








Q 1.0 Introduction

1.1

1.2

1.3

Qverviev

This binder contains the results of American Electric Power Service
Corporation’s (AEPSC) review of the Cook Nuclear Plant's centrifugal
fire pump system for its compliance with the National Fire
Protection Association (NFPA) Codes. This code compliance review
specifically deals with the four high demand fire pumps, as well as
the lov demand fire pump. These pumps have been evaluated against
NFPA 20 *Centrifugal "ire Pumps”.

Background

In developing our Fire Protection Commitment Data Base, !t was found
that AEPSC had committed to NFPA 20. AEPSC engineers were assigned
to review, evaluate and justify code compliance issues tor this
code. The results of their reviews are contained in this report,

£ Work

This analysis evaluates the centrifugal fire pumps installed at the
Donald C, Cook Nuclear Plant to the requirements of NFPA 20. The
1969 edition of NFPA 20 was the edition under which the svstem was
originally installed and therefore, this {s the edition year upon
vhich the system has been evaluated.

The fire pumps are to be evaluated agaiust the code requirements to
determine compliance, noncompliance and open items. Deviations are
to be reevaluated to determine whether each item could be deemed
acceptable "as installed" based upon credited plant procedures or
past practices at the plant. Deviations and open items which cannot
be justified on these bases or on changes to the specific code

req .rements in later editions, are then to be evaluarted based on
engineering judgements, calculations, analysis of plant design
features, field reviews etc. In instances where the deviation
cannot be justified, modificatione ave to be made to the systems,
All justifications, evaluations and recuamended modifications are
described in the Code Compliance Verification Checklist portion of
this report.

The ateas of the plant that have been reviewed include:

+ Unite 1 and 2 Diesel Fire Pump Rooms in the Screenhouse (Fire
Zone (FZ) 28 and 30).

» Units 1 and 2 Turbine Building Pump Bays (FZ 2).
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Two chapters of NFPA 20 are not applicuble to the Donald O, Copk
Nuclear Plant. ‘Ihese chapters are as follows:

«  Chapter 300 "Special Fire Service Pumps”.
«  Chapter 800 “Steam Turbine Drive".

Neither of these chaoters apply since these types of fire puwps and
drivers are not utilized at the Cool Nuclear Piant.

Future modifications to the fire pump systems are tv be evaluated
for NFPA 20 code compliance. Any noted deviations and/er
Justifications will te documented and contaleed within *his report,

1.4 Fire Protection Systems Reviewed

The fire pump systems which have been reviewed ar. ldentified below:

Fire Area ire Zone Unit Fire Pump Description
1 Unit 1 High Demand Electric
Unit 1 Low Demand Electric
pd Unit 2 High Demand Electric
1 Unit 1 High Demand Diesel
2 Unit 2 High Demand Diesel

-
(= LR R

2
3
1.5 General Assumptions

This report utilized the following general assumptions shown below:

(1) Specifications and drawings were used to evaluate the piping,
fittings and miscellaneous hardware used in the £i = pump
systems to confirm compliance with the requirements of NFPA 20
in effect at the time orf installation

(2) Workmanship and construction practices during installation of
the pumps complied with the code requirements in effect at the
time.

(3) It is assumed that all surveillance tests and procedures arc
properly implemented.

2.0 Purpose

The purpose of NFPA 20 is "to provide a reasonable degree of protection
for life and property from fire thr ugh installation requirements for
centrifugal fire pumps based upon sound engineering principles, test data
and fleld experience. QGuidelines a . established for the design,
installation and maintenance of these pumps, pump drivers and associated
equipment. The suindard endeavors to continue the excellent record that
has been established by centrifugal pump installations and to meet the
needs of changing technology. Nothing in this standard is intended to
restrict new technologles or alternate ariangements providing the level
of safety prescribed by the standard is not lowered."

NFFPA 20
Rev. 0
Page 4 of 10



B e S —

With this statement in mind, it should be understood that it {s
recognized that the fire pumps installed at Donald C. Cook Nuclear Plant
do not meet this standard verbatim., It is also recognized that the fire
pump system is not below the level of safety prescribed per NFPA 20, The
plant’'s fire pump system reliability 1s derived through redundancy and
independence. The following system description should help the reader
understand the level of protection at the Donald C. Cook Nuclear Plant.

Two 2,000 gpm at 152 psi horizontal centrifugal electric motor driven
fire pumps, two 2,000 gpm at 152 psi diesel driven, vertical turbine fire
pumps and a 500 gpm at 152 psi horizontal centrifugal electric motor
driven fire pump are provided for the fire water system. These fire
pumps discharge into underground ring headers around the outside of the
plant and into the interior ring header in the Turbine Building. This
arrangement forms & series of smaller interlor-exterior loops connected
through isolating valves to assure flow from multiple directions.

The fire pumps are started automatically and sequentially so that the
system can be supplied immediately with adequate quantities of water at
the required pressure. The fire protecticn water flow may vary from as
low as 30 gpm for a single sprinkler in operation to as much as 4,700 gpm
for the combined flow, including hose streams, for the Unit 1 main
transformer and Turbine Building wall exposure systems. One can see that
wore than enough pumps exist to supply even the largest water demand
system. In fact, it can be argued that two of the 2,000 gpm fire pumps
can marginally supply enough water for a fire on the largest demand
system. Hence, it is evident that a great deal of redundancy was
installed within the plant‘s fire pump arrangement,

The high demand electric flre pump motors are controlled from 600 V,
electrically operated, draw out circult breakers which are installed in
metal clad switchgear enclosures qualified for Class 1 nuclear service,
Each of the electric fire pump circult breakers is powered from
independent busses, and each bus can be energized from separate emergency
diesel generators. The pumps and controllers are completely isolated
from each other, the pump being located in a separate pump roum and the
controller (circuit breaker) located in a separate switchgear room, This
is consistent with the contro) of nuclear safety related pumps installed
at Donald C. Cook Nuclear Plant., Operation of the pumps is monitored and
can be manually controlled form a centralized, continually marnmed control
room. This is consistent with the basic philesophy of operating a
nuclear generating unit. Contrel power for the breakers is supplied from
a nuclear Class IE battery system. It is felt that the high demand
electric fire pump controllers, being of the same type and quality as
those for safety related equipment, are adegquate to meet fire protection
raquirenents. They have proven to be reliable.

The redundancy of fire pumps and the complete independence of operation
of one fire pump to another (including power sources) provides overall
system reliability far greater than can be achieved by a single pump
installation meeting the specific requirements of NFPA 20,
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Q 3.0 Merhodology

4.0

NFPA 20 was broken down inte two distinct categories (electrical and
mechanical). The Piping, Valves, HVAC and Fire Protection Section of the
Nuzlear Engineering Department was tasked with evaluating all of the
mechanical chapters contained within this code (chapters 1, 100, 200, 600
and 900), The Instrumentation and Cuntrol Section of the Nuclear
Engineering Department was tasked with evaluating all electrical chapters
contained within this code (chapters 400, 500 und 700).

NFPA 20 was reviewed in depth to determine which sections specifically
addressed the ability of the plant's fire pumps. Code Secticns covering
topics, such as; information only, references to other N¥PA .oles,
construction or equipment arrangement and nonrelevaut types of
occupancies were not included in this evaluation as these subjects do not
affect the ability of these fire pumps.

The mechanical portion of this review was performed by both a field
walkdown (see NFPA 20 Walkdown Checklist portion of thls biinder) and a
document search. A summary of their results is contained in the
Mechanical Section f the NFPA 20 Compliance Evaluation portion «f
this binder. One can see that each paragraph of the code was
evaluated for compliance/non-compliance.

The electrical portion of this review was performed by a document search
as well as a fileld walkdown conducted by cognizant Electrical/1&C
Engineering persontiel, A summary of their results is contained in the
Electrical Section of the NFPA 20 Compliance Evaluation portien ¢f this
binder. Once again, one can see that each paragraph of the code was
evaluated for compliance/noncompliance.

This evaluation lists the appliceble code sections; whether the fire
pumps did/did not comply or If the code sections are not applicable to
the fire pumps; and comments or justifications for each noncomplying/not
applicable section. This evaluation alsy has an additional column te
identify the documents reviewed for verification of the specific code
sections. One can see that each paragraph of the code was evaluated for
compliance/noncompliance.

In addition to the above mentiotied portions of this binder, there also
exists a “"correspondence" section (attachment 1), as well as a section
that contains a copy of the 1969 edition of NFPA 20 (attachment 2).

Cunclusions /Recommendations

This evaluation o cluded that the Donald C. Cook Nuclear Plant's fire
pump installation is generally in compliance with NFPA 20, The fire pump
systems were evaluated against the code requirements of the 1969 edition
to determine compliance, noncompliance and open items, Deviations were
reevaluated to determine whether each item could be deemed acceptable

NFPA 20
Rev, 0
Page 6 of 10



o Sl Gl s o A

*as ins*1lled* based upon credited plant procedures or past practices at
the sta..on. Deviations and open items which could not be justified are
identified within these text and their recommendations are identified

bolow.
4.1 1969 Code Edition Year (1988 Review Year)
4.1.1 Install nevw batteries that have sufficlent capacity to

paintain the engine manufacturer’s recommended cranking
speed during the following 5 minute cycle (15 seconds
crank and 15 seconds rest In 12 consecutive cycles).
These batteries shall be installed per Request For Change
No. 3028,

5.0 References (Technical Data)

5.1 Mechanical References - 1969 Code Ed.tion Year (1988 Review Year)

1. PSAR, Section 9.8.1 Fire Protection, 1968

2. Specification DCC-HP-122QCS, Fire Pumps, 07-14.69

3. Specification DCC-HP-121QCS, Diesel Engine, 07.07.69

4, 10221-831-0, Diesel Engine Purchase Order, 11-14.69

§. 09563-821-9, Fire Pump Purchase Orler, 10-30-69

6. PO-050-508, Pre-operational Test Fire Protection Water, 0]-03-7h

7. Pump Curve 2896693, Peerlesr Pump Electric Driven Low Demand
Fire Pump Curve, 06 03.70

8. Pup Curve 2896692, Peerless Pump Eleciric Driven High Demand
Fire Pump Curve, 06-03.70

9. Pump Curve 2897027, Peerless Pump Engine Driven High Demanc
Fire Punp Curve, 08.20.70

10, SD-DCC-HV-105, Turbine Bullding Vantilation; System
Description, 02.0-88

11, SD-DCC-FP-101, Fire Prutection Syctem - Water: System
Des»ription, 01-17-75

12, LCC-PM-104QCS, Piping Specification, 11-09.72
13, DCC-PM-102QCS, Shop and Field Fabrication and Erection, 08-24-73

14, Draving #12-5152A, Flow Diagram Fire Protection - Water 03.23-88
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16.
17.
18,
19.
20.

21,

22,
23,

24,
25.
26,

" 3

8,
29.

30.

3.

32.
i3,

34,

35,

aa—

Drawing #1-f-14, Piping Isometric, 12-XX-70
Drawing #1-FP-4, Piping Isometric, 12-XX-70
Draving #2-FP-X-2, Plping lsometric, 12-XX.70
Drawing #1-FP-X-1, Piping lsometric, 12-XX-70
NAVCO Piping Data Log, 1984

Drawing #2-5114, Flow Diagram Non-essential Service Vater,
11-13-87

Drawing ¢#1-5114, Flow Diagram Non-essential Service Water,
04.27-88

Cameroa Hydraull: Data, 1977

Drawing #12-5152A, Flow Diagram Fire Protection - Water Piping
at Pump, O1-XX-87

FSAR (10.6), Circulating Water System, 07.XX-82
Drawing #2-FP-27, Piping lsometric, 05.-XX-71
Prawing #2-NSW-30, Piping lsometric, OB-26-86

Letter from J.D. Crier to J C. Feinstein, "Diesel Engine Fire
Pumps”, '‘8-26-86

SD-DCC-HP-119, Clrculating Water; System Description, 04-03-87
SD-DCC-HP-105, Non-essential Service Water; System Description

Underwriters Laboratories Fire Protection Equipment Directory,
01-XX-87

Drawing #12-5152, Flow Diagram Fire Protection - Water Yard
Piping, 02-XX-87

Drawing ¢#MS-1, Five Pump Arrangement, 12-05-69
FSAR (2.6), Limnology and Ecology, K 07-XX-86

Peerless Pump Installation Manual, Installation Instructions
Vacer Lubricated Vertical Turbine Pumps, N/A

Letter from Peerless Pump to AEPSC "Quotation Duplicate Pump
§/N 364877-78", 01-31-78
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Q 55. Product Catulog, LaMarche, N/A “Capabilities in Electric Power"

S6. 12.MHP, 5021 .001.034, Maintenance Procedure For Testing Relief
Valves, 08-14-87

57. Letter from Peerless Pump to AEPSC “Donald €. Cook Nuclear
Plant®, 10-06-69

58. Lstver from Peerless Pump to AEPSC "Donald C. Cook FPlant Fire
Protection Pumps U.L. Listing", 02.-03-84

59. Letter from M.W. Cherry to Kadlec/Jensen/Willlams/Jensen
*Diesel Engine Driven for Fire Pumps, 10.03.69

60. 12.5152-P, Flow Diagram-Fire Protection-Diesel Fuel to Engine
Driven Fire Pumps, 10-30.87

5.2 Electrical References

Fl National Electrical Code (NFPA No. 70) 1971

E2 Draving 1-2-98966 U6-18-88
| E3  Drawing 1-2.98971 03-14-88
t . B Draving 1-12002 10-06+86
| E5 Drawing 2-12002 10-06-86
l E6 Drawing 1:12014 10-06-86

E7 Drawing (Numerous Wiring Diegrams)

E8 Drawings (Numerous Conduit & Cable Schedules)

E9 ECP 1-2.20-02 07-14-88
E10 Relay Setting Sheets

| Ell Vendor Manual (lA Marche Battery Charges)

| £12 Donald C. Cook Voltage Performance Study 12-¥X-85
|
!
I
!
L
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Subject

From

Auguset 9, 199]

Cook Nuclear Plant
Fire Protection System
Fire Pumps

P.J. nuuou@‘i-‘“

J.C., Jeffrey

The purpose of this memo is to inform you of a significant change to
RFC-12-3065, "Dedic »d Fire Protection Water Supply," concerning the
licensing process. NS&L has determined that it is necessary to maint&in
the existing diesel fire pumps as well as the new fire pumpe being
({nstalled under the new water supply system. This mandate is & result
of their concern that the NRC will eventually reguire the Cook Nuclear
Plant to design the fire protection eystem to handle a simultaneous
geiemic and fire event,

Thie change will require us to maintain the existing fire pumps in
accordance with all our existing commitments. As you know, one
commitment is to be in ful)l compliance with NFPA 20, “Centrifugal Fire
Pumps."” Hence, all of the concerns which were being addressed in
RPU~12+~3028 (which was cancelled) have to be reopened. We are
requesting that you initiate a new RFC to address these concerns. This
RFC is necessary in order to take full credit for the existing diesel

fire pumps.

1f you should have any questions or require additional informaticn,
please contact me at extengion 2532,

ads th

ce* R.L. Shoberg
R.A. Greon
J.D. Grier/R.J. Gerwe/P.,J. Russell
Files R£§*12*3065
ME: ¥ (N)

intra-Svetan



Date

Subject

From

February 20, 1991

Cook Nuclear Plant
Diesel Fire Pump Bat ory Replacements
RFC-12-3028

P.J, Lussell [‘% 2.aC-91

J.C., Jeffrey/M.J. Firissi

RFC-12~3028 is upgrading the existing diesel fire pump battery banke to
meet the requirements stipulated in NFPA 20. Although the existing
battery banks wor.. (no known problems exist), they do not completely
meet all the regquirements we have committed to.

RFC~12-306% ir installing a new dedicated fire protection water wsupply.
This new water supply will require the installation of new diesel fire
pumps. Since it appears that the existing fire pumps will be retired in
October of 1992, we would like to cancel RFC-12-3028,

Although we will not be in complete compliance with NFPA 20 until the
installation of RFC~12-3065, we can take credit for the defense-in-
depth fire protection philosophy to show that the "exieting fire pump
system" meets the intent of NFPA 20. Thie defense-in-depth philosophy
is defined within the NFPA 20 Code Compliance Evaluation and is shown on
Attachment 1 to this letter.

I1f you should have any questions or require additional infori-tion,
please contact me at extension 2532.

‘ . > . 7 /.

ttac ment

cc: R.L. Shoberg

P.H Jacques /gf'
J.D. Grier/B.J. rwe/P.J. Russell

File: NFPA 20 Code Compliance Evaluation

Intre-Gystes
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The high demand electric fire pump motors are controlled from 600 V,
electrically operated, draw out citcuit breakers which are {ustalled in metal
clad switchgear onclosures qualified for Class 1 nuclear service. Each of the
electric fire punp circuit breakers is powered from independent busses, and
each bus can be energized from separate emergency diesel generators. The
pumps and controllers are completely isolated from each other, the pump being
located in a separate pump room and the controller (circuit breaker) located
in a serarate switchgear room. This i{s consistent with the control of nuclear
safety related pumps installed at Donald C. Cook Nuclear Plant, Operation of
the pumps is wonitored and can b¢ manually controlled from & centralized,
continually manned control room., This is consistent with the bz-ic philosophy
of operating a nuclear generating unit. Control pover for the breakers is
supplied from a nuclear Class IE battery system. It is felt that the high
demand electric fire pump controllers, being of the same type and quality as
those for safety related equipment, are adequate to meet fire protection
requirements, They have proven to be reliable.

The redundancy of fire pumps and the conplete independence of cperation of one
fire pump to another (including power sources) provides overall system
reliability far greater than can be achieved by a single pump installation
meeting the specific requirements of NFPA 20.

{

2
&~



September 4, 1990

Subuect Cook Nuclear Flant
NFPA Code Compliance Veritication
Response to lImpell Jomments

From P.J. Russell W 9.4-90

To lmpell Code Compliance

Several generic deficiencies were identified by AEB Impell’s review of
AEPSC's NFPA Code Compliance Verification reports and closeouts. A
number of these deficiencies impacted documents prepared by the PH&F
Section. Our response to the ABB Impell comments are as follows

NFPA 20 - FIRE PUMP CODE COMFLIANCE REPORT

ltem C.1
Sections 4la and 4lb. The compliance statement indicated that the fire
| . pumps are isolated in separate fire zores. Although this may be true

for the two diesel driven fire pumps, the three electric driven fire
pumps are all lccated within the same fire zone (Fire Zone 2). Further
clarification should be provided to address the concern of the
installation of these pumps within the same fire zone.

Response

Our response to Sections 4la and 41b have been revised foi
clarification,

Item C.2

Section 143b The compliance statement has indicated that the unlined
steel suction plpes installed for the fire pumps has not experienced
excessive friction loss. The basis for this statement should be
indicated (1.e., flow testing) Also, the statement that the internal
painting of the suction piping is an "unnecessary expense"” should not be
provided as a part of any justification., This statement should be
deleted,

Response

Qur response to Section 143b has been revised to delete the "unnecessary
expense" comment We alse added the Performance testing procedures as
technical reference fer the basis of our statement that excessive

. friction loss through the suction pipe 18 net a problem.
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Item €. 3

Section 2./%2a. This section has been listed as not applying; however,
this section {s an extension of Sections 222b and 222¢ and sghould be

addressed accordingly.

Response

Our response to Sectlion 222a has been revised so that there will be no
misunderstanding i~ our complete compliance with Section 222 of NFPA 20

The folluwing is the P’ . Section's response to ABB lmpell's comments
concerning AEPSC's memos dated February 8, 1989 and April 26, 1989.

!gom A

A hydraulic analysis should be performed to verify the adequacy of the
existing water supply system to support the demands of the existing and
any nev suppression systems installed.

Response

A computerized program has been purchased for the purpose of evaluating
existing as well as nev fire suppression systems. This program is being
installed onto the AEPSC .(omputer svstem by calculation number
DCC-¥P-12-MCOS5-8.

Item B.1

These memos further discuss justifications made for deficlencies
identified in Impell's Report No, 09.0120-0123. The evaluations
provided in these memos should identify the technical data used in
supporting the conclusions made (i .e., AEPSC nemo dated June 17, 1988).

&!IEQD!G

These memos are based on the engineering judgement of a qualified fir:
protection engineer. The justifications were written upon the
completion of a field walkdown conducted by the author. This
information is contained within these documents.
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Iten 8.2

The memo dated April 26, 1989 made numerous references to the cost of
retrofitting certain features of a system as part of the justif catlon
The reference to the cost for not installing equipment for compliance
should not since it is believed that the NRC would not consider this a
reasonable answer. Therefore, it is recommended that all references to
cost be deleted from these justifications. The sections In gquestion
include Fire Zones 1, 32, 43, 48, 51, 42, 58 and 69,

Response

All refarences to the cost of retrofitting certain features of the fire
detection systems have been deleted from this memo

Jf)

P.J. Rus

PJR/gh

ec: R.L. Shoberg /"
e

J.D. Grier/B.J rwe/P.J. Russell
File: 1990 Fire Protection Corrvespondence
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J.D. Markham
August 23, 1990
Page 2

potors since they are drip-proof. As noted, the 75HP motor complies
vith the requirements.

Comment N7

The compliance statement ‘Comply® is correct. Hovever, the additional
explanation is a typographical error. The technicsl data reference has
been indicated in the revised checklist as - *Technical Data - Vendor
Information*.

¢
Comment HB:

The incomplete sentence resulted in improper copying. New page has been
wade available.

R}.I>?’LLA£JL-\
[#.D. Markhom

\/

JDM/cld/2’ 42

Approved = ﬁ-‘ﬁ—/C——-

R.C. Carruth

Attachment

'+ R.F. Kroeger w/o ATTn L ENT
§.K. Farlow/J.V. Ruparel X
§.2.

’ Parsons
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Inter-Office Correspondence

« BENY BY ! IWFELLALiIRcDINENIre: JLi 8-3
. .

File: 0120-158

M-013
Copy: GAW
SJC
M.IS
MEMO TO: Brian McLean/Bruce Gerwe DEK
FROM: David E. Kipley (b.v
DATE: August 31, 1980
SUBJECT: NFPA Code Comp'iance Evaluation Review

REFERENCE: Memo from S. J. Brewer to A. A, Blind Et.Al,
. Re: "Action Item Assignments’, Rev. 2, Dated 4/26/90

This memo is being issued to document ABB Impeli's review of the N*PA code
compliance evaluations nerformed by AEPSC. The evaluations and associated
documents reviewed have been listed below. The completion of this review process
closes out Action item No. 21 of the referenced memo.

Safely & Assessment Weekly Activity Report Dated 6/15/88.

PH&FP Memo From B. Gerwe to P. Jacques, "Documentation Revisions Required for
NFPA Code Compliance", Dated 7/7/88.

PH&FP Memo From B. Gerwe t1 J. Kobyra/A. Auvil, "NFPA 14 Code Compliance
Justification for Reducsd Hose Station Flow®, Dated 9/20/88.

PH&FP Memo from P. Russell to RFC-3003, "NFPA 12A Code Compliance Walkdown
Impell Report No. 09-0120-0123", dated 1/25/889.

PH&FP Memo from P. Russeil to A. Auvil, *Impeii Code Compliance Walkdown NFPA
10 Portable Fire Extinguishers®, dated 1/25/89.

PH&FP Memo from P. Russell to M. Noronha, “Impell Code Compliance Walkdowns
. NFPA 14 Standard and Hose Stations”, dated 1/30/88.
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August 31, 1990
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PH&FP Memo from: B. Gerwe tC J. Kobyra/A, Auvil for NFPA 720 Code Compliance
Sections 2032, 2212, & 3111, dated 11/30/88.

PHA&FP Memo from P. Russell to Impell Code Compliance Walkdown, "Automatic
Sprinkier Systems®, dated 2/8/88.

PHAFP Memo from P. Russell 10 iImpell Code Compliance Walkdown, "Automatic Fire
Detection System”, dated 4/26/C8S.

Code Compliance Verification Checklist for NFPA 20-19€9 *Standard for the Installation
of Centrifical Fire Pumps".

ABB impell's review of the Coge Compliance Verification Checklist for NFPA 20
identified several generic deficiencies which ae detailed below.

A Numerous code sections and justification statements have not provided a
technical reference to provide a basis for the conclusion made in the
compliance statement. The code sections noted, but not limite~ to, iInClude
Sections 243 through 531 and 686¢ through 834. The technical references are
essential for supporting the respective compliance statement or justification.

B. Numerous "Comply” or "Does not Apply"* statements made to document
compliance to code section requiremients, did not indicate the basis for why the
system is in compliance. These code sections inCiude Sections 443, 454a,
456¢, 36d, 511e, 512¢, 513d1, §13d2, 514b2 thru 514bG, 514¢C1, 514c2, 51504,
515e, 525 thru 528, 712a thru 712¢, 713e2 thru 7133, 714a2, 714a3, 714Db1,
714b3, 715b1 thru 715¢c2, 71504, 714e3 thru 715f3. The applicable supporting
staternents should be provided to document why compliance or non-
applicability is true.

C. Inconsistencies were noted in a number of statements raised questions which
requires aaditiorial clarifications, These sections include the faliowing:

1. Sections 41a and 41b. The compliance statement indicated that the fire
pumps are isolated in separate fire zones. Although this may be true for
the two diesei driven fire pumps, the three electric driven fire pumps are
all located within the same fire zone (Fire Zone 2). Further clarification
should be provided to address the concern of the installation of these
pumps within the same fire zone.
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2. Section 143B. The compliance statement has indicated that the unlined
stesl suction pipes installed for the fire pumps has not experienced
excessive friction loss. The basis for this statement should be indicates
(i.e., flow testing). Also, the statement that the internal painting of the
SUCON pipINg 18 an ‘unnecessary expense” should not be provided as a
mart of any justification. This statement should be deleted.

3, Section 222a. This section has been listed as not applying, however, this
ection is an extensicn of the Sections 222b and 222¢ and should be
addressed accordingly.

4, Section 440. This section may not apply since this facility is a power
plant and does not have a transformer specifically provided for the fire
pumps.

‘ 5. Section 451c. The compliance statement made for this section implies
that there is a non-compliance with the system however, a detailed
justification has not been provided. This justification should be provided.

6. Sections 455b and 455d. The compliance statements for these sections
seem 1o be incomplete since the statements only make reference 10
either the high or low demand fire pumps. Further clarification should be
provided to indicate that all electric driven pumps have been reviewed
against the requirements of these sections.

7. Section §13c2. The compliance statement does Not adequately address
the code section requirements. The compliance statement should
address whethe - the pump controlier components (i.e., power supplies,
fusec, have beer rated for continuous duty. This system shouid be
e\ duated 2gak .3t this code sector s requirements.

8. Section §14a. The last sentence in the justification statement provided
has not been completed. This statement should be completec.
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August 31, 199C

Page Four

ABB Impell's review of several station surveillance procedures to verify if that the
proocedural deficiencies noted in Impell's Report 08-0120-0123, have identified severa!
unresolved issues. These issues include the following:

NFPA Code Procedure Required Requirement
for Revision
18 12 MHP 4030 STP. 020 The filter unit 12-HV-SATFU
SERIES nozzle system is not verified
tor oparability.

72D 12 SHP 2270 FIRE.004 The fire pump and hose

1&2 OHP 4030 STP.121 system manual station alarm
SERIES signals are not verified for
their operability.

T72E 12 THP 6030 IMP.153 The verification of the
alignment of Ultraviolet
detectors to confirm proper
protaction.

ABB Impell's review of numerous evaluations performed by AEPE” to show
compliance with deficiencies identified in Impeil's Report 08-0120-0123, indicated the
following open items.

A A hydrauiic analysis should be performed to verify the adequacy of the existing
water supply system to support the demands of the existing and any new
suppression systom installed.

B. The review of AEPSC's memos dated 2/8/89 (NFPA 13) and 4/26/89 (NFPA
72E) indicated the following open items.

1. These memos further discuss justifications made for deficiencies
identified in ABB Impell's Report 09-0120-0123. The evaluations provided
in these memos should identify the technical data used in supporting the
conclusions made (i.e., AEPSC memos dated 6/17/88).

|
|
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From

To

April 20, 1989

Donald C. Cook Nuclear Plant
Fire Water Pump Controls

J.D. Markham
P.J. Russell

This memorandum is to document an analysis of the
availability of the fire pumps due to a control room fire.
This document is at the request of E.A, Taylor as noted in
the attached letter.

We had previously indicated in our NFPA 20 Code Compliance
Review that the four (4) main (high demand) fire water pumps
(two (2) electrical driven and two (2) diesel driven) are
completely independent. The fire pumps are independent -
physically and electrically (power and control). However,
there are some interconnections of fire pump control
circuitry between Unit 1 and Unit 2 control rooms that
signal a back-up fire pump to start in the event fire water
pressure is inadequate. The question arises whether these
interconnections would affect an adequate supply of fire
wvater due to a control room fire.

These interconnections are electrically separated but cannot
be claimed to be separated according to Appendix R criteria.
However, the probability of a fire affecting any two fire
pumns is unrealistically remote. A detailed examination of
the circuitry indicates the only Appendix R separation
concern would be the 24VDC starting control circuits of the
two diesel fice pumps. The circuits of the two pumps are
located within the same control panel in both Unit 1 and
Unit 2 control rooms. A hagh current short to ground on
bath start ciriuits could prevent the diesel fire pumps from
starting (including local start), but an open circuit or a
short between control conductors weculd not prevent local
starting.

There are no interconnections of the main (high demand)
electric driven fire pumps control circuits from Unit 1 to
Unit 2 control roome. Also, in our opinion, a control room
fire that would prevent either of the main (high demand)
electric driven fire pumps from being started (local

manual or automatic) cannot be postulated since the start



J.D. Markham
April 20, 198%
Page 2

circuit is ungrounded 250VDC. An open, short or ground (or
any combination) of the control room pump control circuit
would not prev: nt starting either of these punps locally
manually or suvomatically.

In cumnar¥ in our opinion, a control room fire: (1) would in
the most likely worst case situation prevent the starting of
one diese! driven pump, (2) could, although highly
improbable, prevent the starting of both diesel driven
pumpe, (3) would not prevent the starting of either electric
driven pumps.

9 Parkl o
.D. Markham

JDM/c1d/905

11/
Approved: [////dWML

R/’CL Carruth

Attachment
cc: R.F. Kroeger
S.K. Farlow/J.V. Ruparel
$.2. Parsons
R B. RuViL
E.A.TAYLOR
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From

To

Mareh 22, 1989

Cook Plant Fire Pump Controls

E. A. Taylor

J. D. Markham )g)-, 3/’1‘,'/“

This lettur is being written as a follow-up to our conversation last
week. Region II1 recently was at the plant doing a fire protection
inspection audit on open Fire Protection items. OUne of *he ftems thac
they reviewed and subcequentl; clesed was the open item on zhe Fire Pump
controllers and their differsnces from NFPA ‘0. The study that vou
performed on these controllers was given to Jeff Holmes, Region 11, for
further review. During a follow-up exit ptone call last week, fir,
Holmes inform . us that he was cloring out the item on the Fire Pump
Controllers.

Jeff Holmes did however mention a concern cf the availability of
remote/local control of the various fire pumps given a control room
fire. AEPSC, NS&L, informed Mr. Holmes in this meeting that we would
document an analysis on the availability of the fire pumps due to a
control room fire,.

This letter is being written in order to request thac this analysis be
performed an documented in such a way that it could be ineluded as an
appendix/attachment to the NFPA 20 code complisnce that you performed on
the fire puwp contrcllers. During the above referenced exit meeting, we
informed Jeff Holmes that this analysis would be complete before May 31,
1989.

If you have any questions plesase feel free to contact me on extension
1913 or Bud Auvil on extension 2083

%M@\

abeth Tavylor

cc: S, P. Hodge/S. H. Steinhart
R. F. Kroeger/T. C. Argenta
R. L. Shoberg/File: Fire Protection
R. C. Carxuth
A. B. Auvil
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M. P, Alexich
,,.ul‘“uk UNITED STATES , 3 Arg:nta
NUCLEAR REGULATORY COMMISSION & Baerbot
.!w ﬂIOMm' $. J. Brewer
799 ROOSEVELY POAD 2 5
J. G. Feinstein
C S APR 25 1989 eew 'L:::}'“”'“o" wie S. P, Klementowicz
s...c W A R. F. Kroeger
i J. F. Kurgan
APn 1 4 1883 :
D. H, Malin
(<1 "R T m‘lw Rt J. J. Markowsky
R. 1. Pawliger
J. B. Shinnock
Docket No. $9-315 4 ' LR
1‘ S- |nhar‘ C? i 981
Docket No. 50-316 ’ 0. Fvilliams. Jr.

Indiana Michigan Power Company
ATTN. Mr, Milton P, Alexich

Vice President

Nuclear QOperations Division
1 Riverside Plaza
Columbus, OH 43216

Gent lemen:

This refers to the routine safety insp.tion conducted by Messrs. Jeff Holmes
and Joseph Ulie of this office on Februe 'y 13-17, 1589, March 15 and April 5,
1989, of activities at the D.C, Cook Nuciear Plant, Units 1 and 2, authorwted‘
by NRC Operating Licenses No. DPR-58 and No. OPR- 74 and to the discussion of®
our findings with Mr. Wilbur G. Smith and others of your staff at the

. conclusion of the inspection. The purpose of this inspection was to review
the implementation of the licensee's fire protection program.

The enclosed copy of our inzpection report identifies areas examined during
the inspection. Within these areas, the inspection consisted of a selective
examination of procedures and representative records, observations, and
interviews with personnel.

During this inspection, certain of your activities appeared to be in violation
of NRC requirements, as described in the enclosed Notice. A written response
is required.

In accordance with 10 CFR 2.730 of the Commission's regulations. a copy of
this letter, the enclosures. ard your response to this letter will be placed
in the NRC Public Document Room.

The responses directed by this letter and the accompanying Notice are not
subject to the clearance procedures of the Office of Maragement and Budget
as required by the Paperwork Reduction Act of 1980, FL 36-511.



Indiana Michigan Power Company 2 APS 14 1333

We will gladly discuss any questions you have concerning this.inspection.

Sincerely,

W erutt

R. W. Cooper, Chief
Engineering Branch

Enclosures:

1. Notice of Violation

2. Inspection Reports
No. 50-315/89004(DRS);
No. 50-316/89004(CRS)

cc w/enclosures:
W. G. Smith, Jr., Plant Manager
OCD/DCB (RIDS)
Licensing Fee Management Branch
Resident Inspector, RI[I
Ronald Callen, Michigan
Public Service Commission
E1S Coordinator, USEPA
Region 5 Office
Michigan Department of
Pub'ic Health



U.S. NUCLEAR REGULATORY COMMISSION
REGION 111

weports No. 50-315/89004(DRS); 50-316/83004(0RS)
Docket Nos. 50-315; 50-316 Licenses No. DPR-58;, DPR-74
Licensee: Indiana Michigan Power Company
1 Riverside Plaza
Columbus, OH 43216
Facility Name: 0.C. Cook Nuclear Power Station, Units 1 and 2
Inspection At: D.C. Cook Site, Bridgman, MI 49106

Inspection Conducted: February 13-17, March 15, and April 5, 1989

D, Bty

{nspectors: 0. Butler (In office review only) 4-1C-£9
Uate }
\u"\— ;
Xé-ﬂohnes 4-12-89
Date
Seipn ¥ ku ;
jJoseph. M. Ulie Verk- 11
Date
QIN*IJ;)Q\ 43“*3*““~' ‘l ’
Approved By: Ronald N. Gardner, Chief 1=/ —d;' :
Plant Systems Sectien Date

Inspectica Summary

{nspection on February 13-17, March 15, and April 5, 1585 (Reports

No. 50-315/85004(0RS,; 50-316/89004(DRS))

Areas Inspected: Routine, unannounced inspection to review the implementation
of the licensee's fire protection program including a followup of licensee
action on previous inspection findings, review ¢f the fire protection
organization; administrative controls; fire protection system surveillance
test' program; Quality Assurance; battery room exhaust fans; and Licensee

Event Reports (LER) (30703, 64704, 90712, 92700, aid 92701).

Results: Of the seven areas inspected, three violations were identified
{failure to properly seal CO, system valve in the open position-Paragraph 5;
failure to provide adequate design con'rol measures-Paragraph 8; and improper
electrical cable routing discovered by corporate reviewers not communicated

to the cognizant plant staff in a Linely manner resulting in delayed correctiive
actions-Paragraph 8). Additionally, two other violations were also identified,




éngineering evaluation Le presented in an auditable form and that the
evaluaticn be expanded to include fire damper manufacturers other
than Ruskin.

In response to the inspector's request, the licensee developed an
internal memo dated February 23, 1589, from H. Young to J. Grier,
which indicated that an evaluation will be performed to confirm that
all Ruskin dampers not previously tested were hounded by the testing
previously performed and that the scope of the evaluation will be
expanded to inciude dampers other than Ruskin. This evaluation will
consider fire dampers in Appendix R and Appendix A fire walls and a
report of this evaluation is scheduled to be completed by January 15,
1990.

Based on the licensee's proposed actions, this Part 21 (316/84006-PP)
is considered closed. The proposed licensee actions are considered an
open item (315/89004-01(DRS); 316/89004-01(DRS)) pending review and
acceptance of the damper test results,

(Closeu) Open Item (315/85013~01(0ORS); 316/85C13-01(DRS)):

Unprotected structural steel beams support 4 inch poured concrete
above each of the diesel fire pump rooms. The rooms were provided
with sprinkler protection and the diesel fuel oil tanks were installed
in a sand covered pit. Subsequent to the previcus inspection, NRR
indicated that adequate fire protection features were in place.

During this inspection, the inspector toured the area. Due to the
presence of the sprinkler system, the storage of the fuel oil tank

in a sand pit, and the availability of fire hoses and foam, it appears
that a potential fire can bLe easily controlled and extinguished.

Based on this information, this open item is considered ciosed.

(Cloved) Open Item (315/85013-03(DRS); 316/85013-03(DRS)): The
licensee utilized tygon plastic tubing as a flexible connector in
the reactor coolant piping oil collection system. This item was
to remain open pending the licensee's submittal of documentation
clarifying the use of tygon plastic tubing in the oil collection
system for review by NRR.

During this inspection, the inspector obtained the licensee's
documentation regarding the use of tygon plastic tubing and
forwarded the documentation to NRR. The results of this review
will be documented in a future safety evaluation report.

(Closed) Open Item (315/85013-11(DRS); 316/85013-11(DRS)): The
licensee was unable to provide the applicable generic test data for
penetration fire seals at the time of the inspection. Inspector
review of the NRC issueq Safety Evaluation Report dated July 31,
1979, identified that the licensee had cited applicable generic test
data for the penetration fire stops. This data indicated that the




§ilicone foam material in this (the tested) application provided a
three hour fire resistance to an ASTM E-119 type fire exposure. The
SER also specified that during a site visit many of the Unit ]
penetration fire stops were observed. In addition, the SER specified
that an additiona) penetration fire stop test was performed for a
Urit 2 penetration seal design. As a result, the SER concluded that
tiie penetration fire stops which were in place provided sufficient
protection from the unbounded spread of fire along electrical cables.
Based on the SER review and a visual inspection of safety-related
areas during plant tours on February 13, 14 and 15, 1809, to confirm
that selected required penetrations were sealed, this item is
considered closed.

f. (Closed) Open Item (315/85013-04(DRS); 316/85013-04(DRS)): The two
electric motor-driven high demand fire pumps should be previded with
controllers that are specificaliy tested and approved for fire
service use. The controllers should comply with all applicable
provisions of NFPA,

The NRC safety evaluation transmitted by letter dated July 31, 197%,
to the licensee, indicated that the licensee's position regarding
the controller's sbility to meet the applicable provisions of NFPA
20 was reviewed and determined to be acceptable. Based on this
review, this item is considered closed.

g. (Closed) Unresolved Item (315/86022-04(DRS); 316/86022-04(DRS)):
Several Licensee Event Reports were submitted to the NRC regarding
fire barriers that were degraded without the licensee establishing
compensatory measures as required by Technical Specification
(TS) 3.7.10. The failure to have establisned the required fire
watch patrols in accordance with the Action Statement of 1S 3.7.10
is considered a violation (315/89004-02(DRS); 316,8%9004-02( .3)).

The degraded fire barriers were subsequently repaired. QDuring this
inspection, the inspector was informed that improved personnel
training has contributed tu the prevention of recurrence of this
problem for approximately the last two years. This violation meets
the tests of 10 CFR 2, Appendix C, Section V.G; consequently, no
Notice of Violation will be issued, and this matter is considered
closed.

Fire Protection OgganizatiOn

_The inspector examined the qualifications of a corporate tire protection
engineer, the plant fire protection coordinator, and cther personnel who
perform fire watch duties.

During this review, the licensee provided the inspector with resumes
of the corporate fire protection engineer and the plant fire protection
coordinator. The corporate fire protection engineer has degrees in fire
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CENTRIFUGAL FIRX PUMPS

Origin and Development of Neo. 20

Qince the formation ¢f the committee in 1904 each

dition of NFPA No. 20 has incorporated appropriate pro-
visions to cover new developments and has omitted obsolete
provisions. NFPA action on successive editions has been
taken in the following vears: 1907, 1910, 1911, 1912, 1913,
1915, 191K, 1919, 1920, 1921, 1923, 1924, 1525, 1926, 1927
192K, 1929, 1931, 1932, 19833, 1‘0"" 1939, 1943, 1944, 1946,
1947, 1948, 1951, 1953, 1955, 1957, 1959, 1960, 1961, 1962,

1963 1961, 1965, 1966, 1967 Wo.» and 1969
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CENTRIFUCAL FMRE FUMPS

STANDARD FOR THE INSTALI ATION
CENTRIFUGAL FIRE PUMPS.

NFPA No 70 — 1969

General

1. Purpose. This standard contains, I1n g
minimum requirements for centrifugal fire pump:s
ing horizontal, single and multi-stage pumps and vertic:
shaft turbine-type pumps; and 18 prepared to cover the
design, installation and maintenance of such pumps together
with their drivers, and for the guidance of the authorit)
having jurisdiction and others concerred in judging the

acceptability of such equipment

2. Approval Prnior to Purchase Recommended

a. Centrifuga! fire pumpe should not b
until conditions under which theyv are to be ins
used have been examined by the authority having
tion, and eacn pump, driver, controlling equipment
power supply and arrangement ( supply have becn
approved by that organization

b. The pump manufacturer must be give
formation concerning the suction water s
by the authority having jurisdictior

inf

'S

3. Unit Assembly Required

o he pump, driver
shall be purchased under unit ¢ ! s stipulat
ance with this standard and satisfactory perfor
the entire unit when install

b. The pump manufacturer sha!l be responsibl
proper operation of the complete unit assemhl
by field acceptance tests (See Article 91

eptance test procedure.)




4 Compiete Plare and Data Requalred. A complete plan
and detailed data descrit ing xump. driver, controller, power
supply, fittings, suction and discharge connections, and suc-
tion conditions shall be submitted by the engineer or con-
tractor to the suthority having jurisdiction for approval
before installation. Certified shop test characteristic curves
showing head-delivery, efficiency and hrake horsepower
ahall be furnished by the manufacturer.

(S Y
BOSTUN, MASS,

\“___.—/

JUL 18 1963
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CENTRIFULCAL FIRE P

PART 1 — PUMP ARRANGEMENT., TEST AND
INSTALLATION.

Chapter 1 — Basic Information

10. General.
11. AprrrRovVED PUMPS REQUIRED. Centrifugal five j

'
1

shall be specificall) approved for hire pump service

20. Weoter Supplies,

21. REQUIREMENT! “\re pumps she
as large ana reliabl supply of water ¢
Qquach and the denendabiill of the s«
Primary importance 'd must be fully determined
time of i1nstallation, alsu the prospects for relia
the future. The minimum water level with maxin
charge from the pump must be determined. W here a
supply 1s the only cne availabie, a rehiable method ¢
plenishing the supplyv should be provided. Re

) 4 sent
} t i o

of the pamp man | tnurer shal ct in osctahlichine
facts t¢ .he satisfaction of the authority having
Water supp!

to the 1
possible

A M

\re

30. Pump
31. RATED CAPACITIES OF PUMPS
a. STANDARD PUMPS —- Stundar
having rated capacities of 750, 1,000
2500 gpm. Larger pumps v be used in specia
neered applications

i ﬁl’t

3 !
1

b. SPECIAL PUMPS — Special fire service

those having rated capacities of 200, 300 and 45
32. TVPES OF PUMPS

8. StaNDARD FIRE PUMPS — Pumps
ties within the standard capacity range ar
100 psi or more

b. LOW-PRESSURE FIRE PUMPE
Pumps rated at capacities within
range and pressures between 40 and

FIRE SERVICE

royim
Kin
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BASIC INFORKMATION 20.

quired shall not exceed the limitations of a 30-horsepower
electric motor.

d. PRESSURE MAINTENANCE PuMpe  (JocE:Y  OR
MAKE-UP PUMPS) - The use of an automatic pressur
maintenance pump 1s desiralle under some circumstance
to maintain & uniform or a relativel) high pressure on the
fire protection svsiem The canacity and pressure rating
of the pump shall be sufficient to maintain the desired pres
sure against the leakage in the system as approy ed by the

authority having junsdiction A centrifugal tvpe pump

is preferable. \Where the discharge pressure at pump shut-
off of a centrifugal type pump ex« eeds the working pressure
rating af the fire protection equipment, or a turbine Vant
(per‘pheral) or a positive displacement type of pum

used. a suitable relief valve shall be instailed on the pum)
dischaixe to prevent damaye 10 the fire svstem.  (See Fig

ures 100a-1 and 143e¢.)

l s

33 STANDARDS ON CAPACITY AND PRESSURE. For 1

quirements on cajui ity and pressute reler Lo Slanial a4
the Installation of Sprinkie Qvstems (NFPA No. 14) ar
Standard for the Installation of Standpipe and Hose Svs

4t I fourr Ot

tems (NFPA No. 14) and for hvdrants, Standan
side Protection (NFPA No. 24)

34 NAME AND CAPACITY PLATE Pumps shali be pr
vided with a Name and Capacit) Plate

S , . $0. Installation.
A fte 11. THE PUMP RoOM
r e { a. The fire pump shal be protected agaimst poss

interruption of service through damag caused by hre ol
water. in a manner satisfactory 1o the authority having
jurisdiction

b. Except where there are se eral pumps on the san
svstem, located in buildings which arce not 11 sul tt ~
fire. or where the pump is automa v controllea and sup

%14
LIl

!

\

11t numpp
| sy

plies automatic sprinklers onl

room so located and construct | as to protect it from falling
floors or machinery and from fire winch might arive ana
the operator or damage the pump or GEi ng equ.pmoent

Where the us o i K
! Iath inved comer !
. { the pump roor
\Joq‘f




CENTRIFUGAL FIRE PUMPS

¢. The pump room should be of ample size, and the
piping and equipment should be so arranged as to make
them readily accessible for operation or repair The pump
room should not be used for storage purposes

NOTE With vertical type pumps It may be necessar;y 1o
provide 8 removable panel in the pump house roof 1o permit the
pump to be lifted out for repai™s

d. The location of the pump room should be such
as to permit installation of ghort and direct pipe connec
tions, the suction pipe receiving first consideration

e. Suitable means shall be provided for mantaining
the temperature of the pump room above 40°F

{  Artificial light shall be provided, and provision
made for drainage and ventilation of the pump room A
suitable lamp or lantern should be proy ided for emergency
use. Emergency lighting ma) be provided from the batter)
circuit of an internal combustion engine

g. Pump rooms housing electric or engine driven

pumps should be dry and free from condensate. Some heal
may be required to accomplish this

42. DISCHARGE PIPE

a. The size of discharge pipe shall be as given in thi
following tabie unless otherwise specified by the authority
having jurisdicti~n,

Capacity of Pump. gpm SO0  750-1000 15002000 VN
Size of Disch~rge Pipe inches 6 ~ 1 14

b. A approved check valve ghall be installed in th
discharge _ipe

¢. Approved indicating gate valves shall be instailed
in such places as needed to make the pump ar d check valv

accessible for repa's.

Note: This requires a valve on the sysiem §i je of the check
vi ve and on the supply side of the pump if the Supph may &l
any time be under » head

43 RELIEF VALVE

a. Pumps connected to adjustable-speed drivers anai
be equipped with an approved relief valve. Where pumps®
are driven by constant-speed motors and tf shut-off pres

sure plug the static suction pressure excee

L |
ds the pressure

Q7100 A-5
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INY

for which the syi.em is designed to operate, rehief valves
are required.

b. The relief valve should or tinarily be set to prevent
pressurc on the fire protection system In excess of that
pressure at which the system was designed to operate

¢ Where pros ided. relief valves shall be of the size
given in the following table

Capacity of Pump, gpn
Size of Relie! Valve inches h, 4 - & 6

d 'rl;r relief valves should ve located Letween the

pump and the pump discharge chock valve

e. The relief walve should discharge into an oper
pipe in plain sight near the pump or into a cone or funnel
secured to the outlet of the valve. This cone should be 8
constructed that the pump operator can vasily sec a
wasting through the relicf valhve, and it shiodia be su e o
to avoid splashing water into the pump room. If a closed
tvpe cone is used, it should be provided with means fon
detecting motion of water through the cone The cont
should be piped to a point where water can be free
wasted, preferably outside the building

f. If the relief valve waste pipe 1s connected to an un
derground drain, care should be taken that no steam drains

enter near enough to work back through the cone and ints
the pump room. Discharge from the relief valves should not
be piped into the suction connection, except with the pel

mission of the authority havinyg wrisaiction

g. Whon the supply of water 1s taki from a suct

rescivoir of limited capacity, the wast- pipe shall drain int
such reservoir, entering as far fror, the mp suction as

necessary to prevent the pump from drafting an hic!
may be carried down by the discharyge from ti vaste pip

h. The relief valve waste pipe from ar

fied below {f more t}

should not be smaller than spe

elhow is emploved the next size largs

1 "
'«"l"r"f"- thi COng ) n

‘u' El! » . .
e Pipx he § .
. A
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2010 CENTRIFUGAL FIRE PUMPS

i, The relief valve waste pipe from a closed cone shall
be sized to prevent back pressure in excess of 8 psi

j. The relief valve sha'l be so attached as to permit
of its readv removal for repairs without disturbing the
waste piping

44. HOSE VALVES

a. Approved 21s-inch hose valves of the number spec
fied in Paragraph 44b shall be prcvided for use in testing
the pumps. The hose valves should ordinarily be attached
to a header or manifold; they shall be connected by suitabl
piping to the pump discharge piping, preferably at a point
between the discharge check valve and the discharge gat.
valve. The hose valves should be 80 located as to avoid any
possible water damage to the driving motor or engine o
their controllers, and should preferably be outside th
pump room. Where located outside, or at & distane from
the pump, and there is any danger of freezing, an approved
indicating gate valve and drain valve shall be located u
the line to the hose valves at a point close to the pump

b. Unless otherwise specified by the authority having
jurisdiction, the number of hose valves shall be as given in
the following table, except that for special service fire pumps
and for booster pum- 3, only one hose “alve 18 required fon
five hundred gallon or smaller pumps

Capacity of Pump. gpm S00 750 1000 )7
Number of Hose Vaives P 3 4

¢. On the larger capacity fire pump installations, ther
should be installed a fixed nozz # o~ pipe outlet arranged b
discharge at an appropriate place, or a metering device 1
a pipe line discharging back into the suction supply, for us
in making a flow test to the full capacity of the pump
pumps. With such test srrangements the authorit) having
jurisdiction may perm.’ 2 reduction in the number of hos
valves to the number ne.ded for hose stream use

d  Hose valves shall be threaded to conform to the
American (National) Standard B26-1925 for Firc Hose
Coupling Screw Threads. Adapter couplings securc:
tached to each outlet shall be previded 1f local coupling
ot American Standard

e. When 2 hose valves are required, use 4
between the detachable hose header and the connectio

J?\.)? A-17




SASIC INFORMATIY

the discharge pipe; when 3 or 4 are
‘\l“ : \'\t..'t (' ur K Are '..‘\; r'ed Use N |!||0
p|‘n- 1R OVEerY 16 {eet I"'lg INCrease one pipe siis

i5 PRESSURE GAGES

" A pressure gage having a d
in diameter shall be ronnects 1 neat
by 8 1,.n cock w th lever handls
pressure to at least twice the ral
pumyj putl not less then <L ps
read 1n pounds per square inoi
Q‘anx‘dl(‘ KY;("N tions

b. A compound pressure and
dial not less than 8!y 1in.in diameter
the suction pipe near the pump (exd
cal shaft turbine type pumps). °
reac in unds per squars inch 1
have 2 Maximum pressure range
rated working pressure of 1

range may be furnished if 1
age DY A Rai¢ protector

46. CIRCULATION RELIEF VALVE TO PREVENT OVERHEAT
ING. Pumps which are automat cally controlled s!
provided with a *,-inch relief vaive sel shightly
shut-off pressure and arranged to permil circuial
ficient water to prevent the pump from overheal
oper ating with no discharge. This s not needed
merged type pumps nor for engine driven pumps {
engine cooling water 1s laker from the pump o)
Pumps which are manually controlied shall be
with either suct a relief valve or ith & test
fied in Section 133. Provision s!

o & drain

{1, SUMMARY OF
Size of Cize of
apsrcity  Dauscharge el Heliel
Jymp ““‘ § ‘\M"'
a See 4000




A Tt (3 |
¢ ¥ e v
e

V) Jorael
YA

& gt &gl
p ' : s ¥ ‘

'

o A%

T_'“ 2012 CRNTRIFUGAL FIRE PUMPS

50. Power Supply.

51. DereNvaBiLITY OF Powex SurrLy. Careful consid.
eration must be given in each case to the dependability of
tie power supply not overlooking the poesible effect on
transmission lines of fire in the property or in adjoining
buildings which raight threaten the property

60. Tesia
61 SHor TesTs

a. Each individua! pump shall be tested with a dy
namometer or calibrated motor at the factory to provide
detailed performance data and to Gemonstrate its compli-
ance with specificat. a

b. The maker sha!l test each pump hydrostatically
before shipment from the factory, to twice the maximum
pressure developed st shutoff, but in no case less than 250
pounds per square inch. Pump casings shall be substantially
tight at the test pressure. In the case of vertical shafl
turbine type pumps both the discharge casting and pump
bow! assembly shall be tested.

¢. All gear drives shall be operated at the factory
under full load before shipment and operate without ex.
ceasive noise or heating during the test
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HORIBONT AL SHAFY FUMPM

Chapter 100 — Horizontal Shaft Pun.pe

110. Genersl

111, APPLICATION. The horizontal shaft centrifugal
pump with its split casing lends itself to simple operation
and repair, and, where & water supply s obtainable under
a head, it is especially adaptable to fire service Because the
horitontal shaft centrifugal pump requires priming when
installed to o‘:rlu under lift, a vertical shaft turbine type
pump should be used where suction Jift is necessary

112. PERFORMANCE

a. Pumps shall furnish not less than 150 per cent of
rated capacity at a total head not less than 65 per cent of
total rated head. The shut-off total head for horizontal
shaft pumps should not exceed 120 per cent of total rated
head (Fig. 1, Appendix C).

b. The inlet pressure available from a suctinn water
supply shall be figured on a basis of a flow of 150 per cent of
the rated capacity of the pump, as indicated by a flow test

120, Water Supplies.

121. OPERATE UNDER HEAD. Fire pumps, especially
those automatically controlled, shou!d be provided with
wate! under head, avoiding suction litts whenever possible
Cperating suction lifts, including allowanrce for velocity and
friction loss through all suction fittings, shall not exceed 15
feet at sea level and the allowable lift must be reduced by
1 foot for each 1000 feet of altitude at the pump installs
tion. Where & suction lift is necessary, & vertical shaft tur
bine type pump should be used. (See Paragraph 111.)

122. PRIMING SUPPLIES

a. Provide adequate priming supplies for pumps whi h
may at any time take suction under a Lift Priming equip
ment ahould have sufficient capacity to displace the air
from the pump and suction pipe within three minutes

b. Provide two reliable methods of priming the pump
One of these methods of priming should be independent of
public water connections or tanks serving As primary sup
plies for automatic sprinklers, yard hydrants or standpipes

JTuS




2014 CENTRIFUGAL FIRE PUNPS

¢. Where the pump is automatically started or provi
sion is made for remote manual starting, the preferred ar.
rangement 1s 2 submerged pump (see !lg 200u, Appendix
'), but if priming is needed the priming supply should be of
a type which will keep the pump primed at all times. No
pr ming method should be selected which will permit con
tamicativn of & potable water supply

: PRIMING METHOD A An Awlowmatically Filled
ming Tank

L 8]

a An automatically filled priming tank that keeps
the pump primed at all times. The volume of the priming
tank should be equal to the volume of the pump and suction
pipe but not leas than 100 gals. This volume can be readi|
computed from the following data

PRIMING WATER PRrisiN
CEQLUIRED FOR W S REQt 16EY
P o AND FIT™INGS i . '
L:alions

iV
1e

14
16
ol

b. The water supply to the tank should be capabl
keeping the tank full at all times

¢. The priming tank should be connected to the dis
charge side of the pump at a point which will insure thal all
priming water enters the pump and suction pipe, and isn 1
wasted in the discl arge pipe of the pump (Fig. 100b, Ap
pendix C). This connection should be 2 inches in diameto
irrespective of the capacity of pump, and include an |
proved O 8§ & Y. gate valve and an aj proved checok valv

124 PRIMING METEOD B A Connection (o a Doniextie
Water System. A nnection to & domestic water sysiem
(when permitted | ealth regulations). Install appyone !
check and O. S & Y. gate valves in the priming pipe neal
the pump

125 PrRIMING METHOD C. A Connection to a Domest
use Tank A connection to domestic-use {service) tank

QI106




.

Bl charge check valve to exhaust the air {* 'm the pump and

1

HOFIBONTAL SHAT PLMPS

(when permitted by health regulations) Preferably ar
range & reserve supply for priming only, by extending
service riser up into the tank Install api roved chieck and
0.8. & Y. gate valves in the priming pipe near the pump

126. PRIMING METHOD D An Erhauster or Siphonm
Ejector. Where a reliable steam supply or separate water
supply under good pressure s available, an exhauster o1
siphon ejector may be connected between the pump and dis

the suction pipe (Fig. 100b, Appendix C). An approved
0.8 & Y. gate valve should be placed in the exhauster cor
nection, 1o be closed as scon as the pump 1& primed

127. PxIMING METHOD E. A Mechanically-Opcrated E:
hauster Driven by a Separate Motor, The exhauster she uld
be connected between pump and discharge check valve, so
as to completely fill suction pipe and pump (Fig. 100b, Ap
pendix ( ). An approved O. 5 & Y. gate valve should be
placed in the exhauster connectiog, to be closed as soon At
pump I8 primed

128, PRIMING METHOD | A Manually Filled Prinon
Tank

4 The tank to have.a capacity of at least three times
the volume of the pump and suction pipe, but not less than
250 gallons. A lhiberal-sized priming tank and large cor
necting pijw are necessary so that the pump can be primed
quUICKIY, even if there shou.d be considerable leakage at the
foot valve., As the priming arrangement 1s 8o\ ital a featurs
to the successful starting of the pump, a consia rable safety

factor 18 needed

! The volume required for the priming lank can 3T
readily computed by taking 3 t:mes the quantities given
under Section 123

{ The tank should be connected L the pump as ¢
ored in Section 123 with the connecting pipe not smaller
than given 'n the following table

) ' s | "‘17)‘.; gal [r Mt

Size of Prming Pipe inches

W here suctior

ng conne tion Mma

07107
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e Provide a means for keeping tank filled such as a
connection from public or factory-use waler systems or a
conne ‘tion between fire pump and the priming tank W
permit refilling tank

129. PRIMING METHOD G. A By-Pass Around Discharge
Cheek Valve. Where a yood gravity water supply consti.
tutes the primary sur=ly for sutomati sprinklers, yard
hydrants or standpi' s, a *-inch bv-pass around the check
valve in the pump d w i === f ay be used bl only as
a secondary priminy, Edvi‘y

130. Pump

131 OUTLINE OF REQUIRED ATTACHMENTS

a. This standard requires horizontal fire pumps to
be equipped with the following attachments, depending on
the conditions under which the pumps are to be installed

Automatic air releasc, Section 132

Circulation relief valve, Section 46

Feccentric tapered reducer at suction inlet, Para
graph 143}

Hose valve manifold with hose valves, Section 44

Pressure gages, Section 45

Priming connection, Sections 122 to 129

Relief valve and discharge cone, Scction 43

Splash shield between pump and molor, Section 457

Test valve with piping connections, Section 133

b. These attachments shall be provided by the pumj
manufacturer unless the authority having jurisdiction per
mits certain omissions depending on the conditions under

which the pumps are to be installed

132 AUTOMATIC AIR RELEASE. Pumps which are auto
matically eontrolled shall be provided with a reliable float
perated air release valve not less than 4 inch I1n size, or
equivalent valve, to automati allv release air from the pumg

189 TesT VALVES

“ Pumps taking suction under Lift sh
with test valves of the size specified below
wide means for liberating the air fro

13




MHORIBONTAL SHAKY FL MMM

and suction line within the three-minute timi
pricung operation

Capacity of Pump. gpm

Site of Valve wnches

; Test valves shall be piped so that water
through them can be seen by a8 man at the pumj

Whasle

NOTL \ 88 the pump sttendant can see the disch

langer 1hat he w) pallow water 1 I e
ght be ser.ously needed for Are Aghting

140 Installation
141 FOUNDATION AND SETTING

a. Unless the pump and driver have a common sl
theyv shall be connected by an approved flexible coupl
to permit end adjustment and to care for n

s 1n ahignment

The pump and driver sl
a solid foundation 1n such a way that proper shaft alipn
ment will be assured:. such as b

Wil aiLial i

v having the pump and
driver riy dly connected to a substantial be 1} late whic!
bolted to the foundation

The foundation should preferably be made ol cor
i desired, of brick laid in portiand cement mortar

TR Where the foundation 1s of brick & capping of

an advantage in tying 1t together In some cases it

ssary to support the pump on l-beams or a8 framework
sliw]

Pumps shall be set level, with foundat
and the joint between the foundation ar
Dy grouting w ith neat cement After
IRTVN sel
n see Instructions for instalhing
in Centrifugal Pump Section of the Sta

Institute

the boils shall De l‘R"‘"' 1




20:18 CENTRIFUGAL FIRE FUMM

b. Any base plate, no matter how heavily 't is built
may be slightly sprung in shipment, or may be distorted by
an uneven support . 1 the foundation, or by uneven tighten
ing of the found bolts, or by the pull from the pipx
connections. It is necessary to be careful when installing
the pump to secure perfect alignment of the coupling A
Aexible rovpling will not compensate for mwalhignment In
accurate slhignment of the coupling results in rapid wear
of the coupling bushings, heating of the bearings and loss
of efficiency. Therefore, after the pump is fastened on th
foundation it is necessary to see that the shaft of the pumg
and of the prime mover are in one hine. If the prime 1, ver
and pump are direct connected remove the counling volts
f not already removed. The pump should be completel)
connected up to its piping and the base plate then leveled
up and adjusted to position so as to bring the two halves of
the coupling into perfect alignment

¢. With a pair of inside calipers or a wedge, check
the distance between the coupling halves at four pui
repeat after revolving both halves 180 degrees

&,

d. Both suction and discharge pipes should be ind
pendently supported near the pump 8o that when the Rang:
bolts are tightened no strain will be tranamitted Lo the pumj
CASINE

L

u{ ‘ : -L}! &iH }jﬁ

Wedge o
hachkness
OFFSET Qovge R ved s 1
MISALIGNWMENT ANGULAR e
MISALIGNMENT Siroigh! eage esoctly
love! OCIOs COuphng
shrouds Coupling foces
ore poroliel with iy
tonce between 10088
erocty the same 0! oV
po:ints

Proper and lmproper Shaft Alignment
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143, SUCTION CONNECTIONS

a. The size of suction pipe should be determined from
Fig. 143a (Appendix ). These curves include an allow
ance for velocity and friction joas through elbows and foot
valves

b Suction plpe l'lﬂU\«f be of ”u' SAME Dressurd y;ﬂ;_vig
#s the vard mining and installed in aceus {.mu with the
Standard for Outside Protection. NFPA No. 24 For short
pipe. wellssupported, flanged cast iron pipe with rubber
Hh‘k("‘ ‘."”ll "“ \"'(”1 "l LR o lll! Cilse \\t'l’ [HY-r } A
ng ﬂ«'mym! Or screwed JOInts (ﬂ.”\p.ﬂ joints with Aanges

elded to the pia ave preferred) mav be used above
ground 1n the pump room provided 1t is galvanized or
painted on the inside, prior to installation, with a paint
recommended for submereed surfaces. Thick bituminous
coatings apphed at the [1|1'»'. should not be used. The ex
terior of ﬂ!cu pipe shcald be kept painted. Coment ashestos
pipe may be used when the pump takes suction under a
head at all times

( Avord an excessive length of suction p to &8 pumj
room under hit by provid ng a suctinr wel 8¢ to the
pump. The well can be fed by gravity through & large pipw
from the suction source

d. Provide independent suction pipes where more
than one pump is supphied under lift from the same intal
or suction well. In special cases whore a single suctior P
supplies more than one pump under head, the piping layvout
at the pumps must be symmetrical so that each pump wil
receive its proportional supply. The size of the suction pi
should be such that with all pumps operating at overloa
capacity thi L&Al«4n¢arng suction hft will not exi
15 feet

¢ When the suction suppl
sure to be of material value wit

ply 18 under sufficient pres
hout the pump, the pumj
should be installed with a byv.pass (Fig. 143¢, Appendix O)

f. Suction pipes involving & 1ift must be carefully laid
to avoid air leaks and air pockets, either of which may ser
cusiyv affect tae operation of the pump. lav a suction pipe
nvoelving a lift so that it will have a n s ‘
grade from the water supply to the p
Aprendix ()

a4 ...'--.;.«--;..:.—. -, gt

e A ol B ¢
SRR W J";',. b o
4-«-.-,;!;\” \z* Yool i
A w‘d r-d\.ly iy




20-20 CERNTIIVUGAL FIRE PUMPT

g Lay suction pipe below the frost line. Pay special
attention where pipe enters streams, ponds, or reservoirs
to prevent freering either underground or under water
(Fig. 100b, Appendix C). Avoid horizontul elbows near
the pump (Fig. 1431, Appendix C)

h. All pump suction pipe, except short lengths be
tween above-ground suction tanks and pumps, should b«
hydrostatically tested in accordance with the tests for vard
mains given in the Standard for Outside Protection (NFFPA
No. 24) before back flling

i. When the suction pipe and pump suction connection
are not of the same size, connect them 'vith an eccentric
tapered reducer in such & WAy &S to avoid air pockets (Fig
1431, Appendix C)

J FA]UI[) suction pipes which may at any time involve
a lift with appruved foot valves except when two completel)
independent exhaust-type’ priming methods are provided
Piping should be arranged to permil removing foot valves
for inspection and cleaning Combination foot valves and
strainers should not be used

k. Provide an approved OS & Y. or approved ind
cator type gate alve in the suction pipe if the pump I8 ever
supplied under a head

Nore ) If suction pressure comes i~Hm cily or service wat
mains, the gate valve should notinally be located &t Lthe sU
fange on the puvb  (item 6A in Figure 100 &)

Nors 2 | TV pressure comes from & stored walel
tainer. the gate valve should normally be located at the o
of the container (item 6 in Figure 100 &)

| Suction inlets should be at least 24 inches beiow
~inimum water level to prevent pumps from drafting ar
d at least 12 inches above the bottom of sump or suction
well to avoid obstruction (Fig. 100b and Fig 1431, Ap
pendix C)

m. [Provide double removable ntake Acreens
100b, Appendix C) having an effective net area of o]
below minimum water level of one square inc
gallon per minute of 150 per cent of rated pumj

0112 8-}




MORIZONTAL SHAFT PUMPS

at suction intakes where it is necessary to prevent the pas
sage of materials which might clog the pump Screens
should be 8o arranged that they can be cleaned or repaired
without disturbing the suction pipe. A brass or copper wirs
screen of one-half inch mesh and No 10 B. & 5. gage wire
secured to a metal frame sliding vertically at the entrance
to the intake, makez a serviceable arrangement, and permits
ready cleaning and overhauling. The over all area of this
particular screen is 1.6 Limes the net screen opering Area
In some localities, suction supply for fire pumps from public
water mains may require the installation of an approved
strainer to prevent foreign materisl from passing thioug!t
the pump into the system piping

n. When ?unw and suction supply are on Separale
{oundations with rigid interconnecting piping. the piping
should be provided with strain relief. (See Figure 100 &
item 5.)

Chapter 200 — Vertical Shaft Turbine Type Pumps

210, General

211. SUITABILITY. The deep well turbine-type pump 18
particularly suitable for fire pump service when the source
of water is located below the surfac. of the ground and it
would be difficult to install any other type of pump below
the minimum water Jevel. 1t is & vertical shaft centrifugal
pump with rutating impellers suspended trom the pumj
head by & column or eduction pipe which also serves as &
support for the shaft and bearings It was originally de
signed for installation in bored wells, but may also be used
to lift water from lakes, strcams, open SUmps, and other
sub-surface sources. Oil-lubricated enclosed line shaft or
water-lubricated open line shaft pimps will be acceptable

212 MAXIMUM DEPTH Wells should not be considered
as a source of supply for fire pump service where the water
jevel when pumping at 150 per cent capacity exceeds 200
feet from the surface of the ground In all anphcations
where the water level 1s expected L exceed H0 feet the au
thority having jurisdiction shall be suppiie i with data or
the draw-down characteristics of the well and the pumij

["Yf“f'”\ﬂ”(" to determine the ava lable discharge pr {

280

atl the discharge fange of the vertical pumj

Q713 oy




20 2. CENTRIFUCAL FIRE PUMPS

-1 ACCEPTABLE DRIVE Thess pumps mayv e operated
by vertical shaft electiric motor or., when “qQu ’l"! with a
suitable right angle gear drive, they may be operated
by an internal combustion engine or a steam turbine Care
ful consideration must be given in each case to the deyg
ability of the source of power

214, SUPERVISION OF INSTALLATION. Satis
ation of vertical turbine-ty pe pumps is dependent
extent upon careful and correct installation of
therefore, it 18 recommended that thigs work be

on of a representative of the pump manufa

PERFORMANCE. Pumps shall furnis
per cent of rated capacity at a total head
65 per cent of the tols) rated hea Thi
shall not exceed 140 per cent of total v

%;vo't‘ x ()

Water Supply

SOURCE

a The water supplh all be accep to thi
Naving Jur sa:ctho 0 | W§ supplies firon
rs or tanks supplhving wet pits are preferable

streams and ground water supply may be acceptable
investigation shows that they can b exXpects {

table and reliable suppl

)

{ 17 ¢ Recentance -.Y AR Wi
shall be dq¢ X ndent U pon
and the making of a
traulic conditions. The
investigated
Arca 8’-! thi
be considered

R &:...,




VERTICAL SHAFT TURBINE TYFE PLMPS 20:23
tom of the pump bowl assemnbly will be below the jowest
standing water level in the open body of water supplying
the pit (Fig. 200b, Appendix C). The minimum submergence
shall be increased by one foot for each 1000 feet of elevation
above sea level,

¢. WrLL INSTALLATIONS. Submergence of the second
impeller from the bottom of the pump bow!l assembly should
be 10 feet below the pumping water level at 150 per cent
of rated capacity. (See Figure 200 a, Appendix C))

223. WELL CONSTRUCTION

a. It shall be the ground water supply contractor
responsibility to make one or more test holes, If necessary
in search of water-bearing formation, develcp a well to meet
the required water production necessary for a spocific
pump, to perform all work and install all equipment in a
thorough and workmanlike manner

b. Each well completed must be of ample diameter
and depth and sufficiently straight to receive the pumnp  The
turbine-type pump is designed to operate in a vertical pos

tion with all parts in correct alignment ; it cannot operate in 3

a crooked well unless the turbine unit hangs freely without
being cramped

22 UNCONSOLIDATED: FORMATIONE
a. Al casings shall be steel of such diameter and i1
stalled to such depths as the formation may justify and in
the contractor's opinion best meet the conditions. Botl
inner ana outer casing shall conform to the thickness and
weight in Table 224

TABLE T4

Nominal Wall Weight per Fo
Size (ID) Thickne (Plain Ends
Inches Inches Pound:

» 0oIn 24 70
10 0 307 M2
12 0330 437

16 and larger 0375

-
.

.
.

»
-

PT k2D
?

t >

5 1w

b. Outer casing shall extend down to approximatel)
the top of the water-bearing formation. The inner casing
of lesser diameter and well screen shall extend into the
water-bearing formation as the water-bearing stratum er
countered may justify and, in the contractor’'s opinion, best
meet the conditions

s.é 5.‘?
g
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l
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20-24 CRINTRIFUGAL FIRE FUMPS

¢. It should be emphasized that the well screen 18 a
vital part of the well construction and careful attention
~hould be given to its selection It shall be the same nomina
diameter as the inner casing and of the proper length U
provide for the quantity of water to be deveioped Thi
screen shall be made of stainless steel material (304) ex
cept that Monel metal shall be used where it is anticipated
that the chloride content of the well water will exceed 1000
parts per million The scieen shall have adequate strength
to resist the external forces that will be applhied after it is
installed and to minimize the likelihood of damage du=ing
the installation

d. The bottom of the w ell should be sealed properi)
~ith & cement plug or a plate of the same material as the
screen. The sides of the outer casing should be sealed by the
introduction of ncat cement placed under pressure from the
bottom to the top

e. The immediate area surrounding the well screer
should be [\rn;wr\\ ‘-rrpnn-f* with elean and well.ronnded

gravel of such siz¢ and quantity as will create a grave | filter

to insure a low velocit) and friction loss of water T

aving
the water-bearing formation and enlering the well

005  CONSOLIDATED FORMATIONS Where wells take
their supply from consolidated formations, such as rock
the specifications should be decided upon by the authorit)
having Jjurisdiction upon consultation with & recogniz
ground water consultant in the area. In instances W here the
drilling penetrates unconsolidated formations above the
rock, surface casing shall be installed, seated 1n solid roch
and cemented in place

096. DEVELOPING A WELL. Developing a new wel and
cleaning it of sand (not 10 exceed five parts per million)
shall be the ground wate; supply contractor s respor sibihity
and should be done with a test pump and not the new fir
pump which could be ruined before 1t 18 placed 1n service
Freedom from sand shall be determined when the test pumj
is operating at 150 per cent of rated capa tv of the fire
pump for which the well is being prepared

10 s

207 TEST AND INSPECTION OF WELL
a. A test to determine the water p

well shall be made with an accej table type
ing device uch (* an orifice. a ventur: mete
pitot tube, ana shall be witnessed by & Tepl

OlTle
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customer, contractor and authority having jurisdiction, us
required. The test shall be continuous for & period of al

least eight hours at 150 r cent of the rated capacity of \
the fire pump, with av. i hourly readings over the test g
period. The tests should be evaluated in the hight of the '
eflect of other wells in the vicinity and any possible seasona
variation in the water table at the well site Test data shall
describe the static water level and the pumping water level
at 100 and 150 per cent of the rated capacity of the fire
pump for which the well is being prepared
b. The well work completed by the ground water
supply contractor should be carefully examined and 1f there '
is some doubt about straightness of well, gagng and pilot .
ting is recommended before acceptance of the well i
¢. Before the permanent pump i1s ordered, the waler \
in the well should be analyzed for corrosiveness including
such items as pH, salts such as chlorides, harmful gases
such as carbon dioxide (CO.) or hydrogen sulfide (H.S)
If the water is corrosive, the pumps sh wld be constructed i
of a suitable corrosion-resisting material such as bronz '
or red brass in accordance wit} chemical analy sis and ex
perience in the aresa
230. Pump.
e )
991. DISCHARGE HEAD The discharge head should be « { o
the aboveground type (Fig. 200a and b, Appendix C) - "
In every case the discharge head shall be designed to support N P
the driver, the pump column and the oil tube tension nut or m"; :
packing container. The discharge head shall also act as a '%-;, h
water passage to direct the water from the column into the B
discharge fittings “"E‘ :
'3 e
N 5
232. PUMP COLUMN e ¥
a. The column shall be furnished in sections not ex ,?*i
ceeding a nominal length of 10 feet, shall be of minimum B\ b o
weight conforming to specihcations in Tab'e 232, and shall ‘L":::_,'
be connected by threaded sleeve type or flange type cou B 3
plings. The ends of each section of threaded pipe shall be R
faced paralle]l and machined with t} reads to permit the ends Y
to butt so as to form accurate alignment of puimp ¢ luma Rie v e
All column flange faces shall be paralicl and Ina hined for e\ ._"I-j_'
rabbet fit to permit accurats alignment - '
x 3
R EER
aTi7 B~ b Bk e
— Ben



20.26 CENTRIFUGAL FIRE PUMPS

TABLE 132
Nominal Outside Weight Nominal Outside
Size (ID Diameter per Foot  Size (ID), Diameter
Inches Inches (Plain Inches Inches
Ends)
Pounds

6625 1897 10 10 750
7625 22 26 12 12 750
RE2S 2470 14° 14 000
b R e 28 13 ‘oD
b. Open line shaft water-lubricated columns shall not
be used where the distance from the pump hcad to the stati
water level exceeds 50 feet
C If the pump 18 to be of the enclosed line shaft of)
lubricated type the shaft enclosing tube shall be furnished
in interchangeable sections not over 10 feet in length, of
extrs strong pipe. An automatic sight feed oiler shall i«
provided on a suitahle mounting bracket with connection to
the shaft tube for ol Juhricated pumps

233. BowlL ASSEMBLY

a. The pump bow| shall be of close-grained cast
or bronge, and provided with bronze wearing rings or other
suitable material in accordance with the chemical analvsis
of the water and experience in the area, as per Paragran
=24b

b. Impellers shall be of bronze of the enclosed or sen
open type

234. SUCTION STRAINEK

a. A castorheavy fabricated type of non-ferrous «
or basket type strainer shail be attached to the suction mar
fold of the pump. The suction strainer shall have a fre
area of at least four times the area of the suction connections
and the openings shall be of such size to restrict the passag
of a V5 inch sphere

b. This suction strainer shall be required in additior
to intake screen, specified under Paragraph 143m

235. FITTINGS

8. The following fittings to be
manufacturer shall be required for
(Some shown in Fig. 200a, Append

Q718
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Discharge tee or elbow,

Hose valve head (separable type), Section 44

Hose valves, Section 44

Automatic air release valve and fittings, Paragrap!
236b.

Discharge gage conforming to Section 45

Relief valve and discharge cone, when required by

Section 43.

Water level testing device, Paragraph 235 «

b. A 1lg-inch or larger automatic air release valve is
required to vent air from the column and discharge head
upon starting the pump and aiso to serve 1o admit air to the
column to dissipate the vacuum when the pur, is stopped
This valve shall be located at the highest point in the dis
charge line between the fire pump and the discharge che K
valve.

¢. Each pump installed in a well must be equipped
with a suitable water level detector. The air line method
(Section 236) is considered as a satisfactorv method of de
termining depth of water level This device should be per
manently installed

236, AIR LINE METHOD OF WATER LEVEL DETECTION

a. A satisfactory method of determining the water
leve! involves the use of an air line of small pipe or tubing
and of known vertical length, a pressure or depth gage, and
an ordinary bicycle or automobile pump installed as shown
by Fig. 236. The air line pipe should be of known length
and extend beyond the lowest anticipated water level in the
well in order to assure more reliable gage readings and
should be properly installed. As noted in Fig 236 an air
pressure gage is used to indicate the pressure in the air line

b. The air line pipe is lowered into the well, & tee is
placed in the line above the ground, and a pressure gage |
screwed into one connection and the other 18 fitted with an
ordinary bicycle valve to which a bicycle pump 1s attached

All joints must be made carefully and must be air ight to

obtain correct information. When air is forced into the lint
by means of the bicycle pump the gage pressure increases
until all the water has been expelled. When this point is
reached the gage reading becomes constant The maximun
maintained air pressure recorded by the gage Is equis alent
to that necessa:y to support a column of water of the same

9719 R«10

t

D T
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height as that forced out of the air line. The length of this
water column is equal to the amount of air line submerged

¢. Deducting this pressure converted to feet (psi
pressure » 2.31 feet) from the known length of the ar
line will give the amount of submergence

e L L

-

|
|
1

RETR CRbnl PRS- TTw
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288 Alr Line Method of Detlermining Depth of Water Lavel
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FxaMPLLS The following exampies W th Fig 4% »
clarify the above explanatior
ssume 8 length (L) ol 50 feert
Pressure gage reeding belore starting fire pump (§
pai. Then "A 10 x 231 231 fe2t therglore the wals
in the well before starting e pump would be B | A
231 20 9 et
Pressure gage reas
{ K = 23] RS
when pumping ould
feel

The drawdown
mrthods

' D

b A

I ‘»

940. Installation

24, Pumpr Hovss
character as w 1l offer !
venient handling and hoisun Vel
wise the requirements of Section 41 a1
8;"‘.\

247  OUTDOOR SETTING. If in special cases the aull
having jurisdiction does not require a pumj m and the

t motor is installed outdoors the motor shal | be screened
anda a«iw;uatr‘.. pr«fw"w‘ against tampering The scres
should be easily removable and provision made for ample
ventilation. A sheet metal on iron frame is better than wood

243. FOUNDATION

The pump foundation for vert
should be sub tantially built to carry the
fire pump full of water ar d the
enough ¢ withatand and prevent any
base of foundation shoald extend al
the pump head base plate o all side
area and strength so that the load
crete does not exceed the ordinat
two l-beams of sufficient length a1
e1thi side of well

| .‘,V' ¢

manufacturer
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¢. Top of the foundation shall be carefully leveled t
permit the pump to hang free in the well

d. Where pump is mounted on I-beam over & pit the

right angle gear housing and driver should alwavs Ix "
stalled paraliel to beams, never af right anols

244 METHOD OF ERECTING

8. Several methods of installing a vertical pump ma
be followed, d¢ pending upon the location of the a
cilities available. Sinece most of the pump unit 18 under
ground, extreme vare must be used in asse mbling and In
stalling it and thorough!s checking the work as it pro
gresses. The installation shoald b made under SU PN 18108
of a representative of e

well anad 1

ambd manufacturer

b, The following simple method 1e the moe

1 Construct & tripod or portable derrick and use
two sets of installing clamps over open well or pump housi
After the derrvick 18 1n place the alignment should be checkq
carefully with the well or suction pit to avoid anyv troubl
when setting the pump

<. Attach set of clamps to the suction pipe or
strainer has already been placed and lower int
until clamps rest on block beside well casing o

fecundation

1

\

3. Attach clamps to pump stage assembly and
over well and install pump stages to suction pipe, e
each piece has been installed 1n accordance with
turer n '‘nstractions

i

manula

~

NOTE A seriee of crawings (Hustratineg
be fourd in Appendix C See Figures 244b-1

-

245, SETTING IMPELLERE. The setting of
hould only be undertaken by a representat
ma afacturer Improper setting will
friction Joss by ruhbl

HE o0l ;fY'I]'!:;v"xv‘ pu
sultant increasc 1n power demand If ad
Will be a loss 1n capacity; full capacity
service. The top shafy nut should b

proper setting

Q12
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250. Driver

251, Miv4 0 N DRIVE

& The vu., v ay be driven by a vertical hollow shaft
electric ndor »; vight angle gear drive or dual drive with
internal ¢om. 0 engine or steam turbine. The driver
provided mu'' b go constructed that the tota) thrust of
the pumpn, 5 wmt.udes the weight of the shaft, in
pellers, and i hydraulic thrust. can be carried on & thrust
bearing of s.ple capacity so that it will have an average
life rating of fue-vear continuous operation All drivers
must be » onttructed that axial adyustment of impellers
can be made to pormit proper installation and operation of
the equiptrent

O

b. Motors shall be direct connected, of the vertical
hollow gaaft type, drip proof, normal start ng torque, low
starting current, squirrel cage induction tvpe The motor
shall be equipped with an antireverse ratehet

C Grear drives must be acceptable e authority
having jurisdiction. Gear drives shall be of the hollow shaft
type, permitting adjustment of the impellers for proper in
stallation and ajeration of the equipment. The gear drive
shall be equipped with an antireverse rachet

d. Where internal combustion engines under manual
control are used, it shall be the pump manufacturer's respon
sibility to furnish a coupling of suitable design which will
prevont undue strain on either the engine or pump by re
verse operation, Automatic starters are equipped with an
antidies: 7.!;;‘ device which serves Lo prevenl reverse opera
tion from nelf ignition during compression

e. Y dual drive is used, all equipment shall b
proved type and shall include npproved free-wl
clutches (see Paragraph 623 b)

202, CONTROLS. The controls for the motor, steam tur

bine or internal combustion engine shall comply with the
sections of this standard which cover these controls

260, Tests.

l"
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and connections made, an operating test shall be made 1n
the presence of the customer, pump manufacturer and rep
resentative of the authority having Jurisdiction. Kequine
ments regarding field acceptance tests in Article 910 should
be followed insofar as they apply, excepting that for well
installations the test shall include a continuous run long
enough to satisfy the suthority having jurisdiction that
the permanent pump performs as required, but in no event
¢hall the test be for less than one hou

b. A yearly inspection and test at 150 per cent rated
capacity to determine water level and condition of pumy
should be made

270, Operation and Maintenance
271, QOPERATION

a Instarting the unit for the first time after installa
tion 1t is advisable to check over all electrical connections
to the motor and also the discharge pmping from the pumj
Then momentarily operate the motor to see that the pum)
shaft rotates in 8 counter<clockwise direction when vies
from above

b. With these precautions taken the pump ma
started and allowed to run. Observe the operation for
bration while running and also any heating of the mol

272 VIBRATION

a. Pumping units are checked at the factory |
smoothness of running and performance and should opera
satisfactorily on the job. If excessive vibration is preschl
several conditions may cause the trouble a bent pump i
column shaft, impellers not properly set within the pum)
bowls, pump not hanging freely in the well, or strain trans
mitied through the discharge piping

b. If vibration develops later the unmit should not b
continued in operation. The pump manufacturer should b
requested to service the installation and to place it in projx
running condition

generally ¢& “sed either by a maintained
electric service, or when ‘he impellers ar
within the pump bowls

A FxCESSIVE MOTOR TEMPERATURE. T}
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274. REPAIR

a&. Manufacturer's instructions must be carefully fol.
lowed in making repairs, taking apart and reassembling the
pumps. This work should only be undertaken by someone iy
familiar with their design. e . -
b. In ordering spare or replacement parts use the ‘ :

pump serial number stamped on the name plate fastened
to the pump head

L S
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Chapter 300 — Special Fire Sersvice Pumps.

310, General.

311. APPLICATION. Special fire service pumps are in.
tended for installation in situations where the available
supply of water is limited and draft of water in ex-
cess of the maximum delivery of the pump would be likely
to reduce the supply pressure to an undue extent. It is nof
usually advisable to reduce the pressure in public mains
below 20 pounds per square inch suction pressure while the
pump is operating at its rated capacity. Special fire service
pumps may also be used as booster pumps in situations
where there is no deficiency in the volume of water a“ailab)
but the pressure is inadequate to supply the quaniity of
water necessary for efficient discharge from the highes:
sprinklers. The authority having jurisdiction ma: permit
the use of these pumps for other special situatione where
such use 1s acceptable to said authority. Theyv are for use
only where the conditions are not such as to Jjustify n
stallation of a standard fire pump

312 USE. Special fire service pumps may be installed
instead of standard fire pumps only when their installatior
18 approved by the authority having jurisdiction

320, Water Supplies.

321. CAPACITY. Installation of pumps shall conform to
the applicable provisions of Article 20 and Secticn 121

330, Pump.

331. STANDARD PUMPS. Standard special fire ser
pumps have nominal capacities of 200, 30 and 450 gallons
per minute with pressure ratings between 40 and 100 psi
The pumps shall have such performance characteristics that
the power required of the driving motor will not exceed 30
horsepower at any rate of water delivery within the delive;
range shown by the head-delivery curve of the pum;

SELECTION OF PUMI Selection of a pumj for a
given condition should be based on the CApACItY and pres
sure conditions 1n the supply mains ag determined by
and the Capad ity and pressure requirements of the in

Q76
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tion. The pump chosen should be one which has a capacity
and vressure rating not less than required without exceed
Ing ;e canacity limit of the supnly main. Where & charac
teriv i . curve is not availlable it should be assumed that the
pump may have & maximum suction demand of 150 per
cent of 1ts rated capacity

333. PuMP REQUIREMENTS. The pumps shall be sp
cifically approved for fire service. They should be of the
horizontally-split case type. They sha!l have such per
formance characteristics that, at zero lift, the maximum
capacity will not exceed 130 per cent of the rated capacity

3140, Installation.

341, GENERAL Installation of pumps shall conform to

the apphcable provisions of Articles 40 and 140, See par
ticularly Paragraphs 41a, e, and f, and 141a and b

332, ATTACHMENTS

o Two pressure gages conforming to Section 45 shal
be provided, one attached on the discharge and one on the
suction side of the pump

b. A discharge fitting with valved outlet for attact
ment of 2! ,<inch hose shall be provided for testing
purposes

¢ Means shall be provided for automatic release of
air from the pump and for circulation of sufficient water
to prevent the pump from overheating An air release valve
not less than 1y inch in size, and a %, inch pressure relief
valve set shghtly below the shut-off pressure, are recom
monded. (See Section 46.)

350, Driver.

KHY| CAPACITY. Motors shall be of such capacity that at
rated voltage (and on a.c. motors at rated {requency ) thein
full load ampere rating will not be exceeded (except as al
lowed by the service factor stamned on the name plate)

under any conditions of pump load. It shall be
f il

thulacturer s responsibility to provide a8 mots

)

the pump, taking int
“Ure

gy
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.

wiAe
et

» &t




CENTAVUGAL FIRE FUMPS

852 INSTALLATION. Motors and their power supply
shall conform to the applicable provisions of Chapter 400
See¢ particularly Articles 410, 420 and 430 and Sections
451, 454, 456 and 457

360, Tesis

861. SHOP TEST. The pump shall be tested in the shop
with a dynamometer or calibrated motor, and performance
curves showing the head, capacity, efficiency and brake
horsepower of the pump shall be furnished to the purc haser
promptly after the test, and, upon request, to the authority
having jurisdiction

370, Contracis.

8N PURCHASE CONTRACY It is recommended that the
pump, motor and controller be purchased under a unit
contract,




BLECTRIC DRIVE

PART Il -~ DRIVE AND DRIVE CONTROLLERS
FOR PUMP,

Chapter 400 — Electric Drive

410, General,

411 ELBCTRICAL FEQUIPMENT Electrical esquipment
ashall comply with the National! Electrical Code (NFPA
No. 70), except as modified or provided herein

Nore See Par 242) of the NFPA Standard for Installation
of Sprinkler Systems (NFPA No 13) regarding supervision of
centrifugal fire pum=ss constituting the sole sprinkler supply

420. Power Station.

421. SINGLE POWER STATION. When current is taken
from & single power station, the station should be of
noncombustible construction, so located or protected as o
be free from chances of serious damage by exposure from
fire, and the design and arrangement of apparatus within
it such that there will be but little chance of interruption
of service.

22. FroM A SUB-STATION. Where current is taken
through a sub-station this sub-station should also meet the
requirement of Section 421 and in addition the number and
arrangement of cables between the station and the sub
station should be such &s to practically guarantee con-
tinuous power at the sub-station

423. OTHER SOURCES.

8. Where service cannot be obtained from a power
station or sub-station meeting these requirements, .t should
be obtained from two or more stations or sub-stations so
located and equipped that an accident or fire at one will not
cause an interruption of the service supplied by the othera

b. A private generating plant located on the premises
served by the fire pump, if in a separate power house or cut
off from main buildings, will be considered as a power
station, and may he used as one source of current supply

{ =6
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130, Power Supply Lines
(See Fig. 430, Appendix C, for illustrative Diagrams )

43). TYreE or LINES

4. The lines between the power plants and the pump
room should be of such number, 8o arranged and so located
that there will be small chance of an interruption of service TAX S
to the motor, due to sccident to the lines ‘y‘*“f';;r;
b.  All wiring .n the pump room shall be in approved Lk d
rigid metal conduit, electrical metallic tubing or liquid-tight
flexible mmetal conduit, or for 800 volts or less mayv be ap
proved mincral insulated metal sheathed cable (type M)

NoTy Where the monetars values involved are INrge ann
the cripphing of this pump semice would senously affect the pr
tection of the property st least two separate hinss from the
POMer plant or piants 1o the pump installation should e proyided
Fhe lines should e run by separate routes or in such a mannes
that a failure of both 8t the same time will be anls s rem
s ity

Where current i« taken from an underground Fdison 3w ire
System it w he considered that tvwo independent lines have
heen provided f connections are brou ot into the pump roon
from two street mains or feeders not terminating directly in
the same Junction box
A complete underground circuit from generating station to
pump s strongly recommended and should be abtained wher
practicable When such construction s not available an over
head circui! may be allowed but that part of the circuit ~ dacent
1o the plant or exposing plants should be run with ,\(r(l".: refe;
ence 1o damage in case of Are Where the pump r -v",f"’ A par?
af or in close proximity 1o, the plant which the pump designe ‘ T
o protect, the wires for some distance from the pump yoon "'s.:}""""',,'
L4 dd be undorgrouvnd

432. CAPACITY OF LINES

a. Each hine between the power ,lant and pump roor
shall be of such size that its carrying capacity, as given by
the .\.;tYHle&l Eit((rifa! ('(n;.(‘ (\}‘"A Nu T'H, will not
hw exceeded

b. The voltage at the motors should not drop more

han 5 per cent below the voltage rat.ng of the motors
when the pumps are being driven at rat:d output, pressure,
and speed, and the lines between motors and power stations
Arv CArryiIing their ]uak load-
( Where squirrdclecage motore \ CApac)
"".g.r_,y,‘fpb-."'ol the conne \ Nk ¢ {1 t1a

{ Fmuers "}1‘ l;“f T d”‘l'l' aliu sy ! as i i 1 ! "Ad)'

V130
e Ry s  ma oy Lo IS * . ik
‘”‘M"“ Mg ¢ -“’A ‘ ! 4"‘ w5k | ": . f_‘?»"" ._t’e'—'-i ~
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{40. Transformers

11 -1 ~ ' 1
11. INSTALLATION ransformers shall be i

Ml

i42. ISOLATION. Transformers supplying current ¢t
4 yh ¥ 5 —_ | '3 \
the ghis ai motors inn the by aimng servea Ly the fire
WMt mat & | nnl . .
pum;g a4\ &is0 suppiy the pump motor, provided all o
except the pump motor load can be quickly cut off wher
N )
ne essar owitches for doing this must be in the pump
room uniess transformer room 18 near pumn ro~m, in whict

case they mayv be in *ransformer room

133. LocaTioN. Room containing transformer 1!
stalled solely to supply current to & pum

: r ] v v i 4 !,
dry and heated in cold weather, or else the transformers
must be normally left connected to the supg €8

Ippiy ,

+00. Motors.

VYPE! 600 VOLTS Ok |LES i tric Motore are
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excess of 110 per cent of rated voltage. It is the pump
manufacturer's responsibility to provide a mator of ample
cize as specified in Section 453. Only molors ~ound for 20

or 20K volts shall be used for 208 volt serv ces when the volt.
age may be less than that detesrained in accordance with
1324, Direct- or alternating-current motors may be used
in accordance with the following requirements:

a  Directscurrent motors chall be either of the stabilized
shunt type, or cumulative cumpound-wound type The speed of
the motor al no load hot shall not exceed the speed at fuil joad
hot by mare than 1t per cent

b Alternating current moators may be of the squirrel=cage
induction 1vpe With across-the-line type start.ng equipment un-
loss their starting characteristics would be ub)esctionable to the
company furnshing the power, it Which Case primary resislance
primary reactor or auto-transformer 1y pe starting may be em-
ploved or a wound rotor Lype of motor with appropriate starting
equipment may be sghstituted

¢ Squirrel-cage induction mators should hasve norr,al stats
g and bicahdoun torque. The loc ke d-rotor « wrrent of three.
phase constant-speed. induction motors measured with rated
Loltage and [requency impressed with rotor o ked shall not ex.
cocd the following (vAILES

Maotar Demgnaiton
NEC Code Letter
Loched Rotor Curvent 22 Volia gin Volis
Theee Phose A 1o und A to awd
Ruted g2n or 26 Volis Including Including
Horsepou el See Note ] 1 Se4 Note &

H J
H H
G H
G G

- G
G
G
G
G
G
G
G
G
G
G

-

b3t
149

K70

1085

1450

1K15
M 2170
L

) 2900

Nore 1 In the foregong table the Jocked rotor currents are
forr motors ratod at 220 or 230 valts Thes are Approximalely six
vimes the Tull-liad current. The corresponding values of ek ed
rotor cureent for metors rated gt other voltages shall be de
rermined by multipheat on of the values shawn by the following
fnctors

e T Y

o

-
-

C-u

Al e n el
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Fated Voliage
2008 Vols
440 ar 460 Volus
580 or 875 Volits
Any other Vollage Ratio of 230 vaolts to

the rated voliage

(For example a8 15 H P, 60 Volt mutor would hay e
a'° .»of 116 amperes

Note 2 Code jetters of motors rated for 440 or 55 valts

shall conform with those ghown for 220 Vaolts Code Jetters of

maotaors rated for 208 Valts 460 Valts 5785 Volits and all other
Violtages shall confarm with thoase shown lor 230 Volts

452. TyPES — 1IN EXCESs oF 600 VoLTs. All fire pump
motors shall be rated {or centinuous duty and shall not b
used at voltages in excess of 110 per cent of rated valtage
Voltages aoove 600 are not recommended for fire pump
service, but where 1t is impracticabic to use low voltage,
higher voltages mayv be accepted by the authority having
jurisdiction, for motor ratings of approximately 75 horse-
power and larger at 2,300 volts and for motor ratings of
approximately 100 horsepower and larger at 4,000 volts

453. CURRENT LIMITS.

a. All motors shall be of such capacity that at rated
voltage (and on a.c. motors at rated frequency) their full
load ampere rating will not be exceeded (except as allowed
by the service factor stamped on the name plate) under any
conditions of pump load.

b. Motors used at altitudes above 3300 feet shall be
operated or derated according to NEMA Standard MG1-
14.14 (1963).

454, MARKING

a. Marking of motor ‘erminals shall be in accordance
with the current American Standard C6 for Rotation,
Connections and Terminal Markings for Electric Power
Apparatus.

b. A name plate shall be provided showing the
foll . ‘ng information:
DIRECT-CURRENT MOTORS —

Mmanufacturer's type and frame designation
Rated horsepower output

U733 (=19
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Time rating.

Voltage.

Temperature rise or class of insulation
Ambient temperature

RPM at full load

Full load amperes.

Shunt or compound wound

ALTERNATING-CURRENT MOTORE —

Squirrel-cage Motors —

Manufacturer's type and frame des.gnation
Rated horsepower output.

Time rating.

Rpm at full load

Frequency.

Number of phases

Voltage.

Full load amperes

Code letter

Service factor, if other than 1.0
Temperature rise or class of insulation and

ambient temperaturs

Wound Rotor Induction Motor —

In addition to information required in pre.
vious paragraph, also show secondary am-
peres st full load and secondary voltage

455. WATEK PROTECTION.

2. Open motors whicl; are subject to possible splash
of water from hose connections close to the pump, shall be
protected against such splashing by some means such as a
noncombustible, moisture-resisting partition, furnished by

the pomp manufacturer, installed between the pump and
the motor,

b, Drip-proof motors shall be arranged as described
above vinless the hose valves are located outside the pump
room,

¢. Splash-proof motors shall be acceptable without
splash partition as described above, providing the ventilat
ing inlet and discharge are located so as to prevent impact
of dripping or splashing water on windings o: other ener-
gized mechanisms.

“'\11
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| ELECTRIC DRIVE

d. Motors of totally enclosed, fan cooled type shall be
acceptable without splash partition. They shall be scaled at
the Joints and have conduit fittings arrafged to prevent the
entrance ol water.

Note - See item 19 in Appendix A-Glossary for a description of
the various types of electric motors

456. OTHER FEATURES.

a. Motor shall be equipped with anti-friction ball or
roller-type bearings mounted so as to be effectively sealed
against dirt and moisture.

b. Instructions as to lubrication and care of motor
bearings shall accompany each motor.

¢. The terminal box shall be of a type which can be
arranged for attaching conduit at sides, top or bottom. A
totallv-enclosed fan-cooled motor shall be provided with a
watertight conduit box.

d. Where unusual moisture or abrasive dust condi-
tions are anticipated, motors shall be of special type or
speciallv insulated to withstand such conditions. Under
such conditions h'gh voltage motors shall be totally
enclosed

457. CoONFORMANCE. Motors furnished for centrifugal
fire pump use shall be guaranteed to conform with these
specifications.
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Chapter 500
ELECTRIC DRIVE CONTROLLERS

510. Requirements for all Controllers

11 GENERAL

| the nonaut iatic and automa 1§ 10T ¢
f- v‘ -
rs driving centrifugal fire pumj Chapter 4 ]
) . e . 1 1

the electric m r drive a Applie nsofar a

ropriate

b Automatic-tvpe controllers are recommended

niy where the hire pump takes 118 watler un-ier p

SSUre and their use 18 not recommended where 2

1 involved

. 11 _ 1) 1 - 1 ‘ - \

( Il controliers shall be specihcally approvi

pump service

] . \ . 14 ' "

G The control panel shall be completely asse
wired, and tested by the manufacturer before shipmer
the factory

€ ILARES aDove © VvV are not recommendced 1
. 3 > 1 4 - .Y . { 3
pump service, but wnere it is impracticable 1o ust

voitage, higher voltages may be accepted by the authe
ing Jurisdiction. High voltage controllers shall be
not more than 5000 v, (See Article H520))
f Controilers conforming to this Standard shi
r - 1 “§ L . Maor'! il L il 2 =
marked “Fire Pump Controller” and shall show pla
{ v *»

name of the manufacturer. the 1dentifying designa
the complete electrical rating

512. LOCATION

a. The controlier shall be located as close to

practical and within sight of the motor

b. The controller shall be so located or protected

will not be injured by water escaping from the p
né<tions Current carrving parts nf the contire
not less than 12 inches ab e the fi r ICVe
( A clearancs f nnt :!,;\(_ thar i font <)
led at the rear of enclosures designed to be 1ns]
v !
ed from the rea
(-1
0730
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ELECTRIC DRIVE CONTROLLERS

SWITCH WHILE THE CIRCUIT BREAKER (DISCON-
NECTING MEANS) IS IN CLOSED POSITION.

b. CIRCUIT BREAKER (DISCONNECTING MEANS). Ex-
cept as noted in Qection 532 for limited service controllers,
the motor branch circuit shall be protected by & suitable
magnetic trip-type circuit breaker, connected directly to
the load side of the isolating switch and conforming with

the following requireraents:

1. No other overcurrent protective devices shall be
in the motor circuit on the load side of the circuit breaker

Note See Article 4733 for rating and setting of overcurrent de-
vices in the eircuit on thv line side of the circuit breaker See
N ational Electrical Code {NFPA Nu 700 for the number ol over-
current units required for circuit protection devices

2 1t shall have one pole for each ungrounded branch
cireuit conductor.

2 It shall be externally operable (sev n1510).

4 It shall trip free o) the handle

% 1ts rating shall not be less than 115 per cent of the
rated full load current of the motor.

& 1t shall permit normal starting of the motor with-
outl tripping.

-

7 1t shall provide stalle¢ rotor and instantaneous
short circuit protection,

(a) For a squirrel cage induction motor, it shall
be of the time delay type and have & time delay of not over
o) seconds at locked rotor curre nt (this 18 600 per cent of
rated full load motor current for squirrel cage induction
motors), and shall be calibrated up to and set at 300 per
cent of the motor full load current.

(b) For a direct-current motor and wound rotor
alternating-current motor, 1t shall be of the instantaneous
tvpe calibrated and set at 400 per cent of the motor full
load current

% Jts interrupting rating shall be adeqguate for the
erreutt 1n which 11 s used, and 1n RO Case Lo Jess than 11.000
AMLeTes (SyIme trical)

9 The requited interrupling rating should be ob-

L=¢




20-48 CENTRIFUGAL FIRE PUMPS

TABLE 5§14,

Interrupting Capacity of Circuit Breakers of Fire Pump
Controllers When the Electric Supply
is Through Transformers

(Sece Paragraph 514b8 for general rule for determin.
ing the interrupting capacity of circuit breakers of fire
pump controllers.)

1C of Cir Br of Fire Pumi

Conten'ler Amperes Symmeirica

Caparity of Length of Ne brmanch With branc?

Transformet Tranaforme Fire Pumg Cir Hr Cir B
Rank 8 rond Branch Cireunt t8er Frg 430 (Rew Fig 40
L Volluge Fert Al and A-Q A-dand A-C

FIRE PUMP MOTORS OF 15 HP. OR LESS
%0 o4n LY i B X 14iewmy
%0 s40 mer 75 140¥w IERLLE
1 600 i 1 L Toaw ITLLE
1000 240 Over RS 140K 14
1500 ko 5N.Th ot L1 14000
1500 e (her 75 LR LY 14w
100 -4 B 10 AT 148
1500 4 Dyver 100 14ax 140sn

N0 600 o5-6! poaed 4 V) 1406w
L 60 Owver &) (LS 1400
20040 R0 S0O-R° 22w 14wy
2000 80 Over W° 140N 14w

2000 24N 20.N4 400 s
S0 e T &n.10% M T44n
S000 40 Over 100 1400 1410

‘MP MOTORS OF 100 HP. AND 126 HF
1000 40 110 bt d 10 147%n
100 40 {wer 110 14y 14inn
1500 LL I 50110 22000 LAY
1500 4RO Over 110 14000 140%

1500 2565 A sctu¥
1 50¢ 66 120 ot 1 1T 14w
1500 Over 127 140 14fem
2000 J0-58 AN paet 1L

2000y 56-13% praslT T Tt
2000 Ouver 140 j4nn T4iex
SO { s0-60 42X -t
SO0 61-13% ot T 14

2600 Osver 135 14799 14
20000 J0-R0 LISEE on
2000 81140 ptel 1) 14
2000 O er 140 TULL 14




ELECTRIC DRIVE CONTROLLERS

tained by the purchaser based upon the maximum possible
short-circuit current at the pump room. The values, which
are approximate, shown in Table 514 may be used as a
guide.

10. A namep! - with the legend CIRCUIT BREAK-
ER — DISCONN? NG MEANS in letters not less than
3 ,-inch high sh ' on the outside of the enclosure
adjacent to the ping, e circuit breaker

¢c. MOTOR =otoi starter shall be of
the magnetic type + each conductor

1. For electr ‘duced voltage start-
ers, timed automatic " the motor shall be
provided and the period i «ceerat.ca shall not
exceed 10 seconds

2. Starting resistors shall be designed to permit one
S-second starting operation i1n each 80 seconds for a period
of not less than 1 hour

"

3. The operating coil for the main contactor shall be
supphed directly from the” main power voltage and not
through a transformer for controllers of 600 volts or less

d. ALARMSE AND SIGNAL DEVICES (ON CONTROLLER),
A 6w or Tw candelabra base 115-125 v, pilot lamp shall be
connected to a pair of power supply conducters directly on
the line side of the motor starter (load side of the circunt
breaker) to indicate that the circuit breaker and test link
are closed and that power is available at the controller for
starting. The lamp shall be accessible for replacement

NoTe It s recommended that the lamp operating voltage be jess
than the rated voltage of the lJamp to insure long operating life
When necessary, suitable resistors or potential transformers
should be used 1o reduce the voltage for operating the lamp

€. ALARM AND SIGNAL DeviCEs (REMOTE). Where
the pump room is not constantly attended, the author-
ity having jurisdiction may require the controiler to be
equipped with contacts to operate circuits, not exceeding
120 volts, for audible or visual alarms at a point of constant
a..endance indicating the following:

1. Controller has operated into @ pump runuing con.
dition

2 Trouble on the controller or pumjping unit

U’q.‘
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ELECTRIC DRIVE CONTROLLERS

from the controller, but suck stations shall not be operable
to stop the unit.

3. Manual Mechanical Control at Controller:

(a) The controller shall be equipped with & handle
or lever which operates to close the motor-cireuit switching
mechanism mechanically for nonautomatic continuocus run-
ning cperation of the motors independent of any electric
control circuits or mapgnets (or equivalent devices) and
independent of the pressure-activated control switch.
Means shall be inco"porated for mechanically latching or
holding of the handle or lever for manual operation in the
actuated position The mechanical latching shall not be
automatic, but at the option of the operator ,

(b) The handle or lever shall be arranged to move
in one direction only from off to final position with the ex-
ception of the autotransformer reduced-voltage type starter

(¢) The motor starter shall return automatically
to the “off" position in case Lhe operator reieases the starter
handle in any but the full running position.

d. AUTOMATIC

1. Water Pressure Control: An acceptable type pres-
sure switch having independent high and low calibrated
adjustments, and which is responsive to water pressure in
the fire system shall be provided in the control circuit.

Note: Test Device Suitable provision shall be made for relieving

pressure to the pressure switch to test the operation of the con-
troller and the pump (Figure 515d 1. Appendix C)

2. FireProtection Equipment Control: When the pump
supplhies special water control equipment (deluge, dry pipe
valves, etc.) and it is desired to start the pump before the
pressure control(s) would do so, the authority having
jurisdiction may require the controlier to be equipped to
start the pump upon operation of the fire protection equip-
ment. The controller shall be equipped with a relay of the
drop-vut type to start the pumip when the fire protection
equipment operates. The relay shall be actuated from a
normally closed contact on the fire protection equipment

Nore. Deluge System Cieration: Wher> the pump supplies a
deluge system the author ty having furisdiction may require the
eontroller to be equipped with a relay of the drop-out type to
start the pump: when the deluge valve trips  The relay should
te actuated from a normally closed contact on the deluge valve

D=6




CENTRIFL LAL FIRE PUMPS

3. Sequence Starting: Controllers for multiple pump
units shall incorporate a sequential timing device to pre-
vent any one pump starting simultancously with any other
pump. If the water requirements are such that more than
one pump operates, the units shall start in 5-gecond inter-
vals or at intervals which will not permit a subsequent
starting pump to start until the previous pump has reached
full speed. Failure of a leading pump to start shall not
prevent subsequent pumps froin starting.

4. For sprinkler systems and stendpipe systems where
an automatically controlled pump constitutes the sole suj-
ply or where required by the authority having jurisdiction,
the controller shall be wired for automatic start and manual
shutdown '

e MeTHODS OF STOPPING: Shutdown may be aceom-
plished by either one or both of the following:

1 Manual — the control panel shall have meanc far
electrical operation for stopping the motor which in case
of automatic controllers will return the centroller to full
automatic position

2 Automatic — after sturting ca¥ses have returned
to normal and the pumping unit has operated for the time
fixed by the running period timer.

Note Whenever the controller is arranged for antomatic shut.
down a running period timer set for one minute for each ten
horsepower of motor rating. bu! not tu exceed T minutes shall
be installied

520, Requirements for Controllers for Voltages in Excess
of 600 Volts.

521. ConTROL EQUIPMENT. Where equipment rated in
excess of 600 volts i permissible (see Section 511) the
control equipment shall comp'v with the requirements of
Article 510 except as indicated in Sections 522 through 528

522 PRoVISIONS FOR TESTING. The provisions of Para-
graph 513d.2 shall not apply. but an ammeter with a suit-
able transfer switch arranged for reading the current in
each phase shall be provided on the controller. An indi-
cating voltmeter with seale calibrated to the high voltages

[)=7¥
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ELECTRIC LRIVE CONTROLLERS
supply and deriving its source of power from the con-
trol transformer secordary shall also be provided on the
controller,

523. DISCONNECTING UNDER LoAD  Piovision shall be
made to prevent opening the isolating switch under load.

524, LOCATION OF PRESSURE ACTUATED SWITCH. Spe.
cial precautions should be taken with regard to the location
of the pressure actuated switen called for in Paragraph
515b to prevent any water which mav be present due
to leakage Jrom coming in contact with high-voltage
components

525. Low VOLTAGE CoNTROL CIRCUIT. The low-voltage
control circuit shall be supplied from the high-voltage
source through a step-down control eircuit transformer
protected by suitahie high-voltage fuses Its supply shall
be interrupted when the isolating switch is in the open
posation.

526. PiLor LAMP. Fom these controllers Section 5144
shall be replaced by the following:

A pilot lamp shall be provided to indicate that power
is available. The lamp operating voltage shall be less than
the lamp voltage rating to insure long hife. The supply for
the lamp shall be obtained from the secondary of the con-
trol circuit transformer through resistors, if found neces.
sary, or a small capacity step-down transformer to reduce
the control transformer secondary voltage to that required
for the pilot lamp

527. PFRSONNEL PROTECTION FROM HIGH VOLTAGE. The
necessary provisions shall be made, including such inter-
locks as may be needed, to protect the personnel from acci-
dental contact with high voltage.

528. INTERRUPTING CAPACITY. The circuit breaker, or
the controller where it also performs the function of the
circuit breaker, shall have adequate kilovolt ampere inter-
rupting capacity for the intended service,

530. Limited Service Contrcllers.

53 APPLICATION. This sgection is applicable t~ auto
matic controliers for across-the-line type squirrel cage mo

0745 =5




CENTRIFUGAL FLEY L MPS

tors of 30 horsepower or less, 600 volts or less, where such
use is acceptable to the authority having jurnisdiction. All
of the requirements of the preceding sections apply except
as indicated in the following:

a. MARKING., Each motor controller shall be marked
as specified in Paragraph 511f except that the title will be
“Limited Service Controller.”

b. The manually operated isolating switch mentioned
in 5144 18 not required

532. CIRCUIT BREAKER The circuit breaker shall con-
form to 514b with the following changes:

a. It shall be approved for disconnect purposes.

b. It need not be a magnetic trip tyvpe. In general,
the rating of a direct heated thermal element breaker shoula
be the standard rating at or next below 250 per cent of the
motor full-load current, but not smaller than 150 per cent;
and the rating of an indirect heated thermal element breaker
should be the standard rating at or next above 125 per cent

of the motor full load current.

¢. The calibration shall be of the fixed type to dis-
courage adjusting and tampering by unauthorized persons

d. The interrupting rating of the breaker shall be not
less than 10,000 amperes




INTERNAL COMBL STION ENGINE DRIVE

Chapter 600,
INTERNAL COMBUSTION ENGINE DRIVE,

610, General.

611. RecoMMENDED USE.  a. Selection of internal com-
bustion engine type fire pump equipment for each situation
should be based on careful consideratior of factors of the
most reliable type of control, ignition and fuel (ine luding
fuel supply), the starting operation and the running opera
tion of the internai combustion engine

b, The compression ignition diesei engine is one of the
most dependable sources of power for driving fire pumps
Spark ignition type engines are advised as supplemental
units with natural gas and gasoline as acceptable fuels 1n
that order of preference

£20, Engines.

21 APPROVAL Engines shall be specificallv approy ed

for fire pump service

622. RATINGS

a. The engire shall have a bare engine brake horse.
power rating at least 20 per cent greater than the maximum
hrake horsepower required to drive the fire pump at rated
revolutions per minute of the pump unit.

Nore The 20 per cent excess power takes account of the fact

that new produrtion engines are periaitted to run as low as 5

per cent unde. the official bare engine horsepower curve and
that up to 5 per cent may be needed for operation of accessories
allowing at least 10 per cent reserve power for reliability of per-
formance and for normal depreciation of the engine with age and
use

h. A deduction of & per cent of the power shown on
the curve of the engine. having a standard sea level com-
pression ratio, shall be made for each 1,000 feet rise in
altitude above sea level. This correction should be made
prior to any other power deductions or rating correction
factors

A When the authority having jurisdiction permits the
se of gear drives hetween the pump and ite driver, (sed
2% ) the horsenower requirement of the pump should be
increased to allow for power losces
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2058 CENTEIFLGAL FIRE 11 Mi>

b. LEAD Acip. Batteries shall be furnished in a dry
charge condition. with electrolvte liquid in separate con-
tainer. Electrolyte should be added at the time the unit s
put 1ato service. The battery shall then be ginen a condi-
tioning charge to bring the electrolyte up to its designated
specific graviy,

¢ NICKEL CADMIUM. A nickel cadmium alkaline type
hattery may he used where desired in pluce of the lead acid
battery described above

d RE"HAR(}I\U T\\(i\\.n- of IM’.HL'”‘.}' ctoriage hiat-
teries hall be provided. One shall Ix the generator fur-
nished with the engine. The other shall be an automatically
contrated charger takmg power from an alternating powe)
soaurce. (Mher charging methods must be specified 1f a re-
hable alternating power source 1 not available.)

e CHARGERS

1.  All chargers shall he specifically approved
nre pumn service
<. The rectifier shall be of the semiconductor tvpe

. The charger for a lead acid hattery shall be of a
tvpe which auntematically reduces the charging rate to less
than 500 mulliamperes when the battery reaches a full
charge condition

1 The control equipment incorporated in an “off-
on” tvpe of charger for a lead acid battery shall start the
rectitier hourly and automatically shut off when the hatter
his been fully charged

5. The charger for a lead acid hattery shall be capa-
ble of dehvering a current within the range of 50 1o 100 per
ent of the 20-hour discharge rate of the hattery

6. The above charging rutes applyv to lewd wcid bat-
teries and should be modified 1n accordance with the battery
manufacturer’'s recommendation when ny kel-cadmium buat-
teries are supphed

i An ammeter of an accuracy of 5 per cent of the
normal charging rate “hall be furmshed to indicate the
aperation of the chargor

»  The charge: shall e so designed that it will not
b damaged ar Llow fuses duringe the cranking evele of the
engine when aperatead by an aatomatie or manual controlle
A sing charger that amtomatically alternate:

=13
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short, with the discharge into a visible open waste coue
and no valves shall be used in this line.

e. A water )acketed (cooled) exhaust manifald shall
be used since no fan is available to dissipate heat and to
avoid hazard to operators or flammable material adiacent
to the engine. This exhaust manifold should be cooled by
raw water discharging from the heat exchanger

628 CARBURETION,

a. If a down-draft carburetor 18 used, suitable pro-
vision shall be made in addition to the u' buretor float valve
to prevent delivery of ligquid gasoline to the engine cylinders

NoTtE. This s usually accomphshed by a drain from the
intake manmifold This should be piped to a safe locaton

b. The carburetor drip cup drain should be piped
at its lower end to a safe location

629. ANTI-DIESELING DEVICES

a. Anti-dieseling devices. A rehable and elfective
anti-dieseling device shall be provided on automatically
controlled spark-ignited gasoline engines with a displace.
ment of 350 cubic inches and larger to \nsure positive shut-
down without dieseling. Control for the devire shall be pro-
vided by the automatic engine controller or supplemental
accessories to the controlied engines,

b. Less than 350 cubic inch displacement engines shall
also be equipped with this device unless approval tests show
that it 1s unnecessary.

630. Location,

631. CONSTRUCTION.

a. While it may not always be possible to locate a fire
pump driven by an internal combustion engine in a sepa
rate pump house it is in every case highly important ‘ha*
the pump room be wholly cut off by nnnc«‘»mbustnblc cnn-
struction of a heavy character.

b Floors should be pitched for adequate drainage
e~ aping water or fuel away from critical equipment sucl
pump. driver, controller, fuel tank. ete

2ol




INTERNAL COMBUSTION ENGINE DRIVE

AL COM 20-61
¢. Where fire pumps constitute the entire water sup-
ply or where they constitute the major water supply, gaso-
line engine driven fire pumps located in the same room with
fire pumps driven by other methods should, because of their
possible fire hazard, have a heat resistant barrier wall to
1solate the gasoline engines from other pumping units

632. VENTILATION

a. Means for thorough ventilation shall be provided,
adequate for engine air supply and for removal of hazard-
0ous \'a;mrs.

b. Gasoline engine driven fire pump units should not
be installed in depressed pump rooms. Installation shall be
such that escaping gasoline vapors cannot accumulate In
the pump room or vicinity,

640. Fuel Supply Arrangement

641. REVIEW OF PLAN. Before anv system is installed
the authority having jurisdiction should be consulted as to
the svstem proposed to the ena that the suitability of the
svstem for conditions be determined

642 GUARDS. A guard or protecting pipe shall be pro.
vided for all exposed fuel lines

643. DIESEL.

a. Caracity Diesel. FUEL SUPPLY. The capacity of
the main diesel fuel supply tank shall be determined by con.
ditions and subect to special consideration in each case by
the authority having jurnisdiction, minimum storage capac-
ity shall be sufficient to operate the engine for at least eight
hours, and a greater capacity should be provided in places
where prompt replenishment of supply is unlikely. There
shall be a separate fuel line and fuel tank for each engine
Where multiple engine driven pumps are used, the fuel
lines shall be interconnected and valved so that all engines
may continue te operate even though one or more fuel tanks
mrayv be out of service

Note  Allow one pint of diesel Tuel per horsepower per honr

b LocatioN DIESEL FUEL SUPPLY. The tank shall be
located 1n accordance with municipal ordinances, and re-
juirements of the authority having jurisdiction.  Means

07153 E-¢
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CENTRIFUGAL FIRE FLMEPS
shall be provided for determining the amount of fuel 1 tha
storage tank. The tank should have suitable hlling and v 1t
connections, s

c. DiEseL FUrEL Piping. NFPA Suindard for the
Installation of Oil Burning Equipment (No. 31) ma) 1w
used as a guide. A suitable flexible connection of approved
metallic tvpe shall be provided in the fuel line wWhere 1
connects to the enygine }m‘l piping No shutoff valve shal
be installed in the fuel return line to the tank, (S Fiy
643a and 643L for suggested arrangements.)

644. NATURAL Gas

a.  RELIARILITY oF SUPPLY. Rehability of the fuel sup-
ply is essential. Natural gas can be considered an acceptable
fuel only where arrangements can be made for maimmtainng
the fire pump gas supply at all times even when restrictions
are applied by the suppher to other uses of the gas. Piping
shall be adequate to maintain the required pressiore at the
fire pump under conditions of maximum demand for other
uses. Provision must be made for automatic cul off 10 case
of a break in the ]I'HH,! service line to nsure an unint«
rupted supply to the fire pump

Note . Allov 12 cubie feet of 1000 BTU natural gas e

horsepower por hour

b. BTU CoNTENT. The BTU value of the natural gas
=hall be equal to or greater than that specihed by the engine
smanufacturer for the maximum rated load or allowance
shall be made in the rated horsepower of the engine to
adjust for the vination

¢. PressURE REGULATOR. An approved regulator shall
be provided to reduce available natural gas pressure to the
low pressure for satisfactory operation of the engine Cal
buretor

d. FErD. There shall be an electric opening, s
closing safety shutoff valve installed mm the fuel hne on the
engine. This valve shall open when the engine gnition 1s
turned on and close automatically when the ignition s
turned off. There shall e a manual valved bypass around
this valve in the event of malfunction of the safety shutoff
valve and the bypass valve shall he provided with a visuil

1K)

or audible signal to show when it s open. All ejectric can
trols shall be powered hy the engine pumping anit e 1riea

evstem. (See Fig 611)
e IMPINnG. Al exterior and mterior gas puang
he 1n accordance with recommendations of St tard ;‘}
R
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INTERNAL COMBIUSTION ENGING DEIVE 2063

the Installation of Gas Appliances and Gas Piping, NFPA
No. 34, There shall be a manually operated outside shutoff
valve in the gas supply line, locked open with a breakabls
lock. All piping outside the pump house shall be installed
with pitch to drain so as *o av  * anv possible water trap
or pocket. There shall be a suinble flexibile connection of
approved metallic type in the fuel line where 1t connects to
the engine fuel piping

645, GASOLINE

a. CAPACITY GASOLINE SUPPLY. The capacity of the
main gasoline supply tank ghall be determined by conditions
and subrect to special consiceration in each case by the
authority having jurisdiction: minimum storage capacity
shall be sufhcient to operate the engine for at least ® hours
and a greater capacity should be provided in places where
prompt replenishment of supply 1s unlikely.

NOTE Allow ane pint of gasoline per horsepower per hour

b, JAOCATION GASOLINE 8UrPLY. The tank shall be lo-
cated outside the pump room and 1in accordance with mu-
nicipal ordinances, and requirements of the authority hav-
g wunsdiction. The tank should be s Jocated with respect

sunips drawing gasoine thereirom that the maximum

wiil not exceed v feet. The fuel tank for an automotive
Vi engine should preferably be installed so that the tog
of the tank 1s about on a level with the carburetor. Means
shall be provided fer determining the amount of gasoline
in the storage tank. The tank should have suitable filling
and vent connectiors

¢. GAsoLINE FEED

1. The gasoline shall he fed to the carburetor bv a
method which will be dependalile and safe. The following
suggested arrangement mayv e modified to suit the condi-
tions, subject to approval by the authority having juris-
i tion

= A pumping syvstem utilizing a gasoline pump, fur-
nished as a part of the engine, which draws gasoline from the
storage tank and delivers 1t to the carburetor. The gasoline
pump should be eapable of pumping gascline at a rate of
a' least 11y times the amount needed for 4 engine whils
runring at rated speed and load. As a supplementary sup
piv there shall also be provided a hand gasoline pummp con-

cted to draw gasoline from the storage tank and deliver
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it to a two-quart tank from which the carburetor may be
supplied by gravity. (See Fig 645.)

646. CASOLINE PIPING. All gascline piping between
tanks and between tanks and engines shall be approved
seamless copper tubing with flared joints Fuel pump suc-
tion lines shall be at least 34 inch in size. A suitable flex-
ble connection of approved metallic type shall be provided
in the fuel line where 1t connects to the engine fuel piping

650. Exhaust Piping

651. ExuavsT PirinGg. Exhaust from the engine shall
be piped to a safe point outside the pump room and ar-
ranged to exclude water. A seamless or welded corrugated
(not interlocked) flexible connection shall be made between
the engine exhaust outlet and the exhaust pipe. The ex-
haust pipe shall be as short as possille and not over 15 feetl
unless the size of exhaust pipe is increased al ivasl one pipe

size. and shall be properly insulated from combustible mate-
rial. Muffler. receiving vessel or other attachments which
may accumulate unburned gases are not recommended, but
if used shall not be located in the pump room. Exhaust
gases should not be discharged where they wili affect per-
sons or endanger buildings, flues or stacks. A free and
independent exhaust is essential to the reliability of the
equipment.

660. Maintenance.

661. GENERAL. Internal combustior engines necessaril
embody moving parts of such design and in such number
that the engines cannot gve reliable service unless given
intelligent care. The manufacturer's instruction book cov-
ering care and operation should be preserved and pump
operators should be familiar with its conteats and should
observe in detail all of its provisions.

662. WEEKLY RUN. The engine shall be started at least
once a week and run for at ieast thirty minutes to bring it
up to normal running temperature and to make sure that
it 1s running smoothly at rated speed.

667  FUEL TANK. The fuel storage tank shall be kept
we!l supplied. This tank should always be fillh ! through a
strainer funnel designed to withhold any water or other

(=5
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foreign matter that may Le present. Any service tank shall
also be kept full

Nore  Casoline detcriorates with age It is therefore de
sirable that gasoline storage tanks be drained and refilled with
fresh supply at least once each year The occasional use of an
upper lubricant is desirahle for smooth operation of the engine
and preventing sticking valves

664, ENGINE UPKEEP. The engine should be kept clean,
dry and well lubricated, and the proper oil level should be
maintained in the crankcase. Oil should be changed in ac-
cordance with engine manufacturer's recommendations, but
at least annually.

665. STORAGE BATTERIES

a. Storage batteries should be kept charged at all
times and tested frequently with a hvdrometer to ascertain
the condition of the cells and the amount of charge in the
hattery

b. Distilled water onlv should be used in storage bat-
tery celis and the plates should be kept submerged at all
times

€. An automatic battery charger i1s not a substitute
fer proper maintenance of the battery and charger. Pe.
rodic inspection of the battery and the charger shall be
made. This inspection sheuld determine that the charger
Is operating correctly, the water level in the battery is cor-
rect, and the battery shall be checked by means of a hy-
drometer to show 1t is maintaining its proper charge

666 TEMPERAT.RL.

a.  Pump room temperatures must be maintained above
1 F. isee 41e)

h. Diesel engines, at temperatures below 70° F, mav
require scme form of starting aid as recommended by the
engine manufacturer.

¢.  Automaticallv started engires should be installed
n enclosed pump rooms where a minimum temperature of
60 F fon gasoline engines and 70 F for diesel PNEINes s
maintained

. Nnce fire pump engines must carry full load as
MOn as started, automatic heaters should be emploved to
£E-6
J7157
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maintain jacket water temperatures o1 liquid enoled engines
at (a minimum of 120- F) or near operating temperatures
This may be accomplished through the circulation of hot
water through the jacket or through heating of engine water
by electric elements inserted into the block. The benefits to
be gained are (1) quick starting. (2) reduction 1n engine
wear. (3) reduced drain on batteries, (4) reduced oil
dilution. (5) reduction in carbon deposits, and (6) with
gasohine fueled engines it becomes possible to adjust the
automat:c choke so that the engine is far more likely to
start every time.

667. ParTE, Spare parts of such portions of the machine
as may be expected to give trouble should be kept on hand.

Chapter 700
ENGINE DRIVE CONTROLLERS

710. Requirements for All Controllers.
T11. ~ INERAL.

a. The following speciacations cover controlling equip-
ment of the combined nonautomatic and automatic types
for internal combustion engines driving centrifugal fire
pumps. Chapter 600 dealing with the internal combustion
engine drive also applies where appropriate,

b, Automatic-type controllers are recommended for use
only where the fire pump takes its water under positive
pressure and their use 1s not recommended where a sucuon
lift is involied

¢ All controllers shall be specifically approved for
4 r ‘n“m;' servicy

A The contro! panel shall be completely assembled
a red and tested by the manufacturer before shipment from
the factory
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nently attached to the inside of the enclosure showing exact
wirimg for this eontroller including a legend of identifying
numbers of individual components,

2 Al wiring terminals shall be plainly marked to
carrespond with the wiring diagram fuinished

. CoNNECTIONS AND WIRING

1. Wiring elements of the controller shall be de.
signed on a continuous duty basis, except that conductors
which are in & cireuit only during the engine starting period
may be design i M‘('HI-LI;R!\

]

9 Field Wiring. Al wiring leading from the panel
to the engne and batteries shall have adequate carrying
capacity and shall be protected again, moechanical injury
Contioller monufacturer's specifications regarding distance
wnd wire sizge shall In followed

g MaRKING Each aperating component of the con-
troller shall be marked to plainly indicate an identifying
number referenced to the wiring diagram. The mnarkings
Jiall be loeated so as 1o be visible after instaliation

b INsTRUCTIONE. Complete instructions covering the
aneration of the controller shall be provided and conspicu.
ovsly mounted on the controller. Pump operators should be
familiar with these instructions and should observe in detail
all of theiry provisions

11 COMPONENTS
a. ALaRM AND SigNal Devicks (On Controller)

1. A pilot larapis) shall be provided in the hine side
of the starting €qu'pment sircuit to indicate that the con.
troller ie in the “zutomatic” position with power available
for starting. The lamyp shall be accessilile for replacement

Nore It s recommended that the lamp aperating voltage be less
than the ratee voltage of the lamp to insure long operating 11
W hen necessary. cuitable resistors should be used to reduc: the
voltage for operating the lamp

L

2 A pilot lamp shall be provided an each bhattery
supply to indicate that batteries are connected to the con
troller and are at lvast partially charged when the controller
s &¢1 1 the automatiz position

0150 €-9
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ENGINE PRIVE DONTROLLA RS

3. Pilot lamps and a common bell shall be provided
to indicate trouble caused by:

(a) Low il pressure in the lubrication system.
() High engine jackel water temperature.

(e) Friiure of engine to start automatically.

(d) Shatdown from overspeed (diese! only)

b, ALARM AND SICNAL DEVICES (remote). Where the
pump room is not constantly attended, the controller shall
be equipped with contacts (open or closed) to operate cir-
cuits powered by a source other than engine starting hat-
teries, not exceeding 125 volts, for audible or visual alarms
at a point of constant attendance indicating the following:

1. Controller has operated into a pump running
condition  (separate signal)

2. Controller main switch has been turned to “off"
or "manual” position (separate signal)

3 Trouble on the controller or ergine (A common
signal mav be ysed for trouble indication)

(a) MemsinT144a3

(b) Loss of AC. power to the battery chargers
and controller This may be accomplished through use of &
drop-out type of relav. The relay contacts should close on
fatlure of voltage. Unless ‘he power is electrically super-
vised as above, the controller should be arranged to start
upon failure of this power, (See Paragraph 7154 6)

T15.  STARTING AND TONTROL.

4. DEFINITIONS (from the National Electrical Code,
1968 Edition).

1. Nonautomatic - Nonautomatic means that the
implied action requires personal intervention for i1ts control

As apphied to an ejectme controlier. nonautomatic control
dows ot necessaridy imply & manual controller but only that
prersonal anterention 18 eCeSsary

< Automatic - Automatic means self-acting, oper-
ating by ts own mechanism when actuated by some imper-
sonal influence, as for example, a change in current strength,
pressure. temperature or mechanical configuration

b Thie Standard contemplates that

JTel E-10
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1. Nonautomatic econtroller shall be actuated by
electrical manual means

2. Automatic controller shall be operabie as a non-
automatic controller and also by other nonpersonal means
such as: Jlow water pressure, tripping of deluge and dry
pipe valves, e

¢ NONAUTOMATIC

1. Manual Electric Control at Controller. There
thall be & manually operated switch on the control panel
This sviteh shall be so arranged that when the pumping
unit 1= started manually, it operation cannot be affected by
the pressure switeh so that the unit will remain in operation
until manually shut down.

2 Manual Electric Control at Remote Station. Addi-
tional control statinns for causing nonautomatic continuous
operation of the pumping unit independent of the prossur
actuated control switch may be provided at locations remots
from the controller, but such stations shall not be operahle
to stop the unit except through the established operation of
the controller

d AUTOMATIC,

1. Water Pressure Control.  An acceptable type
pressure switch having independent high and low calibrated
adjustments and which 18 responsive to water pressure in
the fire svstem shall be provided in the control circunt

Norg Test Device Suitable provision must be made for relis
ing pressure to the pressure switeh (o test the operation of th
controller and the sump. (Figure 815d 1 Appendix C )

2 Fire Protection Equipment Control. When th
pump supphes special water control equ'pment (deluge, dr
pipe valves, ete.) and 1t is desired to start the pump before
the pressure control(s) would do so, the authority having
jurisdiction may require the controller to be equipped tu
start the pump upon operation of the fire protection equip-
ment. The controller shall be equipped with a relay of the
irop-out tvpe to start the pump when the fire protection
vijuipment operates The relay shall be actuated from a

rmally closed contact on the fire protection equipment
vith this errcuit supphied by the batteries

Sequence Starting  Controllers  jor multiph

uled ekl
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pump units shall incorporate a sequential timing device to
prevent any one pump starting simultaneously with any
othey pump. If the water reguirements are such that more
than one pump operates, the units shall start at intervals
which will not permit a subsequent starting pump to start
until the previous pump has reached full speed. Failure of
a leading pump to start shall not prevent subsequent pumps
from starting

4. For apriankler svstems and standpipe syvstems
where an automatically controlled pump constitutes the sole
supply or where required by the authority having jurisdic.
tion, the controlier shall be wired for automatic start and
manual shutdown,

5  Weekly Progra'a Timer. To assure dependable
operation of the rumping unit and its centroller, the con.
trolling equipment may be arranged to automatically start
the unit at Jeast once a week. A solenoid drain valve on the
pressure control hine shall be the initiating means. Such
performance may be automatically indicated on a recording
pressure gage

6. Power Failure Start. The controller mav be
equipped with a power failure relay, which shall be time
delaved, to start the unit upon loss of A .C. power to the bat.
tery chargers and umers. (See Paragraph 7T14.a.3(b) )

¢ STARTING EQUIPMENT ARRANGEMENT

1. Two storage batteries, each complving with the
requirements of Section 626, shall be provided and so ar-
ranged that manual and automatic starting of the equip-
ment can be accomplished with either battery. The starting
current shall be furni.hed by first one battery and then the
other on succersive operations cf the starter. The change-
over must be made automat. .lly, except for manual start,

2 In the event that the engine does not start after
approximately six attempts have been made, or after ap.
proximately 11y minutes of eranking, the controller shall
stop all further cranking and operate the trouble lamp and
bell

2. In the event that one battery i1s honoperative,
the control shall lock-in on the remaining battery during the
cranking sequence

076}
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4. Circuits shall be provided in the contruller to
operate chokes or similar devices where required on spark
ignited engines

5 When dual drive units are used and one or both
are under automatic control, see Paragraph 623.b. HBreak
age or disconrection of #ny wires that interconnect the
electric motor control and the engine control, or failure of
either power scurce and or controller shall not interfere
with the proper operation of the other power source and or
its controller

{. Mernops of Stopping. Shutdown may be accom
plished by either one or both o the following

1. Manual — by operation of the selector switch on
the controller or sther shutdown features

2  Automatic — after starting causes have been
returned to normal and the pumping unit has ope rated for
the time fixed by the running period timer Whenever the
controller is arranged for automatic shutdown, a running
period timer set for at least 30 minutes chall be installed

9. Anti-Dieseling. Cireuits shall be provided in the
controller to operate anti-dieseling devices where required

on spark ignited engine (see Paragraph 629)

g. EMERGENCY CONTROL. Automatic control circuits
the failure of which could prevent starting, shall be com.
pletely bypassed for manual control
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Chapter R00,
STEAM TURBINE DRIVE.

K10. General Features.

B11. ACCEIFTABILITY

& Steam turbines of adequate power direct connected
to fire pumps and designed to run at the same speed may be
used acceptably as prime movers. The steam turbine should

be one whose reliability has been proved in commercial
work

b. When gear drives or other power transmission de-
vices are used between the pump and its driver, the horse
power requirement of the pump should be incieased to
allow for power losses in these devices.

K12, Powek

8. For boiler pressures of 120 pounds per square inch
gage or lower, the steam turbine must be capable of driving
the pump at its rated speed and maximum pump load with &
pressure as low as 80 poands per square inch gage at the
turbine throttle when exhausting against atmospheric back
prissure, with the hand valve open.

b.  For boiler pressures above 120 pounds per square
inch gage where steam 1s continuously maintained, & steam
pressure 70 per cent of the usual boiler pressure may be
taken in glace of 80 pounds per square inch mentioned in
Paragraph 812a.

¢. In ordering tucbines for centrifugal fire pumps,
the purchaser should state the rated and maximum pump
loads at rated speed, the rated speed, the boiler pressure and
if possible the pressure at the turoine throttle, and the steam
superheat.

13, STEAM CONSUMPTION. Prime consideration shal
be given to the selection of a turbine having a total steam
consurption commensurate with the steam supply available
Single stage turbines of maximum reliability and simplieity

F-1b
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are recommended where the available steam supply will
permit. When multistage turbines are used they shall be
80 designed as to allow the pump to be brought up o spes d
without “warm up'" time being required.

820. Turbine,

821, CASING AND OTHER PARTS,

a. The casing may be of cast-iron and should be so
designed as to permit access with the least possible removal
of parts or piping

b. A safety valve, to give warning of high steam pres
sure in the casing, shall be connected directly to the turbine
CASING.

¢. The main throttle valve and any autonatically vp-
erated throttle valve shall be located in a horzizontal run of
pipe connected directly to the turbine. There ahall be 2
wawr leg on the supply side of the throttle valve connected
to & suitable steam trap to sutomatically drain all con-
densate from the line supplying steam to the turbipe Steam
and exhaust chambers shall be equipped with suitable con
densate drains which shall discharge through adequate traps
where a turbine is automatically controlled. In addition, if
the exhaust pipe discharges vertically there shall be an
open drain at the bottom elbow, which drain shall not be
valved but shall discharge to a safe location.

d. The nozzle chamber, governor-valve body, pressure
regulator and other parts through which steam passes shall
be of a suitable metal to withstand the maximum lempera:
tures involved.

29  SpeEd GOVERNOR,

a. The steam turbine shall be equipped with a speed
governor sei to maintain rated speed at rated capacity
which should be capable of maintaining, at all loads, the
rated speed within a total range of approximately 8 per
cent from no turbine load to full rated turbine load with
normal steam pressure and hand valve closed ; and at steam
pressures down to 80 pounds per square inch gage, or to
70 ner cent of full pressure where this I8 In EXCE8S of 120
pounds per square inch, with hand valve open

VY F=l
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STEAM TUREBINE DUVE

b. The speed governor shall be capable of adjustment
v hile the turbine is running at rated pump load to secure
speeds approximately b per cent above and b per cent below
the rated speed of t‘w pump.

¢. There shall also be provided an independent emer.
gency governing device arranged shut off the steam
supply at & turbine speed approximately 20 per cent higher
than the pump speed st rated load.

829  AUTOMATICALLY CONTROLLED TURBINES.

a. Where the application requires a turbine driven
fire pump to start automatically but where there is no desire
to have the turbine on preasure control after starting, &
satisfactory quick opening manual-reset valve installed in
a by-pass of the steam feeder line around a manual control
valve may be used.

b. Where the application requires the pump to start
automatically and after starting continue to operate by
means of a pressure signal, the use of a satisfactory pilot
type pressure control valve located in the by-pass sround
the manual control valve in the steam feeder Line is recom-
mended. The turbine governor control valve when set at
approximately & per cent above the normal ful' load speed
of the pump under automatic control would act as & pre-
emergency control.

¢. In the arrangements set forth in Paragraphs 823a
and b. the automatic valve should be located in the by-pass
around the menual control valve that would normall
kept in the closed position. In the event of failure of the
automatic valve this manual control valve could be opened
allowing the turbine to come to speed and be controlled by
the turbine governor control valve, or valves.

d. The use of a direct-acting pressure regulator oper-
ating on the control valve tor valves) of a steam turbine 18
not recommended.

%21  GAGE AND GAGE CONNeTTIONS,

a  An approved steam pressure gage should be pro-

vl on the entrance side of the speed-governor, and ;-

neh pipe tap for a gage connection on the nozzle chamber
of the turbine

Jile? =)
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b. The gage shall indicate pressures up to 11, times
the boiler pressure, but not less than 240 pounds per square
inch, and should be marked STEAM.

825. ROTOR. The rotor of the turbine shall be of suitable
material and the first unit of a design shall be type tested
in the manufactuter's shop at a speed 40 per cent above
rated speed. All subsequent units of the same design shall
be tested at a speed 25 per cent above rated speed.

R26. SHAFT

a. The shaft shall be of high-grade steel, such as
open-hearth carbon stee! or nickel steel.

b. Where the pump and turbine are assembled ns
independent units, & dexible coupling shall be proviced be-
tween the two units.

¢. Where the overhung rotor .8 u(iupu'd. the shal for
the combined unit shall be in one piece with only two Y
bearings L

d. The critical speed of the shaft must be well above .
the highest speed of the turbine so that the turbine will
operate at all speeds up to 120 per cent rated speed without G
objectionable vibration. '

827. BEARINGS. Turbines having sleeve bearings shall
have their bearing shells and caps of the split type Turbines
with ball bearings may be accepted only after such turbines
and bearings have cstablished a satisfactory record in the
commercial field. Means shall be provided to give visual in- e
dication of the oil Jevel. R

Installation.

R30,

831, STrAM PIrPE

a The steam supply for the fire pump should prefer.
ably be ain independent line from the boilers and should be &

run as not to be liable to injury at time of fire in any part o ""
the property. The other steam lines from the hailers should 1IN
be controlled by valves located in the boiler room S0 that B &
in an eraergency, steam can be promptly shut off {from thes & ;.*
' b
]
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lines, leaving the steam supply still available for the fire
pump. Strainers in steam lines to turbines &re recom.
mended.

b. The steam throttle at the pump should clore against
the steam pressure and should preferably b of the globe
Eatu-rn with & solid disk. If, however, the type of valve

aving the disk fitted with a removable composition ring 1s
used, the disk should be of bronze and the ring made of suf.
ficiently hard and durable material and so held in place In
the disk as to satisfactorily meet seve=e service conditions

Nore Gate valves are undesirable for this service as thsy
cannot so readily be made tight If leaking as 15 possible with
the globe type of valve The steam piping should be 80 arrenged
and trapped that the pipes can be kept ‘ree of condensed steam

¢. In general, & reduciag valve should not be placed
in the steam pipe suppiying the fire pump

Nom There is ne diffeulty in de sigtung Lurbines for mod
em high steam pressures and this gives the simplest and most
dependable urut

A reducing valve introduces & possible obstruction In the
steamn line in case it becomes deranged. 1n most cases the tur.
bines may be protected by making the safety valve required by
Paragraph B21b of such size that the pressure in the cAsINg
will not exceed 25 pounds per squete inch  This valve should be
piped outside of the pump room. and I possible, to some point
where the discharge could be seen by the pump attendant Where
8 reducing valve is used the following points should be carefully
constdered

1. The valve should not contain & stuMing vox or a piston
working in s cylinder

2 The reducing valve should be provided with & by pass
with & giobe valve to be opened in case of an emergency The
by-pass and stop valve should be one pipe size smaller than the
reducihg valve, and should be located 8o as 10 be readily ncoes.
sible This by -pass should be arranged to prevent the sccumula-
ticn of condensate above the valve

3 The size of the reducing valve should be smaller than
that of the steam pipe required by the specifications for the

pump

832 EXHAUST IMPE  The exhaust pipe should run di-
rect to the atmosphere and should not contain valves of any
sort. It should not be connected with any conder ser, heater,
or other system of exhaust piping
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ACCRPTAN(E, OPERATION MAINTENANGE

PART Il — ACCEPTANCE, OPERATION AND
MAINTENANCE.

Chapter 900 — Tests and Instructions.

810, Field Acceplance Testa

911. THOSE PRESENT. The pump manufacturer shall
have an engineer present at the field acceptance tests when
requesu-d by the installing contractor.

912. The field acceptance test results shall be as good
as the manufacturer's certified shop test characteristic
curve for the pump being tested within the Accuracy limits
of the test equipment.

913, If puva takes suctior under a lift, the sucticn
pipe should be drained if possible before tests are started
80 that the maximum time required to start the pump with

available priming facilities can be determined and cond)-
tions remedied if necessary.

914. OVERHEATING, As installed, at operating speed,
the pump shall be able to operate at peak load conditions
without objectionable heating of the bearings or of the
prime mover. The operating pump speed shall be the speed
at which the pumping unit would be expected to operate
during a fire, for example:

& A squirrel cage electric motor has no speed eon-
trol and would normally drive the pump slightly in excess

of rated pump apeed at s loads.

b. Combustion eagines gnd steam turbines under
automatic control with governors set for rated pump speed
at rated pump capacity might slow down slightly at maxi-
mum (peak) load

e. Combustion engines and steam turbines under
manual control (and automatic control where speed ad
Justment is easily obtained) have their speed adjusted to
rated pump speed at maximum (peak) pump load

F et
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916, OPERATING CONDITIONS.

& Bv varying the number and or size of the dis
charge outlets in connection with tests (Section 912) the
operating conditions under minimum to peak loads shall be
determined.

b. During such test:

1. For electric motors at rated voluage (and on a.c
motors at rated frequency), the full load ampere rating
should not be exceeded (except as allowed by the service
factor stamped on the nameplate) under any conditions of
pump load.

2. For electric motors under conditions of accept.
able high or low voltage, the product of the rated voltage
(and on a.c. moturs at rated frequency) and rated full load
curreat will not be exceeded (except as allowed by the ser-
vice factor stamped on the nameplate). The voltage at the
motor should not vary more than 5 per cent below or 10 per
cent above rated (nameplate): voltage during test (see
Paragraph 4324d).

3. An internal combustion engine shall not show
signs of overload or stress and its governor shall properly
regulate the speed (see Paragraphs 624a and b) .

4. A steam turbine shall maintain its speed within
the limits specified in Paragraphs 822 &, b, and ¢

¢. With discharge outlets open (corresponding to the
outlets used in test at peak load) pump shall be started and
brought up to rated speed without interruption due to open-
ing of circuit breaker or other cause

916, CONTROLLERS.

a. Manua! controllers for pumps shall be put through
not less than ten complete operations.

b Combined manual and automatic controllers shall
be put through not less than ten automatic and ten manual
operatiuns

Py
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¢ A running interval of at least five minutes at full
speed shouid be allowed before repeating the starting cycle

d. Automatic operation of the controller shall start
the pump from all the provided starting features, such as
pressure switches, deluge valves, ete

e. Electric motor shall attain rated speed within ten
seconds

817, EMERGENCY GOVERNOR  On turbines for pumps
the emergency governor valve shall be tripped. (Hand
tripping will be accepted.)

918, LENGTH OF TEST. The pump shall be in uperation
not less than one hour (total time) during the foregoing
lests

<l. AT THE ALARM

& When an alarm is given, do not wait to see how
s« Tious the fire may be, but get pump sturted as soon as pos-
sible and maintain its rated speed, pumping into sprinkler
and hydrant systems

b. Do not be afraid to run a centrifugal fire pump at
its full rated speed, even if the demand for water 18 small.
The characteristic curve or the relief valve will usually keep
pressures within reasonable limits.

NUTE  The best way to prevent a small fire from becoming
a large one is to give the sprinklers a liberal high pressure water
supply at the start  Fifty open sprinklers may take the full
capacity of a 750-gpm pump. Even with a goad public water
supply the opening of a large number of sprinklers often ma
terially reduces the pressure so that the pumps aie needed to
reinforee the public supply and insure ample water at good pres
sure

To START A CENTRIFUGAL PuMP

a  Never start or run a centrifugal pump before
priming or first filling casing with water; otherwise the

Q113
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interior wearing 1ings that depend on water for lubrication
may be damaged and the pump made inoperative.

b, If punp is primed from a tank or other gravity
supply, the pump may Le started as soon as waler shows at
vent cocks. 1f primed by an exhauster, action of the device
will indicate when casing is filled with water,

¢ Close attention should be given to the bearings and
stuffing boxes during the first few minutes of runming W
see that there is no heating up or need of adjustment, With
water seal supplied with water, a small leak at stulling box
lands is necessary to seal, lubricate and cool the packing
he suction inlet gage as well as the discharge pressure
gage shouid be read occasionally to see that inlet is not
chstructed by a choked screen or foot valve.

929, Motor-DRivEN PuMP. To start a motor driven
pump the following slps should be taken in the order
given below !

1. See that pump is completely primed

2 Note that normal voltage is indicated at volt.
meter.

3 Close isolating switch .nd then close circuit
breaker.

4. Operate starter without undue haste, observ-
ing ammeter at each step 1o avoid excessively large
starting currenta which may cause circuit bregker to

open

sjoreg Circuit breaker tripping nechanism should be so
st that it will not operate excep! when current ‘n circuit s
excessively large

924. TURBINE DRIVEN Pump. To start & steam turbine
driven pump, steam should be admitted slowly at first to
permit warming up of turbine casiug before allowing full
head of steam upon the turbine. 1f the pop safety valve un
the casing blows, steam should be shut off and the exhaus!
piping examined for a possible closed valve or an ohstructed
portion of piping. Steam turbines are provided with go
ernors to maintain epeed &t & predetermined point, with

A
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some small adjustment for higher or lower speeds. Desired

speeds below this range may be had by throttling mamn
throttle valve,

925 INTERNAL COMBUSTION ENGINE DRIVEN PUMP

a. To start an internal combustion engine driven
pump one should faminarize himself beforehand with the
operation of this type of engine. The Instruction Book
issued by the engine manufacturer should be studied to
this end.

b. The storage batteries should alwavs be niaintained
in good order to insure prompt satisfactory operation of
these equipments.

¢. Replacement storage batteries shall comply with
the performance requirements of Section 626

930. Care of Pump.

LS WEEKLY Tests. A centrifugal pump should b
Operated every week at rated speed with wate discharging
through somie convenient opeiing. This is desirable to maki
sure of the condition of the pump, bearings, stuffing boxes.
suction pipe and stramers, and the various cither details
pertaining to the driver and control equipment (sce Para
graphs 515.d4.1, 662, T15.d.1. and 715.4.5)

When automatically controlled pumping units are to he
tested weekle by manual means at least one start shall
accomplished by reducing the water pressure either with
the test drain on the pressure sensing line or with a large)
Aow from the entire svetem

932, YEARLY TEST. A vearly test at full capacity and
OVET 18 necessary, to make sure that neither Pumyp nor s
tion pipe 1= obhstructed

Wi%  KEFPING OF PUMP RooM Pump rocms should be
kept clean, orderly, free from miscellaneous storage. well
hghted and heated

W34 READINEsSS  Alwavs ke p the pump ready to start
&l 4 moment’'s notice
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Ul DHOFP

Special Fire Service Pumps. Pumps rated at 200,
300 or 450 gpm limited to 150 per cent capacity
maximun, and for various pressures. The maximum

power regquired shall not exceed the limitations of

a J0-horsepower slectric motor.

Pressure Maintenance Pumps (Jockey or Make-Up
Pump). The use of an automatic pressure
maintenanc. pump is desirable under some cir-
cumstances to maintain a uniforw or a2 relatively

high pressure on the fire pretection system. The
capacity and pressure rating of the pusmp shall be

sufficient to maintain the desired pressure
against the leakage in the systewm as approved by

the authority having jurisdicrion. A centrifugal

type pump is preferable. Where the discharge
pressure at pump shutoff of a cemtrifugai tvpe
pump exceeds the working pressure rating of the
fire protection equigment, or a turbine vane
{peripheral) or a positive displacement type of
pump is used, a suitable relief valve shall

be instalied ov the pump discharge to Hrevent
damage to the fire system. (3See Figures 100a-1
and 143e) .

Standards on Capacity and Pressure. For re-
quirements on capacity and pressure relief te
Standard for the Instaliation of Sprinkier
Systems (NFPA No. 13} and Standard for the In-
stallation of Standpipe and Hose Systems (NFPA
No. 14) and for hydrants, Standard for Outside
Protection (NFPA Ne. Z4).

U2 BHDFY 11 EMDFP U2 EHDYP
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Code

Section
No . Code Section LI*FP Ul DHDFP U2 DMDF? Ul EMDFP U2 EHDFP
&1b The maker shall test each pump hvdrostatically ‘ 1

T
before shipwment from the factiry, to twice the | ’
maximue pressure developed at shutofif, but in no | €O | <al Tl [ T j Ty ;
case less than 250 pounds per square inch. Pump ¢ i ?
casings shall be substantially tight at the test : -
pressure. In the case of vertical shaft turbine
type pumps both the discharge castings and pump
bowl assemblv shall be tested.

éle All [~ar drives shall be operated at the factory
under full load before shipment and operate with-
out excessive noise or heating during the test.

CHAPTER 100 - HORIZONTAL SHAFT PUMPS.
110 General .

111 Application. The horizontal shaft centrifugal
pump with its split casings lends itself to a
simple operation and repair, and, where a warer i 5 3 v
supply is obtainable under a head, it is fi
especially adaptable te fire service. Because the
hor.zontal shaft centrifugal pump requires priming
when installed to operate under lift, a vertical
shaft turbine type pump should be used where suc-
tion lift is necessary.

1~

112 Perfornance .

112a Fumps shall furnish not less than 150 per cent of
rated capacity at a total head mot less than 65
per cent of total rated head. The shut-off total (B ' nHE. C ='
head for horizontal shaft pumps should net exceed
120 per cent of total rated head (dig. 1, Appendiy
C) -
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1176

122b
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Code Section

LDFP Ul DHDFP U2 DHDFP Ul EMDFP U2 EHDFP

The inlet pressure available from a suction
water supply shall be figured on a basis of a
flow of 150 per cent of the rated capacity of the
pump, as indicated by a flow test.

Water Svpplies.

Operate Under Head. Fire pumps, especially those
automatically controlled, should be provided with
water under head, avoiding suction lifts whenever
possible. Operating suction lifts, including
allowance for velocity and friction loss through
all suction fittings, shall not exceed 15 feet at
sea level and the allowable lift must be reduced
by 1 feot for each 1,000 feet of altitude at the
purp installation. Where a suction lift is neces-
sary, a vertical shaft turbine type pump should be
used. (Se= Paragraph 111.)

Priming Supplies.

Provide adequate priming supplies for pumps which
may at any time take suction under a 1lift.

Priming equipment should have sufficient capacity
to displace the air from the pump and suction pipe
within three minuces

Provide two reliable methods of priming the pump.

Une of these methods of priming shiould be indepen-
dent of public water comnections or tanks serving

as primary supplies for automatic spricklers, vard
hydrants or standpipes.
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Section
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123

123a

Code Section LDFP

Ul DHDFP U2 DNDFF Ul EHDFP U2 EHDFP

L

Where the pump is automatically started or provi- —I

sion is made for remote manual starting, the pre-
terred arrangement is a submerged pump (See Fig. \
200a, Appendix C), but if priwing is needed the |
priming supply should be of a type which will keep 1
the pump primed at all times. No prising method
should be selected which will permit contamimation

of & potable water supply.

Priming Method A. An Automatically Filled Priming
Task.

An automatically filled priming tank that keeps .

the pump primed at all times. The volume of the rA
priming tank should be e#qual to the volume of the

pump and suction pipe but not less tnan 100 gals.

This volume can be readily computed from the

foliowing data.

Priming Water Priming Water
Capacity Required for Size of Required for
of Pump Pump and Fit- Suction Pipe Suction Pipe

gpm tings, Gals. Inches Cals. per Foot
500 13 3 1.5
150 21 g 2.5
1,000 25 10 4.1
1,500 38 12 2,9
2,000 &7 14 8.G
2,500 58 16 16.5
20 16.3
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Code
Section

tio.

123c

124

125

126

Code Sectien

T

The water supply to the tank should be capable of

keeping the tank full at all times.

The priming tank should be connected to the dis-
charge side of the pump at a poiunt which will
insure that all priming water enters the pump and
suction pipe, and is not wasted in the discharge
pipe of the pump (Fig. 100b, Appendix C). This
connection should be 2 inches in diameter
irrespective of the capacity of pump, and include
an approved 0.5. & Y. gate valve and an approved
check valve.

Priming Method B. A Connection to a Domestic
Water System. A connection to a domestic water
system (when permitted by health regulations).
Install approved check and 0.5. & Y. gate valves
in the priming pipe near the pump.

Priming Method €. A Connection to a Domestic-
use Tank. A connection to domestic-use (service)
tank (when permitted by health regulations)
Preferably arrange a reserve supply for priming
cnly, by extending service riser up into the tank.
Install approved check and 0.5, & Y. gate valves
in the priming pipe near the pump.

Priming Method D. An Exhauster or Siphon Ejector.
Where a reliable steam supply or separate yater
supply under good pressure is available, an
exhauster or siphon ejector may be connected
between the pump and discharge check walve to
exhaust the air from the pump and the suction
pipe (fig. 100b, Appendix C) An approved
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Code
Section
No. Code Sectien LGFP Ul DEDFF U2 DHDFP Ul EHDFP U2 EHDFP

PV LIS A e St

0. §. & Y. pate valve should be placed in the
exhauster commection, to be closed as soon as the
pump is primed.

. ® ®
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et

| 127 Priming Method E. A Mechanically-operated
| Exhauster Driven by a Separate Motor. The
| exhauster should be connected between pump and / i i A / ! /
i discharge check valve, so as to completely fill ¢

. suction pipe and pump (Fig. 100b, Appendix C).

; An approved 0.5. & Y. gate valve should be placed
in the exhauster conmection, to be closed as soon
as pump is primed.

i el

128 Priming Method F. A Manually Filled Priming Tank.

128a The tank to have « capacity of at least three
times the volume of the pump and usction pipe, but
not less than 250 gallons. A liberal-sized
priming tank and large comnecting pipe are neces- o Pilg ‘#1 A w1,
sary sc than the pump can be primed quickly, even . A
if there should be considerable leakage at the
foot valve. As the priming arrangement is so
vital a feature to the successful starting of the
pump, a considerakle safety facter is needed.

128b The volume required for the priming tank can be _
readily computed by taking 3 times the quantities &
given under Section 123.

128¢ The tank should be comnected to the puwp as
covered in Section 123 with the connecting pipe , iy i £
not smaller than given in the following table: .
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133a

133b

140

141

l4la

i41b

Code Section

Pumps taking suction under lift shall be equipped
with test valves of the size specified below, in
order to provide means for liberating the air from
the pump and suction line within _he three-minuce
time limit for the priming operation.

Capacity of Pump, gpm 500 750 1000 1500-2500
Size of Valve, Inches 1 1/4 1 i/2 2 2 172

Test vaives shall be piped so that water wasted
through them can be seen by a man at the pump.

HOTE: Unless the puwp attendant can see the dis-
chiage of water, there is danger that he will allow
water to be wasted which might be sericusly needed
for fire fighting.

Installation.
Foundation and Setting.

Unless the pump and driver have a common shafr,
thev shall be comnected by an approved flexible
coupling arranged to permit end adjustment and to
care for minor inaccuracies in alignment.

The pump and driver shall be securely attached to
a solid foundation in such a way that proper shaft
alignment will be assured: such as by having the
pump and driver rigidly connected to a substantial
bedplate which is securely bolted to the
foundation.
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141e The foundation should preferably be mads of con- F ‘ MR ‘ ’{“‘ ! / ﬁ[ \A/ ‘
crete, or, if desired, of brick laid in portland o l F

cement mortar., i {

NOTE: Where the foundation is of brick a capping 1
of concrete is an advantage in tying it together.
In some cases it may be necessary to support the

pump on I-beams or a framework of struectural !
steel. !

141d Pumps shall be set level, with foundation balts in / ; !
position, and the joint between the foundation and ~ L) ”3
bedplate made scolid by grouting with neai cement. juae T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>