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December 29, 1983

U. S. Nuclear Regulatory Commission

Material Licensing Branch

Division cf Fuel Cycle and
Material Safety

Washington, D. C. 20555

Attention: Mr. John Hickey
Dear Mr. Hickey:

The purpose of this letter is to request an amendment of our specific
Source Material License No. SME-179. This amendment would incorporate an
addition to our Scrap Packaging Procedures in accordance with the NRC's
low-level waste Volume Reduction Policy. PFurthermore, we are requesting
authorization to conduct research and development for the reduction of
low-level waste generated, and ultimately shipped to commercial waste
disposal sites. These recearch and development efforts will ontail both
research conducted for volume reduction, and new product development. The
following process description outlines an alternative waste consclidation
methcd for the treatment of depleted uranium scrap.

Alternative Method for Processing Depleted Uranium Scrap

ik Background g

Nuclenr Metzls, Inc. has traditionally inerted PYs¢phoric depleted
uranium (* DU) scrap by encapsul iting it in Portland cemewt. Experiments,
testing and pilot operations have validated an alternative¥reatment method,
involving the cleaning, dryin; and two-stage compaction of the turnings in a
metal can. The product is a solid sheathed billet with a deéRsity of over 80M
of cast uranium. Cross sectioning of billets reveals a ooBd surface, with
little apparent macroscopic internal Structure, that resimsts burning upon
direct application of a flame. Randomly selected billets havs been subjected
to a D.O.T. accepted test for pyrophoricity and have been determined to be
non-pyrophoric and shippable.

* "Depleted uranium” has been defined in 10 CFR 40.4 (o) as "the source
material uranium in which the isotope uranium-235 is less than 0.711

weight percent of the total uranium present. Depleted uranium does not
include special nuclear material"”.
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- Description of Process

a. Pretreatment

Depleted uranium machine turnings (chips) are cleaned and dried prior to
briquetting. This is accomplished primarily through displacement of surface
moisture by a chlorinated or fluorochlorinated hydrocarbon (solvent). This

process is supplemented as required by centrifuging and/or the application of
a stream of forced air.

b. Briquetting

Pretreated chips are loaded into either a cylindrical or square die and
compressed by a hydraulic press with a ram force of more than 150 tons. The
product of this operation is a cylindrical or prismatic briquette (depending
on the die used) approximately 1" to 14" thick, weighing on the order of five

to seven pounds, and having a density relative to cast uranium of at least
40%,

c¢. Consolidation

Briquettes are manually stacked in cylindrical or prismatic metal cans
of compatible cross section with welded bottom cover plates. Top cover
pPlates are placed on filled cans, which are then compacted by a hydraulic
press with a rar force of more than 1,000 tons. Configuration of final
billets is determined by die and can selection. A typical cylindrical billet
approximately 8" long x 44" G.D., would weigh about 70 pounds gross.
Independent of size and shape, billets have a minimum density relative to
cast uranium of 80% or more. Relative density of each compacted billet is
determined from weighing and measurement of length. Following acceptance by
the Compliance Department, billets are transported to the Packaging Area for

storage to await packaging, final inspection and ultimate shipment to a
licensed LLW facility.

3. Significance

When packaged for shallow land burial, volume reduction attained by
consolidation of scrap over cement encapsulation at historically achieved
loacing densities is greater than 19:1. In addition there is a potential for
licensed and controlled utilization of compacted billets as ballast weights
in certain applications, which could divert significant amounts of D.U. from
the waste stream and reduce the burden on limited LLW burial space.

In addition to the above scrap packaging alternative, we are requesting
authorization to conduc* research and development programs. These programs

may involve new product development as well as research into low-level waste
volume reduction.
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We feel this amendment request is in keeping with the NRC's Volume
Reduction Policy as stated in the December 14, 1981 letter from the NRC to
all Material Licensees. Therefore, we are requesting that the NRC take
expeditious action on this proposed license amendment, in line with the
policy statement cited above.

Attached please find our Application Fee in the sum of Forty Dollars
($40.00).

If any additional information is necessary or if you would like to meet
to discuss this matter further, please do not hesitate to contact us.

Sincerely,

A , :
" g !

\/l'/" {J\\ t\xt’r\\w,,'y,,.‘,—’

Joseph Lischinsky i §

Regulatory Affairs Specialist
Health Physics Department

Attachment
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%G.EAR METALS INC.

January 15, 1984

Mr. Joseph C. Wang

U. S. Nuclear Regulatory Commission

Material Licensing Branch

Division of Fuel Cycle and
Material Safety

Washington, D. C. 20555

Re: Docket No. 40-00672
Gentlemen:

Enclosed for your review is correspondence relating to our Source
Material License renewal (SMB-179). Based on a request from Region I and
documented in a Confirmatory Action Letter (CAL No. 83-08) dated 5 August
1983, we hereby submit these programs for inclusion inte our renewal request.

In reference to your letter dated November 9, 1383 which asks for
additional information to Suppert our renewal request, we believe that the
three programs included herein partially fulfill your request. The balance
of the information you need in order to take further action on our renewal

request is being prepared and is expected to be forwarded to you by the end
of January 1984.

Again, I want to thank you for your continued assistance during our
Source Material License renewal process. If we can be of any help or if you

have any questions concerning the enclosed, please Go not hesitate to contact
us.

Sincerely,

' a-.j_ g; %'WW(MO

Frank J. Vumbaco, Manager
Health and Radiation Safety

FJV:aj

Enclosures

2229 Main Street, Concord, Massachusetts 01742 (617) 369-5410



NMI INTERNAL EXPOSURE EVALUATION PROGRAM

As requested in the 5 August 1983 Confirmatory Action Letter's Item
No. &, a .cview of the elements of our Internal Evaluation Program is
attoched. The elements reviewed are as follows: "

1l). Metaholic Models for Uranium and Thorium

). 10CM 20 urc. for Depleted Uranium and Thorium-234

3). NMI Air Sampling Program

4). NMI Urinalysis Program

S5). NMI Annual lung Counting Program

Program Summary

The primary method for determining compliance with 10 CFR 20.103 is
the Air Sampling Program. Regardless of the solubility of Depleted
Uranium (DU) cr unsupported Th-234 (uncertain in some areas at this
time), the Intake Method of tracking intakes using the most restrictive
APC_ values has the needed sensitivity for determining compliance with
10 %cFR 20.103. Purthermore, the Intake Method is recommended in
Regulatory Guide 8.30 and has been and is currently in use at NMI.
Chronic and acute exposures to soluble DU lend themselves to further
exposure control and diagnostic evaluations. The previously stated 50
Bg/1l investigation limit and 10C mg/l work restriction limit are still
applicable. Chronic and a-cute exposures to insoluble DU or Th-234 lend
themselves to further evaluation via annual lung counting. It should be
noted that the lung burdens the metabolic models would predict are just
not realized. Considering the above discussion, the Internal Exposure
Evaluation Program is somewhat inflexible at this time. Acute intakes
below or near the 40 MPC-hr limits for DU or Th-234 will be evaluated on
a case by case basis by the Health Physics Department.

The following are projects currently underway that are aimed at
increasing the progr.m flexibility:

A). Simulated lung dissolution studies of DU and Th-234 aerosols
by area for ICRP 30 inhalation classification.

B). Particle sizing to determine . O by area for adjustment of
the ICRP 30 Lung Model.

C). 1In-house lung counting .. . . and possibly DU.
D). Urinszlysis for unsupported Th-234 based upon metabolic model

and a potassium (i.e., X-40) precipitation using sodium cohalt
nitrite in order to reduce background.
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METABOLIC MODELS FOR URANIUM AND THORIUM

General Review

The evaluation of biocassay data requires an analytical approach in
the interpretation of results. The current 10 CFR 20 limits on intake
of radionuclides are based upon the 1959 ICRP Committee 2 Repdrt. The
respective models used do not easily allow evaluations of intake based
on biocassay data. With this in mind, and precedent existing .(see NRC
Regulatory Guide 8.9) for the use of more current ICFP models, various
exposure scenarios have been examined using the 1979 Committee 2 ICRP
Publication 30 models. The lung model, GI model, and retention
functions recommended in this publication have been used to generate the
attached data. A summary of the metabolic data is below.

Uranium
a) Uptake to Blood
}; (soluble U) = 0,05

)ﬁ; (insoluble U) = 0.002

B) Inhalation Class

Compound Class ¥
Ul‘s. 002F2. 002(“33)2 D 0.05
003. U!‘" UCI‘ W 0.05
UOz. usoa Y 0.002

¢) Distribution and Retention

4
n.(t) - z Cis exp (-, L)
A=)
Where, C = 0.20 ; o = 1n 2/204
18 1
Bone
Czs = 0.023 I ey, = 1n 2/50004
B ®= 53 5w * 3500
» : Kidney
Cqs = 0.00052 ; o, = 1n 2/1500d
CSS = 0.12 } g ® In 2/64

All Ot’ »r Tissues

C6s = 0.00052 ; o = ln 2/15004

C.,s = 0,53596 ; eox = 1n 2/0.254 Excretion



METABOLIC MODELS FOR URANIUM AND THORIUM
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d) Additional Data
r“ = 1.0 (ICRP 10)

AMAD = 1 um (ICRP 30 and attached results from DU
grinding operations)

Thorium

a) Uptake to Blood

f; (All Compounds) = 2 x 107

b) Inhalation Class

Compound Class £1
Oxides & Hydroxides Y 2x10™¢
All Others W 2x10™¢

¢) Distribution and Retention

4
R (£) = z C,s exp (~o; L)
.l

L
Where, Cls e 0.70 ; “1 = 1ln 2/80004 Bone
Czs = 0.04 ; o, * in 2/7004 Liver
CJS = 0.16 ; oy * In 2/7004 All Other Tissues
C‘s = 0.10 ; g(‘ = 1n 2/0.54 Excretion

d) Additional Data

l‘“ B 0.9 (Conservative value; ICRP 10A recommends
'u = 1.0, rf = 0.01)

AMAD = 1 .um (ICRP 30)



MUCLEAR METALS INC -0
DERIVED INVESTIGATION LEVELS MGE |

U] Y 28
OIRCYIC INMALATION INTAKE 10006400 ng /DAY
10000 CLASS Y 1.0 MICRON PRTICWATE FRACTION FROM 61 TO SYSTBMIC (Fi)=  2.0006-03

SYSTEMIC RETENTION EQUATION MAETERS
R S N T T -
COMPARTMENT  COEFFICIENT WALFLIFECDAYS)

S.360E-41  2.500E-0)
2006401 4.000E+00
20006401 2.0008+01
L.OGE-A3  1.5006+03
2.300E-02  5.0006+03

RS W -

FRACTION EXCRETED IN URINECFU)= 1.000E+00  FRACTION OF INTAKE DEPOSITED IN BOOY= 0,430
PHYSICAL WALF LIFE= 1.450E+12 DAYS TINE INTERUAL FOR INCREMENTAL URINE SAMPLES= 1.000E+00 DAYS
OIRINIC INTAKE PERIOD= 2.000E+62 DAYS

DAYS POST  MASAL LW LUNG 6 SYSTRNIC  TOTAL  ACCUMIATED ACCUMUATED INCROENTAL INSTANTANEDUS

INAE  BURDEN  BURDEN  BURDEN: WURDEN  BURDEN BURDEN FECES D WINE URINE

5 - 5 ~ ~ e ” ~ % D
1000 1714601 2502643 1.GBSEVNN 032001 1406602 2538400 35606400 DOMSE-D2  D.466E-03 264768
.00 L7ME L2EA2 D0MENN BMIEND 2482602 A09E00  B.IEN0  TATE02  A9E3 30720
W00 LTUE 229342 AG2E00 0N D.T77E-02 S.S00E000  1.31IEND1  1.ISE-01  A.46IE-03 3341643
Q.00 L7661 AMIE02 GATSEND B.MBEND DZSE02 LUSSEND0  LLODIEND]  LLGMESl  A9SIEDD 3 S4éE-E)
.00 L7ME G2BSE-02 75076000 BAJIEND A0 00060 2276401 2.049-01  S.ME-0D 3721643
Q.00 L71EA BIEN2 09246000 DS AOIEA2 DBITEOD  27MED 26816401 SA2E0D 3960
00 L7 L2160 13061 BTSEND DTSE-02 1120001 206401 3.23%-01  S.40E-00 4028643
0.00 1704641 LSTTEN1 LATZENDD BAOTENL S22 126401 3723401 30! S.829603 4 17068
W00 L7460 LB LOTENN] BSIPENL S.MEE-02 1LAMOEND] 0209401 A.MZ-01 4022603 4 308643
100.00 1704601 2432601 1.MSED1 LSMENI 409942 1STENI A.06END SIS 6201640 4 M-8

11000 1714601 2.9236-01 1.580E+01 0.541E-91 &.52%E-02 1.4726401  5.1856401 S.MAGE-D! .94 4.7
12000 170401 3456601 17136401 B.5R2E01 4.MPE-02 1.004END1  8.674E40) 629601 4.501E-03 A M%-m
13,00 L714E-01 4029601 1.ASEND] B.M2E-01 7173602 1.9336401  4.165640 6. FGAE-D]  6.7456-03  4.838E-0)
140,00 L71GE-01 4. 6A2E-01 1.97SEeD1 0422601 7498602 2049401  6.45TEND  7.4S0E-4! 6.97E03 4. 948E-03
IS0 1714601 S.294E-01 2.1056+01 0.M42-0) 7.825E-02 21996401  7.1S1E40) 0.355-01  7.129%-03 5098603
160.00 1714601 S.904E-91 2.2326401 0.M42E-01 0055602 2.327E400  7.64%401  9.07860 7300803 5.2286-0
I7.00 1714601 6712641 2.3596001 081601 0.009E-02 2.454E401  8.1406401 901901 7.492-03  5.3%8E-03
180,00 1.7014E-01 7.47SE-01 24046001 0.7ME-01 O.B24E-02 2.500E401  0.437E40) 1.0SRE400 7674603  5.47E-0
I9.00  L714E-01 B.275E-01 2.4096001 B.719E-01 904702 2095401 9.134E+01 LIMEE 7,059 5.017E-03
20,00 1714691 9.109E-41 2.731E401 0.7IE-01 9512602 28286401  9.4336401 LA 003803 3. 4%-0
200,00 S.I00E-09 9.932E-01 2684601 42742 0.0MAE-D2 2097401  9.777E48) 12666400 4.534E-03  3.2206-03
22000 1.5226-16 1O7BEN00 2.45TEN01 41226492 7.5326-02 2.6406401 9.801E+0) LNEN0 41207 2.97%-0
20.00  A.SI7E-24 1ISBEYON 2.630E081 4044602 7.0ME-02 26416401  9.824E40) LAY 392303  2.79%-3
200.00 1352631 12306400 26036401 A.0I0E-02 7008602 2.614E401  9.847E01 LMTEM .m0 2.723%-0
250.00 00006408 1.31SE000 25776401 2.9%E-92 4.M1E-02 2.588E401  9,8706401 LAZSEO0  3.7326-02  2.4786-03
260.00  0.000E400 1.391E400 2.5NIEe01 3.9ME-02 4071602 2.5416401 98926401 LAGE  2.716-03 2.4%06-0
00 D.000E+00 1.46SEVND 25256401 3.046E-02 4.B4VE-02 2534401  9.914Ee00  1.S006400 308403 2.43%-03
A0 00006400 1.537E400 2.499E401 379302 4.094E-02 2.510Ee01  9.934E401  1.5346400 L67E03 2.8216-0
00 00006400 1.408E400 2.474E001 3. 041E-02 4.938E-02 2.485E¢01  9.958E401  1.57400 3660603  2.414E-03
00 0.000E+00 1.47BE00 2.049E401 3.490E-02 4.99ME-02 24406001  9.979E001  1.4M%E4%s L.64E03  2.40108-0
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U1 238
OIRONIC INWALATION INTAKE 1. 000E+00 wg /DAY
100.6X CLASS W 1.0 MICRON MTICWATE FRACTION FROM 61 TO SYSTEMIC (FI)= 3.0008-02

SYSTEMIC RETENTION EQUATION PARAMETERS

CCAITMENT  COEFFICIENT WALFLIFE(DAYS) .

S.3M0E-01  2.500E00
2000601 4.000E400
2.000E-01  2.000E+0!
1.0ME-03  1.500E+03
2.300E-02  S.0006+03

R W e -

FRACTION EXCRETED IN URINECFUX= 1.000E+00 FRACTION OF INTAKE DEPOSITED IN BOOY= §.430
PHYSICAL WALF LIFE= | 4S0E+12 DAYS TINE INTERVAL FOR INCREMENTAL URINE SAPLES= |.B00E+00 DAYS
ONRONIC INTAKE PERIOD= 2.000E+82 DAYS

BAYS POST  MASAL LYV LUNG 6l SYSTRMIC  TOTAL  ACCUMALATED ACCUMIATED INCREMENTAL INSTANTANEDUS

INTAKE  BURDEN  BURDEN  BURDEN  BURDEN BURDEN BURDEN  FECES URINE RINE RN

» =5 = 5 = ] » ~ 5 LEL
.00 1.562E-01 7.9MME-3 1.99TE4O0 7.000E-01 3.249E-81 2.424E+00  2.93SE400 5.1 7.110E-02  5.140E-02
D00 1562601 2.087E-92 2.MAIE+00 7.201E-81 S.241E-01 A.06SE400  4.9BSE400 13746400 B.420E-92  4.0%8E-W
N0 1601 S.0E82 D.9%4E000 7. TE-S 6.64BE-01 S.3OTE400  1.114Ee01 22466400 9.2BXE-02  4.454E-02
M0 1LS4ZE-01 V.M3E42 APN0EN0 751201 7.BOBE-01 4.432E400  1.338E4R] 23BN 9.%24E-02  7.10%E-R
W00 156201 1LINIEAL S.740E400 7.439E-01 0.249E-01 7.389E400  1.97DEe0] 2306400 1LMSENL 7.4B0E92
.00 154201 1LRTE-SL 4. ATSECDD 7.049E-01 9.M08E-91 B.Z3ME4D0  2.M09Ee01 53226400 10B%E 7. %R
.00 1LSE2E-01 2.284E-81 7.152E00 7 BASE-L 0346000 B.972E400  2.8S4E001 44336400 12701 802
80.00  1.562E-01 2.764E-41 7.730E00 7.9ZBE-41 1.I0ME400 9.427E400  3.004E401  7.579EeM0 LL14IE-D) 0.303E-R
P00 LS 2I97E-41 0.238E400 B.00IE-R1  1.067EA00  1.021E401  3.738Ee01  B.737Ee00  1.IME-01  B.511E-M
10000 1.562E-01 3.43BE-01 B.6B4E400 O.064E-01 1.226E400 10726401 20166401 9.0MIEeD0 1214601 0.6P%-M
1000 1.562E-01 4042601 90796400 0.119E-01 1.281E400 1.117E+01  4.470E01  1.119%Ee1 120901 08972
12000 156201 .Q7E-81 94256400 0.047E-0) 1 3326400 1.198E401  S.043E401 12646401 129901 9.MIE-
13,00 1562601 .MTE-81 9.730E+00 0.209E-01 1.383E+00 1.1936+61 S.A10E401  LINIEC01  1L277E-01 0.129E-02
1000 1562691 5. 209641 9.997E+08 0.243E-01 1.A01E400 1.223E401  4.079E401  1LSOME0! 129301 9. 242%-W
IS0.00  1.562E-01 S.544E-81 1.023E+01 B.277E-01 1.47RE00 1.254E+01  4.SSIECR1 1.630Ee01  1.307E-01  9.0436-02
16000 1.542E-01 S.BS9E-31 D.0G4E+N1 0.004E-01 1.523E000 1.279E401  7.024E+01 17616401 132001 9.433E-02

1562601 4.050E-01 1.062E+01 0.323E-01 1.54E400 1. ZE+01  7.A99EeR]  1LO9E401  133IE-01 9.513E-W2
FS62E-01 4. 010E-01 1.O7BE+01 0.04%E-01 1.G07E400 1.323E401 7.974Ee01 2.027E+01  1LOMIER1 9.585E-W
1362601 6.00AE-01 10928401 0.347E-01 1.4SIE400 1.JA1E+0!  B.AS1E+0)  2.142E+01  1.30E-01  9.e8E-02
1562601 4.091E-01 11056400 0383601 1.491E400 1.357E+01 0.929E+01  2.29%E+01 1 358E-01 .MM
GOME-0Y 7.019E-01 9.557E400 1.297E-01 1. GRMED0 1.110E401  9.11SE401 2,370 AME-R2 LAO%-02
1.3B4E-16 4.978E-01 D.000E«00 1. 200E-01 1.244E400 9.773E+00 9.189E01  2.433401 528702 3. M%-R
I24E-24  4.066E-01 7.297E+00 1052601 10426000 B.GAAEDD  9.24E401  2.4B2E401  AARIE-02  3.1B4E-M2
1.2296-31 4.650E-41 4.507E+00 9.157E-42 1044600 7.445E+00  9.210E+01 2,523+ 3.9E02  2.74E-R2
B.000E400 4.37SE-01 37236400 7.971E-02 1.00BE+00 4.BIE4B0  9.340E401  2.35%EeM0  J.AMOE-02  2.2%E-W2
D.000E400 4.060E-01 3.033E400 4.939E-42 9.G08E-01 4043600  9.M026401  2.9MEe01 20046402  2.10E-W
00006400 S5.720E-01 Q4246400 4.041E-02 9.225E-01 S.M0TECD0 9. GA0E+01  2.420E401  2.448E-02 109402
00006400 S.344E-91 3.092E400 S5.299E-92 O0.904E-0) A.BITEC00  V.472E401 20456401 204302  1.480E-R2
0.000E400 S.00BE-01 3.42Z8400 4.57BE-02 0.434E-01 A.JI1E400  9.S00E+01 2 447E4N1  2.100E-92  1.491E-02
0.000E+00 4.452E-01 DJ.00BE+00 3.9B4E-02 O0.404E-01 3.888E+00  9.525E40)  2.484E01  ).B4GE-02 ). 2%E-W

~ ——
=S8383
=S32=.
=====
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NUCLEAR METALS INC -0
DERIVED INVESTIGATION LEVELS et |

UGN 238 ;
ORINIC INMALATION INTAKE 1.000E+00 ng /DAY
100X CLASS D 1.0 MICRON MRTICWLATE FRACTION FRON 61 TO SYSTEMIC (F1)= 5. M0E-12

SYSTEMIC RETENTION EQUATION PARAMETERS

COMMETMENT  COEFFICIENT MALFLIFE(DAYS)

S.360E01  2.300E-0!
2.000E-01  4.000E400
2.000E-81  2.000E+01
1.M0E-83 1.300E+63
2.300E92  5.000E+03

LL R ™

FRACTION EXCRETED IN URINECFUX= 1.000E+00  FRACTION OF INTAKE DEPOSITED IN BODY= §.430
PHYSICAL WALF LIFE= 1.450E+12 DAYS TINE INTERVAL FOR INCREMENTAL URINE SAMPLES= |.M00E+00 DAYS
OIRONIC INTAKE PERIOD= 2.000E+82 DAYS

DAYS POST MASAL LYWW LN 6l SYSTRMIC  TOTAL  ACCUMULATED ACCUMAATED INCREMENTAL INSTANTANEDUS

INTAKE  BURDEN  BURDEN  BURDEN  BURDEN BURDBN BURDEN  FECES RINE mINE URINE
- » = - - * = = ~ N
100 4220603 3.M7E-02 2.107E-01 2.563E-81 1.M0E000 2.135E400 12056400 29566400 3.40%-01  2.5996-1

CI2BE03 J.ATER2 2.107E-01 2.563E-81 2.593E400 3.06BE00  2.448E+00  6.B0ER0 4092601 2.934E-01
32803 3.607E-02 2.187E-81 2.543E-91 3.196E400 3.471E400  4.130E400  1.109E401 4327601 3.097E-91
328603 3.8TE2 2.007E-01 2.543E-81 J.426E400 Q.103E00  S.SPAE400  1.SSOEe01  4.49E-01  3.188E-0
LA7E-02 2.187E-01 2.543E-01 D.9S9E400 4.A34E400  7.0STEe0D  2.0006401  A.SAIE-01 3. 244E-01
G863 3.07E02 2.187E-81 2543601 A.223E400 4.69BED0  B.S20E400  2.458Ee01  4.59SE-01  3.284E-0
328603 3.07E-02 2.187E-81 2.543E-01 A.MA3F00 4. PIBE00  9.9B3E400 29196401  4.63%-01  3.3106-0)
CIZBE-03 3.07E-02 2.107E-01 2.543E-01 44326400 S.007Ee00  1.04SEOD]  3.3M4Ee01  4.MH0E-01  3.329-01
C328E-03 3.007E-02 2.107E-01 2.543E-01 A.79BED0 S.2736400  1.291Ee01  D.BSIE4D1  4.478E-01 3,342
100.00 4328603 J.007E-02 2.187E-01 2.543E-01 4.9S0E400 S.425E400 1.47Ee0] 42206401 4.4M1E-D1  3.3S1E-01
10,00 4328603 3.607E-02 2.187E-01 2.543E-91 S.090E+00 S.565E400 1.5BMEeR1 4. 790Ee01  4.701E-01  3.358E-0!
120,00 4328603 3.607E-02 2.107E-01 2.543E-01 S.223E400 S.49BE+00 1.730E401  S.260E401  4.707E-01  3.3426-01
13.00 4328603 3.007E-02 2.187E-01 2.543E-01 S.ISOE400 S.B25E400 1.874E+01  S5.731E400  AMZE-01 3.3
160.00 328643 .A7E92 2.107E-01 2.543E-01 S.A73E400 S5.94BE¢00  2.022E+61  4.2026401  4.715E-01  3.348E-0
13.00 4328643 3.M7E-02 2.187E-01 2.563E-01 S.SVE400 4.06BE00  2.169E401  4.674E401  €.71BE-01  3.370E-01
160.00 432803 3.M07E-02 2.107E-01 2.543E-01 S.711E000 4.186E400  2.31SE+01  7.044E401  4.7206-01  3.371E-1
1.0 432843 3.47E-02 2.107E-01 2.543E-01 S.B2BE400 6.303E400  2.461E+01  7.61BE4D1 4. 721E-01  3.3726-01
100.00  4.328E-03 J.M07E-02 2.187E-01 2.543E-01 S.0GAE00 44196000  2.408E+01  B.090Ee01 472201 3.373E-01
19,00 4328543 2.607E-02 2.187E-01 2.543E-01 4.058E400 45336000  2.754Ee01  B.562E401  4.723E-01  3.373-01
20000 4.328E-03 J.07E-02 2.187E-D1 2563601 A.1726400 G.GATECRD  2.9M0E01 9035401 472301 3.374E-)
21000 G.0R0E+0 5112607 6.B326E-07 1.DAIE-0S ALA24E000 4. 426E000  2.926E401  9.211E401  1.1206-01  7.750E-92
20.00  G.000E400 9.423E-13 1.106E-12 0.359E-10 J.004E400 3.006E000  2.926E401  9.29%+00 4. 324E-02 4. 404E-02
23,00 D.000E400 1.332E-10 1.489E-18 3.79SE-14 .34E00  3.304E000 29266401 9.342401  3.97%-02  2.780E-02
200,00 D.000E00 1.4B4E-24 1.B33E-24 1.723E-10 29966400 2.996Ee00  2.926E401  9.374E401  2.441E-02 184502
.00 D.000E+00 2.001E-30 2.143E-30 7.8226-20 2.770E400 2.778Ee00 29266401  9.394Ee01  1.BMAZE-02  1.292%6-92
260,00  0.00BE+00 B.000E+00 0.000E400 3.5S1E-27 2.425E400 2.425E400 2926401  9.411E40)  1.2976-02  9.1026-02
00 0.000E+00 0.000E+00 O.000E+00 1.4126-31 2.517E400 2.517E400  2.926E+01  9.4226401  9.218E-03  ¢.474E-03
A0 B.000E400  0.000E+00 0.000E400 7.059F-3/ 2.040E+00 2.440E400 2.924E+01  9.430E01  6.603E-03  4.439E-0
L]

L

2RATUEWN
ssz=zzzs=3s
>
&
w

0.000E+00 0.000E+00 0.000E+00 0.0006+00 2.38SE+00 2.38SE+00  2.926E401  9.436E401 4. 744E-03  3.348E-03
0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.34SE+00 2.345E+00  2.926E+01  9.0M0E+01  3.467E-03  2.4386-1



NN 238
ONRONIC INWALATION INTAKE 1.000E400 ng /DAY

SYSTEMIC RETENTION EQUATION PARANETERS

COPARTMENT  COEFFICIENT MALFLIFE(DAYS)

WA BN -

S.360E-01  2.500E-01
2.00E-481  4.000E+0
2.000E-01  2.000E+0!
1LOME-S3  1.300E+03
2.30E-42  3.000E403

NUCLEAR METALS INC -0
DERTVED INVESTIGATION LEVELS M )

S6.0X CLASS D 1.0 MICRON PARTICILATE FRACTION FROM 61 TO SYSTEMIC (Fl)= 3.000E-02
.0 CLASS Y 1.0 NICRON MARTICWATE FRACTION FROM 61 TO SYSTBMIC (Fi)= 2,000E-03

FRACTION EXCRETED IN URINE(FU)= 1.000E+08  FRACTION OF INTAKE DePOSITED IN BODY= 0.430
PHYSION. MALF LIFE= 1.450E+12 DAYS
OIRINIC INTAKE PERIQD= 2.000E+02 DAYS

TIME INTERVAL FOR INCREMENTAL URINE SAMPLES= 1.000E+00 DAYS

DAYS POST  MASAL LMW LUNG 8l SYSTENIC  TOUTAL  ACCUMUAATED ACCIMUATED INCREENTAL INSTANTANEDLS
INTAE  BRDEN  BURDEN  BURDEN  BURDEN  BURDEN  BURDBN FECES RINE URINE RN
5 - » =~ 5 -~ - 5 ® A
1000 7086602 2133602 0.64E-01 S.I00E-81 9.368E-81 2.3126400  2.241E400  1.44VENBD  2.034E-01  1.447E-D)
200 7.BE42 247602 1SISENOD S.00SE-01 14646400 34916400 S.ISPEW0  3.873Ee80  2.30E-01  1.457E-4
W00 7ORBEA2 DA2E-02 20996400 512501 1.OOSEAOD 4066000 B.0B3E00  6.2636000  2.0ME-D1 1450
0.0 778642 2.001E-02 2795400 S.I35E-81 20496400 S.BED0  1.101EWD1  B.7SIEND 251901 1.BOIE-R
.00 78642 4785602 3425400 S.4SE-R1 22366400 6.1766400  1.39SENl  1.130ENR1  2,5446-01  1.834E-H
.00 7.7BE02 S.9TSE02 APEA00 S.ISSE-01 2.384E400 6.9SIEVON  1.689Ee01  1.388Ee01 299701 1884601
MO0 TBEAD 736802 46600 S.0SE-01 2511600 7.6MEN  1.9BAENDD  1.APEeR1  2.6196-01 1872601
00.00  7.7B4E82 0939602 S.Z77Ee00 S.74E-41 26186400 0.413E00 2.279601 19126401 2,635  1.836-4
M.00 7786642 1.074E-81 50826400 S.IBME-01 27136400 9.1136400 257401 21746081 2.446E-01  1.890E-0)
10000 7.7846-02 1.2726-01 6.000EA00 519301 27996400 97996000  2.870Ee01 2441601 2,441 1.896E-01
110.00  7.784E-02 1.488E-01 7.0736400 S.2026-81 28796400 1.MVEWB1  3.148E401 207601 2.6606-01  1.900E-
12000 7784602 1723681 7.659E400 S.2126-81 2955400 1.104EeD1  3.465E001 29736401  2.665E-01  1.904E-0!
19000 7786692 1.97SE-01 0.2396000 S.2206-91 30286000 11796400 32636401 32006401 2.4486-01 1,904
140.00 7784602 2.245E-01 08146400 S.2296-01 D.09BE00 12436401 40426401 3.07EeR1 2470601 1,998E-0)
19.00  7.786E-92 2.5326-01 9.3826400 S.20E-81 D.167Ee00 1.0l 4616001 32EN 2.67%-81 1900601
160.00 7704642 2835601 9.04SEN00 S.247E-81 3.24E400 1.MENNl  A.GG0ED1  A.0AZENR1 247601 191160
I70.00  7.784E42 3.1S56-01 1.050E+01 S.255E-81 D.301E400 1.4336401  A.9G0ENN] 4009601 247701 1.I%4
100.00 7784642 3.491E-01 1.105E401 S.264E-81 2.37E400 14956401 S.260E41  A.ST7EN01 2478601 1.91%-0
19900 7786642 3.ME-A1 1.IMEW S.2%-01 3.43e00 15566401 S.S61E01  AMASEWN  2.009E-01  1.9M4E-N)
20000 7.786E-402 4.2006-01 1.214E401 5200601 3.498Ee00 1.617E401 S.B43E401  S.01%480  2.480E-01  1.91%-01
200,30 2207649 4379601 1LIBIEND] 1.8826-02 2.427E00 1.4AGEVR1  S.9M0EN]  S.204Ee81  6ATSE-02 448262
22000 6698617 42601 1.169EA01 1.BIME-S2 2.145E400 1.387Ee01  S.9SIENN1  5.2626481  3.72E42  2,9%-R
2000 1.99E-24 S.A97E-01 1.ISTEe01 1.789E-92 1.88BE00 1.34BE001 S.961EW01  S.291Ee01 2399602 1.6B0E-2
24000 S.049E-32 S.MASE-D1 1.04SEM01 1.26AE-92 1.70BEe00 13106401  S.9706081  S.3IEN00 1.6S8E-02  1.144E-R2
29000 00006400 S.7B6E-01 1.IMMEND1 1.40E-02 1.584E000 1.294E401  S.0MIENN]  S.2%e81 1192 041460
260000 00006400 4.1196-01 1.1226401 1704692 1.500Ee00 1.224E¢01 S.991EW01 53356401 0.804E-03  4.263-03
2000 0000600 6.MSE-01 11106901 1.6926-02 1.0A0EN00 1.257E001  6.001EN01  S.MZE401 6. BE-D3  4.784E-03
260.00 00006400 6.764E-D1 11006401 1.G49E-82 1.397E40 12416401 4011601 S.MBEN01  S.16-03  3.7%16-@
29000 00006000 7077601 1.089E401 1.6AGE-92 1.364E400 1.227Ee01 40206401  S.3S301 4278603 3,025-43
0,00  0.0006400 7.3826-01 10786401 1.626-82 1.0AAEN00 1.204E000 60296001  S.3S7ENMl  D.M9EGD  2.5146-0



MUICLEAR METALS TNC »-0EC-0
DERIVED IMVESTIGATION LEVELS MEE |

WY 238
ACUTE INWATION INTAKE 1.000E+00 ng
100. X CLASS Y 1.0 MICRON MRTICWATE FRACTION FROM 61 TO SYSTEMIC (Fl)=  2.M00E-8

SYSTEMIC RETENTION EQUATION PARRMETERS
T R T A T S A MR S

COMPAITMENT  COEFFICIENT MWALFLIFE(DAYS)

336041 2.500E-01
2000681 40006
2.000E-01  2.000E+0)
1.40E-03 1.500E+03
2.30E92  5.0006+0

FRACTION EXCRETED IN URINECFU)= 1.000E+00 FRACTION OF INTAKE DEPOSITED IN BODY= 0.43%
PHYSICAL WALF LIFE= 1.430E+12 DAYS TINE INTERVAL FOR INCREMENTAL URINE SAMPLES= 1.B00E+80 DAYS

VS POST  MASAL LM LN 6! SYSTRNIC  TOTAL  ACCUMUATED ACCUMUATED INCREMENTAL INSTANTANEOUS

INTAE  BURDEN  BURDEN  WURDEN  BURDEN  BURDEN  BURDEY FLCSS RN RINE RINE

~ ” » . 5 C I - 5 ~ A
1,00 S.250E-02 S.193-05 2041601 D.0BUE-1 2176693 S.M3E-01  S.009F-27  Z.ZBIE-E3  2.ME-83  S.814E-04
200 9.2BIE-3 1A3EM4 L BIED1 2.2716401 1MTE-D3 A.0MIEA] 20781 2799603 A.SIOEM §.00%-
300 LGAIE-0] 1SS 1LASE01 1.22%-P1 LRRIEA3 2,090 LIS 283 Z.04IE-M4 1 18844
400 2900644 2.071EM4 17201 S.9TE02 10D 2.1BE81  4.0ME-S1  3.092-03  1LO9IE04 9. 721E-08
S.00 S.A276-05 2.584E-04 153601 2017602 1.411E-03 1.029-01 .30 3220683  1.2046-04  0.S90E-0S
600 D.0MES6 JAMEM 1SIE-D! 1.3ME-02 1.SI9E-03 1.6S9E-81 A.G00E01  3.3MED]  1.IME-4 7. 784E-8S
200 LG4 341404 1A99E-01 6.826-03 | TE-03 157601 A.6BEE-D1  3.43BE-03  .ME-4 7 139605
.00 2.8326-07 412604 1A9E-D1 D.I9E4D 1.3S8E-03 1.SME01 401 3.5ME-DD  9.G01E0S  6.SP0E-05
00 S.007E08 A.MIVE-M 1LARE-D1 1.MIEI3 127603 1.SIBE-01  A.ME-S1  3.42%-00  0.0B4E-05 4112605
10.00  B.ESIEDY S.IATE-04 1.46GE-01 9.1B4E-84 1223603 1.S0E-01 A5  D.704E03  0.255E-05 S 499E-08
1100 1.565E-09 S.6E-04 1.4B4E-01 S.704E-M4 1163603 1.SOIE-Nl  A.26E-01  7BHE-0D  7.406E-05 S 312685
12.00 2766610 4.164E-040 1482601 A.01E-04 LIOE-03 14901 46461 D.BSSESD  7.96E-05 4 97460
1300 AB90E-11 6.67E-04 1.ABE-D1 3.1B4E-04 1.0GOE-03 1.4ME-01  A.26%-01 3922693  6.MBE-8S 4 671E-85
14.00  B.6M4E-12 7.1766-04 19601 2.777E-04 1.0M4E-03 1492601  A.26BE-01  3.9BEE0D  6.IMESS 4. 397E-05
15.00 1528612 7.8IE-M 1LATTE-81 2.574E-04 9.218E-04 1490601 A.7P0E-0]  A0ASE-03  S.9B0E-05 4 ISOE-ES
16.00  2.701E-13 G.IBSE-4 1476601 2071604 9.30E-04 1.4B7E-D1  A77IF-01 002603 S.GSIE-GS 3 927E-08
1,00 4775614 068800 1LOMES] 241904 0972604 148401 OT7E-01 GISEE-DD  S.0ME-0S 3725608
10.00  B.0AIE-1S 9.19E-M4 1701 291644 B.AAIE-M4 1.AMED1  AT2E-D] 4206603 S.0B4E-S 3 SA2E-08
19,00 1492615 9.40E-M LATIES! 2306600 B.IME-04 1.RE-01 47001 42503 4MO0E-0S 330608
.00 2.63E-16 101943 1AZE-D1 2.364E-04 DOSOE-04 1.4BE-D1  A.TTTEN1  A.IE3  A.619E-5 3 2256-08
.00 GHX-17 1ED 1 GEE-DI 23606040 7004 1LATBEN1 77881 MDD A4IBE-0S 3088608
200 02418 LUI9E0D LATE-S1 2.355E-04 7SME-04 1476601 ATBOEN]  A.07E-03 A0S 2 9436-05
B0 1AS7E-I0 LIGBEED 1ASEN] 2.351E-04 2.31IE-04 1.ATSE-1 ABIE 428603 406BEES 2 ESOE-4S
.00 257619 L200E-03 1.AGE-01 2TEM 09TE-84 1.7EA1 ATREA AATE] D0EAS 2 74kE-05
BN ASHED LUTEAD 1AE01 2.0ME-M LTE-04 1ATIE] GTBAE-N A.0K-00 D.777ES 2 4SIE-9S
2600 G.US0E-21 LI7E4D LAME-D1 2M41EM G7I0ED4 1LATIEDl A1 4400 D.S0ES 2 SeSE-0S
2.0 1422 1364643 1401 200760 653 1.AGBE-D] 78N ASTTE-03  D.SMES 2 48SE-0S
.00 25162 1.4I%4) 1ATTEN1 2IMEM LIVIEM 1LAMED  ATBBEN 4.GIED DATE4S 2 0126-08
BN LMUTE-2D LAAEAD 1ASE-01 2.00IE-M 6206604 1.AME-D]  ATBIE-01  4ME-D] 1905 2 MSE-0S
N0 7B 110D 1AMED] 2328604 GOT0E-04 1.AG3E-D1  A.P0E]  A.GTTED  D.2MEGS 2 28305



ACUTE INWRATION INTAKE
100,02 CLASS W 1.0 MICRON PARTICILATE

SYSTEMIC RETENTION EQUATION PARRMETERS

COMPAITMENT  COEFFICIENT WALFLIFE(DAYS)

MUCLEAR METALS INC
DERIVED INVESTIGATION LEVELS

1.000E+00 ng

FRACTION FROM 61 TO SYSTEMIC (Fl)=  3.000E-82

fop 18 <]

1 S.34E-01  2.5ME-0

2 2.4006-01  4.000E+00

3 2.000E-01  2.0006+01

4 1.000E-83 1.500E+03

S 2.3006-02  S.000E+03

FRACTION EXCRETED IN URINECFU)= 1.000E400  FRACTION OF INTAKE DEPOSITED IN 620v= 0.430

PHYSICAL MALF LIFE= 1.4S0E+12 DAYS TIME INTERVAL FOR INCREMENTAL URINE SAPLES= 1.000E+00 DAYS
DAYS POST MASAL LYWW LW 8l SYSTRMIC  TOTAL  ACCUMUATED ACCUMAATED INCREMENTAL INSTANTANEDUS
INTAE  BURDEN  BURDEN  BURDEN  IURDRN BURDEN BURDEN  FECES RN IRINE WIN

- - - - ~ . - - [ L KL

L0 77302 109604 2.1056-01 2472601 120602 4.999E-01  3.974E-02 4. 26502 4.2656-02  1.141E-02
2.0 LGOTE JWME4 1779601 LLBE7E-S1 3.73E-02 .09E-01  1.4SBE-A1  S.I9NE-02  9.255E43  1.93%-0
.00 1923 APETE-04 1.GMME-01 1052601 3.ME-02 3.004E-01 2718601 S.AIE-02 420600  2.444E-02
400 2.637E-04 4.TSBE-M 1.S0BE-81 5.3266-92 3.307E-92 2.37ME-01  3.3ME-01 5924602 3.083E-03  2.00%E-83
S.00  A.GG1E-05 B.0B4E-04 1 ASOE-01 2.441E-02 3.125E-02 2.029%-01 3.45ZE-01  6.084E-02  2.4296-03  1.76%E-93
600 B.240E06 9.547E-M4 1413601 1276692 2.97E-92 1.BAE-01  3.B11E-81 642692 2,358  1.M7E-D
100 LASTE-04 1.00IE-03 1.384E-01 7.66BE-03 2.002-82 124301  2.094E-81  4.6386-02  2.1586-03  1.4806-03
B.00 25707 1.241E-493 1.363E-01 4767603 2.640E-02 1.47TE-01  2.939-01  6.B38E-02 1995600 1.U%-0)
.00 A.SS2E-08 1.377E-03 1.3MME-01 3.3496-93 2.530E-82 1.430E-01 D.967E-01  7.02%-02  1.854E-03  1.2806-03
100 0.M7E-09 1.509E-03 1.3246-01 2.4B1E-03 2.411E-82 1.594E-81 3987601  V.197E-02  1.734E-83  1.198E-03
1.00 1422609 1.4376-03 1.308€-01 2.333€-03 2.3026-02 1.5426-01 4.002-01  7.3596-02  1.6266-C7  1.12%6-03
1200 2515610 1.761E-43 1.291E-91 2.148E-03 2.2026-92 1.533E-01 &.016E-01  7.50126-02  1.529E-03  1.040E-03
13,00 4.MASE-11 1.8B1E-83 1.275E-01 2.0440-03 2.1106-92 1.504E-01 A.028E-01  7.454E-02  1.0426-03  1.8015-03
1400 7.858E-12 1.998E-03 1.299E-01 1.979E-03 202542 1.4BIE-01 4.0ME-01  7.79292 1343603  9.470E-04
1500 1.389E-12 2.111E-03 1. 24381 1.933E-43 1.M7E-02 1.45TE-01  A.0SIE-01  7.9226-02  1.2916-03  B.984E-04
16,00 2.4566-13 2.221E-03 1.227E-01 1098693 1.07SE-02 1.4ME-01 042601  B.0ME-02  1.2266-93  B.542E-M
1,00 A3M0E-14 2.3276-03 1. 2128-01 1.B47E-03 1.M0GE-02 1.411E-01 A.073-01  B.061E-82  1.1676-03  0.1396-M
10,00 7.474E-15 2.430E-03 1.196E-81 1.839E-93 1. 047E-02 1389601 A.00ME-01  B.27ZE02 111303 77720
1900 1.357E-15 2.530E-03 1.181E-91 1.B136-03 1.409E-02 1.348E-01 A.004E-81  B.I79E-02  1.064E-93  7.434E-04
2,00 2.398E-14 2.627E-03 1.164E-01 1.787E-03 1434692 1.MMBE-91  A.104E-01  B.4BIE-2 1019603  7.1286-04
2.0 A29E-17 2.720E-03 1.ISIE-81 1.762E-43 1584602 1.328E-01 41101 0702 0.709E-M4 4.B44E-I
2.0 7.096-18 2810603 1.137E-01 1.738E-03 1.5M0E-82 1.30BE-01 Q125641 0472602 9.000E-04  4.584E-M
2.0 1.325%-18 2097603 1.1226-01 1704603 1494682 1.289-01 4135601 0763602 D.SIE-M4  4.4%E-M
.00 2.042%-19 2.9826-03 1.108E-01 1.499E-03 1.454E-92 1.271E-01 4064681 0050602 B.7M0E4  4.177E-M
BN GIG0E-20 306303 10001 1.67E-03 1.0IBE-02 125301 41461 B.OMEG2  0.033E-M 5.923-M
26,00 7.018E-21 3042643 1.080E-01 1.6M4E-83 1382602 1.235E-01 4143601  9.004E-92  0.1SBE-04 8. 7ME-M
.00 1.294E-21 3.218E-03 1.067E-01 1.621E-03 1.04GE-02 1.2186-01 4173601  9.095E-02  7.ME-04 5536604
8.0 2722 3.291E-43 105301 1.999E-93 1304692 L.201E-01 4182600 9.1726402  V.464E-M4 5. 395E-M
2.0 4.M3E-23 3.342-03 1.000E-01 1.577E-03 1284602 1.IBME-D1  AIDIE-81 9. 246E-02  7.MSE-M4 5. 24204
20,00 7.047E-24 3.4E-03 1027601 1555603 1.250E-02 1.14BE-01 A.2006-01  9.319E-02  7.209E-84  S5.100E-04



MICLEAR METALS INC -0E0-80
DERIVED INVESTIGATION LEVELS et |

WY 238
ACUTE INWALATION INTAKE 10006400 mg
100, CLASS D 1.0 MICRON MRTICWATE  FRACTION FRON 61 TO SYSTBMIC (Fi)e  §.8006-02

SYSTENIC RETENTION EQUATION PARAMETERS

COMMETMENT  COEFFICIENT WALFLIFE(DAYS)

1 S.360E41 2,500
? 2000641 4.000E+00
3 2000641 2.000E+01
4 1.0ME-03  1.500E+03
b 2.300E-42  3.000E+03
FRACTION EXCRETED IN URINECFU)= 1.000E+00  FRACTION OF INTAKE DEPOSITED IN BOOY= §.430
PHYSICAL WALF LIFE= 1.450E+12 DAYS TIME INTERVAL FOR INCREMENTAL URINE SAMPLES= |.000E+00 DAYS

MSAL LW NG 6l SYSTRMIC  TOTAL  ACCUMULATED ACCUMAATED INCREMENTAL  INSTANTANEOUS
BURDEN  BURDEN  BURDEN  BURDEN BURDEN BURDEN  FECES RN WRINE URINE

~ 5 5 5 = - -~ ” A

4
E L]
A g

»

2.367E-31 173302 79902 1.0SIE-01 2.09%-00 3. 0M4E-01 L I0GE-02 1.0ME-D1 1 0ME- 202
200 D.000E+00 B.644E-03 Z.429E-02 A 7VE-02 1.VBSE-D1 2.710E-01 9.B3SE-42  2.M07E-01  4.M09E92  2.%24-02
00 G.000E+00 3.249E-03 7.195E-03 1.90VE-02 1.044E-01 2.128E-01 1.2726-41  2.9006-01  2.929%E-82  1.51%-02
.00 D.000E+B8 1.0BUE43 2.060E-93 7.254E-93 1.045E-91 1.B38E-01 1.3ME-41  JU7IE01 LR 1.023%-02
00 D.000E+00 2384604 3.B26E-M 23 130 1L665E-01 143601 219901 LTS 0230
600 B.000E00 1.0ISE-D4 1626604 1.00IE4D 152991 1LSAIE-R)  1LAS3E-01  .B0E-D1  LL074E92  7.1906-33
100 00006400 2.961E-05 4. G07E-05 3.41E-04 1.43SE-01 1. A39E01  LASTE-01 D.M0ZE-00  9.538E-03  4.44%E-03
.00 G.000E400 0.441E-04 1.22BE-95 1.39E-4 1. ATE-81 1 3S0E-01 1.442E-01  D.48E-01  0.432643  5.8816-3
9.00  G.000E+00 2.380E-04 3.333-04 500305 LLIME-01 1L271E-01  1.MA2E-01 354701 7.M6%E-03  S.371E-03
10,00 0.000E+00 4.410E-07 O.99SE-07 1.BMIE-4S 1198601 1.199E-01 1. 44301 2.4ME-01  2.19%E03 4.917E-03
11,00 G.000E+00 1.B18E-07 2.4014E-07 4.77%-04 1.1326-01 1.133E-01 1. M3 IMNE-N 4.99EN) 4NE0
1200 0.000E+00 4.9SBE-08 4.MBE-90 2.492E-04 1072601 1072801 1.M43E-01  D.245E-01  ASIED  4042E-02
1300 0.000E+00 1.043E-08 1.715E-08 9.147E-07 1.004E-01 1.004E-01 1. 463E-81  D.B2IE-01  5.543E-03  3.811E-03
14.00  0.000E+00 34109 A.5ME0Y J.372E-07 9.451E-82 9.451E-02 1. M3E-01 307201 S 1226-03 3.510E-0
15.00  D.000E+00 9.483E-10 1. 201609 1201697 90.170E-02 9.178E-02 1.443E-01  2.MI7E-01 472303 3.240E-03
16,00 D.000E+00 2.5R2E-10 3.144E-10 4.5HAE-08 0. 74202 8. 242602 106301 396301 4.34%-03  2.994-03
1700 00006400 4.BS7E-11 B.314E-11 1.479E-08 0.208E-92 0.308E-02 1.443E-01  A.003E-01 403703 2.774-03
16,00 G.O00E+00  1.B14E-11 2.179E-11 4.176E-09 7.944E-02 7.944E-02 1.M3E01  MIE-01  3NE4  2.97%-13
1900 0.000E+08 4.791E-12 S.MMIE-12 2.27%-09 V.417E-82 7.417E-02 1. 46300 407SE-01 .70 2.390E-03
2000  0.000E400 1.241E-12 1.4BBE-12 0.399E-10 7. 29E-42 7.294E-02 1.AG3EN  4008E0) 2. 2286400  2.224-0
2.00  0.000E400 3.300E-13 3.078E-13 .07SE-I0 A9GE-02 4.994E-02 1L AG3E-01 4138601 3004603 2.%-03
22,00 D.000E400 0.648E-14 1007613 113110 4102 6.713E02  LLMG3ERD 404601 28046403 1.9356-0
.00 D.000E400  2.248E-14 2.421E-14 A 142811 6.OS1E-02 . 4SIE-02  1.AG3E-01 419201 2.4206-03  1.809E-03
2000 D.000E00 S.9I0E-1S 4.79BE-15 1.S3NE-11 420402 4.204E-02 1. A03E-01 421401 24516403  1.004-D)
.00 0000600 1.539E-15 1.741E-15 S.32E-12 S5.976E-02 S.974E-02 1.M3E-01 420900 2.97E-03  1.58%6-03
2600 D.000E00 A.002E-14 ASITE-14 2.072-12 S.0MIE-92 S.761E-02 1 AGE-N1 A 241E-01 2154603 1. .09%-D
2. O.000E+00 1.039E-14 1.178E-14 7.4228-13 5. STEE-92 5.55BE-02 1.M63E-01  A.201E-01  2.027E-03  1.404E-02
28.00  D.000E00 2.493E-17 3.040E-17 2.004E-13 S.047E-92 S5.347E-02 1.463E-01 4200601 1. MBE-9Y 1. 22%-0
2900 D.000E400 4.974E-18 7.BAIE-10 1.032-13 S.107E-02 S.I07E-02 1. A3E-01 A.218E-01 1. 799E-03 ). 24E-03
30.00  0.000E+00 1.004E-18 2.0206-10 3.79SE-14 S.MIBE-02 S.000E-02 1.443E-01  A.30SE-00  1.498E43 117960



MUCLEAR METALS NG %0
DERIVED IWESTIGATION LEVELS et |
- 7
ACUTE INWNATION DNTAKE 10006400 ng
O CLASS D 1.0 NICRON MATICIRATE  FRACTION FRON 61 TO SYSTRNIC (Flbe  3.006-82
.00 CIASS Y 1.0 NICRON MRTICWATE  FRACTION FRON 61 TO SYSTENIC (Fi)e 2,004
SYSTENIC RETENTION EQUATION MAAETERS
A SIE . T RMNL K IGANROR X MOWRE R h B WLME SRR B K
COPWMENT  COFFFICIENT WALFLIFECDAYS)
i S.IME0 250060
2 200E41 00060
3 2000641 2.0006401
‘ LAMESD 1500640
5 20642 5.0006403
FRACTION EXCRETED IN URINECFU)=  1.0006+00  FRACTION OF INTAKE DEPOSITED IN B0OY= 0,430
PYSIOA WALF LIFEs 1,480E+12 DAYS TINE INTERAL FOR INCRBENTAL URINE SAMPLES= 1.000E+08 DAYS
BMYSPOST  MSAL LM UM 6l SYSTBUC TOTAL  ACCUAATED ACCUMAATED DNCRDBNTAL INSTANTANEOLS
INAE  BURDEN  BURDEN  BURDEN  BRDEN BURDEN BURDBN FECES WINE W N W
~ b = » ~ 5 5 - - oA
100 2000602 9.777E43 1.IWE-NL LOME-L 1IBIED1 451601 450002 LIME-  LLIME-D1 417602
200 GOMEI] A09EAD 9.326E-42 126601 11200 0. 1LAME L LTCR 1.0
L0 L2090 1BSBE0D 7.649E-82 6.AME-G2 OS] 246401 2.9E-1  LAE-Dl  LAATE-02  0.52%6-0)
G0 LZMEM GIE 703042 032642 0MTER2 1ODIED1  25ME0  LTMEDl 04943 5.49%-0
S.00 225645 J.03E-M 67742 LEA2 VAN LIEAL LITEN LBEN 19K A4SIEN
600 LOME-D6 19N 669602 641060 D.AMEA2 19PN 2OAIEDl  LBMED! 604D MIE-D
L0 280607 17SEM 6.599E02 LAISEAD D902 100601 2080601 1LOE-D  S.MZE4D 345300
000 L26GE-07 10400 4.SEA2 1.46E4D 7.413-02 1.ATE01 209BES1 LGNl D 3.
100 22000 200604 6551642 7.0 TAMEA2 1.IB0E01 207Nl 20001 A.ME-15 3004
1000 3.O9SE0Y 2.2686-M 6502 AMSEAN 6.6SE02 1IMED1 2912601 2060 40603 2.778-03
1100 6.685E-10 2089604 6.529E-02 254060 6.09E-02 1295601 2904601 LMIE-D1  D.7266-43  2.5486-4)
1200 L2ATE-10 2712644 652602 17MEA 605602 1299600 29601 242501 2420603 2.MIE-0)
100 281611 299504 6514642 107604 S.7ME2 12276 207 20501 D403 214643
100 3.0036-12 350604 . 07E-42 12260 S92 1 I9/E01 290741 208641 209603 .90
1500 6.J2%-13 308064 6.S00E-02 1.12E-4 S.IRE-02 1069601 291860 2.21%-01  2.47E-03  1.833%-43
1600 LIPE-13 2.G0IE-H4 6490642 1.0 400742 1.0ME-G] 291941 227641 2.46EE-00 14900
1200 2UME-14 382304 6.004E-02 1000 A.09E-02 1I2IE01 299501 2260601 224603 157603
1000 3704615 G0ME-M 6.400E-42 1S OME-02 1ODEAD  2.97E-0 220161 LUTE 1.0
1900 6.564E-16 420060 6702 1K O.NEA2 LADE-D] 2920601 200601 19GE-0D 1,333
W00 LIGIE-16 AMEM 4 0GEA2 1LOIEM 410602 10MENL 2920601 20901 12D 12606
200 20517 ANEDE 6AEA2 10N DUSIEA2 1.2 2922601 23601 LR 1124603
R0 D410 AIZE 6ASEA2 1OMEM DVE2 1026 2922641 2341 LE0D 1R
BN GNK1Y SI0EM 6MEDD 1OMEN 302 10I0ED 292001 2070 10D 106
M0 LI S0 6042 1030E-M DTEA2 995602 290641 230160 1OWEAD 9@
B0 20ME-N SSTTEM 6.CEA2 LONEM LITEA2 0ANE02  29ME-01 20001 LNE-0D 90160
.00 12 SMEM 62642 1ONEM D2E02 9492602 297501 2M0ED1 124603 0.4726-M
DM GUK-Q GIEM AT 120 D NER2 95702 297501 24100 LISIEGD  7,97%-M4
B0 LINE-R 6276 6642 LOEM DAMED2 947602 2926601 2428601 1.OME0D  7.5146-M
200 LIE-DD 6K GA0EAD 10260 29602 9.2 2926601 2AME-01 120D 2916
M0 DAE-20 64N DDA 1O2E-4 20742 D.4E-02 297601 20AGE-D  9.4M0E4 4 01E-M
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NICLEM METALS INC »-ul-n
DERIVED INVESTIGATION LEVELS M6t |

THORIUN 234 .
OMRONIC INWALATION INTAKE 3.000E-41 ofi/DAY
100.0X CLASS Y 1.0 NICRON PTICULATE FRACTION FROM 61 TO SYSTENIC (Fi)=  2.000E-M

SYSTBMIC RETENTION EQUATION PARAMETERS

COMMITMENT  COEFFICIENT MALFLIFECDAYS) 2

i 1.000E-01  5.000E-0!
1 2000601 7.000E402
3 7000641 B.000E+0I

FRACTION EXCRETED IN URINECFU)=  9.000E-0) FRACTION OF INTAKE DEPOSITED IN BOOY= §.430
PHYSICAL WALF LIFE= 2.410E+0) DAYS TIME INTERVAL FOR INCREMENTAL URINE SAMPLES= | 000E+04 DATS
OIRONIC INTAKE PERIOD= 2.000E+02 DAYS

OAYS POST  MASAL LYWW LUNG 6! SYSTRMIC  TOTAL  ACCUMIATED ACCUMILATED INCREMENTAL  INSTANTANEOUS

INTAKE  BURDEN  BURDEN  BURDEN  BURDEN BURDEN WRDEN  FECES WiNe WINE URiNE

ofi oli ofi ol o ol ol ol ol win
100 S.059E-02 6. 0I0E-04 . ASBE-0)  2.343E-01 9.3486-03 4.0ISE-01 BPAENL BLAGBE-M LL7ZE-M 7.W0E-0S
.00 S.05E-2 2119603 7.MEE-01 2.IME-01 1.M45E-02 9.00ME-01  L.BMEYN  LLAIED  LIZEM BOME-RS
.00 S.09E-02 3.960E-03 949301 2.304E-01 2.2326-02 1.209Ee00  2.504EW0  2.2236-03 1.19%E-04 LAIEDS
Q.00 S.059E-82 S.079E-A3 11086400 2374601 24746402 1736400 .4SE40 2ZMSEA 1LIBEE-04 B.416E-0S
S0 SA99E02 7714603 1L227Ee00 2378601 D.01BE-02 1. A9SECR0 3036400 D.0BBE-0D 121004 0774608
G000 S.E-02 9382600 1046400 2.379-01 D.28SE-02 1.58SE400 07426400 D.MIE4D LM LB
.00 S.OSPE-02 1.0GSE-02 1.300E400 2380601 3492602 1.453E400 D.0W7EYM0 D.A32E-00  1.209E-M4 0.9R3E-DS
0000 S.099E-07 1200602 14286400 2.301E-01 2452602 1.MMEA00  A156E400  DB2IEA 1% 9.05%-0
N0 S.0S9E02 1014602 1. AGAENND 2082601 D.777E-02 1L7ME40  A2B3E4M0  D.97IEE3 LL2SAE-04 9.104E-0S
10000 5097602 1. G04E-02 1.APEN0 L3820 D.073E-02 1.24TED0  A37VE4N0  A0E9E-0D 1242604 0.0
11000 S.059E-02 1. 474E-02 1.SI0E400 2.3826-01 J.M47E-02 1.78BE00  A.4S0E400  AOBIE-0D 1266604 007400

12000 S.059E-02 1. 5MME-02 1.525E400 7.383E-01 A004E-02 1002600 ASMMEN  A2MED 12 VTR
10,00 S.059€-02 1.5826-02 1.534E400 2.383E-01 A.MABE-02 1. MISECO0  ASASEOM0 ADNIE0D L7ZE-M 9204600
140,00 S.099E-02 1.419E-02 1.SAE+00 2.383E-01 A.0B3E-02 1.B23E400 45746000 ADSSEGD 1273604 9.2286-09
19000 S.059E-02 1.4S0E-02 1.5S0E+00 2.383E-01 4.109E-02 1.B29E400 A.599E400  A.D9OE-03  1.27SE-04 7 208603
16000 S.099E-02 1474602 1.SSAE400 2383601 A.129E-02 1.BMECO0  A44EM0 ANTED 127G N
I7.00  S.099E-02 1493602 1.5S0E400 2.383E-00 4. 04SE-02 .BI7E400 44296400 40860 LL277E-M 9251608
180,00 S.099E-02 1.708E-02 1.540E+00 2.383E-01 A.I1STE-02 1.0M0E400 A.A07EN0 A.ASED LB V.D5%E-0
19,00 S.059E-02 1. 7206-02 15426400 2.3B3E-01 A 1MGE-02 1. BAZEC00 A MAMERD A4 MBE-E3  127BE-M4 9.29%E-00
2000 S.09E-02 1729602 15436400 2383601 4173602 ) MADEC00  AUSIEWN0  A.7RED 1L27BE-04 9200608
20000 1LIIE-0Y 16726402 1.109E400 1. 9MIE-0D 2241602 1.IS3E00  3.7S4E4N0  D.A21E00 2040605 17X
20,00 2.5276-17 1.50E-02 0.3 1.32NEAD 2510602 0540001 2.B25E000 2072600 1. S4BE-0S  1.121E-09
2000 S.ATE-2S  1LISOE-02 4. 1MAE-01 9.24TE-MA LTSI 404001 212560 227300 1LITNESES 0OE-M
0000 1.2636-22 1160602 AS2EN1 7. 22504 1LS14E-02 ATME-01  1MBEYN0 1LOSEAD YATHEM LR
25000 D.000E400 9.004E-03 . 97E01 S ASE-04 17202 J.SNE1 LIEYM LLOISE-D AMIENE 493N
2000 0000600 0.157E-9D 2.5228-01 D.PSAE4 .0MAE0D 2.017E-01 T0MEN LLIBED MM .TS0E-M
N0 000600 4. T0BE-0D 1.O7ZERD 2.975E-04 7.005E-0D 1 MMSE-01 AVBENL BLATESM DMRAEME 2 MM
20000 0.000E400 5. 44SE-00 13001 2.143E-04 3409600 1 MAME-R1  S.100E-01 4 BM2EM DZTEE 2.045EM
00 0.000F+00 4. 417E-00 1.0326-01 1. MM0E-04 AI7FE-0D 1LO7SE-01  D.MAGE-R1  S.7SE-04 2.0000-04 14NN
A0 00006400 3. 547E-00 7.4426-02 1.IBAE04 D.217E-00 7.99SE-02  2.07EA1 A204E-04 1LJME6 ) 248604



OMMONIC INWVATION INTAKE

NUCLEAR METALS INC
DERIVED INVESTIGATION LAVELS

100.0X CLASS W 1.0 MICRON AT CLATE
SYSTENIC RETENTION EQUATION PWAETERS

COMMWIITMENT  COEFFICIENT WALFLIFECDAYS)

FRACTION EXCRETED IN URINECFU)=  9.0006-0)

LONSE-S1  5.0006-0)
2000641 70006402
TO00E41 0000602

PHYSICAL WALF LIFEs 24106401 DAYS
OHRONIC INTAKE PERIOD= 2.000E+02 DAYS

3.000E-41 oC i /DAY

FRACTION FRON 61 TO SYSTENIC (Fi)=  1.000E-M

FRACTION OF INTAKE DEPOSITED IN B0OY= 0,430

TINE INTERVAL FOR INCREMENTAL URINE SAMPLES= | 000E+00 DAYS

»-l-0

INTAKE  BURDEN  BURDEN  BURDEN  BURDEN BURDEN WRDEN  FECES ' 30 3 URINE URINE

ofi ofi oli ol ofi ofi ol ofi oli il
.00 GOLIE2 196640 227801 2.0746-01 L.2106-01 B0 27 1LSE-02 1068603 1431602
B0 GUIIEN2 G010 G.GMEN1 2010601 D.0MAE01  1LIWSEORN  1LG10600  2.978E-02  2.0806-03 1.913-0
B0 GUIEA2 1LAEA2 L2TENL 20MAE-01 4120600 1. 4SSEOD0 2250680 4104692  2.1456-03 1.572%-03
W00 GAIIE2 1. OS4E02 0. 01E01 2060601 A972E01 1LMATEO  242EN0 5026692  2.2246-0) 1.613-03
.00 CUIEA2 1792 LOMEN 2172601 S.AZ-01 1.MAENN  D.117EM 873602 22686403 1. .M%-0)
.00 GUIE2 2072402 10516400 2179601 4132600 1.BR2EO0 3000600 4228602  2.2944) 1. 6450
A0 CUIEA2 220502 1.OBIEWO0 2.0ME-01 4523601 19526400 16206400  4.782-02 2.376-03  1,480E-03
0000 GALIED2 2044602 1IBIEAON 2.107E-01 402401 20026400  3.78SE400  7.1386-42 1.8%49 1.00E-0
W00 CUIE2 256302 10156000 2109601 2.0ME-01 2.009E400  2.010E400 7. 417502 2.3M4E-03  1.499E-03
10000 G.G11E-02 2.649E-02 11246000 219601 7.2006-01 20446400 4. 003EM  7.433%-02 .85%-03  1.04-02
HIE00 AHIE02 2712602 11296000 2091601 7.3446-01 20856400 40766400 7.0026-92 2.9586-03 1. 090
12000 4.611E-02 2.754E-02 11336400 2.191E-01 744401 2.099E400 4106400  7.9306-02 2. %4243 1.0
13000 GA1IE-02 2.7806-02 1104400 2.1926-01 7.544E-01 2.1096400  4.1706400 0004602 LM% 140
1000 4411E-02 2.M10E-92 11376400 2.1926401 7.M03-01 21176400 2016400 GU2E492 24703  1L1%-0
1900 C11E-02 2.8266-02 11306400 2.1926-01 7.M47E-01 2.1226400  4.2246400 072602 234900 10146403
1000 4411602 2.837E-92 11396400 2.1926-01 7.401E-0) 2.1266400 4.2426400 292 2.IMEN  1.%-0
100 GA1E02 2.0456-02 11406400 2192800 7704601 21296400 425500 025302  2.ME03  1.186-0)
1000 411642 2050602 10006400 2.192641 272501 2.1326400  4.2646400 L.20E42  2L.IE4) 1860
IM.00 41502 2.853E-02 11006400 2.1926-01 2. 709601 2.1336400  4.2778400 LNE902 L%  1L.K-0
200,00 4.611E02 2054602 1.0406450 2.1926401 7730601 2135408 4. 2775400 L.INE92  2.7%43 11900
2000 LA20E9 24406402 T.77E-00 1099602 6ABE-01 13046400  3.504E400 G THE02  DAZE-04  2.980E-04
.00 2717 29702 ATMEA D AMEAT ANEN 9.1 2.404600 S.IE92 .16 2.040F-04
M0 500625 1M L1204 AN 2.4 LNE TO3E00 202502 2070604 1. A7SE-04
20000 1 MBE-32 10042 2.0ME-01 L.IMED 2800601 4.0 LATEAO0 3224602 1. 0B4E-04  ).0%8E-M
2000 000000 104302 1.0 2070643 2190601 35330 LATEAD  2.003E492  1.0686-040  7.997-0%
20000 00006400 7004600 0.9VIE02 1. 0N2E00 1.MSE91 2.998E01 GOROE-01 2001642 7.4 5404008
M0 D000E00 5.745E-00 5902592 0026604 1.25%6-01 199850 G LT S.9225-08 .904E-08
0000 0000600 A 147E00 1004602 5.4 9.54%92 |.B%- ST L2242 1MENS 2.6
29000 0006400 2.904E-00 2582602 224304 7.26%5-02 9.8846-02 LETEN V200 2080605  2.05%-0%
000 00006400 2.1206-03 1. 700602 245744 S.91-02 7.2006-02 2.884E-0! 704600 2085605 1.G7E-08



MICLEAR METALS INC »-p-0
BERIVED INVESTIGATION LEVELS MGE |

THORIN 204
ACUTE INWALATION INTAKE 1.000E+08 oi
1000 CLASS Y 1.0 MICRON MTICLATE FRACTION FROM 61 TO SYSTBMIC (Fl)=  2.0008-04

SYSTEMIC RETENTION EQUATION MAMETERS
R T T T A A R N .

COMPAITMENT  COEFFICIENT WALFLIFECDAYS)

1 LODOE-S  S5.000E-01
1 2.000E-01  7.000E+02
3 7.000E-01  0.000E+02

FRACTION EXCRETED IN URINECFU)=  9.000E-0) FRACTION OF INTAKE DEPOSITED IN BOOY= §.430
PHYSIOAL WALF LIFE= 2.410E+01 DAYS TINE INTERUAL FUR INCREMENTAL URINE SAPLES= 1.000E+00 DAYS

DAYS POST  MASAL LYY LUNG 6! SYSTRMIC TOTAL  ACCUMILATED ACCUMAATED INCREMENTAL  INSTANTANEOLS
INTAKE  BURDEN  BURDEN BURDEN  BURDEN BURDEN BURDEN FECES | i3 WRINE UR[NE
o) oli ofi oli oli of) ofi oli oli il

100 S.00IE-02 S.044E-05 2.080E-01 2.9986-01 3.492E-03 S.113E-01 4951602 251704 2517604 0.8306-08
LM LAY 0. 9EAS LU 204601 135003 3.OMIED!  196ES1 .16 6% 2.352¢-03
3OV LSOSE-D 126604 1SISE01 1026601 3260603 2.474E-01 3.084E-01  2.204E-84  1.B41E-08 7.167E-04
00 258SE04 1BAGE-M 1LMIED] S.IMEA2 DI7BE-0D 1.9M4E-01  3.443E01  J.O7E-4 4283606 3015604
500 GGAOE-0S 2200604 1327601 2044602 3000603 1.M0ZE-01 3.80E41  3.1296-04 LMTEN6 192504
600 TATE0 20944 L27IE01 120602 302603 1LM4E-D1  J.0ME0]  D.0M4E-M4  2.398E-0¢ 1.6105-64
700 L3IGE-06 2.955E-04 1226601 5.229-03 2951643 1008601 300601 2998604 LIME-06 109404
000 2250607 3.278E-04 1.IB4E0) 291503 2.009E-03 1260601 2. 042E41 294604 2S04 1,0%-u
L0V 0SE-08 3.579E-04 1049E-01 1270603 2.M9E-03 1.190E-01 347641 2.870E-04 1943606 1.384E-04
1000 6.0096-09 3060604 1.11SE-01 4.0 2000603 1.149E-01 3.7 2.807E-04 1OBJE-06  1.046E-04
1,00 LIGE-09 4122604 1.0BIE-D) 4.1466-040 24703 1.1126-01 3.476E-41  2.2446-04 1LB32E-06 1. 20%-0¢
1200 1PSPE-10 4.345E04 1OS0E-01 2.04BE-04 2.0006-03 1.07BE-01 2300641 2,484 L7BE-06 1. 204-0
100 3344611 4.590E-04 1019601 2.196E-04 2.544E-03 1.0M4E-01 3.284E-81  2.427E-04 1.734E-06  1.2096-04
14.00  S.779E-12 4.798E-04 9.884E-02 1.0M0E-04 2082603 1.01%E-01 2.I94E-0)  2.5MME-04  1.687E-04 1. 206E-04
1500 9.9266-13 4990604 9.596E-02 1.47E-04 2.Q1E-03 9.85%-02 3104601  2.51%-04 1642606 1.174E-06
1600 1.705E-13 S.166E-04 9314602 1563604 2.M1E-03 9.564E-02 3.017E-01  2.458E-94  1.398E-0¢ 1.1426-04
17,00 2.9286-14 S.228E-04 9.041E-02 14086604 2.M3E-03 9.2846-02 293281  2.404E-94 195506 1112804
1000 S.030E-15 S.A76E04 07702 147694 247603 9.014E-02 28506401  2.251E-04 1313606 1.0826-04
1900 B.6A0E-16 S.61IE-M4 0510602 1.378E-04 2.19%-03 0.7S0E-02 2770641 2.299-M 1LA7E-06  1.053E-04
200 1 ME-16 573004 B.267E02 1IMEMN 2138643 049502 2.49241 2,248 AR 102580
.00 24917 504304 0.025-02 1292604 20843 0204602 .617E-01 2198604 LISE-06  9.9700-07
200 CIBE-10 MK 7009602 12504 200464 0005602 24301 214960 LBV Y N%-0
DN TNE-19 6030604 7 SE0E-02 1215604 1.9MEA 2771602 20281 2,104 1L321E-06 9. 043%-07
M0 129219 S.007E04 7308602 1.179E-04 1.9TEAD 7.5ME-02 2.°02-41  2.055E-04 1L28SE-06  9.109¢-07
B0 2NN LTSN 702602 10ME-0 1L0TEAD 73202 2,335 2009604 1L 2SIE-06 0040
00 DBIE-2 G20E04 6.914E-02 1L1I0E-04 1.MIEED 7109602  2.269-01 LYMEM  L2A%E-9  0.0%-0
DM 65ME-2 204604 6711602 1LOTTE-04 1V 6.MIE-02  2.204601 LYE-M 1O0SE-06 0.00%E-07
200 LIME-2 4325604 6514602 10ASE04 1 SIEAD 64902 2.1M4E-0) LATBE4 1153606  0.24%-0
BN LIED LI 63202 1014040 1EDD 6.04E-02  2.084E-0) 1B3E-M 1122606 0.0206-07
N0 DNTEM E04 6ATE02 9039605 1.MSEDD 40102 202591 LOWSE04 1092606  7.M05E-07



NUCLEAR METALS INC 9-0EC-8
DERIVED INVESTIGATION LEVELS MGt |

THORTUN 24 :
ACUTE INMALATION INTAKE 1.000E+00 oli
1000 CLASS W 1.0 MICRON PWITICIATE FRACTION FROM 61 TO SYSTEMIC (Fl)= 2.M00E-M

SYSTEMIC RETENTION EQUATION PRAETERS

COMPAITMENT  COEFFICIENT MALFLIFECDAYS) .

1 1.000E-01  S.000E-0!
1 2.000E-01  7.000E402
3 7000641 B.0NOE+D3

FRACTION EXCRETED IN URINECFU)= 9.000E-4) FRACTION OF INTAKE DEPOSITED IN BOOY= 0.43¢
PHYSICAL WALF LIFE= 2.410E+01 DAYS TIME INTERVAL FOR INCREMENTAL URINE SAPLES= 1.000E+04 DAYS

AYS POST  MASAL LR LING D) SYSTRMIC  TUTAL  ACCUMAATED ACCUNULATED INCRENENTAL INSTANTANEOUS
INTAKE  BURDEN  BURDEN  WURDEN  BURDEN BURDEN BURDEN  FECES URINE URINE URINE
oli oli ol oli o0 ofi ol oli ol Wi

100 4.438E-02 1.660E-04 2.05SE-01 Q. SIGE-D1 4. DA6E-02 S.207E-0] D.9EE82 A.99BE-03 A.5PEE-03 1.5BdE-03
200 7966683 J.IB3E-04 1.679E-81 L.BBIE-S1 G.0BME-92 4.149E-01  1.634E-%1  S.M2E43  1INMENY  LI73E-M
L0 1LBEE3 A.SVSE-04 LA7IE-01 1.021E-01 S.921E-02 3.0B4E-01  2.414E-01  S.EE0D .MM 1.322E-M
400 2.350E-04 S.MASE-04 1OMEI S.027E-02 S.7RSER2 2.42E4 D IE01 S.VIE0D LL22BE-O4 4.1BME-BS

500 LB37E-05 7.001E-04 1. 254E-01 2.040E-02 S.454E-02 2.044E-01  3.J27E1 S.99E-03 V.MLIE-OS A3E-ES
600 G.9ME-06 0.0S1E-04 1. 109E-01 1.2246-82 3.3E-92 1.B6SE-01  D.IME-1 S.593E 3.993E-05  3.83%-08
.00 LATIE-06 9.001E-04 1.133E-01 4.428E-03 S.ME-02 1.7ME-81  3.350E-01  S.4ESE-03 5104605 3.408E-03
8.00  2.044E-97 9.857E-04 1.0B3E-41 3.999E-43 S.2096-02 14201  3.293E-01  S.IMED AOTSEANS 3.404E-08
9.00 3514698 1.043-03 1.037E-01 2742643 S.171E-82 15841 D.223E-41  S.2733 4405 3042605
10,00 4.035E-09 1131603 9.943E-92 2.117E-93 S.0TSE-02 1321681 3. 047E-01 5169693 ATMEOS  3.2306-05

1,00 1037609 1.193E-93 9.535E-42 1.789E-03 A.MMIE-02 1.46SE-01  J.070E-01 5044683 4.0M26-05 31226095
1200 L.7BIE-10 1. 247E-03 9.145E-42 1.600E-03 A.B29E-02 1. MEN]  2.993E91  A96SED 42305 3.018E-05
13,00 3.058E-11 1.294E-03 0.772E-82 1.479E-03 A T20E-02 1.3ME-R1  2.917E-81 ALBESE-03  A094E-0S  2.917E-05
1400 5.253E-12 1.3366-93 0.01E-42 1.391E43 4012602 1.007E1 2.842E-01 4747E-03 3.95BE-0S  2.B20E-03
15,00 9.024E-13 1.371E-03 0.073-02 1.320E-03 4.504E-02 1.27 E-01  2.749E-81  A.670E-03  3.B26E-05  2.724E-05
16,00 1.5S0E-13 1.0026-03 7.745E-42 1.299E-03 4.MO3E-92 1.220%01 2.498E-91  A.STIE-0D 3.499E0S 2.4356-05
1700 2.662-14 127603 7.430E-02 1.204E03 4. JMIE-02 110501 2.429E-01  ALMRIE-0D  D.504E-05  2.4BE-05
10,00 4.573E-15 1. GABE-03 7.128E-92 .15 4292 10441 2.561E-41 4.3MSE03 J.A5TEAS 2.443¢-5
1900 7.854E-14 1.465E-03 4.B3E-02 1.103E-03 A.10ME-02 1L10E-01 2.49SE-01 A.97E-00 DM 2.381E-08
200 14914 1478603 4.5H0E-42 1.0TE43 4.009E-42 1.067E-)1 2.4E-1 A.208E-03  3.231E-05  2.0026-05

2.0 23717 1.467E-03 4. 29492 101303 3.NT-02 LANEN 2.%TEN AI20E-03 312305 2.225E-03
200 3.980E-10 1.493E-43 4.03BE-42 9. M03E-04 J.E23E-02 9.9SEE-02  2.304E-0 40203 J.MPENS  2.150E-05
2.0 0719 LK .42 9.29%-04 173X 9419502 2204601 3.0MBE-03  2.19E-0S  2.080E-03
4.0 LA4E-19 1AYSE-SY S.3TTEA2 0010604 3.MASE2 9.29E-92  2.107E41 2.BM4E-03  2.M22E4S  2.011E-09
B0 2.N%E-2 1.09%-93 3.331E-42 0.338E-04 3.59E-02 09792 21601 3.7RZE-03 2.728E-05 1.9MME-S
.00 -2 LLETEA) S.0GE2 00BN 3. 00GE2 BAME92 2074641 AMIERD 2.438E-05 1.79E-08
.0 S.950E-22 1.480E-03 490642 7.M0E-04 3. 9ZE-02 0376692  2.020E-01 3422693 2.350E-05  1.BI7E-05
2.0 1.022-22 1.471E93 ANTEA2 75144 JONIE-02 00902  1.97E-81  D5MEAT 2.404E40S  1LOTE-DS
2.0 1.756E-23 1 .AG0E-03 A.SISE-92 7.2006-04 3.231E-02 7.M19E-02 1.914E-91  J.MTE-03  2.084E-05 1.498E-08
000 3.016E-24 1. MTE-D3 4. 332692 4.09EN4 3.1ME-92 7.35E-02  1.B45E-91  J.092E-03  2.005E05  1.MAZE-08
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10 CFR 20 HP_Q. FOR DU AND TH-234

General Review

The current 10 CFR 20 IOC 's for DU and Th-23¢4 and respective regulatory
limits are examined below. The mciuc activity (SA) of DU (a mikture of U-238,
U=235 and U-234) used is 4.5 x 10 Ci/gram. This has been confirmed by recent
independent mass, alpha and gamma spectroscopic analysis of several depleted Ur‘
sarples. The above value is also consistent with the equation: SA = 0,338 +
0.477E; where, E = wt.\ U-225 (in this case, E = O 24). Using the above SA, the 10
CFR 20.103 quarterly breathing ntc of 6.3 x 10 ml/quarter, and the 10 CFR 20,
Appendix B, Footnote 4, 0.2 lq/n restriction on chemical toxicity; the mc and
Intake Limits can be calculated as follows:

Appendix B, Table I Values

MPC DU (8)

Gims = 12’ = @ » 20°28 5 4.8 5207 aes -10
-'_3.3 T 3 = 3 - = 1x10 acCi/ml
m 107em ml mg Mg

(Note: 8 x 10™° (4.5 x 10”7) = 3.6 x 10™%; <4 x 10~° uCi-hr/md limit)

MPC___ DU (1)

—ﬁ——.

(Note: Same for U-238, U-235 and U-234) 1 x 1070 yei/m
-8

WPC__ Th-234 (8) 6 x 107 wei/m

MPC  Th-234 (1) 3 %107 uei/m




10 CFR 20 IOC. FOR DU AND TH-234
Page 2

Summary of Intake Limits

Seven Working

Material 8 MPC-hr 40 MPC-hr 520 MPC-hr Day Intake Rate
-4 -3 -2
DU (S) 8.72 x 10 " mCi  4.36 x 10  wri  5.66 x 10™° wci
(1.94 mg) (9.68 mg) (126 mg) (1.38 mg/day)
-4 -3 -2
DU (1) 8.72 x 10 " uCi 4.36 x 107 mCi  5.66 x 102 mci
(1.94 mg) (9.68 mg) (126 mg) (1.38 mg/day)
Th-234 (S) 0.58 mCi 2.90 aci 37.8 wci 0.41 wuCi/day

Th-234 (I) 0.29 aCi

1.45 acCi 18.9 acCi 0.21 auCi/day



NMI AIR SAMPLING PROGRAM
—————— S TN

General Review

Air sampling for alpha emitting DU and respective beta emitting
daughter products is a very sensitive method for estimating intakes.
The approach taken is that of low volume air sampling through a glass
fiber filter (typically at 2 to 2 liters pPer minute), a 48 hour decay
period (i.e., for Rn-222 davghter products), and subsequent gross alpha
and gross beta counting with an automaiic low background proportional
counting system. All alphas are assumed to arise from DU and all betas
from Th-234. This is believed to be conservative ir that some residual
radon daughter and/or thoron daughter alpha activity may be present
(i.e., with long sampling times) and at least two apparent betas arise
from Th-234 (i.e., from 1.17 minute T Pa-234m). Typical low limits of
detection for DU and daughter ptoaactl using Regulatory Guide 4.14
formalism are as follows:

LD = 4.65 8,

2.22x 2% dpavici EV Y exp (~“NAL)

Where, LLD is the lower limit of detection (uCi/ml)

sb is the standard deviation of the background rate
(with a 5 minute count typically 0.35 cpm alpha,
1.1 cpm beta)

E is the efficiency (typically 0.35 ¢/d alpha, 0.45
c/d beta)

v is the sample volume (milliliters - variable)

Y is the fractional vield (s.e., self absorption 0.7

alpha, 1.0 beta)

exp (-XM is the decay correction (none alpha, generally
negligible beta)

0.5 hours 1.0 hours 8.0 hours
LLD DU (uCi/ml) s x 107H 3 x 1073 3 x 10732
11 e 12

LD T™h=-234 (uCi/ml) 9 x 10 S x 10



NMI AIR SAMPLING PROGRAM
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Stationary Samp'ers

Stationary air samplers are located throughout the plant to monitor
the general working environs. Also, locations are chosen in gn attempt
to evaluate specific operator's positions relative to equipment or
processes. Sample filters are changed on shift bases (three shifts
maximum) to minimize loading. Additionally, fixed Personal Air Monitors
(PAM's) are of*en used to evaluate operations. Data is compiled,
reviewed daily, and averaged quarterly to monitor trends and guide the
Biocassay Program. Attached is our 1983 Summary of Quarterly Averages.

Personal Samplers

Personal Air Monitors (PAM's) are used throughout the plant to
specifically wmonitor the breathing zone air quality. They are used
integrally in the NMI Radiation Work Permit (RWP) Program. That is, if
any non-routine operation has any likelihood of generating airborne DU,
a PAM is required. Also, characterized routine operations where the DU
solubility is uncertain or unsupported Th-234 may be present (i.e.,
Poundry), enhanced issuance of PAM's is the standard operating procedure
(typically one PAM per week). In these cases, an Intake Method (see
Regulatory Guide 6.30) is used to monitor compliance with 10 CFR 20.103.
Attached are the forms currently used for tracking employees' intake.
For routine operations, estimates of intakes are considered for periods
when a PAM is not being worn. Non-routine operations/intakes are
tracked on an "event™ basis. This is justified in that the personnel
involved in this scenario are generally in the Maintenance Department.
Intakes occurring during their normal activities (i.e., equipment
maintenance not requiring a Special RWP) would be well less than ten
percent (10%) of the limit as indicated by the stationary summaries.
Thus, the intake need not be included (10 CFR 10.103 al).

It is important to note at this point that various forms of
respiratory protection are used in conjunction with our RWP Program.
This is consistent with the ALARA philosophy. However, the Respiratory
Protection Program is not formal, and no protection factor credit is
used in estimating intakes. Purthermore, respiratory protection does
not replace engineering controls which are also an integral part of our
ALARA philosophy.



NUCLEAR METALS:

1983 AIR QUALITY SUMMARY

.
STATIONARY SAMPLING

1ST QUARTER 2ND QUARTER 3RD QUARTER 4TH QUARTER
PREA ALPHA BETA ALPHA BETA ALPHA BETA ALPHA BETA
CAF LINE .02 <. 01 .02 <.01 .01 <£.01 .01 (£.01
FOUNDRY .03 .03 .02 .02 .01 .01 .03 .02
1400 TON
PRESE .03 .01 .01 .01 .Cl .01 .02 .01
MACHIMNE SHOP| .05 <£.01 .06 «£.01 .04 L.01 .03 (.01
M.S. ANKEX .01 <£.01 .01 <£.01 .01 (.01 .01 <£.01
MEZZANINE .01 <£.01 .02 «.01 .01 <£.01 .01 <£.01
REDUCTION .12 .01 .03 .01 o - - -
RED. OVENS .12 .01 .08 .01 - - - it
LIMIT 1.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00

AVERAGE QUARTERLY RESULTS (ALPHA uCi E-10/ml and BETA uCi E-8/ml)




SAMPLE FoXr

EMPLOYEE BREATHING ZONE: QUARTERLY AIR SAMPLE RESULTS

NAME : EMPLOYEE ID #: ______ DEPT:

i

is 19__ | D |LocaTION X 10

QUARTERLY
PROJECTION

v

DATE

uide 1.0 0.087 5.66

@5 = Sample Mumber. @ D = Number of workdays elapsed in Quarter.
For those not wearing PAM on routine basis, D/S = 1.
Quarterly projection performed on a 'spot check' baeis.

H.P. Porm No. 19, Revised: December 9, 1982.



C SAmMPrLE Fo. m PAGE TwO

EMPLOYEE BREATHING 20NT: QUARTERLY AIR SAMPLE RESULTS

NAME : EMPLOYEE ID #: DEPT:
] TIME "
BETA -e) ESTIMATED INHALED Th-234 {(uCi)
s {19__ | D (rocaTiOoNfmCi x 10 3
SAMPLE | RUNNING || ESTIMATED | QUARTERLY
DATE TOTAL UPDATE PROJECTION
(A) (1) (A X -r) (RT) 3(n X _o_) (z. Up. x g)

} —

Guide |- 3.0 JI 0.29 18.88

§ = Sample Number. D = Number of workdays elapsed in Quarter.
For those not wearing PAM on routine basis, D/S = 1.

Quarterly projection performed on a ‘spot check' basis.

H.P. Form No. 19, Revised: Decemuar 9, 1983,




( SAMPLE FRM) PAGE TMREE

EMPLOYEE BREATHING ZONE: SEVEN DAY AIR SAMPLE RESULTS

FAME : EMPLOYEE ID #: CZPT:

40 MPC-hr Check "

NOTE: The NRC states that intakes shall be krept ALARA and restricts intakes in
any seven (7) consecutive days to that which would result frdm an exposure
at the MPC_ for forty (40) hours (10 CFR 20.103 b2). Any estimated
inhaled urahium or thorium-234 result in excess of eight (8) MrC-hours
shall prompt completion of this worksheet and a check by a Health Physics
staff member. Estimates in excess of forty (40) MPC-hours shall be
investigated by a Health Physics staff member (see 10 CFR 20.103).

Nuclide 8 MPC-hr 40 MPC-hr
Uranium 0.087 x 10”2 mei 0.436 x 10 “ aCi
Th-274 0.29 wCi 1.45 uCi

UMN;UN

(x 10" “) nci

TOTAL

Radionuclide Mixture Check

NOTE: For the Foundry Area where Th-234 is unsupported, the following condition
must be checked.

7 Day Total Uranium - 7 Day Total Th-234 R
40 MPC-hr 40 MPC-hr €
0.43€ x 10°“ nci 1.45 uCi g l

H.P. Form No. 19, Revised December 9, 1983



NMI URINALYSIS PROGRAM

General Review

The fluorometric determination of wuranium in urine has been
generally accepted as one of the most sensitive and practical "methods
for some time. The method is well described by the American Society for
Testing and Materials procedure No. D2907-75. Limits of detection with
only several milliliters of solution are typically 1 ag/l. This
indicates an ability to "see” 1 ug of uranium in a twenty-four (24) hour
urine collection using a chemical separation (i.e., ion exchange or
organic extraction).

The Urinalysis Program can be described as having three (3) main
functional aspects as follows:

1l). Baseline Evaluations

This aspect involves mainly a pre-employment evaluation of uranium
urine excretion levels via spot sampling. Attached is a histogram of
the results of a number of pre-employment urine concentration
Beasurements. The mean value (about 5 ug/l) and range is consistent
with the observations of others (see Wing, J.F., Health Physics, Vol.
11, pp. 731-735).

2). Exposure Control Evaluations

Routinely, samples are required from 3ll employees working in
restricted areas. The intent is to assure that engineering controls and
the Air Sampliing Program are effective in maintaining chronic exposures
ALARA. Based on current urine trends (see attachment), air sampling
results, the metabolic models for uranium and the supported assumption
that there is some fraction of soluble uranium in most (if not all) of
the plant areas; it is felt that the current monthly frequency required
for all employees routinely working in restricted areas (i.e., chronic
exposure) is justified.

3). Diagnostic Evaluations

When air sampling (stationary or PAM) results, urinalysis and/or an
unusual event indicates that the potential existed for a significant
intake, diagnostic evaluations are initiated. These most often involve
spot urinalysis with daily or weekly frequency but are not so limited.
The metabolic models for 100% Class Y uranium or thorium indicate poor
sensitivity with spot urines. However, twenty-four (24) hour urines,
lurg counting, and/or fecal analysis is applicable.

As stated above, it is felt that there is some fraction of soluble
uranium in our air contaminant. Attached is a Battelle report regarding
an evaluation of aerosol solubility from a DU grinding operation. A
classification of 56% D and 44% Y was recommended. This classification
was recently used in a diagnostic evaluation of a machining aerosol



NMI Uriralysis Program
Page 2

intake (see attached memo to the Record). The agreement between the
model and observed excretion was quite good. Others have observed a
similar degree of solubility during controlled DU ammunition test
firings (see Pacific Northwest Laboratory Report No. PNL-2944, UC-135,
November 1979). The diagnostic evaluation of a soluble DU acute intake
above was able to detect approximately two (2) MPC-hours using
urinalysis.
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{ w3} Battelle
P¢ Pacific Northwest Laboratories

PO Bor 9
Richland. Washingion U S A 99352

Telephone (509
Telex 152874

November 4, 1982

Mr. David Allard
Nuclear Metals Inc.
Concord, Massachusetts 01742

Dear Mr. Allard:

FINAL REPORT ON THE STUDY: DISSOLUTION-RATE CLASSIFICATION OF URANIUM IN
U . H
—_——mE e T O L, OTW LUNIRALT WU, €311¢UV0339

The purpose of this study was to conduct dissclution trials on the airborne
dust sample that you delivered to us on August 9, 1982 and to classify the
dissolution rate of uranium from this sample in terms of the ICRP Task Group
lung model. The sample was received as a deposit of dust or a Millipore

filter and was divided into two portions. One portion was the dust that

could be easily scraped off the filter surface with a stainless steel scalpel
and was designated NM-P. The other portion was the dust that remained imbedded
on the filter and was designated NM-F.

The dissolution behavior of each portion was determined by the "mini-batch"
method described on page 10 of the U.S. Nuclear Regulatory Commission document,
“Solubility Classification of Airborne Uranium Products from LWR-Fuel Plants,*
NUREG/CR-1423, that I sent you earlier. Portion NM-P was suspended in 2.00

ml of stirred simulated lung fluid contained in a 3-m1, conical-bottom vial
(Pierce Chemical, Reacti-Vial) whereas portion NM-F was placed in a 5-ml,
conical-bottom vial with tne imbedded particles facing 5.00 m] of stirred
simulated lung fluid. The temperature of the systems was maintained at 37

% 19C, and the amounts of uranium that dissolved from the portions into
simulated lung fluid after various periods of time up to 60 days were measured
by ASTM procedure D2907-75, Method B (1982 Annual Book of ASTM Standards,

Part 45, Nuclear Standards, American Society for Testing and Materials,
Philadelphia). At the end of 60 days, the undissolved uranium in each vial
was measured; and the initial amount of uranium in each portion was calculated
as the sum of the dissolved and undissolved amounts. The fraction, F, of
uranium remaining undissolved after time t was computed and these data were
used to obtain the best statistical fit to equations of the form:

F=1Iifijexp (-0.693t/75)
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November 4, 1982

where the f; are the fractions of the total uranium in each portion dissolving
with half-tlne Ti. The values of f{ and Ty were then used to classify the
uranium in the portions according to the percentages of D, W and Y components,
as defined by the ICRP Task Group (Health Phys., 12: 173-206, 1966).

The total amount of uranium found in portion NM-P was 38.3 yo, and the tota)
amount of uranium found in portion NM-F was 142.0 ug. Based on these total

weights and the amounts of uranium dissolved after various periods of time,

values of F were calculated and are shown in Table ).

TABLE 1. Fraction of Uranium Remaining Undissolved as a Function of Time

Portion NM-P Portion NM-F
ks o 2 t il
0.00d 1.000 0.00d 1.000
0.10 0.647 0.10 0.548
0.22 0.638 0.22 0.506
1.00 0.633 1.00 0.478
3.20 0.623 3.00 0.464
10.00 0.4% 10.00 0.456
21.00 0.440 21.00 0.451
38.00 0.413 38.00 0.446
60.00 0.411 - 60.00 0.440

Approximate values for the f. and T4 were obtained by graphical analysis of
the data, and these were useé as starting values in an iterative computer
program (Subroutine NREG from the Madison Academic Computing Center) to
obtain the best fit to the data by regression analysis. The resulting
values and dissolution-rate classifications are shown in Table 2.



€ Barelie

TABLE 2. Uranium Dissolution-Rate Parameters and Classifications

Portion fs % 5 . SR T3 Classification
NF-P 0.33  0.01d 0.25 7.8 .41 20,0004 59%0, 41%Y
NF-F 0.48  0.03d 0.05 0.7d 0.47 888d 532D, 47%Y

The short-term dissolution patterns for the two portions of the sample were
different, probably reflecting the differences in their configuration.
However, since the ICRP model assigns a D classification to all material
with a dissolation half-time of 10 days or less, the overall
classifications of the portions agree fairly well. An average
classification of 56%D, 44%Y for the uranium in the sample is recommended
for use with the ICRP Task Group lung model.

Sincerely,

—~Zoadd T

Donald R. Kalkwarf, Ph.D.
Chemical Methods and Kinetics
Biology and Chemistry Department
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D. J. Allard }/

QYBM © INTAKE EVALUATION

lcckgmund :

On 12-12-83, "B" Shift personnel resumed DU machining operations in the CAF
Line after a period of time when this machinery had been non-operational.
Apparently, the ventilation had been shut down and machining proceeded for
several hours under these conditions. Once the situation was realized, the
area was shutdown by Health Physics and an evaluation was begun. Al)

personnel involved were instructed to submit Spot urine samples for the next
four days.

Results:

Initial air sample results indicated exposures on the order of two (2)
MPC-hours. No one was restricted from further work. On 12-29-83 our MIT
consultant phoned in the emergency results. One individual

exceeded our current 60 ug/l urinary uranium investigation level. His
results are as follows:

Date Time Days Post Intake ug/1 Est. O
12-12-83 12:00 Midnight 0.25 67 8.2
12-13-83 12:00 Midnight 1.2% 14 3.7
12-14-83 12:00 Midnight 2.25 8 2.8
12-15-83 12:00 Midnight 3.2% 8 2.8
12-16-83 12:00 Midnight 4.25 6 2.4

. Assuming an acute inhalation and the ICRP 30 Uranium Model (see
attached calculations), an estimated intake of two (2) to four (4)
MPC-hours is obtained from the above urine data. Additionally, the
model assumptions used agree well with the observed urine data.

Action:

Spoke to Nancy Dennis (NRC Region I) today and informed her of the reported
result in excess of our investigatiosn limit, the apparent cause of the
intake, and our evaluation of the intake.

Recommendation:

Facilities Department evaluate audio or visual indicators of equipment
ventilation status.

DJA: swk
Attachments

CC: AR Gilman, FJ Vumbaco, KP Fogarty, Individual's File

' @M@E MEM@MK@@M Nuclear Metals Inc.

s
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~ NUCLEAR METALS INC 29-0EC-1
DERTVED INVESTIGATION LEVELS MGt |

URANILN 238

ACUTE INWALATION INTAKE 1.000E400 g

360 CLASS D 1.0 NICRON PARTICWATE FRACTION FROM
.00 CLASS Y 1.0 NICRON PARTICILATE FRACTION FRON

61 TO SYSTEMIC (Fl)= 5.000E-02
61 TO SYSTBNIC (Fl)= 2.000E-03

SYSTEMIC RETENTION EQUATION PARAMETERS

COMPARTMENT  COEFFICIENT WALFLIFE(DAYS)

S.360E-01  2.500E-0!
2.000E-91  4.000E+00
2.000E-01  2.000E+0!
1.OGOE-03  1.300E+03
2.300E-82  3.000E403

|
2
]
4
b}
FRACTION EXCRETED IN URINECFU)= 1.0006+00  FRACTION OF INTAKE DEPOSITED IN B0DY= 0.430
PHYSICAL WALF LIFE= 1,650E+12 DAYS TINE INTERVAL FOR INCREMENTAL URINE SAMPLES= 1.000E+00 DAYS

WMYS POST  MSAL LYWW LUNG 6l SYSTRMIC  TOTAL  ACCUULATED ACCUMILATED INCREMENTAL  INSTANTANEOUS
INTAE  BURDEN  BURDEN  BURDEN  BURDEN BURDEN BURDEN  FECES URINE URINE URINE

] 5 » b » » 5 5 5 LR

1B 2.3106-02 9.727E-83 1.390E-01 1.944E-81 1.1BIE-01 4.S14E-01 4.539E-02  1.100E-01  1.100E-01  4.178E-02
200 A.0BME-S3 4.09BE-03 9.326E-02 1.248E-01 1.1228-01 3.3226-01 1.4G4E-81  1.A726-01 2721602 1.6AéE-02
.00 7.219E-04 1.888E-03 7.M49E-01 4.4G0E-02 1.093-01 2.444E-01  2.190E-01  1.437E-00  1.M49E-02  8.528E-03
.00 1276604 4974694 7.033E-02 3.0326-02 9.MATE-02 1.991E-01  2.574E-81  1.7MME-01  9.493E-03  5.7¢%-03
5,00 2.254E-05 3.033E-04 4.772-02 1.IE-92 9.212E-02 1737601 2. 7S7E-81  1.B04E-01  7.19%-03  4.451E-03
6.00  3.988E-04 1.933E~04 4.656E-02 4.GI0E-3 B.6ME-02 1.593E-01 2.MIE-R1  1.BGE-D1  4.043E-03  4.041E-03
.00 7.050E-07 1.756E-94 4.399E-02 3.015E-03 0.098E-02 1.500E-01 2.880E-01  1.9206-01  5.3876-03  3.453¢-03
0.00  1.246E-07 1.BA3E-04 4.569E-02 1.MM4E-3 7.413E-02 1.433E-01 2.89BE-81  1.949E-01  4.076E-03  3.322-@
9.00  2.203€-08 2.053E-04 4.SSIE-02 7.5026-94 7.170E-02 1.380E-01 2907681  2.0136-01  4.44éE-03  3.035E-03
1000 3.893E-09 2.248E-04 4.339E-02 €.145E-84 4.745E-02 1.3ME-01 20201 2.04E-01  4.064E-03  2.7786-03
1100 6.B85E-10 2.489E-04 4.529E-02 2.94BE-04 4.393E-02 1.295€-01 2.914E-81  2.091E-01  3.724E-03  2.548E-03
12,00 1L217E-10 2.712E-04 4.521E-02 1.7R0E-04 4.052E-02 1.299E-01 2.914E-01  2.125E-01  3.4206-03  2.241E-0)
13,00 2.151E-11 2.935E-04 4.S14E-02 1.467E-04 S5.738E-02 1.227E-01 2917601 2.1S7E-01  3.045E-03  Z.14E-03
14.00  3.803E-12 3.13GE-94 4. 307E-02 1.224E-04 S.M9E-02 1.197E-01 2.917E-91  2.184E-01  2.894E-03  1.984E-03
15.00  6.723€-13 3.380E-04 4.S00E-02 1.133T-04 S.1B3E-02 1.149€-01 2.71BE-91  2.213E-01  2.471E-03  1.B33%-03
16,00 1.189E-13 3.401E-04 4.493E-02 1.08BE-94 4.937E-02 1.1M4E-01 2.919E<01  2.207E-01  2.448E-03  1.495E-03
17,00 2.001E-14 3.B23E-04 6.4B4E-02 1.044E-04 4. 709€-02 1.121E-01 2.919E-81  2.260E-01  2.284E-03  1.570E-03
1000  3.704E-15 4.0ME-D4 G.4B0E-02 1.0526-04 4.498E-02 1.099E-01 2.920E-01  2.281E-01  2.117E-03  1.454E-03
1900 4.564E-16 4.204E-04 4.473E-02 1.0ASE-04 . 202-02 1.079E-01 2.921E-01  2.301E-01  1.966E-03  1.353E-03
2000 1.161E-16 A GBME-I4 6. AM4E-G2 1.MMIE-B4 41206-02 1.040E-01  2.921E-91  2.319E-01  1.828E-03  1.2606-03
20,00 2.052-17 A.703E-04 4.439E-02 1.038E-04 3.9SIE-02 1.042€-01 2.922E-01  2.334E-01  1.703-03  1.174E-03
200 3.427E-10 4922604 6.4S3E-02 1.034E-04 3.793E-02 1.026E-01 2922601 2.352E-01  1.989E-03  1.097¢-03
2.0 6UE-19 S.OME-04 6.046E-02 1.0ME-M4 3.M4SE-02 1.000E-01  2.923E-01  2.347E-01  1.4SE-03  1.0246-03
20,00 1.133E-19 S.399E-04 4.49E-02 103304 3.507E-02 9.956E-02 2.924E-41  2.381E-01  1.390E-03  9.409%E-M
.00 2.004E-20 S.577E-04 4.433E-02 1.031E-M4 3.377E-02 9.8206-02 2.924E-01  2.39%E-01  1.303E-03  9.014E-04
2600 3.5426-21 S.79ME-04  6.426E-02 1.0ME-94 3.254E-02 9.6926-02 2.925E-01  2.404E-01  1.224E-03  8.4726-M
2280 6. 2626-22 4.MIE-04 §.419E-02 1.0Z8E-04 3.14IE-02 9.571E-02 2.925E-01  2.M18E-01  1.ISIE-03  7.973E-04
28.00 1.007E-22 6.227E-04 6.413E-02 1.027E-M4 3.034E-02 9.457E-02 2.926E-01  2.420E-01  1.084E-03  7.514E-4
2000 1.957E-23 6.MA3E-04 6.40GE-02 1.026E-04 2.9326-02 9.349€-02 2.926E-01  2.439E-00  1.0226-03  7.091E-04
30.00  3.459E-24 6.699E-04 6.399E-02 1.024E-04 2.B3TE-02 9.244E-02 2.927E-01  2.MMGE-01  9.450E-04  4.701E-04



ONP=0. 300  DTB=0.080 OP=0.250 TOTAL DEPOSITION IN BOOY= 0.430

o~
ATONS DALANCE FOR ALL TIMES = 0.430000



NMI ANNUAL LUNG COUNTING

General Review

The selection of employees for lung counting is done by reviewing
each department for those individuals with the highest uranium urine
and/or Personal Air Monitoring (PAM) result during the previous year.
Additionally, all foundry employees are asked to participate. JIn 1983
in excess of one hundred persons were lung counted (> 208 of the exposed
work force) representing a cross-section of the employee population by
Department (i.e., plant area).

Attacted is & supplementary letter and standard report preface to
our 1983 lung counting from our vendor. It should be noted that the
method for deriving in vivo DU burdens involves direct measurement of
Th-234 and assumes equilibrium with U-238. The photons counted are the
63 and 93 KeV gamma rays. Our vendor states that “"the typical lower
limit of detection for Th-234 is 0.6 to 1.0 nanocuries, which is
equivalent to 2 to 3 mg of natural uranium.” Twenty-one percent (21%)
of our 1983 counting results were in this range (see attached
histogram). Recent conversations with our wvendor indicate that an
apparent burden of 3 mg DU is typical for anyone who has had recent
exposure to Radon-222 daughter products (lead-214 can cause the greatest
interference). It is felt that natural Rn-222 emanating indoors from
building construction materials could be affecting the employee lung
counts. If 3 to 4 mg of "avcparent” DU is a typical result due to radon
daughters, then fifty percent (508) of the 1983 lung counts would be in
this range.

Alsc included in the attached histogram is a distribution of the
1983 counting results for our Poundry employees. In this area we have
documented levels of unsupported Th-234. As would be expected, these
results are skewed to the high end of the distribution. If the result
of the highest reported DU burden of 11.0 mg (for a Foundry employee) is
interpreted as Th-234 activity, the burden would be equivalent to 3.7
nanocuries.

Annual lung counting occurs after plant shutdown in an attempt to
monitor long-term burdens of DU. However, all those counted in 1983,
except the Foundry personnel, were working prior to the measurement
(several worked over the shutdown perisd). It is possible that
short-term, rapidly clearing DU is peing observed also.

Despite the above technical problems associated with lung counting
for DU and possible skewing of results due to the employee selection
process, it is felt that our vendor has adequate sensitivity to monitor
long~term increases of slowly clearing burdens. Also, considering the
burdens that the metabolic models would predict for chronic inhalation
of inscluble DU and/or Th-234 at regulatory limits -- the lung counting
results are quite reasonable and an annual frequency is justified.
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HELGESON SCIENTIFIC SERVICES

5587 SUNOL BOULEVARD + PLEASANTON, CALIFORNIA 94566
(415)846-3453 . 'rwxmowzuao « Cable Address: HELGENUC

September 30, 1983

Mr. Dave Allard

Nuclear Metals, Inc.

2229 Main Street

Concord, Massachusetts 01742

RE: In-Vivo Uranium Lung Count Results

Dear Mr. Allard:

Here is the corrected and expanded report of the Uranium lung counts performed cver
the period of July 18-22, 1983.

The error in our first report for this work has been corrected. The Depleted

Uranium results are in units of milligrams; the first report erroneously indicated
the activity units to be nanocuries.

Also in the corrected report we are reporting Th-234 results for selected individ-
uals in Appendix II. The Th-234 activity is converted to equivalent milligrams of

Depleted Uranium with the factor 1.0 mg. Depleted Uranium per 0.34 nanocurie of
Th-234.

I think we have not adequately communicated how we estimate U-238 lung/chest bur-

dens with in-vivo counting techniques. I am enclosing some additional information

about it, which will be routinely incorporated into our Uranium lung count reports
in the near future.

If you have any questions concerning this information, please do not hesitate to
contact me.

Sincerely,

HELGESON SCIENTIFIC SERVICES

Jeffrey S. Guchring
Corporate Health Physicist

JSG: 3r

Enclosures

A CALIFORNIA CORPORATION
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URANTUM-238 ANALYSIS .

S ek it e b bl b Bbewiaee . Q2TEOL LaTLIL L.

L g m.r:t..g 157 .tne elfettiol Aoneerutlitriwe Madiam deurtor, v
Uranium-238 activity may be estimated indirectly from either Th.23% or

U-235 that are present in the subject's lung count gamma-ray spectrusm.

The indirect determination is necessary because U-238 does not eamit

Weasurable gamma rays as it decays (see Table I: "U-238 Decay Chain").

The Th-234 method is more sensitive than the U-235 method for depleted
and Natural Uraniums exposures, and it is independent of the degree of
Uranium enrichament of the source aaterial.

Th-238 Method:

Th-23% 1s the first daughter in the U-238 decay series, and it emits
significant gamma rays at 63 and 93 keV. The equilibrium activity
ratio of U-238 to Th-234 is 1.0 to 1.0 (Note: Th-238 will "grow-in"
to 90% of its equilibrium activity in 80-81 days if the source’was not
At equilibrium; {.e., recently purified Uranium).

The typical lower limit of detection for Th-234 is 0.6-1.0 nanocuries,
which is equivalent to 2 to 3 mg. of Natural Uran.um.

U-235 Method:

The U-235 activity is estimated directly from its primary gamma ray of
185 keV. The U-238 activity can then be calculated based on the enrich-
Bent lavel of the source material.

The typical lower limit of detection for U-235 is 55-95 pico curies,
which ‘s equivalent to 3.5 to 6.5 ®g. of Natural Uraniums.

The Th-23% method offers better sensitivity for U-238 determination for
éxposures to depleted and Natural Uranium. However, Th-231 and Radium
daughters - especially Pb-214 and Fr-223 - can "interfere® in the Th-234
photopeak measurement and cause the U-238 to be overestimated. The first
Radium daughter product, Radon, is a very mobile Bas, and does not remain
near the source unless it is incapsulated. The Radon daughters are highly
ionized solid particles that cling to dust, hair and clothing.

The normal basic procedures for minimizing the interference fros Radon
daughters include locating the counter avay from source material, limit-
ing counting subjects' exposure to Radon for several hours prior to their
count, washing/showering immediately prior to the count, and donning
clean clothing.

There are four basic methods for evaluating and/or minimizing the magni-
tude of Radium daughter interference in the Th-234 analysis:



"o
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Barkground Corrections - Simultaneous collection of subject and

background spectrum is the most accurate and direct method for
accounting for the effect of non-oqutltbrtu- Radium d.ughtor- vhon
they are uniforaly distributedss DETAY SCTIE

U-235 Analysis Method -« The derived U-238 activities froo the Th-234
and U-235 analysis will agree when there has been no significant Radium
daughter interference, and Th-234 derived activities significantly
greater than U-235 derived activities are usually the result of Radiuam
daughter interference in the Th-234 analysis. b=

Sequential Counting - Radium daughters have a relatively short half
1life and can easily be detected by recounting the subject after one
(or more) hours to allow the daughters to decay. .

Excreta and Blood Analyses - It is reasonable to expect a degree of
consistancy of results between different biocassay tests and techniques.
Such evaluations are matters requiring professional judgement and
normally are based on a careful review of all available information.



URANIUM-235 DECAY senrist

Nuclide Half-Life

92 U-235 7.1 x 10° yr.
90 Th-231 25.6 hr.

91 Pa-231 3.a3 x 10* yr.
89 Ac-227 21.6 yr.

L b 1.2 9011.-221 18.2 day

88 Ra-223

86 Rn-219

84 Po-215

82 Pb-211

83 Bi-211
84 Po-211

83 Pb-207

:lrmchm Pecay 1
b4 Fer disintegra

11.7 day

3.9 sec.

1.8 x 10'3 sec.

2.2 min.
0.5 sec.

Stable

ess than 1% not shown
tion of U-235 at equilibrium

Camza Rays (Less than 1% !1016)2

1) 154 keV - 10.5%
2) 185 keV - SA.0%
1) 25 keV = 2%

2) B4 keV - 8% =
1) 27 keV - 6%

2) 280 keV - 6%

1) 50 keV - 80%
2) 80 keV - 13

3) 238 keV - %
1) 199 keV =~ 10%

2) 270 eV - 10%
3) 330 keV - 6%
1) 272 keV = 9%

2) 201 keV - 5%

1) 805 keV - 3.8%
2) 827 keV - 1.8%

3) 832 keV - 3.50%
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Nuclide Half-Life Camma Rays (leas

[
§.51 x 10" yr.

than 1% ¥ uld)z

92 U-238
90 Th-233 28.1 day 1) 63 kev = 3.8%
2) 93 keV - 5.%%
91 Pa-23% 1.18 minutes 2
92 U-238 2.48 x 10° yr.
90 ™-230 8.0 x 10" yr.
88 Ra-226 1622 yr. 1) 186 keV - 3.3%
86 Rn-222 3.83 day
84 Po-218 3.05 minutes
o 82 Pp-210 26.8 minutes 1) 53 keV - 1%
‘ 2) 282 keV - T7.5%
3) 352 keV = 37.6%
83 Bi-214 19.7 minutes 1) 609 keV - 51.2%
2) 1120 keV - 15.0%
3) 1765 kev - 15.9%
84 Po-214 1.65 x 10'. sec.
82 #b-210 Stable

than 1% not indicated here

1lnneh1n¢ less
ion of U-238 at equilibrium

2¢ Yield -y per disintegrat

f Ao TE : See A//oo‘M//Afd I(}Ad/'dj l-ca,
’quI: atached. 24
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lll.‘_lu”
Radwton Energy Intansity Algeed/ Radwvon Energy Intensity Slgred
Tyre kev) ! #Cih) Type (kaV) ~) #Cin)
¢ "B £ Decay (8056 m 8) ! imin) = 0.10% * '8 8 Dewy 4565 m S I {min) = 0.10%
%W Decay = 8407 6 %W Decay = 9784 11
Feeds ''Po Feeos ''’Po
See alwo ''7Bi a Decay See a0 "''Bi a Decay
ce~%~- 630,06 Y0 0.'% 0.001? feger-L ) 3.0 ) 0.0008
Aege . ~X 9.0 o' 9 0.0002
f ) weak o'7 onitted: cosk- 1 199,75 10 0.3 0.0018
' e (avg)=10367.5; TTe= 0.0'% ce-%- 2 AL AL A .1 8 0.03%02
ce~L~ 2 Q2380 ) .72 0.006%
~AM - 0e. .27 b 1 s
PR b & ce 2 .7 2 0.22¢ 2 0. 0021
avy 128,11 1) .7 3 0.0032
™~ 2 wax 587 .~ Y sar 320 0
avg 170.3 *» 0.03 3 0.00% avyg % ) 1.08 Y0 0.0020
3 sax 825 = 2 sax 980 10
avy 190.6 8 3.88 10 2.0180 avg AL Y » 3 0.217
™ 8 pax 773 » ™ 3 sax 1127 2
’ vy 228.7 18 2.1 7 0.0127 avy 37 o 0.70 1o 0.00%6
~ 5 sax 1519 ¢ ™ 8 sax 1120 0
avy $30.7 v .9 ) 0.09%0n ave LLA NN ) [ L I 0.669
~ 6 sax 228 @ total
avy 931 V7 . ) v. 887 avy 30 S L LI ] 0.80%
total o~
.. TWRSeE Wy bt teray 1 n , Mo 0.0008
T-ravy Ka 6.062 .2 2 0.0020
1 weak 0's onitred: .
T-ray Ka 79.29 S 2.10 1 0.003%
E8(avg)s 129.7; II8= 0.0%% t-ray ..‘ se. 8 o.ea 0.0018
* 1 292.0% VO 0.7a 1) 0.008¢
' * 1 77.17 v 1.8 3 0.9} Y 2 80,820 20 08,0 25 0.262
' ] 2 5.0 7 .97 0.0329 s 3 659,01 V0 0.188 19 0.0021
v 3 203,83 » 0.6% 20 0.0i28 Y . 607.3% ©» Q.80 & 0.007%
r - 952.10 10 0.3 v 0.0066 Y S 1"ee.m ¢ 0.88 S 0.0112 “
Y 3 1078.62 Y0 n.9% 3 0.0219
. -3 1512.7% 10 0.5 § 0.0179
Y : u:e.u 10 2.7% 1 0.0909
4 14679.5 S 0.121 20 0.00a3 112
y n w06.0 5 0.20 o 0.6076 e R PO & S
2 weak y'u omitted:
Eyfavg)= 1078,0; TIy= 2,03% & 3 7 s 99,99 1 17,08
® ''Po a Decay (298E-7 s ) | {min) = 0.90% *o T14Pb 07 Decay (268 m) | (min) = 0.90%
Feeds *'*Bi
o 9 0788,.90 12 100 mn
Asger-L 8.15% 10.6 'S 0.0032
co-L~- 1 .08 W 1.7 & 0.00%
3 ce-A- 1 09.227 ' 2.%' 1) 0.0026
® "''Bi & Decay (4565 m 5) I{min) = 0.70% ce-wOP- 1 $2.208 & 0.88 S 0.0009
% Decay = 216 11 dsger-K $8.2 0.7 o 0.0008
Feeds 1°*T) oo-t- $ .05 0 5.29 % 0.0171
. co-¥- 168,26 & 0.1% 1 0.0007
See siso *'78i p~ Decay co-k- 8  200.687 8 .5 & 0.032¢
ce-1~- §$ 225.993 » 0.%2 1) 0.008s
e 5549 w0 0.16 » 0.0 ce-AD- § 237.902 » 0.2% 9 0.001%
« 2 5870 & 2.00 1 0.25%0 ce~f- 12 200,39 & %Y & 0.0%06
ce-L- § 270.02% 8 1.3 S 0.007
ce-8- @ 291.2%% 8 0.3% W 0.0020
e 323.00 S .73 ) 0.000¢ co-IP- § 290,27 9 0.%0% & 0.0007
ce-Ll~ 12 335.51) » .60 7 0.01%
ce~R- 12 nN7.922 » 0.37% 1) 0.002¢
ce-ROP-12 350.983 » 0.12% § 0.0009
~ 1 sax "ws 2
avyg S0 o 2.5% » 0.0027
™ 2 sax a0 12
avg "s 0.83 & 0.002¢
(Convnuea)

TABLES OF RADIOACTIVE DECAY DATA wm



RADIOACTIVE DECAY DATA TASLES

{
ll.».li.
R ad o Energy inwmesity Algered/ Rad gtion Erneryy I ntenerty Algred/
Tyee fkaV) ™~ wCh Type (keV) ™~ uCih)
114py 5~ Duwcey (288 m) (Continued) 1) sar 122 M2 A
avy b ol : 0.8) G.00M
[ AL T 151 ¢
" Jer M0 ave 3% 8 ey 0.036)3
avy 0 3§ M. n LI A} ”19 s 19 2
”~ 8oz 2 2 . m s 0.8 9 [}
. . .0012
= Seax 1028 12 avg 428 8 .50 9 0.022¢
aJ g g
RO ::. n s .3 2 0.00%2 17 sax 129 12
avg [} o | .90 & 0.013¢
avg I 100 3 0. 080 10 sax 1273 12
avg o 8 .19 3§ 0.0110
teray L 1.0 13,5 0.0031 =18 max 1300 12
5 od $3.226 1% 1.1 & 0.001) ey % § .99 9 0.0%4"
T-ray Rey  Y6.0040 10 6,21 23 0.0099 20 sax ) N2
Toray Ke, 77,1079 17 10.8 & 0.0172 avg 92 § .0 . 007
Teray €8 ", LT 0.0087 27 oax 1508 2
y 8 01,980 8 Tav 0,038 svg 5285 § "y 0.9
vy & 2%0.7% & 0.%% 28 0.0030 =22 sax 1527 12
s % a8 8 0.3 § 2.0019 vy 3 8 0.2% 1 0.0029
vy o 295.213 8 9.2 8 0.121 723 sax 1500 W2
y u 351,921 8 .2 N 0.279 avg 539 8 .9 8 0.206
y 0 042.10 20  0.17 ) 0.0017 28 sax 1609 12
y w 090.82 ¢ 0,380 20  0.00)8 o N 3 %.00 12 .0108
r ® 87,08 8 O.081 18 0.008¢ =iS sz VI N2
r V $33.69 4 0.1%0 1S 0.0022 evg 615§ .30 %2 60083
y » $80.15 & 0,365 18 0.0088 26 sax 085 02
y 795,910 20 1.0 o 0.018) avg &0 S .01 ¢ 0.018
y 2 §39.025 18 0,59 3 0.0108 27 sax 1092 2
avy e 5 T.00 N 0.118
S veak y's onitted: 20 sax 199 2
Syflavg)s 200.7; TIye 0.33% avy 726 S 0.22 ¢ 0.003
=29 saxr 2881 12
avg 1007 & 0.6 ) 0.0129
30 sax 3270 12
© ‘B 5 Ducay (199 m 4) I (min) = 0.10% wih R e e V-
:‘Omo- 99979 1 avg 632 & 100.0 20 1.3%
%a Decay = 0021 1 18 voak #'s onitted:
Eh(avg)s 158.6; TIpe 0.36%
teger-t .33 0.69 & 0.0001
ce-K- 30 $16.207 8 0.69 0. 007 f-rey L i 0.52 ¢ 8.9001
—te N eI 15 63 B o+ T-ray Ray,  76.862 S 0,360 13 0.0006
Sote % SRR YT S v t5 o+ T-ray Ke, 79.29¢ $  0.80) 20 0.0010
co-f- 98 1322.695 &  0.38% 17 0.0109 —" e & :°’:‘ 0 0. 0003
v . RTEE 0.0010
y M 8.0 3 0.37 & 0.0030
~ 1 sax sat1 12 o B 897 ) 0.8 § 0.003
avg 162 o 0.01 3 0.0018 y 005.7% 3 0,168 11 0.0018
> 2sar 551 12 y " 2e.5 8 0.11 3 0.0010
vy 1S o 0.211 18 0.0007 y » ST 12 0,320 18 0.0031
= Jsax 9§75 12 M 0969 12 o.m 8 0.0013
avg 73 8 f.1 N 0.0008 s B 78,38 10 0.118 13 0.0012
~ Ssar %2 12 y % $09.312 7 ws.3 12 0.601
avg 239 8 8.11 3 0.0006 r » $65.053 22 1,87 7 0.0222
= Seaxr e 12 y - 703.11 & o.M 23 0.0071
avg 200 S 0.208 21 0.0010 Yy - 9.8 3 0,408 23 0.0062
 Soar T8 12 y & ¥52.88 3 0.1m 1 0.0021
avg 208 .07 8 0.00%7 y R 78.3% 10 S.08 1% 0.082%
= Teax 822 12 y .1 o 0.32 10 0.0053
avg 21 S .81 13 2.01%6 r = 006. 178 18 1,2) 3 0.0212
" Seax WM 12 y ® 821.18 3 0.1%1 17 0.0026
avg 38 8 0.56 # 0.0038 y & 906,25 25 0,108 18 0.0020
> 9 maxr 1003 12 y & 936.061 12 .21 10 0.0¢38
avg 328 S 0.8 8 0.0010 y %e.08 3 0.3 22 0. 0079
10 saxr 1081 12 y m 1051.9 3 0.3 18 0.0071
avg 350 S 0.3% 22 0.002% y = 1069.9% 8 0.208 21 0.006%
11 mar 1086 12 r ™ 1120.287 10 15,1 8 0. 361
ave %2 S.61 17 0.0821 y ® 1133.66 3 0.2% 18 0. 0062
=12 sar 107 12 y 0 185,190 20 1.%0 7 0.0818
avg 357 8 0.89 o 0.0068 y ® 1207.68 3 0.062 22 0.0119
(Conunuea)
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Equipment

A

Mobile in wvive counting systems for mixed fission,
activation, and corrosion products (mfacp)., radium and
naturel chorium.

The detectors used for measuring in vivo
depositions of mfacp., Tadium and thorium are B-inches in
diameter by 4-inches thick and are made from thallium
activated sodium iodide, NaI(Tl). some of these
detectors use 3 each three-inch diameter photomultiplier
tubes for each crystal, others use & single five-inch
diameter photo tube. The resolution of the detectors s
8. 35X or better for cesium—=137 when @eeasured in an
ecsantially scatter—free environment. The outpyt signals
from the detector are wvsvally fed to & 2956 channel
plulse~height analyzer. although in some cases a 128
channel analyzer is used. Output from the analyier may
be obtained in several forms. It may be punched in
digital format on paper tape by a high speed paper tape
punch. it may be typed and punched by the high speed
punch and &n IBM computer typewriter, or on & Teletype or
it may be recorded on & mass storage device, such as a
floppy disk or magnetic tape. It may be displayed 1in
analog format on an oscilloscope, or it may be graphed in
analog format on an X~-Y recorder,

The shiglding for mfacp counting is the standard
Helgeson MNuclear Services, Inc. "Do-It-Yoursel# Whole
Body Counter™ (tm). The detectcr {s surrounded by 4-
inches of lead and the subject lies in & “"bathtud™ of

lead which is 2-inches thick, This and all the
electronics plus necessary accessories such as music,
lighting, carpeting, etc. are contained in air-

conditioned Meobile Scientific Laboratories. Unit No. 3
is 40 feet long by B-feet wide and Unit No. 4 is 30-feet
long by B8-feet wide.

tMobile in vive lung counting system for natural uranium,
uranium-233, americium=-241, plutonium-238.9, and iead-210

The detectors used for measuring lung depositions
of these materials are a pair of 9-inch diameter "phos~—
wich"” detectors. Each detector consists of a front ent-
rance window made of 0.010-inch thick beryllium metal. o
NaI(T1) crystal which 1is O O~inches thick to which is
optically ccupled @ 1.9-inch thick cesium iodide (sodium
activated) crystal. A single S-inch diameter eleven
dynode photomuitiplier views the light pulses from both
crystols The signals from a pair of these detectors are
fed in parallel to & low-noise preamplifier and thern to a
2luse shape discrimination net-work which separates pure
Nal(Tl) signals ¢rom all other signals. A measured
reduction of @ factor of 4 in Compton Scattered



Background has been obtained {n the uranium-23% photopeat
region thrqugh the use of this system. ' .

The same analyzers and output devices described
&bove for mfacp counting are available ¢cr the low energy
counting. The shielding for this work s a totally
enclosed shield with the equivalent of approximately 3~
inches of virgin lead. This equipment is housed in Unit
Ne. 3, which is & 40-foot long semi-trailer.

"Do-It-Yourself Whole Body Counters™ (tm) for mfacp

The “Do-It-Yourself# Whole Body Counter” (tm) is
built quite similarly to the standard Melgeson Nuclear
Services, Inc. Ehadow Shield Vhole Body Counter, i.e. ., it
is Dbduilt on the prainciple of shacdow shielding. The
primary difference lies in the fact that the "Do-It-Your-—
self" detector moves over the subject, while 1in the
standard shadow shield the subject movas bereath a
stationary detector. Outwardly., the detector housings of
either shield look quite similar. The bed of the "Do-It-
Yourself Whole Body Counter™ (tm) looks like @ stainless
steel Dathtud which has two inches of lead in the sides
and ¢n the bottom. Four inches of lead are uzed around
the detector.

The detector consists of an B-inch diameter by 4~
inch thick NaI(Tl) crystal and., in most systems. a single
S=inch diameter photomultipiier tube. The e¢lectronics
are very similar 1in function but ars different in
consiruction. A aini-computer is used both as a logic
control device as well as & multi-channel pulse height
analyzer and multi-scaler. The computer is programmed to
ask the subject for his name. social security number, and
other data for identification or physical characteris-
Tics. It also gives him instructions of what actions he
should take to complete the count and transmit the data
to the home office at the end of his count. The data
transmission is accomplished by standard telephone 1lines
between the remote site and the home office of Helgeson
Nuclear Services, Inc. in Pleasanton, California

Home office equipment

A number of different computing systems are used
in the home office. The main systems are Digital
Equipment Corporation PDP-8 Series computers with up to
32K of core., disk storage in excess of 3. 2 million words.
and essentially vunlimited magnetic tape storage. Input
8y be obtainec from paper tape. magnetic tape, hard
disk, floppy disk, telephomne input via a separate message
handling computer or by manual input from the various
terminals which are part of this system. Output may bde
obtained in the form of paper tape, magnetic tape, disk,




escilloscope, incremental plotter, X-Y plotter, high
speed line printer. or hard and soft copy data terminals.
; . _ . * o .

Data being received over the telephone lines from
the "Do-It-Yourself"” counters are formatted by & swparate
message handling computer which may be connected 0y
direct 1link to the main computer system or whose output
28y be obtained in paper tape. magnetic tape. or disk
format.

- .-

II. Calibration

“

Calibration for anergy versus channel, “KeV/channel*®

The detector and analyzer are calibrated daily for
channel versus energy wusing the techniqua of Heath
described in IDO-16880. For mixed fission. activation.
and corrosion products, the energy calibration is
determined for each count since a small emericium—24.
source is attached to the sicde of the detector. Thus. by
using the 359 6-KeV X-ray from americium-241 at the low
energy end of the scale and either natural potassiuva from
the subject (or detecior) with an energy of 14460-KeV at
the high end of the scale, or another known photopeak.,
Such &s those from cobalt-40. one has two known energies
which may be used as references for a gain and zerp shift

of the data. This assures that the energy-~to-pulse
height calidbration matches that given by “eath as
documented 1in I100-16680. Typical calibration results

vers within an average of 0.3 channels over the energy
range of C. 06~ to 2. &6~-MeV.

Fer uranium-233 counting the energy calibration
was set using the &60-KeV photopeak from americium and the
186-KeV ohotopear from uranium=-239, while for americium-
241, plutonium=-238, plutonium=-239., and lead-210 the gain
is set using the 17- and &0-KeV photopeaks of americium-
241 as the calibration standard.

Calibrations for determining calibration and scatter
factors, “counts per minute peT nanocurie, etc.*

For counting over the entire body the system was
calibrated for sensitivity to various radioisotopes by
placing vp to 240 small uniform activity sources in sugar
phantoms which ranged in waights from 27 pounds ¢to 270
pounds. The sources were uniformly distributed in the
phantom since it has been shown by previous work that
this distribution provides results which adequately
reflect the results obtained with non-unifore distribu~-
tion, such as might be found with insoluble particulates
deposited in the lung. The calibration factors vary with
body weight as do the Compton Fcatter Factors. In most
cases these calibration factors may be represented as the

—————. . —— . .



sum of tuwo  exponential components. Appendizx II lists
pertinent calidbration datas. All sources were verified as
to their strength by independent laboratories. who can
refsrence their sources to the National Bureau of
Standards. '

_ Calibrations for vranium-239, americdum—241,
plutonium-238., plutonium=-239, thorium: and uraniuvm-233
(Uith vuraniuo-232 contamination) have bLeen esade by
distridbuting many sources of known activities in a
uniform manner in & masonite phantom 1lung of varying
thicknesses. The uranium—-239 calibrations have also been
checked by counting the lung area of the remabd phantom
vsed by the Y-12 Plant. Union Carbide Corporation, Oak
Ridge: Tennesses. These results agree well with the
nasonite calidb-ation results. 1¢ those types of
measurements were performed as @ part of this report,
Appendix II contains the éppropriate calibration datas.

i Anericium-241, plutonium-238, plutonium-239,
thorium:, and yranium-233 calidbrations uere performed in
the same manner as uranium-235 except that no cross-check
has been done with the Y-12 phantom. Plutonium-238, and
plutonium-239 calibration factors which have been
provided by P. N. Dean. Los Alamos Scientific
Laboratories, are routinely used.

I1I. Counting techniques

A Mirxed fission, activation and corrosion products and
Tadium—-226

The counting techniques for the mobile counters
are described 1in the following paragraph. The counting
techniques for the "Do-It-Yourself Whole Body Counter"
vary enly slightly from that described below, the
principal difference being that the detector moves over
the subj ect as opposed to the Subject moving under the
detector as in the mobile systems. Another minor
difference 1lies 1in the fact that the detector moves the
same distance for every subject regardless of the height
of the subject.

The shadow shield whole body counter built by
Relgeson Nuclear Services, Inc. follows closely the basic
principles of its originators, M. E. Palmer and W. C.
Roesch. They have shown that if a subject is placed with
his head 4 inches to one side of the detector and travels
$0 that his feet are 4 inches on the other side of the
detactor at the end of the count, 9% percent of all the
counting information which could have been obtained by
traveling an infinite distance on either side of the
detector will have been obtained. Thus, tapes calibrated
in feet and inches have been placed on the floor of the
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counter with ¢the zero inch mark located 8 inches from the

center line of the crystal. To position & person
properly one need merely place the bottom of his feet at
@ distance which corresponds to Mhis height. The bed

speed is then ad usted such that the total travel time
for a given individual is in the range of 35~ _to 60-
minvtes. dependine on the statistical precision desired
and on the degree of difficulty in measuring certain
radionuclides. For example: & radium-226 measurement
takes at least 40-minutes. In this manner the various
critical organs are scanned by the detector for the same
percentage of the total counting time as wrre the
corresponding organs in the phantom. Most counts for
mfacp are for &6~ to B-minutes.

All persons were counted in the supine position
unless otherwise noted. The head was sallowed to rest
directly on the bed of the counter rather than being
®levated on & pillow.

In only a few facilities are people counted while
wearing «li of their street clothing This practice 1s
generally discouraged. At other facilities. however.
where the prodbadbility of personal clothing contamination
is greater. pecple will be counted in paper lab coats
only. I¥ women are to be counted in other than their
street <clothing, & secord woman attendant would be
requested. Al disrobing would be done in privacy

All persons were to have showered after leaving a
potentially contaminated area. Helgeson Nuclear
Services., Inc. assumes no rTesponsibility for ersuring
that subjects are free of external contamination.

Uranium (enriched. natural. depleted), plutonium-238 and
anericium-241

Uranium=233, plutonium-238, 239, and americium-241
are counted in the totally shielded counter contained in
Uuit 3 The detectors are placed directly in contact
with the chest of the subject such that the detectors
will "see™ major portions of the lung. For uranium239
they are positioned such that the detector is centrally
located Dbetween the bottom of the clavicle (collar bone)
and the center line of the nipples and are a° the outer
edges of the sternum. This Usually places the top edge
of the detector about one inch below the lower aedge of
the clavicle. The normal counting time for uraniun-239
is 20-minutes. Natural and depleted vuranium may be
measured by the same method as is used for uranium—235,
i.e., the 1846~KeV photopeak is used for calculating the
lung burden. If information is desired en the daughter
products protoactinium-234 and thorium-234., the 63~ and
93-KeV photopeaks are used. In certain circumstances.



SUch &% & high environmental Dbackground count 4s also
made 23 discussed in the next paragraph.

For plutonium and americium counting the detectors
are positioned such that the top edge of the detector is
tangent to the bottom of the clavicle and the inner- edges
of the detector are tangent to the outer edges of the

sternum. The counting time for oemericium-241 {s 40-
minutes. The counting time for plutonium 1is &40-minutes
4 on the chest, with this data being recorded, followed by
: @ background of 40-minutes with the detectors placed on

the thighs. Additional time is required for plutonium-
3 238, 239 for measurements using an echoencephaeloscope to
5 determine the chest wall thickness. The length of time
for these measurements varies between 10-to 20-minutes.
Other measurements required for plutonium-238, 239,
americium=241 and uranium-235 are the height. weight, and
chest circumference.

-

AR

Effective chest wall thickness is determined by
oeasurement of the chest wall thickness in at least 12
different locations wusing an echoencephalscope and is
Calculated by the method of Rundo et al (Health Physics,
‘. vel. 17, PP 153-137, 1969) and by Dean’s Empirical
p? Formula.

€. Thorium

Thorium is counted by positioning the chest of the
Subject beneath the B-inch by 4-inch detector with a bed-
to-detector distance of 10. S-inches or 12. 9 inches. The
subject is counted for 40-minutes without changing the
counting geometry of the chest and the detector.

IV. Sensitivity

A. Mired Fission, activation. and corrosion products and
radium=-2246

The sensitivity of the system is & function of the
background radiation levels, the size and efficiency of
the detector. the detector-subject geometry, and the

! counting time. The background in the mobile systems is

, carefully monitored at various intervals during the
counting period. The detector-subd ject relationship is

s normally constant at 12. 9-inches between the face of the

: crystal and the top of the bed, although this may be

changed to 10.3-inches or 14 9-inches as the need

warrants. Since the presence of radioisotopes other than
¥ fsllout cesium-137 or naturally occurring potassium will

: Cause & Tise In the apparert “background” due to Compton

i Scatter, the actual sensitivity varies somewhat.

Appendix 111 presents @ Table of Minimum
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Sensitivities. 1If & radionuclide listed in Appendix 111
is not listed in Appendix I, then 1t is not present in an
amount egqual to or greater than that listed in the column
labeled "Min. Sen.. NcI™. .

The background of the "Do-It-Yourself Whols Body
Counter™ is continuously being determined when a subject
count 1is not being made. Every 1&6-minutes the current
background just completed is transferred to a different
memory location and & new background is started. This
cycle i3 continuvous. If & subject count should be
started Ddefore the current lé-minute period has been
completed, but after B-minutes has elapsed since the
start of the current background, the shorter background
will be saved. If less than B-minutes has elapsed in the
current background, the data are aborted and the previous
background is used. Thus, one will always have a current
and statistically representative background

Other radionuclides

~

The sensitivities for uranium-2359, plutonium-238,
239, americium-241 and thorium are likewise & function of
the Dbackground, detector size. detector-sub ject geometry
and the counting time. The total chest thickness as well
4% the chest wall thickness also affect the sensitivity
for low energy radionuclides. See the calibration data
in Appendix II for the variation of the calipration
factors as a function of these parameters. Typical
numerical values for minimum sensitivities are 230 ~ &0
micrograms of U-23%5 1 to 3 milligrams of natural or
depleted uranium, 4 - 30 nanocuries of Pu-238 and 239
(highly dependent on chest wall thickness), 0.03 - 0.1
nanocuries of Am-241 and 6 - B8 milligrams of natural
thorium.

V. Statistical evaluations

A

General discussion

Statistical analyses of the data wuse standard
techniques. Random counts observed from nuclear
disintegrations have been shown to follow the Poisson
Distribution. However, for the number of counts observed
over the typical counting times. the Poisson Distribution
may be evaluated with @ high degree cf confidence by
using the characteristics of the normal (Gaussian)
distribution. Thus. the average gross counting rate for
potassium, for example. is typically found by dividing
the total of the counts observed in channels 132 through
1539, inclusive, by the counting time in minutes. or,

C = (Sum of Channels 132 - 15%%) / T.

—-— g
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The variance of the counting rate is equal to the long
term expected counting rate divided by the counting time.
or, .

VAR(C) « Q/7
Net counting rates are found from the relationship
N - ° - 'p
Where O = Gross counting rate obtained in T minutes and
B = Background counting rate obtained in T(B)
minutes.
The variance of the net counting racte is found from

VAR(N) = VAR(G) « VAR(B),

While the standard deviation of the net counting rate is
the square root of the variance of N.

The actual amount of activity. A, found in the subject is
therefore obtained by dividing the net counting rate.

after correcting for Compton Scatter where necessary, by

the calibration factor., F.
A = N/F
The variance of A is found from the relationship

VAR(A) / (A%A) = VAR(N) / (NaN) + VAR(F) 7/ (F#F)

The asterisk, (#) is used here to signify multiplication
while the slash, (/), signifies division. J

In most cases the variance of the calibration factor.
VAR(F), is small compared to the variance of the sub,ect
data. VAR(G), and is assumed to be negligible. The
statistical error due to Compton Scatter from isotopes
Which are actually present is included in the calculation
of the VAR(A).

Evaluation of data For natural or depleted vuranium, U~
2393, PU'mo 9, Am-241

Prior to any data reduction the original data for
these radionuclides are plotted for inspection by the
analyst. The data may be smoothed according to the
methods of Savitiky and Golay (Analytical Chemistry, 36,
8. July ‘64, PP 1627 - 1639) for the purpose of minimiz~
ing random statistical varjiations but preserving
photopeak structure. Thie helps significantly in further




evaluation of the data.

‘Most of the data reduction for U-239. natural
uranium, and depleted vuranium vtilizes the Compton
Continuum Subtraction Techinique. In some circumstances a
non=linear curve-fitting routine may be wused. ° The
techniques wused for plutonium analyses may elso be
employed. See the next paragraph.

Data reduction from Pu-238. Pu-239. and Am-241
analyses is much more involved than that for uranium
analyses. The background from the thigh count is assumed
to be representative of the background which would DHave
been obtained over the chest if one could have been
assured that no plutonium or americium had been present
in the chest This is a reasonable assumption for most
situations. Several other radionuclides have DbDeen seen
in the lungs of several individuals. principally cobalt-
60. These require special techniques, the description of
which is beyond the scope of this document. The lung and
thigh data are smoothed by the method of Savitiky and
Golay and are displayed on he oscilloscope screen in
®ither™ & linear or logarithmic presantation. The analyst
may subtract fractions of the thigh data and gisplay the
net counting rate. Normally. 100-percent of the thigh
data are subtracted from the lung data. In those
instances where the net counting rate 1is entirely
negative after subtracting 100 percent of the thigh data.
snall amounts of the data are added back to the net
counts to obtain & graph in which approximately half of
the net counts are positive and haol? are negative in the
background regions ad jacent to the photopeaks of
interest, These data are then used in the Compton
Continuum Subtraction program to obtain the actual net
counting rate under the photopeaks of interest.

The chest wall thickness ‘s determined by three
methods as described in Section III. At least 12 chest
wall thickness measurements are made using an echoenceph~-
aloscope. Since the transmission of low energy x-rays is
an exponential function of the chest wall thickness. @
calcvlation 1is made to determine the average transmis~
sion. The average chest wall thickness 1is back-calcul-
ated fTrom this information. Thus, the 2 sigma standard
deviation 1s skewed due to the uee of the log-normal
distridbution. A linear absorption coefficient of 1.19
per centimeter is used for human tissue at 17=KeV, The
chest wall thickness 1s also calculated by the method
from Dean of Los Alamos:

THICKNESS, CM = 0.007 + 9. 12+ (WEIGHT, KG) 7/ (MEIGHT, CM)

The wall thickness is also calculated by the method of
Rundo:




Thickness, cm = 13.3 & (Weight, kg) / (Height, cm) - 0.01
® Circuméference, ctm - 3. 99 %

The chest wall thickness as determined by the
echoencephaeloscope is normally used in the calculation
of ¢the calibration factors unless it is significantiy
diffarent from those obtained by the methods of Dean and
Rundo. The calibration factors for Pu-239 and Am-241 are
identically the same values as used at Los Alamos and
are:

Calibration factor, Pu-239 = 39 4BB97 eexp(0. BI&S46 # ct)

Ratio:. Am-241 scatter in Pu-239 channels to Ar-241 counts

o
0.2 & exp(~0.03%9%ct) + 0.8 # exp(~1. O9#ct)

Calibration factor, Am-241 = 1 396 % exp(0. 143655 # ct)
Where ct = chest thickness, centimeters

10
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e &—Th-231 and Th-234 @ 90 keV
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APPENDIX II

Phantom "In Vivo" Spectrum from 45.03 mg Depleted Uranium
(National Lead Sample)
0.5" thick x 8" dia Nal(T1) Detector
Gain is approximately 5 keV/channel
Calibyation Factor ¥ 6,0 ¢/m per mg
Background = 337 ¢/m
s?/B = 0.107
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2 each 0,5" thick x 5" dia Nal(T1) Phoswich Detector
Calibration Factor = 4,0 ¢/m per mg
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1. BACKGROUND

The Nuclear Regulatory Commission (NRC) requires that .‘u of its
licensees maintain Radiation Safety Programs that assure not only that

radiation exposure levels
that exposure levels are
achievable (ALARA), which
Radiation Safety Program

are kept below NRC prescribed limits, but also
maintained at levels as low as are reasonably
may be well below prescribed limits. The NMI
is designed to satisfy both of these goals.

However, achieving the goals in actual practice requires the total
commitment of all NMI employees at all organizational levels to the program,
and strict adherence to all of the procedures through which the program is

implemented.

The NMI Radiation Safety Program is comprised of four program elements.

(1) The Radiological Work Permit Program. Radiation Work Permits
(RWPs) identify actual and potential radiation hazards associated with
particular operations (like melt and cast) and the precautionary
measures (including the use of protective clothing, dosimeters, etc.)
that will reduce exposure ALARA. Thus, Radiclogical work Permits
establish the prerequisite conditions that must be satisfied before
operations covered by the Work Permits are allowed to begin. RWPs are
prepared by the Health Physics Department.

(2) The Radiation Surveillance Program. The Radiation Surveillance

Program is designed to assure that all operations with associated
actual or potential radiation hazards are covered by appropriate
Radiation Work Permits and that all provisions of the RWPs are being
rigorously followed. The Radiation Surveillance Program is carried out
by Health Physics Technicians in accordance with procedures developed
by the Health Physics professional staff and endorsed by NMI ececutive
management., Health Physics Technicians are authorized by NMI
management to stop any operations that fail to comply with the
requirements of the governing RWPs.



(3) The Radiation Safety Training Program. In order to achieve ALARA

objectives, every NMI employee at every organizational level must fully
understand the actial and potential radiation hazards that accompany
NMI research, deve'opment, and manufacturing operations as well as the
pPrecautionary and protective measures that will maintain the hazard
levels ALARA. Tre NMI Radiation Safety Training Program is designed to
achieve these objectives.

4) The Radiation Safety Audit Program. The Radiation Safety Audit

Program, executed by the Health Physics Department, is designed to
assure: (a) that the other three programs are functioning effectively
and that personnel exposure levels do not exceed regulatory limits; and
(b) that opportunities for further reduction of exposure levels are
pursued in accordance with the NMI/NRC ALARA philescphy.

Details of the Radiological Work Permit Program are covered by this
specification.



2. PURPOSE AND SCOPE OF THE RADIOLOGICAL WORK PERMIT PROGRAM

NMI management has historically been, and continues to be, fully
committed to the occupational safety and health of all of its ‘employees.
The company, therefore, fully supports NRC requirements, including its ALARA
philosophy, as a means of protecting the safety and health of its employees.
The NRC encourages that its licensees develop and implement Radiation Work
Permit Systems as a means of achieving ALARA objectives. The Radiological
Work Permit System described by this specification satisfies NMI's
traditional concern with the occupational safety and health of its employees
as well as maintaining occupational radiation exposures ALARA.

The purpose of a Radiclogical Work Permit (RWP) is to identify the
actual and potential radiation hazards associated with an operation or
process involving radioactive materials (including low specific activity
radicactive materials like depleted uranium used in MMI manufacturing
processes) and to specify the mandatory protective/precauti nary measures
that must be taken to assure that exposure levels e#re maintained as low as
is reasonably achievable (ALARA) for that operation or process. No per:on
is authorized to undertake that operation or process without first fully
complying with the conditions specified by its governing RWP.

In scope, the NMI RWP Program is intended to cover all operations and
processes conducted within restricted areas and all personnel (employees,
visitors, and contractors) entering, working within, and leaving restricted
aAreas. RWPs are to be prepared for every operation or process undertaken
within NMI restricted areas, even those operations/processes for which no
special precautionary measures are required. In these latter cases, the
RWPs may state that no precautionary measures are necessary. However, RWPs

will be issued to assure that 1008 of operations within the restricted areas
are covered by RWPs.



3. RADIOLOGICAL WORK PERMITS

Radiclogical Work Permits (RWPs) are authorizations issyed to and
signed by each person w«ntering into or working within NMI restricted areas.
RWPs specify the prerequisite training and the mandatory radiation safety
anc exposure monitoring requirements that must be observed by the person
signing the RWP whenever he or she is undertaking the operation covered by
the RWP. Failure to comply with the requirements of the RWP may lead to the
suspension or revocation of the RWP without which the person is not
authorized to perform the specified work.

The NMI Radiological Work Permit System makes use of two types of RWPs:
Standing RWPs and Special RWPs. Standing RWPs ccver standard manufacturing,
maintenance, and housekeeping operations. They are prepared by members of
the Health Physics staff, but actually issued by line supervisors. Standing
RWPs are reviewed periodically to assure that they are consistent with the
NMI ALARA philosophy but changed only when there is a change in the
operation/process they cover or when a reasonable opportunity for reducing
exposure levels can be affected.

Special RWPs are prepared and issued by the Health Physics Department
to cover special maintenance, repair, spill clean-up, facilities
modification, etc., work in restricted areas. Special RWPs are valid only
for the period of time specified on the RWP.

3.1 Format and Content of Standing RWPs

The format for Standing RWPs is as shown in the illustrative example
(Figure 3-1). Different information contained on the form is identified by
numbered circles on the sample; meanings and functions of this information
are described in the paragraphs that follow.

The date that the RWP was prepared by 2 member of the Health
ysics staff is included here.



FIGURE 3-1

NUCLEAR METALS INC.

. 2 : EF. .UTIVE DATE NUK'GER
RADIOLOGICAL WORK PERMIT O

1

YYY

@ PAQGE @uzvnu:m
° 22

TITLE: BILLET ASSEMBLY (5)

kadiation Protection Procedures: (6)

~

The individual(s) must have undergone a training program in the
fundamentals of radiation protection, exposure control and
specified company rules for the particular radiation area in which
he/she works. This training will be supplemented by annual
retraining.

The following personal eguipment shall be worn at all times by

individuals conducting the above operation:

a). One “whole-body" film badge worn on the upper chest region.
(Right side if right-handed, left side if left-handed.)

b). One NMI picture “wvhole-body" TLD badge worn adjacent to
"whole-body" film badge.

c). Safety glasses.
d). Steel toe "hot" shoes.
e). Company uniforms must be worn.

f). Personal Air Monitors (PAM) when issued.

Special Safety Precauticnc: @

1). Welding shield is to be worn during welding.

welding is to be conducted within the designated area with the
plastic curtain in place or inside the weld shop.

3). Smoking, eating or drinking in any restricted area is
prohibited.

4). Urine samples to be submitted monthly for urinalysis.

@ Accepted by: Certified by: Issued by:
Name (Individual) Name (gupervisor) Name (Health Physics)
Employe* No. Employee No. “Employee io.

—DatE" paTe Date




This is a control number that uniquely identifies the RWP. Tt is
ivided into two groups of three digits each. The first group (XXx)
identifies the NMI department for which the RWP was originally
prepared. As examples, 520 would designate the Billet Assembly
Department, 541 the Downstairs Machine Shop, etc. Although i+ may
subsequently be applied to another NMI department, the tfiree digit
prefix remains the same. The next three digits (YYY) are simply a
rarial number to differentiate different RWPs issued to the same work
.rea.

@ Insofar as possible, it is the intent of the Health Physics
partment to confine RWP information to a single sheet of paper. For
some complex operations it will be impossible to do so, in which case
additional pages may be added. The total number of pages in the RWP
will then be identified at the top of the form in u-mé}

RWPs may be revised from time to time. The revision indicator is
entered here. For the initial issue of the RWP, this field will e
left blank. However, the first revision will have an "01" entered
here; the second "02"; etc.

The title of the RWP is entered here, which names the operation
covered. If a Standard Operating Procedure has alsc been written for
the operation, it will be identified with the RWP title.

The information contained in the body of the RWP is divided into two

general groupings: Radiation Protection Procedures and Special Safety
Precautions.

The section "Radiation Protection Procedures” covers personal
prerequisites like the trairing that a mechanic must have had to
prepare him for undertaking the operation and the protective clothing
and monitoring apparatus that he must wear when performing the
operation.

The section "Special Safety Precautions” specifies requirements

t are unique to the operation being performed like the requirement

for special shielding, for the periodic submission of urine samples,
etc.

At the bottom of the RWP (or on the reverse side of the page if
there is insufficient room on the front) there are provisions for three
Signatures. The first is the space for the employee's, plus spaces for
his or her employee number and the date the RWP is signed. By signing
the RWP the employee signifies that he fully understands the
requirements and agrees to comply with them. The second space is for
the employee's superviscr's signature plus spaces for the date and his
employee number. By signing the RWP, the supervisor confirms that the
employee signature 4is valid and that the supervisor assumes



responsibility for employee compliance with the provisions of the Rwp.
The third signature is for the Health Physics staff member that
prepared the RWP. By signing the RWP the H.P. staff member certifies
the effectiveness of RWP requirements in reducing exposure levels
ALARA . ]

Once the RWP has been signed by all three parties, three .copiu are
made. One is retained in the departmental office; the remaining two are
returned to Health Physics where one copy is filed with the RWP master by
RWP Number, and the other in the personnel certification/exposure file by
employee number. The RWP file will thus provide information on all
enployees certified under each RWP: the personnel file will identify all of
the RWPs for which each employee has been certified.

3.2 Format and Content of Special RWPs

Special RWPs are prepared on request by Health Physics to cover all
operations (including contractor work and visitors) in NMI restricted areas
not otherwise covered by Standing RWPs. Special RWPs authorize work for a
limited period of time only and must be re-issued if the work covered by the
RWP is not completed within the period riginally specified. Should an
operation requiring a Special RWP become a routine occurrence, it will be
considered for a Standing RWP classification.

Format of Special RWPs is shown in Figure 3-2. Like Standing RWPs,
each Special RWP is given a unique number consisting of the three digit
department number followed by a three digit serial number. To avoid
confusion with Standing RWPs, Special RWP numbers are prefixed with an "S"
for specials issued to NMI units, with a "V" for RWPs issued to vinitors and
with a "C" for contractor RWPs. Contractor organizations wil also be
assigned a three digit number (like the NMI department number) to identify
the contractor.

Content of the Special RWPs is divided generally into four parts
(Figure 3-2). Purt@eor.n.tnl information describing the operation for
which the RWP is being requested. This portion of the RWP is filled in by
the requestor who submits the form to Health Physics for action. Normal
turn-around time for processing requests for f cciul RWPs will be five

!



FIGURE 3-2

Health Physics
Radiological Work Permit )—\

No.
Submittal Date: Supervisor & Dept.:
E Location: Est. Time: y
a
o A Description of work: (use separate sheet if necessary) "
¥
3
W oW
® &
>
£ Personnel performing work:
Monitoring Reguirerents
HP Audit
WE TLD None Required — Special Shielding
Wrist TLD Start of Job ork Area Release
Finger TLD Continuous BZAS
Protective Clothing Requirements
Head Body Hands Feet Respiratory
— Disp. Hat __ Paper Suit __ Lead Gloves — Shoe Covers __ Full Face Mask
— Disp. Hood __ Standard __ Surg. Gloves __ Work Shoes _ 1/2 Face Mask
- Face Shield Uniform —. Leather Gloves __ Rubbers __ SCBA
. - Other __ Other - Other —_ Other — Other
@ Radiation Conditions - Estimated by survey meter #
g Location | WE (mrem/hr) | Skin (mrem/hr)| Ext (mrem/hr)] wk. Time | Dose (mrum)
7] WB
= Skin
- Ext.
S
- Sampling Results
- | Name Dose Air Concentration Urinalysis Removable Conn,inonon
g (mrem) WCei/1) wg/1) & (dpm/100cm‘) B
Comments:
@
Authorization - Operational Period:
Pre-job conference required? YES: NO:
Name Date Name Date
Workers: Supervisor
HP Tech
HP Staff

l l HP FORM NO. 91 August 26, 1"03
o




working days; accordingly the requestor must anticipate this turn-around and
file the requests sufficiently far in advance of the ne.d date that the work
won't be delayed for want of the requisite RWP. Emergency RWPs will,
however, be processed immediately on receipt by Health Physics. ~

Parts@n@o! the Special RWP are completed by Health Physics. Part
@lpccifiu the mandatory protective clothing and monitoring equipment
required of all personnel undertaking the special operation covered b the
RWP, ant@pmtdﬂ an assessment of the radiological hazards that may be
associated with the operation. It also includes space for the recording of
exposure information obtained on completion of the operation for each of the
people that participated in it.

Pnn@rovidu space for the requisite signatures to authorize the RWP
as well as spacesr for the responsible persons that must acce-t
responsibility for compliance with all requirements of the RWP.

Part(4)also specifies the effective period of the RWP by means of the
beginning and ending dates included here. If a pre-job conference is
required, it will be specified in this part of the form. ;

Workers' names authorized to participate in the operation are listed in
Put.@ot the form. Note that these may not be the same as *hoss listed at
the top of the form by the requestor because of cumulative exposure levels,
the lack of required training, or other reason. The personnel files noted
in Section 5 of this specification will be used to screen personnel for
assignment to all Special RWPs.

3.3 NMI Radiological Work Permit Policy

No _work will be permitted in restricted areas unless that work is

a Standing or § ial RWP. This requirement not only applies to

NMI employces, but zlso to all contractors and all visitors. It is the
responsibility of cognizant NMI personnel (visitor escorts, for example) to




assure that this requirement 4is fulfilled. Health Physics should be
notified if a visitor will need to enter a restricted area. Special RwPs
for contractor personnel will be provided by Health Physics on requast, as
well. .

10



4. RADIOLOGICAL WORK PERMIT PROCEDURES

Procedures for implementing the RWP System are divided into two groups:
(1) those involved in preparing and issuing RWPs; and (2) those used in
monitoring departmental compliance with the requirements of RWPs after
issue. These two sets of procedures are shown schematically in Figures 4-1
and 4-2 and described in detail in subsections 4.1 and 4.2 that follow.

4.1 The RWP Formulation Process (Figure 4-1)

Step 1: To assure that the proper degree of coverage is achieved in
the RWP Program, it is necessary to identify and list each RWP that will be
required. This list is a dynamic list since it will be frequently up-dated
as older RWPs become obsolete and the requirements for new RWPs emerge.
Step 1 in the RWP formulation process involves developing an initial list of
RWPs anticipated to provide the degree of coverage required, and
subsequently up-dating the initial list as new requirements are uncovered.
Each RWP in the listing will be assigned a priority as well as a schedule of
dates when the various actinns needed to Prepare and issue the RWP are to be
completed. 1In addition, responsibility for the preparation of each RWP on
the list will be assigned to a member of the Health Physics Department
professional staff. Thereafter, members of the staff will prepare the RWPs
assigned to them in accordance with the completion schedule milestone dates
assigned to those RWPs. As the work proceeds with the preparation of the
RWPs, the listing is updated to reflect the current status of each RWP on
the list. Typical milestone dates for each RWP include the following:

Radiological site survey (if required) completed
Draft RWP completed

QA Review of RWP completed

Supervisor indoctrination completed

Operations technical indoctrination completed
RWP issued and effective

Date RWP is to be reviewed

e U B BN N B
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Special and emergency RWPs can be added to the list at any time. These
will be assigned suitable priorities to assure that they are prepared and
issued on or before the date they are needed. '

Step 2: Health Physics personnel can proceed with the preparation of
the RWPs assigned to them in accordance with the schedule contained con the
RWP Master listing. The first step in doing so will be to determine if a
radiclogical survey of the site and/or operation is required. In
determining the need for a wurvey, the Health Physics Staff member may refer
to the file for review of prior survey data and to the SOP for the
operation. If it is determined that a survey should be accomplished, the
Health Physics Staff sember will proceed to Step 3; otherwise, he may begin
drafting the RWP, proceeding diructly with Step 4. (Note: 1In preparing the
initial set of RWPs required to set up the RWP program, site surveys will
most likely be deferred, but where they are thought to be needed, they will
be scheduled for accomplishment at a later date. The master RWP listing
should be annotated to flag the need for later site/operatiors radiological
surveys.)

Step 3: If a site survey is required, it will be accomplished as Step
3 4in the RWP formulation process. Note that in the case of an incident
requiring a Special RWP (such as a mispour in the foundry) a site survey
will be mandatory. Site surveys of this nature may also be accompanied or
followed by a planning meeting to determine the type of restorative/repair
action needed. Results of the site survey (and planning meeting if
required) are to be documented, referenced in the RWP that is prepared
during Step 4, and filed with the RWP in the HP Master RWP File.

Step 4: The RWP itself is prepared during this step using the forms
described in parts 3.1 and 3.2 of this specification.

Step 5: RWP formulation procedures require that each RWP be subjected
to an independent review by a member of the Health Physics staff to assure
completeness, accuracy, etc., prior to its issue to operations. This

13



review is accomplished durisng Step 5. The reviewer is required to initial
the RWP to acknowledge responsibility for RWP quality. :

Steps 6 and 7: Step 6 consists of a meeting between the HP Staff
member that prepared the 5WP and the operations supervisor that must comply
with its requirements. Both must sign the face page of the RWP. By signing
the RWP, the Health Physics Staff member assumes responsibility for the
effectiveness cf the provisions of the RWP in reducing radiation hazards
ALARF ; the 2perations supervisor assumes personal responsibility for his own
compliance with the requirements of the RWP as well as compliance of
personnel under his superviaion. The superviscr retains and files a copy of
the RWP in hic office; the original is returned to the Health Physics office
whe'e it is kept (Step 7) in the master fils of RWPs. As each of the
preceding steps is completed, the Master RWP List is annotated to reflect
its current status.

Step 8: The operations supervisor is responsible for the execution of
this step with the assistance of a member of the llnlt'h Physics staff or a
Health Physics Technician. During this step, the supervisor will explain to
his crew the requirements of the RWP, the importance of adhering to all of
its provisions, and his commitment to seeing that each member of his crew
carries out the requirements exactly. The Health Physics Staff member is
available to explain the technical reasons behind the RWP requirements; but
only the Operations Supervisor has the authority (by wvirtue of his
suparvisory responsibilities) to direct his crew to comply with the RWP
requirements. It is intended that the supervisor's presentation to his crew
be supplemented by a video-tape presantation of both the RWP and the
asscciated Standard Operating Procedure (SOP) governing the operation(s)
covered by the RWP. Video tapes, where required, will be made available by
the Safety Training Officer.

Step 9: At the conclusion of the indoctrination meeting, each
operations technician will be required to sign the RWP to signify that
he/she fully understands the requirements of the RWP and will comply with
those requirements. A copy of each signed RWP will be maintained in the

14



Supervisors office; the original will be retained by the Health Physics
staff member for filing with the master copy of the RWP in the HP office.
The supervisor will alsc maintain, 4in his office, & listing of all
technicians authorized to work under each work permit over ‘vhich the
supervisor has responsibility.

Steps 10 and 11: The original RWP with signatures produced during Step
7 and 8 will be retained in the Health Physics office. These are important
control sheets because they will be used to crrrelate personnel exposure
data against RWPs and to schedule refresher training.

4.2 Monitoring and Audit Procedures

Monitoring and audit procedures included within the NMI Radiological
Work Permit System are shown schematically in the flow chart (Figuze 4-2).
Monitoring of compliance with the requirements of Standing and Special RWPs
is accomplished by NMI Health Physics technicians under the direction of an
NMI Health Physics Staff member. Audits are conducted by members of the
Health Physics Department professional staff both to assess effectiveness of
the RWP monitoring program and to assess the effectiveness of RWP safety
requirements in maintaining exposure levels ALARA.

a. RWP Monitoring Procedures

Step 1 (Figure 4-2): Monitoring directions are prepared by the
Health Physics professional staff from a review of the Standing
and Svecial RWPs in effect. These procedures are given to the
responsible Health Physics Staff member who, in turn, passes them
on to the Health Physics technicians under his supervision.
Special monitoring instructions may be issued for special RWPs.
In cases of complex operations (like foundry operations) a
full-time monitor may be assigned. Special instructions will
usually be issued for monitoring contractor work.

15
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Steps 2 - 4: HP Technicians monitor operations of manufacturing
technicians to ascess degree of compliance with requirements of
the governing RwWPs. Because of the xuponubiuty and
accountability commitments made by the operations #upervisors
(foremen and leadmen) in signing the RWPs, monitoring compliance

at the technician level also provides a basis for monitoring
effectiveness of manufacturing supervisors in carrying out the
requirements of the RWP Program.

Steps 5 and 6: Each floor HP technician files, at the end of his
shift, a Radiation Safety Survey Report (Figure 4-3). Violation
of RWP requirements are both noted on the report and brought to
the attention of the violator and his supervisor. The supervisor
may take corrective action (Step 6) if the situation warrants it.
Repeated viclations are noted by the Manager of the Health Physics
Department who can then bring them to the attention of NMI
Executive Line Management for their consideration and action.

Steps 7 and 6: RWPs specify any additional exposure monitoring
requirements not otherwise in force for all NMI employees working
in restricted areas. Such requirements may include wurine
sampling, daily reading of TLDs, lung counts. etc. It is the
responsibility of the manufacturing technicians to observe and
comply witn these requirements. However, the personnel
RWP/Radiation reccrds maintained in the Health Physics central
files provide all the information necessary for monitoring
compliance with these special requirements. It 4is the
responsibility of the Health Physics laboratory technicians to
perform these monitoring functions, in conjunction with their
other exposure monitoring duties. Delinquent manufacturing
technicians are reported to their supervisors for corrective
action as shown by the feedback connection between Step 8 and Step
6 in Figure 4-2. Repeated violations may be cause for the

17



RADIATION SAFETY SURVEY REPORT FORMAT

Figure 4-3

Name: Date; Shift:
RWP Employee
Number Number VIOLATION/ACTION

w—q

THE REVERSE SIDE OF THIS FORM MAY BE USED FOR
ADDITIONAL COMMENTS AND OBSERVATIONS

18




Suspension cor revocation of a technician's work permit, without which he
will be automatically prohibited from performing work within restricted

Areas.

b.

Steps 9 - 11: The required exposure measurements are taken from
Film Badges, TLDs, PAMs, urine samples, etc., by Hp Laboratory
Technicians, and the results recorded on the personnel RWP records
in the HP central files. Updated exposure levels are then
compared with the limits set by the controlling RWPs. Whenever
&xposures approach, o. are projected to exceed limits, the
personnel record is flagged and the Manager of the Health Physics
Department informed s0 he may take the necessary action with
manufacturing line management, Health Services, Personnel, or
other departments as appropriate. The RWP and associated
monitoring procedures, in conjunction with the centrally
maintained RWP and Personnel Files, thus provide a closed-loop
system for assuring that a:il personnel exposure levels are
maintained ALARA. Violations of the procedures are readily
detectable for remedial action. Note also that the central files
which contain copies of each RWP signed by each employee
(technician as well as supervisor) provide complete radiological
histories with respect to each job that each employee has worked,
including special jobs covered by special RWPs, as well as
delinquencies in complying with ‘ny of the requirements and the
remedial actions taken by NMI management. Data within these two
centrally maintained files constitutes a basic source of input to
the RWP audit process.

RWP Audit Procedures (Figure 4-2)

RWP audits serve two basic purposes. The first is to assess the
effectiveness of the RWP program and the degree to which compliance with its
requirements is actually being achieved. The second is to identify
opportunities for further reductions in radiation exposure levels in
accordance with the NMI/NRC ALARA philosophy. The RWP audit program is an

19



on-going program where specific audit actions are determined by the staff of
the Health Physics Department in concert with NMI management. The generic
steps involved in the audit process are shown in Figure 4-2, Steps 14
through 19, .

Step 14: The Health Physics staff routinely reviews Radiation
Safety Survey Reports submitted by Health Physics floor
technicians and personnel exposure records in the Health Physics
central files. These two sources of data form the basis for
compiling statistics (Step 15) that correlate individual and
population exposure levels with RWPs and the associated
manufacturing operations. Such correlations help identify areas
that warrant detailed examination of alternate ways and means of
achieving further reductions d4n exposure levels or otherwise
improving radiation safety through modifications to the governing
RWPs.

Step 16: The review of Radiation Safety Survey Reports, by
itself, will not necessarily achieve all objectives of the RWP
Audit Program, since the survey reports are largely .directed
toward assuring compliance with the requirements of outstanding
RWPs. There remains a continuing need to reassess the
appropriateness of the RWPs themselves to the operations they
cover. This is accomplished through the systematic auditing of
operataons and surrounding ambient radiological conditions on a
continuous basis by members of the Health Physics professional
staff. The periodicity of site audits varies from operation to
operation and is scheduled on the basis of the actual and
potential radiation hazards associated with the operation =-- the
most hazardous being audited the most frequently. Audit Reports
are prepared following the completion of each audit. Where
immediate action is required, it will be taken by revising and

issuing new work permits in accordance with the procedures shown
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in Figure 4-1. The Survey reports will then be filed with the
RWPs in the RWP file for later reference and .uu-ucuj analysis.

Step 17: NMI executive management is ultimately :npo;uuale for
the effectiveness of RWP program in achieving NMI/NRC ALARA
objectives, through the Health Physics Department which is the RWP
Program manager. Management must, therefore, be kept informed of
program performance and progress on a regular basis. This
function is accomplished by quarterly progress reports prepared by
the Health Physics Department and distributed to all members of
the ALARA Committee. Contents of the progress reports may include
presentation of raciation exposure statistics and trends against
all outstanding RVPs, results of audits conducted during the
period, and compliance problems that may have existed. Progress
Reports may also include numbers and types of Special RWPs that
were issued, problems and suggestions requiring ALARA Committee
consideration and/or progress with respect to on-going Health
Physics RWP projects.

Steps 18 and 19: The ALARA Committee meets quarterly tc discuss
overall effectiveness of the RWP Program and to identify areas
where improvements may be in order. However, ALARA Committee
meetings may be requested by Health Physics whenever action may be
required that cannot be deferred to the next scheduled quarterly
meeting.

21
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S. DATA PROCESSING CONSIDERATIONS

To implement the Radiclogical Work Permit System, the l“ith Physics
Department must maintain two data files which are readily accessible to the
responsible Health Physics Staff member and his staff. The first of these
files is the RWP Master File. This file will contain master copies of all
RWPs, filed by RWP Number. Associated with each RWP in this file will be a
listing of all persons (employees, contractors, visitors, etc.) certified
under each RWP, site survey reports, and minutes of planning meetings.

The second file is the RWP Personnel Pile. This file is organized by
person name and contains copies of each RWP signed by that person (organized
by RWP Number where possible) and information associated with any RWP
suspensions and/or revocations. This file is used to assure that no employee
(or other person) exceeds NMI/NRC limits.

Although setting up these files will be relatively straightforward,
maintaining consistency between them will be a difficult procesr., if
accomplished manually. Consistency is essential to the success of the RWP
Program in maintaining exposure levels ALARA . On the other hand,
maintaining consisteiacy would be greatly mimplified if the file maintenance
process were assisted by ADP. It should be recognized, however, that total
automation of files will not be possible because of the need to retain
authenticated signatures on RWP hard copy. ADP can assist in the process of
maintaining consistency between the hard copy files, in providing early
warning of impending exposure problems, and in providing statistical
reports.

Initial data processing support will be provided by the automated
Personnel File, currently under development by the NMI Data Processing
Department. This file will be modified to include RWP numbers for which
each person has been certified in each personnel rucord, thereby correlating
the automated Personnel File with the manual RWP File. The possibility of
automating the RWP File will be considered at a later date.
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APPENDIX A

PRELIMINARY LIST OF EFFECTIVE RWPs

(30 September 1983) 8

RWP NO. Title

422-001 Charge Prep

423-001 Shipping

520-001 Billet Assembly

521-001 Extrusion of DU Billets

523-001 Sawv Blanks of Depleted Uranium

$23-002 Pickling of Depleted Uranium

524-001 Degreasing of Depleted Uranium

525-001 Rotary Straightening of Depleted Uraniux (Meeco)
525-002 Aging of Depleted Uranium

525-003 Solutionizing of Depleted Uranium

$31-001 Furnace Opening and Disassembly

531-002 Furnace Loading

531-003 Unloading of Castings and Setting-up Molds
531-004 Crucible Burn-Out

$31-005 Furnace Rebuilding After A Bad Pour
541-001 Grinding of Depleted Uranium

543-001 Machining of Depleted Uranium - Large Caliber - CNC Lathes
543-002 Preventive Maintenance: Mori Seiki
543-003 Preventive Maintenance: J & L lLathes
543-004 Preventive Maintenance: Max Muller
543-005 Pre-Machining of Depleted Uranium

550-001 Packaging



APPENDIX A

$60-001
560-002
594-001
594-002
595-001
595-002
671-001

852-001

Page 2

Title

Scrap Packaging

Consclidation of DU Scrap (5.0.P. No. HWD-83-00)
Preventive Mairtenance: Marvel Saw

Preventive Maintenance: Crane Inspection

Preventive Maintenance: Emptying of House Vacuum System
Filter Change (Not uquuz;-;numco Into Filter House)
Inspection/QC of Depleted Uranium

Minimum Requirements For Entrance Into Restricted Area
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ALARA POLICY

I. Introduction

The purpose of this document is to state the policy of Nuclear
Metals, Inc. (NMI) with regard to maintaining occupational radiation
@xposures as low as is reasonably achievable (ALARA) for all NMI
employees and visitors.

The ALARA Program at NMI has been designed to incorporate the
philosophy of NRC Regulatory Guide 8.10, Revision 1 to ensure that
radiation exposures will be kept ALARA. The management of NMI is firmly
committed to ensuring that occupational exposures are kept ALARA. All
those who work at NMI, starting with the individual radiation worker, up
through the management ranks to the Company President contribute through
many available mechanisms toward achieving the fundamental objectives of
the ALARA philosophy.

II. Statement of Policy

All persons working at or visiting NMI shall be subject to the
rules and standards provided by NMI for radiation protection. These
rules and standards of practice at NMI shall incorporate the ALARA

philosophy. Specifically, this philosophy, as adopted by NMI, includes
4 commitment to:

1. Maintain the annual radiation doses to all individual NMI
personnel ALARA.

2. Maintain radiation doses to all NMI contractors and visitors
ALARA .,

3. Maintain the annual integrated radiation dose to all personnel
ALARA.

4. Maintain the annual radiation dose to the general public ALARA
by appropriate control of environmental releases.

I11. Organization, Personnel and Responsibilities

1. President of NMI

The President of NMI is responsible for the execution of a

Company-wide Radiation Protection Program and sssures that the policies
and commitments contained in the program are being properly
implemented.
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2. ALARA Committee

The responsibility to review and audit ALARA efforts of the
Radiation Protection Prograz is assigned to the ALARA Cormittee. The
Committee consists of personnel who are experienced and knowledgeable of
Health Physics principles, practices and procedures and who are familiar
with design features and operations of NMI which affect the potential
for exposures of personnel and the environment to radiation. The ALARA
Committee is responsibie to the President of NMI.

The personnel listed below will serve on the ALARA Committee. Any
two (2) members below and a Vice President will constitute a quorum and
be sufficient to convene the Committee to make dose reduction policy
decisions. The ALARA Committee will meet at least quarterly, but more
frequently if necessary.

ALARA Committee Members:

1. Vice President, Health/Safety

2. Vice President, Operations

3. Vice President, Facilities

4. Manager, Health and Radiation Safety
5. Manager, Human Resources

6. Health Physicist/Dosimetry

7. Safety Training Officer

The responsibilities and authorities of the ALARA Committee include
the following:

1. Ensuring that the NMI Radiation Protection Program to keep
radiation exposures ALARA integrates management's
philosophy and regulatory requirements and is maintained
with specific goals and objectives for implementation.

2. Ensuring that an effective dose measurement system |is
maintained and used to determine the degree of success
achieved in NMI operations with regard to the ALARA goals
and specific objectives.

3. Ensuring that the dose measurement system results are
reviewed on a periodic basis by the Radiation Protection
staff and that corrective action is taken when attainment
of the ALARA objectives appears to be jecpardized.

4. Ensuring that the authority for providing procedures and
practices by which the specific goals and objectives will
be achieved is delegated.

-2-



S. Ensuring that the rescurces needed to achieve ALARA goals
and objectives are made available following acceptable
financial review (i.e., cost/benefit analysis).

In support of the above, the ALARA Committee will undertake such
activities as: ;

1. The review of selected ALARA-related procedures and major
sources of exposure with the intent of identifying means
fcr their reduction.

2. Review the details of any exposures near or over applicable
regulatory limits or other abnormal occurrences invelving
occupational radiation exposure hazards and the corrective
actions taken to prevent their recurrence.

3. Verification of the adequacy of ALARA training conducted by
the Radiation Protection staff and the Safety Training
Officer.

4. Review design changes identified as potentially having a
significant effect on radiation exposures.

The Committee serves as a review and advisory group whose primary
function is to verify that a satisfactory ALARA Program is in effect and
incorporated into the Company's Radiation Protection Program. Company
management and supervision shall be responsible to the recommendations
of the ALARA Committee.

3. ALARA Committee Members

a. Vice Pxnidcnt, hﬂﬂsuotx

The Vice President, Health/Safety is responsible for all regulatory
licensing applicable to NMI in the area of radiation safety. He is also
responsible for overall administration of programs, including the
Radiation Protection Program, Occupational Safety Program and the
Environmental Surveillance Program. His responsibilities include:

1. Participating in design reviews for NMI facilities and
equipment that can affect potential radiation exposures.

2. Prescribing goals and objectives to be achieved in the
Radiation Protection Program.

3. Developing and optimizing a Radiation Exposure Control
Program for NMI.

4. Review safety inspection records to determine consistency
with the NMI ALARA policy.
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b. Vice President, Operatione

The Vice President, Operations is responsible for the overall
administration of the manufacturing process and its related operations.
His responsibilities with respect to the ALARA Commi:tee are as follows:

1. Participating in process reviews of NMI manufacturing and
other operations that can affect potential radiation
exposuces. .

2. Ensuring the support for the NMI Radiation Protection
Program from all manufacturing personnel.

3. Supporting the Manager, Health and Radiation Safety in
effective implementation of the Radiation Protection

Program.

4. Specifying goals and objectives for NMI operations which
incorporate the ALARA philosophy.

€. Vice President, Facilities
————iey TACAliCiES

The Vice President, Pacilities ensures that criteria affecting
potential radiation exposures and radicactive contamination are
considered in the design and construction of facilities and equipment.
With respect to the ALARA Committee, his responsibilities include:

1. Review of all aquipment and facility designs to insure that
the potential for causing significant radiation exposures
is minimized.

2. Review of any modifications of current equipment or
facilities to ensure that the potential for causing
significant radiation exposures is minimized.

3. Ensure that NMI Facility Engineers be aware of ALARA
objectives and incorporate these objectives when designing,
installing or retrofitting equipment or facilities which
process radiocactive materials.

d. Manager, Health and Radiation ufotx

The Manager, Health and PRadiation Safety 4is responsible for
implementation and optimization of the Radiation Protection Program. He
is responsible for ensuring adequate radiation protection for all NMI
and non-NMI employees. The Manager, Health and Radiation Safety's
responsibilities include:

l. Ensuring that all operations involving work with
radicactive materials is supported by adequate physical
presence of Health Physics personnel.

<. BSupervising, training and qualifying the radiation
protection staff under his supervision.
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Identifying locations, operations and nonditions that have
the potential for causing significant exposures to
radiation.

Implementing and maintaining an adequate Radiation Exposure
Control Progras for all RMI employees and uuwn..

Developing plans, procedures and methods for .lnpinq
radiation exposures of RMI employees and visitors ALARA.

Reviewing, commenting on and recommending changes in job
procedures to maintain occupational exposures ALARA.

Participating in the development and approval of Training
Programs related to work in radiation areas or involving
radicactive materials.

Supervising the collection, analysis and evaluation of data
and information obtained from radiological surveys and
environmental activities.

€. Manager, BMuman Resources

The Manager, Fuman Resources is responsible for the administration
and isplementation of Personnel Policies and Procedures. His
responsibilities as they relate to the ALARA Committee are as follows:

1.

Ensure that ALARA objectives as they relate to individuals
are implemented in a fair and equitable manner.

Ensure that ALARA decisions incorporate the “human factor"
as an integral part of the decision making process in
addition to financial considerations and cost benefit
analysis.

f. Health Physicist/Do simetry

This Radiation Protection staff professional is responsible for
NMI's Radiation Dosimetry Program. He supports the Manager, Health and
Radiation Safety in ensuring adequate radiation protection for all NMI
personnel and visitors. His specific responsibilities as they relate to
the ALARA Committee are as follows:

1.

Presenting to the ALARA Committee the results of NMI's dose
measurement system.

Ensuring that results obtained from NMI's dose measurement
system are technically sound and accurate.

Identifying locations, operations and conditions which have
the potential for causing significant exposures to
radiation.

Reviswing and recommending changes in standard operating
procedures to maintain occupational exposures ALARA.
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5.

Participating in the development anl implementation of
Training Programs related to work in radistion areas or
involving radicactive materials.

Conducting special irvestigations of radiation exposures
which are near or over established in-house and regulatory
limits.

-

g. Safety Training Officer

The Safety Training Officer is responsible for the overall
development and implementation of a Safety Training Program. This
program encompasses the initial orientertion for all NMI employees and
visitors regarding radiation safety. #is responsibilities as they
relate to and support the ALAPA Committee are as follows:

1.

Development of Employee Training Programs which entail both
introductory orieatatinns and retraining eflorts desling
with the health protection problems associated with
radicactive materials.

Presenting and emphasizing the importance of exposure
reduction efforts to all employees and visitoys.

Ensure through employee education an understanding of the
basic concepts of radiatior protection such as time,
distance and shielding.

Development and implementation of employee training
sessions where the ALARA concep* is viewed as an attitude
and commitment to enhanced radiation protecticn.

4. Department Msnagers

Managers of individual departments at NMI are responsible for:

1.

Ensuring support for the NMI Radiation Pro:ection Program
from all ¢l their personnel.

Specifyiny goals and objectives for ™I operations that
incorporate the objectives of the Aadiation Protection
Program.

Supporting the Manager, Health and Radiation S2fety ir
formulating and implementing the Radiation Protection
Program.

Identifying locations, operations and conditions that heve
the potential for causing significant exposurss to
radiation.



5. Individusl NmI Employees

Each individual who performs a work assignment within a restricted
area and who is likely to receive an occupational radiation exposure
becomer subject to the rules and policies of the Radiation Protection
Program. Each individual is responsible to comply with WM policy as
Set forth in operating procedures, Radiation Work Permits and NMI's
Personnel Policy Manual.

IV. Training and Ir-truction

A Training Program ia the fundamentals of radiation protection and
@xposure contrcl has been established by NMI. It includes instruction
©of all personnel whose duties require:

1. work with radicactive materials.
2. BEntering radiation areas.

3. Directing the activities of others who work with
radicactive materials or enter radiation areas. The
training includes sufficient instruction in the biological
effects of exposure to radiation to permit the individuals
receiving instructions to understand and evaluate the
significance of radiation doses in terms of potential
risks.

Training sessions are held for the purpose of employee orientation.
These introductory crientations deal with the health protection problems
associated with exposure to radicactive materials. An overview of basic
radiation safety is presented, as well as specific safety concerns
relating to work with Depleted Uranium.

In addition to the introductory orientation, all operating
personnel are observed by their department foremen who work with
employees on a continuing basis to AsSsure proper orientation to the
hazards of the workplace. The above will be supplemented by an ongoing
monitoring program by the Health Physics technical staff with respect to
procedures to minimize exposures such as monitoring or measurement
techniques which may be employed to determine the level of exposure and
corrective actions. Should an employee be found to have poor work
habits which contribute to additional, unnecessary exposure, he/she will
be instructed to sit in on the next refresher training session.
Employees who are required to be retrained due to poor working habits
will be monitored closely until all procedures are performed in
accordance with the ALARA philosophy.

All employees are required to take part in an annual retraining
Program. The Training Officer conducts refresher training sessions
which encompass the specific characteristics and concerns of ionizing
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radiation, the concept of ALARA as a fundamental principle of radiation
protection and how it can be implemented on the job. The program
discusses the proper use of change areas, ventilation and general
contamination limits and control. Active participation of each
individual employee is encouraged. Basic concepts of radiation
protection such as time, distance and shielding are set forth and
discussed. The employee is urged not just to view ALARA as a concept,
but rather, an attitude and a commitment to improved radiation
protection in order to maintain exposures ALARA. .

Training is commensurate with the duties and responsibilities of
those receiving instructions, as well as with the magnitude of potential
and anticipated doses and dose rates. Personnel who direct activities
of others who may be exposed to radiation shall be familiar with NMI's
Radiation Protection Program and have the authority tc implement NMI's
policy to ensure that exposures to personnel will be as low as
Teasonably achievable.

V. Radiation Protection Program

The management of Nuclear Metals, Inc. recognizes its
responsibility to its employees, to the public and to the environment to
maintain a Radiation Protection Program which will result in the highest
attainable level of safety and protection from radiation.

Th> Radiation Protection Program at NMI consists of a comprehensive
set of policies and procedures which ensure that radiation exposures
will be kept ALARA for all NMI employees, contract personnel, visitors,
the general public and the environment.

Administrative controls have been established as to the amounts of
radiition exposures that may be accumulated by any employee, to ensure
that the limits governing personnel exposure delineated in 10 CFR 20 and
applicable State regulations are not exceeded.

NMI recognizes that substantial reductions in radiation exposure
can be afforded by features that are built into the design of equipment
used in production areas or used in handling radiocactive materials. Its
Radiation Protection Program also includes procedures, job planning,

recordkeeping, operating philosophy, special equipment and operational
analyses.

As part of NMI's operating philosophy, NMI employees will have the
benefit of preparations and planning that will consider the following
requirements and criteria.

1. The Health Physics Department will have the responsibility
for coordinating ALARA efforts in Support of operations to
reduce radiation exposures.



10.

11.

Surveys will Dbe performed to cobtain information with
respect to ambient radiation levels, contamination levels
and concentrations of airborne radicactive material that
might be encountered during routine operations and other
non-routine operations being performed. .

Radiation surveys will provide favorable locatigns for
perscnnel to take advantage of available shielding,
distance and other factors that affect the magnitude of the
radiation dose.

Preplan meetings for personnel who will perform non-routine
work in radiation areas.

Reducing the levels of radiation by appropriate
decontamination methods.

Provide radiation monitoring instruments and provide
routine instrument calibrations in accordance with existing
procedures.

Use will be made of Radiation Work Permits to provide
advance planning for non-routine maintenance work.

Unusual occurrences and potential accident situations will
be monitored for information to be used in planning for
such occurrences.

Temporary shielding will be used where practicable.

Portable or temporary wventilation systems will be used
where practicable.

Use will be made to the extent practicable of a comfortable
work environment to increase efficiency and thereby reduce
the amount of time spent in radiation areas.

During operations in radiation areas, adequate supervision and
ridiation surveillance will be provided to ensure that the appropriate
procedures are followed. This will include the following:

1.

Assigning a Health Physics Technician the responsibility
of periodically monitoring all work areas where radicactive
materials are processed, handled or stored.

The use of personnel dosimeters (TLD or Film Badges) to
provide monitoring of doses to individuals.

The use of written procedures and verbal instructions
between all personnel and the Health Physics Department.
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Observations, experience and data obtained durirg routine and
non-routine operations will be recorded and Analyzed to identify
deficiencies ir the program and provide bases for revising procedures
that may reduce exposures during similar operations. This will "include
the following:

1. Exposure obtained during an operation will be recorded.

2. Component failures that resulted in the need for servicing
will be analyzed in order to improve equipment reliability.

3. Information gained during operations will be used as part
of a continuwous evaluation of equipment to provide bases
for modifying equipment selection and design features of
new facilities.

4. Summaries of doses received will be reviewed periodically

by upper management to compare the incrementa) reduction of
doses with the cost of modifications that could be made .

VI. ncuny_ and Equipment Design Features

NMI engineers will consider the levels of radiation that can be
expected in order to design features into the equipment that will keep
radiation exposures as low as reasonably achiovable. When designing or
modifying equipment, the following factors will be considered:

1. MAccess control of radiation areas
2. Radiation shielding
3. Process instrumentation and controls
4. Control of airborne contaminants
5. Isclation and decontamination
6. Radiation monitoring systems
Any design that involves application in a radiation environment

shall be reviewed and approved by a member of the Health Physics
professional staff.

VII. Review of New or Modified Designs and Selection of Equipment

Several groups within NMI may have an interest in equipment design
and selection. These groups (i.e., Maintenance, Operations, Health
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Physics, Safety and Engineering) will be adequately represented at the
time a design is reviewed or equipment is being selected to ensure that
ALARA objectives will be achieved.

Radiation aspects of decommissioning should be factored into
planning, designing, construction and modification activities. NMI
design features should provide for the reduction of anticipated
exposures to personnel to the axtent practicable.

Specifications for equipment should reflect the objectives of the
ALARA policy, including considerations of reliability, serviceability,
limitations of iaternal accumulations of radicactive materials and other
features.

Replacement equipment should reflect modifications based on
experience gained from using the original equipment.

VIII.Radiation Protection Facilities, Instrumentation and Equipment

The Health Physics staff will be furnished with facilities,
instrumentation and protective equipment adequate to permit the staff to
function efficiently in maintaining radiation exposures ALARA.
Instrumentation and other equipment will be adequate to meet normal
operating needs as well as any emergency situations which may require
supplemental workers and/or extensive work in radiation areas.

NMI will provide :he Health Physics staff with the following
equipment and instrumentation to ensure radiation protection for NMI
personnel, NMI contractors, the general public and the environment:

p Counting room facilities to facilitate the qualitative and
quantitative analysis of air, soil, veaetation, water,
urine and other necessary samples.

2. Portable instruments to detect and measure alpha, beta and
gamma radiation and where applicable, dose rates, ambient
air concentrations and contamination levels.

3. Personnel monitoring instrumentation, including film badges
and/or thermoluminescent dosimeters.

4. Protective equipment, including protective clothing and
respiratory protection equipment.

S. Support facilities to ensure adequate implementation of the
Radiation Protection Program.

6. Any other ancillary equipment needed to improve the overall
Radiation Protection Program.



February 17, 1984

U. S. Nuclear Regulatory Commission
Region I

631 Park Avenue

King of Prussia, PA 19406

Attention: Thomas T. Martin, Director
Division of Engineering
and Technical Programs

Re: Docket No. 40-00672
CAL No. 83-08 dated 5 August 1983
Your letter dated 17 January 1984

séntlemen:

In response to your letter dated 17 January 1984, Nuclear Metals

’

Inc. (NMI) is submittin a revised program and format for the
performance of audits of radiclogical work practices. Thic revision
represents the mechanisms by which identified fin ings will receive
pPrompt management action and review. Additionally, the revised

documentation is such :zhat implementation of corrective actions for
inapprcpriate work practice(s), where and when deemed necessary, will be
assured by written communication and additional management review. The
revised Audit Program has been incorporated with the five elements,
identified in your recent letter, in mird.

Attached you will find a copy of a memorandum regarding our revised
Audit Program. Within the memorandum is:

1). Instructions for Health Physics Staff members to use in
performing radiological audits.

LS

A written plan of the area(s) to be reviewed.

(3). A sample Audit Checklist which is used to report audit
findings.

The Audit Checklist which is used to report audit findings serves

i
several functions. A few of these functions are listed below:
l). It details the depth of review necessary to complete an
audit.
(2). When distributed, it initiates corrective action(s) and

indicates the timetable for these actions to be completed.

(3). It serves to identify the need for follow-up review/audits.

2229 Main Street, Concord, Massachusetts 01742 (617) 369. 5410
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U.S. Nuclear Regulatory Commission February 17, 1984
Mr. Thomas T. Martin, Director Page 2

Attachment No. 2 is an example of a completed audit under our
revised program. We believe that this revised Audit Program meets the
intent of Item 1 of the August 5, 1983 Confirmatory Action Letter (CAL
No. 83-08) and your letter dated January 17, 1984.

If you have any questinns regarding this submission, please feel

free to contact us.

Sincerely,

; S0P d Bk

Frank J. Vuglbaco, Manager
Health and Radiation Safety

FJV/DJA:aj
Attachments

CC: Mr. Joseph C. Wang
U. S. Nuclear Requlatory Commission
Material Licensing Branch
Division of Fuel Cycle and Material Safety
Washington, D. C. 20555



ATTACHMENT NO. 1

OFFIEE TONORATDUN o

&@ g *.«Distribution g 2-13-84
frome - o . J. Nlard ﬁfL
S S INSTRUCTIONS FOR NMI HEALTH PHYSICS STAFF AUDITS
|
|
Purpose:

The purpose of a Health Physics Staff wudit is to assure, on a !
rotaticonal basis, that each area of the Concord facility is inspected
in-depth by a member of the Health Physics Professional Staff with respect
to radiological hazards. Purthermore, this program assures that an
identified hazard is documented, evaluated, and corrected by all parties
involved. It should be stressed that the Health Physics Department can
immediately shutdown any operation that does not comply with NRC
regulations or the NMI Source Material license and its respective !
conditions. |

Logistics: ‘

Each day during the work week, a Health Physics Staff member shall
tour the Concord facility for a minimum of two hours. The tour assignments
are for one week, with Health Physics Staff members rotating on a scheduled
basis. For cne day of the assigned week the Staff member shall perform a
detailed evaluation of a single area. The extent of the audit will depend
on the nature of the operations performed. The audit may take from two
hours to the entire day. Staff members should review the Standing
Radiation Work Permit (RWP) for the area/operation prior to the actual
audit. In the case of a non-routine operation, the staff member should
arrange to be notified such that he/she may audit the Special RWP and
operation. Table I which is attached outlines areas that shall be
sequentially audited on a rotating basis. The Health Physics Technical
Assistant will maintain all audit files and forms.

The actual audit observations shall be recorded on tle NMI Health
Physics Staff Audit Checklist. The Auditor (Health Physics Staff member)
shall minimally complete the list of items on the Audit Checklist. 1If
applicable, monitoring such as ambient field surveys, air sampling, or
random smears for contamination control should be performed to audit
engineering controls and/or suspect operations/procedures. .

In the event that an item of non-compliance is observed, the Auditor |
shall (1) describe the problem and make recommendations for corrective |
action(s) on the Audit Checklist form, (2) indicate corrective action(s) ‘
required and a timetable for implementation on the Audit Checklist form, |
(3) bring the situation to the attention of the responsible parties through
verbal communication, and (4) distribute the checklist copies to the
responsible parties for appropriate action and documentation. The means by
which follow-up will be accomplished will depend upon the nature of the
problem but this mechanism shall be indicated on the Audit Checklist prior
to sign-off (i.e., by employee, Area Supervisor and Health Physics Staff
Auditor).
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Memo: INSTRUCTIONS FOR NMI HEALTH PHYSICS STAFF AUDITS

Date: 2-13-84
- Page: 2

Follow-up:

All Health Physics Staff Audit Checklists shall be reviewed during
regularly scheduled Health Physics Staff Meetings. Recently closed items
(i.e., since the last Staff Meeting), currently open items, and past open
items (i.e., for update) shall be reviewed. This is in addition to routine
tour observations in other areas. Should the Health Physics Department
conclude that an item cannot be resclved internally or in a timely fashion,
it shall be scheduled for review at the next meeting of the ALARA
Committee for disposition.

The Health Fhysics Technical Assistant shall keep Staff Meeting
Minutes and the Audit Checklist files by area (open and closed separately).
No item shall be filed as closed until it has been reviewed in a subsequent
Health Physics Staff Meeting. All documentation (i.e., additional audi‘s,
measurements, memoranda, engineering designs, etc.) shall be attached to
the original Audit Checklist.

APPROVED:

—/TY

(F. J. Vumbaco)

FJV/DJA:aj
Attachment: Audit Checklist form

Distribution: A. R. Gilman, R. B. MacKay, D. Ferguson, W. Burmeister,
G. A. Clattenburg, P. Loewenstein, H. P. Sawyer,
B. E. Eveland, F. J. Vumbaco, R. P. Harding, K. Fogarty,
T. Carpenito, J. Lischinsky, A. Joseph, File



1).
2).

3).

4).
S).
6).
7).

8).

9).
10).
11).
12).
13).
14).

15).

TABLE I

ATTACHMENT NO. 1

SPECIFIED AREAS BY PROCESS FLOW FOR RADIOLOGICAL STAFF AUDITS

AREA

Shipping and Receiving

Charge Preparation

Foundry

a). Melting/Casting (Ordnance)

b). Melting/Casting (Commercial)

¢). Crucible Burn-out

d). Crucible Cleaning

e). Scrap Cutting: Saw

f). Furnace Rebuilding

Billet Assembly/Canning

Extrusion: 1400 Ton Press

Blank Cutting: Saw

Acid Pickling

Heat Treat

a). "D" Building Furnace(s)

b). Mezzanine Furnace(s)

¢). Degreasing of DU

Rotary Straigbtening

Machining: Max Mueller Rough Turning
Machining: Max Mueller Finish Turning
Machining: ONC Finish Turning
Machining: J & L Finish Turning
Machining: Multi-Spindle Rough Turning
Machining: CAF Finish Turning

a). Dubied Lathes

b). Traub Lathes
¢). Duap Lathes

RWP NUMBER
(Where Applicable)

423-001

422-001

$31-001, 002, 003
531-001, 002, 003
531-004
523-001
531-005
520-001
521-001
523-001

532-002

525-002, 003
525-002
524-001
525-001
543-005
543-001
543-001
543-001

543-005

543-001
543-001
543-001



TABLE I
SPECIFIED AREAS BY PROCESS FLOW FOR RADIOLOGICAL AUDITS
Page 2

ARz RWP_NUMBER
(Where Applicable)

16). Machining: Machine Shop

a). Commercial Lathes 543-001
b). Cutting: Saw 523-001
17). Machining: chine Shop Annex
a). Grinders 541-001
b). Cut-off Wheels 541-001
c). CNC Lathe 543-001
d). Shear 543-001
e). Cabinet Grinder 541-001

18). Operational Support

a). Quality Control
- In-process (Various Machining Areas) 671-0C1
- Final 671-001

b). Weld Shop

¢). Stockroom

d). Metallurgy Laboratory

e). Engineering Services Laboratory

f). Maintenance
- Routine (i.e., Roof Filter Change) 595-002
- Special (i.e., Machine/Equipment Repair)

g). Sheet Metal Shop

h). Graphite Shop

19). Scrap Handling 560-001, 002

a). Compactors
b). Concrete Encapsulation
¢). Bricketting

20). Packaging (Product) 550-001
21). Other Areas

a). Offices

b). Cafeteria

¢). Shoe Change Areas 852- 001
d). Personnel Entrance/Exit Area

e). Locker Room(s)

f). Corridors (Hallways)

g). Non-DU Processing Areas (i.e., REPs, Superalloy, Be)



\ RnAcHmeENT No. 2
‘;' NUCLEAR METALS, INC: HEALTH PHYSICS AUDIT CHECKLIST
Aﬁditoz: Date/Time: LOCATION:
Brief description of operation:
Personnel Items: Facility Items: O.k.

Adherence to RWPs and SOPs
Dosimetry

Protective Clothing

Safety Glasses

Safety Shoes/Shoe Covers
Smoking/Eating/Drinking
Respirator Use

PAM Use

Proper Use of Equipment
Contamination (Clothing/Skin)
Change Area/Washing/Monitoring
Other:

Measurement Results (if applicable) :

P
e

Ventilation Operational
Equipment Function

DU Waste Control

DU Storage

Sumpz/DU Sludge
Contaminatiorn Control
Survey Meters
Signs/Alarms

Air Samplers (Staticnary)
Fire Extinguishers

Other:

Est. Exposure Time

Misc. Safety (Electrical/Mechanical)

[EEEEET TR |

Est. Exposure

Location Rate/Conc. ( )
Comments/Recommendations:

Planned Corrective Action(s) and Timetable:

Corrective Action Plan.

By Next HP Staff Auditor

Open

(Auditor)

(Attach Proper Documentation)

By Area Supervisor

Sign Off: I have reviewed the above and agr:e to the
(Employee) (Area Supervisor)
Follov-ug: Circle One or More Below. Date Closed:
None Needed By Auditor
Closed Open Open
Engineering Control Other:
Study Needed/Open Open

White Copy: File
Pink Copy: A. R. Gilman Gold Copy:

Green Copy: Arew Supervisor
F. J. Vumbaco

Yellow Co

: Area Vice President
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e NUCLEAR METALS, INC: HEALTH PHYSICS AUDIT CHECKLIST SK pres /Koc etvsm

aseor: Ghurd To il ouesrvion: Sfahts ;88 socrcon. Budlow 2 Blpess .

- /s 4 8
Brief description of operation: S 4 o 4“"‘/ Aocerve c;//l; ;0,/{4,1/,;"
qg’dmaﬂ/'&i Mﬂé o ) = ) i
\ 7/

Personnel Items: 0.K. Facility Items: 4/ 0.K.

5 0/e
Adherence to RWPs and SOPs / Ventilation Operational -£§ . I‘ZA"
Dosimetry Equipment Function dpmsd _ﬁ__ —
Protective Clothing 5 DU Waste Control /st ICO et ~
Safety Glasses - DU Storage 0# PYIYEPTIY)
Safety Shoes/Shoe Covers I Sumps/DU Sludge - ﬂ
Smkinq/utinq/nrinkinq % Contamination Contro [
Respirator Use », Survey Meters /cd. ’2 7/ W g
FAM Use - Signs/Alarms " il
Proper Use of Equipment ' 2Zir Samplers (Stationary) ~Zf
Contamination (Clothing/Skin) ™ - Fire Extinguishers i
Change Area/Washing/Monitoring il Misc. safety (Electrical /Mechanical) e
Other: Other:

P

Measurement Results (if applicable) : I,: 2 g ; :’; 5;;
Location Rate/Conc. ( ) Est. Exposure Time Est. Exposure

othiae 0.0 o 0.2 nél-//,,.‘un) £ /,.e/./; Wﬁ,,,_%/w‘
/oAc,éJ,.'ou\) Aﬂé o./5 mR 4/ ¢ i

Comments,’'Recommendations:

ey kg sned/ e spfee, sceisys oo [EFtE 0y ) . Revrwosns:
rd

L4

Mén s P“'ln-_-g sae fa s J 5‘1/}4{,— frRporS ( é.4/ h-/mj ) Y1eence o{ Rec/evres Py M,,.,,,ﬂr,’,g ’(/.‘.6
s A a&-rﬁ), /naeh/wc.u w4 ('ow//mw. Tech o 4l ol L /-',4/ cu,qf-/o,cn;.w

CSefter? piacs - 2 S L% 2 Mt/ X2, e 0~/ ) mhieh wis Setphechegd 2/5 /vy .

Planned Corrective Action(s) and Timetable:

/\/,;N 2.

Sign Off: I have reviewed the above and agyee to the Corrective Actio Plan.

(Employee) (Area Supervisor) " (Auditor) [

Follov-ug: Circle One or More Below. Date Closed: (Attach Proper Documentation)

m o By Auditor By Next HP Staff Auditor By Area Supervisor

Closed i Open Open Cren
Incineering Control Other:
Study Needed/Cpen Open
shite Copy: File Green Copy: Area Supervisor Yellow Copy: Area Vice President

Pink Copy: A. R. Gilman Gold Copy: FP. J. Vumbaco



