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https://sites.google.com/pppl.gov/20191218personnelsafetysystemf/home

Overview - WBS 1.09.04.01

WBS Title Personnel Safety System | WBS # 1.09.04.01
Project Cog. J. Petrella Assoc. Proj. Man. T. Jernigan
Design Scope Upgrade Hardwired Interlock System

Technical Impact of Protect Personnel from Experimental Hazards of NSTX-U

Scope
FDR completed on 1/29/20: review
Design Status chits: .
calculations:
drawings:
Fabrication Status Not Started - Part of 3B approval
Installation Status Not Started - Will be installed post 3B approval

Configuration Managed Safeguards and the Trapped Key System will be covered in subsequent talks.
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https://sites.google.com/pppl.gov/20191218personnelsafetysystemf/home
https://drive.google.com/drive/folders/1N25KnGlcq2uzeJFWxmG8VeabbWaMiV0I?usp=sharing
https://drive.google.com/open?id=1katunqwGIkrm-Egfmig3ISDvsB0RAJaY
https://drive.google.com/open?id=1z2NHHiVBDBP3mgavbJscANCUsxpK5-xW
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Personnel Safety System (PSS)

PSS is for personnel protection (not
machine protection)
Keep the hazards from the people
Keep the people from the hazards
Hazards are mitigated through
Independent Protection Layers (IPLs)
Safety Instrumented System (SIS)
Trapped Key System
Direct lonizing Radiation and Magnetic
Hazards that require further risk reduction
are mitigated through the PSS Safety
Instrumented System (PSS-SIS)

Safety
Instrumented
System

Trapped Key
System

Basic Control System

Administrative
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PSS Interfaces with systems at both C and D Sites
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Layers of protection reduce risk

Independent interdiction of Breakers upstream of
BCS interdictions listed below
RRF of 12 needed, RRF' of 827 minimum achieved

Safety
Instrumented
System

Enforces Safeguards and Interlocks
Hazardous Energy Sources
RRF of 10

Trapped Key
System

Local Control Systems that provide independent interdiction:
FCPC— Rectifier Suppress/Bypass & Ground Switches
NB — Crowbar & Fast Vacuum Interrupters
RRF of O (IEC 61511 allows for up to 10)

Basic Control System

Standardized Procedures, Lock out
Tag out, Conduct of Operations,
Operator Response
RRF of O

Administrative

Configuration Managed Safeguards,
Shielding, Enclosures, Standard
Industrial Covers
RRF of O

Safeguards

Risk Reduction Factor —
Refer to LOPA talk.
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PSS-SIS provides final risk reduction with a commercial safety-class redundant CPU
Programmable Logic Controller (PLC) turning off primary power with breakers.

-------------------------

i’ PSS-SIS

CHAIN Al/O

MONITORING

CHAIN A E-STOP BUTTON

MONITORING b
CHAIN A

U

'+ SAFETY CLASS PLC
. REDUNDANT CPU |
Xy !
/INTERDICTION > i

./ DEVICE PSS.SIS

CHAIN B

MONITORING
: CHAIN B 1/0
CHAIN B / E-STOP BUTTON ;
MONITORING s

STATUS OUTPUTS

SEARCH & SECURE E PSS-SIS
BUTTONS : CHAIN X 1/0
CHAIN X :

- — Safety Instrumented Function per IEC/ISA 61511
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ADMIN DOOR
CARD READER
DISABLE OUTPUT,

]

AB Guardlogix PLC
(Redundant
w/safety partner)
De-Energize-to-Trip
interdiction
Fiber-Optic
backbone control
system

25 interdicted
breakers

~6,000 Feet of
Conduit

9 Control Cabinets
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Hazardous energy sources are isolated (turned off) by SIS using
interdiction devices installed on breakers in a Fail-Safe configuration

SIS uses a De-Energize-to-Trip (DET) configuration for breakers

Medium Voltage Breakers (Upgrade part of breaker WBS and not

in PSS scope)
Undervoltage Trip Device energized by N.O. safety relay
Breakers routinely maintained & tracked using Maximo under AC Power
purview

SIS uses a De-Energize-to-Trip (DET) configuration for Distributed /0

Loss of network — de-energize outputs
Broken Wire (BW) detection — de-energize outputs
Shorted Wire (SW) detection — de-energize outputs

BW and SW detection are features of the
Allen-Bradley POINT Guard 1/0 safety-rated modules
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Interdicted Devices are breakers that are de-energized (safed) through fail-safe control circuits.
Breaker Upgrades are Underway to Support PSS-SIS as part of a separate project. FDR Link

Breakers have been identified
for interdiction, requiring
52UVD.

13800/13,

For refurb option, additional
spares from in-house inventor | sig1 . |
. isolator P S “;..,‘
to be included. el I = ey dertumam [ 5285
@ Two SZS(MOC) contacts :c::ker 138KV FIXED FREQUENCY BUS ESF2 (S4 (!:{m!
provided for state monitoring S
3 ¢ R :
1200A, | 1200A, | 1000MV ; = S1B1
500MV | 750MVA | A Replace (Rep)/ = H £) H
Breakers | AHK | VHK VHK(X) | Refurbish(Ref) foen e
Svi 8 4 Ref ?'
SV2 11 g Ref
Spares 3 1 Ref {
S1B1
(Dummy) 1 Rep
S1B1
Spare 1 Rep SV Breakers (24) /%!
S1B10 1 Ref |
S2B5 1 Ref
Total 24 6 2
Note: breaker interdiction is indifferent to which MG is operating
@NSTX'U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020
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https://sites.google.com/pppl.gov/20190712-breaker-replacement-p/home

S
Breaker interdiction wiring (typical of all) with Chain A/B

redundancv to breaker undervoltage trlp solen0|d

EsuraW|ng Reference: D- AE8005 310

(NOTE 1)
1-19/C §18
[067-C29)

REFERENCE DRAWINGS

@
SIS=MG=XXXX~EY—A§§-DO

1
1
1
1
' - —
= . ' | E-AEB301 — MASTER CONDUIT PLAN
f
SIS—MG—XXXX~EY-A§ §~COM R
A8 ! NOTE: UNLESS OTHERWISE SPECIFIED
SIS—MG-XXXX-ZY—Af#-TOP gl 1. SEE DRAWING D-AEB005 SH-35 FOR CABLE NUMBERS.
2. STRANDED 18 AWG HOOK—-UP WIRE W/ PURPLE INSULATION.
SIS—MG—XXXX~ZY—Aj§ DI ﬁél: I H 3. INSTALL WIRE MARKERS WITHIN 1" FROM END OF WIRES.
SIS—MG—XXXX~EY~! -DO Ol = 4. TB1 = AB P/N 1492-JD3 OR EQ.
: 5. CONTROL RELAY (CR) = PHOENIX P/N PSR-SCP—
SIS—MG=XXXX~EY-Bff~COM 24UC/URM/3X1/3X2 OR EQ.
P — i | s TUNSeNT vo;wx SUPPRESSION DIODE (1VS) =
MG XXX~ ZY B~ | PR
et o o SR 1 Iy 7. FOR_ COMPOMENTS MARKED SPARE: STOP WIRING AT T8I,
c —SIS=NG-X000-7Y-B}f~D1 “% R DO NOT INSTALL FIELD DEVICES. e
SIS—MG—XXXX~2S-A#f~TOP B | ISEIOk
i |
D-ALBOOY | _SIS=MG-XXXX-2S-A#§-DI |
SH 35 T @REPLACE XXXX WITH COMPONENT ID, f## WITH LOOP NUMBER,
- SIS—MG-XXXX~ZS-B##-TOP W, | ISETSE AND YYY WITH IDENTIFYING NUMBER PER TABLE. s
NEEN
SIS—MG-3000c-Z5-C 480! ! m cum[coumnv D | LooP CWD REFERENCE
SPARE. [ "
\
D SPARE i %l SH 226, 292 o
o] I H H SH 311 Fo
SPee | israer | L ST
SPARE R | | | SH 315
AR [ v 1 SH 317
- SPAE - HISFIS) | A -
SPARE . [m| O SH 333
i | EZ R TIR SH 341
SPARE WR L I <. [ESVi-SB-08_[svi-8_| SH 257 3
I 22w .38 SH 259
L Sa<god
E . O] Qe Q 32 SH_315A
1oL ! 0888 . SH 317A

SH 297
SH 319
SH 321
SH_323
SH_325
SH 335
SH 337
SH_343A, 345A
SH_335A, 345A
SH 270

e
01£760083v-0

G Nt
] CONTINUED ON
,J;+_ . CWD_REFERENCE
- PER TABLE

Note: “Preliminary” stamp present until drawing is signed/released for fabrication "
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Breaker interdiction relays* (IEC61508-2/3 rated) will be installed in
breaker cubicles with terminals protected by tamper-resistant features

Drawing Reference: D-AE8364 _1-5:.

n

10
9 DETAIL A

SCAI :
2981839 COUPLING RELEYS - REMOVED SZX)
1492-J3 TERMINAL BLOCK - REMOVED (4X)

/F.%%’.‘E!.cn NOTES:
s . Terminal Cover Fastened with
“ vy e e o Tamper Resistant Hardware
] [ T :: .I._(m,,go) ;:."‘m :
1 A g B — S

P
T T 3

P
2. VBN WOORLS ARE FROVIDRD, VEROOR WIST VERIFY TIAT MOOEL DINENSIONS | YES
‘CORTORM TS FEvL ABPROVED DRANINGS FRIOR T0 FASKICATIOH:

¥ 7 I

L
“Q“ =
SECTION B-B
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*Phoenix Contact PSR-SCP-24UC/URM/3X1/3X2
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Feedback hardware was selected and fitted to
existing and new infrastructure

Feedback sensors are installed on the following components:
SIF input (Chain A & Chain B inputs)

NSTX-U Test Cell Entries
Mechanical Equipment Room Entry

Additional engineering action input (Chain A & Chain B inputs)

Neutral Beam Ross Ground Switches ( configuration monitoring)

Neutral Beam Pringle Ground Switches ( configuration monitoring)

FCPC Ground Switches (configuration monitoring)

FCPC Line Switches (configuration monitoring)

PCTS Bus Links (dummy load testing configuration monitoring)

Select Trapped Key Blocks (dummy load testing & configuration monitoring)
Cage egress buttons (configuration monitoring)

Cable Spread Room & Test Cell Basement Electrical Enclosure Doors
(configuration monitoring)
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Personnel Doors monitored with (1) AB RFID Sensor (440N-G02089) &
(1) Phoenix Contact RFID Sensor (PSR-CT-C-ACT-2702973) — SIF input

Drawing Reference: D-AE8370_1-2

REFERENCE DRAWINGS:
X0000¢

NOTES: UNLESS OTHERWISE SPECIFIED

T0p OF Jae
FIELD E DISTANCE BETWEEN ACTUATOR AND SENd | A
2. INSTALL EXPANSION NUT (ITEM 5) INTO DOOR AND DOOR F
| o 3. PROTECT SENSOR CABLE WITH STRIPWOUND HOSE (TEM 4)

PRELIMINARY

ISTANCE o
INSTALL EXPANSION NUT (TEM 6) INTO DOOR AND DOOR FRAVE. <
3. PROTECT SENSOR CABLE WITH STRIPWOUND HOSE (ITEM 4) OR EQUAL.

PRELIMINARY
Typical Mount to Exterior Door Frame

FIGBNX SENSOR/ACTURTOR CHBLE

Typical Mount to Interior Door Frame
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L
Personnel Doors monitored with (1) AB RFID Sensor (440N-G02089) &
(1) Phoenix Contact RFID Sensor (PSR CT-C-ACT- 2702973) — SIF input

(NOTE 2) &

(NOTE 1)

& " 2 us ] _1:
1910/0x08 §22 PSS—XXXX—JB-YYY 5 ®) smrT | -

[D67-C28] [ """"" | S 3) Foia I

0] | 181 s %) fots |
SIS—XXXX—DOOR—ZY—-Aff—TOW ;, oo ! o | g

SIS—XXXX—DOOR—-ZY—-Af#1-DI w o i % &) Fl1A i

SIS—XXXX-DOOR—ZY-A##2-DI [ Ol T 1) FiB !

i Y 7 ov |
B SIS—XXXX~DOOR~ZY—Aff~COM G b4 4'—, | 3 s ! B

Vo
¢
¢

1
| L L
1 s |
i oLt : (NOTE e
SIS—XXXX—DOOR—ZY~B##~TOW N | e | S2
c 7 T © | e ¢
FROM SIS=XXXX~DOOR~ZY~Bfi#1-DI 0 o N M n
D-AE8005 — =0 T +24v !
SH 20, 25 SIS—XXXX~DOOR—ZY-Bf#2-DI 4 s ! I £ '
| & S l %) ossp 1 |
= SIS—XXXX~DOOR—ZY~Bf #—COM Y, ! oLl % 8) ossd 2 ! -
1 Lo R !
| . | ®) 0ssD 1 IN |
a SPARE [ : PREPY ! > ) 0ssD 2 IN H o |
SPARE £ ! Sle 1 A 7 ov !
of | ¢
1 OX)
S— L !
B ’_______u . 1) aux our LJ __ll =
3
" REFERENCE DRAWINGS
E-AEB301 — MASTER CONDUIT PLAN ?

NOTE: UNLESS OTHERWISE SPECIFIED
1. SEE DRAWING D-AE8005 SH-20 AND 25 FOR CABLE
NUMBERS.

m—
[

G REPLACE XXXX WITH COMPONENT ID, ## WITH LOOP NUMBER, B —8p-| o
@ R 000N COVPONENTE D Pg L 2. M12-8P CABLE PHOENIX P/N SAC-8P-M12MS/10,0~PUR
3. PRE-WIRED CABLE.
LOCATION LOOP | LOOP DWG vy 4. TB1 = MARATHON P/N 600A GP 14 FB OR EQ.
£ 5. DOOR SWITCH (S1) = PHo:le P/N PSR cT-m-sen-1-8 | o
INTCN 16N D-AEB116__ |001 WITH PSR—CT—-C—ACT ACTUAT(
INTCS s p-EaTTE oot 6. DOOR SWITCH (S2) = AB P/N 440N ZZISSZB OR EQ.

PRELIMINARY

WORK PLANNING # WP-3032

MANUAL CHANGES
'NOT_PERMITTED
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NB Ground Ross Switch Position Monitored with Turck Inductive
Sensors(N160-Q80-Y1X) for additional engineering actions (not a SIF)

Drawing Reference: D-AE8360_1-5

1 2 |
™ o o [m o

ROSS BAR
VENDOR ASSEMBLY-

Turck Inductive
Sensor:
N160-Q80-Y1X
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Drawing Reference: D-AE8005 325

REPLACE XXXX WITH COMPONI
YYY AND ZZZ WITH IDENTIFYING NUMBER PER TABLE.

LoOP DWG | YYy | zzz
-AEB158__ [002 __[003
—AEB158__[005 __[006
-AE8158 Joos 009
—AEB159__Jo11___[012
—AEB159 014 1015

D-AEB159 017 018

E-AEB301

— MASTER CONDUIT PLAN

PSS—NBPC—-JB-YYY PSS—NBPC-JB-ZZZ
(NOTE 1)
1-15/C+0s f22 (NOTE 1)
[p67-C26] 1-10/C+0S #22
[D67-C28] (NOTE 2,3)
SIS—NBPC—XXXX~ZY—-Af#-TOP R 7 TB1
SIS—NBPC—XXXX—ZY—A##-DI G, 1 B QL Mu -
N\
SIS—NBPC—XXXX-YY—A#§~TOP 0 8 1 W 020 @N ,—*W/—I swi
SIS=NBPC—XXXX~YY~Aff—DI u, 9 R POER @y
SIS=NBPC-XXXX-ZY-A#-TOW ] ) G ote (O I_dZ/ I SW2
- SIS—NBPC—XXXX—ZY—A##—COM W 1 N 020
. L0
SIS=NBPC-XXXX~ZY~-Bfif~TOP 7 9 L0
ol o ROMes —|  _SISoNBPC-XxXxx-ZY-B#f-DI 1 TAPE_AND Y QL0
SECURE W
SH-40 SIS—NBPC—XXXX—YY—B#§-TOP 8 L P o0
SIS—NBPC—XXXX—YY—Bf#—DI Ul 9 E, Q]_QQ
SIS—NBPC—XXXX~ZY~Bf§~TOW 1 o5y LOLO
SIS—NBPC—XXXX~ZY-Bji§~COM 1 oz
SPARE RW, ;‘
D | SPARE GW,
TAPE &
SPARE uw, SECURE
SPARE
- Lo G
£ @ PONENT 1D, ## WITH LOOP NUMBER, REFERENCE DRAWINGS

NOTE UNLESS OTHERWISE SPECIFIED
SEE DRAWING D-AEBOOS SH-40 FOR CABLE NUMBERS.

2. PRE-WIRED PVC C

3. INSTALL WIRE MARKERS WITHIN 1" FROM END OF WIRES.
4.
5.
6.

181

PRELIMINARY

= MARATHON P/N 600A GP 12 FB OR EQ.
. ISOLATION AMPLIFIER (AT) = TURCK IM1-12EX-R OR EQ.
. PROXIMITY SWITCH (SW) = TURCK NIB0-Q80-Y1X OR EQ.
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FCPC Ground Switch Monitored with AB Limit Switches

(440P-MMHB22E) for additional engineering action

s (not a SIF)

[ ]
[e]

! <Drawing Reference: D-AE8362 1-5— Lt

| 3m [moacoswo] 01/14/2020

EXISTING INITIAL RELEASE [ A [vm[m
}‘) COAT SWITCH (ALLEN BRADLEY)
]

A 4

Limit Switch
440P-MMHB22E

NOTES:

1. ALLPARTS SHOULD BE CLEANED BEFORE INSTALLATION.

2 20 99129A310 3/8-16 HEX NUT, HIGH-STRENGTH HEX NUT, MCM 99129A310 OR £EQ 4105/5 2
2 19 9712%610 BELLEVILLE DISC SPRING, 1/4” SIZE. 0.255 ID, 0.500 OD. MCM 2712K610 OR EQG HIGH-CARBON STEEL 2
4 8 $4241A520 LOCK WASHER, M4 SCREW. 4.4MM ID, 7.0MM OD. MCM 94241A520 OR EQ 3165/5 .
2 7 94241 A290 LOCK WASHER, 3/8" SIZE, 0.385 ID. 0.550 OD. MCM 94241A290 OR EQ 3165/5 2
2 1% 936154409 1/4-20 UNC X 7/16 LG LOW PROFILE SOCKET HD SCR. MCM 93615A409 OR EQ 18-85/ 2
2 15 92415A129 3/8° SIZE, 0.380 1D, 0.750 OD. 5/8° LG, MCM 92415A129 OR EQ STEEL ZINC-PLT 2
1 14 $2314A199 8-32 UNC X 1 HEX HD SCR. MCM 92314A199 OR EQ 18-85/ 1
2 13 §2240A833 3/8-16 UNC X 2 1/4 LG HEX HEAD SCR, MCM 92240A433 OR EQ 18-85/5 2
7 12 92196A208 8-32 UNC X | 5/8 LG SCT HD SCR, MCM 92196A208 OR EQ 18-85/ 7
2 " 92146A545 LOCK WASHER, #8 SCREW. 0.174 ID. 0.293 OD. MCM 92146A545 OR EQ 18-85/ 2
4 10 $2141A009 WASHER, #8 SCREW. 0.172 1D, 0.375 OD. MCM 92141A007 OR EQ 18-85/ 4
2 A 91841A007 8-32 UNC HEX NUT. MCM 91841A009 OR EQ 18-85/5 2 B
1 17924199 8-32UNC X | LG PAN HEAD SLOTTED SCREW. MCM 91792A199 OR EQ 18-85/ 1
7 917324713 8-32 UNC X 0.328 HELICAL INSERT. MCM 91732A713 OR EQ 18-85/ 7
4 6 91525A328 'OVERSIZED WASHER, 3/8 SCREW. 0.408 ID, 0.875 OD. MCM 91525A328 3165/ 4
4 5 SCREW, 3165/5 .
2 4 440P-MMHB22E SHORT ARM LEVER SAFETY LIMIT SWITCH, ALLEN BRADLEY 440P-MMHB22E OR EQ - 2 §
1 3 D-AE8362-3 VERTICAL ANGLE SUPPORT. MADE FROM McM $017K82 3° X 2 1/2° X 1/4° THK. 90° ANGLE LOW-CARBON STEEL 1 flal
1 2 D-AE8362-2 'VERTICAL INSTALLATION PLATE AL 2024 1
1 1 D-AE8362-1 HORIZONTAL INSTALLATION PLATE AL 2024 1
1 D-AEB362-04 VERTICAL INSTALLATION PLATE WITH HELICAL INSERTS o 1
1 D-AE8362-03 HORIZONTAL INSTALLATION PLATE WITH HELICAL INSERTS 1
1 D-A£8362-02 LAYOUT - 1
D-AEB362-01 FCPC SDS GROUND SWITCH INSTALLATION 1
[ [ e e e[ 25
PARTS LIST

. AEB362- g e Iy Eacee
FCPC SDS GROUND SWITCH INSTALLATION TR [ o e NATIONAUSHIFRICAT TS EXPERIMENT | A

SCALE 38 SOLIDWORKS | 7o wom o o NSTX RECOVERY

e —— FCPC SDS
Tl e GROUND SWITCH INSTALLATION
GENERAL NOTES MAGNETIC PERMEABILITY woara, SEE DRAWNG | Tocommces wom comnrros wcn e [ware OWOS/201Y
1. PPPL APPROVED DRANINGS TAXE OVER MODEL REQUIREMENT (SEE NOTES) rye——y = MnOMAs | ameves |
[ o ] x ase e o MOAGOSTINO| D-AE8362
2. WEEN MOOELS ARE PROVIDED, VEMDOR MUST VERIFY THAY MODEL DIMENSIONS | YES wo | X L) N/A s N -
CONFORM WITH PPPL APPROVED DRAWINGS PRIOR TO FABRICATION. | DWG VERSIONNO:  N/A | oo ] same (5] b 22 o T e | smzET: ors | REV O
® 7 T © T B L o 0 T 3 T 7 1400259520
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S
FCPC Ground Switch Monitored with AB Limit Switches
(44OP MMHB22E) for additional engineering actions (not a SIF)

D T T - T - A (T T Y R T
Drawing Reference: D-AE8005_ 300
(NOTE 1 A
1-10/C+0S f22 @ I--Tn--_‘
— 1
el pss—repcyB-yYY ! '
[ | (NOTE 2,3) 1w, 2] ~
-2 " M ] [ tin
SIS—FCPC-XXXX~ZS-A#§A-TOP 8, ' oo ! (1) T t
SIS—FCPC=XXXX~ZS-AJ#8-TOP Wy ! 8260 | :&/_Ll
SIS—FCPC-XXXX~2S-A##8-DI R i ! &) I S __—lau 8
SIS—FCPC—XX0X(~ZS—AF#A-DI G| | ote 1 (8 : '
1 , e S i3
i _SIS=FCPC—XXXX~ZS-B#FA-TOP N 1 Lo -
o Mes | _sis—Fepe-xo0-75-B##B-TOP y ! ole | @)
SH-45 SIS—FCPC-XXXX~ZS~Bf §8-DI 9 | ol !
c H 1 w2 c
SIS—FCPC—XXXX~2S-B#A-DI Y, | ole sw2 '
! Ll ! Q ‘4,12 =
SPARE ] sns i I
21 2
o SPARE ¢ ! 28 | : _—t ! =
O§|, : R Bl &
— G 43 1 44
2 oy e OO I e i
|
=
@mz XXXX WITH COMPONENT 1D, #§ WITH LOOP NUMBER, b o i
AND YYY WITH IDENTIFYING NUMBER PER TABLE.
3
REFERENCE DRAWINGS
E E-AEB301 — MASTER CONDUIT PLAN 7
NOTE: UNLESS OTHERWISE SPECIFIED |§
1. SEE DRAWING D-AEBOOS5 SH—45 FOR CABLE NUMBERS. %
- 2. STRANDED 18 AWG HOOK—-UP WIRE W/ PURPLE INSULATION.
3. INSTALL WIRE MARKERS WITHIN 1" FROM END OF WIRES.
4 T8I = WARATHON P/N 600A GP 12 FB OR EQ.
5. SAFETY LMIT SWITCH (SW) = AB P/N 440P—MMHE22E OR EQ.
6. FOR COMPONENTS MARKED SPARE: ‘STOP WIRING AT TB1, DO
’ NOT INSTALL FIELD DEVICES. F
PRINCETON PLASMA PHYSICS
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Select Trapped Key Blocks Monitored with integrated position
switch for additional engineering actions (not a SIF)

(NoTE 1) s
1-6/C+0S §22
[067-C31)
SIS—XXXX~TKB §~HS-A26~TOP 5|,
SIS—XXXX-TKB##—HS—-B26-TOP 'ﬂ/ SWi
SIS=XXXX~TKBf§~HS-B26-DI R ' el T
D-AEB00S _SIS=XXXX-TKB##~HS~A26-DI g | i ]
= sH20, 25| T o0 K e fj_ : =
SPARE v };gs,,g Lo e e be|

ge

REFERENCE DRAWINGS
E-AEB301 -~ MASTER CONDUIT PLAN

NOTE: UNLESS OTHERWISE SPECIFIED
1. SEE DRAWING D-AEB005 SH-20 AND 25 FOR CABLE

NUMBERS.
2. BELDEN P/N 9942, 1-6/C+0S 22 AWG, PPL B/M
D67-C31.

—
05£760083V-0 | m I

Af M 3. LIMIT SWITCH (SW1) = FORTRESS mGARD LIMIT SWITCH
MODULE.

- PRELIMINARY |-
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Cage egress buttons monitored with integrated position switch
for additional engineering actions (not a SIF)

______________ I T - T T T T T
Drawing Reference: D-AE8005_345
B
(NOTE 1) -
1-6/C+0S §22
@ [D67-C31]
S'S-XXXX—DOOR-HS-A!‘ ~TOP BI/
c c
SIS—XXXX—DOOR—HSS—Bff—TOP V;l/ SW1
SIS=XXXX~DOOR-HSS~Bff DI R b o
2724 | s concooon-1es-sts o : | Ml
& SH 20, 25 SPARE N;t : I_ = ; = i o
SPARE y TAPE &
OéP 'SECURE I' - - z bt
D | D
Fou) |FouD |
i a:rsa:ucz DRAWINGS i
E~-AEB301 — MASTER CONDUIT PLAN £
E NOTE: UNLESS OTHERWISE SPECIFIED ?
|.SEEWMNGDI£3005$M10ANDZSFORC&E lg
@MXXXXMTMLOCATKN.ANDMWH z.mp/ussz 1-8/C+0S 22 AWG, PPL B/M s
- LOOP NUMBER PER TABLE.

3. NTERNN. RELEASE SWITCH (SVI ) = FORTRESS mGARD
LOCATION LOOP LOOP DWG INTERNAL RELEASE MODULE.
L
765 oA |

- PRELIMINARY |-
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The SIS Architecture uses one managed switch, the robust Device Level Ring (DLR) protocol,
distributed 1/O “drops”, and an IEC-61508-2/3 Logic Solver with its Safety Partner (Guardlogix).
The network is air-gapped from all other networks.

e There are redundant I/O chains: Chain A and Chain B.
e The components have been designed for safety applications and are configured
to provide De-Energize-to-Trip, fail-safe operation.

___'__2_‘;5__"_ — Drawing Reference: D-AE8004_1

cu poicise P soes:

R #1
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|
|
|
o
|
|
|
|
|
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| b [PSS—MG—EE-001 1

o | 52 T 1P ADDRESS: \nzw m 2
' | Lo L
|

REFERENCE DRAWINGS:
D-AEBO0S SH.15 NETWORK MASTER WIRING DIAGRAM | —

PRELIMINARY

R
PERSONNEL SAFETY SYSTEM
SIS NETWORK
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S Joi

-

) e

BY [CHK] APPROVED |
EW ISSUE

0 [N

[ 2 | 3 [ 4 | 5 | 62 7 | 8 | 9
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The PLC program uses software modules to facilitate a
programming team and testability

Outline of NSTXU 1-7-3-1 RD 100
(Software Specification Requirements): Modular programming is a

1. Introduction software design technique that
o emphasizes separating the

2. Overall Description functionality into independent

3. External Interface Specifications modules, such that each contains

4.

Software Modules everything necessary to execute
only one aspect of the desired

* 12 Modules functionality.
* 65 Functions
9. Non-Functional Requirements
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A conservatively-derived timing diagram illustrates the actions and elapsed
time for interdiction following a door violation. Requirement is 4.0 seconds.

padduy
Iaxealg T9-T1S

paddi) siaxealg 4S/AS

dois-3 Jo pawiloju| SOD

S1NnJ330 UoIlle|oIA 100Q

@ | |

0 1.2 (seconds) 28 36

Assumptions and timing breakdown in NSTXU 1-7-3-1 RD 100 -
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There are two SIS-monitored Exclusion Areas that are
protected by SIF 1: The NTC and the MER Mezzanine.

NSTX-U TestCe,II (NTC)
e iy =<

Hazard producing device
interdictions will be
performed following an

<1 AT @ Y Access Violation of these

i ﬂ‘ ']

||||||

areas (SIF ID S-1)

|
!
F
1
1

Note: Card Readers Not Used for SIFs

|

Mechanical Equipmenf Roomw
(MER) Mezzanine (below the

NTC — potential for dose)
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The NTC is a complex space with three levels.

100’ EL 109" EL

[ L=

- —
| L S —
o
ﬁ Sl - <H—l ?:
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Frr s

< ¥ .
¥ oL . Fo e i ; L}
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There are four access
points to the NTC:

Two personnel entryways

WL HVE HVE
[l Nez ) ([ wei NB1 Net
[ [ B
EEEEEEEE B
O r O O r CONNECTOR PLATFORM
HVE &
I NB2 /
8

(B) NTC South Door

Two movable shield doors
(C) South Shield Door =l
(D) West Shield Door =%
Note: There is a hinged s L
movable shield door at the P .
North Door that will be [P e i

ccccccccc

closed during operations o] s
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Personnel Doors will be monitored for Access Violations by the SIS as

described previously. Additional protections are described below:

Personnel entryways to Exclusion Areas will have

two independent protection layers:
Trapped key locks the outer vestibule door
SIS monitors inner door with safety rated components

* NTC North: movable shield door

*  NTC South: personnel door | {

*  MER Mezzanine: personnelm . \;
Violation of inner door during _ :
Search & Secure will terminate

the S&S

Violation of inner door during
“No Access” state will
trigger a PSS-SIS Emergency Stop

@NSTX-U

SSSSSSSSSSSSSSS
724818FSDG OR EQ

ET FENCE
REF
e ]

Drawing Reference: D-AE8352 2

:
]
[

"\
|
HOFF|
E
‘F
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Movable Shield Walls will be monitored for Access Violations by SIS as described

@NSTX-U

previously on slides 9-12. Additional protections are described below:

NTC South and West movable Shield Doors will have two independent
layers of protection:
Trapped key Iocks controls in cIosed position

-----------

Opening of:shield door during Search & Secure will terminate
the S&S ----------

Opening of shield doR during “No Access” state will trigger a PSS-SIS
Emergency Stop \

. Drawmg Reference: D-AE8315_1
- g T-093
/ ESOOS 25K2 (1) —l ] [ J_‘

AEBOO5-25K1-1
EL~108'-0"

PSS—NTCS—JB-003
PCTS FEEDEACK

& TKS ENCLOSURE AEB005-25P1-1 1/4"
TO PULLBOX PSS—PB11
ON DWG. OAEB316

BOWD oF S&S STATION BOX

s
B3
‘ N | I
S&S STATION
D 54" ABOVE FLOOR ON s&s Stamio PSS—NTC-5516 /
YSTRUT €6 DETAL 3 Thrs. DWE =) AE800S—25N=3/ |
AEB005-25M—3/4" EL~107'~6" |
: EBOOS 25R ROUTED BELOW
T CONDUIT BODY g" LABYRINTH CELING K
PB22 L

OPEN DC\O

|z"x|2“x "D
NOICATOR | "~6" ABOVE FF
‘EBODS—ZSS— 3/4"—=
PsS-NTC-JB-001 EL~114-8"
WEST SHI
DOOR. FEEDBACK AESOOS 25R 3/

SOUTH SHIELD
DOOR FEEDBACK oplﬁglca?gg

NSTX—-U TEST CELL PLAN — EL 100’-0"

NS SCALE: 3/16" = 1'-0" 2020




Vestibule door locks feature monitored internal

releases for emergency egress.

Each emergency egress button is monitored by SIS as an additional engineering function
Design has been completed to incorporate COTS lock assembly into cages

Refer to the TKS presentation for more information on cages & TKS

[ (3.00)

[

9.0

B _l‘_

20197 __
TYPI4

SIS-X00-DOOR=2Y-8#f~COM.

seaRE

SPARE

SPARE

1-6/C405 §22
[p67-31]

SIS—X00(X-DOOR—HSS A##—T0P

SIS -XXX-DOOR-HSS—B##—TOP.

SIS-X00(X-DOOR-HSS -B##-DI

SIS -XXXX-DOOR-HSS—A#f -1

TeE

e
e f 2
sedne

1 secURe Lt

(D) REPLACE X100 WITH COMPONENT 0. #f WITH LOOP NUMBER,
D Wit DENTIFNG NOWBER PER TABLE.
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NOTE: UNLESS omiERWSE SeEcED
SEE DRAWING D-AE8005 SH-30, AND 50 FOR CABLE

2. M12-89 CABLE PHOENX P/N SAC-BP-M12MS/10,0-PUR
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oy s et
= MARATHON P/N 600A
5 mun SWTCH (51) = PHOENX PN PSR-CT--SEN-1-8

7. BOoR SWTOH (52) = 48 PIN 44002215528 o

EQUNALENT.

5. INTERNAL RELEASE SWITCH (SW1) = FORTRESS mGARD
INTERNAL RELEASE MODULE.

PRELIMINARY
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Access State & Area Status is visually displayed for
Exclusion Areas, includes fail-safe design.

Area Status lamp on all Search & Secure stations

inside and directly outside Exclusion Areas

GREEN - SAFE for personnel access
YELLOW - S&S in progress
- - UNSAFE for personnel access (DEFAULT)

Access State marquee display outside of
personnel entryway vestibules

Default is unless SIS actively commands
Access AllowedEllE

Local and remote (COE) administrative control is provided
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display access state.

Marquee to be mounted on top of vestibule doors to

Item Qty
1 2
2 1]
3 1

1o oo

-Dra

Plastic
d_Phillips Screws, M4 x 0.70 mm 376 55

ad, 60mm Long, (pack of 10)
Steel Hex Nut 376 55

Super—Corrosion—Resistant, M4 x 0.7 mm
Thread (pack of 50)

Steel Washer 376 55
for M4 Screw Size, 4.3 mm ID, 9 mm 0D
(pack of 100)

Split Lock Washer 316 SS
for M4 Screw Size, 4.4 mm ID, 7.6 mm 0D
(pack of 100)

o

(790.00)

L ! !
27.80) (LI T il |
[ — f f

[ <—(25.00) _(i?.——(zzo.oo) e
(132.10)

)

2
J_

I\_A}ing‘ﬁRe?erencé: D—AE83}Q;6

MOUNTING INSTRUCTIONS

TO SECURE, PLACE SCREWS THROUGH
MARQUEE HOLES BY REMOVING
PLASTIC CAPS ON THE SIDE, AND
THEN SEPARATING THE FRONT OF THE
MARQUEE FROM THE BACK.

PLACE FOUR SCREWS THROUGH EACH
HOLE WITH COMPATIBLE WASHERS
AND NUTS.

POSITION MARQUEE ON CAGE IN
DESIRED POSITION.

SECURE DISASSEMBLED MARQUEE
BACK TO FENCE TOP RAIL WITH
APPROPRIATE FASTENERS

REASSEMBLE MARQUEE WHILE THE
BACK IS MOUNTED ON THE CAGE IN

LEDS-ULT-790-AP-2W

m

oLs83v-0

NSTX-U
D-AEB370

[sreer 6 or e rev o ]

(696.00) ITS DESIRED POSITION.
2 PRELIMINARY
——2n— NOTE: UNLESS OTHERWISE SPECIFIED
FRONT l--05.3 1. ALL DIMENSIONS ARE IN MM
N 2. TOL +/~= 0.1MM UNLESS OTHERWISE NOTED
953 / x2
190.5 L T— = ;

o

s

5 [ eco |
1 | 2 | 3 |t} 4 | 5 7 | 8 | ] 10 | 1 | 12 —

MARQUEE
Jov: omemy _TouTe 01-08-20 Joo rus: ODAEBS70..6.0Wp
T
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The Search & Secure (S&S) stations provide area status, S&S
feedback, and E-Stop functionality

S&S will be performed in SIS protected

Exclusion Areas prior to NSTX-U operations

NSTX-U Test Cell (NTC)
e 22 Stations plus 1 for Control and 1 for Status

MER Mezzanine
e 3 Stations plus 1 for Control

Simple user interface

Integrated E-Stop button
ESHD 5008 requires: “Personnel within an

interlocked area shall not have to travel more than
50 feet to reach an ESTOP”

Search & Secure will be performed by trained
and qualified personnel Drawing slide

Click me for S&S
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S
The Search & Secure process has been defined and verified

with the Machine Technicians.

* Machine techs perform initial sweep to warn personnel to leave
* NSTX-U Test Cell (shown in following slides):

* South vestibule door, South and West Shield doors are locked and
secured via TKS. This releases a trapped key used to initiate S&S (see
presentation on TKS for details)

* Three people are required to complete

* S&Sisinitiated at the North door, card readers are disabled after the
search team enters

* Each search team member takes a trapped key with them for personnel
accountability

* MER Mezzanine:

* Similar process to NTC, much smaller and less complex
* Two people required
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S&S is initiated at the North Door, two guards stand within
view of the stairs to upper levels (100’ elevation).

HIGH BAY

s
12
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Final steps of the NTC S&S are completed.

Search team exits

Hinged movable shield door at the North Door is closed
Trapped key is removed from S&S Control Station; this key plus
the search team keys release a key used to lock and secure the
North vestibule door

Search & Secure Complete!
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Conduit and enclosures will be uniquely marked/labeled and
secured with Bryce Fasteners when installed

L RIGID METAL CONDUIT

REF ~>) L<— RV

3/4"
TYP.

X3 NOTE 1-5

@ NOTE 6,7

PSS- ###

HORIZE

(1-1/2")

(6") (OR AS NEEDED)

PSS PULLBOX
REF

- Drawing Reference: D-AE8011_1. .

Wﬂm
1. PSS BANDING

2. APPLY EVERY 25° ON STRAGHT RUNS OF CONDI

3. APPLY TO THE ENTRANGE AND EXIT OF ANY JUN

PULL 80X, OR OTHER ENCLOSURES.

4 oy To 6O SOES OF WAL PENETATONS,

'ADACENT TO CHANGES N D

5. IN CONGESTED AREAS (EX. NSTX-U TEST CELL).

TAPE USERALLY,

6. COVERS OF JUNCTION BOXES, PULL BOXES,

muos-&smu.wAw\rEwwmu
i€ EQUPNENT 4S

7. PSS LABELS WLL BE PLACED IN ADOITION T0 T1
THE ENTERING ANO. EXITING CONDUT.

T T B T 3 [l
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CONSISTS OF THREE ADIACENT BANDS OF
PURSLE 374" SNGING Thre SeaceD e e e

Bryce Fastener
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.
. .
e i Drawing Reference: D-AE8011 3_.
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Outline

1.0verview

2.Scope

3. Requirements and Interfaces

4. Analysis/Prototyping

5. Chit Closure

6.Procurement, Fabrication, Installation, and Test
7. Risk - Project Risks and Design FMECA
8.Quality, Environmental, Safety, and Health

9.Summary
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Critical Design and Requirements Guided by the
Accelerator Community - People

Institution Individual Consultation, CDR PDR Site Visit FDR

Director’s (11/5/19)
Reviews &
Independent
Project Reviews
TINAF J. Kowal X X X
LBNL P. Bong X X X
BNL S. Buda X X X
ORNL K. Mahoney X X X X
ORNL D. Freeman X X
Ret. S. Davis X X X

ch tions: 1 3: Requirements and
@NSTX‘U g e NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 Interfaces




Industrial Consensus Standards served as guidelines to
the development of PPPL requirements

Requirements From Within the Complex Industrial Consensus Standards

IEC 61508

Functional safety of
electrical/electronic/programmable
electronic safety-related systems

DOE P 450.4A
DOE Integrated Safety Management Policy

48 CFR 970.5223-1 10 CFR 835
DOE Integrated Safety Occupational
Management (ISM) Radiation Protection IEC 61511

Functional Safety: Safety
Instrumented Systems for the
5 process industry sector
:PPPL Safety Manual (ESHD 5008), :

lother ES&H Programs % st da e

Application of safety instrumented

" | - systems for the process industries.

1 COMMUNITY PPPL .1 INDUSTRY

| - |

i BEST > <+ BEST

, i | REQUIREMENTS | :, ANSI/HPS N43.1

: PRACTICES : * : :PRACTICES Radiation Safety for the Design and

I N T Operation of Particle Accelerators

! SLAC ANL : r420.2C o e e o e e e e e o
I BNL FRIB : 1Safety of Accelerator

| OTHERS L. Facilities !

i s i N o o o o it o o 3: Requirements and
NSTA-U Charge questions: 1 | NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 Interfaces




A Hierarchical Set of Requirements Were Developed
for Personnel Safety

GENERAL REQUIREMENTS DOCUMENT
NSTX-U-RQMT-GRD-001
I
OPERATIONS & SAFETY SYSTEMS
SYSTEM REQUIREMENTS DOCUMENT
NSTX-U-RQMT-SRD-012

PERSONNEL SAFETY SYSTEM CONFIGURATION CONTROLLED
SAFETY INSTRUMENTED SYSTEM REJS;TRI:EI:EDNISI'ESYI)S‘;ELEI\'I\IAENT SAFEGUARDS
REQUIREMENTS DOCUMENT NSTX-U-RQMT-RD-026 REQUIREMENTS DOCUMENT
NSTX-U-RQMT-RD-024 NSTX-U-RQMT-RD-027

SAFETY INSTRUMENTED SYSTEM :
COFTWARE SPECIFICATIONS In total these documents form the basis of

REQUIREMENTS DOCUMENT the IEC-61511 §10 Safety Requirements
NSTX-U-RQMT-RD-100 . [ .
Specification

Click me for more
overview of each
document

C . 3: Requirements and
@NSTX‘U harge questions: 1 NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 Interfaces



https://drive.google.com/open?id=1oMoWz5BlAdfrSwsCCrD_OOd56HCtqu7N
https://drive.google.com/open?id=1oMoWz5BlAdfrSwsCCrD_OOd56HCtqu7N
https://drive.google.com/open?id=1od8Ecu7Be9cbT3jIXAvt-BH4-IdbcrPx
https://drive.google.com/open?id=1od8Ecu7Be9cbT3jIXAvt-BH4-IdbcrPx
https://drive.google.com/open?id=19HVdZ6cOORVSCQDjiySuRqvHF4cDkHju
https://drive.google.com/open?id=19HVdZ6cOORVSCQDjiySuRqvHF4cDkHju
https://drive.google.com/open?id=1-SBh_j35MGHZ1Kj5Gu3Xot8W_oI7ACg9
https://drive.google.com/open?id=1-SBh_j35MGHZ1Kj5Gu3Xot8W_oI7ACg9
https://drive.google.com/open?id=1-cQu8rE50ptGHVIbwaeKNWIR2NWiaSUd
https://drive.google.com/open?id=1-cQu8rE50ptGHVIbwaeKNWIR2NWiaSUd
https://drive.google.com/open?id=1xhmnmAud6-ru7xi8u6klVopodb-_ECDD
https://drive.google.com/open?id=1xhmnmAud6-ru7xi8u6klVopodb-_ECDD
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SRD - Key Requirements for PSS-SIS
Additional Actions and Additional Functions

3.1.1.2 PSS-SIS Additional Actions

b. Prevent operation of interlocked devices when personnel have access to exclusion area.

c. Prevent personnel from accessing areas where interlocked devices may be capable of creating a
hazard.

d. Provide E-STOP button functionality for interlocked devices. —

Refer to Slides in
the Scope section of
this talk and the TKS
Talk

e. Monitor personnel door status and interdict interlocked devices upon a door violation and/or

Refer to Scope

emergency exit from the doors in Table 3.1.1.2-1 -+

Refer to Scope

Table 3.1.1.2-1: Additional action areas

1 | Personnel doors on the cable spread room

2 | Personnel doors on the TFTR test cell basement caged area

3.1.1.3 PSS-SIS Additional Functions

a. Provide engineered support for search and secure functions for exclusion areas.
b. Provide audible and visual warnings of unsafe status for each securable area.
i. Provide audible and visual warnings within each securable area when transition from safe
to unsafe status of the securable area is underway.

i Provide a display near primary personnel entryways to securable areas showing the
securable area status, the ACCESS system state, etc.

f. Provide centralized display of the NSTX-U Safety System (PSS) status and its associated ¢

Refer to TKS Talk

\

>|  Refer to Scope

equipment.

Refer to Scope
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SRD - Key Requirements for PSS-SIS
Key Design Requirements (Highlights,Paraphrasing)

See Scope & refer to presentation by John

/Dellas: Project is replacing all 13.8kV breakers with a
fail-safe trip mechanism

® Fail-safe design (3.2.2 ¢ & d)

See Scope

® Tamper resistance and labelling (3.2.2 e)«—|

° TestabMeatures supporting safety functions (3.2.2 f)

See Scope

e Monitor interlocked devices for inconsistent state (3.2.2 h)

See Scope

e Cybersecurity (3.2.2 i-k) -

See Scope
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SRD - Key Requirements for PSS-SIS
Key Configuration Requirements (Highlights,Paraphrasing)

® No use of card readers for safety functions (3.3 a)

See Scope |

® Monitoring of interlocked equipment (3.3 ¢)

e Control room status display (3.3d)
D See Scope

® Annunciation outside of exclusion areas (3.3e)

See Scope
e List of interlocked devices - SV breakers and select SF
breakers (3.3i) e
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@NSTX-U

SRD - Key Requirements for PSS-SIS
Key Configuration Requirements (Highlights,Paraphrasing)

Table 3.3-2. Conditions for declaring a PSS-SIS Emergency Stop N\

Condition

i} Activation of an E-STOP button

2 Opening of a monitored door to a secured area when PSS-SIS
interlocked equipment is in an unsafe state

3 Inconsistent status between the allowed and present state of > See Scope Slides
Interlocked equipment if interlocked equipment is in an unsafe state

4 Internal or timing error in digital processing elements (if applicable)

5 Actuation of the (TKS) Emergency Egress push-button when PSS-SIS
interlocked equipment is in an unsafe state

J

k. Upon the occurrence of a PSS-SIS Emergency Stop, the steps in Table 3.3-3 shall be taken.

Table 3.3-3. Actions to take upon the declaration of a PSS-SIS Emergency Stop

1 | Transmission of shutdown signal to the CCS

See Scope Slides &
CCS Talk

2 | Shutdown of all PSS-SIS interlocked systems after an allowed delay

3 | Place all securable areas in a LOCKDOWN state

NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020



SRD - Key Requirements for PSS-SIS
Key Performance Requirements (Highlights, Paraphrasing)

Transition to a safe state shall occur in < 4
seconds after Emergency Stop (3.4a)

\

300 second gap between transition to NO
ACCESS and the transition to an unsafe

See Scope

State (34b) \ Refer to FUNC-ASTAT-07 in

Software Specifications RD
NSTXU_1-7-3-1-1_RD_100
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Details of Interfaces Defined in Interface Control Documents

System 1 System 2 ICD Link Exposition

Operations | Power Defines interface between the PSS-SIS and the Power
& Systems Systems Systems

Safety

Operations Heating Defines interface between the PSS-SIS and the Heating
& Systems Systems Systems

Safety

Operations | Test Cell Defines interface between the PSS-SIS and the Test Cell
& Systems

Safety

3: Requirements and
@NSTX‘U| Charge question: 2 NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 Interfaces



https://drive.google.com/open?id=1OQgV_zYhO0tx6mqwY10fp1Q7APFOiRn4
https://drive.google.com/open?id=1s7iZNyL1cGghRDSjE-CLyhD5lsrcGhrA
https://drive.google.com/open?id=1PQNv27UaKsKTLaHPtFVJo0LSz6CXDg_R

Outline

1.0verview

2.Scope

3. Requirements and Interfaces

4. Analysis/Prototyping — Refer to LOPA talk.

5. Chit Closure

6.Procurement, Fabrication, Installation, and Test
7. Risk - Project Risks and Design FMECA
8.Quality, Environmental, Safety, and Health

9.Summary
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2.Scope

3. Requirements and Interfaces

4. Analysis/Prototyping

5. Chit Closure

6.Procurement, Fabrication, Installation, and Test
7. Risk - Project Risks and Design FMECA
8.Quality, Environmental, Safety, and Health

9.Summary
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All Chits have been Closed

PREPARED BY:

REVIEWED BY:

REVIEWED BY:

REVIEWED BY:

APPROVED BY:

Chit Resolution Report for Personnel Safety System

Chit resolution report: NSTXU_1-7-3-1_CRR_chit_100
REVISION 0

July 12,2019

Kathleen Lukazik 6/20/2019 4:31:46 PM
Kathleen Lukazik,
Joseph Petrella 6/24/2019 7:20:18 AM

Joseph Petrella,

Peter Dugan 7/2/2019 11:17:26 AM

Peter Dugan,

Timothy N. Stevenson 7/2/12019 12:10:08 PM

Timothy N. Stevenson,

Stefan Gerhardt 7/12/2019 1:36:55 PM

Stefan Gerhardt,
PRINCETON PLASMA PHYSICS LABORATORY

P.0. BOX 451
PRINCETON, N.J. 08543

CDR

@NSTX-U |

Chit Resolution Report RO:

Charge question: 3

CRR_CHITID - CHIT RESOLUTION REPORT
CHIT RESOLUTION REPORT FOR PERSONNEL
SAFETY SYSTEM

NSTXU_1-7-3-1_CRR_100

Work Planning #:
Effective Date: 01/21/2020
Prepared By: Joseph Petrella

01/21/2020

Approved By Kathleen Lukazik, Preparer ket

PRINCETON PLASMA PHYSICS LABORATORY
P.0. BOX 451 PRINCETON, N.J. 08543

ENG-033 - CRR - CHIT RESOLUTION REPORT
CHIT RESOLUTION REPORT FOR PERSONNEL
SAFETY SYSTEM

NSTXU_1-7-3-1_CRR_100

Work Planning #:
Effective Date: 02/20/2020

FDR Chit Resolution Report R2:

PDR Chit Resolution Report R1:

| NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020

Chit Resolution Report
for
Personnel Safety System

March 2, 2020

NSTXU_1-7-3-1_CRR_chit_100 Rev 3
Joseph R.
Petrella Jr. g

Prepared By:

J. Petrella, PSS Cognizant Engineer
Timothy N. Digitallysigned by Timothy N

nnnnnn
Reviewed By: Stevenson Date: 20200303 1313510500

FDR Chit Resolution Report R3:

5: Chit Closure



https://drive.google.com/file/d/1JKo06yY9H_STLmyBUd94jWmSlosmg4yl/view?usp=sharing
https://drive.google.com/file/d/1JKo06yY9H_STLmyBUd94jWmSlosmg4yl/view?usp=sharing
https://drive.google.com/file/d/1JKo06yY9H_STLmyBUd94jWmSlosmg4yl/view?usp=sharing
https://drive.google.com/file/d/1MS_7f-Whc9Wqrl37aiYyGGkqV2g2YEvS/view?usp=sharing
https://drive.google.com/file/d/1MS_7f-Whc9Wqrl37aiYyGGkqV2g2YEvS/view?usp=sharing
https://drive.google.com/file/d/1MS_7f-Whc9Wqrl37aiYyGGkqV2g2YEvS/view?usp=sharing
https://drive.google.com/open?id=1OVJc1xpLwddmvox8y4t6fzQ58TLS6mvf
https://drive.google.com/open?id=1G-gS5ky-ZV1SXt8AUfNX99otY0Is9vt7

Outline

1.0verview

2.Scope

3. Requirements and Interfaces

4. Analysis/Prototyping

5. Chit Closure

6.Procurement, Fabrication, Installation, and Test
7. Risk - Project Risks and Design FMECA
8.Quality, Environmental, Safety, and Health

9.Summary
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COTS, Labor, and Panel Assembly planned to be procured
through pre-qualified vendors.

Vendors have been identified and pre-qualified for A-1 Components and/or critical
services

Logic Solver & Feedback Components (A-1 components):
Five (5) A-1 vendors qualified
Purchase requisitions will be ready to issue upon CDE-3B authorization
Design Support Services (A-1 services)

Two (2) Basic Ordering Agreements in place for PLC and SIS design support and have already been
extensively utilized
Additional tasks can easily be assigned via Job Orders

Construction Services (A-3 installations)
Conduit system installation
*  Expected >51M Subcontract based on vendor budgetary estimate

*  PSO approval (“Red Book”) required prior to issuance of RFP
* Red Book with RFP will be ready at CDE-3B authorization

Control Panel Assembly
* Vendors identified
*  SOW & purchase requisitions will be ready for issuance upon CDE-3B authorization

@NSTX'U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 6: Proc., Fab, Install, Test



S
Overview of Installation and Commissioning

=
) SEE—
SIS TKS CMS
Conduit Installation Hardware Installation Hardware Installation
Procedures Procedures Procedures
N
SIS SIS
1/O Field Device Control Cabinet SIS % TKS .
Installation & Wiring Installation & Wiring Sofar Installation /O Installation.&:
Procedures Wiring Procedures
Procedures Procedures )
SIS
Point-to-Point Test
Procedures
~
N
SIS
Logic Stage 2 Functional PSS System
Pre-operational Test Safety Assessment Test Plan
Procedure )
sis oS T®S
Software Pre-operational Test Pre-operational Test
Test Plan -op) Procedure
Procedure
SIS
1/0 + Logic P CM.S
re-operational Test
Integrated System
Procedure
Test Procedure
“
PsSs
Integrated System
Test Procedure
-
—
Search & Secure Cybs;r(s)::ggz Test PSS Periodic Test
Training Materials Procedure
| —
PSS Operator Commissioned Stage 3 Functional
Training Materials System Safety Assessment
v
)
P=SOperations L . s PSS Maintenance
Supervisor Training System Op < Procediiies
@ NSTX U Materials I—)
- | —

6: Proc., Fab, Install, Test
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Outline

1.0verview

2.Scope

3. Requirements and Interfaces

4. Analysis/Prototyping

5. Chit Closure

6.Procurement, Fabrication, Installation, and Test
7. Risk - Project Risks and Design FMECA
8.Quality, Environmental, Safety, and Health

9.Summary
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Project Risks are Actively Being Managed

Risk Score (1-81) Open/Closed Risk Retirement Event
If Interlocked Energy Control Devices do not 49 RETIRED PDR of PSS

meet minimum performance requirements

If independent architectures are required for 28 RETIRED PDR of PSS

each SIS chain

Proposed Independent Protection Layers 20 RETIRED FDR of PSS

(IPLs) do not meet minimum performance
requirements

If the PSS Qualitative Risk Assessment 0 RETIRED FDR of PSS
reduces required Risk Reduction components

If value engineering reduces the number of 0 RETIRED FDR of PSS
interdictive devices in PSS by 50% .

Install finger-safe guarding around Gaseous 0 RETIRED PDR of PSS

helium and exposed electrical to
remove/reduce an interlock requirement

Follow-on risks associated with fitup and installation held at the Project level in the Risk Register

@NSTX‘U | Charge question: 4 | NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 7: Risk




PSS-SIS FMECA encompassed by IEC-61511 Fault Tree
Analysis — Refer to LOPA talk at this review

> Demand " Performance of the
&
Y @&\ = Safety Instrumented
% .
\OQQ Q)OQQ’ S wbede __—W| Systemis calculated as:
2 D NG e
€ @ @ 1/Q=RRF
'\\OQ Accesi- é)\;tection SIEOPEI)_C Debﬁ%iéz:?:"ma 1 / 0.001208 = 827

i AN N

Detection Fails SISPLC De-En Plasma
Q=0.0001099 Q=3.438E-06
— T

Page 2 Gen SIL3 PLC
CPU
FR=1.25E-07
Tau=17532 Fail to De-Engergize De-Engergize
MTTR=0 NB 1&2 Coils
Q=0.001095 FOD FOD
JgE N
)\ * For balance of Fault Trees, refer to:
De-En NB De-En Coils
Q=3.434E-06 Q=3.932E-09
AN\ AN\
Page 3 Page 4
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https://drive.google.com/open?id=1katunqwGIkrm-Egfmig3ISDvsB0RAJaY

Outline
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7. Risk - Project Risks and Design FMECA
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9.Summary
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QA/QC, Validation & Oversight

e PPPL QA supplier qualifications for all A-1 components

e Maijority of components are COTS - no fabrication oversight needed

o PPPL QA & PPPL Engineering will be used for on-site work and
contracted labor oversight

e All PSS-SIS equipment shall be installed by personnel approved by
the NSTX-U Head of Operations

e The PSS-SIS validation procedure shall follow a written Integrated
System Test Procedure.

e PSS-SIS validation shall include static and functional tests of all
PSS inputs, outputs, and operational modes

e Software developed for the PSS shall implement the PPPL Software
QA procedures, as appropriate

@NSTX-U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 8: ES&H, QA



Quality: Overview of SQA Documents & Plans

Software Description and Other SDCF forms
Categorization Form for e Studio 5000 (COTS, A-1)
PSS-SIS Logic e FactoryTalk (COTS, A-3)
(per QA-028) e HMI Software (PPPL, A-3)
A-1

PSS-SIS Software Quality
Assurance Plan

NSTXU_1-7-3-1-1 QAP_100

PSS-SIS Software Project PSS-SIS Software PSS-SIS Software Design

Management Plan Requirements Description (future) PEERIS Sl TesERia

NSTXU_1-7-3-1-1 _TPLAN_100

NSTXU_1-7-3-1-1 PLAN_100 L NSTXU_1-7-3-1-1 RD_100 NSTXU_1-7-3-1-1 DOC_100
/

\
PSS-SIS Cyber Security
Assurance

NSTXU 1-7-3-1-2 DOC 100
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Environmental, Safety, & Health

Work hazards during installation are standard industrial hazards:
Hand tools, LOTO, etc.

Hazards mitigated through PPPL ISM and ES&H internal

procedures:
Job Hazard Analysis completed prior to the start of planned work.

* (Cutting, using power tools, eye protection, etc.)
Silica Hazard - conduit & hardware component installation

* Air monitoring - as required

* Respiratory protection - as required

* Dust minimization controls - vacuum & water
Work scheduled via the rollover and work control center to avoid work area
conflicts.

All Lockout/Tagout preformed per PPPL procedure ESH-016

@NSTX-U | Charge question: 5 | NsTXU Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 8: ES&H, QA
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Summary

PSS-SIS Requirements have been met by the design as supported by
analysis and an extensive drawing set.

Interfaces are considered in the design and documented in the ICDs
All chits are closed

All Design Risks have been mitigated through the design
Procurement strategy established

Majority of vendors already QA qualified

BOAs used for labor augmentation & construction

PSS Configuration Managed Credited Controls identified for ASE
Environmental, Safety, & Health considerations are standard
practices for the laboratory

@NSTX‘U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020
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Movable Shield Walls monitored with (2) Turck Sensors
(N115-EM30-Y1X-H1141) — SIF input
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Movable Shield Walls monitored with (2) Turck Sensors
(NI15 EM30-Y1X-H1141) — SIF input
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NB Pringle Switch Position Monitored with AB Limit Switches
(440P-ARPS11CS) for additional engineering actions (not a SIF)
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[

[ [v [ [0 [woscosmol masaon)

Limit Switch

440P-ARPS11CS

|||||

s2u1sASe OR EQ

T

HEREEE
H H

HidHE
H

_ oame =

] I
4 |slss|s|z
H 3

TR o s oo s o | SRR B

x| |—eneeerra—] ===
T s T T

2. W WOOELS AR PROVIDED, VENDOR MUSE VERLFY TEAT WOORL DIMENSIC
ITH PRPL APPROVED DRININGS FRIOR TO FABRICATION.

RiCovERY

Lo 1 e e Sss P % Bichres

@NSTX-U

=

NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020



L
NB Pringle Switch Position Monitored with AB Limit Switches
(440P- ARPSllCS) for addltlonal englneerlng actlons (not a SIF)
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FCPC Line Switch Monitored with Omron Optical Switches
(E3ZA T81A) for addltlonal englneerlng actlons (not a SIF)
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L
FCPC Line Switch Monitored with Omron Optical Switches
(E3ZA-T81A) for additional engineering actions (not a SIF)
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PCTS Bus Links Monitored with AB Light Curtain
(450L-E4FL1950YD) for additional engineering actions (not a SIF)

B e Drawing Reference: D-AE8370_5 L
_ Ca~ - —
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! )
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GUARD smucmkt\ | | ]
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‘ UNKS AND PCTS GUARD ‘ REFERENCE DRAWINGS:
|

XXXXX c

NOTES: UNLESS OTHERWISE SPECIFIED
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2. ENCAPSULATE CABLE IN CONDUIT .
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PRELIMINARY
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L
PCTS Bus Links Monitored with AB Light Curtain
(450L- E4FL1950YD) for additional engineering actlons (not a SIF)

“——Drawing Reference: D-AE8005_360——————— E
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Primary searcher goes to first S&S station on uppermost level
(118/119’ elevation).

PLATFORM
EL-114'-8"

. HUMIDIFIER
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Searcher completes prescribed route as shown

@NSTX-U

(118/119’ elevation).
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Searcher takes stairs down to middle level, continues on
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Searcher completes path on middle level (109’ elevation),
follows path downstairs to ground level (100’ elevation).
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Searcher continues on path shown, including South bay
(100’ elevation).
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Searcher follows path back from South bay, guards join as they
are passed (100’ elevation).
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LOPA was been used to determine the PSS-SIS SIF risk reduction performance
requirements (refer to LOPA talk given previously)

1: Identify Risks,

e S

Probabilities &
Severities (HAR) \

Layer of Protection Analysis (LOPA) is one method —

described within IEC 61511 for the determination
of Safety Instrumented Function risk reduction

2: Define
Tolerable Risk

rd Safety
/ Instrumented

System

= —

Safeguards

\[\ ;‘ @

Trapped Key
System

IPL

IPL

requirements.

3: Identify Impact Events,
Initiating Causes, Conditional
Modifiers, Enabling Conditions

(LOPA)
/

/ Safety h
Instrumented

System

Trapped Key
System

4: |dentify Mitigating Independent
Protection Layers (IPLs) and risk
reduction factors

(LOPA)

\ Instrumented System [SIS]).
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5: Identify residual risk
requiring additional
mitigation (i.e. by a Safety

|dentify Safety Instrumented
Functions (SIFs) &
Performance Requirements
(LOPA)

o



SIS mitigation and minimum performance requirements have been

defined for (5) Safety Instrumented Functions (Ref:

)

The Safety Instrumented Functions (Defined by LOPA/SRD-012) require the
interdiction of PSS-SIS interlocked devices (final elements) when an access
door to an exclusion area is violated (opened during No-Access) for

mitigating Direct lonizing Radiation and Magnetic Hazards

Minimum
Risk Reduction Hardware Fault
SIF Identifier Action Monitored Process Variable(s) Factor Target SIL Target Tolerance
S-1 Interdict |-=|naI-EIement Devices on Exclusion Area Access Doors 12 1 0

Access Violation

S1a In'terd'|ct Final Element Devices on Access NTC North Tritiurn Door 12 1 0
Violation
| ict Final El Devi A

S1b n'terdllct inal Element Devices on Access NTC South Entryway Door 12 1 0
Violation

Sc In.terd.lct Final Element Devices on Access NTC TETR Tritium Door 12 1 0
Violation

S1d In.terd.lct Final Element Devices on Access NTC NB Tritium Door 12 1 0
Violation

S1e In.terd.lct Final Element Devices on Access MER Mezzanine Door 12 1 0
Violation

Click me to
Return to main
resentation
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COTS computer monitor / keyboard / mouse interface
will be used for PSS, CCS, and EPICs COE work stations

1 2 | 3 3 . 2 10 1 12
Drawing Reference: D-AE8366_1
A A
FRONT EXTERIOR DELL ULTRASHARP 32 4K USB-C MONITOR
P/N U3219Q OR EQUIVALENT TYPICAL (3) PLACES
CCR—EE-001 CCR-EE-002 CCR-EE-003 CCR-EE-004 CCR-EE-005 PORTRATY SRIERTATION
L wevoeose A
- e A AN 7 v -
S o EPICS MONITOR PSS MONITOR CCS MONITOR
VETXU P55-65 STATUS “w onn L7 A A A/ A /A A A/
5 & 86 86 B
8 NSTX-U CENTRALZED COTROL SYSTEM ¥ T B8

5000 ===

\ LCD RACKMOUNT 9RU, TELESCOPING

MID ADLANTIC PRODUCTS P/N RM-LCD-MT

=‘.:'_QI" b 'O:: OR EQUIVALENT TYPICAL (3) PLACES
=
iy - i y ") NOTE 1
oy 1o sesss. Y, @2 (15.6250")
c D EE RN swion et st DGR VA A7/ A A /A A A A A c
RO - Y Yoy Yy oy
. @ = (em

RESERVED — FUTURE CCS
(@)

RESERVED ~ FUTURE cC5
()

(EXISTING TABLE FOR REFERENCE)

RESERVED - FUTURE CCS
()

D D
7ol 7o
ces wosksTATON
(av)
55 WoRkSTATION
vy
PRELIMINARY [
3 v S
o ]
s S
i ]
&
REFERENCE DRAWINGS o
AEB210 — CCR-EE-001 CONTROL ROOM RACK
- AEB211 — CCR-EE—002 CONTROL ROOM RACK
NOTE: UNLESS OTHERWISE SPECIFIED
1. ALIGN LCD RACK MOUNT TO APPROXIMATE
" MIDPLANE OF DISPLAY AREA 5
ER WORK PLANNING ¥ Vi PRINCETON PLASA PRTSICS LASORATORY
3% e "SPHEREAL ToRLR Bioesmenr
@ w PERSONNEL SAFETY SYSTEM
clzl&R COE STATION LAYOUT G
51%2 e
glxlz porvo. _N/A__ owe e | [oves OATE: 012420 | cA0D FiE: ODAEB366_1.0
©|Z|Y Nor peumes. | [ENiw DasosTg_ [ #EEROTED NSTX-U
OWN:J. PETRELLA D-AE8366
E AR R L
1 2 1 3 [ 4 5 | 68 7 1 8 9 [ 10 | 11 | 12 o

@NSTX'U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 81



The SIS I/0O locations and their signals have been determined.
Control panel layouts/BOMs have been completed (examples below).

Drawmg Reference D-AE8215_1

Drawmg Reference D AE8235 1

FRONT VIEW

" FCC_ROOM_RACK

PRELIMIN |

PRELIM!NARY -

i

Note: Control Panel Interior panel wiring documentation will be completed as part of control panel

requisition
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S
Timing & Sequencing Detail of PSS-SIS Emergency Stop

Table 5.4-1 Detail of the timing and sequencing in support of figure 5.4-1.

Action | Phase Time Actions
Phase (sec) (using 0.2 s logic scan)

e During NO ACCESS, a door opens at T=0. Digital input sees input
change at T+0.2 s.

e FUNC-COND-01 Input signal conditioning take 0.2 s.

® FUNC-SS-01 then FUNC-SACT-05 then FUNC-SACT-01 uses 0.6 s.

e FUNC-CCS-01 asserts digital output. no output signal conditioning. 0.2 s

e E-Stop is asserted, safe-to-enable revoked, to CCS at T+1.2 s.

® FUNC-SACT-02 allows CCS/BCS 1.0 s to trip breakers and then evaluates
need to interdict .

® FUNC-SACT-03 asserts interdiction process variables (0.2 s).

e FUNC-COND-02 use 0.3 s for signal conditioning, asserts digital outputs.

e assume 0.1 s for safety relay and SV/SF breaker trip.

e SV/SF breakers open at T+2.8 s.

e digital inputs read for SV/SF breaker positions.

e FUNC-COND-01 Input signal conditioning take 0.2 s.

® FUNC-SACT-04 decides whether S1-B1 interdiction is necessary, and

C 0.8 asserts interdiction process variables (0.2 s).

e FUNC-COND-02 use 0.3 s for signal conditioning, asserts digital outputs.
e assume 0.1 s for safety relay and S1-B1 breaker trip.

e S1-B1 breaker open at T+3.6s.

Ref: NSTXU 1-7-3-1 RD 100
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L
Twelve software modules detail the structure, purpose,

dependency, and result of each module

4, Software Modules 13
4.1 Actions Module 13

4.2 1/0 Conditioning Module 17

4.3 Operating Mode Module 20

4.4 Exclusion Areas State Module 21

4.5 Inconsistency Module 26

4.6 TKS Module 30

4.7 Search and Secure Module 31

4.8 CCS Interface Module 36

4.9 Centralized HMI Module 44
4.10 Alarm Module 50

5.5 System Monitoring Module 57
5.7 Data Export (USB) 59
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e
Each module includes associated functions that are defined in

tabular form (example below).

Table 4.1.1-1 PSS-SIS Emergency Stop
FUNCTION ID FUNC-SACT-01

Title PSS-SIS Emergency Stop Condition

Description Per Table 3.3-2 in reference [2], declare and latch a PSS-SIS Emergency Stop
condition, which will initiate the Interdiction action.

Dependency ® FUNC-AACT-01 (E-Stop buttons)
2 FUNC-TKS-02 (TKS Egress buttons)
» FUNC-SACT-05 (door violation)
s FUNC-INC-01 (inconsistent status)
° FUNC-AACT-02 (E-Stop Reset)
Result A process variable for a PSS-SIS Emergency Stop Condition will be set. This variable

is latched and will require field device reset and operator intervention to reset the
condition (FUNC-AACT-02).
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Some functions are chained to provide the
Safety Instrumented Function (example below)

FUNC-CCS-01
FUNC-AACT-01 > Notify =@
ccs
E-STOP
BUTTON
FUNC-TKS-02
TKS EGRESS
BUTTON FUNC-SACT-02 o
s o | minimum of 1 out of 3
: | interlocked devices
| 1.0 Sec | verified as SAFE
FUNC-SACT-05 FUNC SACT-01 PSS_SIS | delay |
FUNC-SS-01 (NTC) DOOR EMERGENCY STOP I |
FUNC-SS-01 (MERM) VIOLATION S 1P .
FUNC-SS-01 (CSR) °
——{ S
FUNC-SS-01 (TCB) s FUNC-SACT-04
FUNC-INC-01 __ FUNC-sacT-03 |
FUNC-INC-02 (FCPC) el I by ALL BREAKERS
STATUS | Trip SV and SF I OPEN
FUNC-INC-06 (NB) Pl il
FUNC-INC-10 (SVSF) ﬂ : | :
|
| |
N B
I .
FUNC-AACT-02 : TRPESL
|

E-STOP L
RESET | e e e e e e e e

* The red line is the SIF. Everything else is considered “additional actions”.
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The PSS-SIS uses a unique and easily identifiable scheme for
labeling and identification of conduit and components.

The “defined by user” ANSI/ASME A13.1 color combination White

on Purple has been selected
Pipe banding tape
Pipe markers

Labels
V . YOUR CUSTOM WORDING ——
MESL o
CONDUIT i (TVP.) \‘ :
(REF.) — G \
i “ n
[ ] i =
‘ =H|
PSS-NT 1 ”Yiz?**mp_\ |-
ik ANSI/ASME A13.1
| Guidelines
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Hardware has been chosen that replaces COTs fasteners for
tamper resistance and access control

* Permanent installations
* Pull boxes, junction boxes, condulets, etc. will
be fastened with unique hardware
* These locations will either contain no

reconfigurable components or not be expected BRYCE
to be modified ——
* Bryce Fasteners Key-Rex fasteners have been
chosen
« Keyway is unique to the NSTX-U PSS-SIS uniaue 1o each customer,
* Locked enclosures o e BRYCE

375AU

* Locked enclosures, such as for reconfigurable
network equipment, are instrumented to the SIS .
with a switch to detect a door opening 375RY

(EYH
3751 4-/

Over 55 billion
key code variations
ensure that only

Yyou can remove your
fastener.

@NSTX'U NSTX-U Recovery Project FDR - (Safety Instrumented System), March 17-19, 2020 88



General Requirements Document Requirements Summary
(paraphrasing) — Requirements Met By Design

Comply with the Accelerator Safety Order (DoE Order
420.2c) (6.7.1a)

@D National Spherical Torus eXperiment Upgrade
Prevent access to the NSTX-U test cell and related areas

when they are in an unsafe condition (6.7.3.1a)

National Spherical Torus Experiment Upgrade

GENERAL REQUIREMENTS DOCUMENT

NSTX-U-RQMT-GRD-001-03

Prevent sources of energy such as neutral beams from
turning on when areas allow access (6.7.3.2b)

Support search and secure, provide emergency stop
capability, sense door violations (6.7.3.1c).

Permit multiple layers of protection to achieve the desired

e by Richr .

. . Richard J. Hawryluk reemis
[ ——
rI S k re d u Ct I O n | eve I ( 6 . 7 . 3 . 1 d ) Accepted By: R. Hawryluk, NSTX-U Project Director, Research Head

ES&H: Complete the project in a way “...protect personnel,
visitors, the public, property and the environment from

injury.”(7) Click document or follow

3: Requirements and

ln+tAavrfAar~rAac
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https://drive.google.com/open?id=1oMoWz5BlAdfrSwsCCrD_OOd56HCtqu7N

Operations and Safety Systems SRD Overview —
Requirements Met By Design

Covers numerous systems:
PSS-SIS
Trapped Key System
Configuration Managed Safeguards
Centralized Control System
Grounding
Radiation Monitoring and Annunciation
Test Cell Oxygen Monitors

Also contains a listing of definitions supporting
the PSS-SIS deployment

Flow requirements down one level of
granularity from the GRD

On Rev. 2 of the document.

Follows Project standard for SRDs regarding
format
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@D National Spherical Torus eXperiment Upgrade
National Spherical Torus Experiment-Upgrade
NSTX-U
SYSTEM REQUIREMENTS DOCUMENT

Operations and Safety Systems

NSTX-U-RQMT-SRD-012-02
November 25, 2019

Stefan Gerhardt s T
[t

25 20200 08

Prepared By: Stefan Gerhardt, Systems Engineering and Integration

Peter Dugan s 2o

Reviewed By: Peter Dugan, Systems Engineering and Integration

Timothy N. Digially signed by Timothy N.
e

Reviewed By: Tim Stevenson, NSTX-U Operations Head, 0SS, NTC, and Heating Systems RE

Yuhu Zhai /&

Reviewed By: Yuhu Zhai, NSTX-U Project Engineer

Reviewed By: William Slavin, Industrial Hygiene and Safety TA

PAULSICHTA e

Reviewed By: Paul Sichta, Control and Data TA

GEORGE Do s EORGE
ASCIONE Date 20191202 122811 2507

Reviewed By: George Ascione, Radiation Protection TA

Click document or follow
3: Requirements and
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RD-24 Flows Down Requirements for the Safety Instrumented
System — Requirements Met By Design

@ National Spherical Torus eXperiment Upgrade
Comprehensive Requirements for the PSS-SIS
(0 nly show ToC in this tal k) NSTX-U Personnel Safety System-Safety
3.1: Hazard Analysis and SIS SIFs 6 Instrumented Systems Requirements
3.2 PSS-SIS Interlocked systems 6 NSTX-U-RQMT-RD-024-02
3.3 Access Control 8 November 25, 2019
3.3.1 Exclusion Areas 8 Stefan Gerhardt Eff‘z%;j"t::::m o
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SRD - Key Requirements for PSS-SIS S/Fs

Table 3.1.1.1-1: PSS-SIS safety instrumented functions

SIF Description Minimum Safety Integrity Level*
Sk Interdict Interlocked Devices on Access Violation of the NTC North SIL1
; Shield Door*

c1b Interdict Interlocked Devices on Access Violation of the NTC South SIL4
: Entryway Door

Interdict Interlocked Devices on Access Violation of the NTC West

S-1.c SIL1
Shield Door

T Interdict Interlocked Devices on Access Violation of the NTC South e
’ Shield Door

o Interdict Interlocked Devices on Access Violation of the MER g3
-l.e
Mezzanine Entryway Door
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Refer to LOPA talk and this presentation for the scope/design that implements them
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