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Facility Dynamics Presented By.
ENGINEERING David Sellers

Senior Engineer, Facility Dynamics Engineering


https://tinyurl.com/PECSystDgmD1Intro

Disclaimer

* The information in this document is believed to accurately describe the technologies
described herein and are meant to clarify and illustrate typical situations, which must be
appropriately adapted to individual circumstances. These materials were prepared to be
used in conjunction with a free, educational program and are not intended to provide
legal advice or establish legal standards of reasonable behavior. Neither Pacific Gas and
Electric Company (PG&E) nor any of its employees and agents:

* Makes any written or oral warranty, expressed or implied, including, but not limited to,
those concerning merchantability or fitness for a particular purpose;

* Assumes any legal liability or responsibility for the accuracy or completeness of any
information, apparatus, product, process, method, or policy contained herein; or

* Represents that its use would not infringe any privately owned rights, including, but not
limited to, patents, trademarks, or copyrights.



Copyright Materials

Some or all of this presentation may be protected by US and
International Copyright laws. Reproduction, distribution,
display and use of the presentation without written
permission of the copyright holder is prohibited



Learning Objectives

By the end of this workshop, attendees will be able to:

1. Discuss the value of system diagrams and the system
concept as design, commissioning, training and persistence
tools.

2. Discuss the key concepts and techniques that are used to
develop a system diagram

3. Develop a simple water system diagram.

4. Develop a simple air system diagram.

5. Use a system diagram to perform a node analysis to
identify different operating modes for a system.




Agenda

. Introduction

Why Do | Want to Learn to Do This?
System Diagram Concepts

Developing a Simple Air System Diagram
Expanding a Chilled Water System Diagram
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‘'ve Had Great Mentors Along the Way




e “...that is to practice our profession with an emphasis
upon our responsibility to protect the long-range
interests of the society we serve and, specifically, to
incorporate the ethics of energy conservation and
environmental preservation in everything we do.”

* Energy Conservation is an Ethic
 ASHRAE Journal, vol. 42, no. 7, p. 16-21

PDF available at
https://tinyurl.com/EnergyConservationEthic
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Buildings are Talking to Us

We Just Need to Learn How to Listen

My Goal

Welcome o A Field Perspective on Engineering’'s commissioning resource s \
website. For those who don't know me from my blog or some other venue, | Facﬂlw Dynamlcs
am a senior engineer for a company named Facility Dynamics Engineering

a.k.a FDE, which specializes in commissioning, confrol system design, and ENGINEERING

http://www.avSrdas.com/ some forensic engineering work.
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The System Concept
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The System Concept

Not Just an Air Handling Unit; Rather It's an Air Handling System
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The System Diagram; Visualizing the
System Concept

AHU2 System Diagram

FSD HWR oo
o
Hws Hot Water Reheat
) Coils with Motorized
FSD HWR s Fire/Smoke Dampers
oh i
FSD Hwso

FSD
0

I—— —-{ 5,000 cfm transfer air
to toilet exhaust

Folding divider splits Ball
Room into two zones
,/J
«—/—///
Corridor Marquis Ball Room Lobby/Prefunction
Outdoor MERV7 Chilled Water
Air Damper Prefilters, MERV HWR Cooling Coil
13 Final Filters _
=
o CHR
l [ HWS T s
Dy —
Relief Damper AHU2 Supply Fan
P Return 20,000 cfm
Damper
Mechanical Room
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The System Diagram; Visualizing the
System Concept




A Building Life Cycle
Tool

« A design tool for moving from
concept
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A Building Life Cycle

Tool

« A design tool for moving from
concept through design
development to reality
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A Building Life Cycle

Tool

« A design tool for moving from
concept through design
evelopment to reality

« A commissioning and diagnostic
tool for identifying and resolving
system issues

 As a training and ongoing
commissioning tool

A minimum of 16,900 ¢fm of out door air (1/2 air change for the Fab area)

is brought in through PW make up air handling unit 3MAU101-1-2. Open
cross-connect dampers to the 3MAU101-1-1 duct system allow this air o

be uniformly distributed to all portions of PW2, 3, and 4 ceiling supply
system. Subfloor exhaust and exfiltration assure that all portions of the
Fab area are ventilated. Open pass-through doors to PW1 allow the subfloor
exhaust systems in that area and exfiltration maintain ventilation in PW1
with out operation of 3MAU101-1-1. Make up air flow rates may be increased
above 15,900 if necessary fo assure adequate pressurization during the

shut down period.

POTENTIAL OXYGEN DEPLETION SOURCES

Safe dilution ratio (make up air to released gas) is 13 to 1 or more.

Rupture of a large DI line pressurized to 5 psi with Nitrogen
Immediate volume released - 30 cubic feet

On going volume released through low pressure regulators - 28 cubic feet per minute

Dilution ratio at 15,900 cfm of make up air - 568 to 1

Rupture of a high pressure Nitrogen or Argon line at full pressure (worst case)
Immediate volume released - 450 cubic feet (preliminary)
On going volume released - 500 cubic feet per minute (preliminary)
Dilution ratio at 15,900 cfm of make up air - 32 to 1 (preliminary)

&5 e
e 2 INTERSTITIAL SPACE —
NORTH MECHANICAL ROOM
South side manual return volume dampers are closed to
RAH smoke isolation dampers are manually opened on North ~ Prevent reverse flow in the return duct system. SouTH
side RAHs to allow make up air to flow through the units 50Ut side RAHs do not run and their smoke MECHANTCAL
+o the supply duct plenums. The RAHs do not run. dampers remain closed. Units are pressurized by — RoOM
make up air to maintain cleanliness but have =
no cireulation through therm. I
Typical ‘ \
Make Up Typical Typical
Air Handling Recirculation | & ®| recirculation
Unit Air Handling Unit Air Handling Unit
v v Y Y v ) v V) )
Manual retitn dampers on the
North sidel RAHs are closed Make up air flows uniformly from the supply distribution plenums through the Dashed line denotes
to prevent|rbverse flow NORTH ceiling filter modules and into the clean room. Air exfiltrates via door cracks SoUTH rated separation
through duct CORRIDOR and is pulled through the subfloor by the subfloor exhaust systems. CORRIDOR
ough (CORRIDOR CORRIDOR
system &
IS
orrrce Aveas T e T subRRaAS
“ LLEAN ROOM I » SUPPORTAREAS
< < < < 4 & & o SubFloor Exhaust Fan
*I SUBFLOOR Positive exhaust of the subfloor space is maintained at all times by the subfloor exhaust systems. Operation is monitored by the automation system™ e
—3  —

Silicon America, Inc.

Proposed PW Ventilation Plan
Phase 2 Fab Shut Down (CZ to be similar)

DAS
None | 10/8/98
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A minimum of 15,900 cfm of out door air (1/2 air change for the Fab area)
is brought in through PW make up air handling unit 3MAU101-1-2. Open
cross-connect dampers to the 3MAU101-1-1 duct system allow this air to
be uniformly distributed to all portions of PW2, 3, and 4 ceiling supply
system. Subfloor exhaust and exfiltration assure that all portions of the

Fab area are ventilated. Open pass-through doors to PW1 allow the subfloor

exhaust systems in that area and exfiltration maintain ventilation in PW1

with out operation of 3MAU101-1-1. Make up air flow rates may be increased

above 15,900 if necessary to assure adequate pressurization during the
shut down period.

POTENTIAL OXYGEN DEPLETION SOURCES

Safe dilution ratio (make up air to released gas) is 13 to 1 or more.

Rupture of a large DI line pressurized to 5 psi with Nitrogen:
Immediate volume released - 30 cubic feet

On going volume released through low pressure regulators - 28 cubic feet per minute
Dilution ratio at 15,900 cfm of make up air - 568 to 1

Rupture of a high pressure Nitrogen or Argon line at full pressure (worst case)
Immediate volume released - 450 cubic feet (preliminary)
On going volume released - 500 cubic feet per minute (preliminary)
Dilution ratio at 15,900 cfm of make up air - 32 to 1 (preliminary)

SOUTH
MECHANICAL
ROOM

&5 7 3
—t INTERSTITIAL SPACE
NORTH MECHANICAL ROOM
South side manual return volume dampers are closed to
RAH smoke isolation dampers are manually opened on North ~ Prevent reverse flow in the return d.uc‘r system.
side RAHs to allow make up air to flow through the units South side RA_HS do not run and their smo!(e
to the supply duct plenums. The RAHs do not run. dampers remain closed. Units are pressurized by
make up air to maintain cleanliness but have
no circulation through them. "\
Typical " \\
Make Up Typical Typical
Air Handling Recirculation & % Recirculation
Unit Air Handling Unit Air Handling Unit
v v v v v Y v v

Manual retuirn dampers on the
North side] RAHs are closed

Make up air flows uniformly from the supply distribution plenums through the

Dashed line denotes

to prevent|rkverse flow NORTH ceiling filter modules and into the clean room. Air exfiltrates via door cracks SOUTH rated separation
through the|return duct CORRIDOR and is pulled through the subfloor by the subfloor exhaust systems. CORRIDOR
tem.
system <y
>
OFFICE AREAS v v v U v v v PROCESS
a CLEAN ROOM > SUPPORT AREAS
N < < G < & & SubFloor Exhaust Fan
» | |
‘{ SUBFLOOR  Positive exhaust of the subfloor space is maintained at all times by the subfloor exhaust systems. Operation is monitored by the automation sys‘reml:> ! L] 1=

[ — —1

KOMATSU Proposed PW Ventilation Plan DAS DAS
Silicon America, Inc. Phase 2 Fab Shut Down (CZ to be similar) None 10/8/98 Vertilation Plan T
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SHEET NOTES
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SHEET NOTES

Developing a
System Diagram

A good way to learn the
system prior to going on site

KEYED NOTES

O ! - y e - [

} R 0 = |\ S i} i |

. o R Dmasm | L |

L il I 1 = T e oo . 2 i
[ = el ! J

The “System Diagram” from the
Drawing Set

40



bkl

SHEET NOTES

RERRAN RELET
[ s

A HYAC CONTRACTOR SHALL PROVDE SUPPLEMENTAL
STEEL SUPPORTS AS REQURED FOR PPE RIS
K SIS,

R 0 TE co0G R TR/
0L DETAL. (TYPCAL) MAE-UP
p—] ! FOR CONTHUATN S )
] | oo o PAGNG DTANGS
e P28 o P33 5
i ™ @5 [
-
il

[

- 13/2

¢ L B Lo D coonm e '
| et 3
] & 0
o= 1
i —E0
! 3
H 2 -1/
e Ir :
e | W
s _ _[i(a:; P o ]
| ,
poya) L i
N2 oS AND R CAPPED
car ) i
|
11 !
PRI - i KEYED NOTES
wns | |
T | It 4 4 1. CONDENSER WATER TOWER BYPASS ASSEMBLY
5 — U U (SEPARATE CONTROL VALVES MTH ELECTRC VALVE.
I T T ACTUATORS AND PILOT POSTION'S).
i LuL L
1 3 ] T
P N o P N F— ¢ & ASEVRLY.
o ; 5. COMECTON To REDUEED PRESSRE BAGKLON
H i o~ ! PREIEVTER (1OP) DY AC. TP Y PUNIER:
L4 i I 40 ) REFER T0 THE COOLNG Py REFER TO MCROFAB DRAWING OF2.2
38 e i B o (e oo o () 8
= r B 4. CENTRAL BRANCH STRAINER ASSEMBLY PER DETAL ¥
O TRANG U3

Comea ey ooa

&
2.2 i ]I: f
I A AT S . rarh
o T ] C A —
Srisriri-8] " T Aot ume 5. COMECT 10" CHR TO WTEGRR, R PPIG MSOE
91 CAPACITY AUTOMATE AR vﬂn\ T ool |

VET PPE ROUTED THROUGH MIOROF/S AREA

AT TIPERATRE SR
P Lt Lé Lé Lo I 7 ot o DR SIRL B 20-0" Gaew)
[\ o . - —&| ©) . S I il e s
ST R DL o . . i3 | —oms cancr o)
& e o W HEAT SR, FLTR TO % 10 cai 5 COMECTON To RIHGH FRESSURE sALTH
r DRAHING 5.1 (200 GPU) QUSLL (485 PU)

COUNG TORER
BLOY-D0M! WATER WETER
BY DVSHN 15

%ﬁ Tt ] Fooie wo . Lﬂ*’—]—‘*’—
2 ; | 2R AR DSl

JZL 0 J . | (I FRDNTR (O7) B G 0 8 FUNENG
- - i
_ “@I [m- | L?t ’ o - dd
-l ) L L ! L% I T - %
ot

"
12 CNDEASER WATER [
ek Asscu

&

:

5\ EFER TO THE DOLBLE i
SaJSUCTON PUMP DETAL
7 (i)

ORECT SANTARY
WASTE DRAIN

R —f—

nttl e 12

oar
—
e R URE s { B g A’TE&-@-'"-DE-'H
WDC ROOH 143 = by
o, HE Lg_r - 61 CHPHCTY AHATC AR VBET
] o
TERATRE ISR
el “L 3 on
4l
.
o |
o or R
Comeche
LB\ 10 oo I
B DAL i
B 3
|
i
caverm
Lizes . (o)




bkl

SHEET NOTES

TREAN R
rvtm 0SENECK
A G SONTACTOR L FROVDE SUPLENAL
SIS SURPOT 46 FEQURED 1R Fo SIS
et
Lo
KR T T o0 5t R T
COL DETAL. (TVPEAL) MAKE-UP.
i | FOR CONTHUATON SEE .
] | o iy o Lo
il ™~ -5 [
i -
soms oo || i —
(0or), =1 i
¢ Lo ‘ ; ks O Coraamanoe ‘
| = yaliH0
i {
’ o
— O —g—
r
e L -
— |
@ j— W
s % X - - ]
L [ ,
eyl L : i
: N2 oS AND R CAPPED
(TIPCAL) i
was i
Lz !
— ; KEYED NOTES
e E) ;
r _‘ (e |
cas | i
— - T 4 4 1 OIDBISER WATER TONER BYPASS ASSEMBLY
¢ ~ { ] (SEPARATE CONTROL VALVES W EISCRC WA
- T T ACTUATORS AND PILOT POSTION'S).
L L LI
I N L CHLED YATR OFFERETAL PRESIE BPASS
APy P 1-i/2 L) &—4— F—= Ld & € ASSEWBLY.
o 5 COMECTON To RIUKED RESSRS shicLon
i . | PREVENTER,(RPEP) BY HVAC. FPEP BY PUMENG
] é " i e oy o e ot 2 P 2% REFER T0 MGROFAB DRAWIG OF22.
i [ e G ' H 2
i l —& L . & 11 ¢ o o e s s 3
WATCH —— = .- . kol [eary ON DAY
e Fa— (M) —
S-S T oo () 5. CONKCT 1 CHR To WA O PG NS
o s i 0 - NN e o G i
T H - 5. VN PP ROUTD TR WO ATEA
e TERATRE SR Cowcar | (oo co
- g3 Lé Lé Lo | T P o g su - )
(oo peren o cien, W sl ¥ a® 3 ; CONECT To KD PSS GanECT o WEEe o AWAY FROU GPINNGS B0 T DL
(o) St it e a— [ » I 0w O HEAT MG, RN To S, TR 10 e o CoMECTON 10 R FRESSORE SKLOH
Es r = DRAHING 0F55.1 (200 GPH) QSLL (465 ) PREVENTER (FPGP) BY HVAG. RPDP BY PLUWEING.
I [ I [ REFR 10 ORAWNG P21
o = - -
w | Lg 7 Lg o L o dd
Il - |—% 1
-l i B Jr T - g
— — 1"— .
. ! ” = coo T \
i W
"
T w1 Foapose e | TT ‘L»Aon—]—w—l 17 cowens wes [
v = ¥
SOl Lo
g

T\ i b !
; e
-/ (TPicaL)

¥ |
¢ @

T

WORECT SRy
freim
. .
. [ [ i i
r - g |
b L, - |
b Jru. - ‘
. |
s ) |
T |
i ror e R ———r@?—g—éh-oﬁ—m—c ‘
kit |8 Lg:[hf— HGH CHPAGTY AUTOUATC. AR VENT
[ e o & s
= (— o | s
L: Ltﬁ-ow—b—&—d—ﬂ-ir n - L [
@ J imcal
-1z 3
{om-5 ]
.
FUTRE ou?
[omi-s } {owt]
FumRE EVAPORATOR P
/ (eich) COMECTON
- ‘
[\ R 10 conhe |
o DeTAL |
B s |
A\ |
couss
Lzes - (rex) w1




Coollng Tower 2 Cooling Tawer 1
Moriey NC B30 hariey Ne B3OS
Inchuced Draft Induced Draft
gr‘::-w buls #F‘::ﬂg buks
wat wat
1820 gpm from P 1o 80°F 1820 gpen fram F°F to 80F
&0 hp with VFD (earh cell) &0 hp mith VFD (oarh cell)
12 7 . open bt 127 H. opan Pt
High level nlorm High level olorm
Low level olorm Low level alorm
Make up from
back flow el —
presenter Male-ip moter = ] | ]
10
e e ey € 147 ¥
H'-ﬁa
Roof Level
“br
“br
Level 21 EW Return Temperature g
" i v ™ i ol |
1 —a Blow down o V2 - Coollng Tower 5
* -
Coaling Yomer blowdewn meter K 1=
Automatic blow ~y
down system ™
o-12" Shem
Trimnt|
= | |
=Th o1
30 sesh hoader*
straibar (hypicol)
A s Modular chilr EW
= 2
G [=Th
br
owe-1 cwp2 1 ewrs owra
Bdlwdﬁ-dr Bell and Goxset Bell and Gocxet lulludﬁ-zt
VSXHSM!E VEXH b5
lm'ﬂgn 3 nmn t'mml?m 3 pir, 480+, B0 %“T?.ﬁ'm;’;f’mu. :i?mmwgphmm
b4 ’l'“ L s E@ T ph, g w:fé}nm' h J :rv Tll b s
CWP-1 riart/etop commond CWP-Z start/stop command CWP-3 start/stop command CWP-A start/stop command
mlmnfofapum'm DD‘ CWP-2 proof of cperation CWP-3 preof of oparation ,.DD CWP-4 preo? of oparation CWRS WIS
= o o Bell and Goszat Ball and Grosiat
1510/ 25 88 1510/ 2588
20C gpm at T3 Frwe ZWm 73 ftwe,
75 1mm,3pnmsa- 1mm,spnm9h
/% /%
L CWP-5 stort, ommand CWP-b stord, command
o DD" mm% DD" CM—emafo':wwﬂm
o
5!,v: Wockilor chiler Pt CWP-5 e 6 aved the
| Bypom e mackdar chifer are o level |
L] ]
r!‘l' rﬂ' i :14' ! rl4'
2 2 3 = T 3

43



Developing a
System Diagram

A good way to learn the
system prior to going on site

* Focusing on one system can
be helpful

« “Untangling” can be helpful
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The absorption chiller will solidify if condenser water
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There are multiple pumps in parallel through their loads,

all with different flow and head ratings. The absorber
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System flow can vary from 200 gpm to 3,400
gpm. The head in the common mains (200 foot
each way to the towers) will vary significantly
as a result and the pumps will be highly
interactive and move around on their curves
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The condenser water system has a huge range T
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Line size butterfly control valves will have little
if any control authority at the design flow rate of

e 3,600 gpm and are likely to hunt. This will be
even more likely at the lower flow rates
normally seen, especially 200 gpm.
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Control valve instability will trigger pump flow
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Developing a
System Diagram

A good way to learn the
system prior to going on site
Focusing on one system can

be helpful

“Untangling” can be helpful
A good way to spot

problems

Once field verified, it's a
valuable commissioning

resource
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My “System Diagram” for the

Condenser Water System

A Resource for Learning to Do System Diagrams

https://av8rdas.wordpress.com/category/system-
diagrams/
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