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A WealtlelfOOl EnlOOc Compo....,. 

Analog Systems 

20ma 

4ma 

Time@----

4 BIT Binary 
(0 to 15) 

16 
14 
12 
10 

B 
6 
4 
2 
0 

Time@----
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Voltage Measurements 

100% 

Pcoc~ss y 

PO
O Ps 

020% X 100% 
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10 Is 
Instrument Signal 

x-/o Y-PO 
/s-/o ps-po 



Analog 
Input 

(4-20ma) . 
or 

(O-20ma) 

-

.. 
GI 
1:: 
GI 

~ 
0 
U 
Q 
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Analog 1/0 
1 
o 
1 
o Digital 
o Output 
! (O-4095) 

o 
o .. 

Analog 
Output 

(4-20ma) -
or 

(O-20ma) 

GI .... .. 
GI 
> 
C 
0 
U 

~ 
Q 

1 
o 
1 
o 
o 
1 
1 
o 
o 

• Analog to Digital (AID) conversion 

e Digital to Analog (D/A) conversion 

~ C • d • ~ onverter size etermmes accuracy 
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Digital 
Input 
(O-4095) 
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RTU Analog Inputs 

0-5V 
Voltage .. 

Input 

1---1 
1---0 
1---1 
1---0 
1---0 
1---1 
1---1 
1---0 
1---0 

L------l 

AID 
Converter 

Binary 
Number 
to CPU 
(0-4095) 

• AID Converter mates voltage to CPU 

• Binary Number is 0-100% of Full Voltage Scale 

• RTU software must convert Binary Units to 
Engineering Units 
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4-20Ma Transmitters 

4·20 Ma 
• 

1·5 Volt 12 

250 Ohms 
AID I-.... To CPU 

• 250 Ohm resistor gives 5 Volts at 20Ma full 
scale 

5 = .020 x 250 

~iJ RTU software converts AID result to engineering 
units 

~ 20% offset may be hardware or software 
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Voltage Measurements 

0-20 VDC 

+ --
-,.-

~750 Ohm 

0-1 Volt 

- <> 
-j; 250 Ohm 

1 
AID 

)2 
1--/1'- To CPU 

• Voltage divider gives 5 Volts when battery is 
at 20VDC 

I 

$ RTU software converts AID result to engineering 
units 
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Analog Transmitters I 
Process H Transducer H Transmitter r-.-.--
Transducer at Process 

Transmitter receives non-linear signal from 
Transducer electronics 

$ Output is Standard linear signal 

_ 4-20ma, 1-5V - most common 

Zero and Span adjustments in transmitter 
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Level Sensing 
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Displacer 
Measurement 

Head 
Measurement 

I 
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A WOOIt\el!Ofd Ernerro Comporry 

Control Loops 
. 

• Controlled variable is adjusted by manipulating 
controlled parameter 

• Throttle is controlled parameter 

• Speed is controlled variable 

.. Open and Closed types 

Control Modes 
P-I-D 

• Proportional - Size of Error 

• Integral Reset - Time away from Setpoint 

.. Derivative Rate - How fast signal changes 
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Level Control I 
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Combustible Gas Detector 

STABLE R1 

HEAT 
SEN SITIVE R2 

Vs= Vt R2 
Rt+R2 
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Vt 

Vs 
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A Wecthelford Enteric CIlffiPOfl\I 

Flame, Heat at Smoke 
Detectors 

~ Flame Detectors 

- Ultraviolet (UV) Fire Detection 
- Infrared (IR) Burner Control 

• Heat Detectors 

- Simple set point 
- Rate of Rise 

~ Smoke Detectors 

- Ionization 
- Photo-electric 
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Products of Combustion 
Particles of Combustion 
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Annunciators 

\ I / 

c. Engraved Window HI TEM P 

/ I \ 

5 Bullet Lamp "'0/ I HI TEM P 
/ '" 1--___ ----' 

~ Modes of Operation 

- First Out 
- Auto Reset 
- Manual Reset 
- Audible Alarms 

TEST Inc. SCADA Seminar File; slonl0l5.doc 
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~ AWeotl'e!fo>dE"' ... ,cCompony 

""'='" 

Pulse Sources 

Mag 
Pickup 

.. 

Mag 
Pickup 

.. 
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High Speed 
.------- Low Level 

High Factor 

Turbine 

Low Speed 
1---- High Level 

Low Factor 

Totalizer 

Turbine 

I 
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Pulse Inputs 

1:1. 
"CI .-
QI,c 
QlV 
1:1. .. 
lit QI 

8 JlJlJLl_.1 
... 

,c I: 

.~ = :r: 0 

1-... To CPU 
Pulse Signal 

v 

Amp 
(0 ptional) 

• Pulses represent events or meter flow 

.. Counter chip catches quick pulses 

• Size of pulse not important to valve 

?;20-~ 

(. RTU software calculates total 
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Battery Basics I 
II Electricity from chemicals 

is Direct current only 

• Primary cell - One time 

.. Secondary cell - Recharges 

• Series connection for increased voltage 

• Parallel connection for increased current 

------""'-

~ Cell type determines voltage 

TEST Inc. SCADA $eminar Ale: slbatOO1.doc 
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A Weolt1ellCld EnI""e Cemp,,,,.,. 

Cell Types I 
~ 

~ Lead Acid 2.2V I Secondary 

• Lead Calcium 2.2V I Secondary 

Lead Antimony 2.lV I Secondary 

e Nickel Cadmium 1 .2V I Secondary 

• Gelatin 2.06V I Secondary 

• Alkaline 1 .5V I Primary 

., Carbon Zinc 1 .5V I Primary 

i; Lithium l.OV I Primary 
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Connections I 
10Ah 

+ 1.5V 
-T 10Ah 
+~1.5V 

"1 10Ah 

20Ah 

1.5V L+ +l1.5V 
10Ah T - -T 10Ah 

I 
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Series for 
lV More Volts, 

Same Current 

Parallel for 
1.5V More Current, 

Same Volts 
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A Wea1hef1crd £nle!ra Carnparr,' 

Charging 

C Secondary cells only 

--~-)'" 

• Rate depends on cell type 

~ Trickle - Slow charge 

.. Equalize - Fast charge 

• Most cell types can be "Floated" 

• Some cell types can be "0vercharged" 

.. Charge state difficult to determine 
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A WUOIt1l!l!Cfd EnWfftI Company 

Boxes and Racks 

~ .. 
~ Allow proper ventilation 

;; Protect electrical connections 

~ Acid resistant materials 

e Vibration isolation 

~ w Level and secure 

• Locate away from people 
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~ A WOOIhe<fOfd [I1Ie!!" Company --

Battery Maintenance 

• Electrolyte levels 

e Periodic cycling 

• Measure volts under load 

• Remove bad cells and batteries 

.. Re-make electrical connections 

" Read manufacturer1s material 

TEST Inc. SCADA Seminar Rle: s1bafOO7.doc 
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Battery Safety I 
~ 

~ Dangerous gases must be vented 

• Dangerous liquids must be trapped 

• Corrosive materials must be used 

" High current capability during short circuit 

.. Handle with care even when discharged 

.. Dispose of properly 

TEST Inc. SCADA Seminar Rle: slbat006.doc 
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A WeoltlelfOOl croOm. Cornpony 

Power Supplies I 
~ Convert primary power 

.. Provide regulated voltage 

@ Over-current protection 

• Over-voltage protection 

• Remote voltage sensing 

.. Power-Good logic signal 

• Built-in backup supply 
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Basic Supply 

Power 
r-

Converter 

Power 
Source 

TEST Inc. SCADA Seminar File: slpwr002.doc 

T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L __ 

Voltage 
Regulator V Out 

Voltage I- - V Out 
Regulator 

(Optional) 

I 
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u.P.s. I 
AC/DC DC/AC Static 
Rectifier Inverter Switch --AC ACOut 

I 
I 

n n 
Storage I 

I 
Battery I 

L ______________________ ~ 

AC Bypass 

.. Provides backup AC 

• Continuous or Standby 

~ Battery sets time 
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A Weolt'\lill!old Enteno Compo ...... 

Voltage Regulator 

Unregulated 
DC Power 

w Ra 
D C 

TEST Inc. SCADA Seminar Rle: slpwr004.doc 

Linear 
Regulator 

1 

Voltage 1 
-- ______ 1 

Sense 

Linear 
~--------l 

1 1 Voltage 'If 
1 

High 1 Sense 
Speed 1 

Switch 

Storage I Load I '--.:../ 

CaPT 

Switcher 
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A Wool'hiiIfOld Enlorro COInPCn\' 

Power Converter 

High 
AC 

'-'-' DC 

Unregulated AC/DC 

Fast Switch 
~ 

Chopped 
DC AC '-'-' DC 

Unregulated DC/DC 
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A Wealhellord Efl!OtrQ Company 

Solar Power 
. 

'" Low cost due to NASA 

c 
~= Generate low total power 

Must be sized for extended periods of darkness 

• Diodes isolate cells 

• Require large battery reserve 

~ Optimum at latitude + 15 deg 

i; Must be kept clean 

TEST Inc. SCADA Seminar Ale: slrtuD27.doc 
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Solar Hook-Up I 
g -Blockin 

Diod 
.-

e 

000 
000 
000 
000 
000 
000 
000 

- r-

000 
000 
000 
000 
000 
000 
000 

e Diodes may be built-in 

Regulator 

+ + 
-- --- -

.. Regulator may be eliminated 
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" Weoltellord Enlorro compo"" 

Solar Angle I 
• Mount at Latitude plus 15 degrees 
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A WectheffOld EnIeml Comporr; 

I Process Switches I 
I· (:\ Pressure 

Level 

Temperature 

• Fixed or adjustable trip 

• Fixed or adjustable dead band 

• Various contact configurations 
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A WlI<IIhe!ford EMma CompOffl 

RTU Status Inputs 

Switch + 

1- -------, 
I 
I 

/ + I 
I - I OfflOn I 
I Signal L _ _______ --.J 

OPTO to CPU 
Isolator 

~ Off/On status only 

,:;"~ 

• OPTO provides isolation 
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RTU Status Outputs I 
OfflOn + 

Signal ---, 
from CPU 1- ---------1 

1 r---t-----' 

i / 
1 

1 

1 

1 ~+--r+-~ S 
L __________ 1 

• OfflOn control only 

OPTO 
Isolator 

II OPTO provides isolation 
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L 

TEMPERATURE SWITCH 
r-----:..':. ---­

-; -"2----,~--. 

E"v.lope OIm.nliOlUll 

_____ u 
fncfOII,l .. 1 

---'.QO---

~---:.:-----

-. 
-~~,-

Basic Principles at DesIgn ---- - _. ----

= ... 
• K ...... 

~...:.--..... ______________________ ~ • =-= I 

edOO4 

-, 
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J ,'I 
; 

r --------- J 
, ( 100 PSI. SUPPLY 

HEADER (CAPPED) 

PUSH FOR LOCAL 
RESET OF SCADA 

SHUTOO'hN 

'. J4 
......... --:'" 

F2 
REIIOTE 

SSV RESET 

m:Im , , -,,.. 

PPI 

:'-_ .. ' 
'-"REMOTE "-" ••.• ~ •. '._I-.. I, 
SSV SHUTOO'hN 

~ - ... - __ ~-_ _ .. I 
..... y .. ~ 

J3 

'I h: :r 
WEll ssy gRWI! 

TYPICAL FOR ONE (I) mlH 
SPACE FOR ONE (1) FUlURE 

XI3 

SET 0 
3270 PSI. 

YI 

XIS 

XX2 

FlOWUNE 
PSH-I 
STArus 

J2 

,. 

'4 

PSH/REMOTE SSV 
SHUTOO'hN STA lUS 

Y3 

~ 

NN3 

FlO\\uNE 
PSL 

STAlUS 
~ 

NN5 

PUll TO RESET 
PUSH TO SHUT-IN 

MASTER SSV 

HI 

SET 0 2648 PSI. 

V2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.~- _I~~ I~'i' ~ ~ 

, 

Y2 

X14 

FlO\\I.JNE 
PSH-2 
STAlUS ....... 

NN6 

'SCADA' 
SYSTEt.t 

TEST 

i nn. TTl 
28 " "1"1"1"1": r-

'"::, PT 29 "":"" " "1{"" 
30 

UI 

INSERlllCE 

ZI AND 

~ 
FlOYUjf: 

,--_...,r 45 PSI. SUPPLY 
) HEADER (CAPPED) W.C. 459 "CJ" 

Typical of Panel 
remote reopening 

with 
orssv's 

SET 0 3582 PSI. I TEST INSERIII,CE f~, 
~N 3~ U 'f' ,'-~ .81" ; \ ~; 

iP,~. Z3 



RI 

>/1/ 

PULL TO RESET 

,­
, 
, 

B! 

100 PSI. SSV 
SUPPLY HEADER 

WELL TEST OR 
ESD /SSV TIMING TEST 

WEU TEST OR ESD/SSV 
TIMING TEST HEADER 

H.P. SHUTDOWN 
SYSTEM HEADER 

H.P. 

FUTURE I.P . ....... .... _ ............. 'rr" ~.~~:~.~ .;~~:.~~:~~ ........... -..... . 

M6-M! ! 

REMOTE WEU SHUTDOWN 
FROM SCAOA SYSTEM 

~plug 
PI-P6 

I / I 
I I , , 
'"',.... 

% 
INDICATING RELAY 
TYPICAL FOR E I -E6 

n V:: 
: -": :-.. ~ 

GI-G6 

" " I I " , __ . L~! 

'--- BYPASS VALVE 
TYPICAL FOR N!-N6 

PULL TO RESET 
WELL SSV 

AJ-AS 

G7-G12 
TO INDICATOR 

VI-V6 
TEST 

REMOTE WELL STATUS 
TO SCAOA SYSTEM 

IN­
SERVICE 

01-06 

J/IJ' 

WELLHE 
PANEL 
TO MAS 
PANEL 

TO WEL 

PROCES 
PRESSU 

L'·····) DOWN SYSTEM HEADER 

- - - - - - ---- - - - - - - - - - - - -,- - _.- --- --
WELL SSV CIRCUIT 

1YPICAL FOR SIX (6) 
WITH SPACE FOR ONE (1) 

FUTURE WELL 
E,C, 311 
Typical of Panel 
SSV Shut-in only 

'I·' ; ~ 

with Remote 

VENT TEST 

07 

TEST CO, 

t:::>-
YI 

PILOT VE 
SEE NOT 



- , 
X K2 1 1 

~ 1- "'"A" 
, , 

"GGI RELIEF VfoJ..VE Q3£ ISOl.A!ION SEE ~NOTE NO. 9 . ..-- K3 

HHI "'"E" 

042 . ... K4 

PRESSURE rA' 
SENSOR SUPPLY , 

SEE PAGE 3 

05~ 
• A 

K5 

] rzlo" -
,. 

(11 

~ ~~ L5 L5 o.~ g> g;~ Q.~ 
~~ g. g~ 8-, 
(11", a 

w~ 
-'8 85 

~~ wO w~ REMOTE ESO ~ VI'" g!" ~~ SHUTOOWN 1-0. 
PUSH TO 

~ 
SILENCE HORN 

~fD-- ~fD- ~ ~ ~W-.::[. L2 
I I "1I"" ..., r" Ul -L,> -L;> ., " 

S r 
PULL TO RESET >14 t-

/I YI 
,,~ 

;-:MI I I" I I" 
I FFI =-

~r---r 1 EMEBGENCY ,SHUTQQWN ~YSTEM -
) ~ 7' , ..... 

t 
.... 0'1:- 0'1:- 0'1:- 0'1:- ",'I:-v q~ I ;> ;> J' 

<3 {j't' {j't' .... "" c,0 <? <? <? ",'I:- Y:- ~ q' q' q' q' ~-7 0 
'" :'\ (j • 

v v v v 
0';: b ,,~ 0'" 0'" 0'" :'J 

"- , /' , /,0", IQ']; .:s ,0 c,'" 
r/ y:-v ~Q/c,0 / , gil iI:' E.C. 311 ~<:i c,v ~<:i c,v {P~\S? v c,-0 Typical of Panel with 

~'Q q<? .,l'v ~ v V v 

remote ESD shut-in @ ~ ~ <2i) 
'-1 '1 I 'I 



SOLENOID VALVE 

Coil housing, zinc and chromate coated - can be rotated 
360'. 1/2" NPT conduit shown, wide selection of other types 
available. 

Coils for most voltages and frequencies - wide choice with 
low wattage consumption. 

Copper shading ring - used in AC voltage valves only. 

::::::::::::::..-- Orifice does not cut Insert - highly finished well-rounded sur-
.: face provides long insert life. 

, __ ------ Stainless steel sleeve prevents corrosion - precision 
- welded. 

_---'.-:.------- Plunger is stainless steel - has molded soft synthetic Buna-N 
insert for bubbletight sealing, other materials are available. 

~;:_:----------- Spring provides positive plunger return - made of stainless 
II steel, permits valve to be mounted in any posftion. 

---====-...=::.--..... ___________________ t?" 1=-=. 
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LEVEL SWITCH 

--""­
~--______ y-= 1=-=1 ____ -

- -=-

edOO3 
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.J 



r 

L 

PRESSURE SWITCH 

PRESSURE 
ADAPTER 
ASSEMBLY 

--:.._-
....... ___________ "'" 1::'= I ____________ ", 

-=-

ed002 
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A WeathellOfd EntelrO Comoanv 

P.L.C . I 
• Programmable Logic Controller 

• Ladder Logic via computer 

• Primarily for digital control 

• Many have analog capability 

~ 
• May be used as RTU 
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pte Basics I 
Power 

"- / 
-o--Ci ~ .. 

~ 

.. 
Logic = / 

-6 = CL. ~ 
CL. (CPU ) .. 

8~~ 
.. = = - 0 ..... • 

~ 

Comm 

~~ ~~ 

D ( 1 
10000001 ~j i;j i·-j H tl ':i~j ~:l [~j [~ ~~l ~~j CJ 

I ~ = M odem 
hauuaooooooo 07/ uuaOOIJOOOUD uDo 

ClC-'DOOOOOOoo aoo 

PC 
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PLe Remote 1/0 

High Speed Link r-----------------
I 

Remote 
I/O 

Rack 
I--C"-{ R f-O--

• Remote rack concentrates I/O 

• All logic still at PLC 

• Reduces wiring costs 

• Some performance penalty 

TEST Inc. SCAOA Seminar Rle; 5lplcOO3.doc 

PLC 

I 
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PLe Programming I 
• Basically similar to relays 

II Requires programming device 

.. Uses ladder diagrams 

• Less physical restrictions 

Many advanced features 

TEST Inc. SCADA Seminar Ale: slplcOOS.doc 
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PLe Ladders I 
+ -

Relay Logic 

+ + 

~ 

1- ""' ~T R = = 
CI. Logic CI. 

""' = = - 0 

- -
PLe Logic 
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PLe Analogs I 
• Accept standard signals 

• Convert signal to number 

IS Off-On at set point 

• PID control in some units 

• Costly in many units 

.. May have separate CPU 

TEST 1nc. SCADA SeminCf Rie: slplc006.doc 



----1=-=1 
A Woo:tr>noTOId ErU9!TCI earnDONI' 

Operator Interface I 
• Switches and Lamps 

It Thumbwheel Switches 

Ii Potentiometer Input 

5 Digital Numeric Display 

• Alpha-Numeric Display 

• CRT Console or PC 

"c..;;,~ 

\~ Voice Synthesizer 

TEST Inc. SCADA Seminar Rle: slplcOO7.doc 
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Flow Computers 

• Special purpose device for gas or liquid 
measurement 

.. Daniels, GH-Flow Automation, Omni, Applied 
Automation, many others 

• Small - Simple Pulse/DP Accumulators 

• Large - Complete flow calculations 

.. Versatile Measurement Specifications 
AGA 3, 5, 6, 7, 8. NX-19 

.. Complex audit trail features 

I 

e Limited local programming and communications 
functions 

• High cost for non-flow applications 

TEST Inc. SCADASeminar File: slfloOO1.doc 
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A WeoIhaIfQld En/ana Companv 

Flow Computer Application I 
e Gas and liquid measurement where high accuracy 

is required 

.. Production, purchasing, sales, well testing, fuel, 
and flare 

" Local measurement - No telemetry 

• Remote measurement - SCADA 

.. Local control - Batch processing, valve 
positioning, very simple control 

..:::...~ 

W'p Can serve as input to other control system or 
telemetry system 
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I Flow Computer Components I 
• Proprietary hardware design 

• Analog inputs - Flow sensing 

$ Digital inputs - Flow status 

f; Analog outputs - Valve positioning and local 
device interface 

• Digital outputs - Valve off! on, alarms 

e Local operator display I keyboard 

iii Communications interface for programming and 
remote access 
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