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6.0 FAILURE MODES AND EFFECTS ANALYSIS

This chapter covers the single-point failure modes and effects analysis (FMEA) for each subsystem and
safety and protection system of the Ground Test Accelerator (GTA). These FMEAs have been used for
postulating accidents analyzed in Chapter 7. Only out-of-the-ordinary failure modes are in the FMEA

tables. Typical common industrial failures have been considered but are not included. In the course of

performing the FMEA, several multiple (common-mode) failure and sequential failures resulting from a

single point were identified and measures were taken to mitigate the consequences of such failure.

The following sections describe the failure analysis undertaken for the various operating components of
Phase 2. Tables VI-1 and VI-2 explain the descriptors used in the FMEA "effects" category, which is in the

last column of the FMEA tables.

Table VI-1 First Descriptor for the Effects Category of the FMEAs

Designator | Hazard Category Consequences to the Pablic, Workers, or Environment

1 Catastrophic May cause deaths, loss of the facility operation, or severe impact
on the environment

1 Critical (Major) May cause severe injury,2 severe occupational illness, major dam-
age to a facility/operation, or major impact on the environment

m Marginal (Minor) May cause minor injury, minor occupational illness, or minor
impact on the environment

v Negligible (Trivial) | Will not result in a significant injury, occupational illness, or
significant impact on the environment

20r death to a worker.
Or moderate damage/impact to a facility/operation.

Table VI-2 Second Descriptor for the Effects Category of the FMEAs

Designator Type

a Hazardous materials release to the environment
Hazardous materials release within the building
Personnel exposure to hazardous materials
Personnel exposure to other than hazardous materials
Loss of operational capability
Loss of systems capability

lo ] o

6.1 Experimental Equipment
6.1.1 Ground Test Accelerator

6.1.1.1 Injector - The GTA injector provides the H~ beams for the accelerator. The
injector is patterned after injectors that have been operated for many years at Los Alamos.
H- ions are generated in an arc chamber. These are obtained from the discharge volume

6-1 Changed per DOE/AL Comments
October 5, 1994
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by a 35-kV high-voltage extractor. Operational fault modes listed here are based on
previous experience with injector operations. Table VI-3 shows the FMEAs for the

injector. (Figure 4-17 also shows the short injector and dome.).

6.1.1.2 RFQ, DTL, and IMS - These three units are housed in the connected accelerator
vacuum envelope. Failure modes for these accelerator components are associated with
the systems that are connected to the RFQ/IMS and DTL's through the vacuum envelope:
RF power, cryogenic GHe transport and vacuum. Failure modes that could result in haz-
ardous situations associated with RF power are RF power leakage in connector flanges.
GHe leakage from ruptured lines or joints in the vacuum envelope could result in over-
pressure of the vacuum envelope. Vacuum pump failure does not present a personnel
hazard but could impact the program. Tables VI-4 and VI-5 show the

FMEAs, and Figs. 4-21 through 4-24 provide identification of components.

6.1.2 Optics

The FMEAs for optics, which are listed in Table VI-6 are based on experience with the Los
Alamos Proton Storage Ring, a device which contains virtually all the elements in the output
optics. The storage ring also operates at higher energy and duty factor, with much higher potential
for activation and electrical hazards. The optics staff have also had experience with a prototype
version of the optics system, which was commissioned at Argonne National Laboratory at twice

the GTA energy. Figure 6-1 provides identification of the areas of description in Table VI-6.

6.1.3 Primary Beam Stops

The intermediate and final beam stops are air-cooled designs, which use a graphite or aluminum
plate to absorb the proton-beam energy. Both materials have been used in a number of accelera-
tors as beam stops and have operated reliably. The beam stop is encased in a vacuum vessel,
which uses a combination of cryogenic and rotary-vane mechanical pumps to provide the required
vacuum pressure in the vessel. This vacuum-system equipment is used in indusiry and has a

history of safe, reliable operation.

The intermediate beam-stop plate is cooled by thermally radiating the absorbed energy to the
vessel wall. Forced air cooling of the wall is provided by a commercial blower, which has been
very reliable. A flow meter in the cooling duct is used to measure and monitor the air-flow rate.
Cooling the final beam stop is similar (o that of the intcrmediate beam stop except the vacuum

wall is cooled by natural convection to air in the tunnel.

March 17, 1993 6-2




6.0 FAILURE MODES AND EFFECTS ANALYSIS

ams
-odxa umjs20
JAl Amfuy jouuosiag | ampaoosd a10)) « syredg JeoTUBgR UAAPEU] «
90UBJSqNS SNOPIB aseafr v
-ZB{ JO S)unows wadorpAy waIsAs 20mos
o Amfug jouuosiog mews A[uQ . QUON [RONEIN | JUAWAPET] o -u0y 30109y v
uonIpuod
uogstpeI Sunoyuow 1
am[yej AJuo o fenuod ajeorpuy dugsa oppouad S[re) uoneIpes
OAI SI SHEP JY 1999 ON §)y3y Supuep Suump paaRg [eomda[y | Jowuows Avi-x J0300fug €
S3o0IAuY 10710 ) pamofie st
£q paymoaard dn opow yumad
-1IB)S JOIRIS[OOY o B0 unz osfeg e
[4
S[rB} [2uUeyd
fipenb weaq [eomoaq mndu suQ .
30 uogBpRIZAP Aouepunpar
lo/puB 93swep apoad spauuByo Sunsal opouad amjre) walsAs wuuad
)11 QIO 9jqISSO] POBIAI IO Suunp ps1date wosks o -umu J0309fuf z
meaq oyut
[eomxN[g | 03 01 S[Tey
[TBOTUBYSN dnd £eper dno Aepriey |
jown
uogerpes J0J oA | 03 s{re) wmeaq | 1dnuur wedq q1
Joymow [ouunosiad
&yoyes qipsay oMoy | ureaq ojur
tamyrey mNs4s JrRonEegRA | 08 o spiey Snig Snid weog 8]
JO pooqraI|
UOHBIPRI paonpuy Suonpas ‘jorered wa)
-ureaq 0) pasodxa Ul 2J8 SWSAS Sumsa orpourad -s£s £jo3e$ [ou
o A1qissod jounoszog | juepuadopur samr, Supmp pa1oareq amprey wAsAg | -uossad so100fuy 1
- ——————— e ——— — ———————————————— |
- ‘0
Supjuey s303530 uojjesuaduio)) uey3993a(q WISPUBYIIA S3POAl aopdyassaq muuww,m.m..%v.wobz #
L8R ainqjey aanqie g aanpjeyg aanqieg R ERY

10303fu] aY} Joy SVAWI €-IA °Iq8L

July 28, 1992

6-3



6.0 FAILURE MODES AND EFFECTS ANALYSIS

Swop
. SIN)IOAO
P Amfuy jouuosiag SUON rensiA | oegoo | oyenbuyeq .
[BOTUETIN Sjre)
Meowmdary | wun Suprogs
Y121 (o J N
9
[t} S1015[591
Syweq [Laistasiit | 0Py -
sonosded pue saur
Jomod 98 uo s19jowm SUIop W
Aouspunpax -)[0A ‘SIg31] 10180 peoregoopy | sprey idnusug wa)sAs agejjon
Pl Amfuy jounosiag pus yreday o | -tpur Sunsa) opouag /TEIAY 1modoe « | -y3ig Joroafuy 9
Spe}
[eoTUBTRA | un 3unioys
MmN | 9FElOA -
[1B] SI0)SIS
Syueq sonoeded T8O P4 o S
puB sauj] Jomod
OB U0 SI3}2Un[0A owIop uy wa)sAs K
Kouepunpar ‘SIq31] Jorediput TBOTUBTAN | Sfrey idnuouy dmsmnd
P Amfay [ounosiag puB xeday . Sums9) appouag JTeonoarg omodos . ~are J0103fu] S
e e e e — e e e e e e e e e e e e
€T6TTT-XV8 ‘ON
Supjuey syoayyd uojjssuaduo) uoy3ddla(g WSJUBYIIAL SapPOIy wopdyaoss( Supuelq wol #
L8ap1I) aInje aanpeg ainqeg ainjieg U0IBOUAP] way

(papn[oued) Jo3oafuj 2y Joj SVAINA €TA 9Iq8L

July 28, 1992



6.0 FAILURE MODES AND EFFECTS ANALYSIS

prezey ¥eaf sdo
Al founosiad ou faum umoq Tedasunopingg 98negd wnnoBp [RBYRN | -[oA9p 23uel] | seduey) wnnoBA v
wa)sAs
woy dumnd 330
prezey SINGS dAJBA 2763 e
=T\ ounosyad ou fowm umo(g ‘redoyumopingg o8med umnosA | eonmyoopy | aunpey dwng| dwnd umnogp Surmesp O €
gr105u9s amssaxd .
£q pard3m
W UMOP J[qRIIPISU0D $IATBA 9183
ol omaBoLr £q pateorA saur
01 pasodxo {9ABA JoraX umnoea ‘redar 389 OH jumof
9AI sdwn amssard o puug puB umopings | 98ne3 wnnoeA Jue], feoruegA | sdojoaap jurof| ouBa--oumf OHO Suimeip O z
amsodxa Jedar JOSUaS
uonvIpes Y 9[qIssod e PUe UMOPINGS o | YOIBWISIUI [BOINOH o
amsodxo Jedax 91QBO B0
uoneIpes 4y 9qIssod o PUB UMODINYS | U JOSUJS AMSSAL o
o8uey
amsodxo Jedar yeap .y sdo opm3aaem °
PII uoneIpes .y AqISsod o PUB UMODINYS o | JOSUIS UONBIPRI Y o| eOWEYIN | -[oAap a8ueld | /oul [EIXE0D 1Y dumerpOI| 1
e = e
Supjuey uopjssuadwmo) uoj3d’la(q WSUBYIIN SIPOTAl
[STTLETE I BN aanpjeg ned ned smpeg | UoPdHseq | uopedypuapy | 4 way

__ SINI/OAY 10) SVAINA $-IA °lq8L

]
s'?

July 28, 1992

6-5



6.0 FAILURE MODES AND EFFECTS ANALYSIS

puezey Heoj sdo
9AI jouuosiad ou ‘awm umo( Tmedayumopingg 98ned umnoaBA BOIEYRN | -[eaap ofuep]| oSueg umnosp Smmerp 11 v
wyshs
woyy dumnd 330
pBzey SINYS OAJBA 2188 ed1noaq
TN jounosiad ou towm umog|  Lredasumop ngg 93ne3 umnoep | seommgely | erngrey dung| dumd wmnoep SumeIp 1L €
105U9S
oum amssaid £q
UMOD 9qBISPISU0D ‘O PATBATIOR SOA[BA
*oua80410 0) 2xnsodxs o188 £q pajerost
a1q1ssod ‘oAeA Jomal SOUI] WNAJBA p1:2) utof
OAI sdip amssard off rewaug | sredasumop Ings|  98ne8 wnnosa yue], reomegep | sdopoaapmof] 1 -- auy 94D aurf 9HO YA
UOHBIPRI Ty J0Sus
0} amsodxo a]qIssod « | medayumopings o | GOTGWSIW [BOINIIT o
noneIper . 31q®O XBOO
o) amsodxd 9[qQissod o | JmduumopIngs o] UL JOSHOS OMSSALY o
o8ueyy
uoneIpRI Y ¥eop .1y sdo opmgorsm -
PII 0} amnsodxa 9[qiss0d o | EdaI/MMOP INGS o | JOSUSS UOTEIPRI T o|  [ROMEYIS | -[9ASP 23uey] | /ouT] [BIXEOD 1Y SumepIIdl 1
e ———— —— e
Supjuey uopyvsuaduio) uey?93a(q WSO8 Sapo
Lpeania)d A 1C anqjeq aln[isy aanjieg aanjjej uopdirvsaq | uonEINULPY | # Wy

__ TLA 0] SVAWA S-TA 2iq8lL

n o b

July 28, 1992



6.0 FAILURE MODES AND EFFECTS ANALYSIS

ampasoid 1noge) dunioys
[ouuossad | 1n0xd0] ‘soyanims wass Yoo [eIIUBYON jeuug S[euuuy
P 0} sunq [eoInd9[g|  P[aIYs wepunpoy Jo 8unsa arpouag /rednog FwopIdY|  joudewonsojy L L
UIWIUOTIA
-Ud 0} 9sedjaI uoH .
qill -e1ped ‘uoneipel 0) Suuonuow uoneipes 3B9] WB[00D 01y
qm amsodxa jouuosiog| sredos pue sjenfeay ‘uonoadsur fensip JeSIuBYOIA] pareanoy|  1oem sjqeuog 9 9
[edIUBI3A
A o8owep sunyoep |  wANsAS Jwepunpay 3unsa o1pouag /reainadlg | amnpiey woiskg nuuad uny S
uon
JAI -eANOR 10 98ewsep wNsAs
9AL auyorW I[qISSO | UON3Nap JuepuUNpay Sunsa) o1pourag [eon0[g | a1npre) waisAg 19101d-1584 v
uon
-eipez o} amsodxo sSwNsAs [eoIURYIAA]
i [ouuosiad ajqissod | wwapuadopur £jqnoq Sunsa owpouag /reoinadjy | amjiey waiss §Sdy €
ams Suipjorys Kex
-odxo Ler-x wouj -x paoejdsip
Knfuy [ouuossag « Jojuow Aes-y «| pestueyo «|so srenbopeur «
uon
~3319p JuepURpaI
Yoo Liddns
Jomod yim Suum
-1uow SNONUNUOD
amsodxa gy woiy | ‘opow suonessdo [eoIURYIIN siof
am Aanfur jouuossog «| ut yoopowr §S4u| 010w Ansudtur 4y | /jeownsog o |y sedosduwy . saniAed 4y I A
dois 01 asewrep vena
‘eare dois 91BANOY . 0) SIe
sso| | Suuonuow uone
wnnoea ojqissod | -1pes Yoatoud 15y nuusd unx sdin [eos1uey oo Hosuy dois
JAI ‘uoneipes YSiH .| ‘SoyoNms Juepunpay U] YOUMSOIONN /reamndajg O) SHEq « wreaq dnaun |, I I
-9 °81q
durjuey uonesuadwo) TLIRRERET(| WSIUBYII| SapoOl vy o
£usanLa) SRad aanpigy ainpiey aanjieyq aanpiey uopdiaasaq :o.:“_u.“h_“:uu_ # wal

__ sapdQ ndinQ 105 SVAINA  9-IA 2198l

/s 2 e N

0 Q

I |

March 17, 1992

6-7



6.0 FAILURE MODES AND EFFECTS ANALYSIS -

= 'sondp °1-9 "3

(9 ‘2) (1)

anoaq
30V.LI0A HOI I

mm-.._oo_z ._,n .I/ oW .._._.o I./ Shom-az_

LAk

\§§

mc."_m

vy Qe G G oy S—

I

=—T——F = —F 1 ==

) |
Sy == 1

13N9VH ONIHIALS

anas 6T 0By Tt}
13
3031d3Ad 340383134 13N 044 SYIN S° ¥

g

|
9044VM l\ L

=a = .

(9 ‘2)
(2'9) ‘ :

noee g 6 o i |

H3zi ._<m.5w2 m>|_<w 31Y9 I\

(2°9)

6-8

July 28, 1992



O U

¢}

6.0 FAILURE MODES AND EFFECTS ANALYSIS

Both beam stops use thermocouples in the beam-stop plate and vessel wall to measure and monitor
the operating temperatures of these components. (Figure 6-2 is a schematic that shows the type
and general location of the instrumentation used to monitor and operate the intermediate beam
stop.) Table VI-7 shows the FMEAs for intermediate beam stop. Table VI-8 shows the FMEAs
for the final beam stop. Figure 6-3 is a schematic of the final beam stop.

6.1.4 Neutral Beam
The failures possible in the Neutral Beam system, which can effect experiments, include a rupture

in the water-cooling lines for the characterization beam stop, a rupture in the LN, dewars or supply

lines at the detector station, and a breakdown of the support hardware associated with the system’s

diagnostic hardware (e.g., mechanisms used for translation and positioning of the plate or camera

assemblies). Table VI-9 presents the FMEAs for the neutral beam.

6.1.5 Diagnostics

Diagnostics that have a finite probability of failure include the LINDA laser system, the cooling
water for cooling electromagnets, the vacuum system, and the intermediate beam stop. Failure
modes for the LINDA laser system are presented in Table VI-11. Failure modes for the electro-
magnets are presented in Table VI-10. The failure modes for other systems in Experiment 2D and
beyond are the Vacuum (6.2.2), Beam Stop (6.1.3), and Cooling Water (6.2.3) sections.

6.2 Accelerator Support Systems

6.2.1 RF Power Systems

The GTA and HPCTB RF systems use tetrodes for generating power at 425 MHz and 850 MHz
and klystrons for generating power at 850 MHz. A general arrangement of the GTA RF equip-
ment is located on the mezzanine of building MPF-365. (See Fig. 4-39.) Both tetrodes and
Klystrons are standard high-power devices, which have been used extensively in radar, television,
and radio stations. Both devices require high-voltage power supplies as the main power input.
Primary dangers come from the high-voltage subsystems and the high-power RF output. Inter-

locks for these high-power RF systems are used for personnel and equipment safety.

Another hazard associated with the operation of the RF power system is the incidental production
of ionizing radiation (soft x rays with encrgies less than 120 keV) and the intentional production of
nonionizing microwave radiation. X rays are produced when the electron beam in the klystron

strikes the unit's collector. Lead shielding placed around the collector and the nearby klystron

6-9 March 17, 1993
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Fig. 6-3. Schematic of final beam stop. “
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output port attenuate x rays to within acceptable limits. Health physics personnel from HS-1

check the dose rate from x rays generated by the kiystrons to insure adequate shielding is present.

Microwave radiation is present in the waveguides of the klystron system and coaxial transmission

lines of the tetrode system. Both transmission lines are regularly measured for leakage and are

interlock protected. Any violation in the structural integrity of either transmission line would be-
sensed and high-power RF operations would be inhibited immediately. The environment sur-

rounding the tetrode amplifiers is measured by HS-5 for the presence of microwave radiation.

Oil spills constitute another hazard associated with RF power operations. This danger is mitigated
because the dielectric oil (nontoxic, nonhazardous Envirotemp 200 Fluid) is contained within the
rugged structure of the modulator tanks and is present in each tank in quantities of only 200 gal.
Minor spills can be handled effectively using spill clean-up kits on the mezzanine of building
MPF-365. In the unlikely event that the spill is too large to be contained in the first moments of an
accident, the design of the mezzanine floor, which is surrounded by a physical barrier approxi-

mately six in. high, will prevent the migration of the spill into other areas of the building.
Tables VI-12 through VI-17 contain FMEAs for the RF power system.

6.2.2 Accelerator Vacuum System
The GTA-vacuum system consists of several different types of vacuum pumps, a network of re-
motely operated valves, and an instrumentation-and-control system. A combination of cryogenic,

turbomolecular roots-blower, and rotary-vane mechanical pumps are used to provide the pressures

required in the accelerator-vacuum vessels. Each of these pumps is commonly used in industry,
and each has a history of safe, reliable operations. The status of all the major components in the
vacuum system is continually available to the operator by displays and status lights. The control
system allows the operator to safely start up or shut down all, or part, of the vacuum, and it pro-
vides interlocks that prevent damage to equipment during unscheduled events such as power out-
ages or equipment failures. Failure modes in the vacuum system are given in the accelerator
FMEA tables.

6.2.3 Water-cooling System
The GTA water-cooling system is based on a standard industrial design; it employs standards and

accepted practices for closed- and open-loop cooling systems. The system has been designed and

March 17, 1993 6-16
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

built to current professional standards and codes of the American National Standards Institute
(ANSI), American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE),

and other requirements as stated in the Los Alamos National Laboratory (LANL) ES&H Mannal.

A standard operating procedure (SOP) has been developed for the operation and maintenance of
the system to eliminate risk to personnel. Practice and training sessions will be held for the
appropriate personnel in operating the system; the training will be updated as changes in the
system are implemented. Failure modes in the cooling system are those associated with normal
industrial-type failures of process water cooling systems. All users of the water system are
responsible for providing protection to their equipment in the event of a water-system failure. If
an unplanned shut-down occurs in the water system, a "no-go"” signal is sent to the computer
control room and the accelerator is shut down. FMEAs for the water-cooling system are shown in
Table VI-18.

Other risks associated with an unplanned shut-down are not expected to affect the facility or

personnel.

6.2.4 Cryogenic-cooling System

A FMEA was made for the LH,, LN,, and GHe subsystems of the cryogenic-cooling system
(CCS). In the FMEA, single-point failures for the components on the P&I diagrams, which were
presented at the August 1989, CVI, Inc., design review, were considered.

As a result of that FMEA, it was recommended that the CCS should provide backup safety pres-
sure-relief protection at a number of places in the system. These changes, which were discussed
with CVI, have been incorporated into the CCS design. The analysis has been updated to include
these changes along with a number of changes recommended by the independent Boyer safety

review committee.

The FMEA presented in this section does not include the FMEA for the distribution manifold
subsystem that connects the CCS to the GTA accelerator, which is presented in Section 6.2.6.
Tables VI-19, VI-20, and VI-21 present the FMEAs and the criticality rating for each item of the
LH,, LN,, and He subsystems, respectively. The identifiers listed refer to the components identi-

fied on the CVI piping and instrumentation drawings. (See Figs. 4-49 and 4-50.)
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

The highest hazard category for each of the subsystems that resulted from this analysis are as
follows.

* LH, subsystem: Category IV - Negligible

* LN, subsystem: Category IV - Negligible

¢ GHe subsystem: Category III - Marginal
FMEAs for the worst-case accident scenarios are analyzed in Chapter 7.

The FMEA does not include rupture as a possible failure for valves, because the rupmre of a valve
from overpressure is not considered a credible failure. The pressure rupture of cryogenic-piping
assemblies, including valves, would be in the bayonet section of the piping and not in the valves,
according to information supplied by CVI. The type of cryogenic valves specified for the CCS
have been pressure tested to 7,000 psi, without rupture. This pressure is greater than the highest
pressure calculated for the CSS from warming a trapped volume GHe at 20 K to ambient tempera-
ture. The consequences of possible ruptures of the cryogenic piping are considered separately in
Chapter 7.

Failure for the cryogenic pressure-relief safety valves is failure to open. While such a failure is not
likely, an undiscovered leak a cryogenic lines in relief valve could result in the formation of ice;
the ice may then freeze the valve, making it inoperable. During periods when the valves are
removed, a continuous purge flow of GHe at low pressure will be supplied to ensure that no air
enters the system. Pressure-relief safety valves protect a line section or a storage vessel from an
operator error, or other mechanical failure, which could isolate the line or vessel from its normal
pressure and environment when the CCS is shut down. A heat leak into this isolated element will
cause a gradual increase in pressure, which, if not detected, will require a safety relief to prevent
the overstress or possible rupture of the element. The pressure-relief valve settings have been
choscn to be within the American Society of Mechanical Engineers (ASME) Section VI
requirements and are listed in Chapter 11, Table XI-2. During operation of the CCS, the loss-of-
power failure modes for the remote cryogenic valves in the CCS have been chosen to prevent such
isolation from occurring. These are also the system shutdown modes. Most of the remote
cryogenic valves fail open. Exceptions are the LH, transfer line inlet valve, the LN, transfer line
valves, and the helium-control valves between the main cryogenic flow loop and the helium

recovery storage tank, which fail closed.

Rupture disks are installed parallel to pressure-rclicf safety valves on the cryogenic storage

dewars. The pressure settings of the rupture disks are listed in Chapter 11, Table XI-2. These
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

disks backup the relief valves. Two safety relief val;/es are installed for redundancy in each LH,
line section that could trap hydrogen. In less critical areas, a single safety pressure-relief valve is
provided in each line section that might be isolated by inadvertent valve closure. In addition, pres-
sure transducers are available with limit warnings to detect the gradual increase in pressure that
would occur from a heat leak in a section of isolated line, and a valve can be opened to relieve the

pressure buildup before the pressure-relief safety valve is activated.

In the course of the earlier FMEA, a few cases showed the possible consequences of a human error
coupled with a pressure-relief safety valve failing to open. Even though this event is highly un-
likely, backup relief valves are now provided. These backup valves are primarily on the LH,
transfer and truck fill lines and on the helium heat exchanger lines to the run dewars. In these
cases, additional pressure-relief safety valves are provided on each of these lines. A pressure-
relief safety valve is also provided in the helium fill line to backup the safety pressure-relief valve
on the helium storage tank. While cryogenic temperatures are not involved in the use of this tank
and while the possible failure postulated for a cryogenic pressure-relief safety valve is not
applicable, the tank is filled from a 2,000 psi tube trailer and could overpressure by an incorrect
procedure in the fill operation. The updated FMEA presented here includes these additional relief

valves.

Failures that involve the release of helium or nitrogen within an enclosed space, such as the equip-
ment room or tunnel, fall in the Class IV hazard category. They do not present an asphixiation
hazard, because the release rates and quantitics are small and oxygen monitors provide personnel

protection.

6.2.5 Cryogenic Cooling Distribution Manifold Subsystem
This section covers the FMEA of the cryogenic cooling distribution manifold subsystem in the
accelerator tunncl. This subsystem connects the main He coolant loop of the CCS to the accelera-

tor and provides accclerator cooling.

Table VI1-22 presents the FMEA and criticality rating for cach item of the manifold subsystem.

The identifiers in this table are shown in Fig. 4-60.

As explained in Section 6.2.4, most of the remotcly operated valves in the CCS fail open when
clectrical power is lost. However, the loss-of-power failure mode chosen for the remotely
operated valves in the manifold subsystems is for the valves to fail closed. The reason for this

choice is to provide isolation between the CCS and the accelerator during normal shutdown
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

periods without the requirement for electrical power 10 the valve operators to permit work on the
accelerator without allowing air to enter and mix with the main volume of He in the CCS. Over-
pressure protection in the manifold subsystem following a loss-of-power shutdown is provided by
redundant pressure-rclief safety valves. During normal shutdown and warmup operations, warm

He from the CCS will be circulated through the accelerator and manifold subsystem, so no

increase in pressure will resuit after shutdown.

The FMEA for the He distribution manifold subsysu;,m revealed no failure modes that would

exceed Category IV, a negligible hazard ranking.
6.3 Support Operations/Off-line Test Equipment

6.3.1 HPCTB
The failure modes associated with HPCTB pertain to the equipment being tested and the sub-

systems (e.g., cryogenics, vacuum, RF power, etc.) connected to the test chamber rather than the

vessel itself.

6.3.2 750-W Refrigerator

The Model 1620 Helium Refrigerator is perhaps the most reliable machine of its type. The con-
cept for its design comes from years of experience in operating similar units and from the various
improvements in their designs. Throughout the years their types of failures, their probable causes,
and their corrective steps have been accumulated and documented. Information from Koch
Process Systems, Inc., which has been designing, building, and operating helium refrigerators for

many years, was used in determining failure .modes for this refrigerator.

Key factors to trouble-shooting the refrigerator are the operator's experience with the system and

the log sheets that are kept while the system is properly operating. By becoming accustomed to
the normal sound levels and operating characteristics of the refrigerator, the operator is able to
recognize deviations from normal operations. Routine inspections of the equipment and tests of
capacity also allow the operator to discover minor degradations of performance before serious
difficulties arise. A FMEA for the 750-W refrigerator is not included because failure modes for

the refrigerator are normal industrial failures.
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6.4 GTA Safety Systems and Other Systems
The GTA safety systems include:

Y

U 4

4 6 U

* shielding;

+ radiation personnel safety system (RPSS);
*  run-permit system;

* fast-protect system;

» fire protection;

*  beam-tunnel ventilation system;

¢  emergency power to component systems;
¢ telephone;

¢ cranes and forklifts;

*  Ooxygen monitors;

*  hydrogen monitors; and

¢ accelerator-cooling components.

6.4.1 Shielding
While the facility was designed to shield empioyees and the public from radiation generated in the

unnel during operations, several potential failure modes exist. These modes would permit radia-
tion to escape from the tunnel or could result in personnel radiation exposure after operations. The
former could result from an unintentional reduction in the portable concrete shielding in the truck
accesses or steel-door entry or unauthorized plug-door operation. The latter could result from the
failure of the RPSS or HS monitoring systems, which would allow personnel 1o enter the beam

bunnel before activation is reduced 10 permissible levels.

The tunnel shielding was designed to permit operation at 100 MeV, much higher than operation at
24 MeV. Eight-ft-thick concrete walls between the tunnel and the high bay and outside areas plus
18 ft of tamped tuff over the tunnel are intended to protect personnel from radiation generated in
the tunnel during operations. Accesses to the tunnel for large equipment were built into the lunnei
wall. These consist of two truck-access doors, one personnel-access steel door, three plug doors,
and an access hatch in the tunnel roof. (See Fig. 4-4.) The truck-access door, steel door, and the
hatch cover will have to be scaled with ~4.5 fi of high density, interlocking concrete blocks to

complete the tunnel shielding envelope during 24-McV operations.

Other potential failure modes in the tunnel shiclding envelope are unanticipated opening or closing
of the plug doors. In addition to creating a perturbation in the shielding, such a condition could

permit activated air to diffuse from the wunnel 10 other areas.

March 17, 1993 6-72
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

Once the accelerator has stopped operating, residual activity remains in the beam line for some
time. Local shielding is used to reduce air activation and to permit faster access to the tunnel.

Unanticipated changes in this shielding could result in higher than anticipated local activity and,

therefore, constitute a failure mode.

The FMEAs for these situations is given in Table VI-23. Refer to Fig. 4-4 for identification of the

areas of concern.

6.4.2 Radiation Personnel Safety System

The RPSS consists of an access-control system that is intended to prevent unauthorized or
accidental entry into areas where the radiation dose rate, due to normal operation of the
accelerator, could exceed 5 rem/hr. Elements of this system include physical barriers, signs,
wamning lights, audible-waming devices, and a body of administrative procedures that define

conditions for safe entry and lockup. (See Appendix T).

The FMEA is presented in tables VI-24 through VI-27. Figure 6-4 provides a visual description of
the RPSS. ’
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

6.4.3 Run-permit System

Run permit is a software interlock chain, augmented in hardware, that protects equipment from
damage due to improper operation. Run permit uses the facilities of the GTA control system to
obtain inputs for the interlocks. The system provides self-protection from failures in software,

computer hardware, and local area network. A watchdog timer is the only critical hardware

element in the fast protect system. FMEASs for the run-permit system are in Table VI-29.

6.4.4 Fast-Protect System

The fast-protect system truncates the ion beam at the injector within 10 ps of a failure that could
cause beam spill and terminates the RF power. Its purpose is to prevent damage or activation of
beam line components. The fast-protect system is distributed throughout the accelerator and has
inputs from various detectors and sources, such as beam spill monitors, low-level RF controls, and
beam diagnostics. High reliability is achieved from dual redundancy on inputs and from fail-safe
circuitry. The system consists of one FP10M master module followed by a number of FP10S
slave modules in a daisy-chain configuration. The output from the last FP10S ends in the safety

interlock module, where it controls the injector extractor puise.

The switch settings are read and verified by software programs running on the control system.
However, fast protect operates independent of computer equipment and software. FMEAs for the

fast-protect system are in Table VI-30.

6.4.5 Computer Control Network

The computer control network is an Ethernct local arca network that provides communications
between all control system computers. Fiber-optic cables are used throughout the network to
reduce EMI effects on the network. A file server machine provides all the files for operating the
control system computers, including the input-output controllers (IOCs) and the operator interface
(OPI) consoles. The network is described in "AT Division L&Q Secure Network Logical
Diagram,” (Group AT-8, 16 December 1991 ). Table VI-31 shows the FMEAs for the Computer

Control network.

6.4.6 Input-Output Controllers

Control and data acquisition computers are distributed throughout the GTA facility in IOCs. Func-
tional, instcad of geographical, distribution of the IOCs simplifies the design and maintenance of
control-system software and allows indepcndent operation of GTA subsystems and components.

Each IOC contains a central processor unit (cpu), Ethernet interface, and various input-output
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6.0 FAILURE MODES AND EFFECTS ANALYSIS

modules. Software and hardware descriptions for each IOC are available from group AT-8. Al-
though all IOCs depend on the control-system network for initialization, most IOCs will continue
to operate or will shut-down if the network fails. Table VI-32 shows the FMEAs for the beam-line

input-output controllers.

6.4.7 Operator Interface Consoles

Operator interface (OPI) consoles provide the operators a graphic interface with which to control
the GTA experiments and display experimental data. OPIs are based on diskless Sun workstations
and EPICS software. Loss of an OPI, because of sofiware or hardware failure, does not affect the
operation of the control system, and an alternate OPI can quickly take over the functions of a
failed OPI. Table VI-33 provides the FMEAs for the OPIs.

6.4.8 Fire Protection Systems

The GTA facility is protected by a fire-alarm system consisting of local alarms in all areas, fire
pull box stations, and smoke detectors by the elevator on all floors and in the tunnel. This system
is tied to the central alarm system. Sprinkler systems provide coverage in all areas. Fire extin-

guishers are available throughout the facility. See tables VI-34 and VI-35 for the FMEAs.

6.4.9 Beam-tunnel Ventilation System

The various air-handling units provide the normal air supply for all support areas for the facility.
The air system provides a wnnel to support building negative differential pressure and ensures that
all potentially radioactive air from accelerator operation is exhausted through the HEPA filters and
up the exhaust stack. This prevents exposure of personnel to this air and provides additional decay

time before air is exhausted to the environment. Refer to Table VI-36 for the FMEA.

6.4.10 Electrical Power to Component Systems
The clectrical power distribution system services several component systems that are divided into )
eight general component types for analysis within the FMEA format:
¢ The general power distribution system which provides electrical service to the entire
facility and experiment. It is ofien characterized as the primary distribution system
switchgear/bus: "SWG-M." It is, however, any part of the system within the Los

Alamos National Laboratory Power Distribution Network, which would affect the

entire GTA Facility System. In the FMEA it is called the general power outage.
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* The major power bus is that part of the system, which services and/or feeds the
secondary switchgear: "SWG-A" within the GTA facility.

+  The minor power bus is that part of the system, which services and/or feeds the
secondary switchgear: "SWG-3" within the GTA facility.

* The isolated power bus is that part of the system, which services and/or feeds the
secondary switchgear: "SWG-C" within the GTA facility.

* The 5.0 A HV dc power supply provides the primary power service to the RF system
generators for the GTA experiments.

*  The interior and exterior/security lighting system for the GTA facility.

*  The security system for the GTA facility.

*  The emergency lighting system for the GTA facility.

Refer to Table VI-37 for the FMEA.

6.4.11 Telephone/Paging System

This system provides internal and external communications throughout the facility. Local
announcement of building status and emergencies can be made from any phone in the building;
emergency personnel can be summoned by using any phone (dial 9-911 or 911). Refer to
Table VI-38 for the FMEA. )

6.4.12 Cranes/Forklifts

Cranes and forklifts are available for local material handling and movement of heavy items. The
east and west high-bay cranes also provide personnel access 10 the ceiling area of the support
building. Table VI-39 contains the FMEA for cranes and forklifts.

6.4.13 Oxygen Monitors

Oxygen monitors are used to indicate oxygen depleted atmospheres in the beam tunnel, the laser
and waveguide basements, the CCS equipment room, and the cryogenic-compressor room. )

Figure 6-5 shows an oxygen monitor, and Table VI-40 contains the FMEAs for the monitor.

6.4.14 Hydrogen Monitoring System
The GTA cryogenic site is monitored continuously for the presence of hydrogen gas or vapor by a
Bacharach four-channel gas detection and monitoring system. The system uses four combustible

gas detectors. Table VI-41 contains the FMEAs fon: the detectors.
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Fig. 6-5. Oxygen monitor. , l
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7.0 ACCIDENT ANALYSIS

This chapter covers the accident analysis for the Ground Test Accelerator (GTA). The accidents addressed in
this chapter were developed from failure effects listed in the failure mode effects analysis (FMEA) tables (see
Chapter 6), potential hazards in the accelerator system and facility, and knowledge of hazards existing in
similar operations such as at the Accelerator Test Stand (ATS) and the Clinton P. Anderson Meson Physics
Facility (LAMPF). Because of the small number of existing systems and facilities similar to those of
GTA, sufficient statistical data on the occurence of the postulated accidents are not available for a
quantitative analysis of risk probability. For this reason, qualitative descriptors (Likely, Unlikely,
Extremely Unlikely and Incredible) have been chosen following the guidelines of AL 5481.1B. These
probabilities are based on the collective judgment and experience of the personnel involved in the GTA
safety analysis. An exception is the analysis of an airplane crashing into the LH2 storage dewar or the LH2
run dewar. In these cases, sufficient statistical data were available and a quantitative probabilistic analysis
was performed that showed these events to be incredible (Pe < 10’6/yr). Failures designated as catastrophic
or critical (Category I or IT) in the FMEA were included in the accident analysis. In most cases, serious
accidents require multiple and simultaneous failures of the components or systems listed in the FMEA
combined with a worker who violates a standard operating procedure (SOP). Conventional industrial
accidents have been considered and unusual accidents applicable to GTA have been included.

7.1 Potential Hazards and Their Mitigation
Phase 2 operations of the GTA include experiments 2D, 3A, 3B and 3C in which the GTA is operated at

24 MeV. For this experimental phase, the GTA consists of the injector, the radio-frequency quadrupole
(RFQ), the drift-tube linac (DTL) tanks, the intertank matching section (IMS), output optics, neutral beam,
and beam diagnostics. The GTA is supported by accelerator controls, radio-frequency (RF) power, vacuum,
water-cooling, and cryogenic-cooling systems as well as personnel and equipment safety systems. In
addition to 24-MeV operation, the high power cryogenic test bed (HPCTB) is used for off-line testing. The
750-W helium refrigerator provides cryogenic cooling for the HPCTB. Table VI-1 lists the potential
hazards and their mitigation.

7.2 Accident Analysis for the Experimental Equipment

Possible accidents involving the experimental equipment have been identified and are presented in the fol-
lowing sections. Tables VII-2 and VII-3 explain the designations used for the accident risk assessments.
Potential accidents are summarized in Table VII-4. Table V-5, the risk-summary table, presents the
annual probability of unusual GTA-specific accidents; the impact of these accidents on the public health and
safety, the plant, and the program; the dollar loss; and the risk assignment.

7.2.1 Ground Test Accelerator

7.2.1.1 Injector Accidents - The accidents involving the operation of the injector
deal with the capacitor bank, bottled hydrogen gas, and cesium.

7.2.1.1.1 Capacitor Bank Accident - Two capacitor banks in the injec-
tor are potentially lethal hazards, because they could electrocute a person. To

7-1 Changed per DOE/AL Comments
October 5, 1994
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Table VII-1 Potential Hazards and Their Mitigation

Location Prevention/Mitigation
Injector _
Electrical shock High-voltage dome |Mechanical fall-down shorting mechanisrps: electrical
from capacitor switches and meters, gounding hooks, training, and controlled
banks access to the hazard
Fire/explosion High-voltage dome |Training, use of small-volume bottles, tunnel ventilation. and
from hydrogen gas controlled access to the hazard
Chemical exposure |Ion source work area | Training, SOPs, protective eye shields and gloves, using
to cesium metal small quantities, and eye-wash facilities
and chromate
X-ray radiation Tunnel Training, SOPs & SWPs, shielding, monitoring system
alarms, routine health physics monitoring
RFQ/IMS/DTL
RF radiation leak- |RFQ/IMS/DTL RF- |Local, periodic RF sensor survey; pressure sensors in coaxial
age at input to power input flanges | waveguide lines; electrical mismatch sensors all tied into
RFQ/DTL shutdown procedures
Cryogenic/gaseous |RFQ/IMS/DTL inter-] Valve located to minimize personnel exposure to cryogens,
He release nal pressure release | pressure gauge reading triggers cryogen shutoff when internal
valve pressure exceeds preset limit, pressure relief valve
X-ray radiation Tunnel Training, SOPs & SWPs, shielding, monitoring system
alarms, rouuine health physics monitoring
Optics
X-ray and RF radia- { Energy dejitterand  |Low power, low duty factor, shielding, monitoring, monitors
tion momentum compac- |interlocked to the RF run-permit system.
tor cavities
Electrical shock and| Telescope corrector | Terminal shields interlocked to power supplies; lock-out tag-
burns magnets and fast out procedures
steerer
Secondary radiation { HEBT, bend tele- Component monitoring, cool down, dosimeter monitoring,
exposure to activat- | scope, fast steerer personnel training, low activation; maintenance to activated
ed components components require SWP handling, SOP's & SWP's
Activated water Telescope, fast High quality transfer components, spill containment, small
leak from portable |steerer volume
chillers
Contrel System
Electrical hazards in{ Throughout GTA Limited to line voltages (110 or 220 V); protective covers;
electronic facility warning labels on equipment; adherence to codes and stan-
equipment dards; training; lockout, tagout procedures; dedicated conduit
and cable trays; fiber-optic isolation
RF
High voltage Mezzanine capacitor |Personnel interlocks, equipment interlocks, manual and
room computer interlocks, SOP, grounding hooks, controlled
Modulator tank access, and training
Tetrode amplifier
Racks
Klystron
Changed per DOF/AL Comments 7-2
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Table VII-1 Potential Hazards and Their Mitigation (continued)

Hazard Location Prevention/Mitigation
X-ray and radio-fre- | Modulator tank All the above, plus lead shielding for x rays, shielded enclo-
quency (RF) radia- |(Klystron) sures and transmission lines, pressurized waveguide, low-duty
tion Tetrode factor (1% or 2%) average exposure is a concern; HS person-
RF waveguide nel monitoring radiation and installed instruments
DTL
Oil leakage Modulator tank Only so much oil to spill (200 gal); containment on floor and
(Klystron) level-sensing device on oil tank
Water-cooling Main house water | Visual observation, flow and pressure drop sensors, shut down)|
Systems supply circulation pumps
Water leaks High bay o
Support facilities
MPEF-365
Possible activated |Individual, small Visual observations, sensors, shut down pumps, cleanup and
water leaks water chillers monitoring by HS-1
750-W Helium
Refrigerator
Electrical Electrical motors, | Safe industry practices
heaters, solenoids,
and controls
Mechanical Rotating machinery |SOP and protective covers for machinery
Preumatic Relief vaive orexit |Limit the volume of helium that can escape to one type "T"
point for helium bottle supply over some period of time
Thermal Penetrations for cold |All penetrations are behind the refrigerator, away from the
gas operator, SOP, and routine safety practices
Electrical
HV Substation Outside southwest | Locking gate to exclusion fence; allowing only authorized
corner of building personnel to have keys
Mechanical equip- |Fourth floor, north | All switchgear enclosed in metal cabinets; allow only
ment and south sidesof  {authorized personnel access to cabinets; equipment rooms

building

locked

Ionizing Radia-
tion Exposure

From operational
accelerator

Tunnel and under-

lying basements
(exclusion area)

Radiation personnel safety system (RPSS) designed to assure
no one is in tunnel during operation; scram buttons in tunnel;
tunnel-shielding envelope prevents radiation exposure

Personnel wear thermoluminescent dosimeter (TLD) badges to
track radiation exposure and ensure that exposures are kept
within U.S. Department of Energy (DOE) Order 5480.11

occupational standards; SOP's and training

7-3 Changed per DOF/AL Comments
October 5, 1994
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7.0 ACCIDENT ANALYSIS

Table VII-1 Potential Hazards and Their Mitigation (continued) l

Hazard Location Prevention/Mitigation

From non-operating} Tunnel Local shielding used to reduce component activation; activa-

accelerator and tion cool-down period before access to tunnel permitted; acti-

beam-line compo- vated air removed from beam tunnel by HVAC system; RPSS

nents including active at all times; HS-1 to monitor dose rates at work

beam stops location

From activated air |Tunnel Activated air constantly exhausted during operations; negative

during operations tunnel pressure prevents leakage to other parts of facility

From beam interac-] Tunnel Transport and storage via appropriate shielded casks; off-site

tions and activated transport according to U.S. Department of Transportation

components during (DOT) regulations; monitoring by HS-Division; repairs in

maintenance and appropriate facility; maintenance work under SWP

repairs

Of public at site  |Boundary 1,000 m |No public hazard - induced radiation generated in experiments

boundary north of site 2 and 3; will be confined to tunnel area where shielding is
sufficient; activated air levels are low enough to be nondetect-
able at the 1,000 m boundary

From high-power |HPCTB tank in high |Local shielding on HPCTB tank; HS-1 monitoring; TLD

DTL testing in bay badges required

HPCTB tank

Industrial
Falling, slipping, |Throughout facility |Personnel training, safety-conscious supervision, and facility

power tools, etc.

inspections

Injury from crane |Bean tunnel, high Certified crane and forklift operators; preoperational, monthly,

or forklift opera- |bays and annual inspection of crane; annual inspection of lifting

tions gear; quarterly forklift inspection

Fire

Electrically caused |Cable runs and All inside areas covered by fire sprinkler system; limited
switch gear amount of combustibles

Flammable All inside work areas | Same as for electrical fires; flammable solvents in small con-

solvents wainers; hazard communication training; storage in flammable-

liquid cabinets

Dielectric oil RF modulator area, |Same as for electrical fires; capacitors have oil with 420°F

capacitor room flashpoint, modulator oil has fire point of 570°F; RF modula-

tor arca surrounded by 4-in. high berm; floor penetrations
sealed; no PCB-containing oil allowed

High-pressure
Gas

Tube trailer stations

Stations constructed according to standard design; operators
trained in high-pressure gas safety

Compressed gas Conventional pressure regulation with relief valves; standard

cylinders storing practices; standard DOT cylinders; and training
Cryogens; LN, Beam tunnel, 750-W | Cryogenic lines double-walled and insulated; only trained
and GHe helium refrigerator | technicians connecting and disconnecting cryogenic compo-

nents; protective equipment and SOPs minimize maintenance
hazards; system carefully tested before use

March 17, 1993
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Table VII-1 Potential Hazards and Their Mitigation (concluded)

Prevention/Mitigation

Hazard Location
Vacuum All vacuum Design according to Section VIII of the American Society of
envelopes Mechanical Engineers Unfired Pressure Vessel Code; pressure
testing; relief valves
CCSs
Cryogens Beam tunnel, CCS | Cryogenic lines double-walled and insulated: on]y.trained
site, and cryogenic | technicians connecting and disconnecting cryogenic compo-
equipment room nents; protective equipment, SOPs and training minimize
maintenance hazards; system carefully tested before use
Asphyxiation Beam tunnel, cryo- | Oxygen concentration alarms and monitoring of space for
genic compressor,  joxygen concentration before and during entry; relief valves
neutral beam vacuum jincorporated into vacuum vessels; testing and calibration of
envelope, HPCTB  Joxygen monitors; venitlation system; buddy system
Chemical Laboratories/shops | Employee training; engineered and adminis.trative controls,
Exposure chemical selection, personal protection equipment, and
monitoring
Chemical Spill |Laboratories/shops |Bulk storage outdoors; limited quantities indoors; material

handling in accordance with requirements of the LANL
Environmental, Safety, and Health Manual

Laser Ocular

Laser room, laser

Interlocks, protective eyewear

Catastrophic

environment

May cause deaths, loss of the facility/operation, or severe impact on the

Hazard beam tube, laser
alignment to ion
beam line
Natural
Phenomena
Earthquake Building Building designed for Seismic Zone 2; accelerator designed for
0.5-g horizontal acceleration
Flood Building Location on top of mesa
Wind Building Designed to withstand 80 mph
CCS Designed to withstand 93 mph
Lightning Building Lightning protection system per National Fire Protection
Association 78 and electrical wiring according to National
Electrical Code
Table VII-2 Qualitative Accident Hazard Severity
Designator Hazard Consequences to the Public, Workers, or Environment
Category ? ?

I Critical |May cause severe injury,? severe occupational illness, major damage to a
facility/operation, or major impact on the environment
Marginal |May cause minor injury, minor occupational illness, or minor impact on the
) environment?
v Negligible | Will not result in a significant injury, occupational illness, or impact on the
program or environment
8 Or death to a worker

b Or Moderate damage/impact to a facility operation

7-5 Changed per DOE/AL Comments
October 5, 1994
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Table VII-3 Qualitative Accident Probabilities

Descriptive Word Symbol Fl:'::]ll;l::::ylgi:-g; e(;i
A Pe > 102
B Pe = 10210 10
Extremely Unlikely C Pe = 10 to 106
Incredible D Pe < 106

July 22, 1992

prevent electrocution, accessing a capacitor bank requires entering two safety
enclosures: one around the two capacitor banks and another around each individ-
ual capacitor bank. Entering the safety enclosure around the two capacitor banks
requires using a key to open the access door. This entry shuts down all alternat-
ing current (ac) power within the enclosure, contactsaa fall-down shorting
system to the high-voltage dome and activates an automatic fall-down shorting
system across both capacitor banks. The two capacitor banks are housed in
mechanical structures that require disassembly before the capacitors can be
reached. These individual safety enclosures have external meters and grounding
hooks for manual shorting.

A worker could be electrocuted if he or she violates the SOP for properly open-
ing the safety enclosures, and when a simultaneous failure of all mechanical and
electrical safety systems occurs. Under normal operating conditions, the
simultaneous failure of all systems is deemed extremely unlikely. Of more
concern is the likelihood that, under test conditions for the ion source, a worker
can access the arc leads on the ion source if the safety shield is removed. The
leads go directly to the capacitor bank in the high-voltage dome and can be
energized if the ac power interlock is bypassed; the interlock may be bypassed
during test conditions. This test condition, therefore, warrants the issue of a
special work permit (SWP), because operating safety shields have been removed
and non-standard operating conditions are used. Only trained personnel under
specific procedures can implement this condition; with these precautions, the

occurrence of an electrocution is deemed unlikely.

7.2.1.1.2 Hydrogen Fire - As long as proper handling procedures are
followed, using a bottle containing compressed hydrogen gas in the injector does
not pose a fire hazard. In addition, there is not enough hydrogen gas in the bottle

7-6
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7.2.1.2

(size D, 20 scf) to pose any explosive hazard, if it is released in the facility. If a
bottle of H, gas was released by accident, the building ventilation system would
exhaust the gas. If a worker, however, accidentally opens the vatve on a hydro-
gen bottle, the escaping gas can spontaneously ignite and burn with a colorless
flame. A fire accident can thus occur from the burning gas plume, resulting in

possible burns on the worker. Turbo pumps are used to evacuate the system;
these pumps do not accumulate H, and, therefore, present no operational hazards.

The probability of this accident is considered to be unlikely, because only trained
personnel, who are familiar with the potential fire hazard, are allowed to install

or remove hydrogen bottles.

7.2.1.1.3 Cesium Exposure - The GTA injector employs a surface
plasma source (SPS) that thermochemically produces small amounts of cesium
(less than 0.1 gram) within the arc discharge region. The ion source is period-
ically removed from the injector, the discharge region is cleaned, and then the
injector is reloaded with a titanium and cesium chromate charge. During the
cleaning process, very small amounts of elemental cesium could react with

water. This reaction could cause eye injury to a worker.

During normal operations, the accidental release of cesium is physically im-
possible. During the cleaning or loading process, the probability that such an
accident will occur is unlikely, because only trained personnel are allowed to
clean or load cesium compounds into the ion source, an activity they must
perform in specified, safc work arcas. Nevertheless, eye-wash facilities are
provided in the work arca because small amounts of cesium constitute a hazard to
the eyes. In addition, personncl must wear safety glasses or eye shiclds when

cleaning the ion source.

RFQ/IMS/DTL Accidents - The RFQ/IMS/DTL ar¢ passive systems.

They consist of an external vacuum tank that houses the RFQ core tank, including vanes,

and thc DTL modules including the accclerator drift tubes. The accidents involving the
RFQ/IMS/DTL include RF and x-ray radiation and cryogenic He.

March 17, 1993

7.2.1.2.1 RF Power Leakage - RF power is transmitted through coaxial

and waveguide lines from the RF power equipment on the mezzanine of building
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MPE-365. The lines tic into flanges on the RFQ/IMS/DTL tanks. Each flange
is periodically probed with a RF sensor to ensure the integrity of the scal. In
addition, the coaxial cable and waveguide interior are slightly overpressured with
dry air during normal operations. Gauges monitor the pressure; any decrease in
pressure due to a leak would be sensed and the RF power systems would
shutdown. Another sensor for a leak is the mismatch sensor, which monitors
the electrical interface continuity. Any radiation leak results in a mismatch,

which is immediately detected, and the power is shutdown.

7.2.1.2.2 X.ray Radiation - During high RF-power conditions, x rays
can be produced by the RFQ, the IMS buncher cavities, and the DTL modules.

7.2.1.2.3 GHe Leakage - GHe is used to cool internal components of the
RFQ/IMS/DTL to cryogenic operating temperatures. Internal steel cooling lines
connect to the RFQ aluminum vanes and copper drift-tube components through
special fittings. Such joints could develop leaks, so cryogenic gas could escape
into the vacuum tank. The vacuum tank pressure, conceivably, could build up.
To mitigate the pressure effccts of such a leak, overpressure safety valves, which
exhaust into the tunnel are included in each tank. It is, therefore, conceivable

that cold gas could be exhausted into the room and burn personnel. The exhaust

valves, however, have been located to minimize the chance that this will happen.

7.2.3 Output Optics Accidents

A passive system, the optics’ main constituents are a vacuum system and a large number of perma-
nent magnets, which require no electrical energization. There are, however, three RF cavities that
may cxhibit RF leakage or emit x radiation. Corrcctor and steerer magnets are powered at low
voltages but can provide high currents if accidentally shorted. Interception of the beam by the
vacuum chamber will cause component and cooling-water activation. The beam can be missteered

in the bend and cause vacuum failure by vacuum wall penetration.

7.2.3.1 RF Power Leakage and X Radiation - RF power is transmitted to the
cnergy-dejitier cavity and the two momentum-compactor cavities by coaxial waveguides
from the RF power system on the mezzanine of building MPF-365. The main momen-
wm-compactor cavity is cnergized at less than 100-kW peak power; the second-harmonic

momentum-compactor and the energy-dejitter cavities are energized at less than 20-kW

7-17 March 17, 1993
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March 17, 1993

peak power each. The normal duty factor i$ 0.2% and will reach 2% for several hours

during a phase of Experiment 3C.

The coaxial waveguides connect with these cavities through flanged bayonet-type seals.
Improper sealing of the coax-cavity RF joints could cause RF leakage. Personnel work-
ing near an energized cavity could receive unacceptable doses of RF radiation. Because of
the relatively low powers applied to the optics cavities, the hazard to personnel is sub-
stantially less than in the DTL. To prevent such leakage, each seal is periodically
checked for mechanical integrity and examined with a meter that measures the local RF
field. The waveguides are pressurized and the pressure monitored. A seal fault leading to
RF leakage would decrease the pressure and cause the pressure monitors to shut down the
RF power through the RF run permit. RF monitors are located near RF scals so

appreciable RF leakage would turn off the RF power through the RF run permit system.

X rays could be produced in the cavities by electrons accelerated to the cavity walls.
Most of the rays will be stopped by the ca\;ity walls but a small fraction will penetrate.
X-ray production will be measured during commissioning and lead shielding will be
appropriately placed around the cavitics. The X radiation will also be monitored when

work near an energized cavity is required.

Cavities will not normally be energized while personnel are in the tnnel. Energizing of
the cavities will be controlled by the RPSS. A SWP will be required when testing the
cavities or for any operation of the cavitics, while personnel are in the tunnel. The SWP

will specify safcly precautions and spccial monitoring.

7.2.3.2 Electrical Accidents - The stecrer can be energized to up to 90 V dc and
45 V reactive voltage and, therefore, presents a possible shock hazard. Its power supply

is also capable of supplying 400 A which could cause burns if its terminals were inad-
vertently shorted by a metallic object. The corrector magnets operate at less than 10 V-

maximum potential but their supplics can provide up to 100 A.

The terminals of the stecrer magnets will have plastic covers. Redundant microswitches,
connccled to the power-supply interlocks, will shut down the power supplies if the termi-
nals are removed. Work on thc magncets will require lockout, tagout procedures. Work

on activated magnets will require an SWP.

7-18
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7.2.3.3 Radiation Accidents - Parts of the output optics system will become
activated because of off-normal operation or routine beam-halo scraping. Exposure of
personnel 1o secondary radiation from activated components could occur. The activation
will not be substantial and will be monitored. Areas with appreciable activation will be
shielded. Cool-down periods will be obscrved before allowing proximity to activated
components. Removal and disposal of acli\;aled components will be carefully monitored.

Personnel will receive radiation training.

Mild activation of the water used to cool the momentum compactor cavities, corrector,
and steering magnets will occur, as will some activation of the water used to regulate the

objective temperatures.

Cooling water is confined to small-volume, closed systems and does not mix with
unactivated water. Small volumes will be used and the water activation will be
monitored. High-quality components will also be used throughout with metal piping and

fittings. A spill is possible, however, if water lines rupture or cooling units lcak.

7.2.3.4 Vacuum Loss - The output optics system is constructed of high-quality
vacuum components, which will not disastrously fail. Experience with similar systems
shows a failure mode through gasket lcakage, detectable by slowly increasing pressure.
Despite the possibility of a failure, no event classifiable as an accident occurs by this

failure mode.

It is possible that errant beam in the bend could penetrate the vacuum wall. Such mis-

haps are guarded against by the beam-loss monitors, which will turn the beam off in less
than 10 psec, which is adequate to prevent wall failure. The beam-position-monitoring
system also continuously monitors off-axis bcam motion. Its response, however, is
through the computer system and requires scconds. Rapid lateral motion of the beam
through component failure and simultancous failure of the beam-loss monitoring system
could lead to rapid vacuum loss. Such loss would cause heating and pressurization of the

DTL's helium lines. The cryogenic system safeguards would then be necessary in pre-

venting overpressure conditions in the cryogenic system.
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7.2.4 Neutral Beam Accidents

The major sources for accidents in the Ncutral Beam system are water-cooling, ionizing radiation,
and cryogens. The water-cooling system has several variables, which could cause an accident, that

are discussed in the following text. The radiation accidents involve proper access control, and the

cryogens accident potential is reduced greatly by using the appropriate hardware and configuration.

March 17, 1993

7.2.4.1 Water-cooling Systems Accidents - The water cooling for the Neutral
Beam is provided by a stand-alone system. The system will segregate potentially radio-
active water from the main water system. It will be provided by AT-10 for use in the

Neutral sector at the pinhole plate station for cooling the characterization beam stop. A
SOP has been developed for the operation and maintenance of the system to eliminate risk
to personnel. Appropriate personnel will receive practice and training sessions in the use

and operation of the system.

7.24.1.1 Mechanical Failure of Equipment - The stand-alone water-
cooling system consists of a commercial water-to-air chiller unit, which con-
nects to the cooling-water feed-throughs on the pinhole plate station. From
there, the cooling-water lines arc routed through the vacuum enclosure to the

characterization beam stop.

In addition to leaks in fittings, mechanical failure would most likely occur in the
internal moving parts and components of the commercial chiller unit. (These
internal parts include the water circulating pump, mixer, thermostat, and
controls.) Mechanical failure of these components is unlikely, because the

commercial units are designed for industrial service.

7.2.4.1.2 Electrical Failure of Equipment - The normal electrical
source of power is provided by the local public utility through the LAMPF sub-
station. There arc no backup generators in the event of a gencral power outage.
The most likely source of clectrical equipment failure would be in the motor for
the circulating pump of the commercial water-to-air chiller unit. Electrical
failurc of the motor is unlikely because the commercial units are designed for

industrial use.

7.2.4.1.3 Major Water Spill or Leak - The unlikcly event of a major

water spill or Icak is discussed in Scction 7.3.4.3.
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7.2.4.2 Ionizing Radiation Accidents - Personnel may be exposed to radiation
when entering the neutral beam exclusion areas before the appropriate time lapse has
occured. The exclusion area in the neutral beam system will have a "radiation-cool-down"
time because of the radiation induced in, and around, the pinhole plate station (the
characterization beam stop) and the final beam stop. Access will be monitored and/or
controlled.

7.2.4.3 Cryogens - Liquid nitrogen from two dewars is used in the neutral beam
system at the detector station. The 100 ¢ dewar is outside the vacuum enclosure and will
serve as the supply dewar for the small (€10 £) dewar located within the vacuum
enclosure. As with the cryogen lines used elsewhere in the beam line, the lines will be
insulated so that contact with them will not be hazardous. Leaks will also be readily
visible and the lines will be located so that leaks will not create a hazard. An injury
caused by a cryogen is deemed extremely unlikely. This scenario, however, is covered in

more detail in Section 7.3.5.

7.2.5 Diagnostics

This section reviews accidents associated with pcrmanent diagnostics for Experiments 2D and

beyond, which are not covered elsewhere.

7.2.5.1 Chemical and Laser Hazards - Employee exposure to chemicals above
permissible limits is unlikely. Bulk storage and dispensing of commonly used chemi-
cals, primarily acetone, frcon, and cthanol, is outdoors. Indoor usage is in small quan-
tities, primarily from <1- £ squeczc bottles. Although the chemicals used have low
toxicity, they are regulated as hazardous materials. The laser dye solvent (1,2 dichloro-
cthanc) is more hazardous, but it is uscd with local exhaust ventilation and respiratory
protection. To prevent chemical exposure, HS-5 monitors chemical usage and prescribes
protective clothing and equipment or ventilation hazard communication training is
provided for cmployees. Ocular exposure to the laser-induced neutralization diagnostic
apparatus (LINDA) lasers is prevented by interlocks on the door to the laser room and

laser pipe and by using proicctive cyewear. For a listing of safety features associated with

commercially available laser systems scc Appendix 1.

7.2.5.2 Offset Beam Line Electromagnet Interlock Failure - Electromagnet

interlocks are designed to protect the magnet and the power supply in the event of coolant
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system or electrical system failure. Failure of redundant interlocks for coolant flow and
temperature, though extremely unlikely, can result in hazards primarily involving heat.
Run-away heating of magnets can result in damage to the magnet coils and functioning
interlocks. The most probable scenario is if the interlocks on a faulty coolant channel
fail, the heat generated in that channel will eventually cause interlocks on neighboring
channels to trip. Severe heating of a given channel prior to tripping other interlocks has
been known to result in rupturing of that channel and venting of hot water or steam.

Magnet iron may also get sufficiently hot to cause burns and, without cooling, the heat

capacity of the magnet will retain the heat for long periods of time.

7.2.5.3 Offset Beam Line Electromagnet Warning Light Failure - Such an
event might lead a person to believe the magnet is not energized when indeed itis. This
could lead to electrical shock or burns. Mitigation of this type of accident is not as easy
as in many other facilities since the magnet power supply is not within sight of the
magnets. The appropriate SOP for working on magnets in the GTA tunnel will be
followed. Normally this requires that the power supply be tagged and locked out.

7.2.5.4 Electrical Shock - Electrical shock primarily results from improper instal-
lation, operation, or servicing of power supplies. Mitigation is simply requiring that the
SOP be followed, which normally includes lock out and tag-out. Installation and opera-

tion of the power supply must be in accordance with manufacturer's specifications.

7.2.5.5 High Magnetic Fields - The offset beam line bend magnet produces high
magnetic ficlds (~1T). Personnel working in the vicinity with steel tools could be injured
by the violent attraction of the toois to the magnet. The magnet warning light alerts

workers to this hazard. Workers will be trained to avoid this hazard.

Magnet ficlds in excess of 10 G present possible hazards to persons wearing a prosthesis
(c.g., a heart pace-maker). The maximum allowable field that is not posted with wam-
ings is 10 G, and it is anticipated that at lcast 1 magnet—the 22.5° bending magnet—
will exceed this level more than 1 ft from the magnet. A wamning sign will be posted
stating this information. No magnet in the diagnostic beam line will present hazardous

magnetic ficlds to a person who is not wearing a prosthesis.
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7.3 Accident Analysis for Accelerator Support Systems

Possible accidents involving the accelerator support systems have been identified and are presented in the

following sections.

7.3.1 Accelerator Control Accidents

The accelerator control system is made up of a number of instruments and computers. These have

no exposed conductors capable of greater than 30 V or 25 A. All instruments and computer
equipment purchased, or fabricated at LANL, meets minimum national and LANL codcs or stan-
dards. Access to electrical hazards (normal linc voltages) in these units is prevented by protective

panels and waming labels.

Where feasible, all control and instrumentation cables are run in separate conduits, cable trays, and
junction boxes, all of which are grounded. No clectrical power or high-voliage wiring is run in the
same conduit or cable trays with 24-V control signals. Some junction boxes contain both control
equipment and 120-V ac wiring. Good electrical practice, lockout, tagout procedures, SOPs, or
SWPs are used when servicing any electrical equipment. (The two-man rule is strictly enforced
when energized equipment is used.) Fiber-optic cable is used to isolate other sources of high

voliage from the control system.

The chance of an accident associated with the control system is extremely unlikely—no worse than

in the use of bench-top instruments. Personnel who install and maintain the control system hard-

ware arc trained in electrical safety.

7.3.2 RF Accidents )
Accidents involving the RF power include high voliage, x-ray and RF radiation, and oil leaks.

7.3.2.1 High-voltage Accident - Potcntially lethal high-voltage accidents would
be possible in the capacitor rooms for the GTA and HPTCB 850-MHz klystron sysicms,
in the tetrode station, and in the RF stations without proper safety systems. To prevent
such accidents in the capacitor rooms, a worker needs to pass through two protection
systems to gain access: a mcchanically controlled system and a manual system. The
mcchanical system requires a Kirk key to open the capacitor-room door. The Kirk-key
system is comprised of captive keys that are often uscd on high-voltage systems. These
keys are made only by one manufacturcr, and no spares are allowed on site. To obtain
access to the capacitor room, power supplics are shut-down, which puts a direct short and

a bleeder resistor across the capacitors. Once this is done a Kirk key can be inserted into
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the capacitor-room door. (Only one key is available and no spare keys exist.) Now the
potentially hazardous capacitor room may be entered. When the door is opened, a third set
of shorts is placed across the capacitors. The power supplies are locked off, the bleeder
resistors are always connected, and three levels of short circuits guarantee that there will
be no voltage on or in the capacitors. Finally, the system voltmeter must read zero
before personnel are allowed to enter the capacitor room. Grounding hooks are present
and are placed in their appropriaie marked positions. In addition, the klystron modulators

have redundant hard-wire and software interlock chains. The interlock chain is a summa-

tion of the modulator deck lid, a Kirk-key switch on the capacitor-room door, a summa-
tion of the Allen-Bradley logic controller, grounding hooks in the capacitor room, a
manual safety capacitor discharge switch (Ross dump switch), and an emergency on/off
switch. This summation closes a contact that goes to the high voltage power system
(HVPS) controller, which has an extemnal interlock lead. Opening any of the contacts in

the chain removes power from the external interlock and shuts off the high voltage.

Access 1o the high voltage in the tetrode station, which is housed in steel racks, is also
interlock protected. In this case two redundant interlock system—one hard-wire-based, the
other software-based—will shut down the high-voltage power supplies if any of the inter-
locks are tripped. Likewise, the 850-MHz klystron RF station is protected with inter-
locks that will shut down the high voltage if the modulator deck lid is lifted, a Kirk key
is removed, or the Ross dump switch is activated. All interlock systems have emergency
on/off switches on control-rack front panels or on walls in strategic locations, which shut

off the high voltage to tetrode and klystron sections.

A lethal accident can occur if a worker violates the SOPs for tetrode and klystron opera-
tion and, simultaneously, there is a complete and total failure of the multiple safety sys-
tems. Under normal operating conditions the simultaneous failure of all safety systems
is extremely unlikely. SWPs are issued and used when nonstandard operating conditions ‘
exist. These conditions can be implemented only by trained personnel using special,
approved procedures. These personncl have also been trained in cardio-pulmonary resusci-

tation, first aid, and the safety system.

7.3.2.2 X-ray and RF Radiation Accident - The x rays emitted from the
tetrodes and klystrons could cxposc a worker to ionizing radiation. Radiation from the
tetrodes is measured by HS-1 personnel while the equipment is operating at more than
200 kW-peak power. No radiation was detected. The tops of the 850-MHz klystron
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tubes, the sole source of x-ray production, have been shielded with lead. HS-1 personnel

measure for radiation. HS-1 will periodically monitor the area for radiation.

The tetrodes and klystrons also transmit high levels of nonionizing RF radiation, which,
in large doses, can result in permanent eye damage before any ill effects are experienced.
This would be most likely to happen if a waveguide or a coaxial transmission line were
left open during operation. To prevent this from happening, an air-pressure-sensing
interlock system has been installed on each type of transmission line. Loss of pressure
would immediately terminate high-power RF. Furthermore, waveguides and coaxial runs

are periodically checked by trained personnel for RF leakage.

To prevent x-ray and RF radiation exposure, a worker is protected by administrative proce-
dures described in the Conduct of Operations manuals for the tetrode and klystron sys-
tems, hard-wired safety interlocks, computer interlocks, controlled access, lead shielding,
the operation of the equipment at a duty factor of less than 2%, installed radiation-detec-

tion equipment, and training. This type of accident is "extremely unlikely” 10 happen.

7.3.2.3 Qil Leak Accident - Each modulator tank contains approximately 200 gal.
of nontoxic, nonhazardous dielectric oil. An accidental release is extremely unlikely,
because the sturdy tank is designed as a no-leak container. The only time a spill is likely
to occur is when the oil is pumped in at the beginning of an operation or pumped out to
repair the tank. If a spill does occur, the mezzanine floor provides containment to prevent
the oil from spreading to other paris of MPF-365. Fire is extremely unlikely, because
the oil has a very high flash point (270-306 °C). To prevent any equipment damage asso-
ciated with an oil leak, a shut-down interlock system with a level-sensing device is in the
tank. When the oil goes below a certain level, klystron operation is halted. The opera-
tional impact of this type of accident would be negligible to marginal and is extremely

unlikely to occur. This is considered a normal industrial accident.

VYacuum

Vacuum vessels for accelerator subsysiems and associated piping are designed to Section VIII of

the American Society of Mechanical Engincers (ASME) Unfired Pressure Vessel Code. Vacuum

vesscls are equipped with pressure relief valves, to avoid overpressurization, if there is a cryogen

line leak within the vessel. The probability of scrious injury or damage from a vacuum-system

failure is, therefore, extremely unlikely.
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7.3.4 Water Cooling System Accidents

The GTA water-cooling system operates at less than 110 psi and is based on standard industrial
designs for most heating, ventilating and air conditioning ({VAC) systems. The system uses
standards and practices for closed-loop and open-loop cooling systems used worldwide and has been
designed and built to the latest professional standards and codes (American National Standards
Institute [ANSI]; American Society of Heating Refrigeration and Air Conditioning Engineers
[ASHRAE]; and LANL). A SOP has been developed for the operation and maintenance of the
system to eliminate risk to personnel. The appropriate personnel receive practice and training
sessions in the use of the SOP and operation of the system.

Hazards to personnel and equipment associated with the water-cooling system, which are predicted
to be minimal, would generally be associated with system failures and malfunctions. The hazards
are those associated with mixing water and electricity and with minor flooding. The occurrence of
these events is highly unlikely. If a line burst, or leaked, the floor drains would not allow the
water to rise appreciably. If the drains were plugged, then a limited flooding problem would occur
with possible minor damage to equipment located on, or near, the floor.

7.3.4.1 Mechanical Failure of Equipment - The prime movers in the water-
cooling system are centrifugal pumps driven by 480-V, three-phase electric motors. The
remainder of the system consists of standard industrial piping, valves and associated
equipment found in process water cooling systems. The equipment and materials are both
efficient and reliable. Problems that would normally occur as a result of human error
have been substantially reduced by installation and use of a local computer-control net-
work similar to the direct digital controller (DDC) used in most modern building environ-
mental control systems. The system is constantly observed from monitor stations
throughout the building, which provides some redundancy checks in the system. These
monitor stations report system status and/or problems to a programmable logic controller
dedicated to the water-cooling system. A message is sent from the local programmable
logic controller (PLC) directly to the main accelerator computer control center, which
signals the "go" or "no go" status of the water-cooling system. System status is fed also

to the verbatim auto dialer.

7.3.4.2 Electrical Failure of Equipment - The normal source of power for the
facility and water-cooling system is the local public utility company, and it is adequate
for normal operation and maintenance. There are no backup generators for electrical
power should a failure occur.
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7.3.4.3 Major Water Spill or Leak - In the unlikely event of a major water spill,
the water-cooling system has been designed so that the PLC will turn off pumps and
limit the quantity of water lost from the system. The spilled water would flow into floor
drains and then shipped out of the building through the sanitary-sewer system. Only
minor damage from water is predicted. Water that may be contaminated at high energies
is pumped to a containment tank rather than into the sanitary sewer.

7.3.5 Postulated Accidents for the CCS

Safety has been a primary consideration in the design of the CCS. A detailed and systematic
FMEA was conducted during, and following, the design phase of the CCS. As a result of this
FMEA, design changes were magde to further minimize the adverse consequences of single-point
failures. (See Chapter 6.) Based on the final configuration of the CCS, a series of worst-case
accidents were postulated and analyzed. In choosing the worst-case accidents to be analyzed, both
postulated single-point failures derived from the FMEA and postulated component failures
resulting from human errors, or events leading to the defeat of engineered safety systems, were
considered.

The primary hazards considered include fire and uncontrolled hydrogen release (for example, a
release at a location other than designed for venting hydrogen) into the atmosphere for LH;
components; and asphyxiation, frostbite, and stored energy release for LN, and GHe components.

Accidents were postulated that could result in these hazards occurring.

Postulated accidents that could result in a hydrogen release and fire or internal combustion are:
e acomplete off-set break in the LH, transfer line during hydrogen transfer;
*  acomplete off-set break in the LH; fill line during hydrogen transfer;
e amassive rupture of the LH; storage or run dewars;
* rupture of the LH, storage or run dewars by a small projectile; and

¢ combustion inside the LH, storage or run dewars.

Postulated accidents that could result in a release of hydrogen to the atmosphere are:
* an overflow of the hydrogen vent during transfer to the LH, run dewar;
¢ acomplete off-set break in the GHe circulation line at the GHe/LH, heat exchanger
inside the LH, run dewar; and
¢  disconnection of the fill line during a transfer operation between a tanker and the
storage«dewar.
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Postulated accidents that could result in an asphyxiation and frostbite bazard are:
¢  abreak in the GHe circulation line in the beam tunnel; and
®  abreak in the GHe circulation line or the LN, line in the equipment building.

A postulated accident that could result in a stored energy release is a massive rupture of the GHe
recovery vessel.

To maximize the safety of the CCS and its planned operations, the analysis of postulated accidents
was evaluated in an independent safety review by a group of experts in the field of cryogenic
engineering and technology (including LH,) under the leadership of Dr. Keith Boyer. The Boyer
Committee report is in Appendix S. Details of the postulated accident analyses are in Attachment
H of that appendix.

Two major premises used in the analysis of the postulated accidents that relate to the possibility of
a flammable cloud migrating beyond the GTA-site boundaries were: '
¢ ignition of an unconfined hydrogen/air mixture that may result in a deflagration, but
not a detonation; and
* thatan event that is sufficiently energetic to produce a massive rupture of a dewar
will ignite any hydrogen that is released in the rupture process; further, the
probability of no ignition for an event with sufficient energy to completely break
apart the LH, transfer line is extremely unlikely.
Justification for these premises is given in Appendix S, Attachment H.

Since these accident analyses were presented to the Boyer Committee, additional review of National
Aeronautic and Space Administration (NASA) hydrogen accidents and incidents (reference: P.M.
Ondin, "Review of Hydrogen Accidents and Incidents in NASA Operations,” NASA Technical
Memorandum NASA TMX-71565, Lewis Research Center, Cleveland, Ohio, 1974), and discus-
sions with NASA and Air Products experts revealed several cases of component ruptures in which
hydrogen was released without igniting; in a large majority of such cases, however, ignition did
occur at, or near, the rupture. In none of the accidents reported did a hydrogen cloud ignite at any
appreciable distance from where it was released. None of the ruphires reported was caused by an
external event, such as in the CCS postulated accidents, and all reported accidents could be

explained by improper procedures or improper design.
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This additional information indicates that the probability of no ignition at, or near, the rupture for
an external event that would completely rupture the LH, fill line or transfer line during fill or
transfer operations should be considered as unlikely rather than extremely unlikely. This increased
probability, when combined with the extremely unlikely probability of the event itself, does not

change the evaluation or conclusions of the accident analyses reported earlier.

The more probable accidents that might occur as a result of improper procedures and the failure of
safety devices would result in 2 much smaller release of hydrogen than that of the postulated
accidents. For example, a rupture of the LH, transfer line because of internal overm:essme, asa
result from isolation of the line volume by the improper closing of one or more valves, combined
with the simultaneous failure of all pressure relief valves, would result in the release of only the
amount of hydrogen in the confined volume of the line. This amount of hydrogen would be only a
small fraction of that released in the postulated line-rupture accident calculations.

To prevent accidents as a result of improper procedures (such as those reported in the NASA
memorandum and by the Boyer Committee), special safety features have been incorporated in the
CCS design. (See Chapter 4). All CCS operations will be conducted according to approved

SOPs.

There is a distinction between deflagration and detonation, as used in the context of this accident
analysis. In a deflagration, the pressure wave caused by ignition of the flammable mixture is
subsonic. In a detonation, the pressure wave is a shock wave and travels at supersonic velocity to
compress the unburned mixture. The maximum overpressure produced by a deflagration is much
less than is possible from a detonation. In deseribing audible events in which fireballs occur, the
term explosion is frequently used to describe either a deflagration or a detonation.

The following sections contain a summary of the accidents considered for the CCS. (Refer to
Appendix S, Attachment H, for additional detail and references.)

7.3.5.1 Hydrogen Fire or Internal Combustion - A fire can occur from any
hydrogen leak or release—no matter if the leak is large or small. The larger the leak rate,
however, the larger the resulting fire, and consequently, the larger the hazard. Thus, the
largest conceivable leaks or releases that could be postulated were chosen for evaluation.
The postulated accidents, which could result in a fire or internal combustion from the
largest conceivable releases of hydrogen, included:
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o acomplete offset break in the LH, transfer line during LH, transfer;
o acomplete offset break in the LH, fill line during LH, transfer;

o  amassive rupture of the LH, storage or run dewar;
°  arupture of the LH, storage or run dewar by a small projectile; and
o  acombustion inside the LH, storage or run dewar.

The primary hazard from these failures is thermal radiation. There will be minimal over-
pressure and negligible blast effects, because the combustible mixmre will deflagrate and

not detonate.

July 22, 1992

73.5.1.1 LH, Transfer Line Break - An evaluation was made for a
break (in the case of the line's two ends separating completely) occurring during
a transfer of LH, from the LH, storage dewar to the LH; run dewar at the follow-
ing locations in the transfer line:

e at the LH, storage dewar;

¢ at the bend in the transfer line; and

e 3t the LH, run dewar.

The distances from the LH, storage dewar to the three postulated breaks are 7.6
m (25 ft), 96 m (315 ft), and 173 m (568 ft). The LH, transfer line has an inter-
nal diameter of 4.4958 cm (1.77 in.). The LH, storage dewar was assumed to be
pressurized to about 34 kPa (5 psig) for the transfer operation. Thus, for a break
in the transfer line, LH, would flow from the LH, storage dewar until the trans-
fer line shutoff valve was closed by the operator. If a break did occur, it is most
likely that the resulting venting would be directed horizontally, or downward,
rather than upward. This conclusion is based on the assumption that the line is
broken by an object either falling onto it or running into it. Thus, the fence
would provide shielding from a major part of the thermal radiation from the
fireball.

Calculations show that regardless of the orientation of the vented hydrogen
plume (including vertical or upward flow), the thermal-radiation level that a
person at the fence would receive on unprotected skin is below the level required
for a first-degree bumn. Access to the area along the transfer line will be con-
trolled, and personnel will not normally be in the vicinity of the line during the
transfer operation; consequently, exposure to employees from such an accident is
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limited. However, operating personnel that were in the vicinity of the accident
could be subject to a higher degree of skin burns, depending on their proximity
to the break and the ensuing fire,

One possible cause for such an accident is a vehicle crashing into the line. Pro-
tection against this has been provided by the installation of concrete barriers
(Jersey Bounces) along the length of the line and along La Mesita Road. These
barriers will deflect a light truck travelling at 50 mph. The probability of this
accident occurring is considered to be extremely unlikely.

7.3.5.12 LH, Fill Line Break - An evaluation of a postulated break in
the LH, fill line between a LH, tanker and the LH, storage dewar during a fill
was made. Analyses included the possibility of breaks occurring: at the start,
or during, the fill with LH; in both the storage dewar and in the tanker; and at
the end of the fill with LH; only in the storage dewar. The LH, tanker was
assumed to be pressurized to about 34 kPa (5 psig) for the fill operation, with
the storage dewar vented to atmosphere, with about 3.4 kPa (0.5 psig) back
pressure. Thus, for a break in the fill line, LH, would continue to flow from the

LH, storage dewar, and/or the tanker, until the fill-line shutoff valve, and/or the
trailer fill valve, was closed by the operator. The fill-line shutoff valve is re-
motely operated and can be closed from several locations, including the control
room. The LH, flow rate at the break was detenmined from the relationship for
flow through a circular pipe. The fill line from the storage dewar has an internal
diameter of 4.4958 cm (1.77 in.), and the distance from the dewar to the break in
the fill line was assumed to be 7.62 m (25 ft.). The fill line from the tanker
was assumed to have an internal diameter of 5.08 cm (2 in.), and the distance

‘from the tanker to the break in the fill line was assumed to be 3 m (10 ft). Most

likely, if a break did occur, the resulting venting would be directed horizontally,
or downward, rather than upward because of realistic accidents that could cause
the break. Thus, the fence would provide shielding from a major part of the
thermal radiation from the fircball.

The thermal-radiation level that a person at the fence would receive on unpro-
tected skin is well below the level required for a first-degree bum. The fill
operation will have the truck driver and a Laboratory employee attending to the

]
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fill process. They will be in close proximity to the fill line and, consequently,

they could be subject to serious injuries from an accident such as this,

A possible cause for this accident is the truck driver pulling away while the filt
is in progress or before the valves on the storage dewar are closed. This possi-
bility will be prevented by requiring that the wheels of the truck be blocked until
the fill operation bas been completed and the system secured. The SOP for LH,
unloading requires that a fire truck standby at the CCS site during the fill opera-
tion. The probability of this accident occurring is considered to be extremely
unlikely.

7.3.5.1.3 Massive Rupture of the LH, Storage or Run Dewar -
The worst case failure for a massive rupture of the storage or run dewar is a
complete emptying of the tank volume into a pool beneath the tank with sub-
sequent deflagration of the spilled volume. The thermal-radiation level that a
person at the fence would receive on unprotected skin from such an event for
either dewar is well below the level required for a first-degree burmn.

Although the liquid level within the run dewar will be controlled to maintain the
minimum level of LH, required to cover the heat exchanger at all times ( 5,600
L), the worst case scenario assumes the run dewar is full of LH; (15,330 L

[4,050 gal}) when massive rupture occurs.

Such an accident could be caused by a large aircraft crashing into one of the
dewars. Protection against such an event is impossible. The probability of such
an accident occurring was analyzed and is considered to be incredible. (See
Appendix S, Attachment E, p. 45.) The thermal radiation from a hydrocarbon
fire (for example, from jet aircraft fuel) would be considerably higher than that

from a hydrogen fire.

7.3.5.1.4 Rupture of the LH, Storage or Run Dewar by a Small
Projectile - Two cases were considered for this accident: one in which a small
projectile penetrates the vacuum vessel but not the liquid vessel; and one in
which the projectile penetrates both vessels. These two cases were considered for
both the LH, storage and run dewars. A possible cause for such an accident is

7-32



U 4 o0 v

¢ 0 U

7.0 ACCIDENT ANALYSIS

someone shooting at the dewars with a rifle or the impingement of shrapnel

from an explosion elsewhere.

A detonation within the annular space of either dewar is not likely because the
pelite, or multilayer, insulation within the annular space limits the free volume

and inhibits the diffusion of hydrogen.

7.3.5.1.5 Projectile Penetrates Vacuum Vessel but net Liquid
Vessel - This accident has been analyzed for the LH, storage and run dewars.

The storage dewar is a double-walled tank with an annular gap of 28 cm that is
filled with perlite insulation and is evacuated. In this accident, the penetration of
the vacuum vessel from the outside resuits in the flooding of the perlite insula-
tion with ambient air. The resultant increase in thermal conductance across the
annular gap will increase the boil-off rate of LH, within the dewar. Previous
measurements of heat leak for the storage dewar indicated a boil-off of 0.7% per
day resulting in a hydrogen vent rate of 0.61 g/s (0.0013 Ibm/s). With loss of
vacuum in the insulation, the boil-off rises to 7.0% per day giving a hydrogen
vent rate of 6.1 g/s (0.013 Ibm/s). This vent rate does not result in a flammable
cloud that extends beyond the CCS boundary, and it is well below the acceptable
vent rate (according to NASA's Hydrogen Safety Manual) of 113 to 226 g/s
(0.25 to 0.50 Ibm/s) without flaring. It is unlikely that frozen nitrogen or water
will bridge the annular gap and further increase the thermal conductance, because
the temperature profile across the insulation from 20 to 300 K is nearly linear.
There is substantial insulation volume above the freezing point of either
nitrogen or water. The probability of such an event occurring is considered

extremely unlikely. No protection from such an event has been provided.

The run dewar has a 7-cm-(2.8-in.-) wide annular gap between the liquid and
vacuum vessels. A 2.5-cm-(1-in.-) thick insulation blanket is attached to the
outside of the liquid vessel The blanket is composed of 44 layers of aluminized
mylar with spacers between layers. The nominal boil-off rate of 1% per day
results in a hydrogen vent rate of 0.123 g/s (0.98 Ibm/h). With loss of vacuum
in the annulus, the effectiveness of the insulation is reduced because of gaseous
conduction. The effective thermal conductivity in air at a pressure of 101.4 kPa
(14.7 psia) is 2.6 x 104 W/cm K. This results in a vent rate of 12.7 g/s
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(101 Ibm/h) well below the design flow rate of 84 g/s (667 Ibm/h) based on
40 kW heat load from the GHe heat exchanger.

The probability of such an event occurring is considered extremely unlikely. No
protection from such an event has been provided.

7.3.5.1.6 Projectile Penetrates the Vacuum and Liquid Vessels -
The analysis for this accident was done for the LH, storage dewar and dewars.

Two concerns are apparent when the projectile penetrates both vessels of the
storage dewar. First, flooding of the perlite with a mixture of GH, and air will
further increase the thermal conductance of the insulation system. The worst
case is 100% hydrogen saturation of the perlite, so that condition has been
analyzed. The increased heat leak results in a boil-off of 19.2% per day. The
hydrogen flow rate is 16.7 g/s (132 Ibm/h), which is still well within the
capability of the vent system. Second, the ensuing jet of LH, will ignite when
it vaporizes and mixes with the atmosphere. Complete combustion of the
expelled cryogen is assumed. No thermal hazard outside the CCS boundary is
associated with this event. If the jet fails to ignite, the resulting flammable
cloud will not cross or extend beyond the fenced boundary of the CCS. The
maximum pressure within the tank, which occurs during transfer to the run
dewar, is 34.5 kPa (5.0 psig) otherwise the tank is at slightly above ambient
pressure and the liquid jet is gravity fed. Overpressurization of the tank is not
expected, however, because the vent system is more than adequate to handle the
increased boil-off as a result of the degraded insulation. There is no public hazard
associated with this event. The probability of such an event is considered
extremely unlikely. No protection from such an event has been provided.

Upon penetration of both walls of the run dewar, a mixture of hydrogen and air
will occupy the annular space at a pressure of 101.4 kPa (14.7 psia). Assuming
the gap is filled with pure hydrogen, the maximum boil-off will occur. Data on
the effective thermal conductivity of multilayer insulations in the presence of
hydrogen at 101.4 kPa (14.7 psia) are not available. However, taking the ratio
of the thermal conductivities of hydrogen and air (= 7.2 at 300 K) and increasing
the effective thermal conductivity of the air-saturated multilayer insulation by
this ratio, an estimate of the heat leak for the double-wall penetration can be
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obtained. For this case, the hydrogen vent rate is 39.7 g/s (315 Ibm/h), which
is less than the design vent rate for the 40-kW heat load. The flare system is
adequate to handle the worst-case insulation degradation; thus preventing
overpressurization of the nm dewar. The separation distance of 17m (56 ft) is
adequate to prevent thermal injury from the issuing jet at the fence, and no
combustible cloud migration beyond the fence will occur. The probability of
such an event is considered extremely unlikely. No protection from such an

event has been provided.

7.3.5.17 Combustion Inside the LH, Storage or Run Dewar -
For combustion to occur inside either the LH, storage or mun dewar requires the
presence of a combustible mixture and an ignition source. The maximum-
energy release is obtained with a stoichiometric mixtre. Sucha condition could
occur if hydrogen is introduced into either dewar when air is already present.
Further, it is assumed that ignition is delayed until a stoichiometric mixture is
obtained. Any ignition source present within the dewar would be a thermal
ignition source, and because of the low aspect ratio (L/D = 2) of the dewar
geometry, would be insufficient to cause a detonation. Therefore, only a
deflagration would result. (See Attachment H, Appendix S.)

A deflagration at stoichiometric conditions within either dewar would result in an
internal pressure of 0.80 MPa (115 psia), as calculated from Ref. 12, Attach-
ment H, Appendix S. The storage dewar has been hydrostatically tested to a
pressure of 1207 kPa (174 psig) . The run dewar has a maximum working pres-
sure of 1.03 MPa (150 psig), and has been hydrostatically tested to a pressure of
1.54 MPa (225 psig). Thus, both dewars would be able to contain the combus-
tion of a stoichiometric mixture of hydrogen and air. The working pressure of
the run dewar was designated to be sufficient for this purpose. Strict adherence
to operating procedures for purging and purification will be used, however, to

prevent such an accident.

The probability for such an event is considered extremely unlikely.

7.3.52 Hydrogen Release to the Atmosphere - Postulated accidents that could

result in a release of hydrogen to the atmosphere include:
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¢  an overflow of LH, during transfer to the run dewar (and the flare stack

malfunctions);
¢ abreak in the GHe circulation line at the GHe/LH, heat exchanger (and the

flare stack malfunctions); and
¢  disconnection of the fill line between a tanker and the storage dewar during a

transfer operation.

As a result of these accidents, released hydrogen could form a combustible cloud whose

size and shape would depend on many factors, such as wind speed, atmosphere lapse rate,
and topography. The hydrogen mixes with air within a few meters of the release point to

form a neutrally buoyant cloud.

July 22, 1992

7.3.52.1 Overflow of LH, During Transfer to Run Dewar - An
overflow of the m dewar could occur if the transfer of LH, from the storage to
the run dewar did not end when the proper liquid level was attained within the run
dewar. If this should happen, the excess LH, would enter the vent line, then the
flare stack, and finally be bumed. The hydrogen flow rate from the flare stack is
estimated to be less than that calculated for the transfer line rupture at the run
dewar, mainly because of the additional flow resistance of the vent line itself.

In addition to the liquid-level controller, a liquid sensor is installed in the vent
line at the dewar and interiocked with the control valve to prevent this accident
from occurring. The probability of this event, therefore, is considered extremely
unlikely. As a consequence of the estimate given above for a potential flamma-
ble cloud release, which could exist beyond the fence, the CCS run dewar vent
will be installed with a flare stack rather than the originally planned vent stack.
Thus, the hydrogen vented in the event of this accident will be flared (burned) and .
no flammable cloud will be released. ‘

7.3.5.2.2 Break in the GHe Circulation Line at the GHe/LH,

Heat Exchanger - The postulated accident was for a GHe circulation line in
the LH, run dewar to rupture during operation so that GHe from both ends of the

ruptured line would rapidly vent into the dewar and increase pressure within the
dewar. The vent vaive on the dewar will be open when this accident occurs;

however, no venting was assumed for the pressure buildup analysis. Thus, for a
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short time after the failure occurs, a higher than normal vent rate (consisting
mostly of GHe) will exist. Four possibilities were analyzed:
e failure during cool down at LN, temperature with an ullage volume of
3.1 m3 (110 f63);
¢ failure during cool down at LN, temperature with an ullage volume of
9.3 m3 (330 f3);
e failure at the end of cool down at LH, temperature with an ullage
volume of 3.1 m3 (110 £t3); and
¢ failure at the end of cool down at LH, temperature with an ullage
volume of 9.3 m3 (330 ft3).

The maximum dewar pressure for the two cases having an ullage volume of 3.1
m3 (110 ft3) is approximately 0.69 MPa (100 psia); the maximum pressure for
the two cases having an ullage volume of 9.3 m3 (330 £t3) is about 0.34 MPa
(50 psia). As would be expected, the time to reach equilibrium pressure is much
shorter for the warmer (less dense) cases. The maximum allowable working
pressure (MAWP) of the dewar is 1.03 MPa (150 psig); thus, the dewar can
safely sustain this pressure increase. The GHe will vent rapidly through the flare
stack, and the dewar pressure will quickly decrease to, or remain slightly above,

atmospheric pressure.

A loss of the vacuum insulation concurrent with the break of a GHe circulation
line would have little effect on the pressure in the dewar as previously described.

The GHe circulation lines in the run dewar are copper or stainless steel (with
similar expansion coefficients). The tubular helix design of the heat exchangers
is such that they are free to expand without constraint and essentially no thermal
stresses are introduced during the system cool down or warm up. The probabil-
ity of this event is considered extremely unlikely.

7.3.5.2.3 Disconnection of Fill Line During LH; Fill Process -
A massive break in the fill line was previously discussed and, under such circum-
stances, any hydrogen released would be ignited when the line was broken. It
was postulated, however, that the bayonet connection between the tanker and the
storage dewar could be manually disconnected in human error during a transfer.
Likewise, if the fill line cap were removed, and both of the valves in the fill
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system were opened, then LH, could be drained from the storage dewar. (The
manually operated fill valve and the fill line cap will be locked to prevent the
possibility of this happening.) To disconnect the fill bayonet, the operator
would have to use two spanner wrenches to unscrew the connecting flanges; this
could be difficult because the flanges would be cold and possibly iced over.
Under these conditions, the energy necessary for immediate ignition of the
hydrogen might not be available, and the hydrogen released could form a
combustible cloud. As soon as the bayonet joint is loosened, a cloud of
hydrogen will emerge and serve as a warning to the operator not to proceed with
the disconnection. Under such circumstances, the release rate would be very
small and the combustible cloud would only exist for a few meters from the
release point.

No damage should occur as a result of this accident, but the operator could suffer
frostbite or burns if the hydrogen ignited. A fire truck will standby at the CCS
site during fill operations. The probability of this accident is considered ex-
tremely unlikely. (As a result of an updated FMEA, this probability has been
revised from incredible as previously reported.)

7.3.5.3 Asphyxiation and Frostbite - Postulated accidents that could result in
asphyxiation or frostbite include a break in the GHe circulation line in the beam tunnel,
and a break in the GHe circulation line or the LN, supply line in the CCS equipment

oom.

These postulated failures could result in a cryogen (GHe at temperatures down to about 22
K or LN, at 75 K) being released into a closed volume (e.g., the beam tunnel or the

equipment room). A potential for asphyxiation, consequently, exists for a limited period
after such a failure. In addition, personnel in the vicinity of the break would be exposed
to the cryogen's low temperature and, therefore, could suffer frostbite (even to the lungs if
low-temperature gases are inhaled). Equipment near such a break could be subject to cold
embrittlement. Oxygen monitors installed in the beam tunnel and the equipment room
will warn of an oxygen deficiency. Access to the equipment building will also be con-
trolled to minimize the possibility of asphyxiation or frostbite. Thus, personnel injury
from these accidents is considered extremely unlikely.
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7.3.5.3.1 GHe Circulation Line Break in the Beam Tunnel - In
this accident, a GHe circulation line is assumed to suddenly and catastrophically
separate completely, so that the GHe in the line is rapidly vented into the tunnel

from both ends of the broken line. The primary concerns from such an accident
include asphyxiation, frostbite, and the kinetic encrgy of the GHe.

The GHe circulation system has an estimated volume of 2.2 m3 (77 f13), and
contains a helium mass of 109.4 kg (241 lbm) at 2.22 MPa (323 psia) and 21 K
(-422° F). The buoyancy of the GHe will depend upon its temperature, but even
at its lowest temperature (21 K) it will rapidly become positively buoyant and
rise to the top of the mnnel. In addition, the lines are already located near the
top of the tunnel.

The beam tunnel is about 6.1 m (20 ft) high, has a maximum width of 10.5 m
(34.6 f1), and is 144.2 m (473 ft) long. It has a cross-sectional area of 54.8 m?
(590 ft2). If a helium line ruptured, and the helium in the line was vented into
the beam tunnel, this mass of helium could occupy a volume of 56 m3 (1980
fi3) at 0.1 MPa (14.7 psia) and 25 K (-415 °F). The helium would displace the
air in ~1 m (3.3 ft) of the tunnel, if it spread evenly across the cross section of

the tunnel for this length.

The tunnel's air-circulation system provides about seven air changes each hour.
At this ventilation rate, the helium concentration (if uniformly mixed with the
air across the entire tunnel) would decrease from 100% t0 0.01% in ~1 hr 25
min. Impaired performance is initi-ated at a 5% He concentration, and the
impairment is complete at 50% conceniration at the ambient pressure of Los
Alamos. The air-circulation system would reduce the helium concentration in
the air below the 50% concentration level in ~8 min and below the 5% level in
~37 min. The helium would rapidly disperse throughout the tunnel, with the
highest concentration ncar the top of the tunnel so that the volume in which the
concentration could be greater than 50% would exist only briefly. Asphyxiation
and frostbite appear to prescnt a problem in only a small localized area around
the end of the ruptured line; personnel should be able to escape from this small
arca. Oxygen monitors in the tunnel will sound an alarm at an oxygen

concentration of 19.5%.
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7.3.5.32 GHe Circulation Line or LN, Supply Line Break in
the Equipment Room - The GHe circulation lines and a LN, supply line
enter the CCS equipment room. This accident scenario involves a break of one
of these lines so that He or LN, is released into the room. If such an accident
occurred while someone was in the room, the noise of the break would alert the
occupant and he/she could leave the room. The room, however, is not normally
occupied during operation of the CCS. Thus, the major concern is that someone
will enter the room without realizing that a failure has occurred, before the air
circulation system has had sufficient time to lower the He or N concentration to

an acceptable level to prevent asphyxiation.

The CCS equipment room has interior dimensions of ~10.5 m by ~8.2 m by
~4.3 m (~34.5 ft by ~26.8 ft by ~14.0 ft). Thus, the room has an interior open
volume of ~293 m3 (~10,350 £t3), which allows for equipment to occupy about
20% of the total interior volume. The air-circulation system in the room will
provide about seven air changes each hour. An oxygen monitor in the room will
sound an alarm at 19.5% oxygen.

7.3.5.3.3 GHe Circulation Line Break - In this accident, a GHe
circulation Iine is assumed to suddenly and catastrophically separate completely;
so that the He in the line rapidly releases into the equipment room from both
ends of the broken line. Temperature will determine the He buoyancy but, even
at its lowest temperature (21 K), it will rapidly become positively buoyant and
rise to the top of the room. Concerns from an accident of this nature include
asphyxiation, frostbite, and the kinetic energy of the GHe.

The GHe circulation system has an estimated volume of 2.2 m3 (77 ft3) and
contains a helium mass of 109.4 kg (240.7 1bm) at 2.22 MPa (323 psia) and 21
K (-422 °F). If a helium line ruptured, and the He vented into the equipment
room, this mass of He would occupy a volume of 56 m3 (1980 ft) at 0.1 MPa
(14.7 psia) and 25 K (-415 °F); about 20% of the open volume of the room.

Impaired performance is initiated at a 5% helium concentration in air, and the
impairment is complete at 50% concentration at the ambient pressure of Los
Alamos. The air circulation system (seven air changes each hour) would reduce

theHe concentration below the 50% concentration level in about 8 minutes and
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below the 5% level in about 37 minutes. Dispersion of the He throughout the
building would proceed at a rapid rate, with the highest concentration near the
building's ceiling. As the He warms, it will expand (thus occupying a larger
volume), but at the same time the air-circulation system will be removing some
of the gas. Thus, the possibility exists that the He will expand to fill the build-
ing and could exceed the 50% concentration level for no more than 8 min, or the
5% level for no more than 37 min. An oxygen monitor in the room will sound

an alarm at an oxygen concentration of 19.5%.

7.3.5.3.4 LN, Supply Line Break - In this accident, the LN, supply
line, which transfers LN, from the storage dewar to the purifier, is assumed to
break during a transfer, or the transfer is not terminated and the LN, would spill
into the equipment room during filling of the cold trap on the vacuum pump
cart. The diameter of the line to the cold trap is very small, 0.6 cm (0.25 in.),
and transfer of LN, to the cold trap is accomplished manually. Thus, the opera-
tor should be able to stop the transfer when the cold trap is full and not permit a
significant amount of N, to be vented into the equipment room. The vent from
the purifier is routed outside the equipment room, so if it were overfilled no N,
would be released inside the building.

The LN, supply line is ~55 m (180 ft) long and has an internal diameter of 3 cm
(1.2 in.). With a LN; storage dewar pressure of 34.5 kPa (5 psig), a flow rate
of about 1 kg/s (2.3 Ibm/s) would result if the line was broken. This flow
could continue until the supply valve was closed, the supply dewar emptied, or
until the pressure in the supply dewar dropped sufficiently. The LN, would
rapidly vaporize, expanding by a factor of about 700 as it warmed to ambient
temperature, Thus, the air in the building could be replaced with N, to a 50%
N,/air concentration in about eight minutes, neglecting the N, that would be
removed by the air-circulation system if the LN, flow continued at the above
rate. Thus, an asphyxiation problem should not exist for about the first eight
minutes after the break. This provides sufficient time for personnel to evacuate
the room. The oxygen monitor in the room will sound an alarm at an oxygen

concentration of 19.5%.

7.3.5.4 Stored-energy Release - A postulated accident that could result in a large
stored-energy release is a massive rupture of the GHe recovery vessel, which has a
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volume of 45.4 m3 (12,000 gal.), and a maximum operating pressure of 1.72 MPa (250
psig). If the tank were suddenly and massively ruptured, the stored energy of the com-
pressed gas in the tank would be released. The energy released in a sudden, massive
rupture of the vessel is found to be 88.5 MJ (65.3 x 106 ft-Ib). This is equivalent to
19.1 kg (42 1bm) of TNT. The distance from the vessel to La Mesita Road is approxi-
mately 20 m (65 ft). This would result in an overpressure of about 24 kPa (3.5 psig) at
the road. The overpressure value is greater than that for breakage of ordinary window
glass (3.4 kPa [0.5 psig] to 6.9 kPa [1.0 psig]) and may result in minor personal injury .
Consequently, a person on La Mesita Road directly across from the vessel would receive,
at most, only minor injury from this accident, except for the possibility of injury from
fragments of the tank or broken glass. The latter possibility of injury is partially pro-
tected against because the LN, supply dewar is between the GHe recovery vessel and the
road. This, then, leads to the possibility of the LN, supply dewar being damaged by
fragments from the rupture of the GHe recovery vessel. Damage to the LN, supply dewar
could range from no serious damage, to a loss of vacuum, to a puncture of the inner
vessel with draining of the LN, onto the ground (which is sloped to drain away from this
equipment and building MPF-365.) Employees that might be near the vessel at the time
of the accident could be seriously injured, but access to the area is controlled and
personnel will not normally be in the area.

The GHe recovery vessel is built to appropriate pressure vessel codes, and is an ASME-
code-~stamped vessel. In addition to its design, it is protected from overpressure by redun-
dant relief devices. The probability of this accident is consequently considered to be ex-
tremely uniikely.

7.3.5.5 Conclusions from Analyses of CCS - The following conclusions are
made as a result of the analyses of the postulated accidents:

*  extra measures have been taken in the design of the CCS and the GTA
facility to reduce the probability and the bazard of any one of these accidents
occurring;

¢ the probable occurence of these accidents ranges from unlikely to incredible;

* the bazard severity in these accidents ranges from negligible to critical; how-
ever, those postulated accidents for which the hazard is considered critical are
thought to be incredible or extremely unlikely to occur;

*  burns from a hydrogen fire would be less than first degree for the public and

+ operating personnel outside the fenced boundary of the site;

742



7.0 ACCIDENT ANALYSIS

¢ no flammable cloud from a hydrogen release would exist beyond the fence:

* for a short period of time, for certain postulated accidents, the possibility of

asphyxiation and frostbitc hazards exist but, again, the probability of such

accidents occurring is considered extremely unlikely;

* accidents involving a relcase of stored energy would not result in direct per-
sonal injury to the public or operating personnel at the fence, but fragments
could be a possible source of injury or property damage (however, the

probability of such accidents is considered extremely unlikely); and

* none of these postulated accidents will result in exposure of the public or

employees to radioactive or toxic materials.

7.4 Accident Analysis for Accelerator Support Operations

Possible accidents involving accelerator support operations have been identified and are presented in the

following sections.
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7.4.1 Personnel Exposed to Radiation from High Power DTL Testing in
HPCTB Tank

Although the walls of the HPCTB tank provide considerable shiclding, some external radiation is
possible during high-power cryogenic testing of DTL modules. A lcad sheet or high-density
concrete will be applied to the vessel to provide local shiclding, if required, and HS-1 will monitor
for radiation during testing. Further shiclding or a personnel exclusion area may be added if deemed
necessary by HS-1. Thus, the probability of injury to personncl is extremely unlikely. The SOP
for the HPCTB controls personnel access to the technicians and engineers who have received safety

training for the test chamber.

7.4.2 750-W Helium Refrigerator Accidents

The Model 1620$ Koch Helium Refrigeration System comes under the Los Alamos National
Laboratory (LANL) Health and Safety Manual classification - "on energized electrical equipment
and systems that cxceed 130 V, 20 amp, or 10J...." The potential hazards of operating the
system fall into four hazard categories: clectrical, m;:chanical, pneumatic, and thermal. All of

these are common causes of industrial accidents.

The probability of an accident happening whilc operating this system is unlikely based upon
thousands of hours of safe operation. GTA technicians have operated a Model 16208 Helium
Refrigerator in building MPF-19, without incident, since 1986 and, to date, Koch has not received
a report of scrious injury or damage to equipment while operating a Model 1620S Helium

Refrigerator. From the time the first machinc was built and put into service, Koch engineers have
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incorporated design improvements and safeguards into the equipment to reduce the probability and

potential consequences of an accident.

March 17, 1993

7.4.2.1 Electrical Accident - An electrical accident could occur if an operator failed

to remove power or lockout the electrical service before trouble-shooting the machine.
This could result in injury to the operator. This accident is unlikely, however, because
the operator must use safe industry practices when working on any part of the
refrigerator’s electrical system and must follow LANL lockout/tagout procedures. Only
trained and experienced technicians will maintain the refrigerator with cognizance of an
AT-10 staff member. Energy sources will be locked/tagged out during maintenance.
When energy sources are locked out, the key will be kept by the electrician while

electrical repairs are being performed.

7.4.2.2 Mechanical Accident - The primary mechanical hazard is that of working
around rotating machinery. Left unguarded, the expansion engines exposed flywheel, cam
assemblies, belts, pulleys, and crossheads present a constant potential hazard. For an
accident to happen, an operator would have to ignore the bold print "Caution” note within
the SOP and operate the refrigerator with the protective covers removed. The CCS
supervisor checks to ensure operators adhere to this and other caution notes found

throughout the SOP. Therefore, such accidents are unlikely.

7.4.2.3 Pneumatic Accident - Also unlikely are conditions that would create a
hazard because of an unscheduled release of helium from a relief valve or some other exit
point. This type of release can happen only through operator error or through failure of a
pressure-control device. Relief valves are provided throughout the system to prevent over
pressure. The compressor supply pressure, which is the maximum 240 psig within the
helium system, and the relief devices are set to open at 300 psig. All medium-pressure
couplings and disconnects for the refrigerator's warm-gas piping are on the bottom panel
at the right rear of the refrigerator cabinet and the o;;eralor stands in front of the machine.

An oxygen monitor is located near the refrigerator.

7.4.2.4 Thermal Accident - The possibility of a worker receiving a burn from

escaping cold nitrogen or helium gas is extremely unlikely. Fortunately, the operator is

located a safe distance from all sources of cold gas. The LN, supply line and vacuum-
Jacketed He coolant line conncections are on the back of the refrigerator. The distance
between the operator and the cryogen lines coupled and the rarity of a leak rarely develop-

ing at one of these connections helps to support the analysis. Even so, an operator will
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watch for signs of a cold gas leak. A cold gas leak will often appear as a frosty spot on
the surface of a mechanical connection or as a white vapor in the warm air. At any of

these signs, the system will be warmed before making the repair and then a bubble leak

check of the connection will be performed before continuing the operation. At all times,

the operator will foliow the SOP and routine industrial safety practices.

7.4.3 High-pressure Gases

Most compressed gases used within the facility are received from MAT-1 or vendors in U.S,
Department of Transportation (DOT) approved cylinders. The cylinders of gas, which include
nitrogen, helium, argon, sulfur hexafluoride and hydrogen, are securely stored in bottle racks and
are moved from the storage rack to the point of distribution on cylinder carts by trained technicians
who follow safe handling procedures. Standard regulators with pressure relief and service rated
hoses are used to discharge gas from the cylinders. A high-pressure gas accident is extremely
unlikely if safe operating procedures are followed and service rated equipment is used.

MPF-365 is piped with a regulated nitrogen system that is supplied by a tube trailer parked
northeast of the building near the cooling tower and La Mesita Road. The tube-trailer station is
designed to appropriate standards and has been approved by Facilities Engineering Division and
HS. MAT-1 maintains, services and delivers the tube-trailers,

7.4.4 Cryogens in MPF-365

There are two cryogens associated with the operation of the 750-W helium refrigerator: the liquid
nitrogen supply to the helium pre-cool heat exchanger, and the helium coolant that circulates
within the manifold. Both cryogens are contained within double-walled vacuum insulated lines and
are not located where a leak would cause serious equipment or facility damage. Also the vacuum
insulated lines present no hazard to an operator if one contacts them. There are no electromagnets
that are cryogenically cooled, so loss of cryogenic coolant would not result in a magnet fire. Only
trained technicians operate and maintain the refrigerator, and the system is pressure- and leak-tested
before each operation. Leaks are readily detected visually, and the refrigerator has built-in auto-
matic controls, which shut-down the system if a malfunction occurs. An injury caused by
cryogens is deemed extremely unlikely.

7.4.5  Asphyxiation
Asphyxiation can occur if a compressed gas or cryogen is released in an enclosed space with
inadequate ventilation. All spaces where this hazard is credible (e.g., in the tunnel, laser and

waveguide basements, and CCS equipment room) are equipped with oxygen monitors that sound
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an alarm in the local area and in the control room. Hazard controls previously listed for com-

pressed gases and cryogens also reduce the probability of occurrence, which is extremely unlikely.

Asphyxiation can also occur when entering a vacuum or pressure vessel following return of the
vessel to 1 atm. Frequently a vacuum vessel is let up to 1 atm with an inert gas such as argon or
nitrogen. To prevent exposure to a hazardous environment, all vacuum and pressure vessels are
first purged with air, then measured for oxygen content with a portable oxygen monitor before
opening the vessel 1o workers. No one is permitted to enter a vacuum or pressure vessel without
being under observation from outside the vessel by another person who is currently certified in
CPR and first aid. All confined space entries will be done per the requirements of an approved
SWP.

7.5 Accidents from Safety System Malfunctioning
Possible accidents involving malfunctioning of safety systems have been identified and are presented in the

following sections.

7.5.1 RPSS Accidents
The tunnel housing the accelerator system is designed to shicld employees and the public from
exposure to ionizing radiation at the 100 MeV level. Personnel, therefore, will be well-shielded
from radiation at the 24-MeV level, if the tunncl shielding envelope remains intact during, and
after, accelerator operations. Radiation expected at 24 MeV results from prompt and delayed radiat-
ion from the proton beam interacting with bcam-line components. (See Section 5.3.2). If the
nnel-shielding envelope is compromised, there are several accident scenarios that can result in
radiation exposure. These are:

*  the plug doors may be left open during start up resulting in radiation leakage from

the wnnel envelope;

* the plug doors may open during operations resulting in radiation leakage from the
wunncl envelope; .

*  stacked shiclding in various locations may be inadvertently changed and allow
radiation leakage from the tunnel cnvelope;

¢ the HVAC may fail and wunnel air pressure cquals facility pressure; result could be
leakage of activated air into the main facility; and

* local component shiclding change, which reduces local shiclding and allows exposure
to activation during maintenance and repair activities.

No accidents will result in exposure of the public or present a danger to the environment.
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7.0 ACCIDENT ANALYSIS

The accidents concerning ionizing radiation involve the following scenarios:
e  aperson is left inside the exclusion area; and

*  aperson enters the exclusion area while the accelerator is on.

7.5.1.1 Person Left Inside Exclusion Area - A person left inside the exclusion
area could be exposed to very high radiation levels. The probability that a person would
be left inside, however, is extremely unlikely. The radiation personnel safety system
(RPSS) is designed to ensure that no person is left inside the beam tunnel or underlying
basements during beam or RF operation. Before RF high-voltage can be turned on, or the
LEBT beam stop can be withdrawn, a start-up announcement is made over the public-
address system, wamning homns are sounded, SWEEP IN PROGRESS signs are lit, a
personnel clearance sweep is made by a two-person team, flashing red warning lights are
turned on, and a final warning homn is sounded. After a further 60-second delay,
DANGER - VERY HIGH RADIATION - RPSS SECURE, signs are illuminated, and
accelerator turn on may begin. Scram switches are positioned in the exclusion area so
that no person can be more than 50 feet from one. Doors can always be opened from
inside the tunnel, and opening any door, gate, or hatch will shutdown the accelerator.

7.5.1.2 Person Enters Exclusion Area While Accelerator is Operating -
During accelerator operation, a person inside the exclusion area could be exposed to very
high radiation levels. The probability of a person entering the exclusion area during
operation is extremely unlikely. The probability of such an entry without shutting down
the accelerator is even smaller. The accelerator cannot operate unless the RPSS is secure.
With the exception of doors 1 and 6, truck-access doors, which are blocked by concrete-
shield blocks, opening any door or .shield-plug requires a key release from the control-
room operator. Operation of the key-release solenoid trips the RPSS, which shuts down
the accelerator. Opening any door or shicld-plug operates a limit switch that also trips
the RPSS. Entries, other than the truck doors, have both a shield door and another door
and both are equipped with limit switches. Flashing-red warning lights and illuminated

signs at entries warn personnel of the status of the exclusion area.
7.5.2 Accelerator Protection Systems Accidents

Accidents involving the accelerator-protection systems involve the run-permit and the fast-protect

systems for the accelerator.
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7.0 ACCIDENT ANALYSIS

7.5.2.1 Run-permit System Malfunction - The run-pcrmit system examines the
state of many experimental system parameters. If they are within the proper range,
operation of the accelerator is permiticd. After start up, the examination occurs at least
every macropulse (a 2 msec stream of 425 MHz beam bunches generated at a rate of

10 Hz) or 10 times per second. If any parameter goes out of bounds, the injector and RF
high voltages are turned off, so that no further accelerator pulses are generated until the
fault condition is cleared. The accident supposes that a system failure permits opcration
to continue when the accelerator should be shut down. There are many possible effects,

but none in the critical or catastrophic category has been postulated.

Proper operation of the run-permit sysiem will be tested at least once a month. The
probability of malfunction is considercd "unlikely." The accident is considered to be of

negligible severity. There is no cffect on the public, environment, or workers.

7.5.2.2 Fast-protect System Malfunction - The beam hitting thc DTLs, beam
transport lines, diagnostics, or optical components will cause equipment damage or

activation.

The fast-protect system is designed to truncate the ion beam at the injector within 10 ps
of a beam spill. The fast-protect system is distributed throughout the accelerator and has
inputs from various detectors and sources, such as beam spill monitors, low-level RF
controls, and beam diagnostics. High reliability of the system is achieved through dual

redundancy on inputs and from fail-safe circuitry.
Failure of this system could cause critical or catastrophic equipment damage.
Proper operation of the fast-protect system will be tested before each accelerator run. The

probability of the malfunction is considered unlikely. The accident is considered to be of -

critical severity for operations. There is no cffect on the public, environment, or workers.

7.6 Electrical Power

Electrical power systems have been designed and installed under safety codes developed over many decades.

Accidents, therefore, are almost exclusively caused by extremely unusual circumstances. Accident effects

would be contained in the GTA system with no effcct on the public or environment because of the

protection built into the power-distribution sysicm. These accidents are normal industrial accidents.

March 17, 1993
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If localized power services within the facility are interrupied, segregated areas of the facility will experience

a power outage. If any GTA sector is affected by the outage, the GTA control system interlocks (run

permit), will drop out and shut down the accelerator operation and RF power generation. Systems affected

by a localized power outage are:

*

(]

accelerator control and computer system;
HVdc power for the RF generators;
facility interior lighting system;
accelerator CCS;

accelerator vacuum system;

cryogenic-cooling site surveillance system;

facility exterior security, parking, and area lighting system;
accelerator tunnel air supply and exhaust system (stack exhaust);
facility HVAC system;

RPSS;

facility compressed-air system;

hinged doors;

radiation shield-door system;

accelerator water-cooling system;

cryogenic-cooling site hydrogen dctector alarm system;
telephone system;

paging system;

open-network system;

secure-network system;

accelerator portable chillers (potentially contaminated water);
accelerator tunnel waveguide-basement sump-pump system;
accelerator tunnel laser-basement sump-pump and transfer-pump system
accelerator wmnnel crane;

facility high-bay crancs;

accelerator source and high-vollage dome;

accelerator beam magnet power supplics;

accelerator interim beam-stop cooling system;

accelerator final beam-stop cooling system;

accelerator diagnostic laser; and

accelerator diagnostic laser laboratory HVAC systcm.

7-49
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If primary electrical service or general area-wide power is interrupted, the accelerator and associated systems,
including the RF system, will immediately lose power and shut off. The preceding list of system and

equipment will also experience an immediate power failure, and shut off or fail.

The following systems and equipment have battery-backed clectrical power and will remain opcrational
temporarily during a power outage:
* emergency lighting system (some locally installed emergency lights may not operate during a
localized power interruption; incorrectly installed, they violate the National Electrical Code
Article: 700-12(f); this violation will be corrected);
* RPSS Kirk-key releases;
* hinged door;
s security sysiem;
¢ 0oxygen monitors;
*  verbatim auto-dialer;
* facility fire-alarm system;
¢ cryogenic-cooling site fire-alarm system;
* cryogenic-cooling site fire-deluge system; and

¢ facility HVAC and control system (direct-digital controller).

7.7 Industrial Accidents

Possible industrial accidents have been identified and are presented in the following sections.

7.7.1 Crane or Forklift Operation Accidents

Three cranes, as well as forklifts, are used in the facility for handling shield blocks and heavy
componcnts of the experimental system. Mechanical failure or operator error could result in
serious injury 10 a worker. Crane and forklift operators are recertified at least every three years.
Crancs, slings, and other lifting components arc inspected annually. Forklifts are inspected semi-
annually. The probability of a serious cranc or forklift accident is cxtremely unlikely. There is no

cffect on the public, environment, or plant.

7.7.2  Occupational Injury Accidents

Minor injurics to personncl caused by falls or misuse of power tools are likely to occur; however,
scrious injuries arc less likely. Supervisors and salcty officers monitor operations for unsafe
practices. To control unsafe conditions, the building manager and supervision monitor and inspect

the facility. Safcty mectings and periodic training reinforce safety requirements to workers.
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7.8 Fire Accidents

The entire building is protected by an automatic wet-pipe sprinkler system that has been designed according
to National Fire Protection Association (NFPA) 13 requirements. The system has also been installed and
inspected under the provisions of these requirements. The design and installation along with the required
periodic system inspections limit the possibility of a sprinkler failure. Fire, however, is always a possi-
bility. Should a fire occur, some water and smoke damage to the building may be expected; loss of human
life and substantial structure and system damage are not expected. These accidents are considered normal
industrial accidents.

The Model 1620S Helium Refrigerator is protected from fire by building MPF-365's automatic wet-pipe
sprinkler system. The building fire-protection system was designed, installed, and validated according to
NFPA 13 requirements and it is maintained in a state of readiness through periodic inspections by the Los
Alamos Fire Department. The possibility of a fire occurring within the refrigerator is extremely unlikely.
If a fire develops near the helium refrigerator, some building and/or equipment water, fire and/or smoke
damage may occur, however, loss of human life and substantial structural or equipment damage are not
expected. The action to be taken by the operator is to secure the refrigerator, if possible, before leaving the
building and report to the fire evacuation assembly point.

7.9 Chemical Spill

Chemicals are used in small quantities inside the building, so a significant chemical spill is highly un-
likely. Chemicals stored in bulk are in 55-gal or smaller drums and stored outdoors on spill-containment
pallets. A spill would not endanger personnel; however, if not controlled, it could contaminate the envi-
ronment. Absorbent materials are available to immediately control small spills, and Emergency Manage-
ment would be contacted for cleanup of large spills. Handling chemical drums occurs infrequently and is
done by qualified forklift operators.

7.10 Accidents Associated with Natural Phenomena
The accidents caused by natural phenomena—flood, earthquake, high winds, and lightning—Ilisted in this

section deal with the GTA facilities in general. These are conventional accidents.
7.10.1 Flood

There is little chance of flood damaging the building or injuring personnel, because the GTA
building is on top of a mesa.
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7.0 ACCIDENT ANALYSIS .

7.10.2 Earthquake

The GTA building was designed to withstand seismic events expected to occur in seismic Zone 2
areas. Strucwral failures are not expected to occur if a typical Zone 2 seismic event were to take
place. The facility was designed in accordance with DOE Order 6430.1 and the 1985 Uniform
Building Code (UBC). (See discussion in Section 4.1.1 and Appendix B). Utilities and equip-
ment were installed in accordance with the mechanical, electrical, and plumbing codes in effect at
the time of construction and with equipment manufacturers’ recommendations. Damage to these
systems would not result in any significant hazard to workers, nor any hazard to the public or

environment.

The accelerator and its supporting systems were designed to generally withstand seismic effects in a
Zone 2 area. The exception is the injector high-voltage dome. The high-voltage dome is on
casters (to allow access for mating/demating RFQ section); it could overtum during an earthquake,
possibly injuring personnel standing beside it.

The output energy from Phase 2 experiments may require radiation shielding around the RFQ and
DTL. Frames will contain this shielding. The frame/shielding combination could overturn during
an earthquake, possibly injuring personnel standing beside it.

The CCS is designed to meet or exceed the seismic requirements of the UBC Zone 2B earthquake
and to withstand a wind load of 93 mph in accordance with UCRL 15910. The CVI seismic
analysis has been reviewed by a LANL specialist and a dynamic analysis bhas been performed which
shows that the CCS meets the seismic requirements of UCRL 15910 for a moderate hazard
facility.

7.10.3 High Winds
The building and the external cooling tower have been designed to withstand a basic wind speed of
80 mph. The CCS was designed to withstand a basic wind speed of 93 mph.

7.10.4 Lightning

Los Alamos is in an area well-noted for lightning, and the possibility of a lightning strike at GTA
is above the national average. The GTA building is protected with a lightming protection system,
and has been wired according to the National Electrical Code (NEC). In the event of a lightning
strike, an equipment failure could occur with no loss of buman life. An employee outside the
GTA facility during a lightning storm is at possible risk of being struck. The probability of this

accident occurring however is extremely unlikely.
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8.0 OPERATIONAL SAFETY REQUIREMENTS

'This chapter describes the operational safety requirements (OSR) for the Ground Test Accelerator (GTA)
operations and facility and conforms to U.S. Department of Energy (DOE) Order 5481.1B Chapter II, with
format changes as recommended by the 1990 DOE Assistance Review of Los Alamos National Laboratory

(LANL) OSRs.

8.1 Introduction

The GTA at the Laboratory is the major hardware component of the national neutral particle beam (NPB)
program, which is supported by the Strategic Defense Initiative Office. The principal goal of the program
is to assess the feasibility of using neutral particle (H%,D?) beams outside the earth's atmosphere. The GTA
facility is designed as a versatile accelerator test facility to evaluate compact, negative ion (H") accelerators
for space applications and to evaluate ion beam transport and optical elements for beam steering.

Immediate experimental objectives of the facility include the demonstrations of:
¢ cryogenic cooling of the accelerator and optics to reduce mass requirements necessary for space
applications; and
* beam brightness with orders of magnitude greater than those of existing NPB facilities.

Initially, the main thrust of the GTA program is to build an accelerator that demonstrates all requisites of an
NPB system; if this objective is met, then the system becomes operational. At this stage and beyond, the
facility serves as a test bed for advanced NPB technology. g

The GTA device, as it is presently configured, consists of a number of subsystems:

¢ the injector, which provides the source of H- ions;

¢ the cryogenically cooled radio frequency quadrupole (RFQ), which tailors the beam from the
injector into d'i;c.cretc bunches of ions that permit acceleration;

¢ the cryogenically cooled intertank matching section (IMS), which tailors the beam from the
RFQ to the acceptance requirements in the drift-tube linac (DTL);

*  the cryogenically cooled DTL, which accelerates the beam to the appropriate energies;

* the magnetic optics and beam steering focus and steer the output H- beam;

¢ the radio-frequency (RF) power, which provides beam acceleration;

¢ the control system, which ties all the subsystems together as a functional device;

*  beam diagnostics, provides beam characterization measurements;

¢ water systems, provides water cooling to accelerator components;
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¢  vacuum systems, which reduce the internal pressure of the vacuum vessels from 1 aim to
1 x 106 torr;
¢ neutral beam system,;
¢ the helium refrigeration system, which is used for off-line testing of accelerator components at

cryogenic temperatures (20 to 35 K); and
¢ cryogenic cooling systems (CCS), which provide cryogenic cooling for accelerator compo-

nents.

8.1.1 Facility )
The GTA facility is on Laboratory lands at Technical Area 53 (TA-53). The construction of the
facility is divided into three parts:
* the site and building MPF-365, which houses the accelerator and peripheral
equipment;
¢ the experimental system, which pertains to the accelerator and related equipment; and
¢ the 40-kW CCS.

Building MPF-3635 consists of two major parts: a shielded beam tunnel, ~16,400 f1%; and a con-
ventional four-story, steel-framed building, ~55,800 ft2. The GTA accelerator is located within

the beam tunnel.

8.1.2 Experimental System

The experimental system consists of a series of hardware configurations that lead to successively
higher energies until the 100-MeV high-brightness beam is achieved. Table VIII-1 shows the
GTA cxperimental configurations, their sequence, and the planned phasing of the FSAR revisions.
Technical personnel in the six sectors (accelerator, RF, optics, controls, installation and commis-

sioning, and neutral beam) are responsible for designing, procuring, and installing the system.

8.1.3 Cryogenic-cooling System

The CCS consists of three major subsystems, the LH, cooling system, the LN, cooling system,
and the cold, circulating helium gas systcm. The LH, subsystem consists of a storage dewar
(28,000 gal), an LH, transfer line, a run dewar (4,050 gal) containing the hydrogen-to-helium heat
cxchanger, and the vent/flare subsystem. The LN, subsystem consists of a storage dewar

(4,000 gal), transfer line, and a run dewar (1,790 gal) containing the nitrogen-to-helium heat
exchanger. The helium gas subsystem consists of a gas storage tank (with ambient temperature

and pressure of up to 235 psig), a gas transfer linc 10 the circulating helium lines of the CCS,
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GTA Experimental Configurations and Their Relationship to the

FSAR2
Experiment Experimental Configuration g:[zztlinMe;%y) CBu?::r: t Schédule 1;131;5
Injector and low-energy beam transport 0.035 50mA | 1/90-9/90 0
1B +P RFQ 2.5 50 mA | 10/90-6/91 0
1C +) IMS 25 50 mA | 10/914/92 0
2A (+) 2BA DTL (first tank) 3.18 50mA | 7/92-9/92 0
40-kW CCS installation and operation 0 N/A 6/91-5/92 1
2D (+) Complete 2BA and 1A DTL 24.3 50 mA | 7/93-11/93 2
tanks (10 tanks)
3AC (+)H HEBT and 180° bend 243 50 mA | 2/94-6/94 2
3B (+) 24-MeV telescope and steerer 243 S0 mA | 10/94-3/95 2
3C Beam sensing (WAFFOG) 243 S50 mA | 4/95-895 2

8Experiments 2B and 2C have been deleted from the experimental plan. The numbering sequence has not

changed because of other substantial documentation employing specific experimental numbering.

bThe (+) indicates the subsystem that is added to the previous configuration.
CExperiments 3A through 3C are revised 1o reflect program changes.

vacuum-jacketed circulating helium gas lines, a cold-gas circulating compressor, the helium-

hydrogen and helium-nitrogen heat exchangers, and the GTA components that will be cooled.

Evaporating LH, in a heat exchanger located outdoors and external to the accelerator building will

provide the necessary refrigeration for cooling the helium stream. The hydrogen vapor arising

from the evaporating LH, will be discharged to the atmosphere through a vent/flare system. For

precooling the entire GTA system, as well as the CCS, the helium-coolant stream will be diverted

through a similar heat exchanger that will be cooled by LN, instead of LH,; the resulting nitrogen

gas will be discharged directly to the atmosphere through a vent system.

8.2 Safety Limits
As defined in AL 5481.1B, Chapter II, safety limits arc limits on important process variables that are

found 1o be necessary to reasonably protect the intcgrity of the principal physical barriers that guard the

public and the environment against the uncontrolied rclcase of hazardous materials.

Two areas of potential concern were identificd that required investigation relative to the need for safety

limits. These are radioactive emissions from the GTA cfflucnt stack and the uncontrolled release of

hazardous materials from the CCS.
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8.2.1 Radioactive Emissions
The normal duty factor for 24-MeV GTA operation is 0.2%, with a brief design-point demonstra-

tion test at 2% duty factor to be performed at the conclusion of the development program. Calcu-

lations have been made for the radioactive gaseous effluent emissions for the planned yearly
operating times. Based on these calculations, the potential effective dose equivalent (PEDE) at the
site boundary would be far below the EPA threshold of 0.001 mrem/yr that would require
confirming measurements (see Appendix F). Therefore, no safety limits are required on air

emissions.

8.2.2 CCS Hazardous Materials

Analysis of the engineered safety features and exclusion distances of the CCS, which protect the
public from the uncontrolled release of hydrogen, helium or nitrogen, shows that no operational
limits on process variables are required. Further, none of the materials handled by the CCS are

toxic or pose a threat to the environment. Therefore no safety limits, as defined above, are

necessary.

8.3 Limiting Conditions for Operation

In addition to the protection provided by the engineered safety systems, administratively established con-
straints will be followed during GTA operations to maximize personnel safety. These limiting conditions
for operation (LCO) specify the minimum performance level required for the safe operation of the facility

and are described below.

o U

4

8.3.1 Radiation Personnel Safety System (RPSS)

The LCO requires that the RPSS (described in Chapter 11 and Appendix T), is operational during
all 24-MeV beam operations of GTA to ensure personnel safety. The 24-MeV beam with associ-

ated RF power can produce hazardous levels of radiation in the beam tunnel. A positive means to

exclude personnel from the tunnel must be in place during these periods of operation.

The RPSS is to be in place and operational when the personnel sweep is made before securing the
wunnel, when the 24-MeV beam with associated RF power is on, and after beam operation until the
wnnel is opened for a radiation survey conducted by a Health and Safety (HS) Division Health

Protection technician.

The 24-MeV beam with associated RF power cannot be operated unless all conditions of the RPSS
have been met. During operation, the beam will automatically shutdown if any condition of the

RPSS is not met. If the RPSS is not functioning during a test of the system, the shift supervisor
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will be notified and corrective action will be taken. There is no specified time for completion of
corrective action, because no hazard is present until beam-line operations that require the RPSS to

operate are resumed.

The RPSS interlock check will be performed before each experimental run cycle, before beam
operation, and immediately after any modification to the system. This procedure checks proper
functioning of every input, all system logic, and all shutdown mechanisms. In addition to this

rigorous testing, overall operation of the system will'be tested biweekly during experimental run

cycles. A system switch is in the control room for this purpose.

8.3.2 Tunnel Ventilation System

The LCO requires that the tunnel-ventilation system operate during specified periods of 24-MeV
beam operation. Beam stop and beam loss during 24-MeV beam operation may activate the tunnel
air; therefore, the tunnel air pressure must be negative with respect to the adjacent high bay and the
ambient atmosphere to protect operating personnel, which requires that the tunnel-ventilation

system is operating properly.

If the tunnel-ventilation system is not operating before 24-MeV beam operation begins, operation
will be delayed until the ventilation system is operating. If the ventilation system fails during
beam operation, the beam will be shutdown, the shift supervisor will be notified. There is no
specified completion time for repairs, because 24-MeV beam operation will not be resumed until

the ventilation system is operational.

A negative pressure differential between the wnnel and the high bay will be verified before begin-
ning 24-MeV beam operation. System inspection and maintenance will be performed quarterly by
ENG-5.

8.3.3 High Efficiency Particulate Air (HEPA) Filters

The LCO specifies that HEPA filters must be in place in the tunnel ventilation system and operat-
ing properly during 24-MeV beam operation. The beam stop and beam loss from 24-MeV beam
operation may activate dust particles in the tunncl air. Tunnel air is exhausted through HEPA
filters 1o the stack. Filtration is required to minimize the release of activated dust particles to the

atmosphere.

AIl HEPA filters must be in place in the wnnel-ventilation system and operating within an accept-

able pressure diffcrential range before beginning 24-MeV beam operation.
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If all HEPA filters are not in place before 24-MeV beam operation, or if the filter pressure differ-
ential is outside the acceptable range, the shift supervisor will be notified, the operation will be
delayed, and corrective action will be undertaken. There is no specified completion time, because

beam operation will not take place until proper filter operation has been established.

The filter pressure drop will be logged weekly to establish a pressure drop vs. time plot. From
this plot, the time when an excessive pressure drop should occur can be predicted. The filters will
be replaced during a scheduled shutdown at a time before the pressure drop exceeds specified limits,
The system will be inspected and maintained quarterly by ENG-35. Filter system leakage is tested
annually by HS-5 and following filter changes.

8.3.4 Moveable Shielding

The LCO requires that moveable shielding must be in the configuration specified by HS-1 before
24-MeV beam operation. Shielding of certain areas of the beam line, such as a beam stop, may be
necessary to reduce the radiation flux outside the tunnel to an acceptable level to protect operating

personnel,

The need for removable shielding and its configuration will be specified by HS-1. Calculations
will be done by LANL personnel before beam operation in new or altered configurations, which
could result in increased radiation levels outside the tunnel, to determine the impact of such
changes. HS-1 will review and concur with shiclding designs. The shielding designs will be under

GTA configuration control and will be periodically inspected to assure configuration compliance.

If shielding is altered, the 24-MeV beam will not be turned on until the affects of the alteration are
assessed. There is no specified completion time, because there is no potential hazard until the

beam is turned on.

HS-1 will monitor radiation levels outside the tunnel to verify the adequacy of the shielding. The
shift supervisor will ensure that shiclding is intact before each shift or beam startup. The initial
shield configuration will be based on calculations. HS-1 measurements will confirm adequacy and

dictate shield modifications.

8.3.5 Oxygen Monitors
The LCO specifies that the oxygen monitor in the CCS equipment room, the three monitors in

the GTA beam tunnel, and the two monitors in the tunnel basements operate with the alarm level
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set at an oxygen concentration of 19.5%. The LCO protects personnel against physical impair-
ment that could lead to asphyxiation if there was a large helium or nitrogen leak. The alarm
setting is the minimum oxygen concentration for workers established both by the Laboratory and

by OSHA.

The tunnel detectors and the CCS equipment-room monitor will operate whenever the cryogenic
helium lines are pressurized. The detector in the CCS equipment room will also operate if LN, is
admitted to the equipment room. The tunnel basement detectors will operate when the GN, service
line is pressurized. The status of oxygen monitor readouts will be brought to the control room

when monitor use is required.

If functional checks show that any of the critical oxygen detectors required for the particular mode
of operation are not operating, the GTA shift supervisor will be notified and corrective action will
be taken to restore, or replace, the detector within 8 hr. If the completion time is not met, and the
faulty detector is in the tunnel or CCS equipment room, an orderly shutdown of the CCS opera-
tion and recovery of helium to the storage tank will be begun and completed within 12 hr. If,
however, the faulty detector is in the CCS equipment room, LN, fill operations in the equipment
room will not be permitted. If the faulty detector is in either of the tunnel basements, a portable

oxygen monitor will be used by personnel entering the basements until the detector is restored.

Detectors will be recalibrated biweekly, along with operational checks of the alarms and function-
ing performance of the detectors. Maintenance will also be conducted as recommended by the

manufacturer.

8.3.6 Hydrogen Detectors

The LCO requires all four combustible gas detectors to operate with the alarm level setat 1%
concentration of hydrogen. The LCO has been chosen to detect the onset of a potentially
hazardous condition resulting from a hydrogen leak or other unplanned release of hydrogen, which
could result in a hydrogen fire. The value chosen 1o activate the alarm for the four detectors is well
below the 4% minimum concentration for a combustible mixture of hydrogen in air but is large

enough to give a positive indication hydrogen's presence.
These detectors are to operate whenever hydrogen is in the CCS, including times of passive storage

in the storage and run dewars. The LCO, however, applies only to CCS operations when the LH,

transfer line is in use.
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If functional checks show that any of the hydrogen detectors are not operational, the CCS operator
will notify the GTA shift supervisor and undertake action to restore the detector or alarm to an
operational condition, or replace it, within 8 hr. (A portable detector, which is monitored hourly,
may be used to temporarily satisfy this requirement for a period not to exceed 24 hr.) If the com-
pletion time is not met, an orderly shutdown to the passive storage mode will be initiated and

completed within 4 hr.

The detectors will be recalibrated bimonthly, as recommended by the manufacturer. Functional
performance checks of the detectors will be conducted biweekly during run cycles.

8.3.7 LH, Run Dewar Vent Stack Flare

The LCO requires that the vent stack flare must be operating before initiating a CCS operation in
which the vent rate is expected to be greater than 20 g/s. This LCO has been chosen to protect
personnel outside the boundary fence from the possibility of burns from a flammable concentration
of hydrogen that could cross the CCS boundary fence at La Mesita Road and later be ignited by an
unknown ignition source. Calculations have shown that for vent rates above 25 g/s, such a

flammable concentration could cross the boundary fence under certain postulated atmospheric
conditions. The maximum calculated vent rate for the LH, run dewar for any mode of operation is

65 gfs.

If the flare is not operating, the CCS operator will notify the GTA shift supervisor and delay CCS
operations that require the use of the flare. Corrective action will be taken to restore it to use.
There is no specified time for completion, because no hazard is present until CCS operations,

which require use of the flare, are resumed.

The flare operation will be confirmed by visual observation each time it is needed. Maintenance of

the flare will be conducted according to the manufacturer's recommendations.

8.4 Design Features

The GTA facility was designed with massive shiclding 10 provide passive protection outside the beam
tunnel from radiation created by accelcrator operation in the tunnel. The RPSS is designed to ensure that no
personnel will be in the tunnel during operation of the 24-MeV beam with associated RF power. The
wnnel-ventilation system is designed to provide a negative pressure relative to the surrounding space to

protect personnel from possible exposure 1o radioactive air.
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The CCS has relief devices (in duplicate in the most sensitive locations) to relieve the pressure that could
otherwise build up during the warming of a section of the CCS transfer lines. The CCS piping system has
sufficient flexibility to accommodate the thermal contraction that will accompany the cooling of GTA to0
operating temperature. The materials of construction are suitable for operation at the low temperatures

involved and, where appropriate, for hydrogen service.

8.5 Administrative Controls

8.5.1 Procedures

All hazardous GTA operations will be conducted in accordance with approved standard operating
procedures (SOP) and checklists that include LCO surveillance and action requirements. Only
trained operators who have attended formal training and who have been supervised in performing
the various operating modes of the CCS and emergency exercises will be allowed to operate the
CCS.

Laboratory personnel from the HS Division as well as personnel experienced in handling LH, will
monitor GTA operations and will review SOPs and checklists, which will be approved by the
GTA program manager and the AT-Division leader. Any significant change in operating proce-
dures or modification in the GTA cquipment will be reviewed by GTA and Laboratory safety
personnel for safety implications and conclusions will be reported to the GTA program manager.

Approved changes to the GTA will conform to the GTA Quality Assurance Plan.

8.5.2 Training

The AT Division training coordinator and cach GTA group maintain training records; and line
managers are responsible for identifying training necds and assuring that training has been
completed. Scheduling of requircd training is the responsibility of the division training

coordinator.

Personnel receive training in hazards applicablc to their assigned tasks; this includes the require-
ments of appropriatc SOPs. In addition to special training for the CCS operators, the following
types of training also apply to some, or all, GTA personnel:

¢ cardiopulmonary resuscitation;

*  hazard communication;

s site specific;

* wasle managemecnt or minimization;

¢ clectrical safety;
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radiation safety;
forklift operator;
crane operator; and

laser safety.
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9.0 QUALITY ASSURANCE PROGRAM

This chapter discusses the quality assurance (QA) program for the Ground Test Accelerator (GTA). There
are two aspects to the QA program: one is the building’s construction, and the other is the accelerator,
including the cryogenic cooling system (CCS). The Engineering Division is responsible for the building
QA, and the Accelerator Technology Division is responsible for the accelerator QA. Line supervisors are
responsible for the quality of work in their organizations. The GTA QA program is based on DOE Order
5700.6B, "Quality Assurance,” and AL Order 5700.6B, "ALO Quality Assurance.” This chapter covers the
organization, plans, records, audits, and administrative procedures for the QA programs.

9.1 Site and Building MPF-365

The QA program for GTA project construction encompasses design, engineering, procurement, construc-
tion, maintenance, repair, and modification. This program is implemented according to the requirements
and criteria of the Facilities Engineering (ENG) Division "Facilities Engineering Division Quality Assur-
ance Manual.”" This manual complies with the requirements of DOE Order 5700.6B, "Quality Assurance,”
and AL Order 5700.6B, "ALO Quality Assurance.”

9.1.1 Organization

The QA program for construction was administered under the authority of the ENG Division QA
representative. The QA representative has overall responsibility for establishing and implementing
the QA requirements and their application to this project.

9.12 Summary of QA Program Plan

The QA program for engineering, design, and construction was established and implemented
according to the requirements and criteria of the ENG Division Quality Assurance Manual. The
field operations group, ENG-5, performed acceptance and pre-operational tests according to the
applicable specifications, codes, and standards. In addition, the group handled the construction
quality control. Holmes & Narver, Inc., of Albuquerque, NM, managed the QA program for the
design phase of the project.

*  Design and procurement document control: Measures for document control, which
comply with chapters 4 and 6 of ENG’s Quality Assurance Manual for Engineering
and Construction, have been implemented to ensure that authorized personnel review,
approve, and properly distribute appropriate documents, including changes. The
architect-engineer accomplished document control according to Section 5 of the
Holmes & Narver, Inc., Quality Plan Annex (QPA) for the QA project.
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Instructions, procedures, and drawings: Instructions, procedures, and drawings origi-
nated by the Laboratory were prepared, reviewed, approved, and issued in accordance
with procedures and guidelines in compliance with Chapter 5 of the ENG Quality
Assurance Manual. Instructions, procedures, and drawings originated by the architect-
engineer were prepared in accordance with Section 4 of the Holmes & Narver, Inc.,
QPA for the QA Project.

Control and identification of purchased material, equipment, and services: Measures
have been established and implemented so that appropriate personnel review and
approve descriptive submittals ensuring that purchased items and services conform to
the procurement documents. The requirements for item identification and control
during construction were incorporated into the design documents prepared by the
Laboratory and the architect-engineer.

Inspection, surveillance, and testing: ENG-5 established and implemented the con-
struction inspection program. In this program, ENG-5 is responsible for ensuring
that construction activities, items, and services conform to the applicable drawings,
specifications, procedures, and instructions. The program requires that records of
ENG-5 inspections be maintained and entered into the document-control system in
the Records Management Group, ENG-7.

Appropriate Laboratory technical personnel performed, observed, and witnessed
acceptance tests in accordance with the applicable specifications, codes, and/or
standards. When required, the organization responsible for the tests prepares written
test procedures, which are then reviewed and approved by appropriate members of the
Design Review Board. The test program requires that adequate records of these tests .

be entered into the document-control system.

ENG-5 established and implemented measures that identify inspection and test status,
which ensure that required inspections and tests are performed and nonconforming
items are clearly identified.

Nonconforming materials, components, and fabrication and construction features:

Measures were established and implemented so that nonconforming materials, compo-
nents, and fabrication and construction features were controlled in accordance with the
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requirements of Chapter 15 of the ENG Division Quality Assurance Manual, using the
Laboratory Nonconformance Report form ENG-QA-15.

e Corrective action: Where corrective action was deemed necessary, established
measures were implemented as an extension of the nonconformance-control system.
These corrective measures were implemented to preclude repeating significant adverse

conditions where such repetition may have been possible.

9.1.3 QA Records
ENG-7 is responsible for receiving, storing, and maintaining records for this project. When
construction activities were finished, GTA transferred the records to ENG-7 to incorporate and

retain in its storage facilities.

9.1.4 Engineering QA Audits
The ENG Division QA section leader, or his dclegated representative, was responsible for a com-
prehensive system of planned and documented audits. These audits were performed in accordance

with the requirements of Chapter 18 of the ENG Division Quality Assurance Manual.

9.1.5 Administrative Procedures

When major modifications for the facility require design criteria for construction, ENG-Division
Office, in conjunction with the construction project manager, appoints a Design Review Board to

evaluate, approve, or disapprove modifications.

Building maintenance is planned, scheduled, and accomplished by ENG Division.

9.2 GTA

The GTA program's QA plan is derived from DOE Order 5700.6B, AL Order 5700.6B, and the Los Alamos
National Laboratory (LANL) Quality Assurancc Program. Appendix K contains a copy of the QA plan for
GTA, and the software QA plan, which have been designed to reflect the experimental nature of the GTA

program,

9.2.1 Organization
Figure 9-1 shows the organization of the GTA program. The GTA program office is responsible
for the QA plan, design, and audits. The individual groups/sectors are responsible for implement-

ing the plan. The QA officer (QAO), monitors the program’s implementation and is an extension

of the GTA program office.
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The AT Division QAO also serves as the GTA QAQ. As a member of the GTA Project Office,
the QAO reports to the GTA program manager. The QAO is responsible for the implementation,
monitoring, and enforcement of QA standards throughout the GTA program. The overall

responsibility of the QA officer is to generate, verify implementation, and maintain a current QA
plan. The QA Program Plan describes the QA responsibilities, functions and activities of the
groups/sectors and the program offices applicable to the design, procurement, installation and start-
up of the experimental facilities. The GTA QA effort is decentralized as much as possible by
group/sector representatives, who are responsible for implementing QA standards under the
direction of the QAO. This includes design, hardware acquisition, installation, commissioning,
operations, and experiments. The QAO interacts with the various safety and quality offices
throughout the Laboratory.

9.2.2 QA Summary
The following points summarize the QA plan for GTA.

*  Design and procurement document control: The GTA program office sets the stan-
dards for design and procurement document control, then individual sections within
the GTA implement these standards. The QAO and configuration manager monitor
the implementation of the design and document controls, as required by the program
office. A Document Change Notice is initiated to cover any changes in drawings
and/or documents. For changes that could impact design or procurements, the notice

is distributed through interface control for approval and distribution.

» Instructions, procedures, and drt.zwings: In accordance with program office guidelines,
the sectors are responsible for the drawings and procedures. Drawings are prepared in
accordance with American National Standards Institute (ANSI) and/or American
Society of Mechanical Engineers (ASME)-14.5 or equivalent. All drawings contain a
component identification method that is later used to identify parts. Appropriate

signature approvals are required for all instructions, procedures, and drawings.

*  Control and identification of purchased material equipment and services: All
purchased items carry the identification number of the drawing (or procurement) as
defined in the purchase requests. All identifiers are permanent and legible. Documen-
tation includes cross references between purchase-order numbers and part identifiers

for specific job correlation.

9-5 July 31, 1992
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» Inspection, surveillance, and testing: The responsible engineers establish inspection,
surveillance, and testing plans and requirements. All requirements are included in

purchase orders or contracts to vendors, suppliers, and contractors. The engineers are

responsible for implementing, planning, and accepting final results and/or items or
services. The QAO will conduct on site or documentation reviews and/or audits of
these vendors, suppliers, or contractors as appropriate. These requirements will be
identified in procurement documentation. An example of a contractor QA program is

contained in Section 9.3.

*  Nonconforming materials, components, and fabrication and construction features:
All nonconforming items uncovered by inspection or testing shall be labeled. Items
that do not conform to specified requirements shall be controlied to prevent
inadvertent installation or use. A nonconformance report (NCR) shall be used to

document and track the nonconforming item.

»  Corrective action: Every effort is made to correct the deficiencies when it is
economically feasible. Those items that cannot be corrected are labeled and stored in
a separate area to prevent mistaken use. The identification, cause, and corrective
action for significant conditions adverse to quality of critical items shall be
documented and reported to appropriate sector leaders and the QAQ. Corrective

actions are required for nonconformance reports and audit finding reports.

9.2.3 QA Records

Original QA records, drawings, specifications, and change orders are kept in the GTA sector
offices. Copies of these records are forwarded to the GTA program office central file and 1o the
QAO. The QAO has established a document-control area in the QA office as a permanent location
for all GTA quality-related documents. All records bear the names of persons associated with the -

document.
9.2.4 QA Audits

The QAO performs quarterly QA implementation and maintenance audits. Results of these audits
are documented and become part of the central GTA document file.

July 31, 1992 9-6
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9.2.5 Preoperational Testing and Retesting

Tests required to verify conformance to specifications or to demonstrate satisfactory service per-
formance are planned, executed, and documented. Test characteristics and methods shall be speci-
fied, and the results evaluated, for conformance with requirements. In some cases, retesting occurs
until test requirements and acceptance criteria are approved by the sector responsible for the design

of the tested item.

9.2.6 Administrative Procedures
All QA functions rely on a cooperative effort between the sectors and the GTA program office.
The program office sets the standards for QA performance; the sectors implement QA practices

according to these standards. All actions are documented and retained in a central file.

9.2.7 Configuration Management

A GTA Configuration Management Plan (CMP) was developed under the QAQ. This CMP out-
lines policy and procedures for controlling documents, including those which require changes.
These changes may occur with large or small systems, whose function affects the health and safety
of personnel, or whose hardware requires protection against damage. There are three levels of docu-

ment control; program office control, local control, and no control.

Configuration control (program level or local level) shall be imposed on all hardware and software
that may become part of the 24-MeV characterization experiments. Hardware and software asso-
ciated only with research and development in support of these experiments do not require config-

uration control, but shall be listed in the document tree, so they can be traced if necessary.

Computer software configuration identification (CSCI) including, but not limited to, specifica-
tions, design documents, and listings will define software requirements and design details for a
single CSCIL. The software requirements specification will define system requirements allocated to
a specific CSCI. The interface requirements specification will describe in detail the requirements
for one or more CSCI interfaces. Interface requirements will include the interface between a CSCI

and other configuration items.

9.3 CCS
The contractor selected for the design, fabrication, installation, and testing of the 40-kW CCS was CVI,
Inc. The company has experience in manufacturing equipment for the US space program and for the nuclear

power industry, both are customers with exacting QA requirements.
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CVI employs a well documented and controlled QA methodology, which is in the CVI "Quality Assurance

Manual.” Figure 9-2 shows the manual's table of contents. CVI designed, fabricated, installed, and tested
the 40-kW CCS under the QA plan in the manual. The Laboratory had the right to inspect, review, audit,
and so on, any phase of design, fabrication, installation, or testing activities at CVI's plant. The Labora-
tory also had an inspector and/or QA representative at the site during field installation. A formal acceptance
test verified the performance of the installed system.

9.3.1 QA Organization
An independent QA manager directed the QA program for CVI and was responsible to the president
of the company. The folowing excerpt from the CVI QA manual, describes the responsibility of

the QA manager:

The Quality Assurance Manager shall be responsible and has the anthority for
implementing, maintaining, and determining the overall effectiveness of the
quality assurance system through the Quality Assurance department. He shall
have the freedom to identify quality control problems and to initiate, recommend,
provide solution, and limit or control further processing.

Figure 9-3, a page from the manual, further details the responsibilities of the QA manager and

those of the subcontractors.

9.3.2 Summary of QA Program Plan

The Laboratory accepted the QA plan in CVI's QA manual for the CCS QA program plan. The
plan related to all phases of the procurement, including those at CVI and Los Alamos; it also
included installation and testing at the Laboratory. The Laboratory had access to all of CVI's QA
records.

9.3.3 QA Records

CVI handled QA records according to the methodology described in its QA manual, which was
acceptable to the Laboratory. Figure 9-4 shows that portion of the manual which covers QA
records.

9.3.4 QA Audits

CVI conducts its audits according to a prescribed method described in its QA manual, which is
acceptable to the Laboratory. Figure 9-5 shows the portion of the manual that covers QA andits.
Internal audits, as well as those applying to CVI subcontractors are covered. The seven forms
referenced in the ﬁgm.'e are not included.

July 22, 1992 9-
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@wa ISSUE REVISIONS SECTION
@Incorporated DATES UG-aO-BB I
ASSURANCE MANUAL | APPROVAL 'y i
SUBJECT CONTENTS
PART 1 - STANDARD PRACTICES
SECTION TITLE NUMBER OF PAGES

L Contents 3

L Policies and Approvals 3

119 Quality Assurance Manual Control f

Iv. Organization, Responsibilities and Assignments 4

V. Generel 2

VL Contract Order Processing &

VIL Design and Change Control 8

VIL Control of Subcontracted Supplies 18

X. Manufacturing Control 10

X. Special Processes Control 6

XL Inspection of Completed Supplies 3

XIL Measuring and Test Equipment 5

XL Sampling Inspection 1

XIv. Indication of Inspection Status 3

. XV. Storage 1

XVL Transportation, Handling and Packaging 1

XVIL Quality Assurance Records 3

XVIL Nonconformance Control and Corrective Action S

XIX. Audits 10

XX Training 4

PART 2 -~ SPECIAL CONTROL JOBS

SECTION
XX1
XXIL

TITLE

Contents Referenced to 10 CFR Appendix B

Special Control Jobs

Fig. 9-2. Table of contents for the CVI QA manual.

99

NUMBER OF PAGES

2

11
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I/‘\@i \/ Fﬁ ISSUE REVISIONS SECTION
A Incorporated DATES v

QUALITY

SUBJECT

ASSURANCE MANUAL | APPROVAL l.\l/},

ORGANIZATION, RESPONSIBILITIES AND ASSIGNMENTS

2.0 RESPONSIBILITIES WITHIN THE QUALITY ASSURANCE DEPARTMENT

2.1 Quality Assurance Manager

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

The responsibilities of the Quality Assurance Manager, as previously stated in
"The President's Statement", is to implement and maintain the quality assurance
system through the Quality Assurance Department, which shall monitor, direct
and supplement the quality effort.

The Quality Assurance Manager assigns work to the members of the Quality
Assurance Department to Code, Contract and Quality Assurance Manual
obligations to meet his responsibilities. Therefore, the assignments stated for the
positions that follow are exemplar and may be changed at his discretion.

The Quality Assurance Manager may delegate the authority necessary for the
fulfiliment of the stated assignments.

The Quality Assurance Manager shall regularly review the status and adequacy of
the Quality Assurance Program.

The Quality Assurance Manager and his delegate(s) have the responsibility and the
commensurate authority to stop work, or that part of the work, which is in direct
violation of contract or codes and/or prevent non-conforming work or components
from being incorporated into the final produect.

2.2 Specific responsibilities affecting quality appear in their related sections of this manual

3.0 ASSIGNMENTS WITHIN THE QUALITY ASSURANCE DEPARTMENT

3.1 Quality Assurance

3.1.1
J.1.2
3.1.3
3.1.4

3.1.5
3.1.6
3.1.7
3.1.8

3.1.9

July 22, 1992

QA Systems Formulation
QA Policies Consultation
QA Manual Maintenance, Distribution Logging, and Change Control

QA Program Supplements Preparation and/or Review. Sign-off when released for
purchase order and/or for fabrication.

QA Studies

Special Problems Investigations

Selective Invitation~For-Bid (IFB) Reviews
Selective Proposal Consultations

Selective Major Contracts Review and Approval

ﬁg. 9-3. Responsibilities of the QA manager.
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DCVi

Incorporated DATES 6-30-88

QUALITY
ASSURANCE MANUAL | APPROVAL “ﬂ,)_

ISSUE REVISIONS

SECTION

Iv

SUBJECT

ORGANIZATION. RESPONSIBILITIES AND ASSIGNMENTS

3.1

3.1.10

3.1.11
3.1.12

3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20

3.1.21
3.1.22
3.1.23

3.1.24

3.1.25

Selective QA Plans Review and Approval

Seleetive Documentation Lists Review and Sign-Off

Inspection and Test Procedures Review or Preparation, Sign-Off, when released

for purchase and/or for fabrication.

Selective Production Order and Inspection Records Review
Purchase Order Review, Sign-Off (when applicable)
Maintenance of Approved Vendor List

Supplier Surveys, Inspection and Audits

Maintenance of Supplier Surveillance Records

Testing Consultation

Development Testing (when assigned)

Inspection Notifications and Assistance to Customer's Inspectors, Auditors, and

Authorized Inspectors

In-House QA Audits

CAR Logging, Distribution and Approval

Supplier Certification Approval

Review and Maintenance of ASME Code Books and Addendas

Maintenance of Welding Procedures

Chief Inspector

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8

Shop Inspector Supervision
Receiving - Ingspection

Rejected Material Reports Initiation
Machine Shop Inspection
Pre-Processes Inspection

In-Process Inspection
Post-Processes Inspection

Notification and/or Hold Point Step Readiness Indication (Verbal)

Fig. 9-3. Responsibilities of the QA Manager (continued).
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SUBJECT ORGANIZATION, RESPONSIBILITIES AND ASSIGNMENTS

4.2

4.3
4.4

4.5

July

3.2.9 Product Tests

3.2.10 Inspector Training

3.2.11 Inspector Examinations

3.2.12 Inspector Records

3.2.13 Final Inspection

3.2.14 Inspection Records

3.2.15 Gage Calibrations and Control

3.2.18 Inspection Equipment Maintenance and Records
RESPONSIBILITIES OUTSIDE THE QUALITY ASSURANCE DEPARTMENT

Department Managers are responsible to be informed of the general contents of this
manual and to discharge their specific assignments as stated in this manual

As previously stated in the "President's Statement", each supervisor shall be responsible
for the quality of work performed under his supervision.

Specific responsibilities affecting quality appear in their related sections of this manual.

Engineering

4.4.1 The Project Engineer is responsible for his assigned project(s). This includes
obtaining a technically sound contract, issuance of the necessary directions to
obtain drawings, specifications, procedures and give instructions required to
compiete the project.

4.4.2 Planning is reponsible for transferring information from drawings to instructions
for obtaining material and for writing Production Orders and Inspection Records.

Spares Sales

4.5.1 The duties and responsibilities of the Spares Sales personnel are:
4.5.1.1 Review all Contract Specifications
4.5.1.2  Prepare new Sales Proposals.
4.5.1.3  Obtain Customer Acceptance to Specification Exceptions.
4.5.1.4 Transiate Specification/Contract into a Sales Package.

4.5.1.5  Assist the Contract Administration Department in resolving problems
pertaining to existing orders.

Fig. 9°3. Responsibilities of the QA Manager (continued).
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4.5.1.6 Solicit Review of the Bid Specification by the QA4A, Engmeermg, Research,
Design, and Manufacturing Departments as required.

4.5.1.7 Tnitiate Processing of Customer Orders.

Fig. 9.3, Responsibilities of the QA Manager (concluded).
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SUBJECT QUALITY ASSURANCE RECORDS
GENERAL OPERATION QUALITY RECORDS
Maintenance
Responsibility File Loe.
Records Note 1 Note 1

Quality Assurance Manual Log QA QA
Controlled Copy QA Manual Log QA QA
CVI Approved Vendor List Master QA QA
Supplier Surveillance and Audit QA QA
Supplier Material Certifications QA QA
Reject Material Report Log Chief Insp. Insp. Off.
Corrective Action Request Log QA QA
Welding Procedure Qualification Masters QA QA
Welder Qualification Masters WE WE
CVI NDE Procedure Qualification Masters SNT Level II Insp. Off.
CVI NDE Personnel Qualification Masters SNT Level I Insp. Off.
Inspection Tools Calibration and Maintenance Chief Insp. Insp. Off.
Internal Audit QA QA
Notel QA is abbreviation for Quality Assurance

Insp. Off. is abbreviation for Inspection Office
WE is abbreviation for Welding Engineer

) Fig. 94. QA records.
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l SUBJECT QUALITY ASSURANCE RECORDS

1.0 GENERAL

1.1 In order to make data available for analysis, status, records and reporting purposes, a
system of inspection forms and records is in operation. The records are compiled and
reviewed to aid in the evaluation of vendors, manufacturing, processes, inspection and to
facilitate corrective action activities. The forms used are designed to provide evidence
of the amount and extent of inspection.

2.0 GENERAL OPERATION QUALITY RECORDS

2.1 A list of operation records of direct concern to the Quality Assurance Department
appears as Exhibit No. XVI-1. The responsibility for maintaining each of these records
and the file location shall be as shown.

2.2 Retention of these records shall be for a minimum of seven years except for the
Inspection Tools Calibration and Maintenance Records which will be for the duration of
each gage listed. Any record summaries or study records are retained per QA
Supervisory discretion.

3.0 JOB RECORDS
3.1 Basic job records, which are maintained for all contract work, are as follows:
3.1.1 The Receiving copies of the Purchase Order which contain the Receiving and
Inspection Records. The Stockroom Manager is responsible for the maintenance
of these records which are filed in the main stoekroom.

3.1.2 The completed hardback copies of the Production Order and Inspection Records,
Packing Lists and Corrective Action Requests are filed in the job folders in
Inspection files. The Chief Inspector is responsible for the maintenance of
these files,

3.2 Supplementary job records are designated for the job, when required, by the Project
Engineer.

3.3 When required, Documentation List preparation is the responsibility of the cognizant
Project Engineer. He may obtain assistance from QA.

3.4 Job records shall be retained, for CVFs benefit only, for seven years.
3.5 For information on special control jobs records, see Section XXII, 10.0 of this manual.
4.0 RRCORD ENVIRONMENT

4.1 Records are kept in office conditions of a modern building.

Fig. 9-4. QA records (continued).
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SUBJECT QUALITY ASSURANCE RECORDS

5.0 RECORD PREDISPOSAL ACTIVITY
5.1 Each job folder shall be examined for any disposing instructions, the most common

being to notify the purchaser of the intent to discard records and to await instructions
from the purchaser. These instructions are caused by contract requirements for special

control jobs.

Fig. 94. QA records (conciuded).
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SUBJECT - AUDITS
A
1.0 PURPOSE AND SCOPE

To establish the methods which provide a comprehensive system of planned and periodic
audits of all activities within the scope of the Program, to verify compliance with all
aspects of the Program and determine Program effectiveness. ’

The QA Manager or his designee is responsible for planning and conducting audits of

Quality Assurance shall be audited by personnel selected by Product Managers.

Formal audits of internal activities will be conducted by the QA Manager or his
designee annually and in accordance with the Internal Audit Schedule, (Exhibit XIX-2).
Audit personnel shall not audit areas in which they have responsibility. Audits shall be
performed using the audit check list (Exhibit XIX-1A-1G). Audit Finding Reports for
the full internal audit shall be circulated for review by the responsible Department
Managers, QA Manager and the President. Follow-up action, including re-audit of
deficient areas, will be planned and initiated within 30 days of the initial audit date.
Each follow-up audit shall be documented and reviewed similarly to the initial audit.

The Audit Check List shall be prepared, maintained, and revised by QA (as required) to
provide for an evaluation of quality assurance practices, procedures, instructions and
implementation, and conformance with QA Manual and policy within the scope of the
Program. The audits will include evaluation of work areas, activities, processes, and

Audits of the QA Program and the QA Department shall be econducted annually. The
President or his designee is responsible for an annual audit of the QA Department and
other audits as he chooses. This audit will be used to determine the effectiveness of
this QA Program, its adequacy end status. Individuals assigned will have no

Quality Assurance and Management audits are conducted by trained audit personnel
qualified in accordance with ANSI N45.2.12 & 23. Training will be in accordance with
Section XX of this manual Auditors will be qualified on the Record of Auditor
Qualification Form (Exhibit XIX-3) and this record maintained by the QA Manager.

2.0 RESPONSIBILITY
activities within the scope of the manual
3.0 QUALITY DEPARTMENT AUDITS
review of documents and records.
4.0 MANAGEMENT AUDITS
respongibility in the area being audited.
5.0 AUDIT PERSONNEL
6.0 CORRECTIVE ACTIONS
6.1

Corrective actions as a result of audits shall be handied in accordance with Section
XVIO-3.0 of this manual.

Fig. 9-5. QA audits.
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l SUBJECT ' AUDITS

7.0
71

7.3

1.4

VENDOR AUDITS (SUPPLIERS)
Selection Measures
Measures used in procurement source evaluations may include one or all of the following:

Qualification of new vendors and periodic review of the qualifications of established
vendors may be based on:

(a) Full scale Quality System Audit/Survey.
(b) Reputation of Supplier.

(e) Survey per mail

(d  Listing in C.A.S.E. Register.

(e) Historical data.

f) Any combination of the above.

These activities may be conducted at the diseretion of the Manager of Quality
Assurance, depending on dollar volume of business involved and/or the degree of
criticality of the item involved.

Approved Vendor List

7.4.1 Those vendors having met the requirements will be entered on the Approved
Vendor List maintained by QA (Section VIII, paragraph 5.2).

Fig. 9-5. QA audits (concluded).
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9.3.5 Preoperational Testing

Performance of the CCS was demonstrated using the warm-up heater to simulate the system heat
leak and the thermal mass of the accelerator. Defined in Section 3.9, "Final Acceptance Require-
meants," of the statement of work for CVI, the system checkout demonstrated all aspects of the
CCS operation. Incremental and preliminary checkouts of various components or subsystems
were performed on a continuous basis to ensure system leak-tightness and proper fit.

9.3.6 Administrative Procedures

To assure the Laboratory that CVI had implemented the appropriate administrative QA measures,
visits were made every 6 to 8§ wk to CVI. During these visits, Laboratory representatives reviewed
CVT's QA documentation and practices. The Laboratory has full access to CVI's QA documents,
Trip reports were written and filed reporting the outcome of these audits.

During the installation of the CCS at the GTA site, the Laboratory participated in all aspects of

the checkout and acceptance of the system. This included audits of the QA procedures followed
during installation, checkout and acceptance.

9-19 July 22, 1992
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10.0 ES&H MANAGEMENT PROGRAM

This chapter explains the environment, safety, and health (ES&H) management program for the Ground
Test Accelerator (GTA) facility. The GTA's ES&H program for the GTA is designed to comply with the
administrative requirements and safety policies stated in the Los Alamos National Laboratory (LANL)

Environmental, Safety, and Health Manual.

10.1 Organizational Structure
ES&H technical support is provided by the Health and Safety (HS) and Environmental Monitoring (EM)

divisions: Accelerator Health Physics, HS-1; Safety and Risk Assessment HS-3; Health Physics
Measurements HS-4; Industrial Hygiene and Safety, HS-5; Health Physics Policy and Programs HS-12:
Waste Management, EM-7; and Environmental Surveillance EM-8. The HS and EM divisions advise GTA
personnel on various environmental, health, and safety issues and requirements. In addition, the GTA
project and each Accelerator Technology (AT) Division group have an assigned safety officer who is
responsible for coordinating ES&H issues. Facility safety is the responsibility of the MPF-365 building
manager in conjunction with the GTA safety officer.

10.2 GTA Safety ‘Plan
The GTA program considers safety to be paramount—both in fabrication and operation. Appendix L con-
tains the published and distributed GTA Health and Safety Policy Statement and the GTA Safety Plan.

10.3 As Low as Reasonably Achievable Program

The Laboratory requires that radiation exposures to employees and visitors be kept at levels as low as
reasonably achievable (ALARA). The ALARA program at the Laboratory requires organizations involved
in radiation work to plan and conduct operations in a manner that maintains personnel and environmental
exposures at ALARA levels. Detailed guidance for the Laboratory's ALARA program is given in Technical
Bulletin 302, "ALARA Guide." AT Division also has an ALARA program (see Appendix M).

AT Division and GTA use ALARA principles and applicable DOE orders, LANL ARs, and existing
standards for exposure criteria and shielding design. The GTA facility was designed prior to DOE 5480.11
and the Rad Con Manual. However, since the duty factor of the accelerator has been reduced by a factor of
ten (0.2% vs 2%) since facility design, the shielding will be adequate to meet 5480.11 and Rad Con Manual
exposure criteria (0.005 rem/hr in occupied areas, 20% of the standards or 1.0 rem/yr in unoccupied areas).
For accident conditions, the commonly accepted criterion of 50 rem/hr is met. Though a written shielding
policy specifically for AT Division has not to date been necessary, the need will again be evaluated prior to
24 Me ‘operation.

GTA implements the radiation ALARA program through radiation monitoring, shielding in conjunction
with monitoring, radiation personnel safety system (RPSS), a personnel exclusion area, which is secured by
the RPSS and use of radiation work permits for maintenance work and other special cases,

10.4 Safety Analysis Program

Safety analysis for the GTA project is accomplished through the development of this final safety analysis
report (FSAR). The GTA safety officer is responsible for reviewing changes to ensure that they are within
the scope of the FSAR and for identifying its required changes.

10-1 Changed per DOE/AL Comments
October 5, 1994
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10.5 Operational Readiness Reviews

Before each major experimental phase (see Chapter 1), the Laboratory conducts an operational readiness

review for GTA. The FSAR, standard operating procedures (SOP), operational procedures, training and

other ES&H aspects are checked to ensure readiness for safe operation. The U.S. Department of Energy
(DQE) also conducts a preoperational review for each phase of the project.

10.6 Administration and Records

GTA has an assigned program safety officer. Figure 10-1 shows the safety office's position within the
GTA organization. This person oversees the administration of safety requirements within the GTA program
so that program documentation related to safety, such as training and waste management, is maintained and

updated. ES&H documentation is maintained at the program, division, and group levels.

10.7 ES&H Programs

The HS and EM divisions provide ES&H support and expertise for the various divisions within the Labora-
tory. HS reviews programs, operations, and facilities to help identify health, safety, and environment
requirements and any safety problems. Some members of HS Division are assigned to specific Laboratory
organizations or sites to become familiar with the operations and the health and safety concerns of that

particular area.

The Health Physics Policy and Programs Group, HS-12, provides health physics support to GTA
operations, supervises the personnel dosimetry program, and maintains records of radiation received by
individuals. Dosimetry records are provided to divisions and groups for review. If an individual receives an
unexpectedly large dose, or if the accumulated dose nears the allowable level, the individual is notified and
work restrictions are applied, if appropriate. If procedures require an exposure investigation, HS-12 notifies

the individual and the individual's line management.

HS-1 maintains health physics surveillance on all activities at TA-53. The group supports GTA operation
by:

* providing surveys and health physics technical support;

* specifying and arranging for the maintenance and calibration of fixed radiation monitors;

*  specifying the number and type of hand-held radiation monitors;

* providing assistance with dose-rate calculations and shielding requirements; and

* moniloring contamination and establishing exclusion areas and clean-up restrictions.

Support from areas of the Laboratory includes the following groups HS-1, HS-3, HS-4, HS-5, HS-12,
EM-7, EM-8, and ENG-8. HS-3 coordinates SOP reviews and assists with FSARs and operational

readiness reviews. HS-12

March 17, 1993 10-2
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provides dosimetry information. HS-5 conducts safety inspections, reviews SOP, and provides general

operational safety assistance. HS-5 also tests, inspects, and centifies high-cfficiency particulate air (HEPA)

filtration systems; provides respiratory-protection fitting and training; and provides chemical and noise

monitoring. EM-7 assists in waste disposal and sampling. EM-8 is involved in routine environmental

monitoring, documentation, and evaluation. ENG-8, the Fire Protection and Utilities Group, provides fire

detection and alarm systems, pre-testing of the suppression systems, and evaluation of fire protection

concerns. In addition the Los Alamos County Fire Depariment provides fire planning and emergency-

response support. The Emergency Management Office assists with emergency planning.

10.8

GTA Responsibilities

ES&H responsibilities for the GTA program are in accordance with Laboratory policies and administrative

requirements. A partial list of responsibilities is included here to indicate the general delegation of responsi-

bilities throughout the administrative organization.

10.8.1 Division Leader

The division leader is responsible for ensuring that ES&H responsibilities are discharged by those
under his control. The division leader must ensure that programs and procedures for occupational
safety, radiation protection, waste management, emergency preparedness, and all other aspects of

ES&H are implemented in all arcas and operations under his jurisdiction.

10.8.2 Program Manager

The program manager has the overall responsibility and authority for GTA safety and will be
responsible for setting the GTA safety policy and, in conjunction with the cognizant ES&H
organizations, maintaining safety oversight. He is the GTA safety approval authority for safety-

critical portions of program documentation,

10.8.3 Division Safety Officer
The division safety officer oversees the administration of safcty requircments within the GTA
program so that program documentation rclated to safety, such as training and waste management,

is maintained and updated.

10.8.4  Supervisors
Supervisors are responsible for ensuring that individual responsibilities, as described in Section

10.8.5, are carried out by the personncel under their control. Supervisors are also responsible for:

March 24, 1993 10-4
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*  instructing employees, for whom they are responsible, in using safe techniques and
applying approved safety practices;

¢  ensuring that the SOPs are written for hazardous operations;

* reviewing and approving SOPs that are developed by their personnel;

*  assigning responsibilities for implementing ES&H requirements and ensuring that
safe practices are followed;

* ensuring that employees receive ES&H training as determined by job responsibili-
ties; and

* ensuring that major changes in operational procedures, new techniques, alterations in
physical plant, or new operations are reviewed for their impact on personnel safety,

the environment, or regulatory concerns.

10.8.5 Employees
Individual employees in the GTA program are responsible for:
*  keeping their own exposures to radiation, and those of others, as low as reasonably
achievable;
¢ reporting injuries promptly to supervisors;
* carrying out recommendations of HS or EM divisions in controlling hazards for
which they are responsible;
* contacting a supervisor or HS Division when the hazards of a substance or operation
are not fully understood, in which case, no action shall be taken until the required

precautions have been identified and taken;
*  proper handling, storing, and labcling of chemicals for which they are responsible;

¢ making themselves familiar with the material safety data sheet for materials used in

their work; and

*  disposing of wastcs in accordance with Laboratory requirements.

10.9 Plant Security

The GTA program is a classificd U. S. Department of Defense program. GTA contains substantial ele-
menits classified as SECRET, NSI, or CONFIDENTIAL, NSI, and nonclassificd sensitive information.
The major part of the GTA program is consequently in a sccure arca at TA-53. The heavy line on

Fig. 10-2 shows the fenced perimeter of the sccure GTA arca at AT Division. Building MPF-365 houses

the accelerator and is within the fence.

10-5 March 24, 1993
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The Laboratory's protective force provides security inspectors to man the access gates. Pedestrians may
enter the fenced area through access gates 457 and 458. The security inspectors man Gate 457 24 hr/day,
7 days/wk, and Gate 458 11 hr/day during the work week. Security inspectors have access to all security
areas within the fenced perimeter, Badge readers are posted at gates 457 and 458. Persons who can read
their badges into the reader data base are allowed access to the facility.

Within the fenced perimeter are additional secure areas, which further limit access to particular zones. Ac-
cess to these areas is contingent on a "need to know" basis. All security inspectors serving these areas

have access to these secure zones.

10.9.1 Hazards and Security

Typical emergency situations, such as fire and injury to personnel, require immediate access to the
interior of the fenced perimeter. All security inspectors have keys and access to all secure areas. If
a security inspector is not available, the Los Alamos Fire Department is prepared, and has the
authority, to cut locks to obtain access. Such access enables emergency response vehicles and

personnel to operate within the secure areas with little or no delay.

10-7 July 22, 1992
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11.0 ENVIRONMENTAL, SAFETY, AND HEALTH SYSTEMS CRITICAL TO
SAFETY

This chapter explains the environmental, safety, and health (ES&H) systems critical to safety for Ground

Test Accelerator (GTA) operations.

The GTA ES&H systems critical to personnel safety in Phase 2 operations are:

* radiation personnel safety system (RPSS);

¢ shielding;

* interlock systems, including the injector and RF-power system interlock chain;

* fire, detection, and protection systems;

*  Oxygen monitors;

*  air-activation, radiation monitoring;

* hydrogen monitors;

* heating, ventilating, and air conditioning; and

¢ cryogen cooling system, including the hydrogen and helium systems.
Subsequent facility or equipment modifications will be implemented under the same consequence-of-failure
type (CFT)/quality assurance (QA) requirements imposed in the initial design and construction. Other
general industrial-type systems, such as waste-disposal and material-handling equipment, are covered in the

chapters that particularly address these items.

The acceptance qualifications for ES&H systems include the following:

* comprehensive testing of RPSS interlocks;

¢ radiation surveys to verify adequacy of shiclding;

¢ local testing and calibration of all safety monitors;;

* testing of the fire protection and suppression systems by ENG-8 and Johnson Controls before
the building was occupied;

* testing interlock system for high vollage by observing the operation of the shorting
mechanism; and

¢ lesting oxygen monitors according to manuflacturer's recommendations.

11.1 Radiation Personnel Safety System

The RPSS is intended to prevent injury from radiation. As originally planned for 100 MeV operation at
2% duty factor the system was to consist of two main components: an access-control system and a
radiation-iﬁterlock system. Shielding calculations for 24 McV operation at 0.2% have shown that radiation

levels outside the tunnel will not represent a safety hazard to operating personnel. While radiation survey
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11.0 ENVIRONMENTAL, SAFETY, AND HEALTH SYSTEMS CRITICAL TO SAFETY

measurements will be taken at selected locations outside the tunnel the monitors will not be interiocked
with the RPSS. The access-control system is intended to prevent unauthorized or accidental entry into
areas where the radiation dose rate due to normal operation of the accelerator could exceed 5 mrem/hr.
Elements of this system include physical barriers, signs, warning lights, audible-warning devices, and a
body of administrative procedures that will define conditions for safe entry and lockup. Administrative
procedures will determine instrument-trip levels, define calibration and check procedures, and specify

maximum intervals between checks.
The RPSS interlock design includes the following features:

¢ The RPSS interlock design is simple and consistent with the protection needed. It uses hard-

wired relays and is easy to understand and trouble-shoot. It is designed to minimize the
number of false trips.

* Loss of ac power to the RPSS, or dc power to logic circuits or to components in the beam

area, trip the RPSS and cause beam shutdown.

*  Beam shutdown on a RPSS trip is achieved in two ways: a beam plug is inserted in the

LEBT line; and RF power to the radio-frequency quadrupole (RFQ), intertank matching system
(IMS), and drift-tube linac (DTL) is turned off.

*  To reduce the likelihood of accidental damage or tampering, all cables and connections are
protected. Cables are run in wire ways, cable trays, conduits, or ducts for protection.
Conncctions beiween system components arc made in locked junction boxes from which all
non-RPSS wiring is excluded. Logic equipment is mounted in a stand-alone locked rack.

RPSS junction boxes and racks will be labeled as such with appropriate warnings concerning

unauthorized disturbance.

*  Status pancls at doors 3 and 4 and in the control room track the progress of a sweep and

lockup and facilitate identification of faults.

*  Contacts from the RPSS summation arc uscd in other interlock systems such as run-permit,

beam-plug permissive, and RF permissive, but other interlock systems have no input to the

RPSS. This is consistent with the intent to keep the logic and operation of the RPSS as

simple as possible.
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11.0 ENVIRONMENTAL, SAFETY, AND HEALTH SYSTEMS CRITICAL TO SAFETY

Illuminated signs and flashing-red lights indicate the status of the access-control outside each

of the three principal entries to the beam area and at three locations inside the beam tunnel.

Warning homs and strobe lights are mounted in the tunnel near each set of illuminated signs.

Scram switches with large red mushroom-head buttons are clearly visible, labeled, and readily

accessible in the beam tunnel and the underlying basements. They are located so that no

person can be more than 50 ft from the necarest switch.

Inner doors cannot be locked from the inside. Shicld plugs and doors are equipped with

emergency-exit mechanisms.

Before the accelerator is turned on, members of the operating group perform a personnel
clearance sweep and lockup of the beam tunnel and the underlying basements. The sweep is
initiated by illuminating SWEEP IN PROGRESS signs, a three-second horn, and a voice
announcement on the public-address (PA) system. All doors are locked from the outside to
prevent people from entering behind the sweep tcam. Safety sweep reset switches (SSR)
define the search route to assure that all arcas come into view of the sweep team. After each
of the five zones is swept, the sweep tcam requests a sweep verification from the control-room
operator, after which a ZONE SECURE light is illuminated. When all zones are secure, all
shield doors are closed, and all Kirk keys are returned to the keybanks, a three-second hom is
sounded and red strobe lights are turned on in the beam tunnel. Afier a 60-second delay, RPSS

SECURE signs are illuminated inside the beam wunnel and at doors outside the tunnel, flash-

ing-red lights arc turned on at tunncl doorways, and the RPSS interlocks are satisfied.

Any violation of the area, such as the opening of a door or gate or pushing a scram swiich,
trips the RPSS and prevents beam opceration. In the unlikely event that someone does not
hear the first warning horn and sweep announcement, and is missed by the sweep team, he can
push a scram button and cxit the tunnel by any of the five doors. Pushing a scram button
turns off the accelerator and requires a new sweep. The scram buttons and doors, as well as
gaies, are separate inputs to the RPSS logic and provide sceveral layers of redundancy to back

up the sweep.

When the RPSS is secure, personnel access to the bcam tunnel at each doorway is blocked by

a Kirk-key system. The master relcase key is kept in the control room. The key release is
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powered with a standby power supply to assure emergency access into the beam tunnel if there

is a power outage. The two truck access doors are blocked by massive concrete shield blocks.

* During a sweep, if any zone has not been entered since the last authorized sweep of that zone,

it does not need to be reswept.

11.2  Shielding

During Phase 2 operations at 24 MeV, passive shielding built into the facility and stacked block shiclding
protects employees and the public from exposure to radiation. Most of the radiation originates in the tunnel
when the proton beam impacts components in the beam line. The built-in shielding and stacked block
shielding are critical to safety. The stacked block shiclding provides a local radiation shield when required
around beamline components. Shielding and its effectiveness is monitored by HS-1. Supplemental

shielding arrays are subject to configuration control.

11.3 Interlock Systems
The injector, the lasers, and the RF system each have their own interlock system, which shuts down their

electrical systems.

For the injector, 2 key-enabled high-voltage interlock system protects personnel and equipment. Entering
the safety enclosure around the two capacitor banks requircs opening the access door with a key. This

results in the shutdown of all ac power within the enclosure, the contact of a fall-down shorting system to
the high-voltage dome, and the activation of an automatic fall-down shorting system across both capacitor

banks.

The laser-interlock system consists of a mechanical disconnect that shuts off the laser power. Interlocks are

at the entrance of the laser enclosure. Remote operation of the laser is not allowed unless all interlocks

indicate the integrity of the laser beam enclosure (bcam tube).

The RF system has several interlocks. One interlock consists of a Kirk-key system for the capacitor room
of the 850-MHz klystron. The key is interlocked to the equipment inside the capacitor room. Opening the
door activates the interlocks, grounding the capacitors, and causing the room to shut down. Two other
interlock systems exist for the 850-MHz klystron station and the 425-MHz tetrode station. All safety-
interlock systems have emergency shutoff switches on front pancls and walls that shut off the high voltage

to tetrode and klystron sections.
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11.3.1 Injector and RF Power-system Interlock Chain
The high-voltage components of the RF systems and the injector have hard-wire interlocks for
personnel and equipment safety. These systems also have software interlocks to protect equip-

ment, but all personnel safety situations are hard-wire protected.

The injector high-voltage interlock chain consists of an exterior emergency mushroom push
button, six door interlock switches, a capacitor bank enclosure key switch, and the high-voltage
shield switch. The interlock chain for the injector has a latch, so that, as long as the interlocks are
made up, the computer can permit 110 V ac through a switch to the coil, which closes the
contacts for the 208 V ac, 3¢. The interlocks are wired so, if the interlock chain is broken, not
only does the computer permitted switch open, but it must be reset after the interlock chain is
again made up. The capacitor bank for the injector has a fall-down shorting system discharging the

capacitors when the interlock chain is interrupted.

There are two RF high-power interlock systems, the tetrode amplifiers (see Fig. 11-1), and the
klystron modulator amplifiers (see Fig. 11-2). The tetrode amplifiers rely on two redundant inter-
lock chains for protection of personnel and equipment. The interlocks included in each chain are:
hardwire—shorting stick, tetrode door, triode door, nitrogen pressure with relay, and external inter-
lock;—and software (Allen-Bradiey) - tetrode door, triode door, external interlock, and shorting
stick. The personnel safety chain is hard-wired to high-voltage power supplies. If this chain is
interrupted, the 3-kV and 5-kV power supplies are disabled. The second chain is passed through
the Allen-Bradley controller. If this chain is intcrrupted, the 3-kV, 5-kV, and 20-kV power
supplies are disabled. In the absence of an intcrlock failure, both chains will shut down equipment

if there is an interlock interruption.

Another method is used to interlock the 20-kV power supply (which is not included in the hard-
wire chain because of hardware constraints). The 20-kV supply delivers voltage to a pressurized
vessel (tetrode cavity). The penetration of the high-voltage cable into the pressure vessel is essen-
tial to the integrity of the pressure vesscl; the vessel cannot be pressurized unless the high-voliage
cable is in placc. Measurement of the pressure in the pressure vessel is used to interlock the

20-kV power supply, ensuring that the 20-kV power supply cannot be enabled unless the high-

voltage cablc is in place and the integrity of the pressure vessel is maintained.
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11.0 ENVIRONMENTAL, SAFETY, AND HEALTH SYSTEMS CRITICAL TO SAFETY

The klystron modulators have redundant hardwire and software interlock chains. The interlock
chain is a summation of the modulator deck lid, a Kirk-key switch on the capacitor room door, a

summation of A/B logic, ground hooks in the capacitor room, a manual safety capacitor discharge,

and a scram button. This summation closes a contact that goes to the high-voltage power supply

controller, which has an external interlock pair. Opening these contacts turns the high voltage off.

The RF transport system (waveguide and rigid coax) is interlocked with air pressure switches to
ensure that the high-power RF cannot be turned on if the integrity of the transport system is

violated.

11.4 Fire Detection and Suppression Systems

Fire detection and suppression systems are described in Scction 4.1.5.

11.5 Oxygen Monitors

The RFQ, IMS, and DTL are cryogenically cooled with gaseous helium from the 40-kW CCS. For
24-MeV operation, oxygen monitors are in the beam tunncl, the laser and waveguide basements, the CCS
equipment room, and the cryogenic-compressor room cast of the GTA building. An oxygen monitor is
located near the HPTCB and the 750-W refrigerator. Oxygen monitors are commercially procured and are
set to alarm at 19.5% oxygen. They are serviced and calibrated according to a schedule maintained by the

installation/operations sector of the GTA program.

11.6 Radiation Monitoring
Radiation monitoring for personnel protection consists of two systems: neutron monitoring; and work-area

airborne monitoring. These systems are discussed in the following sections.

11.6.1 Neutron Monitoring
Albatross 2080 ncutron monitors will be used at sclected locations to the outside of the GTA
tunncl to confirm that radiation levels are within safcty limits. Potential locations to be surveyed
are

¢ atthe top of the laser basement stairway;

* atthe LINDA laser shield wall penctration or inside the LINDA laser lab (whichever

is more appropriate);

* outside of the cast high bay plug door;

*  south of the east high bay waveguide tunncl;

* along the wall inside the GTA alignment laboratory;

* in front of the steel-door tunncl entrance;
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* in front of the east (outside) plug door;_
* outside of the east fork-lift access door;
* above the overhead GTA tunnel access hatch; and

« above the cryogenic gas pipe chase in the CCS equipment room.

Albatross 2080 neutron monitors were developed by Los Alamos National Laboratory (LANL) to
monitor pulsed neutron fields at the Clinton P. Anderson Meson Physics Facility (LAMPF).
These units incorporate a.large (5 in. radius) polyethylene pseudo-sphere, which moderates and
thermalizes the neutrons. The thermalized neutrons then interact with a silver foil which is
wrapped around a small Geiger-Miiller (GM) tube. When the silver (Ag) interacts with a thermal
neutron, it is activated from non-radioactive Ag 109 to Ag 110, which has a 24.57-second half life.
The Ag 110 then decays by beta emission. After about three minutes, the Ag 110 comes into
equilibrium with the neutron activation. (It decays as rapidly as it is activated.) A separate GM
tube is wrapped in tin foil (1o duplicate the gamma absorption of the silver foil), placed inside the
Albatross and shielded from the beta particles produced by decay of the Ag 110. This GM tube
measures the background gamma radiation and subtracts it from the signal generated by the Ag 110
decay betas. A portion of the betas emitted from the Ag 110 are counted by the GM tube and

electronically converted to neutron dose rate in mrem/hr.

Albatross ncutron monitors are calibrated every six months at the LANL, HS-4 instrument

calibration facility. The monitors are also source checked with a portable sealed neutron source

before each experimental cycle to ensure instrument reliability.

11.6.2 Air Activation Monitoring

Kanne chambers (large flow through ion chambcrs) monitor the air in the GTA tnnel. Solenoid
valves ticd 10 sample ports spaced at intervals along the interior of the GTA tunnel draw air from
various sampling locations and through the kanne chamber(s). The solenoid valves can sample the
air of cach area independently or sample the air from the whole area. Air passing through the

kannc chambers is piped back to the GTA ventilation/stack system.

Using scenarios for 24-McV operation, LANL group T-2 completed a Monte Carlo computer
analysis of probable air-activation products and cstimated their concentration. According to this
estimate, the activation during this phasc of GTA will be quite small and may be unmeasurable.
Even though this is the case, GTA will still sct up the gas-monitoring system in a manner

consistent with sound radiological practice.
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When the accelerator is in operation, kanne chambers will continuously monitor tunnel air near
possible activation sources, After the running period, workers and experimenters will not be

allowed back in the accelerator tunnel until activated air concentrations are below DAC values.

11.7 Hydrogen Monitors
The GTA cryogenic site is monitored continuously for the presence of hydrogen gas or vapor by a
Bacharach CD850 four-channel gas detection and monitoring system. The system consists of four com-

bustible gas detectors with detector amplifiers and a four-channel control unit. Detectors are in four areas in

which combustible gases or vapors may be a hazard. The detectors are located at the hydrogen storage dewar
and run tank, inside the 40-kW CCS equipment room, and at the air inlet duct to MPF-365. The control
unit, common to all four of the detectors, is on the 40-kW CCS control rack, and the alarm is connected to
the GTA autodialer in MPF-365. The CD850 model control unit responds to gas signals with analog
percent-of-lower-explosive-limit (% L. E. L.) meter gas concentration readings. Front panel warning and
alarm lights signal the presence of dangerous concentrations of gas. If detector or detector circuitry failures
render a channel temporarily inoperative, this also is signaled .for each channel by a front panel failure

indicator light.

The four-channel gas detection and monitoring system may be operated in either of two modes--automatic
(AUTO) mode in which the percent L. E. L. meter and recorder respond to the individual channel that has
the strongest signal; or a manual channel selection mode in which meter and recorder monitor the area

selected by means of a manual control switch,

Each of the four detectors of the system contain a matched pair of resistor filaments; one coated (active)
with a catalyst that oxidizes combustible gases and vapors, and the other uncoated (reference), upon which
no oxidation of combustible gases or vapors occurs. The two resistor filaments, coated and uncoated are
connected in serics across a 6-V power supply. So connccted, the coated and uncoated resistor filaments
divide the applicd voltage equally in proportion to the cqual resistance values. A third lead connected
between the two resistors carries the voltage at this point (3 V if no combustible gas is at the detector) to
an amplifier circuit, which is housed in a junction box to which the detector is attached. A second input to
the amplificr from a voltage divider on the amplificr printed circuit board provides a standard 3-V reference
voltage with which to compare the signal voltage from the detector. In the absence of combustible gas at
the detector, the 3-V detector signal voltage cquals the 3-V voliage divider reference voltage at the opera-

tional amplificr inputs, so that the amplifier produces no output signal.

When combustible gases or vapors appear at the detector, the clectrical signals from the detector change in

proportion to the concentration of gas or vapor. Combustible gas is oxidized on the catalytic coating of the
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detector filament to heat and consequently increase the resistance of this filament. Now the constant 6-V
power supply voliage applied across the series-connected active and reference filaments in the detector
divides, not equally as in the no-gas condition, but in proportion to the differing resistances. The more gas,
the more heat from oxidation on the catalytic filament and the higher the resistance of this filament. With
higher resistance comes a larger voltage drop across the resistance, so that the volitage at the signal lead
between the coupled resistors becomes less. Consequently, the signal voltage and the standard reference
voltage at the tow inputs of the operational amplifier differ, resulting in a signal output from the amplifier.

The amplifier output signal, an electrical analog of the concentration of combustible gas at the detector, is

conducted to the remote system control unit for further processing and display.

11,8 Heating, Ventilation, and Air Conditioning

Heating, ventilating, and air conditioning systems are described in Section 4.1.4.

11.9  Cryogenic-cooling System (CCS)

In order to maximize the overall safety of the CCS and its planned operations, a group of experts in the
field of cryogenic engineering and technology performed an independent safety review of the design. The
report by this group is given in Appendix S. As a result of the group’s recommendations, a number of
additional safety features were incorporated into the basic safety design provided by the CCS contractor.

The following subsections describe the principal safety features that are in addition to site construction, and

fire and lightning protection and detection, which are described in chapters 4 and 5.

11.9.1 Hydrogen System
The hydrogen system is outdoors and consists of the LH, dewar, the LH, transfer system, the LH,

run dewar, an atmospheric vent near the storage dewar, and a flare stack for the run dewar vent.

All materials in the hydrogen system are sclected for their compatibility with hydrogen service for
the designed temperatures and pressurcs of the CCS. The system is designed to allow inert gas

purging of all lines and equipment before introducing hydrogen, as well as post-run purging.

The piping system has sufficicnt flexibility to cnsure that no excess stresses build up during cool
down, operation, or warm-up. The piping has the proper fixcd support points and the proper
expansion/contraction loops and bellows in the vacuum jackets. The piping design incorporates
pressure-relief safety devices to ensure that there are no trapped volumes between valves. Both
safety-relicf valves and rupture disks will be providcd. for the storage and run dewars, and the trans-
fer and fill lines will have two safcty relief valves in cach section, which can be isolated by shutoff

or control valves. All relief valves will be tested, and pressure settings, as shown in Table XI-2,
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will be designated on the device with a metal tag. Vent points will be a minimum of 10 fi above

ground and 50 ft from the nearest roadway. The atmospheric vent will be oriented to ensure that

the exhausted fluid cannot impinge on personnel, equipment, or combustible materials. Thermal

insulation will cover any exposed surfaces that can be cooled below 0°F by the process.

Check valves will be provided in the vent stacks to ensure a positive pressure and to prevent the

back-diffusion of air. In addition, a flare will be provided at the run dewar vent stack discharge to

ensure that no flammable mixture of hydrogen and air will reach the GTA site boundary along La

Mesita Road.

All vacuum-insulated pipe spools are mass spectrometer leak-tested after fabrication. The thermal-

insulation system for the vacuum jacket will be tested to show a no-leak indication using a

Table XI-2 CCS Pressure Summary

Normal Relief Valve (RYV) Maximum Test
Component Operating and Rupture Disk | Allowable Working | Pressure
Range (psig) | (RD) Setting (psig)| Pressure (psig) (psig)
LH, storage dewar -11.510 15 25 (RV) 25 37.5
30 RD) (116%)
LH, run dewar -11.5w 15 25 (RY) 150 225
35(RD)
LH, transfer line -11.5t0 15 200 (RV) 244
LN, storage dewar 0to 20 35 RV) 75
40 RD)
LN, run dewar Ot 10 15 (RV) 20 30
17 (RD)
LN, transfer line 0t 20 400 (RV) 670
GHe recovery tank 010 235 250 (RV) 250 375
GHe circulation lines -11.5 10 350 400 (RV) 484
GHe purifier dewar 0 not requircd 30
GHe high-pressure 250 10 2,200 3,000 (RD) 3,000 4,500
slorage
GN,, high-pressure 250 10 2,200 3,000 (RD) 3,000 4,500
storage .

* Maximum allowable working pressurc when originally placed in service.

portable Hastings vacuum gauge. Afier installing the system, all bayonet flange joints in the

hydrogen pipe spools will be seal-welded to prevent lcakage.

March 17, 1993
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Electrical equipment associated with the LH, system meets the requirements of Class 1, Divi-

sion 2, Group B explosionproof electrical equipment. The electrical codes that cover explosion-
proof electrical equipment for hydrogen-system use include the National Electrical Manufacturers
Association (NEMA) Standards for Electrical Motorfs and Cabinets; National Environmental Policy
Act (NEPA); National Electrical Code (NEC); National Fire Protection Association (NFPA)
Standard No. 78, Standard for Liquified Hydrogen Systems at Consumer Sites; and NFPA 50B,
Section 4-9, Items 4-9.1 and 4-9.2.

A four-channel hydrogen monitor is included in the control console in the CCS equipment room.
One sensor is in the vicinity of the run dewar; another sensor is at the LH, storage dewar fill
station; a third sensor is in the CCS equipment room; and the fourth sensor is in the main air
intake for the GTA building. This system provides continuous sample monitoring and alarm

protection.

Concrete barriers (also known as Jersey Bounces) are installed along La Mesita Road to prevent an
errant vehicle from crashing into the hydrogen components ard the transfer line. The barrier is
designed to deflect a light truck traveling at 50 mph. In addition, a similar barrier is along the
transfer line to prevent vehicles and fork lifts from damaging the line. Aluminum slats are built
into the chain-link fence along La Mesita Road to provide a thermal-radiation barrier in the event
of a possible on-site fire from the accidental release of hydrogen. Television surveillance, by

consoles in the main GTA control room, monitors personnel activities within the CCS site and

the equipment building,

Although the LH, capacity of the run dewar is 4,050 gal, it will be operated under active-level
control and will contain no more than 1,500 gai of LH, at any time to minimize the potential
hazard from the amount of stored hydrogen. Also, for GTA experiments 2D through 5, it will not
be necessary to contain more than ~14,000 gal in the 28,000-gal storage dewar, which is deter-
mined primarily by the 13,000-gal delivery capacity of an LH, transport trailer.

For backup safety protection during fill operations, the LH,-storage fill line is provided with a
remotely operated shutoff valve that can be activated from the fill station, from the entrance gate to
the storage arca, and from the control console. The LH, run dewar has a liquid sensor gauge in the

vent stack that is interlocked with the LH, storage dewar shutoff valve to prevent LH, overflow

from the vent stack.
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11.9.2 Helium System
The helium system consists of a circulating compressor, heat exchangers in the LH, and LN, run

dewars, purifier, warm-up heater section, and helium-transfer lines outside and within the accelera-

tor tunnel. This closed-loop system will deliver GHe at 318 psia to the accelerator.

The circulating compressor has both over-épeed and power-overioad protection. During system
operation, overpressure protection is provided by a pressure regulating control valve in the circulat-
ing loop, which returns helium to the recovery system to maintain safe operating pressure.

All materials in the helium system have been selected for their compatibility with the designed
temperatures and pressures of ihe system. Proper flexibility is incorporated into the design of the
system to ensure that design stresses are not exceeded during cool down, operation, or warm-up.
External insulation will shield any surfaces that can become sufficiently cold to cause cryogenic

burn or injury to personnel.

The system incorporates safety relief valves to ensure that no trapped volumes exist between
valves or other nonvented areas in the system. The relief valves will be set at, or below, pressure

levels stated in American National Standards Institute 31.3, section 322.6.3. They will be tested,

and the pressure settings will be stamped on a metal tag on the device.
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The Ground Test Accelerator (GTA) and Accelerator Test (AT) Division activities do not include process-
type operations, therefore, only small to moderate quantities of low-level radioactive and hazardous chemi-
cal wastes and, possibly, activated cooling water are gencrated. Due to the similarity of waste streams
generated within AT Division, waste-management activities have been addressed in one AT Division safe

operating procedure (AT-D0:92-01) for radioactive- and chemical-waste management.

AT Division does not handle any transuranic or fissile materials. Waste streams from the GTA project are,
therefore, limited to solid or liquid materials activated by proximity to, or contact with, the particle beam,
hazardous chemical wastes (primarily used solvents), nonhazardous wastes and ordinary trash, excess
property, nonhazardous vacuum pump oil, and sanitary waste. Mixed, asbestos, and polychlorinated

bipheny! (PCB) wastes are not expected to be generated.

The AT Division Environmental, Safety and Health (ES&H) officer is assigned the responsibility for ad-
ministering and overseeing division waste-management and waste-minimization activities. A designated
waste-management coordinaltor is responsible for maintaining and inspecting storage areas, for coordinating

disposal, and for record keeping for the GTA facility.

Waste-management coordinators are trained in accordance with Laboratory requirements, and must be
familiar with appropriate LANL administrative requirements (AR) and the AT Division waste management
SOP. Waste generators are trained in waste-disposal procedures as per Laboratory requirements. In addi-
tion, waste-management coordinators and building managers must ensure that waste generators are familiar

with waste-disposal procedures for each waste-storage area.

Transport of wastes is normally done by the Laboratory's waélc management group, EM-7. A special work
permit or transport forms will be generated for any waste-Lransport activities done by GTA instead of
EM-7.

The generation and description of typical waste strcams and methods of storage and disposal are discussed

in the following sections.

12.1 Low-level Radioactive Waste
Low-level radioactive wastes are generated by contact with, or proximity to, accelerated particle beams.

The waste materials are primarily metallic beam-line components that, after exposure to the beam, have

residual gamma and beta activity. Items that have been on a beam line are monitored before their removal
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from the controlled area where the activation occurred. Items that may have low-level radioactivity are
kept in designated controlled areas until they can be monitored. Monitoring is arranged through the HS-1
Accelerator Health Physics Section at TA-53. Suspect items are held in a staging area south of MPF-17 at
TA-53. Some GTA personnel are also trained in the use of monitoring instruments and are authorized to

monitor beam-line equipment for removal from the beam line.

Some suspect items may be disassembled to facilitate monitoring. After monitoring, items are either re-

leased as excess property in accordance with AR 10-6 "Excess Government Personal Property” or disposed

of as low-level waste in accordance with AR 10-2 "Low-level Radioactive Solid Waste.” If complete
monitoring of an item is not possible, and lack of activation cannot be demonstrated by analysis or

knowledge of history or process, it is treated as low-level waste.

Most low-level waste is expected to be noncompactible and will be stored in a designated locked dumpster
at TA-53 before pickup by EM-7. Items too large for the dumpster will be packaged and marked in accor-
dance with AR 10-2 and stored in a designated controlled area before'pickup. The small amounts of com-
pactible waste that are expected will be collected in designated radioactive-waste containers—cardboard
boxes lined with a plastic bag—in the work area. This waste will be packaged and marked as compactible

waste in accordance with AR 10-2.

Some nonhazardous-waste oils (such as those from vacuum pumps on a beam line) may be categorized as
low-level waste. In this case, they are absorbed in an appropriate manner and disposed of in accordance
with AR 10-2.

Approval for shipment and pickup of wastes by EM-7 is coordinated by the waste-management coordinator

or the AT property administrator. Both are also responsible for proper packaging in accordance with AR
10-2. '

Replacement of the high cfficiency particulate air (HEPA) filiers in the GTA beam-tunnel ventilation sys-
tem is not expected until GTA has operated above 24 MeV for a number of years. Contamination will only
consist of activated dust particles. If the filters arc determined to be low-level waste, they will be packaged

under the dircction of ENG-6 (Facility Maintenance) and disposed of in accordance with AR 10-2.

12.2 Radioactive-liquid Waste
Water used to cool components of the GTA.bcam linc, when operating GTA above 24 MeV, may become
contaminated with tritium duc to activation of the water. GTA sclf-contained portable chillers

contaminatcd water, which are physically isolated from the cooling water system for nonbeam line equip-
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ment. The water will not have any hazardous chemical components. Water is sampled by HS-1 and
analysed by HS-8. When water disposal is necessary, the chiller is drained outside the building, and the
water is transported to a disposal location as directed by EM-7.

12.3 Hazardous-chemical Waste

The bulk of hazardous-chemical waste from GTA consists of flammable solvents (e.g., acetone, ethanol,
and methanol), halogenated solvents used for cleaning, and rags or wipes used in such cleaning. Other
chemicals, such as methylene chloride, cutting fluids, adhesives, and paints may contribute to the waste

stream in varying smaller quantities.

Hazardous wastes are disposed of in satellite storage areas (SSA) in building MPF-365. SSA containers are
identified with standard Laboratory hazardous-waste labels. Waste liquids are segregated as flammable
solvents, halogenated solvents, and, if necessary, into other chemicals categories, according to EM-7 guid-
ance. A "less-than-90-day" storage area is not anticipated for GTA but, if one is required, the responsibility
for inspection and compliance with Laboratory requircments will be assigned to the waste-management
coordinator. The waste coordinator is responsible for inspecting SSAs and monitoring the quantity of
wastes stored. When 80% of the 55-gal capacity of a SSA is reached, the waste coordinator fills out a
chemical-waste disposal request and arranges for EM-7 to pickup the waste. U.S. Department of Transpor-

tation specified containers for transport are provided by the waste coordinator.

12.4 Nonhazardous Wastes

Nonhazardous wastes consist of non-PCB waste oils, chemicals not classified as hazardous wastes (and
with no hazardous constituents), and ordinary trash. Most nonhazardous wastes (with the exception of oils)
are disposed of as trash and are transported to the sanitary landfill. Non-suspect vacuum pump oil and

diclectric oil is collected in 30-gal drums when dirty and disposal is arranged with EM-7.
Compressed-gas cylinders are returned to the Laboratory’s gas processing center or the cylinder supplier

for reuse. Excess government property (salvage) is sent to Johnson Controls' Redistribution and Marketing

Section for resale.
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This chapter describes the features of the environmental monitoring program for the Ground Test Accelera-
tor (GTA). The Los Alamos National Laboratory has an established routine environmental monitoring
program, so the Laboratory-wide program handles the monitoring for GTA. The Environmental Protection
Group, EM-8, coordinates most of the activities in the environmental monitoring program. The material
for this chapter was extracted from the most recent environmental surveillance report, "Environmental
Surveillance at Los Alamos During 1990, LA-12271-MS." Phase 2 operations produce air activation, low-
level radioactive waste, and hazardous chemical waste.

13.1 Objectives and Criteria
The Laboratory conducts routine monitoring for radiation, radioactive materials, and hazardous chemical
substances at the site as well as in the surrounding region. Monitoring results are used to:

e document compliance with appropriate standards;

*  identify trends;

* provide information for the public;

e contribute to general environmental knowledge; and

¢ assess the Laboratory's impact on the surrounding environment.

The monitoring program also supports the Laboratory's policy to protect the public, employees, and envi-
ronment from harm that could be caused by Laboratory activities and to reduce environmental impacts to the

greatest degree practicable.

The surveillance program complies with U.S. Department of Energy (DOE) Orders 5400.1, "General Envi-
ronmental Protection Program," and 5484.1, "Environmental Protection, Safety, and Health Protection
Information Reporting Requirements.” The results of the program are reported in detail in a series of annual
reports that are distributed to the public.

13.2 Guards Against Accumulating Radioactive and Hazardous Materials

The Laboratory is implementing a waste-minimization program to reduce radioactive and hazardous materi-
als. The Waste Management Group, EM-7, prepared a "Waste Minimization and Pollution Prevention
Awareness Program Plan,” per DOE orders 5400.1, 5820.2A, and 5400.3. The plan is in final draft form.
An objective of the waste-minimization program is to educate generators of radioactive and hazardous mate-
rials in ways to reduce their wastes by finding alternative materials or by ordering smaller quantities of the
materials. Waste minimization for GTA is addressed in SOP AT-D0:92-01. A copy of the SOP is
contained in Appendix N. ,
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The GTA program, HS, and EM conduct training in waste handling, and hazard communication. In
addition, the GTA program has appointed a waste coordinator for the facility.

13.3 Potential Exposure Pathways

The exposure pathways considered for Los Alamos are atmospheric transport of airborne radioactive
emissions, hydrologic transport of treated liquid effluents, food chains, and direct exposure to external
penetrating radiation. The principal pathway of exposure at Los Alamos has been via the release of
radionuclides into the air, resulting in external radiation doses to the whole body. Other pathways

coatribute finite, but negligible, doses.

Exposure to radioactive materials or radiation in the environment is determined by direct measurements of
airborne and waterborne contaminants, of contaminants in foodstuffs, and of external penetrating radiation.
The impact of environmental releases of radioactivity is evaluated by estimating doses received by the
public from exposure to these releases. These doses are then compared with applicable standards and with
doses from background, medical, and dental radiation. DOE's public dose limit (PDL) restricts the effective
dose equivalent to 100 mrem/yr for all exposure pathways. The Environmental Protection Agency (EPA)
further limits the air pathway exposure by imposing a limit of 10 mrem/yr (effective dose equivalent).

13.4 Air Monitoring
The Laboratory routinely samples ambient air at several locations on the site, along the Laboratory perim-

eter, and in distant areas that serve as regional background stations. The air-sampling network for radio-
activity consists of 28 continuously operating stations. Thirteen perimeter stations are within 4 km
(2.5 mi) of the Laboratory boundary, and 12 on-site stations are within the Laboratory boundary. The
regional monitoring stations, located 28 to 44 km (18 to 28 mi) from the Laboratory in Espanola,
Pojoaque, and Santa Fe, are reference points for determining regional background levels of atmospheric

radioactivity. Figure 13-1 shows the air-sampling stations.

13.4.1 TA-53 Network
An on-site monitoring station, on the site boundary for TA-53, is at the location of maximum off-

site impact from GTA and the Clinton P. Anderson Meson Physics Facility (LAMPF) emissions.

GTA and LAMPF emissions are monitored mainly with thermoluminescent dosimetry (TLD)
stations. Other emissions will be monitored with air samples. (See Section 13.9 for a detailed

description of the TLD network.)
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Fig. 13-1. Air-sampling locations on or near the Laboratory site.
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13.4.2 Analyses

Samples are collected monthly at the 28 continuously operating stations. Air pumps with flow
rates of about 3 £/s are used. Airbome aerosols are collected on 79-mm-diameter polystyrene
filters. On a quarterly basis, the monthly filters for each station are collected and cut in half, The
filter halves are combined to produce two qﬁarterly composite samples for each station. The first
group is analyzed for 238Pu, 229240py, and 2*!Am (on selected filters). The second group of filter
halves is saved for uranium analysis. Silica gel cartridges from the 28 air sampling stations are

analyzed monthly for tritiated water.

13.4.3 Radioactive Airborne Emissions

During 1990 radioactive-airborne emissions were monitored from 88 discharge locations within the
Laboratory. The Laboratory routinely samples air for tritium, uranium, plutonium, americium,
and gross beta activity. Quantities of airborne radioactivity released depend on the nature of on-
going research activities and vary significantly from year to year as shown in Figs. 13-2 to 13-4.
Measurements of radioactivity are compared with concentration guides based upon DOE's PDL.
These guides are concentrations of radioactivity in air breathed continuously throughout the year,
which result in effective doses equal to DOE's PDL of 100 mrem/yr for off-site areas (known as
Derived Concentration Guides for Uncontrolled Areas) and to the occupational radiation protection
standards (RPS) for on-site areas (known as Concenu.ation Guides for Controlled Areas).

Only the on-site tritium air concentrations showed any measurable impact resulting from Labora-
tory operations. Annual average concentration of tritium remained less than 0.1% of DOE's guides
at all stations and posed no environmental or health problems in 1990. Annual average concentra-

tions of longer-lived radionuclides in air were also less that 0.1% of the guides during 1990.
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13.4.4 Nonradioactive Airborne Chemicals

Each type of emission is documented in "Environmental Surveillance at Los Alamos During

1990." The GTA project will release no significant nonradioactive airborne chemicals during its

operation except motor vehicle emissions.

13.4.4.1 Acid Precipitation - The Laboratory operates a wet deposition monitor-
ing station at Bandelier National Monument. This station is part of the National Atmos-
pheric Deposition Program (NADP) network. The NADP is an independently operated
network of monitoring stations located throughout the United States, which are designed
to measure regional deposition rates. The samples are collected following standardized
procedures and chemically characterized by the NADP Central Analytical Laboratory.

13.4.4.2 Ambient Air Monitoring - Bg:cause the Los Alamos area is remote from
large metropolitan areas and major sources of air pollution, extensive monitoring for non-
radioactive air pollutants has not been conducted. In 1990, the Laboratory operated an
ambient air monitoring station south of TA-49 and adjacent to Bandelier National

Monument. Data have been collected for ozone, PM,, nitrogen dioxide, sulfur dioxide,

and beryllium,

13.4.4.3 Toxic Air Pollutant Sampling Program - During 1990, the Labora-
tory designed a short-term, intensive toxic air pollutant sampling program. This program
was designed to address the complex terrain and metcorology of the area, the low levels of
airbome chemical emissions from the Laboratory operations, and potential interferences
from Los Alamos community cmissions. Three classes of target chemicals were ad-
dressed in the plan: inorganic acids, metals, and organic vapors. These chemical classes
arc representative of the types of emissions from the Laboratory. Five sampling loca-
tions have becen identificd as sites for air samplers. Four were chosen to be downwind of
major Laboratory emission sources; onc is upwind of all Laboratory areas. This study as
conducted early in 1991. It will provide a detailed and comprehensive evaluation of the
impact of the Laboratory's chemical cmissions on ambient air quality. These data will be

used to guide any future air quality studics.

13.5 Meteorological Modeling, Dispersion, and Annual Wind Rose

A detailed report of the climatology and metcorology of the Los Alamos area is in Section 3.5.
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13.5.1 TA-53 Network

Two meteorological towers, one on the north side of LAMPF and one across the Los Alamos
Canyon, are operated to provide site-specific meteorological data for TA-53. Section 3.4 includes a
wind rose for the GTA site, TA-53.

13.6 Water Monitoring
Surface and ground waters from regional, perimeter, and on-site stations are monitored to provide routine
surveillance of Laboratory operations. Concentrations of radionuclides in water samples are compared with

guides derived from DOE's RPS. Routine analyses of watcr samples have been carried out for many

chemicals since about 1949.

Regional surface-water samples are collected within 75 km (47 mi) of the Laboratory from six stations on
the Rio Grande, Rio Chama, and Jemez River. Figure 13-5 shows these stations. The six sampling
stations are at U.S. Geological Survey Gauging Stations. These waters provided baseline data for radio-
chemical and chemical analyses in areas beyond the Laboratory boundary.

Perimeter stations within 4 km (2.5 mi) of Los Alamos include surface-water stations at Los Alamos
Reservoir, Guaje Canyon, Frijoles Canyon, and three springs: La Mesita, Indian, and Sacred. Other

perimeter stations are in White Rock Canyon along the Rio Grande just east of the Laboratory.

On-site sampling stations are those not in efflucnt-relcase arcas and those in areas that are receiving, or that
have received, treated industrial or sanitary effluents, such as on-site wells and canyons downstream from

technical areas. Figure 13-6 shows the perimeter and on-site sampling stations for the Laboratory.

13.6.1 TA-53

The GTA project has access to a sanitary sewage laéoon system that serves LAMPF. In the past,
treated liquid efflucnts containing low levels of radioactivity have been released from this lagoon
system. The lagoon system has since been modificd 10 separale sanitary sewage from radioactive
wasle waler and to eliminate discharge of radioactive waste water to the environment. Evaporation
of tritiated water to the environment, however, will still occur. The lagoon system surveillance is
part of the on-site sampling of the Laboratory's monitoring program. If a spill occurs in the

lagoon system, EM-7 and EM-8 will coordinatc special monitoring activities.
13.6.2  Analyses

Water sampling and analysis is conducted in compliance with the Safe Drinking Water Act.

Samples are taken monthly at TA-53 for coliform bacteria analysis. Chemical samples are taken
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Fig. 13-5. Regional surface-water, sediment, and soil sampling locations.
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Fig. 13-6. Surface and ground-water sampling locations on, and near, the Laboratory site.
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at the well field once a year. The samples are analyzed radiochemically for 3H, 13Cs, total U,
238py, and 239240py, and for gross alpha, beta, and gamma activities. The chemical analyses

include analyzing SiO,, Ca, Mg, K, Na, CO;, HCOs, P, SO,, Cl, F, NOs-, N, and total dissolved

solids.

In 1990, only the surface waters and shallow groundwaters in on-site liquid-effiuent release areas
contained radioactivity in concentrations above natural terrestrial and worldwide fallout levels.
These waters are not a source of industrial, agricultural, or municipal-water supplies. The quality
of water from regional, perimeter, and on-site arcas that have received no direct discharge showed
no significant effects from Laboratory releases. Samples from test wells and water-supply wells
continued to show no radioactive or chemical contamination in the deep aquifer that occurs 180 to

360 m (600 to 1,200 ft) beneath the Pajarito Platcau.

Current waste monitoring at TA-53 includes cooling tower blow down from outfall 03A113.
Sanitary wastewaters discharged from the lagoons through outfall 09S are monitored and reported
to the EPA in accordance with the Laboratory’s NPDES permit No. NM0028355.

Cooling tower blow down is monitored for free available chlorine, total phosphorus, total sus-
pended solids (TSS), and pH. Sanitary effluent is mqnitored for biochemical oxygen demand,
TSS, and pH.

13.7 Soil and Sediment Sampling

Mcasurements of radioactivity in soil and sediment samples provide data on less direct pathways of
exposure. The regional stations for soil and sediment sampling arc the same as those for regional water
sampling (Fig. 13-5). Six perimeter soil stations arc within 4 km (2.5 mi) of the Laboratory (shown in
Fig. 13-7), and 10 scdiment stations are near the Laboratory boundary and at the confluence of eight major
canyons with the Rio Grande in White Rock Canyon (shown in Fig. 13-8). On-site soil samples are
collected from 10 stations within the Laboratory boundarics, and on-site sediments are collected from 24

stations within areas that have received treated liquid cffluent.

13.7.1  Analyses

The Laboratory uses two pnbccdurcs for soil sampling: surface composite sampling and surface and
subsurface sampling at one sampling station. Soil samplcs may be analyzed for gross alpha and
beta activities, %°Sr, total U, '37Cs, 238Py, and 239290Py, Moisture distilled from soil samples

may be analyzed for 3H.

13-11 March 24, 1993




o SRS S

U

U

13.0 ENVIRONMENTAL MONITORING PROGRAM

w100 0 E100 E200 E300 E400 ES00

E600

N300 }- -

N200 — R I T
Nay

(A
< '{5".)‘7

LOS - "7;3‘ .~ \ ‘_' =5

R

".‘_;\:-."‘, — \:f-/-’)l/o, - CEmD E) WD S NS O S— B
- R w020 ®S-2 . l :
NIOO | 7 & " emmne™ — e s
Y N - -— e o) - -~ 1
S-3 Y 4 155 - ’ ® —~ z X =
° q/dlh(\ . S7 —~ - I ..... P
- ’ . R . - - I e
< - - S-8 - 3
/ - S.10 o [} o 2 ”~ Lt SN | :\\\?_\, Y
v T e egg ~ ton yeS8  or?
e i3yan - Tl
0 A Al qq-_-—-—- —\\c),)'_
Y . c a8 - - .. 'fl\c'; - -
/ 2 e, S
. ® S-14 o S-12 Ta N\ 2 fon,_ E °
. -~ N % et ~
-4 o ~Eorririn S13 ¢ <l N B &=
- -\ - - - s_. -\ N \_C.}IL’;',-,
S100 ~-< — — pp— R 11e ~nam R ¥ Dl
. p L . P P
> RPN

| o / .

N . Pajarito
s200 - N ) Acres

|
$300 +—

= = === Lab Boundary

0 1 2 3 4km \

LEGEND

¢ Soil Sampling
Station

|

— N300

N200

=1 N100

— S100

—1 S200

— S§300

w100 0 E100 E200 E300 E400 ES00 E600

Fig. 13-7. Soil sampling on, and near, the Laboratory site.
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13.0 ENVIRONMENTAL MONITORING PROGRAM

13.8 Foodstuffs Monitoring

Produce, bee, fish, and honey samples are routinely collected and monitored for poteatial radioactivity from
Laboratory operations. Produce, bees, and honey are collected in the Los Alamos town-site, White Rock,
San Tidefonso Pueblo, and Espanola locations. Fish samples are collected at Abiquiu and Cochiti reser-
voirs. Figure 13-9 shows the locations for produce and fish sampling, and Fig. 13-10 shows the sampling
locations for the beehives.

13.8.1 Analyses

Local and regional produce is sampled annually. Produce and soil samples are collected from local
gardens each fall. Water distilled from samples are analyzed for 3H. Produce ash and dry soil are
analyzed for 998r, total U, 137Cs, 238Pu, and 239240Py.

Fish, sediment, and water samples are taken annually from reservoirs upstream and downstream
from the Laboratory. Sediment and water samples are submitted directly for radiochemical
analysis. Fish ash is analyzed for %Sr, total U, 137Cs, 238Py, and 239240Pu.

For 1990 most fruit, vegetable, fish, bee, and honey samples from regional and perimeter locations
showed no radioactivity distinguishable from that attributed to natural sources or worldwide fallout.
Some produce, bee, and honey samples from on-site locations had elevated tritium concentrations
at levels less than 1% of DOE's guide for tritium in water (there are no concentration guides for
produce).

13.9 Monitoring External Penetrating Radiation
The Laboratory monitors levels of external penetrating radiation, including gamma rays and x rays and
charged particle contributions from cosmic, terrestrial, and man-made sources. TLDs measure the levels of
penetrating radiation. The TLD network for the Los Alamos area consists of three independent networks:
' * the Laboratory and regional areas (the environmental network);
¢  the Laboratory boundary north of LAMPF; and

* low-level radioactive waste-management areas.

The environmental network consists of 40 stations divided into three groups: regional, off-site, and on-site.
The regional group has four locations, which are 28 to 44 km (17 to 27 mi) from the Laboratory boundary
in the neighboring communities of Espanola, Pojoague, and Santa Fe, and at the Fenton Hill site 30 km
(19 mi) west of Los Alamos. The off-site perimeter group consists of 12 stations within 4 km (2.5 mi) of
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- 13.0 ENVIRONMENTAL MONITORING PROGRAM

the Laboratory boundary. Within the boundary, 24 locations comprise the on-site group. Figure 13-11
shows the TLD locations on, or near, the Laboratory site.

13.9.1 TA-53 Network

The TLD network monitors external radmuon from airborne activation products (gases, particles,
and vapors) released by LAMPF and GTA at TA-53. The prevailing winds are from the south and
southwest. Twelve TLD sites are downwind of GTA at the Laboratory boundary north of LAMPF
along 800 m (0.5 mi) of the canyon rim. Twelve background TLD sites are about 9 km (5.5 mi)
from the facility along a canyon rim near the southern boundary of the Laboratory. This back-
ground location is not significantly infiuenced by any Laboratory external radiation sources.

13.9.2 Analyses

The TLDs used at the Laboratory are lithium fluoride (LiF) chips, 6.4 mm square by 0.9 mm
thick. After the TLDs have been exposed to radiation, they emit light when heated. The amount
of light emitted is proportional to the amount of radiation the TLD received. The TLDs used in
the Laboratory's environmental-monitoring program are insensitive to neutrons, so the contribut-
ion of cosmic neutrons to natural background is not measured. At the end of each field cycle,
whether it is the calendar quarter or the LAMPF operation cycle, the dose at each network location
is estimated. At the end of the calendar year, individual field cycle doses are summed for each

location.

For 1990, the TLD network monitoring radiation from airbome activation products released by the
LAMPF measured about 6+3 mrem/yr (excluding background radiation from cosmic and tefrestrial

sources).

13.10 Off-site Dose Assessment Methodology
Each year the Laboratory evaluates radiation doses for three principal exposure pathways: inhalation,

ingestion, and external exposure (including exposure from immersion in air containing photon-emitting
radionuclides and direct and scattered penetrating radiation). Estimates are made of:

*  maximum boundary doses for organ and effective dose equivalents to a hypothetical individual

at the Laboratory boundary where the highest dose rate occurs (the estimate assumes that the
individual is outdoors at the Laboratory boundary continuously 24 hr a day, 365 days/yr);
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Fig. 13-11. TLD locations on, and near, the Laboratory site.
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e  maximum doses for individual organ and effective dose equivalents to an individual actually
present at or outside the Laboratory boundary where the highest dose rate occurs taking into
account occupancy (the fraction of time that a person actually occupies that location), shield-
ing by buildings, and self-shielding;

*  average organ or body tissues and effective dose equivalents to nearby residents; and

e collective effective dose equivalent for the population living within an 80-km (50-mi) radius
of the Laboratory.

Results of environmental measurements are used as much as possible in assessing doses to individual
members of the public. Calculations based on these measurements follow procedures recommended by
federal agencies to determine radiation doses (DOE, 1981b; NRC).

If these environmental measurements cannot detect the impact of Laboratory operations, individual and
population doses attributable to Laboratory activities are estimated by modeling of releases.

Dose conversion factors used for inhalation and ingestion calculations are given in Table XHI-1. These dose
conversion factors are taken from the DOE and are based on factors in Publication 30 of the International
Commission on Radiological Protection. The dose conversion factors calculate the S0-yr dose commitment
for internal exposure. The 50-yr dose commitment is the total dose received by an organ during the 50-yr
period following the intake of a radionuclide that is attributabie to that intake.

The dose conversion factors for inhalation assume a 1-pm activity for the median acrodynamic diameter, as
well as the lung solubility category that will maximize the effective dose equivalent (for comparing with
DOE's 100 mrem/yr PDL) if more than one category is given. Similarly, the ingestion dose conversion
factors are chosen to maximize the effective dose or organ dose if more than one gastrointestinal tract uptake

is given (for comparing with DOE's 100 mrem/yr PDL for all pathways).

External doses are calculated using the dose-rate conversion factors published by the Nuclear Regulatory
Commission, a DOE predecessor. These factors, shown in Table X1TI-2, give the photon dose rate in
mrem/yr per unit radionuclide air concentration in uCi/mL.. The factors are used in calculating the effective
dose equivalent from external radiation for the population in the 80-km (50-mji) area.
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13.0 ENVIRONMENTAL MONITORING PROGRAM

The Laboratory also calculates doses using computer programs for showing compliance with 40 CFR
Part 61 Subpart H, the EPA Clean Air Act regulation governing radioactive emissions from DOE

facilities.
Detailed information on methods for calculating the- inhalation, ingestion, external radiation, and population
doses is included in "Environmental Surveillance at Los Alamos During 1990.
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14.0 FACILITY EXPANSION, DECONTAMINATION, AND DECOMMISSIONING

14.0 FACILITY EXPANSION, DECONTAMINATION, AND DECOMMISSIONING

This chapter describes the facility expansion, decontamination, and decommissioning of the Ground Test
Accelerator (GTA). The GTA program will not have an elaborate decontamination and decommissioning
program. Laboratory policy from the Los Alamos National Laboratory (LANL) Environment, Safety, and
Health Manual AR 10 series, "Waste Management,"” govemns hazardons-waste management for all phases.

14.1 Facility Expansion

The design and construction of building MPF-365 provides sufficient floor space to house any neutral
particle beam (NPB) accelerator system that the GTA program presently envisions. Expansion plans for the
building, therefore, are not planned in the near future. The present facility is designed to honse components
that produce an NPB beam with energies ranging from 3 MeV to 100 MeV. Sufficient room has been
provided to use the facility as a test bed for advanced-component technology. Radiation shielding has been
included for 100-MeV operations at currently anticipated beam currents.

14.2 Decontamination

Accelerator installations have existed for more than 40 yr. Accelerators require frequent maintenance and
operational changes, so materials for the construction of accelerators and beam stops are chosen to minimize
hazards from induced radiation. (GTA design guidelines are contained in American National Standards Insti-
tute [ANSI] N43.1.) Whenever possible GTA has selected materials, according to the ANSI standard, to
minimize the induced-radiation hazards during maintenance and operations. Radiation levels will be main-
tained at as low as reasonably achievable (ALARA) levels. In experiments 2D and 3, the accelerator will
produce sufficient amounts of short-lived activation to be of concern. However, sufficient cooling time will
be aliotted to bring induced radiation to acceptable levels. Activated material will be disposed of according
to Laboratory regulations and monitored by HS-1. Special work pemmits will govern the handling of all
activated materials.

14.3 Maintenance and Operations

The GTA project maintains up-to-date as-built drawings. Such drawings help minimize potential exposure
to radiation hazards when maintenance is performed. The GTA quality assurance (QA) plan, and the imple-
mentation of the plan, cover drawings and their control. Any radicactive waste generated is handled and

disposed of according to Laboratory administrative requirements with the support of EM-7.
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14.4 Dismantling and Decommissioning
At the present time, no plans exist for dismantling and decommissioning GTA. No chemical contamina-
tion of the facility should occur as a result of normal operations. The present design and choice of materials

also minimizes the amount of activated materials in the facility.

The only radioactive contamination of the CCS is from the tritium generated by neutrons reacting with
helium coolant in the accelerator. The total tritium generatiqn for 1 yr of 24-MeV operation 4-hr/day, 4
day/wk at 2% duty factor was calculated to be 2 uCi. Current estimates of operating time and duty factory at
24-MeV would result in less than 5% of this amount. Some tritium will plate out on the inside surfaces of

the piping; this amount will be negligible.
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15.0 SUMMARY OF EMERGENCY RESPONSE PLAN

The Ground Test Accelerator (GTA) facility is located within Accelerator Technology (AT) Division facili-
ties at Technical Area (TA) 53 of the Los Alamos National Laboratory (LANL). AT Division facilities are
located in both secure and open areas. GTA is a classificd program, so building MPF-365, which houses

the GTA, is in the secure area.

GTA operates in accordance with the Laboratory's Emergency Response Plan, which describes the
emergency-response organization, notification, consequence assessment, recovery, training, and exercises.
Building emergency plans describe hazards, evacuation procedures, protection systems, and responsible
personnel. Appendix O contains the emergency plans for building MPF-365 and the cryogenic-cooling
system (CCS).

15.1 Emergency-response Organization

The Laboratory's emergency management office oversces the ‘implememation of the full range of activities
necessary for the preparedness for, response to, mitigation of, and recovery from emergency incidents at the
Laboratory. The emergency management office leader is responsible for maintaining the Emergency Opera-

tions Center in a ready condition.

Organizational response to emergencies at the Laboratory begins with response by the building personnel,
building manager, or alarm activation. The initial phase of an emergency will involve a small number of

individuals at the affected area and notification of the on duty emergency manager.

When responding to Laboratory emergencics, the Emergency Management Office provides communications
between response units and emergency organizations. The Emergency Management Office provides emer-
gency health and safety support for Laboratory-related off-sitc emergencies. The Emergency Management

Office coordinates with off-sitc agencies 1o ensurc an intcgrated response in an emergency.

The emergency manager, who becomes the incident commander, is capable of and has authority and require-
ment to:

* dctermine that an emergency exists;

* provide initial classification and asscssment;

¢ promptly notify other groups and individuals in the building and area;

¢ immediately perform actions necessary to protect Laboratory personnel and the public,

including notification of state, tribal, and local authorities should the situation warrant; and
¢ notify the U.S. Depaniment of Energy (DOE) Los Alamos Arca Office (LAAO).

15-1 March 17, 1993
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When follow-on phases of an emergency require additional attention, the incident commander can augment

the emergency units to meet the requirements of an increased response.

Emergency managers from the Emergency Management Office provide a central point of contact on a 24-hr
basis for Laboratory or Laboratory-related emergencics, reportable incidents, and external requests for emer-

gency Laboratory assistance. In the event of an emergency or incident, the emergency manager at the scene
becomes the incident commander with full responsibility for all actions at the scene. Other emergency

managers respond to the Emergency Operations Center and assume facilitator positions and responsibilities.

Key AT Division personnel, such as building managers and supervisors, are available for consultation and

advice to Emergency Management. Liaison with the Laboratory Director's Office and any advisory and

support groups is the responsibility of Emergency Management.

15.2 Evacuation
Any employee may initiate an evacuation. Employees evacuate to designated assembly points south and,

for the CCS site, east of MPF-365.

Reentry will be determined by the incident commander if an Incident Control Group has been used. The

building manager may direct reentry if there is no Incident Control Group. Guidance will be obtained from

HS and/or ENG as appropriate.

15.3 Training

All new employees receive instructions on emergency procedures from their groups within 30 days of
starting work. Individuals designated to sweep building arcas during an evacuation are trained in sweep
procedures. Emergency Management personnel and the Los Alamos Fire Department are trained in CCS

hazards.

15.4 Exercises

The division holds annual cvacuation drills as required by the Laboratory Emergency Response Plan. Full-

scale emergency exercises for the CCS site are conducted periodically in coordination with Emergency Man-
agement. Their frequency is determined by GTA management based on experimental schedules and training
needs.

15.5 CCS Emergency Preparedness Plan

Emergency procedures for the CCS site are included in the MPF-365 facility emergency plan, which is part of

the AT Division Emcrgency Preparedness Plan. The MPF-365 emergency plan is included as Appendix O.
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The CCS site is provided with hydrogen sensors in addition to the building fire-alarm system. Both will alarm
on the CCS site and in the control room for Phase 2 operations.

The CCS site is usually not occupied. Personnel, however, will be present when a truck is brought into the
area to fill the hydrogen storage dewar and, occasionally, during checkout or troubleshooting in the cryo-
equipment room. The site is covered by TV camera surveillance, which will be monitored in the control room.
Personnel also work periodically in the MPF-365 north mechanical room to the east of the site within the
fenced area.

One possible location for an accident is in the area of the hydrogen run dewar and heat exchanger. There are two
evacuation routes from this area, one leading down a catwalk into the west end of MPF-365, and the other
leading to the eastern extremity of the fenced area, approximately 300 feet from the potential accident site.
Warning signs will be posted at the exit to the north mechanical room that will direct personnel to evacuate to

the east.
Another possible accident location and time is the hydrogen storage dewar during filling. The gate to La Mesita
Road will be kept open during filling operations and thus provide an exit route. An emergency shut-off switch

is near the gate, so that a person may shut-off the flow of liquid hydrogen when leaving in an emergency.

Evacuation routes from the CCS site are shown in Fig. 15-1.
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16.0 SUMMARY PLAN FOR EMPLOYEE TRAINING

16.1 Training Needs

General, and job-specific training for health and safety is conducted in accordance with Laboratory require-
ments and employee training needs. The Ground Test Accelerator (GTA) Program Health and Safety Policy
Statement (AT/GTA - 89:21, paragraph 2.2.2 and paragraph 7) describes the need for this training in the
GTA project. Appendix L contains a copy of this statement. The Los Alamos National Laboratory
(LANL) Environment, Safety, and Health (ES&H) Manual states that the training program must include the
periodic assessment of training needs, the development and implementation of training activities, and the
documentation of training received by each employee.

The GTA line supervisors and the Accelerator Technology (AT) Division training coordinator determine the
core training needs of personnel. Supervisors determine the need for job-specific training for employees
assigned to potentially hazardous operations.

Core ES&H training is conducted primarily by Health and Safety (HS) and Environmental Management
(EM) divisions and includes:

¢ hazardous-waste generator;

* electrical safety;

* jonizing radiation safety;

e cardiopulmonary resuscitation and first aid;

¢ forklift and crane operation; and

¢  hazard communication.

The division-training coordinator or group-safety officer makes arrangements for such training with the

sponsoring organization.

Job-specific training is conducted for GTA shift supervisors, cryogenic-cooling system (CCS) operators,
and other employees whose work assignments involve hazards not addressed by core ES&H training. Job-
specific training is also required as part of hazard commmunication for employees who work with hazardous
chemicals.

16.2 Documentation

Training records are maintained internally and in the Laboratory's Employee Development System database.
According to the LANL Environment, Safety, and Health Manual, the documentation of health and safety

16-1 July 21, 1992
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training shall include a brief description of the program, the date and duration of each session, the instruc-

tor's name, and names of attendees.

16.3 CCS
CVI's contract with the Laboratory provides the initial training of CCS operators. CVI will instruct, both in
the classroom and on the CCS, a select group of GTA personnel. The approved standard operating procedures
for the CCS is the primary text to be used by the instructors. Additional video/printed material and
experienced laboratory personnel will also be used to teach the safe handling of cryogenic liquids. The printed
sources included:

* "Recommended Safety Precautions for Handling Cryogenic Liquids," the Cryogenic Society of

America, Inc.;
* “Liquid Hydrogen at Consumer Sites,” National Fire Protection Association 50B; and
* FM 791N, "Hydrogen."

A video tape produced by Air Products, which is the nation's largest producer of LH,, will also be used as a
training aid. The video tape is based upon Air Products’ many years of experience in the safe handling of
LH,. Although the CCS training provided by CVI will be directed to CCS operating personnel, initial
sessions that deal with emergency response teams and personnel safety have included the Los Alamos Fire
Department, the Emergency Management Office (OM-1), and other interested personnel, including HS
personnel. Follow-up and future training is the responsibility of GTA management. The frequency and
content of these training classes will be designed to meet the needs of the individuals being trained. In
addition, cryo-operations personnel will receive an annual refresher course. that will cover the proper use of
safety equipment, hydrogen gas detectors, and oxygen deficiency sensors. An annual emergency response drill
will be co-ordinated with, and conducted by, the AT Division Safety Officer. For those personnel who
perform specific operational tasks within the CCS, individual instruction will be provided to ensure each

operator maintains a high level of proficiency.
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17.0 SUMMARY PLAN FOR OPERATING PROCEDURES

Chapter 17 is a summary plan for the operating procedures needed for Ground Test Accelerator (GTA) opera-

tions.

17.1 Preparing the Procedures

AR 1-3, "Standard Operating Procedures and Special Work Permits,” of the LANL Environment, Safety, and
Health Manual is followed in preparing and applying the standard operating procedures (SOP) for GTA. The
manual defines an SOP as a document that describes the procedures and controls for conducting potentially
hazardous activities or operations. The SOP identifies potential hazards, precantions, responsible personnel, and
organizations involved; provides detailed accounting of support services and equipment needed; and identifies
those specific actions to be taken during an emergency.

The sector leaders of the GTA project initially identify the need for SOPs for the:

accelerator;

accelerator design;

facilities;

injector;

diagnostics;

radio-frequency (RF) power; and

GTA-related research and development activities.

The qualified personnel within the sector prepare the SOPs and provide detailed information on:

location of work and identification of responsible personnel and organizations;

equipment, tools, and materials, involved;

hazardous conditions;

safe operating procedures;

emergency or abnormal procedures; and

functional relationships between the activity and the support functions from HS, ENG, and EM
divisions and other sources as required.

17.2 Review and Approval of Procedures

The first level of review starts within the group and division of the GTA sector. The SOPs are reviewed and

approved by the:

group safety officer;
group leader;

17-1 July 21, 1992
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¢  program manager,
o  GTA safety officer; and
s  division leader.

The SOPs are then submitted to the Health and Safety (HS) Division for review and comments relating to:
e  jonizing radiation/accelerator health protection;
¢ industrial safety;
* industrial hygiene; and
*  wastc management,

17.3 Modifying the Procedures

SOPs are reviewed at least yearly; whenever major changes are made to processes, equipment, or facilities, the
SOPs are updated as necessary. The originator must maintain records of such reviews and send written notifica-
tion to the HS SOP office when the SOP is revised. The SOP office in HS-3 periodically sends lists showing

SOP status to the GTA safety officer.

17.4 Management Audit of Compliance with Procedures

The GTA safety officer periodically audits GTA activities for compliance with safe operating procedures and the
adequacy thereof. The officer documents each audit into a report within a week after the audit. The report con-
tains necessary action items required by the audit findings. Sector leaders are required to respond in writing to

the action items within two weeks of receiving them.

Compliance with DOE orders and requirements and federal and state regulations are monitored by the appropriate
HS groups.

July 21, 1992 17-2
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This chapter defines abbreviations, acronyms, jargon, technical terms, and initialisms found throughout the

FSAR.

AABC
&«
ACGIH

CFR

CcGA
Ci

CLS

Co3
CRT

CsOH

DCF
DDC

DI

18.0 GLOSSARY

18.0 GLOSSARY

American Air Balancing Council

alternating current

American Conference of Governmental Industrial Hygienists

silver

artificial intelligence processor

U.S. Department of Energy Albuquerque Field Office

as low as reasonably achievable

americium

Air Moving and Conditioning Association, Inc.

Argonne National Laboratory

American National Standards Institute

Administrative Requirement (from the Laboratory's Health and Safety Manual)
American Refrigeration Institute

American Standards Association

American Society of Heating, Refrigeration, and Air Conditioning Engineers
American Society of Mechanical Engineers

Accelerator Technology (Division)

Accelerator Test Stand

Accelerator Test Stand upgrade

beryllium
building
Boiling Liquid Expanding Vapor Explosion

carbon

calcium

computer aided design

central alarm station

couple cavity linac

cryogenic cooling system
cryogenic component test bed
cubic feet per minute

Code of Federal Regulations
Consequence-of-Failure Type
Compressed.Gas Association
curie

chlorine

Chemical and Laser Sciences (Division)
centimeter

carbonate

cathode-ray tube

cesium

cesium hydroxide

deuterium
decibel
direct current
dose conversion factor
direct digital controller
degree
duty factor
Seionized

18-1 July 22, 1992
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DOD U.S. Department of Defense

DOE U.S. Department of Energy

DOP detailed operations plan

DOT U.S. Department of Transportation
D-plate diagnostic plate

DTIL drift-tube linac

EM-7 Laboratory Waste Management Group
EM-8 Laboratory Environmental Protection Group
EMI electromagnetic interference

ENG Facilities Engineering (Division)
ENG-5 Field Operations group

ENG-7 Records Management group

ENG-8 Fire Protection and Utilities group
EPA Environmental Protection Agency
ERDA Energy, Research, and Development Agency
ES&H Environmental, Safety, and Health
evap. evaporative

F fluorine

°F degrees Fahrenheit

FMDS factory mutual data sheet

FMEA failure mode effects analysis

fpm feet per minute

4PR250C high-voltage regulator tube

FSAR final safety analysis report

ft feet

g gram (s)

gal galion

GH2 gaseous hydrogen

GHe gaseous helium

GM Geiger-Miiller

GN, gaseous nitrogen

epm gallons per minute

GTA Ground Test Accelerator

GTACS Ground Test Accelerator Control System
h hour

H negatively charged hydrogen ion

HO hydrogen atom (neutral)

H+ bydrogen three (tritium)

H2 hydrogen

HazCom Hazard Communication

HCO3 bicarbonate

He helium

HEBT high-energy beam transport

HEPA high-efficiency particulate air

HPCTB high power cryogenic test bed

HSE Health, Safety, and Environment (Division)
HS-1 Accelerator Health Protection group
HS-3 Facilities and Safety Analysis group
HS-5 Industrial Hygiene group

HS-7 Waste Management group

HS-8 Environmental Surveillance group
HTO hydrogen tritium oxide (tritiated water)
HV high voltage

HVAC heating, ventilating, and air conditioning

July 22, 1992 18-2
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IAQ
1&C
ICP
ICRP
in,

in. wg
S
10
10C

ISA

LPI
LVDT

MAT-1
MAWP
MeV

mi

Mom. Comp.

MPF

mph
MSDS
MVA

heat exchange
hertz

indoor air quality
instrumentation and contro!
integrated control processor
International Commission on Radiological Protection
inch

inch water gauge

intertank matching section
input/output

input/output controller

infrared

Instrument Society of America

joule
Joint Industrial Council

potassium

degrees Kelvin (for example, 35 K)
thousand electron volts

kilometer

kilovolt

kilowatt

liter

U.S. Department of Energy Los Alamos Area Office
liters per second

Clinton P. Anderson Meson Physics Facility
Los Alamos National Laboratory

Manuel Lujan, Jr. Neutron Scattering Center
limiting condition for operation

low-energy beam transport

lower explosive limit

liquid hydrogen

lithium fluoride

Iaser-induced neutralization diagnostic apparats
liquid nitrogen

low power cryogenic test bed

Lightning Protection Institute

linear variable differential transformers

meter

milliamperes

Metal & Gas Processing Centers
maximum allowable working pressure
million electron volts

magnesium

megahertz

mile

momentum cOmMpAactor

Mesor Physics Facility (building numbers)
one thousandth roentgen equivalent, man
miles per bour

material safety data sheet

megavolt amperes

megawatt

18-3
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N,

Na
NASA
NEC
NEMA
NEPA
NFPA
NPB

O-15
o.d.
OEL
OM-1
OPI
OSHA
OSR

P

PA
PC
PCB
PEL
P&l
PLC
PMQ
pn
ppm
PROM
psi
psig
Pu

QA
QPA
QAO

RCRA

RF
RFQ
RPS
RPSS

S, S€C

scfm

SCR

SDI

SDIO
SMACNA

SOpP
SOwW
SPS

Sr
SSA

July 22, 1992

nitrogen
sodium

National Aeronautic and Space Administration

National Electrical Code

National Electrical Manufacturers Association

National Environmental Policy Act
National Fire Protection Assoclauon
neutral particle beam

oxygen-15

outside diameter

occupational exposure limit or level
Emergency Management Group
operator personnel interface
Occupational Safety and Health Act
operational safety requirement

phosphorous

public address

personal computer
polychlorinated biphenyls
permissible exposure limit
process and instrumentation
programmable logic controller
permanent magnetic quadrupole
proton-in, neutron-out (of nucleus)
parts per million

programmable read-only memory
pounds per square inch

pounds per square inch, gange
plutonium

differential pressure

quality assurance

Quality Plan Annex

Quality Assurance Officer

random-access memory

Resource Conservation and Recovery Act
roentgen equivalent, man

radio frequency

radio-frequency quadrupole (accelerator)
radiation protection standards

radiation personnel safety system

second

standard cubic centimeters per minute
standard cubic feet per minute

silicon controlled relay

Strategic Defense Initiative

Strategic Defense Initiative Office

Sheet Metal and A1r Conditioning Contractor's National Association

sulfate

standard gperating procedme
statement of work

surface plasma source
square

strontium

satellite storage area

184
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Safety Sweep Reset switches
special work permit

technical area

tungsten inert gas
thermoluminescent dosimetry
threshold limit value

uranium

Uniform Building Code

University of California Research Laboratory
Underwriter's Laboratory

volt
variable field strength quadrupoles

watt

wire and fluorescent fiber offset grid
water gange (pressure)

week

Weapons Neutron Research

electron

positron
phase
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REVISED APPENDIX A FOR GTA FSAR

Enclosed is a revised Appendix A for the GTA FSAR. | arranged all memos and
documents in this appendix according to their dates, with the most recent ones
being first. You wiil find two versions of the Environmental Assessment report in
this appendix--one is a newer and revised version, the older one has missing
pages, which are not available. However, all pages are present in the newer
version.

Please discard the old appendix. |f you have any questions, feel free to call me at
5-0808.
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Los Alamos National Laboratory

Los Alamos, New Mexico 87545 memorand um

.. Terry Foxx, HSE-8, MS K490 .+ 23 August 1989
unn Earl Swickard O S- wan Siw oo on H821/5-2743

yIMBL AT/GTA-89:334

SuwEC GTA CHANGES SINCE ISSUANCE OF DOE EA-Q304

DOE EA-0304, Environmental Assessment for Ground Test Accelerators (GTA) 1 and 2, TA-53, Los
Alamos National Laboratory, March 1986, covered the canstruction and operation of two acceterators
10 be buiit as part of the nation’s neutral parucie beam program. Since tne issuance of the EA, there
have been major changes tn the program Those changes, discussed beiow, are believed not 1o be of
such a nature as 10 require a new or amenaed EA.

.GTA 1 was cancellied and GTA 2 became GTA Beam energy of GTA remained at 100 MeV but the duty

factor and beam current of the reference gesign were changed (beam currents at 100 MeV are
classified). The average power of GTA 15 0 8 that of GTA 2. Another major change was the accelerator

cooling; from chilied water to cryogenic (20K) gaseous heliurn. The GHe 1s cooied in a LH;-GH; heat
excnanger

The current experimental sequence begins with a sernies of six experiments having output beam
energies of 35 kev to 24 MeV. These experiments will vaiidate the design of several new concepts,
particularly cryagenic cooling and the compiming of two 1on beams into one by “funneling”. At the
conclusion of the 24 MeV experniments, accelerating sections will be added to bring the beam energy
to the design 100 MeV. The 24 MeV experiments are scheduied to end in mid 1993.

Wiiliam Wiison nas made a prelimindary estimate of air acuvauon for 24 MeV operation. | have
compared the total curies reieased per year for 24 MeV operation to the total released in the 100 MeV
case gescribed in appendix Vil of the EA The ratio of the 24 MeV to the 100 MeV case ranges from

10-3 to 10-/ depending on the radionuciige. Providing my calculation 1s correct, we will certainly not
expsose the public 10 maore radiation than the EA describes.

Air acuvauion nas not been caiculatea ror tne proposed 100 MeV configuration and so cannot be
compared 10 the appendix VlI calculauon | think we should have a formal comparison of 24 MeV
calcuiation 10 the appendix Vil calculation and conclude that, from an airborne radicactuvity release

standpoint, we need not revise the EA  Let's wait unul the 100 MeV operation 1s a certainty until we
consider a revision



The cryogenic caoting system (CCS) s n enviconmentaily benign system e CCS consists of a 28.000

gal LH» storage gewar, a LHy run gew o .t g transfer line connecung thein INside the run dewar a
tupe bundle 15 ./mmersed in LH> and ¢ - 1..ang tNrougn the tubas 1s ¢ool<3 to about 20K The Grte
15 circuiated in a closed system (G the :-. yanally COolea components hyarogen gas generateg in

the storage dewar by heat leak and .« e 1un dewar by coohng Gre 1s ventea (unflared) to tne
atmospnere Tne run tank vent rate . sucut 30 gfs. The maximum heai leak vent rate from the
storage dewar 1s 3bout S g/s.

The GHe wiil contain a very low concentrauon of 3H from activation by the neutron flux resulung
from p n reactions 1n the accelerator. For the 100 MeV case the concentration s calculated to be
about 2.5 x 10-6 uCi/ml. The concentrauon caused by 24 MeV operations will be very much less.

The GHe 1s purified by passing through an activated charcoal bed at LN, temperature. Activated
impurities in the GHe will be trapped in the bed and De released to the atmosphere from a 82.5 ft.
stack during bed regeneration. No esumate of the magnitude of the radioactive rejease or of the
regeneration frequency has been made. The GHe 1s supplied with a few ppm impurity level and that
level is requced in the purnifier.

The LH, fire and explosion accident analysis was done 1n a preliminary way in the PSAR and s being
considered more fully in the FSAR in preparauon. None of the LH; acadents considered resuited in
toxic or hazardous reiease to the environment.

The statements made in EA saction 6.1 ¢., effiuents, are stiil correct. The contaminated cooling water
loops will use “Culligan bortles” to remove dissoived solids. The remaining radionuciide of any
consequence is tritum. At 24 MeV, tnuum generaucn is very low. Activauon calculations of beam
stop cooling water are planned but have not been compieted.

! have enclosed a copy of the PSAR which 1s presently being reviewed by DOE/AL.

ES/r

cy:

M Howe, HSE-11, MS HB81S
M. Charies, HSE-3, MS K483
M. DeStravoig, IS-3, MS H811
File
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Notes on 24 MeV Air Dose Calculations

Air 1S activated tn three locations 1n the 24 MeV experiments - beam loss in DTL No 2 and beam
transport to the beamstop, the accelerator beamstop, ana the final beam stop. Bill Wilson, T-2, will
calculate the activation of air in these locations It may be that activation from beam loss 1S
neghigible.

Subject 1o concurrence ‘q, Wilson's intuiion, or quick estimate, we will not consider activation from
experiments 2A, B or C sag 3, 8 and 11 MeV respectively.
accslerdtor .

The air volume subject to activation in the 24 Me\V,beamstop is that volume between the surrounding
shield blocks and the vacuum envelape - a small volume. The volume subject to activation near the
unshielded final beamstop ,when used for 24 MeV operations (experiment 3)‘is that beam tunnei
volume out to the range of the neutrons. Although the ativation rate at the final beamstop 1s much
greater than at the accelerator beamstop, only 1 macropuise in 100 (average) s sent to the final
beamstop.

The current schedule shows experiment 2D with beam occuring from 24 June 1991 through 12 August
1991 - a period of 51 days or 7 2/; weeks. Assume that we operate 4 hr/day and 4 days/week for
16 hriweek. In 51 days we operate 16 x 7 ¢/ = 117 hours. Assume further that.each operation lasts
for + hour and that the beam tunnel is purged after each + hour operation. That gives 234 - § hr
periods. For conservatism’s sake we will use twice that or 468 - + hr operatng periods.

The schedule shows experiment 3 with beam occurring from 1 September 1991 through 21 January
1992 - a period of 143 days or 20 3/; weeks. Using the same arithmetic as for experiment 2D, we find
that the dose caicuiation will use 1308 - + hr operaung periods.

In addition, we will calculate the worst case of activation by continuous beam tunnei purging during
operatons.

The source terms as generated by Wiison will be given to HSE-8, Tom Buhli, for calculation of the
activated air dose to bath warkers and the public. It1s assumed that the beam tunnel air 1s removed.
by the venulaton system and exhausted from the 82.5 ft high stack. Tom may or may not inciude

such caiculational niceties as beam tunnel transit ume and diffusion of air from the acceierator
beamstop 1nto the beam tunnei atmosphere.

We need to define a ground release accident, but that defimition will require some thought. We wiil
do that later -
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United States Government Department of Energy

memorandum Albuguaraue Operations Office
Los Alamos, New Maexico 87544

DATE.

;am.v T0
ATTN OF: IRDT:DL

SUBJECT: Neutral Particle Beam Program, Ground JTest Acceierator 1 and 2 - Desgign
Sunmary Reports

TO: James W. Culpepper, Acting Director, OFRM

1l am transmitting copies each of Design Summary Reports for Ground Test
Accelerator (GTA) 1 and 2 for your review prior to the Headquarters
Validation in Los Alamos on May 28, 1986. A detailed cost estimate for both
projects will be available for this meeting unless you desire them prior to
the meeting. If you have any other questions or require additional
information or documents, please let me know. We can address these requests
for additional information during the Validation Meeting or transmit
specific items prior to the meeting. In either case, we are ready to assist
your office in any way necessary to keep these critical SDI projects on
schedule.

The design ~ comstruct plan for the two projects is as follows:

a. GTA-1, TEC - $3,244,000 - Holmes & Narver has been selected to
design this project and is currently proceeding with an enhanced
conceptual design. Upon receipt of the MIFR from SDIO, the
construction plans and specifications can be finalized. Our
scheduled design completion is June 1986, thus the competitive-bid
contract can be awarded in the July = August 1986 timeframe.

GTA-1 {8 a 13,600 square foot addition to an existing building
(MPF~18) at Technical Area 53, LANL. This facility will be used
for the development of a prototype for the Neutral Particle Beam
device for Integrated Space Experiment-l, and is the "front end”
for the GTA-2.

b. GTA-2, TEC $19,474,000 - This project has been approved and funded
by SDIO MIPR W31RPD-63-A088, Amendments 01 and 02, dated February
11, 1986, and February 21, 1986 respectively.

The site work for GTA-1 and 2 (TEC $1.3 Million) has been designed
by The Zia Company. The Commerce Business Dally announcement was
published on April 7, 1986 and bid opening is scheduled for
Thursday, May 29, 1986. The lump sum contract can be awarded in
early June 1986 with a construction period of 120 calendar days if
Headquarters approves construction start.

The GTA facility (Phase 2) with a TEC of $14 Million is currently
being designed by Holmes and Narver with a scheduled design
completion date of July 1986. GTA-2 is a 67,700 square foot

f —
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building at Tech Area 53 consisting of a beam tunpel, an
accelerator vault, a high bay assembly area, a beam stop, an
alignment laboratory and a four story laboratory/office area.

The GTA~2 facility will be used for the development of a 100 MeV
prototype for the Neutral Particle Beam device.

¢, Mitigation of Risk - The highest probability of risk is that the
design of the process equipment is concurrent with the construction
of the facility. The Laboratory CPFM will momitor the uging groups
design effort as it pertains to the facility interfaces and will
reconcile those differences either by modifying equipment design to
fit the facility, or initiating change orders to the DOE Project
Manager to modify the facility, or by modifying the facility
utilizing the Laboratory's maintenance contractor after the initial

cons on is complete.
Y The Environmental Assessment for GTA-1 and 2 was suhmitﬁ;;‘:;§“§\\*T\\
/ Headquarters in early April 1986 and approved on April 30, 1986.
/ Headquarters and AL comments will be incorporated and the final
Environmental Assessment issued. The Environmental Notiflcation to ;

EPA Document dated April 18, 1986, for both projects is being
transmitted by separate correspondence.

In summary, let me emphasize the timing criticality of the SDI program at
LANL. It is imperative that we receive timely review, validation and
necessary approval of both projects. To that end, we stand ready to provide
whatever additiopal information, documents, and/or support you require to
obtain timely project approval.

T.C. Jones
Director, O0ffice of Strategic

4777A ' Planning and Analysis

Attachments:
Ag gtated
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United States Government Department of Energy

Albuquergue Operations Office

m e m O ra n d u m Los Alamos Area Otfice

Los Alamos, New Mexico 87544

.0 1388
DATE. Juti 1.0

R LRDT:DL/4982A

sussecT. Ground Test Accelerators 1 and 2 - Environmental Assessment

TO:  Thomas C. Jones, OSPA, AL

Headquarters and AL comments on the subject Environmental Assessment (EA)
have been incorporated and are reflected in the attached finalized
Environmental Assessment. Please review the finalized EA for compliance
with HQ and AL comments. If the finalized EA is satisfactory, I will ask

the Laboratory to process the finmal EA.

Please note that concurrence from the Advisory Council on Historic
Preservation on our mitigation plan for the archaeological resources located

at the construction area has been received (copy attached).

Harold E. Yalencia
Area Manager

Attachments:
1. Tiedman-Valencia memo dated 5-23-86 w/atts. (4)

2. ACHP Concurrence

cc:

C. E. Garcia, ESHD, AL, w/atts.

H. F. Mumma, FCMD, AL, w/atts.

W. Myers, DADDCP, MS-F614, LANL, w/o atts.

J. Jansen, DRPDEW, MS-HB818, LANL, w/o atts.
Ml J. Allen, ENG-DO, MS-K721, LANL, w/o atts.

A. J. Tiedman, ADS, MS-A120, w/0 atts.
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I. CONCISE DESCRIPTICN CF THI FROPOSEID ACTIC

Ihe proposed acticn is construction and operation cf
=¥Q ground-based prototype accalerators at Los Alamos Na-
tional Laboratory. The GTA facilities will be a key compo-
nent in the nation's Neutral Particle Beam (NPB) Pregram.
The national Neutral Particle Beazm (NPB) program is composed
of three major elements: (1) the tachnology base, (2) the
spacs flights of the Integrated Space Experinments (ISE) pro-
gram, and (3) the ground tast accalerators (GTA) supporting
ISE. The accalerators, GTA-l and GTA=2 raquire two facili-
ties with a total estimated cost (TEC) of $3.2 millien (GTA-
1) and $19.4 million (GTA=2). The GTA was formerly titlad
Accalerator Test Stand Upgrade (ATST) . '

The GTA project will consist of censtructing, equip-

Ping, ang operating in sequential phases twe beam tune
nels/acceslerator-laboratery buildings. A parking lot and
accass roadway ars part of the GTA-2 project. Twoe other
projects, Support (Staging) Building for GTA Facilities and
Transportable Office Complex: (NPB Technical Suppert Build-
ing) (LT 7727) will .complete the GTA complex at TA-53. The
Support (Staging) Building vill serve as a transshipment and
storage centsr and the (Tschnical Suppert Building) will
provide office -facilities for 200 peocplea. Laboratory per-
sonnel praparad Action'noscription Memorandums (ADMs) for
both buildings in Jannary 1986. The Department of Energy
(DOE) determined that no further documentation for these fa-
cilities ig raquired. (Ref. Appendix I, nemorandum, Valen-
cia to Adams, Environmental Documentation: Strategic Defense
Projects at TA-53, 2/05/86.)

GIA=1l: The GTA-1l prototype is the fronteend of GTA-2
and will alsc serve as the tachnolegy annnstzatian tast bed
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£3r ISZ-l. The GTA-1 will be a 50 Mav, :39 M, 0.1% duzmy
25 M -

facIsr, N Hz, P, H .—ang—es Proton accalerater. Egquipment

Will cansist of an injecter, a radis fraquency quadrupcle, a

drift tube linear accaleratsr, an re Pover systam, beam out-

PUt optics, a beam sensing and conerel system, a neutral-

izer, two beanm STops, and an instrumentaticn and control

Systam. Support systams will include radiation shielding,
pPower, and cooling utilities.

An existing Prsengineered building, Mpr-is, will be
modified and a 86 £+ x 101 £t addition built e contain
GTA-1l. The accalerator, high-energy bean transpore,
buncher, talaescope, neutralizer, cptics, bean sensing, beam
Stops, and drift structures will be housed within the build-
ing high bay structuras in a thick,hiqh-dnnsity concrsts
shield block vault for radiation shielding. (Reaf. Figs 1
and 2.)

The GTA-1 will serve as a tast bed for GTA-2 equipment
and for advancing tachnology up to 50 MeV. The GTA-l1 phase
will undertake systam and equipment design, develcopaent,
tabrication, installaticn and tasting. Exphasis during this
Phase will be placed on transferring technalogy as fast as
pPessible to thea space experiment centracter and his tean.
The 50 MeV GTA-1 will provide an engineering test bed for
the space flight ISR device. The physical configuration
will, to the extant possible, be compatible with the space
shuttle and vill serve as a test bed for spacea components
designed and built by the contractor for ISE-l. EZventually,
the GTA-1 accalerator Qill become the actual (50 MaV) "freont
end"” of the GTA=2 (100 MeV) accsleratar. GTA-1 will bridge
the tachnology gap betveaen pPresent small-apsrature cexpo-
nents and large-aperaturs components rsquired for GTA 2.



GZA=2: During the GTA-2 phase, ==& S50-MeV GTA-1l acze:.-
eratcr will be meved ints a new facility (Fig 3), upgraded
to 100 MeV and the ocutput beam systen integrated.

The GTA-2 building will be approxinately 67,000 sq ¢~
in area. The stsel building will contain the ac-clo:a:cr
and its systems, utility systens, assenmbly space, officas,
and laboratories. (Ref. Figs 4-7.) High-energy beazm trans-
Port, bunching, talescope, neutralizer, optics and driee
sStructuras will be housed in a large corrugatsd-stael cul-
vert structurs using deep-earth burial and thiek concrate

closures for radiaticn shielding and equipment installation.
(Ref. Fig 8.)

The prime function of the GTA=2 will be to appraise
nethods for cutput beaw sersing and beam control. In its
initial cperating phase, GTA-2 will demonstrate the intagra-
tion of all components ints a working high-gradient, lowe
enittancs accalerator. At a later stage, full ocutput beanm-
optics will be installed, and=thw ion-beam will be tailored
into a functional, large-diametsr beam of neutral hydrogen
atons. Beaa-sensing hardvars and complets beam control al-
gorithms will provide a prototype of output neutral beam di-
raction sensing and control. This single feature will be
GTA-2's most significant capability. As a versatila tast
facility, the GTA alsc wvill have the inherent ability to
demonstratas compenent integration, beam lethality, automatic
accslerator control, and fast aczalerator turne-on.

IZI. NEEXED FOR THE ACTION
A principal motivation of the naticnal Neutral Particle

Bean (NPB) program is the need to assess neutral particle
beans as discriminators and dirscted energy weapcons cutside
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tle earth's atmosphere. The White Horse Prsgram at the

Los Alamos Naticnal Laboratory has been addressing relevanc
NPB questicns for a number of years. Recently, the NPB Pro-
gram was incerporated ints the Strategic Defense Init:iative |
established by President Reagan. The preposed GTA pregra=n
will be a key compenent in this country's NpPB progranm.

The GTA will provide izmportant data for developnant of
a4 near-tern spacs dirscted energy weapon demenstration. The
GTA prototypes will be developed, built, and operatad to
demcnstrats sclutions to technelogical problems in inte-
gratad full scale systanms. Prototypes ars a necsssary stap
toward space experiments. The GTA will demonstrate experi-
mentally critical spacs parametars. For instancae, ability
to sense and control the output beam is a critical physics
issue that zust be addressed to Prove feasibility of deliv-
crin§ 4 neutral particle beam to a distant target.

The GTA facilities will provide space and toels for in-
vestigating cther NPB Program issues. They will provide an-
Svers to a number of general physics questions. They will
also facilitate Los Alamos efforts to transfer accalaeratcr
Physics tachnology ts private industry.

III. ALTERNATIVES TO THE ACTION

IZ the GTA prototypes ars not built at the Los Alamos
National lLaboratory, the programmatic ispact is considered
to be a ainimua 3~year slip in the NPB program and the pos-
sibility of acving the entirs Los Alames effort elsevhers.
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The Departaent c©f tle Arz=y Ballistic Missile Defensa
Advanced Technology Ccmmand (BMDATC) site sSurvey team has
reccmmended that GTA be built at Los Alames. The survey
tean considered four other sites. All four sites wers less
desirable than los Alamos in tarms cf Prograz considera-~
ticns, technical capability, and physical characteristics.
(Ref. Accalerator Test Stand Upgrade Site Survey, BMDATC,
2/85, and lettar 0ffice of the SecTratary of Defense
(Louis C. Marguet to Major General Eugene Fox). Both are on
file with Laboratory Group AT=4.)

- * 4 r -y

Project and laboratsry siting personnel extangively
studied altarnative laboratory sitas for the GTX coxplex.
The complex rsquires approximataly S acras of cpen land,
available utilities (in particular a largs powar supply) and
closed security.

The siting investigation determined that only cne al-
tarnative to the TA~33 sits met mors than cne siting crite-
ria. Two Mile Mesx (Fig. 11) -is behind security fances and
provides anple mesa~top space for the facility. Howvaver,
the available siting area at Tvo Mile Mesa lies within an
existing 1250 ££ safety exclusion radius of laboratogry Dy-
nanic Testing (M)-Division high explosives magazines.
Sufficient utilities for the project will not be available
within the scheduled time-frane of GTA startup. Supplying a
road and utility infrastructure to Twe Mile Mesa would delay
prograa operation and add to developmant cost.

The praferred sits at TA-53 has a developed road and
utility infrastructure and houses compatible facilities and
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Cperating personnel. This lscazisn aveids splitting Accal-
erator Technology (AT)=-Division resear=n betveen twe or zore
locatisns, since the Brimary Supperting research and
development efforts are, and will remain, at Ta-53. Prior
exreriance in split locatien research has nearly alvays re-
sulted in cestly errors usually aveided when all (or most)
research ars co-lccated. Movecver, travel time for Division
enployees will be reducad and communications problen will be
mininized. sits developzment will be minimal at TA-353 com-
pPared to Two Mile mesa. Adequate utilities and other facil-
ities are neardy (within 100 yards). 2 common security

fencs can be used for this facility and new Classified fa-
cilities.

S No Action

The GTA facilities are an intagral aspect of the na-
tion's NPB weapons' Programr. This progran has been mandated
by the President and Congress as necassary for the vital de-
fense of the United States. Thers is no known raliable de-
fense against intercontinental nuclear zissles in tha upper
atzosphers. The GTA facilities will provide the basic tech-
nology for the NPB progran.

IV. ENVIRONMENTAL IMPACT

Ao Exiating Fuvizorment. This project is vithin

Los Alamcs National laboratory boundaries (Fig 11). A de-
tailed description of the local environs is presentad in the
Laboratory Envirocnmental Impact Statament (EIS) [Department
of Energy (DOE)/EIS-0018, Dec., 1979].

Specifically, the GTA complex vill be locatsd within
TA-53 across la Mesita rcad from Sectors Z and P of the
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Los Alames Meson Physics Facility (LAMPF) beam ®unnal.

(Ref. Figs 9 - 11.) This locatien is at the head of a small
drainage channel adjacent to an industrialized arsa showing
Some soil ercsion. Special cars will be taken to pravent
futurs soil ercsicn arising from construction of the new fa-
Cilities. Sita vegetaticn consists of partially disturbed
stands of pinon pine and cne-seeded juniper, native grasses,
and forbs (weeds). The tarTain rinq.s from staep slopes
with road £ill to moderats slopes with occasicnal tuf? rock
cutcrops and very shallow soil covers. (Ref., Soil survey
of Los Alames County, New Mexics, LA-6779-MS, Los Alamcs
Scientific lLaboratery, June 1978.)

Siting of the GTA facilities are in acéaidancn with the
Laboratory Long Range Sits Development Plan.

. _Axchagelogy. Laboratory archaeclogists have sur-
veyed the propesed siting arsa for the Pragsencs of cultural

(archaeclegical and historical) ressourcss. They found ne

evidencs indicating the presencs of any rescurces at the
GTA-2 site. (Ref. Appendix II.a, memorandun, Snocw to
Olinger, dated 4/22/8S8.) A prahistoric ruin vest of the
GIA-2 and the Support Building vill be fenced by the GTA-2
project prior ts any construction in the arsa to protact it
Tom constructicn traffic. The access road to the GTA com=~
Plex was slightly rslacated after the initial archaeclogical
survey. Subsequent survey of the road routes indicates that
it will traverse a prehistoric fragment sita (Ref. Appangif_’
Il.k, nemorandumn, McGehee to Olinger, 12/3/85). An adverse

impact aitigatien plan calls for ceollecting fragments frona
this area prior to the beginning of GTA site constructien.
(Ref, Appendix II.c, memcrandua, McGehea to Olinger,

-
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~/23/86.) Field work and data analysis f£ar cha fragment

SCatiar, as wall as fencing for the Prehisteric site, wil:l
be funded by the GTA-2 pProject. The New Mexics Stata His-
torical Preservaticn Officer (SHPO) has been consultad and !
supplied with a mitigation plan in conformancas with Sec- |
tion 106 of the Naticnal Historical Presarvation Act of 1966
and 36 CFR Part 800. (Ref. Appendix II.d, memorandunm,
Valencia to Merlan, 3/4/86.) The SHPO has concurred that
the propesed data collection, analysis, and reporting will
justify a determination of ne adverse impact (Appendix II.a,
letter, Merlan ts Valencia, 4/21/86). The mitigation plan
is curresntly under review by the Advisery Csuncil on
Historic Preservation (Appendix II.Y, lettar, Valencia to
Fink, 5/2/86); the Council must Tespond within 45 days.

S ————t

4. Floodplain/Wetlands. This project is not located

in a floedplain or vetland as described by DOE regqulations
(10 CFR 1022).

d._ZlTsataned and Tndangered Species. BRBased on cur-

Tent understanding, no thrsataned and/or endangered species
inhabit the proposed siting area. Neo sightings of animals
notad on U.S. Pish and Wildlife listings of local thresatened
and endangered speciass havc'bccn rsportad for the project
arsa. No plants contained on the Nev Mexico Endangered
Plant Species List (198%5) are knewn to grov within the pro-
ject area.

4, _congtxuction. Ne unusual censtruction-related

envircnmental impacts are anticipated. Negative impacts on
air and vater quality due to construction activities will be
short-terz and minimal. Air quality will be degraded tam-
porarily at intermittent times by dust from construction ac-
tivities.
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The construction area is partially a develcped area

within the TA-53 LAMPF complex. Site preparation, excava-
tion, and backfill will be required. Soil ercsicn contrsl
will be part of the project.

2. Use of Resourcsg. The cperating GTA facilities
will use no local natural rascurces other than routine util-
ities. Utilities will connect to existing lines at TA-53.
The additional lcad on utilities will not over-extend this
systanm.

Specifically, utilities will includa:

l. 15 MW of AC powver from an existing switch gear ad-
jacant to the sita,

2. 4.23 Mv of cooling wvater from the Fusion Matsrials
Irradiation Test (FMIT) building cosling towver
adjacent to the site,

3. talephones,

4. natural gas,

5. sesvage.

. Izpacts from Routins Enissions and E2Zluents.
i._Normal Operating conditions.

- a) Deascription. Beth GTA-1l and GTA-2 ars
being designed ts provide intanse scurces of HY, H™ and B
and particles. The particle beams will be 100 mA of H™ par-
ticles accslerated to S0 MeV for GTA 1 and 100 MeV for
GTA-2. The duty factor (D.F., time in cperaticn) will be

10
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2.1% with pulse lengths cf 0.35 milliseccnds every 333 =m:il-
lisececnds, for GTA-1 and‘f}, with pulse iengths varying f-am
0.1 =illiseconds to 2.0 milliseconds, for GTA-2.

Within each facility the accaleratad H™ beam will go
through a high-energy beam transpore (HEET) section, expand-
ing and shaping magnets, a neutralizer (preducing primarily
H® particles but also leaving a significant number of K~ and
u* particles), and finally ints a beamstop that will safely
dissipate the particle beaa and heat. Throughout this sys-
tam, but especially in high-cncrgf regions and in tha bean
stop, high-energy neutrons will be generatsd. These include
a high flux of neutzons with energiaes up to 50 MeV for GTA-1l
and 100 MeV for GTA-2. An- approxizately equal intensity of
prompt high-energy gamma rays will alsc be produced. High
energy neutrons will activata matarials throughout each beanm
tunnel, accalerator vault, and beam stop vault. Low laevel
activation of cooling water is also likely ts cccur. The
magnets will be a sourcs of residual radiation. The HEBRT
and neutralizer sections of the GTA facilities can ba zade
of aluminum, thus reducing activation in the ganeral struc-
tures. The beamstops, the gresatast scurcss of rssidual ra-
diation, will be made primarily of graphits, copper and alu-
ninum. Isolation, shielding, and limitad accass vill be
used to minimize radiation exposurs frem the beamstops.
Copper alloys and copper plating will be used to minimize
radiofrsquency (rf) lcsses and to maxinize heat ramoval in

cartain ;pcatians.

At the 50-MaV and 100 MeV ends of the drift tubs linac
(DTL), the highest neutron fluxes ars expected from particle
losses in the matching section of the HEBT; the fluxas gen-
erated vill also have the highest esnergy spectrums. The

12
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high-enersy spectrums are iopertant because many of the ac-
tivation reactions are threshold rsactions. For these rea-
Sons, the high-energy end of the DTL will be analyzed in a

Safety Analysis Report required pricr to operation of GTA-2

and a safety assessment required prior to operation of
GTA-1l.

The accolerator vaults. HEBRT sectiocns, and bean sensing
and bsamstop arsas will be closed to all persennel during
beam-on. Pedestrian trazfic during beam-off cperations will
be through shield-block labyrinths with kirk-key intarlocked
docrs from the accalerator vaults. Sufficient shielding
will be placed over and arcund the accslerator and beanm
sensing vaults and beanstops to rssult in radiatien dose
levels "as low as Teasonably achisvable® (ALARA) and ne
higher than the DOZ new facility occupational exposure Radi-
ation Protaction Standard (RPS) for whole body radiatisn of
1000 mrem/yr (DOE Order 5480.11 proposed rsvision).

The Los Alamos National Laboratory Applied Nuclaear Sci-
ence Group (T=2) in collaboratiocn with the Radiation and

Shielding Analysis Group of the Hanford Engineering Develop-
Zent Laboratory, are doing a shielding study and will pro-

vide engineering data necassary to design shielding to meet

- axposure critsria. Zach accalerator will be covered by high

density (H. D.) concrata stapped stack-block shielding that
can be quickly acved by an overhead crane for raconfigura-
tion of the accelerator or for maintenance verk. Prolimi-
nary bulk shielding thickness ars analyzed in Appendix III,
lettars, Morford ts Cole, "ATSU, 100 MeV Linac Shielding,
10/20/85" (IIl.a) and "GTA=-1 Bulk Shielding,” revised
1/27/86 (III.p). Shielding thickness for GTA-1 beam stop
ars currantly estimated at approximately 8 ££ of 243 ¢ HD
concreta and for GTA-2 at approximataly 9 £t of 243 # HD

19
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SSncrete. Stacked up block cracks will be sealed ta Freven:
laakage of radicactive air frem between the blocks.

The policy of the Los Alames National Laboratory is
that employee and public exposure ts radiation and radicac-
tive materials will be kept to the lowest level teachnically
and econocmically feasible (Health and Safety Manual, Admin-
istrative Requirement 3-1). The “as lov as reasonably
achievable” (ALARA) principle will be adhered to in all ac-
tivities to minimize operaticnal exposurss. During normal
bearn cperation the air in each vault and bean-stop will be
stagnant. When the beam is of2, air from these arsas will
be ventad through a high-efficiency (99.97%) particulata air
(HEFA) filter bank and an exhaust stack. Personnel accass
will be allowed only wvhen ventilation is cperaticnal and
safe radiaticn levels have been achiaved. ‘

k)l __Zxzissions. No nenradicactive emissions
ars anticipated which would require regulation under
New Mexico Air Quality regulaticns 702 and 703. No emise-
sions will be produced requiring regqulation under Pravention
of Significant Detariocration (PSD) rules.

Airborne emissicns will consist of activated air dis-
charged to tha atmospheres at intsrmittent tines. The only
way to dispose of activated air is to hold it for ra-

'dicactive decay to accsptable levels and then vent it to thas

ataosphers. Any activated gases from the GTA facilities
will be vented so that rssulting doses do not excsed the DOE
cccupational exposurs RPS (5480.11 propesed revision) of 0.5
nrem/hr in continucusly occupied work arsas. No activatad
air will be circulated or exhaustsd during beam cperations.
The quantity and types of airborne radicactive emissions are
baing assessed in the ongoing GTA radiation study. The
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Study will be completed Prisr s finmal design > perait ad-
herence with DOE radiaticn safety criteria,

GIA=l: Preliminary air activation data was com-
puted for the ATSU facility (the previous name for the GTA-1
SO MeV accslerator) based on an 8 hour/day irradiation tis

and various decay times with a beanm intansicy corresponding
to peak intansity expected. (Ref. Appendix IV, letter

R. J. Morford, Radiation and Shield Analysis, Westinghousae
Hanford Company, to T. R. Cole, AT-4, Los Alamos at the Los
Alamos Naticnal Laboratory, rsceived April 12, 1985. / The [
ccde used by Westinghouse-Hanford Cs. to calculats the
production and quantity of isctopes for GTA-l is REAC
(Reaction Activaticn). The REAC code is used for acetivation
Calculaticns. It has four basic libraries which makas input
very straighte-forward. The libraries are: (1) zatesrial
coemposition, (2) multigroup flux, (3) zultigroup cross
sections, and (4) radiecnuclide decay. This coda is probably
the best available at this time for high energy neutren
activation and is widely used. Many other codes ars used as
required for specific parametars.

The code vas rerun at the Los Alames Natiecnal lLabora-
tory using the average beam intensity for a nominal 8-hr
running day and various decay tines to mors accurately ra-
flect the production that can be expected for each isctopas.
Table I lists primary generatad dose-contributing air acti-
vation preducts that vers calculatsd with this rezrun. Acti-
vation numbers reflect the initial concentratien ef esach
isotope aftar an 8 hr cperating periocd.

The cperating day for GTA-1 has since been reducad to 4

hrs and the D. P. from 1 to 0.1% rTesulting in a factor of 12
reduction. The concentration after daily ocperaticn is the

14



Taxizuz Tsutine release. The normal operating cycle for
GTA-1 will consist of running 4 hours/day with 0=16 nh 2¢

cvernignht air purge befors the beam is turned on the fol-
iowing zorning.

TABLE I
GTA-1 AIR ACTIVATION PRODUCTS RELEASES (x approximataly 12)

Coancentration

Radionuclide Half-liZe __iCi/cp) | __(axem

v

U o

L U

&3

T

atter 8~-hours
of operation Annual Dosoﬁl

— Ar=41 wsg.“{ 109.8 min  3.02 10‘: 0.28 .
-N=13 & XY 9,96 min 1.55 10~ 7.0 1003 < _
-.c-11 2?3  20.3 min 2.59 10~/ 1.5 10”3
—Cl=40 3.02 1.4 min 2.57 10”7 1.2 107¢
-5=37 33O 5.06 min  2.47 10”7 2.0 1073
~0-18 =4C 2.0% min 1.09 10”7 5.2 1073
~Ci~39 %o.! S%.% min 1.07 10”7 1.0 10”3
—C1-38 3% 37.3 min -- 4.33 1078 4.5 1074
—~5-38  “.4 2,87 hr 5,27 1072 7.1 1073
Ar=37 S0.. 35.1 days 4.69 1077 6.8 1078
c-14 3367 5730 yr 1.43 1079 3.7 107
—0-14 1705 1,182 min 1.24 1072 2.4 10°7
H-3 A .by 12.26 yr 6.79 10710 7.0 10”7
—Cl-34 %2  31.99 min .27 10°%0 4.1 1078
S-3%  '2,.% 87.9 days 1.15 10730 4.4 10”2 (vapor)
Ar-39 3% 269 yr o 1.10 10:]1.: 2.9 10'1'2 (particle)
C1-36 = <+ 3.08 10° yr 8.72 10 1.7 10

Atmespheric dispozsion'analysis for the ATSU facility indi-
catad that the expectsd annual vhole body does rscaived at
the nearsst sits boundary for routine release (8 hr day 4
day/wk irradiation time, 1% DOF) wvas 0.3 mrem. (Ref. Ap-
pendix V, memorandum, Dewart and Buhl to Olinger, Routine
Releases from the Accslerator Teast Stand Upgrade, 7/23/8S,
attached.) The nearsst sits boundary is the fence bordering
State Road 4 (Main Hill Rocad) 1000 = distant (Fig 11).
Emissions frocm the 50 MeV GTA-1 (0.1% D.F.) ars expected to

i3
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te approximatsly 0.025 mrem (a factor cf approximately :2
less),

GIA=2: Preliminary air activaticn data for GTA-2 was
coemputad based on MeV operaticn, 4 hr/day irradiation
time, and to to(ls hr/day dacay tine.) (Ref. Appendix VI,
lettar, Morford to Cole, "GTA=2 (100 MeV) Air Activation,
received at Los Alames 3/13/86, attached with Table B ap-
pendix.) Table II lists prizary generated dose~contributing

radicnuclides likaly to rasult from the GIA-2 procass. Ac-
tivation numbers reflect the initial cenceantration of each

. isctope aztar 4 hours of operation and 0 hrs of decay tixza.

The norzal oparating cycls for GTA-2 will consist of running

4 h/day with no holdup befores purging. The envirocnmental

impact calculated in this EA is the maximum expectsd impact
since it addresses the longest run time with venting immedi-
ately aftar the run cycls (ne decay time).

16
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" H-3
Li-%
Be=7
B=-12

P=35
S5=3%
-8§=37
— 5=38
S5=39
Cl-33
Cl=-34
—~Cl-38
~Cl=39
—Cl=-40
Ar=34
Ar=35
Ar-37
—Ar=41

GTA-2 AIR ACT

Half-
I{a. (ll

3.91E+08
1.00E-21
4.58E+06
2.022-02
1.862-02
1.61x-02
1.22E+03
2.50E+00
7.40E=01
1.10E=-02
5.98E+02
7.20E+00
4.15E+00
6.30E=-01
7.102+01
1.242+02
7.20E+01
9.40E+03
6.20E+00
1.502+02
1.24E+06
2.16E+06
1.252+01
4.742+01
7.680E+04&
3.032+02
1.032+04
1.158+01
2.80E+00
1.56E+00
2.232+01
3.33%+03
8.40E+01
8.45E=-01
1.83E+00
3.02E+06
6.59E+03

-y
-

Curias after

4 hours

S !n.::' 4 an

ATZON PRODUCTS REZZIASES

Annual Dose

!1:0»2

2.01k+00
4.18E=01
2.683E=03
1.632+01
4.35E+00
2.34E=-03
3.16E+00
1.56E+00
1.43E-04
3J.53E-01
4.43E+00

" 1l.742+400°"

2.14E-02
3.93E=03
3.04E-01
5.05Z-01
3.76E-03
3.682-03
2.53E=-03
1.49E-04
1.01E2-04
1.43E2-04
1.88E=02
7.53E=03

2 09E=04-...

3.08E-Q1
5.142-02
2.09E=02
1.122-04
1.992=03
2.272=01
3.31E2-01
2.80E-01
2.73E=04
6.83E-04
1.02E2-04

- 4.16E=01

Total =

.01
0.00
.00
0.00
0.00
0.00
0.19
.00
.00
0.00
0.23
.00
.00
.00
0.01
0.01
.00
.00
.00
.00
.00
.00
.00
.00
00
.03
0.0
.00
.00
.00
0.02
c.03
0.05
.00
.00
.00
0.03

0.62

Atzospharic dispersion analysis for GTA-2 indicates
that the expactad annual whole body dces received at the

17
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nearest sita boundary (Main Hill Road) #2r rzutine release
(4 hr day 4 day/wk irradiation tias, 5% DF) vae 0.5 mrem.

(Ref. Appendix VII, memorandum, Buhl and Bowen tso Clinger,
Dose Assessments for Routine and Accidental Releases cf Ra-
dicactive Matsrials from the Ground Test Accalerator
(GTA)=2, 3/27/86, attached.)

The DOE has rscently revised radiation protection stan-
dards for the public. The pertinent standards ars a) 100
arem/yr effective dose equivalent for a limitad number of
yYears of exposurs, and b) 2S5 mrem/yr whole bedy dose for air
pathways. The latter standard corresponds ts the Environe
mental Protaction Agency continuocus exposure limit issued in
40 CTR 61, 1/85. Recant engineering design improvements to
the LAMPY beam stop area have siqnizicantly reduced LAMPF's
release of activation “products to tﬂc atmosphere (from 44
mrem’ in 1984 at the nearest sits baundary to approxizately
7.3 mrem in 198%5). The expectad GTA rsleases will not af-
fact LAMPY compliance with DOEZ S480.1A or with CFR 61.

The Laboratory environmental monitoring program moni-
tors radiation from airborne activation products rsleased by
ILAMPY. The prevailing wvinds are from south and scuthwest.

A sourca tara for the reslease of all radicnuclides excapt
tritium (H=3) is cbtained from ion chamber measursments that
continucusly sample stack flov. Thermoluminescant dosizetar
(TLD) measursmants provide a direct dose for the sourcs term
values. (Tritium is monitored separately and continucusly
within the rsleasse point stack.) Twelve TID sitas are
located downwind at the laboratory boundary north of LAMPYF
along 800 m of canyon rim. Tvelve background TLD sitss ars
about 9 ka from the facility along a canyen rim near the
southern boundary of the lLaboratory. This background
locaticn is not influenced by any Laboratory radiation

18
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sources. The 24 TLDS are changed each calendar guarter cr
soconer, if LAMPF's operating schedule dictates (start-up or
shut-down of the accslerator for sextanded periods mid-way in
a calendar quartser). The radiation measurszent (above
ground): (11 = 2 mrem for 198%5) is obtained by subtfac:ing
the annual zeasurszent at the background sitas from the an-

nual measursmant at the lLaboratory's boundary north of
LAMPY.

Continuing study cf potsntial radiation associated with
the GTA will add considerably zmore detail to existing data.
This study will be complstad by the tizme the safsty
assessment (GTA-1); Prsliminary Safaty Analysis Report
(PSAR), and Final SAR (GTA-2) ars prepared and will be usad
in their analyses.

—— - e

c) refiyents. Wa;n:botno effluents will
consist of routine sanitary wasts from restrcozs at the fa-
cilitiss and cccasicnal raleases of slightly activatad wvasts

cooling watar used to ccol magnets and bean stops.'ixuclidns
expectad to be present in the GTA cooling systems consist
mainly of water activation products such as H-3, Be=7, C-l1,

N-13, and 0-15. The prasence and relative abundance of
these nuclides will ba diffsrent for ths two faclilities due
te the two differant accslerating energies (30 MeV and 100
MeV). The coolant systams vill alse contain soms amcunt of
component spallation and corresion products. These products
would be expocted to contain radicactive isotopes of Co, Cu,
Fe, Mn, V, Cz, and Ni., During norsal systsm operating such
products vill be rsmoved from the cocolant stream and concsn-
trated in the demineralizer beds.

The GTA-l circulating vatar systam will contain
approximatsly 2200 gal and the GTA-2 systam approximately

19
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\2500 gals)\ The cooling water will be drained at

intarmIttant tizes into the TA-54 sewvage Systam. °EIffluenc
radicactivity is not considered a hazard for the sewage
Systam. Personneal in the Accslerator Health Protaction
Group (HSE-1l) routinely menitor the circulating water
systamn. When it is necassary to drain the systsa and
dispose of the watar, Proper procsdurss vill be implemented
based on the level of activation. The radicactivity in the
water will generally be allowed to decay to accsptable lev-
els and then disposed of in the TA~%3 lagoens. If such dis-
poesition would cause concentrations in the lagoons to exceed
DOX resgulations, the wvatar will be rsmoved to the Laboratory
radicactive liquid wasts  facility at TA-50 and disposed of
thers. In past years radicactivity in effiuents resleased w
from the TA-53 lagoons was rsperted annually ts the DOE and \
the Environmental Protaction Agency. Aerators have been \
added to the twe original lagoon calls and a third call was
added in 198S. Since then no liguid effluent has been dis-
charged froz these lagcons and none is expectad ts ba in the
futurs.

The GTA projects are funding a properticnate shares of
an upgrade of the TA-53 sewvage lagoons to ensure compliance

" with National Pellutant Dischargs Zlimination System (NPDES)

Tequirszents. The upgrade has been completsd. Effluent
from the GTA complex will net be in sufficient quantity ta
affect the Laboratory NPDES permit.

Q___Sodl Activation. Of the four beam stops
for the two facilities, none provide an cppertunity for soil

activation. Csnsequently, nuclide migration from the GTA
site is not likely. The beam stops are located near the
canters of the buildings and ars thus not subject to dirsct
exposure froa rain watar. Surface vatar drainage paths do
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not lead under the proposed buildings, and ground vater :s
Approxizataly 900 fset belcw the sita elevatiocn (raference
decument *)., There is no knewn Rechanisa for transperting
nuclides frcm the bean STSP area to the ground watar.

2. Risk of Credible Accidents

T ° i -
gidenss. The GTA facilities will be in a centrolled accass
aresa; howvever, visitors may occasiocnally be prasent. During
machine operaticn, all persconnal (including visitorsyr are
norzmally excluded f£rom hazardous areas within the facility.
Hazard to wvorkers will cccur in the debugging or chackout
stages when nermal protection zmsasures =ust be bypassaed.
Special work permits will be used for theses instaqcas.

- 1)l _Radiation. The primary radiation hazard
concerns ars component activation and prompt radiatien aloeng
the DOTLs, HEBTs, and at the beamstops. Only low~level
X-rays will be produced in the GTA injectsr. A medast
thickness of stael or lead will eliminate any personnel haz-
ard frem this 100 XKeV-radiation sourcs. !::::ivc!rfgiqn
electric £ieIZ¥ inside ™re radio fragquency-guadrupole (RFQ)
will also p:oduéo x-rays. Ganerally, these are vell
shislded by tank walls, but scme leakaga [vell belcv the
S000 mrem/yr or 3000 mrea/qtr DOE occupaticnal exposurs RPS
(5480.1A)] is anticipated from several parts. Neutrons com-
ing back from the high-enargy end of the DTL will be the
dominant socurcs of neutrons in the RFQ.

*Vadose Zone Charactsrization cf Technical Area 54, Wastes
Dispcsal Areas G and L, Los Alamos Naticnal lLaboratory,

New Mexico. Report 1: _Prsliminary Assessment of the Hydro-
logical System, Bendix Field Engineering Corporation,

March 1986. >
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An accident situation involving releasa of activated
air in excass of that routinely generated afsesr normal daxly
operating tize is not considered credible. The maxizmum <o~
tal activated air present at cne time, if accidently ra-
leased, could result in a whole bedy dose cf 0.0007 mrem at
tha site boundary for GTA-1 and 0.3 mrem for GTA=2. The
largest dose calculated for an unplanned releases (GTA=2) was
58 mrem (whole body) cccurring onsite near the GTA-2 facil-
ity. These doses can be compared to the 25,000 nrexz (whole

body) accidental release siting guideline propoesed for DOE
Order 6430.1.

4 I i - $=
Malfunction of a bean component csuld allev the beam in
GTA-1 or GIA-2 to burn through the aluminum beam pipe and
potantially dump the entirs=ehort beam pulse in the beaz

tunnal befors monitors detect the ancmaly and turn the in- -

U o ¢ o

o U

Jjector off. The resulting activity would be contained in
the stagnant air volume ¢f the bear tunnel until radiation
monitors indicata safe lavels for perscnnel entrance.

2 __raillure of RFWavequide or Cocax. Failure

of or leakage of an rf vaveguide or coax could allow r?

power into an accslexajer bay-or- accelerator vault. This
accident would be q.t.ct!d_by the rf detactors in each fa-
cility and the power wvould be shut-off autcmatically.

41 __Righ-Voltage Shorts. High-voltage shorts

in the capacitocrs and .their conductor systaa or a complata

failure of the capacitor case could allow a small amount of

cil to flow conto the capacitor room flocor. This accident

might result in a fire and noxious gases or smoks. The ca-

pacitor room in each facility will be barred to personnel
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access during oparaticn and will have a firs suppressicn
system designed to_contrsl gasses and smoke.
\

——

2l_Vacuun Vessel Collapse. While evacuated,
a large vacuum vessel could;éollaplc. These vessals will e
designed to the intant cf-applicable provisions of the

American Society of Mechanical Engineers (ASME) Beilar Code,
but will not be "code stamped.”

£l __Li2%2ng and Txansperting. Thers will be
the usual mechanical hazards assocliated g‘,‘.b-l’i..ing,

transporting, and placing largc {“o tan) shielding blocks
by crane. e

~

completion of the GTA prOjOQSI._SﬁihGTA facilities will be
used for cthar AT Division ace:l:gg;pr rasearch progranms.
The complex is expectad ie Bm—ﬁl life of many
decades in the ongoing high en _
of the US Government. Should'tﬂ;;ﬂ plex have to ba
abandoned or decozmissiocned as-x _4§gg==='vark area, all ra-
dicactive matarials will be @ using approved tach-

niques of the tinas.

4, Unavoidable Izpacts. Unavoidable envirommental inm-
pacts froa the proposed project ars consistent in nature and
sccpe with current activitias at the lLaboratory

Inpacts include short-tera and routine dust, noise, and
drainage disruption associated with heavy construction. The
GTA~1 will modify an existing building. The GTA-2 will be
constructad in an undevelcped arsa. land ecclogy inside the
undaveloped arsa will be altsred. IExisting plants will be
eliminated and small animals dislocatsd. Construction of
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the GTA complex will I3pair an archaeclcogical resourcs: a
small lithic and ceramics szatser. This zaterial will be

collectad and documented prior to construction according t2 .
procsdures approved by the New Mexico Stata Historical

Preservation 0ffics. A in will be cleared of debr:s
and fenced by the project.

Radicactive emissions will neot significantly affeacs
TA-53 compliance with the DOZ Radiation Protaction Standard
(RPS) for nmembers cf the public for exposurs from the air
pathway (Order S480.1A). The GTA will add approximataly 0.6
nrem/yr tS the LAMPYP vhole body docse. Based on 198% nea-
surements, the total LAMPY vhole body dese including that
from the GTA, will be approximately 8 nrem, or abcut cne-
third of the 25 mrem RPS. The currant maximum individual
whole body dose possible at a Los Alamos National laboratory

boundary is approximately 1l.4 mrea (198S). GTA effluents

will not affect NPDES compliancs at TA-53,

Cumulative impacts on the lLaboratory from the proposed
preject include raserving approximataly S acress of land at
TA-53 for GTA use, precluding allocation of the land for fu-
turs programmatic activities at TA-53. Traffic along Fast
Jemez Road and within TA-53 vill be incrsased by traffic
associated with tha facility.

v. AGRNCIZS AND/OR PERSONS CONSULTED, INCLUDING COORDINA-
TION WITH FEDERAL, STATE, REGIONAL, AND LOCAL AGENCIES

This Envirommental Assessment vas ravieved by personnel
in the Health, Safety, and Envirormment (HSE) and PFacilities
Engineering (ENG) Divisions, and by the Accelerator Technol-
ogy Systeas Intsgration Group (AT-4). It vas approved by
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the Labeoratory Envircnmental Review Committaa. Archaeolcs:-
cal adverss impact mitigation is being raviewed by the
New Mexico Stats Historical Preservation Officer. No known

conflict exists with any federal, stata, regicnal, or local
plan.

VI. ADDITIONAL DOCUMENTATION

A precperaticnal site survey of existing envircnmental
conditions at this site is ongoing in'i&:e:dan:a with DOE
Order 5484.1. A draft safety assessaent -£9T GTA-l will be
Prepared prior to building construction. A final version
will be requizred prior to cperation. A PSAR will be pra-

pared for GTA=-2, and an FSAR will be rasquired prior to oper-
atien.

—
- caE— . —— - -
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United States Government
Albugquergue Operations Office

m e m o ra n d u m Los Alamos Area Office

Los Alamos. New Mexico 87544

Department of Energy

oate Y 09 1086

" REPLY TO

arrnof LRDT:DL/4827A

SUBKECT  Gpround Test Accelerators 1 & 2 - Comments on Environmental Assessment
1o: A.J. Tiedman, ADTS, MS-A120

Please finalize the Environmental Assessment for Ground Test Accelerator
(GTA) 1 and 2 incorporating the attached DOE Headquarters' comments
(attachment 1) and AL comments (attachment 2). Furnish eight copies of the
Assessment to me on or before May 23, 1986. Also attached for your
information is Garcia-Dobes Memorandum, dated April 15, 1986, which
transmitted to Headquarters, the draft FONSI prepared by the Laboratcry.

Please note that action to obtain an agreement from the State Historic
Preservation Officer is ungerway (attacnment 4).

~ .

o ‘qoypi-.

Harold E. Valencia
Area Manager

Attachment

1. Garcia-Valencia Memo, dtd. 5/06/86 w/3 att.
2. Garcia-Vaiencia Memo, dtd. 4/23/86

3. Garcia-Dobes Memo, dtd. 4/15/86

4. Valencia-Fink Letter, dtd. 5/02/86 w/encl.

cc w/att.:

T.C. Jones, OSPA, AL e -
C.E. Garcia, ESHD, AL
H.F. Mumma, FCMD, AL . N\
W. Myers, DADDCP, MS-Fb14, LANL . e N N
<. Jansen, DRPDEW, MS-HB18, LANL - K -
> ], Allen, ENG-DO, MS-K721, LANL iod IS
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United States Government Department of Energy

m em O ra n d u m Albuquerque Operations Officec

e MAYE 10RA | | O

atTnoF-  WOE:RFR

susiecT.  Changes to the Environmental Assesszent (EA), Ground Test Accelerators
(GTA) | and 2, TA-33

to: H. E. Valencia, Area Manager, LAAO

The Office of Environment, Safery and Health, DOE Headquarters has completed
their review of the subject EA and has approved the document contingent on
changes as noted in the attachments. Please submit a revised EA, which
should include the changes as recommended by Headquarters, as well as the AL
commenrs transmitted to you by my memoranduma dated April 23, 1986.

The attachments include: ) the approval memorandum signed by M. L. Walker,
April 25,-1986, 2) a Finding-Of-No-Significant-Impact (FONSI) as revised and
approved by M. L. Walker om April 25, 1986, for informartion only, and 3)
comments on the EA,

The approval of the EA is contingent on an agreement with the State Historic
Preservation Officer that any significant impacts on the two archaeological
resources discussed in the EA will be mitigated, as reflected in the firsc
actachment. Address this issue in the EA by referencing the mitigation plan
wirth the State and by providing a copy of the concurrence letter by the
State Historic Preservation Officer. Also, indicate the current startus of
the mitigation procedures. In additiom, the approval of the EA is
contingent om the incorporation of the cosments on the last attachment into
the EA. These comments were handwritten by Headquarters and a clarification
provided by AL where the copy was illegible. 1f there are any gquestions
regarding this subject please contact Randy P. Reddick at FTS 846-4340.

Cartos E. Garcia

Director
Environment, Safety and Healch Division

3 Attachments
ce:

C. E. Olinger, HSE-8, LANL
MS-K450

Aren /



Uud o 9

4 6 J

l

Da1¢
rpLY 10

1I8 OF

840 CT

10

“ o P US.DEPARTMENT OF CNERGY

e MG
APR 2 § 1886 A memorﬁndum

ER=23

Envircnmental Assessment for Proposed Ground Test
Accelerators 1 and 2 at the Los Alames National Laboratory

S.R. Foley, Jr., DP~l .
Assistant Secrctary for Defense Programs

This is in response to an April 18, 1986 request from Captain
Vobes tu review and approve of the environmental assessmont (EA)
for the proposed construction and operation of Ground Test
Accelerators (GTA) 1 and 2 at the Los Alamos National Laboratory
in New Mexico,

Conmments on the EA are provided in the attached marked-up copy.
These conments have been discussed with your staff and with the
staff at the Albuquerque Operations Office and they have agrecd
to make the necessary changes. Contingent on the incorporaticn
of. tuese changes, the EA, in our judgment, presents an adeguate
assessment of tha environmental effects asscciated with the
proposed construction and cperation of the GTA facilities.
Accordingly, tho EA is approved. The Department of Encrgy number
assigned to thc EA is DOL/EA~0304.

Bascd on the EA, w¢ have dectermined, after consultation with the
orfice of the General Counscl, that the propesed acticn {s not a
major Federal action significantly affecting the quaiity of the
human cnvironment, within the meaning of thc National Environnmen-
tal Policy Act (NLPA). Thorefore, tho preparation of an cnviron:
mental impact statement (s not required. Thec basis for this
deturmination {s cxplained in the attached Finding of No
Significant lmpacet.

This determination is continycont on obtaining agreement with the
State Histuric Preservation Officer (SHPO) that there will nct be
any significant environmental impacts on the two archaeological
resources discussed {n tho EA. Until that agrecaement §s reached,
thiese resources should bc protected during construction activi-
ties until a mitigation plan acceptable to the BHBPO is agreed on.

Letense Prougrams is responsible for providing public notice of
the avatlavility of the kA and Finding of No Significant lmpact
as requirved in Sectinn 15006.6(b)(3) of the Council on
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genvironmental Quality Regulations for Implementing the Procedural
provisions of the NEPA. Please send three copies of the

finalized EA for our files, ’

v

Mary U/ Walker

Assistant Secretary
Environment, Safety and Health

Attachments (2)
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U.S. DEPARTMENT OF ENFRGY
FINDING O RO SIGNIFICANT IMPACT

GROUND TEST ACCLLERATORS (GTA) 1 AND 2, IN ARGA TA-3)
AT LOS ALAMOS NATIONAL LABORATORY NEW MERICO

AGENCY! U.S. Department of Energy

ACTION: Finding of No Significant Impact for the construction

and opecration of twe ground test acceclerators, GrTA-1 and CTA-2

SUMMARY AND FINULNG: The vepartmenrt of LCnevrgy (LOF) has prepared
an eavironmental assesgsment (EA) on the construction and
operation of two ground .test accelerator fasilitics, GTA-1l and
GTA=-2, a% Technical Area (TA)-S53, Los Alamos National Laboratory
in northern New Mexico (DOL/EA-0304). Based on the findings of
the EA, which is available to the public on reguest, the UOLC has
determincd that the propesed action is not a major Federal action

significantly affecting the quality of the human environmant

within the meaning ot the National Environmental Pulicy Act of
1969 (NIPA). Thervofore, the preparation of an environmental

impuct statcment is not requivred.

DISCRIPTION OF PROPOSED ACTION AND EFFECTS: The proposced
facilities are qruund-hased prototype accelerators which will bo
key components in the nation's Neutral Particle Beam (NPB)

program. Tle: NPB program is intended to asscss the feasibility of
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neutral particle beams as directed cnergy weapnns outside the
earth's atmosphere. Both GTA-1 and GTA-2 are 100 mA, u*, H",
and HO proton accelerators. The 50 MeV GTA-1 will serve as a

test bed and fronte=end tor the 100 MeV GTA=2. Constructien is
projected to bogin in 1986, and be completed in 1930,

No significant envircamcntal impacts associated with the
construction and opevation of the proposed proton accaleraturs

were {denzified 1n the EA:

Ajr Quality == Radicactive enissions trom operation of the
acceleraturs will be "as low as veasonably achievable” and less
thaa the Department of Enerqy occupational exposure radiation
protection standard (RPs) of 0.5 mrom/h* {(propoused revision, DO
Ovder 5480.11) by helding activated air for radiocactive decay
vut:l the RPS if met. No activated ajr will be circulaiud or
exh:austnd during accelarator beam operations. Radiation shield-
ing will be appruximately 8 rt ot high density (HD) concruetu for
the Cra-) bean stop and 9 £t of HD concrete £or the GTA=-2 beanm
stop. When the beam s of £, ajiv will be vented £rom each accelur-
at.or through a high ctficiency particulate air (HFPA) tilter

banl and an exhaust gtack. Annual radiocsctive emission whalae
Ludy doses at the neareat [.os Alamos National lLaboratory boundary
are calculated to be approximatlaely 0.02% mram fur GTA~-1 ang 0.6
mren for GTA-2. The Department ot Lnergy radiation protecction
standards tor the public are: (1) 100 mrem/yr effeoctive dusc
equivalent lor a limited number of years of cxposurcey and (2) 25

mrem/yr whole body dose tor air pathways. Thé Covirenmantal

—p ————" - antd —r TRPT————— TP »ey v s e e o e e g
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Protection Agency standard for routine radiclogical relesscs v
the atmosphiere (40 CFR 61) is 25 mrem/yr to the maximum {ndividual.
The current maximum indjvidual annual dose from radiocactive

emissions from all Los Alamos National Laboratary activities is

approximately 1l.4 mrem/yr (1985,

Watcr Quality == Slightly activated cocling water will be drained

intermittently from the accelerator racilities. Cffluent
Ladiuauﬁivi:y is'not considered a hazacrd. The cooling water will
he monitored and allowed to decay to acceptable lecvels befove
disposal in the TA-S53 sewerage lagoons, If such disposition would
eause concentrations in the lagnona Lo exceed DOL regulations,

the water will be removed to the Los Alamss Navjonal Laboratory
radinactive liquid waste facility tor disposal. The TA-53

laguons w=ve recently upjaraded to combly with Nationail Pollutant
Climination Discharge System (NPDES) standards; the projected

efi{luent will not attect compliance.

Cultural Resuvurces == Two avchaeological vesnurces arc located
within or ncar the project area. Adverse impact nitigation to
the archacological resources is being determined in concultation
with the Now ue¥ico State Histavric Preservetion Officevr in
compliance with 36 CFR Part 8Q0. The GTA-2 project will, prior
tno any constructinn, fenec a registervd prehistoric ruin located
imnediately wuest of Lhe project arca. Archavenlogists will
¢nllveLl, privr tou 2ny construction, available fragments of an
ynrecorded prehistoric pottery ang ton! tragmnent site located

inside the project area and will subseguently analyze the
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gy -- Construction activities will increase short-tern

Land Egols
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soil erosion and eliminate existing plants and animals over a

' partially developed S-asve site. fte Lhicatened and endangevecd

species arc known tc occupy the site. Runoff control and
landscaping measures will be taken to minimize impacts accerding
to reguirements cf Los Alanos National Laboratory land protcction

standards.

_socioecconomic Resources == Construction of the GTA projects will

require an average work force of less than 50 people over 2 4-
year period, The employecs will be drawn primarily from the
existing pool of construction workars in the northern llew Hexice
area. Opcration and maintenance ¢f the accelerator facilities
will ofter employnent tor ;elatively few worrxers not already
enployezd at thc los Alamos National Labaratory and will not

significantly afftect local employment levels.

ALTURNATIVLS: Three alternatives te the proposed coenstructimn of
the CTA tacilities werc cnmnsidered. The altcrnatives were: (1)
an alteruate Site not at the Los Alamos National Lavoratory) (2)
siting at au alternate locaticn at the Los Alamos lHational

Labaratory; and i3) nn action.
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FURTHER INFORMATION:

For further technical or program informaticn

or to cbtain a copy of the LA, contact:

Randy F. Reddick

Environment, Safety and Health Division
Albuquerque Operations Office

U.S. Department ot Encrgy
Albuquergue, New Mexico

{505) 846-4340

87115

For further intormation on the NLPA process regarding this

action, contact:t

Dr. Robevrvt J. Stevrn, CH=22

Divectur

Cffice cf Environmental Guidance
Crfice ot the Assistant Secretary

tor tnvironment, Satety and llealth
U.S. Department of Energy

Vashington, D.C.

(202) 252-4600

1ssued at Washington, L.C. this __ 24

20585

day of April, l19&e6.

R

Mary L/ Walker
Assistant Secretary
Cnvircnment, Satety and ticalth
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I. CONCISE DESCRIPTION OF THE PROPOSED ACTION .

5-5‘. ’W ans owwTEN =T
/

The prcpsz:ﬁ esficn iz constructicn\ar‘sgqround-based

_ prototype acceleratorSat los Alamos National' lLaboratory.
"The GTA zncilit§69i11 be & ksy cenponent in the nation's
Neutral Particle Beam (NPB) program. The national Neutral
Particle Beam (NPB) progranm is compesed of three major ele-
ments; {(2) tlhe tsclhinulogy dass, (<Z) The space 2lights ©f
the Integrated Space Expariments (ISE) pragram, and (3) the
ground test accelerators (GTA) supperting ISE. The accsler-
ators, GTA-l and GTA~2 require two facilities with a total
estimated cost (TEC) of $3.2 millicn (GTA~1) and $195.4 mile
lion (GTA-2). The GTA was formerly titled Accelerator Test

Stand Upgrade (ATSV).

\qt“s"\
a* The CTA project will consist of constructing and sgquip-
ping¥in seguential phases two beam tunnelsg/accelerator-labo-
ratory buildings. A parking lot and access roadway are par:
of the GTA-2 project. Two cther projects, Support (Staging)
Building for CTA Facilities and Transportable Cffice Compley
(1’PB Technical Suppert Building) (LI 7727) will complete ¢he
GTA conmplex at TA-53. The Support (Staginq) Bullding will
sexve as A transshipment and ztoraga center and the
(Technical Support Building) will provide cffice facilities
for 200 people. laborztory perscnnel prepared Action De-

scription Memorandums (ADMs) for both S:é;sia :,52“5:23252—agur»aakméu&
ivee. The Departmant of Inergy (DOL) S oe no fure
ther documentation for these fatilitieﬂ[ aRef? attached  '* TawTel
manorandun, Valencia to Adams, Environmental Documentaticn:
Strategic Defansc Projects et TA-23, 2/05/86.) S ——
N~

CTA=-1: The GTA-1 protctype is the front-end of GTA-2
anad will alco gserve ac thc tcchnelogy demonatration test beld
Ior 1Sk-l1. The GTA-l will be a 50 McV, 100 zA, 0.1V duty

. <
(4
B - oy
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NPB guesticns foT & number of years. Rccently, the NP8 Pre- 1/
cTran was incorporated into the gerategic Defonse Iniciative
cstablished by President Reagan. The proposed GTA pTrogIam

will be 2 key compenent in this country's NPB progran.

The GTA will provide important data for dsvelopment of
a nhear-tern space airscted energy weapoen denonstration. The
GTA prototypes will be developed, buils, and operated to
demonstrate soluticns €0 technelogical problems in inte-
grated full scale systexms. Prototypes 87e & necessary step
roward space sxperimentsc. The CTA will demonztrate experi-
mentally eritical space parameters. For instance, ARility
o sense and control the cutput beam is a critical physics
issue that must be addressed to prove feasibility ef deliv~
ering a neutral particle beam tc a distant target.

. The GTA Zfacilities will provide gpace and toels for in-
vestigating other NPB progranm issues. They will provide an-
swers to a number of general physics questiens. They will
alsc facilizate lLos Alamos efforts o transgfer accelerator
physics technology to private inaustry.

111. ALTERNATZVES T0 THE ACTION
P\ afve Site MY of Loy Awenss | XA RPN Ls\on.\"y
. !

A oxredon.

-

R T ’

1¢ the GTA pretotypes are not built at the lecs Alames
National laboratery., the programmatic impact {s considered
to be 2 minimum J-year slip in the NPB program and the pos-
sibllity of moving the antirc 108 Alames sffort aelsewhere.
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wiHGeBeaiiy HEibPwiiiiGas eted wvvasev: B'vews Oreasmeily Neeta’
erator Technology (AT)-Divisiocn research Petwegen two Or mere
loctions, since the primary supporting research and develop-
oent efforts are, and will remain, at TA-53., Prier experi-
ence in split location research has nearly always resulted
in costly errors usually aveided when all (or most) research
are co-located. Moveover, travel time for Division emp.oy-
ees will be reduced and communications problea will ba mini-
nized. Sits developnent will be minimal at TA-S5) coempared
to Twe Mile mesa. Adegquate utilities and cther 2acilities

are nearby (within 100 yards). A commen sacurity feince can’
be usad for this facilizty and new classified facilities.

¢ No Adun & pdd a sherd ducunia sa ae adien
IV. ENVIRONMENTAL INPACT besed on vancrerg Sy

~.
~.
A Tws Mi i cf GTA facllitiaes on
0 ¥ile Masa wokl tuestion arsa from Zuture

23 or eliminate pliant and
of undeveloped l1and. Two
ker I2 high explogives testing

aniral life over s
historical resources,

!>

basin and a pre-world wa hecaestsading conplex (the C}fP‘
Gomez-}cnioya cab.n an i3ted structures and wagsan
road), could be « upalrgﬁ. Mitigaticn of sidverse
impact to these fea equire axtensive salvege
N\
wark, add a geveral/months delagk %o the proje=t and increase
N S —— o
rroject cask.
N——
&aye ‘the preposed
Seacre TA~=53 siting area (or any alternatlye’site) cpen for
develeprent cf 1e TA=5] ritc
iz not efirre
/
2
— Ry ———"
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C?/’/ . iz chuﬁﬁ- &Lﬁydhtb, < Vo e TR 13
/_________,///7 TR oA
f&L::E;izSing_:ngizgnzgn:. this project is within
Los Alames National Laberatory boundsries (Fig 11}. A de-

tellud desciription of she leeal envirens iz precented in the
1aberatory Envirsamental Impact statemant (EIS) [Departnent
of Energy (DOE)/EIS-0018, Dec., 1379).

specifically, the GIA complex will be located within
TA-53 across La Masita road 2zon Sectors E and T of the
128 Alamos Megon Physics racility (LANFF) beam tunnel.
(Ref. Figs § = 1l.) This locaticn is at the head of & small
drainage channel adjacent ¢o 2an industrialized ares showing
some coil ercsien. Special cars will be taken to prevent
suture scil erosion arising from construction ef the new
facilities. Site vegetation consists of parsially disturbel
gstands of pinen pine and one-seeded juniper, native grassas,
and forts (weeds). The terrain ranges fTon steep slopes
with road £ill to moderate slcpes with occasional tuff reck
outcrops and vary shallow soil covers. (Ref., Soil Survey
of ‘Los Alamos County, New Mexico, LA-€775<NMS, Los Alanes
Scientific lLaberazery, June 1578.)

Siting o7 the GTA facilizies are in mceordance with the
lLaboratory lLong Range Site Davelcpment Plan.

E} E'Qtﬂ:*! 1--;-«:

5\__Az;hggglgzg. taberatsry archaeclogists have
surveyed the proposed siting area for tha presence of cul-
tural (archaeclogical and historical) resources. They found
no evidence indicating the presence of any resocurces 8%t the
CTA-2 mita. (Ref. mems, Smow to Olinger, dated &/22/85.) A
prehistoric ruin wect of the STA=2 and the Supporti Building
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will be fenced by the CTA-2 prejact prier to any ceon- ,9
gtruction in the area to protect i¢ from construction traf-
f£ie. The access road to the GTA conplex was slightly ze-
located after the initial archaeclsgical survey. Subseguent

survey cf the road route indicates that it will traverse a

prehistoric fragment gite (ReZ. memorandun McGehee to
olinger, 12/3/85). Collection of fragments frem this area
will be completed prier to the beginning o¢ GTA sitse con-
strustion. Field work and data analysis for the gragment
scatter, &35 well as fencing for the prehistoric site, will
pe funded by the GTA-2 project. The New Mexico State His-
esrical Preservation ©fficer has been coensulted in confore-
mance with 36 CFR Part 8OO, (Rel. meme, Valencla to Morian,

3/4/86.)

p =iain/wet] . This project is not lo-
cated in a floodplain or wetland as described by DOE regula-
tions (10 CFR 1022).

-;. Threatengd and Enda=gerad Species., Based on

current understanding, no enreatened and/cr endangered
species inhabit the greposed siting area. No sightings ¢f
animals notsd on U.5. Fish and wildlife listings of local

throatencd and snAangaraed specles have been reported for the
project srea. No plauts contained on the lHew Newisa Frdan-

gered Flant Species List (1985) are known to grow within the
project area.

ssygsion. Ne unusual construction-re-
lated environmental impacts are anticipated. Negative inm-
pacts on air and water Quality due to construction activi-
ties * ll'be ghort=term and minimal. Alr quality will be
degrased temporarily at {ntermittent times by dust from c3n-
gtruction activities. .
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The construcstion area is partially a doveloped arsa
within the TA=53 LAMPF enmnplex. S£ite proparstion, sxcave-

tion, and back2ill will be required. §oil ercsien control
will be part ¢f the project.

Er Pge of Resourges. The operating GTA fazili-

ties will use no local natural rescurces other than routine
utilities. Utilities will connect to existing lines at

TA=S53.

The additional load on utilities will not ovez-

extend this systen.

Specifically, utilities will include:

1.

2.

3.
4.
S.

CTA-: .

15 MW ©f AC powsr from an existing switch gear ad-
jacent to the sits,

4.23 Mw of coeling water from the Fusion Materials
Irradiation Test (FMIT) building coeling tower
adjacent to the site,

telephonas,

natural gas,

sewage,

Q. _Norma)l Cperating Conditigme.

§) Description. Both GTA-) and GTAe2 \\\\\\‘\\

are being designed to provide intense sources of HY, H” and
H®, and particles. The particle beams will be 186 mA of H”
particles accelerated toc 50 MeV for GTA 2 and 100 MeV for

The duty factor (D.F., time in operation) will be

a0

DOIIPSTIILT: Jg-0S SETTIM SN ORI IR ANl SAINEY
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high-energy Spectrunms ars impc::ant'btcause many ©f the ace
tivation reactions are threshocld reactisns. For these rea-
conz, the highe-anerqgy and of the 2DTL will be analyred in a
Safety Analysis Repert requirsd prior ¢o eperation of GTA-2
and.' s2fety assessmant required prior to operaticn of
GTA=-1.

- . : e}:}
(f

The accelerator vaults, HEBT sections, and hoam sensing
and beamstop areas will be closced teo all personnel during
beameon. Pedestrian traffic during besam=0ff operzticns will
be through shield-block labyrinths with kirkekey interlocred
doors from the accelerator vaulta. BSuffizient shielding
will be placed cver and arsund the accelerator and bean
canging vaulte and boamsteps to result in radiation dosc
levels "as low as reasenably achievable" (ALARA) and ne
higher than the'DOE new facility occcupational expesure Radi-
atisn Protection Standard (RPS) for whole body radiatien of

1000 mrem/yr (DOE Crder 5480.qF§;;ic:jfl;”“5*a°'“ Semeiid revii.en

The Los Alames National laboratsry Applied Nuclear Sci-
ence Croup (T~2) in ccllaboration with the Radjaticn and
Shielding Analysis Group c¢f tha Hanferd Engineeringy Develcp-
ment laboratory, are doing a shielding study and will proe-
vide engineering data necessary to design shielding to neet
expcsure criteria. Each accelerator will be covered by high
density (H. C.) concrete stepped stack-bloek shielding that

can be quickly moved by an overhcad crane for reconfigurae <::\\\\\

tion of the accelerator er for maintenance work. JPrelini-
nary bulk shielding thickness are analyzed in the attachesd
letters, Morford to Cole, "ATSU, 100 MeV Linac Shielding,
10/20/85" and %“CTA-1 Bulk Shieclding," revised 1/17/6¢.
Shielding thickness for GTA-1 beam stcp are currently esti-
mated at approximately B £¢ of 243 s HD concrete ana fer

'Y
L]
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CIA-2 &t approxinately 9 f% ©I 243 § HD concrste. Stacxea IJ;
up block sracks will be scaled to prevent lsakage of
radicactive air Zrom betwean the Llocks.

The policy of the Los Alancs National laboratory is
that employes and public exposurs to radiation and radicace
rive materials will be kept o the levess level seehnicelly
and economically feasible (llealth and Safety Manual, Adnin-
{strative Roguiremant 2-1). The %as low as Treascnably
achievable" (ALARA) principle will be adhered s in all ac-
tivities te minimize cperational exposures. During nermal
beanm operation the air in sach vault and beamegtop will be
stagnant. Uhen the beanm is off, air from these areas will
be vented through a higheefficiency ($9.97%) particulate air
(HEPA) filter bank and an exhaust stack. Personnel access
will be allowed only whan ventilatiocn is operational and
safe radiation levels have bsen achieved.

) Enissions. No nonradicactive emis-

sions are anticipated which would require regulation under
New Mexico Air Qualisy regulaticns 702 and 703. No enmis-
sions will be prcduced regquiring regulation under Prevention
of Significant Deterioration (PSD) rules.

Airborne emissions will consist ©f activated air dis-
charged to tho atmospherc at intcrmittent times. Ths enly
way to disposae of activated air is to held it for ra-
dioactive decay to acceptable levels and then vent it ¢to the
atrosghere. Any activated gases from the GTA facilities M
will be ventsd so that r"“l:inai°°8°sld° net exceed the DJI

$n ~ . - R
occupational axpogure RPS (5480 yggzzcion) o 0.5 mren/hr i;:;;; rreRe:
in continuously occupied work areas. No activated air will
be circulated or exhausted during bezm= cperations. The

quantity and types of airborne radicactive emissions are be-

a3

N . o 4 4 L A s Co .
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(RPS) for members of the public for exposure Izom the alr
pathway (Order 5480.1A). The GTA will a8d approximately 0.6
arem/yr to the LAMPF whole body dese. Based on 1585
measurements, the total LAMPF whole body dose including ¢tha<
from the CTA, will be approximately 8 mrem, or about one-
third of the 25 mrem RP5.. GTA effluents will not afiect

' c.{7'“\
NPDES compliance at TA-S3. Q,’L\t Lotreat WL s MAuaa “‘\““ ""\ 45

fadioactve ¢ miSTiuar Leom a\} \.of l\\."" 5
N enal \-A-om’f--y ac\\dves “ff“i\n‘c‘x
Cumulative impacts on the Laboratory from the propossd (14 mrem|yr

project include reserving approximately 5 acres of land at (1929) .
TA=5) for GTA use, precluding allccation ¢f the land for

future programmatic activities at TA-53. Traffic along East
Jemez Road and within TA-53 will be increased by traffic
associasted with the facility.

V. - AGERCIES AND/OR PERSONS CONSULTED, INCLUDING COORDINA-
TION WITH FEDZRAL, STATE, REGIONAL, AXD 1OCAL AGENCIES

This Environmental Assessment was reviaewed by persennel

‘4n the Health, Safely, and Envircnment (HSI) and Tacilities

Tn3inearing (ENG) Divisions, and by the Accelerator Technole

ogy Systems Intogration Greup (ATed4). 1t was approved by ~
the laboratery Environmental Review Committee. Archaeclogi- -
cal adverse impact mitigation is being reviewed by the

New Mexice 8tate Historiecal Prossrvatien Offiser. No knouwn
conflict exists with any federal, state, regicnal, or local

plan.

VI. ADDITIONAL DOCUMENTATION
A precperaticnal site survey of existing environmental
cenditions at this site is ongoing in accordance with DOT

Order 5484.1. A dralt safety assessnment for GTA-1 will be
prepared prior to building construction. A final version

23
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United States Government Department of%érﬁg‘;ﬂ—é
memorandum Albugueraus Operations-Gffice
APR 23 1988

DATE:

REPLY TO
ATTN Of: WOE:RFR

susJICT: Comments on the Ground Test Accelerators (GTA-1) and (GTA-2) Environmental
Assessment (EA)

To: H, E. Valencia, Area Manager, LAAO

The following comments by AL are in regard to the subject EA and should be
incorporated into the next submittal. Comments by Eeadquarters will be
transmitted as scon as they are received at AlL. Therefore, vait until the
comments by Headquarters are received and integrated into the EA before
submitting the revised EA to AL.

Overall, the document is well written and addresses the major areas of
concern regarding radicactive effluents and shielding with respect to
facility operation and expected environmantal impacts. The following
commants are arsas which could be further addressed to clarify the
document.

1. The Code used, by the Wastinghouse Hanford Company, to calculate the
production and quantity of isotopes generated for the operating
parameters of GTA-l should be identified specifically. A brief
explanation of the design logic of the Code would also provide
additional continuity.

2. The primary gensrated dose contributing mmclides for GTA-1 and GTA~2
operation should be identified. A discussion of how the environmental
monitoring program will be structured to monitor these nuclides should
also be stated.

3. The likelihood of soil activation and muclide migration around the
beamstop areas should be discussed in the document.

4., Wagarborne efflnents will consist of a slightly sctivated waste
coolimg water used to cool magnets and beams. Identify the waterborne
muclides that will be gensrated.

S. The assumption of a normal operating cycle for GIA-2 for the
calculation of air activation data was based on a four hour/day
irradiation and 16 hour/day decay time. The EA should discuss the
environmental impact of shorter run times and the likelibood of having
to vent the tunnel immediately after the rup—cycle; especially during
the commissioning phase of the acceleratcr when =ore frequunr anrry may
be required.

Aren 2



i

g o s

4 0 U

Harold E. Valencia -2-

6. The 16 hour/day decay interval for normsl operating conditions of
GTA-2 seems unreslistically long. Please assure that this is a correct
assumption by the operating group, since & major deviation from this

condition may invalidate the EA.

7. Page 20, last paragraph, second sentence: please reword this
sentence to indicate the subject is a worst case accident gnd not 2

daily routinz release.

8. It vould be of benefit to the reader to organize the attachments
into an appendix for ease of reference. The EA itself relies heavily

upon the attachments, thus, an organized reference method would be
advantageous.

If there are any questions please contact Randy F. Reddick at FIS 846-4340.

Ca

Director
Environment, Safety and Health Division

ce:
C. E. Olinger, HSE-8
MS-X490, LANL
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United States Government Department of Energy

Albuquerque Operations Office_

4 0 U {} 7

memorandum on:

_APR 151086

mEPLY TO
ATTN OF: woz:m
SUBJECT: Draft Finding of No Significant Impact (FONSI)
T0:  J. C. Dobes, Capt., USN, Director, Safety, Environment and Emergency

Actions, DP-226, DOE, HQ
As part of the NEPA process a draft PORSI has been prepared by LANL on the

proposed Ground Test Accelerators (GTA) 1 and 2. The subject FONSI is

attached for review and approval.

A draft Environmental Assessment (EA) has also been prepared by LANL and is
being hand—carried by Ron Hanson, AL, to the responsible authorities for
review and approval. Mr. Hanson, curreatly working under J. W. Culpepper,
DP-5, will be used as an AL contact point to forward any comments regarding

the EA and/or the FONSI. If there are any questions please call

Randy F. Reddick at FIS 846-4340.

Carlo Gnrcia

Director
Environment, Safe and Health Division

Attachmant

cc w/o attachment:

J. W. Culpepper, DP-5, DOE, EQ

R. J. Stern, Dir., EBE-23, DOE, HQ
w/attachment

R. Y. Lowrey, Dir., EID, AL

H. E. Valencia, Area Mgr., LAAO

H. F. Mumma, Dir., PCMD, AL

7. C. Jones, Dir., OSPA, AL
w/o attachments

Arew 3
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MAY 02 1588

Robert Pink, Chief
Advisory Council on Historic Preservation

Western Division of Project Reviewv
730 Sinms Street, Room 450

Golden, CO 80401

Dear Mr. Fink:

MITIGATION OF ADVERSE EFFECT ON 1A 4714

Enclosed i3 the correspondence and propesal for LA 4714 gubmitted to lhomar
W. Merlan, Historic Preservation Qfficer, 0ffice of Cultural Affairs,
Historic Preservation Division, Santa Fe, NM.

Mr. Merlan concurs that the proposed data collection, analysis and reportizg
vill justify a determircation of no adverse effect, subject to review by tne
Advisory Council on Historic Preservation.

We swait the Council's concurrence of no adverse effect on LA 4714.

Please call Avedon Gallegos of my staff at (505)667-5288, 1f you iave any

questiocns.
Sincerely,
‘"*'”.' sSignen o
meraw ¢ va -
Farold E. Valencia
A672A:cm Area Manager
Enclosure:
As statec
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STATE OF NEW MEXICO 82 &
OFFICE OF CULTURAL AFFAIRS
HISTORIC PRESERVATION DIVISION

VILLA RIVERA. ROOM 101

TONEY ANAYA 228 EAST PALACE AVENUE CLARA APODACA
GovIRNOR SANTA FE. NEW MEXICO 87303 CULTURAL AFFAIRS OFFICIR
(505) 827-8320

THOMAS W. MERLAN
DIRECTOR

April 21, 1986

Harold E. Valencia

Area Manager

Department of Energy
Albuquerque Operations

Los Alamos Area Office

Los Alamos, New Mexico 87544

Dear Mr. Valencia:

Thank you for your letter of April 18, 1986 about mitigation of adverse effect
on LA 4714.

I concur that the proposed data collection, analysis and reporting will justify a
determination of no adverse effect on this site.

Our concurrence in this determination of no adverse effect is subject to review
by the Advisory Council on Historic Preservation. Please forward our
correspondence and the proposal to:

Robert Fink, Chief

Advisory Council on Historic Preservation
Western Division of Project Review

730 Simms Street, Room 450

Golden, Colorado 80401

with a request for concurrence. The Council must respond within 45 days.

Please let me know if I can help you to ensure expeditious completion of the
Council's procedures.

Thank you for your continuing cooperation.

Siic:b.canﬁL

Thomas W. Merlan )
State Historic Preservation Officer

TwM/be
Enclosure

Log #5790
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APR 1 g 1386

Thomas ¥. Merlan, Director
Office of Cultural Affairs

Historic Praservation Division
Villa Rivera, loom 101

724 Rast Palaca Aveaue

Sants Js, Maw Mexico §£73503

Dear Mr. Merlazn:

ADVERSE IRPACT MITIGATION, LA 4714, LOS ALAMNOS NATIONAL
LABORATORY

Inclosed per your reguest of Marech 10, 1986, are:
I. Proposal for Mitigatien,
Il. Initx;l archeoclogical aunrvey.
I111. 7TYollowup erchaeacliogical survey.

This site i3 located sear impendin comstruction. Ao sdditictal
ssall ceramis aad lithic scatter (unrecorded) is included in the
mitization proposal.

Plesase advise uws concerning the appropriateness cf the proposed
adverss impact mitigatien. Cumaants shoeuld be cirected to
Avedon Gallegos of my stalf.

S$iancarely,

Criginal signed by
Rloy K. Funez

Marold k. Valencia
Area NMamajer

Lnciosuress
As etated

scel

Toa Geadersen, (R3E3-06-3Y1.1, 4=4) LABNL, MS K490
C. Oliager, 53-8, LARL, K3 K490

A. Drypolicher, HS2=8, LANL, M§ K&5v
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United States Government Department of Energy

Albuquerque Operations Office

memorandum Lo Alomos Aven Ot

Los Alamos. New Mexico 87544

oare; MAR 19 1986

REPLY TC
ATTN OF- LAM:DL

SUBLECT: Gpound Test Accelerator-2 - Environmental Assessment

T0: B{11 Myers, NSP/DCP, MS-F614

I have been informed by FCMD/AL that DOE Headquarters will not approve the
start of any Neutral Particle Beam Program/SDl-related construction work

until the Ground Test Accelerator (GTA)-2 Environmental Assessment (EA) is
reviewed and approved by Headguarters. To that end, it is imperative that
the timely preparation of the EA be emphasized. I have also learned that
Headquarters will be looking closely at the "Alternatives® portion of the

Environmental Assessment; therefore, it is imperative that all alternatives
be thoroughly addressed. AL has notified Headquarters that the EA will be

forwarded to them no later than the last week of March 1986.

Origing! sirmed 6.
HAROIN £ \va.zness

Harold E. Valencia
cm:3-18/4546A Area Manager

\ cc:

J. Jansen, DRPDEW, MS-H818
Thomas C. Jones, Dir., OSPA, AL
H. F. Mumma, Dir., FCMD, AL
Carlos Garcia, Dir., ESHD, AL
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MAR 04 1308
CEPTIFIED Mall. RETURN REFIIPT REQUESTES

Tiemrs W, Merlar, Nirseenp
0ffice of Culture] A%tatrg
Hégrorie Presorvetior Civision
Yi1la Riverg, Raor 1M

7¢C East P2laea Averye

Senta Fe, W4 87SC?

Feer Mr, Vorige:

PE:  JDYERST IMPACT MITISATICN, L& 47N, L0S RRvS KATICKAL LASCRZTORY

Tre Les Nares mttong) Laterztor; (s pregesing to corstmice an sccelererer
facility (the Groure Test kcelerstors, formerly Accelerater Test Stana
Upgrace,) at TeePniea) Areg (TA)ef2, an dreraceinetcal survey cf tre
propogec corstruction sfte ard sdjoirine erms 1noicatas the resrty presercs
of a perhistorie rute (Laborezcry of Irerrepciogy (LA) Lo, {7125 ane ar
wLrrecoreee l1ithie scatiar.

Ir sccerdince with the Natterel Mistarieal Protection Act of 1005 are tre
i=plermnting pravisiens cf 26 CFR vare CCC, tie Croarmery of Erer=y (L2E)
FEQUESTE veur comcurrenes gencarning 2 propeses Lacoratery plar of acrerse
frpact zitigasier, J

The Lasorstery proceses tre folloxing ritigstior priar ¢z corsrryuction of
e sccelererer feedlity: (1) cleartng s01ng Latoratery getris frow pec
rermsrently farcing LA 4TV4, anc¢ (2) fystaralically cellecetre anc emalysire

“=m3loge petitry ol eeds anc Yithic mzocris) gt tl.e censtruction s12a.

Fleszee advise (3 crrcerring oFe sppronristensss of th1g ectten by
Fare® 17, 19PC, Cormerts steuld Se cirected to Avecen Collagag of my 22 ¢
e F57-0008,

Sincerely,

Orpmst sgreg
Mares £ veeamg

Margld E, Vo'eped,y
Cﬁ:?-??/"ﬂl . ‘R. 'Lr‘a!"
bees '
T. Gundersen, (KSEJ=8£-183-1, 2.7}, HSE-8, LANL, )S K490
2. Drypolcrer, KSE-8, LANL, MS<RiST

S—Dm. ottnger, nst-d, LA, KS-—k490
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Uniteg States Government

emorandum

DATE

. REMLY TO

ATTN OF

SUBJECT

T0

LOS ALAMOS AREA OFFICE

FEB 05 1388

LTP:TRR

Environmental Documentations; Strategic Defense Projects at TA=53

C.S. Adams, ADTS, LANL

1 have attached a copy of a memorandum dated January 31, 1986, from Carlos
Garcia, Director, Albuquerque ESHD on the subject.

Mo further Envirommental Documentation will be required for the Support
Building for Ground Test Accelerator Facilities nor for the Transportable
Office Complex.

Further documentation in the form of Environmental Assessments will be
required for Ground Test Accelerators 1 and 2. One document may be produced

to cover both Accelerators if convenient.

1 will appreciate your submitting these Environmental Assessments to me by
February 21, 1986.

Harold E. Valencia
ns:C1-31/4219A Area Manager

ce:
Roger Perkins, M. .S, ALLS

- -\t | - FES - 4 -
- rr ‘ vepanmeni Ol cirey



United States Government Department of Energy

_rh e m 0 ra n d u m Albuguergus Operations Otfice

PATE: 'J‘” 3 1 '%
mos  WOL:ATL

SUBJECT: Zaviroomental Documentstion, LAKL

To: E, I. Valencia, Ares Managez, Los Alamos Ares Offics

Ve have teviewad the Action Deseriptioca Memorandums (ADM) forvarded to this
office by your Jamuary 21, 1986, msmorandum.

GROUND T2ST ACCZLERATOR-1 (GTA-1), LJB40! , TA=33~18

This proposed action 4s the first of the two ground-based protstypes of
Oreund Test Accelerazors that support ths nsutral Pagticle Bean grcgra:.
CTA-] 48 a 50 MeV, 100 mA, C.12 duty factor, SE,BE,B, and K

prozon accelsrator which will serve as & stappiag stons for GTA-2 (100 MeV).
The CTA=1 complex will censist of am injectzor, radio Szequency (z2f)
quadrupole, a drif:z tube lineer accsleratoz, an Tf pover systaa, beam sutput
optics, & beam ssnsing and control systes, & neutralizsr, & beam stop, and
an instrumantaticn and control systss. The beam stop will be the most
active Tadiazicn source of the GIA-l. These will primarily be of graphits,
copper, and alumizus.

GROUND TEST ACCYLYRATOR-2 (CTA-2), 1J7770, TA-33

A formal ADM has yet to be prepared on GTA-2, however, an sovironmental

remark was submitzed. Ths infcormation submitted cenzained the Invireameantal
Assessment (EZA) for the Accsleratcr Test Stand Upgrade (AT5U). The project
curzantly under rsviev is sn upgrade of the ATSU project (upgraded to 122

eV from the former 50 MeV power level).

SUPPORT ITILDING POR GROUND TEST ACCEZLERATOR PACILITIES, TA-33

This proposed sctico 13 a single story 21,500 square fsot Building which
vill prisarily as s transshipmant aund stoTage center ot the GIA
Secilitiss. At lesst three lazge roll=up truck entraace doors will be

provided. Potential hazards are limited to cperating personsel and are
those mormally associsted wizh imdustrial warshouses.

TRANSPORTASLY OFYICE COMPLEX, 1J7727, Ta-33

This proposed project entails a 40,000 square foot office bullding
consisting of 24 transportable cffice units with & 200 perscn espscity. The
saly Tasc2 straa= from this facility will de the sanitary effluents.
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K. R. Valencia L 3

Fumerical generation of radicactive eff1lusnts are baing assessed i1 an
ongoing CTA radiatien study~--Praliminary air activazicz dsta has bdeen
evaluated dased on the previcus caleulations of the ATSC analysis. Because
the CTA sccelerator complex is located at TA=53 with its close proximity to
the Los Alamos Meson Physies Facility (LAMPT), concera over 8its doundary
dose has been at issus in siting sddizional high-energy facilities. Recsat
beamstop improvements at LAMPY, however, have greatly reduced the xizad alr
activation products rslsased fors this facilicy.

Radicsccive effluent relesse data is mot yet svailabls in s numsrically
caleculated quantitative form. Sxpscted enissions based on ATSU data and
duty factor variations imdicats radioactive emissions will probadly be

ainimal.

Due to the extsnt of anslysis required for GTA=] and GTA-2 and uancertainty
of their impacts, it 1s necsssary that on 2avironsental Assesspent (XA) be
prepared for these projects. 1z will be the contractst s decision whether
toc prapare two separats IA's or combiue the projectzs for eme TA. Whils the
dsta froo the ATSU ZA will certainly be helpful in preparing the CTIA EA'S,
{¢ cannot be substituted ss GTA-l or CTA-2 KIPA documents.

Based oo the information submitted we have detarmined that the impac:s {or
the other proposed actisns, Suppoert Building for GTA Facilitiss and the
Traospertable 0ffice Complax, are clearly insignificant and/or have
praviously been discussed i2 ezisting REPA documantation. Thess are,
therefore, not actions requiring additional FI?A documentazien. 1f there
srs afmy questions please concact Randy ¥. Reddick at YI3 846-4340,

Director
Zavironssnt, 3afety and Heslth Divigion

ee:

D. R. 2llis, Dir., JRMD, AL

A. b, cfi.'ﬁ. Cho. ?&IS. !SR:J, AL

2. J. Sterm, Diz., EE-15, DOZ, EQ

Je. C. Dobes, CA?T, TSK, DP=226, DQE, 1Q



CROSS-CULTURAL RESEARCH SYSTEMS

23 January 1986

MEMORANDUM

s
FROM: ElléﬂQ\ Cenee, C&3§§2¢£f%ﬁral Research Systems, HSE-8, MS K480

SUBJECT: DECEMBER 3, 1985 DATA RECOVERY RECOMMENDATIONS FOR ARCHAEOQLTGICAL
SITE LA 4714, ATSU PROJECT AREA. |

TO: Collee in usg-8,, MS K490
he [+

It has been reccmmended that a systematic collection and analysis of
diagnostic artifacts downslope and east of LA 4714 be undertaken by CCRS

personnel (see memo of 3 December 1985). This collection strategy is
justified by the anticipated future use of the area by the ATSU and
proposed LAMPF II projects which will remove diagnostic pottery sherds
and lithic materials from the site area.

~ne existing data frem LA <714 are insufficient for interpretive TuTToses.
Ceramic collect:ions made by Worman and records of the excavation anc
analyses of artifacts are virtually useless. Lithic materials, gresent 2t
the site, are not mentiocned in any of the records pertaining to LA Tie,
and were probably not collected. Unfortunately most of the site can no
longer be investigated. We are not recommending mitigation of the
remainder of the site at this time, but rather that the site be fenced
(see memo of 22 April 1985); our data collection will provide a bezterT
data base for future research at such sites.

The proposed collection strategy will require two man-days of effert. e
will concentrate on the collection of diagnestic surface artifacts.

Porzery will be collected in orcer to more finely date the occupation of

<he site, and to further descride the variation in pottery types fcund at

LA 4714, Lithic materials will be collected with the goal of determining
the range of lithic use and the types of lithic materials found at the site.
Sourcing studies and obsidian hydration dating are other imporzant potentizl
uses for this lithic materiai.

tight man-days will be required for artifact analysis and report write-us.

As vou have recently indicated that <his is a high prierity project, we
will begin the collection pnase as soon as possible.

CONSULTING ANTHROPOLOGISTS e 142 LINCOLN AVE 2784 e SANTA FE NEW MEXICO 87201
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CROSS-CULTURAL RESEARCH SYSTEMS

-—

12H0 : 3 Jecamiar LIl
+3: Colleen Clinger, HSE-3, IS K439

¢ L3 Lol [T EaYal
FROI: E1len D. McGenee PCross-Cultural ragearch Systems, HSL-3, Do wads

SUBJECT: ARCHAEOLOGICAL CLEARAMCE OF REVISZD ALVAREZ 28AD LGCATIZH - WIZT

Allu SOUTH GF LA 4718,

The mesa top west and soutn of LA 4714 was surveved vcr culzural
rasourc2s in advance of anticipated road construccion activitils ass3ltiatse

wich <nme Acc2lerator Test Stanc Llograce (2730) croject {see oreviiis - -

-jearance memos). w0 significant cultuyral resources were notsc.

(&)

In addicion tc tne mesa tCo, tne canyvon area 1ediateiy west 2n
sauth of tne nroposad Alvarez road corridor was also surveved TIr suisur2l
resources since cavates are not uncomnon in this region ang sinc2 2ny rIic-
<{11ing aczivities would imzact sites on tne canyon slopes ang ITIITm. Ll

~3yates cr ctiner csisural respurces were locataa witain tne Sroject TTIIIT
r

Reco—ercazions:

1ficant cultural resources wiil pe imsactec 3y T7%3 ZTTlEcL.

R
w
3
(@]
w
-
ul
Z3

.- <5 reca—enged :nat arcnaeolosical clearance ve given. nGwever, l.2 T

=mp “;wure use cT Tne entire ares for Tme AT ang :roooses 2T

- -

-

-rs:eczs, anc tne unfortunate iack of data From e ==y ST S furtver

-
(V¢
O
L)
«©
-
(oY)
(9 |
"
)
]
]
[
)
M
3
)
.
i
o
'
'
.

raccorended tnat a systematis collection énc anaiys
~ownsicze and east c¥ LA 4757~ be unZerziahken oy CZRS perscnnei [322 T
T_A 4771 was at least psarziallv excavateg oy Lirman in tne izzz 12€)

records of tnis work are scanty; see DJ. 2, 4, %, 12 in ZxgavaitIos o

-

- oo

Mesita ce 'ns Alargs by Horman and Steen, 1273, LA-T523-M18. 7
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Los Alernos
Los Alamos Natora Lacoratory memoranaurm

1

SUBJECT

Ted Cole, ATad, MS HE2L ' wr auqust 13, 1323
&%0&«4“
Colleen Olinger, HSE-8 Man sTOPTOLISONE K 4G0 /667 -T023

Environmental Evaluations Ccordinater

E1len McGehee,
Cross-Cultural Research Systems, HSE-8 svusor  HSTH.Z3.8%2

AUGUST 7, 1985 RESURVEY OF THE FUTURE ACCELERATOR TEST STAND UPGRACZZ
(ATSU) BUILDING SITE AND ALVAREZ ROAD

Nue to the furcner refinemert of construction plans, the ATS. 712 -
resurveyed. This area, near TA-33, was arcnaeologicaliy surveysc Sz-
evidence of premistoric or historic cultural remains., As no sign:@ Iz
arcnaeoiogical rasources will be imoactad, arcnaeoiogical ciearariz °s
siven,

Enclssed is a map snowing tne lgcatisn ¢of the resuyrveyec 2r2a.
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L= Aaras Nes Mewecs 87345 memoran u m
.z C2lleen {linger, Laboratdry tnvironmental seg ADTYY 2T, 1EEC

A ]
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APPENDIX B

DESIGN CRITERIA COMPARISON

‘This appendix documents two levels of design criteria comparison performed for the Ground Test Accelera-
tor (GTA) facilities and equipment. Tables B-1 through B-5 provide the tabular design criteria comparison
required by U.S. Department of Energy (DOE) Albuquerque Field Office (AL) Order 5481.1B (DOE,
1988). Each table provides a comparison of the GTA facilities to an applicable DOE Order or industry
standard. Table B-1 compares the GTA facilities to the applicable portions of DOE Order 6430.1A
"General Design Criteria” (DOE, 1989). Division 13 requirements and the -99 portions of other divisions
of DOE Order 6430.1A were excluded from the comparison because an accelerator is not classified as a
special nuclear facility. Tables B-2 through B-5 compare the GTA to radiation protection design guidelines
from DOE, American National Standards Institute (ANSI), and National Council on Radiation Protection
(NCRP). Table B-2 presents a comparison to DOE Order 5480.11. Table B-3 presents a comparison to
ANSI N43.1. Table B-4 compares the GTA to NCRP 88 and Table B-5 compares the GTA to SLAC 327.
The conclusion of the tabular design criteria comparison is that the GTA design favorably compares to the

applicable design criteria documents.

Following Tables B-1 through B-5 is the earlier Holmes and Narver study that was performed to compare
the MPF-365 design to the requirements of DOE Order 6430.1A. This comparison study was done because
the building had been designed and constructed to DOE Order 6430.1 requirements and it was necessary to
identify potential modifications to meet the requirements of the new DOE design criteria. (The Cryogenic
Cooling System was designed to meet the 6430.1A requirements.) Building MPF-365 design features that
did not meet DOE Order 6430.1A requirements and that were considered critical to safety were modified to
meet the 6430.1A requirements. A number of findings from the study, which were deemed by the Labora-
wry'§ Engineering and Health, Safety, and Environment (HSE) divisions to be nondetrimental to the safety

of the facility, were not implemented. These were as follows (numbers referred to in the study are used):

Civil: 1 - Door to the Fan/Boiler Room is on the north side of the building, not recommended for cold
climates. 2 - Sanitary sewer line located under new pavement. 3 - Sewer-line manhole is within security
fence instead of outside. 5 - No gate valve on a 4-in. water line. 6 - A sanitary sewer line is constructed
from PVC pipe instead of ductile iron pipe. 7 - Effect of a 100-yr, 6-hr storm not considered in storm-drain

design. 12 - Fence hardware not spot-welded or peened to prevent easy removal.

Structural: 1 - Seismic design was done per 1985 UBC, per DOE Order 6430.1 (see following discussion).
A static analysis was done instead of the dynamic analysis required by DOE Order 6430.1A. 2 - Bearing

surface of aluminum tubes and grating at laser basement are not isolated.

B-1 July 31, 1992
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Architectural: 1 - Stair-railing height designed to be between 30 in. and 34 in. instead of 34 and 38 in. 3 -
No specific single-ply requirements for roofing material design. 4 - Suspended ceiling design per UBC
Standard 47-18 instead of UCRL 15714,

Mechanical: 3 - Control valves in HVAC temperatufe-comrol system not provided with strainers. 4 - Not
all air balancing devices specified by new requirements were incorporated into design.

Electrical: 1 - Exterior lighting not designed as continuous lighting.

With respect to seismic design, the loads used in the structural analysis would be greater under the require-
ments of DOE Order 6430.1A and UCRL 15910 and the analysis methods would also differ. The former

requirements did not include the 0.22 g criterion included in UCRL 15910,

The only consequence to the public or environment of a breach in the structure due to a seismic event
would be a release of activated air during, or shortly after, an accelerator-run period. Release of activated
air, however, is not foreseen as a problem, because any amount would easily fall within U.S. Environmental
Protection Agency limits. The applicable earthquake return period is 1,000 yr, the projected run time is

16 hr/day, 4 days/wk for a maximum of 24 wks/yr. Decay time for the activated air is less than 1 hr, so a

release of activated air to the environment is unlikely.

The site buildings are designed to resist the effects of a 100-yr wind of 88 mph, a design criteria from the
American National Standards Institute for Exposure C sites. The Cryogenic Cooling System is designed to
withstand a 93-mph wind load as specified in UCRL 15910.

July 31,1992 B-2
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B.

I. EXECUTIVE BS8UMMARY

Purpose: This report is a summary of the comparison
between DOE Order 6430.1 and 6430.1A regarding the design
of the Ground Test Accelerator-2 facility if it were
designed under 6430.1A.

Procedure: Each discipline reviewed each order to find
those items which were changed or added by 6430.1A which
were not considered or were more stringent than the
criteria for the GTA-2 facility as designed under 6430.1.
Following each item is a discussion of what action should
be taken to ensure compliance with 6430.1A.

Summary Conclusions: The major impacts on the GTA-2
facility to meet DOE Order 6430.1A are:

1. cCivil: Site-specific security levels and criteria
must be established by user.

2. Structural:

a. A dynamic analysis of the High Bay structure is
required rather than a static analysis. Results
of this analysis would determine the safety
factors of the design.

b. Base seismic shear is increased by a factor of
approximately 1.5. This will significantly
reduce safety factors of the design.

c. More conservative reguirements for component
loading and analysis will reduce safety factors.

3. Architectural:

a. Seismic design of suspended ceilings needs to be

calculated in accordance with UCRL 15714 rather
than using the previously acceptable UBC standard
detail.

b. Raise all stair handrails to 34" - 38" above
nosings.

4. Mechanical:

a. DOE 6430.1A, Paragraph g1io-12, "Enerqgy
Conservation" and DOE 6430.1, Chapter XIII,
"Energy Conservation and Use of Renewable Energy
Sources" indicate that the differences in these
two criteria are numerous. Both criteria require
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5.

July 31, 1992

Life Cycle Cost analysis but the methods of
analysis are quite different. It would be
impossible to determine the impact of these
differences without generating a new analysis and
Energy Conservation Report.

b. All contrel valves require strainers which were
not required by DOE 6430.1.

Electrical:

a. After evaluation by the user, if continuous

exterior 1lighting is required, additional
lighting contreolled by an uninterruptible power
source will have to be added.
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II. ANALYSIS

Introduction

This report is the result of a multi-discipline
analytical review of DOE Orders 6430.1 and 6430.1A
relative to the design of the Ground Test Accelerator-2
facility at Los Alamos National Laboratory.

This review will be incorporated into the Safety Analysis
Report to be approved by DOE before experimental

operations can begin.

The approach of this study entailed each discipline
researching the orders for requirements which have
changed from DOE Order 6430.1 to 6430.1A. Items were
identified which would affect the design of GTA-2 had
it been designed according to 6430.1A. Therefore, if
there was no substantive effect on the design by a change
or added requirement, it was not discussed in this

analysis.

The format is to quote-the new 6430.1A requirement, state
the design as accomplished under 6430.1, and then discuss
what is necessary to comply with 6430.1A.

251100R.001 B-83 July 31, 1992
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civil

Division 2, "sSite and Civil Engineering,"” was reserved
for future use in the DOE 6430.1 document. In the DOE
6430.1A document, there are 70 pages devoted to Division

2.

This report will summarize the differences between the
actual design and DOE 6430.1A document.

1.

DOE 6430.1A, Paragraph 0200-2 BUILDING LOCATION

"In cold climates, building entrances, stairs and
other pedestrian circulation features should not be
placed along the north side of buildings or within
shaded areas."

Desian: The entrance to the Fan/Boiler Room
(Mechanical Room, upper level) is located on the
north side of the building. Two steps are required
to reach stoop level.

Discussion: To comply with DOE 6430.1A the entrance
to the Fan/Boiler Room would have to be located on
the west side.

DOE 6430.1A, Paragraph 0203-1.2 Unde ound Utjlities

"Underground utility lines such as sanitary sewer,
water, and gas shall not be placed under existing or
proposed pavements, except . when crossing such
pavements or when adequate space is not available.”

Design: A 6-inch diameter sanitary sewer line that
runs west to east on the north side of the mechanical
room is located under new pavement.

Discussion: To comply with DOE 6430.1A this line
would have to be located further to the north to get
a portion of it out from under the service drive
pavement.

DOE 6430.1A, Paragraph 0260-2 EXTERIOR UTILITIES

"In general, if expansion is planned, utilities
should be extended to the edge of the site or to a
point where connection can be made without damage or
disruption to existing facilities."

Design: A 6-inch diameter sanitary sewer line with
an end-of-line manhole was designed to extend outside
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of the security fenced area to serve as a mle point
for a future support building.

As Built: The end-of-line manhcle :ended up
inside the security fenced area due to a conflict
with an existing 8-inch diameter waterline.

Discussjon: To comply with DOE 6430.1A, the manhole
would have to be located outside of the security
fenced area or a 6-inch stub would have to be made
from this manhole to outside the security fenced
area. The waterline would also have to be adjusted.

DOE 6430.1A, Paragraph 0260-2 EXTERIOR UTILITIES

"Utilities that penetrate or pass under a- security
barrier through an opening of more than. .86 square
inches in smallest dimension shall provide the same
degree of penetration delay as is required for the
security barrier."

Design: At four locations, 24-inch diameter
corrugated metal storm drain pipes go under the
security fence.

Discussjon: To comply with DOE 6430.1A, the grates
on all catch basins within the security fenced area
would have to be either tack-welded to the frame or
have some means of locklng them so that they could
not be removed.

DOE 6430.1A, Paragraph 0266-4 SYSTEM DESIGN
CONSIDERATIONS

"Service lines larger than 2 inches in diameter shall
be connected to -the distribution main by a rigid
connection and shall have a gate valve located below
frostline."

Design: There is no gate valve on the 4-inch
diameter domestic water service line.

Discussjon: To comply with 6430.1A, a gate valve and
box would have to be installed in the 4-inch diameter
domestic water service line.

DOE 6430.1A, Paragraph 0270-1.4 Pipe Materials and
Pipe Joints

"Ductile iron pipe shall also be used for inverted
siphons and for sewers located in parking lots or
other high traffic areas."
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Design: A 6-inch diameter sanitary sewer line that
is located in the service area is constructed of
polyvinyl chloride pipe.

Discussion: To comply with DOE 6430.1A the sanitary
sewer line would have to be constructed out of

ductile iron pipe.
DOE 6430.1A, Paragraph 0270-2.1 General

"The potential effect of larger storms (up to the
100-year, 6-hour storm) shall also be considered."

Design: The potential effect of a 100-year é-hour
storm on the operation of the storm drain system was
not considered.

Discussion: To comply with DOE 6430.1A the operation
of the storm -drain system would have to be checked
for the 100-year, 6-hour storm. If the system does
not have the capacity for handling a storm of this
magnitude, then the chances of flooding the building
would have to be determined.

DOE 6430.12A, Paragraph 0270-2.5 Street Dra inage

n"Street drainage in developed areas shall be conveyed
within the roadway cross section. Curb inlets shall
be used to divert storm flows to surface and
subsurface storm water conveyance system."

Design: Street drainage was conveyed to openings in
the curb and gutter where it was conveyed.in a swale
to a drop inlet.

Discussion: To comply with 6430.1A, the street
drainage would have to be intercepted by curb inlets.

DOE 6430.1A, Paragraph 0273-99.0 Nonreactor Nuclear

Facjlities - General

"There shall be no interconnections among storm water
systems, the sanitary waste system and radioactive
or other hazardous material handling system or
areas."

Desian: The floor drains in the beam tunnel
discharge into the sanitary waste systemn.

Discussion: To comply with DOE 6430.1A, the floor
drains in the beam tunnel would have to tie to a
separate discharge system since a rupture in the
deionized water lines could occur. The deionized

B-86



g 7 8 dJ

o U

"10.

11.

12.

251100R.001

APPENDIX B DESIGN CRITERIA COMPARISON

water lines will cool the accelerator and the beam
stop and could pick up radioactive particles.

DOE 6430.1A, Paragraph 280-1 FENCING

"Barbed wire fencing can be used for boundaries of
open, undeveloped areas only."

Design: The cryogenics site is enclosed with a barbed
wire fence.

Discussjon: To comply with 6430.1A, the cryogenics
site would have to be enclosed with chain link fence.

DOE 6430.1A, Paragraph 0283-1 General

"The physical protection requirements in this section
are not all~inclusive. The applicability of any or
all of the physical protection systems to site-
specific safeguards and security requirements shall
be identified within the threat analysis for each
site." .

Design: A single chain 1link security fence was
provided with one entry control point at the
pedestrian access point along with four uncontrolled
vehicle access points. :

Discussion: To comply with 6430.1A, a thorough
review of Section 0283, PHYSICAL PROTECTION, needs
to be performed by the University. There are

numerous requirements which may or may not have to
be implemented.

DOE 6430.1A, Paragraph 0283-3.2.3 Construction

"Once in place, all fence hardware shall be peened
or spot welded to prevent easy removal."

Design: The chain link security fence detail sheet
or technical specifications do not require the
peening or spot welding of fence hardware to prevent
easy removal.

Discussjon: To comply with 6430.1A, all the fence
hardware would have to be peened or spot welded.
However, see DOE 6430.1A, Paragraph 0283-1 and
Paragraph 11 above.
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c. structural

1.

July 31, 1992

DOE 6430.1A, Paragraph 0111-2.7 =- Earthquake Loads

vEarthquake load design for buildings and other
structures shall be determined in accordance with the
procedures contained in the UBC and UCRL 15910."

1988 Edition of UBC applies.

6430. esign: Seismic design was done in
accordance with 1985 UBC, per DOE 6430.1 IV-2g, for
Zone 2, I=1.5.

Discussion: To comply with DOE 6430.1A, seismic
loads used would be larger than the 1985 UBC loads.
Requirements for seismic analysis, design, and
detailing would also be different.

DOE 6430.1A provisions for "Important or Low Hazard
Facilities" apply to GTA-2. Major differences
between UCRL 15910/1988 UBC as regquired by DOE
6430.1A, and 1985 UBC as required by DOE 6430.1, are
summarized below.

a. UCRL 15910 Chapter 4, and 1988 UBC, Section 2312,
Seismic Analysis:

UCRL 15910 recommends seismic analysis of
structure for ‘“Important or Low Hazard
Facilities" by "Static force method for regular
facilities or dynamic force method for irregular
facilities as described in the 1988 UBC
provisions."

1988 UBC provides specific criteria for
determining when dynamic analysis is required.

DOE 6430. esign: Static analysis was used for
the facility per DOE 6430.1.

Discussion: To comply with DOE 6430.1A, a
dynamic analysis is required for the High Bay
portion of the structure. In the GTA-2 facility,
the High Bay and Support Buildings are
independent structures. Per 1988 UBC, the High
Bay is classified as an irregular structure with
the following irregularities:

(1) Type B, Table 23-M, Mass Irregularity. Mass

of Fourth and Second Levels are more than 150
percent of mass at Third Level.
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(2) Type C, Table 23-M, Vertical Geometric
Irregularity. Horizontal dimension of frames
at Mezzanine level is more than 130 percent
of horizontal dimension of frames at levels
above.

(3) Type A, Table 23-N, Torsional Irregularity.
For east-west forces, drift at steel frames
is more than 1.2 times average drift
including concrete shear wall.

Per 1988 UBC 2312(d)8C(ii) and 2312(d)9C, a
dynamic analysis is required for the High Bay
structure. Results of the analysis would
determine the safety factors of the design.

Per 1988 UBC, the Support Building is classified
as an irregular structure with the following
irregularity:

Type A, Table 23-N, Torsional Irregularity.
For east-west forces, drift at steel frame
is more than 1.2 times average drift
including concrete shear wall.

Per 1988 UBC 2312(d)8B(iii), a static analysis
is acceptable for the Support Building structure
which is less than 65 feet high.

UCRL 15910 Chapter 4, and 1988 UBC, Section 2312,
Seismic Forces:

UCRL 15910 states, "For General Use and Important
or Low Hazard DOE facilities, it is recommended
that the 1988 UBC provisions be followed, with
the exception that Z be evaluated from the hazard
curves in Reference 1, and C is the amplification
factor from 5% damped median (or mean) response
spectra."”

Reference 1 is UCRL 53582.

This procedure yields the following design base
shear factor:

Factor Reference

Z = 0.22 UCRL 15910 Table 4-3
I =1.25 UCRL 15910 P. 4-4

C = 3.5 UCRL 15910 P. 4-1 & Fig. 4-1

UCRL 53582 P. 29
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R, = 6 UCRL 15910 Table 4-2
Ordinary Steel Moment
Resisting Frames

V = (ZIC/R,)W = .160(W)

OF 6430. esigqn: Per 1985 UBC, Seismic base
shear was computed as follows:

Z = 3/8, Zone 2

I = 1.5

CcsS = .14

K = 1.33

vV = ZIKCSW = .105(W)

Discussion: To comply with DOE 6430.1A, an
increase in base seismic shear by a factor of
approximately 1.5 is required for both High Bay
and Support Building. Except where design is
controlled by other than seismic loading, the
structure would be overstressed by significant
amounts with these larger forces.

UCRL 15910 P. 4-5, 4-15, Peer Review:

"For important or hazardous facilities, all
aspects of the seismic design or evaluation must
include independent peer review."

DOE 6430. esigqn: Design was reviewed by Holmes
& Narver engineers who had not participated in
the design and by Los Alamos Laboratery
personnel.

Discussion: To comply with DOE 6430.1A, an
independent peer review may be required depending
on the definition of "independent peer review."

1988 UBC, Chapters 23 and 27, Seismic Design

New detailed requirements for seismic analysis
and design are provided.

DOE 6430. esign: Design followed requirements
in 1985 UBC.

Discussion: To comply with DOE 6430.1A, new
provisions must be followed which differ from
1985 UBC in various ways. Some differences are:

(1) 1988 UBC 2312(e)9 requires that P-delta

effects be included in analysis of structural
frames. 1985 UBC does not regquire this.
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(2) 1988 UBC 2312(h)2K requires separation of
3(R,/8) times seismic displacement between
adjacent structures. 1985 UBC regquires
separation to avoid contact under computed
seismic deflections. This affects required
width of joints between High Bay and Support
Building.

(3) For structures with Irregularity Type A,
Table 23-N, 1988 UBC 2312(h)2I(v) permits no
1/3 stress increase for diaphragm connections
and 2312(e)6 requires an increase in
accidental torsion. 1985 UBC has no such
provisions.

(4) 1988 UBC 2722(d)2 regquires that column
splices with partial penetration welds be
located a minimum of 3 feet from girder
flanges. 1985 UBC has no such provision.
Column splices are typically 2 feet from
girder flanges.

(5) 1988 UBC 2722(g)3 requires bracing
connections be designed for (3R.,/8) times
force in the brace. This is an increase over
1985 UBC forces by a factor of approximately
1.3.

These differences would need to be included in
design under DOE 6430.1A. Safety factors would
be affected.

DOE 6430.1A, Paragraph 0514 - STRUCTURAL ALUMINUM

"aAluminum shall be isolated in applications invelving

contact with dissimilar metals or with concrete..
Isolation shall be achieved by use of coatings,
paints, or separating materials."

DOE 6430.1 Design: No requirement for isolation.
Discussion: To comply with DOE 6430.1A, isclation

would be required at bearing surface of aluminum
tubes and grating at Laser Basement.

B-91 July 31, 1992



o U

4

AUWEWHXBDEﬂGNCRHEMACOMHmBON

D.
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Architectural

1.

DOE 6430.1A GENERAL REQUIREMENTS

"The latest edition of standards and guides shall be

used.

",,.UBC, (Uniform Building Code)
...NFPA 101, Life Safety Code"

6430,1 Desjign: From the Uniform Building Code; Stair
handrail height above nosings between 30" and 34".

Discussjon: To comply with latest edition of UBC and
NFPA 101, handrails need to be raised to a minimum
height of 34" above stair nosings because both of
these codes have changed the range from 30" - 34" to
34" - 38",

DOE 6430.1A, Paragraph 0110-13.2, Access Control and
Security Areas.

"Controls shall be established to prevent
unauthorized access to security areas or removal of
security interests."

6430.1 Design: Basically states that site specific
criteria will be established by security personnel
according to “"standards and requirements, as
promulgated by the Headquarters Office of Safeguards

and Security...."

Discussion: The facility security for areas was not
addressed in the design. As the facility is
developed, the designer should consult various DOE
6430.1A requirements.

DOE 6430.1A, Paragraph 0753 ELASTOMERIC/PLASTOMERIC
SHEET ROOFING :

"Single-ply roofing shall comply with the following:

o SPRI Single-Ply Roofing: A Professional's Guide
to Specifications, Parts I-IV.

o SPRI Wind Design Guide for Ballasted Single=-Ply
Roofing System

o SPRI Wind Design Guide for Mechanically Attached
Single-Ply Roofing Systems."
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o SPRI Wind Design Guide for Fully Adhered Single-
Ply Roofing Systems."

DOE___6430.1 Design: No specific single-ply
requirements. General requirements to follow NRCA
"Roofing Manual," FM Loss Prevention Sheet 1-28 for
Insulated Steel Deck," U.L. Class A, FM Class I and
UBC. Because the design was to comply with UBC, an
ICBO report was necessary for the system used.

Discussion: The system used should be analyzed by
the University relative to the SPRI requirements

above to determine compliance.

DOE 6430.1A, Paragraph 0912-2 CEILING SUSPENSION
SYSTEMS

"Nonstructural suspended systems, including ceilings,
electrical components and equipment shall be
considered in terms of UCRL 15714, Section V."

DOE 6430.1 Design: Suspend ceiling design to comply
with UBC Standard No. 47-18. )

Discussion: Suspended ceiling system should be
analyzed relative to UCRL 15714, Section V. to
determine need for modification. It is expected that
additional bracing will be required.

DOE 6430.1A, Paragraph 0950-1 GENERAL

"2 continuous IAS shall be provided for occupiable
spaces above suspended ceilings within protected
areas and, as required by site-specific security
plan, within limited and exclusion areas.

DOE 6430. esjgn: The computer control room area
ceiling has physical barriers at perimeter but not
IAS.

Discussion: When developed, a site-specific security
plan may necessitate IAS above ceiling.

DOE 6430.1A, Paragraph 1027 ACCESS FLOORING
"a continuous IAS shall be provided for occupiable
spaces below raised access flooring within protected

areas and, as required by the site-specific security
plan, within limited and exclusion areas."

DOE 6430.1 Design: The design did not address this.
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Discussion: As development takes place, and the
security plan is formulated, the designer may need
to provide IAS as referenced above for limited and
exclusion areas with raised access flooring.

July 31, 1992 B-94
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E. Mechanical

1.

251100R. 001

DOE 6430.1A, Paragraph 1530-1, GENERAL

"Fire protection systems shall comply with DOE
5480.7"

DOE_6430.1 Desjan: Chapter X: Codes, standards and
guides including: NFPA, UL, FM, DOE 5480.1A and DOE

5700.6A.

Discussjon: An automatic fire suppression system has
been provided for the entire structure. Therefore,
this revision should have no impact.

DOE 6430.1A, Paragraph 1540-1.3.1, Supply

"pccessible drain valves shall be provided to drain
the entire system."

DOE 6430. esign: No similar requirement.
Discussion: The building domestic water line does
not have an "accessible drain valve." To drain the

entire system a backflow preventer would have to be
removed or a new drain valve installed.

DOE 6430.1A, Paragraph 1550-2.3.1, General

"Strainers shall be provided at the suction side of
each pump and each control valve."

DOE 6430.1 Design: No similar requirement.

Discussjon: Strainers have been installed on each
pump. However, none of the contreol valves have been
provided with strainers. They have to be added to

"comply with DOE 6430.1A.

DOE 6430.13, Paragraph 1550-3.2, Testing and
Balancing Devices :

"The design professional shall provide as a minimun
the balancing devices in Table 1550-3.2a and Table
1550-3.2b."

DOF_6430.]1 Design: No similar requirement.

Discussion: Items required in these tables and not
included in this project are:
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5.

a. Duct-mounted air stream thermometers on suction
and discharge sides of each heating coil and

coiling oil.

b. Duct mounted airstream thermometer on each mixed-
air plenum

c. Flow measuring device on each pump

d. Flow measuring device on each boiler

DOE 6430.1A, Paragraph 1595-6.3 Automatjc Control
Dampers

nautomatic air control dampers shall be specified to
be the low-leakage type with a maximum leakage of 6
cfm/ square foot at maximum system velocity of 1500
fpm and l-inch pressure differential."

DOE 6430.1 Desjan: Chapter X, Paragraph 1l4i:

"Automatic air dampers used for thermal isolation and
air mixing shall be of the 1 percent leakage type.

Discussjion: Although the 6 cfm/square foot
requirement is probably more stringent, the system
in this building will not be affected. All of the
air handling systems have packaged air handling units
and, though not specified, have dampers that should
meet this requirement.
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F. Electrical

1. DOE 6430.1A, Paragraph 0283~7 LIGHTING

"Where HID lamps are used and where continuous
lighting is required, a standby lighting system shall
be considered to ensure the maintenance of minimum
protective lighting during HID lamp start-up and
restrike periods. Fixtures adjacent to each other
shall, when practical and appropriate, be placed on
different circuits so that only a portion of the
lighting is extinguished if one circuit becomes
inoperative."

DOE 6430.1 Design: The facility was designed using
HID lighting fixtures for the fence and exterior

building lighting.

Discussjion: In order to comply with DOE 6430.1A, the
exterior lighting system should be evaluated to
determine if continuous lighting is required for this
facility. If continuous lighting is required, then
additional fixtures, assume quartz, should be
installed and controlled by an uninterruptible power
source.

Existing fixtures including the wall mounted fixtures
should be recircuited to place fixtures adjacent to
each other on different circuits.

2. DOE 6430.1A, Paragraph 1639 GROUNDING
1639-1 General

"Grounding systems shall comply with NFPA 70 and IEEE
142. A separate ground conductor shall be used.
Raceway systems shall not be used as a ground.

1639-4 Isolated Ground System

"Isolated ground systems may be required to meet
special instrumentation or other equipment needs.
Such ground systems shall be clearly identified,
protected against improper usage, and installed in
conformance with NFPA 70.

6430.1 Design: Gr~unding was provided on this
project as directed by the user.

Discussjon: The grounding system provided appears
to fit within the 6430.1A guidelines.
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DOE 6430.1A, Paragraph 1640-3.1 General

n"Electric power distribution systems shall be
filtered to reduce emanation of detectable
electromagnetic signals to acceptable levels as
directed by the cognizant DOE telecommunications and
security personnel. Instellations shall comply with
DOE §300.2B, DOE 5300.3B, and DOE 5300.48B.
aAdditional guidance shall be obtained from the Office
of Computer Services and Telecommunications
Management, DOE Headquarters, as directed by the

cognizant DOE authority.

DOE _6430.1 Design: Our design for the Base Building
was conduit only. The conduit complies with 6430.1A.
User to install the system.

Discussjon: User should comply with DOE 5300.2B, .3B
and.4B in the design and installation of this system
and should provide filtering where required.

DOE 6430.1A, Paragraph 1640-3.3, Standby or Emergency
Power Supplies

nStandby or emergency power supplies for security,
communications, and alarm systems shall be provided
in accordance with Section 1660, Special Systems.

6430.1 Design: Battery backup was provided for the
Fire Alarm System. No emergency system was provided
for the telephone, interphone or public address
systems, since these were conduit only.

Discussjon: We provided conduit only for telephone,
interphone, and public address systems. User should
refer to 1660 Special Systems and comply with the
design criteria, where required.

DOE 6430.1A, Paragraph 1670-4 SECURE COMMUNICATION
SYSTEM

"Secure communications systems shall comply with DOE
5300.3B, DOE 5300.4B, and the DOE 5632 series.

"Data processing, amplifying, telecommunications, and
other systems that emit electromagnetic classified
data processing information, shall be protected
against compromise of such data in accordance with
DOE 5637.1, DOE 5300.2B, and DOE 5300.4B.

"For the protection of classified matter, 1line

supervision 1limits and/or 1line tamper alarm
capability shall meet UL Class AA requirements.
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"Telephones or publié address systems in conference
rooms or offices in which classified discussions at
the Secret or Top Secret level occur shall comply
with Section 0110-99.10, Secure Conference Rooms, and
Section 0110-99.11, Secure Offices, respectively.

"Where transmissions of classified data outside
security areas are involved, NSA-approved encryption
shall be used or the signal lines shall be installed
in accordance with DOE 5300.4B.

"ADP equipment and cabling shall be installed per NSA
NACSIM 5203 or other means approved by the CSOM to
preclude compromising emanations from radiating
beyond the control zone."

Design: Secured Communications System was not part
of Base Building design. System was to be designed
and installed by user.

M

Discussion: User should comply with codes and
> standards as described in 6430.1A Section 1670-4.
S
o
3
O
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GROUND TEST ACCELERATOR-2

BUILDING CODE ANALYSIS

Applicable Codes

Uniform Building Code - Facility Requirements
Life Safety Code - Exitting Requirements

Background

Per previous agreements the Ground Test Accelerator-2 (GTA-2) facility is
B-2 occupancy, Type II one-hour construction with automatic sprinklers
used as a substitute for the one-hour construction.

Present Situation

Recent modifications to the GTA-2 facility necessitated a review of the
Building Code Analysis. The following key issues are discussed and a
revised code analysis is attached.

1. The RF Equipment Mezzanine grew in size so that it no longer
qualifies as a mezzanine. It is therefore now considered part of
the second floor. This area of the second floor requires at least
two fire-rated exits to the outside meeting the criteria of the Life
Safety Code. This agreement is satisfied by Stair #2 which was
already enclosed and enclosing Stair #4 at the west end of the RF
Equipment Platform

2. Openings from the Waveguide/Water Basement through the first floor
Mechanical Labs and the second floor RF Equipment Platform are
acceptable per NFPA 6-2.2.3.4.

3. As defined in Sec. 407 the .floor area of a building or portion
thereof is that space included within the surrounding exterior walls
or if not provided with exterior walls the area shall be the useable
area under the horizontal projection of the roof. Since the 8-feet
thick concrete shield wall is not useable space it is not included
in the floor area calculations.

4. UBC Section 505 (d) says that basement areas need not be included in
the total allowable area.

wm
.

The Bean Tunnel is separated from the rest of the GTA-2 facility by
the 8-feet thick concrete wall mentioned in the above. This wall is
consigered an Area Separation Wall and therefore per UBC Sec. 505
(e) shall be considered as a separate building. All doors in this
wall have at least a 90 minute fire protection rating. The fact
that this wall serves as a nuclear shield inherently makes it an
Area Separation Wall.
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Required Floor Areas

The UBC analysis is significantly affected by the size of the building. The
following is a summary of floor areas which were used to accomplish the code

analysis:

FIRST FLOOR AREA

o High Bay Assembly Area

(1) Basic Floor Area (including Shop) 17,748 SF

o Beam Tunnel (Per UBC Sec. 505 (e) can be considered a separate building.)
(1) Basic Floor Area 16,150 SF
o First Floor of Multi-Story Area 6,272 SF
Subtotal First Floor 40,171 SF
SECOND FLOOR AREA 14,073 SF
THIRD FLOOR AREA 3,916 SF

FOURTH FLOOR AREA

o Basic Floor Area 5,632 SF
o Mechanical Room (North) . 5,366 SF
TOTAL GROSS AREA 69,158 SF

Allowable Floor Area

UBC allowable floor areas permit 18,000 SF for a B-2 occupancy and Tyne II
one-hour construction. By providing separation on four sides of the building
of 40 feet total UBC allows an area increase of 100% or 36,000 SF total. For
multi-storied buildings, the code allows an additional, compounded area
increase of 100% for a total of 72,000 SF. Therefore, the building's tntal
gross floor area (69,158 SF) does not exceed the allowable area of 72,000 SF.

Allowable Floor Area for a Single Floor

UBC limits the area of any single floor, For the GTA-2 Facility this
aliowable area is 36,000 SF (18,000 + 100%). The largest single floor area
for GTA-2 is the First Floor which totals 40,171 SF.

2171J
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The required floor area (40,171 SF) exceeds the allowable (36,000 SF) by
4,171 SF. Therefore, 2 two-hour area separation wall is required by UBC so
that no area exceeds the 36,000 SF limit. This is achieved by using the
concrete shield wall of the Beam Tunnel as the area separation wall. One pair
of doors leading into the Beam Tunnel from the High Bay Area would be
one-and-a-half-hour fire rated. The other door is B8-feet thick concrete.
Penetrations in the wall must be well-sealed, but since this is also a shield
wall, its compliance as 2 two-hour area separation should be inherent. This
solution reduces the first floor area 1o 24,021 SF which is below the

36,000 SF maximum.

Atrium

The Laboratory has determined that the High Bay Areas do not constitute an
atrium.

Exits

The NFPA Life Safety Code, 101 was used to determine all exit requirements.
Holmes & Narver calculated exit capacities based on an Industrial occupancy.
Holmes & Narver used the more restrictive condition in determining exit sizes
and number. Exits were determined based on 100 SF per person with no
allowance for equipment floor area usage. By this method the Code requires
exits for an occupancy load of 681 people. In contrast, the. Laboratory User
Group anticipates an actual occupancy 1oad of less than 60 people. While it
may seem inappropriate to design exits for 681 people when only 60 will occupy
the Facility, the Code requirement to design with minimum dimensions and
number of exits accounts for virtually all of this "extra® capacity.

Therefore, the larger exit capacity is much more a function of meeting minimum
code requirements than a function of using more restrictive area-per-person

ratios.
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BUILDING CODE ANALYSIS

PROJECT NAME: GTA-2 PROJECT NO. 2055.20
Code Check By: MORGAN KRAMM Date: ﬁAY 28, 1987
Applicable Code Name: UBC, 1982 AND LIFE SAFETY-101, 1985

Fire Zone: N/A

Occupancy Classification (Table 5A):

Principal Occupancy: B-2 (THIS CLASSIFICATION WAS DETERMINED BY THE
LABORATORY. ) ’

Fire Resistance of Exterior Wall (Table 5A): Re. 5-A P. 37
ONE HOUR LESS THAN 20 FEET

Non-combustible Wall Allowed (Sec 2203): N/A

Openings in Exterior Walls (Table 5A): Re. 5-A P. 37
NOT PERMITTED LESS THAN 5 FEET PROTECTED LESS THAN 10 FEET

Occupancy Separation Required (Table 5B): Re. 503 P. 40
*B-2 to B-2 = 0 hours

* THE LABORATORY HAS STATED THAT THE BUILDING OCCUPANCY IS A B-2 IN ITS
ENTIRETY.

Note: 503-C: Requirements for openings AT ONE HOUR WALLS - PROVIDE ONE HOUR
RATED OPENINGS.

Maximum Allowable Floor Area (Table 5C): TYPE Il

Occupancy: B-2 1-HR

Basic Allowable Area: 18,000 SF
Increase Fire Zone 3: ' N/A

Increase for Separation: 18,000 SF
Increase for Fire System: N/A

Total Allowable Area: 36,000 SF
Maximum for Added Stories: (100% Increase) 72,000 SF
Actual Floor Area (See Def. Chapter 4): 69,158 SF

2171J July 31,1992
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Maximum Allowable Height (Table 5D):
Feet: 65

Stories: FOUR

Special Occupancy Requirements (Chapter 6 thru 15):

NONE
Windows Required in Rooms (Res.): N/A

Re. 507

Re. {---)

Enclosed or Semi-enciosed Courts - Size Required (Res.): N/A

Minimum Ceiling Height in Rooms (Res.):

Minimum Floor Area of Rooms (Res. Y: N/A

Fire Resistive Requirements (Table 17A):
Exterior Bearing Walls: 1* Hours
Interior Bearing Walls: 1* Hours
Exterior Non-bearing Walls: 1* Hours
Structural Frame: 1* Hours

Permanent Partitions: 1* Hours

Vertical Openings: 1* MECHANICAL SHAFTS:

2 (STAIRS), LIFE SAFETY, 101 STAIRS
Floors: 1* Hours

Roofs: 1* Hours

Exterior Doors: (DETERMINED BY LOCATION

ON PROPERTY) Hours

Exterior dindows: Hours

Re. (===)
Re. (===)
Re. (===)
Re. (===)
Re. (===)
Re. (===)

Re. (=--)

Re.(---)

Re. (===)
Re. {-==)

= USE AUTOMATIC SPRINKLERS AS SUBSTITUTE FOR ONE HOUR RATING.
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See Types of Construction:
Inner Court Walls: N/A Hours
Roof Coverings: FIRE RETARDANT

Boiler Room Enclosure: ONE HOUR IF GREATER
THAN 400,000 BTU/HP. Hours

Parapet dalls (Sec. 1709):
Where Required: NONE
Height: N/A

Toilet Room Regquirements:

Fixture Count Requirements (UPC): 1985 EDITION

Men: Basis Actual
Lavatories 1 PER 10
dater Closets 3 PER 26-50
Urinals 1 PER 50
Women:
Lavatories 1 PER 10
Aater Closets - 3 PER 26-50

Showers Required (UPC): 1 PER 15

Re.

Re.

Re.
Re.
Re.

Re.
Re.
Re.

Water Closet Compartments and Showers (UBC Sec. 510):

W4alls: SMOOTH, HARD, NONABSORBENT SURFACE
Floors: SMOOTH, HARD, NONABSORBENT SURFACE
Compartments Dimension:

Handicapped: CLEAR SPACE OF 42" X 48" BY STOOL

Drinking Fountain Requirements :
1 PER 75

B-105
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Re.
Re.
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3202b

. 708

1709a

APP.C
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APP.C
APP.C
APP.C
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Guard Rails {Sec. 1711): Re. 17

Where Required: RF EQUIPMENT PLATFORM
Height Required: 42 INCHES
Fire Alarm (See Occupancy Types):
Required Basis:

Type: AUTOMATIC CLASS B MODIFIED TO MEET
LABORATORY REQUIREMENTS.

Stair and Exits: PER NFPA LIFE SAFETY CQDE

Re. NFPA-10-4 thru 10-3.

Occupancy Load: Re: 28-1.7 P. 101-332
Floor # SF/FL Occ. SF/Per. Actual Tributary Total Width
Indust. Load Floor Inches
ONE 6,272 100 63 SECOND 299 a4
T™O 14,073 100 141 THIRD 236 a4
THREE 3,916 100 39 FOURTH 95 22
FOUR 5,632 100 56 NONE 56 22
RIGH BEAN
3AY AREA 17,749 100 177 TUNNEL 338 88
- BEAM
TUNNEL 16,150 100 161 NONE 161 a4
Number of Exits Required: 2 @ MULTI-STORY, Re. 28-2.4.1 P. 101-334
2 @ HIGH-BAY, 2 @ TUNNEL
Minimum Yidth of Exits, basis: 44 INCHES Re. 28-2.5.1 P. 101-334
Actual: 48 INCHES AT STAIRS, 78 INCHES @ CORRIDORS
Maximum Allowable Travel Distance to Exit: 100 FEET Re: 28-2.6.1 P. 101-335
Jith Sprinklers: 150 FEET
£xit Doors: Re: 5-2.1.1.3 P. 101-19

Minimum #idth Allowed: 32 INCHES

Haximum Leaf didth Allowed: 48 INCHES

Jidtn Required for Number of Occupants: 22 INCHES PER 100 PEOPLE
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Exit Corridors:
Minimum Allowable Width: 44 INCHES Re. 28-2.5.1 P. 101-334
Required to Have Exit at Each End of Corridor: NO
Dead End Corridors Allowed: YES '
Maximum Length: 50 FEET Re: 28-2.5.3 P. 101-334

Maximum Occupant Load: 100 PER 22 INCHES IN WIDTH Re. 5-2.1.1.3.1 P, 101-19
4all Fire Resistance Required: ONE HOUR Re, 5-1.3.4 P, 101-18
Doors and frames Fire Resistance Required: Re: 5-1.3.4

20 MINUTES

DISCHARGE FROM BEAM TUNNEL TO HIGH BAY MUST MEET

REQUIREMENTS OF Re: 5-7.2 P. 101-49

Stairs: CAPACITY = 60 PEQPLE PER UNIT OF 4IDTH (22 INCHES)
Minimum ./idth: 36 INCHES For Occ. Load of 50 Re, 5-2.2.1.2 P. 101-25

gy u

O U U 8

¢}

44 INCHES FOR Occ. Load of 30

OR MORE
Maximum Riser Allowed: 7 INCH
Minimum Tread Allowed: 11 INCH
Open Risers Allowed: ﬁ/A

Is Adinder Allowed: N/A

Landings:

Minimum Size: :{IDTH OF STAIR

Maximum Size Required: 4 FEET

Are Splayed Corners Required: N/A

Maximum Vertical Distance Between Landings:

12 FEET

Required Height of Rails: 30 TO 34 INCHES

Handrails:

Required at Each Side: YES

Note: Life Safety Requires Both Sides
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Re.

Re.

Re.

Re.

Re:

Re, 5-2.2.1.2

§-2.2.1.2
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5-2.2.2.5
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5-2.2.3.4
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Intermediate Rails Required at Stairs:

Maximum Width Between Intermediate Rails:
88 INCHES WIDE

Exceptions Applicable: N/A

Height Above Nosing: 30 TO 34 INCHES

Balusters Required: N/A
Intermediate Rail Required: (6-INCH @ SPHERE)
Maximum Post Spacing Allowed: N/A

Handrails Return to Wall at Ends: YES

GUARD RAILS SHALL BE 42 INCHES HIGH JITH € INCH
SEE 1711-4)

Stair to Roof Required: NO

Stair Required to Continue to Basement: N/A
Hatchway Access to Roof Required: YES

Ladder Access to Roof High Point Required: NO

Stair Enclosure Required: YES, TWO HOURS

Horizontal Exit Requirements (If Applicable): N/A
Protection of Openings Near Exterior Stair Exit Doors:
Smokeproof Enclosure Required: HNO
Ramps:
Maximum Slope to Use as Exit: 1:10
Handrails Required: YES, 50 LBS. LINEAR FOOT
Exit Signs Required: VYES
Emergency Lights or Power Required: LIGHTS
Special Hazard Requirements: N/A
Skylights (Chapter 34): N/A
Penthouses (Chapter 36): N/A
Fire Extinguisning Systems:'

Sprinklers Required (Chapter 38): NO

88 INCHES WIDE
Re: 5-2.2.3.4 (h)

@ SPHERE REQ'S.

Re.

Re. 3306(m)(o)
Re.
Re. 5-1.3.1 (b)

N/A
Re. 28-2.2

Re, 5-2.6.1.2
Re: 5-2.2.3.1
Re. 28-2.10
Re. 28-2.9.1

Re. 508

(USED AS SUBSTITUTION FOR ONE HOUR RATED CONSTRUCTION)
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Dry Standpipes Required: *N/A Size _
*DOE STANDARDS PRECLUDE USE OF STANDPIPES.
Location: N/A
Number Required: N/A
Number Outiets Required: N/A
Hose Required: N/A
Siamese Connections Required: N/A
Wet Standpipes Required: N/A
Number Required (Hose Run): N/A
Location: N/A
Fire Extinguishers Required: YES
Note: See Life Safety FOR EXITS
Combination Wet/Dry: N/A
Use of Public Property (Chapter 45):
Doors Prohibited from Swinging into City Property:
Windows Swinging Over Public Property Minimum: N/A
larquees, Canopies, Etc.:
Support from Building: N/A
Material Restrictions: N/A
Distance Above Walk: N/A
Maximum Distance of Extension Over Walk: N/A
Maximum height: N/A
Drainage: N/A
Other Projections:
Minimum Height Above "Ground": N/A
Maximum Allowable Projection: N/A

Bay Aindow, Porch, Balconies: N/A
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Cornices, Etc.: N/A
Elevators and Escalators:

Maximum Number in Each Shaft: N/A
Use as Required Exit: NO

Ventilate Penthouse: N/A

Machine Room Wall Construction:

Re. (==-)
Re, (==~)
Re.

Structural Requirements (See Building Type Chapter 18-22)

Framework: NON-RATED Re. 508
Stairs: NON-COMBUSTIBLE Re. 5-2.2.2.1
Floors: NON-RATED Re. 508
ﬁoofs: NON-RATED Re. 508
Partitions: NON-RATED Re. 508
Structural Requirements (Chapter 23):
Floor Use Load
Live Load-Floors: 'BEAM TUNNEL 2800 PSF Re. ANSI*
GROUND FLOOR 250 PSF (2-TON FORK LIFT)

P.(==)
Po(==)

P, 33
P.101-27
P. 33

P. AS8.1

SECOND FLOOR 150 PSF (170 PSF @ CAPACITOR ROOM &
250 PSF @ RF EQUIPMENT PLATFORM)

THIRD AND
FOURTH FLOORS 250 PSF
* (OR USER DEFINED
Pitch Load
Live Load-Roof: 1/2 INCH PER 30 PSF
FOOT

SNOW DRIFT PER ANSI AS8.1

30 PSF IS BASED ON USER DEFINED REQUIREMENTS
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Miniﬁum Aind Pressure Allowed for Design
(Pounds per Square Foot): 22 PSF KZ = 1.16,

1=1,07, vy= 8
Building Material Requirements (Chapter 24):

(Check all materials used, against code,
size, strength.)

Masonry: N/A

Masonry Veneer: N/A
Wood (Chapter 25): N/A
Concrete (Chapter 26): N/A
Special Requirements (List): N/A
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