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Class Material Location

The slides and other supporting information for the class can be found in the
Current Class Materials section at:

o http://www.av8rdas.com/pacific-enerqgy-center-classesi1.html

« They will be there until the next class, at which time they will be relocated
further down the page under Variable Speed Drives; Design, Performance,
and Commissioning Issues

About using my spreadsheets and other resources:
« They are my tools vs. tools | developed to be used by others

» Use at your own risk; | provide them as a resource for you to use as a
starting point

* You still need to understand how it works and fix it if it doesn’t work for you




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:

(1) Makes any written or oral warranty, expressed or implied, including, but not limited to, those

concerning merchantability or fithess for a particular purpose;

(2) Assumes any legal liability or responsibility for the accuracy or completeness of any information,

apparatus, product, process, method, or policy contained herein; or

(3) 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

After taking this class attendees:

1.
2.

Should be familiar with the system concepit.

Understand the relationship between the system concept and a system
diagram.

Understand the value of a system diagram as a design tool, a
commissioning tool, and training tool.

Understand basic system diagram development concepts.

Understand the similarities and differences between a water system
diagram and an air system diagram and had experience developing each
type of diagram.



Agenda

* Introduction and Overview to the System Concept

« System Diagram Concepts
« Key Characteristics
 Tools and Development Resources
« Water System Diagrams
 Air System Diagrams

« Maria’'s Perspective on System Diagrams

Introduction and Overview



Agenda (continued)

« Working with System Diagrams
« Diagramming the chilled water side of a central chilled water plant.
« Diagramming a Ball Room air handling system.

« Diagramming the condenser water side of a central chilled water plant
(time permitting).

Introduction and Overview



A Building Life Cycle
Tool

A design tool for moving from
concept



A Building Life Cycle
Tool

A design tool for moving from
concept through design
development



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
development to reality

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

 As a training and ongoing
commissioning tool

A minimum of 15,900 cfm of out door air (1/2 air change for the Fab area) POTENTIAL OXYGEN DEPLETION SOURCES
is brought in through PW make up air handling unit 3MAU101-1-2. Open Safe dilution ratio (make up air to released gas) s 13 o 1 or more.
cross-connect dampers o the 3MAU101-1-1 duct system allow this air to Rupture of a large DI line pressurized to 5 psi with Nitrogen:

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

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.

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

exhaust systems in that area and exfiltration maintain ventilation in PW1 Rupture of @ high pressure Nitrogen or Argon line at full pressure (worst case)
TImmediate volume released - 450 cubic feet (preliminary)

On going vokume released - 500 cubic feet per minute (preliminary)
Dilution ratio at 15,900 cfm of make up air - 32 to 1 (preliminary)

NORTH MECHANICAL ROOM

= INTERSTITIAL SPACE

RAH smoke isolation dampers are manually opened on North
side RAHs to allow make up air o flow through the units
to the supply duct plenums. The RAHs do not run.

South side manual return volume dampers are closed to|

prevent reverse flow in the return duct system.
South side RAHs do not run and their smoke

dampers remain closed. Units are pressurized by

make up air to maintain cleanliness but have
no circulation through them.

[T

Typical

Typical
Make Up S v
Air Handling Recirculation | &
Unit Air Handling Unit

3| Recirculation

NN T N )

Air Handling Unit

SOUTH
MECHANICAL
ROOM

g g 9 g
Manual retlitn dampers on the
North sidel RAHs are closed Make up air flows uniformily from the supply distribution plenums through the Dashed line denotes
to prevent |rpverse flow NORTH ceiling filter modules and into the clean room. Air exfiltrates via door cracks SsouTH rated separation
through thi|return duct CORRIDOR and is pulled through the subfloor by the subfloor exhaust systems. CORRIDOR
st ==
system. a
OFFICE AREAS & v v ¢ v v v v W—’;’Eg‘f:: "
« CLEAN ROOM T o SUPPORT AREAS
° 9 9 P < N o N SubFloor Exhaust Fan
SUBFLOOR Positive exhaust of the subfloor space is maintained at all imes by the subfloor exhaust systems. Operation is monitored by the astomation system™ I
— [}
Proposed PW Ventilation Plan ‘ ) | DAS. ‘ AS
silicon America, Inc. Phase 2 Fab Shut Down (CZ to be similar) [,\i‘m 10/8/98 ‘wmlam} Plan | 1
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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

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)

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.

//\_

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

]
Sl ol R
— 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."'d system.
side RAHs to allow make up air to flow through the units South side RA.HS do not run and their smo'ke
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 v v v

Manual retpirn dampers on the
North sidel RAHs are closed

system.

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

Dashed line denotes

to prevent|reverse 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
&
OFFICE AREAS (23 v VY v Y v v v PROCESS
“ 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‘h’.rnD % =
[ — | —

KOMATSU

Silicon America, Inc.

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

APPROVED BY

ENGINEER

DAS

DRAWN BY

DAS

SCALE

None

DATE

10/8/98

DRAWING NUMBER

Ventilation Plan

SHEET
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Developing a
System Diagram

A good way to learn the
system prior to going on site
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Developing a . Tk —
System Diagram | - f

A good way to learn the |
system prior to going on site |
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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 |-z

be helpful
« “Untangling” can be helpful
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My “System Diagram” for the
Condenser Water System

21



g;w‘“ gjmll'a—l
ﬂ{g&\'“ Tl fdbach
m'hﬂ cr-aghﬂ
Eart call Wost call
Caeling Tower 2 Caaling Towr |
T a iy NE 8308 ' e Mariny NC B308
Tncoced Drafr Tndoced Drafr
| S g me e | P v me b
I '-ﬁ-!'ﬂ:hﬂ [ —ﬁ-l".ﬂ:hm
0 bp wmith VD {jarch sl ub;f:mwm—n-q

Bolke s from
back flew o | =
provsshar: Makizup trater :xiv - J_::\-_ﬂ“, ¥
581 L8
AT =t
—_— :
Tor |
3 |
I
I
I
I
V- Towar I
Lol 8l Bypams - G Sids I
f o v N N w
° i N Wi = Conling Tower —5 -
Bypes - Bypom —~§
L o - Jl"’
‘e —Th o myrvem - i
:":.i: |‘;.‘:'.
o o nl_.'%b-o-ou-an ‘ 1_,.
§| AN etk b U0
- s T mp O Yi
Ase 0 ~
o 2 ssues Tend to Jump Out at You
Por W =™
-
'%I oWl % oWz " s W4
g 1 el ol Bt o 1 Belland et - all ard ezt o 1 Ballend Bt
_; VEXH faliviS S o VIXH o3 B .."’ VaXH heasdl B - VSXH S0 ~
P TR e g - LA, D R . .
L sREr Syl Ry SR
,«,Eg-%w..:-: Tvbng-mw.:-: "‘*Qmm Lﬂg—mmm T oo %ﬂ ane
[ | g SR % ..,
T R T S
e L £ ﬂm;:mmﬂ %-,, Eiabat ey
s 65':_“ ot hrber o
T o
r E!f 510' —4 5"‘ l 5"’
W Supply Tempersturs.




T2 wiart/atop cammand CT-1 wtartyrtog command
speed command

ﬂ{g&\'“ €T ik
38 hatt 1 st
West
Caoling Yower 2 ool Towme |
Meriey NE B3OS Maril HC BI0S
Induced Drafr Drafr
600 fens €00
wat buly TOF|

TOF entaring wart bl
1220 gpen from S fo 80F 18 fram 97
60 bp ath VED (such call) =

@
12,7 1, open Wi 127 . apen M1
? High level alrm ? Figh Sheel alorm
e lwlemidorm | g ——— Low el odorm
Ml 1 from I 1
bt Flow —|= o1

o o

Tower fans need to be

coordinated with the bypass =
valves to avoid wasting energy

i Temperates. )
5= = 4 .
i Tow Gown 1o W2 - Colirg Tower
fioar drun Prrm
1. - o Couling fowar biwdoun macter
P
bt
o
™ BT ot Chilfer W
G |=Th 7|, Tamparstirs
g
00T
: f—b I—h
Ase ) ~J
Fl 5w
—h or
Por W =™
-
%. th '
T oo % owr-2 cwes w4
el o ot T el and St el el Guzmt T
7 VakH dixias - VSXH b1 38 - VaRH - VSNH SoaxiO
P BmE e, ® R D BT B O
-; rehe T n:',hu;' “E Py o u:';}mr
7 | i
EWP-1 et fetep commend W2 e fevep command CWP.3 efurt/etep command W4 etart/erm commend
e | T 6WP-t proet of aperution _?Vb CWP-2 proef o operatien e | [ WP pros of spervtion _T‘{,, WP proed v sparmiim, = ¥ cava
- ‘[‘ el - T e - L - Bl o ottt
D/ 28 88 C MO0 /28 88
L *ru:"en*.;'p 480, 020 i g”““”’.’l‘h.‘b [T
“"F ummﬁ ) M ulmmﬁ ’
- L kS BD.,H“"::Y:::...—‘ Tf-,, ED-M“"%.—‘
&
o
B aﬁjr ot hrber o
< 0
o o - ™ 1
3 3 &




CT-2 wtart/atop commond CT-1 wtartyrtog command
earennd -.—r:'—-l

ﬂ{g&\‘“ Tl fdbach D..
T2 WFD frequancy CT-1 VPl fraquency
€T €T
rr-am'm C"—lg’-ﬂ
Wert ca
Conling Yower 2 <oollls Towmr 1
Hariey NC 8309 dharifly N B3CH
TInduced Draft Brafr
600 fens €00
TOF entering wet bub TOF| wat bl
1820 gpen from ST fo 80°F 18 fram FPF to BOF
&0 hp with VD (each cell) €0 efmth VD (nach eail)
12,7 #4, open b 12. 7[R, apen W1
? High level alrm ? Figh Sheel alorm
T Lowlewed glorm | ST H Low idbel lorm
(S S——— == p=ry

1#- A\ ﬁ s :

Lovel B

it

J
EIE]

T

]
3 EEE

|

{=r
5 4
gL ¥

1
#

|
E

1
H

oG
Ed
i
y
3
§
F

This sensor is in the wrong
place to control the elements it
has to control

-

‘T oowas 1 owma
Bl apd ot - Ball ond Godiat
Wi/ 25 88 & mosesm
*ru:"en*.;'p 280y, 930 i g”““”’.’l‘h.‘b ™
L 70 e, 3, L 780 e, 2
”m me ) llm me

. cwrg commund 1 cwth o
2 ,BD'mm—m -T'D,ED'MWM

=

X
-3

macksler chifler arw o lavel |

F g

- ol 1 5‘




€72 rpear] comward CT-1 apess| cmmemarel
ﬂlgdw D.. Cr-\lnlm D.,
T2 WP frequancy CT-1 VPl fraquency
3t Dt

et cal
Caoling Yower 2 = ool Towme |
Marley NC B309 x HC 8308
TInduced Draft Brafr
600 fond 600
TOF entaring wet bub ' TOF] -t bk
1220 gpm from 5°F to 80°F 18 fram ¥°F to BOF
60 hp with VD (eath cell) €0 hiflmth VD (gach oall)
12.7 #4. pen W4 |—1 1 12.7[Rt, apan W1

High level ol Figh vl glam
A ) Low level dlorm o L Low i lerm

o | &=ir

1# A N ﬂ__ 4 : ¥

This sensor is in the wrong
place to control the elements it
has to control

cowrs 1 owma
L - Bl o ottt
D/ 28 88 MO0 /28 88

_?;'—B'Plﬂlf. P & gﬂd"ﬂﬂl,& p——
”mmﬁ ph, 880, - llmm*' b, 48D,

Ts [ L [t

T
L]
1

-3

macksler chifler arw o lavel |

&
.8
P ."?-

- ™ i g 5:




- - €72 sper o
~ SHEET NOTES TR mpond foudback
rEm—E) U iy ] giwm
; M e g [ o) T
. | L Worsiiliorssi
| e 'i 4,,14'( Cosling Tower 2
3 LT Mertey NC 8203
. i T, Tndced Draft
|| =l | I 600 fona
1% == = ‘ TOF entaring wet bub
i - - | =i R — 1220 gpm from 5°F to 80°F

e | 0 b mith VFD (wach cly

| 12,7 F4, open Y
| i High level alam
R IF s p—— Low bevel alorm

TEtG
- r o It ! fre-sp it
— — i - ..}{_7_ — I | ﬂ'
= ’ @ - | T \

KEYED NOTES

I

T
e

T

(
|
1
| Gum
Trimat|

.i.r

This sensor is in the wrong
place to control the elements it
has to control

[~
Bl apd ot
nd O/ 25 88
K :l:.uenﬁ.;." 480, 920
T

s

o

1, cwth command
-T‘&ED' mw-ﬂ-ﬂ

cwre

Ball ond Godiat

10 /25 B8
200 gom ot 7 #tar,

7

o
4 6§f ool cher ara on v |
d 1]
- ™ i 5
5 -




The absorption chiller will solidify if condenser water
temperatures drop below 80°F; the centrifugal chillers
will become more efficient with condenser water

temperatures in the 65-75°F range
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System flow can vary from 200 gpm to 3,400 e SRS
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The long mains place a lag into the control

process between the time when a fan starts and
the time when the sensor controlling them and the
bypass valve sees it; approximately 1 minute 20

seconds at 3,400 gpm, 3 minutes 45 seconds at

1,200 gpm and over over 20 minutes at 200 gpm
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The condenser water system has a huge range =[] = | o
of flow variation but no way to isolate a tower A N— = b,
cell and maintain uniform flow distribution over s s
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An inverted trap in the 14 inch mains operating T+ ,
at 200 gpm will likely trap air and may even air -
bind the system at low load conditions =
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Lovel B

Atrap in the 14 inch mains will become
a point were sediment will accumulate at
low flow rates, especially 200 gpm
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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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