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TITLE
Storage Occupancy Sprinkler System
CROSS-REFERENCE TO RELATED APPLICATIONS
{8061} This application claims prienity from siularly-titled U8, Provisional Patent
Application No. 63/244,307, filed September 15, 2021, and simiarly-titted U.8. Provisional
Patent Application No. 63/244,514, filed September 15, 2021, the entire contents of each of

which are incorporated by reference herein.

BACKGROUND OF THE DISCLOSURE

{0002} The disclosure generally relates to sprinkler systems, and, more particalarly, to
storage occupancy sprinkler systems.

16003} A storage occupancy sprinkler system generally includes a water supply, ¢g., a
city/municipal supply or a reservoir tank and pump supply connected (via piping, eg,
underground) to a main riser conduit generally vertically extending upwardly to an elevation
proximate the occupancy ceiling. Generally, in a grid, tree or loop system, the main riser conduit
15 connected to at least one laterally extending cross-main conduit, e.g., without limitation, a near
cross-main, a far cross-main, and/or a looped-main, extending generally parallel to the
underlying ground surface. Branchlines laterally extend from the cross-main conduit(s) {also
generally parallel to the underlying ground surface} with storage sprinkler heads projecting from
the branchlines.

[0004] Storage sprinkler heads are generally defined to be those sprinkler heads which are
listed and approved by nationally recognized testing agencies and approval bodies such as UL
Solutions and FM Approvals for protecting storage occupancies, including occupancies having
storage ocoupancies theremn. Such sprinkler heads generally have a k-factor of at least 11.2 and
commonly mclude Early Suppression Fast Response ("ESFR”) spunkler heads, Control Mode
Specific Application (“CMSA”) sprinkler heads, Control Mode Density Area {(“CMDA”)
sprinkler heads, among others. Various nationally recognized standards bodies such as the
National Fire Protection Association {"NFPA”) create standards for the use and jnstallation of
storage sprinklers, which are often incorporated into state, local, and regional bulding codes, and
which are applied by local Authorities Having Junisdiction (“AHI”), for storage occupancy

sprinkler systems. Additionally, certain bodies, such as FM Approvals, promuigate standards for
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the installation of storage sprinklers in storage occupancies in order to be approved to obtain
commercial insurance for those occupancies. These standards act to require the use of histed
storage sprinklers in storage occupancies. These standards may differentiate storage sprinkiers
by the sprinkier to sprinkler spacing at which they may be installed, with sprinklers known as
standard coverage sprinklers generally being mstalled at up to approximately ten {10) feet apart,
and extended coverage sprinklers, which may generally be installed at up to approximately
fourteen (14) feet apart.

{B005] Storage occupancies commonly have ceiling heights of approximately 15 ft or higher
and typically employ Early Suppression Fast Response ("ESFR”) sprinkler heads. As previously
described, however, other forms of storage sprinkler heads, including those identified above,
may be suitable for use depending on the jurisdiction, the commodity, the ceiling height, and
other factors appreciated by those of ordinary skill in the art.  Storage of commodities s
generally permitted to be piled up to approximately 3 ft below the sprinkler heads.

6066} One of the aforementioned characteristics of storage sprinkler heads 1s the k-factor,
As used herein, the k-factor 1s defined as a constant representing the sprinkler head discharge
coefficient that 1s quantified by the flow of flud 1o gallons per minute (GPM) from the sprinkler
head outlet divided by the square root of the pressure of the flow of flud fed into the inlet of the
sprinkler head orifice m pounds per square inch (PSY). The k-factor 15 expressed as GPM/VPST
and the metric equivalents thereof. Industry accepied standards, such as, for example, the NFPA
standard entitled “NFPA 13: Standards for the Installation of Sprinkler Systems” ("NFPA 137)
{2010 ed.) and its updated edition NFPA 13 (2019 ed.), provide a rated or nominal k-factor or
rated discharge coefficient of a sprinkler head as a mean value over a k-factor range. For
example, for a k-factor greater than 11.2, NFPA 13 provides the following nominal k-factors in
GPMAPSE {with the k-factor range shown in parenthesis}: (1) 11.2 (10.7-11.7); (1) 14.0 (13.5-
14.5); (it1) 16.8 (16.0-17.6): (iv) 19.6 (18.6-20.6); (v} 22.4{21.3-23.5); (vi) 25.2(23.9-26.5); (vii)
28.0 (26.6-29.4); (vii) 33.6 (31.9-35.3); (ix) 36.4 (34.6-38.2) or higher.

{0087} As should be understood, the pressure at which a sprinkler is fire tested, ie., the
sprinkier design pressure, dictates the minimum operating pressure that a respective sprinkier
head should encounter during use m the sprinkler system and sets the basis the hydraulic demand
calculations for the storage sprinkler system. That is, the total of the sprinkler design pressures

of the hvdraulically most remote group of sprinklers heads in the sprinkler system, as well as the
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total of the respective flow rates for those sprinkler heads, defines the sprinkler system demand,
i.e., the required flow rate and flowing pressure to ensure that the hydraulically most remote
design area of the sprinkler system 15 supplied with the proper amount of flow and pressure.
Thus, sprinkler system demand is generally calculated by considering the pressure required for
each of the sprinkler heads i the hydraunlically most remote area of the system and then adding
the various pressure losses back to the supply. For example, pressure losses within the system
resulting from sprinkler head elevation, valving within the system, and friction within the piping
network are accounted for. Friction losses within the piping network are significant, and, for
straight segments of piping, are highly dependent on pipe inside diameter, with smaller pipe
mside diameters having greater friction loss than pipe with larger inside diameters.

10008} These criteria are calculated to ensure that the water supply provides the proper
amount of flow and pressure to the most hydraulically demanding area of the system. In a
reservoir tank supply system, a main pump is required to provide the necessary supply pressure
and flow rate to achieve at least the sprinkler system demand. In a city/municipal supply system,
a main pump is generally required to supplement the city pressure fo provide the necessary
supply pressure and flow rate to achieve the sprinkier system demand.

[8809] Ensuring proper flow and pressure to the most hydraulically demanding area of the
systern, subjects areas of the system in less hydraulically demanding locations to higher system
pressures. Known storage sprinkler heads having a k-factor of at least 11.2 have a sprinkier
rating of 175 psi. That 1s, the highest system pressure, flowing or static, that any sprinkler head
in the sprinkler system is permitied to encounter under normal working conditions is 175 psi.
The other components of the sprinkler system, ¢.g., the piping network, are typically rated higher
than 175 psi. Accordingly, the sprinkler heads are the lowest pressure-rated component of a
storage occupancy sprinkler system, and, therefore, limit the options available when selecting
other components of the storage occupancy sprinkler system to ensure that the appropriate
sprinkler system demand 18 achieved while also avoiding exceeding the 175-psi sprinkler rating.
{6010 For example, the hydraulic demand calculations may impose a muinimum inside
ciameter limitation on the piping, e.g., the inside diameter of the branchlines, if use of an inside
diameter smaller than that minimum would result in the maximum system pressure exceeding the
sprinkler heads’ rated pressure. Practically, storage occupancy sprinkler system designers are

fimited to selecting piping for use in the risers and branchlines from a set of standardized sizes
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and mside diameters of such piping {(custom sizes being impractical}. Thus, where the
determined mimmum inside diameter limitation does not correspond to an available standardized
inside diameter of such piping, the designer is obligated to select at east the next largest standard
size of piping. Larger inside diameter piping i1s generally more costly than smaller inside
diameter piping. Therefore, one drawback of the 175-psi sprinkler rating is that a storage
occupancy sprinkler system designer is often limited to utilizing more expensive components,
such as branchline and riser piping, whereas an overall more cost-effective storage occupancy
sprinkler system might be employed absent the sprinkler maximum pressure rating of 175 psi.

0011} It would, therefore, be advantageous to utilize storage sprinkler heads having a k-
factor of at least 11.2 and a sprinkler rating of greater than 175 psi to provide a designer with

greater flexibility to design a more cost-effective storage occupancy sprinkler system.

BRIEF SUMMARY OF THE DISCLOSURE

{0012} Briefly stated, one aspect of the present disclosure is directed to storage occupancy
sprinkler system having a fluid supply system, at least one cross-main pipe thudly connected
with the fluid supply system, a plurality of branchlines extending from, and fluidly connected
with, the at least one cross-main pipe, and a plurality of storage sprinkler heads projecting from,
and fluidly connected with, the plurality of branchlines. The storage sprinkler heads have a k-
factor of at least 11.2 and a sprinkler rating greater than 175 psi.

10013} In one configuration of the storage occupancy sprinkler system, the branchlines have
an aside diameter between approximately 1.61 inches and approximately 3.32 mches.

10014} In any one of the previous configurations of the storage occupancy sprinkler system,
the the fluid supply system may include a mam purap and a jockey pump.

8015} In any one of the previous configurations of the storage occupancy sprivkler system,
the fluid supply system provides a supply pressure, the supply pressure being greater than 175
pst.

[8916] In any one of the previous configurations of the storage occupancy sprinkler system,
each storage sprinkler head of the plurality of storage sprinkler heads has an RTT of less than 50,
{8817} In any one of the previous configurations of the storage occupancy sprinkler system,

the storage sprinkler heads may have a sprinkler rating of at Jeast 200 psi.
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0018} In any one of the previous configurations of the storage occupancy sprinkler system,
the storage sprinkler heads may have a sprinkler rating of at least 250 psi.

0019} In any one of the previous configurations of the storage occupancy sprinkler system,
the storage sprinkler heads may have a sprinkler rating of up to 300 psi.

{0028} In any one of the previous configurations of the storage occupancy sprinkler system,
the at least one cross-main pipe may include a near cross-main pipe and a far cross-main pipe,
and the branchlines may extend between the near cross-main pipe and the far cross-main pipe.
{9921} In any one of the previous configurations of the storage occupancy sprinkler system,
the storage occupancy sprinkler system may be a ceiling-only system.

{6022} One aspect of the present disclosure is direcied to a sprinkler system for providing
fire suppression to a storage occupancy, the storage occupancy including a floor and a ceiling
iocated at a height greater than 35 feet above the floor. The sprinkier system includes a fluid
supply system capable of providing a static pressure of greater than 173 psi, a control valve
fluidly connected with the fluid supply system, a check valve located downsiream of the control
valve and fluidly connected thereto, and a plurality of storage sprinkler heads. The storage
sprinkler heads each have a body with an onifice therethrough, the orifice being sealed by a
sealing assembly configured to withstand a hydrostatic strength test pressure of greater than 700
pst and which has a rated pressure greater than 175 psi, a nominal k-factor rating of at least
k168, and a thermal trigger having an RTY of less than 50 A network of pipes extend between
and fhndly connect the check valve and the plurality of storage sprinklers heads.

[6023] In one configuration of the sprinkler system, the fhud supply systems may mclude a
fluid source and at least one pump.

[8024] In any one of the previous configurations of the sprinkier system, the fhud supply
system may include a main pump and a jockey pump.

8025} In any one of the previous configurations of the sprinkler system, the phuwrality of
storage sprinkler head may be located proximate to the cetling. In one such configuration, each
storage sprinkler head of the plurality of storage sprinkler heads may include a fhud deflector
located at a distance of between approximately 4 inches and approximately 30 inches from the
ceiling.

| 0026} In any one of the previous configurations of the sprinkler system, at least one storage

rack may be included i the storage occupancy, the at least one storage rack having at least one
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commodity stored thereupon at a storage height of greater than twelve feet above the floor. In
one such configuration, at a least a portion of the plurality of storage sprinkler heads may be
disposed within the at least one rack.

{60627} In any one of the previous configurations of the sprinkler system, the plurality of
storage sprinkler heads may be chosen from a group consisting of pendent sprinklers and epright
sprindklers.

[0028] In any one of the previcus configurations of the sprinkler system, each storage
sprinkler head of the plurality of storage sprinkler heads s an ESFR sprinkler.

0029} One aspect of the present disclosure is directed to a method of determining a
branchiine size for a storage occupancy sprinkler system having a fluid supply system, at least
one cross-main pipe fluidly connected with the fluid supply system, a plurality of branchlines
extending from, and fluidly connected with, the at least one cross-main pipe, and a plurality of
storage sprinkler heads projecting from, and fluidly connected with, the plurality of branchlines.
The method comprising the steps of (1} selecting a type of storage sprinkler head having a k-
factor of at least 11.2 and a sprinkler rating greater than 175 psi, to employ for the plurality of
storage sprinkler heads;, () determining a design area for the storage occupancy sprinkler
system; (I} selecting a branchlive size for the storage occupancy sprinkler systern; (IV)
calculating a system demand for the storage occupancy sprinkler system according to the
selected storage sprinkler head within the determined design area and according to the selected
branchhing size; (V) selecting a main pump capable of supplyving a combination of the calculated
system demand and an additional safety factor; {VI) calculating a pump rated pressure of the
sefected main pump; (VI calcolating a static output pressure of the selected main pump based
on the pump rated pressure; and (VII) calculating a supply pressure based on the static output
pressure of the selected main pump. Steps (I} - (VI are not fimited to any particular order and
may be performed 1 any suitable order. At step (IX), if the calculated supply pressure is less
than 175 psy, the method further includes repeating steps (I) - (VHI}, wherein the selected
branchline size 1s a first branchline size and step (1I) includes selecting a second branchline size
smaller than the first branchline size. If, however, the calculated supply pressure i1s greater than
the sprinkler rating of the selected storage sprinkler, the method further includes repeating steps
{1y — (VIH}, wherein the selected branchline size 15 a first branchline size and step (1) includes

selecting a second branchline size greater than the first branchline size. Step (X} includes
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repeating step (IX) until a branchline size 15 selected that results in a closest supply pressure to
the sprinkler rating of the selected storage sprinkler without exceeding the sprinkler rating of the

selected storage sprinkler.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{0936} The following description of the disclosure will be better understood when read in
conjunction with the appended drawings. It should be understood, however, that the disclosure
is not limted to the precise arrangements and instrumentalities shown. In the drawings:

(0031} Fig. 1 15 a schematic view of a conventional storage occupancy sprinkier system;
{0032} Fig. 2 s a cross-sectional, schematic view of the conventional storage occupancy
sprinkler system of Fig. 1, taken along sectional line 2-2;

{0033} Fig. 3 15 a schematic view of a storage occupancy sprinkler system of the present
disclosure;

10034} Fig. 4 15 a cross-sectional, schematic view of the storage cccupancy sprinkler system
of Fig. 3, taken along sectional line 4-4;

8035} Fig. S is a perspective view of a storage occupancy employing the storage occupancy
sprinkler system of Fig. 3;

10036} Fig. 6A is a front elevational view of a storage sprinkler head employable i the
storage occupancy sprinkler system of Fig 3, the storage sprinkler head having a fusible link
type thermal trigger;

(8937} Fig. 6B 1s a perspective view of the storage sprinkler head of Fig. 64;

6038} Fig. 7 15 a front elevational view of a storage sprinkler head employable in the storage
occupancy sprinkler system of Fig. 3, the storage sprinkler head having a glass-bulb type thermal
trigger; and

0939} Fig. 8 13 an elevational view of a storage occupancy having storage racks and

eraploying ceiling and in-rack storage sprinkler heads.

DETAILED DESCRIPTION OF THE DISCLOSURE

0048} Certain terminology 18 used 1 the following description for convenience only and 1s
not broting.  The words “lower,” “bottom,” “upper” and “top” desiguvate directions i the

drawings to which reference 1s made. The words “inwardly,” “outwardly,” “upwardly” and
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“downwardly” refer io directions toward and away from, respectively, the geometric center of
the sprinkler system, and designated parts thereof, in accordance with the present disclosure. In
describing the sprinkler system, the term proximal is used in relation to the upper end of the
device and the term distal is used in relation to the bottom end of the device. Unless specifically

35

set forth herein, the terms “a,” “an” and “the” are not limited o one element, but instead should
be read as meaning “at least one.” The terminology includes the words noted above, derivatives
thereof and words of similar import.

{6041} It should also be understood that the terms “about,” “approximately,” “generally.”
“substantially” and like terms, used herein when referrning to a dimension or characteristic of a
component of the disclosure, indicate that the described dimension/characteristic is not a strict
boundary or parameter and does not exclude nunor variations therefrom that are functionally
similar. At a mimimum, such references that include a numerical parameter would include
variations that, using mathematical and industrial principles accepted in the art {e.g., rounding,
measurement or other systematic errors, manufacturing tolerances, etc ), would not vary the least
significant digit.

(6042} Referning to the drawings in detail, wherein hike numerals indicate like elements
throughout, there 18 shown i Figs. 1 and 2 a schematic, conventional storage occupancy
sprinkler system 1. A storage occupancy 5O (see Fig. 5) stores stored commodities 52 therein.
As shown in Fig. 5, the stored commuodities 52 may be located, and piled upon, the floor S0b. As
shown in Figure 3, the stored commodity/commodities 52 may additionally or alternatively be
focated on storage racks 34 disposed within the storage occupancy 50 The racks 54 may be
configured in single-row, double row or multi-row racks 54, When the stored commodity 52 1s
disposed in such rack storage, the storage sprinklers may also be disposed within the racks 34,
re, an in-rack sprinkler syster, 1n addition to those located adjacent the storage occupancy
ceiling 50a.

{08043} As should be understood by those of ordinary skill in the art, a stored commodity 52
mcludes any of the commodity classifications identified in FM 8-9 and NFPA 13 guidelings,
such as: Class 1, Class 2, Class 3, Class 4, cartoned unexpanded plastic, cartoned expanded
plastic, uncartoned unexpanded plastic, uncarioned expanded plastic, rubber tires, roll paper, idle
pallets, and high bay records. Under NFPA 13 guidelines, plastic commodities are classified

under Group A, Group B-Class IV, or Group C-Class I plastics with Group A plastics being the
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most combustible or highest hazard. The Group A plastics are separately classifiable as cartoned
{unexpanded or expanded} and uncartoned (unexpanded or expanded). According to NFPA 30
guidelines, stored commaodities 52 may also include flammable and combustible liquuds.

{0044} For simplification, the sprinkier system 1 has a fhud supply system comprising a
reservolr tank and a pump system. As should be understood by those of ordinary skill in the art,
m such a system the reservoir tank represents the fhud supply, and a main pump provides the
supply pressure and flow rate necessary to achieve at least the sprinkler system demand
Additionally or alternatively, the fluid supply system may also comprise a city/municipal supply
system, where the city/municipal system forms at least a portion of the fluid supply and the main
pump supplements the city pressure to provide the combined supply pressure and flow rate
necessary to achieve the sprinkler system demand. In either form of fluid supply system, a
jockey pump may be emploved to compensate for small pressure variations as described in
further detail below.

[9045] Generally, an example ceiling-only conventional storage occupancy sprinkler system
1 includes a reservoir tank 2 {(which may supplement a city water supply CW) connected to the
main pump 3, which is connected to a man riser pipe 4. The main riser pipe 4 extends generally
vertically upwardly (through a coutrol valve 4a and optionally also through a check valve 4b) to
an elevation proxumate the occupancy ceiling 50a. In a non-linuting grid system, the man riser
pipe 4 1s connected proxumate the upper end thereof to laterally extending cross-mamn conduits,
g.g., a near/primary cross-main pipe S and/or a far/secondary cross-main pipe 6 extending
generally parallel to the underlying ground surface. Branchlinegs 7 laterally extend from and/or
between the cross-main conduits S, 6 {also generally paraliel to the underlying ground surface)
with conventional, ceiling-level storage sprinkler heads 8 projecting from the branchlines 7. An
m-~rack storage sprinkler system typically includes a fluid supply, e.g via a conduit(s} extending
from the reservorr tank 2 and/or the city water supply CW, fhudly connected to a generally
vertically extending riser conduit(s} 56 proximate individual arrays 38 of multi-level storage
racks 54. At least one branchline 60 15 fluidly connected to, and generally horizontally extends
from, a riser condhuit 56 and through a level{s) of the multi-level storage racks 54, and into fluid
commumication with the storage sprinklers disposed within the racks 54 As should be
understond, the storage sprinklers disposed within the racks may be the same or different from

the cetling-level storage sprinklers.
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| 0046} In the example, ceiling-only conventional storage occupancy sprinkler system , the
sprinkler heads 8 are generally located proximate the cetling level at an elevational distance
between approximately four {4) inches and approximately thirty {30} inches below the ceiling
50a, such as, for example, between approximately four (4) inches and eighteen (18} inches below
the ceiling 50a. As should be understood by those of ordinary skill in in the art, the conventional
storage sprinkler heads 8 have a k-factor of at least 11.2 and a sprinkler rating of 175 psi.

{0047} A jockey pump 9 is also connected with the sprinkler system 1, e.g., with the main
riser pipe 4. As should be understood by those of ordinary skill in the art, the jockey pump 9 52
small capacity pump wnstalled fo maintain system pressure in the piping network that might
otherwise decay over tume and briefly trigger the main pump 3. Jockey pumps commonly
maintain the pressure in the system above the pressure of the main pump 3 under static
conditions. That is, a jockey pump 9 is selected to be capable of ocutputiing the main pump 3
static pressure and some additional static pressure. A jockey pump 9, however, cannot support
the flow required by even a single activated sprinkler. Accordingly, if a sprinkler head 8 is
activated, there will still be a pressure drop that 1s sensed by the main purop 3 and cause the man
pump 3 to activate. Therefore, 1n a reservoir tank and pump system, the system supply pressure
15 the total of the main pump 3 static pressure {(as will be described 1n further detail below), 1,
putnp churn, and the additional jockey pump 9 static pressure.  In a cify/municipal supply
system, the system supply pressure is the total of the city pressure, the main pump 3 static
pressure and the additional jockey pump 9 static pressure.  For sumphicity and consistency
throughout the disclosure, 1t will be assumed that the additional jockey pump static pressure adds
10 pst of pressure to the sprinkler system, but the jockey pump can add different amounts of
PESSUTE.

{00438} One non-limiting example of a 200 ft X 200 £ conventional storage occupancy
sprinkler system 1 1s provided to generally explain how current storage occupancy sprinkier
systerns are designed.  In this example, there are twenty branchlines 7, with successive
branchiines 7 spaced approximately ten feet apart, and the storage sprinkler heads 8 are ESFR
sprinkler heads having a k-factor of 14 The sprinkler design pressure is approximately 56 psi,
thereby providing a flow of approximately 105 gpm therethrough (calculated in a manner well
understood by those of ordinary skill in the art). As should be undesrstood by those of ordinary

skill in the art, a common design area DA for system demand calculation of ESFR sprinkler
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heads 8 may be formed of the four hydraulically most remote sprinkler heads 8 along each of the
three hydraulically most remote branchlines 7 in the system, te, a 3 X 4 gnid of twelve ESFR
sprinkler heads 8. However, other accepted rectangular or non-rectangular design areas for
system demand calculation of storage sprinkler heads & may be equally selected, including, for
example, without limitation, systems where the three hydraulically most remote sprinkler heads 8
along each of the three hydraulically most remote branchlines 7 in the system, e, a 3 X 3 grid
of nine sprinkler heads 8, form the design area.

[6049] As should be understood, the system demand calculation factors in the pressure
required at the individual sprinkler heads § within the design area DA in addition to the pressure
iosses within the system between the reservoir tank 2 supply and the sprinkler heads 8. Pressure
iosses within the system result primarily from pipe friction, turbulence at fittings and valves, and
elevation changes. As also should be understood by those of ordinary skill in the art, NFPA 13
approves of the Hazen-Williams formula, 1e, P= {452 * Q185 /(C1 85 * D48TH ¥ L, to
calculate and total pressure losses in the system piping between nodes, where: P = frictional
resistance {psi/ft of pipe), Q = tlow through the pipe (gpm or metric equivalent}, C = frictional
foss coefficient based on pipe material, I = actual jnside diameter of pipe (inches) and L = the
iength of the pipe between nodes. As should be understood by those of ordinary skill in the arn,
nodes are represented by changes 1o at least one of flow rate, pipe size or piping material. With
respect to pressure losses due to elevation changes, the accepted pressure loss due to gravity for
water 13 3.433 psi for every foot of vertical elevation. Pressure foss calculations at fittings and
valves are generally calculated, according to NFPA 13 and as undersiood by those of ordmary
skill 1 the art, by determuning the equivalent length of pipe that would give the same friction
foss as the type of elbow joint or valve based on NFPA 13 (2019 ed), Table 272311
{Equavalent Schedule 40 Steel Pipe Length Chart along with the Equivalent Length Modifier
Section 27.2.3.1.3 to accommodate Schedule 10 piping ). Equivalent lengths of various fittings,
valves, and other piping components are commonly provided by their manufacturers for this
PUIPoSe.

10058} As should be appreciated by those of skill in the art, piping used in sprinkler systems
is referenced by nominal designation systems that are related to the outer diameter of the pipe in
question by various national, international, and jurisdictional standards, most commonly the

NPS, DN, and JIS standards promulgated by the ANSI/ASME, the European Committee for
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Standardization {("CN"}, and the Japanese Industrial Standards Commiitee, respectively. Less
common piping standards, such as EN 1127 as promulgated by CN, may refer to piping by its
actual outside diameter. Pipe manufacturers may also offer proprietary piping sizes. The inside
diameter of the pipes, including as used in the Haren-Williams formula and similar calculations,
is 3 function of the nominal pipe size as well as the wall thickness, which is denoted as the pipe
schedule in the NPS standard {(and other terms known to those of skill in the art for the other
systems}. Further, all dimensions specified in these systems are nominal {or target} dimensions
with a certain variation or tolerance in dimension and ovality permitied to accommodate
manufacturing variability. While some overlap and equivalency of these various standards exist,
the disclosure is not himited to use with any particular piping standard, designation, or schedule,
and the references to pipe inside diameter used herein 1s the nominal inside diameter of piping
under any of these descriptors, including the metric conversions thereof

8051} In the present non-limiting example, the piping in the system is NFS Schedule 40
carbon steel pipe, the branchlines 7 are approximately 200 ft. long, the cross-main pipes 3, 6 are
approximately 200 ft. long and the main riser 4 1s approximately 40 fi. high. Additionally, the
near cross-main pipe 3 has an inside diameter of approximately 6.06S inches and the far cross-
main pipe 6 has an inside diameter of approximately 4.026 nches, which are prevalent cross-
main dimensions and correspond to NPS 6 and NPS 4 pipe, respectively. The system demand
for the present example of a conventional storage occupancy sprinkler system 1 has been
calculated (see Appendix A} utihizing the Hydraclic Analyzer of Sprinkler Systems ("HASS™}
program sold by HRS Systems, Inc, which is an mdustry accepted tool for hydraulic analysis
utihized by those of ordmary skill i the art.

[8052] In the present example, and as shown in the calculations in Appendix A, the smallest
standardized NPS pipe which can be utilized for the branchlines 7, while not exposing the
sprinkler heads 8 n the system to a pressure exceeding 175 psi, 15 NPS 2.5, having an mside
diameter ID (see Fig. 2} of approximately 2.469 inches. As previously described, storage
occupancy sprinkler system designers are predominantly himited to selecting piping from the
standardized sizes offered. In the present example, NPS 2.5 pipe is the smallest standard sized
pipe which may be utilized for the branchlines 7 without exposing the sprinkler heads 8 in the

system {0 a pressure exceeding 175 psi,
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0053} That is, the calculated system demand s approximately 108 psi at approximately
1264 gpm when NPS 2.5 pipes are utilized for the branchlines 7. This pressure, however, s
flowing pressure, and, as should be understood, the supply pressure when the system 1s closed,
ie., static pressure at zero flow, must be greater than the system demand. Therefore, it 15 the
static supply pressure that must remain less than the sprinkler rating. The supply pressure
depends upon the main pump 3 selecied The AHJ, e g, the local fire department, generally
requires that the main pump 3 be capable of supplving the system demand as well as an added
safety margin on top of the system demand, 1.e., a safety factor, {0 ensure that the system demand
1s met. Generally, a 10 psi or 10% safety margin is acceptable. As should be understood by
those of ordinary skill in the art, in a city/municipal supply system, & main pump 3 must be
selected that is capable of supplementing the city flow and pressure to meet the system demand
and safety factor total

0054} Generally, fire pumps are selected based on their rated flow and pressure capacity.
Listed fire pumps, 1.e., pumps that are tested and approved to meet testing agency requirements,
are offered 1u standard flow rate capacities, e.g., 250 gpm, 500 gpm, 750 gpm, 1000 gpm, 1250
gprn, 1306 gpro, 2006 gpro, 2500 gpm, and others. Fire pumps are required to operate up to
about 150% of their rated flow. Therefore, it 1s not required to select a fire pump rated at the
systern flow demand as this would result m an oversized, and, therefore, unnecessaridly more
expensive pump. The system demand flow rate should generally fall between approximately
90% and approximately 140% of the selected pump rated capacity, such as, for example,
between approximately 115% and approximately 135% of the selected pump rated capacity. For
example, in the present example having a system flow demand of approximately 1264 gpm, a
matn pumnp 3 having a pump rated capacity of 1000 gpm would be acceptable, as the system
demand flow rate would be abowt 126.5% of the selected pump rated capacity.

8035} Subsequently, puomp performance curves for pumps of the selected flow capacity at
differing rated pressures, i.e., the pressure output of the pump at the pump rated flow capacity,
are analyzed to assess whether a respective pump meets the combined system demand pressure
and safety factor at the system demand flow rate. Thus, the pump pressure rating shouid be
ereater than the combined system demand pressure and safety factor. As should be understood
by those of ordinary skill in the art, pressure output of a pump descends with increasing flow

rate. Selecting a main pump 3 having a pressure rating within 5 psi greater than the combined

-
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system demand pressure and safety factor 13 very efficient.  Accordingly, for simplicity and
consistency between the examples herein, a pressure decay of 5 pst between the pump rated
pressure and the combined system demand pressure and safety factor 1s assumed. That is, for the
present example, the pump rated pressure is estimated to be approximately 123 psi, 1.e, the total
of 108 pst system demand pressure, 10 pst safety factor and 5 psi pressure decay between the
pump rated pressure and the combined system demand pressure and safety factor.

0056} Once the pump rated pressure is calculated, the pump churn, e, the static pressure
output of the pump operating at zero flow, may be calculated. Listed fire pumps must have a
pump churn within 140% of the pump rated pressure. Frequently, fire pumps have a pump churn
within 115% of the pump rated pressure, and, for consistency throughout the disclosure, the
pump churn will be calculated at 115% of the estimated pump rated pressure. Therefore, in the
present example, the pump churn of the main pump 3 is approximately 141.5 psi. Thus, the
supply pressure, i.e., the total of the main pump 3 pump churn and the additional jockey pump 9
static pressure, for the present example of a conventional storage occupancy sprinkler system 1,
15 approximately 151.5 psi. Accordingly, this exemplary system is suitable as a conventional
storage occupancy sprivkler systemn 1 because the selected main pump 3 15 able to meet the
calculated system demand of 108 psi without any exposing the conventional storage sprinkler
heads 8 of the system to a pressure exceeding the 175-psi rating thereof.

{6087} Turning to Figs. 3-7, a gndded, celding-only storage occupancy sprinkler system,
generally designated 10, in accordance with an embodiment of the present disclosure 1s
schematically shown. As should be understood by those of ordinary skill in the art, however, the
present disclosare is also equally applicable to a tree or loop system 1o storage occupancy with
storage sprinkler heads 18 mounted proximate the ceiling 50a only or additionally mounted
within storage racks 54 (Fig. 8}, Sumularly to the conventional sprinkler system 1, the sprinkler
system 10 also takes the form of 3 reservorr tank and pump system {although the disclosure 13
equally apphcable to a city/mumcipal supply system) configured for a storage occupancy 50
housing storage commuodities 52, 1.e, at least one commodity of one of Class 1, Class 2, Class 3,
Class 4/cartoned unexpanded plastic, cartoned expanded plastic, uncartoned unexpanded plastic,
uncartoned expanded plastic, rubber tires, roll paper, idle pallets, high bay records, Group A

cartoned {unexpanded or expanded) and uncarioned {unexpanded or expanded) plastics, Group
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B-Class 1V, Group C-Class I plastics, flammable and combustible hiquids, and combinations
thereof.

{0058} The storage occupancy sprinkler system 10 includes a reservoir tank 12 connected to
a main pump 13, which 15 connected to a main riser pipe 14, As previously indicated, the
reservolr tank 12 may supplement a city water supply CW). The main riser pipe 14 extends
generally vertically upwardly to an elevation proximate the cccupancy cetling 50a. A control
valve 14a {and optionally a check valve 14b) is positioned along the main riser pipe 14 and
operable in a manner well understood by those of ordinary skill in the art. The main riser pipe 14
15 connected proximate the upper end thereof to laterally extending cross-main conduits, e.g., a
near cross-main pipe 15 and a far cross-main pipe 16 extending generally parallel to the
underlying ground surface. Branchlines 17 laterally extend between the cross-main conduits 135,
16 {also generally parallel to the underlying ground surface) with storage sprinklers heads 18
projecting from the branchlines 17

[6059] In the sprinkler system 10, the storage sprinkler heads 18 have a k-factor of at least

11.2, e.g, without linutation, between 16.8 and 36.4, with a sprinkler rating of greater than 175

psi, e.g., without hmutation, between approximately 200 pst and approxamately 300 psi, fo
provide a designer with greater flexibility 1o design a more cost-effective storage occupancy
sprinkler system. A jockey pump 19 15 also connected with the sprinkler system 10, e.g., with
the main riser pipe 14,

{8060} As shown in Figs. 6A-7, the storage sprinkler head 18, by way of a non-limiting
example, 5 a pendent sprinkler, te., generally configured for installation in a pendent
orientation.  Upright storage sprinkler head orientations are equally applicable, however. The
sprinkler head 18, mncludes a sprinkler frame 22 having a proximal frame body 22a configured
for attachment o the branchline 17, e.g, via threaded engagement, a coupling or the like, and a
pair of frame arms 22b extending individually and distally from the frame body 22a and
converging at a distally terminal nosepiece 21, The nosepiece 21 15 configured to secure a flmd
deflector 24 thereto. As should be undersiood, the fluid deflector 24 is designed to distribute fire
suppression fhud in a manner consistent with listings for accepted storage sprinklers.

{8061} The sprinkler frame body 22a defines a proximal inlet 22¢, a distal outlet 224, and an
nternal fire suppression fluid orifice 23 extending therebetween which defines a sprinkler axis

A. The orifice 23 permuis the flow of fire suppression fluid therethrough when the sprinkler head
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18 15 actuated. In an unactuated state, however, a seal assembly 28 is disposed at the distal cutlet
22d of the orifice 23 to seal the storage sprinkier head 18, The seal assembly comprises a seal
plug 28a which is axially mounted between the frame body 22a and the nosepigce 21. A thermal
trigger 26 (1.e., a heat sensitive element) supports the seal plug 28a. in the configuration of Figs.
6A, 6B, the thermal trigger 26 takes the form of a fusible hink 26a but may alternatively take the
form of a glass-bulb type trigger 26b (Fig. 7} disposed and axially aligned along the sprinkler
axis A, but the disclosure is not so himited. For example, the thermal trigeer 26 may take the
form of other frangible or non-frangible thermally responsible triggers that are currently known
or that later become known.

0062} A load member 36 extending from the nosepiece 21 (as further described below)
applies a load through and against the thermal trigger 26 to secure the seal plug 28a 1n sealing
engagement with the orifice 23. In the unactuated state, the combination of the sealing assembly
28, the nosepiece 21, and the frame arms 22b act to maintain a seal by acting against the pressure
of the fluid within the branchline and orifice 23, which is provided by the fluid supply system.
As is known in the art, in order to be listed to provide fire suppression for storage occupancies,
sprinklers are tested to ensure they can maintain a seal without damage at a test pressure above
the sprinkler’s rated pressure, e.g., sprinklers rated at 175psi may be required to withstand a test
pressure of 300 psi. The storage sprivkler 18 has a sealing assembly 28, a nosepiece 21, and
frame arms 22b configured to mamtain the seal at a fluid system pressure sufficiently greater
than 175 psi, eg, between approximately 200 psi and approximately 300 psi, and at a
hydrostatic strength test pressure greater than 700 psi, such as, for example, at a test pressure of
1200 psi.

[8063] The actuation, operation or thermal respousiveness of the storage sprinkler head 18 to
a thermal event or sufficient level of heat may be configured {0 be faster than standard response.
For example, the thermal trigger 26 may be configured to have response time index (RTI) of 50
{m*e} /2 or less, such as a maximum of 36 (m*sy /2, or between approximately 19 (m*s3"1/2
and approximately 36 {(m*s)"1/2. As should be understood, the thermal trigger 26 may
alternatively be configured to have an RTI of greater than 50 (m*s)*1/2 for other sprinklers
heads 18, such, for example, greater than 80 {m*s)"1/2 for standard response sprinkler heads 18
As should be understood by those of skill in the art, the RT of a given sprinkler head 1s defined

by standardized test methods, such as, for example, the sensitivity-response time index test

16



¥4

10

15

20

30

WO 2023/043878 PCT/US2022/043594

identified in FM 2000 and FM 2008 and the sensitivity tests-oven heat test identified in UL 199,
These tests generally prescribe that the sprinkler be dropped nio a network of ducts exhibiting a
predetermined air temperature and velocity and the elapsed time to sprinkier activation is
measured. The thermal trigger 26 of the storage sprinkler head 18 may be thermally rated within
a range of between approximately 155° ¥ and approximately 286° ¥, such as, for example,
between approximately 164° F and approximately 225° F, e o, approximately 212° F for a quick
response storage sprinkler 18 as understood from FM Approvals standards.

[B064] ‘Where a storage sprinkler head 18 employs a fusible link 26a as the thermal trigger
26, as shown in Figs. 6A, 6B, the sprinkler head 18 includes a thermal trigger
assembly 30 disposed between the frame body 22a and the deflector 24 {and between the frame
arms 22b) to maintain the sealing plug 282 positioned in sealing engagement with the outlet 224
m an unactuated state of the sprinkler head 18 The thermal trigger assembly 30 includes a
strut 32, a lever 34 and the fusible link 26a couples the strut 32 and lever 34 together 1n an
actuatable, unactuated state to stabilize the sealing plug 28a within the ouilet 22d. The thermal
trigger assembly 30 transfers a proximally directed force of a load member 36, e.g., a threaded
screw member acting on the strut 32 and lever 34 artangement, to the sealing plug 28a. The load
member 36 1s advanced through an open-ended channel (not shown) within the nosepiece 21,
e.g., via a threaded engagement, and into engagement with the thermal trigger assembly 30 ina
manner well understood by those of ordinary skill in the art.

[0065] In the unactuated state, as shown best in Fig. 6B, a proximal end of the strut 32 15
engaged with the sealing plug 28a and a distal end of the strut 32 15 engaged with the lever 34,
&.g., at a notch along the lever 34, One end of the lever 34 is fixed between the strut 32 and the
foad member 36, The other end of the lever 34 is coupled with the strat 32 via the fusible hink
26a. The load member 36 creates a fulcrum about the noteh along the lever 34 balanced against
the fusible link 262 coupling the other end of the lever 34 with the strot 32, Generally, the
fusible hink 26a mcludes two plate members joined face to face by a thin layer of fusible material
configured to melt at a fixed temperature or range of temperatures, e g., the previously described
thermal rating.

{8066} ‘When the storage sprinkler head 18 15 actuated, 1.e, the fusible link 26a is thermally
triggered, the fusible material melts and the two plate members separate, disrupting the previous

equifibrinm between the load member 36 and the fusible link 26a about the fulcrum of the lever

[
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34. The lever 34, in turn, pivots about the fulcrum and disengages from the strut 32, resulting in
dislodgment of the strut 32 and the lever 34 away from the storage sprinkler head 18, Once the
sealing plug 28a 1s no longer constrained by the strut 32, the sealing plug 28a is also gjected
away from the outlet 22d by the upstream pressurized fire suppression fhind in the orifice 23 of
the frame body 22a (from the branch line 17}, The fire suppression thud sprays out from the
fluid orifice 23 in the frame body 22a and impacts the deflector 24 for distribution thereof in a
spray pattern according to the design of the deflecior 24.

{9967} ‘Where a storage sprinkler head 18 includes a glass-bulb type thermal trigger 26b, as
shown in Fig. 7, the load member 36 secures the glass-bulb 26b upon the sealing plug 283, mn a
manner well understood by those of ordinary skill in the art. The glass-bulb 26b, via the load
member 36, applies pressure to the sealing plug 28a (greater than the opposing fire suppression
fluid pressure on the sealing plug 28a from the upstream fluid in the branch line 17) to prevent
the fire suppression fluid {from the branch line 17) from flowing out of the frame body 22a until
the ambient temperature around the storage sprinkler head 18 reaches the activation temperature
or range of temperatures, at which time the glass-bulb 26b 15 triggered/activated, e.g., shattering
of the glass bulb 26b. The sealing plug 28a 15 subsequently gjected by the upstream pressunized
fire suppression fluid and deflected away. The fire suppression fluid sprays out from the flud
orifice 23 m the frame body 22a and 1mpacts the deflector 24 for distribution thereof in a spray
pattern according to the design of the deflector 24.

[0068] Non-limiting examples of the storage occupancy sprinkler system 10 are provided to
dlustrate the advantages of employing storage sprinkler heads 18 having a sprinkler rating
greater than 175 psi. To emphasize the effect of employing storage sprinkler heads 18 rather
than storage sprinkler heads 8, the examples of the storage occupancy sprinkler system 10
mainiain the majority of the other characteristics of the conventional storage occupancy sprinkler
system [. That 1, the storage occupancy sprinkler system 10 also takes the form of 2 200 ft X
200 ft system 10 of twenty branchlines 17 with successive branchlines 17 spaced approximately
ten feet apart, and the storage sprinkler heads 18 are also ESFR sprinkler heads having a k-factor
of 14 with a sprinkler design pressure of approximately 36 psi, thereby providing a flow of
approximately 105 gpm therethrough. The piping in the system 10 remains NPS Schedule 40
carbon steel pipe, the branchlines 17 remain approximately 200 ft. long, the cross-main pipes 15,

16 remain approximately 200 ft. long and the main riser 14 remains approximately 40 ft. high.
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Additionally, the near cross-main pipe 15 remains having an mside diameter of approximately
6.025 inches and the far cross-main pipe 16 remains having an inside diameter of approximately
4.026 inches.

{8069} In a first, non-limiting example of the storage occupancy sprinkler system 10, the
branchlines 17 have an inside diameter ID' {(see Fig. 4) of approximately 2.067 inches
{corresponding to NPS 2}, instead of 2.469 inches as in the example of the sprinkler system 1.
As shown 1 the calculations in Appendix B uiilizing the HASS program, this resulis i a system
demand mcrease from approximately 108 psi at approximately 1264 gpm {of the example of the
sprinkler system 1} to approximately 131 pst at approximately 1267 gpm. Thus, a main pump 13
having a pump rated pressure of approximately 146 psi may be selected, 1e, 131 psi system
demand pressure + 10 psi safety factor + 5 psi pressure decay between the pump rated pressure
and the combined system demand pressure and safety factor (as previcusly explained with
respect to the example of the sprinkler system 1), Accordingly, the pump churn of the mamn
pump 13 would be approximately 168 psi. Thus, the supply pressure, i.e, the total of the main
pump 13 pump churn and the additional jockey pump 19 static pressure for the present example
of the storage occupancy sprinkler systemn 10 18 approxumately 178 psi.

8878} As should be understood by those of ordmnary skall 10 the art, this non-hnuting
example of a storage occupauncy sprinkler system 10 would not be perrutssible with convendional
storage sprinkler heads 8 having a sprinkler rating of 175 psi, as the sprivkler heads § would be
exposed to a pressure greater than thewr pressure rating. Conversely, this example of the storage
occupancy sprinkler system 10 s both permissible and advantageous over the sprinkler system 1
when used with storage sprinkler heads 18 having a sprinkler rating of greater than 175 psi. This
exemplary advantage 13 that smaller mside diameter branchiines are less costly than relatively
iarger inside diameter branchlines,

{80671} In the example of the conventional storage occupancy sprinkler system 1, utilizing
schedule 40 NPS pipe, the NPS 2.5 branchlines currently cost approximately $11.54 per foot.
Thus, twenty branchlines 7, each approximately two-hundred feet long, eqguates to fowr thousand
feet of branchlines 7, totaling $46,160 just for the branchlines 7. Conversely, in the example of
the storage occupancy sprinkler system 10, also utilizing schedule 40 NPS pipe, the NPS 2
branchlines currently cost approximately $7.10 per foot (from the same source}. Thus, fowr

thousand feet of branchiines 17 would cost $28 400, resulting in savings of $17.760 or
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approximately a 38.5% savings over the conventional system 1 for the branchline piping alone.
As should be appreciated, additional savings would be realized because the couplings and fittings
used to interconnect that piping would also be a less costly smaller size.  Further, and in
particular i situations where branchline piping may be sized at NPS 2 or less, even more cost
may be saved by avoiding the requirement for seismic sway bracing that 13 imposed on
branchlines of NPS 2.5 and greater.

{6072} In a second, non-limiting example of a storage occupancy sprinkler system 10, the
branchiines 17 have an imside diameter D' (see Fig. 4) of approximately 1.61 inches
{corresponding to NPS 1.5} as compared to approximately 2.067 inches (corresponding to NPS
2} in the prior example of a system 10. As shown in the calculations in Appendix C utilizing the
HASS program, this results in a system demand increase to approximately 226 psi at
approximately 1280 gpm. Thus, a main pump 13 having a pump rated pressure of approximately
241 psi may be selected, 1e., 226 psi system demand pressure + 10 psi safety factor + 3 psi
pressure decay between the pump rated pressure and the combined system demand pressure and
safety factor {as previously explained with respect to the example of the sprinkler system 1)
Accordingly, the purop churn of the main pumop 13 would be approximately 277 psi. Thus, the
supply pressure, 1.e., the fotal of the mam pump 13 pump churn and the additional jockey pump
19 static pressure for the present example of the storage occupancy sprinkler systern 10 s
approximately 287 psi. Currently, schedule 40 NPS 1.5 branchlines cost approximately $5 48
per foot (from the same source). Thus, four thousand feet of branchlines 17 of NPS 1.5 would
cost $21,920, resulting i savings of $24,240 or approximately a 52.5% savings over the
conventional system 1 when sprinkiers 18 having a k-factor of at feast 11.2 and a sprinkler rating
of greater than 175 psi, in this example a sprinkler rating of at least 287 psi, are emploved.

0973} In vet another non-limiting example of a 200 ft X 200 ft conventional storage
occupancy sprinkler system T with twenty branchlines 7 having successive branchlines 7 spaced
approximately ten feet apart (Figs. 1, 2), ESFR storage sprinkler heads 8 having a k-factor of
25.2 are selecied, with a sprinkier design pressure of approximately 40 psi, thereby providing a
flow of approximately 159.4 gpm therethrough. The piping n the system s NP8 Schedule 10
carbon steel pipe, the branchlines 7 are approximately 200 ft. long, the cross-main pipes 5, 6 are
approxumately 200 ft. long and the mamn riser 4 s approximately 40 fi. high. Additionally, the

near cross~main pipe S has an inside diameter of approximately 6.357 inches and the far cross-
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main pipe 6 has an inside diameter of approximately 4.260 inches, which are common cross-
main dimensions and correspond to NPR 6 and NPS 4 pipe, respectively.

0074} In this example, and as shown in the calculations in Appendix D using the HASS
program, the smallest standardized NPS pipe which can be utilized for the branchlines 7 while
not exposing the sprinkler heads 8 m the system to a pressure exceeding 175 psi 18 NP8 2.5,
having an inside diameter I} of approximately 2.635 inches. That is, the calculated system
demand when NPS 2.5 pipes are utilized for the branchlines 7 is approximately 103 psi at
approximately 1928 gpm. Thus, the main pump 3 is estimated to have a pump rated pressure of
approximately 118 psi, 1.e, 103 psi systemn demand pressure + 10 pst safety factor + 5 pst
pressure between the pump rated pressure and the combmed system demand pressure and safety
factor {as previously explained with respect to the previcus example of the sprinkler system 1)
Accordingly, the pump churn of the main purap 3 would be approximately 135.7 psi, resuliing in
a supply pressure, i.e., the total of the main pump 3 pump churn and the additional jockey pump
9 static pressure, for the present example of a conventional storage occupancy sprinkler system

i

B

is approximately 145.7 psi. Therefore, this exemplary system is suitable as a conventional
storage occupancy sprivkler systemn 1 because the selected main pump 3 15 able to meet the
calculated system demand of approximately 103 psi without exposing the conventional storage
sprinkler heads 8 of the system to a pressure exceeding the 175-pst rating thereof. The NPS 2.5
branchiines currently cost approximately $5.93 per foot. Thus, twenty branchlines 7, each
approximately two-hundred feet long, equates to four thousand feet of branchlings 7, totaling
$23,720 just for the branchlines 7.

{0075} Conversely, i an equivalent storage occupancy sprinkler system 10 of the present
disclosure (Figs. 3, 4} employing storage sprinkler heads 18 having a sprinkler rating greater than
175 psi also n the form of ESFR sprinkler heads having a k-factor of 25.2, NPS 2 pipe, having
an inside diameter 1D of approximately 2.157 inches, may be utihized for the branchlines 17,
instead of the NPS 2.5 pipe having an inside diameter ID of 2.635 inches.

{6476} Namely, the sprinkler system 10 remains a 200 ft X 200 ft system with twenty
branchlines 17 having successive branchlines 17 spaced approximaiely ten feet apart. The
ESFR, K252 sprinkler heads 18 have a sprinkler design pressure of approximately 56 psi,
thereby providing a flow of approximately 105 gpm therethrough. The piping in the present,

exemplary system 10 remains NPS Schedule 10 carbon steel pipe, the branchlines 17 remain
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approximately 200 ft. long, the cross-main pipes 15, 16 remain approximately 200 . long and
the main riser 14 remains approximately 40 £t high. Additionally, the near cross-main pipe 15
remains having an inside diameter of approximately 6.375 inches and the far cross-main pipe 16
remains having an inside diameter of approximately 4.260 inches.

{0877} As shown n the calculations in Appendix E utihizing the HASS program, this results
m a system demand mcrease from approximately 103 pst at approximately 1928 gpm to
approximately 148 psi at approximately 1938 gpm. Thus, a main pump 13 having a pump rated
pressure of approximately 163 psi may be selected, 1.e., 148 psi system demand pressure + 10 psi
safety factor + 5 psi pressure decay between the pump rated pressure and the combined system
demand pressure and safety factor. Accordingly, the pump churn of the main pump 13 would be
approximately 170 psi. Thus, the supply pressure, ie., the total of the main pump 13 pump
churn and the additional jockey pump 19 static pressure for the present example of the storage
occupancy sprinkler system 10 is approximately 180 psi which is not permissible in the
conventional sprinkler system 1 but is pernussible in the sprinkler system 10 of the present
disclosure. In this exemplary storage occupancy sprinkler system 10, also utilizing schedule 10
NPS pipe, the NPS 2 branchlines currently cost approximately $4.27 per foot {from the same
source). Thus, four thousand feet of branchlines 17 would cost $17,080, resulting in savings of
$6,640, or approximately a 28% savings, over the previous conventional system 1 described.
{0078} As can be seen from the aforementioned non-lhimiting examples of the sprinkier
systern 10 of the present disclosure, employing storage sprinkler heads 18 having a k-factor of at
feast 11.2 and a sprinkler rating of greater than 175 pst enables a designer to utilize smalier
branchlines, including smaller standard sized branchiines, without excesding the sprinkler rating,
Smaller branchlines will result in an increased system demand pressure, and, therefore, require a
stronger main pump 13, Nevertheless, the increase in cost of the main pump 13 15 a neghgible,
one-time cost {as should be known by those of ordinary skill in the art) compared to the cost
savings in utilizing smaller branchlines. As should be appreciated, the aforementioned example
branchlines costs may change over time, whereas the general percentage savings from larger to
smaller branchlines would remain in effect. Moreover, an occupancy may include multiple
sprinkler systems, with the main pump 13 feeding all of the systems. As also should be
understond, therefore, the cost savings of the storage occupancy sprinkler systemés) 10 gver the

conventional storage occupancy sprinkler system 1, relative to the cost increase of the stronger
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main pump 13, will be even more significantly pronounced when larger and/or multiple systems
are employed.

{0079} The examples described herein are merely illustrative of certain advantages offered to
the design of storage occupancy sprinkler systems by the design flexibhility afforded by
employing storage sprinkler heads having a k-factor of at least 11.2 and a sprinkler pressure
rating of greater than 175 psi. These advantages are anticipated to also be realized in storage
occupancy sprinkler systems having layvouts other than the exemplar gridded layouts, such as
non-gridded lavouts (of which tree layouts and loop layouts are common examples), and with
other sprinkler k-factors of at least k11.2, of which k14, k17, k20, k22, k25, k28, and k34 are
examples. These advantages may also permit smaller riser and/or cross-main piping in addition
to smaller branchlines, as well as greater flexibility in selecting other sprinkler system
components (such as fittings and valves) due to the use of the features described herein. It is
anticipated that these advantages will be realized across common and practical ranges of
standardized riser piping sizes and schedules, including, for example from NPS 4 schedule 40
{having an nside diameter of approximately 4.03 nches} to NPS 10 schedule 10 ¢having an
mside diameter of approximately 10,42 1oches), and across conumon and practical ranges of
standardized branchliine piping sizes and schedules, such as, for example, from NPS 1.25
schedule 40 (having an wside diameter of approximately 1.38 inches) to NPS 4 schedule 7
{having an mside diameter of approximately 4.30 inches), such as, for example, from NPS 1.5
schedule 40 (having an mside diameter of approxamately 1.61 mches} to NP8 3 schedule 7
{having an inside diameter of approximately 3.31 inches).

{6080} It will) therefors, be appreciated by those skilled in the art that various modifications
and alterations could be made to the disclosure above without departing from the broad wnventive
concepts thereof. Some of these have been discussed above and others will be apparent to those
skilled in the art. For instance, while the examples herein were calculated based on wet systems,
this disclosure 15 equally applicability to dry or pre-action systems. It 15 understood, therefore,
that this disclosure s not limited to the particular embodiments disclosed, but 1t is intended to
cover modifications within the spirit and scope of the present invention, as set forth in the

appended claims.
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APPENDIX A

HYDRAULIC CALCULATIONS FOR

DRAWING NUMBER: DATE: AUG 11, 2021
-DESIGN DATA-
REMOTE AREA NUMBER: REMOTE AREA LOCATION:

OCCUPANCY CLASSIFICATION:

DENSITY: gpm/sq. ft.
AREA OF APPLICATION: sq. ft.
COVERAGE PER SPRINKLER: sq. ft.

TYPE OF SPRINKLERS CALCULATED:
NUMBER OF SPRINKLERS CALCULATED: 12

*IN-RACK SPRINKLER DEMAND: gpm
HOSE-STREAM DEMAND: gpm
TOTAL WATER REQUIRED (INCLUDING HOSE): 1264.0%°" psi
FLOW AND PRESSURE (AT BASE OF RISER): gpm @
TYPE OF SYSTEM:
*VOLUME OF DRY OR PREACTION SYSTEM:
*DETAILS:
WATER SUPPLY
Source: Test Date: Test By:
Location:
Static: 0 psi Residual: O psi Flow: 1500.0 gpm
Source Elevation Relative to Finished Flow Level: ft.

INSTALLING CONTRACTOR
Name:
Address:
Phone: Certification number:

NAME OF DESIGNER:
AUTHORITY HAVING JURISDICTION:

NOTES :
Calculations performed by HASS under license # 64655670 '
granted by HRS SYSTEMS, INC.
(Notes continue after pipe calculations results.)
(Notes continue after pipe calculations results.)
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Page 2

DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF

JOB TITLE: Grid Estimate 4.1

WATER SUPPLY ANALYSIS

Fixed Source Pressure: 0.00 psi

120.0

100.0

80.0

H o a P e

60.0 /

40.0

MW a n wH YW
\

20.03[

- 0" ~

;147 ] || \ \

LEGEND

N

2 %Required pressure

107.64 psi @ 1264.0 gpm

B. System Demand Curve

400600 800 1000 1200

1400

1600

FLOW (GPM)

Note:

25

1800

2000

(1) Dashed Lines indicate extrapolated values from Test Results
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Page 3

DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NFPA WATER SUPPLY DATA

SOURCE STATIC RESID. FLOW AVAIL. TOTAL REQ'D

N PRESS. PRESS. @ PRESS. @ DEMAND PRESS.
(PSI) (PSI) (GPM) (PSI) (GPM) (PSI)

G

19 (N/A) 0.0 (N/3a) 0.0 1264.0 107.6

AGGREGATE FLOW ANALYSIS:

TOTAL FLOW AT SOURCE 1264.0 GPM

TOTAL HOSE STREAM ALLOWANCE AT SOURCE 0.0 GPM

OTHER HOSE STREAM ALLOWANCES 0.0 GPM

TOTAL DISCHARGE FROM ACTIVE SPRINKLERS 1264.0 GPM

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES

(FT) (PSI) (GPM)

1 43.5 - - - 70.7 - -

2 44.5 K=14.00 56.7 105.

3 44.5 K=14.00 56.3 4

4 44.5 K=14.00 K=14.0056.3 105.

5 44.5 - - - 56.7 0

6 43.5 - - - 75.9 105.

7 43.5 K=14.00 70.9 0

8 44.5 K=14.00 56.8 105.4

9 44.5 K=14.00 K=14.0056.3 - -

10 44.5 - - - 56.3 - -

11 44.5 - - - 56.7 105.

12 43.5 K=14.00 75.9 5

13 43.5 K=14.00 71.4 105.

14 44.5 K=14.00 K=14.0057.1 1

15 44.5 - - - 56.6 105.

16 44.5 56.6 1

17 44.5 57.0 105.4

18 43.5 76.0 - -

19 0.0 SOURCE 107.6 1264.0

20 43.5 - - - 72.6 - -

21 43.5 - - - 76.1 - -

22 43.5 - - - 73.5 - -

23 43.5 - - - 76.3 - -

24 43.5 - - - 74.3 - -

25 43.5 - - - 76.5 - -

26 43.5 - - - 75.0 - -

27 43.5 - - - 76.7 - -

28 43.5 - - - 75.6 - -

29 43.5 - - - 76.9 - -

30 43.5 - - - 76.1 - -

31 43.5 - - - 77.2 - -
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DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NODE ANALYSIS DATA
ELEVATION

NODE TAG

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

(FT)

43.
43.
43.
43.
43.
43.
43.
43.
43.
43.
43.
43.
43.
43,
43.
43.
43.
43.
43.
43.
43.
43.

[ L0 LS L6 L S L IO NG L6 6 6 6 IS LIS 6 RS G IS IO RO R E RS )

NODE TYPE PRESSURE DISCHARGE NOTES
(PSI) (GPM)

- - - 76.
- - - 77.
- - - 77.
- - - 77.
- - - 77.
- - - 78.
- - - 77.
- - - 78.
- - - 77.
- - - 78.
- - - 78.
- - - 79.
- - - 78.
- - - 79.
- - - 78.
- - - 79.
- - - 78.
- - - 80.
- - - 78.
- - - 80.
- - - 78.
- - - 81.

Wk 0O Wk OCWUDMDPRP,ROJOAONRE WOWLO U O
1
1

27

SUBSTITUTE SHEET (RULE 26)



WO 2023/043878

APPENDIX A
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS

JOB TITLE: Grid Estimate 4.1

NFPA PIPE DATA

Pipe Tag
Frm Node EIL
To Node El

Pipe:

Pipe:
11
10

Pipe:
12
11

Pipe:
12

1

43.

44.
2

44,

44.
3

44,

44.
4

44.

44,
5

43.

44.
FM6

43,

43.
7

43.

44,
8

44.

44.
9

44,

44.
10

44,

44,
11

43.

44.
NM12

43.

43.

(£t)
(£t)

K-fac Add
PT ()

PT Tot
14.00 105.
70.7 108.
56.7 214.
14.00 105.
56.7 3.
56.3 108.
14.00 105.
56.3 -101.
56.3 3.
14.00 105.
56.7 -3.
56.3 101.
14.00 105.
75.9 101.
56.7 206.

0.0 0.
70.9 214,
70.7 214.
14.00 105.
70.9 109.
56.8 214,
14.00 105.
56.8 4.
56.3 109.
14.00 105.
56.3 -101.
56.3 4.
14.00 105.
56.7 -4,
56.3 101.
14.00 105.
75.9 101.
56.7 206.

0.0 0.
75.9 206.
75.9 206.

Fl

o

Node/ Nom
. (Q) Disch Act

Disch

3

Disch

Disch

Disch

Disch

Disch

Disch

Disch

Disch

Disch
10

28

Fit: L

F

ID (ft.) T
66.

.500 E: 6.0 18.
.469 T:12.0 84.
10.

.500 -——— 0.
.469 10.
10.

.500 ——— 0.
.469 10.
10.

.500 -—— 0
.469 10.
106.

.500 E: 6.0 18
.469 T:12.0 124.
10.

.000 —-——- 0.
.026 10.
66.

.500 E: 6.0 18.
.469 N:12.0 84
10.

.500 -—— 0.
.469 10.
10.

.500 —-——— 0.
.469 10.
10.

.500 -—— 0.
.469 10.
106.

.500 E: 6.0 18.
.469 N:12.0 124.
10.

.000 -———- 0.
.065 10

SUBSTITUTE SHEET (RULE 26)

00
00
00

00
00
00

00
00
00

00
.00
00

00
.00
00

00
00
00

00
00
.00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
.00

Page 5
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF

C
Pf/ft.
120
0.162
120
0.046
120
0.000
120
0.041
120
0.152
120
0.015
120
0.162
120
0.046
120
0.000
120
0.040
120
0.151
120

0.002

(Pt)
(Pe)
(P£)

14.

o

(== e NN Nl

Q0 = N

[= el e Moo Nl

~N N



WO 2023/043878

Pipe Tag

Frm Node El1 (ft)
To Node El (ft)
Pipe: FM13

13 43.5
7 43.5
Pipe: 14

13 43.5
14 44.5
Pipe: 15

14 44.5
15 44.5
Pipe: 16

16 44.5
15 44.5
Pipe: 17

17 44.5
16 44.5
Pipe: 18

18 43.5
17 44.5
Pipe: NM19S

18 43.5
12 43.5
Pipe: FM20

20 43.5
13 43.5
Pipe: 21

21 43.5
20 43.5
Pipe: NM22

21 43.5
18 43.5
Pipe: FM23

22 43.5
20 43.5
Pipe: 24

23 43.5
22 43.5

APPENDIX A

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-fac
PT

PT

70.9

14.00
71.4
57.1

14.00
57.1
56.6

14.00
56.6
56.6

14.00
57.0
56.6

14.00
76.0
57.0

Add

(q)
Tot.

214.6
214.1
428.7

105.8
111.
216.8

o

105.3
5.7
111.0

105.3
-99.6
5.7

105.3
-5.7
99.6

105.7
99.6
205.3

206.8
206.4
413.2

216.8
428.7
645.5

645.5
-586.4
59.1

413.2
205.3
618.5

645.5
-59.1
586.4

586.4
-534.9
51.6

SUBSTITUTE SHEET (RULE 26)

Fl Add Fl1 To

Node/ Nom

8
1

Disch
15

Disch

Disch

Disch
15

Disch
16

13
22

12
17

13
21

20
24

29

(Q) Disch Act

.500
.469

ID
ID

.000
.026

.500 E:
.469 N:

.500
. 469

.500
. 469

.500

469

.500 E:
.469 N:

.000
.065

.000
.026

2E:
2T:

000

.065

.000
.026

.500 2E:
.469 2T:

Fit:

Eq.Ln.
(ft.)

12.0

12.0
24.0

12.0
24.0

PCT/US2022/043594

L |

T
10
10.00
66.

18.
84.

00
00
00

10.00

10.00

10.00

10.00
10.00

0.00
10.00

106.00
18.00
124.00

10.

0.00
.00

10.

0.00
10.00

202.

36.00
238.00

10.

0.00
10.00

10.

0.00
10.00

202.

36.00
238.00

Page 6

c
Pf/ft.
.00 120
0.054
120
0.165
120
0.048
120
0.000
120
0.039
120
0.150
00 120
0.007
00 120
0.115
00 120

00 120

00

120

00 120

(Pt)
(Pe)
(P£f)

[y
©
Ul O O n

[y
@ o

-0.0

-0.0
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Pipe Tag

Frm Node E1
To Node El
Pipe: NM25
23 43,
21 43,
Pipe: FM26
24 43,
22 43.
Pipe: 27

25 43,
24 43,
Pipe: NM28
25 43,
23 43,
Pipe: FM29
26 43,
24 43.
Pipe: 30

27 43,
26 43.
Pipe: NM31l
27 43,
25 43,
Pipe: FM32
28 43
26 43,
Pipe: 33

29 43,
28 43,
Pipe: NM34
29 43,
27 43,
Pipe: FM35
30 43,
28 43,
Pipe: 36

31 43,
30 43,

APPENDIX A

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd F1l Add Fl To
Node/ Nom
Tot. (Q) Disch Act

(ft)
(£t)

0
5 76
5 76
5 74.
5 73.
5 76.
5 74.
5 76.
5 76.
5 75.
5 74.
5 76.
5 75.
5 76.
5 76.
.5 75.
5 75.
5 76.
5 75.
5 76.
5 76.
5 76.
5 75.
5 71
5 76

PT
PT

w o

(=)

(S =)

o o

(=)

~N O

o0 ©

o

w o

[l =]

o

()

618.5
59.1
677.6

586.4
-51.
534.9

[e2]

534.9
-489.9
45.0

677.6
51.6
729.1

534.9
-45.0
489.9

489.9
-450.6
39.3

729.1
45.0
774.1

489.9
-39.3
450.6

450.6
-416.0
34.6

774.1
39.3
813.4

450.6
-34.6
416.0

416.0
-385.1
30.9
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18
20

20
23

22
26

21
22

22
25

24
28

23
24

24
27

26
30

25
26

26
29

28
32

30

Fit:

IDEq.Ln.
ID (ft.)

.000
.065

.000
.026

.500 2E:
.469 2T:

.000
.065

.000
.026

.500 2E:
. 469 2T:

.000
.065

.000
.026

.500 2E:
. 469 2T:

.000
.065

.000
.026

.500 2E:
. 469 2T:

PCT/US2022/043594

=

10.

10.

10.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

Page 7

PE/ft.

00

00

00

00

00

00

00

00

00

00

00

00

120

.017

120

.081

120

.009

120

.020

120

.069

120

.007

120

.022

120

.059

120

.006

120

.024

120

.051

120

.004

(Pt)
(Pe)
(P£)
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Pipe Tag

Frm Node El1
To Node El
Pipe: NM37
31 43.
29 43.
Pipe: FM38
32 43.
30 43.
Pipe: 39

33 43.
32 43.
Pipe: NM40
33 43.
31 43.
Pipe: FM41l
34 43.
32 43.
Pipe: 42

35 43.
34 43,
Pipe: NM43
35 43.
33 43.
Pipe: FM44
36 43.
34 43.
Pipe: 45

37 43.
36 43.
Pipe: NM46
37 43.
35 43.
Pipe: FM47
38 43.
36 43.
Pipe: 48

39 43,
38 43.

APPENDIX A

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-fatdd F1 Add F1 To
Node/ Nom
Tot. (Q) Disch Act

(ft) PT
(ft) PT
0.0
5 77.2
5 76.9
0.0
5 76.6
5 76.1
0.0
5 77.5
5 76.6
0.0
5 77.5
5 77.2
0.0
5 77.0
5 76.6
0.0
5 77.8
5 77.0
0.0
5 77.8
5 77.5
0.0
5 77.3
5 77.0
0.0
5 78.1
5 77.3
0.0
5 78.1
5 77.8
0.0
5 77.6
5 77.3
0.0
5 78.4
5 77.6

(q)

B13.4
34.
B48.

o o

416.
-30.
385.

= w o

385,
-356.
28.2

0

B48.
30.
B78.

w0 v o

385.
-28.
356.

0N =

356.
-330.
26.6

w v

878.
28.
907.

= N W

356.9
-26.
330.

w o

330.
-304.
26.2

R Ww

907.
26.
933.

~ oy =

330.
-26.
304.

=N Ww

304.
=-277.
26.9

N =

27
28

28
31

30
34

29
30

30
33

32
36

31
32

32
35

34
38

33
34

34
37

36
40

31

.000
.065

.000
.026

.500
.469 2T:24.0

.000
.065

.000
.026

.000
.065

.000
.026

.000
.065

.000
.026

Fit:
IDEg.ILn.
ID (ft.)

2E:12.0

.500 2E:12.0
.469 2T:24.0

.500 2E:12.0
.469 2T:24.0

.500 2E:12.0
.469 2T:24.0

PCT/US2022/043594

o]

T

10
0.00
10.00

10.

0.00
10.00

202,

36.00
238.00

10.

10
0.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00
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c

Pf/ft.

.00

0.

00

00

00

.00

00

00

00

00

00

00

00

120

026

120

.044

120

.004

120

.028

120

.038

120

.003

120

.029

120

.033

120

.003

120

.031

120

.029

120

.003

(Pt)
(Pe)
(P£)
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Pipe Tag

Frm Node E1 (ft)
To Node El (ft)
Pipe: NM49

39 43.5
37 43.5
Pipe: FM50

40 43.5
38 43.5
Pipe: 51

41 43.5
40 43.5
Pipe: NMb52

41 43.5
39 43.5
Pipe: FM53

42 43.5
40 43.5
Pipe: 54

43 43.5
42 43.5
Pipe: NM55

43 43.5
41 43.5
Pipe: FM56

44 43.5
42 43.5
Pipe: 57

45 43.5
44 43.5
Pipe: NM58

45 43.5
43 43.5
Pipe: FM59

46 43.5
44 43.5
Pipe: 60

47 43.5
46 43.5

APPENDIX A

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

PT

~
o
[&,]

8.

N

79.
79.

= o,

(q)

933.7
26.2
959.9

304.
-26.
277.

N R

277.
-248.
28.6

N

959.
26.
986.8

w0

277.
-28.
248.

o N

248.
-217.
31.3

w o

986.8
28.
1015.

[ )}

248.
-31.
217.

wwon

217.
-182.
34.

< o W

1015.
31.
1046.7

W

217.
=-34.
182.

o0 N W

182.
-143.
38.6

w0

K-faadd Fl1 Add F1 To
PT

Node/ Nom
Tot. (Q) Disch Act

35
36

36
39

38
42

37
38

38
41

40
44

39
40

40
43

42
46

41
42

42
45

44
48

32

Fit:
IDEg.ILn.
ID (ft.)

000  ----

.065

.000 -——-
.026

.500 2E:12.0
.469 2T:24.0

.000 -——
.065

.000 —-———
.026

.500 2E:12.0
.469 2T:24.0

.000 -—==
.065

.000 -——-
.026

.500 2E:12.0

469 2T:24.0

.000 —-——
.065

.000 -———=
.026

.500 2E:12.0
.469 2T:24.0

PCT/US2022/043594

L]

10.

0.00
10.00

10.

0.00
10.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

10.

10.

0.00

202.

36.00
238.00

10.

0.00
10.00

10.

0.00
10.00

202.

36.00
238.00
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C

PE/ft.

00

0

00

0

00

0

00

0

00

0

00

0

00

0

00

0

00

0

00

0

00

0

00

0

120

.033

120

.024

120

.004

120

.034

120

.020

120

.005

120

.036

120

.015

120

.006

120

.038

120

.011

120

.007

(Pt)
(Pe)
(P£)

-0.
1.

0 o

o

o

= O O

N S O

[=]

= O O

= O O

o
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Pipe Tag
Frm Node El1 (ft)

To Node El (ft)
Pipe: NM61

47 43.5
45 43.5
Pipe: FM62

48 43.5
46 43.5
Pipe: 63

49 43.5
48 43.5
Pipe: NM64

49 43.5
47 43.5
Pipe: FM65

50 43.5
48 43.5
Pipe: 66

51 43.5
50 43.5
Pipe: NM67

51 43.5
49 43.5
Pipe: FM68

52 43.5
50 43.5
Pipe: 69

53 43.5
52 43.5
Pipe: NM70

53 43.5
51 43.5
Pipe: 71

19 0.0
53 43.5

APPENDIX A

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd Fl Add F1 To
PT

PT

0.0
79.
79.5

(o]

0.0
78.
78.

w >

0.0
80.
78.4

w

0.
80.
79.9

w o

0.0
78.4
78.4

0.0
80.8
78.4

0.0
80.8
80.3

0.0
78.4
78.4

0.0
81.3
78.4

0.0
81.
80.8

w

Source
107.6
81.3

(q)

Fit:

Node/ Nom IDEq.In.

Tot.{(Q) Disch Act ID

1046.
34.
1081.

182.
-38.
143.

143.
=100.
43.

1081.
38.
1120.

143.
-43.
100.

100.
-52.
47.

1120.
43,
1163.

100.
-47.
52.

52.
52.

1163.
47.
1211.

1211.
52.
1264.
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7
7
4

=)}

o

43
44

44
47

46
50

45
46

46
49

48
52

47
48

48
51

50

49
50

51
52

33

6.000
6.065

4.000
4.026

2.500
2.469

6.000
6.065

4.000
4.026

2.500
2.469

6.000
6.065

4.000
4.026

2.500
2.469

6.000
6.065

6.000
6.065

(ft.)

2E:12.0
2T:24.0

2E:12.0
2T:24.0

2E:12.0
2T:24.0

2E:28.0
B:10.0

PCT/US2022/043594
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L C
F
T Pf/ft.
10.00 120
0.00
10.00 0.041
10.00 120
0.00
10.00 0.007
202.00 120
36.00
238.00 0.008
10.00 120
0.00
10.00 0.043
10.00 120
0.00
10.00 0.004
202.00 120
36.00
238.00 0.010
10.00 120
0.00
10.00 0.047
10.00 120
0.00
10.00 0.001
202.00 120
36.00
238.00 0.012
10.00 120
0.00
10.00 0.050
100.00 120
38.00
138.00 0.054

(Pt)
(Pe)
(P£)

26
18.8
7.5
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 11
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NOTES (HASS):

(1) Calculations were performed by the HASS 2020 D computer program
in accordance with NFPA13 (2016)
under license no. 64655670 granted by
HRS Systems, Inc.
208 Southside Square
Petersburg, TN 37144
(931) 659-9760

(2) The system has been calculated to provide an average
imbalance at each node of 0.002 gpm and a maximum
imbalance at any node of 0.085 gpm.

(3) Total pressure at each node is used in balancing the system.
Maximum water velocity is 16.3 ft/sec at pipe FM20.

(4) a. System remote area HAS been proven or 'peaked'.
b. Minimum pressure at any sprinkler: 56.250 psi

c. Minimum pressure with remote area shifted
one sprinkler space toward right cross main: 56.263 psi

d. Minimum pressure with remote area shifted
one sprinkler space toward left cross main: 56.363 psi

(5) Items listed in bold print on the cover sheet

are automatically transferred from the calculation report.

(6) The Sprinkler System will not function under Full Flow conditions.

(7) PIPE FITTINGS TABLE
HASS Pipe Table Name: standard.pip

PAGE: A MATERIAL: S40 HWC: 120

Diameter Equivalent Fitting Lengths in Feet

(in) E T L c B G A D N
Ell Tee LngEll ChkVlv BfyVlv GatVlv AlmChk DPV1v  NTee

F45E11
2.469 6.00 12.00 4.00 14.00 7.00 1.00 10.00 10.00 12.00
3.00
4.026 10.00 20.00 6.00 22.00 12.00 2.00 20.00 20.00 20.00
5.00
6.065 14.00 30.00 9.00 32.00 10.00 3.00 28.00 28.00 30.00
7.00
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 12
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

A
SPRINKLER SYSTEM ]7 G WITH FLOWPLOT
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HYDRAULIC CALCULATIONS FOR

DRAWING NUMBER: DATE: AUG 11, 2021
-DESIGN DATA-
REMOTE AREA NUMBER: REMOTE AREA LOCATION:

OCCUPANCY CLASSIFICATION:

DENSITY: gpm/sq. ft.
AREA OF APPLICATION: sq. ft.
COVERAGE PER SPRINKLER: sq. ft.

TYPE OF SPRINKLERS CALCULATED:
NUMBER OF SPRINKLERS CALCULATED: 12

*IN-RACK SPRINKLER DEMAND: gpm
HOSE-STREAM DEMAND: gpm
TOTAL WATER REQUIRED (INCLUDING HOSE): 1266.9%°" psi
FLOW AND PRESSURE (AT BASE OF RISER): gpm @
TYPE OF SYSTEM:
*VOLUME OF DRY OR PREACTION SYSTEM:
*DETAILS:
WATER SUPPLY
Source: Test Date: Test By:
Location:
Static: 0 psi Residual: O psi Flow: 1500.0 gpm
Source Elevation Relative to Finished Flow Level: ft.

INSTALLING CONTRACTOR
Name:
Address:
Phone: Certification number:

NAME OF DESIGNER:
AUTHORITY HAVING JURISDICTION:

NOTES :
Calculations performed by HASS under license # 64655670 '
granted by HRS SYSTEMS, INC.
(Notes continue after pipe calculations results.)
(Notes continue after pipe calculations results.)
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 2
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

WATER SUPPLY ANALYSIS

Fixed Source Pressure: 0.00 psi

140.0
/
2
// LEGEND

112.0 | / /
G /
A // 2 %Requlred pressure
U / 130.87 psi @ 1266.9 gpm
G
Egs.0 | /
p / B.| System Demand Curve
. /
E /
; /
s 56.0 [
i /
. /
= |/
S

28.0 /
P |/
s B/
i
)

0.0A
147 [ || | | | | |

400600 800 1000 1200 1400 1600 1800 2000

FLOW (GPM)
Note: (1) Dashed Lines indicate extrapolated values from Test Results
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 3
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NFPA WATER SUPPLY DATA

SOURCE STATIC RESID. FLOW AVAIL. TOTAL REQ'D
NODE PRESS. PRESS. @ PRESS. @ DEMAND PRESS.
TAG (PSI) (PSI) (GPM) (PSI) (GPM) (PSI)
19 (N/3) 0.0 (N/3) 0.0 1266.9 130.9

AGGREGATE FLOW ANALYSIS:

TOTAL FLOW AT SOURCE 1266.9 GPM
TOTAL HOSE STREAM ALLOWANCE AT SOURCE 0.0 GPM
OTHER HOSE STREAM ALLOWANCES 0.0 GPM

TOTAL DISCHARGE FROM ACTIVE SPRINKLERS 1266.9 GPM

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES
(FT) (PSI) (GPM)
1 43.5 - - - 91.9 - -
2 44.5 K=14.00 57.3 106.0
3 44.5 K=14.00 56.2 105.0
4 44.5 K=14.00 56.2 105.0
5 44.5 K=14.00 57.3 105.9
6 43.5 - - - 99.0 - -
7 43.5 - - - 92.0 - -
8 44.5 K=14.00 57.3 106.0
9 44.5 K=14.00 56.3 105.1
10 44.5 K=14.00 56.3 105.1
11 44.5 K=14.00 57.3 106.0
12 43.5 - - - 99.0 - -
13 43.5 - - - 92.6 - -
14 44.5 K=14.00 57.6 106.2
15 44.5 K=14.00 56.5 105.2
16 44.5 K=14.00 56.5 105.2
17 44.5 K=14.00 57.5 106.2
18 43.5 - - - 99.1 - -
19 0.0 SOURCE 130.9 1266.9
20 43.5 - - - 93.7 - -
21 43.5 - - - 99.3 - -
22 43.5 - - - 94.6 - -
23 43.5 - - - 99.4 - -
24 43.5 - - - 95.5 - -
25 43.5 - - - 99.6 - -
26 43.5 - - - 96.2 - -
27 43.5 - - - 99.8 - -
28 43.5 - - - 96.8 - -
29 43.5 - - - 100.1 - -
30 43.5 - - - 97.4 - -
31 43.5 - - - 100.3 - -
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 4
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES
(FT) (PSI) (GPM)
32 43.5 - - - 97.8 - -
33 43.5 - - - 100.6 - -
34 43.5 - - - 98.2 - -
35 43.5 - - - 100.9 - -
36 43.5 - - - 98.6 - -
37 43.5 - - - 101.2 - -
38 43.5 - - - 98.9 - -
39 43.5 - - - 101.5 - -
40 43.5 - - - 99.1 - -
41 43.5 - - - 101.9 - -
42 43.5 - - - 99.3 - -
43 43.5 - - - 102.3 - -
44 43.5 - - - 99.4 - -
45 43.5 - - - 102.6 - -
46 43.5 - - - 99.5 - -
47 43.5 - - - 103.1 - -
48 43.5 - - - 99.5 - -
49 43.5 - - - 103.5 - -
50 43.5 - - - 99.6 - -
51 43.5 - - - 104.0 - -
52 43.5 - - - 99.6 - -
53 43.5 - - - 104.5 - -
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 5
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NFPA PIPE DATA

o O o

o O o

Y

o O O

(=]

o o

L

Pipe Tag K-faadd Fl1 Add Fl To Fit: L C {Pt)
Frm Node El1 (ft) PT (q) Node/ Nom IDEg.Ln. F (Pe)
To Node El (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. (P£)
Pipe: 1 14.00 106.0 Disch 76.00 120 34.
1 43.5 91.9 105.5 3 2.000 E: 5.0 15.00 0.
2 44.5 57.3 211.4 2,067 T:10.0 91.00 0.375 34,
Pipe: 2 14.00 105.0 Disch 10.00 120 1.
2 44.5 57.3 0.5 4 2.000 === 0.00 -0.
3 44.5 56.2 105.5 2.067 10.00 0.104 1.
Pipe: 3 14.00 105.0 Disch 10.00 120 0.
3 44.5 56.2 -104.5 2.000 —-——— 0.00 -0.
4 44.5 56.2 0.5 2.067 10.00 0.000 0.
Pipe: 4 14.00 105.0 Disch 10.00 120 1.
5 44.5 57.3 -0.5 2,000 -——= 0.00 -0.
4 44.5 56.2 104.5 2,067 10.00 0.102 1.
Pipe: 5 14.00 105.9 Disch 96.00 120 41.
6 43.5 99.0 104.5 4 2.000 E: 5.0 15.00 0.
5 44.5 57.3 210.5 2,067 T:10.0 111.00 0.372 41,
Pipe: FM6 0.0 0.0 10.00 120 0.
7 43.5 92.0 211.4 2 4,000 ——— 0.00 -0.
1 43.5 91.9 211.4 4,026 10.00 0.015 0.
Pipe: 7 14.00 106.0 Disch 76.00 120 34,
7 43.5 92.0 105.7 9 2,000 E: 5.0 15.00 0.
8 44.5 57.3 211.7 2.067 N:10.0 91.00 0.376 34.
Pipe: 8 14.00 105.1 Disch 10.00 120 1.
8 44.5 57.3 0.7 10 2.000 ——— 0.00 -0.
9 44.5 56.3 105.7 2.067 10.00 0.104 1.
Pipe: 9 14.00 105.1 Disch 10.00 120 0.
9 44.5 56.3 -104.4 2.000 -——— 0.00 -0.
10 44.5 56.3 0.7 2.067 10.00 0.000 0.
Pipe: 10 14.00 105.1 Disch 10.00 120 1.
11 44.5 57.3 -0.7 2.000 -———= 0.00 -0.
10 44.5 56.3 104.4 2.067 10.00 0.102 1.
Pipe: 11 14.00 106.0 Disch 96.00 120 41.
12 43.5 95.0 104.4 10 2.000 E: 5.0 15.00 0.
11 44.5 57.3 210.4 2,067 N:10.0 111.00 0.372 41,
Pipe: NM12 0.0 0.0 10.00 120 0.
12 43.5 99.0 210.5 5 6.000 ——— 0.00 -0.
6 43.5 95.0 210.5 6.065 10.00 0.002 0.
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Pipe Tag
Frm Node E1
To Node El

Pipe:

13
7

Pipe:

13
14

Pipe:

15

Pipe:

15
16

Pipe:

17
16

Pipe:

18
17

Pipe:

12

Pipe:

20
13

Pipe:

21
20

Pipe:

21
18

Pipe:

22
20

Pipe:

23
22

FM13

43.
43.

14

43,
44,

15

44.
44,

16

44.
44.

17

44.
44.

18

43.
44.

NM19

43.
43.

FM20

43.
43.

21

43.
43.

NM22

43.
43.

FM23

43.
43,

24

43.
43.

(£t)
(ft)
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faAdd F1 Add Fl1 To

PT

PT

14.00
92.6
57.6

14.00
57.6
56.5

14.00
56.5
56.5

14.00
57.5
56.5

14.00
99.1
57.5

99.1
99.0

93.7
92.6

99.3
93.7

99.3
99.1

94.6
93.7

99.4
94.6

(q)

211.7
211.4
423.2

106.2
106.
212.8

o))

105.2
1.3
106.6

105.2
-103.9
1.3

105.2
-1.3
103.9

106.2
103.9
210.1

210.5
210.4
420.8

212.8
423.2
636.0

636.0
-588.1
47.9

420.8
210.1
630.9

636.0
-47.9
588.1

588.1
-544.0
44.1

Node/ Nom
Tot. (Q) Disch Act

8
1

Disch
15

Disch
16

Disch

Disch

Disch
16

13
22

12
17

13
21

20
24

41

.067 N:

.000
.067

.000
.067

.000
.067

.000 E:
.067 N:

.000
.065

.000
.026

.000 2E:
.067 2T:

.000
.065

.000
.026

.000 2E:
.067 2T:

Fit: L
IDEq.Ln. F
ip (ft.) T
10
.000 -——= 0.00
.026 10.00
76.00
.000 E: 5.0 15.00

10.00
-——= 0.00
10.00

10.00
—_—— 0.00
10.00

10.00
—_—— 0.00
10.00

96.00
15.00
10.0 111.00

o
o

10
.00

o

10
—-—— 0.00
10.00

202
10.0 30.00
20.0 232.00

10
-—— 0.00

10
-—— 0.00

202
10.0 30.00
20.0 232.00
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c

PEf/ft.

.00 120

0.053

120

0.380

120

0.106

120

0.000

120

0.101

120

0.371

.00 120

0.007

.00 120

0.112

.00 120

0.024

.00 120

0.015

.00 120

0.097

.00 120

0.021

(Pt)
(Pe)
(P£f)

41.

41.

o

[ =

o

(=N =]
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DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

Pipe Tag K-faAdd F1 Add Fl1 To Fit: L c (Pt)
Frm Node El1 (ft) PT (q) Node/ Nom IDEq.Ln. F {Pe)
To Node El (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. (P£)
Pipe: NM25 0.0 630.9 18 10.00 120

23 43.5 99.4 47.9 20 6.000 —-—— 0.00 -0.
21 43.5 99.3 678.8 6.065 10.00 0.017 0.
Pipe: FM26 0.0 588.1 20 10.00 120

24 43.5 95.5 -44.1 23 4.000 —-—— 0.00 -0.
22 43.5 94.6 544.0 4,026 10.00 0.084 0.
Pipe: 27 0.0 544.0 22 202.00 120

25 43.5 99.6 -503.3 26 2.000 2E:10.0 30.00 -0.
24 43.5 95.5 40.7 2.067 2T:20.0 232.00 0.018 4.
Pipe: NM28 0.0 678.8 21 10.00 120

25 43.5 99.6 44,1 22 6.000 —-—— 0.00 -0.
23 43.5 99.4 722.8 6.065 10.00 0.019 0.
Pipe: FM29 0.0 544.0 22 10.00 120

26 43.5 96.2 -40.7 25 4.000 —-—— 0.00 -0.
24 43.5 95.5 503.3 4,026 10.00 0.073 0.
Pipe: 30 0.0 503.3 24 202.00 120

27 43.5 99.8 -465.4 28 2.000 2E:10.0 30.00 -0.
26 43.5 96.2 37.9 2.067 2T:20.0 232.00 0.016 3.
Pipe: NM31 0.0 722.8 23 10.00 120

27 43.5 99.8 40.7 24 6.000 -——— 0.00 -0.
25 43.5 99.6 763.5 6.065 10.00 0.021 0.
Pipe: FM32 0.0 503.3 24 10.00 120

28 43.5 96.8 -37.9 27 4,000 —-—— 0.00 -0.
26 43.5 96.2 465.4 4.026 10.00 0.063 0.
Pipe: 33 0.0 465.4 26 202.00 120

29 43.5 100.1 -429.8 30 2.000 2E:10.0 30.00 -0.
28 43.5 96.8 35.6 2.067 2T:20.0 232.00 0.014 3.
Pipe: NM34 0.0 763.5 25 10.00 120

29 43.5 100.1 37.9 26 6.000 —-——— 0.00 -0.
27 43.5 99.8 801.5 6.065 10.00 0.023 0.
Pipe: FM35 0.0 465.4 26 10.00 120

30 43.5 97.4 -35.6 29 4.000 -——- 0.00 -0.
28 43.5 96.8 429.8 4.026 10.00 0.054 0.
Pipe: 36 0.0 429.8 28 202.00 120

31 43.5 100.3 -395.9 32 2,000 2E:10.0 30.00 -0.
30 43.5 97.4 33.9 2.067 2T:20.0 232.00 0.013 2.
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DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF

JOB TITLE: Grid Estimate 4.1

Pipe Tag K-faadd Fl1 Add F1l To Fit:
Frm Node E1 (ft) PT (a) Node/ Nom IDEq.Ln.

To Node El (ft) PT Tot. (Q) Disch Act ID (ft.)
Pipe: NM37 0.0 801.5 27

31 43.5 100.3 35.6 28 6.000 —_—
29 43.5 100.1 837.1 6.065

Pipe: FM38 0.0 429.8 28

32 43.5 97.8 -33.9 31 4.000 —-——
30 43.5 97.4 395.9 4.026

Pipe: 39 0.0 395.9 30

33 43.5 100.6 -363.3 34 2.000 2E:10.0
32 43.5 97.8 32.6 2.067 2T:20.0
Pipe: NM40 0.0 837.1 29

33 43.5 100.6 33.9 30 6.000 —-——
31 43.5 100.3 870.9 6.065

Pipe: FM41 0.0 395.9 30

34 43.5 98.2 -32.6 33 4.000 -——
32 43.5 97.8 363.3 4.026

Pipe: 42 0.0 363.3 32

35 43.5 100.9 -331.3 36 2.000 2E:10.0
34 43.5 98.2 31.9 2.067 2T:20.0
Pipe: NM43 0.0 870.9 31

35 43.5 100.9 32.6 32 6.000 —_——
33 43.5 100.6 903.6 6.065

Pipe: FM44 0.0 363.3 32

36 43.5 98.6 -31.9 35 4.000 -——
34 43.5 98.2 331.3 4.026

Pipe: 45 0.0 331.3 34

37 43.5 101.2 -299.6 38 2.000 2E:10.0
36 43.5 98.6 31.8 2.067 2T:20.0
Pipe: NM46 0.0 903.6 33

37 43.5 101.2 31.9 34 6.000 —_——
35 43.5 100.9 935.5 6.065

Pipe: FM47 0.0 331.3 34

38 43.5 98.9 -31.8 37 4.000 -——
36 43.5 98.6 299.6 4.026

Pipe: 48 0.0 299.6 36

39 43.5 101.5 -267.4 40 2.000 2E:10.0
38 43.5 98.9 32.1 2.067 2T:20.0

43
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T

10
0.00
10.00

10
0.00
10.00

202
30.00
232.00
10
10.00
10

0.00
10.00

202.

30.00
232.00

10.

0.00
10.00

10.

0.00
10.00

202.

30.00
232.00

10.

0.00
10.00

10
0.00
10.00

202.

30.00
232.00
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C
Pf/ft.
.00 120

0.025
.00 120
0.047
.00 120
0.012
.00 120
0.027
.00 120
0.040
00 120
0.011
00 120
0.029
00 120
0.034
00 120
0.011
00 120
0.031
.00 120
0.028
00 120

0.011

(Pt)
(Pe)
(P£)

1
o o
w o

1
o
o

|
o
o

|
o
o o

1
(=]
o o

|
o
o
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JOB TITLE: Grid Estimate 4.1

Pipe Tag K-faAdd F1 Add Fl1 To Fit: L c (Pt)
Frm Node El1 (ft) PT (q) Node/ Nom IDEq.Ln. F (Pe)
To Node El (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. {P£f)
Pipe: NM49 0.0 935.5 35 10.00 120
39 43.5 101.5 31.8 36 6.000 ———— 0.00 =0.
37 43.5 101.2 967.3 6.065 10.00 0.033 0.
Pipe: FM50 0.0 299.6 36 10.00 120
40 43.5 99.1 -32.1 39 4.000 —-—— 0.00 -0.
38 43.5 98.9 267.4 4.026 10.00 0.023 0.
Pipe: 51 0.0 267.4 38 202.00 120
41 43.5 101.9 -234.5 42 2.000 2E:10.0 30.00 -0.
40 43.5 99.1 32.9 2.067 2T:20.0 232.00 0.012 2.
Pipe: NM52 0.0 967.3 37 10.00 120
41 43.5 101.9 32.1 38 6.000 —-—— 0.00 -0.
39 43.5 101.5 999.4 6.065 10.00 0.035 0.
Pipe: FM53 0.0 267.4 38 10.00 120
42 43.5 99.3 -32.9 41 4.000 —_——— 0.00 =0.
40 43.5 99.1 234.5 4.026 10.00 0.018 0.
Pipe: 54 0.0 234.5 40 202.00 120
43 43.5 102.3 -200.3 44 2.000 2E:10.0 30.00 -0.
42 43.5 99.3 34.2 2.067 2T:20.0 232.00 0.013 3.
Pipe: NM55 0.0 999.4 39 10.00 120
43 43.5 102.3 32.9 40 6.000 —-—— 0.00 -0.
41 43.5 101.9 1032.4 6.065 10.00 0.037 0.
Pipe: FM56 0.0 234.5 40 10.00 120
44 43.5 99.4 -34.2 43 4.000 —-—— 0.00 -0.
42 43.5 99.3 200.3 4.026 10.00 0.013 0.
Pipe: 57 0.0 200.3 42 202.00 120
45 43.5 102.6 -164.5 46 2.000 2E:10.0 30.00 =0.
44 43.5 99.4 35.8 2.067 2T:20.0 232.00 0.014 3.
Pipe: NM58 0.0 1032.4 41 10.00 120
45 43.5 102.6 34.2 42 6.000 —-——— 0.00 -0.
43 43.5 102.3 1066.6 6.065 10.00 0.040 0.
Pipe: FM59 0.0 200.3 42 10.00 120
46 43.5 99.5 -35.8 45 4.000 —-—— 0.00 -0.
44 43.5 99.4 164.5 4.026 10.00 0.009 0.
Pipe: 60 0.0 164.5 44 202.00 120
47 43.5 103.1 -126.9 48 2.000 2E:10.0 30.00 -0.
46 43.5 99.5 37.7 2.067 2T:20.0 232.00 0.015 3.
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Pipe Tag

Frm Node EIl
To Node El
Pipe: NM61
47 43.
45 43.
Pipe: FM62

48 43.
46 43,
Pipe: 63

49 43.
48 43,
Pipe: NM64
49 43.
47 43.
Pipe: FM65
50 43.
48 43.
Pipe: 66

51 43.
50 43.
Pipe: NM67
51 43,
49 43.
Pipe: FM68
52 43.
50 43,
Pipe: 69

53 43.
52 43.
Pipe: NM70
53 43.
51 43.
Pipe: 71

19 0.
53 43.

(ft)
(ft)

(6]

APPENDIX B

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd F1 Add F1 To
PT

PT

0.0
103.1
102.6

99.5
99.5

103.5
99.5

103.
103.

= u;

99.
99.5

(2]

104.
99.6

o

104.
103.

[§ =)

99.
99.6

[+

104.
99.

o

104.
104.

o o,

Source
130.9
104.5

(q)
Tot.

1066.
35.
1102.

164.
-37.
126.

126.
-87.
39.

1102.
37.
1140.

126.
-39.
87.

87.
-44.
42.

1140.
39.
1179.

87.
-42.
44,

44.
44.

1179.
42.
1222,

1222,
44.
1266.

6
8
3

w3 o,

w0 o v

(=N B )

w0

o o

=N Y

w0 WK

Node/ Nom
(Q) Disch Act

43
44

44
47

46
50

45
46

46
49

48
52

47
48

48
51

50

49
50

51
52

Fit:

IDEq.Ln.

ID

000

.065

.000
.026

.000
.067

.000
.065

.000
.026

.000
.067

.000
.065

.000
.026

.000

067

.000
.065

.000
.065

(ft.)

2E:10.0
2T:20.0

2E:10.
2T:20.0

o

2E:10.0
2T:20.0

2E:28.0
B:10.0
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PCT/US2022/043594

Page 10

L o]
F
T Pf/ft.
10.00 120
0.00
10.00 0.042
10.00 120
0.00
10.00 0.006
202.00 120
30.00
232,00 0.017
10.00 120
0.00
10.00 0.045
10.00 120
0.00
10.00 0.003
202.00 120
30.00
232.00 0.019
10.00 120
0.00
10.00 0.048
10.00 120
0.00
10.00 0.001
202.00 120
30.00
232.00 0.021
10.00 120
0.00
10.00 0.051
100.00 120
38.00
138.00 0.054

(Pt)
(Pe)
(P£)

1
o
o

1
(= =]
w» O

1
o
(=l =)

1
w O
[ =AY

o

1
(=3 =)
oo

o o o

26
18.8
7.5
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APPENDIX B

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 11

DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NOTES (HASS):

(1) Calculations were performed by the HASS 2020 D computer program

in

accordance with NFPA13 (2016)

under license no. 64655670 granted by

HRS Systems, Inc.

208 Southside Square

Petersburg, TN 37144
(931) 659-9760

(2) The system has been calculated to provide an average
imbalance at each node of 0.001 gpm and a maximum
imbalance at any node of 0.022 gpm.

(3) Total pressure at each node is used in balancing the system.
Maximum water velocity is 20.3 ft/sec at pipe 14.

(4) a.

b.

System remote area HAS been proven or 'peaked'.

Minimum pressure at any sprinkler: 56.250 psi

. Minimum pressure with remote area shifted

one sprinkler space toward left cross main: 56.392 psi

. Minimum pressure with remote area shifted

one sprinkler space toward right cross main: 56.368 psi

(5) Items listed in bold print on the cover sheet

are automatically transferred from the calculation report.

(6) The Sprinkler System will not function under Full Flow conditions.

(7) PIPE FITTINGS TABLE

HASS Pipe Table Name: standard.pip

PAGE: A MATERIAL: $40 HWC: 120
Diameter Equivalent Fitting Lengths in Feet
(in) E T L C B G A D N
Ell Tee LngEll ChkVlv BfyVlv GatVlv AlmChk DPVlv NTee
F
F45E11
2.067 5.00 10.00 3.00 11.00 6.00 1.00 10.00 10.00 10.00
2.50
4.026 10.00 20.00 6.00 22.00 12.00 2.00 20.00 20.00 20.00
5.00
6.065 14.00 30.00 9.00 32.00 10.00 3.00 28.00 28.00 30.00
7.00

46
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APPENDIX B

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 12
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF

A

SPRINKLER SYSTEM p;ég W
.
/

ITH FLOWPLOT
/
/SN
////%ﬁ\

S

"y ////%K
"

: /

JOB TITLE: Grid Estimate 4.1

47
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APPENDIX C

HYDRAULIC CALCULATIONS FOR

DRAWING NUMBER: DATE: AUG 11, 2021
-DESIGN DATA-
REMOTE AREA NUMBER: REMOTE AREA LOCATION:

OCCUPANCY CLASSIFICATION:

DENSITY: gpm/sq. ft.
AREA OF APPLICATION: sq. ft.
COVERAGE PER SPRINKLER: sq. ft.

TYPE OF SPRINKLERS CALCULATED:
NUMBER OF SPRINKLERS CALCULATED: 12

*IN-RACK SPRINKLER DEMAND: gpm
HOSE-STREAM DEMAND: gpm
TOTAL WATER REQUIRED (INCLUDING HOSE): 1279.8%" psi
FLOW AND PRESSURE (AT BASE OF RISER): gpm @
TYPE OF SYSTEM:
*VOLUME OF DRY OR PREACTION SYSTEM:
*DETAILS:
WATER SUPPLY
Source: Test Date: Test By:
Location:
Static: 0 psi Residual: O psi Flow: 1500.0 gpm
Source Elevation Relative to Finished Flow Level: ft.

INSTALLING CONTRACTOR
Name:
Address:
Phone: Certification number:

NAME OF DESIGNER:
AUTHORITY HAVING JURISDICTION:

NOTES :
Calculations performed by HASS under license # 64655670 '
granted by HRS SYSTEMS, INC.
(Notes continue after pipe calculations results.)
(Notes continue after pipe calculations results.)
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS

PCT/US2022/043594
APPENDIX C

Page 2

DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF

JOB TITLE: Grid Estimate 4.1

WATER SUPPLY ANALYSIS

240.

200.

[ L v H Q@ a > @

H W g wn w

-~ KB 0 Y o~

-14

Note:

160.

120.

80.

40.

Fixed Source Pressure: 0.00 psi
0
/

2

/ LEGEND

/
ol / 7

/
//
/ 2 %Required pressure
| 226.04 psi @ 1279.8 gpm
ot /
/ B. System Demand Curve
0| /
/
0 - ///
/
|/
Y/
0a
N I | | | \ \
400600 800 1000 1200 1400 1600 1800 2000
FLOW (GPM)

(1) Dashed Lines indicate extrapolated values from Test Results
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APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 3
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NFPA WATER SUPPLY DATA

SOURCE STATIC RESID. FLOW AVAIL. TOTAL REQ'D
NODE PRESS. PRESS. @ PRESS. @ DEMAND PRESS.
TAG (PSI) (PSI) (GPM) (PSI) (GPM) (PSI)
19 (N/R) 0.0 (N/R) 0.0 1279.8 226.0

AGGREGATE FLOW ANALYSIS:

TOTAL FLOW AT SOURCE 1279.8 GPM
TOTAL HOSE STREAM ALLOWANCE AT SOURCE 0.0 GPM
OTHER HOSE STREAM ALLOWANCES 0.0 GPM

TOTAL DISCHARGE FROM ACTIVE SPRINKLERS 1279.8 GPM

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES
(FT) (PSI) (GPM)
1 43.5 - - - 177.8 - -
2 44.5 K=14.00 60.0 108.4
3 44.5 K=14.00 56.3 105.0
4 44.5 K=14.00 56.2 105.0
5 44.5 K=14.00 59.5 108.0
6 43.5 - - - 194.0 - -
7 43.5 - - - 177.9 - -
8 44.5 K=14.00 60.0 108.5
9 44.5 K=14.00 56.3 105.0
10 44.5 K=14.00 56.3 105.0
11 44.5 K=14.00 59.5 108.0
12 43.5 - - - 194.0 - -
13 43.5 - - - 178.5 - -
14 44.5 K=14.00 60.1 108.6
15 44.5 K=14.00 56.4 105.1
16 44.5 K=14.00 56.4 105.1
17 44.5 K=14.00 59.6 108.1
18 43.5 - - - 194.1 - -
19 0.0 SOURCE 226.0 1279.8
20 43.5 - - - 179.7 - -
21 43.5 - - - 194.2 - -
22 43.5 - - - 180.7 - -
23 43.5 - - - 194.4 - -
24 43.5 - - - 181.6 - -
25 43.5 - - - 194.6 - -
26 43.5 - - - 182.4 - -
27 43.5 - - - 194.8 - -
28 43.5 - - - 183.1 - -
29 43.5 - - - 195.0 - -
30 43.5 - - - 183.7 - -
31 43.5 - - - 195.3 - -
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APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 4
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES
(FT) (PSI) (GPM)
32 43.5 - - - 184.2 - -
33 43.5 - - - 195.5 - -
34 43.5 - - - 184.7 - -
35 43.5 - - - 195.8 - -
36 43.5 - - - 185.0 - -
37 43.5 - - - 196.1 - -
38 43.5 - - - 185.3 - -
39 43.5 - - - 196.5 - -
40 43.5 - - - 185.5 - -
41 43.5 - - - 196.8 - -
42 43.5 - - - 185.7 - -
43 43.5 - - - 197.2 - -
44 43.5 - - - 185.8 - -
45 43.5 - - - 197.6 - -
46 43.5 - - - 185.9 - -
47 43.5 - - - 198.1 - -
48 43.5 - - - 186.0 - -
49 43.5 - - - 198.5 - -
50 43.5 - - - 186.0 - -
51 43.5 - - - 199.0 - -
52 43.5 - - - 186.0 - -
53 43.5 - - - 199.5 - -
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NFPA PIPE DATA

Pipe Tag

Frm Node El
To Node El
Pipe: 1

1 43.
2 44,
Pipe: 2

2 44,
3 44,
Pipe: 3

3 44,
4 44,
Pipe: 4

5 44,
4 44,
Pipe: 5

6 43.
5 44,
Pipe: FM6

7 43.
1 43.
Pipe: 7

7 43.
8 44,
Pipe: 8

8 44,
9 44,
Pipe: 9

9 44,
10 44,
Pipe: 10

11 44,
10 44,
Pipe: 11

12 43.
11 44,
Pipe: NM12

12 43.
6 43.

(£t)
(£t)

APPENDIX C

PCT/US2022/043594

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faAdd F1 Add Fl1 To

PT (q)

PT Tot.
14.00 108.
177.8 108.
60.0 217.
14.00 105.
60.0 3.
56.3 108.
14.00 105.
56.3 -101.
56.2 3.
14.00 105.
59.5 -3.
56.2 101.
14.00 108.
194.0 101.
59.5 209.

0.0 0.
177.9 217.
177.8 217.
14.00 108.
177.9 109.
60.0 217.
14.00 105.
60.0 4,
56.3 109.
14.00 105.
56.3 -101.
56.3 4.
14.00 105.
59.5 -4,
56.3 101.
14.00 108.
194.0 101.
59.5 209.

0.0 0.
194.0 209.
194.0 209.

4
9
3

0

[y

Node/ Nom
(Q) Disch Act

Disch

3

Disch

Disch

Disch

Disch

Disch

Disch

10

Disch

Disch

Disch
10

52

Fit: L
IDEq.ILn. F
ID (£t.) T

76
.500 E: 4.0 12
.610 T: 8.0 88
10
.500 -———- 0
.610 10
10
.500 -——- 0
.610 10
10
.500 -———- 0
.610 10
96
.500 E: 4.0 12
.610 T: 8.0 108
10
.000 -——= 0
.026 10
76
.500 E: 4.0 12
.610 N: 8.0 88
10
.500 -———- 0
.610 10
10
.500 -——- 0
.610 10
10
.500 -———- 0
.610 10
96
.500 E: 4.0 12
.610 N: 8.0 108
10
.000 -———- 0
.065 10

SUBSTITUTE SHEET (RULE 26)

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

Page 5

PE/ft.

120

1.334

120

0.372

120

0.001

120

0.324

120

1.241

120

0.015

120

1.335

120

0.372

120

0.001

120

0.323

120

1.241

120

0.002

(Pt)
(Pe)
(Pf)

134.

134.

o o

MDOoON

oo

o O o

N oN

oo
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Pipe Tag
Frm Node El1
To Node El

Pipe: FM13
13 43
7 43
Pipe: 14

13 43
14 44
Pipe: 15

14 44
15 44
Pipe: 16

15 44
16 44
Pipe: 17

17 44
16 44
Pipe: 18

18 43
17 44
Pipe: NM19
18 43
12 43
Pipe: FM20
20 43
13 43
Pipe: 21

21 43
20 43
Pipe: NM22
21 43
18 43
Pipe: FM23
22 43
20 43
Pipe: 24

23 43
22 43

APPENDIX C

PCT/US2022/043594

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faAdd Fl1 Add Fl To

(ft) PT
(ft) PT
0.0
.5 178.5
.5 177.9
14.00
.5 178.5
.5 60.1
14.00
.5 60.1
.5 56.4
14.00
.5 56.4
.5 56.4
14.00
.5 59.6
.5 56.4
14.00
.5 194.1
.5 59.6
0.0
.5 194.1
.5 194.0
0.0
.5 179.7
.5 178.5
0.0
.5 194.2
.5 179.7
0.0
.5 194.2
.5 194.1
0.0
.5 180.7
.5 179.7
0.0
.5 194.4
.5 180.7

(a)

Tot.

217
217
434

108.
109.
217.

105.
4.
109.

105.
-100.
4.

105.
-4.
100.

108.
100.
209.

209.
209.
418.

217.
434.
652,

652.
-610.
42.

418.
209.
627.

652,
-42.
610,

610.
-569.
40.

.5
.3
.8

w

Node/ Nom
(Q) Disch Act

8
1

Disch
15

Disch
16

Disch

Disch

Disch
16

13
22

12
17

13
21

20
24

53

Fit: L

IDEg. Ln. F

D (ft.) T
10.
.000 -—== 0.00
.026 10.00
76.00
.500 E: 4.0 12.00
.610 N: 8.0 88.00
10.00
.500 —-——— 0.00
. 610 10.00
10.00
.500 -——= 0.00
.610 10.00
10.00
.500 -——— 0.00
. 610 10.00
96.00
.500 E: 4.0 12.00
.610 N: 8.0 108.00
10.
.000 -—— 0.00
.065 10.00
10.
.000 - 0.00
.026 10.00
202.
.500 2E: 8.0 24.00
.610 2T:16.0 226.00
10.
.000 -——= 0.00
.065 10.00
10.
.000 -——= 0.00
.026 10.00
202.
.500 2E: 8.0 24.00
.610 2T:16.0 226.00
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C
Pf/ft.
00 120

0.055
120

1.340
120

0.374
120

0.001
120

0.323
120

1.241
00 120
0.007
00 120
0.118
00 120
0.064
00 120
0.015
00 120
0.104
00 120

0.061

(Pt)
(Pe)
(Pf)

1
o oo
o OO

1
w o w
NON

134.
0.
134.

O

1
o o
m O O

1
o
o r

14
-0.0
14.6

o

o
=

1
o
o R

13
-0.0
13.7
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Pipe Tag
Frm Node El
To Node El

Pipe: NM25
23 43,
21 43.
Pipe: FM26
24 43.
22 43.
Pipe: 27

25 43.
24 43.
Pipe: NM28
25 43.
23 43,
Pipe: FM29
26 43.
24 43.
Pipe: 30

27 43.
26 43.
Pipe: NM31
27 43.
25 43.
Pipe: FM32
28 43
26 43.
Pipe: 33

29 43
28 43.
Pipe: NM34
29 43.
27 43.
Pipe: FM35
30 43.
28 43.
Pipe: 36

31 43.
30 43,

APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-fac
(£t) PT  (q)
(ft) PT
0.0 627.2
5 194.4 42,3
5 194.2 669.4
0.0 610.4
5 181.6 -40.9
5 180.7 569.6
0.0 569.6
5 194.6 -529.9
5 181.6 39.7
0.0 669.4
5 194.6 40.9
5 194.4 710.3
0.0 569.6
5 182.4 -39.7
5 181.6 529.9
0.0 529.9
5 194.8 -491.2
5 182.4 38.7
0.0 710.3
5 194.8 39.7
5 194.6 749.9
0.0 529.9
.5 183.1 -38.7
5 182.4 491.2
0.0 491.2
.5 195.0 -453.3
5 183.1 37.9
0.0 749.9
5 195.0 38.7
5 194.8 788.6
0.0 491.2
5 183.7 -37.9
5 183.1 453.3
0.0 453.3
5 195.3 -416.0
5 183.7 37.3
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18
20

20
23

22
26

21
22

22
25

24
28

23
24

24
27

26
30

25
26

26
29

28
32

Add Fl1 Add Fl1 To
Node/ Nom
Tot.(Q) Disch Act

54

ID Eq.Ln.

Fit:

ID (ft.)

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

16.0

16.0

16.0

PCT/US2022/043594

=

10.

0.00
10.00

10.

0.00
10.00

202.

24.00
226.00

10.

10.

0.00

202,

24.00
226.00

10.

10.

0.00

202.

24,00
226.00

10.

10.

0.00

202.

24.00
226.00

Page 7

Pf/ft.

00

00

00

00

00

00

00

00

00

00

00

00

120

.017

120

.091

120

.057

120

.019

120

.080

120

.055

120

.021

120

.069

120

.053

120

.023

120

.060

120

.051

(Pt)
(Pe)
(P£f)

13
-0.0
13.0

o

o
[\o]

|
o
o

12
-0.0
12.4

|
o o
N OO

|
o
o o

11
-0.0
11.9

o

o
[\v]

|
o
o o

11
-0.0
11.6
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Pipe Tag
Frm Node El
To Node El

Pipe: NM37
31 43.
29 43.
Pipe: FM38
32 43.
30 43.
Pipe: 39

33 43.
32 43.
Pipe: NM40
33 43.
31 43.
Pipe: FM41
34 43.
32 43.
Pipe: 42

35 43
34 43.
Pipe: NM43
35 43.
33 43.
Pipe: FM44
36 43
34 43.
Pipe: 45

37 43.
36 43.
Pipe: NM46
37 43
35 43.
Pipe: FMA47
38 43.
36 43.
Pipe: 48

39 43.
38 43.

(£t)
(£ft)

APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd F1 Add Fl1 To
Node/ Nom
Tot. (Q) Disch Act

195.
195,

184.
183.

195.
184.

195.
195,

184.
184.

195,
184.

195.
195.

185.
184.

196.
185,

196.
195.

185.
185.

196.
185,

PT  (q)
PT

.0 788.6
3 37.9
0 826.5
.0 453.3
2 -37.3
7 416.0
.0 416.0
5 -379.2
2 36.9
.0 826.5
5 37.3
3 863.8
.0 416.0
7 -36.9
2 379.2
.0 379.2
8 -342.6
7 36.6
.0 863.8
8 36.9
5 900.7
.0 379.2
0 -36.6
7 342.6
.0 342.6
1 -306.0
0 36.5
.0 900.7
1 36.6
8 937.3
.0 342.6
3 -36.5
0 306.0
.0 306.0
5 -269.4
3 36.6

SUBSTITUTE SHEET (RULE 26)

27
28

28
31

30
34

29
30

30
33

32
36

31
32

32
35

34
38

33
34

34
37

36
40

55

Fit:

IDEq.Ln.
ID (ft.)

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

16.0

16.0

16.0

16.0

PCT/US2022/043594

=

10.

10.

10.00

202,

24.00
226.00

10.

10.00

10.

0.00

202.

24,00
226.00

10.

10,

0.00

202.

24.00
226.00

10.

10.

0.00

202.

24.00
226.00

Page 8

Pf/ft.

00

00

00

00

00

00

00

00

00

00

00

00

120

.025

120

.051

120

.050

120

.027

120

.043

120

.049

120

.029

120

.036

120

.049

120

.031

120

.029

120

.049

(Pt)
(Pe)
(PE)

|
o o
N OO

|
o
(=N =)

11
-0.0
11.3

|
o o
w o o

1
o
o o

11
-0.0
11.2

|
o
o o

|
o
o o

11
-0.0
11.1

1
o o
w o o

|
o
o o

11
-0.0
11.2
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Pipe Tag
Frm Node EL
To Node El

Pipe: NM49
39 43.
37 43,
Pipe: FM50
40 43.
38 43.
Pipe: 51

41 43.
40 43.
Pipe: NM52
41 43
39 43,
Pipe: FM53
42 43.
40 43.
Pipe: 54

43 43.
42 43.
Pipe: NM55
43 43
41 43.
Pipe: FM56
44 43
42 43.
Pipe: 57

45 43.
44 43.
Pipe: NM58
45 43.
43 43.
Pipe: FM59
46 43.
44 43.
Pipe: 60

47 43.
46 43.

(ft)
(£t)

APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd Fl1 Add Fl

196.
196.

185.
185.

196.
185.

196.
196.

185.
185.

197.
185.

197.
196.

185.
185.

197.
185,

197.
197.

185,
185.

198.
185.

PT (q)
PT Tot.
0 937.
5 36.
1 973.
0 306.
5 -36.
3 269.
0 269.
8 -232.
5 36.
0 973.
8 36.
5 1010.
0 269.
7 -36.
5 232,
0 232,
2 -195.
7 37.
0 1010.
2 36.
8  1047.
0 232,
8 -37.
7 195.
0 195.
6 -157.
8 37.
0 1047.
6 37.
2 1084.
0 195,
9 -37.
8 157.
0 157.
1 -119.
9 38.

SUBSTITUTE SHEET (RULE 26)

3
5
8

o0

Node/ Nom
(Q) Disch Act

35
36

36
39

38
42

37
38

38
41

40
44

39
40

40
43

42
46

41
42

42
45

44
48

56

Fit:

IDEq.Ln.
ID (ft.)

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

.000
.065

.000
.026

.500 2E:
.610 2T:

PCT/US2022/043594

=

10.

10.

10.00

202.

24.00
226.00

10.

10.

0.00

202.

24.00
226.00

10.

10.

0.00

202.

24,00
226.00

10.

10.

0.00

202.

24.00
226.00

Page 9

Pf/ft.

00

00

00

00

00

00

00

00

00

00

00

00

120

.033

120

.023

120

.050

120

.036

120

.017

120

.051

120

.038

120

.013

120

.052

120

.041

120

.008

120

.054

(Pt)
(Pe)
(P£f)

|
o o
w o o

|
o o
s O

|
o
o

11
-0.0
11.5

o
-9

|
o
o o

11
-0.0
11.8

o

o
>

o

12
-0.0
12.1
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Pipe Tag
Frm Node E1
To Node El

Pipe:

49
47

Pipe:

48

Pipe:

51
50

Pipe:

51
49

Pipe:

50

Pipe:

53
52

Pipe:

53
51

Pipe:

19
53

63

43.
43.

43.
43.

FM65

43.
43.

66

43,
43.

NM67

43.
43.

43.
43.

69

43.
43.

NM70

43.
43.

71

43,

(ft)
(ft)

o

APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

K-faadd Fl Add Fl To
Node/ Nom
. (Q) Disch Act

PT (qa)

PT Tot
0.0 1084,
198.1 37.
197.6 1122
0.0 157.
186.0 -38.
185.9 119.
0.0 119.
198.5 -80.
186.0 39.
0.0 1122,
198.5 38.
198.1 1160.
0.0 119.
186.0 -39.
186.0 80.
0.0 80.
199.0 -40,
186.0 39.
0.0 1160.
199.0 39.
198.5 1199.
0.0 80.
186.0 -39,
186.0 40.
0.0 0.
199.5 40.
186.0 40.
0.0 1199.
199.5 39.
199.0 1239.
Source 1239.
226.0 40.
199.5 1279.

SUBSTITUTE SHEET (RULE 26)

5
7

.2

w

®» o0

43
44

44
47

46
50

45
46

46
49

48
52

47
48

48
51

50

49
50

51
52

Fit:
IDEq.Ln.
ID (ft.)

.000 -———=
.065

.000 -—=-
.026

.500 2E: 8.0
.610 2T:16.0

.000 -——-
.065

.000 -——=
.026

.500 2E: 8.0
.610 2T:16.0

.000 -——-
.065

.000 -——=
.026

.500 2E: 8.0
.610 2T:16.0

.000 -——=
.065

.000 2E:28.0
.065 B:10.0

PCT/US2022/043594

Page 10

L C

=

T Pf/ft.
10.00 120

10.00 0.044
10.00 120

10.00 0.005

202.00 120
24.00
226.00 0.056

10.00 120
10.00 0.046

10.00 120
0.00
10.00 0.002

202.00 120
24,00
226.00 0.058

10.00 120
0.00
10.00 0.049

10.00 120
0.00
10.00 0.001

202.00 120
24.00
226.00 0.060

10.00 120
0.00
10.00 0.052

100.00 120
38.00
138.00 0.056

(Pt)
(Pe)
(P£)

o

o
'S

o o
»r OO

12
-0.0
12.6

o

o
o

(=]

13
-0.0
13.0

[=]

o
[5,]

o

13.5
-0.0
13.5

26
18.8
7.7
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APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 11
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

NOTES (HASS):

(1) Calculations were performed by the HASS 2020 D computer program
in accordance with NFPAl1l3 (2016)
under license no. 64655670 granted by
HRS Systems, Inc.
208 Southside Square
Petersburg, TN 37144
(931) 659-9760

(2) The system has been calculated to provide an average
imbalance at each node of 0.003 gpm and a maximum
imbalance at any node of 0.169 gpm.

(3) Total pressure at each node is used in balancing the system.
Maximum water velocity is 34.3 ft/sec at pipe 14.

(4) a. System remote area HAS been proven or 'peaked'.
b. Minimum pressure at any sprinkler: 56.250 psi

c. Minimum pressure with remote area shifted
one sprinkler space toward left cross main: 56.697 psi

d. Minimum pressure with remote area shifted
one sprinkler space toward right cross main: 56.297 psi

(5) Items listed in bold print on the cover sheet

are automatically transferred from the calculation report.

(6) The Sprinkler System will not function under Full Flow conditions.

(7) PIPE FITTINGS TABLE
HASS Pipe Table Name: standard.pip

PAGE: A MATERIAL: S$40 HWC: 120

Diameter Equivalent Fitting Lengths in Feet

(in) E T L c B G A D N
E1ll Tee LngEll ChkVlv BfyVlv GatVlv AlmChk DPV1v NTee

F45E11l
1.610 4.00 8.00 2.00 9.00 6.00 1.00 10.00 10.00 8.00
2.00
4.026 10.00 20.00 6.00 22.00 12.00 2.00 20.00 20.00 20.00
5.00
6.065 14.00 30.00 9.00 32.00 10.00 3.00 28.00 28.00 30.00
7.00

58
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APPENDIX C

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 12
DATE: 8/11/2021DESROSIER\DOCUMENTS\HASSDATA\GRID 6X4 EXAMPLE FOR RAGI.SDF
JOB TITLE: Grid Estimate 4.1

SPRINKLER SYSTEM %@ﬁ WITH FLOWPLOT

59
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APPENDIX D
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 4

DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler
NODE ANALYSIS DATA
NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES

(FT) (PSI) (GPM)
33 43.0 - - - 74.7 - -
34 43.0 - - - 76.2 - -
35 43.0 - - - 75.4 - -
36 43.0 - - - 76.7 - -
37 43.0 - - - 75.9 - -
38 43.0 - - - 77.2 - -
39 43.0 - - - 76.4 - -
40 43.0 - - - 77.8 - -
41 43.0 - - = 76.8 - -
42 43.0 - - - 78.4 - -
43 43.0 - - - 77.1 - -
44 43.0 - - - 79.0 - -
45 43.0 - - - 77.4 - -
46 43.0 - - - 79.7 - -
47 43.0 - - - 77.6 - -
48 43.0 - - - 80.4 - -
49 43.0 - - - 77.7 - -
50 43.0 - - - 81.1 - -
51 43.0 - - - 77.8 - -
52 43.0 - - - 81.9 - -
53 43.0 - - - 77.8 - -
54 43.0 - - - 82.8 - -

60
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DATE:

NFPAS PIPE DATA

Pipe Tag

Frm Node El (ft)
El (ft)

To Node

[y

Pipe:

[ury

Pipe: 2

Pipe: 3

Pipe: 4

Pipe: 5

Pipe: 6

Pipe: 8

10

Pipe: 9

11

Pipe: 10
11

Pipe: 11
12

Pipe: 12
13

Pipe: 13

43.
45.

45,
45,

45.
45,

45,
45,

43.
45.

43.
43.

43,
45,

45,
45.

45,
45,

45.
45,

43,
45,

43.
43.

APPENDIX D

PCT/US2022/043594

SPRINKLER SYSTEM HYDRAULIC ANALYSIS

K-faadd F1 Add Fl To

PT

25,20
64.5
40.7

25.20
40.7
40.0

25.20
40.0
40.0

25.20
40.7
40.0

25,20
73.4
40.7

25.20
65.3
41.0

25.20
41.0
40.3

25.20
40.3
40.3

25.20
40.9
40.3

25.20
73.5
40.9

()

Tot. (Q) Disch Act ID

160,
162.
323.

159,
3.
162.

159.
-156.
3.

159.
-3.
156.

160.
156.
317.

323.
323.

lel.
165.
326.

159,

165.

159.

-154.

159.
-5.
154,

161.
154.
315.

317.
317.

8
4
1

o

Disch

3

Disch

Disch

Disch

Disch

Disch
11

Disch

Disch

Disch

11

Disch
12

61

2.500
2.635

2.500
2.635

2.500
2.635

2.500
2.635

2.500
2.635

4,000
4,260

2.500
2.635

2.500
2.635

2.500
2.635

2.500
2.635

2.500
.635

N

(=)}

.000
.357

[}

:17.0

Fit:

Node/ Nom IDEgQ.Ln.

(£t.)

66.
:17.0 91.

10.
-——- 0.
10.

10.
-—- 0.
10.

10.
-— 0.
10.

106.

:126.0 26.
31.

66.
8.0 25.

10.
-— 0.
10.

10.
-—- 0.
10.

-—- 0.

SUBSTITUTE SHEET (RULE 26)

131.

=

00
.00
00

00
00
00

00
00
00

00
00
00

00
.00
00

.00
00
00

00
00
.00

00
00
00

00
00
00

.00
00
.00

.00
.00
.00

.00
.00
.00

Page 5
DOCUMENTS \HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

Pf/ft.

120

0.252

120

0.071

120

0.000

120

0.066

120

0.244

120

0.024

120

0.257

120

0.073

120

0.000

120

0.065

120

0.242

120

0.003

o OO OO

© YV oI

O OO O0CO
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DATE:

JOB TITLE: HP Sprinkler

Pipe Tag
Frm Node
To Node

Pipe:
15

Pipe:
15
16

Pipe:
17

Pipe:
18
17

Pipe:
18

Pipe:
20
19

Pipe:
14

Pipe:
21
15

Pipe:
22
21

Pipe:
22
20

Pipe:
23
21

Pipe:
24
23

14

15

16

17

18

19

20

21

22

23

24

25

E1l (ft)
El (ft)

43.0
43.0

43.0
45.0

45.0
45.0

45.0
45.0

45.0
45.0

43.0
45.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

K-faa&dd F1 Add Fl To

APPENDIX D

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200

Fit:

PT (@) Node/ Nom IDEq.Ln.
PT Tot. (Q) Disch Act ID (£t.)
0.0 326.6 10
66.2 323.1 1 4.000 -——-
65.3 649.7 4.260
25.20 162.1 Disch
66.2 168.3 17 2.500 E: 8.0
41.4 330.4 2.635 N:17.0
25.20 160.6 Disch
41.4 7.7 2.500 -——-
40.6 168.3 2.635
25.20 160.6 Disch
40.6 -152.9 2.500 -——-
40.6 7.7 2.635
25.20 160.6 Disch
41.3 -7.7 17 2.500 -——
40.6 152.9 2.635
25.20 161.9 Disch
73.6 152.9 18 2.500 E: 8.0
41.3 314.7 2.635 N:17.0
0.0 317.1 6
73.6 315.8 13 6.000 -——
73.5 632.9 6.357
0.0 330.4 16
68.1 649.7 9 4.000 -——-
66.2 980.2 4.260
0.0 980.2 15
73.8 -891.8 2.500 2E:16.0
68.1 88.4 2.635 2N:34.0
0.0 632.9 14
73.8 314.7 19 6.000 -——-
73.6 947.6 6.357
0.0 980.2 15
69.6 -88.4 4.000 -——
68.1 891.8 4.260
0.0 891.8 21
74.1 -814.6 2.500 2E:16.0
69.6 77.1 2.635 2N:34.0
62
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10.
.00
10.

66.
25.
91.

10.
.00
10.

10.
.00
10.

10.
.00
10.

106.
25.
131.

10.
.00
10.

10.
.00
10.

202.
50.
252.

10.
.00
10.

10.
.00
10.

202.
50.
252,

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
00

Page 6
BR-200 MN.SDF

PE/ft.

120

0.088

120

0.263

120

0.075

120

0.000

120

0.063

120

0.240

120

0.012

120

0.189

120

0.023

120

0.025

120

0.159

120

0.018

(Pt)
(Pe)
(Pf)

o oo oo

w
N
oo woon
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APPENDIX D

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 7
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

Pipe Tag K-fac Add Fl Add F1l To Fit: L c (Pt)
Frm Node El1 (£ft) PT (q) Node/ Nom ID Eq.Ln. F (Pe)
To Node E1l (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. (P£)
Pipe: 26 0.0 947.6 20 10.00 120 0.3
24 43. 74.1 88.4 21 6.000 ———— 0.00 -0.
22 43. 73.8 1036.1 6.357 10.00 0.030 0.
Pipe: 27 0.0 891.8 21 10.00 120 1.3
25 43, 71.0 -77.1 4.000 —-—— 0.00 -0.0
23 43, 69.6 814.6 4.260 10.00 0.134 1.3
Pipe: 28 0.0 814.6 23 202.00 120 3.5
26 43. 74.5 -747.4 2.500 2E:16.0 50.00 -0.0
25 43, 71.0 67.2 2.635 2N:34.0 252,00 0.014 3.5
Pipe: 29 0.0 1036.1 22 10.00 120 0.3
26 43, 74.5 77.1 23 6.000 —-—— 0.00 -0.0
24 43, 74.1 1113.2 6.357 10.00 0.034 0.3
Pipe: 30 0.0 814.6 23 10.00 120 1.1
27 43. 72.1 -67.2 4.000 ———= 0.00 -0.0
25 43, 71.0 747.4 4.260 10.00 0.115 1.1
Pipe: 31 0.0 747.4 25 202,00 120 2.7
28 43, 74.9 -688.6 2.500 2E:16.0 50.00 -0.0
27 43, 72.1 58.8 2.635 2N:34.0 252,00 0.011 2.7
Pipe: 32 0.0 1113.2 24 10.00 120 0.4
28 43, 74.9 67.2 25 6.000 -—— 0.00 -0.0
26 43, 74.5 1180.4 6.357 10.00 0.038 0.4
Pipe: 33 0.0 747 .4 25 10.00 120 1.0
29 43, 73.1 -58.8 4.000 —-—— 0.00 -0.0
27 43, 72.1 688.6 4.260 10.00 0.099 1.0
Pipe: 34 0.0 688.6 27 202.00 120 2.1
30 43. 75.3 -636.8 2.500 2E:16.0 50.00 -0.0
29 43, 73.1 51.8 2.635 2N:34.0 252,00 0.00% 2.1
Pipe: 35 0.0 1180.4 26 10.00 120 0.4
30 43. 75.3 58.8 27 6.000 —-—— 0.00 -0.0
28 43, 74.9 1239.2 6.357 10.00 0.042 0.4
Pipe: 36 0.0 688.6 27 10.00 120 0.9
31 43. 74.0 -51.8 4.000 —-—— 0.00 -0.0
29 43, 73.1 636.8 4.260 10.00 0.085 0.9
Pipe: 37 0.0 636.8 29 202.00 120 1.7
32 43, 75.7 -590.6 2.500 2E:16.0 50.00 -0.0
31 43, 74.0 46.3 2.635 2N:34.0 252,00 0.007 1.7
63
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DATE:

JOB TITLE: HP Sprinkler

Pipe

Tag

Frm Node
To Node

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

38
32
30

39
33
31

40
34
33

41
34
32

42
35
33

43
36
35

44
36
34

45
37
35

46
38
37

47
38
36

48
39
37

49
40
39

El (ft)
El (ft)

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

APPENDIX D

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200

K-fac Add Fl Add Fl1 To Fit:
PT (q) Node/ Nom ID Eq.Ln.
PT Tot. (Q) Disch Act ID (ft.)
0.0 1239.2 28
75.7 51.8 29 6.000 —-———
75.3 1291.0 6.357
0.0 636.8 29
74.7 -46.3 4,000 —-————
74.0 590.6 4,260
0.0 590.6 31
76.2 -548.2 2.500 2E:16.0
74.7 42.3 2.635 2N:34.0
0.0 1291.0 30
76.2 46.3 31 6.000 —-——
75.7 1337.3 6.357
0.0 590.6 31
75.4 -42.3 4,000 —-——
74.7 548.2 4,260
0.0 548.2 33
76.7 -508.1 2.500 2E:16.0
75.4 40.2 2.635 2N:34.0
0.0 1337.3 32
76.7 42.3 33 6.000 —-———
76.2 1379.6 6.357
0.0 548.2 33
75.9 -40.2 4,000 —-————
75.4 508.1 4,260
0.0 508.1 35
77.2 -468.4 2.500 2E:16.0
75.9 39.7 2.635 2N:34.0
0.0 1379.6 34
77.2 40.2 35 6.000 —-—
76.7 1419.7 6.357
0.0 508.1 35
76.4 -39.7 4,000 -——
75.9 468.4 4,260
0.0 468.4 37
77.8 -427.3 2.500 2E:16.0
76.4 41.0 2.635 2N:34.0
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10.
10.
10.
10.
202,
50.
252.
10.
10.
10.
10.
202.
50.
252.
10.
10.
10.
10.
202.
50.
252.
10.
10.
10.
10.
202.

50.
252.

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00

00
00
00

Page 8
BR-200 MN.SDF

Pf/ft.

120

0.045

120

0.074

120

0.006

120

0.048

120

0.065

120

0.005

120

0.051

120

0.056

120

0.005

120

0.053

120

0.048

120

0.006

(Pt)
(Pe)
(P£f)
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DATE:

JOB TITLE: HP S

Pipe Tag
Frm Node El (ft)
To Node
Pipe: 50

40 43,
38 43,
Pipe: 51

41 43.
39 43.
Pipe: 52

42 43.
41 43.
Pipe: 53

42 43,
40 43,
Pipe: 54

43 43.
41 43,
Pipe: 55

44 43.
43 43.
Pipe: 56

44 43,
42 43,
Pipe: 57

45 43.
43 43.
Pipe: 58

46 43,
45 43,
Pipe: 59

46 43.
44 43.
Pipe: 60

47 43.
45 43.
Pipe: 61

48 43,
47 43,

El (ft)

K-faadd F1 Add F1 To

76.
76.

78.
76.

78.
7.

77.
76.

79.
7.

79.
78.

7.
7.

79.
7.

79.
79.

77.
77.

80.
7.

.0
7.
7.

PT (q)
PT
1419.7
8 39.7
2  1459.5
0 468.4
8 -41.0
4 427.3
0 427.3
4 -383.5
8 43.9
1459.5
4 41.0
8 1500.5
0 427.3
1 -43.9
8 383.5
0 383.5
0 -335.4
1 48.1
1500.5
0 43.9
4 1544.3
0 383.5
4 -48.1
1 335.4
0 335.4
7 -282.0
4 53.4
1544.3
7 48.1
0 1592.4
0 335.4
6 -53.4
4 282.0
0 282.0
4 -222.4
6 59.6
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36

37

37

39

38

39

39

41

40

41

41

43

42

43

43

45
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NN

.000
.357

.000
.260

.500 2E:
.635 2N:

.000
.357

.000
.260

.500 2E:
.635 2N:

.000
.357

.000
.260

.500 2E:
.635 2N:

.000
.357

.000
.260

.500 2E:
.635 2N:

SPRINKLER SYSTEM HYDRAULIC ANALYSIS
DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200
prinkler

Fit:
Node/ Nom IDEq.Ln.

Tot. (Q) Disch Act ID (ft.)

PCT/US2022/043594

L |

10.

10.

10.

10.

202.

50.

252.

10.

10.

10.

10.

202.

50.

252,

10.

10.

10.

10.

202.

50.

252,

10.

10.

10.

10.

202.

50.
252,

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00

00
00
00

Page 9
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Pf/ft.

120

0.056

120

0.041

120

0.006

120

0.059

120

0.033

120

0.007

120

0.063

120

0.026

120

0.009

120

0.066

120

0.019

120

0.011

(Pt)
(Pe)
(Pf)

0.6

1
o o
O W

|
o
o

1
o o
oN

|
o
(=]
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APPENDIX D
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 10
DATE: DOCUMENTS \HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler
Pipe Tag K-fac Add Fl Add Fl1l To Fit: L C (Pt)
Frm Node El1 (ft) PT (q) Node/ Nom ID Eq.Ln. F (Pe)
To Node El (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. (Pf)
Pipe: 62 0.0 1592.4 44 10.00 120 0.7
48 43.0 80.4 53.4 45 6.000 -—— 0.00 -0.0
46 43.0 79.7 1645.8 6.357 10.00 0.070 0.7
Pipe: 63 0.0 282.0 45 10.00 120 0.1
49 43.0 77.7 -59.6 4.000 -—— 0.00 -0.0
47 43.0 77.6 222 .4 4.260 10.00 0.012 0.1
Pipe: 64 0.0 222 .4 47 202.00 120 3.4
50 43.0 81.1 -155.9 2.500 2E:16.0 50.00 -0.0
49 43.0 77.7 66.5 2.635 2N:34.0 252.00 0.014 3.4
Pipe: 65 0.0 1645.8 46 10.00 120 0.8
50 43.0 81.1 59.6 47 6.000 -——= 0.00 -0.0
48 43.0 80.4 1705.4 6.357 10.00 0.075 0.8
Pipe: 66 0.0 222 .4 47 10.00 120 0.1
51 43.0 77.8 -66.5 4.000 ——— 0.00 -0.0
49 43.0 77.7 155.9 4.260 10.00 0.006 0.1
Pipe: 67 0.0 155.9 49 202.00 120 4.2
52 43.0 81.9 -81.8 2.500 2E:16.0 50.00 -0.0
51 43.0 77.8 74.0 2.635 2N:34.0 252,00 0.017 4.2
Pipe: 68 0.0 1705.4 48 10.00 120 0.8
52 43.0 81.9 66.5 49 6.000 -——= 0.00 -0.0
50 43.0 81.1 1772.0 6.357 10.00 0.081 0.8
Pipe: 69 0.0 155.9 49 10.00 120 0.0
53 43.0 77.8 -74.0 4.000 -—— 0.00 -0.0
51 43.0 77.8 81.8 4.260 10.00 0.002 0.0
Pipe: 70 0.0 0.0 202.00 120 5.0
54 43.0 82.8 81.8 51 2.500 2E:16.0 50.00 -0.0
53 43.0 77.8 81.8 2.635 2T:34.0 252.00 0.020 5.0
Pipe: 71 0.0 1772.0 50 10.00 120 0.9
54 43.0 82.8 74.0 51 6.000 -——— 0.00 -0.0
52 43.0 81.9 1846.0 6.357 10.00 0.087 0.9
Pipe: 72 Source 1846.0 52 50.00 120 20.0
8 0.0 102.8 81.8 53 8.000 -——= 0.00 18.6
54 43.0 82.8 1927.8 8.249 50.00 0.026 1.3
66
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APPENDIX D
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 11
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF

JOB TITLE: HP Sprinkler
NOTES (HASS):

(1) Calculations were performed by the HASS 2021 D computer program
in accordance with NFPAl1l3 (2020)
under license no. 64655670 granted by
HRS Systems, Inc.
208 Southside Square
Petersburg, TN 37144
(931) 659-9760

(2) The system has been calculated to provide an average
imbalance at each node of 0.002 gpm and a maximum
imbalance at any node of 0.126 gpm.

(3) Total pressure at each node is used in balancing the system.
Maximum water velocity is 22.1 ft/sec at pipe 21.

(4) a. System remote area HAS been proven or 'peaked'.
b. Minimum pressure at any sprinkler: 40.000 psi

c. Minimum pressure with remote area shifted
one sprinkler space toward right cross main: 40.042 psi

d. Minimum pressure with remote area shifted
one sprinkler space toward left cross main: 40.093 psi

(5) Items listed in bold print on the cover sheet

are automatically transferred from the calculation report.

(6) The Sprinkler System will not function under Full Flow conditions.

(7) PIPE FITTINGS TABLE
HASS Pipe Table Name: standard

PAGE: B MATERIAL: THNWL HWC: 120

Diameter Equivalent Fitting Lengths in Feet

(in) E T L c B G A D N
Ell Tee LngEll ChkVlv BfyVlv GatVlv AlmChk DPVlv NPTee

F45E11
2.635 8.00 17.00 6.00 19.00 10.00 1.00 14.00 14.00 17.00
4.260 1::28 26.00 8.00 29.00 16.00 3.00 26.00 26.00 26.00
6.357 lg:gg 38.00 11.00 40.00 13.00 4.00 35.00 35.00 38.00
8.249 23:88 41.00 15.00 53.00 14.00 5.00 37.00 37.00 41.00
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APPENDIX D
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 12
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF

JOB TITLE: HP Sprinkler

10.50
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APPENDIX D

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 13
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

\
SPRINKLER SYSTEM ]?/KGR%WITH FLOWPLOT
/A

/ //// N
/
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WATER SUPPLY ANALYSIS

160.

140.

Gl20.

Q@ a

100.

=

H W d ®»n wH W9

40.

-~ KB 0 Y o~

-14.

Note:

80.

60.

20.

0B/

Fixed Source Pressure:

SPRINKLER SYSTEM HYDRAULIC ANALYSIS

PCT/US2022/043594
APPENDIX E

Page 2

DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

0

.00 psi

LEGEND

2 %Required pressure

147.82 psi @ 1938.1 gpm

/ B.

6009001200 1500 1800 2100 2400 2700
FLOW (GPM)

3000

System Demand Curve

(1) Dashed Lines indicate extrapolated values from Test Results
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APPENDIX E

SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 3
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler
NFPA WATER SUPPLY DATA
SOURCE STATIC RESID. FLOW AVAIL. TOTAL REQ'D
NODE PRESS. PRESS. (@ PRESS. @ DEMAND PRESS.
TAG (PSI) (PSI) (GPM) (PSI) (GPM) (PSI)
8 (N/A) 0.0 (N/A) 0.0 1938.1 147.8
AGGREGATE FLOW ANALYSIS:
TOTAL FLOW AT SOURCE 1938.1 GPM
TOTAL HOSE STREAM ALLOWANCE AT SOURCE 0.0 GPM
OTHER HOSE STREAM ALLOWANCES 0.0 GPM

TOTAL DISCHARGE FROM ACTIVE SPRINKLERS 1938.1 GPM

NODE ANALYSIS DATA

NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES
(FT) (PSI) (GPM)
1 43.0 - - - 105.4 - -
2 45.0 K=25.20 41.8 163.0
3 45.0 K=25.20 40.0 159.4
4 45.0 K=25.20 40.0 159.4
5 45.0 K=25.20 41.8 162.9
6 43.0 - - - 118.3 - -
8 0.0 SOURCE 147.8 1938.1
9 43.0 - - - - 106.2 - -
10 45.0 K=25.20 42.0 163.3
11 45.0 K=25.20 40.2 159.7
12 45.0 K=25.20 40.2 159.7
13 45.0 K=25.20 41.9 163.2
14 43.0 - - - 118.3 - -
15 43.0 - - - 107.1 - -
16 45.0 K=25.20 42.2 163.8
17 45.0 K=25.20 40.4 160.1
18 45.0 K=25.20 40.4 160.1
19 45.0 K=25.20 42.1 163.6
20 43.0 - - - 118.5 - -
21 43.0 - - - 108.9 -
22 43.0 - - - 118.7 - -
23 43.0 - - - 110.5 - -
24 43.0 - - - 119.0 - -
25 43.0 - - - 112.0 - -
26 43.0 - - - 119.3 - -
27 43.0 - - - 113.2 - -
28 43.0 - - - 119.7 - -
29 43.0 - - - 114.2 - -
30 43.0 - - - 120.1 - -
31 43.0 - - - 115.2 - -
32 43.0 - - - 120.6 - -

4l
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APPENDIX E
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 4

DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler
NODE ANALYSIS DATA
NODE TAG ELEVATION NODE TYPE PRESSURE DISCHARGE NOTES

(FT) (PSI) (GPM)
33 43.0 - - - 115.9 - -
34 43.0 - - - 121.0 - -
35 43.0 - - - 116.6 - -
36 43.0 - - - 121.5 - -
37 43.0 - - - 117.2 - -
38 43.0 - - - 122.1 - -
39 43.0 - - - 117.7 - -
40 43.0 - - - 122.7 - -
41 43.0 - - = 118.0 - -
42 43.0 - - - 123.3 - -
43 43.0 - - - 118.3 - -
44 43.0 - - - 123.9 - -
45 43.0 - - - 118.6 - -
46 43.0 - - - 124.6 - -
47 43.0 - - - 118.7 - -
48 43.0 - - - 125.3 - -
49 43.0 - - - 118.8 - -
50 43.0 - - - 126.1 - -
51 43.0 - - - 118.8 - -
52 43.0 - - - 127.0 - -
53 43.0 - - - 118.9 - -
54 43.0 - - - 127.9 - -
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DATE:

NFPAS5 PIPE DATA

Pipe Tag
Frm Node E1 (ft)

To Node

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:

Pipe:
10
Pipe:
10
11
Pipe:
11
12
Pipe:
12
Pipe:

13

Pipe:
14

1
1
2

N

10

11

12

13

El (ft)

43.
45.

45.
45.

45.
45.

45.
45.

43.
45.

43.
43.

43,
45,

45.
45,

45.
45.

45.
45.

43.
45.

43.
43.

APPENDIX E

PCT/US2022/043594

SPRINKLER SYSTEM HYDRAULIC ANALYSIS

K-faadd F1 Add F1 To

PT

25.20
105.4
41.8

25.20
41.8
40.0

25.20
40.0
40.0

25.20
41.8
40.0

25.20
118.3
41.8

0.0
106.2
105.4

25.20
106.2
42.0

25.20
42.0
40.2

25.20
40.2
40.2

25.20
41.9
40.2

25.20
118.3
41.9

0.0
118.3
118.3

PT  (a)
Tot. (Q) Disch Aect ID

163.0
159.9
322.8

159.4
0.
159.8

(6,

159.4
-158.9
0.5

159.4
-0.5
158.9

162.9

158.9
321.8

322.8
322.8
163.3
161.1
324.4
159.7
161.1
159.7
-158.3
159.7
158.3
163.2
158.3
321.5
0.0

321.8
321.8

Disch

3

Disch

Disch

Disch

Disch

Disch
11

Disch

12

Disch

Disch

Disch
12

73

()}

.000
.157

.000
.157

.000
.157

.000
.157

.000
.157

.000
.260

.000
.157

.000
.157

.000
.157

.000
.157

.000
.157

.000
.357

Fit:

Node/ Nom IDEg.Ln.

(ft.)

76.
: 6.0 18.
:12.0 94.

10.
-— 0.
10.
10.
-— 0.
10.
10.
— 0.
10.
96.
:12.0 114,
:26.0  26.
31.
76.
112,094,
10.
-—- 0.
10.
10.
-—-- 0.
10.
10.
-—-- 0.
10.
96.
:12.0  114.

10.
-— 0.

10
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00
00
00

00
00
00

00
00
00

00
00
00

00
.00
00

.00
00
00

00
.00
00

00
00
00

00
00
00

00
00
00

00
.00
00

00
00
.00
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DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

PE/ft.

120

0.667

120

0.182

120

0.000

120

0.180

120

0.663

120

0.024

120

0.673

120

0.184

120

0.000

120

0.179

120

0.662

120

0.003
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©
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DOCUMENTS \HASSDATA\HP SPRINKLER\6 NM-4FM-200

APPENDIX E

PCT/US2022/043594

SPRINKLER SYSTEM HYDRAULIC ANALYSIS

JOB TITLE: HP Sprinkler

Pipe Tag
Frm Node
To Node

Pipe:
15

Pipe:
15
16
Pipe:
16
17
Pipe:
18
Pipe:
18
Pipe:
19
Pipe:
14
Pipe:
21
15
Pipe:
22
21
Pipe:
22
20
Pipe:
21

Pipe:

23

14

15

16

17

18

19

20

21

22

23

24

25

El
El

43.
43,

43.
45.

45.
45.

45,
45.

45,
45,

43.
45.

43.
43.

43.
43.

43.
43.

43.
43.

43.
43,

43.
43.

0

(£t)
(£t)

K-faadd Fl Add Fl To

PT
PT

0.0
107.1
106.2

25.20
107.1
42.2

25.20
42.2
40.4

25.20
40.4
40.4

25.20
42.1
40.4

25.20
118.5
42.1

118.5
118.3

108.9
107.1

118.7
108.9

118.7
118.5

110.5
108.9

119.0
110.5

(a)

Node/ Nom IDEg.Ln.

Tot. (Q) Disch Act ID

324.4
322.8
647.3

163.8
162,
326.2

s

160.1
2.3
162.4

160.1
-157.8
2.3

160.1
-2.3
157.8

163.6
157.8
321.4

321.8
321.5
643.3

326.2
647.3
973.4

973.4
-901.8
71.6

643.3
321.
964.7

S

973.4
-71.
901.8

()}

901.8
-835.7
66.2

10
1

Disch
17

Disch

18

Disch

Disch

Disch
18

15

14

19

15

21

74

4.000
4,260

2.000 E:
2,157 N:

2.000
2.157

2.000
2.157

2.000
2,157

2.000 E:
2.157 N:

6.000
6.357

4,000
4,260

2.000
2.157

2E:
2N:

6.000
6.357

4.000
4,260

N

.000 2E:
.157 2N:

N

Fit: L

o]

(ft.) T

10.
-—- 0.
10.

76.
18.
94.

10.
- 0.
10.

10.
— 0.
10.

10.
— 0.
10.

96.
18.
12.0 114.
10.
-——= 0.
10.

10.
-—- 0.
10.

202.
36.
238.

12.0
24.0

10.
-—-- 0.
10.

10.
-—- 0.
10.

202.
36.
238.

12.0
24.0
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00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00

00
00
00
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Pf/ft.

120

0.088

120

0.680

120

0.187

120

0.000

120

0.177

120

0.662

120

0.012

120

0.187

120

0.041

120

0.026

120

0.162

120

0.036

(Pt)
(Pe)
(P£)
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DATE:

Pipe Tag
Frm Node
To Node

Pipe:

24
22

Pipe:

25
23

Pipe:

26
25

Pipe:

24

Pipe:

25

Pipe:

28
27

Pipe:

28
26

Pipe:

29
27

Pipe:

30
29

Pipe:

28

Pipe:

29

Pipe:

32
31

26

27

28

29

30

31

32

33

34

35

36

37

El (ft)
El (ft)

43.
43.

43.
43.

43.
43.

43.
43,

43.
43.

43,
43.

43.
43.

43.
43.

43.
43.

43.
43.

43.
43.

43.
43.

K-faAdd F1l Add Fl To
Node/ Nom IDEq.Ln.
Tot. (Q) Disch Act ID

119.
118.

112,
110.

119.
112,

119.
119,

113.
112.

119.
113.

119.
119.

114.
113.

120.
114.

120.
119.

115.
114.

120.
115.

(q)

964.
71.
1036.

901.
-66.
835.

835.
=774.1
61.5

103e6.
66.
1102.

835.
-61.
774.

774.
-716.6
57.6

1102.
61.
1164.

774,
-57.
716.

716.
-662.2
54.4

lle4.
57.
1221.

716.
-54,
662.

662.
-610.3
51.9

7
6
3

N

7

N

1

[§,]

6

N

2
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20

21

21

23

22

23

23

25

24

25

25

27

26

27

27

29
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.000
. 357

.000
.260

.000
.157

.000
.357

.000
.260

.000
.157

.000
.357

.000
.260

.000
.157

.000
.357

.000
.260

.000 2E:
.157 2N:
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10.
.00
10.

10.
.00
10.

202,
36.
238.

10.
.00
10.

10.
.00
10.

202,
36.
238,

10.
.00
10.

10.
.00
10.

202.
36.
238,

10.
.00
10.

10.
.00
10.

202,
36.
238.

=

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
00
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Pf/ft.

120

0.030

120

0.141

120

0.031

120

0.034

120

0.122

120

0.027

120

0.037

120

0.106

120

0.025

120

0.041

120

0.092

120

0.023
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(Pt)
(Pe)
(Pf)
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1
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DATE:

JOB TITLE: HP Sprinkler

Pipe Tag
Frm Node
To Node

Pipe:
32
30

Pipe:
33
31
Pipe:
33
Pipe:
32
Pipe:
33
Pipe:
35
Pipe:
34
Pipe:
35
Pipe:
38
37
Pipe:
38
36
Pipe:
39
37
Pipe:

40
39

38

39

40

41

42

43

44

45

46

47

48

49

El (ft)
El (ft)

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

43.0
43.0

120.
120.

115.
115.

121.
115.

121.
120.

116.
115.

121.
11le6.

121.
121.

117.
116.

122.
117.

122.
121.

117.
117.

122.
117.

K-faAdd Fl1l Add Fl To Fit:
PT (q) Node/ Nom IDEqQ.Ln.
PT Tot. (Q) Disch Act ID (£t.)
.0 1221.6 28
6 54.4 29 6.000 -_———
1 1276.0 6.357
.0 662.2 29
9 -51.9 4,000 ———=
2 610.3 4,260
.0 610.3 31
0 -560.0 2.000 2E:12.0
9 50.3 2,157 2N:24.0
.0 1276.0 30
0 51.9 31 6.000 ———=
6 1327.9 6.357
.0 610.3 31
6 -50.3 4.000 -———
9 560.0 4,260
.0 560.0 33
5 -510.6 2,000 2E:12.0
6 49.4 2,157 2N:24.0
.0 1327.9 32
5 50.3 33 6.000 —-_——
0 1378.2 6.357
.0 560.0 33
2 -49.4 4,000 -——
6 510.6 4,260
.0 510.6 35
1 -461.3 2.000 2E:12.0
2 49.2 2,157 2N:24.0
.0 1378.2 34
1 49.4 35 6.000 -——
5 1427.6 6.357
.0 510.6 35
7 -49.,2 4,000 ———=
2 461.3 4,260
.0 461.3 37
7 -411.5 2.000 2E:12.0
7 49.8 2,157 2N:24.0
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=

10

10

10

10

202

36.

238

10

10

10

10

202

36.

238

10

10

10

10

202

36.

238

10

10

10

10

202

36.
238

.00
.00
.00

.00
.00
.00

.00

00

.00

.00
.00
.00

.00
.00
.00

.00

00

.00

.00
.00
.00

.00
.00
.00

.00

00

.00

.00
.00
.00

.00
.00
.00

.00

00

.00

Page 8
BR-200 MN.SDF

Pf/ft.

120

0.044

120

0.079

120

0.021

120

0.047

120

0.067

120

0.021

120

0.051

120

0.057

120

0.021

120

0.054

120

0.047

120

0.021

(Pt)
(Pe)
(Pf)

1
o o
w0 O

1
o
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 9

DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF

JOB TITLE: HP Sprinkler

Pipe Tag K-faadd Fl1 Add F1l To Fit: L c (Pt)
Frm Node El1 (ft) PT (q) Node/ Nom IDEq.Ln. F (Pe)
To Node El (ft) PT Tot. (Q) Disch Act ID (ft.) T Pf/ft. (P£f)
Pipe: 50 0.0 1427.6 36 10.00 120 0.6
40 43.0 122.7 49,2 37 6.000 -—— 0.00 -0.
38 43.0 122.1 1476.8 6.357 10.00 0.058 0.
Pipe: 51 0.0 461.3 37 10.00 120 0.4
41 43.0 118.0 -49.8 4.000 -—— 0.00 -0.0
39 43.0 117.7 411.5 4.260 10.00 0.038 0.4
Pipe: 52 0.0 411.5 39 202.00 120 5.2
42 43.0 123.3 -360.5 2.000 2E:12.0 36.00 -0.0
41 43.0 118.0 51.1 2.157 2N:24.0 238.00 0.022 5.2
Pipe: 53 0.0 1476.8 38 10.00 120 0.6
42 43.0 123.3 49.8 39 6.000 —-—— 0.00 -0.0
40 43.0 122.7 1526.6 6.357 10.00 0.061 0.6
Pipe: 54 0.0 411.5 39 10.00 120 0.3
43 43.0 118.3 -51.1 4.000 -—— 0.00 -0.0
41 43.0 118.0 360.5 4.260 10.00 0.030 0.3
Pipe: 55 0.0 360.5 41 202.00 120 5.6
44 43.0 123.9 -307.6 2.000 2E:12.0 36.00 -0.0
43 43.0 118.3 52.9 2.157 2N:24.0 238.00 0.023 5.6
Pipe: 56 0.0 1526.6 40 10.00 120 0.7
44 43.0 123.9 51.1 41 6.000 —_—— 0.00 -0.0
42 43.0 123.3 1577.7 6.357 10.00 0.065 0.7
Pipe: 57 0.0 360.5 41 10.00 120 0.2
45 43.0 118.6 -52.9 4.000 -—— 0.00 -0.0
43 43.0 118.3 307.6 4.260 10.00 0.022 0.2
Pipe: 58 0.0 307.6 43 202.00 120 6.1
46 43.0 124.6 -252.3 2.000 2E:12.0 36.00 -0.0
45 43.0 118.6 55.2 2.157 2N:24.0 238.00 0.025 6.1
Pipe: 59 0.0 1577.7 42 10.00 120 0.7
46 43.0 124.6 52.9 43 6.000 ——— 0.00 -0.0
44 43.0 123.9 1630.6 6.357 10.00 0.069 0.7
Pipe: 60 0.0 307.6 43 10.00 120 0.2
47 43.0 118.7 -55.2 4.000 -—— 0.00 -0.0
45 43.0 118.6 252.3 4.260 10.00 0.015 0.2
Pipe: 61 0.0 252.3 45 202.00 120 6.6
48 43.0 125.3 -194.3 2.000 2E:12.0 36.00 -0.0
47 43.0 118.7 58.0 2.157 2N:24.0 238.00 0.028 6.6
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JOB TITLE: HP Sprinkler

Pipe Tag

Frm Node El1 (ft)

To Node

Pipe: 62

48 43.0

46 43.0

Pipe: 63

49 43.0

47 43.0

Pipe: 64

50 43.0

49 43.0

Pipe: 65

50 43.0

48 43.0

Pipe: 66

51 43.0

49 43.0

Pipe: 67

52 43.0

51 43.0

Pipe: 68

52 43.0

50 43.0

Pipe: 69

53 43.0

51 43.0

Pipe: 70

54 43.0

53 43.0

Pipe: 71

54 43.0

52 43.0

Pipe: 72
8 0.0

54 43.0

El (ft)

K-faa&dd F1 Add F1 To

T (q)
Tot. (Q) Disch Act ID

P
PT

125.
124.6

w

118.8
118.7

126.1
118.8

126.1
125.3

118.8
118.8

127.0
118.8

127.0
126.1

118.9
118.8

127.9
118.9

127.
127.0

\le]

Source
147.8
127.9

1630.
.2
1685.

55

252.
-58.
194.

194.

6
8
3
0
3

3

-133.1
61.2

1685.
58.
1743.

194.
.2
133.

-61

133.

8
0
9
3
1

1

-68.4
64.7

1743.
61.
1805.

133.

9
2
1

1

-64.7
68.4

0.
68.
68.

1805.
64.
1869.

0
4
4

1
7
8

1869.8

68.
1938.

4
1

44
45

45

47

46

47

47

49

48

49

49

51

50
51

53
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6
6

o]

.000
.357

.000
.260

.000
.157

.000
.357

.000
.260

.000
.157

.000
.357

.000
.260

.000
.157

.000
.357

.000
.249

2E:
2N:

2E:
2N:

2E:
2T:

DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200

Fit:
Node/ Nom IDEq.Ln.
(ft.)

12.0
24.0

PCT/US2022/043594

Lo |

10.
10.
10.
10.
202.
36.
238.
10.
10.
10.
10.
202.
36.
238.
10.
0.
10.
10.
0.
10.
202.
36.
238.
10.

0.
10.

50.00

0.

00

.00

00

00

.00

00
00
00
00

00

.00

00

00

.00

00

00
00
00

00
00
00

00
00
00

00
00
00

00

00
00

00
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C

Pf/ft.

120

0.074

120

0.009

120

0.031

120

0.078

120

0.005

120

0.034

120

0.083

120

0.001

120

0.038

120

0.089

120

50.00 0.027

1
o
o

1
o o
o o

1
o
o

20.0
18.6
1.3
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APPENDIX E
SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 11
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF

JOB TITLE: HP Sprinkler
NOTES (HASS):

(1) Calculations were performed by the HASS 2021 D computer program
in accordance with NFPA13 (2020)
under license no. 64655670 granted by
HRS Systems, Inc.
208 Southside Square
Petersburg, TN 37144
(931) 659-9760

(2) The system has been calculated to provide an average
imbalance at each node of 0.003 gpm and a maximum
imbalance at any node of 0.135 gpm.

(3) Total pressure at each node is used in balancing the system.
Maximum water velocity is 28.6 ft/sec at pipe 15.

(4) a. System remote area HAS been proven or 'peaked'.
b. Minimum pressure at any sprinkler: 40.000 psi

c. Minimum pressure with remote area shifted
one sprinkler space toward left cross main: 40.138 psi

d. Minimum pressure with remote area shifted
one sprinkler space toward right cross main: 40.124 psi

(5) Items listed in bold print on the cover sheet

are automatically transferred from the calculation report.

(6) The Sprinkler System will not function under Full Flow conditions.

(7) PIPE FITTINGS TABLE
HASS Pipe Table Name: standard

PAGE: B MATERIAL: THNWL HWC: 120
Diameter Equivalent Fitting Lengths in Feet
(in) E T L C B G A D N
Ell Tee LngEll ChkVlv BfyVliv GatVlv AlmChk DPVlv NPTee

F45E11
2.157 6.00 12.00 3.00 14.00 8.00 1.00 12.00 12.00 12.00
4.260 1::82 26.00 8.00 29.00 16.00 3.00 26.00 26.00 26.00
6.357 lg:gg 38.00 11.00 40.00 13.00 4.00 35.00 35,00 38.00
8.249 22:88 41.00 15.00 53.00 14.00 5.00 37.00 37.00 41.00
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SPRINKLER SYSTEM HYDRAULIC ANALYSIS Page 12
DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF

JOB TITLE: HP Sprinkler

10.50
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DATE: DOCUMENTS\HASSDATA\HP SPRINKLER\6 NM-4FM-200 BR-200 MN.SDF
JOB TITLE: HP Sprinkler

SPRINKLER SYSTEM D}/(GA%WITH FLOWPLOT
/ / /ﬁ\l&\
S
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CLAIMS
We claim:
1. A storage occupancy sprinkler system comprising,

¥4

a fluid supply system;

at least one cross-main pipe fluidly connected with the fluid supply svstem;

a plurality of branchlines extending from, and are fluidly connected with, the at least one
cross-main pipe; and

a plurality of storage sprinkler heads projecting from, and fluidly connected with, the
19 plurality of branchlines, wherein the storage sprinkler heads have a k-factor of at least 11 2 and a

sprinkler rating greater than 175 psi.

2, The storage occupancy sprinkler system of claim 1, wherein the branchlines have
an inside diameter between approximately 1.61 inches and approximately 3.32 inches.
15
3. The storage occupancy sprinkler system of claim 1, wherein the flind supply system

comprises a4 main pump and a jockey pump.

4. The storage occupancy sprinkler system of claim 1, wherem the fluid supply system

20 provides a supply pressure, the supply pressure being greater than 175 psu.

S. The storage occupancy sprinkler system of claim 4, wherein each storage sprinkler

head of the plurality of storage sprinkler heads has an RTI of less than 50,

25 6. The storage occupancy sprinkler system of claim 1, wherein the storage sprinkier
heads have a sprinkler rating of at least 200 psi.

7. The storage occupancy sprinkler system of claim 1, wherein the storage sprinkler

heads have a sprinkler rating of at least 250 pst.

30
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8. The storage occupancy sprinkler system of claim 1, wherein the storage sprinkler

heads have a sprinkler rating of up to 300 psi.

9. The storage occupancy sprinkler system of claim 1, wherein the at least one cross-
main pipe mncludes a near cross-main pipe and a far cross-main pipg, and wherein the branchlines

extend between the near cross-main pipe and the far cross-main pipe.

10, The storage occupancy sprinkler system of claim 1, wherein the storage occupancy

sprinkler system is a ceiling-only system.

it A sprinkler system for providing fire suppression 1o a storage occupancy, the
storage occupancy comprising a floor and a cetling located at a height greater than 35 feet above
the floor, the sprinkler system comprising:

a fluid supply system capable of providing a static pressure of greater than 1753 pst;

a control valve fluidly connected with the fluid supply system;

a check valve located downstream of the control valve and fluidly connected thereto,

a plurality of storage sprinkler heads, the storage sprinkler heads each baving:

a body with an orifice therethrough, the orifice being sealed by a sealing assembly
configured to withstand a hydrostatic sirength test pressure of greater than 700 psi and
which has a rated pressure greater than 175 psy,

a nominal k-factor rating of at least k16.8, and

a thermal trigger having an RTI of less than 50; and

a network of pipes extending between and fhudly connecting the check valve and the
plurality of storage sprinklers heads.
12, The sprinkler aystem of clamm 11, wherein the fhud sapply system comprises a flud

source and at least one pump.

13. The sprinkler system of claim 11, wherein the fluid supply system comprises a main

pump and a jockey pump.

oL
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14, The sprinkler system of claim 11, wherein the plurality of storage sprinkier heads

are located proximate to the ceiling,

15 The sprinkler system of claim 14, wherein each storage sprinkler head of the
plurality of storage sprinkler heads includes a fluid deflecior located at a distance of between

approximately 4 inches and approximately 30 inches from the ceiling,

16 The sprinkler system of claim 11, further comprising at least one storage rack, the
at least one storage rack having at least one commeodity stored thereupon at a storage height of

greater than twelve feet above the floor,

17. The sprinkler system of claim 16, wherein at a least a portion of the plurality of

storage sprinkler heads are disposed within the at least one rack.

18 The sprinkler system of claim 11, wherein the plurality of storage sprinkier heads

are chosen from a group consisting of pendent sprinklers and upright spriniers,

19. The sprivkler systemn of clamm 11, wherein each storage sprinkler head of the

plurality of storage sprinkler heads 1s an ESFR sprinkler.

20. A method of determining a branchiine size for a storage occupancy sprinkler system
having a fhuid supply system, at least one cross-main pipe fluidly connected with the fluid supply
system, a plurality of branchlines extending from, and fhadly connected with, the at lsast one
cross-main pipe, and a plurality of storage sprinkler heads projecting from, and fuidly connected
with, the plurality of branchlines, the method comprising the steps oft

(I selecting a type of storage sprinkler head having a k-factor of atleast 11.2 and a sprinkler
rating greater than 175 psi, to employ for the plurality of storage sprinkler heads;

(II} determining a design area for the storage occupancy sprinkler system;

(11} selecting a branchline size for the storage occupancy sprinkler system;
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(IV) calculating a system demand for the storage occupancy sprinkler system according to
the selected storage sprinkler head within the determined design area and according to the selected
branchline size;

(V) selecting a main pump capable of supplying a combination of the calculated system
demand and an additional safety factor;

(V1) calculating a pump rated pressure of the selected main pump;

(Vi) calculating a static output pressure of the selected main pump based on the pump
rated pressure;
pump; and

(IX) if the calculated supply pressure is less than 175 psi, repeating steps (1} — (VIH),
wherein the selected branchline size is a first branchline size and step (1} comprises selecting a
second branchline size smaller than the first branchline size,

OR

it the calculated supply pressure is greater than the sprinkler rating of the selected
storage sprinkler, repeating steps (I} — (VHI), wherein the selected branchliine size is a first
branchiine size and step (111} comprises selecting a secound branchline size greater than the furst
braunchime size; and

(X} repeating step (IX) untd a branchline size s selected that results in a closest supply
pressure to the sprinkler rating of the selected storage sprinkler without exceeding the sprinkler

rating of the selected storage sprinkler.



