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SYSTEM DESCRIPTION FOR THE K866 TARGETS
June 4, 1996

The E866 target system is located in the ME6 beam hall of the Meson Area
Detector Building. The target system is composed of three stainless steel
flasks. The stainless steel flasks are 2.2 liters each in volume with
dimensions of 20 inches long by 3 inches in diameter. One flask holds
liquid deuterium, one holds liquid hydrogen and one is evacuated for a
control. The hydrogen and control flasks share the same insulating vacuum
space. The vacuum containers are built from aluminum with their beam
windows using a titanium alloy. '

The liquid deuterium and liquid hydrogen targets are controlled to a pressure
slightly above atmospheric, i.e. about 14.7 psia. The interior of the control
flask is common with the insulating vacuum space and thus its pressure is
equivalent to that of the insulating vacuum. The primary safety relief valves
protecting the liquid deuterium and liquid hydrogen flasks have a set point of
10 psig.

The various targets are moved into the beam position by a custom-bnilt

motion table by Daedel. Controls for the table are made by Anaheim

Automation. The three targets are moved horizontally into and out of the
eam. A complete specification is enclosed for the motion system.

The cryogenic targets are cooled by “50 Watt” APD refrigerators. The
compressed helium gas is supplied from the Mycom compressors in the
Meson Cryo Building. Standard pump carts are used for the vacuum
systems and purging equipment. The target control system includes a T1405
Series Programmable Logic Controller. Controls for the motion table are in
a separate half rack. These controls can be locked locally to prevent the
motion of the table. This will be necessary for tent access periods.

he E866 target tent includes a ventilation system to exhaust any leaking
hydrogen outdoors. The two liquid flasks are in different vacuum spaces to
reduce the potential for releasing 4.4 liters of H2/D2 instead of a single flask
failure releasing only 2.2 liters. The vent duct has a powered fan for
ventilating the tent.
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E866 TARGET TRANSPORT TABLE
June 4, 1996

The E866 motion table was originally purchased for use in E665.
Although the E866 target location has conditions less stringent than those at
E665, we will reuse the table for the new target system in the Meson Area
Detector Building, ME6 beamline. Following are the original specifications
for the table. Drawings referenced below can be made available upon
request.

E665 TARGET TRANSPORT TABLE:

This is the specification for a target transport table for experiment
E665. The table moves in order to align different targets with the beam in
the Muon lab. The table will be in a stray magnetic field from a large
analysis magnet. The stray field in the area of the motion table is estimated
at 200 Gauss. Ferromagnetic materials should be used only where necessary
for structural reasons or for the drive mechanism. The table will support
three hydrogen targets and a metal target structure that can rotate any of
seven different metal target systems into the beam. The target setup is
shown on drawing 2727.665-MD-58117 and 2727.665-MD-58118. The
SELLER will supply the target table, drive motors, and motor controller for
the metal target structure.

- The target table 1s required to move from any one target beam position
to any other target position in less than 35 seconds. The maximum motion
distance of the table necessary is 32 inches. The accuracy of positioning is
+/- 1 mm repeatedly in the direction of motion. The metal target drive motor
may operate simultaneously. The acceleration and velocity profile must be
adjustable from the motor controller. The motor controller will be
programmed from a Fermilab supplied IBM compatible PC.

The table base plate must be drilled by the SELLER to hold the
Fermilab supplied target systems. The base plate must be made from 6061-
T6 aluminum and capable of supporting 800 lbs. of weight excluding the
drilled base plate required by the design. Drawing 2727.665-MD-58119
shows the hole drilling pattern for the base plate.

The specific equipment list (or equivalent) is as follows:

QTY DESCRIPTION
1 Anaheim Automation #DPF21SB1 2-axis programmable step
motor controller, driver and power supply ‘

Anaheim Automation #34D311S Nema 34 frame step motors

o

PN

Anaheim Automation #AA 1709 RS232/RS422 bi-directional

[y



converter

-

Anaheim Automation #ENC-15 4-axis encoder feedback
board ‘

1 Veeder-Root #650800-010 8mm 5-24 VDC, NPN output,
proximity switch for metal target wheel home sensor

1 Daedal #008-1369 single axis motor driven slide
24" wide x 32" travel rail table with 24" x 46"
carrier plate and 4 linear guide rails: 4 bearings
per rail: 0.200" lead rolled ball screw 1.125"
diameter; home and limit switches; 1000 line
encoder mounted on the drive screw opposite the
motor

The quote must include the price for one day of training at Fermilab
for programming the controller. A SELLER who proposes different
equipment from the recommended list above must show a listing of the
differences in specifications between the proposed equipment and our
recommended equipment.



96/¥/EL 1 8feg WY SE0L
R7E Bisd 000¢ ZHHY -8 oidnN BABA JOUWS 4NS2A-1d A0k L-AW
T " Pl Bisd 000} ZAHY-8 oidnn eABA 801D [ JAZH-1L C-801-AW
R Bisd 0001 OOAMEY-SS oudnp oajea ebind deyy ploo T-L04-AWN
) 2/ L ~ Bisdoog| £62¢ 807119 oidnN T eaen1epnc del piog G-90L-AW
) 2l bisd 0og £6¢2 807119 oidnn oAjeA ssedig deil pjop Q-504-AW
,,,,,,,,,, «3/h Bisd 00g £622 8GT1-19 oidnN aaen Jajuf dedy pog| a-¥0L-AW
2 Bisd 000t €01 uoselep sAjeA joinys Jes dwind aid a-z0+-ANW
. T FiV T Bisd goor T SiHrE ordnN BOINYS Q-101-Ak 150d a-L0L-ANW
- - SIATVA TYONYW
WL paiiddns 1opusa AY001Z12Vd pleysnen-jsqdwe) 18yl Josseidwiod iy N-10-4
A0 XA-58-008/E Nd Welsd Il LdN I Bisd 008 G5/48 Nd Buisnoy uoisieg sy evenogsed Aiddns wnyey 9H-10-4
i ) T - - T ewEd
jsicinviie) \.:@E»OZ « 7 DA[BA WINNDEA OVALSE J\&J yoleasoy wnnoep BAJBA HOINYS WNNoBA LO_I IO,Q»:I.&M
JULION ABM I pisd 051 OVADZL GEyPEQsA TeulNs "~ eaen poinys duindeiog T AAIAHOZ-d3
WION ARMeg B pisd 051 OVADZL GEPVEUSA BUUBg anlen yoinys dwnd 4bnog| HAAENE-d3
) Ajeunion Aemg) 81 L pisd 061 OVAOZL ‘SEVVETSA TBUUPG - aajea aBind nolis UsBolpAH I0NdeHd3
pPs0J0 AljeulioN . A WNNOBA OVAOEL b1 (D1eas8Y WnNoeA SAIEA JOINYS WNNOBA UBIH GOVAIH-a3
pasopy Ayewion Aem-g S L pisd 0G1 OVADZL 'SEFPEASA JEN aajen Joinys dwndeiod OAAHOL-d3
pesol) AjBulLoN Aem-g| 8/ L pisd 051 OVAQZL GEVPEASA 1BUUNS T enjen goinys dwnd ybnoy AATAANE-d3 |
PaR0|D AfBWION Aem-g 8/ L pisd 0G1 OVAOZL 'SEVPPEUSA 1OULDS aaea sbind ynosio wnusinag FOHNd2A-<3
- - STATVA DILVANINA-OHL0373
= ss8i4 15ing Y/t Bisd szz PHAPHATWE19 oidnN UNDHD ZH U0 BA[BA MOY] §560X3| H-10-AJT
='8s8id jsing, WYL Bisd gzg PHAPHATHI-19 aidnN| " 1n0IIS 2Q UO SA[EA MOJ) $S80XT a-+01-A43
T T - SIATVA MOT §530X3
I pas0(s KewioN AEM-Z R pisd 05} OVA 0L} ‘0S12aU8sA 18UUNG " UjBIp J9iem J0sSaxdWod Uy NHOHLAM-AZ
PESO[) AIBWION FeM-g /L pisd 061 OVA 01} 05 128d8sA TeuUNS SAjeA 1UBA dwndaicy HINSAdAATS
- pO50[0 ABUWION ‘ABM-E I pisd 051 OVA 01} '051290EsA 1BUUDIS anea uen dwnd yBnog] | HINZAdHAT
2 AjeuiioN Aemg R7n pisd 0G1 OVA OL1 05128056A JENITS PioLBIOS BABA jiI] 1eBIe] TUZH-AT
T T peso) AeilioN AemE R pisd 0G| OVA 01} '051280ESA FETS plousios eaea Ajddns zH dNSZHAZ
WIoN Rer-g /L pisd 051 OVA i} '05328Q8SA 1BUUNG PIOUSICS BAJEA WUBA AAZH-AZ
UIION "ABM- WP pisd 0G1 OVA OLL '051280ESA TeuupS T anjen Jusa dundeiog AINFAdFAT
WION Aem-g e pisd 051 OVA OFL '0G12aGESA JBUUPIS © 7 sajea wea dund ybnoyg QUINIAdE-AT
ION K7 pisd 051 OVA OLE 0G124dssA JFETVITRTS piousios eajen iy bl Ti=420-A3]
Il pisd oSt OVA Oi} 05,260E5A PRV plou(Gs aalea AiddRS 2H| dnsza-n3
K2 pisd 051 OVA 0L} '051ZEQESA 1BUUPIS PIoUB|DS BAjRA IUBA ARZA-A3
! pisd 0052 "OVA Ol 'SL7 0t POW| J815B0I0M, Weysks g0 'OAEA J8peoiun WnijoH SH-z0L-AT
o pBs0|g AfellioN Aem-g WP L pisd pgy TOYA 01+ '0G1ZEAESA 1BUUPS Waishs g ‘pious|os aAfeA Aduiasid 8H-101-A3
e Aem-g ! pisd 0052 OVA OF+ 'S/ O} PO 18158010 WeysAs gH eAjen 1epEoIUN WiifeH 8H-20-A3
pesoD AjewiioN Aemeg Wit pisd 051 OVA OFb 0S12aQEsA JENITR) walshs gH ‘piousios eafen AdwI/4 8H-10-A3
lx T - - SIATVA OIH103TH
lllll Ty 1 Tesrisseid Buppeid pisd | S Y I o1dnN anjeA Yooy Addns iy TTNZOAD
I — /1 ensssid Buppeis pred | ) oldnN anjen yoeyo Addns seb zN N-10-AD
T §1as uoye L W2/} sinsse.d Buppeio Bisd | L-ddb-1082 [B8G 910D el 01 JUBA AAZH-Ad H-10-AD
{898 UCHe ], .2/t - smssaid Buppels Bisd | I-ddv-1082 feag epilp 1081 O WUBA AAZO-Ad a-HoL-AD
I SAATVA MOIHD
i 3 S53td NLOVANNYI NOILONMA NOILYNDISIA
....... STLON | ANINORZIS | v WEONYH REe] HIHNLD \%
1517 NOILVINIWNE1SNI ONV SATVA 998-3

IS Juewns”

TAlBA 988-H



96/¥/2 1 z sfed Wy €01
! WL Bisd 009 ayiNLGLYy SYOH wolsAs zq ‘eatea juoea dwnd 8o A-ZOL-AN
P i Bisd 009 ayiNis Ly ood] — waishs 2q “ealea pesiq sull ubnoy ALOL-AW
70 Bisd 009 ayWLs Ly OMOH | WolsAS gH BH-L0-AT 01 JOINYS WNNSBA A-E0-AIN
WPl Bisd 009 Gynisiy NOH walshs ZH ‘oajea Juaa dwnd siod A-Z0-AN
2 Bisd 009 arNLg LY © ®joH weishs gH ‘eneA pealq suf ybnod|  A-LO-AW
R i WBiT Bisd 009 ariNiSL adoH| wesAs g ‘eajea gonys weo dund aig N-Z0L-AN
o Bz Bisd 000e vivdy-SS oudnN BA[EA UORE|OS] 18D dwind | TNOLAN
N T i Bisd ooog bibdy-SS oidnn| " TBA[BA UORB|OS] 105881400 1y N-B0-AN
I /L Bisd 000¢ v1vdr-SS oidnn|  uoieios; Aiddns opewnaud safep TUBA N-50-AN
N o L - N payddns iopusa playsnep-leqdwe) BAleA puey uleip Jajem Jossaidwoy N-20-AWN
T T R T T T e T esd googl yivdb-SS oidnN BAEA UlRID 10s§audwiod Iy N-GO-AW
T WPl Bisd 0o0g vivdy-SS cidnn aAjen uone|os| efip/islig N-S0-AW
w B Wi Bisd ooo€ Yipdb-SS oIanN © eAjBA UOHBIS] dNSENd-Ld N-70-AN
I B I WPt Bisd ooo€ ¥1vdy-SS oidny aaennodwnd dNSeNd-1d| N-£0-AW
2 Bisd 009] T avnLs Y OOH| WelsAs gH eARA JoinUs 1ed dund eid N-20-AN
WP Bisd 0o0e vN 8pury T jjoinys oeinBal uabonju 1504 N-L0-AW
Nz Bisd 000} 2IAr-g cidnn eapA noduind OSIGdNCD Ld SH-2LL-AW|
2 Bisd 0001 HY-a oxdnn BA[BA JOINYS QSIUdNOD-1d 8H-LLL-AW
I G Bisd 000z MSL99bY .51 19189210/, "sAs 2Q ‘aAjea Jepeoy UoHONS WnjoH 8H-801-AW
T T Wb Bisd gosz MSLISTY b 18150010 M ‘'shs g@ "eA[eA Japeay ebieyosip wnijey BL-90 L-AW
7 Bisd 0004 IHY-g 01NN wielehs zQ BAJEA JJOINUS JUBA 1504 SH-GOL-AW
,,,,,,,,,, vl Bisd 000t OOAMEGY-SS oidnN weshs zg uea renuew Addns wnen SH-P0L-AW
T TV Bisd 009 aviNLS Iy SHOH | T weishs g pownys weo dund aig BH-20L-AW
T [ R T Yt Bisd 0001 ZHy-a oidnN walshs za Honys iojenbel 180y BH-LOL-AW
T vt Bisd QG0¢g peiiddns Jocpuaa apur]|  sAs Ajddns AA OA[EA HOINUS BH-C0-AYH BHEL-AN
K7D Bisd 0001 2MHY-g oidnN ~ eneainodwnd HSIGAWOD-Ld BH-Z AW
- T Ik Bisd oot  ZxHv-g B oidnN T eAlBA JOINUS HSIQAWOOLd 8H-L AN
o T WYL Bisd 0001 ZoiHp-a cudnn aaen nodind HONSJWNOO-1d BH-0L-AIN
B T K2 Bisd 000+ 2MHY-a oudnn BABA JOINUS HONSdNGO-Ld SH-GO-AN|
T - Bisd 0002 MSLI9YY GL 10J590I0 "SAS gH BABA 18pEBY UOONS WnieH BH-80-AWN
- 1 Bisd 0052 T MSLI9VY . ) 1O1SB0I0M 'sAs 7 ‘eajpA topeay abipyosip WiijeH BH-90-AW
T - Bisd 000} MHY-a o1dnN Woisks g OAJBA JJOINUS JUBA 1504 OH-SO-AW
Bisd 0001 ODAMEY-SS " oidnn| walshs g Juea jenuew Addns whljen BHPO-AN
Bisd 009 AyWIS LY a4OH wayshs gH ‘poinys Wes dund eig 9H-20-AN
TUTBisd o00r] T T T evg oidniy ue1sAs g peinys Jorenbal 1504 TR O AN
Bisd oogz MSLIGPY L B 191SBOIOM anea Addns Arewnd oBeyosip wingey BH-CO-AN
Bisd 0001 HHYg]| oidny aleA jroduind | NIAZH-Ld H-EL-AN
Bisd ooor, ZoHP-g o1dnN OAJBA HOINUS LNIAZH-Ld H-Z1-AW
~Bisd 000t ZyHb-g ) oidnn anen inodwind dASzH-1d H-LL-ANW
Bisd goot! 2xiHY-g oidnN @ABA HOINUS dNSCH-Ld H-0L-ANW
Bisd 0001 2HY-9 YN anjen obIBuS LdATH-1L H-80-AW|
Bisd 0001 OOAIBY-SS odnn| " enea sbund den pion H-20-AN
T B Bisd 0ot £622 8Q71-19 cidaN BA[BA 19)NG den plos H-90-AW
R T L2/t Bisd 00g T e6TZ 8G9 oidnN| aaea ssedAq deq pioo H-G0-AN
T En Bisd pog £622 84119 SidnN anen 18jul des poD H-40-AW
” v ~ 7 Brsd gpog e PEEENET SAJEA HOINYS 1BD dwnd aid H-20-AN
I WL Bisd 0001 2AHY-8 osdnn ) HOINYS H-L0-AH 150d H-10-AN
- ! Bisd 0001 2HY-g 0IdnN anen ynodwind INIAZA-Ld g-EL AW
Ik Bisd 0001 2oHP-8 oidnp " SAfeA JOINUS INIASG-Ld G2hiAN
A D T Bisd 00011 i ZoHY-g ) oidnn safea inodwnd dNSZa-Ld a-FFL-AW
R STON | Eﬁﬁml | onmmOl mew_m J— 300N HIHNLOVANNYI NOLLONNA NOILYNDISHT
LSI7 NOILYININNHLISNI ONV 3ATVA 999-3
151 BN~ BA 998-3



96/¥/21 ¢ abeg WY SE0L

SIDIAZA MOH
m

=% Ul ZH %1 =1d 188 OUAZL 13740 %001 01 0 SjUBWNIISU| SjOAUOD YOUMSE uoledIpUl 10108t L0-Siv
SOOMNSEY Sjuswnysyy SjOHUOYD 10j0818p seb gelawei4 £0-3v
SHIZATVNY
pisd g S eunsseud uBjsap qejiwio waishs gq ‘Jeier wnnoea 18bie] A-20L-AS
pisd §'¢ S aunsseud oeyd joesed ubisep gepuusy welshs z@ ‘jees ueo Jojelabijey A-LOL-AS
pisd G'€ S oinsseid | sied jeyeied ubisep qejiwiog walshs gH ‘jenal wnnoea 18bre] AZ0-AS
pisd 6 5 sinssaud 1y aye|d jejeled ubisep qejusy weshs gy ‘Jeel ued sojelebuley A-LO-AS
paduelg apod Bisd o1 Gz4S poysnep-jegdwe)n 18}l 10SS8IAWCT Iy N-Z0-AS
Bisd ov1 dAY-g6518 [B9S B12ID jsijas Ajddns seb usBolyN N-10-AS
Bisd 08 £-2VdD8-9 oidnn wolshs 2 ‘ealea Jeyal Aiddns Bujey aH-20L-AS
Bisd 0og £-2vd0e-g oidnN weishs gq ‘jeifel Aiddns seb w BH-101-AS
Bisd Q¢! C-ovVdDe-g oidnn,  weishs AA Plel suy Addns seb winyen SH-C0-AS
bisd 06 €-ovd0e-9 : oidnnN wnshs gy ‘enen joyas Addns Bujey 8H-20-AS
Bisd gog c-ovdDag oxdnnN usishs gH jener Aiddns seb wnijsy 8H-1L0-AS
22/t Bisd 05 £-2vdog-9 oidnN aaen jelfel dey pioD ZH H-V0-AS
801110\ B/E Bisd o1 G-BOENEE) DPUOMUBBIL-UOSIBPUY J81191 8Ul| 1UBA g 1eble] H-€0-AS
W2/t Bisd 01 £-2vdos-a oxdnN joyel Aiddns zH 1ebre | H-Z0-AS
W2/t Bisd g11 £-2¥d08-6 odnN jajel sujj Ajddng gH H-10-AS
= Bisd 05 £-2Vd08-9 oidnp BajeA jayjas des piod 2a a-v0L-AS
8010 ,8/8 Birsd o1 9-899WER| PoOMUBBIG-UCSIBPUY j9l181 8Ul| JUBA g 18Brel a-c0L-AS
W2/t Bisd 01 €-2VdOs-g oidny janes Aiddns 2@ 1ebre a-20L-AS
W2/ Bisd o1 1 £-2vd08-9 osdnn seijer suy Aiddng zag Q-10L-AS
SHAVA AL34VYS
W xew sd 0n0s Bisd 09 = dON T/t Bisd poL 01 2 065¢ UOSOENW sorenbal Josseidwod e Sewnauy N-2G-Ad
1ejul xuul 180 0008 Bisd 601 = JON W/ Bisd 051 03 0 085S 051 € DdN apur] lopeinBel Jepuiko usBoumn N-10-AH
el xew 15d o0Se | ! [aYderd QAQIL) wieysAs gg orenbes Kiddns wniep AH-201-AH
18U Xew 1sd GO0C B2 Bisd oge %1 0 _ Y0S5£-66 siuey weyshs ga orenbes sepulifs wnijsy BH-104-AH
1oput xBl 18d 00y Bisd € = dON WP Bisd 6z 01 0 ViviIN-L L3 spenpoldd Iy 101einBes aAas|s aAfBA JUBA 8H-0-AY
(Ul xew 18d 0008 Bisd gLl = JON N2 Bisd 051 01 0 0GL-E-2dN 8puiT 101einbas sojenioe SAfBA JUep AH-£0-AY
wojur xew 1sd g0ge b g2 AAQIL) wesAs zH ojeinbal Addns wnjey OH-20-AH
81U xew i§d 0008 Wil Bisd pge o1 0 V0GE-£6 sieH welshs g “torenbar sepuyAd wniey 8H-10-AH
Jejul xew sd 0oy Bisd ¢ = JON WL Bisd 6z 01 0 ViVIN-L 13 S10Npoid iy sopenBel gH ueo dwng H-20-AH
Toul Xew sd 0000 Gisd 01 = dON /L Bisd oy o1 2 8257 SLA 10101A 1ojeinbes Jepulifo ueboiphy H-10-AYH
1oy xew sd o0y bisd ¢ = JON WF/ b Bisd gz a1 0 ViviN-113 sionpoid Iy ceinBei zq ueo dung g-g0L-AY
Wi xew 1sd gpos Bisd o1 = JON V) bisd oy 01 2 92SY SIA 1010IA Jokenbel tepufo wnueineg Q- LOL-AY
SHOLVYINDIY
pesoi) AjeuiioN W2/t Bisd gose Ob-214LHOAMNBSS oxdnN DAjBA Bp Jebiel gH AAZH-Ad
P800 AJBULION WV Bisd 0001 } $8USS "ON-MEY-SS oidnN SAlBA [lI4 100se ) gH THAZH-AL
o505 AjjEWIoN WL Bisd 0001 | s8usg 'ON-MEY-5S oxdnN 1obie} o) eafen Ajddng zH dNSEH-Ad
PISO[D A[BLION «G/h Bisd oose Of-2141HOAMNBSS oidnpn an[eA JueA 18bIe) zg ANET-Ad
pesol) AjjeuloN WL Bisd 0004 L $8USS 'ON-MEy-SS oxdny BAeA [iid 180ie L Za T420-Ad
paso|g AjpwioN WL Bisd 0001 L SoL8S 'ON-MGp-SS oidnn 1ebimi 01 saleA Addng 20 dNSEa-Ad
ww>._<> DLLYWNNENG
¥/t Bisd 009 gYNESEY oK | Welshs 2 ‘BH-L0-AT 0} OIS WAnoep A-E0L-AN

S3ION IN4LNO/3ZIS wzmxmoywmvwwcﬂmcz<m TFEHAOW HIHNLOVANNYIN NOLLONAAL NOLLYNDISHG
LS1T NOILVYININNHLSNI ONY SATTVA 998-3

sy juswini” BA 998-3



96/¥/2 1 ¥ ebed WY SE0L
Bisd 00z 01 0 ouebeN SHN amnssaid JoPnc N-Lo-AH N-20-id

™ B Bisd 000y 01 0 oueBeN SHN sinssaud 10jur N-10-AH N-10-Id
Bisd 005 01 0 obnes 5N 1 2@ “esnssaid jepno eH-10-AH 8H-p01-Id

Bisd oooy o1 0 ebnew g iB1 2@ "eunssed 19Ul 8H-10-AY SH-E0}-Id

] B SOVWGXIH| 161 20 einsseid Jepeay ebieuasip 8y & 8H-201-1d

Bisd pg 01 By Ul og Deu ebnery g T 2insseid 18AN0 BH-P0-AH OH-L0-1d

o Bisd ooz @1 0 oueben Syn sinssa.1d JBN0 BH-E0-AH 814-90-1d

T Bisd 000¥ 01 0 oueben SHN ~ erssaid 19|Ul BH-€0-AH 9H-G0-Id

Bisd pog 01 0 abnes gn 16} gH ‘einssaid 1oino eH-[0-AY 8i-p0-Id

Bisd 000y 01 0 obney 50 16} gH ‘eunssaid 181Ul BH-10-Ad OH-£0-Id

T SOVWQXIE| 161 g1 "eunssaud tepeey ebieyosip aH , | 9H-20-Id
SOYWAXIZ eunsseid sepesy UOHoNS o L 8H-10-1d

Bisd og 01 B U1 og ‘beu peyddns syonpoid iy sinsseid 18nd H-20-AH T HA0d |

o Bisd 09 o1 0 sbnes g0 B ainsseid J8AN0 H-10-AH H-€0-1d

Bisd ooov o1 0 abnegygn aunsseud 19JU) H-10-AY H-20-1d

SOVYWAXIA 90IAED JNOpe8! dSZH-Ld H-10-1d

o Bisd og o1 B4 ut og Beu peyddns sionpeld iy] ainsse.d 18IN0 G-204-AH Q-204-1d

Bisd gg of 0 sbner) gn ainsseid 190 G- 10 1-AY a-801-1d

T T T Bisd 000V 01 0 abneg) sn ainsseid 18Ul G-101-AH a-201-id
SOVINGXIS @OIASE 1NOPBBI dNS20-Ld a-101-1d

SHOLVOIQNI FHNSSTd

Woel Ul pegesl jou Addns semod 1ol g-0b o1 £-0L al JBAB[B ] SHOBpEIH 21Nssald WNnoeA Bunensu| HOYAINSNEIG
SHOA / 01 O uoHL 0001 01 0 24 JBABIBL $MOUBPSI4 wnnoea dwndaioy HOY Ad4-3d
Sl0A 7 O} O uool 000L OF 0 Ve JeABIR]. SYoUSPel] T winnoea duind yBnoy HOVAdd-3d
Sj0B: Ul pajigisul JouU Ajddns semld| HOL 8-0) O} £-0L as JBAB|8 L SYOUBpaL ainssald wnnoep bupensu| AOVATNISNISd
S}joA £ T} O uoIw 0001 03 0 ve 2BABIOL SyolepaId wnnoea dundeioy AOVACLH-3d
SloA / 01 0 uoIsil 000} 01 O Ve OBABIS L SHOLBpaIS wnnoea dund ybnoy CAOVALE-3d
T o B SIN3WFTE 34NSSad
o Y 0g ot ¥ SHem 00F ©1 0 $ZA-IE01-G0d SojUCHIWAS OIUD samod etesy iojessBuial 1B) ZH HELLHALD
T o YW 0Z O ¥ SHEM 001 O} 0 PCA-3E01-G0d soluchiwes ojuo ~ Jemod Jeiesy 10jeiebujai 16t 2q QeiLH-1r
1 e L -  HELLIWSNVHLYIMOd
R R 5610 # 19pop duing poyddns jopusa;  dwing uosNYIa OHN ‘she jebiel g ‘ereay dwing Uoisngiq 1O-10-d1H
SHoA 0L O1 O SHEM 02-0 GLLMOZY Y H OOU szieey | Jojeialijey H-10-d1H
5610 # [9poW dwing| pajiddns 1opueal  dwng UoSNYIa OHN ‘shs Jebiel g ereey duing uoisnyg TO-L0L-H.LH
T SHOA 001 ©1 0 SHEM 02-0 SLIMOZYYH ) ooUlN 1e1eey g lcjeielijey Q-104-d1H
l . SHILYaH
#o-ue fejal ouohoee 18 W40 [BMIoB 00§} 01 0 M3 Jeqnuuy UOLEDIPUl MOy UB) Jua] NV LNZL-SIH
e onp oo 0} 10 gZ-HlY regnuuy MO|} uBj Jus NVALNIL-3d
T yo-uo Aejel o088 He NJO [enoe 00t o1 0 M3 reqnuuy UOREDIPUL MOl UB) HAO NVAHGO-SI4
T o ) 1oNp IR E 10} 92-HlY 1egnuuy Moy, ug) HAO NV-4HOO-34
SIOA 0°G 01 0 B Wyos 98z 01 O S [-GH odA} TYN [8PON sBunsey weshs g ‘Inopes! moj J0sserdwon SH-10L-1d
. T SHOA (3G O} O B8H Wwyos g8z ol 0 480087 sBusen wesks gg Mol [e10) Josseidwcy OH-101-34
SJOA 0'G 0} O OH Wyos 982 01 O SUL-SH 8dAl “TTYN 180N sBunsey Weisks Z NOpES! MOY 1058810W05 8H~10~14
SI0A 0°G 0} 0 9 WjoS 98z 01 0 450027 sbuniser wayshs zH “moy [eioy Josseidwos 8H-10-34
T SHoA 0°G 0} 0 ZH wdis 06 01 0] 2H-IVOdS-AD-1050-08950 SN moy Aiddns seb usboiphy dNSEH-1
T SIOA 'S O} O ZH wdis 05 0} 0]  ZH-TYOdS-AD-1050-08550 SN mojy Aiddns seb usBoipAy dNSEa-Ld

- SS38d

SHLON ININOAZIS | 0o v J— THACH HIHNLOVANNYIN - ]zm;oz:u NOILYNDISHA
LSIT NOILYLNIWAYLISNI ONV BATVYA 998-3
1817 justun” 1eA 998-3



96/¥/21 g obed NV SET0L
U 00} 9 0 J0isisey] wnufeld U 00} COUlN | 8beig "} Joielabujey ioisig-3L
- Hep g/i S}OA Q O} & T 00€ 01 00t loisisay uoqied U 004 Kepeig-uajly 101Ut yisey) usbolpAl 13deHid-3l
Hem g/l SHOA § O} 2 U 00 01 001 Josiser uoties U 001 Rejpeig-usiy Jasuspuco | iojesebiysy 10401531
Hem g/t SICA 8 01 2 T 00E 01 001 1o1sisey uogiel U 004 Ke|peig-Usyy wenoq sey usbolpiy NMJ4EH-3L
uem g/l SIOA 9 01 U 00 O 00} 10181884 UOGQIED T 001 Rejpeig-ueiy doy xsey usboipAH dMidgH-3L
2015180y wnuneld 5 001 Q41028 OoUIN eiadwe) dund uoisnyigq weisAs zg Jda-3L
T euiBYL a1y 1C}81S8Y WnufRld G 001 YYZX 0 1598 cou 1SNBUXS SA[EA A1BJES O0DY 2d HX3ASeaaL
uem g/t SIOA 9 01 ¢ T 00¢ o1 001 1038188y UOQIEY) ¥ 001 Aeipeig-usiy Z ebaig g iowiebujey 201524-3L
U 00L 9 g 101sisoy Wnuleld ¢ 001 Couly | ebeig g ioieiebuiey LOLSZHY-3L
Hepm g/l SIOA 9 0} ¢ T 00€ o1 001 d0isisay uoqied U 004 Rejpeig-us)y 18jul ysey} wnuaneg A3Yedey-3L
Hem 8/1 SHOA 9 01 2 T 00€ 01 004 J0isis8L UOQIR) U 00} Rejpeig-usily lesuspuod g ioeseblyey LOdD&-3L
HeM 8/t SIOA @ O} 2 T 00€ 21 001 1038189y UoqQie) U 00} Aejpeig-us)y WoROQ sy wnieinag NMQT420-3L
HEM B/L SIOA § 0} Z T 00€ 01 001 iopstsery uoqie)d U 004 Rejpeig-usiiy doy ysey wnyeineq dN2C-3L
SININTE JHNLVHIGNGL
sy jes Bisd sel/oLt Bisd 091 LELE "AON 10puos J40-NO 108s81dwos iy N-10-Sd
iy ybnoy weisAs g uo jelerivAN sduy 0z 0} Z ejqeisnipe 204 1ys03 VSe MO| UOUMS JuBuND HdY-1S1
o 8104 wejsks gH uo OC0AZH sdwy 0z 01 g ejqersnipe 291¥503 IYSS MO} UOUMsS Juannd Hd4-1S!
diung ubnoy weyshs zg uo DQACH sdwy oz 03 2 sjqersnipe 0819503 vse MO YOUMms Juainy (dy-1st
dung 104 weysAs zQ uo OQAZ) sduy 0z o1 ¢ ejqelsnipe 0givsod NVSS MO| Yolms JusunD Ud4151
SIHILIMS
INHAZH-Ld U0 uspuedep ebuel]  sjjoa 0zL o1 0 eisd gg 0} ¢ = ebueid jeg 002. ueupeg|  JejoRucy) bunesipul einssaly veboipkH H-10-Dld
ANZAZO- L UG Emvtmamv mmcm\_ SHOA 021 O3 ¢ m_w& 08010 = sbuel wu g QGeL uegunjoeg QG:O&EOU mczmumb i |unssald whusine( - 0-Did
HATIOHINGD IHNSS3Hd
SlOA QL O O mIEr: 0001 01 0 gv000L0-vvael SIUSUWINIISUL SHMIN gmg pA8] _mkjmmmc& WNNoEpA mczm_:wc_ AE0L-1d
S}0A 0} 01 O Byww o1 o1 0 Y0L000-vVeZelL sjuslunasul SHN 161 2(q “einsseid wnnoep Bunensy A-LOL-Ld
SHOA O} 01 O Brww 0001 01 0 gy00010-vYveelh SjuswnysUl SMIN B3 gH ‘eunssaid wnnoep Bunensuj A-20-Ld
SHOA O} 01 O Brww o} 01 0 VYOL000-VveeZh Sjuswiniisuy SN 1By gH “eunssaiyg wnnoep Dupensuy A-10-1d
Yy 02 o) ¥ Bisd 005 01 0 90290 e1jeg ainssesd Addns opeuwneud dNSENd-Ld
YW og 0} ¢ Bisd pos o1 0 9020 eneg| 161 g@ ‘sunssaid ispesy ebieyosip oy 1 ASIAdNCO-Ld
Y& 02 01 b Bisd 0og o1 0 9020 enag| 161 gH ‘einssaid sepesy ebreynsip ey | HSIQdWOO-1d
YW 02 & v Qm& G2 01 0 8020 Bileg o:mssaid MO Jepeey ulllons e Gt DNSAHNOD- L
SHOA G O O eisd 05 01 0 2-802 Bl8S ainssaid joxoe! usboipdy LNIASH-Ld
S}OA § Ol O eisd 05 01 0 2-G02 Beneg ainsseld Ajddns ueBoipA dNSEH-1d
SHOA S Q1 O gisd 05 01 0 2-602 vieg aunsseld yoel wnusineq ANIAEA-Jd
SHIOA S O3 0 m_wa 05 Cl 0 e-50¢ Beljgeg amnssed Zaazw wnuaineg 4Ns2a-1d
SHALLWNSNYHL 34NSSdud
o} g-0f o1 g0t a. DBARISL S)OLBPGIH 10} 2q ‘wnnoea Bupensy AE0L-Id
Bruww 0001 01 0 QOg-02-04ad SjuBwnisSY| GMN 1B} 20 "ediaBp In0peSl ATZ0-1d A-E0L-1d
BHww o1 o1 ¢ a0g-0e-0-d0d SjusWNLsY| SHN 1By zQ ‘eciasp ncpes) A-10-id A-L0L-1d
0] 8-0} o1 -0t 2)A DBAB|B L SHOLIBPBI 161 2 ‘wnnoea Bunensy A-€0-1d
BHww 000} ©1 0 qoa-0&-0rddd sjuswnAsu] SHW 1B} g ‘e01asp Jnopes) A-g20-1d NA-20-1d
Brww g1 o1 o Q08-02-0rdad Sjuslnisu| SHIN 1B} zH ‘eoiaep Inopeel ACL0-1d A-L0-Id
Bisd 001 01 0 abren) gn veodwnd zq 18 ainsseid Kddns iy N-50}b-1d
Bisd 0oz o1 0 obren gn sinsseid Addns Josseidwcs oy N-80-1d
Bisd 00} o1 0 abreoy on weodwnd zH 1e einsseid Alddns ay N-G0-1d
Bisd 001 o1 0 abren 5 aunssald 120 N-20-AY N-¥0-Id

EREEE] .

SALON ANdLInGAazIs NDIHOM XYR/IONYY T3UON HAHNLOVANNYIN NOLLONNZ MOLLYNDISAa
LSBT NOILYLNINNELSNI ANV HAATTVA 998-3
ISP Juswn \BA 998-3



S6/v/Ct g efed WY SE01
[a0]
LdATH SHIOA S 01 0 eisd 00} 01 0 voe eneg LdA 1 iciesbien LdALb-LL
1dA eH SIOA § 01 O eisd 001 o1 0 y02 Eileg LdA z soeiabupey LdAcH-LL
SHALLWSNVHL BHNLYHIdWEL
WBILNO L Vwsg o MOOE ©1 MG} SOYWAXI e31A8p Inopesl 29[S H-3 1 BH-20- 11
[ERS YUz 0 T.068 01 0,002 Pau SOVNGXI 80jA8p INOPES] 9IS IH-IL SH-10-1L
LdAZH eisd 001 01 0 abres sn abneb einsseid [ dALH-1L HoLL-LL
1dAen B2 OF Wp L SOVINAXI 20IABP 1N0pBB [dALH-LL H-0L-1L
BIRG UonEowe yWse 0 D,058 01 0,002 Dol SOVINOXI 201A8p Wnopesl HXIASZH-IL H-GO-1L
o BIOX8 YWSZ 0 MOOE 01 MG} SOVNCXI4 S0IABD 0P | TUZHIH-AL Hp0-1L
jusd BYOXS YWSZ'0 008 G MG} SOVNGXH 80IABD InopEal | OdD LH-IL H-€0-1L
JUBLIND UOHBIOXS YWSZ'0 MO0E ©1 MG}t SOVWOXI 20|ABP 1NOPEAl N 14eH-3 L H-20-1L
uas YUW5z 0 MOOE OF MG SOVINGX1 801ABD INCPER! dMT14eH-3L H-L0-1L
ERNS VUwiszZ 0 0,058 01 0,002 Dau SOVWAX BINSD IN0PESI HAQ-T3L da-10-1L
uBLND YwSz'o Y00E 01 NS} SOVWAXi: @0IA8p 1N0pe8 291 $2H-31 8120111
JUBLND LORBYOXS YWSZ0 04058 01 0,002 Doy SOVYWAXiH 801A8p 1Nopesl |5 152031 8H-101-1L
LdA 2H eisd 001 01 0 ebneg sn abineb einsseud [JAZH 1L a-1hL-lL
1dA 2H 382 01 Myl SOYWAXIH 801A8p 110pea! | dAZH-L1 a-0Li-IL
BU5X8 YWSZ'0 04058 01 0,002 ‘bou SOVWAXI: 901A8D INOpBal HXIASZA-3L a-S0L-1L
BIIOX8 YWSZ 0 YMOOE OF MG SOVINAXIH 801ABp INOPRE! | JHZOEH-IL a-v0L
LOREOXS YWSZ 0 S00E O1 MG SOVWAXIHS BOIABD INCPES! 1 0dOZH-3L Q-€0L-1L
HENOX® YWSZ0 MO0E 01 M§1 SOVNGXiS B0jABD IN0pED) NMA1420-3L a-201-iL
9 YWsz 0 YO00E 01 MG| SOVWAXIS a1A8D IN0pes! dN142a-3L Q-L0L-1L
JUBLAD UDRENOXRS YWGe O 04088 0} 0,002 ‘Bou SOVWOXIS 8o1Aep InopEal QdQ-31 d0-10L-1L
. SHOLYOIAN! SHNLYHAdNEL
1018188y WNUNeld 5 00k adLozs ooul | einjesedwe; dund uoEnylq WeiSAS gH MHd -3
JoGan fewieyL ald Joisisey wnuield U 001 YreXad1595 OOUIN 1sneuxs anles A1gjes OODY 2H HXEASZH-3L
nem 8/l SHOA 9 01 ¢ B 008 01 001 oisisey UoGIED T 001 Kejpeig-usiry 2 ebeig | sopeseBiyey ZDISiY-3L
S3LON INdLNO/AZIS | o wmww_m j— JEa0W HAUNLOVANNYIN NOLLONA NOLLYNDIS3Q
L5171 NOILVINIWNHLSNI ONV JATVA 998-3

1817 juBwIn

\ 9983



TISORT
@WATE:fOl~16v97 Eg866 target controls

TITLE

E866 Target Control Program

DATE: 08-13-96
VERSION:

L )

435

PAGE
E8¢66

1



LA

~ O

10.

11.

12.
13.
14.
15.
16.

17.

|\ jo— [
= IR

[\
Pt

By

Date

Date

TARGET INSTALLATION LOG

E-866 - Liguid Hydrogen Target System

Target placed into position in beam line.
H2 Pump Cart in position.

Ground connection to target.

Foreline connected to target.

Purge line connected to target.
Roughing line connected to target.

Refrigerator gas lines connected and leak checked.

Helium, Hydrogen, & Nitrogen lines connected to pump cart.

Deutsch connector installed on cryostat.

Transducer cable connected to both transducers.

Discharge gauge connected (gauge powered only when hydrogen is

not present).

Auxiliary cable connected to manipulator.

Refrigerator cables connected.

Pump cart control cable connected.

Transducer control cable connected.

Diffusion pump and high vacuum valve cable connected.

220 Volts 3 phase 60 amp disconnect checked for 15 amp
fuses. Replace fuses if they are larger.

Plug pump cart into 220 volt receptacie.
Connect pump cart cable to control rack.
Connect transducer cable to control rack.

Connect MKS gauge cable to control rack.



26.

27.

28.

29.

30.

32.

COMMENTS:

Connect refrigerator cable to control rack.
Connect temperature control cable to control rack.
Connect Hydrogen detector cable to control rack.

Connect Hydrogen detector cable to Hydrogen head and
mount head.

Tie down all cables and lines, check for interference with
manipulators, correct where necessary.

Do general housekeeping around target area.
Install guard over cables and lines when necessary.
Remove guard on target windows when appropriate.

Install rotating warning lights in vicinity of target and in pump cart
area.

Install warning signs at designated locations.
Leak test all gas connections with Nitrogen or Helium. Test

Hydrogen line with Helium gas. Reconnect Hydrogen when tests
are completed. Secure all cylinders and tag properly.



Control Console

By

Date

All cables connected to rack.

Power on to programmable logic controller.

Power on to graphics panel.

Power to Flammable Gas Detector. Test alarm whooper and reset.

Check housekeeping in area around control console.

Cylinders and System Regulators Installation Note: Keep cylinder valves closed at this time.

1
i.

2.

Nitrogen cylinder installed with RV-01-N for pneumatic air backup.
Air compressor installed with RV-02-N for pneumatic air supply.
Helium cylinder installed with RV-01-He for supply to RV-02-He.

Helium cylinder installed with RV-03-He to purge PV-H2VV stem
sleeve.

Hydrogen cylinder installed with RV-01-H for liquid hydrogen
target purge and fill.
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LHy TARGET STARTING/RESTARTING CHECK LIST

Date

Physical damage to equipment.

Physical damage to lines.

Physical damage to cables.

Alignment check.

Target windows intact.

Vacuum pump oil level normal.

All lines connected to target and pump cart.
Rotating lights turned on.

Target power on. Both disconnects and all circuit breakers on.

Note: Steps 10 and 11 should be performed in step 17 of Target Starting Procedure during initial

qtartun of ev
startup of syst

10.

11.

12.

14.

15.

Open Hydrogen cylinder, set pressure to 5 psig (RV-01-H).
Note pressures
Close cylinder valve. High pressure gauge must show no
noticeable drop for § minutes. If no leaks are present, reopen
cylinder valve.

Set RV-02-H to 3 psig (RV-01-H may then be set to 10 psig).
Note pressure

Open Nitrogen cylinder, set pressure to 50 psig (RV-01-N).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present.

Start Air Compressor and open MV-05-N. Set pressure to 60 psig
(RV-02-N).
Note pressure

Open Helium cylinder to supply PV-H2VV. Set pressure to
110 psig (RV-03-He).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present.

Open MV-13-He and set RV-04-He to 3 psig.
Note pressure



16.

17.
18.
19.
20.

D

Open Helium cylinder used for controlling RV-02-He set pressure.
Set pressure to 90 psig.

Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present. Note that this set pressure will vary
depending on operating conditions. Normal operating pressure will
be about 200 to 220 psig.

Install covers over cylinder regulators where necessary.
~&

Hydrogen detector in place.
Housekeeping in area around target is good.

All warning signs in area prominently displayed and unobstructed.



12.

i3.

14.

15.

16.

17.
i8.

TARGET STARTING PROCEDURE

Close hand valve, MV-01-V, at roughing pump port vent and cap; Close hand
valve, MV-02-V, at fore pump port vent and cap.

Close MV-03-V, EV-01-He and MV-02-He. MV-02-He is to be capped.
Check oil level in vacuum pumps.

Note Pneumatic Supply Pressure on pump cart gauge, PI-05-N, psig.
Pneumatic valves should be positioned as follows: MV-01-N, MV-02-N, MV-
04-N and MV-05-N should be open. MV-03-N and MV-07-N should be closed.

Turn on roughing pump. Pressure should reach 20 microns on PE-RPVACH
in 2 minutes.

Turn on foreline pump. Pressure should reach 20 microns PE-FPVACH in
2 minutes.

Open fore line valve EP-FORVLVH.
Open roughing valve EP-RUFVLVH to target insulating vacuum.

Turn on power to diffusion pump.

Open high vacuum valve, EP-HIVACH. The HIVAC valve on/off switch will
blink until target insulating vacuum pressure is low enough for it to open. EP-
RUFVLVH closes automatically. This occurs at 200 microns.

Be sure that MV-04-H, MV-06-H, MV-10-H and MV-12-H are open.
Be sure that MV-05-H, MV-07-H, MV-11-H and MV-13-H are closed.
Vent Valve hand switch, HS-VVH, must be in the AUTO position.

Note that MV-08-H is a part of the hydrogen VPT which reads the temperature of
the condensing pot. It is not a part of the hydrogen supply circuit. After proper
charging of the VPT bulb, MV-08-H is closed.

Open purge valve EP-H2PURGE; open target fill valve PV-H2FILL. Note that
the PLC interlocks will not allow PV-H2ZSUP and EP-H2PURGE to be open at
the same time.

Notify operations center that MEG6 target is being purged to Hydrogen. Secure the
target tent and the area around the target. Close access gates if provided. Start
controlled access into area.

Be sure MV-01-H and MV-02-H are open.

Perform steps 10 and 11 of the Target Starting/Restarting Check List now. Verify
that EFV-01-H is positioned correctly.



19.

21.

22.
23.

D

31.

O

D
After the hydrogen supply line and cold trap are pumped out to 30 microns, close
purge valve, EP-H2PURGE. Open hydrogen supply valve EP-H2SUP
(nydrogen fili valve, EP-H2FILL, is already open). Be sure the hydrogen
pressure is set to 3 psig with the pressure regulator RV-02-H.

Target pressure read on pressure transducer PT-H2VENT should reach
approximately 17.5 psia.

Close hydrogen supply valve PV-H2SUP. Open purge valve EP-H2PURGE;
Wait for PE-RPVACH to reach 30 microns. Pump and purge the circuit three
times as indicated in steps 19, 20 and 21. End the pump and purge procedure by
leaving PV-H2SUP open and EP-H2PURGE closed.

Cool down the Hydrogen cold trap.

Start the hydrogen system compressor flow and refrigerator: To begin the
compressor flow, close MV-04-He, MV-12-He and MV-10-He. Open MV-01-
He, MV-05-He, MV-00-He, MV-06-He, MV-11-He, MV-08-He and MV-09-He.
Using RV-01-He, set RV-02-He to allow 90 psig to the refrigerator (watch PT-
COMPDISH) with EV-02-He open to the refrigerator (During a restart, EV-02-He
needs to be opened to SV-02-He in order to vent the supply pressure to the
refrigerator. Set RV-02-He to 90 psig and then reopen EV-02-He to the
refrigerator). Now start the refrigerator. Gradually bring the supply pressure
from 90 psig to 220 psig using RV-02-He. Note time and pressure in the
logbook.

Refrigerators have reached 20 K when the refrigerator vapor pressure, TT-
R1VPT, reaches 15 psia.

Monitor progress of the target on the upper and lower resistors, TE-H2FLUP and
TE-H2FLDWN.

Continue to fill the target for 15 minutes after TE-H2FLUP sees liquid.

Close the hydrogen supply valve, PV-H2SUP, and the hydrogen fill valve, PV-
H2FILL. Close the hydrogen cylinder supply valve.

Turn on temperature controller and gradually adjust until target pressure stabilizes
at 14.7 psia.

Close MV-06-H (MV-05-H is already closed). Remove the cold trap from the
liquid nitrogen.

Pump out the cold trap by opening EP-H2PURGE and PV-H2FILL. Evacuate
cold trap until warm.

After trap is warm, close EP-HZPURGE and PV-H2FILL. Open MV-06-H.



o

TARGET SHUTDOWN PROCEDURE

1. Turn off the hydrogen system refrigerator.

~ 11

Tum off temperature controller.

[~

3. o The liquid inside the hydrogen target flask is empty when the Hydrogen upper
and lower resistor temperatures exceed 23 K. These include TE-H2FLUP and
TE-H2FLDWN,

4, The Hydrogen circuit will continue to hold some amount of hydrogen gas unless

complete shutdown is required for certain target maintenance.

For complete target shutdown, do the following:

5. Close MV-06-He, MV-08-He (and MV-00-He if desired). Vent helium from the
refrigerator helium circuit through MV-12-He.

6. Close PV-H2SUP. Open PV-H2FILL and EP-H2PURGE. Pump out the target
Hydrogen circuit. The hydrogen gas is vented through the roughing pump.

7. Confirm that the hydrogen cylinder supply valve is closed.

o0

Hook up a helium cylinder to MV-07-H and backfill the Hydrogen circuit with
Helium to 1 psig.

NOTE: BACKFILLING OF CIRCUIT MUST OCCUR IN THIS ORDER TO AVOID
CRUSHING TARGET FLASK.

9. Close high vacuum valve EP-HIVACH,; turn off diffusion pump heater power.
Allow 20 minutes for diffusion pump to cool down.

10. Close fore line valve EP-FORVLVH,; turn off power to fore pump.

11. Turn off power to roughing pump.

12. Uncap and open roughing line vent valve at pump cart, MV-01-V, to vent the

vacuum space to atmosphere.

U,
(98]

Turn off electric circuits at the pump cart.
14.  Close all gas cylinder valves connected to the target system.

15. Disable the Hydrogen detector as necessary for welding/brazing repairs.

Date By




TARGET RESTART AFTER POWER OUTAGE OCCURS

After power is restored, open hydrogen system roughing valve EP-RUFVLVH
and fore valve EP-FORVLVH.

Open high vacuum valve EP-HIVACH. When pressure in the insulating vacuum
is low enough, EP-HIVACH will open and EP-RUFVLVH will automatically
close.

After system analysis by a hydrogen target expert, turn on compressor flow and
refrigerator if permitted. .

Check the hydrogen circuit upper and lower resistors as some hydrogen may
need to be added to the hydrogen circuit.

If required, open PV-H2SUP and PV-H2FILL to add hydrogen. Use the cold
trap while adding hydrogen as instructed in the TARGET STARTING
PROCEDURE.

Close PV-H2FILL and PV-H2SUP.

Turn on the heater controller and be sure the set pressure is 14.7 psia.
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TARGET INSTALLATION LOG

E-866 - Liguid Deuterium Target System

Target placed into position in beam line,

D2 Pump Cart in position.

Ground connection to target.

Foreline connected to target.

Purge line connected to target.

Roughing line connected to target.

Refrigerator gas lines connected and leak checked.

FavaSetatares s

Helium, Deuterium, & Nitrogen

j

Deutsch connector installed on cryostat.

Transducer cable connected to both transducers.

o Y |
INes Connuciica wo puiiip cart.

Discharge gauge connected (gauge powered only when deuterium is

not present)..

Auxiliary cable connected to manipulator.

Refrigerator cables connected.

Transducer control cable connected.

Diffusion pump and high vacuum valve cable connected.

220 Volts 3 phase 60 amp disconnect checked for 15 amp
fuses. Replace fuses if they are larger.

Plug pump cart into 220 volt receptacle.
Connect pump cart cable to control rack.
Connect transducer cable to control rack.

Connect MK,

/
(@]

gauge cable to control rack.

#

Connect refrigerator cable to control rack.



27.

28.

29.

30.

31.

32.

COMMENTS:

Connect temperature control cable to control rack.
Connect Hydrogen detector cable to control rack.

Connect Hydrogen detector cable to Hydrogen head and
mount head.

Tie down all cables and lines, check for interference with
manipulators, correct where necessary.

Do general housekeeping around target area.
Install guard over cables and lines when necessary.
Remove guard on target windows when appropriate.

Install rotating warning lights in vicinity of target and in pump cart
area.

Install warning signs at designated locations.
Leak test all gas connections with Nitrogen or Helium. Test

Deuterium line with Helium gas. Reconnect Deuterium when tests
are completed. Secure all cylinders and tag properly.



Control Console

By Date
1. All cables connected to rack.
2. Power on to programmable logic controller.
3. Power on to graphics panel.
| 4. Power to Flammable Gas Detector. Test alarm whooper and reset.
5. Check housekeeping in area around control console.

Cylinders and System Regulators Installation Note: Keep cylinder valves closed at this time.

1. Nitrogen cylinder installed with RV-01-N for pneumatic air backup.
2. Air compressor installed with RV-02-N fof pneumatic air supply.
3. gelium cylinder installed with RV-101-He for supply to RV-102-
e.
4, Helium cylinder installed with RV-03-He to purge PV-D2VV stem
sleeve.
5. Deuterium cylinder installed with RV-101-D for liquid deuterium

target purge and fill.



LDy TARGET STARTING/RESTARTING CHECK LIST

Target Area
By Date
1. Physical damage to equipment.
2. Physical damage to lines.
3. Physical damage to cables.
4. Alignment check.
5 Target windows intact.
6. Vacuum pump oil level normal.
7. All lines connected to target and pump cart.
8. Rotating lights turned on.
9. Target power on. Both disconnects and all circuit breakers on.
Note: Steps 10 and 11 should be performed in step 17 of Target Starting Procedure during initial
startup of s system.
10. Open Deuterium cylinder, set pressure to 5 psig (RV-101-D).

Note pressures
Close cylinder valve. High pressure gauge must show no
noticeable drop for 5 minutes. If no leaks are present, reopen
cylinder valve.

11, ‘ Set RV-102-D to 3 psig (RV-101-D may then be set to 10 psig).
Note pressure

12. Open Nitrogen cylinder, set pressure to 50 psig (RV-01-N).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
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Start Air Compressor and open MV-05-N. Set pressure to 60 psig
(RV-02-N).
Note pressure

14. Open Helium cylinder to supply PV-D2VV. Set pressure to
110 psig (RV-03-He).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present.

15. Open MV-13-He and set RV-04-He to 3 psig.
Note pressure



16.

17.
18.
19.
20.

D

Open Helium cylinder used for controlling RV-102-He set pressure.
Set pressure to 90 psig.

Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present. Note that this set pressure will vary
depending on operating conditions. Normal operating pressure will
be about 200 to 220 psig.

Install covers over cylinder regulators where necessary.
Flammable Gas Detector in place.
Housekeeping in area around target is good.

All warning signs in area prominently displayed and unobstructed.
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10.

11,
12.
13.
14.

16.
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TARGET STARTING PROCEDURE

Close hand valve, MV-101-V, at roughing pump port vent and cap; Close hand
valve, MV-102-V, at fore pump port vent and cap.

Close MV-103-V, EV-101-He and MV-102-He. MV-102-He is to be capped.
Check oil level in vacuum pumps.

Note Pneumatic Supply Pressure on pump cart gauge, PI-105-N, psig.
Pneumatic valves should be positioned as follows: MV-01-N, MV-102-N, MV-
04-N and MV-05-N should be open. MV-03-N and MV-07-N should be closed.

Turn on roughing pump. Pressure should reach 20 microns on PE-RPVACD
in 2 minutes. '

Turn on foreline pump. Pressure should reach 20 microns PE-FPVACD in
2 minutes.

Open fore line valve EP-FORVLVD.
Open roughing valve EP-RUFVLVD to target insulating vacuum.
Turn on power to diffusion pump.

Open high vacuum valve, EP-HIVACD. The HIVAC valve on/off switch will
blink until target insulating vacuum pressure is low enough for it to open. EP-
RUFVLYVD closes automatically. This occurs at 200 microns.

Be sure that MV-104—D, MV-106-D, MV-110-D and MV-112-D are open.
Be sure that MV-105-D, MV-107-D, MV-111-D and MV-113-D are closed.
Vent Valve hand switch, HS-VVD, must be in the AUTO position.

Note that MV-108-D is a part of the hydrogen VPT which reads the temperature of
the condensing pot. It is not a part of the deuterium supply circuit. After proper
charging of the VPT bulb, MV-108-D is closed.

Open purge valve EP-D2PURGE; open target fill valve PV-D2FILL. Note that
the PLC interlocks will not allow PV-D2SUP and EP-D2ZPURGE to be open at
the same time.

Notify operations center that MEG6 target is being purged to Deuterium. Secure the
target tent and the area around the target. Close access gates if provided. Start
controlled access into area.

Be sure MV-101-D and MV-102-D are open.

Perform steps 10 and 11 of the Target Starting/Restarting Check List now. Verify
that EFV-101-D is positioned correctly.



19.
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22.
23.

24.

25.

26.
27.
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31.

D

After the deuterium supply line and cold trap are pumped out to 30 microns, close
purge valve, EP-D2PURGE. Open deuterium supply valve EP-D2SUP
(deuterium fill valve, EP-D2FILL, is already open). Be sure the deuterium
pressure is set to 3 psig with the pressure regulator RV-102-D.

Target pressure read on pressure transducer PT-D2VENT should reach
approximately 17.5 psia.

Close deuterium supply valve PV-D2SUP. Open purge valve EP-D2PURGE;
Wait for PE-RPVACD to reach 30 microns. Pump and purge the circuit three
times as indicated in steps 19, 20 and 21. End the pump and purge procedure by
leaving PV-D2SUP open and EP-D2PURGE closed.

Cool down the Deuterium cold trap.

Start the deuterium system compressor flow and refrigerator: To begin the
compressor flow, close MV-104-He, MV-112-He and MV-10-He. Open MV-
101-He, MV-105-He, MV-00-He, MV-106-He, MV-111-He, MV-108-He and
MV-09-He. Using RV-101-He, set RV-102-He to allow 90 psig to the
refrigerator (watch PT-COMPDISD) with EV-102-He open to the refrigerator
(During a restart, EV-102-He needs to be opened to SV-102-He in order to vent.
the supply pressure to the refrigerator. Set RV-102-He to 90 psig and then reopen
EV-102-He to the refrigerator). Now start the refrigerator. Gradually bring the
supply pressure from 90 psig to 220 psig using RV-102-He. Note time and
pressure in the logbook.

Refrigerators have reached 20 K when the refrigerator vapor pressure, TT-
R2VPT, reaches 15 psia.

Monitor progress of the target on the upper and lower resistors, TE-D2FLUP and
TE-D2FLDWN.

Continue to fill the target for 15 minutes after TE-D2FLUP sees liquid.

Close the deuterium supply valve, PV-D2SUP, and the deuterium fill valve, PV-
D2FILL. Close the deuterium cylinder supply valve.

Turn on temperature controller and gradually adjust until target pressure stabilizes
at 14.7 psia
.7 psia.

Qi L&

Close MV-106-D (MV-105-D is already closed). Remove the cold tz
liquid nitrogen.

Pump out the cold trap by opening EP-D2PURGE and PV-D2FILL. Evacuate
cold trap until warm.

After trap is warm, close EP-D2PURGE and PV-DZFILL. Open MV-106-D.
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TARGET SHUTDOWN PROCEDURE

Turn off the deuterium system refrigerator.

Turn off temperature controller.

The liquid inside the deuterium target flask is empty when the Deuterium upper
and lower resistor temperatures exceed 26 K. These include TE-D2FLUP and
TE-D2FLDWN.

The Deuterium circuit will continue to hold some amount of deuterium gas
unless complete shutdown is required for certain target maintenance.

For complete target shutdown, do the following:

,O\

Close MV-106-He, MV-108-He (and MV-00-He if desired). Vent helium from
the refrigerator helium circuit through MV-112-He.

Close PV-D2SUP. Open PV-D2FILL and EP-D2PURGE. Pump out the target
Deuterium circuit. The deuterium gas is vented through the roughing pump.

Confirm that the deuterium cylinder supply valve is closed.

Hook up a helium cylinder to MV-107-D and backfill the Deuterium circuit with
Heiium to 1 psig.

NOTE: BACKFILLING OF CIRCUIT MUST OCCUR IN THIS ORDER TO AVOID
CRUSHING TARGET FLASK.

10.
11.
12.

f—
Lt

15.

Date

Close high vacuum valve EP-HIVACD; turn off diffusion pump heater power.
Allow 20 minutes for diffusion pump to cool down.

Close fore line valve EP-FORVLVD; turn off power to fore pump.
Turn off power to roughing pump.

Uncap and open roughing line vent valve at pump cart, MV-101-V, to vent the
vacuum space to atmosphere.

Turn off electric circuits at the pump cart.

Close all gas cylinder valves connected to the target system.

Disable the Hydrogen detector as necessary for welding/brazing repairs.

By
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TARGET RESTART AFTER POWER OUTAGE OCCURS

After power is restored, open deuterium system roughing valve EP-RUFVLVD
and fore valve EP-FORVLVD. ‘

Open high vacuum valve EP-HIVACD. When pressure in the insulating vacaum
is low enough, EP-HIVACD will open and EP-RUFVLVD will automatically
close.

After system analysis by a deuterium target expert, turn on compressor flow and
refrigerator if permitted.

Check the deuterium circuit upper and lower resistors as some deuterium may
need to be added to the deuterium circuit.

If required, open PV-D2SUP and PV-D2FILL to add deuterium. Use the cold
trap while adding deuterium as instructed in the TARGET STARTING
PROCEDURE.

Close PV-D2FILL and PV-D2SUP.

Turn on the heater controller and be sure the set pressure is 14.7 psia.
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E$31 EMERGENCY PROCEDURES

D. Allspach, J. Peifer
July 22, 1996

LOSS OF AC POWER
Indications: -All equipment shuts down

-Controls continue working with Uninterruptible Power System

All vacuum valves close. Vacuum pumps stop. Compressors and
refrigerators stop. Insulating vacuum starts to spoil.

Depending on the amount of time the power is off the hydrogen and
deuterium will vaporize. Hydrogen and deuterium will be vented to
the atmosphere outside of the building through the ventilation exhaust
ducting. No operator action needs to be taken to ensure the safety of
the target. No one is allowed inside the tent while power is off.

When power returns, the vacuum system will try to automatically
restore the insulating vacuum for the target. If flammable gas detector
is in alarm, the ventilation fan will begin running.

If the power has been off for only a few minutes the compressors and
refrigerators may be restarted to restore the targets to full operation.
A small loss of hydrogen/deuterium will not affect the operation of the
targets. '

A long power outage will mean a larger loss of hydrogen/deuterium

from the targets. It will be necessary to refill them. The amount of

hydrogen/deuterium to add may be estimated by looking at the
temperatures of the upper and lower resistors in each target; TE-
H2FLUP, TE-H2FLDWN, TE-D2ZFLUP and TE-D2FLDWN.

HYDROGEN/DEUTERIUM LEAK
Indications: -Hydrogen reading on the flammable gas detector

Yo

-Visual sighting

A flammable gas alarm is sent to FIXDMACS via our programmable
logic controller. The O.D. operators are notified of FIXDMACS
alarms. The alarm is also sent to FIRUS. An alarm on the flammable
gas detector alone will not require the fire department to respond.
However, if coupled with a spoiled insulating vacuum pressure, the
fire department will respond to assess the situation. No one is allowed
inside the target tent while the flammable gas detector is in alarm.

The target is surrounded by a tent. The tent is vented outdoors
through a large fan. A flammable gas detector near the ceiling of the
tent will start the fan when the detector is in alarm. The fan is also
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started whenever the insulating vacuum pressure is high and the
targets are cold.

In any situation where a hydrogen leak has occurred, the entire system
must be rechecked for system integrity before restarting the target.
One should not confuse venting of a target through its vent valve or
relief valve with a leak in the system.

LOSS OF AIR/NITROGEN FOR VALVES
Indications: -Air compressor stops running

N

-PT-PN2SUP goes into alarm

-Back-up nitrogen cylinder is found empty
-Valves don't respond

-Insulating vacuum spoils

Loss of air/nitrogen will cause all vacuum valves except the high
vacuum valve to close. The high vacuum valve will remain in its
previous position.

Perform required maintenance to air compressor system.

Change nitrogen cylinder if necessary. Re-establish vacuum system.
Check target operation indicators. Hydrogen may need to be added.
Refiil as necessary.

Loss of air/nitrogen does not cause a safety problem, but only poor
operation.

LOSS OF REFRIGERATION
Indications: -Heater power demand decreases

-Target pressures start to rise

Check for vacuum problems.

For E866, each liguid target has a single refrigerator cooling it. There
are two liquid targets in the tent. Since there is no refrigerator
redundancy, a loss of refrigeration may cause the target to warm up
and vent through the vent valve (or relief valve) in the tent.

After the target with the poor refrigeration has been shut down and
emptied, repairs to that refrigerator may be performed while the other
target is full, provided a written procedure is provided to the safety

panel and is approved by them, prior to performing the work.



E. LOSS OF ODH FAN IN THE ME6 BEAMHALL
Indications: -Alarm on FIXDMACS to O.D. operators

!\22

-Power Outage
-Failure of the flow sensing device

If the ODH fan for the MES6 hall has failed, the fan should be replaced.
A spare fan is available.

In the case that the fan is not operational, access to the beamhall near
the targets is allowed, but the area is considered an ODH class 1 area.
ODH class 1 rules must be followed until the fan is again operational.



E866 EMERGENCY PROCEDURES

T Daifar
D. Alls Spa \/h, J. LCLICT

July 22, 1996

LOSS OF AC POWER
Indications: -All equipment shuts down
-Controls continue working with Uninterruptible Power System

1. All vacuum valves close. Vacuum pumps stop. Compressors and
refrigerators stop. Insulating vacuum starts to spoﬁ
2. Depending on the amount of time the power is off the hydrogen and

deuterium will vaporize. Hydrogen and deuterium will be vented to
the atmgsphere outside of the building through the ventilation exhaust
ducting. No operator action needs to be taken to ensure the safety of
the target. No one is allowed inside the tent while power is off.

3. When power returns, the vacuum system will try to automatically
restore the insulating vacuum for the target. If flammable gas detector
is in alarm, the ventilation fan will begin running.

4. If the power has been off for only a few minutes the compressors and
refrigerators may be restarted to restore the targets to full operation
A small logg of thTﬂGPn/(‘]Pnfprin}‘p will not affect the GpCLauuu of the
targets.

5. A long power outage will mean a larger loss of hydrogen/deuterium
from the targets. It will be necessary to refill them. The amount of
hydrogen/deuterium to add may be estimated by looking at the
temperatures of the upper and lower resistors in each target; TE-
H2FLUP, TE-H2FLDWN, TE-D2FLUP and TE-D2FLDWN.

HYDROGEN/DEUTERIUM LEAK
Indications: -Hydrogen reading on the flammable gas detector
-Visual sighting

1. A flammable m to FI XDI‘.’L (S Jig OUr prog
ra

alarms. The alarm is also sent to FIRUS An alarm on the flammable
gas detector alone will nut require the fire department to respond.
However, if coupled with a spoiled insulating vacuum pressure, the
fire department will respond to assess the situation. No one is allowed
inside the target tent while the flammable gas detector is in alarm.

2. The target is surrounded by a tent. The tent is vented outdoors
through a large fan. A flammable gas detector near the ceiling of the

tent will start the fan when the detector is in alarm. The fan is also
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started whenever the insulating vacuum pressure is high and the
targets are cold.

In any situation where a hydrogen leak has occurred, the entire system
must be rechecked for system integrity before restarting the target.
One should not confuse venting of a target through its vent valve or
relief valve with a leak in the system.

LOSS OF AIR/NITROGEN FOR VALVES
Indications: -Air compressor stops running

b el

-PT-PN2SUP goes into alarm

-Back-up nitrogen cylinder is found empty
-Valves don't respond

-Insulating vacuum spoils

Loss of air/nitrogen will cause all vacuum valves except the high
vacuum valve to close. The high vacuum valve will remain in its
previous position.

Perform required maintenance to air compressor systemni.

Change nitrogen cylinder if necessary. Re-establish vacuum system.
Check target operation indicators. Hydrogen may need to be added.
Refill as necessary.

Loss of air/nitrogen does not cause a safety problem, but only poor
operation.

LOSS OF REFRIGERATION
Indications: -Heater power demand decreases

LD

-Target pressures start to rise

Check for vacuum problems.

For E866, each liquid target has a single refrigerator cooling it. There
are two liquid targets in the tent. Since there is no refrigerator
redundancy, a loss of refrigeration may cause the target to warm up
and vent through the vent valve (or relief valve) in the tent.

After the target with the poor refrigeration has been shut down and
emptied, repairs to that refrigerator may be performed while the other
target is full, provided a written procedure is provided to the safety
panel and is approved by them, prior to performing the work.



E. LOSS OF ODH FAN IN THE ME6 BEAMHALL
Indlcat:tons -Alarm on FIXDMACS to O.D. operators
-Power Outage
-Failure of the flow sensing device

I. If the ODH fan for the ME6 hall has failed, the fan should be replaced.
A spare fan is available.
2. In the case that the fan is not operational, access to the beamhall near

the targets is allowed, but the area is considered an ODH class 1 area.
ODH class 1 rules must be followed until the fan is again operational.
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From: RDIV: : ALLSPACH 29-JUL-1996 15:22:21.28

To: ELLERMEIER, FNAL: : SMART, FNAL : : TOMMY
CC: PEIFER, ALLSPACH
Subij : trapped volume in the refrigerator

In response to the concern raised in relation to the refrigerator
helium trapped volume:

Scenaric: The helium supply and return manual isclation valves
are closed, the refrigerator stops, the 3-way valves are in their

. o

normal operating position and the refirgerator starts to warm.
What happens to the gas in the refrigerator?

Assume that the supply pressure to the refrigerator is 220 psig.
Assume that the return pressure is 2 psig.

The pressure inside the refrgerator is at some intermediate
pressure, but assume 220 psig.

The void volume in the 20K portion of the frig is about 4 in”~3.
The void volume in the 80K portion of the frig is about 50 in”3.

The mass that may escape the refrigerator is calculated to
be 0.017 pounds.

The refrigerator valve will 1lift as the helium gas inside the

heat exchanger warms. It will 1lift at a pressure just greater
than 220 psig, since it is the supply pressure that loads the

valve and creates the seal required to prevent any blowby.

The supply pressure will remain at 220 psig as the frig warms,
and the gas "relieved® from the frig vents into the suction

pipe.

The volume of the suction pipe is about 80 liters. When you
add the mass of helium that can escape from the frig to the
mass already in the suction pipe at 2 psig, one finds that
the suction pipe will reach about 10.5 psig. This pressure
is safe for the piping and instrumentation which make up

the suction line.



E866 WHAT-IF ANALYSIS

July 22, 199¢

The what.if analysis for the both of the liquid target Systems ig included below.

This ig acceptable since the systems are identica] Valves associated with the
hydrogen System are Identified with an H i, the tagname. Those associated witp

I Fogg of Insulating Vacuum

Initiation- .

a. Forepump belt failure

b. Forepump failure

c Foreline hose I'upture

d. Reughing line hoge Tupture
e Diffusion bump failyre

f. Vacuum leak in System

Automatic Res onses:
a. When vacuum reaches 800 microng 48 measured on PT-01-y / PT-
1

It fore pressure as regq on PE-FPVACH / PE-F VACD €Xceeds 200
micronps, diffusion Pump heatey turns off ang EP-FORVLVH / EP-
FORvVLVD closes,

A £

b. efrigeration will not be able to keep the target cop]
condensing air heat load. At 4 bressure of 7 psig the hydrogen vent
valve, PV-H2vvy PV-Dayy » Will open, When the Dressure fajlg
below 4 pgip ; V-D2vvy
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Cold flask failure, Cryostat windows intact

Initiation:

a.
b.

Flask overpressure
Cold leak in flask or plumbing

Automatic Responses:

a.

b.

When vacuum reaches 800 microns as measured on PT-01-V / PT-
101-V, high vacuum valve EP-HIVACH / EP-HIVACD closes.

If fore pressure as read on PE-FPVACH / PE-FPVACD exceeds 200
microns, diffusion pump heater turns off and EP-FORVLVH/ EP-
FORVLVD closes.

When the vacuum jacket reaches 15 psia, RD-01-V / RD-101-V and
RD-02-V / RD-102-V open and vent the hydrogen/deuterium to
relieve the insulating vacuum jacket.

Results of failure:

a.

b.

Any hydrogen/deuterium pumped by the vacuum system will be
vented into the very large Meson Detector Building.
All hydrogen/deuterium from a flask failure is vented outside through

the tent ventilation ducting.

Failure of H2/D2 supply cylinder valve or cylinder regulator

Initiation:

a. Leaking cylinder valve
b. Leaking cylinder regulator

Automatic responses:

None. No hydrogen detector will be used outside in the cylinder
storage area for this experiment.

Hvdrogen / Deuterium gas will vent into the area outside where the
ba &
cylinders are stored.

Failure of H2/D2 supply line between cylinder regulator and PV-H2SUP

Initiation:

a. Rupture of line.

b. Ieak in line due to physical damage.
C. Leaking fittings in line.
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Automatic responses:
The excess flow valve, EFV-01-11/ EFV-101-D, will stop the flow of
hydrogen/deuterium. The excess flow valves are located outdoors,
near the supply cylinders.

Results of failure:

Supply lines for this experiment are copper tubing which run along the

concrete shielding blocks. They are well protected against physical

damage.

b. If a failure occurs during filling, hydrogen/deuterium would escape
into the Meson Detector Building. Small leaks would be undetected.
A maximum of about 200 SCF of hydrogen/deuterium would be
caught in the ceiling of Building from this failure.

c. The hydrogen/deuterium cylinder is valved off at all times except
during filling limiting any amount of hydrogen/deuterium available
during such a leak.

P

Failure of H2/D2 supply line from pump cart to target.

Initiation:

a. Leak in fittings

b. Physical damage to lines
C. Rupture of lines

Automatic Responses:

a. Target hydrogen/deuterium pressure will drop to 14.3 psia regardless
of heater controller setting.
b. If the leak is large enough or directly over the hydrogen detector it

will alarm to alert the operators of the problem. At most a leak will
release 200 SCF of hydrogen into the Meson Detector Building or the
Tent. The tent is equipped with a ventilation fan with a capacity of

1300 cfm air.

Results of failure:

a. Supply line to the target is made of 1/4" copper tubing with some
fittings. The lines are routed along the wall and damage is unlikely.

b. The hydrogen detector in the ceiling of the tent may see the leak and
warn the operators and FIRUS. The leak will be contained inside the
tent and when the detector alarms, the ventilation fan will run.

Loss of A. C. Power.

Initiation:
a. Power outage in area (scheduled or unscheduled)
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b. Power outage on Main site

Automatic Responses:
a. Uninterruptible Power System (UPS) allows control of PV-H2VV /

PV-D2VV.
b. All other electronically controlled valves close.
C. All vacuum pumps, compressors, and refrigerators stop.

Results of failure:

a. Insulating vacuum begins to spoil. No refrigeration is available.

b. Liquid in the targets begins to vaporize. Hydrogen/Deuterium is
vented through PV-H2VV / PV-D2VV while UPS supplies backup
power. SV-02-H / SV-102-D protects system from increasing in
pressure higher than 10 psig.

Restoration of A.C. Power.

Initiation:
a. Power restored to area

Automatic Responses:
a. Vacuum system will attempt to restore itself.
b. Refrigerators and compressors remain off.

Results of failure:

a. Unless the power outage is of short duration and the refrigerators are
restarted all of the hydrogen/deuterium will be vented.

b. If there was considerable ice buildup on the flask, several hours may
be needed to re-establish high vacuum.

C. Pressares in the target flask volumes must be checked to determine if

SV-02-H / SV-102-D has lifted and, if so, reseated. If the pressure in

target repurged before filling. This scenario is now much less likely
since the addition of PV-H2VV /PV-D2VV,

Loss of valve operating gas (air/nitrogen) pressure.

Initiation:

a. Leakage in the valves, lines, or fittings or excessive use of the valves.
See also, E866 Emergency Procedures: Loss of Air/Nitrogen for

Valves.

Automatic Responses:
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G

a. When pneumatic pressure is less than 20 psig EP-H2PURGE / EP-
D2PURGE, EP-RUFVLVH / EPRUFVLVD, and EP-FORVLVH /
EP-FORVLVD close. Valves close due to force of actuator spring.
EP-HIVACH / EP-HIVACD (high vacuum valve) remains in the open
state.

b. PV-H25UP / PV-D2SUP and PV-H2ZFILL / PV-D2FILL close.
Valves close due to force of actuator spring.

Results of failure:

a. Vacuum in the target vacuum jacket will spoil increasing heat load to
the target.

b. Hydrogen/Deuterium may be vented from the target to the stack.

Failure of heater control circuit.

Initiation:

a. Open heater circuit in the target.

b. Failure of the pressure sensing circuit.
c. Failure of the heater controller.

Antomatic reennnaec:
WS P INT A RL TN LT o

A BRASCRIAARCA AN, B

a. None.

Results of failure:

a. If power output from the controller exceeds the desired power, target
pressure will rise and target will vent if the pressure exceeds the vent
valve or relief valve set pressures.

b. If power output from controller is less than the desired power, target
pressure will decrease. An alarm on FIXDMACS will alert the
operators if the target pressure begins to go subatmospheric.

Failure of pressure transducer circuit.

Initiation:

a. Failure of pressure transducers PT-H2SUP / PT-D2SUP, PT-
H2VENT /PT-D2VENT.

b. Failure of readout circuits.

Automatic Responses:

a. If PT-H2SUP / PT-D2SUP increases above 5 psig, PV-H2SUP / PV-
D2SUP will close. PT-H2VENT / PT-D2VENT is used for the input
signal to the heater control and PV-H2VV / PV-D2VV action. The
heater control will act on the erroneous signal. If the signal fails low,
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PV-H2VV /PV-D2VV will not open. If it fails high, PV-H2VV / PV-
D2VV will open and vent hydrogen/deuterium.

Results of failure:

a. Target pressure will be unknown. The heater circuit will act on the
erroneous signal and the target will either rise or fall in pressure in
response to the heater output. See section 9. If PV-H2ZVV / PV-
D2VV does not open, the hydrogen/deuterium must vent through SV-

02-H /SV-102-D.
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E866 ODH Analysis

July 25, 1996
D. Allspach

Meson Detector Building

Fluids to be in use with the E866 Target System include deuterium, helium,
hydrogen and nitrogen. The hydrogen and deuterium cylinders are to located
outdoors near the Detector Building south-east entryway. The cylinders of non-
flammable gas will be located inside the Meson Detector Building. They will be
positioned immediately east of the ME6 beamhall near the targets. At any given
time, three helium cylinders and one nitrogen cylinder will be in use. A single
spare cylinder of each of these gases may be stored locally. Each cylinder
contains roughly 200 to 250 standard cubic feet of gas. The gas systems are not
common and are therefore unlikely to be released simultaneously. If a
deuterium, helium or hydrogen gas supply system were to leak gas indoors, the
gas would escape into the very large Meson Detector Building. The volume of
the gas inside the cylinders is small compared to the volume of the building and
would not present an ODH condition. The nitrogen from one cylinder released

and mixed uniformly inside the area east of the ME6 beambhall would reduce the

oxyeen concentration by less than 1%. The Building is thus ODH class 0.

MEG6 Beamhall

The target cryo-coolers use helium from compressors located in the Meson Cryo
Building. Helium supply and return lines for each target system approach the
target tent from inside the ME6 beamhall. The cryo-coolers are located inside
the hydrogen secondary containment. Other helium line components are located
outside the tent but inside the ME6 beamhall. Since this is a somewhat confined
area, a more detailed analysis is performed. An exhaust fan, to be running
continuously, will pull air from the ceiling of the beamhall near the upstream
side of the tent and exhaust into the Meson Detector Building above the ME6
beamhall. The ODH fan flowrate is 100 cfm. Fresh air is taken in through the
beamhall entryway a few yards upstream of the target tent.

o

) PSP S

Referencing chapter 5064 of the ESH Manual, the following failures to the
helium lines which could possibly create an ODH condition in the ME6 beamhall
are considered.

(1) Pipes < 3 inch diameter rupture: P, = 1x109/ Hr
(2)  Gaskets leak/rupture: P, = 3x10-7/ Hr
(3) Valves leak/rupture: P; = 1x10-8/ Hr

(4)  Exhaust fan debilitating power outage: Py = 1x104/ Hr



H

These failures and a combination of a fan n power outage with any one other
failure are considered in the computation of a total fatality rate. From ESH page

5064TA-1:
Drotal = Q1 + 05 +O3 +0,4 +0yyy +Goyg + b3
o = P1F) + P Fy +P3Fy + P Fy+P P Fyy + PP Fyy + P3P 4F5y

where:
¢ = the ODH fatality rate per hour
Pj = the expected rate of the ith event per hour
Fj = the fatality factor for the ith event

The fatality rates are calculated as follows:

1. Pipe rupture. It has been calculated that a complete severing of the helium
supply line would send slightly less than 1000 scfm helium into the beamhall. A
severing of the helium return line would send about 200 scfm helium into the
hall. A conservative approach could assume either flow to continue indefinitely
which would result in the fatality factor F; = 1. The fatality rate of ihis event is
therefore,

¢, =P,F, =(1x107)(1.0)=1.0x10" / Hr

2. Gaskets leak/rupture. Assuming a flowrate of 5 scfm helium in this case
would be very conservative. The fatality factor F; is calculated for Case B of
ESH 5064TA: Exhaust fan draws contaminated atmosphere from the confined
volume with the ventilation rate greater than the spill rate (Q>R).

[ R
C,(t)= 0.211-R[1 ¢ a1l
o Y I
AN e }l
where: C,=o0x ygvn concentration during release

= exhaust rate = 100 cfm

= spill rate into confined volume = 5 cfm
t = time

V = confined volume

7‘-70

Consider the oxygen concentration after much time has past since the leak began.
Then “t” goes to infinity. The oxygen concentration is calculated to be 19.95%.
Given this value we realize that F, = 0. Therefore,



0, =P,F, =(3x10

3. Valve leak/rapture. A complete rupture of a valve in this system is very
unlikely as the helium supply is relieved at a pressure far below the rated
working pressure of all the valves in this system. Also, a pressure test of the
helium circuit will prove its adequacy. Assume that a valve may leak at the same
rate as for the gasket leak which results in F3 = 0. The fatality rate is then,

05 =P,F; =(1x107%)(0)=0/Hr

4. A power outage to the fan in itself cannot cause a reduced Oxygen
environment, giving it a fatality rate of 0.

1. & 4. concurrently: The fatality factor in this case is Fi4 = 1. Our two
occurrence rates are:

Py = 1x109/ Hr
P4 = 1x104/ Hr

The fatality rate in this case is:
Gys =P P4Fy, = <1X10“9 ){1X10_4 }(10\, =1x1078 / Hr

2. & 4. concurrently: Conservatively assume that, even though a gasket leak is
small, at some point Fpq = 1. The occurrence rate for the gasket leak/rupture is:

P, = 3x10-7/ Hr

The fatality rate in this case is:

G274 = PaPyFpyy =(3x107)(1x107*)(1.0) = 3x10~" / Hr

AN

3. & 4. concurrently: Again, conservatively assume that at some point F3;y = 1.
The occurrence rate is:

Py = 1x10-8/ Hr

Then,
9314 = P3P, Fyy = (1x107)(1x107)(1.0) = 1x1072 / Hr



It is very unlikely that more than one component such as a gasket or valve will
leak at a given point in time. A single occurrence is considered for each type of
probable failure. The total fatality rate for the E866 target system is thus

computed as follow:
Protat =1 + 02 O3 + 0y + 01y + oy + by
Do = (1x1077) + (1x107%) + (31071 ) + (1x10712)

O o =1.03x107

Given the 100 cfm ventilation fan described, the ME6 beamhall in the area
around the target system remains an ODH class 0 as the total fatality rate is less
than 107/ Hr (see Table 5 of ESH 5064TA-9).

Inside the Tent

of 1300 cfm. There are components on the portion of the helium circuit inside
the tent which have failure rates as those outside the tent were shown to have
above. The worst condition would be that discussed for a complete severing of
the helium supply line which results in a flow of slightly less than 1000 cfm. The
failure rate for this event is low and the tent exhaust fan has a ventilation rate
which is higher than this failure rate. In the case of a line rupture, the helium
supply and return lines of the failing target should be isolated before entering the
tent. Any other leaks would be less than 5 cfm which is very small compared to
the ventilation rate. In all cases the following rules, related to ODH concerns,
will be in effect for any and all tent accesses. The following list is not intended
to be a comprehensive list of requirements for tent access (see also Tent Access
Procedures).

The Tent Design safety document indicates that the tent exhaust fan has a capacity

(1)  The exhaust fan must be in the MANUAL ON mode. The control switch
must be tagged out.

(2)  Verify normal helium flow and suction and discharge pressures.

(3)  No one may enter the tent while the flammable gas detector is in alarm.

(4)  No one may enter the tent during a power outage or if the tent exhaust fan
is inoperable.

Following these ODH control measures keep the tent an ODH class 0 location.



E866 Hydrogen Safety Analysis
July 11, 1996
D. Alispach

If hydrogen or deuterium were to leak outside the tent it will vent through the
ODH exhaust fan into the Meson Detector Building. The amount of hydrogen
from one of the targets mixed perfectly with air is equivalent to .36 1bs. of
TNT. This value is based on a TNT equivalent of 1 Ib. TNT = 1 Ib. H2 from
NBS Report 10 734 “Explosion Criteria for Liquid Hydrogen Test Facilities”,
Hord. If a full cylinder were to vent into the Meson Detector Building and mix
perfectly with air, its explosive equivalent is = 1.2 Ibs of TNT.

It is unlikely that any hydrogen will escape from the tent as the system is built
according to the Fermilab Guidelines for LHy Targets. Thus, any venting from
the target flask or its vacuum shell is expected to be vented through the tent
ventilation system and exhausted outdoors. All reliefs are adequately sized as is
the ventilation ducting. Small leaks will not present this hazard immediately and
target performance will suffer before this amount of hydrogen or deuterium
would leak out and be discovered.

The vacuum pump carts and cold traps will be located along the outside of the
east wall of the ME6 beamhall near the location of the liquid targets. The
hydrogen and deuterium cylinders will be located outside, near the entryway at
the southeast corner of the Detector building. In consideration of the presence of
hydrogen, the Guidelines section II.F.2.a. is followed. We will take the

following precautions in this regard:

(1) Warning signs will be posted alerting personnel of hydrogen gas in the
area and that ignition sources are not allowed.

(2) The phone number and pager number of the operations crew will be
posted. If a hydrogen target expert is required, the operations crew will be able
to contact one. The operations crew will have access to a copy of the E866 LH»
Target Safety Report which includes the Operating and Emergency Procedures.
(3) No combustibles or ignition sources will be allowed in the area of the
hydrogen cylinders. No welding will be allowed within 33 feet without the
Research Division Office approval.

(4)  Cylinders will be properly secured. Only hydrogen cylinders in use will
be kept at the entryway to the Detector building. Full or empty bottles not in use
will be promptly removed and stored in a designated storage area. Concrete
bumpers will be installed to keep automobiles at a distance from the cylinders.

(5) The hydrogen supply lines have an excess flow valve installed outdoors.
Each cylinder uses an appropriate pressure regulator. Each supply line also
includes a relief valve set for 50 psig in order to protect the cold traps.



° ) 7 H
(6) Hydrogen supply lines will be leak checked at 90% of the circuit relief
pressure.
(7)  The hydrogen lines and ventilation exhaust ducting will be identified with
labels.
(8) Hydrogen lines will be metallic and will be appropriately installed and
supported.



PRESSURE VESSEL ENGINERING NOTE
PER CHAPTER £031

LB B BA4ER JWUeTE

Prepared by:__Filip Rvsanek
Preparation date:__20-Sept-96

1. Description and Identification
Fill in the label information below:

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title _Air Compressor Receiving Tank

Vessel Number ¢~ RD¥ 10038 ) Obtain from Safety Officer
S —
Division/Section

Vessel Drawing Number NA

Maximum Allowable

Working Pressure (MAWP) 150 PSIG
Working Temperature Range -20 °F 450 ©F
Contents Air

Designer/Manufacturer_Campbell Hausfield

Test Pressure (if tested at Fermi) Acceptance Document per Chapter
Date: 5034 of the Fermilab

ES&H Manual
] Psff:}fdrnuli Prieumatic

’standard by

Jeead. . Vol

of Division/Section Actual signature required

NOTE: Any subsequent changes in contents,
pressures, temperatures, valving, etc., which
affect the safety of t%13/vecse1 shall require
ancther review.

”"Z/gj A s/
Reviewed by: izi>xﬁé%“ 7 2 Date: 2;44 % iié

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Date:

Amendment No.: Reviewed by: Date:

Fermilab ES&H Manual 5031TA-1
Rev. 3/92



Lab Property Number(s): N/A

Lab Location Code: MDB {obtain from safety officer)
Purpose of Vessellg): _Pneumatic Air Suppl

Vessel Capacity/Size:_ 20 Gallons Diameter:_14 incheg Length: 32 inches
Normal Operating Pressure {OP) 110-125 PSIG

MAWP-OP = 25 PSIG

S5031TA-2 Fermilab ES&H Manual

Rev. 3/92



List the numbers of all pertinent drawings and the location of the

originals.
Drawing # Location of Original
N/A
2. Design Verification
Does the vessel(s) have a U stamp? VYes X No . If "Yes®, fill
out data below and skip page 3; if "No", fill out page 3 and skip this
page.

Staple photo of U stamp plate below.

Copy "U" label details to the side

Copy data here:

Certified bv Melben Products

M.A.W.P 150 Psi at 450 O

MDMT -20 9% at 150 PST
YR 1996 S/N 0558399
o doa e wgse CRN
RTIFIE v PrRo Toc T ‘
f’g TiFiED B : ve l5 SH 095 HD 094
;\”'Wﬂ 1ISC  PSi AT gso o
D . -
e T 2o oz AT 1o s
FRl9ge S/IN OS5 36
LK;/ )
SHogg HND ooy
Fermilab ES&H Manual 5031TA-3

Rev. 3/92



Provide ASME design calculations in an appendix. On the sketch below
circle all applicable sections of the ASME code per Sectrion VIII, Div
I. (Only for non-coded vessels)

&
AVLSLON

Summary of ASME Code

CALCULATION RESULT
(Reguired thickness or stress

Reference ASME level vs. actual thickness
Item Code Section calculated stress level)

vs

vs

vs

vs

vs

5031TA-4 Fermilab ES&H Manual
Rev. 3/92



3. System Venting Verification Provide the system schematic in the Appendix.

Is it possible to isolate the relief valves by a valve from the

vessel?
Yes_____ No_ X
If "Yes", the system must conform to code rules. Provide an
explanation on the appended schematic. {&n ismolatable vessel,
not conforming to code rule is non-compliant under this
chapter.)

Is the relief cracking pressure set at or below the M.A.W.P.?
(A "No" response vioclates this chapter.)

Is the pressure drop of the relief system at maximum anticipated flow
such that vessel pressure never rises above the following? (UG 125}
Yes_ X No 110% of MAWP (one relief)
116% of MAWP (multiple reliefs)
121% of MAWP (unexpected heat source)

Provide test or calculational proof in the Appendix.
{(Non-conforming pressure rises is non-compliant under this Chapter.)

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Campbell Hausfield Sp25 140 psig 47 scfm air 1/4"
Does the primary relief device follow UG-129? VYes_ X No

(A "No" response is non-compliant under this chapter)

4. Operating Procedure

Is an operating procedure necessary for the safe operation of this
vessel?
Yes No X (If "Yes", it must be appended)

5. Welding Information

Has the vessel been fabricated in a non-code shop? Yes No__ X
If "Yes", append a copy of the welding shop statement of welder
gualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to
weld this vessel.

Fermilab ES&H Manual 5031TA-5
Rev. 3/92



6. Exceptional, Existing, Used and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No_ X

If "Yes", follow the Engineering Note requirements for documentation

and append to Note.

5031TA-6 Fermilab ES&H Manual
Rev. 3/92



Verification of Relief Valve Slzmg

The only inlet into the vessel is an air compressor which is rated to provide

6.5 scfm air at 90 psig. This number will decrease as the pressure increases. Since

the ASME stamped relief valve has a rated flow of 47 scfm at 110% of the 140 psig set

pressure, it will be more than adequate to relieve the tank.



E-866 Stainless Steel Flask Stress Calculations
D. Allspach
October 17, 1995

The following calculations yield the maximum allowable working pressures of a
flask constructed using 0.003 in. thick 304 Stainless Steel for the cylindrical shell
and 0.002 in. thick 304 Stainless Steel for the hemispherical heads. The
Maximum Allowable Stress, Sa, used in these calculations is taken as 18,800 psi.
The allowable stress is calculated as 1/4 of the ultimate tensile strength of the
material. Regarding the joint efficiency, please reference the ES66 Stainless Steel
Flask Joint Testing document.

Circumferential Stress on Cylinder Under Internal Pressure:
Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
Div. 1, UG-27(c,1).

E=1.0 Joint Efficiency

t = 0.003 in. Stainless Steel Thickness

P Maximum Allowable Working Pressure
R=151n Flask Radius

P = (18,800)(1)(0.003)/[1.5 + (0.6)(0.003)]
P =37.6 psid
Longitudinal Stress on Cylinder Under Internal Pressure:

Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
Div. 1, UG-27(c,2).

p

2SaEt/(R - 0.41)

P = (2)(18,800)(1)(0.003)/{1.5 - (0.4)(0.003)]

P =75.3 psid
Each of these allowable pressures exceed the suggested MAWP of 25 psid for
target flasks by the Target Guidelines. -Thus, 0.003 in. thick 304 S.S. is

acceptable for the cylindrical portion of the flask.

Hemispherical Heads with Pressure on Concave Side:
Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
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Div. 1, UG-32(f).

E=1.0 Joint Efficiency

t = 0.002 . Stainless Steel Thickness

p Maximum Allowable Working Pressure
L=15in. Inside Crown Radius

P = (2)(18,800)(1)(0.002)/{(1.5) + (0.2)(0.002)]

P = 50.1 psid

This allowable pressure exceeds the suggested MAWP of 25 psid for target flasks
by the Target Guidelines. Thus, 0.002 in. thick 304 S.S. hemispherical heads are

acceptable for this flask.

Flask Maximum Allowable Working Pressure:

Calculation Maximum Pressure
Circumferential 37.6 psid
Longitudinal 75.3 psid

Heads 50.1 psid

MAWP 37.6 psid

Stress due to Liquid Weight and Table Motion:

Both the liquid hydrogen and liquid deuterium targets are located on a linear
motion table (see Fermilab drwg. # 9205.100-MD-58662). The table is driven by
a stepping motor and has the following calculated maximum velocity and
acceleration.

Stepping motor steps per revolution = 200

Controller maximum half-steps per second = 20,000

(10,000 steps/sec)/(200 steps/rev) = 50 revolutions per second

Threaded drive shaft has five threads per inch = 5 rev/inch of linear motion
Maximum table speed = (50 rev/sec)/(5 rev/inch) = 10 inches per second

Assume table is moving at top speed and power fails. Assume table stops in 0.2
seconds.

V-V,
a= o =-50 in/sec? = -4.167 ft/sec?
f
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As liquid deuterium is heavier than liguid hydrogen, the following calculations
assume liquid deuterium in the flask. The liquid deuterium weight inside the
flask is roughly 1 pound.

F=ma= (11b/32.2 ft/sec2)(4.167 ft/sec2)= 0.13 Ibf

For a thin cylinder, I = t R3 t = 0.0318 in4
where, R = 1.5 inches
t = 0.003 inches

Also, ¢ = 1.5 inches.

The bending moment can be calculated from Roark and Y oung, Table 3, case 1a.
M = 2.16 in-lbs. The bending stress in the horizontal plane on the flask due to
deceleration of the targets from top speed to zero in 0.2 seconds is the following:

Stress due to Table Motion = ¢ = M_ 216 = 102 psi

Ve (01 5)

The weight distribution of the liquid deuterium over the length of the flask is
0.05 Ib/in, where the weight is about 1 Ib and the total flask length is 20 inches.
From Roark and Young, Table 3, case 2a, the maximum ben ing moment can be
determined. This stress on the flask is in the vertical direction. '

~w 12 _ (0.05)(16.625)*

Mk = 5 5 = 6.91 in-lbs; where, w, = 0.05 Ib/in
[ =16.625 inches
. M 6.91
Stress due to Liquid (Deuterium) Weight = ¢ = l,u/ = 7 — = 326 psi
1y !G.Ujl§{ _}
VA i.3

The combined effect of these two conditions is 342 psi directed 72.6 degrees
downward from the horizontal plane. Thus, the additional stress imposed on the
flask due to the conditions of table motion and liquid weight is insignificant.
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Stainless Steel Flask Relief Sizing
D. Allspach
February 16, 1995

The stainless steel target flask is relieved by an Anderson Greenwood relief
valve. The flask surface area must first be calculated in order to obtain the rate
of heat flow to the vessel. From this rate of heat transfer, and the heats of
vaporization of Hy and D,, the mass flow rate of the vaporizing H, or D5 can be
calculated, as well as the corresponding pressure drop in the lines. The relief |
valve may be sized for this flow rate.

Vessel Dimensions:

R=15in Cylinder Radius
B=200in Vessel Length (Total)
h=0.751n Depth of ellipsoidal head
L=18.5in Cylinder Length ,
S Surface Area of one head
A Vessel Surface Area

K Radius of dished head

Vv Vessel Volume

Y Volume of one head

MR =3.0 in Principle Radius of Head
mR =0.75 in Knuckle Radius

The formulas below are taken from C.B.1. Bulletin #594.

K=M - [(M-1)(M+1-2m)]1/2
M=20, m=0.5

K =0.586

S = nR2[1+K2(2~K)}

S =10.5 sq. in.

A =27RL + 28

A =1951in? =1.35 fi2
Y = (2/3)nKR3

Y =4.14 in3

V = nR2 +2Y

V =139 in3 = 2.28 liters
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Reguired Mass Flow Rate :

q' = 3500 Btu/(hr-ft2) Heat Flux to Vessel (Cryogenic Systems, Barron)
S =1.351t2 Vessel Surface Area

Q Heat Transfer Rate to Vessel

AH = 4342 J/g Hy Heat of Vaporization

AH" =314.6 J/g D9y Heat of Vaporization

m' Mass Flow Rate

Q=4S

Q =4725 Btu/hr = 1384 W

m' = Q/AH

m'(Hp) = 3.2 g/s = 25 Ibs/hr
m'(Dy) = 4.4 g/s = 35 Ibs/hr

Required Relief Valve Orifice :
Symbols and formula from Anderson Greenwood catalog, "Series 80 Relief
Vidlves", p. 6.

W(H>7) = 25 Ibs/hr Mass Flow Rate (m') of Hp
W(D2) = 35 Ibs/hr Mass Flow Rate (m") of D»
T=530"°R Absolute Temperature
M(H?2)=2.0 Molecular Weight of Hp
M(D2)=4.0 Molecular Weight of D7
Z=10 Compressibility

K =0.816 Valve Discharge Coefficient
P1 =257 psia Pressure at Valve Inlet

C =356 Gas Constant

A , Required Area of Orifice

A = W(TZ)V2ICKP1(M)1/2
A(H?2) = 0.055 in?
A(D?2) = 0.053 in2

An Anderson-Greenwood type 83 relief valve with a 3/8 inch orifice diameter
B s . e 0 - J r} - ® :
(0.110 in# orifice area) will be sufficient for each target.

Actual Flow Capacity of Relief Device: (Subsonic flow formula)

' Mass Flow Rate

P =25 psia Valve Inlet Pressure

Py = 15 psia Valve Outlet Pressure

M(H3) =2.0 Molecular Weight of Hydrogen
M(D3) =4.0 Molecular Weight of Deuterium
T =530 °R Flow Temperature
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Z=1 Compressibility

A=0110sqg. in Valve Orifice Area

K =0.816 Valve Coefficient of Discharge

k =1.404 Ratio of Specific Heats

m' Actual Mass Flow Capacity of Relief Device

W = (735)AKP (M) V2[(k/ (k- 1))(P2/P1)2/K) - (Po/P1)(k+ 1K) ]L/2/(TZ) /2
W(Hp) = 48.8 Ibs/hr = 6.15 g/s Hy
W(D2) = 68.6 Ibs/hr = 8.64 g/s Do

Note: The following calculations show the pressure drops through the vent lines
for the actual flow capacity of the relief device.

Pressure Drop in Line from Flask to Cond. Pot:

Assuming cold line (Saturation temperature of Hy or D»)

1/2 in. stainless tubing of length 3.0 ft; I.D. = 0.402 in = 1.02 cm

Neglect the change in height (since it is small) and minor losses (since there are
no sharp bends). The properties below are for 25 psia and saturated vapor.

p(Hp) = .00216 g/cc Density of H»

p(D2) = .00375 g/cc Density of Dy

LWH2) = 1.25x10-3 g/cm-s Viscosity of Hp

w(D2) = 1.55x10-3 g/cm-s Viscosity of Dy

v Velocity

f Friction Factor

D=1.02cm Inner Diameter of tubing

£ = 0.0015 mm Roughness of Drawn Tubing

AP1 Pressure Drop from Vessel to Cond. Pot
L =914cm Length of Pipe

m'(Hp) = 6.15 g/s Actual Mass Flow Capacity of Valve
m'(D2) = 8.64 g/s Actual Mass Flow Capacity of Valve
Re = pvD/m = 4m'/Dry

Re(Hy) = 6.14x105 >> 2300, therefore, Turbulent.
Re(D7) = 6.96x105 >> 2300, therefore, Turbulent.
f(H2) = 0.0146 ( From Moody Chart, £/D = 0.000147 )
f(D2) =0.0145 ( From Moody Chart, £/D = 0.000147 )

v =4m'/mpD2

v(H») = 3484 cm/s
v(D2) = 2820 cm/s
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AP = pv2fL/2D

ATHT /TY

AP1(Hp) = 1715 Pa=0.25 pst
AP1(Dgy) = 1937 Pa = 0.28 psi

Pressure Drop in Line from Cond. Pot to Relief Valve:

1/2 inch stainless tubing, 3.5 ft long; [.D. = 1.02 cm. Find the temperature of the

uid in this length of bare tubing for P =

q = 3500 Btu/(hr-ft?2) = 1.1 W/cm?

A = 7(0.5 in)(42 in) = 66 in2 = 426 cm?
Q=467 W

m'(Hp) = 6.15 g/s; Ah = Q/m' =76 J/g
m'(Dy) = 8.64 g/s; Ah = Q/m' =54 J/g
hi(Hp) = 198.5 J/¢g

h1(D2) = 196.9 J/g

ho(Hp) = 198.5 + 76 = 275 J/g

ho(D7) = 196.9 + 54 = 251 J/g
T(Hy) =29 K

T(DOo2)=37K

25 psia:

Heat Flux to Uninsulated Tube
Outside Surface Area of Tube
Heat Transfer to Tube

Energy Increase of Hydrogen
Energy Increase of Deuterium
Saturated Vapor Enthalpy of Hp
Saturated Vapor Enthalpy of Dy
Enthalpy of Hj at Relief Valve
Enthalpy of D at Relief Valve
Temperature of Hy at Relief Valve
Temperature of D at Relief Valve

To be slightly conservative, assume that the temperature of both the Hy and Dy
flowing through the tube is at 50 K. Neglect the change in height (since it is

small) and minor loss
are for 25 psia and 50 K.

es (since there are no sharp bends). The properties below

p(Hp) = 0.8479 E-3 g/cc Density of Hp

p(Dy)=0.169 E-2 g/cc Density of Dy

WHo) = 1.53 E-5 g/cm-s Viscosity of Hp

wdy) = 2.14 E-5 g/cm-s Viscosity of D3

v Velocity

f Friction Factor

D =102 cm Inner Diameter of tubing

£ = 0.0015 mm Roughness of Drawn Tubing

AP2 Pressure Drop from Vessel to Cond. Pot
L =107 cm Length of Pipe

m'(H2) = 6.15 g/s Actual Mass Flow Capacity of Valve
m'(D72) = 8.64 g/s

Re = pvD/y = 4m'/Drnp

Actual Mass Flow Capacity of Valve

Re(Hy) = 5.02 x 105 >> 2300, therefore, Turbulent.
Re(D7) = 5.04 x 105 >> 2300, therefore, Turbulent.
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f(H2) = 0.015 ( From Moody Chart, /D = 0.000147 )
f(D2) =0.015 ( From Moody Chart, e/D = 0.000147 )

v = 4m'/npD2
v(H7) = 8876 cm/s
v(Dy) = 6257 cr/s

AP = pv2fL/2D
AP2(Hp) = 5256 Pa = 0.76 psi
AP2(D2) = 5206 Pa = 0.76 psi

Total Pressure Drop in Line:
APtotal(H2) = AP1 + AP2 = 1.01 psi
APtotal(D2) = APl + AP2 = 1.04 psi

These pressure drops are less than the 2.0 psi blowdown of the relief valve. The

valve blowdown is set at 20% of the valve set pressure.
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Vacuum Jacket Stress
D. Allspach
March 6, 1995

The cylindrical portion of the vacuum vessel housing the target flask has a 5 inch
outer diameter, a length of about 15.5 inches and a wall thickness of 0.125 inches.
On the upstream end of the cylindrical shell is attached a heavy wall aluminum
target transition block. A flange is located on the downstream end. Reference
Fermilab drawing # 2727.866-MD-58635. These vessel components are made of
6061-T6 Aluminum Alloy.

Cylindrical Shell, Internal Pressure: Formulae are obtained from the ASME
Boiler and Pressure Vessel Code, Sec. VIII, Div. 1, UG-27.

t=0.125 in. Actual Shell Thickness

E=06 Weld Efficiency

S = 10,500 psi Maximum Allowable Stress for Drawn Seamless Tube
R =2.375 in. Inside Shell Radius |
Pmin = 15 psid MAWP of Vessel (Target Guidelines, II.D.1.c.(i))

p Actual Maximum Allowable Pressure

Circumferential Stress: UG-2 7(c,1)

P=SEt/ (R + 0.61)

P = (10,500)(0.6)(0.125)/[2.375 + (0.6)(0.125)]
P =321 psid

Longitudinal Stress: UG-27(c,2 )
- P=2SEt/ (R - 0.4¢)
P = (2)(10,500)(0.6)(0.125)/[2.375 - (0.4)(0.125)]

P =677 psid

Cylindrical Shell, External Pressure: Formulae and variables obtained from the
'ASME Boiler and Pressure Vessel Code"”, Sec. VIIL, Div. 1, UG-28 and App. 5
Do =5.01n. Outer Shell Diameter

L =155 in. Length of Shell

t=0.125 Shell Thickness

A : Factor Obtained from Fig. 5-UG0-28.0

B Factor Obtained from Fig. 5-UNF-28.30

P Max. Allowable External Pressure

E

= 10.0 E6 psi Modulus of Elasticity
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Cylindrical Shell, External Pressure (cont.):
Dg / t = 40 > 10 therefore, use UG-28(c,1).

Steps 2-3: From Fig. 5-UGO-28.0, A = 0.0016
Steps 4-5: From Fig. 5-UNF-28.30, B = 7,500

Step 6:
P =4Bt/ 3D,

= (4)(7500)(0.125)/[(3)(5.0)]
P =250 psid

Maximum Allowable Working Pressures:

Calculation Internal Press. External Press.

Shell s 250 psid
Shell, Circumferential 321 pstd = ===-ee-

Shell, Longitudinal 677 psid  ameees

MAWP, External  ------ 250 psid
MAWP, Internal 321 psid  eeeeeas

The Maximum Allowable External Pressure is 250 psid. This is greater than the

7.5 psid required external pressure when using the ASME allowable stress. Thus,

the Ijmmnab ES&LJ. Manual Chapter 5033, "Vacuum Vessel Safety", which

ires a min ssure of 30 psid (15 psid collapse pressure with a

or of two) 1s satisfied; therefore, the vessel meets Fermilab's vacuum
rnal pressure requirement.
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The Maximum Allowable Internal Pressure is 321 psid. This is greater than the
15 psid minimum required by "The Design, Fabrication, Testing, Installation,
and Operation of LHp Targets”, I1.D.1.c.(i); therefore, the vessel meets
Fermilab's vacuum vessel internal pressure requirement.
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Titanium Window Stress
D. Allspach

February 14, 1995

The E866 target beam windows are to be fabricated from a titanium alloy, Ti 15-3
(Ti-15V-3Cr-3Sn-3Al). The downstream flange and a flange on the transition
biock hold the thin metal windows in position. The "beam diameter” of each
window is 4.25 inches (diameter to calculate window thickness = 4.5 inches).

Window Thickness: Fermilab ES&H Manual Chapter 5033, "Vacuum Vessel
Safety", references the Mechanical Safety Subcommittee Guidelines for the Design
of Thin Windows at Fermilab (TM-1380). Formulas in this memo are taken from
Roark and Young for combined bending and diaphragm stresses for circular plates
(Chapter 10 of the Fifth Edition). Our flanges have a 1/8 inch edge radius as is
required by paragraph I1.E.2.a. of the Target Guidelines. Thus, 1/4 inch (2 x 1/8
inch) is added to the "beam diameter” for the calculations below. Edge conditions
are fixed and held.

Sy = 121,100 psi Minimum Ultimate Strength

Sy = 107,000 psi Minimum Yield Strength
q=15psid Actual pressure appiied to window
E =13.4 E6 psi Minimum Modulus of Elasticity

v =03 Poisson's ratio

a=2.25 inches Window radius

t Window thickness

y Window deflection

Using t = 0.0055 inches in the formula below, iterations are performed to find the
deflection, y, such that the calculated window thickness, tcalculated, 1S equal to
0.0055.

)
,‘ = ) ] ~
VEN5.33) (37 0)+(2.6)(y 1 1)3]

1 N
11—

It is found that for y = 0.122 inches, t = 0.0055 inches. Note that y > t / 2, thus the
above formula for diaphragms is valid.

y =0.122 > t/2 = 0.00275 inches
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Given the thickness and deflection, the edge and center stresses are found.

Stress at Edee:

4 N yxt) /v\2
S odoe mg( | === |+ E(0.476)| =
& \Ewmz }zﬂ\ a? J \a/

G edge = 26,570 psi

Stress at Center:

2
2 Xt
O conter = E( ( % £(0.976)( )
1 \ az a /

o | J

N A

O center = 43,560 psi

As found above, the maximum stress is at the center of the window. Given the
certified ultimate tensile strength we find this material offers a safety factor of 2.8.
Also, we see that the maximum stress is about 40% of the certified yield strength.

It is of interest to compare these safety factors with those the Target Guidelines
require for mylar and those which are required in Vacuum Vessel Safety.
Paragraph IL.LE.1.b.(1) of the Guidelines note that the allowable strength for a
circular mylar window is to be taken as 2/3 of the yield strength. (Note that, based
on tensile testing of mylar at Fermilab, an allowable strength based on 2/3 of the
yield strength is approximately equivalent to a safety factor of 2.5 based on the
ultimate strength). Vacuum Vessel Safety requires that the smaller of 0.5(ultimate
strength) or 0.9(yield strength) be taken as the allowable strength. In consideration
of these methods of determining the allowable strength, we find that, for Ti 15-3,
using 0.5(ultimate strength) results in the smallest value. It is thus relevant to
speak of the safety factor for the E866 windows relative to the ultimate strength of
the material. Note that our safety factor of 2.8 exceeds that required for mylar in
the Target Guidelines and that required for Vacuum Vessel Safety.

Paragraph IL.E.3.a. of the Guidelines require that testing be completed on windows
in order to verify their strength. This is viewed as a very important requirement.
As a result, testing beyond the requirements of the Guidelines is planned to
understand how the Ti 15-3 will perform under various conditions. See safety
report insert Titanium Window Testing. However, the required burst pressure of 75
psid (implying a safety factor of 5 based on the ultimate strength) for materials
other than mylar is an excessively stringent requirement opposing the goal of
building a target system conducive to obtaining physics data at a reasonably
efficient rate. We propose that this point in the Guidelines be revised (please see
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insert titled Proposal for Revision to Target Guidelines Paragraph ILE.3.a. and
Other Related Paragraphs). For the case at hand, we propose, given the
information in this document and others supporting it and positive testing results,
that Ti 15-3 windows at 0.0055 inch thickness be approved for use in the E866
experiment.

Following is additional information which indicates positive performance of Ti 15-
3 for use as E866 vacuum windows.

Failure Scenario:
In the case of a flask failure the following conditions exist:

(1)  The vacuum container will increase in pressure to a maximum of

about 3.5 psig.

(2)  The parallel plate reliefs will open, venting hydrogen/deuterium into
the tent. The tent exhaust fan will start automatically. Hyp/Dy will be
vented outdoors.

The 1nitial level of Hy/D5 in the vacuum container will be such that it
will cool the titanium windows to cryogenic temperatures.

o
(a3
N

Thermal Stress:

Following is an analysis of the window stress due to thermal contraction in the case
of a flask failure. From "Cryogenic Engineering" by B. A. Hands, Fig. 4.5, page
98, we see that the thermal contraction of Titanium from room temperature to 20K
i1s 0.15%. Given the Modulus of Elasticity we can find the stress applied to the
window due to this thermal contraction.

O thermal = €E =0.0015in / in x 13.4 E6 psi = 20, 100 psi

This stress is calculated assuming the aluminum flanges holding the windows do
not shrink. If uniform contraction is assumed, the actual window thermal stress
will be less than that calculated above. In fact, the thermal contraction of
aluminum from room temperature to 20K is slightly greater than that of titanium.

This problem was modeled by our Engineering Analysis Group. The model
assumes that the edges of the windows are fixed and held (as in TM-1380), they
are exposed to cryogenic temperatures and are subsequently loaded to 15 psid. The
maximum combined stress on a window under these conditions was found to be
about 65,000 psi. Upon examination of the Titanium alloy properties we find that
both Sy and Sy increase significantly with lowered temperature. This combined
stress value is about 30% of Sy at liquid hydrogen temperature.
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If an actual flask failure were to occur, the differential pressure across the window
will decrease (from 15 psid external pressure to 3.5 psid internal pressure) as noted
above. This decrease in pressure differential will cause the stress component due
to pressure to decrease. The combined stress value of 65,000 psi is thus
conservative.

The elongation of Ti 15-3 is reduced by approximately 50% when it is cooled from
room temperature to liquid hydrogen temperature. The elongation of the Ti 15-3
material 1s certified at 14.3% at room temperature. Actual elongation calculated
for the E866 vacuum windows with 15 psid is less than 0.5%.

The case of a flask failure is not expected to cause the vacuum windows to fail.

Thus, the analysis indicates that 0.0055 inch thick titanium alloy vacuum windows
are suitable for the E866 targets.
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ARNOLD

THE ARNOLD ENGINEERING COMPANY
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Ship Receiving Dept. Date Shipped 2/1/95
To Kirk & Batavia Roads Requested Shipping Instructions
upPs
L o
End Use il Quantity Shipped Description
85710 C 1 Lot 15~3-3 Titanium, Annealed
(3.0 1bs.) L0055 x 10.125 x as rolled width x coil
AMS 4914 with standard AECo exceptions
CHEMICAL ANALYSIS MATERIAL AS IS |
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T6230H 107,000 121,100 14.3% (157615 | ASTM#6.5
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P & ®
INTERNATIONAL MATERIAL
400 Commonwealth Drive, Warrendale, PA 15096-0001 SPEC!F!CATEO}Q Issued 1 APR 1984
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TITANIUM ALLOY COLD ROLLED SHEET AND STRIP B
15V - 3A1 - 3Cr - 3Sn
Solution Heat Treated

1. SCOPE:
1.1 Form:

This specification covers a titanium alloy in the form of sheet and strip.
1.2 Application:

These products have been used typically for parts to be formed in the
solution heat treated condition and subsequently precipitation heat treated
requiring high strength-to-weight ratio and stability up to 550 °F (288 °C)
in the precipitation heat treated condition, but usage is not limited to such
applications.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE publications shall apply. The
applicable issue of other publications shall be the issue in effect on the
date of the purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AMS 2242 Tolerances, Corrosion and Heat Resistant Steel, Iron Alloy,
Titanium, and Titanium Alloy Sheet, Strip, and Plate

MAM 2242 Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron Alloy,
Titanium, and Titanium Alloy Sheet, Strip, and Plate
: h ‘s Limits. Ti

)
AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alioys
AMS 2750 Pyrometry B )
AMS 2809 Identification, Titanium and Titanium Alloy Wrought Products

SAE Technical Board Rules provide that: “This report Is publishied by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE Invites your
written comments and suggestions. :

Rt

Copyright 1992 Society of Automotive Engineers, Inc. ‘ e
All rights reserved. Printed in USA
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Available from ASTM, 1916 Race Street, Philadeliphia, PA

ASTM E 8

ASTM E 8M
ASTM E 112
ASTM E 120
ASTM E 290

ASTM Publications:

Tension Testing of Metallic Materials
Tension Testing of Metallic Materials (Metric)
Determining the Average Grain Size
Chemical Analysis of Titanium and Titanium Alloys
Semi-Guided Bend Test for Ductility of Metallic Materials

U.S. Government Publications:

19103-1187.

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-163 Steel Mill Products, Preparation for Shipment and Storage

(&S]

TECHNICAL REQUIREMENTS:

3.1 Composition:
Shall conform to the percentages by weight shown in Table 1, determined by
wet chemical methods in accordance with ASTM E 120, by spectrochemical
methods, or by other analytical methods acceptable to purchaser.
TABLE 1 - Composition
Element min max
Vanadium 14.0 16.0
Chromium 2.5 3.5
Tin 2.5 3.5
Aluminum 2.5 3.5
Iron - 0.25
Oxygen e 0.13
Carbon - 0.05
Nitrogen -- 0.05 (500 ppm)
Hydrogen -— 0.015 (150 ppm)
Residual Elements, each (3.1.1) - 0.10
Residual Elements, total (3.1.1) - 0.40
Titanium remainder
3.1.1 Determination not required for routine acceptance

3.1.2 Check Analysis:
AMS 2249.

(R)

Composition variations shall meet the requirements of
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3.5.1
3.5.1

[T
I

Meiting Praciice:
Alloy shall be multiple melted; the final melting cycle shall be under
vacuum. The first melt shall be by consumable electrode, nonconsumable
electrode, electron beam, or plasma arc melting practice. The subsequent
melt or melts shall be made using consumable electrode practice with no
alloy additions permitted in the last consumable electrode melt.
.1 The atmosphere for nonconsumable electrode melting shall be vacuum or
shall be argon and/or helium at an absolute pressure not higher than
1000 mm of mercury.

.2 The electrode tip for nonconsumable electrode melting shall be water-
cooled copper. ,

Condition:

Hot rolled with subsequent cold reduction, solution heat treated, descaled,
and leveled, having a surface appearance comparable to a commercial
corrosion-resistant steel No. 2D finish (See 8.2).

Heat Treatment:

Product shall be solution heat treated by heating to a temperature within the
range 1450 to 1500 °F (788 to 816 °C), holding at the selected temperature
within +25 °F (414 °C) for 3 to 30 minutes, and cooling at a rate which will
produce product meeting the requirements of 3.5 (See 8.3). Pyrometry shall
be in accordance with AMS 2750.

Properties:
The product shall conform to the following requirements:
As Solution Heat Treated:

-1 Tensile Properties: Shall be as shown in Table 2 for product 0.125 inch
(3.18 mm) and under in nominal thickness, determined in accordance with
ASTM E 8 or ASTM E 8M with the rate of strain maintained at

0.003 to 0.007 inch/inch/minute (0.003 to 0.007 mm/mm/minute) through the
yield strength and then increased so as to produce failure in

< t 1R}

o 3 $4 2 : S [ 1 .

approximately one additional minute. Whe
1d

19
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i fit ILe gCcurs peilween
s

purchaser and vendor over the yie a referee test shall
be performed on a machine having a strain rate pacer, using a rate of
0.005 inch/inch/minute (0.005 mm/mm/minute) through the yield strength
and a minimum crosshead speed of 0.10 inch (2.5 mm) per minute above the
yield strength.
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TABLE Z - Tensile Properties

Property Value
Tensile Strength 102 - 137 ksi (703 - 945 MPa)
Yield Strength at 0.2 % Offset 100 - 126 ksi (689 - 869 MPa)
ETongation in 2 Inches (50.8 mm) or 4D 12% :

3.5.1.1.1 Tensile property requirements for product over 0.125 inch (0.32 mm) in
(R) nominal thickness shall be as agreed upon by purchaser and vendor.

3.5.1.2 Bending: Product 0.125 inch (3.18 mm) and under in nominal thickness

shall withstand, without evidence of cracking when examined at 20X
magnification, bending in accordance with ASTM E 290 through an angle of
105 degrees around a diameter equal to the bend factor times the nominal
thickness of the product, using either V-block, U-channel, or free bend
procedure with axis of bend parallel to the direction of rolling. Only
one of these tests will be required in routine inspection. In case of
dispute, results of bend tests using the V-block procedure shall govern.

TABLE 3 - Bending

Nominal Thickness Nominal Thickness Bend
Inch Millimeters Factor
Up to 0.070, inc) Up to 1.78, incl 4
Over 0.070 to 0.125, incl Over 1.78 to 3.18, incl 5

3.5.1.2.1 Bending requirements for product over 0.125 inch (3.18 mm) in nominal
thickness shall be as agreed upon by purchaser and vendor.

WA G g i

3.5.1.3 Surface Contamination: The produ

I ¢t shall be free of any oxygen-rich
fayer, such as alpha case, or other surface contamination, determined by
the bend test of 3.5.1.2 or other method acceptable to purchaser.

3.5.2 After Precipitation Heat Treatment:

S
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4.4

(R)

5.2

5.2.

(R)

5.2.

|

8.1

Reports:

The vendor of the product shall furnish with each shipment a report showing
the results of tests for chemical composition of each heat and for the
hydrogen content and tensile and bending properties and grain size of each
Tot, and stating that the product conforms to the other technical
requirements. This report shall include the purchase order number, lot
number, AMS 4914A, size, and quantity.

Resampling and Retesting:

If any specimen used in the above tests fails to meet the specified
requirements, disposition of the product may be based on the results of
testing three additional specimens for each original nonconforming specimen.
Failure of any retest specimen to meet the specified requirements shall be
cause for rejection of the product represented. Results of all tests shall

_ be reported.

PREPARATION FOR DELIVERY:

Identification:

Shall be in accordance with AMS 2809.

Packaging: ‘

1 The product shall be prepared for shipment in accordance with commercial
practice and in compliance with applicable rules and regulations pertaining
to the handling, packaging, and transportation of the product to ensure
carrier acceptance and safe delivery.

2 For direct U.S. Military procurement, packaging shall be in accordance with
MIL-STD-163, Commercial Level, unless Level A is specified in the request
for procurement. :

ACKNOWLEDGMENT :

A vendor shall mention this specification number and its revision letter in

d

11 quotations and when acknowledging purchase orders.

REJECTIONS:

Product not conforming to this specification, or to modifications authorized
by purchaser, will be subject to rejection.

N

OTES:
Marginal Indicia:

The (R) symbol is used to indicate technical changes from the previous issue
of this specification.
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ASTM A 480/A 480M.

For nominal thicknesses under 0.1875 inch (4.762 mm), air cooling from the
sotution heat treatment temperature is usually satisfactory. Fan air
circulation is recommended for thicknesses 0.1875 to 0.375 inch

(4.762 to 9.52 mm), inclusive. Quenching, usually in water, may be required
for thicknesses over 0.375 inch (9.52 mm) .

Definition of "0il1 Can":

An excess of material in a Tocalized area of a sheet which causes the sheet
to buckle in that area. When the sheet is placed on a flat surface and hand
pressure applied to the buckle, the buckle will spring through to the
opposite surface or spring up in another area of the sheet.

Dimensions and properties in inch/pound units and the Fahrenheit temperatures
are primary; dimensions and properties in SI units and the Celsius
temperatures are shown as the approximate equivalents of the primary units
and are presented only for information. ‘

For direct U.S. Military procurement, purchase documents should specify not
less than the following:

Title, number, and date of this specification
rorim and size of product desired
Quantity of product desired

Level A packaging, if required (See 5.2.2).

L.

Products meeting the requirements of this specification have been classified
under Federal Supply Classification (FSC) 9535.

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE "G".
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uality:
The product, as received by purchaser, shall be uniform in quality and
condition, sound, and free from "oil cans" (See 8.4) of depth in excess of
the flatness tolerances, ripples, and foreign materials and from
imperfections detrimental to usage of the product.

3.7 Tolerances:

(R)
Shall conform to all applicable requirements of AMS 2242 or MAM 2247,
4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility for Inspection:
(R)

The vendor of the product shall supply all samples for vendor’s tests and

. shall be responsible for performing all required tests. Purchaser reserves
the right to sample and to perform any confirmatory testing deemed necessary
to ensure that the product conforms to the requirements of this
specification.

4.2 Classification of Tests:

Tests for all technical requirements are acceptance tests and shall be
performed on each heat or Tot as applicable.

Sampling and Testing:

P = )
et (4D

Shall be in accordance with the following; a lot shall be all product of the
same nominal size from the same heat processed at the same time and in the
same heat treatment batch.

4.3.1 Composition: One sample from each heat, except that for hydrogen
determinations one sample from each lot cobtained after thermal and chemical
processing is completed.

4.3.2 Tensile Properties, Bending, Grain Size, and Surface Contamination:

(R) Not less than one sample from each lot.

4.3.2.1 Specimens for tensile tests of widths 9 inches (229 mm) and over shall be
taken and tested in both the longitudinal and transverse directions; for
widths under 9 inches (229 mm), specimens shall be taken in tongitudinal

direction.

4.3.2.2 For V-block or U-channel bend tests, specimen width shall be not less
than 10 times the nominal thickness or 1 inch, (25 mm), whichever is
greater. For free bend tests, minimum specimen width shall, when
possible, be not less than 10 times the nominal thickness: maximum width
need not be greater than 1 inch (25 mm).




E866 VACUUM JACKET VOLUME
November 13, 1995
D. Allspach

The volume of the vacuum jacket can make the target safer by allowing the liquid
from the target to fill the vacuum space and vaporize without overwhelming the
vent. The dimensions and volumes of the various components of the target are
identified below.

Component Dimensions Volume
Refrigerator Vacuum dia=13" length=22.5" 2986.5 cu.in.
Connector Box: Top dia = 9" length=5.25" 334 cu.in.
Conn. Box: Bottom Flange dia=7" length=0.75" 28.9 cu.in.
Refrigerator Support dia=3.75" length=8.5" 93.9 cu.in,
Transition Block dia=8" length=5.25" 263.9 cu.in.
Tgt. Vacuum Jacket dia=4.75" length=15.5" 274.7 cu.in.
Two Window Flanges dia=4.25" length=2x0.5" 14.2 cu.in.
TOTAL Volume inside the vacuum shell is: 3996.1 cubic inches
Support Ring [D=3" OD=3.25" length=1.5" 1.84 cu.in.
Tubing CD=80" length=50" 3.138 cuin.
Support Spider Ring [D=2.69" OD=3.69" t=0.5" 2.5 cu.in.
Support Spider Tripod rectangular solid w/ 3 legs 2.07 cu.in.

Refrigerator Various cylindrical elements 288 cu.in.

TOTAL Volume of components inside the vacuum shell is:

TOTAL VACUUM VOLUME IS: [|3698.6 Cubic’inche”‘s =

The volume of the flask is calculated in the document Stainless Steel Flask Relief
Sizing as 2.3 liters. Compare the total vacuum volume of the target to the flask
volume:

The volumetric ratio of hydrogen saturated vapor @ one atmosphere to liquid
hydrogen is about 52. The target vacuum to flask volume is smaller than the
vapor to liquid ratio which is requested in the Target Guidelines. The vacuum
relieving system must then see some part of the fluid from a flask failure being
vented at the full equivalent vent rate for a heat load of 20 watts/sq.cm. The vent
system must be capable of that vent rate. See the safety document titled Vacuum
Jacket Relief.



Vacuum Jacket Relief
D. Allspach
December 21, 1994

The following calculations show that the parallel plate relief devices attached to
the liquid target vacuum jackets are capable of accommodating the flow rate
required in the case of a flask failure. The liquid spills into the vacuum
container, subsequently vaporizing and venting through the vacuum container's
parallel plate reliefs. Note that each vacuum container has two parallel plate
relief devices installed on it.

The surface area of the vacuum container that would be in contact with the Hy or
Dy after a flask rupture was found to be 873 cm?.

Ag = 873 cm? Area available for heat transfer ‘

0 = 20 W/cm?2 Heat flux, Target Guidelines, Section ILD.3.a.
Q= QAs=1.746 E4 W Rate of heat flow to Hy or D

Ahpg =4451J/g Latent heat of hydrogen

Ahlj =3211J/g Latent heat of deuterium

m = Q/Ah Mass flow rate

my = 39.2 g/s = 0.086 Ibm/s -
mp = 54.4 g/s = 0.12 Ibm/s

Calculation of Required Area of Rupture Disc:

k=14 Ratio of specific heats (hydrogen and deuterium)
Pe = 14.7 psia Exit pressure

Py = 18.2 psia Upstream pressure

D =2in Parallel plate relief pipe diameter

K =0.62 . Coefficient (FIKE Technical Bulletin TB 8102)
Myg=2 Molecular weight of hydrogen

Mp =4 Molecular weight of deuterium

t = 60°F (Gas temperature

Cl =0.0792 Constant (FIKE TB 8102, Table 1)

a Required rupture disc area

A Parallel plate flow area

Pe/Po = 0.81 > 0.528, thus flow is subsonic.

December 21, 1994 Page 1
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PROCEDURE FOR ACCESS TO THE Eg6¢ TENT
FOR ENSTALEATEON!REMUVAL OF COPPER FOIL
D. Allspach, J. Peifer / December 16, 1996

Only hydrogen target experts are allowed in the tent when a hydrogen or deuterium target is
full in order to tune a refrigerator. For the purpose of tent entry, this is whenever either of g

flow must be checked, the vent pressure of each target is to be monitored closely and proper
helium flow and suction and discharge pressures must be verified. If the fargets are running as
expected, the task to tupe 3 refrigerator may proceed with the condition that hydrogen target
expert perform the work inside the tent. Note that no One may enter the tent while the flammable
gas detector is in alarm, nor during a power outage, nor if the tent exhaust fan is moperable. The
Operator monitoring the Systems must maintain communication with the expert inside the tent. If
unexpected or unsafe conditions are observed during the tent access, the observation must be
communicated to the person inside the tent. Communication wijf occur between an operator or
another target expert who will enter the MES6 beamhal] (but remain outside of the tent) in order to
also meet controlled access requirements. This will occur vig walkie-talkies. Note that the
operator in the controls area must be outside of the control room when activating the walkie-talkie,
No walkie-talkies may be taken into the tent. If troubie ig communicated, the operation must be
terminated and the tent must be vacated. No changes may be made at the target control rack during
a tent access. The steps listed below must be adhered to.

1. Make sure the magnet current is off for the MEG6ANT1 Magnet.

2. Before entering the tent, move the target system al] the way to the east (this is the LH;
Target position).

3 LOCK QUT the motion table power supply with a padlock.

4 Turn on the tent exhaust fan and leave fap controller switch in the manual-on position.
TAG OUT this fan controller switch.

5. Carry no tools into the tent. Carry no honessential objects into the tent such as pagers, tape
measures, keys, etc.

6 Climb up the ladder on the west side of the SWIC.

7 Protect each target's upstream bheam windows with a suitable material.

8 Install or remove copper foil on vacuum beam-pipe flange as required. The operator
monitoring the target systems will warn of unexpected or unsafe target conditiong. Before
completing the job make sure 1o loose metal objects are left in the tent,

g. Remove the beam window protection from the targets.

10.  Exit the tent, securing the flaps.

11. Unlock the motion mechanism,

12, Clear the tent area before Irying to move the targets.
13. Check the motion mechanism for proper operation.
14. Untag the fan controller switch and set it to the automatic position.

15. Recharge the ME6ANT magnet as required.

Note that for purposes of thig procedure, the following personne] are considered target experts: Joe
Davids, Mike McKenna and Jim Peifer. The Gperator must be made familiar with the current
operating conditions of the target systems.
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Only hydrogen target experts are allowed in the tent when a hydrogen or deuterium target is
full in order to perform work on an expander. For the purpose of tent entry, this is whenever
either of a target's flask resistors read 80K or less. An operator or target expert must monitor the
operation of the target systems looking for unexpected conditions during the execution of this
procedure. In particular, the H2 detector must be checked in case of target leakage, status of the
tent exhaust fan flow must be checked, the vent pressure of each target is to be monitored closely
and proper helium flow and suction and discharge pressures must be verified. If the targets are
running as expected, the expander work may proceed with the condition that a hydrogen target
expert perform the task. Note that no one may enter the tent while the flammable gas detector is in
alarm, nor during a power outage, nor if the tent exhaust fan is inoperable. The operator
monitoring the systems must maintain communication with the expert inside the tent. If
unexpected or unsafe conditions are observed during the tent access, the observation must be
communicated to the person(s) inside the tent. Communication from the person monitoring the
system will be maintained with a second person entering the ME6 Beamhall (to also meet
controlled access requirements) via walkie-talkies. Note that the operator in the controls area must
be outside of the control room when activating the walkie-talkie. If two people are required inside
the tent for the task, the second person must be a target expert. If only one person is required for
the task, the second person may be a target expert or an operator and will remain just outside the
tent maintaining communication with the expert inside the tent. If trouble is communicated, the
operation must be terminated and the tent must be vacated. No changes may be made at the target
control rack during a tent access. The steps listed below must be adhered to.

STEPS TO BE TAKEN WHEN WORKING ON AN EXPANDER

I. Make sure the magnet current is off for the ME6ANT1 Magnet.

2. Before entering the tent, move the target system all the way to the east (this is the LH,
Target position).

3. LOCK OUT the motion table power supply with a padlock.

4. Turn on the tent exhaust fan and leave fan controller switch in the manual-on position.
TAG OUT this fan controller switch.

5. Only tools required for the expander work may be taken into the tent. Carry no
nonessential objects into the tent such as pagers, tape measures, keys, etc.

6. Climb up the ladder on the west side of the SWIC.

7. Protect each target's upstream beam windows with a suitable material.

8. Perform required expander work. The operator monitoring the target systems will warn of
unexpected or unsafe target conditions.

9. All tools must be accounted for when leaving tent. Before completing the job make sure no
loose metal objects are left in the tent.

10.  Remove the beam window protection from the targets.

11.  Exit the tent, securing the flaps.

12. Unlock the motion mechanism.

13. Clear the tent area before trying to move the targets.

14, Check the motion mechanism for proper operation.

15.  Untag the fan controller switch and set it to the automatic position.

16. Recharge the ME6ANI magnet as required.

Note that for purposes of this procedure, the following personnel are considered target experts: Joe
Davids, Mike McKenna and Jim Peifer. The operator must be made familiar with the current
operating conditions of the target systems.
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PROCEDURE FOR ACCESS TO THE E866 TENT FOR
REPAIRING/REPLACING INSTRUMENTATION
D. Allspach, J. Peifer / September 26, 1996

Only hydrogen target experts are allowed in the tent when a hydrogen or deuterium target is
full in order to repair/replace instrumentation. For the purpose of tent entry, this is whenever either
of a target's flask resistors read 80K or less. An operator or target expert must monitor the
operation of the target systems looking for unexpected conditions during the execution of this
procedure. In particular, the H2 detector must be checked in case of target leakage, status of the
tent exhaust fan flow must be checked, the vent pressure of each target is to be monitored closely
and proper helium flow and suction and discharge pressures must be verified. If the targets are
running as expected, the task to repair/replace instramentation may proceed with the condition that
a hydrogen target expert perform the work inside the tent. Note that no one may enter the tent
while the flammable gas detector is in alarm, nor during a power outage, nor if the tent exhaust fan
is inoperable. The operator monitoring the systems must maintain communication with the expert
inside the tent. If unexpected or unsafe conditions are observed during the tent access, the
observation must be communicated to the person inside the tent. Communication will oceur
between an operator or another target expert who will enter the ME6 beambhall (but remain outside
of the tent) in order to also meet controlled access requirements. This will occur via walkie-talkies.
Note that the operator in the controls area must be outside of the control room when activating the
walkie-talkie. If trouble is communicated, the operation must be terminated and the tent must be
vacated. No changes may be made at the target control rack during a tent access. The steps listed
below must be adhered to.

STEPS TO BE TAKEN WHEN REPAIRING/REPLACING INSTRUMENTATION

I Make sure the magnet current is off for the MEGAN Magnet.
2. Before entering the tent, move the target system all the way to the east (this is the LHy

Target position).

RSN

LOCK OUT the motion table power supply with a padlock.
Turn on the tent exhaust fan and leave fan controller switch in the manual-on position.
TAG OUT this fan controller switch.

5. Only tools required to repair/replace the instrumentation may be carried into the tent,
Carry no nonessential objects into the tent such as pagers, tape measures, keys, etc.

6. Climb up the ladder on the west side of the SWIC.

7. Protect each target's upstream beam windows with a suitable material.

8. Perform required instrumentation repair/replacement. The operator monitoring the target
systems will warn of unexpected or unsafe target conditions.

9. All tools must be accounted for when leaving tent. Before leaving the tent, make sure no
loose metal objects are left inside the tent.

10.  Remove the beam window protection from the targets.

1. Exit the tent, securing the flaps.

12. Unlock the motion mechanism.

13. Clear the tent area before trying to move the targets.

14. Check the motion mechanism for proper operation.

15. If re-entry into the tent is desired at this time, begin again at step 2 of this procedure and
follow all steps except step 4. If no re-entry is desired, continue with step 16.

16. Untag the fan controller switch and set it to the automatic position.

17. Recharge the ME6AN1 magnet as required.

Note that for purposes of this procedure, the following personnel are considered target experts: Joe
Davids, Mike McKenna and Jim Peifer. The operator must be made familiar with the current
operating conditions of the target systems.
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PROCEDURE FOR ACCESS TO THE E866 TENT
FOR REFRIGERATOR TUNING
D. Allspach, J. Peifer / July 25, 1996

Only hydrogen target experts are allowed in the tent when a hydrogen or deuterium target is
full in order to tune a refrigerator. For the purpose of tent entry, this is whenever either of a
target's flask resistors read 80K or less. An operator or target expert must monitor the operation of
the target systems looking for unexpected conditions during the execution of this procedure. In

helium flow and suction and discharge pressures must be verified. If the targets are running as
expected, the task to tune a refrigerator may proceed with the condition that a hydrogen target
expert perform the work inside the tent. Note that no one may enter the tent while the flammable
gas detector is in alarm, nor during a power outage, nor if the tent exhaust fan is inoperable. The
operator monitoring the systems must maintain communication with the expert inside the tent. If
unexpected or unsafe conditions are observed during the tent access, the observation must be
communicated to the person inside the tent. Communication will occur between an operator or
another target expert who will enter the MES6 beamhall (but remain outside of the tent) in order to
also meet controlled access requirements. This will occur via walkie-talkies. Note that the
operator in the controls area must be outside of the control room when activating the walkie-talkie.
No walkie-talkies may be taken into the tent. If trouble is communicated, the operation must be
terminated and the tent must be vacated. No changes may be made at the target control rack during
a tent access. The steps listed below must be adhered to.

STEPS TO BE TAKEN WHEN TUNING A REFRIGERATOR

Make sure the magnet current is off for the ME6AN1 Magnet.

Before entering the tent, move the target system all the way to the east (this is the LHjy -
Target position).

LOCK OUT the motion table power supply with a padiock.

Turn on the tent exhaust fan and leave fan controller switch in the manual-on position.
TAG OUT this fan controller switch.

Carry no tools into the tent, Carry no nonessential objects into the tent such as pagers, tape
measures, keys, etc. ‘

Climb up the ladder on the west side of the SWIC.

Protect each target's upstream beam windows with a suitable material.

Perform refrigerator tuning. The operator monitoring the target systems will warn of
unexpected or unsafe target conditions. Before completing the job make sure no loose
metal objects are left in the tent.

9. Remove the beam window protection from the targets.

10. Exit the tent, securing the flaps.

I1. Unlock the motion mechanism.

12. Clear the tent area before trying to move the targets.

13. Check the motion mechanism for proper operation.

14. Untag the fan controller switch and set it to the automatic position,

15 Recharge the ME6AN magnet as required.

DO
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Note that for purposes of this procedure, the following personnel are considered target experts: Joe
Davids, Mike McKenna and Jim Peifer. The operator must be made familiar with the current
operating conditions of the target systems.



CONDITIONS FOR ACCESS TO THE
ME6 BEAMHALL

D. Allspach, J. Peifer
July 25, 1996

(I) Note that the ME6 BeamHall will remain interlocked
(controlled access required) whenever there is liquid in either of
the hydrogen or deuterium targets. For these purposes, this is
whenever either of a target’s flask resistors read 80K or less.

(2) Flashing Blue light indicates hydrogen and/or deuterium is
present inside the target flasks. This is a normal running
condition.

(3) A whooper is located inside the beamhall. An alarm from
the whooper indicates hydrogen or deuterium is detected by the
flammable gas detector. The ME6 beamhall must be vacated
immediately if the whooper is in alarm. The Operations Center
and FIRUS are contacted automatically when an alarm occurs.

(4) No unauthorized personnel are allowed inside the
Target Tent. Only Liquid Hydogen Target Experts are
allowed to enter the tent with an approved access procedure.

(5) An ODH fan is installed to constantly ventilate the ME6
beamhall in the area of the Target Tent. The ODH fan
maintains an ODH Class Zero in the beamhall. Before access
is granted to the ME6 beamhall, normal operation of the ODH
Fan Flow must be verified. If the ODH Fan Flow status is OK,
no other special precautions are required. If the ODH Fan Flow
1s in alarm, access may still be granted, but ODH Class 1 rules
must be followed.



From: RDIV: :ALLSPACH 31-JUL~1996 12:25:30.04

To: GERARDIT

CC: PEIFER, FNAL: :RLS, ALLSPACH
Subij : ME6 beamhall

Hello Mike,

We have a liguid hydrogen/deuterium target system in the ME6 beamhall
as you are aware. A secondary containment (or tent) surrounds the ligquid
targets. The tent includes a large window.

I have been informed that you are doing the Search and Secure Maps for
this area. As in the past, I want to remind you that access to the
target tent is strictly prohibited except by target experts (those named
on the call-in list for this system) only with an approved procedure.
Search and Secure teams are at no time allowed inside the tent and are
to rely on the window provided when doing the search and secures.

egarding this.

]

Please contact me if you have any questions

Thank you, Del



E866 Tent Design
- D. Allspach, J. Brusoe
July 3, 1996

The E866 tent houses two independent liquid target systems, Materials the tent is constructed of
include herculite and lexan. Steel angles support the target table and unistrut is used for the tent
framing. A working platform made of aluminum is Jocated immediately upstream of the target
table. The 10 inch diameter vent ducting used for tent ventilation is made of sheet metal. A fan
with a capacity of about 1300 cfm air for our ducting system is used to ventilate the tent when
required. Ducting exhaust is vented outdoors on the project east side of the Meson Area Detector
Building. The outlet of the ducting will be protected in order to prevent undesirable outdoor
conditions from affecting the intended function of the ventilation system. Fresh air intake will be
provided with ducting which is extended from the bottom of the tent to about one foot above the
floor level.

Operation of the fan is controlled with our new TI405 programmable logic controller. The fan
will turn on under the following conditions: (1) target mnsulating vacuum pressure high coupled
with low target temperature or (2) detection of hydrogen/deuterium by the flammable gas
detector located at the top of the tent. Notification of a flammable gas detector alarm is sent to
the target controls rack, FIXDMACS and FIRUS, FIXDMACS notifies the operators that the
ventilation fan is running and also verifies that there is flow in the ventilation ducting.

The following calculations find the pressure drop across the ventilation ducting that would be
produced by a target flask rupture. It is assumed that the liquid from the flask evaporates inside
the target vacuum volume and is then vented through the vacuum system parallel plate relief
devices as cold vapor. It is also assumed that the hydrogen/deuterium does not ignite. The
pressure drop across the ventilation system is first found for the case with the fan off,

Pressure Drop Across Tent Ventilation Ducting

The ventilation system is modeled as 60 ft. of 10 in. diameter commercial steel piping with four
regular 90° elbows. The highest possible volumetric flow rate is found using the parallel plate
relief rate (see 866 safety document Vacuum Jacker Relief) and the density of hydrogen and
deuterium at room temperature.

p(Hz) = 0.08233 kg/m3 Density of Hydrogen at 70° F

p(D2) = 0.1645 kg/m3 Density of Deuterium at 70° F

m'(Hp) = 0.0392 kg/sec Hjy Mass Flow Rate through Paralle] Plate Relief
m'(Dy) = 0.0544 kg/sec D; Mass Flow Rate through Parallel Plate Relief
Q(Hz) = m'(Hp)/ p(Hp)

QHy) = 0.476 m3/sec = 1009 cfm Volumetric Flow Rate of Hydrogen

QD) = m'(D2)/ p(Dy)

QM2) = 0.331 m3/sec = 702 cfm Volumetric Flow Rate of Deuterium

L = 60 ft Actual Length of Pipe

D = 0.833 ft Diameter of Pipe

A = 0.545 fi2 Area of Pipe

K = 0.15 Resistance Coefficient for Regular 90° Elbow
Le = KD/f=7.14 ft Equivalent Length for one 90° Elbow

4Le = 2861t Total Equivalent Length for four 90° Elbows

v = Q/A =31 ft/sec Tuid Velocity in Pipe (Hy Yields Highest Velocity)
€/D = 0.00018 Relative Roughness of Commercial Steel Pipe

g = 32.2 ft/sec? Acceleration of Gravity

Az = 18 f Elevation Change



Since the flow of air, hydrogen, or deuterium would all be turbulent flow, the numbers for air
will be used in the following calculations since they provide the lowest Reynolds number, and
thus the highest friction factor. This yields the highest possible pressure drop.

plair) = 0.072 Ib/fi3 Density of air at STP
p(air) = 1.2 x 1075 Ib/sec ft Viscosity of air at STP
It fi

vp 00723 31 .0.833ft
Re=PY2 ft e = 1.54x10°

H 1.2x1077

sec- ft
f=0.0175 Friction Factor from Moody Diagram
Note: This value of f is used in above

calculation of Le.
- ~ -
l 4 -
Ap =] f(gw%—I—-JP—)‘—Y——+gAZJ-p

L 2
Ap = 0.64" H,O Pressure Drop with Fan Off

Since the tent returns to atmospheric pressure after the fan turns on, this 0.64" HyO is the highest
positive pressure the target tent will see. This valne will be considered in calculating the stresses
seen by the tent.

Time Required to Vent the Target and Tent: .

Target venting times calculated below are based on one target failure. As each target system is
independent of the other, the failure of one system will not affect the operation of the other. It is
highly improbable that both systems will fail simultaneously.

m(Hy) = 163 ¢ Target Hydrogen Mass Content

m(D;) = 398¢g Target Deutertum Mass Content

T(Hz) = m(Hp)/m'(Hp) =4.16 sec Time Required to Relieve Hydrogen

T(D2) = m(Dy/m(Dy) =7.32 sec Time Required to Relieve Deuterium

V(Hy) = 7013 Volume (at 70° F) of Discharged H, from Rupture
V(Dy) = 853 Volume (at 70° F) of Discharged D; from Rupture
V(tent) = 380 ft3 Volume of Target Tent (72x94” floor x 977 high)

With our fan (volumeiric discharge rate of 1300 cfm operating at a static pressure of
approximately 0.85" H,O):
t

= V(tent)/1300 cfm = 17.5 sec Time Required to Replace Target Tent Air with Fan
t = V(H2)/1300 cfm = 3.2 sec Time Required to Vent Hydrogen with Fan
t = V(D2)/1300 c¢fm = 3.9 sec Time Required to Vent Deuterium with Fan

By comparing the amount of time required to discharge the hydrogen/deuterium through a target
parallel plate relief in the case of a flask rupture to the time required to vent the equivalent room
temperature volume of hydrogen/deuterium with the fan, it is seen that the ventilation capacity of
the fan is more than adequate. Note: The 0.85" H7O static pressure is found by repeating the Ap
calculation above given the characteristics of the fan. The tent fresh-air intake ducting has a
resistance much less than 0.85" H,O, thus the greatest negative pressure the tent will see is less
than this value.



J

In order for the pressure drop across the ventilation system to be accurate, the pressure drop
through each of the two inlet ducts must be negligible. Therefore, the pressure drop was
calculated. The inlet ducts contain dry air at one atmosphere flowing at a rate of 650 SCFM.
Each inlet duct is assumed to accommodate one half of the ventilation fan flow of 1300 SCFM.
The calculations are shown below.

-3
vl =650 —%L Cross Sectional Area= 6" X 18"
min :
Cross Sectional Area (A)= 108 in?  Wetted Perimeter(P) = 4 ft
k
Length (L) = 4 ft Density (p) = 1.21—
m? "
Kinematic viscosity (v)= 1.606 E-5 —
sec
- 8N 1_3 E —E 3 4 * 2
Velocity(v)= L =000, 1, lmin  l44in” _,, 0
A min 108 in® 60 sec 1ft sec
. )
Hydraulic Radius(Rh) = 2 =198 10" _ 5 55 i
P 48 in

Hydraulic Diameter(Dh)= 4Rh=9 in= .75 ft
D = .64* Dh= .64* 75ft=.48 ft

*D.s 14.44 ft 48 f c 1 m? _
R = == B et —=40,091.33
v sec 1.606 E-5m? 3.281% ft
.00015
e = Roughness, —— = 00015 _ 5 195E -4 =023
g .48
L v
AP =pgh, =pg(f* —* —
pghng =pgl Dh 2g)
£ 2 52 a2
Apol2lke 3226t 023, 4ft 14447 f2,  sec® o
m? sec? 75 1t sec? 2%32.2 ft
Ap =15 47 Ke—ft?  1inH,0-in® 1N-sec?  1f® ,.3048" m*
m°> —sec? .0362 1bf lkg-m 144 in® 1ft?
nH,O-N 11
AP = 255y MO =N, 1IBE ey in H,O

Ibf 4,448 N

The results show that by having a .00574 in H20 pressure drop through the inlet ducts, the
previous caliculations are accurate.



Power Failure Scenario:

In the case of a power failure, the targets will begin to vent into the tent. The fan will not start
under this condition. As the duct opening is located near the top of the tent, virtually all of the
hydrogen gas will enter the ducting. There are no ignition sources inside the tent nor in the
ducting. The flammable gas detector is on battery backup power and thus continues to operate.
When commercial power is restored, the fan starts and vents any trapped hydrogen. Access into
the tent is not allowed while the flammable gas detector is in an alarm status.

During operations, when the target is purged, there is some hydrogen vented into the tent from
the roughing pump exhaust. This is typically less than one cubic foot of gas. A "slow" leak of
hydrogen from a target will eventually be seen by a low liquid level in the target flask. In either
of these conditions, the flammable gas detector will indicate that hydrogen exists in the tent.

Target Table Motor Saferv: ,
The motors used in the motion system are size 34 stepping motors (induction type) supplied by
Anaheim Automation. Manufacturer specifications indicate that at full capacity the maximum
motor case temperature will not exceed 100 degrees Celsius. These specifications are acceptable
for a Class 1, Division 2, Group B area. The "National Electrical Code", indicates in article 501-
8 paragraph (b) that "in Class 1, Division 2 locations, the installation of open or nonexplosion
proof enclosed motors, such as squirrel-cage induction motors without brushes, switching
mechanisms, or similar arc-producing devices shall be permitted.” The paragraph further adds
that "it is important to consider the temperature of the internal and external surfaces which may
be exposed to the flammable atmosphere.” As indicated by M. G. Zabetakis in "Safety With
Cryogenic Fluids" on page 36, table IV, the autoignition temperature of hydrogen in air is 500
degrees Celsius. Having a maximum motor case temperature of 100 degrees Celsius, the motor
is not a potential autoignition source for the hydrogen gas.




E866 Target Table Support Analysis Summary

D. Alispach
July 12, 1986

An analysis of the Target Table Support System has been performed by
Zhijing Tang of the RD/MSD Engineering Analysis Group. See the attached
document titled “E866 Table Support” and Addendum 1.

The total load requiring support is taken as 1000 pounds. This is assumed
due to a total weight of the target table and target system roughly equal
to 750 Ibs and allowance for a person standing on the table. The analysis
is performed for a quarter of the support system due to its symmetries.

The final design of the support system utilizes two steel L5x5x1/2 inch
angles supporting the table as indicated in the sketch shown on the second
page of the attached report. Original calculations were performed for
L5x3x1/2 angle. The addendum shows that the deflection is increased by
0.001 inch due to the design change. The stresses remain insignificant.

A maximum deflection to the steel angles is reported as about 0.010 inch
with maximum siresses at aboui 4000 psi. Maximum deflection to the
aluminum target table is at 0.022 inch with maximum stress at about
2000 psi. The deflections and stresses are low and are considered very
adequate as a support system for the E866 liquid hydrogen targets.



E866 Target Table Support

Zhijing Tang
December 8, 1994

The E866 Table support is initially designed to use aluminum I beams. Since
the space between the table and ground is to be used as a pathway, increasihs
its clearance will be desirable. Hence steel angles are selected to support the
table, and finite element model is used to verify its adequacy.

Steel angle L5x3x1/2 is connected to the aluminum table base as shown in
Fig.1. Assume symmetry, only a quarter of the structure is modeled. The
total load is 1000/4 = 250 Ib.

Four cases are run for different load distributions. 1) All load in the center;
2) Load divided at three places along z axis; 3) Load divided among nine
places. All three cases give the deflection of the steel angle of about 0.01
inch. The stress is very small, less than 4000 psi maximum.

Conclusion: we can use two L5x3x1/2 steel angles to support the target
table.
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E-866 Test Report

Type of Test: Test of Target Table Wall Support Brackets
Date: 7-2-96
Test Coordinator: Joe Davids

Witness: Jim Semen

items to be tested:  Wall Support Brackets

Scope of Test: It is the purpose of this test to insure that the Wall
Support Brackets will adequately support the target table and the
liquid hydrogen target system. Total weight is roughly 750 pounds.

Procedure: Stack brick weights on each wall bracket to a total
weight of 300 Ibs. ( Weight is distributed to four brackets. This load is
750 = 4 = 188 Ibs. Test is performed at load > 125% of 188 Ibs = 234
Ibs required.)

Results: Each wall bracket satisfactorily held the 300 Ib force
applied to it.



E866 Target Tent Analysis
D. Alispach
July 15, 1996

A good portion of the liquid hydrogen target system secondary
containment (the tent) is fabricated of the flexible material Herculite.
Specifically, it is Herculite Staph-Chek Anstat 20. This is acceptable
according to the Guidelines Paragraph N.G.1.c.(i). Unistrut channel is used

as the tent frame.

As in the previous fixed target run, we will provide a wall made of a
transparent material in order for the Search and Secure teams to check
that no personnel are inside the tent before turning on beam. The accepted
transparent material used is Lexan polycarbonate sheet type 9034.

An analysis of the wall supporting the Lexan has been performed by
Zhijing Tang of the RD/MSD Engineering Analysis Group. A grid has been
designed for the relatively rigid (as compared to Herculite) Lexan material
to assure integrity of the wall. The grid framing is made of Unistrut with
the Lexan attached to the outside of the grid. This is done since a release
of hydrogen starts the tent exhaust fan immediately and a slight
differential pressure is created between the inside and outside of the tent
with the lower pressure on the inside of the tent.

Following is the information from Z. Tang's analysis: The wall is made of
1/4 inch thick Lexan, supported by a Unistrut frame. The Lexan 9034 has
the following material properties: E= 0.34x106 psi, V= 0.38. Unistrut used
is P4001, which is steel (E= 29x106 psi), size 1.625” x 1.625”, cross
section properties A= 0.460 in2, |= 0.108 in4. The grid size is 19.8" x
22.0". The design pressure of 2” water is used (72.3x10-3 psi).

The frame is supported at the sides as well as the bottom, leaving the top
free. The calculated displacement is. shown in Figure 1. The maximum
displacement is 0.269 inches. The maximum stress in the Lexan is about
150 psi. The maximum stress in the Unistrut is about 6840 psi. These

values are acceptable.
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Only one target tent beam window is required for the EB866 secondary
containment. |t is located on the downstream wall of the target tent. To
avoid radiation damage to the target tent beam window, we have chosen
aluminum foil rather than mylar or kapton. See Guidelines paragraph
I1.C.1.b.(iii) as applied to targets.

The aluminum window will be circular having a diameter of 4.375 inches
and a thickness of 0.001 inches. Inner edges of the flanges holding the
window in place include a 0.06 inch radius. Both flanges are 0.25 inch
aluminum plate. |

The attached calculations show that for a pressure differential of 2” H2O,
the deflection is about 0.03 inches and the maximum stress is at the
center with a value of about 2200 psi. These values are acceptable.
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SpecxalCondmonsorReqmremeqts Keep & {Oop g‘*f each <lep ncloding,
the fask, peson nad 4me év“pfe%ﬁﬁ T The ool ‘ 7

see Fecmi drwa 2727 866-MD- 53916

Test Coordinator __ e A4 U)o o _\\/\ Dept/Date XD/ m3ID
Division/Section Safety Officer —//k DeptDate ROEH 17 [\ohyoy
Division/Section Head éct/ //2«4/\ Dept/Date _[(D > 7//,9/4;,
Results /qv‘u /L’U tele e SEC| . et Ccn,l» /e te o

Succe Si{\ "‘(éj‘ ,,\\l—\

Witnes! > — DepyDate A2/ s //1‘6/74
“(Safety Officer or Designee)

* Maust be signed by division/section safety officer and division/section head prior 1o conducting iest. It is the
responsibility of the test coordinator to obtain signatures.
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Figure 1.
Designation Description Mfg./model Max. Pressure Notes
TMV-01 exhaust manifold Nupro B-4HK?2 1000 bellows valve
valve
TMV-02 | TRV-Ol'smanual | Whitey B-1VM4 3000
valve
TRV-01 pressure regulator | Matheson 2-580 3000 50-650 psig del.
pressure range
TPI-01 ‘Test pressure gauge 60 psig 0-600psig range
TSV-01 Safety relief valve | Circle Seal 5159 setpoint = 413 psig
B4MP
Test Setup Valve and Instrument List
6. All personnel involved will be outdoors at the test setup, with no one remaining in the test

area. Warnings pertaining to the pressure test will be posted around all components being tested,
thus keeping away uninvolved personnel.

~
/

If a leak is detected during any part of the test (step 8)

Immediately reduce the test pressure to 1/2 of the current pressure reading.

Depressurize the system before attempting any adjustments or repairs.

a.
b. Accurately locate the leak.
c.
d. Continue with the test.

8. Proceed with the test:
a.

The maximum test pressure will be 1.25 times the maximum allowable working

pressure:

Pmax.test = (1.25)(300 psig) = 375 psig



10.
1.

12.

b. Following UG-100, increase the test pressure to 1/2 the maximum test pressure
using TRV-01 and pressure gauge TPI-01.

P1/2 = (0.5)(375) psig = 188 psig

c. The test pressure should now be increased in steps of 1/10 of the maximum test
pressure, until the maximum test pressure is reached. At each step, close off
TMV-02, hold the pressure for approximately 1 minute, and observe the system
for failures.

P1/10=(0.1)(375) = 38 psi

d. Close TMV-02 and hold the maximum test pressure (375) for 15 minutes to test
for a pressure drop indicating leakage. No observable pressure drop should be
observed. ~

e. Using TRV-01 and, if necessary, the test manual vent valve (TMV-01), reduce the

test pressure to 4/5 of the maximum test pressure.
P4/5 = (0.80)(375 psig) = 300 psig

f. At this reduced pressure, test personnel may enter the room to examine the lines
for any small leaks. If leaks do exist, follow step 7.

At the completion of the test, reduce the pressure to atmospheric pressure using TMV-01.
Unplug SV-01-He and SV-101-He.
Close valves MV-104-He and MV-04-He.

Remove test setup.

é



Ive Sizing
6

E-866 Pressure Te

1
F.Rysanc

st Relief V
T 1 10
J4 Lo, 19

3

a
uly 5

The Fermilab ES&H manual requires that a test setup include "a relief valve of proper
capacity and a set cracking pressure that does not exceed 110% of the maximum test pressure”
This setup contains a Circle Seal relief valve which has been sized to limit system pressure to
110% of the cracking pressure 413 psig (454 psig) in any circumstance.

The gas source (cylinder) has a Matheson 2-580 pressure regulator for controlling the
helium test pressure. According to the Matheson catalog, it has a maximum flow rate of*

Vmax = 5200 SCFH air = 86.7 SCFM air
A Circle Seal 5159 B-4MP is connected in such a way that it cannot be isolated from the system
(see "... Pressure Test" Figure 1). From the Circle Seal Catalog, it is found that the relief valve's
capacity at 110% of the 413 psig set pressure is:

Vmax > 400 SCFM air,

which satisfies the Fermilab ES&H manual standard.



Fermilab

Date. 7 15~ (99¢
EXHIBIT B
. Pressure Testing Permit®
Type of Test: [ 1 Hydrostatic P Pneumatic

Test Pressure: __ 5 7 5 psig  Maximum Allowable Working Pressure: eﬁco psig
Items to be Tested = ¥ 66 Hlelion  Dise bacgse [ nes.

Location of Test | 1€ 5c- D«?fﬁe}or/cmu K1 dgs Date and Time /- 3() ~Lf(c Q3¢ A

Hazards Involved_[tess, ~ zed tob./n}, 4 prp. g Compuamts

Safety Precautions Taken g’@ms mdicationa  Test a4t all ontm
G4 €4S 1o /’E,<.'J‘” 208 V‘C’/‘T&)S /fH(f/ DEvsam e | oufs‘soif o\
‘t(is\" SV s Lt | :p( Ve Pmax = ?OO' pS| =

Special Conditions or Requirements )<ﬁr.> a )o.q/ cF Each <JT€W wm‘“ﬁl!”&{/

"‘rl”e ‘Mﬁklperson) G d Pl /Owy—,p)e !—g: P 'h"é 1L?s

see  fFevas [/f'vuq/ 2F2F K —H]) -5 =876
Test Coordinator 75 (Caoac S Depy/Date Qk/ MSD
Division/Section Safety Officer __=f Yo\ DepyDae & 854 18\l 96

Division/Section Head %MK g/ﬁ. Dept/Date ﬁbo 7/}’,@/45/
Results__ N © \) cd/b«., WweAe QP2n, Te™t ¢ C"h\f:\_.u\\'o

ALY _P u,,\_L»\ s “j}A
) Q)
- ~F

Wimess%/<f)@§-¥ Dept/Date /?90//” Yy /- 30-7 ¢

(Safety Officer or Designee)

* Must be signed by division/section safety officer and division/section head prior to conducting test. It is the
responsibility of the test coordinator to obtain signatures.
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E-866 Helium Discharge Header Pressure Test
F.Rysanek / July 15, 1996

The helium supply from the Meson Cryo Central compressors is relieved at 300 psig.
Because these lines feed the Discharge Header, 300 psig is the maximum pressure the Header
could reach. As described in Fermilab ES&H 503 1.1, since this is above 150 psig, a pressure test
is required. A pneumatic test will be performed instead of a hydrostatic because the system is
not easily dried. , :

Prior to the test, a Research Division Safety Officer will review the system for
compliance with applicable codes and to confirm that all appropriate safety measures have been
taken. Also prior to the test, a Pressure Testing Permit, as required by chapter 5034, will be
completed and signed by appropriate personnel. The test will be performed in compliance with
the ASME Boiler and Pressure Vessel Code Section VIIIL, UG-100 standard.

UG-100 requires a test pressure at least equal to 1.25 times the system's maximum
operating pressure, in this case 300 psig. Since there are pneumatic regulators in the system, a
pressure test of the pneumatic control lines must be completed before continuing with the
Discharge header test. (see E-866 Helium Discharge Pneumatic Control Pressure Test)

Pressure Test Procedure

1. If the system is above atmospheric pressure, relieve the excess pressure by opening
manual valve MV-112-He and MV-12-He.
2. Make sure that the following manual valves are open

a. MV-111-He

. MV-ii-He

c. MV-106-He

d. MV-06-He

e. MV-00-He

f. FH2 Targ. manifold valves {(MCO)

Be sure that RV-102-He and RV-02-He are fully open throughout the test by maintaining
a pressure in the pneumatic control lines that is slightly higher than the test pressure.

3. Be sure that EV-102-He and EV-02-He are in the normal operating position.

4, Be sure that MV-700-H and MV-701-H (MCC-Helium Valves) and MV-12-He are
closed.

5. Connect the rest of the setup as shown in Figure 1. This setup contains a gas cylinder of
Helium, TRV-01 to control the test pressure, TPI-01 to read the test pressure, a relief valve
capable of venting the maximum flow rate from TRV-01 (see E866 Pressure Test Relief Valve

Sizing), and two manual valves. TPI-01 is a pressure gauge with a full scale range between 1.5
to 4 times the maximum test pressure.

(1.5)(375) = 563 psig < Prange = 600< (4.0)(375) = 1500 psig

TPI-01 is visible to the pressure controlling operator at all times. TSV-01 has a set pressure of
110% of the maximum test pressure:

10)(375) psig = 413 psig

PTSV-01 <= (L.
13 psig

PTSv.01 =4
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Figure 1.
Designation Description Mfg./mode] "Max_ Pressure Notes
TMV-01 exhaust manifold Nupro B-4HK?2 1000 OCLOWS vaive
valve
TMV-02 TRV-01's manual Whitey B-1VM4 3000
valve
TRV-01 pressure regulator | Matheson 2-380 3000 50-650 psig del.
pressure range
TPI-01 Test pressure gange 60 psig 0-600psig range
TSV-01 Safety relief valve | Circle Seal 5159 setpoint = 413 psig
B4MP
Test Setup Valve and Instrument List
6. All personnel involved will be outdoors at the test setup, with no one remaining in the test

area. Warnings pertaining to the pressure test will be posted around all components being tested,
thus keeping away uninvolved personnel.

7. If a leak is detected during any part of the test {step 8)
a. Immediately reduce the test pressure to 1/2 of the current pressure reading.
b. Accurately locate the leak.
c. Depressurize the system before attempting any adjustments or repairs.
d. Continue with the test.
8. Proceed with the test: ,
a. The maximum test pressure will be 1.25 times the maximum ailowable working

pressure: ' .
Pmax.test = (1.25)(300 psig) = 375 psig



9.

b. Following UG-100, increase the test pressure to 1/2 the maximum test pressure
using TRV-01 and pressure gauge TPI-01. Use PT-COMP-DISH to make sure
that the entire system is being pressurized. At the same time, in the pneumatic
control lines, maintain a pressure higher than the current test pressure to ensure
that RV-102-He and RV-02-He are completely open.

P1/2 = (0.5)(375) psig = 188 psig

C. The test pressure should now be increased in steps of 1/10 of the maximum test
pressure, until the maximum test pressure is reached. At each step, close off
TMV-02, hold the pressure for approximately 1 minute, and observe the system
for failures.

P1/10= (0.1)(375) = 38 psi

d. Close TMV-02 and hold the maximum test pressure (375) for 15 minutes to test
for a pressure drop indicating leakage. No observable pressure drop should be
observed.

e. Using TRV-01 and, if necessary, the pressure relieving manual test valve (TMV-

01), reduce the test pressure to 4/5 of the maximum test pressure.
P4/5 = (0.80)(375 psig) = 300 psig

f. At this reduced pressure, test personnel may enter the room to examine the lines
for any small leaks. If leaks do exist, follow step 7.

At the completion of the test, reduce the pressure to atmospheric pressure usin

FEYR AT N
LiVIV-UL,

10.
11.

Depressurize the pneumatic control lines to close RV-02-He and RV-102-He.
Close MV-112-He.
Unplug the connection at MV-112-He.

Remove the test setup.



E-866 Pressure Test Relief Valve Sizing
F.Rysanek July 15, 1996

The Fermilab ES&H manual requires that a test setup include "a relief valve of proper
capacity and a set cracking pressure that does not exceed 110% of the maximum test pressure”
This setup contains a Circle Seal relief valve which has been sized to limit system pressure to
110% of the cracking pressure 413 psig (454 psig) in any circumstance.

The gas source (cylinder) has a Matheson 2-580 pressure regulator for controlling the
helium test pressure. According to the Matheson catalog, it has a maximum flow rate of:

Vmax = 5200 SCFH air = 86.7 SCFM air
A Circle Seal 5159 B-4MP is connected in such a way that it cannot be isolated from the system
(see "... Pressure Test" Figure 1). From the Circle Seal Catalog, it is found that the relief valve's
capacity at 110% of the 413 psig set pressure is:

Vmax > 400 SCFM air,

which satisfies the Fermilab ES&H manual standard.



5031.1

PRESSURE PIPING SYSTEMS
(Formerly Fermilab Engineering Standard SD-38)

INTRODUCTION
This chapter defines procedures for designing, fabricatng and testing pressure piping systems.
SCOPE

This chapter includes all piping systems that fall under the scope of ASME/ANSI B31 code
series. This includes the following:

Secton 1 Power Piping B31.1

Secuon2  Fuel Gas Piping B31.2 ,

Section 3  Chemucal Plant & Petoleum Refinery Piping B31.3
~Secdon4  Liguid Petroleum Transportaton Piping Systems B31.4

Secton5  Refrigeraton Piping B31.5

Section 8  Gas Transmission and Distibution Piping B31.8

SPECIAL RESPONSIBILITIES

The division/section head who conrrols the area of operations where the piping system resides is

responsible for carrying out the requirements of this chapter. He shall arrange for the review of
the piping system by a qualified person.

The ES&H Section shall audit the division

s and sections on their compliance to this chapter.
They will also maintain an open master fil

e of all pressure piping system reviews.
The Mechanical Safery Subcommirtee shall serve the division/section heads and ES&H Section in
a consulting capacity on all piping system marters.

POLICY

1. Aﬂpressmpipingsysmbuﬂ:anduscdathmﬁiab shall be in accordance with this

chapter and the ASME/ANSI B31 code series.

[

a.  Documensation: A document shall be prepared by an engineer or designer for
SOMe eXiStng or new pressure piping systems at Fermilab, whether purchased or
in-house built. Its purpose is 10 allow a reviewer to check the design and
installation and to inform a future user of the pressure piping SYSICmS parameters.
The document shall inciude design calculations for the pressure piping systems
and manufacturer's compliance to the ANSI/ASME standard for purchased
pressure piping systems. The document shall also include precautions and

operaton procedures necessary for the safe use of the pressire piping sysem.
Fermiab ES&H Manuai ~ 5031.1-1

Rev. 452




PROCEDURES AND REQUIREMENTS FOR DESIGN, FABRICATION,
INSPECTION AND TEST

1
b

Purchased Pr=ssure Pinineg Sverems: All pressure @E‘ng systems pmmm b‘y Fermilab
or its experunenters shall be maae (designed and fabricated) in accordance with the
"Policy” seczon of this chaprer.

In-House Built Pressure Piping Svstems: All pressure piping systems built at Fermilab or

experimenter's shops shall be designed in accordance with the "Policy” secdon of this
chapter.

<

Existing Pressure Piping Svstems In Service: All such pressure piping systems must be
in accordance with the "Policy” secton of this chapter.

Used Pressure Piping Systemns: Used pressure piping systems shall be classified as an
exisung pressure piping systerm and wiil have their previous service taken into account
during the review process. Questionable pressure piping systems or those with unknown

histories shail be retested per the "Proof Test” section of this chapter.

Proof Test: All pressure piping systems shall be pressure tested as described per
Fermilab ES&H Manual Chapter 5034. '

ey ' . STTTI v : b O . o W . R Q
Welding executed at Ferrmiab shall he

. I be done in a manner equivalent 1o a Welding/Grazing
procedure supplied by the Fermilab Weld Shop. Purchased pressure piping systems
should be weided according to the ANSI/ASME piping standard.

ngszgngn_g_ldgmﬁg_am Components should be labeled to correspond to an up-to-date
piping and instrument diagram. Labels are 10 be permanent, securely anached and easy ©
read. Each component label should list a unique component number for that system.

Guidance may be obtained from DOE Order 5480.19, Chapter XVII, "Equipment and
Piping Labeling.”

Fernuich ES&H Manuai

5031.1-3
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Pressure tesung shall be performed as per ASME SecfIL, UG-99 or UG-100. Using an
inert liquid or gas, the vessel shall be swessed in excess of the maximum allowable
working pressure (1.5 dmes in hydrostanc tests and 1.25 tmes in pneumaric tests).

5. All pressure tests shall be directed by a qualified engineer and observed by the
division/secuon sarety officer or designee.

6. A report shall be prepared for all pressure vessel tests. The report shall include the dme,
date, locaton. an equipment layour drawing, test data. conditions. personnei present and
pressure readings. The layour shall show all systermn components and their pressure
ratings. See anached "Exhibit A" for suggested set up for pressure testing, and also
"Exhibit B" for test report format.

7. The compieted report shall be filed with the Engineering Note in the ES&H Section
Pressure Vessel Master File (MS119) and a copy maintained by the division/secdon.

8. /A technical appendix which provides a detailed discussion of required documentarion,
safety precaunions. equipment and materials, and test procedures is attached.

5034-2

Fermilab ES&H Manuai
Rev. 4/92



UG-99

(j) Before applying pressure. the test equipment
shall be examuned to see that 1t is ught and that all
low-pressure filling lines and other avpurtenances that

shouid not be subjected to the test pressure have besn
disconnected.

(k) The test pressurs for enameled vessels shall be
at least equal to. but need not exceed. the maximum
allowanle working pressure to be marked on the vessel.

{I} Vessels which are to be galvanized may be pres-
sure-tested either before or after galvamzing.

fmj Homogeneously lead-lined vessels may be pres-
sure tested before or atter compietion of all lead lining,
including nozzies.

UG-100 PNEUMATIC TEST” (SEE UW-50)

(a) Subject to the provisions of UG-9%(a)(1) and
(a}(2), a pneumatic test prescribed in this paragraph
may be used in lieu of the standard hydrostatc test
prescribed in UG-99 for vessels:

{1} that are so designed and/or supported that they
cannot safely be filled with water;

{2} not readily dried. that are to be used in ser-
vices where traces of the testing liquid cannot be toi-
erated and the parts of which have, where possible,
been previously tested by hydrostatic pressure to the
pressure required in UG-89,

(b) Except for enameled vessels, for which the pneu-
matic iest pressure shall be at least equal to, but need
not exceed, the maximum allowable working pressure
to be marked on the vessel. the pneumatic test pressure
shall be at least equal to 1.25 times the maximum al-
lowable working pressure to be stamped on the vessei
multiplied by the lowest ratio (for the materials of
which the vessel is constructed) of the swess value §
for the test temperarure of the vessei to the stress value
S for the design temperawre (see UG-21). In no case

shzll the oneumstic
Al o

THEET MrBCTIIFrs By omead
2iial: GI€ POEULD @il

oSt PICSSUIT CXCeed 140 times the

calculated test pressure as defined in 3-2.
(c) The metal temperawre during pneumatic test
shall be maintained at least 30°F above the minimum

> In some cases it is desirable to test vessels when partly filled with
liquids. For such vessels a2 combined hydrostane and PREUMAatC (est
may be used as an allernanve 10 the preumanc test of this paragraph,
provided the liquid level is set 50 that the maxunum swress including
mcsu:sspmdwedbypneumwcpmwreumypmmmmevml
(usually neas the bottom) or in the support anachments. does not
exceed [.5 times the allowable stress value of the maserial multiplied
by the applicable joint efficiency. Afier sening the liquid ievel to
meet this condition. the test 15 conducted ss prescnibed in (b} and
(¢} above.

Air or gas is hazardous when used as 2 testing medium. It is
therefore recommended that specizl precautions be taken when anr
or gas 1s used for test purposes.

PART UG — GENERAL REQUIREMENTS

77

UG-101

design metal temperature (see UG-20) to minimize the
risk of brivle fracture.

(d} The pressure in the vessel shall be graduaily in-
creased 10 not more than one-half of the test pressure.
Therearter, the test pressure shall be increased in steps
of approximately one-tenth of the test pressure untl the
required test pressure has been reached. Then the pres-
sure shall be reduced to a value equal to four-fifths of
the test pressure and held for a sufficient ime to permit
inspecuon of the vessei.

The.visual inspecuion of the vessel at four-fifths of
the required test pressure may be waived provided:

(1) a sunable gas leak test is applied:

(2} substitution of the gas leak test is by agree-
ment reached between Manufacturer and Inspector:

(3) all weided seams which will be hidden by as-
sembly be given a visual examination for workmanship
prior to assembiy;

{4} the vessel will not contain a “lethal” sub-
stance.

PROOF TESTS TO ESTABLISH
MAXIMUM ALLOWABLE
WORKING PRESSURE

{a} General ‘

(1) The maximum allowable working pressure for
vessels or vessel parts for which the strength cannot
be computed with a satisfactory assurance of accuracy
(see U-2) shall be established in accordance with the
requirements of this paragraph, using one of the test
procedures applicable to the type of loading and to the
material used in construction.

{2) Provision is made in these rules for two types
of tests to determine the internai maximum allowable
working pressure:

{a) tests based on yielding of the part to be
tested. These tests are limited to materials with a ratio
of minimum specified yield to minimum specified ul-
timate swength of 0.625 or less.

(b} tests based on burstng of the part.

{3) Safety of testing personnel should be given
serious consideration when conducting proof tests, and
particular care should be taken during bursting tests in
{m) below.

{b) The tests in these paragraphs may be used only
for the purpose of establishing the maximum allowabl
working pressure of those elements or component parts
for which the thickness cannot be determined by means
of the design rules given in this Division. The maxi-
mum allowable working pressure of all other elements
or component parts shall not be grester than that de-
termined by means of the applicable design rules.

UG-101



E866 STAINLESS STEEL FLASK JOINT TESTING
D. Alispach
October 11, 1995

Introduction:

A series of tests were completed to evaluate the strength of overlapped soft
soldered joints for stainless steel 0.002 inch and 0.003 inch thick material.
The testing consisted of performing tensile tests on several samples
following Appendix II of the I.LH2 Target Guidelines. The difference in our
testing was the use of stainless steel samples which had overlapped soft
soldered joints at the center of the test sample.

Several samples were made with variation in overlap width, soldering
methods and comparison of the flux which has been on the shelf since the
past fixed target run to some newly purchased flux (same type). Some
samples without a joint were tested as well in order to establish some
reference data. Also, a calculation was performed to predict how great of a
shear stress we should expect the joint to withstand before failing. For a 0.5
inch overlapped joint, the result is a value higher than the strength of the
stainless steel. We thus expect that the samples will fail at a stress greater
than or equal to the allowable stress of the stainless steel (18,800 psi) times
four (= 75,200 psi) , which is the ASME code estimated ultimate stress of
the stainless steel material.

Summary of test resulis:

Testing summary below includes overlapped joint samples which were
produced with 60/40 solder and MA stainless steel flux from Lake Chemical
Co., Chicago, IL as recommended in the Target Guidelines. Joints were
made using a soldering iron as is done in the production of target flasks.

0.002 inch thick stainless steel test samples

Average tensile strength of five samples without a joint = 93,000 psi
Tensile strength of strongest sample without a joint = 95,800 psi
Tensile strength of weakest sample without a joint = 86,600 psi

Average tensile strength of five samples with a 0.5" joint = 98,300 psi
Tensile strength of strongest sample with a 0.5" joint = 104,800 psi
Tensile strength of weakest sample with a 0.5" joint = 93,800 psi



0.003 inch thick stainless steel test samples

Average tensile strength of three samples without a joint = 93,000 psi
Tensile strength of strongest sample without a joint = 94,100 psi
Tensile strength of weakest sample without a joint = 91,600 psi

Average tensile strength of five samples with a 0.5" joint = 90,200 psi
Tensile strength of strongest sample with a 0.5" joint = 91,800 psi
Tensile strength of weakest sample with a 0.5" joint = 88,900 psi

Discussion:

Attached, please find the tensile test data of the 0.002 inch and 0.003 inch
samples (with and without a joint). In most cases, the failure occurred in the
base material rather than in the joint. In all cases, the failure occurred at a
stress clearly exceeding 75,200 psi. Thus, the test results indicate that using
0.5 inch overlapped joints in the target flasks will not de-rate their expected
strength. Using 0.5 inch overlapped joints, we have consistently produced
solder joints with a strength exceeding the material strength assumed
(18,800 psi x safety factor of 4) in the flask design calculations. A joint
efficiency equal to one (1) is thus valid in the flask stress design
calculations.
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Flask Pressure Testing Results
November 30, 1995
D. Allspach

Flask testing was performed at Lab 3 in accordance with the Target Guidelines
Flask Testing procedures (Section II.C.3.). Excerpts recorded in the EB66
Hydrogen Target Log Book by Mike McKenna are copied below for your
reference. Three types of tests were completed:

(1)  Liquid Nitrogen Pressure Test to 1.5 times the MAWP.
(2)  Hydrostatic Burst Test.
(3)  Pneumatic Tests to 1.25 times the MAWP.

(1) Log Book Notes: “This prototype flask (which was an inferior sample and
had several material flaws) was, non-the-less, used for testing. The first test was a
LN2 pressure test. See set up schematic and photos. The flask was filled about 2/3
with LN2 then pressurized to 40 psi and allowed to sit for several minutes. No
adverse affects were seen. 7

l’\ M 1“ : 3 3 A alal ]
The schematic is shown in Diagmm landt

photos #1 and #2.

(2) Log Book Notes: “This same prototype flask was then tested hydrostatically
to failure. Yield occurred at around 130 psi with ultimate failure at 143 ps1.”

The working schematic is shown in Diagram 2 and photo #3 shows the flask
under pressure.

(3) Other than the prototype flask, five flasks were constructed for the E866

experiment. Three for planned use, leaving two spares. A room ‘temperature
neumatic test was completed for each of the five. The testing was successful.

Log Book Notes: “Each flask was pressurized to 31 psi (1.25 x MAWP) and

YF OTTY YRITTVEYTY 99

leak checked using the LEAK HUNTER.

”53
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Titanium Window Testing Results
D. Allspach / J. Brusoe
October 18, 1995

{'\E"E’

A total of 25 sample 0.0055 inch thick Titanium 15-3 windows were tested to
ensure that the design meets the safety requirements set for it. The tests were
performed as described in the document titled "Titanium Window Testing" (please
reference document appended at rear).

Test (1) 1s part of the general vacuum system pressure test. When the vacuum
volume 1s completely assembled, it will be performed. Based on the results of tests
(2), (3) and (4) which are described below, the windows will not be a problem in
successfully performing test (1) in the future.

Tests (2) and (3) both use the same testing setup. A diagram of this setup is shown
on page 3 of this report. The testing fixture for these tests is shown on page 4.
Pictures of the actual setup are shown in Photo # 1 and Photo # 2 on page 5. An
Anderson-Greenwood 1/2" relief valve with a set pressure of 150 psig was
included in the testing setup.

The scope of test (2) was increased to include 10 samples. Samnples 1 through 10
were tested at room temperature. Samples 1 through 5 involved starting at
atmospheric pressure and then ramping the pressure to 150 psig (the safety relief
valve set pressure) over a span of 1 to 2 minutes. Samples 6 through 10 involved
cycling the pressure from vacuum to 15 psig three times before ramping the
pressure to 150 psig. These first 10 test samples displayed evidence of yielding in
a central circular region of about 2 to 3 inches in diameter and around the edge of
the window where it mates with the flange. None of the samples bursted.

Samples 11 through 15 involved cooling each window with liquid nitrogen while
increasing the pressure to 150 psig. These samples appeared to have the yielding

where the window mates with the flange, but lacked the central circular yield
recion. None of the N“'nnlcm bursted.

L=t AB%s RS

Page 6 shows a diagram of the test setup used for test (4), samples 16 through 25.
Note that five tests with two samples each are utilized in this testing procedure.
Also, on page 5, Photo # 3 shows one test in progress. The level of the liquid can
be seen on the window. The chart recorder showed that the highest pressure
reached in these tests was about 1.5 psig, which occurred with window samples
#20 and #21. Samples 16 through 25 showed no signs of any yleldlng None of
the samples bursted.



Titanium Window Testing Results
D. Allspach /J. Brusoe
Ociober 18, 1995

A total of 25 sample 0.0055 inch thick Titanium 15-3 windows were tested to
ensure that the design meets the safety requirements set for it. The tests were
performed as described in the document titled "Titanium Window Testing" (please
reference document appended at rear).

Test (1) 1s part of the general vacuum system pressure test. When the vacuum
volume 1s completely assembled, it will be performed. Based on the results of tests
(2), (3) and (4) which are described below, the windows will not be a problem in
successfully performing test (1) in the future.

Tests (2) and (3) both use the same testing setup. A diagram of this setup is shown
on page 3 of this report. The testing fixture for these tests is shown on page 4.
Pictures of the actual setup are shown in Photo # 1 and Photo # 2 on page 5. An
Anderson-Greenwood 1/2" relief valve with a set pressure of 150 psig was
included 1in the testing setup.

The scope of test (2) was increased to include 10 samples. Samples 1 through 10
were tested at room temperature. Samples 1 through 5 involved starting at
atmospheric pressure and then ramping the pressure to 150 psig (the safety relief
valve set pressure) over a span of 1 to 2 minutes. Samples 6 through 10 involved
cycling the pressure from vacuum to 15 psig three times before ramping the
pressure to 150 psig. These first 10 test samples displayed evidence of yielding in
a central circular region of about 2 to 3 inches in diameter and around the edge of
the window where it mates with the flange. None of the samples bursted.

Samples 11 through 15 involved cooling each window with liquid mtrogen while
increasing the pressure to 150 psig. These samples appeared tG have the _yxcuuug
where the wmdow mates with t he flange, but lacked the central circular yield

Page 6 shows a diagram of the test setup used for test (4), samples 16 through 25.
Note that five tests with two samples each are utilized in this testing procedure.
Also, on page 5, Photo # 3 shows one test in progress. The level of the liquid can
be seen on the window. The chart recorder showed that the highest pressure
reached in these tests was about 1.5 psig, which occurred with window samples
#20 and #21. Samples 16 through 25 showed no signs of any yielding. None of
the samples bursted.



These tests showed that the 0.0055 inch thick Titanium 15-3 windows meet the
safety requirements set for them. The windows were subjected to 150 psig at room
temperature without any ruptures. Subsequent cryogenic tests showed that the iow
temperatures strengthened the windows. The windows have been shown to be safe
to use 1n their designed role in E866.
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Titanium Window Testing
January 30, 1995 / D. Allspach, J. Peifer

The following tests will be conducted to verify the results of the titanium window
stress calculations. Please reference "Titanium Window Stress” calculations for
E866. Test data will be logged and the results documented and included in the
E866 Target Safety Report.

(1)  As the MAWP of the vacuum container is equal to 15 psid internal, the
windows will be tested as a part of the general vacuum system pressure testing.
During this test the windows are required to sustain 22.5 psid.

(2)  Five sample windows will be tested to determine their burst pressure. This
test will be conducted at room temperature and will show the window burst
pressure to be consistently greater than or equal to 37.5 psid.

(3) Five sample windows will be tested to determine their burst pressure at
cryogenic conditions. The windows are to be pressurized while cooled with liquid
nitrogen. The pressure differential will be slowly increased showing the window
burst pressure to be consistently greater than or equal to 37.5 psid at cryo
conditions.

(4)  Five tests, each with two sample windows, will occur in which an amount of
liquid nitrogen (determined as equivalent to the volume of liquid Hp/D7 in an E866
flask, based on the expansion ratio from the saturated liquid to the saturated vapor
state) will be released into the target flask vacuum container. The container will be
under vacuum immediately prior to release of the liquid nitrogen. The test is to
show that each window will survive a simulated flask failure.

(a) Material to be tested shall be Titanium alloy, Ti 15-3, with a material
thickness equal to 0.0055 inches. A manufacturer's material certification sheet
showing composition, yield strength and ultimate strength of the titanium shall be
obtained.

(b) The flange and mating surface which hold the window samples during
testing are to be fabricated as specified for the actual E866 liquid targets.

(¢) See "E866 Vacuum Jacket Relief" calculations which show the maximum
internal pressure of the vacuum container in the case of a flask failure to be 3.5
psid.



Pneumatic Vent Valve Leak Testing

J. Brusoe / June 6, 1995
Revised: 10-19-95

The vent valve labeled PV-03-H on the E-866 P&I Diagram was leak tested at both
room temperature and after ’bemg cooled with liquid nitrogen. The attached pages
include photographs of the test in progress as well as a a diagram of the testing setup.
The testing procedure is described below. The results are summarized in the
following table:

Leak Testing Results
Test Description Vacuum Pressure
Room Temp. Test 2.5 x 10-9 Torr
1st Cold Test 9.9 x 109 Torr
2nd Cold Test 1.7 x 10-9 Torr
3rd Cold Test 1.2 x 10-9 Torr

It is believed that the gradually improving results were from the valve and testing
setup cleaning itself from successive exposures to vacuum, eventually leading to

lower outgassing and thus a better vacuum.

Testing Procedure

[y

. Purge the valve sleeve by ﬂowmg He through it for several minutes, then recap
it.

. Open PV-03-H, the vent valve that is being tested.

Open LN2 dewar valve and allow to flow until PV-03-H is cooled and liquid is

coming out of the vent. Then tighten dewar valve down to a slow trickle of gas

commg out of the vent. This prevents air from getting inside the system.

Apply heat gun to Rad Lab connection until it is warm enough to properly

connect the leak testing equipment to it (connection is made in step 6).

5. Open MV-00-He whﬂe the portable helium gas bottle is still unattached. Close

PV-03-H.

Connect leak testing equipment at the Rad Lab connection.

. Turn LN2 dewar valve completely off.

. Using MV-00-He, apply helium gas pressure to the upstream area of the vent

valve using the portable helium gas bottle.

Conduct leak test.
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December 11, 1996
TO: Wes Smart, LHy Target Panel Chairman
FROM: Del Allspach, Jim Peifer
SUBJECT: Safety Documentation for E866 and E831 LHy Targets

We are modifying the pneumatic air supply systems to better service the LH»
Target systems at both E866 and E831. The modified systems include new air
compressors and some new valves and instrumentation. The air system service
has been expanded to include supplying the Vent Valve actuators (at E866: PV-
H2VV and PV-D2VV; and at E831: PV-H2VV). Experience has shown that,
during operation of the Vent Valves, the actuator temperature is not significantly
reduced and thus does not require helium as its supply gas.

The air system operates below 150 psig, thus no part of the circuit includes
pressure piping. The air tank is considered a pressure vessel, therefore the
required documentation is providcd for this vessel. Additionally, updated Flow

Diagrams and Valve and Instrument Lists are provided.

The modifications to these air systems in no way threaten either the safety or
operational integrity of the targets. The updated documentation is provided for
your knowledge.



From: RDIV: : SMART "Wesley M. Smart, smart@fnal.gov" 26-SEP-1996 20:54:4¢

To: ELLERMEIER, FNAL: : TOMMY , FNAL: : SARLINA, ALLSPACH, BALLER, FNAL: :KTLMER, PEIFER ¢
CC: SMART
Subj: H2 Target Panel MInutes Sept. 26, 1556

3:00-3:30 PM Sept 26, 96

LIQUID HYDROGEN TARGET SAFETY REVIEW PANEL
Minutes

Present: Panel: Jim Ellermeier, Wes Smart
Thermal Systems Group: Del Allspach, Jim Peifer

Subject: E-866 Liquid H2/D2 Targets: New Tent Access Procedures

Del and Jim have submitted two new E-866 tent access procedures for
approval; Expander Work (Sept. 25) and Repairing/replacing Instrumentation
(Sept. 26). These both differ from the Refrigerator Tuning procedures we
approved on July 26 in two respects:

1. Tools, but only those specifically needed for the job, are allowed to be
brought into the tent. They must be accounted for when leaving the tent.

2. Walkie-talkies are allowed inside the tent. Del certified that the
walkie-talkies the target group owns and will use are approved for class 1,
division 1 service. ’

These two changes are acceptable to the panel, and the *Procedure for Access
to the E866 Tent for Repairing/replacing Instrumentation® D. Allspach,
J. Peifer/ September 26, 1996 was approved by the panel.

The Expander Work procedure was unclear on the role of the second
person making the ME6 beamhall access. Del explained it would either be an
operator or a second target expert. They would either remain just outside the
tent or, if it was a target expert, could enter the tent and assist with the
expander work. In either case this second person would be responsible for
maintaining communication with the operator outside the beamhall at the
target control area. This was acceptable to the panel, but we asked Del to
make this role of the second person clear in the written procedure before we
signed it.

Wesley M. Smart



From: RDIV: :ALLSPACH 26-SEP-1996 08:35:39.45

To: SMART, ELLERMETER, FNAL: : TOMMY

CC: PEIFER, ALLSPACH

Subi: the expander work procedure

Hello, I am writing in response to the letter from Wes. I hope that
my comments/explanations can be helpful. I am aware that there is not
much time before the shutdown. Also, I am available to meet if this

would be helpful.
(1) Subject: Tools; No comment.

(2} Subject: Walkie-~talkies; Since the time the first 866 tent access
procedure was written, I have come to the realization that the
walkie-talkies the LH2 Target group has purchased for its use are
approved for a class 1 div 1 area. Thus, there is not a reason
they cannot be carried into the tent. I see no reason to revise
the first procedure as tuning a refrigerator would never reguire
more than one person in the tent to do the job.

(33} Subiject:
The two man rule and communication; First, I would like-to
clarify a sentence in the procedure. The sentence, "Communication
will occur between an operator or another target expert.®" refers

to the second person entering the ME6 beamhall. A second person
in this procedure is required (1) to meet controlled access rules,
(2) to provide a means of communications without burdening the
primary person. carrying out the task inside the tent, and (3)
perhaps assist the person inside the tent. Let me explain #3.
Since the sentence says "operator or another target expert® we
need to choose another target expert as the second person if the
expander work requires two people in the tent. If only one
person is required in the tent, the second person remains in the
ME6 beamhall outside the tent and thus can be an operator.

Let me know if there are further questions.

Thanks, Del



From: RDIV: : SMART “Wesley M. Smart, smart@fnal.gov"® 25-SEP-1996 21:24:3¢
To: ELLERMEIER, FNAL: : TOMMY , ALLSPACH

CC: SMART

Subj: New EB866 Tent Access Procedure

25 Sept 96

Dear Jim and Tom;

Del Allspach has sent me a *Procedure for access to the E866 tent for
expander work" for approval. He hopes to use it during a scheduled shutdown
next week. Tt is similar to the procedure for EB66 refrigerator tuning we
approved last July, but has the following differences:

1. Tools, for the expander job only, are allowed in the tent. They must be
accounted for when leaving the tent.

2. The sentence *No walkie-talkies may be taken into the tent" does not appear
in this new procedure.

3. A controlled access to the ME6 beam hall requires two people. The July
procedure required the second perscn to be an operator or a second target
expert who would remain outside the tent and communicate between the expert in
the tent and the operator at the target controls. The new procedure says
nothing about who the second person is, where he goes, or what he does. (Both
procedures state that only target experts are allowed inside the tent when a
target is full.)

Copies cof the new procedure for each of you are on top of the bookcase
just on your left when you enter my office on SW.

A copy of the July 25, 96 procedure should be in your E866 target
book (section J). Please consider the above changes and let me know if you are
willing to approve them or if we should meet with Del to discuss the
procedure.

Thanks,
Wes



I held a 30 minute safety meeting with the E-866 experimenters. At
this meeting I explained the operation of their hvdrogen target
system and answered any question they asked. I also explained the
safety rules and how they should react to a unscheduled release of
hydrogen gas from the target.

The people who attended are listed on the attached sign in sheet.




B WSNINS WIRARNSLY B LAIIY WAILGRE BEE

E-866 H2 Target Safety Talk
Date 7 /4’ //?é

Namez__«% E/“\ Badge# Signature
P/Xin\(\\éiWww 973 k@%/ \ﬁ
Tom CAREY |uetirel s (A foce
I¥ i /{/iﬂ/ #\ \\/

‘\!Ci v { Sj(aw‘ﬁw-ﬁ v 030
@XXV\\L\L Mc&avc\\}\@/\ v di77 /PO\}V\""Q»S ON\M
Vo

vososz| Moo ¢,<___

DAViD M, ree

Mike Ledeh  |vhise| Wbel ) Gt L
,Dﬂ/%//% L A \/S 380 E(/waa:,,(l/// (4‘2}4\_

Page 1



From: RDIV: :ALLSPACH 9-AUG~1996 08:19:06.28

To: ELLERMEIER, FNAL: : TOMMY , FNAL : : SMART
CC: PEIFER, FNAL: :RLS, RSTANEK, FNAL: : KILMER, ALLSPACH
Subi: E866 Target system ventilation

The Target Tent exhaust system ducting at the outlet of the blower has
been modified. The exhaust flowrate now exceeds 1250 cfm air. This satisfies
and exceeds the regulred tent exhaust rate and the gualification for approval

to operate the E866 target system is met.

- Del Allspach



Frinleqa py: el Aaupspacn 8ib/96 (1471 AM rage: 1
From: Roger Dixon (8/2/96) Tom Peterson (8/2/96)
To: Tom Peterson

CC: Del Alispach, Bruce Baller, Jim Eliermeier, Bill Freeman, Jim Kilmer, Jim Peifer, TJ Sarlina, Rich ¢
BCC:

Priority: Normal Date sent: 8/2/96 2:17 PM

L

</’§f Reply to: | RE>E-866 H2 and D2 Targets

Operation of the E-866 liquid hydrogen and liquid deuterium targets is hereby
approved subject to the qualification outlined below.

Roger L. Dixon

Date: 8/2/96 2:07 PM
To: Roger D:xon
From: Tom Peterson

To: Roger Dixon, Research Division Head

From: Tom Peterson, Liquid Hydrogen Target Safety Review Panel

Subject:  Qualified Recommendation to Approve Operation of the E-866 H2 and D2
Targets ‘

Based on our review of the documentation received from Del Allspach and Jim Peifer
and our walkthrough of the target area on August 1, 1996, we recommend that you
approve the E-866 liquid hydrogen and liquid deuterium targets for operation WITH
ONE QUALIFICATION, which follows:

the volumetric flow of the tent exhaust vent fan should first be measured to be at
least 1000 cfm air, equal to the maximum estimated hydrogen or deuterium
volumetric venting rate. Some new measurements and/or modifications of the vent
system may be required to satisfy this requirement.

Once Del Allspach is convinced that he has this exhaust fiow rate from the tent, the
Panel believes that operations may safely commence. There is no need to seek further
approval from the H2 Target Panel for this system startup unless this venting
requirement cannot be achieved.

g

ce:
D. Allspach

J. Ellermeier
J. Kilmer

. Peifer

. J. Sarlina

W. Smart

R, StaneK




From: RDIV: :SMART “Wesley M. Smart, smart@fnal.gov" 26-JUL-1996 20:28:5¢
To e RLLERMETIER, FNAL: : TOMMY, FNAL: : SARLINA, ALLSPACH, BALLER, FNAL: : KILMER, PEIFER ¢
CcC: SMART )

Subj: H2 Target Panel Minutes July 22 & 26, 1986

1:30-2:30 PM July 22, 96

LIQUID HYDROGEN TARGET SAFETY REVIEW PANEL
Minutes

Present: Panel: Jim Ellermeier, Tom Peterson, T.J. Sarlina, Wes Smart
Thermal Systems Group: Del Allspach, Jim Peifer

Subject: E-866 Liquid H2/D2 Targets: Walkthrough of Area

We viewed the target for E-866 in the ME6 Beamhall. While much of the
installation is done, the job was not far enough along for us to complete our
review and make a recommendation on operation. Another walkthrough will be
scheduled (now planned for July 30) when installation is complete.

The following items were noted and will be checked during the next
walkthrough:

1. Some valve tags missing on the refrigerators

2. Barriers to be installed to keep vehicles away from the HZ and D2 gas bottle
area just outside the SE Meson Hall door.

3. Safety restraints are needed when working on top of the shielding blocks.

2:00-3:20 PM July 26, 96
LIQUID HYDROGEN TARGET SAFETY REVIEW PANEL
Minutes
Present: Panel: Jim Ellermeier, Tom Peterson, Wes Smart

Subject: E-866 Ligquid H2/D2 Targets: Review of Documentation and Plans for
Final Walkthrough

All reguired documentation has been received and it looks very good.
Two minor errors will be pointed out to Del. The July 25, 1996 Procedure for
Access to the E866 Tent for Refrigerator Tuning was reviewed and approved by

the Panel. This procedure is very similar to the one used for E683 during the
1991 fixed target run.

The E-866 Piping and Instrumentation Diagram shows shutoff valves and
no relief valve in the helium piping to each refrigerator. Unless there is a
relief valve built into the refrigerator, but not shown on the P&I Diagram,
each such cryogenic trapped volume will require the addition of a relief
valve.

I will be away from the lab July 27 through August 12. We agreed the
other members of the panel, with Tom Peterson as acting chairman could make
the recommendation to operate E-866. However when Tom is also away from the
lab (August 3 to 11), the remaining panel members would not make a major
recommendation such as this.

Wesley M. Smart



From: RDIV: :ALLSPACH 25-JUL~1996 15:59:41.75

To: FNAL: : SMART

CcC: PEIFER, ALLSPACH

Subij : 866 gafety approval

Wes

(1} We will not be ready for a walkthru tomorrow. We will most likely
be ready Monday or Tuesday. I will coordinate a time with Jim or Tom.

If yvou have any comments on safety documents, please leave them with

me, either directly or wvia another safety panel member. I will not likely

be at the lab tomorrow afternocon.

{(2) We will be installing intrinsically safe zenar diode barriers
manufactured for switches. These are for the four switches installed
by the experiment for detecting target table position. This is
acceptable for class 1 Div II requirements in the tent.

{(3) I am leaving addtional safety documents in your office.

- Del and Jim
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From: RDIV: :SMART "Wesley M. Smart, smart@fnal.gov" 11-JUL-1996 21:18:5¢

To: ELLERMEIER, FNAL: : TOMMY, FNAL: : SARLINA, ALLSPACH, BALLER, FNAL: : KTLMER, PEIFER ¢
CC: SMART
Subj - LHZ Target Panel Minutes July 11, 1996

IQUID HYDROGEN TARGET SAFETY REVIEW PANEL

Present: Panel: Jim Ellermeier, Tom Peterson, Wes Smart
Thermal Systems Group: Del Allspach, Jim Peifer

Subject: Installation and Review Status of E-866 Liquid H2/D2 Target

We met with Del Allspach and Jim Peifer to discuss the progress and
schedule of the E-866 target installation and review. It has been requested
that this target be ready to run by July 24.

The target is being installed at meson lab now, and Del expects this
to be complete Friday July 19. Del provided a partial target book on July 3,
which still requires several documents including:

Operating Procedures ODH Analysis
Emergency Procedures Tent Conditions for Entry
What-If Analysis

Del will provide these as soon as he can, but is frequently being assigned
other jobs during this experimental area startup period.

Del and Jim Peifer indicated they plan to use 1 mil Aluminum for the
downstream tent beam exit window. This choice is acceptable to the panel.

A walkthrough of the E-866 is scheduled for Monday July 22. We will
meet at the Ops. Center at 1:30 PM. Film badges and dosimeters are required for

everyone. Jim Peifer plans to bring some extra dosimeters.

Wesley M. Smart
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RD/Mechanical Support Department--MS#219
Wiison Hall 11th Floor--Ext. 3519

July 3, 1996

TO: Del Allspach

FROM: Rich Stanck evd AZned

SUBJECT:  Approval for Installation of the E866 Hydrogen Target

Both Jim Peifer and yourself have informed me that the testing of the E866 hydrogen
target system at Lab 3 was successful. T understand this to mean that the refrigerators were run
and that some amount of liquid hydrogen was accumulated (targets did not need to be filled).
The control system is also functional although not in its final state. Under these conditions, [
approve the next stage of the project, namely installation of the target system in ME6. Please
proceed with this work in the most expeditious manner.



i&-" Fermilab

February 19, 1996
TO: Rich Stanek, MSD Department Head
FROM: - Del Allspach, Jim Peifer
SUBJECT: E866 LH; Target System Testing Request

This is to request permission to test the liquid hydrogen target system at Lab 3.
The safety documentation for the design of the target has been approved (see
attached memo). The approved documents supporting the target design are listed
below:

DESIGN CALCULATIONS:

(1) E-866 Stainless Steel Flask Stress Calculations Oct. 17, ‘95
(2)  Stainless Steel Flask Relief Sizing Feb. 16, ‘95
(3)  Vacuum Jacket Stresses Mar. 6, ‘95
(4)  Titanium Window Stress Feb. 14, ‘95
(5)  Vacuum Jacket Volume Nov. 13, ‘95
(6)  Vacuum Jacket Relief Dec. 21, ‘94
TESTING RESULTS:

(I)  Stainless Steel Joint Testing Oct. 11, 95
(2)  Flask Pressure Testing Results Nov. 30, ‘95
(3)  Titanium Window Testing Results Oct. 18, ‘95
(4)  Pneumatic Vent Valve Leak T esting Oct. 19, ‘95

The volume of the target is 2.2 liters. Before testing with hydrogen we will
prepare the vacuum system and run a refrigerator capacity test with the Lab 3
compressor configuration. Our testing is expected to be completed within on
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normal working day + a couple of hours. We want to primarily see that (1) th
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temperature control is acceptable, (2) interlocks to operate the heater behave
correctly and (3) the vent valve operation is OK. The following safety
precautions will be in place:

(1)  Target will be placed inside the approved target testing tent

(2)  Tent fan will run continuously

(3)  Flammable gas detector will be operational inside the tent

4)  Target vent valve exhaust will be routed with hosing to a point above the
refrigerators

(5)  Testing area will be roped off

(6)  Warning signs of Hydrogen and No Ignition Sources will be in place

(7)  Our blue flashing light will be in operation

(8)  Trained operators will be present while liquid hydrogen is present
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To: Del Allspach, RD/Cryo
From: Wes Smart, LHZ Target Safety Panel Chairman
Subject: EB66 LH2 Target Design Approval

The panel meet on December 13, 1995 to discuss the E866 LH2 target
flask design, drawing 9205.100-MD-58635 "E-866 Target Cross Section”, and the
six design calculations you submitted on December 1, 1995:

(1) E-866 Stainless Steel Flask Stress Calculations Oct. 17, 95
(2) Stainless Steel Flask Relief Sizing Feb. 16, 95
(3) Vacuum Jacket Stresses Mar. 6, 95
(4) Titanium Window Stress Feb. 14, 95
{(5) Vacuum Jacket Volume Nov. 13, 95
(6) Vacuum Jacket Relief Dec. 21, %4

The Panel approved all the above documentation and the design of the ES866
target flask. As you recall the design of the E866 vacuum jacket was approved
by the panel at our February 17, 1995 meeting.

This memo documents the acceptance of the E866 LHZ target design by
the LH2 Target Safety Panel, which is required by section IV.C. of the
Guidelines for the Design, Fabrication, Testing, and Installation and
Operation of LH2 Targets.

xc:
B. Baller
J. Ellermeier
J. Peifer
T. Peterson
R. Stanek
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i 18 Dec. 95

To: Del Allspach, RD/Cryo %@%ﬁ L
From: Wes Smart, LHZ Target Safety Panel Chairman ﬁéj»¢

Subject: E866 LH2 Target Design Approval

The panel meet on December 13, 1995 to discuss the E866 LH2 target
flask design, drawing 9%205.100-MD-58635 "E-866 Target Cross Section®, and the
six design calculations you submitted on December 1, 1995:

(1) E-866 Stainless Steel Flask Stress Calculations Oct. 17, 95
(2) Stainless Steel Flask Relief Sizing Feb. 16, 9§
{3) Vacuum Jacket Stresses Mar. 6, 95
{4) Titanium Window Stress Feb. 14, 95
(5) Vacuum Jacket Volume Nov. 13, 95
(6) Vacuum Jacket Relief Dec. 21, 94

The Panel approved all the above documentation and the design of the ES866
target flask. As you recall the design of the E866 vacuum jacket was approved
by the panel at our February 17, 1995 meeting.

This memo documents the acceptance of the E866 LH2 target design by
the LH2 Target Safety Panel, which is required by section IV.C. of the
Guidelines for the Design, Fabrication, Testing, and Installation and
Operation of LH2 Targets.

Baller
Ellermeier
Peifer
Peterson
Stanek
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CALL-IN LIST

July 3, 1996

The Fixed Target Physics Run beginning in 1996 will have two liquid hydrogen
target systems in operation, E-831 and E-866. In order to maintain the safe and
efficient operation of these targets, as well as other cryogenic systems, the RD
Operations Department (OD) will provide 24 hour monitoring through its operating
crew. With regard to the specifics of the liquid hydrogen targets, the operations
crew members will be given introductory training on the operation of the systems
along with a clear set of limits which define normal operating conditions.
Additional training for the OD operators will be of both the formal and "on-the-
job" variety. The safety manuals, which include operating procedures and flow
schematics, will be available to aid them in learning about the systems. When a
serious problem arises, the operating crew will have to contact a "hydrogen target
expert” via a long range paging system. This on-call status will rotate among the
people who have designed, fabricated, installed or operated hydrogen targets in the
past and will assure that in the event of a system upset, a knowledgeable person
will be contacted. At this time, the list of "hydrogen target system experts" is as
follows:

Del Allspach

Joe Davids

Mike McKenna

Jim Peifer

Rich Schmitt (not included in the call-in rotation)

NOTE: The RD/MSD may add names to this list as additional training takes place
and operational experience increases.
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