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About the Speaker

Graham Nasby, P.Eng., PMP, CAP
Water SCADA & Security Specialist
City of Guelph Environmental Services

« 10 years in the consulting sector
« Joined Guelph Water Services in 2015

« Secretary, ISA Hamilton Section

* Newsletter Editor, ISA Water/\Wastewater Division

« Co-chair of ISA112 SCADA Systems standards committee
« Voting member of ISA101 HMI Design and ISA18 Alarm Management standards committees
« Named Canadian Expert on IEC/SCC-TC65 with Standards Council of Canada

« Active member of American Water Works Association and Water Environment Federation

« Has published over 50 papers and articles on automation topics
* Received ISA “Standards Leader of the Year Award” in 2021
« Received University of Guelph “Mid Career Achievement Award” in 2014

« Contact: graham.nasby@qguelph.ca
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Presentation Outline

* About Guelph

« Typical Facility Documentation

* Project Drawings

« Problems with “as built” drawings

« Facility Drawings
* Guelph Water’s P&IDs & Layout Drawings
* Tour of a Facility P&ID

 How we use Drawings

« Drawing Update Workflows
« Maintenance Updates

* Guelph’s Drawing Templates
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City of Guelph Water Services

* Guelph, Ontario, Canada
140,000 residents

e 21 groundwater wells

* 3 water towers

* 549 km of water mains

* 49,000 service connections
e 2,750 fire hydrants

e 46,000 m3/day [12 MGD]
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Guelph Water Facilities

Approx. 15km x 15km (10mi x 10mi)
35 Facllities

— 4 booster stations

— 21 wells

— 2 valve chambers

— 3 water towers
— 5 monitoring sites
High availability SCADA network Doy Vi ==

— Primary: private fibre optic :______
— Secondary: private wireless, auto-failover ||

40 PLCs plus 2 data centers
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How do we document a facility?

« P&ID Drawings
« Layout Drawings

» Electrical Drawings
 PLC Panel drawings

* Loop Drawings /
Connection Diagrams

* Network Drawings

« Architectural/Civil Drawings
« Structural Drawings
 Mechanical Drawings
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Other Documentation...

* Process Control Narratives (PCN)

« Master Alarm Database

* Instrument Database

« Standard Operating Procedures (SOP)
« Backup copies of software/code

* Asset Inventory

« Spare Parts Lists

* Maintenance Procedures

* Equipment Manuals & Documentation

» Disinfection Calculation Spreadsheets
 Test Plans / Test Records

» Critical Control Points Documentation
« Site Permits / Licences
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Project Drawings

“Project Drawings”

* Defines the scope of what the
contractor is to do

« Used as a contractual tool
* Defines scope of work

« Defines when work is complete
* Only defines the contractor work

When work is complete, best practice is to
Issue “as-built” drawings to show what
work the contractor actually did
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Problems with As-Built Drawings
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Problems with As-Built Drawings
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Problems with As-Built Drawings @
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Facility Drawings

« Maintained as “living documents” to document facilities

« Not associated with construction projects

« Small sub-set of drawings, realizing effort/resources to maintain
« Maintained “in-house”

« Satisfies regulatory requirement for “Up-to-date P&ID Drawings”

« Guelph Water uses:
— PFDs
— P&IDs
— Site Layouts
— Electrical & I/C Drawings

« Historical “as built” drawings & records from construction projects kept on file for reference
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Facility Drawings

« Maintain a small number of drawings only

« Maintaining drawings takes staff-time/resources

« Do not use any x-refs (external references) in CAD files

* One CAD file per drawing (except for electrical drawings)

 Only use 11°x17” size (8.5x11 is too small, larger sizes hard to print)
« Keep it simple

« Drawings are stored/maintained
In house. Standard templates used.

« Engineering firm on retainer
for CAD support as needed

« Do notinclude as deliverable

with construction projects
(nice drawings are not the focus in a project)
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Facility Drawings: PFDs

 PFDs - Process Flow Diagrams

Goals

« Show major piping only, summarize/omit secondary lines

« Show all main valves & instrumentation

« Do not include any SCADA 1/O or tagging details

« Do not include unnecessary tagging details

« Do not use “layers” to show/hide information (layers get forgotten)

* Include key information such as instrumentation ranges & pump sizes

« Quickly summarizes the process

« Useful for regulatory submissions/permits, as well as SOP’s and training
« Easy to read drawing for Inspector visits

« One sheet per site

Facility P&ID Drawings
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Facility Drawings: PFDs ISA
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Facility Drawings: PFDs
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Facility Drawings: PFDs
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Facility Drawings: PFDs
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Facility Drawings: P&IDs

« P&IDs — Piping and Instrumentation Diagrams

Goals

« Show all pipes with sizes and materials

« Show all valves, instrumentation, and pumps, including sizes

« Full SCADA I/O Detalls, and clearly show hard-wired controls

« Shows what I/O is from each device/instrument

« All instrumentation and signals have ranges clearly shown

« Both “native” and (in brackets) converted signal scaling is shown
e Summarize electrical detalls

Avoid

« Cryptic SCADA tags for signal names — use plain language

« Specific PLC I/O addresses — these can be found in other drawings
« Software programming details — that information is in the PCN

Facility P&ID Drawings
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Facility Drawings: P&IDs

153)

e’

A 1 [ 1 [+ 1 [] 1 [ 1 [} I [ I I I 4
,—L‘ ConliG WATER ALiE
P s L2818 . T T #ﬁ“g“
: fF fsqd fgEdi ¢ g tr il d i s 5 i
: TR I T HEIRIDET 5t
F¥V ¥ ¥ ¥ F 1 | | F¥ 1 FF T 1T 7T ¥ T 9

FREE CHOASE
B

o SHOmE
[0S ma}

H

AT

e THE FRPENTY OF THEGTY
L B RS BT LI

i
i B
@ [T B - o000 0 90 ©CG 00 Q00 0C 2 0 ¢ 0 o o o o 9 0 G -] @ ity of G
i T S L 1T AR YA A A A A L1 ] ] L1 ] O] Ciy of Gueph
| T T | 1 T T T 1T 11 1 1 11 | rmp————
2 a 000000 o000 O 90 00000000 0 0 0 O o o o o 0 0 O -]
-
= 1 T e P
CE P RREKEXD Jeelevene R 0 BRE B
-l L & o R
= | I__LJ_I_I_J__! |_1_+_l_1 -Fl‘ﬂlmmlLIJ |__|__|.4_|_ |__'|'_|_|._1 I_I_l y?r"rr'n"'l | 1 FRTOGL | I__|_J |
™y
| | | | | | AN 1 |
[ | | [ | | roEd | [
3 I 1 I Il 1 Il I
E T T T T T 1 I T T
2 L | | L é
. ? ¢ | ’é“ ;e ® -
L L L s A A
H L__ |
T E LN N | ES
1, SCADK USES THE FLoW METER o FEAD BOTH FORYARD (T0
. E"ﬁm:' A0 READIET. [CO0LE WNTEX MM ST UTION]
L [M WILL PONP STARTIP. HE WITOR STARTER RRST OFERS
; m}e Fes 2 spockne: T ALL SHAFT THER STAHE Misr,
PSP STAETE:, THE SEAL WATER IS SHUT OFF BY STHETER.
5
" | w
" = | owo
| -3 pEl 1
2=137% WP e
12
' . SEr Wk
VER?
" i R g—é' Location Water St Well
Y oy 200 Water 5t.. Guelph
@ ’_ _‘ i ano-sw Water Services - Supply
M P ST
C uligilm) = 1"
SMUER WAVE TTac -
- [SGHPRESSISE, Snest Tite PEID (1 of 2)
FLEY CMTRLH 1228

k3 H
f—iposs  CEMLA

TEYTYYES Moo fas—e—r
.aI. OTEE g damaiie-)

* o b

U iR

L STTSR SR

VERFICATION [are prvvv-umon)| veReED B g

]

P PSR PIE

o

YIRCAL M ML PRMEL

o

. P

Do conTed, s e

L, ETHAT/TO WELL S o AR TOVER LEEL

B ST SIS OFER CODUNG WRTER LR, A L Ly, ST YL
IR SACE 9 15 FEASY,

L ST SENBEE STOP MELL PR, TURW OFF L, CLOSE COLLNE WATER
WL DACE LY COOLS SO

AL FEFER To STATEN 0+ MNLAL FOR COMTAIL DETALS, INELUTHNS SOFTRE
PERNE: M0 MBI

well + Treatment

B 2]
I ] WE ST CETETEN }
HE SETRH w =0
i
NERCLIY TR

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022
Hamilton. Ontario. Canada

20

oan A C o A IOt e e Gh H_ani ¥ TESTPeTTT QT —— 3
Oraing Sppert\CRARY e eanup Dablays 201870 Pph- e e pe e\ Te Chgsy AIDA_201 8\ e n_PAE L Ly | §AS_ St rea srrars el R0

FLEMAKE: "\ \Charma—sryi\pubears Prajaces’ ity OF Dusph' 701 7—



Facility Drawings: P&IDs
ISA

A I B I [= 1 2] | E mg} ¥ | ) | H | | ] 1 3 I L 1 ] 1 T —
.l PO T ] 5 . 2 5 £ N 0 AL S TSP
! ] ] Ex = ]
i i E] i a sE g 2 g g g E g
A T L% g EhaaRddd
l = 7 & ¢ HEBPHUEHLDHGDO :
o o Q [+] Q [+] o o o o Q a o o o o = Cﬂdshebj E
[ ] | ] | | | ] ] ] | | I | & i ]
1] ! ! ! ! S S S S g i
SN - I < B < B < N < I <l ol o N J <l o J e < E
| | L4 I | VTR | P PrToce) | 1 1 1 | | | | | | ;J
| * e 6 ] W Lk e C
| | | | O & A AT |
: | i | | Be e g e mmogm o E
.E | | | | =6 [ Y i
| | | | FLE L CONTIL B
] l ] ' g
| (!h rJnnm-mm \5 e §
%é B%‘%‘iﬂ - — ‘@19*&1 ) %
LS T i
g = £
| | R L
C- TEWF, STCH
26T T 18 g gt
THOSME 0d

Location Water St. Well
200 Water 5t., Guelph
Water Services - Supply

Shest Tite PRID (2 of 2)
Building / Utilities

TO VELL P pk
EAL WER

(MST-0—E=F0-201 )

UNDERSRCURL
caMpuT

VIR D AR P

VERIED 0 AT

VERSIED) 0 AGAIST LG

FLUMBING
:w-u?u\h — VIR
ELECTRICAL SUMMARY = '?Tffm
o vERFEATIC oate rrevrwwan)| veRees ey onn REFER TO ELECTRICAL DRAWINGS FOR DETAILS ’“-T;-rqu_ﬂ

v e

A

FLEMAME: \\Charme—aryl\ubsarv\Frajscta’, Oty Of Gasiph'\J01 7045 Orotfing Suppart\DRAW\ e (enup 02kayed 301831 D5m U _pkgebomChaem e forJm o

i and 3s agi=d oy

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022 21
Hamilton. Ontario. Canada



10y hollig SA S b e

Facility Drawings: P&IDs

58 m 5 E mm
m : § &8 BB _
L E| IMod3s 0345 V. ] = o
m 5 o0 [ [ N~ o~ L
5 m T wivamEs Bas | [T 7 ~ - _
- _
mm mm H r 7T = = |
g - m | | ONYAROD NN —o—1+-°o—+ &7 = = _
S =
mm i} (pus/s ooe-0) V..A|OI|Q — = | 3 ly
s mn m 3500 Myd AN - = | z =
(M Z'99-0'D) V..A| o—-—o—| . ] | 1 i | # | =
AUSNALNI AN Vn.A o = _ _ HI\H |z | _”
1) PRorTy HOMY —o —4+—0 — = — _ =r . _ |
— — 4 |— - ZEZ |Ha)r
{(NOQLHS) V..A|o B P I“I _ gz [~ A_ _
TS THOILIMD - =
B SMLRLS V..Al P |
| 2 30d AN o © = _ I _ (I
e s = V..A = | ]
| SIS SMNNTY V..A|O —— 0 — = I_ —_— ._l _—
=
_
s T AR N —0 4—0 — L
v =
R bl A _
Ll [———
sl waugs || . ~ . _
w0 V..N|CI|.L| =1
swhais | N A - m W
SMLFIS m_,m_zs,_ b 1&|C 19— ™ %
f=]
|| L L8
3 ;
g
- Ea g
e g gl
" awmnoo 3sow [ | V—o 4o L m g
oE _ 27 ‘g
) 5| OO N30 — 0 4—0 — = m 5
M o |2 L 14 8 "] i
] EL suvs 03som o1 o — — 1 o
: |55 0 o—+t-o =+ Oy 5 MH m
o Mm SNIFLS N30 o —4—0 — . mmmu
31 | &= = m
| =1 300w w0k V'A|« 4 o e \_ mum
Efsﬁ L L1 =
- o
[ s e
s - r — = E a H
00 W | e ral | o~ A | = = =] \m
] ONWWIOD N V..k O QO =il 3 n,ﬂl,w/mﬁl./ﬂs]/ nmﬁ =
waven k| \GooTalN INH0THO) o oL W B8 B ﬁ ﬁ PElE
ot N 0L 40 V:.k o o = mmw — \
w e o s s I |_ EE=
H =] SNIYLS d401s—3 @] L&) =
vl = < " t——1 -9t -
T .y = v V:.k|0 —1— 0 — e I_ -
8] = .
wil sus s | —0 ——0 — = o e
[ 28 L 1A = | g
L~~~ _ SES
i 3004 3L0vEY | @] 9] M _ =]
sz [ _l
= 51 0B
B musm & & =
— e g8 vk g
P E )22 E )3uw
o — =E S Wm
= o
s §
i i} Hlala|s
N eTEy E{_S‘Cllo \w wﬂ —— — 1+ 2 m
or B =
S m ¥lElE
— IR
L "oN JTd i
< 15 ¥AlvM
¥ayos od 2071/ 20N m
- [ ) ) I - [ m m m
_ _ =~ A S S : il
s e e ) ®
§
= I [ I o I 0 I = I = I D I [ I = I g

ISA Hamilton Members Meeting — Feb 22, 2022

Facility P&ID Drawings
Hamilton. Ontario. Canada



Facility Drawings: P&IDs
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Facility Drawings: P&IDs

A I B I [ I 7] [ I r I o I H 1 ] I ] I K I L I "] 1
T — . T AT . . stoand e o P B anm :’?.“.?,F?.".:,.“s:.f’“"m;m
I BEE g ooty B S —
: g H 5 g i % E E z § g hg g P = EE g !% ORI e e
H i §ist :v!w 5 g e = iggﬁ sHn i lefs i wn 55 Mae: ok g
a i i r‘v‘v‘v‘vﬁ i O O - | % % ﬁ a L oy SR A
= d $9890e  £EeEE 90 90900000 ©0¢o ¢ § 9 R © s 5
|
: b vENT 10 @ i
g £ ouTsIDE 12—PVE T
S | 12N 01200 m Cé; —_—
I _— L — - — — — | ay | og- /
____________l________t _____ \__/ 1/3/:\1'?\ 5 ma/L
. — o | 0=160 Pl ] ( |
T N __(0-1038 ko) | N
i [ oAl T g L
' 3 ' | 5—POLY | 0-80 L/h
- | >HT‘< FED A o_poLy | T HROTILE
| [ Pa “?” | | | h faE\| @ \ r g
S v J J/ No
! . . A i
0-100 PSI
: ot com : Y SET AT 50 L/h (0-689 kPa) _ i |Ei
I oS0 & Y 4
| (0-3.78 LFH)  10-PoOLY /1-\ | ~ SET AT 20 PSI E:
\ v £ o
. | SPARE TUBES — I\\LE )y I | E%
| (or usep) 1 o] | s—POLY 6 | gg
500 —12-PVC ]
b el L | D C P
B | 12%) B [ER | k N i Ko ATERMTE 8
: NIEERNIIE SANPLE LNE 5
: ™ Lt CHLORINE. RO I (NOT USED) el
l— —————————————— \"HLC—_”E—"’% —I T T NDER h? , e v ¢ . é
. UNDER FLOOR FLOOR "T S :
N T 1 | 12-55 08 o_roe ¢ g
_es - 0-180 B3I (9 g-125 ra
| IJLB% ,-T | a0 29 1258 <[=—E—POLY l (01038 KPo) i (0-862 kPa) E
1 o TP | (0-1378 kPd) : i jj ij: [ C';-J ("™ ) (0N WALL) g
N 3) /‘ 12 \ \ \. vy
| i \-I[ | PE) M 1 1 ™ NOLJ l TREATED I \‘a _— c—12 é
| i WATER 12 Tho —C
| WD o | | A _LNP VoL SAMALE MO | E j c—20—Cl g
| /) | o ® o3 <9 PONT o ore T Tk
20—cfs W4 AT 1200 L 0-50 Lfs T 25 NO F i
| 240V | \ J | 300—55 i KO 20—l <l>—20 |'/F| ) (NOTE 1) FLOOR T B E
i _ — . p_gg 50-55 UNDER 5
J-H- W = e e | {} FLOOR f
| NO E 6 &
11 g (SR : b g
—
|- gnc ENLGHT | 2 2 E
L v\ s FLOOR :
UV PACKAGE
L = S —— AL FEFEL T FTATON (44 MMM FOR COMTAIL ETALS, IELIDHE STV g!
A e Er ™ P M RSO ,_E
G e 1

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022
Hamilton. Ontario. Canada



Facility Drawings: P&IDs IS}

| F
STATION DIGITAL
FONER MOMTOR
| —

g,
-
g

FLC FANEL

INSTRUSIGN ALSEM

TROUBLE FALLT
PONER FEED
STATUS

SR
=

o——om

o—-0
o—1-0

o—0

¢

S
=
o

|

[

o
@m

-

g
FONER CK
— EE 0__O_mmmrusm
=
e =~ oo Ll = |x

= =
SYSTEM FAULT FILOT
Eﬁ Ol E E 0__0m LGHT

G

2

POWER OK cnuu,glwms

PO FEED
STATUS RELAY

SCADA ERHET
NETWOR (e 2RoTocoL)
|
|
|
|
L
T

¢

g
23

DETAIL &
(BACKPRESSURE, FLOW CONTROL)
NODEL: 106-RPS—&
SN a04—a1-2

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022 5
Hamilton. Ontario. Canada
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Facility Drawings: Site Layout Drawings

« Site Layout drawings

Goals

« Show locations of all devices and instrumentation at a facility

« Avoid unnecessary architectural details

* Only plan view is used

« Both tags and plain language descriptions are used for equipment
« Mounting height of equipment is shown

« Approximate scale on drawing

* Quickly summarizes locations of all devices/instrumentation
« Useful to orient staff with location of equipment at the site

« Useful tool for defining scopes of work for contractors/staff

* One layout drawing per site

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022 28
Hamilton. Ontario. Canada




Facility Drawings: Site Layout Drawings
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Facility Drawings: Site Layout Drawings
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Facility Drawings: Electrical & I/C Drawings

« Electrical & I/C Drawings

Goals

« Most frequently used drawings for trouble-shooting
« Treated as a “set” of drawings

« Standard order/format

* Only updated when changes are made

« Electrical Layout

« MCC & Lighting Panels

« Electrical Starters: Loop/Connection Diagrams
 PLC Panel Drawings

* |Instrumentation Loop/Connection Diagrams

* Network Drawings

Facility P&ID Drawings
ISA Hamilton Members Meeting — Feb 22, 2022
Hamilton. Ontario. Canada




Facility Drawings: Electrical & I/C Drawings
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Keeping Facility Drawings Up to Date

« Drawings updated once per year

— PDF copies are stored in a Document Management System

— AutoCAD files are maintained by SCADA Department (GIT revision control)
— Updated PDFs are generated once per year

« Storage

— “Official PDF copy” is in the Document Management System
— Paper print out at each facility in O&M binder, updated once per year

« Maintenance Work Flow

— When maintenance works on a system, they print out the PDF drawing and
mark it up with a red pen — paper markups given to SCADA Department
— For major updates, new PDF copies are issued

— For minor updates, wait until annual update or as time permits

Facility P&ID Drawings
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Keeping Facility Drawings Up to Date @
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Keeping Facility Drawings Up to Date

« Annual Verifications
— Each Year 20% of the P&IDs, PFDs and Layouts are Yellow-lined on site
— For remaining 80% of drawings, a quick desk-based verification is done
— Edits made as needed, and new PDF drawings issued with an updated ate

* Yellow-lining
— Print out drawing and use a yellow highlighter to trace over lines as they are verified
— Observed changes are marked up in red-pen
— The AutoCAD drawing is then updated
— Update “Verifications” schedule & “Revisions” schedule on drawing
— Revision comment stays as “AS FOUND”

4| VERIFICATION DATE (YYYY-MM-DD)| VERIFIED BY (INIT) -
VERIFIED AGAINST PHYSICAL PIPING 0471107 GN o,
ol L 35 ]
VERIFIED VO AGAINST PHYSICAL 110 IN PLC PANEL 20171107 GN
- e 13L-IcbA
VERIFIED VO AGAINST PLC PROGRAM 2017-11-07 GN
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* No facility drawings for this system (yet)
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