Apparatu.s, covers mobile water supply apparatus,  and it is 
suggested that this s tandard be carefldly followed. The  
lank should be proper ly  constructed and baffled. Particu- 
lar attention should be paid to flow rates to and fiom the 
tank. Considerat ion should be given to discharging the 
mobile water supply apparatus  to the receiving vehicle, 
portable  tank, or other  equipment  as rapidly as possible to 
get back on the road and bring another  load of water to 
the f ireground.  Some depar tments  are installing very large 
dump  valves with gravity tlow; while other  depar tments  
are providing a dump with a .jet dump  ar rangement  to 
reduce the emptying time. 

Terra in  to be traveled, weather to be encountered,  and 
br idge and road conditions should be considered in buying 
or building sale mobile water supply apparatus.  

It is suggested that, fi)r a mobile water supply apparatus 
with a capacity greater than 1,500 gal (5678 L), it ntight be 
necessary to utilize a semitrai ler  or  tandem rear  axles, 
dependil]g on tank size and chassis characteristics. Consider- 
ation should be given to utilizing limited slip differential or 
all-wheel drive capabilities. Certain types of chassis might not 
provide sale carrying capabilities, and a dangerous vehicle 
could result fi-om assembly. Satie, reliable equipment that at 
least meets the minimum standards is a must. 

It is f lu ther  r ecommended  that the maxinmnt water 
tank capacity for mobile water supply apparatus  should not 
exceed 4,800 gal (18,168 L) or 20 torts of water. In some 
cases, it might even be found that the cost of  two smaller 
mobile water suppl}' apparatus  will be little more, if any, 
than the cost of one large mobile water" supply. The  mobil- 
it},, cost of upkeep,  state weight restrictions, and highway 
br idge weight restrictions cart convince many rural  fire 
de pamnen t s  of the need to restrict the weight of their 
mobile water supply. The weight of the vehicle plus the 
load c a n i e d  should not be greater  than the rated capacity 
of the tires. 

Each load-bearing tire and rim of the apparatus should 
carry a weight not in excess of the recommended load tot 

truck tires of the size used, as published bv the tire manufac- 
turer's rating, when apparatus is loaded. (;ompliance should 
be determined by weighing of the loaded apparatus. 

C-1.3 State Regulations.  

Regardless of  rear axle conlignration,  definite consider- 
ation should be given to the state legal weight per  axle 
requ i rement .  All states have single-axle weight limits, 
which are imposed solely due to road surt~ice conditions 
and longevity of  highways. Although axles are designed to 
carry their rated weight, and vehicle and fire depar tment  
planners can speciI~' precise chassis requirements  to fall 
within the sate tolerances of total vehicle operat ion and 
weight, this still does not legally permit  the fire appara tus  
to exceed the state's legal weight rating per  axle. Since 
some single-axle weigfit ratings are 26,000 lb (11,778 kg), 
the consideration and attention paid to state single-axle 
weight limits can become quite significant. 

The  use of  dead (or dummy) axles serves only to reduce 
the weight per  axle load (on weighing scales). In no man- 
ner does it allow the engineering parameters  of motor,  
transmission, drive shaft, brakes, etc., des igned for the 
gross vehicle weight rating (GVWR) of the chassis to be 
tuuctional. Using a nonworking axle for load-carrying pur-  
poses does not make a road-safe chassis. 

C-1.4 Mobile Water Supply.  In general  terms, mobile 
water supply vehicles are units made tbr specific water- 
hauling requirements.  In some wildland areas, where fire 
fighting is off the road and up steep grades, a 200-gal 
(757-L) slip-on unit is a mobile water supply. East of  the 
Mississippi River, there is a t rend in fire depar tments  in 
rural  areas to use mobile water supplies in the 1000-gal to 
1500-gal (3785-L to 5678-L) range. In flat areas west of the 
Mississippi, tire depar tments  successfully use mobile water 
supply apparatus  with capacities of 3000 gal to 5000 gal 
(1 l 355 L to 18 925 L) and occasionally more. 

In many parts of the country, terrain and br idge and 
road weight restrictions limit the capacity of  mobile water 
supplies to the 1,000-gal to 1,500-gal (3785-L to 5678-L) 
range. (See B-7.1.) However, the depa r tmen t  opera t ing  
mobile water supplies with capacities of 1,000 gal (3785 L) 
or more will normally find it easy to meet mininmm water 
requirements outl ined in this s tandard where water sup- 
plies are readily available. 

It is desirable to have mobile water supplies of similar fill 
and discharge capability and equal water-carr}'ing capaci- 
ties to prevent  them from "stacking" at the fill and dis- 
charge points. 

C-1.5 Tank Baffles. Some consider the age-old problem 
associated with tank baffles or swash partitions as the weak- 
est and most dangerous  area of fire engine and mobile 
water  supp ly  des ign  and cons t ruc t ion .  C o n s i d e r a b l e  
improvements  have been made in baffles since the advent 
of  the computer  age. Poor baffling has been responsible for 
many accidents and  accounts tor a number  of  deaths  
throughout  the country each year. Theretore,  carefid con- 
sideration should be given to baffles by the designers and 
builders of the tanks. 

C-1.6 Plumbing.  It is important to have an outlet of ade- 
quate size to empty the tank. The reason is evident when the 
time needed to empty a 1600-gal (6056-L) mobile water sup- 
ply apparatus by gravity flow is considered. (See 7?lble C-1.6.) 
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Table C-1.6 1600-Gallon Mobile Water Supply (Tanker) 
Gravity Flows 

Outlet in Inches Discharge Time in Minutes 

2tl., (65 mm) 20 
4t/, (I 1.4 cm) 7 
6 (15.2 cm) 5 

10 (20.0 cm) 12/:~ 
12 (30.5 cm) I l/,, 

Adequately sized plumbing is also important in those 
mobile water supply apparatus equipped with a pump with 
a .jet dump arrangement.  Many jet dump mobile water 
supply apparatus are capable of discharging at the rate of 
1000 gpm (3785 L/rain) or more. 

Proper venting is a prerequisite for filling and emptying 
tanks, but it is imperative for rapid filling and discharging 
of tanks. There must be adequate provision for air to be 
driven from the tank when it is being filled with water and 
for air to enter the tank when that tank is being emptied. 
It is recommended that, as a minimum, the vent opening 
should be four times the cross-sectional area of the inlet. 
Inadequate venting can resuh in the tank being bowed out- 
ward when it is being filled rapidly, or in impairing the 
discharge flow when emptying. 

An 8 in. x 8 in. (20.3 cm x 20.3 cm) vent extending 
approximately 12 in. (30.1 cm) high is an adequate vent 
size. Also, a 3-in. (76-ram) overflow pipe is suggested in 
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus. 
This overflow pipe located in the vent pipe area has 
worked very well for a number  of departments to provide 
an important venting source when the vent top is closed. 

Adequate pump-to-tank plumbing size is also essential to 
provide for rapid discharge of water fiom a mobile water 
supply through its pump. Many pieces of fire apparatus 
are in service that cannot deliver the full capacity of their 
pumps from their tanks because of undersized tank-to- 
pump plumbing. In a mobile water supply operation in 
which the emphasis can be placed on rapid low pressure 
emptying of a tank, this can be a major limitation of 
efficiency. 

Of major concern, in a water-hauling system involving 
mobile water supply apparatus, is the fact that the mobile 
water supply might not be completely filled at the source of 
water or water supply or completely emptied at the fire. 
Some mobile water supplies are st) designed that as little as 
10 gal (38 L) of water is left in the tank while others can 
have 100 gal (379 L) or more. 

Applicable NFPA standards such as NFPA 1903, Stan- 
dard f i ,  Mobile Water Supp& Fire Apparatus, contain data on 
adequate plumbing. Many departments are now exceeding 
the nominal pipe size requirements tbr their pumps in 
order to overcome fiiction loss and increase their capabil- 
ity to rapidly empty a tank by use of the pump. 

C-1.6.1 Fil l  L i n e  C o u p l i n g s .  Often, time wasted at 
mobile water supply fill locations is due to difficulties in 
coupling and uncoupling the threaded couplings between 
fill pumper  and the mobile water supply. If this is the case, 
considerable time can be saved by using either a quarter- 

turn coupling, or some type of flexible hose with a quick 
discharge, specially designed large diameter fill pipe, or a 
rapid fill device that drops into the tank fill opening,  thus 
providing quick breakaway t iom the fill supply. 

C-1.7 W e i g h t  D i s t r i b u t i o n .  Weight distr ibution is all- 
important  in the handling of a heavy piece of fire appara- 
tus and should be properly designed into the unit  and then 
verified by actual weighing of each axle. Only a slight 
change in the load carried or the distribution of the load 
might cause the design limits of the truck to be exceeded 
and turn a safe vehicle into an unsafe vehicle. 

Figure C-1.7 provides information as to data necessary 
to figure accurate weight distribution and how to use this 
data to umke the weight distribution calculation. 

BL-------~ 

 -BBc4 cE  

F-* 
BA 

BBC = Bumper  to back of cab 
BA = Bumper to centerline of front axle 
CE = Back of cab to end of frame 
CA = Back of cab to centerline of rear axle or tandem 

suspension 
AF = Center of rear axle to end of frame 
FH = Frame height 
BL = Body length 
FA = Front axle weight 
IL4. = Rear axle weight 
B = Body weight --  Weight of complete body to be 

installed on chassis 
PL = Payload weight --  Weight of commodity to be 

carried 
A = Distance from centerline of rear axle to centerline 

of body or payload 
Centerline of body (at l/2 body length) 

WB = Wheelbase distance --  Distance between centerline 
of fiont and rear axle or tandem suspension. 

Terms:  

Chasis --  Basic vehicle cab, frame, and runn ing  gear 
Curb Weight --  Weight of chassis only 

Gross Vehicle Weight Rating (GVWR) --  Total of curb, 
body, and payload weight 

The weight carried by the front and rear axles can be 
calculated from the following tbrmulas: 

(B + P L ) A  
- FA (Front ~Lxle Weight) 

WB 

(B + PL) - FA = RA (Real" Axle Weight) 

Figure C-1.7 Weight distribution for mobile water supplies. 
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Data required pertains to "as is" weights of the chassis to 
be used, dilnensions of the chassis, and weights to be 
placed on the chassis. "As is" weights are hest determined 
by weighing the chassis, with separate weights obtained on 
front and rear axles. If the unit has dual rear axles, the)' 
should be weighed together. In some cases, particularly in 
using a new chassis, this data can be obtained fiom tim 
agency providing the chassis, but it should be noted that 
such items as changes in tire size, lengthening, shortening, 
or reintbrcement can alter such standard factory-provided 
data, and it is consequently preferable to weigh the chassis 
upon starting construction planning. 

Dimensional data is easily obtained by use of a tape mea- 
sure or carpenter 's ruler. Again, it might be available fi-om 
the source providing the chassis but should be veritied. 

The weight of tim body to be added to the chassis is pri- 
marily a combination of the steel and other materials used 
in the body, the water in the tank itself, and the compo- 
nents added to that basic list. These include such items as 
any reels, hose, or miscellaneous equ ipment  p lanned.  
Wflile it is not necessary to make an individual calculation 
tot minor items (minor in terms of weight), it is certainly 
important to calculate weight distribution of items of a lieu" 
hundred  pounds or more. 

This appendix does not attempt to provide complete infof  
marion on mobile water supply construction or the weight 
distribution of such a mobile water supply. The chassis man- 
ufacturer's recommended weight distribution --  generally 
expressed as a percentage of total weight, including both 
chassis and the weight placed on that chassis tbr ti'ont and 
rear axle(s) --  is a prudent  guideline tot the final weight dis- 
tribution desired. Component weights should be obtained 
fiom the manutacturers of those components. Steel weights 
should be obtained from the steelyard providing the material. 

C-1.8 Turning Radius and Wheelbase. An important  
consideration in mobile water supply shuttle operations is 
the area available for turning. Since the mobile water sup- 
ply might be called on to reverse direction or to maneuver  
tbr position at the water source or the fire site, a muhiple 
of small single-axle mobile water supplies with 12-in. 
(30.1-cm) quick dump or 6-in. (15.2-cm).jet dumps might 
actually move more water to the fire location than longer 
wheelbase tractor trailers and dual tandem axle mobiles 
water supply apparatus. 

C-1.9 Nonwater Mobile Water Supply Modification. Spe- 
cial care should be used when modit}'ing a mobile water sup- 
ply built tor one purpose to be used tor another purpose, 
such as the prevalent practice of adapting an oil tanker as a 
mobile water supply apparatus. The majority of oil or gaso- 
line tankers are constructed to carry a volatile liquid whose 
specific gravity is less than that of water. When utilized as a 
mobile water supply apparatus, the weight may exceed the 
manutacturer's permissible gross vehicle weight limits. For 
this reason, it might be prudent to reduce the tank's size to 
avoid undesirable effects on weight distribution. However, in 
doing so, special attention should be paid to the problem of 
altering the center of gravity, which makes tbe vehicle's cor- 
nering characteristics more hazardous. 

Special attention should be paid tn the baffling of such 
mobile water supply apparatus, and the truck should be 
rejected if it does not meet the demands of cornering, 
braking, and acceleration required by the fire service. 

Other special considerations: 

A stainless steel milk tanker might be made out of ver)' 
light gauge metal with no baffling and be difficult to baffle 
crosswise and lengthwise. 

The steel used in gasoline tankers will corrode extremely 
t~tst due to the uncoated interior of such tanks. In addition, 
the steel used is not of the copper-bearing or stainless type 
used in most fire apparatus tanks. 

Aluminum fuel oil tanks have been tound to be subject 
to corrosion ti'om chlorinated water and corrosive rural 
water supplies. They can have a life expectancy less than 
that of steel if not properly coated and protected. 

There is an inherent  danger in modif}'ing gasoline 
tankers --  that of an explosion. All gasoline tanks should 
be thoroughly steam-cleaned before modifications requir- 
ing welding are undertaken. 

Gasoline and milk tankers are usually designed to 
be filled with the product each morning (br distribution 
of that product dur ing the day under  normal traffic 
conditions rather than emergency conditions, as is the case 
with fire equipment.  It is not necessary for an oil tanker 
or milk tanker to stand in the station full}' loaded day 
after day. 

Weights of Various Fluids 

Milk -- 8.5 lbs/gal 

Water --  8.3 lbs/gal 

Gasoline -- 6.2 lbs/gal 

For SI units: 1 Ih - 0.454 kg; I gal = 2',.785 1.. 

C-I.10 Driver Training.  An important consideration fie- 
quently overlooked by the rural fire depamnent  is that of 
driver training. There are tew people trained to drive a 
tractor-trailer combination under  emergency conditions, and 
the fire department planning to use one should be trained. 
Even a 2- or 3-axle vehicle used as a mobile water supply will 
probably have driving characteristics highly unlike other 
apparatus, and driver training is a must. Individual state 
operator licensing requirements should be met. 

C-I. l l  Calculating Water-Carrying Potential. Two pri- 
mary factors to be considered in the development of tank 
water supplies are: (1) the amount of water carried on ini- 
tial responding units and (2) the amount  that can be con- 
tinuously delivered thereatier. 

A number  of fire departments have developed water- 
hauling operations to the point where the}' have a maxi- 
mum continnous flow capability (a sustained fire flow) of 
1000 gpm to 2000 gpm (3785 L/min to 7570 L/min) at tire 
fire scene. This requires several mobile water supply appa- 
ratus to haul such large quantities of water, with a devel- 
oped water source near the fire site. To improve the satiety 
factor by reducing congestion on the highways, the depart- 
ments often send the mobile water supply apparatus to the 
water source by one road and use another route for the 
mobile water supply apparatus to return to the fire scene. 
Therefore, the time tot the department  to travel flom the 
fire to the water source (TI) might be a different time than 
the travel time back to the tire (T,). The reduction of con- 
gestion on the highway provides fi)r a sailer operation and 
can increase the actual amount  of water hauled. 
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1 2 3 1 - 3 6  WATER SUPPLIES FOR SUBURBAN AND RUI,LM. FIRE FI(;HIING 

An a p p r o p r i a t e  f o r m u l a  to calculate  the  m a x i m u m  con-  
t i nuou s  flow capabi l i ty  at  t he  fire scene  is: 

V 
Q = - 10% 

A + (T l + T2) + B 

W h e r e :  

Q = M a x i m u m  c o n t i n u o u s  tlow capability'  in ga lhms  
p e r  m i n u t e  (L/min) ;  

V = Mobi le  wa te r  supp ly  capaci ty in gal lons  (L); 
A = T i m e  in m i n u t e s  (for the  mobi l e  wate r  suppl ies)  

to d r ive  200 ft (61 m), d u m p  wa te r  in to  a d r o p  
tanks ,  a n d  r e t u r n  200 fi (61 m) to s t a r t ing  po in t ;  

T 1 = T ime  in minu tes  (for the  mobile  water  supply)  to 
travel  f rom fire to water  source, calculated by the  
t o rmula  T 1 = 0.65 + XD l [see Table C-l.ll(b)]; 

T~ = T i m e  in m i n u t e s  for  the  same  mobi le  wa te r  sup-  
ply to t rave l  f rom wate r  source  back to fire, cal- 
cu la t ed  by the  f o r m u l a  T~, = 0.65 + XD,, [~see 
Table C-l . l  l(b)]; 

B = T i m e  in m i n u t e s  ( tbr  t he  mobi le  wa te r  supply)  to 
d r ive  200 ft (61 m), fill mobi le  wate r  supp ly  at  
wate r  source ,  a n d  r e t u r n  200 it (61 m) to s tar t-  
ing  poin t ;  

- 1 0 %  = A m o u n t  of  wa te r  supp ly  (mobi le  wate r  supp ly  
capacity)  c o n s i d e r e d  not  avai lable  d u e  to spillage, 
under f i l l i ng ,  a n d  i n c o m p l e t e  un load ing .  

T h e  d u m p i n g  t ime  (A) a n d  filling t ime  (B) tb r  the  tor-  
m u l a  s h o u l d  be  d e t e r m i n e d  by dril l  a n d  by close s tudy  o f  
wa te r  sources.  E q u i p m e n t  does  no t  have  to be  o p e r a t e d  
u n d e r  e m e r g e n c y  cond i t i ons  to ob ta in  t ravel  t ime  (T), as 
this  is ca lcu la ted  u s ing  the  | b l lowing  equa t ion :  

T = 0.65 + XD 

W h e r e :  

T = T i m e  in m i n u t e s  of  ave rage  one-way  t r ip  t ravel  

D = One-way  dis tance.  

W h e r e  all a p p a r a t u s  is e q u i p p e d  wi th  a n  a d e q u a t e  
eng ine ,  chassis,  baffl ing,  a n d  brakes ,  a safe c o n s t a n t  speed  
o f  35 m p h  (56.3 kph)  can genera l ly  be  m a i n t a i n e d  on  level 
t e r r a i n ,  in l igh t  t raff ic ,  a n d  o n  a n  a d e q u a t e  r o a d w a y .  
W h e r e  cond i t i ons  will no t  p e r m i t  this  speed ,  the  a v e r a g e  
safe c o n s t a n t  speed  s h o u l d  be r e d u c e d .  

Using an  average safe constant  speed of  35 m p h  (56.3 kph). 

60 60 
X = - - 1.70 

average safe constant  speed 35 m p h  

NOTE: The  factor 0.65 r ep resen t s  an accelera t ion/  
deceleration factor c o n s t a n t  developed by the Rand Corp. 

P reca lcu la ted  values  o f " X "  u s i n g  var ious  speeds  in m p h  
have  b e e n  i n s e r t e d  in to  the  above  | o r m u l a ,  (T = 0.65 + 
XD) as follows: 

Table C-I.I l(a) 

T = 0.65 + 1.7 D Constant Speed of 35 mph 
T = 0.65 + 2.0 D Constant Speed of 30 mph 
T = 0.65 + 2.4 D Constant Speed of 25 mph 
T = 0.65 + 3.0 D Constant Speed of 20 mph 
T = 0.65 + 4.0 D Constant Speed of 15 mph 

For S1 units: 1 mph - 1.609 kin/hr. 

Table C-I.I l(b) Time Distance Table Using an Average Safe Constant Speed of  35 mph, T = 0.65 + 1.70 D 

Distance Time Distance Time Distance Time Distance Time 
(Miles) (Minutes) (Miles) (Minutes) (Miles) (Minutes) (Miles) (Minutes) 

0 0 
0.1 0.:q2 2.6 5.07 5.1 9.32 7.6 13.57 
0.2 0.99 2.7 5.24 5.2 9.49 7.7 13.74 
11.3 1.16 2.8 5.41 5.3 9.66 7.8 13.91 
0.4 1.33 2.9 5.58 5.4 9.83 7.9 14.08 
0.5 1.50 3.0 5.75 5.5 10.00 8.0 14.25 
0.6 1.67 3.1 5.92 5.6 10.17 8.1 14.42 
0.7 1.84 3.2 6.09 5.7 10.34 8.2 14.59 
0.8 2.01 3.3 6.26 5.8 10.51 8.3 14.76 
0.9 2.18 3.4 6.43 5.9 10.68 8.4 14.93 
1.0 2.35 3.5 6.60 6.0 10.85 8.5 15.111 
1.1 2.52 3.6 6.77 6.1 11.02 8.6 15.27 
1.2 2.69 3.7 6.94 6.2 11.19 8.7 15.44 
1.3 2.86 3.8 7.11 6.3 11.36 8.8 15.61 
1.4 3.03 3.9 7.28 6.4 11.53 8.9 15.78 
1.5 3.20 4.0 7.45 6.5 11.70 9.0 15.95 
1.6 3.37 4.1 7.62 6.6 11.87 9.1 16.12 
1.7 3.54 4.2 7.79 6.7 12.04 9.2 16.29 
1.8 3.71 4.3 7.96 6.8 12.21 9.3 16.46 
1.9 3.88 4.4 8.13 6.9 12.38 9.4 16.63 
2.0 4.05 4.5 8.30 7.0 12.55 9.5 16.80 
2.1 4.22 4.6 8.47 7.1 12.72 9.6 16.97 
2.2 4.39 4.7 8.64 7.2 12.89 9.7 17.14 
2.3 4.56 4.8 8.81 7.3 13.06 9.8 17.31 
2.4 4.73 4.9 8.98 7.4 13.23 9.9 17.48 
2.5 4.90 5.0 9.15 7.5 13.40 10.0 17.65 

For SI units: 1 mile = 1.609 kin. 
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APPENDIX C 1 2 3 1 - 3 7  

These formulas make it possible to plan water availabil- 
ity at any point in an area. As an example of how to calcu- 
late the water available from a supply where the water 
must be trucked to the fire scene, consider the following 
applications of the formula: 

If tank capacity (V) is 1500 gal (5678 L), the time (A) to 
fill the mobile water supply with water is 3.0 minutes and 
the time (B) to dump the mobile water supply load of water 
into a portable tank is 4.0 minutes. 

The distance (Dl) from the fire to the water source is 
2.10 miles (3.38 km). As the mobile water supply returns by 
a different road, the distance (D2) from the water source is 
1.80 miles (2.9 km). 

First, solve for T 1, the time for the mobile water supply 
to travel from the fire to the water source and, then, for T2, 
the time for the mobile water supply to travel from the 
water source back to the fire. 

Due to good weather and road conditions, the average 
mobile water supply speed going from the fire to the water 
source is 35 mph (56.3 kph). 

Therefore: 
T = 0.65 + XD 1 
X =  1.7 
D 1 = 2.10 miles 

At a constant speed of 35 mph: 
TI = 0.65 + 1.7 D 1 
T~ = 0.65 + 1.7 × 2.10 
T] = 0.65 + 3.57 
T 1 = 4.22 minutes 

[Also see Table C- l . l  l(b).] 
At a constant speed of 35 mph (56.3 kph), a mobile water 

supply traveling 2.1 miles (3.4 kin) will take 4.22 minutes. 
Due to traffic lights, the average mobile water supply speed 
between the fire and the water source is 30 mph (48.3 kph). 

Therefore: 
T = 0.65 + XD 2 
At 30 mph: 
X = 2.0 
0 2  = 1.80 miles 
T 2 = 0 . 6 5  + 2 . 0  D 2 

T 2 = 0.65 + 2.0 x 1.8 
T 2 = 0.65 + 3.60 
T 2 = 4.25 minutes 

Substituting in the formulas 
V 

Q = - 10% 
A + (T 1 + T2) + B 

Where: 
Q = Maximum continuous flow capability in gpm with 

V = 1500 
A = 3.0 
T 1 = 4.22 
T7 = 4.25 
B = 4.0 

1500 
Q = _ lOCA 

3.0 + (4.22 + 4.25) + 4.0 
1500 

Q = - 10% 
3.0 + 8.47 + 4.0 
1500 

Q = ~ - 10% 
15.47 

Q = 97 - 10% = 87 gpm maximum continuous flow capac- 
ity available t~om this 1500-gal mobile 
water supply. 

For  SI units:  1 mile - 1.609 kin. 

To increase the maximum continuous flow capability of a 
mobile water supply, any of the following changes can be made: 

(a) Increase the capacity of the mobile water supply 

(b) Reduce the fill time 

(c) Develop and  provide addit ional  fill points, thus 
reducing travel time 

(d) Reduce the dump time. 

With rural fire response distances normally being very 
long, the number  and size of mobile water supply appara- 
tus available to the department  is of paramount  impor- 
tance. This information will assist the depar tment  in calcu- 
lating the probable mobile water supply volume that will be 
available at various fire locations. Equally important  in 
increasing the maximum continuous flow capacity of a 
mobile water supply is to reduce the distance between the 
source and the building or fire. This can be accomplished 
by increasing the number  of water supplies and/or the 
drafting points. (See Figure C-I . l  l .)  

Figure C-I . I I  One way to increase water-hauling capacity is to reduce 
the fill time of  the mobile water supply. Here is one type of quick coupling 
that can help to reduce the fill time. 

C-1.12 Discharging the Mobile Water Supply. During 
water-hauling operations, mobile water supply dump/fill 
rates directly affect the fire flow capabilities established at the 
fire scene. Local needs usually determine mobile water sup- 
ply configuration and the water-hauling protocols adapted. A 
wide variety of off-loading and filling systems are currently in 
use. Some departments prefer to pump off their water into 
portable tanks, while others utilize a nursing type of opera- 
tion. An increasing number of fire departments are incorpo- 
rating the use of large dump valves or jet-assisted dump 
arrangements. To decide which system is best requires an 
evaluation of effectiveness, efficiency, and overall compatibil- 
ity with other segments of the water delivery. 

During a comprehensive evaluation, many factors should 
be considered. Travel distances, operating site location, and 
topography greatly affect water-hauling turnaround time 
periods. Usually, the most significant time can be saved dur- 
ing the filling and discharge segments of the shuttle opera- 
tion. Normally, greater quantities of water are made available 
as filling/discharge rates increase. Of course, increased quan- 
tities should be logistically supported by ample water source 
locations and tanking vehicles. 
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1231-38 WATER SUPPLIES FOR SUBURBAN AND RUKM~ FIRE FIGHTING 

As with other segments of fireground operations, strate- 
gic preplanning is vital to water-hauling evolutions. Pre- 
planning and practice reduce unnecessary actions and 
minimize unsafe practices. For example, a properly estab- 
lished dump site should eliminate or substantially reduce 
the need to back vehicles (an act that not only requires 
precious time but causes 33 percent of  all vehicle acci- 
dents). The use of flexible discharge tubing or side dumps 
in conjunction with properly set-up dump sites can often 
eliminate the necessity of  backing. 

Because two of  the key periods fbr saving time during 
water-hauling operations center around mobile water sup- 
ply filling and discharge, many fire departments  have 
incorporated the use of large gravity dump valves or jet 
dump vah, e arrangements. 

C-1.12.1 Mobile Water Supplies  Equipped with Large 
Gravity Dumps. A number  of rural fire departments have 
increased the size of  their gravity discharge dumps to 
reduce the time necessary to empty other water-hauling 
mobile water supply apparatus. Gravity dumping with dis- 
charge valves of  10 in. (25.4 cm), 12 in. (30.1 cm), or larger 
are often used. It should be remembered that dump valve 
discharge rates will vary as the depth of the water in a 
given tank decreases. Adequate air intakes and tank baffle 
cuts should be provided, or inefficiency and possible tank 
damage can result. To check the efficiency of a dump sys- 
tem, actual weight tests should be conducted to determine 
discharge rates. 

C-1.12.2 Mobi le  Water Suppl i e s  Equipped  with Jet- 
Assisted Dumps.  Basically, a jet is a pressurized water 
stream used to increase the velocity of a larger volume of 
water that is flowing by gravity through a given size dump 
valve. The water" .jet principle used to expel water" from 
mobile water supply apparatus has also been effectively 
applied to several other devices that can transfer water 
between portable dump tanks, fill mobile water supply 
apparatus ti'om static water sources, and reduce suction 
losses at draft. Water-jets properly installed in the dis- 
charge piping of  a mobile water suppl',' or fire apparatus 
can more than double their water-hauling efficiency. EItec- 
tive jet-assisted arrangements have exceeded a 1000-gpm 
(3785-L/rain) discharge rate when using 6-in. (15.2-cm) 
discharge piping and valve. Pumps supplying such jet 
arrangements should be capahle of  delivering a minimum 
of250 gpm (946 L/min) at 150 psig (1034 kPag). However-, 
some departments have obtained good results with pumps 
that deliver flows at less than 150 psig (1034 kPag) where 
larger discharge openings are provided. The size and 
design of the jet nozzle and the diameter and length of the 
dump valve piping directly atfect unit efficiency. 

C-1.12.3 Traditional In-line Jet-Assist Arrangement. 
Figure C-1.12.3(a) illustrates how the traditional jet is 
installed. A smooth-tipped jet nozzle is usually supplied by 
a pump capable of delivering at least 250 gpm (946 L/min) at 
150 psig (1034 kPag). Nozzle jets range in size from :~/4 in. to 
1 I/4 in. (19 mm to 32 ram). The diameter of the tip ,viii be 
determined by the capacity of the pump being used and the 
diameter of the discharge piping and dump valve. 

The installation of a jet dump requires answers to sev- 
eral important questions. In what location will the dump 
prove to be most useful, the side or the back? Will the fixed 
piping need to be ll/,_, in. (38 ram) in diameter or 2 in. 

T A N K /  

( ty  • 

~ Pump capacity 250 gpm 
at 150 psi or greater 

Jet nozzle 
1 in. or larger 

Discharge outlet with 
quick-opening valve 
(min. of 6 in. discharge 
is recommended) 

Figure C-l.12.3(a) Traditional internal jet dump. 

(51 ram) in diameter? What is the preferable location for 
the .jet, in-line or at the rear of the tank? The answers to 
these and other questions should be resolved before con- 
struction begins. 

In the interest of  site versatility, many departments are 
utilizing lightweight flexible discharge tubes equipped with 
quick-lock or quarter-turn couplings. Such tubing arrange- 
ments allow rapid discharge of  water to either side of  the 
vehicle and reduce the need tot hazardous backing at the 
clump site. 

The rate of discharge will be governed by the size of tile 
dump valve and piping, which can range ti-om 4 in. to 
12 in. (10.2 cm to 30.1 cm). Normally, a 6-in. or 8-in. 
(15.2-cm or 20.3-cm) diameter dump configuration per- 
mits adequate flow capacities where water.jet systems are 
employed. Again, it is stressed that adequate air exchange 
and water flow passages should be provided for a jet- 
assisted dump arrangement to function properly. Tanks 
can collapse where air exchange is restricted. Lack of  ade- 
quate gravity water flow to the jet area will also adversely 
affect the discharge efficiency of the water-hauling unit. 

Although some authorities recommend that the nozzle 
of the in-line jet be up to 6 in. (15.2 cm) from the center of 
the d ischarge  opening ,  o ther  effective designs have 
included placement of the nozzle inside the discharge pip- 
ing. Figure C-1.12.3(b) details how the traditional .jet 
arrangement can be externally added to an existing dump 
valve. A short length of 1 I/e-in. (38-ram) hose is attached to 
the female coupling on the jet device. The length of  the 
added dump piping can be anywhere fi-om 2 ft to 4 ft 
(0.6 m to 1.2 m), depending on whether or not a flexible 
tube is utilized during the dump process. 

1 1/2- in.  or 1 3/4- in.  
female coupling 

Female coupling 
for 

dump connection 
[ . . . . . .  ~Jet nozzle (inside) 

2 ft tO 4 ft ridged piping 

Figure C-1.12.3(b) Traditional external jet dump. 
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To properly operate, a .jet should be able to produce 
between 50 psig and 150 psig (345 kPag and 1034 kPag) 
pressnre. Higher pressures normally increase operational 
ett~'ctiveness. The diameter of  the .jet selected should be 
appropriate tot the capacity a n d  pressure capabilities of 
the ptnnp being utilized. Also important is the size of  the 
piping and valves that make up the ,jet dump system. 
External jets do have several advantages over internally 
fixed tntits, particularly in terms o f  system ntaintenance. 
Disadwtntages might include the need to provide for ade- 
quate air exchange during water flow, more time tor the 
initial setup to affix appliances, the restriction of  move- 
ment around the vehicle, and the general appearance of  
such extensions. 

C-1 .12 .4  Per iphera l  Je t -Ass i s t  A r r a n g e m e n t .  T h e  
peripheral  application of  jet-assist nozzles has proved 
highly eltective. This approach ntilizes two or more jets 
installed in the sides of the discharge piping just outside 
the ttuick dump valve. In addition to the reported dis- 
charge advantages of  peripheral,jet streams, the externally 
fed system is easier to plumb and has tewer maintenance 
problems. The jets, installed 25 to 30 degrees t iom the 
piping wall, contact more surtace area of the discharging 
water, thereby increasing water discharge efficiency. 
Because the water is drawn through the dtmtp valve, less 
turbulence is created, and the eddy efliect often present 
with traditional in-line jets is overcome. Nozzles made of  
welding reducer pipe fittings work very ettectively as jets. 
Flow rates of  2000 gpm (7570 l+/min) have been obtained 
using a 300-gpm (1136-L/rain) pump to supply t w o  :~/4-in. 
(19-ram) nozzles in a 6-in. (15.2-cm) dttmp valve con- 
figuration. Figures C- 1.12.4(a) and C- 1.12.4(b) represent a 
typical installation. 

C-1.12.5 Other Jet-Assist Devices. hmovalive fire orga- 
nizations have put syphons and jet-related devices to good 
use. Some syphons use o n l y  water level diflierential to 
transli~r water fi-om one tank to another. Normalh' con- 
structed of PVC pipe, such syphons are placed between 
portable tanks to equalize water levels. Transt;er is initiated 
by filling the U-shaped tubing with water, placing the caps 
on the tubing until it is put in place, then removing the 
caps to allow water flow. Such an arrangement, though 
useful, has often proved too slow tot the type of  transfer 
operations required. A modification of the syphon transfer 
piping using a jet was developed and has proved useful to 
many departments. Although 4-in. (10.2-cm) PVC and alu- 
mintmt piping have been used tor such devices, 6-in. 
(15.2-cnt) units usually are more practical. Using a 1/e-in. 
(13-ram)jet nozzle supplied by a 11/e-in. (38-ram) hose makes 
possible transfer flows of 500 gpm (1900 L/rain). Some 
departments merely add the.jet to a length of suction. [See 
Figures C-I. 12.5(a) and C-1.12.5(b).] 

Syphons are commercially available that use the jet prin- 
ciple and are, in some cases, supplied bv 21/,_,-in. (64-ram) 
h o s e .  These devices a r e  u s e d  to remove water fiom base- 
ment areas or increase water supply to life department 
pttmpers. 

In-line .jets have also been developed to reduce suction 
losses during drafting operations. In-line and peripheral 
.jets supplied by 1 l/',-in., l:"/4-in., o r  21/2-in. (38-mm, 44-nmt, 
or 64-nnn) hose lines can increase the output capacity of a 
certtrifitgal pump at draft up to 40 percent. The jets are 

Steel plate 
12 m. W x 10 in. H (1/2 in.) 

Steelplate "" 
8 in. H x 8 m. W ( 1 / 2  in.) 

1-14 in. [ ]  E 

1-14 in. [ ]  I -  

T 
Distance as tighl 
as p o s s i b l e /  

1 in. x 4 5 " .  ~ 

Jet insert 

9 in. or longer 
(18 in. to 20 in. 
preferably) 

Tank 

6in. WC 8291 1 
Grinnell or equal 

g~ 

._e 
¢b 

n -  , 

<. Threaded flanges-steel 
1-in. x 1 1/2-in. 8 bolt holes 

Bolts 
6 1/2 in. x 3/4 in.-10 

[]  

: <  2-in. piping 

2 in. 

3/4-in. to 1 -m. welding 
reducer, black steel 

Top v+ew 

Nt)'I'I,i: 6-in. (15.2-,.m) NST. 6-in. (15.2-cm) Stml,', or 6-in. (15.2-,:m) Bell 
cap with quick-lotk lugs ,>r other quick-t,mncct t,mpling recommended. 

Figure C-l,12.4(a) Peripheral jet-assist installation. 

12 m. W X 10 in. H (1/2 m.) 
steel plates 

8 m. x 8 in (1/2 in.) ,, 

Tank 

o I II 1 . ,~ ": I - ' /  I I  m, r ~ r l  4r 

Quick-connect ' I 13 1/2 m. 
coupling 2 L ~  hJ 
recommended Handle 

22 1/2 in. 

2 4  in .  

Side view 

Figure C-l.12,4(b) Peripheral jet-assist installation. 
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placed at the intake and at every 10 ft (3.1 m) ofsuction in 
use. [See Figure C-1.12.5(a).] Tt:m design characteristics of 
strainers used during such application should permit ade- 
quate water flow capacity. Some departments have devel- 
oped a jet system for delivering water from a static source 
to mobile water supply apparatus through 4-in. or 6-in. 
(10.2-cm or 15.2-cm) lightweight pipe. This supply piping 
concept is used to fill mobile water supply apparatus  
through their discharge gates or via top loading or large 
inlets capable of  filling mobile water supply apparatus at 
the rate of 1000 gpm (3785 ljmin) or greater. 

4 in. or 6 in. aluminum 
or plastic piping 

# \ 

Holes 

/o>ooo 

12 in. to 24 i n . ~  

o \  /o  o o o o \  
2-in. miniclearance with adequate 
space or screen size to allow 
flow but restrict blockage by 
drop tank material 

Figure C-l.12.5(a) Jet-assisted transfer syphon. 

Figure C-l.12.5(b) Modified hard suction jet syphon. 

C-1.12.6 Test ing Dump Valve Capacity. Departments 
using large gravity dump valves or jet-assisted dump valve 
arrangements need to determine the flow rate at which 
they can dump and fill each mobile water supply in use. 
(;enerally accepted procedures tor determining flow capac- 
ities have been suggested and should be accomplished as 
follows:* 

(a) Weigh the mobile water supply without any water tm 
board. 

(h) Again weigh the mobile water supply when it has 
heen completely tilled with water. 

(c) Using only gravity, off:load the mobile water supply 
fi)r 1 minute. 

(d) Reweigh the mobile water supply and deternfine the 
gal (g) off:loaded hv gravity. 

(e) Again retill the mobile water supply and weigh it. 

(t) Off:load the mobile water supply for 1 nfinute using 
the .jet arrangement. 

(g) Reweigh the mobile water supply and deterinine the 
gal (L) oil-loaded via the.jet. 

(h) Make a comparison of the gal (L) used by gravity 
and those depleted using the .jet. 

(i) Once again, till the mobile water supply and weigh it. 

0) For 1 minute, off-load the mobile water supply by 
opening the gravity dump and pumping through a 21~e-in. 
(64-mm) discharge. 

(k) ~ t e r  weighing the mobile water supply, determine the 
number of gal (L) off:loaded by pumping and dumping. 

An ettective jet-assisted dump arrangement should pro- 
duce at least twice the volume that would he expected 
when otI:loading by gravity. A good jet arrangement will 
exceed the volume experienced during the dumping and 
pumping test. Whether using large dumps or .jet dump 
arrangements, turnaround drop times and ease of  opera- 
tions should be the primary considerations. 

C-1.13 Portable Drop Tanks. There  are, generally, three 
lypes of drop tanks: (1) the sell=supporting tank, (2) the 
told-out fi-ame tank, and (3) a high-sided fold-trot tank [or 
helicopter bucket-lift mobile water supply service. The self- 
supporting tank is huih with the sides reinforced to sup- 
port the water inside the tank. The told-out ti'ame-type 
tank is similar to a child's wading pool --  an open tank 
supported by a steel frame -- and is the most comnum in 
tire service use. Tanks are available with an inlet and/or 
outlet built into the side of  the tank. Capacities of drop 
tanks normally run ti-om 1000 gal to 2500 gal (3785 L to 
9463 L) with 1"500-gal to 2000-ga115676-L to 7570-L) tanks 
as the more popular. The addititm of the drop tank for 
"stockpiling" water has yielded highly desirable resuhs. 
This stockpiling alh)ws tor the continuous operation of  low- 
volume supplies and creates a source from which a 
pumper  can draft tbr supplying hose lines in a direct tire 
attack. [See Figure,~ C-l.13(a) and (b).] 

*General procedure retierenced ti'om Larry Davis, Rural b)reflArhtmg 
()peratim~s Book 11, Chapter 15, page 342, I FSF1, Ashland, MA, 1986. 
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APPENDIX C 1 2 3 1 - 4 1  

Figure C-1.13(a) Portable drop tanks should be simple to set up. Note the 
portable tank compartment (door open) on the mobile water supply. (Photo 
by Nahunta Volunteer Fire Department, NC) 

Figure C-l.13(b) Each mobile water supply should carry a portable tank 
that is 40 percent greater than the capacity of the mobile water supply. 
Note the strainer that minimizes whirlpooling and allows departments to 
draft to a depth of 1 in. to 2 in. (25 mm to 51 ram) in the portable tank. 

C - 1 . 1 4  U s e  o f  P o r t a b l e  D r o p  T a n k s  a n d  M o b i l e  W a t e r  
S u p p l y  V e h i c l e s .  The development  of  the portable d rop  
tank or portable folding tank and the jet-assisted dump or 
large gravity dump to assist the mobile water supply in 
quickly discharging its load of  water has enabled many 
rural  fire depar tments  to utilize isolated water supplies 
and,  for the first time, to obtain sufficient water for effec- 
tive fire fighting. The  following is a brief  outline of  how the 
system is being employed by some depar tments .  

When an alarm of  fire is received, equipment  is dis- 
patched on a prep lanned  basis de termined by such factors 
as fire flow needs, hazards involved, water supply available, 
etc. (See Chapter 5.) A minimum of  one mobile water supply 
and one p u m p e r  respond to the fire, and the p u m p e r  
begins the fire attack with water from its booster tank. The  
first responding mobile water supply can act as a nurse 
unit or  can set up a portable drop  tank and begin discharg- 
ing its load of  water into the d rop  tank. With the use of  a 
je t - type pump,  discharging through a 5-in. or  6-in. 

(12.7-cm or  15.2-cm) discharge pipe, or  a large 12-in. 
(30.5-cm) quick dump  valve, the water in the mobile 
water supply can be transferred to the portable d rop  tank 
at a rate of  approximate ly  1000 gpm (3785 L/min). A short  
piece of  a luminum pipe with an "L" on one end gives the 
mobile water supply the flexibility to discharge into the 
d rop  tank with the mobile water supply backed up to the 
d rop  tank or  with the drop  tank located on either side of 
the mobile water supply. As soon as the mobile water sup- 
ply has empt ied  its load, it immediately heads to the water 
supply. In the meantime, another  fire depar tment  pump-  
ing unit has responded  to the water supply, connected to 
the water supply, and pr imed its pump.  When the empty 
mobile  water  supply  arr ives  at the water  supply ,  the 
p u m p e r  is ready to fill the mobile water supply.  The  
refilled mobile water supply returns to the fire site, dis- 
charges its water, and the cycle is repeated.  It is suggested 
that it is more efficient to fill one mobile water supply at a 
time rather  than to fill two or more mobile water supply 
apparatus  at a slower rate. Also, if all mobile water supply 
apparatus  in the depar tment  have the same capacity, they 
will not "stack up" at the source of  supply or the fire while 
waiting tbr a large mobile water supply to be filled at the 
source or to discharge its water at the fire. Although pre- 
planned,  each step of  this hauling operat ion is under  the 
direction of  the WSO, and local conditions can dictate vari- 
ations in this basic system. 

As addit ional mobile water supply appara tus  arrive at 
the fire site and dump  their water, they fall into the water- 
hauling cycle. It might be necessary for the WSO to open 
up additional water supply points with addit ional pump-  
ers. Portable pumps can sometimes be used in this opera-  
tion if the addit ional  supply is not readily accessible; 
however, refill time can be greatly increased. The  WSO 
at the fire site needs to be in radio contact with the officer 
in charge of each water supply or  suction point. The  
WSO will also advise the drivers of which route to take 
to the fire site. Wherever  possible, an a l ternate  route  
should be selected for re turning vehicles so that emergency 
vehicles will not be meet ing on sharp turns or  narrow 
country roads. 

Figure C-I.14 The aluminum irrigation discharge pipe, in the shape of 
an "L," allows discharge from either side or rear of the mobile water sup- 
ply. Four hard suction hose lines are used to minimize any clogging of the 
strainers. 
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It is possible that local fire departments will be unable to 
accommodate the demands of the initial alarm response to 
certain occupancies that require a large vohune of water, 
based on the study producing the water flow requirements. 
Automatic aid pumpers and mobile water supply appara- 
tus can be set up to run automatically on first alarm, 
thereby conserving valuable time and delivering fire flows 
calculated in Chapter 5. 

It is desirable that each mobile water supply carry a por- 
table drop tank with a capacity at least 40 percent greater 
than the capacity of the mobile water supply. 

C-1.15 Chemical Additives and Water Supply. 

C-1.15.1 General.  Fire departments are using chemicals 
to increase their fire lighting capacity. This is important to 
the rural fire fighter working with a limited water supply, 
because these chemicals can provide more extinguishing 
capability per gallon (liter) of water. Since tim chemical 
additives will create an additional expense, il becomes very 
important to be aware of the various capabilities and chal- 
acteristics of chemical additives, as well as their advantages 
and disadvantages, relative to the types of fires encoun- 
tered by each fire department.  

C-1.15.2 Foam. The need tor life fighting fimms occurs 
on surfaces where the cooling effect of water is needed and 
wherever a continuous fi)am blanket can provide the ben- 
efits of vapor suppression, insulation, delayed wetting, or 
reflection. Foam products are commercially available for 
Class A fuel fires and Class B fuel fires (commonly retierred 
to as Class A foam and (;lass B foam, respectively.) 

Class A loam is designed tor lighting fires involving wild- 
land tuels, sawdust, cotton, paper, rubber, and other (;lass 
A fimls. Class A fbam is a mechanically generated aggrega- 
tion of bubbles having a lower density than water. The 
toam is made by introducing air into a mixture of water 
and fbam concentrate. The bubbles adhere to the Class A 
fuels and gradually release the moisture they contain. The 
greater surlitce area-to-lnass ratio of water in the fimm of a 
bubble enables foamed water to absorb heat more eft~ec- 
tively than unlbamed water. Foam provides a barrier of 
oxygen, necessary to sustain combustion. The reduced rate 
of water release rcsuhs iu II1(.~1-c efficient conversion of 
water to steam, providing enhanced cooling elt~*cts and, 
along with surkactants contained in the solution, allows the 
water to penetrate the timls and reach deep-seated fire 
sites. Foam also p rov ides  a p ro tec t ive  b a r r i e r  for 
unburned ,  exposed fuels by wetting and insulation. (See 
NFPA 298, Foam Chemicals.lot Wildland Fire Co,hol.) 

Class B fi)am is designed for fighting fires involving 
flammable or combustible liquids where fi)am becomes the 
only permanent  extinguisbing agent used on fires of this 
type. Class B foam is lighter than the aqueous solution 
from which it is tbrmed and lighter than flammable liquids; 
theretbre, it floats on all flammable or combustible liquids, 
producing an air-excluding, cooling, continuous laver of 
vapor-sealing, water-bearing material for purposes of halt- 
ing or preventing combustion. (See NFPA 11, SlmMald /br 
Low Expa~r~io~ Foam mM Combi~ed Agent Sv~tems.) 

The appropriate listings on the label should be con- 
suhed to determine proper  application rates and methods. 
If there are no listings for application rates and methods, 
do not assnme any. However, the word " loam" appears in 
the usage of wetting agent instructions as well as in the use 
of water expansion system (WES) units. 

C-1.15.3 Other Water Additives (Wetting Agents). A 
wetting agent is a chemical compound that, when added to 
water in amonnts indicated by the manufacturer,  will mate- 
riallv reduce tim water's surface tension, increase its pene- 
trati'ng and spreading abilities, and might also provide 
enmlsificatiou and toamiug characteristics. Decreased sur- 
face tension disrupts the fbrces holding the film of water 
together, thereby allowing it to tlow and spread unitormlv 
over solid surfaces, and to penetrate openings and recesses 
over which it would normally flow. Water treated in this 
manne r  not only spreads and penetrates,  but displays 
increased absorptive speed and superior adhesion to solid 
surfaces. Theretore, leaks in plumbing and pump packing 
can occur that would not have occurred if the additive had 
not been used. Visual inspection should be made dur ing  
wet water operations. 

Wet water should be applied directly to tim surlace of 
the combustible. These agents do not increase the heat 
absorption capacity of water, but the greater spread and 
penetration of the wet water increase the efficiency of the 
extinguishing properties of water, as more water surlace is 
available fbr heat absorption and run-off is decreased. 

Wetting agents are broadly defined as being surtactants 
(surtace acting agents). All wetting agents are concentrated 
and are mixed with a liquid at varying percentages. The 
wetting agent can be liquid or powder. The liquid into 
which it is mixed tor fire lighting purposes is water. How- 
ever, the primary sales for some wetting agents are fbr use 
as a carrier fi)r liquid fiertilizers, fungicides, insecticides, 
and herbicides. These wetting agents can be, and are, used 
for fire fighting purposes. Thev don' t  have additives that 
will protect tanks, pumps, valves, and bushings, etc., and it 
is recommended that unused mixtures be drained out of 
the tank and a flush of all parts be made with plain water. 
With all wetting agents, hard water usually does require a 
greater amount  of additive to produce the same results. 

Wetting agents designed fi)r fire depar tment  use will 
normally contain rust inhibitors to protect the tank, pump, 
piping, and valves. Generally, the mixture will lose some of 
its rust-inhibiting characteristics if left in the tank. 

Wetting agents are available in both liquid and powder 
torm. Both torms resuh in tim same extinguishment 
characteristics. 

The use of wetting agents is as a soaking o1 penetrat ing 
agent fbr wildland fuels, sawdust, cotton (bales, bedding, 
upholstery}, rags, paper, etc. "l'hese agents are used very 
efliectively on smoldering or glowing combustibles. All of 
the commercially available products that fall into the above 
category will sat]slhctorilv suppress Class A fires. 

Many of the wet water additive products have instruc- 
tions tl~at make note of the production of a loam material 
through increasing the amount  of the product. 

No additional equipment  is needed for the production 
of this tbam. Caution should be exercised, as well as actual 
on-site testing pertormed, in order to determine what the 
resuhant foam will display in terms of extingnishment and 
tire fighter satiety. 

Additionally, a few wet water additives produce a loam 
through the use of a foam gun (generally a tube-type aer- 
ator and some nozzles). The instructions indicate this is 
generally a Class A fire extinguishing agent. As above, local 
on-site testing should be pertbrmed to determine the prod- 
uct's capabilities. 
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T h e r e  is avai lable  commerc i a l l y  a wa te r  addi t ive  tha t  will 
s u p p r e s s  Class A a n d  B fires. T h e  p r o d u c t  accompl i shes  
the  e x t i n g u i s h m e n t  of  Class B fires by a l t e r i ng  the  wa te r  
p r o p e r t i e s  in such  a m a n n e r  t ha t  the  i nc rea s ing  hea t  con-  
ver ts  the  wa te r  to a vapor ,  r a t h e r  t h a n  s team,  t h e r e b y  cool- 
ing  the  fire. 

A p p e n d i x  D L a r g e  D i a m e t e r  H o s e  

This Appendix" ts not a part of the requirements c!/ this NFPA document, 
but i.~ mcluded./br mJbrmation purpo.~e.~ only. 

D-I  T r a n s p o r t i n g  Water  T h r o u g h  Large  D i a m e t e r  H o s e .  

D-I .1  G e n e r a l .  T h e  a d v e n t  o f  la rge  d i a m e t e r  hose  as an  
accep ted  tool o f  fire f igh t ing  has  m a j o r  s ignif icance in the  
field of  ru r a l  wa te r  suppl ies .  T h i s  hose  is viewed as an  
a b o v e g r o u n d  wa te r  m a i n  f rom a wa te r  source  to the  fire 
scene,  a n d  its use  is g r o w i n g  in the  U n i t e d  States. W h e r e  
de l ivery  ra tes  exceed  500 g p m  (1893 L/min)  a n d  wate r  is 
m o v e d  l ong  d is tances ,  l a rge  d i a m e t e r  hose  p r o v i d e  a mos t  
eff icient  m e a n s  o f  m i n i m i z i n g  fr ict ion losses a n d  deve lop-  
ing  the  full po ten t i a l  of  b o t h  wa te r  suppl ies  a n d  p u m p i n g  
capaci t ies .  Fo r  p rac t i ca l  p u r p o s e s ,  N F P A  de f ines  l a rge  
d i a m e t e r  hose  as t ha t  with  a n  ins ide  d i a m e t e r  of  31/'_, in. 
(89 m m )  o r  la rger .  

D-1.2 C h a r a c t e r i s t i c s .  La rge  d i a m e t e r  hose  is avai lable  
in e i t h e r  s ingle-  or  doub le - j acke t ed  cons t ruc t ion ,  genera l ly  
in the  fol lowing sizes: 31/,_, in. (89 mm) ,  4 in. (10.2 cm), 
41/2 in. (11.4 cm),  5 in. (12.7 cm), a n d  6 in. (15.2 cm). T h e  
lower  f r ic t ion loss charac ter i s t ics  o f  such hose  increases  
t he  usab le  d i s tance  b e t w e e n  wa te r  source  a n d  fire. T h e  
d e p a r t m e n t  u n a b l e  to use  wa te r  sources  m o r e  t h a n  1000 ft 
(304.8 m) f rom a po ten t i a l  fire site m i g h t  f ind tha t  3000 ft 
(914 m) o r  m o r e  can  b e c o m e  a r e a s o n a b l e  d i s tance  w h e r e  
u s ing  la rge  d i a m e t e r  hose.  

T h e  basic  r e a s o n s  l a rge  d i a m e t e r  h o s e  moves  w a t e r  
m o r e  efficiently a re  its inc reased  size, its lower  fr ic t ion loss, 
a n d  t h e  r e l a t i o n s h i p  o f  t h e s e  f a c t o r s .  T h e y  c a n  b e  
e x p l a i n e d  by s tudy ing  the  ca r ry ing  capaci t ies  a n d  fr ict ion 
loss factors  s h o w n  in Tab les  D-1.3(a) a n d  D-1.3(b). 

D-1.3  C a r r y i n g  Capac i ty  o f  Large  D i a m e t e r  H o s e .  
Tables  D-1.3(a) a n d  D-1.3(b) show, for  example ,  t ha t  one  
5- in .  ( 1 2 . 7 - c m )  h o s e  l ine  d e l i v e r s  a v o l u m e  o f  w a t e r  
a p p r o x i m a t e l y  equ iva l en t  to six 21/2-in. (64-ram)  lines or  
four  3-in. (76-ram)  l ines at  a g iven  p r e s s u r e  a n d  dis tance .  
[To use  T a b l e  D-1.3(a) to ob ta in  these  n u m b e r s ,  r e a d  hor -  
izontal ly f rom the  5-in. (12.7-cm) hose  c o h l m n  on  the  far 
left. T h u s ,  the  table  shows one  5-in. (12.7-cm) l e n g t h  of  
hose  to have  the  ca r ry ing  capaci ty of  6.2 l eng ths  of  21/,,-in. 
(64-ram)  hose,  3.83 l eng ths  of  3-in. (76 -mm)  hose,  2.56 
l eng th s  of  3~/,,-in. (89 -mm)  hose,  etc.] 

D-1.3.1 S e l e c t i n g  Large  H o s e .  T h e  size a n d  the  a m o u n t  
of  hose  to be ca r r i ed  by the  fire d e p a r t m e n t  shou ld  be 
se lected to fit the  n e e d s  of  the  a rea  se rved  a n d  the  f inan-  
cial r e sources  o f  the  d e p a r t m e n t .  T o  assist in hose  selec- 
t ion,  "Fable D-1.3.1 can  be  helpful .  T h e  table  is d e s i g n e d  to 
be used  p r imar i ly  in re lay ing  wate r  with p u m p s  d i scharg-  
ing at  150 psig (1034 kPag) a n d  at 20 psig (138 kPag) 
res idua l  p r e s s u r e  at the  po in t  r ece iv ing  the  flow. 

Table D-l.3(a) Relative Carrying Capacity of  Fire Hose in 
Hose  Lengths 

21/2 in. 3 in. 31/2 in. 4 in. 41/2 in. 5 in. 6 in. 

21/2 in. 1 0.617 0.413 0.29 0.213 (/.161 0.1 
3in.  1.62 1 0.667 0.469 0.345 0.261 0.162 
31/2 in. 2.42 1.5 1 0.704 0.515 0.391 0.243 
4 in. 3.44 2.13 1.42 1 I).735 0.556 0.345 
41/2 in. 4.69 2.90 1.94 1.36 1 0.758 /t.469 
5 in. 6.20 3.83 2.56 1.8 1.32 1 0.619 
6 in. 10 6.19 4.12 2.9 2.13 1.61 1 

This table shows the relative carrying capacities of hose, 21/,, in. (65 ram) to 
6 In. (152 ram) in diameter for the same liqctmn loss. The values in the table 
are based on the Ha/en-Wflhams equanon. 
For Sl units: 1 in. = 25.4 nun. 

Table D-1.3(b) Approximate Friction Losses in Fire Hose  
(psig per 100 feet) 

Internal diameter 
of  hose 21/2 in. 3 in. 31/2 in. 4 in. 5 in. 6 in. 

Flow in gpm: 

250 15 6 2 --  -- -- 
500 55 25 10 5 2 -- 
75(1 -- 45 20 11 4 1.5 

1000 --  77 36 19 6 2.5 
1500 -- -- 82 4(1 14 6 
2000 -- -- -- 70 25 10 

For SI units: 1 in. = 25.4 ram: 1 gpm = 3.785 L/ram: I psig = 0.0689 bar (gl. 

Table D-I.3.1 Distance in Feet that a Given Size Hose  Can 
Deliver a Quantity of  Water 

GPM Discharge at 150 psig Pump Pressure 

Hose 
Size 250 500 750 1000 1500 2000 

Inches gpm gpm gpm gpm gpm gpm 

21/,_, 866 ft 236 ft 
3 2166 [t 5211 ff 288 ft 168 fl 
3]/2 6500 ft 1300 ft 650 ft 361 ft 158 lt 
4 2600 fl 1181 ft 684 ft 325 ft 185 ft 
5 6500 fi 3250 ft 2166 fi 928 ft 520 fi 
6 8666 fi 5200 fl 2166 ft 130/) ti 

Example: A 750-gpm fire flow is needed on a fire that is located 6500 It 
trom tbe water supply. A pumper rated 75(I gpm at 150 prig can relay 
750 gpm at 20 psig discharge for a distance of only 650 t~t d 31/~-in. (89-ram) 
hose is used or 8666 ft if 6-in. ( 152-mini hose is used. Therefore. the depart- 
ment should consider using 6-m. (152-ram) hose to deliver Its needed water 
r e q u i r e n l e n t  s. 
For  SI  un i t s :  1 in.  = 25 .4  ram:  1 g p m  3 .785 L/ ra in :  1 ft 0 .305  m:  
1 p s ig  = 0 . 0 6 8 9  ba r  (g). 

D-1.4 Load  Capac i ty .  A n o t h e r  i m p o r t a n t  i t em to con-  
s ider  is hose  load capacity.  Most  la rge  d i a m e t e r  hose  is of  a 
l i g h t w e i g h t  d e s i g n ,  w h i c h  r e su l t s  in a c o u p l e d  100-ft  
(30.5-m) l e n g t h  of  5-in. (12.7-cm) hose  we igh ing  a p p r o x i -  
mate ly  105 lb (48 kg) - -  little heav ie r  t h a n  a l e n g t h  of  
100 ft (30.5 m) of  conven t iona l ly  c o n s t r u c t e d  21/2-in. 
(64-mm)  hose,  which  can weigh a p p r o x i m a t e l y  100 lb 
(45 kg). 

1993 Edition 

Copyright 2015 National Fire Protection Association (NFPA). Licensed, by agreement, for individual use and download on February 3, 2015 to DAR AL HANDASAH. No other reproduction or transmission in any form
permitted without written permission of NFPA. For inquires or to report unauthorized use, contact licensing@nfpa.org.

{bb137d50-eae8-43dd-9170-478df5cc4e0f}



1231-44 WATER SUPPLIES FOR SUBURBAN AND RURAL FIRE FIGHTING 

One engine company, laying large diameter  hose instead 
of  mult iple  smaller lines, is much more  efficient in its 
water-moving capacity. The  use of  the large diameter  hose 
with one engine speeds up the operat ion that would other-  
wise involve multiple smaller lines with addit ional pump-  
ers, personnel,  and equipment  to accomplish the same job.  

D-1.5 Large Cities Us ing  5-in. (12.7-cm) Hose. Use of  
large diameter  hose is not limited to the rural  fire service. 
Because of its increased water-carrying capacity and effi- 
ciency, 40 percent  of  the 200 largest cities throughout  the 
U.S. now employ large hose, and it is one of the fastest 
growing items of technology in the fire service. It has dem- 
onstrated further utility as, literally, a portable pipeline 
used to bridge the gap in a water system when a main rup-  
tures and is being repaired.  It has further been used in 
some drought-str icken areas to br ing water to the scene of  
a fire from a distant lake or stream, conserving municipal  
water supplies that would otherwise be used. Several com- 
munities have installed as much as 2 miles (3.2 km) of  5-in. 
(12.7-cm) hose for this purpose.  While the large diameter  
hose is being laid, the initial fire attack is made  from 
hydrants.  Where the large hose carrying the water f iom 
the lake is available at the f i reground,  the hydrants  are 
shut down, and supplies in the municipal water system are 
conserved. 

D-1.6 Hose Reels. A number  of powered "reel trucks" 
with various hose load capacities are now in use. 

Much of the lightweight large diameter  hose now avail- 
able is of  a construction that permits field cleaning and 
does not require drying. The  use of  the "reel truck" per- 
mits rapid reloading using minimum personnel  (9), and 
the unit is in service within minutes. 

Double reels mounted  in the hose bed of a reel truck can 
produce a carrying capacity of  large diameter  hose of  up to 
6000 ft (1899 m). The  large diameter  hose then becomes 
over 1 mile (1.6 kin) of  aboveground water main. 

Such reel trucks generally require  special power-driven 
systems to rewind the hose. The  size of  the reels is not con- 
ducive to fitting on most s tandard  fire depar tment  pump 
bodies. Thereibre ,  trucks specially designed for this opera-  
tion are generally used as hose reel vehicles. 

D-1.7 Fi t t ings .  Large d iameter  hose is available from 
many  fire hose  m a n u f a c t u r e r s  with e i the r  s t a n d a r d  
threaded couplings or  quick-connect hermaphrodi te - type  
fittings that eliminate the "male-female" feature of cou- 
plings and, consequently, many adapters.  

Special fittings (described below) have been developed 
to be used with large diameter  hose. 

D-I.7.1 Clappered Siamese with Indicator. (See Figure 
D-I.7.I.) This valve is added  to the supply line one length 
from the hydrant  or  p u m p e r  at draft and allows for the 
addit ion of a second p u m p e r  without shutting down the 
flow of  water. The  indicator shows the position of the sin- 
gle clapper. 

D-1.7.2 Line Relay Valve. (See Figure D-1.7.2.) Should 
relay pumping  be required,  a line relay valve is inserted 
dur ing  the hose lay. This valve has a s t ra ight- through 
waterway so water delivery can be started upon completion 
of the lay. The  valve contains a gated outlet and a clap- 

Figure D-l.6(a) Field cleaning large diameter hose. 

Figure D-l.6(b) Apparatus with reels for large diameter hose. 

pered inlet. Upon arrival of  the relay pumper ,  a line is 
attached from the gated outlet to the suction of  the pump,  
with a discharge line connected from the pump discharge 
into the c lappered inlet. The  pump  pressure closes the 
clapper,  and the full flow is relayed to the f i reground or 
another  relay pumper .  In addit ion,  this valve contains an 
automatic air b leeder  and a pressure dump  valve set at 
150 psig (1034 kPag). It is impor tant  to note that the relay 
p u m p e r  can be added  to or  removed from the line without 
shutting down the flow of water to the f i reground.  
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I I 
Figure D-I.6(c) Many departments  have instal led large diameter  hose 
with a fiat lay in the hose bed. 

/ 

\ J l  k 4 

.¢ 
, r  

Figure D-I.6(d) Fire fighters quickly reload 5-in. (12.7 cm) hose as the 
apparatus straddles the hose. Note that the hose is loaded over the bar 
between the stanchions. 

Figure D-l.7.1 Ciappered siamese with indicator. Figure D-1.7.2 Line relay valve. 
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D-1.7.3 Hydrass i s t  Valve. (See Figure D-1.7.3.) This ver- 
satile valve can be utilized on a hydrant  where water is 
available but  pressure is limited. The  valve is attached to 
the hydrant  and the normal  lay of  supply line is initiated. 
W h e r e  add i t i ona l  p r e s su re  is r equ i r ed ,  a p u m p e r  is 
at tached to the valve and begins boosting pressure to the 
fire scene without in te r rup t ing  the flow of water from 
hydrant  to fire. In rural  applications, this valve can be 
equipped to lay in a line dur ing  hose lay and to allow a 
pumper  to hook into the line and boost pressure without 
in terrupt ing flow to the fire scene. 

Figure D-l.7.3 Hydrassist valve. 

D-1.7.4 Manifold  Valve. (See Figure D-1.7.4.) This valve 
contains a 4-in. or  5-in. (10.2-cm or 12.7-cm) inlet and four 
21/2-in. (64-mm) gated, th readed  male or female outlets as 
well as a gated 4-in. or  5-in. (10.2-cm or 12.7-cm) outlet. 
The  manifold is available with relief valve adjustable from 
50 psig to 200 psig (345 kPag to 1379 kPag). A pressure 
gauge is optional. The  manifold is portable,  allowing the 
fire depar tment  to establish its own portable hydrant .  

D-1.7.5 D i s t r i b u t o r  Valve. (See Figure D-1.7.5.) This 
valve contains a 4-in. (10.2-cm) opening and waterway with 
two 21/2-in. (64-ram) th readed  male outlets. It is placed at 
the end of  the supply line at the f i reground,  allowing dis- 
tr ibution of  water to one or  more  attack pumpers .  The  
valve utilizes ball shutoffs plus an adjustable dump valve. 

D-1.7.6 I n c o m i n g  Gated Re l i e f  Valve. (See Figure D-I. 7.6.) 
This valve is attached to the large suction inlet of the pumper.  
The supply line is connected directly to the valve. It is 
equipped with a fine-threaded, slow-acting gate valve, an 
automatic air bleeder, and an adjustable dump valve. The 
gate valve allows connection to the supply line while utilizing 
the booster tank water. It is also used to control the volume 
of water from the supply line to the pump. The dump valve 
helps protect the pumper  and supply line against sudden 
pressure surges and water hammer.  

Figure D-1.7.4 Manifold valve. 

Figure D-1.7.5 Distributor valve. 

D-1.7.7 Au toma t i c  Ai r  B leeder .  (See Figure D-1.7.7.) 
Required at all points where a large diameter  hose is con- 
nected to an engine inlet or at any distr ibution point. 

D-1.8 Irr igat ion P ip ing .  

D-1.8.1 General .  I r r iga t ion  p ip ing  shares many of  its 
characteristics of low friction loss and capability of  transfer- 
r ing large volumes of water with large diameter  hose. Irri-  
gation use is increasing throughout  the country,  which has 
resulted in much lightweight a luminum pipe becoming 
available to the fire service. It can be carried on vehicles or  
found on the f i reground in farming areas. The  fire depar t -  
ment  should know which of  its potential  hazards can be 
served by such a system. 
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Figure D-1.7.6 Incoming gated relief valve. 

...... ~ : ~ -  

Figure D-1.7.7 Automatic air bleeder. 

The  pipe can be coupled, but usually the couplings are 
not of  a type that permits  drafting. The  pipe has the 
advantage of  being a relatively permanent  installation for 
long durat ion fire fighting and is not susceptible to the 
rup ture  problems of  fire hose. Generally, it is an excellent 
tool [br major disaster situations but is less often used for 
conventional fire fighting evolutions, especially since the 
introduction of large diameter  fire hose. 

Departments  working in an area ira which piped irriga- 
tion systems are used should be alert to the adapters ,  etc., 
that might be needed to turn the conventional agricultural  
fittings into useful f i reground fittings. Adapters  from the 

pipe coupling to fire department  threads might be required 
and can be easily fabricated in local machine shops. They are 
not offered by either pipe or fire hose manutacturers. Mini- 
mum requirements are for one supply adapter; tbr instance, 
four 2t/2-in. (64-mm) NH (American National Fire Hose con- 
nection screw thread) thread female inlets x pipe section, 
and one discharge adapter;  or, four 21/z-in. (64-ram) NH 
thread gated male outlets x pipe section. 

Additional fittings to provide discharge gates at 100-ft to 
300-ft (30.5-m to 91.4-m) intervals [1 or more 21/z-in. 
(64-mm) NH x pipe section] might be desirable. In areas 
where large diameter  hose is available, adapters  permit t ing 
its integration with the pipe are highly recommended.  

A p p e n d i x  E P o r t a b l e  P u m p s  

Thi.s Appendix is not a part of the requirements c~f thig NFPA document, 
but is included for reformation purposes only. 

E-1 Portable Pumps.  

E-I . I  General .  Both diesel- and gasoline-driven portable 
pumps are available. The  use of portable pumps  is a com- 
mon method for moving water by the rural  fire depar t -  
ment. The  rural  fire fighter should not be required to be a 
pump expert;  however, the fire fighter should have the 
skill to place all portable pumps used by the depar tment  in 
operation,  obtain draft, and perform each procedure  in a 
minimal amount  of  time. 

E-I . I .1  Evaluating Portable Pump Needs.  In order" to 
get the maximum benefit from portable pumps,  the offic- 
ers of the rural  fire depar tment  should carefully study the 
needs of  the depar tment ,  taking into considerat ion the 
potential  fire hazard,  available water supplies,  and the 
capabilities of the depar tment  to use portable pumps.  The  
accessibility and the reliability of water supplies are deter-  
mining factors in the need for and use of portable pumps.  
Many rural  fire depar tments  have found that both a low 
pressure pump and a high pressure pump are required to 
fill their needs. 

Portable pump selection should fit the fire fighting sys- 
tem of  which it is to be a component;  if direct hose streams 
are to be taken from a portable pump,  the nozzles and 
hose size de termine  the required pump discharge vs. pres- 
sure characteristics. 

E- I . I .2  Portable Pumps.  A portable pump in the fire 
service means a pump that can be carried to a source by 
fire fighters, sometimes over difficult terrain. In general,  
two people should be able to conveniently carry the pump.  
It should not weigh more than from 150 Ib to 175 lb (68 kg 
to 79 kg) and should have carrying handles, be so con- 
structed as to be easily carried in a compar tment  on the 
apparatus,  and be capable of  supplying at least two 1 l/z-in. 
(38-ram) hand lines. Heavier pumps,  perhaps trailer- or 
t ruck-mounted,  or otherwise made mobile, are valuable 
but used less commonly. 

Although a number  of  rural  fire depar tments  have used 
portable-type pumps that are securely mounted on their 
apparatus  as the sole means of pumping,  few fire depar t -  
ments consider this to be a permanent  a r rangement  and 
plan to buy a fire depar tment  pumper ,  in addit ion to the 
portable pump(s),  when finances permit.  
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E-I.2 Classification for Portable Pumps. Portablc  
punaps tot the tire service are covered under  NFPA 1921, 
Standard./br Fire Department Portable Pumping Urals. which 
sets tbrth specitications to be followed when obtaining por- 
table pulnps. This standard classifies portable pumps by 
capacity and operating pressure. 

E-I.2.1 Rating of Portable Pumps. 

Ca) Small l'olume -- Relatively HigD Pre,~sure. This punlp- 
ing unit should be capable of pumping  20 gpm (76 I jmin)  
;it 200 psig (1380 kPag) net pressure through a 1-in. 
(25-mini discharge outlet while taking suction through a 
1 l/,_,-in. (3S-ram) suction inlet. This class of portable pumps 
is especially usethl to fire detlartments for It)rest fire fight- 
ing. which frequently requires  long 3/4-in. lo 1 be-in. 
(19-nun to 38-tn111) hose lines and pumping uphill in 
rugged terrain. Such fill alTangelnent will provide good 
nozzle reach. 

(b) Medium l'ohtme - -  kh,dium Pre,s,sure. This I)Unlt)ing 
tlnit shall be capable of discl/arging 60 gpin (227 L/mini at 
90 psig (621 kPag) net presstire and 125 gpili (47.<$ L /m in i  
fat 60 psig (414 kPag) i ie i  pressure i l lroiigll a lll<_,-in. 
(38-nnn) discharge outlet while taking suction thr()ugh a 
21/<_,-in. (64-toni) suction till('(. This class of portable plnnp 
has linlited utility tilr small strtlCttlral fires and can supply 
a 60-gpnl (227-L/mini log ll(izzle through 250 [i (76 m) of 
13/4-in. (44-into) hose. It can be used to fill booster tanks 
or be used with 21/e-in. (6-t-nini) hose to move water a 
hmg distance. 

(c) l~Hge l'o/ume -- Relatively Low Pre.~.~ulv'. This pump- 
ing nnit shall be capable of st,t)plying 125 gpni (473 L/nfin) 
at 60 psig (414 kPag) net pressure and 300 gpm 
(1136 Idmin) fit 20 psig (138 kPag) net pressure through a 
2(/<_,-in. (64-nim) discharge outlet while taking suction 
through a 3-in. or 4-in. (76-toni or 102-nnn) suction inlet. 
This class of portable pUlllpillg unit is tiequently used ti)r 
tank filling where a pumper  cannot get close to a source of 
water. It is also suitable fiw draining cellars, manholes, and 
other areas where water has accunndated. It can be used to 
supply two 1 l/,_,-in, or l:~/t-in. (38-ram or 44-toni) hose lines 
ot'shori lenglh with 60-gpm (227- l jmin)tog nozzles. This 
Call result in fire streanls of reduced qu,llity ilud quantily 
that might not be suitable flows |or interior lice lighting. 

Ain()iig the c()nnnon types (if" punlps used are: 

E-1.2.2 Gear Pumps. (;ear punips (high pressure, low 
volume) are of positive displacenlent type, with gears hav- 
ing very close tolerances between gears and case. They can 
()ills' tic; used satelv in clear water. Dirty water will catlse 
damage to gears and case. They are not very usefill t in 
tank tilling or relay work, as they are genelally of low 
capacity in the lighter models. 

They are very good tot tire tigbiing where high pres- 
sures are desired. These punlps have a shorter lite span 
than the centrifugal type, and are easily packed on tile 
back. They should never be operated w:lthout water and 
should be equipped with a relief valve. 

E-1.2.3 Piston Pumps. Piston pumps {high pressure, low 
vohnne) are operated by a piston, sleeve, or cylinder with 
two check valves. They can be either single or double 
actiou with one or more cylinders. They are positive dis- 
placement type and stloul¢i be operated with clean water. 

-l-llev are usually high-pressure pumps. Piston-type punlps 
are l'imited to small capacities and weigh more than centrif- 
ugal or gear pumps. They are capable of very high lift and 
should be equipped with a relief valve. 

E-1.2.4 Low-Pressure Centrifugal Pumps. The  low- 
pressure centrifugal portable pumps (high volume) gener- 
fill) are rated at 200 gpm to 300 gpm (757 12rain to 
1136 L/mini and are capable of discharge at pressures of 
50 psig to 80 psig (345 kPag to 552 kPag). Usually these 
tromps will not discharge rated capacities when operating 
with suction lift in excess of 5 fi (1.5 nil. 

Sonle of these pumps do not use runn ing  rings or seal 
rings. These types do not have close tolerances, so they can 
be tlsed in dirty water where some debris or abrasives are 
encountered. These pumps require little maintenance. 

Other types of portable pumps in this category do have 
water or seal rings, which will not hold up ;is hmg when 
pumping water containing snbstantial amounts of abrasive 
materials. 

At lower discharge pressures, this type of pump can 
deliver larger volumes, which at times have been n/etered 
at l iom 400 gpm to 600 gpnl (1514 L/rain to 2272 1jnlin) 
with adequate size hard suction hose at very low discharge 
tnessures and high pump rpms. (Examp'le: Relay l ionl  
portable pump into fire punlp on apparatus or portable 
dr<>p tank; or relay ti'om water source to drop tank where 
nlobile water supply is filled tor relay to fire site.) 

Operation of these pumps depends on centrifugal torte 
to move water, and they are very eltiective tor relay upera- 
tions to pumper  or fur'booster tank or mobile water sup- 
ply filling. There  are no special operating probletns to 
watch out li)r, and the pump will not heat up as rapidly as 
others if run without water. 

E-1.2.5 High-Pressure Centrifugal Pumps. Higb-pressure 
portable pumps (small volume) generally have a snlall capac- 
its', with an average of 30 gpm to 4(1 gpm (114 ldmin to 
151 L/rain) discharge and operating pressures in the 125 psig 
to 250 psig (862 kPag to 1724 kPag) vauge. 

The impeller is usually geared twice as fast ;is the engine 
to get the pressure at single stage. Ttlis type uses runn ing  
rings or seal rings the same ;is larger fire pnlnpers and 
usually incorl)orates closed vohltes in the impellcr. 

E-1,2.6 Floating Pumps. Pressure- and volunm-lloating 
punlps are available. A more recent developnmnt in porta- 
ble l)umps is the floating ptnntl that primes and llumps 
automatically where placed in water. Tiffs type of l)ump is 
constructed to set inside a Jtoai that resists breakage and 
needs no maiutenance. Some entire units weigh under  50 Ib 
(23 kg), including fuel, and provide tiom 60 to 90 minutes of 
operating time fiom the 5-qt 14.73-L) tirol tank. 

The pump serves a need tor a lightweight, easy-to- 
operate, portable tire pump that can be placed in the water 
and does not need suction hose or strainers. However, 
such pumps tend to pick tip leaves and other trash that can 
block nozzles and strainers of a pump supplied t)y tile ttoat- 
ing punlp. (See Figure E-1.2.6.) 

E-1.2.7 High-Lift Pumps. The high-lilt pump is a small, 
portable pumtJ that uses water to drive a water motor, 
whicll in turn drives an inlpeller and pumps water to high 
elevations int() a fire punlper  for relay into hose lines for 
fire fighting. 
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Figure E-1.2.6 Floating 500-gpm (1893 L/rain) pump in swimming pool 
supplying the department pumper through large diameter hose. 

The high-lift pump is designed to obtain a water supply 
from a river, lake, stream, swimming pool, etc., where not 
accessible by a pumper  or  conventional portable pump for 
draft ing operations.  

The  water used to power the water motor  of a high-lift 
pump is taken from the booster tank of  the pumper  and 
discharged at high pressure through the fire pump into 
the hose to the high-lift pump water motor. This, in turn, 
drives the water motor,  which is connected to the high-lift 
pump impeller,  thus forcing wflumes of  water back into the 
intake side of  the fire pump and on into the fire fighting 
hose lines. 

High-lift pumps can be hooked into hose lines and lowered 
or tossed into water sources at the lower levels without fire 
fighting personnel having to go down to set the pump. 

E-1.2.8 Dewater ing- type  P u m p s .  Dewater ing pumps ,  
also known as t rash p u m p s ,  a re  p u m p s  specif ical ly  
designed to handle muddy,  sandy, or  otherwise contami- 
nated water. Some are built to handle spherical solids up to 
I1/,, in. (38 mm) in diameter.  These pumps could be used 
in the fire service to pump water out of basements, tubs, or  
catchalls dur ing  salvage operations.  

E-1.2.9 Diaphragm Pump.  The d iaphragm pump uses a 
p is ton- type action employing  a d i a p h r a g m  that moves 
water with each stroke and is capable of  handl ing trash- 
laden water without damaging the pump.  

E-I.3 Methods of  Using  Portable Pumps.  

E-1.3.1 General .  Some of  the ntany problems of  supply- 
ing water  in rura l  areas  can f requent ly  be overcome 
th rough  the use of  the p r o p e r  por tab le  pump .  Many 
depar tments ,  through area prefire planning, locate water 
sources where portable pumps are the only suitable means 
of  using the water supply for filling mobile water supply 
appara tus  or  for supplying fire fighting hose lines. 

Departments  should, when locating pumping  sites for 
portable pumps,  de termine  whether the site is available 
year- round or  whether it can be used only dur ing  certain 
times of  the year. Fur ther  determinat ion should be made 
as to availability under  weather conditions anticipated and, 
if such conditions can make their use ditficult, how to pre- 
pare  the sites for all-weather utilization. 

Centr i fugal  pumps  are usually p re fe r red  over  o ther  
types because of  their ability to handle dirt  and abrasives 

with less damage and because of  their  desirable volume- 
pressure ratio. Similarly, 4-cycle engines are considered 
more suitable for fire service use, al though 2-cycle or the 
new turbine-driven pumps  can be used. However, 4-cycle 
engines should be used with the engine in a level position 
or  the engine will be damaged,  whereas 2-cycle engines can 
be used with the engine in any position (as long as fuel is 
available to the engine) without damage to the engine. 

A wood pallet or  other  firm base can be useful under  soft 
ground conditions. 

E-1.3.2 Uses of  Pumps.  Portable pumps can be used in sin- 
gle or multiple combinations to accomplish the following: 

(a) Filling truck tanks where no fire p u m p e r  is available 

(b) Supplying fire fighting hose lines 

(c) Relaying water from a source in a variety of  combi- 
nations or  hookups 

(d) Dewatering operations 

(e) Pump-and-rol l  operations.  

E-1.3.3 U n d e r  cond i t i ons  where  a fire d e p a r t m e n t  
pumper  cannot get to a source of  water and there is con- 
siderable distance between the source and the fire (several 
miles), low-pressure portable pumps of  larger  volume have 
proved to be very satisfactory where used to relay water to 
a mobile water supply fleet that shuttles water to a porta-  
ble drop  tank at the fire. A fire depar tment  p u m p e r  takes 
suction from the portable drop  tank for discharge onto a 
fire. (See C-I.13.) 

A few of the ways in which a fire depar tment  can make 
use of portable pumps are: 

E-1.3.4 Pumping  Direct ly  onto the Fire. The portable 
pump can be used to pump  water into hose lines directly 
onto a fire. It can be carried to nearby sources of  water, 
e.g., a swimming pool, out of reach of regular  fire appara-  
tus. Where these water sources are close to the fire, only 
small amounts of hose are needed and can be quickly car- 
ried into position ibr rapid attack on the fire. 

An effective portable pump for this purpose  would need 
to be of  at least a medium-volume type with enough dis- 
cha rge  p re s su re  to p rov ide  an effective fire f ight ing 
stream. 

For an example of this type of operation, see Figure E-1.3.4. 

Fire ~ 

~ [ -  Pumper ~ HI Portable pump / "~-- 

 °a°l 
Figure E-I.3.4 Pumping directly onto the fire. 
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E-1.3.5 Single Relay from Portable Pump to Pumpers. 
Under  conditions where a standard fire truck cannot get to 
a source of water, low-pressure portable pumps of largcr 
voh in l e  have  proved to he very satisl:actorv where used tt) 
relay water to pumpers. This becomes feasible at a greatcr 
distance fi'onl water, if large diameter hose is used. (See 
Figure E-I.  3.5.) 

A single portable punlp often can supply enough w a t e r  
to kee t) a punlper  supplied with good tire s t r e a l n s .  The 
portahle ptnnp can be at tile water source and a line laid 
fioni the portable punlp io tile pumper.  

One of the hig advantages of the portahle puin I) is that 
it can be placed close to the water supply lot operation ;it 
min innun lift and mininlnm friction loss in the suction 
hose, provided adequale size suction hose is used. Regular 
pumpers  can accept waler flom portable punlps and 
increase waler pressure tot live streams or use the water in 
a conlbination of tire streams and hoosier lank filling. 

A method comnlonlv used is tor a pumper  to lay. hose 
lines fionl Ihe tire to the water supply and starl punipin,ff 
fronl the booster tank inlo the hose linc and  o n t o  tile |ire 
while tile portable pump is being placed and watel" supply 
and hose lines flom the portable to the regular punlper  are 
being hooked up. 

Road 
Fire 

Portable 
pump 

Roador ~ ( ] ~ f ' - ' " " ~  '\~ ~ 
driveway ~ . , r - - ~ .  Pumper " " [ ~ ~  

tilling the tank and can be dangerous to those working on 
apparatus,  f tooking the porlable p u m p  discharge line 
directly into intake piping of large pumpers  or mobile 
water snpply apparatus has proved to be the quickest and 
safest method of filling tanks. 

Any of the portable punlps can be used tot filling mobile 
water supply apparatus in place of a pumper;  however, the 
low-pressure, high-vohnne-type pumps do the joh nlore 
quickly than others. Where punlping into tanks, strainers 
should be nsed to prevent passage of trash and debris. 
Floating strainers have proved to be very eltective. 

Where the water supply has the capacity, muhiple por- 
table pumps tot filling mohile water supply apparatns 
are suggested. A 200-gpm io 300-gpm (757-1drain to 
l136-I+/min) rate results in a slow filling time; theretore, 
two or three portable pumps should be moved into the 
<~peration as mutual-aid mobile water supply at)paratus 
arrive to achieve a 50()-gpm (1893-1din)n) filling rate. 
Muhiple portable pumps also act as a backup in case of 
engine failure. 

I 
pol rtable Portable 
folding pump 
tank \ \ 

Fire I _ ~ /. 
I I I  ~ _ _ r ' - a - ~  

. . . .  ~ l ~ k  Pumper taking [- i j - ' ' -  I _ ~ _ ~  
l-'orlaoie x , . '~ f~= J suction from 7- I 
folding !ank " - . . . . . ~  folding tank( [ 

"~[~_..J ]Pumper [---] Tanker being 
Tanker [ ~  ~ L_....a filled from 
discharging ~ Discha.u~¢ . . . . .  I,.~ pumper 
into folding 
tank 

Figure E-1.3.6 Portable pump filling portable folding tank. 

Figure E-1.3.5 Single relay from portable pump to pumper. 

E-1.3.6 Use of  Portable Pumps to Fill Mobile Water Sup- 
ply Apparatus or Booster Tanks. Many rural tire depart- 
ments are overcoming problenls of limited wale, supply by 
using mobile water supply apparatus to relay water to pump- 
ers working at a fire. Should /lie water supply be a stream 
with a small ttow, for instance 150 gpm (568 ldnlin), or inac- 
cessible by fire apparatus, tile water can be ohtained with a 
portable punlp placed at the water supply. This pump sup- 
plies a portable tolding tank that is used to stockpile water, 
and mobile water supply apparatus are filled Dora the porta- 
ble tblding tank lot shuttle to the fire. At the tire, the mobile 
water supply discharges its water into another portable fi)ld- 
ing tank that is used to stockpile water fiom which the pump- 
er(s) rakes suction and discharges water onto tile fire. (See 
(;-1.13.) (See k'~e,u~' E-1.3.6.) 

It is not prudent  to put the discharge line fronl portable 
punlps into the tops ot booster tanks or mobile water sup- 
ply apparatus nnless no other way is possible or a special 
filling device is provided. Placing lines into tops of mobile 
water supply apparatus or booster tanks is a slow way of 

E-1.3.7 Fire F ight ing  from Mobi le  Water Supply  in 
Motion. Stmle departments have installed pipes or hard 
suction lines tionl their mobile water supply apparatus to 
portable pmnps on the apparatus so they can pump t?om 
the tank into discharge lines while the mohile water supply 
is in motion. The portable punlp can be quickly discon- 
nected arid taken off the mohile water snpply tot use in 
other locations. This use is particularly etliective for grain, 
grass, and brush fires, as it provides unifi)rm pressures 
regardless of the gear the vehicle requires to negotiate the 
terrain. Since rigging a hard suction line fi'onl a pump to 
the vehicle carrying that pump is fi'equently awkward, it 
can be essential to carry a specially prepared length of hard 
suction hose tot this purpose or to otherwise prepare the 
vehicle or the pump in order to make the evolution rapid 
and practical. 

E-1.3.8 Summary of  Portable Pump Evolutions.  There 
are many tactors to consider in deciding what size and type 
of porta[~le pump will best fill a fire department 's  needs. 

Consideration should be given to the capabilities of the 
pump and its uses. 
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APPENDIX F 1 2 3 1 - 5 1  

A p p e n d i x  F Automatic  Sprinkler Protect ion 

Th~s Appemhx is not a part oj the requirement,~ qf thi,~ NFPA document, 
but ts included/or in/brmation pmpo,~e~ only. 

F-1 Automatic Sprinkler Protection. 

F-I.1 Sprinkler Protection of Rural Buildings. 

F-I . I .1  General .  Farsighted rural  fire depar tments  are 
big boosters of  atttomatic sprinkler  protection. With more 
spr inklered  buildings being constructed in rural areas, 
many rural  fire depar tments  are just  beginning to under-  
stand the friend the fire service has in automatic sprinkler 
protection. The  sprinkler  system provides the fire depar t -  
ment  with built- in hose line protect ion.  The  spr inkler  
heads and piping are in place and readv to put  water 
(other extinguishing agents can be used) on any fire. Also, 
the record  of  the spr ink le r  system is super ior .  NFPA 
records show that 96 percent  of all fires in sprinklered 
buildings are controlled or extinguished by the sprinkler  
system, with a large percentage of these fires controlled by 
no more than two or  three heads. In the 3 to 4 percent  
with unsatisfactory performance,  the tbllowing human fail- 
ures have been noted: 

(a) Sprinkler  system was shut off and not in service. 

(b) Fire depar tment  shut off water to sprinkler  heads 
before fire was completely extinguished. 

(c) Fire depar tment  robbed sprinkler system of water 
supply. 

(d) Fire depar tment  did not use fire depar tment  
connection. 

(e) Sprinkler  system was not designed to protect exist- 
ing contents or  occupants. 

F-2 Water Supply for Automatic Sprinkler System. 

F-2.1 Sprinklered Building -- Possible Water Source. 
Sprinklered buildings are usually provided with a water 
supply such as an elevated tank, ground-level  suction tank, 
or pond equipped with a fire pump.  In a number  of cases, 
a distr ibution system with hydrants is also provided.  

Ground level tanks, as well as elevated tanks, can be 
used by the fire depar tment  to supply water-hauling oper-  
ations. Adequate provisions should be made by the lire 
depa r tmen t  so as not to deplete tile tank supply without 
also making provisions tbr refilling the tank at the conclu- 
sion ot  water-hauling operations. 

When building and sprinkler plans are being reviewed, the 
fire department  has an excellent opportunity to make contact 
with the property owner tbr permission to use the water sup- 
ply in the elevated tank in water-hauling operations. In case 
a certain quantity of water needs to be reserved tbr the sprin- 
kler system, a riser, serving a hydrant available to the fire 
departn~ent, should be installed that extends into the tank 
and allows the fire department to use the water above the 
water reserved tbr the sprinkler system. 

In some municipalities (as well as some states), certain 
types of  occupancies are required by law to install sprinkler  
systems. In a number  of cases, very limited water supplies, 
such as pressure tanks, have been pvovided as the sole 
water supply for these systems. Such propert ies  should not 

be considered as a water source fi)r a water-hauling opera-  
tion tbr a rural  fire depar tment .  

F-3 Supervision for Sprinkler System. 

F-3.1 In rural  areas where spr inklered propert ies  are iso- 
lated with a good possibility that the outside spr inkler  
alarm will not be heard in case of  [ire, it is desirable that 
automatic sprinkler systems be fully supervised by either a 
competent  guard oil premises or by an alarm system with 
all signals transmitted directly to a central station or a fire 
alarm center. 

F-3.1.1 Where guard service is provided,  it should meet 
the requirements  of NFD~. 601, Standard on Guard Service in 
Fire Loss Prevention. 

F-3.1.2 It is desirable that the alarm system include super- 
vision of sprinkler water flow, sprinkler control valve tamper, 
building temperature,  low air pressure on dry sprinkler sys- 
tems, fire pump operation, fire pump electric power, fire 
pump battery charger, temperature of water in tanks, and 
level of water in tanks where any of these items exist. 

F-3.1.3 The  central station should meet the requirements  
of NFPA 72, National Fire Alarm Code. 

F-3.1.4 Fire alarm centers should meet the requirements  
of NFPA 1221, Slandard Jbr the Installation, Maintenance, and 
Use of Public Fire Service Communieatmn System,~ (formerly 
NFPA 73), and NFPA 72, National Fire Alarm (',ode. 

F-3.1.5 In some situations, guard service or fire alarm 
centers retierred to in F-3.1.1 and F-3.1.4 are not tieasible 
due to unavailability, economic considerations, or both. It 
is, however, very important  that sprinkler  alarms be super- 
vised and signals transmitted rapidly to the tire depar t -  
ment. In some rural  areas where public telephone lines are 
the pr imary means of alarm transmittal,  some sprinkler  
systems are "supervised" by using combinations of water 
tlow indicators, microswitches, and the like, with direct 
telephone lines or automatic phone dialers. Typically, the 
signal or  p re recorded  alarm message is sent to a "fire 
phone" location, police dispatch, or similar location where 
alarms are handled.  In no case should automatic phone  
dialers be allowed on the circuit used by the public to 
repor t  emergency messages (live, police, or ambulance),  as 
they can tie up the telephone line for long periods. Auto- 
matic telephone dialers are not legal on public emergency 
telephone lines in many jurisdictions. 

F-4 Fire Department and the Sprinkler System. 

F-4.1 Water supplies for the automatic sprinkler system 
retierred to in Section 5-7, which consist of pumps and tank 
combinations tieeding yard mains and a hydrant system, should 
be installed in accordance with NFPA 20, Standard for the hlstcd- 
lation of Centr!fi~gal Fire Pumps; NFPA 22, Stmutard Jbr Water 
Tonk~ fi~r P~iwde Fire Protection; and NFPA 24, Standard,/or the 
Installation qf Private Fire Se~&e Maim and Their :lppurte~mnces. 

F-4.1.1 In addition to NFPA 13, Standard for the Installa- 
tion of Sprinkler S)stems, the following NFPA standards apply 
where applicable: NFPA 15, Standard for Water Spray Fixed 
Systems,fi~r Fire Protection; NFPA 16, Standard on the Installa- 
tion of Deluge Foam-lVater Sprinkler and Foam-Water Spray 
S~stem,~; NFPA 231, Standard for General Storage; and NFPA 
_'231C, Standard/or Rack Storage 6{/MateriaLs. 
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F-4.1.2 Use of Fire Department Connection. The stan- 
dard operating procedures (SOP) of each rural fire depart- 
ment should require one of the tirst-due pumpers to pump 
to the life department  connection of the sprinkler system. 
In this way, water pressure and volmne to the system can 
be increased, making the sprinklers more effective..Mso, 
the fire depar tment  connection ties into the system beyond 
all valves that might be shut off; therefore, even with the 
valve controlling the water supply to the sprinkler system 
shut off, sprinkler heads can always be supplied with water 
through the fire depar tment  connection. After assessment 
by the officer in charge, the word to charge the system 
might be warranted. The pressure available fiom the fire 
depar tment  pumper  will not burst the piping or heads of 
the sprinkler system, as all parts of the system are designed 
and tested to withstand at least 200 psig (1380 kPag). 

F-4.1.3 Shutting Off Sprinkler System in Case of Fire. 
The sprinkler system should not be shut down until the 
chief officer is convinced that the fire is extinguished or 
controlled and hand lines are in place for overhauling 
operations. Even then, the fire depar tment  pumper  should 
not be disconnected fiom the fire department  connection 
to the sprinkler system. Make sure that the fire is out. Sta- 
tion a person at the control valve of the sprinkler system, 
ready to reopen the valve in case of a flare-up dur ing fire 
department  mop-up operations. 

A p p e n d i x  G Secondary  Water Supply  

Thts Appendix is not a parl o/the reqmrements o/'tht.s NFPA document, 
but is included/or information pulpo,se,~ only. 

G-1 Secondary Water Supply. 

G-I.1 General.  The water supply for fire fighting pur- 
poses, as specified in Chapter 5, is considered the mininmm 
water supply. It is assnmed that water is available to the fire 
department from a single water point, often using a mobile 
water supply shuttle or mobile water supply relay in conjunc- 
tion with a portable folding tank or dry hydrant, etc. 

The authority having jurisdiction can determine that an 
additional,  secondary water supply is warranted.  This 
determination might be made as a result of on-site survey 
of" buildings by the fire depar tment  having jurisdiction or 
by review of architectural plans of proposed construction 
and planned development. 

g- l .2  Determination of  Secondary Water Supply. The 
determination of need of a secondary water supply antici- 
pates a large-scale fire situation. Where such conditions 
exist, this would require a water supply delivery system 
consisting of nmhiple water points. Generally this can best 
be achieved by a water svstent that includes hydrants, a 
distribution system, storage, and a source of supply capable 
of delivering a min imum flow of 250 gpm (946 L/min) at 
20 psig (139 kPag) residual pressure for a 2-hour duration. 

G-1.3 Procedure  for D e v e l o p i n g  Secondary  Water 
Requirement. Construction and occupancy hazard classi- 
fication Tables G-1.5.2(a), (b), (c), and (d) have been devel- 
oped from equation infbrmation derived fiom the fbrmula 
in G-1.5. 

The factors considered in developing the secondary 
water requirement  for a building are as follows: 

(a) Type of Cot~struction (C,). Combustibility and fire 
resistance of the building itself greatly influence the devel- 
opment  and spread of a fire and, to a large extent, deter- 
mine the amount  of water needed to control and extin- 
guish a fire. 

(b) Size of Building (A). The greater the story height 
and larger the undivided floor area, without walls or other 
fire separation, the greater the potential fbr a large fire 
and the greater the secondary water requirement. 

(c) Occupancy (O,). A fire in a building having highly 
combustible contents will require a higher rate of water 
application than a fire in a building with low-combustible 
contents. Examples would be a wastepaper warehouse at 
one end of the scale, and a steel pipe warehouse at the 
other, with many variations in between. 

(d) Exposures (X,) and Communications (P,). In addition 
to the water needed on the fire in the building under  con- 
sideration, additional water might be needed to prevent 
the fire from spreading to nearby buildings. The amount  
of this extra water will depend on such factors as the dis- 
tance between buildings and the type of construction and 
size of the exposed and communicating buildings. 

The method of determining secondary water require- 
ment is not intended to provide details for calculating an 
adequate amount  of water tbr large, special fire protection 
problems, such as lumberyards, petroleum storage, refin- 
eries, grain elevators, and large chemical plants. For sug- 
gested protection, see appropriate NFPA standards. 

For any building or structure protected by an automatic 
sprinkler system that thlly meets the requirements of 
N FPA 13, Standard fin the Imtallation oJ Sprinkler Systems, the 
fire department having jurisdiction can waive anv require- 
ment by this standard for additional water supply. (See 
Appendix F.) 

G-1.4 Calculation. The calculation of a secondary water 
supply for a subject building in gallons per minute (gpm) 
considers the construction (Ci), occupancy (OiL exposure 
(Xi), and conmmnication (P,) factors of each selected build- 
ing or fire division and is done as outlined below: 

G-1.5 Construction Factor (Ci): 

NOTE: There follows a brief digest of the calculation of 
tbe secondary water requirement tbr a given facility. An 
example of all actual calculation is included in G-1.6. That 
portion of the secondary water requirement attributed to 
tbe type of construction and area of the selected building or 
fire division is determined by the following formula: 

C i = 18F(Ai) 1'5 

Where: 

F = Coefficient related to the class of construction: 

F = 1.5 tor wood t}-ame construction 
= 1.0 for ordinary construction 
= 0.8 tot noncombustible construction 
= 0.6 tbr fire-resistive construction 

A, = Effective area. 
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T h e  ettective urea is the total ft'-' (Ill u) area  of  the largest  
floor in the bni ld ing  plus the following pe rcen tage  of  the 
other t loors : i  

(a) Buildings o f  Cons t ruc t ion  Types  I1, III ,  IV, arid V, 
5(1 percent  of  all o the r  floors. 

(b) Buildings of  Cons t ruc t ion  Type  1. 

i. If  all vertical openings in the tmilding have l I/e-hour 
or  greater  i)rotection, 25 percent  of  the area not exceeding 
the second and third largest floors. 

it. In o the r  buildings,  50 pe r r en t  of  the area  not 
exceed ing  8 addi t ional  floors.? 

N()TE: 1)o not include hasenlcnis and suh-l)ascmcnt areas 
thai arc vat,rot or are used (i)l" building nutintenance, or that 
,ire occupied by light-hazard or low-h,izard occupancies. 
(See (7+1.6.) 

G-1.5.1 C a l c u l a t i n g  P r e d o m i n a n t  Cons truc t ion .  In  
tmildings of  mixed  const ruct ion types, the p r e d o m i n a n t  
cons t ruc t ion  class shall be de te rn t ined  as fi)llows: 

N()TE: In applying tim rules helow, hascmcnt walls and 
the lowest floor level shall be disregarded. 

(a) Fire Re.~i.~tive: Any bui ld ing  with 66~::~ pe rcen t  or 
more  o f  the total wall area  and 66g/:~ percent  or  more  of  the 
total f loor and roof area def ined  as constr t ,c t ion type 1. 

(I)) ~mcombustible: Any bui ld ing with 662/,~ percen t  o r  
m o r e  of  the total wall area and 66'-'/:+ percen t  or  more  of  the 
total t loor and roof  area def ined  its cons t ruct ion  types II 
and IV, or  

Any building not qualifying under  (a) above, with 66~/:+ 
percent or  more  of  the total wall area and 66% percent  or  
m o r e  o f  the total floor and r o o f  al+ea constructed in two or  
more  of  construction types I, II, and IV, bt, t with no single 
type in itself equal ing 66~/:~ percent  or  nlore of  the total area. 

(c) Ordinm~,: Any bui ld ing not qt, alil}ing t rader  (a) or  
(b) above, with 6ff-'/:~ percent  or  more  ol + the total wall area 
o f  const ruct ion  type I I I ,  or  

Any bui ld ing  not qualifying u n d e r  (a) or  (I)) above, with 
66g/:~ percent  or  more  of  the total wall area and 66'.z'/:~ per-  
rent  or  more  of  the total floor and roof  area cons t ruc ted  m 
two or  more  ot +construction types I, I1, III ,  and IV, but 
with no single type in itself equa l ing  6(Y-'/:+ percent  or  more  
of + lhe total area. 

(d) Frame: Any b u i l d i n g  not  qua l i l} ' ing  u n d e r  (a) 
t h rough  (c) above, or  any bui ld ing  with o v e r  :+,<+1/3 percent  
o t  the total wall area  of  conibustible construct ion,  r egard-  
less of  the type of  construct ion of  the balance o f t h e  build- 
ing, should be def ined  as const ruct ion type V. 

T h e  m a x i n m m  vahle of  (C,) is linlitcd by the following: 

8(100 gt)in (30 280 Llnl in) tot  wood |i+alnc al](l ord inary  
COllStrllction: 

i'lt" division walls are rated 1-hour or move wifll lahcled Class B th'c 
doors on openings, suhdivide a tloor. The maximum area on an', one 
tloor used shall be the largest undivided area plus 50 percent of the 
second largest undivided area on flint ltoor. 

6000 gpm (22 710 L/rain) for noncomlmst ib le  and fire- 
resistive construct ion;  

6000 gpm (22 710 L/nfin) f in a o i / e - s to ry  bui ld ing of  any 
type of  construct ion.  

T h e  n i in in ium vahie of  (C i) is 250 gpm (9ot5 l jmin) .  T h e  
calculated vahle of  (Ci) should be r o u n d e d  to the nearest  
25(1 gpnl  ((.)45 ldmin).  

G-1.5.2 Occupancy Factor (Oi). 

The  filctors below reflect the intluence of  the occupancy in 
the selected building on the secondary water requirement .  

Occupancy Hazard Classification Occupancy 
Number Factor (Oi) 

No. 7 IAgln [lazard 0.75 
No. 6 l~ow tlazard 0.85 
No. 5 Moderate t lazard 1.00 
N~. 4 High 1 tazard 1.15 
No. 3 Severe Ila:,ard 1.25 

Representa t ive  lists o f  occupancies  by classilication of 
occupancy hazard are  h)cated m Chap te r  3. 

NOTE: Tables (;-1+5.2(a) through (;-1.5.2(d) include the 
occupancy fiwmrs (()0 applied fin- each type of construction. 

G-1.5.3 Exposure (Xi) and Communication (Pi) Factors. 

These  tat(ors reflect the inf luence o[  exposed  and com- 
munica t ing  buikl ings on the secondary water  r equ i r emen t .  
A value of  (X, + P,) should be deve loped  for each side of  the 
trail(ling: 

N()TE: The following is a brief digest ot'thc calculation of 
exposure and communication. An cxamph" of an ;lt'tual cal- 
ct, lation is included in (',-1+6. 

(X + P), = 1.0 + it (X, + P~), maxinnun  1.55. where  
Z n = nun lber  of  sides o f  

i = 1 sut)ject buil t l ing 

Nt) IE: I'hc exposure tactor should apply to onl) one side 
of the subject buikling, h is determined by tile iollowmg 
method. 

(a) Factor |()r exposure  (X,): 

T h e  thctor fin (X,) depends  on the const ruct ion and the 
length-height  value (length of  wall in l;uet t imes height  in 
stories) of  the exposed  bui ld ing  and the ttistance be tween 
tacing walls of  the snt2ject bui ld ing aud the exposed  build-  
ing and should bc selected ti+om Table  (;-1.5.3(a). 

N()TE: "llle tollowing buildings shall not bc charged as 
CXpOSIII'CS: 

* Buildings f l l l ly protec ted  by automat ic  sprinklers;  

. Buildings widl a residential  occupancy;  

• Buildings that are  Type  1 construction; 

• Buildings with a blank masonry  wall. 

1993 Edition 
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m o. 

Table  G- l .5 .2 (a )  W o o d  F r a m e  C o n s t r u c t i o n  and  
O c c u p a n c y  H a z a r d  C las s i f i ca t i on  (F = 1.5) 

O c c u p a n c y  Class  7 O c c u p a n c y  Class  6 O c c u p a n c y  Class  5 O c c u p a n c y  Class  4 O c c u p a n c y  Class  3 
O i = 0.75 O i = 0.85 O i = 1.00 O i = 1.15 O i = 1.25 

Effect ive  Effect ive  Ef fec t ive  Ef fect ive  Ef fect ive  
Area  GPM Area  GPM Area  GPM A r e a  G P M  A r e a  G P M  

Fl-olll F f o i l l  FFol l l  F r o l l l  Fl-olll  

Fl 'ol l l  

0 To 950 500 
951 1850 750 
1851 3100 1000 
310l 46o0 1250 
4601 6450 1500 
6451 8550 1750 
8551 11000 2000 

11001 13750 225{) 
13751 16800 2500 
16801 20150 2750 

20151 1'o 23800 300{} 
23801 27750 3250 
27751 32050 3500 
32051 36600 375{) 
36601 41500 4000 
41501 46650 4250 
46651 52150 4500 
52151 57951) 4750 
57951 64050 5000 
64051 70450 5250 

70451 To 77150 5500 
77151 84151) 5750 
84151 91450 6000 
91451 99100 6250 
99101 107000 65/)11 

107001 115250 6750 
115251 123800 7000 
123801 132600 7250 
132601 141750 7500 
141751 151200 7750 
151201 160950 8000 

Fl 'ol l l  

For Sl units: 1 gpm = 0.0631 [,'set. 

0 To 750 500 
751 1450 750 
1451 2400 1000 
2401 3600 1250 
3601 5000 1500 
5001 6650 1750 
6651 9600 2124 
9601 10700 2250 

107(}1 13100 2500 
13101 15700 2750 

From 15701 To 18550 300(} 

0 To 550 500 
551 1050 750 
1051 1750 101)0 
1751 2600 1250 
2601 3600 1500 
3601 4800 1750 
4801 620(} 2000 
6201 775{) 2250 
775l 9450 2500 
9451 11350 2750 

From I1351 To 13400 3000 F i (  ) n l  

0 To 400 500 
401 800 750 
801 I'~00 1000 

1301 1950 1250 
1951 2750 1500 
2751 36511 17511 
3651 4700 2000 
4701 5850 2250 
5851 7150 2500 
7151 85511 2750 

8551 To 10150 3000 
18551 21600 3250 
21601 24950 3500 
24951 28500 3750 
28501 32300 4()00 
32301 36350 4250 
36351 40600 4500 
40601 45100 4750 
45101 49850 5000 
49851 54850 5250 

13401 15600 3250 
15601 18000 3500 
18001 20600 3750 
20601 23350 4000 
23351 26250 4250 
26251 29350 4500 
29351 32600 4750 
32601 36000 5000 
36001 396(}0 5250 

10151 11800 3250 
11801 13650 3500 
13651 155511 3751) 
15551 17650 4000 
17651 19850 4250 
19851 22200 4500 
22201 24650 4750 
24651 27250 5000 
27251 29950 5250 

F r o m  54851 1"o 60050 5500 
60051 655O0 5750 
65501 71200 6000 
71201 77150 6250 
77151 83300 6500 
83301 89700 67511 
89701 96350 7000 
96351 103250 72511 

103251 110350 7500 
110351 11775{I  7750 
117751 125300 8000 

From 396(}I To 43400 5500 
43401 47350 5750 
47351 51450 6000 
51451 55750 6250 
55751 60200 6500 
60201 64850 6750 
64851 696511 7000 
69651 74600 7250 
74601 79750 7500 
79751 85050 7750 
85051 90550 8000 

From 29951 To 32800 55(10 
32801 35800 5750 
35801 38900 600(I 
38901 42151) 6250 
42151 45500 6500 
45501 49000 6750 
49001 52650 7000 
52651 56400 7250 
56401 60300 7500 
60301 64300 7750 
64301 68450 8000 

0 To 350 500 
351 650 75O 
651 II00 1000 

1101 1650 1250 
1651 2300 1500 
2301 3100 1750 
3101 3950 2000 
3951 4950 2250 
4951 6050 2500 
61)51 7250 2750 

From 7251 To 8550 3000 
8551 10000 3250 

10001 11550 3500 
11051 132{10 3750 
13201 14950 4000 
14951 16800 4250 
16801 18750 45011 
18751 20850 4750 
20851 2305(I 5(100 
23051 25350 5250 

From 25351 I ' o  27750 5500 
27751 30300 5750 
30301 32950 6000 
32951 35650 6250 
35651 38550 6500 
38551 41500 6750 
41501 44550 7000 
44551 47750 7250 
47751 51{15/) 7500 
51051 54450 7750 
54451 57950 8000 

I 

7"d 

kt: 

e- 
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fi3 
O- 

o 

O c c u p a n c y  Class  7 
O i -- 0.75 

Effective 
Area  GPM 

Fl'olll 

From 

Fl-OlU 

0 To 2150 500 
2151 4200 75(1 
4201 6950 1000 
6951 10350 1250 

10351 145(1(} 1500 
14501 19300 1750 
19301 24750 2000 
24751 30950 225(I 
S()951 37800 2500 
37801 45350 2750 

45351 T(, 53550 3000 
53551 62500 3250 
62501 72100 3500 
72101 82350 3750 
82351 93350 4000 
(.t3351 105000 4250 

105001 117350 4500 
117351 130350 475(I 
IS0351 14410(} 500(t 
144101 1585(10 5250 

158501 1"o 173550 5500 
173551 189350 5750 
189351 2058(10 6000 
205801 222950 6250 
222951 240800 6500 
240801 259300 675(I 
259301 278500 7000 
278501 2984(1(I 7250 
298401 318950 7500 
318951 34(1250 7750 
340251 362150 8000 

For Sl unit',: 1 gpm = 0.0631 l.,sec. 

Table  G- l .5 .2(b)  O r d i n a r y  C o n s t r u c t i o n  and 
O c c u p a n c y  H a z a r d  Class i f icat ion (F = 1.0) 

Occupancy  Class  6 
Oi = 0.85 

Effective 
Area GPM 

From 0 To 1650 500 
1651 325(I 750 
3251 5400 1000 
54(11 8050 1250 
8051 11250 1500 

11251 15000 1750 
15001 21600 2124 
216(11 24100 2250 
24101 29400 2500 
29401 35300 2750 

From 35301 "1"o 41700 3000 
41701 48650 3250 
48651 561(/(I 3500 
56101 6415(I 3750 
64151 72650 4000 
72651 81750 4250 
81751 91350 4500 
91351 101500 4750 

101501 1122(10 500(I 
112201 123400 525(I 

From 123401 "1"(} 135150 5500 
135151 147400 5750 
1474(11 160250 6000 
16(1251 173600 6250 
173601 18745(I 6500 
187451 2019(1(I 6750 
201901 216850 700(I 
216851 232300 7250 
232301 24835(I 7500 
248351 2649(10 7750 
264901 28195(t 8000 

FloII l  

121"OII1 

F ~-( ) iii 

O c c u p a n c y  Class 5 
O i = 1.00 

Effective 
Area  GPM 

0 To 1200 5(10 
1201 2350 750 
2351 3900 1000 
3901 5850 1250 
5851 8150 1500 
8151 10850 1750 

10851 13950 2000 
13951 1740(t 2250 
17401 21250 2500 
21251 25500 2750 

255(11 To 30150 3000 
30151 35150 3250 
35151 4(155(I 3500 
40551 46350 3750 
46351 52500 4000 
52501 59050 4250 
59051 66000 4500 
66001 73350 4750 
73351 81050 5000 
81051 89150 5250 

89151 To 97650 5500 
97651 1(16500 5750 

106501 115750 6000 
115751 125400 6250 
125-101 135450 6500 
135451 145850 6750 
145851 156650 70(10 
156651 16785(I 7250 
167851 179400 7500 
179401 191400 7750 
191401 203700 8000 

From 

FFOIII 

FI'(}H/ 

O c c u p a n c y  Class  4 
O i = 1.15 

Effect ive 
Area  GPM 

(1 "1'o 9(10 500 
901 1800 75(1 

18(11 2950 1000 
2(`)51 4400 125(I 
4401 6150 1500 
6151 8200 1750 
8201 10550 2000 

10551 13150 2250 
13151 16050 2500 
16051 19"¢00 2750 

19301 To 22800 3000 
22801 26550 325(t 
2655 l 30650 350(I 
30651 "~5050 3750 
35(151 39700 4000 
39701 44650 4251) 
44651 49900 4500 
49901 55450 4750 
55451 61300 5000 
61301 67400 5250 

674(11 To 73850 5500 
73851 80550 575(/ 
80551 87550 6(10(I 
87551 94850 625(I 
94851 1024(t0 6500 

102401 110300 6750 
l10301 118450 7(}00 
118451 126900 7250 
126901 135650 7500 
135651 144700 7750 
144701 154050 8(}00 

FÁ'oIll 

From 

FI'(HII 

O c c u p a n c y  Class 3 
O i = 1.25 

Effective 
Area 

(1 "1"() 
751 

1501 
25(11 
3751 
5201 
6951 
8901 

11151 
1S601 

16301To  
19301 
225O1 
25951 
29651 
33601 
37801 
42251 
46951 
51851 

571)?) 1 To 
625(tl 
68151 
74101 
80251 
867(11 
9335 l 

1 (/025 I 
1(174(11 
1 14851 
1225111 

GPM 

750 50(1 
15(1(I 75O 
2500 1000 
3750 125(I 
52(t0 15OO 
6950 1750 
8900 20(10 

11150 225(I 
136(10 25(1(I 
16300 275(I 

193(10 30(}(I 
22500 325(I 
25(.)50 3500 
29650 375(} 
33600 400() 
378(10 425(I 
42250 4500 
46950 4750 
51850 5000 
57050 525(I 

62500 55(I(I 
68150 5750 
74100 60(1(I 
80250 6250 
86700 65(1(t 
93350 675(I 

1(1(1250 700(t 
107400 7250 
114850 750(t 
1225(t0 775(t 
13o40(I 800(} 

7~ 
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