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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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Addendum to the ALS Experimental Safety Form 

Renewal for Actinide Microspot Experiments 

Jerry Bucher, Actinide Chemistry Group, CSD, LBNL, (510) 486-4484 

Norman Edelstein; Actinide Chemistry Group, CSD, LBNL, (510) 486-5624 

David Shuh, Actinide Chemistry Group; CSD, LBNL, (510) 486-6937 
' 

18 Jan. 1996 . 

SUMMARY 

This is an addendum to the ALS Experimental Safety Form Renewal for the 

continuation of actinide microspot experiments on bearnlines 7.0. There are several 

modifications to the previously approved. procedures. There is an increase in the 
amo:unt of allowable material of the low activity isotopes 238u, 237Np, 242Pu, and 

248cm. There is also the addition of 99Tc and ·the low activity isotopes 232Th. and 

243 Am to the list of permissible. sample materials. All of the materials are alpha
emitters with negligible gamma fi~lds with the exception of 99Tc which is a beta

emitter. There is a series of new ~x.periments that requires the use of a crystal 
cleaver in the preparation chamber of the ultraESCA endstation. The beamline 7.0 

ultraESCA endstation has .been suitably modified to permit the safe cleave ofYUPd 
alloy rectangular ingots. All of the sample materials are solids. The exact nature 

and composition of the samples are delineated in the sample preparation section 
that follows. A corresponding Radiological Work Authorization (RWA) must be 

issued for this work at ALS since the material amounts exceed those in the Low 
Activity Source (LAS) guidelines in Table I and those in the Values for Exemption of 

Sealed Source Inventory in Table II. The preliminary date for the next run of these 
sample materials has been tentatively scheduled in early Feb. 1996 and this will be 
with the uranium cleave alloys, not the transuranic materials. 
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EXPERDMENTALPROCEDURES 

Sample Preparation 

Sample materials sent from institutions outside ofLBNL will be shipped to: 

Bette Muhammad 
EH & S Receiying 
LBNL 
1 Cyclotron Road 
Berkeley, CA 94720 
(510) 486-7602 

C/0 ALS Experimenter 
Local ALS contac~ phone #. 

· The materials will be forwarded to the Actinide Chemistry Laboratory in Building 

70A-1145 for. preparation, characterization, packaging; and subsequent transport to 
·the ALS ·via EH&S personnel. 

The sample· preparation will follow the previously approved procedures and 

utilize some new preparation techniques that require slightly different 

experimental procedilres. The initial experience gained from sample preparation · 

· and experimental work at beamline 7.0 will safely permit a slight increase in ·the 

amount of radioactive material employed compared to earlier experiments. Thus, 

this safety addendum reflects allowable material amounts that are 3-5 times 

greater than those previously used. -Additionally, there are some new elemental 

isotopes on the list of those permitted. The new amounts and isotopes are shown on 

the ALS Experimental Modification form. All sample preparation · and 

characterization of the activity of the samples will be done in Bldg. 70A-1129, 1145 

under existing RWA procedures (Edelstein #1020). All mounting and physical 

handling of the samples, except for the loading and unloading into the beamline 7.0 

endstation vacuum chamber, will be at this location. All samples will be 

characterized by alpha spectroscopy to ensure that the amount of activity is within 

work permit limits and to ensure that any part of the sample holder that comes in 

contact with the vacuum chamber sample manipulation apparatus is· free from 
activity. 
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Aqueous Preparation 
The ra:dionuclides used as sample materials will be prepared by dilution and 

delivered to the surface of a Pt counting disk or to a graphite disk (with a thin layer 

of ·Pt on the backside) using a microliter pipette. The resulting material will be 

primarily oxides of the particular radionuclide. · The aqueous solvent will be 

removed by inductive heating. The radionuclide will be bonded to· the substrate 

during this process as well. The samples will be observed under a microscope and 

the radioactivity characterized in a calibrated alpha spectrometer to determine the 

total activity. The amount of material will be within the limits specified on the ALS 

Modification form. dated 12 Jan. 1996 that are informally derived from Operational 
Health Physics: Laboratory Operations and Good Work Practices that is attached as 
Table ill. The adhesion of the radionuclide to the substrate will be determined by 

testing sample structures to ensure that there is no loose active material. The 

properties ofthe.various isotopes to·be used as sample·materials are summarized in . 

the Table IV attachments. The sample isotopes are never completely isotopically 

pure, thus a subs~tial·portion of the total activity of the radionuclide sample may 

result from trace amounts of isotopic impurities . 

. Uranium Alloy Cleave Bar Preparation 
The cleav~ bar preparation·will entail the examination of the integrity of the 

ingot mounting on the sample holder and the determination of the total activity ·of 

the sample. There may be some cleave bar handling in accordance with procedures 

in RWA #1020. The Uranium alloy cleave bars are about 5 g, with a total uranium 

content ofless than 0.5 g each and·will be shipped from the Univ~ of Michigan. The 

exact composition of the uranium alloy is Y1.:1V)>d3 

Special Samples 
Special samples will be handled on a case by case basis with reference to this 

document. 

Thin Film Samples 
Thin film metallic samples of the radioactive materials will be prepared off 

site on suitable substrates and transported to LBNL. These samples will be 
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mounted to sample holders and the total activity characterized. Similar thin film · 

samples may also be prepared at LBNL .. · 

Sample Mounting and Packaging 

The radi~nuclide substrate .and microsample will be affixed with spring

. loaded clips, spot-welded clips, or bolte"d directly to sample holders used by beam line 

7 .0. The cleave ingots to be used in the uranium alloy experiments will be mounted 
. . .. 

as shoWn. in Figure 1 and wired into place (this is common practice for cleaving) . .All 

samples will be appropriately labeled and packaged in ice cream cartons for safe 

transport to the ALS. The EH&S monitor will certify that the container is non- · 

active and establish that the activity of the sample is within the limits of the 

approved work permits· for the ALS. The sample container. will be labeled 

"CAUTION-Radioactive Material" to warn personnel that a radioactive material is 

present. The samples will be transported to the ALS, with prior notification of the 

ALS EH&S monitor,. in accordance with EH&S regulations. The samples will be 
transported, no more than two at a single time, by LBNL vehicle to the ALS.· 

Procedures at the ALB 

General Procedures at Beamline 7.0. 

There will be no handling of the sample on the experimental floor with . 

exception of unpacking, loading, alpha characterization of, unloading, and re
packaging to transport back to the 70A-1145 ·laboratories. The ALS control room 
will be notified prior ·to .the commencement of ·any experimental activities at 

beamline 7.0. and will be informed upon completion of the experimental program. 

Only two samples at a tim~ will be brought to the. ALS and there will be a 
maximum ·of four samples resident on the ALS floor at any time (during a full 

sample exchange at beamline 7.0)just prior to the removal of two samples from the 

ALS floor for transport back to. radiochemistry lab in Building 70A-1145. All 
loading and unloading activities will be done with the ALS EH&S monitor present. 

The samples will be brought to the.ALS from the preparation laboratories in 
conjunction with EH&S, as per standard operating procedures. The samples will be 
loaded into the experimental chamber with a procedure utilizing laboratory coats, 

gloves, alpha meter, TLD/film badges, and beta-gamma meters that will be brought 

to the ALS by appropriately trained/supervised personnel from the. Actinide 
Chemistry Group. A temporary Radiological Materials Area (RMA) will be 
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established, labeled, and casual access restricted. The sample/holders will be 

removed from the ice cream cartons one at a time, placed in the temporary RMA, 

and an alpha assay performed with an appropriately calibrated survey meter an4 
geometric positioning equipment by the ALS EH&S monitor. The results will be 

recorded on an approved logsheet form and placed in the laboratory notebook. .An 

example of this form is attached as Fig .. 2 and a copy of the logsheets will be 

provided to the ALS EH&S monitor upon completion of the experiments. The 

·samples will be examined under a microscope with ·a recording CCD camera. The 

samples will then be loaded into the sample load lock. A schematic of the beamline 

7.0 ultraESCA endstation is shown in Fig. 3. The sample chamber or endstation 

will be labeled "CAUTION-Radioactive Material" to warn personnel that a 

radioactive· sample is present. Once the radioactiv.e samples are.in the endstation, 

the temporary RMA will be surveyed and re-established as a non-RMA if no activity 

is found. The sample will be transferred under vacuum into the photoemission 

spectrometer .on beam line 7.0 and the· electron spectroscopy. begun. Any other 

specialized in ·vacuum preparation or handling of the sample materials will be 

described in a following section that addresses procediu-es specific to certain sample 

types. 

The beamline 7.0 endstation is an RMA when ·there are ·radioactive samples 

·in the chamber, therefore RMA·procedures.must be employed regarding removal of. 

samples or any other experimental equipment from within the vacuum' envelope of 

the endstation until the endstation is declared a non-RMA. For example, this 

requires that -a non-radioactive sample be handled in the same fashion as a 

radioactive sample if it is removed from the vacuum chamber while operating as an 

RMA. 
Sample/holders will be removed from the beamline 7.0 endstation by re

establishing the. temporary RMA work area· and removing the samples/holders (one 

at a time) from the vacuum system. ··The respective samples will be characterized by 

alpha spectroscopy in the temporary RMA to ensure that no material has been lost . 

. If no material has been lost, the experiments may proceed. The samples/holders 

will· be placed in ice cream cartons for transport to the 70A-1145 laboratory. At this 

time, two new· samples/holders may be removed (one at a time) from the ice cream 

cartons and loaded. into the vacuum system as .described in the loading procedures 

above. Thus, there will briefly be four samples on the. ALS . floor during· a. full 

sa.niple exchange. After the n·ew samples have been successfully loaded, the · 

temporary RMA will be surveyed and declared a non-RMA~ The samples/holders. 
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removed from the endstation will be re-assayed by alpha spectroscopy in the Bldg. 

70A-1145 laboratory. 
Upon successful completiop. of the experiment and the documented reJD.oval of 

all samples as described above, swipe(s) will be taken of the accessibl~ sample 

transfer apparatus. The beamline 7.0 endstation will-be declared a non-RMA and 
the ·signs removed after successful swipe(s) results. Swipe(s} of the vacuum 

chamber will also be taken after the chamber is vented to atmosphere for the first 
convenient opportunity following the completion of these experiments. The swipes 

will be performed by t~e ALS EH&S monitor and recorded on, a logsheet. 

All of the EH&S assistance will be scheduled as far in advance as 

experimentally feasible and will be directed through Keith Heinzelman, LBNL ALS 

EH&S radiation safety monitor (Bldg. BOA, x6212) and Jim Hayes (Bldg. 70A). 

Procedures for the Experiments Requiring the Cleavage of Uranium Alloy Samples 
A series of new experiments on requires the use of a cleaver, shown in Fig. 4, 

to cleave a metallic, rectangular bar composed of an uranium alloy to. expose. a 

pristine surface for electron ·spectroscopy (sample/holder shown in Fig. ). This 

uranium alloy sample will contain -0.5 g of 238u. This experiment poses 

additional COD;J.plications since· part of the cleave bar will drop to t~e bottom of the 

·vacuum chamber .upon· a successful cleave and-will have to be retrieved at some 
point. Additionally, there will be the generation -of some small particles and dust 

. under UHV conditions resulting from the cleave in the chamber. Furthermore, 

there is ·sometimes the need to slightly scrape the sample bar with cleaver- to 

prepare the surface and this-will result in some small particulates as well. The.· 
cleaver must also be made compatible with the existing sample transfer and the 

cleave must take place in a portion of the vacuum chamber that is remote from the 
parts that are normally used. The sample/holder will be cooled to 77K in the main 
spectrometer. 

The endstation will be modified to accommodate the cleaver, provide a remote 
location for the cleave, interface to the sample transfer mechanism, and to provide a 

landing zone for the cleave bits. The chamber will be modified as shown in Figs. 3 

and 5. The sample when cleaved will be held in a horizontal m~pulator. A chip 

funnel will route the large cleave bits into an isolated catcher. The large chips can 
be removed be closing the 2.75" gate valve after the experiment and can be placed 
back in service by pumping through the right angle valve. 
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During the experiment the entire endstation will be labeled as an RMA but 

as result of the cleaving operation, not all of the· active material will exit with the 

sample/holder asse.mbly. Thus, the ·normal procedures for alp~a counting will 

continue to be followed but there will not be complete recovery of the sample 

material or its associated activity. Thus, upon completion of the experimental 

program, the 2. 75" gate valve will be closed and the preparation chamber labeled ·as 

a Radioactive Storage Area (RSA) and removed from the RMA designation~ It is 

possible that there may be a extremely small amount of dust or a few tiny sample 

bits that do not fall into the catcher and remain at the lower portion of the cleaver 

cross. Designated as an RSA, experimental procedures may proceed without RMA · 

constraints. The cleaver will not be used for any other experiments. 

The beamline 7.0 endstation is a multi-purpose endstation and the 

researchers involved at beamline 7.0 would like to continue experimentation 

without having to vent the preparation section that includes the cleaver assembly 

until a later date when beam from the ALS is not available. There are no chemical 

operation or processes that would affect or mobilize the uranium material. that does 

not fall into the catcher. Therefore, at the first convenient opportunity, the catcher 

will emptied and the cleaver ·section vented. The ALS EH&S monitor will swipe the 

cleaver chamber and remove any loose material therein. The cleaver cross 

(including the catcher assembly) will then be. removed from the rest· of the 

preparation chamber, sealed and bagged, and transported to the laboratory in Bldg. 

70A-1145. The cleaver cross (including cleaver)will be thoroughly cleaned in 

preparation for re-use in the future and will be -certified as non-radioactive before 

connection to the beam1ine 7.0 endstation. The designation of the chamber as a 

RMSA will be removed. All w:aste materials from the experiment will be disposed of 

by the Actinide Chemistry Group. 

Thin Film Samples 

The thin film samples will be metallic, oxides, or an alloy that are 
permanently bonded to a substrate that will be affixed to the.sample holder. 

Special Samples 

There may be small particulates and other samples. The most important 

consideration is' the mounting or affixing of the radioactive material to the sample 
holder such that none is lost during the operations. If significantly different from 

·the work described in this document, each will be handled ion a case by case basis. 
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Emergency Procedures 

The RWA will be present on the beamline and in case of a spill or other 

accident involving the radioactive material, EH&S will be immediately notified. A 

small spill kit will be brought to the ALS. 
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EH&S Procedure 707 Attachment F 

low Activity Source (LAS) Quantities 

less than 30 J.L9i {1· x·1o7 Bq) 

H-3 Be-7 C-14 S-35 Ca-41 Ca-45 V-49 Mn-53 
Ge-55 Ni-59 Ni-63 As-73 se-79 .Ab-87 Tc-99 Pd-107 
Cd-113 ln-115 Te-123 Cs-135 Ce-141 Gd-152 Tb-157 :rm-171 
Ta-180 W-181 W-185 W-188 -RE-187 Tl-204 

less than 3 J.LCi {1 X 105 Bq) 

P-32 P-33 Cl-36 K-40 Fe-59 Co-57 Se-75 · .. Rb-84 
Sr-85 Sr-89 Y-91 Zr-95 Nb-~3in Nb-95 Tc-97m Ru-103' 
Ag-105 In-114m Sn-113 . Sn-119m Sn-121m sri-123 Te-123m Te-125m 
Te-127m Te-129m 1-125 la-137 Ce-139 Pm-143 Pm-145 Pm-147 
Sm-145 Sm-151 Eu-149 l;u-155 Gd-151 Gd-153 Dy-159 Tm-170 
Yb-169 Lu-173 Lu-174 Lu-174m Hf-175 Hf-181 Ta-179 Re-184 
Re-186m lr-19~ Pt-193 Au-195 Hg-203 Pb-205 Np-235 Pu-237 

Less than 300 nCi (1 x 1 o• Bq) 

Be-10 Na-22 Ai-2s Sl-32 Sc-46 
. 

Ti-44 Mn-54 Fe-60 
Co-56 eo-sa· Co-60 Zn-65 Ge-68 R~· Y-88 Zr-88 
Zr-93 Nb-94 MQ-93 Tc-95m Tc-97 Tc-98 Ru-106 Rh-101 
Rh-102 Rh-102m Ag-108m Ag-11om Cd-109 Sn-126 · Sb-124 Sb-125 
T~121m 1-129 Cs-134 Os-137 Ba-133 Ce-144 Pm-144 ~m-146 
Pm-148m Eu-148 • Eu-150 ~·eu-152. Eu-154 Gd-1.46· Tb-158 Tb..;160 
Ho-166m Lu-176 Lu-177, Hf-172 Ta-182 . Re-184m Os-185 Os-194 
lr-192m lr-194m Hg-194 Pb-202 . . Bl-207 .. Bi:.210m Cm-241 

tess than 30 nCi (1 x 1 <i' Bq) 

. 
Sr-90 · Cd-113m La-138 Hf-178m Hf:-182 ··Po-210 Ra-226 Ra-228 
Pu-241 · Bk-249 Es-254 

~than 3 nCi (1 X 1Q2 Bq) 

Sm-146 Sm-147 Pb-210 Np-236 Cm-242 Gf-248 Fm-~ Md-258 

tess than .3 nCi {1 X 101 Bq) 

Gd-148 -Th-228 Th-230 U-232 U-233 U-234 U-235 U-236 
U-238 Np-237 Pu-236 -Pu-238 Pu-239 Pu-240 Pu-242 Pu-244 
Am-241 Am-242m Am-243 Cm-243 Cm-244 Cm-245. ·Cm-246 Cm-247 

. 81<-247 Cf-249 Cf-25.0 Cf-:251 Cf-2~2 Cf-254 

Less than 30 pCi (1 Bq) 
.. ·· 

Ac-227 Th-229 Th-232. Pa-231 Cm-248 Cm-250 

16 
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TABLE 1. 

Attachment 1 
Page 1 (and 2} 

Values for exemption of sealed source~ fro~ inventor~ 

Less than 300 pCi (I X 107 Bq} 

H-3 Be-7 C-14 S-35 Ca-41 · ca~45 V-49 Mn-53 
fe-55 · Ni-59 Ni-63 . As-73 Se-79 Rb-87 Tc-99 Pd-107 
Cd-113 In-115 Te-123 Cs-135 Ce-141 . Gd-152 Tb-157 . Tm-171 
Ta-180 W-181 W-185 W-188. Re-187 TI-204 

• 0 

less than 30. pCi (I x 106 Bq) 

Cl-36 K-4o Fe.:. 59 Co-57 se .. 75 Rb-84 Sr-85 Sr-89 
Y-91 Zr-95 Nb-93m Nb-=95 Tc~97m Ru-103 Ag-105 In-114m. 
Sn-113 Sn-119m Sn-12lm Sn-123 Te-123m Te-12Sm Te-127m Te-129m 
I-125 la-137 Ce-139 Pm..;143 Pm-145 0 Pm-147 Sm-145 Sm-151 
Eu-149 Eu-155 Gd~151 Gd-153 ~-159· Tm-170 Yb-169 lu..;173 
lu-174 lu-174m Hf~175 Hf-181 -179 Re-184 · Re-186m Ir-192 
Pt-193 Au-195 Hg-203 OPb-205 N2-235 . Pu-237 

less than 3 pCf {I x· lOS Bq) 

Be-10 Na-22 Al-26 Si-32 Sc-46 Ti-44 Mn-54 fe-60 
Co-56 Co-58 Co-60 Zn-65 Ge-68 Rb-83 Y-88 Zr-88 
Zr-93 Nb-94 Mo-93 ·rc..;.gSm Tc-97 Tc-98 Ru-106 · Rh-101 
Rh-102 Rh-102m Ag-108m Ag-110m Cd-109 ° Sn-126 Sb-124° 00 Sb-125 
Te-121m I-129 Cs-134 Cs-137 Ba-133 .ce-144 Pm-144 Pm-146 
Pm-148m Eu-148 Eu-150 Eu-152 Eu-154· Gd-146 Tb-158· Tb-160 
Ho-166m lu-176 lu-177m· Hf-172 Ta-182 Re-184m Os-185 Os-194 
I r-192m . · I r-194m H2-194 Pb-202 Bi-207 Bi-210m ·em-241 

less than 0:3 J.(Ci {1 x 10' Bq) . -
Sr-90 .cd-113m .la-138 Hf-17.8m Hf-182 Po-210 0

• Ra-:226 Ra-228 
Pu-241 Bk-249 Es-254 

less than 0.03 pCi (1 X 103 Bq) 

Sm-146 Sm-147 Pb-210 N~-236 Cm-242 Cf-248. Fm-257 ° Md~258 

less than 0.003 pCi {1 x lOl Bq)"" · 

Gd-148 Th-228 Th-230 U-232 U-233 U-234 U-235 U-236 
@':U.f238) Np-237 0 Pu-236 Pu-238 Pu-239 Pu-240 Pu-242 Pu~244 

Am-241 Am-242m Am-243 Cm-243 Cm-244 Cm-245· Cm-246 Cm-247 
81<-247 Cf-249 Cf-250 Cf-251 Cf-252·. Cf-254 

Less th~n 0.0003 pCi {1 x 101 Bq} 

Ac-227 Th-229 Th-232 Pa-231 Cai-248 Cm-250 

• Tbccc -~~.iticc vcr-c ccl~c:d ~o yield ... c::o-itccd e!!ccc1 ... c doc<: cqu1..-.. tenc ot: 10 .iaC'eiO (100 ..s.-J or 0 

lccc !or « Credible incident CO ._ member o! the 9<:n<:rc1 public. 
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400 Til~ HEI\LTII PHYSICS AND I{AOIOU>GICAf. H~t.TU HANOROOK 

Table 11.1.1 Oassification of Workplaces (Continued) 
(From Intcmatioaal L:lbor Offioc GuiJdina for tht: R<ulit:Jian l'rott:ction of U'orkt:n- in Industry (Ionizin& &ulialioas) 

Ocxu~lionU Safety and llealtb Series 62 e!nlematioaal Labour Organiz;ttioa 1989) · 

Type II Workplace 

1. A type ll (type B} wodcplaoe .should be specifically designed, constructed and equipped for work with 
radioisotopes. 

2 The levels of a.icbome activity .should be kept as low as reasonably achievable by the use of totally or partially 
ventilated fume hoods or glove boxes. 

3. The workplace .should have ~educed air pressure relative (0 the surrounding areas. The ventilation . exha~ 
should be via a fume hood. Thece should be a space for an absolute filter to be put between the fume hood 
and the ventilation duct allowing for easy change of the ·filter and for monitoring the negative pressure gradient. 
Special attention. should be givc:O to avoiding the recirculation of air and the dispersion of contamination to other 
_occupied areas. 

4. 1hc suaaoes of the fume hood and the ventilation duct should be smooth and made of non-absorbent material 
that can withstand the chemicals noaUany uSed in the hood. 

S. 1hc speed of the air 1iow should be ~ without eddies. and should be such dlat there can be no csctpe of 
air from the fume hood into the wodcPlaoe under typical operating conditioos.· including the~ of windows. 
and doors and the suction of other fume hoods.· This should be checked using smoke tests. The gu. water and 
clcariCal oalputs should be operated from outside the hocx( · 

6. Fume hoods and t).ove boxes where «active .. worlc is canied out should be properly ~ wi~ th<: adiation 
symbol and the appropriate explanatory text. • · 

. 
7. A waste bin with a foot-opcrated lid should be available for the collection of low activity waste. The bin 

sboald bear the adiation waming sign. A plastic bottle. which could withstand the effects of the vmoas 
solvents and the effects of adiation should be proVided for the tem.poruy n:tention of liquid waste. . . . 

8. Facilities for washing hands should be foot or elbow operated. 

9. A~ room should be provide;<~ for stor:ing tadioactive substances. 

~ iii Workplace 

L A type m (type A) wotkptaoe should be specifically design~ ooastructcd and equipped for handling large . 
quantities of radioactive matc:tial in -accordance with the specifications and ~equircments laid down by the 
competent authority. 

2. Processes invoiving risks·ofair contamination should becanied out in completely; enclosed glove boxes orh<?t 
cells uadec negative ~ and provided with filtetS and ~cr boxes. . ~·. . . .... 

3. Radioactive substances should bcsto~ only in a spec::ia1 room equipPed with suitable shielding mid ventilation. . 
and in accordance with the provisiotis as xegards waste stoage. · · 

18 .··· 



Or•ERA.nofvu. l!e:ALTII PHYSICS 401 
UB9RAT0R.Y 0l'ERATIOX AND GooD WORK PRAcncc:s 

Table ll.LLI Toxicity Oassification of R.adionuclid~ 
(r-rom !n<cmalioaaJ Labor Of.fioc GuUklina for th~ Radiation Pr«~cti.on of Jfwk<r.r in In4ustry (loni:Jnt Ratli<zfions) 

Oocupalioaal Safety aud Health· $cries 62 elalcmafioaaJ Labour Orgauinlioa 1989) 

Very High R.tuliotaxicil:y (Group 1) 

210pb 22SRa Wnt 2ntJ 236pu 2-(Jpu .WAm 2-(•em .2A8Cm 2SJa 
210p0 mAc 2l<Th 233o 23Spu 2(2pu 2(0Cm :MSem 2-(sa ma 
%Z3R.a . 22'rb 23Ip

3 23-Cu 239pu 2-(JAm 2-(:zcm ""em 2(9a Z4a 
22SR.a 228:rh 230u 237Np 1AOpu 2(2mAm wem wan 2SOQ- 2S4Es 
226&a 

High Ratliotaxicil:y (Group 2) 

22Na 90Sr llOmAg I24I l.coaa 170z'm 212pb. 228Ac ~Pu 2S3Cf 

36a 91y IISmai J2S.r 1~ 181Hf 207Bi -~ mAm 2S3.Es 
~Ca 93zr ll<Cmln ~ 152su· lGz-a 21Ga· 1 . Th Natb 2-(Icm 254mEs. 

.c6sc SI4Nb n.csb 1311 1S4Eu' 1921r 2ll.At 23C?a 2-«9gk 2SSr'm 
Q)Co 106Ru l2S;st, nces I6Gz"b ~ 22-CR.a 236u'. 2-«6cf ~m 

Moderate Rm!iotori&itJ (Group.3) 

7& ~ . 82Br nZr IQSAg ~e l.QCe 171rm DSAu 237u 
I"c 5SFe ,.Kr 90Nb UlAg 1201 1~Pr 17Sn WAiz 240u 
I'f S9Fe 71r.<r ~ 109Cd mr I.cJpr 177r.u .mHg ~p 
~Na sseo QKr ~Nb IISCd .13<f ICNd "Iw 197mHg ~p· 
315{ S6eo "r.<r ~ I !SeD In ll2ml l.C~d usw 2l3Hg ~ 
lZp S7eo 86Rb gaMo Wsu Wr lCpm mw 2IOz1 _237Pu 
l3p ss· .Co S3Sr 113Mo l2Ssu l3Sr I"9Pm ~ 2)'n ~u 
lSs sm SSsr 99Mo ms& IJSxe JS1sm ~ =n . 23SAm 
3'a ~ 89Sr "rc l21-rc mcs ISlsot 188Re 2l3p(, 2-COAm 
oC!Ar • ~Ch 'tsl- 97mx"c nt.cDre 136es 1S2msu usas 206ai 24-C=Am 
~ '7.u "sr '7c l2lmre 137Cs 

. 
"ISSEu "ZOs 212si 24-CAm 

. <~K 69mza 90y "Tc 12Smrc 131& IS3Gd mas ~ 23lbn oea "Uoa ny 97tw 127mre • I.COU JS9Gd 190&- ~- 2SOslc 
QSc 7JAs tJy ~- 129mrc ncee I6Soy D4rr 226zh 244a 
4sc 7.C.As 86zr JQSRn 131Tc IJSec I~ 191Pt _23tn,. ~m 
4y 16As "a IGSnh .· 13Jmrc. l37alce 166gg mPt ~ 
SIQ 77As 89Zr 103t'd 132rc 139Ce _1~ 197Pt .. 

~ 
~ "~Sse 9Szc I09pd Wmrc 14Ice mEr .U6.Au 231u 
$4Ma 

Lot«~ Rtiiiiotoxidty (Group 4) 

'u 6Cimco &IKr . 'lmi. ~c 120al1 mes l38cs 207po 2G,pu tso 6Ja:, SlmKr "Nb 103caB.lt mr mes mec 227Ra 231Am 
»tv 6Zarco asmKr 89Nb • l~In- mr IJOes mmos 23StJ ~'Am 
SlMa S9Ni asKr 97Nb II6y-e 1291 I3Jcs ~ 238o 24SAm 
·~n 69Zn 80Sr ~ l2lrc IJ.ci IJoCmcs ~~~~Pt 239u 2(6mAm 

_SlMa 7toe "sc 93111Mo 121t"e 131mXe oses 7Dlpg UNAT 246Am 
S6Mn 16Kc &Sease 101Mo JZre 133Xe IJSmcs ]'OSpo . lSOpu :M9an 
~ 79Kr 67msr 96aiyc 133-z'e oses 
• lt~~d <'<l the classific:uiou published fa !he Offtdal.klumtzl of du: Europ=n Communit"ta. No. 1246. Vol 23; Luxcmboucg; 17 Scp. 1980. 

! o(~ ~:c hccqu~cJ of aalunl «horium CIOcrcspoa.ds Co 1 a1pb disitttcgnlioa per SCGOad (dps) (O..S clps o{ 2l7n aud O.S dps o{ lZSrb). Oae curie 
uJ cbarium <XIm:spoads co 3.7 x 1010 alpha disiAtegnuoas per secoad (US x 1010 dps of 2nrh aud 1.85 x 1010 dps o( ~) • 

. , 
19 



402 TliE IIEALTII PU\"SlCS AND RADIOLOGICAL HEALTII IIANOBOOK 
. I 

Table ll.L1.2 Activity Limits for Use of Radionuclides in Various Types of Wo.rkplace2 

(From. lntematioaaJ LabcK Of(ioc GuiJ~lincs for u.~ Rct:IUziion Prof~dion of U~rl:a.s' in Industry (fonizint &uJUziions) 
Oocupatio<l2t Safety md Health Series Q euucm2f.ioa:al Labout Orguintioa 1989) 

Radio nuclide Type of Wor(_qllace 
Group Type I Type II Type II 

1. Very high 500 KBq-SOOMBq 500 M Bq or more . 
2. High 5 M Bq or less ... I'S"~_cc: 5 M Bq-5 G Bq 5 G Bq or more 

3. Modetate 50 M Bq or less<L.i""'C' 50 M Bq-50 G Bq 50 G Bq_or m~re 

. 4. Low 500 M Bq or less</i",..c.: 500 M Bq-500 G Bq 500 G Bq or more 

a 1Jte above table provides, as precisely· as the complexity of the subject will allow, a basis for assessing· 
the type of workplace required for normal operations. According to the nature of the operations, the 
following modifying factors should be applied: 

<;>pecation 

Stor:age (stoclc solutio~) 

Very simple wet opern_tions 

Normal operations 

.. 

Complex wet opecatiogs with risk of spills 
and ·simple dty oper:ations . 
Dry and _duSty operations 

. ··-·-·-- ·-·· --· 

20 

Modifying Factor 

X 100 

X 10 

x1 
X 0.1 

·x 0.01 
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I.ABOR.ATOR\' OPERATION AND GoOD WORK PR.AcnCES 

Table ll.Ll Classification of Workplaces 
(r"Cocn Iatcruational uboc' ~a: Guitldinu f4r th~ 1Wl1alum Pr«ution 4f Jf'Qrkur in. Iluiustry (14niVnt RtJaialions) 

Occupational Safety :aad Health Series 62 Clatemational Labour Organiz:l(ion 1989) 

ltttroduction 

1. In view of the extreme di-ver:sity of processes carried out witli WlSCaled radioactive sources and the grcal va.riely 
of potential risks. worlcing areas and workshops should be classified according to the relative radiotoxicity 9f 
~e .xadionuclidcs taking into account the ~nature ~f the operations and the total amount used" 

. 2. Specialized installations should be divided into three types of y.torkplace depending. to the extent practicable. 
on the factoxs tefeaed to in paragraph 1 and in accordance with Table 11.1.1.1 for radiotoxicity classification. 
The, types of wodcplace are commonly rcfeaed to as: 

(a) type I wodcp1ace or type C woikplace; 
(b) type I[ wodcplace or type B wodcplace; 
(c) type III worlq)1ace or type A wodcplace. 

3. The activity limits for use of tadionuclides in the various types of wodcplace are given in Table 11.1.1.2. 

4. Workplaces of all t1nee types should be: . 
. {a) reServed exclusively for worlc with tadioactive ~ces and isolated from other wodcplaces as far as is 

practica~le; 

(b) ~jec:\ to classification according to .the .potential ·risks involved: noanally areas where tadioactive 
substances arc used will be classified as controlled ateaS; however, areas where worlceES arc not likely to 
rcceivC? more than three tenths of the dose limi1s may 'be citlier included in a controlled area or defined· as 
supcrviscd areas, if thiS is duly justified and consideted more convenient. · 

S. A c:ba"&ing area should be provided at the entrances of a.rcaS where tadioactive substances arc prepared or used, 
in order-to prevent contamination from being transported by person$ to outside~ The cbanging area shoUld . 
contain a foot baaicr. Places for clean clothes should be left outside the baaicr-and protcc::tive clothing. 
cqajpment and containeES for ~ contaminate9 clothing shoatd be provided on the active side of the 
battier. 

. . 
6.. Washing facilities shoal~ be set up appropriate· to the level of tadioactivity preseilt in the wodcpla~ The wash 

basins should be elbow, knee or foot operated. 

1. · OJanging an:as should contain monitodug and-control equipment. appropriate to the levds of tadioactive 
. materlals present, to monitor the bands, feet. shoes and clothes of wot.fcez:s leaving controlled or supemsed 
areas. Additional dicck paints should be established within controlled areas when necessuy, depending on the 
type of worlc being' C!trled out · 

8. Sepatate rooms should be assigned to-different types ~fwodc when such wodc involves widely vatying levels 
of acm;ty, and in aoc;:onian~ with the classification of worlcplaces as given in this chapter. Counting appatattis 
should noanally be placed .in a separate room_ The design should take into account, as far as practicable, the 
txansfer of tadioactive materials from one wodcplace to another, wh~ necessary, without passing thi:ough the 
suaoanding atea. . 

. 
Type l WorlqJiace 

L The design. construction 2nd equipment of a type I (type q wodcplace should be similar to those of a good 
quality modem chemical 1aboratOIJ'. 

2. Normal ventilation is usually sufficient, and.could be complemented with continuous movement of air into a 
fume hood. · . · 

.. · 
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Atomic Electrons ( 99Mo) 
(continued) 

Gt,ia(keV) (e)(keV) e(%) 

n5-823 0.0051 0.00065z.s 
940-986 0.00069 7.sXI0'"5 

998-1035 8.0 xtc4 8.s xur' 
1053-1056 7.0 X10"7

. 7.s XI<J"' 

Continuous Radiation ( 99Mo) 
(tJ-)•390 keY;{ffi)..0.47 keY 

Ewa(keV) {}(keY) {%) 
0-10 fJ- 0.078 t'.s5 

m 0.018 
10-20 fJ- . 0.233 1.56 

m 0.017 0.119 
20-.CO fJ- 0.94 3.12 

m 0.032 0.113 
<CO -100 fJ- 6.6 9.4 

m 0.084 0.13 
100-300 fJ- 57 28..8 

m 0.18 o.JOS 
300-600 fJ- loCI 31.9 

m 0.112 0.028 
600-121.C fJ- 184 23.8 

m 0.027 Q..0038 

:Tc(2.13 5 XI05 yr) 
Mode: P. 

A:-81324.411 kcV 
SpA: 0.0170 0/g 
~ fission; ~ughtcr 99Mo 

. Photons C"'fc) 

ContinUous Radiation ( 99-rc) 
(p.)-85 kcV;{m)-o.026 keV 

Et,m(kcV) < )(kcV) (96) 

0-10 fJ- Q.385 7.7 
m 0.0044 

10-'20. fJ- Lll 1.5 
·m Q.0037 Q.026 

• 20- .co fJ- 4.19 14.0 
m 0.0057 . 0.020 

.C0-100 fJ- 23.6 34..6 
m o..ooss 0.0146 

100-294 fJ- ss 36.2 
18 0.0031 0.0024 

99 
43 Tc(6.006 2 h) 
-0.396 t112 variation 

with chemical environment 

Mode: IT(99.9963 6 %), {J-(0.0037 6 %) 
.6.:-87181.811 keY 

SpA: S.2704X 106 Ci/g 

Prod: daughter 99Mo 

99-4 

Photons ( 99Tc) 

('Y}-:=123.9 7 keY 

TeL., 2.133 
TeL. 2.249 
TeL. 2.424 
Tel, 2S16 
Te L,. 2.860 . 
Tc K..z 18.251 
Te J<.1 18.367 
Tc J<,1' 20.613 
Tc "K.n' 21.136 
"''rr Ml+l.41&EZ 140.47411 
"Yrr M4 142.65811. 
"Y~+Ml 232.71 v 
"Y~l+E2 322.36.u 

0.009611 
0.0045 7 

0.244 
0.14524 
0.010319 

. 2.17 ~ 
4.12u 
0.984 
o.1n1 

87.2 
0.0286 
8.8uXIo4 
9.87Xl<r' 

t unoert(syst): 0.5796 for rr,-1696 for ,1-

Atomic Electrons ("'ret 
(c}-14.21 kcV 

~(kcV) (c)(kcV) c(96) 

3 
15 
16 
17 
18 
20 
21 

119 
122 
137 
138 
1.CO 
142 
1.c3 

o.218 
. 0,091 

0.138 
0.0085 
0,091 
OJX1T1 
OliO ISO 

1o.38 
1.00 
1.33 
0.126 
0.69 
OH/4 
0.013 

1.91 
. o.604 

O.Sh 
G.049s 
O.S1s 
Cl.0384 
CI.00131 

"8.6911 
G.82u 
0.96Szt~ 
G.091.1 
0.491 
Cl.OS211 
Cl.009211l 

ZRu(~le) 
~-87618.022 kcV 
96: 12.71 

:Rh(l6 I d) 
Mode: E 

A: -85519 10 kcV 
SpA: 8.2X1a4 Cl/g_ 

Prod: 99Ru(p,n); protons on Cd 

Photons ( 99Rh) 

("'Y)-52816 keV 

1'mode ')'(keV) 1'(%)t' 

RuL., 2.253 0.125u 
RuL. 2.382 0.059/D 
RuL. 2.558 3.26 
Ru~ 2.731 2.04 
Ru L,. 3.029 o.is1 
Ru~ 19.150 27.4:u 
RuK,.1 19.279 51.4 
Ru~1• 21.650 ll.61o 
Ru K,• 22.210 '"\4 •o 

22 

.,. 
"''E2'+'MI .,. 
"''(E2) 
"YMl'+'E2 
"YMI'+'E2 .,. 
.,. .,. 
.,. 
.,. 
.,. .,. 
.,. .,. 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y 
"Y .,.. 
"Y ,. ,. ,. ,. ,. ,. 

Photons ( 99Rh) · 
(continued) 

175.4.1 
232.71 ZJ 
253.2.s 
295.92n 
322.36.u 
353.26n 
442.91 ZJ 
485.89n 
528.63n 
515.54ZJ 
618.28.u 
734.7 ( 
164.41 
801.91 
8SQ.8.s ' 
897.51 
940.24 

1000.7 4 

1062.0s 
1089.74· 
1208.84 
1292..C7 
1324.94 
1383.14 
1442.94 
144.04 
1504.9s. 
1532.64 
1572.34 
1616.64 . 
1662.04 
17.C9.47 
1969.94 
2059.51 

2.3s 
0.591$ 
0.396 
0.84n 
6.611 

337 
1.7 J 
0.516 

40 
0.274. 
4..01 
o.326 
0.401 
IA.s 
0.24s 
0.68u 
U.s 
0.68u 
0.161 
o.324 
0.161 
0367 
0.161 
0.16.1 
O.OS0/4 
0.16.1 

. O.OS0/6 
o.5611 
o.23s 
Q.2.4s 
Q.060Q 

. . Cl.060D 
0.161 

. Cl.0324 

t 2.596 unc:ert(syst) 

Atomic Electrons ( "!lli) 
(c)-43.5 kcV 

ct;m(keV) (e)(keV) c(%) 

3 2.9 · 100u 
16 2.8 17.2zz 

18-22 L3S 7•17 
68 2.C.O . 367 
86 2.8 3.37 
87 <l2 - <C.910 
89 1.4 1.5.1 

IS3-17S o.37 -o.23 
210-253 0.13 Cl.060.u 
274-322 0.42 0.14.1 
331-353 1.5 0.4-ciO 
421-<464 0.044 0.0104 
4183-529 0.6 0.12s 
553-596 G.045 O.OOS4 
615-618 0.006 O.OOIOs 
113-762 o.0066 ()..()()()9 I 
764-808 0.012 0.00151 
829-875 0.0064 0.()007 .I 
894-940 0.011 0.0012s 

979-1001 0.0045 o.c:J0046 , 
1040-1089 0.0029 0.00028• 
1187-1209 0.0009 11 Xlo4 
1270-1303 0.0025 0.000201 
1322 ._ 1361 0.0008 S.1.u Xl<r' 
1380-1421 0.00042 2.9/D Xl<r' 
1440-1532 0.0035 0.000246 
1550-1640 0.0022 0.00014.1 
1659-1749 0.00026 I.Ss Xl<r' 
1948-2031 0.00065 3.31D X104 

2056-2059 1.3 xt<r' 6.2 » X I 0'"' 



2~~Ac(35 5 s). 
Mode: {3-

.6.: 39240 200 keV syst 
SpA: 1.38 X 109 Ci/g 

Prod: 231-h(n,p) 

2~~Th(l.405 6 X 10
10 

yr) 
Mode: a 

!!.:. 35444.4 21· keV 
SpA: Cifg 

Prod: natural source 
%: 100 

Alpha Particles (231-h) 
(a)-4005 6 keV 

a(keV) a(%) 

3830 /0 0.20 I 
39S2s 231 
4010s 111 

Photons (ll1:h) 
('y)-o.l7 4 kcV 

'Ymodc -nJceV) 7(%) 

TE2 S9.010 0.190zs 
1'(E2) 12<411 -o.oo 

. 
2;iPa(l.31 2 d) 

Mode: {3-{- 99.98 %), (- 0.2 %) 
A: 35923 II keV 

SpA: 4.30X10S 0/g 
Prod: 231Pa(n,,); 232.zn{d,2n); 

232n(p,n) 

'Ymodc 

u~ 
UL,. 
UL.r 
UJ,r 
UL,. 
-r~. 

if!E~ 
u K.,, 

·~~) 
u ~,· 
u K,a· 
-r,:MI.E2 
'Y~EIJ 

Photons (mPa) · 

('y)-94120. keV 

11.620 
13.600 
15,400 
17.130 
20.295 
41.5199 
80.247 
94.651 
98.434 

105.48J 
109.001• 
111.()25 

114.866 
132.24 7 

139.53J 

L15.21 
191 
0.481 

244 
5.410 
0,214 
0.151 
1.104 
1.767 
1.6519 
2.81 
0.644:H 
0.217 9 
0.013s 
O.Sh 

Photons f 32Pa) 
(continued) 

I.S0.096s 
l64.1s 
115.51 Z4 

176.85 7 

184.1426 
282.33 7 
387.9194 
421.96Ss 
4S3.693s 
472.426s 
S15.653.s 
563.231 7 

581.4216· 
643.68Z4 
710,249 7 

734.597 
154.861 
8i4.15 1 
819.2506. 
86.3.86J 
866.8291 
894.3907 
911.44J 
923.157 
969.3454 

1003.3917 
1016.9241 
1050.969/0 
10SS.21 
1085.281 

. 112S.S316 
1132.861 . 
1164.2.1 
1173.Uu 

10.8s 
0.029s 
0.009119 

-o.0039 
. 1.31 

-o.o1o 
1.01 
2.5219 
8.6119 
4.1619 
5.5319 
3.6619 
6.0J 

<0.019? 
0.22210. 

0.0296 
0.491 
0.114 
1.4814 
2.11u 
5.71u 

19.8 4 . 
0.0116.~<~? 
0.0403zs 

4L61f 
0.1581 
0.013519 
0.016Sif 
0.0684 
0.022919 
0,21310 
Cl.0201 
0.015.1 

. <0.0048 

t 0.5296 uncert(syst) 

Atomic Electrons (232Pa) 
(e)•79JkeV 

Cfnn{keV) (~)(keV) e(%) 

17 3.7 '224 
21 3.9 19.1 

22-26 0.47 1.89~ 
rr 10,2 387 
30 10,2 334 
34 o.57 1.6-41 
42 <C.5 10.7a 
<0 4.1 9An 

<C-4-87 4.2 u·~ 
88 9.6 Jo.911 

89-91 0.0141 0.01581.1 
92 6.6 1.21 

93-103 0,241 Q.23Sa 
104. 3.0 2.9.1 
lOS 2.18 2.08.21 

106-lSS 21S 2.42u. 
156-184 0.087 o.053s 
261-306 2.02 0.714 
338-387 3.24 o.92s 
388-437 l.S6 o.312u 
448-~95 0.791 .0.113s 
498-546 0.0532 0.01011 
558-595 0.45 0.0797 
619-666 0.111 0.0170.21 
670-717 0.72 0.102s 
TJ!J-155 0.674 0.090.1 
779-819 0.889 O.ll30zs 
842-891 1.58 0.1857 
893-940. 0.0260 0.~/S 
948-996 0.294 0.030911 
998-1047 0.0090 0.000886 

1049 -lOSS 0.0022 0.000216 
1104-1152 0.00195 0.00011Szs 
tt56- 1172 0.00012 lOs x10'"' 

,23 

Conti~uous Radiation (232Pa) 
({3-}-=92 keV;(lB}-=0.034 keY 

ftnu(keV) ( }(keV) (%) 

0-10 fJ- 0.385 7.7 
IB 0.0047 

10-20 fJ- 1.11 7.4 
IB 0.0040 0.028 

20-40 fJ- 4.13 13.8 
IB 0.0064 0.023 

40-100 fJ- 23.0 33.7 
IB 0.0106 0.017 

100-300 fJ- 58 36.9 
IB 0.0065 0.004S 

300-600 fJ- 2.29 0.53 
IB 0.0018 0.00043 

600-1289 fJ- 2.88 0.367 
IB 0.00046 6.4 XIO·S 

2~~u (68.9__Io yr) 
. Mode: a, SF(9"7 X 10-11 %) 

ll:. 34586 6 keV 
SpA: 22.4 Ci/g 

Prod: daughter ~Pa; 23ln(a,4n) 

Alpha Particles e32u ) 
(a)-5306.52 keV 

4(keV) a(CJ6) 

2.47Xlo-' 
o.ooo21.1 
0.00011.1 
·CI.00291 
o.281 

31.24 
68.64 

Photons (mU) 

('Y)-Q.24J keV 

TE2 57.81s 
1'E2 129.o3"7 
TEl 14Ll91f 
TE2 ·t91.29n 
-rEl 209.397 
1'El 270.261 
-r E1 328.07' 
1'EI(+M2) 332.481 
1'Ei 338.414 
1'(EI) 478.20H 
-rEI 503.74 
1'(El) S46.36ZJ 
-r(E2J 774JJ4 
1'(Ml +E2J 816.62 :H 
,.. 8401 
'Y{E2J 874.43H 

o.214 
G.01SIS 
S.4zsXlo-' 
3.4.1Xlo-' 
L3.1Xlo-' 
G.0038s 
0.00347 
0.00051.1 
4.0SuX10"' 
L64XIo-' 
2.04X10"' 

-1x10'"' 
-sxur' 
-2Xto-7 

5.511X1o-7 

2~~Np(l4.7 3 min) 
Mode:E 

A: 37280 100 ke V syst 
SpA: 5.51XI07 Ci/g 

Prod: 235U(d,5n); 238U(d,8n); 
233U(d,3n) 



.J 

2~~-Pa(2.3 I min) 
Mode: {1-

ll:. 51270JOO keV 
SpA: 3.43Xl0~ Cifg 

Prod: 238U{n.p) 

Photons (l38pa) 

'Ymode 'Y{keV) 

"Y M1+E2) 40.54 
"Y E2 44.915 IJ 
"Y E1 68.1 s 
,. El 68.84 
,. E2 103.50 4 

-r El 109.34 
T M +E2) 130.8s 
.,. 142.610 
.,. 154.310 
T{E2j 158.801 
.,. 164.910 
T(MI+E2j 171.3s7 
T(MI+E2J 178.Ss 
.,. 189.410 
.,. 193.310 
-r(MI+E2J 197.7 4 
.,. 212.910 
T(MI+E2J 217.9s 
T 22L9lo 
.,. 228.810 

!O:a ~l 
T 276JJIO 
T 289.ls 
.,. 293.010 
T 301.810 
T 316.9s 
T 322.010 
T 329.510 

. .,. 3<47.14 
T "3S3.310 
T 372.7s 
.,. 37.U4 
.,. 377.01D 
T(M1+E2J 396.<44 
T lff/.510 
.,. G2.210 

~~~= ~=' 
"' 442.910 
T(M1+E2) 448.<44 
'Y <CSS.961 
.,. <CS9.610 
.,. ~.610 
.,. <416.1s 
T[E2) 488.94 
T SOL9s 

~~+E2J ~=7 .,. 1 519.11 
.,. +E2J S47.1 4 
T SS7.1s 
T(EI) 569.9 1 
.,. 572.110 

~~~+E2J ~~; 
,.!iii) 61S.ls 
.,. 623.610 

~~l+E2J -~; 
'Y 659.8to 
,. 667.561 ,.i 678.0•7 
'Y El 680.04 
1' El 687.04 
1' 144.8s 

749.26 

'Y{rel) 

· 1.0u 
12.014 

3.06 
4.01 
2.04 
3.01 

U.On 

2.04 
9.011 

141 
4.01 

1.0H 
8.014 

ll.o:N 

.C.OI 
UO:N 
2.o4 
1.0H 

184 
9.011 
6.ou 

161 

16zs 

401 

411 
IOz 
8.016 

194 
88.14 
9.018 

731J 
S:.f:ll 

Photons e38Pa) 
{continued) 

'Ymode 

: "-r(M1+E2) 76S.3 4 

"Y 169.0 1(1 

"Y 197.$10 
-r(M1 +E2J 80S.8 4 

"Y 818.1/D 
"Y 823.2s 
"Y 836.710 
"Y 839.610 
-r(E1J 849.1 s 
"Y 863.7 s 

"Y~11 874.6 s "Y El 885.7 4 

"Y El 904.9s 
"Y M +E2J 911.1 4 
-r E2j 911.8s 7 
"Y El) 930.6 4 

"Y 932.5s 
-r~l+£2) 943.54 
"Y l 9S2.6s 
.,. +E2J 957.1 s 
"Y 961.010 
.,. 961.010 
.,. 969.010 
.,. 979.610 
-r(Ml+E2J 984.3s 

~~~~~f 
T :;.E2j JOI9.0i 
.,. 1) 1020.41 
.,. . 1032.9 10 
.,. 1036.110 

"'!=.+E2J 1042.6s T · l060.2s 
T +E2J 1060.6s 
.,. 107l.o10 
T 107.C.Ow 
T(El) 1083.41. 
.,. 1090.210 
T[E2) 1094.6s 
.,. 1112.010 
.,. 1113.010 
.,. lE2J 1122.5 4 
T(El) 1123.91 
.,. 1138.44 
T 115?.510 
.,. Jl6l.510 
T· 1118.94 
.,. 1214.810 
.,. 1224.010 
.,. 1233.510 
T 1306.410 
T l31L710 
.,. 1321210 
T(M.1-f£2l 1332.04 · 
T 1336.710 
T 1359.310 
T l364.0iG 
T 1368.810 
T 1316.14 
T(Ml+E2) 1383.94 
.,. 1394.010 
.,. 1410.010 
.,. 1413.04 
.,. 1420.010 
T 1<496.Ss 
.,. 1507.110 
T 1S16.s4 
T(El) 1S27~0:J 
.,. 1600.0s 
.,. 1611.010 
.,. 1620.010 
-riE•J 162.6.14 
T{El 1630.S.J 
'Y 1647.$10 
T{EI) ·1729.64 
"Y 1737.0to 
"Y l1S2.01D 
-r(E1) 1785.7 4 
"Y 1804..010 . 

'Y{rel) 

4.01 

449 

9.011 

14.1 
5411 
9.011 

459 
23J 
194 

6. 

1.0H 
214 
184 

1.01# 

10.2 

8.016 
.cs • 

6.ou 
6.ou 
6.ou 

S1 

Sl-
4.0i 
1.0u 

J• 

8.016 

4.01 

3.06 

24 .. 

,. 

Photons (238Pa) · 
(continued) 

'Y{keV) I'( rei) 

,. 
1'(E1) 
"Y 

1841.010 
1872.S 10. 
1889.24 
1907.010 
1976.010 
1985.510 
1996.7 7 
2013.010 
2018.9s 
2048.010 
2081.010 
2089.010 
2126.010 
2529.010 

17J 

"Y ,. ,. ,. 
"Y(EI) 
"Y ,. 
"Y ,. 
.,. 

• combined intensity for doublet 
t 373-y + 375-y : 377-r 

2~~u (4.46_8 s xto9 yr) 
Mode: a: 

A: 47306.0 21 IceV 
SpA: 0/g 

Prod: natural sow-ce 
%: 99.2745 IS 

Alpha Particles (2380) 

{a:)-4194s.IceV 

a:(lceV) .· a(%) 

·<C039s G.237 
<4147 s 234 
4196l 714 

Photoos (238o) 
('r)-t.30u kcV 

'Ymodc -,{kcV) ')(%) 

ILU8 
12:SS2 
14..511 
16.161 
19.o94 
49.SSI 

uo.s 

0.184 
3.04 
o.o83n 
4.11 
0.9311 
omoo 
0.0241 

Atomic Flectroas (23StJ ) 
{e)- 9.5 7lceV 

ew,.(lceV) {e)(lceV) c(%) 

16 
20 
29 
30· 
33 
44 

··4S 
. ' 46 

48 
49 
so 

o.68 
0.72 
Q.082 
2.6 
2.6 
O.Q37 
L04 
1.00 
0.31 
0.43 
0.026 

.U• 
3.77 
0.28S 
8.81S 
7.7 iJ 
0.08414 
2.34 
2.24 
0.65 II 
0.891J 
0.0529 



2~~Pa(8.7 2 min) 
Mode: {J-

t:.: 47640 so keV 
SpA: 9.IIXI07 Ci/g 

Prod: 238U(d,2pn); 238U{-y,p); 
238U(n,pn) 

Photons (237Pa} 
{-y) .. 604 59 keV 

7'modc 

.Y(Ml+E2) ,. 
"Yil+E2J "Y El 
"Y El 
"YEl 
"Y El 
,. 1 ,. ,. ,. 
~s:1 ,. ,. ,. ,. 

'rllceV) 

44.88111 
179.0514 
310.0914 
498.6411 
529.3214 
S4o.71 u 
543.5211 
554..9111 
101.0s 
722..S1D 
73J.96D 
847.1s 
853.61 Q 
86S.OOD 

1333.34 
1344.74 
1396.04 
1407.44 

-y{%) 

0.17J 
. 1.73.u 
24J 

14.81S 
9.31 
o.241tJ 
1.5317 

-(1.14 
Q.Slu 
0.6Su 
0.S117 

34 
15.SJ 

-o.l1 
-o.to 
-G.17 
-G.10 

Continuous Radiation (237Pa) 
(P-)-572 kcV;(m).0.91 kcV 

~(keV) ( )(kcV) (%) 

0-10 ~ 
m 

10-20 ~ 
m 

20-<CO ~ 
m 

<C0-100 ~ 
.m 

100-300 ~ 
m 

300-600 ~· 

m 
600-1300 ~ 

m 
1300-2250 ~ 

m 

<1.0424 
Q.02.4 
0.128 
Q.02.4 
o.s2 
0.045 
3.83 
0.122 

4o.2 
o.30 

134 
o.24. 

32S 
0.149 

68 
0.0103 

0.84 

o.as 
0.164 
L74 
0.158 
5.5 
0.19 

19.9 
0.170 

29.9 
o.oss 

37.7 
0.019 
<&.45 
0.00069 

2;~u (6.75 1 d) 
Mode: fJ-

A: 45387.2 22 keV 
SpA: 8.162X 104 Ofg 

•. Prod: 236u(n,-y); 238u(n,2n) 

Photons (237u ) 
(-y}-=144 9 keV 

7'mode 

Np L(' 11.871 
'l'Ml+O.I'!6E2 13.80414 
Np L. 13.927 
Np L. 15.861 
Np t, 17.592 
Np L,. 20.990 
,. El 26.3445 ID 
'l' M I+ 1.8'!6E2 33.1920 14 
"Y(MI+-43'!6E2) 42.64 J 
'l'MI+14'!6E2 43.415 ID 
"Y El 51.013 18 
'l' El S9.S364 10 

'l' El 64.817 u 
"Y(Ell 69.760 ID 
,. (E2) 75.83 J 

Np 1<..2 97.066 
Np 1<..1 101.059 
,. El 102.952 ID 

Np ~<,,• 113.944 
"Y Ul08s 
Np ~· 117.891 
iE2 164.59311 
'rMl+24'!6E2 · 208.0081 
"YE2 221.81217 
,. M2 234.352, 
"YE1+19'!6M2 267.5441 
~1E21 292.76J 
' t:2. 332361 u 
"YM1+18'!6E2 33S.<C01 u 
"Y(E2) 337.7Z7 II 
"YM1(+<8.816E2) J6B,.S92u 
"YM1+1216E2 370.91911 

1.5J 
O.lOiot 

2Sot 
. 0.48 7 

30, 
7.211 
2.29/J 
0.11' 

0.033J 
0.209 

32.811 
1.1611 

161 
26ot. 
0.00819 
9.6JJ 

3.3s 
L831 

22 
0.020411 
0.0194u 
0.712u 
0.00274 
1.20s 
o.091s 
O.OOS67 
0.0455.u 
o.I081 

t 11% uncert(syst) 

Atomic El~ns (2370 ) 

(c)-1219 kcV 

ct,m(keV) (c)(keV) c(%) 

5-17 
18. 
21 
22 

23-37 
38 

39-51 
54 

55-85 
89 

91-116 
142-174 

186 
190-200 

202 
203-250 
252-293 
310-353 
363-371 

7.7 
3.4 
0.78 
5.5 
4.7 
6.0 
2.30 
4.08 
1.49 

50.0 
0.70 
5.02 

20.4 
G.21 
<&.7 
3.7 
o.297 
0.425 
0.0178 

83s 
19J 
3.74 

254" 
1<&.4u 
15.81 
5.4J 
1.61 
232D 

561 
0.71s 
3.311 

11.011 
O.lUII 
2.31 
L73H 
O.ll51 

. 0.133J 
Q.00486a 

Continuous Radiation e37u) 
({J-)-66 kcV;(m)-o.016 keV 

Et,m(keV) ( )(keV) (%) 

0-10 11-
m 

10-20 11-
m 

20-40 11-
m 

40- 100 {J
IB 

tOO- 252 (J
IB 

O.SI 10.3 
0.0034 
L4S 9.7 
0.0027 0.019 
5.2 11.5 
0.0039 0.0140 

25.7 38.2 
0.0050 0.0086 .. 

32.9 . 23.9 
0.00105 . . O.oo087 

25 

2~;Np(2.140 10 X 106 yr) 
Mode: a 

A: 44868.3 21 keV 
SpA: 0.000705 Ci/g 

Prod: daughter 237u 

Alpha Particles (237Np) 

{a}-4760 4 keV 

a(keV) 

43861S 
4513.Ss 
4S74..7 s 
45n.9s 
45952 
4S98.4s 
4639.Ss 
4659.210 
4664.6s 
4697.17 
4707.1 s 
4712.9s 
474L410 
4166.1s 
4711.Ss 
4188.4s 
4804.0s 
4811.3s 
4862.92t1 
4866.9s 
4873.4s 

a(%) 

.0.020 
-o.04 

o.os 
0.40 .. 
0.08 
0.344 
6.1811 
o.6 
3.3210 
0.4810 
1.0 
0.13 
0.019 
8.1 

2S• 
471 

1.6 
254 
o.24 

...;Q.3 
262 

Ph~tous (237Np) 
(-r)-32.7 20 keV 

Pa ly 1 U7l LIS IS 
Pa I,. 13.274 19.2/f 
PaL. 14..953 0.411 
Pa~ 16.&32 2SJ 
PaL, 19.718 5.81 
,. El 29.378 , 12.9 17 
~lEI) 46.57J 0.13311 
I l:2 57.149 IS 0.391 

;~iE2J ~: ~~~ 
;~:~ ~~= ~~~;! ,. ill 86.S28 u 12.6 
~1} ~ 0.18J 
C&~ 7~17 1.5911 
"YEI 9<l723zz 0.761 
Pa K..c 9S.86l 2.58 21 

."T{EZI 1~13s O.OS61 
P& ~<,n• 108.166 0-941 
"TMI+<4..6'!6E2 108.69J Q.073u 
Pa ~<.tt• 111.897 0.31 J 
"Y!Mi+E21 IIS.I9J o.002S 11 
"YMI+IMiEl 117.689 D 0.161, 
,. EI 13t.o9 J o.oas, 
"Y~I+E2) 13"-23J 0.067 1 
"Y ElJ 14o.617 0.018s t 
"Y 1+14'!6E2 143.227 21 0.39 J 
"YM1+12'!6E2 1S1.423~ o.24J 
'l'IE2J 153.7210 0.006914 
'rEt . . 1SS.263 .ZI 0.0921 
"Y~II 162.514 0.0371 
"Y El 169.18ot 0.0727 
'l' Ml+E2) l70.67s 0.0191 
,. l72.S62tJ 0.00681& 
'l' Ml+E2) l76.09ot 0.0204 
"Y Ell 180.801 zs 0.023 J 
1' El 186.7 3 0.0067 u 
'l' Ml+E2) 191.46' . 0.027 ot 



Photons e42Np) 
(continued) 

.,. 1984.8s 0.05t 
1'. 1992.41 o.201 .,. 2042.7 7 0.041 .,. 2061.4 HI 0.031 .,. 2077.1 s 0.065u .,. 2201.8 4 0.060ts .,. 2246.44 0.045ts .,. 2358.2s -o.oso .,. 2310.8s -o.oso 

t 8.0% unoert(syst) 

Continuous Radiation (l<ClNp) 

(P...)-894 keV;(ffi)-20 keY 

~(keV) ( )(keV) (%) 

0-10 fJ- 0.0288 0.57 
m 0.034 

10-20 fJ- 0.086 o.sa 
m 0.033 023 

20-.CO fJ- o.348 Ll6 
m 0.064 o.n 

.co -100 fJ- 2..C9 3.54 
m o.l8 Q.28 

100-300 fJ- 24.2 12.1 
m 0.49 -~ 

300-600 fJ- 82· 18.3 
m o.so 0.119 

Q)() - 1300 fJ- 353 313 
m O.S5 0.066 

1300- 2SOO fJ- a 2S.o4 
m o.l38 OJl089 

2SOO- 2700 fJ- 230 0.114 
m 3.1X1o4 l.23X1cr' 

~~Pn(3.763 20 X 105 yr) 
Moclc: a, SF(O.OOOSSO 6 %) 

A: 54713.9 21 kcV 
SpA: 0.003926 0/g 

Prod: multiple n~ptme from "238u; 
multiple n~ from 23'PU; 
daughter 2"2Am(16.01 h) 

Alpha Particles (242Pu) 
(«)-4890 1 keV 

"598..C7 
4154..61 
4856..C7 
.C900.6 7 

a(%} 

O.i:l013s 
0.098n 

22.4.w 
181 

.. 

242-2 

Photons (242Pu) 

(-y)~L39 19 keV 

U L., 
U L. 
U L. 
UL, 

f~ 

11.620 
13.600 
15.400 
11.128 
20.292 
44.915u 

103.S04 
158.80• 

G.20s 
3.37 
0.08111 
4.19 
0.9111 
0.036 
0.00786 
0.00045, 

t 14% uncert(syst) 

Atomic Electrons e.aPu) 

(e)-8.1 7 keV 

ctJiuoCeV) (e)(keV) e(%) 

17 
21 
22 
23 
24 
28 
39 
.co 
41 

"' 44 
45 

0.66 
0.66 
0.0110 
Q.068 

2.1 
2.1 
Q.034 
Q.91 
Q.88 
0.0111 
O.S3 . 
0.16 

3.99 
3.17 
0.05111 
0.294 
8.6n. 
7.Su 
Q.081/I 
2.3s 
2.2( . 
Q.02Ss 
Ulzs 
Q.357 

242 95Am(16.01 2 h) 
Moclc: p.(82.7 3 %). ~17.3 1 %) 

A: 55463.222 keV 
SpA: 8.088Xlo5 Ofg 

Prod: 241Am(n.'Y); . 

multiple n-capturc from 238u; 
multiple n-captme from 239Pu 

Photoas (242Am) 
(1')•18.0 16 keY 

1'mode 1(kcV) ~)t 

Pu~ 12.124 Q.304 

Cm~ 11.633. 0.~11 
Put.. 1.u62· 4.8# 
OI!L.. 1<C.939 1.3u 
PuJ:.. 16.333 0.018u 

~~ 
17.314 0.114 
18.082 .c.g, 
19.191 8.6111 

PuLr 2~ 1Hl.w 
Cm~ 22.878 L94 
"r,J::l 42..21 . 0.039 
"r.El 44.5331 0.0137s 
Pul<,a 99.Si2 3.67 
I'll K,.. 103.734 S.8u 
I'll~· 116.930 2.14 
Pu K,;z." 120.974 0.72u 

t uncert(syst): 1.7% forE, 0.36% for P... 

26 

# .. •• 
·' 

Atomic Electrons e~Am) 
{e)~l9.lrJ keV 

ebin(keV) {e}(keV) e(%) 

18 
19 
21 
22 
23 
24 
25 
26 
36 
37 
38 
39 
40 
41 

42-86 
93- 116 

0.93 
4.5 
0.0313 
I .SO 
3.6 
1.3 
0.030 
0.92 
1.8 
1.6 
0.040 
0.439 
0.391 
1.08 
0.83 
0.128 

5.2Jo 
24s 
0.1464 
6.84 

16J 
5.Siz 
0.12J 
3.46 /J 

4.910 
4.21 
0.10611 
1.13 # 

0.984 
2.1s 
1.1616 
0.13111 

Continuous Radiation (l.cl Am) 

(P...)-159 keV;{ffi)-Q.30 keY 

Et,iu(keV) . { _)(keV) (%) 

0-10 fJ-. 0.133 2.66 
m 0.0080 

10-20 fJ- Q.39S 2.64 
m ClOOS2 0.056 

20-.CO fJ- LS6 5.2 
m 0.0134 Q.047 

.C0-100 fJ- 10.S 15.0 
m 0.108 0.133 

100-300 fJ- 74 39.0 
m Q.ISO 0.120 

300-600 fJ- 71 18.2 
m 0.0106 o..oo29 

Cl.06S 600- 149 fJ- • O..C01 
m 7AX1o4 U1X1o4 

~~(1412yr) 
Moclc: IT(99.SS 216}. 4(0.45 1 %) 

A: SSSlL822 keY 
SpA: 10.48 0/g 
~ 241Am(n.,.} 

Alpha Particles (242 Am} 
{«)•23.2 keV 

4(keV) 4(%) 

5064.2s 0.0010 
S088.51 Q.0009 
514U4 0.026 
S201.04:u 0.4 
S3l.C.S4 0.003 
53/i1.31:u 0.005 
5409.16:u 0.005 



A=243 
NOS 33.79 (1981) 

1.56><107 y 'il/2- (312-J 1.4xtdl y (712•1 3.11 h 4.7m 

2~~cm! 2~~Bk .. ~ 2~~Cf ~ 247es! 99 
~ ~-

a a (XQ.()C% a-n; 
Q

41 
SJS2J Q,. S889S Q .. 6SSO IOO(syu) Q,. l<C4()~ 

1000 
f/2+ <C.956 h 
243 p ~~ S/2+' 28.5 y 

94 U ,.. S/2- 7 .38x1o' Y ......,., 243 ~ 

CX•o.15" 

~.G.2~ ssCm 
CVS&I4 ~~ a CliiUR 

0 

~~Pu(4.956 5 h) 
Mode: P-

A: 57751 J JaN 
SpA: 2.602X106 <l/g 

Ptod: mPu(~'l') 

Photoas(~) 
('Y)-26 4 JceV 

13.377 
1S.S99 
16.819 
1&.884 
22.290 
4L1Su 
.CUOzt 
54.14 
(i1J>6zs 
83.9Su 
96.34 

IOL3J 
102.026 
105.<472 
109.27 n 
119.960 
124..123 
322.1lzs 
343.2s 
356.3111 
381.6811 
388.91zs 
-407.0s 
423.17 .2J 

448.5J 
465.6411 

b.31u 
S.7ZJ 
0,094 
6.2zs u, 
0.767 

-o.os 
<0..023 
-o.23 
23s 
O.Ol38ZJ 

<0..037 
O.ll3u 
0.178.24 
O.l6lu 
0.066• 
0.022J 
0.0276ZJ 

-o.OOt4 
0.1311:1 
O.SSs 
0.00467 

-o.0009 
O.Olllu 

-o.00023 
<0.00023 

Atoaite Eledroas (~) 
(c)-12.5 12 JceV 

ctRn(kcV) (c)(kcV) e(%) 

6-15 
18 
19 
20 

21-22 
23 
2-4 

2S-3S 
36 

37-.CO 
<41 

<a-S4 
60 
61 

62-63 
64 

65-71 
78 

79-119 
197-231 

2S7 
264-303 
316-365 
366 -<C01 
417-466 

G.6 
o.s 
G.6 
l.Q 
CL24 . 
L2 
GAO 
G.9 
0.7 
CI.2B 
CI.2B 
0.<46 
G.9<4 
0.72 
G.0039 
0.69 
0.164 
0.49 
o.61 
0.14 
o.83 
0.024 
Cl.29 
0.084 
0.0011 
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~. 
<Uzt 
3.2JS 

-s 
-1 
S.$~ 

-2 
lJJu 
Lh 
0.7J 
0.11 
t.o4 
L6J 
LlS~ 
Cl.0062zs 
L08Zl 
o.22J 
0.63u 
0.7<C 7 

-o.06 
G.32J 

-o.oos 
G.08210 
o.omu 
0.0002Sn 

= 2.9 s 

247Mdg 
101 

ex ;.sos. ex 
Q,. li..'<JO twt·~ ... , Q.. 1900 .!llOI.•~ ... , 

180ms 

243::=lT 
100rm~ 

21 s 

j2:~es! 
E <lOll. . ex>~ 

Q. 4640 4JQ(<)'SI) 

Q• liiOJJO(.,.uJ Q., 1690~ 
Q,. IOl()j(J 

- Continuous Radiation(~) 
{IJ-)•161 kcV;(IB)-<l.091 kcV 

l:a,m(kCV) < ){kcV) (%) 

<C.22 

411. 
. o.as2 
8.0 
o.046 

2L7 
Cl.044 

<49.0 
Q.020 
w 
0Jl0016 • 

~sAm-(7380 40 yr) 
Mode: a, SF(2.2 2 X to-8 %) 

A:. 57171 J kcV 
SpA: 0.1993 0/g 

Prod: multiple n-<:apture from 238u; 
multiple a.-capture from 239Pu 

Alpha Partides e..u Am) 

{a)-5265.6 keV 

a(keV) a{%) 

4698.7 j 0.0011s 
49t8.4s 9XHT~ 
4930J 0.00018 
4946J 0.0003 
4997.J 0.00161 
S008J 

. -



Alpha Particles (243 Am) 
(continued) 

a(keV) a(%) 

S029J Oo0022 § 
S031o619 
S088J Oo004 
5112.7' OoOOS 
5179.8s . 1.1 
5234.3s ·. ll 
5276.6s 88 
5319.4s Ool2 
53SOoOs 0.16 

t 4997a + 5008a 
§ 5029a + 5038a 

Photons (2-0 Am) 

(-y)-48.1 9 keY 

'Ymode ,{keY) '){%)t 

TMI~I'I6E2 31.1364 0.0661 
-rMI+I316E2 4J.OJ.r O.OS8n 
-rEI 4J.SJ7J S.IOzz 

so.s" 0.0026s T~I)-
.,. l+-39'16E2 5S..C04 <1.009211 
TEl 7.c.672J 60.0n 
-rEI 86.57 J o.30.r 
-r(E2) 98.434 -o.oos 
-rEI 117.70J O.S57 
-rEI 141.97 4 0.114n 

~~~ 170.14s 0.00120.u. 
19s.311 0.()()()8.4 n .,. 220.010 .,. S.C.C.S5.r 1.74Xlo4 .,. 581.51911 .,. 63Lll6u Cl.00033s .,. 662.2S1u CI.0009Su 

t 10% unoert(syst) 

243 96Cn,.(28.5 2 yr) 
Mode: a(99.76 4 %), t(0.24 4 .,) 

A: 57177.3 24 keV 
SpA: 51.6 0/g 

Prod: multiple n-capture from 238u; 
multiple n-capture from 239pU · 

Alpha Partides e.oCm) 
{a:)-5838 keV o 0 

a(kcV) 

S2261S 
S267J 
S3I6J 
S323.r 
5332.r 
5~19.1 7 

-5S32.r1 
SS37 J 
5S69.4s 
5S75s? 
5S82.6.s 
5S87s 
5S93s? 
5604.66 
S612J 
-5622to1 
S639J 
S646s1 
S681.Ss 
S68So6s 

a(%) 

G.0004 
0.0015 
0.0010 
0.003 
0.003 
G.0020 
0.006 
G.0020 
0.007 
0.007 

-o.009 
-o.mo 

0.010 
<0.010 
-o.oJO 

0.06 
0.14 
O.oJ 
0.20 
106 

243-2 

Alpha Particles (wCm) 
(continued) 

a(keY) a(%) 

5713s? <00040 
5742.0' IOoS110 
5785o9s 73.3 10 

· 5876.r Oo6 
S905.6s Oo10 
5992.2s 6.4810 
6010.3s 1.0 
60S&.9 s s 
6066o6s I.S 

Photons (wCm) 

(-y)-131.6/S keY 

"Ymode -y(keV) 1{%)1 

Pu~ 12.124 1.16u 
PuL .. 14.262 18.517 
Put.. 16.333 o.284 
PuJ., I&.o74 1&.7:u 
PuLr 2I.624 4.21 
TJd1+3.6'lf>E2 44.665.r O.ll6u 
T,.MI+209&E2 49.415219 0.0647 
TJ-2 51.215911 0.0904 
T,.MI+E2 57.2784 0.0241 
T_E1 61.4624 0.011111 
TJ-2 67.8462» 
T,.Ml+209&E2 88.057 II 
PuK.a 99.522 ' 1.(.44 
TJ-2 IOL943s -o.009 
PaK.a 103.734 23.01 
-r.El+Oo396M2 .I06.I2n.u o.262.u 
TJ-2 106..CSS" 
Pu I<,a. 116.930 &.32:1# 
Pa ~· 120.974 2.819 
T.).{ 166.36411 0.0191 
T.).{1..0.0816El 209.7554 n 3.27, 
T.).{1+0.6%El 22&.186SIS 1o.s6l1 
T.).{1+Ln6E2 2SU214 0.1101 
T.).{1 2n.SS24 G.0837 
T..M1+2.616E2 271.601611 1.(.04 
-rJ-2 285.4624 IS 0.13311 
-r..(Ml+EZ} 311.698s 0.017SJIII 
-r.E1+2.3CJfaM2 315.8825 .u 0.01S3u 
T~ 322.2674 Q.0063:u 
T. 1.0.1CJfaM2 334.3136 .u 0.0237u 
T. 1 392.3s 
T. 1 429.8111 
T. -G43s 
T. 44&.3011 
'X 461.94 
'X 469.14 
'X .cs.c.J J 

'X 492.2s 
'X 497.7111 
'X 498.8s 
-r .. 640.0# 
-r .. 680.0lS 
-r .. 120.01$ .,._ 740.0D 
1'. 16o.OD 

t<O.l% unoert(syst) 

Atomic Electrons (wCm) 

{e)-112.9 IB keY 

~in(lceV) (e)(k:eV) e(%) 

18 3o0 16.410 
22 3o6 16.5» 

23-38 6°2 20s 
39 3oS 9.016 

40-86 So7 1008 9 

88 Sol 9.2J 
93- lOS O.SI 0.53 J 
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Atomic Electrons e·°Cm) 
(continued) 

ebin(keY) (e)(keV) e(%) 

106 
110- lSI 

156 
160-166 

187 
190-204 

20S 
206-253 

254 
25S- 304 
306-334 

2407 
0.491 

21.2 
Ooll3 
3o3S 
0.93 
8.4 
4o92 
7.8 
4.S2 
Oo0041 

23.27 
003611& 

17.56 
Oo069J 
1o196 
0.4SSJ6 
4o09u 
2.24# 
3o07 10 

1.68J 
OoOOI3# 

243 
97Bk( 4.5 2 h) 

Mode: t(- 99.85 %), a(- 0.150%) 
A: 58682 6 keY 

SpA: 2.87XI06 0/g 
Prod: 241Am{a,2n); 242Cm{d,n); 

243Am(a,~n) 

Alpha Particles (Wsk) 

{a)- 9.8 3 keY 

a(kcV) a(%) 

61824 0.00581 
6210s Cl02041S 
6394D -o.ooooo 
6446s 0.00101 
65024 0.010410 
65424 G.029119 
6573.8zz o.oJS.C.u 
660Ss -G.OOIO 
66664 -G.0018 
6718.0zz 0.0188u 
6758.1 zz Q.0231u 

Photons (~k) 
{'Y)-176 41 keV 

'YmocSc 0 'rlke V) . ')'(%) 

T.P.4l+E2J 
0 

.C0.7 s 
TJ!.l 81.41 
-r.(El) 146.6s 
-r.(El) 187.44 
-r.{M1) 5514 
1'c 75Sl 
'Yc 84040 
1'c 9461 

0.012s 
0.0601S 
O.Ol5J 

lO.Olll 
3.06 

-8 

~~Cf(l0.7 5 min) 
Mode: t(- 86 %), ex(- 14 %) 

A: 60910 1.m keV syst 
SpA: 7.2X107 0/g . 

Prod: 23Sul1~4n); 236u(12c,5n); 
238u('l2c, 7n); 242emeHe,2n) 



A=248 
NOS 32, 119 (1981) 

.,. 2.64 y (5-.4+J 1.291 y .,. t.OSS d 

252 Cf II 252Es 1f 
·98 0 99. 0 ~~Fm~ 

a 96.91% a 76% a 
\ 

Q
0 

6216.9 S Q
0 

6739 J 

1(-) 23.7 h 
1~ E ~ ~p-~ 

:JOS/~ )\ 
0+ 3.<10xt0S y 97 0+ 334 d 

0 '--/248Cmlf ~48 . ~-96"'111¢ 98Cf 
I.2R ()!111.74'110 £ 0!119.11971" Q.lOlOII~ 

Q,. $161.77 zs 

~:~(3.40 3 X 105 
yr) 

Mode: 4{91.74 J CJ&), SF(8.26 3 CJ&) 
A: 67388 s keY 

SpA: 0.00424 Ofg 
Prod: daughter mer · 
• multiple n-capture from DSu; 

~ 160211 
Q. lll 11 
Q,. $19111 • 

multiple n-eapture from 239Pu; 
multiple n-capture from ~ 

Alpha Particles (248Cm) 
(a)-46S2.4J keV 

a(kcV) 4(%) 

<f1'16JJIS <0.009" 
493L1s 0.07911 
S034.93zs 16.5417 
S078.45zs 15.14 

248 
97B~(>9 yr) 

decay not observed 
A: 68099 21 lee v 

SpA: <160 0/g 
Prod: 240Cm(cx,pn) 

Q,. 7lSO~ 

248 . 
97Bk(~3. 7 2 h) 

Mode: P-(10 s CJ6), c(30 s CJ6) 
A: 68099 21 keY 

SpA: S.33X10S 0/g 
Prod: mBk(n;r); :wCm{a,p) 

Photoas (~k) 
('Y)•SS6 keY 

1'mo&: 7(kcV) ,(9&)t 

On~ 12.633 O..COIO 
a~ l3.l<C6 -cua 
OnL. 14.939 6JJu 
aL. ls.s& -4 

~\ 
11.314 OJ179JfJ 
18.347 -o.1o 
19.083 · S.1H 

at,r 20.303 -5 

~ 
22366 Ui 
2.(273 -1 
4L310 -o.DI6 
43.399zs -G.002 

Onl<,a 104.586 6.2a 
em·K..t 109.271 9.820 
Q"K,a 109.826 0.01606 
O"K., 115..032 0.0249• 
On~.· 123.059 3.67 
. On~· 127.344 1.2Szs 
cr~· 129.436 o.o093J 
cr~· 133.949 0.003is1J 
-r,£1 5S0.7z 5.0tq 

t unoert(syst): 17% forE, 7.1% for-/3-
29 

Q. 1620 1/0(syft) 

Q,. 1001211 

7s 

Atomk Electroas (248Bk) 
(e)•lO.S zs keY 

ct,m(kcV) (e)(kcV) c(%) 

15 o.06 -o.37 
16 LS -to 
19 033 UD 
20 03 -4 
ll L7 -a 
24 ·0.16 .J.1Jio 
lS 1.0 .Uu 
l6 0.018 -om 

.JS -· 1.0 -3 
36 o.a -2 

37-39 o.20. CI.S2u 
<CO Q.6 -1 

41-90 Q.S3 o.94s 
95-~ o.m o.211n 

'!416 Q.229 o.osslH 
SlS-551 om so 0.01415M 

Continuous Radiation (~k) 
. <P->-174 teV;(m)-o.52 ~ccv 

Et,m(keV) ( }(kcV) . (%) 

0-10 fJ- 0.095 L90 
m o.ooss 

10-20 fJ- .o.2SI L88 
m 0.0095 0.064 

20-40 fJ- 1.10 3.68 
- IB 0.0151 0.053 

40- 100 {J- 7.2 10.4 
IB 0.134 0.162 

100-300 {J- 53 27.2 
IB 0.32 0.26 

300-600 P· 93 21.9 
18 0.027 0:0071 

600-860 P· 20.4 3.06 
ID "I\IV\"7~ nnrvu-,n -



EXPERIMENT RENEWAL FORM 
(Please print or type) 

EXPERIMENT: 

· Electron S~oscopy_ of Actinides 1itle of cxperimenc 

LD.Numbcr. 93-012 
Beamline: 7.0 

Date of Original Fonn!Experiment: . 08 April 1994 
Date of Completion of this fonn: 

ExPERl:.MENTER IN CHARGE: 

Name: 
. A,fiiliatioa: 

DavidShuh 
LBNL 

18 Jan. 1996. 
·. 

Address: 70A-1147~ L:SNL, Be~ley, CA 

.· 

Phone: 

LocalAddless: 
. Local Phone: 

I ($10) 486-6937 · 
MS 70A-1150, LBNL, Berkeley, CA 
(510)" 486-6937 . 

Oteck box if~ewal ~est does not includ~· changes: 0 

Oleck box if Renewal Request includes ch3nges: 

. 

. 

AUachBxperimc:ntModification Fo,m ifcbanges are~ in renewal. 
·. 

l8 Jan. 1996 
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EXPERIMENT: 

EXPERIMENT MODIFICATION FORM 
(Please print or type)_ 

Title of experiment: Electron Spectroscopy of Actinides 
LD. Number. 93-012 

us 02-08 
Rev. 2 

~~-----------------------------------~--------------------------------------------------------------------------------~ Beamline: 7.0 
~~-----~~---------------------------------------------------------------------------------------------------------~ Date of completion of this form: 18 Jan. 1996 
~~-----~--------------------------------------------------------------------------------------------------------------~ 

EXPERIMEriTER-IN-CHARGE: 

Name: I David Shuh 
Office Phone: (510) 486-6937 

List modifications to the experiment (completed by Experimenter In Charge) 
(Operations Cooldiqator will dctconine type of cbaagc} 

aeaver installed in medal' prep chamber to permit cleavage of~le ingot 

Four s~les allowed on the ALS floor at any one time. 

Two samples permitted in the vacuum chamber simultaneously. 

J.naeased amount of sample materlals permitted·for·e · 
. 

ts: 
. 

0.5% limit b'pA Allowed- Mass 

238 uranium 75p.Ci 3.33x 10"7-atg ;...2g 

237 neptunium 75nCi 7.0S.x lo-' atg 100 p.g -

242 plutonium 75nCi 3.926 X to-a a/g 19 p.g 

248curium 75nCi· 4.24 X 10"3 Ci/g 17p.g 
.. 

Addition of three new elemeri.ts: 
. 

0.5% limit SpA Allowed Mass 

99 technetium 15 fJ.Ci 1.7 X 10"2 a/g ·440 J.1g 
243 amencium 75nCi 0.199Ci/g . 375ng 
232 thorium 750nCi 1.1 X 10"' Ci/g 145mg 

Schedules from ALS Experiment Form Attached: Schedules A and attachment 

18 Jan. 1996 
Signature!Experimenta:-in-Olargc Date 

OR 

Type of Change 
Minm: ~ignificant 

. 

. 

. ( 

. 

. 
. .. 

I 

Approval/Operalions Coordinatol' Approval/ALS EH&S Program Manager Date 
or Designee 

31 
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w 
N 

Substance 
(Include samples and 

CAS No.-lf applicable) 

• 
t ) v'Zt V\ l uvV\ - 2- '?> f8 

\IU. o\-vvu u~vl- 2-"b1-
. dv~(0:M -2-~2 

I 

C!.,.A...;Y' l Uvv'\ - Z-'-l '8 

C. \"A.Q, V' \ CA U\A''\ - Z.4J 

4-ec~+\u\,.L-1 -'14 

. .(\ lrll/'1 l )vv"\ - 2-~ '2. 

•, .. 
' 

Radio Total 
Active Cryogenic* Flamm. Corrosive Carcinogenic Volume 

.J.t--5 NO ,...ro c--''b N'O •'1-tu: . 
"f-5> r--J'C ~ tJI() \-.lo I 'f.~~ 
'-% N() tJ'O ~C> NO 

1-'> . .so NO NO t-Jt) ~ 
U)t;> f'.Jo \'lo No """"o ~ 

1-es Nb NO r--ro 1---l() f3'1lo';c, 

li\P-~ t-Je' N'O .....,0 ~0 
-'J. 

l #Ot.r.; 

., 

Quantity 
Required 
on Floor 

£5"t:} 

~~ 

~B . .M-}J. 

35'~ 

t.lt/vtc;r 
~.Ac:a-

IL/Gtw1f" 

State 
(gas, solid, 
or liquid) 

~\.0 

~\.1;:::::> 

5CU.!:7 

~!? 

~I.J::;' 

~L·~o 

""Vv" .0. 

Point of 
Discharge 
(air, water 

waste, none) 

1\X).J, 

t-.~0\.1~ 

cJct.I{[' 

NOtJ~ 

N'Ot.J(" I 

f'JoN t I 

t-Jor~<:' 
i 

· . .' 

• Cryoger:tlc systems can be po,rtential pressure hazards. Therefore, the design of cryogenic systems must be reviewed by a qualified LBL mechanical 
engineer. Precautions when handling cryogen!~ are described In Chapter 7 of PUB·3000, with additional Information found In Chapter 30. . 

en g. 
~ 
c: 
ro-
f:' 

f 
:::J. 
~ 
(/) 

'§ 
~ :::::: 

p 
z 
c 
3 g 
:1 



Addendum to the ALS Experimental Safety Form 
Renewal for Cm Mi.crospot Experiments 

Jerry Bucher, Actinide Chemistry Group, CSD, LBL, (510) 486-4484 
Norman Edelstein, Actinide Chemistry Group, CSD, LBL, (510) 486-5624 

David Shuh, Actinide Chemistry Group, CSD, LBL, (510) 486-6937 

02Nov.1994 

This is an addendum to the ALS Experimental Safety Form Renewal for the 
continuation of curium microspot experiments on beam lines 7.0 and 10.3.1. There 
is the addition of the low activity isotopes 238u, 237Np, and 242pu to the list of 

permissible sample materials. There will also be continued use of 248cm. These 

materials are alpha~emitters with negligible gamma fields. 

The samples to be examined immediately will be 248cm to complete work on 

curium and the initial investigation of one or more of the other radionuclides, time 
permitting. The preliminary date for the next run of these sample materials has 
been tentatively schedule~ on 15-18 Nov. 1994 With beamline 7.0 personnel. All 
procedures requiring EH&S assistance will be scheduled as far in advance as 
experimentally feasible. 

The previous addendum to the original ALS Experimental Safety Form, an example 

of the radiation survey logsheet, the previously approved RWA (RWP), and copies of 
pertinent information relating to the radionuclides of interest are attached to this 
addendum. 

PROCEDURES 

Sample Preparation 

The sample preparation will follow the previously approved procedures. However, 
the initial experience gained from sample preparation and experimental work at 
beamline 7.0, will allow the use of even less radioactive material than before. This 
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safety addendum reflects material amounts used at the previous levels. All sample 

preparation and characterization of the activity of the samples will be done in Bldg. 

70A-1129, 1145 under existing RWA procedures. The radionuclides used as sample 

materials will be prepared by dilution and delivered to the surface of a Pt counting 

disk or to a graphite disk (with a tJrin layer ofPt on the backside) using a microliter 

pipette. The resulting material will be primarily oxides of the particular 

radionuclide. The aqueous solvent will be removed by inductive heating. The 

radionuclide will be bonded to the substrate during this process as well. The 

samples will be observed under a microscope and the radioactivity characterized in 

a calibrated alpha spectrometer to determine the total activity. Each sample will be 

limited to a maXimum of 20 nCi total activity and less material will be used when 
possible. The amount of material will be typically around lp.g or less. The adhesion 

of the radionuclide to the substrate will be determined by testing sample structures 

to ensure that there is no loose active material. The sample will be loaded onto the 

sample holder to be used on beamHne 7.0 or 10.3.1 at this time. Thus, there will be 

no handling of the sample on the experimental floor with exception of unpacking, 

loading, unloading, and re-packaging to transport back to the 70A-1129,1145 

laboratories. The properties of the various isotopes to be used as sample materials 

and the allowable (20 nCi) limits are summarized in Table I. The sample isotopes 

are never completely isotopically pure, thus a substantial portion of the total 

· activity of the radionuclide sample may result from trace amounts of isotopic 

impurities. 

ALSPROCEDURES 

Only one sample at.a time will be brought to the ALS and there will be only one 

saniple resident on the ALS floor at any time. Sample identification and the results 

of the alpha spectroscopy (total activity) will be provided to the ALS EH&S monitor, 

as well as to ALS control room and operations personnel when the sample is 
brought to the ALS. . . 

The sample will be packaged and removed from the· preparation laboratories in 

conjunction with .. EH&S, as per standard operating procedures. The sample 

container will be labeled 11CAUTION-Radioactive Material .. to warn personnel that a 

radioactive source is present. The samples will be transported to the ALS, with 

prior notification of the ALS EH&S monitor, in accordance with EH&S regulations. 

34 



Swipes of the sample will be taken by the EH&S monitor upon placement in the 

chamber and after each use of a sample. The sample will be lo~ded into the 

experimental chamber with a procedure utilizing laboratory coats, gloves, alpha, 

meter, TLD/film badges, and beta-gamma meters that will be brought to the ALS by 

appropriately trained/supervised personnel from the Actinide Chemistry Group. 

· The sample chamber or endstation will be labeled .. CAUTION-Radioactive Material .. 

to warn personnel that a radioactive sample is present. 

Beamline 7.0 

The radionuclide substrate and microsample will be affixed with spring-loaded clips 

or spot-welded clips to the sample holde:f"from beamline 7.0. The sample will be 

loaded into the sample load lock immediately. The sample will be transferred under 

vacuum into the photoemission spectrometer on beamUne 7.0 (Eli Rotenberg and 

Jonathon Denlinger, local contacts). The sample may require a brief :lon 

bombardment to clean the surface, then the electron spectroscopy measurements 

will be performed. 

The sample will be removed from the chamber, swipes taken of the sample transfer 

apparatus, and returned to 70A-1129,1145 for assay. Swipes of the· vacuum 

chamber will be taken after the chamber is vented to atmosphere for the first 

convenient opportunity following the completion of these experiments. The total 

activity of the sample will be determined to ensure that no material has been lost. 

The sample will be re-counted and the results given to the ALS Safety Officers. 

Radiation survey logsheets will also be given to EH&S personnel. At this time, 

another sample may be taken to the ALS by the aforementioned procedures. 

Beam1ine 10.3.1 

These experiments are in the process of being scheduled. The procedures for the 

microprobe beamline experiments will be the same as detailed for beamline 7 .0, 
with the exception that the samples do not have to be placed in a vacuum chamber. 

Thus, the same counting, transportation, and swiping protocols will be. employed. 

The sample will be brought to the ALS in a closed container already mounted on the 

microprobe sample holder contained within m·ultiply sealed 0.00211 polyethylene 
bags or other multiply-contained sample holder. 
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