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John F. Guastella 
Please state your name and business address. 

John F. Guastella, Guastella Associates, Inc., 6 Beacon Street, Suite 410, Boston, MA 

021 08. 

Please describe Guastella Associates, Inc. 

Guastella Associates, Inc. provides utility management, valuation and rate consulting 

services to both regulated and unregulated utilities. 

How long have you been involved in utility regulation and  rate setting? 

My entire professional career has been in the field of utility regulation and rate setting: 

first as a regulator for 16 years and then as a consultant for the last 29 years. 

Have you attached to this testimony a summary statement of your education and 

experience? 

Yes. 

W h a t  is the na ture  of your involvement in this proceeding? 

Guastella Associates, Inc. has been employed by Aqua Florida Utilities, Inc. 

(“Company” or “Aqua Florida”) to participate on its behalf in this proceeding. 

Have you participated in the meetings and  conferences conducted by the FPSC 

regarding this rule making, and  have you reviewed the  FPSC S t a f f s  d ra f t  Rule 

25-30.30.4325, F.A.C. Water  Trea tment  Plant  Used a n d  Useful? 

Yes. 
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Does the Company support the adoption of the proposed rule? 

Yes. The purpose of the proposed rule is to establish manageable formulas with 

which to establish used and useful percentages for certain utility facilities that are 

reasonable and intended to significantly reduce the costly adjudication of such 

issues in rate cases, particularly for smaller water utilities. 

What are the general items that you would modify? 

I am recommending modification to the areas of maximum day demands, 

unaccounted for water and fire flows. 

How would you define “used and useful”? 

Used and useful is a regulatory rate setting term that is applied to the cost of utility 

assets that are necessary to provide service to customers in order to economically 

meet their demands on a continuous basis. Accordingly, the cost of facilities that 

are used and useful would be included in rate base for rate setting purposes. 

How are used and useful determinations applied in setting rates? 

Utility rates include components of revenue requirement that provide an 

opportunity to eam a retum on investment in utility facilities that are used and 

useful, as well as a recovery of the cost of those assets through depreciation 

allowances. The level of the cost of assets that are detennined to be used and useful 

also has a rate setting impact on property and income taxes. 

24 
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Are the used and useful adjustments that are typically made in Florida 

common in other states? 

No, Howevcr, the historical characteristics of Florida’s water and wastewater 

utilities and rate setting process are also different from those of other states. 

Florida’s water and wastewater utilities have generally been created in connection 

with real estate developments that take long periods of time before completion. 

Real estate development projects in other states are typically phased in or 

completed in shorter time frames. In addition, Florida’s rate setting has established 

Service Availability Charges that are more extensive than, or even non-existent, in 

other states. In my opinion, therefore, it is appropriate for the FPSC to establish 

uscd and useful rules that balance the interests of the customers of developer related 

utilities and the affiliated developers. I must also add that balancing those interests 

in  a rule with specific formulas requires a focus on some basic rate setting 

considerations. The cost of utility facilities is determined according to engineering 

design criteria, the goal of which is to ensure safe and adequate service on a 

continuous basis. The engineering design standards are not established according to 

rate setting procedures or used and useful calculations. Water systems are designed 

to meet demands that include a factor of safety or cushion so that when fully 

developed, it is expected that the capacity of the facilities will be greater than the 

actual demands. Thus, used and useful calculations should not ignore sound 

engineering design criteria. The rates should also recognize economies of scale and 

prudency of investment. 

What specific modifications do you recommend with respect to maximum 

demands? 
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The maximum demands, either maximum day or peak hour, should not be limited to 

a rate setting test year. Rate setting test years are not a consideration in any 

engineering design criteria or those established by environmental regulators. As a 

practical matter, and in actuality, maximum demands can and have occurred prior to 

rate setting test years. I f  it is recognized that the costs a water utility incurs for 

facilities to meet maximum demands is a valid cost to provide adequate service, as 

should be the case, then that level of cost for capacity and facilities should not be 

reduced because a lower absolute demand or demand per ERC occurred during the 

rate setting test year. Using test year demands when previous demands were higher 

is simply denying a cost the utility had to increase in order to adequately provide 

service to existing customers. 

Do you have any other recommendations regarding the maximum demands? 

Yes. The proposed rule would preclude the use of maximum day or peak hour 

demands if there is an unusual occurrence on that day, in which case the rule 

provides for the use of the average of  the 5 highest days within a 30 day period 

(which is understood to be any calendar month). I recommend eliminating the 

provision to use a maximum 5 day average, and instead use the next maximum day 

demand that had no unusual occurrence. 1 am not aware of any engineering design 

criteria that would use an estimated 5 day average. Accordingly, the construction 

cost of water utility facilities is not based on a 5 day average demand but the 

maximum day demand. In fact, the engineering design would assume a maximum 

day demand in excess of the actually expected maximum day in order to provide a 

factor of safety or cushion in order to assure that there is ample capacity to meet 

unforeseen circumstances. In addition, the use of a 5 day average produces costs 
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that arc less than the actual cost of facilities that were needed on the days when the 

demand was highcr than thc other days included in the average. The use of a 5 day 

average therefore, denies the cost of serving existing customers, let alone growth. 

What do you recommend with respect to unaccounted for water? 

I do not believe i t  is appropriate to make adjustments to demands for unaccounted 

for water, because eventually all systems experience increasing levels of 

unaccounted for water as systems age. The more appropriate regulator response is 

to make a cost-justified decision as to whether the cost to correct the problem is 

worth the benefit. However, because the proposed rule contains language in section 

(Section 10) that provides for the handling of special circumstances, I am not 

proposing a change to the formulas with respect to unaccounted for water. 

There is, however, a correction that must be made to the arithmetic 

described in ( I  ) (e) of the proposed rule. Unaccounted for water is a percentage of 

the total amount of water delivered to the water system. If the accounted for usage 

is known or estimated, and assuming an acceptable unaccounted for level of lo%, 

the unaccounted for quantity is properly calculated by dividing the known usage by 

0.9 in order to determine the quantity delivered to the system. Then, the calculatcd 

amount of water delivered to the system should be multiplied by 10% in order to 

determine the unaccounted for quantity. Accordingly, I recommend changing the 

language i n  Section (1 )  (e) to read, “Excessive unaccounted for water (EUW) is 

finished potable water produced (delivered to the system) that exceeds 10% of that 

production quantity.” There is no need to complicate the rule with the specific 

arithmetic, the correct use of which should be left to the party responsible for the 

c al cu 1 at i on. 
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What is your recommendation with respect to fire flow? 

Section ( 1 )  (c) provides for fire flow demands to be added to peak demands at “a 

minimum of either the fire flow required by the local governmental authority or 2 

hours at 500 gallons per minute.” This provision assumes that the local 

governmental authority’s fire flow requirement is consistent with how the entire 

water system should have been designed. It has been my experience however, that 

local governmental authorities recommend a rate of flow per hydrant. Moreover, 

the local govemniental authorities do not necessarily have the expertise to establish 

design criteria for the comprehensive water system, nor do they. I t  is more 

appropriate and in my experience more accurate to rely on engineering design 

criteria and recognized standards in order to establish the fire flow requirements. 

The design of water systems, and their cost, with respect to the provision of fire 

protection service is more properly based on engineering considerations that take 

into account the requirements of the Insurance Service Organization (ISO) and its 

predecessor, the National Board of Fire Underwriters (NBFU). The ISO’s fire flow 

requirements relate to single structures, and when the formulas provided are used, 

the results could be great than those of the local governmental authority, which may 

be limited to individual hydrants. The NBFU has published fire flow requirements 

for complete water systems that take into account the population of the community 

being served, not just individual hydrants or buildings. The proper engineering 

design of water systems should not only meet local requirements but, of equally if 

not more importance, also meet greater demands if necessary to provide adequate 

fire flows, throughout the service area. 
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How would you modify Section ( 1 )  (c)? 

I would siniply change the last phrase to read, “where fire flow is provided, 

appropriate fire flow or a minimum of either the fire flow required by local 

governmental authority or 2 hours at 500 gallons per minute.” 

Have you provided exhibits containing ISO, NBFU and AWWA publications 

or sections of publications setting forth fire flow requirements and/or 

calculations? 

Yes. I have provided an IS0 publication as Exhibit JFG-I,  entitled, “Guide for 

Determination of Needed Fire Flow,” Exhibit JFG-2 containing sections of a 

publication by the NBFU entitled, “Standard Schedule for Grading Cities and 

Towns of the United States with reference To Their Fire Defense and Physical 

Conditions,” and sections of  the “AWWA Water Rates” manual, 4“’ edition. 

What information is provided by these publications? 

They provide guides and formulas for calculating fire flow requirenients, all of 

which indicate that except for the very small water systems serving only modestly 

sized residential houses, the fire flow requirements that a properly designed water 

system must meet could be significant for individual buildings, and must take into 

consideration the use of multiple hydrants, and the need to meet fire flow demands 

at every location throughout the system, and in some cases meet coincidental fires. 

Have you reviewed the testimony of Mr. Andrew T. Woodcock on behalf of the 

Office of Public Counsel? 

Yes. 
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Do you disagree with any of Mr. Woodcock’s recommendations? 

Yes. 

Do you agree with Mr. Woodcock’s recommendations with respect to high 

service pumps? 

Partially. I agree that high service pumps should be separately identified as to cost 

and that their percentage of used and usefulness should not be the same as for 

storage facilities. I disagree that the only additional data that would be required is 

the capacity of the high service pumps. For those water systems that have multiple 

high service pumps (many small systems do not), the capacity of those pumps alone 

is not sufficient to establish their used and useful percentage. Typically, high 

service pumps connect to a common transmission main, and when two or more 

pumps are operated at the same time, they pump against pressure, resulting in flow 

rates that are less than their respective rated capacity. Operators may also alternate 

the use of multiple pumps, depending on demands, and not use all at the same time. 

Accordingly, in most cases there is no need to perform a used and useful analysis of 

pumps -- in most instances i t  can be determined that they are 100% used and useful 

siniply by observation. I n  instances where used and useful may be an issue with 

respect to high service pumps, a formula that only provides for the ratio of demands 

to capacity is not sufficient. The calculation i t  would have to take into account 

judgments and analyses that are not readily convertible into a formula. 

Do you agree with Mr. Woodcock’s recommendation to change the definition 

of peak demands for systems with storage? 
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No. The requircnicnt that water systems must be designed to meet the greater of the 

maximum day plus fire demands or the peak hour demand, does not assume that 

only storage facilities are needed to meet the potential fire demands which may 

occur at any point in the system. Storage is provided for equalization, fire 

protection and emergencies. Depending on the size of the system, storage facilities 

may be  located at various locations in  the distribution system, not only at the source 

of supply or treatment plant. In a fire event, all facilities are generally used at their 

full capacity, not just storage facilities, in order to provide fire flows and general 

demands, as well as the replenishment of stored water. 

I ani aware of actual fires that were experienced in systems of two of my 

clients in Florida; Marco Island and Palm Coast utilities. The fire of Marco Island 

was at a single 5 story building and the fire at Palm Coast was a forest fire that 

consumed about 100 homes. In each case, all storage capacity was used and every 

available source, treatment and pumping facility was operated at full capacity. 

Aside from the fact that the design criteria with respect to fire flows and duration 

were exceeded, the need to recognize the use of all facilities, not just storage, is 

necessary and should be relied upon for fighting fires. 

Do you agree with Mr. Woodcock’s recommendation to revise the definition of 

peak demand for storage? 

No. One objective of the proposed rule is designed to establish reasonable used and 

useful criteria that eliminate unnecessary and costly controversy. As I previously 

testified, storage facilities are designed with capacity for equalization, fire demands 

and duration, and emergencies. The design of storage capacity will vary from 
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system to system, as well as from consultant to consultant. The proposed rule using 

maximum day is, in my opinion, a reasonable criteria for a used and useful rule. 

Do you agree with Mr. Woodcock’s recommendation to provide 

documentation of account for water? 

No. Mr. Woodcock does not specify the type of documentation that would be 

acceptable. Water used for flushing, fire fighting, line breaks and other uses not 

mentioned, are not routinely measured or metered. They are only determined based 

on estimates. The basis for a utility’s estimates of such items is readily reviewed in 

the normal course of a rate investigation as to the reasonableness of the estimates. 

Mr. Woodcock’s recommendation for unspecified documentation merely creates an 

excuse to eliminate reasonable estimates that are readily examined by experienced 

engineers or operators. 

Do you agree with Mr. Woodcock’s recommendation to remove paragraph (2)) 

and remove subparagraphs (a) (b) and (c) of paragraph (4)? 

No. These paragraphs are essential if the proposed rule is to have any value in 

providing a reasonable balance in making a used and useful adjustment for 

developer created utilities. As I previously testified, the design standards require 

capacity that is greater than expected when actual demands are realized -- in order 

to include a factor of safety or cushion to assure adequate service. The utilities 

incur costs for facilities based on design capacity not actual use. The proposed rule 

makes no specific allowance for the portion of capacity that represents the safety 

factor or cushion. At some point, however, prudence and economies ofscale are 

considerations that must be recognized within the context of  the rule. In addition, 
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systems that are coniplete or fully developed and single well systems must be 

considered IOOO/o used and useful, otherwise utilities will never be able to achieve 

the cost of serving their existing customers -- and the used and useful adjustments 

would no longer provide a balance between the customers and the affiliated real 

estate developer utility but simply deny an unavoidable cost that was necessary to 

provide adequate service. 

Do you agree with Mr. Woodcock’s proposed change to paragraph (3)? 

No. The change is not necessary. This paragraph recognizes that water utilities 

should have the ability to provide alternative calculations, as part of its burden to 

justify its proposed rates. Any party to the rate proceeding has the right to address 

every aspect of the utility’s filing. 

Do you agree with Mr. Woodcock’s recommendation to change paragraph (6)’ 

subparagraph (b) to express firm reliable capacity based on 24 hours instead 

of the 12 hours in the proposed rule? 

No. The proposed rule, using a 12 hour period, provides a reasonable balance that 

recognizes typical consumption characteristics in terms of  time periods, and 

recognizes the typical practice of resting wells to allow time for recharge. 

Do you agree with Mr. Woodcock’s proposed revision to the use of a factor of 2 

times the maximum day in order to estimate the peak hour? 

No. The use of a factor of 2 times the maximum day in order to estimate the peak 

hour is typically recognized for design as well as cost allocation studies, particularly 

for predominately residential customers. 
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Do you agree with Mr. Woodcock's recommendation to eliminate paragraphs 

(10) and (1 l)'? 

No. The proposed rule identifies in paragraphs (10) and (1 1 )  common issues that 

should be considered in every used and useful analysis. If unaccounted for water is 

part of the proposed default fonnulas, then it is important that the rule recognize 

other factors that address unaccounted for issues. Also, the change in flows due to 

such causes as conservation or number of customers, and other factors, are also 

common considerations that are important to recognize so that the rule includes 

flexibility to address issues beyond those included in restrictive formulas. 

Do you have any other comments? 

While I have covered specific recommendations of Mr. Woodcock to which I 

disagree, there are others that I did not directly discuss, because 1 agree with his 

recommendations or because if my own recommended revisions to the proposed 

rule are different from his and there is no need for additional discussion, or because 

they will not have a significant impact on the proposed rule. 

Does that conclude your testimony at this time? 

Yes. 
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PROFESSIONAL QUALIFICATIONS AND EXPERIENCE 
of 

JOHN F. GUASTELLA 

13,s.. Mechanical Engineering, Stevens Institute of 'Technology, 1962, Licensed Professional Engineer 

Member: 
American Water Works Association, Lifetime Member 
National Association of Water Companies 
New England Water Works Association, Lifetime Member 

Committees: 
AWWA, Water Rates Committee (Manual M - I ,  1983 Edition) 
National Association of Regulatory Utility Commissioners (NARUC) and NAWC, Joint- 
Committee on Rate Design 
NAWC, Rates and Revenues Committee 
NAWC, Small Water Company Committee 

Mr. Guastella is President of Guastella Associates, Inc., which provides management, valuation and 
rate consulting services for municipal and investor-owned utilities, as well as regulatory agencies. His clients 
include utilities in the states of Alaska, Arkansas, Califomia, Connecticut, Delaware, Florida, Georgia, Idaho, 
Illinois, Indiana, Maine, Maryland, Massachusetts, Missouri, Michigan, Montana, Nevada, New Hampshire, 
New Jersey, New Mexico, New York, North Dakota, Ohio, Pennsylvania, South Carolina, Texas, Rhode Island 
and Virginia. He has provided consulting services that include all aspects of  utility regulation and rate setting, 
encompassing revenue requirements, revenues, operation and maintenance expenses, depreciation, taxes, retuni 
on investment, cost allocation and rate design. He has performed depreciation studies for the establishment of 
average service lives of utility property. He has performed appraisals of  utility companies for nianagement 
purposes and in connection with condemnation proceedings. He has also negotiated the sale of utility 
companies. 

Mr. Guastella served for more than four years as President of Country Knolls Water Works, Inc., a 
water utility that served some 5,500 customers in Saratoga County, New York. He also served as a member of 
the Board of Directors of  the National Association of Water Companies. 

Mr. Guastella has qualified and testified as an expert witness before regulatory agencies and municipal 
jurisdictions in the states of Alaska, Califomia, Connecticut, Delaware, Florida, Georgia, Illinois, Indiana, 
Maryland, Massachusetts, Missouri, Montana, Nevada, New Hampshire, New Mexico, New Jersey, New York, 
North Dakota, Ohio, Pennsylvania, Rhode Island, South Carolina, Texas and Virginia. 

Prior to establishing his own firm, Mr. Guastella was employed by the New York State Public Service 
Commission for sixteen years. For two years he was involved in the regulation of  electiic and gas utilities, with 
the remaining years devoted to the regulation of water utilities. In 1970, he was promoted to Chief of Rates and 
Finance in the Commission's Water Division. In 1972, he was made Assistant Director of t l ie  Water Division. 
In 1974, he was appointed by Alfred E. Kahn, then Chairman of the Commission, to be Director of the Water 
Division, a position he held until he resigned from the Commission in August 1978. 

At the Commission, his duties included the performance and supervision of  engineering and economic 
studies conceming rates and service of many public utilities. As Director of the Water Division, he was 
responsible for the regulation of  more than 450 water companies in New York State and headed a professional 
staff of 32 engineers and three technicians. A primary duty was to attend Commission sessions and advise the 
Commission during its decision making process. In the course of that process, an average of about fifty 
applications per year would be reviewed and analyzed. The applications included testimony, exhibits and briefs 
involving all aspects of utility valuation and rate setting. He also made legislative proposals and participated in 

Kcsume: JFG 



drafting Bills that were enacted into law: one expanded the N.Y. Public Service Commission's jurisdiction over 
small water companies and another dealt specifically with rate regulation and financing of developer-related 
water systems. 

In addition to his employment and client experience, Mr. Guastella served as Vice-chairman of the 
Staff-Committee on Water of the National Association of Regulatory Utility Commissioners (NARUC). This 
activity included the preparation of the "Model Record-Keeping Manual for Small Water Companies," which 
was published by the NARUC. This manual provides detailed instruction on the kinds of operation and 
accounting records that should be kept by small water utilities, and on how to use those records. 

Each year since I974 he has prepared study material, assisted in program coordination and served as an 
instructor a t  the Eastem Annual Seminar on Water Rate Regulation sponsored over the years by the NARUC in 
conjunction with the University of South Florida, Flonda Atlantic University, the University of Utah, Florida 
State University, the University of Florida and currently Michigan State University. In 1980 he was 
instrumental in the establishment of the Westem NARUC Rate Seminar and has annually served as an instructoi- 
since that time. This course is recognized as one of the best available for teaching rate-setting principles and 
methodology. More than 5,000 students have attended this course, including regulatory staff, utility personnel 
and members of accounting, engineering, legal and consulting firms throughout the country. 

Mr. Guastella served as an instructor and panelist in a seminar on water and wastewater regulation 
conducted by the Independent Water and Sewer Companies of Texas. In 1993, he prepared and conducted a 
seminar on basic rate regulation on behalf of the New England Chapter of the National Association of Water 
Companies. In 2000 and 2001, Mr. Guastella developed and conducted a special seminar for developer related 
water and wastewater utilities i n  conjunction with Floiida State University, and again in 2003 i n  conjunction 
with the University of Florida. I t  provided essential training for the financial structuring of small water and 
wastewater utilities, rate setting, financing and the establishment of their market value in the event of a 
negotiated sale or condemnation. In 2004, he prepared and conducted a special workshop seminar on behalf of 
the Oftice of Regulatory Staff of South Carolina, covering rate setting, valuation and general regulation of water 
and wastewater utilities. In 2006, he participated in an expert workshop on full cost pricing conducted by the U. 
S. Environmental Protection Agency in coordination with the Institute of Public Utilities, Michigan State 
University. In 2006, he prepared and conducted a special seminar on rate setting and valuation on behalf of the 
New York Chapter of the NAWC. In 2007, he prepared and conducted a special seminar on rate setting and 
valuation on behalf of the New England Chapter of NAWC. 

Mr. Guastella has made presentations on a wide variety of rate, valuation and regulatory issues at 
meetings of the National Association of Regulatory Utility Commissioners, the American Water Works 
Association, the New England Water Works Association, the National Association of Water Companies, the 
New England Conference of Public Utilities Commissioners, the Florida, New England, New Jersey and New 
York Chapters of NAWC, the Mid-America Regulatoiy Conference, the Southeasteiii Association of Regulatory 
Utility Commissioners, the Pennsylvania Environmental Conference, and the Public Utility Law Section of  the 
New Jersey Bar Association. 

2 Resume: JFG 



John F. Guastella 
List of Proceedings in which 

Expert Testimony 
was Presented 

Year 
I966 
I967 
1967 

1968 

1968 
1969 
I969 
1969 
I970 
1970 
1971 
1971 
1971 
1971 
1971 
1972 
1972 
I973 
1978 
I979 
I979 
1979 
1979 
1979 
1979 
I979 
1979 
1979 
1979 
1979 
I980 

I 96x 

196x 

I 9x0 
I 9x0 
19x0 
1980 
I980 
1981 
19x1 
19x1 

19x1 

19x1 

19x1 
19x1 
19x1 

1981 

1981 

1981 

19HI 
1981 
1981 

1981 
1981 
1981 

1982 
I982 
1982 
I982 
I982 
1982 

1982 
1983 
1983 

19x1 
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1974 1 ,  Basics of Rate Setting Semi-annual seminars on utility rate regulation, National 

through 
Present 

1974 

1976 

1977 

1978 

1979 

1979 

I980 

1981 

1981 

I982 

1982 

1983 

I983 

1984 

1987 

1987 
1988 

1989 

1989 

1991 

2. Cost Allocation and Rate Design 
3. Revenue Requirements 

Association of Regulatory Utility Commissioners, sponsored by 
University of South Florida, of Utah, Florida State University, 
and University of Florida, held in the states of Florida, Utah and 
Califomia 
Annual convention of the National Association of Water Rate Design Studies: A Regulatory Point-of- 

View Companies, New Haven, Connecticut 

Lifeline Rates Annual convention of the National Association of Water 
Companies, Chattanooga, Tennessee 

Regulating Water Utilities: The Customers' 
Best Interest 

Annual symposium of the New England Conference of Public 
Utilities Commissioners, Mystic Seaport, Connecticut 

Rate Design: Preaching v .  Practice 

Small Water Companies 

Rate Making Problems Peculiar to Private 
Water and Sewer Companies 
Water Utility Regulation 

The Impact of Water Rates on Water Usage 

A Realistic Approach to Regulating Water 
Utilities 
Issues in Water Utility Regulation 

New Approaches to the Regulation of Water 
Utilities Asheville, North Carolina 
Allocating Costs and Revenues Fairly and 
Effectively Maryland 
Lifeline and Social Policy Pricing 

The Real Cost of Service: Some Special 
Considerations City, New Jersey 
Margin Reserve: It's Not the Issue 

A "Current" Issue: ClAC 
Small Water Company Rate Setting: Take It  or NAWC - New York Chapter June 14, 1988 meeting 
Leave It  
The Solution to all the Problems of Good Small NAWC Quarterly magazine, Winter issue 
Water Companies 
Current Issues Workshop - Panel 

Alternative Rate Structures 

Annual convention of the National Association of Water 
Companies, Baton Rouge, Louisiana 
Annual symposium of the New England Conference of Public 
Utilities Commissioners, Newport, Rhode Island 
Special educational program sponsored by Independent Water 
and Sewer Companies of Texas, Austin, Texas 
Annual meeting of the National Association of Regulatory 
Uti l i ty  Comniissioners,Houston, Texas 
Annual Pennsylvania Environmental Conference, Harrisburg, 
Pennsylvania 
Mid-America Regulatory Conference, Clarksville, Indiana 

Annual symposium of the New England Conference of Public 
Utilities Commissioners. Rockport, Maine 
Southeastern Association of Regulatory Utility Commissioners, 

Maryland Water and Sewer Finance Conference, Westminster, 

Annual conference of the Amcrican Water Works Association. 
Las Vegas, Nevada (published) 
Annual New Jersey Section AWWA Spring Meeting, Atlantic 

Florida Waterworks Association Newsletter, ApriliMayiJune 
1987 issue 
NAWC - New England Chapter November 6, 1987 meeting 

New England Conference of Public [Jtilities Commissioners, 
Kennebunkport, Maine 
New Jersey Section 1991 Annual Conference, AWWA, Atlantic 
City, New Jersey 
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Year T I t l C  Forum 
1994 Conservation Impact on Water Rates New England NAWC and New England AWWA, Sturbndge, 

1996 
1997 

1998 

1998 
2000 

200 1 

2002 

2003 

2004 

2005 

2005 
2006 

Massachusetts 
NAWC Annual Meeting, Orlando, Florida IJtility Regulation - 2 I st Century 

Current Status Drinking Water State Revolving N A  WC Annual Meeting, San Diego, Califoiiiia 
Fund 
Small Water Companies - Problems and NAWC Annual Meeting, Indianapolis, Indiana 
Sol uti ons 
Basic Rate Regulation Seminar New England Chapter - NAWC, Rockpoi-t, Maine 
Developer Related Water and Sewer Utilities Florida State University, Orlando, Florida 
Seminar 
Developer Related Water and Sewer Utilities Florida State University, Orlando, Florida 
Seminar 
Regulatory Cooperation - Small Company New England Chapter - NAWC, Annual Meeting 
Education 
Developer Related Water and Sewer Utilities University of Florida, Orlando, Floiida 
Seminar 
Basic Regulation & Rate Setting Training Office of Regulatory Staff, Columbia, South Carolina 
Seminar 
Municipal Water Rates Nassua-Suffol k Water Commissioners Association. Franklin 

Square, New York 
Innovations in Rate Setting and Procedures NAWC New York Chapter, West Point, New York 
Basics of Rate Setting The Connecticut Water Company, Clinton, Connecticut 

2006 
2006 

Innovations in Rate Setting and Procedures 
Best Practices as Regulatory Policy 

NAWC New York Chapter, Catskill, New York 
NAWC Neu England Chapter, Ogunquit, Maine 

2006 Rate and Valuation Seminar 
2006 Full Cost Pricing 

2006 liinovations in Rate Setting 

NAWC Neb) York Chapter 
U.S. Environmental Protection Agency Expeit Workshop, 
Lansing, Michigan 
NA WC New England Chapter, Portsmouth, Ncw Hampshire 

2007 Weather Sensitive Customer Demands 

2007 

NAWC Water Ut i l i ty  Executive Council, Half Moon Bay, 
California 
NAWC New England Chapter, Ogunquit, Maine Basics of Rate Setting and Valuation Seminar 

2007 Small Company Charateristics National Drinking Water Symposium, La Jolla, California 
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FO RE I!’ 0 R D 

I S 0  has prepared this guide as an aid in estimating the amount of water that should be available for 
municipal fire protection. I S 0  calls this the needed fire flow. This publication is only a guide and requires 
knowledge and experience in fire protection engineering for its effective application. 
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P R E F A C E  

I S 0  is the premier source of information, products, and services related to property and liability risk. For 
a broad spectrum of types of insurance, IS0 provides statistical, actuarial, underwriting, and claims 
information and analyses; consulting and technical services; policy language; information about specific 
locations; fraud-identification tools; and data processing. In the United States and around the world, I S 0  
serves insurers, reinsurers, agents, brokers, self-insureds, risk managers, insurance regulators, fire 
departments, and other government agencies. 

One of ISO's important services is to evaluate the fire suppression delivery systems of jurisdictions 
around the country. The result of those reviews is a classification number that I S 0  distributes to insurers. 
Insurance companies use the Public Protection Classification (PPCTM) information to help establish fair 
premiums for fire insurance - generally offering lower premiums in communities with better fire 
protection. 

IS0  uses the Fire Suppression Rating Schedule (FSRS) to define the criteria used in the evaluation of a 
community's fire defenses. Within the FSRS, a section titled "Needed Fire Flow" outlines the 
methodology for determining the amount of water necessary for providing fire protection at selected 
locations throughout the community. IS0  uses the needed fire flows to: 

1. Determine the community's "basic fire flow." The basic fire flow is the fifth highest needed fire 
flow in the community. IS0  uses the basic fire flow to determine the number of apparatus, the 
size of apparatus fire pumps, and special fire-fighting equipment needed in the community. 
Determine the adequacy of the water supply and delivery system. I S 0  calculates the needed fire 
flow for selected properties and then deterniines the water flow capabilities at these sites. I S 0  
then calculates a ratio considering the need (needed fire flow) and the availability (water flow 
capability). I S 0  uses that ratio in calculating the credit points identified in the FSRS. 

2 .  

I S 0  developed the needed fire flow through a review of actual large-loss fires. I S 0  recorded the average 
fire flow and other important factors, including construction type, occupancy type, area of the building, 
and exposures. Those factors are the foundation of the needed fire flow formula. 

The following pages include a number of excerpts from another I S 0  document, the Specific Commercial 
Property Evaluation Schedule (SCOPES). IS0 uses the SCOPES manual to weigh features of individual 
properties for the purpose of defining the building's vulnerability to future fire loss. Insurers also use the 
information in their underwriting and ratemaking decisions. 

LDITlOK 08-2005 - I -  COPYRIGHT O IS0 I'ROI'EI<TIES, INC., 2005 
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C H A P T E R  1 

Ncrdcd Fire  Flow F o r m u l a  

To estimate the amount of water required to fight a fire in an individual, nonsprinklered building, I S 0  
uses the formula: 

NFF = (C)(O)( 1 +(X+P)) 
where 

NFF 
C = a factor related to the type of construction 
0 = a factor related to the type of occupancy 
X = a factor related to the exposure buildings 
P = a factor related to the communication between buildings 

= the needed fire flow in gallons per minute (gpm) 

To calculate the needed fire flow of a building, you will need to detemiine the predominant type (class) of 
construction, size (effective area) of the building, predominant type (class) of occupancy, exposure to the 
property, and the factor for communication to another building. 

Here is the step-by-step process: 

Step 1. Determine the predominant construction type and the associated factor (F). 
Step 2. Determine the effective area (A).  
Step 3.  Substituting the values for "F" and "A" into the formula C=l8F(A)' and calculate 

Step 4. Round the construction factor (C) to the nearest 250 gpm. 
Step 5. Determine the predominant occupancy type and the associated factor (0). 
Step 6. Determine if there is an exposure charge by identifying the construction type and 

the construction factor (C). 

length-height value of the exposure building as well as the distance (in feet) to the 
exposure building. Also make note of any openings and protection of those openings 
in the wall facing the subject building (the building the needed fire flow is being 
calculated on). The factor related to the exposure building is (X). 

passageway, whether the passageway is open or closed, the length, and a description 
of any protection provided in the passageway openings. The factor related to the 
communications between buildings is (P). 

determine the needed fire flow. 

Step 7. Determine if there is a communication charge by identifying the combustibility of the 

Step 8. Substitute the values for the factors in the formula NFF = (C)(O)(l t ( X l P ) )  to 

Note: IS0  does not determine a needed fire flow for buildings rated and coded by I S 0  as protected by an 
automatic sprinkler system meeting applicable National Fire Protection Association standards. See 
Chapter 6, "Determining Recognition of Automatic Sprinkler Systems," for more information. 
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C H A P T E R  2 

Type of Construction (C) a n d  Effective Area  ( A )  

To determine the portion of the needed fire flow attributed to the construction and area of the selected 
building, IS0  uses the formula: 

C = 18F (A) " ' 5  

where 

F = coefficient related to the class of construction 
F = 1.5 for Construction Class 1 (wood frame construction) 

= 
= 

= 

1 .O for Construction Class 2 Cjoisted-masonry construction) 
0.8 for Construction Class 3 (noncombustible construction 

0.6 for Construction Class 5 (modified fire-resistive construction) 
and Construction Class 4 (masonry noncombustible construction) 

and Construction Class 6 (fire-resistive construction) 
A = effective area 

Appendix A provides C for a range of construction classes (F) and effective areas (A).  

1. C o n s t r u c t i o n  Mater ia ls  a n d  Assenibl ies  

I S 0  uses the following definitions to determine the construction class for a building: 

a. C o m b u s t i b l e :  Wood or other materials that will ignite and bum when subjected to fire, 
including materials with a listed flame-spread rating greater than 25.  Also included are assemblies 
or combinations of combustible materials with other materials, such as the following: 

( 1 )  Metal walls or floors sheathed on either interior or exterior surfaces (with or without air space) 
with wood or other combustible materials (flame-spread rating over 25). 

(2) Metal floors or roofs with combustible insulation or other combustible ceiling material 
attached to the underside of the floor or interior surface of the roof deck, or within 18" of the 
horizontal supports. 

(3) Combustible wall materials with an exterior surface of brick, stone, or other masonry materials 
(commonly known as "masonry veneer"). 

(4) Noncombustible wall or roof construction on a skeleton wood frame (commonly known as 
"wood-iron clad"). 

(5) Combustible wall or roof construction on a noncombustible or slow-burning frame. 
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(6) Composite assemblies of noncombustible materials with combustible materials, such as a 
combustible core between two noncombustible panels, or a noncombustible panel with a 
combustible insulation material (flame-spread rating over 2 5 ) .  

(7) Composite assemblies of noncombustible or slow-burning materials combined with foamed 
plastic materials (with any flame-spread rating), unless the foamed plastic materials qualify as 
slow-burning. (Refer to Item f, below.) 

(8) Combustible assemblies which are listed as having not less than a one-hour rating. 

b. Fire -rcs i s t ive :  Noncombustible materials or assemblies which have a fire-resistance rating of 
not less than one hour. 

c .  M a s o n r y :  Adobe, brick, cement, concrete, gypsum blocks, hollow concrete blocks, stone, tile, 
and similar materials with a minimum thickness of 4". 

d. N o n c o m b u s t i b l e :  Materials, no part of which will ignite and bum when subjected to fire, such 
as aluminum, asbestos board, glass, gypsum board, plaster, slate, steel, and similar materials. Also 
included are: 

( 1 )  Fire-resistive and protected-metal assemblies with a fire-resistance rating of less than one 
hour 

( 2 )  Materials or composite materials with a listed surface-flame-spread rating of 0 and of such 
composition that surfaces that would be exposed by cutting through the material in any way 
would not have a listed flame-spread rating greater than 0 

(3) Masonry walls less than 4" thick, which are not a part of combustible walls (masonry 
veneer) 

Note :  Combustible nailing (furring) strips fastened directly to noncombustible supports shall 
not affect the classification of noncombustible walls, floors, or roofs. 

e. Protec ted  metal:  h4etal which is protected by materials so that the resulting assembly has a 
fire-resistance rating of not less than one hour. 

f. SI ow-  b u r n i n g: Materials with a listed flame-spread rating greater than 0 but not greater than 
2 5 ;  except, foamed plastic materials shall be rated as slow-burning if such materials or coverings 
meet one of the conditions in (1) or ( 2 )  below. 

An acceptable thermal barrier includes those which have been tested as part of a field-fabricated 
or factory-manufactured composite assembly which has passed one of the acceptable wall or 
ceiling panel tests, when applied over foamed plastic material of a thickness and listed flame- 
spread rating not greater than that used in the composite assembly tested. Where any material is 
of a type which falls or drips to the floor of the furnace during the flame-spread test, the flame- 
spread rating of the material, when not protected by a thermal barrier, shall be based on the 
flame-spread rating of the material on the floor of the furnace, where this flame-spread is higher 
than the flame-spread of the material on the furnace ceiling. In all other cases, the nomial flanie- 
spread rating of the material on the furnace ceiling shall be used. 
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2.  

( 1 )  An acceptable thermal barrier consisting of 112" or greater noncombustible material, such as 
plaster, cement, or gypsum board, when used over foamed plastic material having a listed 
flame-spread rating not greater than 25 

( 2 )  An acceptable thermal barrier which is listed with not less than a 15-minute finish rating when 
used over foamed plastic material having a listed flame-spread rating not greater than 25 

Note 1 : Combustible nailing (furring) strips fastened directly to slow-buming supports shall not 
affect the classification of slow-buming walls, floors, or roofs. 

Note 2 :  Lumber and lumber products shall be eligible for consideration as slow-burning only 
when all the ceilings and the walls are treated with a listed flame-retardant impregnation 
which meets all of the following requirements: 

(1) Impregnation-treated materials shall be properly identified as having a flame-spread 
rating of 25 or less. 

(2) Such identification shall indicate that there is no evidence of significant progressive 
combustion when subjected to at least 30 minutes test duration. 

(3)  Such identification shall indicate that the material has a permanent treatment not 
subject to deterioration from the effects of weathering, exposure to moisture or 
humidity, etc. (This requirement only applies where the treated material is exposed to 
the weather or moisture.) However, combustible nailing (furring) strips, doors, trim, 
and the top surfaces of combustible floors shall not be required to be treated. 

g.  Unprotec ted  meta l :  Metal with no fire-resistive protection, or with a fire-resistance rating of 
less than one hour. 

Class i f i ca t ion  of Basic  Construct ion  T y p e s  

IS0  classifies construction types into six different categories: 

Construction Class 6 (fire-resistive construction) 
Construction Class 5 (modified fire-resistive construction) 
Construction Class 4 (masonry noncombustible construction) 
Construction Class 3 (noncombustible construction) 
Construction Class 2 Cjoisted-masonry construction) 
Construction Class 1 (wood frame construction) 

Note: In applying the rules below, I S 0  disregards below-grade basement walls and the construction 
of  the lowest floor (usually concrete). 

a. Fire -res i s t ive  (Cons truc t ion  Class  6) :  Ruildings constructed ofany  combination of the  
following materials: 

Exter ior  w a l l s  or  e x t e r i o r  s t ruc tura l  f r a m e :  



Solid masonry, including reinforced concrete, not less than 4 inches in thickness 

Hollow masonry not less than 12 inches in thickness 

0 Hollow masonry less than 12 inches, but not less than 8 inches in thickness, with a listed 
fire-resistance rating of not less than two hours 

Assemblies with a fire-resistance rating of not less than two hours 

Note :  I'ancl o r  curtain sections of masonry may be of any thickness. 

Floors  and roof: 

0 Monolithic floors and roof of reinforced concrete with slabs not less than 4 inches in 
thickness 

0 Construction known as 'Ijoist systems" (or pan-type construction) with slabs supported by 
concrete joists spaced not more than 36 inches on centers with a slab thickness not less than 
2 % inches 

Floor and roof assemblies with a fire-resistance rating of not less than two hours 

Structura l  metal  supports: 

Horizontal and vertical load-bearing protected metal supports (including prestressed concrete 
units) with a fire-resistance rating of not less than two hours 

N 0 t 0 : Wherever in the SCOPES reference is made to "prestressed," this term shall also 
include "posttensioned." 

b. Modi f i ed  f i re -res i s t ive  (Cons truc t ion  C l a s s  5): Ruildings with exterior walls, floors, 
and roof constructed of masonry materials described in a., above, deficient in thickness, but not 
less than 4 inches; or fire-resistive materials described in a , ,  above, with a fire-resistance rating of 
less than two hours, but not less than one hour. 

c. h l a s o n r g  noncombust ib le  ( C o n s t r u c t i o n  Class  4):  Buildings with exterior walls of fire- 
resistive construction (not less than one hour), or of masonry, not less than 4 inches in thickness 
and with noncombustible or slow-burning floors and roof (including noncombustible or slow- 
burning roof decks on noncombustible or slow-burning supports, regardless of the type of 
insulation on the roof surface). 

d. Nonconibus t ib le  ( C o n s t r u c t i o n  C l a s s  3): Duildings with exterior walls, floors, and roof 
of noncombustible or slow-burning materials supported by noncombustible or slow-burning 
supports (including noncombustible or slow-burning roof decks on noncombustible or slow- 
burning supports, regardless of the type of insulation on the roof surface). 

e. Jo i s ted-masonry  (Cons truc t ion  C l a s s  2 ) :  Buildings with exterior walls of fire-resistive 
construction (not less than one hour), or of masonry, and with combustible floors and roof. 
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Non- 

(all metal) 
Non- 

combustible 
(masonry) 
Modified - 

fire 
resistive 

Fire 
resistive 
Heavy 
timber 

combustible 

f. Frame ( C o n s t r u c t i o n  Class 1) :  Buildings with exterior walls, floors, and roofof  
combustible construction, or buildings with exterior walls of noncombustible or slow-burning 
construction, with combustible floors and roof. 

3 I I ,  B I I  11 1V 2 c  11-N 

4 11, A I I  I l l  IV 2B  I I -  1 hr .  

I I  fire 
l B  resistive 5 I I ,  A I1 I1  I I  

6 1, A I I I 1A I 

2 IV IV IV I l l  4 1V 

Notes applicable to construction-type definitions above: 

Note 1 : Masonry or fire-resistive walls with panels composed of glass, noncombustible, slow- 
burning, combustible, or open sections shall retain their classification as masonry or fire- 
resistive, provided that such panels are in or supported by a structural frame of masonry 
or protected metal (two hours fire resistance if in walls classed as Construction Class 6,  
one hour in classes 2, 4, or 5). Similarly, masonry or fire-resistive floors with wood or 
other combustible surfacing in buildings otherwise subject to Construction Classes 5 or 6 
shall retain their classification as Classes 5 or 6. 

N o t e  2 :  Noncombustible or slow-burning roof deck with an exterior surface of combustible 
materials, such as combustible insulation, felt, asphalt, or tar, shall retain its classification 
as noncombustible or slow-burning. 

3. C r o s s w a l k  to  O t h c r  C o n s t r u c t i o n  Types 

The International Code Council (ICC) and the National Fire Protection Association (NFPA) have 
their own classification of construction types. These classifications are used in the codes and 
standards that they promulgate and are unique to their organization’s publications. Below is a table 
that generally compares ISO’s construction types to those of these other organizations. 

EDITION 05-2006 - 6 -  COI’YIIIGHI 0 IS0 PIIOPERTIES, INC., 2001, 2006 



4. C lass i f i ca t ion  o f  M i s e d  Cons truc t ion  

I n  buildings constructed as defined in two or more classes above, I S 0  determines the appropriate 
construction class as follows: 

Note: I n  applying thcse rules, I S 0  disregards basement walls and the lowest floor level. 

;I .  F i re -res i s t ive :  Any building with 66 213 '%) or over of the total wall area and 66 213 %) or  over of 
the total floor and roof area constructed as defined in Construction Class 6. 

b. M o d i f i e d  f i re -res i s t ive :  Any building with 66 2/3 ?4 or over of the total wall area and 66 
213% or over of the total floor and roof area constructed as defined in Construction Class 5 ;  or 

Any building with 66 213'%) or over of the total wall area, and 66 213% or  over of the total floor and 
roof area constructed as defined in Construction Classes 5 and 6,  but with neither type in itself 
equaling 66 213%) or over of the total area. 

c. M a s o n r y  n o n c o m b u s t i b l e :  Any building with 66 2/3% or over of the total wall area and 66 
213% or over of the total floor and roof area constructed as defined in Construction Class 4; or 

Any building not qualifying under a. orb. ,  above, with 66 213% or over of the total wall area and 
66 213% or  over of the total floor and roof area constructed as defined in two or niore of 
Construction Classes 4 ,  5, and 6 ,  but with no single type in itself equaling 66 2/3% or over of the 
total area. 

d.  N o n c o m b u s t i b l e :  Any building with 66 213%) or over of the total wall area and 66 213%) or over 
of the total floor and roof area constructed as defined in Construction Class 3 ;  or 

Any building not qualifying under a. through c. ,  above, with 66 213%) or over of the total wall area 
and 66 213% or over of the total floor and roof area constructed as defined in two or niore of 
Construction Classes 3 , 4 ,  5, and 6 ,  but with no single type in itself equaling 66 213%) or over of 
the total area. 

e. J o i s t e d - m a s o n r y :  Any building not qualifying under a. through d. ,  above, with 66 213%) or over 
of the total wall area constructed as described in Construction Class 2 ;  or 

Any building not qualifying under a. through d., above, with 66 213%) or  over of the total wall area 
and 66 213%) or over of the total floor and roof area constructed as defined in two or  more of 
Construction Classes 2 ,  3 ,  4 ,  5 ,  and 6 ,  but with no single type in itself equaling 66 2/3% or over of 
the total area. 

f, F r a m e :  Any building not qt~i~lifying under a. through e., above, or any building with over 33 113 
'%I of thc  total wall iirca of combustiblc construction, regardless of the type of construction of the 
balance of thc building. 

5 .  D e t e r m i n i n g  E f f e c t i v e  A r e a  ( A i )  
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In the portion of the needed fire flow formula attributed to the construction and area of the subject 
building, 

C = 18F (A)  ()’’ 

the factor “A” is the “effective area” of the subject building. 

a. Exenipt  areas:  
Disregard the following in the determination of the effective area: 

In nonsprinklered buildings, or buildings which do not qualify for sprinkler credit (see Chapter 
6, “Determining Recognition of Automatic Sprinkler Systems”), disregard floor areas 
(including basement and subbasement) where the entire floor is protected by an acceptable 
system of automatic sprinklers or other acceptable automatic fire protection systems, provided 
that there are no Combustibility Class C-5 occupancies on the floor (see “Occupancy Factor,” 
1 e., “Rapid-burning or flash-burning”). 

Basement and subbasement areas which are vacant, or are used for building maintenance, or 
which are occupied by occupancies having C-1 or C-2 contents combustibility (see 
“Occupancy Factor”) regardless of the combustibility class applicable to the building. A 
basement is a story of a building which is 50% or more below grade, unless such story is 
accessible at grade level on one or more sides. A story which is less than 50%) below grade 
shall also be considered a basement if such story is wholly enclosed by blank masonry 
foundation walls. 

In breweries, malt mills, and other similar occupancies, disregard perforated (slatted) operating 
decks which contain no storage. 

Roof structures, sheds, or similar attachments. 

Courts without roofs. 

Areas of mezzanines less than 25% of the square foot area of the floor immediately below. 

b. Modi f i ca t ion  for  d iv i s ion  wal l s :  
An acceptable division wall shall be constructed entirely of noncombustible materials with a fire- 
resistance rating of not less than one hour, or of masonry materials, and shall: 

(1) Extend from one exterior wall to another (or form an enclosed area within the building). 

(2) Extend from one masonry or fire-resistive floor to another masonry or fire-resistive floor, 
or from a masonry or fire-resistive floor to a roof of any construction. 

(3) Have all openings through the wall protected by an automatic or self-closing labeled 
Class B (not less than one-hour) fire door. 

Where division walls meet the above requirements, the maximum area on any floor used to 
determine the effective area shall be the largest undivided area plus 50% of the second largest 
undivided area on that floor. 
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c. Effcct ive-area ca lcu la t ion:  

After modification for division walls as provided above, the effective area shall be the total square 
foot area of the largest floor in the building, plus thc following percentage of the total area of the 
other floors: 

( 1 )  Buildings classified as Construction Classes 1 - 4: 50% of all other floors. 

(2) Buildings classified as Construction Classes 5 or 6: 

(a) I f  all vertical openings in the building are protected (see 4d., “Protection 
requirements,” below), 25% of the area of not exceeding the two other largest 
floors. 

“Protection requirements,” below), 50‘%, of the area of not exceeding 8 other floors 
with unprotected openings. 

(b) If one or more vertical openings in the building are unprotected (see 4d., 

Note:  The effective area determined under item 4c.(2)(b), above, shall not be less 
than the effective area that would be determined under item 4c.(2)(a), above, if 
all openings were protected. 

d. Protec t ion  r e q u i r e m e n t s :  

The protection requirements for vertical openings are only applicable in buildings of Construction 
Class 5 or 6. The type of protection for vertical openings shall be based on the construction of the 
enclosure walls and the type of door or other device used for the protection of openings in the 
enclosure. 

The following materials are acceptable for one-hour construction in enclosure walls: 4-inch brick, 
4-inch reinforced concrete, 6-inch hollow block, 6-inch tile, or masonry or noncombustible 
materials listed with a fire-resistance rating of not less than one hour. 

P r o  tc c t c d opt‘ n i ti g s : 

Enclosures shall have walls of masonry or fire-resistive construction with a fire- 
resistance rating of not less than one hour. 

Doors shall be automatic or self-closing and be labeled for Class B opening protection 
(not less than one-hour rating). 

Elevator doors shall be of metal or metal-covered construction, so arranged that the 
doors must normally be closed for operation of the elevator. 

U n p r o I c c t c d o p c 11 i 11 g s : 

Unprotected floor openings. Also includes doors or enclosures not meeting the 
minimum requirements for protected openings, above. 
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5 .  Muximum a n d  M i n i m u m  Value  of  C:  

'I'he value of C shall not exceed 

8,000 gpm for Construction Class 1 and 2 
6,000 gpm for Construction Class 3 , 4 , 5 ,  and 6 
6,000 gpni for a 1 -story building of any class of construction 

The value of C shall not be less than 500 gpm. 

I S 0  rounds the calculated value of C to the nearest 250 gpm. 
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C H A P T E R  3 

Occupancy  Factor (0) 

The factors below reflect the influence of the occupancy in the subject building on the needed fire flow: 

Occupancy Combustibility Class Occupancy Factor (0) 
C-1 (Noncombustible) 0.75 
C-2 (Limited-combustible) 0.85 

C-4 (Free-burning) 1.15 
C-5 (Rapid-burning) 1.25 

C-3 (Combustible) 1 .oo 

1 .  D e t e r m i n i n g  O c c u p a n c y  Type  

Occupancy combustibility classifications reflect the effect of the combustibility of contents on the 
building structure. I S 0  uses the following definitions to determine the combustibility classification of 
an occupancy: 

:I. N o n c o m b u s t i b l e  (C-1) - Merchandise or materials, including furniture, stock, or equipment, 
which in permissible quantities do not in themselves constitute an active fuel for the spread of  fire. 

No occupancy shall be eligible to this classification which contains a sufficient concentration of 
combustible material to cause structural damage OR which contains a sufficient continuity of  
combustible materials so that a fire could spread beyond the vicinity of origin. 

The maximum amount of combustible materials in any 10,000-square-foot section of an 
occupancy otherwise containing noncombustible materials shall not exceed 1000 board feet of 
lumber, or over 2 barrels (1 10 gallons) of combustible liquids or greases or equivalent amounts of 
other combustible materials. Further, the maximum total area containing combustible material in 
an occupancy otherwise containing noncombustible materials shall not exceed 5% of the total 
square foot area of that occupancy. 

No te :  In determining the applicability of C-1 , combustible interior walls or partitions (including 
combustible finish), mezzanines, racks, shelves, bins, and similar combustible construction 
shall be considered combustible material. 

Examples of occupancies which may (subject to survey) be eligible for C-1 classification include 
those storing asbestos, clay, glass, marble, stone, or metal products and some metalworking 
occupancies. 

b. Limi ted-combust ib le  (C-2) - Merchandise or materials, including furniture, stock, or 
equipment, of low combustibility, with limited concentrations of combustible materials. 

Examples of occupancies classified as C-2 include banks, barber shops, beauty shops, clubs, 
habitational occupancies, hospitals, and offices. 
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Occupancies classified as C-2 in the occupancy classification list may be eligible for C-1 
classification provided that such occupancy mects all of the requirements for C- 1 classification. 

N o t e :  For manufacturing occupancies where over 20% ofthe total square foot area of the 
occupancy contains storage of combustible material or materials crated or wrapped in 
combustible containers, the combustibility class applicable to the occupancy shall not be 
less than C-3. 

c .  C o m b u s t i b l e  ( C - 3 )  - +Merchandise or materials, including furniture, stock, or equipment, of 
moderate combustibility. 

Examples of occupancies classified as C-3 include food markets, most wholesale and retail 
occupancies, etc. 

Occupancies classified as C-3 in the occupancy classification list may be eligible for C-2 
classification, provided that the total square foot area containing combustible material does not 
exceed 10% of  the total square foot area of  the occupancy. 

No te :  For the purpose of the above rule, combustible interior walls or partitions (including 
combustible finish), racks, shelves, bins, and similar combustible construction shall be 
considered combustible material. 

d.  Free -burn ing  (C-4)  - Merchandise or materials, including furniture, stock, or equipment, 
which bum freely, constituting an active fuel. 

Examples of occupancies classified as C-4 include cotton bales, furniture stock, and wood 
products. 

c .  Rapid-burn ing  or f lush-burn ing  ( C - 5 )  - Merchandise or materials, including furniture, 
stock, or equipment, which either 

(1) burn with a great intensity 

(2) spontaneously ignite and are difficult to extinguish 

(3) give off flammable or explosive vapors at ordinary temperatures 

(4) as a result of an industrial processing, produce large quantities of dust or other finely 
divided debris sub.ject to flash fire or explosion 

Exaniples of occupancies classified as C-5 include ammunition, excelsior, explosives, mattress 
manufacturing, matches, and upholsterers. 

2 .  De t c r nr i n i n g 0 c c u p a n c y Com busti hility C I B ss  i f  i c a t i  0 n in M u  It i p le 0 c c u p a n  c y 
B u i t  d i n  gs 

In sole-occupancy buildings or in multiple-occupancy buildings with occupancies subject to a 
single-occupancy classification, the occupancy classification applicable to the occupant(s) shall 
also apply to the building. 
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In multiple-occupancy buildings with occupancics having different occupancy classifications, the 
occupancy classification applicable to the building shall be determined according to the total floor 
area (including basements and subbasements) occupied by each occupancy, as follows: 

Notc:  Basement and subbasement areas which are either vacant or used for building services or 
building maintenance shall be considered C-2 combustibility. Where such areas are used for other 
purposes, the combustibility class for those areas shall be determined according to the 
combustibility class of their occupancies. 

C- I combustibility shall apply ONLY where 95% or more of the total floor area of the building 
is occupied by C-1 occupants, and there are no C-5 occupancies. 

C-2 combustibility shall apply to buildings which 
a. do not qualify as C-1 above, but where 90%) or more of the total floor area of the 

b. are classified as CSP Construction Class 5 or 6, AND where 80% or  more of the total 
building is occupied by C-1 and C-2 occupancies; OR 

floor area of the building is occupied by C-1 and C-2 occupancies, AND NOT MORE 
THAN 5% of the total floor area is occupied by C-5 occupancies. 

C-4 combustibility shall apply to any building containing C-4 occupants, where the combined 
total area occupied by C-4 and C-5 (if any) occupants is 25% OR MORE OF THE TOTAL 
FLOOR AREA of the building, provided the C-5 occupancies occupy, in total, less than 15% 
of the total floor area. 

C-5 combustibility shall apply to any building where 15% OR MORE OF THE TOTAL 
FLOOR AREA is occupied by C-5 occupancies. 

9 C-3 combustibility shall apply to any building not provided for above. 
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O c c u p a n c y  T y p e  Examples  

Noncombust ib le  (C-1) - Merchandise or materials, including furniture, stock, or equipment, which in 
permissible quantities do not in themsclves constitute an active fuel for the spread of fire. 

C-1 occupancy type examples: 
Asbestos storage 
Clay storage 
Marble storage 

Metal products storage 
Stone storage 

Limi ted-combust ib le  ( C - 2 )  - Merchandise or materials, including furniture, stock, or equipment, of 
low combustibility, with limited concentrations of combustible materials. 

C-2 occupancy type examples: 
Airport, bus, railroad terminal 
Apartment 
Artist's studio 
Auto repair shop 
Auto showroom 
Aviary 
Barber shop 
Church 
Cold storage warehouse 
Day care center 
Educational institution 
Gasoline service station 
Greenhouse 
Health club 

Jail 
Library 
Medical laboratory 
Motel 
Museum 
Nursing home 
Office 
Pet grooming shop 
Photographer's studio 
Radio station 
Recreation center 
Rooming house 
Undertaking establishment 

C o m b u s t i b l e  (C-3) - Merchandise or materials, including furniture, stock, or equipment, of moderate 
combustibility. 

C-3 occupancy type examples: 
Auto parts store 
Auto repair training school 
Bakery 
Boat sales (where storage 15'%1) 
Book store 
Bowling establishment 
Casino 
Commercial laundry 
Contractor equipment storage 
Department store (where storagel I1 5%1) 
Dry cleaner (no flammable fluids) 
Gift shop (where storage#- 15%) 
Hardware store (where storagel i 15%) 
Leather processing 

Municipal storage building 
Nursery sales outlet store 
Pavilion or dance hall 
Pet shop 
Photographic supplies 
Printer 
Restaurant 
Sandwich shop 
Shoe repair 
Sporting goods (where storage I i 15%)) 
Supermarket 
The at er 
Vacant building 
Wearing apparel factory (except furs) 
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Frcc -burn ing  (C-4)  - Merchandise or materials, including furniture, stock, or equipment, which bum 
freely, constituting an active fuel. 

C-4 occupancy type examples: 
Aircraft hangers 
Cabinet making 
Combustible metals (e.g., Magnesium) 
Dry cleaner (using flammable fluids) 
Feed store (with > 113 ton of hay ) 
Fur apparel manufacturing 
Furniture manufacturing 
Kennels 
Lumber 

Packaging and crating 
Paper products manufacturing 
Petroleum bulk-distribution center 
Stables 
Tire manufacturing 
Tire recapping or retreading 
Wax products (candles, etc.) 
Woodworking shop 

R a p i d - b u r n i n g  o r  f la sh-burn ing  ( C - 5 )  - Merchandise or materials, including furniture, stock, or 
equipment, which either 

(1 ) burn with a great intensity 

(2) spontaneously ignite and are difficult to extinguish 

(3) give off flammable or explosive vapors at ordinary temperatures 

(4) as a result of an industrial processing, produce large quantities of dust or other finely divided 
debris subject to flash fire or explosion 

C-5 occupancy type examples: 
Ammunition Matches 
Feed mill (with > 7 tons of hay & straw ) 
Fireworks Nitrocellulose-based plastics 
Flammable compressed gases 
Flammable liquids Rag storage 
Flour mill Upholstering shop 
Highly flammable solids 

Mattress factory 

Painting with flammables or  combustibles 

Waste paper storage 
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C H A P T E R  4 

E x p o s u r e  a n d  Communicat ion  Factor  ( X  + P )  

The factors developed in this item reflect the influence of adjoining and connected buildings on the 
needed fire flow. An exposure building has a wall 100 feet or less from a wall of the subject building. A 
communicating building has a passageway to the subject building. I S 0  develops a value for the exposure 
to another building for the side with the highest charge. Likewise, I S 0  develops a value for a 
communication to another building for the side with the highest charge. The formula is: 

(X + P), with a maximum value of 0.60 

1 .  E s p o s u r e s  (Table 3 3 0 . A )  
The factor for X depends upon the construction and length-height value (length of wall in feet, times 
height in stories) of the exposure building and the distance between facing walls of the subject 
building and the exposure building. Table 330.A of the FSRS gives the factors. When there is no 
exposure on a side, X = 0. 

a. 

b. 

Construction of facing wall of exposure - I S 0  considers the wall construction of the exposure. 
The exposure factor used considers only the side of the subject building with the highest factor. 
Length-height value of the facing wall of the exposure - I S 0  determines the length-height value 
of the facing wall of the exposure by multiplying the length of the facing wall of the exposure in 
feet by the height of the exposure in stories. I S 0  considers buildings five stories or more in height 
as five stories. Each 15 feet or fraction thereof equals one story. 
Exposure distance - The distance in feet from the subject building to the exposure building, 
measured to the nearest foot, between the nearest points of the buildings. Where either the subject 
building or the exposure is at a diagonal to the other building, I S 0  increases the exposure 
distance by 10 feet. 
Construction of facing wall of subject building - The wall construction of the subject building. 

c. 

d. 

2. E x p o s u r e  e x c e p t i o n s  
The following conditions rule out exposure charges from adjacent buildings: 
0 Buildings rated sprinklered (See Chapter 6, "Determining Recognition of Automatic Sprinkler 

Systems. ") 
Buildings rated as habitational, including their appurtenant outbuildings 
Buildings of Construction Class 5 or 6 
Buildings of Construction Class 3 or 4 with C-1 or C-2 contents conibustibility class applicable to 
the building 
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Construction 
of Facing Wall 
of Subject 
Building 
Frame, Metal o r  
Masonry with 
Openings 

Blank 
Masonry 
Wall 

Distance in 
Feet to the 
Exposure 
Building 

0- 10 

11 - 3 0  

31 - 6 0  

61 - 100 

Lengt h-Heig h t 
of Facing Wal I 
of Exposure 
Building 

1-100 
101-200 
201-300 
301 -400 
Over 400 

1-100 
10 1-200 
201-300 
30 1-400 
Over 400 

1-100 
10 1-200 
201-300 
30 1-400 
Over 400 

1-100 
10 1-200 
20 1-300 
30 1-400 
Over 400 

Construction of Facing Wall of Exposure Building 

0.22 
0.23 
0.24 
0.25 
0.25 

0.17 
0.18 
0.19 
0.20 
0.20 

0.12 
0.13 
0.14 
0.15 
0.15 

0.08 
0.08 
0.09 
0.10 
0.10 
7 

Classes 

Unprotected 
Openings 

0.21 
0.22 
0.23 
0.24 
0.25 

0.15 
0.16 
0.18 
0.19 
0.19 

0.10 
0.1 1 
0.13 
0.14 
0.15 

0.06 
0.07 
0.08 
0.09 
0.10 

2, 4, 5, & 6 
Semi protected Openings 
(wired glass or outside- 
open sprinklers) 

0.16 
0.17 
0.18 
0.19 
0.20 

0.1 1 
0.12 
0.14 
0.15 
0.15 

0.07 
0.08 
0.10 
0.1 1 
0.12 

0.04 
0.05 
0.06 
0.07 
0.08 

Blank 
Wall 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Facing wall of the exposure building is higher than the subject building. 

Use the above table EXCEPT use only the length-height of the facing wall of the exposure building 
ABOVE the height of the facing wall of the subject building. Buildings five stories or over i n  

height, consider as five stories. 
When the height of the facing wall of the exposure building is the same or lower than the height of 
:he facing wall of the subject building, X = 0. 
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3. C o m m u n i c a t i o n s  ( T a b l e  3 3 0 . B )  
The factor for P depends upon the protection for communicating party-wall openings and the length 
and construction of communications between fire divisions. Table 330.B of the FSRS gives the 
factors. When more than one communication type exists in any one side wall, apply only the largest 
factor P for that side. When there is no communication on a side, P = 0. 

a. Communications with combustible construction - An open passageway must be open on top or at 
least one side. 

b. Fire-resistive, noncombustible, or slow-burning conimunications - I S 0  considers the type of 
construction found within the passageway. 

c. Description of protection of passageway openings - The protection for the openings to the 
passageway by Class A or  B, single or double fire door. 

4. C o m m u n i c a t i o n s  E s c e p t i o n s  
The following conditions rule out charges for communication with other separately rated buildings: 
0 

0 

0 

0 

Buildings rated sprinklered (See Chapter 6, "Determining Recognition of Automatic Sprinkler 
Systems. ") 
Buildings rated as habitational, including their appurtenant outbuildings 
Buildings of Construction Class 5 or 6 
Buildings of Construction Class 3 or 4 with C-1 or C-2 contents combustibility class applicable to 
the building 
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Communications with Combustible Construction Fire-resistive. Noncombustible. or 
ing Communications Slow-E 

Open 
h Y  

LengtI 

nclosed 
11 Ft. 

to 
20 Ft. 

- 
10 Ft. 

or 
Less 

++ 

0.20 

0.30 

0 

0.10 

Open 
11  Ft. 

to 
20 Ft. 

0.20 . .  

0.15 

0.20 

0 

0 

hclosed 
11 Ft. 

to 
20 Ft. 

0.30 

0.10 

0.20 

0 

0.05 

Description of 
Protection of 
Passageway 
Openings 

Unprotected 

Single Class A 
Fire Door at 
One End of 
Pass age w a y 

21 Ft. 
to 

50 Ft. 
+ 

10 Ft. 
or 

Less 

0.30 

0.20 

21 Ft. 
to 

50 Ft. 
+ 

0.10 

0 

21 Ft. 
to 

50 Ft. 
+ 

0.30 

0.10 

0.15 

10 Ft. 
or 

Less 

++ 

0.30 

0 0.20 

0 

0.10 

++ 

0.20 

Single Class B 
Fire Door at 
One End of 
Passageway 

0.25 0.10 0.35 0.25 

0 

Single Class A 
Fire Door at 
Each End or 
Double Class A 
Fire Doors at 
One End of 
Passageway 

0 0 0 0 0 0 

Single Class B 
Fire Door at 
Each End or 
Double Class B 
Fire Doors at 
One End of 
Passageway 

+ For over 50 fe 

0 0 0 0.1 5 0.10 0 0 

, P = O .  
++ For unprotected passageways of this Icngth, consider the 2 buildings as a single fire division 

Note: When a party wall has communicating openings protected by a single automatic or self-closing 
Class B fire door, it qualifies as a division wall for reduction of area. Where communications are 
protected by a recognized water curtain, the value of P is 0. 
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C H A P T E R  5 

Separate Classif icat ions of  Buildings 

I S 0  classifies the following as separate buildings: 

a. Buildings separated by two independent walls, with no common or continuous combustible roof, 
that meet all of the requirements under either ( l ) ,  ( 2 ) ,  or (3) below. 

(1) Where there is no communication between the two buildings 

( 2 )  Where the independent walls have communicating passageways constructed and protected as 
foll ows: 

(a) A passageway open on the top or at least one side 

(b) An enclosed passageway of glass, noncombustible, slow-burning, or fire-resistive 
construction more than 10 feet in length (or, if combustible, more than 20 feet in length) 

(c) An enclosed passageway of glass, noncombustible, slow-burning or fire-resistive 
construction 10 feet or less in length (or, if combustible, 20 feet or less in length), 
provided that any such passageway is protected on at least one end by an automatic or 
self-closing labeled Class A fire door installed in a masonry wall section in accordance 
with standards 

Where one or both of the communicating buildings qualify for sprinkler credit under 
ISO's Specific Commercial Property Evaluation Schedule (see Chapter 6,  "Determining 
Recognition for Automatic Sprinkler Systems"), the above rules (including the Class A 
door requirement) apply. However, where acceptable sprinklers are installed over the 
communication in a masonry wall in the sprinklered building, such sprinklers are 
acceptable in lieu of the Class A door. 

NOTE:  A passageway is a structure providing communication between two otherwise 
separate buildings. Passageways must not contain contents. Enclosed 
passageways must not be more than 15 feet in width (least dimension). 
Passageways open on the top or at least one side shall not be more than 25 feet 
in width (least dimension). Any communicating structure that contains 
contents, or is more than 15 feet i n  width if enclosed, or is more than 25 feet in 
width if open, is a structure subject to all of the requirements regarding 
separate classification under this item. 

(3) Where the independent walls have no communications, or where the two buildings have 
passageways constructed and protected as provided above, I S 0  classifies each building 
separately, with appropriate charges for exposure and communication (if any) under Chapter 4, 
"Exposure and Communication Factor." 

b. Buildings separated by one continuous masonry party wall conforming to all of the following 
requirements: 
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( 1 )  The party wall is constructed of brick or reinforced concrete not less than 6 inches in 
thickness; OR reinforced concrete building units (or filled blocks) with a fire-resistance 
rating of not less than two hours and not less than 6 inches in thickness; OR other 
masonry materials not less than 8 inches in thickness. 

(2) The party wall rises to the underside of AND is in direct contact with a fire-resistive, 
masonry, or noncombustible roof; OR pierces a slow-burning or combustible roof. In 
addition, no combustible material extends across any parapet that pierces a slow-burning 
or combustible roof. 

(3) The party wall extends to the interior surface of AND is in direct contact with a fire- 
resistive, masonry, or  noncombustible wall OR pierces a slow-burning or combustible 
wall. In addition, combustible cornices, canopies, or other combustible material do not 
extend across the party wall. 

(4) All load-bearing structural metal members in the party wall are protected metal (not less 
than one hour). 

(5) At least a single automatic or self-closing labeled Class A fire door protects all access 
communications through the party wall. Where one or both of the communicating 
buildings qualify for sprinkler credit under ISO's Specific Commercial Property 
Evaluation Schedule (see Chapter 6, "Determining Recognition for Automatic Sprinkler 
Systems"), acceptable sprinklers installed over the communications are acceptable in lieu 
of the Class A door. 

A single, labeled 1 'h hour damper protects all communications caused by air conditioning 
and/or heating ducts piercing a party wall. 

Note 1 : Where unprotected metal, noncombustible, or combustible wall, floor, or roof 
supports are continuous through a masonry wall, such a wall is not be acceptable 
for separate classification. 

Note 2: I S 0  ignores the usual openings provided for common utilities when their size is 
limited to that necessary to provide for normal clearances and vibration; such 
openings are the rule rather than the exception, and their effect is included in the 
overall analysis. I S 0  also ignores openings protected by one-hour listed firestop 
systems. IS0  may also ignore abnormally large openings when mortar or other 
masonry material fills the excessive clearances. 

IS0  classifies all buildings not eligible for separate classification under a.  o r b .  as a single 
building. 
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C H A P T E R  6 

Determin ing  Recognit ion of Automatic  S p r i n k l e r  S y s t e m s  

I S 0  uses the Specific Commercial Property Evaluation Schedule (SCOPES) to evaluate sprinkler 
protection of a property. The criteria within the SCOPES manual permit determination of the percentage 
of credit for the sprinkler protection. For I S 0  to rate and code the property as a sprinklered property, it 
must score at least 10 points (out of the initial 100 points available) in ISO's sprinkler grading. 

A grading of 100 points represents the value of a two-source (water supply) wet-pipe installation, 
standard in all respects, where no unusual conditions of construction or occupancy exist. In addition, the 
system must be installed and maintained as outlined in the National Fire Protection Association (NFPA) 
Standard 13, NFPA Standard 25,  and other NFPA standards as appropriate. 

I S 0  classifies a property as a sprinklered property if it meets the following minimum conditions: 

The sprinklered building has assured maintenance. Shut down, idle, or vacant structures have 
acceptable watchman or waterflow and control-valve supervision (remote or central station) or a 
caretaker. A caretaker is a responsible person who visits the premises not less than weekly. 
The usable unsprinklered area does not exceed: 

a) 25%) of  the total area in buildings with an Occupancy Combustibility Class of C-1 
b) 20% of the total area in buildings with an Occupancy Combustibility Class of C-2 or C-3 
c) 10,000 square feet or 15% of the  total area in buildings with an Occupancy Combustibility 

Class of C-4 
d) 5,000 square feet or 10% of the total square foot area in buildings with an Occupancy 

Combustibility Class of C-5 
See Chapter 3, "Occupancy Factor" for definitions of the occupancy combustibility classes. 
Note: the area limitations above do not include unuscd, unsprinklered areas such as underfloor 
areas, attic areas, etc. However, I S 0  classifies usable vacant areas as used areas. I S 0  considers 
areas with obstructed sprinklered protection as unsprinklered. 

0 Installation has evidence of  flushing and hydrostatic tests of both the underground and overhead 
piping in accordance with NFPA Standard 13. 

0 A full-flow main drain test has been witnessed within the last 48 months. 

0 Dry-pipe installations have evidence of a satisfactory or partly satisfactory dry-pipe trip test 
conducted within the last 48 months. 

I] Fire-pump installations have evidence and results of a fire-pump test conducted within the last 48 
months. 
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C H A P T E R  7 

O t h e r  C o n s i d e r a t i o n s  for  D e t e r m i n i n g  Needed Fire F low ( N F F )  

When the subject building or exposure buildings have a wood-shingle roof covering and I S 0  
determines that the roof can contribute to spreading fires, I S 0  adds 500 gpm to the needed fire flow. 

The maximum needed fire flow is 12,000 gpm. The minimum is 500 gpm. 

I S 0  rounds the final calculation of needed fire flow to the nearest 250 gpm if less than 2,500 gpm and 
to the nearest 500 gpm if greater than 2,500 gpm. 

For 1- and 2-family dwellings not exceeding 2 stories in height, I S 0  uses the following needed fire 
flow51 

DISTANCE BETWEEN BUILDINGS 
More than 100' 500 gpm 
3 1-1 00' 750 gpm 
1 1-30' 1,000 gpm 
10' or less 1,500 gpm 

NEEDED FIRE BLOW 

For other types of habitational buildings, the maximum needed fire flow is 3,500 gpm. 
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C H A P T E R  8 

E x a m p l e s  

Example 1 

1 -story 
Wood frame 
Contractor equipmcnt storage 
2,250 sq. ft.  

30 ft. 

N o  exposurcs or communications I 
75 ft. 

CONSTRUCTION TYPE 
Construction Class 1 (wood frame construction) 
Construction type coefficient (F) = 1.5 
Effective area (A) = 2,250 

C = 18F 
C = 18( 1.5) (2,250)0.5 
C = 27 (47.43) 
C = 1,280.72 
C = 1,250 (rounded to the nearest 250 gpm) 

OCCUPANCY TYPE 
Contractor equipment storage 
Occupancy combustibility class C-3 (Combustible) 
Occupancy factor (0) = 1 .OO 

EXPOSURES AND COMMUNICATIONS 
None 
Exposure and communication factor (X + P) = 0.00 

CALCIJLATION 
NFF = (C)(O)(l+(X+P)) 
NFF = (1,250)(1.00)(1+(0.00)) 
NFF = (1,250)( 1 .OO)( 1 .OO) 
NFF = 1,250 gpm 
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Example 2 

2-story 
Masonry walls, wood-joisted roof and floors 
Concrete on Grade 
Furniture manufacturing 
Ground floor = 14,000 sq.  ft. 
No exposures or communications 

80 ft. 

175 ft. 

CONSTRUCTION TYPE 
Construction Class 2 Goisted-masonry construction) 
Construction type coefficient (F) = 1 .O 
Effective area (A) = 21,000 (ground floor + % of second floor area) 

C = 18F (A)’” 

C = 18 (144.91) 
C = 2,608.45 
C = 2,500 (rounded to the nearest 250 gpni) 

c = i 8 ( i  .o) (21 ,000)~ .~  

OCCUPANCY TYPE 
Furniture manufacturing 
Occupancy combustibility class C-4 (free-burning) 
Occupancy factor (0) = 1.15 

EXPOSURES AND COMMUNICATIONS 
None 
Exposure and communication factor (X + P) = 0.00 

CALCULATION 
NFF = (C)(O)( 1 +(X+P)) 
NFF = (2,500)(1.15)(1+(0.00)) 
NFF = (2,500)( 1.15)( 1 .OO) 
N F F =  2,875 
NFF = 3,000 gpm (because i t  is greater than 2,500 IS0  rounds the NFF to the nearest 500 gpni) 
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Example 3 

+ 27 ft. + 
1 and 2-story 
Wood frame 
1 '' floor (2,250 sq ft.) = Restaurant 
2nd floor (600 sq  ft ) = cabinct making 
Exposurcs on 2 sidcs 

30 ft 
2"d floor 

1 75 ft - - 12 ft. 

Exposure - 
Building B 

Frame walls 
2-stori es 
Length - H ei ght = 
2 x 28 or 56 ft. 

1 1 ft. 

r 
t 120 ft. b 

Exposure -- Building A 

Masonry walls with semi-protccted opcnings on side facing subject building 
2-stories 
Length-Height = 120 x 2 or 240 ft. 

COKSTRUCTION TYPE 
Construction Class 1 (wood-frame construction) 
Construction type coefficient (F) = 1.5 
Effective area (A) = 2,655 (ground floor + 55 of second floor area) 

C = 18F (A)"" 
C = 18(1.5) (2,655)"" 
C = 27(5 1.53) 
C = 1,391.31 
C = 1,500 (rounded to the nearest 250 gpni) 

OCCUPANCY TYPE 
Cabinet making (occupies over 25% of the total floor of the building) 
Occupancy combustibility class C-4 (free-burning) 
Occupancy factor (0) = 1.15 

EXPOSURES AND COMMUNICATIONS 
Exposure charge for Building A = 0.14 
Exposure charge for Building B = 0.17 
The building with the highest charge is Building B .  
Exposure factor (X) = 0.17 
Communication (P) charge = none 
Exposure and communication factor (X + P) = 0.17 

CALCULATION 
NFF = (C)(O)( 1 +(X+P)) 
NFF = (1,500)(1.15)(l+(O.l7)) 
NFF = (1,500)(1.15)(1.17) 
N F F =  2,018 
NFF = 2,000 gpm 

T 
1 

28 ft. 
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APPENDIX A 

Needed Fire F l o w / E f f c c t i v c  A r e a  T a b l e  

TYPE OF CONSTRUCTION FACTOR AS DETERMINED BY RANGE IN EFFECTIVE AREA ;,,.,,.,,,ir -1.5 1 1.0 I 0.8 1 0.6 
Effective Area (A) Effective Area (A) Effectiv Area (A) Effective Area (A) 

(C) 1 At Least 1 Not Over 11- mw -1 At Least I Not Over 

2,750 21,268 1 3,000 11 I/ 25,512 
3,250 13,396 I ,15,624 1 3,500 I/ 15,625 I 18,025 

1 8,000 11 85,070 1 11 191,407 

3,906 

17,409 /I 21,777 
21,267 27,203 

33,231 :s::i // 39,862 
3 5 1  56 47,096 

46,344 63,375 
52,517 72,414 1:. 59,076 82,059 

73,350 / /  103,157 
81,066 114,611 
89,168 11 126,667 
97,656 139,326 

125,434 
135,464 

179,446 

0 3,348 
3,349 6,564 
6,565 10,850 
10,851 16,209 
16,210 22,639 
22,640 30,140 
30,141 I 38,714 

27,202 11 38,715 I 48,359 
33,230 48,360 I 59,076 
39,861 11 59,077 I 70,864 
47,095 70,865 I 83,724 

83,725 1 97,656 

114,610 I/ 183,391 I 203,751 
126.666 203.752 I 225.185 

225,186 I 247,690 
247,691 I 271,267 

166,452 271,268 I 295,915 11 295,916 I 
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16 WATER SUPPLY. 

TABLE 5 .  

REQUIRED FIRE FLOW 

Required Fire Flow Dura- ' Required Fire Flow Dura- 
Popu- for Average Cify, fion, I Popu- for Averoge Cify, fion, 
lotion gpm nigd hours lofion gpni mgd hours 

648  10 
- 1  

1,030 1,000 1 44 4 22,000 4,500 
1,500 1,250 1.80 5 27,000 5,000 
2,000 1,500 2.16 6 1 33,000 5,590 
3,000 1,750 2.52 7 40,000 6,000 
4,000 2,000 2.88 e 55,000 7,000 
5,000 2,250 3.24 9 75,003 8,000 

7.20 10 
7.92 10 
8.64 10 
0.08 10 
1.52 10 

6,000 2,500 3.60 10 ~ 95,000 9,000 12.96 10 
10,000 3,000 4.32 10 ~ 120,000 10,000 14.40 10 
13,000 3,500 5.04 10 I 150,000 11,000 15.84 10 
17,000 4,000 5.76 10 ' 200,000 12,000 17.28 10 

Over 200,000 population, 12,000 gpm, with 2,000 to 8,000 gpm 
addition01 for o second fire, for o 10-hour duration. 
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Higher sustaincd pressure is of value i n  permitting direct 
supply to  autoniatic sprinkler systems and building staiiJpipe- 
and-hose systems, and i n  maintaining a water plane such that no 
portion of the protected area is without \vatcr. Such pressure 
may also be of value in enal,ling the Fire Ikpa r tnxn t  to use 
sacisfactor). hose screanu direct froni hydrants. 

For conimunities requiring not inore than 2.500 gpni tire f l o ~  
and with not more than 10 buildiiigs exceeding 3 storics in height, 
P rcsidual prcaiirc of 60 psi, and f o r  other places a rclidual pres- 
sure of not less than 75 psi, maintained under fire dcnisnd, will 
perniit rhe k‘irc 1kp”ncni  to usc effective streams direct 
froin hydrants if hydrant s p c i n g  is such as t u  allow 5hon hose 
lines; in thinly built rcsidcntial sectioiis and in siiiall village 
mercanrilc districts having buildings of small area and not ex- 
cccding 2 stories, a residual prcssure of 50 psi riiay lie sarisfacton. 

The value of higher pressures is recognized in l t e~ns  6c ,  20. 21 ,  
22.  and 2.q. IYatcr Supply. I t e i i i s  1 7  and 14. Fire Departnient, 

1 
! 

! 
\ 

~ 

i 

~ 

I 

I 
I 

’ and lrciii 2 ,  Crcdiw. 

’ 1. APPOINTMENT OF EMPLOYEES 

I 
! 
~ 

I 
Employees of nroniripal systenis shall hc under a d e c p t e  civil 

service rules o r  the equivalent. properly 8dininisrered, with 
tenure of oflicc s w i m .  1 ~ n g  teniire of ofiire and an cficieiit 
organization may he crimidcred the equivalent. 

~ 

For i n a d e q u a t e  provisions for appoin tment  a n d  
tenure: 

Use 1/10 Deficiency Scale. 

2. QUALIFICATIONS OF EXECUTIVES 

The supcrintendcnt o r  ch id  engineer and his assistants shall 
be qualified hv cxpcriencc. prrfcrald! supplenicntcd bv educa- 
tion and professional rcgisrration. t o  perform their respective 
duties efficiently. 

For executives not qualified: 
Use 1/10 Deficiency Scale.  
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1 ) l S l R l l I L ~ ' ~ l ~ i S  OF UlSTS 2 i  

Cos& relawd tr, hi l l i i i l :  iind coiic.cting ma) In, distnhukri arnonp customer 
classt% based on the total nuniher uf bills rendered to the respec.tivr. rl. 
year. In some instances, i t  is appropriate to reropize.  throiiph billin 
hilling and collecting fix largei service5 miiy incur mort cost th:m for sniiil1c.r 
hPrViccS. 

An illustri~tiuri af the dcv<,iopnwnt i d  ihc test-yeirr units of X ~ T V ~ C C  h r  thc  
hymhetical  utility. using thc, base-fxtra capacity nwthod 0 1  cost Alocation and 
distribution. is prcwnted i n  Tnhk :{-I. Tr~st-yeiir units of S ~ ~ V I C I ,  ri411,ct i h  

prospective nveragc niinuul custumcr rater-u9e rrquirtmunts during thc tca*t-yrar 
study period considered in this exempic,. 

For the example, i t  is assumed that remil sewict, and firt-protection service arc 
provided inside the city to residential. commrrcinl, and industriul classes. Ou&idc- 
city service is provided oii 21 wliolrsali~ 1i;isia. 

For rad1 cutitnmer class. under the heading of Liase in T a l h  3-1. ttir. ttrt:li 

annual water use in thousand gallons is shown. as well B B  the average raw in 
thousand gallons per dey. Maximum-day cnpiicity Sactors an' ~ ~ ~ i p l i t d  t o  iivera~t.-dii) 
rates of flow to develop total capacity hy class. Eht.rii cxpacity II thp diffi!rrixr. 
Instreen total capurity and averagc ratr. d u w  Firr-pruwctioii wrvicc is cw1sdm.d 
to require negligible fluw on an average basis hut 960 thou. gpd on a Inaxinium daily 
basis. hlaximum-hour extra capacity is dwelopisd srmilorl> Mnxlmuin-txur fin- 
protection service rc f lwb tht. iissumption that flow' for fires ic conwiitri>t*.tl ili ia 

four-hour period. 
Equivalent meter5 nnd services are derived by applying equivalent r a m 5  tn tiit. 

number of nieters of earli s im by cli~ss. Thr n u m l r r  of hills is simply t h l ,  t o t d  n i ~ n I . w r  
US h i l l s  rendered annually lor each class. 

Tahlr 3-2 shows the development of t h r  units u f  wrnce  applicahlc. to thr- 
commidit?.-demrmd method of cost allocation. I t  diffcrs f r m  Tahlr :3.1 only I>> thc 
foct that the maximum-day cxtru capacity column is excluded. 

It should be recognized that thc mn uni loti11 ciipacity (in l a t h  :A niirxiniuiw 
day and miixiniuni-hour basis for the krliil w m  (shown in Tablet. : i ~ l  and :4~2!  IS the 
estimate of the sum of nuncoincidental peaking requirements on tht, system; thnt i?  
i t  is thc sum of the peaks for each clam. rcgardliw o l  tho day or hour 111 which such 

Table 3- 1 Unlts of Service-Base-Extra Capacity Method (Test Year) 




