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7 In the Matter of ) Docket Nos. 70-00270'

8 ) 30-02278-MIA
| 9 THE CURATORS OF )

10 THE UNIVERSITY OF MISSOURI | ret TRUMP-S Project
,

11 )i

12 (Byproduct License )
13 No. 24-00513-32; ) ASLBP No. 90-613-02-MIA >

14 Special Nuclear Materials )
15 License No. SNM-247) )

!

16 )i

17 AFFIDAVIT OF DR. J. STEVEN MORRIS
18 ptEGARDING PLUTOMIUM 00MTENT

19 I, J. Steven Morris, being duly sworn, hereby state as
4

20 follows:

21 1. I am Interim Director of the University of Missouri-
22 Columbia Research Reactor Facility ("MURR"), a position I have
23 held since March 1, 1989.'

24 2. I received a B.S. in Chemistry from Central Missouri :

25 State University in 1966 and a Ph.D. in Chemistry from the
26 University of Missouri-Columbia in 1973. I have been employed at'

27 the MURR since 1973, in the positions of Radiochemist (1973 to
28 1975), Research Scientist (1975 to 1978), Sr. Research Scientist
29 (1978 to 1983) and as Group leader, Nuclear Analysis Program
30 (1983 to present), a position I hold concurrently with that of
31 Interim Director.

32 3. In the foregoing positions I have had a variety of f

33 responsibilities of progressive importance under the NRC licenses
34 relating to the MURR held by the Curators of the University of
35 Missouri (" Licensee"). For three years (1975 to 1978) my job
36 responsibilities at the MURR were principally that of reactor
37 chemist. As such, my group evaluated all experiments involving
38 the use of the reactor. This group was responsible for all

'

39 chemistry quality assurance measurements as required by Reactor
40 License No. R-103, Material Licenses No. SNM-247 and'
41 No. 24-00513-32, and the Technical operating specifications.
42 During this period of time, and afterwards, I have conducted,

.'

43 supervised and published research related to the reactor
44 chemistry function. From 1978 to the present, I have continued ,

45 to have responsibility for the reactor chemistry function in a
46 supervisory capacity. In 1988, I supervised the development of
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i *1 the quality assurance program for another MURR materials license.
2 Since 1978, I have served as a member of the Safety Subcommittee

;

3 of the Reactor Advisory Committee at MURR. This Subcommittee, by
4 charter, must review all changes in the operation, maintenance or'

5 utilization of the reactor that have any safety significance.
6 Hence, based on my education and experience, I am qualified to
7 evaluate the isotopic composition, quantity and safety
8 significance of the plutonium involved in the TRUMP-S experiments
9 at MURR under the amendment to NRC License No. SNM-247 issued on

10 March 19, 1990.

i 11 4. I have reviewed the Written Presentation of Arguments of
12 Intervenors and Individual Intervenors ("Intervenors' Written
13 Presentation") (October 15, 1990) including Exhibit 1 thereof,
14 and other relevant materials, including Intervenors' Renewed
15 Request for Stay Pending Hearing (" Renewed Stay Request")

.

16 (October 15, 1990). I have also reviewed the Summary of Actions
17 Taken During Conference Call of October 19, 1990 (" Summary of'

i 18 Actions"), which requires that:

19 "a. Licensee will respond to Intervenors' allegation
20 that the plutonium possessed by Licensee exceeded 2
21 curies and that Licensee possessed plutonium in excess
22 of the amount authorized by the subject license
23 amendment; "

. . .

24 Summary of Actions, at 3. Finally, I have reviewed the
( 25 Memorandum and Order (Grant of Temporary Stay) (" Temporary Stay

26 order") (issued on October 20, 1990, reissued with editorial
27 changes on October 22, 1990).

28 5. Intervenors have alleged that the Licensee's application
29 dated February 20, 1990 for amendment of NRC License No. SNM-247
30 (the " Application") was deficient because it failed to identify
31 accurately the isotopic composition and curie content of the
32 plutonium to be used by Licensee in the TRUMP-S experiments.
33 Intervenors' Written Presentation at 16-19. They also allege
34 that the Licensee possesses unlicensed plutonium. Id. at 19.

35 6. These allegations are based upon numerous errors by
36 Intervenors and their experts in Intervanors' Written
37 Presentation, including the principal exhibit thereof, Exhibit 1,
38 " Declaration of the Review Panel." Because of the large number
39 of such errors, this response must necessarily be quite
40 comprehensive and will include discussions of the following:

1
'

41 1.) The impurities required to be identified in an NRC
42 license application are any significant contaminants,
43 taking into account their dose contribution.

44 2.) The Licensee's Application did not exceed the 2 Ci
45 quantity of plutonium specified under 10 CFR $ 70.22(i).

2
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1 3.) The plutonium that the Licenses has received is a
,

2 single 5 gram lot of New Brunswick Laboratory (NBL)
3 Certified Reference Material (CRM) 127, formally

,

,

! 4 National Bureau of Standards (NBS) Standard Reference .

5 Material (SRM) 945. |

| 6 4.) Laboratory analyses of the five grams of NBL CRM 127 '

| 7 and associated documentation demonstrate that Licensee
| 8 has correctly identified the isotopic composition of

9 the plutonium on its Application. ;

h
'

10 5.) The 8"Pu and acAn present in such plutonium are not'
.

11 significant contaminants, in the context of the neg3'

12 and 8"Pu standard material of which they are ':

: 13 impurities, and therefore are not required to be
! 14 identified on a license application.

15 6.) The total activity of the five grams of NBL CRM 127
16 that Licensee currently possesses and the ten grams

i 17 that Licensee could possess under the 10 gram license r

| 18 limit are less than 2 Ci including the acPu impurity.
,

19 7.) The Intervenors have misrepresented the curie content *

20 of plutonium that appears in the Application which in
,

21 turn potentially misled the Presiding officer. -

22 8.) The Intervanors' experts (TRUMP-8 Review Panel) have
23 misrepresented the availability of plutonium with low
24 isotopic composition of :"Pu. .

25 9 . ,\ The Intervenors' experts (TRUMP-S Review Panel) have
26 selectively misused isotopic composition data.

27 10.) The Intervenors' experts (TRUMP-S Review Panel) have
28 m!scalculated I"Pu activity.

29 11.) The Intervanors' experts (TRUMP-S Review Panel) did not
30 consider obvious sources such as the National Bureau of
31 Standards and New Brunswick Laboratory for obtaining
33 certified plutonium reference standards.

33 12.) The Intervanorsi experts (TRUMP-S Review Panel) only
34 considered activity and ignored the concept of
35 effective dose equivalent.

36 Backaround--Plutonium Isotonic Comnesition

37 7. In filing its Application for amendment of the SNM-247
38 license, Licensee followed Regulatory Guide 10.3, " Guide for the
39 Preparation of Applications for Special Nuclear Material Licenses
40 of Less Than Critical Mass Quantities" (RG 10.3). Section 4.3,

3

'
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j 1 " Specifications of Special Nuclear Material", provides the
'

2 specific guidance pertaining to the description of the isotopic'

i 3 composition. The pertinent part of Section 4.'3 statest j
:

4 "The special nuclear material requested should be ,

| 5 identified by isotope, chemical or physical form,
'

; 6 activity in curies, millicuries, or microcuries, and |
i 7 mass in grams. Specification of isotope should include :

8 principal isotope and sienificant contaminante. Major
! 9 dose-contributina contaminants present or expected to
i 10 build up are of particular interest." (Raphasis added)

| 11 8. Licensee knew that the plutonium to be supplied for the
| 12 ities of radioactiveTRUMP-S research progect would contain impg{Am.isotopes, including Sha and its daughter However, for the| 13

14 reasons set forth below, such impurities did not have to be
,

! 15 identified in the Application. Moreover, even if they had been
16 included, Applicant would not have exceeded the 2 curie level of'

17 plutonium requiring the Licensee to address the need or actually,

| 18 submit an emergency plan under 10 CFR 5 70.22(i) .1/

Licensee'spositionthatitgistedtheappropriate19 9.
' D%1 did not need to be

,

20 isotopes in its Application and that
21 listed is based on RG 10.3. As can be noted from the emphasized
22 language in RG 10.3 quoted above, only "significant contaminants"
23 are to be specified in an application, and significance is based

,

24 upon the dose contribution of such contaminants in the context of
25 the principal isotopes. The key term is dose-contributing. The
26 applicability of reporting a minor or trace constituent depends
27 on the dose that constituent contributes relative to the dose of
28 the major constituents--in this case "*Pu and a# u. To addressP
29 this further requires first that the record concerning the actual
30 plutonium content be set straight.

31 Plutonium Certified Reference Material (NBL CRM 127)

32 10. The plutonium for which the Licensee applied and
33 received authorization under License No. SNM-247 is a high-purity
34 (99.8%) plutonium standard. Originally the material was

i
35 1/ Nevertheless, as discussed in more detail in the Affidavit
36 of Walter A. Meyer Regarding Emergency Plan, the University
37 of Missouri Research Reactor (MURR) Facility Emergency Plan
38 does apply to the TRUMP-S activities. That Plan, along with
39 the NRC correspondence related to its acceptance, is part of
40 the supplement to the hearing file that was provided to the
41 Intervenors and the Presiding Officer by the NRC Staff on
42 August 16, 1990. Moreover, the Plan and associated
43 procedures had been voluntarily made available to
44 Intervenors by the Licensee on June 26, 1990.

4

_..__ _ _ _ . _ . _ _ _ _ . _ . _ _ _ _ _ . _ . _ _ _ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ __._ _.



- - - - _ _ - . _--- --. . - - . - - - - - - - - - - - - - _ - .._ __

i

'

.
.

! i

1 available from the National Bureau of Standards (NBS) 1/ as.

2 Standard Reference Material (SRM) 945. In 1987, NBS SRM 945 was
3 transferred to the New Brunswick Laboratory (NBL) and became

'

4 Certified Reference Material (CRM) 127. Copies of the
5 " Certificate of Analysis" for NBL CRM 127 (Attachment 1), the
6 " Certificate of Analysis" for NBS SRM 945--the previous NBS
7 designation for this material (Attachment 18), DOE /NRC Forn 741
8 (as completed by the NBL when the material was originally shipped
9 to Rockwell International) (Attachment 2), and Form DOE-CH393(10-

10 79) (also completed by NBL) (Attachment 3) are attached. The
11 shipping papers and Form 741 (Attachment 4) for the transfor of

j 12 the NBL CRM 127 from Rockwell International to the NURR at the
13 University of Missouri-Columbia are also attached.

j 14 11. Forms 741 and CH393 (Attachments 2 and 3) were
'

15 available to the Licensee at the time the Application was
16 prepared. Data from these forms were used by the Licensee in
17 completing that part of the Application regarding isotope
18 composition. These forms include information on both NBL CRM 115
19 (75 grams of depleted uranium) and NBL CRM 127 (5 grams of'

20 plutonium metal) because these two materials were shipped
21 together by the NBL.

;

22 12. Form CH393 lists the total activity for both NBL CRM
23 115 and NBL CRM 127 to be 390 millicuries which essentially can
24 be attributed entirely to the plutonium standard 2/. The

l 23 plutonium is listed as 4.72 grams D'Pu and 0.279 grams auPu.
26 These masses of 2"Pu and 2aPu translate to 94.42 and 5.58 weight

u9Pu and I"Pu, respectively. These are precisely the27 percent for
28 numbers used by the Licensee in the Application. See page
29 1,12 (d) of Licensee's Application (Attachment 5) .

30 13. On Form 741,IMNBL did not list IU 20Pu or Am. On Form
31 CH393 it did not list Am, and it checked 20Pu as present but

leftthegramcontentasblank. The reason that quantities for32
2aPu and IMn were not listed was that they are present only at33

34 trace levels. Since Licensee knew that trace levels of these,

35 isotopes not listed on the shipping documents could not be
36 significant contaminants in the context of the 2nPu and 8"Pu, it
37 did not list them on the Application.

8MPu and IMAM is shown in the38 14. The relationship between
39 following equation:

40 i"Pu,4 ruAmg + 'S,3

41 2/ NBS is now known as the National Institute for Standards and
42 Technology (NIST).

'

43 2/ The 75 grams of depleted uranium accounts for only ~30pci
44 (0.03 mci) of the total activity for that shipment.

5
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8'1Pu is almost1 of particular note is the fact that the decay of
2 entirely via beta emission (99+ 4) and only a small fraction via
3 alpha emission (0.00245%). The radiological risk due to

,

4 plutonium is essentially entirely due to the internal dose, and I

5 alpha emitting isotopes are of much greater concern than beta
6 emitting isotopes. Therefore, the alpha amitting Pu isotopes are

341Pu does7 of principal regulatory interest, and the beta-amitting
8 not contribute significantly to the overall potential dose,

9 assessment in high-isotopic-purity samples such as NBL CRM 127.
8'110 The a41Am that builds up from the decay of Pu is an alpha

11 emittert however, it does not contribute significantly to the
12 overall dose because its specific activity (curies / gram) is a
13 f actor of 30 less than that of a41Pu which is already at a trace
14 level with respect to mass.

15 15. The certificate for NBL CRM 127 lists the 8'iAn content!

341Am16 from the beta decay of 8''Pu to be approximately 146 pg of
17 per gram of plutonium as of September 1970. The certificate also

241
,

18 states that the build up of Am is less than 150 pg per gram of'

p'lutonium per year. From these two values and the half-lives of19
'Pu and 24 Am, reasonable estimates can be computed regarding the20

; 21 present-day levels of these isotopic impurities. The
22 calculations have been summarized and attached (Attachment 6) .

I'1Pu and23 The isotopic distribution for NBL CRM 127 including the
24 241Am impurity levels are given in Table 1 below.

| 25 Table 1. Total mass and activity for each plutonium isotope in
26 CRM-127 as of September 1990 A/.

27 License Limit at
28 MURR is 10 grams
29 Isotoo_e vt. t grggg curies

30 2MPu 94.42 9.44 0.586
31 240Pu 5.58 0.558 0.126
32 I'1 Pu (#) < 0.1 < 0.01 <1

1 33 i'2 Pu < 0.1 < 0.01 < 4 x 10 5
34 241Am < 0.2 < 0.02 < 0.07

35 total plutonium alpha 0.712 Ci
36 total alpha activity (including
37 americium) 0.782 Ci
38 total plutonium activity (a + $) 1.71 Ci

39 f/ Data are taken or computed fr.om Forms 741, CHT93 and the CRM
40 127 certificate. Less-than values (<) result from
41 calculations based on less-than values in the certificate.
42 The plutonium was received by Licensee in September 1990.

6
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i 1 16. In addition to the data in Table 1 from the NBL CRM 127
| 2 certificate and other documents, the isotopic composition was

'

| 3 determined in 1975 at Los Alamos National Laboratory (LANL) . A
4 copy of a 1982 letter to Dr. Thomas Gills at NBS discussing these
5 analysis results is attached (Attachment 7). The data in the!

6 table on page two of that letter, under the "Feb-1975" column
7 heading are given in atom percent. These data converted to
8 weight percent and decay corrected to September 1990 (date CRM
9 127 standard was received at MURR) are given in Table 2.

10 Table 2. Isotopic composition (rt%) and curies per 10 grams for
11 NBL CRM 127 (NB8 SRM 945) from 1975 LhNL taalysis decay corrected
12 to september 1990.,

13 Pu Isotooe wt. t curias car 10 arama

14 zuPu 0.0081 0.014
15 2nPu 94.2 0.584

240Pu 5.52 0.12616
17 tuPu 0.116 1.21
18 242Pu 0.018 < 1 x 10''
19 total alpha activity 0.728 1/
20 total plutonium activity (a + #) 1.94

21 These results are in good agreement with those reported in
22 Table 1, especially for the major isotopes, E"Pu and i'0Pu. In'

23 addition, the atomic weight computed from the atom percent data
24 given in the 1982 letter discussing the 1975 LANL analysis
25 (Attachment 7), and the atomic weight of the plutonium isotopes

t 26 as given in the Chart of the Nuclides is 239.11. This is in
27 excellent agreement with the value of 239.12 as given in the 1973
28 NBS certificate (Attachment 1B) and the NBL certificate
29 (Attachment 1) for this plutonium standard.

30 Intervenors Have Misreoresented Licensee's Aeolication- .07 Ci is
31 not 0.71 ci

32 17. Intervenors have argued in their direct case that the
33 Licensee has failed to comply with 10 CFR $ 70.22 (a) (4) . They
34 begin this argument by stating:

35 " Regulatory Guide 10.3 is of considerable significance
36 in this respect, and should be read in its entirety."
37 (Emphasis added) Intervenors' Written Presentation at
38 10.

39 h/ Does not include tuAm data.

7
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|,2 Intervanors continue at pages 10 and 11 to quote a part of1 i

Section 4.3 of RG 10.38
1

3 "The special nuclear material requatted should be
: 4 identified by isotope, chemical or physical form,

activity in curies, mil 11 curies, or microcuries, includeand5,

mass in grams. Specification of isotope should| 6
7 principal isotope and significant contaminants."

,

!

8 Note that even though Intervenors have in structed that RG 10.3,

9 should be read in its antiretv, they convimien'.ly conclude their i

10 quotation of section 4.3 immediately prior to the following
,

,
11 sentences

,

,

12 " Major dose-contributina contaminants present or
13 expected to build up are of particular interest."
14 (Emphasis added)

15 This sentence is critical in deciding what impurities should be
16 listed in a materials license application. It establishes that a

. 17 major factor in the decision is dose-contribution, not merely
| 18 activity. This omission is relevant and will be further
i 19 discussed below.

20 At page 16, Intervenors state:
,

21 "There is realistically no way that the authorized 10
22 grams of plutonium would contain only 492 curies, as4

23 claimed by the University at page 1,1 2(d) of the
24 application." (Emphasis added)

25 At page 17 Intervanors state:

26 a... Absent such an affidavit, the University's
27 extraordinary representations that the plutonium
28 represents only tal curies, obviously based on hearsay,
29 borderi..g on fantasy, cannot withstand Professor Warf's

| 30 analysis." (Emphasis added)
|

31 At page 18 Intervenors statet

32 "The definition of 5 70.4 (r) excepts research and,

i 33 development activities utilizing ' unsubstantial-
34 amounts' of plutonium. Believing that only AAI curies
35 of plutonium were involved, the staff might reasonably
36 conclude that this is an " unsubstantial amount" and
37 therefore not within the definition." (Raphasis added)

38 18. In each of these statements, Intervenors state that the
39 Licensee has represented in its application that the curie
40 content of the 10 grams of plutonium requested is 22 curies.
41 This is D21 correct. In the Application at page 1,1 2 (d)

8

!
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(Fatachment 5 Licensee correctly listed the total activity of| 1 'ne"Puand)gPu as 710 aci, 10 times the number stated by,

2 ,

3 Intervanors.

.
4 19. Licensee notes that Intervenors filed Intervenors'

i 5 Correction on this point on October 25, 2.990. Licensee does not
! 6 agree that the substance of the points is not affected by the
1 7 error--especially given the sarcastic rhetoric used by the ;

8 Intervanors. The misstated curie content could well have
| 9 influenced the Presiding officer's decision to temporarily stay j

10 the experiments. The curie content is correctly stated in
i 11 Intervenors' Exhibit 1, however there is no indication in the
; 12 Temporary Stay order that the Presiding Officer had observed the

13 discrepancy and was acting on the correct version. At any rate,
14 the error reflects on the competence of the Intervenors, not the
15 Licensee. Unfortunately, it was not perceived that way by the

i 16 Presiding officer or the local and national media, which have
17 characterised the Licensee as incompetent based on language used
18 by the Presiding officer in the Temporary stay order that was put
19 in place prior to allowing Licensee to respond.

I 20 Intervenors Have Misrenresented the Availability of Plutonium
21 with Low Isotonic Comoosition of Pu-241

.

22 20. Intervenors argue that all plutonium must contain at
23 least 5.3 Ci of 3"Pu per 10 grams of total plutonium, and perhaps
24 as much as 120 C1. Intervenors' Written Presentation at 16 and
25 Exhibit 1 at page 9, 127 and 129. They then contrast this with
26 the .07 Ci of total plutonium that they contend the Licensee used
27 in its Amendment application. As Licenses has now shown, the
28 quantitative aspects of the Intervenors' argument are entirely,

| 29 incorrect. The .07 Ci figure for plutonium alpha activity should
30 be 0.71 Ci and the 5.3 to 120 Ci range for auPu beta activity
31 should be = 1 Ci in the case of 10 grams of the NBL CRM 127
32 plutonium standard.

33 21. Intervenors at page 17, citing Dr. Warf and the " TRUMP-
34 S Review Panel" 1/, 2/ have argued that Licensee should
35 demonstrate the actual isotopic composition of the plutonium that
36 it possesses. Licensee has shown by certificate of Analysis,
37 issued first by the United States National Bureau of Standards
38 (Attachment 1B), that CRM 127 has a different isotopic

39 f/ At Exhibit 1,13, the Intervenors TRUMP-S Review Panel is
40 defined to consist of James C. Warf, Daniel Hirsch,
41 Sheldon C. Plotkin, Miguel Pulido and Lowell Wayne.

42 2/ The Exhibit 1, Declaration of the Review Panel, paragraphs
43 relevant to this discussion include but may not be limited

| 44 to 515 through 136 inclusive (pages 6-11), 154(a) (page
1 45 15), and Appendix I (no page number).

9
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1 composition than those materials cited by Warf A/, et.al, at'

,

j 2 Exhibit 1,117 and 118 and in Appendix I of Exhibit 1.

3 22. Dr. Warf, et al. , have stated at Exhibit 1, page 7,118:
4 "The lowest figure we have seen reported for 8"i is 0.44 wt4 for

.

5 twenty-year-old plutonium, which would result it about 0.53 |,

6 C1/ gram WG-Pu 1/, or ten grams representing abot ,5.3 curies j'

! 7 total." In point of fact, 0.44 wt4 is:
'

8 0.0044 x 103 Ci/g 12/ = 0.45 C1/g

9 Therefore 10 grams would be 4.5 Ci not the 5.3 Ci reported by the
10 TRUMP-S Review Panel.

SH11 23. The fact that the lowest percentage of Pu found by
i 12 Dr. Warf and the Review Panel in the literature was 0.44 wt% is

13 irrelevant. Licensee has shown that a certified reference
14 material exists that is considerably lower. This reference

,

15 material was once available from the National Bureau of Standards
16 (NBS) and now from the New Brunswick Laboratory (NBL) and is
17 listed in catalogues from both of these agencies.

18 24. It is astounding that a scientist concerned with the '

19 development of chemical or physical methods would not consult the

20 1/ As a separate point Intervenors have been critical of
21 Licensee (specifically Dr. Morris) in his citations of
32 release factors, accusing him of citing only low values
23 rather than representative values (list, Intervenors'
24 Written Presentation at p. 39 and Exhibit 1, p. 21, 1 73).
25 Justification for these citations will be given in
26 Licensee's response to be filed as part of its direct case.

27 The following is of interest: Warf, et.al.,at 117 of
28 Exhibit 1, has listed data " adapted from J.C. Warf, All
29 Thinos Nuclear, page 117".

Acopg'Puandofthatpageisattached2430 (Attachment 8). The entries for Pu are of
31 particular interest because in his book, Dr. Warf cites D'Pu
32 to be 92.0-92.4% and selects 92.0 to enter in Table I of

833 117, Exhibit 1. On the other hand, for "Pu, Dr. Warf cites
34 the range to be 1.7-2.0% and selects 2.0% to enter in
35 Table I. Licensee would be interested in receiving Dr.
36 Warf's technical rationale for selecting the low and of the
37 D'Pu range and the high end of the 8"Pu range.

38 2/ Licensee believes that WG-Pu stands for weapons-grade
39 plutonium.

40 12/ The 103 Ci/g factor for ruPu is taken directly from Exhibit
41 1, Appendix I. Licensee has checked this factor and agrees
42 that it is correct.

10
|
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1 National Bureau of Standards (formally NBS, now NIST) prior to
.

2 concluding that a desired material or method was not available.
3 The NBS has both a national and international reputation in the
4 development, characterization and distribution of standard
5 reference materials. In fact, the NBS was established as a >

6 methods and materials resource by an act of Congress on March 3,
7 1901. They have catalogued their materials and services since
8 1906 (Attachment 9)11/.

9 25. Had Dr. Warf, or others on the Intervenors' TRUMP-S
10 Review Panel checked any recent NBS catalog, up to 1987
11 (Attachment 10)12/, they would have foundt

12 1.) The catalogs (up to 1987) contain plutonium standards,
13 even some technical information concerning isotopic
14 composition for some of the standards.

15 2.) Addresses and telephone numbers to obtain more
16 information specific to special nuclear materials.

17 3.) An open letter of invitation to users from S.D.
18 Rasberry (Chief of the Office of Standard Reference
19 Materials) beginning with the words: "Please do not
20 hesitate to call us if you have any questions about the
21 SRMs (Standard Reference Materials) described, their
22 availability, or if you cannot find what you need."

23 26. In the most recent NBS SRM Catalog (1990-91)
24 (Attachment 11)12/, information is included directing
25 inquiries concerning special nuclear material standards to the
26 New Brunswick Laboratory (NBL) even though the NBS had
27 transferred responsibility for distribution of SNM materials to
28 NBL on October 1, 1987.

29 27. Had Dr. Warf or other members of the TRUMP-S Review
30 Panel pursued their interests in plutonium to the New Brunswick
31 Laboratory, they would have discovered a number of plutonium

32 11/ Attachment 9 is a copy of the cover, and inside cover page,
33 of the 1982-83 Edition of the NBS Standard Reference
34 Materials Catalog recognizing their 75th anniversary.

35 12/ Attachment 10 consists of a copy of the cover of the 1986-87
36 Edition of the NBS SRM Standard Reference Material Catalog,
37 an open letter to users from Chief Rasberry, and page 78'

38 illustrating information on plutonium standards.

39 12/ Attachment 11 consists of the 1990-91 Edition NBS SRM
40 Catalog cover page and page 10 directing inr.uiries on4

41 special nuclear materials standards to the New Brunswick
42 Laboratory.

11
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1 standards (Attachment 12)11/ are available. For some of
2 these--for example, CRM 138 listed on catalog page 5, see
3 Attachment 12--there are data in the catalog showing isotopic
4 compositions of auPu less than the 0.44 wt.4 that Warfg at.al.,
5 state is "the lowest figure we have seen reported for "Pu in
6 weapons-grade plutonium...."(Intervanors Exhibit 1, page 7, 118).
7 Whether or not the material is weapons grade plutonium is
8 irrelevant. For any of these materials, including the CRM 127
9 standard being used in the actinide experiments at the NURR,

10 information can be readily obtained by calling the New Brunswick
11 Laboratory.

| 12 28. These steps just outlined are not difficult nor

| 13 innovative. They are ones taken every day by working scientists
14 and engineers around the world. The question remains as to why,

15 the TRUMP-S Review Panel did not check with such an obvious
16 possibility as the National Bureau of Standards for information
17 on the availability of a standard before they took this
18 litigation down such _ a non-productive pathway that departs so

i 19 greatly from any legitimate concern regarding public safety.

20 Relative Radioloalcal Harards of the Plutonium Isotones

21 29. Although the activity of acPu is greater than the
22 activity of D'Pu and #dPu, the radiological hazard associated
23 with roPu a beta emitter, is much less than that associated with

u9Pu and I"Pu, both of which are alpha emitters. This difference24
25 in radiological risk is reflected in the Nuclear Regulatory

; 26 Commission regulations, gag 2, 10 CFR Part 20, Appendix B, and
27 10 CPR Part 71, Table A-2. Part 20, Appendix B, permits
28 concentration in air above background for '"Pu at a level 50
29 times greater than for the alpha-emitting Pu and aqPu isotopesEM

30 (solubic). Similarly Part 71, Table A-2 defines the activity
; 31 limits not to be exceeded for shipping Type A quantities of

32 radioactive materials. The ruPu activities listed in this table'

33 are at least 50 times greater than the corresponding onen for
34 I"Pu.

35 30. This factor of 50 also appears in NUREG-1140, "A
36 Regulatory Analysis on Emergency Preparedness for Fuel Cycle and

'

37 Other Radioactive Material Licensees - Final Report" (Jan 1988)
38 which was prepared by the NRC in considering whether emergency
39 preparedness requirements should be imposed on certain fuel cycle
40 and radioactive materials licensees. Table 13 of NUREG-1140,
41 " Quantities of Radioactive Materials Requiring Evaluation of the
42 Need for offsite Emergency Preparedness" (based on 1 rem

43 11/ Attachment 12 consists of pages from the most current
44 edition (1988) of the New Brunswick Laboratory catalog of
45 Certified Reference Materials.

12
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1 effective dose equivalent outside the building), identifies a
'

2 dose conversion factor (in rem /pci inhaled) for many radioactive
3 materials and, taking into account solubility class and release

1 4 fraction, calculates a quantity for each material that would
5 require evaluation for need for emergency preparedness. For
6 1"Pu, 2"Pu and 8"Pu, these result in action levels of 2, 2 and

,

7 100 curies, respectively."

8 31. These numbers point up the misleading nature of.

incorrectly derived, as shown above) quantities of ged (and'Pu, N# u and
Intervenors' argument. By simply adding their alle9

P10
11 auPu, they have argued that Licensee exceeds the 2 curie level

i 12 for plutonium set forth in 10 CFR $ 70.22(1) . As demonstrated
13 above, even if beta activity is blindly added to alpha activity,

,

14 Licensee does not exceed the 2 curie level.'

15 32. But, if any attempt is made to calculate rationally the
16 dose contribution of the 2"Pu, it is shown to be negligible in
17 the context of E"Pu and I"Pu . This could be done by calculating
18 the potential impact of the additional isotopes based upon their
19 effective dose equivalent. 11/ A common mechanism for such
20 calculation is computing a sum of the ratios. 11/

21 33. Table 1 of my affidavit above shows the quantities of
22 E"Pu and tuPu for a 10 gram CRM 127 sample. For those two
23 isotopes the curie quantities listed in Table 13 of NUREG-1140
24 (as upper limits based on 1 rem effective dose equivalents) are 2
25 curies and 2 curies, respectively. Thus, considering only those
26 two isotopes, the following sum of the ratios is computed:,

27 sum of ratios = ((Cipo 23,/2 ) + (Ci ,,,g/2 )p

28 sum of ratios = ((0.586/2) + (0.126/2)) = 0.356
29 If the 2"Pu is added (considering its 100 curies level in
30 Table 13 of NUREG-1140), the trace quantity shown in ny Table 1
31 adds a value of (1 curie /100) = 0.01, which brings the foregoing

32 11/ Even if Licensee requested authorization for more than
33 2 curies of plutonium, an alternative under 10 CFR
34 6 70.22(1)(1)(i) would be to provide: "An evaluation
35 showing that the maximum dose to a member of the public
36 offsite due to a release of radioactive materials would not
37 exceed 1 rem effective dose equivalent . ". . .

l 38 11/ See for example the Note appended to Part 20, Appendix B.

13
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I 1 sum of the ratios to a total of 0.366. This is an insignificant
2 addition. 12/
3 summary:

4 34. The Intervenors and their experts (TRUMP-S Review
5 Panel) have made false accusations based on their failure to take
6 simple steps to ascertain the possibility that' Licensee had '

7 properly represented the isotopic and curb content of the
8 plutonium in the Application. Moreover,theyg'avechosentomake9 simplistic arguments based on the activity of 'Pu rather than

10 its effective dose equivalent. In so doing they have diverted
11 the attention of this proceeding away from public safety and
12 hence the public's interests. In making their arguments, the
13 Intervenors have altered the record concerning Licensee's
14 Application, misled the Presiding Officer regarding isotopic

composition of plutonium, mistakenly accused the p'icensee of15
being in violation of regulations, miscalculated 116 Pu activity,

17 inappropriately based arguments on activity rather than dose,
18 and, in general, totally misrepresented the magnitude of the
19 activity of the plutonium being used in the TRUMP-S experiments
20 being done at the MURR. In summary, there is no merit to the
21 allegations made by Intervenors that Licensee has improperly
22 applied for a license for plutonium or is in violation of the
23 license it received.

f

24 Subscribed and sworn
25 bgfore me in i

26 JMSAJE County, Jf Steven Morris27 Rissouri this @ day of Interin Director
28 October 1990

&f >&: ,29 sn
$horopw%BW6BYld.c m of Missoun,30
My4ommission expires February 21,1991
Boone County, Missouri

31 My Commission Expires

32 7 - 2- / - 9/

33 12/ Even if the trace quantity of 241Am is included from Table 1,
the addition of a fourth term (ci34

brings the sum ofYe/2) having a value of335 (0.07/2 = 0.04) ratios to a total of
36 only 0.406. This addition is still not significant, and the
37 sum of the ratios is still well less than one.

14
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ATTACEMENT 1-
. ,

.

U S. Department of Ene'cr
'

ihe Brunewin Lasorstory
,

Near Brunsuitch Eabaratorg
Gerttfteb Reference saterials |

-

Gertificate of Analgsts ;

;

ORM 127

Plutonium Metal - Matrix Standard

This Certified Reference Material (CRM)is for use as a source matedal for the preparation of emission
spectroscopy Puo2 matrix standards. Each unit of CRM 127 consists of several pieces of metal having a
total weight of about 5 grains, sealed in a glass tube under a reduced pressum argon atmosphere. NOTE:
The tube and its containment should be handled under proper radiologicallymontmlied conditions at
all times.

This CRM was originally issued in 1973 by the National Bureau of Standards (NBS) as Standard Reference
Material (SRM) 945. The material was prepared and analysed by the los Alamos National Laboratory
(LANL) of the University of California,in collaboration with NBS. In 1987, the technical and administra-
tive transfer of NBS Special Nuclear SRMs into the NBL CRM Program was coordinated by the NBS Oface
of Standard Reference Materials and N. M. Trahey, NBL.

The metal is known to be of a high purity (>99.8%), as it was prepared from a single lot of matedal
selected because of its low metallic impurity content. The major Sned (nonradioactive) impurities in
CRM 127 are: tungsten - 80 pglg, silicon - 11 pg/g, gallium - 6 pg/g, and iron - 3 pg/g Total detected ,

hxed metallic impurities are estimated to be 105 pg/g. The americium 241 content, resulting from the
devay of plutonium 241, is approximately 146 yg/g as of September 1970, and should increase less than
160 pg/g per year. All values given are not cert 18ed and are provided for informational pu@oses only.
Impurity determinations indicate that the material is quite homogeneous.

The atomic weight of the plutonium is 239.12.

RECOMMENDED PROCEDURE FOR USING CRM 127

Each unit (tube) of CRM 127 is provided with a serial number and unique weight. Weighings are accurate
to the nearest 1.0 milligram. Very small pieces of metal may be separated from the larger pieces in the -
tube. The contents of the tube should be washed thoroughly with dilute hcl to insure quantitative
removal of the metal pieces.

October 1,1987
Carleton D. BinghamArgonne, Ulinois '

Director
(Revision of NBS CertiBeate cated January 29,1973)

(Over)
j
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The matrix material should be prepared to closely approximate the chemical composition of the sample
under study, since best results are obtained when the standards have the same chemical matrix as the
samples. Also, the matrix material snould be prepared under controlled condidons that parallel the igni-
tion of the sample prior to its analysis.

A recommended procedurel or determining metallic impurities in plutonium metal is as follows: Thef <

entire 6 grams of CRM 127 should be ignited as one batch. lmpurity elements are then added in the form
of oxides and blend into the matrix using a mixer mill. Care should be taken to guard against impurity
contamination. The material should then be ignited at 800*C for 30 minutes using a Pt 10% Rh crucible,
precleaned with hot concentrated HNO , and a Pt lined electric furnace. Additjon of 4%Ga2 3 as a carrier3 0
is performed prior to excitation of the material in a de arc. Plastic ware is recommended for the blending
operation and for storage of the standards.

REFERENCE

1. Unpublished Method, LANL.

>
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ATTACIDGENT 1B,v .

.

U 8. Desertmut of Canmem
Frederkh 3. Dent *

,'

aircisiaTr
1

m.u i s.2.. L si dard. '

- ..a.s.,,.. o_

,5, ,,ational ureau of fundards -

C

6ertificate of Anal sis
'

- s

Standard Reference Material 945

Plutonium Metal - Standard Matrix Material

.

This plutunium metal is imued to provide a source material for th preparation of PuO to be
used as matrix material for the preparation of emission spectroscopy standards. Althou,gh it is-
known o be of high purity, it is not : niended to replace SRM 949, as a primary chemical standard.
The Assay and Atomic Weight values are supplied primarily as information in the use of this
standard as a matrix material.

Assay 99.910.1

Atomic Wt -239.12

This platonium metal has been prepared from a single lot of material selected because ofitslow
metallic impurity content. The main impuritics detected, exclusive of americium,are: tungsten,80
ppm; silicon,11 ppm; gallium,6 ppm; and iron, 8 ppm-with a total detected metallic impurity '
content of about 105 ppm. The americium resulting i rom the decav'of >lutonium.241 is approxo
mately 146 ppm as of September 1970, and should increase less th'an 100 ppm per year. Impurity
determinations indicate that the material is quite homogeneous.

,

Each of these SRM's consists of several pieces of metal havin; a total weight of about 5 grams
'

scaled in a glass tube under a reduced.presure argon atmosphere. '!he serial number of the SR>l and,

its weight are given on each tule Weighings are accurate to the nearest 1.0 milligram. Because of
the method used to fabricate the material, very small pieces of metal may be separated from the
larger pieces in the tube. These small pieces may be left behind unles the tube is carefully washed
out, preferably with dilute hydrochloric acid. -<

versity of California,prepan:d and analysed by the 1,os Alamos Scientific Laboratory of the Uni.
This material was

Los Alamos, New Mexico, in collaboration with the National Bureau of
Standards.i

| *

| hhington, D. C. 20234 _ j. Paul Cali, Chief-

i April 6,1971 Office of Standard Reference Materials
(Reissued January 29,1973)

.
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DIREC110NS FOR USE

For the emission spectrographic analysis of either Pu metal, U metal, or alloys of these two, best
results are obtained when standards are prepared having the same matrix, chemically, as the um.

i ples. This is because the chemical matrix significantly influences the response ofimpurity elements
| to de are excitation. Further, the physical properties, particularly the state of subdivision and

'

density, also significantly affect the response of impunty elements to de' excitation. For these
'

reasons, it is recommended that the matrix material should not oniv closelv approximate the
chemical comaosition of the samples, but should also be prepared in n'elosely' controlled manner

| that parallels the ignition of the sample prior to its analysis.

A recommended method") for determining metallic im purities in plutonium metal involves
ignition of the metal under controlled conditions (800'C for L0 minutes), addition of 4W Ga 0 as3
a carrier, and excitation of the materialin a de arc.

To prepare matrix material for standards for this analysis the Pu0g should be produced by
ignition of high. purity metal under similar conditions of teImpe,rature and time.it is recommende'd -
tint 5 grams of metal be ignitied as one batch. Impurity elements are then added in the form of
oxides and carefully blended into the matrix using a mixer. mill. The usual precautions must be
taken to guard against impurity contamination in each preparation step. ILee of a Pt.10% Rh ,

crucible precleaned with hot concentrated HN0s, and a Ptlined electric furnace is recommended
for the igition step. Plastic ware is recommended for ttie blending operation and for storage of the

; standards.
!

(1) Unpublished Method, Los Alamos Scientific Laboratory.
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ATTACENENT 5.,

AMENDMENT TO SNN-247-
.

.

February 30, 1990
'

2

MAD 10nefrvE maTEnzaL (ms: me 10.3, sUsSECTzGN 4.3)
1. a. Uranium (Depleted)

b. any
c. 500 grams-

d. 0.2 aci

2. a. Plutonium (94.42 wet Pu-239, 5.58 wtt Pu-240)
b. any
c. 10 grams
d. 710 sci

PURPOSES FOR WEICE LICENSED MATERIAL WILL : SE USED
(RE: mG _10. 3, SUBSECTION 4.2)

A research project has been funded at the University
of Missouri, the objective of which is to make basic '

scientific measurements using small amounts (one gram or
less) of depleted uranium or a transuranic (TRU) to
obtain thermochemical properties data. The data are
needed for design of a process to separate actinide and
rare-earth metals in nearly pure . form' from PUREX wastes,
which requires computing the separation efficiencies and
the purity of the actinide and rare-earth metals that are
recovered. Utilising such a process,-uranium and trans-
uranic materials, can, be recovered _from spent r.e. actor. .fp.el
material without.generat. ion,,of, liquid Mastes .: The
uranium and TRU.can .zhen*.be .' recycled .for, use as fuel or
transformed to shorter-lived isotopes by use of ' * actinide
burner" reactors- or disposed of in much smaller mono-
liths. As a result, the mass of extremely long-lived,
high-level radioactive. waste from fuel reprocessing that
requires disposal is greatly reduced, thus reducing the
time needed for isolation of this waste material by mere ,

| than a factor of 10,000--a-major reduction in the poten-
tial environmental impact. Therefore, use of the acti-|

l nide material for. this experiment constitutes "research-

and development" as defined in 10 CFR 30.4.

The proposed process is based on the electrolytic'

separation of lanthanide rare ' earth _ from transuranic -
metals. Actinide and. rare-earth fission-products.are
dissolved in molten cadmium. The cadmium acts as an. -

anode at the bottom of a crucible in a furnace. Above '

the cadmium is-a liquid salt electrolyte composed of the '

chloride salts into which the cathode is suspended. t.~..e nan electric potential is applied, the hea'vy metal ions
flow from the cadmium anode through the salt and are

!
1

collected in nearly pure form at the metal cathode.
,

I

I

|

1
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d ATTACIDENT 6-.

.

.

Eatimation of Pu 241 and Am 241

Contaminanta in CRM 127 an of Renf#mher 19901.

The amount of Pu 241 and As.:.241 contaminants in CRM 127 can be calculated for any
point in time knowing the decay scheme, and the Am 241 concentration and production rate at a
given point in time. Pu 241 decays to Am 241 as shown:

99.99755 %2

B' + Am 241 - = a + Np 237 =Pu 241 =

(T a=14.4y)2 (Tus=432.2y)2 (Tus=2.14:10sy)2 1
l

As stated in CRM 127 Certificate:

*The americium 241 content, resulting from the decay of plutonium 241, is
approximately 146 kg/g as of September 1970, and should increase less than 150 pg'g
par year." '

i

Pu 241 Calculation

The production rate of Am 241 is equivalent to 99.99755% of the decay rate for Pu 241.
Therefore,if Am 241 production rate equaled 150 g/ year for one gram of CRM 127 materialin
September 1970, then the decay of Pu 241 would have been: 'i

(A u.W1XN u.ul)P P = timmivyf; nm102a tomavlo4,Aw)n

(241g)

3.7x1017 atoms /y per g oi CRM 127 material=
j

Since the Pu 241 decay constant is:

A u.m1 = On2)/(14.4y) = 0.0481y-1P

_________ _

1 Receipt of plutonium material at .*WRR.

2 KOCHER, D.C., Rad %d e Deen Data Tablen A Handhack of Deenv Data for
Aeolication to Radiation Donimettv and Radiolorical Annenaments. DOEff!C-11026 (1981), p.211.

Attachment 61
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then the number of Pu 241 atoms would have been:

(3.7x1017 atom 4)(0.0481y 1)NPu.241 =

7.7x101s toms per g of CRM 127 materiala= ,

i

This would correspond to a Pu 241 mass of:

= (7.7x1018minmai(9J1r)MassPu 241
(6.023x102s toms)a

0.0031gper g of CRM 127 material=

Therefore, the mass of Pu 241 in September 1990 (20 year decay time) would be:

4 Xsoy)(0.0031g)e<o.04alyMasspu.241 =

0.0012g per gof CRM 127 material=

and the corresponding Pu 241 activity in September 1990 would be:

= (0.0012r'V6.023x1023atomnVO.0481v 1Y10i)ActPu 241

3 (241gX3.16x107sec/yX3.7x1010dps)

0.12Ciper g ofCRM 127 material=

Since the actual production rate of Am 241 in September 1970 was less than 150pg/g per.
year, then the values estimated to one significant figure for Pu 241 in September 1990 are:

~

MassPu 241(Sep 90) < 0.001g Pu-241/g of CRM 127 materia!

and |

Act u 241(Sep 90) < 0.1Ci Pu 241/g of CRM 127 materialP

!
,

#

4
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.T~ ATTACIDutNT 7
.'*

.

iosAamos !
'

LosAlamos NationalLaboratory'

Los Alamos.NewMexico 87545

.

20 January 1982
^

1

Dr. Thomas E. Gills
Standards Coordinator.

Office of Standard Reference Materials*

U. S. Department of Commerce
National Bureau of Standards
Washington, D.C. 20234.

'

Dear Tom:

|
In accordance with your recent telephone request, fourteen units of SRM 945
were sent to New Brunswick Laboratory, Attention: Nancy Trahey. This is one-

Icss than the quantity stated in your letter of January 12, but the fourteen.

had been selected, packaged, and shipped prior to receipt of your letter.

This reference material was reanalyzed during February,1975, for americium-241,
uranium, and plutonium isotopic composition. Based upon the original analyses .

and the reanalyses in 1975, the calculated results for uranium and americium
are as follows:

'

Uranium Total, pg/g .

,

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.- Dec.

1981 360.4 363.2 365.9 368.6 371.3 374.1 376.8 379.5 382.3 385.0 387.7 390.4
1982 393.2 395.9 398.6 4 01.4

Americium,pg/g

1981 1343 1350 1358 1365 1374 1380 1387 1394 1402 1409 1416 1423

1982 1431- 1438 1445 1452
,

Plutonium isotopic distribution, atom percent, was detemined April 1970 (prob-
ably by ORNL) and February 1975 by our laboratory. The results, including the
ORNL data decay-corrected to February 1975 are given below. Half life values, ~
in years, used for the computation are 87.74(238), 24 119(239), 6 540(240),
14.4(241),and387000(242).

.
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Dr. Thomas E. Gills -2- 20 January 1982

:

April April 1970 Feb.
Isotope 1970 . decay-corrected 1975

*

238 0.0096 0.0092 0.0092
.

'

239 94.130 94.1 94 94.198

240 5.528 5.530 5.530

241 0.314 0.249 0.245

242 0.018 0. 01 8 0.018
,

Plutonium assay and metal impurities were not redetemined. The values
as of April,1970, were:

Pu Assay, 1: 99.97
Metal Impurities, pg/g: W, 59; Fe, 3; Ga, 2: others less than detection

limits (< I = 93 pg/g).
.

Very truly yours,

}0fus4
'

James E. Rein
CPE-1 Acting Group Leader .

Analytical & Instrumental Chemistry -

MS-740 .

hsidf/W
G. R. Waterbury,

I

,JER:GRW:vmW

cc: C. O. Bingham, NBL
Nancy Trahey, NBL
CRM-4 (2), MS-150

i File (2)
! .

.

-
.

'
,
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Pu-240 contont 10 high. Thus the plutoniuo-239, which is the.,
* *

cejor ccapenont of the bc b ecro, is awash in n3utrons, a circum-'

stance which tends to initiate premature chain reaction (apre-
This means that the higher the plutonium-240 contentignition").in a bomb core, the more below critical size it must be and the--

more surface its component parts must have in order to permit the
It-escape of the excess neutrons to prevent a chain reaction.

+

also means that the implosion must be all the more powerful to
cause the intended uncontrolled. explosive chain reaction on de-

The presence of plutonium-240 complicates fabricationtonation. Also, some plutonium-241 is unavoid-and degrades reliability.
ably present, and this too requires heavier shielding.

Weapons grade plutonium generally contains 64 Pu-240 or.
Since plutonium-240 does not undergo fission by slow

neutrons (as do U-235 and Pu-239), it tends to accumulate in theless.'

fuel of nuclear reactors. Typically, weapons-grade plutonium has
the following isotopic analysier ,

i
:

|
Pu-238 0.06%
Pu-239 92.0-92.4
Pu-240 5.8 |,
Pu-241 1.7-2 0:

: Pu-242- 0.1
,

The question arises whether the plutonium from commercial,The answer
power-generating reactors can be employed in bombs.Such plutonium generally contains 10 to 30%'

is definitely yes.
plutonium-240, and while troublesome, it can be made into a

Test bombs using commercial plutonium have been exploded.

j weapon.successfully in the Nevada desert as early as'

Such bombs require especially powerful1962.
implosion. Although plutonium-240 can be Bombs have been
fissioned by fast neutrons, such survives in ande from eaa-i

explosions, making-them extraordinarily dir- mercial plutoaina.'

ty. The word * dirty" here means that the-
tission product debris contains web pluton- All isotopes ofium-240, a particularly dangerous substance.
plutonium undergo fission under suitable conditions.

Warheads containing several percent plutonium-240 emit both
neutrons and gassa rays, posing a danger to personnel, especially,

in confined quarters such as submarines. This is-one of the-

motivations for preparing plutonium which contains little or noOne way to lower the content of. the unwanted
plutonium-240. isotope is to blend it with plutonium containing about 3% of the
240 variety (called supergrade, ande in the Savannah River reac-i

!

I tors) and this is actually done.
A newer, more sophisticated technique is the physical sepa-

ration of Pu-240 (and Pu-241) from Pu-239..
A factory for this

purpose has been proposed (Idaho Nuclear. Engineering Laboratory) . -
This is by a process called atomic vapor laser isotope separation

,

i

The liquid plutonium metal is vaporised by-electron.

(AVLIS).
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NATIONAL BUREAU OF STANDARDS I

The National Bureau of Standards' was established by an act of Congrees on March 3,1901,
The Bureau's overall goal is to strengthen and advance the Nation's science and technology
and facilitate their effective application for public benefit To this end, the Bureau conducta

s
research and provides: (1) a basis for the Nation's physical measurement system (2) scientific
and technological services for industry and government (3) a technical basis for esquity in
trade, and (4) technical services to promote public safety. The Bureau's technical work is per-

,

formed by the National Measurement s.aboratory, the National Engineering Laboratory, and
the Institute for Computer Sciences and Technology,

[
THE NATIONAL MEASUREMENT LABORATORY provides the national system of
physical and chemical and materials measurement; coordinates the system with measurement i
systems of other nations and furnishes essential services leading to accurate and unilorm

,

!

physical and chemical measurement throughout the Nation's scientific community, industry,
and commerce; conducts materials research leading to improved methods of measurement,
standards, and data on the properties of materials needed by industry, commerce, educational
institutions, and Government; provides advisory and research services to other Government
agencies; develops, produces, and distributes Standard Reference Materials; and provides
calibration services. The Laboratory consists of the following centers:

Absolute Physical Quantitics'- Radiation Research - Thermodynamics and
Molecular Science- Analytical Chemistry - Material Science.

THE NATIONAL ENGINEERING LABORATORY provides technology and technical ser.
vices to the public and private sectors to address national needs and to solve national
problems; conducts research in engineering and applied science in support of these ellorts;
builds and maintains competence in the necessary disciplines required to carry out this
research and technical service; develops engineering data and measurement capabilities;
provides engineering measurement traceabilny services; develops test methods and proposes

3
engineering standards and code changes; develops and proposes new engineering practices;
and develops and improves mechanisms to transfer results of its research to the ultimate user.
The Laboratory consists of the following centers:

Applied Mathematics - Electronics and Electrical Engineerint- Mechanical
Engineering and Process Technology - Building Technology - Fire Research -8

Consumer Product Technology- Field Methods.

THE INSTITUTE FOR COMi' UTER SCIENCES AND.TECHHOLDGY conducts
research and provides scientific and technical services to aid Federal agencies in the selection,
acquisition, application and use of computer technology to improve ellectiveness and
economy in Government operations in accordance with Public Law 39 30)(40 U.$.C. 759),
relevant Executive Orders, and other directives; carries out this mission by managing the
Federal information Processing Standards Program, developing Federal ADP standards
guidelines, and managing Federal participation in ADP voluntary standardization activities;
provides scientific and technological advisory services and assistance to Federal agencies; and
provides the technical foundation for computer related policies of the Federal Government.
The Institute consists of the following centers:

Programming Science and Technology-Computer Systems Engineering.
1

' Headquarters and Laborstories at Gaithersburg, blD, unless otherwise noted;
maihns addrese Washinston, DC M234,
'Some dWinions within the center are located at Boulder, CO s030). )

'
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i

t J Neelenal Creem'J of Scandardej', \%*/ - rg, Marviend 90S99c: % ~
;
1-

.

'!

e

i
s

h
I
;

Dear Colleague:

! I hope that you find this new Standard Reference Materials Catalog to be the best edition :
we have issued. We have tried to make it user oriented to help you find the materials you,

nood both quickly and easily. We think, and hope you will agree, that the revised alphabetical
I index is a major improvement over earlier editions.
! Because finding the right SRM out of almost 1,000 can be difficult, I would like to suggest

the following approach: ,

1. Start whh the Contents,
t 2. Flip though the Catalog to see its organization, i

f 3. Browse through the Alphabetical Index.

|4 Most of the materials are classified by matrix (such as steel) or by use (such as clinical-
| chemistry). However, with such diverse offerings, the categories are not mutually exclusive,

and you may find some materials of interest to you in any part of the Catalog

The 1984-1985 Catalog went to about 45,000 people. At least 60,000 copies of this one will
be distributed. I think this Indicates an increasing interest in quality measurements. We are
happy to be part of this tradition and welcome you to the growing family of SRM users. {;

|Sincerely,

O J k^
Stanley D. Rasberry

I I
| P.S. Please do not hesitate to call us if you have any questions about the SRM's '

'

described, their availability, or if you cannot find what you need. We would be
happy to have your suggestions br improved service and new SRM's (see Guide
for Requesting the Development of New SRM's).,

:<

.

.

!

I
.
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Li Nuclear Materials
| ', Special Nuclear Materials

These SRM's are available to Department of Energy contractors, Nuclear Regulatory Commission, or State
| Licensees, and foreign governments that have entered into an agreement of cooperation with the U.S.
| Government regarding the use of these materials. Purchase orders and requests for information regarding
| ordering procedures, availability, and shipment of these SRM's should be directed to:
| NBS Special Nuclear Standard Reference Materials
i U.S. Depart:6ent of Energy

New Brunswick Laboratory, D-350
9800 South Cass Avenue
Argonne, IL 60439
(312) 972-2453,

FTS: 972-2453

l

Plutonium Assay

'

$RM Identineation (Batch Name) Ceestituent Certined 88* (Weidt Pereset)

945 Plutonium Metal, standard matrix Impurities S 99.9
; 949f Plutonium Metal Assay Plutonium Content 0.5 99.99
l

' Nominal weight

;
t

Plutonium Isotopic

Element Certined lootopea (Aton Pereest)
| SRM Identification (Betch Name) Weisht

(g) "Pu "Pu "Pm "Pe "Pu *Pu

946 Plutonium Sulfate Tetrahydrate 0.25 0.232 84.464 12.253 2.477 0.574
947 Plutonium Sulfate Tetrahydrate 0.25 0.278 77.089 18.610 2.821 1.202
948 Plutonium Sulfate Tetrahydrate 0.25 0.010 91.736 7.922 0.299 0.0330
996 Plutonium-Spike 0.001 0.005 0.034 0.677 0.092 1.325 97.867

.

.
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| Certified Reference Materials
; From Other Sources

.
, ,

; | Special Nuclear Materials
'

On October 1,1987, the New Brunswick Laboratory began issuing special nuclear reference anatorials as
NBL Certified Reference Materials (CRM's). These CRM's include the plutonium and uranium asesy and;

! isotopic materials previously issued by the National Institute of Standards and Technology. All orders or
! - inquieies should be addressed to:

U.S. Department of Energy
,

| New Brunswick Laborotory
Attn: Reference Materials Sales
9800 S. Cass Avenue, Bldg. 350
Argonne, IL 60439

Mh tM21972 2767

| International CRM's

Certified reference materials (CRM's) are available from many sources. The International Organization for
Standardir.ation (ISO), through its Council Committee on Reference Materials (REMCO), has prepared an
international Directory of Certified Reference Materials. Inquiries may be directed to:

Dr. M. Parkany
l Secretary for REMCO -

International Organization for Standardization
1 Rue de Varembe

I Case Postale $6
1211 Geneva 20|

'

Switzerland

The International Union of Pure and Applied Chemistry (TUPAC), through its &wn=lasian on
Physicochemical Measurements and Standards, issues a catalog of CRM's that are useful for the realization

| of physicochemical properties. It also has prepared a number of related documents. The current IUPAC
edition is: " Physicochemical Measurements: Catalogue of Reference Matenals from National Laboratories,"
Revised 1976, Pure & Appl. Chem.,48,503-515 (1976).

.

Jular hum aankes nr DMnion Ofice a pianannt and ~ > ~ - - ' w':-
prodscrive place by her dependaWery and owns apMr '7-= %

nf hospiaahty. - - ? E ?; I

, 4.'*
. u.-

- ' -

,;~.

|' ,i

10
.

,,,.,99 -p,.9w--ww er-w + - p * my re- m -'t-ur -T # r**-- 'T '-W"'A*F * ** N*"f""*#



_ . . . . . _ . _ _ _ . _ . . _ . _ _ . _ _ _ _ _ . _ . . _ _ _ . . _ . _ _ _ . _ . _ _ _ . . _ _ _ _ _ _ _ . . _ _ _ _ . _ _ . . . _ _ _ _ . . _ _ _ _ _ _ _ _ __

.i

AlfhCIDENT 12 1.

NBL'

.. '

Certified-
-

Reference
Materials

| Catalog !

! 1988
|

I /'

United States Departmord of Energy

,

:

...:

.

.. .

, . . . --

.

.4 to

..c , ,.

.j;. ,I . .} , -

3s . . /.

VW.W . .. O 'kT:i-
tg! ;, s .

L. .-- -

,

mi < ,y. s.a A;.;,f 5j g bin].Q' .;-y. -
.; ' .

. . . %.; .
__

. 9.j;:* g -;'.. ,;, . ,

AinQi,Qjk-]-Q4+M;$
''

.;. ~ -. ~ : . .

_" j..

w.
. . .. . . . .. ..



. _ _ .._.. _ _._ _ _ _ _ _ . . . _ _ __

.

- e
*

'4

|
-

.

1

|
Certilled Assey and |
lootopic Composition CRMs

|

These NBL CRMs are prepared for use i

primarily in: 1) analytical rnethod develop-
rnent, calibraton, and evaluation; 2) rado-
metric instrument and method calibraton;
3) nuclear materials accountabilny venfi-
cation; and 4) feld source or working
standards preparation. They are available
to private companies, academic institu-
tions, DOE contractors, and NRC or state
icensees. They are also available to
Countries authorized to possess radoactw
materials and/or to countries which have
entered into an agreement for cooperaton
with the U S. Government concerning the
civil uses of nuclear energy.
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' AMERICIUM ASSAY AND ISOTOMC
-

Atom %

CRIA Type 04ees/ Unit (g) Weight % Am ^ A41Am 848Am

*132 Amercium 241 Spike, Nitrale in Preparahon 100 -

*133 Amercium-243 Spike, Nnrate in Preparabon- - 100

*134 Amercium isotopic, Nitrate in Preparation 241Am/243Am = 1

PLUTONIUM ASSAY AND 180 TORC
|

Atom %

|

CRed Type Idees/ Unit (g) Weight % Pu 388Pu 388Pu 340Pu' M1Pu 242Pu 244Pu

*122 Rutonium Oxde PuO2 1 87.79 0.05 87.31 11.54 0.92 _ 0.18 -

*126 Rutonium Metal, chunk 1 99.96 97.92- - - - -

239Pu/242Pu = 1*128 Rutonium isotopic, narate, sohd 0.002 -

+130 Plutonium-242 Spike, narate, sohd 0.002 50 0.004 0.005 0.02 0.02 99.95 0.0004

+131 Rutonium-244 Spike, nitrate, sohd 0.dO2 50 0.005 0.03 0.68 0.09 1.32 97.87

*136 Autonium isotopic, sultate 0.5 023 84.46 1225 2.48 0.57- -

letrahydrate, sohd

*137 Rutonium isotopc, sutfate 0.5 028 77.09 18.61- - 2.82 120 ---

letrahydrate, solid

*138 Rutonium tsotopic, sulfate 0.5 0.01 91.74 7.92 0.30 0.03-. -

tetrahydrate, Sohd

|

.
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Certilled impudty Element
ec.wxrs came
These NBL CRMs are designed pr6marity
lor 6mpurity element chemcat analysis by
spoetrographic or spectrometric tech-
niques. They can be used for: 1) analyte.
cal method calibration; 2) instrument
cahbraton; and 3) nuclear materals
accountabil:ty verdication.
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n.uroNIUM
| --

,

Csted Type etees/ unit (g) Bements Certilled g Weight % pu
- i

*127 Plutonium Metal, standard matra $ Fe, Ga, Si, W 99.9
material Chunk

THORlUM
,

Cate Type blese/unst (e) Elements cartuned

66(1 7) Thonum Oxce Th02 7 = 25 AG, Al, B, Be, Bi, Ca, Cd, Ct. Cu, Fe, K,
M , Mn, Mo, Na, NL P Pb, Si, kn, V. Zn !O

l
.

P

URANIUM
.

CRed Type teess/ unit (g) Elements Certified

17 B' Uraneum (normat) Fluorde-W4 200 Fe, Mo, Ni, V ,

18' Uranium (nortnal) OndeWO3 500 Co, Cr, Cu, Fe, Mo, Ni

114' Oranium (normat) Dade U 0s 50 Al, Cr, Fe, Mn, Ni, R Si
*

3

123(1 7) Uranium (norma!) Onde U 0s 't = 25 Al, B, Ca, Cd, Cr, Cu, Fe, MG, Mn, Mo, No,3
Ni, Pb, Si, Sn, V,2n, Zr

,

124(1 7) Uranium (normat) Onde4 0s 7 x 25 Ag, AI, B, Be, Bt Ca, Cd, Co, Cr Cu, Fe,3
M , Mn, Mo, Na, NL Pb, SA Sn, Ti, V, WO ,

2n,Zr
.

'Aino cerided for assay

w.



^
!
2

*
. o

, .c
'

i
l

18 ).

i

J
,

>.

>

'

t,

The index prcmdes a numerical lating of hides to Cortbestes 1

current NBL CRM CertWicates. For each
CRM unit ordered a ceridicale is placed
in the shipping container with the maleret. g mg ,

Additonal Certdecate copes are avellab!e 1A March 1980
upon request

3B June 1969

4 September 1950 ;

5 Septemter 1950

17 8 Juty 1961

18 August 1957

42(1 4) August 1957 *

06(1 7) Uncated ,

101 A February 1981

102 A February 1981 1

103 A February 1981

104 A February 1981

105A February 1981

106 A Februey 1981
,

107 A February 1981

108-A February 1981

109-A February 1981

110-A February 1981

111 October 1,1987 R

112 A October 1.1987 R-

113 February 15,1985 R

114 June 1978

115 June 1978

116 June 1978

117 January 1,1986 R

118 June 1978

119 June 1978

122 May 1,1985

123(1 7) September 1.1983

124(1 7) feptemter 1.1983

125 Octoter 1,1982
'

126 January 1.1986

i
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127 Ocoter 1,1987 R

128 October 1,1985

129 Octater 1,1987 R

130 Jup(1987
131 October 1,1987 R

_ 32 in preparaton1

133 in preparaton

134 in preparation

135 October 1,1987 R

136 Octoter 1,1987 R

137 Octoter 1,1987 R

138 Ooober 1.1987 R
*

969 Octoter 1,1987 R
~

U0002 Octoter 1,1987 R

UOO'rA Octoter 1,1987 R

U010 Octot>er 1,1987 A

U015 Octoter 1,1987 R

LKk% A Oc!oter 1,1987 R

LXOO A October 1,1987 R

Octoter 1,1987 RU050 .

U100 October 1,1987 A

U150 Ocoter 1,1987 R

U200 Octoter 1,198' R

U350 Oceber 1,1987 R

U500 Oceber 1,1987 R
~

U750 Octotier 1,1987 R

U800 Ocoter 1,1987 R

U650 Octoter 1,1987 R

U900 Ocoter 1,1987 R
_

U930 Octoter 1,1987 R
~

U970 Octater 1,1987 R

R denotes Certdcate twson.


