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. Have you reviewed the rebuttal testimony of Mr. Woodcock?
. Yes.

. Do you have comments regarding Mr. Woodcock’s testimony with respect to

fire flow requirements?

. Yes. Mr. Woodcock states that he is not aware of any design requirement that

relies on the Insurance Service Organization (ISO) or the National Board of Fire
Underwriters (NBFU). These organizations have established design standards for
water supply systems, including fire flow requirements, and those standards are
recognized and relied upon and used by engineers, water utilities and regulatory
agencies in states around the country. These standards and fire flow requirements
have long been recognized by the American Water Works Association (AWWA),
For example, an AWWA M5 Management Manual, Copyright 1959, “A Training
Course in Water Utility Management” states in the second paragraph of Chapter
4, Fire Protection, that “The most generally accepted standards for public fire
protection are contained in the Standard Schedule for Grading Cities and Towns
of the United States With Reference to Their Fire Defense and Physical
Conditions, published by the National Board of Fire Underwriters (NBFU).” This
chapter is provided as Exhibit JFG-4, and 1 provided a copy of the referenced
Standard Schedule in Exhibit JFG-2 to my direct testimony.

A more recent publication of the AWWA M-5 manual, copyright 1999,
Chapter 4 - Fire Protection (included in Exhibit JFG-4), references the NBFU’s
successor, the Insurance Services Office, and its published “Guide for

Determination of Needed Fire Flow.” See Exhibit JFG-1, filed with my direct
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testimony. Accordingly, it is clear that the AWWA has recognized and accepted
the work of the NBFU and ISO organizations in developing fire flow standards
for many years. The fire flow requirements have also been accepted in numerous
cost allocation and rate design studies that I have submitted in rate cases before
regulatory agencies in several states across the country. Importantly, the NBFU
and ISO have also graded thousands of communities as to their fire fighting
ability, including the reliability of the water systems serving those communities.

While I agree that the fire flow requirements established by local
government should be met by water utilities and considered in the context of a
used and useful determination, there are certainly instances where those fire flow
requirements may not be the most appropriate for either design purposes or for
used and useful calculations. For example, I am aware of an instance in Florida
where the local government set a fire flow requirement that was exactly the same
for each hydrant. Not only was the per-hydrant requirement clearly inadequate to
meet the needs of large residential or commercial structures, but it did not address
the overall fire flow requirement a water utility must meet on a system-wide basis
or for multiple fires. These considerations thus were left to the water utility. A
rule that is limited to the minimum local government requirements does not
recognize that a utility must provide the most appropriate fire flow requirement,
even if that is in excess of the minimum required by the local government.

The important point is that the used and useful rule would be better if it
specifically recognizes the need for water systems to be designed meet the most

appropriate fire flow requirements, and for a water utility’s rates to include the



PN

costs to do so. My recommendation to include “an appropriate fire flow” in
addition to consideration of fire flow requirements of local government simply
provides for the recognition of fire flows that may be more appropriate.

Q. Does that conclude your rebuttal testimony?

A. Yes.
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Foreword

The prepacation of training manuals for water utility personnel was
ande:taken by the AWWA Committee on Education in trying to ascectain
the satus of in-service training in the industry and to improve the guality
of that training.  In May 1953 at the Grand Rapids Convention, the com-
mittez reported its findings concerming the quality of “short courses” as
proviied in the various states at that time, That survey covered spon-
sorship, financing, persomal expenses, course frequency, course length,
attencance, educatior requirements, examinations, and course countent.
Two recommendations of the committee were that short courses with higher
educa’ional prerequisites should be developed ior water works personnel,
placinz more emphasis on in-service training, and that conferences for man-
agement should be developed. :

In following its own recommendations, the committee prepared outlines
of the content of six shott cuurses to cover the water works field. These
outlines, published in the October 1953 issae of Willing Water, have since
been 1sed by several “short-course” schools to improve content. To
achiev: the greatest benefit from the outlines, liowever, the committee be-
lieved that manuals should be prepared from them. The sanuals could
then be used as texts or could be studied independently by the ambitivus
water works man. Alfter receiving committee approval, the plan was
approvzd by the AWWA Board of Directors in St. Louis in May 1936.
Since &at time, six groups of members, carefully selected for their special
knowlelge, were invited to prepare the original drafts of the manuals.
More than B0 members participated in this project.

Thi manual, one of a series of four to be prepared from the original
six outlnes, includes one or more chapters by each of the following authors :

Ercwoor H, Aivrica Ricaarn S. GREEN Fpavzg E. Maroney

E. JeamY ALigx C. P. Hagnssu Joux W, McFArLANR
J. ). Bar Hresesr Q. Harvura Roesexr S, MaLax
Kenngers J. Cas Mezvin P. HArcHEx Epwasn A. Rerxge
Joaxs G. Corrxy Jamrs E. Hickmax S. Cook Smaw

W. S. Steruens
W. Vicyog Wee
Wuoriam C. Womon

J. P. Disran
Ravuown J. Favust
Berror 5. Geant

The AWWA and the Committee on Education gratefully ackmowledge
the contribution of each of these mev. Their anly compensation :will be
the safisaction derived from the knowledse that their efforts are eontrib-
uting to the advancement of the water works imdustry.

Emiec F. Jowxsox
Levo Louts
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2t WATEX UTILITY BMANAGEMENT

outside the corporate Himits o the municipality. Some courts have held
that a municipalily operating a water works has a right (o base its charges
upon reasonable classifications determined upoa such factors as the oot
of service, lhe purpose for which the seivice or product is received, the
quantity reocived, the different character of the servies furnished, the
time of their use, or any ather matter which presents z substantial differ-
ence. The courts generally cordemnn ouly arbitrary, capricious, or wvo-
reasonable discrimination.

Fluoridation. Fluoridation has often involved considerable lhiigation.
To date, all court tests have indicated that the practice is legal. But more
to the point, water utilities that have lollowed the AWWA policy of leaving
the decisicn concerning the adoption of the practice to the health and public
authorities have been able to avoid the hiigation.

Discontinuance of service. Respensibility to provide water normally
ends when payments for the water are in arrears for an unreasomable
length of time. This right to cut off water service to the premises in-
volved has recently been extended to cover the notpayment of sewerage
service charges when the waler ulility has the respansibility to collect that
charge. Generally, however, utilities cannot force paymert by cutting off
service to other premises of ar owner in arrears.

These points have merely been examples of the maaner in which the
responsibility of a vtility creates problems for management which must be
foreseen and provided for. All the way from the source of supply to the
customner’s tap, water wtility facilities and operations impinge upan the
pablic health and wealth—and where the public is invobved, there is the
responsibility of a pablic utility.

QUESTIONS

. What is the primary responsibility of a water utility 2

2. Thiough whal means is the waler utility’s discharge of its respousibilitics
enforced?

3. What are some of the common causes of lawtuits against watec ubilities?

4. What are some of the means utililies can take to proteet themselves
agamst specific bypes of suit?

5. What are your utility’s rules on shulafis? How are they exercised?

BIBLIOGRAPHY
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CHAPTER 4

Fire Pratection

PL’BUC waler supply systems generally provide water lor fire peotec-
ton.  Although this resporsibility, or function, is secondary to the
primary one of providing water for potable use, the fire protection require-
wents have a very important influerce on the design and operation of mest
systems. Fire protection furnished by water utilities falls into two broad
classifications : public protection, available disectly from hydrants supplied
by the pablic disteibution systern ; and private protection, provided through
bre service connections to sprinkler, standpipe, or other special extinguish-
g systems or to private yard distribution systems supplying hydrants

Public FPire Protection

The most generally aocepted standards for public fire protection are
contaisied in_the Standard Schedsle for Grading Cities and Tqums of the
United States Witk Reference so Their Fire Defenses and Physical Condi-
tians, published by the Natioral Beary of Fire Urderwnler ).
The first edition of this wosk apgeared in 1916, the most receat in 1956.
The schedule is used to determipe the relative dlassifications of municipali-
ties fram the fire protection staridpoint. L s Pl
;*- swf.‘:{"‘.'"fu:.'i‘a'?;“ ’ e s e e T
IRt g syt the various states. To determine
hese classifications, denciency poinls are assigned for each feature of fire
protection in which the municipality fails to mcet the standards established
in the schedule.  The total number of deficiency paints assigned establishes
the class. The maxisoun oumber of pomts is 5000, and there are 1D
possible classes, each class covering a range of 500 points—for instance,
a municipality witk 1,340 pomnts is Third Class, one with 2,760 points,
Sisth Chss. Seven major phases of muvicipal fire protection are con-
sidered i the schedule. and the 5000 points are divided amang them as
shown in Table 4-1.

The 1,700 points assigned 1o water supply represent 34 per cent of the
total, jodicating the ituportance of water supply in relaton to the overall
fire protection of a mumicipality. There are ten passible classes for water
supply, each class covering a rauge of 70 points—for example, 2 water

supply with 230 points 15 Secord Class and one with | 100 points Seventh
“Class
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2R WATER UTILITY MANACEMENT

psi.  For swmalles municipalitics requiring not more than 2,500 gpm and
having not more than 10 buildings excceding three stories in height, 60
psi is needed. In sparsely built residential aceas or small village business
districts with buildings of small area and not higher than two stories, S0
psi is required.

In the grading of municipal water supplies under the NBFU schedule,
residual pressure is based on delivery to fire department pumpers through-
out.

Adequacy of Supply Works
To be considered adequate under the schedule, a system should be

As an illustration, consider a city with a population of 40,000 and a max-

@ imum daily consumption rate of 850 mgd. Table 2 gives a xgumcd fire

e
J
f

AP e

gLf(
w‘#

flow oi 6,000 gpm or 8.64 mgd. for-a-city_of this size, so that the system
‘would be required to , defiver 8.50 -+ 8.64 = 17.14 mgﬂx This gle must
_be gvailable over a 10-hr perigpd-~—~__

The supply worky iR ERaRsEEwt YDply, intakes, suction lines,
pumps, boilers, treatment works and supph lines, should, in connection
with the storage on the dlslnbuhon system, be capable_of dcll\enng the
maximum daily consumption rate plus the required fire flow.  As no two
water systems are exactly alike, the specific methods employed to meet
these requirements differ considerably, but the overall techmiques gencrally
fail into one of three categories:

1. Provide supply works capacily to meet the total requircments.  This
would be 17 14 mgd for the supply works of the C|ty used lor lllus(rahon

x )r.aoh.ar»-y

mg; bc provided for the supph v.orks plus storage capable
of supplymg 8.64 mgd for 10 hr. The storage required would be:
864)(%2 = 3.60 mil gal

As storage fAuctuates, the actual storage capacity installed should be greater
by an amourt sufficient to provide 3.60 mil gal as the normal minimum
storage. .

3. Provide supply works capacity in excess of the maximwn daily
consumption rate with storage on the distribution svstem capable of supply-

capable of dehvenng the reqmred fire Aow with cansmnptmn at thc maxi-

FIRE PROTECTION 29

ing, for the specified duration, the difference between the total required

rate and the capacity of the supply works. [n the illustration, if a capacity

of 12.50 mgd were pravided for the supply works, the required normal mioi-
mum storage would be

(17.12 — 12.50) x -2—-2 = 1.93 mil gal.

Relfabllity of Supply Works

To oomply with NBFU standards, the supply works shoald be able to
meet the requirements not only under normal conditions but slso under
emergency or unusual conditions. There are various ways in which the re-
quired reliabilily can be obtained, but it it it usually necessitates duplication of
units or Lines or the provision oi additional stor.

o evaluate the reliability of the source of supply, consideration is
given to such factors as : the frequency and ducation of dr. ts; physncal

coudition of intakes; danger from csrﬂ!qua.loes, ﬂoods forest ﬁms
formations ; mlung Mg _ e  de

Y e stafidar "‘-;L" 2180 Mdg2 1 3 ..'-‘ h anap;u:lhei Ofthm
installed_should be such that, vmll the two most jmportant units gut of
mme.theﬁuﬂowmnbedc forﬂlcrglxred numbcrofhours

nd bigh-lift pumps. If, in the illustration pre-
viously used, the high-life pumps consisted of a 9-,a 7-, and 2 S—mgd unit,
it can be scen. that, with the two largest units out, the remaining pum

could not even dcliver the maxiowm;daily rate. If asother S5-mgd umit
were provided, 10 mgd would be available with the two largest units out,

and the normal minimum storage required on the distribution system
would be

(17.12 - 10) X %g = 2.96 mil gal.

I(- a_nolher 7-mgd unit were added instead of a 5-mgd ane, the normal
minimum storage required would be reduced to

10 .
(17.12 — 12) ¥ 70 2.13 mil gal,
The treatment works are required to be of sufficient capacity so that,
with one filter or other treatment unit out of service, the system can de-

v
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30 WATER UTILITY MANAGEMENT

liver the maximum daily consumption rate plus the fire flow. Overloads
based on uperaticg recurds may be considered io mccting these require-
ments.  Storage in clear wells at the plant and on the distribution system
not only improves the reliability of the plant but also enables the plant to
be aperated at more uniform rates.

Supply lines, including those in and around pumping stations and treat-
ment works and those which extend into the distribution systerm as prin-
- cipal arteries, should be so arranged and valved that a break will not prevent
the system from delivering the fire flow for the specified number of hours
during a period of 5 days with consumption at the maximum daily rate.
The locations at which a break wounld have the most serious effect are
usually in pump suction or discharge headers. A simple arrangement of
suction and discharge piping for four pumps is shown in Fig. 4-(. A

] - |
T T Yo Datrduban System

o Cesr Well

Check Yalses. 4 To : By

From Clese Weli N
| ]

Fig. 4). Bimple Arrangement of Saction and Discliarge Plpicg ior Pour Pumpa

study of this figure will indicate that not more than onc pump caa be put
out ol service by a single break.

As far as supply works piping is concerned, NBFU standards require
that valves be installed in such a way that the repair of any valve will pot
interrupt or seriously reduce the supply. In the arrangement showm in
Fig. 4-1 the repair of any valve will not put morc than twa purnps out of
service. An arrangement of this type, with a valve between each pomp
connection, provides a reasonshle degree of reliability.

The power used to drive the various units in the supply works must be
reliable. It is required that electric power be supplied over at least two
liaes, preferably underground, with all equipment arranged so that a failure
in auy line, or the repair or replacement of a transformer, high-tension
switch, control umit, or other electric-power device will not prevent the
system from delivering the fire flow for the required number of bours
during a peried of 2 days with constmption at the maximum daily rate.

FIRE PROTECTION 31

Bus bars supplying pusnp motors should be in duplicate or smimalized-

so that the abuve requirement can be met. In order to offiset unreliable
.Iea(urﬁ in clectric-power supply, pumps may be provided with auxiliary
internal-combustion engines, or electric generators driven by such engines
may be installed; additional storage on the distribution system may also
be used.

Where steam is used, it is required that, if 25 per cent of capacity (or
at least one boiler) is out of service, the remaining boiler capacity must be
adequate to operate the equipment and pumps necessary lor the system
t_o deliver the fire Row for the required number of hours duning a period of
5 days with consumption at the maximum daily rate. Steam piping, boiler
feed lines, fuel piping (gas or oil lines to boilers as well as gas, oil, or
gasoline lines to internal-combustion engines), and air lines to wells should
be arranged o0 that a failure in any fine or the repair or replacement of 2
valve, fuel pump, boiler feed pump, injector, or other mecessary device
will_ not prevent delivery of fire flow for the required number of hours
during a period of 2 days with consumption at maximum daily rate.

In providing rcliable power for the various units of the supply works,
due consideration should be given to wash water pumps, chemical feed
machines, mixing apparatus, power-operated valves, and other appur-
tenances.

NBFU standards require that pumping stations and other important
structures contuin no combustiblé material in their constcuction. When
located within the same stsuctuce, sections containiug pumps, boilers, high-
potential clecteic power egquipment, filters, laboratories, shops, storage,
offices, garages, and other important equipment or functions should
be scparated by Rre-resistive partitions or fire walls. Openings in fire
walls should be provided with at Jeast one standasd fire door; epenings in
other fice-resistive partitions should be provided with wiced-glass, metal
frame doocs or windows as a8 minimum. All electrical equipment should
!Je installed in accordance with the National Electrical Code and all bazards,
tncluding those introduced by boiler-plant operations, internal combustion
engines, storage and bandling of fuel and lubricating oils, and heating de-
vices, should be properly safeguarded. Fire extinguishers of suitable type
for the occupancy, inside standpipes with small hose, and outside hydrants
should be provided; if the building is remote from a fre station, hose
should be provided at the hydrants.

Distribution Sysiem

The standards for supply mains require that arteries and secondary
feedt':rs extend throughout the system. These should be of sufficient size,
considering thewr length and the character of the sections served, to de-

- gy

9t:10 0}-40-800¢

<<

5199189048

6/9d



32 WATER UTILITY MANAGEMENT

hver fire flow and consumption demands to all areas. They should be
properly spaced (usually about 3,000 [t apart) and looped so that wo large
areas are dependent upon siogle mains.

The gridiron of minor distcibution mains should consist of mains at
least 6 in. in diameter armanged so that the lengths on the long sides of
blocks between intersecting mains do not exceed 600 ft. Where longer
lengths of G-in. pipe are necessary, 8-im. or larger intersecting maius are
required. Where the layout of the streets and the topogrmaphy are wot
wel! adapted to the above arrangement or where dead ends and poor grid-
ironing are unavoidable, B-in. should be the minimum main size.

In high-value districts, the minimum size should be 8-in. with inter-
secting mains in each street; 12-in. or larger mains should be used on the
principal streets and for all lines that are not connected to other mains
at intervals close enough for proper mutual support.

Valves

To isolate sections of main in the event of a break or in connection with
construction or repair work, NBFU standards require that the system be
equipped with an adequate number of properly located valves. Supply
lines should be valved at least once a mile and interconnections between
such lines should have two valves. Arterial mains require valves at not
more thar §-mi intervals; connections to the smaller mains of the distribu-
tion system shoukd be arranged and valved so that a break or repair in any
of these smaller mains will not necessitate the shutdown of an artery.  Ex-
clusive of arterial mains, valves should be installed so that shutoff lengths
do not exceed 500 ft in high-value districts and 800 ft in residential dis-
trcts.

1€ valves are to be used effectively during an emergency, they must be
properly maintained. This requires a program of regular annual inspec-
tions for all valves and more frequent inspections of the large and impor-
tant valves, including those at pumping stations, treatmeat works, and
reservoirs. During these inspections the valves should be operated and
any necessary repairs made. Even though the valve mechanism itseHf may
be in good operating condition, regular jnspections frequently reveal that
the valve boxes have been paved over, the box has shifted so that the valve
key canuot be placed on the operating nut, or the box is filled with dirt.
As any of these defects could delay operation during an emergency, they
have an effect on the fire rating. Inspections sometimes also reveal that
valves that are supposed to be open are aclually closed, thus preventing
the use of the full capacity of the mains in the system. Suitable valve
records should he maintained indicating inspections, operations, condition,
and repayrs.

FIRE FROTECTION J3

Hydramts

As all water used for public fire protection must be delivered through

h)"dran(s, it is important that & sufficient number be provided on the dis-
tribation system. The number of hydrants needed in any arca depends
upon the fire flow required. Table 4-3 gives the hydrant distribution
required for fire flows of 1,000 te 12,000 gpm; the average area secved for
intermediate fire flows not given in the table may be interpolated. Street
intersections are the best locations for hydrants, as hose can usually be
slre_tched in any of four directions from a pumper connected to a hydrant at
an intersection. It is good practice, therefore, to place at least one hydrant
at each intersection and 1o add intermediate hydrants, when necessary, to
attain standard distribution. In high-value districts requiring large fire

TABLE 4-3
Standard Hydrant Distribsdion
Fire Flow Avyrage Area
e ok
OO0, . . 120,000
2000..... .. ..... . ............ 110,600
3000, ... . 100,000
2000, .. e, 90,000
5000... . . ... 85,000
6000............. P, 80,000
7,000 " 70,000
8000.......... e e 60,000
9,000 . §5,000
10,000 48,000
11000, ... . ... .. ... 43,000
12000, ... ..ot 40,000

flows and numerous hydrants, twoe or more hydrants are generally used at
intersections.

The standards require that hydrants be able to deliver 600 gpm with
2 loss of not more than 2.5 psi in the hydrant and a total loss of oot more
than 5 psi between the street main and outlet. A 4§-in. and two 2§-in.
outlets should be provided, but one of the 24-in. size may be amitted if the
firc department normally uses the large outlets, Connections to the main
should be at least 6 in. in diameter and gated.

I{ hydrants are to be properly maintained, a regular inspection program
is necessary. [uspections should be made semiannually and after usc.
During these inspections the hydrant should be gperated, checked for leaks
and preper drainage, and lubricated as required. Proper records of in-
spections, condition, aad repairs should be maintained.
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34 WAYER UTILITY MANAGEMENT

Separate Zones of Service

Topography makes it necessary tu provide more than one pressure zone
of distribution in many municipalities. In the application of the schedule,
these zones are cansidered individually from the standpoint of providing
adequate and reliable fire protection. The varnious factors previously dis-
cussed, including pumping capacily, storage, power supply, construction of
pumping stations, arterial mains, and minor distribution lines, are of im-
portance, especially if these zones involve large portions of the municipality.
When supply is available from one zone to another by opening normally
closed valves, such emergency supplies may be of considerable value in
meeting demands.  In arranging service limits, the creation of dead ends
by closing valves should he kept to a minimum, especially where the lines
are 6 in. or smaller in size.

Private Fire Protection

Private protection is provided from the public distribution system
through fire service connections supplying sprinkler, standpipe, water
spray, foam, and yard hydrant systems. Standards for these special fire-
extinguishing systems have been prepared by the National Fire Protection
Association and have been adopled by many insurance organizations, in-
cluding the NBFU. Certain portions of these standards deal with the
waler supplies for these systems. As the flows and pressures needed de-
pend upon the lype uf system and its individual characteristics as well as
the type of occupancy it is (o protect, the requirements are somewhat gen-
eral in mature, bat the specific requirements for any installation can be
obtained from the insurance rating organization in the state or from the
insurance carrier.

Fire service connections are required to extend [rom the public dis-
tribution system directly to the hAre-extinguishing system with no inter-
mediate connections for domestic use. No connections should be made to
any portion of an extinguishing sysiem to provide domestic supply- Al-
though practice differs, most water utilities in the United States do not
require melers on fire service connections. Where meters are used, they
should comply with AWWA Standard for Cold-Water Meters—Fire Serv-
ice Type (C703). Detector check valves with a metered bypass are fre-
quently used: these devices accurately measure small flows, but do not
measure the large flows used during fircs. They are intended for use by
those water utilities that do not wish to charge for water used during
fires, but do wish to control unauthorired use of water throngh fire service
connections.

In order to supply some fire-extinguishing systems properly, it is
necessary to install special fire pumps. It may 3lco be necessary to im-

FIRE PROTECTION 35

prove the supply by the installation of ground storage as suction for the -

pumps or clevated storage on the private system. Standards of the Na-
tional Fire Protection Association are available for such installations.

Leaders in the water utility field are strongly of the opinion that a
special charge should be made by the utility for private firc protection serv-
ice. Such a service places upon the water utility the responsibility to in-
stall pumps, distribution mains, and related facilities sufficient to supply the
private fire hydrants and sprinkler heads although they are used only in
emergencies.

In all fire-extinguishing systems that receive their supply from a public
distcibution system, care must be taken to prevent any contamination of the
public supply. Cross connections should not be made between nanpotable
sources of supply and private fire-extinguishing systems supplied through
fire service connections by public water systems. All fire-extinguishing
systems should be installed ta comply with the requirements of the health
authorities having jurisdiction.

When a private firecxtinguishing systcr is installed, the owner of the
premises generally receives a reduction in his fire insurance rates. Such
reduction will obviously depend upon the extent to which compliance has
been made with the previously mentioned standards and any other special or
local requirements. In order to determine if the system js satisfactory,
the plans and specifications should be submitted to the insurance rating
ofganization in the state or to the insurance carrier. Through this pro-
cedure, counsel on the installation that will make it possible for the prop-
erty owner to gain maximum- benefits possible from the fire service con-
nection can be obtained.

QUESTIONS

l. a. What is the required fire flow and duration for a mumicipality with a
population of 4,0002 Of 33,0007 Of 65,0007

b. What residual pressure @5 required (or these flows if fire department
pumpery gre available? Jf fire department pumpers are not avallable?

2 A city of 17,000 population has a maximem daily consumption of 3.5
mif gal. Tf the supply works caa deliver to the distribution system at a 5.0-mgd

-rate, how much storage is needed on the distribition system to meet the re-

quirements for adequate fire protection?

3. A city of 27,000 population has a maximum daily consumption of 5.3
mil gal. 1f four pumps are provided with capacities of 6, 6, 4, and 4 mgd, how
much storage is needed on the distribution system to provide reliable fre
protection with respect to pump capacity ?

4. 2. What i5 the hydrant distribotion required in the principal business
district of a city of 40,000 population?

w

L0 0}-40-8002

MNMULT T LUV LV ]

<<

DIy ]

6159189058

[w)

AS .1 0122 cdtaenasrs

6/8d



36 WATER UTILITY MANAGEMENT

b. If the Sre flow required in residential distsicts is 1,500 gy, whal
hydraat distribution is reguired?

c. Why is it advantagcous to locate hydrants at street intcrsections?

S. a. Name five types of private fire-extinguishing systems that can be sup-
plied through fire service connecticns.

b. Why i it advantageous to have such systems installed in accordance
with the requirements of the state insurance rating organization or the insur-
ance carrier?

BIBLIOGRAPHY *
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CHAPTER 3§

Civil | on

CIVIL defense partivipauun 15 sau anotner respansibility of the water
utility. Actually, of course, the basic obligations involved are not
additional ones, but the circumstances are such as to make them more
difficult to fulfill at the very time that it becomes most important to fulfill
them. The many new and complex problems associated with defense
emergencics, therefore, demand the special attention of all water works
operators and related responsible public officials. These problems are cer-
izinly the most difficult of all that water utility management must face,
Iargely because many of the technical questions still remain unsolved and
because the entire subject is constantly shifting and readjusting to Auctua-
tions in international affaics and developments in the weapons of modem
war. It is not properly within the scope of this manual to indoctrinate
water utility personnel in the technical aspects of those problems, not only
because this would be impossible in the space available, but because the
rapidly changing nature of the situation itseli precludes it.

During the past few years thére has been marked intensification: of
effort in this field by both the water works profession and the many uaits
of government concerned with water supply. This has been reflected in
increased attention to civil defense subjects in the affairs of the AWWA
and related organizations, in the greatly expanded civil defense research
effort being carried on by governmental groups such as those at the Robert
A. Taft Sanitary Engineering Center of the US Pablic Health Service,
and m direct planning activities of the national and state dvil defense
organizations.

Spedial provision should be made by the water works prafession to keep
gbreast of technical and other developments that have civil defense impli-
cations, Unless special measures to do this are taken it is unlikely that
coutinucd adequate attention will be paid to such matters by key water
wtility personnel who are already overloaded with the work of their daily
responsibilities. Therefore, whether or not a2 community has an active,
current civil defense program into which the water utility staff can fit,
serious attention should be given, as a minimum, fo making one person
tesponsible for keeping in touch with developments. This individual
should see that his utility is on mailing fists to receive all information perti-
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Foreword

In May 1953 the AWWA Commiittee on Education reported its findings of a survey
concerning the quality of “short courses” as provided in various states at that time.
A result was that the committec recommended that more emphasis be placed on
in-service training for management.

In 1955 the committee published six short course outlines in Willing Water. To
achieve the greatest benefit from the outlines, the committee prepared a manual

that could be used as a text or studied independently by ambitious water works
personnel.

In May 1956 the AWWA Board of Directors gave approval for the preparation

of the special manual. Approximately 80 members participated in the project, cach
being carefully sclected for his special knowledge.

In March 1979, after about six months of careful research and rewriting, the
AWWA Management Division Board, acting as a committee of whole, completed

the first revision and update of Manual MS, “Water Utility Management
Practices.”

For more detailed information on the subjects covered in each chapter, contact

AWWA'’S technical library staff to obtain current bibliographies on the specific
subject,

® Copyright 1980 by American Water Works Assoclation
Printed In US

[SBN 0-89867-083-2
il
Copyright (C) 1989 American Water Works Association All Rights Reserved
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Chapter 4

Fire Protection

Public water supply systems generally provide water for fire protection. Although
this responsibility is secondary to providing water for potable use, fire protection
requirements have a very important influence on the design and operation of most
systems. Fire protection fumished by water utilities falls into two broad classifica-
tions: (1) public protection, available directly from hydrants supplied by the public
distribution system, and (2) private protection, provided through fire service
connections to sprinkler, standpipe, or other special extinguishing systems or to
private yard distribution systems supplying hydrants.

Municipal fire protection surveys were initiated by the National Board of Fire
Underwriters (NBFU) in 1889 to assist cities in their fire protection problems. In
1904 the survey work was stepped up after a series of disastrous conflagrations
occurred in several large cities. The results of each survey were reported to the
municipal officials and insurance companies that comprised the membership of the
NBFU. Although the reports were of value in stating the fire protection needs of the
cities, no attcrnpt was made to determine the relative degree of fire protection
existing in one city when compared to another.

In 1916 the NBFU published the “Standard Schedule for Grading Cities and
Towns of the United States” with reference to fire defenses and physical conditions.
Application of this schedule enabled municipalities to be placed in one of ten
relative fire protection classes. These classes could be used as a guide for fire
insurance underwriting and also as a factor in determining fire insurance rates. This
schedule was revised in 1922, 1930, 1942, and 1956, and amendments to the 1956
edition were issued in 1963 and 1964.

Shortly after publication of the last amendment, the NBFU joined two other
insurance organizations to form the American Insurance Association (AIA) on
Jan. 1, 1965. The municipal fire protection survey and grading work was carried on
by AIA until Oct. 1, 1971 when the Municipal Survey Division of AJA was
transferred to Insurance Services Office (ISO), a new multi-line insurance rating

organization.

Since that time, the local insurance rating bureaus in 44 states have also become a
part of ISO. The state offices of ISO continue to survey and grade the smaller
communities in their respective states. In the remaining six states the smaller
municipalities continue to be handled by independent bureaus as in the past. The
larger cities, nationwide, remain the responsibility of municipal survey engineers

assigned to the ISO home office (New York) and the regional offices (Chicago and
San Francisco).

21
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2 WATER UTILITY MANAGEMENT

One objective of [SO is the development of more uniform, overall fire insurance
rating practices on a nationwide basis,

Public Fire Protection

The most generally accepted standards for public fire protection are contained in
the “Grading Schedule for Municipal Fire Protection” (1974 edition) published by
the Insurance Services Office (ISQ), 160 Water St.,, New York, NY 10038, To
determine relative class, deficiency points arc assigned for each feature of fire
protection in which the municipality fails to meet the established standards. The
total number of deficiency points assigned establishes the class. The maximum
number of points is 5000, and there are ten possible classes, cach class covering a
range of 500 points; for example, a municipality with 1340 points is Third Class,
one with 2760 points is Sixth Class. Four major phases of municipal fire protection
are considered in the schedule, and the 5000 points are divided among thcm as
shown in Table 4.1.

The 1930 points assigned to water supply represent 39 percent of the total,
indicating the importance of water supply in relation to the overall fire protection
of a municipality. There are ten possible classes for water supply, each class
covering a range of 170 points; for example, a water supply with 250 points is
Second Class and one with 1100 points is Seventh Class.

Fire Flow Requirements

Another important change in the schedule is the method of estimating required
fire flow. The formula, based on population. included in the schedule since it was
first published has been eliminated. The calculation was used as a guide for
estimating the fire flow required in the principal business district. There are two
reasons for this. First, although the formula had previously given good results, it
was found that as cities become more decentralized, population becomes a Icss
reliable indicator of the fire protection needs of the principal business district.
Second, because emphasis on the principal business district was removed, a
formula that provides a means of estimating the fire flow required in that district
alone was unsatisfactory. This led to the development of the “Guide for
Determination of Required Fire Flow” published by ISO, which can be used for
estimating fire flow requirements in any portion of a municipality. The guide was

introduced at the American Water Works Association (AWWA) Annual Confer-
ence in Chicago on Jun. 4, 1972,

TABLE 4.1
Relative Values and Maximum Deficiency Points

Feature Percent Points

Water supply 39 1950
Fire department 19 1950
Fire service communications 9 450
Fire safety control 1 650
Total 100 5000

Copyright (C) 1993 Amaerican Water Works Assoaciation All Rights Reserved
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FIRE PROTECTION 23

The period of time necessary to deliver the required fire flow is an important
factor in water supply design because it often influences the size of the storage
facilities needed. In the 1956 schedule a duration of 10 hr was specified for all fire
flows of 2500 gpm or more. The duration required decreased progressively to 4 hr
for fire flows of less than 1250 gpm with a further reduction from 4 to 2 hr for
residential sections. In the new schedule the duration standards have been reduced
as shown in Table 4.2 which indicates that 10 hr is now required only for fire flows

of 10,000 gpm or greater and that the required duration decreascs progressively to 2
hr for 2500 gpm or less.

Pressures

In most municipalities, the fire departments use pumpers to remove water from
hydrants and deliver it through hose lines and nozzles to the fire. The purpose of the
pumpers is to increase the pressure by a sufficient amount to overcome losses in
hosc lines and nozzles and to deliver a satisfactory stream on the fire. It is necessary,
therefore, for the water distribution system to be able to deliver the required fire
flow at a residual pressure sufficient to supply the pumpers properly. In order to
have a positive pressure at the pumper suction inlet and at the same time overcome
the losses in the hydrant branch, hydrant, and fire depariment suction hose, 20 psi is
normally specified as the minimum residua) pressure.

If fire department pumpers arc not available or the fire department does not
regularly use its pumpers, the water distribution system must be capable of
delivering the required fire flow at much higher residual pressurcs. For large cities,
the pressure required is 75 psi. For small municipalities requiring not more than
2500 gpm with more than ten buildings exceeding three stories in height, 60 psi is
needed. In sparsely built residential areas or small village business districts with
buildings of small area and not higher than two stories, 50 psi is required.

TABLE 4.2
Required Duration for Fire Flow

er——
——

Reguired Fire Flow —gpm Required Duration—Hh

10,600 and greater
9500

9000

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500 and lcss

—
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24 WATER UTILITY MANAGEMENT

The water supply section of the schedule includes fourteen items, each containing
standards on a specific subject. Some of these items deal with the adequacy of the
system, or the ability to meet the requirements under normal conditions. Other

items deal with reliability, or the ability to meet the requirements under certain
emergency or unusual conditions.

Adequacy of Supply Works

To be considered adequate under the schedule, a system should be capable of
delivering the required fire flow with consumption at the maximum daily rate. The
maximum daily consumption rate is the maximum amount of water consumed
during any one day expressed as a rate over a 24-hr period.

The supply works, including sources of supply, intakes, suction lines, pumps,
boilers, treatment works, and supply lines, should, in connection with the storage
on the distribution system, be capable of delivering the maximum daily consumption
rate plus the required fire flow. Because no two water systems arc exactly alike, the
specific methods employed to meet these requirements differ considerably. Overall
techniques generally fall into one of three categories.

1. Provide supply works capacity to meet-the total requirements.

2. Provide supply works capacity equal to the maximum daily consumption rate
with storage on the distribution system capable of meeting the required fire
flow for the specified duration.

3. Provide supply works capacity in excess of the maximum daily consumption
rate. Storage on the distribution system should be capable of supplying, for
the specified duration, the difference between the total required rate and the
capacity of the supply works.

Reliability of Supply Werks

To comply with ISO standards, the supply works should be able to meet the
requirements not only under normal conditions but also under emergency or
unusual conditions. There are various ways in which the requircd reliability can be
obtained, but it usually necessitates duplication of units or lines, or the provision of
additional storage.

To evaluate the reliability of the source of supply, consideration is given to such
factors as (1) the frequency and duration of droughts, (2) physical condition of
dams and intakes, (3) danger from earthquakes, floods, forest fires, ice formations,
(4) silting, and (5) clogging or increased salinity of wells. When these or similar
factors interrupt or seriously reduce the supply for extended periods, then alternate
supplies or special provisions are required to reduce the possibility of or effect of a
change in flow.

To evaluate the reliability of pumping capacity, the standard also analyzes the
ability of the supply works to deliver the maximum daily consumption rate plus the
required fire flow with one and two pumps out of service. The pumps considered
out of service are those that would cause the maximum reduction in delivery to the
system. Because these pumps are not necessarily those having the highest rated
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FIRE PROTECTION 25

capacities, a careful study of all pump capacities and operating characteristics is
neccssary.

The previous schedule in which the deficiencies on each lift were determined with
one and two pumps out and then added together to obtain the total deficiency has
been changed. It should be noted now that although each pumping lift is considered
in the deficiency evaluation, a deficiency will only be assigned for the most serious
condition with cither one or two pumps out of service.

The treatment works are required to have sufficient capacity so that, with one
filter or other treatment unit out of service, the system can deliver the maximum
daily consumption rate plus the fire flow. Overloads based on operating records
may bc considered in mecting these requircments. Storage in clear wells at the plant
and on the distribution system not only improves the reliability of the plant but also
enables the plant to operate at more uniform rates.

Supply lines, including those in and around pumping stations, treatment works,
and those which extend into the distribution system as principal arteries, should be
arranged and valved so that a break will not prevent the system from delivering the
fire flow for the specified number of hours during a period of five days with
consumption at the maximum daily rate, The locations at which a break would
have the most serious effect are usually in pump suction or discharge headers. A
simple arrangement of suction and discharge piping for four pumps is shown in Fig,
4.1. A study of this figure will indicate that not more than onc pump can be put out
of service by a single break.

As far as supply works piping is concerned, [SO standards require that valves be
installed in such a way that the repair of any valve will not interrupt or seriously
reducc the supply. In the arrangement shown in Fig. 4.1 the repair of any valve will
not put more than two pumps out of service. An arrangement of this type, with a
valve between each pump connection, provides a reasonable degree of reliability.

The power used to drive the various units in the supply works must be reliable. Tt
is required that electric power be supplied over at least two lines, preferably
underground. Equipment must be arranged so that a failure in any line, or repair or
replacement of an electric-power device will not prevent the system from delivering
the fire flow for the required number of hours during a period of two days with
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Figure 4.1 Simple Arrangement of Suction and Discharge Piping for Four Pumps
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\

‘ consumption at the maximum daily rate. Bus bars supplying pump motors should
be duplicated or divided so that this requirement can be met. In order to offset
unreliable features in electric-power supply, pumps may be provided with auxiliary
internal combustion engincs, or electric gencrators driven by such engines may be
installed. Additional storage on the distribution system may also be used.

When steam is used, it is required that, if 25 percent of capacity (or at least one
boiler) is out of service, the remaining boiler capacity must be adequate to operate
the equipment and pumps necessary for the system to deliver the fire flow for the
required number of hours during a period of five days with consumption at the
maximum daily rate.

Steam piping, boiler feed lines, fuel piping (gas or oil lines to boilers as well as
gas, oil, or gasoline lines to internal combustion engines), and air lines to wells
should be arranged so that a failure in any line or the repair or replacement of a
necessary device will not prevent delivery of fire flow for the required number of
hours during a period of two days with consumption at maximum daily rate.

In providing reliable power for the various units of the supply works, due
consideration should be given to wash water pumps, chemical feed machines,
mixing apparatus, power-operated valves, and other appurtenances.

Pumping stations and other important structurcs should not contain combustible
| material in their construction, When located within the same structure, sections
; containing pumps, boilers, high-potential electric power equipment, filters,
| laboratories, shops, storage, offices, garages, and other important cquipment or
| functions should be separated by fire-resistant partitions or fire walls. Openings in
fire wall should be provided with at least one standard fire door; openings in other
| fire-resistant partitions should be provided with wircd-glass, metal frame doors or
i windows as a minimum.

; All electrical equipment should be installed in accordance with the National
| Elcctrical Code. All hazards, including those introduced by boiler-plant operations,
internal combustion engines, storage and handling of fuel and lubricating oils, and
heating devices, should be properly safeguarded. Suitable fire extinguishers, inside
| standpipes with small hose, and outside hydrants should be provided. If the
| building is remote from a fire station, hose should be provided at the hydrants.

| Distribution System

The standards for supply mains require that arteries and secondary feeders
extend throughout the system. These should be of sufficient sizc, considering their
length and the character of the sections served, to deliver fire flow and consumption
demands to all areas. They should be properly spaced (usually about 3000 ft apart)
and looped so that no large areas are dependent upon single mains.

The gridiron of minor distribution mains should consist of mains at Jeast 6 in. in
diameter arranged so that the lengths on the long sides of blocks between
intersecting mains do not exceed 600 ft. When longer lengths of 6-in. pipe are
necessary, 8-in. or larger intersecting mains are required. If street layout and
topography are not well adapted to this arrangement, or dead ends and poor
gridding are unavoidable, then 8-in. pipe should be the minimum main size.

In high-value districts, the minimum size should be 8 in. with intersecting mains
in each street, Mains 12 in. or larger should be used on the principal streets and for
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all lines that are not connected to other mains at intervals close enough for proper
mutual support.

Valves

To isolate sections of main in the event of a break or in connection with
construction or repair work, ISO standards require that the system be equipped
with an adequate number of properly located valves. Supply lines should be valved
at least once a mile and interconnections between such lines should have two valves.
Arterial mains require valves at not more than Y-mi intervals. Connections to the
smaller mains of the distribution system should be arranged and valved so that a
break or repair in any of the smaller mains does not necessitate the shutdown of an
artery. Exclusive of arterial mains, valves should be installed so that shutoff lengths
do not exceed 500 ft in high-value districts and 800 ft in residential districts.

If valves are to be used effectively during an emergency, they must be maintaincd
properly. This requires a program of regular annual inspections for all valves and
more frequent inspections of the Jarge and important valves, including those at
pumping stations, treatment works, and reservoirs. During the inspections the
valves should be operated and any necessary repairs made. Even though the valve
mechanism itself may be in good operating condition, regular inspections
frequently reveal that (1) the valve box has been paved over, (2) the hox has shifted
so that the valve key cannot be placed on the operating nut, or (3) the box is filled
with dirt.

Since any of these defects could delay operation during an emergency, they have
an effect on the fire rating. Inspections sometimes also reveal closed valves where
they should be open, thus preventing full capacity use of the mains in the syster.

Suitable valve records should be maintained indicating inspections, operations,
condition, and repairs.

Hydrants

All water used for public fire protection must be delivered through hydrants;
therefore, a sufficient number should be provided on the distribution system. The
number of hydrants needed in any area depends upon the firc flow required. Table
4.3 gives the hydrant distribution required for fire flows of 1000 to 12,000 gpm; the
average area served for intermediate fire flows not given in the table may be
interpolated. Street intersections are the best locations for hydrants, since hose can
usually be stretched in any of four directions from a pumper connected to a hydrant
at an intersection. It is good practice, therefore, to place at least one hydrant at cach
intersection and to add intermediate hydrants, when necessary, to attain standard
distribution. In high-value districts requiring large fire flows and numerous
hydrants, two or more hydrants are generally used at an intersection.

The standards require that hydrants be able to deliver 600 gpm with a loss of not
more than 2.5 psi in the hydrant and a total loss of not more than § psi between the
street main and outlet. One 4}4-in. and two 2}4-in. outlets should be provided, but
one 2}-in. outlet may be omitted if the fire department normally uses the large
outlets, Connections to the main should be at least 6 in. in diameter and gated.

If hydrants are to be properly maintained, a regular inspection program is
necessary. Inspections should be made semiannually and after each use. During
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28 WATER UTILITY MANAGEMENT

these inspections the hydrant should be operated, checked for leaks and proper

drainage, and lubricated as required. Proper records of inspections, conditions,
and repairs should be maintained.

Separated Zones of Service

Topography makes it necessary to provide more than one pressure zone of
distribution in many municipalities. In the application of the schedule, these zones
are considcred individually from the standpoint of providing adequate and rcliable
fire protection, The various factors previously discussed, including pumping
capacity, storage, power supply, construction of pumping stations, arterial mains,
and minor distribution lines are of importance, cspecially if these zones involve
large portions of the municipality. When supply is available from onc zone to
another by opening normally closed valves, such emergency supplies may be of
considcrable value in meeting demands. In arranging service limits, the creation of

dead ends by closing valves should be kept to a2 minimum, especially where the lines
are 6 in. or smaller in size.

Private Fire Protection

Private protection is provided from the public distribution system through fire
service connections supplying sprinkler, standpipe, water spray, foam, and yard
hydrant systems. Standards for these special fire-extinguishing systems have been
prepared by the National Fire Protection Association and have been adopted by
many insurance organizations, including the ISO. Certain portions of these
standards deal with the water supplies for these systems. The flows and pressures

TABLE 4.3
Standard Hydrant Distribution
Fire Flow Required— gpm Avcrage Area per Hydrant— sg /i
1000 or loss 160,000
1500 150,000
2000 140,000
2500 130,000
3000 120,000
3500 110,000
4000 100,000
4500 95,000
5000 50,000
5500 85,000
6000 80,000
6500 758,000
7000 70,000
7500 65,000
8000 60,000
8500 57.000
9000 55,000
10,000 50,000
11,000 45,000
12,000 40,000
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needed depend upon the type of system and its individual characteristics as well as
the type of occupancy it is to protect. Requirements are somewhat general in
nature, but the specific requirements for any installation can be obtained from the
insurance rating organization in the state or from the insurance carrier.

Fire service connections are required to extend from the public distribution
system directly to the fire-extinguishing system with no intermediate connections
for domestic use. No connections should be made to any portion of an
extinguishing system to provide domestic supply. Although practice differs, many
water utilities in the US require meters on fire service connections. When meters are
used, they should comply with C703, “AWWA Standard for Cold-Water Metcrs—
Fire Service Type.” Detector check valves with a metered bypass arc frequently
used; these devices accurately measure small flows, but do not measure the large
flows used during fires. They are intended for use by those water utilities that do not
wish to charge for water used during fires, but do wish to control unauthorized usc
of water through fire service connections.

In order to supply some fire-extinguishing systems properly, it is necessary to
install special fire pumps. It may also be necessary to improve the supply by the
installation of ground storage as suction for the pumps or elevated storage on the
private system. Standards of the National Fire Protection Association arc available
for such installations.

Leaders in the water utility field feel strongly that a special charge should be
made by the utility for private fire protection services. Such a service places the
responsibility on the water utility to install pumps, distribution mains, and related
facilities sufficient to supply the private fire hydrants and sprinkler heads although
they arc used only in emergencies.

In all fire-extinguishing systems that receive their supply from a public
distribution system, care must be taken to prevent any contamination of the public
supply. Cross connections should not be made between non-potable sources of
supply and private fire-cxtinguishing systems supplied through fire service
connections by public water systems. All fire-extinguishing systems should be
installed to comply with the requirement of the health authorities having
jurisdiction. .

When a private fire-extinguishing system is installed, the owner of the premises
generally receives a reduction in his fire insurance rates. Such reduction will
obviously depend upon the extent to which compliance has been made with the
previously mentioned standards and any other special or local requirements. In
order to determine if the system is satisfactory, the plans and speccifications should
be submitted to the insurance rating organization in the state or to the insurance
carrier. Through this procedure, counse} can be obtained on the installation
making it possible for the property owner to gain the maximum benefits possible
from the firc service connection.
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