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EPRI
Standardized Task Evaluation

Resource Guide

STE 1C04.01
Calibrate General Instrumentation

Print this document to accompany 1C04.01 written exam

For best results, this document should be printed in either
color or grayscale, not black and white.
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Calibration Data Record

INSTRUMENT 1LD.: (2)

MANUFACTURER: (3)

MODEL: (5 ) SERIAL NUMBER: (8)
CALIBRATION DATA: ((9)
REMARKS: (10)
PERFORMED BY: (11 DATE: (12
TEST EQUIPMENT MODEL SN
[TNPUT: (18) [OUTPUT: (17) ]
% | _VALUE | _ DESIRED AS FOUND AS LEFT
0
25
50
75
50
25
0
Figure 2
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Instrument Line Symbols and Identifiers

process

4. Electric signal

6. Capillary tube

guided)

2. Undefined signal

3. Pneumatic signal

5. Hydraulic signal

10. Mechanical link

1. Instrument supply or connection to

7. Electromagnetic or sonic signal (guided)

8. Electromagnetic or sonic signal (not

9. Internal system link (software)

11. Pneumatic binary signal

12. Electric binary signal

<

O 63
O, O] ® ®
—_Ne-————- OR —2<%L——

Instrument Function Symbols

Primary location
normally accessible
to operator

Field mounted

Augxiliary location
normally accessible
to operator

Discrete
instruments

Shared display
Shared control

Computer
function

Programmable
logic control

AP DA

Inaccessible or behind-the-panel devices or functions are usually shown with internal dashed lines
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Control Valve Symbols

Page 6 of 21

Globe:
Alternative:
Gate:
Alternative:
Boll:
Alfernative:
Meadle:

Alternativas:

Butbarfly:

Allernafives:

Plug:
Diaphrogm:

Alternative:
Pipe reducer:
Relief:

Alternafivas:

mizmrrd
L o o
jepony
Pr

el
Pr

i el
Closad valve:
Oipen wohve:

Pt

;
T

TUREES

oy
_3e
SIS
=2
i . 4

Three-way:

Fourway:
Alfernafive:

Check:
Alternafives:
Stop Check:
—in—  Allernafives:
Angle:

Rupture Disc:
Alternatives:

L

s
o b
Valve fails
open:

g hri:df:clih
bt

Valve fail

as is:

ane port closed

EESIANRSiRe &

LC

e

—DF]—C‘H—[:#—

——
Fal

Bypass

/Valve

Valve

Blocking ; T '\Blocking

L |

Valve
Control

Valve
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Control Valve Actuator Symbols

Fail Locked: a
Fail Open:

Fail Closed:
Diaphragm:

Alternative:

Electric
Motor:

Solenoid:
Alternative:

Piston:

Alternative:

Reachrod: fl

Manual:

=fofgfatate foe

%
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Pipe Fitting Symbology

FITTIMNGS & VAIVES MISC. VAIVES
—|+I— Union
—=~}— Check valve
Cock val
ANGLE VAIVES —0+ e
—pi:}_ Diophragm valve
-|=J Check
[
AFII— Gaie lelevation) —»et-  Floof valve
G Gaie (plon} R
&" Globe lslevafion] | —k- Mol opsraied
@3- Globe [plan _ Clobe vatve
F Hose angla
—DE— Globe valve,
[moior operofed|
iy Hose valve, gake
== Hose valve, globe
gl lock shiskd valve
_;a_ Gluick opening vahe
—k  Sofety valve
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Pipe Fitting Symbology (continued)

FITTINGS & VALVES

Bushing

Cop

Cross, reducing
Cross, stroight size
Cross-over

45" Hbow

20° Elbow

Elbow turned down
Elbow turnad up
Base albow
Double-branch elbow
Longradius elbow
Reducing elbow

Sid ot albow
{ouflat }

Side cullat albow
l-::ufel up]

e ] o R L U

—ﬂl[l— Orifice Plate

rrdRbt i REi st~ te

Street elbow

Joint, connecting pipe
Expansion joint
Loteral

Fipe plug
Canicentric reducer
Eccantric raducer

Sleava

Tee, straight size
Tee, cutlat up

Tee, cutlat down
Tee, double sweep
Tee, reducing

Tea, single sweep

oo, side oullet
{oulat down)

Tea, side cuflet
h:u.rﬂel wpl

MOTE: Fipe fittings and valves may be:
Ball & spigot
—Lr}—

Flanged Screwad
=] =L

Welded Soldered

=i 0 R
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Electrical Contacts and Symbols
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IWITCHES SELECTORS
Disconnect  Circuif inferrupter  Circuit breakers  Circuit breakers 2-pesition selector switch
w_.l" I'|'1errr'-::| oL w.." rru:lgnalic oL J K
(U U T Sla Al
O Y e
é é # TT®
Al 1
Al I
Pressura & L'H:|u'H:| level switches Ta
\nxuurn '5-‘|I'|'1 «swﬂd‘r&s I-position selector switch
K
] L
I T ng &E ; o| o Al
o O A2
hmlfmrrtd'ras 5pea|:|lpl|.~gglngi .Anri- MJ. —
A 1
o ﬂ-.—._-:m }
B'“‘w".? '3"‘“'1'13 D-'—?"D 2-pasifion salackor push bution
I | |
Held losed  Held apen =~ gl <9
o=—T0 oo oTo oo 15102
RS o ¢ i 10 04
. g Selecor|  Puh | Confacs
Fluwswikhas mekhes posifion l?um 1-2|34
NC. A o T
Free 1
B
- Depressad 1
D\E T O’j‘a | = contoct closed

PUSH BUTTOMNS - MOMENTARY COMNTACT

PUSH BUTTOMS - MAINTAIMED
COMTACT

MO MLC. [N &uNn:E i MLL?S.:T“ Wc:!:ila lsminoied E_Sing'l;e 1 E[i)guji:lle
_ & ola _E% - ote
oTe [ [
o 0 oalo a o G_T_D D‘!‘U J o ¢ D _u!_
D O .Y
PILOT LIGHTS INSTANT OPERATING COMNTACTS TIMED CONTACTS
Mon push-fo-test Push-io-test v Blowout w/o Blowaout Contoct oction relorded offer ooil is:
Energized Deenergized

o oI

Q
lindicote color by letier]

414

MOTC. NCTO. MOTO. MCTC

T T 3T
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Electrical Contacts and symbols

SWITCHES
Disconnedt Circuit Circuit Limit
Intermupber Breﬁer Mormal Mo -
&m;b cﬂﬂ" Neutral Posifion
Of 0y Of |0~ 0N O o
Y A A A B T Tl Held Held rcr?”““ O~y
o/ o/ o Cosed | Open 5 |"
o
Limiit (condinued] Liquid Lavel Vacuwm ond pressura Temperathure
Moirdgired Proximity Switch Mormel barmal [S— [ [— [—
Fosifion Cosed Open ':'p:ﬂl:r clm:dhr mehr l:i:und}r meh i:lm.z.dhlr
Held Closed | Held Open |Held Closed| Held Open | Held Closed | Held Open
| |
1
oo E
Flow [Adr, Woter, eic | Foot Toggle Cable Plugging Mon-Plug
Flarmally | Momndhy Flormally | Marmally [E:arnhd
Cigen Clozad Cigen Closad 1mﬁ F F F
Held Closed | Held Open ; ) ? o] {}_.-1;-—.:}
0 " o |
T e | e |oe| g | R 2B
oD | oo | o7 | oo
! R R
i Saledior Rofory Selacior
‘"’"ﬁ%ll{%'-" 2-Posifion 3-Position 1ton-Bridging 1 Bridging
1 2 1 2 3
F “'\. o t:l 0
+ - ol il s, O O (8] (o] Q Q
% ' + 4 N 0«0 O o—o ©
I —o.i0— | ¥ol o+
o T i or or
| 5 C? O_‘L
i —“—0 | o— ? o 0 Dj:L o o
—0 o— | +¥0 o—
1 Tokol Conbocts to Suit Meeds
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Electrical Contacts and Symbols

Thermocouple Pushbutions Connacfions, afc.
Switch Single Double Circuit Maintainad Conductors
TCS Circuit Mush Caontact Mot Connected

- * Normally He-gwI Comnecled —————

OFF 0 Opan
. 1 |ede
1 1 1 T

T~ R A S l 2409 1357 olo
! f Nomally | - o e i
; ; Closed —_— ‘er._h:

20-1 | W& © o
' ' olgo

Connecions, eic. [cont'd). Contocts
Chassi F Time Dalay Afer Coil Riloy, atc.

Ground nrﬁéﬁz le_-ﬂ Energized Energized = Nug";ﬁ" ﬂﬁr%::ll

- 28 Normal Iy | Namal | c

Naq:\e-ssng;lif Dml? NC.QE::I? Dré}ne?'ll? h{lﬂgﬂr
Ground \‘L’

.

= Nl nt B Sl B3 Rl o Lt ol

Electronic Symbols

COMPOMEMNTS

SWITCHES

FROTECTION & METERS

Terminal board:

Solid-sine devicas

OR

Single switch: e
Multiple position switch: ﬂ—:ﬂ'

RUSC: £\ 5 00 { T

Bregker: =

Push bution, normally dossd: o |,  Yoltmeter: —@)-

PMP transishor: J_ Ammeter: —(&

Push buticn, normally open: ——, Ohanameer- .
MEM transistor: @ Push button. feo-posifion: :J-g ::‘;n-n-emr: —(—

rce
or nsc;ﬁf:m}t @)
Diode: —J— OR —@—
£ ABBREVIATIONS AMD LABELS
light-emitting diode —H— OR v o
: ronsisiors:
> _H__ Amperes: A Capacitors: C
g = Resiskonce: Q Eﬁsigbr;; ]
s ' | Copacitonce:  § [farads) Inductors: |
x_:—er Fofenticmeter:  pot Diodes: CR
= + - Kilo [x 1,000): | Milli [+1,000):
{Full wrewal: —Ppt— — . AR m
Siliog.rﬁ_ E%E.lj : Mega [k105): M Micro [+10%): m
er : 1?_ .
Capacitor —| E Polarl.zed i‘ e
Amplifier: —[";;— Capacitor
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PLC and Motor Control Symbols

.
—l'."r-ﬂ—

—'Il-:_:'

— -

[MC) Held open limit switch
[NC] Held closed limit switch

Poddle flow switch
Float swikch

Pressure or vocuum switch
Timea-delay switch
Temperature swiich
Confocts (NOY}

Contocts [NC]

COILS AND RELAYS

~(M} Motor starter coil

~F)~ Forwaord or Fast starfer coil
(¥}~ Reverse starter coil

<5} Slow skarter coil

Control rekay
~{m deﬂuyrﬂlulh

MNOTE: Yarious JOns
may appear in the circles above.

PROTECTION DEVICES CIUTPUT DEVICES
o Fuse 10 Light indicator
=" e Fuse @ Maobor
-~ Overdoad 121 DC motor armature
~x Overload thermal 3B 3phase mator
=0-T= Cwerlood mognetic - HEm_H _
34 Lodder logic averload E L) incicoy®
SWITCHES & CONTACTS TRAMSFORMERS
="+  FPosition singlethrow 3 Coil
=" 3 Pasifion dovble-throw [ Air core ransformer
~§ Rolary, mulfiposition M Iron core tronsformer
2-Pole single-throw .
~T*  [dushed lines indicate contacts L Variable ransformer
:E ﬂmfﬂaﬁm connecied] | 3—  Auto transformer
s - o m:d‘ = & Singlephose power 1 line drowing
= Manuol toggle o 3 £ 3 Phase dabin fransformer
e [NO) Push bution switch - cop Cumrent tranzfo
m nsformer
—-"':H-n— i
[N Manual foot switch 5 Poential .
—e=— [NC| Limit swiich
gy [NC] Limit switch
el
i
—l..,ra—
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Resistor Color Codes

Digit Multiplier | Tolerance
Color st o nd rd th
1"&2 " Bands| 3 Band 4" Band
Black 0 1
Brown 1 10 +/-1%
Red 2 100 +/-2%
Orange 3 1K
Yellow 4 10K
Green 5 100K +/-0.5%
Blue 6 1M +/-0.25%
Violet 7 10M +/-0.01%
Gray 8 100M
White 9 0.1
Gold 0.01 +/-5%
Silver +/-10%
None +/-20%
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Common Specific Gravity Constants

Page 17 of 21

Liquids Grovity Mumber {>ases Gravity Mumber
Wer 1.00 Air 1.00
Mercury 13.4 Hydrogen 0.04
Alcohol 079 Mitrogen 0.94
Gasoline 067 Choygen 1.10

Temperature Conversion Formulas

C=—x(F

UI|I:l I:l|l'.:|

F=—xC

— 37)

+ 32

K=C+ 27315

B = F + 459.67

pH level vs. Hydrogen-lon Concentration

pH
1 I
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I
14 Household ammonia (109}
= 2 | Mk of magnes
1
10 .-lf Sa3 water
ﬂrawmelr [Z2"C)
B
e i Mk
B | Boer
2.‘\\_ 'u.lilregarﬁ% analmc acki)
4 —
EH'tI'El:I 1
2 { | Lemion julce
1 1

o q:f% sulphuric acid
-2

[t [ S [ [ [ S [ (o [ 10°

Hydrogen-ion concentration, Males H+ D
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Pressure Conversion Table

Multiply Number Of
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Dynes/ in Hg in H,0 K grams/ Ib/in? \ mm Hg )
b Atmos Bars Ib/ft Microns Pascals
y cm’ (0°C) (a°C) meter’ PSI b/ Torr
9.869233 | 9.869233 | 3.342073 2.4583 9.6783 6.8046 4.72543 1.3163 1.3163 9.8693
Atmos 1.0 1 -7 2 3 5 2 -4 3 6 6
10 10 10 10 10 10 10 10 10 10
3.0 3.38643 2.4913 9.80673 6.89483 4.7883 1.3333 1.3333 3.0
Bars 1.01325 1.0 6 2 3 5 2 4 -3 -6 -5
10 10 10 10 10 10 10 10 10
Dynes/ | 1.013253 1.0 3.3863 2.4913 9.8967 6.89483 4.788 1.3333 1.0
2 6 6 1.0 4 3 1 4 2 3 1.3333 1
Cm 10 10 10 10 10 10 10 10 10
in Hg 2.99213 2.953 2.9533 7.3553 2.8963 1.4139 3.9373 3.9373 2.9533
° 1 1 -5 1.0 2 -3 2.036 2 2 5 -4
(0°C) 10 10 10 10 10 10 10 10 10
in H,0 4.068 4.0148 4.01483 1.36 3.9373 2.768 1.922 5.354 5.3543 4.0143
° 2 2 -4 1 1.0 2 1 -1 -1 -4 -3
(4°C) 10 10 10 10 10 10 10 10 10 10
K grams/| 1.03323 1.01973 1.01973 3.453 2.54 7.03063 1.359 1.3593 1.1093
2 4 4 2 2 1 1.0 2 4.882 1 2 -1
meter 10 10 10 10 10 10 10 10 10
Ib/in? 1.46956 1.4504 1.45043 4.912 3.61263 1.4233 T 6.94443 1.9343 1.9343 1.4503
PSI 10" 10" 10” 10" 10° 107 ' 10° 10 107 10"
5 2.11622 2.0885 2.0885 7.0726 2.048 1.44 2.78443 2.0893
Ib/ft 3 3 3 1 5.202 1 ) 1.0 2.7844 3 2
10 10 10 10 10 10 10 10
mm Hg 7.60 7.5006 7.50063 2.54 7.35583 5.1715 3.5913 3.0 7.5023
2 2 -4 1 1.868 2 1 -1 1.0 -3 -3
Torr 10 10 10 10 10 10 10 10 10
) 7.603 7.50063 7.5006 2.543 1.8683 7.3558 5.17153 3.591 3.0
Microns 6 5 1 4 3 1 4 2 3 1.0 7.502
10 10 10 10 10 10 10 10 10
1.013253 3.0 3.0 3.3863 2.4913 6.89483 4.7883 1.3333 1.3333
Pascals 5 5 1 3 2 9.8067 3 1 2 1 1.0
10 10 10 10 10 10 10 10 10
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General Conversion Factors

To Obiin Multiphy By
Atmospheras in HG@32F 0.033421
BTU Waotts-hours 3.412

BTU K'wWh 2412
Cenfimeters inches 2.547
CmofHG @ 0" C Atmospheres 760
CmofHG @ 0" C Grams/sq. cm 0.073564
CmotHG@0"C Lb/sq in. 51715
CmotHG@0"C Lb/sq f 0.035913
Cm/[sec)|sac) Gravity 080 465
Canfipoises Cenfisiokes Density
Cenfishokes Cenfipoises 1/density
Cu cm Cuft 28,3170

Cucm Cu in. 16387

Cu cm Gal [USA, lig.] 3785.43
Cucm Lifers 10:00.03

Cu cm Chuarts [USA, lig.) 944 358

Cuw om/sec Cu B/ min A720

Cu kit Cu meters 35314
Cuft Gal [USA, lig.] 0.13348
Cukt Liters 0.03532
Cu B/ min Cu meters/sac 21189

Cu k/min Gal [USA, lig.)/sec g.0192
Cu ftfsec Gal [USA, lig.]/ min 0.0022280
Cu ft/sec Liters/ min 00005885
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General Conversion Factors (continued)

To Olbtain Malfiphy By

Cu ini. Cu cenfimeters 00561023
Cu iini. Gal [USA, lig.) 2310

Cu iini Liters &61.03

Cu meters Gal [USA, lig.) 00037854
Cu meters Liters 0.001000028
Cu metars/hr Gal/min 022712
Cu meters/kg Cu i/lb 0062428
Cu meters/min Cu it/ min 0.02832
Cu meters/sec Gal/min 00000563088
Faat Matars 3.281
Ft/min Cm/Sec 1.9485
Ft/sec Maters/sec 32808
Ft/[sec)isec) Gravity [sea level) 32174
Ft/[sec)(sec) Meters/|sac)[sec) 3.2808
Gal [Imperial, lig) Gal [USA, lig.) 0.83258
Gal [USA, lig.] Bamels (Petroleum, UISA) 420

Gal [USA, lig.) Cu ft 74805
Gal [USA, lig) Cu mighers 264173

Gal [USA, lig.] Cu yards 2022

Gal [USA, lig.] Gal Imperial, lig.} 1.2010
Gal [USA, lig.] Liters 02642
Gal [USA, lig.)/ min Cu ft/sec 448.83

Gal (U4, lig.)/ min Cu meters/hr 4.4029
Gal [USA, lig.)/sec Liters,/min 00044028
Grams Pounds [a voir.) 453.5924
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Metric Prefixes
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Prefix | Symbol [ 10" De.cimal Name
Equivalent
yotta Y 10** |1 000 000 000 000 000 000 000 000| septillion
zetta z 10*! 1 000 000 000 000 000 000 000| sextillion
exa E 10" 1 000 000 000 000 000 000| quintillion
peta P 10" 1 000 000 000 000 000| quadrillion
tera T 10" 1 000 000 000 000/ trillion
giga G 10° 1 000 000 000| billion
mega M 10° 1 000 000 million
kilo k 10° 1 000| thousand
hecto h 10? 100| hundred
deca da 10* 10| ten
10° 1 one

deci da 10* (0.1 tenth
centi o 102 [0.01 hundredth
milli m 103 |0.001 thousandth
micro U 10 |0.000 001 millionth
nano n 10° |0.000 000 001 billionth
pico p 10™*? |0.000 000 000 001 trillionth
femto f 10™* |0.000 000 000 000 001 quadrillionth
atto a 10*® {0.000 000 000 000 000 001 quintillionth
zepto z 10" |0.000 000 000 000 000 000 001 sextillionth
yocto y 10** |0.000 000 000 000 000 000 000 001| septillionth

Example: kiloamp (kA) = 1 x 10> amps = 1000 amps

milliamp (MmA) =1 x 10° amps = 0.001 amp
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