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A verification system which will help ensure compliance 
with water-based fire protection system testing and mainte 
nance standards and codes set forth by recognized fire 
protection authorities. The system comprises at least one 
sensor for sensing at least one parameter of one or more 
water-based fire protection system components pertinent to 
code compliance verification, a recorder for recording and 
date?time stamping data from at least one sensor, a method 
for verifying code compliance, and a method for generating 
a code compliance verification report based upon the sensor 
data. The system provides documentation of "everyday” 
system conditions and requisite periodic testing will enhance 
preparedness and performance of the water-based fire pro 
tection systems. The report can be electronically forwarded 
to the owner, insurer, or management company at any time, 
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CODE COMPLIANCE VERIFICATION REPORT 
DATE/TIME: 
REPORT PERIOD: 
LOCATION: 
UNIT NUMBER: 
FIRE PUMP TYPE: 
FIRE PUMP RATING (PSI/GPH): 
FIRE PUMP MANUFACTURER: 
FIRE PUMP SERIAL NUMBER: 
FIRE PUMP DRIVER TYPE: 
FIRE PUMP DRIVER MANUFACTURER: 
FIRE PUMP DRIVER SERAL NUMBER: 
FIRE PUMP DRIVER - || OF PHASES: 
FIRE PUMP DRIVER - VOLTAGE: 
FIRE PUMP DRIVER - CURRENT: 
JOCKEY PUMP TYPE: 
JOCKEY PUMP MANUFACTURER: 
JOCKEY PUMP SERIAL PHASES: 
JOCKEY PUMP - VOLTAGE: 
JOCKEY - CURRENT: 

SYSTEM (PRESET) PARAMETERS: 
SYSTEM PRESSURE: 
JOCKEY PUMP START PRESSURE: 
JOCKEY PUMP STOP PRESSURE: 
FIRE PUMP START PRESSURE: 
FIRE PUMP STOP PRESSURE: 
NORMAL SUCTION PRESSURE: 
NORMAL DISCHARGE PRESSURE; 
NORMAL RUN TIME OF JOCKEY PUMP (MIN): 
NORMAL RUN TIME OF FIRE PUMP (MIN): 
PUMP ACTIVITY REPORT: 

PUMP DATE/TIME START/SYSPRESS RUN/SUCPRESS RUN/DISPRESS STOP/SYSPRESS 
COMPLIANCE SUMMARY: 

DID JOCKEY START DUE TO DROP N SYSTEMPRESSURE (Y/N)? 
DID JOCKEY PUMP STOP WHEN SYSTEMPRESSURE REACHED PRESET (Y/N)? 
DID FIRE PUMP START DUE TO DROP N SYSTEMPRESSURE (Y/N)? 
DD FIRE PUMP STOP WHEN SYSTEMPRESSURE REACHED PRESET (Y/N)? 
WAS DISCHARGE PRESSURE > 65% OF SYSTEMPRESSURE PRESET (Y/N)? 
WAS SUCTION PRESSURE LESS THAN SYSTEMPRESET (Y/N)? 
SYSTEM IN COMPLIANCE (Y/N)? FIG.11 
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MAINTENANCE SUMMARY: 

OF JOCKEY PUMP ACTIVATIONS DURING REPORT PERIOD: 
| OF FIRE PUMP ACTIVATIONS DURING REPORT PERIOD: 
AVERAGE SUCTION PRESSURE (OVER RUN TIME): 
AVERAGE DISCHARGE PRESSURE (OVER RUN TIME): 
MAX OF JOCKEY PUMP ACTIVATIONS IN 24HR PERIOD: 
MAX OF FIRE PUMP ACTIVATIONS IN 24HR PERIOD: 
AVERAGE RUN TIME OF JOCKEY PUMP N REPORT PERIOD: 
AVERAGE RUN TIME OF FIRE PUMP IN REPORT PERIOD: 
WHEN DID RUN TIME OF JOCKEY PUMP EXCEED NORMAL RUN TIME (DATE/TIME): 
WHEN DID TIME OF FIRE PUMP EXCEED NORMAL RUN TIME (DATE/TIME): 
iF DIESEL DRIVER, AVERAGE EXHAUST STACK TEMPERATURE OVER RUN TIME: 
IF DESEL DRIVER, AVERAGE EXHAUST STACK OXYGEN LEVEL OVER RUN TIME: 
IF ELECTRIC DRIVER, AVERAGE CURRENT OVER RUN TIME: 
IF ELECTRIC DRIVER, AVERAGE VOLTAGE OVER RUN TIME: 
AVERAGE CURRENT OF JOCKEY PUMP OVER RUN TIME: 
AVERAGE VOLTAGE OF JOCKEY PUMP OVER RUN TIME: 

REAL TIME TROUBLE NOTIFICATION SUMMARY: 

WAS OWNER/OPERATOR NOTIFIED OF TROUBLE DURING REPORT PERIOD (Y/N)? 
IF YES, REASON: (CHOICE FROM GROUP BELOW) 

A LOW SUCTION PRESSURE 
B. LOW DISCHARGE PRESSURE 
C. LOW SYSTEM PRESSURE 
D. RUN TIME OF JOCKEY PUMP EXCEEDED PRESET 
E. RUN TIME OF FIRE PUMP EXCEEDED PRESET 
F. OF JOCKEY PUMP ACTIVATION EXCEEDED PRESET IN 24HR PERIOD 
G 
H 

OF FIRE PUMP ACTIVATION EXCEEDED PRESET IN 24HR PERIOD 
NO ACTIVATIONS OF FIRE PUMP SYSTEM DURING REPORT PERIOD 

FIG. 12 
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1. 

FIRE PROTECTION CODE COMPLIANCE 
WERIFICATION SYSTEMAND METHOD 

BACKGROUND OF THE INVENTION 

The invention relates to a system for verifying code 
compliance of water-based fire protection systems and com 
ponents whose operation and requisite maintenance and 
testing are established by industry standards and fire pro 
tection codes. Such water-based fire protection systems 
include, for example, sprinkler systems, wet pipe systems, 
dry pipe systems, preaction systems, deluge systems, com 
bination systems, standpipe systems, water spray systems, 
and foam systems, each having one or more sections of pipe 
(zones) and one or more discharge devices (heads). These 
systems, when conditions warrant, are often supplemented 
by fire pump systems, which include afire pump, afire pump 
driver, a pressure maintenance pump (often called a jockey 
pump), a pressure maintenance pump controller, and a fire 
pump controller. More particularly, the invention relates to 
such a system wherein the code compliance of water-based 
fire protection systems and components is verified and a 
code compliance verification report is generated which can 
be forwarded to interested entities. 

Building/structure owners, fire safety officials and the 
insurance industry have long ago recognized the effective 
ness of water-based fire protection systems to minimize loss 
of life and/or property due to fires. Over time, industry 
standards and codes were developed by the National Fire 
Protection Association (NFPA). Underwriters Laboratories, 
Inc. (UL), and Factory Mutual (FM) to standardize the 
design, installation, operation, testing, and maintenance of 
water-based fire protection systems. The invention specifi 
cally relates to verification of compliance with the testing 
and maintenance standards/codes of water-based fire pro 
tection systems and components. 

Applicable standards/codes include, but are not limited to: 
NFPA Standard 13, which in simplified terms regulates 
sprinkler systems; NFPA Standard 14, which in simplified 
terms regulates standpipe and hose systems;NFPA Standard 
20, which in simplified terms regulates fire pumps; and 
NFPA Standard 25 which in simplified terms regulates the 
testing and maintenance of water-based fire protection sys 
tems. Full compliance with these standards/codes is para 
mount to ensure that in the event of a fire, water-based fire 
protection systems perform as designed. Adherence to NFPA 
Standard 25 is most critical since it pertains to routine testing 
and maintenance requirements that help ensure the success 
ful automatic operation of a water-based fire protection 
system. 
These testing and maintenance requirements as set forth 

in NFPA Standard 25, and elsewhere, are to be conducted 
weekly, monthly, quarterly or annually depending on the 
pertinent code. In simplified terms, the applicable NFPA 
Standard 25 codes are as follows: 

(1) The fire pump system is to be tested by a qualified 
person once a week to determine if the fire pump starts 
automatically due to a drop in water pressure inside a 
sprinkler system, and that the fire pump produces and 
maintains a designated pressure for that particular 
system. 

(2) A pressure maintenance pump, commonly referred to 
as a jockey pump, is required to be integral with the fire 
pump system for automatically maintaining system 
pressure. This small pump as controlled by the pressure 
maintenance pump controller keeps the system at a 
predetermined pressure so that the fire pump will only 
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2 
run when a fire occurs or the jockey pump is overcome 
by loss in system pressure. The code prohibits the use 
of a fire pump as a pressure maintenance device. 

(3) The fire pump system must be further inspected by a 
qualified person for compliance with NFPA Standards 
20 and 25 once a year. This person performs/witnesses 
the test, and certifies that the fire protection system 
meets code. Typically, local fire authorities and insur 
ance entities are interested in compliance, and one or 
both may observe this test. 

(4) Sprinkler systems, etc. also have frequent testing 
requirements such as, but not limited to, quarterly main 
drain tests, quarterly alarm device tests, weekly/ 
monthly control valve inspection and tests, daily water 
tank temperature inspection, daily/weekly pump 
house/valve-room temperature inspection, semi-annual 
water level alarm inspection, annual full flow test of 
preaction and deluge valves, quarterly dry pipe valve 
inspection, and annual trip tests. 

There are several problems, however, with current prac 
tices of testing. First, eachbuilding/structure owner is for the 
most part left to conduct the weekly tests, unchecked and 
unsupervised by a higher authority. These tests are typically 
conducted by building maintenance personnel not specifi 
cally trained in water-based fire protection systems. At best, 
all that is often written down is a date, and a Yes/No (Y/N) 
indication of inspection, testing, or compliance on a clip 
board near the controller or in the valve room. This Y/N 
indication is based solely on a manual or visual inspection 
of the system. Such testing is subject to unknown quality and 
reliability, as it is subject to human error. Several conditions 
could exist which would allow continued sub-par opera 
tional performance and/or non-compliance of the system. 
These include: 1) error in visually inspecting system 
operation, 2) negligently or falsely indicating acceptable 
operation when the test in fact showed sub-par operational 
performance levels, 3) error in performing the tests on a 
weekly, monthly, quarterly, semi-annual, or annual basis, 
and 4) falsely reporting testing when testing was not even 
conducted. 

Fire pump tests vary for electric motor driven fire pumps 
and diesel engine driven fire pumps, and the sprinkler 
system(s) test(s) is(are) altogether different from the pump 
tests. The fire pump tests, in very basic terms, consist of but 
are not limited to the following items: 

Electric fire pumps are tested for automatic start by 
manually opening a drain valve, which drops system pres 
sure. If the electric fire pump successfully starts 
automatically, a typical test would include inspection of the 
following items: verification of normal pump discharge and 
Suction pressures, rpm of pump is as rated, amperage and 
voltages per phase are as rated, the pump pressure relief 
valve is correctly adjusted, the packing glands are adjusted 
correctly, the fire alarm panel receives a pump running 
indication, the pump housing and bearing bosses are not 
overheating, and there are no abnormal or excessive leak 
ages. At the conclusion of the test, the fire pump controller 
is turned to the "off" position and the fire alarm control panel 
should receive this indication and sound an audible trouble 
indication. When the controller is returned to the “auto" 
(automatic) position, the fire alarm control panel should 
return to its normal status. 

Additional tests may include: determination of jockey 
pump and fire pump start and stop pressures, phase reversal 
or testing to ensure phase failure alarms are operating 
correctly, and determination that emergency electrical power 
is available via an automatic transfer switch. The required 
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minimum run time for weekly testing of electrically driven 
fire pumps is 10 minutes. Contemporary fire pump control 
lers for electric motor driven fire pumps are not equipped 
with time clocks as are required for diesel engines, nor is 
there a requirement for automatic weekly testing. So, unless 
electrically driven fire pumps are manually started, there is 
no guarantee of any tests being conducted. 

Diesel engine driven fire pumps are required by NFPA to 
have a time clock installed in the fire pump controller to 
automatically start the fire pump on a weekly basis. The time 
clock automatically tells the controller to activate a deluge 
valve to drop system pressure, allows the pump to operate 
for 30 minutes, and then stops the pump and returns the fire 
pump system to the normal automatic mode. Once running, 
inspections similar to those of the electric motor driven fire 
pump are to be conducted. 
These inspections include, but are not limited to deter 

mining: normal pump discharge and suction pressures, that 
rpm of pump is as rated, that the pump pressure relief valve 
is correctly adjusted, that the packing glands are adjusted 
correctly, that the fire alarm panel receives a pump running 
indication, that the pump housing and bearing bosses are not 
overheating, and that there are no abnormal or excessive 
leakages. At the conclusion of the test, the fire pump 
controller is turned to the “off” position and the fire alarm 
control panel should receive this indication and sound an 
audible trouble indication. When the controller is returned to 
the "auto” (automatic) position, the fire alarm control panel 
should return to its normal status. Additional inspections 
may include: determination of jockey pump and fire pump 
start and stop pressures, normal operating parameters of the 
diesel engine, such as coolant level and temperature, oil 
level and pressure, etc. 
The problem with this scenario is that it assumes that a 

qualified person is present to conduct the required 
inspections, when in fact, maintenance personnel do not 
have to be present for the automatic start and stop sequence 
to occur. Just because the diesel engine started and stopped 
automatically does not mean that a valid inspection was 
conducted nor that the fire pump system is code compliant. 
Although the pump may be started and stopped automati 
cally by the fire pump controller, the controller has no 
capability to determine code compliance noris it required by 
NFPA to do so. 
The fire pump controller that controls operation of the fire 

pump, such as that disclosed in U.S. Pat. No. 4611290, and 
built in compliance with NFPA, UL, and FM, provides 
automatic operation of the fire pump that typically supple 
ments water-based fire protection systems, such as sprinkler 
systems. A fire pump controller is designed to control fire 
pump operation by detecting a drop in system pressure, 
which typically indicates that a sprinkler has been activated 
as a result of a fire. The controller then performs necessary 
sequential operations to activate the pump driver, either 
diesel, electric, or steam turbine, to pump water through the 
system. The fire pump then maintains a predetermined 
volume of water and pressure to control or defeat the fire. 
Existing fire pump controllers are also designed to evaluate 
basic system parameters essential to the automatic operation 
of the fire pump. 
Some controllers, such as the controller disclosed in the 

above-mentioned 290 patent, include a program for auto 
matically testing the diesel fire pump system on a weekly 
basis as referenced. Such controllers typically have a hard 
copy printout showing time/date stamped raw data relating 
to fire pump events. This data information, however, is not 
a code compliance verification report, nor could it ever be, 
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4 
since the controller in the 290 patent only prints data when 
the pumpfengine is started and running, when attempted but 
failed starts occur, or when the controller is in a specific 
monitor mode. If nothing is ever printed, i.e. the pumpf 
engine never runs, no specific determination of code com 
pliance can be reached, save for an assumption that the 
pumpfengine never ran or attempted to start. 

There are even several circumstances where an automatic 
test is not highly reliable. For instance, the controller soft 
ware program could be purposely changed or deleted to 
prevent the testing of a problem fire pump system. As such, 
a manual test or a falsified test could be substituted for the 
automatic test. Alternatively, drained starter batteries for the 
diesel driver could prevent testing initiation, as could a 
failed automatic time clock. Even further, automatic testing 
controllers, such as disclosed in the 290 patent, only 
evaluate the necessary system parameters needed for their 
own proper operation and are unable to determine the 
dependability of the overall water-based fire protection 
system, which is a prerequisite for verification of code 
compliance. 

Furthermore, in either manual or automatic testing, there 
is no way for interested parties to know, other than by 
physically overseeing the test, whether the test was satis 
factorily conducted. However, in spite of this, the fire 
protection industry, as a whole, assumes that life safety 
problems have been addressed by the writing of particular 
standards, such as, but not limited to, NFPA 13, 14, 20 and 
25. It further assumes that: (1) every system is being 
installed, maintained and tested according to the code, (2) if 
not, at least the required once a year inspection is sufficient 
to ensure safety, or (3) a better method or system of ensuring 
compliance is unavailable. 

Such assumptions are far from acceptable when lives and 
property rely so heavily on the proper operability of these 
water-based fire protection systems. The current practice of 
the industry offers no method of verification that such tests 
have actually been conducted according to the required 
standards. Instead, the industry relies on only a minute 
sampling of the system's performance, once a year (i.e., one 
day out of 365) by inspectors of varying capability and 
integrity. It then assumes that for the remaining 364 days of 
the year the system remains fully functional. 

Thus, there is a need for a system and method capable of 
notifying insurers, property management companies, 
building/structure owners or other interested entities of any 
discrepancies or deviations in the preparedness of water 
based fire protection systems. Such a system and method 
will bring about more strict code compliance, through 
improved testing and maintenance practices, so that reliabil 
ity of water-based fire protection systems will be greatly 
increased. 

There is also a need for such a system and method that can 
ascertain the functionality of water-based fire protection 
systems, and on a real-time basis notify interested parties of 
problem conditions as they occur. Further, there is a need for 
such a system and method that can collect and utilize such 
information through statistical analysis over long time 
periods, which can provide historical maintenance and 
troubleshooting information, and which will help to reduce 
failures of water-based fire protection systems and increase 
component reliability and service life. 
The wide variety of sprinkler systems likewise have their 

own unique test, inspection, and maintenance requirements 
as set forth in NFPA Standard 25 and others. While these 
requirements differ from those offire pumps, the difficulty in 
ensuring system code compliance does not. Since there are 
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far more sprinkler systems than fire pump systems, perhaps 
by a ratio of at least 10 to 1, the need to verify code 
compliance of these systems is likewise amplified. 

Sprinkler system test, inspection, and maintenance 
requirements are as diverse as the systems themselves. 
Requirements vary depending on system type, but can be 
generalized in simplified terms to include, but not be limited 
to: testing of flow switches, tamper switches, pressure 
switches, and alarm devices; and inspection of water levels, 
water temperature, valve-room temperatures, control valves, 
alarm valves, deluge valves, dry pipe valves, air pressure 
maintenance devices, foam supply levels, and proportioning 
systems. In general, these requirements shall be met by 
qualified personnel activating the system or simulating an 
activation via by-pass or test stations, and by direct visual or 
mechanical inspection. 

Coincidentally, information from similar switches and 
devices is used by an attendant fire alarm control panel to: 
1) determine a fire condition, 2) annunciate that fact 
throughout the building/structure, 3) notify/summon fire 
fighting authorities, or 4) indicate system trouble. As men 
tioned earlier, fire pump run status is also utilized by the fire 
alarm control panel in its decision-making process. Because 
of its specific purpose and design, the fire alarm control 
panel is exclusively a special purpose device, a reactionary 
unit intended for fire detection and notification and fire 
annunciation, and one that determines specific trouble con 
ditions. 
As can be seen, the fire alarm control panel, the fire pump 

controller, and the jockey pump controller all utilize similar 
water-based fire protection system component parameters. 
Neither the three control devices singly, nor in aggregate, 
could ever be used to verify code compliance of the water 
based fire protection system. Each control device has a 
specific function and each only "sees” a limited portion of 
the system. 
There is a need for a device and method that transcends 

the functions of these control devices and manual testing 
procedures to verify that the whole water-based fire protec 
tion system is code compliant and in a state of known 
readiness and functionality. 

SUMMARY OF THE INVENTION 

The present invention overcomes the deficiencies of the 
prior art by providing a code compliance verification system 
and method for water-based fire protection systems, capable 
of informing insurers, property management companies, and 
building/structure owners of any discrepancies or deviations 
in the standard preparedness of water-based fire protection 
systems, such as a fire pump system that includes the fire 
pump, pressure maintenance pump, fire pump driver, and 
fire pump and pressure maintenance pump controllers, or 
sprinklers systems such as wet systems, dry systems, pre 
action systems, deluge systems, foam systems, or combina 
tion systems. 

In doing so, the invention gives true meaning to the 
standards and codes referenced herein. By determining if, 
when and to what degree the standards are being adhered to, 
corrective measures can be applied throughout the industry 
which will improve life safety, minimize risk, and reduce 
loss of property. 
The present invention is capable of sensing one or more 

parameters pertinent to code compliance verification of one 
or more components of the water-based fire protection 
system, recording and date/time stamping data relating to 
such parameters, independently verifying code compliance 
based on such recorded data, and generating a code com 
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6 
pliance verification report based on the sensed data. 
Additionally, the invention can further forward the code 
compliance verification report to one or more predetermined 
entities, such as an insurance carrier, building/structure 
owner, or property management firm, notify in real-time 
such predetermined entities of problem conditions, and can 
archive the recorded data and report for long term statistical 
analysis. 

In a preferred embodiment, the recorded data is stored on 
site with the water-based fire protection system and is sent 
to a central code verifying facility off-site on a periodic 
basis. This off-site facility archives the data, verifies code 
compliance, generates a code compliance verification report, 
and forwards the report to one or more interested entities. 
Additionally, the invention may automatically generate the 
code compliance verification report and/or automatically 
forward the report to interesting entities. 

Such a system and method provide the owner/operator of 
the water-based fire protection system with the ability to 
help ensure that the fire pump and entire system are kept in 
a state of operational readiness. This situation greatly ben 
efits society as a whole. With the water-based fire protection 
system being kept in a continual state of known readiness 
and functionality, the risk of loss of life and property 
decreases. By reducing the risk, losses decrease as well. 
With losses reduced, insurers will have fewer monetary 
payouts, and can in turn pass these savings on to the general 
public through reduced premiums. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be described in detail with reference to 

the following drawings, wherein: 
FIG. 1 illustrates a schematic representation of a fire 

protection code compliance verification system according to 
the invention; 

FIG. 2 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to a first embodiment in which the water 
based fire protection system utilizes afire pump with a diesel 
engine driver; 

FIG. 3 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to a second embodiment in which the 
water-based fire protection system utilizes a fire pump with 
an electric motor driver; 

FIG. 4 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to an embodiment in which the water 
based fire protection system is an automatic wet pipe sprin 
kler system; 

FIG. 5 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to an embodiment in which the water 
based fire protection system is an automatic dry pipe sprin 
kler system; 

FIG. 6 illustrates a close-up view of the valve structure 
and sensor arrangement for the dry pipe sprinkler system of 
FIG. 5; 

FIG. 7 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to an embodiment in which the water 
based fire protection system is a preaction sprinkler system; 

FIG. 8 illustrates a preferred sensor arrangement at an 
On-site portion of the code compliance verification system of 
FIG. 1 according to an embodiment in which the water 
based fire protection system is a deluge sprinkler system; 
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FIG. 9 illustrates a preferred sensor arrangement at an 
on-site portion of the code compliance verification system of 
FIG. 1 according to an embodiment in which the water 
based fire protection system is an automatic sprinkler system 
having a water storage tank; 

FIG. 10 illustrates a schematic of a preferred sensor 
arrangement for a diesel engine driven fire pump system; 

FIGS. 11 and 12 illustrate a preferred code verification 
compliance report with optional maintenance and real-time 
trouble notification summaries according to the embodiment 
shown in FIGS. 2 and 10; 

FIG. 13 illustrates a simple flow chart of a method of 
verifying code compliance according to all embodiments of 
the invention; and 

FIG. 14 illustrates a more detailed flow chart of a specific, 
preferred method of verifying code compliance of a fire 
pump system. 

DETALED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

With reference to FIG. 1, there is shown a fire protection 
code compliance verification system according to a pre 
ferred embodiment of the invention with representative 
sensor inputs including an on-site data acquiring portion 10 
and an off-site central code verifying portion 20. The on-site 
portion 10 consists of one or more sensors that sense one or 
more parameters of one or more components of a fire 
protection system pertinent to code compliance verification. 
Sensors are connected to a recorder 14, which may be a 
microprocessor-based recorder having a memory such as 
RAM, ROM, or other conventional dynamic or magnetic 
memory systems, or a computer system capable of digitally 
recording sensor data, that receives signals from the sensors 
and date/time stamps such data for subsequent retrieval by 
the off-site portion. 20. The sensors detect either specific 
physical direct parameters of the system, such as a pressure 
transducer sensing pump pressure or a flow sensor sensing 
fluid flow, or the sensors may sense indirect or resultant 
indicators thereof. Indirect sensing of a dial reading through 
a video camera, for example, is one such indirect indicator. 
Another would be a value or parameter that can be obtained 
mathematically from other parameter values. For example, 
in the equation V=IR, if two of the three values are known, 
the third can be determined. In any case, such sensors 
provide information pertinent to determination of whether 
the fire protection system's operation, installation and main 
tenance is in compliance with existing codes. 
The recorder 14 is connected to the off-site portion 20 by 

suitable communication means, such as through modems 16 
and 22 and a communication link 18, which can be a 
hard-wired telephone line, a cellular telephone carrier, or a 
radio frequency (rf) communication link. The modems 16 
and 22 can be any suitable commercially available modem. 
As the amount of data being transferred is not all that large, 
a fast modem, such as a 28.8 kbs modem, is not necessary 
but could be used. 

Conventional communication software 12 within recorder 
14 or externally connected to recorder 14 is provided to 
automatically access and connect with the off-site portion 20 
of the verification system. Alternatively, suitable software 26 
at the off-site portion 20 can initiate the communication 
between the two portions 10 and 20. Such communication 
software is well known and commercially available. 

Additionally, the on-site portion 10 is provided with 
means for notifying interested entities Y. Such as a building 
maintenance person or a property management company, of 
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8 
certain problem conditions in real-time. This can consist of 
software 36 that determines the problem conditions that 
warrant real-time notification, which in combination with 
communication software 12, modem 16, and communica 
tions link 18b, can notify one or more of these interested 
entities Y of the specific problem condition utilizing any of 
the following methods: pager, automated voice mail via 
cellular telephone or conventional telephone, electronic 
mail, or radio frequency (RF) link. Preferably, for integra 
tion with the archive ability at off-site portion 20, these 
problem condition notification events should be time/date 
stamped and recorded. In such a case, these problem con 
dition notifications could be sent through the communica 
tion link 18 by communication software 12. This event 
information can then be stored and archived with other 
system data as part of a complete record of a fire protection 
system's performance and reliability. 
The off-site central code verifying portion 20 includes a 

modem 22 for communicating with the on-site portion 10 
via the communication link 18 and with predetermined 
entities Yvia communication link 18a. Again, any commer 
cially available modem can be used. A personal computer 
(PC) 24 or other suitable processor means is connected to the 
modem for receiving data from the on-site portion 10. The 
size and power of the computer 24 will be dictated by the 
number of systems being monitored and the amount of data 
being archived and processed for each. However, it is 
envisioned that standard personal/business computers such 
as a 100 Mhzpentium computer with 16 megabytes of RAM 
and a fairly large hard drive, such as a 1 gigabyte hard drive 
or a smaller hard drive with a tape backup, could adequately 
handle a large number of system verifications. 
The PC 24 includes suitable commercially available com 

munication software 26, such as PROCOMM-, to coordi 
nate communication between modem 22 and modem 16 
through communications link 18 and communication 
between modem 22 and interested entities Y via common 
link 18a. Such communication software is capable of oper 
ating in a host mode or suitable equivalent mode in which 
the PC is in a waiting mode ready to receive data from one 
or more on-site portions 10. It can also, alternatively, initiate 
the PC 24 to actively communicate with and establish a 
communications link between the PC 24 and one or more 
on-site portions 10 at time intervals programmed into the PC 
24. PC 24 also includes database/archive means 28 for 
storing the data and code compliance verification reports. 
This can include commercially available databases and/or 
spreadsheets such as DBase, Access, Paradox, Lotus 123, 
Quattro Pro, Excelor other suitable programs. The particular 
program used is primarily personal preference as most have 
very similar capabilities and differ mainly in presentation 
and user interface. 
The PC 24 also includes code compliance verifying 

software 32 for manipulating and comparing the databased 
spreadsheet data with predefined normal operating param 
eters and industry standards, and/or query logic to determine 
and verify code compliance/non-compliance. Additionally, 
PC 24 is provided with report generating software 30 for 
generating a code compliance verification report, including 
data from the database (actual sensed parameter values and 
predefined normal operating values) and an indication of 
compliance/non-compliance. This can comprise customized 
report formats selected from the particular database? 
spreadsheet package utilized based on the particular sensor 
configuration used, specific code requirements, and personal 
preferences as to report format, detail and overall report 
layout. 
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In its simplest form, such report software includes a 
printout of various sensed data, identification of the system 
being verified and the time period for which is was verified, 
along with a report summarizing compliance with a yes/no 
(YIN) indication and optionally a series of particular YIN 
indicators relating to particular individual requirements of 
the code or portion of the code being verified. 

Optionally, the PC24 can further include statistical analy 
sis software 34 for determining maintenance and trouble 
shooting information based on the stored and archived data. 
Rather than just analyzing current information relative to 
benchmark normal parameters, such software looks over a 
larger history of the particular fire protection system's useful 
life and analyzes such data to determine trends that can help 
determine or predict maintenance schedules, reduce subse 
quent failures, and increase component reliability and Ser 
vice life. 
The off-site portion 20 also includes report forwarding 

means 38 for forwarding the code compliance verification 
report to one or more predetermined entities. The report 
forwarding means can include manual mailing of the report 
to interested entities. Alternatively, via communication link 
18a and modem 22, the forwarding means can include 
E-mail, facsimile or other electronic forms of forwarding the 
report. In a preferred embodiment, the forwarding means is 
automatic, such as automatic forwarding of the report elec 
tronically by E-mail, facsimile or the like. Conventional 
communication software can be used to forward the report. 
The date/time stamped data from the equipment param 

eter sensors is preferably tabulated in a database or spread 
sheetformat. From this tabulated data, additional fields such 
as code compliance fields can be computed based on pre 
determined mathematical modeling, flag setting, boolean 
logic, query logic or other known computational methods to 
verify whether the water-based fire protection system is in 
compliance with existing codes. Suitable reports can be 
generated by either manual, semi-automatic or automatic 
manipulation of various fields of the database in a report 
format that best represents a summary of code compliance or 
non-compliance for the system in question or its individual 
components. However, it preferable for the databasef 
spreadsheet to be programmed to automatically calculate or 
other verify code compliance. 

FIG. 2 illustrates an of a diesel driven fire pump system 
and an exemplary on-site portion 10 configuration. A typical 
fire pump consists of a fire pump 40, a driver 48, such as a 
diesel driver, a pressure maintenance pump 42 (also known 
as a jockey pump), a jockey pump controller 106, and a fire 
pump controller 68 to provide and maintain a predetermined 
water pressure on a sprinkler system. The fire pump system 
acts to supply and regulate water from a city or stored water 
supply 44 through a supply valve 46 to a sprinkler system 
having one or more discharge devices. The fire pump system 
maintains a predetermined system pressure by activations of 
the pressure maintenance pump 42. The pressure mainte 
nance pump 42 is typically an electrically driven pump that 
is controlled by an independent pressure maintenance pump 
controller 106. In the event of a pressure loss that the jockey 
pump cannot overcome, the fire pump 40 is activated by the 
fire pump controller 68 to pump additional water from city 
or stored water supply 44 to the sprinkler system. 

In operation, the diesel driver 48 is connected to a first 
battery source 70 and a second backup battery source 72 that 
provide cranking powerfor a starter of the diesel driver. The 
fire pump controller 68 alternately activates one of two 
battery sets to start the diesel driver upon the detection of the 
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reduced system pressure. Upon starting, the diesel driver 48 
drives the fire pump 40 until the fire pump controller or 
human intervention determines that the driver is to be shut 
down. 
The on-site portion 10 includes modem 16 and recorder 

14 along with several sensors. In particular, when a diesel 
driven fire pump system is being verified, exhaust thermo 
couple 54 senses heat from diesel exhaust stack 52, indi 
cating diesel driver 48 operation. This may be the easiest 
method of detecting diesel engine operation. However, it 
would have a delayed start reading, because the exhaust 
would have to reach a predetermined minimum temperature 
to indicate activation, and would not accurately indicate 
stoppage, as the exhaust requires some time to cool down 
even after stoppage of the engine. 

Alternatively, or in addition to sensor 54, oxygen level 
sensor 84 can be provided to detect oxygen in the exhaust 
stack 52, also indicating diesel driver activation. This is a 
more accurate indication of engine operation and can also be 
used as a maintenance/diagnostic tool for engine perfor 
aCe 

Pressure transducer 56 detects the suction pressure at an 
inlet of the fire pump 40. The suction side of the pump has 
two pertinent pump readings: a) static pressure; and b) 
operating pressure. The static pressure is the "standing” 
water pressure available on the Suction side of the pump, 
and/or the supply pressure when the pump is not operating. 
The operating pressure is the suction pressure on the inlet 
side of the pump. This pressure should never be negative 
when the pump is running nor Zero when the pump is not 
running, which is indicative of a shut supply valve 46. 

Pressure transducer 76 senses the pump discharge pres 
sure of pump 40. This is only important when the pump is 
operating. Pumps have specific designed amounts of dis 
charge pressures they must meet depending on the particular 
size pump and system requirements. Similarly, pressure 
transducer 74 detects the discharge pressure of pressure 
maintenance pump 42. 

Pressure transducer 58 is located downstream from fire 
pump 40, check valve 50 and pressure maintenance pump 42 
and indicates overal system pressure. This is the only 
method of detecting whether or not the fire pump system was 
activated by a "drop in system pressure.” While the system 
can be manually activated, automatic pump operability can 
only be assured when the pump starts due to a predetermined 
drop in system pressure. 

Sensors 80 and 82 are provided to detect either a mea 
surement of battery current or battery voltage indicative of 
whether batteries 70 and 72 have enough remaining capacity 
to start diesel driver 48 and are being adequately charged. 

Sensor 78 detects whether power is provided to fire pump 
controller 68. Most controllers switch to battery or generator 
backup when AC power is lost. Short term power loss may 
be due to known causes such as maintenance personnel 
working on the system. Nonetheless, sensing of this param 
eter is critical, as catastrophic results could be incurred if a 
fire emergency occurred while there was no power available 
and the fire pump would not activate. 

Sensor 102 detects the position of the fire pump controller 
switch (off, manual or automatic position). Sensor 60 detects 
the presence of power to the pressure maintenance pump 42, 
indicating whether or not the electrically driven pump 42 is 
operating. 

Sensor 86 detects the oil level in diesel driver 48 while 
sensor 88 detects RPM, sensor 90 detects Hobbs hours and 
sensor 92 detects alternator output. Sensor detects hot start? 
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block temperature of the diesel engine. Sensor 96 detects fire 
pump housing temperature and sensor 98 detects pump 
bearing temperature. Sensor 100 detects the current reading 
on a starter motor for diesel driver 48. These sensors provide 
information relevant for proper maintenance of the system. 
Additionally, sensor 104 detects an open or closed position 
of the water supply valve 46. As indicated, this is extremely 
important as the system cannot operate properly without a 
supply of water. 

Other fire pump controller related parameters can be 
sensed. For example, most fire pump controllers have a 
minimum run timer and a weekly program timer. These 
timers can be checked for their operational status. 
Additionally, fire pump room temperature can be sensed. 
Parameters can and should also be sensed for other parts of 
the overall water-based fire protection system, including 
flow sensors or pressure sensors located within and along the 
sprinkler system associated with the fire pump and several 
other parameters that should become more apparent after the 
subsequent description of additional exemplary specific 
water-based fire protection systems in FIGS. 49. 

These various sensors detect both code compliance veri 
fication parameters and maintenance/problemindicators and 
comprise commercially available sensors. Basic sensing and 
code verification of individual components of the system can 
be accomplished by sensing only one or a few of these 
parameters, such as suction pressure, system pressure, and 
pressure maintenance pump pressure. However, the more 
variables that are sensed, determines how comprehensive 
the code compliance verification report will be. It is pref 
erable to sense enough key parameters such that verification 
of the entire fire protection system can be reliably deter 
mined. 

Additionally, several of these optional parameters provide 
important maintenance related information. For example, if 
the pressure maintenance pump 42 over a period of time is 
indicated to activate more frequently than normal, this may 
be an indication that the sprinkler system has developed a 
leak. Alternatively, this may indicate a reduction in pump 
efficiency due to a maintenance problem such as worn 
impellers. 

Furthermore, several of these sensors provide information 
necessary to determine the existence of problem conditions 
that require real-time notification of the need for correction. 
Examples of these are sensors 80 and 82, which may 
indicate that both the main battery and reserve battery sets 
have insufficient remaining voltage to provide start up of the 
diesel driver. Alternatively, indicators showing that the fire 
pump controller 68 has lost power or the water supply valve 
46 is closed are additional problem conditions that require 
immediate attention and action to ensure automatic fire 
pump operation. 
A preferred configuration for accurately verifying fire 

protection code compliance of a fire pump system consists 
of pump suction sensor 56, pump discharge pressure sensor 
76, system pressure sensor 58, pressure maintenance pump 
discharge sensor 74, pressure maintenance pump power 
sensor 60, fire pump controller power sensor 78, jockey 
pump controller power sensor 108, jockey pump controller 
switch position sensor 110, fire pump controller switch 
position sensor 102, battery condition sensors 80 and 82, and 
exhaust oxygen sensor 84, as shown in FIGS. 2-3. This 
combination of sensors provides adequate data to ensure 
code compliance of each of the fire pump system compo 
nents including fire pump 40, diesel driver 48, pressure 
maintenance pump 42, pressure maintenance pump control 
ler 106, and the fire pump controller 68. 
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FIG. 3 shows a similar alternative fire pump system 

configuration for an electric motor driven fire pump system. 
Elements equivalent to or the same as those described in the 
previous embodiment are identified by the same reference 
numerals. In this example, an electric motor 62 is utilized as 
a fire pump driver in place of diesel engine 48. The electric 
motor is provided with sensors 64 and 66that monitor motor 
current and motor voltage, respectively. Sensors 88.96, 98, 
102,78 and 104 are provided to detect maintenance/problem 
information as in the previous embodiment. 

FIG. 4 illustrates a typical automatic wet pipe sprinkler 
system. Such a system can be utilized on a single story 
structure or can be provided on multiple story structures. 
such as the one shown. In such a system, water is continu 
ously stored in a ready state within the system. Accordingly, 
such a system is utilized in locations where the pipe system 
is not subject to freezing. 

Such a system typically includes several individual sprin 
kler heads spaced along several sections of piping 
(unlabeled) on each floor of the building/structure. A water 
supply to the system can come from a city supply, a water 
tank, or a reservoir and may or may not be boosted by a fire 
pump system such as the one described in FIGS. 2-3. An 
inlet from the water supply is sensed by sensor 112, which 
is a pressure transducer. Closure of the "city water valve", or 
insufficient water pressure if the system includes a fire 
pump, will indicate a trouble condition signifying gross 
non-compliance with code, as the system cannot be fully 
operational without an adequate supply of water. Interested 
parties can be notified in real-time of such a condition. 
When the system is a stand alone system that does not 

require a fire pump, sensor 112 is installed below the main 
supply valve. If the system is supplemented by a fire pump, 
the system pressure sensor on the fire pump, such as sensor 
58 in FIG. 2, replaces sensor 112. 

Sensor 114 senses the position of the main supply valve 
and includes a supervisory tamper switch, which preferably 
is a position sensor. Normally the valve is in the open 
position. If it is closed, the sensor 114 senses this position 
and indicates a trouble condition. This is another trouble 
condition warranting real-time notification to interested par 
ties. 

Sensor 116 senses the fire protection system's alarm 
device. The alarm device is installed with the sprinkler 
system to automatically summon the fire department. Sensor 
116 senses this device to insure that quarterly testing 
requirements of NFPA to exercise this device is performed 
on schedule. Sensor 116 may be a pressure switch. 
Alternatively, a flow switch sensor 118 could be substituted 
depending on the particular configuration of the fire protec 
tion system. 

Sensor 120 senses system pressure via a pressure trans 
ducer. This sensor is located after the main supply valve. 
This assures that water is in the system at the appropriate 
pressure. By comparing the pressure before the main supply 
valve with the system pressure, it can be deduced that the 
valve is open and water is available for the sprinklers in case 
of a fire. 

Sensor 122 senses a sectional valve provided to close off 
various "zones” within a building. Such valves are typically 
disabled to service or repair aparticular Zone without having 
to disable an entire system. This sensor can be a pressure 
transducer, 

Sensor 124 is a flow Switch located at a remote end of the 
system. Sensing offlow at this end of the system ensures that 
the system has not been partially disabled or blocked some 
where between the supply and the remote test location. 
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As previously mentioned, such a system maintains a 
constant supply of water within the pipes such that upon 
activation of one or more sprinkler heads, water will imme 
diately flow to control or defeat the fire. 

FIGS. 5 and 6 illustrate a typical dry pipe sprinkler 
system. Dry systems are typically used in locations subject 
to freezing. As with a wet pipe system, various sections of 
pipe containing spaced sprinkler heads are provided. 
However, these pipes are normally filled with high pressure 
air, typically maintained by an air compressor. Upon detec 
tion of a fire, air escapes from the pipes through an activated 
sprinkler head, the dry pipe valve trips and introduces water 
into the system. This water flows through and out of each 
sprinkler head to extinguish or control the spread of the fire. 
Again, as with the wet pipe system, the dry system can be 

a single story structure or a multi-level structure. A preferred 
sensor arrangement includes a sensor 112, as in the prior 
embodiment, for sensing water supply pressure. Also, sensor 
114 senses the main supply valve and includes a supervisory 
tamper switch, which preferably is a position sensor. Ele 
ment 126 is a dry pipe valve with a high pressure alarm 
switch. Activation of the switch indicates that the system has 
tripped and is full of water or flowing water (fire condition). 

Sensor 128 is a pressure sensor that detects a high air 
alarm. This sensor senses that the pressure alarm switch has 
not stopped air compressor 134 at a preset stop pressure. 
Sensor 130 is a pressure sensor that detects a low air alarm. 
This sensor indicates whether the air compressor was acti 
vated to maintain the system air pressure. Failure of the air 
compressor to restore the system pressure will eventually 
lead to tripping of the system and flooding of the pipes with 
water. This is because all that restrains the water from entry 
into the system is the valve structure shown best in FIG. 6. 
Once the air pressure above the valve is proportionately less 
than the water pressure below the valve, the valve is opened 
and water flows to the system's pipes and sprinkler heads. 

Sensor 132 is an air compressor power sensor that detects 
available power to air compressor 134. If power is removed, 
this indicates a trouble condition. Sensor 132 also can sense 
the frequency at which the compressor operates. If the 
compressor 134 operates too frequently, this may be indica 
tive of a leak somewhere in the system. 

Sensor 124 is a flow sensor located at a remote end of the 
system. Sensing offlow at this end of the system ensures that 
the system has not been partially disabled or blocked some 
where between the supply and the remote test location. 
Sensor 136 is a temperature sensor that detects the tempera 
ture of a valve control room. As mentioned previously, dry 
systems are utilized in climates where a wet system would 
freeze and damage or prevent the system from operating 
properly in the event of a fire. In such a system, the main 
components are stored in an enclosed room. NFPA codes 
require such an enclosed control room to remain 40° F or 
above to prevent freezing of the water below the dry pipe 
valve 126. Sensor 136 verifies this temperature requirement 
is met. 

FIG. 7 illustrates a typical preaction sprinkler system. 
These systems are often used in computer rooms or other 
rooms having sensitive equipment that can be damaged by 
release of water. In these types of rooms, it is not desired to 
release Water unless a clear indication of a fire condition is 
established. Like the dry pipe systems, a preaction systemis. 
normally filled with air. However, rather than being filled 
with high pressure air, only low pressure air is required. 
Such a system is filled with air to ensure that the system is 
watertight. By monitoring the air pressure, it can be deter 
mined that the system is leak-free. 
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Preaction systems are two-step systems. Once a lower 

level threshold condition is met establishing the likelihood 
of a fire, a valve allowing water into the pipes is opened. 
However, individual sprinkler heads are not yet activated. 
Then, upon a higher threshold of fire probability, one or 
more sprinkler heads are activated only in locations actually 
having fires. 

In a typical preaction system, various heat or smoke 
sensors 138 are provided in several zones within each floor. 
These sensors can be, but do not need to be, sensed by the 
present invention. Control panel 140 monitors the heat and 
smoke detectors and is the primary method in which the 
preaction systemistripped. Panel 140 may or may not be the 
Fire Alarm Control Panel of the building/structure. Again, 
this does not have to be sensed, but can be, if desired. 
A preferred sensor arrangement will now be described. A 

sensor 142 senses the AC power to control panel 140. 
Failure of AC power is indicative of a trouble condition. 
Upon interruption of AC power to control panel 140 a 
battery back-up should be initiated. This back-up battery 
supply is sensed by sensor 150. Continued interruption of 
power due to inadequate backup battery voltage will also 
indicate a trouble condition. 

Sensor 144 senses a pressure switch by which the fire 
alarm is initiated. This alarm is sensed to ensure the fire 
alarm system is operational and tested on a quarterly basis 
as required by code. Sensor 112 senses the water supply to 
the system. Preferably sensor 112 is a pressure transducer. 
As in the other systems, closure of the "city water valve', or 
insufficient supply pressure, indicates atrouble condition. As 
with the FIG. 4 example, if a fire pump supplements the 
system, the system pressure sensor on the fire pump takes 
the place of sensor 112. 

Pressure sensor 152 senses the air pressure in the sprinkler 
piping. Sensor 114 senses the main supply valve. Preferably, 
sensor 114 is a position sensor. The valve is normally open. 
If a closure or partial closure is sensed, a trouble condition 
is indicated. 

Sensor 132 senses power to the air compressor as in prior 
embodiments. Sensor 146 is a pressure transducer that 
senses the high air alarm, indicating that the pressure switch 
has not stopped the air compressor at a preset stop pressure. 

Sensor 148 senses the low air alarm. Again, this sensor is 
a pressure transducer that senses a low air pressure, indi 
cating that the air compressor has not activated or cannot 
restore the system air pressure. Failure of the air compressor 
to restore system pressure, and if the system pressure 
continues to drop, may indicate a loss of system integrity. 
Air pressure is maintained to ensure that the system is 
watertight. If pressure cannot be maintained, it may indicate 
a leak in the system. 

FIG. 8 is a typical deluge system. It is similar to a 
preaction system, but it is not pressurized with air. 
Accordingly, it is provided only with sensors 138, 140, 142, 
144, 112, 114 and 150 as in the previous embodiment. 

FIG. 9 is an example of an automatic sprinkler system in 
which water to the system is provided by a water storage 
tank. A sensor 154 senses the water level in the tank. Sensor 
156 is a temperature sensor that senses the temperature of 
the tank in cold climates. Piping is provided from the tank 
to individual buildings and fire protection systems. Sensor 
158, preferably a position sensor, is also provided at the 
"city water valve" located between the water supply and 
individual fire protection systems. 

Additional conventional water-based fire protection sys 
tems can include an automatic foam-water discharge system. 
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For this type of system, the present invention preferably 
includes sensors for sensing system pressure, status of flow 
switch, status of pressure switch, status of tamper switch, 
status of alarm valve, status of control valve, status of foam 
concentrate supply, status of proportioner, response time, 
discharge time, remote discharge device pressure, status of 
heat detectors, status of flammable gas detectors, status of 
Smoke detectors, status of foam concentrate pump and 
control room temperature. 

Exemplary embodiments of the preferred invention have 
been described for typical water-based fire protection sys 
tems. However, one skilled in the art of fire protection 
systems will recognize that many more systems are in use 
today and, most often, many complex systems are designed 
with two or more of these types of systems integrated 
together. 

In order to simplify the description of complete fire 
protection system verification, which may include verifying 
a fire pump system and one or more types of sprinkler 
systems, an exemplary preferred embodiment for verifying 
a portion of a typical system (i.e., a diesel-driven fire pump 
system) will be described with reference to FIGS. 10-14. 

Actual parameters being sensed will, of course, depend on 
the particular systems being verified and the particular codes 
and standards in effect in the jurisdiction of the building/ 
structure incorporating such system(s). However, based on 
the numerous embodiments of preferred sensor arrange 
ments shown in FIGS. 1-10 and described in the 
specification, one skilled in the fire protection industry will 
be able to determine appropriate sensor parameters of a 
particular system to use with the inventive code verification 
system and method. Moreover, while the specific examples 
are not exhaustive, it is intended that the invention is 
applicable to any water-based fire protection system. 
FIG. 10 illustrates a preferred diesel driven fire pump 

system sensor configuration for verifying its code compli 
ance. Recorder 14 receives data from fire pump suction 
transducer 56, fire pump discharge pressure transducer 76, 
system pressure transducer 58, pressure maintenance pump 
discharge sensor 74, pressure maintenance pump power 
sensor 60, fire pump controller power sensor 78, pressure 
maintenance pump controller power sensor 108, battery 
sensors 80 and 82, and oxygen level sensor 84. These 
sensors provide enough data to determine code compliance 
verification. 

Additional sensors are provided to sense maintenance/ 
problem conditions and provide a secondary level of infor 
mation used to substantiate or add to verification of code 
compliance. These sensors include oil level sensor 86, RPM 
sensor 88, Hobbs hours sensor 90, alternator output sensor 
92, hot startblock temperature sensor 94, fire pump housing 
temperature sensor 96, fire pump bearing temperature 98, 
diesel engine starter motor amperage sensor 100, fire pump 
controller switch sensor 102, jockey pump controller switch 
position sensor 110 and water supply sensor 104. While 
most of these do not provide enough data to determine code 
compliance on their own, they are useful for maintenance 
purposes to ensure reliability of the fire pump system. 
However, abnormally low oil level, for example, would tend 
to indicate the possibility of non-code compliance at a future 
date, because engine failure may result if low oil level is not 
properly remedied in the near future. Additionally, while the 
fire pumps and controllers may be operational according to 
code, an indication of supply valve 46 being turned off 
would also establish non-compliance, until the valve is again 
turned on, as the system cannot operate properly without a 
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supply of water or with a partially closed supply valve. 
Likewise, if the controller is turned off, or is notin the "auto" 
position, the controller cannot automatically respond. Thus, 
while these sensors primarily detect maintenance/problem 
related parameters, some of these also indicate failure of the 
system to comply with code. 

Alternatively, if the fire pump is driven by a steam turbine, 
the following additional parameters could be sensed: turbine 
steam pressure, turbine steam temperature and turbine speed 
governor. Suitable commercially available pressure, tem 
perature and speed sensors can be utilized. 

Recorder 14 date/time stamps data from the sensors as it 
is sensed and stores the data in memory. At least once a 
week, the acquired and stored data is transmitted to the 
off-site central code verifying portion 20, either by auto 
matic communication sent through the on-site portion 10 or 
by automatic connection initiated by the off-site central 
portion 20. Once this date/time stamped data has been 
transmitted to the off-site central code verifying portion 20, 
it is stored in a database within personal computer 24 and 
archived for future reference. 

This data is then utilized by compliance verification 
software 32 to determine whether the particular fire pump 
system or component is being maintained and can operate 
according to existing fire protection code(s) and meets or 
exceeds tolerances in industry standards set for the particular 
system component(s) being utilized. 

For example, the software reviews the data and deter 
mines compliance/non-compliance based on the following 
exemplary subset of logic questions when a fire pump fire 
protection system is being verified: Did the jockey pump 
start due to a drop in system pressure? Did the jockey pump 
stop when system pressure reached a preset value? Did the 
fire pump start due to a drop in system pressure? Was 
discharge pressure greater than 65% of the system pressure 
preset? Did the fire pump stop when the system pressure 
reached the preset value? Was suction pressure within speci 
fied parameters? Did the fire pump system run at least once 
during the last reporting period, such as in the lastone week? 
Each system will have its own set of logic questions, based 
in its components, to determine compliance/non 
compliance. 
From this determination or sequence of additional 

determinations, depending on the complexity of the fire 
protection system and number of parameters being sensed, 
a code compliance verification report and optionally a 
maintenance report are generated and forwarded to one or 
more predetermined entities, such as the insurance carrier, 
maintenance personnel or property management company. 
As previously discussed, these reports may be manually 

forwarded by mail and/or manually, semi-automatically or 
automatically forwarded electronically by E-mail, facsimile 
or other electronic transfer. However in the inventions most 
elemental form, the report method could be a red/greenlight 
combination of the system site; green indicating compliance, 
red non-compliance and a method for extracting data from 
the recorder showing compliance. 

Again, based on the particular fire protection system 
being verified, different sensed parameters, code require 
ments and industry standards will apply. Based on this 
exemplary embodiment, one skilled in the fire protection 
industry with knowledge of existing codes, etc., will be able 
to adapt code verification to a particular fire protection 
system. 

FIGS. 11 and 12 show an exemplary code compliance 
verification report, with additional and optional maintenance 
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and real-time notification summaries, that is forwarded to 
the predetermined entities on a periodic basis. These par 
ticular reports are preferred reports for the fire pump system 
described with reference to FIGS. 2 and 10. Suitable infor 
mation that identifies the fire protection system, location and 
reporting period are provided on the report. Additionally, 
normal values for the system as set by industry standards are 
provided as relative indicators of how the actual system is 
performing. Further, the report includes an activity report 
indicating the time/date of each pump activation occurrence, 
as well as start and stop times and particular values of 
various sensor parameters, such as system pressure, suction 
pressure, discharge pressure and ending system pressure. 
The report further contains a compliance summary that 

indicates the compliance/non-compliance of the fire protec 
tion system. In its simplest form, the compliance summary 
may be an indicator (YIN) stating whether the system has 
met or is not within compliance. Additional specific param 
eters may be indicated for compliance. For example, did the 
jockey pump start due to a drop in system pressure? Did the 
jockey pump stop when system pressure reached a preset 
value? 
While not necessary, the code compliance verification 

report may also include a summary of maintenance and 
real-time trouble notification information. Such information 
may be useful to maintenance personnel in determining 
whether or not the equipment is in need of maintenance 
and/or adjustment, and can also provide a summary of the 
real-time notification(s) for a particular time period. 
Optionally, these maintenance and real-time notification 
reports can be separately generated and separately for 
warded at different times than the code compliance verifi 
cation report. Such optional reports may be sent to the same 
or differing interested entities. 

It is intended that such code compliance verification 
reports are also archived at the off-site central code verifying 
facility for future reference. As such, backup copies of the 
report can be obtained to check the authenticity of reports, 
supplement lost reports, etc. 

Aparticularly useful maintenance report can include long 
term statistical analysis, either automatic or manual, of past 
fire protection system values and readings. Review of sev 
eral consecutive code compliance and maintenance reports 
can often determine trends useful in predicting maintenance 
schedules, facilitate troubleshooting of problems, or fore 
seeing potential problems before they occur. For instance, if 
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over a period of reporting periods, the jockey pump is , 
activated for longer and longer periods of time, it may 
indicate a growing leak in the system or a loss of jockey 
pump efficiency, indicating the need for maintenance 
thereof. This review may be manually performed or may be 
automatically performed by statistical analysis software 34. 
FIG. 13 is a simple flow chart of a preferred method of 

sensing parameter(s), and generating and forwarding a code 
compliance verification report to predetermined entities. 
At Step 710, the system senses one or more parameters or 

a resultant indicator thereof pertinent to code compliance 
verification. At Step 720, the system date/time stamps the 
data and stores it in a recorder. At Step 730, the on-site 
portion 10 establishes communication between recorder 14 
and off-site portion 20, allowing the data stored in recorder 
14 to be accessed and stored in memory within personal 
computer 24. At Step 740, the system determines code 
compliance/non-compliance based on the sensed data, pre 
defined industry standard values and query logic. At Step 
750, the system generates a code compliance verification 
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report and stores the report in memory within personal 
computer 24. At Step 760, the system forwards the code 
compliance verification report to at least one predetermined 
interested entity, such as the building/structure owner, insur 
ance provider or property management company. 

FIG. 14 is a more detailed flow chart of a preferred 
method of acquiring data, and generating and forwarding 
reports to one or more predetermined entities. 
At Step 810, the system senses one or more parameters or 

a resultant indicator thereof pertinent to code compliance 
verification. At Step 815, the system checks for problem 
conditions that warrant real-time notification. If such con 
ditions exist, interested parties are notified (in real-time) of 
the problem conditions (problems) at Step 820. If no such 
conditions exist, the process advances to step 825 in which 
the sensed data along with date/time data is stored in a 
recorder. At Step 830, the on-site portion 10 establishes 
communication between recorder 14 and off-site portion 20, 
allowing the data stored in recorder 14 to be accessed and 
stored in memory within personal computer 24. At Step 835, 
the system adds the data to an existing database tracking the 
data for a particular fire protection system. As step 840, the 
system determines code compliance/non-compliance based 
on the sensed data, predefined industry standard values and 
query logic. If compliance is found, the process advances to 
step 845 and a code compliance verification report is gen 
erated indicating compliance. If the system is not in 
compliance, a code compliance verification reportindicating 
non-compliance is generated at Step 850. These reports may 
be the same, but with different information provided. 
At Step 855, the system determines whether additional 

reports are needed. In particular, an interested party may 
only require the code compliance verification report. 
However, other parties, such as maintenance personnel or 
the property management company, may additionally want 
maintenance and real-time problem reports. If no additional 
reports are necessary, the process advances to Step 875. If 
additional reports are needed, the process advances to step 
860. At Step 860, archive data is retrieved from the database. 
At Step 865, PC 24 conducts statistical analysis on the 
archived data to determine long term trends and the like that 
may provide maintenance information. At Step 870, the 
system generates a maintenance report, which may include 
a listing of all real-time notifications, for use by maintenance 
personnel as well as the building/structure owners or insur 
ers. Depending on how the interested parties desire the 
reports, the code compliance and maintenance/real-time 
notification reports may be combined (combination of FIGS. 
11-12 in one report). In most cases, this combined report is 
preferred. The process then advances to Step 875. 
At Step 875, forwarding procedures for each fire protec 

tion system are reviewed. This information indicates the 
frequency and type(s) of report(s) to be forwarded, identifies 
the interested entities, and identifies the method of delivery 
(such as E-mail, facsimile, mail, etc.). Then, at Step 880, the 
report(s) is/are forwarded to the predetermined entities. The 
process then returns to Step 810 to again sense parameters. 

Code compliance verification reports can be generated for 
other water-based fire protection systems based on the 
particular system and parameters being sensed and verified 
and various codes regulating installation, operation and 
maintenance of such. One of ordinary skill can readily adapt 
a suitable report, based on the exemplary teachings of the 
invention, to accommodate the particular system(s) being 
sensed. 

Moreover, from the exemplary flow charts and detailed 
descriptions, one skilled in the art of programming could 
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readily convert the query logic and parameter comparisons 
used in the written examples into a suitable computer 
program for carrying out the verification. 
The invention has been described with reference to the 

preferred embodiments thereof, which are illustrative and 
not limiting. Various changes may be made without depart 
ing from the spirit and scope of the invention as defined in 
the appended claims. 

For example, while the inventive code compliance veri 
fication system preferably comprises an on-site portion 10, 
including the sensors, recorder 14 and a modem 16, and an 
off-site (remote) central code verifying portion 20, both 
portions can be provided on-site. However, if more than one 
fire system is being verified, it is more cost-effective to have 
a central portion 20 that can communicate with a plurality of 
independent on-site portions 10 to acquire data from and 
verify code compliance of several separate, independent fire 
systems at the same time. 

Additionally, while specific water-based fire protection 
systems have been described, various combinations of such 
systems, or equivalent systems, can be verified without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. A system for verifying code compliance of at least one 

water-based fire protection system component whose opera 
tion and maintenance are based upon fire protection codes 
and associated industry standards, the system comprising: 

at least one sensor for sensing at least one of a parameter 
of said at least one water-based fire protection system 
component and a resultant indicator thereof pertinent to 
code compliance verification; 

means for date/time stamping data from said at least one 
SensOr; 

means for storing date/time stamped data; 
means for verifying code compliance of said at least one 

water-based fire protection system component based 
upon said data; and 

means for generating a code compliance verification 
report based upon said sensor data. 

2. The system of claim 1, further comprising means for 
forwarding said code compliance verification report to at 
least one predetermined entity. 

3. The system of claim 2, wherein said forwarding means 
is automatic. 

4. The system of claim 1, wherein said generating means 
comprises means for automatically generating said code 
compliance verification report. 

5. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes a fire pump. 

6. The system of claim 5, wherein said at least one 
water-based fire protection system component being sensed 
further includes a pressure maintenance pump driven by an 
electric motor and said parameter is selected from the group 
consisting of pump suction pressure, pump discharge 
pressure, system pressure, motor current, motor voltage and 
controller power. 

7. The system of claim 5, wherein said at least one 
water-based fire protection system component being sensed 
further includes a fire pump controller and said parameter is 
selected from the group consisting of fire pump controller 
power, pump room temperature, mode selector switch status, 
pressure switch status, minimum run timer status, weekly 
program timer status, battery voltage, and battery current. 

8. The system of claim 7, wherein several parameters are 
sensed, said sensed parameters including fire pump suction 
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pressure, fire pump discharge pressure, system pressure, 
pressure sustaining pump discharge pressure, one of pres 
sure sustaining pump current and voltage, fire pump con 
troller power, and at least one parameter relating to pump 
driver activation. 

9. The system of claim 8, wherein said at least one 
parameterrelating to pump driver activation is selected from 
the group consisting of motor current, motor voltage, 
exhaust stack temperature, exhaust stack oxygen level, 
steam pressure, steam temperature and turbine speed gov 
enO. 

10. The system of claim 5, wherein said fire pump is 
driven by a diesel engine and said parameter is selected from 
the group consisting of pump suction pressure, pump dis 
charge pressure, system pressure, battery amperage, exhaust 
stack temperature, and exhaust oxygen level. 

11. The system of claim 5, wherein said fire pump is 
driven by an electric motor and said parameter is selected 
from the group consisting of pump suction pressure, pump 
discharge pressure, system pressure, motor current, motor 
voltage and controller power. 

12. The system of claim 5, wherein said fire pump is 
driven by a steam turbine and said parameter is selected 
from the group consisting of pump suction pressure, pump 
discharge pressure, system pressure, controller power, steam 
pressure, steam temperature and turbine speed governor. 

13. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes an automatic sprinkler system and said parameter is 
selected from the group consisting of system pressure, air 
pressure, nitrogen pressure, status of flow switch, status of 
pressure switch, status of tamper switch, status of alarm 
valve, status of control valve, status of air pressure mainte 
nance device, status of dry pipe valve, status of deluge valve, 
specific gravity of antifreeze solution, remote sprinkler 
pressure and control valve room temperature. 

14. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes a standpipe and a hose and said parameter is 
selected from the group consisting of system pressure, status 
of flow switch, status of pressure switch, status of tamper 
switch, status of alarm valve, status of control valve and 
control valve room temperature. 

15. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes a water storage tank system component and said 
parameter is selected from the group consisting of water 
temperature, water level, system pressure, air pressure, 
status of air pressure maintenance device, status of control 
valve, status of alarm valve, status of tamper switch, status 
of temperature alarm, status of water level alarm and control 
valve room temperature. 

16. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes an automatic water spray system component and 
said parameter is selected from the group consisting of 
system pressure, status of flow switch, status of pressure 
switch, status of tamper switch, status of alarm valve, status 
of control valve, status of heat detectors, status of flammable 
gas detectors, status of smoke detectors, discharge time, 
remote nozzle pressure and control room temperature. 

17. The system of claim 1, wherein said at least one 
water-based fire protection system component being sensed 
includes an automatic foam-water discharge system compo 
nent and said parameter is selected from the group consist 
ing of system pressure, status of flow switch, status of 
pressure switch, status of tamper switch, status of alarm 
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valve, status of control valve, status of foam concentrate 
supply, status of proportioner, response time, discharge time, 
remote discharge device pressure, status of heat detectors, 
status of flammable gas detectors, status of Smoke detectors, 
status of foam concentrate pump and control room tempera 
ture. 

18. The system of claim 1, further comprising means for 
sensing at least one of an additional parameter of said at least 
one water-based fire protection system component and a 
resultant indicator thereof pertinent to component 
maintenance, and means for forwarding maintenance infor 
mation to at least one predetermined entity based upon said 
sensing. 

19. The system of claim 18, wherein said additional 
parameter is selected from the group consisting of pump oil 
level, RPM, Hobbs hours, alternator voltage, engine 
temperature, pump housing temperature, and pump bearing 
temperature. 

20. The system of claim 1, further comprising means for 
sensing at least one of an additional parameter and a 
resultant indicator thereof pertinent to system problem 
identification, and means for notifying at least one prede 
termined entity of problem information in real-time based 
upon said sensing. 

21. The system of claim 20, wherein said problem iden 
tification is selected from the group consisting of low 
suction pressure, low discharge pressure, low system 
pressure, excessive pressure sustaining pump run time, 
excessive fire pump run time, excessive pressure sustaining 
pump activations in a given time period, and no activation 
of fire pump system during given reporting period. 

22. The system of claim 1, further comprising means for 
archiving said data and said code compliance verification 
report as a permanent record. 

23. The system of claim 22, further comprising means for 
analyzing said archived data for statistical analysis. 

24. The system of claim 23, wherein said analyzing means 
utilizes the analyzed data to provide maintenance and 
troubleshooting information based on said data. 

25. A system for verifying code compliance of at least one 
water-based fire protection system component whose opera 
tion and maintenance thereof are based upon fire protection 
code and associated industry standards, the system compris 
ing: 

at least one sensor for sensing at least one of a parameter 
of said at least one water-based fire protection system 
component and a resultantindicator thereof pertinent to 
code compliance verification; 

means for date?time stamping data from said at least one 
sensor; 

means at a site of said fire protection system for storing 
said date/time stamped data; 

means at a location remote from the site of said fire 
protection system for generating a code compliance 
verification report based upon said sensor data; and 

communication means for conveying said stored sensor 
data to said remote means for generating said code 
compliance verification report. 

26. The system of claim 25, further comprising means at 
said remote location for forwarding said code compliance 
verification report from said remote location to at least one 
predetermined entity. 

27. A method for verifying compliance of at least one 
water-based fire protection system component whose opera 
tion and maintenance thereof are based upon fire protection 
code and associated industry standards, said method com 
prising the steps of: 
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22 
sensing, at a site of the water-based fire protection system, 

data comprising at least one of a parameter of said at 
least one water-based fire protection system component 
and a resultant indicator thereof pertinent to code 
compliance verification; 

storing said sensed data along with associated date/time 
data in a recorder; 

accessing said sensed data and verifying code 
compliance/non-compliance based on said sensed data 
on a periodic basis; and 

generating a code compliance verification report based 
upon said sensed data on a periodic basis. 

28. The method of claim 27, further comprising a step of 
forwarding said code compliance verification report to at 
least one predetermined entity. 

29. The method of claim 27, wherein said step of report 
generating is performed from a location remote from said 
fire protection system site. 

30. The method of claim 27, wherein said step of access 
ing includes storing the data in a database and said step of 
report generating includes accessing said data in said data 
base and performing computational manipulations to said 
data, including computational comparisons with predeter 
mined acceptable values, and generating a report indicating 
compliance/non-compliance. 

31. The method of claim 30, wherein said step of report 
generating generates a code compliance verification report 
comprising: a report period; fire protection system location 
information; fire protection system normal parameters; date/ 
time stamped parameter data; and a compliance/non 
compliance summary. 

32. The method of claim 28, wherein said step of for 
warding is performed automatically. 

33. The method of claim 28, wherein said step of for 
warding forwards the report by one of E-mail, electronic 
transfer and facsimile. 

34. The method of claim 27, wherein said step of access 
ing is performed automatically. 

35. The method of claim 27, wherein said step of gener 
ating is performed automatically. 

36. The method of claim 27, wherein said step of veri 
fying is performed automatically. 

37. The method of claim 27, wherein said at least one fire 
protection system component being sensed includes a fire 
pump system comprising a fire pump, a pressure mainte 
nance pump, a pressure maintenance pump controller and a 
fire pump controller. 

38. The method of claim 37, wherein said fire pump is 
driven by a diesel engine and said step of sensing senses at 
least one parameter selected from the group consisting of 
pump suction pressure, pump discharge pressure, system 
pressure, battery current, exhaust stack temperature, and 
exhaust oxygen level. 

39. The method of claim 37, wherein said fire pump is 
driven by an electric motor and said step of sensing senses 
at least one parameter selected from the group consisting of 
pump suction pressure, pump discharge pressure, system 
pressure, motor current, motor voltage, and controller 
power. 

40. The method of claim 37, wherein said fire pump is 
driven by a steam turbine and said step of sensing senses at 
least one parameter selected from the group consisting of 
pump suction pressure, pump discharge pressure, system 
pressure, controller power, steam turbine pressure, steam 
turbine temperature and turbine speed governor. 

41. The method of claim 37, wherein said pressure 
sustaining pump is driven by an electric motor and said step 
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of sensing senses at least one parameter selected from the 
group consisting of pressure sustaining pump suction 
pressure, pressure sustaining pump discharge pressure, sys 
tem pressure, motor current, motor voltage, and controller 
power. 

42. The method of claim 27, wherein said fire protection 
system being sensed is selected from the group consisting of 
automatic sprinkler systems, standpipes and hose systems, 
water tank systems, automatic water spray systems and 
automatic foam-water systems. 

43. The method of claim 42, wherein said step of sensing 
senses at least one component of an automatic sprinkler 
system and said parameter is selected from the group 
consisting of system pressure, air pressure, nitrogen 
pressure, status of flow switch, status of pressure switch, 
status of tamper switch, status of alarm valve, status of 
control valve, status of air pressure maintenance device, 
status of dry pipe valve, status of deluge valve, specific 
gravity of antifreeze solution, remote sprinkler pressure and 
control valve room temperature. 

44. The method of claim 42, wherein said step of sensing 
senses at least one component of a standpipe and hose 
system and said parameter is selected from the group 
consisting of system pressure, status offlow switch, status of 
pressure switch, status of tamper switch, status of alarm 
valve, status of control valve and control valve room tem 
perature. 

45. The method of claim 42, wherein said step of sensing 
senses at least one component of a water storage tank system 
and said parameter is selected from the group consisting of 
water temperature, water level, system pressure, air 
pressure, status of air pressure maintenance device, status of 
control valve, status of alarm valve, status of tamper switch, 
status of temperature alarm, status of water level alarm and 
control valve room temperature. 

46. The method of claim 42, wherein said step of sensing 
senses at least one component of an automatic water spray 
system and said parameter is selected from the group 
consisting of system pressure, status of flow switch, status of 
pressure switch, status of tamper switch, status of alarm 
valve, status of control valve, status of heat detectors, status 
of flammable gas detectors, status of smoke detectors, 
discharge time, remote nozzle pressure and control room 
temperature. 
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47. The method of claim 42, wherein said step of sensing 

senses at least one component of an automatic foam-water 
discharge system and said parameter is selected from the 
group consisting of system pressure, status of flow switch, 
status of pressure switch, status of tamper switch, status of 
alarm valve, status of control valve, status of foam concen 
trate supply, status of proportioner, response time, discharge 
time, remote discharge device pressure, status of heat 
detectors, status of flammable gas detectors, status of smoke 
detectors, status of foam concentrate pump and control room 
temperature. 

48. The method of claim 27, wherein said method further 
comprises the steps of sensing at least one of an additional 
parameter of said equipment and a resultant indicator thereof 
pertinent to equipment maintenance, and forwarding main 
tenance information to at least one predetermined entity 
based upon said sensing. 

49. The method of claim 48, wherein said maintenance 
information comprises a part of said code compliance veri 
fication report and said step of forwarding said maintenance 
information and said step of forwarding said code compli 
ance verification report are the same. 

50. The method of claim 27, wherein said method further 
comprises the steps of sensing at least one of an additional 
parameter of said at least one fire protection system com 
ponent and a resultant indicator thereof pertinent to compo 
nent problem identification, and notifying at least one pre 
determined entity in real-time of the problem information. 

51. The method of claim 50, wherein said problem 
information comprises a part of said code compliance veri 
fication report and said step of notifying is additionally 
performed with forwarding of said code compliance verifi 
cation report. 

52. The method of claim 27, further comprising a step of 
archiving said data and said code compliance verification 
report as a permanent record. 

53. The method of claim 52, further comprising a step of 
analyzing said archived data for statistical analysis. 

54. The method of claim 53, further comprising a step of 
utilizing said analyzed data to provide maintenance and 
troubleshooting information. 
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