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RADIOACTIVE LIQUID WASTE
| WASTE MINIMIZATION SURVEY REPORT
FOR TRITIUM AND ACCELERATOR-PRODUCED ISOTOPES

1.0 INTRODUCTION

WWWLWWMWFWNWW&TWWGA}SQ
WIWWMWWMMMWMMN&&M
amnm.mwmwdkdnmammmuwmmamwﬂumm U.s.C.
1251, et seq.) (CWA) established the National Pollurans Discharge Elimination System (NPDES), which
mpmmmmmmmwm'smmumeﬂmis
mev&smmmsss,mnmosx, which establishes specific

'BW&WU.S.WMW@MWGMWWWNW

Mm&mmnmmmm)smw«wm

4 mCWAmanhmdndiscbargeofmdimcdwmwiahmeovmdbyduAmmicEwgym
(42 USC. 2011 am.)mmmwmmmmwmq ‘
Federal Regulanons, Part IHZ.Mawmadesmofuﬁhmmybcm-oramm-pmdm
mhdmuwmmmsmmuwawmmmwm
mmmmmw,mmmw. ‘

The New Mexico “Water Quality Act™ (New Mextco Statutes Annotared (NMSA] 1978) estab-

mmSthmMadm“(ZONMACG.l)mbﬁshuspedﬁcm&ummndards.m
WWQCCMMWM&WWM»&NMED. Specific numerical and
nanaﬁvemﬁoewaws:andardsmdcvdopedbyNMEDand;ppmvedbyEPA. Effluene fimns that
upplymeLWTFN?DESpmhmmbﬁshedhuhepcmhbyEPAwwﬁﬁedbyNMED.

than the DOE DCGs for public dose.

mDosmwmmmmmmdamofmm
including witum and accelerator-produced isotopes. As stawed in, Emviranmental Surveillance ar Los
Alamos National Laboratory during 1997 (LANL 1998d), the RLWTF effluent included witium,
sodium-22, swondum-89, swontum-90, cesigm-}37, uranium-234, uranum-235, phronium-238,
plutonium-239, plutonium-244, and americiun-241 during 1997.
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mewmmwwmmhuuwmmum for
mmmmam Axgust 1, 1994 1

During 1998, & warking group was establizhed 1 sty viable oprions for phased wansition toward
zqodisdwzeofumdliquidm&glthLWmMMCanmm ing

hmpponofdeaoDWRq:mPhascmmmhﬁou, LANL’s Environmemal
SWMWWW@«Q@WMHMM(ES&IS) i Manage-
mDMMmLMWmep(EM%LW)M:M«dMWm
mmiuﬁnﬁoumveysofLANLﬁdliﬁstq' iy geoerators and dischargers of witium and accelerator-
pMW.Mmprmmﬁndww&mmwm
Wmmnwm&wmuwmw_WuuCowsmmwcsm
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20  GENERATORS OF TRITIUM AND ACCELERATOR-PRODUCED ISOTOPES

Smﬂdaamcswmusedmmpﬂeaﬁstofsmmdmp«aﬁanyduchm‘ witum and
acccle:atcx-ptoducedisotopsxod:eRLWrF,includingdwfollam

e  Zeso Discharge Report (LANL [998c)

o Los Alamos Nanonal Labarasory RLWTF Caaéepmd Design Best Demonstrated Available
Technology Evaluation Influent Design Basts (LANL 1995b) (IDB)

o 1997 Radoacave Materials Usage Survey for Poiny Sources (LANL 1998a) (Usage Survey)
database query .

. Cw@wmmw(e.;.mmmwm interviews)
¢ Office of Nuclear Energy, Sdeaceand'!'ectnolosywcbpag:aumdlwwwne.doe@v)
« LANL web page

*  Previous surveys performed by ESH-18 and EM-RLW
- NPDES Datbase

. TA-&”Chanuyaadeﬂurgymechﬁdlhy
o TA-3-66 Sigma Building_ :

L ]
L J

TA=53 Las Alamos Neutron Science Centor (LANSCE) (discharge 1o the RLWTF has since

discontinued)
e TA-55 Plutonium Facility
o TA-21 facilitics
e Waste managemens facilitics

TAs3.35.48,So,andﬁwcteaisoidcudﬁedinuuZemDischuxeR:ponudischargmot
uitum to the RLWTF via the RLWCS. TAs 2, 16, 18,33.4l,and$4mt=portcdmhavecol19§led
Mmmmmhmmuwmm,mmdmm
&om&mmm@sﬁmzwdaodyowpmofdwmluiﬁmacdvhymmdmklw
(LANL 1998¢).
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The Usage Survey provides resuks of the 1997 Eavivonmental Safety and Health Division, Air
Qmmm-lnmmmwmp«mmmwmw‘
mmenWW.mUMSWWWWWNMSS)
with a potenrial dese equivalent of greater than or equal o 0,008 mremyr (1/20°® of the monitoring limic of
0.1 mrem/yr); new UMSs that began cperating during 1997; or previously unidentified UMSs. A dara
rerrieval from the Usage Survey databasc was provided by Scowr Miller, ESH-17. This remrieval included
MWﬁmmmyme&mewmm.T&buﬂmm
Wmmmwmw(aW)mm.

AWMWM&@MWMMWWWESH-uh
1995 and EM-RLW in 1997. The ESH-18 survey (LANL 1995a) stated all but two wtinm discharges to
uuwwmmmm&mawmm"wmﬂm
witium was a result of comtaminated glassware cleaning and hand washing at TA-21. The orher discharge
was a result of experimeants perfnnmed at TA-21 10 measure the amount of tritinm gas produced from the
Los Alamos Meson Physics Facility (pow LANSCE) accelerator beam operation at TA-S3.

- The EM-RLW survey (LANL 1997) stared that TA-50-1 discharges acceleratar-produced witium
as a resuls of monthly analysis of samples collected from the LANSCE at TA-53. These samples had an
average volume of 200-300 ml., with 4 maximum of 400 ml., and an average concentration.of 20 pCVL,
with 8 maximum concenmration of 120 pCill.. TA-48 was also reparnted vo discharge accelevator-produced
. isorapes. A fimure research project at TA-21-209 was projected to generate acceleraror-produced tritinm.

A darabase query was made on te NPDES datzbase that is wmanaged by Aane Soukup, ESH
Division Office. Only TA-21-155, Rooms 5512 and 5513 were identified as dischargers of witiated wazer
in the NPDES database. |

Correspondence with TA-S9 persannel has indicated that tritium calibration standards may be -
discharged from TA-59 w the RLWTF at a ratc of approximarely 10 1o 25 nCi/yr. Accelerator-produced
isotopes generared from sample or calibration sandards may be discharged from TA-S9 at a cate of
approximartely 1 w 2 aCijyr.

Information obtained from the sources idanified above was compiled into an Excel spreadsheet,
which is included as Antachment 1 w this repart. The information in Attachment ! is sorted by TA,
building, room, radionuclide, and whether the radionucltide was accelerator-produced ar LANL. Akhough
many Isovapes identified in the IDB and Usage Survey have the potential v be accelerator-produced,
depending upon the type of accelerator and targer mateials used, ouly those isctopes that were actually
idernified as having been accelcrator-produced at LANL are identified as such. Information penaining to all
isotopes, regardless of whether they are accelerator-produced, is presented in Attachment 1.

Screcning the information in Auachment | w idemify only those facilities with the ptential 10
discharge witium and accelerator-produced isotopes to the RLWCS resuhied in a much smaller data sex,
which is presented as Attachmemr 2. Amachment 2 also idewtifies group leaders for the facilities for

tditional informadi . , .
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) _T!xcUsgevacymsmdumdwmneainfomaﬁmm'airmﬂssimmm.Gmmm
wm&dthwqumWmehmdm!heRLWCSmdhawdww
m&xmdpmumﬁdmmuwnmmmmmm

Amgaunscsdosudismmmuwcs,nmpumwwmmscsw

. mwummmmrum«,msom«mmmxgw. '

Mmumymwmmm-pmmm ion regarding the
WWmMquLANSCEmoWM&:OMof
NuclurEnagy,Sdmceaadebnologyv:ebpasc. : :

mkmopuic}mdﬁedhhbkz-linduduw!ythmlmownmbéwfnﬂhimm
mudmymmmmaﬁdm&aquuNSCB.Mmmmmy
thmcwaoputbamhowmbewdm-pmmm&scbupdmtthLWTFmWa

such in Avachmens 1.
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Table 2-1. LANSCE Accelerator-Produced Isotopes

Isotope™™* Important Uses

Ahmiman/Al-26 Research. Alzheimer's disease; acid rain :

AmericlunvAm-241 Neutran source for oil well logging, smoke detectors (in
LANSCE invertory)

Arscnic-72 Positron eminter with applications for medical imaging

Bismuth-207 Luug-lived.pbomn-cuﬁuingisompethatisuscduauacct,as
well as 3 source isotope ‘

Cadmium/Cd-109 X-ray fluorescence instrument calibration; silver-109m
generation (for shor-term medical imaging)

Cobalt-55 Proposed to label monocional antibodies for positron emission
tomography (PET) ' '

Copper/Cu-67 Amibodyhbcﬁngformﬂhayyandmm

GermaniunyGe-68 Cﬁhﬁmmﬁt?ﬂmwmm
Labeling

lodine-124 Imaging agemt

Palladium-103 Prostate cancer therapy )

Silicog-32 Biclogical oceanography smudies

Sodium/Na-22 Positron eminer used in various applications, aeuralogic

SuonrinaySr-82 (parent of : Caxdiac?ﬁ'l‘huaghu;diawsisofboughsims;

rubidium 82), Sr-85, and Sr-89 hypoparathyraidism; bone cancer pain relief

Technetium-95m Photon eminter that can be used in waces smdies of tecknerium
migration in the envircament and as & long-lived tracer far
e and biodistribg s

Technetinm-95m Di L

(from molybdenum-99)

© Source: Office of Nuclear Energy, Sdmcedexhuologwbpagz.hup'lewmm

* LANSCE does nox discharge to the
LANSCE that may consain the isotopes

umm,mmwmmmmmmm
listed abave.

¢ This lixt may not be sll of the fsotopes gencrared st LANSCE.
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30 RECOMMENDED POLLUTION PREVENTION AND WASTE MINIMIZATION
. OPPORTUNITIES

Several pallution prevenrion and waste minimization (P2/WMin) oppormmnitics previous!
repouedintheZcmDischargcRepou.inchdingdwfollowin; . e m Y

. mawmnmmwmmmmmawmw
evaporatar for the TSTA and TSFF ' . ~

« Other LANL facilicy (c.g. TA-16) liquid waste collection, storags, and later transfer w a
MMWMuhmAMEWWWwwWTb

. Mmumdumw.umummdmmmm-
produced isotape discharges vo the RLWTF are from: 1) samples collected from LANSCE and other
LANL. facilities thar are analyzed ai TAs 48, 50, and 59; and 2) cleaning conraminared glassware and
washing hands at TA-21 mmwwmmﬁmwm
WM&Wu%TA—SSmmaTAMmmM&WW
(TSDFs). TA-59 personnel bave indicated thay unused samples fram TA-S3 are aurently senr 1o TA-S4

DispodﬁounTA-Szw-Sdmeomp!ywkhlANLWAQCAA,RCMmdmodwdpm
muﬁm,umpﬁabhcwwmdmmmhmhmmmw
i of Hazardoxs and Mived Waste Requirements for Storage (LIR 404-00-03.0) vo mainwin
mpﬁmmmmhm.sm.msmmmnﬁmmmm
facﬂtymmmgmmdimmmmuhcmnmhﬁmmmd%ywm
with the Environmemtal Safety and Health Hazardous and Solid Waste Group (ESH-19). Administrative
wwwmwwmcmwmwmwm
also be met, as applicable. hmmmmmms.o'mnmmmmm

SA10R0.DOC 3-1 February 4, 1999



Jui=12-2002 04:32pm  From-GENERAL LAW +5066654424 T-662 -P.016/048 F-344

. . Revision 0

. 4.0 REFERENCES
20 NMAC 3.1. New Mexico Admimswranve Code, “New Mecu:o Radiation Protection Regulaions "
Effective May 3, lQQS.SamFe,NewMadoo,}hwdwswdRadiomﬁveMmlsBm
WWMWWN&M&&WD@M

20 NMAC 6.1. New Mexico Admbusmrarive Codle, *“Water Quality Standards fathm'sweaudlnuasuu
Sum.xus thwMadco."Asammdgddunuthawuyn, 1995. Santa Fe, New Mexico, New

20 NMAC 6.2 New Mexico Administranve Code, “New Mexico Warer Quality Comyol Commission
Regulations.” Effective December 1, 1995, Santa Fe, New Mexico, New Mexico Water Quality
Contral Commission.

40 Code of Federal Regulanans, Part 122. “EPA-Administered Permit Programs: The National Polhstant
Diccharge Elimim - )
DOE Order 420.1. Facility Safety. Waskington, D.C., U.S. Deparoment of Energy.

DOE Order 5400.5. Radiarion Protection of the Public and the Environmem. February 1990.
Washington, D.C., U.S. Department of Energy.

LANL. 1995a. Accelerator-Produced Tritium Survey for the TA-50 Radioacttve Ligrad Wase Treatment
mWwQuﬂay' andHydrologyGtoup(ESH-lS).LosAhmos,‘ New Mexico, Los Alamos
i Laboratory.

I LANL. 1995b. Los Alamos Nanonal Laboratory RLWTF CMme Design Best Demonstrated
Available Technology Evaluanian Influens Design Basis. Draft A Las Alanws, New Mexico, Los
Alamos National Labaratary,

LANL. 1997. RLWTF Survey -Acceleraior-Praduced Isotopes. Enviroomental Management,
RadioacdvqutﬁdWmGtwp(EM-RLW).lmAlamoc,NcwMadeo. Los Alamos National

LANL. 1998a. 1997 Radioactive Matenals Usage Survey for Pomnt Saurces. Los Alames, New Mexico,
Los Alamas Natdonal Laboratory.

LANL. 1998b. DMR Outfell Data Swmmary (August 1, 1994 1o December 31, 1997). Los Alamas

NMHWWDESP@&R&WWWAMNWM&W
Alamos Natoqal Laboratory.

LANL. 1998¢. Elimination of Liquid Discharge to the Environmens Jrom the TA-S0 Radioacave Liquid
Waste Treatment Facihgy. LA-13452-MS. UC-502. Las Alamos, New Mexico, Los Alamos
Nationa! Laboratory. *

LANL. 1998d. Environmental Surveillance at Loy Alamos Nasonal Laboratory dunng 1997,
LA-13487-ENV. Los Alamos, New Mexico, Los Alamos Navional Laboratory.

SAI0R0 DOC 41 February 4, 1999 '



Jul-12-2002 04:33pm  Froe-GENERAL LAW ’ +5056654424 T-862 P.016/040 F-344

Revision 0

Alamos,NcwMaaeo,IosuamosNauonalhbomo:y

LANL. 1998f. Lm&omSmRu(ESH-ls)mPhyUuBumm(NMED)mdmgxthmfm
Ad&umdhﬁrmmedeme&agePhnApphmwﬁorth:Momumd.
Waste Treatmemt Facility, DP-1132. Junc 1, 1998. Los Alamos, New Mexico, Los Alamas
National Laboratory.

LIR 404-00-03.0, Hazardous and Mixed Wasie Requarements for Generators. Los Alamos Naticnal
Laborarory, EnvummaualManangadioacuvchqdemGtoup Los Alamos, New
Mexica, Las Alamos Naticual Labaratory.

NMSA. 1978. Chapter 74, Article 6. “Water Quality Act.” New Mexico Statutes Annarated. Santa Fe,
New Mexico, State of New Mexica. '

33 US.C. 1251, at seq., as amended. Urited States Cod, “Clean Watey AcL.”
42 US.C. 2011 & 5¢q., as amended. United States Code, * Atomic Energy Act.™

UsS. D:pumowagyOﬁceofNuclarEmgy,Sdmuanchchmhgywbpage
(htp=/rwww.ne.doc.gav).

I ) LANL. 1998¢c. LANL Waste Acceptance Criteria. PLAN-WASTEMGMT-002, R2. August 1998. Los

9A10R0.DQC 4-2 A February 4, 1999



Jul-12-2002 04:33pm  From-GENERAL LAW +5066654424 T-662  P.017/049 F-344

R Revision 0
ATTACHMENT 1
3 . Isctopes Generated st LANL



Atlachment (: Isclapes Gentrated at LANL

droel
wid 7y ]ﬂk Room  (Faciiley Deceriptien Foclitty Dostus BAM Pead? Jutorviowes Ossumerts l Suls sourse
TR Iu @0 Tabessiary Acters AL y Pt COVAY  [Poossat mad rvovvary of suvmph Aul | Unags Borvey ()
w (@ e r--hu-—-y Astwe Cosh ,*Im_hn..'" B =3 and rosovecy of emaphes Sradiated ot [(eage Survey fos)
w la i G0 [essarch Cobamntery ]m ) y—limiia'i.. 11| Frovess end recovwy of smvapies imadmisd el {Thags Barvey (o)
e (@ B dao Lebantary (Decsmn Pty CELAT | Frosss and ope Py d
l‘\ﬁ- rb-" Y Philpe Hemis Usage Sarvey foa)
% |a [i a Labecstory " Jistive SH Y  |Dew Piikgn a1 Barvey (1)
6 @ i 410 [Raseh Lobesiary (Ao 'lmz ) ' Tidige leu-u Proosss end ssecvery of eammpios axadeind o Sorvey (o)
TN 116 «  {Oosvpeisans] Sioakts Laboriory {Aatirs Jira 7 |GeepBoedds  (CHIA | Antlyska ol TA.33 smcples Uage Burvy fas)
3 TP DF Fas Wost §-35 " TR (weten)
P p Bes = n B )
Jo o (Astve [ A 241 " (DB (weba)
3 WOk | Pe331 a T
f& % | WoRkF [Ateee [ ) "~ [ fovator)
|8 P Racdey A G . "~ {IDB et
" 13 2 Laherstory Yaciey [Actsve P23 n ]mu-u-)
0 s ahasstery Fociidy Astve s = Covsten)
i s lakorstery foaiiay Aowe [ae = 7=}
% |88 _ [Piianban Kacilsy Astyvn Jam241 ) fwater)
P8 i Fistankun Racitsy rv =] Y (D {wetad)
S SR G [Plstonnom Rackey | Aative 'Ihuh- " m)
667 [BI00 | Sgwe Buibderg {Astirs 53¢ a Thwoy 815 o )
) m DIO0  [Sigme BalMimg Aston §7] " Thhosing MIT6 Usags Ssvey fon)
{7 fgua Bulldey Astes e & [Pillp Tinany 4 Usage Burvey {oir)
0 oy Astivg D% [} Ny X7 {Usage Survey (ar)
U J0 (8 [B1 (kgmeihidey Aotors jpw . Theing | M4 ~[Unage Survey fan)
B0 6 |81 {iamabididng Anm B Tbwig 914 Usage Survwy (ae)
M 0 A |iguabuibley hatve 3% 2 [|PalpTbang (iS4 Thage Burves (s}
J” o8 |a [uoe |5 Atve o n il 5 Pavpah)
B 00 j6 [R100 [SguDaling Astons jon . Semmen  nie Usags Sharvoy fur)
TR EA [Wsepons Tngimascing Fetom W3 s D twwier)
Raodlity (WHTF)
r 21 e [NA [Labarstory iitl-wu- %90 8 (Chnstaphe Pudeinscp 1 uud-yh-ﬁ-h_and-uqm Linage Survey {an)
L_zl 6 [NA  |Lewstey F‘Lo.. B0 8 [Cheulaghe Pulimnp (651 1 (1o and ot secaples) {Uags Survey (o2)
CI O O [phibibow  JAmaa A [Chowtophes Pridengs (B3191 [hags Survey (ai)
(O | i WA [Leberetaey e e A [Chrwtophes Prdiamp [B2H1 Usnge Srvey fax)
e {1 pivw  [WA ‘,‘u-—u | Baa Tiowm Ce139 " [~y | eage Brvey taa)
B [ |id A [Latersiory [EotaStunDown . [Ce13) ®  [Chrislopher Pudoy [BSHT {Uengs Borvey tav)
9AIUR0O DOC Page 10130 etaunry 4, 1999

Bdgg:y0  2002-21-10f

AY1 IVYINTI-B014

¥2rr999508+

288-1

ev0/8io d

ve-d



Atinchment 1: Lsstopes Generated at LANL

) Aol
A Rooss  {PastBiy Deacription Fantilly Sistus BAM Pred? AaServiowes Camenonte I Aala souree
42 m-ﬁu-m olawe ewdde a
T [iss Tokeon Sywtane Tomt Acenioly — W3 a [ ™
" .
LN (E3) Triom Systasss Toul Asohly [Franum side a Wikl
TSTA) )
H] Trtaem Aciense and Fabresteon 3 a ary
0 {208 j > Todoum anade
(TeFm
7] R ) Dupenifacidy [Aeve =7
§C (a1 [as7 s « Woste Taalley {Active o2l
1“ td ) Rad Toclddy [Adive (%)
(I T S [TV R = P L) o | o oy v T4
(Ko Lopeid Waste Thuponad Paciey | )
Laborelory {Asteve Jamani
{Aotove [ 55177
99

t::"?!‘t

toa (ool and webey Uhnge Surve) foir)

[sskeatery Builtng “,u. andvers Bwvey faur)
[Lokonsiory Bitdng et Down =T Survey ()
Safs Shal Down A 3) [Usegs Sarwy te3)
Suddeg - et Downn Co 192 Sww) jan
Moo Mt Dove  [Co11) e Barvy o)
O () Soom Pockay ai'n predised, asl Aoduden
T3 Focey ek BniDown | E085 » mu-—u-..-t-irﬁi«.u)
[Oontar dag dternl Seiances : L
" ) o Miniarsa] Bckesnes [0 (o)
e Jie i Las (ndused Cessariey Lo (Actve Surve) fair)
% l% s fo IndusdChamnvy b [Aste En " [Vhags Bery (a0)
m [ ’I’ n tnduned Owmlstry Leb | Acieve a3 |Ulnage Survey faa)
™y @ Jim Lovst indused Chustry Loh  F>m Unage Survey jar)
% 8 IS 107 [Lawindwsd Chmisty Lb . [Astve T Barvey (50)
m In—ii 17 Labesstory [ Antive ¥} Comtrg Srevy (o)
osiey
m 1 19A Tdontery Asive oei9) Jovoph Thampe Uage Bucvey fas)
Tdorstony Aoive 5] rm'm:—_'g [T
9A10K0.DOC Poge2 of 30

Febuuary 4, 1995

WdEE:¥0  2002-21-Inp

MY TYdaN39-v0.4

y2rr§99809+

289-1

8r0/610°d

-4



Altnthment 1: lsofopes Generated al LANL,

Areel
MU (1A jeag luan,mn- Paxtity Riotas RAM Profy Jntorvivwos Gronp Comsmenty date eneece
% @ | 300 |Ressursh Labarsiary At ] . Iaups-x-q 8T s Sorploce qperiaenie wilk | Usage Brvey ()
a fi 3L Leberstcry Actve ) . ~ ™ x e sorptin egements wih | teage Survey oa)
a i 300 [Resserch Labontery JActve Am24t " vy Y | Usage Sarvey (os)
& i 4 Tnbowstary {Acire G A |Siephen Xang i3] Usage Survey (as)
F‘T‘[i 304 [hasemsk Labarstory [Astive | T R [Reghmakany *i'cﬁa [Uiongs Survey tou)
a v Laborstery "~ [Actove | XL n Koy cary " |Usags Borvey tes)
,:_c O Labrntory (Aative | 2 [Deplmkeg  [CF Burvey e}
@ f@ |i 305 |Resssech Leborsiary - Avtors Be139 " ande 5] y Parvey o)
®w (& | 305 {Rassareh Labasmaory Asore l‘::rTs ® |Wollgrg Runca ] (Usages Birwey (o)
% |a | [ Labeseiery Thstrve e n [Volgmgdamte ™~ [c17 Lu—,w)
w @ 308 |Nasearsh [abemiory JAsre {n7 n [Wellgeghends  [CB17 JWongn Barvey (as)
] ] [Atee’ joia " o917 [Soagn Barvey ()
. ) Lebesdtary Thative ot ® [ Wekipg Bande ] "~ |Ukage Bervey {ob)
| O S Rosearch Labosslagy {ntive 1&‘ @ |Walkigang fambe n Unage Svreey (o)
e i Reveasch Labomisey  Atire E37) s EW a [Uiage Burvey fon)
CE G 303 |Ressarch Labesstony Actave ey a Rands TUenge Burvey ()
. |1 %03 [F— Ao fha o Cloage Survey tan)
w & N 305 [Ressarth Labarsiary Ao Th21z Usags Brvey s}
“ {8 i 3 |Ressersh Lakossery = FEy lage Burvey (ai)
e (4 i 3 Labastary Ative | Goagn Burvap tai)
M |4 306 [Rasesoch Lobosntery Aative Josst [Usege Survay {oa)
0 i_—l; 3% Tbavtery Antive ~ |win o]
@ N 308 [Recsarch Lebontory  Astivg N Survey fas)
a i pw Lbewtory I'IT-F: Sarvey o)
w  Ja i Resoarch Lobosulory | PR Saveyfeir)
| = 308 "~ [Asw [t , , Usage Darvey (u)
a 306 Ao = ) Uiages Burvey o)
™ 36 | Anere D% ° ﬂfﬁmm
[ 3 [Antive Unat n [Delty Suioubmons [CHI " [Ukngr Barwy foa)
M |Astie Cos0 8 (Dabooss Chanboslin, (G311 " [Ueage Baroey (ou)
] Astive rry » %_gm 5] [Usage Burvey tan)
© {a | [Mn34 8 [Robooes Chaniaarin 1 " JUsmge Burvey fue)
" [a@ A T & [RebsoosChamberiis {CUTIT [Troem soloncn . Sarvey fou)
" |a JAoune e R [Reboses Chasberias [CRTA1 sulitan )
O 3 [Awtrve o7 W |Rebooes Chanoocien |CEFTS Barvey (ax)
M (Asieve jorisi » i nage Survey fea)
T At F.m n Cinmbutes [CETA1 Darvey (o)
TR A w137 A [Rabeces Coubatn [CSTAI Tileage Borvey foir)

YATURULDOC

Paye 3 of 30

Febaunry 4, 1999

wdyg:p0 2002-21=Inf

AY1 TV¥3N3Y-Bo.y

y2yy698509+

298-1

870/020°d

e-4



Attachment 1: Esotopes Generated at LANL

Posliity Bstn RAM :::1’ Bnborviowes Grovp Comasnle I Inls soveve
Ackeve v 137 & {Reboom Chustborian [CHT-11 [ Oons Sy o)
i - ‘I?M—.ﬁ 7] i [Uage Barvoy (o)
Codd ) g Wan L8797 samples contanang fatom —rl._f”-ny(.)
r.‘ Alorvct aviivty lovein
{Actern 152 n  [Dowg Wann IOITY  JBewwonmaertal avaples somteionng Soomn  [Usage iavey four)
o defioraci avtrdly bowls
Astive [PYIT] 8 [DeugWern jCBY) scnlanung fusiots - 1Lbage Survey tar)
o dciurecd antivity fovel
" [Antive rl-!— a Ware 217 sanples sestening G | Usage urvey fea)
o dillorand quteriry fovels
% 1@ N 0 Leharstery (Astore s n Do Ware i8] Survey ta)
@ i TLabetecy — (1em a [DegVee ] e {Usngw Burvey (oa)
| O O O Lokassicny Avws % ® Wery k] ' Suwylm)
(1@ PO i Labewiary Aowe [A=2a " i Survey fou)
W [@ 1 0 [Ressech Lekamiery Adrre | ) n (Do ] " [Uhage Barvey fos)
A @ T PR [Rasearh Ceberery = | " [DogWm =3 )
] Tabemiary {Asin ) 5 [Dewg Ve z] Unage Survey fak)
s ja i Tehassicry Acors a% 2 [DmgWas (G [Uhage Barvwy )
@ fa i pa Laboatery Actwe 3 a [DegWare | 2] Survey (as)
8 JI7 o [Recearch ioamiary Jasine 137 a ) " Burvey fax)
a i , h Coboretery Ao ] . gw.- N x) Unge Serewy o)
& 1 R Laberviory e | CXE] » (Deg¥es T | )
m h Labwesiary = Jovis - Ewn Ilsrlv |Usegr vy W00
0 h Lobaraiery Asters 0w a ] [ Uhnge Survey (o)
C] h Labasstary  fators |Be3s ) Were =25] ~Ueage Burvey (an)
N e — Astive — |Rend o [DngWee 5] ]
a Tedoostery Asore fpan a e, K] | Eage Bixvey G2y
0 tabossrasy [ 237 o {DeogWes 3] {Usgs Survey ten)
] Cebeponry | 1a N “|o — [Usage Barvey fon)
] {7 = | Asiree ~win a  [DoggiWare | S4) " [Unege Irvoy o)
. o Labarsiony Ants s % [DeugWare 7 Uhage Barvey Cow) |
ch Labaraiary Aot % .—]n.'—‘vm T Uknge Survey far)
Labesiory | Ating . 1 2 [DeugWere =5} \isage Burvoy fuoe)
Labendary [Ackive 5] -tEw; ] Usage Burvey fou)
Labamtory Aston n " [Deg W = 5] Srvey (k)
Takossicey 03 " Do Wire i) Survey (or)
ch Lahewtary - [Astve M .E.. ~foRta Servoy aa)
Labesatory [Avtrve 1 n  [DougWare | S5 JLhage Survey faa)
YATURL.LOC Page 4030 Febnury 4, 1999

wdyg:y0  2002-21-|Nf

AYY 3EN3D-m0.y4

y2rr999505+

299-1

8r0/120°d

yre—d



Attachment §: lsalopes Geaerated a1 LANL

™
Foility ot 2AM Pred? S sovree
M = [X) " {Uoage Survey (amr)
[Astive 3078 " [Usege Survey (o)
[Astave %023 [ [Unags Sureey (o)
m Asove |20 n [Chnaga Barvey tos)
0 Asime Jats a [Lisage Survey fou)
A [t . Urngs Barvey fos)
{Astoee JAm2at " LUnage Barvoy o)
' e Aw03 " Uage Sharvey fos)
Aatees IW: - Uoage Sarvey (at)
% | Aeive | a Usege Barvay (ax)
™M [Asive o Y Usege Sarvey (ax)
fee = lﬂpﬂ - | thage Barvey Gar)
fAstevs e a Survey toe)
E— Astovs 13 » Bavey fou)
. o6 Asirve R::’ [ E‘qhﬂ
0 Ao n a |Uonas ervey fani
e (& (i Rateve Ut a |Chage Burvay dea)
O u'-"li U a oo Survey ()
e & i Asove Ut a Usage Barvey (ar)
e (i Ressasvh Calcustary Jastien Umat a [Jonge Burvoy (sd)
jee CH Lobaystary JAsiewe Uas a Sarvey (sa)
™ Rassarch Labostery [ven Usat . Chags Sarvey an)
I:%"‘? 1 Lakoadery A jis " [Usage Barvey ton)
% f@ | 310 |Rassarch Labossiary " [Astiw | 7] " a [iwmgs Darvey boa)
I.‘i— @ (1. [0 |ResearchLabassiary Asrs - ] . Barewy fon)
S O O I ) e {hetive oden - p —
0 3o Lobantary (Ative e .. Bervoy fon)
la 31 Resomnch Labusstory Actve S 17 " Survey fam)
6 N 350 | Resessch Labesatory Antive 09 [y Survay (o)
w W {t 30 Lebantery Adive N23» . Usage Survey (o)
w @ 0 Lahassiary Aot (wciT) " Uhage Surrey (ar)
w  [a i e Lebersiery Active N2 a Barvey ()
OO O 0[] oty T2 - age Brvey for)
“a 310 Lnhavstagy " Pe 239 n Soresy fen)
r—'—.. & Eo Nessasch Labosstocy Astire U " [oage Barvay fes)
s [a L {31131 1A Resasodh Lakawstocy Ao B207 a Unage Barwy foa)
% |4 | 3117311 Al Rasaarch Laboretary Adve oo 80 r g )
Ii' (1 1.7 P (Aviows B 182 " ]u.-u-qf-)

YA10R0.)0C

Tape $of 30

Februsry 4, 19Y9

Bdyg:y0  2002-21-InP

YT TNy

y2r¥598509+

8r0/220'd  299-1

rre-4




Attachmen( 1: isofopes Generated af LANL

lnm YA Iug Sloom  {Facttiny Desrription Vackity Sent RAM Pred) Camsments Lafe soures
CYE TR BTIATIA Lebersbery Avine Ovét n rmm ]\T.u-,m)
- ii 311731 VA Rasearch Tabarstary Astwe " i’u-.hnqau)
Iy i STTATTA] Resvarshs Lebesatory rr== I;' n propassiion Uinge Burvsy (ar)
% |6 ‘ll‘ (Actirn r=T ry Unegs Duvey {as)
4 | Asthvy IC1232 a ﬂu-'un"-)
jod 1 Astive C136 a Umge Survey fos)
TN | Astive [ a Vange Sarwgy (ar)
TR [Antive 137 . Burvey (a3)
F M Astove rbﬂ n Sarvyton)
a Astive Par$43 . Burvey lar)
3 Q | Antive To!2%m a Survey fan)
a == . = iegs Boreey fom)
] Antom ) Usage Survey (o)
M [ Avtren I’u:m ) Sarvey {ov)
] [Adtine Flrﬁ » Survey {ax)
] {Astrn p-i_ﬂ " | Usage Burvey tuin)
@ reom |25 a [Vsage Barvey o)
a Aatin [res Y Uage Barvay jait)
M [ Aative - {Linage Survey (ai)
r) Rtis - Y Uiage Burvay o)
] | Astonn 2] a ’Ih.-ﬁn(n‘)
- | Ative jam241 " JUsege Survey (ax)
a [Aatevs 30 a ™)
% |& | Actrve a1 " Saveyfar)
46 “ Astnns JAm241 n [torge Burvey an)
3 | Astive Aw241 oA Uhage Rurvey fou)
I [ Adtivs A3 . Thage Servey fua)
i ja | Acivy BeTD3 a [ =7"7]
e ™ [ Antove De-133 a {Usage Survey {sis)
| T O [Active | 5T oA Survey )
o e [Antons Ci252 ~'a Sarvey (aa)
e [Astin 01952 2 Darvey fas)
YAIURO.DOC Page 6 of 30 Febresry 4, 1999

wdgg:yy  2002-21-1np

AV TYaaNy-e0ly

yIrye98505+

299-1

yre-4  8v0/820°d



P.024/049  F-344

T-662

+5056654424

From=GENERAL LAW

Jul=12-2002 04:35pa

6661 ‘y Arsruqay 0Ejo L Y8y 00080 Y6
(94 Aaang aloer| W80 usgps| v sew] s Copmoqeypomery| oy E}_l_q :[
(99) dosmg ooy | WA ungpng]  » [T upy) t--nv-—il o » ~
{0} Sssg shoop) B8 “eg . el - ey} Kwmaapry [k | » =
(50) baung miorapeyer) | . _wol oy Lsopowapy | o =
(mplusgelon| wdom popet} 11150 % weol ) [re— vl o
LT n ey [ Tl sy — ! |l
(o) laang ti-mo o v i sewyl Loy [ i
(o) Coumg ' S » (0 wosy Loperymy (3] [
{9 oamg ss-uol . 5140 sy Aovewnery o

koang o Sonamdes 1 s . . 1a | Sy bvmogryyiomoyl Gt I _w
() lavng Sederent Amagey 9) wensendos T2 tomy D | oy} ooy ¢ | » w
() banng tigal  meepmeg . meny s | w w
() Lansog vbvery 0]  mepemg Lavgt < w ot | wery| ' 10 »
(oo} Sovmg ohoon | 2 . uzn_l o | Loy, u 1 "
() daarmg vloryy| b ; w 6N waey] [ ead [T e w
(e dansng souy L Awopng w ary| wapy Dwpmmeny e | » wl
{m) laamg (& bogl w eyl sy Avopsnqpry yameeny (| »

{1} naurg oBuepy| IR0 Ay - el sy Awpongry e » w
() boarg iz byl w teeul uswy] ot &l o =
(a0} teasg ooyy ¢ - ety it d | Ampaseapry 1] wl w
(o) duang ooery & sowmmrg eyl o] gy ] 2 | » w
{ne) basmg voapy & ovpg - T ey Asopovagry {413 L

Loawg % numpng Kwg)  w vyl - gy Lrpagrtpmery]  2) B w
(foumg ol L4800 Angl = SN oyl Amwpmammery quensmy »
(ro) amg Ligs] wempwaglag] o5z eyl Kepovegry z »)

() Lawmg shoayy & ———g » “zn saypwy} Kepasegry [T q w =
{0} Lnmg ooy L nmengleg) = oo Loy ppeury TK Uy _»

() Ganmg L Leg) » HEN i Aepoprtipmery]  zig »

(0} Koy 18D -n-cbcl . TN sy Lopsepyyemeryl ¢ »

{m) lurg & mvnppisg (gl w st ary Awpesqwy pmerg]  24¢ | » =
twv) aamg ! memowaglng|  ® ot sney| Limysssnery ee] o o

(") Gamg ooy 4 owpeagingl  ® [ 3] oy 1101 i =

(40} Loamg ooy & ) » T oy Lospsomgey et i w

() oumg £ 180! dovg| © KT Lopwpripmery| o1y 1

(20} lrniwg L] swepenglosg] e sy lopngrypmney] il 1] w

(ne) Konang Uin)] wemesgiwg] w e sinay] bwmgryipawenl g &_! »
(we) fanmg oo} 3 : ] e snay| Lwwawy i » w
(o0} by ridl  weepemghioa| v z_sm’ sey] el | wm w)
(o0} Janng ried] weepnglogl = o] wwaay] bnnprpawsl i) 1| wf =)
enes sy ) doosy | cousphangey z nve l g npeg sopdgimecy lugees)  wevy lb-' v mul




Atinchment 1; Isolopes Generated at LANL

g
l"lll ITA iﬂﬁ I!-— Podiity Buseriplion Pasiiity Stvtus RAM Peol? Setorviowey an Compsenh ]
TR Neomarch Laboacstary (At n s [Coeet Do i Sarvey far)
] Il -7 Labesstery Aative Ig)l a O-dv:-n (=31 Sarvey fon)
13 CHi j Po—— [Astove 3 2 JOueal Buwt IC8T-18 Lbagn Survey (o)
o O O O e (Astore D3 n (el Bam XD [Ser Barvy tom)
& i 900 [Raeurch Lobortary Aty o3 A JCorel Dueme (] Serveyou)
l;— @i 07 | Rasearch Labestary [Astivy CEY ® {Owrel B 18 Sarvey foa)
fefa |i @) [Fessarch Labesstory Atrrs " N {Cursl B =Bl Barvwy (ea)
[u @ |07 [Researsh Labomtery Adiors uE a [Owel Duow Gtie [Uage Brvsy (our)
@ 1 (& re= a  [CuelBuom b&-n o)
CO N R R Lbemtory Avtre 750 " [CersiBre ar Sarvey ()
T N O Labemtary Aot ™330 a [l s Tngs Burve feis)
46 4ﬂi @ Labamtary Asbw 059 a [Cueidoow fcut-is Burvey tou)
& [a i @7 |Reseandh Labowstory Adkine G n [Conel Bucs {omai Burvey fom)
s @ | (@ Tabaniery Actove 7 o [Cwel i [ g Survey fu)
6 @ i 202 Labasslery Actws (o1 ™ Puems e Usage Barvey fas)
O OO O Labustery Ao fUen a Dann 20 Uoagn Burvey four)
66 a b 3 Labasbary Jsine [Vent a  [Coot Bumee -t Survay tos)
O €0 |Kassareh Labassiory fantes Be137 A [V Bdveodn _[CO11 Survay (o)
O @) [Ressardh Labassiary | Tesia & [NowasSdvosdes CHI-N )
Eu Eesacndh Lakaveery [ive tm. a_ [Nemmn Sdvecla an wadopliang eafitees Ugs Sarvey lea)
[T 807 Loborutary hativn [lv% n {Pesman fckrveder Al ‘aad apling solutlees Unge Sarvey faz)
]u—‘a Labesary Astins vy 8 (Nowsafolveedy  [CHI-11 | Vreeun snd apleg sokutmm Usage Suarvey fax)
foj@ | Tabasiary (Ao 5 " dhreeda q el upling sobitions [Uinege Burvey (ou)
3 O Lakssstary Astore o0 X Schrosde— CI.41 d apling ocham [Ugs Brvey fom
"3 O G Taboostary Astore o] B [Mowsn Brwodst __fCNA1 [Usegn Sorvoy (aa)
@ (@ | [®1 (esewhLaetay e hﬁ ® [Fooen Scrsede 20 "~ [Deage Sarvey fan}
@ i VT 2 ye—y e vty re== {Cod % [Facme Sdwseias  |[CHIT [Ogs Barvoy tan)
a I & Laberstary | (Coad) 2 |Hessen Sdwsedm  [CBIN{ En—qm
E‘_E [t 407 Labeniey Astve Jowtat a Sdweeder  [OOT00 Barvey fon)
[T Labarstery Aot | ERL = Sdvecder  [CRIN0 Uage Shovmoy (60)
. h o Labardary Aatons JMess 2 (Nesus Sabveoder [CF7.11 Lnags Sarvey (s}
F‘:—" (N ) Lebardery tion 108 8 [NommaSleseda  [OTT11 Sarvey lai)
R R Rasearch Labcssbary Fy>=n “wios ® [N Sceeedn 31 [Usegs Barwey (o)
| O O O " [ Astive ) & [ooman Sibwonts 108711 "(Usage Barver fos)
| Labasdary Astrs 0] A [Reem Sdwvoda A1) Savey toa)
% o o Taberstery {hatrnn Vol n[iecem Bdvvede 2] Survey (an)
@ i j& Lebamiacy Ratiovs [ a [Mesmbdveda  [CHAT Bareny (on)
C O O ) Lowiocy (At [We22 % {NeommBdweda _ [CH1A11 "~ [Uage Survey {ax)
E"‘To‘ {0 ﬂ_'FMlaha-ay Aty PeAin N [Newnddvesde O sad sping selvuam [ uage vy fos)
YA{URUO DOC I'sge B 0f 30 " Rehruary 4, 1999

Bd9giy0  2002-21-inp

NYT TVH3NZ9-m0Jy

y2rr8a9505+

288-1

8¥0/520°'d

yre-4
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