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Content & Goals

To review common symbo
arrangement of P&IDs anc

s and
to learn how

to determine what contro
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s what



Outline:

* Reading P&IDs
* The difference between P&ID
and PFD
 Symbology
* Equipment
* Piping that connects the
equipment
* Lines and instruments used to
monitor and control the process
* Practice
* Draw your own
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The cornerstone of everything we do



Safety — Mission Critical

There are many hazards

. . “If you're not doing the job safely,
operatlons. Some examples
include;

* Confined spaces

* Trenching & excavation
* Electrical

* Vehicles & equipment

e Chemicals

* Ergonomic
Photo from Tualatin Valley
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Protecting Yourself and Others

Rules to live by:
1.

2. Follow the rules
3. If you're not trained for it;

O N O U1 b

. Work smarter, not harder
. Don’t take short cuts

. Be Prepared

You are responsible for your
safety and the safety of others

Don’t do it

Photo from Tualatin Valley

. Practice good housekeeping Water District

“It’s better to take a minute to save

. Be a safety advocate your life than to lose your life in a

minute.”
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Personal Protection Equipment - PPE

Includes but is not limited to:

Safety Glasses/Shield
Hard Hat

Hearing Protection
Visible Safety Shirt/Jacket
Protective Toe Footwear
Gloves

Gas Monitors

Harness

Radio/Flashlight

Masks, face shields, gloves
Sanitizer & wipes
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Required Personal
Protective Equipment

safety First  Your Name Here

Graphic from Whitney
Equipment Company, Inc.
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811 — Call Before You Dig —it’s the law

Utility Notification Center

* Each state operates its own 811
center

* ID—811 or 1-800-342-1585 (Boise) &
1-866-729-5140 (CdA)

* OR—-3811o0r 1-800-332-2344
* WA -23811 or 1-800-424-5555

e Oron-line

* Open 24/7
pen 24/ Know what's below.
* May be regional within a state Gall before you dig.
e 2 days advanced notice is Graphic from Tualatin Valley
requ ire d Water District

* https://youtu.be/ZH7cXJ2PpdY
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AWWA Commercial Time!

American Water Works Association

1 Pacific Northwest Section




PNWS Training-in-a-Box (TIAB)

 Workshop curricula prepared by the Section’s Training
Coordination Committee to increase the quality and
consistency of training in PNWS and to increase distribution
of that training throughout the Section

* Current programs:

ARC Flash & Electrical

Basic Waterworks American Water Works Association
Emergency Preparedness PacificNorthwest Section

Northwest Washington Subsection
Water Storage Basics

Math for Operators / P&IDs
Groundwater Basics

* Upcoming programs:

Chemistry for Operators

— Chemical Feed & Storage Systems
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Questions, Comments and
Suggestions?

PNWS-AWWA
American Water Works Association Training
Pacific Northwest Section Coordination
Committee

Prepared for the Pacific Northwest
Section - AWWA



Process Flow / Instrumentation Drawings —
P&FD / P&ID

A

~—g |

HOPPER-002

CadgroupPFDPump

It’s a detailed story told through Symbology

American Water Works Association
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Symbology

An 1877 dictionary defines the word as "the art of
expressing through symbols."

Content & Goals:
eTo provide an understanding of what process flow and

instrumentation drawings can tell us about how things
work




Outline:
Workshop topics
Understanding a P&ID Layout

- The difference between P&ID and PFD

- Symbology

- Equipment

- Piping that connects the equipment

- Lines and instruments used to monitor
and control the process



Symbols — They Tell a Story

Strength, good
luck, and safe
travel across
water

Koru
_ New life, growth, Hei-Matu
Sign of power — strength, and
worn by chiefs peace

Toki




Symbols & Story Telling
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Evolution of Symbols
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The Basics

* There is a national standard for symbols

— AutoCAD P&ID ISA — International society of
automation

— AutoCAD P&ID PIP — Process Industry Practices

— AutoCAD P&ID ISO — International Organization for
Standardization

* Plus many user (or designer) defined
“unique” symbols
* Symbols change over time

— Get the symbol guide for when the drawings
were developed



http://en.wikipedia.org/wiki/International_Society_of_Automation
http://en.wikipedia.org/wiki/International_Society_of_Automation
http://www.pip.org/
http://www.iso.org/iso/home.html
http://www.iso.org/iso/home.html

Where Can P&IDs Used?

 Everywhere in our conveyance and treatment
systems:

— Operator training

— Developing SOPs

— Process troubleshooting

— Distribution/conveyance information
— Storage information
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Where Can P&IDs Used?

 Everywhere in our conveyance and treatment
systems:

— Chemical feed systems

— Hazard monitoring — type and location
— Sampling type and location

— Security

— Auxiliary services
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PFD / P&ID Differences

W A Close...
| But Not the Same



The Process Flow Diagram

* Shows the flow of process or chemical
materials and the equipment involved in
the process.

* Shows the relationships between the
major components in the system and
doesn't show details.

e Sometimes used for visitor information and
new employee training.



A PFD should include:

* Process Piping
PRIMARY PROCESS FLOW

* Major equipment symbols, names and

identification numbers @
PUMP,
‘—,’ PERISTALTIC

e Control, valves and valves that affect
operation of the system

||  BUTTERFLY VALVE

* Interconnection with other systems
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A PFD should include:

 Major bypass and recirculation lines

%ﬁ = i; + é
+—3 = = %
3 )

pod

* Sometimes system ratings and operational
values as minimum, normal and maximum
flow, temperature and pressure

 Composition of fluids
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More Basics

* Process always flows from left to right

—

 The whole process doesn’t always fit on one
drawing A A

* Drawing numbers on the left side tells where
the process is coming from

| P102
* Drawing number on the right side tells where
the process is going to N prrran

—

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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PRETREATMENT

OVERFLOW

». SECONDARY

1 .f—..—
Lys s Vi

SLUDGE
DIGESTION
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Simple Process Flow

Com stoer

Fesdutock Hangling

e ewater
Toeatment

Frigriarmant

Ebﬂrn!..l.n:r:IIT

=g

Sacchanfcation
& Fermeniabon

Ligris Ressdus
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Process Flow Diagram

SOLAR
COLLECTOR

@ Closed-Loop Indirect System

EXPANSION
TANK

TEMPERING
VALVE

D
» 57 $ TO HOUSE

| CONTROLLER

L

CHECK VALVE

TEMPERATURE | STORAGE
SENSOR
| —
COLD WATER [N | < # TO HOUSE
DRAIN
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How 1o Malte Toash
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The Process & Instrumentation Diagram

* Process & Instrumentation Diagram (P&ID)
show what is in the PFD

— plus the instrumentation to monitor the
process

— plus how it is controlled.
A P&ID shows the relationships between

the all components in the system and
shows details.

 P&IDs are applied in programming, startup
and trouble shooting.
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How A

P&ID is Set Up

A Z A i A

i

e process

|
Dwg # for tftl}’e previous

drawing in

.

Remote control & monitoring is shown here

‘--------------------------------------------------’

Process flow diagram is

I!

q
drawing in the process

Dwg # for th

shown here
»
!
]
| §
é L ASTEVIATER TRATVENT COON mlﬂnww
& SAE FACLITY G
§ E » T INSTALLATION
Phofoi% ption S — K,,!é,.,
Photodetion=s=r—Ts = | . v . v . ' v s
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A P&ID Should Include:

* Instrumentation and designations

 Mechanical equipment with names & numbers

e All valves & their identifications

* Process piping, sizes & identification

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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A P&ID Should Include:

 Miscellaneous — vents, drains, special fittings,
sampling lines, reducers & increasers

* Permanent start-up & flush lines

e Flow directions

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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A P&ID Should Also Include:

* |nterconnections references

e Control inputs and outputs, interlocks Interfaces for
class changes

* Quality level

* Annunciation inputs

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings 23



A P&ID Should Also Include:

* Computer control system input

 VVendor and contractor interfaces

* |dentification of components and subsystems
delivered by others

* |Intended physical sequence of the equipment

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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A P&ID Should Not Include:

* Equipment rating or capacity

 Manual switches and indicating lights

* Primary instrument tubing and valves

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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A P&ID Should Not Include:

* Pressure temperature and flow data

* Elbows and similar standard fittings

* Extensive explanatory notes

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings
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P&IDs Work With the Process Narratives

* Process narrative is the text description of
the process, instrumentation, monitoring &
control

* Operating set points * Describes the equipment

* Decision trees * Manual operation

* Describes the process * Automatic operation

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings 27



Who Uses P&IDs?
YOU DO! When:

* Planning a project * Troubleshooting when
problems arise
* Writing a job safety analysis
(JSA) * Process hazard review

* Lockout before a repair or * Training new employees
maintenance

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings 28
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Instrument Identification

T<IN \ FIRST LETTER SUCCEEDING LETTERS
MEASURED OR INITIATING VARIABLE MODIFIER A e == OUTPUT FUNCTION MODIFIER
& | ANALYSIS ALARM ALARN AUTO
E | BURNER FLAME USER'S CHOICE USER'S CHOICE USER'S CHOICE
C | CONDUCTIVITY (ELECTRICAL) CONTROL CLOSED
DENSITY (MASS) FAIL, ERROR
1 07 D | OR SPECIFIC GRAVITY DIFFERENTIAL ABNORMAL
E | VOLTAGE (EMF) PRIMARY ELEMENT
F | FLOWRATE RATIC (FRACTION)
G | GAUGING (DIMENSIONAL) GLASS READY
H | HAND (MANUALLY INITIATED) HIGH
I | CURRENT (ELECTRICAL) INDICATE
1 | FOWER SCAN RUNNING. RUN
TIME OR TIME RATE - -
K | TIME SCHEDULE OF CHANGE CONTROL STATION
L | Level LIGHT (FILOT) LOW, LOCAL
MOTOR OR MOMENTARY
M | molsTuRsE Mo
of N | EQUIPMENT
O | USER'S CHOICE ORIFICE (RESTRICTION) OFEN
’ e “ FRESSURE OR _
P | DRESSL POINT (TEST CONNECTION)
INTEGRATE OR
' . a | auanmmy prESS
’ R | RADIATION RECORD OR PRINT REMOTE
SPEED OR
s | Zreouency SAFETY SWITCH
T | TEMFERATURE TRANSMIT
U | MULTIVARIABLE MULTIFUNCTION MULTIFUNCTION MULTIFUNCTION
VALVE. DANFER,
W V| VIERATION ORLOWER
— W | TORQUE, WEIGHT, FORCE WELL
‘ R % | UNCLASSIFIED FLC INPUT UNCLASSIFIED
¥ | EVENT RELAY OR COMPUTER
OR PLC OUTPUT
i - - . o DRIVE. ACTUATE OR
' . z | Posmon UNCLASSIFIED FINAL
ABMIVIA ) CONTROL ELEMENT

Images from KCWTD
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Line Legend

Lo MaIN PROCESS FLOW
(WITH TYPICAL DIRECTION OF FLOW SHOWMN)

- SECONDORY PROCESS FLOW
{WITTH TYPICAL DIRECTION OF FLOW SHOWHN)

o] o o o
Y, L4
77 7
L L
AU hu h"_’ AU
A A LA™ AW
/1 /L) /1)

CONNECTING LINES

L
-
:
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PRIMARY PROCESS

SECONDARY PROCESS

ANALOG SIGNAL (4 TO 20 mAdc, ETC.)
DISCRETE SIGNAL (ON/OFF, ETC.)
MECHANICAL LINK

SOFTWARE OR DATA LINK

PNEUMATIC SIGNAL

FILLED SYSTEM SIGNAL (CAPILLARY)
HYDRAULIC SYSTEM SIGNAL

GUIDED ELECTROMAGNETIC SIGNAL
UNGUIDED ELECTROMAGNETIC SIGNAL
EQUIPMENT POWER FEEDER

PACKAGE SYSTEMS BREAK

NON-CONNECTING LINES
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Tag Numbers

EQUIPMENT IDENTIFICATION SYSTEM

EQUIFMENT IS CALLED DUT BY ITS PREFIX FOLLOWED
BY A NUMBER, ENCLOSED AS SHOWN:

RAW SEWAGE
PUMP NI 1A EQUIPMENT NAME
B54101 — EBEQOUIIPMENT DESIGMATION

F§ ~ LAST THREE DIGITS (111)
INDICATE SEQUENTIAL
HNUMBER OF EQUIPMENT
FIRST THREE DIGITS (854)
INDICATE EQUIPMENT
ASSOCIATED WITH THE GEORGETOWN
WET WEATHER TREATMENT STATION

EQUIPMENT PREFIX
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Interface Symbols

LTI C>

REMARK LINE 1
REMARK LINE 2

REMARK LINE 1
REMARK LINE 2

g W

REMARK LINE 1
REMARK LINE 2

) TO PROCESS EXTERNAL
FROM PROJECT

REMARK LINE 1
REMARK LINE 2

PROCESS/

SIGNAL FLOW INTERFACE

AA = CONNECTOR NUMBER

P101 = DESTINATION DRAWING NO.

PROCESS/

SIGNAL FLOW INTERFACE

BE = CONNECTOR NUMBER
P102 = SOURCE DRAWING NO.

m FROM PROCESS EXTERNAL
TO PROJECT

ES ELECTRIC SUPPLY
ES: DEFINES TYPE OF SUPPLY
EXAMPLE:

120=120VAC, SINGLE PHASE
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Va Ive Sy m b O I s QTI%RESSURE CONTROL

REGULATED SIDE
> GATE

K gi 1 BACK PRESSURE
> KNIFE GATE CONTROL VALVE
[ | BUTTERFLY b

PRESSURE SAFETY (RELIEF)

> GLOBE
e SAii zq VACUUM RELIEF

Vv
b=q V-BALL "Dig PRESSURE AND VACUUM RELIEF
7N DIAPHRAGM &

RUPTURE DISK

>4 PINCH
o NEEEiE |£, RUPTURE DISK
KA PLUG ‘f AIR AND/OR VACUUM RELEASE
O 2 ECCENTRIC PLUG Diil. PRESSURE RELIEF PINCH
KO | BALL CHECK
N SWING CHECK Di{ VACUUM RELIEF PINCH
K DUAL CHECK NS THERMOSTATICALLY
DK BALANCING CONTROLLED VALVE

III BLAST GATE D 3-WAY VALVE
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Gate Symbols

G SLUICE
== BUTTERFLY
— FLAP
E— FABRICATED SLIDE
C SHEAR
& MUD VALVE

TELESCOPE VALVE
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Actuator Symbols

XX
PNEUMATIC DIAPHRAM ELECTROHYDRAULIC
XX SPRING-OPPOSED
XX HYDRAULIC
XX PNEUMATIC CYLINDER
SINGLE OR DOUBLE ACTING
ACTUATED BY ONE INPUT
- = XX DIGITAL
MANUAL ‘
* SPRING
NOTE:
XX ON LOSS OF PRIMARY POWER
O, ELECTRIC MOTOR (PNEUMATIC, ELECTRICAL OR HYDRAULIC)

XX:  FO =FAIL OPEN
FC = FAIL CLOSED

B soLenoD
FL = FAIL TO LAST POSITION
FI = FAIL INDETERMINATE
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Mechanical Equipment Symbols

g HEATER /D

El WEIR
@ GEMERATOR ] ) ?FEEEII;T_ESET;HEL?EL&EH
) rewcamnen L1, meovceemessure
l
i SPEED SENSOR (RPM) [j
SILENCER
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Primary Element Symbols

(s

Version - 1.1, October 2020

i

MAGMETIC FLOW TUBE

F
.
i
Ty
>
FLOAT SWITCH
(HIGH WATER LEVEL)

O
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LULTRASONIC LEVEL
ELEMENT

BUBBLER

VARIABLE AREA
FLOW INDICATOR
(ROTAMETER)

UTILITY METER

DIAPHRAGM SEAL
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Miscellaneous Symbols

_m. SIGHT GLASS —'M’ IN-LINE STATIC MIXER
N
% /// INLET GUIDE VANE
—

DIAPHRAGM SEAL

&
INLET SILENCER/FILTER :
-
SR

BLIND FLANGE @
AIR GAP 1| INLINE SILENCER
Y v VENT TO ATMOSPHERE 1 VENT SILENCER
PIPE REDUCER N FILTER
4" X2 OO
EI MULTIVANE LOUVER/DAMPI QN O
—
Iil SINGLE VANE LOUVER/DAM b—@—ﬂ

o

I

_[

—

-4
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MIXER

ELECTRIC MOTOR

SAMPLE CONNECTION

FLUSHING CONNECTION
PURGE OR FLUSHING DEVICE

HOSE ADAPTOR - WITH CAP

SPIRAL TUBE EXCHANGER

HEAT EXCHANGER

HEAT EXCHANGER, PLATE
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An Example or Two

Carkeek Sodium Bisulfite System
Replacement

Alki CSO Treatment Plant Sodium
Hypochlorite System



Graphic from KCWTD

Carkeek Wet Weather Treatment System —
Sodium Bisulfite Dosing

Pipers Creek Trail
Pipers Creek Tra\

Version - 1.1, October 2020 Process Flow / Instrumentation Drawings




250 fg

Bo8pyg.

0 0
SCalE M OFEET

ENTRANCETO
Nw C&RKEEK PARK RD

PLANT
- N1,
—— 5000y w
FRIMARY ENTRANCE
il
s
1 ¥ PROJECT LOCATION e sy L e C
] [ == et S ~
| I o . B
| | - - il
| . -
i o & . £
FERTIONS sy ,;'%’" | \ e
| oy STORMGE Turgy | f |
. ALVE gy f
5
—— i (
£ y ;‘ p"“-?ram
SToruge
e '
b A
LS r T
. l £ —
L . e r—
1 g
] Tomce i, | g _ T
B g - e 7
Er
e
¥ -
e
PPERCRERN - - -
vy |
PARKCTRML
=
P
£2
£
1
E

Process Flow / Instrumentation Drawings

Version - 1.1, October 2020



1 EMERGENCY EMERGENCY
o FLOW TRANSMITTER EYEWASH STATICON EYEWASH STATION AIR VENT VALVE AR VENT VALVE LEVEL TRANSMITTER
l/—-\ FITS10543 SFTSI00E1E I SFTS10081A AVVEI0542 I AVVEIDE LITE4DS42
.E:'} NEW)
\
\ LEVEL TRANSMITTER
LITE10541
[
N-30002
!. T

T SODIIM BIZULFTTE
> gas
X X S0DILUM BIEULFITE FILL LINE (BELOW) . .
R STORAGE TANK NO.2 | P —
Tiz e=s e T v T | ation
_tiress 5 __Tve -
ITATIC MIXER: S85 FILL

! TANKER VENT.
. .

s

T - L
FROM: FRE-DEGHLOR. 2 %
SAMFLE FUME
RELOCATED, d Il raBE
EXIETNG ) | FILL LINE {BELOW)
b ™ - —_—
d I} PREDECHLORINATION

m
wr

SO0 BISULFITE

$H-H SEFII0SL]

BIMFLEX GTRAINERNC. *
I SODIUM BISULFITE

ZEF5 10541

BIMPLEX STRAINER NO. 2

HOIE RACK

== I <= . _ Strainer
gy Chem ing

1127 288

3t I =
BALL VALVE P
umps
FLOW SWITCH . —_— = ]
N B kL S 1
I T e Ty

o HMIFANEL
_ f e - {BELOW)

PRE-DZCHLORINATION FINAL EZFLUENT
210802 persinas |l [ BEFS 10503 =

CJF?_=KG_H‘J"\.‘\IER . DUPLEX STRAMNER . DUPLEX STRAINER Sa m p I e rS
Chlorine Analyzers

b

51
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SBS Storage & Strainer Graphic from KCWTD
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Pre-Dechlor Analyzer Graphic from KCWTD
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Intermediate Chlorine Analyzer Graphic from KCWTD
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Make up a P&ID

* Using the symbols selected
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Draw A Part of Your System

Can you think of a part of your system
and sketch it up?
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Questions, Comments and Suggestions?




	Slide 1: Reading Process & Instrumentation Diagrams Following the lines of monitoring and control
	Slide 2: Content & Goals 
	Slide 3: Outline: 
	Slide 4: Safety
	Slide 5: Safety – Mission Critical
	Slide 6: Protecting Yourself and Others
	Slide 7: Personal Protection Equipment - PPE
	Slide 8: 811 – Call Before You Dig – it’s the law
	Slide 9: AWWA Commercial Time!
	Slide 10: PNWS Training-in-a-Box (TIAB)
	Slide 11: Questions, Comments and Suggestions?  
	Process Flow and Instrumentation Diagrams
	Slide 1: Process Flow / Instrumentation Drawings – P&FD / P&ID 
	Slide 2: Acknowledgements: Author: Butch Perry | KCWTD Infrastructure Coordinator (retired) Today’s Presenters: Kenny Packard – HDR Jeff Lundt – KCWTD (almost retired)
	Slide 3: Outline: Workshop topics Understanding a P&ID Layout  - The difference between P&ID and PFD  - Symbology  - Equipment  - Piping that connects the equipment  - Lines and instruments used to monitor      and control the process
	Slide 4: Symbols – They Tell a Story
	Slide 5: Symbols & Story Telling
	Slide 6: Evolution of Symbols
	Slide 7: The Basics
	Slide 8: Where Can P&IDs Used?
	Slide 9: Where Can P&IDs Used?
	Slide 10: PFD / P&ID Differences
	Slide 11: The Process Flow Diagram
	Slide 12: A PFD should include:
	Slide 13: A PFD should include:
	Slide 14: More Basics
	Slide 15
	Slide 16: Header
	Slide 17: Process Flow Diagram
	Slide 18
	Slide 19: The Process & Instrumentation Diagram
	Slide 20: How A P&ID is Set Up
	Slide 21: A P&ID Should Include:
	Slide 22: A P&ID Should Include:
	Slide 23: A P&ID Should Also Include:
	Slide 24: A P&ID Should Also Include:
	Slide 25: A P&ID Should Not Include:
	Slide 26: A P&ID Should Not Include:
	Slide 27: P&IDs Work With the Process Narratives
	Slide 28: Who Uses P&IDs?
	Slide 29
	Slide 30
	Slide 31: What The Parts Tell Us – Title Block
	Slide 32: Abbreviations
	Slide 33: Instrument Identification
	Slide 34: Line Legend
	Slide 35: Tag Numbers
	Slide 36: Interface Symbols
	Slide 37: Construction Status
	Slide 38: Valve Symbols
	Slide 39: Gate Symbols
	Slide 40: Actuator Symbols
	Slide 41: Mechanical Equipment Symbols
	Slide 42: Primary Element Symbols
	Slide 43: Miscellaneous Symbols
	Slide 44: Functional Logic Diagrams
	Slide 45: Header
	Slide 46: Instrumentation Identification
	Slide 47: Take a Break
	Slide 48: An Example or Two
	Slide 49: Carkeek Wet Weather Treatment System – Sodium Bisulfite Dosing
	Slide 50
	Slide 51
	Slide 52: SBS Storage & Strainer
	Slide 53: SBS Storage & Strainer
	Slide 54
	Slide 55: SBS Pumping
	Slide 56
	Slide 57: Final Effluent Sampler & Analyzer
	Slide 58
	Slide 59: Pre-Dechlor Analyzer
	Slide 60
	Slide 61: Intermediate Chlorine Analyzer
	Slide 62: Alki Wet Weather Treatment System Hypochlorite System
	Slide 63: Chemical Feed System P&ID
	Slide 64: Chemical Feed System Schematic
	Slide 65: Chemical Feed System Plans
	Slide 66: The Real Thing!
	Slide 67: Looking at Each Element - Tanks
	Slide 68: Tanks
	Slide 69: Tanks
	Slide 70: Pumps
	Slide 71: Pumps
	Slide 72: Find the Valves
	Slide 73: Ball Valves
	Slide 74: Diaphragm Valves
	Slide 75: Check Valves
	Slide 76: Pressure Relief Valves
	Slide 77: Pressure Indicator & Diaphragm
	Slide 78: Strainer
	Slide 79: Flow Transmitter & Indicator
	Slide 80: Solenoid Valve
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85: Take a Break
	Slide 86: Exercises
	Slide 87: Pick from each section
	Slide 88
	Slide 89: Make up a P&ID
	Slide 90: Draw A Part of Your System
	Slide 91
	Slide 92: Questions, Comments and Suggestions?   


