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The January 7, 2000 letter from the NRC to the Tennessee Division of Radiological 
Health contains a number of questions relating to the Manufacturing Sciences License 

amendment number 56 which authorizes the release of decontaminated nickel. The 

questions in this letter fall into several basic categories: Dose Assessment, Surficial 

versus Volumetric Contamination, Monitoring, Testing and Sampling, the Survey for Free 

Release Program, Documentation, and Miscellaneous issues. The following discussion 

will address each of these topic areas.  

INTRODUCTION 

Approval of this amendment was contingent on the proposal meeting a number of 

different criteria. One criterion was that the dose assessment had to demonstrate that 

the maximum impact to the most exposed individual would be less than 1 mrem/yr. In 

addition, it was required that the proposed level of residual contamination compare 

favorably with other published criteria, i.e. the NRC Reg Guide 1.86 and the IAEA 

"Clearance levels for radionuclides in solid materials," It was also required that this 

proposal embrace the concept of ALARA.  

It was made clear to the licensee, in various meetings, that all of these requirements 

would have to be met for a proposal of this type to be approved by the Divison.  

DOSE ASSESSMENT (I.A., I.B., I.C,2.b., I.C.2.c., I.C.2.d, I.C.2.e., I.C.2.f.) 

The State of Tennessee has long considered 1 mrem/yr as an acceptable dose criteria 

for case by case determinations.: From the onset of this project, it has been 

demonstrated that the 1 mrem/yr guideline would not be approached in all reasonable 

scenarios, even with significant changes in critical parameters. MSC's development of 

its technology and the resulting proposed release limits show a commitment to ALARA 

and recognition of the sensitive nature of this issue. Since MSC's proposed limit not only 

meets this criteria but is far below it, there was no need to further discuss concentration 
limits or dose levels.  

Exposure During Processing 

All processing and handling, from the removal of the nickel at K-25 to the survey 

and release of the final ingot, is performed by occupationally exposed workers of 

Manufacturing Sciences Corp., (the licensee) or by occupationally exposed DOE 

contractor personnel. Any scenario involving recyclers or slag workers does not 

come into play until after the release of the ingot and at that point, as indicated by 

the Auxier and Associates report, the highest dose would be to a truck driver who 

might haul 20 ton shipments of the ingots for 2000 hours/year. The truck driver's 

dose would be 0.0012 millirem per year.  

Comparisons of modeled doses to slag workers and steel cutters resulting from 

the released nickel ingot to those resulting from the modeled doses for 
contaminated steel (as found in NUREG-1640 and IAEA TECDOC-855, etc.) are 
not valid for 3 reasons: 

1. Tc-99 has an affinity to nickel as indicated by the need to go through the 

MSC special process to remove the Tc-99. If the Tc-99 could be 
adequately removed in the melting process, MSC would just melt the
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nickel 3 or 4 times and drive the Tc-99 away into the slag. The same 
cannot be said for Tc-99 and steel, therefore, the ratio of Tc-99 going to 
slag used in the referenced models is invalid.  

2. Unlike surface contamination on scrap steel used in the referenced 
models, the nickel, and the associated contaminants (Tc-99 and U), have 
already gone through a melting (high temperature) process. The 
chemical/physical states of the radionuclides are different than would be 
found in surface Contamination. The U will be in a glassy form attached 
to slag inclusions in the nickel anode and cannot get through the Tc-99 
barrier while the Tc-99 will be in elemental form which adheres to the 
nickel.  

3. Since the nickel has already gone through a melting (high temperature) 
process the amount of "trash" in the bath that will become slag will be 
much lower.  

Exposure from Nickel Products 

As for the doses to individuals from products made from the nickel ingots, the 
Auxier and Associates report identified a hip joint prosthesis as the most likely 
item to be made from the nickel and placed internally. Additional possibilities 
were addressed in the letter dated January 18, 1999. None of the scenarios 
indicated that any type of significant exposure would exist. The highest dose 
calculated is 0.0014 mrem per year.  

The 12 % nickel content in stainless steel is more than adequate for the most 
common uses of nickel.: Most stainless is around 8% nickel content, There may 
be some stainless or other products that would use a higher nickel content, 
however, when considering the larger quantity of material, the larger surface area 
and the contact of the material with the tissue, the hip joint prosthesis is a 
conservative choice for dose assessment.  

Auxier and Associates' use of the 25 mrem/yr reference is viewed as a 
comparison of magnitudes. On page 5 of their report they state that a "... recent 
change to the Title 10 Code of Federal Regulations, Part 20, Section 1402 (10 
CFR 20.1402) provides further guidance for terminating a radioactive material 
license. This section of the regulation specifies that at license termination, the 
residual radiation at the facility must not cause more than 25 mrem annual dose 
to any exposed individual. This same standard can be applied to materials 
from a licensed facility. Reasonably, the materials removed from such a 
facility should cause only a small fraction of the criterion dose limit." 
(emphasis added). As used, this comparison is valid and reasonable.  

The use of ICRP 60 tissue dose weighting factors was chosen, as it comprised 
the latest scientific evidence available on dose-risk coefficients. These factors 
have been accepted and used by NCRP (NCRP Report # 116). ICRP 60 and 
NCRP 116, have both :been accepted and used by the NRC. The Division 
agreed that for this nickel release scenario only, it was reasonable to use these 
factors without a similar change to the Part 20 / SRPAR equivalent factors used 
for occupational workers and the public at the MSC licensed facility.
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SURFICIAL VS. VOLUMETRIC COMPARISONS (I.A., I.C.1.a., I.C.1.b.) 

The logic used for the comparison with Reg Guide 1.86 is based on the fact that the vast 
majority of metal released with surface contamination, (fixed and removable), is sent to 
foundries where it is re-melted for future products. When this surface contaminated 
material is melted, the contamination may spread throughout the volume of the material, 
thus resulting in volumetrically contaminated metal.  

For the purpose of comparing the volumetrically contaminated nickel resulting from the 
MSC decontamination process to the surface contaminated metal being released under 
Reg Guide 1,86, both the consultant and the State based the comparison on a sheet of 
scrap metal with surface contamination on both sides. These comparisons 
demonstrated that it would take a sheet of stainless steel at least % inch thick, made 
from nickel with volumetric contamination at 3 Bq/g, to equal the activity allowed on a 
sheet with surface contamination on both sides at Reg Guide 1.86 limits.  

MONITORING/TESTINGISAMPLING (iI A., ll.B., II.C,) 

The December 8, 1998, letter frpm MSC to DRH presented the Sampling and Analysis 
Plan to be used for the nickel decontamination process. The plan is divided into two 
phases. The purpose of Phase I is to provide confirmatory proof of the process and 
methods of nickel decontamination. Phase I requires a larger number of samples during 
each stage of the electrorefining process. This phase is designed to identify the critical 
parameters or points of measure that may allow a more effective assessment with less 
sampling.  

Based on Phase I results, Phase II will be designed to focus on the critical parameters of 
the process and to provide the appropriate information necessary for quality control of 
the finished ingot. It was the intent of the Division that this transition require specific 
approval by the Division.  

Each sampling action is described in the plan, as is the analysis of samples. Samples 
are analyzed by liquid scintillation counting. Counting protocols and quality controls are 
in accordance with previously approved and included procedures (work instructions).  
Additional information was provided in the June 3, 1999, proprietary letter from MSC to 
DRH.  

SURVEY FOR RELEASE PROGRAM (I.C,2.g., II.B., IV.D,) 

Each ingot will be surveyed prior to release in accordance with MSC procedures 
including "Unrestricted Release Survey of Materials", "Unrestricted Release 
Calculations," and "Volumetric Sampling of Refined Nickel and Laboratory Analysis of 
Nickel for Technetium-99 and Uranium Utilizing Liquid Scintillation PDA Methods.  

In accordance with good health physics practices, the sampling program provides that 
the volumetric analysis will be supplemented by surface scanning to verify compliance 
with any and all appropriate criteria. All previous tests have shown that the external 
surface of the nickel exhibits no contamination other than that which is consistent with 
the residual volumetric contamination.
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The intent at all times has been to produce a clean ingot, one in which the level of 
decontamination was fully consistent with ALARA, and the worst-case postulated doses 
of no real impact. Any suggestion that the licensee might expend the resources required 
to clean this material to the level proposed, and then fail to take adequate precautions to 
prevent it from becoming surface contaminated, strains credulity.  

MISCELLANEOUS (Ill., IV.) 

Distinction Between the Two Licenses 

MSC was issued two licenses to distinguish between the processing of source 
and special nuclear material (which they have performed for many years) and the 
expansion of their business into the decontamination of materials potentially 
contaminated with all radioactive material (including source and special nuclear 
material). The possession limit for special nuclear material is shared between 
both licenses and is consistent with the State of Tennessee's authority to license 
special nuclear material.  

Material Tracking 

MSC tracks its special n~uclear material on a spread sheet that covers both 
licenses, keeping track of the limit for the facility. This system is further 
described in Attachment 1. As indicated by Attachment 2 this has been the case 
for many years.  

Enrichment Levels 

MSC's license allows them to receive material enriched to 3%. Any material 
above this criteria cannot be sent to or received by MSC for processing.  
Preprocessing will minimize the quantity of enriched uranium in the nickel 
received by MSC.  

DOCUMENTATION (I.C.2.a, IV.A., IV.B., IV.C) 

Following is a chronology of events showing MSC's involvement with nickel dating back 
to 1990. As indicated from the very beginning, interactions with MSC staff, in the form of 
meetings or discussions, were ongoing, including visits and discussions by senior 
Division management. These interactions culminated in the request for the melt-refine / 
electrorefining process which was reviewed during the February 1998 through April 1998 
time frame.  

Also during this time period regularly scheduled compliance inspections occurred. While 
these inspections did not focus on the nickel project they did look into MSC's analytical 
sampling and monitoring programs as well as other radiation safety/health physics 
concerns.  

While DOE may have been present at meetings and may have even made 
presentations, any information from DOE, and included in the amendment, came from 
MSC. An example of DOE/STATE OF TENNESSEE communication can be seen in 
Attachment 3.
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MSC NICKEL CHRONOLOGY OF EVENTS

Nov. 29, 1990 

Nov. 30, 1990 

Nov. 16, 1993 

Dec. 6, 1993 

Apr. 24, 1994 

Mar 5, 1995 

Feb. 27, 1998 

Mar. 5, 1998 

Mar. 24, 1998 

April 2, 1998 

April 6, 1998 

April 7, 1998 

Dec 8, 1998 

Jan 18, 1999 

Jan 29, 1999 

Feb 18, 1999 

Mar 26, 1999

Letter from MSC to DRH, Amendment request to "roll nickel" for 
purposes of a demonstration. Mentions DOE "slightly 
contamina,ted" nickel castings and mentions that these were 
discussed with MHM the week before.  

issued Amendment 25 

Letter from MSC to DRH. Request to process one contaminated 
nickel ingot from DOE using the inductoslag process. Will use the 
proposed IAEA international standard to measure the results of 
the project. Project will make stainless steel and work with the 
stainless steel as a product.  

Issued Amendment 33 

Renewal Application submitted. Section 9-22 covers melt-refining 
of nickel and section 12-24 covers the health and safety 
procedures for nickel processing operations, 

Issued Amendment 36 AlE 

Letter from MSC to DRH. Amendment request to melt-refine and 
electro-refining 20,000 pounds of nickel in a 2000 gal full scale cell 
for demonstration purposes. (Proprietary) 

Letter from DRH to MSC with questions about the processes.  

Letter from MSC to DRH answering questions in March 5, 1998 
letter. (Proprietary) 

Letter from DRH to MSC with additional questions.  

Letter frQm MSC to DRH responding to questions in April 2, 1999 
letter. (Proprietary) 

Issued Amendment 52 

Letter from MSC to DRH requesting full scale operation and 
unrestricted release of volumetrically contaminated nickel.  

Letter from MSC to ORH following up a meeting of Dec. 8, 1998.  

Letter from MSC to DRH with additional information discussed in 
Jan. 20, 1999, meeting.  

Letter from MSC to DRH with additional information discussed in 
Jan. 20, 1999, meeting.  

Issued Amendment 56
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IA Manufacturinlg 

A ~sciences! A...i.Corporlatl~ .....  
A BNFL In Company The Metasi Recye/ing Spedalists 

wr JTohnny Graves 
Tennessee Division of Radiological Health 
401 Churoh Sureet 
L & C AnneM, 3r, Floor 
Nsmhville, Tennessee 37243-1532 

Dear Mr. GCaves: 

Jobnny, here is the information you riquested. Please let me know ifyou need anything elue.  

"Paragraph K& L, and M ofMSC'sRadioaedve Material License gives the combined possession 
limit for MSC Lioense mmbers 5-01046-LOO and R-01079-LOO as 350 grams* of combined U
235, U-233 as 200 grams*, and Plutonium as 200 grams*.  

Thc note for * states as follows: For each kind of peciai nuclear material determine the ratio 
between the quantity of that nuclear meial, and the quantity specified here for the same kind of 
special nuclear matrial. The va= of such rados for all kinds of special nuclear material in 
combination shall not exceed I" (Le. Unity).  

Following these instmctions MSC has developed one spreadsheet for tracking all special nuclear 
material for both Licenses and the ankidn system is called INVENT. This system sives a total 
amount and a peroentWag of limit fbr each uompe on site and a um o£f frotions and percentage 
of liit for special nuclear- atrial (see Enclore 1)." 

Sincerely, 

Radiation Safety Offcer

Oak Ridge, TN 37830 Phone (423)48104aW804 Kerr Hollow Road FaX (423)481-3142
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RADIOACTIVE MATERIAL LICENSE 

supplementary Sheet 
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A. truhC. For posseasou inicidmfla to the piucessing An/or de miua212ion md ft" releas of 
fzurus and nanftrou =aid$s In OManra a with Mtcinsr., Ar ~wd=Ps~and 
proceury cxnajnedb 1A Te rftzww in Coffition 22 of tis license, In addItion, 
umninw and thiorium Metal procuvd as feed mateziat for proesning authorized under 
Tennessee )Radioacilv Maftrla Lim=w nMber 6-01046'-LOO *ad the reslurl t prOduct 
may be stored tindcr uha ithoity of fth limWs. The tiDiu possesiwt lmit for all suvurc 
mateial shall not oxceed 409,091 kilograms.  

D. To behad 'iasr storags only., 

E, u*tWqgl X For pneggion inddewm to I]* proessing mndor denlatninatiou and fie rdeles of 
- frours and sinfaoa~ =ealI' sen a zanru vith steteient, n~roentations% and 

prowdue contained in tho rdfWi= s In Cwidlflo 22 of this li~nse 

Cooddluons (continued) 

12. Ile 110chowe shall comply wit snappimleproviuionsof 1200.7-4, 1200-2.5, and 1200.2-10 of'Sitat 
Regulations for Pxvletmon Aphnint~adiatiou".  

13. A. Radioactive nmteWln autborize~by this lic=s "hl be used by, or under th6 supervlon of Alam 
Uliy. Dentig Floyd, Ucward HTendamhwt. Melvn, Lardberg. Tomn Mixth Bobby IL AdocI:1 
Madicline L. Alconn, or Carl 0. Mackey.  

B. The Radtatlon Waely CM=lr for this Ilcmes is 13obby IL Adcock.  

14, Tle licanse shall mneintrin conopete amd accurate recordt of the raceipt 2n4 diqpwd of ndicactiive 
mmia.is The -licansta shall, ibr radiuacdw materia no longer usefu for any pozpose anid for any 
qup~ment m, supplies cortmulnat d wlit such Ipatera hr wbich further use man decontamiinaton ia 

not planned, dehuic thoen materials as rvdioaWcti w'age and uear them gs such in accordance mith the 
following proVWsODs: 

A. Radioacthe waste imaterial "hl not be mtord with noun-radioactive waste.  

B. A wriien record of*ail radioadtie wagte material shall be ainiWined twill It has boew detemined 
by a sWUible "uve or radioassy That it hA, dcmywd to backlmond levels or until it bas been 
slappcd to an audiorized rcclpiezlL hi accordance 'vdti all appica~ble itg*uUons. Acc intabfiry of
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STATE OF TENNESSEE 

DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
Division of Radiological Hcalth 

3rd Floor, L & C Anne", 
401 Church Street 

Naxhvillc, TN 37243-1532

May 24. 1996 Certified Mail: 
Return Receipt Requested'

Manufacturing Scicnccs Corporation 
804 Kcrr Hollow Road 
Oak Rdgc. TN 37830 

Attietion: Danny Nichols. Manager Matcriails Transport and Sunrey 

Gcntlcnicn: 

This kettcr is in rcsponse to your letter of May 10. 19,96. as it rclatcs to our tclcphonc convcrsaton of 

Thursday May 9. 1996.  

As stated in your lctter. we agree with your assessment thai any Uranium-233 rcceived in a shipment 

dcnotcd as 'cnriched" is autlhorivcd and its possession limit infcrrcd in your authorized limit of 350 grams 

or Uranium-235. Howcvcr. it was our intcntion to givc you guidance in accounting for that inferred 

posscssion limit. only. and wc must insist that the amount of Uranium-238 be..calculated and tracked for 

each shipment.

Sinccrcly.  

Ro aidE. yn 
Health Physicist 
Division or Radiological Hcalth 

cc: Bobby R. Adcock.  
Radiation Safety Orficcr

,Y-yv 
/4_ o



A Manufacturing 
Sciences 
Corporation 

804 Kerr Hollow Road Oak Ridge. TN 37830 Phone (423) 481-0455 rax (423) 481-3142 

May 10, 1996 

Mr. Ronald E. Wynn 
Division of Radiological Health 
Tennessee Department of Environment and Conservation 

3" Floor, L & C Annex 
401 Church Street 
Nashville, TN. 37243.,1522 

Dear Mr. Wynn: 

This letter is a follow-up to our telephone conversation of Thursday, May 91J. In that conversation we 

clarified with you the status of enriched uranium shipments (on contaminated metals) received at 

Manufacturing Sciences Corporation (MSC).  

It is our understanding that any Uranium-23'8 received in a shipment denoted as "enriched" is authorized 

and inferred in our authorized limit of 350 grams of Uranium-235. Further, it is our understanding that 

MSC is not required to calculate or track the U-238 received in "enriched" shipments against any of our 

license authorizations. MSC will continue to track and limit the Uranium-235 component of "enriched" 

shipments to our authorized license limit of 350 grams. In addition, MSC will continue to track all special 

nuclear material (SNM) authorized by our license and limit total SNM to our authorized "unity equation" 

limit.  

Should you have any questions concerning this letter please feel free to call myself or Bob Adcock at 

(423) 481-0455.  

Sincerely Yours, 

Danny Nichols 
Manager Materials Transport and Survey e

15:26 P. 12TN RRDIOLOGICHL HEHlLTH Fax:615-532-7938 May 12 '00
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Memorandum 

DATE: May 10, 1996 

TO: FILE # R-01078 

(MANUFACTURING SCIENCES 

CORPORATION) 

FROM: REW 

RE: POSSESSION LIMIT FOR U-238 AND 
OTHER URANIUM IMPLIED IN ITEM 9.K.  

CC: CWA, JCG, BHF 

Danny Nichols of Manufacturing Sciences Corporation (MSC) called to ask how he 

should account for the U-238 he had that was associated with the calculated number of 

grams of uranium enriched in the U-235 isotope. After consulting with CWA, JCG, and 

BH-F, we decided that the possession limit for the remaining uranium is implied to be that 

remaining portion of uranium, in grams, after calculating the amount of U-235 (in grams) 

and as a function of the percentage of the enrichment.

May 12 '00 15:26 P. 13
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FAX Trmmmittal 

Number of Pager. 2 including cover 

To: Charie Amuot 
TDEC, Division of Radio logica) Health 

Pliane 615-532-036 
F=x 615-532-7938 

Fromn: Mitchell Callahan 
Mantia Marietta EneW~ Systezra Inc.  

Phowmi 615-241-205 
Fax: 615-576-6706 

Martn Marietta Eaerg Symtms, I=c (NMM) is c~onsering wacding Manufacturino Sciences 
Corporution (MSC) some contamiinated nickel metal to melt and alloyr with other virgin feedstock 
matexials to produce stainless steel 316L which will be made into sub-scale prototyp contiinezn. Die 
nickcl is contaminated with endclbed uranium (U-235 wtY it 20 percent or lez) and fasion pinoducts 
comprioed of Tc-99, Np, Nu, anýJ AmI NMMS is conxidin Providing MSC 'with 1,000 lbs of 
contaminated niceW. MSC will prpbabýy rwi-mr the tikkel in 10 separate shipments each! containing 
100 lbs of nickel. It is anticipated! that the Wlag from the smelting procc will bc. retiwned to NMME 
oa a batch basis ifolowing vach 100 lb shipment 

Attace Is a coyof the lcttcrx cive from~ MSC satig that WfC can pos"ad uethc 
conitaminated nickel, as described, above undet NMlC& radioactv matcniah licens (liczens number 
S.O1O46-(C)0, Amendment 36, dated 3116/95) Is the Smite of Texaswse, Departmenti of EFivirmmiein 
and Conservtioai, Division of iRadiologia Healux, in agreement with the attached letter regarding 
MSC's ability to receive and alloy the cna~mainated nivcd in questiou? 

CL) 

C/A-~y
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MANUFACTURING SCIENCES CORPORATION 

,•4 Kcv' Radow'Raoe1 Oak Rie Tmn 3700 OJl S (dl) ,..O•j5 FAX 481J142 

April 18. 1995 

Harold R. Shecly 
Martin Marrietta Enery Systems 

Dear Mr. Sheely: 

Manufactwring Sciences Corporation is prepared to accept delivery of nickel that has been 

removed from a converter that was actively involved in the gasseous diffsion uranium 

enrichident process. The metal will be melted, alloyed approptistcly and cast into ingots 

which will th= be subject to momechanical processing with the intent of 

manf sub-scale prototype cousaners for containment of vitrified wage.. :It is our 

undcrstanding that the motail is contamnated with uranhtm compounds of less than 20 % 

enridc=et in the isotope U235. Additionally the metal may be contaminated wit trace 

fission products. MSC's radioactive matsrials license number S-01046-COO which you 
have a copy oi• allows fbr the processing of this meud in accorianoc, with conditions 

6,8,9 and 14 of the license. The applicable quantities are described by the following 

formula; [175(pams contained U-235)/350 +50(gumw U-233)/200 + 50 (grams 

Pu)/200]=l. Additionally fission products are not to exceed 200 millicuries as descibed 

in the license conditions . It is cxpccted that the nickel wil not cxocd those limits. It is 

incumbent upon Martin Manic= Emagy Systems to inform MSC if the quantities will 

exceed the above limits prior to shipping m-terial.  

Sincerly, 

Radiation SfLt-y Officer

TOTRL -'. 02


